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Today our knowledge on the atomic structure has evolved due to the tireless
efforts of numerous scientists since past 200 years. A word for the tiniest
particle at that time was coined by Greeks, called atom meaning indivisible.
As per their belief particles can be broken down into very tiny invisible
particles called atom. Atom as a concept was put forth by the Greek
philosophers Democritus and John Dalton. Democritus explained nature of
matter and proposed that all substances are made up of matter. Further he
also proposed that atoms are constantly moving, invisible, minuscule

particles that are different in shape, size, temperature and cannot be

destroyed. Ever since Democritus coined atom, atomic theory seemed to be
more relevant to philosophy and physics but not very useful in explaining
chemical properties of matter. In the early 19th century Lavoisier's theory
and Proust's law of constant proportion of chemical compounds set a
foundation for Dalton's atomic theory in 1803. Road map for atomic discovery

is given below,

A History of the Atom : Theories and Models

Planetary Model

Nuclear Model

Sphere Model

@ John Dalton ) %—J.J.Thomson_% (Ernest Rutherford)  (___Niels Bohr 9 €wn
-9 '. 1803 @ 1904 g 1911 Q -
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‘textbook of ENGINEERING CHEMISTRY - 1

According to Sommerfeld

‘f

, an electron revolving around a central posi

|
charged nucleus is influenced by the nuclear charge that it is set intg n“w”ws._. n=2; 1=0,1;2s,2p subshell
in elliptical orbits with the nucleus situated at one of the foci as showp % ﬂwn n=3: 1=0,1,2;3s,3p, 3d subshell
Fig. 1.1. In this case, there will be a major axis and a minor axig :m&amm n=4; 1=0,1,2,3;4s,4p,4d, 4f subshell 3
different lengths. As the orbit broadens, the lengths of the two axes cmnasm_. | AR s &
closer and they become equal when the orbit becomes circular. ¢ 1.2 Shap == .

uantum mechanics, an atomic orbital is a Eun.mﬂwnn.&. ?unﬂoﬂ. EMM.
g ibes the wave-like behaviour of either one electron or a EE..
e in an atom. The three coordinates that come from mog_mm
anqoﬂm m__._m wave equations are the principal (n), angular 9. mu...u magnetic
mnsnca_sm m numbers. These quantum numbers describe the size, wﬁw.un. “mba
:E 9% “ in space of the orbitals on an atom. The .mrmvm of n.:u region m-wam
3 9..&:?.:5 of the orbital basically determined by mNEEEm.H ﬁumbg.ﬂ uﬂEcM“ \
=3 m:m.cm he orientation of orbital depends on the magnetic quantum num i
2 ,q_:_osﬂcw_u:mw is denoted by a number (energy level) and a letter (shape
Fig. 1.1 : Sommerfeld's elliptical electron orbits for n|= 4 (m). Eac

orbital).
The electrons travelling in an elliptical orbit will have its angular

momentum. The angular momentum of electron moving in an elliptical orbit

Four quantum numbers are
is k h/2z, where k is an integer except zero.

i i inciple shell or
(1) The principle quantum number ammmmnm*mm by Jﬁw ﬂWmuMMSMS e
scri .
in e ; level of the electron. It de Lge
T S «:M,amws %m centre of the nucleus. Larger the value of awﬂwammu_“wﬂu
g o i osi
Mﬂﬂwﬂm of an electron from the nucleus. n is any P :
et ¥ =1,2,3,4.5 .
starting from 1, n 1,253, . -
When an electron jumps from lower level t0 higher, 1t a

n _ length of major axis

k length of minor axis

With increase in value of k, ellipticity of the orbit decreases. When n = Kk,
then orbit is circular.

: ower energy it
whereas when an electron jumps from higher EACEERR :
Further, Sommerfeld suggested that orbits are made up of sub-energy levels. emits energy. known as the orbital angular
These are s, p, d, f. These subshells possess slightly different energies. @) The azimuthal quantum number &mw Fille i determines S, P, d, f
X ) ignate -
Bohr gave a quantum number 'n’, which determines the energy of electron. momentum quantum number design
Sommerfeld introduced a new quantum number called orbital or azimuthal

i .aannanu;ﬂ
ubshells and the shape of orbitals. The 4&5525@
m energy s

quan number (I) which determines the orbital angular momentum of e bintd i e ean

electron. Valuesof I = 0 to (n - 1) (Fig. 1.2)

-1.
Since l = n-1,itcan have values from Oton
n=12
?Wz
p
/{
%
(b)

Fig.1.2:

Varlous subshells for the electrons

For, n=1; [|=0;1ssubshell

gnated by m determines

i er desi
(3) The magnetic guantum numb ;
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Abook of ENGINEERING CHEMISTRY - I

of orbitals and their orientation within a subshell. Its values depend upo, 1.21.2 Pauli's m..x&c&n.: vz:nﬂ.u

l.m=-lto+l J

The pauli exclusion principle states that no two electrons can

have the same

(4) The spin quantum number is independent of the other three n:mB—_E__ four quantum numbers. mﬁ@ on__..:& occupies two &ongnm._..aon. .om"..a.w“._m
numbers. It is designated by s. It takes the value of +1/2 or -1/2 anq electrons should have opposite spins, electrons with same spins occupying
describes the direction of the electron spin, +1/2 means upwards Spip same orbital is forbidden (Fig. 1.5). _

A

represented by upward arrow | and -1/2, means downwards spjy
represented by downward arrow . Fig. 1.3 describes the significance of
the four quantum numbers.

o, 2 |

n = principal l = angular

m = magnetic 5 =spin
distance shape orientation electron
from nucieus of orbital in space spin

Fig. 1.3 : Quantum numbers and their significance

1.2.4 Electronic Configuration of Atom

Electron configuration of an atom represents how the electrons are
distributed among the orbits (shells) and subshells in its ground state. For
the electronic configuration of an atom we have to follow certain rules given
by Aafbau principle, Pauli's exclusion principle and Hund's rule. Let us now
see the shapes of orbitals in the various subshells.

1.2.1.1 Aafbau Principle

Aafbau principle states that in the ground state of an atom or ion, electrons

fill atomic orbitals of the lowest available energy levels before occupying
higher levels (Fig. 1.4).

l\.mm\

\mm\ mu\

;\uu\wn\ 30

L\ﬁ\nn\aq\ G

;\mm\mu\mq\ st

u\m“\mu\ mq\\
..__“\u \

— i

Fig. 1.4 : Occupancy of electrons in orbitals by Aafbau principle

o LI

1s 2s 2p

R

Fig. 1.5 : Pauli's exclusion principle

1.2.1.3 Hund's Rule ! A Ut e el

When assigning electrons in orbitals, each electron will first fill m=. 9 ;
orbitals with similar energy (also referred to as degenerate) before pairing
with another electron in a half-filled orbital (Fig. 1.6).

\hh%%%

xﬁmﬁﬂl

Fig. 1.6: Representation of Hund's rule

: : o lg

(i) s-orbital : An s-orbital is spherically meBmRM wﬂgmﬂﬁm mw_.ﬁmﬂ.mzum
| i f rather fluffy ma j

the atom, like a hollow ball made 0 e

i _orbital has two electrons. As the € :

nucleus at its centre. Every s-orbita _ s
1 d further from the nucleus,

levels increase, the electrons are locate e
i i i bitals depends on principie q

orbitals get bigger. The size of or . . : =

number n, as n goes oOn increasing, SiZe of orbitals mwwmowoﬂmﬂm

increasing. The order of sizeis 1s < 28 < 3s < ..., as shown

1.7(a) and 1.7 (b).

Fig. 1.7(3) : s-orbital in X, ¥, Z coordinates
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um%ou&n&mq nodal plat
ong the xy, X2 and yz pl

0 " pm 50 al
| petween the cor

_ along Z axis. The 4
| FORL
unomnmmm?m:‘ Jarger in si

| electrons. Shapes of d-or

, 0 50 pm 100

Average radius
~

4 S
/,.
//
0 mo_ _o_._... \.|_|/_l|rl||r
7 150

100

(i) u.o,”c:n_ : Any principal level with n = 2 or higher contains thr
%Ma%m (m _uuM N_ +1). The p orbitals are not spherical mwaamh”m

: e s orbital, but they have two lobes of electron density on éi
wmwnwmmu.umuﬁ“m. mua.m uoa.m located at the nucleus. The ::.mM P ouﬂm_h“
e amm_. orientation and are orthogonal to one another. Itis
i MMM an HJ,., y, and z axis system and then label eachp
S mm»uw = zmw.w he 3p, 4p, 5p, and higher p orbitals are dll
e e o p orbitals, but they contain additional nodes

orbitals) and are progressively larger in size.

Each p orbital
c )
an contain 2 electrons, so it can contain 6 electrons in

total. All these th i
ree orbitals belonging to a particular energy shell have .
(iv) f-orbitals : Each principal level with n =

equal energies and
are called degenerate orbitals (Fig. 1.8)- e N
> orbitals (m = -3, — S=il
and nodes than d orbital

occupying 14 electrons (

Fig.1.8: p-orbitals

(iif) d-orbital
: Eac N
orbitals (m = |s unﬂ:.n_
shape, with four |

pal level wi
with n = 3 or greater contail® fi

f
0, +1
» » +NU ma
obes of n_mn:.o_.wc_. cm.Emma orbitals have @ €
density around the nucleus an

Chapter 1%

responding axes. !
_ d, 5d, 6d, and high
he 3d orbitals, but they cont

bitals are shown pelow in Fig. 1.9.

es. The dyy dxz and d;; orbitals are oriented
anes, respectively, and their lobes are oriented
he d,2 _ 52 1i€ along x-y axis and d;2
er d orbitals are all similar in shape
ain additional nodes and are

ze. There are total five d orbitals containing 10

Fig.1.9: d-orbitals

= 4 or higher contains seven f

1, +2, +3)- These f orbitals have more lobes

0, +
even f-orbitals and capacity of

5. There are total s
Fig. 1.10).

h‘q.mﬁh —xr?
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i T N Qmmzm—zmmazm CHRERISERT = 1

o2 oy

Fig. 1.10 : f-orbitals

1:3 Molecular Orbitals (MO) of Diatomi
~ the Multicentre o_.c:m_mg ¢ Molecules and Plots of

M”%MM”“ Mmﬁ.m”“””rﬁﬂwnimw s.mfo. function, it can be assumed that the wave
s ey Ewﬂgnm i a molecule can be written as a product of i
G ctions. The square c.m the total wave function gives the

¥ in the molecyle. This one electron wave functions are

ughout the molecule, and
ion is o » €Xcept in diatomic molecules

oemwnn”.dms by hybridization concept in §§n.,m.
heory, aton of Atomic Orbitals (LCAO) conceptil
131 Molecular Orbita| Theory

A
go_mn:_m—. orbi :

a5
gy level diagram as Wells
ich energy level, sub
Particular atom. In @

to Tepresent wh

|
€Ctrong in any

toms: |

| electrons OCCUpy atomic orbitals, but in molecules they onon_ue
molecular orbitals (MO). Electrons are not assigned to individual bonds

between atoms, but are treated as moving under the influence of the uﬁ&&.wﬂ
the whole molecule. Molecular orbital describes a region of space around two
or more atoms inside which electrons are likely to be found. Molecular

orbital of a molecule is represented by molecular orbital diagram for
qualitative description explaining chemical bonding in molecules.

The most simplified formulation of molecular orbitals is by the Linear
Combination of Atomic Orbitals (LCAO) approach. In LCAQ method it is
assumed that the electron is close to the nucleus of one of the atom of the
molecule. Hence, approximation can be made that molecular orbital can be
formed by the superimposition of an atomic orbital of each atom of the

molecule. The number of molecular orbitals obtained from LCAQ equals the
number of atomic orbital basis functions.

Consider that an electron behaves as a wave; when two separate waves
combine, they can do so with constructive interference, where the two
amplitudes build up and reinforce one another, or destructive interference,
where the two amplitudes cancel one another as shown in the Fig. 1.11.

Constructive interface

TOFALS T

Destructive interface
Fig. 1.11 : Constructive and destructive interference of waves
For example, H, orbitals which overlap constructiv.!
charge in the internuclear region and are bonding,

Bonding wave function V1= Wat Wy

Charge density is (y1)* = (y,

y concentrate En

+wp)? = () + (wp)? T 2 vy

Scanned by CamScanner



in i

nt ___Iﬁﬂ?ﬂomau«uudnu#
d A _ELe) L - - -
T density is (v = (¥a—w)' = (¥ + (v =2 vawy

- Eeerwy Jevel diagram for constructive and destructive interference fop
~ molecule is shown in Fig. 1.12. “

R

1

o3
) * —Represents an electrs

¢ o N
L 5 3 Y |
|

Energy | 1s—— = s
F ] .

(10) p,A=2p d 3

H(ADs) H,(MOs) H{AOS)

Fig. 1.12 : Molecular orbital diagram for H; molecule ;
take place during the bond formati

i i . : 7 ing interactions
When two atoms are different i.e. when atomic orbital have difference ig vaw_a_,ﬂ,__:r S
energy overlaps, bonding molecular orbital will be much lower in ..,_;....m«w b

(1) A bond involving molecular orbitals which are

whereas anti-bonding will be much high in energy (Fig. 1. 13).
rotation around the bond axis between the two atomic nuclei
bond (o-bond), this region is high electron density holding two

1 ——
. By centers together. _
Enerey * At ot (2) Lateral .caeq_muu_:m c.m two lobes of Bouaa.__:wn orbi! t
—_ k: . perpendicular to the axis between two nuclei result in mpgw_%m_‘
3 £ gL e _k
oA N ; bond (x-bond).
N e e Construction of molecular orbital diagram
o % . » . s e Y
While constructing molecular orbital diagram it should be re
1.13 : Molecu :
Fig. lar orbital diagram for heteronuclear diatomic molecule bonding molecular orbital is always less in energy noavmﬂo_.u to
tion in the molecular orbital

molecular orbital. Electron occupa

Apart fro i : . ;
Eﬂﬂ@hﬁhﬂﬂu&ﬂﬁ%b@ MM% mnﬁ“osm_nm molecular orbital, non-bonding by Aufbau's principle, Pauli's exclusion principle and Hund's rule.
(NB are also formed in s - o . - e L 1 :

result of no interaction between atomic MnE.W Hwom._pwmoh. :_:u wc:#muocsn_u m”_m The factors upon which relative energies of molecular orbitals de
< o lack of co tible : ) ;
mﬂ—%ﬁnﬂ-ﬂm needed for overlapping. Energy level of non-b op&:mr:_ﬂ Wmo,“_m_.m (i) Energies of the atomic orbital combining to form Bo_uoﬁmﬂ
”2.”” MM N?.wn quite mmEm,F.. to or close to its constituent atomic orbital, zEu._, (ii) The extent of overlapping between the nnono. cnaw..n._&_._
TR S b _x.n.nEm onmﬁmmnm. Electrons in non-bonding orbitals, overlap, more is the bonding orbital waim_n.mn in energ
i n”mmw_mﬁa with atomic orbitals that do not interact positively of anti-bonding orbital raised in energy relative to atomi
contribute nor am%%%hcgﬂ. and electrons in these orbitals neithef | (iii) Type of overlapping. Axial overlapping gives stron
m bond strength. i lateral overlapping gives weaker n-bond.
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atomic orbitals
ng to Aufbau princi

ier words, p orbitals which
nd have

ve proximity is why
orbital context.

s. Itis given by the equation,

ng _ Electronsin antj-bonding].
‘molecular orbitals

Drawbacks of moleculal

(1) Molecular orbital theory
homonuclear and heter
dioxygen and carbon
discussing eve
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orbitals should be equivalent to number gf
Formed molecular orbitals will have equ
nding and anti-bonding orbital i.e. if two molecul A
are formed; one is bonding and other is anti-bonding
nolecu ar orbital is placed lower compared to anti-bonding

o
—
ot
=
-
3
—
-
0
aq
—
=)
2

ether the molecule is homonuclear or heteronuclear
for homonuclear molecule, the atomic orbitals will be
for heteronuclear molecule atomic orbitals will be
1 nt because the more electronegative atom will b
ywer on the diagram. This is due to lone pairs of electrons
stable on more electronegative elements leading them tg
nergy. For e.g. in HCI, Cl will be placed lower in the
tal diagram than H.

Electrons in anti-bonding
molecular orbital

Step 1 Be' = 15725 (2 valence e! 1
Step 2 : 1 atomic orbital from each Be erlaps, h

Step 3 Homonuclear molecule with each ato
step 4 : Filling one electron from each

Step 5 : Magnetic property cannot be predicted.

