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CONCEPT ODUTLINE : PART-1

Introduction : A molecule will only be formed if it is more
stable, and has lower energy than the individual atoms.

Bond : The bond is an attractive force resulting from the electrical
interaction between the electrons and nuclei of the atoms.
Ionic bond : The ionic bond is a result of the transference of
electrons from one atom to another.

Covalent bond : The covalent bond is formed by the sharing of
electrons between the two atoms.

Sigma bond : A covalent bond which is formed between two
atoms by the overlap of orbitals along their axis (end to end,
head to head) is called a sigma bond.

n-bond : A covalent bond which is formed between the two
atoms by the overlap of orbitals along a line perpendicular to

‘axis, side to side or lateral overlapping.

Theories of chemical bonding :

a. Valence shell electron pair repulsion theory
b. Valence bond theory

c. Molecular orbital theory

Types of molecular orbitals :

a. _Homo-molecular orbitals : C, B, F, etc.

b.. Hetero=molecular orbitals : CO, NO etc.

e
trons in molecular orbitals;

R '
According to valence bond theo‘l‘"'y,t
overlapping of atomic orbitals and the bonded atoms in
held together by one or more pair of electrons., :
According to this theory, :
formation.

Explain mole¢ular orbital theory. Also,

discuss fillix{g‘of

a covalent bond is formed by the
the molecule are

the atoms retain their identity e;ien after bond




L 3. Onthe other handin the molecular orbital method, the valen,
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cy eﬁectro

are considered to be associated with all the nuclei in the molecy), . ng
€]
.e"

electrons move in thefield of more than one nucleus,

4. ‘The molecular orbital theory given by R.S. Mulliken anq F. y
incorporates the following points : - Hunq

a. When nuclei of two atoms come close to each other, th
orbitals interact, to form molecular orbitals in which the
both the atomic orbitals is lost.

b. The number of molecular orbitals is equal to the number
orbitals involved in their formation.

E}ir atomyje
identity o

of atom,

c. Just as atomic orbitals in an atom are quantized, similar]

Y molecuy],
orbitals are also believed to.be quantized. o

d. The electrons in the atomic orbital are influenced by one nucleys
the electrons in the molecular orbitals are influenced by al] thé
nuclei.

"e. Electrons are filled in the molecular orbitals in the same way a§
they are filled in atomic orbitals, following Aufbau principle, Hund's
rule of maximum multiplicity.

f. The molecular orbitals are represented by & o* 1 7* etc.

For simple homoatomic molecules, the filling of electrons is carried outina
similar fashion as in atomic orbitals. Following rules are followed :

1.  Aufbau principle : The orbital with lowest energy is to be filled first (?f
all i.e., electrons enter various molecular orbitals in the order of their
increasing energies. '

2. Pauli’s exclusion principle : The maximum number of electronsina
molecular orbital cannot exceed two and these should have opposit¢
spins. :

8. Hund’srule: Pairing of electrons takes place only when each molecular
orbital of the same energy has at least one electron each.

4. Abond between two atoms is said to be formed when the total

n.
of electrons in bonding orbitals is greater than the numbers *
antibonding orbitals. ' - .

number

etween

5 Bond order : Bond order is defined as half of the difference ll))on ding

the number of electrong present in the bonding and the antl
orbitalsi.e.,

o orbital?)
Bond o;'der = % (No. of bonding orbitals — No. of antibonding or

, i Jecule
Ahnegatwe Or zero bond order corresponds to an unstable ™9
W—. ereas positive bond order indicates a stable molecule.

Engineering Chemistry 7(Sem-1&2)H

Discuss hydrogen molecule with the help of diagram

and calculates its bond order.

1. Hydrogen molecule-ion (H,*) : This is the simplest molecular specie
containing one electron only. Its existence has been detected
spectroscopically when electric discharge is passed through hydrogen
gas under reduced pressure. The only electron present in H,* ion enters
the o, molecular orbital. Thus, electronic configuration of H,*is written

as o,,,! and bond order = % 1-0)= %

Ous

2. Hydrogen molecule (H,) : Each hydrogen atom contains 1 electron
and hence, there are two electrons in the molecule, occupying the lowest

energy level. Thus, the electronic configuration of H, will be crfs and

bond order = % (2-0)=1.

3. Hydrogen molecular negative ion (H,") : This is formed by the
combination of one hydrogen atom having one electron in its orbital
with a hydr_ogen ion having 2 electrons. Thus, H, ion has 3 electrons.

The electronic configuration will thus be ¢2.6}! and bond order

=le_p=-1
2 2

Table 1.2.1 : Characteristics of H,*,H, H-

r ;Magneti’é'rchara‘cter_
H+ 1 1
% O 2 Paramagnetic
H, o}, 1 Diamagnetic
- 5 ¥ 1
! 2 G101 2 Paramagnetic
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Energy

Jue 1.2 | Show molecular orbitals of Li, molecule with the help of
diagram and calculate its bond order.

1. Lithium molecule is formed by the overlap between two lithium atoms
each having the electronic configuration of 1s* 2s.

2. Molecular orbital electronic configuration of Li, molecule
= o 1s? o* 1s? 6 2s% = KK ¢ 2s?
3. Since, the inner shell of filled ¢ 1s and ¢ *1s molecular orbitals do not
contribute to the bonding.

4 Bondorder(Li) = %'(Nb—Na)

= %(4—2) or%'(2—0)

=1

5. Positive bond order for Li, suggests ti_hat it is stable molecule and it
should exist.

9(Sem-1 &2 H
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. . . o
6. Magnetic behaviour of Li, is diamagnetic as there is no unpaired electro

Energy —»
LS
F %
Energy —»

| With the help of molecular orbital diagram, explain

ﬁéliun; molecule. L)

Helium molecule ion (He,*) : This may be considered to be formed from
Heatom and a He*ion. In the molecular ion, there are thrée electrons which

are arranged in the molecular orbitals as. o-fs, c;t . Thus, helium molecular

ion can exist, but it is not'very stable. Bond order % 2-1= 1

Energy

e P R TS TR

-
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jum molecule (He,) : The electronic configuration of the atom is 152, He
molecule can be considered to form from two atomic orbitals. In the molecyla,

He,, there are four electrons which are arranged as o, Glf Thus, the

stabilizing effect of bonding orbitalsiscancelled out by the destabilizing effect
of antibonding orbitals and the molécule does not exist. Bond order

'Qqe 1.5. | Draw the molecular orbital energylevel diagram for B,

molecule. Also, give its molecular orbital electronic eonfiguration.

Apswér |

1. Forthe formation of B, molecule, two B atoms are required. Itselectronic

configuration is : 1s? 252 2p'. The filled molecular orbitals in B, molecule
are shown in Fig. 1.5.1.

/
7 ) 2px 2py 2pz

Energy —»
Energy —»
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2.

3.

5.

t since the molecular orbitals 7, and 7,,,

te.
ese orbltals are degenera@ ’
o electrons in these orbitals.

figuration of B, molecule is,

It is to be noted tha
identical energies, th
Stabilization océurs by the filling of tw!
Hence, molecular orbital electronic con

KK o 252 c* 25 (n2p,! 72P, 1)

Bondorder:(B)_- (N N)——'(4 2)=1

1
As the bond order is one, hence B, molecule exists and there is single
bond between two boron atoms.

‘Que 1.6, | Calculate the bond order of N,, N,*, N,”and N,?-molecules
and explain them.

‘Answer ‘

1.

Nitrogen molecule (N,) : Nitrogen atom has seven electrons. In the
formation of N, molecule, atotal of 14 electrons are arranged in molecular
orbitals as :

2
. 1
KK G2, Gy, {:ﬁ"’ , %, Bond order = b (10-4)=
“2px
Thus, nitrogen molecule contains a triple bond and is highly stable,
therefore, nitrogen exist as N, molecule. Moreover, all the electrons are
paired, therefore, it is dlamagnetlc

N,*ion : N,*ion has one electron less than NV, molecule This electron

w111 be lost from o,,, orbital. Hence, the molecular electronic configuration
will be : i

+ = 2
N,"= KK o},

c:zs anx = nzpy c;pz
1 1
Bondorder= — (7-92)=92=
2 ( )=2 5

The ion is paramagnetic dde to the presence of unpaired electron.
N, ion: N, ion hasone more électron than the nitrogen molecule. This
extraelectronis addedin 7,

T2py OTbital, thus molecularion électronic
configuration will be :

N,/ =KK o6}, o2 n: =n2 o2 g%t
2 28 02 op ﬂ2m02m Tope

Bond order = % B8-3)= 2l

More i i i
over, as it contains one unpaired electron; the ion is paramagnetic
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4 N,>ion:Np?-ion has

two more electrons than nitrogen molecule.

These two extra electrons are added one each in 7, . and My orbitals.
Electronic configuration of N,?~ion can be written as :

_2 1
N2-= 2 2 J"2px 2 |Topx
2 I{K 02‘ (_',2‘ 2 C

Bond order =

=1

Topy ﬂ"2py

1
— (8-4)=
284)2

Further, it contains . : ;
T, 1t contains two unpaired electrons, therefore, it is paramagnem”
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Table 1.6.2 : Comparison of N,, NN, and N2~
» 3 ..,' 7 e AR
Molecular| Electronic Bo;d 5t ~N:lagm;?c .
ocie - | confi tion order _character
specie - | configuration cter
N, KK 03,03 T3peTapy O2e 3 Diamagnetic
I
2 2.2 2 Sl 1 P i
Ny KK 03,02 TopeT2py C2p: 2 2 aramagnetic
2 2 _2 _2 2 o1 1 P "
N, KK 65,05, Top:T2py. C2pe 2px 2 B aramagnetic
N~ KK 63,55 Mapap O Toplopy | 2 Paramagnetic

Stability of these species is in the order :
N,>N,*=N, > N2~

Que 1.7. I Explain molecular orbitals of oxygen molecule.

Answer I

Oxygen molecule (0O,) : Each oxygen atom has 6 valence electrons. Assuming
tHat inner orbitals do not participate in bonding, altogether 12 electrons have
to be accommodated in molecular orbitals. The molecular electronic

configuration will be :

- 2 *2
0, = KKo5s 095 Opz o

- *1
T2px n2p.z

2 0
2. |™2py {“2173«'
Bondorder =(10-6)/2 =2. Thus, a double bond is present in the molecule.
0, ion : These superoxide ion Oj has 17 electrons i.e., one electron
more than O; and hence, this extra electron enters the 7:;,,1 or
Ty py orbital. The molecular orbital electron configuration becomes :

Tt% ot
2 M2 - 2 py | “2py
KK o35 69 G%p, p
TCpr Topx

Bond order = (10 =7)/2 zl%

The superoxide ion is paramagnetic.
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orbital configuration as:

Bond order =

0,™ ion : The peroxide jon O; has 18 electrons and has molecular

; ng n;Z

KK g2 572 .2 Py Py
Cog 0'25 U2pz 9 %9
n2px T2 px

(10-8) _
g =l

i 1&2)H
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0} ion : Thision has 15 electrons. The molecular orbital configuration

can be written as : ) -
M3y |20

2 *2 2 2py Py
= KK o3; 035 O3p, 2 *1

n2px anx

1 1
Bond order = 3 8-3)= 2§

Higher bond orders are associated with shorter bond lengths and higher
bond strengths. Therefore, we can conclude that bond strength of the
above specie in decreasing order can be arranged as :

03 >0,>0; >0%

Table 1.7.1 : Comparison of O,*, O,, O,” and O,*-

1
2 % 2 2 2 *1 = .
(O KK 65,6505, 75525y T 2px 2 B Paramagnetic
|
2 __*2 2 2 2 *1 *1
0, KK C2502:02p: Mo px Mo pyBapaTapy | 2 Paramagnetic
= KKoko2c? nf gl '11;-1 11 P e
0, 025025020 2p: 2 py T2 px Wapy 2 aramagnetic
2 - 2 __*2 __*2 2 2 2 *2 g B
0, Iq{c2s°zs°zpz"2px7tzpyﬂzp,ﬂgpy 1 Diamagnetic

Draw the molecular orbital diagram of Ff and Ne,. State

their magnetic behaviour.
£ S .

Flourine molecule (F,) : Flourine atom has 7 electrons in the outermost
shell and hence 14 electrons are arranged in the molecular orbital as-
2 *Q
2 2 9 |M2py [T
KK 0-2~()‘025"5.2;>z 21’3’ *;’y
Ty px |2 px
(8 <6) _

Bond order = <
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The F-F bond is rather weak. Since, there 'are no unpaired electrons, th

molecule is diamagnetic.

‘Energy

Neon molecule (N e,): Neon atom has 8 electrons in its valence shell. In the
formation of Neon molecule, if possible, 16 electrons have to be accommodated
in molecular orbitals. The molecular electronic configuration of Neon molecule

would be :
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Fig.1.11.1. Energy level diagram for CZ.

Que 1.12. ‘ Write the basic principles of Valence bond theory.

UPTU 2012-13, Marks 05

o 2 Disti ish between
What do you mean by Valence bond the‘ory ? Distinguish be
Valence bond theory and Molecular orbital theory.

g:::zrbond theory : In the valence bond (electron pair) theory :
1. A molecule is considered to be made up of atoms.

2. Electrons in atoms occupy atomic orbitals.

3. Orbitals may or may not be hybridized.

Engineering Chemistry

1 : uﬂmw
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1. Two combining atoms must come closer to each other fo
The extent of overlapping depends upon :

|
|
|
|
\ Principle of valence bond theory :

a. -Nature of involved orbitals
b. Types of overlapping

r overlapping.

y of finding electrons

ction between spins of
on of covalent bond.

action, bond energy

! 2. Theoverlapping orbitals must have unpaired and opposite spin electrons.
\ 3. Anew localized orbital is formed where probabilit;

1 is maximum. -

} 4. Electrostatic attraction between nuclei and attr.a

| antispin electrons is responsible for the formati

E 5. More the extent of overlapping, greater will be attr

; and stability, and lesser bond strength.

! 6.

‘ while pi bond is formed by

Sigma bond is formed by the overlapping

of orbitals along their axis

the sidewise overlapping of two half-filled

| orbitals.
| Difference between Valence bond theory and Molecular orbital
1 theory :
‘ &\Io ~ Valence bond method Molecular orbital method
{ 1. |In valence bond method, a | In molecular orbital method, the
j molecule is composed of atoms combining atoms lose their
- ‘ which retain their individual | individual identity.
w identity even after bond
} formation,
’ R—R

2. | Anelectron movesin the field of | An electron moves in the field of
one nucleus only, ie., atomic | more than one nucleus i.e.,
orbitalsare monocentric, molecular orbitals are polycentric.

3. | Valence bond method does not Molecular orbital theory explains
explain the paramagnetism of | the Paramagnetism of oxygen
0, successfully. Successfully.

4. |1t doe§ not ‘involve the | It involves the formation of
fox.'matmm_ of bonding ang bonding and antibonding orbitals.
anitbonding orbitalg;

5. | Atomic rbitals nyalencdbong m
method are represented by s, method are represented by
p,dandﬁx 6™ mrt etc,

molecular orbital theory ?

—F 000 ]
3.\ What is metallic bond ?

Explain it on the basis of
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Metallic bond theory :

1 The atomic orbitals of the atoms, with same symmetry and same energy
overlap each other and resulting in the almost continuous energy bap ci

" of extremely large number of energy level of molecular orbitals.

9. Inthe formation of metallic crystals; approximate 10° molecular orbitalg
combined. .

Explanation : -

1. Inthe formation of Li crystal, n atoms of lithium are allowed to overlap
each other to form a Li, solid,

nli — Li, (solid)

2. The lithium atom consists 1s atomic orbital which iscompletely filled, 25
atomic orbital which is half filled and 2p atomic orbital which is empty.

3. The combination of  times 1s atomic orbital, 2s orbital-and 2porbital
can explain with the help of band theory in the following manner :

a. 1s band : This band is formed by the combination of n times 15

atomic orbitals of n Li atoms and contain r energy level all of which
are completely filled. The 1s band is non-conduction band because
it is narrow and there is no possibility to come out of the electrons
from this band.

b. 2s band : This band is formed by the combination of n times 2s
atomic orbital of Li atom. The 2s band is halffilled, the electron can
easily move in this band, even at room temperature therefore, this
is also known as conduction band.

c. 2p band : The 2p band is formed by the combining of 2p atomic
orbitals of Li atom. The energy of 2p and 2s band is nearer, therefore,
they overlap each other and formed overlap zone.

z

1 2p
LIl i1l

n times 2p atomic orbitals

kombine each other to form 2p

overlap zone

2s . 2s
n times 2s atomic orbitals
combine to form 2s band

Conduction
band 2s

[T

Non-conduction
1s band

n times 1s combine each other t,
" form 1s band

16 2
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w valence bond theory account for the following :

7
* Ho
Fi\Ii(CN)4]2— is diamagnetic and square planar, [NiCL)% is

paramagnetic and tetrahedral, [Ni(CO),] is diamagnetic and

tetrahedral.

s that form sciuare planar complexes use one d-

The period. 4 metal
al + two p-orbitals to form a valence bond hybrid

orbital + one s-orbit
called dsp?.

2. Example:
[Ni(CN),}%: The period 4 metals that form tetrahedral complexes use
the hybridization sp®, a combination of one s-orbital and three p-orbitals.

3. Examples: Ni(CO),, [NiCl]2~. In dsp? hybridization, one d-orbital [which
- is d(x2 —y?)] is involved in hybridization with one s and two p-orbital.
This leads to the square planar geometry.
4. [Ni(CN),J% and Ni(CO), are diamagnetic having paired electrons, while
[NiCl,]? is paramagnetic.
5. Few compounds undergoing this hybridization are [Ni(CN),] 2
a. Ni

3d - 4s - 4p
o I

b.  Ni%

ATe] O

. [Ni(€N),>

dsp? - hybridization

=== e - - -

AT (8] [A6]]

CN~ CN- CN™CN™

2—
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= | Oxidation| Type of | Geometry |
A iy 3 "o | stateof jhybridiz-} shape un:. of
By |\ metal | ation o]
@ & 2 = el
=Sl Clrong
(s8] Q) 3 «) 5) ®

4p
xeEmEpnm O Oy
EEEO G CEE
3
P

EREREE G GET : o
32 dsp* [Square planar

Rearrangement dspi

Ni BRI 0 2
AR G GEE
sp3

NG +2 sp® Tetrahedral

8]

NieN, =

Ni €0, Rearrangement Tetrahedral 0

PART-Z |\ a2

Band Theory of Solids, Liquid Crystals and its Applicationsy.

Point Defect in Solids, Structure and Applications of
Graphite and Fullerenes.

CONCEPT OUTLINE : PART-2
ors

o Band theoryis used to study the behaviour of solids as conduct:
(metals), insulators and semiconductor. -
¢ Liquid crystal: A substance which flows like a liquid but have
some degree of ordering in the arrangement of its molecules.
» Point defect : Point defect means missing of the atoms in the
crystal, from the lattice site. :
¢ Carbonis a chemical element with symbol C and atomic number
6. .
o The atoms of carbon can be bonded together in different ways,
termed allotropes of carbon. The best knownare:
1. Graphite
2. Diamond

3. Fullerenes

' Questions-Answers

15. | What do you mean by band theory ?

23 (Sem-1 &2)H
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» o i conductors,
¢ pand theory differentiate between
the basis © r .
g:ulators and semlconductors
e Iﬂlm?ﬂry ;rbital theory providesa more comprehensive model of metallic
1. Molecular
bonding-

haracteristic of the whole crys?a} are obtained as linear
omic orbitals of the individual atoms.

3. This extension of molecular orbital theory is sometimes called band

theory.
4. Band theory exp
a. Electrical conduction in metals
b. Thermal conduction
c. Metallic lustre
Application of band theory of metals :
1. Conductor (Metals) :
a. In term of the band theory of solids, metals are unique as good
conductors of electricity.
b. This can be seen to be a result of their valence electrons being
essentially free. .

2. The orbitals ¢
combinations of the at

lains the properties of metals as follows :

¢, _In the band theory, we assume that there is an overlap of the
valence band and the conduction band so that at least a fraction of
the valence electrons can move through the material.

d As can be seen in the Fig. 1.15.1(A), electrons can easily (i.e., with
very littlé energy input) be promoted from filled orbitals in the band

to unfilled orbitals in the band, and hence move throughout the
metal solid. ‘

e.  Therefore, rpetals conduct electricity because the pa.rtially-ﬁlled
::;dlof orbitals’allows electrons to move easily throughout the
ple. :

2. Insulators (Non metals) :

a. In non-m als, ban Wi y
0. etals ds are wide
‘ > 1 separated, S0 no electr on movement

i g .
We know that non-metallic&olids form two distinct bands.

c. Th - E
e lower-energy band; known ds the valence band, contains all of

the val
higl;,ei' il:; elelc)troms (the band is filled with electrons), while the
g8y band, the conduction bandy contains no electrons.

Electronsin the fi
g ill
within the val enceelf valence band cannot move to other orbitals

by and, because all of the orbitals are already




_ and intermolecular hydrogen bonding wi
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e. . No motion'of electrons occurs in the conduction band, beCause & ;
- emptys” e 18

Moreover, these bands are separated by a large band gap.
“Therefore, a large amount of input energy is required t, Prom,

an electron from the filled lower energy (valence) bang ta :‘ce

unfilled higher energy (conduction) band. 2 h?

3. Semiconductors :
a.  Semiconductor are of two types : intrinsic ang éxt
semiconductors. ’
. b. - Intrinsic semiconductors (like Si or Ge) are having sma]] ener
gap between the filled valence band (VB) and empty congy,
band (CB) as shown in Fig. 1.15.1, sufficient to promote an, ele
from VB to CB.
¢. The hole left in the VB and the promoted-electron in the CB both
contributes towards conductivity.
d. It is obvious that number of electrons promoted toCB in¢rease
with rise in temperature, thus conductivity of semiconductors
increase with temperature.

I‘insic

ction
ctron

The conductance of semiconductors can also be improved by doping.

Doping means treatment of Si and Ge (typically semiconductors)
with impurity atoms of Group (III) and Group (V) giving respectively
p-type and n-type extrinsic semiconductors.

Conduction band
(CB) .
} Conduction
L 1) vanaccn)
£ } :
Empty Lar;
E ge energy -
2 VB gap [ Jos CJcs
o }Filled Valence Small-gap 3 Impurity band
: - TV et v Wl
(i) Intrinsic (ii) Intrinsic

(b) Insulators (¢) Semiconductors

i What is hydrogen bonding ? Differentiate between intra
th suitable example.

e

: ,’_______.,_.,
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Hydrogen bon_

one molecule wi S
A hydrogen bonding

. _HU-FNITH-FINH-FINH_F

Type of hydrogen bonds

(a) Intermolecular H-boad

1. |The hydrogen bonding |The hydrogen bonding occurring

occurring between two or more within a single molecule is called

similar or different molecules is | intra-molecular hydrogen

called intermolecular H |bonding.

bonding. @(O—I;
=z
[H-FIIH-FIIH-FIl ) g o

2. |In this type of hydrogen | No association of molecules takes
bonding, association of| place.
molecules takes place.

ding : The attractive force which binds hydrogen atom of
th electronegative atom (F, O or N) of another molecule is

(b) Intramolecular H-bond

3. |This type of hydrogen bonding { This type of hydrogen bonding is
is external. internal. /

4. [Ring formation does not take | Chelation takes place.
place.

Que 1.17 Describe the properties of hydrogen bond and

consequence of hydrogen bonding.

Consequences of hydrogen bonding :

1. Boiling points : Boiling point of liquids increases because H-bonding

leads to increasé in intermolécular attractions which leads toincrease in
heat of vapourization.

2. The solubility of organie compounds in water is attributed to hydrogen
bond formation.

3. ?ntermo_lecular H-bonding increases attractions between the molecules
in the different layers of the H-bonded liquids. 24

With t}I’{e help of H-bonding; we can compare the density of ice and
water. Ydff’gen bondmg explains why ice is less dense than water.

|
|
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Properties of hydrogen bond :

a. High electronegativity : The electronegativity of the atoms tg ;..
hydrogen atom is linked should be high. More is the electronegati
 the element to which hydrogen is linked, greater is the polar chis
and hence strongeris the hydrogen bond.

b.  Smallsize of the atom attached to hydrogen : The smaller the Size

greater will be the polarity of the covalent bond and hence Sreater Wili
be electrostatic attraction between the two molecules,

Vity of
Tacter

Méntion briefly the type of Vander Waal’s forces,

The force of attraction or repulsion which acts-between atoms, iong op
molecules is termed as intermolecular force. :

Vander Waal's force :
bonded atoms or ions is t

It is of three types :

The weak force of attraction between two non-
ermed as Vander Waal’s force.

1. Dipole-Dipole : Due to electronegativity difference between atomsin 5
polar covalent molecules like HCI,

molecules termed as dipole-dipole attraction.

+ =3 + =5
H~Cl....l...H—Cl

Dipole-Dipole

2. Dipole-induced di
the Argon atom by
which creates dipol

pole forces : A small dipole moment is induced on
the distortion of electron around it by polar HCI
e-induced dipole force between HCI and Argon.
5 =5 +5-5
H—Cl.. Ar
3. Induced dipole-induced dipole forces : This is the force of attraction
between pair of atomns, that is, developed by the constant fluctuations in
electron density.

What is liquid crystal ? Distinguish between nematic

and smectic liquid crystal and give its applications.

aforce of attraction between adjacent

27 (Sem-1&2) H
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rystal ? Distinguish between nematic and smectic

Rl

What are liquid ¢

liquid crystals.

OR

i icati f liquid crystals in
:nciple, working and applications of
Discuss the principié, )

LCDs:

. b. Chiral nematic phase
a. Nematic phase - .

c. Smectic phase

OR y . .
is liquid érystalline state ? Describe the various types of liquid
‘ch};:tt;lss lg‘,ive the application of liquid crystals. r i

'UPTU 2014-15, Marks

Answer
Liquid crystals : -
iz Liquid crystals are the substances that exhibit a .pha.se of matter that
& h;%u;ropgrties between those of a conventional liquid, and those of a
solid crystal. ‘
9. There are certain solids which undergo tvyo shmp pha}se jcralllsforn;zgllon
' one after other. They first fuse sharply yleld-m‘g turbid h.qul.ds and then
.again equally sharply at high temperature giving clear liquids.
3. They may flow like liquid but have anisotropy in it. Tl}&}y ‘show double
‘ refraction and interference in all directions termed as lAlqmd crystals or
crystalline liquids or anisotropic liquids or mesomorphic state.

4. _For example. Cholesteryl Benzoate (C,H,COOC, H,,) has two melting
‘ points

Transition point Turbid liquids Melting point
@ S B (orliquid erystals) | ©—————————— \liquids

Principle of liquid crystal :
Principle of display :

1. The moleculesdn fluidy liquid crystal phase are mobile and their

movement, alignment in thin film can be controlled by application of

small electric field. Due to this nature, the aligned molecules in different
directions have different optical properties.

Aliquid erystal display corsists of an array of tiny segments called as

pixels that can be manipulated-to present the'information. Each one of

the pixels effectively a separate'red, blie or green light that i:l‘; lt)f:
switched on or off very rapidly electronically using liquid crys
rotate polarized light to make the moving colour picture.
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Working of liquid crystals: - ! Engineering Chemistry
ic liquid crystals are classified as:

29 (Sem-1&2)H

L qumd cr_vstals have rod like molecules and can rotate the direction of Thermotrop
polarized light based upon alignment. Jematic phase :
d ® thread. They zre thread like turbid and
" . - tic means 3 :
> ghfial;@em of molecules cazlbe controlled by application of electric > }nfareen;i;f;jthan smectic.
eld - ._tva;tednemar}c' L(_: dJSP_la)' gell consists of two glass plates Wwith | = flow like liquid and their center of mass positions i
conductive transparent indivm tin oxide cozting and ne The molecules fio

- o g ) f matic LC mater; b. W S < in = licwd.

sealed light passing through one polarizer between them. Ther:z arerandomly dlsmbmaiaa we q'-n- - Hoqumds b ity

Dpolarizer on outer side of one plate and analyzer on other plate. There i< c. Nematics have fluid like structure aswat!?p:chqmdsi but czn easily

a spacer to control cell gap. - - eis R gned by an external magnetic or electric field whmhlhas ognfl

ight passi : . - erties of uniaxial crystal & makes them extremely useful in

3 Ll_ght passing th{OUgh polarizer has its polarization rotated with the ilgg;
ahgnment‘ direction of LC. As the light reaches to analvzer it can b;
passed or blocked, depending upon extent of rotztion. Electric field is

controlled with the transparent conductors irecti ¢
mol . s and ther dlfectmn of LC

| 4 T:he liquid crystal cell actsas a light switch. When a voltageis applied
tne_LC molecules tend to align with the resulting electric field and the’
optical property of cell gets lost ie., cell is dark. When the electric
field is turned off, the molecules relax back to their twisted state and
the cell becomes transparent again. ’

Unpolarized light

K e K 1 Fig 1103 Schamticof msagen rdriog a2 et e,
] l 2. Smectic phase:

a. It is found at lower temperature than nematic phase form well
defined layers that can slide over one another like soap.

b. In smectic phase A, the molecules are oriented along the layer
normal, while in phase C they are tilted away from the layer normal.

Glass plate—" e —— ass plate—’

v

(E‘I’T:"’-E;df‘; @; 9@ c. This phr?tse has mobility within the layer only and is not affected by
NI =2 Al | e
’ mectic liquid crystals are different from nematics in that they
Analyser +— = i haye one more degree of orientation order than do the nematics.
(b) No light (Dark) ’ / \ ”
; Figﬂ."i.}:é.l. Geomefzf ofa warkmgLCD cell. The polarizer and amﬂyzer , \ ' / I
- (which are arranged parallel to the director orientation at their adjacent . ,\ '
BB gl pleles)arsiorionted 590 dbgrces fo eachinther ) iie | | 1 /\
Classification of liquid crystals : ’
Liquid erystals can be divided into thermotropic and Iyotropie LCs: , ’ WYz
1. The transitions between the liquid crystals are given by the changein - | ) "” “ “ ”
temperature and hence these are called thermotropic. | l l l H ////////////////
2.  The phase transitions may also depend on concentration of the mesogen : “ I“" |I|H| |" ////////////////

in the solvent, and these liquid crystals are called Iyotropic. !
Thermotropic are mostly used for technical applications while lyotropic

Smectic A Smectic C
are important for biological systems, for example, membranes &
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3. Chiral nematic/Cholesteric phase :
a.  Another common phase is chalesteric, also known as chiral nematic,

b. In this phase, the molecules twist slightly from one layer to the
next, resulting in aspiral formation.

c¢. This phase shows nematic ordering but the preferred direction

rotates throughout the samples. An example of this in shown in
Fig.1.194.

Fig. 1.19.4. Schematic diagram of a Chi:al,nérynatit{'; liquid.
There are several applications of liquid crystals :
The most successful applications are liquid crystal displays well-known from

wrist watches, pocket calculators or flat screens of laptop computer which
take advantage of electro-optical effects.

1. Liquid crystal displays :

a. The most common application of liquid crystal technology is liquid
crystal displays (LCD).

Liquid crystals rely on the optical properties of certain liquid

crystalline substances in the presence or absence of an electric
field.

c.  Aliquid crystal display (LCD) is a thin, flat display device made up of
any number of colour or monochrome pixels arrayed in front of a
light source or reflector.

It is often utilized in battery-powered electronic devices because it
uses very small amounts of electric power.

e. LCD (liquid crystal display) is the technology used for displays in
notebook and other smaller computers.

__.,%Hmm_

/

/1.

31(Sem-1&2)H
Engineering Chemistry

iqui stal thermometers : _ |
2 :‘q"é‘:ﬂ:g nematic (cholesteljic) liquid crystals reflect light with a
" wavelength equal to the pitch. »
b. Because the pitch is dependent upon temperature, the color refl
. is also dependent upon temperature.
c. Liquid crystal makes it possible to accurately gauge temperature
. just by looking at the colour of the thermometer.

3. Optical imaging : ' . o '
a. Application of liquid crystals is now being explored is optical imaging

and recording.

b. Inthis technology, aliquid crystal cell is placed between two layers
. of photoconductor. . N
¢. Lightisappliedto the photoconductor, which increases the material's

conductivity.

-4 This causes an electric field to develop in the liquid crystal
) c;)rresponding to the intensity of the light.
4. Other liquid crystal applications :

a. Liquid crystals have a multitude of other uses. They are used for
nondestructive mechanical testing of materials under stress.

b. This technique is also used for the visualization of RF (radio
frequency) waves in waveguides. - '

¢ They are used in medical applications where, for examp?le, transient
pressure transmitted by a walking foot on the ground is measured.

d> Low molar mass (LMM) liquid crystal have application including
erasable optical disks, full colour “electronic slides” for computef—
aided/drawing (CAD), and light modulators for colour electronic
imaging.

/w What are crystal imperfections ? Explain the one and
two dimensional imperfections in solid.

[UPTU 2013-14, Marks 10|

T
Crystal imperfections :

An ionic crystal which has the same unit_cell containing the same lattice
points throughout the whole crystal is known asideal crystal. Any deviation
from completely ordered arrangemexit in a crystal is called disorder or a
/defect. There are two common types of imperfections :

Electronic imperfections : These correspond to defects in ionic crystals
due to the electrons. The bonds from whichielectrons have been removed
become electron deficient and are referred asholes. Free electrons and
Jholes in crystals are considered to be electronic imperfections.

L0l
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2 Point defects or atomic imperfections ; The defects whig, , .
to th‘e irregularity or deviations from ideal arrangement of atonfnse dug
apointor an atom'in a crystalline substance are calle .
atomic imperfections.

Types of point defects :

1. Schottky defects :

a.  When one positiveion and one negative ion are mis
site in crystal lattice/then a pair of vacancies or hol
b.  The paired vacancies at different ‘sites in acr

e | ¢ y f : ystal arige due ¢
missing of pairs of cation-anion, is known as Schottky defect

ba aroyp,
d point defectg Og

sing from, an
€51s createq,

Cation

vacancy
(+ve hole) e

Anion
vacancy
(-ve hole)

¢ The Schottky defect is generated in ionic crystals when
i Co-ordination number of an ion is high, '
i.  When the size of anions and cations are almost equal.

d  Schottky defect is found in crystals of NaCl, KBr, ete., show Schottky
defect. Crystallographic studies on NaCl, shows that over 10 lakh
paired vacancies are present in each gm-mole of NaCl. :

2. Frenkeldefect:

a. When anion(generally cation) shifts from its position to interstitial
positionin the crystal lattice, then a vacancy or hole is created. The
defect is known as Frenkel defect.

b.  Generally, cations are smaller than anions and a cation may occupy
the void (empty space) between the anions i.e., a cation occupies
the interstitial position between the anions.

c.  This defect can occur in ionic crystals when :
i, The anion is much larger than the size of cation.
ii. The ion has low co-ordination number.,

Molecular Orbitg) The,, '
I’y

|
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d. Insuch cases, the energy required to shift a small cation to interstitial
site is small. The Frenkel defect is observed in LiCl, ZnS, AgBr,
AgCl, CaF,, ete.

Cation at
interstitial site

Cation vacancy due to
dislocation of cation
(+ve hole)

1.20.1. Frenkeldefects ;

Que 1. What are stoichiometric and non-stoichiometric
defects ? Explain Frenkel and Schottky defects found in solids.

| UPTU 2014-15, Marks 05|

Aggwer || ' :
Stoichiometric defect : The compounds in which the number of positive
and negative ions are exactly in the ratios indicated by their chemical formulae
are called stoichiometric compounds. The defects do not disturb the
stoichiometry (the ratip of positive and negative ions) are called
stoichiometric defects. These are of following types :

1. Interstitial defects : This type of defect is caused due to the presence
ofionsin the normally vacant interstitial sites in the crystals.

2. Schottky defect : Refer Q. 1.20, Page 31H, Unit-1.
3. Frenkel defect : Réfer Q. 1.20, Page 31H, Unit-1.

Non-stoichiometric defects : The defects which disturb the stoichiometry
of the compounds are@alled non-stoichiometry defects. These defects are
either due to the presence of excess metalions or deficiency of metal ions,
1. Metal excess defects due to anion vacancies :

a.  Acompound may have excess metal anion if a negative ion is absent
from its lattice site, leaving a 'holeywhich/is occupied by electron to
maintain electrical neutrality.

b.  This type of defects is founddn erystals whichare likely to possess

Schottky defects. Anion vacancies in alkali metal halides are reduced

by heating the alkali metal halides crystals in‘an atmosphere of
alkali metal vapours,
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¢.  The ‘holes’ octupied by electrons are called F-centres (or colour
centres).

Metal excess defects due to interstitial cations :

& Another way in which-metal excess defects may occur if an exirg

positive ion is present inan interstitial site.

Electrical neutrality is maintained by the presence of anelectronin |

the interstitial site.

This type of defects are exhibit by the crystals which are likely to

exhibit Frenkel defects, for example, when ZnQ s heated, it loses

oxygen reversibly.

The excess is accommodated in interstitial sites;with electrons

trapped in the neighbourhood.

The yellow colour and the electrical conduectivity of the non-
stoichiometric ZnO is due to these trapped electrons:

-0 00 (1

&
O-0@
OO0 OO~

|
|
1

defect due to anion vacancy.

187

&

I

p

o

©-0-6

Fig. 1.21.1.Metal excess
defect due to extra cation.

Que 1.22. | With the help of neat diagram, describe the structure of ;
graphite. Also, give at least five applications of graphite. |

UPTU 2018-14, Marks 05
OR

UPTU 2014-15, Marks 05| |

Graphite : !

1. Graphite has a planar two dimensional sheet like structure, Tt .

of number of flat-plates made up of network of hexagons, consists ;

In it, each carbon atom is directly and coovalently bonded

carbon atoms by making use of three sp? hybrid orbitals

3. A singly occupied p-orbitals remains on each carbon atopy, which i
right angles te the plane of the molecule. esat

Explain the structure of graphite.

tothree other |
|

o

----- o
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4. Such p_-orbii:als under_go overla;zping leading to ;ielﬁe?;iiz atl;(:
formation of a new, giant, r-orbital whose gne P
hexagonal plane and the other part lies below it.

5. Thus, in graphite, each carbon atom uses only three valence electrons
for bonding.

6. The fourth valence electron over each carbon atom is free to m

under the influence of applied potential difference. )

As aresult, graphite is a good conductor of electricity. Moreover, graphite

is a good thermal conductor due to the r-electrons.

In graphite, adjacent sheet are 3.4 A apart and are held togethef by

weak Vander Wall’s forces. Due to this structural feature :

Density of graphite (2.25 g/cm®) becomes lesser than that of diamond

(3.5 g/emd). .

b. Coefficient of friction of graphite is low so that even a small force is
sufficient to slide the layers parallel to each other. As a result,
graphite is soapy to touch and it can be used as lubricant.

c. When we write on a paper with a lead pencil (which contains clay
and graphite), thin layers rub off onto the paper, and the resultant
impressions helps us to read whatever is written.

ove

=]

a.

It is to be noted that carbon atoms of each graphite layer are firmly held
together by covalent bond. As a result, melting point of graphite is high.

1
2.

3.

Each carbon
atom bonded by
only three covalent

hexagons bond

Carbon atom in
anetwork of —l
Plates of layers
capable of sliding
parallel to each

other

o 1.424
Fig. 1-22-1«3;5"“’&6}&:1 s@c ture of graphite, |
Ucodnmnine, St ol phite. |
Prope ies of aphite : B LRSSt

Density = 2.22 gm/cc.

Ver ft e
e ris ?o because of easy sliding of weakly bonded planes of carbon

It is very gOOd CODduCtOI ici y n-ele
N of e]ectrlclt due to
; . el ctron bOndS on bO'th

It has higher chemical reactivity than‘diamond because it contains

Graphite sheet-molecules on folding form carbon'nano tubes.
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6.  Graphite forms conducting intercalation compounds i.e., compoundg
formed by insertion of ions, molecules or atoms between graphite layers,
The alkali metals, halides, ete), form graphite intercalation compounds,

7. Graphite has very gdod adsorption ability because of C-atoms on surface
have unsatisfied valences.

Applications of graphite:

1. Being soft, it is used as lubricant eitherin solid powder form or mixture

of graphite with oil. )

Lead-pencils.

As an adsorbent.

For electrodes.

As conductor of electricity.

For making carbon fibers required for reinforcement.

Support for catalysts like Pt, Pd, Ph, etc., in eleciricity;reactions.

Que 1.23. I Discuss the structure, preparation, properties and

N e

application of fullerene.

OR
Discuss the structure and applications of fullerenes.

| UPTU 2014-15, Marks 05]
Answer I

1. Fullerens is zn zllotrope of carbon (C,) which is popularly known az
Buckminster fullerene in the honor of 2n architect Buckminster Fuller
who designed doroe structures hased on hezagon and pentagons which

resemble with C,_..

