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Periodic Classification of Elements and Periodicity 1

Chapter

—————————

PERIODIC CLASSIFICATION
OF ELEMENTS AND PERIODICITY

IN THIS CHAPTER YOU WILL LEARN

1. mmmmminmdmmdm
2 Todeoai)eawaphhpeﬁoddtyhphysianndcbenﬁcalmﬁu.
3 To describe the position of hydrogen in the periodic table.

1.1 INTRODUCTION
Toachieveathoroughundemandingofacomplexsubiectlﬂ:c chemistry, it would be
highly desirable to fit all the facts intoa simple logical pattern. The periodic table of elements
has served the purpose to systematize the properties of the elements for well over 100
years. The development of periodic table is one of the most sigmficant achievements in the
history of chemical sciences, The Perindic Table provides a basic framework (o study the
WO behaviour of phyvsical and chemical properties of elements as well as their
mpounds . 2
In previous classes, you have learnt about the periodic classification of elements.
ﬂﬁschaptordcsm’besinmmdetailﬂ\eperiodictablcamthepe:india’tyolel?ln.
o B oA

LD Histoncal Background

The early history of ideas leading up to the periodic classification of clements is
fascinating, but will not be treated here in detail. Those who made memorable contributions
in this field are Al-Raz, Dobereiner, Newland and Mendeleev. Al-Razi's classification was
based on the physical and chemical properties of substances. Dobereiner, a German chemist

sy

elements with similar properties. Newland, who was an English Chemist, in 1864, classified
62 elements, known at that time, in increasing order of their atomic masses. He noticed that
every eighth element had some properties in common with the first one. The principle on
which this classification is based was called the Law of Octaves.

In 1871, a Russian Chemist, Dmitri Mendeleev, gave a more useful and .
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comprehensive scheme for the classification of elements. He presented the first regular
periodic table in which elements of similar chemical properties were arranged n eight
vertical columns called Groups. The horizontal rows of the table were called Periods.
Mendeleev also started by arranging the elements in ascending order of their atomic masses
and found that clements having similar chemical properties appeared at regular intervals.
This significant observation was called Periodic Law. Mendelecy left some gaps in his table
for elements, which had not yet been discovered, and by considering their positions in the
penodic table, he predicted properties of these elements. For example, germanium was not
known at that time, but Mendeleey was confident that this clement must exist so he
predicted its properties. A few years later, germanium was mdeed discovered and a
remarkable agreement was found with Mendeleev's predictions.

1.1.2 Improvements in Mendeleev's Periodic Table

In order to make the perodic table more useful and accurate, a few improvements
were made in Mendeleey's periodic table. After the discovery of atomic number by Moseley
in 1911, 1t was noticed that elements could be classified more satisfactonly by using their
atomic numbers, rather than their atomic masses. Hence, the periodic table was improved by
arranging the elements in ascending order of their atomic numbers instead of their atomic
masses. This improvement rectified a number of confusions present in the old periodic table.
The modern Periodic Law states that: “if the elements are arranged in ascending order of
their atomic numbers, their chemical properties repeat in 2 periodic manner™.

Another improvement was the addition of an extra group (group VIIIA) at the
extreme right of the periodic table. This.group contains noble gases, which had not been
discovered in Mendeleev's time.

Another confusion in Mendeleev's table was that elements like Be, Mg, Ca, Sr, Ba
and Zn, Cd, Hg were placed in a single vertical group, while according to their propertics
they belonged to two different categones. The same was true for so many other elements
placed in the same vertical group. In modern periodic table, the confusion was removed by

* dividing the elements in two types of vertical groups, A and B. In modern periodic table, Be,
Mg, Ca, Srand Baare placed in group [1A and Zn, Cd, Hgin group I1B.

1.2 THEMODERN PERIODICTABLE

In modern periodic table (see periodic table) all the clements are arranged in
ascending order of their atomic numbers. Followings are the essential features of the periodic
table.

1. Groups and Periods

Elements with similar properties are placed in vertical columns called Groups. There
are eight groups, which are usually numbered by Roman numerals I to VIIL Each group is
divided into two subgroups, designated as A and B subgroups, The subgroups, containing the
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rcpt}csemalive or normal elements are labelled as A suhmfxps, whereas B subgroup
contain less typical elements, called transition elements and are arranged in the centre of the
periodic table. The horizontal rows of the periodic table are called Periods. The essential
features of periods are as follows:

a)
b)
c)

d)

@)

2.

There are 7 periods in the periodic table numbered by arabic numerals 1 to 7.

The period 1 contains only two elements, hydrogen and helium.

The periods 2 and 3 contain eight elements each and are called short periods. All the
elementsinUlescmﬁodsarerqumnuﬁveclemcmarﬂbelomtoAsubgmup .In
these periods, every cighth element resembles in properties with the first element.
As lithium and beryllium in the 2nd period resemble in most of their properties with
sodium and magnesium of the 3rd period, respectively. Similarly, boron and aluminum
bothshowoxkhﬁonsmted+3.ﬂuo!inein2ndpcﬁodhsdoscmmbhncamth
chlorine of 3rd period.

The periods 4 and 5 are called long periods. Each long period consists of
eighteen elements. Out of these, eight are representative elements belonging to A
subgroup <similar to second and third periods. Whereas the other ten
elements, placed in the centre of the table belong to B subgroups andare known  as
transition elements. In these periods, the repetition of properties among the
elements occurs after 18 elements. As after K (having atomic number 19) the next
element with similar properties is ,Rb.

The period 6 is also a long period, which contains thirty-two elements. In this peniod
there are eight representative elements, ten transition elements and a new set of
fourteen elements called Lanthanides as they start after .La. Lanthanides have
remarkably similar properties and are usually shown separately at the bottom of the
peniodic table,

The period 7 is incomplete so far. It contains only two normal elements , Frand <Ra,
ten transition elements and fourtcen inner transition elements. The inner transition
elements of this period are called Actinides, as they follow _Ac. The actinides are also
shown at the bottom of the periodic table under the Lanthanides. Due to their
scarcity, the inner transition elements are also called rare earth elements.

Some More Families in the Periodic Table:
While studying about periods you have noticed that certain rows of elements with

similar properties have assigned common names such as transition elements, Lanthanides,
Actinides or Rare Earth elements. Similarly, due to their peculiar charactenistics, some
typical elements belonging to subgroup A, have also been assigned family names. For
example, elements of the group 1A are called Alkali Metals, because of their property to form
strong alkalies with water.

2Na 4+2H,0 — 2NaOH + H,
Similarly, due to their presence in Earth's crust and alkaline character, the elements
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Feriodic Classification of Elements and Periodicity 5

of group HA are known as Alkaline Earth Metals. Another important family in the periodic
table is Halogen family. The name “Halogens" is given to the elements of group VIIA, due to
their salt forming properties. As the gases of group VIIIA are least reactive they are called
“Noble Gases”. These family names are useful for a quick recognition of an element in the
penodic table.,

3. Blocks in the Periodic Table

Elements in the periodic table can also be classified into four blocks. This
classification is haseduponﬂnvahuxothuldlheelemeum\dvedmchemdbmdnm
According to this classification, elements of 1A and IIA subgroups are called s-block
elements because their valence electrons available in s orbital. The elements of ILIA to
VILA subgroups (except He) are known as p-block elements as their valence electrons are
prosent in p orbital. Similarly in transition elements, electrons in d orbital are responsible
for their valency hence they are called d-block elements. For Lanthanides and Actinides
valence electrons are present in { orbital hence these elements are called f-block elements.
This classification is quite useful in understanding the chemistry of elements and predicting
their properties especially the concept of valency or oxidation state.

1. Metals, Non-metals and Metalloids

Another basis for classifying the elements in the periodic table is their metallic
character. Generally, the elements on the left hand side, in the centre and at the bottom of the
periodic table are metals, while the non-metalsare in the upper right corner of the table.
Some elements, especially lower members of groups, A, IVA and VA(as shown in Tablke 1.1) have
propertes of both metals as well as non-metals. These clements are called semi-metals or
metalloids. In the penodic table elements of groups IVA to VIIA, at the top right hand corner
above the stepped line, are non-metals. The elements just under the “steps” such as Si, As,
and Te are the metalloids, All the remaining elements, except hydrogen, are metals.

1.3 PERIODICTRENDS IN PHYSICAL PROPERTIES

As you have studied so far that mmodempmodnctabletheelemenuamamngedm
ascending order of their atomic numbers and their classification in groups and periods is
bau-dwmesmhmymdmrpmpcmas. Yet, due to the gradual increase in the number of
protons in the nucleus and electrons in outer shells the physical and chemical properties of
the elements steadily vary within a group or a period. Here, we study some trends in physical
properties.

1. ATOMIC SIZE
a) Atomic Radius:
Atoms are so small that it is impossible to see an atom even with a powerful optical
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6 Chemustry X11

miamazpe.Thecbedasingien&xntherdaemmtbedimcﬂy measured. However,
techniques have been developed which can measure the distance between the centres of two
bondeda atoms ofany element. Half of this distance is considered to be the radius of the atom.

lnﬂwpaiodictd)k.dnmkndhmmm:opmbmwmwiminamp
due to increase in atomic number. This is because of the addition of an extra shell of electrons
ineachpcriod.lnaperiod.howeva.astheatmnicnumberincmscsﬁxmlefttoright.thc
atomicradiusdeames.msmdualthauseinlhcucﬁusisdnctoimreaeeinthepositivc
charge in the nucleus. As the positive nuclear charge increases, the negatively charged
electrons in the shells are pulled closer to the nucleus. Thus, the size of the outermost shell
bwanesgndulymnecmseﬂenisqﬂtcmuwhbleinmcclunemdbmupuiods
in which “d " and “{ " subshells are involved. For example, the gradual reduction in the size of
Lanthanides is significant and called Lanthanide Contraction.

b) lonic Radius:
When a neutral atom loses one or more electrons, it

becomes a positive ion. The size of the atom is decressed in -

this process because of the two reasons. First the removal of i

one or more electrons from a neutral atom usually results in !‘ Ne, s 4
the loss of the outermost shell and second, the removal of Y ¥

electrons causes an imbalance in proton-electron ratio. Due to i, N,

the greater attraction of the nuclear charge, the remaining !

electrons of the ion are drawn closer to the nucleus. Thus, a

positive ion is always smaller than the neutral atom from PSSO aE dE S
which it is derived. The radius of Na is 157pm and the radius of Mnlssupber, -
Na' is 95pm. On the contrary, a negative ion is always bigger F“‘“;tmm‘l;”“ radi

than its parent atom. The reason is that addition of one or

more electrons in the shell of a neutral atom enhances

repulsion between the electrons causing expansion of the g

shell. Thus, the radius of fluorine atom is 72pm and that of the l“’ .

fluoride jon (F) is 136pm. -~ :
In a group of the periodic table, similar charged ions 5 ,/“'//

increase in size from top to bottom. Whereas within a period, 3

isoelectronic positive ions show a decrease in ionic radius

from left to right, because of the increasing nuclear charge. T A S
The same trend is observed for the isoclectronic negative Aliiawative
ions of a period; ionic size decreases from left to right. The ig- 1.2 Atomic and ionic rdii
variations in atomic and ionic radii of alkali metals and of halogens.

halogens are shown in Fig 1.1 and Fig.1.2.

2, lomization Energy
Thcionintimenuxyo!anelmntislheminimumqmﬁtyo‘enagywhichis
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Periodic Classification of Elements and Periodicity 7

rcquiredwmmvcmdocmﬁmuwoulcrmoushcllditsisohudpmnaminits
mmdsme.mmmnmmdsoﬁuniu%klnmt‘.
Na—>Na*' + e 1 =496 k) mol’
Elements with greater number of electrons have more than one values of ionization
energy. So for magnesium, the first ionization energy value is the energy required to remove
the first clectron:

Mg —> Mg’ + € I, = 738 kj mol*
Simihﬂy.tbesecondionimionenagyvdueisdwmgyrequimdmmeme

second electron.
Mg — Mg +e I, = 1451 k] mol’

a) Variation Within a Group:

The factors upon which the ionization energy ofan .
atom mainly depends are magnitude of nuclear charge, size of ¢ 08
the atom, and the “shielding effect”. The shielding effect is
actually the repulsion due to electrons in between the &
nucless and the outermost shell. This effect increases, as the
size of the atom increases due to addition of an extra shell
successively in each period hence more number of electrons © e
shields the nucleus. Going down in a group, the nuclear &
charge increases but as the size of the atom and the number of &
clectrons causing the shiclding effect also increases
therefore iomzation energy decreases from top to bottom. - »
That is why in alkali metals, for example, it is easier to Fig- 1.3 Tonization energies of
remove an electron from caesium atom than from lithium Skcalf metale
atom. The change in ionization energies of A elements is . -
shown in Fig. 1.3. -

b) Variation Across a Period:
Generally, smaller the atom with greater nuclear
charge, more strongly the electrons are bound to the nucleus
and hence higher the ionization energy of the atom. By
moving from left to right in a period, the outer shell remains
the same, while the nuclear charge increases effectively that
makes the removal of an clectron difficult and hence the value
of ionization energy increascs. Although, the number of
electrons also increases in this case but the shielding is not 0. 8> W% W
very effective within the same shell, The wend of ionization | o DT
energies of short periods is shown in Fig. 1.4. The figure also "’l : ll'umdshmnwl
reveals that inert gases have the highest values of ionization
encrgy because due to complete outermost shell in them, the removal of electron is

extremely difficult.
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8 Chemistry X1

3. Electron A* ity (E.A)
The electron affinity is the energy released or absorbed, when an electron is added to
a gaseousatom Lo form a negative ion,
F + e —F E.A.= -337k) mol”
Energy is usually released when electronegative clements absorb the first electron
and E.A. in such cases is expressed in negative figures, as in the case of halogens. When a
sc«mddectronisaddedtoaunincgaliveion.theincomingclcdmnisrepeﬂedbymealrcady
present negative charge and energy is absorbed in this process.
0O+ e » () E.A =-141kJmol '
0 +e O EA,= +780k) mol
Tbeabsocbedcncrgyiscxpressedasmeelccmnafﬁnityinpoﬁveﬁgures.
Electron affinity depends upon size of the atom, nuclear charge and vacancies in the
outermost shell. Relatively smaller atoms with one or two vacancies in the outermost shell
show large - - values of clectron affinity. Electron affinity generally increases with
increasing atomic number within a period and decreases from lighter to heavier elements in a
given group of the periodic table. Knowledge of electron affinitics can be combined with the
knowledge of ionization energics to predict which atoms can easily lose electrons and which
can accept electrons more readily.

1. Metallicand Non-Metallic Character

It has already been discussed in this chapter that elements of periodic table can be
divided into metals, non-metals and metalloids. Chemically all the elements which have a
texﬂenqwtwmposiﬁveionsbylosingeleumsmcamidcrcans.Anmembmm
conductor of heat and electricity. A characteristic property of metals is that they form basic
oxides which give bases when dissolved in water,

NaO + HO » 2NaOH
As it becomes easier to remove the electron of an atom bigger in size, therefore metallic
character increases from top to bottom in a given group of elements. On the contrary, it
decrcases from left to right across a period. The elements of group VIIA (the halogens) are
least metallic in nature.

The elements which gain electrons and form negative ions are called non-metals. All
lhcgasesamnon-me(als.mnon-metalsammmnypooroonducuwofheatand
electricity. Non-metals form acidic oxides which yield acids on dissolving in water.

SO, + HO —— HSO,

Non-metallic character of an element, decreases as the atomic size increases.
Therefore in a group of aon-metals like halogens, the non-metallic character decreases from
top to bottom. The member at the top, fluorine, is the most non-metallic element of the
peniodic table. This trend can also be verified in the elements of groups VA and VIA. Nitrogen
and oxygen are pure non-metals and usually exist in gaseous state while bismuth and
polonium, the members at the bottom of these groups, are fairly metallic in nature.

(| www.pdfhive.com



Periodic Classification of Elements and Periodicity 9

5. Melting And Boiling Points
Melting and boiling points of elements tell us something about how strong the atoms
or molecules in them are bound together.

(a) Variation in o Period

Across the short periods, the melting and l
boiling points of elements increase with the
number of valence electrons up to group IVA and
then decrease uplo the noble gases. The melting
points of group IA elements are low because each
atom in them provides only one electron to form a
bond with other atom. Melting points of group [IA
elements are considerably higher than those of
group IA elements because each atom in them

provides two binding electrons.

Since carbon has the maximum number of
binding clectrons, thus it has a very high melting Padod2  Periodd
point in diamond in which each carbon is bound to Ty g ey
four other carbon atoms. In general, the clements Fig. 1.5 Vasiation of melting points
which exist as giant covalent structures have very with atomic number
high melting points, Fig. 1.5.

An important change occurs when we move from group IVA to groups VA, VIA, VIIA
as the lighter elements of these group exist as small, covalent molecules, rather than as three
dimensional lattices. For instance, nitrogen, oxygen and fluorine exist as individual
molecules which have very weak intermolecularforcesbetween them. Consequently, their
melting and boiling points are extremely low.

(b) Variation in a Group -~
The melting and boiling points of IA and i )
HA  group elements decrease from Lop to bottom
due to the increase in their atomic sizes. The
binding forces present between large sized atoms
are relatively weaker as compared to those ‘
between smaller atoms, Fig. 1.6. Nosteoamber. o
For elements of group VIIA, which exist in Fig.1.6 Melting points of Group TIA
the form of molecules, the melting and boiling elements.

points increase down the group, Fig. 1.7 This is because large molecules excrt stronger force
of attraction due to their higher polarizabilities.

6 Oxidation State

Theoxidaﬁonsmteo(ana(ommampoundisdeﬁnedasmed\arge(wilh:besign).

www.pdfhive.com



10 Chemistry X11

which it would carry in the compound. In ionic
compounds, it is usually the number of electrons
gained or lost by the atom. As in the case of sodium
chloride, the oxidation states of sodium and chlorine

are + 1 and -1, respectively. In covalent compounds, it

Bl wre B o T )
.

is decided on the basis of the difference in their relative gt
clectronegativities. For example, SnCl, is a covalent e

compound. The oxidation state of tin is + 4 and that of '

chlonne is -1. The oxidation state of an element i zero gy ro -
in its free state. e )

The oxidation state of a typical element is Fig.1.7 Boiling(- ~Tand melting
directly or indirectly related to the group number to points(— ) of halogens.
which the element belongs in the periodic table. The elements of group TA to IVA have the
mo«idalhumudwimmmbasm.JustasB.AImdfmldmgmywpm
hence.UwyalwmahowuidnﬁonmteoH&So.tbrtheelcmmtndthesegmups.thc
oxidation state is same as the number of electrons present in the valence shells of the
elements. However, for the clements of group VA, the oxidation states are either the number
dehﬂmnmhhmdﬁ(wlﬁdﬁsmmdﬁrmmmbw)aﬁmnumw
of vacancies available in these shells. For example, N, P, As and Sb frequently show +3 s well
as +5 oxidation states. Elements of group VIA show almost similar behaviour. In H SO,
sulphur shows the oxidation state of +6, which is the number of elactrons in its outermost
shell whereas its oxidation state is -2 in H.S, which is the number of vacancies in the shell In
group VIIA elements oxidation state is -1, which is again the number of vacancies in
their outermost shells. Group VIIIA elements, which are also called zero group clements,
usually show zero oxidation state because there is no vacancy in their outermost shells.

Transition’ elements, which are shown in B subgroups of the periodie table, also show
the oxidation states equal to their group number as it can be seen for Cu(l), Zn(ll), V(V).
CdVDaMMnNm.&nMwwwnumbadnhmewxmsamﬂnﬂcmNrﬂyﬁued
WMMMMMMW&MWhMW.

7 Electrical Conductance

One of the most familiar properties of metals 15 their ability to conduct electricity.
This property is mainly due to the presence of relatively loose electrons in the outermaost
shell of the element and ease of their movement in the solid lattice. The electrical
conductance of metals in groups IA and 1A, generally increases from top to bottom.
However, the trend is not free from the individual variation in different atoms. Metals of
group IB, which are known as coinage metals, have extraordinary high valucs of electrical
conductance. Nonmetals, on the other hand, especially of groups VIA and VIIA, show such
low electrical conductance that they can be considered as nonconductors.

In the series of transition metals, the values of electrical conductance VAry 80
abruptly that no general trend can be assigned to them. Carbon, in the form of dismand is non-
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Periodic Classification of Elements and Perwdicily 11

conductor because all of its valence electrons are tetrahedrally bound and unable to move
freely, while in the form of graphite, carbon is fairly good conductor because one of its four
valence electrons is relatively free to move, The lower elements of group IVA, tin and lead,
are fairly good conductors and their values of electrical conductivity are comparable with
those of thewr counterpartsin group 1A,

] Hydration Energy Table l.? Hydration
The hydration energy is the heat absorbed or evolved when Energies of lons

one mole of gaseous ions dissolve in water to give an infinitely dilute lon H
solution. For example, when one mole of gaseous hydrogen ions are pRamC
dissolved in water resulting an infinitely dilute solution, a large Ly 499
amount of heat is liberated: Na® -390
H'(g) + H,O(9) » H,0 (ag) AH, = -1075 k) molc ™ K’ 305
- 3 . o Mg" | -1891
Hydration energies of a few negative and positive ions are ca™ 1582
shown in the Tablel.2. X
It is evident from the table that hydration energies highly | A" | 4613
depend upon charge to size ratio of the 1ons. For a given set of jons, F 457
for example of group IA, charge to size ratio decreases from top to Cl 384
bottom in a group, the hydration energy also decreases in the same Br 351
fashion. On the contrary, the hydration energy increases significantly r 807
by moving from left to right in a period as the charge to size ratio

increases, as found in the metal 1ons of third peniod.
1.5  PERIODIC RELATIONSHIP IN COMPOUNDS

n) Halides:

Halides are the binary compounds which halogens form with other elements. The
physical properties of halides are largely determined by the nature of bonding present in
them. On this basis, halides can be classificd into two general classes: ionic and covalent. In
between the two, there is another class of halides in which the halogen atom acts as a bridge
between the two atoms of the other element, such halides are termed as “Polymenc” halides.
Strongly electropositive elements, having greater electronegativity difference with halogen
atom, form jonic halides. The halides of group IA are considered purely jonic compounds,
which are high melting point solids. Such halides have three-dimensional lattices consisting
of discrete ons. Among the pure ionic compounds, the fluorides have the highest lattice
energies due to the small size of fluonide ion. Thus for ionic halides, the fluorikles have the
highest melting and boiling points which decrcase in the order: fluoride > chloride >
bromide > jodide.

Less electropositive elements, such as Be, Ga and Al form polymeric halides having
partly ionic bonding with kyer or chain lattices. The lattice of SiCl, consists of discrete
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4

molecules, which are highly polar. The  Table 1.3 Melting Points of Chlorides of Period
bonds in PCl, and S5,Cl, are less polar ~MEMM%WMV

than those of SiCl,. On moving across Name of il

the periodic table from left toright, the | compounds | Melting pantl "

clectronegativity  difference reduces L0 -

and the trend shifts towards covalent NaCl 808 lonic

halides. The gradual change in bond MgCl, 715 | Partly ionic

type and melting points of the chlorides Partly ioni

on moving across period 3 of the A, 15e &

periodic table is shown in Table 1.3, Sicl, 68 | Partly covalent
As the intermolecular forces in PCl, 93 [Partly covalent

covalent halide molecules are weak |

van der Waal's forces so they are often S.CL 30 Partly covalent

gases, liquids or low melting point

solids. Physical properties of covalent halides are influenced by the size and polarizability of
Uwhabgcnatomlodides.asbdngtlwhmestwnmpowemmssme
strongest van der Waal's forces and therefore have higher melting and boiling points than
those of other covalent halides.

The variation in bonding character is also present in descending from top to bottom in
the halogen group. In general, for a metal the order of decreasing ionic character of the halides
is: fluoride > chloride > bromide > k)didc.Formmple.AlF,ispumlyioniccompouM
having melting point 1290°C and fairly a good conductor, whereas All, is predominantly
covalent with melting point 198°C and electrically a non-conductor. In case of an element
wrmingmrethanunehalides.llwmctalhalideinitslowcroxi(htionsmctcndslobeionic,
while that in the higher oxidation state is covalent. For example, PbCH, is mainly ionic and
PbCl, s fairly covalent, This can again be explained by the high polarizing power of Pb*" as
compare to that of Pb™".

b) Hydrides

The binary compounds of hydrogen with other elements are called hydrides.
According lolhemmmofbonding.hydﬁdesmaybebmdlydassiﬁedintodu'ecclasscsz
ionic, covalent and intermediate. The elements of group IA and the heavier members of group
[IA form ionic hydrides, which contain IT (Hydride) ion. These hydrides are crystalline solid
compounds, with high melting and boiling points and which conduct electricity in molten
state. The tendency towards covalent character increases by moving from left to right in the
Periodic Table. Hydrides of beryllium and magnesium represent the class of intermediate
hydrides. Their properties are in between the ionic and covalent hydrides. They have
polymeric structures and covalent nature, Table 1.4.
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Table 1.1, Hydrides of theElements of IA to VIIA and 11B Sub-groups.

IA. A HB JIA IVA VA VIA VIA
LiH  |BeH, BH, CH, NH, HO HF
NaH M AH, SH, PH, HS HQ
KH ZoH, [GaH, GeH, AsH, HSe HBr
Rbil S, [Cdl, IalL, |SaH, SbH, [LTe HI
CsH  BaH, PbH,  BiH,

IONIC  INTERMEDIATE COVALENT

The covalent hydrides are usually gases or volatile liquids. They are non-conductors
and dissolve in organic solvents. Their bond energies depend on the size and the

electronegativity of the element. Stability of
covalent hydnides increases from left to
right in a period and decreases from top to
bottom in a group. Fluorine forms the most
stable hydride and the least stable are those
of thalium, lead and bismuth. These
hydrides are formed by elements with
electronegativity values greater than 1.8
(Pauling Scale). Since the electronegativity
of hydrogen is 2.1, most of these hydrides
have polar covalent bonds in which
hydrogen is carrying a slight positive
charge. On moving from left to right acrossa
period the electronegativity of the other
element increases and the hydrogen-
element bond becomes more polar. Due to
high polarity the hydrides ke H.O and HF
are capable of forming hydrogen bonds
hetween their molecules. The boiling points

Table.1.5. Melting and Boiling Poiats
of Hydrides of Groups IV A and VI A

Hm 0 . = y—
(Group TVA) Melt::g) point u(q':‘;: ;’mnt
CH, -184 .164
SiH, -185 112
GeH, -165 -90
SnH, -150 -52

{Group VIA)
H.0 0.00 100
HS -82.9 -59.6
H. Se -65.7 -41.3
H,Te -48 -1.8

of covalent hydrides generally increase on descending a group as shown in Table L5,
except the hydrides like HO, HF and NH, which, due to hydrogen bonding, have higher

boiling points than might be expected.
c) Oxides

Oxygen forms compounds, called oxides, with almost every other element in the
periodic table. Since, many of these have quite unusual properties, there is an extensive and
varied chemistry of the compounds of oxygen. Oxides can be classified in more than one
ways: based upon the type of bonding they have as well as their acidic or basic character. We
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shall discuss here the classification based on their acidic or basic behaviour. In this chapter
you have already studied that metal oxides are basic in character as they yield bases in water
and non-metallic oxides are acidic because they form acids in water. Basic oxides and acidic
oxides react with one another to give salts, for example:
Na, 0O + SO, —— Na S0,
There is a third type of oxides, which show both acidic and basic properties, these
oxides are called amphoteric oxides. The classification of elements which form oxides of
acidic or basic properties is shown in Table 1.6.

Table 1.6 Classification of Oxides Based on their Acid and Base Character
1A NN ns A VA VA VIA VIIA

@@ &~z
B
oo

PEFET

AMPHOTERIC ACIDIC

Theoxidesofalhliandalcaﬁnewthmetalseu'eptbetylliummbasicandmuin0‘
ions. The O° ionhashighaﬁn&tyforpmtonmdannotuistalonehanammuswhnim.
Therefore, it immediately takes proton from water and forms OH ion. Oxides of nonmetallic
elementsi.e. of C,N, Pand S are acidic in nature. They generally dissolve in water to produce
acidic solutions. Oxides of relatively less electropositive clements, such as BeO, ALO,, Bi,O,
denOamamphowicandbehaveasacidalowdssmbasesmdasbucstowds
strong acids.

ZnO + HZSO, + 4050, + HO
/n0) + 2NaOH + HO - Na, [Zo(OH)]

In a given period, the oxides progress from strongly basic through weakly basic,
amphoteric, and weakly acidic to strongly acidic, ¢.g. Na,0, MgO, ALO,, P,O,. SO, CLO..
Thebaskitydmahmpmaﬂoaideshmsmdaw\dingamdthepeﬁodkume.
(e.g. BeO<MgO<Ca0 <SrO<Ba0), though the reverse trend is observed in the transition
metal oxides. The oxidation state of the metal also affects the acidbase character of its
oxide, The acidity increases with increasing oxidation state (e.g. the acidity of
MnO<Mn,0,<Mn0,<Mn,0,).

1.5 THEPOSITIONOFHYDROGEN
Although itisnotametalbutinmostofﬂlcmodernvemiomofpeﬁodictiblc.

hydmgenisplaoedatthetopoftheml}\.hisisbeuusedthefaathatsomeohhe
mnpcnicso!hydmgenmmbkwithtboscdaﬂnﬁmenh.Ukeamﬂimetﬂshydmgen

www.pdfhive.com



Periodic Classification of Elements and Periodicity 16

atom has one electron in 1s subshell, which it can lose to form H'. Both hydrogen and alkah
metsts have a strong tendency to combine with electronegative elements such as halogens.
Similar to alkali metals hydrogen also forms ionic compounds, which dissociate in water.
However, hydrogen is also markedly different from alkali metals. For example, hydmgen is a
nonmetal in true sense. It does not lose electron as easily as most of the alkali metals do,
Unlike alkali metals molecular hydrogen exists in open atmosphere.

Hydrogen resembles halogens in certain respects and can be placed at the top of VIIA
group in the periodic table. Hydrogen is a gas like most of the halogens and is stable in
diatomic form such as F, CLand Br.. As required by halogens, hydrogen also needs one
electron to complete its outermost shell. By accepting one electron hydrogen forms H
(Hydride ion) similar to F*, Cl'and Br. Both hydrogen and halogens form stable ionic
mpmuﬂawhhdkaﬁumhﬂtm.mmdiﬁus&unhah@mmvdlﬂymis
anly electron, hydrogen forms H' but halogens do not form positive jons. Combining with

Some of the characteristic properties of hydrogen also resemble with those of group
VA elements such as C and Si, ete. For example, valence shell of hydrogen is half filled like
those of group IVA clements, Both, hydrogen and group IV elements combine with other
oloements through covalent bonding. Like earbon, hydrogen also possesses remarkable
reducing properties.

CuO + H, - » Cu + HO
S0, + C » Sn + CO.

Hydrogen also shows marked differences with carbon and rest of the group
members. For example, carbon and silicon form long chain compounds, when their atoms
combine with each other, while hydrogen do not form such compounds. Similarly, carbon can
simultaneously form bonds with more than one elements, whereas hydrogen due to having
only one electron can combine with only one elementat a time.

Some of the properties of hydrogen are similar to those of the elements of certain
groups, as discussed above, but this is a fact that hydrogen is a unique element whose
properties do not match exactly with any of the groups in the periodic table, However, dueto
partial resemblance in properties with alkali metals and monovalent nature, hydrogen is
usually placed at the top of clements in group 1A,

KEY POINTS

1. Although a number of chemists attempted to classify the elements but Dmitn
Mendeleev gave the most useful and comprehensive classification.

2. In Mendeleev's periodic table the elements were arranged according to the
ascending order of their atomic masses.

3. The modern periodic law states “ifthe  elements are arranged in ascending order of
their atomic numbers, their chemical properties repeat in a periodicmanner.”
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4. lnmodempeﬁodktaueelancnmwithshnihrproperﬁeamphoedheigmvaﬁal
columns called groups. Eachmis&vidudinlotwosubgoupsAMB.Nomlor
typicalelemwtsmphoedinsubglwpsAandmﬁmckmenmmphced in

5. Theseven horizontalmwsdmepexiodictablemalled“pedods”.

6. Mctalsofsub-gmupslAmdllAmulbdAlkalimetalsmdealhc—anh metals,
respectively. Members of subgroup VIIA are called halogens.

7. DuclotheirleesreactivitytlmelemmtuhowninmbgrmpVHIA are called noble
gases,

8. Elements of periodic table can also be classified into s-block, p-block, d-block and f-
bhdtrkmemsdepemﬁnguponmevalenoewbinlwhichisinthepmcessof
completion.

9. Elements of periodic table can also be divided into metals, non-metals and metalloids
depending upon their properties.

10, Ammicmdiiincrmeﬁvmtoptobouominamupanddwasealongapeﬁu

11. Positive ionsmalwayssmallcnhmtheirmmamwlile!hencgaﬁveiomam
usuallyla:gertlnntheatomsﬁmnwhichtheyfomed.

12, Iminﬁouenergiainaasealmgapeﬁoﬂmddmsedownmegrwp.

13. Electron affinities generally increase with increasing atomic number within a peniod
anddcmase&mnlighwrtohmvierelemmuinagivenm

14. Metallic character of elements increases down the group and decreases along a
period.

15. The oxidation state of a typical element is directly or indirectly related to the group
nmnberto%ichtheelemmtbclocmintbeperiodicuble.

16. The electrical conductance of an element depends upon the number of free or
moveable electrons,

17. There are three types of halides: ionic, polymeric and covalent. Halides of group 1A
are ionic in nature, have three dimensional lalticewithh'uhmeltjngandboiling

points.

18. There are thmetypeso(hydﬁdeafomedhythe elements of periodic table: ionic,
intermediate and covalent.

19. Highly polar hydrides show hydrogen bonding in them.

20. Oxides may be divided on lhebasisdtheiracidic.basicoramphotericchamer.

21. Metallic oxides are basic in character, nonmetallic oxides are acidic in character and
oxides of less electropositive elements like Zn and Pb are amphoteric,

22, Hydrogen is unique element of the periodic table. Due to similarities in properties it
can be placed at the top of group 1A or IVA or VIIA.
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Q1L
()

(n)
(ii1)
(iv)
(v)
(vi)

(vit)

EXERCISE
Fillin the blanks

Mendeleev in his periodic table, arranged the elements according to their
atomic :

Vertical columns in modern periodic table are called and horizontal rows are
called 4

Members of group VIIA are called and alkali metals is the family name
of group members,

Metals form oxides andnbn-metals form oxides.

Hydrogen can be placed above the groups of the peniodic table.

Shielding effect is actually the due to electrons in between the
nucleus and the outermost shell,

Noble gases have the values of ionization energy due o their complete
outermost shells,

(viii) When a second electron is added to a uninegative ion, the incoming electron is

(ix)

(x)
Q2.
f))
(1)
(111)
(iv)
(v)
(vi)
(vii)

by the already present negative charge.
Due to having partly filled d-orbitals
valency.
Melting and boiling points of halogens down the group.
Indicate True or False
In Mendeleev's periodic table elements Be, Mg, Zn and Cd are placed in the same group.
The second and third periods contain eighteen elements each.
Alkaline earth metals are present in Group IIA.
Metals are present in the top right corner of the periodic table.
Metalloids are present in the lower half of Groups IVA, VA and VIA
Hydrogen forms uninegative jon like halogens.
Oxidation state of an clement is related to the number of period it belongs.

metals usually show variable

(vii) Diamond isagood conductor of electricity.

(ix)

(x)
Q3.

()

Meling points of halogens decrease down the group.

Zinc oxide is an example of amphoteric oxide.

Multiple choice questions. Encircle the correct answer.
Keeping in view the size of atoms, which order is the correct one.
A Mg>Sr b Ba>Mg colu>Ce d) Cl >1

(1) Mark the correct statement:

) Na' issmaller than Naatom b) Na' is larger than Naatom
¢) Clissmaller than Clatom  d) CI (iun) and Cl (atom) are equal in size

(i) Mark the correct statement

a) Alllanthanidesare present in the same group
b) Allhalogens are present in the same period.
¢) Allthealkali metals are present in the same group.
d) Allthe noble gases are present in the same period.
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(iv) Which statement is incorrect

(v)

a) Alllhemctalsmgwdconductoto(elu‘tricitx
b) Allthe metals are good conductor of heat,
¢) Allthe metals form positive ions.
d) Allthe metals form acidic oxides.

Which statement is correct
a) Hydrogen resembles in properties with IA, IVA and VIIA elements.
b) Hydrogen resembles in properties with ITIA, IVA and VA elements.
¢) Hydrogen resembles in properties with ITA, IVA and V1A elements.
d) Hydrogen resembles in properties with TIA, I11A and VIIA elements.

(vi) Mark the correct statement:

(vit)

(vin)

(1x)

(x)

Q4.
Q5.

Qs.
Q7.
Q8.
Q9.

) Theionization energy of calcium is lower than that of barium.

b) Theionization energy of calcium is lower than that of magnesium.

) Theionization energy of calcium is higher than that of beryllium.

d) The ionization energy of calcium is lower than that of strontium.

Mark the correct statement:

) Elcctron aifinity is a measure of energy required to remove the electron.
b) Electron affinity is s measure of encrgy released byadding an electron,
¢} Electronaffinity is a measure of energy required to excite an electron.

d) - Electronaffinityis measure of energy released by removing an electron,
Mark the correct statement.

a) Meumcchammdowntbemp.

b) Mehﬂicclmxtahwmﬁtmldlwﬁgbtalongapeﬁod.

<) Mctanicchanctermnainstbenme&omleﬁtorimaloogamod.

d) Meuﬂicdunczerremainsthcmedwnlhemp. <

Mark the correct statement:

a) Melting points of halogens decrease down the group.

b) Melting points of halogens increase down the group.

¢) Melting points of halogens remain the same throughout the group.

d) Melting points of halogens first increase and then decrease down the group

Mark the correct statement:

a) Covalent character of metal halides increases from left toright ina period.

b)  Boiling points of Group IVA hydrides decrease down the group

¢) lonic character of hydrides increuses from left to nghtinaperiod.

d) The basicity of group IIA oxides decreases on descending the group

What are the improvements made in the Mendeleev's periodic table?

How the classification of elements in different blocks helps in understanding their
chemistry?

How do you justify the position of hydrogen at the top of various groups?

Why the ionic radii of negative ions are larger than the size of their parent atoms?
Why ionization energy decreases down the group and increases along a period?

Why the second value of electron affinity of an element is usually shown with a
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Q10.
Q1L
Q12
Q13.
Q4.

positive sign?

Why metallic character increases from top to bottom in a group of metals?
Explain the variation in melting points along the short periods.

Why the oxidation state of noble gases is usually zero?

Why diamond is a non-conductor and graphite is fairly a good conductor?
Give brief reason for the following.

a)
b)

¢)
d)

¢)

D

2
h)

dand f-Block elements are called transition elements.

Lanthanide contraction controls the atomic sizes of elements of 6th and 7th
periods.

The melting and boiling points of the elements increase from left to the
right upto the middle of s- and p-block elements and decrease onward.

The oxidation states vary in a period but remain almost constant in a group.
The hydration energies of the ions are in the following order

Al'> Mg" > Na*

lonic character of halides decreases from left to the right in a period.

Alkali metals give ionic hydrides.

Although both sodium and phosphorus are present in the same period of the
periodic table yet their oxides are different in nature, Na,0 is basic while
PO is acidicin character.
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Chapter

s-BLOCK ELEMENTS

IN THIS CHAPTER YOU WILL LEARN

l.Tomitethedemonicconﬁguuﬁonq(sMMhuqm.
2. The occurrence of group IA and 11A elements and the peculiar behaviours of lithium

and beryllium.

3. mmmﬂmmmmdmuwmmuannum
differences in the chemical behaviour of their compounds. :

4. The commercial preparation of sodium.

5. How sodium hydroxide is commercially prepared.

6. The role of gypsum and lime in agriculture and industry.

2.1 INTRODUCTION

The s-block elements are the metals in Group IA and Group I1A of the penodic table.
They are called the s-block elements because s-orbitals are being filled, in their outermost
shells.

The elements of group IA except hydrogen are called “Alkali metals” while those of
[IA are named “Alkaline-earth metals”,

The name alkali came from Arabic, which means "The Ashes'. The Arabs used this
term for these metals because they found that the ashes of plants were composed chiefly of
sodium and potassium. Alkali metals include the elements, lithium, sodium, potassium,
rubidium, caesium and francium. These are very reactive metals, produce strong alkaline
solutions with water. The alkaline-earth metals are beryllium, magnesium, calcium,
strontium, barium and radium. They are called alkaline-carth because they produce alkalies
in water and are widely distributed in earth's crust.

The alkali and alkaline-earth metals include the most reactive electropositive
elements and a study of their electronic configurations will help in understanding their
properties.

2.1.1 Electronic Configurations of s-Block Elements.
Alkali Metals

Alkali metals have only one electron in 's' orbital of their valence shell. All alkali
metals lose their one electron of the valence shell to form monopositive ions M*, because
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their lonization energy values are very low. They form ionic compounds and show +1

oxidation state.

The electronic configurations and some physical constants of alkali metals are

givenin Table 2.1.

Table 2.1 Electronic Configurations and Physical Constants of Alkali Metals,

Li Na K _Rb Cs
Atomic number 3 11 19 37 . 55
Electronic configurations 1524 Nelds' | [Arls' Kelss’ | [Xelbs'
lonization energy (kJ/ mol) 520 496 419 403 376
Electron affinity (k}/mol) 60 53 48 47 46
Electronagetivity 1.0 0 0.8 08 0.7
Atomic radius 123 158 203 216 235
lonic radius of 1+ion (pm) 60 95 133 148 169
Melting points (°C) 187.0 975 63.6 390 285
Boiling points (“C) 1325 889 774 ARS8 690
Density gm/em’ at ) 053 097 0.86 153 19
Heat of hydration £k lmol)r_’ 505 475 384 345 310

Alkaline-Earth™Metals

Alkaline earth metals have two electrons in 's' orbital of their valence shell. All
alkaline earth metals lose their two electrons to form dipositive ions M™', because their
iomzation energy values are low. They form jonic compounds and show +2 oxidation state.

The electronic configurations and some physical constants of alkaline earth metals

are given in Table 2.2.

jons and Physical Constants of Alkaline-Earth Metals

Table 2.2 Electronic Configurati
Atognic nt T

1& Ca Sr Ba
— 20 | 38 3

[NeRs’ [Aris' | [Keos' | [Xelos'
738 590 540 500
230 156 168 52
12 1.0 1.0 0.9

136 174 191 198

65 % 13 135
649 839 769 725
1107 1484 1384 1640
174 155 26 35
1897 1619

lngomgdownaympthenumberofsheusnmmbyomatmchstopand equal to the

number of the penod to which the element belongs.,

2.1.2 Occurrence of Alkali Metals
Due to high reactivity, the alkali metals occur n nature in the combined state. None
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of the alkah metals is found free in TablcuConmonMine_nhdthe
nature. Sodium and potassium are Most Important Alkali Metals
abundant alkali metals and each N Mineral 3
constitute about 2.4 percent of earth's = - CUEGN Porpada
crust. Most of the carth's crust is uu'""" .
composed of insoluble alumino- | Spodumene LIAKSIO,),
sibicates of alkali metals. :

Lithium deposits, usually in | Rock Salt (Halite) NaCl
the form of complex minerals, are Chile saltpetre NaNO,
widely scattered over the earth. An | Natron Na,CO,H,0
important commercial source of Trona Na.CO.2NaHCO.2H.0
Iithium is the mineral spodumene, Bor Na,B,0,.10H,0
LiAI(Si0),. .

Small amounts of rubidium 2 Potassium
and cacsium are found in potassium | m KAMCVSHO
salts deposits, Francium has not been | Sylnt-e Kcl
found in nature. It has been prepared | [Alunite(Alum Stone)] | KSO.ALS0),4AKOH),

artificially in the laboratory and is

very unstable, so that a very little is known about this metal.

2.1.3 Occurrence of Alkaline-Earth Metals

Being very reactive, alkaline carth
metals also do not occur in free state. The
compounds of these metals occur widely in
nature.

Magnesium and calcium are very
abundant in earth's crust. The outer portion of
the earth was originally in the form of silicates
and alumino-silicates of alkaline-earth metals.
Magnesium and calcium, with sodium and
potassium are present in the rocks as cations.

Magnesium halides are found in sea
water. Magnesium is an essential constitutent of
chlorophyll,

Calcium phosphate, Ca,(P0,), and
calcium fluoride, CaF, are also found as minerals.
Calcium is an essential constituent of many living
organisms. It occurs as skeletal material in
bones, teeth, sea-shells and egg shells.

Radium is a rare element. It is of great
mterest because of its radioactive nature.

Table 2.4 Common Minerals of the
Alkaline-Earth Metals
|_Name of Mincral __ Chemical Formula
Beryl Be ALISIO),
Chrysoberyl ALBeO,
Magnesile MgCO,
Dolomite MgCO_CaCO,
Carnallste KCLMgClL6H O
Epsom salt MgSO 7THO
Soap stune (talc) H.Mg(Si0,),
Ashestos CaMg (550 4,
Calcite (Lime Stone) CaCO,
Gypsum (S0, 2H 0
Fluorite CaF,
Phosphorite Calr'o,,
Strontium
Strontionite SrCO,
Barum
Barite BaSO,
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2.1.4 Peculiar Behaviour of Lithium

In many of its properties, lithium is quite different from the other alkal metals. This
behaviour 1s not unusual, because the first member of each main group of the periodic table
shows marked deviation from the regular trends of the group asa whole.

The deviation shown by lithium can be explained on the basis of its small radius and
high charge density. The nuclear charge of Li™ ion is screened only by a shell of two electrons.
The so-called 'anomalous’ properties of lithium are due to the fact that lithwum s
unexpectedly far less electropositive than sodium.

Some of the more important differences of lithium from other alkali metals arc listed
below:

1. Lithium is much harder and lighter than the other alkali metals.

2. The lithium salts of anions with high charge density are generally less soluble in
water than those of the other alkali metals, e.g. LiOIL, LiE Li,PO,. L1,CO..

3. Lithium forms stable complex compounds, althongh complex formation generally is

[;uapnmenydalkahmw&OnedlhesuNecmnplexcsfotnndbylnhlmn is

iINH

4. Lathium reacts very slowly with water, while other alkal metals react violently.

5. Lithium salts of large polanizable anions are less stable than those of other alkali
metals. Unlike other alkali metals lithium does not form bicarbonate, tri-iodide or
hydrogensulphide at room temperature.

G. When burnt in air lithium forms only normal oxide, whereas the others form
peroxides or superoxides.,

7. JLithium hydride is more stable than the hydrides of other alkali metals.

8. Lithium compounds are more covalent, that is why its halides are more soluble in
organic solvents and the alkyls and aryls of lithium are more stable than those of
other alkali metals.

9. Lithiumis the least reactive metal of all the alkali metals.

10.  When acetylene is passed over strongly heated lithium, it does not produce lithium
acetylide, but other alkali metals form the corresponding metallic acetylides.

2Na+ CIL » Na€C =CNa +H
Sodium scotylude

11. Lithium has low electropositive character, thus its carbonate and nitrate are not so
stable and therefore decompose giving lithium oxide. Carbonates of other alkali
metals do not decompose. Decomposition of lithium nitrate gives different products
than the nitrates of otheralkali metals.

LCO, — LiLO+CO,
4LINO, —  2L1,0 + 4NO, + 0,
2NaNO, —— 2NaNO, +0,

12. Lithium hydroxide when strongly heated , forms lithium oxade but the other alkali
metal hydroxides do not show this behaviour.
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2LIOH X224, 1:0+ HO
13. Wmmmmwﬁrmnim.whiktheome:mofmmup
do not give this reaction.
6Li + N, —» 2LiN
14. Lithiumd:laidehaunex«bermkheatdsolﬁmuwhcmduaﬁesolsodium
and potassium have endothermic heats of solution.
15. Uthiumcu'bideisthcm!ydhﬁmeulwbidebrmedradﬂybythedimdmcdon.

2.1.5 Peculiar Behaviour of Beryllium .
BerylliumisthcIightestmembaoflhescﬁesanddiﬂersfromtheothugmupm
elements in many ways. This is due to its small atomic size and comparatively high

electronegativity value.
The main points of difference are:
L - .

2, Themdtingmdboiﬁngpoinuo(berylliummhiglmﬁnnolheralkalinc
earth metals. (Table 2.2)

3. Asmdudngagenls,thegmupllAmetalsamanpowetﬁale:mghwreducc
water, at least in principle. However, with water, beryllium forms insoluble oxide
coating that protects it from further attack .

4. Beryllium in perticular is quite resistant towards complete oxidation, even by
acids, because ofits BeO coating.

5. Beryiﬁmnismeonlymcmbaofiumupwhichwswi(halhﬁmtogive
hydrogen. The other members do not react with alkalies.

Be +2NaOH — »NaBeO, + H,
Sodium berylbte

2.2 GENERALBEHAVIOUROFALKAL]METALS

The reducing property of an element depends on the magnitude of its ionization
energy. Reducing agent isambstmcewhicbaanceledms.Sirmalhlimemshavcgot
low jonization energies, so they are strong reducing agents.
ﬁcymhigi\lydeunpositive.Tbcyrmtmdﬂywith halogens giving alkali metal
halides.

2.2.1 Trendsin Chemical Properties of Alkali Metals
1. Low ionization energies make the alkali metals, the most reactive family of
metals. ;
2. Vayhighsm;dkxﬁmimenemienindiatethatmid&bnnumberhiglmﬂun 1,
are ruled out for the alkali metals. /
3 ﬁeaﬁonsofalkalimetabhavekmchugeandhrgemdiithanlhemdiuso(an_v
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cation from the same period, so the lattice energies of their salts are relatively low.
Consequently, most of the simple salts of the alkali metals are water-soluble. Most of
the salts are dissociated completely in aqueous solution and the hydroxides are
among the strongest bases available.
They react with oxygen and the surface is tarnished due to the oxides formed. Only
lithium burns in air to form the normal oxide, LL,0 (white solid).

dLi+ 0, —= 2L.0

Lathium oxide
The exposed metals are oxidized almost immediately by oxygen n air, and n the
presence of moisture. The oxides formed react with CO, in the atmosphere to form
carbonates.
LiO+CO, — L,CO,
Lithium axade Lithium carhonate

Sodium will undergo a similar reaction, but only if the supply of oxygen is limited. In
the presence of excess of oxygen, sodium forms the pale yellow peroxide.

2Na+0, — Nao,

Sodiusn peroide

Potassium, rubidium and caesium react with oxygen to form guperoxided (orange
yellow),
K+0, — KO,
Potasseun saperonsde

Caesium explodes spontancously when it is in contact with air or oxygen.
Very rapad reactions occur when alkali metals react with water. A small piece of
sodium (potassium or lithium) floated on water reacts vigorously to liberate
hydrogen and produce metal hydroxide. The reaction is highly exothermic. The
energy produced by the reaction may even ignite the hydrogen.
2Na +2H0 —— 2NaOIl+ 11,
The reaction becomes increasingly vigorous from lithium to caesium. Potassium,
rubidiumand caesium are so highly reactive that they react with ice even at -100°C,
Alkali metals form ionic hydrides with hydrogen .
2M+H, — 2M'H
Rubidium and caesium react violently with hydrogen at room temperature.
The other three metals require elevated temperature in order to form the hydride.
Lithium and  sodium hydrides are useful sources of hydrogen when treated with
water.
LH+HO — LiOI + H,
Due to the presence of hydride ion (I ), the ionic hydrides are used as powerful
reducing agents.
Lithium is the only Group IA metal that combines with mtmgcnandarbontoronn
nitride and carbide, respectively.
BLi+N, — 2LN

LatRabuam vt r e

www.pdfhive.com



26 Chemistry X1I

iLi+C — LiC
Lithmm cagtidy:

Alkah metals react easily with halogens to give halides. Lithium and sodium, for
example, react slowly with chlorine at room temperature, Molten sodium burns with a
brilliant yellow flame in a chlorine atmosphere to form sodium chloride.

2Na+Cl; ——»  2NaCl

Potassium, rubidium and caesium react vigorously with all the halogens, forming
metal halides,

Al alkali metals form their sulphides when treated with molten sulphur. The
general reaction is:

ZM+S — H>MS

2.2.2 Trends in Chemical Propertics of Alkaline-Farth Metals
1 The alkaline-earth metals burn in oxygen to form oxides or in the case of barium, the
peroxide. Beryllium is the least reactive metal in the group. It is resistant to complete
oxidation and stable in air at ordinary temperature but oxidizes rapudly at about 800°C.
Therefore beryllium is not tarnished by atmospheric attack but the mefal soon loses the
silvery appearance. o
2Be + 0, _ 2Be)
When exposed to air magnesium quickly becomes coated with the layer of MgO.
This layer protects the surface from further corrosion at ordinary temperature.
2Mg +0, —  2MgO)
When magnesium is burnt inairamllmnonntofnitﬁdeiulsofomvedaknuwith
magnesium oxide:
When barium is h@tedina&'orouygenatSOO-wrC.iupumddeisfomwd.
HOE0C
Ba+0, —— BaO,
Batium peronsde
2. Hydrides are produced by treating the molten alkaline earth metals with hydrogen,
usually under high pressures.
Magnesium reacts with hydrogen at high pressure and in the presence of a catalyst
(Mgl,) forming magnesium hydride.
Mg+ H, ——3" MgH,
(Mgl
similarly Ca+ll, — CaH,
3. All Group II-A elements react with nitrogen on heating giving nitrides. For example,
magnesium reacts with nitrogen to give magnesium nitride.
SMg+N, —= MgN,
Magnesium mtnde
The nitrides hydrolyse vigorously when treated with water, giving ammonia and the
respective hydroxides.
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MgN, + BH,O0 —— 2NIH. +3Mg(OID),

4. With sulphur, magnesium gives magnesium sulphide, MgS. The other Group II-A
metals also react similarly.

Mg+S »  MgS
Magnesiom sulphade

5. All group I1-A elements react directly with halogens giving halides of the type MX._,
e.g.

Ca+ ClL—=s CaCl
6. Magnesium is more reactive than beryllium, even though it is not attacked by cold
water. Magnesium reacts slowly with boiling water and quite rapidly with steam to liberate
hydrogen.

1T

Mg + HO

Beryllium does not react wi(h water even at red hot temperature but remaining
alkaline earth metals produce hydroxides with water.

» MgO+H

1™
M + 2H.0 — M{OH), + H

223 General Trends in Properties of Compounds of Alkali and Alkaline-

Earth metals
i) Oxides :

Alkali metal oxides dissolve in water to give strongly alkaline solutions, For example:

LiLOG) + H O »2LiOH (ag)
2Na, 0, (s)+ 21LON1) » 4NaOH (aq) + O(g)

The reaction of an alkali metal oxide with water is an acid-base reaction and not an
oxadation reduction reaction since no element undergoes a change in its oxidation number.
The reaction simply involves the decompaosition of water molecule by an oxide ion.

0 +11L.0 » 20H

The basic character of alkali metal axides increases down the group.

Potassium superoxide (KO,) has a very interesting use in breathing equipments for
mountaineers and in space craft. It has the ability to absorb carbon dioxide while giving out
oxygen at the same time.

4K0,(s) + 2C0,(») —  2K.CO,(s) + 30.()

The solubility of alkaline earth metal oxides in water increases down the
group . BeO and MgO are insoluble but Ca0, SrO and BaO are soluble and react with
waler Lo form the corresponding hydroxides.

The basic character of the oxides of alkaline earth metals increases down the
group. The tendency for group LIA oxides to form alkaline solution is relatively less
than that of alkali metals.
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Group 1-A [7] Group I1-A
Lithium oxide (Basic) f Besyliam, oxide (Amphotenic)
Sodium oxide (Basic) || Magmesiii buide (aske)
Potassiem oxide (Busic) \ § /  Calcium oxide (Basic)

<

BeO is amphoteric in nature since it reacts with both acids and bases.
BeO + HSO, —»  BeSO,+H.0
BeO + 2NaOH —— NaBeO, + HO

Sodium beryliate
i) Hydroxides

The alkali metal hydroxides are all crystalline solids, very soluble in water except
LiOH, which is slightly soluble. They are generally deliquescentand are very strong bases,
execpt LIOH,

The solubility ofalkaline earth metal hydroxides in water increases down the group.
Be(OH), is quite insoluble. Mg(OH), is sparingly soluble while Ba (OH), is more soluble.
This increase in solubility is due to low lattice energy of hydroxides which is, in turn, due to
higher ionic size.

Alkal metal hydroxides are stable to heat except LiOH, while alkaline earth metal
hydroxideslike Mg(OH), and Ca(OH), decompose on heating.

2LiOH(s) — Li,0(s) + H,O)
Mg(OH)(s) —»MgO(s) + H,0

A saturated solution of Ca(OH), in water is called lime water and is used as a test for
CO..A suspension of Mg(OH), in waler is called milk of magnesia and it is used for treatment
of acidity in stomach.

i)  Carbonates

The carbonates of alkali metals are all soluble in water and are stable towards heat
except Li,CO, which is not only insoluble but also decompose on heating to lithium oxide.
Thedecmnm&misnndeeasybeammeelmmkatmﬁminmnvcningm
carbonate to oxide is considerable. In case of large cation like K' in K,CO,, the gain in
electrostatic attraction is relatively much less and the decomposition is difficult.

Sodiumatbmaleisveryimponxnthdustﬂaldmnhl.mwmpcmurebdow
35.2°C, Na,CO, crystallizes out from water as Na,CO,. 10H,0, which is called washing soda.
Above this temperature it crystallizes as Na,CO,. H,0. On standing in air, Na,CO,. 10H,0
slowly loses water and converted to a white powder Na,CO,.H,0. The solution of Na,C0), in
water is basic due to hydrolysis of carbonate ion.

Na,CO, + 2H.O »2ZNaOH + H.CO,
Unlike the alkali metal carbonates, the alkaline earth metal carbonates are only very
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slightly soluble in water, with the solublity decreasing down the group. They also decompose
on heating and the ease of decomposition decreases down the group.
CaCO (8) —» CaO(s) +COx)

The ease of decomposition can be related to the size of the metal ion, the smaller the ion, the
more is the lattice energy of the resulting oxide and hence higher the stabibity of the product.
iv) Nitrates

Nitrates of both alkali and alkaline-earth metals ure soluble in water.

Nitrates of Li, Mg , Ca and Ba decompose on heating to give O,, NO.and the metallic
oxide whereas nitrates of Na and K decompose to give different products.
4LINO(5) > 2130 (5) = ANO) = Oup)
2MgINO, )qs)—> 2MaOs) + 4NO.(g) + O.(g)

2CANO, ) (s)—>2CalNs) + ANOg) + Odg)
INaNO g5y —» 2NaNO (s~ OLAg)

v) Sulphates

All the alkali metals give sulphates and they are all soluble in water.

The solubilities of sulphates of alkaline earth metals, gradually decrease down the
group. BeSO, and MgSO0, are fairly soluble in water: CaSO, is slightly soluble, while SrS0,
and BaSO, are aimost insoluble.

Calcium sulphate occurs in nature as gypsum CaSO,. 2H,0. When it is heated above
" 100°C, it loses three quarters of its water of crystallization, giving a white powder called
Plaster of Panis.

2CaS0,.21L,0 — (CuS0).H,0 + 3H,0

Gypaum Plastes of Pacis

23  COMMERCIAL PREPARATION OF SODIUM BY DOWNS CELL

Mostofwdxmmetalnpmduoedhymcdccnolwsoﬁusedsodlmnchlonde Since
the melting point of sodium chloride is 801°C, some :
calcium chloride is added to lower its melting point
and to permit the furnace to operate at about 600°C.

In the electrolytic cell, the large block of
graphite at the centre is the anode, above which there Mo,
is a dome for the collection of chlorine. The cathode is
a circular bar of copper or iron which surrounds the
anode but is separated from it by an iron screen, which :
terminated in a gauze. The arrangement permits the  Jos L
electric current to pass freely but prevents sodium :
and chlorine from mixing after they have been set
free at the electrodes, Fig. 2.1. Fig. 2.1 Down's cell

™

-
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Sodium metal rises in a special compartment from which it is taken out at intervals,

lproducesdrychlmheandwspeltentpumsodium.?hcptmssisarriedoutm

600°C and it has the following advantages.

o

large scale by the electrolysis of aqueous solution
of common salt in a diaphragm cell Fig. 2.2 (a) The
cell is made of steel tank. An oblong perforated
steel vessel lined inside with asbestos diaphragm
serves as a cathode, It is provided with a constant
level device to keep the vessel filled to the Se
specified level with brine. A graphite anode is held
within the U shaped diaphragm and it projects into
the salt solution. The steam is blown during the
process which keeps the electrolyte warm and
helps to keep the perforations clear.

intomcdomea(metrpwhilehydmgcn released at
the cathode, escapes through a pipe. The sodium
hiydroxide solution slowly percholates into a catch
basin.

of the cell in order to understand the purpose of
diaphragm. When the electrolysis takes place,
chlorine is given off at the anode according to the
following reaction.

the reduction of water.

(a) The metallic fog is not produced.
(b) Liquid sodium can easily be collected at 600°C.
(©) Material of the cell is not attacked by the products formed during the
electrolysis.
Duringlhepmocathebﬂosvingrmimstaheplace:
NaCl — Na'+Cr
At cathode Na'4+e¢ — Na
At anode cr —»  122C), + le

COMMERCIAL PREPARATION OF SODIUM
HYDROXIDE BY THE DIAPHRAGM CELL
Spdium hydroxide is manufactured on 3 Chiorre

The chlorine released at the anode, rises

The Fig. 2.6 (b) shows a simplified version

2CHGaq)—  Clig) + 2¢

Aubeatmdehymmsdischargedby
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2HO+ 2  — 20H (g + H. (g (Cathode)

The overall result of the above reactions is that the brine loses its chlonde jons and
the solution turns increasingly alkaline in cathode compartment.

We can face two major problems during the working of the cell.

1. Chlorine produced can react with hydroxide ions in cold giving hypochlonite ions.
Clig) + 20H (ag) —s  OCI (ag) +Cl(ag)+ .0
2. Hydroxide ions may be attracted towards anode, where they can be discharged
releasing oxygen gas. This oxygen gas may contaminate the chlorine and renders it
impure.

The first problem is solved by using ashestos diaphragm. This keeps the two
solutions separate while allowing sodium ions to move towards the cathode. This movement
of ions keep the current following through the external current.

The second problem is solved keeping the level of brine in anode compartment
slightly higher, this keeps the direction of flow of liquid toward the cathode and thus
preventing the possibility of hydroxides jons to reach the anode.

The solution that flows out of the cathode compatment contains 11% NaOH and 16%
NaCl. Evaporation of this solution crystallizes the less soluble NaCl whuch is filtered off, the
liquid left contains about 50% NaOH and only 1% NaCl as an impurity. For commercial
purposes this small impurnity is not important.

25 ROLEOFCGYPSUMINAGRICULTURE AND INDUSTRY
(a)  Role of Gypsum in Agriculture

Gypsum, a hydrated calcium sulphate, is a mineral that ocours in large deposits
throughout the world.

Gypsum is applied to the soil as a source of calcium and sulphur. The calcium
supplied by gypsum in fertilizers is of importance in crop production in area where soils are
subject to extensive leaching.

Sulphur has been recognised as an essential constituent of plants. For centuries,
sulphur compounds had been applied to soils because of their observed beneficial effect on
plant growth. Aside from serving as a constituent of protein and various other compounds in
plants, sulphur has an influence on chlorophyll development in plant leaves. Although not a
constituent of chlorophyll, plants deficient in sulphur exhibits a pale green colour.

The root system of several plants have been observed Lo be greatly enlarged by the
application of sulphur. It has been reported that good crops are produced by the application of
sulphur containing materials such as gypsum.

(b)  Rele of Gypsum in Industries

When gypsum is heated under carefully controlled conditions, it loses three quarters
of water of crystaliization. The resulting product is called Plaster of Pans. Gypsum must not
be heated too strongly as the anhydrous salt is then formed which ahsarbs water slowly. Such
plaster is called 'Dead burnt’,
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Plaster of Paris when mixed with half of its weight of water, it forms a plastic type
viscwsmassandthenseumahaMpmmsmmsmisoometedwithm 101015
minutes. During the process expansion about 1% in volume also occurs, which fills the
moulds completely and thus a sharp impression is achieved

Plaster of Paﬁsisusedforuuldmphstetmlla.astsdmmary.coim. elc.

It isuscdinsumﬁaaadhﬁsbmdagmmuscdforhominplmmm
bones after they have been set.

Spedalphstersmnuinphsterofhrhammhuimuedkauwhidnmwimthe
demands of the use to which they are to be put.

Two varieties of plasters are made.

(1) Cement Plaster.
It 15 plaster of Paris to which usually glue or other oils have been added as retarders
to prolong the time of setting.

(2)  Hard Finish Plasters

%mmnmdebyﬁwmldmliunoﬁhemhydmusadphaewithalumorbm
These plasters are set very slowly but give a hard finish.

thnmixcdwiﬁ:wmdpulpmdallowedmsetinlbeﬁonndboaxds,ilfomsa
material, much medinlhemnstmcﬁondbtﬁldingsaswaﬂboardsandmﬂithnsﬁypsumis
also used as 1 filler in paper industries.

Portland cement is made by strongly heating a finely powdered mixture of clay and
umestom.Thcﬁnalmvdua,kmwnasdinkcnismoledandthengmmdinwamﬁne
powder. During the grinding there is added about 2% of gypsum which prevents the cement

from hardening wonpody'l'headthuonofxypmm increases thé setting time of cement.

2.6 ROLEOF LIME IN AGRICULTURE AND INDUSTRY
Lime, (Ca0) is a soft, white compound which is obtained by the thermal
decomposition of CaCO .

(a)  Roleof Lime in Agriculture

Large quantities of calcium oxide are used in agriculture for neutralizing acidic soils.

It has been found that application of lime to acidic soils increases the amount of
readily soluble phosphorus.

Calcium oxide is also used in large amounts for making lime-sulphur sprays which
have a strong fungicidal action. The hydroxide of calcium is obtained when the oxide of the
calcium isallowedtomactwithwatenThepnmsisalledshkingdlhne and it is an
exothermic reaction.

Ca0+HO —»  Ca(OH),
Shaked tme
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Functions of Calcium in Plant-Growth

The presence of calcium is essential for the normal development of plants. The
quantity of calcium required by different plants varies considerably. An adequate supply of
calcium appears to stimulate the development of root hairs and, in fact, the entire root
system.

Calcium 1s also necessary for normal leave development and tends to accumulate in
leaves as well as in bark. An adequate supply of calcium is also essential for the optimum
activity of microorganisms that produce nitrates.

The effect of calcium on the supply of available phosphorus in the soil is of special
significance. Soils containing sufficient calcium are slightly alkaline in nature.

When a deficiency of calcium exists various substances such as aluminium and
manganese may accumnulate in plants in harmful concentrations.

(b)  Roleof Lime in Industries
L. Large quantitics of lime are used in the extraction and refining of metals.
2. Limeis also used in paper, cement and leather industries
3. The ability of lime to react with sand at high temperature forming calcium silicate
(CaSi0),) servesasanimportant basis for glass manufacture,
4. Lime is used in cefamic industry for producing different types of sanitary materials.
5. Ordinary mortar, also called lime mortar, is prepared by mixing freshly prepared
slaked lime (one volume) with sand (three or four volumes) and water to form a thick
paste. This material when placed between the stones and bricks hardens or sets,
thus binding the blocks firmly together. The equations for the chemical reactions
which - take place when mortar hardens are:
Ca0 + HO — Ca(OH),
Ca(OH), + CO, — CaCO, + HO
Ca(OH), + Si0, — CaSiO, +H.0
6. Lime is also used in refining of sugar and other food products.
7. Lime is used in the manufacturing of bleaching powder, which is used for the

bleaching of the fabric and paper pulp. N
8. Asuqmdmdlhcmldmnbydmxideismﬂednﬁlkufﬁmw&dua
white-wash,

9, When lime is heated with coke at about 2800°C in an electric furnace, calcium
carbide is produced, which on hydrolysis yields acetylene (CH,).  *
Ca0+3C —» GaC,+CO
Calaum carbide
10.  Lime is often employed as a dehydrating agent, for example, in the preparation of
amolutealoohdandthedmmofmumnamAmmmdmn hydroxide and
calcium hydroxide (soda lime) is often employed to remove both water and carbon
dioxide from certain gases.
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13.

KEY POINTS
The elements of group IA except hydrogen are called ‘alkali metals' while
those of group [1A are named as alkaline- carth metals.
Alkali metals have only one electron in s-orbital of their valence shell. They lose one
electron of the valence shell forming monovalent positive ions.
Alkaline-carth metals have two electrons in s-orbital of their valence shell. They
lose twa clectrons forming dipositive ions M*".
Spodumene, Chile saltpetre, trona, borax, carnallite, sylvite, alunite, halite,
natron, are the common minerals of alkali metals.
Beryl, magnesite. dolomite, epsom salt, asbestos, calcite, gypsum, strontionite and
harite are the important minerals of alkaline-earth metals.
Lithium behaves different from the other alkali metals.
Lithium forms only normal oxide, whereas the others form higher oxides like
peroxides and superoxides,
Bervilium is the only member of group II, which reacts with alkalies to give
hydrogen. The other member do not react with alkalies.
Nitrates of lithium, magnesium and barium on heating give Oxygen, nitrogen
peroxide and the corresponding metallic oxides.
Whengypsumilheaudahovelm’C.itlosesthmeqmnmolitsntcrol
crystallization, giving white powder of CaSO,..1/2H,0 which is called Plaster of
Paris.

Sodium is prepared by the electrolysis of molten sodium chloride in Down’s cell.
Calcium is necessary for development of lcaves and it tends to accumulate in leaves
and bark. An adequate quantity of calcium is essential for the optimum activity of
microorganisms that produce nitrates.

Lime is used in paper and glass industries. It is also used for refining sugar and other
food products.

EXERCISE

Fill in the blanks:

()

(i)
(1)
(iv)

(v)

Alkali metals are reactive than alkaline-carth metals.

Alkali metals decompose water vigorously producing and hydrogen.

When heated in a current of dry hydrogen, alkaline earth metals form white
crystalline ofthe type MH,,,

The beryllium hydroxide, like the hydroxide of aluminium is amphoteric,
wbilethehydmxidesoftheothcrmembeno(themlum s

The elements of the group IA are termed as alkali metals, because their are
alkaline.
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(vi)
(vii)
(viit)

(ix)

(x)

Q2.
()

(i)
(1ii)
(iv)
(v)

(v1)

(vir)
(vin)
(x)

(x)
Q3.

Spodumene is an ore of metal,
Alkali metal mitrates on heating give the corresponding and oxygen.
Na,CO,.H,0 is the chemical formula of a mineral of sodium which is known

as 7
Metallic bicarbonates are decomposed on heating into their carbonates, alongwith
and ;

Metal nitrates other than the alkali metals on heating decompose into the
corresponding metal alongwith the evolution of nitrogen peroxade and
OXygen.
Indicate True or False.
Group IA clements are called alkali metals because their chlorides are alkaline in
nature.
Alkali metals are very good conductor of electricity.
The hydroxides of alkali metals and alkaline-earth metals are soluble in water.
Plaster of Panis 1s 2 hemihydrate.
Alkah metals have low melting and boiling points as compared to those of alkaline-
earthmetals,
Lithium carbonate is decomposed to its oxide, but the carbonates of the other alkali
metals are stable towards heat.
All alkali metal sulphates are insoluble in water.
Lithium combines with nitrogen to form lithium nitride but other alkah metals do
not react with nitrogen.
“Trona is a mineral of lithium,
Alkaline-carth metals are stronger reducing agents than alkali metals.
Multiple choice questions. Encircle the correct answer.
(1) Which one of the following does not belong to alkaline-earth metals?

(a) Be (b) Ra (c) Ba (d) Rn
()  Theoxides of berylhum are:

(a) acidic (b) basic (¢) amphoterig (d) noneof these
(1)  Which ion will have the maximum value of heat of hydration

(a)Na’ (h) Cs™ (c)Ba™ (di Mg
(v)  Which one of the following is not an alkali metal?

(a) Francium (b) Caesium (c) Rubidium (d) Radium
(v) Which of the following sulphates is not soluble in water?

(a) Sodium sulphate (b) Potassium sulphate

(c) Zincsulphate (d) Barium suphate
(vi)  Theeclement caesium bears resemblance with
(a) Ca (b) Cr
(c) both of these metals (d) none of these metals
(vii)  Chilesaltpetre has the chemical formula:
(a) NaNO, (h1 KNO; (c)Na,B0, (d)Na,CO_.HO

(viii) Themineral CaS0 .2H O has the general name:
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Q4.

Q5.
Q6.
Q7.
Q8.
Q9.

Q10.

Q.11.

(a) gypsum  (b) dolomite (¢) calcite (d) epsom salt
(ix)  Down'scellis used to prepare:
(a) sodium carbonate (b) sodium bicarbonate
() sodium metal (d) sodium hydroxide
(x) Which element is deposited at the cathode duning the electrolysis of
brine in diaphragm cell?
(a) H, (b) Na (©Cl, (d O,
(a) Give the names, electronic configurations and occurrence of s-block elements.
(b) Discuss the peculiar behaviour of lithium with respect to the other members of
alkali metals.
Discuss the trends in chemical properties of compounds like oxides, hydroxides,
carbonates, nitrates and sulphates of IA and [IA group elements,
Compare the chemical behaviour of lithium with magnesium.
(a) Mention the properties of beryllium in which it does not resemble with its
own family.
(b) Why the aqueous solution of Na,C0, is alkaline in nature?
(a) Describe with diagram the manufacture of sodium by Down's cell.
(b) Point out the three advantages of this process.
(a) Compare the physical and chemical properties of alkali metals with those
of alkaline-earth metals.
(b) What happens when:
(1 Lithium carbonate is heated.
(1) Lithium hydroxide is heated to red hot.
(i) Beryllium is treated with sodium hydroxide.
(iv)  Lithium hydride is treated with water.
Give formulas of the following minerals.
(a) Dolomite (b) Asbestos (c) Halite (d) Natron
(e) Beryl (f) Sylvite (g) Phosphorite (h) Chile saltpetre
Answer the following questions briefly.
(a) Why alkali and alkaline carth metals are among the reactive elements of the
periodic table?
(b) Why lime water turns milky with CO, but becomes clear with excess C0,?
(c)How gypsum is converted into plaster of paris?
(d) Why 2% gypsum is added in the cement ?
(€)Why lime is added to an acidic soil?
(f) How lime and sand are used to make glass»
(g) How lime mortar is prepared?
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Chapter

GROUP IIIA AND
GROUP IVA ELEMENTS

IN THIS CHAPTER YOU WILL LEARN

1. The names, electronic configurations and occurrence of IIA and IVA group
elements.

The peculiar properties of boron and carbon in their respective groups.

T'he reactions of aluminium.

Structures and properties of oxides of carbon and silicon, silicates, silicones and
their uses.

| 6. The uses of silicon and germanium in semi-conductor industries and lead in
1% paints.

0w |

-

3.1 GROUPIIIA ELEMENTS

The Group HIA of the Periodic Table compnises the elements boron, aluminium,
gallium, indium and thallium.

Electronic configurations and some physical properties of group IlIA elements are
shown i Table 3.1.