If Be, molecule is formed, it will have eigh
molecular orbital theory, the 1s and 2s omu#.nﬂm_._._.nm
overlap with the corresponding orbitals of other
molecular orbitals. In each case, two molecular orbitals
one is bonding and other is anti-bonding. Thus,

e

are formed, one is bonding and other is anti

equivalent in energy hence symmetrical d

orbital.

 atomic
atom form two molecular orbitals. Since each
electrons, eight electrons will be distributed in the mi

The overlap of the 1s atomic orbitals of the tv ) ber
molecular orbitals (cls, c*1s) does not nouau_ﬂn t
they remain effectively non-bonding orbitals.
Aufbau's principle, out of eight electrons in a be llium
electrons occupy ols and o*1s non-bonding EE@&E&H.&E%.__. )

The valence shell of beryllium atom includes 2s orb |
itomic orbitals of the two beryllium atom produces

(625, *25), which accommodate the remaining four electro
(62s) as well as anti-bonding (c*2s) molecular orbitals conta
each, these anti-bonding molecular orbitals also do not
bonding. Y _ m

Molecular orbital diagram

Since beryllium molecule is a homodiatomic molecule,
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Be(AOs)

Be,(MOs) Be(AOs)

Fig. 1.14 : Molecular orbital diagram for Be, molecule
Molecular orbital electronic configuration can be represented as,
KK < 025°< 0*2s” |
Bond order can be calculated as follows, _
Electrons present in bonding molecular orbitals = 2
Electrons present in anti-bonding molecular orbitals = 2
Bond order =1, (2-2) =0

As bond order is zero, no bond can be formed between two beryllium atomg
Thus, Be, molecule formation is not possible. Since Be, does not exig
magnetic property cannot be predicted.

1.3.2.2 0, Molecule _—

Step1: 0° = 1s225%2p 2 2p,' 2p.' (6 valence electrons from both O atoms wil
be used)

Step 2: 4 atomic orbitals from each O atom overlaps, one is bonding an(
other is anti-bonding, hence 8 molecular orbitals are formed .

Step 3 : Homonuclear molecule with each atomic orbital of O atom will be
equivalent in energy hence symmetrical diagram will be obtained.

Step 4: Filling one electron from each O atomic orbital into molecular
orbital.

Step 5 : All the spins are paired in O, molecule; it is diamagnetic in nature.

Atomic number of oxygen is 8. Electronic configuration is 1s2 2s® 2

H
h_».m 2py
2p,'. Thus, the oxygen molecule has sixteen electrons. According to

molecular orbital theory, the 1s, 2s, 2p,, 2p, and 2p, orbitals of one oxygen
atom overlap with the corresponding orbitals of other oxygen atom to form
molecular orbitals. In each case, two molecular orbitals are formed, of which
one is bonding and other is anti-bonding. Thus, two atomic orbitals of each

atom form two molecular orbitals.

Since each atom contributes eight
electrons

, Sixteen electrons are distributed in the molecular orbitals.

the overlap of the 1s atomic orbitals of the two onwm..wﬁ_.,awoﬂ
molecular orbitals (cls, c*1s) does not contribute to bond formation. Th
they remain effectively non-bonding orbitals. According to Aufbau

incipl
out of sixteen electrons in oxygen molecule, four awmnﬁ.onm.._onmubﬁ_nw an
o*1s non-bonding molecular orbitals. :

The valence shell of oxygen atom includes 2s and 2p orbitals. The oy :
75 atomic orbitals of the two oxygen atoms produces Em_nnﬁm.u.mmﬁwwr (@25,
a*2s), which accommodate the next four o.—onﬁuonm, m._bna bonding (o2s) mm._ .
well as anti-bonding (c*2s) molecular orbitals contain twc electrons ¢ ﬁ..
they do not contribute to bonding.

In case of p-orbitals, the 2p, orbitals of the two oxygen atoms aam.m_._.um.ﬁnﬁﬂw.
to-head to give o2p, and ¢*2p, orbitals. The 2p, and 2p, B&:&m of the ns_..m
oxygen atoms overlap laterally to give n2py, ©*2p;, =2p, mnn n wmm. Qut of
remaining eight electrons, six electrons are accomodated in a.nw.a. n2py w_p.n
x2p, orbitals according to Aufbau principle. Further, mnn_.._q&nu. Sm.nﬁu_uu
om%cﬂo: principle, ©*2p, and n*2p, orbitals accommodate one electron each.
Molecular orbital diagram . ifh, .
Since oxygen molecule is a homodiatomic molecule, atomic _“..na.:m..F onﬁwm
two oxygen atoms are at the same energy levels. Molecular orbital diagram 18
as follows (Fig. 1.15)

\\\.Q!Mﬁf/;
\\ [ /’_f
s \
- T
s0 \\xn\\ TR S (e b B by
it I8 = 4p
P 11....,........ ee e \\\\
//1 .__.an ﬂH.ﬂ\\\
E hiy -
N e8¢
olp
°s
7t c*2s BN
FiE S 88
- ——
I s
!;:r \\
R L s
a2s ; B
0(AOs) 0,(M0s)  O(AOs) ik
m for O, molecule

Fig. 1.15: Molecular orbital diagra 3 —.nmmﬂnnn.w

i i ere ed a

bital electronic configuration can P i

Molecular orbita 3 o
KK < 62s< o*2s%< 02py < 12Py = TPz ;
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26 + A textbook of ENGINEERING CHEMISTRY - 1

Bond order can be calculated as follows,

The val

25 and 2p orbitals.

nd oxygen atoms include
n atoms produces

ence shell of carbon a
als of carbon and oxyge

Electrons presentin bonding molecular orbitals = 8 =
: : ; . lap of 28 atomic orbit
Electrons present 5 - or = The over :
. e L Sl Ec_mn:_m_. orbitals (c2s, 6*28), which accommodate the next four electrons.
As bonding (c2s) as well as anti-bonding (c*25) molecular orbitals contain
ibute to bonding.

Bond order = 2 (8-4) = 2

two electron

s each, they do not contr
overlap

bon and oxygen atoms

It implies that there are two bonds between two oxygen atoms, ONe is o-bg
and other is x-bond. g In case of p-orbitals, the 2Px orbitals of car

:mma-ﬂc-:mma to give o2py, and o"2Px orbitals. The 2p, and 2p: orbitals of

overlap laterally 1o give n2Dy, 7*2py, 72P: and

Magnetic properties : As n*2p, and n*2p: molecular orbitals contain gpg

electron each, oxygen molecule 18 vm_.m:-mmzm:n in nature.

1.3.2.3 CO Molecule

Step1: C° = 15725 2p.! 2p,' 2p.° (4 valence electrons)
0% = 152257 m.c.ﬂ.u .,w»c.«.H mtu_ (6 valence electrons)

mnmuu.umnoawn orbitals from each C and O overlaps, hence 8 molecular

orbitals are formed.
ith atomic orbital of C and O atoms will be

Step 3: Heteronuclear molecule W
non-equivalent in energy hence unsymmetrical diagram will be
obtained.
Step 4 : Filling one electron from each C and O atomic orbital into molecular
orbital.
Step 5: All the spins are paired in CO molecule; it is diar tic in nature.
Atomic number of carbon is 6 and that of oxygen is 8. Electronic
configuration of carbon is 1s° 252 2p ! 2p,' 2p, and tl of oxygen is 1s” 2s°
3 1 1 " = o 3
2p. 2p, 2p- - Thus, the carbon monoxide molecule has fourteen 1
25. 2p., 2p, and 2p.

According to molecular orbital theory, the 1s,
esponding orl

carbon atom overlap with the corr .,
molecular orbitals. In each case, tWO molecular orbitals are formed, of whic
one is bonding and other 1is anti-bonding. Thi :

atom form WO molecular orbitals. SI1nce

nd oxvgen atom contributes eignt

itals of oxygen «

-

electrons a

L
are distribu tals.

ted in the molecular orb1
The valence shells of carbon ar
orbital. Hence, the overlap of th
atoms to produce molecular orbital
formation. Thus, they r in ef
Aunfbau principle, out of f
four electrons occupy ol

.arbon and oxygen atoms
rm_ ated in o2Py, *2Py and n2P;

The remaining six electrons are accomod

:;Mmu....

orbitals.

Molecular orbital diagram . ;

since carbon monoxide molecule is a dma,mnoa;ﬁoann molecule, atomiC

, oms are at different energy levels. Amongst
hence

bon and oxygen at

oxygen atom is mo
f oxygen atoms are at lowe
ic orbitals of carbon atoms. Mole

re m—moqc:_mmmﬂqm than carbon atom,
r energy levels than the

cular orbital diagram is

orbitals of car
the two atoms,
atomic orbitals 0
esponding atom

corr
as follows (Fig. 1.16)
f—
;. ot2p s
- ~
e ~
. by
PP T
RO 2p 72PN
E kP e .r,v,.lc .
AN = H“
bR LB \i\\\
e D s
. m2p W2P 7
/ ’,
£ // \\
o ~ -e
clp
e
eel ST IGEAL
“
NM /x. (./
)1./ .r( .o
_ CL_ae \\n\n 2s
_ a2
CO(MOs) o(a0s)

C(AQs)
tal diagram for GO meolecule

i E bil
Fig. 1.16: Molecular of &

1 1 i o represente as,
Molecular orbital electronic configuration mmﬂ _n_.v ; D e
. KK < 52s°< g*2s°< o2pc € ®Py T alp-

WS,
Bond order can be nm?EmHma as follow e .
. % o 2
Electrons pre sent in bonding molecular 25
ing EEmnEmu orbita 2

Electrons present in anti-bond
1 Fye] - — |
Rond order = 72 (8-2)=%
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i iy o

“25°2p," 2p,' 2p,! (5 valence electrons)
1522522p,22p 12p ! (6 valence electrons)

Step2: 4 atomic orbitals from each N and 0 atoms overlap,

molecular orbitals are formed.
Step3: Heteronuclear molecule with atomic orbi

: L tal of N and 0 wii b

~ equivalent in energy hence unsymmetrical diagram will be g

ﬁ;} Fq-uns—m elec“‘on from each N and 0 atomic orbital into moleg
ital.

e number of nitrogen s 7 and
guration of nitroge

itis paramagnetic in nature,

1s, 2s, 2p., 2p, and 2p. urbitaiaa
nding orbitals of OXygen atom t

0 molecular orbitals are formed, o

éioms, oxygen atom .

_atomic orbitals of oxy
| corresponding atomic or

is as follows (Fig. 1.17)

KK < o2s%< o*
Bond order can be calculated
Electrons present in bondi
Electrons present in anti- ond
Bond order =2 (8 -3) = 2.5 :
~ Experimentally it i d
triple bond hence calculated
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e “and 2 n-bond forma
F Genbar gives 3. 1 o-bond an.d .
iﬂﬁbylomggll elec;ron and it is isoelectronic to. N, ormin
bond. NO molecule exists in canonical forms due to presence of .

1.

-

c properties : As =*2p, molecular orbital contains one ele,
--dxide molecule is paramagnetic in nature.

St

| Give postulates of molecular orbital theory
(2) Explain usefulness and disadvantages of molecular orbital theory,
(3) Compare bonding and anti-bonding orbitals

(4) Explain why Be, molecule has bond order

! (5) Discuss diamagnetism of 0,
| theory.

L

e r“

molecule on the basis of molecular orb;

5 (6) Draw molecular orbital diagr

e . bond order.

(7) State and discuss the b
molecular orbital theory.

am of CO molecule and comment on |

ond order of NO molecule on the basis

g

@

i

£005 ..-:'.. iy saboe T imd
Lk N .

Scanned by CamScanner



=

The earliest u

Hofmann in 1855. Hofmann used the term for a class of benzene compounds,
many of which have odours (aromas), unlike pure saturated hydrocarbons.
Remember the smell of a paint or paint thinners. The strong smell of these
products is due to the presence of an aromatic compound called toluene.
Similarly, moth balls are very strong smelling because they contain an
aromatic compound called naphthalene.

Aromaticity as a chemical property bears no general relationship with the
olfactory properties of such compounds (how they smell) i.e. there are some
compounds that are chemically aromatic, but do not have a distinct smell.

tures with a ring of resonance bonds

It is the property of cyclic, planar struc
d to other geometric or connective

that gives increased stability compare
arrangements with the same set of atoms.

According to James Dewar, aromatic syste
large resonance energy, where all the ann
single conjugate system.

m is a cyclic compound with a
ular atoms take part to form a

=

For a cyclic system to be aromatic, 1t should contain (4n + 2) m electro

where 7 is an integeri.e.n =0, 1, 2,3

%flﬂlecules having 2, 6, 10, 14, 18, 99....... n electrons satisfy the (

- and are therefore aromatic.
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‘_, Chapter 2 : AROMATIC SYSTEMS

AND THE

n_omnﬁmﬁo:mmsm is non-aromatic. It does not obey Huckel's rule since .ﬁ
tains 8 m electrons as well as it is non-planar. .

2.3.1 Criteria for Aromaticity

A compound is said to be aromatic if it fulfils the following criteria, .
(1) The molecule must be cyclic with conjugated bonds.

(2) Each atom in the ring must have an unhybridized p-orbital.

(3) The unhybridized p-orbitals must overlap to form a continuous rin
parallel orbitals. The structure must be planar or nearly planap

effective overlap.

@) Cv
con

&
“
| Fig. 2.3 : Cyclooctatetraene
mpounds undergo substitution reactions

(4) Itshould obey Huckel's rule. | .
- 1 _ _A.g:m: unsaturated, aromatic cO

If any of these conditions are violated, no aromaticity is possible. §gp rather than addition reactions, which is the common property of unsaturated

Mg nds. Aromatic compounds resist addition reactions because these

tability of the cyclic

examples are discussed below, | compou
(1) Ethylene (H,C=CH,) obeys Huckel's rule as it contains 2 =« m_mnﬂﬂouh reactions ivo
| gystem.

Since it is not a cyclic molecule, it is not aromatic.
maticity of Benzene

|
(2) Cyclopentadiene Is non-aromatic since there is no delocalization o 2.4 Ar©
nce of one sp> hybridized carbon atom. Also, jf
| The molecular for

lve breaking the delocalization and losing s

(H, The six carbon atoms are sp’

mula of benzeneé 1SR
tom forms ¢ bonds with two carbon

electrons due to prese
does not obey Huckel's rule as it contains 4 n electrons. However, i 2
at sp> hybridized carbon at e hybridized- Each sp® hybridized carbon a 2
p° hy Z carbon atom to fory and one hydrogen atom. The six remaining electrons (from a.mn_..
re in unhybridized p-orbitals. TWO neighbouring unhybridized

tain one electron
of the ring

arbon becomes sp’ hybridized with ag atoms e
localization of electrons takes place in nmnc_oﬂﬂmﬁcmmn: con

. ! > mu‘cH.uw = g
owing to 6 n electrons, 1t obeys “ing (Fig- » 4). The planarity

yl anion is aromatic in nature. e
orbitals.

proton is removed from th
n%n-okunm&mnﬁ anion, the c
unhybridized p-orbital. The de
cyclopentadienyl anion. Secondly,

Huckel's rule. Hence, cyclopentadien

d below the plane of the

overlap above an
overlap of these p-

allows maximum

©

:Ba.o:u-n«n_oum:-wn_mzi anion

Huckel's rule since it contains
alization of electrons due to
If a hydride anion is

Fig. 2.1 : Cyclope
ene is non-aromatic. It obeys

(3) Cycloheptatri
owever, there is no deloc

6 = electrons. H

als of benzene

presence of one sp® hybridized carbon atom.
removed from that sp” hybridized carbon atom to form S‘.chmnﬂm:;a&_ - ming of p-orbit
cation (tropyllium cation), the carbon becomes sp? hybridized with an Fig. 2.4 : OveriapP oms, these orbitals can
unhybridized p-orbital. The delocalization of electrons takes place in Since these n‘oﬂ.c:m_m are out of the plané of M:mowmzmmw_ e instead of
ownmormnﬂmimaw_ cation. Hence, nvn_o:muﬂmninnﬁ cation is aromatic in .: t ,i:,_ each other freely and become S <hared by all six carbon
@ interact W atom, each electros is - the ring
L being localized to OD€ carbon 3 .ouw irengthen all of the bonds 0 i
; . electr : eac

atoms in the w._wm.,.aw%”_mﬂ,ﬂ” <aid that, each carbon is joined £

equally (Fig. )

neighbours by @ one-and-half bonts

Fig.2.2: nxn_o__ou_uia:e.n_‘n_ozauﬁ_:n:i cation
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Fig. 2.5 : Resonating structures of benzene

Six delocalized = orbitals are formed of which three are wonm::m with low.
energy and three are anti-bonding with higher energy. Six electrong P
present in bonding molecular orbitals (Fig. 2.6). J
The six carbon atoms form a perfectly regular hexagon where six nE.F._

stoms sre 1 397 A® apart from each other. Six hydrogen atoms associated ﬂm
each carbon atom and directed outside the ring are at a distance 1.09 A°, §
B-C-C and C-C-C bond angles are 120°. Bonds are conjugated, therefop
electrons are deloczlized above and below the plane of the ring Smw___

benzene stable The resonance energy of benzene is 36 kcal/mole.