2 .
2. Some other discrete moleculez with clusters of C atoms like

. . 20 Crn Cy
have been formed znd wollectively known 2z fullerenes. -
&

Preparation : Fullerenes are prepared by vapourizing a graphite rod in

% were. Minture of fullerenes like C | O ot are formed
- H = ete., 3

rzted by solvent extraction, Pure C,., iz is0lated from this

o

Turan chromzatography.

| UPTU 2018:14, Marks 05 |
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1. The molecule is icosahedron having 42 faces in which 12 are pentagons

and 20 arc hexagons,

The valences of each C-atom are satisfied by two single bond and one

double bond.

3. Ttis aspherical cluster of C atoms arranged in a series of five and iz
mermnber rings to form goccer ball. ‘

Synthesis of fullerene : It can be prepared

1. byvapourizing the graphite rod in a helium atmozphere,

N

2. evaporation of C using resistive heat,

3. when an electric spark is struck between graphite rods.

Properties of fullerene :

1. Ttiz black powdery material.

2. Itforms deep magenta zolution when digsolved in benzene,

Itis very tough and thermally stable.

Some fullerenes like K, C, | exhibits super conductivity.

It exists as a discrete molecule.

6. A magnetic fullerene has been formed by mixing with an organic
compound.

7. It can be compreszed to loze 30% of its volume without destroying its
carbon cage structure,

o

Application of fullerene :

1. Itisusedin making superconductors.

2.4 Ttisusedin making zoft ferromagnets,

8. Tbisused in electronic devices.

4. Itis uzed id microelectronic and non-linear optical devices.
5. Itizuzed zs 4 lubricant. $

| PART-3 |

‘ Matenalsandth A pﬁli&atipns,

CONCEPT OUTLINE : PART-3

. ?\’ano-maberia]s : The mdterials having at least one dimension
in the nano scale are called nand-materials.

* Nano-technology : It c4nbe defined as the manipulation of
atomns and molecules at pano'scale (1-100nm).

» Nano-ch_emistry : It involves the study of synthesis and
characterization of nano-materials,
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* General method of synthesis:
1. Bottém-updpproach
2 Top-down approach
« Materials self-assembly : Itis defined as the reversible and
spontaneous organization of molecule into ordered structures.
It takes plzce by non-govalent interactions and there is no

externzl work required.

Questions-Answers, =

S35 3

Long Answer Type and Medium Ansvger'lypé;‘Queshons

Gue 1.24. | Explain nanotechnology. |UPTU 2012-13, Marks 04 ]

Answer

2

]

o,

o

N znotechnology (sumetimes shortened to "'nanotech”) is the mznipulation

of mztter on zn ztomic znd molecular scale.

zz diverse zs surfzce gcience, organic chemistry,
zv, semiconductor physics, micro fabrication, ete.

211 materizls are mm{/,se'd o‘f:grzina, which in turn comprise of many
ztoms. Depending on the size, thesze grains may be visible or invisible to
the nzked eye.

Comventionzl mzterizlz have grzinzg of zize varying from hundreds of
roicrons to centimeters, The size of any bulk material can be expressed
in threz dimenzioms,

Tre zrez of zovy planzr materizl canbe exprezzed in two dimensions and
the length of zny linear materizl can be expreszed in one dimenszion

ey, 715 ) 1 1
2 tat;:M.ad,’O?L{d ke defined 25 thowe materials which have structured
wnpnents with gize lezs than 100 nm at lezst in one dimension
Aerizla thot 2 anoacale 3 # z
}rffm4_, thazt zre nznoweale in one dimengion (and are extended in the
c 2 - 4 o, P 2, % : 1 e s g
ther two dizenzionz) are lzyers, such a5 thin films or gurface coatings

1, ” 7214 > -~ - H 1

Mz ”,‘,414 t{ut are nznoweale in two dimenszions (and are extended in
” ; = ' L, e
one dimenzion) indude nanowires and nanotubes

S ——

{

Engineering Chemistry

39 (Sem-1&2)H

icles, for

10.

11.

12.

e dimensions are partici
uantum dots (tiny particles of

Materials that are nanoscale in thre
ich are made

example, precipitates, colloids and ¢ A t
semiconductor materials). Nanocrystalline materials wh
up of nanometre-sized grains also fall in this category.

Nanoscience can be defined as the study of phenomenon and
manipulation of materials at atomic, molecular and mazcromolecular
scales, where properties differ significantly-from those at a larger sczle.
Nanotechnology can be defined as the design, characterization,
duction and application of structures, devices and systems by

pro
t the nanometre scale.

controlling shape and size al

Applications of nanomaterials :

1.

s.t)

Naznoparticles are “the small particles with a big future”. Because of
their extremely small particle size, they have extremely large specific
surface area. Hence, they are chemically very active.

They are stronger and more ductile. They have electronic states quite

different from those of bulk.

nanoparticles are used as fillers, paints, magnetic

In dispersed state,
s, rocket propellants, fuel

recording media, ferro fluids, drugs, phosphor.
additives, etc.

In eonsolidate state, nanoparticles are used as catalysts, fuel cells, sensors,
adsorbents, synthetic bone, self cleaning glass etc.

Inordered assembly form, nanoparticles are used as quantum electronic
devices, photonic crystals, DNA chips, biosensors etc.

In very dense phase, nanoparticles are used in synthesis of flexible /
dense ceramics and insulators, harder metals etc.

Quﬂe;l.if,f What are nano-materials ? Give its properties.

‘Answer

Nano-materials : Thematerials having at least one dimension in the nano
geale are called nano-materials.

Properties of nano-materials :

L

Size-dependent properties :
a. Particle-size v/s surface area :

i.  Ifamacroscopic objectis divided into smaller parts, the ratio of
surface atoms to interior atoms becomes a significant number
of the total fraction of atoms.

_— P



40 (Sem-1&2)H

Molecular Orbitg) Th,
Sory

For example, acube of iron with side 10 cm long, the percéntage

of surface atoms is only 1075%.
iii. » When the same cube is cut into smaller Cl.lbes with side le
L 10 nmy the percentage of surface atoms increageg to 10%ngth
iv. When the cube is further cut into cube with side lengthl

every atom comes on thesurface. This i{lverse relation betwen
the particle size and surface- area 1s responsible f,, fh
remarkable changes in the physical and chemica] Propertjq
nano-materials. ) U

b. Surface chemistry of materials :

i Due toincreased surface area, nano-materials possesg
surface energy and are thermodynamically less stable,

ii. The atoms or molecules that exist on the surface or the
interface are somewhat different from atoms/moleculeg inthe
bulk/interior of the material. . g

iii. These have enhanced reactivity and greater tendency t,
agglomerate. These have higher surface energy and are
relatively unstable. As a system, the nano-materials thus Strive

. to attain the lower energy state.

2. Electronic properties :

a. Various physical properties such as thermal, optical and magnetic
properties are dependent on the electronic state of the material.

b.  To understand the electronic properties of nano-materials, let us
first understand the electronic properties of solids.

¢ Insolids, these are determined by the energy levels, types of bonds
between atoms, energy bands, energy gaps and Fermi levels.

Some characteristics of electronic structure of solids are :

L Inanisolated solid, the electrons move in quantified energy
leV‘_’ls- V_Vhen the distance between atoms is less, electron
orbitals interact with each other, which lead to broadeningof
energy levels to form energy bands.

ii. The dl nner-shell electrons form narrow bands called internd

eli:;t and ?Iectrf)ns in external shell form valence bands. 73
TODS in excited state form conduction band.

i, The difference of ener;

banc!s is called energy

Bap is zero; it ig g

case of insulatorg

8y between valence band and conductio”
8ap. In metals, (or conductors) this enes’
mallin case of semiconductors and Jarge ™

8reater |
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iv. The maximum energy for electrons at absolute zero (0 K) is
called Fermi level energy. The physical properties of materials
are mainly governed by electrons that have energy larger
than Fermi energy.

3. Mechanical properties :

a.

Nanocrystalline materials have an average crystallite size in t]_ne
range 1 to 100 nm and are characterized by numerous grain
boundaries due to the small size of the grain.

The mechanical properties of nanocrystalline materials are
determined by their small grain size and the grain boundary.

These properties are enhanced by reducing the grain size, as grams
of nano size have no defects inside, unlike micro-grains of relatively
larger size.

For example, nanocrystalline copper is found to be three times
more resistant to applied stress than normal copper crystals and
deformed homogeneously.

The crystallinity of the grain structure is maintained right up to the
grain boundary. The fraction of atoms out of the total volume present
at the grain boundaries is large for small size grains and decreases
with increase in their size.

In bulk materials constituted by nanoparticles, large number of
grain boundaries allow extended grain boundary sliding leading to
high plasticity.

In nanometer range, itis generally accepted that grain boundaries
act both as sources and sinks for dislocations. So, intrinsic plastic
deformations arise from the interplay between dislocation and grain
boundaries. i

In nanostructured materials, the intrinsic elastic modulus is the
same as conventional grain size materials.

However, when the grain size falls below 5 nm, the number of
atoms presents at the grain boundary increases and elastic modulus
decreases. This decreaseis related to increase in the Poisson's ratio.

The nanocrystalline materials exhibit no significant change in
ductility as compared to conventional micro-materials.

The reduced ductility of hard nano-materials results in their low
toughness and low fracture toughness, thus limiting their use.

Que 126 What are the general methods of syxthesis for nano-

materials ?
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changing-the gas flow rate, the pressure difference between the
precursor delivery system and the main chamber and the

temperature of the reactor.

iv. The production capabilities in CVC process are much larger than in
GPC processing, however, the microstructure of nanoparticles as
well as the properties of materials obtained by CVC are identical to
those obtained by GPC prepared powders. '

Laser ablation :

i This method is extensively used for the preparation of nanoparticles
and particulate films. :

i In this process, a laser beam is used as the primary excitation
source for vapourization of metal precursor from thesurface and
generating clusters directly from a solid sample.

i A high energy pulsed laser beam hitting the target material
generates temperatures (greater than 10* K) which vapourizesthe
substance quickly.

iv. Thehot metal vapours are directed in a pulsed flow of inert carrier
gas (helium) and expanded through a nozzle into a vacuum.

v.  The cool, high-density helium flowing over the target serves as a
buffer gas in which clusters of the target material are formed.

Hydrothermal synthesis :

L This technique is emerging as an important tool for advanced
materials processing. It isbased on the ability of water and aqueous
solution to dilute the substances at high temperatures and
pressures, which are practically insoluble under normal conditions.

L Theseinclude oxides, silicates and sulphides. Autoclaves are used
for this purpose because they can withstand high temperature and
pressure conditions for a longer period of time.

Hi Agradient of temperature is maintained at the opposite end so that
the hotter end dissolves the nutrient and the cooler end causes the
seed to take growth.

iv. The possible advantages of the process over the other processes
are the ability to create crystalline phases that are not stable at the
melting point.

Thermolysis :
i Thismethod involves solvent-less pyrolysis of a suitable precursg
material. One of the oldest nano-materials, activated charcoal‘ s
prepared using this method. 15
i. Precursor materials such as wood or coal a
temperatures 600-900° Cin the absence of air to
specific surface (porous) area up to 2,000 m?2 gl

Te pyrolyzed at
obtain charcoa] of

Engineering Chemistry
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i, Inthe process, the materials are zzrmn.zedm mdlzmg au‘np':isib.ere
of CO,, O, or steam at 600-1200°C and acuvaimn'xsrcz'xn_ <ing
chemical such as KOH, NaOH, ZnCL, or phosphoric acid. o

Solvothermal synthesis : Thisis a versatile me’.hr{d for s;mth&sxzmg

nano-materials at temperatures generally below 200°C. This tech.mriue

enables synthesis of crystalline products at low tempe:am—res and also
helps control the size morphology of the resultant prodncis.

Electrodeposition : ) ) e
i  This technique involves creation of solid materizls

by

rom

" electrochemical reactions in iquids. A conducting subsirate is placed
in liquid containing electrolytes.

i When a potential is applied, redox reaction tzkes place and the
material is deposited as thin film at the cathode.

iii. Electroless deposition can also be obtained by using complex

chemical solutions wherein deposition occurs sponiansousiy

(without applied electric potential) and sometimes mo-cziziyacally

on surfaces.
iv. Nanorods and nanoparticles can be fabricated by both the msthods
using templates.

v. For example, semiconductor ZnO nanotube arrays e s—n_:na-:'.::c
by direct electrochemical deposition form agueous selunonmio the
pore channels of anodically-formed alumina.

Top-down approach :

B

High-energy ball milling is the milling process commoniy nsed In ceramic
procéssing and powder metallurgy. and involves particle size redncton.
solid-state alloying, mixing or blending, and particle shap=s changes.
The process isusedonly for hard, brittle materials which fracture, deform
and cold weld during the milling operation.
The technique has been extended to produce & variety of nznocrystalline,
amorphous andquasicrystalline materials.
Avariety of ball mills such as tumbler mills, attritten mills, shaker mills,
vibratory mills, planetary mills; etc., are used.
In this process, powders with particle diameters of about 50 um are
placed together with a number®f hardened steel or tungsten carbide
coated balls in sealed containér whichis rigorously agitated.
The most effective ratio for the ball to powders masses is 5-10. High-
energy milling forces can be obtained using high frequencies and small
amplitudes of vibration.
’I‘he b-ﬂlls are made up of dense material to ensurersufficiently high
kinetic energy, which is a function of m@ass and velocity.
The temperature rise during milling is modest and is estimated to be less
than or equal to 100-200°C. The process offers the advantage of high
production rates of nanopowders.
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Que 187, I Charnctorizodhoe nano-materinls on tho basis of solf-

assombly,

Answor |

1 Selfassembly procoss is genoally connidored n boltom-up dochniguo

but can combine top-down and bottetw-up appronchion whon small
struetures are neranged on a tomplatesynthosizod by top=down mothod,
Soll'—:\\s:mu\l\l.\' enn bo defined nx the rovorsibloimd spontunoous
organization of moleculos into ordor structupesalt Lakos plnce by nou-
(.-u\-nlvnt intoractions and thore is no extorngl work roquired ng shown
in B L2710

" _— el . . f
Phey organizo themselves in nstato of maxinmum stability and ménimium
ONOTRY,

Fig. l.ﬁﬂ'l.i.bsi)lf:@w'énoxﬁl)‘ly.“ |
The significance of solf-nssombly is duo to the spontancit

of the process which is also revorsible. y and precision

6. In nature, self-ussombly is tho process by which sove 1
structures arve synthosized ranging from galaxies to qum C(n.nwlux
nnnuscnlo‘. Self-nssombled structures aro ubiquitous in bj -Sf)ml)lles al

. and chemistry. s In biological system

6.

There are sovoral examples of solf-assombly at ng
formation of lipid bilayor membrane, folded )r.at \"0
Characteristios of solf-nssombly : -
1. Building units

scale, for oxam
: , ple,
ins, DNA holix, ctc,

o i .
2. Thermodynamic stability
3. Environment

Spontancity and reversibility

thomi 1&2)H
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I

G, Muos trnnsport
Classificntion of golf-nssombly : The self-assembly can be clasgified on
tho following basis ¢
a. Equilibrium stato of tho system @
i, Busod on this, the aelf-nssembly can be static or dynamic.

i, Stalic solf-nssombly systems are atable, as the system approaches
equilibriumon forming the ordered structure and therefore do not
dissipalo energy. Tho formation of molecular crystals, folded and
globular proteing are some examples of static self-assembly.

iii. Indynamic wolf-assembly, the interactions between the compongnta
can oceur only when the system dissipates energy. Reaction-
diffusion patlerns in oscillating chemical reactions, bacterial colonies
are some examples of dynamic self-nssembly.

b. Sizo or nature of building units :

i, Sell-assembly can also be classified based on the size or nature of
tho building units : atomic, molecular and colloidal.
¢. System:
Solf-nssembly can also be classified based on the system : biological or
intorfucial.
Types of self-nssembly
1. Dirccted self-nssembly :
o UDirccted sclf-assembly is quite distinct from spontaneous self-
assembly. Physical, chemical and geometrical cues can be added to
a solf-nssembly process so that a desired structure may be obtained.
b Dirceting a self-assembly may involve lithographically patterning a
substrato on which self-assembly occurs, so that self-assembly
occurs only on specific regions.
¢, Houeycomb structured patterns, grid structures, trenches and so

on, have been formed by self-assembly directed by lithographic
patterning.

2. Molecular self-nssembly :
a. Spontancous assembly of molecules, without any external

intervention is said to be molecular self-assembly. Molecular self-
assembly is found in biology, chémistry and materials science.

b. 1?01"mu.tion of molecularcrystals; phase separated polymers, colloids,
lipid bilayers, protein folding, nucleic acid folding, self-assembled
nun‘olnycrs (SAMs) all aro éxamples of molecular and intramolecular
self-assembly.

c.

'.l‘hm'e are two types of molecular self-asembly : intermolecular and
intramolecular self-assembly.




48(Sem-1&2)H Moleculzar Orbitzl Theory

3. Two-dimensionzl assemblies :

a2

X4

[

Qne!.;ﬁ.i Wezt zre nznosczle meterizls ? Give application of

mrmeeryaizls zod dnsiers
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Naznocrystals and closters
1 Thesize of nznocrrstals renges between 1 nmznd 100 nm Nznoclnsiers

£, = =4} e ATt et - £
zre groups of atomms or molecules ith zn Imtermedizie stzie ol maT

——a

between molernles znd soids.

nsters renges Toto zbont 10 om. Nanoclnsiers

+ Tpto z few hundreds of s, wiile lzrger apzregees comtETIDZ
ofien calied nanoperticles.

2 The dizmeter 6 DEOO
) -

3 znd stroeTares
e o =0 ezt

YEIy =037
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2lzim the micro et

Qnélﬁﬂ{“'ha:arevarmust}-pes of nanocomposite materials ?

| UPTU 2012-13, Marks 04

Different types of nanocomposité materials are :

i Ceramic-matrix nanocomposites s
1 IntHEsgrompof f1es, (he tmain part of the volume is occupied
5F a ceramic, iz a chemida! compound frof the groop of axides

2 Inmostcases, ceramic-matris nanocofaposites encorspess s matal

*re e -

ac 3
&3 U= setinc oomponent.
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Ideally both components, the metallic one and t!1el ceramic one, arg
finely-dispersed in each other in order to elicit the particyla,

3.

" nanoscopic properties.

ii. Metal-matrix nanocomposites :

1. Metal matrix nanocomposites can also define as reinforced metg)
matrix composites. This kind of composites can be classified as
continuous and non-continuous reinforced materials.

2. One of the important nanocomposites. is carbor} nanotube meta]
matrix composites which isemerging new maten.als that are being
developed to take advantage of the high tensile strength and
electrical conductivity of carbon nanotube materials.

3.  Critical to the realization of CNT-MMC possessing optimal properties
in these areas are the development of synthetic techniques that

are :
a. Economically producible,
Provide for a homogeneous dispersion of nanotubes in the
metallic matrix, and y

c¢. Lead to strong interfacial adhesion.

jii. Polymer-matrix nanocomposites :

In the simplest case, appropriately adding nanoparticulates to‘a,

1.
polymer matrix can enhance its performance, often in, very dramatic
' degree, by simply capitalizing on the nature and properties of the
nanoscale filler (these materials are better described by the term

nanofilled polymer composites).

2. Thisstrategy is particularly effective in yielding high performance
compos‘1tes, when good dispersion of the filler is achieved and the
properties of the nanoscale filler are substantially different or better

than those of the matrix.

Give general application of nano-materials,

General applications of nano-materials are :

In medicine:

a.
1. Diagnostics : Magnetic nanoparticles, bo X
areused to label molecules, structur(;s ofﬂ?c?oaoil;;i?le antibody,
; : ) -0rganisms.
2. Drugdelivery: Drug censumption and side-effects can be reduced

considerably by depositing the actj :
and inappropriate doge, V¢ agent in the diseased regions

3. ‘Tissuerepair:N, anotechnology ¢,
. ‘ an help‘ to re; .
damaged tissues and the technique is calleq tigzszlzﬁgior o o
neering.

Engineering Chemistry 51 (Sem-1&2)H

4 Transdermal drug delivery : It involves nanosized protrusions
on the underside of patches that would be fixed to the skin like a

plaster.
In electronics and communication :

Quantum well lasers for telecommunication.

1.
2. High electron mobility transistors (HEMT) with low noise.
3. Highgain microwave application and vertical cavity surface emitting

lasers for.data communication and sensor coding.
¢. The devices made from nano-materials are light in weight, easy to carry
or move and have reduced power requirement. Some consumer products

using nano-materials are :

1. Computer hardware

2. Display devices

3. Mobile and communication products
4.  Audio products

5.

Cameras and films, etc.-
Nanomaterials are used to develop semiconductors with much advanced

properties. These include :
Transistors from carbon ranotubes with nanometer dimensions.

1.
9. .~ Memory chips with density of one tetrabyte per square inch.
3. _Very high speed transistors from single atom thick graphene film.

©e®






i

Polymerg an
Organometal]lc /

Part-1

o Polymers
Baszc Concepts of Polyme

A. Concept Outline : Part-1 s osssvessasesssesesessenseseore e okl
B. Long and Medium Answer Type Questions

Part-2

o Preparatwns and: Appltcatz\

Polymers (Buna V.. ﬂNeoprene Nyla 2
A. Concept QUEINE : PATE-2 ....uooeeeeeeeecsieeeses e eeeeeseeeeseseeesesssonens 73H
B. Long and Medium Answer Type Quesiions sesssaiEEseviTResi e sds o T3H

1; goncepi Outline : Pqrt. 3.
ong and MedzumAnswer Type Questwn

S.

52 (Sem-l & 2)H

Engineering Chemistry
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CONCEPT OUTLINE : PART-1

Polymer : A polymer is a long molecule formed by the joining
of thousands of small molecular units by chemical bonds.
Polymerization ;: The process by which the monomer molecules
are linked to form a big polymer molecule is called polymerization.
Polymers are classified in a number of ways :

Based upon source of availability.

Based upon structure.

Based upon mode of polymerization.

Based upon molecular forces.

Based upon the type of mechanism involved during the
growth of polymerization chain.

Conducting polymer : A polymer which can conduct electricity
is termed as conducting polymer. 3

Electrically conducting polymers can be classified in following

ways :

O op

Electrically conducting polymer
1
T 1

Intrinsically Extrinsically
conducting polymer conducting polymer
Conducting Doped Conductive Blended
polymers having conducting  element filled conducting
conjugation .. polymer polymers polymers

Biodegradable polymer : The polymer which gets decomposed
by biedegradation are called biodegradable polymers.

Types:
a. Natural
b. Synthetic

5
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Answor |

{, '"The word |m|\'mm‘ i devived (rom the ¢

meaning wany’ nadanorod moning pml '
onpound with high moloculue
gram,

[nesicnl Groole wordu poly

9. Siply stated, 1polyrierdga molocular ¢
sy, raiging into thousands and mitlions ol

& Wis compored of' n large tumiber@f ropenting anits o identionl structuro

called monomeoers,

4, For example, polythene is a polymer forntod by dinking togother of n
large number of ethene molecules.

n Gy = Ctly ——> <60ty = CHy>-
Bthene Polyethene
(Monower) ('olymer)

5. Cortain polymers, such as protoins, collulose, sudssilk are found in
nature sud henee are called natural polymers, whereagy & number of
polymers are produced by synthetic routes and ave called synthotic
polymers,

6. ln some cases, naturally occurring polymers can alse be preparved
syuthetically, For e, rubber, which is alse known as polyisoprene.

Chavacteristies of polymers are :

1. Pelymers ave alse known as macromeolecules b(‘CHU\Q there average
melecular weights are 107 or wore.

2 Polyuers have low density and sre light weight.

3. These are sewi-erystalline materials.

4. The Wntermolecular forves that bi -

N o \ termwlecular forces that bind menemer to form polymers are
snder Waal's forees, & 1 attracti

‘ i torves, dipele-dipole attractions or hydrogen bonding.

3 - ~ YR s

& They show excellent resistance to corrosion.

& ?L‘\mq‘\\\re a3 th .

T; o \ geed thermal and electrical insulators.

A ev hav - tenst

wave low tensile strength and stiffness

S FL‘\‘:;L'-\»'ge hE -

" lrme HODeIN possess goed elsstic properties

< I:"R“ are tatlor made materisls the

il TILS That can be moulded ex wily in desired

I Whst do you mean by

degree o S i
rmzmem:_'\- of pelymers ? ) ¢ Polymerization and

LJI:L s Lx- mer is .S:LW"
WInT higy "‘L"" &N »'I"Ll"'"' srivrs

x_“_ .C’W_‘Eg:_

——

;cnyhmm ln;! ( ‘Immint ry
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l-‘mml.lonul“.y of polymorn !

1. Fanctionality moans tho numbor of bonding sites in a monomer. The

doublo bond in vinyl monomors (CH, = CHX) can be considered as a site
for two froo valoncos,

9. Whon the doublo bond is brokon, two single bonds become available for
combination,

4. oroxamplo,
CHy=CHX — ..CH,-CHX...

4, 'Thus, vinyl monomers can be considered as bifunctional because they
have two reactive (or bonding) sites. For asubstance to act as a monomer,
it must have at least two reactive (or bonding) sites.

Functionality and structures of polymers :

1. When the functionality of monomer is two, linear or straight-chain
polymer molecule is formed.

Examples of Bifunctional monomers : all vinyl monomers, Hexamethylene
diamine, Adipic acid, Terephthalic acid, Ethylene glycol, Amino-acid, etc.

9. When the functionality of monomer is three, three-dimensional network
polymer is formed.
Examples of Trifunctional monomers : Phenol, Melamine, etc.

3. When a trifunctional monomer is mixed in small amounts with a
bifunctional monomer, a branched chain polymer is formed.

4. When a bifunctional monomer is mixed in small amounts with a
trifunctional monomer, a three-dimensional network polymer is formed.

How are polymers classified ? Explain.
OR
What is meantby tacticity ? With suitable examples, explain Isotactic
Syndiotactic'and Atactic polymers. i { UPTU 2014-15, Marks Oi‘
OR
What are graft and-block copolymers ? Give examples.

[UPTU 2011-12, Marks 05 |

OR
How would you obtain syndiotactic'and isotactic polymers from

Propylene ? TUPTU 2012-13, Marks 04 |

Answer l
Polymers can be classified as::
L Based on polymeric structure : Apolymer molecule may be of three
tFpes on this bhasis:
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Polymers and Organdmetajlic
S

a. Linear:In linear polymers, the monomer units are

% join t
end to end in a single chain, o8ether

For example, High density polyetylene, Nylons etc.

/\/\/\/\/\/\O=O+.l=.+0=o

—O0—0—08-0-0—
Linear polymer

b. : .
?ranc!:led § }:%ranched polymers are the polymers in which th
ame side chains or branches are connected tothe main chain. :
example, low density Polyethylene, starch etc. e

Oio +/.\ +O0=0— .
. Branched polymer :

¢. Cross linked or Network : P

cross linked together in all th i

i L ree dimensiong

dF1men51onal network structure are termed as net i If;OI‘m pree
or example, Thermosets, Rubbers ete ki

= I

Based on tacticity or stereochemigtyy .
monomers to form polymers are termeq Y i The 5

as . .
the tacticity, polymers are of three typeg . tacticity,

olymers in which monomers are

Network Polymer

Dr fangement of
ePending upon

a. Isotactic polymer :In isotactic po] L
or alkyl groups lie on one side of the c},,; € funct;

on the other side. 4 ang the hydrgzzilgrto s

atoms

Ymerg all t]

For example, Natural rubber.,
b. Atactic polymer :Ifthe groups are oy,
below the chain, then polymers are kngy EEdr
as
For example, Polypropylene.

i i :+ If the alk: }
c. Syndiotactic polymer alkyl gy,
fall alternatively above and below the ci’:ﬁips and g
referred to as syndiotactic. , thep thi lggen Shoms
ation jg

aggmly above and
1c polymers
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Polymerization
CH; — CH = CHy ——————»
CH, CH, CH, CH,
~CH— CH, — CH — CH, — CH — CH,— CH -~
(Isotactic)
CH, CH, .

~ CH—CHZ—CF—CHz—CH—CHZ— CH ~
CHjy CHj3
(Syndiotactic)
CH, CH, CH;

~ CH— CH, — CH — CH, — CH — CH,— CH ~

(Atactic) CHy

3. Based on physical state : Polymers can be amorphous (Rubbers) or

semicrystalline (example, Nylon, Polyesters).

4. Based on its origin : Polymers are of two types on the basis of its

sources :

a. Natural polymer : The polymers obtained from natural sources
(such as plants & animals) are natural polymers. For example,
starch. '

b: Synthetic polymer : Synthetic polymers are man-made materials
and'made from smaller molecules by chemical means. The raw
materials for the preparation of synthetic polymers are obtained
from petroleum and coaltar, for example, polyethylene, rubber
(synthetic), terylene etc.

5. Based on the chemical structure :

a. Homopolymer : The polymers in which the entire polymer chain
is made up'of one single repeating unit. For example, Polyethylene,
polyvinyl chloride‘etc. .

~A—A—A—A—A-~

b. Copolymer : The polymers in which the polymer is having more
than one type of repeating unit in polymer backbone. For example,
Nylon 6, 6, Terylene. This process is known as co-polymerization.

~A—B—A—B—<A—B-~

6. Based on the types of monomers :

a. Block copolymers : A sequence of one monomer is followed by a
sequence of the other monomer inithe copolymer. :
—A—A—A—B—B—B—A—-A—A—

(A, B = different monomers)
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1¢,

b. Graft copolymers : The polymers that contain main chg:
exclusively one monomer with branches of the second m: .
N g —A—A—A— flomer,
| ) B
B

l
B

l
B

¢ Random copolymers :
random manner in the co

—W—w—

The two monomers. are arr
polymer. Thus,
—A—A—B—A_B_ALpB_
copolymers : The two m

anged ip a

d.  Alternating

- ono i
alternatively along the chain of the c0po]ymn:r’sl'f1$ Ceoggeiad
7. —A—B—A_B_A_pB_

Based on Ehe mode of synthesis ;
a. Addition Polymers : The aq, ;

monomers with multiple hong,

dition polymer is one in which thg
polymers.

s undergo trye addition, to form the
For example, Polystyi-ene, polyviny] chloride et
ete.

n CH, =CH —_— -

2— CH
CN L j;

. CN

Condensation polymers : In Polyviny) chloriq
molecules combine with th.e el?xz‘,’nde.nsation polym, e: ¢ )
water, alcohol or ammonia to g_iv;:atlon of smalley m:)IWO orga'mc
Nylon 6, 6. Polymer, ecules like

or example N
nH;N—CHy)s—NH, + n HOOG »Nylon 6,

—(CH,), _
—HH20 o COOH
H
| [l 0
N—CHy)—N—C—cyy, _ |
A
Nylon 6, 6 n

Based on the behaviour when heatedq : Theg
: e

a. Thermoplastics : The polymers which gets are of two
hardened on cooling without or with little ¢ Soften
lang,

O0on hots
For example, LDPE, HDPE, Nylon 6, 6, ety * ™ their pre 8 and

type

pe .
b." Thermosetting : The polymers which once Tties.
softened again. For example, Bakelite. ardened .
On the basis of ultimate form : Depending op, thes Dot he
and use, a polymer can be classified as : °Ir
te form

8

WETIEmIeRer——

|
|
B
{
|
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a. Plastics : All the synthetic polymers (other than elastomers) are
usually referred to as plastics, The polymers which are shaped into
hard and tough utility articles by the application of heat and pressure
are called plastics. At some stage of manufacture, these are in
plastic condition (Plasticity is the property by virtue of which a
material undergoes permanent deformation under stress).

b. Elastomers : The polymers which are capable of being stretched
rapidly at least 150 percent of their original length without breaking
and return to their original shape onrelease of stress are known as
elastomers. Synthetic rubbers constitute important examples of
this group.

Give the statistical methods for average molecular

weights of polymers.

OR '

Why do polymers have an average molecular weight ?

The principai statistical methods for calculating average molecular weight of
a polymer, are given below,

1.

Number average molecular weight (31,,) :

a. Consider asmall piece of a polymer, which contains total number of
polymer molecules as ‘n’.

b. Out of the ‘#’ molecules, if n,, molecules in the polymer have

molecular weight M.

n, molecules in the polymer have molecular weight M,.

d. nymolecules in the polymer have molecular weight M,.

o

‘And so on. -
i=n
e. The total number of molecules=n=n,+n,+n,...+n,= Z n;
i=1

f.  Molecular weight of n, moleculesis n, M, and the molecular weight

contribution by n{molecules will be, By

1
g. - And similarly molecular weight contribution by n,, n,, ..., n

i
molecules.

n, My +ng M, +ngM; +...+n, M, A =n, M,
Zn, >

i i

Hence, the M, =

h. The M, can be found experimentally by the study of colligative
properties. The property of solution, which depends upon the
number of particles in solution and independent of size of particles,
is the colligative property.
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, : (Sjonsider a piece of polymer having weight W
. duppose w, isthe wei ‘
Suppos L reight of polymer molecules having M, molq ul
C
¢ w;isthe weight of ]
> polymer molecules havi
Aeisthen having M, moleculgy Weighy
d  The total wej ’
eight of i =
polymer is, W= Wt w, +w, ... =3y,
e. 1 ti |
Weight fraction of w weight = 0 d
= 37 and the molecylay Weight
contributi i
ution by W, weight fraction = LM‘
£ Similarly
¥, the contribytj
s Dution to molecy] i .
o WEio;;f-D be consti ' ar weight by other Wweight
SHt average molecylgy weight,
i, - % Tw M,
2 350 w,
g IFes . Tw, i N
ea:.;ltg}llletnwl contains n_ moleculés havi Zw, 7 (2.4.1)
aving M, molecular weigh
- W, =n M \
ence, Tw. = 2'111 111! 7
Replacing the w, terms b_x,i nM
3l : T Equatlon (24 1) be
at : L . n; M, N7
HT:I? weight average molecular i i
t scattering or ultram; e tisfo
chain size mak ontriars echni o whien
; & > akes the contributiop, to 108, in wh oo
e solution of a polymer is fe A polymer

eas
Property of light scatterj élway S collojdg) ure(.i resultg,
ring. : and j Possesse th
S the

Q?82-5- _| Define polymerization and
i DR monomer‘
Polymerization :
1. The process of joini
Joining large number of sj
polymer molecules is known as polymerzma;;lj)(l,imol
2. Alarge numberof ethylene molecul -

bonds to form polyethylene. neq by
Polymerization Siemj,
n H,C EtbCfIZ —H,C—cH S =
ethylene o5
1
3. The number of monomer molecules that get j%"fiﬁ?yt'ﬁ";
0;

molecules is generall
y greater than 100 and ma m
Po
thousands. ™ to b Mgy
any

ecy] 3
192 t0 formy hy
ge

es (monomer) gy

process

2  Weight average molecular weight (M) : |

!

Engineering Chemistry 61 (Sem-1&2)H

Monomers : :

1. Monomer is the simple chemical substance of low molecular weight

which can be converted into a polymer and the molecule of monomer

has at least two easily reacting positions.

The monomer molecules act as the building blocks of polymer.

3. A monomer molecule has the easily reacting positions in the form of
cither functional groups or in the form of C = C.

4. The functional groups in the monomer organic molecules can be like —
OH, -COOH, - NH,,-C=N,-COOR, - C], cyclic amide (lactam) group,
cyclic acid anhydride group, etc.

5. A C=C contains a weak n-bond and it can easily be broken by the action
of heat or a reagent.

6. When the mn-bond is broken, two positions become available for

polymerization.

N

S.No.| = Addition Condensation
P polymerization polymerization
1. The polymerization reaction | The polymerization reaction in

in which monomer form
polymer without elimination
of any atom or group,
example, PE, PP, PVC.

which monomer form polymer
with elimination of small
molecules like water, alcohol,
example, Nylon 6, 6, Nylon 6, 10.

2. Generally one type of
monomers is involved.

Generally more than one type of
monomers is involved.

3. The polymer is the exact
multiple of monomer.

The polymer is not the exact
multiple of monomer.

4. Generally alkenés and their
derivatives/ used as
monomers:

Generally, bifunctional monomers
are used.

Homopolymers are formed.

Copolymers are formed.

Initiator is needed.

No initiator is needed.

7. This is also known as chain
reaction polymerization.

This is also known as step growth
polymerization.

reaction.

Classify the polymers on the basis of polymerization

OR
Define condensation polymerization.
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© On the basis of type of polymerization reaction, polymers are classified as:

1. Addition or chain polymers:

_a. The polymers obtained by addition or chain polymerization of

monomer having n bond, are the addition or chain polymers. i
: \

b. During t%le addition reaction, n-bond in the monomer is utilized for
polymerization and there is no byproduct formation.

c. Addit_ion or chain reaction forms the polymer having formula exact
multiple of monomer formula.

(CH, = CH)

R
All viny‘lic monomers undergo the addition reaction during
pglym;nzatmn, in the presence of a catalyst or initiator. This type
of reaction is fast and exothermic. Fer example, PE, PVC, PS, PMMA
ABS plastics, PTFE, PVA, etc. Path VG E

initiator .
n HC=CH——— +CH,—CH¥} PVC

initiator
n HC=CH———» £CH,—CH% PVA
OCOCH;,4
0
Vinyl acetate GOCHy

2. Condensation or step polymers :

a. The polymer formed b ;
3 y stepwise cond - . 2
funct ondensation r
e 10&1&1 groups of monomers along with a byp egctl()n betW}a ==
alled as condensation polymer roduct formation,

Fmt example, polyester, poly

Tesins, epoxy polymers, etc.

n g—@—(CHQ)s— CO—OH — Ny
W-amino caproic acid e

b.
amide (nylon), urea-forma]dehyde

- (CHZ)S —CO3 +
nylon-6 act 0 H,0

n H,CO—0C — byproduct
3 CeH,—CO— OCH; + n HO_ e
dimethy] cerephthalate l - 2~ CH,— OH
0 4 q heat
oy glycol
#0C—CeH, — CO— ocH, _ g
,—

0% + nCH,0H
byproduct

polyester

MK
ol i
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Another classification scheme based on polymerization kinetics has been
adopted over the traditional addition and condensation categories. According
to new scheme, all polymerization mechanisms are classified as either chain

growth or step growth polymerizations.
1. Chain growth polymerization :

2 During chain growth polymerization, high molecular weight polymer
is formed early during polymerization and polymer yield gradually
increases with time. )

b. Chaingrowth polymerizations require the presence of an initiating
molecule that is used to activate the monomer molecule at the start
of the polymerization.

¢. Mostofthe addition polymers are chain growth polymers and hence

. in most of the books the term chain growth and addition
polymerization are used interchangeably.

2. Step growth polymerization :
a. Instep growth polymerization, high molecular weight polymer is
formed only near the end of the polymerization. :
b. Mostof the condensation polymers are step growth polymerization,
but a number of important exceptions exist. :
¢. Instep growth polymerization, the reaction takes place in stepwise
manner and polymer build-up is slow (unlike chain growth, where
the polymer build-up is very rapid).
d. . Apart from condensation reactions discussed earlier, step growth
polymerization includes some addition reactions also.
Example, the fon:condensation step growth polymerization of a
polyurethane prepared by ionic addition of a diol (1, 4 butanediol) to
a diisocyanate (1, 6 hexane diisocyanate)

®

n HO —(CHy);,—OH + 0=C=N—(CHy)y—N=C=0
1, 4 butanediol v 1, 6 hexane diisocyanate
(0}

I y I
+0-(CHy,—0—C= NH — (CHy)g— NH—C1;,
Polyurethane

Giving suitable examples, distinguish between

thermoplastic and thermosetting polymers.
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8.No. ' Thermoplastic

Thermosetting ﬁ

1. | They soften on heating.

They.do not'soften on heating, i

2. | Thev are long — chain linear

! molecules structure.

: —
They haye threedimensional crogg !
linked network structure. ;

3. | They are formed by addition

\_’
They are formed by condensatiop, |

i polymerization. polvmerization.
4 They can be softened, | They cannot be réshaped ]
3 A P and
eshzped and reused reused. f
E 3. Toey are weak, soft and less | They are strong, hard'and more
i Title. brittle.

Ther can be reclaimed by

| wasie,

They cannot be reclaimed by waste,

i. | They are soluble in organic
1.

i Polythene, polypropylene,
polyvinylchloride ete.

r | solvent solvent.
| Examples: Examples:

Bakelite, epoxy resin, melamine

[
|
|
|
!
They are insoluble in organic]
|

€te.
S S S St b 0 YN PSS

Qu.e2.10.‘ What is the necessary condition for a monomer to
undergo condensation polymerization ?

Condition : The
1. Inthis mechanism, the poly
the stepwrise reaction het

monomer molecyles,
2. The reaction takes place sloy
2 f ° One after angthey.,
- 105t of the cage. .
NaClLEOH, oy ETe S

TRONOmer eontains certgin

mer molecule hyjld-
Veen the reactive fu

| UPTU 2014-15, Marks 05

functional groups.

Up proceeds through
nctional groups on

lyins i
Y 1n stepyrige ™manner to join monomer

P .
Ormation of a simple byproduct like H. 0
2 J

S ete, aremﬂi"enéﬁonal groups like — ¢
€r mOlE(.'u]es

O0H, - 0H, _ coog,
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(H—(CH,)s—COjoR. . 1 S —CH)s COOH
HQN"(CHQ’S_CC)—‘\‘ H—(CHy)5 Flod ottt Bt —H,0 v

H—HN—(CH,);—CO—NH—(CH,);—CO—NH—(CH,);—COOH and so on

The final product of nylon 6 will have following structure,

H-ENH—(CHy); — ﬁ_“ OH

o

3]

The byproduct of reaction here is water.
The two ends of the polymer have — NH, and — COOH groups and hence

the polymer molecule can grow further if more monomer made available.