The small size and high nuclear charge make boron non-metallic while all the other
elements of this group are metals. The abrupt increase in metallic character from B to Al is
associated with theancreased size of aluminium atom. The increase in the atomic size is not
regular in this group. This is due to the presence of d electrons in heavier members which
have poor shiclding effect than s and p electrons,
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Table 3.1 Electronic Configurations and
Physical Properties of Group 111A Elements

Property B Al Ga In Te
Atomic nwnber 53 13 31 19 81
Electromic configuration [Hel2s 2p | INeFss " | [AYK 4« ip | IReHd 55 59 [N 3d 8s5p
lonization energy (k)/mol) ~ol 577 579 o 359
Electron affinity (kJ/mol) ~27 -45 - 20 -20 -30
Electronegativity 20 15 16 1.7 18
Atomic radius(pm) ~ 125 1% 14 Lin
lonic radius of 3+ jon (pm) 2 52 1 =1 03
Melting points (°C) 2300 | 660 20 157 304
Boiling points (°C) 2550 2467 2403 2080 1457
Density (gem”) 253 28 393 3 T

3.1.1 Occurrence (Boron and Aluminium)
Boron 15 not an abundant Table 3.2 Common Minerals of Boron

element. It occurs in traces in most g S

soils and has been found to be essential Nm:‘“n Minerals | Chemical Formula

! ¢ small amounts for the proper - - g

ot et e 2 Borax or Tincal | NaB,0:10H,0
Boron is always found in nature | Colemanite Ca,B,0,.5H,0

combined with oxygen, usually as Orthoboric Acid H,BO,

oxyborate ions. Boron occurs

principally as salts of various Table 3.3 Common Minerals of Aluminium

polybornic acids. -
Aluminium is the third most M?n'c;mr:lsd of Chemical Formula
abundant element in the earth's 2 s
crust (after oxygen and silicon) Aluminium
It occurs primarily as 3 (
alumino-silicate mln:rals foul):d in Feldspar KAISi,O.0r K,0.AL0,.65i0,
the rocks of the outer portion of the | Mica KHALGIO,),
earth. (Muscovite)
The other elements of group Kaolin (Clay) | HAL(SIO).H.O or
1A gallium, indium and thallium are ALO,2810,.2H.0
relatively rare and are obtained as Corundum | ALO,
by-products during the processing of Emerald ALF Si0,
other metals, Gibbsile ALO.. 3H,0 or AKOH),
Bauxite ALO.2H.0
Crvolite - Na AlF,
' Diaspore A1,0,.H.0 or AIO(OH)
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3.1.2  Peculiar Behaviour of Boron
Baron is the first member of the Group IIIA, it shows many dissimilarities with the

members of its own group. The difference in the properties of boron and those of the other

members of the series is mainly due to the large difference in their sizes and jonization

energies.

L Boron is the only element in Group ITIA which 1= non-metallicin behaviour.

2, it is the only element with less than four electrons in the outermost shell whichis
not a metal,

3. Homnalwaysmcsalmmthmcdmnlawedectmnsforbmdmgmosesandns
common oxidation statesare +3and -3,

4. One of the outstanding features of the chemistry of boron is its ability to form
molecular addition compounds.

5. Boron does not form ionic compounds with sulphate, nitrate or other anions because
boron does not form a stable cation.

3.2 COMPOUNDS OF BORON

3.2.1 Borax(Sodium Tetraborate Na,B,O..10H,0)
Borax is the sodium salt of tetraboric 2cid. It is the most important of all borates.

Occurrence:
Borax occurs as a natural deposit called tincal in the dried up lakes of Tibet and

Manufacture;
1. Formally borax was manufactured by treating a hot solution of boric acid with the
proper amount of soda ash.
4H,8B0, + Na,CO), — -’\'a li() + 6H,0 + CO),
&nc»ﬂ:

-4 Now-a-days borax i1s almost exclusively obmned from calcium borate. Fincly
powdered colemanite is boiled with Na CO, solution, when CaCO, precipitates out
and a mixture of borax and sodium metaborate is formed.

CaBO,+2NaCO, —— 2CaCO, + Na B 0. + 2NaBO,
Codonumnic
The clear solution from the top is taken off and is then allowed to crystallize, when
crystals of borax separate out. To get more borax, CO, is blown through the mother-liquor,
the sodium metaborate is decomposed into borax, which separates out i the form of fine
cryvstals,
4NaBQ, + CO

N Na,CO, + Na.B,0.
Sodar s taltate Borax

3. Borax may also be obtained from tincal (Na.B.0-10H.0) by treating tirwal with wate;
and subsequently evaporating the clear solution. when cryatals of borax separate out.
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Properties: .

1. Boaxisawhite.aysmllinesoﬁd.Itisspaﬁnglysolublcinmldvmerbmisnm
soluble in hot water: 100 grams of water dissolve 3 grams of decahydrate at10°C and
99.3 grams at 100°C. If a saturated solution be allowed to crystallize sbove 62°C,
octahedral crystals of the pentahydrate, Na,B,O,.5H.O scparate out, if the
temperature is below 62'C, the decahydrate is formed. Its aqueous solution is
allsaline in nature due to hydrolysis.

NaBO,+7HO ——2NaOH + 4H,BO,
Strong alkali Weak acid
The hydrolysis is prevented in the presence of glycerine,

2. Whenlwated.boraxlowawaterandswcllsupintoawhitcpomusuussduemthc
expulsion of water: on further heating it melts into a clear transparent glass, which
dissolves many metallic oxides forming coloured beads. This reaction forms the
basis of borax bead test.

Na,B,0..10H,0 —2—5Na B0, + 2NaBO, + B,0,
> yoP Glassy mass
3. Its aqueous solution reacts with HCl or H, S0, to form boric acid:
Na,B.0, + 2HC1 + 5H,0 —— 2NaCl + 4H,BO,
Borax Boek acid
NaB,O, + HSO, + 5HO ——Na SO, + 4H,BO,
4. When borax is heated with ammonium chioride, boron nitride 1s produced:
NaB,0. + 2NH Cl —— 2NaCl + 2BN + B,O, +4H,0
5. Borax when dissolved in water ionizes as:

Na,B O, 2Na' + B0,
Hydrolysis of B,0.” ions occurs as follows:
BO," + TH,0 » 4H,BO, + 20H

So a strong alkali (NaOH) is formed which 15 highly ionized. On the other hand, boric
acid (H,BO,) is ionized to a little extent, because it is 3 weak acid. Hence, solution of borax as
awhole is alkaline in nature,

6. Borax Bead Test

Pn:pureaIoopatthemdofaphtinumwire.lleattbcwirewdtahcalittlepowdemd
borax on the hot loop. Heat again, borax first swellsupandthmmeluintocolourless.ghss—
like beads gnahe loop. Now put a few grains of the substance, under examination, on the
beads and re-heat it first in the oxidizing flame and then in the reducing flame.
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Chemistry of the Borax-bead Test:
Borax, when fused, is decomposed into sodium metaborate and boric anhydride.
NaB0. ——p ZNABO, + B0,
The metallic oxide formed from the substance, under examination, combines with
B,0, giving the coloured metallic borates. With cupric oxide, the beads are coloured blue in
the oxidizing flame because cupric borates are blue in colour.
CuO+ B.O, » Cu(BO,),

Uses of Borax:
It is used to prepare borate glass, which is heat resistant.
Itis used in softening of water.
Itis employed in borax bead test, for the detection of metallic cations.
Itis used in metallurgical operations.
It is used as a fux in welding and in metadlurgy.
It is employed in making washing powders.,
It is used in leather industry for tanning and dyeing.
It s used in cosmelics, scaps, textiles, pants, medicine, match industry and as a
preservative.
3.2.2 Boric Acids
There are four important boric acids. Out of these orthoboric acid is the most
important and the stable one. The remaining acids are stable in solid state and change into
orthoboric acid in solution:
()  Orthoboric Acid, H,BO,
(1)  Metaboric Acd, HBO,
(i)  Tetraboric Acd, H,B O,
(iv)  Pyrobonic Acd, H.BO,

%NS U N

HBO, + HO » 1LBO,
Metalax ookl Bl e it
H,B,0, + SH.O — 4H B0
Tetraboric aod Kore aced
H,B,O + 31,0 ——4H,BO,
Pyroboric acid Bori¢ acid

Orthoboric Acid or Boric acid (H,BO,)

It 15 a white crystalline chemical substance (triclinic), spaningly soluble in cold water
(2.6% at 40°C) but dissolves readily in hot water (37% at 107°C). This temperature variation
in solubility forms the basis for its separation and purification.

Preparation of Boric acid on Commercial Scale
1. From Colemanite

On commercial scale, boric acid 1s prepared from & natural calcum borate called
colemanite (Ca B0, 5H.0) by suspending it in boiling water while, sulphur dioxide is
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passed through it. Boric acid crystallizes out from the solution while, the other product
CaS0, remains in the solution.
CaBO S5HO + 250, + 4HO
Laolemanate

2Ca SO, + 6H BO

From Borax:
A hot concentrated solution of borax is treated with a calculated quantity of conc.
H.S0,. On cooling, crystals of boric acid formed separate out.

NaBO, + HS0, + 5H,0 » NaS0, + 4H.BO,
Borax Booi ackd

Properties of Boric Acid
1. Boﬁcaddisawhiteluskousaymlﬁncwlidlmvingasoﬁsmpytomh.vetysﬁ@w
soluble in cold water but fairly soluble in hot.

2. Itis volatile in steam.
3. It reacts with ethyl alcohol forming ethyl borate.
HBO,+3CHOH —s— (CH)BO. + 3HO

4. When heated strongly, it swells to frothy mass losing water molecules. It is
ﬁrstwnvcnedinwniemborkadfm:omboﬁcaddmdﬁnﬂlywborkmhydﬁde.

HBO, =—= HBO, + H.O
v~ Metaborie Acid
B0, 2 C B0+ 1o

el Totrabane Acd
B0, -l 280 +HO
Mo anhydrad:
5. Itisa very weak acid and ionizes to a very limited extent mainly as a monobasic acid.
HBO .+ HO -+ [BIOH)] + H’
Its solution has no effect on methy! orange, although it turns blue litmus red.
Itis partially neutralised by caustic soda to give borax.
4H BO, + 2NaOH = NaBO +7HO
8. Whetrboricacidisneumlizedbysodauhml,COJ.bnraxisobm&
4H.BO, + Na,CO, »  NaBO,+61L0 + CO.

Borax '
9. Boric acid being a weak acid, cannot be titrated with alkalies in the usual manner. In
the presence of glycerol, howcvenilunbetitmcdagahuasmndmdalhliusim
* phenolphthalein as an indicator,

NS

U'ses of Boric Acid

1. Boric acid is used in medicines as an antiseptic, e.g. dusting powder, boric
omtment and boric solution is used as an eye-wash,

2. It is used in pottery as a glaze because borate glazes are more fusible than
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silicate glazes and possess a higher coefficient of expansion.
3. Itis also used in candle industry for stiffening of wicks.

3.3 REACTIONS OF ALUMINIUM

1. Reaction with Air
When a piece of aluminium sheet is exposed to moist air it acquires a thin,
continuous coating of aluminium oxide, which prevents further attack on the metal by
atmosphenc oxygen and water under normal conditions. Because of this aluminium sheets
are said to be corrosion-free. However, if the aluminum powder is heated to 800°C and
above, the metal will react with air to form aluminium oxide, ALO,, and aluminium nitride,
AIN. The reaction is accompanied by the evolution of heat and intense white light. This
property of aluminium is made use ofin flash light photography.
AAL 1+ 30, - 2AL0,
2Al 4 N, —_ - 2AIN
Because of its ability to combine with both oxygen and nitrogen, the metal is often
used to remove air bubbles from molten metals. Salt solutions corrode aluminium badly so
aluminium and aluminium alloys are not suitable for marine use.

2. Reaction with Non-Metals
Heated aluminium combines with the halogens, sulphur, nitrogen, phosphorus and
carbon, accompanied by the evolution of heat.

2Aks: + 3CLig » ZAICLs)
Aluminum on heating with hydrogen forms aluminium hydride.
2Al 4 .’“H.. m— ZJ\lH

3. Reaction with Acids and Alkalies
Aluminium is amphoteric. It dissolves in both acids and bases with the liberation
of hydrogen gas.
Aluminium reacts slowly with dilute acid and more rapidly with concentrated
hydrochloric acid to displace hydrogen.
2Ak0 + 6HClagg —— &\'Cl,lxp + 3"3‘5
Aluminium does not react with dilute sulphuric acid. However, it is oxidized by hot
concentrated sulphuric acid to iberate sulphur dioxide gas.
2Alw + 6H.S0 jasg) ———> ALSO ) iag +6H.O1/) +380. ()
Aluminium does not react with nitric acid at any concentration, probably because of
the formation of protective layer of aluminium oxide. The aad is said to render the
alurminium passive. Nitric acid is, therefore, frequently transported in aluminium containers.
Aluminiumn dissolves in both sodium and potassium hydroxides to form a soluble
aluminate, with the evolution of hydrogen.
2ALs) + ZNaOHrey + GH,(.)Q“) —"ZNa:\l(()H),w; 4’3”_‘[)
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3.4

Aluminium is very light (nearly three times less dense than iron) but posseses high
tensile strength. These properties account for its extensive use in the transport
industries, in the construction of aircrafts, ships and cars .

It is an excellent conductor of both electricity and heat. Thus, it is used as heat
exchanger in chemical, oil and other industries. Heavy duty electrical cables are
made of aluminium metal.

Aluminium is an excellent reflector of radiant energy. For this reason, it is commonly
used tonsulate buildings. Aluminium foil is also used to jam radar.

Itis non-magnetic andis thus used in navigational equipment.

It is a good reducing agent and can thus be used for this purpose in the chemical and
steel industnies,
h'stm«ndcnlmbcmedhnﬂdghﬂmdhew&gaﬁxmﬂsaﬂhm
At homes, aluminium is found in the form of cooking utensils, window frames and
kitchen foil.
Mwniniumisusedformakingpetmlmdmﬂkstmagemnksbmuseitmﬂmshmt
and prevents them of being over heated in the sun.

GROUPIVA ELEMENTS
Group IVA of the pericdic table comprises elements, carbon, silicongermanium, tin

and lead.

There is a marked chunge of propertics from carbon to lead. This gradation is of such

nature, however, that there are very few similarities between the extreme members. Thus
carbon and lead differ very considerably; far more, for example, than do lithium and cacsium
in group IA. The electronic configurations of IVA group elements alongwith their physical
properties are given in Table 3.4.

Table 3.4 Electronic Configurations and Physical Properties of Group IVA Elements,

Property C Si Ge Sn Pb
Atomic number 6 14 32 50 82
Electronic configuration [Hel2e2p'| [NeJia'dp' | (Arfad"ax'sp’ | [Keld"Se'sp’ || Xe£“5d"6s'0p!
lonization energy (k}/mol) 1086 736 760 07 715
Electron affinity (klmol) | -122.5 [ -j20 -116 -121 -10i
Electronegativity 25 1.8 18 13 18
Atomic radius(pm) 7 117 122 140 154
lonic radius of 2+ 1on (pm) - 60 71 73 €% 121
Melting points (°C) 3570 1410 937 P e 328
Boiling points ("C) sublimes 2355 2830 2270 1750
Density (g/can’) 233 2.7 593 73 11.85
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Carbon and silicon are the only non-metals | |2 2l |
in Group IVA. Carbon has the peculiar property of C—C—-C—-C—
forming long carbon chaing, silicon forms long | bt |
chains of alternating silicon and oxygen atoms. Carbon Links
L Carbon and silicon both form acidic oxides, Carbon and .
whereas the oxides of germanium, tin and (I) (I)

0
lead are amphoteric in nature. |
2, Both carbon and silicon form covalent Si Si Si
bonds. Their  oxides are acidic and \o/l\o/l\o/l\o/
both form hydrides and chlorides. 0 0 0

The clements of group IVA are
characterized by a set of four valence electrons,  Silicon and Oxygen Linkages
which form two pairs.

In the first three elements of IVA group, carbon, silicon and germanium, all the four
outermost electrons are used as valency electrons, while in tin and lead either all four
(stannic and plumbic compounds) or oaly onc of the pairs of electrons (stannous and
plumbous compound) is used for bonding.

The pair of valence electrons that do not readily take part in chemical combination is
termed as inert pair. As in other groups, the inert pair effect is most marked in the element of
highest atomic mass, namely lead. The increase in electropositive character from carbon
through silicon, tin, and lead is pronounced. This trend is shown also by the increase in the
metallic character of the elements with increased atomic mass.

I
—C
|

—) —

The Following are the Common Properties of Group IVA Elements:
1. All the elements of this group show a valency of four.
Allof them form hydrides, MH,

&
3. They form tetrachlorides, MCl,
4 They also form the dioxides, MO,

3.4.1 Occurrence of Carbon

Carbon occur; naturally in the two states,

One is crystalline (graphite, diamond) form and the other is amorphous (coal, charcoal) form.
3.4.2 Occurrence of Silicon - : .
Silicon is very abundant, about 23% | Minerals of Silicon | Chemical Formula

of the mass of the earth's crust being due to

this element. Analcite (a zeolite) | NaAKSIO,), H,0
Silicon, unlike carbon, is not found in Asbestos CaMg,(Si0,),

free state. Silicon is found as a major deﬂ) HAL(SIO,),.H,0
constituent of rocks either in the form of Zircon ZrSio
silica o silicates. Most minerals other than || "o (0F soapstone) | H,Mg/(Si0),
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sulphides, sulphates, phosphates, and carbonates contain a high proportion of
sihicon,

As oxide, it is found as quartain the following forms:
Rockaysul.amethystqmz.smokyqumz,meqamzmdmukym

Sandis largely silicon dioxide (silica). Opal is a hydrated variety of quartz.

3.4.3  Peculiar Behaviour of Carbon
Carbon differs from the remaining members of Group IV-A in the following respects:

1. Carbmandsilieonmnonmlswhiletheothcrmcmbemdﬂwbmilyam
metalloids or metals.

2. Catenation or self linkage. Carbon has a tendency to form long chains of identical
atoms. The type of linkage of identical atoms with each other is called catenation o
seli-hnkage. The property of catenation decreases on moving down the group from
carbon to lead. The maximum tendency of catenation associated with carbon forms
the hasis of the carbon compounds which constitute organic chemistry.

3.5 COMPOUNDS OF CARBON AND SILICON

3.5.1 Structure of Oxides of Carbon
Three oxides of carbon are known:
(i) Carbon monoxide, CO (i) Carbon dioxide, CO, (i) Carbon suboxide, C,0,
Outofthese, the last one is of little importance.

Structure of Carbon Monoxide (CO)

Carbon monoxide is diatomic molecule having triple bond between the two atoms. It
15 very slightly polar. The electronic structure of carbon monoxide can be represented as::Ci10:
It is usually written as: A )

[t might appear from the above structure that the molecule should have a large dipole
moment, but in fact the molecule has a small dipole moment (0.112D). é=6

Structure of the Carbon Dioxide

Carbon dioxide exists in the gaseous state as lincar T
molecules. The observed C-O bond distance is 115 pm and is in 'OI"“C""""O'
agreement with the structure shown. Solid CO, has a face-| = *: \'l" Al
centered cubic structure. Being linear its dipole moment is zero, S lm;‘ x

3.5.2 Oxides of Silicon
Silicon Dioxide

Silicon dioxide, SiO, called silica, is probably the most common and the most
important compound of silicon. In silica every silicon atom is attached tetrahedrally to four
oxygen atoms and each oxygen atom has two close silicon neighbours.
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Vitreous silica possesses the following interesting and uscful properties.

High transparencyto light.

Very refractory. does not soften below lﬁ(l)tn 1600°C.

Very low thermal expansion.

Excellent insulator.

Hard, brittle and efastic.

Insoluble in water and mert toward many reagents.

It isresistant towards all acids except HE

()u.mz the common crystalline form of silicon dioxide, 1s a hard, brittle, refractor, colourless
solid which differs very markedly from carbon dioxide.

Both carbon and silicon have four electrons in their valence shells and both also form
four covalent bonds. Soavhy should there be a big difference between CO, and Si0, ?

The answer lies in the fact that silicon atoms are much karger than carbon atoms and
thus tend to surround themselves with more oxygen neighbours; silicon forms only single
honds to oxygen atoms whereas carbon may form double bonds. Carbon, in fact, forms double

bonds to cach of the two oxygen atoms to produce a small, symmetrical, linear
molecule CO_ which is volatile and reasonably reactive,

The silicon atom can be approached closely by four oxygen atoms and forms a single
hond to each at tetrahedral angles. This structure can be continued in three dimensions to
produce a continuous giant silicon oxygen network extending out to give the massive silicon
dioxide crystal.

In the interior of the silica network cvery ' 0 0
silicon atom is bonded tetrahedrally to four oxygen ? | gi
atoms and every oxygen atom is bonded to two silicon Si Si
atoms. The overall ratio of silicon to oxygen atoms is /J)\o/ | \ 7 | \()/
1:2 and the simplest formula for silica therefore is Si0,. \ 0\ 0\
The silicon oxygen bonds are strong and keep the

atoms firmly in place. J’\o/ 1 No/ ™

Note, however, that it is not the molecular 0 0
formula for silica but the whole chunk of silicamustbe  Fig.3 .1 Structure of silicon dioxide
considered to be essentially one molecule. The atoms of silicon and oxygen at the surface of
the chunk do not have all their valence forces satisfied, as is shown by the high surface
activity of silica.

In each of the various crystalline forms of silica, there is a special pattern which is
repeated throughout the crystal in a regular definite crystal lattice. The regular tetrahedral
arrangement of four oxygen atoms around each silicon persists in each crystalline form but
the Si-0-Si bond angles and the rotation about each Si-O bond are different in the different
polymorphic species.

Wrmaysum»euhcaxshutedmfﬁacnuynmclutopveavboousﬁq\ddhmnga
random structure, presumably with the silicon atoms still on the average close to four oxygen
atoms and the oxygen atoms close to two silicon atoms. When this liquid silica is cooled it

PRP M AW
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does not crystallize readily, but usually it undercools tremendously and eventually becomes
rigid without having undergone orientation into a regular crystal pattern. This rigid, highly
undercooled liquid is called vitreous silica or silica glass (frequently incorrectly referred to as
fused quartz),

3.5.3 Silicates and their Uses
The compounds derived from silicic acids are termed as silicates.

1. Sodium silicate, Na,Si0,
This is a sodium salt of metasilicic acid H.SiO,. Itis known as water glass or soluble

glass. ILis prepared by fusing sodium carbonate with pure sand. The process is carnied out in
a furnace called reverberatory furnace.
Na,CO, + Si0,

»Na Si0), + CO,
Sudugm mbaate
Properties:
Sodium silicate is soluble in water and its solution is strongly alkaline due to the
hydrolysis,
Chemical Garden
mmammmmmmmm.
copper sulphate or cobalt nitrate, etc. are placed in a solution of sodium
silicate, they produce a very beautiful growth, like plant, which is called
chemical garden.

Uses of Sodium Silicate:
1. It isusedasaﬁllerforsoapinsoapindustry.

2. Itis used in textile as a fire proof,
3. It is used as furniture polish.

4. Itis also used in calico printing.
2. Aluminium Silicate

Many important silicate rocks contain aluminium. The weathering of these rocks
msdtsinthedidrﬂemﬁondﬁwcompkxsﬂmwhkhtheymuimneboiﬁngmd
freezing of water in the rocks, and the chemical action of water and carbon dioxide convert
these compounds into potassium carbonate, sand and clay. The following reaction explains
the weathering of potassium feldspar.

K,0.AL0,65i0; + H,CO, + 1,0 ——K,CO, + 4Si0, + ALO(Si0,), 2H.0

Pure clay, which has the formula shown above, is white and is called kaolin. Itis used
to make porcelain and china wares. Ordinary clay contains compounds of iron and other
metals and it has a yellow or reddish yellow colour,

Impurcclaysmbemommilyfusedbeausemeyoontahloxidmoﬁron.alcium.
nmgnesiumandmhumeubwhkhhmmﬂyhssableailiatawimsand.Suchdaysare
used to make bricks, tiles, and stonewares. Due to the presence of ferric oxide, the articles of
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this clay turn reddish when heated ina Kiln.

Stoneware is usually glazed to give it a less porous surface by throwing salt upon the
articles while they are hot. This treatment produces sodium aluminate and sodium
aluminium silicate, which melt readily and cover the entire surface. When the article cools,
the covering solidifies, producing a compact, smooth, waterproof surface. China wares are
made from a mixture of kaolin, bone ash, and feldspar; the mixture fuses when heated and
fills the pores between the grains of kaolin.

The use of clay in making pottery and other ceramic articles depends upon the
plastaty of the paste. When soaked in water the clay progressively hydrates, and the paste
becomes more plastic. When the clay is heated the water of hydration is lost, and a hard rock
like mass is formed.

3. Talc or Soapstone

The magnesium silicate, Mg, H.(Si0,),, is commonly known as talc or soapstone. It is
physically greasy to touch. Therefore it is used in making cosmetics. It is also used in making
houschold articles.
1, Asbestos

Asbestos is hydrated calcium magnesium silicate CaMg(Si0),. It is
commonly used in making incombustible fabrics and hardboard, etc.

* 3.5.1 Silicones

The chemistry of silicon is, in many respects, very much ke the chemistry of
carbon. Just as carbon forms the compounds carbon dioxide (C0),), carbon tetrachloride
(CCly), and methane (CH,), similarly silicon forms silicon dioxide (Si0,), silicon tetrachloride
(SiC1), and silane (SiH).

The silicon atom holds four methyl groups, Si(CH,),, just as the carbon atom,
CICH,).. i a compound of silicon containing chlorine atoms and methyl groups, SiCL(CIL).,
15 allowed to react with water, hydrogen chloride (HC1) comes out, and the silicon atoms join
together through oxygen atoms.,

CH, CH,
I I
H-O-H+ (‘f-sli-CI | n-o-n—.(m-sls-ou + 2HCI

CH, CH,

CH, cH, CH, c¢H
I |
Ho-sli-on % HO-S'i-OH-<> -0-81-0-8i.0. +HP
| |
CH, " CH, CH, CH,
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By this reaction we can make synthetically the silicon oxygen chains found in the
mineral silicates, which we have just been discussing. A difference is that here we have CH,
groups instead of oxygen #toms joined to silicon as side chains. Such a compound is called a
silicone; this particular one is a methy! silicone. Other  alkyl groups may also be
substituted for the methyl groups and the molecular chain can be made of various lengths.

Properties and Uses of the Silicones

Some of the methy! silicones are oily liquids and they become more viscous as the
chain length increases. They are used as lubricants, either incorporated in greases or as oils,
in bearings, gears, etc. They are also used in hydraulic brakes and other hydraulic systems.
The outstanding physical attribute of silicone oil is its very small change in viscosity with
change in temperature, compared with the behaviour of other oils of similar viscosity.

If the temperature is dropped from 100°C to 0°C the viscosity of petroleum oil may
increase about one hundred folds, whereas that of silicone oif will increase less than four
folds. In the presence of air or oxygen at temperature as high as 300°C, silicone oils remain
free from acid formation, oxidation and similar phenomens, which frequently limit the
usefulness of petroleum products and other synthetic organic hiquids,

Methyl silicones of high molecular mass resemble rubber and are used in making
rubber like tubing and sheets.

Silicune molecules can be made in such a way that bridges, or cross linkages bind one
long molecule to another at several points along the chain. These compounds have resinous
properties and are extensively used in electrical insulation.

Another interesting and important application of silicones is their use in the
treatment of various surfaces to make them water repellent. A silicone film covers the
surface and repels water like a grease film. Much of the leak of clectricity through the
moisture film on ceramic electrical insulators can be prevented by a silicone film: cloth,
plastics, asbestos, glass, leather, and paper, even filter paper and blotting paper become
strongly water repellent when covered with a silicone film.

3.6 SEMICONDUCTORS

A semiconductor is a substance that has
dillerent resistunces to the passages of an
electric current under different circumstances.
Semiconductors include the elements
germanium, selenium and silicon, and the
compounds lexd sulphide, silicon carbide, }_
cadmium sulphide, lead telluride, gallium
arsenide and indium antimonide, Pl 32 o b o it

5 . v s 'ig. otovoltae cell using

Semiconductors conduct electricity T IR 9 o
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better than insulators, but not as well as good conductors like metals. This gives them their
name, which means “half conductors.” How well they conduct electricity depends upon their
temperature. When a metal is heated, its resistance increascs, when a semiconductor is
heated its resistance decreases.

Semiconductors arc also sensitive to light. The greater the intensity of the light that
shines on them, the better they conduct electricity. The effects that light and heat energy
have on semiconductors make them extremely useful. They are used in photvelectric cells
andin solar batterics.

The electrons of semiconductors do not carry clectric current as readily as the
electrons of good electric conductors like metals. However, when the atoms of the material
absorb heat or light , the clectrons become less tightly bound to their atoms. They can now
conduct electricity.

Another special property of semiconductors is the way they behave when they are
joined to another material, which may be a metal or a different semiconductor. The junction
between the different materials forms a boundary. It allows electricity to pass more properly
and is used in transistors. Transistors are much smaller and less complicated than old
fashioned electronic tubes. They are used in radio, television, computers and calculators.

3.7 USESOF LEAD COMPOUNDS IN PAINTS
Varoius oxides of lead, basic lead carbonate and lead chromate are commonly used as
pigments in paints

1. Lead Suboxide, Pb,0)
Itisblack powder, obtained on heating plumbous oxalate in the absence of air.
2PbC.0,—25Pb,0 + 3C0O, + CO
Pb,0is decomposed by heat into Fb and PbO.

Other than pigment, it is also used in the manufacture of kead storage batteries.

2. Lead Monoxide (Litharge, Massicot) PhO

Litharge varies in colour from pale yellow to reddish yellow, possibly owing to the
existence of two forms, a rhombic (vellow) and a tetragonal (red). It is slightly soluble in
water. It is usually used in preparing flint glass and paints. If litharge is boiled with water and
olive oil, lead oleate which is a sticky adhesive mass is formed and glycerin passes into
solution. Litharge is used in preparing oils and varnishes and in the manufacturing of flint
glass.
\ Triplumbic Tetra oxide, (red lead, minium), .0,

~ When lcad is heated in air at about 340°C, it absorbs oxygen and forms a bright
scarlet erystalline powder of read lead or minium,
3P 4 20— PO,

Thpdavdne crtimmuk
« Itdecomposes at 470°C ¢
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2P0, — 6O+ 0,
Red lead 1s used for & vaniety of purposes. Its principal uses are in the manufacture of
storage batteries, as a pigment in paints applied to steel and iron to retard corrosion, and as
aningredient in the manufacture of flint glass, matches and ceramic glazes.

4. Lead Dioxide, PbO,
When red lcad is treated with concentrated nitric acid , it is decomposed into lead
nitrate and lead dioxide.
5,0+ 4HNO, ——— 2Ph(NO), + PbO, + 2110
Lead dioxide is a reddishbrown powder. It is not very soluble in water, but it does
dissolve in alkaline water to yield soluble plumbates. It is not affected by dilute acids,

5. White Lead

Basic lead carbonate 2PbCO_Ph(OH),. is an amorphous white pigment. It mixes
reachly with linseed oil and has a good covering power. If improperly prepared, it becomes
crystalline and its covering power is reduced.

White lead is not suitable for use as a good pigment since it is darkened by the
hydrogen sulphide which is frequently present in the atmosphere.

6. Lead Chromate (PhCr0,)

It is used as a pigment under the name of chrome yellow. Orange or red basic lead
chromates are formed when lead chromate is boiled with dilute alkali hydroxide and are used
as pigments. The stable yellow modification of lead chromate is monoclinic. Mixture of lead
chromate with lead sulphate or barium sulphate are also used as yellow pigments.

KEY POINTS
1. BomnnccuminUacesandhashccnfomdlobeimponant{ormcgrmhofmny
plants.
. Borax (Na,B,0,.10H.0), colemanite (Ca,B,0,,.5H,0), orthoboric acid (H,BO,) are
the common minerals of boron.

3. Aluminium, after oxygen and silicon, is the third most abundant element in the
earth’s crust. Feldspar (K.0.A1,0.65i0,), corundum (ALQ,), bauxite (ALO,.2H,0)
and cryolite (Na,AIF) are the common minerals of aluminium,

1. The pair of outermost electrons that does not readily take part in chemical
combination is termed as incrt pair.

5. When heated, borax fuses, loses water of crystallization and swells up into a white
porous mass. Itis employed in borax bead test for identification of coloured salts.

b. When a hot concentrated solution of borax is treated with a calculated quantity of
conc. HS0,, on cooling crystals of boric acid are produced.
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7.
8.

10.
1L

12.

13.
14.

15.

Q1.

Q.2

When alumminm is burnt inoxygen a bnlbant ight is produced.

The electronic configuration of group IVA elements show that they have four
electrons in their valence shells, two electrons of which are in s-orbital and the
remaining two are in p-orbitals.

Limestone, dolomite and magnesite are the common minerals of carbon.

Feldspar, potash mica and zircon are the famous minerals of silicon.

Silica has a net work structure in which every silicon atom is bonded tetrahedrally 1o
four oxygen atoms and every oxygen atom is honded to two silicon atoms.

Sodum silicate, aluminum silicate, talc and asbestos are commercially important
compounds of silicon and oxygen called silicates.

Methyl silicones can be used as lubricants and for water proofing,

Semiconductors conduct electricity better than insulators. They are also light
sensilive.

Oxides of lead are used as pigments.
EXERCISE
Fill in the blanks
1) acid has the chemical formula HBO..
i)  Aluminium normally occurs as minerals found in the rocks of
. outer portion of the earth.
i)  Alumnium gives gas with hot concentrated H.SO,
iv) . Boron forms bond in its compounds.
v) The chemical formula of white lead is TR g O o
vi) is the only element with less than four electrons in the

outer most shell that 18 not a metal.
vii) In the Group IIIA of the periodic table, _ is a semi-metal.
viii) Borax that occurs as a natural deposit, is called
ix)  Cryolite is an important mineral of aluminium and its formulais .
x) A is a substance that has different resistances to the
passage of an electric current under different circumstances.
Indicate True Or False
i) Boron always uses all the three of its valencc eletrons for bonding
PUrposes.
1) Diaspore is an ore of carbon.
i)  Emerald is an ore of aluminium that has the chemical formula
AlLO,.2810.. 2H.0.
I¥) «  An aqueous solution of borax is feebly acidic in nature.
v)  -In case of borax bead test, of cupric oxide, the beads are coloured blue in

the reducing flame.
vi) Boric acid can be titrated with sodium hydroxide.
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vy Carbon and silicon are the only non-metals in Group IVA.
vii)  PbOis commonly known as litharge.
ix) Basic lead carbonate is a reddish brown pigment.
x) Aluminium oxide (Al,0,) 1s also called bauxite.
Multiple choice questions. Encircle the correct answer,
1) Which metal is used in the thermit process because of its activity:
(a) lron (b) Copper  (¢) Aluminium (d) Zinc
1) Aluminium oxide is:
(a) acidic oxide (b) basicoxide (c) amphotericoxide (d) none of these
1) Chemical composition of colemanite is :
(a) Ca,B,O,5H0 (b) CaB,0.4H,0
(¢) NaBO.4H O (d) CaNaB,O_8H .0
) Which element forms an ion with charge +3:
(2) Berylhium (h) Aluminium (¢) Carbon (d) Silicon
v) Which electronic configuration corresponds to an element of Group-IHA of
the periodic wblé:
(@) 1s 2s 2p Ss Jp (b)) 15°252p", 35", 3p", 45"
(€) 15725 2p (d) 1s",25"2p" 35" 3p’
vi) Which element among the following belongs to Group IVA of
the periodic table:
(n) Barwum () lodine (©) Lead (d) Oxygen
vil) Boric acid cannot be used:
(a) asantisepticinmedicine  (b) for washing eyes

(c) in soda bottles (d) forenamels and glazes

viii)  Which of the following elements is not present abundantly in earth's crust?
(a) Silicon (b) Aluminium (¢) Sodium (d) Oxygen

1x) Tincal is a mineral of:
(a) Al (b) B (©) Si d C

x) The chicfore of aluminium is:
(@) NaAIF, (1) ALO.2H.O (c) ALO, (d) ALO H.O
What is the action of an aqueous solution of borax on litmus?
(ive equations to represent the following reactions.
(a) Borax is heated with Co)
) Al O, is heated with NaOH solution
Why 1s aluminium not found as a free element? Explain the chemistry of borax bead
test.
How does orthoboric acid react with:
(a) Sodium hydroxide (h) Ethwvlalcohol
How will you convert baric acid into borax and vice versa?
Why are liquid silicones preferred over ordinary organic lubricants?

www.pdfhive.com



Group HIA and Group IVA Elements 55

Q.10, Explain:
(a) CO, isnon-polar in nature.
(b) CO, 1z acadic in character.
Q.11. WhyisCO,a gas at room temperature while Si(), is a solwl?
Q.12. Give the names and the formulas of different acids of horon,
Q.13. What is the importance of oxides of lead in paints?
Q. 14. Give the names, electronic configurations and occurrence of Group-1IA elements of
the penodic table.
Q.15. Discuss the peculiar behaviour of borni: with respect to the other members of
Group- IIIA elements.
Q. 16. (@) What is borax?
(b) Describe its commercial preparation.
((9) Qutline the principal uses of borax.
(d)  Howdoesborax serve asa water softening agent?
Q17. (@ What is boric acid?
(b) How is boric acid prepared in laboratory ?
(c) Give properties and uses of boric acid.
Q.18.(a) Give the names alongwith the formulas of three important ores of aluminium.
(b) How and under what conditions does aluminmum react with the following:
1) Oxygen i) Hydrogen i) Halogens
w) Acids v) Alkalics
Q.19. Give the names, electronic configurations and occurrence of Group-IVA elements of
the penodic table.
Q.20. Discuss the peculiar behaviour of carbon with respect to the other members of
: Group-1VA of the periodic table.
QR.21. (a) What are silicones?
(h) Give abnef summary of the principal properties of silicones.
(c) Outline the uses of silicones.
(d) What are silicates?
(e)  Descnbe the important usesof silicates.
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- Chapter !

GROUP VA AND
GROUP VIA ELEMENTS

IN THIS CHAPTER YOU WILL LEARN

LY
1. mm,wmkmmmmmmmam
VA and VIA elements.
2. The preparation and properties of oxideés and oxyacids of nitrogen,
phosphorus and halides of phosphorus.

i Comparison of propertics of oxygen and sulphur.
4. The manufacture, propertics and uses of sulphuric acid.

GROUP VA ELEMENTS

4.1

INTRODUCTION '
The elements of group VA of the periodic table comprises nitrogen, phosphorus,

arsenic, antimony and bismuth,

Table . 4.1 Electronic Co

nfigurations and Physical Properties of Group VA Elements
N r i

| FPropertics i
Atomiic number 7 15 b = 51 &3
“lectronic configuration [Hel2s"2p" [Ne3s3p’ l“p? W' | Rapsd“sssyl Xe]5d6s '
Physical appearance Colouriess Black Metalic | Metallic | Metallic
gas solid solid sobid |  solid
lonization energy (k)/mol) 1402 1012 950 830 700
Electron affinity (k)/mol) -7 ~7L7 77 -101 «110
Electronegativity 3.0 21 20 1.9 1.9
Atomic radius(pm) 70 110 121 141 157
lonic radius of 3- jon (pm) 171 212 22 245 -
Meclting points ("C) 210 44 817 631 271
Bailing points (“C) -196 280 613 1750 1560
Deasity (g/fem’) 0.00125 183 573 6.68 9.80
Principal axidation states +3, 45 +3, +5 +3, +5 +3, +5 | +3,45
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1.1.1 General Characteristics

Nitrogen and phosphorus of group VA show the typical properties of non-metals. For
example, they are poor conductors of heat and electricity and give acidic oxides, Their
compounds are predominantly covalent. Arsenic and antimony are metalloids. However
bismuth at the bottom of the group shows definite metallic properties. The metallic character
increases going down the group. Nitrogen has the greatest tendency to attract the clectrons,
antimony and bismuth have the least. The trend down the group also shifts from covalent
bonding to ionic bonding.

Phosphorus, arsenic and antimony have allotropes. Allotropes of phosphorus v.e. red
and white phosphorus are more important.

Phosphorus and other members of the group can make use of d orbitals in their
bonding. This is because the energy of these orbitals 1s not much greater than those of the
other valence shell orbitals. For example, phosphorus can make use of its 38, 3p and the
empty 3d orbitals during bonding with other elements.

In phosphorus one of the 3s electrons can be promoted toa vacant 3d orbital giving 5
unpaired electrons in the valence shell. Phosphorus can thus make three or five covalent
honds. Indeed three and five are the common valencies of the group VA elements.

1.2 NITROGENAND ITS COMPOUNDS

4.2.1 Occurrence

Nitrogen is present in free state in 2ir as a major constituent (78% by volume). Itisan
inactive gas in comparison with oxygen which is the next major constituent of air. Inorganic
compounds of nitrogen are not commonly found as minerals.

In combined state nitrogen is found in all living matter mdudmg animals and plants
in the form of proteins, urea and amino acads,

4.2.2 Oxides of Nitmgcn
Nitrogen forms several oxides with oxygen. Common oxides of nitrogen are N.O, NO
and NO._. Italsoforms N.O,andN.O .

[N«NeO« » N2N 0]
Datron Ouwide. N O

Netl _I
i :}'_:,_‘f

\‘, .

Fig. 4.1 Oxides of Nitrogen
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Dinitrogen Oxide (N,0)
Preparation
1. Dinitrogen oxide can be prepared by the action of dil. HNO, on metallic zinc.

4Zn(s) + 10HNO (dil.) —— 1Zn(NO,)faq) + N,0(g) +51L.0(/)
2. Itis usually prepared by heating ammonium nitrate to about 200°C

NHNO(s) — N.O(g) + 2H.0(¢)
1bavoidd|edangcrdmpbsiumammoniumnimteambcmphoedbyamhnmof

sodium nitrate and ammonium sulphate.

Properties of Dinitrogen Oxide

Dinitrogen oxide is a colourless gas with a faint, pleasant smell and a sweetish taste.
It 15 fairly soluble in cold water. Its mixture with a little oxygen, if inhaled for a sufficiently
long time, produces hysterical laughter, hence it is also known as “laughing gas”.

Reactions
1. It is not combustible but resembles oxygen in rekindling a glowing splinter. Similarly,
it supports combustion if burning substances, such as sulphur, phosphorus, etc. are taken in
the cylinder containing this gas.

S(s) + 2N.Olg) »SO.(g) + 2N.(g)

P.(s) 4+ 10N O(g)- » PO, (s) + 10N ()
2. thnN,Oispassedmcrredlmamitismducedtonihmen.

Cufs) + N.Og) » CuO(s) + N.(g)

2, Nitrogen Oxide (NO)
Preparation
1. .\'itmgenoxidecanhcpmpuwedby(heactinnofdill{NO,onooppcr.
3Cu(s) + BHNO,(dil) — 3Cu INOJaq) + 2NO(g) + 4H,00)
2. It can also be prepared by passing air through an electric arc.
N@+0[0 = 2NO@

Properties of Nitrogen Oxide
Nitrogen oxide is a colouriess gas heavier than air and sparingly soluble in water.

Reactions
1. With oxygen, it forms reddish brown nitrogen dioxide

2NO@R) + 0g) ——» 2NO, @
2. ItdecomposesintoN,and O, at about 1000°C and supports combustion.

2NO(g) —— N(g) + O4g)
4. Itforms nitrosyl chloride and nitrosyl bromide with chlorine and bromine, respectively
in the presence of charcoal.
2NO(@ + CLR) — > 2NOCltw)
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4. Ittorms a brown coloured addition compound with FeSO, . This test is used to confirm
the presence of nitrates (Ring Test).

FeSO (aq)+ NO(g) ——— FeSO,. NOGaq)

5 With reducing agents, it is reduced to nitrous oxide or nitrogen.
H.S(g) + 2NO(g) — H.O(g) + N.O(g) + S(s)
H S0, (aq) + 2NO(g) ——— H S0, (ag) + N.O®)

6.  Oxidizingagents can oxidize NO to NO, or HNO,.

ZHNO, (3q) + NO (g)—— HO(/)+ INO.(g)

"]'{.\ln(D_taq)*lleS(),lm); 1ONOYg)——— GRHSO, (ag) + 6MnSO, (aq)+ 1OHNO (aq) + 411.0¢1)

3. Nitrogen Dioxide (NO,)

Preparation

L It can be prepared in small quantities by heating lead nitrate,
2PL(NO,) () » 2PbO(s) + ANO,(g) + O(g)

2. It can also be prepared by reacting conc, HNO, with copper.
Cu(s) +4HNO fconc,) ——— Cu(NO ) (aq) + ZH,0(1) + 2NO.(g)

Properties of Nitrogen Dioxide
Nitrogen dioxide is a reddish brown gas with a pungent smell. It dissolves readily in
water toform a blue acidic solution.

Reactions

1. On cooling, NO, is converted into a yellow liquid which can be frozen to a colourless
solid dinitrogen tetraoxide (N,0,). If this solid is heated to 140°C, the mixture contains NO,
and N,O, but above 140°C NO, is converted to NO and O, molecules which are colouriess.
This decomposition is complete at 620°C.

10 C LYy

NOUg— NO/Z . NOLH = 2N0g)=— 2NO(g) + O.g)

1ale Heddnh Colouriee

Yolloow Ivown
2. Elements like phosphorus, potassium and carbon continue burning in NO, as it
vields O, on decomposition,

2NO,(g) ———=2NO(g) + 0.
2P(s) +5N0.(g) - » PLO.(s)+ SNO(g)

3. In the absence of air, it dissolves in water to form nitric and nitrous acids.

2NO(g) + HO(f) ——— HNOaq) + IINO.(aq)
However in the presence of air or oxygen, nitric acid is the final product.
ANO@) + 2H, 000 + 0») » 4HNO (aq)
1. A mixture of nitrate and nitrite is formed when NO, s passed through
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strong alkalies.

2NaOH (ag) + 2NO,(g) —— NaNO,(aq) + NaNOJaq) + H,0(0)

; 2KOH(aq) + 2NO,(g) —— KNO(aq) + KNO(aq) + HO(0)
5. ltisasumgoxidizh:gagentmdoxidiwsﬂ,Smudphmfetmmpucm
ferncsulphateand Kl to ..
H.S(g) + NO(g) +» HLOW) + S(s) + NO(g)
2FeS0 (aq) + 1LSO (aq) + NO,(g)———» Fe,(SO,) faq) + H.O(/) + NOig)
2KI(aq) + 2NO (g) ———»2KNO (aq) + 1(3)

4.2.3 Oxyacids of Nitrogen
There are two important oxyacids of nitrogen, nitrous acid and nitric acid.

o
Nitrous acid, HNO,
Nitrous Acid (HNO,)
Preparation

1. It can be prepared by dissolving dinitrogen trioxide in water at 0°C
N,O, (®)+ H,0(/) —— 2HNO (aq)
2. Pnrcnitmusacidsolutionambeprepmedbymcﬁonbetwccniocoold
barium nitrite solution and ice cold dilute sulphuric acid.
Ba (NO,) (aq) + H,S0, (aq) —— BaSO,(aq) + 2ZHNO.(aq)

Properties of Nitrous Acid
It is only known in tbebq'g of its salts and is stable to some extent in a dilute
solution,

Reactions
1. ltbegimmdeampmednwamahbhmedmnumﬁmywmpemm.
3HNO, (aq) » HNO, (ag) + 2NO(g) + HiO(®)
2. It acts as an oxidizing agent and oxidizes HI, SO. and SnClinto IH.SO, and SnCl,,
respectively.
ZHNO, (aq@)+ 2Hlaq) —— ~»2H (1) +2NO@) + I(s)
ZHNO, 3> H,0 + 2NO +{0]
SO+ HOW) + (0K » HS0 (aq)
SnCl(aq) + ZHCHag) + ZHNO,(aq) ~————»SnCl, (aq) + 2NO(g) + 2H.0(")
3. Niirous acid decolourizes scidified KMnO.and bromine water. It readily gets
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oxidized to nitric acid, so it also behaves asa reducing agent.

2KMnO faq) + 3H.S0 (aq)+ SHNO (aq)—— K. SO, (ag) + 2MaSO faep) + 3H ) 4 SHNO (v
HNO, (aq)+ Br(aq) + HO(/) —— HNO (aq) +2HBr{aq)

4. As an acid it reacts with alkalies producing salts.

NaOH(aq) + HNO.(2q) ———»NaNO, (aq)+ ILO (1)
5. It also reacts with organic compounds containing NH, group and produces
nitrogen.

2HNO, (aq)+ COINH,), (#q) =————+2N,») + CO(g) + 3H,0(1)
ewn
HNO, (aq)+ CHNH,(f) — CHOH() + Ng)+ HO)
Aminobenzerne Phenol s

2. Nitric Acid (HNO,)
Preparation
In the laboratory, nitric acid s prepared by heating potassium nitrate crystals with
concentrated sulphuric acid.
KNO(s) + HSO (conc.)—— KHSO (aq) + HNO,(aq)

Manufacture of Nitric Acid

Birkeland and Eyde's process
This process consists of the following steps:

(1) Formation of nitric oxide
Atmospheric nitrogen and oxygen are combined to give nitric oxide in an
electricare (3000°C). i
Ny(g) + O(g) —— 2NO(g)
NO formed is cooled quickly to 1000°C at which it does not decompose.

Fig4.2 Manufacture of mtric acid form air,

i) At 600°C,NO combin®s with O,to form NO,
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ZNO(g) + 0(g) —— 2NO(g)
1) Nitrogen dioxideis absorbed in water to give dilute HNO, alongwith nitrous acid.
2NO(@) ~ H.OK0) » HNO(aq) + HNO,(aq)
(iv) NnmmacidiaoxidizedtoniuicaddmdniuicmddewhidmwoﬁdiudwNO,
3HNO (g)——— HNO (aq) + 2NO(g) + H.O(7)

Properties of Nitric Acid
Concentrated nitric acid is a colourless volatile liquid which fumes strongly in air. It
has a pungent smell. Its specific gravity at 15°C is 1.53.

Reactions
1. Nhﬁcacidisdeoomposedhthepmenoedlightematordimrytanpmmm.
HHINO (ag)—— ZHO(0) + 4NO.(g) +0.(g)
2. ltisaverymmw'd.llexhihitsalltheusmlaenenlpmpeniesofaddsinan
maahmswhmitsouidizhgpmperdasenmdmhmgminwmulmywhhbwc
oxides, hydroxides and carbonates forming respective salts.
ZHNO (aq) + CaOXaq) » HO(7) + CafNO,) (a))
HNO,(aq) + NaOH(aq) ———» H.O(/) + NaNO,(aq)
ZHNO (aq) + Na CO faq) ——»2NaNO,(aq) + HO(7) + CO,(aq)
3. It acts as a strong oxidizing agent due to the ease with which it is decomposed.
2HNO (aq) —» H,O(/) + 2NO(g) 4 [O)g)
(i) [t oxidizes non-metals to their corresponding oxides.
Cls) + 1 1INO (aq) » COLig) + ANO.(g) + ZH.000)
S(8) + 6l INO (aq) » ZHO() +6NOL(g) +H.S0,(aq)
SHNO fag) 4 P(s) - +H, PO (ag) + HO(N) + SNO.(2)
(11) Meunoidslikcarsenicandanﬁrmnymnbew&izedmthdrwmspoudingacids.
Asig) + SHNO (aq) —— HAsO (aq) + SNOg) + HO(f)
Shig) + SHNO (aq) —— H SbO (aq) + SNOLg) + HO(0)
() Nitric acid behaves differently with different metals,
(a) Gold, platinum, iridium and titanium do not react.
(b) Iron, cobalt, nickel, chromium, aluminium are rendered passive by acid due
to the formation of a film of their oxides over them.
(c) Tungsten and uranium are changed into their oxides.
(d) Magnwumalcaunmdmmmehydmgenw:mddm nitric acid,
Mg(s) + 2HNO,(di) ——» Mg(NO,) (aq) + H ()
Mn(s) + 2HNO,(dil) ——— Mn(NO,) (ag) + H.tg)
(e) Coppumdludgivenitﬁcomidtwithdiluteaddmdlﬁuogendioxidewith
concentrated acid.
3Cu(s) + SHNO (i) ~=» 3Cu(NO,), (aq) + 2NO(g) + 4H,O(N
Culs) + 4HNO, [conc.) ——— Cu(NO,).(aq) + 2NO, (g) + ZH.O(0)
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(H Mercury gives mercurous nitrate and nitric oxide with dilute nitric acid.

6Hg(¢) + BHNO, (dih » SHgANO ).(ag) + 2NO(g) +4H O(/)
With concentrated acid, it gives mercuric nitrate and NO.
Hg(£) + 4HNO (conc) —— Hg(NO,), (2q) + 2NO, (g)+ 2H.O(0)

(g Silver reacts with nitric acid to give silver nitrate and nitric oxide
3Ag(s) + 4HNOQ (ag) s IAGNO (aq) + NO(g) + 2H.O00)
(h) Dilute nitric acid gives ammonium nitrate, when it reacts with tin. With
concentrated acid meta-stannic acid is produced.
450(s) + T0HNO, (dil.), ——» 4SnINO)), + NILNO, (aq)+ 3H.O(/)
Snis) + 4HNO(cong, ) == H.S5n0 (aq) + 4NOUg) + HLO(1)
(1) Zinc gives different products depending upon the concentration of acid and
temperature. Very dilute nitric acid gives NHNO,. Moderately dilute nitric acid
gives nitrous oxide while concentrated nitnic acid gives NO, .
iZn (s)+ 10 HNO (vdil.) ——» 4Zn(NO,), (aq)+ NHNO (aq) +3H,00¢)
4Zn(s) + 10HNO, (dil) -+ 4Zn(NO,). (aq) + N, g+ SH.O(0)
Znls) + 4HNO,(conc.)—— Zn(NO.).(s) 4+ ZNO, + 2H.((/)
4. Reducing agents like FeSO, HS and HI are converted to Fe(SO), S and I,
respectively, when they react with conc. HNO,
6FeS0 (ag) +3H.SO, (aq) + 2ZHNO (conc.)— 3¥e (SO ) faq) + ZNO(g) + 4H.0(1)
2HNO (conc.) +3H.S(g) » 4H, O 4+ 2NO(g) + 35(s)
6HI(aq) + ZHNO (conc.) — 4H. O + 2NO(g) +31.(s)

5.  AquaRegia
When one volume of concentrated HNO, is mixed with 3 volumes of concentrated
HCI, aqua regia is formed. It is employed to dissolve gold and platinum.
HNO (eonc.) + 3HCl(conc.}—— NOCl(aq) + Cl (g) + 2H.0(1)

NOC! formed is decomposed giving NO and Cl,

NOCI 4 NOG + [CTg)
This liberated chlonine gas converts noble metals such as gold and platinum into
theirwatcuolublec\hlorides.‘
1t Mol > 2AuCT g

6. Nitric acid reacts with glycerine, toluene and phenol to prepare materials used as
explosives like nitroglycerine, trinitrotoluene (TNT) and picric acid, respectively.

Uses

Itis used

1. as a laboratory reagent.

2. in the manufacture of nitrogen fertilizers.
3. in the manufacture of explosives .

4. for making varnishes and organic dyes.
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1.3 PHOSPHORUSANDITS COMPOUNDS
4.3.1 Occurrence

Phosphorus is the second member of group VA. Its name comes from Greek word
meaning “Light bearing”. Unlike, nitrogen it does not occur in free state in nature. Most of
the phosphorus is found in deposits of phosphate rock, i.e. impure Ca,(PO,), and apatite
CaF(PO,))..

As a constituent of plant and animal tissues, it is essential for their normal growth. It
occurs especially in seeds, the yolk of eggs, the nerves, brain and bone marrows, usually in
the form of lecithins. In the form of calcium phosphate, it is an essential constituent of bones.
Bone ash (80% calcium phosphate) is an important source of phosphorus.

4.3.2 Allotropes of Phosphorus

Phosphorus can exist in at least six different solid allotropic forms, of which we will
mention only three.

White phosphorus is a very reactive, poisonous, volatile, waxy, yellowish white
substance which is soluble in benzene and carbon disulphide. It exists in the form of
tetraatomic molecules (P,) which have atetrahedral structure, Fig. 4.3. It boils at 280°C to P,
vapours which dissociate above 700°C to form P, molecules. Red » -
phosphorus is much less reactive and less poisonous than white
phosphorus. It is prepared by heating white phosphorus in the
presence of a little iodine or sulphur as a catalyst upto 250°C in
vacuum. The tetra-atomic molecules of red phosphorus combine
Lo form macromolecules, Fig. 4.4 . Fig.4.3 White phosphorus

- - \ - » -
Fig. 4.4 Red phosphorus

Black phosphorus is the third form which is most stable under ordinary conditions.
Black phosphorus is prepared by heating red phosphorus to high temperature and pressure.

4.3.3 Halides of Phosphorus

1. Phosphorus Trichloride (PCl,)

Preparation

1. ltisusmﬂyprcmmdbyuwltﬁxgwhitcphowuhammhaninenamosphﬂeof
CO, and current of dried chlorine is passed over it. The vapours of PCl are collected in # flask
keptinan ice-bath.
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2™ ICL(R »2PCl14)
2. Itmayalsobcpmpamdbytbeacuonofplmsphmumththmyldﬂonde

Properties of Phosphorus Trichloride
Itis acolourless fuming liquid which boils at 76°C and freezes at -112°C,

Reactions

1. It mmbmeqmthchkmncmformphospfmuspenmdﬂonde

PCLI)+ CLg) » PCLEA
2. lzmmmmumwmmmmm
2P \ ™ i
3. lussolublemorgamcsnlvmm.bntradilyreactxmthm(ertoformphosphoms
acid.
PO )+ 3HAUN ) o HLEO da) + AHCH
4. ltmmhalmhdsandarboxyltwdafonmmtherewmd:lmoMnum
and H PO,
SCHOMH() + PCLWD » JCH Cl(4) + H PO 0)
JCH.COOH(/) = Pl » ACH COCI ) + H PO
2. Phosphorus Pentachloride (PCL)
Preparation
1. By passing dry chlorine through phosphorus trichloride .
"Cl LR s PClis)
2. It may also be prepared by passing dry chlonine in a well cooled solution of
phosphorus in carbon disulphide
PO+ BCL(R) —— 2PCL(8)

Properties of Phophorus Pentachlonde

1. lusayclloﬁ'nshuhnecryslallmesohdwhwhwhlmsam 100°C. It gives fumes
1n moist air with an irritating smell.

Reactions
L It decomposes on heating producing PCL, and chlorine.
PCL(s) » PCL(A) + Clig)
2. It gets decomposed by water forming phosphorus oxychloride which further reacts
with water toproduce orthophosphoric acid.
PCL (s)+ H,0({) = POCL({) + ZHCKaq)
POCL(1) + SHO(f) ——+ H, PO (aq) + 3HCHag)
PCL{s) + 4H,0(7) »H PO (aq) + 5 HClaq)
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3. It converts metals into their chlorides.
Znis) + PClis) wep ACLs)+PCLIY)

1.34 Oxides of Phosphorus

| Phosphorus Trioxide PO, (P,0.)

Preparation

1. P,O,anbeprepamdbyh:rningwhiteplmhalhﬁtedsupplydain
P (s)+ 30.(2) » 2P .0 .(5)

Properties of Phoshorus Trioxide
It is a white waxy solid with garlic like odour. It melts at 22.8°C and boils at 173°C. It
is highly poisonous in nature.

Reactions .
1. Wbenhatedhtbepmmocdairwouygm.itisomvatedh\tophospbwus
pentoxide.
]'1ni-,t6ll.!" -['IOA;
2. It reacts with cold water to give phosphorus acid.
P.O(s) + 3H.O/ -3 2H PO (5)
Withhotmte:itﬁmmplmplﬁumdpboophoﬁcadd

2P.0(s) + 6H.O() + 3HPO faq) + PH.(2)

Phosphorus Pentoxide, P.O, or PO,
Preparation

1 ltisprepnmdbybmuhgphocpbaushmol&y&

P(s; 4+ 50 g) » 2P.0.(3)

Properties of Phosphorus Pentoxide
lthamwwaw:ﬁh.mmommetomem
of traces of P,0,. It sublimes at 360°C.

Reactions
1. Wiﬂ:ooldnterphospbampemoxidebtmsmcupboophmicacid.
PO (s)+ 1LOKN —-2“")1.‘!(5}
With hot water, it forms orthophosphoric acid
PO, (8)+3H.(7) —3 2H PO (aq)
2 ninmaudehmﬁuw.m.mrmo.n.so..cmcoonm
CHOH, it givesN,0,, S0, (CH,C0),0and C H,, respectively.

ZHNO(aq) + P.O. (5)~ + N0, (@) + ZHPO (aq)
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H.S0,(aq) + P,O(s) »SO(g) + 2HPO,(aq)
2CH,COOH((aq) + P (s) e (CH,CO)0 (£) + 2ZHPO.(aq)

Acctic anbydnde

CH.OH() + P,O(s)——CH, (g)+ 2HPO (aq)

4.3.5 Oxyacids of Phosphorus
1. Phosphorus Acid (H,PO,)

Preparation

1. It is prepared by dissolving phosphorus trioxide in cold water.
P.O(s) +3H,0(1) »2H.PO(ag)

2. It is also obtamed by the hydrolysis of phosphorus trichloride.
PCLIY) +3HO() » H.PO (aq)+ 3HCl(aq)'

Properties of Phosphorus Acid
It isawhite crystailine solid, whichmelts at 73.6°C.

Reactions
1. It decomposes into phosphine and orthophophoric acid on heating.
{H, PO (s) » 3H,PO(s) + PH ()
2. It is a powerful reducing agent and reduces CuSO,, AgNO, , etc. to the metallic state.
HPO[s) + CuSOaq) + HO() ——HPOfaq +HSO,(aq) + Cu(s)
H, PO(5)+ 2AgNO (3q) + 2NH OHing——H PO (aq) +2NH NO (aq) + H,O(6)+2Ag(s)
3. It reacts with oxygen to form orthophosphoric acid.
ZH PO (s) + O/g) ——>ZH PO(s)
4. Nascent hydrogen produced by Zn/HCl reducesH PO to phosphine
H,PO.(s) +6[H}(g) — PH.() +3H0(H)

2. Orthophosphoric Acid(H,PO,)
Preparation
1. It is prepared by dissolving phosphorus pentoxide in hot water.
P,0(s) + SH.O) + 2H,PO,(aq)
2. It is also obtained by heating red phosphorus with concentrated HNO,.
P(s) + SHNO(conc.) —— H PO (aq) + SNO,(g) + H,0(0)
3. Hydrolysis of phosphorus pentachloride also gives orthophosphoric acid .
PCL(7) + 4H.O(0) - H PO faq) + SHCKag)
4. On large scale, it can be prepared by heating a mixture of phosphorite (bone ash) and
sand in an electric furnace. The phosphorus pentoxide formed is treated with hot
Ca, (PO )(8) + 38i0,(s) —— 3CaSi0(s) + P,OLs)
P,0(8) + 3H,0(n —— 2H.PO,(aq)
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Properties of Orthophosphoric Acid
It is a colourless, deliquescent crystalline solid which melts at 41°C. It is soluble in
water.

Reactions
1. Itisa weak tribasicacid.ltreaciswithNaOHtogivethreescriesoIsalxs.
i H.PO (aq) + NaOH{aq) ——— NallLPO (aq) + H.O(¢)
i NaH_PO,(ag)+ NaOH(aq) - —— Na,HPO (aq)+ H.O(1)
i, Na HPO, (ag)+ NaOH(aq) » Na, PO (3q) + H,O(r)
2. On heating, it loses water and converted into pyroand metaphosphoric acid.

240} Jiny
2HPO—— S HPO, — » 2HPO

HO HO

Iy AN ™ v oTN

acid acwd ; acid

GROUP VIA ELEMENTS

4.4 Group VIA Elements
The group VIA of the pertodic table consists of oxygen, sulphur. selenium., tellunium
and polonium. These clements are called chalcogens from the Greek for “copper giver”,
because they are often found in copper ores. The electronic configuration and physical
properties of group VIA elements are shown in Table 4.2
Table 4.2 Electronic Configuration and Physical Properties of Group VIA Elements

Physical Properties 0 S Se Te Po
Electronic configuration [Hel2s2p' | [Ne}3s'3p' | [Ar}s'ap' {Krj5s'Sp' | [Xe)6s'6p'
lonization energy 1314 1000 a1 860 813
Electron affinity (kl/mol) | ~141.1 200.42 -195 -183 ~180
Electronegativity a5 25 24 21 2.0
Atomic radius(pm) 6 104 17 137 152
forisc radius 2-ion (pm) 140 184 198 221 e
Melting points (°C) 218 113 217 450 254
Bailing points (°C) -183 4446 684 990 62
Density (g/em’) 0.00143 | 206 4.8 6.25 94

4.4.1 General Characteristics
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very high which shows their reluctance to lose electrons. Oxygen is the most
clectronegative element after fluorine. All these elements show the property of allotropy.
Oxygen has twoallotropic forms (0, and O, sulphur has 3( @, 8, v ), Se has two (red and grey)
. Te has two  (metallic and non-metallic). They also show the property of catenation, This
property decreases down the group. All the clements are polymeric in nature ( they form
poly-atomic molecules). They attain the electronic configuration of the nearest noble gas by
gaining 2 electrons forming 0°.5°,Se* ete. Except oxygen the other members of the group
show a covalency of +2,+4, and+ 6, for example, SC1,, SCI,, SCL. +2 oxidation state is
shown due to 2 unpaired electrons in the p orbitals. +4 oxidation state is shown when 1
electron from p-orbital is promoted to the next vacant d-orbital, while +6 oxidation state is
shown when another electron from s-orbital is also promoted to the next vacant d-orbital.

143 Occurrence

Oxygen 15 the most widely distributed and common of all the elements, comprising
about 50/ of the carth crust.

About one-fourth of the atmospheric air by weight consists of free oxygen and watcr
contains nearly 89% of combined oxygen. The calcium carbonate which occurs as chalk,
limestone, marble ete, contains 48% oxygen. Silica which is found in flint, quartz, etc,
contains more than 53% oxygen by weight.

Sulphur s also widely distributed in nature both as free and in combined forms. Many
important metallic ores are sulphides, e.g, galena (PbS), Zine blende (ZnS), cinnabar (HgS),
subnite (Sb,S,), copper pyrite (Cu,S.Fe,S,), iron pyrite (FeS,), etc. Some important
sulphates arealsofoundin nature, e.g. gypsum (CaS0,), heavy spar (BaS0,), etc.

Sulphur also occurs in organic compounds present in animals and vegetables.
Onions, garlic, mustard, hair, many oils, eggs and proteins consist of compounds containing
sulphur in them. [talso occurs as a constituent of coal and petroleum.

143 Comparison of Oxygen and Sulphur
Similarities:
1. Both oxygenand sulphur have same outer electronic configuration of ns'np'
2, Both uxygen and sulphur are usually divalent.
3. Both oxygen and sulphur exhibit allotropic forms.
4. Both have polyatomic molecules. Oxygen has diatomic 0., while sulphur has S.and S,
< molecules.
Both combine with metals in the form of O* and S * with oxidation state -2,
Both combine with non-metals and form covalent compounds, cg. HOandH S, CO,
and CS, ,etc.
7. Both are typical non-metals.
8. Both are found in free and combined states on earth.

& o
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Dissimilarities
© Oxygen Sulphur
1. Thereare two allotropic forms of There are 3 allotropic forms of sulphur,
Oxygen-O, and O, rhombic, monoclinic and plastic.

2. nhﬂu%:(-:):um - It is solid at ordinary temperature.

3. Oxygen issparings i walcr, Sulphur is not soluble in water.

4. Oxygen helps in combustion. Sulphur is itself combustible. -

5 Itis IC in nature It is diamagnetic in nature.

6. It does not react with water. When steam is passed through boiling sulphur
a little hydrogen sulphide and sulphur dioxide
are formed.

7. It does not react with acds. It is readily oxidized by conc. sulphuric acd or

8. It does not react with alkahies. It reacts with alkali solution and forms
sulphides and thiosulphate.

9. It shows -2 oxidation state. It shows oxidation states of -2, +2, +4and + 6.

4.5 SULPHURIC ACID (H.SO,)

Sulphuric acid was first prepared by a muslim scientist Jabir bin Hayyan in 8th
century. In Europe, in 14™ and 15" centuries, its preparation on commercial level was started
due to the awareness of its properties and uses. It was called “oil of vitriol™.

It does not occur as such in nature , however, small quantities of H,S0, are found in

the waters of some springs and rivers.

4.5.1 Manufacture of Sulphuric Acid

Sulphuric acid is being manufactured commonly by contact process.

Contact Process

This method was developed by Knietsch in Germany. Basically, it involves the
catalytic combination of sulphur and oxygen to form SO, which is then dissolved in water to

form H,S0,

Principle

SO, obtained by burning sulphur or iron pyrites is oxidized to SO, in the presence of

V,0, which acts asa catalyst.

ﬂtpbeetyieldofso,anbeobuhwdbymingexceudoxygenorakmdkmm

the temperature between 400-500°C.

S0, formed is absorbed in concentrated HS0, and "Oleum” (H,S,0,) formed can be
converted to sulphuric acid of any strength by mixing adequate quantities of water.
The process is completed in the steps given below.

www.pdfhive.com



Group VA and VIA Elements ~7l

a Sulphur Buraers

Sulphur or iron pyrites are burnt in excess of air to produce SO,

S5(s) + Ol » SO.1)
$FeS (5) + 11040 » 2Fe.0,(5)+ 8S0.12)
b Purifying Unit
S0, is purified from impurities like dust and arsenic oxide, to avoid poisoning of the
catalyst. Purifying unit consists of the following parts.
(1) Dust remover

Steam s injected to remove dust particles from the gases.

(1) Cooling Pipes

The gases are passed through lead pipes to cool them to 100°C.,

(i) Scrubbers
The cooled gases are washed by a spray of water, as S0, is not soluble in water at
high temperature.

(iwv)  Drying Tower
The moisture of gases is removed by concentrated H.SO, trickling down
through the coke filled in this tower.

(v)  Arsenic Purifier
Arsenic oxide is then removed by passing the gases through a chamber provided
with shelves packed with freshly prepared ferric hydroxide.

(vi) Testing box

mmmamdm:nmmmmmama
solid particles. If present the gases are sent back for further purification.

C. Contact Tower

Preheated gases at 400-500°C are passed through vertical iron columms packed with
the catalysg V,0,. Here SO, isoxidized to SO,

250, (g)+ 0, (g) =="+1250, =-269 3 k)/muk.
mmnuhlﬂtwmmmmmhmnmnmum«mmcmu
started.

d. Absorption Unit

'lheSO,obuinedﬁomthecommwwerisdimlvodinQB%H,S().pW
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pyrosulphuric acid (oleum), H,S,0,. It can be diluted with water to get any required

concentration of sulphuric acid.
LSO, (aq)+ SO L) » HS.0.(1)
HS.O()+ HOin — "..’”.\"".N[l
me 98% M50,
100% H,S0,
Fig.4.5 Contact process

4.5.2 Properties

Physical Properties

1 Pure sulpuric acid is a colourless oily liquid without an odour.

2. Its specific gravity is 1.834 at 18°C.

3. It freezesat 10.5°C.

4 Its boiling point is 338°C.

5 Itdmolvesmwaterh'baanngahtofheatwhnchmsesthctempemweofthe
mixture up to 120°C. H.SO, should always be poured in water in a thin stream to
avoid any accident. -

6. Pure acid is a nonconductor of clectricity but the addition of a little water
makes it a good conductor. -

7. Itis extremely corrosive to skin and causes very serious burns toall the tissues

Reactions

L. Itis stable at ordinary temperature but on strong heating it dissodiates into SO, andH,0

H.SO » SO 110 \ .
2. Itisa strong acid. In an aqueous solution it completely ionizes to give hydronium
and sulphate 10ns the dissociation takes place in two steps.

HSU, (ag)+ HO() —— HO(1) + HSO, {aq)
HS0,(ag) + HO(F) ——5 S0,  (aq) + H,0'("
(3) Reaction as an Acid
(i) Reactions with alkalics
l[ S'-)'J(j.' 4 _‘{;,( )lh_..;r - » x‘lllﬁ‘,‘IQIll‘ +H N7)
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NaHSO (ag + NaOH(ag) s Na SO (ag) + HO)

(i) Reactions with carbonates and hydrogen carbonates.
Na.CO (ag) + HSO (ag)——»Na SO tag) + HO(0)+ CO(»)
2NaHCO (2q) + HS50 faq)—+ Na SO (aq) +2H,0(1) + CO.(»)
i) Reactions with salts
ZNaCHs)+ SO 4ag) s NaS0,(aq) +2HCHR)
KNO, (ag)+ HL.SO (ag) KHSOLag) = FINO, ()
vy Reaction with metals
(a) Cold dilute acid reacts with aimost all metals 1o produce hydrogen psmdwlplmc salts.
Fe + HSO » FeSO, + H,
Zn+ 1 S0, » ZnS0,+ H,
Mg+ HS0O, ——» MgSO, + H,
Sn + H.SO, »SnSO, + H,
1) Cold concentrated H SO, does not react with most of the metals like Cu, Ag, Hg, Pb, Au.
(c) With certain metals hot concentrated sulphuric acd gives metal sulphates, water
and SO,
Culag) + 2H S0 (aq) ———CuS0 (aq) +2H,0(ag) + SO (aq)
2Aglag) + 2H.50 faq) ———Ag, SO (aq) + 2H.Oaq) + SO faq)
Hgt/) + 2ZH.S0 (aq) ——HgSO0, (3q) + 2H,0(¢) + SO (aq)
i Reactions as a Dehydrating Agent
H.S0, has a great affinity for water , so it acts as dchydrating agent and eliminates
water from different compounds.
) With oxalic acid it forms CO,and CO.
COOH  conc. HSO
' s COUg) + CO(R) + HO(1)
COOH
(i) With formic acid, CO is formed.
woe HSO,
HCOOH(ag) » CO) + HO(N
(ui)  With ethyl alcohol it forms ethylene.
CHOH —S52520, CH,+H0
(iv)  Withwood, paper, sugar and st R TS

C.H, 0, oS0y 664+ 6H.0
C,H.0, ‘—"L“—“avcnm.o
(CH, 0)n M50, 60C +50H,0
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5. As an Oxidizing Agent
H.S0, acts as a strong oxidizing agent.
) Ito:ddizesCandSzivingCO,mdSO,.mspecﬁvel;
C(s) + 2H SO (aq) ———= CO,(g) + 2S0.02) + 2H Oig)

S{s) + 2H.S0, (aqp——350.(g) + 2H.0(N

()  HSisoxidizedtoS.

H.S(g) + HSO (aq) »5(3) + S0.(2) + 2H Ofg)
()  Reactions of H.SO, with HBr and HI produces bromine and iodine respectively.
2ZHBr(ag) + H SO (aq) » Br.ig) + SO(2) + 2H.OG)
2Hl(aq) + H.S0 (ag » L) + SO + 2H.Og)
6. Reactions with Gases.
(1 It absorbs SO, and forms oleum
H.S0 (ag) + SO (g)—— HS.0.()

() llreactswithammiafmnhgammoniummlpm
ZNH () + H.S0 faq)——— (NH), SO (aq)

7. Reaction with Benzene
Bmzeuemlphonicaddispmdwedwhenl{,so.rmswithhemne.
CH. () + HSO (ag) + CHSO0H() + HOH
Bevzene sulphome acud
8. Precipitation Reactions,

White precipitates are produced when H,SO, reacts with solutions of BaCl,
P(NO,), and Sr(NO,),.

BaClfaq) + H,SO, (aq) »BaSO, ¢ + 2ZHCT ()
PBONO, ) £aq) + H.S0O, (ag) > PhSO, {+ 2HNO (ag)
9, Reactions with Oxidizing Agents
ltreaaswithoxidizingagentslithMnO.andK,Cr, ; to liberate oxygen which may
oxidize other compounds.
ZEKMnO, + 3H.S0) » K50, + 2MnSO, + 30,0 + 5(0)
10FeS0, + SHS0, + 5[0]———» 5Fe (S0, + 5H.0 = e -
ZKMnO), + 8H.SO, + 10FeSO, ——>K.,S0,  2MnSO, 35} ¢(S0,), + 8H.0

4.5.3 Uses of Sulphuric Acid
Itisused 3

1. in the manufacture of fertilizers like ammonium sulphate and calcium
superphosphate,

2. inreﬁningo(petrn\cumtomnovenimgmandwlphurcompoum

3. in the manufacture of HC1, H,PO, , HNO, and sulphates.
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4.

F o m

10.

11.

12.

13.

14.

in the manufacture of many chemicals, dyes, drugs, plastics, disinfectants, pamts,
explosives, synthetic fibers, etc.

in electrical batteries and storage cells.

as a dehydrating agent for drying gases.

as a laboratory reagent.

in textile, iron, steel, leather and paper industries.

KEY POINTS

In group VA the metallic character increases down the group. Nitrogen and
phosphorus are non-metals, arsenic and antimony are metalloids while bismuth is a
metal,

Phosphorus and other members of VA group can make use of d-orbitals inbonding.
Common oxides of nitrogenare N,0, NO, NO,N,0, and N,O,.
Nitrogen forms two oxyacids, HNO, and HNO,. HNO, is an unstable acid and exists
only in solution.

