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CONCEPT DUTLINE : PART-1

e 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.

* Jonic bond : The ionic bond is a result of the transference of

electrons from one atom to another.

A. Concept Outline : Part-1 .......ccccovvevunnne R i e T L e Covalent bond : The covalent bond is formed by the sharing of

B. Long and Medium Answer Type Questions . 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.

" * m-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.

|

Also, discuss filling of

1 ?SSQF.N to valence bond theory, a covalent bond is for
overlapping of atomic orbitals and the bonded atoms in the

_ held together by one or more pair of electrons,

u 2. According to this theory, the atom: retai iri i

v — e Ty, sretain their identity even mmmqvoﬂn—

med by the
molecule are
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3. Ontheother hand in the molecular orbital method, the valency g1, .
3 Ci

are considered to be associated with all the nuclei in the moleg Tong
electrons move in the field of more than one nucleus, ule e,
4. The molecular orbital theory given by R.S. Mullikep, and F, g
incorporates the following points : - Hupg
a. When nuclei of two atoms come close to each other, n_.::m. atom:
orbitals interact, to form molecular orbitals in which thej mm_.&ﬂs_n
both the atomic orbitals is lost. ¥ of
b.  The number of molecular orbitals is equal to the number of atoms
orbitals involved in their formation. ic
c. Just as atomic orbitals in an atom are quantized, similarly moleculay

orbitals are also believed to be quantized.

d.  The electrons in the atomic orbital are influenced by one nueleys
the electrons in the molecular orbitals are influenced by al ¢$~
nuclei.

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

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

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

L. Aufbau principle : The orbital with lowest energy is to be filled first n.um
all i.e., electrons enter various molecular orbitals in the order of their
increasing energies. ’

2. Pauli’s exclusion prineiple : The maximum number of electronsina
molecular orbital cannot exceed two and these should have opposite
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
+ of electrons in bonding orbitals is greater than the num
antibonding orbitals, . ; .

5. Bond order : Bond order is defined as half of the difference b

the number of electrons present in the bonding and the antibo
orbitalsie.,

number

fweel
nding

——
Bond order = W (No. of bonding orbitals — No. of antibonding o

b n_b.m
>rsmmmsqm or zero bond order corres ponds to an unstable mole
w : ereas positive bond order indicates a stable molecule.

bers .

Engineering Chemistry 7 (Sem-1 &2)H

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,* jon enters
the o, molecular orbital. Thus, electronic configuration of H,*is written

=
2

(1s)

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

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 o, and

bond order = W (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 hydrogen ion having 2 electrons. Thus, H, ion has 3 electrons.

The electronic configuration will thus be ¢° 6] and bond order

=e_pn-1
2 2

Table 1.2.1 : Characteristics of H,",H, HS

o Magnetic character
. Hy Paramagnetic
H, o, 1 Diamagnetic
H,- ol O.: W 5
2 101, B Paramagnetic
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! 6. Magnetic behaviour of Li, is diamagnetic

as there is no unpaired electron.

H H*

2| ® O

ﬁ 28 N i A
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With the help of molecular orbital diagram, explain

-.._wr:ﬂu molecule. L

Helium molecule ion (He,*) : This may be considered to be formed from

it ) He atom and a He" ion. Inthe molecular ion, there are three electrons which
Lithium molecule is formed by the overlap between two lithium atoms

each having the electronic configuration of 1s? 2s'. are arranged in the molecular orbitals as o7, o7, . Thus, helium molecular
2. Molecular orbital electronic configuration of Li, molecule

= o 1s? o* 152 0 25? = KK 5 2s? | ion can exist, but it is not very stable. Bond order W 2-1= W .
3. Since, the inner shell of filled ¢ 1s and o *1s molecular orbitals do not 2 2
contribute to the bonding. _
4. Bond order (Li,) = w. (N,-N) . _ W
3]

]

1 L
maﬁlmu E.Nﬁle

5. Positive bond order for Li, suggests that it is stable molecule and it

|

_

|

= H _

should exist. |
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Helium molecule (He,) : The electronic configuration of the atom is 1s%, He
molecule can be considered to form from two atomic orbitals. In the molecyla,

He,, there are four electrons which are arranged as ot,, 0,2 . Thus, the

stabilizing effect of bonding orbitals is cancelled out by the destabilizing effect
of antibonding orbitals and the molecule does not exist. Bond order

Que 1.5. _ Draw the molecular orbital energy level diagram for B,

molecule. Also, give its molecular orbital electronic configuration,

e

1. For the formation of B, molecule, two B atoms are required. Its electronic

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

HBD-O-O 000
2pz 2py 2px N s “t
PY 2px S 2px 7 ; 2px 2py 2pz

... .|O.I\ ....

Enermf —
Energy —»
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i and have
9. It is to be noted that since the molecular orbitals 7, Topn

identical energies, these orbitals are degenerate- .
3. Stabilization occurs by the filling of two _&mnn:”_nm L ooy
4. Hence, molecular orbital electronic configuration ot B, ecul
. _ KK o 25 * 2s* (n2p,! 72p,")

these orbitals.

1 X e
Bond order = (B,) =3 (N,-N)=75 (4-2)

i is single
5. As the bond order is one, hence B, molecule exists and there is s1ng

bond between two boron atoms.

Que 1.6. _ Calculate the bond order of N, N,% N, and Znulﬂu.u”_nﬂ:.rwm
and explain them.

Answer _

1. Nitrogen molecule (IN,) : Nitrogen atom has seven mwmoﬁ._.oﬂm. In the
formation of N, molecule, a total of 14 electrons are arranged in molecular
orbitals as :

2
5 1
KK o, Gy ﬁﬂue 03 Bond order =2 (10-4)=3

.__.nm_un

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 diamagnetic.

2. N,'ion:N,'ion has one electron less than IV, molecule. This electron

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

+=KKg? g2 n? =gt 1
Zu - Ty, Tp, .__ﬂu_-y« - .__.nwvu_ Q&un

2

The ion is paramagnetic due to the presence of unpaired electron.

N, ion: N, ~ion has one more electron than the nitrogen molecule. This
extra electronis addedin =,

configuration will be :

Bond arder = ,wsfmuum .

T2py OTbital, thus molecular ion electronic

it 2 2 2
N, =KK o}, o2 n

=n? 2 s
2pe = Moy Oy, T

2px

?hmonmmnﬂw -y .W
wﬁm 3) MN

as it contains one unpaired electron, the ion is paramagnetic

Moreover,
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Table 1.6.2 : Comparison of N, N,°, N, and N2~
Molecular| Electronic. Bond | Magnetic
specie ‘configuration order character
N, KK OLO% Tapalipy Oope : % Diamagnetic
2
$." o2 o2 1 NW Par etic
NS KK 63,02, Top:Tapy T2p: ) amagn
252 2 w2 Oy, Moy wm.. P etic
NS KK 63,05, TouMapy Tapeltap: 2 aramagn
N} KK 03,55 TopTap O MapTapy | 2 Paramagnetic

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

Que 1.7. _ Explain molecular orbitals of oxygen molecule.

Answer _

Oxygen molecule (0,) : 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 :

\u%/_.__/
/ m v [
| A x Tore \
\H\m o ._I/f
OO® A7 T T
|.||.|JAA-....N . 2p= f\\yl.l|wm.|l.lv
»® PR \\_\\\..___
SNECIOBYY.
..li_u *om o X\
.M A \f
! 4 ’ Gy . ,M—
] ’ W) 1
Y !
___..\}.__ __r/..._
mw e RN m“ m
\ I
% N o 2s
L | Iz
v L
AR [
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ﬂ‘ -ﬁ\
Oas
’ Pigy %
ra AY
il A%
rd
@ @
’ \
e B ] j U,
L 4
1s / 7 1s
\ o
k. ’
E F :
b /
B T
Ao’z Mo's Ap's

Sn. .;.w mﬁ.ﬁ level diagram for N,
4 N,;*ion:N,?- ion has two more electrons than nitrogen molecule.

These two extra electrons are added one each in Rzpe 8D Ty, orbitals.
Electronic configuration of N,*~ion can be written as :

- | -1
zulu 2 " ?Ntﬁ 2 ___.Nt».
2 KK O3 Cs, 2 o | o

¥ 2oy .rwﬁk

Bond order = W (8-4)=2

Further, i . : -
T, It contains two unpaired electrons, therefore, it is paramagneti®

2 0
.__.nm.v..._. Topy
2 et
T2px |T2px

Bond order = (10-6)/2 = 2. Thus, a double bond is present in the molecule.

= VD
ON = Mﬂmﬂ.mu O2s O2pz

O, ion : These superoxide ion Oj has 17 electrons i.e., one electron

more than O and hence, this extra electron enters the nmna or
Y < a

7gpy orbital. The molecular orbital electron configuration becomes :

Am an

g 49 .3 “2py

KK o3, 65 O3p, 2 «Hq
T2px Tapx

Bond order = (10— 7)/2 = Hw

The superoxide ion is paramagnetic.
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| i ation
O ; _ 0} ion : This ion has 15 electrons. The molecular orbital configur
SOION I
. 2 - Mopy |T2py
\\\\ i oy r//z = KK of, o3, n..w_un %au *nﬁ
® OO~ OO @ | i
L |
| 1
A/./I \\\\\v WDHQ Oamu. = W (8=3)= Nm
et % ; i hs and higher
! X = - Higher bond orders are associated with m?%mpﬁbﬁwmﬂmﬁrﬁm
N Fepx 2py / z | . Therefore, we can conclude tha
| \ ’ bond strengths 0 b oedoe:
| Gope - | above specie in decreasing order can be arran, :
® 03> 0,>0; >0%
! TR |
2 I | ison of 0,*, 0,, 0,- and O 2-
s w Table 1.7.1 : Comparison of 0,7, 0,, O, 2
@ N @ , e
’ \ | “Molecular.|- el Bond wmwn.ﬁﬁi =
’ o ’ | - Specie e § s
[}
: ® . . 1 .
= \ m ’ 7 0, KK Qw.ammaw.aﬁwn-nmuunuwu 2 2 Paramagnetic
lﬂlnm__m_.r/ . 0, KK nw.awqwinw?nwan.mw*a.uv. 2 Paramagnetic
Fa A |
\ | =
/! AN 2 "2 2 2 _a _a _= 1 P. etic
@ / 5 hw _ 0, KK ©3,0,5,0,5 M55 Moy Mg Mo, Hm aramagn
—— . .
A I | .
* 4
|1 /, \\ - 0,- KK o}, o505, n5 2 R | 1 Diamagnetic
1 b m“.w s |
H ) AY ' v == :
“. > : Ty &.m 1.8. | Draw the molecular orbital diagram of F, and Ne,. State
|4 ! { ' bmorers TS
_ i Yo o their magnetic behaviour.,
| s = e ] C
i I e e e e S T g
| (Fig L7, Eiergy Iovel diageai for O molscile) oo SR -y PV
| 0.*ion : iy . _ cular lourine molecule (F,) : ourine atom has 7 electrons in the outermost
! =4 ‘on : The peroxide ion O has 18 electrons and has mole | shell and hence 14 electrons are arranged in the molecular orbital as-
{ orbital configuration as - % &
b 2, [ns2 KK 505203, | 2P *uua
il - T To | 525 2pz 2 *9
= KK an Qum O.W_uu “_w.v. am&‘ "2px |T2px
| i | 8-6)
i _ Bond order = =1
Bond order = 10-8) _ 1 o
——
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The F-F bond is rather weak. Since, there are no unpaired electrons, ¢h,

molecule is diamagnetic.

‘Energy

Neon molecule (Ne,) : 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 moleeular electronic configuration of Neon molecule

would be ;
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_ Principle of valence bond theory :
:;P,_/ i _ 1 Two combining atoms must come closer to each oth
L A%
7oA - [

aumonodmlmﬁﬁua.
., _ H&mox«msnomsmlmgmum n_m pends upon :
A VA V e . _ a. Nature of involved orbitals

- \ r,zf @ @ b. Types of overlapping

o o 4 b 1

T el P

2. Theoverlapping orbitals must have unpaired and opposite spin electrons,
A Sh QCID i o ! 8. Anew localized orbital is formed where probability of finding electrons
L N A _ is maximum,
/ _. 4. Electrostatic attraction between nuclei and attraction between spins of
antispin electrons is responsible for the formation of covalent bond.
5.

More the extent of overlapping, greater will be attr
and stability, and lesser bond strength.

| 6. Sigma bond is formed by the oqwn_m
while pi bond is formed by the side

action, bond energy

pping of orbitals along their axis

wise overlapping of two half-filled
orbitals,
Ny s Difference between Valence bond theory and Molecular orbital
) m M X [ theory :
b | |8:No| Valence bond method Molecular orbital method
TF | 1. |In valence hond method, a | In molecular orbital method, the
g %1 Y | molecule is composed of atoms combining atoms lose their
2 % which retain their individual | individua] identity.
@ ¥ 1 @ identity even after bond
/ D ——— | formation,
1s bl f 1s 2. |Anelectron moves in the field of | An electron moves in the field of
B / one nucleus only, Le., atomic | more than one nucleus i.e.,
S ¥ orbitals are monocentric, molecular orbitals are polycentric,
- 3. ﬁ;mu.om bond method does not Molecular orbital theory explains
. i i Mos i M..xEmE the vwﬁ,mgmmﬂ._msmﬁ of | the Paramagnetism of 0Xygen
5 . 2 Successfully, successfully.
ig. 1.11.1. Energy level diagram for G, i|.|rJ|.|.|.|.|.|q|.||||I|I.I.|.I|I|||I||.||I|||I||I|||.'
Fig TEY 4, .M_.P does not involve the | It involves the formation of
) ] L. ‘bond theory. ormation of bonding and bonding and antibondi bitals.
Que 1.12. _ Write the basic principles of Valence anithanaing orbie g nding orbitals
“ UPTU 2012-13, Marks 05 5. |Atomic orbitals invalence bong Molecular orbitals in molecular
OR method are representeq by s, | method are represented by
What do you mean by Valence bond theory ? Distinguish between ;Illl.? dandf. 00" rt etc.
0 you i : II|||.||.|JIIi..I|||..I|.Ii||II|I||||||I||||||||| 4
Valence bond theory and Molecular orbital theory. .
|._ Que 1.13. | Whay is metallic bond 2 Explain it on the basis of
Answer i "
A..F—mzom bond theory : In the valence bond (electron pair) theory : molecular orbita] theory ? _”dﬂmd.“l.bﬁwrﬂ._.._g ,omn_
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.
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Metallic bond theory :

1. The atomicorbitals of the atoms, with same symmetry and same energy
overlap each other and resulting in the almost continuous energy bang
of extremely large number of energy level of molecular orbitals.