Que 2.11. l Giving suitable example distinguish between chain

An:swgr

" growth aﬁd step growth polymerization process.

[ UPTU 2013-14, Marks 05 |

it goes very fast.

S.No. Chain or addition Step or condensation
polymerization polymerization
i Monomer molecule has'| Monomer molecule has functional
C= C=-bond. group.
2. Catalyst is essential. Catalyst may or may not be
I required.
3. Exothermicreaction. Endothermic reaction.
4. Once the reaction initiated, | Reaction on growing chain takes

place slowly and in stepwise
manner.

5. By product not formed.

Generally byproduct is obtained
along with polymer.

6. Polymer chain ends are dead.

Polymer chain ends are live.

7. Molecular weight relatively

Molecuiar weight varies low to

initiation, propagation,
termination steps.

lower. very high‘depending upon time
and temperature of reaction.
8. Mechanism involves, | Mechanism involves monomer

moleculesireacting one after
another.

~(CHy; — cooy _Heat |

Mo Que 2.12. I Discuss the differences betweén thermoplastic and

thermosetting polymers. Write a brief note on conducting polymers.
| UPTU 2014-15, Marks 10|
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OR

Explain the conduectivity of polymers with conjugated 7. 1
system. How is this conductivity enhanced by doping ? €lectrgy,

UPTU 2014-15

3

OR
make the polymer conducting ?

UPTU 2012-13, Markg

What are the conditions which

Answer

Conducting polymers :
A polymer which can conduct electricity is termed as conducting polyme
T.

Examples: '
Polyaniline is used to make rechargeab ies i
geable batteries in the sh
buttons or as laminated rolled films. y -
b. Polzvpyrrole ]S used in ‘smart’ windows. These smart windows can change
their colour in response to changesin temperature or amount of sunlight,
The colour change is from a transparent yellow-green to blue-black.

a.

Classification of conducting polymers :
Conducting polymer can be classified into following types :

1. Intnnswally conducting polymers : These polymers have extensive
conjugation in the backbone which is responsible for conductance. These

are further of two types :

Conducting
. polymers

1

[

Intrinsically conducting Extrinsically conducting
polymers polymers
]
Conducting Doped Conducting Blended
po]ym.ers hfiVmg conducting element filled conducting
conjugation polymers polymers polymers
i. Conjugated n-electrons conducting polymers :
a. A key property of a conductive polymer is the presence of
conjugated double along the backbone of the polymer.
b.” The orbitals of conjugated n-electrons overlap over the entire

backbone of the polymer, resulting into the formation ©
valence bands as well as conduction bands, extending over the

entire polymer molecule.
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C.

Doped conducting polymers :
-a. - Tt was shown that

The energy spacir}g between the highest occupied and lowest

unoccppled band is called the band gap. The highest occupied

band is called the valence band and the lowest unoccupied

band is the conduction band.

If the band gapis narrow, the electrons from the valence band
are excited to conduction band giving rise to conductivity. If
the band gap is too wide, the substance is an insulator.

In an electric field, conjugated m-electrons get excited and
electrons have sufficient energy to jump the gap and reach

conduction band.

Conduction band

Valance band

In other words, electrons thereby can be transported thrqugh
the solid polymeric material and hence polymer becomes

conducting. .
The most common examples are polyacetylene and polyaniline.
Examples :
nCH=CH —¥ NN
Acetylene Trans-polyacetylene
S
IN— [ At
Was
2. S S
Thiophene Polythiophene

electrical conductivity of polyacetylene could
- 2 th

incr factor of 1012 S cm-! when it was doped wi

e acsuch as alkali metal ion or an electron

an electron donor, . roa
acceptor, suchas arsenic pentaflouride (AsF,) or iodine.
The ﬁrocess of doping can'be carried out by two methods :

1. Oxidationg
i, In this process,
electronsfrom mbond ot*
as they have low jonization po
created can move along the mo}ecule

er becomes electrically conductive-

from the top of
such as

doping typically removes some
nd of the conjugated double bonds

tentials.

The holes so
i.e., the polym . )
jii. Thus, when an electron is remove

B the valence bond of a conjugated polymer,
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r pglypyrrole, a valence (hole op
)'is created, causing partia]
ding over several monomerig

polyacetylene 0
radical cation
delocalization, exten
units.

iv. Theradical cationisc
by polarizing the medium arow
name.

v. The p
polymer chain by
bonds and hence t.

alled ‘polaron’. It stabilizes itself
nd it and hence the

olarons are mobile and can move along the
rearrangement of double and single
he polymer become conducting.

WA

\/\@/\/W\——» Y
VAVAYVAENE

2 Doping through reduction :

- i Inthis type of doping some electrons are introduced
into the polymer having conjugate double bonds as
they have high electron affinities.

This process is brought about by adding Lewis bases.

il It .‘shotﬂd be noted that f)o_lyanﬂine exists in four
omdatuqn states of which, only the emeraldine salt is
cqnductmg which require protonic doping of the imine
nitrogen.

‘E@'NH‘Q—NH—Q— &:@:1\%}“

2 Conductive element-filled polymer :

a.  These are the polymers which ar
are filled with conducti
such as carbon black, metallic fibres, metal oxidesu:g:ng =

b. The pol i
togeg; ng;z s:;:ctslas a binder to hold the conducting elements
Polymers possess reasonable conductivity.

c. Moreo ¥ i
ver, these are low in cost, light in weight and mechanically

durable and stron,
f g. Carbon bl ichi
conducting grade carbon, ack which is used as filler is special

d.  This carbon hag very hi
However, the additi

1

=8

e. This problem
polymers.
3. Blended conducti
e cting pol, : A
with the conventional polymers fo pers. ¢ POMers car be blended

“formed f Produ .
possess better Physical, chemical alfg I?llzazr}]]ds, . These blends 50
anical properties.

——
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Engineering applications of conducting polymers :
Potential applications of conductive polymers are quite significant. This is
due to the fact that these are generally lighter, more flexible and easier to
fabricate than many of the materials, which are conventionally used.

Some of the promising applications include :

Rechargeable batteries : The use of conducting polymers as cathodes

and solid electrolytes in batteries for automotive and other applications

is highly advantageous as an alternative to lead acid batteries. The
polymeric batteries have high reliability, light weight, nonleakage of
electrolyte solution and are small in size.

ii.  Some conducting polymers like polyaniline show different colours in
different oxidation forms. This electrochromic property can be used to
produce “smart windows,” and electrochromic displays. (Smart windows
are the windows which change colour in response to sunlight or
temperature changes).

jii. These are also used in electroluminance displayslike in mobile phones

ete.

iv. Other possible uses of condu
v, These can also be used in Light Emitting Diodes (LEDs), electromagnetic

shielding and non-linear optical material.

vi. Canalso be used in photovoltaic devices.
Differénce between thermoplastic and the
Refer Q. 2:9, Page 63H, Unit-2.

Q > Define biodegradable polymers. Write down the

i

ctive polymers include analytical sensors.

nnosetting polymers:

épplications of biodegradable polymers.
Answer '

Biodegradable polymers :- .
Biodegradable polymers are those polymers which get decomposed by the

process of biodegradation. Biodegradation is defined as a process carried out
by biological systems (usually fungi or bacteria) wherein a polymer chainis
cleaved via enzymatic activity.

Requirements of biodegradation :

There are essentially following thtee elements fon the biodegradation
which needs to be simultaneously present

These micro-organisms must exist with the

a. Micro-organisms :
appropriate biochemical machinery to synthesize enzymes specific for
T Process.

the target polymer to initiate to depolymerizatio
b. Environment : The following environmental factors must be tuned in

a given environment within the win
producing the appropriate enzyme

process

s to degrade the target polymer:

i.  Temperature,

dow of acceptability for the organisms
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Types of biodegradable polymers :

Broadly,
and Synt

Pressure,

=H

iii. Moisture,

iv. Oxygen,
v. Type and concentrationof salts,
vi. Light etc. :

substrate refers to piodegradable polymer. It

Substrate : Here the
s for biodegradation process to be

must have following essential feature
successful :

i. Suitable functional groups: The polymer chain must contain

suitable functional groups or linkages (like ester groups) which are

susceptible to hydrolysis or oxidation by miero-organisms (or

enzymes) for the initiation of the piodegradation process. :

Hydrophilicity : Greater the hydrophilicity of the polymer; usually

larger is rate of biodegradation.

iii. Low molecular weights : Polymers with low molecular weights
are more susceptible towards biodegradation.

jv. Less crystallinity : As the crystalline domains are difficult to be
accessed by the enzymes for the degradation process to start so
lesser the degree of crystallinity, more will be the biodegradation.

B

biodegradable polymers can be classified into two types : N atural
hetic. In general, naturally occurring polymers are more

biodegradable than synthetic polymers.

a.

b.

degradable polymers : Natural rubber, collagen, lignin,

Natural bio
xamples of natural

poly(gamma-glutamic acid) are some of the e
biodegradable polymers.

Synthetic biodegradable polymers : Polyvinyl alcohol,
polyanhydrides, poly-(3 Hydroxybutyrate-CO—3-Hydroxyvalerate) or
PHBV are some of the examples of synthetic biodegradable polymers.

Need for biodegradable polymers :
The problems with traditional, non-biodegradable polymers are :

i Solid waste problems, parti d .
availability of landfills, particularly with regard to decreasing

ii. Litter problems, and

iii. Entrapmentor ingénious hazards to marine life

‘od )
Biodegradable polymers are a particularly attractive option for addressing

ering Chemistry 71 Sem-1&2H

Engine
plications of biodegradable polymers :
Poly ([j-hydroxy butyrate) or PHB : PHB is used in the manufacture of

Ap
. shampoo bottles.

p_hydroxy butyr ate-b-l:ly droxyvalerate or HB-HV copolymers : The HB-
HV copolymers are suitable as matrices for controlled release of drugs
due to their favourable biocompatibility and biodegradation properties.
Poly (lactic acid) or PLA. As PLA breaks down in the environment back
to lactic acid, which can be metabolized, it has found commercial use in
medical applications such as sutures, drug-delivery systems and wound
clips. It is also used in some agricultural applications, such as timed-
release coatings for fertilizers and pesticides.

ns of biodegradable polymers :

Biodegradation and recycling are two major approaches to plastic waste
management. However, biodegradable polymers are not suitable
candidates in the recycling of commingled plastics.
gradable polymers are very expensive.

biodegradable polymers are not easily available.

" Generally, biode
Broadly speaking,
In order to store potentially hazardous materials, landfills are built to be
free of moisture and airtight. These anaerobic conditions which serve to
guard against the release of hazardous chemicals from landfills, also

retard biodegradation.

Limitatio

i

How do natural biodegrédable polymers undergo

biodegradation ?

Wi aﬁér intended

ers that break do
il (CO,, N,), water,

1. They are a specific type of pol
ducts such as gases

purpose to result in natural bypro

biomass, and inorganic salts.
made, and

th naturally and synthetically
and other functional groups-
hanism are determined by

2. These polymers are found bo
largely consist of ester, amide,

3. Their properties and breakdown mec
exact structure.

their -

ring

densation reactions,

4. These polymers are often synthesized by con
opening polymerization, and metal catalysts-

Discuss biomedical polymers:

;}:,i lslzlég ;abs:;e ;I:idﬁxﬁa;ine polh.xtion concerns. Biodegradable polymers do
R e ], they will re-enter normal geochemical cycles over
e polymers are derived from renewable resources
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Biomedical polymers are thermoplastic, low-melting polymeric imp),,
materials based ontlactide/ eaprolactone-monomers. The pol;lj -
properties can be varied in wide ranges i.e., properties can be tailc:m i
according to the needed application. e

Typically, this polymer islow selting. For example at 48°C, and thereaf,
it solidifies at body temperature and becomes a solid, plastic-like mater; ;r
sensitive active agents can be e aSily‘

At molten stage, temperature
h will then be released at a controlleq

blended into the polymer, whic
release rate based on diffusion. ‘
Several basic studies of this polymer with different active agents have
shown that it functions with many of the active agents'significantiy
better than for example polylactide. -
The degradation times of these polymers are typically in the range of
3_12 months. Biodegradable polymers which have medical applications i
are also termed as biomedical polymers.

Medical applications of biodegradable polymers : Wound management,
dental applications, orthopaedic devices, cardiovascular applications, intestinal

applications.
Biodegradable polymers used for medical applications :

i

Py

Natural polymers :
Fibrin

a.

b. Collagen

c. Chitosan

d. ° Gelatin

d. Hyaluronan »

Synthetic polymers :

a. . PLA,PGA, PLGA, PCL, Polyorthoesters
b. Poly(dioxanone)

c¢. Poly(anhydrides)

d. Poly(trimethylene carbonate)

e. Polyphosphazenes

‘
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CONCEPT OUTLINE : PART-2

» Some industrially important polymers are :

Buna N

Buna S

Neoprene

Nylon 6

Nylon 6, 6

. Terylene

o Buna N: It is prepared by copolymerization of butadiene and

acrylonitrile in emulsion system. .

s Buna S:Itis prepared by the copolymerization of butadiene

and styrene in an emulsion system at 50° C in the presence of

cumene hydroperoxide as catalyst.

Neporne : It is a polymer of chloroprene and is also called

polychloroprene. :

e Nylon 6 : It is a condensation polymer of only one type of

monomer molecules containing six carbon atoms.

Nylon 6,6:Itisa condensation polymer of two types of monomer
olecules each containing six carbon atoms.

ﬂ/’j////————/

L ——

SIS I L

Mec

_ um Answer Type Questions

6. | Give the preparation, structure and applications of .

following polymers :
1., Buna N |
2, Buna$S.

- 3. Neoprene

=

3

%

erization of butadiene and

BUNA-Nor NBR)

1. Nltl‘ll\e Riubber (GR-A,
ed by the copolym

Preparation: It is prepar

acrylonitrile. a0
' Copolymerizetiyn
CH2=CH——CH= CH2+nCH2=(|3H
: CN
wlcH,=CH = CH-—CHE——(’JH-‘CHZ——
CN n

Properties:
1. Resistant to acids, heat and oils.
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Properties:
X 9
1. Reslstancetov egetaie Sk

Szmeraleth

4 Tyres
jQuerz.rl"l.rl Give the preparation, properties,

;ﬁéﬁca
Nylon 6,

75 (Sem-1&2)H

Engineering Chemistry
2. Soluble in polar solvents.
3. Resistance to degradation.

on:ltis used for :

Applicati

1. Gaskets, sponges-

2. D amping vibrativns in aircrafts.
3. Lining of vessels.

structure and

‘ tioﬁ of following polyamides:
and terylene.

Nylon 6, 6,

‘Answer
Syntheticfiber forming polyamides arealso termed as Nylons. The important
ers of this category are discussed below :

polym
Preparation : Nylon-6 can be made either by self-cond

caproic acid.
: H (0]
| 1
—_— N-(CHys-C1z

H,N — (CH,); —~ COOH
~H,0

ensation of e-amino

Nyloe6

:-amino caproic acid N5
or by ring opening polymerization of caprolactum
) 0
,Cc=0 _ | ”‘\
CHps ) _ » AN-@H;-CE
N-H
Caprolactum ) Nyloo-6

Nylon-6,6 :Itis made by the condensation polymerisation of hexamethylene

diamine and Adipic acid in 1: 1 molar ratio.
Polymerization

COOE — .m0
N-C—(CH,-C

N-—(CHps—
{l = H}
H H O 0l=

adipamide)

H,N(CH,)s NH, + n HOQC - (CHy)e =

Nylon-6 6 (or Polyhexamethylene

Properties :

a. The structure of nylonsare linear that permits si
Moreover, the molecular chains are held together by I3 (
Thus, nylons have high crystallinity which imparts high strength, high
melting point, elasticity, toughness, abrasion resistance and retentiod
of good mechanical properties upto 125°C.

b. They arealso sterilisable.
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have good hydrocarbon resig;

ater will be ease of prOCeanCe

¢. Since nylonsare polar polymers they
Ssiné

Larger the number of carbon atoms, gre
and hydrocarbon:and moisture resistance.

Applications:
a. I\_Tylon-G,G is primarily used for fibers,
tinder-garments, carpets ete.

b. Nylon-6,6 is also used in mechanical engineering for well kngy,
applications like gears, bearings, bushes, cams etc. Apart frq ¥
advantageous properties listed above, Nylon moving parts may ];n
frequently operated without Jubrication. They are silent running ang
may q{’ten be-moulded in one piece when previously a metal part requireq
assembling of several parts or alternatively extensive machining with
consequent waste of material. '
Mouldings having application in medicine and pharmacy because of
sterilisability. = 7
d  Durable (but costly) hair combs.
Chemically terylene is polyethylene terephthalate.
Polyethylene Terephthalate (PET):
PET isa Fommercial polye§ter product also known as terylene or dacron and
itis obtained by copdensatlon reaction between ethylene glycol and dimethyl
terephthalate at high temperature.

(0]

Il

i
n Hy,CO— C—@'C—OCH:; +nHO — CH, — CH, — OH
Dimethyl / terephthalate ’

which find use in making sock
S)

C.

0 0
250°C é” I
-.__> (,——<>— C—O—CH2—CH2—O>~+2nCH30H
Pet ) '
Properties:

1. It forms crystalline pol
e polymer b i
ester groups.in chain, - ecause of symmetrical structure and polar
It can be easil,
e 1ly converted to fine fibers of very good tensile st h
iy g o impact strength and better thermal stabili e strength.
ibres of PET are crease resistant, low mojst o
- : 2 ’ °
PET is resistant to 0, and acids but ; A
e s attack
It is the most common Synthetic fah
It can be blended with cotton, vj )
It is useful for making magn, ’t""lsc
e
It can be converted ¢, filmg i
1t is used for makip o
g buttong

e absorbing.
ed by alkali.

ric materia],
ose, wool, silk t

’ 0 get b :
ecording tapeg etter fabrics.
bottles,
knobs,

DU 0 O N

Polymers and Organ omety
1§
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| PART-3

General 1
~(Grignard Reagen?) alt

CONCEPT OUTLINE : PART-3

Organometallic compounds : The compounds in which the
carbon atoms of organic group are bound to metal atoms are

known as organometallic compounds.
« Grignard reagent : The organomagnesium halides are known

as Grignard reagent. Itis represented by R-Mg-X, where
R = alky/ary/ alkeyl/ ally group
X=C/Br/l

f organometallics : Organometallic

o Classification o
fied on the basis of bonding between organic

compounds are classi
group metal atom.
They are mentioned below :

1. Ionic Organometallic Compounds

2. Sigma-Bonded Organometallic Compounds
d Organometallic Compounds

3. Non-classically Bonde
/—'—"‘“'/

_ Questions-Answers

Que 218 What is organ

of org;anometallic compounds.

‘Answer

Organomefallic compounds :
of organic group are bound to/metal atom:

compounds.

the carbon atoms
organometallic

The compounds in which
s are known as

") is considered to be an organometallic
(M) and ametal-

(R) is bound to metal :
(rO), M is not an organometalhc
¢ group (R) is bound to metal (M) by

For example, alkoxide such as RM(OR
compound because the organic group
to-carbon bond is present, whereas
compound. This is because the organi

oxygen (0).

Classification of organometallics co
Organometallic compounds can be classified on the
organic group and metal atom. Broadly, there are

organometallics :

mpound :
basis of bonding petween
following three tyPeS of
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i Ionmic organometallic compo

Ca etc.) are known asionic organome
salts of carbanions. Their general chemic

For examples :
a (CH,),C Na’,
b. (CH,),Ca*

Jonic organometallic compounds ar
hydrocarbon solvents, and are very reactive toward air, water etc.

al formula is (B), M=*.

ji. Sigma-bonded organom
the organic group (R) is bound to ametal

or non-metallic elements by a normal two-electron covalent bond.

iii. Non-'cla:ssically bonded organometallic compounds' : Here the
bonding is not explained in terms of ionic or electron-pair sigma bonds,

Broadly these are of two sub-types :

a. Alkyl_ of Li, Be and Al have bridging Alkyl groups. Bonding is
multicenter type and there is electron deficiency as in boron

hydrides.

b. Compounds of transition metals with alkenes, alkynes, benzene,

and other ring systems such as CH,".

| Define the term organometallic compounds. Explain

general methods of synthesis of organometallic compound

preparation and applications with suitable examples.

Organometallic compounds : Refer Q. 2.18, Page 77H, Unit-2
Methods : Geperal methods of synthesis of organometallic compouflds :
organometglﬂ]uc compounds can be synthesized by the following methods :

i. f;ﬁg: l('gt;tiolallsk of me!:als : Direct reactions of metals (M) with alkyl
or alkyl halides (C;H,X) in et_her lead to the formation of

alkyl or aryl or aryl metal halides.
M + RX — RMX
M + CHX — CHMX
I;e.re M can be Li, Na, K, Mg, Ca, Zn and‘ Cd
re ts ) i .
agents (RMgX) are synthesized by this method. F
ngnardMg R .For example,
— HI —— CH, Mgl
se of alkylating agents
; : Here alkylati
organometall Wi ‘
. reage:: tscompot.m'ds. Alkylating agegn:sg gk usgd ik ey
, aluminium and mercury alky]scatIl o Goesd and
, etc.

g y d ne el hy
Ihe aIkylatlon 1s gener a].l 0 € thEI m ethel or dIOCal bon SOl v ents'

Polymers and Organometaljjqg
unds : The organometallics in which

the organic group (R)is bound to highly electropositive metals (like Na
tallics. In fact, these are met, al

e usually‘ionic, insoluble in

etallic compounds :In these compounds
atom (of lower electropositivity)

Engi

jii.

iv.

Applications of

cat

1

iv.

peering Chemistry 79 (Sem-1 &2)H

For example,

pCl, +3 CGHsMgCI ——»P(C,H,), + 3MgCl,

Interaction of meta_l or non-metal hydrides with alkenes or
es : Hydroboration reaction is one of the best example for such

be rega.pded as insertion of alkene in M-H bond.

| |

+33C=C{—=2L»BLC=C

synthesis. It can also

1
3

addition reactions or oxad reactions : Here metal-
by the addition of alkyl or aryl halides to
d transition metal compounds. For example,

PPh,

Oxidative
carbon bonds are made
coordinatively unsaturate

PPhg

| _ :
Ol — Rh — PPhg + CHgl — > Cl — Rh— CH,l + PPhg

PPhy
tions and

PPh,
tallic compounds in polymeriza

organome

alysis :
Lithium alkyls
polymuerization of alkenes. For examp (
lithium alkyls gives up to 90 % of 1,4-cis-poly-isoprene-

The alkyls of aluminium are important because of their industrial use as

catalysts for the polymerization of ethylene and propylene.

Organo-titanium compounds got importance mainly because .of tl_le

discovery by Ziegler and Natta that ethylene can be polymenzed in

presence of a mixture of TiCl, and AlEt, in 2 hydrocarbon solvent at

room temperature and atmospheric pressure- .

For example,

CH, = ‘IJH TCl, + AUCH)s

ospecific catalysts for the

are widely used as stere
n of isoprene with

le, polymerizatio

CH,
H
H

Isotactic polypropylene

Wilkinson’s hydrogenation process is used for tpe selecti.ve
hydrogenation of C = G bonds that are not sterically hindered using

Wilkinson’s catalyst, RhCl (PPhy),

jssfusliesfia s

Propylene

RhC1 (PPhy)s | |
_ )C:C( +Hy _ _(‘;_(|;_
H H -
i i si i talyst © 1be
Hydroformylation reaction using rhodium c¢2a :
a tion is the addition of hydrogen (H,) and carbon

hydroformylation reac
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monoxide (CO) [or formally of H and the formyl group, HCO] to an
alkene [generallya terminal or 1-alkene] to form an aldehyde produc,

For example,

RhH (CO) (PPhy)
R CH = CHy + Hy + 00 — o0 =282 5 RCH,CH;CHO

What is organometallic compound ? Explain various

methods of preparation of Grignard reagent and also write‘at least
- T MaTks 05

five applications of Grignard reagent.

Answer l
Organometallic compound : Refer Q. 2.18, Page 77H, Unit-2.
Grignard reagent :

1. The organomagnesium halides are known as Grignardreagents. These
are extremely important reagents developed by the French chemist
FranAgoisAuguste Victor Grignard, whe was awarded the.Nobel Prize
in 1912 in Chemistry for this work.

2. The Grignard reagent is represented as R-Mg-X, where

R = alkyl/ aryl/ alkenyl/ ailyl group
X=Cl/Br/1

3. The reactions involving Grignard reagents, as sources of nucleophiles,
are usually referred to as Grignard reactions.

Preparations of Grignard reagent : .

L The Grignard reagentsare preparedby the action of activated magnesium
(Rieke magnesium) on organic halides in suitable solvents like Diethyl
ether, Et,O or Tetrahydrofuran, THF in anhy o

drous conditions.

5+ Anhydrous”  §+5-

R-X+Mg Et,0(or) THF R-Mg-X
ii. Thisis an oxidation insertion of magngasi

bond, which involves oxidation of I\f;(((e]s)ltlt)m 1\/}:3‘;&;911 “arbgn and halogen
iii. The Grignard reagents are in :

species R,Mg and Mng .

R-Mg X

2RMgX —>

equilibrium with the dialkylmagnesium

‘R_Mg_xm R2Mg + MgX2
iv. Inthe formation of Grignard reag

the halide group is reversed ent, the Polarity

of carbon attached to

umpolung. 1S reversaj} ip s
Applications of Grignapq Feagert Polarity is called as
1. The addition of Gy :

alcohols. "Bnard reagents to formagey, de furp;

Example, Yde furnjsheg primary

Engi neering Chemistry 81 (Sem-1 &2) H
f OMgI
C,Hp Mgl + /K 2
' H H HC, g H

-
HO, ¢, H, - CH,0H+ Mg(OHI
Propyl alcohol
The Grignard reaction with aldehydes other than formaldehyde gives

secondary alcohols.
.
CH; Mgl + H30 /{\ + Mg(OH)I
H3C H H3C H CH3

The addition of Grignard reagent to ketones furnishes tertiary alcohols.

ﬁ (i) CH, Mgl
CHy¢ CHy ————»
(i) H30 )
3. The Grignard reagents are also used to prepare nitriles by reacting
them with cyanogen or cyanogen chloride.
CH,;-MgX+N=C-C=N— H,C-C=N+MgX(CN)
CH;MgX + Cl -C=N— H,C-C=N+MgXCl
4. Amines can be prepared-by reacting these reagents with Chloramine,
NH,CL.
CH;MgX + C1- NH3— H3C - NH, + MgXCl
5. The alkyl dodies can be prepared via Grignard reagents. The
alkylmagnesium chlorides or bromides are treated with iodine to get

corresponding alkyliodides.
CHy—=MgCl + I, » H,C - I+ MgICl

(CHg)3C-OH + Mg(OH)I

‘How is Grignard reagent prepared ? How will
CH,CH,MgBr react with HCHO,CH,CHO and (CH,),CO ?
: U 2014-15, Marks 05 | r

Preparations of Grignard reagent : Refer Q./2.20, Page 80H, Unit-2.
Reaction : i

Mg + CH,] —2* . CH Mgl i
CH,CH,MgBr react with HCHO, CH,CHO and (CH,),CO

[ S ey



0 s (I)H
R'M
| X——ICI)—-Y —ix—> X C—Y

5 R’
" Reactant . Product

= CH,CH,

IfX = HY chen

o OH
' |l mMgx |
s H-—C—H———> H_Ic_.H
CH,CH,

. ° alcohol
E : IfX = CH3, Y=H thén’

OH
|| R'MgX .
CH;—C—H — CH —O=H
l |
CH3CH3
2° alcohol
IfX = CH3, Y= CH then

1 . OH
| CH&FC*CH \gb .CH§~C~CH3
, Ot

CHZCH3

~ 3%alcoho]l

©0©
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_ CONCEPT OWTLINE 3 PART-1

« Electrochemistry : It is defined as the vnwdnﬁ of chemistry
which deals with the relationship between m_mﬁdn& energy and
chemical changes taking place in redox reactions.

e The three main aspects of study of electrochemistry are ;

1. Electrolysis
2. Electrolytic conduction .,
3. Galvanic cells/ Electrochemical cells / Voltaic cells

« Electrochemical cells : It is a device for the oob<m~.m55..am
chemical energy into electrical energy or vice-versa.

 Depending upon the types of electrochemical processes,
there are two types of cells :

1. Galvanic cell / Electrochemical cell
! 2. Electrolytic cell

s Electrode potential : The tendency of an electrode to lose or

gain electronsis called electrode potential.

¢ Lead storage battery : It is also known as the automobile

battery. It is an example of secondary electrochemical cell, since
it can be recharged.

Ewoononrmdmm?w

m_mn?oomoamnq :

1

Itis a branch of physical chemnj
chemical and electrical pheno

stry that studies the relationship between

Gising slects mena and the laws of their interaction.
ectric current thr . ;
reaction takes place. nt through an electrolyte solution, a chemical

In other words, an electric curr
y i i
Place under suitable 85&20:%5 £ T el reaEhiim o 21

The phenomenon is ¢alled electrolysis,

5.

6.

m:mmﬁmm

ring Chemistry . 85 (Sem-1 & 2) N

The reverse is also true i.e., we can generate electric S
ofa chemical reaction. n. urT!

Hence, depending upon these two types of electrochemical processes,

there are

a.
i

following two types of cells :

Electrolytic cells :

A device in which electrical energy is converted into chemical
energy by passing an electric current to produce the desired
chemical change is called an electrolytic cell and the processis
called electrolysis.

The refining of metals, electroplating with silver, gold and
chromium or production of many chemical substances such as
chlorine, sodium hydroxide, hydrogen peroxide etc., are carried
out in electrolytic cells.

The charging of storage batteries is also based on electrolytic
cells.

b. Electrochemical cells :

i

An electrochemical cell is a device which converts chemical
energy into electrical energy.

It is also called galvanic cell. Daniel cell is a well known example
of galvanic cell.

Importance of electrochemistry : The subject of electrochemistry has
numerous theoretical as well as practical importance. For example,

i

i

Various chemical reactions occuf through redistribution of electrons

A number of metals such as Na, Mg, Ca and Al and a number of chemicals
suchas NaOH, CL, F,, etc., are commercially produced by electrochemical

methods.

Batteries andells used in various instruments and other devices convert

chemical

The semsory signals sent to the brain through the cells and vice versa

energy into electrical energy.

and also the communication among different cells.

| What are redox/ half reactions ?

among the reacting substances.

Any substance that loses electrons is said to be oxidized and the one

which gains electrons is said tobe reduced.

However, in a chemical reaction, a substance can lose electrons only if

there is another substance present, which can gain electrens.

This implies that oxidation can take place only

the same time or vice versa.

if reduction also occurs at

\



setr

Ochemigty,

5. These reactions in which reduction and oxidation both take pl

called redox reaction. ace gy

+ 2+

9
. NHX@ + Oﬁnme ? NS:n + Oc@
6. Inthis, N.b@ loses twa electrons whereas Cu®* gains two electyg
hence this is a redox reaction. "% ang

7.  The redox reaction are of twotypes:
a. Direct redox reactions:
i The redox reactions in which oxidation and reductiop tak
place in the same vessel are called direct redox reactiong %
ii. For example, displacement of copper from CuSO, solut;,
when a zinc rod is dipped in it. 1
Zn + CuSO, — ZnS0O, + Cu,
or Zn, + Cu?* — Zn* + Cu,
iii. The above reaction can be split into two halves«
7n —— Zn2* + 2e~ (oxidation half reaction)
Cu?* +2¢- — Cu (reduction half reaction)

b. Indirect redox reaction:

i If redox reaction is allowed to take place in such a way that
oxidation reaction takes place in one beaker and the reduction
half reaction in another beaker, the electrons given out by
former will be taken by latter and a current will flow.

i These indirect redox reactions form the basis of electrochemical
cells.

Write a short note on galvanic cell.

H.. The m&<§o cell is a device used for the conversion of chemical energy
into electrical energy.

2. Examples of galvanic cell are dry cell or lead storage battery.

3. Ingalvanic cell, the cathode has a higher potential than the anode.

4. This isbecause the species undergoing reduction at cathode withdra
electrons from it.

5. ,H.Em leads to a development of positive charge on it, corresponding toa
high potential.

6. O&mmﬂob at the anode results in the transfer of electrons to it, so giving
it arelative negative charge.

wS

7. Thepractical muwzowaoz of galvanic cell is Daniell cell. .

8. It nos&mwm of zine electrode, dipped in Zn SO, solution (say 1 M) and 2
copper electrode, dipped in CuSO, soluti in two
e pia s , solution (say 1 M) taken In

sneering Chemistr, )
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10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

e
Anode Cathode
N:mﬁ.u» .. 1 us0,

solution NEZE! . olution
(1M aM

'Fig. 3.3.1 Daniel cell.
The two solutions are connected by means of a salt bridge.
Salt bridge is an inverted U-tube containing an aqueous solution of
electrolyte such as KCl, KNO,, or K,SO, (which does not react chemically
during the process). ‘
The moment the two electrodes are connected by a wire the following
reactions occur at different electrodes :
At anode : Zn (s) >—Zn*(aq) + 2¢- (oxidation half reaction)
At cathode : Cu* (ag) + 2~ >—Cu (s) (reduction half reaction)

7n (s) + Cu?* (ag) —> Zn** (aq) + Cu (s)
(The complete cell reaction)

Oxidation takes place at the anode and reduction takes place at the
cathode.
The electrons flow from anode to cathode.

The#ransference of electrons from 7n anode to Cu cathode leads to the
aécumulation of positive charge around the anode due to the formation
of Zn? ions and the accumulation of negative charge around cathode

" dueé to deposition of Cu® ions as copper on the cathode.

The positive charge so accumulated around the anode will prevent the

flow of electronsfrom it.
Similarly, accumulation of negativ
prevent the acceptance of electrons

e charge around the cathode will
from the anode.

the current in the electrical

As the transference of electrons stops,
circuit also stops. g
At this stage, the saltbridge comes to the aid and restores the electrt
neutrality of the solution in the two half cells.

When the concentration of 7n2* jons around the &
sufficient number of C1-ions migrates from the salt bri
half cell.

Similarly, sufficient number om. K*
cathode half cell for neutralizing ex
he cathode half cell.

node increases,
dge to the anode

i t bridge to
jons migrate from the sal : ommprm

cess negative charge gee

additional mOm- jonsint
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Give ..Em construction of a galvanic cell.

wonm_"_mpnaou of galvanic cell and c&o.c_maon.u of voltage :
The cell is formed with two electrodes and its emf is measured, at 25° o

L Referenceelectrode (half cell): Calomel mHm%S.mm Hg|Hg,Cl, o.H,.
Jectrode and its standard reduction potential i ﬂme_m
n

&

used as reference €
as +0.2415 volts.
2 Metal or alloy electrode (half cell) <~
a.  Themetal oralloyinits practically used form istaken as ele ctrod
and it is dipped in sea water medium. €

b. The two half cells are connected and the cell emf is measureq 4 -

25°C.
¢’ If the metal-sea water electrode system acts as anode, then jtg
standard reduction potential is calculated as,

H_Ummz T me&, )eathode IAHW&VEmﬂ& =0.2422 - @uwomv

Am.._wmm; dmetal = (0.2422 - Hmm:v<onm
d.  Ifthe metal-sea water electrode system acts as cathode, then'its
standard reduction potential is calculated as,

cel Ereq MBoan —(Efer)anode = Ered)metar —0.2422
o (Bl ) metal = Elep +0.2422

metal

< .
< IM_ Pt wire

Metal .r|||||||r..mw WH Saturated KCI solution
or-alloy i s

HH ”HHHH|H|H| o I 4——Hg + Hg, Cl,
Sea [ [=——— P Hg
water i SR - =1 | Calomel

|HALH|.|.NNNH|”|H| electrode

Porous gel plug )

Que3s : Fob
Q For the cell : Zn | Zn® (1 M) | | Fe®* (1 M), Fe%* (1 M) | Pt

Gi ° i
sﬂmwwoﬂwmm | Fe*) = +0.77V and E° (Zn | Zn®) = + 0.76 V.
cell. reaction and calculate the value of E°_ for the above

gineering Chemistry ‘89 (Sem-1&2)H

En

[ADS

:&go equations for the half-reactions are :
At anode ! Zn—s Zn?* + 2,  E°=+076V ..(35.1)
C At cathode : Fe?* + ee— Fe?*, E°=+0.77V ..(35.2)
g, To obtain the equation for the cell reaction, the equation for the
Fe2* | Fe®" half-reaction must be multiplied by 2 (to obtain 2 mol electron)
and combined with the Zn. | Zn2* half reaction.
: aa.mm tobe noted E.wn potential does not depend on the quantity of substance
\undergoing reaction, so the value of the half-cell potential is not multiplied
by 2.
4. Thus, reaction at cathode is re-written as: ‘
At cathode : 9Fe3* + 2e-—> 2Fe?, E°=+0.77V ..(35.3)
5. Andnowadding equations (3.5.1) and (3.5.3), we get desired cell reaction

as: .
7n + 2Fe?* —> 2Fe?* + Zn", E° =+ 0.76 + 0.77=+ 153V

6. Apositive sign of E;means that the reaction is spontaneous as written.

Calculate the standard EMF of the following at 25° C,

writing its half cell reaction and net cell reaction Zn|ZnSO ||
CusO0, | Cu. Standard potentials of Cu and Zn electrodes are + 0.34

and =0.76 V respectively.

Given cell diagramis;
Zn | ZnSO, || CuSO, |-Cu
e Salt Cathode
bridge
Oxidation half cell . Reduction half cell

‘The half-cell reactions are :

Oxidation reaction at anode : <Zn—> Zn* + 2e° .(3.6.1)
Reduction reaction at cathode : Cu2®+ 2e8— Cu ..(362)
Now adding equations (3.6.1) and (3.6.2), we get net cell reaction as:
7n + Cu®®*—— Zn*®+ Cu
Let the standard EMF of the cell = Egy
Cu=+ 0.34 \'

Given, standard potential of cathode = E¢ythode = ol _

and standard potential of anode = m._”a s mmnf |Zn=- 0.76V
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As Ee, = E . |Cu-Ep [Zn
= Ef= 0.84) — (- 0.76)
= E°,, = 1.10V

Write a short note on electrode potential.

1. A metabrodor plate in contact with its own ionsis called electrode,

2. When a metal is in contact with the solution of its own ions, it can

undergo oxidation or reduction.
3. Thetendency of an electrode to lose or gain electrons is called electrode

potential.
4. Since, eachelectrode represents a half cell, therefore, &mn?omm. potential

is also called potential for half cell.
5. Consider a copper rod dipped in the solution of its own ions, i.e4 Cu2*

ions.

6. The copper rod has a tendency to lose electrons to form Cu®*ions which, .

pass into the solution.
7. Thus, copper rod acquires a net negative charge as electrons which are
released, get accumulated around the Cu rod. These electrons will attract

Cu?* ions from the solution.
8. - This indicates that copper will soon be established.

- 2
Oﬁ@v P —— OCANNV + 2e”

9. When such an equilibrium is rea ot
. ched, a separation iti
negative charges would occur. P of positive md

10. This separation creat: i :
" the moEﬂ.wob. reates a potential difference between metal rod and

11. This potential difference is called the electrode potential.

us, electrode potential of a metal is the measure of tendency of 2

metallic electrode to lose i
own salt. or gain electrons, when it is in contact with its

13. Its magnitude depends upen :
a. The nature of metal and ions
b.  Concentration of joms
c.  Temperature

14. mumnﬂﬂcmm poter H. 1 MHMOHM—
ot ,
HN“— E@NWEQQ g&mﬁ m”m.znmm—ﬂnw DOHH.H:ﬁmObw ~\. e

concentration of metal
ions andat .
electrode Potential and is mgoﬁmmmmwﬂvmnmﬁﬁm of 298 Kis called standard
-

Engi
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Copper
strip

Cu?*ions
in water

‘Answer. .
/H. The electrochemical cell consists of two half cells.

9. The potential of a single electrode in a half cell is called the single
electrode potential.

3. Itis impossible to know the absolute value of a single electrode potential
because neither oxidation nor reduction takes place independently.

4. However, we can measure the potential difference between the two
electrodes with the help of potentiometer, by combining the two

“electrodes to form a complete cell.

e, whose potential is arbitrarily fixed, is called reference

5., The electrod

electrode.
6. <The potential of the reference electrode is arbitr
als of all other electrodes ar

value and the potenti
7. The reference electrode so chosen is the standard hydroge
lecirode (NHE).

(SHE) or normal hydrogen e
8. In order to meéasure the electrode potential of the given electrode, the
electrodeis coupléd with SHE.