HNO, is not only a strong acid but it also acts as a strong oxidising agent.

Aqua regia is a mixture of ane volume of concentrated HNO, and three volumes of
concentrated HCL

Phosphorus exists in six allotropic forms. White phosphorus is very reactive
as compared to red phosphorus,

Phosphorus forms two types of chlorides PCl, PCl, and two types of oxides
P,0,and P.O,.

Just like nitrogen, phosphorus also gives two types of oxyacids: phosphorus
acid (H,PO,) and phosphoricacid (HPO,).

Posphoric acid is 2 weak tribasic acid and it gives threé¢ series of salts with
strong bases.

Group VIA of the periodic table contains only one metal, polonium, the rest of
members are non-metals. All these elements show the property of allotropy and they
are polymeric in nature.

Oxygen and sulphur are the most abundant elements of groupVIA. Oxygen is
the most widely distributed of all the elements. Sulphur is widely distributed in
nature in both free and combined forms.

Sulphuric acid is commercially prepared by oxidation of SO, in the presence
of acatalyst 1050, ina process called Contact Process.

HSO, is a very strong acid. It acts as a dehydrating agent as well as an
oxidizing agent.
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EXERCISE
Q.1 Fill in the blanks.
1) The elements of group VA are called metalioids.
i) In Birkeland and Eyde's process is prepared from atmospheric
oxygen and nitrogen.
i) The tendency to form long chain of atoms is called
wv) All the elements of group VIA show the property of ’
v) Selenium shows two allotropic forms which are called forms.
vi) Specific gravity of HSO, at 18°C is .
vi)  H,is produced by reacting H.S0, with metals, like d
viii)  The elements of group VA exhibit maximum oxidation state of :
ix) The outermost shell of group clements contain six electrons.
x) Oxygen shows behaviour due to the presence of unpaired electrons,
x:) Conc. phosphoric acid acts as a -
xi)  Nitrogen isagaswhileo(herelemmtsotmesamgmupm g
xii)  Noble metals like gold and platinum are dissolved in s
xiv)  Sulphur is different from oxygen because it shows oxidation
states.
xv)  HNO,is used in the manufacture of fertilizers.
Q.2  Indicate True or False.
i) The metallic character in groups VA and VIA elements increases down the
group.
i) The elements of group VA exhibit maximum oxidation state of +5.
iii) lonization energy of phoshorus is greater than that of nitrogen.
) The electronegativity of OXygen i8 greater than all other clements of
groups VAand VIA.
v) V.0, is used as acatalyst for the oxidation of SO,t0S0,.
vi) The oxides of nitrogen are basic in nature.
vii) Amaregiaisprepamdbymixing3pansolconc.HNO,withoncm
of conc. HCI,
vi)  TNTis prepared by the reaction of nitric acid with toluene,
1X) PO, when reacts with cold water gives phosphorus acid and with hot
water it gives phosphoric acid.
x) Scﬂphuroocuuinmanyoxxanicmwundsofalinnlandvegeuble
origins,
Q3  Multiple choice question. Encircle the correct answer.

i)

(a)

1)

Out of all the elements of group VA, the highest ionization energy is
possessed by

N (b) P (c) Sh (d) Bi

Among group VA clements, the most electronegative element is
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Q4

Q6

Q.7

(a) Sb M N (c) P d) As

11) Oxidation of NO in air produces
(a) NO (D) NO, (o NO, @ N.O.,

iv) Thebrown gas formed, when metal reduces HNO, to
(a) NO, () NO, (0 NO, @ NO

v) Laughing gas s chemically
(a) NO ® NO (@ NO, @ N.O,

Vi) Out of all the elements of group VIA, the highest melting and boiling
points is shown by the element
(@) Te by Se () S @ Pb

vil)  SO,isnotabsarbed in water directly (o form H SO, because

(a) the reaction does not go to completion.

(b) the reaction is quite slow.

(c) the reactionis highly exothermic.

(d) S0, is insoluble in water.

ix) Which catalyst 1s used in contact process?

(a) ke ,0, (L) V,0, (c) SO, (d) Ag.O

x) Which of the following specie has the maximum number of unpaired
electrons?

(a) 0, b 0O (c) 0, (@ 0,

Short questions.

i) How does nitrogen differ from other elements of its group?

i) Why does aqua regia dissolve gold and platinum?

ii1) Why the elements of group VIA other than oxygen show more than two
oxidation states?

v) Write down a comparison of the properties of oxygen and sulphur.

v) Write down the equation for the reaction between conc. H,S0, and
copper and explain what type of reaction is .

(a) Explain the Brikeland and Evde's process for the manufacture of nitric acid.

(b) Which metals evolve hydrogen upon reaction with nitric acid?
Ilustrate alongwith chemical equations.

(c) What is meant by fuming nitric acid?

(a) Sulphuric acid is said to act as an acid, an oxidizing agent and a
dehydrating agent, describe two reactions in each case to illustrate the truth
of this statement.

(b) Give the advantages of contact process for the manufacture of
sulphuric acid.

(a) Describe the chemistry of the industrial preparation of sulphuric acid
from sulphur by the contact process.

(b)  Whyis SO,dissolved in H,S0 and not in water?

(©) Explain the action of sulphuric acid on metals alongwith chemical equations.
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Q.8  Describe the preparation of NO, gas. Also give its reactions.
Q9  How PCl,and PCl, can be used for the preparation of other chemical compounds.
Q.10  Answer the following question.
1) Describe "Ring test” for the confirmation of the presence of nitrate ions in
solution.
i) NO, is a strong oxidizing agent. Prove the truth of this statement
giving examples.
1) Write down the chemical equations and names of the products formed as
aresult of the of reaction of HNO, with arsenic and antimony.
) Give the methods of preparation of PCL,.
v) P,0, is a powerful dehydrating agent. Prove giving example.
Q.11  Complete and balance the following chemical equation:

1) P+NO —
i) NO + Cl, R —
i)  HS+NO —_
)  Pb(NO), —

v) ‘NO,+ H,0 —
vi) NO, +H,S0, et
vii)  HNO,+ HI —
vi)  HNO, + NH, —
x) HNO, + CO(NH),——
x) KNO, +HSO, ——
Q.12 Descx:ibcthemetlwdsofpmpanﬁondphosphormpmwmidcandexphinits
reactions.
Q.13 Discuss the trends in physical properties of group VIA elements.
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Chapter

THE HALOGENS AND
THE NOBLE GASES

IN THIS CHAPTER YOU WILL LEARN

The electronic configurations and the occurrence of halogens, the peculiar behaviour of

flourine .

The volatility of halides and its explanation in terms of van der Wasls forces.

The relative reactivities of halogens as oxidizing agents.

The properties of hydrogen halides, oxides and oxyacids of halogens.

The comparison of thermal stability of hydrides in terms of bond energies.

Reaction of chlorine with sodium hydroxide (hot/cold).

The preparation and reaction of bleaching powder.

The commercial uses of halogens and their compounds as bleaches, refrigerants and

aerosols.

&mmﬁmmmphysulmmmdmmamm
air.

10. The properties of oxides, fluorides and oxyfluorides of xenon

2.1 INTRODUCTION

’l‘bee«:mcntz ﬂuorinc(l-) chlonne(Cl) bmmine(Br) todine(l)and astatine(At) are
mlledhnlogun wse elements are called the halogens from Gréek hals, "salt” and ge

£ or generate”, because they are iterally the salt h TMers, ‘lheluhgenclcmcntsfonn
agmupofvcrymcuvenon-mtahmqumuslmnartowhmhcrmthcxrdrcmncal
properties. First four clements are the common elements of the halogen family but astatine is
arare halogen. It is radioactive and its most stable isotope has a halfiife of 8.3 hrs.

Halogens exist as discrete diatomic molecules i all phases (gas, liquid or
solid).Fluorine and chlorine are gases of pale yellow and greenish yellow colours
respectively at room temperature and pressure. Bromine is a liquid of red-brown colour and
wdme is a metallic-appearing shiny greyish black solid. The halogens have irritating odours,

1.

© PN Y RN
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and they attack the skin. Bromine in particular causes burns that heal slowly. The outer shell
of halogens have the configuration ns’ np’ (one electron short of the stable octet of the noble
gases). The electronic configurations and the important physical properties of the halogens
are given in the Table 5.1,

The ionization energy data of the halogens show that the fluorine atom holds its
electrons tightly whereas the electrons are least tightly bound in iodine. The trend can be
correlated with the sizes of the halogen atoms as shown in the Table 5.1.

The electron affinity values of halogens are large and negative, that is why halogens
gain electrons readily. They have large, positive standard electrode potentials and their
clectronegatvities are alsofairly high. -

The intermolecular attraction is greater in the larger molecules having greater
masses. Due to their large size the van der Waal's forces in jodine molecules are stronger
than in the smaller molecules of the other halogens.

manmmwmmmumwmam
Halogens.

Fluorine | Chlorine | Bromine Todine
Atomic number 9 17 35 53
Electronic configuration {Hel2s'2p’ INel3s'3p" | [Ar)3d" 45" 4p" [Krid" 5¢° 5p'
Physical appearance PuleYellowgas  |Greenish yellow Red-beown liquid | Shiny greyish black sobid
lonization encrgy(kJmole ) 1681 1251 1140 1008
Electron affinity, (kJmole ') -322 -349 -325 -205
Electronegativity 4.00 3.00 28 25
lonic radius (pm) 136 181 196 216
Covalent radius (pm) 72 99 114 133
Melting point (°C) -220 <101 -7.2 114
Boiling point (°C) -188 346 588 184.4
Density (g/cm”) 0.00181 0.00821 3.12 4.93
Oxidation states 1 B N AL +D o547 AL e 4547
Bond ene: mole ' }X- 154.80 24267 192.46 150.6

3.2 OCCURRENCE

Elements with the higher values of electronegativity usually exist as negative
rons, and those with the lower values of electronegativity exit as positive ions. Elements
with intermediate nluesofclcctmnegativityamoftmfoundashnsormolec\ucsorinfrec
(elemental)fornr.

None of the halogens is found in free form in nature. The halogens exist in nature
primarilymthelomdoanpmmdameirmostmmismehaﬁdemi‘.cr.Brand
I.'I'besehalidesaresolublcinwaerandmfoundinsea.inalthkenndasundemwM
beds of salt.
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Fluorine Chlorine
Fluorospar  CaF, Halite  NaCl
Cryolite Na AlF, (Sait beds, brine wells, sea water)
Fluoroapatite  Ca(PO,) F Carnallite KCL MgC1..6H,0
Bromine lodine
|__Brine wells, sea water, NaBr, KBr, MgBr, | NalO, NalO, deposits in Chile brine wells.

PECULIAR BEHAVIOUR OF FLUORINE

The halogens form a homologous series but fluorine differs from the other halogens
in many respects which is due to:

(1) Small size of F atom and of F ion.

(i)  High firstionization energy and electronegativity.

(i)  Lowdissociation energy of F, molecule as compared to Cl, and Br,.
(iv)  Restriction ofthe valence shell toanoctet.

(v) Direct combination with inert gases,

Due to the small size of the F atom (or F~ ion), there will be a better overlap of orbitals
and consequently leads to shorter and stronger bonds with elements other than O, N and
itself. lonic fluorides have higher lattice energies than the other halides and these values are
responsible for the insolubility of the fluonides of Ca, Mg, Ba, Srand lanthanides in water.

Due to the low dissociation energy of fluorine molecule, it is highly reactive. The other
halogens react slowly under similar conditions. The fluorides are, however, more stable with
respect to dissociation into elements.

Due to the restriction of valence shell to an octet, many fluoro compounds show
mnertness, e.g. CF, and SF.. Also due to this restriction, fluorine remains restricted to
-1 oxidation state,

Fluorine is the only element that combines directly with noble gases like Kr, Xe, and
Rn forming their fluorides.

ERTIES

Aumﬁ'eehalogwsactasoxldmngauemswhentbeymamthmewlsor
nonmetals. The reactant elements acquire positive oxidation state in the compounds formed.

On forming ionic compounds with metals, the halogens gain electrons and are
converted o negative halide 10nS.

mmdmmadmmmmmmmmnmnm Fluorme
has the highest oxidizing power and iodine the least. The order of decreasing power as an
oxidizing agentis F,>Cl,>Br, > 1,

The oxidizing power of halogens depends upon the following factors:

)] Energy of dissociation
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(i) Electron affinity of atoms
(ii)  Hydration energies of ions
(iv)  Heats of vapourization (for Br,and 1)
Ifahﬂogenhasabwmcmyoldiuodaﬁon.ahigheledmnaﬁnitymdahigha

hydratimenexgyoliuiau.itwillhveahighoﬁdiziugpowu

. OxidizingpamdF.ishiMbeausehhubwmrgyddimchﬁmandhwxer
hydmionenuuyoﬁtsions.Duetotherehtivestrengthasouidixingacems.itispowblelur
eachﬁtehalogcnlomddiutheimsdoﬂmhabgensnentohinthehmﬂymmrd
electrode potential measures oxidizing power.

él" ac "‘-‘&'" \ ’l

y . Py

X, 426 —ep2X' "hm,'o: +m\ «!'w Ww
Fluorine can oxidize all the halide ions to molecular halogens. (A reaction will occurs
ﬂmevﬂuedaﬁsp(niﬁve)lodinebeingaweako:ddizingwtanmtmidin chloride or
bromude jon

Standard reduction potential E* (V)

F,+2¢ —— 2F E*=287V
201 ——>ClL+2  E*=-136V
F,+2C ——— CL+2F E°=+151V
lnmeaimihrmdﬂaimwﬂloud(ﬁzebothhmmideandiodideim.wm%bmminc
can oxidize only iodide jon.
Cl +2Br ———5Br, +2Cl
Br, +2I' ——5 1, + 2Br
Fluorine and chlorine can oxidize various coloured dyes to colourless substances,
eg. litmmmdunivaulhdimrmbedecdmnﬁedwbenexposcdtoﬂmﬁneorchbdne.
When usedforbluching.chlorinemuanouddizingagent.

used as a preparative method only for HCland HB. Hydrogen fluoride and hydrogen chloride
mdwbeobuheqwthgmgmcmmtedsubhwkaddmﬂmddamdchbddﬂ.

2NaCl(s) + H,S0,(conc.)}— Na, S0 (aq) + 2HCl(g)
2NaBr(s) +2H S0 (conc.) ——» Na SO (aq) + Br(n) + SO, (®+2H,0
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Properties of Hydrogen Halides

HF is a colourless volatile liquid whereas other hydrogen halides (HC1, HBr, HI) are
colourless gases at room temperature. They give fumes in moist air. They are strong
wntants.

Hydrogen fluoride attacks glass and has found applications as a non-aqueous solvent.
It can be handled in teflon ( polytetrafluoroethylene ) containers or if absolutely dry, in copper
or stainless- steel vessels kept under vacuum. Pure liquid HF is strongly hydrogen bonded
and is a viscous liquid. Its viscosity is less than that of water due to the absence of a three-
dimensional network of H-bonds which occurin H.O. B
Hydrogen bonding is also responsible for the \ \
association of HF molecules in the vapour phase. H .f/ o’
Various test results indicate that gaseous HF \/ o
consists of an equilibrium mixture of monomers and ¥ -

li ,Fig52. Zo

VP . 6HF == (HF), Figs.z Hydrogen bondmg in HF

Chain polymers may also exist under certain conditions. Chains and rings of HF are
of various sizes, some of these persist in the vapour phase as well. Some of the physical
properties of hydrogen halides are given in Table 5.2.

Table 5.2 Some Physical Properties of Hydrogen Halides

meting points, boiling points, heats of fusiom and heats

HF HCl | HBr | HI

Melting points(°C) 838 | -1142 | -869 | -50.8
| Boiling points (°C) 195 | -850 | -66.7 | -353
Heat of fusion at MLP. (k]J/mol) 4.58 1.99 241 2.87
Heat of vaporization at B.P. (k}/mol) 30.3 16.2 176 | 19.7
Hatoffamﬁon@[%lﬂA_H‘) 2700 | -920 | -36.0 | +26.0
 Bond energy (k] /mol™) 566 | 431 | 366 | 299
H-X Bond length (pm) 92 128 141 160
Dissociation into elements at1000°C (%) 0 0.014 0.5 33

Dipole moment (Debye) 18 1.1 08 | - 04

of vapourizauon generally increase

reguiarty trom HCI to HI. The HF has much higher values tor these propertigs due 1o
hydrogen bonding. A very high boiling point of hydrogen fluoride is a major evidence of the
presence of hydrogen bonding among its molecules. The relative volatility of HCI, HBr and
HI reflects the strengthening of the van der Waal's forces due to increasing size of halogens.
Since the dipole moment of molecules decreases from HCI to H, probably dipole-induced
dipole forces play an important role in the intermolecular binding of the heavier HX
molecules,

The strength of the hydrogen halogen bond is very high in HE It decreases with
increasing size of the halogen atom. The bond strength is reflected in the case of dissociation
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of hydrogen halides at elevated temperatures.
HE, HCI, HBr and Hl act as reducing agents in the following order:
HF <HCl<HBr<HI
Hydrogen iodide is a strong reducing agent. In redox reactions the hydrogen
halides are oxidized to elemental halogens. e.g.
2HI+S == L+HS
In water, hydrogen halides give hydrofluoric, hydrochloric, hydrobromic and
hydroiodic acids. Hydrofluoric acid is a weak acid due to limited ionization. The other three
acids are very strong acids. The acidic strength increases in the order.
HE<HCl<HBr<Hl

5.5.2 Oxides of Halogens
The halogens do not react directly with oxygen. With the help of some indirect
methods, following oxides of group VIIA elements have been made.

___IODINE
e ——— )
[e——
lodne pentoxide, LO,
Oxides of Fluorine
Trioxygen Difluoride, O.F,
This oxide can be prepared when a mixture
of fluorine and oxygen is subjected to electric o £
discharye. At 363 °C, it is a dark red viscous liquid A |
but turns to reddish brown solid at 350 °C. On 9\
decomposition it gives oxygen and other oxide of o]
Sucxine. | (OF) ©F) F
20F, <—=20F.+0 Structures of OF, and O.F, .
O,F, reacts with F, in the presence of
electric discharge to produce O,F,
20F.+F. ——» 30.F
OXIDES OF CHLORINE

The oxides of chlorine are generally unstable. [tis not possible to synthesize them by
direct combination of the elements Cl, and O,. They have extensive industrial use as
commercial bleaching agents for wood, paper- pulp and for water treatment,

1. Chlorine dioxide, C10,
Itisa pale vellow gas. It is prepared by reducing NaClO, with NaCl or SO, or CH,OH
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in strongly acidic solution.
2C10 ,+2C1 +4H° ——— 2C10,+CL+2H.0

ClO, can also be prepared by the action of concentrated H.SO, on KCIO,. This

reactionis violent. To control the reaction oxalic acid should be added.
2KC10.+H.CO4+HSO, —— KSO, + 2H,0+2C0, +2Cl0O,

ClO, explodes into Cl, and O, on warming. It is soluble in water and is stable in dark. It
decomposes slowly in H,O to HCl and HCIO,. It is a paramagnetic substance. It is used asan
antiseptic, for purification of water and to bleach cellulose material.

2. Chlorine Heptaoxide, CLO,
CL0. is an anhydride of perchloric acid (HCIO,). It can be obtamed at -10°C by
dehydration of HCIO, with PO, o
ZHCI0,+P0, ——= CLO.+2HPO

OXIDES OF BROMINE
Oxides of bromine are dark volatile liquids with low thermal stability.

Bromine Monoxide Br,O
ltanbemmdbymemmgnolbmmnevapommthmemncomdc.
HgO +2RKr, == HgBr,+ Br,0
Br.O can also be prepared by treating the suspension of mercuric oxide i CCl, with
bromine. It is stable in dark in CCl, at-20°C. It has oxidizing properties.

OXIDESOFIODINE
Out of all the oxides of iodine only iodine pentaoxide (1O,) is important. The other
compounds, 1,0, and 1O, are salt like and are considered as iodine-iodates.

lodine Pentoxide 1,0,
ltmumwmmmmm
2110, “T5510,+H0
It is a white crystalline solid, stable up to 300°C. It has a polymenic structurc. It is
msoluble in organic solvents. It forms iodic acid with water.
LO,4HO ——s ZHIO,
Itreacts with HS, HCland COas an oxidizing agent.
It is used for the quantitative analysis of CQ
5CO+1.0, ——» [.+5C0,

3.5.3 Reactions of Chlorine with Cold and Hot NaOH

The reactions of chlorine with cold and hot NaOH are examples of
“Disproportionation reactions”.
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Amaioninwhiiaspedes(nweade.m«ion)isshndnneomlyoxidizedand
reduced, is called a “disproportionation reaction”.

In cold(lS’C)statechlmirnwﬂlmctwithNaOH(aq)tofom hypochlorite and a
halide.

15°C
ZNaOH(aq)+Cl.(g}—»NaCl(aq)+NaCl0(aq)+ll,0(aq) (a)
Sod, hypochiorite
mmham«mﬁmmmmeMea
chlorine atom in Cl, is converted to -1 in chloride and +1in hypochlorite,
Sodiumhypodtokitewhichisproduoedinooldmteintheabovemction.
decomposeaformingsodiumdﬂoﬁdeandsodimnchlu'ateatmc.
INaClO(ag) ~2C, 2NaCl(aq)+NaClO(aq) (b)
ﬂwmeﬁon(b)invohes(hedispmporﬁmaﬁonofhypochbﬁteion.Tobahnce
overall reaction in hot state, multiply equation (a) with 3 and then add (a) and (b).
6NaOH + 3Cl, ——— 3NaCl + 3NaCl0 + 3H.0
INaClO—— 2NaCl + NaClO,

6NaOH(aq) + 3CL(g)—— 5NaCl(aq) + NaClO,(aq) + 3H,0
The above two reactions (a) and (b) show that chlorine atoms are both reduced and
oxidized.,

5.5.4 Oxvacids
Anhnpomnlchssofthecompoundsoﬂbehabxmismcoxygenoonuirﬁngadds
and their salts.
NooxygenoonuinimmbleaddofﬂmdneishmnGIOFispmpu'edrecamy,bm
it is highly mmbk).%awmhmmidsthwghmtdlbemmmbeisohted
in pure form and are stable only in aqueous solutions. in the form of their salts.
Asystandnommdamfwtheseacidsandtheirnmishsedonwoxidaﬁon

system is as fallows:- : ;

1. Some common acid is orbitrarily*called the ___icacid (e.g. HCIO, is designated as
chloric acid). The name of a salt of this acid ends in ate.

2, Anaddwhmemtamhasmoﬁdnﬁmstuenmlomthnm__ic
acid (one less oxygen atom) is called ous acid and the name of the salt of this
acid ends in____ite. For example, chlorous acid (HCI10,).

3. TbeaddinwhichmeoxidaﬁonsmeoﬂhepamtawmishigherMi(ismthe
__icacid(onemoreoxyzenam)isalledper icacid. Asaltof thisacidisa
per___ ate salt. For example, perchloric acid (HCIO,).

4. Anacidinwhichuneoodda(ionmteoﬁheparematomislowenhanitisinthe_ous
acidisal!edhypo__mzddmdaalldthisaddisahypo__ ite salt. For
example, hypochlorous acid (HC10).

5. mmdﬂuemmeo(theaddottheuhindiatesthemm
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Table 5.4 shows the oxyacids of halogens (other than fluorine)

Table 5.4 Oxyacids of Halogens
O IR O T T T e e
of halogen o [ b1 El ANRAETY | OXyacids
1 HCIO |HBO | HIO Fypotalous act | Hypo__ite
+3 HCIO; ' Halousacid | ite
+5 m £ u“&(h‘. HIQ!: ':iw_-f.:ucz'-"._'.m
+7 HCIO, e HIOLHsIO, !@!?.é“: Per__ate

It is evident from the above given formulas of the oxy acids that the halogen serves as
a central atom to which one or more oxygen atoms are covlently bonded. These bonds are
polar in character due to the electronegativity difference between halogen and oxygen.

The increase in the oxidation state of the halogen from + 1 to + 7 s accompanied by :
(a) an increase in the thermal stability of the acd
(b) the decrease in oxidizing power of the acid
() the increase in acidic strength of the acid .

The more the number of oxygen atoms in the senes of oxyacids of a halogen, the
greater is the thermal stability.

The acid strength increases with the increase in the number of oxygenatoms. As the
oxidation state of the halogen increases, the bonding electrons are shifted away from the H-
atom and the tendency of the molecule to lose a proton increases. This accounts for the
change of strength of oxyacids. The oxyacids of halogens show their strength in the order
given below:

HXO0,>HX0,>HX0,>HX0

An oxyacid molecule contains hydrogen linked to the halogen through an oxygen
atom.

The oxyacids of chlorine are stronger than the corresponding oxyacids of bromine
which are, in turn, stronger than the corresponding oxyacids of iodine. It isdue to decrease in
the electronegativity and increase in the size of the halogen.

We will discuss perchloric acid (HCIO Jonly at this stage.

PERCHLORICACID (HCI1O,)
~ Perchloric acid (HCIO )is commonly obtained in aqueous solution. Pure anhydrous
compound can by pmpamdbydistilli{a’amli;t_ym_o( potassium perchlorate (KCIO,) and conc.
H SO, under reduced pressure,
KCIO($)+HS0 (conc.) oty KHSO,(s)+HCIO(0)

Perchlonic acid is a colourless hygroscopic hiquid. At normal pressure it freezes a
-112°C and boils with decomposition at 90° C,

In the cold and dilute state,perchloric acid is a very weak oxidizing agent but when

o
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hot and concentrated its oxidizing power is enhanced. Dissolving power of perchloric acid is
enhanccdduetoitsmtidizingstrength.chhkxicacidisthcstmgestofalldwacidsinan
aqueous medium,
Pure perchloric acid decomposes explosively when heated. That is why it is stored
and usedumwuﬁoninwmmm&mﬁmaxmkswsnmesviolmuy
Duewhsoxidizﬁlgdectaddkmngthmdmmwhyoﬁtswt&hiscom&kredas
a valuable analytical reagent.

5.5.5 Bleaching Powder. (£ 2 OCHT
Bladzingptmderanbcmnuhctmdbyﬂteacﬁono(d\hﬁneon&yshkedlimc
using any one of the following methods:
(a) Hasenclever's method (old method)
(b) Beckmann's method (modern method)
The reaction in both the cases will be:
CaltOHY + O vy GHIOCHC THO

Shvied hne

(1) Hasenclever's Method

mappanmsusedhu:ismemxdoonsistsoutosimncylindersphcodoneabovc
the other hodzmuﬂgThcymhtemneacdmdmvidcdwithstirmmmshhdﬁme
is added in througha hopper in the cylinder and is transported from one cylinder to the
other with rotating stirrers. Chlorine introduced into the low. i i

(2) Beckmann's Method

lnthismetlwdacastionlwerwiﬂldw
horizontal shelves is used. In each shelf there is a
Powdered slaked lime is introduced o
through hopper at the top with compressed air. A
mixture of hot air and chlorine are introduced from
thcbaseoltbetomeeslakedlimispushed
drmnbyd)emmingralneswhilcdﬂwineﬁsmup
Reaction between slaked lime and chlorine
produces bleaching powder which is collected at
the bottom of the tower, Fig.5.3

The apparatus works on the counter-
current principle. Thus maximum reaction of
shkedlimeanddilaineisbtmghtabomwkh _ o~
very little loss of chorine. Bleaching powder Fig.5.3 Beck 's Method
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should always be packed in air tight containers to avoid the loss of chlorine.

L

Bleaching powder is a yellowish white powder with strong smell of chlorine. Some of

its chemical properties are given below.,
It is an oxidizing agent. This property is due to the generation of hypochlorite on
(OCI) in water. e
CaOCL =2 Ca™ + CI' +: Q0
With dilute acid it gives hypochlorous acid.
2€a0CL + dil H SO, ——=CaS0 + CaCl + 2HCI0

If excess of an acid (weak or strong) is added to bleaching powder, chlorine is
given out.

Cat)Cl + H SO »CasSl 4+ HO

»~

oXiress)

The amount of chlorine thus set free is called "available chlorine®. The activity of

bleaching powder is measured in terms of available chlorine. The average percentage of
available chlorine in bleaching powder is 35-40 percent . The bleaching action of bleaching
powder is due to its oxidative character.

4.

5.

6.

L inees
i
(i1)

(iii)
(iv)

It oxidizes HC, HBrurdlﬂmthemspoudmghabgens.

Lo H( Lall
It oxidizes ammonia to mtrogen
3Ca0CH + 2NH e 3L # BH O &N
Calcium hypochlorite reacts with carbon dioxide to form calcium carbonate and release
chlorine. CaOCle €0, c——>. (GO, + (€L,

Bleaching powder is used:

for the laboratory preparation of chlorine and oxygen. It is also used in the
manufacture of chloroform.

as a disinfectant and in the sterilization of water.

for making unshrinkable wool.

for bleaching cotton, linen and paper pulp. (Delicate fabrics like wool, silk etc. cannot
be bleached with it as these could be damaged by chlorine).

COMMERCIAL USES OF HALOGENS AND THEIR
COMPOUNDS
Fluorine is used for the preparation of freons. Freon is the commercial name of low

molecular mass fluorochlorocarbons, CCLF,, CCIF,. These are being used as refrigerants and
aerosol propellants.,

Fluorine is used to prepare Teflon (-CF~ CF.). It is a cl

polymenzed tetrafluoro ethylene compound. It is a valuable plastic |

which resists the action of oxidants, acids and alkalies. Corrosion-proof CF,—CH—Br
parts of machinery are made of it. It is used for coating the electrical .
wiring. Teflon is also used as a non-stick coating for cooking pans. Halothane
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Halothane is used as an anacsthetic,

Flourides in toothpastes build a protective coating on teeth .

Chlorine is used in the manufacture of bleaching powder. It is used as a disinfectant in
swimming pools and water treatment plants. A number of antiseptics, insecticides,
weedkillers and herbicides are manufactured from chlorine. It is also used in the
manufacture of hydrochloric acid, which is the cheapest industrial acid. Chlorine is also used
in the manufacture of polyvinyl chloride (PVC) plastics. Chloroform and carbon tetrachloride
are prepared from chlorine which are used as solvents.

Ethylene dibromide (C,H,Br,) is added to leaded gasoline to save the engine from
lead oxide and lead sulphate deposits. Bromine is also used as fungicide. Silver bromide is
used in photography.

The major applications of iodine are in pharmaceutical industry. It is used as
disinfectant and germicide. Tincture of iodine and iodex are popular preparations of iodine.

Diet with insufficient iodide ions leads to an enlargement of the thyroid (Goiter). To
ensure the presence of iodide ion in the diet, sodium or potassium iodide is added to the
common salt which is known as iodized salt,

5.7 NOBLE GASES
5.7.1 Introduction

The elements helium(He), neon (Ne), argon(Ar), krypton (Kr), xenon (Xe) and
radon (Rn) are placed in the zero group or group VIITA of the periodic table. All the elements
of this group are colourless and odourless monoatomic gases which can be liquefied and
solidified. These are called noble gases or sometime known as rare gases . The noble gases
occur as minor constituents of the atmosphere (about 1%). The electronic configurations an
some physical propertics of noble gases are given in the Table 5.5,

Table 5.5 Electronic Configurations and Physical Properties of Noble Gases

Property | He Ne A C ot fuw o Xmiow il o :
Atomic number < 2 E = e N R - i )
v W oo | cuy | anae e o R
Atomic radizs (pm) 40 ™ . 09 w0
Melting points (°C) 22 244 189 157 -z 7
Bailing poiats (°C) 265 24 <188 -151 -108 61
Water sobubity (mili 20C | 138 W7 -| w9 7300 1109 -
Heat of vapourization (kimot ') | 008 wvn &5 a7 1’7 8o

The noble gases are isolated from air, either by fractional distillation or by some
chemical method. The principal commercial source of Ne, Ar, Kr and Xe is air.

9 Heliumispresentoneanhasarmhufndioacﬁvedemy.“terhydrogen,itismc
second most abundant element in the universe. a-Particles are doubly ionized helium atoms
He". It issimpleandeoonaniulwisohtethehcliumguﬁomoeminnannlmby
liquefaction method.

Argon isawlouﬂeuandodwrlusmllisveryilmandnotkmntobrmmy
trucchcnﬁalomnpomd.kisobmhwdasabymmmeﬁmwhcﬁmdain

www.pdfhive.com



The Halogens and the Noble Gases 91

Neon is 1/65000” part of the atmosphere and it is also isolated during liquefaction of
air. In a discharge tube, neon glows reddish (of all the noble gases, the discharge of neon is the
most intense at ordinary voltage and current). Liquid neon has over 40 times more
refrigeration capacity than liquid helium.

Traces of krypton are present in air. It is a colourless, odourless and fairly expensive
gas. Itis characterized by its brilliant green and orange spectral lines. Its compound krypton
difluoride (KrF,) can be prepared by various methods.

Xenon is present in the atmosphere to a very small extent ( 0.08 ppm). It is obtained
as a by-product during the fractional liquefaction of air. Xenon is available commercially in
cylinders at high pressure. It reacts with fluorine but not with water. However it is slightly
soluble in water to the extent of about 110 ml/lit at 20°C.

Radon is the a -decay product of the radium. Radon is present to @ very small extent
in the atmosphere and it could be obtained as a by-product from the liquefaction of air.
However, the small quantities of this gas which are usually needed can be collected from the
radioactive decay of radium isotopes.

R.: T YD “\A ' HL

The noble gases have valence shells which are closed octets (except He). Due to
closed shells their ionization energy values are very high. They have low boiling points. The
boiling point of helium is the lowest of any known substance. Their boiling points increase
with increasing atomic number down the group.

The very low values of melting and boiling points and low heats of vapourization
show _ that noble gases have weak forces of attraction between their atoms. As there are no
ordinary electron pair interaction, these weak forces must be of the van der Waaly type.

The solubility of the noble gases in water increases with increasing atemic number.
This is because the bigger atoms are more readily polarized by water molecules.

5.7.2 Compounds of Xenon
Xenon reacts directly with fluorine only. The known oxidation state of Xenon in its
compounds range from +2 to+8. These compounds are stable and can be obtained in large
quantities. Some important compounds of Xenon are give in the Table 5.6
Table 5.6 Compounds of Xenon

Oxidation state | Compound Physical form Melting Point
of xenon (°C)
+2 Xe F, Colourless crystals 140
+4 Xe F, Colourless crystals 114
dihes XeOF, Colourless crystals 90
+6 - XeF, Colourless crystals 18
XeOF, Colourless liguid -28

XeO, Colourless crystals 25 (Explodes)

+8 XeO, Colourless gas -39.9 (Explodes .
on_warming) |
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5.7.48 Fluondes of Xenon

Three known fluorides of Xenon are XeF , XeF, and XeF,.

XeF, can be prepared by direct interaction of the elements. The compound formed
should be removed immediately from the reaction zone, otherwise further reaction with F,
will give XeF,. The reaction is completed in about 8 hours. XeF, is a crystalline solid. It is
stored in nickel vessels. XeF, is a mild fluorinating agent.

XeF, can be prepured by heating a mixture of Xe and F, in 1:5 ratio in a nickel
container under 6 atmospheric pressure for a few hours. It can be stored in nickel vessels, Its
properties are similar to that of XeF, but it is a strong fluorinating agent.

XeF, requires more severe conditions, Xe and F, are taken in 3:20 ratio in a stainless
steel vessel and heated to 300°C at 50 atmospheric pressure. More than 95% conversion to
XeF, takes place. XeF, is a crystalline solid. It is colourless in the solid state but yellow in

liquid and gascous forms.
Xe + F » XQ‘l'
XeF.+F » XeF
Xek, + F, ———» XeF,

Chemical Reactions

Fluonides of xenon can be reduced with hydrogen at 400°C, giving xenon and
hydrofluonc acid.

XeF + H -+ Xe +2HF
XeF, +2H + Xe ¢ 1HF
XeF, + 31 + Xe + 6HF

chonleua-ﬁuorideisagmdﬂuainaingagentandanbeusedlommmeul
fluorides as follows:
XeF, + 21g » Xe #2HgF
Ruaimnoocunwiﬂ:explosimwhenhF.ismsgminomuctwimumid
ammonia,
JX\eF, + ANH + J3Xe + 12HF + 2N,
Hydrolysis of XeF, with small amount of water gives XeOF,
XeF, + HO —— XeOF, + 21F

3.7.4 Xenon Oxyfluorides
Xenon oxytetrafluoride, XeOF, is also formed by a rapid reaction of XeF, with silica
(quartz).
2XeF + Si0 y 2XeOF, + SiF
XeOF, is a colourless volatile liquid. It can be kept in nickel vessel. It reacts with water to

give XeO,. XeOF. <2HO —»  Nel) - 4Hi
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Xenon oxydifluoride, XeOF, is obtained when xenon reacts with oxygen difluoride in

an electric discharge.
5.7.5 Oxides of Xenon
There are two oxides of xenon
1. Xenon tnioxide
2. Xenon tetraoxide
1. Xenon Trioxade Xel)

Xenon trioxide can be obtained when XeF s hydrolysed slowly.
KeF, + 3110 VXe0 2 BHF

ltisaaysﬁllhnem&ltexplodesat@lowtempentm. It is weakly

acdicand its aqueous solution is almost non-conductor.

N

Nenon Tetraoxide XeQ),

It is obtained by the addition of barium or sodium perxenate to conc.H S0,
Ba XeQ), + 2H S0, » Xel) +2BaS0 +2H 0O
Na Nol JH SN0 v Xel), = 2Na SO 2

y  Applications of the Noble Gases

1. Helium is used in weather balloons, in welding and in traffic signal light.

2, A mixture of 804 belium and 20% oxygen is used for breathing by the sea
divers.

Helium is used as a cooling medium for nuclear reactors.

Neon is largely used in making neon advertising signs, in high voltage
indicators and TV tubes.

Neon and helium arc is used in making glass lasers.

Argon is used in electric light bulbs, in fluorescent tubes, in radio tubes, and
in Geiger counters( used todetect radioactivity).

Argon is also used for arc welding and cutting,

Krypton is used to fill fluorescent tubes and in flash lamps for high speed
photography.

Xenon is used in bactericidal lamps.

Radon being radioactive is used in radiotherapy for cancer and for earth
quake prediction.

KEY POINTS
The halogens are very reactive. Intermolecular forces in halogens increase down the
group, fluorine is a gas but iodine is solid.

B PN N @

e
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Q.1

Q.2

) Thchalogenwithtbchighestelecu'oneglivityis
(i) Hlis agent.
(iii)'l‘heonlyhalomacidwhichisnotammgaddis
(iv) Tincture of is 4 common antiseptic.
(v) nchalogenwithdiclowestmelﬁngandboilhgpoimais

(vi) Bleaching powder is prepared from and 3

(vii) isthehalogenwhichausabtmoutbeskinwhichhaldowly
(viii) is used for making unshrinkable wool.

(x) A mixture of and is used for breathing by the sea divers.
(x) Noble gas used to fill fluorescent tubs is -

Chemistry XI1
mymmmmndslﬁtho-bhckmeuls,mlmtmpoundswhhp-uock
elemcnumdcomplekaswithd-ﬂockmcuh.ﬂuoﬁdcsmusmllyiouic.

They show oxidation states -1, +1, +3, +5, +7 but fluorine shows the

oxidation state of -1 only.

Oxidizingmwerofhahgensdecreascsdownlhegrwpinmwowingorden
F.>Cl>Br,> 1.

Reducing power of halide ions decreases from I to Br. Chlonide and fluoride

10ns are not reductants.

Chlodnc.bwminemdiodineto:mthcirrwpecﬁvemidcsandowyaddm

Ha!ogensanddneiroompoundsamusedﬂorbledﬁng.reﬁimtiwandas

acrosols, ete.

NoNegammplacedinw'o(VmA)mupo(paiodictable.

They have valence shells which are closed octets (except helium).

Verylowvaluudmelﬁngaudhoilingpointsalnwﬂmthmamvery weak

forces of attraction between their atoms.

Oxides.ﬂmxidesandoxyﬂumidesolxcnonanbeprqnml

Noble gases have multi-dimensional uses.

EXERCISE
Fill in the blanks.

Indicate True or False.

(i) HF is used for etching glass.

(i) lﬂiswmkcrmdmingacemascompamd to HE
(iii) Bleaching powder is completely soluble in water.
(iv) The formula of perchloric acid is HCIO,.

(v) On warming, aqueous KOCI disproportionates as follows.

3KOCI ——— 2KC1 + KCIO,

(vi) a-particles emitted by radioactive elements are ions of radon.
(vui)Radonisthcaﬂyoneofthcnoblegamdmisndioaaive.
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(vin) The molecules of the noble gases are all monoatomic.
(ix) Argon is used to fill electric bulbs.
(x) The noble gas which is present in the largest amount in atmosphere is krypton.
Q3. Multiple choice questions, Encircle the correct answer,
(1) Which of the following hydrogen halide is the weakest acid in solution?
(a) HF (b) HBr (©) HI (d) HCI
(i1) Chlorine heptaoxide (CLO,) reacts with water to form:
(@) Hypochlorousacid  (b)  Chloric acd
(c) Perchloric acid (d) Chiorine and oxygen
(111) Hydrogen bond is the strongest between the molecules of :
(a) HF (b) HCI (c) HBr (d) HI
(iv) Which halogen will react spontaneously with Au(s) to produce Au™?
(a) Br, (b) F, ©1 (d) Cl,
(v) The anhydride of HCIO, is :
(a) ClO, (b) CIO, (c) CLO, (d) CLO,
(v1) Bleaching powder may be poduced by passing chlorine over:
(a)  calcium carbonate (b)  hydrated calcium sulphate
(c) anhydrous calcium sulphate  (d) calcium hydroxide
(e) magnesium hydroxide
(vii)Which is the strongest acid?
(a) HCIO (b) HCIO, (¢) HCIO, () HCIO,
(vi)) Which halogen occurs naturally in a positive oxidation state?
(a) Fluorine  (b) Chlorine (c) Bromine (d) lodine
(ix) An element that has a high ionization energy and tends to be chemically inactive
would most likely to be:
(a) analkah metal (b) atransition element
(c) anoble gas (d) a halogen
(x) Which of the following represents the correct electronic configuration of the
outermost energy level of an element of zero (VIIIA) group in the ground state.
(a) sp’ (b) s’p' (c) s’ (dsp'
Q.4  What is bleaching powder? How it is prepared commercially? Give its uses.
Q.5 (a)  Discussthe oxides of chlorine. ]
(b)  What arc disproportionation reactions? Explain your answer with
" an  example.
Q.6  Discuss the system of nomenclature used for oxyacid of halogens. Support
your answer with examples.
Q.7 (a  Howthehalogen acids are ionized in water?
(b)  Why HF is weaker acid than HCI?
Q.8 In the following sets, arrange the substances in order of the property
indicated. Give reasons.
(a)  Increasingacidic character
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Q.10
Q.11

Q.12

Q.13

Chemistry X11

HCIO, HCIO,, HCIO,, HCIO,
(b)  Increasingoxidizing power
F,ClL,Br,1,
What happens when bleaching powder reacts with the following reagents
dil. H,SO,excess of conc. H.SO,, NH,, Hland CO,.
Discuss the various commercial uses of halogens and their compounds.
What are noble gases? Explain their inertness on the basis of their electronic
configuration.
Write notes on the followings.
(1) Oxyfluorides of xenon.
(1)  Applications of noble gases.
Short questions.
(i) What is "lodized Salt"?
(i)  What are Freons and Teflon?
(i) Arrange the following ions in order of increasing size:
s < gt Br
(iv)  Why iodine has metallic luster?
(v)  Which halogen sublimes to violet vapours?
(vi)  Which halogen is used as an antiseptic?
(vi)  Which halogen is used in water treatment to kill becteria?
(vii)  Name the gas, which is used for earthquake prediction,
(ix) Name the gas, which is used in bactericidal lamps.
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Chapter

TRANSITION ELEMENTS

IN THIS CHAPTER YOU WILL LEARN

1. Thedefinition and classification of transition elements. |
2. The electronic configurations and the general characteristics like colour, binding
energies, etc.

3. The definition of 3 complex compound and the related terms like ligand,
coordination number, etc.

4. The nomenclature and the geometrical shapes of simple complex
compounds, _

5. Abriefdescription of the manufacture of wrought iron and steel from iron ore.

6. How corrosion is caused and the ways to prevent it.

7. The important methods of preparation of potassium chromate, potassium

dichromate, potassium permanganate and their properties.

6.1 INTRODUCTION

Transition elements may be defined as those elements which have partially filled d
or f-subshells in atomic state or in any of their commonly occurring oxidation states.

The d-block and the f-block elements are called transition elements because they
are located between the s and p-block elements and their properties are in transition
between the metallic elements of the s-block and nonmetallic elements of the p-block. The
electronic configurations of three series of d-block elements are given in Table 6.1.

The detailed electronic configurations of the valence shell of the first transition
senes s shown in Table 6.2. You will notice that in chromium one clectron from s-subshell
has been used to half fill d-subshell. Similarly, in copper, one electron from s-subshell has
gone to d-subshell to fill it completely. This appears to be due to a certain measure of
stability associated with a half-filled d’ shell and a full d* shell. :
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Table 6.1 Electronic configurations of three series of d-block elements

5d-block elements
| Elements|
on |oelse
HE(72) |[Xe] 454"
Ta(73) |[Xe] 4 '5d"
W(71) |[Xe] 454"
05 (76) |[Xe] 41"
Ir(77) |(Xe) 454"
PL(78) [(Xe] 46'5d"
Au(79) |[Xe] 4¢°
Hg (80) [[Xe) 4“5
the valence shell of
first series of transition elements
3 l
Sc (Ar)
T A
V A0
Cr A ATHEHI |
Mn(An AHTTHRR] M
 Fe (A AT F
- Co(An)
Ni (Ar) AT
Cu (An)  AURINTRNE
Zn (A ACACIRCIACIAT

— —e e —td

6.1.1  Typical And Non-Typical Transition Elements

Group [IB elements (Zn, Cd and Hg ) do not have a partially filled d-subshell either
s elements or in any of their jonic state. Neither do they show typical properties of
transition clements to any appreciable extent (except complex formation). Similarly, IIIB
(Sc, Y and La )is another group of elements which do not show many of the properties
associated with typical transition elements. They are transition elements by definition, as
there is one electron in the d-subshell of each atom. In compounds they mostly occur as the
tripositive ions, having no d-electron (the atom having lost its only one d-electron), hence
they do not exhibit properties of transition elements and behave like main group elements,
In order to maintain a rational classification, the elements of group IIB and group IIIB are
referved to as non-typical transition elements and the clements in the remaining
transition series are called typical transition elements, Table 6.3,
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Group
IA

H

Table 6.3 Main Group Elements and Transition Elements

Li

Sn| S |Te ] |

Pb| Bi | Po| At

z(elelo[x|2®

2lx|z|2|z|#|§
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We treat the coinage metals Cu, Ag and Au as transition metals, since Cu’* hasa3d’
configuration, Ag™ a 4d" and Au™'a 5d" configuration.

f- Block elements i.e. Lanthanides and Actinides are also called inner transition
metals, whereas d-block elements are called outer transition metals.

6.2

PROPERTIES OF TRANSITION ELEMENTS
Because of a similar electronic configuration,

the d-block elements closely

rrsemblemmhcrintbeh'phyaialmdchuniulmm
&xneofthcwinlsoltheirmsembhncemzivenhem
(1) Tbeyu'eallmetalsintmcseme.medwhichphymtan(mlein
industry, e.g. Ti, Fe, Cr, Ni, Cu, Mo, W, Zr, Nb, Ta, Th, etc.

2) They are all hard and

strong metals with high melting and boiling

poinls.'rheyarealsogoodoondtmmo(beumdelectrkity

(3) TMyformalloyswithonemoﬂuandalsowithoﬂmeiemcms.

(4) mmmm;mmmmwoﬁmmw.

(5) 'nleirionsandcompoundnmcoloumdhsdidstatcaswenasin
solution form at least in one if not all the oxidation states.

6.2.1 General charactetistics
(a) Binding energies

Transition metals show good mechanical properties. They are tough, malleable and
ductile. The toughness of these metals indicate strong metallic binding. This is because,
apart from s-electrons of the outer most shell, the electrons of underlying half-filled d-

orbitals also participate in binding,

In moving from left to right in any
elcctronsinamesuptogrmpsVBandVlB.

transition series, the number of unpaired
after that pairing takes place and number of

unpaired electrons goes on decreasing until it becomes zeroatgroup 1B, Table 6.3.

ﬂtemfa'e.bindingismmgcrupto
muleHandmkmsmvelym
ywpllB'l'hxstrendomeang
energies is shown in Fig. 6.1. In the first
transition series the general increase in
binding energy ends at vanadium. This is
due to changes in metallic structure, e.g.
Mn.lntbethirdu'ansilimsaies.the
increase in binding energy ends at tungsten
when all the 5d electrons contribute to
binding.

(b)  Melting and Boiling Points

{units of 10" J max’y

Fig. 6.1 Binding energies of the elements
of the first and third transition series

Transition metals have very high melting and boiling points due to strong binding

_forces present between their atoms, Melting points increase up to the middle of the series
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and then decrease o a minimum level at
the end of the senes.
This trend in melting pomls

correlates well with the strength of binding l '
forces as 1s clear from the Figs. 6.1 and 6.2.

(c) Covalent Radii and lonic Radii

The covalent radii decrease
rapidly at the start of the series, then
become almost constant and finally begin
to increase at the end of the series. The
increase in covalent radii is possibly due to
the fact that the filled 3d orbitals have
contracted into the electron core and so
shield the outer 4s electrons more
effectively from the nucleus, Fig. 6.3. :

Changes in the ionic radiialongthe
series are much less regular, so that
periodic trends in the properties of these
jons are difficult to rationalize.

“
R e | Adomie rusber

Fig.6.2 Melting points of the elements
of the furst and the third tansition scrics

(d) Paramagnetism
Substances which are weakly
altracted by 2 strong magnetic field are

called paramagnetic substances.

Fig. 6.3 Covalent radii (~—s) and ionic radu

Those substances whiclr are weakly
repelled by a strong magnetic field are
called diamagnetic substances.

Paramagnetic behaviour is
caused by the presence of unpaired
electrons in an atom, molecule or jon
because there is a magnetic moment
assocualed with the spinning electron
. It increases with increase in the
number of unpaired electrons. When
the electrons are paired in an orbital,
then magnetic moments are cancelled
out and the substances become
dinmagnetic,

The paramagnetic behavioud,

1 the strongest for Fe' and Mn"" and

decreases on both sides of the first:

Pr M®) (—-) of first transition series elements.

" Tabfé 6.4 No. of Unpaired Electrons in
the First Series of Transition Elements.

Ton 3d orbieal No. of unpaired
Bt PRy NP o
S 0
" ts) 1
) i o & 2
cr* @ ao 3
Mn" Taa@ 4
RTh @@B@| s
AR
Co™ ; 3
Ni© fo@EODEE| 2
Cu" E@BE3| 1
" EpE@@E 0
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transition series. The reason is that
both Mn"* and Fe'™* have 5 unpaired
electrons each. The number of
unpaired electrons decreases
gradually to zero on both sides, as it
is clear from the Table 6.4. Fig.6.4
shows the variation in the
paramagnetic effect of the ions
belonging to the first transition
series.

v Fo" N
"l L & W ar
(e) Oxidation State ALOMIC Pumber

One of the most important .. ' | . oy
properties of the transition & 6.4 Variation in the paramagnetic effect shown by

elements is the fact that '-hey the selected ions across the first tnnsitim SeTes
exhibit variable valency or Table 6.5 Commonly Occurring Oxidation States
oxidation state. They show variable  of the 1st Series of Transition Elements.

valencies because of the \ :

involvement of the unpaired d ,‘m&

electrons in addition to s electrons i e o

in bond formation. All 3d series V [Ar]3d'4s’ 2 3 a4 s

elements show an oxidation state of ColAr)3d'%s' 2 3 4 s &

+2 1n addition to higher oxidation MnlAr]3d'4s' 12 3 « s & 7

states. Fe (M}%:: 1: 3 : s .
+2 oxidation state is Co (Ar . e

shown when only the 2s electrons gw;g':" ,: : g

are involved in bonding. In the Zo (A 3d%s 2

highest oxidation states of the first

ﬁvcckmmtsaﬂthesanddclecm:musedforbonding.AﬁerMn.mcnumbcrof
oxadation states decreases as the d-subshells fill up and fewer unpaired clectrons are
available for bond formation as shown in Table 6.5.

(f) Colour

In transition clements, the d orbitals are responsible for the colour development in
theircompounds.Wbentheeeorbitalsminvolvedinbomﬁng.uneysplit up into two energy
levcls,oaesctlnsahighermcrgylhanlheotha.%eelauonsmidinginluwenergyd-
orbilalsabsorbapurtolthevisibleﬁdlundjtmpmhighmerxydorbital&'l'bepmceais
called d-d transition, Fig.sé.neeuuxydiﬁemweold-abiulsvaﬁuﬁomionwion.
Thus, every ion absorbs a different wavelength and transmits the remaining set, of
wavelengths that gives different colours to the ions.
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:.’ . -y ' S .Q:‘\l#)‘,- ii

(! iy -_,g_'k-i.l“, 2 ‘ -'0 .
Fig. 6.5 Absorption of yellow light by [TW(H,0),]"" ion.

In [Ti(H,0),1"", yellow light is absorbed, while most of the blue and red lights are

transmitted, therefore the solution of [Ti(H,0), )" ions looks violet in colour.

(g)  Interstitial Compounds

When small non-metal atoms like H, B, C, N enter the interstices of transition
metals and impart useful features to them, they are called Interstitial compounds, These
are non-stoichiometric compounds. Sometime they are also termed as interstitial alloys.

th)  Alloy Formation

Owing to the similarity in their sizes, some transition metal atoms are able to
replace one another in the metallic lattice and form substitutional alloys among
themselves. Alloy steels are an important example of this type of material in which iron
atoms are substituted by chromium, manganese and nickel atoms, etc. to give the steel more
useful properties. Other examples are brass, bronze, coinage alloys, etc.

6.3 COMPLEX COMPOUNDS

It has been observed that when the aqueous solutions of Fe (CN), and KCN are
mixed together and evaporated a new compound is obtained, which in aqueous solution
does not ionize as Fe" and CN ions but ionizes as K ion and [Fe (CN),]* ion (Ferrocyanide
ion). ()nthnsbamlthubeenngenaﬁrmuhK.ch((.N).]

sonization
Fe(CN), + 4KCN—— K [Fe(CN)J » 4K 4 [Fe(CN), "
Here [Fe (CN),]"is called a complex ion.
Smhcompmndsconlmmngtbeoompkxmleaﬂesormmplcxmmucd
independent existence are called coordination compounds or complexes.
A complex compound may contain
() a simple cation and a complex anion
(i)  acomplexcation andasimple anion

6.3.1 Components of Complex Compounds
It is necessary to understand qlﬂerent terms used in the study of the complex
compounds. These are as follows:
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(a)  Central Metal Ion
Ametalatomorion(wmnyatnnsiﬁonelamt)wmundedbyanumbcruf
ligands is called a central metal atom or ion, e.g. K, [Fe (CN), ], [Ag (NH,),JCI
In the above examples, P‘e"mdAg"amthecenu'almeulions.mspecdvelx

(b) Ligand .
ﬂieawmsoriomnrneutnlmolemles.whichsmmndthcoentnlmeulbnand
domteelec&mpaintoit.malledligands.Theymybeanimsorneutnlmolomlcs.e.g.
K[Fe(CN),J. [Ag (NH,),]CL.
In the above examples, CN and NH, are the anionic and neutral ligands,
rcspecﬁvdyﬁgandshavingmdonorawmsmalledbidenmelizmds.e.g.
Co0
Oxalateion | is a bidentate ligand and its coordination with the metal
COO
ion occurs through its both negatively charged oxygen atoms.

(c) Coordination Number
Thenumbcrolbnepairofelecmmidedbymeﬁmndsmmecenmlmem
atomwimiscaﬂedtheamﬁmﬁonnumberoftheoenﬁzlmeﬂlatmnorion.e.g.
K.[Fe (CN)J ' [Cu(NH)JSO.
InUwabovecnm;ieo.ooordimtionnumberoﬁmnis6udﬂmofoopperis4.

(d) Coordination Sphere
mcmuﬂmemlawmorionabngwilhﬁmndsismnedunomrdimlbnsphere.lt
isusuallyplaoedinsquarchnckets.ltmybe anionic, cationic or neutral, ¢.g.
K.[Fe(CN)J . [Cu(NH)JSO, » INi(CO),)
In the above examples,  [Fe(CN)J*, [Cu(NH,)J" and [Ni(C0),] *are anionic  cationic
and neutral coordination spheres, respectively.

(e) Charge on the Coordination Sphere
ltisthealgdxicsumolthednrgaprescm on the central metal jon and the
total charge on the ligands, e.g;

[Fe(CN),J*

Charge on iron =42

Total charge on six CN ions = .6

Charge on the coordination sphere =642 = -4

6.3.2 Chelates

When all the donor atoms of a polydentate ligand get coordinated with the same
memliou.awmplexcompomdisbmedwhkhmimmeormﬁminitsm
andtwnceiscalledaChehte.Mcwcbehtesmmomalablemeulmplexee.
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When two oxalato ligands C,0,” 2-
(bidentate ligand) get coordinated with 0=C--0 < v 0O —C=0
Pt ion, dioxalato platinate (I) ion is | I P
obtained. Each oxalate ligand forms a OxC—0i-7. ™ 0—C=0
five membered ring with the cation.
or IPGOYS |

6.3.3 Nomenclature Dioxalato- platinate (I1) ion
The nomendlature of complex compounds is based upon the recommendations by

the Inorganic Nomenclature Committee of IUPAC.

The rules for naming the complex compounds are as follows.

(1) Cations are named hefore anions.

(2)  In naming the coordination sphere, ligands are named in alphabetical order
regardless of the nature and number of each. followed by the name of central
metal ion. :

(3)  The prefixes di, tri, tetra, penta, hexa, etc, are used to specify the number of

coordinated ligands.

(4)  The names of anionic ligands end in suffix O, e.g, hydroxo, (OH) carbonato (CO,").

(5) The names of neutral ligands are usually unchanged, e.g. for NH,, ammine and for
H,0, 2qua. and for CO, carbonyl.

(6) The suffix ‘ate’ comes at the end of the name of metal if the complex represents an

anion,otherwise it remamns unchanged.

(D The oxidation number of the metal ion is represented by a Roman numeral in
parenthesis following the name of the metal.

Examples: K[Fe(CN),] Potassium hexacaynoferrate (IT)
[PtCINO,XNH,) JSO, Tetraammine chloronitro-platinum (IV) sulphate
[Co (NO,),(NH,),] Triammine trinitrocobalt (I1T)

In writing the formula of a complex ion, the usual practice is to place the symbol of
the central metal atom first, followed by the formulas of theankonicligands in alphabatical
order, then neutral ligands in alphabatic order and the formula of the whole complex ion is
enclosed in square brackets as is clear from the above examples,

6.3.4 Geometry of Complexes

The geometry of complexes depend upon the type of hybridization taking place in
the valence shell of the central metal atom.

Mn Cy* T 'ﬁ“ﬁ'_m 1 [&NW&%M
N XK

tetrahedral(sp) square planar (dsp’)  bipyramidal (dsp") octahedral (sp'd)
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6.4 IRON

The important ores of iron are magnetite (Fe,0,), haematite (Fe,0)and limonite
Fe,0,3H,0, etc. Iron has been known since prehistoric days. It was used in Egypt in 1500
B.C. It is known that the Chinese also used iron as early as 2500 B.C. In the subcontinent,
iron was produced around 600B.C.

6.1.1 Commercial Forms of Iron

Iron is available commercially in the following three forms. They differ in carbon
contents as follows:

(a) Pig iron or cast iron 2.5104.5% carbon

(b) Wrought iron 0.12100.25% carbon

(¢) Steel 0.25102.5% carbon

6.4.2 Wrought Iron
Composition
It is the purest form of commercial iron and contains the lowest percentage of
carbon and upto 0.3% of impurities like S, P, Siand Mn, etc.
S=0.2t00.15%, Mn = upto 0.25%, P = 0.04 t00.2%

6.4.3 Manufacture of WroughtlIron from Cast Iron

It is manufactured from cast iron by puddling i.e. by heating cast iron in a special type
of reverberatory furnace called puddling furnace, Fig. 6.6 . This funance has a low roof to
deflect the hot gases and flames downwards and to melt cast iron. The hearth of the furnace
is lined with haematite (Fe,0,). The cast iron is placed on the hearth, melted by hot gases
and stirred or puddled with long iron rods called rabbles through the doors to bring it in
thorough contact with the lining of the hearth, 1e.Fe, O,

The haematite (Fe,0,) lining supplies oxygen, necessary for the oxidation of carbon,
sulphur, silicon, manganese and phosphorus present in the cast iron. Oxides of carbon and
sulphur, being volatile escape out at high Waste Gases
temperature. "

3C+Fe, O —s 2Fe +3C0O
45+ 2Fe, 0, — 4Fe+350,
While those of manganese, silicon and
phosphorous form slags. Thus
a5 +2Fe, O, » 4 Fe + 350,
2Mn+0 — 2MnO
MnO +35i0, —— MnSiO,(Slag)  Fig. 6.6 Puddling furnace for the manufacture
of wrought iron.

4P + 50,—» 2P. 0.
Fe,0,+ P,O——>» 2Fe PO (Slag)
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With the removal of impurities, the melting point of the metal nises and it becomes a
semi-solid mass, At this stage, it is taken out in the form of balls or blooms on the ends of
rabbles. While still hot, these balls are subjected to hammering to squecze out, as much of
slag as possible. The product so obtained is known as wrought iron.

6.4.4 Steel
Steel is an alloy of iron contaming 0.25 t0 2.5% of carbon and traces of 5, . Siand Mn.

Classification of Steel
1. Mild Steel (0.1-0.2% C)

It is fairly soft, malleable and ductile, can be forged (shaped by hammering and
pressing while hot).It is used in making tubes, nuts, bolts, bars and boiler plates.

2. Medium Carbon Steel (0.2-0.7% C)
It 1s harder than mild steel. It is also malleable and ductile. It is used in making rails,

axles, castings.

3. High Carbon Steel(0.7-1.5%C)

It is hard and can be forged, when containing less than 1.0 carbon. Steel containing
more than 1.0% carbon cannot be forged. It is used to make hammers, taps, dies, cutting
tools, machine tools, hard steel parts of machinery and all sort of engines.

Steel is intermediate in carbon content between cast iron and wrought iron. [t can be
produced from:

(1) cast iron by removing some carbon alongwith sulphur, phosphorusand silicon.

(1) by adding the required amount of carbon to wrought iron, then adding some special
constituents, e.g. tungsten, chromium, vanadium, molybdenum, manganese, nickel
and cobalt which impart desired properties to the steel. At present most of the steel
1s manufactured from cast iron.

6.4.5 Manufacture of Steel.
In can be manufactured by the following processes.

(a) Open hearth process ( using cast iron, wrought iron or steel scrap)

(b) Bessemer's process (using cast iron only)
Some other processes are also used to prepare special type of steel from pure
wrought iron.

6.4.6 OpenHearth Process

This is the most modern method for the manufacture of steel. It is carried out inan
open hearth furnace, This furnace has a low roof to deflect the hot gases and flames
downward to melt the charge. The open hearth furnance works on the regenerative
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principle of heat economy Fig.6.7. Open

hearth process is of two types.
1. Furnace with acidic lining like
Si0, is used when the impurities

are Mn, Si, etc. =
2. Furnace with basic lining like a e (’ e
dolomite (Ca0, MgO) is used

when the impurities are Pand S, I
ctc. ' l
m.IO- s g 1ot Gaves &
Process , Fig. 6.7 Open Hearth fumace for the manufactiire
A mixture of cast iron, scrap of steel from cast iron

steel and quick lime is charged into the furnace. At about 1600°C Si, Mn, C, S, and P are
burnt out and removed according to the following reactions.

C+%0. —3C€0
St + 0 —» S10,
Mn + WO » MnO

CO escapes in the flue gases. Silica (510,) combines with Ca0, MnO and FeO to
form silicates (slag) which float on the surface of the molten metal.

S0, + Ca0 -+(a Si0,

S0, + MnO -+ MnSiO,

S0, + FeO -+ FeSiO
Phosphorus and sulphur react with Fe, O, to form P, 0,andSO..

2Fe. O, + 38 » 4Fe + 3S0,
HSFe, 0, + 6P » 10Fe + 3P.O

These oxides react with calcium oxide to form slag.

PO, + 3Ca0 ——» Ca, (PO), (Fertilizer)
S0, + Ca0 —— Cas0,

Samples are taken at intervals and the percentage of carbon in the steel is
determined regularly. When this is reduced to about 0.1%, the calculated weight of
ferromanganese (Fe, Mn, C) is added. Manganese desulphurises the steel. Carbon raises
the carbon contents to the required values. After giving time for mixing, a little more
ferromanganese is added and the charge is allowed to run into moulds where it solidifies to
ingots.

The whole process takes about 10 hours. Slag contains calcium phosphate. It is
ground to powder and sold as a fertilizer.

6.4.7 Bessemer' s Process

The furnace used in this process is called Bessemer's Converter which is a pear
shaped vessel made of steel plates. At the bottom the converter is provided with a number
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of holes through which hot air can be introduced. The '
converter is held on a central axis so that it can be I LA
tilted in any desired position for feeding and pouring 113}
out the finshed matenals, Fig.6.8. WY
Molten pig or cast iron (25 to 30 tons) from
the blast furnace is fed into the converter and hot air
blast is injected through the perforated base. This

§
i
-

oxidizes carbon, silicon, and manganese,
O Yl ———— (0O
Si ’.7. —_— s )
2Mn + O - 2Mnt)

These oxides form a slag of MnSiO,. The
heat evolved during the oxidation is enough to keep
ron in the molten state.

, MnO + S0 > MnSi0) Fig 6.8 Bessemer’s converter for the

CO produced burns at the mouth of the  manufacture of steel from cast iron.
converter with a blue flame. Iron is partly oxidized to ferric oxide (Fe,0,) which also extracts
carbon from cast iron to form CO,

4k + 30 ¢ 2Fel)
Fe ), + 3C — 2k I

Within 10 to 15 minutes the flame due to CO subsides indicating that the carbon is
completely oxidized. At this stage ferromanganese is added to correct the proportion of
carbon to obtain the desired qualitics. A blast of air is continued for a moment to ensure
thorough mixing. The addition of Mn imparts increased hardness and tensile strength.

In order to remove entraped bubbles of gases (blow holes), such as O, N,, CO,, a
little aluminum or ferro-silicon is also added. Aluminum removes nitrogen as nitride .

ZAI+N » 2AIN

At the end of the operation , the molten steel is poured out into mouldes for casting.

Such casting are free from any defect.

6.5 CORROSION

Any process of chemical decay of metals due to the action of surrounding medium is
called corrosion.

The simplest case of corrosion occurs when metals come into contact with gases of
the atmosphere. The surface of metals becomes coated with compounds such as oxides,
sulphides and carbonates. Such compounds sometime form a compact layer on the surface
protecting the metal from further attack.

The case would be different when the metal is in contact with water. The
compounds formed in this case may dissolve in water, allowing the corrosion to penetrate
further into the metal. Besides dissolving the compounds, water also promotes
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ekﬂrochcmicalprooesswhichisoneoﬂhcmincausesdnpidoomm

6.5.1 Electrochemical Theory

Pure metals are not easily corroded, even iron hardly gets corroded if absolutely
pure. The impurities present in the metal promote corrosion.

1bundcmandwhyimpuﬁﬁcsaccdmtetheoormsionolmeuls.wnsidcrwhat
happens when two different metals come in contact with one another in moist air. Suppose,
for instance, Cu is brought in contact with Al. After sometime, we will notice that aluminium
gets corroded while copper remains intact. This can be explained by the electrochemical
theory.

According to this theory, mojsture and CO, are present on the surface of the metal.
Water ionizes into H' and OH ions. CO, dissolves in water forming H,CO, which ionizes as
follows:

H,CO, == H" + HCO,

Copper anda!uminiumarc,inasense.hnmemedinthesoluﬁonoonuiWH'.OH'
and HCO, jons. This forms a galvanic cell in which aluminium releases electrons and
changes to A" jon (being more
reactive than Cu) ie it acts as
posiine elecoae and Cu acts as a
negativeelecirode, Fig.6.9.

Aluminium jons attract OH'
1on to form, Al (OH), i.e it starts
dissolving. The H" ions present on
the Cu receive the electrons and
released as H,. In this way, Fig.6.9 Diagram of the corrosion of aluminium in
aluminium corrodes rapidly when contact with copper
in contact with copper which is lower in electrochemical series.

ﬁnmlhis.mcanmndudeUmwhcnanacﬁvemulAl(lﬁgherinthc
electrochemical series) comes in contact with less active metal Cu (lower in the
electrochemical series) a galvanic cell is established. In this process active metal corrodes
rapidly, while the other remains intact.

6.5.2 Prevention from Corrusion

Ithasbcmobservedthatthemnountoﬁmndeauwedeachmrbyconosion
equals to about one fourth of its annual production. It is therefore necessary to prevent such
a damaging process and avoid this loss.

Different methods are used to prevent corrosion. The simplest of them consists of
protecting the surface of the metal from coming in direct contact with the surrounding by
coating it with oil, paint, varnish or enamel. It can also be prevented by alloying the metals or
by coating the metal with a thin layer of another metal.
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6.5.3 Tin Plating or Coating Iron with Tin (cathode coating)

The process of tin plating consists of dipping the clean sheet of iron in a bath of
molten tin and then passing it through hot pair of rollers. Such plates are used in the
manufacture of tin canes, oil containers and other similar articles.

Tin itself is very stable and protects the metals effectively as long as its coating on
the iron is intact.

If the protective coating is damaged, then iron comes into contact with moisture, A
galvanic cell is established in which tin acts as a cathode and iron as an anode. The electrons
flow from iron to tin, where they discharge H” ions, leaving behind OH in the solution.
These hydroxide ions react with iron forming Fe(OH),, which dissolves rapidly in water.
From this, it can be concluded that plated iron gets rust more rapidly when the protective
coating is damaged than the non-plated iron.

6.5.4 Galvanizing or Zinc Coating (anode coating)

Galvanizing is done by dipping a clean iron sheet in a zinc chloride bath and heating.
The iron sheet is then removed, rolled into zinc bath and air cooled.

In this case, if a protective layer of zinc is damaged a galvanic cell is established in
the presence of moisture. Iron serves as a cathode and zinc as an anode. Electrons flow from
zinc to iron, as a result of which Zn decays while Fe remains intact. This is called sacrificial
corrosion.

Fe®* + Zn — Zn? 4 Fe

This is the way galvanizing helps protecting iron from rust. This process is used in

water pipes, ete.

6.6 CHROMATESAND DICHROMATES

Chromates and dichromates are the salts of chromic acid, H,CrO, , and dichromic
acid, H,Cr,0, respectively. Both acids exist only in aqueous solution and when attempts are
made to isolate them from solution they decompose immediately into chromic anhydride
(Cr O)and water. Their salts are, however, quite stable.

6.6.1 Potassium Chromate (K,Cr0O,)
Preparation

(1) The chromates of alkali metals, which are soluble in water, are obtained by oxidizing
trivalent chromium compounds in the presence of an alkali.
2 KCrO, + 3Br, + BKOH —— 2K.CrO, +6KBr + 4H.0

(2) Chromates can also be produced by fusing Cr,O, with an alkali in the presence of an
oxidant, suchas potassium chlorate.
Cr,0, + 4KOH + KClO, — 2KCr0, + KCl +2H,0

(3) Chromates are usually prepared from natural chromite (FeO.Cr,0,), if the latter is
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umnﬂyhatedwiﬂ:pohssiummMin&emmeddnoxygemeemmdng
fusedmwinoontaianumchnmte.whidtanbeemmedwithwaten

O = SKC10 2 2Fe 0.« 8CO

6.6.2 Properties

Structure of Chromate lon ~ o 2.
Almost all the chromates are yellow in colour. Some of them \O/

amusedaspigtwm.l*hrimtanoe.inﬂﬂwleleadchmnnte.PBCrOu & \

is employed for the preparation of yellow oil colour called yellow e G

crown.

L)) +2H — (n0; +10
Uma&aﬁisaddedmunhaeoluﬁmthehydtuylionswﬂlbindthehydmgenionin
sohdm.theequﬂihﬁummﬂshifthﬂand.asamuh.didumteionswinbe
wnv&cdhtochmﬁeh&ﬁmihlymaﬁhgnaddtbeeqnﬂbﬁumwiﬂshﬁttom
night and dichromate ions will be formed. !

6.6.3 Potassium Dicuomate (K.Cr.0.)
Preparation
(1) l(,CrO.isconveztedtoK,Cr,O,byuﬁngdnabonmenﬁonedequiﬁbﬁum
lnmaddcmcdiumtheequﬁihiumwﬂlshi&intbebrwﬂdimcﬁoni.echanging

chromate ions into dichromate ions.

KGO+ 1180, —» KCr0, +KS0, +H0
2) Saueﬁmuaodiumdichmateisconvawdmopouuiumdichmmtcby
reacting it with KCL

No.Cr. O, + 2K » K.Cr, 0, + 2NaCl

0.6.4 Properties
Fhysical Properties :
It is an orange red crystalline solid which melts at 0\ ,"
396°C, itis fairly soluble in water. O==Cr—Q— Crmmm0
Dichromates are very powerful oxidizing agents. o/ \o
Oxidation is carried out in an acid solution. In this process,
hemalcntchnuniumionismducedtouivﬂwtchmmiumion.

(a) Reaction With H,S
K.Cr,0, + 4H,S0, -» K.SO, + Cr, (S0), + 4H.0 + 3(0)
3HS + 30 » 3HO + 35
KGO, + 30S + 10,50, » K.S0.+ Cr, (S0), + 7THO + 3%

2
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(b)  "Reaction with Ferrous Sulphate
Potassium dichromate oxidizes ferrous sulphate to ferric sulphate in the presence
of sulphuric acid.
K.Cr,O, + TH,S0, + 6FeSO, » 3Fe, (SO),+ Cr, (SO), + K. S0+ 7H.0O

{c) Reaction with Potassium lodide
Potassium dichromate also oxidizes Kl in the presence of H,SO..
K.Cr,0. + 6KI + THSO, — 4K.S0, + Cr, (SO, + 31 + 7H,0

(d)  Chromyl Chloride Test
When solid potassium dichromate is heated with solid metal chloride in the
presence of concentrated sulphuric acid chromyl chloride is prodiced.
K.Cr,0, + 4NaCl + 6H SO, — 2KHSO, + 4NaHSO, + 2Cr0.Cl, + 3H.0
Cheomy] chdonds

Uses
(a) K,Cr,0, finds extensive use in dyeing.
(b)  Itis used in leather industries for chrome tanning.
(c) It §s used as an oxidizing agent.

6.7 POTASSIUM PERMANGANATE (KMnO,)
This compound is the salt of permanganic acid, HMnO,. ltuanunstableaud‘md
existsonly insolution.

Preparation

It is prepared by acidifying the solution of potassium manganate, KMn0O,, by H.S0,.

3KMnO), + 2HS0, — 2KSO,+ 2KMnO, + Mn0, + 2H.0

On a large scale it is prepared from the mineral pyrolusite, MnO,. The finaly
powdered mineral is fused with KOH in the presence of air or an oxidizing agent like KNO,
or KCIO,, etc. This treatment gives us green coloured potassium manganate, K. MO, in
fused state.

2Mn0O, + 4KOH + 0O, s ZKMnO, + 2ZHO

MnO, + 2KOH + KNO, —— KMnQ, + KNO, + HO

3MnO, + 6KOH + KCIO, —» 3 KMnO, + KClI + 3H.0

'l‘hefasedl(,MnO obtained as above is extracted with w:terand the solution, after
filtration, is converted into potassium permanganate (KMnO,) by any of the following
methods.

(a) Stadeler’s Process
In this method Cl, is passed through the green solution of K, MnO, until it becomes
mmmmm«mw,umqwmmno.mmo..
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2KMn0O, + Cl » 2KCl + 2KMnO,

(b} Inthis process CO, is passed though the green solution of K. Mn0, until it becomes

3KMnO, + 2H.0 +4C0O, - 2KMnO, + MnO, + 4KHCO.