Anti-bonding
n molecular orbitals

it -1

i

Fig. 2.6 : Relative snergles of benzene
The following evidences explain the aromatic character of benzene,
1) The compound is eyclic with conjugated x bonds.
) Each carbon atom is sp’ hybridized w
conteining ose electron each. Thus, it obe
) Itis » planar molecule wit

Dlnur“r

Bonding
n molecular orbitals

ith an unhybridized .q.E.El
ys Huckel's rule.
h delocalization of « ele

. HE = ati @as .
1t undergoes electrophilic substitution o i g
0 sulphonation, Friedal-Crafts alkylation and acylation to hﬂﬁ ..._,
llowing products, | T
an mﬂ zou E gﬂ ﬂ§
Nitrcbenzene  Benzenesulphonic acid Toluene Acstophenone T

gromobenzene
Fig. 2.7 : Electrophilic substitution products of benzans

2.5 Aroma ticity of Pyrrole ._ ek, i

The molecular formula of pyrrole uwm n,_u..mm%. The four &?ﬂ”ﬂ and
nitrogen are sp” hybridized. Two sp hybridized nuﬂgnFEHFn nddggw@»
with two carbon atoms and one Eﬁ—dmmu m_..omﬁ Mm - other 223
hybridized carbon atoms form o bonds with a neigh ouﬂunwnaﬂnwﬂg atom, r3
hydrogen atom and the nitrogen atom. Each nwwvow. m~§mun
unhybridized p-orbital with one electron .nmn .non”na ectrons B.u
noE.:vEma by the ,nmu._uon mnoBm of the ring an uwgngun i
contributed by the sp~ hybridized nitrogen to make an aromatic sextet (F

2.8).

Fig. 2.8 : Overlapping of p-orbitals of pyrrole

2.9), which results in producing nonnaaﬁ

Pyrrole exhibits resonance (Fig. N In pyrrole, both
charges on carbons and positive charge on W_”_.onmmw.w_d opposing each
inductive and mesomeric effects mnﬂ eﬂmoﬂnw u i
= oS ric effect predominates. e |
other. However, mesome A% C2-C3, C4-CS b

In pyrrole, the N-C2 and N-CS bond lengths uﬂa»wwwm.
lengths are 1.37 A® and C3-C4 bond length is 1. \

of pyrrole is 22 kcal/mole.

The resonance
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Fig. 2.9 : Resonating structures of pyrrole

i rrole
The following evidences explain the aromatic character of py ;

(1) The compound is cyclic.

(2) Each carbon atom is sp® hybridized with an .unhybrldlzed p.m.-h:
containing one electron each. Nitrogen provides 'unsl;ared pair
electrons to complete the sextet. Thus, it obeys Huckel's rule. 1

(3) Itis aplanar molecule with delocalization of n electrons.
(4) It exhibits resonance with high resonance energy:.

(5) It undergoes electrophilic substitution like halogenation, nitratio

(D

sulphonation and Friedal-Crafts acylation to form the following

products,

2-Bromopyrrole 2-Nitropyrrole

Fig. 2.10 : Electrophilic substitution products of pyrrole

(1) Define aromaticity.
(2) State Huckel's rule.

(3) Cycloheptatriene is no
(4) State and explain, wh
(5) Explain thg arowmatic
(6) Comment on the arg

-aromatic. Explain.

ether cyclopentadiene is
ity of benzene,

2-Pyrrolesulphonic acid

aromatic or not.

matic character of pyrrole.

ﬂ‘ﬁf @ NO, @ SO3H @ COCH;

2-Acetylpyrrole
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A chemical bond represents a strong force of attraction between two atoms.
According to the Lewis octet rule, atoms of all elements have
acquire an electronic configuration similar to that of inert ga
represents the most stable electronic configuration. All ato
unstable or incomplete outer shell have a propensity to gain or
S0 as to acquire an electronic configuration of the nearest in
periodic table. It is this tendency of atoms to complete and
their outermost orbit of electrons, which is mainly
combination between the atoms.

a tendency to
ses because it
ms having an
lose electrons
ert gas in the
hence stabilize
responsible for chemical

The requirement of electron pairing are mainly accomplished by the
following modes,

(1) By complete transfer of one or more electrons from one atom to another
which results in the formation of ions and hence is called ionic bonding.

(2) By sharing of electrons between the two combining atoms, which results
in the formation of a covalent bond.

(3) A special type of covalent linkage in which both the shared electrons are
contributed by one atom only and not one by each atom as in the case of
proper covalent linkage.

R R e
s

J This type of bond is formed by the transference of electrons from one aﬁom 'tp'
} another. Essentially an atom that loses one or more of its electron, an‘d-‘a on:_t?.:_
| that can accept them is required. The metals in group I and group II m thﬁ A

Periodic table have the greatest tendency to lose electrons and turn Ant0E

37
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3 ectrovalent compound- These are also called polar comp
molecule ac s polarity due to the formation of

“Cl molecule (Fig. 3.1).

Kyt

Potassium (K) loses/transfers an electron to Chiorine (Cl)

+ ¥
o 4811e]

‘-"': ol | (K3 : . Depending upon whether the elec

e e B o= sl achaesa positive charpe (K} between the bonding atoms, a cova

ag Chiorine acquires a negative charge (C7) homodiatomic molecules like Hy 1

I ‘Flg. 3.1 : Formation of lonic bond between the two atoms and such :

: - - 17'\3- BT 2 - - b‘ond‘ But in hetematomic

= LT § pair is unequal because, one of |
tics of ionic compounds are as given below, more strongly than the other. The at
st of oppositely charged ions held together by electrostatie strongly develops some Aegi I

‘attraction. positive charge. These fractional
B oogsio o HCI, Cl atom is more electron attr
: mt::n % s‘_"“ﬂf’_’“ wsfter and insoluble in organic solvents. depicted as H3* — C1%-. Such covalent bond
. =00 "“ﬁ“ﬁ?’l?:@-sta’nc force between the ions in the crystals; issaidto have partial ionic character.
ount of energy is required to se ST
Rt L parate the molecules e e
.E‘ﬂ‘- ence they have high melting and boiling points. [ %3 Characteristi ral .
water or in the molten state, they conduct electricity. The characteristics of covalent qgmpounif&

=t‘h‘e: m" f i L 4 L : :
o \ding forces in the crystal lattice are weakened. (1) The atoms in a covalent molecule

R ' _ conduct electricity whe _
Ry, o 'ﬁ. _ (2) Covalent compounds are gener
A organic solvents.
(3) A covalent molecule is non-polar
force. Due to this they have low m

(4) Normal covalent compounds
However, covalent compoun!
solids.
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an der Waals force
wrmolecu]_ar forc:

dent between

-m;'is a special type of covalent bond. The atom which donates the g
ptir is called as donor and the other atom which does not con . grel Waal -
_electron towards the shared electron pair is called acceptor. The o e e a;; g
.grl:,ng.elec_tﬁns ‘possessed by the donor is called the lone pair pT ;:l;i;a;?.i‘or ::a;;:é-q g- m
Boud- Fu::h 1:};0:; is cal:led as caardm_ate or coordinate covalent o- which are bonded tdgé’tlief by covalen
o seml'-;m!a :e :ucd a gond always rende‘rs_the molecule polar, it the forces that exist between the million
O e ate 'bnn'ds L tin.. c;mpounds containing on.e or more of not between the hydrogen a do
mﬂrdinate o eir molecules are termed coordination compoung There are three types of vander Waz

nd is usually represented by an arrow pointing from the 1 (1) Weak- London disp‘ersion.fdrizgs

| (2 strong- Dipole-dipole:i’orc;es- \

10 the acceptor atom (Fig. 3.3).

(3) Weak- Hydrogen bonding forces

Shared palr
H
+ +

H
HiN:H + H' — Hz N=*= 3.5.1 London
H

ispersion forces are t
ar molecules. For

H
London d

Lone pair / Covalent bon Coordinate bond
. P . l
Fig. 3.3 : Reprosentation of coordinate bond [ :;::Si: zg:mpsa In this bond,
. L] g
dominant on one side of the mol

m Jike this Cl - Cl, 10
-ﬂ} .mcharact_er_i_stics of coordinate compounds are as given b :Eucl::rf}::::lfn :;0
(1) The coordinate P ;s ;
Sbparmity fo:-eex:qnfl- is rigid and directional and hence dominant on one &
i : ibiting stereoisomerism of molecules. #  {emporary chargé disappe
@ These compounds are generally insoluble i : J are moving fast. These temp!

- solvents. uble in water and soluble in organ  of one molecule to attract the tempor
(3) These compo ’ which is the intermolecular force: ;
~ those of nl;::fe?t h: ve relatively higher melting and boiling points the ot -Cl e G

Loyal ompounds and lower than those of electrw@

elow,

K

3.5.2 Dipole-dip
Dipule-dipole forces 0CCt
unequal sharing of electrons
ar molecule.
Becal

te lll:z:g;j beh:ig__hpartly covalent in nature, the atoms -
Cl and hence these compounds do not diss
by the hydrogen atom

. in water or melted.
1pound ike }

unds are stable like covalent compounds. . negatively charéew

. charged L. OGS Hence

chlorine i8 pol !

Scanned by CamScanner



. of ENGINEERING CHEMISTRY - 1

re slightly char

molecules around that a
naturally orient themselves as shown below,
HELCL s it ClE Hi s Cl

t of one molecule will move until it is next to the ne

The positive par
molecule. T

part of & neighbouring

hese forces between molecules tenq ,
make them 'stick’ together. ;

35.3 Hydrogen Bonding Forces W

A hydrogen bond is a dipole-dipole interaction that occurs between g,

molecule with a bond between a hydrogen atom and any atom of oxy b/

fuorine nitrogen. So, hydrogen fluoride (HF), water (H,0), ammonia Q%Ma.

and any other molecule that has a hydrogen bonded to either an oxy J

fluorine or nitrogen atom, exhibits hydrogen bonding [Fig. 3.4(a)]. e
I_m..r I_/.T_.

/O_::_:_1|IO\\.

Sl 5+ 5
I_m..r

Fig. 3.4 (a) : Hydrogen bonding in H,0

Hﬁﬂﬂmﬁowﬂﬁﬂcﬂa% just a dipole-dipole force but it is extremely strong
S Zmun_now_. umwm-&uo_m forces :.wm in HCI. It is extremely strong
i wm&nmm:. = woum mwmﬂmm_ooqo:mmm:é and H is highly electropositive.
e &.mam el :ﬂxmzms a one-sided affair, resulting in an
O E&mmp__”w:.“:ﬂmaw? a :wmajmmb bond. The extremely
i m.p@%ﬁmnm itself with the extremely negative

Hydrogen
bonds

Fig,

34 (b):
(b) : Hydrogen bonding In H,0

ged on each side, the Molggy ‘

Typ®
| There 4

gatiy, (1) 1t

g of hydrogen bonding
re two types of H-bonds, and it is classified as following,

rmolecular hydrogen bonding : This type of bond formation occurs
cen the different molecules of same or different compounds. For

pbetw
ple : u-innow:m:or (Fig. 3.5)

exam

Fig.3.5: _"_._..:Bu__oao_

his type of bond formation occurs

ular hydrogen bonding : T
etween the two electronegative

hydrogen atom lies in b
he same molecule.

(¢3) Intramolec
when the
elements presentint

For example : o-nitrophenol (Fig. 3.6)

“/
/Z\\o.
-T_

/
0

Fig. 3.6 : o-nitrophenol
The consequences Of hydrogen bonding on the physical properties of
compounds are discussed below.
(1) Physical state : Due to existence 0
molecules of a substance are present
This results in an increase in the size and the molecular mass of the
compound, affecting the physical state of the substance.
Example : At ordinary temperature, H,O is a liquid whereas H,S is a gas.
The difference in the physical state of two compounds can be explained
on the basis of hydrogen bonding.
The electronegativity of hydrogen,
2.5 respectively. Since the difference i
and oxygen is remarkable, Hp0 mo
hydrogen bonding, resulting in molecula

f intermolecular hydrogen bonding,
as associated or grouped molecules.

are 2.1, 3.5 and
ty of hydrogen
ntermolecular.
H,0 exists.

oxygen and sulphur
n the electronegativi
lecule exhibits i
r association. Hence,

lﬁﬁézé_:.-;. 3
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eg_ule Hence, H:S exists as a
milar xplanatlo‘ﬂ can be given for th
s a gas under similar ¢q
iy %: and that of chlorine is 3.2),
ng boiling points) : Because
presence of intermolecular hyg;
d to separate these molecules p

Hence, in the o
exists, that results in
the solid state i.e. |
water.

(b)

: The density of the solid form of
.csém’-ralls ‘eater han its hqlud form and the densi

The ideal gas law, also kne
state of a hypothetical i
of a chemical substan

Where P, V and T ar
‘umber of moles of
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where, ¢ = measure of the su
The above equation cs

mmmmmmammdm&
' (er vaa der Waals equation of state; named aps
‘hWﬁMmm&ﬂplmuonsmt 3
ow e il s law

The van der Waals mmmx

every gas.
of e 3desl ges mentionsd above were discarded

The van der Waals equation i
el o explsia properties of resl gss such as,

i On decreasing the temperature and |
Mammm Beld on the pipe sm

to exist in gaseous state leading to 2
-_ e rature, the gas molecules los
_&Mmmmmmmmr sttrach o

gas molecules then aggregate due
converted to a liquid. This mxphesﬂ:atﬂue
place a new state of matier appears
= temperature and pressure distinction bel
- exists. Such a temperature and pressure.
S Shas melsculesaf 2 gas oocapy their own space th and critical pressure respectively (Fig,
e vele—e of the costziner Thes, the =volums of t particles in a closed container are

rate that the density of liquid and
snpercrm‘.a} fluid.

vapour of the gas cannotbe

The critical pressure P ofa gﬂas 1
a gas at its critical temperature.
The critical volume V of agasis
atT _andP,_.

The terms T, , P, and V  are
gas. All real gases have cha
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Pressure 4

C The critical point
Increase pressure

ata constant’
temperature I

Solid

Liquid

The critical temperature 8

Temperature -
Fig. 3.8 : Critical point of a gas !

The actual determination of critical
process. However, the T, and peofa
with the help of Cagniard de la Tour's a

constants of a gas is a very difficy]
gas can be measured relatively easil
pparatus.

N Questions

(1) What is ionic bond? Give character
(2) What is covalent bond? Gi
(3) What is coordinate bond? Give ch
(4) Write a note on the following

(i) London dispersion forces

(i) Dipole-dipole forces

(iii) Critical point of a gas
(5) Explain hydrogen bondin
(6) Discuss van der Waals equation,
(7) Justify : HF is a liquid and
(8) Explain with suitable

i ondj th
physical constant of . ompounds. Ing affects
) How is the dnomalous behayi
our of water e °
hydrogen bonding? Xplained op the bas{_

(10)What is hydrogen bonding? L

: Discuss the consequ %
bonding on solubility of 5 compound i St quences of hy
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4.1 Introduction

The phase rule was invented by J.
systems in equilibrium. It helps to s

pressure and composition

equilibrium by means of a phase diagram.

Gibbs' phase rule stat
of phases is not influenced
surface tension but only
.: the degrees of freedom
- Components (C) and phases

es that, provided

by temperat
(F) of a S

Willard Gibbs to study the heterogeneous
tudy the effect of changing temperature,

on the behaviour of heterogeneous system in

the equilibrium between any number
or electrical or magnetic forces or_p;y

ure, pressure and COHG__En.tI_\.'__a_:ﬁQn% th n
ystem is related to the nujmp-_eﬁ | of 3
hase rule equation,

by gravity

(P) by the P
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hases and a gaseous phase.
t dissolved in water constitut
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Phase 1:CaCO; |Consider a combination | CaCO; =
Phase 2: Ca0 of two constituents, Ca0 =
Phase 3 : CO; e.g. CaC0; and CO; Co, =

|Since the composition of each phase can be expressed by minimyp,

constituents, it is a two component system.