9. The e.m.f. of the complete cell is then m
the electrode P

arily assigned a zero
e then referred to it.
n electrode

easured using voltmeter.
otential of the given

10. The measured e.mdf. would give : G iy
electrode because electrode potential of SHE is arbitrarily fixed as nm.B.
11. Thedirection of the flow of current further indicates arom..pmu owﬁ.%MwM
takes place or reduction takes place at the electrode under 1t e
with respect to SHE. eduction
/ . . CL
12. Accordingly, the electrode potential 15 termed as oxidation 0T ¥ u
potential. mi
determine the

it ww desired.to measure and

13. For example, s
ple, suppose
2 lectrode, Zn/ZnS0,.

electrode potential of zinc
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ected with the SHE as shown in Fig. 3.8 3.
. are represented as :

(Oxidation)
(Reduction)

14. The electrode is conn
alf cell reactions
15. The two hi 4, ' S
S,
oH* + 26— Hj
16. The EMF of the cell is found to be 0.76 V.

17. Therefore, the oxidation potential of zinc mﬁnﬁnomm is taken as 0.76 v
* and reduction potential is taken as—0.76 V.

Voltmeter o

Salt bridge

+
> H, gas /-
at.1 atm’

B concentration of the electrolyte in half cell influences its electrode
potential, .

2. The concentration dependence ¢
thermodynamic considerations,

OQEEQ ageneral cell reaction -

.».mgm, can be obtained from

n+ i
E?Ev tue— 5&3
The decrease in

fr
the well known ©¢ €nergy - AG, accom

pan 1 th . B b
thermodynamic e ity ying the process is given by

on,

DQHDQ0+H~H—SE 5.9
p Oronios (8.9
ee
the mﬁwﬂﬂ@ change for the reaction in the
eacaas T€Prese z“mno?rm reactants and products are
: nt the activities of the reactants and

where AGO refor ,
standard state; o __, LP°

ate e, wh
all unj » vaen |
nuu QER___Q andq

Engineerin

5.

10.

11.

12.

13.

g Chemistry 93 (Sem-1 & 2) N‘

the products under agiven set of conditions, R is the gas constant and T’
isthe nmEvae:ﬁm.

Since, AG =—nFE and AG° = - nFE° .
where n is the number of electrons liberated at one electrode and F'is
Faraday of electricity (1F = 96500 coulombs) E.:.m E and E° are the
electrode potential under the operating conditions and standard
conditions respectively.

Hence, substituting the value of AG in equation (3.9.1) we get, -

_nEF = — nEOF + RT In Jproducts. (392
- Zreactants
RT . 9
=E- =12 (393
E=F- Sz’ (3.9.3)
2.303RT, [ Gproducts )
=E°— 1 P ..(3.9.4)
g nF omf Qreactants ;

Equation (8.9.4) is known as Nernst equation and .mwnmm the dependence
of the electrode or cell potential in terms of activities of the reactants
and products. ,

Thé quantity E° is known as standard EMF of the cell and is the cell
potential when the activities are all unity.

At T = 298 K, equation (3.9.4) reduces to:

(8.314)(298)(2.308) . Gproducts
~FO_ 1
E=f 7(96485) 08 & i
Eopo. 00591, Coroducts . (395)
n Qreactants

In dilute solutions;the activities may be replaced by molar concentration
terms,
0:0a91 E ...(3.9.6)

log
L MG

E =E°-

For pure moﬁmw, Eﬁb =1 i
Hence, equation (3.9.6) can be written as :

£ 05 0| L (391

n+
& d (ag)

Equation (3.9.7) is the Zmubmﬁ. equation for pure solids at 298 K. For any
other temperature, it can be written as .

2.303RT 1 ’
g log| —— ..(3.9.8)
(ag)

E=E°-

For acell reaction,



El
% onnwonroummﬁww
ad +bB— L+ mM
,I. The Nernst equation can be written as :
2.303RT . _[LI'IM]™
E= R0~ lo

nF 2 T_Sn_”m_v ...ﬁw.w.mv

2.303RT , [A)°[BJ°

1 m.Q —

or E TR og lim)™ ...G.w.ﬁov

-

15. Itis seen from the Nernst equation that :

a Ifthe product of the molar concentration of the product is great,
than the product of the molar concentration of the reactants, Mn
EMF is less than the standard EMF of the cell. e

b. The electrode potential (E) decreases as temperature is increaseq

Que 3.10. | Discuss one type of reversible electrode.

UPTU 2013-14, ]

potential measurements. K
Construction :

HoEoEmmmwmgugmncuﬁwﬁmcmmﬁ:vm_mngmuQ:oBowéE%mmBmz
amount of mercury is placed. . o

Saturated
KCl

Paste of

Hg,Cl
£ Pt wire

Leering Chemistry 95 (Sem-1&2)H

pogh

scovered witha paste of olid mercurous chloride, Hg, Cl, (calomel).

X  tiono £ potassium chloride is then placed over the paste.
um wire, dipping into the mercury layer, is used for making
. OOEHNOA.\.

4 m_wnnﬂn& . P
e side tube is used for making electrical contact with a salt bridge.

> m“_ Nﬂmn—

5.
king ¢ - )
%o-.ﬁum clectrode reaction when the cell acts as cathode is -

H. .
w Hg, Cl, (e~ e Hg + CT-

and its voemwamy is given by

Thus, the potential of calomel electrode depends on the activity of the

= chloride ions (ag™) and Fﬁ.mmmmm as the activity of the chloride ions
decreases.
3, Ithasbeen found that the potential of the calomel electrode vary with

the concentration of the potassium chloride solution use d

4 The reduction potentials of the calomel electrode (on the hydrogen
" gcale) at 298 K for various KCI concentrations are :

ol i Saturated | 10N 0.AN

Elséttode potential (in Volt) | 02422 02810 o.wmwu

5. | Whenthe KCl solution is saturated, 1.0N and 0.1 N, it is respectively
called as Saturated Calomel Electrode (SCE), Normal Calomel Electrode

(NCE) and Decinormal Calomel Electrode (DNCE).
mﬂaw:\ What do you mean by EMF ?

EMF of an electrochefnical cell is the maximum potential &m.m.abom vmﬁﬂmﬁw.
two electrodes of a cell: The €.m.f., of a cell is measured with the help o
potentiometer. )
EMF of cell = Reduction potential of cathode (written on right-hand side) =
Reduction potential of anode (writtenen 1left‘hand side)

i b l..
Eaw= mnunw»ozu .m.-bemn

= - —
mz: i N&E ME,

The cell reaction is feasible only when E ,has positivevalue.

gonstruction and

cguum What mm lead storage battery? Give its
working,



9 nmmﬁ—-n &2H

mmm?s Plante (1834-89) invented m.
whichisstill used today as motor car
It is an example of secondary electrochemical ce

, , h physicist
In 1859, the Frenc
called the Jead-acid accumulator;
with minor changes.
it can be recharged.
Construction : . —
1 The cell consists of alead grid filled with a spongy lead as anode ap, q
" lead grid packed with lead oxide as cathode.
9~ A solution of H,80, (38 % by mass) is used as an electrolyte.
3. This is the battery acid which one can buy at service stations.
¢ 4 Thebattery consists of 6 such cells connected in series, each cell :mﬁbm
. an emf of about 2 V, giving 12 V as the overall emfof the battery.
Working : | |
1 When thebatteryis discharging, i.c., whenit s supplying a current, the
reactions are : )
- At the anode : -
Phis) + SOF™ (agq) —> PbSO,(s) + 2€”
At the cathode:

devieq
_omﬁgé
:w m_..ﬂom

a

PbO,(s) + 4H+(ag) + SOZ" (ag) + 2" —> PbSO,(s) + 2H,0()
The overall reaction (during discharge) is, therefore,

Ph(s) + PbO,(s) + 4H" (aq) + 250%™ (agy — PbSO,(s) + 2H,00)

3. Botl .

SEWMHMMM&% FSEm coated with an insoluble layer oflead sulphate,
4 Asthe batto sulator, would eventually ruin the battery

et P 3 g and i 1 h
in the concentration of the M:Wﬂ“ﬁ“%ﬁa&mw. andasteady decrease
If the battery is toga]] .

di
converted tolead manrwg. scharged, both electrodes will have been
6. mwébc _.obmmn.

; be able to i
1t is only good for scrap, provide a current, and canpot be recharged.

istry 97 (Sem-1 & 2) H
muﬁ%mmsm Cher?
ing Discharging/ .H—EM
pischarg! discharged discharge
Ooﬂ<mﬁﬁm0ﬁm-
n Eﬂmmmmoﬂ-
| 3 m&wo&
Pb/ PbOy/ PbSO, PbSO,
_PbSO,  PbSO,
Figaize

When the battery is being m&mummm. Emmbw a battery charger or the motor
b car’s alternator), electrons are supplied to the anode of the battery and
this converts the lead sulphate to lead.

g At the same time, the lead sulphate at the anode is converted to lead
dioxide.

g, That is, the cell reactions are reversed and the cell operates like an
electrolyte cell.

10,.. The reactions are :
PbS0(s) + 2e >—Pb(s) + SO2-(ag) (at cathode)
PbSO,(s) +2H,0(0) »—PbO,(s) + 4H* (aq) + SO *{aq) + 2¢ (at anode)

2PbS0,+2H,0 < Pb(s) + Pb(s) + 4H* (aq) + SO, *(aq)

Partially Charging Charged
discharged .
Conventional
current flow
—
_ Batterycharger _
‘I

Electron
flow

©
u«h -
Pb

+
&

Figsias.

S e amnene s §

—
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11. The concentration of H,SO, decreases during dischargiy, Shry
increases during charging. g srmgmm ;

12. Thus, the extent to whichthe battery is discharged can be
measuring the density of H,SO, by hydrometer. Checkeq by
13. The lead storage cell is both a voltaie celland an electrolytic el
14. When electricity is being drawn fromthecell to start the car, ..“.
voltaic cell. > 1t actg a
15. Whereas when the car is running, the cellis being rechargeq
an electrolytic cell. » Thacts

16. Actually, the alternator forces electrical energy gemerateq d

. 5 . u ;
motion into the cell causing electrolytic reaction to take place, € to it

:

Que 3.13. | Discuss the reactions involved in charging and

discharging of a lead storage cell.

Answer _

Refer Q. 3.12, Page 95H, Unit-3.

PART-Z | e

Corrosion , Causes and its Prevention. - -

| UPTU 2012-13, Marks g3

CONCEPT OUTLINE : PART-2

Corrosion : Itis the process of gradual deterioration of a metal
from its surface due to the unwanted chemical or electrochemical
interaction of metal with its environment.
+ Effects of corrosion:
1. Production related consequences
2. Health and safety related consequences
¢ Dry/Chemical corrosion : It occurs in dry condition. It involves
the direct chemical attack of the metal by environment.
* Wet/Electrochemical corrosion : It takes place mostly under
wet or moist conditions through the formation of short-circuited
galvanic cells.
Nature of the corroding environment :
1. Temperature

2. Humidity

3. Effect of pH ’

4. Nature of the electrolyte

w. Formation of oxygen concentration cell

Presence of impurities in atmosphere, etc

Engineering Chemistry 99 (Sem-1&2)H

Que 3.14. Define corrosion. How does it differ from rusting ?

UPTU 2012-13, Marks 02 |
OR :

 piscuss the electrochemical theory of corrosion. How does this

{heory explain the mechanism of rusting ?
[UPTU 2012-13, Marks 04|

OR
What is electrochemical corrosion ? Outline the mechanism involved
in electrochemical corrosion.

[UPTU 2012-13, Marks 04|

[UPTU 2013-14, Marks 05 |

ef OR

Explain the mechanism of hydrogen evolution and oxygen

absorption in electrochemical noﬂ.cmmcb.awvﬂd 2011-12, Marks c.wL
OR )

What is electrochemical corrosion ? Write down the mechanism

involved in electrochemical corrosion. amuﬁd 2012-13, Marks E
[UPTU 2013-14, Marks 05|

OR
Explain the mechanism of electrochemical corrosion o.m iron aﬁmr
absorption of oxygen. How can anodic and cathodic metallic
coatings help in protection against corrosion ?

[UPTU 2014-15, Marks 05]

Corrosion :

1. Corrosion is the process'of gradual d
surface due to the unwanted chemical
metal with its environment.

eterioration of a metal mno.B its
or electrochemical interaction of

2. Forexamples:

a. Formation of alayer of
surface of iron, also known as

reddish scaleof hydrated ferric oxide on the

“rusting of iron”.
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b. Formationofa layer'of black coating on the surface of st ver, wh, Engin
. itis exposed to atmosphere. It is known as tarnishing o Silvey, o in the presence of oxygen or in acidic environment with the evolution of
Types of corrosion : E&Sm.d?

1. Chemical or dry corrosion.:

Fe2* ions originate at anode and OH- ions originate from cathode.
When metal surface isin _BB&B”@ ﬂoﬁﬂ_% MO %,W‘Bomﬂrmzn 8ases g, 3 gmaller Fe?* ions diffuse more rapidly than the larger OH- ions, so
mmg &.M_cm rm_wﬁwcww“”“wﬁmmﬂvo%&moﬁﬁmﬂw% een the two leads to & corrosion occurs at the anode, but rust is deposited near cathode.
e - , h d ducted to the cathode and
It generall electrons released at the anode are conducte
a. Corrosionby 0y (exidation Coregsion) : generally talies Place in 5. The nsible for various cathodic reactions such as :
absence of ES%EB via, are T€Spo ' o
< bsorption : In presence of dissolved oxygen
™ +2n0% 5 M,0 Oxygen ab: i
2M + SON - ymmg ion  Oxide ion Emomm_ S%ma = i In NQQHO ammpﬂaln
4H* + O, + 46~ —> 2H,0
At low temperatures, alkali and alkaline earth metals are oxidizeq ang +  Inneutral or weak alkaline medium :
at high temperatures, except Ag, Au and Pt all other metalsget oxidizeq * 2H,0 + O, + 4e- —> 40H"
A thin layer of oxide formed at the surface of metal can be, b Hy mnommn m<c_:$os In absence of O,
1L Stable i Inacidic medium:
ii. Unstable 2H* + Ze- .m H, .
. #i.  Inneutral or alkaline medium :
g ol o 9H,0 +2e”—> H,+20H"
iv. Porous c. Electroplating : At the omﬁromm metal ions collect the electrons and
b. Corrosion by other gases : get mmﬁow;m% wWHWMM omgommwclmom
i Depending on the chemical affinity between metal and gas and the s Y ] o
Metallic coatings : There are two types of metallic coatings :
: formation of protective or non-protective layer on metal surface, ) 1 € Anodic coatings :
mMWm memm like Cl,, H, S etc. exert corrosive effect te &m,mwmi . :  Jiithissie coatinge; the mistal sgnr_mcmm  for coating is more “anodic”
. extent. than the metal which is to be protected (i.e., the base metal).
. Mﬁmmm%ﬁ 2 AgCl b. Anodic coatings protect the underlying base metal sacrificially.
g

AgCl firm is protective and thus protects the metal from further
attack of chlorine on silver.

2. Electrochemical or wet corrosion :
a. It takes place mostly under wet or moist conditions through the

c. - For example, coating of Al, Cd and Zn on steel surface.

Corrosive environment -

. Exposed part tel =

formation of short-circuited galvanic cells. LY A ) T a.o“m“ﬁowwy L wu..n”nwmw:wm“ E

b Wet corrosion is more common than dry corrosion. “ oo Zn + 2 : m I ZnoZn +2i10 m% il
Eonwwb_muu of electrochemical or WET corrosion : Y \ \\ LA

L Electrochemical corrosion involves : /W///w/ m / Une ommmj
2. Separate ‘anodic’ and ‘cathodic’ parts/areas between which current nméooo Eoi & van
flows through the conducting medium. Amnommv clegs e
w. Mou.BmSEnwsuM like OH- or O% are formed at cathodic areas. mﬂm& ,////
X ccurrence of oxidation (corrosion) at anodi i
Rt s ok 1c areas which generates
d

Wamcmsﬂ of metallic and non-metallic ions towards each other
ough conducting medium and formation of corrosion product
cathodic areas.

somewhere between anodic and

is ESSH& mﬁw:m ; m mﬁo o
% m,oH,._ example, rusting of iron in neutr

M

Z ow mm?mEmmm steel is protected from corrgsionby following method.

e. Here, Znis coating metal and steel is base metal. Zn being anodic is
attacked; leaving the underlying cathodic (iron/steel) unattacked,

d.
al aqueous solution of electrolyte
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evenifitis oH@?nm@ ﬁgnvonmm.dwmmeoa &moobﬁEE.:m
such an anodic coating. S Oy, %
f Ironor steel is not corroded, till all the coating meta]
consumed. (Zn) is
Cathodic coatings : )
s Thesecostings protectthe underlying base metal, due t},
charscter and higher corrosion resistance. =
b Insuchcostings. effective protection is possible only whep th :
completely continuous and free from pores, breaks or &moonnbm,%wm
c. If pores, breaks or discontinuities oceur in such a coatip es.
corrosion of the base metal is speeded up. 8, the
4 Thisisduetothe fact that exposed metal acts asanode and coat;
becomes the cathode. ting
e. Agshveniccellissetup and an intense localized attack at the gmay
exposed DaTt OCCUTS.

ir gl

£ Thisresultin severe pitting and perforation of the base metal

: Expo sed iron part ..nm”uuunnunuu

- - becomes anode and is ©21% Sncoating ::

..m.,ﬁaw&mmiy..mn{wmtmmmm“.mwmmmmmm

FIriiizioiogigcoiiiiiiiiiiiyciiiis

LTI LTI LI IS /YA Y 1Y A7/

¥, XA
S5 Y ////47//
wﬁ Pert  N\Corrosion D Flow of Gummvommm
(eathode) N o <. /meSBE// part

(cathode)

TN e RS

Mx @E«Mﬁﬁﬁ& mnmm_. ﬁum tin protects the iron, when the coating
form. »bbmmw_wm coating is broken, the iron of the steel becomes the
.. 2nodeandis mugmnn&s intense local corrosion.

Que 3.135. _ﬂ.&»n are the causes of corrosion ?

ollowing are the causes of corrosion :

Metals exist in nature § .
carbonates. ¢ in the form of oxides, sulphides, sulphates and

These chemically combined states
. Qm met a ‘ 3
disth . known
and isthus armws&go&_w stable state for SMWMUS has lowenersy

A considerable amo .

The extracted BS&:MMHQQW% 1sTequired during metallurgy

: ; eisola . ’

is thermodynamically bl m_MMMcav has higher energy and thus it

. mu.bmmlum Chemistry 103 (Sem-1 &2)H
0

~ Thus, it is the natural tendency of metal to go back to the
5. EmnBo%ﬂmanm:w stable state.

Metals do this by interacting chemically or electrochemically with their
6. environment to form surface compound and thus undergo corrosion.

Metallurgical operation p Environment
o » Pure metal —— Corroded metal
£ metal orroded me
Ou..mn_amo snamically + Energy (Thermodynamically (Comparatively more
(T mnwcum. state) unstable state) stable than pure metal)

Although, corroded metal is thermodynamically more stable than pure
metal but due to corrosion, useful properties of a metal such as
malleability, ductility and electrical conductivity are lost.

Que 5.16. |State the factors influencing corrosion.

Trawer |

Rate and extent of corrosion depends on :
1. Nature of the metal :
a Physical state of the metal :
1 Physical state of the metal means orientation of crystal, grain
size, stress etc.
i The larger the grain-size of the metal/alloy, the smaller will be
its solubility and hence, lesser will be its corrosion.

b.. Nature of the oxide film :

7.

i_The smaller the specific volume ratio
ﬁl Volume of metal owwmmu e 55 fhe Gxidl i
Volume of metal , greater is the oxidation corrosion

bécause oxide film formed will be porous, through which oxygen
can diffuse and bring about further corrosion.

ii. Fof example;the specific volume ratio of W, Cr, and Ni are 3.6,
9.0 and 1.6 respectively.

iii. Consequently,the rate of corrosion of W is least, even at higher
temperatures. e

c. Relative areas of the anode and cathode :
i The rate of corrosion’of metal is less when the area of the
cathode is smaller.

ii. When cathodic area is smaller, the demand for electrons will be
less and this results in the decreased rate of dissolution of metal

at anodic regions.

iii. In general,

R . di . Cathodic area
aoc
ate of corrosion of anodic region ™ .

iv. For example, a small steel pipe fitted in alarge Cu tank undergoes
localised, rapid and severe corrosion.
d. Volatility of corrosion products :
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El
monnonrmsmwﬁ@
i Excessive (rapid and continuous) corrosion of meta)
if corrosion product isvolatile. takeg Plagy
ii. This isdue to the fact that as soon as corrosion
it volatilises, thereby; leaving the underlyin
further attack.
2 ' Nature of the corroding environment :
a. Temperature:
i The rate of corrosion increases with rise in temperatyye
ii. This is due to the fact that the.anodic attack by the Enomm )
cathodic evolution of hydrogen gas and solubility of O deens the
with the rise of temperature. 2R
b. Humidity:
i The mjomﬁmﬁ is humidity, the greater is'the rate ang extent, of
corrosion. :

product g fo

Iy
£ netdl mEmmnHMMH
' r

ii. Thisis due to the fact that moisture acts as a solvent for 0, Hg
S0, and NaCl etc., to furnish the electrolyte whichig mmmouaL
for setting up a corrosion cell.

iii. For example, atmospheric corrosion of iron is slow in dry air ag
compared to moist air.
¢. Presence of impurities in atmosphere :
i Corrosion of metals is more in areas near the industry and sea,

ii. This is due to the fact that corrosive gases like H,S, 50, CO,
and fumes of H,30, and HCl in industrial areas and NaCl of sea
water leads to increased conductivity of the liquid in contact
with the metal surface, thereby, increases the corrosion rate.

d. Formation of oxygen concentration cell :

i. Due to differential aeration, oxygen concentration cell sets up

and anodic part which has less oxygen concentration suffers
corrosion.

=]

For example, crevice corrosion and waterline corrosion occur
due to the formation of differential oxygen concentration cell.

Que 8.17. | How can corrosion be minimized by proper design ?

[ UPTU 2014-15, Marks 05

Corr

osion can be minimized by proper designing in which formation of less
oxygenated and more oxygenated area is prohibited. Smooth designs in which

joints are _mmm.mnm preferable. If in design, cathode and anode cannot be
formed, corrosion stops,

Corrosion can be minimized b
1. Metal cladding:
by a dense, homog

T y using these methods :
Metal cladding is the process of coating of base metal
eneouslayer of cladding materials”, Cladding materials

mumumssm Chemistry 105 (Sem-1 &2) H

2.

can be @E& metals ?..Eow are corrosion-resisting like Ni, Pb, Ag, E.S.
Cu) or alloys (like stainless steel or alloys of Ni, Cu or vwv..ﬂrm n#o:“m
depends on the environment in which corrosion-resistance is required.
Generally, a base metal (example, duralumin) is sandwiched Eaﬁmmu
two layers of cladding materials (example, 99.5 % pure Al), which are
then passed through rollers, under the action of rmme. and pressure to
form a clad sheeting which is very widely used in the BH...S.,mmn Emﬁmﬁa.
Electroplating: “Electroplating is the process of deposition of nomﬁb.m
metal on the base metal by passing a direct current in an electrolytic
solution which contains the soluble slat of the coating metal”. )
Apart from increasing the resistance of metal to corrosion and chemical
attack, electroplating also improves physical appearance, hardness,
surface properties and aesthetics.

Direct current force

Deposition of
coating metal

Eo=—— Article to be
electroplated
(cathode)

Lol glagd

=== having M ions

W ||||| Electrolytic solution

LU NEL

WHHHHHHHHNH Electroplating tank

i laming i Iapiapheyie ke (Wooden or concrete)

%_m 3.17.1 Electroplating.
Oils, greases, etc., are first removed from Em.wﬁmmnm of metal to be
electroplated by treatment with organic solvent like ﬁmﬁ.mnEonom?Em.um.
Surface scales, oxides etcs, are then removed by treating with HC! (for
Ni and Cu plating) or H,SO, (for chromium plating). ﬁ..m o.HmmEmd ﬂmn&
is then made cathode of anelectrolytic cell. The E:wmo is m:wmw an :.mwm
material of good electrical conductivity (like graphite) or SEEMM HNMMﬁVm
(pure) itself. The electrolyte is asolution .&. a mo.EEm salt of wﬂ.m i
deposited). The anode and namuo% are dipped in an electrolytic s
i lectroplating tank. .

ﬁwhﬁﬂ“mﬁ;i%ﬁ is tm_,,.mmom_ coating Em.n& jons migrate to the cathode
and get deposited there in the form of thin-layer.

Cathodic protection : 4 {ection : For the
i i r electrochiemical Maoﬁ.oa.u : 2
Cathodic protection o ivally-conductingli quids, the cathodic

structures immersed in soils or elec : A ection is to
protection is the best way to control corrosion. Cathodic prot
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tected to behave like a cathode as a result
of

force the metal to be pro

which it is not corroded. . .
Cathodic protection €an be achieved in two ways:
a. Galvanic protection: In galvanic protection of sacrificial angg:
protection, the metal strugture to be protected is made the nmﬁr&a

by connecting it by awire to a moreanodic material. As a result NMm

dic materialand the metal struc ﬁzwm mm

8

corrosion takes place at ano
saved from corrosion. The more active metal used for the purpog
e

is known as sacrificial anode. Thesacrificial anode is replaced b
fresh one when it gets corroded or.consumed from time to ti n.m a
Most commonly metals used for sacrificial anodic protection E.o.
Mg, Zn, Al and their alloys. e

0,(g) + 4Hiag+ 4e > 2H;0Cy)

(Cathedic reaction)
Buried iron pipe

(cathode)

HS”W . . . . . . . .
(anode) PRI S S
S . * Connecting ............
M+ - L [ ]
Mg(s) > Mg (g* 2e
(Anode reaction)

. Fig. 3.17.2. Galvanic protection using sacrificial anode,

..ES application of cathodic protection include :
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ering Orma:mm:%
ct as cathode and is protected. The anode has to be

a Hmmﬁuﬂ it a .,
ly. The impressed current cathodic protection has

d H_mio&om_
ﬁmmm to protect.
jed pipelines, transmission line towers.
0 pes. water tanks, marine piers etc.

:nd of techmique is particularly useful for large structures which

This K1

. .e long ter

and 83
replace
peent ap.

Bur

1.
Wwater pi

m applications.

athodic protection.

Fig. 8.17.3. Impressed ¢

go&m protection :
Anodic protection is applicable tothe metals which canbe passivated
foxide films.

by the deposition o
In anodic baoamoﬁou. oxide film is grown on the surface of the metal

structure to be protected.
This is done by electrochemical meansi.e., by applying current ina

directionthat makes the metal structure more anodic.

d Underthese conditions, the metal structure is passivated when the
required potential is maintained and hence rate of corrosion

mmnnmmmmm.
Anodic protection has been applied in case of steel, stainless mﬁm&

a.

_ Protection of buried pipelines, underground cables
F Protection of marine structures, ship hulls etc : N
il wummMMmr“E rods are inserted into domestic swﬁmu 0 . aluminium and chromium.
. Hﬂﬂ-.@“&m“_““_“ﬁ. . ers or tanks £ It H.ﬁcm.ﬁ be amEaﬁ.&wnm@ that voﬁmu.z.m: has to be accurately
cathodic protection : This method known as o maintained so that it just induces passivity.
Que wu‘m,w How much rust hm.mmom.wﬂmov will be formed when 100 kg

electrolyti :

made %ﬁ%ﬂw%mmﬁaﬁ protection, the object to be protected is

positive terminal is conne ﬁw it to E.wmmsé terminal of DC source. Th of

o or platinum. The ob n&U d to an insoluble anode like Bl e. The of iron have rusted away ?

rourcs (insoluble mu&mvw“ 2..._Mm 1s to apply the current ?MHMH. Mwwmmwﬂw
. 0 i 1 :

current. The insoluble anode mmu%mmﬂwm WM, Mnsob to that of the corrosion

Fe,0, 3H,0 : (2 x 56) + (3 x 16) +3 (2x 1+ 16) = 214 g/mol
514 g of rust contains = 112 g Fe
112 g of Fe produces = 214 g rust

214 x100 _ 191,07 kg Tust

100 kg of Fe produces = ———
112
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"] What are éorrosion inhibitors ? Explain the Mmechay,
i 18,

Corrosion inhibitors are the substanceswhich when added in small quanti;

to the corrosive environments decrease the corrosion rate. HEH.ESE o
tances that dissolve in the corroding meg; ..wg

ed on the basis of electrode at which ﬁrmﬁ.

organic as well as inorganic subs
have two types of inhibitors :

Inhibitors are generally classifi

action is predominant. Thus, we

1. Anodic inhibitors : :
a.  The anodic reaction takes place when the ions from the angg;,

metal pass into the solution (for example, Fe — Fe?t +2¢6%),

The anodic inhibitors are the compounds which react with these

metal ions to produce insoluble compounds.

¢. This insoluble compound get adsorbed on the metal surface forming
a film or a protective barrier, thereby, reducing the corrosion rate,

The examples of anodic inhibitors include molybdates, phosphates

and chromates of alkali and transition elements.

e. Substances like Na,Cr0,, NaNO, act as anodic inhibitors either by
forming less soluble compounds with the anodic metal ions or they
may alsoretard the corrosion by oxidative repair of the oxide film.

H&m organic compounds can also act as anodic inhibitors and example
include sodium benzoate. ’
2. Cathodic inhibitors :
a.  The cathodic reaction in acidic medium is represented by :
2H*+2e~ — H,
b.  Thus, corrosion can be controlled by slowi iffusi
15, slo of
H fons to the methode y slowing down the diffusiono
c. MH%H WWMMH of H* ions is considerably reduced by organic inhibitors
es .
e ns , mercaptans, heavy metal soaps, substituted ureas
d. These substances are i
! capable of being adsorbed at t tal surfaces
and thus restrict the diffusion of H* ions st
e. Antim Fo et ] .
of the M%Mu omn%w. Mmhwn Mwamm are used as cathodic inhibitors because
the mista] adherent film on the surface on the surface of
f. Comparedt, :
0 anodic inhibi SR
g8 This is becayge : Ew.:v_ncam. cathodic inhibitors are quite safe-
. ] OCOHH H. y
required for complete Nﬁm% N.ﬂm used in concentrations less than
sites decrease the mﬁﬁwom mw _MP the partially covered cathodic
of the cathode, whereas anodic ared

b.

f.
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H.mBE.HmM ﬂﬂmonuam:% the same. Thus, corrosion decreases due to
area € ectl. 2%

phase inhibitors :

These are the Fr.:u#owm which readily vapourize and form a

E.oamnﬁ?m layer of inhibitor on the metal surface.

b <NH-O.E.H. @wmmm mngwwcu.m AﬁHv are ,.pmmnw to mun.@axmb.aw corrosion in

" enclosed spaces and also during sterage, packing, shipping etc.

.. Small metals are protected from corrosion by keeping them in the
envelopes made from paper impregnated with a suitable vapour

phase inhibitor- .

anv«&owmkimbgaoasa nitrile and cyclohexyl amine carbonate are

t the most widely use VPIs.

3 V. %MVQ-.:.
a.

amongs
Compare chemical corrosion and electrochemical

|  Electrochemical corresion

It occurs in wet condition.
Tt involves the setting up of alarge
number of galvanic cells.

It occurs in dry condition.
It involves the direct chemical
attack of the metal by

environment.

3. |Ifis explained by absorption | It is explained by mechanism of
electrochemical reactions.

mechanism.
Ttoccurs on both homogeneous | It occurs only on heterogeneous
and heterogeneous surfaces. | metal surface.

Corrosion is not uniform. If the
anode area is small, pitting is more

frequent.

6. |Itis aslow process. It is a fast process.
"Corrosion occurs at the anode, but

7. | Corrosion products «
products accumulate near the

accumulate at the same place
where corrosion aeccurs. E\l\l\\l\[

corrosion.

5. | Corrosion isuniform.

Explain four methods for prevention of
ow . -
Explain sacrificial anodic and impressed cathodic protection

we

2

Refer Q.3.17, Page 104H, Unit-3.
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Que 322, | Explain why a pure metal rod half immersed Verticay,
in water starts corfoding at'the bottom. | UPTU 2011-12, Mapis HE

A pure metal rod half immersed vertically in water starts corroding g the
bottom because O, concentration is much less there. The area abgye the
water line is highly oxygenated and hence, acts as cathode area consequent

it does not corrode. v

M—s M?* 4+ 2e-
M2+ + 200H-— M (OH),
Reaction at cathode : H,0— H*+OH"
4H* + O, + 4~ — 2H,0

Que 3.23. _ Distinguish between the corrosion of aluminium and

magnesium.

Reaction at anode :

?Ed 2011-12, Marks 05

‘Answer

Aluminium reacts with oxygen to form stable layer which further prevents
corrosion and aluminium gets prevented from corrosion while magnesium

forms porous layer from which oxygen can further diffuse from the pores
and the metal get corroded further.

Al+30,— AlLO,

(Alumina)
Stable layer
2Mg + 0,— 2MgO

(Porous layer)

CONCEPT OUTLINE :

C : PART-3
* Cement : It ; : : - :
E%m“mm. It is 2 material having adhesive and cohesive
* Types of cement

m. MMME.& 2. Puzzolana

; 4. Portland

* Plaster of paris: It i o !

and ceilings 8:Itis abuilding material used for cooling walls

mam.m neering Chemistry

111 (Sem-1&2) B

o Lubricants : It is a substance which redy,

two moving parts. ces friction between

,O,ma,m:» . Cementis the binding material used for binding bricks, gravel, tile
and for plaster on walls. Most commonly used type of cement is e o
cement.

portland cement is the binding material which sets and hardens very strongly
even under water. Cement is a material having adhesive and cohesive
properties. It gets settled and hardens under water, hence ev
hydraulic cement.

SNo | Type.

en known as

Preparation Propertiesand *

; S . applications

1. Natural |Made by calcining a naturally | Relatively low strength,
occurring argillaceous lime- | quick setting and hydraulic.

stone at high temperature | In making mortars, large

and then pulversing the | masses of concrete.
calcined mass.

2. |Puzzolana | Cement which is formed by | Hydraulic when mixed
mixing puzzolana (the |withportland.

substance mix with lime
form hydraulic without heat)

and slaked lime.
3. Slag |By mixing hydratedslagand | Low str mum.nF slow
lime: setting, abrasion-
resistant and used for
I making concrete.

4. | Portland |An extremely finely ground HE@o.@E;ﬁ mma nm”.ﬂwm
productobtainedby calcining | US€ in making
together at 1500°C, an | structures.

intimate and propezly
proportioned mixture of
argillaceous and calcerous

| raw materials.
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Que 8.2, | Write the chemical composition of portlang Cemeny

UPTU 2013-14,

Chemical composition of portland cement:

1. Portland cement is made from three principal constituents Le., lim
silica and alumina, ¢,

]

In addition to these, small amount of iron oxid

sulphur trioxide, alkalies and other materials are
manufacture. .

¢, magnesium oxide
added QEEN noEmsm
3. The average chemical composition of

portland’ cement ag per ISy
specificationsis givenas :

Chemical composition

Oxide Percentage
Lime (Ca0) 60 -67
Silica (Si0,) 17-25
| Alumina (a1, 0 3-8
Iron oxide (Fe, 0,) o.li’L
Magnesia (Mg 0) 0.1-4
Sulphur trioxide (50, 1-3
Soda and Potash (Na, 0 +K, 0) 05-15
L 5

@lﬂﬂb@. What is the role of each com

pound in cement during
mnnmumﬁrmbgm ? ,

different characteristics roperties,
for example, strength developed by di . ment wi

L  Tricalcium silicate AOu S):

a.  Itsrateof hydrolysis is medium.

b. It develops very high strength q

: £ uite early and its ultj t h
1s also highest among all constj v its ultimate strengt

tuents,
Itis mainly responsible for ultimate strength.

Its heat of hydration is about 120 cals/gm.

-

Eogi

soering Chemistry 113 (Sem-1 & 2) H

e. Rateofhydrationis75.5%,
picalcium silicate (C, 8) :

a, Ithydratesvery slowly.

b, Thus, its early strengthis quite Jow, byt develops ultimate strength
" almost of the same order as that of C, 8.

¢. Its heat of hydration is the lowest a
" compounds and is about 60 cals/gm,

d. Rateofhydrationis 37.5 %.

Tricalcium aluminate (C, A) :

a. It hydrates at very fast and
set.

b. Itsearly strengthis good but ultimate strength is quite low.

¢. The heat of hydration is about 210 cals/gm,
compounds in cement,

d. Highest rate of hydration among-all the constitutional
which is 82.5 %.

Tetracalcium alumina ferrite (C, AF) :

mong all constitutional

responsible for initial set called flash

the highest among all

compounds

a. Ithydratesslowly.

b. Its early and ultimate strength are poor and lowest among all other
constitutional compounds.

¢ The heat of hydration is about 100 cals/gm.
d. _Rateof hydrationis 57 %.

)r

, W3 3 Ca0-§i0,

g

S|

; 2 Ca0-Si0, -
= F

&

[

I

-

N ‘

2T

g |

m 3 Ca0-ALO,
2 4Ca0-AL,04Fe,05

- T
+ N_m wv Hmo 360

i e T T .,
Fig. 3.26.1. Strength developed bydi 4
. constitutional compounds in cement. - &

ST u-.«,.-.\-;-.o-.-.mJ
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Que 327. | Describe the process of manufacturing of Portlang

nwﬂ.mbn. inr the help of schematic diagram.

[ UPTU 201415, Marks 05|
‘Answer

.H.»rmmu.lmom%m of manufacturing of portland cement :
Wet process:
1. Mixing:
The various materials required for cement manufacture, g,
separately crushed, powdered, washed with water and storeq ify
tanks.
b. They are intimately mixed in correct proportions and takep as
slurry in water to a grinding mill.
2 Grinding:
The raw material is then ground to fine in tube mills, along with
3040 % water.
b. The grinding consumes major part of electrical consumption.

c.  Finer the raw material particles, better is the cement produced.

a

a.

3. Burning :

a. The slurryis fed to a kiln at its upper end.

b. The kilnis inclined, very long and rotating. .

¢. The kilnis heated by coal powder or fuel oil introduced from other
end.

d  Hot flame of the fuel is forced inside the kiln.

e. Due to slope and rotation, the material flows towards the hottest
end slowly. -

f. Various chemical reactions take place during the strong heating
given as:

i _vg.bm.noum." Upper part of the kiln is the drying zone where
temperature is 300-400°C. In the zone, most of the water in
the slurry gets evaporated.

ii. Pre-heatingzone :The upper central part having temperature

of about 400-700°C. In this zone, clay and magnesium carbonate
decomposes.

MgCO, — MgO + Cco,
iii, nmh&bwnmob.ncum : It is the central part of the kiln where
temperature is 700-1000°C. Limestone decomposes here.

CaC0, — Ca0 + Co,

e Nw_bwmlun zone : It is the lower portion of the kiln where
Tperatureis from 1200-1500°C. Here, lime reacts with silica,

¥

o

gog”
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ina and iron oxide in various ways and the materials melt
zone. The major reactions taking place are :

mmﬂmhm O
alum
in this & R
9 CaO +Si0; —> Ca,Sio,
Dicalcium silicate (C, S)
3 CaO + Si0; —> CagSiO;
Tricalciumssilicate (C, S)
3 Ca0 + Al,O3 — O?wb_m.om
Tricalcium aluminate (C, A)
0. + Fe,0; — CaALFe,0,,
40a0 + Al #-2 Tetracalcium alumino ferrite (C ,AF)
C,S, C45: CahA, C,AF, formed are in molten form.
Md.w.wm H-WO.onm by air, there is formation of small hard, greyish stones

called as clinkers.

&

Water
L -
[Ball minl] |[Ball mill|
Powdered

v v
coal 540 6° inclined

Slurry tank
& refractor-lined Slurry — A
A

rotary kiln . V+

Stack

111

1000°C H400°C

11111
—
an
<
<
O

—

clinker ﬁ‘ Gypsum

Cement to strong and
packing bags

‘Fig. w.‘Nq.‘H..‘WoSQ 83.@3 kiln.

4 Cooling of clinkers :

a. The hot clinkers are cooled by use of rotary coolers, planetary
coolers or by air quench coolers.

b. The quality of cement depends upon the rate of cooling of clinkers.

¢. The cooling rate should bé such that the definite degree of
crystallization occurs in the elinker.

d  Ifthe rate of cooling of clinker is very slow
are converted to fine and such C,Shas nogoo

Such cooling results in ‘dusting® "
ing is fas st all.alumina and Ir
e. Ifthe rate of cooling is fast then MHMMW and G AF imigrlive Oy

solidify and crystalline compoun
affected.

. then the crystals of C,S
d property of binding.

ons oxide
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£ Ifthe codling rsteis medium. then the liquid inside clinkers turng
crvstaliine C Swhich gives the highest strength ta cement N
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during setting handening. Wass

5 Griding:The cooted clinfersare ground to fine powder. During grin ding
o _ 4§ of psum is added 5

& Packing:The H.é.nwum cerment powder is packed in 50 kg bags with the
help of machines. :

Que 328. | What is Portland cement ? Give the chemical reactiong

involved during setting and hardening of cement.