9 Inthe formation of metallic erystals, 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 is completely filled, 25
atomic orbital which is half filled and 2p atomic orbital which is empty,

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

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

atomic orbitals of n Li atoms and contain n 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 thiz band.

b. 2s band : This band is formed by the combination of n times 2s
atomic orbital of Li atom. The 2s band is half filled, the electron can
easily move in this band, even at room tempe rature 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 isnearer, therefore,
they overlap each other and formed overlap zone.

n times 2p atomic orbitals
Fombine each other to form 2p
band
L1 1]
2s T s :
n times 2s atomic orbitals MMMMMMEE

combine to ﬁoqﬁ 2s band

H._-:--.H
1s 1s
n times 1s combine each other

2p

overlap zone

Non-conduction
1s band
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@Mm&m How valence bond theory account for the following :
Wz:,mzum..uvu. is diamagnetic and square planar, [NiCL]* is
ﬂmamn.smnmnmn and tetrahedral, [Ni(CO),] is diamagnetic and

tetrahedral. ; [UPTU 2012-13, Marks 04|

t form square planar complexes use one d-

m ﬁ:m period 4 metals tha
wo p-orbitals to form a valence bond hybrid

orbital + one s-orbital + t
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),, [NiClJ*". In dsp? hybridization, one d-orbital [which
is d(x? —y?)] is involved in hybridization with one s and two p-orbital.
This leads to the square planar geometry.

4. [Ni(CN),]*-and Ni{CO), are diamagnetic having paired electrons, while
[NiCl,]*" is paramagnetic. !

Few compounds undergoing this hybridization are [Ni(CN),]*~.

a. Ni

o

b.  Ni**

. [Ni(CN)J*

@] [fTal ]

CN~™ CN™CN~-
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Oxidation| Type of | Geome 2
Atomfonicomplex Configuration state of |hybridiz. nrbw”-d. Mfy
metal ation u_....r&-dn.
==y
bR} 2 (3} (4 5 ®
4p
ari 2 :
o EEEC OO0 ° 2
EREAM G mnﬂﬂ
NiC1L* 3 +2 sp* Tetrahedral 2
sp
[NueN = +2 dep?  |Square planarl 0
Ni EEEAY @ CEL 0 2
AEEEE G mnﬂl
XiCol, Rearrangement 3 0 sp® | Tetrahedral 0
13

Band Theory of Solids, Liquid Crystals and its Applications,
Point Defect in Solids, Structure and Applications of
Graphite and Fullerenes.

CONCEPT OUTLINE : PART-2 g

o Band theoryis used to study the behayiour of solids as conductors
(metals), insulators and semiconductor. L
« Liquid crystal: A substance which flows like a liquid but have
some degree of ordering in the arrangement of its molecules.
s Point defect : Point defect means missing of the atoms in the
crystal, from the lattice site. .
« Carbon is a chemical element with symbol C and atomic number
6.
e The atoms of carbon can be bonded together in different ways,
termed allotropes of carbon. The best known are :
1. Graphite
2. Diamond
3. Fullerenes

1 ! Y " Questions-Answers

_ om m_. Answer ﬂ@ﬂm and Medium Answer Type Questions

,mm 1.15. | What do you mean by band theory ?

23 (Sem-1 &2H
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OR "
pand theory, differentiate between conductor
of

On the wmm_mm <emiconductors-

jnsulators an

Tanawer . .
Answr : . e
Hmbanﬂ_...wmﬂﬂ. “E.EEH theory provides a more comprehensive model of me
H.H...cm

bonding- i
2 .Eum. orbitals characteristic of the whole crystal are obtained

mbinations of the atomie orbitals of the individual atoms.
i lecular orbital theory is sometimes called band

as linear

3. This extension of mo
theory.
4. Band theory explains the pro
a. Electrical conduction in metals
b. Thermal conduction
e. Metallic lustre
Application of band theory of metals :
1. Conductor (Metals) :
o 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. A

perties 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 little energy input) be promoted from filled orbitals in the band

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

e. Therefore, metals conduct electricity because the partially-filled

band of orbi i
mmEv_w . orbitals allows electrons to move easily throughout the

2. Imsulators (Non metals) :
a.

In non-metals, bands are wi
P e widely separated, so no electron movement

b.  We know that non-metallic solids form two distinct bands.

¢. Thel i .
: r%<wﬂwﬂ Muwumu.. band, known as the valence band, contains all of
Emrﬁ,éum«m mwnuanw (the band is filled with electrons), while the
BY band, the conduction band, contains no electrons.

d.  Electronsin the
! filled v
i€hin the & auno_mn alence band cannot move to other orbitals

flled. band, because all of the orbitals are already
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e. Nomotion of electrons occurs in the conduction band, vmnmg it
g : 1tig
empty. '

£  Moreover, these bands are separated by a large bang g,
. Therefore, a large amount of input energy is required to
g an electron from the filled lower energy (valence) _vmbwu.mw“oﬁm
unfilled higher energy (conduction) band. s.p.m

8. Semiconductors :

a  Semiconductor are of two types : intrinsic and nwﬁu;mm
semiconductors. e

b. Intrinsic semiconductors (like Si or Ge) are having sma —
gap between the filled valence band (VB) and empty Su&amu
band (CB) as shown in Fig. 1.15.1, sufficient to promote an &._n:.o”
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 to CB increase
with rise in temperature, thus conductivity of semiconductors
increase with temperature. .

e. The conductance of semiconductors can also be improved by doping.

f.  Doping means treatment of 8i and Ge (typically semiconductors)
with impurity atoms of Group (ITI) and Group (V) giving respectively
p-type and n-type extrinsic semiconductors.

Conduetion band
(CB) :

. _H w Conduetion
//ﬁ 2 - Wmn-u@ — band (CB)

cB [ JcB
or N\ w ] VB gap ﬂ )
Filled Small-gap [ Impurity band
7

Valence

4 1} bond @ﬂm 77 vB

OB ) (ii) (VB)

Bond energy -+
E
N

(i) Intrinsic (ii) Intrinsic

(b) Insulators (e) Semiconductors

ue 1.16. | What is hydrogen bonding ? Differentiate between intra
and intermolecular hydrogen bonding with suitable example.

12, Marks 05

F_‘_._ e e
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%«mv\

Hy &.on.@n bonding : The attractive force which Ewﬂ_m hydrogen atom of
one molecule with electronegative atom (F, O or N) of another molecule is

A hydrogen bonding
known a5 AyGrog  H_FIIH-FUIH-FIH_F

Type of hydrogen bonds
(a) Intermolecular H-boad

(b) Intra molecular H-bond
S.No. | Intermolecular H bonding | Intramolecular H bondin
.H, The hydrogen bonding :
occurring between two or more | within a single molecule is called

similar or different molecules is | intra-molecular hydrogen
called intermolecular H |bonding.

bonding. @mclm
Z
H-FUIH-FIH-Fl : g

2. |In this type of hydrogen | Noassociation of molecules takes
bonding, association of | place.
molecules takes place.

w._H,Em@vmowwmmwammﬁcobﬁbm_.H.Emr_ﬂmamg&ommb_uoﬂ&nwmm
is external. internal. /

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

HE. Describe the properties of hydrogen bond and

naummn...-mnno of hydrogen bonding. F%ﬁgswu&.ww.gnm.ru -

noﬂm@n:mﬂnmm of hydrogen bonding :

1. Boiling .u&ﬁm : .w@mmuw point of liquids increases because H-bonding
leads to increase in intermolecular attractions which leads to increase in
heat of vapourization.

2, .H‘.T—m -1 _._.__.F_.._.._—RW OWOHW ic m; i i
0 0 s51n
) . ANIC ¢ ?:5@ water is W&wﬂ_.uuﬂ.ﬂmm to F..u. dr ogen

m. jgm:ﬂ&g:_ma m._ucumwimzﬂ.mmmmmB..Emamcnm_umnﬂmgﬁwaﬁa_onimm
in the different layers of the H-bonded liquids. 4 ;

4, dﬁ” ﬂ% Wm_u of m_-_uo.u&um. we can compare the density of ice and
water. Hydrogen bonding explains why ice is less dense than water.
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Properties of hydrogen bond :

a. High electronegativity : The mmmnmgnmmm?&w of the atomg foiay
hydrogen atom is linked should be high. More is the electrone, Whic

i a3 S Bativig
the element to which hydrogen islinked, greater is the polar ¥ of

nTm.n‘ﬂn

and hence stronger is the hydrogen bond. ter

b.  Smallsize of the atom attached to hydrogen : The smaller th i
greater will be the polarity of the covalent bond and hence !

2 m.n.mﬂﬂmﬂ c...._.:
be electrostatic attraction between the two molecules,

Que 1.18. | Mention briefly the type of Vander Waal's forces,

UPTU 201213, Marks o7

The force of attraction or repulsion which acts between atoms, iong oy
molecules is termed as intermolecular force. d

Vander Waal's force : The weak force of attraction betw
bonded atoms or jons is termed as Vander Waal's force.

It is of three types :

1.

ecn two nop.

Dipole-Dipole : Due to electronegativity difference between atomsin 5
polar covalent molecules like HCI, a force of attraction between adjacent
molecules termed as &vc_m.&taﬁmmﬁﬂmnacu.

+H -5 +§ -5
H—q....H—qa
v
Dipole-Dipole
Dipole-induced dipole forces t A small dipole moment is
the Argon atom by the distortion of electron around it by
which creates dipole-induced dipole force between HCI and
+H 5 +5-5
H—-Cl.. Ar

3. Induceddipole-induced dipole forees : This is the force of attraction
between pair of atoms, that is, developed by the constant fluctuations in
electron density.

+m®\|m +8 @ -5
m_?w,u What is liquid crystal ? Distinguish between nematic

.E....& smectic liquid crystal and give its applications.
[UPTU 2013-14, Marks 10

induced on
polar HC]
Argon.

., OR
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. ic and smectic
id erystal 2 Distinguish vm,nise.ﬂ. nematic o

What are ligu

liquid crystals.

e iqui stals i
the principle, working and applications of liquid cry n
Discuss thep 4 .
LCDs:

. b. Chiral nematic phase
a. Nematic phase

[UPTU 2014-15, Marks 10

c. Smectic phase

c’ a = 1&
is liquid crystalline state ? Describe the various types of liqui
EE”HW:MMN.W the application of liquid erystals.
ery -

| UPTU 2014-15, Marks 10 |
Answer _

Liquid erystals : g
3 iquid crystals are the substances that exhibit a phase of matter nsmmw
. Wuaschwnﬁmam between those of a conventional liquid, and those of a
as
solid erystal. )
i i i two sharp phase transformation
re certain solids which undergo vo st se transfor
. MMM Hﬂwn other. They first fuse sharply u.am,_n_.._b.m turbid ._u_pﬂhn_w“ and then
again equally sharply at high temperature giving clear nE& 5 -
: i iqui isotropy in it. They show double
»y may flow like liquid but ?wﬁ.u aniso 1ey ¢
% M_MWMnSoM and interference in all directions termed as EE& crystals or
crystalline liquids or anisotropic liquids or mesomorphic state.

4. For example. Cholesteryl Benzoate (C;H,COOC_H,,) has two melting
point :
Transition point Turbid liquids Melting point @
e T — lor liquid crystals) | ™ “ liqui

Principle of liquid erystal :

Principle of display : :
1. The molecules in 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, c._.m aligned moleculesin different
directions have different optical properties.

2. Aliquid crystal display consists of an array of tiny segments called as

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

ieh be
the pixels effectively a separate red, E_u_m or green _._mrf%ﬂ can -
switched on or off very rapidly m_mnn_._.“_.EnE_w nm.__mh liquid erystals
rotate polarized light to make the moving colour picture.
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Working of liquid erystals : Engineering Chemistry
Thermotropic liquid crystals are classified as:

L Liquid erystals have rod like molecules and can rotate the direction of
polarized light based upon alignment, L Nematicphase: e S
i ; N matic means thread. They are thread turbid
= ME_M.NMMMMMMM oﬁﬂn_mnﬂmm n_mvmb_wm controlled by application of electric . Wmm.ﬁww.nﬂwﬁmn than smectic.
eld. nematic 1) consists o SRy aniso Smecne ) »
conductive transparent EEEHnMEMMMm Hmumﬂm“mn”mo H_M.Hwﬂ.ﬂumn_wmnmu ﬂmm b, The molecules flow like rn_c.i and their center of mass positions
sealed light passing through one polarizer between them, Thers - arerendomly distributed asinaliquid.
polarizer on outer side of one plate and analyzer onother plate. The e c. Nematies have fluid like structure as isotropic Tquids but can ﬂ_udnmu.
aspacer to conirol cell gap. coheres " aligned by an external magnetic or electric field which has amﬂn.u“_
3. 1i ssi : - properties of uniaxial crystal & makes them extremely useful in
: ght passing through polarizer has its polarization rotated with the LCDs.

alignment direction of LC. As the light reaches to analyzer, it can be
passed or E.wo_p.mm" depending upon extent of rotation. Electric field is
SJM_“& with the transparent conductors and the direction of LC
mo es.

th=

The liquid erystal cell acts as a light switch. When a v oltage is applied,
Qm.m.o molecules tend to align with the resulting electric field and the
optical property of cell gets lost ie., cell is dark. When the electrie
field is turped off, the molecules relax back to their twisted state and
the cell becomes transparent again.

Fig. 1.19.2. Schematic of mesogen ordering in WEEEHE. 5
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.

c.  This phase has mobility within the layer only and is not affected by
magnetic field.

d.  Smectic liquid crystals are different from nematics in that they
have one more degree of orientation order than do the nematics.

(b) Polarized light . anwg e_za_ﬁ!ae.w._. | - .\/ =
 Fig. 1.19.1. Geometry of a working LCD cell. The polarizer and analyzer ‘ , _ \ m
£ (which are arranged uuhmum_.s the director orientation at :umw.. adjacent _ \ ./ —
g o . A
on o crystals :
Liquid nqm»mnm can be divided into w._umm.Bo:.oEn and Hmﬂoﬁnoﬂn LCs: . ) : == __ ___ ______ Z \\\\\\\\\\\\%\\
1. The transitions between the liquid crystals are given by the change in - ) _____ __ _ _
temperature and hence these are called thermotropic. “ __ __ \\\\\\\\\\\\\\\\
2. The phase transitions may also depend on concentration of the mesogen
in the solvent, and these liquid crystals are called lyotropic. __ __ ___ __= ____ \%\\\\\\\\\\\\
Thermotropic are mostly used for technical applications while Iyotropic Smectic A B mBn.._mBn ¢
are important for biological systems, for example, membranes _ [ Fig.119.3.
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3. Chiral nematic/Cholesteric phase :
a.  Another common phase is cholesteric, also known as chiral nematie,

b. In this phase, the molecules twist slightly from one layer to the
next, resulting in a spiral 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 chiral nematic liquid.
There are several applications of liquid erystals :

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.