{(4) In the dissociation of NH,Cl in a closed vessel,
NH,Cl , == NH(Cl ;; = NH;3 5 + HCl (o) ; P = 2

(i) If the proportions of NH; and HCIl are equivalent, thep R
composition of each phase can be expressed in terms of NH,C] alopg
Hence, it I1s a one component system as composition of any on
constituent needs to be known to express the composition of any g
the phases.

(ii) If the proportions of NH; and HCI are not equivalent, then it is a tw

component system as concentration of both constituents needs tg bi
known to express the composition of any of the phases.

4.3.3 Degree of Freedom w
Degree of freedom is defined as the minimum number of independently
variable factors such as temperature, pressure and composition of th
phases, which may be arbitrarily specified in order to represent perfectly th
condition of a system.

¥or 2 system in equilibrium obeying phase rule, the number of degree d

freedom cannot be a negative number. However, it can be defined wil
minimum zero degree of freedom.

Exzamples

(1) In z water system (one component system), consider the following
conditions,
(i) Ice ., = Water ;, = Water vapour @sP=3,C=1

This particular equilibrium exists at a definite temperature and
pressure. Thus, to define this system, no parameter needs to bé
specified. Hence, it is a zero variant or invariant system. It has nt
degree of freedom.

(ii) Water ;,, = Water vapour ., ;P=2,C=1

To define this system, either of the parameters viz. temperature 0f

pressure needs to be specified, the other parameter gets

-

pressure needs to be specified
two degrees of freedom.

(2) The system of saturated solution of NaCl in e
and water vapour exists at a definite tempera

quilibrium with solid NaCl
ture. 1
NaCl () == NaCl-water ;) = Water vapour @ ; ;

Hence, this system has one degree of freedom.

Ay

(3) For a sample of pure gas obeying the equation, P V = R T, if pressure and

temperature are specified, the volume gets automatically fixed. Hence,
this system has two degrees of freedom.

(4) For a mixture of two or more gases at equilibrium, all the three
parameters viz. temperature, pressure and composition need to be

specified to define a system. Hence, this system has three degrees of
freedom.

4.4 One Component Water System

The water system comprises of three possible phases bpﬁa._u ”mamm., Qﬂowh
liquid and gaseous (vapour). Since only ono.oaumﬂgoﬁ mpo. is mﬁmww_%nw
express the composition of each phase, it is a one component sy N
. , ol
1 =C- e get
Substituting for C = 1 in Gibbs' phase rule equation, F=C-P +2,Wweg
F=1-P+2
F=3-P : _ %
a sys
er of degree of freedom can be zero for a sy

The minimum numb ; &
when F = 0, then P = 3. This implies that all th

equilibrium for a water system. St
Minimum one phase is required t0 nnmnoﬁo maxim 5
P = 1, F = 2. Thus, for water system, dom for oﬁa._oonw%u@uw. S
freedom is two. These two degrees oft free 1 e R R
pressure and temperature.

m at equilibrium, i.e. Wh

three phases can exist i

um uuﬂumw__%_mn@w@m Lo
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ponent system can be represented by p] )
rature (Fig. 4.1).

54 4 Atextbook
diagram for one com

The phase , .
ssure against tempe

a graph of pre
A ﬁ

374 °C
Temperature, °C  —>

Fig. 4.1 : One component water system

The water system is explained as follows,
(1) Areas : In the areas AOB, AOC and BOC, only single phase (namely
vapour, liquid and solid respectively) exists and the degrees of ?mm..._o_m
are two, i.e. both parameters, temperature and pressure need to b
specified in order to define the system.

(2) Boundary lines : The boundary lines, namely melting point or freezing of
fusion curve (0C), vaporization curve (OA) and sublimation curve (0 .
divide the phase diagram into three areas. Along the boundary lines, twl
phases are in equilibrium and the degree of freedom is one, i.e. m:__w_m

temperature or pressure needs to be specified in order to define J

system.
..H.wa e OC shows that the melting point of ice is decreased sﬁm
Increase in temperature. A point on curve OC corresponding to _M
maﬂcmvzowm pressure and 0 °C temperature is the melting or freezidl
point of water. .

The curve OA terminates at point A, called critical point corresponding !

u”_m atmosphere pressure and 374 °C temperature, above which the liquid
phase and the vapour phase merge into each other. A point on curve 04

Critical g
[pressure c
._. B
-]
c
~ |¢# 21B8atm i ST e A
"I e i O] [
g £ _,
: 2 _"
° Solid = , f !
£ (ice) s _u_.m.mm__..w i
&z point of ! |
2 Triple point | yater i _
- 1
£ m '
& ,..m..n._ ........... Vapour ;
m 11t . I |
A8 m . . Boiling point ¢ critical
of water ! temperature
: W<,

corresponding to 1 atmosphere pressure and nde.n -
poiling point of water. R T i e

The curve OB terminates at point B, corre
temperature, below which the solid phase and the
into each other. - and the

__&aaﬁﬁ
vapour phase merges

Triple point : The curves OC, OA and OB meet at point 'O’ called

(3) . : :
point of water. At triple point, all the three phases, i.e. solid, li
gaseous co-exist in equilibrium. S
The degree of freedom is zero, i.e. neither temperature nor eciseh
needs to be specified in order to define the system. The triple point
exists at 4.58 mm pressure and 0.0098 °C = 0.01 °C temperature. el
“4) Metastable curve : The curve OA'is called the metastable curve, which is _
the extension of curve OA. At the freezing point, water would normally !
freeze and form ice. But by careful removal of solid particles, which'
promote this crystallization, water may be cooled way below its freezing |
point without forming ice. Thus, by preventing water to freeze at its ,
freezing point, it is possible to extend the vapour pressure CUrve even
below the normal freezing point. It signifies the vapour pressure curve of
supercooled water. j
The above discussion is tabulated below (C = 1) &
Name of the System _
EE __
Areas : ..
(1) BOC s
(2) COA .
(3) AOB
Curves ] .
g e |¢
(1) OC (Melting point curve) | ._ 3
(2) 04 (Vaporization curve) |l ®
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4.5 Reduced Phase Rule Equation

For a two component system, when C = 2, substituting in Gibbs' phase rule
equation, F=C-P + 2, we get,

E=2-P+2

F=4-P
Minimum one phase is required to define the system at equilibrium, 1.e. whey
P = 1. F = 3. Thus, for two component system, the maximum number of
degrees of freedom is three. The phase diagram for two c.::_uo:.h..:q system
can be represented by plotting a three dimensional graph/diagram of
temperature, pressure and composition. In p1 ctice, one of the threg
variables is kept constant and a graph of two variables is considered. Hencg,
in such cases, the number of degree of freedom gets reduced by 1. Thug
phase rule becomes,

F=C-P+2-1

F=C-P+1
This equation is called as reduced phase rule equation.

When pressure is kept constant, the system is called condensed system.

Hence, in such a case, reduced phase rule is also called as condensed phase
rule.

Two components alloy system follows condensed phase rule. An alloy is a
mixture of two metals or of a metal and non-metal, forming a homogeneous
mass having unique characteristics. The possible four phases exhibited by an
alloy system are two solid phases of two metals or one metal and one non:
metal, liguid phase of solution of two solids and gaseous phase of vapours of
two solids. However, for an alloy system, gaseous phase is practically absent
and effect of pressure is negligible. Thus, an alloy system can be studied by

keeping pressure constant. Therefore, reduced or condensed phase rule is
applicable for an alloy system.

4.5.1 Phase Diagram of Silver-Lead Alloy System
j IS a two component system. It consists of four
silver (Ag), (ii) Solid lead (Pb), (iii) Liquid of (silv
molten silver and lead which cont
practically absent and effect of pr
phase rule is applicable.

MEUMZHC:—AN for C =

possible phases, (i) Solid
er + lead), (iv) Vapours of
ributes gas phase. Since gaseous phase i$
essure is negligible, reduced or condensed

2 in reduced phase rule equation

F=C-P+1
F=2-P+1
F=3-P
The minimum number of degree of freedom can b

when F = 0, then P = 3. This implies that all the t
9:::3,53 for a silver-lead alloy system,

e zero for a system, i.e.
hree phases can exist in

Minimum one phase is required to define the system at equilibrium, i.e. when
p=1,F=2 Thus, for silver-lead system, the maximum number of degrees
of freedom is two. These two degrees of freedom are temperature and %
composition. The phase diagram for two component system can be

_,E:dq.m._:en by plotting a graph of temperature against % composition
(Fig. 4.2).

Liquidous lines

el ~ |

Solid l:ne_-)

= Liquid
™ Solid Ag
@ +
E liquid
[ Solid Pb
|E +
309C o liquid
|Eutectic|
Eutectic + Solid Ag Lt
- iSolid Pb
: B
A o'
26%Ag 0%AR
100% Ag Composition —>

97.4% Pb 100% Pb

Fig. 4.2 : Two component silver-lead system

The silver-lead system is explained as follows,
(1) Curves A
(b Curve 40 ; It SIEEEClE ﬁc_“_ﬁo which is the melting u&un.om.
. int A, at 961 °C temperatuts, lver, the melting point
Mﬂwquwﬂ_”_”&omﬁm that on addition of lead to silver,

: ; is reached. At
0 till point O 15 T€ 2
. adually along 4 S lowest limit
of m:awn %o%mewmﬂ..an: go in solution (Point 0 is the
point O, no mor

out as solid lead.

t curve of silver. The curve starts

Scanned by CamScanner



BN

|
SRR ETRY < ] R |
} 4 A textbook of ENGINEERING CHEMISTR

(3

i capve BO : It is the freezing point curve of lead. The curve g
W p,_:.: ﬂ.: at 327 °C temperature, which is the melting Poiny,
d_H.._ﬁ,,_, M,M:N”r__.z.”:.?_,:':: on addition of ,J_E,E. to _c._:.r, “._:.. melting ug“
3,.7:5 decreases gradually along BO :.: _::E 01s _c:n:c,a. .f Do
0. no more silver can go in solution (Point O 1s the lowest limit Whey

silver can be added to solution) and if it 18 added, it separateg osﬁg

solid silver.
Along curve A0, solid silver and .:..E._;_:_.c _E .cc”,:____:‘..__,_,_:._ Whi
along curve B0, solid lead and liquid are in c.r_::__:.:_E. ['hus EE__
both the curves, two phases are in equilibrium and the degreg

o ('
freedom is one, i.e. either composition or temperature needs tq N

specified in order to define the system.

p

(2) Eutectic point : The curves OA and OB meet at point O called eutecty

oint of the system. At eutectic point, all the three phases, i.e. solid Ay
solid Pb and liquid co-exist in equilibrium.

The degree of freedom is zero, i.e. neither composition nor temperatup
needs to be specified in order to define the system. At eutectic point, the
composition is 2.6% Ag and 97.4% Pb, called eutectic compositioy
whereas temperature is 303 °C, called eutectic temperature. Eutecti
composition of an alloy is the solid solution of fixed proportions of the
constituents involved which has the lowest freezing point. Eutecti
temperature is the lowest temperature at which a liquid phase can exist
in the system.

Area AOB : It consists of a single phase of liquid of silver and lead and
the degrees of freedom are two, i.e. both parameters viz. composition and
temperature needs to be specified in order to define the

system

mon.mamﬁ a sample of liquid melt of Ag and Pb, corresponding to point @
having a composition less than 2.69 Ag.

Hmiuo;”:qm gradually decreases without .
point Q, is reached on curve BO. Furthe
10 vary along Q,0 and lead st
composition is obtained, Simil
than 2.6% Ag (at point P
till the eute

On cooling the melt, the
any change in composition till
r cooling allows the composition
arts separating out till the eutectiC
. arly, if a melt having composition more
)15 taken and cooled till p
ClC point composition is att
The phase diagram also show
(i) Region

1, Silver gets ,;__p..w::.ma_u
ained,

§ following re
by Y shows : ; i
; y \._:.:_\ shows a stable composition of solid
and the liquid melt of silver and lead

gions

enclosed
Crystalline silver

4

The advantages of phase rule are as given below,
1) It applies to both

6 Advantages of Phase Rule

(ii) Region .m:n__ommn by BOE' shows a stable composition: oERsond
crystalline lead and the liquid melt of silver and lead.

(iii) Region enclosed by EOO'A' shows a stable composition of silver
crystals and solid eutectic crystals.

(iv) Region enclosed by E'OO'B' shows a stable composition of lead
crystals and solid eutectic crystals,

, physical and chemical phase reactions.

@) It provides a suitable basis for classification of equilibrium states of

systems by means of phases, components and degree of freedom.

3) It applies to macroscopic systems, therefore information about

(4) It does

(

molecular structures is not needed.

not take into account the nature or amount of substances present
in the system.
5) It specifies that different systems with the same de

grees of freedom
behave 1n a

similar manner. Moreover, it is useful in predicting the
behaviour of a system under different conditions of temperature,
pressure and composition.

i r
(6) It helps in deciding whether the given number of substances togethe

4.7 Limitations of Phase Rule : . 5

i iti ‘whether
would exist in equilibrium under a given set of conditions or w

some of them will have to be inter-converted or eliminated.

{ F ] ow,
The limitations of phase rule are as given bel

ilibri i in case of
(1) It applies only to systems in equilibrium. It is not much useful

ilibri wly.
systems which attain the equilibrium state very slowly

resent under
(2) Itis applicable, provided all the phases of the system are p

itational force.
the same conditions of temperature, pressure Qg t indicate the
; X3 oes not 1
(3) It applies to a single equilibrium state only and d
~ other possible equilibria in the system. d not their quantities. Even a
(4) 1t considers only the number of phases an ¢ accounts towards the
- ﬁ. :wszé of the phase, when presen .am M deciding
==”_”__sm~, ”m phases. Therefore, proper nmnw,wwwcﬂ ik
number ¢ : g L ili :
the number of phases existing 1 thie o

|
|
|
|
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. Total amount of eutectic in alloy = 320 + 814.75 = 1134.75 g

g

Solution : Amount of silver in 1300 kg argentiferous lead

uld not be so finely sub-divided -
al values of vapour pressure.

(5) The solid and liquid phases m.uo
bring about deviation from their norm
(6) It takes into account only the intensive ¥
pressure and composition. It does not cons
influence of electric or magnetic field.

ariables such as tempera
ider other factors suc

Example 1 : An alloy of zinc and cadmium contains 83.5% zinc. Find the ma;
of entectic in 1 kg of solid alloy if the eutectic contains 67% of zinc.
Solution - 1 kg of alloy contains 835 g (0.835 kg) zinc and 165 g (0.165 kg
cadmium.
It is given that, in the eutectic composition, zinc is 67% that means cadmiumy
is 33%. |
The amount of zinc corresponding to 165 g of cadmium |

L (165 = 67) =335¢g

33

- Total amount of eutectic in alloy = 165 + 335 =500 g

nﬂn : An alloy of silver and copper contains 84% silver. Find the mas |
of eutectic in 2 kg of solid alloy if the eutectic contains 71.8% of silver. ,
Selution : 2 kg of alloy contains 1680 g (1.680 kg) silver and 320 g (0.320 kg)
copper. ..
It is given that, in the eutectic composition, silver is 71.8% that means copper
is 28.2%.

The amount of silver corresponding to 320 g of copper

(320« 71.8) _
speee e =814.7
28.2 Se

. s ugwm um..m_mmEEm of argentiferous lead containing 0.4% silv ;_
ed and n_umﬁ .mﬁnﬁnn to cool. If eutectic contains 2.6% silver, what
zutectic will be formed? How much amount of lead will separaté

S e
= o7 #1300 =5.2kg

gince €

utectic contains

,.mnun_v_» 4:An mbo f2 :
zinc 18 melted and then all
amount of eutectic Y
mmumnmam out? s |
Solution : Amount of zinc in 2390 kg alloy

= P %3

100

Since eutectic contains 95.6% zinc, amount of eut

(47.8x100) _ <o

r

Example 5 : An alloy ambwd_m...w..w
on cooling gave out B and an eute .
What is the amount of B that has formed?

Solution : Since alloy contains 30% of 4, in 10 g alle
weightof B=78 N
It is given that, on cooling, equal amounts of A and
3 g of each A and B will separate out.