_dwuﬁ 2013-14, Marks 03 _

1 " The cement which can set and harden even under water 15 called as

portland cement.
9 Setting is the process of solidification of ceme
strength and takes the cast/shape given.
3 Hardening means development of high strength in the set mass of
cement.

The setting and hardening of ceme

a Initial (flash) setting:

i When water is added to cement powder, it forms a plastic,
semisolid paste like mass, ﬂEnv can be given shape easily while
working.

i The time for initial setting is generally half hour. The plastic
mass solidifies in half hour and takes the shape given. The
initial setting time can be tested by Vicat needle apparatus. d.z
needle released from the definite height penetrates few mmin
the initially set mass, known as setting of cement.

;i Initial setting involves hydration of CgA to form crystals of
tricaleium aluminate hydrate.

C,A+6H,0— Ow>.mmmO+mmowu\wN

iv. This reaction is very fast and gets completed in about 15 minutes
and it is highly exothermic. Side by side, the hydration of C,AF
also goes.

C,AF+TH,0 —> C,A-6H, 0 +CF-H, 0 + 420 kJ/kg
hour

nt paste with some early

nt is taking place in three stages:

"L

v. But C, AF hydration is much slower and requires over an
to complete.

vi. Hydration of C; A and C, AF do not result in developing any
appreciable strength.

b. Final setting or initial hardening :

neering Chemistry

Fog 117 (Sem-1 & 2) H

The initially set mass of ceme

i
strength in 10 hours time.

nt or cement mortar gains early

4. This can be tested by Vicat needle apparatys. Th
not penetrate in the finally set mass but Emr. "
the surface, is known as hardening,

needle does
€s just a mark on

ii. In the finally set cement mortar sufficien
. : ent s
developed by hydrolysis of C;S. The hydrolysis of Oﬂmﬂwr _mmnm
to complete, it requires up to 7 days but in 10 EEL a pe ofwwrﬂ
total C4S reacts with water and gives the m:muﬁmﬂ. ok ol

CsS + (n+1DH,0— C,8-nH, 0+ Ca(0OH)
(gel) i
iv. The tobermonite gel formed is strongly binding in character
c. Final hardening : .
i The development of ultimate stiffness or strength in the cement
mass is known as final hardening. "
ii. For this stage to complete, sufficient water must be provided
(curing).
iii. Final hardening is due to mainly two chemical reactions i.e.
continued hydrolysis of C;S and hydration of C,S. '
CyS+(n+1) H,0— C,8-nH, 0+ Ca(OH),
tobermonite gel  crystals
C,S+nH,0—C,8-nH,0

gel
Ca (OH,) + CO, — Ca CO,+H,0
(from air) (weakly binding)

@ﬂm.u.w_w. What is the role of gypsum in cement ?

[UPTU 2018-14, Marks 02|

Role of gypsum :
L | Tricalcium aluminate CgA undergoes hydration quickly and the reaction
| being highly exotherfnic (850 kJ/kg) the suddenly liberated heat can
cause problems to the settingcement massi.e., increasing temperature
of mass and causing minor cracks to the set cement mass and affect
strength. Therefore, the hydration of CyA should be prolonged or delayed
sothat the heat liberation takes place in longer time span, and minimize
the problems. ,

The quick hydration of C4A can be delayed by &psum present in cement.
Assoon as water is added to the cement powder, most of the Cy A reacts
With gypsum, producing calcium sulphoaluminate and this reaction1s

not high heat liberating.
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tx Ow.,><+wcmmon+qmno|v CyA-xCaSO, - 7TH,0
3. This product slowly disintegrates into C; A - 6 H,0 and thus sudden heat
liberation is prolonged by gypsum up to about half hours.

Que 3.30."| Give the applications of cement.

H...o__cec.m.lm .wnd the applications of ooB.mHn, 2 .
1. Cement mass has got very high compressive strength (like rock) hut it
has not adequate tensile strength.

2. To increase the tensile strength, reinforcing material like steel bars, .

. steel network etc. are embodied in it.
3. The portland cement is used for the construction of wall, plasters,
foundations, reinforced constructions, roads, under water constructions,
bridges, ete.

Que 3.31. | What is Plaster of Paris ? How it is prepared ?

‘Answer

@mmﬁmu of m.mdm is the material having formula CaS0, - %£H,0 and it is used

for protective or decorative coating on walls and ceilings plaster purpose. It is

also used for moulds and ¢asting decorative elements.

1. While working, it is mixed with water to make thick paste and then
applied on a surface. Its reaction with water liberates heat of
crystallization and the hydrated plaster then hardens.

2. Itisveryeasyto applybutitis nota strong material. It is suitable only for
finishing but not useful for load bearing.

Preparation of Plaster of Paris: It is obtained on heating gypsum mineral
at 150°C.

CaSO,.2H, 0 __heat CaS0, . £ H,0 + steam
Gypsum

Plaster of Paris

What are the properties of POP ? Also, give the

1. Setting and hard
Plaster of Paris,

2. When water is added to
quickly and sets easil
finish,

ening with water is the most important property of

Emmﬁe..ow Paris, slurry is obtained which hardens
¥> creating the desired solid shape in a smooth

Emoﬂ.oo#m.é.ms.% _

119 (Sem-1 & 2) H

fori ith water, Plaster of Parj ds sli
;cally, on mixing wi 3 S expands slightly and
3. wgmwﬁm the closely-packed crystalline structure of gypsum.

ess of setting can be accelerated E.\ mixing it with alkali sulphate
4 W_Manw S0,, which initiates the crystallization process as well as makes
i

it vwonmmm faster. .
Hﬁ s a white coloured powder and light in weight.
i
i M&m set material is not strong.
6. Tt is easy to work and setting time is also conveniently small.
7. ) )
>ﬁﬁ:n»$oﬁm of POP :
plaster on wall, ceiling.
L Moulded and casted articles of decoration.
For orthopedic cast to protect limbs with broken bones.
Itis =m.mm for quick sealing.

At high nmnﬁmumacwmm‘ gypsum loses all the water of crystallization to
give anhydrous calcium sulphate.

It is used in manufacture of H,SO,.

e

7.\ It is used in making of cement.

g/ Itisused in the preparation of moulds used in surgery and castings.

‘Que 3.83. | What is lubricant ? Give suitable examples. Classify

%mﬁ wlm explain any one of the mechanisms of lubrication.
UPTU 2013-14, Marks 05 |

OR
Define lubricantand lubrication. Explain mechanism of lubrication.

Hc,ammnm(:a ) o i
1. Alubricant is defined as the substance placed between sliding metallic
surfaces, to reduce frictional resistance.

2. The substance used as lubricantmay besolid, semisolid or liquid in mﬁmn.m.
Sometimes, it is the solution®f a solid in a liquid (for example, fatty acid
or soap dissolved in mineral oil or water).

Lubrication i

L Ttisthe process of reducing friction between two metallic sliding surfaces,
by placing a suitable lubricant.

Functions of lubricants :

Log reduces frictional resistance between the metallic mcﬂmmnmm.
2.

3.

It reduces wear and tear of metal surfaces.

; t of machines.
It decreases the maintenance cost and running cost of
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.r:mﬁnﬂémmwz;m».mnn.mbnu.i._:mnrm:nE.Ewsm::nm:ngm_
mechanieal, electrical or chemical energy. ) 0ss of

o

It minimizes the local heating of shding metal surfaces, their expgne:
and jamming. Pansioy

o

It makes the relative motionof sliding parts smooth and noise free

~3

It acts as coolant for example, in cutting, drilling of metals by tgq)
transfers the heat from gears to the surface of gear-box for nm&m% 2
and similarly in transformers. on

Mechanism of lubrication : There are mainly three types of me i

. P “ ch

by which lubrication is done : e
1. Fluid film or thick film or hydrodynamie lubrication :

a. Operating conditions : This type of lubrication takes Emo.m when
load is low and speed is high. :
b. Under the condition of low load or high speed, the liquid fills up

valleys on both sliding surfaces and can maintain a thick film to
separate the surfaces so that there is no direct contact of the

surfaces. i
¢. The film keeps on moving along with the sliding surface or it is
dynamic film. :
Low load
u\\\.\\\\\\ - wm.ﬁlﬂm
\ \ lining

Fluid—» S rra o | >1000°A Thick
||||||||||||| dynamic

film of

\\\wwwwm@ \\\ lubricant

(a) Fluid film or hydrodynamic lubrication (b) Journal rwulnm
' Fig. 3.33.1.

d. The separation of the two metallic surfaces is at least by 1000 A°
i.e., the film thickness.

e. Ifthe viscosity of lubricant is too high, then the thick lubricant will
offer its own resistance to the motion and will not allow free rotation
of the delicate parts. Hence, lubricant should not have very high
viscosity. Hydrocarbons oils with high molecular weight with some
antioxidant are preferred lubricants.

f. Examples of machines where this type of lubrication occurs are
watches, clocks, locks, gun parts, sewing machine, typewriter,
scientific instruments, measuring devices (meters), hinges, light
gears, journal bearings, fans, ete.

2. Boundary lubrication or thin film lubrication or static
lubrication :

i
|
|

e - - T 4N

ring Chemistry
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- Under the conditions of boundary lubricat

lubricant of higher oilness, can be maintaj lon, only a thin film of

ned.

les of oil either get chemi
p. The molecu get chemically adsorbe
surfaces or .._omnp to form monomoleculer layer or M ”cn e
molecules thickness. ayer of 2- 3

The adsorptirnor reaction takes place in valleys and iti
of both surfaces. The adsorbed or reacted lubricant iaﬁwm perities
at right angle tu the surface. €8 orient
d 2-3 molecules thick _m,wmw of lubricants between the metallic surfaces
is adequate to minimize the metal to metal contact and can reduce
the frictionin the sliding surfaces.

‘. The coefficient of friction is about 0.05 to 0.15.

Higher temperatu
m||ulv:w1m _~0—COR
(Fatty (atom on /HO — COR
acid) surface) ron soap

R R R

|
c— OR A_u _—OR' C—OR' <«— Adsorbed ester molecules
il Il of vegetables oil on metal
surface

+ HA

_...._m wpmw.m.. A.Uo nr:gm__a or‘z.q.m wmﬂmm,mm is mnmaou.mnw or static.

£ Afthe temperature of the surfaces increases beyond a limiting ,..&cm.
ther the adsorption decreases and fast wear of surfaces begins or
the sliding stops due to jamming of the expanded metal parts dueto

local high temperature.
High load

Y ¥

AR
Motion —p / Zmﬂw_./

Adsorbed lubricant

mmmmmmwmwmw molecules film "
Adsorbed lubrican
7 Z 7 7 7 7 7 Bowwmc_mm film )
\ ﬁmﬁu_wil.m:q_ less than 10A°)
k\.\\\\\\\

on (magnified)-

Motion

Fig. 3.33.3. Boundary ,_,_.h.vwm.nma

3. Extreme pressure lubrication n the best

st d speed, eve!
a. Under the extreme nonm_to:mmch._._.wwwﬁwﬂ soap type: fails to work

boundary lubricant of fatty ac
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mHmn»gnrmummna.

Q

and there is ingrease in friction, local temperature and sygf;
damage. Ace

b, Ordinarv lubricant decomposes and evaporates at the high

tempersture produced. Therefore, effective lubricants are v??:.m
for the purpose by dissolving the long chain organic noEvoEEm
containing the electronegative atoms (such as Cl or S or P) 5.:”
mineral oil along with little fatty acid.

c. The additives dissolved in niineral oil are called as extreme pressyre
additives and the lubricant is called as extreme pressure Hc_u:.m.E»
(EP lubricant). |

d Inthe beginning. some extent of boundary lubrication takes places
but it cannot bring down the friction and shortly & very: high
temperature is developed. T

e. Atthe high temperature, the metal atoms of the surface'reactavith
electronegative atoms to produce inorganic compounds of finie size

Metal + sulphur __ hich temperature  , meta] sulphide
(in additive) .
The coefficient of friction is in the range 0.1 to 0.25.
In some cases, solid lubricants like graphite or molybdenum
disulphide are used.
h. For cutting or drilling type of operations, cutting fluids are used as
lubricant.

)

uq

ue 3.34. |Give the brief classification of lubricants.

:

Tl

Lubricants can be classified as :
1. Solid lubricants : Solid lubricants are used in situations such as :

a.

Heavy machinery working on a crude job at very high loads and
slow speed.

b. Operating conditions are such that a film of liquid or semisolid

lubricant is not formed or maintained.

c. Where the parts to be lubricated, are not easily accessible.
d. Contamination of liquid or semisolid lubricant, with dust or grit, is

not desirable for example, open gears.

e. Combustible lubricants are to be avoided due to high operating

temperature and pressure,

. Solid lubricants are thermally stable, they do not catch fire under

the operating conditi 2o
m._.na.wn. g conditions, most of them are smooth and reduce the

g Graphite, molybdenumdisulphide, tale, soapstone (magnesium

silicate), mica are the examples of ccmmon solid lubricants They

>

gogin®

h.

Tl ﬂm ng OT
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d either in the form of dry powder or mixed with —
ol

are use
can firmly adhere to the metal surfaces

wat they
and molybdenum disulphide are the two important

n:.:nn:nm_ solid lubricants used.
pricants are used for compressors, 1.C engines, lathes, pulleys

so tl
Graphite

Solid Iu . 1o N COArs ; .
0 railway track joints, open gears, chains, cast iron bearings, food

cranes,
indu
Sem

a.

b.

" js used as gelling agen

3. Liquid lubricants:

a.

stry, war tanks, etc.
mmm:& lubricants :
The most important semi-solid lubricants are greases, vaselines
ﬁﬁ& waxes.

Greaseisa semi-solid _c_uin.mbﬁ obtained on mechanical dispersion
of soap in hot petroleum oil. A soap is obtained on reaction of a
vegetable oil with an alkali.

able oil + alkali —> glycerine

veget soap +
(metal carboxylate)

alkali used in making soap is NaOH, Ca(OH),, LiOH, Ba(OH),,

The

etc.

The solid soap obtained by reaction of an alkali and a vegetable oil,
t in the liquid medium of petroleum lubricating

oil or synthetic oil.

Stirring
with or without fiiler grease

soap + petroleum lubricating oil (hot)
Greases are used for lubrication under following conditions :

i. Highpressure condition.

i’ High temperature (up to 80°C).
Isituation where bearing has to be protect
dust, dirt, moisture.

i In situations where oil cannot rem

highload or intermittent operation jerks.

r spurting of eil is :

paper, food. textile and dveing

ed against entry of

ainin place due tolow speed,

: . N csirabie:
Insituations where dripping o undesirable
for example,machines used in

industry.

V.

. . PR p jquid lubricant
Liquid lubricants afe most.€onunenin use and a good liquid 1

should have following properties:

i, High flash andire point.

iil. Required oiliness.

iii. Required extent of viscosity.

iv. Viscosity should not change
temperature.

n.%cu.a.&xv—v‘ with rise of fall of
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Eleetroche

«f - - - _\\

v. Highoxidaion resistance.

vi  Highthermal gabilitvand 2ot as cooling medium, sz lin
znd corrosica preventer. T B ageny

& Depending upon chermical nattive, they are further classified o, .
L Mineral or petroleum lubricating oils, ’
ii. Vegetable and animal oils,
iii. Blended oils or compounded oils, and
iv. Synthetic oils : These oils zre manufactored by cheming

proczsses. They possess following distingmishing features

Que 3335, I What are lubricants ? Give thesfructure of graphite

znd explain its lubricating properties. ’UPTU 2014-13, Marks 03 I

Lubricants : Pefer O 2.23, Pzz= 116H, Unit-3.

Z

I >
Czrtonztomin — 2@ e

3o Ua” oy
= B 2iom bonded by
Terzoums ozly toree covalent
———ee—= =5

Y v bond

¥iz. 2351 Layer=d struociore of grashiie.

miczntz If consists of a lavered lattice

"

{

ALz znged SP2 hybridized. Carbon atoms
ingr vninflzr perzllel layers znd ezch one
ik 15 but its distance from
o the

= the fourth valence bond iz pot

h

a:p}.-.?:e molecules are 3.7 A zpart and

ros Ol girzion Letwesn therm,. Therefore,
- 5 S, ; Py -

: DEr ezr r,‘. wer ezxily by mechanical foree. Hence,

R Mgy WU or very soft and ean zot 2z lubricant.

piiatle 5nd does ot get ozidised in sir below 9757 C.

7

= ) S A e 2
¥t 1z nom-10d]

A 3%

EX

(RN

-
D
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can be psed as lubricant 2t much higher or

t .
II- zhsence of air.
[ presence of moisture, graphite will zet 2. 200d hibries s
1t is used either in powder furm or 2z Suspers; ’

ohite in oil or water is used with the nelpefs
ag‘iﬂt'

T3

Py et et e iy

_ . graphite cuspension in ol s called 2z ‘uilg,
areris called 25 ‘ayua-dag’.
g —

: - 1zeful 3 o anel : o
Oii-dzz is found useful in LC. engines Ariziis

Que 336- Give an account of the synthetic Iubricants,

| CPTU 2012-13, Marks 04]

IR

\finera! cils cannot be used effectively as they tend 5 get eiized 20
+erv Bigher temperatures while wax separetion will oooor 2t very low

+empeETAIUTES.

S‘:” =T e - - - ~ -
operaring conditions Such 2510 2ITCcras engines.

1tz same lubricants may have to be In the temperatire rang= of -50°C
10230°C.

Polrzives! ethers, fluoro and chloro hydrocarbons, organophosphates
sndcilicons are currently used zs synthetic lubricants,

Few ezzmples sBrezse is a semisglid lubricant obtzined by thickening
Hepnid Inbeicafin 7 oilfBrough the addition of 2 metalie stap. The tiidkoess
,.;u:u.all" Zodium or caleium or Bthium sozp.

Types of grease:

Soda-bzse grease

Lime-base grease

Lithium-soap grézase

Barium-zoap grease

pop o p

€. Axle (resin) grease

Graphite :

a. It consists of 2 multitude of flat plat
weak Vander Waals forces, so the foree to shear the
to the layersislow.

A ther by
a“-hx_huebeldwgf !

e L P S S

TR
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b, It is uséd eitherdn powder form or as FUSPENEION. f\ﬂﬂ\m_ﬂ.\_a b= %._.r E Em_._ aice heei
¢.  When graphite is digpereed in oil, it is called ‘oil-dag” ang o | system no:ns.“w..—f__wc v. ..”:”mncp:_.::r. baracten
graphite is dispersed in water is called ‘aqua-dag’. hen i (turbine, tempets M ”5: .m,_.c«:pm g
. . | . B . Medium viscosity
d. Iinineffective at above 370°C. 1t is used for lubricating intern,) S o i 5™
combuxtion engines, . il
8. Molybdenum disulphides: ”..MEE._M.. .»J:?:::_i_
e . | Yiscosity index improving
4. I has a pandwich like structure in which a layer of molybdenup, L -

atome lies between two layers of sulphur atoms.

| Higt sssure, high
- igh pressure, high |a
5 A ’ h AT S
b, The weak Vander Waals forces, scting in between the Jayers, can 5 | Gear
be destroyed easily.

. High vilinesy
temperature, low to {b. Proper viscosity (medium

high spocds to high)
e, MoS, can also be used ax power or dispersions. ¢, :«:_::_c: :..zmz::.n.. is high
L e d. High viscosily index
d. Iis effective upto BOO °C, For vxample, proper
¢, I is vred in wire-drawing dues, viscosity puetroleum
oils blended with
Que 3,37, | Give applications of lubricants based dpondheir ==:_.:E:. antioxidant,V.1,
applications. e Delicato Low load, high|a. Low to moderato viscosity
instruments apeod, b, Nonvolatile
‘Answer . ¢, Low pour point
. for example, vegetable oils,
rliwuL.J ._!l\.-,.msi T :..,u,liw.lﬁ}l ] p G ired i y Animal oils
5. No{Type o perating roperties required in =l - - .
machinery conditions lubricant ’ llqll Sream Steam contact, high a. High ::_:E..... .
engine temperature, high|b, Less emulsification with
1, |Internal High temperature, |a High ::._.E.m_ stability ) N linder pressure water o
combustion |low ta high speed, [b. Non corrosive c. High viscosity index
engine low to high pressure [¢. High viscosity index
d. Good oiliness.
Hior example, petrotsun Que 3.38. | What are flash and fire points ?
oils blended with above rv
‘property improvers’. _ UPTU 2014-15, Marks E
2, | Spindles Low load, high speed [a. Low to moderate viscosity |
mV.aw:c: resistance Fimrai
¢. Should contain
corrosion inhibitor Flash points : d
A 1 y appears an
d. Nen-volatile L An oil's flash point.is the témperature at which a :w:ﬁ pp
For example, thin instantaneously propagates itself over the entire surlace. —_—
: ixture re -n it ig hea
petroleum oil blended 2. The oil flashes becaused Nammable mixture results when it ol
with corrosion inhibitor. yle . .mergee and mix with oxygen inthe air.
3. |Refrigeration|Low = - —l sufficiently, causing vapours to emerg
* OW temperature, a. Low pour point, below—40°F 3 Th . f oil corresponds roughly to a vapour
moderate load b. Moderate viscosity - e flash point temperature o
¢. Low cloud point. pressure of 3-5 mm Hg. he oil's surface this
: . . e : i the oil's
m~ or example, naphthenic 4 When a small flame (ignition source) is mvv__wmm S::mcww Fthe critical
oil. vapour mixture will burn momentarilyand then €x

temperature has been reached.

Naturally, the exact flash point will vary de
composition of the oil.

o

pending on the type and
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- 1. . Continued heating of the oil (typically 50-75° F above ¢
. temperature) will cause the fire point to be reached.

2. Asthename implies, the fire point is the temperature at Whlchasustam i

he flask oy

' 'ﬂame-results-(longer than four seconds).

3. ' Naturally,

?hefﬁ_fe point is always going to be higher than th;a ﬂasil

©00
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[ParT-1]

Hardness u,".Wuwr; D?&?J(!(!lllt{ﬂ}!(}f: of Hard Water, Boityy , :

Wil
L { H-L'j,',"""’ltf,

St

CONRCEPT
o Wator 1 Waloer fa very fmportant forstho oxisto
bodoy, animale and plaaala, W importand, in induggpj
madn moureon wre
1o Surfiee water 2, Undorground walor
30 Rain waloer A4, Son walor
e Hurdnoas of water t Huardness is doflined aw the HOUP Congy
capreity of'n water saeplo, Sodiuan salis of Tongr ¢hain fatty neig
present in the soap react with Ca'' and Mg" iong.of water uH
form insoluble seums of Ca't and Mg'* which do not. have un)
dotergent value, Y
¢ lavdness are of two typoes @
1. 'lemporary hardnoss

O, ’lvh(,

Uming

s 2. Permanent hardnoss

¢ Treatment of water : For boiler feed, water treatment for
hardness is essential, Two types of treatment wre there for
removal of hardness '
1. External trontment
2, Internal treatment

e Boiler problems':

Boiler
problems

corrosion ¢ Foaming
|

OUTLINE : PART.]

1w of \Umunu;l\\

"]l_,rIL

s )
y Mmble” ]

i

=

1

—
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Engi!

. /4/1_] What is hardness of water ? What are its types ?
QU8 Ziex '

;Anﬂwer ;
1, Hardne
was app
difficult. :
The water which does not sorm lather with soap and is hard to wash in,

o is ome of the most important characteristic of water. This term
lied to the waters which make cleansing action of the soap

2 is termed as hard water.

Hardness of a water samp le is a measure of its capacity to precipitate
3. goap or its s0ap consuming capacity.
4. Onthe other hand, the water which forms copious lather with soap is

termed as soft water.

Cause of hardness :
1. Hardness of water is due to the presence of calcium and magnesium
" salts. Generally, soaps consist of sodium salts of higher fatty acids such
a6 stearic, oleic, palmitic ete., which are highly soluble in water and thus
exert-their cleansing action.
9 If calciumand magnesium salts are present in water, these react \_?vith
soluble sodium soap to form insoluble salts of calcium and magnesium.

3. TForexample,
2C{;H,.COONa + CaSO, —> (C,;H;4;C00), Ca+ Na,SO0,
\ (Sodium stearate) (Insoluble salt)
2C,,Hs,COONa + MgClL, —> (C,,H,;C00), Mg+ 2NaCl
4. Thus, a white scum or/precipitate of insoluble soap Of. calciux;and
magnesium is formeds Lather is not produced until tl-le cations, Ca?* and
Mg?2* are completely precipitated out in the form of insoluble salts.

5. Asaresult, alarge quantity of soap s required to produce lather with
hard water. Thus, hardness i§ rightly defined as soap consuming capaaty

~ of water.
Types of hardness :
2 Temporary hardness

b. Permanent hardness
&  Temporary hardness : s
1. Hardness due to the presence of bicarbonate ions of calcium and
magnesium is called temporary har dness or carbonate b 23 e
This is also known as alkaline hardness. g
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2. ' This hardness. can be removed by mere'boiling of wate
converts the bicarbonates into insoluble carbonates or by, d’rx Whigy
s

3.
filteration.
Ca(HCO,), —=— CaCO,! + H,0 +CO,
Mg (HCO,), —=— MgCO; 1 + H,0 + CO,
4. Temporary hardnesscan also be removed by addition Ofcalculafed

amount of lime (Ca(OH),).
Ca(HCO,), + Ca(OH), — 2CaC0y + 2H,0

Ca(HCO,), + Ca(OH), —— Mg CO, 1 +C€aCo,! + 2H,0

b. Permanent hardness : This type of hardness is also known 4 B
carbonate hardness. It is due to the presence of sulphates and chlon gn.
of calcium and magnesium. Permanent hardness cannot be Temoveq ;;

boiling.

Differentiate between hard water and Soft water,

’v o ~ Soft water

Hard water
Water which lathers easily on

1 Water which does not produce
lather with soap solution |shaking with soap solution, is
called “soft water”.

readily, but forms a white curd,

is called “hard water”.
2 Hard water contains dissolved | Soft water does not contain
dissolved calcium and magnesium

calcium and magnesium salts
saltsinit.

init.
3. In hard water, cleansing quality | In soft water, cleansing quality of
soap is not depressed and so s0ap

of soap is depressed and a lot
of it is wasted during washing [ is not wasted during washing and
bathing. '

and bathing.
Less fuel and time are required

4, Due to the presence of
dissolved hardness producing | for cooking in soft water.

salts, the boiling point of water
is elevated. Consequently,
more  fuel and time are
required for cooking.

Que _ 200 m] of water sample has a hardness equivalen t of
25 ml of 0.08 N MgSO,. What is its hardness in ppm ? '

Water Treatn]e X
~at

The insoluble carbonates or hydroxides can be Temoyeg g |
by !

133 (Sem-1 & 2) H

. Chemistry
- eerlﬂg
pogi®
i 21 g
’ Number of gm equivalent =V x N = 1000 0.08
Weight B 803 of MgSO,; = number of gm equivalent x equivalent weight
' 5

mh;ﬁiestlc :

1

2.

In industries :
L

9 ;
: x 0.08 equivalent weight

) : 25 =, i
ght in gm of MgS0, in 200 ml = 1000 x 0.08 x equivalent weight

Wei
inlml= . x dos x equivalent weight
1000 200 i
in 1000 ml = Tg_g(T x %)g x equivalent weight x 10°g
. 25 0.08 . ;
in CaCO, equivalent = Mxﬁ x equivalent Welght x 50/

. salent weight x 103 g
PR = 0.5 /L = 500 mg/L

| What are the disadvantages of hardwater ?

Cooking : Vegetables and other like pulses ete. do not cook wellin hard

water.
Wastage of soap : Since, hard water does not form lather with soap
readily henée, soap is wasted in removing the Ca2+ and Mg?* ions present

in water.
Spoiling clothes:
with soap/to form ins

not easily removed and spoils the clothes.
Ca2* and Mg2* salts are deposited inside
oved easily.

The Ca2* and Mg?* present in hard water combine
oluble compound, which sticks to the clothes. It is

Consumption of morefuels:
the boiler. These form a lager.as a stale, which are not rem ;
Hence, consumption of fuel is increased and the cooking utensils are

spoiled.

and dyeing industries
ions), organic matter,

Textile industry : The water used in textile
dyes. Iron and

should be free from hardness (Ca** and Mg™ :
suspended particles etc. Hard water precipitates basic
manganese salt produce coloured spots on fabrics:

free from hardness, suspended

Sugar industr be

¢ y : Water should :

Particles as well as pathogenic micro-orgamisrs. Hard water causes
difficulties in the crystallization of sugar from molasses.
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Watey Tr '
ey, gog?

3. Paper and pulpindustry: The water should be free from

: suspended particles, iron; manganese etc. Hardx}ess incr.
contents of paper. Dissolved silica produce cracking tenq

Iron and manganese salts decrease the brightness and

olo aper,

ar ofpape
4. ‘Aluminium industry: The water should be of high quality, A, I,
of impurity and hardness make it lowgrade. Y type

5. Carbonated beverage industry : The water should phe free g,
colouring matter, pathogenie micro-organisms, hal‘dness, feom 0
* manganese salts, suspended particles etc. It also should have :liud
alkalinity. Hardness producing salts make it oflow grade; Ow

- 6. Starch industry : Water should be free from any type of hardne,
impurities (organic or inorganic), suspended particles; etc. Iron am;
manganese salts produce yellow colour, which is undesirable, Hardne 5

producing salts causes the precipitatien of salts and accumulates ip th,
starch.

7. Ironindustry : Hard water makes the iron of low
the iron and alloy. Water pipes are blocked due to p
during boiling of hard water. Hence, water should b
and impurities. _

8. Fibre industry : The water used in fibre industry should be of high

- quality. Silica, salts of iron and manganese, dissolved organic and
inorganic materials make the fibre of very low grade. Alkalinity and
hardness causing ions are very much harmful for fibres.

S ' 4.5( Why do we express hardness of water in terms of CaCO,
equivalent ?

€ases the o,
ency of ,

quality. It Ccorrodeg
recipitation of saltg
e free from hardness

Hardness in terms of CaCO, equivalents :

L To compare the hardness of different samples of water, it would be
easier, if the hardness ¢

aused by differcnt salts can be expressed in
terms of single salt.

Itis customary to express hardness
. The reason for choosing
of water is due to :

B Its»m"]e_c‘ﬂar weight is exactly 100, which makes mathematical -
calculations eagier,

in terms of equivalents of CaCO,.
CaCO0, as the standard for calculating hardness

B It‘is the most insolub]
treatment Processes,

Now 1 mole of CaCo, (or )
s 100 parts by wej th the
e amount of soap b 1mole (?f Cas Y weight) would react wi

MgCl Cl, (111 parts by weight), or 1 mole

f : parts by weight), .

4 ;roducez s(:ilg a::;sgy Yeight) _becausze 1 mole of all these salts Wl,l .
number), - mber of calcium or magnesium ions (Avogadros

e salt, thus can be easily precipitated in water

4.

ivalents for various salts are as follows :
us, 0200 eql;;O g of CaCO,= 111gof CaCl, :
f = '136 g of CaSO,
= 95 gof MgCl,
= 120 g of MgSO,
= 162 g of Ca(HCO,),
= 146 g of Mg (HCO,),
= 164 g of Ca(NO,),
= 44gof CO,
= 148 g of Mg (NO,),

of CaCl, is present in a water sample, then the amount of CaCl,
2 . - "
g-zsgent in terms of its CaCO, equivalent will be :

1gmoleof CaCl,= 1g mole of CaCO,
" 111gofCaCl,= 100 g of CaCO,
- 55.5g of CaCl,= 50 g of CaCO,
(- Eq.wtof CaCO, = 50 g Eq. wt of CaCl, = 55.5 g)

Th

~

,"05 x x g of CaCO,.

x g of CaCl, =

Thus to convert various hardness salts CaCO, equivalents we may use,
Equivalents of CaCO,

Mass of the substance
" Equivalent weight of the substance

x Equivalent weight of CaCO,

Asequivalent weight of most of the hardness causing s.ubstances a.rld that of
CaCO3 =Molecular weight/2, hence to make mathematical mlculah.ons more
easier, the above formula can’be written in terms of molecular weightsi.e.,

Equivalents of CaCo, =

or Equivalents of CaCo, = Mass of .the'substance 5

CaCL « 16.4 mg/L. gng MgCL, = 5.2 mg/L. [OPTU 2011-12, Marks 10

hardﬁéés; C
sample an

Mass of the substance 2 100/2
Molecular mass of the substance / 2

100

Molecular mass

Differentiate between temporary and permanent

alculate temporary and pérmanent hs esf ;; ::;::
alysed as : Ca(HCO,), = 21.0 mg/L, Mg(HCO,), = 25 mg/
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" eat,
» e g Temporary hardness = 6.36 + 10.74 = 17.10 mg/]
? permanent hardness = 9.15 + 9.26 = 18.41 mg/l
FomcbSERS Total hardness = 35.51 mg/l
S'No- 5 -E'I empox al‘ghalirdn ess:‘ Permanent harq R = 3. 100 ml of water sample has a hardness emll'valent of
0 ue 49

Qsmlof () 08N MgSO,. What is its hardness in ppm ?
125777 UPTU 2011-12, Marks 05 |

1. | Itis caused by the presence of | Itis due to presence of dis
Soly

dissolved bicarbonates of Ca, | chlorides and sulphateg o veg| |
S 01Ca,

Mgetc. Fe. Mg| |
2 | It can be removed by more |It cannot be removed by boil
boiling of water. - |water. 0g of
12.5
valents of MgSO, = EO% % 0.8 =102

For example : Ca(HCO,),

For example : CaClz, MgCl Fe S
2 A

Given : Ca(HCO,),
Mg(HCO,),

MgSO0, etc.

21.0 mg/L
25 mg/L

CaCl,= 16.4 mg/L
MgCl,= 5.2mg/L

_ Constituent |~ CaCO, equivalent

1
Ca(HCO,), 21 x 1%2 =12.96

10
Mg(HCO,), 25 x % =17.12

100
CaCl, 16.4 x 1= 14.77

_ 100
MgCl, 52x o= =5.473

( gl Calculate temporary and total hardness of water sample
of water containing Mg(HCO,), = 9.3 mg/l, Ca(HCO,), = 17.4 mg/l,
MgCl, = 8.7 mg/l and CaSO, = 12.6 mg/l. |UPTU 2013-14, Marks 05

Mg(HCO), = 93mgl = 93x 100 _ 635mgl
146

CaHCOp, = 174mgnl =  174x 190  _ 1074mg
_ 162

MClh, .~ = 8Tmgl =  g7x 100 _ g15mgl
, 95

CaS0, = 126mgl = 126« % - 9.264mg!

Number of gms edui
. . - Weight in gms.
Number of gms eqUIVAICIE= B 0t \Bqyivalent weight)

ht in gms of MgSO, present in 100 ml of water sample
g = (1 x 10-2) x Eq. wt. of MgSO,

Wei

Weight in gms of MgSO, per L of water
’ 1000
- (1 x 102 x Eq. wt. of MgSO0,) x 100
= 10-1 x Eq. wt.
B, ot OO
 Hardness =Weight in gms of MgSO, per L of water x Eq. wtof MgS0,

50
_ =y . A [ v e ——
= 101 x Eq. wt. of MgS0, x Eq. wt of MgSO,
~ 50 x 10! g/L = 500 ppm

Write a short note on boiler troubles.

Answer

1. Wateris mainlyused in boilers for the generation of steam (forindustries
and power houses).

2. For such water all the impurities are not ne
only those impurities which lead to operation
eliminated or kept within the tolerable limits.

3. A boiler feed water should correspond with the following
composition :

i Itshardness should be bélow 0:2 ppm.

fi. Its caustic alkalinity (due to OH-) should lied
0.45 ppm.

fii. Its soda alkalinity (due to Na,COy) should

Excess of impurities, if present in boiler feed water gener

ollowing problems :

cessarily eliminated, and
al troubles in boilers are

1 between 0.15 and

be 0.45—=1ppm.
ally cause the
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ot Tre.ahnent
Scale and sludge formation, corrosion, priming and f°aming, .
embrittlement.. 1. - 4 : iy

Boiler problems :

Bolle.r ’ Foaming
COrTosion I

Summary of boiler problems

Sludge and scale formation in boilers :

L Inaboiler, wateris continuously evaporated to form steam, This increases
~ the concentration of dissolved salts. Finally, a stageis reached when the

ionic product, of these salts exceeds their solubility product and hence
they are thrown out as precipitates.

Ifthe precipitates formed are soft, loose and slimy,
sludges ; while if the

these are known as
Precipitate is harq and adhering on the inner walls,
itis called ag scale, 4

Loose
Precipitate

" suspended
in water

' (sludge)

Hard adhering

coating on inner

walls of boiler
(scale)

SRR s,

Priming anq foaming §

1 _Wht?n steam ig Produceq rapidl
liquid watey ar

Y in the boilers, some droplets of the
ong wi

arried ol ith the steam, This process of ‘wet-
Priming,

steam’ formatioq iscalleq

ring Chemistry

199 Gem 1840
nee -

Engl ing refers to the. propulsion of water into
Primln

: t explosive boiling of the
2. extremely rapid, almos exp.

surfac.;: 15 the formation of small but persistent fo
Foaml
3.

urface in boilers, which do not break easily.
water S

ing is ca'1sed by the presence of an oil and alkalis in boiler feed
Foaming 1 : : g i
R

i i the
: alkalis react to form soaps which greatly lower
ally oils and
5. Actu

w i the foaming tendency of the

i jon of water and thus increase \ h

surface tensl . .
liquid.

Boiler corrosion :

the steam drum by
Water at the heating

am o'r. bubbles at the

y e s ion” of boiler body material either

ion is “decay” or “disintegration oft : '

dueto cﬁrm S;zilolj eleCtrzChemical reaction with its environment having 0,
to chemi 1 ;

((13‘109 and mineral acids.

2

The disadvantages of corrosion are :

i  Shortening of boiler life. :

u Leakages of the joints and rlvets:

u1 Increased cost of repairs and maintenance.

Corrosion in boilers is due to the following reasons :
o
Caustic embrittlement :

Caustic embrittlement is the phenomenon during which the boiler material
Ca

becomes brittle due to the accumulation of caustic substances. This type of

. 5 ; ioh
boiler corrosion is caused by the use of highly alkaline water in the hig
pressure boiler:

Wliat are the causes and effect of (i) boiler scales (ii)

caustic embrittlement ?

0]

CONCEPT OUTLINE : PART-2

: by following
* Techniques for water softening : It L § beydone by f
methods ; ' ;

L. Lime-soda process
2. Zeolite process -
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istr;
ing ChemisrY

(<Dnm,~. .Hw.mmggmnv ;

. 140Sem1&D H
S m:mm%%

Internal treatment
(corrective method)

© 3. lon exchange process
o 'Lime-soda process : The lime-soda treatment involyeg th
e

use of lime (caleium hydroxide) and soda (sodium carbongtg)
*-.- remove hardness fram water, to

» Zeolite process : For the softening of water, the v, ater 1
percalated through the bed of zeolite packed in a vertica) nu.mumma

¢ Jon exchange process : It is the process of softening of v, .
by exchanging the harmful Jons of water avith harmless
from an ion exchange resin.

¢ Reverse osmosis : In reverse osmosis, the direetion of normg |
osmotic flow of water across the membrane is reversed by
applving pressure to the compartment with high concentratjoy

m,_”mﬁ
long

External treatment

(Preventive method) .
Hm 4.11.1. Tllustration of types of water treatment
" methods and there point of application.

Boiler

nal treatment of boiler feed water refers to the

I non,s.mmr the inter: men w :
| B gitioning of water in the boiler itself by the addition of chemicals.
con >

essentially a corrective method to remove those salts which are
pletely removed by external treatment of water softening.

ne conditioning methods are used in the internal treatment :
rom@rmﬁm.. Calgon and Carbonate conditioning.

This is
not com

o

Wﬂm tn. What do you mean by water softening ? 0. The followi

Colloidal; Ph

Water softening

1. The process whereby we remove or reduce the hardness of water,
Irrespective of whether it is temporary or permanent is termed as

R e | p——

“softening” of water.
2 hisveryescential process since hard water is unsuitable for domesticas = | _ _ _ _
well as industrisl use, { Zodlite Limesodae.  lonexchange  Colloidal Carbonate Phosphate Calgon
3  Oneofth st i ; N = o . | 1,747/, process progess conditiondag conditioning qonditiming condinianing
R @ X 1he most important applications of water is in steam production
for the generation of electricity. For this water need to be fod to industrial ;
botlers. | Que 4.12. _ Explain the lime-soda process for making soft water
- s R : : . N N |
+  Wejust cannot feed sny water into the industrial boilers because it has , from hard water.

vaw.. identifiad that hard water creates large number of problems like
scale and shedge formation. priming and foaming etc. Answer
The hardness causing salts can be removed from water by following two 1. The hasic principle of this progess is to'chemically convert all the saluble

12

24

-
i

Ways
& Externs! trestment
b Internal treatment

wdﬁwmmmwn.m;ﬂd treatment of water is carried out before its entry into the

¥, TOSDE prevents boiler problems. It can be done by lime-soda,
Deeate Ohrgmﬁﬁ!au.ﬂm processes. A

hardness causing impurities intodnsoluble precipitates which may be
removed by settling and filtratian.
2 For this purpose, a suspension of milkof hine, Ca(OH),. 8%%93 59. a
caleulated amount of sodium carbonates Na,COy (seds) 1s added in
requisite amount.
3 Proper mixing of the chemicals and water is ¢arried out. 23
4 Calcium carbonate, CaCO, ; magnesium hydroxide, ./EOE,,.,,“ E«M:.
hydroxide, Fe(OH), and aluminium hydroxide. AlOH),, so precipitates
are filtered off.
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Water .H.H.mmﬁﬂm:ﬁ

5. Atroom .ﬁ.mBUmnm.nE..m_ the precipitates formed are very fine
6. They do not settle down easily and cause difficulty in filtration

7. If small amount of coagulants like Alum [(K,SO
all . AL(SO
- Aluminjum sulphate [AL(SO,),] or Sodium &Emibmmm ,EWEMAE
.mm&mmxzﬂm% hydrolyse to precipitate of aluminium hydroxig
entraps the fine precipitate of CaCO,, and Mg(OH),.