L Liquid erystal displays :

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

b. Liquid erystals 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.

d. Itisoften 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.

1.
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iqui al thermometers : .
5 w._nsm“_m“%ﬂoﬁm:n ?r&oﬁmﬁa_ liquid erystals reflect light with a
" wavelength equal to the pitch.
b. Because the pitchis dependent upon temperature, the color reflected
. is also dependent upon temperature.
¢. Liquid crystal makes it possible to accurately gauge temperature
. just by looking at the colour of the thermometer.

tical imaging : . )
i Mu Application of liquid crystals is now being explored is optical imaging
and recording.
b. Inthistechnology, a liquid crystal cell is placed between two layers
of photoconductor. B
¢. Lightisapplied tothe photoconductor, which increases the material's
conductivity.
-d. 'This causes an electric field to develop in the liquid crystal
corresponding to the intensity of the light.
4. Other liquid crystal applications :
a. Liguid 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 example, 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 computer-

aided drawing (CAD), and light modulators for colour electronic
imaging.

Que 1.20. | What are crystal imperfections ? Explain the one and
two dimensional imperfections in solid

[ UPTU 2018-14, Marks 10 |

Answer

Crystal imperfections :

An ionic crystal which has the same unit cell containing the same lattice

points throughout the whole erystal is known as ideal erystal. Any deviation
m.uoE completely ordered arrangement in a crystal is called disorder or a

/defect. There are two common types of imperfections :

Electronic imperfections : These correspond to defects inionic erystals
due to the electrons. The bonds from which electrons have been removed
become electron deficient and are referred as holes. Free electrons and
‘holes in erystals are considered to be electronic imperfections.
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Cory
2 m.omun.mn?ﬁa or atomic imperfections ; The defectg which g
to E.m irregularity or deviations from ideal arrangement omm_..oamzmm due
a point or an atom in a crystalline substance are called point mm Aroupg
atomic imperfections, efects or
Types of point defects :

1. Schottky defects :

2. When one positive ion and one negative ion are missing from
sitein crystal lattice, then a pair of vacancies or holes is n«om_.owzw
b. The paired vacancies at different sites ;

Rl s ; in a crystal arige g,
missing of pairs of cation-anion, is known as Schottky defect e
Cation
vacancy
(+ve hole)
Anion @ e e 2t @
vacancy \
(-ve hole) o e 9 e o

m..m.m..,.”_.;.n.m.h...mnrcﬁww m..uhwn&w,.”. .

¢.  The Schottky defect is generated in jonic crystals when
i Co-ordination number of an lon is high,

.  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. Frenkel defect:

a.  When anion(generally cation) shifts from its position to interstitial
positionin the erystal 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¢. Thisdefect 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,

Engineering Chemistry 33 (Sem-1&2)H

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

Cation at
interstitial site

dislocation of cation
(+ve hole)

Fig. 1.20.1. Frenkel defects.

Que 1.21. | What are stoichiometric and non-stoichiometric
defects ? Explain Frenkel and Schottky defects found in solids.

| UPTU 2014-15, Marks 05 |

‘Answer _ .. -

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 ratio of positive and negative jons) are called
stoichiometric defects. These are of follow ing types :

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

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

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

Non-stoichiometric defects : The defects which disturb the stoichiometry

of the compounds are called non-stoichiometry defects. These defects are
either due to the presence of excess metal ions or deficiency of metal ions,
1. Metal excess defects due to anion vacancies :

4. Acompound may have excess metal anion if a ne gative ionis absent
from its lattice site, leaving a 'hole', which is occupied by electron to
maintain electrical neutrality,

b.  This type of defects is found in erystals which are 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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1o

¢ The ‘holes’ occupied 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 extra
positive ion is present in an interstitial site.

b. Electrical neutrality is maintained by the presence of an electron in
the interstitial site.

c.  This type of defects are exhibit by the erystals which are likely to
exhibit Frenkel defects, for example, when ZnO is heated, it loses
oxygen reversibly.

d. The excess is accommodated in interstitial sites, with electrons
trapped in the neighbourhood.

e. The yellow colour and the electrical conductivity of the non-
stoichiometric ZnO is due to these trapped electrons.

YR e
PO PPOD
-0 -6

Fig. 1.21.1.Metal excess Fig. 1.21.2
defect due to extra cation. nmmmmﬁ due E.nﬂwoﬂ.”ﬂﬂﬂnh“

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

Explain the structure of graphite.

[UPTU 201814, Marks 05| |

OR

[UPTU 301215, Maris o5

Answer _

Graphite :
1. Graphite has a planar two dimensional sheet like structure, )
of number of flat-plates made up of network of hexagons. It Consistg
2. Init, each carbon atom is directly and nouﬁ_m:m_u. bonded ¢ ¢ "
carbon atoms by making use of three sp* hybrid orbitals_ hree other _
3. Asingly occupied p-orbitals remains on each carbon ato, which lies ot [
a

right angles to the plane of the molecule.
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L ¢h p-orbitals undergo overlapping leading to nrmpm merger an

s s . rbital whose one part lies above the

formation of a new, giant, 7-0 0

hexagonal plane and the other part lies below it.

Thus, in graphite, each carbon atom uses only three valence electrons

for bonding.

The fourth valence electron over each carbon atom is free to

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/em?). .

b. Coefficient of friction of graphite is low so that even a small foree 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.

¢. 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.

move

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.

Properties of graphite :

1.
b

3.

Each carbon

Carbon atom in atom bonded by
a network of only three covalent
hexagons bond

Plates of layers

capable of sliding
parallel to each
other )

spsns
'S
-

. i 1.42 A
Fig. 1.22.1. Layered structure of graphite. |

Density = 2.22 gm/ce.

Vi ft idi
5 WMM‘E wo because of easy sliding of weakly bonded planes of carbon

It is ery WOQQ nﬂ_ﬂ_ﬂﬂﬁﬂ ici
; v or of uﬁ
; ) e ”uﬂn.nn—&u__ due to un|.0~mﬁ.ﬂ~ on —vohnnm on gﬂr

It has high i ivi i i
-y gher chemical reactivity than diamond because it contains

Graphite sheet-molecules on folding form carbon nano tubes.




36(Sem-1 &2)H Molecular Orbital Theg ry

6. Graphite forms conducting intercalation compounds i.c., compounds
formed by insertion of ions, molecules or atoms between graphite layers,
The alkali metals, halides, etc., form graphite intercalation compounda,

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

Applications of graphite :

1. Being soft, it is used as lubricant either in 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, ete., in electricity, reactions.

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

SO G AR

application of fullerene.

OR
Discuss the structure and applications of fullerenes.

[ UPTU 2014-15, Marks 05 |

Answer

1. Fullerene is an allotrope of carbon (C,,) which is popularly known ag
Buckminster fullerens in the honor of an architect Buckminster Fuller
who designed dome structures based on hexagon and pentagons which

H

resemble with C, .
2 Some other diserete molecules with clusters of C atoms like C,.C..C
i /) L
hzve been formed and eollectiv w..un.. known 2z *-c___mﬂﬁ:«-.m. T

3. Preparation: Fullerenes are prepared by vapaurizing a graphite rod in
helium ztmosphere. Mixture of w:__mwmawm like C,, O, ete., ate formed
which sre separated by solvent extraetion, Pure C,,.isisolated feon Sl
mirture by column chromatography.

Structure :

[ UPTU 2013-14, Marks 05 |
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1. The molecule is icogahedron having 52 faces in which 12 are pentagons
and 20 are hexagons.

2. The valences of each C-atorn are

double bond.,

It is a spherical cluster of C atoms arranged in a series of five and #ix

member rings to form goccer ball, *

Synthesis of fullerene : [t can be prepared @

1. hyvapourizing the graphite rod in a helium atmosphere,

gatisfied by two gingle bond and onse

@

2. evaporation of C using registive heat,

3. when an electric gpark iz struck be tween graphite rods,

Properties of fullerene :

1. Itiasblack powdery material.

2. Itforms deep magenta solution when dissolved in benzene,

3. Itizvery tough and thermally stable.

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

5. It exists ag a dizerete molecule.

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

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

Application of fullerene :

1. Itizuszedin making superconductors.

2. Itis usedin making zoft ferromagnets.

5. Itisuzed inelectronie deviees,

4. Itis used in microelectronic and non-linear optical devices,

(FART3 ]

Concepts of Nano-Materials and its Applications.

5. Itizused asa lubricant.

CONCEPT OUTLINE : PART-2

* Nano-materials : The materials having at least one dimension
in the nano scale are called nano-materials,

* Nano-technology : It can be defined as the manipulation of
atoms and molecules at nano scale (1-100 nm),

. Zmbo.ar.mamqu : It involves the study of synthesis and
characterization of nano-materials.
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* General method of synthesis :
1. Bottom-up approach
2 Top-down approach
« Materials self-assembly : It is defined as the reversible and
spontaneous organization of molecule into ordered structures.
It takes place by non-covalent interactions and there is no

externzl work required.

r

|

Questions-Answers

Long Answer Type and Medium Answer Type Questions

Que 1.24. _ Explain nanotechnology. |UPTU 2012-13, Marks 04 |

e

1

2

i

i

i

N znotechnology (sumetimes shortened to "nanotech”) is the manipulation
of matter on an atomic and molecular scale.

The earlicst widespread description of nanotechnology referred to the
particular technological goal of precizely manipulating atoms and
molesnles for fabricstion of macro seale products, also referred to as
molecular nenotechnology.

Nanstechnology 2z defined by size is naturally very broad, including
felds of science as diverse as surface science, organic chemistry,
moleenlzr bislogy, semiconductor physics, micro fabrication, etc.

ATl materizls zre composed of grains, which in turn comprise of many
ztoms. Depending on the ize, these grains may be vizible or invisible to
the nzked eye.

Conventionzl materi izlz have graing of zize varying from hundreds of
reicrons to centimeters. The size of any bulk material can be expressed
in three dimensioms.

Tre zrez ofzny va.b..nH mzterizl can be expreszed in two dimensions and
the length of any linear material can be exprezsed in one dimension,

....m‘.b......hn\..wmw_h. SFR ke defined as thowe materials which have structured
wompanernts with gize less than 100 nm at lezst in one dimension,

Mzterizls rw&“ uze rznoecale in one dimensgion (and are extended in the
uther two dimenzions) are layers, such a3 thin films or gurface eoatings,

u‘mwﬁﬂ&r nmﬁ« are nanweale in two dimenzions (and are extended in
one dimenzion) include nanowires and nanotubes

i - m
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i scale in three dimensions are particles, for
10. Materials that are panoi o et

1L

12.

Applications of nanomaterials :

1

recipitates, colloids and quantu t 2
i anocrystalline materials which are made

also fall in this category.

Nanoscience can be defined as the study of phenomenon and
manipulation of materials at atomie, molecular and macromolecular

scales, where properties differ significantly from those ata larger scale.

example,
semiconductor materials). N

up of nanometre-sized grains

Nanotechnology can be defined as the design, characterization,
production and application of structures, devices and systems by
controlling shape and size at the nanometre scale.

Nanoparticles are “the small particles with a big future”. Because of
their extremely small particle size, they have mnﬂwwﬂm:« 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.
fillers, paints, magnetic

In dispersed state, nanoparticles are used as
rocket propellants, fuel

recording media, ferro fluids, drugs, phosphors,

additives, ete.

In consolidate state, nanoparticles are used as catalysts, fuel cells, sensars,

adeorbents, synthetic bone, self cleaning glass etc.

In ordered assembly form, nanoparticles are used as quantum electronic
devices, photonic crystals, DNA chips, biesensors ete.

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

Que 1.25. | What are nano-materials ? Give its properties.

‘Answer

Nano-materials : The materials having at least one dimension in the nano
seale are called nano-materials.

Properties of nano-materials :

L

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

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

- 8 as
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i Forexample,acube ofiron with side 10cm long,
" ofsurface atoms is only 1075 %.

i When the same cube is cut into smaller cubes with side]

10 nm, the percentage of surface atoms increaseg “gth

to 109,
When the cube is further cut into nwc_m with side i
every atom comes on the surface. This inverse relat; osm_”_ gMﬂ
the particle size and surface area is responsible o)
remarkable changes in the physical and chemical ?Eu
nano-materials.

iv.

for th,
ertieg of

b. Surface chemistry of materials :

i Due toincreased surface area, nano-materials POSSess greaf,,
surface energy and are thermodynamically less stable.

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

These have enhanced reactivity and greater tendeney tp
agglomerate. These have higher surface energy and are
relatively unstable. As a system, the nano-materials thug 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 electronie properties of solids.

c. wumo:mw, these are determined by the energy levels, typesof bonds
etween atoms, energy bands, energy gaps and Fermi levels,

Some characteristics of electronic structure of solids are :

i W¢mﬂ isolated mom&mﬁrm electrons move in quantified mnﬂ.a_.

wm_»m. __\.Spmz the .a_m_pmbam between atoms is less, electron

orbitals interact with each other, which lead to broadeningof
energy levels to form energy bands.

i :
MMM n___._bwu..mrm: nnmmﬁanm form narrow bands called internd
elact i w_ma?msm in external shell form valence bands. The
} Tons In excited state form conduction band.
ﬁhﬁ.ﬁwnm of energy between valence band and conductio®
gap is um_.o.& cnergy gap. In metals, (or conductors) this eners’

i1t is small § B in
tase of insulatorg 1 case of semiconductors and Jarg®

.

K
3
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&

‘a.

The maximum energy for electrons at absolute zero (0 E_ is
called Fermi level energy. The physical properties of materials
are mainly governed by electrons that have energy larger

than Fermi energy.

v.

Mechanical properties :

Nanocrystalline materials have an average crystallite size in ﬁ.um
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 grains
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 ervstals and
deformed homogeneously.