On cooling, e e
Original amount — AMOL

- The amount of B formed =

=7-3=4¢
e
4.9 Review Questions
(1) State Gibbs' phase rule.

(2) Define - (i) Phase, (ii)

(3) Give number of e

systems: < ol
() CaCO;e=—C20@* no_:m 1
(ii) A mixture of water and m%. 0L
(iii) A mixture of water and oil
(iv) Ice = Watero
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)
(6)
@
(8)
®)

bmﬂmmm@ CHE

= FeO (5)+ H2 (8)
and N

for water system.

bs' phase rule to water system.

suitable phase diagram.

v Fep?t H,0 @
i) A mixture of H,
praw a phase diagram
Explain the application of Gib
Descr

State and explain reduced phase rule. .
tion of reduced phase rule to silver lead system:§

ibe the triple point of water with

Explain the applica

Give advantages of phase rule.

(10) Give limitations of phase rule.

(11) An alloy of tin and lead contains 66% tin. Find the mass of eutecticff

(12) 650 kg of a sample of argentiferous lead containing 0.25% silver

amount of eutectic will be formed?
separate out? '

kg of solid alloy; if the eutectic contains 55% of tin. [Ans. 755.56

melted and then allowed to cool. If eutectic contains 2.6% silver, wh =

How much amount of lead®l A :
[Ans. 587.58 po
nat

SOl int

che

de
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54 Introduction
ake us realize that we are surrounded by

POLYMERS! From wood to plastic bags we use. Polymers are abundant in
nature, found in all living systems. While natural polymers retain their
intrinsic importance, today synthetic materials are mostly used, formed by
chemical modification of natural materials. Totally synthetic polymer was
developed in the twentieth century after the expansion of chemical industry.
The important feedstock for synthetic polymer preparation 1s petro-

chemicals.
The word polymer 18 derived from two Greek words, poly means many and
mer which means units. Basically, a polymer is a long-chain molecule
covalently bonded to its identical neighbors and repeated alopg thfe length of
molecule. These identical units are known as monomers 1.€. single unit.
Monomers must have two or more binding sites to produce a polymer.
Polymers which have the same repeating unit along the molecuI'e are %:_nowg :
ne repeating units are

a8 homopolymers whereas polymers with more than o ar
called copolymers. The idea of repetitive units linked together to form a

" . ; , ful i "
Polymer ncept of chain molecule, which has been very useful -
e o properties. Simply stated, a polymer

in modelj . mechanical st
ltfg pliysical anc ed of a large number of repeatin; ﬂl‘li_‘

- long-chai . .y
in molecule that is comp . | I
monomers can be simple just as an

licated ring-shaped stru Oture

A quick look around would m




i ith di haviors ang
| _ i ber with different be :
ince polymers are numerous in num iors and cq
mﬁnmh%ﬁo:an or synthetically oammﬁma.. Emm.q can _co M_H.mmmwwﬂm%m M vag
ﬂw&__«_n. ,H_Mm m&EiEm are some basic ways in which polym assif

chains.

(1) Classification based on source : The first classification of polyme

Free
igi electron

based on their source of origin. . :
(i) Natural polymers : Natural polymers are uﬁ.;::mnm which occur j :I.M .
nature and are existing in natural sources like plants and animay, Free radica

Some common examples are proteins CaEn.: are found :., humay,
and animals alike), cellulose and starch (which are found in plany

H H

or rubber (which is harvested from the latex of a tropical plant), B M” - A_”

(ii) Synthetic polymers : Synthetic polymers are polymers s&,_o_.. an _r __._
artificially created or synthesized in a laboratory by scientisy

These are commercially produced by industries for humgg ._
necessities. Some commonly produced polymers which we use daily 0y WO
are polyethylene (a mass-produced plastic which is used in _nL_.. J e _n|m.. I
Ppackaging) or nylon fibers (commonly used in clothes, fishing nets), H—0

(iii) Semi-synthetic polymers : Semi-synthetic polymers are polymers H Hlq sl

obtained by making modification to natural polymers artificially ina (ii) Condensation uo_wawﬁun:.o _
laboratory. These polymers formed by chemical reactions (in 2 polyfunctional monomers of organi a%n
controlled environment) are of commercial importance. Example: small molecules like water, HCL, 0L
vulecanized rubber (sulphur is used in cross bonding the polymer

chains found in natural rubber), cellulose acetate (rayon) ete.

(2) Classification based on polymerization : The chemical reaction in which
high molecular mass molecules are formed from monomers is known a
polymerization. There are two basic types of polymerization, addition

polymerization undergoing chain-reaction and condensation
polymerization undergoing step

ly, -reaction. Depending on polymerization
.Gonm are two types of polymers

polymerization process is outlin
(i) Addition polymerizati

» Viz. addition and condensation. Theil'
ed below,
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Example 2. Formation of polyethylene terephthalate Hm._ww,u by the
reaction between terephthalic acid msa. ethylene glycol to form PET
that has ester linkage with the elimination of the water molecule.
0
] q_“_u i I

i
I /== N R
_._o:?,\/IY?oz + H-0-CH,~CH,~OH —> HO n©n O-CH,~CH,~OH + fijg

: Wat
: Ethylene glycol o
Terephthalate acid Y Bly

Difference between addition and condensation polymerization
(1) |[Reaction is faster under
favorable conditions.

(2) [Reaction follows chain growth
mechanism.

(3) |The reaction involves no
by-products formation.

(4) |Monomers with C=C
(unsaturated carbon) are
involved.

(8) |Concentration of monomers

decreases through the course of
reaction.

Addition polymerization Condensation polymerization 3

Reaction is comparatively slow.

- .
Reaction follows step growth
mechanism,

The reaction involves by-products
formation.

—

Monomers with reactive
functional groups are involved.

Concentration of monomers

decreases much faster in the early
stage of the reaction.

links between the polymer chaing helps it
position, and taking its origin :

of rubber.

-y Thermoplastics : Thermoplastic ETS ane Ions et o

€ in which intermolecules forces MM_HJMMM ﬁﬂwﬂuﬂ%@ﬂ mﬂ&ﬂnum
polymer chains together. These p T Sestes o
(thick fluid like) and hardened w
forming a hard mass. They do n
easily be shaped by heating and usj
polvstyrene or PVC (which is us

(iii) Thermosetting : Thermosetting plastics are polymers which are

semi-fluid in nature with low molecular masses. When heated, they
start cross-linking between polymer chains, hence becoming hard
and infusible. They form a three-dimensional structure on the
application of heat. This reaction is irreversible in nature. The most
common example of a thermosetting polymer is that of bakelite,
which is used in making electrical insulation.

Difference between thermoplastic and thermosetting polymers
Sr. no. Thermoplastic polymers |

(3) Classification based on molecular forces : Intramolecular forces are the
forces that hold atoms together

within a molecule. In polymers, strong
covalent bonds connect atoms

; to each other in individual polymer
E_w ecules. Intermolecular forces (between the molecules) attract
poly

mer molecules towards each other. Note that the properties

exhibited by solid materials like
polymers depend large] th
of the forces between these molecules, mwosasmmqw:m

Using this, polymers can be classified into four types
(i) Elastomers - ,

=ity . m_m.mSSm_.m are rubber-like solid polymers that are
11 nature i.e. polymer can pe easily stretched by applying a

little force The mog

’ t common €xample is rubp .
: . er or hair
cma,&:. Applying a little stregs &o:mmﬂmmﬂr cm:nm::um:

(1) [They soften on heatingand
harden on cooling. e Y

(2) |They can be reshaped and
recycled. . _
(3) [They are formed .ou..ma&z.os.
polymerization. s i
(4) |They are linear in structure.

(8) |They are soluble in some ow._numﬁ,. :
L [solvents. _——
® |Moulded articles are takenout |
after cooling the mould to avoid

Slaiee fare hoty
| |deformation of the article. |

. ers which
(iv) Fibres : These are a class of Mow,_“« s
nature. and can easily be WOVet:

g ¥ less elasticity
forces between the chains giving e

N & i .
are thread-like E
g intermolecular

and high tensile
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i forces may be hydrogen bondg
mﬂ.nmnmﬁw.. M”mEHHMMMWnMMHmm have mwmnm m:.n_ high ﬂm_zsw u&uﬂq
M_NMMH_._H. example is that of Nylon-66, which is used in carpetg mnm

i Hmm“m“:m..m : Biopolymers are polymers s.En.: are oE\m:._mn m.os

(v) li P organisms. They can be naturally onn:ﬁ._:m for example, w:w.
MM__ﬁmomM etc. or can be prepared mwﬂsmznm:w.:rwm oo_w_.m:ﬁom_na
They are biodegradable and have a very well defined structure,

5.3 Properties of Polymers

(1) Degree of polymerization : The number of “.aci.::_.a :E.Hm along 4
polymer molecule is known as the degree of polymerization. The pProduct

of the degree of polymerization and the relative molar mass of the

repeating unit defines the relative molar mass of the polymer molecule.

Therefore, it is important to know the average relative molar mass of g

polymer sample and the distribution of relative molar masses. N umber of

repeating units in the chain is called the degree of polymerization (n).
M=nM,

where M is molecular weight of polymer
M, is molecular weight of monomer
n stands for degree of polymerization

Strength of a polymer can be increased by
polymerization. Polymer with high degre
heat resistant. Polymer with low
gummy.

Example : Calculate the degree of polymerization for
(C;Hy),,, where n stands for degree of polymerization
If molecular weight of PE, M = 28000,

Molecular weight of repeat unit, M, = 28

increasing its degree of
e of polymerization is hard and
degree of polymerization is soft,

polyethene (PE) :

M=n M,
Thus, n = M
M,
_ 28000
- 28
= 1000
Degree of polymerization (m) = 1000

7) Molecular weight of polymer .
) ch‘Bmﬂ.m are not composed of j
chains will be much larger apg SOme Wil pe ro polymer
average molecular weights are considereqd m_uohﬂ much smal T Hence,
can be calculated in different Ways as follows, Polymers, Hra»qauwn@
(fy The numbEk average molecular weight, M, : M, .
molecular weight, is calculated from the nt M,
of different sized molecules in a sample. It

It is the total weight of all the uaﬁrm

divided by the total number of polymer
number average M, molecular weight is

the number average
mole fraction distribution
18 simpler to understand.

T molecules in a sample,

molecules in a sample, The
given as,

N
BN X WM

The weight average molecular weight, My, : My, the weight average
molecular weight, is calculated from the weight fraction distribution
of different sized molecules. The weight average is a little more
complicated. It's based on the fact that a bigger molecule contains
more of the total mass of the polymer sample _.Emz the smaller
molecules do. The weight average molecular weight nuumnm_muwum
only on the number of molecules present, but also on the weig
each molecule.

To calculate this, N, is replaced with N; M;.

N

L WM,

N

W

=1

-

(1l

N 2
_ ZNM
EE =5 =

N
.M ngm
=1

; lecular weight M;.
where W, is the weight fraction of polymer WO IO . o

Solved Numericals BT 11,
Example 1 : Find out number mdnnnmn.. Ec..—.MM%MoMH mn_&“ £
average molecular weight (My) for an €XEr P
(Cy;H,4) and octadecane (C1gH3s)? tadecane (CisHs9
Solution : Dodecane (C;pHz¢) 204 cnmumnsgamna._ﬁﬁa_
Weights of 170 and 254, respectively. For

» .
%x170) + (1% 254) _ 170+ 254 _ 912

(1 x170) 5 2o
M, =
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il

gxample 2 : Consider

molecu
molecules hawvi
of the polymer:

Solution :

t fracu

k of my.rn_ymm.n,_zm CHEMISTRY = I

en by the proportion of mass,
1 x (170)2 + 1 x (254)°

My = e A TAN 220.32

1 x170) + (1 x 254)

~Hons arce giv

a polymer sample comprising of 5 moles of Polyn

: _ ley
toe having molecular weight of 40,000 g/ mol and 15 moles of uo:._.ﬂm
s :.. molecular weight of 30,000 g/mol. Calculate the M, anqg aa

Total weight = (5 mol x 40,000 g/mol) + (15 mol x 30,000 g/moj)

= 650,000 ¢

Total number = 3 mol + 15 mol = 20 mol

Mo = 650,000g _ 35 500 g/mol
== 20 mol

{5 mol x (40,000 m__.:._o:J + [15 mol x (30,000 g/mol)?]
[5 mol x 40,000 g/mol] + [15 mol x 30,000 g/mol]

Example 3 : Calculate My, for a polymer sample comprising of 9 moles of
polymer molecules having molecular weight of 30,000 g/mol and § moles of

polymer molecu

les having molecular weight of 50,000 g/mol.

b Ar = [9 mol x (30,000 g/mol)“] + [S mol x (50,000 g/mol)“]

W

v

[9 mol x 30,000 g/mol] + [5 mol x 50,000 g/mol]

M, = 39,615.38 g/mol

Example 4 : In a polymer sample 30% molecules have a molecular mass

20,000
the w
Solution :

”.30 have molecular mass 30,000 and the rest have 60,000. Calculate
elght average and number average molecular masses.

The polymer contains 30% molecules of mass 20,000, 40%

molecules of molecular mass 30,000 and rest 30% of molecules of molecular

mass 60,000.
Thus, M.

<
_sz.“a._ _ (30%20,000) + (40 x 30,000) + (30 x 60,000)
ZN, 30 + 40 + 30
= 36,000
w MM 30.%(20,000)2 + 40 x (30,000)2 + 30 x (60,000)"
ZNM, (30 20,000) + (40 x 30,000) + (30 x 60,000)
= 43,333.33

L actricitys © dilerias =ign puERILICONGUC)
._.—n.u_..ﬂw..:-.u 3 T ﬂogs X3 = ST
e :__ncsacnﬂoﬂ? Owan:ndam .«..Ee:._aww are finding .w_.Mo“Wn _M:..S—m or nwn_un
1 weight, ease in processing and good cased use due to their

" : mechanical .
ﬂwé.. applications of these materials in nng.ﬂoan_wﬂoun&g.

.. and microelectronics devi
.epsors, an = evices. Polyacetylene, pol
W_wsﬂ_ﬂ:n_o_m and polyaniline and their co-polymers are the Eu%.aqﬂ““”ﬁm
conductive P olymers. The uo:ﬂwﬁém and polyaniline are currently used in
ﬁ._.oﬁn:o: of metals, as an anti-corrosive coating. In the medical moE.. the

nsn%_n:do polymers can be used in the production of artificial muscles,
biosensors and drugs controlled-release agents.

There are
such as batteries,

Polymers are poor conductors of electricity, due to :on.m¢mwmcm¢ﬂq of large
qumber of free electrons-Howeyer, polsComugdteauRIREREs though

insulators in pure state, can be converted into polymers with electrical
noza_,_ﬁ_:.,._:n.m comparable to metals.

In non-conjugated polymers like polyethylene (Fig. 5.1), the valence
electrons are present in sp® hybridized covalent bonds. Such electrons

involved in a 5-bond have low mobility and do not contribute to the electrical
conductivity of the material.

H W H HLHH S R
|1 e S| R )
_c—C— €— C— C—c—CeulC ot
11 I . P
HOH R H T

Fig. 5.1 : Polyethylene o
However, in conjugated polymers like polyacetylene ﬁ?w.ﬁm”_w.mwwﬂmocﬂ&ﬁ“w
is completely different. The valence electrons are presen Bl
covalent bonds. One valence electron on each omﬂcnm mﬁwu the p, orbitals
orbital, which is orthogonal to the o:ﬁ_.. three q.soH“oMEunm Emn”ﬂoum. The
combine with each other to a molecule wide set %%_Mug to impart electrical
mobility of these delocalized electrons can be U

: 5.
conductivities to the noacmmaa polymer

H
v H
i i _ﬂ _n/ \_n,/// \mﬁ;
c
AN Nef ¢ i
€ e ANSSHEESE
[l

Fig.5.2¢ ao:inas._o:o
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Such conjugated polymers are semiconductors or insulators.
compounds, the energy gap between the conducting and valence bangg .
> 2 eV, which 1s too high for thermally activated conduction. T 5
undoped conjugated polymers, such as polythiophenes, polyacetyleneg hac®
low electrical conductivity of around 107'° to 10 S/cm. However r.m_cmm
electrical conductivity can be induced in conjugated polymers by m.:rpm:e
the methods given below. €r of
(1) Excitation of n electrons in electric field : In an electric figlqg
electrons get excited and are transported through the solid co:‘q_. zﬁ
matrix. Overlapping orbitals of conjugated n electrons over the ms.w,_n
polymer forms valence and conduction bands. These are intringj g
conducting polymers. ICally
2) O.QEwcmnoa in conjugated polymer matrix : Polymer matrix has to b
disturbed by removing electrons (oxidation) by electron acceptors ;m
AsFs, iodine, etc. or inserting electrons (reduction) by electron aoz_ 5
like alkali-metal ion Li, Na, Ca. This process is referred to as dopin =
polymers are doped conducting polymers. SR

cn_“
N b

here for

(i) Uo_umn.m _u.w oxidation (p-doping) : Adding electron acceptors like
AsFs, iodine to the matrix, which removes some of the delocalized
electrons. This creates a mobile positive charge on the polymer
backbone (Fig. 5.3).