8.  Thus coagulant helps in the formation of coarse precipitate.
Reactions with lime : , .
a. Removal of temporary hardness :
Ca (HCO,), + Ca (OH), - CaCO, { + 2H,0
Mg (HCO,), + Ca(OH), - MgCO, + CaCO, 4 + 2H,0
MgCO, + Ca (OH), —» Mg(OH), I+ CaCoO, ¢ _
b. Removal of permanent Mg hardness : :
MgCl, + Ca(OH), —» Mg (OH), { + CaCl,
MgSO, + Ca(OH), — Mg(OH), ¥ + CaSO,
c. Removal of dissolved iron and aluminium salts :
FeSO, + Ca(OH), — Fe(OH), 44 CaSO,

0];
OMH mmﬁm
€ which

1
2Fe(OH), + H,0 + = O, > 2Fe(OH), \ ,

Al(S0,), + 3Ca(OH), — 2A1(OH), { + 3CaS0,
d. Removal of dissolved CO, and H,S:

CO, + Ca (OH), —» CaCO, {+H,0

H,S + Ca(OH), —» CaS {+2H,0
e. Removal of free mineral acids :

2HC1 + Ca(OH), — CaCl, + 2H,0

" H,S0, + Ca(OH), - CaS0, + 2H;0

f. Reaction with NaHCO, :

2NaHCO, + Ca(OH), - Na,CO, + CaCO, { + 2H,0
Reactions of soda:
a. CaCl, +Na,CO, - 2NaCl +{ CaCO,
b. CaSO, + Na,CO, — Na,SO, + I CaCO,

It is evident from the above equations that the soluble calcium and Bmmummmﬁu
-salts are precipitated as insoluble calcium galts and removed by filteration.
However, the chemical reactions taking place during lime soda treatment
are very slow. Moreover, the precipitates formed are very fine and tend %0
remain in the solution even after filteration. These may cause troubles by
getting deposited on the pipes and boiler tubes later. This problem can be
solved by adding coagulants like AL (SO,), or NaAlO, to the treated water.

g Chemistry 143(Sem-1&2)H

g ,Qmﬂmﬂ
Eog? -
{ants accelerate %._m nowm%msou of the fine particlesby entrappi
Tpes” hich mccmmnnmb.&% ecome heavy and settle down. RN
" s of ]ime-soda process :

Ad . coda process is widely used because of the following advantages :

The process is highly mnoboa.womr .
i - treatment ﬂmm@m to an increase in wr.m pH value of water, thus
i Leducing the corrosion of the distribution pipes. .
This treatment also helps in reducing the total mineral content of water.

1t helps iR removing m.no
very small extent. i
The increased EWN.EE.Q of the treatment water may also help in killing
mm_uro genic bacteria.

Emmméﬁgmmm of lime-soda process : .

There are 2 few distinct disadvantages of lime-soda process .
Alarge quantity of m_Cmm,m.wm formed in this process, the disposal of ﬂgnw
posesa problem. Theoretically each mg/L of calcium hardness remove
will produce 1 mg/L of sludge.

Careful operation and skilled supervision is required to get good results.
uce water having zero hardness. This isbecause
is soluble in water.

n and manganese from the water, althoughto a

V.
m.-.

This process cannot H:.o.m
CaCO,, though very slightly,
13. | A water sample on analysis gives the following data (in

EQE z
Mg (HCO,), = 73 ; CaSO, = 68;

1. =95; MgSO, = 12; .

wamo ﬁwoo ), = wmum. ZMO_ u,h.m. Calculate the wEoE: of H..:bm Ena @Nﬂw—.&
_and mcmm mmm % pure) required for softening 20,000 w.:an.m ofw T

. UPTU 2014-15, Marks 05

100 100
w E —+12x=55
Himorequizaix .M%QTH xgga+2xT8x g5 90795 120
100 20000
X790 710°
=427k |
106 #0400 +Exm£x 100, mw%c
" Soda required = H|ome e +95% g5 30 -
=399k | 2
m rm zeolite 2 Explain

.| What do you unde

R

rstand by the te
the types of zeolite. ;
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L SER .
Zeolites are naturally occurring hydrated, sodium alumino-silica,
and also known as boiling stone.

' (Na,0 . ALO,. x8i0, . y H,0)
x=2-10 g

y=2-6

Types of zeolites : Zeolites are of two typest

1. Natural zeolites : Natural zeolites'are non-porous, amorphoyg d
an

durable.
For example : Natrolite : Na,0 . AL, O; . 4510, 2H,0 »

2 Synthetic zeolites : Synthetic zeolites are porous possess a gl
structure and they are prepared by heating together the sodiuil‘
carbonate, alumina and silica. P |

5. | What is hardness of water ? Describe zeolite process for making

soft water from hard water.

1. Zeolites can be represented as Na,Z, where Z is the insoluble radica
framework.

2. When hard water is passed through a bed of active granular N a,Z, the
Ca? and Mg? ions of the hard water are exchanged for Na* ions of
zeolite.

3. The various reactions taking place may be indicated as follows :

Ca(HCO,), + Na,Z—— CaZ + 2NaHCO,
‘Mg(HCO,), + Na,Z — MgZ + 2NaHCO,
CaS0, + Na,Z— CaZ + Na,SO,
MgSO, + Na,Z— MgZ + Na,S0,
~ CaCl, + Na,Z — CaZ + 2Na(l
MgCl, + Na,Z— MgZ + 2NaCl

4. Itis seen from the above reactions that sodium zeolite is converted to
calcium and magnesium zeolites.

5. This exchange takes place because the extent of exchange increases
with increasing valence of the exchanging ions i.e., monovalent ions are
exchanged for divalent ions. . '

Regeneration ; '

1. When the zeolite bed gets exhausted i.e., nearly all its Na* are exchanged
for Ca® and Mg?* ions, it loses its sodium exchange capacity.

e min@l‘a]s

Water Treatment

g Chemistry 145 (Sem-1 &2) H

. aell
Eogin® . ]
 zeolite pedis regenerated by first backwashing it and then by passing

9 conceﬂtrated NaCl soh'xtlon through it. ;

N 1 other solutions like NaNO,, Na,80,. KCl etc., can also be used,
Thoug! olution (NaCl solution) is used because it is cheap and also
put bﬂnihe products formed by regeneration reactions are CaCl, and
becz‘]ls:l hich are highly seluble and can be readily rinsed out from the

2
lz\glite bed.-

The fOl].(WVi

ng reactions take place during regeneration process :

4 CaZ + 2NaCl —> Na,Z + CaCl,

MgZ + 9NaCl —> NaZ + MgCl
Exhausted Re gl?nergted
zeolite zeolite

Process*
1. A zeolite sO ;
' petmutit or zeolite.

The hard water is percolated at

frener consists of a steel tank packed with a thick layer of

a specified rate through the bed of

2.
zeolite. R ] -
(alcium and magnesium ions present in it are retained by the zeolite in

3. the form of CaZ and MgZ respectively.

The outgoing water becomes rich in sodium salts.

The softened water is collected from the bottom.

When a significant portion of the sodiumin the zeolite has bee.n re.plac?ed
by calcium and magnesium, it is regener'ate_d by first washing it wrlth
water by reversing the flow and then treating it with conc. NaClsolution.

Hard water

Distributor .
Hard water inlet Brine
----- L~ Distributor
Hydraulic
_______ g =R Injector M
\\\\\\\ \, Zeolite or .
\ Cation
Resin
\\ NNNNRRINRAAE Exchange Re
- H B ...‘.b.. Base
¢ Concrete
Filtered . :
Brine "y
Water Outlet Y
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ent
'7.. The soluble CaCl, and MgCl, so formed in regeneration proc
washed with soft water and washings are led to sink. °58 are
8. The zeolite bed is readg for use again for softening purpose,
9. Theoretically each mg/L of CaCOy hardness requires 1.17 mg/L of N
solution. . ' =
10. But thrice the amount of theorétically required amount of NaCl is useq

. to make regeneration reaction more efficient.

Advantages of zeolite process:

L

=

Water having very low hardness of about 10 ppm hardnessis produced
Even water having zero hardness can be produced. ‘

The plant is compact and occupies less space.

No sludge is formed and hence there is no problem of sludge disposa],
The running, maintenance and operation cost 1s quite less.

The plant can be installed in the water supply line itself, avoiding double
pumping.

It rei;uires less skill for maintenance as well as operation.

Disadvantages of zeolite process :

i

iv.

This process is not suitable for treating highly turbid waters because the
turbidity will clog the pores of zeolite bed and thus make zeolite less
efficient. Therefore the turbidity must be removed before the water is

fed into zeolite.
Water containing large amounts of Fe and Mn salts when passed through
zeolite bed are converted to iron zeolite and manganese zeolite which
cannot be regenerated easily. The zeolite is thus wasted.
The process leaves sodium bicarbonate in water, which causes priming
and foaming in industrial or boiler feed waters. Moreover in boilers
NaHCO, dissociates forming NaOH and CO,.

NaHCO,— NaOH + CO,

NaOH causes caustic embrittlement of boiler material and CO, whenit
goes with steam renders the water acidic and corrosive. Thus raw water
should be subjected to boiling to remove temporary hardness beforeitis
fed into zeolite.

The treated water contains more dissolved salt than treated by lime-
soda process.

Water containing excess of acidity and alkalinity may destroy the geolite
bed. It is preferable to have the pH of the water passing through the
zeolite softener around 7. ;

16.’| Explain types of lime-soda process.

’

——— g
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o lime5
Th 001 d Lm
L hi methOd, cale

In

iv.

S\udge

outlet

a proces

termittent type

* The elear softened water is collectgd throu

s can be carried out either in hot or cold.

e-SOda process. : ¥
ulated amount of lime and soda are mixed with

oom temperature. There are two types of softeners used for

water by this process. °
(batch process) :

Intermittent softener consists of a pair of tanks. Each tank is
used in turn for softening of water. Each tank is provided with
inlets for rav water and chemicals, outlets for softened water

and sludge, and a mechanical stirrer.

Raw water and the calculated quantities of lime and soda are

allowed to runin simultaneously and stirring is started.

During stirring, some precipitate from the previous treatment
der toform nucleus for the fresh precipitation.

is also addedinor
fills up, the reaction is more or less complete.

By the time tank. :
Stirring is stopped and the precipitate formed is allowed to

settle down.

At room temperat
so they do not sett
small amounts of coagulant
The coagulants form gelatinous precipi
entraps the fine precipitates.

Use of sodium aluminate as coagulant also helps the removal
"of silica as well as oil, if present in water.

ure, the precipitates formed are finely divided,
le down easily and hence it is essential to add
s like AL(SO,),, NaAlO, etc.

tates of Al(OH), and

gh a pipe and sent

to the filtering unit.

The sludge formed in the tank isTe
outlet.

When one tank is used for
tank supplics soft water.
Arrangement is such that there is continuous supply of soft
water from these tanks.

moved through the sludge

eaction and settling, the other

Chemicals (lime +
soda + coagulant )

Softened water
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Wetee Treﬂtrnent

b. Continuous softener :
In continuous softener, there is continu
s ous feed of ray

L.
and chemicals and uninterrupted outflo Wat
| w of €r
obtained. : SOft wate, iy
fi. The continuous softener consists of a big steel
chambers. tank witp two
iii. The inner chamberds provided with a stirrer whe ;
outer chamber is fitted with a filtering media (u;uall Teas the
wood fibres). ¥ ade of
iv. Raw water and calculated amount of lime, soda and coagy],
are fed through two opposite inlets into the inner chamggﬂﬁlnt
room temperature. 9 crat
v. Asraw water and chemicals flow dewn, stirrin, jxi
) g and
takes place. Tohking
vi. Softening of water takes place and the sludge formed sett]e
down at the bottom of the outer chamber. ®
vii. The softened water rises upwards, passes through the wooq
filters to ensure complete removal of sludge.
viii. Filtered water finally comes out continuously through the outlet
provided for the purpose.
" Motor
Chemicals Driving belt
(soda + lime Raw water

—>
+ coagulant) feed inlet

feed inlet .
Filtered softened

Wood-fibre water outlet
filter ]
o Outer chamber
Stirrer ;

rdd]
B Inner chamber

Sedimented

sludge
[CaCO,4, Mg(OH)]

|

. Chemistry 149 (Sem-1 &2) H
gineeﬂ
B me-soda Proces® |
. go ‘thO 15 exclusively used for the boiler feed waters. This process
gmet? ) e efficient than cold hme-soda_ process. The softening
s mUChsn;re made to occur almost at the boiling point of water. The
jon
".’alc;tgmpefa‘“’e ; 8 .k
big sases the rate of precipitation reactions.
incr!
. oases the viscosity of water thereby making settling of tile
b. d::ziepi tate and filtering easier and rapid.
P
Jiminates the need of adding coagulants as precipitates settle down
e
C. qu]ckly
¢ }.rpeS ;,f softeners are used for hot lime-soda process :
Two
This is exactly similar to what is described under

jttent type :
Interm ss. The only difference is that in hot lime-soda

cold lim
process,

e-soda proce

heating coils are fitted in it for raising the temperature of

water.

Continuous type :

L

iv.

This type of softening unit consists of three parts-a reaction tank,
where raw water, chemicals and steam are mixed, a settling tank,
where the precipitates in the form of sludge settle down and a sand
filter'made up of fine sand and coarse sand, to filter and remove
any suspended particle or precipitate.

d in the settling tank

Raw water and chemicals are introduce
through different inlets. 7

A separate Opening for steam is also provided which is used to
increase the temperature.

By the time the mixture goes down in the reaction tank, the reaction

is complete.
From this tank, the water is fed into settling tank, where sludge

settles down.
Now a days settling tank is combinied with reaction tank as shown
inFig. 4.16.3.
tank
Clear fling tank passes to filter &
and soften water from the setting particlesare remov

Where remaining precipitates or suspe

-

|
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atmey,
Raw water - ]
feed inlet Lo :
.. Super heated I ?_v g 3 :
s —P <— Chemicals (
steam infet - feed inlet lmefSOda)

Reaction tank ——»

Conical - 2
sedimentation
tank
TR <— Fine sand laye
4— Coarse sand laye,
Precipitated <— Gravel laye,
sludge | N
Precipitated
sludge outer R e

Filtered
softened water

Fig. 4.16.3. Hot lime soda process.

Advantages of hot lime-soda process
i The reaction time is greatly reduced as the precipitation takes place

rapidly. It takes about 15 minutes whereas the cold process takes several
. hours for completion.

PR

Residual hardness is much less than cold lime-soda process.

iii. No coagulant is required because the precipitate and sludge formed
settle down quickly. :

iv. Most of the dissolved gases like CO, and O, are also removed.
v. Less chemicals are required as the softening capacity is high.

17, | What do you understand by temporary and permanent

hardness of water ? Describe the zeolite process for removal of
hardness from water. The hardness of 10,000 litres of water sample
was removed by passing it through a zeolite softener. The zeolite
softener then required 200 litres of sodium chloride solution
containing 150 gm/1 of NaCl for regeneration. Calculate the hardness

of water sample, [UPTU 2014-15, Marks 10

Temporary and
Page 131H, Unit-4:
Zeolite process : Refer
NaCl contained in 2001;

Permanent hﬁrdness of water : Refer Q. 4.1,

Q. 4.15, Page 144H, Unit-4.
tres of NaCl solution

= 150 gm/LL x 200 L = 3000 gm of NaCl

151 (Sem-1 &2) H

. eeﬁng Chemistry :
poe” ' 50 1500000 i
=30000 x gg=="pg5— gm equivalent of CaCO,
1500000 : BLEREE
 joo00litre of water= —5g 5 & equivalent of CaCO,
h 1500000 x 10° ="
1 litre of water = m mg/L CaCOB eqmvalent

= 9564 mg/L of CaCO, equivalent

pardness of water is 2564 ppm. :

| Compare lime-soda and zeolite process.

Hencé

Zeolite process -

—— T Lime-soda process

The plant is compact and occupies

L nt occupies more
The pla less space-

space. : :
> | The process requires | Itis automatic and easy to operate.
2| areful and skilled
supervision. : .
: Tfrbid water can be Diﬁiculif to treail; turbid w:eter asit
s treated by this process. resultsin clogging of zeolite.
‘ blem of sludge disposal as
ing the process large No pro udge d :
* 1(;1111;111::11% of sludgeis formed | there is no precipitation taking
which causes problems of I place.
disposal. . .
5 Operational costis high as Exhausted zeoh'cii caslu;ost :
- chemicalsiare consumed in regenerated so operation
the process. less. : —
6. Involves all the problems | Nosuch treatment is req K

related to coagulation,
setting,and filteration.

[ ey
‘ hardness
‘ 260 | Water of very low or zero
: e o o fuced can be produced by this process.

-ppm can be produced/by

this process. )
f water
8. Treated water contains | Temporary hardile:mﬁlved, but
large amount of Na salts sampleis cqmplete znt in large
which create problems to be. |, NaHCO, 1s pres esponsible for
used a5 feed wator b3 mo?t Z}t))lrci?tll;n:ent to boilers. _
) ice
| hoilers. cal'xs 4 ot be treated by
9. Acidic water can also be | Acidic water cam;ibe tsat
: treated this process as 260 &
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Que 4.19.| What is hardness of water ? Describe ion exch
&5 L2l e a

process for making soft water from hard water.

UPTU 201814, Maris 1

What are ion exchange resins ? How will you purify watey by using
UPTU 2014-15, Marks 19

nge

OR

the resins ?

Hard.ness'of water : Refer Q. 4.1, Page 131H, Unit-4.
Ion exchange process :

1. Ion exchange resins consist of cross-linked, long chain organicpolymers
with a microporous structure. The functional groups attached to tHe
polymeric chains are responsible for ion exchange.

2.  Resins of suitable chemical compositions and physical properties may be
synthesized for specific ion exchange applications. The resins usually
consist of styrene-divinylbenzene copolymer. Other polymers like
methacrylic acid-divinylbenzene or phenol formaldehyde polymers are
also used.

3. The functional groups attached to the resin may be acidic or basic and
hence resins can be classified as :

a. Cation exchange resins :

i Resins containing acidic groups like — COOH or — SO4H group
are termed as cation exchange resins.

i. These are usually styrene divinyl benzene copolymers wh’ich
on sulphonation or carboxylation become capable of exchanging
their H* ions with the cations of the solution.

iii. A number of synthetic-resin cation exchangers which contain
sulphonated phenolic or aromatic hydrocarbons have been
prepared.

iv. These resins are called H-form cation exchangers.

v. It is also possible to convert the H-form cation exchanger to
Na-form exchanger by using NaCL.

vi. Schematically a cation exchanger can be represented as :

b, Anion exchange resins :

163 (Bem-1 & 2)H

—CH — CH,— CH — CH, — CH

SO,H l S0,H

SO;'OH
C|}12 ~CH = Clilz
s0; H” —H,C—CH CH — CH, —
505 OH" - @
Exchangeable )
Hydrogen ions SO, OH* S0, 0H*
® (b)
Fig. 4.19.1. I{”ehrésélﬁfa:‘ti-dhnr’)f cation exchanger.
o s strongly acidic resins
. having SO,H group are termed as 5
i 5%5;;1;5 having Z COOH group are termed as weakly acidic
resins. "
viii. The cation exchange resins can be represented as RH™.

Resin containing basic functional groups like amine, substituted

] amine or quaternary ammonium grou;.as as their hydroxide
salts is termed as anion exchange resins.
i ich, because
i There are styrene divinyl benzene comp]exe{:;] whflt;lxl. s
of their basic functional groups b_ecome_cz]xpa_ e of exchan
their anions with those presentin the solution. e
c c whe
iii. " Resins having — NH,, = NH group arza\lv;aﬁey:;-:ngly i
those having quaternary ammonium o
iv. Anioniexchange resins are represented as ;
Process: .
. i esins
i i i ; _ Cation exchange T
L The ion exchange unit consists of two tanks e e d tank

. . in
and anion exchange resins are placed i

respectively.

) ion exchange
First, hard water is madeto pass th‘““‘f}.‘ Cat;?xnwater.
exchanges its H* ions for Ca** and Mg?*ions

ORH* + CaSO, — ReCal ¥ H50
9RH* + MgSO,— R,Mg +HySO4
9RH?* + CaCl, —> RyCa""* s
9RH* + MgCl,—> RaME™ + Bl

msinwhich i
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Solid * { ‘ :
H -—
polymer il Nw! OH | @
Exchangeable . .

10.

Z_._ww@m .fomlomm,’omlomm :

NE; OH @ @
‘CHy,NR} OH

CH,Ngs ~
CH, — CH — g, HaNR;

NR;OH | _

H

CH,NR; OH'

OH Groups o,

(@)

The anions originall associated ith Ca2* or Mg wi -

with H* ions. Y , W a™ or Mg™* will e associateq
In other words, HCI, H,S0 4 HyCO, are formed in amounts equivalent
to the anions present in raw water. .

Thus water after passing through cation exchanger is free of Ca2* ang
Mg?* ions. - ‘

This water is then passed through another column having anion exchange
resin. ~

Here the anions like SO ANJ Cl _etc., present in water are exchanged for

OH ions of the resin.
ROH+CI- —» RCI+0H
2ROH +SO* — R,S0%* +20H

2ROH + CO}” — R,CO? +20H
The water coming out of the anion exchanger is completely free from

_cations and anions responsible for hardness.

It is known as deionized water or demineralized water. It is as pure as
distilled water. :

H* released from cation exchanger and OH released from anion
exchanger combine to form unionized water.

H*+ OH - H,0.

Wa
ter HnmﬁEm
g

155 Sem.1 & 2y |y

(Cation (Anion ,
Exchanger) Exchanger) Regeneration Liquiq -
; ResinB ~ StorageTank

Acid for Wate:
Regeneratio’ : ki

ation :

N.QMMMMQM. some tim
b Stop working: i nerated by first b i

The cation exchanger is regenerated by irst back ammgum m«a then

ww.mm inga2% H,SO0, solution through it. The regeneration reactions can

d as: ,
" be H,%ammu_mmomf +H,50,— 2RH"* + CaSO,
ngmf +H,50, — 2RH* + E.mmO»

olumn is then rinsed with soft water to remove CaSO, and MgSO,.
HClis used for regeneration, MgCl, and CaCl, are formed.

wwOmf + 2HCl — 2RH*+CaCl,

ﬁmgmm++mm9 — mwmw+2m9w =
HCl is ideally suited for regeneration since CaCl, and MgCl, are more

e the cation and the anion exchangers get exhausted and

1]

The c

 However if

b

B

soluble.

5. Theanio
4 solution of NaOH. The Na,

watef and washing are led to sink.

‘hanger is regenerated by back washing mbm then m._mmmmuw
B NROH SO, or NaClso formed are rinsed with soft

R,S0,> +2NaOH —> 2R OH +Na,S0,
R,Cl"+ NaOH — ROH + NaCl
eady for further use.

6. The regenerated exchangerisT b, ) T
7. Ion exchanger does not remove CO, which is removed in degas

the deionization process:
Advantages :
i  Highly acidic or alkalinewater ¢

ii. Water of very low hardnessis pro

an be softened.

t 2 ppm). .
g cedgpbout 2 FP blems like caustic

0
ii. Anions as well as cations aré removed gwnﬂww Wmm"& - ater is used
embrittlement and corrosion are reduced W
for boiler feed purposes. .
are required for

Disadvantages :
i The equipments are costly. Moreove
regeneration.

r costlychemicals
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ii. Turbid water decreases the efficiency of the process

- . | Calculate the lime and soda needed for

50,000 L of water containing the following salts CaS(

MgCl, = 9.2 mg/l, Mg(HC = . ng
L &1, Mg(HCO)), = 7.3 mg/l, Ca(HCO,), is 16.2 mg/l.e(;l;:,ge.llll’

that the molar mass of Ca(HCO,), is 162 and that of MgCl, is g
» , is 95,

Lime requirément <
= T4/100 [16.2 x 100/162 + 2 x 7.3 x 100/146 + 9.5 % 100795]

= 74/100 [10 + 10 + 10] = 22.2 mg/L
For 50,000L lime required = 1.11 kg , -
Soda requirement = 106/109 [13.6 x 100/136 +9.5x 100/95]
= 106/1G0 [16 + 10]
= 21.2 mg/LL
For 50,000L soda required = 1.06 kg -

Que 4-21- Give comparison between ion exchange, zeolite and lime-
soda process. .
‘Answer I
S.No|Characteristic -
1. |Requirements

Ion exchange process | Zeolite process ’ Lime-soda prbcéﬁ’
Cation and Lime, soda and
exchange coagulants

Exchange ofboth cations | Exchange of only| No exchange ofions.

anion | Zeolite

2. |Ezchange ofions

and anions takes place. | cations takes
places.
3. |Capital cost Veryhigh High [Low
4. |Operating High Low High
expenses
. 5. |Raw water T(3) Should be non-turbid. | (i) Should be non-| Prior knowledge of
hardness is essential.

(ii) Both acidic or| turbid.
alkaline water can be | (ii) Should notbe

treated. acidic.
(iii) Prior knowledge of | (iii) Prior
hardness not required. | knowledge of
hardness not
required.
6. |Automation Possible Possible [ Not possible
Low (0-15 ppm) !High (16-50 ppm)

7. |Residual hardness | Least (0-2ppm)

Water ’heahmnt

softening

eering Chemistry

) 157 (Sem-1
o alll

OR

[UPTU 2014-15, Marks 05

verse 0smosis process.

Explain re

oS 0SmoSis pressurises and passes impure water through a semi-
Rev membrane and removes many of the impurities

a bile .
erpfi‘;;_‘ma tely 90 percent free of mineral and biological contaminants).
r(;)e.quality of the membrane and the pressure of the water help to

d temmine how effectively _the' water separates the contaminants.
e osmosis (RO) units removes .substantial amount of most
chemicals (such as salts, metals and minerals), micro-organi

organic chemicals. ) i
d ’?'nh(:;:i?got egffectively remove some organic compounds such s nitrate;

they will reduce their levels somewhat.

rse osmosis (RO) is 2 membrane-technology filtration methpd that
Reveves many types of large molecules and ions fl:om so]ut]ons.by
;fggllidng pressure to the solution when it is on one side of a selective
membrane.

Reverse
inorganic

Osmosis

Semipermeahle
membrane

S

Lower (HCC)

Semipermeable Contaminant .

Contaminant membrane .
Concentration

Concentration (LCC)

(HCC)
< Direction of water flow l

Higher

SR p—
tained on the p
o ed to pass to the

The result is that the solute isTe all
is

membrane and the puré solvent
To be “selective”, this me i
ions through the pores (holes), but s

the solution (such as the s
h. Reverse osmosis is m
purification from seawater,
from the water molecules:




2. Asystem may consist onl
3. For example, a water sy,
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CONCEPT QUTLINE : PART-3

¢ Phase rule : It is an important tool which is used foy the

quantitative treatment of systems‘in equilibrium. It helps to
predict the specified conditions to exhibit equilibrium. Phage
rule is given by J.W. Gibbs in 1876. According to the phase rule,
for systems in equilibrium :

F=C-P+2 L @

C = Number of components *

P = Number of phase

F = Number of degree of freedom

| Define and explain the terms involved in phase rule.

raw_; heat labelled phase diagram of water system and explain

the areas and curves in it. What is the significance of the triple
point and metastable curves in this system ? ’ ‘

[UPTU 2013-14, Marks 02

Phase rule :

1. The phaserule is an important generalization and a versatile tool which
is related to the study of behaviour of heterogeneous systems.

2. Ingeneral, it may be stated that with the help of phase rule, it has been
possible to predict quantitatively the effect of changing pressure,
temperature and concentration on a heterogeneous system in
equilibrium by means of 5 phase diagram.

Phase:

1. A phase is def:mn?d as the homogeneous part of the system, which iS
separated' by distinct boundaries and throughout the phase all physical
and chemical Properties are same, -

y one phase or more than one phase.

andivapour: stem may consist three phasesi.e., solid, liquid

169 (Sem-1 & 21

ing operi® : S Ea -
i eef : ) -
Eﬂg’n b mponent represent_the minimum number of
f 2P° per of czration of chemical species, may be needed to describe
0 nu neen ; < A
! Tnlﬁipe"d s1tcon of each phase:
0
the corP c=07 .
f component

o :
_ Numbe” f chemical species
N= Numb rium equations

ilib

rof equ! .

g=N uIﬂb‘ie water exist in three phases,

For exampie golid = LiqUid — Vapour
] tion of each phase can be expressgd in terms of H,0 and

mposItio tem.

) ok one component syS |

of freedom or variance is defined as the number

bles, such as temperatures, pressure and

};e specified in order to describe the system

per of degreq
dent varia
which must

j, Theou®
" of indepel
concentratm)n,
completely-
Ifa system having d
4 25 inval'iant’ univarit

le:

tages of phase ru o o 2

Adv?:l afvi des a simple method of classifying equilibrium states of systems
L pr

such as phases components and degrees of freedom. ’
It indicates that different systems having the same number of degrees

of-freedom béhave in like manner. ey
It explains the behaviour of systems when zllowed to changes in th

ion.
variables such as pressure temperature and concentratio

i itisnot
The phase rule is applicable to macroscopic sy~‘st ems, Theret:ore, itis
compulsory totake into account their molecular structures.

v. Itisapplicable tophysical aswell as chemical equilibria.

vi. Phase rule predictsthat dnder a given set of conditions: .
& Whether various Substancés would exists together in equilibrium.
b. Whether some of the substances would be interconverted.
¢ Whether some of the substances will completely disappear-

lLimitations of phase rule :
i

egree of freedom 0, 1, 2, 3then this sy_stemis called
ant, bivariant and tri-variant respectively. ’

in equilibrium,
Asthe phase rule is applicable to heterogeneous swtfmsﬁ;e:aching the
:tli;:hereﬁ)re of no use for such systems which are slow L
ate of equilibrium X
) . it evertella
2 the phase rule is applicable to a single eqwhbqufhimst;tz;_ :
0ut the number of other equilibrium possible 1n - :
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iii. In phase rule the different variables are pressure

W
Ster .?mmnsma

Y e t
concentration or composition. But phase rule doeg €Mperqy

. . not C .ﬂHG g@

other factors like electric and magnetic influences, Onsidey the
iv. All the phases are required tobe present under the same t,

pressure and gravitational force. : mEvmaﬁEw
v. Solid or liquid phases should not be in finely divided form

vapour pressure may differfrom the normal valyes. » Otherwig,
vi. It does not take into consideration the quality of the phase

takes into account the number of phases. S thougy, j;
Application of phase rule :
1. All the systems are classified on the basis‘of number of

Bresent: : . 0f compongp,
2. Thus, we may have one, two, three, etc., component m%mﬁmam‘.
3. The phase ruleis perfectly applicable to these systems. ,
4. The phase diagram is an important medium to clearly indicate t,

equilibrium conditions between different phases in a system, 4
5.

The ﬁrm.mm diagram is helpful for studying and controlling various

processes such as phase separation, solidification of metals, the change .

of structure during heat treatment ete. -

Phase diagram of water :

Py s P S LN A
= 218atm X
2 |
-9 . l
[97] Solid |
B ice - |
[ I
(=] |
- Zltatm D X\ S T |
@ |
= 1
z _
1
& |
|
1
Sublimation |
Critical
tempekature

Under normal conditions the system water is a three phase mbmouo
component system. ’

" The three phases are liquid, ice and vapour. All these are ﬂovnmmouﬁmm by
one chemical entity (H,0), hence it is one component system.

ing OO E o
gog” eforms of water (ice, water and vapour) constitute the o,
e b . . _?,:E
8 a@ﬁ&%ﬂwﬁm phase equilibria:
, . Si

Solid (ice) — represented by area BQC,

2T Liquid (water) —represented by area AOC.
b Gas (vap our) — represented by area AOB.
& e equilibria:

has
i Two P

golid (ice) = Liquid (water) — represented by curve OC,
a -

b E@Em.ﬁimeml = Gas (water vapour) — represented i
. curve OA.

Solid (ice) — Gas (water vapour) — represented by curve
C. :
OB.

.. Three phase equilibria:
1

Solid (ice) = Liquid (water) = Gas (vapour) — represented
by triple point 0.

The phase diagram consists of:

o Three areas, BOC, AOC, and AOB.

p. Three curves, OB, OA and OC.

¢ ‘Onetriple point, O

The areas :

1, AreaBOCrepresents the solid Gnmv.ﬁ.rmmm. which is thermodynamieally
. most stable state under these conditions.

9. Afea AOC répresents the liquid (water) phase E the system and similarly
afea AOB represents the gas (vapour) phase in the system. .

3. Thus these areasrepresent one phase equilibria.

int in the area, it is
4 Tnorder to define the system completely at any point in the !
essential to specify boththe temperature and pressure.

ed bivariant
5. Therefore, areas have two degrees of freedom and are call

systems. . .
6. It can also be concluded by the phase rule equation:
, F=C=P+2
=1-1+2
- 2 (Bivariantsystem) .
Mra curves ; esonts the equilibrium

;X
between ice and water (two phase BE_ESB S

The Curve OC (melting or fusion cur¥e) TR . A gum es melting
Point curve, .
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Water 'ﬂll‘reatment
2. The very little slope of the curve shows t.hat very high Pressyy, -
required to bring about significant changes in melting pojnt of ice e iy

3. The Curve OA (Vapour pressure curve) represents

the equilihy
between the two phases liquid water and vapour. Tlury

Along this curve, water and vapour coexist in equilibrium,

5. The curve shows the vapour pressure) of liquid water gt different
temperatures.

6. OA curve is also known as vapour pressure curve of water ).

7. This curve terminates at point A. This is the critical point hﬂVing
temperature 374°C and pressure 218 atm. N

8. At this critical point the liquid and vapour are in

disting‘uishable from
each other and thus only one phase is left.

9. - Curve OB (sublimation curve) represents the e

quilibrium betwee
and vapour and it is called as sublimation curv

e of ice. ;
It shows the vapour pressure of solid ice at different temperatures,

The two phases namely ice and vapour coexists in equilibrium along this
curve.

Hice
10. -
11.
12. At the lower limit OB curve terminates at absolute
vapour exists.

13. Along the curves OC, OA and OB

(- 273°C) where ny

, the number of phases present in

equilibrium is two, N
F=C-P+2
=1-2+2
=1
14 Hence, system is univariant along the cufve.
Triple point :

1. The point O where all the thr
’ astriple point.

2. Atthe triple point all the

liquid water, and gasvap
3. Theequilibrium in three phases is attained at .0076°C temperafure and
© 4.58 mm Hg pressure, ‘

4. Since there are three phases and one com
the degree of freedom will be,

ee curves OC, OA and OB meet is known

three phases of water system namely solid ice,
our are in equilibrium,

ponent present in the system,

F=C-P+2
F=1-3;429
=0

o. Hence, the system js non-variant, If eithey
pressure or both are chang,

ed, the three phase
and at least one of them woylg disappear.

the temperature or the
s would no longer coexist

5

1 5 ! i
ing Chemisty 8 Sem1&9y

T
Eﬂgme rve 0QA': ) ) ;
o 3swble cz rve OA'is the continuation of vapourization cyrye 0A. -
(4 C
dotte
e

pressure curve of supercooled water.
r

s vapou

Itis

: does not ‘always freezes at 0°C, therefore if the vessel

2. the water ter and vapour is thoroughly clean .and dust free, it is

3 contdl i Vf;,er-cool water several degrees below its freezing point. -
e to S

pOsSlb disturbance, the supercooled water at once changes to ice

light d15% tem is a metastable system.

4 gﬁhsd). This kind of Sy? m

o 5:?:;2“ which the liquid below its freezing point is in the
It is the

cooled state which is not very much stable.
super

Me

Supefcooled liquid = Vapour ) |
dding nucleus of ice (stable state), the system reverts to true stable
9, Ona

tem. :
5% Solid = Vapour

aed 24.] Define the terms : Phase, Components and Degree of
jrue

cedom f phases
o7 ite the number of components and m-unber of p
freﬁiﬁﬁgﬂ the degree of freedom for the following reactions :
o | N,0,(g) ¢> 2NO, (&)

| UPTU 2011-12, Marks 10}

i’haéé; éomponents and degree of freedom : Refer Q. 4.23, Page 158H,
Unit4. i .

Problem:

N,O,(g)= 2NQ,(g)

P=1
C=1
F+P=C3?2
F+l=1+2
F=2

Qued25 ] gy

freedom_ State
Vapoyy an

' of
Plain the terms Phase, Component and Degree

. : nati te
the phase rule and discuss its ﬂI’P‘""mmil to 'f'at 111.1’
ice system. Is it possible tohave a qua@p . pﬂnrm“ =
"¢ Componeng system ? UPTU 2014:15, Marks 10
Antwer

hase, ¢ 12 163H,
Unit.Z' ““Mponents and degree of freedom : Refer Q. 4.24, Page. »
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Water Treatme
Phase ruleand its apphcatmn Refer Q. 4.23, Page 1 58K, U n
Problem : .

1. No, itis not possible to have a quadruple pomt ona phaSe i
one component system 5

Nit-4,

gl'amﬁ,ra

2. For aquadruple point, the four phases are in equilibrium: ther,

value of efore, th,

P=4
F=C-P+2
F=1-4+2=-1

3. F can never be a negative value.

'Que 4.26. Discuss the application of phase rule to the sulphy,
UPTU 2014-15; 1

system. Draw a labeled diagram.

The sulphur system :
VIt is a one component, four-phase system. The four different Phases are:
i  Rhombic sulphur (S,)
ii. Monoclinic Sulphur (S )
iii. Liquid Sulphur (S,)
iv. Vapour Sulphur (S,)
As all the four phases can be represented by onlyone chermcal entity ‘Sulphur’
(S), it is a one component system.
From the phase rule when C =1,
 F=C-P+2
=1-P+2
=3-P
1. Asdegree of freedom can not have a minus value, therefore ou
possible phases, only three are present at a time.
9. It is not possible for a single component system to have four phases
together at equilibrium.
3. The degree of freedom for different cases will be,
P=1,F=3-P=3-1=2 (bivariant system)
P-2 F=3—P=3-2x=1(monovariant syster™

t of four

when

P=3 F=3—P=3-3=0 (non-variant syster

165 (Sem.] & 2) H

Chemlstry
rms of sulphur are rhombic sulphur and mopggj; e

stalline fo : :
bit enanti otropy with a transition poim at 95.6°C.

dS exhi

can be gradually transformed to another form and
in equilibrium. S, melts at 120°C

_ﬁic—ks 120°C
g, =2 g, —=

Thus, )
any instant depends upon the temperature-

umber Of phases at -
The conditions at that instant. The P- T diagram of sulphur system
pressur ;varlous equilibriums is givenin Fig. 4.26.1.
shoW]ﬂ

Solid
Rhombic

Pressure (atmi —b

6 114 120
Temperature (°C) ~ ‘ :

T

The phase diagram consists of :

% Four areas ;
L Area ABG (Sulphur rhombic)
i Area BEC (Sulphur monoclinic)
. Area GECD (Sulphur liquid)
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ccmnma H.H.mﬁ
5 y
- iv. . Area ABCD (Sulphur vapour) S

b. Six Curves AB, BC,CD, BE, CE, EG

c. Three triple points B,C and E. .

Areas:

1. The phase diagram of sulphur system consists of four areas op
Each area represents the single phase system namely, i.os_mn Tegiong
monoclinic sullphur, liquid sulphurand vapour. , mEgE_

2. Foreacharea, C =1and P =1, and degree of freedom will be
F=C-P+2 ) IE
=1-P+2 .

2 (Bivariant system)

3. Thus, itis clear that each of the systems Sy, S, S, and:S, are bivariay;
systems. It means that in order to locate any point in any ofthese aregs
the variables pressure and temperature both is required to be mvm&m&,

The curves :

H.HWmmmNn:zmmévaOﬁnwm.Om‘mﬁ&immﬁrm&mmﬂmﬁiﬁo moE.
areas. :

2. Curve AB (Vapour Pressure Curve.of S})
3. Curve ABis the vapour pressure curve of S, at different temperatures,
4. -Along this curve, the two phases rhombic sulphur (S,) and sulphur
vapour (S,) are in equilibrium.
5. The system S,/S|, has one degree of freedom.
F=C-P+2

=1-2+2

=1
Curve BC (Vapour Pressure Curve of S,) :

1. Curve BC shows the variation of the vapour pressure of monoclini¢
sulphur (S,,) with temperature.

2. Along this curve S, and S, are in m&&:uﬁﬂdﬁ
3. Thesystem S,/S, is monovariant. :
Curve CD (Vapour Pressure Curve of S,):

1. Curve CD depicts the variation of the <wvocn pressure of liquid sulphur
(S,) with temperature.

2. S, and S, are in equilibrium along this curve.

i Ownammnﬂv\ 167 ?nm DH
/8,18 monovariant, / :
ghe & rransition Curve of Syt §,): i !