(c) Electrolytic Oxidation Process

In this process, manganate is converted to permanganate by electrolytic oxidation.
During electrolysis of an aqueous solution of KMnO,, water is decomposed to evolve
hydmgengasattheulbodemdoxygenwattbeanode.Oxygmlibenwdatheanode
oxidizes manganate ion (Mn0O))" into permanganate ion (MnO,)', while hydrogen is
liberated at the cathode.

ZEMnO, + HO +[0] — 2KMnO, + 2KOH

nxepurplesduﬁono(KMnO”obuinedasaboveisﬁkemdthm@asbestos.
concentrated and allowed to crystallize when KMnO, deposits as deep purple-red rhombic
prisms.

6.7.1 Properties

Potassium permanganate forms dark purple lustrous Y
crystals giving deep pink colour in solution. Its solubility in water at 7'\
mummﬂ.wﬁk&dbsdvesmmathighertanpemm 2 o
(25% at63°C). Structure of

Hxasdummmmeisamwaﬁuoﬁdizhgml. permanganate ion
‘Oxidation is usually carried out in an acid solution.

(a)  Reaction with H.S

It oxidises H,S to sulphur.
ZKMnO, + 3H.SO, — K50, + ZMnS0, + 3H,0 + 5{0)
SHS + 5[0) » , 5H,0 + 58

2KMnO, + SISO, + 5HS ~ K.SO, + 2MuS0, + 58 + 8HO

(b): - Reaction with FeSO,

It oxidizes FeSO), to Fe,(S0,),
2ZKMn0), + 10FeSO, + 8H.S0, » KSO, + 2MnS0O, + 5Fe (SO, + 8H,0

(c) Reaction with Oxalic Acid
[toxidizes oxalic acid to CO,and H,0
2KMnO, + 5H,C.0, + 31 LSO, — KSO, + ZMnSO, < 10C0, + SH.O
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(d)

Uses

QL

Reaction with KOH

Wbenanul:ahnesolutiono(KMnO.isbuted,O,ilmlved.
4KMnO, « 4KOH —— 4KMnO, + 2HO + 0,
It is used

(a) as an oxidizing agent.
(b) as a disinfectant and a germicide.
(c) in the manufacture of many organic compounds

KEY POINTS

Thmkioudaneuulnvemt'nllyﬁﬂeddorf-mbshdhinammteorinanyo(
their commonly occurring oxidation states,
lIBmdlﬂBmupdaneuumaledmtyﬁcalmmidoudenents.

Binding energies, melting points, paramagnetismand oxidation states of transition

Chemical decay of metals under the action of their surrounding medium is called
corrosion. It can be prevented by tin plating and galvanizing, :

EXERCISE

Fill in the blanks A

Q) mmydmmkmuomemd_elemms.
Gi)  MnO, ionhas colourand Cr,0," has colour.

(11i) Whenpoussiumchmuleisu'eatedwithmadd_ismm

(iv)  Thed block elements are located between___and___ block elements.

(v) Oxidation number of Fe in K[Fe(CN),J is while in K,[Fe(CN),]it is
() The presence of in ametal promotes corrosion.

(vii) lfcopperisincontact withaluminium ____gets corroded.

(vii)  Complexes having sp'd’ hybridization have shape.
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(ix) In naming the complexes, all the ligands are namedin___ .
(x)  Inanaqueous solution, Cr0O,” and Cr,0," existintheformof___.
Q.2  Indicate true or false.
(1) A substance which is attracted into a magnetic field is said to be
diamagnetic.
(1) Compounds of the transition elements are mostly coloured.
(i)  Fe' ionsare blue when hydrated.
(iv)  Anextreme case of paramagnetism is called diamagnetism.,
(v) Tin plating is used to protect iron sheets from corrosion.
(vi)  Ingalvanizing, zinc prevents corrosion of iron.
(vii)  Tin plated iron gets rusted more rapidly when the protective coating is
damaged than the unplated iron.
(vit) The name of anionic ligands in a complex ends in suffix '0'.
(ix)  Pigironcontains greater percentage of carbon than steel.
(x)  Complexcompounds having dsp’ hybridization have tetrahedral geometry.
Q3.  Multiple choice questions. Encircle the correct answer.

()
(1)
(1)

(iv)

(v)

(vi)

(vi1)

(vii)

(ix)

Which of the following is a non-typical transition element?

(a) Cr (b) Mn (c) Zn (d) Fe

Which of the following is a typical transition metal?

(a) Se (b)Y (c) Ra (d) Co

f-Block elements are also called

(a) non-typical transition elements.  (b) outer transition elements.

(c) normal transition elements. (d) Noneistrue

The strength of binding energy of transition elements depends upon

(a) numberofelectronpairs  (b) number of unpaired electrons

(¢) number of neutrons (d) number of protons
Group VIB of transstion elements contains

(a) Zn,Cd,Hg (b) Fe,Ru,0s (¢) Cr,Mo,W (d) Mn, Te, Re

Which is the formula of tetraammine chloro-nitro-platinum (IV) sulphate?
(a) [Pt(NH,) (NO,)ISO, (b) [PtNO,CI(NH,)) ]SO,

() [Pt CI(NO,XNH,),JSO, (d) [Pt(NH,) (NO,)C1JSO,

The percentage of carbon in different types of iron products is in the order of
(a) castiron > wroughtiron > steel  (b) wrought iron >steel > cast iron
(c) castiron > steel > wroughtiron  (d)cast iron=steel > wrought iron.
The cololur of transition metal complexes is due to

(a) d-d transition of electrons.

(b)  paramagnetic nature of transition elements.

(c) ionization.

(d  lossofs-electrons.
Coordination number of Ptin [Pt CKNO,(NH))] is

(a) 2- (b) 4 (©) 1 (d 6

www.pdfhive.com



Transition Elements 117

Q4.

Q6.
Q7.

Q8.

Q9.
Q10.

QllL.

(x) The total number of transition elements is

(@) 10 (b) 14 (c) 40 (d)158
How does the electronic configuration of valence shell affect the following
properties of the transition elements?
a) Binding energy (b) Paramagnetism
(<) Melting points (d Oxidation states
Explain the following terms giving examples.
(a)  Ligands (b)  Coordination sphere

(c) Substitutionalalloy (d)  Central metal atom
Describe the rules for naming the coordination complexes and give examples.
What is the difference between wrought iron and steel. Explain the Bessemer's
process for the manufacture of steel.
=\ Why does damaged tin plated iron get rusted quickly.
Under what conditions does aluminium corrode?
How does the process of galvanizing protect iron from rusting?
I .. chromate ions are converted into dichromate ons?
uescribe the preparation of KMnO, and K.CrO,.

Give systematic names to following complexes. :
(a) [Fe(CO)) (b) [Co(NH,),]Cl, (c) [Fe(H,0),]"
(d) Na,|CoF,] (e) K,JCulCN),) ) K,[PxCL)

(® [P(OH),(NH,),JSO, (h) [Cr(OH),(H,0),]
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7.1

Chapter

FUNDAMENTAL PRINCIPLES
OF ORGANIC CHEMISTRY

IN THIS CHAPTER YOU WILL LEARN

mespcdﬂmofaxbonchcmbuywithmfmmtoitsabﬂitwaorm
chains, rings and isomers.

The importance of organic chemistry in daily life.

About the sources of carbon and its compounds like coal, petroleum and
natural gas with reference to their availability in Pakistan.

Refining, reforming and cracking of petroleum and to enlist products in a tabular
form.

How can petroleumn serve as a source of different type of fuels.

About the classification of organic compounds based on the carbon skeleton.

About functional groups and the dependence of chemical properties on functional
groups.

About the structural isomerism in organic compounds.

That cis-trans isomerism arises due to restricted rotation around a carbon-carbon
double bond.

How the hybridization theory can help us understand the type of bonding and the
shapes of organic compounds.

INTRODUCTION

More than 200 years ago, early chemists recognized organic compounds distinct

from morganic compounds because of the differences in their origin and properties. Organic
compounds were considered as those obtained from living things, plants or animals, and
inorganic compounds were those obtained from non- living or mineral sources. The early
chemists never succeeded in synthesizing organic compounds and their failure led them to
believe that organic compounds could be manufactured only by and within living things and
these compounds could never be synthesized from inorganic materials. This theory was
referred to as vital force theory. This theory was rejected by Friedrick Wohler when he
obtained urea (NH,), CO , an organic compound in the urine of mammals, from ammonium
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Cyanate, NH,CNO, a substance of known mineral origin.
NHONOF===(NH,.C0

7.1.1 Modern Definition of Organic Chemistry.

Since the synthesis of urea from ammonium cyanate, milhons of organic compounds
bavebcénpmpuedandawyudmmaemmpmmdscoaﬁnwbonumessmw
element. Apart from carbon, most of the organic compounds also contain hydrogen. Other
ebmanswhkhmyalwbemmhchndcwygen.nim“btmnm&thmmm
mvm:io@mawwdmmmmm”caw,m.
bicarbonates, etc are studied as inorganic compounds. It also has been recognized that the
chemical rmmmmmmmumw.,wmmmm
cunpounds.mmhmfeltﬂmmnkdmnimyshwubeudeﬁmmdingmtbe
modern definition, organic chemistry is that branch of chemistry which deuls with the study
ol compounds of carbon and hydrogen (hydrocarbons) and their derivatives.

7.2 SOME FEATURES OF ORGANIC COMPOUNDS
Following are some features of organic compounds.
(1) Peculiar Nature of Carbon
Cnbmhrmahgenumbadmmmd&%muﬂﬁmsdmﬁc
wnnmm&hmmpmmmﬁnrmhamhahmnmbudmmhm
unmmammmmmamwmmchimummm
unkmgmamaammmcmwmmmmm
Mmmmlikemmnimmdmmudmhmmmm
compounds of various sizes, shapes and structures. .

(2)  Non-ionic Character of Organic Compounds

j compounds are generally covalent compounds, therefore, do not give ionic
1 8

reaction

(3)  Similarity in Behaviour
umﬂmwmmmammammmmhmmm
reducedmcatudyo(minionsolcamndsmonlyatewhomologmsaeﬁa.

(4)  Complexity of Organic Compounds
Orxanicmoleculesmusmnyhrgeandstmctmilymcanﬂa For example,

starchhasmcformuh(c.}!.o,),whcrenmaybesevenlthmmnds. Proteins are very

complex molecules having molecular masses ranging from a few thousands to a million.
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5) [somerism
Isomerism is a very common phenomenon in organic compounds. Very often more
than one compounds are represented by the same molecular formula. However, they have
different structural formulas,

(61 Kates of Organic Reactions

The reactions involving organic compounds are slow and in general the yields are
low. Th¢ slow rate of the organic reactions is due to the molecular nature of organic
compounds,

) Solubility
Most organic compounds are insoluble in water and dissolve readily in non-polar
organic solvents, such as, benzene, petroleum ether, etc.

IMPORTANCE OF ORGANIC CHEMISTRY

The importance of organic chemistry can hardly be over emphasized. Almost all the
chemical reactions that take place in living systems, including our own bodies, are organic in
nature becsuse they involve such life molecules like proteins, enzymes, carbohydrates,
lipids, vitamins and nucleic acids, all contain thousand of carbon atoms. We have become
dependent upon organic compounds that occur in nature for our food, medicines and
clathing. Over the years,the chemists have learned to synthesize plastics, synthetic rubber,
medicines, preservatives, paints, varnishes, textile fibres, fertilizers, pesticides,
duergmts.mcmeﬁa.dyc&cmmnydmuesynmetkmpwndsprwemmemm
of naturally occurring products.

74 SOURCESOFORGANICCOMPOUNDS

Pemtcum.ooalmdnmnlgasarcvastmuvoinfmmwhichmmymgam
wmpoundsareobuincd.Mmmﬂedfossﬂﬁnelsmdareformed.ovcrhngpcriodo(
time, from the decay of plants and animals.

Loal

It is believed that coal in nature was formed from the remains of the trees buried
inside the earth crust some 500 millions years ago. Due to the bacterial and chemical
reactions on wood it got converted into peat. Then, as a result of high temperature and high
pressure inside the earth crust, peat got transformed into coal.

"_ chemical reactions high
| Wood ——— gy Jompomture i pressure g coal
' Dad high pressuse

,: Anu.m.ml
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Coal is an important sohd fuel and becomes a source of organic compounds when
subjected to carbonization or destructive distillation. Whea coal is heated in the absence of
air (temperature ranging form 500-1000° C); it is conv “ted into coke, coal gas and coal tar.
Coal tar contains a large number of organic compou which separate out on fractional
distillation.

The total coal resources of Pakistan are estim by the geological survey of
Pakistan to be 184 billion tonnes. About 80% of this coal is u: “d to bake bricks in lime kilns;
besides, some quantity 15 used for domestic purposes.

Conscious efforts are being made by the government to induct coal into industry by
setting up coal based power units. The Sind Coal Authority and the directorates " Miner -
Developments of the Punjab, Baluclustan and NWFP are all keen to expand coal util *tion in
power generation for which many incentives have been made available.

Natural Gas

Natural Gas is an important means of energy especially for countries like Makistan,
which are deficient in the production of mineral oil and coal.

It is a mixture of low boiling hydrocarbons. Major portion of the natural gas is
methane. It is also formed by the decomposition of organic matter. In Pakistan the gas, being
cheaper, is used for power generation, in cement and fertilizer industries; as a fuel in general
industnes and for domestic purposes.

Petroleum
Mineral oil is called petroleum when it is in the refined form. It is thought to have

Table 7.1 Principal Fractions Obtained from Petroleam

Neurul ges <m0 | CHCH, Fucl petrochemicals
Ligrom, oc o100 CH.CH. | Soivent oow materl
aptitra g
Gasoline
B e
m ne
Guol
Lubricating cis
and creases
Talla
Asphalt, o
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beenfomedbyslowchcmialmdbiodmialdewmpodﬁoudthemhudmnic
mumfwndwmdwwdimnmmmnmwdmmhmnl&ea
liquid of blackish colour known as ‘crude il Itis refined to get different petroleum fractions.
anltomoﬂmﬁnaﬂmﬁnopaaﬁminoummoﬂnﬁmkmwuamw
Onl Refinery is located at Morgah near Rawalpindi, It has about 1.25 million tonnes oil refining
capacity. Shmmxtwodlm&;uieshavcbemesubﬁshedltwwhichlnveabomz.m
million lonmsofoilreﬁningapadtxAmtherreﬁnuylnmnasMoMreﬁm is located
at Mahmud Kot near Multan,

Themndepekuleumissemedbyhcﬁonﬂdisﬁﬂnﬁonhmanumbuo(hcdm
ecach corresponding toa particular boiling range, Table 7.1.

7.5 CRACKING OF PETROLEUM

The fractional distillation of petroleum yields only about 20% gasoline. Due to its
high demand Uliswpplyisaumnenledbyoonveningsmplussuppliuollmdesinbl
pcmkmﬁwhussuchasm“oﬂandgudlmomo&ebyamanedmma.

lmverhydmcarbm;.whichammaemhtik(bwboiﬁng).hmmpk.ahim
hydmcarbonaC.H,.splitsam'dimtothefolkmingmcﬁon.

C.H, =% CH+3CH:=CH,+ CH.-CH =CH.

Alkane 7

mammhmccmmwmmmﬂmm.

pmdudngunalkrmdeculesdbmhﬂkxnesandalkmea.mmwiﬁond the products
dependsmthemndiﬁmmduwhichthcaad:ﬁummﬁxk&uhm}ywﬁed
out in the following ways.

(1) Thermal Cracking

Bmldngdawnothmemoleaﬂabyheadngathigbtemmuremdmumis
alkdwwuispmkuhdyuseﬁﬂinmemmondmsmted
hydrocarbons such as ethene and propene.

(2)  Catalytic Cracking ' .

lummmmmawuum:eshm(wc)mbm
pmssurc(2aun).inthewemeohaﬁublemlyst.Atypicalaulystuudﬁorthiswrpou
is a rninumdsilia(SiO,)mdﬂumin(ALO).Camyﬁcawkimuudwumoﬁned
higbcrocunenmnbermd.themmsmedndisuaedfuobuhﬁngbeaerqmlity
gasoline,

(3) Steam Cracking
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obtaining lower unsaturated hydrocarbons.

Becidub\aeumguwykldo(gasolhw,awkmghndsouoducedhmeunoumsof
useful by-products, such as ethene, propenc, butene and benzene. These are used for
manufacturing drugs, plastics, detergents, synthetic fibres, fertilizers, weed killers and
important chemicals like ethanol, phenol and acetone.

7.6 REFORMING

ﬁcmoﬁaehcﬁmptmeminpeudmisgcnennywofgoodqmﬁtyWhmil
bmnsinmauwmobikmghw.mnﬂxuﬁmmbehﬁﬁﬂedbemmemrkplugﬁrt&This
pwduoesaslmpmeﬁlﬁcmmdaﬂedkmddngvhkhgreaﬂynducesthecﬁci:myo(m
e.nginc.annﬁtydahxlisimmw{ummnumbechthemqumbcr
increases, the engine is less likely to produce knocking. Straight- chain hydrocarbons have
wwocuncnumbmmdmkepaxmeh.&peﬁmemshsveshownnmimaamwzld-
uimcthyipennnehumvayanommwnanengimandhasbeenrbimﬁlygivenmoamc
number of 100.

ﬁc«&mmn:badwﬁneisimwmedbyaptmcanednfamm It
mmhesdwmnvemhnolsmﬁdltdninhydmarbominwbmwhedduhbyhnﬁnghm
:bsencedoxygmmdin(hepresenoeolamlysct‘” e

CH,
i |
CH,—(CH),—CH, ———+ CH, —C —CH, —CH —CH,
n-Octane e |
CH,
2.2 4 Trimcthyipentane

Thcoaanemmbadapoo:melmalsobcimpmvedbybhndingitwithasmu
amount of additive like tetracthyl lead (TEL). Tetracthyl lead (C,IL) , Pb, is an efficient
mﬁkmdmtbuthsmmmm:ksmmmwm.is
mmwmnkwwhkhhdbdmmhtomeﬁrmmmmeexhauupbeMQm
air pollution.

7.7 CLASSIFICATIONS OF ORGANIC COM POUNDS

There are millions of organic compounds. It is practically not possible to study each
individual compound. To facilitate their study. organic compounds are classified into various
gmupsmdsub—moups.TheymaybehmﬂydwsiﬁedinwtbeMMm

(i) Open chain or Acyclic compounds.
(i) Closedchain or Cyclic (orring) compounds.
(1) Open Chain or Acyclic Compounds

Thistypedmpmmdsmuinanopeqdlindcxbonmmdninsmybe
branched or non-branched (straight chain). The open chain compounds are also called
aliphatic compounds.
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Straight Chain (or non- branched) Compounds
Those organic compounds in which the carbon atoms are connected in series from
e tothe other.
CH,-CH.-CH,-CH H.C=CH-CH,-CH, CH,~CH,-CH,-CH.-OH

n- Htane 1- Butene 1. Butanad
Branched chain compounds
Those onganic compounds in which the carbon atoms are attached on the sides of
CH, -~ CH—CH, CH, —C==CH, CH,
| | .
CH, CH. CH,—C— CH,
2-Methsipen qune 2-Mothylpropene !
isobatane (Isobutylene) CH,

2,2 Dimethy lpropame (nco- Pentane |

(). Closed Chain Compounds or Cyclic Compounds
These compounds contain closed chains or rings of atoms and are known as cyclic or
ring compounds. These are of two
types; -
(a) Homocyclic or carbocyclic
compounds
(b) Heterocyclic compounds
The classification of organic
compounds into various classes is shown
in Fig. 7.1.

(a) Homocyclic or Carbocyclic
Compounds

The compounds in which the ring .
consists of only carbon atoms. Fig:7. 1 Classification of organic compounds.

Homocyelic or carbocyclic compounds. '
Homocyclic compounds are further classified as -
(i) Alicycliccompounds (i) Aromatic compounds
(i) Alicyclic Compounds . 40
The homocyclic compounds which contain a ring of three or more carbon atoms and
resembling uimmmmmmluuuydkmmmmm
hydrocarbons have the general formula C_H,. Typical examples of alicyclic compounds are
given below. e

: . P 'R

.
s 5 Y
L .2 ;:_\'.u‘ T PRt DR
e Ul _ by tple

.
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One or more hydrogen atoms prcacnt in these compounds may be substitu
other group or groups,

(2)  Aromatic Compounds

These carbocyclic compounds contain at least one benzene ring, six carbon atoms
with three alternate double and single bonds. These bonds are usually shown in the formof a
cirde.Wpicalenmpleaohmmg_ﬁcmpoundnmzivenbcm

Thearomalicooinpoumbmayalsoamainmorednnoncbenzcncrings
fused together.

(b) Heterocyche Coumpounds

The compounds in which the ring consists of atoms of more than one kind are called
heterocyclic compounds or heterocycles. In heterocydic compounds generally one or
more atoms of elements such as nitrogen (N), oxygen (O) or sulphur (S) are present. The
atom other than carbon viz, N, O, or S, present in the ring is called a heteroatom.

7.8 FUNCTIONALGROUP

An atom or a group of atoms or a double bond or a triple bond whose presence imparts
specxﬁcpmpemestoorpmccompomdnmauedahmctmalmp because they are the
chemically functional parts of molecules.

The study of organic chemistry is organized around functional groups. Each
functional group defines an organic family. Although over six million organic compounds are
known, there are only a handful of functional groups, and each one serves to define a family of
organic compounds. The examples of functional groups are outlined in Table 7.2.
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Table 7.2 Functional Groups
Functional group Clzss of compotnds Example
Formula Name
—¢ - Noae Alkane CH,— CH,
c= c( Double bund Alkene HC=CH,
—CuC— Triple bond Alkyne HCw=CH
-X(X=ECLBgl) Halo (fluoro,
chloro, bromo, iodo) Alkyl halide CH,-CH,-C1
—OH Hydroxyl group Alcohol or alkanol CH,-CH,-OH
—im, Amom Am CH,-CH-NH,
: ,(“,-'NH Imino group Imine CH,=NH
..(r‘ -o-cl- Ether linkage Ether . CH-CH,-0-CH,CH,
0 0
3 { Formyl group Aldehydeoralkanal | CHAC?
H NH
Ry, | CH,_
C=0 Carbonyl Ketoneor alkanone C=0
R” : CH/
—C Carboxyl group Carboxylicacid CH,-C
N OH | (or alkanoic acid) N OH
-—%-—-X Acid halide Acid halide CH,—%—-CI
—?-—-NH. - Acdamide Acidamide CH,— --NH.
4,0 20
R—C Ester group Ester. CH,C
N OR OCH,
—SH Meraapto Thicalcoholor Thiol | CH,-CH,-SH
-+« CaN Cyano Alkyl cyanide
or alkane nitnile CH,-C=N
29 ‘
-N\ ~Nitro Nitro compounds CHNO,
0
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7.9 HYBRIDIZATION OF ORBITALS AND THE SHAPES OF

MOLECULES

Although the most stable electronic configuration of a carbon atom (having two
partially filled 2p orbitals) requires it to be divalent, carbon is tetravalent in the majority of its
compounds. In order to explain this apparent anamoly, it is assumed that an electron from the
2s orbital is promoted to an emply 2p, orbital, giving the electronic configuration :

Ground state electronicconfiguration of carbon = 1s'2s"2p', 2p', 2p°

Excited state electronicconfiguration of carbon = 1s"2¢'2p' 2p', 2p’,

The excited state configuration can explain the tetravalency of carbon but these four
valencies will not be equivalent. Orbial hybridization theory has been developed to explain
the equivalent tetravalency of carbon.

According to this theory the four atomic orbitals of carbon belonging to valence shell
may be mixed in different ways to explain the bonding and shapes of molecules formed by
carbon atoms.

sp’ Hybridization

In order to explain the bonding and shapes of molecules in which carbon is attached
with four atoms, all these four atomic orbitals are mixed together to give rise to four new
equivalent hybrid atomic orbitals having same shape and energy. This mode of hybridization

is called tetrahedral or sp” hybnidization.

P ’.:_ S
Four xp’ hybridized azomic orbitals
Fig.7.2  sp’ hybridization of carbon to give methanc (CH,)

All these four sp’ hybrid orbitals are degenerate (having equal energy) and are
directed at an angle of 109.5 in space to give a tetrahedral geometry.

When a carbon atom forms single bonds with other atoms, these hybrid orbitals
overlap with the orbitals of these atoms to form four sigma bonds. This type of hybridization
explains the bonding and shapes of all those compounds in which carbon atom is saturated.

In the formation of methane, the four hybrid atomic orbitals of carbon overlap
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H

separately with four 1s atomic orbitals of hydrogen szMm-\gui ! @
to form four equivalent C-H bonds. The shape of @ W 1)
methane thus formed is very similar to the actual & )

methane molecule. All the four hydrogen atoms do 1
not lie in the same plane.

In ethane, CH,-CH,, the two tetrahedrons of each carbon are joined together as
shown in the above figure. . Further addition of a carbon atom with ethane will mean the
attachment of arother tetrahedron.

At this stage, it is necessary to answer an important question. From where does the
energy come to excite the carbon atom?

The answer to this question is simple. Before excitation the carbon should make two
covalent bonds releasing an adequate amount of energy. After excitation, however. it will
form four covalent bonds releasing almost double the amount of energy. This excess energy
1s more than that needed to excite the carbon atom. So a tetravalent carbon atom is expected
to be more stable than a divalent carbon atom.

sp’ Hybridization
In order to explain the bonding in unsaturated compounds, two more modes of
hybridization have been developed.
The structure of alkenes can be explained by sp’ mode of hybridizaton. In this type
one 2s and two 2p orbitals of carbon are mixed together to give three equivalent and coplanar
sp’hybridized orbitals, Fig. 7.3.

Fig. 7.3 sp™-hybridization of carbon.

Eachsp’bybridaﬁnlhdmaed&bmd!eoenmofaneqdhtmluim@etoiu
mmmmmmmmmymm’hybﬁdmwsislw.mmmw
2p, orbital will remain perpendicular to the triangle thus formed.

In tbefonmdonofetheneuwlecule.thmesp’mbiulsofead\mbonatotnoveﬂzp
separately with sp® orbital of another carbon and 1s orbitals of two hydrogen atoms to form
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three o bonds. This gives rise to what is called the o-frame work of ethene molecule. The
unhybnidized orbitals of each carbon atom will then overlap in a parallel fashion to form a n-
bond, Fig. 7.4

: - HY H.o H
gii'v'." k %o$ - m
, H SN2 H” @
O‘M l‘m

Fig. 7.4 Formation of ethene.

sp-Hybridization ;

The structure of alkynes can be explained by yet another mode of hybnidization
called sp hybridization. In this type one 2s and one 2p orbitals of the carbon atom mix
together to give rise to two degenerate sp hybridized atomic orbitals. These orbitals have a
Iinear shape with a bond angle 1807,

e -

WO 8 orttals

Fig. 7.5 sp-Hybridization of carbon.
The two unhybridized atomic orbitals, 2p_ and 2p,, are perpendicular to these sp
hybridized orbitals.
Ethyne molecule is formed when two sp hybridized carbon atoms join together to
from a o-bond by sp-sp overlap. The other sp orbital is utilized to form a o- bond with 1s
orbital of hydrogen atom.

- >
—
- >

Formation of = bands Space.-filing model

Fig. 7.6 Formation of ethyne
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The two unhybridized p orbitals on a carbon atom will overlap separately with the p
orbitals of the other carbon atom to give two n-bonds both perpendicular to the a-framework
of ethyne. The presence of a o and two = bonds between two carbon atoms is responsible for
shortening the bond distance.

10 ISOMERISM
The concept of isomerism is an important feature of ic compounds, Two or
we compounds havi(:a‘g the same moguhr formula mmmmw formulas and
operties are said to be isomers and the phenomenon is called isomerism . The structural
formula of a compound shows the arrangement of atoms and bonds present in it.

The simplest hydrocarbon to have structural isomers is butane (C H,). The alkanes,
methane, ethane and propane do not show the phenomenon of isomerism because cach
exists in one structural form only. If we study the structural formula of butane or other higher
hydrocarbons of the alkane family, we will observe that it is possible to arrange the atoms
present in the molecule in more than one way to satisfy all valencies. This means that it is
possible to have two or more different arrangements for the same molecular formula. For
example, butane molecule can have two different arrangements as represented by the
{ollowing structural formulas: o

CH,-CH,-CH,-CH, CH,-CH-CH,
o-Butane Isobutane

This fact has been supported by an experimental evidence that there are two
compounds with different physical properties but with the same molecular formulaof C H. .

Isomerism is not only possible but common if the compound contains more than
three carbon atoms. As the number of carbon atoms in a hydrocarbon increases, the number
of possible isomers increase very rapidly. The five carbon compound, pentane, has three
somers. When the number of carbon atoms increases to thirty, the number of isomers
amount to over four billions.

10.1 Types of Isomerism
) Structural Isomerism -

The structural isomerism is not confined to hydrocarbons only. In fact, all classes of
organic compounds and their derivatives show the phenomenon of structural isomerism.
The structuralisomerism arises due to the difference in the arrangement of atoms within the
molecule. The structural isomerism can be exhibited in five different ways. These are :

www.pdfhive.com



Fundamental Principles of Organic Chemistry 131

(i) The Chain Isomerism,
This type of isomerism arises due to the difference in the nature of the carbon chain.
For example, for pentane (C,H,)), the following arrungements are possible.
CH,
CH-CI1-CH-CH-CH, CH.CH,CH-CH,

s | CH, C CH,
CH
. CH
| )
D Necpentane

(ul L wvoalion lmﬁ‘m.
This type of isomerism arises due to the difference in the position of the same
functional group on the carbon chain. The arrangement of carbon atoms remains the same.

For example,
(a) Chloropropane can have two positional isomers given below.,

CH,-CH-CH,
CH,-CH,-CH -C! |
Cl
1-Chlaropropane 2-Chhupropans
(b) Butene (C H,) can have two positional isomers.
CH-CH-CH=CH, CH,-CH=CH-CH,
1-Butene 2-Batene

(i) Functional Group Isomerism

The compounds having the same molecular formula but different  functional
groups are said to exhibit functional group isomerism. For example, there are two
compounds having the same molecular formula C.H, O . but different arrangement of atoms.

CH,-0-CH, CH,-CH,-OH
Dunechy | ethet Lyt ak ot

(iv)  Metamerism

This type of isomerism arises due to the unequal distribution of
carbon atoms on either side of the functional group. Such compounds belong to the same
homologous series. For example, diethyl ether and methyl n-propyl ether are metamers.

CH,—CH,~0- CH,—CH, CH,~0 —CH,- CH.—CH,
Diethd cther Methyl - propyl ether

For a ketonic compound having the molecular formula CH,.0, the following two

-
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metamemampossibke.
0 0
| |
CH,— CH,—C— CH,—CH, CH--C—CH—CH —CH
Dretiny? hptoee Methyl n-props] ketone

(v) Tautomerism 3
This type of isomerism arises due to shifting of proton from one atom to other in the

same molecule. ]

CcooH L“()()'
R c —NH, «= R— C — N'H,
o l_\sl:m on
2. Cis-trans Isomerism or Geometric Isomerism

Two carbon atoms joined by a single bond are capable of free rotation about it.
However, when two carbon atoms are joined by a double bond, theycannot rotate freely. As a
result, the mhﬁwposiﬁonsofthcvariousmpsamchedmmeaewbonatansgctﬁxed
and gives rise to cis- trans isomers.

Such compounds which possess the same structural formula, but differ with respect
to the positions of the identical groups in space are called cis-trans isomers and the
phenomenon is known as the cis-truns or geometric isomerism.

“mnmarymdsnﬂidmeondiﬁonforacompwndmahﬁtmaﬁc
isomerism is that the two groups attached lothesamemrbonmustpediﬂemt.

2-Butene can exist in the form of cis and trans isomers.

H,C\ /(,H, ll\ /CH,
C=C C=C
/ \ / \
H H CH, H
Cw Trarms
Similarly 2-pentene and 1-bromo-2-chloropropene also show cis-trans isomerism.
CH,-CH, CH, H CH, Br Cl Br CH,
eud T \. M M 4
= Cm= C=C C=C
S / 25 OX
H H HCCH, H H CH, H Cl
Cis Trans Cls Trans
2. Pestene 1-¥romao-2-chlorarpopene

In the cis-form, the similar groups lie on the same side of the double bond whereas in
the trans-form, the similar groups lic on the opposite sides of the double bond.

ﬂwmmﬁondtmarbonatmjoincdbyadouﬂcbondcuﬂdhmmmlyifmen
bondbreaks.maordhuﬂymmomuchenmmkhgmmukismmﬂc
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(i)
(in)
(v)

(v)

(vi)
(vii)
(vii)
(ix)
(x)

KEY POINTS

Chemical compounds were classified as organic and inorganic compounds based
upon their ongin. Organic compounds are obtained from living things whereas
inorganic compounds are obtained from mineral sources,

It was thought ﬂlataganiccompoundscwldnotbesymhesizedinthchbonlory
from inorganic sources.
Omnkdmnhhyism-a~chysdcﬁnodmthechemisﬂydaﬂmwumnds.
Most of the commercially important compounds we use everyday are organic in
nature.

Coal, petroleum and natural gas are important sources of organic compounds.
Thepmcessofmckingisdevelopedminaaselheyieldofbwcrhy&owbons
which serve asimportant fuels commercially.
Organicmmpoundsmchssiﬁedimoacydicandcycﬁcoompmmds.

.mesmdyoforganicd»emisnyisorganizedamndhmiomlgmms.ﬁxh
functional

group defines an organic family,
Thetypcdbmdingudtheshapcsddiﬂemnuypeofomnmn@fmwdbym
canbcc:tplainedbysb‘.sp’andspm;duofhybddiut&m.
Compounds having the same molecular formula but different structural formulas are
called isomers. There are four different type of structural isomers,
Isomerism arises due to restricted rotation around a carbon- carbon double bond is
called cis-trans isomerism.

EXERCISE

Fillin the blanks. 4

Organic compounds having same molecular formula but different are called

1somers.

The state of hybridization of carbon atom in issp’,

Alkenes show due to restricted rotation around a carbon-carbon double bond.

Heaﬁnganmxaniccompoundinthcabsenceofoxygenand in the presence of
as a catalyst is called cracking. .

Ammdatamwlﬁchomlmchamdcﬁstkwm&stnanmkmnpoundis

called .

2-Buteneis of 1-butene.

Carbonyl functional group is present in both and ketones.

A heterocyclic compound contains an atom other than inits ring.

The quality of gasoline can be checkedby finding out its : y

A carboxylic acid contains as afunctional group.
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Q2.
(1)
(n)
(1)
(iv)
(v)
(vi)
(vii)
(viil)
(1x)
(x)
Q3.
(1)

(i)

(1)
(iv)
(v)

(vi)

(vi1)

(vizi)

Q4.
Q5.
Q6.
Q7.
Q8.

Q9.

Q10.

Indicate True or False

There are three possible isomers for pentane.

Alkynes do not show the phenomenon of cis-trans isomerism.

Organic compounds can not be synthesized from inorganic compounds.

All close chain compounds are aromatic in nature.,

The functional group present in amides is called an aminG group.

Government of Pakistan is trying to use coal for power generation.

Crude petroleum is subjected to fractional sublimation in order to separate it
into different fractions.

A bond between carbon and hydrogen serves as a functional group for alkanes.
o-Nitrotoluene and p-nitrotoluene are the examples of functional group isomerism.
Almost all the chemieal reactions taking place inour body are inorganic in nature.
Multiple choice questions, Encircle the correct answer.

The state of hybridization of carbon atom in methane is:

(a) sp’ (b)sp’ (c)sp (d) dsp’

In t-butyl alcohol, the tertiary carbon is bonded to:

(a) two hydrogenatoms  (b) three hydrogen atoms

(c) one hydrogenatom  (d) no hydrogen atom

Which set of hybrid orhitals has planar triangular shape.

(a)sp’ (b)sp (c) sp’ (d) dsp'

The chemist who synthesized urea from ammonium cyanate was:

(a) Berzelius  (b)Kolbe (¢) Wholer  (d) Lavoisier

Linear shape is associated with which set of hybrid orbitals?

(a)sp (h) sp’ (c)sp’ (d)dsp’

A double bond consists of:

(a) two sigma bonds (b)  onesigmaand one pi bond

(©) one sigma and two pi bonds (d) two pi bonds

Ethers show the phenonenom of :

(a) position isomerism () functional group isomerism

(©) metamensm (d) CIS-trans Isomernisin

Select from the following the one which is alcohol:

{a) CH,-CH,-OH (b) CH,-0-CH,

(c) CH,COOH (d) CH -CIL-Br

How organic compounds are classified? Give suitable example of each type.

What are homocyclic and heterocyclic compounds? Give one example of each.
Write the structural formulas of the two possible isomers of C 11,

Why is ethene an important industrial chemical?

What is meant by a functional group? Name: typical functional groups containing
oxygen.

What is an organic compound? Explain the importance of Wohler's work in the
development of organic chemistry.

Write a short note an cracking of hydrocarbons.
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Q11.  Explain reforming of petroleum with the help of suitable example.

Q12. Describe important sources of organic compounds.

Q13. Whatisorbital hybridization? Explain sp’, sp’ and sp modes of hybridization of carbon.

Q14.  Explain the type of bonds and shapes of the following molecules using hybnidization
approach.
CH,-CH,.CH,=CH, CH = CH, HCHO,CH.C!

Q15. Why there is no free rotation around a double bond and a free rotation around a
single bond ? Discuss cis-trans isomernism.
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Chapter

ALIPHATIC
HYDROCARBONS

IN THIS CHAPTER YOU WILL LEARN

How to name the aliphatic hydrocarbons according to IUPAC rules.

The synthesis ofalkanes, alkenes and alkynes and theit important reactions.

The comparison of reactivity of o bond and = bond.

About the free radical nature of reactions of alkanes and electrophilic addition of
alkenes and alkynes.

5. The comparison of reactivities of alkanes, alkenes and alkynes.

8.1 INTRODUCTION

Hydrocarbons are organic compounds which contain carbon and hydrogen only. The
number of such compounds is very large because of the property of catenation.
Hydrocarbons have been divided into various classes on the basis of structure of the chain or

PPN e

size and nature of the ning. - OCA A

If all the valencies of ' i 1 RBONSﬁ
i C,an,'?;‘,";::{""sﬁ g Open Chain or Acyclic Closed Chain or
¥ Hydrocarbons Cyclic Hydrocarbons
cannot further take up any 1
more hydrogenatoms, then the I = f_l_l
hydrocarbons are named as | *ated Vil Alcyeix Aromatic

Hydrocarbons BYGrocarbont  fiydrocarboss  Hydrocares

saturated hydrocarbons or | (Alkanes) ,__L' (Cyckalkanes) e, Renzone
alkanes. The compounds of | CH, Abmes - CHL,
carbon and hydrogen in which | Methase) HC=CH, CHaCH .7 . @
all the four valencics of carbon HC-CH, (Ehesc)  (Ethyne) ‘i“- ‘l'“-
are not fully utilized and they | (Emane) CH, CH (Betzene)
contain either a double or a NG 2
triple bond, such compounds CH,
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are called unsaturated hydrocarbons. Those unsaturated hydrocarbons which contain a
double bond are called alkenes while those containing a triple bond are called alkynes.
Classification of hydrocarbons has been shown at page 136.

8.2 NOMENCLATURE
8.2.1 Common or Trivial Names:

In the carly days, the compounds were named on the basis of their history, the
method of preparation or name of the person working on it, ¢.g., the name marsh gas was
given to methane because it was found in marshy places. Acetic acid derives its name from
vinegar (Latin, acctum means vinegar). Organic compounds were named after a person, like
barbituric acid after Barbara. Such a system may have a certain charm but is never

For alkanes with five or more carbon atoms, the root word is derived from the Greek
or Latin numerals indicating the number of carbon atoms in a molecule, and the name i3
completed by adding ‘ane’ as a suffix, e.g. pentane (C,H ), hexane (CH,), heptane (C.H,),
dcmmmammmwﬂwkwwnmmdammbmhrfamuh
The prefixes n, iso, neo are, however, to differentiate between isomers.

H;.v_tl'n—m,

CH,
Isobutane

CH,—CH,—CH,—CH,
o Butanc
CH,

l
CHi, - CH, — CH, —CH, — CH, u’,c—gx-—cu;-—m, u,c-—lc—cn.
CH, CH
- Peotane I tanc NOOPCDW‘CC
ﬁesepuﬁmshaveonlyhmﬂedme.nthcymmtworhblcwuhmplu
molecules. Moreover, common names give only minimum information about the structure of
the compounds.
l Alkenes are similarly named by replacing the ending -ane of the name of alkane with
vlene. e.g.

H.C==CH, H,C—CH==CH, HC—C ==CH,
Ethylene Progylene Isobutylenc

8.2.2 TUPAC Names

In 1889 the solution for naming the organic compounds systematically was sought by
International Chemical Congress. A report was accepted in 1892 in Geneva but it was found
incomplete. In 1930, International Union of Chemistry (TUC) gave a modified report which is
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alsorcfcmedasLiegcRules.ﬁisn:mnmmnlmmodiﬁedby International union of Pure
and Applied Chemistry (IUPAC) in the year 1947. Since that date the union has issued
periodic reports on rules for the systematic nomenclature of organic compounds, the most
recent of which was published in the year 1979, TUPAC system of nomenclature is based on
the following principle.

‘Each different compound should have a different name'.

Thus through a systematic set of rules, the IUPAC system provides different names
for more than 7 million known organic compounds.

Nomenclature of Alkyl Groups:
If we remove one hydrogen atom from an alkane, we obtain what is called an alkyl

group. These alkyl groups have names that end in—yl. When the alkane is unbranched and
the hydrogen atom that is removed is a terminal hydrogen atom, the names are straight
forward:

Alkane Alkyl Group Abbreviation
CH,—H CH, — Me-
Mcthane Methyl

CH,—CH, -H CHCH, — Et-
Ethane Ethyl

CH,—CH,—CH,—H CHCHCH, — Pr-
Propane n-Propyl

CH,—CH,—CH~CH,—H CH.CH.CH.CH— n-Bu-
n-Butane n-Butyl

8.2.3 Nomenclature of Alkanes
Branched-chain alkanes are named according to the following rules.

1. Locate the longest continuous chain of carbon atoms; this chain determines the
parent name for the alkanc. We designate the following compound as a hexane
because the longest continuons chain contains six carbon atoms.

HC—CH— CH.— CH,—CH—CH
|
CH
The longest continuous chain may not always be obvious from the way the formula is

written. Notice, for example, that the following alkane isdesignatedas  a heptane because
the longest chain contains seven carbon atoms.

H,C — CH,— CH,—= CH.—CH —CH,
CIl,
CH.
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2 Number the longest chain beginning from the end of the chain nearer the
substituent. Applying this rule, we number the two alkanes shown above in the

following way.
7 " 5 4 3
H,C —CH,— CH,— CH,—?H —CH, S .uent
2 (IZH,
1 CH,

6 5 1 3 2 1
HC—CH,— CH,— CH,—(I.ZH-—CH,

CH,
Substituent \—/

3. Usethenumbersob(ainedbytheapplicaﬁono(nﬂemodcsmtcmc weatwn of the
substituent group. The parent name is placed last, and the substituent group,
preceded by the number designating its location on the chain, is placed first.
Numbers are separated from words by a hyphen. The systematic names of the
two compoundsshownabovemlllhenbe'

J
I{.C — Cll,— Cll,— Cll.-—(llll—(:il,
2CH,
b |
3-Methylheptane 1CH,
8 5 3 3 2
H.C — CH,— CH,— CH,—CH—CH,
2-Methylhexane 1 CH,
4. When two or more substituents are present, give each substituent a number

corresponding Lo its location on the longest chain. For example, we designate
the following compound as 4-ethyl-2-methylhexane.

1 3 3 i 5 4
HC — ?H ~—CH,— CH—CH, —CH,
CH, (‘:ll,

CH,
4-Ethy!-2-methythexane
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mwmtmmmuwwummwxm
&ddimmwm&mdmumuﬁmsauu“d'md“ui”.
When two substituents are present on the same carbon atom, use that number twice.
o CH,
1 2" 13 1% 5 .
H.C~—CH,— (IZ ~ CH,—CH,—CH,
(llll,
CH,
S-Ethyld-methyTheranc
When two or more substituents are identical, indicate this by the use of the prefixes
di.tritetra , and so on. Then make certain that cach and every substituent has a
number. Commas are used to separate numbers from 8;:!1 other.
HC ~(I3H——?II ~— CH, HC ——CH—(IIH (l.'H —CH,
CH, CH, éll, CH,
2. %-UnmethyButane - 2.3, 4 Trsmethyipermane
kil n
HC—C—( - CH,
H, CH,
7, 2,3 3 Rerumothyfetane
Application of these six rules allg: us to name most of the alkanes that we shall

encounter. Two other rules, may be required occasionally.
When two chains of equal length compete for selection as the parent chain, choose
the chain with the greater number of substituents.

|

7 0 5 ' 3 2
HC —CH,—CH —— (IZH,-—('T"—-CH —CH,
i

|
CH, (IZH, CH, CH,
(IIH,
- CH,
2,3 5-Trusetbd-4-0-propy eyt sne
When branching first occurs at an equal distance from cither end of the longest chain,
choose the name that gives the lower number at the first point of difference.

GO ) ‘ 3 < |
CH,—EH -— CH, —i"—- H--CH,
°H, -H, CH,
<. 3. S-Trmmethylhoxane (0ot 2,45 trinset by lhexane)
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8.24

Nomenclature of Alkenes:
The IUPAC rules for naming alkenes are similar in many respects to those for

naming alkanes.

1'

8.25

Select the longest continuous chain that contains the C = C as the parent chain.
Change the ending of the name of the alkane of identical length from — ane o —

ene,e.g.,
HL— CH CH
i 4 al

uc—cu,—cu —_—C= cn--ca
3 ‘3&-»‘-2“&
Number the chain soastomdudebothmrbmalamollhedoublebMNumbcnng
begins from the end nearer to the double bond.

CH,
" sl ' 3
HC —CH —CH, —(.,H—o-CH—Cll
5-Methyl-2-heene

Desumtetbelocanonoﬂhedmblctxmdby using the number of the first atom of the
double bond as a prefix.

3 . 4 1 2 3 4 5
ll,C =CH — CH, —CH, HC=CH — CH,—CH,—CH,
1-Butene 1-Fentene
Indicate the Jocations of the substituents groups by the numbers of the carbon stoms
to which they are attached.
CH, CH, Cll,
2l 1t o 3 4
HL—L (,H—CH HC— C=CH—CH, —C-—CH

CH.
2-Methyl-2-dutene 2.5.5-Trimednl-2-haxeny

[f the parent chain contains more than one double bonds, they are alkadienes for two,
alkanicnesﬁnrthmcandlsoun.

2 3 4
CH=CH—CH==CH,
1, 3 Butadiens

Nomenclature of Alkynes:

The largest eontinuous carbon chain containing triple bond is selected. The
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me of the identical alkane is changed from ane to —yne. e.g.

2 1 3 g 2oi)
CH==CH HC—C==CH
Ettyne Propyne
2. The position of triple bond is shown by numbering the alkyne, so that minimum
number is assigned to the triple bond.
CH,
B 3 2 1.2 " B 3 2 1
H,C — CH,— C==CH H,C—CH—CH,~—CH,— C==CH
1-Butye 5 Methyl-1-hesyne

3. If a hydrocarbon contains more than one triple bonds, it is named as alkadiyne and
triyneetc, depending on the number of triple bonds.

B ey 3 YRR |
HC=(C—CH,—CH,— C==CH
1, 5-Hexadiyne
4. If both double and triple bonds are present in the compound then ending enyne is
given to the root.

a. Lowest possible number is assigned to a double or a triple bond irrespective
of whether ene or yne gets the lower number.

i 2 i 4 5 1 2 b ) 4 )
HC=(—CH==CH —CH, HC==CH—C==C—CH,

3 Penten -1yne 1-Pentene-3-yne
b. In case a'double and a triple bond are present at identical positions, the
double bond is given the Jower number.
CH.

% 4 ¥ 2 ]
HC==C—CH—CH =CH,
3 Matbyi-1-penten ~4-yme

8.3 ALKANES ORPARAFFINS

Alkanes are the simplest organic compounds made up of carbon and hydrogen only.
They have a general formula of CH, ... In these compounds the four valencies of carbon
atoms are satisfied by single bonds to either other carbon atoms or hydrogen atom. They are,
therefore known as Saturated Hydrocarbons, Methane (CH,) is the simplest member of
this family. Each carbon atom in alkane is sp’ hybridized and has a tetrzhedral geometry.

8.3.1 General Methods of Preparations
(1) Hydrogenation of Unsaturated Hydrocarbons
(Sabatier-Sendern's Reaction)
Hydrogenation of alkenes or alkynes in the presence of nickel at 200-300°C yields
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alkanes.
cg NI
R—CH=CH %+ H—— ' R—CH —CH
Alkene ety
CH,=CH. +H, —2_ CH,—CH
E(h':m: PO LR

The hydrogenation can also be carried out with platinum or palladium at room
temperature but they are expensive than nickel.

The method is of industrial importance. Production of vegetable ghee by the
catalytic hydrogenation of vegetable oil (unsaturated fatty acids) is an example of the
application of this method on industrial scale.

(2)  From Alkyl Halides:
An alkane is produced when an alkyl halide reacts with zinc in the presence of an
aqueous acid.
R—X+Zn+vll + X —~—s9 R —~H+2ZnX

Alky! halide \lkrne

CH,— 1+Zn H'+]- +=——3CH, + Znl
\k"ﬁvl"l?l:l Mot hire

CH,—CH.—CH-—CH
| + In By - » CH,—CH —CH.—CH, + ZnBr
Br i Batane
2o lwat

Alkanes can also be prepared from alkyl halides using palladium-charcoal as a
catalyst. The method is known as Hydrogenolysis (hydrogenation accompanied by bond

cleavage). , PC
R—X +H, —-—;——-—ok—ll +H-X

(3)  Decarboxylation of Monocarboxylic  Acids ‘

i) Whensodiumsdtsoﬂauyaddsmhutedwithsoda-&me(preparcd
soaking quick hme (CaO) with caustic soda solution and drying the
product). They eliminate a molecule of CO, to form alkanes.
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i)

0
R—C—O'Na" +NaOH -;%‘—’—«)R—— H + Na,CO,
Sod. sadt of xn acid g

0

H,C —CH,—C—ONa'+NaOH-S9_, H,C —CH, + Na,CO,
Sod. Propionste a Ethane

Kolbe's Electrolytic Method
Wheuaooncmm:cdwlutkmo(sodmnorpotamiumahohmonocarboo:yiicacid
is electrolysed, an alkane is produced. This method is only suitable for the
preparation of symmetrical alkanes i.c. those of the type R—R. Methane cannot be
prepared by this method. .
ZRCOO'Na” +2HO 3 R—R+2C0O, +2NzOH + H,
Itis known to involve the following mechanism. :
When potassium salt of acetic acid is electrolysed, acetate ion migrates towards the
anode gives up one electron to produce acetate free radical (CH,COO). which
dcmmpooeswﬁveamemylﬁecmdiml(CHdeCO,T\vosuchme(hyludicals
oombme(t;)mecﬂ'nnc A

i 0 .
HC —C—OK’ ﬁ— 2HC —C 0 + 2K°
At Anode
" JEEETES P .
ZH,C—(()‘.—O - % 32HC —C —0 + 2¢

0 - v

2HC—C-—0 ——— 2CH, + 2C0,

¥, —a—s BC—CH

At Cathode S
2HO +2¢ ——— 20H + H,

2K* + 20H ——» 2KOH
This reaction has limited synthetic applications as it forms a number of side
products.

From Carbonyl Compounds (Aldehydes or Ketones)
newbmylmupsdaldehydesork@ommmduoedtomcthyl or
methylene group respectively by either Clemmensen or Wolf-Kishner's
mductimlntheﬁxmerraaimaketoneisreducedmanamaneusingzinc
amalgam and hydrochloric acid whereas in the latter an aldehyde is reduced to alkane

www.pdfhive.com



Aliphatic Hydrocarbons 145

withhyduzinemmcpmnccofKOH
HC— & CH,+ 4H) 2", H.C —CH,—CH, + HO
Prcuane

HC—g—H+lHI ‘—‘-’—’%; HC —CH, + HO

From Grignard Reagents
Alkylhahdureactmmhy&unelhamlhmumlobrmﬂkylmmm
halides, known as Grignard Reagent. They decompose on treatment with water or
dilute acid to give alkanes. Br

?!

Lt & L
CHMgBr + H—OH——""— CH, +Mg <
OH  Br
b 5 ¥y ¥ /
HC—CH—MgB +H—OH—pG—  HC —CH, +Mg{
OH

8.3.2. Physical Properties

i Alkancs containing upto four carbon atoms are colourless, odourless gases while
pentane to heptadecane (C, to C,) are colourless, odourless liquids. The higher
members from C,, onwards are waxy solids which are also colourless and odourless.

il. Alkanes are non-polar or very weakly polar and are insoluble in polar solvents like
water, but soluble in non-polar solvents like benzene, ether, carbon tetra chlonde,
ete.

. Their physicals constants like boiling points, melting points, density, etc increase
with the increase in number of carbon .atoms, whereas solubility decreases with
increase in molecular mass. The boiling point increases by 20 to 30°C for addition of
each CH, group to the molecule.

The boiling points of alkanes having branched chain structures are lower than their
isomeric normal chain alkanes, e.g. n-butane has a higher boiling’ point+0.5°C than
isobutane ¢11.7°C).

v mmmamwmmummw@hrmbm
this increase is not so regular.

8.3.3. Reactivity of Alkanes

The alkanes or paraffins (Latin: parum = little, affins = affinity) under ordinary
condition are inert towards acids, alkahs, oxidizing and reducing agents. However, under
mmnmmmmmdm
] Substitution Reactions
i) ﬂtemuhndCanlyncRm:t
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Tbesereactionsmkephoeathightanpenlmormmionofﬁghtcnergy
through the formation of highly reactive free radicals.

Themnucﬁvityofa&anesundamlwndﬁmsmybccxphhedon&mbuisof
the non-polarity of the bords forming them. The eletronegativity values of carbon (2.5) and
hydrogen (2.1) do not differ appreciably and the bonding electrons between C-Hand C-C are
equally shared making them almost non-polar. In view of this, the ionic reagents such as
acids, alkalies, oxidizing agents, etc find no reaction site in the alkane molecules to which
they could be attached.

Inertness of a-bond

Tbeunracﬁﬁtydalkammnalsobeexphinedmﬂwbasisofmdac-
bondlnao-bondtheelectmsmmtighﬂyheldbetwwntlnnudeiwhichmakesita
very stable bond. A lot of energy is required to break it. Moreover, the clectrons present in a
mbondanndﬂmaﬂackouanyelecﬂuplﬁlemranucleophilemathckmhm. Both
these facts make alkanes less reactive.

8.3.4 Reactions
1. Combustion
Burning of an alkane in presence of oxygen is known as Combustion.
Completeeombustionofanalhncyieldsco,. H,0 and heat. The amount of heat
evohredwhenmmolcofabydroarboniaburnttoco,andH,Oiscalledhuto(
combustion, ¢.g; Flase
CH/(g) +204g) ——— CO.(g) + ZHO® + 891kJmol”

MMghlhemﬁmishiglﬂycxothemﬁqitmquimsv«yhi@lempexmurc(o
initiate it, .g. by a flame or a spark.
Combustion is the major reaction occurring in the internal combustion engines of
auwmobile&Ammpressednﬁnuredannmanddrhnnssnmeyinmeimcmal
busts o its effici

2. Oxidation
Oxi(hﬁondmethane\mderdiﬂcrenwondiﬁonsgimdiﬂmtpmdm
1) lncmnpleteo:ddaﬁonoommhalimitedwpplydoxygenora&nndmults
in the formation of CO and carbon black.
3CH{R) + 40,00 —2™, 2C0(g) + 6HLOG) + Cls)

i) Catalytic Oxidation: Lower alkanes when burnt in the presence of
metallicmtalysts,athigbtempentummdmssure.r&tduinthc
formation of useful products.

| www.pdfhive.com



Aliphatic Hydrocarbons 147
Cu :
CH, + [0 — -~ HC— OH
Y 00 200 Methy! akuhod
HC—OH + (0] d}_ﬁm.- HCHO +#,0
Ca
HCOOH + (0] s CO,+H,0
Caulyﬁcoxidnionofalhmisumdindmuianytopmmhigjmﬁny acids used
in soap and vegetable oil industries.
3. Nitration:
ltisawbudtuﬁonmuiondaﬂmeshwhichahydmgenmomdmahne
15 replaced by nitro group (-NO,). Alkanes undergo vapour-phase nitration under
drastic condition (at 400-500°C) to give ni e.g.
CH, + HONO, +H,0

S5, CHNO,
stroenethasy

N 3
Nitroalkanes gencrally find use as fuels, solvents, and in organic synthesis.

Reaction of alkanes witlffluorine's highly violent and results in a mixture of

carbon, fluorinated

Halogenation is believed to

involves the following three steps.
Stepl

Stepll

CH,+C—

and hydrof)

—-a-=2,qa

proceed through free radical mechanism. It

HC—H+Cr—=— CH, + HCl

+ Cl (Initiation)
Methy! free radacal (Propagation)
~2 3CH,—Cl+Cr
(Termination)

Steplll CH', +Cr - CH,— O}

Methsi Adunide
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By repetition of step II, a mixture of halogen substituted products are obtained.
The reaction is not synthetically so important.

H
|

H—C—Cl +Cl
H
Cl—CH, +Cl—C1
¢
Cl—CH +Cli

|

H

¢l
u_§#o Cl

"

Gl

! ’
c—cn + ¢

a

¢
a—C+C—C

Cl

8.3.5 Uses of Methane

_Muhmeiuned:

i) s a fuel and as an illuminating gas.

Cl—CH. + HU

Cl—CH~Cl + G
Dachloromethane
Cl
u—f»mx
H
¢l
u—Q—u+d

|

H
Chkorodor m
Cl
u—gauu
i
?
u—g—m+d
a

Tetrachioromethane oc
corbon tetrachhe ide

i) It&emﬁqno‘methykhhide.methylenedﬂaidc.dﬂawmmd

carbon tetrachloride.

iv)  for the preparation of carbon black used in paints, printing inks and

automobile tyres.
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v) is used to manufacture urea fertilizer.

8.4 ALKENES

Alkenes have two hydrogen atoms less than the corresponding saturated
hydrocarbons. They are also known as Olefins (derived from Latin word olefiant meaning oil
forming) because lower members form oily products on treatment with chlorine or bromine.
The simplest olefinis C_H,, ethene,

Alkene having one double bond are known as mono-enes with general formula C H_.
Alkenes containing two double bonds are called dienes.

8.4.1 General Methods of Preparation

1. Dehydrohalogenation of Alkyl Halides
Alkyl halides on heating with alcoholic potassium hydroxide undergo
dehydrohalogenation i.e. elimination of a halogen atom together with a hydrogen

atom from adjacent carbon atoms.
R-CH,—CH, . R—CH=CH, + KX + H0
X
n.$ Slu R u.g;cu + KBr + HO
H Br
HC— CH,— CH— Br + KOH -2,y e CH==CH + KBr + HO

2. Dehydration of Alcohols
Alcohols when dehydrated in the presence of a catalyst givetalkene The best
procedure is to pass vapours of alcohol over heated alumina.
R—CH.—CH, M;)-o R—CH=CH, + H.0
| 340-450°C
Alcohaol OH Alkene

PO,. (conc)HSO, and HPO, are also used for dehydration. The ease of
dehydration of various alcohols is in the order.

Ter.alcohol >Sec, alcohol > Pri.alcohol
Thus
7% IS0,
R—CH,—CH, —_— R— CH=CH, + HO
| 1 NC
OH
Primary Alookal

www.pdfhive.com



150 Chemistry XII
0% 1,50,
R—CH,—CH— CH, » R— CH=CH—CH, + HO
| 100°C
OH
Sccondary Alolud
e
2 2% HS0, _ o
R-—-},—OH —e— R— f—— CH, + HO
CH, CH,
Tertiary Alcohol
3. Dehalogenation of Vicinal Dihalides
Vidnaldihalidahnemhabgcmouuﬁacentwbonmwulogemﬁm
oocmwhendihﬁdeisuutedwichincdnsthmanhydmmsdvemﬁhemam
or acetic acid.
CH,OH
R—?H—CH, +2n—» H.C=CH—R + ZnX,
X i Alkene
H,C—CH—CH—CH, + Zn =", H.C— CH==CH—CH, + ZnBr.
l'il' lllr 2-Butene
4. Electrolysis of Salts of Dicarboxylic acid
(Kolbe's Electrolytic Method)

Whensodiumorpo(usimnsalmoubediwboxyﬁc:ddﬁkeswdnicaddm
Snbjec(edtoelecuolyaishmaqumsohﬁon.alkammhmed.

H.C—COONa’ H,C —-COO
| —_—— | + 2Na®
H,C—COONa' 1o H.C—COoO
Disodium Succinate
At Anode
0 S
HC—C—0 . HC—C—0
I ; — l
HC— (": — HC— 91 — 0
0 0

www.pdfhive.com



Aliphatic Hydrocarbons 1561

(9]

|

HC—C —0 - CH,

| e R | +2co,

HC—C—0 CH,
0

At Cathode
2ZHO + 2e S — 20H + H,
2Na” + 20H 2ZNaOH

5. Partial Hydrogenation of Alkynes:

Controlled hydrogenation of alkynes with hydrogen gas in an equimolar ratio over
hwedawmgivesa&ene&ﬂwuldmisﬁmlydividedpalhdummmtedon
BaSO, and poisoned by treatment with quinoline (Lindlar’s catalyst).

S
= I'dll\;;’(),l e
R—C==C—R + H S /(. C‘\
H H
cis-Alkene
AtnnsdkzneanbcobtainedbyuuﬁnganalkynewithNainﬁqﬁlel,atJ{#C.
R H
Natiquid NH, \ /
R— C=(C— R + 2[H] —— C=C
J¥C "/ \
trans-Alkene

8.4.2 Physical Properties

L. First three members ie. ethene, propene and butene are gases at
room temperature while C, to C,, are liquids and the higher members
are solids.
They are insoluble in water but soluble in alcohol.
They have characteristic smell and burn with luminous flame.
Unlﬂwalkanes.Uwyshmmklypoltmﬁesbeamcdsp’
hybridization.

8.4.3 Reactivity of a n-bond

In the formation of a r-bond, lhtparﬁailyﬁlledp-orbiulsmerhpinapanllcl fashion.
Mpwﬂhydﬁndngeleamnismusawwmmeﬁmmsthemm. Due to
this reason n-electrons are less firmly held between the nuclei. A n-bond is, therefore, a

| o ol o
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weak bond as compared to a a-bond. During a reaction it breaks comparatively easily
rendering alkenes as reactive group of compounds. Moreover, the loosely held n-electrons
are more exposed to attack by the electrophilic reagents. Alkenes, therefore, undergo
electrophilic reactions very easily.

8.4.4 Reactions of Alkenes
A. Addition Reactions
1. Addition of Hydrogen (Hydrogenation)

Hydrogenation is a process in which a molecule of hydrogen is added to an alkene in
the presence of a catalyst and at moderate pressure (1-5 atm.) to give a saturated compound.
The process is known as Catalytic Hydrogenation.

It is a highly exothermic process and the amount of heat evolved when one mole of an
alkene is hydrogenated is called Heat of Hydrogenation. The heat of hydrogenation of most
alkenes is about 120kJmole’ for each double bond present in a molecule. The catalysts
employed are Pt, Pd and Raney nickel.

Raney Nickel
It 1s prepared by treating a Ni— Al alloy with caustic soda.
Ni—Al + NaOH + HO ——— Ni. + NaAlO, + H,

Most alkenes are hydrogenated over Raney nickel at about 100°C and upto
3-atmospheres pressure.

CH, CH,
u,c-clu—cn=cu,+ e 7 8 cH —CH,~CH,
3-Methyl1-butene oo Poutane
@ + 3H, —r:'«»
Henzese Cychobie sane

Catalytic hydrogenation of alkenes is used in the laboratory as well as in industry. In
industry, it is used for the manufacture of vegetable ghee from vegetable oils. In the
labaratory, it is used as a synthetic method as well as an analytical tool, as the reaction is
generally quantitative.,

2. Addition of Hydrogen Halides
Alkenes react with dry gaseous hydrogen halides to form alkyl halides. The order
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of reactivity of halogen aicds is HI > HBr > HCL

R—CH==CH, + HX ——R—CH—CH,
|
X

HC=CH, + HCl —+H,C—(|:H,

Cl
Theaddition of a hydrogen halide to an alkene takes place in two steps.
Alkene accepts the proton of hydrogen halide to form a carbocation.

Yo Dy - B

C=C + H~X—— C—C—H + X
/ \ H/ |
H H H 5!
H H g 5]
Ny \
L—C—H +X —»X—-C—~C—H
H / :

H
mmdwmmml&mnmmammdby
Markownikov's Rule. The rule states that; in the addition of an unsymmetrical reagent to an
unsymmetrical alkene, the negative part of the adding reagent goes to that carbon,
constitiiting the double bond, which has least number of hydrogen atoms.
- u.c——cnr-cl:u,
O 1-Bromopropane g
HC—CH==CH, + HBr —— | o &
» HC-—CH—CH,
|
Br
2-Bromopropane
(Actual product)
* HC—CH—CH,

HC RGP

\
= . e—— 1 B!\)mo-l mu’ lpwplm'

/
He CH,
g H,C——-é —CH,
B (Actual product)
2-Bromo-2-methylpropanc
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3. Addition of Sulphuric Acid
When alkenes are treated with cold concentrated sulphuric acid, they are dissolved
because they react by addition to form alkyl hydrogen sulphate. For example,

H, /H 0

\ .s .

C=(C 3 H—(?—§—QM —— HC—CH—0—SOH
ll/ \H O Erby bydiogen sulphate

These alkylhydrogen sulphates on boiling with water decompose to give
cwwmmmwmmmmdmmma&memd
itis, therefore, called hydration reaction.

HC—CH—0—SOH + Ho ™€, HC—CH—OH + HS0,
4. Addition of Halogens

The alkenes on treatment with halogen in an inert solvent like carbon tetrachloride
atromnlempemmgivevidmldﬂuﬁdeswl.mﬁhlbgenawdundmkfenmpk.

H H H H

\ B3
C :J * X E‘.‘_) H—C—C—H

AR %4

Br, and Cl, are effective electrophilic reagents. Fluorine 15 {00 reactive to control the
reaction, lodine does not react.

Mechanism: :
a. Abmminemobmkbeconnsmhrizedasitapprmchesme‘alkene.ﬂﬁspohmed
bmmhnmolemkuamfusamsidvebmﬁneammmeﬂhenemsulﬁnghthefomﬁm

H H
\ s
& =C/ - r —Br * HC—CH, + Br
H . Mg /
Br’
Bromoasum on

b. Thenudeophilichmnideionlbenauackaonmemrbonollhebmoniumionm
fonnvic.(hbmmideandu)ecohxrofbmnineisdiscbuged. A trans product is formed,

7\ e
H_C—/CH, + Br —— H—(|:-- (I:—-H
%, Br H
Bromocaum wa 1, 2-Dibcomoethane

This test is used for the detection of a double bond.
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5. Addition of Hypohalous acid (HOX)
If the halogenation of an alkene is carried out in an aqueous solution, haloalcohol is
formed called a Halohydrin. In this reaction, molecules of the solveat become
reactants too. X, + HO—— HOX + HX

H, M H M
C=C + HOX —— H—C—C—H
/ \ L o
H H X OH
X,= Cl, or Br, Halohydria

B. OXIDATION REACTIONS
1. Addition of Oxygen

Alkenes when mixed with oxygen or air and passed over a silver oxide catalyst at
hightcmpuumandmsm.addmmdoxygenmﬁmepoxides.mmcas
the starting substances for the industrial production of glycols.

AgO HC—CH,
HO=CH, + 120, —o \/
E.lbfboom?koc Ethylene epande
AgO H.C—Cl{—/CH.

3°C 4

Progwlene oode

HC—CH==CH, + 120,

2. Hydroxylation
Whenalkznummdwimmﬂdoddiﬁngmgenuﬁkedﬂm(l%)alhﬁne
KMnO, solution (Baeyer's Reagent) at low temperature, hydroxylation of double bond
.nmmmhmwmd&mmmummmm
cdwdmw.mbnhdbchumdduﬁngwmhhaboawsttadnmmof
unsaturation in the molecules. For example,
HC—CH,
JH.C=CH, + 2KMn0O,~H,0 —<old oy rc| | +2Mn0, +2KOH
OH OH
Ethyleoc glyool
3. Combustion
Alhenesbumhlirwithluminousﬂlmeandmduoeco,udll,OW.Ethm
formsa highly explosive mixture with air or oxygen.

CH, + 30, —— 2C0,+ 2HO + heat
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4. Ozonolysis
Ozone (0,) is a highly reactive allotropic form of oxygen. It reacts vigorously with

alkenes to form unstable molozonide. It rearranges spontaneously to form an ozonide.
H H 0

I e HASXK 1
CB==CH, 5 0. —— H—0—C—H s . X
/ ' H | | ‘H
0 0 ()e()
N . P
Molozonide unstable Ozonide

Ozonides are unsublecompoundsandmudweddind!ybymunent with zinc
and H,0. The reduction produces carbonyl compounds (aldehydes or ketones).

H
Iy, /”\‘ JH |
V. \ - 1LO » 2H-=C=0 + H)U
H (I)_‘!) H Formaldehyde

HO, + 20 —— Zn0 + HO
Ozonolysis is used to locate the position of double bond in an alkene.

C. Polymerization

In this process small organic molecules (monomers) combine together to form
larger molecules known as Polymers.

Ethene at 400°C and 100 atm pressure, polymerize to polythene or polyethylene.

wrc
traces of 0, (0.19) Polyechylene

A good quality polythene is obtained, when ethene is polymerized in the presence
of aluminium triethyl AI(C,H,), and titanium tetrachloride catalysts (TiCl,).

8.4.5 Uses of Ethene:

Ethene is used:

e for the manufacture of polythene, a plastic material used for making toys,
cables, bags, boxes, etc.
for artificial ripening of the fruits.

ii.

iil. as a general anaesthetic,

iv. for preparing Mustard gas' a chemical used in World War I. The name comes
from its mustard like odour. It is not a gas, but a high boiling liquid that is
dispersed as a mist of tiny droplets. It is a powerful vesicant i.e., causes
blisters.
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/cu,—— CH—Cl
2CH==CH, + SCl —_ S .S
‘CH;—CH,~— Gl

3 2. Danchlorn erhy |
salphvicde [ \Mustand pan

V. as a starting matenal for a largé number of chemicals of industrial use such
as glycols (antifreeze), ethyl halide, ethyl alcohol, etc.

8.5 ALKYNES

Unsaturated hydrocarbons which contain a triple bond are called Alkynes. They have
the general molecular formula CH,, and contain two hydrogen atoms less than the
corresponding alkenes,

The first member of the Alkyne series has the formula C,H, and is known as Ethyne
or Acetylene.

8.5.1 General Methods of Preparation
1. Dehydrohalogenation of Vicinal Dihalides

Vicinal dihalide on treatment with a strong base eliminates two molecules of
hydrogen halides from two adjacent carbons to give an alkyne.

A
l I oane
R-—(;-—(.'-»R T R—C=(C-—R
| L Alkyne
Xih. X
1.2-Dihahde
oo o Moo -
HC—CH + KOH —_e: » li(‘Z =CH,
Bc Br Br
1.2-Dibromoethane Vinyl hroesade
LI A ; Ahuhol —
HL; ——LIH + KOH TE1S0C H(m”*u‘l

Br H
The second molecule of hydrogen halide is removed with great difficulty and

2. Dehalogenation of Tetrahalides
Tetra haloalkanes on treatment with active metals like Zn, Mg, etc. form alkynes.
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Br Br Br Br
) HCI—('?H + Zn ——— H(|:=(':H + ZnBr,
B Br
» HC==CH + ZnBr,

(i1) HCIZ=?H + Zn

Br Br
3. Electrolysis of Salts of Unsaturated Dicarboxylic Acids
Kolbe's electrolytic method involves electrolysis of aqueous solution of Na or K salts
of unsaturated dicarboxylic acids.

0 0
Jretss ¢ I
HC—C—0K e HC—C —0
I — | + 2K
HC—C—OK’ HO HC—C —0O
l , l
0 Pouls::;em 0
At Anode S 0
I
HC—C—0r . HC—C—0'
Electrolysis p
I ) I + de
HC—C—0 HC—C —0
I Il
0 0
0
o
HC—C—0 HC
I ) i+ 2co
HC—C—O HC
I Eihyoe
0
At Cathode
2H,0 + g = sy 20H"
2K+ O —— 2KOH
Industrial Preparation of Ethyne

Onindumhlsaleeﬂ:yneismpamdbytbemaioudalcinmafﬁde(CaC,)with
watchaldumcamideiswemdbyhuﬁnglhnc(CaO)mdm(C)aaveryhixh
temperature in an electric furnace.
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Ca0 + 3C Z-MQ CaC, + Co

C

I cat 2HO ——  CaOH)L+ HC==CH

C/ Ethyne
Calcium carbide

8.5.2 Physical Characteristics

1 Mmaﬂmﬂua.odwﬂmmptmtylcnewhkhhnagdklﬂwodoun

2 meﬁruthmemembmmm(ethync.pmwne.butyne)anmmmmu.
Thenext eight members (C,-C,,) are liquids and higher members are sofids.

3 mmeltmgpoinm.hoihngpointsanddusideshamemnywithlheimsc
in molecular masses.

4 ﬁeymnonwhrand&sdnm&yhﬂdvmﬁkeetbeummcmdm
tetrachloride,

8.5.3 Reactivity of Alkynes

lualkynes.dlewbmatonsambe!dtogethabyauiﬂebom.ac-bmdandtwox-
Mmmmmmmmhmh@wwdnmmm
Mmmmmmammmmmwmmmm
reactive towards electrophilic reagents,

8.5.4 Reactions

A Addition Reactions:
Alkynesundergoaddiﬁonmaionsﬁkcdkenummtwomoleunaoftbe

reagent instead of one.

1. Addition of Hydrogen:
Alkmmﬁmty&ogmmhmemdasmmhkeﬁndy
divided Ni, Pl.orPdlniﬁallyalkenesmkxmedwhidnlhentakeupmlherMewleof
hydrogen to form an alkane.
Ni

HC==CH + H, ——— HC=CH,
Ethers

Ethyne
CH=CH, + H, —— HC—CH.
Etheno Ethare

2, Addition of Halogens:
Oneortwomobcukso!habgcnsanbeaddedtoalkynesgivingdﬂnﬁdesandtem
halides respectively. Chlorine and bromine addradilywhﬂeiodincm:ntbcrslowly.
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H Cl
o, A\ /
HCEsCH +C, —— C=C,
y Ct’ H
—— 1,2=Dichlorocthane
i (&) a d
\ / cal
£=c_ +q, Ly HemCoeCrit
cl H ¢l Cl

1.J.2.2.#Tetrachloroethanc

3. Addition of Halogen Acids:
Alkynes react with hydrogen chloride and hydrogen bromide to form dihaloalkanes.
The reaction occurs in accordance with Markownikov's rule.

HC™=CH + H—Br ——t) H,C==CH
Ethyne &,
Vimg! beonsede

. Markownikov's / »
HC=CH +H—Br ——— HCc—CH
| addition < \

Br Br

L1 Do thane

4. Addition of Water:
Water adds to alkynes in the presence of mercuric sulphate dissolved in sulphuric
acid st 75°C. The reaction is important industrially. For example,

HgSO,
HC=CH + H — OH" *.:%)U:* HC=CH—O0—H

Vanyl akedal
Vinyl alcohol is an unstable enol. The enol has the hydroxy group attached to a doubly

bonded carbon atom and isomenises to acetaldehyde. S

O— H

& I

HC=CH = “HL—C—H
¢ ~a
HC—C==CH + HO —o> HC—C==CH, === HC—C—CH,
‘ I
Mcctone (Netooe )
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5. Addition of Ammonia and Hydrogen Cyanide:
NH, and HCN react with ethyne in the presence of suitable catalysts, to give nitriles.