Polymer + Lewis acid — p-doped polymere (oxidative coupling)

(CR), & 31 — 2(CH), I3
Polyacetylene

Radical cation

CH’
S

/\/\OI/\\\/\

/\m/\/\%/\
Movement of radical cation (polaron)
Fig. 5.3 : p-doping
(ii) Doping by reduction (n-do

metal ion viz. Li, Na
unfilled orbital. _

. ping) : Adding electron donors like alkal’
a to the matrix, which adds electrons t0 8%

Polymer + Lewisbase — SR ) i
Polymer (reductive cquots &
. Coupling)

(CH), i 9 Nat —»
2m+ﬂnI._H i "

polyacetylene Sodium napthilide
Napthalene

n-doped Polyacetylene
Na'*

/\/Qﬁ\/\/\

Radiation anion

/\/\/ o \/\
\ z»\ \. n:.\

Movement of radical anion (polaron)

Fig. 5.4 : n-doping

The conductivity in polymers due to addition of external ingredients are

called extrinsically conducting polymers.

(1) Conducting element-filled polymer : Here, polymer acts as a binder that
binds the conducting elements like carbon black, metal oxides, metallic
fibers that conduct electricity.

(2) Blended conducting polymer
conventional polymer with a conducting

€ units are coordination ¢

mers. A metal atom
fer complex is boun

. This polymer is made by blending a
polymer.

omplexes are called
with a polydentate
d to the polymer t0

A polymer whose repetitiv
coordination conducting poly
ligand, which is a charge trans
make it conducting.

B e

5.5 Tacticity

< o173
e monomeric u .ﬁ :
espect 10 main chain. The

£ the polymer

difference in

Orientation of side groups on t :
s and their

orderly/disorderly fashion with T

, : ies 0

configuration affects the physical propeitt

respective applications. _
e ain chain

Types of tacticity 1 on the same side of the Eu“” M_Muﬂ

(1) Isotactic : Functional groups 2 2 M olecules pack pest Wi

or the polymer backboné:
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ok of man—meﬁ—Z_m

74 + A texth

L e DARY same shape. [sotactic polymers are us

ually

=AY .n form a helix configuration. Exa
crystalline and :?J: form a ., £ m < mple, POlyppg Sen
formed by Ziegler Natta catalysis (F1g. 5.9). 3_)
- H H

_ Y _ Y | Y

et oo |~ |

| C | c _ c

K _ H _ H _

H H H

Fig. 5.5 : Isotactic polymer

_u..,,..,n&c;n:n“ﬂcnﬁ._onm_E.e:%onn:uqmzmazmzsmucmm:o:5 9
_ e

ain backbone. This arrangement gives crystal packing and cc_waﬁ
gy

ch

'

bave sharp melting point. Example, polystyrene, made by metal]

catalysis (Fig. 5.6). Ocey
- y H
H | H _ H _ H
//.\n/_\n//_\n.fx.. | e
c _ C _ C ==
I Y | H | Y _
H H H H

Fig. 5.6 : Syndiotactic polymer

(3) Atactic :
mww“_nﬂo. Mw_wn:o:mm. groups arranged in random manner. No regula
Fri ma” mn J_Enm crystal. Due to their random nature atact:
3 ¢ usually amorphous. Example, polymers that are formedb

free-radical m i
echanisms su _ ; _
Fig. 5.7) ch as polyvinyl chloride are usually atacts

o1 ).

H

sl
C
|
H

Fig. 5.7 : Atactic polym
56 Melti el
ng and Glass Transition Temperatures

v.?_:am I8 @ transition
s_:«n the polyme
disordered ligui
amorphoys poly
Crystals, eye

E—:.n..: oce i y

r chains fg] ..”.___.“:._ ___: crystalline polymers. Melting happe®

d. The glagg _3:__.._ ::..:._ crystal structures, and become
ansition is a transition which __E%o:mz

mers, polyy
' ners whos :
n the, 108€ chaing are : d
oUgh they are in the i ,__:“,, are not arranged in order®
B state,

ryst .
?m:w: ysually makes up 40-70% of the polymer 5 K
Emémﬂm_::m polymer can have both a glags #“Mu. o _
1 elting temperature. q..:m amorphous portion undergoes the o1 R :
m stalline portion undergoes melting. ; glass transition,

m—.:._ :.Zw cry s
|ass transition temperature T, is the temperature al

qwcmwago transition in amorphous materials (or in g«.gmmna.ﬁ.«?.ﬂz
Hq:::. mmaw-nnwmﬁm:_:m materials) into a molten, viscous S.B&eanﬁn_wgm .

wiscoelastic state). Viscoelastic materials are those which exhibit both
giscous and elastic characteristics. .
when a polymer is cooled below this temperature T, it becomes hard and
prittle, like glass. Temperature above which polymer becomes soft, flexible
and viscoelastic is (Ty). Temperature above which polymer becomes liguid or
viscofluid in state is (Tr) (Fig. 5.8). .

Rubbery state Melt state

1

I

H Glassy state “
1 OR

]

i

|

ﬂ

property Viscoelastic state

Crystalline

Amorphous
]
1
|
i
- 1]
“ “ Melt
&
Brittle _" Tough/soft :
T Tm ;
(Glass transition temperature} (Melting temperature

Temperature —=
Fig. 5.8: Thermal transitions in polymers

below their glass transition temper
T, values are well above room tempera
Rubber elastomers like polyisoprene 3
their T,, that is, in the rubbery staté: ahe
Ty values are well below room temperature-

ture, both at around 100
polyisobutylene ar®
they are soft

: temperature
Significance of melting and glass :n.“.u_”“nﬁava_.mann i
y : Ll x of t : 3

T, value gives an :.—&M.m”””_“ from a rigid solid tod 3
0

polymeric material trans
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A textboo

el Ll

e useful in choosing the right processing te

ini Mpery,
< are fabricated into finished products. Taty,

. q»_...h bn—ﬁm .HE ﬂ.ﬂ—
which materia ‘
. T, givesan indication 0

stress.

Factors affecting mel .
is directly proportional to the molecular weight of the

ting and glass transition temperatures

: i Polymg,
(€Y mmn_.mmmam with increase in molecular weight upto 20,000; ang cmwﬂmﬁ
the effect is negligible. o

(2) Greater the degree of cross-linking, higher the .ﬂw. High cumunEnﬁ
linking brings the polymer chains closer, reducing the chain SocEﬁwax
thereby increasing T. E.

(3) Polymers with strong intermolecular forces of attraction have
Large number of polar groups in the polymer chain leag
intermolecular cohesive forces, reducing the chain mobility an
increasing T,.

(4) Side groups, especially benzene and aromatic groups attach
chain increases T,. The side groups hinder the free rotation a

C bond in the polymer backbone, restricting the chain m
thereby increasing Ty

Br Gmg:_ __
to sty
d nrmgs

ed to majy

bout the

obility gy

(5) T, d& m.u Isotactic polymer is greater than that of a syndiotactic polyme;,
which in turn has greater T, than atactic polymer.

nm_%u.o:u&nm. IS a process of blending plastics in molten state with other
”_um”.”“.ﬁmm..ga process o_uma.mmm the physical, thermal, electrical or aestheti
o mmnmw%m of the Plastic. The final product is called a compound o
ua_ﬂawm%. 5 H_..MEW m.nﬂ_:qmm. results in useful functions and imparts usefi
e fini i ine i i
+% shed products. Main types of compounding ingredient

Binder : Binders hold d;
. . o 5
manufacturing, Natural ifferent constituents/additives together duri®

binders used have compune.. | LC "€Sins are used in this case !

article gets comparatively low molecylar weight, then plastit

% 8e1s moulded easily and vice versa W

ast omsm:.boss ;

i - olecular wej LSt

e PTOVE its flexipijiy, Nwwwwmao liquids are added to poly™2
Fmosoftening plasti = .

: Cs onl . q
Quantity of Plasticizers i m.ﬂwna not in nrmwaomngm polymers. .?&a__.

f the flexibility of the polymer and it Emuaﬁ_. | colors and decompose gyer
E ._“.“ 4 ge Sover

1Zers are essentially used "

camphor, dioctyl uwnwmﬁﬂmﬁm i
cha -
www_noamﬂm:wo compounds :wm.._n_%@_ -

gsed as stabilizers.

pillers/Extenders : Fillers impart t
nechanical strength, hardness, finigh,
jike asbestos powder, saw dust, cotty D C

Lubricants : They are useful during moulding
glossy finish to the product, prevents p
fabrication equipment. Oils, waxes, soaps ef

lity of the U—.mmﬂ..ﬂ —Uowm.ﬂ&a i

Ty

Catalysts : They are used to increase the
Antioxidants like H,0,, benzoyl peroxide, Zn0
the polymeric matrix to accelerate the ¢
plastics during moulding process.

. Coloring materials : Organic dyes and pigments imp
aesthetic appeal of the finished polymeric mate om
added to impart UV protection to the finished products.

58 Fabrication of Plastic

Plastic fabrication is the design, Embnmmn T
products through one of a number of methods using v
parameters like temperature and pressure.

Types of fabrication methods
(1) Compression moulding

This is most common method for moulding thermosetiie

which can withstand high temperature and | .o.wuwno yﬁ_; ﬁ.. 5
moulded in the desired shape applying equired temper ,
pressure.

In this process, requisite quantity of resin po ﬁ%ﬂam o
and the cavity of the heated mould “m. iled: E.M Resu

mould are brought together under ﬁ._i_un.mw_u.a_ 1000 |
Compressed by hydraulic pressure ok 1t and flo , th
and temperature allows the resin t Bow mate

Cavity between the two parts o.m.Ew:E.. AaMBuaa w
for a specified time under OPHmUM
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obtaining pro
heating or ¢00
opening the mou
The electric switch boxes,
manufactured by this method.

¢ curve. The curing of moulded article js a0
ﬂmnm After curing, the moulded articles are
1d apart (Fig. 5.9).
padiosman disteievisian Cabingg,.
§ .

ne by
ﬂm.wo.n_

Upper _s F

AW&:A}&

22

Lower

2

ANw and (3) *&_
Charge is loaded Charge is compressed Part is ejecteg
and cured and removed

Fig. 5.9 : Compression moulding

Advantages of compression moulding

0
(ii)

(iii)

(iv)

(viii)

Disadvantages of compression m

U}

Wastage of material is prevented.

Internal stress in the moulded article is minimized by the shorte

and multidirectional flow of the material under pressure in th
mould cavity,

Compression moulding is readily adaptable to automatic removil
of moulded articles.
For high-

. impact, fluffy materials, compression moulding normal
is recom

mended because of the difficulty in feeding the mouldin
compound from a hopper to the press or preformer.
Compression moulds usuall

! y are less expensive to build thi

transfer or injection types. .

N oulding

rticles which are intrj ide
icatel i L ide

draws and sma)] ¥ designed, containing undercuts, 5

holes, the compression method may not

: reaking mould pins during the flo¥
high pressure, 3 3 _

For heavy handle, comppe,
) ransfer or injection beca se

heated and is pPrecompresseq
muﬁmﬁnm the mould. A

pjection moulding -

o ! . method is applicable mainly
chine is made up of three primary ¢qp
screw and the heated barre],
Eﬂ_&mn is fed into a heated cylinde
P sted cylinder and is injected into
controlled rate by means %n. a screw arrangem

A pressure of 1750 .__nm‘.oa 15 used for injec
allow the hot plastic to cure and become rj
cured sufficiently, half of the mould is oy
finished articles without any deformation [F
;s done by oil or electricity. £
feed hopper Heaters

Barrel
linder for
M,qms.a_._._._ Reciprocating
Nozzle
Rl i
R [ =
e
———td = _ N/
_ 'n Motor and gears  Non-return | !ﬁ.ﬂ -
T for screw rotation valve L
b 7777 P aes \\\\\\\x\\\\\\\:\\\b.«.—..1
__-l Injection unit 1t ...__.T o
Fig. 5.10(a) : Injection mou ;
ole Nozzle
y .._,
LA .., i

Fig. 5.40(b) : simplified figu!

[ I " 223
At
= TR T
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Advantages
(i)  Fast production.

(ii) Low labour costs.

(iii) Design flexibility.

(iv) High-output production.

(v) Leaves little post-production scrap.
(vi) Good product consistency.

Disadvantages

(i)  High initial tooling and machinery cost.
(ii)  Part design restrictions.

(iii) Small runs of parts can be costly.

(3) Transfer moulding
This method uses the principle of injection moulding

temperature of material rises

for Smuaomonﬁ
materials. The moulding powder is placed at a heated n:mq_co:

minimum temperature is maintained in the chamber at which
moulding powder just begins to become plastic. This plastic materia
then injected through an orifice into the mould by a plunger working a
high pressure. Due to greater friction developed at the orifice, fi

, and the resin powder becomes almos

_EJE. Thus, it flows into the mould which is being heated upto th
curing temperature required for setting. The mould article is the

ejected mechanically (Fig. 5.11).

Heaters

Plunger

Charge

Sprue

27

Mould cavity —

Ejector pin

Fig. 5.1 : Transfer moulding

e

~—— Moulded part

b%m:nmmmm

(vii)

pisadvantages

(i)
(i)

(iii)

Extrusion moulding method i Ly

Good surface quality,
Large, complex shapeg ca
Low capital investment.

Low environmental impact,
Zero air entrapment within the u&mﬂ !
el L 1

They are complex,

Scrapes produced cannot be Enu_.o
thermosetting, T e

Cleaning the tool is time consuming, .:,EE..... e

14

The thermoplastic materials are moulded w.__ mu@ met

manufacturing process is used to make pipes, hose
curtain tracks, rods and fiber. eao._.ﬂ.oﬂmu,nw% el
moulding to form articles of uniform cross-section.

Irinking

Fig. 5.12(a) Extrusion moulding
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salan, Gt

Conveyor — DN
Extrusion die Chamber
Fig. 5.12(b) : Extrusion moulding
Advantages
(i) Extrusion moulding has a low cost relative to other moy] &5
processes. Most extrusion moulding uses thermoplastics, Which g,
1|

repeatedly undergo melting and hardening.

(ii) It provides considerable flexibility in manufacturing products with.,
consistent cross-section. _

(iii) The plastic remains hot when it leaves the extruder, which a
post-extrusion manipulation.

Disadvantages

llows for

(i) When the hot plastic exits the extruder, it frequently expands. Hence
predicting the exact degree of expansion remains problematic as it
arises from different factors in the process.

(ii) The nature of the extru

: sion moulding process places limits on the
kinds of produets it cap

manufacture.

olymethy| Methacryla
(Kevlar)

Polymethyl methsc : :

3 —.WFHQ ﬁﬁggbw 15 a tra ﬂmn~ mA__m._.-
known z5 acrylic glass, or Plexiglass. e ol
m—.aun_.nzen :Itis Prepared by the

free radical izati jsm of
methyl methacrylate, ) Cal polymerization mechan
as fine drop|e ethyl meth

ine s in water, ig po| i
initiators 1, form solid PMMA HMMM 5.13)

properties e S
o H ard rigid material with high soft,

(2) The glass transition temperature (T -
(3 High resistance to sunlight. ,
(4) High optical ﬁumawvmumsnw. |

(s) Low chemical resistance to hot acids an
(6) Low scratch resistance.

Uses
(1) Making lenses, jewellery, artificial eyes

(3) Paints, adhesives, emulsions, T.V screens, guart
(4) A casting resin, in inks and coatings. .
(5) Insheet form as a lightweight or shatter

592 Poly-paraphenylene ter

Kevlar is a type of plastic with a very E._m.w ﬁ.n,.m
Preparation : It is mgﬂsmmﬁmn. in m.oEE._ - .._”Mn
diamine (para-phenylenediamine) ant

condensation reaction yielding hydrochlori
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ins and these chains have cr

its form cha 083
ng unks ntermolecular hydrogen bopg.