{ pe effect of pressure on transition temperature for 8,and m‘ .
wmm curve, the two solid phases S, and S, are in Bnﬂmgs.‘k
S /S is monovariant.

The 8 .on Curve of S,) : ﬂ

mm:.mmmd_“m the equilibrium between S yandS .-

e CET < the effect of pressure on the melting point of S,

m.a\_m.r is monovariant.

curv
¢ represen’

—.__ e MV\mﬁmHﬂ. .
EG (Fusion curve of Sp) : ;
urve

o phases S, and S, coexist in equilibrium along this curve. 8JS,
The tw

is monovar iant-.

2
3.
C
1
‘ot P
Triple ﬁoacpﬁwE. system there are three triple points B, C and E.
Lo ﬂﬂm mﬁ.&&m points represent the existence of three phases in equilibrium
e
e B_uﬁw oach other, therefore,
" F=C+P+2
=1-3+2
=0
i h point is non-variant : :
tem corresponding to eac
- this point the three curves AB, BC and BE nm_.mmw
i ilibrium at this point B. As, P=
hases, S, S, and S, are in equilibrium poi
MWMMWM 1,the m%mﬁmhy is non-variant. At this point B(85.6 C) 5, changes
, ¢ i ible.
to S., and the process 1S reversib o
ii. EM—m.vomba C ¢ The three curves BC, OU E.pm OmEmmﬁ m..a nwuwm vwnuunw.
The three phases S, ,, S, and S, are in equilibrium at »EUMOE i
andC= Hu the system is non-variant. The temperature correspo

Cis 120°C (melting peint of S,)- 2 . .:E

iii. Triple point E:The thrée curves CE,BE and EGjoin %n Epﬁwovﬂwﬁo
two lines CE and BE have different inclinations mﬂmwb : omH_ This point E
axis. The system Sp/S,/S, is non-variant at the voummuo.wun 15905
shows the conditions of existence of the S¢/S /S at
pressure.

Metastable equilibria :

L. The transformation of S, to S, 18 aslow

2, change and Szis
point @m.m.n,

Triple point B: At

i

ﬁﬂgﬂmm. ﬂ& 5 a,nq mﬁ.m i

heated rapiciy. =

Ifenough time is not given for the e ) without obtaining

_ Possible to pass well above the transition MR
monoclinic sulphur.

hases only-
In that case, there is existence of three P ase
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Water Tre atm.eht
5, =85, =5

v

27 | Explain why KCl—NaCl —H,0

three component system; where as KC1
regarded as a four component system.

» should be regarge

—NaBr—H,0 shoylg be

W er - .
Consider KC1-NaCl - H,0

The number of chemical species are 3, i.e., KCl,

NaCl, H 0 and
number of independent equations relating to their c H the

oncentratiop jg zery,
C=N-E
C=38-0
C=3

3.  Therefore, the number of component is three.

4. Now, consider KCl -~ NaBr — H,0

5.

The number of chemical species are five i.e.

, KCl, NaCl, KBr, NaBr,
H,0 (N =5) and the number of independent equations relating to these
concentrations is one (E = 1) i.e. )

KCl + NaBr = KBr + NaCl

C=N-E
=5-1
=4

6.  Therefore, KCl — NaCl — H,0 is three component system. Whereas
- KCl-NaBr - H,0 is a four component system. -

systems ?
i  Water & water vapour

ii- Fe, + H0,, g FeO,, + H,,
iii.. NaCl (—)'NaCl('q)

How many components are present in the following

ue4.3 "% What is Gibp’
component and de
system and also

S phase rule ? Define the term phase,

gree of freedom. Draw a phase diagram of sulphur
Bive the significance of triple point.

dasy -
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e

. Gibbs phase rule states that if a heterogenegug system
Tl e rule: erature, pressure and concentration and not by any
5 1:1 ed by teml:n'ty electrical, magnetic forces or by surface action,
ioflueC” Jike aber r; f phases (P) and degrees of freedom (F) is greater
am 0f nu;l; omponents (C) by two. It is expressed mathematically ‘

ber O :
pum
WS +F=C+2
a3 foll0 P.F=C—P+2
or nummber of phases.
qperes T 25 M}l::r of components and
urm degrees of freedom

he number of ¢ and degree of freedom : Refer Q. 4.23, Page 158H,

componen»

and significance of triple point : Refer Q. 4.26,

?
r one component system ?

i{iagram . the number of degree of freedom on each of the following

Determine

§Ystigm:‘:i d water and water vapour in equilibrium.
i

4. Liquid water and water vapour in equilibrium at a pressure 9‘
g lqtm [UPTU 2011-12, Marks 10
al .

eApoint. in a phase diagram for one component system :
Refer Q. 4.25, Page 163H, Unit-4. ) 2 e b
i Liquid water and water vapour in equilibrium :
Liquid (Water) = Water vapour
According to Gibb's formula,
F=C-P+2
C=1,P=2
F=1-2gpi- describe the
F=1,ie. one variable temperature or pressure needed to
above system.

-1 ] 8 3 K P a
” quid water and water vapourin equilibrium
atm :

P
4,

ta pl"essure of

. e
Liquid (Water) = Water vapourat 1 atmospheﬂi;’rfiur of degree
. Inthe above System’ the pressure is held constant. e
of freedom reduces by one,
F=C-P+1
F=1-2+1
F=0
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The F value is zero therefore the system under the given . N
invariants Condition, i

| Explain the process of scale and sludge formag;
. , o'

boilers. How can this be prevented ?

1. Wateris continuously convertedinto steam results in the concentyqt:
of the dissolved impurities until the water becomes saturateq, ation

2. Then the salts start separating out from the solution in order of the;
solubility, the least soluble one separates.out first. el

3. Some solids separate in the body of the liquid in the form of g
muddy deposits known as sludges.

4. And some of the solids deposits on a solid surface to form a sticky ang
coherent scale.

Scale and sludges can be prevented by external and interna]

treatment methods : Refer Q. 4.12, Page 141H and Q:4.17, Page 150p;.

Unit-4. ' R '

‘Que A water sample having the following data

Mg CO, = 84 mg/L, CaCO, =40 mg/L, CaCl, = 5.5 mg/L, Mg(NO,), = 37 mg/
L, KCl1 = 20 mg/L. Calculate the amount of lime (86%) and soda (82%
pure) needed for the treatment of 80,000 litres of water.

[UPTU 2013-14, Marks 05|

oft angd

Mg(CO,) = 84 mg/L CaCO,
_ = 40 mg/L CaCl, =5.5 mg/L
Mg(NO,) = 37 mg/L KCl = 20 mg/L :
Vol of water = 80,000L, lime = 86%, Soda = 82%

Lime required = % (temporary hardness Ca** +2

(temporary Mg*2) + permanent Mg*)
74 [ 40 x 100 (84 x 100) [ 37 x 100])
T +2x +
100 100 84 148

= Tr‘;)%@m)r 200 + 25) = 196.1 mg/L

'Soda required = % (permanent Ca** + permanent Mg **)

_ Qg[s.s x100 , 37 x 100]
~ 100 111 148

Junt: of 11° if

Amounl

T

M Gemtann

= 1& 4 A e
100 % pure % 4 B
1 Lrequired = 196.1mg :
80,000 L required = 196.1 x 80,000 mg LS
if 86% = o A ; :
e foriat i 867100 B2k
da if 100% pure & . 5
Fof 80 1 L required = 31.75 mg
80,000 required = 31.75 x 80,000
31.75 x 80,000/ 10°
82/100

if 82% pure = =3.097kg

©00
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. Engineering Chemistry

T AR e

CONCEPT OUTLINE : PART-1

e Fuel: Fuel is a combustible substance ‘whi
ch may be burnt to -
4 supply heat energy without the
\ o iosbamable by o products of exclusxvely
Fuel + O,— Energy + Products
Any chemical substance which produces energy is called fuel

Fuels
|
| |
Natural or primary Artificial or secondary
| |
— ] ] 3 | 1

Solid - Liquid Gaseous Solid Liquid Gaseous
example :. example: example: example: example: example:
dung, ccrude natural petroleum, petrol, coal gas,
wood ©ooil gas coal diesel oil gas -

e Calorific value : Calorific value of a fuel is “the total quantity
of heat liberated from the combustion of a unit mass (or unit
volume) of the fuel in air or oxygen”.

» Biogas: The cheapest and most easily avaﬂahlebmgasxs gobar
gas. It consists mainly of methane.

1 A fuel can be definéd as any combustible substance Whl;hil dmmmg i
combustion gives large amount of industrially an ordomﬁfl ly i
heat.

2. Achemical fuel can be definedasany , combustible substance containing

uring combustion gives large
carbon as the main constituent whlc}:-:lly usefc\fl‘?ll;at :

amount of industrially and/or domesti
Classification : Fuels can be classified
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:\,w,‘.o.mgomuoonﬁanmam"

.bu.»wo, .rv“mmw primary fuels : Fuels which are found in natyy
N atural fuels, example, wood, coal, peat, petroleum and n
i e VA

: & TR L secondary .mﬂa—m : Fuels which are prep,,
b Wﬁl&wﬂ%—% generally from primary fuels are called mwamaﬁﬁmzmmm
e Examples of artificial fuels are coke, kerosene cil, petrol, cog) mmm.

etc. 3 A .
o is of physical state of wmmn.mmwﬁoﬂ, : On this basis, t
e vwﬂma,m ow fuels viz. solid, liquid‘and gaseous. The im here

» st port
MMM%MMMM owwg<m categories of fuels are tabulated below - aat

Table 5.1.1. Classifications of chemical fuels

e arg
aturg)

Wood, peat, lignite,
dung, bituminous coal

. and anthracite coal
Cende oil - Petrol, diesel and various
other fractions | of
petroleum
Natural gas Coal gas, oil gas, biogas,

water gas etc.

© w3

+10. Controllable combustion so that combustion can be started or stopped

' Characteristics of a good fuel :

1. - High calorific value : -
"4 Calorific value of 2 fuel is “the total quantity of heat liberated, from

"’ combustion of a unit mass (or volume) of the fuel in air or oxygen.
'b. . Agood fuel should possess high calorific value, since the amount of
heat liberated and temperature attained depends upon this property
of fuel.
2. Moderate ignition temperature :

a. The lowest temperature to which the fuel must be preheated s0
“+ - thatit starts burning smoothly is called ignition temperature.
-b.  Low ignition temperature (can cause fire hazards) during storage
*"and trahsport of fuel, on the other hand, fuel with ignitio?
ntumnm_?,_.m is safe for storage, handling and transport but there
might be some difficulty during ignition of fuel.
SN Hence, an ideal fuel should have moderate ignition amawmuwﬁﬁwm
i w&ﬁw@mﬂ_s content : The moisture if present in the fuel Hmmma
is paid for at ﬁwm._wzm jlustely Joads Lo g of money; dmnmﬁwwﬂﬁé low
S Bt Gt ame rate as the fuel. Hence, fuel shou

: : ; matter

Low non-comby;. o ;
-combustible matter content : The non-combustible educes

! meuwmhwﬁus the ».og omm.mﬁ dH &Ewﬁ after noawﬁmﬁoﬂ. It Ngmo, H.
o ng value. There jg additional cost of storage, handlin

C.

g and

mwamium Chemistry

z : ©175(Sem1&2)H -

disposal of the waste involved with it. | : ———

content of non-combustible matter, «.‘H‘.‘maomﬂ.wmmﬁ& wroE@.(r.m.Aw tow™
Moderate rate of combustion : SEN. Y :

If the rate of combustion is ] : e

a . ; ow, then a part of t ‘

_may .mg Hw&mﬁom. instead of raising ﬁrmﬂoEmewﬂwst Eﬁuﬁ& :

required high temperature may not be attained, w. ence, the

p.  Onthe other hand, too high combustion rates are also not required

because then it gets out of control. For a cont;
i . ontin :
fuel must burn with a moderate rate. uous supply of wmw,ﬁ.

6 Harmless combustion products
" atmosphere by emitting CO, SO
Low cost.

Easy to transport.

Low storage cost. ~ 3

: They should not pollute Swm‘
»» H, S and other poisonous gases.

when required.
11. Uniform size : In case of solid fuel, the size should be uniform so that :

combustionis regular.
12. A fuel should burn in air with efficiency without much smoke.

Compare solid, liquid and gaseous fuels.

Comparison between solid, liquid and gaseous fuels on the basis of me.
merits and demerits :

|Solidfuels |  Liquidfuels | = Gaseons fuels M M
Humbmuoimﬁod They canbe transported | They can betransported k| m
. is easy! by pipes and tanks. by pipelines only. ! ww 3
2. |Storage is'easy. | They must be stored in | They are stored in leak : } m
. containers carefully. proof tanks. ey w
3.. |Cheap and | Costlier than solid fuels. | Costly. et b
| |easily available. e ; Lo w
4. |Slow Fast combustion. Very fast combustion. _,p }
oo | combustion. . v ]
5 |Highash Ash is not formed but | No ash or smoke is| i “
| |content. smokeds produced. produced. v , W
6. |Least calorific|High calérific value. Highest calorific value. ARl
L |Vvalue. :
7. | Low risk of fire | High risk of fire hazards gdm_momm?.gsm&m ;
— | hazards. than solid fuels. <~ ; gmbfnim fuels.
8. Thermal High than solid fuels. | |High than gaseous
/@@ is low. s ,
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Ll m..mmumﬂwaw and ultimate analysis of coa],

. coal is/not analyzed 7%. u.ummmﬁ.wﬂm im:-@mmbm& phvei

Mrm Mw.nmmwnobmgmmm since its composition varies according tq the MMMM?

M»mm. Mostly nonmﬁbon.emo%mm.. empirical Hmma.m are Performeg %m

MMm sack of comparison and for getting some meaningful insights, or

In order to ascertain the quality of coal,dt m.m subjected to twq types

analysis, viz. proximate and ultimate analysis. : of

N isi the datacollected v :

ate analysis is so called because . ary with ¢
wMMM.MpEm adopted. It gives valuable information about the wS&M

m&:&. of coal. In other words, we can assess ﬁ.ﬁ quality of cog) by

. proximate analysis. It includes the determination ef moisture, volatle
matter, ash and fixed carbon. :

i isi mbustion calculations. It inc}

e ultimate analysis is useful mou.. com ! THinchuges
MNM determination of ultimate constituents present indry coal like Carbop,
Hydrogen, Nitrogen, Sulphur, Ash and Oxygen.

Proximate analysis : This analysis wb<.o_<,mw following determinatisq :
Moisture content : The presence of moisture in a coal m.mB,Em
decreases the effective calorific value of coal because when it burns,
it takes some of the liberated heat in the form of latent heatiof
evaporation.
Determination : About 1g of finely powdered and mlmm. sample of
coal is taken in a silica crucible and heated in an m?o»do@én for
one hour at a temperature 105 — 110°C. Then the crucible is taken

out, cooled in a desiccator and weighed. The amount of weight loss
is reported as moisture. :

a.

lossin weight ;.9
‘ weight of coal taken
b. Volatile matter: If coal contains high volatile matter thena wﬂm
portion of it is left and escapes and burns with smoky flamear
low calorific value. ;
ilica crucibl®

Determination : The moisture free coal is taken in mm L o95°C for T
covered with lid and kept in a multiple furnace at 925 * and the?

% of moisture =

min. Then, crucible is taken out and cooled first it m#m n%oa& .

- inside the desiccator and weighed again. Loss in weight!
el asvolatile matter, ;

% of volatile matter =

.

- loss of weight dye to removal of volatile matter %100~
SR ,‘ Wweight of coal sample taken

. mum:_oaﬁum Chemistry

¢. Ash:lItis anon-combustible

open crucible (j.e., in Presence
.O MS. half an hour in a muffle
ighing is repeated till a constant . -

Determination : Itis the weight of resid; i
a weighed amount of dry coal in an oo obtained after

of oxygen or air) at 700 — 750°
furnace. Heating, cooling and we
weight is obtained.

Weight of Ash
Weight of coal sample taken

d. Fixed carbon :After the determination of moisture, volatile Hrwnemn
and ash, the remaining material is known as fixed carbon. Higher
the % of fixed carbon, greater is the calorific value.- BT

% of fixed carbon = 100 — % of (moisture + volatile + ash matter)

2. Ultimate analysis: It includes the exact estimation of omnvau,. hydrogen,
nitrogen, sulphur and oxygen present in fuel. 2

i. ‘Determination of C and H : The amount of C, the major combustible
constituent of coal depends on the type of coal and its % increases with
rank from lignites to anthracites. Thus, % of C forms the basis of
classification of coal. )

Greater the % of C and H, better is the coal in quality and calorific value.

However, H is mostly associated with the volatile matter and hence, it affects

L % of ash = x100

<" the use to which the coal is put.

Determination : A known quantity of coal (about 1-2 gm) is burnt in a
current of dry oxygen when C and H present in coal are oxidized to CO,and
H,0 respectively. e ’

»The gaseous products of combustion are passed through two bulbs. One

- containing weighed amount of anhydrous CaCl, which absorbs water,
CaCly +7H,0 - CaCl,.7 H,0 and the other containing weighed amount of-
KOH ‘which absorbs carbon dioxide 2 KOH + CO, - K,CO, + H,0: The
weights of CaClyand KOH in the bulbs are then determined. The increase in
the weight of CaCl, bulb represents the weight of water formed, while the
increase in the weight of KOH bulb represents the weight of CO, wogmm.

. 1
0% 0,—> CO,; H, + 50, — H,0
12 & B 2 18
‘wt. of Carbon (G) _ Atm. wt. of C (= MMM

- wt. of CO, [= Increase inwt. of KOHtube] _ Mol. wt. of ODM (=44) ,
wt. of C :
wt. of coal N , "
Increasé in wt. of KOH tube x 12 x 100

||1\\||\|.|\||\|!I
% 0f C = —77F coal sample takenx 44

x 100

~and . Qeo.,l.,
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2 Ut oﬁm%mwcwms (H,)

..s.m of H,0 (= Increase in wt. of CaCl, tube)
§ Mol. wt. of Hydrogen (H, =2)

= Mol.wt. of H,0 (= 18)

: wt. of Hydrogen
% H =", of coal

x 100

Increase in wt. of CaCl, tube x 2
7 % of H =5t. of coal sample taken x18  * 100

jon of nitrogen : Since nitrogen is an ipe

Tt ang

: is undesirable. Thus, a good qu.:

2 ible gas, hence its presence 15 un lus, Qualiy
,ESBM uld have very little nitrogen content. s

no&.m onm on : Nitrogen estimation is carried out by Kjeldahal’s methoq

Determina : .

mnm_%émmmromvoémmummoom:mwamﬁmmig 85.
i1 About W_ mMH QMMMMMP and CuSO, in a eobm-bm%.mm mmmw.

s ﬂmwmmw*n_mMHmmoFﬁob is obtained (i.e., when whole nitrogen is converteq
A

into ammonium sul

m.nWaBoEm.o nia thus produced is distilled over and absorbed in a knowy
3. e amm

volume (V) of standard H,S0, solution (N/10) 4
1
N, + H,S0, - (NH,),SO, __2MO0H_, 2 Na, SO, + 2 NH, +2H,0
* T
; Nt 1o thow, Averinined b titrating agast
= f unused H,SO, is then determined by in
4 e OH solution IN/10). Let V, mLof 0.1 N NaOH was required

i cess acid. :
WH:WMHWMMME of acid neutralized by liberated ammonia (from coal)
is determined.. . ; e

0. used to neutralize the ammonia evo s B
A e N0 x V,~N/10x V,=0.1(V,~ V) millice

_ 01 -V,

ii. Determinat

S - equivalents
1000
01V, -Vy) 14
wt.of N = 1000
i wt.of N - % 100
% of N = T~ F coal sample taken (1.gm)

_ 01V, -V,)/1000 .. 100

5 1

=0.1V,-V,) x 1.4

> % of N=0.1(V,-V,) x 1.4 the calor®
ii. Determination of sulphur : Although sulphur mu.oammmmmmmum S0
< value, on oxidation it produces harmful and corrosion emm ts) pollv

50, gases. Oxides of sulphur (formed as combustion Eom :
- the atmosphere. § i usually present to the extent of 0.

“The ash from the bomb calorimeter ig

phate) it is treated with excess of NaOH to liberate

oﬁ%sm% to sulphates.

extracted with dil. g.&.mnﬂolo w&m.
barium chloride solution to precipitate
, is filtered, washed, dried and heated to

The acid extract is then treated with
sulphate as BaSO,. The ppt. of BaSO
oogmambe weight.

§—" 507 2% ,p.50,
233

wt.of S . atomic ﬁ of S(32)
= ——— V- Blod) .-
wt.of BaSO, = mol. wt. of BaSO0, (233)

Let weight of BaSO, precipitate is W, gm.

. 32
Hence, wt. of S= =2 x W, .
%5 g3z Megm
Let wt. of coal taken = W, gm
- % of S in coal = wt. of BaSO, obtained x 32 x 100
wt. of coal sample taken in bomb x 233
W, 32 :
"% ofSincoal = —2x— x 100
= 0 1in co $\H 933 X ) : .
iv. Determination of ash : Determination is carried out asin proximate

analysis.

v.__Determination of oxygen : Oxygen is present in combined form with
hydrogen in coal and thus, hydrogen available for combustion is lesser
than the actual one.
High oxygen content coals have high inherent moisture and low calorific
value/An increase in 1% oxygen content decreases the calorific value by
about 1.7.%:Thus, a good quality coal should have low % of oxygen.
Determination : It is determined indirectly by deducting the combined
% of (C, H, N, S and ash) from 100. :

% of Oxygen = 100 — % of (C + H+ N + S + Ash),

ow_osmmo value : It is the total amount of heat liberated from »ra,oo.Bvcmsg

of & unit mass (or volume) of the fuel in air or oxygen.

Higher or Gross calorific value : .

L Itis denoted by GCV or HCV. g .

% The amount of heat liberated when one unit of fuel um o
and the products of combustion have cmn,u cooled at 100!
is termed as gross calorific value of fuel.

burnt 89@5@% | 2
temperature
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.W'hen-tl-ie calorific value of _hydrogen containing fue] 5
the hydrogen is converted into steam :_a.nd if Product, ig
4 perature, the latent heat is also includéd i
In

d at room tem

" condense heat which is termed as GCV.

- measured
¢ calorific value :

amount of heat liberated when one unit of fue] jg
ombustion preducts are allowed to escape,

ape as- such along with hot combugt;
On

. Lower or ne

" completely and thec
2 " In this case, water vapours escC
gases.

Alternatively, net or lower calorific value (LCV)

= HCV -Latent heat of water vapour formeq
Since 1 part by mass of hydrogen produces 9 parts by mass of water
‘Honce LCV = HCV — mass of hydrogen x 9 x Latent heat of
Er S steam. ’ '

vapour formed at room temperature (i.e., 15° C). .

“Units of calorific value : . . 4
For solid or liquid fuel : calorie/gram (cal/g) or kilocalorie/kg (kcal/kg):

: British Thermal unit/Ib (B.Th.U./Ib) ;
- kilocalorie /cubic metre (kcal/m3);

B.Th.U./Cubic feet (B.Th.U./ft%).
Relation between various units :

For gaseous fuels

' U./ft3; 1 B.Th.U./ft? = 9.8 keal/m?

With the help of néat sketch, explain construction,

....-principle and working of a bomb calorimeter.

Beckmann's
thermometer

Electrodes to s
 which a ring ™ Copper
is attahced calorimeter. -
a " Mg fuse Bomb -
i wire I[(stainless steel)
Weighed | Stainless -
fuel sample steel crucible
= S & T A |_—Water jacket

Congtruction :

burgg

The latent heat of steam is 587 keal/kg or 1,060 B.Th.U/Ib of water v

1 keal/kg = 1.8 x B.Th.U./Ib’; 1 keal/m® = 0.1077 x B.Thu, ;
: * 3/ 'The bomb lid is tightly screwed and bomb filled with oxygen to 25-30

s 4 The initial temperature of the water is noted aﬁe;' thorough stirring.

neering Chemistry -

Engi

e le:Aknownxhassoffu 1i o :
princiP elis burnt T
in water and measured and quantity ofhea?::.:;‘i:l;att’ produfzed is absorbed

181 Sem1a2H

of fuel is determined. yburmng aunit mass

i f a strong cylindrical cfa: i i
1. It con§1sts 0 g cylindrical stainle
standing high pressure and corrosion“'resiS:t:\:ftel' pomb
2 The bomb has lid which can be screwe
perfect seal.

3, The lid cqnta_ims two stainless steel electrodes and . inlet ?
A small ring is attached to one of the electrodes wh";xélfgegen m'lét Val\je.
nickel or stainless steel crucible. Tertam ¢

'¢apable'§f'v&i£h L

d to the body of bomb to make ﬁ' e

“The bomb is placed in a copper calorimeter with known weight of §v.ater
5. Calorimeter is surrounded by an airjacket P Z
loss of heat. J and water jacket to prevent

6. The: calorimeter is having an electrical sti init’
Thecg o 1 stirrer and l?eckmanns;
Working : -
1. A weighed amount (about 0.5 to 1.0 i i
1 : .0 gm) of the given fuel is taken i
clean crucible. The crucible is then supported over the ring. i

2. Afine Mg wire, touching the fuel sample, is t '
electrodes. - ple, is then stretched across the

atmospheric pressures. The bomb is then lowered into -
.. £ er copper cal SR
containing a known mass of water. 5 oriznetes,

Theelectrodes are then connected to 6-vol ircui
t0 G-volt . :
L W ‘ . volt battery and cgcmt isthen
5. The_e ignition is initi.ated by passing a large voltage across a bare fuse wire
which has been suitably fixed into the fuel sample. :

'lI'his fixing is nonﬁally performed by tying one end of a known mass and -
ength of cotbon thread around the fuse and the other and around the
sample. ’
ghhe voltage shorts out the fuse which triggers the combustion reaction.
F ' € sample bms and heat is liberated which is transferred to water.
- Umform stirring of water is continued and the maximum temperature
. attained is recorded. ’ :

The calorific value of the fuel can now be calculated as below :
Calculations ' . ‘ g pufo o 60 ;
i x = mass of fuel sample taken in crucible(in gms.); i
W = mass of water in the calorimeter (in gms.)
w = water equivalent of calorimeter, stirrer,
thermometer, bomb, etc.in gms.™ -



Fuel

e (- wt,.ofépparatus x specificheat = W'x S)
" o - initial temperature of water in calorimeter; -
T1 - final temperature of water in calorimeter ;

[ = Higher calorific value of fuel:

FEEh _ ) (incal/gm,).‘ TN i
4% Hoat liberated by burning of fue’— & 6%
: nd heat absorbed by water, ' = (W xS x (T,-T))
. and heat absorbed by appar atus= (W'x S x{T,~T,) =w (T,-T)

calC and 1cal=4.186 J or 4.2J .

4 since specific heat of water =1

“total heat absorbed by water, apparatus etc. ¥
Hgnce, 0 = [Wx1x(T,-T)+wx Ix(T,-T)) =W+ )
g : x1 (Tz— Tl)]cal e A
But, heat liberated by the fuel = Heat absorbed by water, apparatus ete,
g - ] xL:(W+w)(T2—T1) : y
W) T =T oy o KL
x

or ——

or ~ HOV of fuel (1) = e

Let H = % of hydrogen in fuel.

. : H
Then gms of hydrogen present in 1 gm fuel =1 x 100 &

As all fuels contain some hydrogen and when the calorific.value of

hydrogen containing fuel is determined experimentally, hydrogen is
_converted into steam according to
i _ 4
H, +- 0,— H,0
2gm 2 18gm
lgm B 9gm

"*i.e., weight of water produced from.1 gm H,=9 gm

Weight of water produced from 7.0 gm H, (or 1gm fuel) =9 x 75,87

17 =0.09Hgm
Moreover, Latent heat of steam = 587 cal/gm : ‘
. Heat taken by water in forming steam (or Latent heat of water

-vapour formed), ‘

= 0.09 H x 587 cal
“ . ... . LCV=HCV-Latent heat of water vapour formed
o " LCV=(HCV-0.09 H x 587) cal/gm

Seog:;zions :TO. get more accurate results, the following corrections moust
£y Ful S:mefi while calculating the calorific value of a fuel : . Judes
g wire correction : The heat liberated, as measured above, IBCTE
eat given out by ignition of the fuse wire used. Hence; it mus
e ?@tracted from the tetal value.

R :;;: S;rzzgttlon : Fuels containing S and N are oxidized, und
; end temperature of ignition, to H,S0, and HNO; e¢P¢

o ; N: gz +20,— H,SO, + Heat

o3 _02—> 2 HNO, + Heat

ctively:

S a.nd Spectral Te, ch‘nique ;
S
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Cooling correction : Time taken to cool the m-1.&2) 8-
maximum temperature to room temperature is noted, F rabay
cooling (.d T /mmuf:e) and the actual time taken for -From tl}g rateof
the cooling correction of dT x t is added to the rj _coohng ({4 minutes),
Cotton thread correction : As cotton rise in temperature,

i

iv. L ; thiead i erdture, .
fuel, so its burning also generates heat. ad is used for ,gmmg the T
.. Cooling Fuse i 2 Cb'tm- i
(b J — {wire Acid - - otton
p ; correction, . + s ez
H‘CV = correction T

Mass of fuel (x) .

=6. | What are the characteristics of a good fuel ?
A sample of coal containing 92% C, 5% H and 3% ash. When this coal

tested in the laboratory for its calorific value in abomb calorimeter,
3 B

the following data were obtained :

Weight of coal burnt = 095g
Weight of water taken e 7°00 g
Water equivalént of calorimeter = 200g
Rise in temperature = 0.02°C
Fuse wire correction = 10cal
Acid correction = 60cal

Calculate the net and gross calorific values of_the coal in cal/g.

‘(Assume the latent heat of condensation of steam is 580 cal/g).

[UPTU 2011-12, Mark

haracteristics of a good fuel : Refer Q. 5.1, Page 173H, Unit - 5.

{[(W + w)[t2 "y cooling ) ) =i Fuse W.ire * acic? ;
HCV = correctan correction correction ||~

N

. x
_ {[@000+ 700)(2.48 +0.02)]-[10+ 601}
0.95

HCV=7081578callg
LCV/= 7031578 — 5 x 0.09 x 580
=6770.578 callg

What is coal ? On.what basis the coal should be

:::ssi ied 7 3.25 g of coal was Ijeldahlized and NH, gas thus e‘;°1"e:
S absorbed in 45 ml of 0.1 S0,. Tomeutralize excess O acid, .
a0 N atethe%ofNinthecoal :

g

L5 ml of 0.1 NaOH was required. Caleul
Sample, : S

water in calorimeter frorﬁ A

,.7-._,.,,“—-«-_(@05—"--_-4?’4 s

ST

ipie

Do ARSI A PNCY T K s




' ‘composed of
" There are various types of oom,_

Fuels and Spectral emarﬂn:
; eg

...Oew— P e A £ D i 3 i
s A e the fossilized remains of animals and plant. It g .
Coal Hmmonﬁmm Wmcﬂ_ Om and non-combustible inorganic matter. Main}y

based on carbon content present in i .

SERTEIITIER A 3 T

TN

y W/ of | D 2o
Wood 75" 50 4000 - 4500
ol 57 4125 - 5400
Lignite 67 6500-7100 .
Bituminous 83 8006 8500
_ Anthracite 93 8650 - 8700
Numerical : A
: N=01(V,-V,)x14N=0.1
 01@5-115)x14 4 .0

- 3.25

A sample of coal was analysed as follows :

HNM&EW.mm was weighed into asilica crucible. After meanm for one
" hour at 110°C, the residue weighed 2.415g. The o#:ou.r—o was then
strongly heated for exactly 7 minutes at 950°C. The residue .immm_-mm
1.528g. The crucible was then heated until a constant weight was
obtained. The last residue was found to be weight 0.245g. Calculate
" the percentage result of the above analysis.

% Moistiire = 22—2415 900
2.5
=3.4%
% Volatile Matter = m.tw M.mmm %100
_ il = 35.48%
& T g % Ash = é.&nrnomwmwum@ «100
TR BT R R Weight of coal taken . :
0254 _
a5 A0
o =1016

Fixed carbon = 100 - (3.4 + 35.48 + 10.16)
= 50.96%

%, O = 4.8%, other matte : A o
H= 3.6%, » oth T8 3.6% and the fi alvsi
yolume was CO, =10.9%, CO = 19, 0, = 7.1%, Lsnnmm ,an_..wsu y
vnowon.e-cu of carbon burned to CQ and the ajr _wa ; - Find the
?m:..on. nroooavzmemobsm#ngﬂm:. a&nan

, Y occurred and also the
of flue gas per kg of t1el burned.

VUPTU 9674 A
| UPTU 2014°15;

8 i A L.

WE% the fuel analysis is given on mass basis, so let us co

Let x mole at oxygen are supplied for combustion. The

on mole basis is given as,

g8 . 3.6 . 48 : |

5 C+ T H+ 16 O+x0, +3.76xN, - bCO,+¢CO+d0,+eN,+ fH,0
Equating coefficient from the equation :

nsider 100 kg of fuel,  *
combustion equation

. 88
Carbon: - @ w b +c, . Hydrogen: w%u of
f=18
a 4.8 c 5t \. 5
Oxygen : 39 *t% =b+ M+&+|w|w Nitrogen:3.76x =e
Based on volumetric analysis of dry flue gases,
b - . g
brcrdre % {540
— 2 _o0- (5.92)
b+ct+d+te o
d
— =0.071 ..(5.93
b+e+d+e 0 , A: )
¥ A G 0.81 - ..(594)
btrcrd+e : 2
Dividing eq. (5.9.1) by eq. (5.9.2), we have-
b 0309 .4
c 0.01 .
b=109¢
88 :
b+c= 12. , |
_ 88 3 L.y
109¢c +c = 12 . A
_ 88 < _0pi625
c= @
12x11.9 A
b = 6.7170 R
By eq. (5.9.1) and eq. (5.9.3),
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=1.58521
calorific value can be calculated 1, Dul
'G’°SS = 1/100(8080 (C%) 5 345?;;3 formla,
= 1/100[8080(84) + 34500(%(151%-0%/8) 2006
P : i =’ 8356.05 kCal/kg P8 + 240015y
Dmdmgeq (5.9.1)by eq. 5.9.4) ~ ‘ ,  NCV= 8356.05-0.09 x 5,5 x 587
2 (30 (:)18019 4 0.13456 ‘ - = 8065.485 keal/kg
e .
P, [ Calculate the GCV and NCV of coal having the following ;
= 0.13456 12 A ! compomtlons C=85%,H = 7%, S = 1%, N = 2%, ash = 49, and heat i
; e = 49.9153 t 7 “ capacity of steam = 2458 J/g. TO A4 = :
- From oxygen balance, we have, i
é£+x=b+—+d+£ § = -
392 2 2 ) By Dulong formula: . e
7170 0.61625 4375+ 1. 8 4 8' ‘ GCV = 1/100[8080C + 34500(H — O/8) + 22408] ‘; ‘
22 61103 2 32 ' = 1/100[8080 x 85 + 34500(7 - 1/8) + 2240 x 1] = 9262.275 keal/kg . E*% Y-
_ x = 12.150 moles ‘ ' NCV = GCV —0.09 x H x latent heat of steam = H
Thus, the mass of oxygen supplied = 12.150 x 32 = 388.804 kg ; latent heat of steam = 2458 J/g 2458/4.2 = 585.2 ca.]/g e {B
The mass of actual air supplied for 100 kg fuel, : NCV =9262.275-0.09 x 7 x 585.2 = 8893.599 5 i
= ___388;204 x 10% = 1675.87 kg ¢ A sample of coal contains C = 93%, H = 6% and ash = 1%. i fﬁx
Therefore, the mass of actual air supplied per kg of fuel, - The following data were obtained when the above coal was tested in g 1
o i Y . bomb calorimeter : _ g
= 1675.873 =16.75kg oy 1. Wt. of coal burnt=0.92 g o |
. 100 : 2. [ Wt. of water taken = 2200 g _ ,;, :
Proportion of carbon burned to CO, 3. | Water equivalent of bomb calorimeter = 550 g g E
c 0.61625 i 4. 'Risein temperature = 2.42°C E R
: " b+c 6717+ 0.61625 0.084035 = 8.4035 % 5. Fuse wire correction = 10.0 cal § !
Wexght of flue gas 100 kg of fuel burned, ' 6. Acid correction = 50.0 cal R
: = 5CO, +¢CO +dO, +eN, Calculate gross and net calorific values of the coal, assummg the -,;i*; -4
= 6. 7170 x 44 + 0. 61625 x 28 +4.375 % 32 + 28 x 49.9153 latent heat of condensation of steam as 580 cal/g. % i
= 1850.4314 ' &
. Weight of the gas per kg of fuel burned, - - Al
1850.4314 ' . -, Gross calorific value (GCV) &
= T =18.50 kg -

_{W +w) (T, —t,)} - {Acid correction +Fuse wire correction}

|Calculate the gross and net calorific value of a coal Given, wt. of coal burnt =x = 0.92.¢m ;

samp]e contauung 84% of carb 55% Wt. of - =W = 2200
on, 1.5% sulphur, 6% nitrogen, water taken. — - = ]
sti,ldll.;)gen and8.4% oxygen, The cal’onfic values oi" carbon, hydroge™ Water equivalent of bomb calorimeter el y 2’
i a.mf lal;r a:';soso keallkg, 34500 keal/kg and 2240 keal/lkg respectlvely; Rise in temperature =T,-t, =250 g
ent heat of steay, ; is 587 cal/ g, ' Fuse wire correction = 10.0cal

Acid correction =50.0cal
{2200 + 500)(2. 42)}={50.0 +10. 0} ;
A N
0.92
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: - 7058.695 cal/gm = 7058.695 cal/gm
s alorific value,
a _z.%.um: o (NCV)= GCV—0.09 H x 580

NCV = 7058.695-0.09 x 6 580 =6745.495 o,

o._qw n.u- e». m:o_ oo:ﬂ:ﬁam mc % carbon, when burn; ; in
a
bomb calorimeter, increased the temperature of water from 27 5 °

to 29.1 °C.If the calorimeter contains 250 gm of water and itg
- equivalent is 150 gm, calculate the HCYV of fuel.

sﬁnmﬁ

x=0.72¢g
t, =273°C
t, '=29.1°C
4< 250g
w=150g E
W +w)t, =) -
x

HCV=

(250 +150)(29.1 - 27.3)

- 0.72
1000 cal / mol

= 4200.0 stm

! va ‘| The following data were obtained in abomb calorimeter

experiment.

Weight of coal = 0.85g

Weight of water taken = 750g :
Water equivalent of calorimeter = 2000g
Rise in temperature = 0.30°C

Acid correction = 0.030°C

. If the sample contains 10% H. Calculate net and gross calorific value.

Weight of water (w) = qmom,
. Water equivalent of Calorimeter (W) = 2000g
Rise in temperature (t,—t J)=0.30°C

Latent heat of mnmmE 587 cal/g
Acid correction (C ) = 0.03°C
% of H = 10%
Mass of fuel (x) =
Q‘O< = As._r SVA&N — RHV.IAO>V
3 X ‘

:neering Chemistry.- ; o ,
Engt . mma 69.3 p@ﬁ

: oy L E
: “F1d &

m@ 970.55 callg -~ - S
CV=Gev - ooxfmmxmmq

=972.67- (.09 x 10 58
HOV = 44905 calg - Lo

aﬁ-we is dulong ».9.5:—» for calculation cn orwouda-ﬁb
calorific <m~=m of fuel ?

Uﬁ_cﬂm mo_a:bm :

The theoretical gross or higher calorific value of a coal sample from ultimate
analysis data, can be calculated by dulong formula, on the basis of calorific
values of elements ; carbon = 8080 cal/g, hydrogen = 34500 cal/g, and sulphur
~9240 cal/g,

1
100

(0)

GOV in cal/gm = Tomc C + 34500 ? L +2240 & cal/ gm

where C, H, O, S represent the percentages of carbon, hydrogen, oxygen and
sulphur respectively in the coal. .

? Discuss the mechanism of

e

| UPTU 201314,

Hfm cheapest and most easily available biogas is gobar gas. It consists
mainly of methane. It burns with a blue flame and its average calorific
value is about 5300 keal/m®. ot

2. <The composition of gobar gasis:

u.w Methane | Hydrogen | Carbon dioxide Nitrogen
| (CH) (H,) (CO,) ‘Aznv
, 55% 7.4% 35% 2.6%

ured in mocmu gas plant, which consists of :

3. Gobar gas is manufact i e
nry work (also known as .&mmmnﬁ. ’).

a. A ‘well’ constructed of maso ]
The digester is usuélly built below the ground leve
b. A ‘gas holder’ which covers di
sheets.
" ¢. A‘pipeline’, 10 cm in diameter.

mmmne. and made up of weld steel

{
i
3




Fuels and Spectral Technique
s

Steal gas holder
Gas
Outlet
e f outlet = tank for
_” — by manure

HH

.