The erystallinity 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, it is generally accepted that grain boundaries
act both as sources and sinks for dislocations. So, intrinsic plastie
deformations arise from the interplay between dislocation and grain
boundaries. |

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 decrease is 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 1.26. [ What are the general methods of synthesis for nano-

ﬁ materials ?
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4  Chemical vapour condensation (CVC) :

Enpneermng Chemnstry £215e=-1&2H
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metwork _Smt.uumﬁhwnquhﬂaﬂmﬁﬁnm@-uﬂﬁlﬁwi

Toe resctivns imvsived in the solpe! chemistry tased o= the

Eréroiras zod comdensation of metzl slpoxides MiOE: ca= be

Benrrited zs wlows :

WOR - H O — MOH-20H (ydrolyss
MOE ~ B — MM BOH (eomdemeation

Liguid solid reactions precipitation):

i Fﬁrﬁﬂm\hﬂ.ﬁ.ﬂﬂu&?ﬂvﬂu&hﬂﬁ&% ==
profuced by precipination.

i ﬂh%&@nﬂr&wmmsw.hﬂWN

= Forexzmples, IO, prwder =00 mﬂmun.m szes i the rz=z= .m.._.rww.
Hleﬁmwﬂumumﬂli&WﬂuEllﬁrgﬂuﬁmwuwu
method.

v, Similarly,ZoS powder sy be prodoeed
sal solmtions with thivesstamide.

Gazs condensation processing (GPC :

i Gas condensziion wes the Orst technigue nsed 5 sy=thesize
namoerysialline metals aod slloys.

5 1o this techmigue, 2 metallic or inorganic material i vapourized
using thermzl evapurativn sources such zs electron beas

evepurstion devices in 2o inerl gas atmosphere.

Clusters of panoperticles form in the vidnity of the somee by

homegensous nucleation in the g28 phzse and grow by cozlescenes

2nd insorperetion of stoms form the gas phase

Tre cluster of particle size depepds criticallyon -

2z  The time spent by the particles in the growih phase,

b. Gas pressure,

¢. The kind of inert gas used, and

d  The evaporation ratefvapour pressure of the evapor=nng
material.

The size of nznoparticles increases with incresse 10 gas pressure,

vapour pressure and mass of the inert gas.

e

recrssary condstion

(2

i

.

i  This technique involves pyrolysis of vapours of metal organic
precursore in a reduced pressure atmosphere

i Nanoparticles of ZrO,, Y ,0, and nanowhaskers buve been produced
by this method. The evaporative source used in GPC is replaced by
a hot wall reactor in the CVC process

G Nanosized particles of metals and coramic can be ohtained m good
amiounts by sdjusting the ressdence time iﬁﬂqﬁiﬂi&ﬂfﬁ




[
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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.

. In this process, a laser beam is used as the primary excitation

source for vapourization of metal precursor from the surface and

generating clusters directly from a solid sample.

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

iv. The hot 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 is based 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 These include 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.

B 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.

v. 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 : =

L Thismethod involves solvent-less pyrolysis of a suita
material. One of the oldest nano-materials, activate
prepared using this method.

ble precursor
d charcoal, is

i.  Precursor materials such as wood or coal
temperatures 600-900° C in the absence of ajr
specific surface (porous) area up to 2,000 m?

are pyrolyzed at
to obtain charcoal of
gL
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iii. Inthe process, the materials are carbonized EEE mnBva_u&mnw
of CO,, O, or steam at 600-1200°C and activation 1s carme using
chemical such as KOH, NaOH, ZnClL, or phosphoric acid. K

Solvothermal synthesis: Thisisa verzatile Emﬂwnm_ for m..d»rmmﬁbm

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

enables synthesis of crystalline products at Jow temperatures and
helps control the size morphology of the resultant prodocts.
on:

Wumo_mﬂmnm“m_m“ﬂ“nnm involves creation of solid materi ﬂm from

electrochemical reactions in liquids. A conducting substrate is placed

in liquid containing electrolytes.

When a potential is applied. redox reaction takes place znd the

material is deposited as thin film at the cathode.

i, Electroless deposition can also be obrained by nsing complex
chemical solutions wherein deposition occurs .Mvuhammumn._dmu..d
(without applied electric potential) and sometimes ampeatatyrically
on surfaces.

iv. Nanorods and nanoparticles can be fabricated by both the methods
using templates.

v. Forexample, semiconductor ZnO nanotube arrays == m...dﬁw&n.mm
by direct electrochemical deposition form agueous scluton ints the
pore channels of anodically-formed alumina.

Top-down approach :

=l

High-energy ball milling is the milling process commonly nsed in ceramic
processing and powder metallurgy. and involves particle size reduction.
solid-state alloying, mixing or blending, and particle shape changes.
The process is used only for hard, brittle materials which fracture, deform
and cold weld during the milling operation.

The technique has been extended to produce a variety of nanocrvstalline,
amorphous and quasicrystalline materials.

Avariety of ball mills such as tumbler mills, attrition 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 of hardened steel or tungsten carbide
coated balls in sealed container which is 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.

d.:u balls are made up of dense material to ensure sufficiently high
kinetic energy, which is a function of mass and velocity.
The temperature rize 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, _ Charneterize the nano-mutorinls on tho basis of wsolf-

assembly,

Answer _

Molooulne Orbital

- ;

Sellnssembly procoss is gonorally congidored n boltom-up dochn
but ean combine top-down and bottom-up appronehos whon s
structures ave neeanged on n template synthosized by op-down mothad,

5 g o 2
20 Selfaassombly cin be defined ns the revorsible and spontanoous

imium

Fig. 1.27.1, Self-nssembly. |

4. The significance of soll-nssembly is duo to the s
ol the process which is also revorsible.

In nature, self-nssembly is the procoss by which
structures are synthesized ranging from gulaxi
nanoscale. Self-nssembled
and chemistry.

There are soveral exnmples of solf-assombl

formation of lipid bilayer membrane, _.cE_..M_ o anoe
Charncteristies of self-nssombly :

1. Duilding units

0 . e
2. Thermodynamic slobility

3. Environment
4,

pontaneity and precision
b.
soveral complox

es Lo nssomblies at

structures nre ubiquitous {n biological systom
6.

ale, for example,

proteins, DNA holix, ete,

Spontaneity and reversibilily

- H
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G, Muss brnnsport .
Classifiontion of self-nssembly : The pelf-assembly can be classified on
tho Tollowing bosis @

n.  Equilibrium state of Lhe system @ .
f-nusombly ean be static or dynamic.

i, Busod on this, the
i, Static nolf-nasembly systems ure utable, as the system approaches

equilibeium on forming the ordered structure and therefore do not

dissipnte energy. Thoe formation of molecular crystals, folded and

plobular proteing are some sxamples of static sell-assembly.
aolf-nssembly, the interactions hetween the components
enn oeeur only when the system dissipates energy-. x....un:c.:.
diffugion patlerns in oscillating chemical reactions, bacterial colonies
are some examples of dynamic self-nssembly.

i, Indyom

b, Size or nnturc of building unils :

can also be classified based on the size or nature of
ing units : atomic, molecular and colloidal.

¢  System:

Solf-nssembly can also bo classified based on the system : biological or
interfucial.

Types of self-nssombly :

1. Dirocted self-nasembly :

a. Dirccted sell-nssembly is quite distinct from spontaneous self-
assembly. Physical, chemical and geometrical cues can be added to
n ol Cassembly process so that a desired structure may be obtained.

b.  Directing n solf-nssembly may involve lithographically patterning a
substrate on which self-assembly occurs, so that self-assembly
occurs only on specific regions.

¢.  Honeycomb structured patterns, grid structures, trenches and so
on, have been formed by self-assembly directed by lithographic
patterning.
2.  Molecular self-nssembly :

. .w_z_:_.::cc:m assembly of molecules, without any external
intervention is snid to be molecular self-assembly. Molecular self-
assembly is found in biology, chemistry and materials science.

H.H.Q..E_n.._.m&: of molecular crystals, phase separated polymers, colloids,
lipid bilayers, protein folding, nucleic acid folding, self-assembled
nanolnyers (SAMs) all arc examples of molecular and intramolecular
sclf-nssembly.

c.  There are two types of molecular self-asembly : intermolecular and

intramolecular self-nssembly,
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2 Two-dimensionzl assemblies:

2 Interfaces iregion where there isa gradual change of physiocthemmical
Tropersies from ome phese 1o the adizeent phase) czn undergo
dErect s=H-assembly 2long certzin direcdons by providing physical,

geometricz] znd cheripz] spares.

x — - - - - e L 3

h This tvpe of selfzssem iy is bnown 2= Interfzeizl or surizes s2lf
zszembly. Sipes, there iz a restmiction of at leasi one of the
SmemsTens 5551 nuﬂ.wlnlﬂ;..-ll._ljllpli.r..r =z g h.n,ﬂlu.rnrn-! =
It iz 2lss ngwn ez two-gimensions] Sell-2S5ETNOT.

e The zr=rezpes Sze of the assembly is 10 . I aimers rpm one-
oo Smermhes 23 0ne CIoensn 1 23s=—hhes I ETTERS
=L Tl ter St e a] meen i e s Sp— Tt ias
= lw = = z==T LS il

Que 125, _ Write 2 short note on mesoscale self-zssembly.

Weognarele seiizone—Hr WESL 13z the seFzsser iy of gfers ranging

o sizs Som 10 oo fo 10 == thvongh nenesgrstent fores sorh es
perEllerr, mpprenie Slorrosiztie zod Bget fepes. TH: invplves e
sxzensiom o 3deps enerpmg from msleenier selifassemblly 0 Iarger

2  SDepmierawels O LODIGNGIES ITTETTITWOT TRASNRSS ¢ Oerts fEn b prepered
I sl pmsem iy o fhds, with The sorirTe of the arrerE Getermined
I shemes of The ssse—tits oheets The wabisr oy of thelr s~fares o
he lmers] pemi ey Torves =3 the TomerTames

2 Sefzeseriiy restis Soe miiiretion of he Sriprfaads) Free pnever

L e = S S -
o e BoS i BeSd Tmerfane The s Devr Tmpraemine s hiefrzen phfzes
ez T viowed 25 2 pe of oo 1het i snsleonng 1o chemteal bonds tha

i Drpmem s 2o Tzl

£  Suome spe—oies o MESE Sefode cemgmimals of O35: 2ssemiled insg

TT) zrver BT rrrmstm selivo=t mploeSer =S <l I =
S ETTET IF IZETem e BLOTELS LETUF EDD Tme etz Ursvias of

pFESTEe SoheTes zsseT il 0D 2 £oss pime of Bz sorfoes mons
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TEM What are nanoscele materials ? Give application of
=emeeryuizis 2nd cdosters
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Nanocrystals and clusters

1

zre groups of atoms or molecules with 2n Interm

The size of nznocrsstals rempes between 1 nmand 100 nm Neznoclpslers

edizte stzie of maTter

between molecules znd splids,

1

The dizmeter of pznoslnsters ranges T zbom 10 o Nenoclnsiers
2ot - = o Bnireds of 65 il s o
eonsist npio 2 fow hundreds of stoms, wills bogeraggrgaies eomizmng

10° or more ztoms are often called nanoperticles.

8. Nezooclusters heve properties and sToetures which are very sensitee

10 1heir compositon 2nd size (10 the commt of every o=

whichcen lead

5 mew 2md interesring properries not reekised in the coTresponcing oS

——e =]

£ Treditions! maters
2nd serrisondueior clusiars seom to bold tne promis2 10

il in the mirrgmeter Size particles replaced Ty metal
foture leadims

o minfarmrizetisn ofdevicesendsvenmmaliva Sizfomp e WOt OO

Applications of nanocrystals and clusters:

Eppiestions s >

Meryiesheignes are

t—immes zre Geveloped to produse dlosters for nse In differem
e 1+ i meancfaere for advenced decoonic of opiesl

- o

devises, production of pEpopsTens srosinres, 2nd fzhriestion o2 T
membranes of neneporons materizls
5 e . g . "
'3 anoelnsiers of tectrnlng el fmnorient inorgere ol maerials s
2= 22 =0, CE8. g, were fouwmd o be pholoizit=iors winle their

spondine ol meserizls 635 nos X 1SS propers. /05 ciosiers

e ¥ bttt ety - Sl e e il ==

EEg T e E s e e e e e e s e e L T

e nznoctesiers of cerivm oxides (00, ) materials bave heen Sormd

o possess 2 Sgnifiesnt eonesmmesion of O™ 2nd oxygen veemmoes

ressiting In exeellent poisoming resistance sgsine H,0 and 00, 20d

substentis] rednction In the temperature of seleetive S0, redncdon by

CO.

ﬁn?_gﬂngnﬂmgamnﬁoﬂﬂuﬁoﬁ.uﬁ%u

Different types of nanocomposite materials are
i Cerzmic-matrix nanocomposites :

: B

&

[OPTU 201213, Marks 04}

Izt grovp of composies, the main part of the volume is corupied
br 2 ceramic ie | a chemical compound from the group of oxides.
nitrides, borides, silicddes et

In most cases, ﬂuﬂmﬁ.&éﬂ%wﬂwﬂh
25 the second component.
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3.

Ideally both components, the metallic one and Em ceramic one, are
finely dispersed in each other in order to elicit the particuls,

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.

One of the important nanocomposites is carbon nanotube meta]
matrix composites which is emerging new Emnmn.m._m that are being
developed to take advantage of the high tensile strength and
electrical conductivity of carbon nanotube materials.

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

are :

a. Economically producible,

b. Provide for a homogeneous dispersion of nanotubes in the
metallic matrix, and ;

c. Lead to strong interfacial adhesion.

iii. Polymer-matrix nanocomposites :

2

In the simplest case, appropriately adding nanoparticulates to a
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).

This strategy is particularly effective in yielding high performance
composites, 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.

0 hhu Give general application of nano-materials.

General applications of nano-materials are :

a. Inmedicine:

1

2

3.

Diagnostics : Magnetic nanoparticles, bo )
are used to label molecules, mnﬂznnﬁd‘m o%“om%““@ L
-0rganisms.

Drug delivery: Drug consumption and side-effects can be reduced

considerably by depositing the actj :
and inappropriate dose. Ve agent in the diseased regions

51 (Sem-1&2)H
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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.
High electron mobility transistors (HEMT) with low noise.
High gain microwave applicationi and vertical cavity surface emitting
{asers 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 :
Computer hardware
Display devices
Mobile and communication products
Audio products

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

1.
2.
3.

]

O & W N e

properties. These include :
1. Transistors from carbon nanotubes with nanometer dimensions.

2. Memory chips with density of one tetrabyte per square inch.
3. Very high speed transistors from single atom thick graphene film.

©00
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Polymerg ang _f

| Organometa]); A

I i [+ CONCEPT OUTLINE : PART-1

{ e « Polymer : A polymer is a long molecule formed by the joining
I — i of thousands of small molecular units by chemical bonds.