Here, the repeati

2 ) bonds. These 1 . ds f,
Ea_.oun_w_. wﬁ_.__.wwoﬂ_ﬁ groups and NH- nm.EE.m give the materig) :% _
between the h. Additional strength 15 derived from aromatj, mm_.a__w

high-tensile strengt s. These chains line up paralle]

: d _
® ions between adjacent stran : : iy
“ﬁﬂm“” their own, just like liquid crystals, showing nematic _uaamﬁou _M_g
5.15). _

”

Fig. 5.15 : Repeating unit of kevlar

Properties
(1) It sustains cryogenic temperatures (-196 °C).
(2) It has high resistance to heat.

3) M..“wm high tensile strength of about 8 times more than that of a steel

(4) Itislightin weight for a strong material.
(5) Itis highly resistant to abrasion.

Uses

D Iti : :
MN W M“ Hmmcn h.o_.n_u_nwn_m tires, racing sails, bulletproof vests.
! 5€d to make modern marching drumheads that withstand hig!

Give the significance o
List the factor: aff
Wwhat are conductin
conducting polymer
©9) Write muo.nm”ou..“._nmﬁﬁ :
(10) What is Eamnn_m_
different method
(1) Discuss the differen
(12) Give the structure, p D et
(13) How is the fabrication of plas

(14) Describe the process with
fabrication procedures:

(i) Injection moulding
(ii) Compression moulding
(iii) Transfer moulding
(iv) Extrusion mo &wﬁm

b=

(6)
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6.1 Introduction

Water is a universal solvent. It is one of the b

most abundant commodity in nature
surface w

asic necessities of life and the
. Natural water may be
ater, underground water, rain water and se
drinking and household purposes, it
industrial purposes.

Hard and soft water

Sr. No.

classified as
a water. Other than for

is mainly required for agricultural and

R SRS O ; 5o
Soft water

It does not contain dissolved salts
of hardness causing metal ions.

Hard water

(1) |It containg dissolved salts of
higher valent meta] ions mainly
Ca** and Mg?*.
:
(2) (It does not give lathering with
S0ap and produces scum

(precipitate).

—

It gives lathering with soap.

s
6.2 Im

purities in Water

Natural water is co
impurities present i
turbidity, taste

Emm%mﬁmnﬁ

e SN NLGIRREIt.

Ntaminated dye to di
n water
; odour, acidity,

of using hard Water
The &wm%msﬂmmmm of hard w

: fferent types of impurities. The
Influence itg nrm_,mnﬁmp.wm:nm such as colouf

ater are listed below,

88

pom*
®
(

(3 " sing unnecessarily wastage of time
cals

stic use :
g : No lather formatiop, Wastage

ofsoap,
body,
Oiling pojp
and fye], )
inking : Bad effect on metabolic system, Calcium gxal,
cq:_% in urinary tracts, if used regularly. Alsg it gque.
go um in the bone joints. iy :

washin . .
(hing : The resulting scum sticks on
pa yg : Due to dissolved salts, b

) ﬁmbr:

@)
calcl

“35:.3_ use . . »
Textiles : Loss of soaps during Washing of yary and

® c:._.:r_.._c and dyeing is not uniform, Alse Fe, Mn etc,
spots on fabrics

9) Sugar : Crystallization of sugar is affected, v %

ﬁ paper : React with chemicals to provide smooth and glossy finishing to

) paper. Iron salts add unwarranted colour in paper. :

(4) Pharmaceuticals : Undesirable products Bmﬁa.ou.aanon.m."ﬁma&ﬁmg

(5) Problems from boiler feed water are scales and sludge formation,

. corrosion, caustic embrittlement ete, _ !

.. . s ) 15 ...w—.mﬁwdn.m.b.wﬂ.

Hardness of water is that characteristic which umﬁMMMnE”r__”aﬁwBE%&oH

The hardness is imparted a:u_m to ﬁrmm,,u».cw_mﬂw% A”aﬁa metals) dissolved in
: o 24 2+ + Mn?* an

cations like Ca‘*, Mg**, Fe*",

Water,

6.3 Hardness

_  NaCl

Reaction n_ > (CHyCOO0KCa + 2N ,_
2 Cy4H,sCOONa + CaCly Calcium stearate ¢
Sodium stearate (Insoluble) .

(Sodium soap) :
The Precipitate formed is called scum.

Hardnegs is classified as alkal
1) Temporary hardness Aochonmﬂan Mg, These S
Soluble bicarbonates of €a m”nomuwsﬂ
decompose to form insoluble usnﬁn by
Hence, temporary hardness 1 £¢

the Precipitates formed.
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Ca(HCO;), F CaCO; ¥ +H,0 + co,?

Mg(HCO;), o Mg(OH), + +2c0,T

(2) Permanent hardness (non-carbonate/non-alkaline hardnegg

~ the more soluble chlorides, sulphates, nitrates of Ca, Mg,
heavy metals. Permanent hardness removal needs softening
Unit : mg/L or ppm (parts per million) of CaCO; equivalent

Hardness is the number of milligrams of CaCO; equivalent hay
constituent present in 1 L of water.

1 mg constituent/L water = 1 mg constituent/10° mg water

as 1 L water = 10° mg water, density of water being 1 g/cm?

i.e. 1 part of constituent/10° parts of water or parts per million (105
~ mg/L = parts per million (ppm)

The CaCO; equivalent for a given guantity
expressed as,

Weight of the constituent(mg/L) » Chemical equivalent of CaCO; (Equivalent weight onnuno.m

Chemical equivalent of the constituent ﬁmnE.emme weight of constituent)

) is due ,
Fe ang o,
nmnFEﬂﬂnﬂ.

(a) Structure of EDTA

of constituent (mg/L), e

. I i

Equivalent weight = A o_mnE”n weight

where n is either the positive or negative charge on the ions (presentin
the constituent)

Other units

1ppmor1 mg/L of CaCO; equivalent = 0.1° French (Fr).
Hﬁmnﬁ. parts of CaCO; equivalent hardness per 10° parts of water.
1ppmor 1 mg/L of CaCo; equivalent = 0.07¢ Clarke (CI).

It is parts of CaCO; equivaient hardness per 70,000 parts of water. femoved as they are mon.umm. ﬁ
D e £ Nght and favours formation of
= HHialion of na UTIESS amuq»t&a i for MU.H.MW‘ Umﬂm& = 10.26. .

Thus, if the solution is buffered to @b _...u.rm_.,
43 er ions. The metal ions will _
Hy% They can react directly acco

W.Eaasmumw. above pH 10-3,
zue? Hence, during titr
H,OH-NH,CI buffer and theR
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me Em.ow.._. (EBT). Initially, EBT forms an unstable naBwa,

Eriochrome 57 in water giving a wine-red colq Wiy

22 Mg®* ions present in wat : ur. Wye, 4
m“.un“”amm carried out against disodium EDTA solution, EDTA onmoomu the
ti

and forms more stable complex of M-EDTA (where M = Ca?* and Mg+ MS

oy BT is set free. lop
and in the process, originally blue coloured E e. Hence, end,p. _M
is from wine red to blue. oH=10
M3 +EBT —> [M-EBT] complex

Wine red

[M-EBT] complex + EDTA ——> [M-EDTA] + EBT
Wine red Colourless Blue
In actual practice, while determining the hardness of unknowp sa
water, standard hard water (i.e. water whose concentration in termg o
eguivalent is known) is titrated against EDTA and the concentratiop
in terms of CaCO; equivalent is calculated. Now, the unknown sample
water is titrated against the same EDTA and the hardness of water sample
(i.e. its CaCO; equivalent) is calculated. The following relations are useful g
calculate the hardness of water.

1000 mL 1 N EDTA = 1 equivalent of CaCO;,
1000 mL 1 N EDTA = 50 g of CaCO,
1mLof1NEDTA = 50 mg CaCO,

Mple of
f Cacy,
of ED7y

Il

|

OR
1000 mL 1 M EDTA = 1 molecular weight of CaCO,
1000 mL 1 M EDTA = 100 g of CaCoO;
1mLof 1 MEDTA = 100 mg CaCO;,

With standard hard water sample, unknown water sample and EDTA, the

steps and calculations given below are carried out for determining the
hardness of unknown water sample.

Step1: EDTA solution is standardiz
Step 2: Same EDTA used in s
sample (UHW).

Method :
e AM.._ mw mL of standard hard water (SHW) requires V, mL EDTA
“iven: Concentration of SHW = 1 mg/m1, CaC0,)

Water requires V, mI, EDTA. ;
water after boiling requires V; mL EDTA

ed with standard hard water (SHW). |
tep 1 is used to titrate unknown hard watef

nm.ﬁmnn:nm CaCO; equivalent p
o ™ 50 mL SHW = 1
v, mLEDTA = 50

v, mLEDTA = 50;

(i) To find total hardness,

50 mL sample hard water

1000 mL sample hard water
Total hardness =

(i) To find permanent hardness,
o cdbge ok
50 mL sample hard water after boiling i

1000 mL sample hard water mﬁoﬂg. :

Permanent hardness

(iv) To find temporary hardness,

Total hardness = aa_
Temporary hardness =To
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textbook of ENGINEERING CHEMISTRY -

55 Softening of Water ‘ iy
,m_.w..mmmwum of water means removal of :mammmmwnﬂmwwﬂzmuwm:m from Wate,
Hardness is the undesired property O AL oot J m_.oasnﬂ Scuy,
while washing but also causes nuisance 1l various E_ § ; o8- Siencet Negg,
to be softened initially before use. It involves external and internal treay

. Mepy

External : It involves removal of hardness causing mm_,ﬂm from the Wate,
using methods such as lime-soda method, zeolite method apg ion
exchange method.

Internal : It involves addition of certain nrmenm,_m to .Sm water. Ip the
process, an ion is not allowed to show its original property by
complexing or converting it into other more soluble sajt by
adding a suitable reagent. The added chemicals either precipitay,
the scale forming impurities as a sludge (which can be removeq
by a blow-down operation) or the added chemical convert the
scale forming impurities into compounds that stay in the
dissolved form in the boiler thereby causing no harm. It includes
methods like colloidal conditioning, phosphate conditioning,
carbonate conditioning, calgon conditioning, treatment with

sodium aluminate, electrical conditioning and complexometric
methods.

6.5.1 lon Exchange Process

Principle : A reversible exchange of ions occurs between the porous,
stationary ion-exchange phase and the external liquid phase. The cation
exchange resins are capable of exchanging rapidly cations like Ca?* and
Mg®* from water by H!'* ions from cation exchange resin. The anion

exchange resins mﬂ.m capable of exchanging rapidly anions like CI', mom.
from water by OH'" ions from anion exchange resin.

no ch.mmﬂ be mw ”mﬁmnwﬂmm are lost (resins are mx:mﬁmnmn:. the water ﬁ_w:
- The munﬁmﬂmﬂmn— Omﬂmcﬂ excna 1 T d Uu__
i 1 ch ! erate
Ummm—ﬂm Qnﬂﬂﬂ H( 1or H S0.. nger 1s regen

‘. Hsmmx:msmﬂmnm:g: . m:m_,maa
by treating it with a dilute NaOH solution. RTRETERr S 88

Ca™ + RH, —» RCa + 2 HI*
12y
2C17 + R'(OH), —> R'Cl, + 2 OHY
1+ 7
H +0H — Iuo
RCa + 2 Hey

— > CaCl, +RH,

m_
Cl +2NaoH ——, R'(OH), + 2 Nac]

Umwn.n:.-mwm of water =

qotal regeneration of ¢

of mg CaC0, equis

f water
0f qotal hardness @

urpose of hardness removal, cations like (
¢ the P for H'* ions from the hydrogen cation
ardness causing). Thus, the hardness §
od, Further to improve the quality of wateritis
exchanger where anions like CI', S0,* are exc
the anion exchanger. The water thus obtaine
ﬁ_“wza calts and only H'" + OH' (H,0) is obtained. Th
1

water is obtained. | |
Jon exchange resins are water insoluble, o EL e

jymers with porous structure and the functional grou
NMM__E undergo the ion-exchange property. ng
tunctional groups (-COOH, -SO5H) are n%_m_i” owm”n grou
with other cations. Resins containing basic fun nal grou
V.Z_+Om_|u_ are own.m._d—..

an anion

ammonium salt (R;R;R3

ions with other anions. i AT
ivi ne a
lon exchangers have generally mqnmua.&ﬁuw_unin.ﬁﬁm

: d or carboxy
cation exchange ion resins are mzpuroaﬂwﬂmn.sw res
benzene copolymers and the anion maowé.maiua m
benzene copolymers containing quatern L
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H

nIulnllﬁI T nIu

—

CH;NMe; OH _
L + _ +

CH,NMe; OH CH,NMe, OH
(c) Anion exchange resin
Fig. 6.2 : lon exchange resins

NG CHENISTRY -1

bl

Illuﬁxv

Process : A known volume of water is first passed over a cation exXchange
column at a specific rate, which removes cations from the water mmM
equivalent amount of H'* ions are released from column to water. After nwm
cation exchange, the same batch of water is passed through anion exchan
column at a specific rate, which removes anions from the water mm_m
equivalent amount of OH!" ions are released from column to water. H!* mnﬂ_
OH' ions released from the cation and anion exchange nmmumnﬁ.?m_w M
SEcEmn. to form water molecule (Fig. 6.3). Thus, the treated water is %s
».H.ou..“ nmu.cum as well as anions. Hence, it is called as deionized or
nnEF_mnwrmnn water. This exchange of ions continues till the exchange
capacity of the ion exchangers ceases.
Hard water in —»

TTFT R
Anion
nucmaauon exchanger bed
_-_._nﬂaoﬂ —_—
.......... ~— Injectof
AN .
- sink, A A To ‘ ‘_‘ mw
i A . sink 4/, r\\\\. . m
reégenerator Pump Alkaline
Soft water out regenerator

Fig. 6.3 : lon @xchange process

" tion : The SUPPLY of harg yq
o na%_.m_.m are regenerated. q.rm_.nm..
w“n_%u.moa of dilute HCl or H,S0,.
u%_.wm ) solution of dilute NaoH, 7
1

H“u The fon exchange resins can be regene

The € sidual hardness after the treaty ent i
_HW rhe water can be used in high press
(

m_wm:EE.
) The process is suitable to soften EmE._

Easunmo:m

(1) The equipment is costly and the ion ex

(2) Turbid water reduces the process out

removed initially by sedimentation, co

66 Dissolved Oxygen, Biolog
Oxygen Demand

The chemical characteristics that describe
oxygen, biological oxygen demand and chem

6.6.1 Dissolved Oxﬁ_w_:.\_mﬁﬂ :

The dissolved oxygen (DO) is the oxyge
0xygen is expressed as the number of 0Xy
dissolved in 1000 mL of water.
Unit - mg/L or ppm £
Dissolveq oxygen is freely available 6.._ :
Ma fauna. It is also useful to prevent the 0%
0 attell the health of a water body 1S dISSO%
h%ma: can range from 0-18 mg Oy/L: Mo
_..m 0,/L to support a diverse population=
.
i Ctors affecting dissolved oxygen __%&_m
) Water ¢ _

( emperature v

ii .
) >a=m=o plant population

Scanned by CamScanner



o

f ENGINEERING C

(iii) Stream flow

(iv) Atmospheric pressure
(v) Human activities

(v) Water discharge

(vi) Organic waste

gen can be determined by Winkler's method (iodom
trj,

Dissolved oxy
Jume of water sample againg

t
Standgy,

titration), by titrating a known VO

sodium thiosulphate (Na,5,03)-

Dissolved oxygen (DO) can be calculated as follows,
2u<m = Z_udw

N, = Normality of sample (DO) solution

V, = Volume of sample (DO) solution

N, = Normality of Na,S,0;
<—u = <°_.P—aﬂ cn.- zm.umNON
Weight of dissolved oxygen per litre (DO) is,

Vy x Np x 8 x 1000
Va

mg of O,

6.6.2 Chemical Oxygen Demand (COD)
Chemical oxygen demand (COD) is defined as the amount in milligrams of

oxygen required to oxidize the oxidizable material present in 1000 mL of
water using a strong oxidizing agent such as acidified potassium dichromate

(K,Cr;0;).