Duﬁg + water siurry

Vsl

8

< 10 cm pipe
- 10 cm pipe :

<4— Digestion
well

i .
<4— Masonary
work

Stages involved in production of biogas from cattle dung

1.." Cattle dungin the ‘form of slurry (made by mixing equaliparts OfWater)
is poured in digester. Anaerobic bacteria’s present in the dung digest
this slurry in a process called anaerobic fermentation.

9. The optimum temperature for this fermentation is 34 - 48°C. The gas
in gas holder.

aliso digest human refuge, poultry, sweeps etc.

Advantages of biogas :
1. Heatgenerated by direct burning, 1kg of dry cattle dungis 23.4 kcal but
if the same amount of cattle dung is converted first into gobar gas,
- [1601 gas per kg dung], it can supply 188 kcal of heat. i

2. Gobar gas does not contain poisonous gas, CO as aningredient. , -

.-environment and utensil remain comparatively clean.
: By producing gobar gas, we in fact are optimally utilizing waste.

It can provide the flame temperature of 540 °C, with proper burners.

o gobar gas plant
; Appllcatlons blogas g

Ttisused as domestlc fuel in many villages.

-~ Itis also used for hghtmg and power purposes.

e Gobar gas also giveg simultane

: ousl d manur®
which has 2% mtrogen content Sored g0°

as against 0.75 % in farm yard manuré

: Eng!

generated, due to continuous decay, is mostly methane and is collected -

3. Itisinterestingto note that in addition to cattle dung gobar gasplant can .

3. Gobar gas is free from smoke, dust, dirt -etc., hence by its use,

~ Limitation of biogas : Gobar gas should be used within 10 metres of the

. eering Chemistry
ne 191 (Sem-l&z)H

q What are the essential components of a blogas plant

:?\
B function ? List three important apph catlon of blogas

nd thelr

combustion of 3 kg of carbon.

C + O - CO,
0, requu'ed for 12 gm of C =32 gm

Weight of oxygen required by 3kg =% x 1=2.67kg

. ; . 1
Weight of air required = 20 3(‘) x 2.67 = 11:60 kg

' Since’3_2 gm of oxygen occupies 22.4 litres at NTP

: 100 .
34.78 x 3000 gm O, will occupy = o3 X 11.60 x 3000=151304.35L

100
Volume of air required = o1 X 151304.35 = 720496.90 L

% } What are the characteristics of a good fuel ? List the

raw materials which can be utilized for biogas manufacture T
Explain the stages involved in production of biogas from cattle dung.

Ctlafécterlétics t)f a goodfuel i Refer Q. 5.1, Page 173H, Unit - 5. 5
Biogas : Refer Q. 5.16, Page 189H, Unit - 5.

What is biomass ?

L Biomass is the waste materials of iving orgamsms and plants or living :
objects like plants and animals.
2 1t contains carbon ¢ ompounds and works asa source of heat energy for o
domestic purpose.
3, i bagasses, Paddy h“Sk‘

Example : wood, cattle dung, rice barn,



"~ use of solar energy
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be used &}fectly or is converted into fuel.
1. converted into a better fuel called c_harcoal and catt];
dinto much better fuel called biogas.

ass can be considered to be another form of jp,
as biomass is obtained through the proc

i can be used
" Wood can be co

can be converte
' ‘The energy of biom

dung

direct

S,

T

CONCEPT OUTLINE : PART-2

« Spectroscopic analysis : Molecular spectroscopy deals with
the transitions that a molecule undergoes betweenits energy
vels after absorption of suitable electromagnetic radiationg
antum selection rules. ‘
¢ Electromagnetic radiations : The ordinary white light is th
most familiar form of electromagnetic radi.ation_ .
« UV spectroscopy : It involves the promotion of electrons from
ground state to the higher energy sFate. . |
"« IR spectroscopy : IR spectroscopy 15 used for the identification
of functional group of chemical compound.

le
determined by qu

« NMR spectroscopy : NMR spectroscopy involves absorption of

electromagnetic radiation in the radio frequency region.

Define electronic spectroscopy. Explain

It involves the transitions of electron(s) within a molecule or ion froma

lower to a higher electronic energy level or vice-versa by the absorption
or emission of radiations falling in the UV-visible range of electromagnetic
spectrum.

“While _electronic’spectra in the visible range span (12,500 - 25,000
those in the UV region span (25,000 - 72,000) cm™.
An important principle for the interpretation of electronic spectra e
given by Franck and Condon.

) Cm,ly

€8s of

En|

St
Fingel'
L

gineering Chemistry - :
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print region :

In this region, numerous peaks are obsery,
due to interacting vibrational modes,

A peak to peak match of an unknown
suspected compound in this region he]

ed and the pattern is complex,

spectrux.n with the spectrum of
. o et : Ps to assign its structure,
s po Tum is extremely i it s examin
with reference to other regions, YRR mEnitng =
,"'Example, if alcoholic or phenolic OH stretching i
: E absorpti i
high frequerhcy region and there is an abso?;tio:na}t))l;e:;sil:
12§Q- 1000 em, dug to C - C - O bonding then it makes pos:sible to
assighO—H ab.g:?rl/mon to alcohol or phenol with highly specific structure

" . of tompound.

Numerical :

C3HgO

) CZH5CHO
1650 cm_1
(Isomer A)

CHy—C—CH,
1710 e ™1
(Isomer B)

What is shielding and deshielding ?

[UPTU 201514, Marks 05

#

i

it

Refer 5.32, Page 203H, Unit-5.

Write Atlie basic principle of NMR and explain the

following terms :

i

ii,

Chemical shift
Spin-spin splitting

Prj
i

o

.

|
SRS S

nciple.of" NMR : Refer Q. 5.33, Page 205H, Unit-5.
- Chemical shift : Refer Q. 5.32 Page 203H, Unit-5.

Spin-spin splitting : An NMR’ spectrum showsa sigx_lals for ,ea(.:h ku}d
of proton in a molecule. Generally these signals are Spht'fed by SP’D'SP:E
coupling. Splitting reflex the environment of the absorbing Pf“t?;;l}on
Tespect to near by proton. Splitting arisesbecause of a couph;lf mf L
between the neighbouring proton and is related to the numbx "l)m l::‘; A
Spin orientation that these neighbours €an adopt. This 1s

(@ + 1) rule.

) i ik

Ry

‘8
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ey
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r it is an aldehydé

' C4H,0 : For aldehyde CH,CH,CHO
Signals:a,b,c ; 2
3 itti : a=
Splitting pattern o s
¢ = Triplet -
For Ketone : CH,COCH,
Signals:aq,

Splitting pattern : a = singlet

spectroscopy : »
i Group frequency region
ii. - Finger print region.

i &Sy i 2 ms
L Group frequency region appears in between 400 — 1400 cm. The patter?

. : anic
of bands in this region are typical of functional present in an org 2

compound. - )
il. Finger print region : Refer Q. 5.9, Page 208H, Unit - 5.

ble
: Briefly discuss the structural information obtain®
“from IR,

UV and proton-NMR data,

- : Strqctural information obtained from -

£n

. &‘ I
tube heated at 600°C, gave a liquid compound 'B' (molecular weight

L _‘ A characteristic absorption band at 3040 em™ in the IR spectrum indicates

s n -

mist

g’-neering Che

It can reveal functional Broups of g ¢q
Substitution of aromatic ring,

Geometrical configuration isomers (cig and tians) 2 :

mpound. :

1..
2.

3
uv: ny
’1 Extend of conjugation.

2: Substitution of a ring.

3. Valueofl,,, ofagiven compoung.

4 Presence of chromophore in the grotip.

E

It can predict different protonic environment,
It can tell chain length of compound,

It tells functional group of system.

Can differentiate aromatic system,

Ll

’5@ A gaseous hydrocarbon 'A'on Passing through a (iuartz

78 amu). The latter compound was found to undergo electrophilic
substitution reactions. It gave the following data on analysis : The
IR spectrum showed a characteristic absorption band at
3040 cm™ and a UV absorption at 204nm due to n-n* transition. The
'H-NMR spectrum displayed a downfield singlet (6H) at 7.3 tan.
Identify the compound A and B and give your reasoning.

the presence of aromatic C-H bonds in ‘B’

2 AUV absorption, due to = — 1* transition, at 204 nm (log, 3.84) indicate
the presence of conjugationin ‘B’.

3. The HINMR spectrum of B’ displaying a downfield singlet at 7.3 rdue to
SIXequivalent protons, 7
It seems that compoundB’is aromatic having six equivalent protons.
Its molecular weight is 78 amuso the compound ‘B’ is benzene (C,H,).
6. It known that benzene is formed by trimerisation of acety’ lenef when
later jg Passed through a quartz tube heated at 600°C.

Us, compound ‘A’ must be acetylerne(C;H,):



nds

W{nﬁ"‘M/“M 7

v ;/%éz%ﬁ’

eé“ia"” of the followmg compou

2.Chloropl‘01’ane ?

yclobutane In cyclobutane, CH, — _CHz all the hYdrogég':ﬁtqu an
| CH, CH, \ )

G ill be observed. .
.i | ivalent, only one NMR s1gnal wi | .
L B : gqu(l';hloropropane Refer Q 5. 38 Page 208H, Unit - 5.

Define chemical shift. What is 1ts mg‘nnficance in the

| ‘ determination of the structure of molecules ?

o Two isomers A and B of the molecular formula (CaHsO) glve ai: IR

' “absorption band at 1650 cm™ and 1710 cm -’ : respectlvely ASSlgn‘
structural formulas to A and B isomers.

Chemical shift : ReferQ 5. 32, Page 203H Unit - 5.
Numencal Probable isomer structure are,
e CH,-CH,- CHO CH CO- CH3 CH,=CH- CI-I2 —OH and cyclopmpanol‘

1710 cm™ corresponds to ketone group, hence acetone confirmed for
compoundA CH CO- CH /

: ~ Allyl aleohol will give band at 1650 cm‘1 hence B is allyl alcOhol
B= CH CH CHO
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MolecularOrbital

Theory

It is the number of reacting
species undergoing
simultaneous collision in
reaction.

It is sum of ‘the power of
concentration terms in rate law
expression.

It is a theoretical concept.

It is determined experimehtally.

It can have integral value
only.

It can have fractional value also.

It cannot be zero.

It can be zero.

It does not tell us anything
about the mechanlsm of
reaction.

It tells us about the slowest step in
mechanism and hence gives some
clue about mechanism of reaction.

change in temperature and

pressure.

It-does not change with'

It changes with change in

temperature and pressure.

N

\

.’1'2- What is the effect of temperature on the conductivity of

metals and semimetals ?
With increase in temperature, the conductmty

of metals decreases

and that of semimetals increases.

13 Define hybridization.

Ay

r more orbitals of the outermost

tion of one 0
'Enh:;;}l’ﬁ%%; zﬁlzttgxll)lut:) give new orbitals of equivalent energy is




ey AHE 'The valence bond theo

B Molecular Orje,.;
214 (Sem-1&2) H. 2 bt Theoy,

_Enown as hybridization. The newly formed orbitals are termeq
[ hybrid orbitals.

i , TEL uk ‘'Why is w.,onm.»Q of NH, pyramidal ?

= N-atom inNH, is surrounded by four electrop 1,
ﬁo@ﬂﬂﬂﬂ%@ should vommwnwmwmmn&. However, one of %M:M. S0

electron pairs is a lone pair, therefore, the geometry. _umSMW
pyramidal. ) O . A m

n.w .ﬂr% is sigma-bond stronger than a pi-bond ?

. f an overlap to.a greater extent in a sigma-bong, 4

AN %—MJWMWM_ orientation, so sigma-bond is quite strong. On the MMMW
hand, in a pi-bond, sideways overlapping,of orbitals takes place
The sideways overlapping is not to an appreciable extent, due 1, the
already present sigma-bond, which restricts the distance betweey,
the involved atoms. Hence, sigma-bond is much stronger tha, 2

pi-bond.

. 1.6. Ice has lower density than water. Why 2 .
: ice is formed from liquid water, the water molécules arrangeq
mem.m”w?mm in tetrahedral open cage like structure and some s,
gap is formed: so the volume of ice is greater than.water hence
density is less that is why ice floats on water. When ice meltsupt,
4°C, density increases. Above 4°C, volume increases hence density
decreases.
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L7. What are the shortcomings or drawbacks of valenc®
theory in the cage of coordination compounds ? ..E.am the
i

. . la .
: was fairly successful in €XP’2.  joge:
- geometry n:&:&?&%ﬂ%bm Bmmuo%a behaviour of the comp®

But, it could 1ot explain the following :

: R ined.
1. The origin of their absorption spectra could not be explain®

muwmbmmlbm orou&m.on% .

iv.

18.

1.9.

111.

1.12,

113.

get shifted from one part to anoth
_change as delocalised electrons

the light gets emitted in the form of luster.

Why did different complexges

colours. rt 3 ;

Relative stabilities of different ¢q T
Py lexes could

Why should certain ligands f, P A .E.;,vm

complexes. j o ;Emw SPin, whils o

5o AT . ;
‘ thers low spin “
Explain why metals are malleable E.E .u.ﬁaam

Metals can be beaten into thin shee

A A eets and can drawn i 35
wires, when shear stressig applied on m iti Enom_n :
res N e,
atomic cores altered without destro ? G positimaof o cal

ying the structure of crystal

are present everywhere.

On the basis of MO theory, explain why hydrogen forms
diatomic molecule while helium remains monoatomic.

For hydrogen molecule : Refer Q. 1.2, Page 7TH, Unit-
For helium molecule : Refer Q. w? Mmmmmmm,d%ﬂ% B

What is Em.em:mop:mnﬁ..

Metallic Fmemn.." Metals are having well definite layered structure.
When light strikes on metal surface, the electron between the

layers gets excited and when they come back to its original state,

v >Ev:nm.ﬁo= Based Questions

On the basis of molecular orbital theory, explain why u.,u_mm .
diamagnetic while 0, is paramagentic ? Calculate their bond
orders. . .

Refer Q. 1.9, Page 17H, Unit-1.

Calculate the order and molecularity of the following
reaction : :

CH,COOC,H, + H,0O(excess) el CH,COQH + C, HOH
CH,COQC, H, 4 H,0excess) — CH,COOH + €,H,0H
Order = 1 (the concentration of H,0 become constant)
Molecularity = 2

C&Cl, will introduce Schottky defect when ,&n& to AgCL
crystal. Explain: .
CaCl, on adding to AgClintroduc

of one Ca** ion will replace two

conductivity. One of the positionof
‘and other will be left as a hole. Thus,
Schottky defect.

i ity d w&.,&v@ addition

g Jous to main i elcirial
will be occupied by .tSn.

>mm_.5 hole is created &B_Fa to



Molecular Orbjtgy

/5
Zingéxide is white but it turns yellow on heating, g -
g ‘When ZnO is heated, it loses oxygen as : A n,
s Nb.o‘g Nnu._x.,.—.w ON.,.—.NQ..

% S The Nmt._v...mbm are entrapped in the interstitial sites anq
are entrapped in the neighbouring interstitial sites tq

electrical neutrality. Thisresults in metal excess defect.
presence of electrons in the interstitial void, the colour

m-mas.o:m
Maintaz,
Duet, the
'1.15. -Arrange the covalent bonds sp?- sp?, sp? - sp? anq D -
A - increasing order of strength, giving reason. P In
5 ! sp° — sp’ < sp®—sp® <sp — sp. -
R E w%awm.mn : .H.MM EMwmn the percentage of s-character, the higher ;
the bond strength. is
‘Percentage of s-character is sp, sp%and sp? are 50, 33, 33, 95
respectively. )

1.16. Explain H,0 is liquid but H,S is a gas.

Ans: H,0 isliquid because it has hydrogen bonding in it by which
Mw_mn&mm of water gets associated with each other and gm awmmwww
becomes high. While H S molecule does not have hydrogen bonding
init, so the density of H,S is low than density of H,0.S0,H ,O exists
as liquid while H,S as a gas.

(6] et
\ /m Intermolecular hydrogen -
+ : g
H
H /;

e i m»ﬂ.wu.mm the following molecules/ions in order of their
Increasing bond length : N,, N,~ and N, 2. .

e 1 .
PN e BO= 5 (10-4)=3

B.O

LI}

N N =

(10-5)=25

BO=7 (10-6)=2

©e©
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T Polyniers and
Organometallics
(2 Marks Questions)

- Memory Based Questions

2.1. Why all simple organic compounds cannot act as monomer
- during polymerization process ?
A#g Because, for a substance to act as a monomer, it must be at least
bifunctional. Thus, organic compounds like (i) Acetic acid
{CH,COOH), (ii) Benzoic acid (C¢H; — COOH), (iii) Ethyl alcohol
(CH,CH,0H), (iv) Benzyl alcohol (C¢H,CH,0H), (v) Aniline
(CcHzNH,), (vi) Methyl isocyanate (CH,NCO) ete. [which have only
one functional group present per molecule] cannot act as monomer
since they are monofunctional.

22. Why low density and high density polythene differ in’
density ? ;
Aiis:  High density polythene (HDPE) possesses linear unbranched chains.
Thus, these chains can be easily packed to form a solid with high
density.
Low.density polythene (LDPE) possesses several short and long
branches which prevent close packing. Thus, LDPE forms a solid
with low density. -

2.3. What is the main purpose of vulcanization ?

AHE  Added sulphur combines chemically at the double bonds of different
rubber chains, thereby making the product stiff.

24. Why are plastics indispensible in everyday life ?-
ABE Plastics are indispensible due to properties like :
L .Light in weight 4 .
fi. Corrosion resistance
ii. Low fabrication cost ‘ % '
iv. Good thermal and electrical Emesonw properties s
v. Easy and quick moulding etc. A
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25 Whyis teflon highly chemical resistant ?
. e of most electronegative &o:...m:r Fin tefl
ang: Dueto preseli®e b o tive forces betweenits different nrabmﬁ.mw%n%

are very strong attra : . .
it possesses extremely high chemical resistance towardsg mos;

chemicals.

,; N.a. Why is PVC used in chemical industries ?

Ans This is because : .
i Maintenance of cost of PVCis low.
i Highresistance towards chemicals.

iii. PVC can be processed in any form, even by Aron welding.

27. Distinguish between homopolymers and copolymers,

Only one type of monomer Two or more than nio Qv.am of
when get polymerized result monomers results in copolymers,

in homopolymers.

2. It is formed by addition| It can be formed by addition
polymerization. . polymerization.
Example, Polyethene, PVC. | Example, NBR, SBR. [ &

28. What is the primary structural feature necessary for a
molecule to make it useful in a condensation polymerization
reaction ? ,

AiiX The monomers must be bifunctional, i.e., contains two functional
groups. :

29, S..E; is a biodegradable polymer ? Give an example of
biodegradable polymer.

AHE The polymers which are mmmnmmmm by micro-organisms with in a
suitable period so that the polymers and their degraded products do
u.on cause any serious effects on the environment are called
biodegradable polymers.

Example: Poly (B-hydroxy butyrate-CO-p hydroxy valerate) PHBV

OIﬂm Ommloo wﬂomu
R :

2.10. What is EDTA ? Give ; . .
ABE EDTA is a hex, ? Give its chemical formula.

rm . . .:
metal iong iwﬂmﬁnmﬂﬂuwmwwmw.b d it forms a stable complex with

Structure of EDTA .

n

ineering Chemistry = A R
fngineering ry . 219 Bemt

HOOCH,C

_CH,CO0H
N—CH oK : nid
mooommov 3~ CHy zA_ St

CH,COOH

2.11. Why can human beings digest starch but v igest
cellulose although both are made up of U—.-?MMM”M““-»

awe: Starch (CgH,O,) is a biodegradable pol d can degradei
presence of micro-organisms so ombvﬂwﬁwﬂwmvn%ﬂﬂww 8=M_~%mww
not a degradable polymer.

2.12. Give two examples of initiators used for free radical
polymerization.

Ai#i%, i. Benzoyl peroxide .
ii. AIBN (Azobis Iso Butyro Nitrile)

.Mrm.uv_mnvnmc: Based Questions

2.13. 42 gm of propene was voﬂw.upmﬁmuon— by radical polymerization
" process and DP was found to be 1000. Calculate the number

of molecules of PP produced. ) .
: Numbers of Propene molecules
KRGS NP PP =
ax®: As Dp of Number of PP molecules formed

Hence, number of PP molecules formed
Numbersof propenemolecules
~ DPof PP

42 gmx (6.023) x 10 molecules/ 42gm)
- 1000
= 6.023 x 102° molecules.

, 5 “* Evaluation Based Questions

m»vwbo does not. Why ?

does not have a property to

2.14. Ethelene polymerises but
ailable for combination in

A%, Ethane ¢an not polymerize because it
show-functionality. Bonds are woﬁ av
ethane while they are available in ethelene.

nCH,= Omlv.lomnl.omnl ,

2.15. Classify the following as addition and condensation ,
polymers. ,,
Terylene, Bakelite, PVC, PE . i

ANE Terylene and Bakelite : Céndensation po v
PVC & PE : Addition polymers
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e e il following polymers PS, PMMA, p L SRR o
2.16. Give =-M monomers of following po! ,. . Ve, " Isotactic . Sydiotactic - Stereoirregular
G ene. % § ! i Y, i vt
e «H.@Hv& R { Monomer g i ¢ ah . ____C.H e | >o.b....9n‘ :
e T T i R ETEE
i B : (o el e B G o
S e o E o~
4 - ; , | : : X
. v ;ﬁomﬁln - . H—+ Cgl; H,C, _— - : CeHp
PMMA , . .A_uooomu o e “shn Pl
Methyl metha acrylate . :
%omﬂo )\ § , . , . i ©00
PVC _O_ Vinyl chloride
0 o )
CH, - OH Il Il .
_ +H,COC IAM,VIooomu .
Terylene CH,-OH :

Ethylene glycol Dimethyl teryphthalate

2.17. Write down the structure of Ziegler Natta catalyst.

ARE Iti bination of transition metal halide (like TiCl, or TiCL) .
wmmw w%wwmmwﬂuamn%o compound (like triethyl EEEEEUW Q._andwﬂ : T )

aluminium).
Ci
_ b 4_

TiCl, and AI(C,Hy); » Cl—Ti—Cl and %

A_u A

2.18. Write down the structure of Ferrocene and Zeise's salt. .
 ABE Ferrocene . - Zeise’s Salt
Kop : S or
R _ &
Fe & Pt cl
! .::,, CHlH
@, . d al
H \

Wm. M%g the monomers of BUNA-S and mvc_vi»vim,um.
T Biljttrenaoter Q. 216, Page 73H, Unit,
Styrene : This question jo out of syllabus.
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(2 Marks Questions)

Memory Based Questions

8.1. Give the reaction of rust formation.

ans 2Fe(9)+ woN (g) +3H,00) ->Fe;03 <H06)

82. Give some example of differential metal corrosion.

AHE 1. Buried iron pipeline connected to Zn bar. '
2.  Steel pipe connected to copper plumbing.
3. Zinc coating on mid steel.
4,

Lead-tin solder around copper wires.

3.3. How does corrosion get effected with temperature ?
AHE The rate of any chemical reaction increases with rise in
-temperature. Increase in temperature increases the conductance

of the medium, reduces passivity of the metal, and thus increases
rate of reaction. .

34. .Compare dry and wet process in the preparation of cement.

2

i
i,

| Used when raw material Used for all types of -

is wmm.m. raw material.

Process is slow. Processis fast

Fuel consumption js Jow, Fuel consumption is high.
' Inferior i ; i

ot quality cement jg Superior quality cement is

formed;

I

En

mw_mol:m Chemistry

3.5.

3.7.

38.
39.

3.10.

311

. 23 Gem 149 H
What is the role of Gypsym ? : D
Gypsum plays a very importang ; S Mt
hardening of the cement ang ig NMMMMN Mm%mﬁﬂmggm rate of
setting. In the absence of Gypsum, cement 7 e process of
on mixing with water, ' Youid sct g—w

What are the different functions of
To keep moving parts apart,
To reduce friction.

To protect against wear.,
To transfer heat,.

lubricant .~‘ :

Ll ol

Explain why iron is corroded while gold does not.

Iron oxidises in the presence of oxygen and the lay
porous in nature and further 8Qommom occurs Srw_wm Wmm.»mﬂn%w«mo_%

. oxidation occurs at primary _m<m.r the layer formed is unstable and

corrosion is prevented.

Write the chemical composition of Portland cement.
Refer Q. 3.25, Page 112H, Unit-3.

What is plaster of paris ? Give reaction for its preparation.
Refer Q. 3.31, Page 118H, Unit-3.

Why is a block of magnesium attached through an insulated
metallic wire to the hull of the ship ?

A block of magnesium is attached through an insulated metallic
wire to the hull of the ship because magnesium shows sacrificial
anode protection. Mg becomes anode, shows oxidation, gets corroded
while:ship made up of iron becomes cathode and is protected from
corrosion.

Why ferrous ammonium sulphate is used instead of ferrous
sulphate in'redox titration ? :
Hydrated ferrous ammonium sulphate is used because it is more
stable than ferrous sulphate, which oxidises and produces Fe* 2jons
before the reaction. While ferrous ammonium mﬁvg_w is stable
enough to produce Fe*? ions at the time of reaction.

©00O




Water Treatmen ¢

Water Treatment
(2 Marks Questiong)

4.1.

4.2,

Memory Based Questions:

Why is demiﬁera]isation process preferred over zeolite
process for softening of water for use in boilers ? ’

, OR :
Why is water softened by zeolite process unfit for use jn
boilers ? "

Because zeolite softened water contains large quantities of sodium
salts like NaCl, Na,SO, etc., which canlead to caustic embrittlement,

Write a short note on water quality parameters.

The quality of water can'be decided with the help of certain
parameters named as water quality parameters. These are : Colour,
pH, Electrical conductivity, Turbidity, Suspended solids, Acidity,
Alkalinity, Chlorides, Hardness, Sulphates, Dissolved oxygen, BOD,
COD, Residual chloride, Chloride demand, Iron, Nitrogen and
Phosphorus compounds, Fluoride and MPN (which indicates bacterial
density). ' |

“What are the different impurities present in water ?

The impurities present in water are :
Biological impurities

Suspended impurities

Colloidal impurities

Dissolved impurities

Define permanent hardness.
gg %\laar‘.ineSs due to the presence of chlorides and sulphates of 2
§1n water is termed as permanent hardness.

What_. are the different units of hardness ?
The different units are -



Mﬂligl‘-ams per litre (mg/1) -
DégTée Clarke (°Cl)
Degree.French (°Fr).

piscuss the problems creatéd it o
~ gample ‘of hard water has hardby hard water in boiler. A

hardness in °French and °Cla1[-kl,less 500 ppm. Express the

g Any natural source of water can nt:

rly so it evaporates hence

}_‘V‘concentration of dissolved salt increases. The two major problems

" created by hard water in boiler are :
il 1. Sludge :Itis aloose, soft and
B boiler.- ; :
20 Sg}l; éit(:;t}ﬁirgo(}fgms which stick very firmly to the inner
Hardness =500 ppm
| 1 ppm =0.1°Fr = 0.07°Cl
Hardness it French =500 x 0.1
=50°Fr
Hardness in Clark = 500 x 0.07_
, =35 4l

slimy precipitate formed in the

47. What is total hardness ? o : ‘
&8 The sum of temporary and permanent hardness is termed as total

hardness. This hardness is caused due to the presence of COy, -

HCO,", CI-, SO, of Ca and Mg.

" 48. What are the'main boiler troubles ?
- B The main boilertroubles are :
" 1 Scale and sludge
i. Primingand foaming
i Causticembrittlement
.. Boiler corrosion

4 49 Define phosphate treatment.
i m S6dium orthophosphate may be a

~ CaSO, _ NagPy0 ,CaP207+NaZSO4‘
' Calcium orthophosphate (loose sludge)

dded to the'boiler vyéﬁei'. |

lications of phase rule ?

11 applies to physical as well tas chemical phase reactions.
2. Ttapplies to macroscopic SyS ems. _ _ .
8 Tt hgfps 15;1 predicting the behaviour of a system under different
' conditions of the governing variables.

water. In boilers, water boils regl.llaprwide perfect boiler feed




6(Sem-1&DH
: «Sumr“ Ed &mwmuwbm phases in m.—-_m.rﬁu. system mrwn exist iy,
equilibrium ? : : ;

E : following four phase exist in equilibrium : 7y
e MwoBEn Sulphur (8yp)

411

i
. uifi7 4 Monoclinic Sulphur Amav( "
Yo et g Liquid Sulphur G (S, e
““iv." Sulphur Vapour (S,) -

;]

4.12.. Define the following terms;: .« 0%
: < "{;” Water recovery ) ; ,_ :
' awe " Water recovery projects can provide additional water for productiye
. and environmental purposes. The volumes of water saved are in
addition to water provided for water users and the environment
_ through the rules in the water sharing planssWater recovery cap
* be achieved through investing in infrastructure to achieve greater
efficiency and through the purchase of water licenses.

Solute rejection

: Af¥ i Solutes retained by the membrane: =~
PR Lower solubility in water or diffuse more slowly through the
membrane i 2
. OE = concentration of solute i in permeate

C,; = concentration ommo_cam::wmﬂm:ﬁmwm

ii. Ranges:1-0 ) .
"~ ‘When r; = 0, the membrane is completely permeable.
When r; =1, the membrane is nod:&mﬂmdw impermeable.

‘413. Why the zeolite softener is not recommended for obtaining
feed water for high pressure boiler ? ;

AR Zeolites process cannot remove acidic ions like HCO,4~ and CO,~~if
M§$H is used in high pressure boilers for steam generation. meoom

if present in water sample liberates'CO, and causes corrosion.

Application Based Questions

- 414. Standard hard water contains 15 g of CaCO; per litre. 10 ml
of this required 50 ml of EDTA solution. Calculate the
temporary hardness in the given sample of water.
- 1Lof standard hard water = 15 g of CaCO
T = 15x10°mg/1Caco,
) ml of EDTA solution = 10 ml of the standard hard water
. e , . =10x15mg CaCO, -
: e /,,, , ., H& BHOWMMH@QMMU,FP mo__.:uop =10x15/50=3 BM ONOOm
S ey e mmﬁmm& hard water = 50 m] of EDTA solution
e Ma andard hard water = 3 x 50 mg CaCO;
andard hard water =8 x 50 /10 = 15 mg CaCOj

1Lof m_“mumwi hard water = 15000 Eﬁ;l

~ Water mewﬂumﬂ ,

Enginee

 415.

4.16.

¥

4.17.

Asig:

ring Chemistry, .

227 (Sem-1&2)H

An exhausted zeolite softener rited b s,. S ,MEHB_.N. :
150 litres of NaCl solution, rmﬁwhmumwﬂﬁmﬂm%mww%:&; of

NaCl. How many litres of hard water sample havin; EMS :
ppm can be softened using this softener 2. - . S
150 L of NaCl contains = 150 x (150 g/L) of NaCl.

: = 22500 gm of NaCl .

100 i
22500 x —
x 17 Om.nom eq.
1.932 x 10* gm CaCO, eq.
1.932 x 10" mg CaCO, eq.

1.932%10"" s
o0 22 E._a.m,. :

Hrm dﬁB&on. of litres ow hard <.<.m$~. S

Calculate the degree of freedom at S.mmw_m co—b«g .ﬂ.ymwoa,.
system. . Gt S
Refer Q. 4.23, Page 158H, Unit-4.

A sample of water contains 40.5 mg/L Ca(HCO,),, 13.6 mg/L
CaSO,, 46.5 mg/L of Mg(HCO,), and 27.6 mg/L of MgSO,.
Calculate the temporary hardness in the given water -
sample.

B - 100 i .
OmQ.HOvaw : 40.5 x a =25 mg/l/
~.CaS0, 13.6
‘ ; . 100 :
gmAmOOmvw . 46.5 mm =31.84 mg/L,
zmmobw 276 i

Temporary hardness = 25 + 31.84 = 56.84 mg/L or ppm

©00O
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.m...,_ﬁ.m_m and ,meo_Hm_

Techniqueg
(2 Marks Questiong)

Memory Based Questions

5.1. Give one advantage of NMR spectroscopy over conven

chemical analysis. i
AfE - NMR spectroscopy is non destructive technique. Samplesjs
s recovered as such after investigation because this technique doeg
not damage the solution. g

nmcﬁg

52. Define chemical shift. Show the expected NMR signals and
their splitting in the following compounds :
CH, - CH, - CH, - OH and C, H, CH,.
Afg: Chemical shift : The shifts in the position of NMR absorptions
which arises due to the shielding or deshielding of protons by the
electrons are called chemical shifts.

CH;.CH,.CH,.0H
‘a b c d :
Numbers of signals and splitting
a = Triplet
b = Sextet
t c= Eﬁwmw
'd = Singlet

C.H..
iy owm a = Singlet

b = Singlet

53. What is Beer Lambert law in UV-VIS absorption

Spectroscopy ? A compound having concentration 10~ g/
resulted absorbance value 0.20 at A_. 510 nm using 1.0 cm
cell. Calculate jtg absorptivity and molar absorptivity
values, Molecular weight of compound is 500.

£ um?mmgun Chemistry.

AR Beer-Lambert law :

and concentration of the absorbing medium, . .
womha =gclorAmsel” L
7 S EctorA=gel |
‘A or log T= Absorbance of the solution”
I, = Intensity of incident light
I = Intensity of transmitted light
¢ = concentration o
I = length of sample tube
& = absorptivity coefficient
I, .
How q"»"anxN
l=10cm
c=10%gl
A=10.20
A=Fk-x-C
0.20=FEx1x103

k= 'm.wo n@uumo x10
A : 107 x100 21
Absorptivity = 200
moles = wt. in gm/mol.wt. = 103/500
’ =2x HO&
A=e-x-C 2y
Molar absorptivity, e = A/ x- C = 0.20/1 x 2 x 10-¢ = 100000

where,

Given :

54. What is the basic difference between adsorption and
partition chromatography ?

avh |Partition chromats

1. | Simple technique. Complex technique.

2. | Large amount of samples can be | Less suitable for large
separated. amount of sample.

Used for the separation of

3. | Less useful for the separation of :
homologous series.

F homogeneous séries.

55. What is the use of value of wn.w

, F i nro value ot R
RS R is used for the identification of compounds since scalsl
mmﬂw%mmﬁwsem“n a compound witha pazticular m&.ﬂmp« mawvmaﬂ e

temperature.
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‘Whatare the characteristics of a good fuel ? ...
B N saaple of Gaal containing 92% C, 5% H and 3% e
' this coal was tested in the laboratory for its calorific y, E:M

" in a bomb calorimeter, the following data were obtaineq ,
Weight of coal burnt = 0.95g é
Weight of water taken =700g
Water equivalent of calorimeter, = 2000 g
Rise in temperature = 0.02°C N
Fuse wire correction = 10 cal
Acid correction = 60 cal

Calculate the net and gross calorific value of the
cal/g (Assume the latent heat of condensation of s
580 cal/g).

coal ip
team jg

H Characteristics of a good fuel : Refer Q.5.1, Page 173H, Unit-5,

F f .
ﬁ_g +w)(t, —t; +Cooling Correction)] |ﬁ ) Rid ﬁ

Correction correction

HCV =

X

_ {[(2000+700)(2.48 +0.02)] - [10 + 60]}
3 0.95
HCV= 7031.578 cal/g
= 7031.578 — 5 x0.09 x 580
=.6670.578 cal/g

5.7. Define calorific value.

ABE: The calorific value of a fuel is defined as the amount of heat
- obtainable by the complete combustion of a unit mass of the fuel.

i 58. What are the different units of calorific value ?
A#E Different calorific value are :

lcallg = lkcal/kg =1.8 B. Th. U./Ib
1keal/m3 = 0.1077 B.Th.U /ft3
1BTh. U/f3 = 9.3 keals/m3

59.- What are the various forms of coal ?

ABE Wood - . - 50
. Peat = 57
- Lignite - 67
Sub bituminous 5 7
Bituminous 83 :
Anthracite a3 .
© a0,

Define the terms chromophore ang auxochrome.

; m:mmnamlnm Chemistry

231 Sem-1 & 2)H
ABE .ﬁbmmu Q. 5:23, Page wwkm,,dae.m. e &

some heat.

A fuel containing hydrogen produces water, on combustion. Out of -

the total wm.m» produced in combustion of the fuel, the water takes
away a considerable portion of the heat for evaporation ang actually

less heat is available for heating. o
There is no any furnace, engine or device designed to collect the

heat being taken away by the water vapours, Therefore Ppractically
-we get lower calorific value than the theoretically expected.

5.12. Why B-carotene absorbs light in visible region ?
Ans Beta-carotene, with its system of 11 conjugated double bands,
. absorbs light with wavelengths in the blue region of the visible
spectrum while allowing other visible wavelengths mainly those in
the red-yellow region to be transmitted. This is why carrots are
orange.

B-carotene
The conjugated pi system in 4-methyl-3-penten-2-one gives rise to -
strong UV abserbance at 236 nm due to a n—* transition. However,
this melecule also absorbs at 314 nm. This second absorbance is due
to'the transition of a non-honding (lone pair) electron on the oxygen
up to a x*‘antibonding MO. :

*

—_— ¥

v

L A

-I,Ifu&

o th B 2 4 N

D @)

| SNb o b

—y, 5
; OAEN W : N
This is referred to as an n— * #.w.ummmeb. ?o.ﬂob&oeﬂ?@ﬁ%:wo the -
are higher in energy than osm. Emv.amo ww__p_mwb%wwb thatofam-*
energy gap for an n — r* transition is smalle S




Fuels and Spectral eanraaz
: 6%

__.E,Amma.g._awuv.m

transition E.& thus the n—n* peak is at a longer wavelep h
general, n — * transitions are weaker (less Ewrn mdmowvmmmvﬂg In
those due to.m=m* ﬁmbmysonm. an

Application Based Questions

21'5.13." 3.25 gram of coal was Kjeldahlized and NH, gas thus evo
was absorbed in 45 mlof 0.1 N H,SO,. To neutralise ¢
acid, 11.5 ml of 0.1 NaOH was required.

- Determine the percentage of nitrogen in the coal sample,

lveq
XCesg

| ABE ; %N = 0.1 (V- V,) xT4N =01
, 0.1(45-115)%14
00 S s Inmlavlwnggv

| ; : 3.25

5.14. Calculate the GCV of coal having the following composition
C = 85%, S = 1%, N = 2% and ash = 4% (Latent heat of Water
~ vapour = 587 cal/gm).
AHE By Dulong formula :
~GCV = 1/1006[8080C + 34500(H — O/8) + 22408]
= 1/100[8080 x 85 + 34500(7 — 1/8) + 2240 x 1]
= 9262.275 Kcal/Kg
NCV = GCV —.09 x H x latent heat of steam
NCV = 9262.275-.09 x 7 x 587 = 8892.465 cal/kg
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5.15." Show the number of expected 'H NMR signal and their
splitting pattern in CH;0COCH,CH, and HCOOCH,CH,.
(0]

[
H—C—0—CH,—CH,

45t : a b c
! Ang CH, 0CO  CH, CH,
a b . ¢
Signals : a = No
b = Quartet
¢ = Triplet

Evaluation Based Questions

5.16." An organic com
shows wrms.vsou

pound having molecular formula C,H0

peaks at 3010, 2700, 1600, 1580, 1520 Hmme

and 1 -1 s
g 720 em!in ts IR spectrum, m:nmmmn its structure.

i sl bormula : C,H.0

Yo & o em! corresponds ﬁ =

o a he peak at 2700 eny-1 corresponds nm mﬁ.u. WO

1
M
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|
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|
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The peak at 3010 cm™! corresponds o b g
enzene ri : .
The peaks at 1600, 1580, - ne. .
int p Hmmo 1580 e ocﬂ.mmgnam to o O in
The proposed mﬁ.:ngnm is_

;omo..

5.17. Two isomeric compounds A and B having the molecular
formula C,;Hg absorb at Apax = 223 nm and Amax = 178 nm
nomcmoﬁ:\o_% 553 the m.ﬁ.:na:&mm of the two isomers.
P N \/\= AN i
HOH‘II\ "O..II.I "O"A A : . wm
H,C—C=C—CH,—CH, ,
H,C=CH—CH,—CH=CH,
5.18. How many NMR signals are found in CH; CHOHCH, Oﬂu ?
Anig! NMR signalsin Om OMH Om omw om 4
Total signals : m,Zm ! ,,r_
.
519./Why the__for the diene (i) is ov%—éo.w at alower nm than m
(D2 : 4
; 1
| iah 3
: +
G _,_ S :
Afg A, . =215 mmin both the molecules but in diene (ii) there is one 3
asic

extra absorption of exocyclic ring of 5mm so,

vr yewm_n 3 Pm»o&i.n
€ NHMBB+MBEHMNOBB