I Part-1. revenes (53H. 2 «+ 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 :

i olymers .
i M:%_.n Concepts &_. mc@ﬂm?mhna&m na& ﬁ.c:%am&mm 1. Based upon source of availability.
e Conducting and Biodegradable Polymers = 2. Based upon structure. |
fl | 3. Based upon mode of polymerization.
i 4, Based upon molecular forces.
it A. Concept Outline : Part-1 .. I e mm_"__ 5. Based upon the type of mechanism involved during the
B.Longand K&ESL&E% @...am ammm&ozm 53K/ growth of polymerization chain,
- « Conducting polymer : A polymer which ean noum_._ﬁ electricity
Part-2 . e (T2H - T6H) is termed as conducting polymer.
o]  Electrically conducting polymers can be classified in following
ﬁ Preparations and bﬁﬁrnazaam of Some T ;&xmﬁwam@ ms.uaaaa ways :
4 Pol B _
d 01 En@::pz una S, .Zmobwmnm. .3.8; 6, Nylon 6, 6, Terylend) Blackrivally s ducting polyins
7 1
i : I
b - A Concept Outline : Part-2 ., N /! Intrinsically mﬁaha&:w
£ B. Long and Medium &amamw @%m Qumﬁzo: s. inal conducting polymer conducting polymer
i _|_|_ _|_|_
_ Conducting Doped Conductive Blended
“ polymers having  conducting  element filled conducting
i conjugation polymer polymers polymers
* Biodegradable polymer : The polymer which gets decomposed
| by biodegradation are called biodegradable polymers.
Types:
A, Concept a. Natural
Pt Outline ; Part-3 b. Synthetic

B. Long and Medium Angy,

er Type Ques aoxm

52(Sem182) g
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Answor
£ The word ‘polymor’ i dovived from :_:. el
meaning ‘many’ nnd meros meaning ‘paret’

weienl Groole worde poly
A

2 Simply stated, npolymer is o molocular compound with high moloculur
mass, raoging into thonsands and millone o gram,
& Wis composed of o lnrge number of ropenting units of idontienl stevctueo
called monomers,
4. For example, pulythene is a polymer formed by linking togother of o
large numbor of othene molecules,
n Gy = Clly = = Cly = CHy -
Ethene Polyell
(Menpmer? (olymoer)

5. Certain polymers, such as proteins, collulose, and silk are found in
nature aud henee are ealled untural pelymers, wherens, 1 number of
polyiers are produced by synthetic routes and ave called synthotic
polymers,

6 In seme cases, naturally oceurring polymers can alse be prepared
syuthetically, For eg, vubber, which is alse known as polyisoprene.,

Characteristies of polymers are :

1. Polymers ave also known as macromoelecules because there ave "ATe
melecular weights ave 10° or more.

2 Polymers have low density and are light weight.

3 These are semi-crystalline materials,

4 The intermolecular forves that bind monewmer to

! mdies form polymers are
Vander Waal's forves. dipole-dipole attractions

or hydrogen bond ing.
-2 - 1 21 a
They show excellent resistance to corrosion,

&  Pelymersare goed thermal and electrical insulators
- Ther have low tensile strength and stiffness

3 % ¢ like rub
.“. m‘fﬁﬂwn.w like rubbers Possess wﬂ;rfw _mm.:m....uum_... .n.,ﬂd?tﬂ”.m %
% Ther are tailor mad ; o
SRS T musde materisles thar esn ¥ e o
shuipa. ?can be moulded easily in desired
Que 22 _ W
. Hﬁmcmdaﬁmﬂnuﬁnmwaﬁmonh_ R
fanctionality of polymers * -Hernzaton and
ﬁh - -
aogree of polymerization : The nember of repeqtine
HUIIDEC I 3 DUTIIRT i Eoown as the “dagas uﬁ.:.., SUng unizs in a chain
I = - L . ¥ SEfmee o S e T it
M,HPITMJ,EE OF PUIFTETERIOn are tapmeg o 2400 - Polymers
Wik SegTee of el = i —SaKCEs hr e s
= .H.u...lhu-lt.Hﬂ.u.l[L_":H are gall |.ur-aﬂ. ﬁ”mrn.naif M..H...IR.HMJ.. d those

fllymers,

finginooring Chomintry 56 (Sem-1 & 2) H

irunctionality of polymers

1, Panctionnlity moans the number of bonding sites in a monomer, The

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

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

3. Foroexamplo,
CHy=CHX —» .. CH,- CHX..

4, Thus, vinyl monemers can bo considered as bifunctional because the;
. - . w
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 menomers : all vinyl monomers, Hexamethylene
dinmine, 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, ete.

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.

Que 2.3. | How are polymers classified ? Explain.

OR
What is meant by tacticity ? With suitable examples, explain Isotactic

Syndiotactic and Atactic polymers. _.g 2014-15, Marks 05 _

OR
What are graft and block copolymers ? Give examples.

[ UPTU 2011-12, Marks 05 |

OR
How would vou obtain syndiotactic and isotactic polymers from

UPTU 2012-13, Marks 04 |

Propylene ?

Answer _
Polymers can be classified as:

L Basedon polymeric structure : A polymer molecule may beof three
tFpes on this basis:
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= . |III|.I.I.I.IIIA|I{
a. Linear: In linear polymers, the monomer units are

join
end to end in a single chain. Join togethe,

For example, High density polyetylene, Nylons etc.

\/\/\/oﬂo,,o‘_.ﬂo,,oﬂo

—(0—0—080—-0—
Linear polymer
b. WHEunTm& : Branched polymers
same m_m_m chains or branches are ¢
example, low density polyethylen

are the polymers in which the
onnected to the main chain. Fop
e, starch ete,

O—=0 +

+O0=0—
Branched polymer

c. Cross linked or Network : P

x O=—=0 + }_
Network Polymer

Based on tacticity or stereochemigtyy, .
monomers to form polymers are termegq mmwwn.ﬁﬁrm arr
the tacticity, polymers are of three types . icity, De

olymers in which

angement of
P ms&bm upon
a. Isotactic polymer :In isotacticpg]
. ; ym
or alkyl groups lie on one side of the nrMH allthe functj, sl
on the other side. and the hy nwcmmbmﬂozwm
atoms
For example, Natural rubber.

b. Atactic polymer:Ifthe groupsare i

below the chain, then polymers are |, angeq andopy

WD ag g¢, o Y 2bove
For example, Polypropylene. atactj, ghwg_mumm.ﬁm
Syndiotactic polymer : If the alky] .
Q.. wmwmﬂ alternatively m_“._odm EE below the MM“E anq rw&.c
referred to as syndiotactic. , they they aﬂmﬂmﬂ. Shome
tion js
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Polymerization
CH; —CH=CH, ——»
oﬂ_w o_E o__r_ o__mu
~CH—CH,— CH — CH,— CH — CH,— CH ~
(Isotactic)
CH, CH;

_ _
~ CH— CH,; — o_mlommlomlomul E_m =
CHy CH,
(Syndiotactic)
o_mu oﬂu oﬂu
~ omlomulomlommloﬂl CH,— CH ~

(Atactic) CHs
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 ete.

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 8, 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 in the copolymer.
—A—A—A—B—B—B—A—A_A—
(A, B = different monomers)
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b.

d

(A

a.

Based on the mode o

I/l/g:g

nuw?.ocbo_wﬂona : The polymers that contain main ¢,

exclusively one monomer with branches of the second mgy, oo
e B e s s Ry s e A OmMer,

—w—w—
——w—=

Random copol
ymers : The two monomers i

random manner in the copolymer. Thus i
—A—A—B—A—B_4A
Alternating co e

1 polymers : The two monom, i
m:mu.hmﬁ:.‘m:q along the chain of the SEGE%H.MWWM AR
—A—B—A—B_A_p__
a t f synthesis :
Addition polymers : The addition polym

monomers with multiple bon, er is one in which the

polymers. ds undergo true addition, to form the
For example, m_o_wm&wwmum. polyviny] chloride efe
n OH.HN =CH SR Gt
2—CH
CN _ W

_ CN
Condensation polymers:In 5 n_u&wa_?uz chloride

molecules combine with the eliminat; tion Polymer, tywo —,

. : on of
water, alcohol or ammonia to give mﬁ_ﬂwsa smallep molecules like
Nylon 6, 6. er. For example, Ny
n H;N—¢CHy)s—NH, + n Hoog viont,
- ﬁommu s—C00
- -._“Iuo H
H H 0
! L 0
N—CHy)g— N —C— I
:uu.wmr —C
Nylon 6, 6 n
8. Based on the behaviour when heated : These
a. Thermoplastics : The polymers which - are of twg type
hardened on cooling without or with little nrmbmma?ms on o 8:
For example, LDPE, HDPE, Nylon 6, 6, etc, 0 theg, u&ﬁﬂﬂgn
b. Thermosetting : The polymers which onee }, les.
softened again. For example, Bakelite, ﬁ,nonmn By
9. On the basis of ultimate form : Depending oy, g 0ot g
and use, a polymer can be classified as : Eza.._#m
%ﬂ_g

WEEIEERam-

SCEEISERAST PRSI
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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 gome 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 on release of stress are known as
elastomers. Synthetic rubbers constitute important examples of
this group.

mm Give the statistical methods for average molecular

weights of polymers.
OR
Why do polymers have an average molecular weight ?

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

1. Number average molecular weight (3,) :

a.  Consider asmall piece of a polymer, which contains total number of
polymer molecules as ‘n’.
b. Out of the ‘n’ molecules, if n,, molecules in the polymer have
molecular weight M.
n, molecules in the polymer have molecular weight M.
d. n,moleculesin the polymer have molecular weight M.
And so on. :

o
H

e. The total number of molecules=n=n, +n,+n,...+n,= M n;

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

ny .mfn.._.

In;

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

contribution by n, molecules will be,

M+, My+ny My +..+n, M, EIn M,
In, =

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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Weight average molecular weight (M) : |

M MoEEmw a piece of polymer having weight I,
Uppose w, is the weight of polymer molecules having pr mo]
1 Mo onc_
ar

weight;

8 _ um :
w 0 er mo Fwﬂamm uwﬁfun k#&_u Ec_ﬁwn":wmrﬂ. Emu

d. The total weight of polymer is, W

C.

=W tw, + We..=%w
e.  Weight i 1 |
ght fraction of w, weight = o and th
W e moleculgy Weight
Sk
ntribution by e, weight fractiop = §

f. mgmi.ﬁ the contributig 4

fractions can be conside 1 to molecular w.

= i : i
The weight ay erage molecular weight

eight by other weight

M. = Z8M M 3qn
In M ~F7 L

WO_EBHN. ation :
- The process of joining large number of simp

I : ]
polymer molecules is known as ﬁc@.ﬁmlum:owasmgow to f,
- T

2. Alarge numberofeth
ylene molecules (mong ™ huge
bonds to form polyethylene. mar) Eet joineg by oh,
Polymerization “j
n HyC = CH, ——————» i
w. mﬁw_mwm s o ki W i.oa_umu.#-

4 H_uw u_huvm.u. of monomer molecules that get hﬂmﬂmwfm
molecules is generally greater than 100 and m 0 forn,
thousands. e Up »Mo_wﬂm

T

S.Ew
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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.

2. The monomer molecules act as the building blocks of polymer.

3. A monomer molecule has the easily reacting positions in the form of
either 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, ete.

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 n-bond is broken, two positions become available for
polymerization.

‘Que 2.6. | State the difference between addition and condensation

polymerization.

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

S.No. .LP.&E.SOH_ Condensation
. polymerization polymerization
1. The polymerization reaction The polymerization reaction in

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 alkenes and their

Generally, bifunctional monomers

derivatives used as | are used.

monomers.
b. Homopolymers are formed. | Copolymers are formed.
6. 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.

wbﬁmﬁhnﬂm 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:
Addition or chain polymers :

_a  The polymers obtained by addition or chain polymerization of
monomer having n bond, are the addition or chain polymers. :

b. During 2.5 addition reaction, n-bond in the monomer is utilized for
polymerization and there is no byproduct formation.

e Pm&ﬁou._ or chain reaction forms the polymer having formula exact
multiple of monomer formula.

(CHy = CH)

R

All iaﬂzn monomers undergo the addition reaction during
?_%Em,:uwﬁon. in the presence of a catalyst or initiator. This type
of n.mmnﬂon.ﬁ fast and exothermic. For example, PE, PVC, PS, PMMA,
ABS plastics, PTFE, PVA, etc. .
initiator :
n HC=CH——— +CH,—CH+¥; PVC

ﬁ _

W

cl cl
initiato:
 HO=(H S ¢ oH,—Cuy PVA
OCOCH,
Vinyl acetate E00Hy

2. Condensation or step polymers ;

a. The pol i

Tha n_.mw MMM“M«HMWMM by stepwise condensation reaction between
Dot monomers along with a byproduct f; i

" condensation polymer, .
For example, polyester, poly:

Tesins, epoxy polymers, etc.

n H—NH—(CH,)
5—CO0 — OH —
W-amino caproic acid IMM +NH— (CH.

amide (nylon), urea-formaldehyde

)s— CO+
25
nylon-6 a+nH,0

n H,CO—0C — byproduct
= C=Celli—CO—0CH, + & HO—cy
dimethy] cerephthalate - =0, —oH
o, IO heat  glycql
—CgH, —C
64— CO— OCH, —
H, CH, —

0% +n CH,0H
byproduct

Ppolyester

za.
Ano
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ther 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.

L

Chain growth polymerization :

a. 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.

c. Most of the addition polymers are chain growth polymers and hence

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

Step growth polymerization :

a. Instep growth polymerization, high molecular weight polymer is
formed only near the end of the polymerization. E

b. Mostof the condensation polymers are step growth polymerization,
but a number of important exceptions exist.

¢. Instepgrowth 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.

e. Example, the non-condensation step growth polymerization of a

polyurethane prepared by jonic addition of a diol (1, 4 butanediol) to
a diisocyanate (1, 6 hexane diisocyanate)

2 HO —(CHy),—OH + 0=C=N—(CH)g—N=C=0

1, 4 butanediol ¥ 1, 6 hexane diisocyanate
0] 0O
1l ) Il
+0-(CHy,—0—C — NH —(CHy)y—NH—CHt;,
Polyurethane

‘Quezd. | Giving suitable examples, distinguish between

thermoplastic and thermosetting polymers.
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[SNo]  Thermoplasti

1L _ Thev soften on heating.

Thermosetting 1/*

They do not soften on heating. [

2 | They are long— chain linear
| molecules structure.

They have three &Emﬂmg

linked network structure. _

3. | They are formed by addition
| polymerization.

They are formed by condensatiop, |

polvmerization. __

4 | They can be =oftened,
. reshzped and reused.

They cannot be reshaped ang
reused.

5. | They are weak, soft and less

They are strong, hard and more |

brittle. brittle. _
6. | They can be reclaimed by | They cannot be reclaimed by waste. f
WaSLE. .