ALO
HC®=CH + NH, ——=v HC—C==N + H,

K LIS
Methyl cyanide or Acetonitrile

. CaCUNHC! . ’
HC=CH + HCN ———— (CH,=(CH—CN
3 Acrylotiitnile

B. Oxidation Reactions
L. Ethyne on oxidation with strong alkaline KMnO, gives glyoxal.

OH O
KM:O, 2HO .
HC==CH + HO + [0] — ch—?u e HC—CH
Ethyne HO OH ll,
O Glyosal
I
C— OH
HE-—C .y |
” ” KMnO, C—O0OH
0 I
Glyoocal 0
Oncalic acvd

2, Combustion:

Alkynes when burnt in air or oxygen produce heat and evolves CO, and H,0. The
reaction is highly exothermic for acetylene and the resulting oxyacetylene flame is used for
weldingand cutting of metals.

2HC==CH + 50, — 4CO, + 2H,O0 + heat

& Polymerization

Alkynes polymerize to give linear or cyclic compounds depending upon the
temperature and catalyst used. However, these polymers are different from the polymers of
the alkenes as they are usually low molecular weight polymers.

1. Conversion of Acetylene to Divinyl Acetylene

When acetylene is passed through an acidic solution of cuprous chloride and
ammonium chloride and then allowed to stand for several hours at room temperature, viny!
acetylene and divinyl acetylene are obtained.

Cu,CL, NHO
HC=CH + HC=CH — HC=—CH— C==CH

(‘I’?MW- tn-)
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XA AT C=CH— C=(C—CH=CH,
Divinyl acetylene

1 5 Hewhenes3ane

lfHGisaddedmvinylloetyhne.dllmuwcmisobtﬁnedwhichrudilypolymeﬁu
to neoprene, used as synthetic rubber,

HC=CH—Ca=CH+}{C==CH

Cl.NHI
HC=CH—SC=CH + tonc. HCI = 5 BOe=Ch = cH
Viayl acetylene :
L8 |
= Polyinrizatson .
Chloroprene Neoprene (synthetic rubber
2. Conversion of Acetylene to Benzene
wmmammgwmazm.uwmmmm.
C—H
VA
H—C C— il
H—C ( H
L% "

D Acidic Nature of Alkyvnes
lnethyneandahottermhﬂalkymﬁkepmpyne.thehwdrogmawmisbondedto
mmmm»smpmwmmmsmmixmm

i) When l-alkyne or ethyne is treated with sodamide in liquid ammonia or passed over
molten sodium ,alkynides or acetylides are obtained.

R—C®==CH + NaNHL —— R—(==(CNs + NH

HC==CH + 2Na =+ Na'C=CNg" +~ H;
Duosodvan aceryiide

Socﬁumaoetylideisavuynlmbkmgcmforchemialmthedsmdismendany

10nic iA nature.
Aoetylidudcoppuandsilvermobuinedbypudngwetyhneinthemmonhw

soluﬁondamdlloridemdsﬂmniuucmspecﬁvely.
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He =CH =+ CuCl,+ 2NHOH —— Cu€= CCu+ 28HCI+ 2H O
Dicopperacetyhide

(Keddssd beown ppl.)
HC ==CH + 2AgN0 + 2NHOH ——  AgC== CAg+ 2NHNO.+2H 0
Dhizhver acety e
(white ppr.)

Silver and copper acetylides react with acids to regenerate alkynes,
AgC= CAg + HSO,(dil.) — HC=CH+ Ag S0,

AgC== CAg + ZHNO.(dil.)— HC=CH+ 2 AgNO.

These alkynides are used for the preparation, purification, separation, and

identification of alkynes.

8.5.5
1)
)

iii)

)
v)

Nabh

Uses of Ethyne

Ethyneisused:

in oxyacetylene torch which is in turn used for welding and cutting metals.

for the preparation of alcohols, acetic acid and acetaldehyde .

for the manufacture of polymers like PVC, polyvinyl acetate, polyvinyl ethers, orlon
and neoprene rubber.

to prepare acetylene tetrachloride a solvent for varnishes , resins, and rubber.
for ripening of fruits.

Companson of Reactivities of Alkanes, Alkenes and Alkvnes

The general decreasing reactivity order of alkanes, alkenes and alkynes is as follows:
Alkenes > Alkynes > Alkanes

It has already been explained that a x-bond in alkenes is not only weak but its

electrons are more exposed to an attack by an electrophilic reagent. Both these facts make
the alkenes a very reactive class of compounds. Alkynes although contain two x-bonds are
less reactive than alkenes towards electrophilic reagents. This is because the bond distance
between the two triple bonded carbon atoms is very short and hence the z-electrons are not
available to be attacked by electrophilic reagents. Alkynes are, however, more reactive than
alkenes towards nucleophilic reagents.
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10.

QL

Q.2

KEYPOINTS

Hydmarbonammadcupdarbmandhydmgenuﬁy&mmedhydmwbonsm
mnedalkana.'l‘beydonotoonuinﬁmiomlme.
Alkanesreadwithhalogcnsbyandkalmcchanimtogivehd«lhneaﬁc
mechanism consists of three steps, initiation, propagation and termination.
Alkenes are unsaturated hydrocarbons with at least one C=C. The double bond is
composed ofa cand a 7t bond. Carbon atoms in alkenes are sp’ hybridized.
Alkenesmvetywocﬁveoompwn&.Theyundugoelecuophﬂkrucﬁomvcry
easily.
Mﬁmdmymmuialmtwmmymemlalkeneubsphcein
accordance with the Markownikov's rule,
Aﬂtenesanbeverymilyoxidizedwithooldmno.solmion. 0, or ozone. With
ozone both the bonds between carbon atoms are cleaved.
Hydrocarbonsconmininganipleboodareknownaa&ynesoncctylenu.
Alkynesmxdagoaddhiwmionsandmonwlcadesofamgcmmaddadinit.
Ethyneandothertauﬁnahlkynaomminawaklyaddichydmgmmdtbeyma
Mthammmhalcumchlaidcandammoniaalsﬂmnimletogiveaoetyﬁdcs.
The decreasing reactivity order of alkanes, alkenes and alkynes are as follows:
Alkenes > Alkynes > Alkanes

EXERCISE

Fillin the blanks.

1) Ozone reacts with ethene to form .

i) Lindlar's catalyst is used for of alkynes.

) - Divinylacetyleneisa acetylene.

W) Vicinal dihalides have two halogens on carbon atoms,

v) Ethyne is acidic in character because of hybridization,

vi) Hdohydﬁmu‘eiormedduetoadditiono(_inethwe.

vii) Ethyleneglyooliamodnoedwhm__reaﬁswithooldalhﬁnemo.
solution.

vii)  Mustard gas isa high boiling

ix) Ethyne has like odour.

x) Ethyne is obtained by the reaction of with calcium carbide.

Indicate True or False.

1) AdditiondllXtounsymmeuiamlalkanesukesphoeaxmﬁngto
Markownikov's rule.

1) Methanereactswi(hbuunincmtamditsoolourisd'scharged.

www.pdfhive.com



Aliphatic Hydrocarbons 1656

Q.3.

Q4.

Q.5.

i) Mustard gas is a blisteringagent.
iv) Methane is also called marsh gas.
v) Ethyne is a saturated compound.
vi) Baeyer's reagent is used to locate a double bond in an alkene.
vii)  Alkanes usually undergo substitution reactions.
viii)  Benzene isapolymer of ethene.
ix) Acrylonitrile can be obtained from ethyne.
x) Ethyne is more reactive towards electrophilic reagents than ethene.
Multiple choice questions. Encircle the correct answer.
i) Preparation of vegetable ghee involves
(a) Halogenation  (b) Hydrogenation
(¢) Hydroxylation (d) Dehydrogenation
ii) Formula of chloroform s :
(a)CH,C1 () CCl, (e)CHC, (d) CHC),
1it) The presence of a double bond in a compound is the sign of
(a) Saturation (b) Unsaturation (c) Substitution (d)™one
iv) Vinylacetylene combines with HCl to form
(a) Polygeetylen® (b) Benzene
(¢)Chloroprene  (d) Divinyl acetylene
v) The addition of unsymmetrical reagent to an unsymmetrical alkene is in
accordance with the rule
(a) Hund's rule (b) Markownikov's rule
(c) Pauli's Exclusion Principle (d) Aufbau Principle
vi) Synthetic rubber is made by polymerization of
(a) Chloroform (b) Acetylene
(c) Divinylacetylene (d) Chloroprene
vii)  B-f'-dichloroethyl sulphide is commonly known as
(a) Mustardgas  (b) Laughinggas
(b) Phosgenegas (d) Bio-gas
ix) When methane reacts with C, in the presence of diffused light the products
obtained are:
(a) Chloroform only (b) Carbon tetrachloride only
(¢) Chloromethane and dichloromethane  (d) Mixture ofa,b, ¢
x) Which one of the following gases is used for artificial ripening of fruits.

(a) Ethene (b) Ethyne (c) Methane (d) Propane
Write the structural formula for each of the following compounds.
i) 2-Methylpropane. ii) Neopentane.
iti) 3-Ethylpentane. iv) 4-Ethyl-3 4-dimethylheptanc.
v) 2,2,3 4-Tetramethylpentane vi) 4-iso-Propylheptanc.
vii) 2,2-Dimethylbutane. viii) 2.2-Dimethylpropane.

Write down names of the following compounds according to IUPAC svsten.
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N

Q.8.

Q.9.

Q. 10.

Q. 1L

i)

HC—CH,— (|JH— CHCH, i) (CH).C-CH,-C(CH),

H,C— CH,
CH,

Vi
w) HC —(I:H— CH;—-C{I iv) (CH).CH - (|3H - CH(CH,),

v)

vii)

CH, CH, CH,
CH,CH,C(CH,),CH(CH,CH)CH, vi) (CH,CH,),CH
CH,C(CH,),(CH,),CH, wii) (CH,).CH

W hat are the rules for naming alkanes? Explain with suitable examples.

(@
(b)

(a)
(b)

(a)
(b)

(a)
(b)
(@)

(b)

Write down the structural formulas for all the isomeric hexanes and name
them according to [IUPAC system

The following names are incorrect. Give the correct [UPAC names.

i) 4-Methylpentane i) 3,5, 5-Tnmethylhexane

i) 2-Methyl-3-ethylbutane

Explain why alkanes are less reactive than alkenes? What is the effect of
branching on the melting point of alkanes ?

Three different alkanes yield 2-methylbutane when they are hydrogenated
in the presence of a metal catalyst. Give their structures and write equations
for the reactions involved.

Out line the methods available for the preparation of alkanes.

How will you bring about the following conversions?

1) Methane to ethane. i) Ethane to methane.

iii) Acetic acid to ethane, iv)  Methane tonitromethane.
What is meant by octane number? Why does a high octane fuel has a less
tendency to knock in an automobile engine?

Explain free radical mechanism for the reaction of chlorine with methane in
the presence of sunlight.

Write structural formulas for each of the following compounds.

) " Isopentane i) 2,3, 4, 4-Tetramethyl-2-pentene

i) 2,5-Heptadiene iv) 4, 5-Dimethyl-2-hexene

V) Vinylacetylene vi) 1, 3-Pentadiene

vi)  1-Butyne vii)  3-n-Propyl-1,4-pentadiene
ix) }ﬁnylbromidp x) But-1-en-3-yne

xi)  4Methyl-2-pentyne xi)) Tsopentane

Name the following compounds by IUPAC system.

) HC—CH==CH(CH)CH, ) (CH),C==CH,

m) CH— CH—CH— ?= CH, iv) CH.=CH—CH= CH,
CH(CH,),
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Q.12,

Q.13.

Q.14

Q.15.

Q.16.

Q.17.

(a)
(b)

(a)

(b)

(@)
(b)

(©)

v) cu,=<|:—-—cu,cu,cu, vi) CH==C—CH,

CH,
vii) CH—C==C —CH, viii) CH==CH— C==C—CH==CH,

ix) CH==C —CH=CH—C==CH x)CH,=CH-—C==CH

Describe different methods for the preparation of alkenes. How would you
establish that ethylene contains a double bond?

Give structure formulas of the alkenes expected to form by the
dehydrohalogenation of the following compounds with a strong base:

1) 1-Chloropentane ii) 2-Chloro-3-methylbutane

i) 1-Chloro-2, 2-dimethyl propane.

Write down chemical equations for the preparation of propene from the
following compounds.

i) CH,—CH,— CH,—OH ) CH,—C=CH

i) is0-Propyl chloride

Write skeleton formula showing only the arrangement of carbon atoms for.all
the possible alkenes of the molecular formula CH,

How may ethene be converted into ethyl alcohol?

Starting from ethene, outline the reactions for the preparation of following
compounds,

i) 1.2-Dibromoethane i) Ethyne ) Ethane iv) Ethylene glycol
How will you bnng ahout the following conversions:

i) 1-Butene to 1-Butyne it) 1-Propanol to CH,— CH— CH,CI

Showbymansofdmnmleqnﬂombowtheﬁoﬂomn(cydedchuuumaybc

affected.
Et?ane e Ethene ——— Etjhyne

Write down structural formulas for the products that are formed when 1-butene will

)

i)

react with the following reagents:

1) H.Pt i) Br,in CCl,

1) Cold dil. KMnO,\OH' iv) HBr

v) O, inthe presence of Ag vi) HOCI

vii)  dil. HSO,

In the following reactions, identify each lettered product.

Ethyl aclcohol m“’so PUTIR  trii -i
; KOH

Propene Br, , p Mkoholic, p _HCN , p

KOH

www.pdfhive.com



168 Chemistry X1

Q.18 Afwruu(:)ozonolym experiment, the only product obtained was acetaldehygde,
CH,CHO.

Canyou guess the structural formula of this compound.

Q.19. (a) The addition of sulphuric acid to an alkene obeys Markownikov's rule.
Predictthesmmmdthealeohobobuhedbymaddiﬁononheacidmthe
following compounds.

i) Propene i) 1-Butene iif) 2-Butene
(b)  Predict the most likely product of the addition of hydrogen chloride to
2-methyl-2-butene. Explain the formation of this product.

Q. 20. Whymoomehydmarbomalledumratedandothmmnnwd?Whattypcof

reactions are characteristics of them?

Q.21. (a Describe methods for the preparation of Ethyne.

(b)  Howdoes ethyne react with:
i) Hydrogen i) Halogenacid
iii)  Alkaline KMnO, iv) 10% H.SO, in the presence of HgSO,.
v) Ammonical cuprous chloride

(©) Menﬁonmimpommumofmethme.ethenemdeﬁxyne.

Q.22. Desmbehowywwulddisthmﬁ:hethme.ethawandethyneﬁnmooemmhetby

means of chemical reactions.

Q.23. (a) wammmmmebnmﬁummm:wﬁngﬁunemyne.

i) Acetaldehyde i) Benzene

ii1) Chloroprene v) Glyoxal

v) Oxalic acid vi)  Acrylonitrile

vii)  Ethane viii)  Methylnitrile
(b) Write anote on the acidity of ethyne,

Q24 (a Comwcthemctivitydethme.etbeneandemyne.

(b) Complred:ephysinlpmpuﬁuo(alkmes.nﬂwnesmddkym

Q. 25. Hawdoespmpynemctwilhtbetouowingrugenu.

(@)  AgNO/NHOH  ®)  CuCl/NHOH
(¢©)  H,0/HSO0HgSO,.
Q. 26. Amwmdhuamdmmmc.ﬂvwbenitisuutedwitnmuhmmm

Q.27.

the presence of Ni-catalyst, a new compound CH,, is formed.When C H, is treated
withmnmhaldlmnimteaw}ﬁtcpndpiutcishmd.%tismesmm
formula of the given compound.
(@) Identify A and B. DX <

CHCHCHOH—ICE , 4 Nafther, o
(b) _ Give the general mechanism of electrophilic addition reactions of alkenes.
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Chapter

AROMATIC
HYDROCARBONS

IN THIS CHAPTER YOU WILL LEARN

To name simple aromatic hydrocarbons, and their derivatives. D
mmummmmmmmma
benzene.

wmmm - "
mmmmmmmmdm
About the isomerism which arises when a second substituent enters the ring.
How does the presence of a group alters the reactivity of benzene ring towards

N omaw N

9.1 INTRODUCTION

The term aromatic was derived from the Greek word 'aroma’ meaning “fragrant”
and was used in Organic Chemistry for a special class of compounds. These compounds have
a low hydrogen to carbon ratio in their molecular formula and have a characteristic odour.
However, it was soon realized that many aromatic compounds are odourless whereas many
others are fragrant though they are not aromatic. Further, when aromatic compounds of
higher molecular mass were subjected to vanious methods of degradation, they often
produced benzene or derivatives of benzene. It was observed that almost all the aromatic
compounds have 2 six carbon unit in their molecules like benzene. Hence, benzene was
recognized as the simplest and the parent member of this class of compounds.

So aromatic hydrocarbons include benzene and all those compounds that are
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structurally related to benzene.
' : CH
Hooarehe NI st LU P

It appears from the definition of aromatic hydrocarbons that any study of this class of
compounds must begin with the study of benzene.,

Benzene has characteristic structural features. It has a regular planar hexagonal
structure, On the basis of the number of benzene rings aromatic hydrocarbons can be
categorized into following classes,

a Monocyclic Aromatic Hydrocarbons and their derivatives

b. Polycyclic Aromatic Hydrocarbons

a. Monocyclic Aromatic Hydrocarbons and their Derivatives
Amnaﬁchydlmrbomomuiningonebmeneﬁngintbeirmolemlumaued

Monocyclic Aromatic Hydrocarbons, ¢.g. benzene and its derivatives.

000000

wene  Phand  Ailice Seuaok Honsaldehyde Beaxene-

b Polycyclic Aromatic Hydrocarbons
Amnmichydmwbomconuiningtwoamorcbenzmeﬁngsmlhcirmlesm
aldeblycydicAmmchydmrbons.Thcynmybedividedinmtwounindm

() Those in which benzene rings are isolated. e.g. biphenyl, diphenylmethane, etc.

00 00
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(1) Those in which the benzene rings are fused together at ortho positions so that the

adjacent rings have a common carbon to carbon bonds. e.g. naphthalene, phenanthrene and
anthracene

00 o oo

9.2 NOMENCLATURE

(Monocyelic Aromatic Hydrocarbons and their Derivatives)

The nomenclature of the aromatic hydrocarbons is much more complex than that of
aliphatic hydrocarbons.

The system used for naming benzene and its denivatives generally depends on the
number of substituents on the benzene ring. Some important rules of naming are given
below.

1. Mono-substituted benzene derivatives are named by prefixing benzene with
the name of the substituent. The whole name 15 written as one word, e.g.

65“"

| Methy Ethylbenzene  Chlorobenzene wnm
2. | L0 Hsosibstnted benzene denvatives which are given the spec
1 e nve vl Dyl as ool eiC,

H
CH, OH NI C SO \.
Toluene Phenol Amlme

Benzos: wcd Benzaldehyoe

All the six positions in benzene are exactly equivalent so there is only one
monosubstituted benzene.

When a hydrogen atom is removed from benzene, we get a phenyl group symbolized
by C H.,- or Ph-. Substituted phenyl groups are called aryl groups.
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3. The second substituent in benzene would give nse to three isomeric products
designated as ortho (1,2), meta(1,3)and para(1,4), c.g.
CH, CH,
12 Dimethylbenzene 1,3 Dimetbylbenzene 14
(o-xylene) (m-xylene) (p-xylene)

4. [ftwo or more substituents are different, then the substituent that is treated as a high
prionty group, is given the number 1 position in the benzene ring. Other groups are
numbered by counting from position 1 in the manner which gives them the lowest number.

NH, COOH
2
OH
2-Aminobenzaldehyde 3-Hydroxybenzoic acid

The order of priority of the groups (left to right):
—COOH, —CN, —CHO, —COCH,, —OH, —NH,, —OR, —R.

S. If the two substituents are different and they are not present in priority order list.
they are named in alphabetical order. The last named substituent will be at position 1, e.g.,

v - m
é Cl d
3-Chilorviodobenzene 2-Bromonitrobenzene
6. If there is a substituent on the ning which gives a special name to the molecule, then
special name is used as parent name to the molecule, e.g.

. 5 5

NH,
4-Aminophenol

acid  2-lodotoluenc
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9.3 BENZENE .

Benzene was discovered by Michael Faraday in 1825 in the gas produced by the
destructive distillation of vegetable oil and twenty years later it was also found in coal-tar b
Hoffmann. .

9.3.1 Structure of Benzene
Molecular Formula
i) The empirical formula of benzene is determined by the elemental analysis.
ii) Its molecular mass determined by the vapour density method is 78.108. This is six
times the empirical formula mass (CH = 12 + 1 = 13). Therefore, the molecular
formula of benzene is C H,.

iii)  The molecular formula of benzene indicates that it is highly unsaturated compound.

9.3.2 Straight Chain Structures Ruled Out:

1) Two of the possible straight chain formulas suggested for benzene are :
HC=C-—~CH,—CH,-- C=CH (1,5-Hexadiyne).
HC=CH—C»C-—CH=CH, (1,5-Hexadiene-3-yne).

A compound having a structure as above should behave like an alkene or alkyne, both
are oxidized by alkaline KMnO, solution. On the contrary, benzene is stable to KMnO,
solution i.e. it does not decolorize KMnO, solution. Benzene gives addition reactions with
hydrogen and halogens, which indicate the presence of three double bonds.

But benzene also gives substitution reactions with conc. HNO,and cone. H,30,
which indicate that benzene has a saturated structure.

ii) Considering a straight chain structure for benzene and further assuming that each
carbon carries one H-atom, it should be eapable of forming three monosubstitution produets.
] 1 ]
I
CCCCCC C.CC.CCC C.C.C.C.C.C

But benzene yields only one monosubstituent product.
iii) The molecular formula of benzene CH, does not correspond to any of the epen chain
hydrocarbons, such as alkane CH...(CH,), alkene CH,(CH,) or alkyne CH,. (C, Hy).
It means benzene does not belong to open chain hydrocarbon and therefore
possibility of a straight chain structure is ruled out.

9.3.3 Kekule's Structure

The structure of benzene continued to be a serious problem for chemists for about 40
years. A German chemist, Kekule at last solved the problem in 1865. Kekule proposed a
cyclic regular hexagonal structure for benzene, which contains three double bonds
alternating with three single bonds.
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He supported his theory by the following arguments,
1 S . 7 I

1) Benzene gives only one monosubstituted product.

{’/\ B e ‘/K/)\
.”,) 7
il) Benzene gives only three disubstituted products.
X y A T gk
(L o R R
| N \x._‘.//J A,
¥ Lo
A an. el &

These points confirm the regular hexagonal structure for benzene in which all the
carbon atoms are occupying identical positions in the molecule. Therefore, benzene forms
only one toluene, one phenol and one nitrobenzene.
ii1) Bemeneaddsthreehydmgenmolemleointhemolaaulm

! ™ e oy
(DR b o
p12 e C?iim ST f-
) Bmaddsthmemolemleao(chlorineinthcmdamligm.
i ' ; a“\c/\ao
O - =%
Ho —
| RN
¥ O |

Mmmmmmammmmﬁm
three single bonds. A
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9.3.4 X-Ray Studies of Benzene Structure % .
The X-ray studies of benzene have confirmed the e
hexagonal structure for it. These studies have also revealed that ~ .« 557 .~
all the carbon and hydrogen atoms are in the same plane. All the g 'y
angles are o 120°. AlC-C and C -Hbond lengthsare 1397Aand % S«
1.00A, respectively. 1 T
n

Objections to Kekule's Formula

Kekule's formula with three double bonds demands a high degree of unsaturation
from benzene while usually it exhibits a saturated character. Thus benzene yields
substitution products readily and forms sddition products reluctantly. Benzene is also a
very stable compound. All these properties of benzene can be casily explained using the
modern theories about its structure.

9.3.5 Modern Concepts About the Structure of '
Benzene Atomic Orbital Treatment of Benzene

The hexagonal frame-work of benzene can be * o \c‘
conveniently explained using hybridization approach. According .
to this, each carbon in benzene is sp” hybnidized, The three sp’

hybrid orbitals on each carbon are utilized to form three o-bonds, '\t/\
two with adjacent carbon atoms and one with hydrogen. The
unhybridized 2p, orbitals remain at right angle to these sp’ ‘
orbitals. Since all the sp’ orbitals are in the same plane therefore 1ok of bea ot
all the carbon and hydrogen atoms are coplanar. All the angles are
of 120° which confirms the regular hexagonal structure of
benzene.

The unhybridized 2p, orbitals partially overlap to form a
contmuous sheath of electron coud, enveloping, above and
below, the six carbon-carbon sigma bonds of the ring. Since each
2p, orbital is overlapped by the 2p, orbitals of adjacent carbon Unbyteudined 7p, ortntas
atoms, therefore, this overlapping gives, 'diffused or 'delocalized
electron cloud.

9.3.6 The Stabul !

Asmenumedwberbetm is an extraordinary stable = tesiran
molecule. This stability is due to the extensive delocalization of electron cloud. The extent of
stability of benzene can be measured by comparing it with hypothetical compound, 1,3,5-
cyclohexatriene. This can be done by estimating their heats of hydrogenation.

Cyclohexene, a six membered ring containing one double bond, can be easily
hydrogenated to give cyclohexane. When the AH for this reaction is measured it is found to
be -119.5 kJ/mole, very much like that of any similarly substituted alkene.
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We would expect that hydrogenation of 1,3-cyclohexadiene would liberate roughly
twice as much heat and thus have AH equal to about -239 k]/mole. When this experiment is
done, the resultis AH = -231.5 k}/mole. This result is quite close to what we calculated, and
the difference can be explained by taking into account the fact that compounds containing
conjugated double bonds are usually somewhat more stable than those containing isolated

double bonds.
" £
D o= L
CalculatedAH = 2(-119.5) =-239k}/mole
Observed AH = -231.5 k}/mole

If we extend this kind of thinking, and if benzene is simply 1,3 5-cyclohexatriene, we
would predict that benzene would liberate approximately -358.5 kl/mole (3 x -119.5) when it
is hydrogenated. When the experiment is actually done the result is surprisingly different.
The reaction is exothermic but only by -208 kl/mole.

Benzene +3H, — g

~ Cyclobexane
Calculated AH = (3x -119.5) = -358.5k}/mole
Observed AH = -208 k}/mole
Difference = 150.5 k}/mole

When the results are represented by the following figure, it becomes clear that
benzene is much more stable than we calculated it to be.
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AM = 231 S Lok

S

rer

Fig. 9.1 Relative stabilities of Cyclohexene, 1,3-Cyclohexadiene, 1,3,5-Cyclohexatriene
(hypothetical) and benzene.

Indeed, benzene is more stable than the hypothetical 1,3, 5-cyclohexatriene by 150.5
kJ/mole. This difference between amount of heat actually released and that calculated on the
hasis of the Kekule's structure is now called the ‘Resonance energy’ of the compound. It
means benzene shows the phenomenon of resonance which makes it more stable than
others. Inbenzene electrons are delocalized making it a very stable molecule.

9.3.7 The Resonance Method
Resonance
“The possibility of different pairing schemes of valence electrons of atoms is called
resonance” and the different structures thus arranged are called “Resonance structures”.
The resonance is represented by a double headed arrow («») e.g. the following
different painng schemes of the fourth valence (the p-electrons) of carbon atoms are possible

o

1
<
\§; J 8\ >
x, ~""
Kekule's structures Dewsr structures

(a), (b) were proposed by Kekule and c, d. e, were proposed by Dewar. The stability of a
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molecule increases with increase in the number of its resonance structures. Thus molecule
of benzene is chemically quite stable,

In Dewar structure the carbon atoms at opposite positions 1-4, 2-5 and 3-6 are at
larger distances than those in the adjacent positions 1-2, 2-3, 3-4, 4-5, 5-6 and 6 -1. Therefore
the bondings between C-C,, C,-C, and C,-C, are not favourable energetically. Hence the
Dewar structures for benzene have minor contribution towards the actual structure of
benzene.,

Infact, the structure of benzene is a resonance hybrid of all the five structures (a), (b),
(€), (d) and (e) in which the Kekule's structure (a) and (b) have the larger contribution.
Therefore, benzene molecule can be represented by €ither of the two Kekule's structure.

The three alternate single and double bonds ~

in the Kekule's structures are called conjugate bonds :
ar resonating bonds,

Since the structure of benzene is a e
resorance hybrid, therefore all the C-C bond lengths

are equal but different from those in alkanes, alkenes
and alkynes.

In alkanes the C-C bond length is 1.54A.

In alkenes the C = C bond length is 1.34A.

In alkynes the C = C bond length is 1.20A. ’
In henzene the C-C bond length is 1.397A.

inalkanes and alkenes, The resonating single and double bonds in benzene
Can better be represented as a complete circle inside the ring.

9.4 PREPARATION OF BENZENE ~ — oamm

lknmeandothammdchydnwbommreadilyobtﬂnedinhmemnnﬁﬁes
from coal and petroleum. Benzene and some other hydrocarbons can also be obtained from
petroleum by special cracking methods. Some of the methods generally used for the
preparation of benzene are as follows.

The C ~ C bond length in benzene is intermediate between those o

1. Dehydrogenation of Cyclohexane

When cyclohexane or its derivative is dehydrogenated we get benzene or a
substituted benzene. The reaction is carried out by the use of a catalyst at elevated

temperature.
( \l Mo : 2t
! +
‘ \’ f rs i el <1 .
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2. From Acetylene:
Benmmisbrmedbywdngaeetylwcundammanmm—nxkel

catalyst at 70°C.
3HC = CH - @
wc

Benzene

Acetylene

3. From Alkanes
Bcnzencandtolueneamalsopmedbymssimthenp(mdn-bmncor
n-heptane over a mixture of catalysts Cr,0, + ALO, + Si0,at 500°C.

P
3 ?‘: Cr0, + ALO, + S0, ¢
o™ 00C + 4H,
n-Hexane Benzene
f"s
A%
CHy  Cro, + ALO, + Si0, ¥y
:j\ocl“’ 200°C 54 + AH,
n-lleptane Toluene

4, Preparation in the Laboratory
Benmanbeweparedhtpcbbmﬂwybyanymcofmebllowhgmﬂhws.
By heating sodium salt of benzoic acid with soda ime.

i

Na €O,

a0 -
G

+ NaOH

Benzene

Sodium benzoate
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il By distilling phenol with zinc dust.
s : @ s
Phenol Benzene
i, By the hydrolysis of benzenesulphonic acid with superheated steam or by boiling
with dil. HClL,
SOM . .
+ HOH e @ + HS0,
u v
Benzenesulphonic Benzene
“ .

3. Wurtz-Fittig Reaction
The Wurtz reaction for the synthesis of alkanes was extended by Fittig in 1864 to the

synthesis of alkyl aromatic hydrocarbons.
+ CHCH B ——-: - b
Exbylbeoenide
HBromobenzene Ethylbenzene

9.5 REACTIONS OF BENZENE 4
9.5.1 General Pattern of Reactivity of Benzene Towards Flectrophiles

The highly stable, delocalized electrons of benzene ring are not readily available for
the nucleophillic attack like the clectrons of alkenes. Therefore, the electrons of benzene
ring do not assist in the attack of weak electrophiles. It means that more powerful
electrophiles are required to penctrate and break the continuous sheath of electron cloud in
benzene, e.g., substitution of halogen in benzene requires iron or corresponding ferric halide
as a catalyst. Infact iron too is first converted into FeX, which further reacts with halogen
molecule to produce a powerful ¢ ile.
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2Fc + 3X, »  2FeX,
FeX, + X, —— FeX, + X

Tetra haloterrate sm (11D Halagrnoneam wmn

The halogenonium ion X* thus produced attacks as a powerful electrophile on the

clectrons of benzene ring.
,—‘\' "
+ X
Benzenopum 1on
l’“\__- x
e + FeX, —————— + FeX, +HX
Benzenonsum 100

The addition product is not favourable because in its formation the charactenstic
stability of benzene is lost. The only possible product is the substitution product in which the
stability of benzene is retained. Therefore, the general pattern of the chemical reactivity of
benzene towards electrophiles can be shown as follows.

St

¢ 4'3————
Base

9.5.2 Electrophilic Substitution Reactions
1. Halogenation

The introduction of halogen group in benzene ring is called “Halogenation” Benzene
reacts with halogen in the presence of a catalyst like FeBr,, AICI, etc. Chlorination and
bromination are normal reactions but fluorination is too vigorous to control. lodination gives

poor vield.
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Qo —= "
Bromobenzene
Siiiart :
@ ST+ il O".m
Chlorobenzene
Mechanism:
ﬂneactuallnbgcmﬁmazentisX‘(Le.Cl‘ocBr')isfamedbymcfollowing
mechanism.
X +Rl ——s X +RX,
G +RQ — O +RQO,
= e ol
O O" _.041'
RCl, + H' e s HO + ReCL
thnalkylbenummuuteduﬁthdﬂoﬁneorbraninehthepmmof
sunlight, only the alkyl groups are substituted.

.
L q Fon @ + HQ

Benzyl chioride

5=
Ee

Benzotrichioride
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2, Nitration
The introduction of NO, group in benzene ning is called “Nitration”. The nitration of
benzene takes place when it is heated with a 1:1 mixture of con. HNO, and con.H SO, at 50

55°C. Sulphuric acid reacts with nitric acid to generate nitronium ion, (NO, )
N,
) - i (O

bk + 18O, + HO

Mechanism  HONO, + HSO,

O/\’%r’)"’
@f*“%*:so_.@ww

3. Sulphonation
miuwdudiondsulplmkacidgmupinbcmmgﬁagiscaﬂed&nphpmpm

When benzene is heated with fuming H.SO, or conc. H S0, it yields benzene sulphonic acd.
| s0C i
+ IS0, —»
Benzenesulphomc acd
nso, S
—l
+ S0, P

Mechanism
When sulphuric acid alone is used, the actual electrophile i this reaction 1s SO
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HSO, + HSO, .= HO" + SO, + HSO,

I Friedel-Crafts Reactions
The alkylation and acylation of benzene arc called Friedel Crafts reactions.

a) Alkylation
Thehﬂodtxﬁondmalkylgxmpmthebcmcneringinthepremo(malkyl

halide and a catalyst AICI, is called Friedel-Crafts alkylation or Alkylation.

_ R
Mechanism:

R—Cl + AICl, —— AICI, + KR’
Carbocation

R
e : H
+ R e i
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MO e
()? + AC)Y —p + HCI + AIC,

Alky! benzene
€8

CH,
Q) e Y
Toluene

b) Acylation: i
The introduction of an acyl group R—C in the benzene ring in the presence of
an acyl halide and a catalyst AICl, is called Friedel Crafts Acylation or Acylation.

n—ll:“'—cl +AC, ——— R—l‘!' + AlCI,

l© —A o. @ZA— R

K s
e B s é__
G bl
CRer 3
o I
@ s e c“’+llcl

Acctophenone

9.5.3 Reactions in which Benzene Ring is Involved
1. Addition Reactions
(a) Reduction:

Benzene is reduced to cyclohexane on heating at high temperature with hydrogen in
the presence of Pt in an acidic solvent (acetic acid) or Niat 200°C as a catalyst.
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O =oisn )
or PUH O’
Cyclobexane
(b Halogenation
‘Benzene reacts wilh chlorine and bromine in the presence of sunlight to give -
e 1.234.5.6 Hexa
(¢} Combustion
When benzene is bumt in free supply of air, it 1s completely oxidized 1o CO, and H,0).
2CH, +150, 12CO, + G6HO
(d)  Oxidation

Catalytic Oxidation
Benzene is not oxidized by KMnO, or K.Cr,0, at room temperature. The ring is

destroyed when benzene is strongly heated with air in the presence of V.0, as a catalyst.

vo, % 2\
2 + 90, —tl ] /o + 400, + 4HO
B¢
i
o
Benzene Maleic anhydride
0
i
HC
N - SR TR S "ﬁ el
o
Maleac anhydride Maleic acid
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i) Ozonolysis
Benzene reacts with ozone and gives glyoxal through benzene triozonide.

wo L0
G0 et~ CIAL ——-3&

Side Chain Oxidation
Alkyl benzenes are readily oxidized by acidified KMnO, or KCr,O.. In these
reactions, the alkyl groups are oxidized keeping the benzene ring intact.

CH,

COoH -

+30)] ——» ' +HO
N
Benzoi acid

Whatever the length of an alkyl group may be it gives only one carboxyl group.
Moreoventhe colour of KMn0), 1s discharged. Therefore this reaction is used as a test for

alkylbenzenes.

CHO,

+60)  — + MO + €O,

Benzoic acd

9.5.1 Orientationin Electrophilic Substitution reactions

When an electrophilic substitution reaction takes place on benzene ring, we get only
one monosubstituted benzene because all the six positions in the ring are equivalent.
However, the introduction of a second group into the ring may give three isomeric
disubstitutedpmductsonbo.mctaandm

00000

OnhoMl‘an
Thenbstituted berrenes
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On chance basis 40% ortho, 40% meta and 20% para disubstituted products are
expected.

But the actual disubstitution of benzene does not follow this principle of chance, e.g.
henzene is the main product of the following halogenation reaction.

NO; NO,
)

m- Chloromtrq

+ 0

ot @

S L S

On the other hand & mixture of o- Chloronitrobenzene and p-Chioronitrobenzene
15 obtained from the nitration of chlorobenzene .

(%]
M 2me s oy
Z o

OChikoernestss hemoone
P Chlceummmn beanne

It means that the group present in the mono-substituted benzene ring has the
directive effect and thus determines the position or orientation for the new incoming groups.
Therefore, there are two types of groups:

1. ortho- and para- directing groups
2. meta- directing groups

1, ortho and puara Directing Groups

These groups release electrons to the benzene ring, thereby facilitating the
avalability of electrons to the electrophiles at ortho and para positions.

This results in the increased chemical reactivity of benzene ring towards
e lcctmpluhes The benzene ring can offer more than one positions (ortho and para) to the
new incoming groups. These groups are called ortho and para directing groups, e.g.

CH, CH, CH,
NO,
NUNG. - H SO
Q=% 0=
L OMW No‘
p-Nitrotoluene

The electron releasing effect of methyl group is significant and it makes the ring a
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good nucleophile. Due to this increased reacivity, more nitro groups can enter the ring.

CH, CH, CH,
AR e No, NO NoO,
—owc > + +H0
NO, 2,6-Dinstrotoluene
2.4-Dintrvtobucne

CH, L (v | F gy
NO,
HNO, + B30
C = ﬁ:r N
NO,
246 Trmitrtoloene (TNT)

Other examples of ortho and para directing groups are:-
~-N(CH,),, -NH,, -OH, -OCI,, -Cl, -Br, -1

2. meta-Directing Groups .

These groups withdraw the electrons of the benzene ring towards themselves,
thereby reducing their availability to the electrophiles. This results in the decreased
chemical reactivity of benzene. Moreover, due to the electron withdrawing effect of such
substituents, the ortho and para positions are rendered more electron deficient than the
meta position. Thus the incoming electrophile will prefer to attack on meta position rather
than ortho and para positions. These groups are called meta-directing groups, e.g.

The substitution of third nitro group is not possible, other examples of meta directing
groups are: .
-NR,, -C=N, -COOH, -CHO, - COR

9.6 COMPARISON OF REACTIVITIES OF ALKANES,
ALKENES AND BENZENE
We have studied that alkanes are unreactive class of compounds and their

unreactivity is due to their non-polar nature and the inertness of o-bond. However, they
undergo substitution reactions relatively easily and these reactions involve free radicals.
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Alkenes, on theotberhand.mverymcﬁvcchssdmmundsandtheirmivny
is due to the inherent weakness of the n-bond and the availability of = electrons for the
electrophilic reagents. They undergo electrophilic addition reactions easily. Being relatively
unstable, alkenes undergo polymerization reactions and they are also readily oxidized.

is unique in its behaviour. It 1s highly unsaturated compound and at the
same time it is very stable molecule. The stability of benzene, as described earlier, is due to
the extensive delocalization of x-clectrons. It resembles alkenes when it gives addition
reactions. The substitution of benzene, however, does not involve free radicals. These are
electrophilic substitution reactions and involve electrophiles. Its addition reactions require
more drastic conditions than those for alkenes. Benzene does not undergo polymerization
and it 1s also resistant to oxidation.

KEYPOINTS

L. Aromatic hydrocarbons include benzene and all those compounds that are
structurally related to benzene.

2. Aromatic hydrocarbons containing one benzene ring in their molecules are called
monocyclic aromatic hydrocarbons,

3. Aromatic hydrocarbons containing two or more benzene rings in their molecules are
called polycyclic aromatic hydrocarbons.

4. Benzene was discovered by Michael Faraday in 1825,

5. The eleamminbenzeneamlooselyheldandthcringactsasasoumcofelectmns.
Hence benzene is readily attacked by electrophiles in the presence of acatalyst.

6. Since electrophilic substitutions reaction lead to resonance stabilized benzene
derivatives so substitutions are the main reactions of benzene.

7. Resonance energy ofbenzene is 150.5 kl/mole.

8. Structure of benzene is the resonance hybrid of two Kekule's structures and three
Dewar's structures,

9. Groups like NH,, NHR, - OR, - SH, - OCOR, - X, - OH, ete. which increase the
clectron density in the nucleus and facilitate further electrophilic substitutions are
known as ortho- and para-directing groups,

10.  Groups like CN, - CHO, NH,, NR,, CCl, which hinder further substitution in the
benzene nucleus are known as meta- directing groups.
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Q.1

Q2

EXERCISE

Fill in the blanks.
i) The term aromatic was derived from Greek word meaning

i) Aromatic hydrocarbons include benzene and all those compounds which are

related to benzene.
i) is recognized as the simplest member of the class of
~Aromatic Hydrocarbons.
) Benzene has structure.
v) Thes¢ removal of hydrogen atom from aromatic hydrocarbons gives a radical
_Thg radicals are called

vi) Benzene was discovered by Michael Faraday in :

vii)  The unhybridized 2p, orhitals in benzene partially overlap to form a
of electron cloud.

vii)  The introduction of halogen group in benzene ring s called

ix) The molecular formuls of CH, indicates that it is highly

compound.
x) On oxidation in the presence of V,0, benzene gives
Indicate True or False,

i) Benzene is more reactive than alkene and less reactive than alkane.
i) Benzene hasa pentagonal structure.
i)  TheC-Cbond length in benzene molecule is 1.397A.
iv)  Thestate of hybridization of carbon in benzene molecule is sp’.
v) There are six sigma bonds in benzene molecule.
vi) Halogenonium ion produced in clectrophilic substitution reactions is a
powerful electrophile.
vii)  Inelectrophilic substitution reactions, addition products are favoursble.
vii)  Sulphonation is carried out when benzene is heated with conc. HNO,.
1x) In ozonolysis benzene directly gives glyoxal,
x) Benzene has five resonace contributing structures.
Multiple choice questions. Encircle the correct answer.
1) The benzene molecule contains
(@ Three double bonds (b))  “Two double bonds
(c) One double bond (d)  Delocalized =-electron charge
i) Aromatic hydrocarbons arc the derivatives of
(@) normal series of paraffins (b)  alkene

(c) benzene (d) cyclohexane

m) Which of the following acid can be used as a catalyst in Friedel-Crafts
reactions?
(a) AICI, (b) HNO, (¢) BeCl, (d)NaCl
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iv) Benzene cannot undergo
(@) substitution reactions (b) addition reactions
() oxidation reactions (d) elimination reactions
v) Amongst the following, the compound that can be most readily sulphonated is
(a) toluene  (b) benzene  (¢) nitrobenzene (d) chlorobenzene
vi) During nitration of benzene, the active nitrating agent is
(a) NO, (b) NO,” (c) NO, (d) HHNO,
vii)  Which compound is the most reactive one:
(a) benzene  (b) cthene  (c) ethane (d) ethyne
viii)  The electrophile in aromatic sulphonation is:
(a) HSO, (b) HSO, (¢) SO, (d) SO,
ix) Aromatic compounds burn with sooty flame because:
(@) They have high percentage of hydrogen.
(b) They have aring structure.
(©) They have high percentage of carbon.
(d)  Theyresist reaction with air.
x) The conversion of n-hexane into benzene by heating in the presence of Pt is
called:
(@) Isomenization (b) Aromaltization
(c) Dealkylation (d) Rearrangement
Q.4.  What are aromatic hydrocarbons? How are they classified?
Q.5. What happens when:
(a) Benzene is heated with conc. H SO, at 250°C.
(b) Chlorine is passed through benzene in sunlight.
(©) A mixture of benzene vapours and air are passed over heated vanadium
pentoxide.
(d) Benzene s burnt in free supply of air.
Q.6. Whatis meant by the terms:
1) Aromatic i) Oxidation 1ii) Sulphonation
v) Nitration v) Halogenation
Q7. (a Draw structural formulas for the following compounds.

(b)

1) m-Chlorobenzoic acid *  vi) 2,4,6 Trinitrotoluene

) p-Hydroxybenzoicacid  vii) m-Nitrophenol

i) o-Bromonitrobenzene - viii) p-Dibenzylbenzene

iv) o-Ethyltoluene ix) 2-Amino-5-bromo .3

v) p-Nitroaniline nitrobenzenesulphonic acid
Give names and the possible isomeric structuresof the following.
i) Xylenes 1) Trimethylbenzene iii) Bromonitrotoluene
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Q.8.  WriteIUPAC names of the following molecules.

CHO CILCH, OH
CH, 115 Br Br 1
(@) () ©
Br CH, Cl

Q.9.  Give the general mechanism of the electrophilic aromatic substitution reactions.
Q.10. (a) Describe the structure of benzene on the basis of following.
1) Atomic orbital treatment i) Resonance method
(b) Prove that benzene has a cydic structure,
Q.11 Predict the major products of bromination ofthe following compounds.
(@)  Toluepe (b)  Nitrobenzene (c) Bromobenzene
(d)  Benzcicacid (e) Benzaldehyde (f) Phenol
Q.12. How will you prepare the following compounds from benzene in two steps.
(@) m-chloronitrobenzene
(h) p-chloronitrobenzene
Q.13. Complete the following reactions. Also mention the conditions needed to carry out
these reactions.

@ HS0,
+ S0, .

Q.14. Detail out three reactions in which benzene behaves as if it is a saturated
hydrocarbon and three reactions in which it behaves as if it is unsaturated.

Q.15. What are Frediel-Crafts reactions. Give mechanism with example of the following
reactions.
1) Friedel-Crafts alkylation reactions
i) Friedel-Crafts acylation reactions.
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Chapter

ALKYL HALIDES

IN THI CHAPTER YOU WILL LEARN

L How to name an alky! halide and to classify it into primary, secondary and tertiary
- alkyl halides.

2. Simple ways of generating alkyl halides.

3. The reason why C-X bond in chemistry is one of the most reactive type.

4. ﬂleacnadmhmsucdeudsdmdeoﬂuhcsubsnmmddxmmm
reactions.

5. The preparation of Grignard's reagent, the reactivity of C-Mg bond and its
mdoeucapplmmsmauamcdlmwy.

10.1 INTRODUCTION
Halogen derivatives of alkanes are called haloalkanes. They may be mono, di, tri or

poly haloalkanes depending upon the number of halogen atoms present in the molecule.
l [

H—(]'—x R—C—X H—C—X
|
H H X
Mooochaloalkane hhalradkane Inhaloalkane

Among these, morohaloalkanes are also called Alkyl Halides. Their general formula
is R—X, where R may be methyl, ethyl, propyl, etc. and X represents halogen atoms (F, Cl,
Br, I). Mono haloalkanes or alkyl halides are further classified into primary, secondary and
tertiary alkyl halides depending upon the type of carbon atom bearing the halogen atom.

In a primary alky! halide halogen atom is attached with a carbon which is further
attached to one or no carbon atom e.g.,
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CH— (1 Cll,— CH.—(Cl CH,— CH,— CH,— (I
Chioromethane Chloroethane 1-Choropropanc
Secondary alkyl halides are those in which halogen atom is attached with a carbon
atom which is(urﬂnramchedtonmoummrbonamadirecﬂ); e.8., secondary carbon
atom.
CH, ,C'
CH—C(CI CH,—CH —CH., CH,

CH,

2-Chlcropropane 2 alorobutane
¢ In tertiaryalkyl halides halogen atom is attached to a carbon which is further attached to
three carbon atoms directly. .
CH,

HC—C—Cl

CH,

2 Hhewn- 2 mustn fpwopane

10.2 NOMENCLATURE OF ALKYL HALIDES
COMMON NAMES

Alkylhaﬁdea(nmwhlodlmm)mmnndmrdimtmlwmlmomnalkylgmup
towhich halogen atom is attached. For example,

CH, -Cl CH,—CH,—Br CH,—~CH—CH,—Br
Methyl chionde Ethyl brosmde n-Progy! bromide
CH
CH—CH, -1 CH,—CH,—CH. —CH.—ClI
n-Huatyichlockde
CH,”
Bobuty | chinnde
TUPAC Nomenclature

msystemﬁcmmesgiventoalkylhalidesfdlowuwwudedyingnuu.

1. Select the longest continuous carbon chain and consider the compound to
have been derived from this structure.

2. Nmnberthcarbonahminlhechah&ﬂmﬂhembonatwnbmmgthehncﬂonal

group (F,Cl, Br, ) gets the lowest possible number, e.g.,
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H H H
e ls 2 |x

H—~C—C—C—C~—
i i e I
B M X H
2-Halobutane

3. If the same alkyl substituent occurs more than once on the chain, the prefix di, tri and
s0 on are used before the name of the alkyl group.

4. The positions of the substituents are indicated by the appropriate numbers
separated by commas. If the same substituent occurs twice or more on the same
carbon atom the number is repeated.

Examples which follow the above mentioned rules:

5 B Sh— chi—
CH,/ |

Br
2-Bromo-3-methylbutanc
Cl

2 1 4 3 Zl 1

3 2 1
CH,— CH,— CH.— (I

1-Chloropropane

4 3
CH,— CH,— TH—-CH. CH,—CH,— C-- CH,

Cl 1
2-Chlorobutanc 2.2-Dichiorobutane
CH, Cl CH,
¢ 5 Mpgasil I
HC— CH,— CH—CH,— CH— CH, CH,— CH—CH,(
2-Chloro-4-methylhexane 1.-Choro-2-methylproganc
CH, CH
l AN
CH,— C—Cl /QH— CH,— Clii— CH,
CH, Cl
2-Chioro-2-methylpropane 2-Chlaro-4-methyipentane
cn,\ Br
CH— CH— CH—CH,
CH, / (|:H
2-Bromo-3.4-dimethylpentane
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10.3 METHODS OF PREPARATION OF ALKYL HALIDES

Alkylhalidesmnbcpmpu'edbytbehalogcmlionohlhnesandbylheaddiuonof
halogen acids to alkencs. These methods have already been discussed in the previous
chapters. The best method for the preparation of alky! halides is from alcohols.

1. From Alcohols

(@) Reaction ofalcohols with halogen acids.
Mcoholsnhyhccuwmedtomecomspondngalkylhalidmbythcacﬁonuf
lulogenaddindnepmcnoedlncywhichmaamalm

CHCH,— OH + HX —2CL

+ CHCH—X + HO
Exhyl halsde
(b) Akohdsaborcactudlhdlionylchhﬁdehmﬁdineasasolventwgivealkyl
chlorides. This method is especially useful since the by-products (HCI, SO,) are

gases, which escape leaving behind the pure product.

ROH + SoC)|, X0dme . o €1+ SO, + HCI

(©) Phosphorus trihalides or phosphorus pentahalides react with alcohols to replace

-OH group by a halo group.
3CH,~—CH,—OH + PBr, ——— 3CH,— CH.—Br + HPO,

CH,—CH,—OH + PCl, ——— CH,— CH,—Cl+ POCl, + HCl

2. Anexcellemmolhodkrthemraﬁwds&nplcnlkyliodideislheﬂuﬂnmm‘
alkyl chloride or alkyl bromide with sodium iodide. This method is particularly useful
because alkyl iodides cannot be prepared by the direct iodination of alkanes.

RC! + Nal - Rl + NaCi
RBr + Nal — — Rl + NaBr

10.4 REACTIVITYOF ALKYL HALIDES

An alkyl halide molecule (R— X) consists of two parts, an alkyl group with a partial
pmitivcdmgeonthcarhmawmmchedtolnlogenaommdthcbaﬁdeam with a
partial negative charge.

There are two main factors which govern the reactivity of R — X bond.

Theseare:
i) C— X Bond energy
i) C— X Bond polarity
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Bond Energy

The following table shows the bond energies of C— X bonds in alkyl halides.

The strength of the bonds show that iodo compound (with the weakest bonds) would
be the most reactive one while fluoro compound will be the least reactive i.¢., the order of
reactivity of alkyl halides should be

R—~I1>R—Br>R—CI>R—F

Bond Polarity Bond | tond Energy
Electronegativities of halogen, carbon and {——ro—(l0le)
hydrogen atoms present in alkyl halides are shown in the C_H 413
table. L0
The greatest electronegativity difference exists c—«a 346
between carbon and fluorine atoms in alkyl fluorides. If an C—Br 290
clectrophile is the attacking reagent then this difference | C—1 228
suggests that alkyl fluorides would be the most reactive —
one. On the same lines, alkyl iodides should be the. least Elcctronegativity

Atom
reactive alkyl halides. F 4.0

In the light of the above discussion it is clear that Cl 3.0
the two factors mentioned above predict different types Br 28
of behaviour about the reactivity of alkyl halides. 1 25
Experiments have shown that the strength of carbon H 2.1
halogen bond is the main factor which decides the C 25
reactivity of alkyl halides.

So the overall order of reactivity of alkvl halides for a particular alkyl group is:

lodide >RBromide > Chloride > Fluoride

In fact the C~F bond is so strong that alkyl fluorides do not react under ordinary

conditions.

10.5 REACTIONS OF ALKYL HALIDES
The reactions of alkyl halides fall into two categories.
1. Those reactions in which the halogen is replaced by some other atom or a
groun (nucleophilic substitution, or S, reactions).
2. Those which involve the removal of HX from the halide (climination, or E

reactions).

10.5.1 Nucleophilic Substitution Reactions

Before discussing specifically the nucleophilic substitution reactians (S,) of alkyl
halides, let us look at the nucleophilic reaction in general. The overall process describing an
S, reaction is shown as follows:
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I

. L
Nu + \.(IZ/I} _ Nu—C— + L

In this equation the incoming group Nu is a nucleophile, Nucleophile means
nucleus loving. It has an unshared electron pair available for bonding and in most cases it is
basic in character. It may be negatively charged or neutral,

Examples of Nucleophiles
Hydroxide ion Cl Chloride ion
Hydrogen sulphide ion NH, Ammonia
Thiocyanate ion CN Cyanide 1on
Water r lodide ion
Amino group

Electrophile

It is a specie which attracts electrons (electron loving). The carbon atom of an alky)
group attached with the halogen atom and bearing a partial positive charge is called an
electrophile or electrophilic center. An electrophile may be neutral or positively charged.

Leaving Group 4

L 1s also a nucleopile. It is called leaving group because it departs with an unshared
pair of clectrons. If we wish a S, reaction to proceed in the forward direction the incoming
nucleophile must be strunger than the departing one. Cl, Br, |, HSO, are good leaving
groups. Poor leaving groups are OH , OR and NH . lodide ion is a good nucleophile as well as
a good leaving group.

Substrate Molecule i
The alkyl halide molecule on which a nucleophile attacks is called a substrate
molecule.

10.5.2 Mechanism of Nucelophilic Substuitution Reactions
Alkyl halides may undergo nucleophilic substitution reactions in two different ways:
1. Nucleophilic Substitution Bimolecular (S.2)
2. Nucleophilic Substitution Unimolecular (S.1)

Nucleophilic substitution reactions on alkyl halides involve two main processes, the
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brv:akageofC—x!xmdmdthcfonnalbnofC—Nulxmd.Tbemcchanismoﬂhe
nucleophilic substitution reactions depends upon the timing of these two processes. If the
tWo processes occur simultancously the mechanism is called S.2. If the bond breaks first
followed by the formation of a new bond, the mechanism iscalledS, 1.

Nucleophilic Substitution Bimolecular (S,2)

This is a single step mechanism. As soon as the nucleophile starts attacking the
electrophilic carbon of the substrate, the bond with which the leaving group is attached,
starts breaking. In other words the extent of bond formation is equal to the extent of bond
breakage.

Anoﬂmimpmunfammomnismechanismisthedirecﬁmdthealmkoﬂhc
attacking nucleophile. ltatucksfmmlheuidewhichisoppwitetomeluvingm.

In order to give to the nucleophile enough room Lo attack, the substrate carbon atom
changes its state of hybridization from tetrahedral sp' to planar sp”. The attack of the
nudephile, the change in the state of hybridization and the departure of the leaving group,
every thing occurs at the same time.,

H H H
TR e N bt Lo
H/ Jl \H

Transition state Inverted malecuble  Leaving group

During the reaction the configuration of the alkyl halide molecule gets inverted. This
15 called inversion of i

Molecularity of a reaction 15 defined as the number of molecules taking part i the
rate determining step. Since in this mechanism, the reaction takes place in only one step
which is also a rate determining step and two molecules are participating in this step, so it is
called a bimolecular reaction.

Kinetic studies of the reactions involving S,2 mechanism have shown that the rates
of such reactions depend upon the concentrations of alkyl halide as well as the attacking
nucleophile. Mathematically, the rate can be expressed as:

Rate = k[Alkyl halide]' [Nucleophile]'

Since the exponents of the concentration terms in the above expression are unity, so
the order of atypical S,.2 reactionwillbel +1 =2,

Among the alkyl halides, the primary alkyl halides always follow S,.2 mechanism
whenever they are attacked by nucleophiles.

Nucleaphilic Substitution Unimolecular ( S.1)
This type of mechanism involves two steps. The first step is the reversible
iwnization of the alkyl halide in the presence of an aqueous acctone or an aqueous ethyl
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alcohol. This step provides a carbocation as an intermediate. In the second step this
carbocation isattacked by the nuclecphile to give the product.

First Step:
CH, HnCe CH,
Polar solvent
CH,—C—Cl = (N R & o
| o |
CH, CH,
Carbocation
Second Step:
HC  CH, ?l,
(i' AL Rt 2 cu,—<|:— OH
CH, CH,
Product

Since the first step mvolves the breakage of a covalent bond $o it is a slow step as
compared to the second step which involves the encigetically favourable combination of
ions. The first step is, therefore, called the rate-determining step. The mechanism is called
unimolecular because only one molecule takes part in the rate determining step.

In S.1 mechanism, the nucleophile attacks when the leaving group had already gone,
so the question of the direction of the attack does not arise. Moreover, the intermediate
carbocation is a planar specic allowing the nucleophile to attack on it from both the directons
with equal ease. We , therefore, observe 504 inversion of configuration and 50% retention of
configuration.

Be - L CH. ;
I e H.C CH,
OH “c':"' OH — H,C—C—OH + HO —C —CH,
CH, HC CH,

m'd ‘n\m d

configuration configuration

Reactions involving S, 1 mechanism show first order kinetics and the rates of such
reactions depend only upon the concentration of the alkyl halide. The rate equation of such
reactions can be written as follows.

Rate = k [Alkyl halide]
Tertiary alkyl halides when attacked by a nucleophile always follow 5,1 mechansi,
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Secondary alkyl halides, on the other hand, follow both S, 1 and S.2 mechanisms.

10.5.3 j-Elimination Reactions

: During nucleophilic substitution reactions, the attacking nucleophile attacks the
clectrophilic carbon atom of the alkyl halide. There is another site present in the alky! halide
molecule where the nucleophile can attack at the same time. Such a site is an electrophilic
hydrogen atom attached to the B-carbon of the alkyl halide, When the attack takes place on
hydrogen, we get an alkene instead of a substitution product. Such a type of reactions are
called elimination reactions,

These reactions take place simultaneously with substitution reactions and often
compete with them. H H
ol e alcoholic
H—T‘- -?—Br . S H—IC =?—H + HBr
H H H

H
Bromoethane Ethene

Like nucleophilic substitutions, the elimination reactions can also follow E2 or E1
mechanism.

In E2 mechanism, the nucleophile attacks and the leaving group leaves at the same
time with a formation of carbon carbon double bond.

The single step E2 elimination
Vi s H H
B vl - :
H—C"'— C'"— B ———— C=C + Br + RH
| | N l
H 'R 1

Lﬂtesgmctions,thcmolemlmityotﬁzreacﬁonsisalsotwomdﬂlesc
reactions show second order kinetics.

In E1 mechanism, like S,1 mechanism, the first step is the slow ionization of the
substrate to give a carbocation. In the second step, the nucleophile attacks on hydrogen to
give analkene as a product.

CH, Hy,C CH,
Slow
CH, - (,:“L/:\B.f’ — _M__—:‘ ?: + Br
CH, CH,
Carbocation
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- \‘\.
OH ‘H Cl, "\ CH,
i
H—=CeZ¢ ths C=C +HO

il HA X

H CH, I CH

2-methyl propenc

E2 mechanism is a bimolecular mechanism and the rates of those reactions which
follow this mechanism depend upon the concentrations of the alkyl halide as well as the
attacking nucleophile or a base, E1 mechanism, on the other hand, is a unimolecular
mechanism and the rates of those reactions which follow this mechanism depend only upon
the concentration of the alkyl halide molecule. Primary alkyl halides generally follow E2

mechanism whereas tertiary alkyl halides follow E1 mechanism.

Examples of S, reactions are given below. These reactions show the usefulness of

alkyl halides as synthetic reagents.
Substrate Attacking Product
A Nucleophile
CH~CH—Br" bSO —— CH.OI +
I Ethyd alcobol
CH~—~CH—Br" + I — CHI +
. Ethy lienide
CH,—CH,—B? (1 CILON 4
' o ek
CH~CH~—B" + NO, — CH NO +
' Nitsowethane
CH~CH—Br" + CHO — » CH,—~CH.—O—CH, +
" = Ethyl methyl cther
CH~CH, B + NH, —— CH-— NN, +
& o Ethylamne
CH~CH B +CH,- CH—NH, ——— (CH~CH,).NH +
-~ e Dicthylamioe
CH~CH~Br"+ (CH~—CH,)NH » (CH—CH)N K
M e Trethylamine
CH~CH, B + (CHL—CHJN (CH—CHIN +
Ouancrnary othy Lassmenssm i
CHL—CH—Br" + SH —_ CHSH + Br
5 Ethyl thioalcohol
CH—CH—B" + CH,COO'Na' ———b CH,.COOCII, + NaBr
Ethylacetate

Other reactions shown by alkyl halides are as follows:

Br

Br

Br

Br
HBr
HBr
HHE:

Br
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1. Wurtz Synthesis
Alkyl halides react with sodium in ether solvent to @ive alkanes. The reaction is
particularly useful for the preparation of symmetrical alkanes. -

CH,~CH,~C1+2Na+Cl-CH.~CH, ™% CH-CH,-CH.-CH, + 2NaCl
n-Butane

2. Reduction of Alkyl Halides

Alky! halides can be reduced with zinc in the presence of an aqueous acid such as HCI
or CH,COOIL ;

CH, —CH,—CH,—Cl+Zn+ H'+CI- CH,—CH,—CH, + ZnCl,

3. Reaction with Sodium Lead Alloy (Na,Pb)

Methyl chloride and ethyl chloride react with sodium lead alloy giving tetramethyl
lead and tetraethyllead, respectivelyThese compounds are important anti-knock agents and
ire used in gasoline,

4CH,Cl+NaPb —_— (CH,) Pb - 4 NaCl
Tetramethyl lead
4CHCH,—Cl + NaPb - — (CHCH) Pb + 4NaCl
Tetraethyl lead

10.6 GRIGNARD REAGENT

Grignard reagents RMgX are derivatives of alkyl halides belonging to class of
organo-metallic compounds, Grignard reagent was first prepared by Victor Grignard in 1900,
These reagents are so important in organic synthesis that almost all the classes of Organic
compounds can be prepared from them. Due to their importance and applications Victor
Grignard was awarded Nobel prize in chemistry.

Preparation:

Grignard ragenlsucpzepamdbythgmcﬁondnugnesiummewwimalkyl
haldes in the presence of dry ether (alcohol free, moisture free).

R*—X*+ Mg  _Ether , R—Mg X
CH,—CH,—Br + Mg -Hther | CH,—CH, -Mg—Br
Ethyl magnesium bromade
It is important that all the reactants must be absolutely dry and pure because
Lrignard reagents are so reactive that they may resct with meisture or any impurity present.
Reactivity of alkyl halides with magnesium is in the following order ;
Alkyl iodide > Alkyl bromide > Alkyl chloride
And for a given halogen the order of reactivity is as follows:
CHX> CHX> CHX
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Structure and Reactivity,
Grignard reagents are much reactive than most of the organic compounds.

The reactivity is due tothe nature of C Mg boid which i3 highly polar.

CHCH,-Mg-X-

Magnesium is more electropositive than carbon and the C~Mg bond though covalent
is highly polar, giving alkyl carbon the partial negative charge. This negative charge is an
unusual character which makes the alkyl groups highly reactive towards electroplule
centres. Mostly reactions shown by Grignard reagent are exothermic.

Reactions
(1) With water
‘/’l—‘\‘.. Ether Br
CH,— Cll,-—Mg"—Bn’ - ll"—-\/(‘)‘H —— CH,— CH, + Mg/
Ethylmagnesium bromade Water \ ol
(i1) With ammonia
‘-' —3 ——— . Kther /Bf
CH,— CH,—Mg""—Br" + H"-(/NH,——+ CH,— CH, + Mg
Ammonia \ NH
(i)  With cyanogen chloride :
ST e SRt e =
CH,— CH,—Mg"—Br" + ({/—- CN — CH,— CH—CN + Mg
- Cyanogen chlonide l
(iv) With alcohols
":" '; -‘o\\‘.. Ethes -
CH,—CH—~Mg — Br + CH,—CH,—0—H —— CH,— CH,+ Mg
Ethasol”
e — “... : : ; 5 E
CH—CH—Mg —Br +4> E=02% 0= G—OMghr o= c'—ou
Carban dicxade (I;H" Br CH.
CH, + Mg CH:
Propanosc acd

OH
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(vi)  WithHCHO
H H
=75 + Ether . . u‘o
CH,—CH~Mg"—Br" + 6(,9 —> H—C—OMgBr -2,
H/ CH.CH,
Methunal
"\ Br'
H-C—OH + M/
cn—w ou
CH,—CH—Mg" —Br + /c.—.o—-. CH, ;-OMgBr £. i
CH~ “CH,
Fthanal
Br

CH,—C- OH + Mg
CH,——CH./ \

OH
2-Butanol (Secondary aleohol)
(vii)  With CH,COCH,
CH, CH,
—"‘-\\\{ s Kther \ - HO
CH~CH,—Mg" C}O — CH—C—OMghr —»
CH, : Cu,/
CH B
) T
AR A
CH—C—OH + Mg
CH,— CH, OH

2-Mcthyl-2-butanol (Tertiary akohol)
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(ix)  With Epoxide

e i— ——
- —— -

CH— CH,-Mg"—Br* + CHl— gﬂ. sy CH. — CH— CH,— CH.OMgB:
507 llf.()’
Ethylcne epoxade Br
CH, — CH,— CH, — CH.— OH + Mg
1-Batanol .
OH
KEY POINTS

Monohalo derivates of alkanes are called alkyl halides.

The general formulaof alkyl halidesisCH,, ., X.

The best method for the preparation of alkyl halides is by the reactions of alcohols

with inorganic halides like SOCL,, PX, and PX..

4. Alkyl halides are very reactive class of organic compounds. They undergo
nucleophilic substitution reactions and elimination reactions in the presence of a
nucleophile or abase.

5. Nucelophilic substitution reactions can take place in two distinct ways. A one step
mechanism is called S,2 while a two step mechanism is called S,1. S,1 reactions
show first order kinetics whereas S,2 reactions show 2 order Kinetic.

6.  Nucleophilicsubstitution reactions take place simultaneously with elimination
reactions and often compete with them.

7. Elimination of two atoms or groups from adjacent carbon atoms in the presence of a
nucleophile or a base is called elimination reaction. Like nucleophilic substitution,
B-climination reaction also take place in two distinct ways E2and E1.

8. Grignard reagent can be prepared by adding alkyl halide in a stirred suspension of
magnesium metal in diethyl cther.

9, Grignard reagent has a reactive nucleophilic carbon atom which can react with
electrophilic centres to give the products in high yields,

10.  Primary, secondary and tertiary alcohols can be best prepared by reacting Grignard

reagent with formaldehyde, any other aldehydes and ketones, respectively.

o 2l

EXERCISE
Q.1. Fillintheblanks.
i) In tertiary alky! halides the halogen atom is attached to a carbon which is
further attached to carbon atoms directly.
i) The best method for the preparation of alkyl halides is the reaction of
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with inorganic reagents.
1) An alkyl group with a partial positive charge on the carbon atom is called
centre.
iv) The mechanism is called if it involves one molecule in the rate-
determining step.
v) Molecularity of a reaction is defined as the number of molecules taking part
inthe 1
vi) The molecularity of E2 reactions is always two and the reactions show
order Kinetics.
vii)  Wurtz synthesis is useful for the preparation of alkanes,
vii)  Grignard reagents are prepared by the reaction of magnesium metal with
alkyl halides in the presence of 3
Q.2.  Indicate True or False.
0} In secondary alky! halides, the halogen atom is attached to a carbon which is
funhcraltacbedtom'ocarbonatmns(ﬁrecdy.
i) Alcohols react with thionyl chloride in ether as solvent to give alkyl halides.
i) Onicrdreacﬁvityolan(ylbaﬁdafwaparﬁcuhra&ylmupis:
lodide > Bromide > Chloride > Fluoride
iv) In 5.2 reactions the attacking nucleophile always attacks from the side in
which the leaving group is attached.
v) Methyl magnesium iodide on hydrolysis yields ethyl alcohol.
vi) Primary, secondary and tertiary amines react with Grignard reagents in the
Same way.
vii) Mmadionsolseomdaryalkylhalidesmayfolbwbothsslmds,z
mechanisms.
vil)  S,1 mechanism is a one stage process involving a simultancous bond
breakage and bond formation.
ix) In B-elimination reactions, the two atoms or groups attached to two adjscent
carbon atoms are lost under the influence of an clectrophile.
x) The reactivity order of alkyl halides is determined by the strength of
carbon-halogen bond.
Q.3.  Multiple choice questions. Encircle the correct answer,

i) In primary alkyl halides, the halogen atum is attached to a carbon which is
furtherattached to how many carbon atoms.,
(@) Two (b) Three (€) One (d) Four
i) The rezctivilyotderolalkylhalidesforamimlaralkylmupis:
() Fluoride > Chloride > Bromide > lodide
(b) Chloride > Bromide > Fluoride > lodide
(©) lodide > Bromide > Chloride > Fluoride
(d) Bromide > lodide > Chloride > Fluonide
1) When CO,ismadelomaawithethylmsianide,ﬁlowodbyadd
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hydrolysis, the product formedis :

(a) Propane (b) Propanoic acid (¢) Propanal
(d) Propanol
iv)  Grignard reagent is reactive due to:
(a) the presence of halogenatom  (b)  thepresence of Mg atom
(c) the polarity of C - Mgbond () none of the above
v) S, 2 reactions can be best carried out with :

(a) Primary alkyl halides (b) Secondary alkyl halides
(c) Tertiary alkyl halides (d) All the three

vi) Elimination bimolecular reactions involve:
(a) first order Kinetics ) second order Kinetics
(c) third order kinetics (d) zero order kinetics

vii)  For which mechanisms, the first stepinvolved is the same.
(@) ElandE2 (b) E2andS2 (¢S landE2Z (d)ElandS,1
viii)  Alkyl halides are considered to be very reactive compounds towards
nucleophiles, because :
(a)  they have an electrophilic carbon
(b)  they have an electrophilic carbon and a good leaving group
(c) they have an electrophilic carbon and a bad leaving group
(d)  they haveanucleophilic carbon and a good leaving group
ix) The rate of E1 reaction depends upon:
(a) the concentration of substrate
(b) the concentration of nucleophile
(c) the concentration of substrate as well as nucleophile
(d) None of the above
x) Which one of the following is not a nucleophile :
(a) HO (b) HS (© BF, (d NH,
Define alkyl halide. Which is the best method of preparing alkyl halides?
Write down a method for the preparation of ethyl magnesium bromide in the
?

Give ETAbmammebllowimammxmh.
1) CH,—CH(CH,) —CH,— (IZH —CH, i) CH,—CH-—CH—CH,

Cl CH, Br
i) (C,H,)),CH — CH, — (|3H —CH, iv) (CH)C—CH,—(Cl
Cl
v) (CH,),CHBr vi)  (CH),CH—CH,— CH(CH)CHCI

vi)  CBr,
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Q.7.

Q.8.

Q.9.
Q. 10.

Q.1L

Q.12

Chemistry XII
llir ?r

vii))— H,C—CH, ix) CH/.CL,
X)  {CH;)C —CH,—CH,—Br xi) (CH),CH—CH, — f(CH,),

Cl

Xiii) (CH,),I‘ —C(CH,), xiv) (CH,CH).CBr
| |
Draw all the possible structures that have the molecular formula C H,Cl. Classify
each as pnmary, secondary or tertiary chloride. Give their names according to
IUPAC system.
Using ethyl bromide as a starting material how would you prepare the following
compounds. Give also the inorganic reagents and conditions necessary to carry out
these reactions:
(a) n-Butane (b) Ethyl alcohol  (¢) Ethyl cyanide
(d) Ethane © () Ethene (f Propanoic acid
(8 Propane

Write a detailed note on the mechanism of nucleophilic substitution reactions.
What do you understand by the term B-elimination reaction. Explain briefly the two
possible mechanisms of i-elimination reactions.
What products are formed when the following compounds -are treated with ethyl
magnesium bromide, followed by hydrolysis in the presence of an acid.
1) HCHO i) CH,CHO i) CO,
v) (CH,),CO v) CH,—CH,— CHO (v) CICN
llwmnmummlthUWcmvmwm
1) CH, e CHCH COOH
i) CH,—CH, _ (CH,—CH)N'Br
i) CH,=CH, : D CH,—CH,—CH,—CH,—OH
iv) CH,CH,CH,Cl —_— CH,—CH=CH,
v) CH,COOH —_— CH,CH.COOH
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ALCOHOLS, PHENOLS AND ETHERS
FlOT VLI ER _

1. How to name simple monohydric and polyhydric alcohols and their
classification as primary, secondary and tertiary alcohols.

2. The important synthetic reactions leading to alcohols and industrial
processes for the manufacture of methanol and ethanol.

3. MWdOHmpa)diumcﬁvitywbenO-Hbondisbmhcnmd
when C-0 bond is broken.

4. To distinguish chemically between the. primary, secondary and tertiary|
alcohols.

5. The methods of preparation of phenol and its acidic nature.

G.ﬂwimormceo(pbenolassmﬁncmteﬁaliormcmmionofﬁvc
industrially important compounds.

7. Howtoname ethers and preparation of dicthyl ether.

8. The physical and chemical behaviour of diethyl ether and its inertness
towards chemical reagents.

1P IOV TN

Alcohols, phenols and ethers are classes of organic compounds which are much
closer to water in structure and hence considered as derivatives of water.

o T
H R H CH, H R R
Water Alcohol Phenol Ether

.Aloohols and phenols are much more close to one another in structure and
properties. Both contain hydroxyl (-OH) group so they may also be termed as hydroxy
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deﬁnﬁvesofalkmesmdbuumemweeﬁvdylnaherbo(hhwkogemdwuam
replaced by alkyl or phenyl groups.

11.2 ALCOHOLS

MymmprcsenlcdbyagenenlfomuhROHwhmRisana&ylgmupwbich
may be CH, —, CH,CH, —, (CH,),CH— and CH, —CH,—, etc.
Classification

Aloobolsamchssiﬁedintomohydicandpdyhyﬁcabobds.Ma\ohydﬁc
alcobohmuinone-OHmwhﬂepdyhydrkaboholsmaywminmmmeum
OH groups and named as dihydric or trihydric alcohols, etc. :
almbds.hmimryalwtmb.-OHhmcﬁmdmisamchedwhhpﬁmuywbonamp.m
m@ymmwmmmhmmnamma
tertiary carbon atom.