Unit : mg/L or ppm

Chemical oxygen demand is calculated by refluxing a known volume of the
water m.mn_u_m (V mL) with a known excess of K,Cr,0, (Y mL) and dilut¢
mumo... in presence of Ag,S0, catalyst for about two hours. The oxidizable
material gets completely oxidized to produce CO, and H,O0.

MMW Mﬂwrmwoﬁu excess of K,Cr,0; (Y mL) is titrated against standard Mohrs

indicator GMH AM Z mwm 1.e. .mmﬂ.o:m ammonium sulphate) using ferroi?

oxidation is m”_ M_Mﬁmﬂom reading). The unreacted K,Cr,0; - left over aftef

titration wmm&h. mu mq. against the same x N FAS using ferroin indicator (back

I 8). The K,Cr,0; consumed for oxidation is equivalent to the
minus back FAS titration readings (V, mL).

¢ = Volume of burette solution @.&uﬁ
Bla™™ = 1 nown excess) K,Cr,0, added.
yolume of burette solution (FAS) a._
Cr,0- left over after oxidizing th

\

K

gen demand (BOD) is define
d by microorganisms to oxidize
over a period of 5 days under

giological OX¥
cwu.__mmn_ require
1000 mL of water
Unit : mg/L or ppm
piological oxygen demand can be determined by dilutir
mL) of water sample to a known volume (V; mL) wit
quantities (V, mL) of the diluted water are

demand bottles.

In the first bottle (DO); is determined imme w
against standard sodium thiosulphate (xN mwwaa
(@ mL) is the blank value and it is used to calc
available at the start of the experiment. The
incubated under aerobic conditions for 5 da
by iodometric titration against standard 8
The titre value obtained (b mL) is the bac
the dissolved oxygen remaining or left ov!
(DO); implies the dissolved 0Xygen unmm.mnm
experiment, This dissolved oxyEeONLEES
aerobic conditions. Therefore, the DO
be decreased over day one. Hence 9 .
the dissolved oxygen consumed by the ™
(D0), = Dissolved oxygen of dilute
preparation.
Dissolved oxygen of dil
days at 20 °C.

Acovn
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Tl annit

AalgkaxmeIx 1000

:. BOD = v v
2
Volume of
Blank - Back) x Normality x 8 x sww.wﬂwﬁmw
: of Na;5,05 dilution ) 100
BOD = Volume of diluted sample water 5
taken for titration Initia] Sampj,
w
The same formula can be represented as below, ater takep
axxNx8x1000 bxxNx8x1000 xm.
~BOD = v, v, =
BOD = [(DO), - (DO),] x Volume of sample after dilution v,
= = 2

Volume of initial sample water taken (V)

COD is the total amount of oxygen required to oxidize all oxid
impurities in a sample of sewage waste. COD is always greater tha
since COD measurement involves both biodegradable and non-biodeg
oxidizable impurities. The difference in COD and BOD is equivalen
guantity of biologically resistant oxidizable impurities.

Significance : COD and BOD serve as a yardstick to measure the effect ap
effluent (effect of oxidizable matter in water) will have on the receiving
water body. However, COD is less specific, since it measures everything that

can be chemically oxidized, rather than just levels of biodegradable organic
matter.

1zable
n Bop
radable
t to n—._m

Many governments impose strict regulations regarding the maximum COD
allowed in wastewater before they can be returned to the environment.

BOD can be used as a gauge to check the effectiveness of wastewater
treatment plants.

6.7 Water Purification - Membrane Tech nology

Membrane processes cover a group of separation processes in which the
characteristics of a membrane (porosity, selectivity, electric charge) are used

to separate the components of a solution or a suspension. In these processes,

the feed stream is separated into two: the fraction that permeates through the

membrane, called the permeate and the fraction containing the components
that have not been transported through the membrane, usually called the
retentate. The size of the components to be separated and the nature and

magnitude of the driving force provide criteria for a classification of the
membrane separation Processes, as shown in the table.

jple : In this process, ions are

nder the influence of ele

change membrane placed between two el
ex

Cathode

S

Concentrated ?_hm._
brine water

Fig. 6.4 : Electrolysis - Iir

In an electrodialysis stack, the &Hﬁ.w.nomn : Ee-ﬁ_w 'y
stream are allowed to flow through .,n._.uw app L
formed by the jon exchange membranes: ¥ :
through saline water, the positively .%ﬁwnﬁ
Move towards cathode and the negative:

90S) move towards anode. The overall
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compartment of the cell is deprived of the salt and thus the sa)y

{53 Concent s osis is a
‘in the adjacent compartments to that compartment is Increaseq, I?lin yrlnciple : ?12:.ntrations P
get alternate streams of pure water and concentrated brine, - fferent €0 N e
L passes throug m
Sea water feed Wgtef e pressure. Reverse :
) I’L ‘“;f:h the membrane from hig
s

Cation selective _
membrane

S

Cathode

Pure water outlet <——

Concentrated sea «.——

+ual practice, an electrodialysis cell consists o
. In actual practice, an electro L ce Sonsistgigp
:d_?--’-‘-:__;f_ﬂ-i. id plastic membranes (Fig. 6.5). Saline v
‘pressure (of about 5 to 6 kg/m’) between mempyyy

_piages ),
; #‘”'ﬁ , unit is compact.

,_ potential is applied perpendicular to the direction of y, ter ) _, cost of installation of th
cation exchange membrane allows only cations to pass throygy i

catic anions. Similarly, an anion .exchafxge membrane allows only 4
rough it, leaving behind cations. Due to this, Wate

® i pvailability of electr
(3] 2 e ==

hydrostatic pressure greater th
&

| _—Anion selective

Pure water
entrate bt
membrane coné h
=l
Anode
Water

e

Semi-permeahble membrane
Fig. 6.6(a) : Osmosis

water outlet

In .
d in series to

ntinuous process,

5 'the_:_qﬂuate and/
dialysis system

Fig. 6.5 : Electrolysis cell
It can be operated as con

tinuous production o
feed is passed throug
produce the fina]

r batch production processes.
h a sufficient number of stacks
desired product quality. In batch
Or concentrate streams are re-circulated thro h
s until the fing] product or concentrate qualifi_’ is

c::g;‘: "; usually applied to deionization of aqueots’
'8 0L sparingly conducti sanic and
0 possible. HEYe adueousicraz

Fig. 6.7 7
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” P ﬂm‘“m!ﬂ!ﬁ'ﬁ?' 1

e 1 the process, the pressure (of about 15 to 40 kg/om?) jy
m:::r ¢solvent) to be purified, where pure wiater is foreed o pa
tl:: semi-permeable membrane and the dissolved impuritiey are 18l

Thus, the pure water is removed from contaminants unlike othey

which invelve removal of impurities from the water to purify i,
Application : The process is useful to purify sea water fop dotegy
e

Metlyg

g 6.7, g
Advantages
(1) It removes ionic, nen-lonic, colloidal and high moleculay weight org
: 4
matter Hig

(2) Colloidal silica, which is not removed by any process, can be removeg
reverse oSmasis. ¥
(3) The process is economical and maintenance is easy as the lifespan ’
membrane is high. 0
(%) The membrane can be replaced easily. Hence, process appears e
continoous. &

Ptind_ple : Ultrafiltration physically separates solids from liquid based op
dle‘prmciple of size-exclusion. It is a pressure-driven barrier to suspended
solids, bacteria, viruses, endotoxins and other pathogens to produce water
with very high purity and low silt density. It is a membrane filtration process
which uses hydrostatic pressure to force water through a semi-permeable
membrane (Fig. 6.8). The pore size of the ultrafiltration membrane is usually
103 - 106 Daltons or 0.005 to 0.1 micron.

UF membrane

\‘l Prassure

r UF membrane
ore siie 10,1+ 0.01 unr
Fig. i lire
0. 6.8 Process of ultraliitration

e

pi': . puring the process, wi
Fﬂ’;e” ;I“ the golvent (Wﬂ@ﬂ,__
'Ppllc o welght are retained, while
nl“w':,:ﬂcd through the membrane,
ore

Itcal']"’::::cw is used in blood dialysis,
,rnc.llmud to remove particulates an
@ It h;]ucc potable water,
l,rf] uaed extensively in the dairy in
(&) ::f]:hcesc whey to obtain whey p
rich pcrmeatc. | -
@ 1tis useful in the filtration of effluen

) Radiocarbon dating of bone collagen
process.

Advantages
(1) The process is simple to automate
(2) There is no need for chemicg._ls.(
pH adjustment) during the process.
(3) Good and constant quality of the |
microbial removal is obtained.

6.8 Solved Numericals

Example 1 : Calculate the
water sample 1
18.25 ppm, AL(NO3)s

Solution : Refer the given table.

Constituent
(Salt/Chemical/lon)

MgHCOy, |
AlNOy, | K
Caco, | oK
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(ii) To calculate total i
50 mL sam]

st (Eq.wt of CaS0,)
~Entof the CaS0, (mg/L) x50
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g CaCO; per 1000 mL N

Stand ; water contains 1.2
tan ard hard Wt _ 1200 mg CaCO3 per 1000 m,
- 1mL SHW = 1.2me CaCO;
' rdization of EDTA,
m g = 100 mL SHW

38 mL of EDTA solution
(100 x 1.2/38)

1 mLEDTA =
_ 3.158 mg CaCO; equivalent
(ii) To calculate total hardness of water, 1
120 mL sample water = 18 mL EDTA
= (18 X 3‘158) mg CaC03 equivﬂl&nt__
1000 mL water = (18 x 3.158 % 1000/120) i
— 473.70 mg CaCOj; equivalent
Total hardness = 473.70 ppm
(iii) To calculate permanent hardness of water,

150 mL of hoiled and filtered sample water = 12 mL EDTA
= (12x3.158) mg CaCO, equivalent

(12 x3.158 x 1000/150)
252.64 mg CaCO; equivalent
252.64 ppm

1000 mL boiled water =

Permanent hardness

(iv) To calculate temporary hardness of water,
i Temporary hardness = Total hardness -
Temporary hardness = 473.70 - 252.64 = 221.06 ppm

Permanent hardness

iﬁ,’“&;ﬁjj’f ?rﬂ:w'ﬁ@r‘mg-"i?ﬁd 6mL Pf N/10 disodium
~for titration. After boiling and filtration, the Same
 —— of EDTA. Calculate the temporary hardness:
Solution: As1000 mL1NEDTA = 50 gm of CaCOjy
T 1mL1NEDTA = 50 mg of CaCO;
(i) Tocaleulate total hardness of water,
SzﬂmL.water sample = 6 mLof 0.1 N EDTA

1000 mL water sample = (1000/50 x 6) mL of 0.1 N EDTA
120 mL
AslmLof INEDTA = 50 mg o: EECIOI: Segr

I

) To calculate permaner

(i |
50 mL of

(iii) To calculate temporary
Temporary hardnes
Temporary har

Solution :

(i) To calculate total hardne:

40 mL sample wate

As 1 mLof1MI '_
250 mL of 0.04 M El
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g s

B

— 200 mL of 0.04 M EDTA

' = 100 mg CaCO;
s £1 MEDTA = .
asl m]'f-“@ \EDTA = (2000.04 x100) mg Caco,
00 mL of 0.+ ) S co,
1000 mL of boiled water = 800 mg CaCOjy
: Permanent hardness = 800 mg/L
To calculate temporary hardness of water,
{iif) To calc ‘t;e;pol::nm_'hardn%s = Total hardness — Permanent harg,

Temporary hardness = 1000 - 800 = 200 mg/L

treating 50000 L of water by ion exchange
ERESHAR 0T £0.5 N HC] and anionic re

Solution :
Total hardness of water
regeneration of ion exchange
Total hardness of water = Quanti
Given, Total volume of HClre
As 1000 mL (1 L)

400 L of 0.

Total hardness of water = Total volume of HCI or NaOH required ﬂ;jl
regeneration of ion exchange resin in terms of mg CaCO; equivalent
Total hardness of 50000 L water = 350 L of 0.5 N HCI

350 Lof 0.5 N CaCOj; equivalent

(350 % 0.5) L of 1 N CaCO, equivalent
175 L of 1 N CaCO; equivalent

(175 % 50) g of CaCO; equivalent

_ 8750 g of CaCO; equivalent

- Hardnessin 1 L water = 8750/50000 = 0.175 g of CaCO0; equivalent

I

. Total volume of HCI req
. Total hardness

mm CaCO0; equivalent) in 1 L water = 175 mg of CaCO; equivalent
s of water = 175 mg/L

Wharﬂn;s g = .
SR Dfiniwm .——- Total volume of HCl or NaOH requir'eﬂ_l_fo_ﬂ:'
- Pn otlon exchange resin in terms of mg CaCO0j, equivalent

8ol nater = Quantity of water softened (L) x Hardness (mg/L)

a&ﬁxﬂm’w HCl required for regeneration = 350 1. of 0.5 NHCI
FPOMLAD INHC = 504 0acp, |
I0LOfOSNHCI = (350 5

REL =350 x 0.5 x 50) g Caco,
=8750g CaCo,
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taken = 30 mL

yolume of water
plank reading = 26.4 mL
pack reading = 12.5 mb

Normality of ferrous am

of oxidising agent
e Volume of water taken V)
FAS x 8 % 1000

f
K - Back) * Normality @
B Volume of water taken
= (26.4-12.5} x0.25 %8 x 1000
coD = 30 =i
cop = 926.67 mg/L
GOD.oEwater'sample

v

monium sulphate (FAS) = 0.1N
rmality of FAS ;

926.67 mg/L
' uted to 100 mL. Equal vol
sen estimation. The

before dilution = 60 mL
fter dilution = 100 mL

Solation : Volume of sample

Vo

jume of NazS.zQ,reqm'_j;-_é
ie. to

(D0), can be calculated as fo

Normality of sample snllﬁlt_ii!n

weight of dissolved oxygen
ie. (DO);

2 (DO)y

(D0), can be calculated as follows:

Normality of sample solution = fbt

Weight of dissolved oxygen Ity
ie. m@);
(DO),

Volume of sample &
(DO); = 770 ppm
(D0), = 340 ppm :
BOD = [(DO), - (DO);) * Volume ?f.sample after dilution .
Volume of initial sample water taken.
= (770-340) x %9 :
= 716.67 ppm
BOD of water sample = 716.67 ppm

Substituting the values of (DO)

BOD = [(D0); - (DO),] % < :

BOD = (9.28-4.0) x 22
o 10
-BOD = 132 mg/L '
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 eMethd 00

Alternate (g-b].-‘_‘.ﬁ“"sxv "}‘%ﬂ

. BOD = V2 _
X250 lil’%‘l - 132mg/L

(58- 2:5)% 0.02%8
00

- BOD = it

. poDofth

ardness of water and what are its typ'es? List its dlsad\rantgggg
d discuss the various types?

ftening of water an :
¢ process details of ;on-exchange method of water softening,

s and limitations of ion-

.m: Whatis b

@ What 15 S0

(3 Discussth

(4) List the advantage
softening.

(5) Explain the t
gi_gpjﬁcance.

) Explain the term Bi
significance.

(7) Write anote on,
(i) Electrodialysis.
(ii) Reverse 0smosis
(i) Ultrafiltration

8 :'t_'._“il'::nl_abe the temporary,
‘sample in ppm containing following salts: Mg

Ca(HCOy), = 8.1 ppm, MgCl, = 475 ppm, MgS0; =

erm Chemical Oxygen Demand

ological Oxygen Demand (BOD) and give its

permanent and total hardness for a water
(NO3); = 3.7 ppm,
9 ppm, Si0; =8

Temporary hardness = § ppm, Permanent hardness = 15 220
nardness = 20 ppm]
p! of ._Wa_'.tel.'-A and B were analysed for their salt content.

© w.a.lg-_found to contain 37 mg/L of Mg(NO;); 1L
le B was found to contain 20.5 mg/L of Ca(NO3)2 and 1 8"

'mmﬁf‘“éh sample and state which is harder.
{Ans. Hardness of sample A = 23

exchange method of wgtep:.

(COD) and give its

an

(12)

(13)

(14)

(16)

(10)

100 mL
solution.
poiled an
the hardne
[Ans. Total har

100 mL sam
EDTA fo
sample It
hardness.

[Ans

40 mL of sar
and 10 mL of sam
and tempora ¢

[Ans. Tot

After treating 6000
required 400 L of 0.
NaOH solution fo
of water. e
75 mL of water sample was d
The initial DO was 820 ppn
Calculate the BOD of the sam|

filled in two BOD bottles. In tk

water when titrated imme

25 mL of wast
dichromate and
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