_

They are soluble in organic

They are insoluble in organic

| solvent. solvent.
| _ Mk.bnurv_mm“ Examples
| Folythene, polypropylene, | Bakelite €POXY resin, melamin
Aene, poly 3 ; ¥ resin, a
F! | polyvinylehloride ete, ‘ ete. ’

Oﬂu.n.wa._ What is the necessary condition for g monomer to
undergo condensation polymerization ?

Condition : The monomer contg
1. Inthis Mmechanism, the polym
the stepwise reaction betye,
monomer molecules,

molecules one after another,

UPTU 2014-15, Marks 05

ins certain functiona] groups.

€r molecule bujld.,
-up proceeds thr
0 the reactive functional ET s

2. The reactign takes place slowly in &

tepwise ey
™manner to join monomer

)5 — COOH Mwmﬂ
= d,0
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7 —NH—(CH,,).—COO0H
H,N—(CH,);—CO—NH—(CH,);—COiOH__ Hi IS >

H R - HHMO

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

The final product of nylon 6 will have following structure,
H-ANH—(CHp); — _o_ig OH
0

5. The byproduct of reaction here is water.

6. 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. _ Giving suitable example distinguish between chain
growth and step growth polymerization process.

UPTU 2013-14, Marks 05 |
Answer _

S. No. Chain or addition

Step or condensation

polymerization polymerization
1. Monomer molecule has-| Monomer molecule has functional
C = C=-bond. group. |
2. Catalyst is essential. Catalyst may or may not be |
required.
3. Exothermic reaction. Endothermic reaction.

4 Once the reaction initiated, | Reaction on growing chain takes

it goes very fast. place slowly and in stepwise
manner.
3. By product not formed. Generally byproduct is obtained
along with polymer.
6. Polymer chain ends are dead. | Polymer chain ends are live.
i Molecular weight relatively | Molecuiar weight varies low to
lower. very high depending upon time

and temperature of reaction.

8. Mechanism involves, | Mechanism involves monomer
initiation, propagation, | molecules reacting one after
termination steps. another.

Que 2.12. _ Discuss the differences between thermoplastic and
thermosetting polymers. Write a brief note on conducting polymers.

| UPTU 2014-15, Marks 10 |
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OR
Explain the conductivity of polymers with conjugateqd -
system. How is this conductivity enhanced by doping ? ectrgy
UPTU 2014-15, Maria i

. OR
What are the conditions which make the polymer conduc g3

| UPTU 2012-13, Marks g5

Answer
Conducting polymers :
A polymer which can conduct electricity is termed as conducting polymer

Examples:

a. Polyaniline is used to make rechargeable batteries in the shape as flat
buttons or as laminated rolled films.

b. ﬂoﬂ.ﬂ.«.ﬂ&m Hm used in ‘smart’ windows. These smart windows can change
their colour in response to changes in temperature or amount of sunlight.
The colour change is from a transparent yellow-green to blue-black.

Classification of conducting polymers :

Conducting polymer can be classified into following types :

L Hﬁn.ﬂﬂmunw.:u. conducting polymers : These polymers have extensive
conjugation in the backbone which is responsible for conductance. These

are further of two types :

Conducting

polymers

Extrinsically conducting
polymers

[
Intrinsically conducting ‘

polymers
| ] . |
Conducting Doped Conducting Blended
._ua_%ﬁa.mu.m w.mﬂ.bm conducting element filled conducting
conjugation polymers polymers polymers

_Fi
i. Conjugated n-electrons conducting polymers :
A key property of a conductive polymer is the presenc

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 of
valence bands as well as conduction bands, extending over the

entire polymer molecule.

& mom
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C.

ii. Doped conducting polymers :

a. -

The energy spacing between the highest occupied and lowest
unoccupied 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

Band
gap

Energy

Valance band

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

conduecting. ..
The most common examples are polyacetylene and polyaniline.

Examples :
nCH=CH —¥ /\//m\@/\\/\

% Acetylene Trans-polyacetylene
S
7 Ny —» 7\ N
Tgd
2. S 8
Thiophene Polythiophene

ductivity of vc._mwomammnm could

It was shown that electrical con A ould
incre actor of 1012 S cm* when it was doped
o 4 as alkali metal ion or an electron

an electron donor, m:m_..
acceptor, such as arsenic pen

The m.u_.onmmw of doping can be carried ou

1. Oxidation :

i. In this pr
electrons from n bo

taflouride (AsF,) or iodine.
t by two methods :

i i ome
ocess, doping typically removes S
nd of the conjugated double bonds

as they have low jonization potentials. 5
The holes so created can move along _EM Bmﬂ”n
i e., the polymer becomes electrically conductive. 2
: s removed from the toP

, when an electron i . 2
M._.wwnwm_munm bond of & conjugated polymer, such
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ole, a valence (hole o
ted, causing partiaj
al monomerig

polyacetylene or polypyrr
radical cation) is crea
delocalization, extending over sever
units.

iv. Theradical cationis called ‘po
by polarizing the medium aro
name.

v. The polarons
polymer chain by rearrange
bonds and hence the polyme

~ A VAN

/\\.Jo\/\/\/\/liv PN
VAV AV aVave

2 Doping through reduction :
i  Inthistype 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.

L It .m_._E.._E be noted that polyaniline exists in four
aﬁmmio.u states of which, only the emeraldine salt is
nwsa:ngmﬂ?n_u require protonic doping of the imine
nifrogen.

OO O
2 Conductive element-filled polymer:

@ These are the polymers which ar. :
are filled with conducti
such as carbon black, metallic fibres, metal oﬁnmmnwh“ww glomens

b. The pol .
Smﬁwam ﬁ .w.wnnm_mm a binder to hold the conducting elements
polymers possess reasonable co nductivity

¢ Moreov S :
mﬁpzwﬂwnn”ﬂum Mmmnﬁuwﬂ w_ou nh_mr light in weight and mechanically
h - n R
) conducting grade earbon. ack which is used as filler is special
This carbon me Vi 2 i
ery high surf: g
H e urface area s
o i e sy o
such as tensile strength = e properties of the

laron’. It stabilizes itgelf
und it and hence the

are mobile and can move along the
ment of double and single
r become conducting.

P

n

Overe
3. BI polymers, ome by the use of blended conducting
ended conduecti
e :nﬁuﬁﬁa_uasm..“ngasn:bm polymers cais be blended
n ende

_ e conventional polyme
formed possess better v&%mwww es P roduce blends, These blends so

——
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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.

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).
These are also used in electroluminance displays like in mobile phones

i

il
etc.

Other possible uses of conductive polymer
These can also be used in Light Emitting Diodes (LEDs), electromagnetic
shielding and non-linear optical material.

vi. Can also be used in photovoltaic devices.
Difference between thermoplastic and thermosetting polymers :

Refer Q. 2.9, Page 63H, Unit-2.
b.:m N.u.w.. Define biodegradable polymers. Write down the

muﬁ._.moﬁmoﬂm of biodegradable polymers.

iv. s include analytical sensors.

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 fi ungi or bacteria) wherein a polymer chain is

cleaved via enzymatic activity.

Requirements of biodegradation :
There are essentially following three elements for the biodegradation process

which needs to be simultaneously present :

a. Micro-organisms : These micro-organisms must exist with the
pecific for

appropriate biochemical machinery to synthesize enzymes s
the target polymer to initiate to depolymerization process.
b. Environment : The following environmental factors must be tuned in
a given environment within the window of acceptability for the organisms
producing the appropriate enzymes to degrade the target polymer :

i.  Temperature,
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ii. Pressure,
iii. Moisture,
iv. Oxygen,

v. Type and concentration of salts,
vi. Light etc.

Substrate : Here th
must have following essential features
successful :

i. Suitable functional groups :

e substrate refers to biodegradable polymer. It
for biodegradation process to be

The polymer chain must contain
suitable functional groups or linkages (like ester groups) which are
susceptible to hydrol ysis or oxidation by micro-organisms (or
enzymes) for the initiation of the biodegradation process.

ii. Hydrophilicity : Greater the hydrophilicity of the polymer, usually
largeris rate of biodegradation.

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

iv. 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.

Types of biodegradable polymers :

Broadly, biodegradable p
and Synthetic. In genera

olymers can be classified into two types : Natural
1, naturally occurring polymers are more

piodegradable than synthetic polymers.

b.

odegradable polymers: N atural rubber, collagen, lignin,

Natural bi
amples of natural

ﬁo_wﬁmwﬁam.w_ﬂﬁmimn acid) are some of the ex
biodegradable polymers.

mu:..nrmnmm“ biodegradable polymers : Polyvinyl alcohol,
polyanhydrides, poly-(3 Hydroxybutyrate-CO-3-Hydroxyvalerate) or
PHBYV 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, particularly wi '
availability of landfills, ularly with regard to decreasing

ii. Litter problems, and
iii. Entrapment or Ewm.EoE hazards to marine life.

R

3. Their properties and breakdo

< sparmra——
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lications of biodegradable polymers :

Poly (B -hydroxy butyrate) or PHB : PHB is used in the manufacture of

ApP
% ghampoo bottles.

p-hydroxy vd&qmam-w.@wmw%m_ma&w 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.

jii. Poly (1actic acid) ot 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-
ings for fertilizers and pesticides.

release coati
jtations of biodegradable polymers :
and recycling are two majo

Biodegradation
However, biodegradable

management. . .
candidatesin the recycling of commingled plastics.
nsive.

i ~ Generally, biodegradable polymers are very €xpe
w:  Broadly speaking, biodegradable polymers are not easily available.

1L
iv. Inordertostore potentially hazardous materials, landfills are built to be
. nditions which serve to

free of moisture and airtight. These anaerobic co
guard against the release of hazardous chemicals from landfills, also

retard biodegradation.

r approaches to plastic waste

Lim
polymers are not suitable

L

ers undergo

How do natural dmommmﬂ.mmw_u_a polym

.r intended
ific type of polymers that break down after inten
S atrall ch as gases (CO,, N,), water,

1. They are a spe
It in natural byproducts su

purpose to resu

biomass, and inorganic salts. ’
2. These polymers are found both naturally and m.wuarmﬂntq made, an
amide, and other functional groups.

largely consist of ester, .
rmined by their -

wn mechanism aré dete
exact structure. . .
ynthesized by condensation reactions, T1NE

4. These polymers are often
and metal catalysts.

opening _u&uﬁ._mnmn ation,
rs.

5. | Discuss biomedical polyme

o

WMMMNW“MMM _HMMH_-W%G. are a particularly attractive option for addressing

Aieeil e o mbumﬁw EE.:ucn concerns. Biodegradable polymers do

s P ed, they will re-enter normal geochemical cycles over
y e polymers are derived from renewable resources.
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Biomedical polymers are thermoplastic, low-melting polymeric imp)
materials based on lactide / caprol e
Eocmammm can be varied in wide ranges i-¢-
according to the needed application.
%u.ﬁmnmﬁvu this polymer is low melting. For examp laet 48°C, and thereafte
it solidifies at body temperature and becomes a solid, plastic-like Emnmﬂa_.
sensitive active agents can be easily
h will then be released at a controlleq

, properties can be ﬂm:owmg

At molten stage, temperature
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
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 :

1.

Natural polymers :

Fibrin

Collagen

Chitosan

Gelatin

Hyaluronan .

Synthetic polymers :

a. . PLA, PGA, PLGA, PCL, Polyorthoesters

TP

pae

b. Poly(dioxanone)

c¢. Poly(anhydrides)

d. Poly(trimethylene carbonate)
e. Polyphosphazenes

actone-monomers. The polym
er’

En inecring Chemistry
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CONCEPT OUTLINE : PART-2

..|-|.|II1II| - 3 -
« Some industrially important polymers are :

Buna N :

Buna S

Neoprene

Nylon 6

Nylon6, 6

. Terylene

. Buna N: It is prepared by copolymerization of butadiene and
acrylonitrile in emulsion system. )

. Buna S: It is 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.

« Nylon 6 : It ;s a condensation polymer of only one type of
monomer molecules containing six carbon atoms.

e Nylon6,6:Itisa condensation polymer of two types of monomer
molecules each containing six carbon atoms.

-

IR

d Medi

and applications cm 3

@ﬁ&wHa Give the ﬁwaﬂm&nmou. structure

mm..:n.__dqmﬂ.m polymers :

1. Buna N

2. Buna$S.

- 3. Neoprene
Wer .. ;

1. Nitrile Rubber (GR-A BUNA-NorNBR) )
Preparation : Itis Hﬁ.m_u. ared by the copolymerization of butadiene and
mn-.w_cnm._u.__? Bapeliiioaion

ommuomlomuomw.vuomunﬁ_um -
CN
_[cH,—CH=CH—CH— mml CH, —
CN n

Properties:
1. Resistant to acids, heat and oils-
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Engineet ™~
2. Soluble in polar solvents.

3, Resistance to degradation.
»Pﬂ.m._.mounmoﬂ : It is used for:

1. Gaskets, Sponges:

2. Damping vibrativns in aircrafts.
5. LiningofV
4 Tyres.

Que 2.17-

essels.

Give the preparation, properties, structure and

of following polyamides :

wﬁ—uﬁnm&maﬁ.
Nylon 6, Nylon 6, 8, and terylene.
“Answer _
Synthetic fiber forming polyamides are also termed as ‘Nylons’. The important
polymers of this category are discussed below :
Preparation: Nylon-6 can be made either by self-condensation of £-amino
caproic acid.
: %m 0 M\
| 1
HyN - (CH,);5 — COOH —m N-(CHy;-C 1z
- Hmwo
;-amino caproic acid Nyloo-6
or by ring opening Eﬂwamawmcu of caprolactum
: H 0
7/~ G=0 | 1l
©CHps ) » N-(CH)-CT
 N- H
Caprolactum Nylonb
nsation polymerisation of hexamethylene

Nylon-6, 6: Itis made by the conde
diamine and Adipic acidin 1: 1 molar ratio.
Polymerization

i —_—
N (CHp)g—N—-C—(CH— &
| |l Il
H H O 0l=z
Nylon-6 6 (or Polyhexamethylene adipamide}

Properties :

a. The structure of nylons aré linear that permits side-by-side alignment.
Moreover, the molecular chains are held together by hydrogen bonds.
Thus, nylons have high crystallinity which imparts high strength, high

abrasion resistance and retentiod

melting point, elasticity, toughness,
125°C.

of good mechanical properties upto
b. They are also sterilisable.
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¢. Since nylons are polar polymers they have good hydrocarbon resigg,
Larger the number of carbon atoms, greater will be ease of E,ogm%nm.
and hydrocarbon and moisture resistance. ng

Applications:

a.  Nylon-6,6 is primarily used for fibers, W
tinder-garments, carpets etc.

b. Nylon-6,6 is also used in mechanical engineering for well kngy
applications like gears, bearings, bushes, cams etc. Apart m.oh
advantageous properties listed above, Nylon moving parts may pe
frequently operated without lubrication. They are silent running apg
may often bemoulded in one piece when previously a metal part requireq
assembling of several parts or alternatively extensive machining with
consequent waste of material. 3

¢. Mouldings having application in medicine and pharmacy because of
sterilisability.

d  Durable (but costly) hair combs.