CH cH.
.\.. \
CH —CH ol CH - OH CH—C -OH
’ /7
CH CH,
cuhal Sccondary akoobol Tertiory alcohol

IL2ZINOMENCLATURE OF ALCOHOLS
Thereare two systems of naming alcohols
Common or Trivial Names

y Lowerandsimplenkoholsmusmnthwnbythekmortﬁﬁdm
obtained by adding the name of alcohol after the name of the alkyl group to which the OH

groupisgtiached. e.g., . .. Ol C.H,CH, OH
Methy! zlcohal Ethyi aleaha) Henzyl aleohal

(h) L1L.PAC Names

o ARl pmedsconiingiothe folowingrules,
hydrocarbon. The ending ‘e’ of alkane is replaced by ol, e.g;
CH.Oln CH.OH CH, ol

Mcthupaol Propanal Pentanal
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(i) The position of OH group is indicated by a number placed before the name. The carbon
chain is numbered, starting from the end where carbon atom attached with OH group gets the
lowest possible number, ¢.2:

CH,— CH— CH—CH,— Ol s CH&~ CH.—CH—CH
1-Butancd 2.-Butaped OH

(i) If more than one OH groups are attached, they are indicated by an appropriate
suffix diol, triol, etc., e.g;

Cl. — CH, CH, — CH — CH

| ! ! | |

OH OH OH Ol OH
l.:-rlh;m"dw"-: ---- J L2, Proganctrnl (Givesol)

(iv) The unsaturated alcohols are pumbered in such a way that hydroxyl group rather thin
the point of unsaturation gets the lower number, e.g.
4 3 2 1
CH,~~CH=CH — CH.OH
Z-Buten - 10|
(v} When hydroxyl group is not a preferred functional group as in hydroxy acids
aldehydes and ketones, the substituent name hydroxy is used 25 a prefix to indicate

the position of OH group, e.g.;

OH HO — CH COOH
3 1% ] ;
CH;» CH— COOH HO — CH COOH
2-Hydronxy propasose Acid B Winrebriny It 14 s kil
(Lactic Acid) (Tartarx Acid)
The names of some alcohols in the two systems are given below
Formula Common Name IUPAC Name
CH,OH Methy! alcohol methanol
CH,CH,OH Ethylalcohol Ethanol
CH,CH,CH,OH Propylalcohol 1-Propanol
CH, g
“\CH — OH . Isopropylalcohol 2-Propanol =
CH,~”
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CH,—CH, -CH,—CH. -OH  n-Butylalcohol 1-Butanol
CH,— CH —CH, -"on iso-Butylalcohol 2-Methy! -1-propanol
clu,
CH, —CH, —~CH —OH scc-Butyl alcohol 2- Butanol
CH,
cu,\
CH,—C —OH ter-Butyl alcohol 2-Methyl-2-propanol
CH,

- Ind
Methanol
Formerly methanol was prepared by distillation of wood. That is why it is also called
as wood spirit. Now-a-days methanol is prepared from carbon monoxide and hydrogen or
water gas as follows:
CO +2H, (Z80+ Cr,0)

Ty 9
A A4

Unrmasciod OO and M,

co
Sl

Fig.ii.lFbwslmdimml(wthcmmMuﬁmclmcM

First of all a mixture of carbon monoxide and hydrogen is purified. It is compressed
under a pressure of 200 atmospheres and taken into a reaction chamber by means of coiled
pipes. Here the catalyst is heated upto 450-500 °C. Gases react to form methanol vapours.
These vapours are passed through a condenser to get methanol. Unreacted gases are
recycled through compressor to reaction chamber.
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Ethanol

Ethanol is prepared on industrial scale world over, by the process of fermentation.
Fermentation is a biochemical process which occurs in the presence of certain enzymes
sccreted by microorganisms such as yeast. Optimum temperature for this process of
fermentation is 25-35°C. Moreover, proper aeration, dilution of solution and the absence of
any preservative are essential conditions for fermentation.

In Pakistan ethanol is prepared by the fermentation of molasses, starch grains or fruit
juices.

From Molasses
The residue obtained after the crystallization of sugar from concentrated sugar cane
juice is called molasses. It undergoes fermentation in the presence of enzymes present in

yeast to give ethanol.
C.H.O,+HO nvertase,  CH,0,+ CH,O
Molasses s (slocos Fructose
. Zymas P
C.H,.0, e 2CHOH+ 2CO,
Colucon g
From Starch e
2(C.H, 0, +aH0 |;:u:¢ nCH. 0,
Starch o Maltong
C,H.0,+HO Jome, . 2C.H,0,
. Glucose
X Lyma .
C.H,0, ~Sea*  2C.H,OH +2C0,

Alcohol obtamed by fermentation is only upto 12% and never exceeds 14% because
beyond this limit enzymes become inactive. This akcohol is distilled again and again to obtain
95% alcohol which is called rectified spinit. Absolute alcohol can also be obtained by re-
distillation of rectified spirit in the presence of CaO which absorbs its moisture.

Denaturing of Alcohol

Sometimes ethanol is denatured by addition of 10% methanol to avoid its use for
drinking purposes. Such alcohol is called methylated spint. A small quantity of pyridine or
acetone may also be added for this purpose.

Other Methods of Preparation of Alcohols

Alcohols can be obtained by the hydration of alkencs and by the reaction of Grignard
reagents withaldehydes or ketones. Both these methods have already been discussed in the
previous chapter, <
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11.2.3 Physical Properties
Lower alcohols are generally colourless toxic liquids with characteristic sweet smell

and burning taste. They are readily soluble in water but solubility decreases in higher
alcohols. The solubility of alcohols is due to hydrogen bonding which is prominent in lower
alcohols but diminishes in higher alcohols.

R R R R

[ o o a3

O—H..0—-H.. 0—H..0-H

Hydrogen booding m alcobol

o (s/
R H \ ‘
N

Hydrogen bonding betweon water and aloobol

Melting and boiling points of alcohols are higher than corresponding alkanes. Methyl
alcohol and ethyl alcohol are liquids while methane and ethane are gases. This is also due to
hydrogen bonding which is present in alcohols but absent in alkanes.

11.2.14 Reactions of Alcohols
Alcohols react with other reagents in two ways
() Reactions in which C— Obond breaks
(i) Reactions in which O — H bond breaks
Whichbmdwillbrukdtpendsq)onmemtumoﬂheamdimmt.lfa
nucleophile attacks, it is the C - O bond which breaks. On the other hand, if an electrophile
attacks on alcohol, it is the O —H bond which breaks.

.\‘ (S
e CH.—CH." + OH

CH,—CH.OH

CH,—CH,— 0 —H "Xt oy CHL 0"+ 1"
The order of reactivity of alcohols when C— O bond breaks:

Tertiary Secondary Primary
alcohol > alcohol > alcohol
The order of reactivity of alcohols when O — H bond breaks:
CHON Primary Secondary Tertiary
g alcohol alcohol alcohol
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11.2.5 Reactions in whichC O Bond is Broken.
1. C,H OH + SOCIL-X2m ¢ 1 C1 + S0, + HCL
Ethanal Ihacayl Ethyl chlanide
chionde Z4Cl
2. CHOH+HC —=L _, C H.Cl+H0
3. CH OH+HNH, —™% _, C. H.NH, + HO
B2hyl amene

11.2.6 Reactions Involving the Cleavage of O — H bond.

l. 2CHOH+2Na —— & 2C.H.ONa + H,
Sodieam ethoxds - |

C.H,OH +CH Mg 1" >CH, + Mg

. N
3.  CHOH + CHLCOOH ~22% CH,COOCH, + HO
Ethyl acctate
11.2.7 Some Other Reactions of Alcohols
(1) Oxidation
Oxidation of alcohols convert them into aldehydes and ketones. The best reagent
for this purpose is acid dichromate.

OC, 11,

CH-CHOH+ (0] —20 , 1 . CHO + HO

H,S0, Ethanal (acetaldehyde)
CQ) CH,
/cu— Ol +10] —-’ll{%f’ > C=0+H0
A /
CH, ; CH,
2-Propanol Propanone (acetone)

Tertiary alcohols are resistant to oxidation. In the presence of acid dichromate they
undergo elimination reactions to give alkenes.

CH,
RO
CH,—/C— OH —=——)CH, = T—-CH, +HO
2 CH,
2-Methyl-2-Proganal 2-Methylpropen
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-

Hehydration
Alcohols react with con. H SO, and give different products at different temperatures.

¢ Host)

CHLond
i d Lrc
2CHOH oS
U

weachions wilth l’ho.\phm us Hlanges

" “ ('“ t l'tl Mmool

(. H OH + PCl s - H.Gi

IASTINCTION BRErWEL N 10 Y CONDARY

AIND TERTIARY ALCOH LS

fest

Primary, secondary and tertiary alcohols are identified and distinguished by reacting

them with con. HCI in anhydrous ZnCl,. An oily layer of alkyl halides separates out in these

reactions,

(1) Tertiary alcohols form an oily layer immediately
(11) Secondary alcohols form an oily layer in five to ten minutes.
(i) Primary alcohols form an oily layer only on heating.

R -« O i
) Pitsnany alkcobol
n

AHOM -

4
' Secumdary aloohal

R

|
R-C-0H « N

' ’ (LI
R

Tertany alcabail
et bion between Methanol aod bl
Ethanol gives iodoform with iodine in the presence of NaOH. Formation of
yellow crystals indicate that the alcohol is ethanol. Methanol docs not give iodoform
Lest.
CH OH + 4L + 6 NaO
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Ln i i ! "‘”"‘I'I"

110 USESOF ALCOHOULYS

Methanol is used as a solvent for fats oils, paints, varnishes. It is also used as
antifrecze in the radiators of automobiles and for denaturing of alcohol.

Ethanol is used as a solvent, as a drink and as a fuel in some countries. Moreover it is

usedinplmmuﬁalmntionsmdaamwmivehrbiologial specimen.

LD PR NUY

Aromatic compounds which contain one or more OH groups directly attached with
carbon of benzene ring are called Phenols. The simplest example is phenol which 1s also
known as Carbolic acidi.e. C,H,OH . It was first obtained from coaltar by Runge in 1834.

Pl o1 Preparabn P henod
1) “l!llll\]l‘ﬂlll‘u pnLzene thiuw o Mothund)

In this method chlorobenzene is treated with 10% NaOH at 360°C and|}!50
ammpbemmmm.SodiumplmoxidcismodueedwhkhmueaﬁngwithllClgives
phenol.

a ONa oH
NoOw, 300" (L=
g »> * NeCl
150 stm
) From Sodiam Salt ol Beuzone Sulphioni Acud

Sodium salt of benzene sulphonic acid reacts with NaOH at 320°C to give sodium
phenoxide which on treatment with HCl gives phenol.

: SO Na ONa'
Q .mﬂa@.wm
ONa+ OH

The phenol is recovered by steam distillation.
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11.5.2 Physical Properties

is a colourless, crystalline, deliquescent solid with characteristic phenolic
odour having melting point 41°C and boiling point 182°C. It is sparingly soluble in water
forming pink solution at room temperature but completely soluble above 68.5°C. It is
poisonous and used as a disinfectant in hospitals and washrooms.

11.5.3 Reactions of Phenol -
shows two type of reactions.
1) Reactions due to— OH group

ii) Reactions due to benzene ring

Phcnolsmlessmctivetonudeophﬂessonudeophiﬁcmckhleu - OH
isnotezsytorephocwhileelecmphilicattackontheringiseuy.

11.5.4 Acidic Behaviour of Phenol

Phemlismuchmutacidicthanalcdmlsbmlwaddkthnmyﬁcadds. It
dissolvesreadilyinalhlicsbutitislmweakloaﬂecttheﬁunmpaperortoevolveco,hum
carbonates. Its dissociation constant (K) is 1.3x10™.

Phcnolispaniallysdubleinwatcranditssolutionhasapﬂo(amndSorG.’lhis
makes phenol different from aliphatic alcohols,

Thoruwnwhyphmdisaddkﬁcainthenamdlhepbenoxidcimmneptive
chamcnnoxygenammmnbmnehvdvedwiﬂmlez-mawdonthebemneﬁng.
The negative charge is thus delocalized in lhcringandlbephewxideiwbecomesrehtively
stable. This type of delocalization is not possible with alcohols.

NS 0 0
OO
(s
Relative acidic strength of alcohol, phenol, water and carboxylic acid is as follows.

carboxylic acid > phenol > water >alcohol

11.5.5 Reactions of Phenol Due to -OH Group.
Salt Formation :
Phenol reacts with alkalies to form salts, e.g;

“OH URE
Q==
Sodum phanaaso
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Ester Formation
Phenol reacts with acety! chloride in the presence of a base to form ester,

S A
Qb=

Reduction with Zn

oH
A
C el ——denzone

11.5.6 Reactions of Phenol Duc to Benzene Ring
Nitration

Phenol reacts with dil. and conc. HNO, at different temperatures as follows.

'0.
2
Om
Sulphonation

Phenol reacts with conc. H,SO, at room temperature giving ortho and para
hydroxy benzene ic acids.

=

o-Hydrombenzene-  p-Hydrorybenzens-
—suphcnicadd _ wiphonicackd
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An aqueous solution of phenol reacts with bromine water to give white ppt. of 2, 4, 6-
tribromophenol. —
OH OH
Be Be
|
0 0381‘2 —-Oﬁ * 3MBe
B
2.4 5. Trixomophenol

Mwmwmwwatlmmmemmedmmu
gives cyclohexanol. =B
B T

|

(j Sl _ |
150C |

I

Cydiohaxanct

it farmatde i !
Phenol reacts with formaldehyde (methanal) in the presence of acid or alkali to give
hydroxy benzyl alcohol which on further reaction with other phenol molecules yield a
polymer called bakelite.

& S

“ LTHERS
Ethers are classified into two categories
1) Simple or symmetrical ethers, which contain two same alkyl groups eg.
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dimethyl ether CH, OCH, and diethyl ether CH,—CH,— 0—CH—CH..
i) Mixed or unsymmetrical ethers, which contain different alkyl or phenyl
groups, e.g., ethyl methyl ether CH,—O—CH,—CH..

Ethers are named cither by LU.PA.C. system or by common names. In LU.PA.C.
system the large alkyl (R ) group is taken as parent molecule and given the last name (suffix)
while the smaller alkyl group along with oxygen is used as prefix and given the name alkoxy
(e.gmethoxy, ethoxy, propoxy, etc).

LU.PA.C. names are not common as they are difficult. Usually ethers are known by
their common names, as given below;

Formula Common Names LU.PAC
| CHOCH, * | Dimethy] ether Methoxy methane
CHOCH, « Methyl ethylether Methoxy ethane
L GHOCH, Diethyl ether Ethoxy ethane
 CH,0 CH—CH~—CH, | Ethyl n-propylether Ethoxy propane
| CH,OCH, Methyl phenyl ether Methoxy benzene i

0.4 I'._'p‘:,«- ' (e
Ethers are prepared from alcohols either directly or indirectly. Usually they are
obtained by the following methods.

Alcohols are reacted with metallic sodium to form alkoxides. This alkoxide ion is a
strong nucleophile and readily reacts with alkyl halide to produce an ether.
HONS I H
‘ 1 4 Nal}

re bestod with dey silver oxide to form ethers
C Mo s 2008y

Usually ethers are volatile liquids, highly inflammable with low boiling points. They
are shghtly soluble in water but freely soluble in organic solvents. Ether molecules do not
show hydrogen bonding with one another but they show weak hydrogen bonding with water
molecules due to which they are slightly soluble in water.

Ethers are comparatively inert substances. The reagents like ammonia, alkalies,
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dilute acids and metallic sodium, have no action on ethers in cold state. Moreover, they are
not oxidized or reduced casily. However ethers show some reactions, e.g.
i) With hydrogen iodide ethers give alcohols which can react further to give alkyl

iodides.
CGHOCH+Hl —— CH—0'—CH, +1
l]l
Oxonitars jon
C,,H.‘—(?' CH, 4T ——— CH,OH + CH.I
!

(i)  Ethersalsoreact withhot phosphorus pentachloride to givealkyl chloride.
CIl, —0 —C.H, + PCL » 2CH.Cl + POC),

KEY POINTS

—
.

Alcohols and Phenols are hydroxy derivatives of aliphatic and aromatic
hydrocarbons.

General formula for akohol is ROH, for Phenol PhOH, and for ether it is ROR.
Alcohols are usually named by replacing ‘e for the alkane with ol',

In Pakistan ethanol is prepared commercially from molasses.
Fermenmionisabiochemicalphcmmemmwhkhmymnatmnyorarﬁﬁdaﬂy
Ethylalcohol obtained by fermentation is less than 12% concentrated.

Ethyl alcohol gives different products when reacts with HSO, of different
concentrations,

Ethylalcoholis used as a solvent, as abeverage and as a fuel.
Pdnury.secondarymdtcﬂiaryabobolsanbedisﬁnguisbedbyhmtcsh

0. Picricacid is a phenol which behaves like an acid.

NZ AW

I~
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Q. L

Q.2

Q.3

EXERCISE

Fillin the blanks

1)

Primary, secondary and tertiary alcohols can be identified by test.

1) Oxadation of alcohols give ketones.

i) Alcohols on heating with give alkenes at high temperature.

iv) Alcohols have boiling points than ethers due to stronger hydrogen
bonding. ]

v) Williamsons synthesis is used to prepare )

Vi) __ isalsocalled wood spirit.

vii)  Gurbolic acid is the other name of :

viii) Primary, secondary and tertiary alcohols can be prepared by reacting
Grignard reagent with :

x) Alcohols and react to produce esters.

x) 15 used as anti-freezing agent in automobile radiator.

xi) The process of conversion of starch into alcohol with the help of micro-
organisms is called ;

xii)  Ketones on reduction give alcohols.

Indicate True or False

1) ,  Methylated spirit contains 95% methyl alcohol and 5% ethylalcohol.

i) Ethylalcohol is a very good anti-freezing agent.

i) Methanol is also called wood spirit.

) Only 14% ethyl alcohol can be prepared by fermentation.

v) Ethers do not show hydrogen bonding.

vi)  Aleoholsare nforé acidic than phenols.

vi)  Phenolis more soluble in water than lower alcohols.

vii)  Alcohols aremore basic than ethers.

ix) Ethers have higher boiling points than alcohols and phenols.

x) Methanol and cthanol can be distinguished by iodoform test.

Multiple Choice Questions. Encircle the correct answer,

)}

i)
iii)
w)
v)

vi)

Which compound shows hydrogen bonding

a)CH, b) C,H.Cl ¢)CH,-0-CH, d)C,H,OH

Which compound shows maximum hydrogen bonding with water?
a)CH,OH b)C,H,OH ¢)CIi-0O-CH, d) CH,OH

Which compound is more soluble in water

a)C.H,OH b) C.HOH ¢) CHy;COCH, d) n-Hexanol
Which compound will have the maximum repalsion with H,0?

) CH, b)C,H.OH ¢)CH,CH CH,OH d)CH, - 0—CH,

Ethanol can be converted into ethanoic acid by
a) Hydrogenation b)Hydration ¢)Oxidation  d) Fermentation
Which enzyme is not involved in fermentation of starch?
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a)Diastase b)) Zymase ¢) Urease d)Invertase
vii)  Which compound is called a universal solvent?
aHO b)CH,OH ¢)CHOH d)CH,—0--CH,
viii)  Methylalcohol is not used
a)as asolvent b) as an anti-freezing agent
¢) as a substitute for petrol d) for denaturing of ethyl alcohol
ix) Rectified spirit contains alcohol about
a) 80% b) 85% ¢) 90% d)95%
x) According to Lewis concept ethers behave as.
a)Acid b) Base
¢) Acid as well as abase d) None of them
Q.4 What are alcohols. How are they classified? How will you distinguish between
primary, secondary and tertiary alcohols?
Q.5 How is methyl alcohol obtained on large scale? How it may be distinguished
from ethyl alcohol?
Q.6 What is fermentation? Which compound may be obtained on industrial scale by
fermentation?
Q.7  Explain the following terms.
Absolute alcohol, Methylated spirit, Rectified spirit, Denaturing of alcohols.
Q.8  Héw does ethyl alcohol react with the following reagents?
1) Conc. HSO, 1) Na 1) PC1, iv) CH,COOH v)SOCI,
Q.9 How will you obtain primary, secondary and tertiary alcohols by reacting Grignard
reagent with suitable carbonyl compounds.
Q.10 How will you distinguish between
1) an alcohol and a phenol ii) analcohol andan ether
ii1) methanol and ethanol iv) atertiary alcohol and a primary alcohol
v) 1-propanol and 2-propanol
Q.11  Give reasons for the followings:
1) Ethyl alcohol is a liquid whilemethy | chloride is a gas.
1) Ethanol has higher boiling point than diethyl ether.
iti) Absolute alcohol cannot be prepared by fermentation process.
iv) Ethanol gives different products with conc. HSO, under different
conditions.
v)  Water has higher boiling point than ethanol.
Q.12 How will you convert
‘1) Methanol into ethanol i) Ethanol into methanol
iii) Ethanol into isopropyl alcohol  iv) Formaldehyde into ethyl alcohol
v) Acetone into ethyl alcohol
Q.13  Explain the following terms using ethyl alcohol as an example.

1) Oxidation ) i1) Dehydration iii) Esterification
iv) Ether formation
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(b)

Q.19

Compare the reactions of phenol with those of ethanol. Discuss the difference if any.
Arrange the following compounds in order of their increasing acid strength and give
reasons.

H.,0,C.H.OH,CH OH,CH.COOH
Write down two methods for preparing phenol. What is the action of following on

phenol.

HNO,, NaOH, Zn, Bromine water
Give the uses of phenols, How bakelite is prepared from it.
(a) Wnite |.U.PA.C. names of the following compounds.

(CH,),CH-OH, (CH,), CHCH,OH,
(CH,),COH, C,}L-(IBH-OH.
CH,

Write structure formulas for the following compounds.
Glycol, Glycerol, Carbolic Acid, Acetophenone, Picric Acid
(a) Name the following compounds
CH,—CH,—CH, —0—CH,, CH,—0—CH,
(CH,)),CH—0-—CH(CH,)),, CH,—0—CH,
CH,—CH,—CH, -0-—CH,—CH, '
(b) Write down structural formulas of the following compounds,
Methoxy ethane, ethoxy benzene, sodium ethoxide, aod:umpbenomde
propoxy propane.
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Chapter

ALDEHYDES AND
KETONES

INTHIS CHAPTER YOU WILL LEARN

How to name aldehydes and ketones.
General methods for the preparation of aldehydes and ketones.
How are formaldchyde and acetaldehyde commercially prepared.
There ip between structure and reactivity of carbonyl group,
The reactions of aldehydes and ketones and their mechanism.
How toidentify aldehydes and ketones.
Tests for the distinction between aldehydes and ketones.
12.1 INTRODUCTION

Organic compounds containing the carbonyl functional group, C=0, are
called carbonyl compounds. In a carbonyl group, a carbon atom is bonded to oxygen with a
double bond.

In aldehydes, the carbonyl group is bonded to at least one hydrogen atom, and so it
occurs at the end of a chain,

* An aldehyde can be represented by the general formula, R-C-H, where R may be Hor

an alkyl group.

In ketones, the carbonyl group is bonded to two carbon atoms, and $6 it occurs within
achain. A ketone may be represented by the general formula,

0
R—C—R

The homologous series of both aldehydes and ketones have the general formula,
CH,O.

Aldehydes and ketones are present in many naturally occurring compounds. The

NI wN
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aldehyde group is pfhesent in most sugars. They are the principal constituents of a number of
essential oils used as fragrances and flavours. Ketonic group is present in camphor and
menthone,

12.2 NOMENCLATURE
a. Aldehydes

Common Names:

The common names of aldehydes are obtained from the common names of carboxylic
acids containing the same number of carbon atoms. The ending -ic acid in the common name
of the acid 1s replaced by the word aldehyde.,

0 0 0

fi ] (]
H—C—H CH,—C—H CH,—CH,—C—H
Formaldehyde Acetaldebyde Propronstdehyde

0
fi
CH,—CH,—CH,—C—H
_ Butyraldeiyde
‘The positions of other groups on the chain are indicated by Greek letters (o, B, v, 5).
Lettering starts on the carbon adjacent to the carbonyl group,
S N P i (”)
C—C—C—-C—C—H
IUPAC Names:
The IUPAC names of aldehydes are derived from the names of alkanes having the
same number of carbon atoms. The letter - ¢ in the name of the alkane is replaced with 4.

The positions of other groups on the chain are indicated by using numbers, Numbering starts
from the carbonyl carbon. Aromatic aldehydes are not given [UPAC names,

Ll) (l!) (I)
H—C-—H CH,—C—H CH,—CH,—C—H
Methanal Ethanal Proganai
0] 0
' 3 2 Wl [
CH,—CH,—CH—C—H CH,—C—H
|
Cl
2 Chlarobutanal Benzaldchyde

.
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b. Ketones
Common Names

Thewmmonmmesofkclmmob(aimdbysepamdywﬁﬁngthcnmmofme
alkylgroupsaltachedtothemrbonylanbm.Themrﬂketoneisthmaddedasamme
wmﬂ.ﬂwmmeedthealkylgmupsmwﬁuendphabeﬁanx%enmetwoﬂkylm
arcthesame.mepreﬁx(?i- is added before the name of the alkyl group.

|

|
CH,—C—CH, CH,—~C—CH. -CH,
Dimsethy] ketone (Acetone) Ethyl methy! ketone
The positions of other groups are indicated by Grecek letters, the « - carbon atom
being the one adjacent to the carbonyl group.
Uthemalkylg!wpsinaketonemlhcme.mckctmeissaidtobesymmetﬁul.
if unlike, unsymmetrical,

IUPAC Names

Theﬂ]PACnamesdkewnesamdaivcd&omthenamcsdalkaneshavingtheme
number of carbon atoms. The lettere in the name of alkane is replaced with the suffix-one
'l'hepositionsofﬁwcarbonylgxmpando(o&hergmupsonlhechainarcindiatcdby
numbers. Numbering is started from that end which is nearest to the carbonyl group.
Aromatic ketones are not given IUPAC names.

'l S §
CH,—C—CH, CH,—C—CH,—CH, BRs~C—1H
2-Propanvac (Propanone) Z-Butanone (Batanone) Acetophenone

12.3 PREPARATION OF ALDEHYDES AND KETONES
Aldehydesmobtah\edbymeaxidaimofprhmryaluﬂwlswmwones
by the oxidation of secondary alcohols. Kem:mahommdbyhydnﬁonohlkynes.

a. Preparation of Formaldehyde ( Formalin)
(i) Laboratory Method

Formaldehyde is prepared in the laboratory by passing a mixture of methyl alcohol
vapounsandairovcrplaﬁnisedasbeswsorappcrorsilvercawystaw)'c.

'}
Pr-asbestos
2CH,OH + (),—ﬁ-(‘ »  2H—C—H + 2H0

Set up the apparatus as shown in Fig, (12.1). Air is drawn through methy! alcohol
with the help of a suction pump. Methyl alcohol is oxidised to gaseous formaldehyde which is
absorbed in water. The resulting mixture is called formalin. Formalin is a mixture of 40 %
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formaldehyde, 8% methyl alcohol and 52 % water.

Fig. 12.1 Preparation of Formaldehyde (formalin)

(ii) Industrial Method '

Formaldehyde is manufactured by passing a mixture of methanol vapours and air
over iron oxide-molybdenum oxide or silver catalyst at 500 C.

0
¢ ) i -
2CHOH + O (_)J“{“(?—(. 2H—C—H + 2H,0

b, Preparation of Acetaldehyde
(i) Laboratory method

Acetaldchyde is prepared in the laboratory by the oxidation of ethyl alcohol with
acidified sodium dichromate solution.

Nale D + HSO,

CH,CILOH + (0] CHCHO + HO

A mixture of ethyl alcohol and sodium
dichromate solution is run into boiling dilute
sulphuric acid. Immediately a vigorous reaction
takes place and the acetaldehyde formed in liquid
state is immediately distilled off. This prevents
the oxidation of acetaldyde to acetic acid. Ethyl
alcohol remains in solution until it is oxidised.
Pure acetaldehyde 1s obtamed by redistillation.

Acetaldehyde can also be prepared by
the dry distillation of a mixture of calcium  Fig. 12:2 Preparation of Acetaldchyde
salts of formic acx(landaceucaad J

)

y { 0
H—~C- 0 CH-C—0 Bt 4 ’

Cs + Cy ——»2CH;~C~—~H +2CaCO
H—C—0O CH—C—0 ;

0 0
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(i) Industrial Method
Acetaldehyde is prepared industrially by air oxidation of ethylene using palladium
chloride catalyst with a cupric chloride promoter.
- - 0
2CH, = CH, + 0, ""“;,:O““C." 2CH, —C —H
Ethylene Acetakiehyde .
C. Preparation of Acetone
Acetone is distillation of calcium acetate
“CHCO0 \5' Py
Ca—22_, CH, — €O CH, + CaCO,

CH,COO & Acetane

12.4 REACTIVITY OF CARBONYL GROUP

The carbonyl group has a  o-bond and 2 z-bond. Thus it can undergo addition
reactions. Most reagents react with the carbonyl group by adding to it. As oxygen is more
clectronegative, it tends to attract the ® electrons to itself, This attraction makes the
carbonyl group a polar group. The oxygen atom has a partial negative charge on it and is
nucleophilic, whereas the carbon atom h:s aparbtial positive charge and is¢lectrophilic,

Nucleophilic Addition Reactions of Aldehydes and Ketones

As a result of the unsymmetrical electronic distribution about the carbonyl group,
the nucleophilic reagent can start the initial attack on the carbon. It appears that whether the
initial attack is to be by a nucleophilic reagent or by an clectrophilic reagent depends upon a
mnicuhrreacﬁmmdnmonﬂmoondiliommdawhichthatmioniscarﬁedom
Therefore, most of the reactions of the carbonyl group will be considered to be nucleophilic
addition reactions.

e

\s¥ /) N |

A=0 +H—NU — NU—¢—oi

Substrate Reagent Addition product

lnthmrmknsdaldchydrsmdhcm.menepﬁvcpanoﬂhemuu
combines with the electrophilic carbon of the carbonyl group, whereas the positive part,
which is usually hydrogen goes to the oxygen. The nucleophilic addition reactions of
carbonyl group are catalysed by bases or acids. Remember that whether the addition is base-
cmalyscdaracid-mulysed.theaddmismesarnc.Almcmtalystincrusu;lhenudeophilic
character of the reagent, while an acid-catalyst promotes the nucleophilic attack by
increasing the positive character (electrophilic character) of the carbonyl carbon atom.
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12.5 REACTIONS OF CARBONYL COMPOUNDS
12.5.1 Nucleophilic Addition Reactions

The characteristic reactions of carbonyl compounds are nucleophilic addition
reacuons.
(a)  Base-Catalysed Addition Reactions

A base-catalysed nucleophilic addition reaction will take place with a strong
nucleophilic reagent. The base reacts with the reagent and generates the nucleophile. The
addition is initiated by the attack of a nucleophile on the electrophilic carbon of the carbonyl
group. The general mechanism of the reaction is as follows:

General mechanism:
H—Q + H—Nu = Nu: + HOH
. s |
Nu DR -0 = NyC—O
AR
l 2 e |
Nu—~C— O +H—-0H ——= Nu—C—OH + OH

l
The base catalysed nucleophilic addition reactions of aldehydes and ketones are the
following:
1. Addition of Hydrogen Cyanide
Hydrogen cyanide adds to aldehydes and ketones to form cyanohydrins. The
reaction is carnied out by adding slowly a mineral acid to an aqueous solution of sodium
wankle.'l'heﬂacidgenentesﬂCNﬁ'omoodiumcyuﬁdeinsim.

S H , OH
om0 o+ HoN ML N

H” H7 \CN
Formaddehiyde Formaldehyde cvanobydrin
CH - CH, . . OH
BN\ NaCN/HQ 3!
JCG O
H H *CN
Acctaldehyde Acetaldehyre cyanohydnin
C”-‘\C i menma CHe OH
4 = + - 5
CH,” e/ Nen
Acetane Accione cyanohydrn

The cyano group, — C = Nis hydrolysed by an aqueous acid into a carboxylic acid
through an acid amide.
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OH OH

l
CH,—CH—CN + ZH0 + HSO, — CH,—CH—COOH + NH,HSO,
\cetaldehyde cysnohydnn 2-1lydroxypropandic sad(Lactic aod)
The reaction is used in the synthesis of a-hydroxy acids that contain one carbon atom
-more than the number of carbon atoms in the starting aldehydes or ketones.

Mechanism:

: + & source of ide i
or KON is used. The mechanism °“'lf reaction is as follows: of cyanide ion such as NaCN

R
— N \
NaCTF SRy, iNe =t
R R
L5 @indi on Aldetn de o Ketong Cogugate e of Cranolin dim
o T s o Bas
N& C=C=: +H-CwN: = N C=C=OH + :C = N:
R R
e dasc of Hydrogen oy ansde Cyamtn dein Cyande ww
oyl drin

mhydmideionh'bantedinmeformuimotcyamhydﬂnmwilh
undissociated hydrogen cyanide and produces more cyanide ions, which in turn react with
more carbonyl compound. .

2. Addition of Grignard Reagents

Grignard reagents add to aldehydes and ketones to form adducts which on hydrolysis
with a dilute mineral acid (HCI, H.S0,) give alcohols. The reaction has already been studied
in chapter 10.

3. Addition of Sodium Bisulphite
Aldehydamdsmallmethylketonesractwilhammedaqmsduﬁono(
wdiumbisulphhemﬁotmaaysuﬂimwhitepmdpimedwdhmbhulphheaddmt

H \ H AR OH
,C=0 <+ NaHSQ, —— 7 C\
H” H SONa
Formuddehyde Bisulphite addition product
CH,\_ CH, - OH
,C=0 + NaHSO, —— C.
H HY N SONa
Acetaldchyde Bisulphite additson product
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CH,~ CH, OH
C=0 4+ NaHSO, — C

CH,” ci/” N soNa

Acetone Basulplite addstion product
Bisulphite on heating with a dilute mineral acid (HCI or H,SO), regenerates the

parent aldehyde or ketone. 0
CHx /OH A 1
C + HC » CH—C—H + NaCl + HO + SO

H” ™ SONa
Bisulphite addition product

The reaction is used for the separation and purification of carbonyl compounds from
non-carbonyl compounds such as alcohols.

Acetaldehyde

Mechanism:
Sodium bisulphite ionises to form sulphite ions.
NaHSO), =—— 8S0O0,— 0" + H + Na’
The sulphite ion acts as a nucleophile, since the sulphur atom is more nucleophilic
than oxygen, a C—Sbond is formed.

N ‘v//‘:, > ) x N il
,C=0" + SO,—O0Ny =—— /C\
SO.0 Na
Proton is attached to the negatively charged oxygen atom to form bisulphite addition
product. \C/o' e \ /OH
—_ C
/
N 50,0 Na 7N s00Na®
Bisulphate addition produxt

Ketooes in whach both alkyl groups are karger than methyl do not react with sodsum bisulphite.

1 Condensation Reactions

The reactions in which two molecules of the same or different compounds combine
to form a new compound with or without the climination of a small molecule like H,O or NH,,
are called condensation reactions.

(1) Aldol Condensation

Aldehydes and ketones possessing a-hydrogen atoms react with a cold dilute
solution of an alkali to form addition products known asaldols . The name ‘aldol'is given to the
product because it contains both aldehyde and alcohol functional groups. Note that the name
aldol condensation is reserved for the reaction that starts with two identical carbonyl
compounds. Two molecules of the same carbony! compound condense to form an aldol.
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-y o
dil. NaOH
CH,—C +H—CH,—C—H = (H,—CH—CH,—-C—H
Elh}:{ml Ethana 3-Hydroxyhatanal (aldal)
O OH O
? " & NaOH | sl
CH,—CH,—C + H-(l,'H— C-H+=— CH,~CH,-CH -('ll—C-H
H CH, V- Hysduny - 2oy ipemiana! CH’
Propanal -~ Propanal {aldol)
? (“) ?H ?
CH—C + H—CH,—C—CH, —= cH,—C—CH,—C—CH
|
&, i
Propanone Propanone 4 Hydroxy-4-methyi-2-pentanome

mauolmpmdmdlym“mmmm&uhthemddihnewidw
fomlanunsann‘atedwbonylcmnpumd.Aarbmmrbondmblebmd is formed between
the a-and - carbon atoms.

OH 0 0
[ diL. HCI I
CH, CH—CH,—~C—~H —— CH,— CH=CH—C—H+ HO
J-Uydroxybutanal Crotonaldehyde
Mechanism of Aldol Condensation:

The hydroxide ion acts as a base. It removes a proton from o-carbon of one molecule
of the carbonyl compound to form a carbanion.

0 0
i, W - i i
H-0 + H—CH,—C—H S=— CH—C-— H + HO
Hydrootide ion Ethanal Cartantion

The carbanion acts as a nucleophile. It attacks the clectrophilic carbonyl carbon stom
wlmmwMMmmmmm_
e froee i
CH, =CH 4+ CH, —C —H =— CH, —CH —CH, —C —H
Ethanal Carbanion An alkoxide ion
Thcallw:ddeionmnwesapmtonfmmmwrtofon_naldol

www.pdfhive.com



Aldehydes and Ketones 237

0 0 OH 0
CH,— CH—CH, — C —H+H—OH - CH, — CH — CH, — C—H +OH
Alkceade son S lydroxybutanal (aldol)

The basic catalyst hydroxide ion is regenerated.

5. Cannizzaro s Keaction
Aldehydes that have no a-hydrogen atoms undergo cannizzaro's reaction. It 1s a
disproportionation (self oxidation-reduction) reaction, Two molecules of the aldehyde are

involved, one molecule being converted into the corresponding alcohol (the reduced
product) and the other into the acid in the salt form (the oxidation product). The reaction is

carried out with 50 percent aqueous solution of sodium hydroxide at room temperature.
0 0

I -
2H—C—H + NOH — CHOH + H—C--ONa

HO
2 + NaOH ——

Henzaldehyde Benzy! alcnhol

Mechanism:
The hydroxide ion acts as a nucleophile. It attacks on the electrophilic carbonyl
carbon to form a complex anion.

H\‘_.f;:—\ Hy /0

C=0 .+ OH > C
: u? NoH

H7
Formaldebyde Anion
The anion transfers a hydride ion to second molecule of formaldehyde.
0
.~ B $0 '5
LC=0 .C\ - CH,—0 + H—C—OH
HS S B OR
Formaldehyde Coenplex anion Methoxide ion Formic acd
The presence of the negative charge on oxygen of the anion helps in the loss of
hydride ion.

The methoxide 1on acts as a base and abstacts a proton from formic acid to form
methanol and formate ion.
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(E (ﬁ
As 5 VOH
CH,—O + H-0—C—H —— CHOH + H—C—0 —

Mecthoxide jon Formme aod Methunol (l?

H—C—ONa + OH
The formate ion in the presence of alkali gives a salt of the acid.

6. Haloform Reaction
Wyaoctaldehydeandmﬁhylkelmumactwithlnbgenshmepmofsodium

hydm:ddetogivehaloﬁrmandsodiumsdtdtbeadd.mlamhalofonnisusedﬁorlhc

reactionbgauseahdoﬁum(dlmn.huno&xmaiodohm)bmeoﬁhewudm

0

I

R—C—CH, + 3X, + 4NaOH ——+ CHX, + RCOONs + 3NaX + 3HO
R = alkyl, Halogen Haloform Sod. carboxylate
aryl or hydrogen
0
i
CH,—C-~H + 3I, + ¢NaOH w3 CHL,+ HCOONa + 3Nal + 3H.0
Acclaldehyde lodine lodoform  Sod. formate
(yellow ppt)
0
Il
CH,—C—CH, + 3L + 4NaOH ——— CHL + CH,COONa + 3Nal + 3H.0
Acetope lodine lodoform  Sod. acetate

Secondaryaloobolaoontainimthehydtmylgmupon the second carbon atom also
undagou\ismmmhandisdwmlypﬁmaqakoholﬂmﬁvamismcﬁon.
o -

R—CH—CH, + 4, + 6NaOH —3, CHL + RCOONa + 5Nal + 5H,0

Secondary alcohol lodofurm  Sod. carboxylute
CH,CHLOH + 41, + 6NaOH & CHIL + HCOONa + 5Nal + 51L0
Ethanol lodoform Sod. formate
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lodoform Test:

The haloform reaction using iodine and aqueous sodium hydroxide is called the
iodoform test. It results in the formation of water insoluble iodoform which is a yellow solid.
Todoform test is used for distinguishing methyl ketones from other ketones. Itis also used to
distinguish ethanol from methanol and other primary alcohols. It can be used to distinguish
acetaldehyde from other aldehydes.

(b)  Acid-Catalysed Addition Reactions

The acid catalysed nucleophilic addition reaction will take place with a weak
nucleophilic reagent. The addition is initiated by the proton (H') liberated by the acid. The
proton combines with the carbonyl oxygen atom ancincreasesthe electrophilic character of
the carbonyl carbon. As a result, the attack of the weaker nucleophile on the electrophilic
carbon becomes casier.

The general mechanism of the reaction is as follows,

&N

\‘\" L - k\ = -
/(.-0 + H — /C—0-~ll
™ MY l
Nuﬂ-() H == Nu—C—OH
|
The acid-catalysed nucleophilic addition reactions of aldehydes and ketones are the
following.
L. Both formaldehyde and acetaldehyde polymerize in the presence of dil. H SO, togive
mctafm'maldehydemdpa(?ldehydc respectively. 0
’ H,—CH  CH—CH
2% C‘ll, E"; 2 CH, :!I CH—CF
- - - . 1 -‘
SHCHO -— e (-I)\ (‘) RCH‘_ CHO ().‘-‘ ()
i L.”
CH
Metajormaldchyde Paraidehyde
2. Reactions of Ammonia Derivatives

Aldehydes and ketones react with ammonia derivatives, G — NH, to form
compounds containing the group, ;C = N—G and water. The reaction is known as
condensation reaction or addition - elimination reaction because water 15 lost after addition
occurs. The reaction is acid catalysed.

The general reaction is:
fo——

b ! > =S ‘l ¥ ~ .
—(C— + HN—G = —C—N—-G = —C=N-G+HO
Aldehyde Ammonia Aminoalcohol " Condensation
or ketone dertvalive (urstable) product
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Where G = OH,—NH, —NHC,H,, —NHCONH,, etc.

Some commonly used ammonia derivatives are hydroxylamine, NH,OH, hydrazine,
NHNH,, phenylhydrazine, CILNHNH, semicarbazide, NHNHCONH,, and 2, 4-
dinitrophenylhydrazine, NH.NHC H,(NO,)..

The reactions of the above stated ammonia derivatives with aldehydes and ketones
are as follow.

(i) Reaction with Hydroxylamine
Aldehyﬂenndkctonesmawhhhy&uyhmimwﬁmoxhnesinmcmnoeol
anacid.

CHy H CH,
/C =0 + HNOH — 4 C=N -OH + HO
i G
Ethanal Ethanaloxame
CHy W CHy
=0 + HNOH —— /C’-'N— OH + HO
CHY CH;
Propanone Propanoneoxime

(ii)  Reaction with Phenylhydrazine
Aldehydes and ketones react with phenylhydrazine to form phenylhydrazones in the
presence of an acid.

CH, H CHy
,C=0 + HNNHCH, — C=N-—NHCH, + HO0
W H”
Ethanal Ethanal phenylhydrazone
CH N H" CH.\
,C=0 + HNNHCIL——  C=N—NIHCH, + HO
CH/ CH;
Propanone Propanone phenylhydrazane

(iii)  Reaction with Hydrazine
Aldehydcsmdkaonamawithhydnzinemfamhydnminthcmd

anacid.
CH. H CH,\
L) + HNNH, e ,C=N--NH, + HO
H I :
Acetaldehyde Acctaldelyde hydrazone
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CH,, H CH,

SC=0 + HNNH, »  C=N—NH, + HO
CH, CH;
Acctone Acetone hydrazone

(iv)  Reaction with 2, 4-Dinitrophew'n'i"lh£'drazine 12, 4-DNPH]
Aldchydes and ketones react wi , A-dinitrophenyhydrazine to form 2,
4-dinitrophenylhydrazones in the presence of an acid.

CHy, .\ CH
C =0+ HNNH - = N=NH ;
H / 5y, H NO

NO,

d
Acetaldehyde NO NI ),
240N A(!‘(i’d(‘h_\*‘ <4 DN"“
CHx nw CH, NO,
,C =0+ HNNH o' ,C=N—NH~ 5
CH NO. CH >
Accwne NO, NO,

etone 2.4-DNPH
24-DNPH s o

The reaction can be used for the identification of aldchydes and ketones because 2, 4-
dinitrophenylhydrazones are usually yellow or orange crystalline solids.

Mechanism of the Reactions of Ammonia Derivatives
Step (1) Protonation of oxygen of the carbonyl group.
\(- =0 +H == C'—0H
Step (ii)Nucleophilic attack of nitrogen of ammonia derivative on the electrophilic positively
charged carbon and deprotonation of the adduct.
H

| | i JC—OH 4. ;flt OH
SO —OH ¢ NGy / B
o SN H™ N"-H N—H
H . 1
G G
Addoc

Step (iii) Protonation of oxygen of hydroxyl group followed by the removal of water

,C - OH H FC—OH, o
41 = | 23 ,C=u=N—G
H—N—G H rﬂN—G HO 7
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9. Addition of Alcohols
Aldehydescanlmewiu:aloohdsinthcpmemeothydmgmchbﬁdegaswfam
xem}s.Tbchydmgendtbddegasactsasaawyu.Bommeabohdandtbehydmgen
chlonde gas must be dry.
HG\ Dry HCI CHy , OGH,
/C =0+ 2CHOH == H/C\OC,H, +H.0

H 1 1-Diethoxyethane (20 acctal)

The reaction may be used to protect the aldehyde group against alkaline oxidising
agents. Toregenerate aldehyde, the acetal is hydrolysed in the presence of an acid.
HC OCH, H CH;
> T HHO —— im0+ 2CHOH
H7 S OCH, H

Ketones do not react under these conditions.

12.5.2 Reduction Reactions

Aldehydesandketmesmnbothbereduchldehydeamreduoedwmnry
abd\dswhemskctmatosecmdaryalodmmwbmylgmupisconmed into an
alcohol.

(i) Reduction with Sodium Borohydride
Aldehydes and ketones are reduced to alcohols with sodium borohydride, NaBH .

The reaction is carried ow! in two steps: reaction of the carbon compound with NaBH,

under anhvdrouvs coWitions and then hydrolysis.

H
i |
H—C=0 M8, 4 _ CH—oH
Mcthanal HO Mcthanol
i
CH—C=0 2B, cy_ CcH—on
Ethanal HO Ethanol
CH, CH,
CH—C=0 _DBHC ¢y CcH—oOH
Propanone HO 2-Propanal

Sodium borohydnide reduces the carbon-oxygen double bond but not the carbon-
carbon multiple bond.

Mechanism:
The tetrahydridoborate (11I) ion, BH, is source of hydride ion, H . The
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hydride ion acts as a nucleophile. It attacks on the electrophilic carbon of the carbonyl
group to give an alkoxide ion.

Ny
St =0——sn— b —o
£ (W |
The alkoxide ion is protonated with water to give an alcohol.
e i, et V
H—-C -0+ H—OH —— H—C —0OH + OH
5 L l
Alkiade xm Analcabol

(1)  Catalytic Reduction

Aldehydes and ketones on reduction with hydrogen in the presence of a metal
catalyst like Pd, Pt or Ni form primary and secondary alcohols respectively. Hydrogen is
addedmﬂtccam()?ylm

H—C—H + H, P Procli CH,OH
Hnﬂnaldc(l)lyth- Methylalcohol
(o QY SA LT YOOI .0 CH,—CH,0H
A«mhe(h)yde Ethyl alcobol
1] Pl V' (I) l
CH—C—CH, + #, BN oy tu_ci
Acetone bopmml/k’dhl

12.5.3.0xidation Reactions

(1) Oxidation of Aldehydes:
Aldchydes are easily oxidised by mild oxidising agents like Tollen's reagent,
Fehling’s solution and Benedict's solution. They are oxidised to carboxylic acids by
strong oxidising agents such as K,Cr,0, / I1.S0,, KMnO, / H,S0,, and dilute nitric
acid. The hydrogen atom attached to the carbonyl group in aldehydes is oxidised to

OH group. o
" 2 ze 3 .
CH,— C—H + (0] K&0./Mg0. oy & oy
Acetaldehyde Aceticacid .
1 ¢
- . |
CH,— CH,— C—H + [0] e T OH -~ TR e i
Propeonaldehyde Propeonic acid

membowﬁcaddhuthemnumberdearbonm»mmtinmcmm
aldchyde.
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(i) Oxidation of Ketones:
Kamdonamﬁugooﬁdaﬁmasilybcammeymwkehruﬁngdm
carbon - cnrbmlxmd.neygivcuormionwithnﬁldmddishgagcms.ﬁeym
only oxidised by strong oxidising agents such as K.Cr,0,/HS0,,KMnO,/H.S0,, and
conc. HNO,. lnoxidatiwofketona.otﬂylhecarbonammudacenuothcarbonyl
mupamaludnedThcmrbonamjoinedewmananumberofhydrogenmns
ispmfamﬁaﬂymddised.lnaseolsymmeuhlketonesonlyouewbonam
adjacent toﬂwwbonylgrwpisoxidisedandaminureoftwomrboxylicaddsis

alwaysglnamed. 0

1) . . i
CH, —C—CH. +3[0] RELOHSD,  OH —C—OH + HCOOH
Acelone Aceticacd

However, in case of unsymmetrical ketones, the carbon atom joined to the smaller
number of hydrogen atoms is preferentially oxidised and the carbonyl group remains

with the smaller alkyl group.
0 ‘ : 9 0
CH,-— C— CH, —CH, +3(0] —2/"% & on +CH,—C —OH
Butarane Acctic acid
12.6 IDENTIFICATION OF CARBONYL COMPOUNDS
Detection tests for aldehydes and Ketones.

': 21 DNPH Test: Aldehydes and ketones forma yellow or red precipitate with 2, 4
dinitrophenylhdrazine solution.

2. Sodium Bisulphite Test: Aldehyds and small methyl ketones form a crystalline
white precipitate with saturated sodium bisulphite solution.

3. Tollen's Test [Silver Mirror Test I: Aldehydes form silver mirror with Tollens'
reagent (ammoniacal silver nitrate solution). Add Tollens' reagent to an aldehyde solution ina
test tubcandwamAsilvermirroris[wmedontheinsideofthetwtuba

AgNO; + 3NH; OH— [Ag(NH;)2] OH+NILNO, L2H,0

R-CHO#2{Ag (NH.).] OH—»R-COONH, + 2Ag + 2NH, + H.0
Silver murror
High quality mirrors are manufactured by using this principle. Ketones do not give
this test,
1. Fehlings Solution Test |an alkaline solution containing a cupric
tartrate complex ion}: Aliphatic aldehydes form a brick-red precipitate with Fehling's
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solution. To an aldehyde solution, add Fehling's solution and boil. A brick red precipitate of
cuprous oxide is formed. Ketones do not give this test.

R~ CHO + 2Cu(OH), + NaOH * R-COONa + Cu,0 + 3H,O
Bk red ppt
5. Benedict's Solution Test |an alkaline solution containing a cupric

citrate complex ion |: Aliphatic aldehydes form a brick-red precipitate with Benedicts's
solution. To an aldehyde solution, add Benedict’s sohtion and boil. A brick-red precipitate of
cuprous oxide is formed

RCHO 4 2Cu(OH), + NaOH

+RCOONa + Cu0 + 3H,)O
Bock ped ppt
Ketones do not give this test.

f Sodium Nitroprusside Test: Ketones produce a wine red or orange red colour
onaddngalkalhcsodiumnimmssidesoluﬁmdmpwise.
Aldehydes do not give this test.

12.7. USES
ta)  Usesof Fomaldehyde

)] It is used in the manufacture of resins like urca-formaldehyde and plastics
such as bakelite.

(i) Itis used in the manufacture of dyes such as indigo, para-rosaniline, etc.

(i) Its 40% aqueous solution called formalin is used as an antiseptic, a
disinfectant, a germicide, a fungicide and for preserving animal specimens
and sterlising surgical instruments.

(iv)  Itisusedasadecolourising agent in vat dyeing.

(v) Itis used in the silvering of mirrors.

(vi) Itis used in making medicine urotropine used as a urinary antiseptic.

(vii) It is used in making formamint (formaldehyde + lactose) used as throat
lozenges.

(vii)  Itisused in the processing of anti-poliovaccine.

(b) Uses of Acetaldehyde

0] Itis used in the production of acetic acid, acetic anhydride, n-butanol, ethanol,
Z2-ethyl-l-hexanol, vinyl acetate, paraldchyde, ethylacetate, etc.

() Itis used to make acetzldehyde ammonia used as a rubber-accelerator.

(i) Tt is used to make chloral hydrate, ethanol trimer and tetramer. Chloral
hydrate and cthanol tnmer are both used as hypnotic drigs whereas ethanol
tetramer is used as a slug poison.

(iv)  Itisusedasanantiseptic inhalent in nasal infections.

(v)  [Itisusedinsilvering of mirrors.

(vi)  Itis used to make phenolic resins and synthetic drugs.
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Q.1

KEY POINTS
Aldehydes and ketones contain the carbonyl group, C = 0 as the functional group.
Bothaldchydesandkctoncsmnbepremudbythcoxidal&mofpﬁmaryand
secondary alcohols respectively,
Both aldehydes and ketones undergo nucleophilic addition reactions. In these
reactions, the negative part of the reagent combines with the electrophilic carbon of
the carbonyl group whereas the positive part goes to the oxygen atom. They are hase
catalysed addition reactions.
Two molecules of the same carbonyl compound condense to form an aldol. Aldehydes
and ketones containing a-hydrogen atoms undergo this reaction in the presence of
dilute sodium hydroxide.
Aldehydes that have no a-hydrogen atoms undergo Cannizzaro's reaction in the
presence of concentrated sodium hydroxide.
Acetaldehyde and only methyl ketones react with halogens in the presence of sodium
hydroxide to give haloform. It provides a useful method for converting a methyl
ketone to a carboxylic acid containing one carbon atom less than the parent methyl
ketone, lodoform test is used for distinguishing methyl ketones from other ketones.
Aldehydesandketoncsreactwithamnmiadeﬁvaﬁms.(;-NH,toform
condensation products containing the group, C = N - G and water. The reaction is
acid catalysed.
Aldehydes and ketones are reduced to alcohols with sodium borohydride, Aldehydes
and ketones are also reduced to alcohols with molecular hydrogen in the presence of
catalyst like Pd, Pt or Ni.
Aldehydes are oxidized to carboxylic acids. K,Cr,0, in H.SO, or KMnO, in LSO, may
be used as the oxidising agent. Ketones resist oxidation.
Aldehydes form silver mirror with Tollen's reagent. Ketones do not give this test,
Aldehydes give a brick red precipitate with Fehling's solution on boiling.

EXERCISE
Fillin the blanks.
i) Aldehydes are the first oxidation product of ’
i) Ketones are the first oxidation product of ;

i) Aldehydes and ketones undergo addition reactions.

v) Formaldehyde reacts with to give primary alcohol.

v) Acetaldehyde reacts with to give 2-butanol.

vi) Aldchydes are strong agents,

vii)  The oxidation of an always gives a carboxylic acid.

vii)  The reduction ofa always gives a secondary aloohol.

ix) Formaldehyde gives test with Tollen's reagent.

x) Acetaldehyde gives a precipitate with Fehling's solution.
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Q.2

Q.3

Indicate True or False,

1)
u)
i)
i)
v)
wi)
vii)

viii)
ix)

Formaldehyde is used in the silvering of mirrors.

Ketones combine with alcohols in the presence of HCl gas toform acetals
Acetaldehyde undergoes Cannizzaro’s reaction.

Aldol condensation reaction & given by only those aldehydes and ketones
which contain an a-hydrogen atom.

Cannizzaro's reaction is given by only those aldehydes containing no a-
hydrogen atom.

Propana! and propanone behave differently with Tollen's reagent.

Acetone reacts with sodium bisulphite to give a yellow crystalline product.
Acetone on reduction gives a primary alcohol.

10% aqueous solution of formaldehyde is called formalin,

Multiple choice questions. Encircle the correct answer.

1

i)

i)

(iv)

)

(v1)

(vi1)

(vinn)

(ix)

The carbon atom of a carbonyl group is

(a) sphybridized  (b) sp hybridized (¢)sp'hybridized  (d)none ofthese
Formalin is

(a) 10% solution of formaldehyde in water

(b)  20% solution of formaldehyde in water .

() 40% solution of formaldehyde in water

) 60% solution of formaldehyde m water

Which of the following will have the highest boiling point?

(a) Mathanal (b) Ethanal (¢) Propanal (d) 2-Hexanone
Ketones are prepared by the oxidation of

(a) Primary alcohol (b) Secondary alcohol

() Tertiary alcohol (d)

Acetone reacts with HCN to form a cyanohydrin. It isan example of

(a) Electrophilic addition  (b) Electrophilic substitution

(c) Nucleophilic addition  (d) Nucleophilic substitution

Which of the following compounds will not give iodoform test on treatment
with [ NaOH:

(#) Acetuldehyde (b) Acetone  (¢) Butanone  (d) 3-Pentanone
Which of the following compounds will react with Tollen's reagent.

i
(@) CH,-C-H (b) CH,-C-CH,
2 s
©) CH,-C-OH d) CIL-C- CIL-CHl,
Cannizzaro's reaction is not given by
(a) Formaldehyde (b) Acetaldehyde
) Benzaldchyde (d) Trimethylacetaldehyde
Which of the following reagents will react with both aldehydes and ketones?
(a) Grignard reagent (b) Tollen's reagent

www.pdfhive.com -



Chemistry X11

co
TS

Q.8
Q.9

Q.10
Q.11
Q.12
Q.13
Q.14

Q.15
Q.16

Q.17

Q.18
Q.19
Q.20

(c) Fehling's reagent (d) Benedict's reagent
Give one laboratory and one industrial method for the preparation of formaldchyde.
How does formaldehyde react with the following reagents?
1) CH Mgl i) HCN i) NaHSO,  iv) conc. NaOH
v)NaBH/H,0 vi)Tollen's reagent vii) Fehling's reagent
Give one laboratory and one industrial method for the preparation of acetaldehyde.
How does acetaldehyde react with the following reagents?
1) C,H Mgl i) HCN i)NaHSO, iv)dilute NaOH
VII/NaOH  vi)NaBH/HO vi)NH.OH  viii) K(Cr.0 150,
Describe briefly the mechanism of nucleophilic addition toa carbonyl compound.
Explain with mechanism the addition of ethylmagnesium bromide to acetaldehyde.
What is the importance of this reaction?
Explain with mechanism the addition of sodium bisulphite to acetone . What is the
utility of this reaction?
Describe with mechanism aldol condensation reaction. Why formaldehyde does not
give this reaction?
What types of aldehydes give Cannizzaro's reaction? Give its mechanism.
Explain the mechanism of the reaction of phenylhydrazine with acetone.
Usingcthyneasasurﬁngnmtcriallwwwouldyougaacemldehyde.acetonemd
ethylalcohol?
Give the mechanism of addition of HON to acetone.
How would you bring about the following conversions?
i) Acetone intot-butyl alcobol i) Propanal into 1-propanol
1i) Propanone into 2-propanol w) Methanal into ethanal

v) Ethanal into propanone vi) Ethanal into 2-propanol
vii) Ethyne into ethanal vin)  Ethene into ethanal

ix) Ethanal into ethanol x) Ethanol into 2-bitanone
xi) Methanol into ethanal xi)  Ethanol into ethanoic acid
How will you distinguish between:

i) Methanal and ethanal i) Ethanal and propanone
ii1) Ethanal and propanal v) Acetone and ethyl alcohol

v) Butanone and 3-pentanone vi) Acetaldehyde and benzaldehyde
vi)  2-Pentanoneand 3-pentanone
Discuss oxidation of (a) aldehydes (b) ketones with :

DK.Cr,0/H.SO, ii)Tollen'sreagent i) Fehling's solution
Discuss reduction of (a) aldehydes (b) ketones with
i) NaBH/H0 i)  H/Pd

Give three uses for cach of formaldehyde and acetaldehyde.
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Chapter

CARBOXYLIC ACIDS

IN THIS CHAPTER YOU WILL LEARN

1. How to name carboxylic acids and their derivatives. y

2. The commercial method for the preparation of acetic acid.

3 The relationship between the structure of carboxyl group and its reactivity.

4. The effect of hydrogen bonding on the physical properties of carboxylic acids.
5. The ways of preparing four derivaties of carboxylic acids and the conversion of
these derivatives back Lo carboxylic acids,
6. About amino acids and their significance.
13.

1 INTRODUCTION

i
Orgznic wmpwonds containing (- C - OH) as a functional group are called

)
carboxylic acids. The — C - OH group which itself is made up of a carbonyl group (> C = 0)
and a hydroxyl group (-OH) is called a carboxyl group (Carb from carbonyl and oxyl from
hydroxyl). Carboxylic acd may be an aliphatic or an aromatic depending upon

whether -8- OH is attached to an alkyl group (or a hydrogen atom) or an aryl group. Their
general formulas are :
[A_méassmboxyhcagd
R~ C - OH where R = H oran alkyl group.
- oot

Ar - C - OH where Ar is a phenyl oran aryl group
Carboxylic acids are further classificd as mono, di, tri or poly carboxylic acids as they
contain one, two, three or many carboxyl groups respectively in their molecules.
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Aliphatic monocarboxylic acids o
0
H-C-OH CH,-C-OH
Methanoie acid or Formic acid Ethanoic acid or Acetic acid
Aliphatic dicarboxylicacids
LCOOH
COOH /
,‘ dC
COOH N
Cthanedioic acid COOH
(Oxadic acid) Propanedioic acid
(Malomic acid)
Aromatic monocarboxylic acid Aromatic dicarboxylic acid:
COOH COOH
H
Benzoscacid 1.2 - Benzenedicarboxylic acid
or Phithalic acid
lnthisdumerwewﬂldiminwmedeuil.thecbemiswdmomcarwxyﬁcadds
only.

13.2 NOMENCLATURE OF CARBOXYLIC ACIDS
The ﬁmmmmﬂmyanammmM higher
members of this series such as palmitic acid (C_H, COOH), stearic acd (C,,H,COOH), etc.

are obtained by the hydrolysis of fats and oils.

The aliphatic monocarboxylic acids may be given common names or [IUPAC names.

13.2.1 Common or Trivial names

'rhecommonmmesdcarboxyﬁcacidsweredeﬁvedﬁnmthemﬁunwhﬁ:

they are isolated. Thcirﬁmionmusedbyanantbiteisduetolonnicadd(l.minword
formica, ant). It was first isolated by the distillation of red ants. Similarly acetic acid was first
isolated from vinegar and butyric acid was named after butyrum means butter,

13.2.2 The IUPAC Nomenclature
The lUMCmmadmmudmmowboxyﬁcaddsma&micadd&ﬁeseam
derived from the names of the alkanes containing the same number of carbon atoms as the
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acid. The ending’-e'tf the alkane name is dropped and suffix-oic acid is added. Thus acetic
acid gets the name ethanoic acid.

The position of substituents are indicated by Arabic numerals with the carboxyl
groupgivennumbeflasshmbelow-

A ()

¢-c-c-t-on

Tbecommonandwh\Cnamesoﬂbesomemmonmonocarboxylicacidsarc
given in the table below.

Table(13.1) Common and 1UPAC names of some common carbox_ylic acids

13.3 GENERALMETHODS OF PREPARATION
A number of methods for the preparation of carboxylic acids have already been
discussed in the previous chapters. However, they are recalled again with different
examples.
1. From Primary Alcohols and Aldehydes
Prunaryalod:olsmdaldehydum ludiyondnudtocorm)dmgcm'boxybc
acids by oxidising agents such as polassium dichromate in an acidic medium.

(0)

R-CH,-OH + |0) R- CHO) ——— RCOOH

Primary alcohol H0, aldchyde Carboxy e acd
0
” . KL 3 ' 0] ‘
CH,- CH,~OH+[0] ==+ CH,- C-H —— CHCOOH
Ethanod " Erhanal Ethanoic acid

Aldehydes are easily oxidised to corresponding carboxylic acids even by mild
oxidizing agents suchas Tollen's Reagent (Ammoniacal silver nitrate).
CH,- CHO + [0) ——s  CH,COOH

Erhanal Ethanoic acid
2. From Alkanenitryey
Compounds having a cyanide ( - C = N) group are called nitriles. Hydrolysis of an
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alkanenitrile on boiﬁnguﬁthmheuladdsoralkalisyieldscorresponﬁgcarboxyﬁcacid.

R-CaN+HO "=, peoon +NH,
CH, CeN+2H.0 + HCl - » CH,COOH + NH,C1
Alkanenitriles can be prepared by treating alkyl halide with alcoholic potassium
cyanidc Alcobed
R-X+KCN —5 R-CN+KX
ltmaybemﬁedduucidpmduoedhuomarbmatanmmumthcodgim!dkyl
halide.

3. From Grignard Reagent

dimddc.Thhmcﬁonbckariedmﬂbymss&uwbondiwddemmtbeahm
soluﬁmofwnespondingGrigxmdmgentabyaddingGﬁmmdmgentMMed&yke
suspcndedincmecmaddiﬁonmwrucﬁmwimaminaﬂaddmmwbmﬁc
acid. -

O (8] X

R-MgX+0=C=0 -, [R_C-OMgX| —"y R-C-OH + Mg
OH
R ' (u) Br

CH, - MgBr + 0 =C 10 a7 ICH, -C-OMgBr) 1y CHCOOH + Mg
OH

1. By the Hydrolysis of Esters
Theappmwiateesleronboilingwithooncmmedsodiumhydmﬁdeyields sodium
sahollthiiThismdthgnkwbmuutedwiﬂndﬂuteHCIghuthe&eewboxyﬁc
9]

R-COOR' + NaOH + R-C-ONa+R - OH
0 0

R~ C-ONa+ HCl »  R- C- OH + NaCi

() O

CH,~ C- OC.H. + NaOH 5 CHC - ONa + CHOH

Ethyl acctae Sodeum acetate
() O
) ! Il

CH,- C-ONa+HCQ —» CH,-C-0OH+NaQl

w

By the Oxidative Cleavage of Alkenes
AlkeneswhenhmtedwithalkalineKMnO.amclavedatthcdoublebondto
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form carboxylic acids. KMz, OH
R-CH=CH-R+4[0] s 2RCOOH
symunctncd ulkene ! - Carbexy I acid
H.C- CH = CH-CH, + 4(Q] EMoO/0H 2CH.COOH
2-Butene Ethanoic acw!
13.4 PHYSICAL CHARACTERISTICS
1) Smell

The first three aliphatic acids i.e. formic acid, acetic acid and propionic acid are
colourless liquids and have pungent smell. The next threeacids C, to C, are colourless liquids
with somewhat unpleasant smell.

i) Solubility
Among the aliphatic acids, the first four members are very soluble in water due to

hydrogen bonding.
& 35 & ) ) A A )
H< Qs H-0-C=0-— H-0--H-0-C=0—
. L R H R

The solubility in water gradually decreases with the increase in molecular mass.

iii) Boiling Point

F )

The boiling points of carboxylic acids are relatively O—H —-()\
high due to intermolecular hydrogen bonding. R C// R

The molecular mass determination in non-polar \ ¥ 5 ,}'
solvent like benzene shows that carboxylic acids exist as O—H—Q’
cyclicdimers. dimer of a carboxylic scid
Boiling Points

HCOOH CH.COOH C.H.COOH

373K (100°C) IMK(118°C) 124K(141FC)
Melting Points

The melting points of carboxylic acids increase irregularly with the increase in
molecular mass. It has been observed that the melting points of carboxylic acids containing
even number of carbon atoms are higher than the next lower and higher members containing

odd number of carbonatoms e.g.,
CH,. CH,COOH, CH, CH,CH, COOH, CH, CH,CH, CH.COOH
(3 catbon) (4 carbon) (5 carbon)
Melting
points  ZS1IK(22°C) 267 R(46°C) TR0
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0

13.5 REACTIVITY OF CARBOXYL GROUP (-C -OH)

Thcmboxylmpdisphysthechemimofbmhmearbonylandtbehydmxyl
groups. In most reactions of carboxylic acids the carboxyl group is retained however, the
rcaaivityddwsennleaﬂesisamnseqwdthepmemedthcarbonylm

13.6  Reactions of Carboxylic Acids
Carboxylic acids undergo the following type of reactions.
a) The reactions in which hydrogen atom of the carboxyl group is involved (salt
formation).
b) TbereactionsinwhichOHgmupisrephoedbyanothermmp.
c) The reactions involving carboxyl group as a whole.

() Reactions Involving H Atom of the Carboxyl Group
Carboxylic acids are weaker acids than mineral acids. They furnish H' when
dissolved in water. 0 0
il ﬂ H.O N i
R-C-0-~H —_ R-C -0 +H
Carboxviate wn Proton

Inthe presence of water (H,0), the proton breaks away as H,0" ion.

1. Reactions with Bases

Carboxylic acids react with bases (NaOH, KOH) to form salts
CH.COOH + NaOH + CHCOONa+ HO

2, Reactions with Carbonates and Bicarbonates
Carboxylic acids decompose carbonates and bicarbonates evolving carbon dioxide
gas with effervescence. .
2CH,COOH + Na.CO, — 2CH COONa + CO,+ HO
CH,COOH + NaHCO, —— CH,COONa + CO, + HL.O
3. Reactions with Metals
Carboxylic acids react with active metals (Na, K, Ca, Mg etc) to form their salts with
the evolution of hydrogen gas.

2CHCOOH+2Na  ——» 2CH,COONa + H,
(b)  Reactions Involving the - OH Group of Carboxylic Acids

Thcmboxylicaddcontaim—C—OHhmcdmalmawlikethewbonyl
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mpdﬂdchydumdbtaws,issuxeptﬂ:lctuauﬂbya nucleophile. The addition of a
nucleophile to the carboxyl group is always followedbythedisplaoementofme-OHgmup
bymwummmamﬁkadddm&vcﬂh-oumpmthusbc
replaced by X, ORand NH, to form halides, esters and amidesrespectively.

1. Reactions with PCl, and SOCI,

a) CH,COOH + PCl1, , CH.COCI + POCL, + HCI
b) CH,COOH + SOCI, — CH.COCI + SO, + HCI
Mechanism o o o
1] o
1) CH,~ C-0OH +50Cl, — CH.-C-0-S=Cl+H +()
0%. 4.0 0 0
C R ] | ’
i) CH-£-0-S-CHCI' —— . CH,-C-0-S-Cl
Cl
O") 0 0
.ee ! u R i
)naCH-Er0-SCt CH,-C-Cl + SO, + Cl
él S5 Acetyl chiloride
H +Cr — HCI

2, Formation of an Ester
Wlnnwbouyﬁcacidamheatcdwithalmhnhintheprmnceofmnmtcd
H.50,, esters are formed.
CHCOOH+CHOH 2.  CHCOOCH,+ H0

Mechanism
'l'benriomstepsdthcabovereactiaumashlows:

1) Protonation of Carboxylic Acid

CH,~C-OH + Ii° <= CH,-C-OH
0 .O-H
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i) Attack of CH,~ CH,OH

CH -C-OH+CHOH <= (CH,-C-OH
Go -n 0
'H
i) Hydrogen lon Transfer
Cll. -0 -}r) CH -0 H

CH-C-0OH =—/— CH,-C-0H

0 (:) -H

H

iv) Elimination of Waterand H®
CH, -0 H CH, -0

HO
CH,- CEO'-H === CH -C=0+HO%H'

((/) Exhvl acetate
H

Esters have fruity smell and are used as artificial Ester Flavour
flavours. Flavours of some esters are listed in the table, Amylacetate i
3. Formation of Amide (Reaction with Benzylacetate Jasmine
ammonia) Ethyl butyrate Pineapple
Carboxylic acids react with ammonia to form | Amyl butyrate Apricot
ammonium salts which on heating produce acid amides. Octyl acetate Orange
U CH,COOH + NH, » CH,COONH,
CH,COONH, SN CH,CONH, + H,0
Mechanism
C() ()
CH,- %H —== CH,~ C= OH
NH,
Q) 0O

Proton trunsfer

i) CH.-C-OH —— CH,-C -OH,
‘NH., NH,
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@ ’
i)  CH,~ C_QH, S—— CH,-C-NH,+H0
NH e

4. Formation of Acid Anhydride
Carboxylic acids are dehydrated on heating strongly in the presence of phosphorus
pentaxide.
? 't PO, Q (n)
CH,C(ﬁ{ - H(]-C -CH, — CH,-C-0-C-CH, + H0
Acctic anhydride

0

(¢)  Reactions Involving Carboxyl Group ( - (': ~OH)
i Partial Reduction to Alcohols
Carboxylic acids on reaction with lithium aluminium hydride (LIAIH,) are reduced to
alcohols.
0

] LiAlH,
CH,-C-OH+4H] —— CH,-CH,-OH + H.O

i) Complete Reduction to Alkanes
Carboxylic acids on reduction with HI and red phosphorus give alkanes.
CH,COOH + 6HI —" CH, - CH, + 2H,0 + 3L
lnthhmcﬁon-COOHmisreduced(oa-CH.m

13.7 ACETIC ACID
llislbenwimpmuntaﬂm:ylicacid.ltsdﬂuusohnionisknownasvinew
Acetic acid can be prepared by any of the general methods described earlier.

13.7.1 Laboratory Methods
1. By the Oxidation of Ethyl Alcohol or Acetaldehyde
When ethyl alcohol is oxidised with K.Cr,0,and dilute H SO, acetic acid is produced.

0, 0)
CH, -CH,0H + (0] %%‘-’» CHCHO —2,  CH.COOH

L]
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2. By the Hydrolysis of Methyl Cyanide 5
Ethanenitrile h ysis with dilute HCI, gives acetic acid through acetamide.
WO H,O/H'
CH,CN L CH,-CO-NH, "— CH,COOH+NH,*
Acetamide .
-
13.7.2 Manufacture of Acetic Acid
1. From Ace
Acctylene™f§ ed with 20% H.SO, and 1.0% HgSO, at 80°C to give ethanal
(acetaldehyde) which is then oxidised using V,0, to give acetic acid.
O

HC cu"‘.;q” B0, CH,=CH-OH= CH.- C -H 0., CH.COOH
- +H. 0 H;;; g N R = Oxidats '

2. Acetic acid is also prepared commercially by the oxidation of ethyl alcohol. Ethyl
alcohol can be commercially prepared from molasses by a process called fermentation. It is
oxidized by potassium dichromate in the presence of conc. sulphurlc acid to give
acetaldehyde which is frther oxidized under the same conditions togive acetic acid.

CH,-C1L,-OH + [O] - "’:—'ﬂ, CIL,-C -H+ HO
s Y,

evek K0,

CH-C-H + 0] S5 CHCOOH

13.7.3 Physical Chardcteristics

Acelicacidisacolouﬂessliquidwitbaboilingpdm 118'C. It has a strong vinegar
odour and sour taste. The pure acid freezes to an ice like solid at 17°C, therefore, it is called
glacial acetic acid. It is miscible with water, alcohol and ether inall proportions.

13.7.14 Reactions ofﬁpetic Acid
Chanialf&dioqofaoetkacidhweabudybemdimsscdinuwmcnl
properties of the carboxylic acids.

13.7.5 Uses of
Acetic acid is use
1) asa coagulant for latex in rubber industry,
ii) in the manufacture of plastics (polyvinyl acetate) rayon (cellulose acetate) and silk.
i) in medicine as a local irritant.
v) asasolvent in the laboratory for carrying out reactions.

v) inthe manumg(packles
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vi) in the manufacture of many organic compounds like acetone, acetates and esters.

13.8 AMINO ACIDS
Amino acids are organic compounds containing both amino and carboxyl groups.
They are represented by the general formula :

Sadcdnn‘ },'
s (r'— COOH - Carboxyl group
Amino group .— NI,

. R s different for different amino acids. The amino group may be present at any
carbon atom other than that of the carboxyl group (- COOH). They are referred to as «, f,
depending upon whether the amino group is present on the «, 8, or y carbon atom relative to
the carboxyl group. Almost all the naturally occurring amino acids are a- amino acids. These
amino acids are very important because they are the building blocks of proteins. Proteins are
very important for us.

The amino acids which contain two carboxyl groups are called acidic amino acids
while those containing two amino groups are called basic amino acids. For example, glutamic
acid and aspartic acid are acidic amino acids while lysine is abasic amino acid.

About twenty amino acids have been identified as the constituents of most of the
amimal and plant proteins.

13.8.1 Essential and Non-essential Amino Acids

Out of twenty amino acids which are required for protein synthesis, the human body
can synthesize only ten. The amino acids which body can synthesize are called ;0. essential
amino acids. The remaining ten amino acids which the body is not able to synthesize are
called cssential amino acids. The essential amino acids must be supplied to our bodies
mw&zmmmmwhmmmm.mmmm
essential amino acids may cause discases.

13.8.2 Nomenclature of Amino Acids

AldmghamhoacidsanbemmedmdhgtolUPACmmthcymgenaﬂly
kmwnbyﬂteiuiviﬂmmeammvhlnmuuannymaeathcodginormobvious
property of the compound. Glycine, for example is so named, because it has a sweet taste
(Gmekgiykys-sweet)andtheuyodnewuﬁruisdaedﬁunchme(ﬁmnGmkwos-
dm«).hmuudﬁmﬁmmmwmmgmmmumwm
generally consists of the first three letters of the common name. For example, the simplest
amino acid is glycine HINCH, COOH. It may be abbreviated as Gly. Similarly, alanme
CH,-(E!!—COOH may be represented as Ala.

NH,
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Names, structural formulae and other features of some amino acids are given in
Table 13.2.

Table 13.2 Names, structural formulae and other features of amino acids

Name Nature Abbreviation Structural formula
1. Glycine Neutral Gly (IZH,-COOH
NH,

2.  Alanine Neutral Ala CI-I,-QH-COOH'

NH,
3. Vahne Neutral Val CH, -(l:l-l- (l:H-COOH

CH, NH,
4. Proline Neutral Pro H,? -(E}{,

H,C\ CHCOOH

NH

5. Asparticacid  Acidic Asp HOOC -CH, - CH-COOH
: NH,

6. Glutamicacid Acidic Gla HOOC-CH,-CH,-?H-COOH

NH,
7. Lysine Basic Lys (':H.- (CH),- (l.ZH- COOH

NH, NH,
8. Histidine Basic His 98-9—61!,-(;:"-000“
N
\ }‘H NH,
CH

13.8.3 Structure of Amino Acids
The amino acids exist as dipolar ion called Zwitter ion. It has positive as well as
negative ends within the same molecule. In the formation of Zwitter ion, the proton goes
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from the carboxyl group to amino group. The Zwitter ionic structure of an amino acid may be
written as: H I

| ’
R-C-~C R~-C -CO0

| is

NH, _NH,

% Zwitter wmee >4 uctsig
Neutral strecture

The dipolar structure is also called internal salt. All o - amino acids exist largely in
dipolar ionic forms.
13.8.4 Acidic and Basic Characters of Amino Acids

On the basis of dipolar ion structure, the acidic and basic reactions of amino acids
may be represented as :

1. When an acid is added to an amino acid the carboxylate jon accepts the proton
and, therefore, the basic character is due to this group.

R - CHCOO+H® —— R CHCOOH
e -

NH, sccepts the proton NH,

2. Whenmﬂhﬁkddedmmulﬁmadd.-fiﬂmmmcpuumand
therefore the acidic character is due to this group.

R~ CHCOO +OH —— R - CH - COO" + H,0
NH, NH.
13.8.5 Synthesis of Amino Acids

Amino acids can be synthesized by the following reactions.
1. By the reaction of a—bromoacid with ammonia.
P

R-CHCOOH+Br, —— R —’CHCOOH + HBr
Br
R -('ZHCOOII +2INH, —— R -CHCOOH + NH Br
1
Br NH,

2. The Strecker Synthesis
When hydrogen cyanide is added to an aldehyde in the presence of ammonia, « —
amino acid is obtained.
RCHO + HCN + NH, ——— R - (IJH - CN+HO
NH,

www.pdfhive.com '



262 Chemustry XI1I

ot~ amino nitrile upon acidic hydrolysis yields an at— aminoacid.
R -CH - CN B0 - CH - COOH
NH. NH.

13.8.6 Reactions of Amino Acids

Amimaddsmdugomydncmimlreacﬁomchmaeﬁsﬁcsdeithaminom
or carboxyl group,
1. Esterification

Amino acids form aminoester when treated with an alcohol in the presence of
catalytic amount of a strong acid.

R-CH- COOH +K -OH o= R_ CH- COOR'+ H,0

NH. NI,

i) Reaction with Nitrous Acid
Amimaddsructwithniuwsacidmpmdmea-hydm:yatbowﬁcaddand
nitrogen gas. :
R - CH- COOH %;—“»R.. CH - COOH + N, T#H,0
| |
NH, on

13.8.7 Test of Amino Acids

Ninhydrin Test
thhydﬁnmctswithaminoaddtofonnanhteudycolmmdbluhb violet

pmdua.mninhydﬁnmaionisdwwiddymedto“vhuﬁn"anhoadduemwdby

paper chromatography.

13.8.8 Peptides and Proteins

Peptides are the compounds formed by the condensation of two or more same or
different a-amino acids. The condensation occurs between amino acids with the elimination
dmtechlhismﬁnmy!mofmcamimaddandaminompdmhumim
acid gets condensed with elimination of water. The resulting - CO ~NH - linkage is called a

peptide linkage.
The formation of peptide is shown below:

N -CH -coH + PN- ¢H ~coorr 2 wx_cn CH-COOH
R H R R R

Peptide linkage (dipcptide)
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Ifa large number of amino acids (hundreds to thousands) are joined by peptide bonds
the resulting polymide is called a polypeptide

HN- ('JH-CO {I\ CH- CO]?\H CH- COOH
R H R R R T

Depending upon the number of amino acids per molecule, the peptides are
dipeptides, tripeptides, polypeptides, etc. The formation of peptide bonds can continue until
a molecule containing several hundred thousand amino acids is formed. Such a molecule is
called polypeptide or protein. By convention a peptide having molecular mass upto 10, 000 is
called a polypeptide while a peptide having a molecular mass more than 10,000 is called a
protein.

KEYPOINTS

1. Organic compounds containing carboxyl mup(-g-()ﬂ)amcalled carboxylic
acids. There are two classes of carboxylic acids i.c., aliphatic and aromatic
carboxylic acids. Aliphatic carboxylic acids are also called fatty acids.

2. Carboxylic acids can be produced by the oxidation dﬁohols and aldehydes
and by the hydrolysis of nitriles.

3. Lower members of the series are water soluble and have pungent smell.
Solubility decreases with the increase in molecular S8,

4. Carboxylic acids have higher boiling points than the ¢ nding alcohols.
Boiling point increases with the increase in the molar mass.

5. Acid chlonides, acid amides, esters and acid anhydrides are called derivatives

of carboxylic acids.

6. Acetic acid is synthesized on commercial scale from acetylene.

%, Carboxylic acids containing amino group in their are called amino
acids. They are classified as neutral, basic and acidi aods.

8. Amino acids join together to produce peptides. A has a molecular
mass upto 10,000 whereas the molecular mass of protein is greater than
10,000, e
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EXERCISE
Q.1  Fillinthe blanks.

i) Formula of malonic acid is :

i) Methy] nitrile upon acidic hydrolysis produces ;

1) Melting points of carboxylic acids containing even number of carbon atoms
are than the next lower and higher members containing
odd number of carbon atoms.

iv) Acetic acid on heating with produces acetic anhydride.

V) Acid chloride and acid anhydride are called of acid.

vi) Pure acetic acid is called 3

vii)  Formulaof alanine is s

vii)  Prolineisa amino acid.

ix) A peptide having a molecular mass more than 10000 s called .

Q.2  Indicate Trueand False.

1) Acetic acid exists as a dimer in benzene.

i) First three aliphatic acids have fruity smells.

i) Carboxylic acids on reduction with LiAIH, produce alkenes.

iv) Acetic acid on dehydration produces COand H,.

v) Sodiwnfommeonbutingwid\mmmvduoesuaﬂco,mdhwdmgen.

vi) Amino acids exist as Zwitter ion.

vi)  Histidine is an acidic amino acid.

viii) A peptide having molecular mass upto 10000 is called protein.

x) Phthalic acid is a monocarboxylic acid.

x) Formula of glycine is CH,COOH.

Q.3 Multiple choice questions. Encircle the correct answer.

) Acetic acid is manufactured by
(a) distillation (b) fermentation (c) ozonolysis (d) esterification

i) A carboxylic acid contains
(a) ahydroxyl group (b) acarboxyl group
(¢) ahydroxyl and carboxyl group (d) acarboxyl and an aldehydic group

iii) Which acid is used in the manufacture of synthetic fibre
(a)formicacid (b) oxalicacid (c)carbonicacid (d)aceticacid

iv) Wlﬁch(oﬂowingdeﬁvativemnotbempunddirecdyﬁomaoeﬁcadd.

(a) acetamide (b) acetyl chloride (c) acetic anyhdride (d) ethyl acetate

v) Whichrugcmisusedtoreduceawbo«ylicmtoanalcoboL
(a) H/Ni (b) H /Pt (¢) NaBH, (d) LiAIH,

vi) Thesoluﬁmdwhichaddisusedformsoningofﬁmd.

(a) formicacid (b) aceticacid (c) benzoicacid (d) butanoic acid
vii) OruanicomnpoundsXandetogethertolormamnicmpmde.

What type of compounds can X, Y and Z be?
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X Y Z
(a) alcohol ester acd
(h) acid ester alcohol
©) ester alcohol acd
(d) alcohol acid ester

Q.4

Q6

Q.7
Q.3
Q.9

viit)

ix)

x)

An aqueous solution of an organic compound reacts with sodium carbonate
to produce carbon dioxide gas. Which one of the following could be the

organic compound.

(@ CH,=CH-CH, ()  CH,-CHO

(c) CH,COOCH, (d) CH,-~CH,-COOH

Which of the following is not a fatty acid?

(a) propanoic acid (b) acetic acid

(c) phthalic acid (d)  butanoicacid

Acetamide is prepared by

(a) heatingammonium acetate (b) heating methyl cyanide

(¢) heating ethyl acetate (d) the hydrolysis of methyl cyansde

Write down the structural formulae of the followings

1) Valenicaad ii) Propionic acid ii1) Oxalicacid iv) Benzoicacid
v) Aceticanhydride vi) Acetyl chloride

Write down the names of the following compounds by IUPAC system.

)

m)
v)

i) COOH
COOH
/
Cll,\
COOH COOH
g 2
H - C-OH ) CH,-C- OC,H,
('IH.COOH vi) HCOOCH.

NH,

(a) How is acetic acid manufactured? What is glacial acetic acid?
(b) How would you convert acetic acid into the following compounds?

1)

Gv)
(a)
(b)

Methane (i)  Acetylchloride (iii)  Acetamide

Acetic anhydride

What are fatty acids?

What is vinegar? Describe how is vinegar prepared from ethanol?

How would you carry out the following conversions?

1)

Acetic acid into acetamide i) Acetic acid into acetone

Write down the mechanisms of the following reactions.

i)
1)

between acetic acid and ethanol i) between acetic acid and ammonia
between acetic acid and thionyl chloride '
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Q.10 . What happens when the following compounds are heated.
1) Calcium acetate i) Sodium formate and soda lime
i) Ammonium acetate
Q.11  Whatare amino acids? Explain their different types with one example in each case.
Q.12 Wnite a short note on acidic and basic characters of an amino acid.
Q.13 What is a peptide bond? Write down the formula of a dipeptide.
Q.14 What are zwitter ions? ‘
Q.15  Whatare « amino acids, proteins and peptides? Howare they related?
Q.16 Study the facts given in (a), (b) and () below and then answer questions which follow.

(a) Ais an organic compound made up of C, H, and O, It has a vapour density 15.
[Hint: Molecular mass = 2 X vapour density].

(b) On reduction A gives a compound X’ which has the following properties.

i) X 1s 2 colourless liquid miscible with water.

i) X s neutral to litmus.

i) When X is warmed with a few drops of conc. HSO, followed by a little
salicylic acid o characteristic smell is produced.

(©) When X is subjected o sizong oxidation, it gives compound B, which has the
following properties.

1) Bisa pungent smelling mobile hiquid.

i) Itis miscible with water, alcohol or ether.

iil) Itis corrosive and produces blisters on contact with skin.

iv) B can be obtained by passing the vapours of A with air over platinum
black catalyst.

v) B liberates H, with sodium.

vi) It givesCO, with NaHCO,,
1. What is the molecular mass of A?
2. ldentify A, X and B.
3. Give five zppropriate reactions to confirm the identities of A, X and B.
4. State one large-scale use of either A, X or B,
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Chapter

MACROMOLECULES

IN THIS CHAPTER YOU WILL LEARN

L The concepts of polymerization and macromolecules.

2. ‘Types of palymerization and products of these polymerizations e.g., polyvinyl
chlocide, polystyrene, polyvinyl acetate, polyamides, polyester and epoxy resins.

(s = ‘o RE

14.1 INTRODUCTION

Acceptance of the macromolecular hypothesis came about in 1920's largely because
of the efforts of Staudinger, He proposed long chain formulas for polystyrene, rubber and
polyoxymethylene. Macromolecules or polymers are described as large molecules built up
from small repeating umits called monomers. The development of the process of
polymerization is, perhaps, one of the most significant things chemists have done, where it
has had the major effect on every day life. The world would be a totally different place without
artificial fibres, plastics, etc. One of the most significant changes has been the gradual
replacement of natural materials such as wood and cotton with man made synthetic
polymers. Forbetter or worse we are living in a “plastic” society.

The word polymer is derived from Greek, poly means ‘many’ and mer means ‘parts’.
Macromolecules can be classified into the following types, Fig 14.1.

Macromolecules l
| |
lnuric Om-lnlc |
Giant molecules | |
s Lipids, Proteins, Carbonydrates  Plastics, Synthetic |
and Nucleic acids, alc. fibres, Rubber, etc.

Fig. 14.1 Classification of macromaleci-ie s
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11.2 STRUCTURE OF POLYMERS

A polymer is a large molecule build up by the repetition of small and simple chemical
units known as monomers. In some cases the repetition is linear while in others, it is
branched or interconnected to form three dimensional network Figl4.2,

. A - L

. " '\ - e
Cross-linked linear polymer or Intercannected polymer
Fig. 14.2 Three ways of polymerization

The lengthofthemlymudminisspedaﬁmdbythenumbefo(mpaumuniuinthednin
known as the degree of polymerization (DP), for example, in linear polythene.

—CH, - CH,~CH, - CH, - CH, —
The repeating unit is<CH, - CH ), where n is a large number.
Tbenwlecuhrnmssofthepohmcristhepmductofthcmdecuhrmasoﬂhe
repeating unit and the DP. For example, polyvinyl chloride, a polymer of DP 1000, has a
molecular mass
Mol. mass = Mol. mass of the repeat unit x DP

—CH, - CH)-
(':l = 63 x 1000 = 63000
Most high molecular mass polymers are useful for making plastics, rubbers or fibres,
ete. and have molecular masses between 10,000 to 1,000, 000. The properties of polymeric
nnlcriabvuywiddydepemﬁnguponﬂmdlemialoomposiﬁmmdunxmofthc
macromolecule,

14.3 TYPES OF POLYMERS
The polymers formed are of the following types:

1) Homopolymer
A homopolymer is formed by the polymerization of a single type of monomer.
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For example, the polymerization of viny | acetate.

CH.=CH ——+* —~(CH—~CH-CH~CH—CH~CH-—
| | | |
OCOCH, OCOCH, OCOCH, OCOCH,
Vayl acetute Homopolymer (Polyvinyi acetate)
2)  Copolymer

A copolymer is formed by the polymerization of two monomers together, e.g; vinyl
acetate reacts with butyl maleate to give a copolymer.
(.IL"'CH - Cll -Cll———o CH, —Cll — CH — CH—CH,—CH—

OCOCH, COOBu COOBu OLOCH COOBu COOBu OCOC H,
Viny! acetate Butyl maleate Copolymer

3)  Terpolymer

In terpolymer three different monomers are polymerized and the polymerization
reaction is carefully controlled. For example, combination of butyl acrylate, methacrylate and
acrylic acid monomers gives a highly tough polymer which serves as a weather-resistant
paint.

Based on the thermal properties of polymers, they can be divided into two types.

i) Thermoplastic Polymer

A thermoplastic polymer is one which can be softened repeatedly when heated and
hardened when cooled with a little change in properties. For example; PVC pipes, plastic
toys, etc.

i)  Thermosetting Polyvmer

The polymers which become hard on heating and cannot be softened again are called
thermosetting polymers. A thermosetting polymer, on heating, decomposes instead of
melting. For example, synthetic varnish, epoxy resins, etc.

144 POLYMERIZATION PROCESS

In 1929, WH. Carothers suggested a classification of the polymerization process into
two types depending upon the way the polymers are formed.

1. Addition polymerization 2. Condensation polymerization

1) Addition Polymerization

It is a free-radical addition reaction which involves initiation, propagation and
termination steps. For example, polymerization of styrene. Addition of polymerization is
catalyzed by thermal or photochemical decomposition of organic peroxides to give free
radicals.
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+

Initiation

0 0 O
[ | i A | x R 3
R-C-0-0-C-R —— 2R-C-0-2R+ CO,
Propagation :
Pag R+ cu...-gu -+ R-CH.-CH
’ |
CH, CJL
R--Cll,-(['H + cu_.~(’;u—-»kcn,-(l:u Cl{.-fll
CH, CJIL CH, CJL
»R-CIL %‘n cu_.-(ltwcu L‘IH

R CH (|ZH -cn:-cl"u +CH, = ?u

CH. uCh CH, CH, ch CH

Rfcu,-gn }...’ - — R-(-cn,fu ) R

C.H, CH

2 Condensation Polymerization

mpsmmuwmummaamm«amhml
molecule. It takes place at both ends of the growing chain. For example; dicarboxslic acids or
esters combine with diols to get the desired polymer like nylon and polyester fibre, Such

polymerizations are generally ionic in nature.

0 0
n{HO—C ~0—c-{m_* HP—CH~CH~O0H)} ——»

0 0
t u
-[»C—O—c—(kcn,-cu,—o]-" +2nH,0
Polyester

11.5 BRIEF DESCRIPTION OF SYNTHETIC POLYMERS

1. Polyvinyl Chloride (PVC)
It isanadditionpol)merobtainedbypolymerizingvinylchluideatsz‘Cand9
atmospheric pressure.
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n CH, = TH -t —cu,—<lcu - CHa-, (l,‘H—

Cl Cl Cl
Viny| chloride Polyvinyl chiocide (PVC)

Addition of a plasticizer improves the flexibility of the polymer. It is widely used in
floor coverings, in pipes , in gramophone recorders., ete.

2) Polystyrene
It is also an addition polymer and is obtained by the polymerization of styrene in the
presence of a catalyst,
nCH, - (IJH — —-L’H,—((IJH - CHa:, (fH -

CJIL CH, CH,
Styrene Puolystyrene
Polystyrene is used in the manufacture of food containers, cosmetic bottles, tovs
and packing material, etc.

& Polyvinyl Acetate (PVA)

PVA is a colourless, non-toxic resin. It is supplied i & number of grades differing in
the degree of polymenization. The resin has a characteristics odour. It is mostly used as an
adhesive material and as a binder for emulsion paints.

4. Acrylic Resins

These are closely related to the vinyl resins. The most unpostant monomers of
acrylic resins are methylmethacrylate, acrylic acid and hutyl acrylate. The acrylic fibres are
based largely on acrylonitrile.

('.".K)Cll,
Cel,=CHCOOH C CH, ClL = CH-CN
Acrylicacid Methyimetlacrylate Aaylomuil.

Acrylic resins are used in the manufacture of plastics, paints for car industry and
water based weather resistant paints,

5. Polyester Resins

Polyester resins are the product of the reaction of an alcobol (ethane 1, 2 diol) and
aromatic bi-functional acids (benzene 1,4 dicarboxylic acid). This product has a large number
of uses in clothing. Polyester is often blended with cotton or wool for summer and winter
clothing. Polyester resins are also used for making water tanks, etc. (Fora chemical equation
please see under condensation polymenzation).
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6) Polyamide Resins

These resins are formed by the condensation of polyamines with aliphatic
dicarboxylic acids. One of the most famous condensation polymers discovered is Nylon. The
word Nylon has been accepted as a generic name for synthetic polyamides. Nylon -6, 6 is the
most important polyamide. It is obtained by heating adipic acid (hexanedioic acid) with
hexamethylene diamine. Nylon 6,6 derives its name from its starting materials adipic acd
and hexamethylene diamine, both of which have six carbon atoms.

Nylon is mainly used as a textile fibre. It has a combination of high strength,
elasticity, toughness and abrasion resistance.

0o o 0 a0 D 4,0
i ! . Heat ! ] " [
nHOC(CH,),COH +nH.N(CH)NH, —> ~C(CH,),CH NH(CH,) NHC(CH,),C:NH(CH)NH-
HA
Adipic acid  Hexamethylenedumine Nylon-6.6

7. Epoxy Resins

The epoxy resins are fundamentally polyethers but retain their name on the basis of
theirmningmatcﬁalsandthepresenceofepouidcgrmpinllwpolymer.Tbccpoxyresinis
made by condensing epichlorohydrin with diphenylol propane.

M&H/ {~CH~Cl

Evichl oy

Diphenylolpropane

mmajoruseo(epoxyminsisinmaﬁngmaiahwhichgivctwghneu.
flexibility. adhesion and chemical resistance. Industrial materials, thermal power stations,
packing materials are coated with epoxy paints. Dams, bridges, floors, etc. are painted with
€poxy resins.

14.6 BIOPOLYMERS

Mostbioloﬁmnyinponantmbstmcesmmicoompwndshﬂtupﬁmn
skeleton of carbon atoms. Many of them are very large molecules and most of these are
polymers. The fourmqﬁxdassesdm‘gankmpwndsinﬁvingcelhmarbohydmcs.
lipids, proteins and nucleic acids.

14.6.1 Carbohydrates
mtermarbohyhteisappﬁedtoahmemmbetofmhﬁvdyhewmgms

mmpozmds.meyamunmostaMndambbmmmmh.Tbemmewhdme

(hydrate of carbon) is derived from the fact that the first compound of this group which was
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studied had an empirical formula C, (H,0); . They are commonly called ‘sugars’ and are
‘polyhydroxy compounds' of aldelydes and ketones.

nDeatwoan ol Lar

The commonly described classification is given below.

Yiomosaccharides

These are simple sugars which cannot be hydrolyzed. They have an empirical
formula (CH,0),, where n = 3 or some large number. Monosaccharides are either aldoses
(aldehydic group) or ketoses(ketonic group). Common examples are glyceraldehyde,
glucose, fructose, etc.

Sugars with five carbon atoms (pentoses) or six carbon atoms (hexoses) are more
stable as cyclic structures than as open chain structures. Glucose and fructose are very
common examples of hexoses, both of which have molecular formula, CH,0,.

CH,OH
4 f—0
H \ N
0\9( '(';npn ;
HGoon g SO0 BN o
HO-C-H | > H H D-Glucose
H-C-OH %\ 8.__ 0 CH,OH
=0OH H OH \ &\ 0\
Enon ¢ on
Gﬂm |
(open chain form) %\g— /t
H p.D-Glucose
CH~— OH Glucose (cyclic form)
dmo CHOH
) 0
HO—C—H ot
H—(}—Oﬂ ot
CH.OH
Fructnse (open chain form) Fructose (cychic form)

Glucose also called dextrose, grape sugar or blood sugar, occurs natuarlly in both
combined and free states. In the free state, it is present in most sweet fruits and in honey.
Small quantities of glucose are also present in human blood and urine. In the combined state
it forms a major component of many disaccharides and polysaccharides. It is the source of
energy in our body.
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mehahohmmmﬁndmdﬁumm.llbmduammmtin
confectionery and as a substitute of cane sugar. Other examples of monosaccarides are

2 Disaccharides or Oligosaccharides
Thcdigosamhaﬁdnmﬁotmedwhenmmninemwmhaﬁdeunilscmnbine

bymekxsofwaamokaﬂa.msmmsinthehmaﬁondaglmidkunhge.m

example; suaoscwbichisaoommonhﬂcwmisadinodwidedgluooseandfmaoec.

—_—
CH,OH
H 0 u nocw, _~° H
OH H H o/ + HO
H OH OH
Glycosidic linkage
Sucrose

Cmvcmelxhydmly:isdanwcouocbuidebywatcrinthemmdmaddurby
enzymes yields two or more monosaccharide units,

Axmmglhemwcmmmdisaodnﬁdesmsuamc.hdoseandmaltose.mlhese.
SUCTOSE occurs in sugar cane, sugar beet, pineapple, apricot, mango, almond, coffee and
honey. Lactose (milk sugar) occurs in the milk of all animals. It does not occur in plants.

Trisaccharides, which yield three monosaccharide molecules on hydrolysis, have
molecular formula, C_H_0,,, for example, raffinose. In general, the mono-saccharides and
oligosaccharides are crystalline solids soluble in water and sweet to taste. They are
collectively known as ‘sugars’.

3, Polysaccharides
Theyolysaocharidesmarbohydntesofhigh molecular mass which yield many
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monosaccharide molecules on hydrolysis. Examples are, starch and cellulose, both of which
have molecular formula, (C,H,0,).. The polysaccharides are amorphous solids, insoluble in
water and tasteless and are called non-sugars’. Polysaccharides perform two principal
mmbmmarﬁnnhaMphanbeymuseduenagyslmcompmmdsmdmeng
structural elements of cells. Plants store glucose as starch and animals store glucose in the
form of 2 highly branched polymer known as glycogen. Glycogen is stored in the liver and
muscles.

1) Starch

Starch is the most important source of carbohydrates in human diet. The chief
commercial sources of starch are whea, rice, maize, potatoes and barley. Starch is a polymer
of a-D-glucose.

Starch is not a pure compound. It is a mixture of two polysaccharides, amylose and
amylopectinwhidwanbcumedﬁomoncmother.mnykneissolubleinmtamdgives
a deep blue colour with jodine while amylopectin is insoluble and gives no colour. Natural
starch consists of 10 to 20% amylose and 80 10 90% amylopectin. It is used in coating and
sizing of paper to improve the writing qualities. It is also used in laundering and in the
manufacture of glucose and ethyl alcohol.

Structure of Amylopectin
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4t

By far, the most abundant structural polysaccharide is cellulose. Some 100 billion
tons of cellulose are produced each year by plants. For example, cotton is 99% cellulose and
the woody parts of trees are generally more than 50% cellulose. It is a polymer of -D-
glucose. [tis present mainly in the plant kindom but also occurs in some marine animals. It is
an unbranched polymer consisting of a large number (up to 2500) of glucose residues joined
lo each other through fi-1-+4 linkages.

H,OH H,0H

CH,OH OH

Cellulose (Polymer of §-D-glucose)

It occurs mainly in the liver and muscles where it represents the main storage
polysaccharide in the same way as starch functions in plant cells. Glycogen is therefore also
called ‘animal starch’, Its structure closely resembles with that of amylopectin having 14
and 16 glycosidic linkages. Human glycogen is a much more branched molecule than
amylopectin. On hydrolysis it yields glucose units.

Proteinsmcx&unelyamﬁmdmkculesoﬂivhgming&%cymthe
nitrogencous compounds made up of a variable number of amino acids. The human body
probably contains at least 10,000 different kinds of proteins. The name protein is derived
from the Greek word Mingo‘;.;: ARE IPOT Lance

Proteins are present in all living organisms and without proteins life would not be
possible. They are present in muscles, skin, hair and other tissues that make up the bulk of
the body's non-bony structure.

All protéins contain the elements carbon, hydrogen, oxygen_and nitrogen.
They may also contain phosphorus and traces of other elements like iron, copper,
odine, manganese, sulphur and zinc. Proteins are very high molecular weight
macromolecules. All proteins yield amino acids upon complete hydrolysis,

Hased on the physioo-chemnical properties, proteins may be chssified into three types.
1. Simple protiens 2. Compound or Conjugated proteins
3. Derived proteins
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Sunple Proteins

These proteins on hydrolysis vield only amino acids or their derivatives. For
example, albumins, globulins, legumin, collagen, ete. Globulins are insoluble in water but
soluble in dilute salt solutions. They are found in animals, e.q; lactoglobulin is found in
muscles and also in plants. Legumin and collagen proteins are present in the connective
tissues throughout the body . They are the most abundant proteins in the animal kingdom
forming some 25 to 35% of body protein,

LCompound or Comugated Proteins
lntbesemdemlenhembiumcbedormjupledwmm-mmm
which are called - For example; phospho-proteins are conjugated with
phosphoric acid, lipoproteins are conjugated with lip:d substances like lecithin, cholesterol
and fatty acids. ,

This class of protein includes substances which are derived form simpic ard
conjugated proteins. For example, proteoses enzymes, peptones, oligopeptides,

polypeptides, etc.
Based on their functions, proteins may also be classified as regulatory or hormonal

proteans, structural proteins, transport proteins, genetic proteins, etc.

tructiure ol 'motcms

%emajotﬂyofmehuammm.highlymluwdmobaneswiththewimm
of each atom relative to the others determined with great precision. To describe the
structure of a protein in an organism itis necessary to specify the three- dimensional shape
that the polypeptide chain assumes. Proteins assume at least three levels of structural
organization.

(1) Primary structure ()  Secondary structure

(i)  Tertiary structures

SmncmuldmabopossesscsaﬁxmhmuCNmanedthchemmsuucmm

mcscqucnoedtheamhmacﬂscarbin‘dinapemidedﬁnhmdmasthc
primary structure.

The secondary structure of a protein is a regular coiling or zigzagging of polypeptide
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chains caused by hydrogen bonding between NH and C=0 groups of amino acids near each
other in the chains.

The three dimensional twisting and folding of the polypeptide chain results in the
tertiary structure of proteins.

14.6.6 Denaturation of Proteins

Thcsmnctmo{minsmnbediuuptedmﬂybth.dmceiupﬂandundcr
strongly oxidizing or reducing conditions. Under such conditions the proteins undergo
demmnMTMmhmﬂizmmpleddm}maﬁouistbednngemukesphcein
abumm.thcuindpdwmpmdeggwhite.whenitismommthispuﬁcuhrmw
change is irreversible.

11.6.7 Importance of Proteins .

1. ﬁoteins&kcanessmhlpaninﬁnﬁnmﬁmdpmwphunwhidﬁstbemenoeol
all forms of life.

2. Nucleoproteins which are complexes of proteins with nucleic acids serve as carriers
of heredity from one generation to the other.

3. Enzymeswhidnmbidogialaulymampmdninmmmmmmweism
possible,

4. Mmymeimluvespedaﬁzedﬁlmﬁomﬂumoglobinmasawﬁuofo,&m
proteins act as hormones which have regulatory functions, for example; insulin,
thyroxine etc.

[ndustrially proteins have great importance. We are familiar with the use of leather
nudebyum:ingdhida.mbhecmnyapmdpinﬁmddnmwimmnkxﬁ
Gdaﬁnhouahedbyhaﬁngbones.skinmdwndominmhismedinhhrym
Caesein is another protein used in the manufacture of buttons and buckles.

14.5.8 Lipids
Lipids (Greek, lipos means fat) are naturally occurming organic compounds of
ammals and plants onigin which are soluble in organic solvents and belong to a very
heterogeneous group of sumuancrs.upidshavemefonawingdmnerisﬁa:
1. Thcyareinsolubleinwatcrandsolubleinnm-pohr solvents e.g. ether, chloroform
and benzene, etc.
2. Their primary building blocks are fatty acids, glycerol and sterols.
3. They are utilized by the living organisms.
Fatsandoilsatethenxmimponan(lipidsﬁoundinmmﬁeyamoneoﬂhemrec
mabr‘ﬁmdhdas”neededﬁxhummbodxmemmobdngpmdmardwbohme
Fatsandoilsmwidelydistriwtedinvaﬁoustypedfoodnndmdm nutritional value.
No(onlythccdiblehtnndoilsoocwyaphceo(ptideinhumdietbmmeyalaoﬁnduseas
mwmmhfmﬂmmubcmmdmmaﬂdemmmhu.mpdim
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14.6.9 Sources of Fats and Oils

Fats and oils come from a variety of natural sources like animals, plants and marine
organisms. Animal fats are located particularly in adipose tissue cells. Butter and ghee are a
special type of animal fats which are made form milk. Vegetable oils are chiefly present in
seeds and nuts of plants. Marine oils are obtained form sea animals like salmons and whales
etc.

14.6.10 Structure and Composition of Fats and Oils
Animal and vegetable fats and oils have similar chemical structures. They are
triesters formed from glycerol and long chain acids called fatty acids.

?ll. OH 0 CH,—0
3 !

CH - OH + 3R-—~C—0OH » L',H O-~C-~R + 3HD

R

—
y -~
v =0

CH,—OH Fatty acid (..:H —) =R

8}
Gilyoerod Trizlyvende

A triester of glycerol is called a triglyceride or glyceride. The degree of unsaturation
of the constituent fatty acid determines whether a triglyceride will be a solid or a liquid. The
glycendeamwh:chbm chain saturated acid components predominate tend to be solid or
semi-solid and are termed as fats. On the other hand, oils are glycerol esters which contain

hxghermmolmmhmtediﬂtyaodoomem

)

Ch O0—C-—(CH H
LH_—U-—‘%-«UI» CH = CH - (CH,),—CH -!' 0 ‘ vl

CH—0—C—(CH),—CH=CH— () —CH, T O—C—(CH),—CH
CH O0—C~—(CH,) CH
)
An ol Alat
The melting points of mixed glycerides would depend on the extent of unsaturated
fatty acid components in the molecule. The poly unsaturated giycerides therefore have very
low meting points and are liquids (oils). Chemically common oils and fats are the mixture of
saturated and unsaturated triglycerides, present in various ratios.

CH, —O0—C—(CHp).—CH = CH — (CH)) CH
0

14.6.11 Classification
Lipids are classifiedas;’ "'

1. Simple Lipids
These are esters of fatty acids with glycerol. For example, commeon fats and oils.
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Compound Lipds
These contain radicals in addition to fatty acids and alcohol and include glycerol
phospholipids, sphingolipids, lipoproteins and lipopolysaccharides .

Derwved or Associated Lipids
They are the hydrolytic products of the above mentioned compounds. Sterols,
vitamin D and terpenes belong to this class of lipids.

: Y S Toperies

Oilsandhumydmerbcliquid«mm-aysulﬁnesdidsamomlemmm

When pure they are colourless, odourless and tasteless.

They are insoluble in water and readily soluble in organic solvents like diethyl ether,

acetone, carbon tetrachloride and carbon disulphide.

4. neyradﬂyformemulsimswhenagimedwithli,ommemunccdmpor
other emulsifiers.

S They are poor conductor of heat and electricity and therefore serve as excellent

insulator for the animal body.

L P S B

L -

al Properties

Hyvd

Trgl
glycerol.

are easily hydrolyzed by enzymes called lipases to fatty acids and

Nipoadicalion

It is the hydrolysis of a fat or an oil with an alkali to form soap (salt of fatty acid) and
glycerol, -
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give saturated glycenides. The result is the conversion of a hiquid glyceride (an o) into a
semi-solid glyceride (a fat), .

This reaction is used commercially to harden vegetable oils for the production of
vegetable ghee or margarine. Hardened oils are also extensively used for making soaps and
candles.

' t‘ ~—(CH CH=CH—<(H) ~CH
{
1 CH) == CH=CH w(CH.) CH v IH
L1 S R @ (CH CH = CH —4CH). —Cli
Givearvitrmleste (3n 4i)) G
CH == { (CH) O H
H { CH) CH
CH, e Oas WCHD, —CH

¢ Saponification Number
It is defined as the number of milligrams of potassium hydroxide or sodium
hydroxide required to saponify one gram of the fat or oil. For example, one mole of
glycerol tripalmitate (mol. wt = 807) requires 168,000 mg of KOH for saponification.
Therefore, one gram of fat will require 168000/807 mg of KOH. Hence the
saponification number of glycerol tripalmitate is 208.
615 Rancidity of Fats or Qils

Fats or oils are liablc to spoilage and give off an odour known as rancidity. It is maimnly
caused by the hydrolytic or oxidative reactions which release foul smelling aldelydes and
fatty acids. Oils from sea animals which contain a relatively high proportion of unsaturated
acid chains deteriorate rapidly.

1.6.16 lodme Number

The extent of unsaturation in a fat or an oil 1s expressed in terms of its iodine number.
ltisdeﬁnedasthenumberofmdiodinewhidwilladdtoI(N)granwofaﬁmranoil.’nw
value of iodine number depends on the number of double bonds present in the acid
component of the glycerides. The glyoerides with no double bonds have zero 1odine number.
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11.6.17 Acid Number
headdnumberolafatamoﬂwnstheamwmo(ﬁuﬁnyaddspreminih Itis
e:qxes;edaﬂwnumbadnﬁlﬁgmmdpotanﬁmhydmﬁdemﬁmdwmuﬂium

14.6.18 Steroids

Steroids are naturally occurring lipids. Their parent
nucleus has perhydrocyclopentanophenanthrene component
which consists of three six- membered rings (A, B and C) and o en
one five-membered ring (D). These rings are joined or fused
toeach’othcrandluvealotalofl?-Catoms.Verymll oo
variationsinthcbondingofatminthedngandinthcgtmps
attached to them give rise to compounds that are remarkably Structure of Sorvosd Nuckeus
diverse in their biological functions. Some of the natural
occurring compounds belonging to steroids are cholesterol, ergosterol, male and female sex
hormones and the hormones of the adrenal cortex.

Tk

1. Cholesterol .

ltisthemouabundantmhndstuolandoccminananinwﬁssuesbutmlyinalcw
highcrphn!&Cboleuudismntbahintheﬁtcumﬂaswcﬁﬁedfwmmwabod.
animal uswea.egg.ydk.nﬁousoﬂsmdhuandncrvedssue&luﬁumedqmﬁﬁesin
Noodmakesphmeﬁkedcpositsinthcmeﬁmwusmumdmmandwwrhm
diseases.

Structure of Cholesterol

2. Ergosterol
!tisdnstemlolﬁmgimdycasts.Wbenirmﬁuedmmnvioktnys.itis
converted into ergocalciferol or vitamin D,

& Phospholipids

Wmmdmww.hmemm
lwoo(thehydmxylmamesteriﬁedwithhuyacidsmdlhirdﬁxmsalinkwith
phosphoric acid or a derivative of phosphoric acid.
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14.6.19 Importance of lipids

(1) Mamgoodumeofmagyandnnlwtbofoodmompahubk.

(2) They exert an insulating effect on the nervous tissues.

(3)  Theyare good energy reservoirs in the body.

(4) Lipids arean integral part of cell protoplasm and cell membranes.

(5) Sancﬁpidaactammofvuyinwumphysiobﬁalcomponnds.ﬁx
example, cholesterol is the précursor of steroid hormones.

14.6.20 Enzymes

Enzymes can be defined as the reaction catalysts of biolog ica’ systems produced by
living cells and are capable of catalyzing chemical reactions Typically enzymes are
macromolecules with molecular masses ranging into millions. Two remarkable propertics of
enzymsmﬁnhexﬂnﬂinrysped&ity-mhmmcaulymoﬂyommionw
oncgmupofclooelyrehtedreaaiws-mdtbcirmzhgeﬁcimcy-mey may speed up
reactions by factors of upto 10", Each enzyme molecule possesses a region known as the
active site and the substrate binds itself with this active site.

Enzymamdﬁmmpmimormminmeimuemwwmmmsand in
addiﬁmmqukemnvrﬂdnouwmwhidamdsomﬁalhﬂhciracﬁvity The
proleinoocmoneﬂofthemzymeisalbdmymand&n non-protein component is
a&dmew-m«wym.memmmmmmandmpkxagznk
umwmmmimwmmmmmiu
enzymes include Fe™(chrome oxidase) Zn*(carbonic anhydrase) and Mg" (glucose 6.
phosphatase), etc. Many enzymes contain vitamins as their co-factors, for example;
nicotinamide adenine dinucleotide contains nicotinamide vitamin and thiamine
pyrophosphatase contains vitamin B,.

While naming the enzymes, suffix-“ase” is added to the name of the substrate on
which the enzyme acts, for example, urease, sucrase, cellulase are the enzymes, which act
umnunwbsmmura.mandoelhloscmpwﬁvdx

14.6.21 Classification of Enzyme
The commission on enzyme, appointed by the International Union of Bio-Chemistry
(IUB) classified enzymes into six main types.

1. Oxidoreductases
These enzymes catalyze oxidation-reduction reactions. Common examples are
oxidase, dehydrogenase and peroxydase.

2. Transferases

Thaemmmm»adnmdhmﬁmmsmaspmphma
acyl between two compounds, For example; phospho-transferases, etc.
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These enzymes catalyze hydrolysis. They include proteases called protolytic
enzymes.

These enzymes catalyze the addition of ammonia, water or carbon dioxide to double bonds or
removal of these to fofm double bonds, for example phospho-glyceromutases.,

These enzymes catalyze the transfer of groups within molecules to yicld isomeric
forms of the substrate . An cxample is the conversion of fumaric acid to maleic acd infthe presence
of furdarase enzyme. - '

Ligas
These enzymes link two molccules together through the breaking of high energy
hands. for exampie: acetyl - S - COH. a carboxylase and succinic thiokinase.

0022 Propertivs d

1 Sphoecicity

Enzymes are specific in their action which means that an enzyme will act on only one
substrate or a group of closely related substrates. For example, hexokinase catalyses the
conversion of hexoses like glucose, fructose and mannose to their 6-phosphate derivatives
but glucokinase is specific for glucose only.

. Proten
Enzymes with few exceptions are protein in nature, They are produced by living
cells but act in vive as well as i vitro,

; I'he Directi
Most enzymatic reactions are reversible i.e. the same enzyme can catalyze reactions
in both directions.

These are the enzymes from the same organisms which catalyze the same reaction
but are chemically and physically distinct from each other.

I Lnzvme Co
The rate of an enzymatic reaction is dicectly proportional to the concentration of the
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substrate. The rate of reaction is ales directly proportional to the square root of the
concentration of enzyme. It means that the rate of reaction wlso increases with the increasing
concentration of enzyme.

The enzymatic reaction occurs best at or around 37°C which is the average nos mal
body temperature. The rate of chemical reactions i increased by a rise in temperature but
this is true only over a limited range of temperature. The enzymes usually destroy at high
temperature. The activity of enzymes is reduced at low temperature. The temperature at
which an enzyme reaction occurs the fastest, is called its optimum temperature.

Just like temperature, there is also an optimum pH at which an enzyme will catalyze
the reaction at the maximum rate. For example, the optimum pH of salivary amylase is 6.4 to
6.9.

The enzyme action is also increased or decreased in the presence of some other
substances such as co-enzymes, activators and inhibitors. For example, some enzymes
consist of simple profeins only such as insulin. Most of the enzymes are, however. the
combination of a co-enzyme and an apo-enzyme.

Activators are the inorganic substances which increase the enzyme activity. For
example; Mg and Zn™ ions are the activators of phosphatase and carbonic anhydrase
enzymes respectively. Inhibitors are the substances which reduce the enzyme activity.

Generally enzymes are readily inactivated by exposure to ultraviolet light, beta rays,
gamma ravs and X-rays,

Enzymes are of great biological importance and are of great help in the diagnosis of
certain diseases. Some examples arc, alkaline phosphatase is raised in rickets and
obstructive jaundice, lactic dehydrogenase or LDH-1 is raised in heart diseases. Many
enzymes have proved very useful as drugs. For example; thrombin is used locally to stop
bleeding. Many enzymes are used for cancer treatment, for example, L-asparaginase has
proved very useful in the treatment of blood cancer in children.

Nucleic acids were first demonstrated in the nuclei of pus cells in 1868 and in sperm
heads in 1872 by Friedrik Miescher. They are present in every living cell as well as n
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ﬁmesmdhwbeabmdmhmmﬁlmmmsdmemwmmm
their sn'uaumthebhw-pﬁnufortlwmmalmhmddevehpmcntduchmdcm
livingorganism.ﬂwnmkkxidsmmsponﬁbhfordwtmhmdmenﬂlhmcﬁmswhkh
are common to all living organisms, these are (a) their ability to reproduce, store and
transmit genetic information and (b) to undergo mutation.

Notypudnudeicacidshlvebeendaowereddeoxyﬁbauddcadd(DNA) and
nbonuckkacid(RNA).anwbodynudekaddsmnumdtbewqjuptedptmcins
aﬂednudwptueinsﬂhenuckkaddsdheathesynlhesisdpmdn&%mrmwd:
mvolves an extensive study of nucleic acids,

14.6.26 Component s of Nucleic Acids

Both DNA and RNA are formed by joining
together a large number of nucleotide units or
mononucleotides units, each of which is a nitrogenous N
P lm P - Cli

Nitrogenous bases are ecither purine or
pyrnimidine derivatives. Purines include adenine and
guanine whereas pyrimidines include, cytosine, uracil and thymine. A nucleoside is a
wnwmdondmha(pmimwawmidim)whham(ﬁboadeoxmboae).
qundinaupontheuemofn'bowadeoxyribo. nucleoside can either be a
ribonucleoside or deoxyribonucleoside.
Dexowmmmdacaad(DNA)wmthemmbtmmmdribouudacm
(RNA)isinvolvcdinpuuinglhishfmmﬁuntomkinmecen.heydﬁerinthmeways.
(1) The sugar in RNA isribosewhﬂethesmrinDNAisZ—dﬁaxyn‘bose.
(2) Four different bases are found in DNA cytosine (C), thymine (T), adenine (A) and
guanine (G). In RNA, thymine does not occur and its place is taken by uracil (U).
(3) DNAisneaﬂyalwaysdoublestunded.whﬂeRNAisunnuysingleuranded.
ThekcymtluabiﬁtydDNAwpmmegemﬁchﬁormﬁmandwmitmm
generation togenemﬁonisitsdmble-ﬁnndedmam.ﬁntdeduaedbyhmes%mn
andb‘mncisCrickin1953.1'hismthediscovayﬂminithtedtheﬁeldofmolecuhrhiology
Wat&mandCﬁd(nmbeddutthedmblesUmdedmamwwidesanwchmismwhereby
the genetic information can be duplicated. This process is called replication. The
synmesisofapdypepﬁde(muein)molmuaiesdmwhiobmhmrdamc

KEY POINTS

Macrmmleuﬂeurehuemleculuhﬁhup(mmmﬂunhaﬂedmm.
morganicumunolemlesmbioloﬁalandm-biologialhmm.
Biologialmaammleculesamalledlifemolecubsmdnon-biologidmmn

ol o o
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13.

14.

Q.1

Q.2

made synthetic polymers.

The polymer chains may be linear, branched or cross-linked.
AUnxmoplaﬁcpdymeriﬂheonewhi'hanbesoftenedandhudenedbyhuung
and cooling respectively.
Athumosetﬁngpciymuismﬁkhbemesmﬂylmﬂonhaﬁng.
Themﬁondpdyed:eneinnmmpleohddiﬁonpolymer'mdon.

Nylon, a polyamide and terylene, a polyester, are examples of condensation
polymers.
wm.mmmmnmwmmmm
Cubohydx:mmtbemtahn&mﬁomobmbmanh.meymchssiﬁedinto
mezinsmthemﬁdcdmpmudaﬂﬁvingomnimMmmepdymem
of amino acids,
ljpidsmmmymrhgmnicmpmmdsdanimlandphtoﬁginmdtbey
aresolubleinamicaolmn.&umddlsmmemouhnml'pidsbundm
nature.
smmmmmmmmmmmm
very specific in their action.

EXERCISE

Fill in the blanks

) Macromolecules are built up from small units call
(i) Nylon is a polyamide and teryleneisa

(114) Nybnismedbymemaionul_andhmnethylmedimﬁne.

Giv) Buedonthwthemalpmpenmphmmdmdedmto main

v) Polyvinyl chloride isa plastic.

(vi)  Glucose is stored as in the liver.

(vin)  Glucose and fructose are water carbohydrates.
(vii)  Protein after digestion changes to

(ix)  Purineand pyrimidine are
(x). Addition of a plasticizer the flexibility of the polymer.

m Nylous.ﬁmdtayleneamoondensaionpolymaa.

() hedsponlolphsdmdoam(causennypoﬂuﬁonpmblem.

(i)  Fructoseisa polysaccharide carbohydrate.

(iv)  Human beings get nofood nutrient from cellulose.

v) nemostabundan!mdthemirnmmtswnidinlhehumbodyis

d*
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vitamin D,
(vi)  Enzymes are the compounds containing C, H and O only.
(vi)  The degree of unsaturation of fats is measured by their iodine number.
(vi)  Activity of an enzyme varies with temperature andpH.
(ix)  Nucleicacids are biological catalysts.
(x) 11wnucleicaddsmmsmiﬂeﬁxmteinsynmuhimhehmmbody.
Multiple choice questions. Encircle the correct answer,
) In which of these processes are small organic molecules made into
macromolecules
(@) thecrackingof petroleum fractions
(b) the fractional distillation of crude oil
(c) the polymerization of ethene
(d) the hydrolysis of proteins
(i) Which of these polymers is an addition polymer?

(@nylon6,6  (b) polystyrene (c) terylene  (d) epoxy resin
(i) Whichof these polymers is a synthetic polymer?
(a) animalfat (b)starch (c) cellulose  (d) polyester

(tv)  Plastics area pollution problem because many plastics

(a) are made from petroleum

(b) are very inflammable

(©) burn to produce toxic fumes

(d) decompose to produce Loxic products
(v) The fibre which is made from acrylonitrile as monomer :

(a) PVC (b) rayon fibre (c) acrylic fibre (d) polyester fibre
(vi) A polymeric substance that is formed in the liquid state and then hardened to

angdsolidis calleda s

(a) fibre (b) plastic (c) varnish (d) polyamide resin
(vit)  Vegetable oils are

(a) unsaturated fatty acids (b)glycerides of unsaturated fatty acids

(c) glycerides of saturated fatty acids (d)essential oils obtained from plants
(viii)  Which one of the following elements is not present in all proteins?

(a) carbon  (b) hydrogen (c) mitrogen  (d) sulphur
(ix) ~ Which one of the following nitrogencous bases is not present in RNA

() cytosine (b) adenine (c) thiamine - (d) wracil
(x) Which one of the fallowing enzymes brings about the hvdrolysis of fats?

(a) urease (b) maltase (¢) zymase (d) lipase
(x1)  The reaction between fat and NaOH is called
(a)  esterification (b)  hydrogenolysis
(c) fermentation (d)  saponification
(xii) Which one of the following statements about glucose and sucrose is
incorrect?
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(a) both are soluble in water (b) both are naturally occurring

(©) both are carbohydrates (d) both are disaccharides
Q.4 Explain the following terms:

(a) Addition polymer (b) Condensation polymer

(©) Thermoplastic (d Thermosetting plastic

Q.5 Writenoteson
(a) Polyesterresins (b))  Polyamide resins (c) Epoxy resins

Q.6 Wlmistherepcalingmitinachoﬂhefolowingpdym?
(a) polystyrene (b)nylon66  (c)teflon (d  orlon
Q.7 Whatare carbohydrates and how are they classified?
Q.8 Poimmﬁmdiﬂumbetwcmthecammdshud:dthomm
() Glucose and fructose
()  Sucrose and maltose
() Cellulose and starch
Q.9 Whatare lipids? In what way fats and oils are different?
Q.10 Deﬁneaponiﬁaﬁonnumbenndiodinemmbecbhamtbewnmddim
Q.11 Whm&ﬂummammm:mhbp?
Q.12 Whnisthedtemialmlredcnzymes?biaumtbechuﬁaﬁmdeuymes.
Q.13 Whamnudeicadds?Writcdownthemko(DNAdeNAinﬁk.
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Chapter

COMMON CHEMICAL
INDUSTRIES IN PAKISTAN

IN THIS CHAPTER YOU WILL LEARN

A brief description of the processes alongwith flow sheet diagrams and the
paper. VNG ] A Sl

Py B |

15.1 INTRODUCTION

Pakistan had an almost negligible industrial base at the time of its creation in1947,
Forthcpasl%ymdwmnwhuummasmxtmlcbange&mnapumym
economy to a semi-chemical industrial state. Pakistan has developed most of the consumer
goods industries. Heavy industries like iron, fertilizer, cement and paper are also on the road
to development.

The natural resources are being exhausted with growing population and increase in
the standard of living all over the world. To meet this situation the scientists and
technologists are busy in the development of the substitute materials from cheaper and
reusable sources, e.g. the natural fibres like cotton, silk, wool cannot meet the clothing
requirements of the world, therefore, scientists have developed the artificial fibres.

Similarly, crop yield has been increased by the development of the fertilizers.
pesticides and herbicides to meet the world food requirements. All these materials require
their chemical preparation on indystrial scales. In fact the magnitude of chemical industry of
& country is a measure of its economic development and progress. Different chemical
industries such as fertilizer, cement and paper are developing very fast in Pakistan,

15.2 FERTILIZERS
15.2.1 Early History
AgriculturehasbeenoneofthcoldestindustryknowntomTheuseofmanumas
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a fertilizer dates back to the beginning of agriculture. Since 5000 B.C, the Chinese have been
usinganimalmanminthcirﬁelds.Amumbmaunicmﬂu"nlmedmfeniﬁuhndmd
it usually consists of facces and urine of domestic livestock.
TbeﬁMuuaquisitemtbemd[eﬂﬂizcrsmmw&!coﬁheﬁmcﬁond
plant nutrients in plant growth. Compounds of these elements namely nitrogen, phosphorus
ammmmmmmmmmemmmuwmmmpmm.
The elements, like sulphur, magnesium and calcium are considered of secondary importance.

15.2.2 What are Fertilizers

Fertilizers are the substances added to the soil to make up the deficiency of essential
clements like nitrogen, phosphorus and potassium (NPK) required for the proper growth of
plants. Fertilizers enhance the natural fertility of the soil or replenish the chemical elements
taken up from soil by the previous crops.

15.3 ELEMENTS ESSENTIAL FOR PLANT GROWTH

Plants need nutrients from the soil for a healthy growth.The elements essential for
the plant growth can be classified as micro-nutrients and macro- nutrients.

15.3.1 Micro-nutrients (Trace elements)

The nutrients which are required in a very small amount for the growth of plant, are
called micro-nutrients. These include Boron, Copper, Iron, Manganese, Zinc, Molybdenum
and Chlorine. Only minute amounts of these elements are needed for healthy plant growth
anditnnybedangcmtoaddtmmuchqumﬁtybcameﬁwympoiminhma
quantities. These are generally required in quantities ranging from 6 grams to 200 grams per
acre.

153.2 Macro-nutrients

The nutrients which are required in a large amount for the growth of plants, are called
macro-nutrients. These include Nitrogen, Phosphorus, Potassium, Calcium, Magnesium,
Sulphur, Carbon, Hydrogen and Oxygen. These are generally required in quantities ranging
from 5 kg to 200 kg per acre.

15.3.3 Requirement of a Fertilizer

Everyampmmddtbededredelemenuannmuak:ﬁlmmdeﬁeddmu
should be present in the compound in a water soluble from (so that the plant can take it up)
readily available to the plants. The compound employed as fertihizer should be stable in sail
as well as instoragce.g..i(shouldnmbedeﬁquewmtorsettolmdstonymteﬁ:h!’ith
time. Above all it should be cheap to manufacture.

15.3.4 Essential Qualities of a Good Fertilizer
The essential requisites of a good fertilizer are :
i) The nutrient elements present in it must be readily available to the plant.
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i) ltmmtbehidysolubleinmtersolhuitthom@ymixeswithﬂwso&

i) It should not be injurious to plant.

iv) It should be cheap.

v) ltmuatbemuewtlmitiuvaihmebnbngutimetomemwingplmt
vi) It should not alter the pH of the soil.

vii) Byrahorwater.itshouldbecmvenedimoaﬁwm.whidnhephmcan
assimilate easily.

) Nitrogeneous fertilizers i) Phosphatic fertilizers
i) Potassium fertili

15.4.1 Nitrogencous Fertilizers

%cscferﬁlizmmpplynimgmmu:ephnuawﬂﬂ'mmnisreqtﬁredduﬁngmc
early sugcdplamgrmnhﬁotmcdevckmemdstansandlave&ltismemm
wnstitucmolManwwmeluvumdmhamemeyieldmdqmlityo(
mephnthomedtbemmpksdnimktﬂizaam-ammﬁumwphae.aldm
ammonium nitrate, basic calcium nitrate, calcium cyanamide, ammonia, ammonium nitrate,
ammonium phosphate, ammonium chloride and urea.

(1) Ammonia (NH,) as a Fertilizer

addition of lime) at regular intervals,

liquid amnoniahubaxmemimpomntﬁeﬂilizerﬁxdhectappliaﬁwmso&
It contains 82% nitrogen and itis injected about 6 inches under the surface of soil toavoid it
from seeping out.

(i) Urea(NH,-CO-NH,)

Ureaisahighquaﬁtyd%nmfaﬂhenltmntaimﬂmﬁl&%ni&ogenmdisdw
most cmcenh:tedtdidtﬁﬂngeniuﬁﬁmkisﬂnemouwiddymednmmfcrﬁlherin
Pakistan.

Manufacturing Process
Urea ispn)ducedbymereactionolliquidummm'nwilhmcarbondioxide.
Following steps are involved in the manufacture of urea.
i) Preparation of Hydrogen and Corbon diowide ii) Preparation of Ammonia

www.pdfhive.com



Common Chemical Industries in Pakistan 293

1)) Preparation of Ammonium Carbamate  iy) Preparation of Urea
v) Concentrationof Urea vi) Prilling

Preparation of Ammonium Carbamate
GaseomCO,ismixedwithmmmiainUnvdumemioollzz in a reactor to produce
ammonium carbamate. 0

ClO (g + ZNH. () -» NN —=C {(ONH

\nauooium carbana
Preparation of Urea
Dehydration of ammonium carbamate gives urea.
0 . 0
NH-C-ONH — NH,-C-NH. # H.0
Urea

Concentration of Urea Solution =

Prilling
mmwksptayedatmeprmingwnrbymmofpﬁnhgw where itis

axﬂedbytbeairﬁshgupwam.Mottendmpletsaoﬁdifyhuoﬂlebrmofpdns. Urea prills

thuspmduoedareeidsersenttothebuingsecdonorwunbulk storage, Fig. 15.1.

) Y
=HH =)

ﬁ;.ls.ll-‘lowlbeetd’uuunbtmuﬁcm:edum

(i) Ammonium Nitrate (NH.NO,)
xzuwwwmmmmﬁmmmmda
given below.

N +HNO (). » NH.NOQ . (5)

Mwuumﬁaﬁmmcwuuhewmaoﬁdmmmﬁwchmencd
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mdﬂwnmyeddownﬁmauﬂﬂmﬁehﬂingdmpktsmﬁedbymupwuﬂmmm
of air. The fertilizer solidifies as tiny, hard pellets called prills. Prills of fertilizers are free of
dust, easy to handle and easy to spread on the field. Ammonium nitrate contains 33 -33.5%
mitrogen.,

Itis a useful fertilizer for many crops except paddy rice because the microbial bacteria
in flooded fields decomposes it to nitrogen gas. It is also used in combination with limestone.
Itis hygroscopic in nature.

15.4.2 Phosphatic Fertilizers

M&nﬂmmwwmmumnmwhwm
stimuhtcuﬂygrowtb.wmluatethewedandmmﬁondmingmehtersugcsof
growth. ltalwhnusesmismnccwdimhendousphosphaﬁcferﬁﬁzem have
different compositions, due to which they have different solubilities. The two most
important water soluble fertilizers are super phosphate (calcium super phosphate)
Ca(H,PO,), and triple phosphate (diammonium- phosphate (NH,),HPO,).

(i) Diammonium Phosphate (NH,),HPO,
Thiswmpomxdofhirlyhiﬂ)pwilyispreparedbycontinmprooessthaoonsistsd
rcacthxganhydmusammmhpsmdptmplmphoricacidﬂ&?O‘Cande53-6.0.
2ZNH, (g) + HPO,(0) — (NH),HPO, + heat
ltbmex«!mmkmcﬁonmehutdmmvapaizaWermuwﬁqmrand
theays!also(diammmﬁmnphocphauamhkenwgmuiﬁsged.mhedmddﬂedlx
comaimlG%tﬁuvgenand‘S%P,O,ThispmductoonuinsMMpthuuiemsmdis
deemed suitable for use either alone or in mixed with other fertilizers.

15.4.3 Potassium Fertilizers

MefaﬁﬁzmmvideponuiummUnplmtorsoiLWumismquimdfmthc
fwmﬁondmmh.mndmeﬁbmsmuhldtbephm.myimur&mnccto
diseuesandmhethcphnusmbyhelpinghbedmymdevdopumneyﬂmhelp
in ripening of seeds, fruits and cercals. Potassium fertilizers are especially useful for
tobacco, coffee, potato and corn.

(i) Potassium Nitrate (KNO,)

Oninduauialsale.iti:pmpuedbythedwbledmmiﬁon reaction between
sodium nitrate and potassium chloride.

NaNO,(aq) + KCl(ag) - -»NaCl(ag)+ KNO (aq)

Acemumedbotaohﬁmdsodiumnimtcismtd and solid potassium chloride
baddedmtoiLOnhuﬁng.ﬂwmmdumdlbrideaysulschangcinmsodiumchbﬁde
aysuls.andﬂwhotpomsmnnhnuisnmthmmnnso(ﬁumchbddeuysulsanhe
bottomofthckeme.Alittlema'iuddedloprevemﬁn'tbcrdepodtiono(sodimnchhddc
asthesohﬁmiscwled.whichmksinwagoodyiddofpakyelhwsdidpm;sium
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nitrate. It contains 13% nitrogen and 44% potash.

15.4.4 Fertilizer Industry in Pakistan
Pakistan is essentially an agricultural country. In order to keep up the production of
agﬁculmnloommoditiesandwcanpemteﬁwthedeplcdmdnuﬁmtswhkhget
exlnwtedbympateduﬂﬁv&ioa.themuﬁerﬁlizerhumhedhnm»e.
Foradevebphgooumyﬁhehkinn.mmismm-gmwingdmdtwm
fertilizer. Government of Pakistan is trying its utmost to narrow the gap between supply
and demand of fertilizers. Consistant efforts have been made to instal fertilizer-
manufacturing plants. At present, there are about 14 fertilizer plants in private as well as
public sectors in the country which are manufacturing different types of fertilizers.
The total production of urea fertilizer in 2002 in Pakistan is about 56,30,100 metric
tons/annum

15.5 CEMENT
15,5.1 Early History
Ccmemisamyhnpwhntbdkﬁngmlerialwiﬁchmﬁrath"odmdbyan&ghsh
Muon]oscphAspdinHehmditwhensumﬂyhazedmimedﬁmmoneandchym
mixedwithwaterandallmndwonnd.ithﬁﬁendtoastonclﬁn:nmswhichrescmblm
Portland rock; a famous building stone of England. Since then the name of Portland
Cement is given to the mixture of lime (cbtained from imestone), silica, iron oxide and
alumina.
Thiswnthesuno(?aﬂandocmemhduswaswcknowtoday.necctmmism
low in cost, as it isappliedeveywhcreinuwconstruction,o(hwm,pubﬁcbuﬂdinga. roads,
industrial plants, dams, bridges and many other structures.

15.5.2 Definition
CemthmeMaidobhimdbybwmngmimknamminmdalaﬁmsmd

argillaceous materials at sufficiently high An average composition of a good sample

temperature to produce clinkers. These of Portland cement is as follows:

clinkers are then ground toa fine powder. Gongs
The essential constituents are lime Lm_%
(obtained from limestone) silica and alumina | Silica (810) 2
(present in clay). Alumina (ALO,) 15
Magnesia (MgO) 25
15.5.3 Raw Materials Tron g Mﬁh' g
The important raw materials used for the ; .."_M. s 3 B
manufacture of cement are: Sﬁhodde.mh | 1.0
i Calcarious material(limestone, Potassium oxide (K0) | 1.0

marble, chalks, marine shell) as source of Ca0.
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i Arﬁ&mousmwﬁl(chxshk.shthﬂmmshg)wmﬁdc
acidic components such as aluminates and silicates.
il Other raw material being used is gypsum.

15.5.4 Manufacturing Process of Cement

ﬂnmnhauﬁmmdmemimolvaduuadqumaamm
mcboioeddryorwetplmdewndsonﬂneﬁonowimhctm

i Physical condition of the raw materials.

il Local climatic conditions of the factory.

il The price of the fuel.,

hhkbnnmdthehxaiesusewetmkxmemmammy
mmm&egﬁngmditismsuitedhdnhudw%t
mooess.mtheahuhmd.isﬁeeﬁunduugﬁndingismiuanqumpodtionddn

15.5.5 Wet Process

Intﬁsmomahdiuhdoneh&emdw&u%mﬁvesminw
manufacture of Portland cement Fig. 15.2.

i Crushing and grinding of the raw material.

il Mndngtbemamrhlinm'eapmpaﬁon.

iii. Hcatingt.heprepamdmixm'einatomykﬂn.

iv. Grinding the heated product known as clinker.

v. Mixingandgﬁndimoloementcﬁnherwithm

(i) Crushing and Grinding

Soﬁmumahhmﬁruaushedmasdmm.oheninmmmm
ground in the presence of water, usually in ruaingcylindrialballombenﬁnsconuinmaa
charge of steel balls.

(i1} Mixing of the Raw Material
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honizontally on its axis at the rate of 1-2 revolution per minute and it is inclined a few degree.
Asthekihmm.nwdumeslowlyﬁwwsdownwardduetomemrymoﬁm
Nwthednmcishwedbybmningcoal.oilotmmraImlntbemmykilnthe
charge passes through the different zones of temperature where different reactions take
plaoc.nedmgetakeszabomtompletethekmrmyintbekiln.

(a) Drying or Pre-heating Zone (Minimum temperature zone)
In this zone the temperature is kept at 500°C, whereby the moisture is removed and
the clay is broken into AL,0,, Si0,, and Fe 0,

(b)  Decomposition Zone (Moderate temperature zone)
Here the temperature goes upto 900°C In this zone the limestone (CaCO,)
decomposes into lime (Ca0) and CO),,

CaCo,(s) » Cal(s) + CO.(g)
orC

(¢)Burning Zone (Maximum temperature zone)
In this zone, the temperature goes up to 1500°C and the oxides, e.g. Ca0), S10, ALO,
and Fe,0, combine together and form calcium silicate, calcium aluminate and calcium fer rite.

(d) Cooling Zone
misisthehuuageinmekﬂn%aethechrgeisoooleduptolso-mc.

(iv) Clinker Formation
The resulting product obtained from the kiln is known as cement clinker. This has the
appearance of greenish black or grey coloured balls varyingin size from small nuts to peas.

Fig. lszflowsheetdhcnmﬁxlhemanuﬁctmofocmt
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(v) Grinding the Clinkers with Gypsum :

The cement clinkers are then air-cooled. The required amount of gypsum (2.0%) is
first ground to a fine powder and then mixed with clinkers. At this stage finished cement is
pumpedpneumtiallytom'agesilostmmwhereitisdnwn(orp.ddnginpaperbagsorfor
dispatch in bulk containers.

15.5.6 Setting of Cement

meuscdcenwuinthemﬁmdwldhgisbuedmiupmpmydwﬁugwa
hard mass when its paste with water is allowed to stand for sometime. The reactions involved
in the setting of cement are described as follows:

(1)  Reactions Taking Place in First 24 Hours.

A short time after the cement is mixed with water, tri-calcium aluminate absorbs water
(hydration) and forms a colloidal gel of the composition, 3 Ca. ALO,. 6H,0, (hydrated
tricalcium aluminate).

This gel starts crystallizing slowly, reacts with gypsum (CaSO,. 2 H,0) to form the
crystals of calcium suipho-aluminate 30,40, ALO.3CaSO,2H O

(i1)  Reactions Taking Place Between 1 to 7 Days

Tricaicium silicate (3Ca0. SiO,) and tri-calcium aluminate (3Ca0 . ALO,) get
hydrolyzed to produce calcium hydroxide and aluminium hydroxide. The calcium hydroxide,
thus formed, starts changing into needle-shaped crystals, which get studded in the colloidal
gel and impart strength to it. Aluminium hydroxide, on the other hand, fills the interstices
resulting in hardening the mass. The gel formed starts losing water partly by evaporation and
sets toa hard mass,

15.5.7 Cement industry in Pakistan

At the time of partition in 1947, there were four cement plants in West Pakistan, which
produced about 330,000 tons of cement every year. However in 1954 the production of
cement went up to 660,000 tons. In 1956 two more cement factories were set up at Daud Khel
and Hydcmbad.buteventhcnﬂwpmducﬁondocmmtmnmmughtomeetthe
increasing demand of the construction industry in the country.

For a developing country like Pukistan there is always an increasing need of cement
for development projects. Efforts were thus made to build more factories. At present there
are ahout 22 cement factories in private as well as in public sectors, which are 1
cement bmhbydrymdwetpnmses.ﬁemulpmducﬁwoﬂbeeﬂmenwhnmis
9,578,802 metric tons/annum.

15.6 PAPERINDUSTRY

15.6.1 Early History
Thewordpaper_isduivedfromthemcdamedyphnihpyms.whi:hmw

abundantly along the marshy delta of the River Nile in Egypt around 3000B.C.
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The invention of modern paper is credited to Ts'ai Lun of China, who, in 105 A.D, was
an official attached to the Impenial Court'of China. He prepared a sheet of paper using the
bark of mulberry tree that was treated with lime and mixed with bambpo and other fibres to

get the paper of desired properties.

15.6.2 Definition
Paper is defined in term of its method of production, that is a sheet material made up of

4 network of natural cellulosic fibrgs which have been depositéd from an aqueous
suspmciou-ﬂacpcod;ﬂobﬂinediune&wotko(hmwimingm

15.6.3 Brief Description of the Process.
Raw Material.
Thenninnwmleﬁahusedinthepnducﬁono(mlpmdpapcrin Pakistan is of two
types, that is non-woody and woody raw matenials,

(iii) Douglas fir (soft wood)

15.6.4 Eulping Frocesses nree principal methods of chemical pulping and are used for the
production of paper pulps.
L Kraft process (Alkaline)
2. Sulphite process (Acidic)
3. Neutral sulphite semi-chemical process (NSSC)
mneuualsulphitcsemichenﬁcalptmhummetoowupytbedonnmm
mtmmdmmmhmmmmmmmmmmmwm.
we will discuss only the neutral sulphite semi chemical process, which is mostly used in pulp
and paper industry in Pakistan,

15.6.5 Neutral Sulphite Semi Chemical Process

Process Description

This process utilizes sodium sulphite cooking liquor which is buffered with sodium
carbonate or NaOH toneuu'alizemeamicacidlibuamdfmmhenwmmﬁals.

The non-woody raw materials which are used in this process are wheat straw, rice
straw, bagasse, cotton linter andngs.thatsunwmybeusedaloncorcombinedwith
other materials in different proportions. The essential steps in the process are as follows
Fig.153.

L Cutting of the raw materials il Dry cleaning

www.pdfhive.com



300 Chemistry XII

ii. Wet cleaning iv. Screening
V. Digestion i, Blow tank
Vil Pulp washing viii.  Bleaching
ix. Paper making machine X. Stock preparation plant

(1) Cutting of Raw Materials

The non-woody raw materials come in the precut state and are processed as such.
But in themo(woudbasedmmateﬂals,higk»gsmcutintosmﬂchipsbeﬁorehﬂlm
processing.

(1) Dry Cleaning
Wheatstrawiscollcc:edlmnthestaageandisﬂwnsemfordrycleuﬁng. For this
purposeairismownintothcuwmuaial.wldd:mmuunmtedwﬁdeu.

(111)  Wet Cleaning
Drywhwsmwisduwbieaedtoweldunim.whichnotonlyremwesm
remaining dust particles, but the soluble materials also get dissolved in water.

(iv) Screening

Inmoﬂpulpmdmpcrmesscsmctypedmuungownuonisreqmredto
remove the over sized troublesome and unwanted particles. Magnetic separator removes
imammmmm.m.&mmmmmmmwm-
cleaners. The major types of chest screens are vibratory, gravity, and centrifugal. The
material is then sent to wet silo.

(v) Digestion

From wet silo, the material isseuttodgesten'l‘hedigcsterismuaﬂymmelmin
kngthandZmemhdhmltisnudeduzdmdmwmmnhismenninmitd
tbemﬂwdigeﬂimmanbcdhabatd:acwﬁnmlnmmﬂybﬂch
process is mostly used.

(w1} Blow Tank
mmkedmmqid&mﬁndigmuisblownim“blownnkandmenmpedwa
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ccntntnpl saccnfortbesepanuonofcookedﬁmn uncooked materials.
(vit) Pulp Washing

The cooked material from the blow tank is washed thoroughly with water using 80-
mesh sieve to remove the black liquor that would contaminate the pulp during subsequent
processing steps. The pulp is washed with required amount of water to remove soluble lignin
and coloured compounds. Lignin is an aromatic polymer and causes paper to become brittle.
It is then thickened and finally stored in high-density storage tower.

HDSDD,
ey

%D

‘ig.15.3 Flow sheet diagram for neutral sulphite semi-chemical process
(viti) Bleaching

The pulps obtained from chemical pulping are brown in colour and are unsuitable for
printing and writing papers which require a bright white pulp. The colour of these pulps is mainly
due to residual lignin. These pulps are then seat to bleaching unit.

In Pakistan, bleaching is done with chlorine or sodium hypochlorite and
hydrogen peroxide. After washing, the unbleached pulp is sent to the chlorinator where chlorine
at 4 - 5 bar pressure is injected from chlorine tank. The chlonine react with unbleached pulp at
about 45°C for 45-60 minutes to give the good results. The residual chlorine is neutralized with
water which act as antichlor. The correct dosage is important and calculated amount of chlonine is
needed to achieve the required brightness. After chlorination pulp is washed with hot water at
60°C and is then sent to the storage tank. Pulp is dried with hot air supply. After drying the pulp is
ready for manufacturing of paper.

ix;  Stock Preparation Plant

There are three important stages in the treatment of the pulp prior to its delivery to
the paper making machine.The first is the dispersion of the pulp as a shurry in water, the
second is the mechanical refining or beating of the fibres to develop appropriate physical and
mechanical properties for the product being made and the third is the addition of chemical

—
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additives and recycled fibres from the waste paper plant. Wet end chemistry of paper start from here
(x ) Paper Making Machine

A basic Fourdrinier type machine is used for paper making and a brief description of
its major components is given below Fig. 15.4.

(a)  Flow Spreader
The flow of spreader takes the plup and distributes it evenly across the machine from
back to front. Consistency of the stock is below 1%.

(b)  Head Box

The pressurized head box discharges a uniform jet of pulp suspension on a fabric
where special suction devices work for the removal of water.

(¢)  Fourdrinier Table

mwﬂumwmmm&ulnbammmmm
while the fourdrinier table drains the water by suction forces.

(d)  PressSection

The paper sheet is conveyed through a series of roll presses where additional water
ie removed and the web structure is consolidated (i.e the fibres are forced into intimate
contact),

(¢)  DryerSection

Wet sheet of paper so formed is dried in the dryer section of the machine with the
help of rotary drum. Water is separated from the fibre either by gravity, by suction or by
pressing and by heating.

n Calendar Stock
The sheet is calendered through a series of roll nips to reduce thickness and smooth
the surface.

() Reel .
The dried paper is wound in the form of a reel having final moisture of about

Fig. 154 paper making mathine.
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15.6.6 Paper Industry in Pakistan

Paper plays such an important role in the present day economic development that its
mmumptbnisuhnumhdudamuysmmdmmtyﬂmcmmpulp
and paper industry in Pakistan at the time of independence in 1947.The country consumed
about ZSOOOtmsdpulpandpcpu'pmdlmperywandandeereimpmedfmm
abtmdaumstof%mﬂlimmpees.ﬂw&mdlhcpaperindustryinwooumW was very
slow because of various reasons, amongst the major ones being the non-availsbility of
suitable fibrous raw material.

Due to high prices of paper in Pakistan its per head consumption is among the lowest
in the world. Paper consumption in Pakistan is around 5 kg per person per year.

To make our country self-sufficient in this important commodity, we must utilize every
mmedmwmtuialﬁkem—mdyandwoody&nmdxhkismlmmhwmeof
non-woody material, which in future can meet the requirements of our pulp and paper
industry. Theeﬂommbemgnndemhmllmpulpmdpapcrindwdesinlhemunw

At present there are more than 30 pulp and paper industries in private as well as in
public sectors, which are manufacturing pulp and paperboard.