Chemically terylene is polyethylene tere phthalate.

Polyethylene Terephthalate (PET) :

Humﬁ isa mcEEmnB.m._ polyester product also known as terylene or dacron and

itis obtained by namamummﬁou reaction between ethylene glycol and dimethyl

terephthalate at high temperature.

hich find use in making sock
wu

Moo §
n HyCO— C—0CH, +n HO — CH; — CH, — OH
Dimethyl / terephthalate ]
0 0
250°C ml@lm_
l.lv. TOIOEMFOEN|OW\+ME CH,0H
Pet B

Properties:

1. It forms crystalline polymer bec

ester groups in chain, - o
It can be easily converted to fi
ine fibers of ve :
. ry good te
”Hmm mcwn_ tmpact strength and better thermal s ﬁm_u.mnzm:m strength.
- i

ﬁ”m..m._m.m i Hu.ma are crease resistant, low moisture ab M
1 is resistant ; absorbing.

e to O, and acids byt ig attack e
Applications: cked by alkali.

1. Itisthe most commo
N synthetic fabri
¢ material,

Bcose .
» Wool, silk to get better fabrics.

ymmetrical structure and polar

RN

2
3
4, un can be n@ﬂﬂmﬁﬂmm to
5,
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 General Methods of Synthesis of Organometallic
. (Grignard Reagent) and their applications in B

CONCEPT OUTLINE : PART-3

. Oﬂmmucaenn_:n 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. 1t is represented by R-Mg-X, where

R = alky/ary / alkeyl/ ally group
X=C/Br/l

. Classification of E.muaouunﬁa:nm : Organometallic

compounds are classified on the basis of bonding between organic

group metal atom.
They are mentioned below :

1. Tonic Organometallic Compounds

9. Sigma-Bonded Organometallic Co mpounds

3. Non-classically Bonded Organometallic Compounds

__Questions-Answers

Long am?m.m m,.ﬁum and Hﬁ@&:.:u. Answer Type Questions -

Que 2.18. | What is organometallic compound ? Give classification

of E.mn:cﬂuoﬁm:mn compounds.

Organometallic compounds
of organic group are bound to metal atoms ar

compounds. .
For example, alkoxide such as RM(OR') is considered to be an onmm.MoBmJEa
compound because the organic group (R)is wo::n.g metal (M) and & BNE 4
to-carbon bond is present, whereas (RO), M is mot an o-.ﬂmﬂ%ﬁ.mb s
compound. This is because the organic group (R) is bound to me (

oxygen (O).

: The compounds in which the carbon atoms
e known as S,mNboEmEEn

compound :

Classification of organometallics . - rbonding between
i ds can be classified on the basis of bon
b o ME. Broadly, there are following three types of

organic group and metal at
organometallics :
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Ionic organometallic compounds : The organometallics in whj

the organic group (R) is bound to highly electropositive metals (like zg_
Ca etc.) are known as ionic organometallics. In fact, these are me h
salts of carbanions. Their general chemical formula is (£°), M**. -

For examples :
a. (CH,),C Na',
b. (CH,), Ca*
Tonic organometallic compounds are usually ionic, insoluble in
hydrocarbon solvents, and are very reactive toward air, water etc.
m-nﬂw.rmu.—oa organometallic compounds : In these compounds
the organic group (R) is bound to a metal atom (of lower electropositivity)
or non-metallic elements by a normal two-electron covalent bond.
Zou..nmm..mmmnmb% 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. ..ﬁwwu of Li, Be and Al have bridging Alkyl groups. Bonding is
m t i i i
> W&_MMM_. er type and there is electron deficiency as in boron
b. Ooaﬁo:hmm” of transition metals with alkenes, alkynes, benzene
and other ring systems such as CH,". u .

Que 2.19. Define the term organometallic compounds. Explain

ns.ﬁsnm_ methods of synthesis of or
! f sy1 ganometalli
preparation and applications with suitable mnmhuv_mwo Ll

m..‘"..

Byl

¥

Organometallic compounds : Refer Q. 2.18, Page 77H, Unit-2
- ' -
Wn”n“uau p MEW._._E.E methods of synthesis of organometallic compounds :
ganometallic compounds can be synthesized by the following methods :

i.

Wﬁ” ”.m.wmwnhww_ﬂw.ﬂ. wnmwnu_m : Direct _...mmn:onm of metals (M) with alkyl
alkyl or aryl or aryl Hm»hﬁmwmﬂwﬂrﬁ in ether lead to the formation of
M+ RX —» RMX
M+CHX —» oamuﬁ
Here M can be Li, Na, K, Mg, Ca, Zn and Cd.

Grignard reagents
(RMgX) are synthesized by this method, For example

Mg+ QFM ether C .

Use of alkylatin
o.unmw.baﬂngbmn Smnwhm..nm ¢ Here al
lithium reagents, al

pounds. Ek%_mnww“m“wmu Mm.mdbnm are used to make
uminium and mercury m_wﬁmnwﬁ be Grignard and

? HHWU.NBHHOH—. 18 ne; ¥ T e w~
. ﬁm
gel ﬂm.z Q.UH_.G ﬂngm m ﬁgﬂ or m.— mg g
carpon mo—r ents.

Engineering ©

il

iv.

Applications of organ
catalysis :

i

iv.

hemistry 79 (Sem-1 &2)H

For example,

PCL +3 ¢, HMgCl ——P(CH,), + 3MgCl,

[nteraction of E@»ﬂ._ or non-metal hydrides with alkenes or
droboration reaction is one of the best example for such

alkynes : Hy
gynthesis. It can also be regarded as insertion of alkene in M-H bond.
||

lemum.mQVOquLﬁ‘vm ﬁ_u&.o
| Js

addition reactions or oxad reactions : Here metal-
aryl halides to

carbon bonds are made by the addition of alkyl or
nocu&DmEéG ansaturated transition metal compounds. For example,
PPhy

PPhg _

|
0l - Rh — PPhg+ CHl — > Cl— Rh - CH,I + PPhg
_

_
PPhy PPh,
ometallic compounds in p

Oxidative

olymerizations and

Lithium alkyls are widely used as stereospecific catalysts for the
w&.ﬁdmlumaou of alkenes. For example, H_&Emmnmnou of isoprene with
lithium alkyls gives up to 90 % of 1,4-cis-poly-isoprene.

The alkyls of aluminium are impertant because of their industrial use a8
catalysts for the polymeri zation of ethylene and propylene.
Oummnc-ﬂﬁmaaa compounds got jmportance mainly because .om ¢.~m
discovery by Ziegler and Natta that ethylene can be vorﬁhﬁumm in
presence of a mixture of TiCl, and AlEt, in a #w&aonm.luon solvent at

room temperature and atmospheric pressure.

For example,
H CHgy

CH, =CH -
2 _ TiCl, + AKC:Hy)s H H

CHg H - CH3
H H
H ——CH;
Hwho_um..mbm Isotactic vagauu_wum .
d for the selective

Wilkinson’s &waﬂommnu&cu process is usec
hydrogenation of C = C bonds that are not steric

Wilkinson’s catalyst, RhCl (PPhy),

ally hindered using

“ P RhCl (PPhy)y A_u ﬁ_u
.\ono;+mm .._|_|
H H ”
i i i t - The
Hydroformylation reaction using rhodium catalys® -
the addition of hydrogen (H,) and carbon

hydroformylation reactionis
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monoxide (CO) [or formally of H and the formy! group, HCO] to g4
alkene [generally a terminal or 1-alkene] to form an aldehyde product,
For example,

RhH (CO) (PPhg)
RCH=CH, + H, + CO SO 53, RCH,CH;CHO

Que w.wc-_ What is organometallic compound ? Explain various
methods of preparation of Grignard reagent and u_.mo write at least
five applications of Grignard reagent. | UPTU 2 013-14, Marks 05

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

1. The organomagnesium halides are known as Grignard reagents. These
are extremely important reagents developed by the French chemist
FranAgoisAuguste Victor Grignard, who 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 / allyl group
X=Cl/Br/l

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

Preparations of Grignard reagent :

i  The Grignard reagents are pre| i . .
(Rieke Em_wummw”mm.sm. on anmw.imEwmwmﬁmwhmmwﬂﬁmwwwﬂmﬂmﬂmwﬂw
ether, Et,O or Tetrahydrofuran, THF in anhydrous conditions,

8%~ Anhydrous’  §*5- )
m*fzmm,»on&ﬁwmr?ﬁ;w

Emmmgcﬁgnaﬂﬁmagewﬂm.m.
bond, which involves oxidation ;M_m y_wﬁswﬂwmms carbon and halogen
iii. The Grignard reagents are in !

species R,Mg and MgX, .

R -Mg-X

2RMgX — " .._ —_—
. ~ R-Mgoy~—— BMg+mgx,
iv. Inthe wﬁwﬂEmﬂas of Grignarg reagent, the po]

» Lle i

Teversed, Thj po‘erity of carbon attached to

B

quilibriug with the &m—wm_amﬁu esium

umpolung 18 reversal jn e
>UE._mnnmmM; of Grignarq reagent polarity is called ag
1 e addition of Grj :

aleohols, u._mdb.—.m —-mmhm:ﬂw to w@gaﬂm?

Example, yde furnisheg primary

D e

manmnmnl:m Chemistry 81 (Sem-1&2)H
OMgl
—_—
CoHj Mgl +
) H H HC, y H
H,0"
—3%y €, H; - CH, OH + Mg(OH)I
Propyl aleohol
2 The Grignard reaction with aldehydes other than formaldehyde gives
" secondary alcohols.
OH
i
CH Mgl + \@/ Ml L/ + Mg(OH)I
HyC H HC g5 CHy

The addition of Grignard reagent to ketones furnishes tertiary alcohols.

m (i) CH4 Mgl
CHy ¢ CHy = (CHy);C~OH + Mg(OH)I
(i1) H30
3. The Grignard reagents are also used fo prepare nitriles by reacting
them with cyanogen or cyanogen chloride.
CH;-MgX+N =C - C=N— HC-C=N+MgX(CN)
CH,MgX + Cl -C=N— HzC-C=N+MgXCl
4. Amines can be prepared by reacting these reagents with Chloramine,
NH,CL
CH,MgX +Cl- NH3— H,C—-NH, + MgXCl
5. The alkyl iodies can be prepared via Grignard reagents. The
alkylmagnesium chlorides or bromides are treated with iodine to get

corresponding alkyl iodides.
CH, -MgCl + I, » H,C -1+ MgICI

Que 2.21. | How is Grignard reagent prepared ? How will
CH,CH,MgBr react with HCHO,CH,CHO and (CH,),CO ?
[ UPTU 2014-15, Marks 05 |

P Bmﬂwn.crm of Grignard reagent : Refer Q. 2.20, Page 80H, Unit-2.
Reaction

Mg + CH,1 —22* . CH Mgl
CH,CH,MgBr react with HCHO, CH,CHO and (CH,),CO

o]
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D | (')H
" R'M %P _
X—IA—Y B e A N

R’

- Reactant Product
| R’ = CH,CH,
IfX=H, Y = H then, '
o OH
Il RMgX
H—C—H ——— H—C—H
T
CH,CH,
: 1° alcohol
IfX = CHas Y=H thén,
0 - OH
I | R'MgX

CH,—C—H — > CH, C_H

|
CI-IacH3
: 2° aleohol
IfX=CH, Y= CH, then,
s 5 .
gX
CH3—‘C——CH3 T —, .CH3"‘(,J-— CH3
l
CH20H3
3° alcoho]

©0e

i e
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 Blectrochemistry - Galvanic Cell, Electrode Potential, Lead
’ CONCEPT OUTLINE : PART-1

« Electrochemistry : It is defined as the branch of chemistry
which deals with the relationship between electrical energy ang
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 conversion of
chemical energy into electrical energy or vice-versa.

s+ Depending upon the types of electrochemical processes,
there are two types of cells :
1. Galvaniccell /Electrochemical cell
2. Electrolytic cell

" Electrode potential : The tendency of an electrode to lose or
gain electrons is called electrode potential.

+ Lead storage battery : It is also known as the automobile
wm:mQ. Itis an example of secondary electrochemical cell, since
it can be recharged.

Emm&ﬁ&mi&q 7
1 Itis m._..._.munr of physical chemi
chemical and electrical pheno

MQ nrmnmﬁ_w&mw the relationship between
ena and the laws of their int tion.
2 Onpassingelectric curr eir interac

ent ;
~  reaction takes place. through an electrolyte solution, a chemica!

In other words, an electric
) curren . .
place under suitable condition, t can cause a chemical reaction to take

The phenomenon is called electrolysis

maﬁnomlu

5.

6.

g Chemistry 85(Sem-1&2)H

ThHE Ry is also uu.cm i.e., we can generate electric current by the use
ofa chemical reaction. .

Hence, depending upon these two types of electrochemical processes,
there are following two types of cells :

Electrolytic cells :

i Adeviceinwhichelectrical energy is converted into chemical
energy by passing an electric current to produce the desired
chemical change is called an electrolytic cell and the process is
called electrolysis.

i, 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.

a.

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

b. mﬂmn_pgnrmﬂmnwﬂ cells:

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

ii. Itis alsocalled 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, _

1

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

Batteries and cells used in various instruments and other devices convert
chemical energy into electrical energy.

The sensory signals sent to the brain through the cells and vice versa
and also the communication among different cells.

What are redox / half reactions ?

Various chemical reactions occur through redistribution of electrons
among the reacting substances.

.pbu.x substance that loses electrons is said to be oxidized and the one
which gains electrons is said to be reduced.

However, in a chemical reaction, a substance can lose electrons only if
there is another substance present, which can gain electrons.

This implies that oxidation can take place only if reduction also occurs at
the same time or vice versa.
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5.

gwwg
These reactions in which reduction and oxidation e”nrnm/xo_r/
called redox reaction. Place gy,
) NH.:.wu + o.ﬂ_.‘mﬂm.v lmﬂmm + Oﬁ.amu
In this, Zn_ loses two electrons whereas Cu?* gains two electrop
hence this is a redox reaction. % fing
The redox reaction are of two types:
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, solytj
when a zine rod is dipped in it. o
Zn + CuSO, — ZnS0, + Cuy,
or Zny, + Cu?* — Zn*" + Cuy,
iii. The above reaction can be split into two halves :
7n —— Zn2* + 2e~ (oxidation half reaction)
Cu2t + 2¢e- — Cu (reduction half reaction)

b. Indirect redoxreaction:

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.

ii Theseindirect redox reactions form the basis of ele ctrochemical
cells.