KEY POINTS

1. Agriculture has been one of the oldest industry known to man. Since 5000
B.C Chinese have been using animal manure in their fields,

2 Ferﬁﬁurismemmnlauﬁﬁchludmanoecmmningthcchemialeknmnut}m
improve growth and productiveness of plants,

3. Natural fertilizers are materials derived from plants and animals whereas artificial
faﬂ&zmauuiuo(mamaﬁdmednﬂuﬂlikem:mpbowlmemd
ammonium nitrate, etc.

4. Syntheﬁciaﬂﬂi:ena'enninlymedﬁrmakinguptheimmedhtedcﬁdomy of
essential nutrient elements needed in relatively large amount.

5. The nutrients required in a very small amount for growth of plants are called micro-
nucienuandthcnutﬁenuwhdchmmqﬁmdmavcryhmemmm are called
macro-nutrients.

6. Urea and ammonium nitrate are the major nitrogeneous fertilizers whereas super
phosphate and triple phosphate are important phosphatic fertilizers.

T Cememisanryinpormthﬁldhgmawialwhichmﬁruinmduoedinm%by
an English mason Joseph Aspdin.

8. Cement is the material obtained by burning an intimate mixture of calcarious and
argillaceous materials at sufficiently high temperature to produce clinkers which are
wbsequenﬂygrwndtoaﬁnepowda%tmisgenmﬂymedinthe
production of cement.

Q, Themdoemmﬁormmucdonpurpooesisbuodonitsl.uupcnyo(se(lingtoa
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Q1

Q.2

Q3
()

(i)

REgssapme

(x)

hard mass when mixed with water,

10. Paper is a sheet material made up of a network of natural cellulosic fibres.

11. Thenwtdsulplﬁtesenﬁ«:hemiulpmisoﬁmmedkﬂhemnbauﬁngo(
paper because of the advantages in the chemical recovery and pulp strength.

12. Themimcobjecdwdaﬂpulpmkinguepsismmeﬁbtu present in the
straw from cementing matenial called lignin, which is a natural binder.

Fill

EXERCISE

in the blanks with suitable words.

Fertilizers enhance the natural of the soil.

Micro-nutrients are required in quantity ranging from per acre.
Ammonia contains % nitrogen.

Manure isan material used to fertilize land.

Cement was first introduced by an English mason

Phosphorus is required to stimulate of plant.

In Pakistan, bleaching of pulp is carried out with &
Ccmenlismcnﬂynnnubctmedushg process. '
1heuuo(ceumtinmeoaum:ctiondbuﬂdhuisbuedonitspmpenyu!
___when its paste with water is allowed to stand for sometime.
Ligninisan polymer and causes paper to become brittle.

Indicate True or False.

1.
i
1.
v,
V.
vi.
Vil
Vil
Ix.

Potassium fertilizers are especially used for tobacco and corn.
Amonhisusedingamstatewhileaﬂoﬂubtﬂizmmuscdin
the solid form.
lnwetmfortbemmuhctmo(cemt.gﬁndingdmmuﬂial
is done in the presence of water.

The total production of cement in Pakistan is 56,30, 100 metric tons/annum.

Thetenmentumofthedigesterinpapailﬂwryshwldbeamund
160-180°C.
Muinmkniliunhmtheapﬁlityolplmtstomiam

X.
Multiple choice questions. Encircle the correct answer.
Whichthreeelarmuareneededfmthehmlthyyomhdphms.

(a)

N,S,P MN,Ca,P  (¢)N,BK (dN,K,C

Which woodymmterialisusedfotﬂteumuﬁcmreofpaperpulp?
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(i)

(iv)
(v)

(vi)

(vit)
(viii)
(x)
(x)

(a) Cotton (b) Bagasse  (¢) Poplar (d) Rice straw

The nitrogen present in some fertilizers helps plants

(a) to fightagainst diseases  (b) to produce fat

(c) toundergophotosynthesis (d)  toproduce protein
Phosphorus helps the growth of

(a) root (b) leave (c) stem (d) seed
Micro-nutrients are required in quantity ranging from

(a) 4-40g (b) 6-200g (c) 6-200kg  (d) 4-40kg
During the manufactuning process of cement the temperature of the decomposition
zone goes up to

(a) 600°C (b) 800°C (c) 1000°C (d)1200°C

The word paper is derived from the name of which reedy plant

(a) Rose (b)Sunflower (c) Papyrus  (d) Water Hyacinth

Which is not a calcarious material?

(a) lime (b) clay (¢) marble (d) marine shell
How many zones through which the charge passes ina rotary kiln ?
(@4 (b)3 (©)2 (s

Ammonium nitrate fertilizer is not used for which crop.
(a) Cotton (b) Wheat (c) Sugar cane  (d) Paddy rice

Q4  What are phosphatic fertilizers, How are they prepared? Mention the role of
phosphorus in the growth of plants.
Q5 a What are fertilizers? Why are they needed?
b) Discuss the classification of fertilizers and their uses.
c) How is urea manufactured in Pakistan? Describe in detail the process used.
Q6 2 What are the prospects of fertilizer industry in Pakistan?
b) What are essential nutrient elements and why these are needed-for
plant growth?
) Write down the essential qualitics of a good fertilizer?
Q7 a Describe the composition of a good portland cement.
b) Discuss the wet process for the manufacturing of cement with the
help of flow sheet diagram.
) What do you understand by the term “setting of cement”, Also discuss
the reactions taking place in first 24 hours?
Q8  What are the essential non-woody raw materials used in the production of pulp and
paper in Pakistan?
Q9 a What are the principal methods of chemical pulping used for the production
of paper? .
b) Describe the neutral sulphite semi-chemical process for the
manufacturing of pulp and paper.
Q10 a) What are the common bleaching agents used in paper industry in Pakistan?
Briefly describe the bleaching process.

b) What are the prospects of paper industry in Pakistan?
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ENVIRONMENTAL CHEMISTRY

T ——— - I VW S _—— T S———— —

The meaning of environmental pollution.

The sources of air pollutants like CO, SO, oxides of nitrogen, etc.

Effects of polluted air on environment.

The causes of water pollution.

The preparation of potable water.

About the solid waste and its management like dumping and incineration,
treatment of industrial waste and recycling of solid waste.

v

DS

16,1 INTRGDUCTION

Environmental chemistry deals with the chemicals and other pollutants in the
environment. In this we study the sources, reactions, transportation of the chemicals and
other toxic substances especially created by human activity in the environment and their
adverse effects on human beings. This branch of chemistry is interrelated with all other
branches of science, i.c. biology, physics, medicine, agriculture, public health and sanitary
engineering, etc.

16.1.1 Components of the Eavironment
The environment consists of the following components:
1) Atmosphere i) Hydrosphere
1ii) Lithosphere  iv) Biosphere

\vimosphers

The layer of gases surrounding the earth is called atmosphere. It consists of various
gases in different proportions i.c., N, (78%), O, (21%), Ar (0.9 %), CO, (0.03 %) and trace
amounts of H,, O,, CH,, CO, He, Ne, Kr and Xe. It also contains varying amounts of water
vapours. Its thickness is about 1000 km above the surface of the earth and half of its mass is
concentrated in the lower 5.6 km.

Tbcgasesinﬂ:eahmsphcmabwbmosto(woosmicnysandthemajorporﬁonof
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the harmful electromagnetic radiation coming from the sun. The absorption of these harmful
radiation protects the life on the earth.

The gases present in the atmosphere are essential for sustaining life on earth i.e., O,
is required for breathing, CO, is required for plant photosynthesis, N, is used by nitrogen
fixing bacteria and water vapours are responsible for sustaining various forms of life on the
earth. Atmosphere also maintains the heat balance of the earth.

Hydrusphery

The hydrosphere includes all water bodies, mainly oceans, rivers, streams, lakes,
polar ice caps, glaciers and ground water reservoirs (water below earth surface), Oceans
contain 97% of earth's water but because of high salt contents this water cannot be used for
human consumption. The polar ice caps and glaciers consist of 2% of the carth's total water
supply. Only 1% of the total earth's water resources are available as fresh water i.e., surface
water; river, lake, stream and ground water. The fresh water is being used by agriculture
(69%), industry (23%) and for domestic purposes (8%).

Lithosphere

It consists of rigid rocky crust of earth and extends to the depth of 100 km. The
mantic and core are the heavy interior of the earth, making up most of the carth's mass. The
99.5 % mass of the lithosphere is made of 11 elements, which are oxygen (~ 46.60 %), Si
(~27.72%), A1 (8.13 %), Fe (5.0 %), Ca (3.63 %), Na (2.83 %), K (2.59 %), Mg (2.09%)and T1,
11, and P (total less than 1 %), Redemmmpmsentmmamwnts(o.lto_qm%)ue(:.
Mn, S, Ba, Cl, Cr, E Zr, Ni, Sr and V. These elements mostly occur in the form of minerals.

) Biosphere/Ecosphere

Biosphere is the region of earth capable of supporting life. It includes lower
atmosphere, the oceans, rivers, lakes, soils and solid sediments that actively interchange
materials with all types of living organisms i.e., human beings, animals and plants.
Ecosystem is a smaller unit of biosphere which consists of community of organisms and their
interaction with environment i.e., animals, plants and microorganisms which lie in a definite
zone and depend on the physical factors such as soil, water, and air.

Any substance in the environment which adversely affects the human health,
quality of life and the natural functioning of ecosystem, is known as environmental
pollutant. With continuous rapid growth in population, urbanization, industrialization and
lransportation, environmental pollution is spreading in almost every city of the world. The
quan(itydpoﬂuunmaﬁeaingtbeenvirmmeuuhuveinausedmpidlyinmehst hali-
century and they have adversely affected human health and eco-system.

16.2 TYPESOFPOLLUTION

16.2.1 Atr Pallution
Theaunosphcreispoﬂutedwhmhamfulmbsmwhichdamagethe

cavironment, human health and quality of life are mixed in it. The main sources of air
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pollation are: -

.%ewastepmducugivenmlﬁomdﬁmneysdindmﬁalmﬁtsandeﬂnuao!
automobiles may contain gases such as sulphur dioxide, sulphur trioxide, nitrogen oxides,
carbon monoxide, hydrocarbons, ammonia, compounds of fluorine and radioactive materials.
These waste products are called primary pollutants.

The primary pollutants in the atmosphere through various reactions produce
secondary pollutants such as sulphuric acid, carbonic acid, hydrofluoric

acid, peroxyacetyl-nitrate (PAN), ozone, aldehydes, ketones and peroxybenzol. All these
oompoundsmtwdcandﬂmirooncenmﬁoninmetmmpbaemmtbcoonmm
Ttnsoumaformdthemainpﬁnwyairpolluumsmdesaibedbdow:

(1) Carbon Monoxide
ltisawbudmodwﬂmandhighlymas.ltisthmﬁmﬁghterﬁanainhis

soluble in water.

Sources

a) Natural
Natunlsomvesofwbonmonmddeanissionmvdmkmxpdon.mtmalgas

emissionandoxidaﬁono(medm:eintheaunoaphcre.

b) Human Activities
lebtnninginvaioustypesofmmteumotorvehﬂes.nilwaysmd
Mismmm(ﬁ%)dmmmmmmmmd
afbonnmoxideemhdonmfmestﬁm.oombusﬁondloaﬂﬁldandlgﬁculnnl
products.Cubonmmﬁdeisdsoaniuedﬁomindustrieeinwhichmytypcolmdisbmt
indnﬂmeindmhiuindudehmandswd.pmkum.caneu.bdd:kﬁm.upﬂmd
pulp, etc. Incomplete combustion anddissodaﬁono‘co,ath@wmpmmfemowoduoes
CO. '
Camonmommideishishlypoimmgumdaumaﬂoaﬁonifbhaled.hbinds
bloodhaeuwglobinnmmnglyUunoxymthnsendudbgmtygmﬁommml

2. Nitrogen Oxides (NO,)

The gases nitric oxide, NO and nitrogen dioxide, NO, are represented by NO.,.
Sources:
a) Natural

Bacterial action produces NO, mainly NO

b) Human Activities

Nitmgenoﬁdesmmﬂyprod\wedbyomixnﬁonofow.oil.mnnﬂgamd
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gasoline. Bmhuxidecmuhﬁnmﬂnoﬁdaﬁmdniuwsmpmmdsmthfouﬂ
mel.mhmmdmelinmcpmddrinhwwmenﬁmdsopmdm
NO.

high temperatay

N, + 0. > INO
Nimndioxideisuvdtndwhennitricmidemcuwilhm
2NO + 0, ——» 2NO,

The residence time of NO and NO, in the atmosphere are 4 and 3 days respectively.
Due t photochemical reactions, NO, are converted to HNO, which is carried down in either
rain fall or as dust.

3. Sulphur Oxides, SO,

Sources:

a) Natural .
Ongiobalscalcnmdsulp!uxdiouideispmdwedbyvohm(mnndby

oxichﬁonofwlphurmninhgmpmdwedbydmuuuilkmo‘amcmn

b) Human Activities

Air is polluted with SO, due to combustion of coal (containing 1-9%S), crude oil and

other fossil fuel in power plants and petroleum industry, etc.
S40 » SO
250, + 0,—— 250,

These gases (SO, and SO,) because of their pungent odour are very irritant and
suﬂoaﬁm.Wnﬁousmdbnshdn:tmospmehnmﬂpmm
Tbeseacmdsauummrespinmuwﬂespammhdymoﬁupeopk.&uphur
dioxide is the major source of acid deposition in the tmosphere.

4. Hydrocarbons

Sources

a) Natural:
ummmanmmmmwdﬂmmmmmme

aunosplme.l‘addyﬁddsmadgniﬁmtmmdmm&tbeam.

mmwadmauwmmdmmww

baaaﬁhm%uaudinuﬁh.McMhnmreddwﬁw:dM&? 4

years in the atmosphere. RSl

2CH,0 =3, €0, + CH,

b) Human Activities

Mwmﬁummmmdhﬂmm&dﬁﬁwmm
petroleum, coal, wood, incinerators, refuse burning and solvent evaporator also contribute
towards the emission of hydrocarbons into the atmosphere,
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16.2.2 The Effects of Polluted Air on Environment
1. \cid Rain

Acid rain which now-a-days is termed as acid deposition, was discovered by Angus
Smith in Great Britain in the mid seventeenth century but this phenomenon gained
impartance as a serious environmental problem in 1950's, Initially it was referred to the
precipitation which was more acidic than natural rain. Due to the presence of CO, in the
atmosphere the natural rain itself forms carbonic acid:

CO) + H Oy —a ILCQ 20)
’l‘hcpHo(unpollutedrainwalcrsbouldbes.&'l‘heninmerhaspﬂlcsslhanSis
considered truly acidic.

In the atmosphere SO, and NO, are transformed by reactions with oxygen and water
mto H.S0, and HNO, respectively. These acids get mixed with rain. The acid deposition
includes both wet (rain, snow, fog) and dry acidic deposition.

() 120 < HO 'i'.‘-\!r‘\'.w! A0 stmoke, el :-nl:ll ” & "

hmaulria@tomlamed"abym&mmmmmmyaddm

Acidification of the soil and rocks can leach metals like aluminium, mercury, lead and
calcium and discharges them into water bodies. These heavy metals are accumulated in the
fishes and are health hazards for humans and birds as they eat these fishes. The clevated
concentration of aluminium is harmful for fish as it clogs the gills thus causing suffocation.
Aaidification of the soil can also leach nutrients thus damaging lcaves and plants and growth
of forest. It also damages building materials such as steel, paint, plastic, cement, masonry
work and sculptural materials especially of marble and limestone.

o Smog
Thewotdsmogisaoombinaiondmkeandﬁog.lfhmnuimhiﬂmmofso,
itischemimllywducinginnatumandisknownas'mdudngmog‘.'ﬂwmaincausco(
reducing smog is combustion of coal. Photochemical smog consists of higher concentrations
of oxidants like ozgne and is also termed as oxidizing smog, it is a yellowish brownish grey

photochemical smog are nitric oxide NO' and unburnt hydrocarbons. Nitric oxide is oxidized

(o nitrogen dioxide within minutes to hours depending upon the concentration of pollutant

ga&meyclbwcdwhpbomchmﬁalsmogbduetotbemdtﬁmdhxide.
The following conditions are required for the formation of SMog:

1) There must be sufficient NO, hydrocarbons and volatile organic compounds
(VOC) emitted by the vehicular traffic.

2) Sunhght, sothatsomeulthecbemicalmetiousmyoccmataupidntc.

3) The movement of air mass must be little so that reactions are not disturbed.
Tbeoven!lremltdphotochenﬁalsnmginaﬁmoonismchﬁn up of oxidizing

agents suchas H,0,, HNO,, peroxyacetyl nitrate (PAN) and ozone in the air.
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PAN isan eye irritant and is also toxic to plants.

Ozone, 0,, s a gas having low boiling point. It is present in small concentrations
throughout the atmosphere. The amount of ozone in the atmosphere is expressed in Dobson
units (DU). The normal amount of overhead ozone is about 350 DU.

The ozone layér, 25 - 28 km high, in the stratosphere surrounds the globe and filters
most of the harmful ultraviolet (UV) rays in the sunlight before they could reach on the earth.
Therefore, if there is substantial reduction in the ozone layer the life on earth would be
threatened. In 1980 a large hole in the ozone layer over Antarctic was discovered which
represented amajor environmental crisis.

Ozone is produced in most of the tropical regions by the photochemical reactions of
oxygen, from where it is transported to polar regions. It acts as a pollutant and causes
various health problems i.e., damages eyes and aggravates asthma, decreases the elastiaty
of lung tissues, coughing, chest discomfort, etc. It is harmful to the plants and other
materials Le., attacks rubber, reduces durability and appearance of paint and causes fabric
dyestohde.Theamounto(oume;sleethtbeumdomtodneqwoc

The thickness of the ozone layer has been decreasing over Antarctic during the
spring time since the mid 1970%. By the mid 1980's loss in ozone at some altitudes over
Antarctica resulted in about 50% depletion of the total overhead amount. The region in
which ozone depletes substantially hcwo'ywdmingSep-Nw is now termed as "ozone
hole”.

Tbewmuamdommmemmplmubemkpbteduwﬂmus
chemical reactions not only above Antarctica but woridwide.

The stratosphere where the ozone layer exists in the atmosphere is approximately
at 15 w0 40 kilometer altitudes and is just above the troposphere which extends to an altitude
of 0-15 kilometer from the earth. The temperature in troposphere decreases with the
increasing altitude from 15 to- 56°C, it is because the air near the earth is heated by radiaton
reemitted from the earth. Whereas the temperature in stratosphere increases with increase
of altitude i.e., -56 to-2 °C. The ozone is the main chemical species present in stratosphere
which absorbs the ultraviolet radiation and increases the temperature in the upper part of
the ozone layer.

Role of Chlovolluarocasbons iU Cs) g Ozo

Chlauﬂumuwtmmmedasrdngzmlsmwcoodmonmmdmaemsd Sprays
are inert in the troposphere but slowly diffuse into stratosphere, where they are subjected to
ultraviolet radiation generating CI' free radicals. Chlorofluorocarbons (CFCs) play an
effective role in removing O, in the stratosphere due tofollowing reactions.
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Asingledua'idcfreeradblcandestroyuptoloo,meemobaum.

16.2.3 Water Pollution

Water is essential for life on earth. All living organisms contain water in them. To
sushhnﬁfemryhumanbcingdrﬁzksscvenlﬁmdwawdaimuaﬁnelifc is also
impossible without water.

1. Livestock Waste
Mosdythelivectockwasteiseitherbehxgm;ndon the open land or is discharged
imqscwage,mahwﬁmmismcﬁcepdmcsthewrhcegndgmum‘faerposing

3. Detergents
Detergents are excessively used in industries and household as cleaning agents.
The amount of disposed detergents in waste water is increasing day-by-day. This waste
whendiadnrgedinrivcrsormmlyaﬁmthemﬁclife.
dctctgentmntenudmuemnwbiﬁzemcbonndmxkkmdhuvymhswhasPb.
Cd anql{gfrmnse(ﬁmcntsintowa.

1. Pesticides
Pestslmmuopsmdmnanmdiseasesbothmhunmbeingsandanimals.

www.pdfhive.com



Environmental Chemistry 313

Pesticides are the substances that can directly kill an unwanted organism or otherwise
control by interfering with its reproduction process. The current ability to produce large
amounts of food on relatively small amount of land has been made possible around the world
by the use of pesticides. At present more than ten thousand different types of synthetic
organic pesticides have been formulated. They are broadly classified into several principal
types according to their general chemical nature. The most important and widely used
pesticides are insecticides (which kill insects), herbicides (which kill undesired plants) and
fungicides (which control the growth of fungus on the plant).

The use of various pesticides also helped in the eradication of diseases such as
malana, yellow fever, bubonic plague and sleeping sickness.

Wide spread use of pesticides for getting greater crop yields if not properly checked
and controlled has associated risks of contaminating the soil, plants and the water. The
drainage water from the agnicultural land (where the pesticides are being used) mostly
contains pesticides, Therefore if the use of any type of pesticide is not properly controlled it
enters through various roots i.e., agricultural food products and drinking water into the food
chain and thus pose serious health problems to both human beings and animals.

Organic chemicals in drinking water do not have any healthy effects on human or
animal health. At best, some organic chemicals may have no detrimental effects at low
concentrations. But many compounds once thought safe, espedally the synthetic organic
chemicals, can have serious and substantial heath risks, even at very low concentrations. At
even higher concentrations, most of the compounds are tasteless and odourless. It is now
known that many of the light molecular weight chlorinated hydrocarbons in drinking water
are carcinogens and they have no safe levels. That is they cannot be consumed through air,
food, or water without the risk of adverse health effects.

When synthetic organic chemicals are ingested through food or drinking water, they
can cause health problems. At high concentrations they can cause nausea, dizziness,
tremors, and blindness. At lower concentrations, at which these compounds become
tasteless and odourless, humans may develop skin eruptions or central nervous system
impairment. At still lower concentrations when ingested over months or years, the
compounds can cause health problems. With human or animal carcinogens, there is often a
long period of time between exposure and manifestation of the disease.

5. Industrial Waste Effluents

The finished products in any chemical related manufacturing industries i.e., leather
tannenies, fertilizers, oil refining, petrochemical, textiles, paper pulp and paper board,
rubber products, agrochemicals, leather goods, etc.  are always accompanied by some by-
products and waste effluents. The waste products may be in the form of waste heat, smoke,
solid or waste water effluents.

The industrial waste pollutants may contain organic chemicals including highly toxic
synthetic organic compounds and heavy metals ie., Pb, Cd, Cr, Hg, As, Sb etc. bils and
greases, mineral acids, etc. The toxic organic compounds and heavy metals and metalloids
results in contamination of both surface and ground water used for irrigation and potables*
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water supply. This also causes irreversible degradation of the environment causing serious
health problems for public and marine life.

ltmustbcmentionedhmunthmvymetalssuchasl’b.Cd.Cr.Aa.Hg.etc.arc
highly toxic and do not have any safe limits: they have accumulation effects when ingested
through food or water and cause various health problems like anemia, kidney diseases,
nervous disorder, high blood pressure, etc.

. Leather Tanneries

some units have the facility of waste water treatment by reducing Cr (V1) into trivalent state
followed by alkaline precipitation of Cr (DH),. The effluents are discharged onto the open
land or put into the smgcsystmneseindusuiammcbigsoumofchmnﬁum%
pollution in the environment. Chromium (V1) is highly toxic and is known to cause cancer.

16.3. FACTORSAFFECTING THE QUALITY OF WATER

Tbetcrms«ﬁssolvedoxyguubiocbemicalaxygendanm!andcbanim!oxygen
demmdmﬁnquwﬂyusedinmmuﬁngthequﬂityofwaecﬁeseumsmdewibedas
follows: AS

1. issolved Oxyvgen (DO)

In water the most important oxidizing agent is dissolved molecular oxygen (0,) the
conocnumkmo(wbichmngesﬁuu4-8ppm.1‘beomanicmuerisoxidizedwiunhehelpof
this dissolved oxygen in water. It is a parameter to determine the quality of water. The
dxssolvcdoxygenvaluelessthaMppmindiutesﬂntwamispolluted.

2. Jiochemical Oxygen Demand (BOD)

It is the capacity of organic matter in natural water to consume oxygen within a
period of five days. The value of BOD is the amount of oxygen consumed as a result of
biological oxidation of dissolved organic matter in the sample. The oxidation reaction is
catalyged by microorganisms which are already present in the natural water. It is measured
experimentally by calculating the concentration of oxygen at the beginning and at the end of
five days period, in which a sealed water sample is maintained in the dark at constant
temperature either at 20°C or 25°C

3 Chemical Oxygen Demand (COD)

The organic content of water which consumes oxygen during chemical oxidation is
evaluatedbyitschemicaloxygendemand.Theoxymdmndo{wuermbcdetermincd
directly by treating it with dichromate ions Cr,0.* which is a powerful oxidizing agent. The
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organic matter in water is oxadized, while the remaining dichromate is determined
titremetrically:

Value of COD is z direct measure of chemically oxidizable matter in water. Higher
values of COD will indicate more pollution.

16.3.1 Purification of Water

The surface or ground water is normally used for drinking and other domestic
purposes. The quality of untreated surface or ground water varies largely from place to
place. Ground water is usually mare clean than the surface water. Depending upon its quality
it may or may not need further treatment to make it fit for human congumption. The surface
waler, however, is invariably contaminated and requires treatment to make it potable i.e.,
safe for human consumption. > :

The raw water is treated to remove all the foreign materials and make it useable for
drinking and other domestic purposes. The treatmest is carried out in various stages i.e.,
aeration to settle suspended matters, coagulation of small particles and suspended matters,
precipitation and removal of solid matters and finally treating the water with chlorine to kill
viruses and bacteria.

1. Aeration

The quality of raw water is improved by aeration. In this process air is passed
through water to remove the dissolved gases such as foul smelling H.S, organosulphur
compounds and volatile organic compounds. Some of the organic matenials in the raw water
which could be easily oxidized with air produce CO, in the aeration process, The remaining
portions of organic material if necessary are removed by passing water over activated
carbon. Aeration process also oxidizes water soluble Fe** to Fe™ which then forms insoluble
Fe{OH), and can be removed as solid. Aeration also improves the oxygen level of raw water.

4 Coagulation

The matenials which are suspended or present in the colloidal form in raw water are
removed by coagulation. The coagulant such as aluminium sulphate or alum is added to the
raw water, which causes the precipitation of suspended impurities. For example, aluminium
hydroxide is precipitated when alum is added to water in alkaline medium i.e.,

KS0,ALS0), 24H,0 1 3CaOH) » 3CAS0, ) SAKOH), +K.SO,+24HO

Many suspended particles get adsorbed on the surface of gelatinous aluminium
hy&uxi&mbime.?aﬁcsal&malsomnmﬂyusedumuhnubmmeymdiﬁcw
to handle because an insoluble ferric oxide is produced in the pH range from 3.0 to 13.0.

Thcprocesofcoaguhﬁmannmwemﬂnnw%onbempmdedsolxis in
the raw water.

The surface or ground water may also contain calcium and magnesium salts which
make the water hard. The hard water is then appropriately treated to remove Ca™* and Mg’

{
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i Water Disinfection by Chlorine

Chlorine is frequently used to disinfect water. Chlorine treatment is very cffective in
killing the pathogens that may cause serious water-borne discases such as typhoid and
cholera which have killed many thousands of people around the world. The most commonly
used disinfecting agent is hypochlorous acid HOCL. This neutral covalent compound kills
microorganisms readily by passing throuph their cell membranes. The hypochlorous acid is
not stable thus it cannot be stored, it is therefore generated by, either dissolving molecular
chlorine gas or sodi.m and calcium hypochlorites in water. Disinfection by chlorine is
inexpensive,

CL+ HO — HOCl + H" + CI
Generating HOCI from sodium or calcium pypochlorites avoides the transportation
and use of chlorine cylinders.
ﬁ"" ;— ...l."“;'

s 00% ' e -_ojg

Fig. 16.1 Purification of water

Harmful effects of chlorination of water are due to its reactions with dissolved
ammonia and organic matters present in water. The hypochlorous acid reacts with dissolved
ammonia to form chloramines NH,C1, NHC), and especially nitrogen trichloride NC1, which
1s a powerful eye irritant. :

NH, + 3HOCI —» NCI, + 3I1LO
The alkaline pH can prevent the formation of chloramines. :

Chlorination of water containing organic materials also forms some organic
compounds which are toxic. For example, if phenol is present in water then chlorinated
phenols are formed which have offensive odour and taéte and are toxic. Chloroform CHCL, is
formed when hypochlorous acid reacts with organic matter (humic acid) dissolved in water.
Chloroform is suspected liver carcinogen and also has negative reproduction and
development effects in humans. The risk of bladder and rectal cancer increases by drinking
chlorinated water. To avoide the formation of toxic compounds with chlorine, ozone or
chlonne dioxide is used for the disinfection of water:

16.4 SOLID WASTE MANAGEMENT

The disposal of domestic refuse, commercial and industrial solid wastes or semisolid
materials are studied under the title solid waste management. The domestic municipal solid
waste mostly consists of papers, vegetables, plastics, wood, glass, rubber, leather, textile,
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metals and food wastes .

16.4.1 Effects of Dumping Waste in Sea and Rivers

Water covers more than 70% of the earth and is valuable source for food and
minerals. Sea and rivers have long been used for dumping waste of industrial and municipal
discharges such as acids, refinery wastes, pesticides waste, construction and demolition
debris, explosives, domestic refuse, garbage and radioactive waste, etc. The dumping of
waste matenials in water has damaged the marine environment and caused health hazards to
human beings,

16.4.2 Landfill

The municipal solid waste is mainly disposed off by dumping it in a landfill. The
landfill is alarge hole in the ground or even a bare piece of land. When the landfill becomes full
with waste it is covered by soil or clay. The site of land is selected on a number of factors such
as topography, location of the ground, water table, nature of the solid waste, type of soil and
rock and location of disposal zone in the surface water and ground water flow system. The
ground water which seeps in the landfill and liquid from the waste itself all percholate
through the refuse producing leachate. The leachate contains dissolved, suspended and

The gases which are produced in landfills from the waste are methane, ammonia,
hydrogen sulphide and nitrogen. The leachate contains volatile organic acids such as acetic
wmmmmm«ummmmamwmgmb
as Ca™. The micropollutants present in municipal solid waste include common volatile
organic compounds such as toluene and dichloremethane.

16.4.3 Incineration of the Muncipal Solid Waste
lndmﬁmhammmminwhichadidwweishmwda:high
temperatures ranging from 900 to 1000 °C. The burning of the solid waste in the incinerator
consumes all combustible materials leaving behind the non-combustible materials and the
ash residues. The ash residues of the incinerator are disposed off on the land or landfills. The
indnmﬁmmymdwethevolumedmcmtebymmmcmmmemmpomu
of garbage such as paper, plastics and wood provide fuel for the fire. In incineration the heat of
canbtmbnmybemedinmodudngstamwhkhnmsthembim(owoduceehaﬁdq

16.4.1 Treatment of Industrial Waste

The industrial and hazardous wastes are disposed off in landfill or the waste is first
incinerated and the residual ash is then disposed off in the landfill. The landfll for the
hamdwsmismaﬁtaedmemguhﬂyfwmeluhgeoﬂhclmdnwmditsd&gnb
alnnumeasthatofhndﬁll(oﬂhemmicbalsolidwaste.exccptil|mmorelininaofday
mdphsdcmﬂmﬁteleach:tedo“notammhmcwﬂmdmndmcrmd.

16.4.5 Incineration of Indestrial and Hazardous Waste
Agawulmssolhightemmmimhwmionsyswnmmistso(amwykih
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which accepts all types of wastes including liquid, solid or sludge. The wastes are burned at
temperatures between 6350° to 1100°C, Ash from the rotating chamber is collected at waste

Wastes
.

.

e T ey
e

for ash Weasto Tank
for ash and
witsho water

Uquid waste Speaying of water

of nitrogen and sulphur which lead to acid rain. Heavy metals such as lead, cadmzum
mercury, etc., may also be present in the leachate of the incinerators.

16.1.6 Recvcling of Waste

In recycling some of the used or waste materials are not discarded after their initial
uschutarcpﬂmscdmthatthcymbeusedamin.mpumosedmcydh\gistownm
sources such as raw material and energy. The volume of the waste is also much reduced by
recycling of the nmarials.h:emostcmnmondomesﬁcmueﬁalsthalmrecycledmpapcr.
plastic, glass and aluminium.

The largest item which is recycled is newspaper and in its recycling process the
release ofchloﬁneoro(herbleachinglddsmdorganicsdvemsissimﬁanwmas

The recycling of plastics is done by reprocessing, depolymerization or

— ———————
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manufacturing of different products e.g., the original use of polystyrene is for the
manufacturing of foam, packaging, cutlery, furniture, etc. but after its reprocessing it is used
maostly for the manufacturing of toys, trays, etc. The depolymerization is a process in which
the used plastics are converted back into their original components by a chemical or thermal
process so that these can be subsequently polymenrized again e.g., polyethylene
terephthalate can be thermally depolymeirzed in the presence of a catalyst and heat into its
original components. The transformation is a process in which used plastics are converted
into low quality substances which are latter used for the production of other matenals e.g.,
cracking of polyethylene at high temperatures gives its monomers which arc used for the
manufacturing of lubricants,

KEY POINTS

1. Environmental chemistry is the branch of chemistry in which we study the
sources, reactions, transportation and effects of the pollutants on the
environment. The environment consists of four components.

2. The primary air pollutants are carbon monoxides, sulphur dioxide, sulphur trioxide,
nitrogen oxides and hydrocarbons.

3. The acid rain is due to the oxides of sulphur and nitrogen which get mixed with rain
water in the presence of pollutants to form sulphuric and nitric acids. The acid rain
affects the soil, water and sculptural materials.

4. The main cause of photochemical smog is the presence of oxidants such as nitrogen
oxides in the atmospheres. The hydrocarbons also play a key role for smog

5. Thecozone isaprotective layer in the stratosphere which absorbs harmful ultraviolet
radiation of the sun and thus blocks them toreach on the earth.

6. Water which is an essential requirement for all the living beings on the earth is being
polluted by livestock waste, oil spillage, detergents, pesticides and industrial
wastes. The water pollution results in many infectious discases such as dysentery,
typhoid, hepwtuandm.omcmnloomcer.

7. The potable water is purified by aeration, coagulation and chlorination. Although
chlorination has saved many thousand lives by killing viruses and bacteria, it also
forms some chlorinated organic compounds in water which are toxic.

8. The domestic municipal solid waste consists of paper, plastic, vegetables, wood,
glass, rubber, leather, textile, metals and food wastes. The waste whether domestic
or industnial is managed by disposing it off in the landfills or it is initially incinerated
and then the resulting ash is disposed off in the land or in landfills. The dumping of
waste in ocean, sea and rivers have damaged the manne environment and caused
health hazards for human beings.

9. In the recycling process instead of dumping the waste products i.e., paper, plastic,
glass and aluminium, they are processed and made reusable. This process also
reduces the volume of the waste.
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Q.1
()
(i)

(i)

(iv)
(v)
(vi)
(vii)

(viii)
(ix)

(x)

Q2
()

(n)
(111)
(iv)
(v)
(vi)

(vii)
(viii)

(ix)
(x)

Q3.
0}

(i)

EXERCISE

Fillin the blanks:
Only of the total earth's water resources are available as fresh water.

s a smallerunito(bio@em\vhichconﬁstsdcomnmﬁtyof
organisms and their interaction with environment.
Carbonmwxideishigblypoismousgasandaummﬁoationifhha!& it
binds blood more strongly than oxygen thus excluding
The elevated concentration of is harmful for fish as it clogs the gills thus
causing suffocation. ;
The ozone layer in the surrounds the globe and filters most of the harmful
UV rays in the sunlight before they could reach the earth. |
The presence of inlivestockmteanoonmﬁmte'sm.andmund
water causing various infectious diseases.

The substances which can directly kill the unwanted organisms are
called

15 frequently used to disinfect water.

Incineration is not a clean process because it produces air pollution and toxic
Apmcess:inwhichwmeofthemedorwutemalaia!smnotdiswded
aﬁerlheiriniﬁaluaebutmwuoeuedsoﬂmitmnbeusedminismlled

Indicate Trueor False.
Halfdthemassoﬁbeatmospbercisconcentntedinlowctmkm.

The oceans cover approximately 71 percent of the earth.

The volcanoes produce 55 % of SO,

The reducing smog is due to the presence of nitric oxide.
Ozmeispmdnoedinmepduregiombythephowchemicalmiondmgen.
Thetenpuamminmeuwospmdeamswiththehumingalﬁmde&omls
t0-56°C,
lndnuaﬁmiuwastemuncmmhwhichsoﬁdwmisdumpedinahndﬁn.
Acidninisduetotheprcsmceofo:ddesdmlphmmdnimgeowlﬁchgetmixed
with the rain water.

nebmymeulshaveadclimitwhaethcymnouaic.
mempmcessingdthcphsﬁcsistommbxktotheircmoncnmbya
chemicalorthermalpmocsuot!mtheeembeusedmin.

Multiple choice Questions. Encircle the correct answer.

The pH range of the acid rain is _-

(a)7-65 (L)6.5-6 (c)6-5.6 (d)less than 5
Petoxywetyhﬁm(MMismirﬁunthmnbeﬁmanditaﬁem
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(a) eyes (b) ears (c) stomach  (d) nose
(i) Toavoid the formation of toxic compounds with chlorine which substance is used for
disinfecting water.
(a) KMnO, (b) 0, (¢) Alums (d) Chloramines
(iv)  Asingle chloride free radical can destroy how many ozone molecules
(a) 100 (b) 100000 () 10000 (10
v) Fungicides are the pesticides which
(a) control the growthof fungus (b) kill insects
(c) kill plants (d) kill herbs
(vi)  Ecosystemisasmaller unit of
(a) lithosphere (b) hydrosphere (c) atmosphere (d) biosphere
(vii)  Themain pollutant of leather tanneries in the waste water is due to the salt of:
(a) lead (b) chromium(V1) (c) copper (d) chromium (11I)
(vii)  Inpurificationof potable water the coagulant used is
(a) nickel sulphate (b) copper sulphate  (c) bariumsulphate  (d) alum
(ix)  The temperature in the non-rotating chamber in the incineration of industrial and
hazardous waste process has a range
(a) 90010 1000°C  (1)25010500°C  (c) 950t01300°C (d) 500t0900°C
(x) Newmp«ﬂnberecycledminmdmbbthmnyﬁm?
(a) 2 (b) 3 () 4 d5
Q.4 Discussindetail the components of the environment.
Q.5 Describe the natural and human sources of carbon monoxide, nitrogen oxides and
sulphur oxides.
Q.6  Whatisacid rain and how does it affect our environment.
Q.7 Wlulisunog?Explammepouunnmﬂﬁd:mthemdnmeofpbotochemiml
smog. :
Q8 Why is ozone layer depleting? What will happen when the concentration of ozone
will be decreased?
Q9  Howisoil spillage affecting the marine life?
Q.10 How detergents are threat to aquatic animal life?
Q.12 Exphinhowpuﬁddesmdngemustohwmnbeines.
Q.13 Discussindustrial waste effluents.
Q.14  How wateris purified i.e., made potable. Discuss in detail.
Q.15  What are leachates?
Q.16  Explain the process of incineration of industrial waste.
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GLOSSARY

Absolute alcohol: 100% Ethyl alcobol.

Acid anhydride: A compound formed by the dehydration of carboxylic acid.

Acid rain/Acid deposition:  The formation of sulphuric and nitric acids from the oxides of sulphur
andnitrogen in the atmosphere in the presence of water and pollutants.

Acidic amino acid: Amino acid which contains two carboxyl groups and one amino group.

Actinides: melemenufmm‘mtol:inwhkhtbcyshenhinthemol
completion.

Addition polymerization:  The addition of unsaturated monomers to form one product.

Acration: The bubbling of air through water or sprinkling of water into air.

Alcohol: MWMMOIIWM

Aldchydes : Organkcanpomdaumainhuaarbumﬁmdimdmmhhhmdcd
toat least one hydrogen atom.,

Aldol: Ampmmmﬁnhgbahwcmdabddhmimdm

Alkali-metals: Elements present in IA group. -

Alkaline-carth metals: Elements present in group [IA.

Alkanes: They are also known as paraffins with general formula C_H_ . Alkanes are
saturated hydrocarbons and are chemically inert.

Alkenes: Alkenes arc unsaturated hydrocarbons containing a C=C and having a
generalformula C H,,.

Alkyl halides: Monohalo derivatives of alkanes

Alkynes: Am)mmmthwhmvhkhmmnC-C.ﬂwyMea
general formula CH,_ .

Amide: An organic compound containing ~CONH, functional group.

Amino acids: Omnkwmpwndsomﬁniummwmylm

Amphoteric oxides: Oxides which behave as acids when react with bases and behave as bases
when react withacids. '

Antiseptics: Substance (or materials) which can stop the growth of micro-organism, if
applicd on living tissues, e.g. iodine.

Aqua regia: A mixture containing three volumes of concentrated HCland one volume of
concentrated HNO,.

Aromatic hydrocarbons: This is a class of organic compounds which includes the benzene and all
compounds that are structurally related to benzene.

Aryl radicals; Tbewmwddhy&mmﬁmnbummdmkgimpbcnylndiw
(~C.H) and the radicals of aromatic hydrocarbons are called *Aryl radicals”.
Ashestos: A hydrated calcium magnesium silicate CaMg(S:0),.

[~ Elimination reactions: Rmimsdalkylhaliduwhichimolvethcbadlwomam
from the adjacent carbon atoms to give an alkene.
Bacyer's test: Itis atest performed to detect the presence of a C=C. Add dilute alkaline
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Basic amino acid;
Benedict's solution:
Biosphere:
Bleaching agents:
Borax bead test:

Borax:
Carbocation:
Carboxyl group:
Carboxylic acid:
Carcinogenic:
Cement:

Chain isomerism:
Chelate:
Chemotherapy:

Cin- trans isomerism:
Coagulation:

Combustion:

An amino acid which contains two aminoand one carboxyl groups.

The earth, oceans and atmosphere with which the living Organisms
interact.

hydrogen per oxide, ozone, chlorine, chlorine dioxide etc.

A test performed with borax for the detection of coloured basic radicals
suchasCo™, CF* NY', etc.

Sodium tetraborate decahydrate Na,B,0,. 10H,0.

Analkylion having a positive charge on a carbon atom.

Functional group having a formula - C -~ OH.
Organic compounds containing carboxyl group.

It is the material obtained by burning an intimate mixture of calcarious (
lime bearing) and argillaceous ( clayey) materials at sufficiently high
tempernature 1o produce clinkers which are subsequently ground to a fine
powder.

This type of isomerism arises due to the difference in the nature of carbon
chain.

When all the donor atoms of a ligand get coordinated with the
same metal ion, resulting complexes ire called chelates.
&wnmm«mdmmmmw
of chemicals (medicine).

Such compounds which possess the same structural formula but differ with
respect to the position of identical groups in space.

Precipitation of the suspended solids present in 3 liquid by altering the
surface charactenistics of the solids.

The burning of a compound in presence of air is called combustion.

Condensation polymerization: The joining together of monomers to produce a polymer together

with the ehmination of a small molecule like water,

Condensation reactions: The reactions in which two molecules of same or different compounds

Coordination number:
Corrosion:
Cracking:

Cryolite:
Dehydrating agent:

Dehydrogenation:

combine to form a new compound with or without the elimination of a small
molecule like HOor NH,.

The number of electron pairs accepted by the central metal atom or ion.
mmddeuﬁaldeaydmmwthwﬂoadm
The thermal decomposition of higher hydrocarbons having high boiling
points into lower hydrocarbons with low boiling points in the presence of a
catalyst,

Anore of aluminium, Na AIF,.

A compound which has the capability to extract water from other
compounds,

Removal of hydrogen from a compound is called dehydrogenation.
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Deliquescent: A compound which absorbs moisture.

Detergents: The cleansing agents used in house-hold and industries.

Digester: This is the main unit of the pulp formation. It is usually 30 feet in length and
7feet in diameter. It is made of steel and wrought iron.

Dihydric alcohol: Alkcohols contaiing two- OH groups.

Dimer: Anassocuation of two identical molecules linked together.

Disacchor des: Thescare sugars which on hydrolysis yields two monosaccharides units.

Dispropc riionation reaction: A reaction in which the same substance is both oxidized and
reduced.

E1 reactions: Two step climination reactions in which the leaving group leaves first
followed by the removal of hydrogen.

E2 reactions: One step elimination reactions in which both the atoms or groups leave

Electrophile: A reagent which can attract an electron pair to form a covalent bond.

snwmnm:nmm:mmammmummmm
transportation of the pollutants and their adverse effects on human beings.

Environmental pollution: The substances in the environment which have adverse effects on the
hmmhhh.qmﬁtydﬁkalhemwwdmemmm

Enzymes: Enzymes are biological catalysts.

Essential amino acid: Anhoacihwhkhmmbesyuhu'mdbyhmbody.

Ester: Organic compound formed by the reaction between an alcobol and #
carboxylic acid and has s general formula R - COOR'.

Esterification: A reaction of an alcobol with an organic acid in the presence of mincral acid
to produce ester and water,

Ether: Organic compounds having R - 0 - R’ linkage.

Fehling's solution: Analkaline solution containing a cupric tartarate complex ion.

Fermentation: A bso-chemical process which occurs in the presence of micro- organisms.

Fertilizers: Mmlbenmlddedwthewilwmhcupthcdeﬁduwy
eomthlekmmﬁknim.phuphamndmnﬁmmmdta
the proper growth of plants.

Fluorspar: Anore of fluorine,CaF,

Formalin: Amammmnwmmszm"m

Functional group isomersism: Compounds having the same molecular formula but different
Wmoummdkdmmmmmmm
15 known as functional group isomerism.

Functional group: An atom or a group of atoms or a double bond or a triple bond whose
mm&nw&mwmm

Fungicide: Materials used to prevent fungi attack on crops, wood, papet, tc.

Haloalkanes: Halogen derivatives of alkanes.

Halohydrin: It is formed due to addition of hypohalous acid to the double bond of
alkenes.

Halothane CHBrCICF,: A non-inflammable: heavy liquid used as a general anaesthetic when mixed
with O,0r N,O.

Herbicides; Materials used to control herbs.

Hetrocyclic compounds: Cyclic organic compounds in which the ring contains more than one
type of stoms.
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Homocyclic or carbocyelic compounds : Organic compounds in which rings are formed by carbon

Hybridization:
Hydrogenation:

Hydrosphere:
Insecticides:
Isomerism:

Ketones:
Lanthanides:
Lignin:

Lindlar's catalyst:

Lithosphere:
Macro-nutrients:

Macromolecule:

Markownikov's rule:

Marsh gas:
Metalloids:
Metamernism:

Methylated spirit:
Micro-nutrients:

Molasses:
Molecularity:

Monohydric alcobol:
Monosaccharides:

atomsonly.

The mixing of atomic orbitals of different energy and different shapes to
give nise to hybnidized orbitals of same energy and same shape.

When a mixture of hydrogen gas and an unsaturated hydrocarbon (alkenc or
alkyne) 1s passed over finely divided platinum or nickel as catalyst, i is
converted toalkane, This process is known as catalytic hydrogenation,

It consists of all the water resources.

Matenals used to control msects.

Dnfferent compounds having the same molecular formula but  different
structural formulas arc called isomers and the phenomenon is known as
. -

A farmily of orgamc compounds in which carbonyl group i1s bonded to two
carbon atoms.,

The elements from Ce to Lu in which the 4f shell is in the process of
completion.

Lignin is an aromatic polymer which causes paper tobecome brittle,
It 18 a very effective catalyst in which finely divided palladium is precipated
as BaSO, and then treated with quinoline. It is used for the reduction of an
alkyne toa cis-alkene.

It consists of the carth's crust.

The nutrients which are required in a very large amount for the growth of
plants. These are generally required in quamtities ranging from 5 kg to 200
Kg peracre,

A giant molecule which is oftena polymer.

It states that addition of halogen acids to unsymmetrical alkene occurs in
such a way that hydrogen atom gets attached to that carbon stom of the
double bond which is already holding the larger number of hydrogen atoms.
Methane is known xs Marsh gas, as it is found in swamps or marshy lands
where it is formed by bacteria decomposition of complex vegetable and
animal matter.

The elements having properties of metals as well ux of non-metals.

This type of isomerism arises due to the unequal distribution of carbon
atoms on cither side ofa functional group.

Ethyl alcohol containing 5 10% methyl alcohol.

The nutrients which are required in very small amount for the growth of
plants.

Dark brown coloured bquid substance obtained after the crystallization of
cane sugar. It contains 50% sugar.

The number of molecules taking part in the rate determining step of »
reaction.

Alcohols containing only one -OH group,

Theseare simple sugars which can not be hydrolyzed further.

Noble gases (Rare gases):  The elements helium, neon, argon, kepton, xenon and radon are known

as noble gases. They form the VITIA or zero group of the table.

www.pdfhive.com |



326 Chemistry XI1

Non-essential amino acids: Amaeﬁhwbdlmbethamdbnhebmbody.
Nucleophile: A reagent which possess an clectron pair to form a covalent bond.
Nucleophilic addition reactions:  Reactions shown by aldehydes and ketones in ent combines
mmm&mdmmﬁm.munmm
part goes to the oxygen.
M&eneminmd&emmh&mvi&hekcm&
Mdmwmmmmmpumtheo«m.
Nucleophilic substitution reaction: Reactions in which the attacking nucleophile replaces the

nucleophile already present in the substrate ”

Octane number: mmdhmhedchinhydmmbou.me.inm
fraction of petroleum.

Orientation: The method of determining the arrangement of substituents on the
benzene ring for an unknown derivative is known as orientation.

Ozonolysis: When a stream of ozone is passed through 2 solution of alkene in an inert

solvent like ether or carbon tetrachloride, it adds a molecule of ozone at the
double bond to give an ozonide. It is also usedto locate a double bond.

Paper: Paper is defined in term of its method of production, that is a sheet material
mmd-maummmmmmm
Mumw.mmwﬁmbama
interlocking fibres.

Paramagnetic substances: Those substances which have unpaired electrons.

Peptide linkageorbond: A linkage formed by the .reaction between a carboxyl
(~COOH) group and an amino (- NH,) group with the elimination of water

molecule,

Pesticides: mnnh«mceswhenmﬁecdytilnmm«mmwum
control by interfering with its reproduction process.

Phenol: MWWW-OHWM

Pigironorcastiron:  The iron coming out of blast furuace containing 2.52-4.5% carbon
' ith other’ 0¥

Polyhydric alcohol: Aleohols containing more than two ~OH groups.
Polysaccharides: These are poly sugars which on hydrolysis yield many monosaccharides
units.

Polythene or polyethylene: Ammwmmwwd
mlahwmmmmmmm
Position isomerism: mmwﬁummma&u@mmmﬂmam

same functional group on the carbon chain.

Primary alcohol; AnabohdiaM-OHmnspisamdnedﬁrealyvithawimnrym
priumary carbon.

Quartz; Crystalline form of silicia.

Rancidity: The foul odour given off from spoiled oil or fat.

Rectified spirit: Ethylalcohol containing 5% water.

Recycling: mm«-mmmmmmammﬁmm
but are processed so that they can be used again.

Reforming: nmmmdmmmmmmhmm

hy&nwbonsnnmednuwedaxmindhtbepumdawms
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This process improves the octane number of fuel.

Resonance:
Ring test:

Saponification:
s-Block clements:

S, 1 reactions:
S, 2 reactions:
Soda lime:

sp hybridization:
sp’ hybridization:
sp ' hybridization:
Steel:
Terpolymer:
Tertiary alcobol:
Thermoplastic:
Thermosetting:

TNT:
Tollen's reagent:

Transition elements:

Vinegar:
Weed killers:

Wrought iron:

Zwitter ion:

The situation in which two or more plausible Lewis structures can be
written but the actual structure can not be written is called Resonance.
A confirmatory test for the presence of nitrate ions in an aqueous solution.
The solution is treated with fersjus sulphate solution in the presence of
concentration H SO, whereby a brown ring is formed.
It s the hydrolysis of a fat or an ol with an alkal: to form soap and glycerol.
In these elements the last electron enters the s-ocbital of the ultimate
(outermost) shell.

An alcobol in which ~OH group is attached with a secondary carbon.,
A substance which conducts electricity better than an insulator.
A polymer containing silicon ~ oxygen chains and alkyl groups attached to
silicon atoms.
The hydration reaction of lime.,
A suspension containing an appreciable quantity of a solid.
Combination of smoke and fog. If the concentration of sulphur dioxide is
high it is called reducing smog and when the concentration of the axidants is
high it is known as oxidizing smog
Two step nucleophilic substitution reactions in which the leaving group
leaves first followed by the attack of the nucleophile.
A nucleophilic substitution reaction in which the bond ation and boud
breakage take place simultaneously
formation and bond breakage take place simultaneously.
A solid mixture of Ca0 and NaOH.
Muxing of one s and one p orbitals to give rise to two sp hybridized orbitals
which are linear in shape.
Mixing of one: s and two p orbitals to give nise to three hybridized sp’ orbitals
having s planar triangular shape.
Mmdmouﬂ&mpabﬂsmmmtohuwm«bws
which are directed towards four corners of a regular tetrahedron.
Iron containing 0.25 -2.50% carbon alongwith other additives.
A polymer obtained by the polymerization of three monomers.
An alcohol in which ~OH is directly attached with a tertiary carbon.
A plastic which can be softened repeatedly when heated and becomes hard
when cooled.
A plastic which becomes hard on heating and cannot be softened again.
‘n'muohmue.anexplnnveounpomd.

Elements which have partially filled d or f sub-shells in atomic or in any of
their stable axidation states.

10%% aqueous solution of acetic acid.

Chemucals used to control selectively unwanted vegetation on agricultural
land.

Iron containing 0.1-0.25% carbon.

An ion that has positive and negative charges present within the mobecule.
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A

Absolute alcohol, 33

Acetic acyd, 137, 150, 257
Acetic free radical, 144
Acetone, 123, Z30
Acetophenone, 230
Acetylene, 157

Acetyl chlondes, 255

Acid number, 282

Acid rain, 310

Acid-base reaction, 27
Acd-catalyzed addition
Acidic behaviour of phenol 220
Acdic oxides, 57

Acxdic soils, 32

Acryhe resin, 271
Actinides, 4, 5

Active metal, 110

Acyclic compounds, 123, 124
Acylation, 187

Addition of ammonia
dennuvu.m 241

acid, 249 , 250 Aqueous solution, 14

iphati 123 Aromatic carboxylic
Alkadienes, 141 acd.250
Alkali metals, 4 Aromatic compounds, 125
Alkanes, 136, 142 Aromatic
Alkatricnes, 141 hydrocarbons, 169
Alkenes, 136, 149 Asbestos, 49, 50
Alkyl hydrogen sulphate, 154 Atmosphere, 306
Alkyl chiondes, 255 Atomic number, 6
Alky! groups, 138 Atonuic orbital, 127
Alkyl halides, 143 - Atomic radius, 5, 57
Alkyl magnesium halides, 145 B
Alkynes, 136, 157 g Yoo
Allotropes, 57 Bacterial action,
Allotropic form of oxygen, 156  Bactericidal lamps, 92
Allotropic forms, 69 Baeyer's reagent, 155
Allotrpes of phospharus, 64 Bakelste, 222
Alloy formation, 103 Barhituric acid, 137
Alloy steels, 103 Barium nitrite, 60
Alum, 32 Barium perxenate, 92
Alumina, 122 Basic character; 13
Aluminium tricthyl catalyst, 156 ~ Basic oxides, 62

' icate minerals, 38 Beckmann's method, 87

Amethyst quartz, 46 Benzzldehyde, 229
Amide, 256 Benedict's solution test, 245
Amino acids, 259 - Benzenc sulphonic acid, 74,
Ammonical solution, 162 180
Ammonium cyanate, 118 Benzene120, 123
Ammonium nitrate, 63 - Benzaic acid, 179
Ammonium sulphate, 74 Bessemer's converter, 108
Amphoteric oxides, 14 Bessemer process, 107, 108
Amylopectin, 275 Bidentate hgands, 104
Anacsthetic, 89 Bindirg energies, 100
sphere, 104 decomposition, 122
Anianic ligands, 104 Biochemical oxygen demand
Anode coating, 111 (BOD), 314
Anodizing, 43 Biopalymers, 272
Antiknock agent, 123 Biospbere/excospher, 307
Apatite, 64 Biphenyl, 170
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Cubouyimm
Carboxyl group, 249
Carcinogenic, 312

(COD), 314
2-Chiorobutanal, 229
Chlorination, 181
Chlorofiuro carbons, 311
Chloroform, 148

Classification of steel, 107
Clemmensen reduction, 144
Clinker, 32, 297

Closed chain compounds, 123
Coal, 120, 121

Cobalt, 107

Coinage alloys, 108

Cotnage metals, 100
Colemanite, 39, 41

Colour, 102
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Crystal lattice, 47 Dinitrogen tetraoxide, 50 Equivalent tetravalency of
Crystalline solid, 40, 91 Dinitrogen trioxide, 60 carbon, 127
Cupric borate, 41 Dioxalato platinate, 105 Ergosterol, 282
Cuprous chloride, 162, 163 Diphenylmethane, 170 Essential and non-esscntial
Cyanohydrins, 233 Dipole moment, 46 amino acids, 259
Cychic compounds, 123 Disaccaharudes, 274 Essential elements, 119
Cyclohexane, 176 Discharge tube, 90 Essential mls, 229

D Dissolved oxygen (DO), 314 Estes, 120, 255

Distinction between primasy, Ethane, 122

Decarboxylation, 143 sccondary and tertiary Ether, 120, 121, 211, 222
Dehalogenation of alcohols, 218 Ethyl alcobol, 157
tetrahalides, 157 Divalent carbon atom, 128 Ethyl halide, 157
Dehydrating agent 33,66, Divalent, 127 Ethylene dibromide, 89
73,75 Divinyl acetylene, 161 Ethyne, 157
Dehydration of DNA, 286 Exothermic process, 152
alcohols, 149,128 Dolomite, 108 Exothermic, 24, 71
Dehydration, 149 Dow’s method, 219 F
Dehydrogenation of Ductile, 100, 107 .
cyclobexane, 178 E Factoes affecting cnzyme
Dehalogenation, 150 uctivity, 284
Dehydrobalogenation of alkyl Earth quake prediction, 92 Fats end oils, 281
halides, 149 Electrochemical process, 110 Fatty acids, 143
Dehydrohalogenation of Electrochemical series, 110 Fehling’s solution test, 244
dihalides, 157 Electrochemacal theory, 110 Feldspar, 48
Deliquescent crystaltine Electrolysis of salts of Ferric axide, 109
solid 68 Dicarboxylic acid, 150 Ferric sulphate, 113
Delocalized electron Electrolysis of salts, 158 Ferrocyanide ion, 103
cloud, 175 Electrolysis, 114 Ferromangancse, 108, 109
Denatuning of alcohol, 215 Electrulytic oxidation Ferrosilicon, 109
Denaturing of proteins, 278 process, 114 Ferrous sulphate, 60, 113
Destructive distillation, 121 Electrolytic axidation, 114 Fertilizer industnes, 121
Detergents, 312 Electron affinity, 8 Fertilzer industry in
D-glucose, 273, 274 Electronegativity, 12 Pakistan, 295
Diamagnetic, 70 Electronic b 97  Fertilizer, 108, 290
Diammonium phosphate, 204 Electrophile, 146 Filler, 32
Diatomic, 69 Electrophibc reactions, 152 Flash light photography, 43
Dicarboxylic acid, 150 Electrophibic reagents, 152 Flue gases, 108
Dichromate ions, 112 Electrophilic Fluorescent tubes, 92
Dichromates, 111 reactions, 181 Fluorides of xenone, 91
Dienes, 149 Electropositive character, 45 Fluorinated alkanes, 147
Diethyl cther, 131 Electropositive Fluormnating agent, 91
Digester, 300 clements, 11,14 Fluormation, 181
Dihalotkanes, 160 Endothermic, 24 88
Dihalide, 150 Environmental Formaldehyde, 148, 229, 230
Dihydroxy compounds, 155 Environmental pollutant, 307 Fossil fuels, 120
Dimagnetic substances, 101 Enzymes, 120 Fourdrinicr paper making
2 4-Dinitrophenylhydrazine,241 Epoxy resin, 272 machine, 302
Dinitrogen oxide, 58 Equilsteral triangle, 128
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Fractional Hasenclever's method, 87 Ingots, 108
distillation, 190,121,122 Heat of combustion, 146 Inner transition metals, 100
Free radical mechanism, 147 Heat of hydrogenation, 152 Inorganic compounds, 118
Freon, 88 Heats of vaporization, 90 Inorganic nomenclature
Friedal-Crafts reactions, 184 Heavy spar, 69 committee, 105
Friednck Wohler, 118 Heptane, 137, 138 Insecticides, 313
Fructose, 273, 274 Hetero atom, 125 Internal combustion, 146
Functional group Heterocychic International Union of Pure
isomerism, 131 compounds, 124,125 and Apllied Chemistry
Functional group, 125 Hexagonal frame-work (TUPAC), 137
Fungicides, 313 Hexane, 137 Enterstitial lloys, 103
Furnace with acidic kning, 108  Hexavalent chromium Interstitial compounds, 103

G on, 112 lodimation, 181

High carbon steel, 107 lodine number, 251

Galena, 69 Homocyclic compounds, 124 lodized salt, 89
Galvanic cell, 110 Homologous series, 119 lodoform test, 239
Galvanizing coating, 111 Homopolymer, 268 lonic bonding, 57
Galvanizing, 111 Hybridization of orbitals, 127 lomic halides, 11
Gasoline fraction, 123 Hybridizaton, 105 fonic hydrides, 12, 25
Gasoline, 121 Hybridized atomic orbital, 129 lonic radii, 101
Geometric 1somers, 132 Hydrazine, 145, 240 lonic reactions, 119
Geometrical isomenam, 132 Hydrides, 12 lonic reagent, 146
Geometry of complexes, 105 Hydrocarbons, 136 lonization energy, 24
Glass lasers, 92 Hydroflouric acid, 91, 147 Tron pyrite, 69
Glucose, 273 Hydrogen chioride, 160 Iron, 106
Glycerin, 40, 63 Hydrogen cyanide, 148 Isobutane, 145
Glycerol, 42 Hydrogen halide, 152 Isoelectronic negative ions, 6
Glycogen, 275, 276 Hydrogenation of unsaturated  [soelectronic positive jons. 6
Glycols, 155 hydrocarbons, 142 Isomerism, 120, 130
Grignard reagents, 145 Hydrogenation, 152 Isomers, 137
Groups, 2 Hydrogenolysis, 143 IUPAC names of alcohials, 212
Gylcosidic linkage, 274, 275 Hydrolysis of esters, 252 IUPAC names of carboxylic
Gypsum, 31, 69 Hydrolysis, 91 compounds, 229

H Hydrosphere, 307 K

A Hydroxides, 28

Haematite, 106 Hydroxylamine, 240 Kaolin, 48
Halxde jon, 153 Hydroxylation, 155 Kekule's formula, 173
Habdes of phosphorus, 64 Hypchlorite jon, 85, 88 Kerosene oil, 122
Halbdes, 11 Hypochlorous acid, 88 Ketones, 144, 228
Halaaloohol, 155 Knocking, 123
Haluform reaction, 738 | Kolbe's electrulytic
Halogenating agent, 182 Tlurninating gas, 148 method, 144, 150, 158
Halogenation, 181 Incineration of industrial Krypton, 92
Halogenonium ion, 181 waste, 137 L
Halogens, 5 Incomplete oxidation, 146
Halohydrin, 155 Indicator, 42 Laboratory reagent, 75
Halothane, 89 Industrial Waste effluents 313 Lacithins, 64
Hardening of oils, 281 Industrial waste, 317, 318 Lactic acid, 234
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Landfill, 317 Metal sulphates, 73 Moulds, 108
Lanthanide contraction, 6 Metallic binding, 100 N
Lanthanides, 4,5 Metallic cations, 41
Laughing gas. 5, 8 Metallic character, 45 Natural chromite, 111
Law of Octave, 1 Mectallic elements, 97 Natural gas, 121
Lead chromate, 112 Metallic lattice, 103 Negative electrode, 110
Lead nitrate, 59 Metallic lead, 123 Neison's cell, 30
Lite molecules, 120 Metallic structure, 100 Neoprene, 162
Ligands. 104 Metallowds, 5 Neutral coordanation
Lime mortar, 33 Motals, 5 sphere, 104
Lime water, 28 Metamerism, 131 Neutral ligands, 105
Lime, 33, 143 Metamers, 131 Neutral molecules, 104
Lime-sulphur sprays, 32 Metasilicic acid, 48 Neutral sulphite semsi-
Limonite, 106 Methanol, 150, 214 chemical process, 299
Lindler's catalyst, 151 Methods of preparation of Nickel, 107
Lipids, 120, 278 carboxylic acids, 251 Ninhydrin test, 262
Liquefaction of air, 129 Methyl chlonide, 148 ~ Nitration, 147, 183
Liquid ammonia, 91 Methy! free radical, 144 Nitric acid, 61, 62, 63
Liquid neon, 90 Methylene chloride, 148 Nitric oxide, 58
Litharge, 51 Methylene group, 144 Nitride, 109
Lithoshpere, 306, 307 Methylpropyl ether, 131 Nitro group (-NO,), 183
Livestock waste, 312 Micronutrients, 291 Nitroakanes, 147
Longest continuous chain, 138 Mild flourinating agent, 91 Nitrogen oxide, 58
Lustrous crystals, 114 Mild steel, 107 Nitrosyl bromide, 58
Milk of msgnesis, 28 Nitrous acid, 59, 60
M Milky quartz, 46 Noble gases, 5, 89
Mineral oal, 121 Nomencalture of carboxylic

Mucromolecules, 64, 267 Mineral pyrolusite, 113 acid, 250
Macronutrients, 291 Modcrn periodic table, 2 Nomenclature of alcohols, 212
Magnetic moments, 101 Molozonide, 156 Nomenclature of alkanes, 138
Magnetite, 106 Molten alkaline easth Nomenclature of alkenes, 141
Malleable, 100, 107 metals, 26 Nomenclature of alkynes, 142
Mandeleev's peniodic table, 2 Molten metal, 108 Nomenclature of amino
Manganate ion, 114 Molten sodium, 26 acids 259
Manganese, 107 Motten sulphur, 26 Nomenclature of complex
Markownikov's rule, 153, 160 Molyhdenum , 107 compounds, 106
Massicot, 51 Monoatomic gasés, 89 Nomenclature of
Mechanical properties, 100 Monocarboxyhic acid, 143,144 hydrocarbons, 137
Medium carbon steel, 107 Monocyclic aromatic Non-ionic character of
Melting point, 9, 68, 100 ydrocarbon, 170, 171 covalent compounds, 119
Menthone, 229 Monamers, 156 Non-metallic elements, 14, 97
Mercuric mitrate, 63 Monosubstituted benzene, Non-metallic oxides, 14
Mercuric sulphate, 160 371 508 Non-metals, 8
meta-phosphoric acid, 66, 68 Monosubstitution . Non-plated iron, 111
meta-stannic acid,63 products, 173 Non-polar organic
meta-Directing groups, 189 Monsacchandes, 273 solvents, 120
Metal chelates, 104 Mosley, 2 Non-polar solvents, 145
Metal fluorides, 91 Maother-hgour, 39 Non-stoichiometric 03
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compounds, 106 Ozone, 311 Planar hexagonal
Non-typical transition Ozomde, 156 structure, 170
elements, 98 Ozonolysis, 156 Plaster of Pans, 29
Nornal elements, 4 P Plated ron, 111
Nitroglycerine, 63 Polar solvents, 145
Nuclear reactors, 92 Palladivm-charcoal, 143 Polarizable anions, 23
Nuclesc acids, 120, 285 Faper industry, 298 - Polanizing power, 12
Nucleophile, 146 | Faper industry in . Polyvinyl chlonide plastic, 89
Nuclcophilic addition Pakistan 303 - Polyamide resin, 272
reaction, 232 Paper palp, 33 . Polyatomic molecules, 69
O Paraffins, 142, 145 - Polyboric acids, 38
Paramagnetic, 70 " Polycyclic aromatic
o, p-Eirecting groups, 158 | Paramagnetic behaviour, 101 | hydrocarbons, 170
Octahedral crystals, 40 - Pamamagnetic effect, 102 ' Polydentate ligands, 104
Octane, 123 - Paramagnetic substances, 101 Polyethylenc, 156
Oil of vitniol, 70 - Pammagnetism, 101 Polymenic halides, 11
04l spillage, 312 | Partial hydmgenation of Polymeni, 69
Old periodic table, 2 alkynes, 151 . Polymenzation, 156
Olefins, 149 Pauling scale, 13 - Pulymerization process, 269
Oleum, 70 - Peculiar nature of carbon, 119 Polymers, 156, 268
Ohgosacchande, 274 Pentane, 137 - Polysacchanide, 274
Open chain compounds, 123 Peptide linkage or bond, 262 Polystyrene, 271
Open chain hydrocarbons, 173 Pentodic dlassification, | Pulyester resin, 271
Open hearth process, 107 - Periodic law, 2 ' Puolythene, 156
Optimum activity, 33 . Penodsc table, 1,2, 4 - Polyvinyl acetate, 271
Organac chemistry, 119, 120 Penodic treads, 101 ' Polyvinyl chloride, 270
Ongansc compounds, 119, 120 Penods, 2 ' Portland cement, 32, 205
Organic synthesis, 147 - Permanganate jon, 114 ~ Pusitive electrode, 110
Orientation, 187 " Peroxyacetyl nitrate ~ Pusitive isomerism, 131
Orthophosohonic acid 65,67,68 (PAN),310 * Potassium chlorate, 111
Orthoboric acid, 41 Pesticides, 312 * Potassium dichromate, 112
Outer transition metals, 100 Petroleum, 120 Potassium hexacyano
Oxalato ligands, 105 Phenol, 63, 123, 211, 219 ' ferrate. 105
Onalic acid, 114 in, 42 * Potassium iodide, 89, 113
Oxidation, 146 Phenyl group, 171 - Potassium manganate, 113
Oxidation of alcohols, 217 - Phenylhydrazine, 240 - Potassium nitrate, 61, 294
Onadation of Carbonyl Phasphine, 67 Potassium pefmanganate, 113
compounds, 243, 244 Phospholipids, 282 Preparation of aldehydes, 230
Onxidation reactsons, 161 Phospharite, 67 Prevention of corrosion, 110
Oxidation state, 9149097102 Phosphorus acid, 66 Prilling, 298
Oxidative clearage, 252 Phosphorus oxychloride, 65 Primary pollutants, 308
Oxides of xenon; 92 . Phesphorus pentachlonide, 65 Propene, 122
Oxides, 13, 109 Photochemical smog, 310 - Properties of enzymes, 284
Oxidizing agent, 59,60, 113 Physical properties of - Properties of transition
Oxyacids of nitrogen, 6 alcohols, 216 . elements, 100
Oxyacids of phosphorus, 67 Picric acid, 63, 231 " Propionaldehyde, 229
Oxyborate jons, 38 Pig iron, 106 Protective coating, 111
Oxygen difluoside, 92 Pigments. 112 | Proteins, 120, 276
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Puddling furnace, 106 Ring compounds, 124 compound, 120
Puddling, 106 RNA, 286 Specific gravity, 72
Pulping method, 299 Rose quartz, 46 Stability of benzene, 175
Purification of water, 315 Rotary kiln, 296 Stable metal complexes, 104
Purine, 286 S Stadeler’s process, 113
Pyrimidine, 286 Starch, 119
Pyroboric acid, 41 Sabtier and Sendern’s Steam cracking, 122
Pyrophosphoric acid, 68 reaction, 142 Steroads, 282
Sacrificial corrosion, 111 Stibaite, 69
Q Salt of permanganic scid, 113 Straight chain structures, 173
Quinoline, 151 Saponification number, 281 Straight-chain
Saponification, 280 hydrocarbons, 123
R Saturated Stratosphere 311
136,142 Strecker synthesis, 261
Radicactive decay, 90 Scrubbers, 71 Strong fluorinating agent, 91
Radicactive metal, 68 Semi chemical process, 299 Structural formula, 130
Radiotherapy, 92 Semi conductor, 50 Structural isomers, 130
Radium tsotopes, 90 Semi-metals, 5 Structure of amino acids, 260
Radon, 90 Semi-solid mass, 107 Structure of chromate
Rancidity of fats, 281 Setting of cement, 298 jon,112
Raney muckel, 152 Shapes of molecules, 127 Structure of polymers, 268
Rare carth elements, 4 Shielding cffect, 7 Sub-groups, 4, 5
Rare gas, 89 Short periods, 4 Subshell, 6
Reaction zone, 91 Sigma bond, 127 Substitution, 147
Reactions of alcohols, 216 Silane, 49 Substitution
Reactions of alkenes, |52 Silica, 108, 122 145,147
Reactions of amino acids, 262 Silicone film, 50 ' Substitutional alloys, 103
Reactions of carboxylic Silicate glaze, 43 Succinic acid, 150
acids, 254 Silicates, 48, 108 Sucrose, 274
Reactions of phenol, 220 Silicones, 49 Sulphides, 109
Reactivity of alkanes, 146 Silver oxide catalyst, 155 Sulphonation, 183
Reactivaty of carbonyl Silver nitrate, 63, 162 Sulphosic acid, 183
acids, 254 Slaking of lime, 32 Sulphur burners, 71
Reactivity of carbaxyl Slags, 106 Sulphuric acid, 70
group, 232 Smog, 310 Superuxides, 23
Recycling of waste, 318 Smoky quart, 46 Symmetrical alkanes, 144
Red phosphorus, 67 Soda ash, 39 Synthesis of ¥mino acids, 261
Reducing agent, 24 Sods lime, 33, 143 Synthetic fibres, 75
Reducing flame, 40 Sodium bisulphate, 234, 244 T
Reducing smog, 310 Sodium borohydnide, 242
Reforming, 123 Sodium dichromate, 112 Talc, 49
Replication, 286 Sodium metaborate, 39, 41 Tanning and dyeing, 41
Resonance energy, 177 Sodium nitropruside test, 245 Teflon, 88
Resonance method, 177 Sodium perxenate, 92 Tensile strength, 109
Resonance structures, 177 Sodium salt, 143 Terminal hydrogen atom, 138
Reverberatory furnace, 48 Sodium tetraborate, 39 Terpolymer, 269
Rhombic prisms, 114 Solid waste management, 316 Test of amino acids, 262
Rhombie, 51, 70 Sources of organic Tetra ammine chloronitro um
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platinum sulphate, 105
Tetraatomic molecules, 64
Tetrabonic acid, 41, 42
Tetraethy! lead (TEL), 123
Tetrafluoro ethylene, 88
Tetragonal, 51

Tetrahedral

geometry, 127,142
Tetrahedral structure, 64
Tetruhedral, 127
Tetrahedron, 128
Tetravalency of carbon, 127
Tetravalent carbon atom, 128
Thermal and catalytic
reaction, 145

Thermal cnchn; 122

‘Iypes of polymers, 268

Typical elements, 4

Typacal non-metals, 69
U

Unhybridized orbatal, 129
Unreactivity of alkanes, 146
Unsaturated dicarboxylic
acids, 158
Unsaturated fatty acids, 143
Unsaturated
hydrocarbons, 136,137
Unsymmetnical alkene, 153
Unsymmetrical reagents, 153
Urea, 292

Vv

Valence shell, 97

van der Waals forces, 12

Vanadium, 100, 107

Vapour-phase natration, 147

Varizbie valency, 10X

Vicinal dihalide, 150, 154, 157

Vicinal glycols, 155

Vinyl acetylene, 161

Viny! alcohol, 160

Viscosaty, 69

Vital force theory, 118

Vitamins, 120

Vitreous silica, 48

Volatile, 42

Voltage mdbicators, 92
W

Washing soda, 28

Water disinfection, 316

Water pollution, 312

Weakly polar solvent, 145

Wet process, 296

White phosphorus, 66

Williamsons synthesis, 223

Wolf Kishner reduction, 144

~ Wrought iron, 106

Wurtz-Fittig reaction, 180
X

Xenon oxydifluocide, 91
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