Que 33. _ Write a short note on galvanic cell.

 The galvanic cell is a device used for the conversion of chemical energy

into electrical energy.

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

In galvanic cell, the cathode has a higher potential than the anode.
This is because the species undergoing reduction at cathode withdraws
electrons from it.

This leads to a development of positive charge on it, corresponding to 2
high potential.

@Eﬁ_waob at the anode results in the transfer of electrons to it, so giving
it a relative negative charge.

The practical application of galvanic cell is Daniell cell. .

It consists of zinc electrode, dipped in Zn SO, solution (say 1 M) and 8

copper electrode, dipped in CuSO, soluti ._:__,6
different beakers. . ion (say 1 M) taken in

: ing Chemistr,
Engineering Y 87(Sem-1 &2)H

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

" due to deposition of Cu?

ZnS0,
solution

(1M)

Fig. 3.3.1 Daniel eell.

The two solutions are connected by means of a salt bridge.

Qalt bridge is an inverted U-tube containing an aqueous solution of
electrolyte such as KCl, KNO,, or K,S0O, (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) 5>—Zn*(ag) + 2e- (oxidation half reaction)
At cathode : Cu®* (agq) + 2e" ——Cu (s) (reduction half reaction)

Zn (s) + Cu®* (ag) —> Zn*" (ag) + 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.

m Zn anode to Cu cathode leads to the
accumulation of positive charge around the anode due to the formation
of Zn?* ions and the accumulation of negative charge around cathode
+ jons as copper on the cathode.

the anode will prevent the

The transference of electrons fro

The positive charge so accumulated around
flow of electrons from it.

Similarly, accumulation of negativ
prevent the acceptance of electrons from

e charge around the cathode will
the anode.

As the transference of electrons stops, the current in the electrical

circuit also stops.
At this stage, the salt bridge comesto the aid and restore
neutrality of the solution in the two half cells.
When the concentration of N.:? jons Ed:_“:m “W
sufficient number of Cl~ions migrates from the
half cell. A
AL m the salt bridge
Similarly, sufficient number o*.._.d ions E_mﬂwnmﬁﬂm charge due to the
cathode half cell for neutralizing excess nega
athode half cell-

< the electrical

e anode increases,
bridge to the anode

additional mOm- jons inthec¢
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Give the construction of 2 galvanic cell.

Eonielwp RS

mwﬂﬂnma.ﬁ of galvanic cell and am—n.ﬂ_wnmo-w of voltage :
The cell is formed with two electrodes and its emf is measured, at 25° o
L Reference electrode (half cell) : Calomel electrode Hg | Hg, C] o.H e
used as reference electrode and its standard reduction potential i m_,ﬁmr m_,a.
as +0.2415 volts. . ) n
2 Metal or alloy electrode (half cell) :
a Themetal oralloyinits practically used form is taken as ele hrids
and it is dipped in sea water medium.
b, The two half cells are connected and the cell emf is measureq 5
_ 25°C. :
c. If the metal-sea water electrode system acts as anode, then jtg
standard reduction potential is calculated as,

m“MnHH = nm“wmm Uom_.rn.nm Iﬁmuwmmuﬁovﬁ =0.2422 — :.wwmn vﬂnﬂn_

o aan.wBwa_ = AONANM = mwm_:{n_—ﬁm
d  If the metal-sea water electrode system acts as cathode, then its
standard reduction potential is calculated as,

Mo: nm“wmm Jmetal Iﬁm“wmmvmnomm = ﬁm_.w_mn_ vEmK__ =0.2422
wamm.vh_mﬁm_ = Muc +0.2422

-< .
< Pt wire
= HHH_...“'m

Metal ¥ R Saturated KCI solution
oralloy =

O Tt O }—— Hg + Hg, Cl,
Sea [ [N Hg’
water 1] " —-—{ | Calomel

lH_ﬂ._Hln.uHHHHlMI”l”l# electrode

Porous gel plug

4.1, Metal or alloy electrode potential, |
For th 11 ; . s
Given E* ecell:Zn | Zo™ (1M) | | Fe* (1 M), Fe** (1 M) | P&

Weite Emwmm._am”w =+0.77V and E°* (Zn | Zn*) =+ 0.76 V.
cell, ion and calculate the value of E°,_, for the above

Que3s

2t

Eogineering Chemistry /89 (Sem-1&2)H
\\\:\\1 .
TAnswer
m " The equations for the half-reactions are :
At anode : Zn—s Zn** + 2, E°=+0.76V ..(35.1)
tcathode:  Fe®*+e— Fe¥, E°=+0.77V ..(352)

btain the ecuation for the cell reaction, the equation for the

8., 8 .
Fe?*|Fe®* half-reaction must be multiplied by 2 (to obtain 2mol electron)
and combined with the Zn | Zn2* half reaction.

It is to be noted that potential does not depend on the quantity of substance

3 g
undergoing reaction, so the value of the half-cell potential is not multiplied
by 2.
4 Thus, reactionat cathode is re-written as::
At cathode : 2Fe® +2e—— 2Fe?*, E°=+077V ..(35.3)
5. Andnow adding equations (3.5.1) and (3.5.3), we get desired cell reaction
as: .
Zn + 2Fe3* —> 2Fe?* + In®* B° =+ 0.76 +0.77=+ 153V
6. Apositive sign of B2, means that the reaction is spontaneous as written.

Que 3.6. Calculate the standard EMF of the following at 25° C,

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

and - 0.76 V respectively.

Answer
Given cell diagramis,
Zn | Z0SO, ||  CuSO, |-Cu
Anode 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 : Cu® +2e®2—> Cu (382}
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 = E¢
_ Cu=+ 0.34 v

Given, standard potential of cathode = Egnode = Eg, -

and standard potential of anode = m”_,&. = mm_uf |Zn=- 0.76 V
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Electro :
E° = .ﬂm:? _O__.u.lﬁm_..»q _N—.—

cell
E°_, = (+0.34)-(-0.76)
E° .= 1.10V

o)

|| Write a short note on electrode potential.

act with its own ions is called electrode,

1. A metal rodor plate in cont
th the solution of its own ions, it ¢qp

9. When a metal is in contact wi
undergo oxidation or reduction.

3. The tendency of an electrode to lose or gain electrons iscalled electrode
potential.

4. Since, eachelectrode representsa half ce
is also called potential for half cell.

5. Consider a copper rod dipped in the solutio
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
Cu2* ions from the solution.

8 - This indicates that copper will soon be established.

11, therefore, m_mnﬂdmm. potential

n of its own ions, i.e., Cu?*

_—

Cuy,y —£m Q:mm& + 2e” .
9. When such an equilibrium is reached, a separation of positive and
negative charges would occur.

10. This i 2 .
"~ the mwmﬂﬂw““:cu creates a potential difference between metal rod and

11. This potential difference is called the electrode potential.

12. Thus, electrode potential of a metal is the measure of tendency of a

metallic electrod i itisi i
et e tolose 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 ions
¢. Temperature

14. Electrod i .
e potential measured under standard conditions i.e., 1 molar

concentration of metal jons
and :
m_.mnrd% E”QEE andis mmbowammﬂ,umqmﬁﬁm QSR s e e
e

ccring Chemistry 91(Sem-1&2) H

i —

Copper
strip

F F++++

Cu?* ions
in water

"'Fig. 3.7.1. Development of a potential -
difference between metal and its ions. |

; @:.m..u.m..... | How to measure the electrode potential ?

peer
H __H_rm m_mnﬂnc&umawn
9. The ucwmuﬁm_ of a singl

electrode potential.
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 forma complete cell.
5. The electrode, whose potential is arbitrarily fixed, is called reference

electrode.
6. The potential of the reference electrode is arbitr e
value and the potentials of all other electrodes are then referred toit.
7. The reference electrode so chosen is the standard hydrogen electrode

(SHE) or normal hydrogen elecirode (NHE).
8. Inorder to measure the electrode potential of the
electrode is coupled with SHE.
9. The e.m.f. of the complete cell is then measured using vo ltmeter. :
de potential of the given

10. The measured e.m.f. would give the electro . }
electrode beeause electrode w.o_nmu.zm_ of SHE is arbitrarily fixed as zero-

al cell consists of two half cells.
e electrode in a half cell is called the single

3. Itis impossible

arily assigned a zero

given electrode, the

11. The direction of the flow of current further indicates ﬁmﬁ nﬁﬂmo%h“m“”
takes place or reduction takes place at the electrode uncer
with respect to SHE. - :
. wa s 1ot r reduction
12. Accordingly, the electrode potential is termed as oxidation ©
potential. determine the

ose it is desired to measure and

13. For example, supp de, Zn/ZnSO
rode, €

electrode potential of zinc elect
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14. The electrodeis connected with the SHE asshownin Fig. 3.8 3,

15. The two half celi reactions are represented as :

NP s 7n%+ 2e” (Oxidation)
1
2H* + ma.. —H, (Reduction)
16. The EMF of the cell is found to be 0.76 ¢ |
17. Therefore, the oxidation potential of zinc electrode is taken as (. 7¢ v
and reduction potential is takenas—0.76 V.
Voltmeter =
3 e
mm gas
at 1 atm
: : I 25EE m“wrro&m
Z M“—.&m MIY 3 } 3 2H + Mmll.vmn
n— + %

1M ZnS0,
R o PO R i A
Fig. 3.8.1. Standard electrode potential (reduction

. potential) of zinc by combining with S

ﬁum Smnn. . . .
Emmuma.mu _.m_u,on of the electrolyte in half cell influences its electrode

Nﬁrmnounma:msunm _
; ependence of EM .
thermodynamic considerations, ¥ cari b obtained: from

3. nau.e. ider a general ce]| reaction :
4 Miagy+ ne—s E.s
energy - AG, ; i
the well known thermodynamie mMMMﬂﬂmnEm the process is given by
bnnbmo+wer~inl§.@_|alﬂ -
where AGo Tefers to the fr Greactaty (
standard state , wh ee energy change for
i ; fot t
all unity, W ub_mn e the activitjeg of the _.mmawmuﬂ._m reaction in the
2 racant TEPTESERE th, s and products are

Electrochey;
istry

En

10.

11.

12.

13.

. neering Chemistry
e =
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the products under agiven set of conditions, R is the gas constant and T
isthe nmavmamgnw.

Since, AG = — nFE and AGO = — nFE°

where n is the number of electrons liberated at one electrode and F'is
Faraday of electricity (IF = 96500 coulombs) and E and E° are the
elmtence potential under the operating conditions and standard
conditions respectively.

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

—nEF =—nE°F + RT In —products .(39.2)
5 Qreactants
IRT L %p
E=B-' T .(39.3)
2.303RT , [ Gproducts )
E=E°- log| —& .(3.9.4)
nF NF nqnmn»nuﬂm._

Equation (3.9.4)is known as Nernst equation and gives the dependence
of the electrode or cell potential in terms of activities of the reactants
and products. )

The 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)(2.303) . Cproducts
E=E- —— 'o6185) G e
E=po_ 00591, Coroducts . (395)
n Qreactants

In dilute solutions, the activities may be replaced by molar concentration
terms,

£ = g0 005910 Ml (396)
n M{zp]
For pure solids, [M, Eu =1
Hence, equation (3.9.6) can be written as:
0.0591 1
E=E-—x ﬂom—‘y = H‘ .(39.7)
(ag)

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

i g w.moumﬂgmﬁ 1 w (398

n+
n (ag)

For acell reaction,
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==y ——emiagy
ad +bB— IL+ mM
14. The Nernst equation can be written as :
2.303RT , _[(LI'(M]™
E=E°- lo
nF Y AP -(3.9.9)
2.303RT, [AI°(BI
E =E° lo
+ nk B T«.__h.ﬁ_\h_ﬂ ...Am.w.wou

or

15. Itisseen from the Nernst equation that :

a Ifthe product of the molar concentration of the product is grea
than the product of the molar concentration of the reactants 2”_.
EMF is less than the standard EMF of the cell. A

b. The electrode potential (E) decreases as temperature is increaseq
Que 3.10. _ Discuss one type of reversible electrode.
UPTU 2013-14, Marks 04)

Calomel electrode is commonly used as a secondary reference electrode for
potential measurements.

Construction :

1 Calomel electrode consists of a tube, at the bottom of which a small
amount of mercury is placed.

Saturated
KCl

Paste of
Hg,Cl,

Fig. 3.10.1: Saturated calomel electrode!

L g AP 8l 8 AT i AL Dt e
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1tis sovered with a paste of solid mercurous chloride, Hg, CI, (calomel).
3 solution of potassium chloride is then placed over the paste.
3. A u_wﬂmuza wire, dipping into the mercury layer, is used for making

4 mmmnnlnu— e
o tube is used for making electrical contact with a salt bridge.

5. The sid
aonwﬂmm”anemo% reaction when the cell acts as cathode is :
1, W Hg, G_u (s)+e =2 mm.._. Cl- .
and its potential is given by
Bl B iun™ % i)

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

2. chloride ions (agr) and m_nﬁ.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 used

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

KCl Saturated 10N 0.IN

Electrode potential (in Volt) 0.2422 02810 0.3335

5. When the KCl solution is saturated, 1.0 N and 0.1 N, it is respectively
called as Saturated Calomel Electrode (SCE), Normal Calomel Electrode
(NCE) and Decinormal Calomel Electrode (DNCE).

Que 3.11. | What do you mean by EMF ?

Answer

EMF of an electrochemical cell is the maximum potential &m,w_.wnom rm:”mﬁm.
two electrodes of a cell. The em.f,, of & cell is measured with the help o
potentiometer. .
EMF of cell = Reduction potential of cathode (written on right-hand side) =

Reduction potential of anode (written on left-hand side)

- E_ = Equote™ Bunoae
= e E\n e gy
The cell reaction is feasible only when E, has positive vaiue:
ive its construction aod

Oﬂm 3.12. | What m_._- lead storage battery ?G
working.
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T

i AR

:cist Gaston Plante (1834-89) invented 4 devi
In 1859, the m,nm.un_._ n_urﬁu.w__msu which is still used today as motor car am:m_a
called the lead-acid ac mole of secondary electrochemical celf vid
with minor changes. Itis an example of 5 e

it can be Hmﬂﬁﬁﬂﬂmm.

truction : ) L
nanm_.E..m cell consists of alead grid filled with a spongy lead as anode anq :
L+ ead grid packed with lead oxide as cathode.

9—A solution of H,SO, (38 % by mass) is used as an electrolyte.
m. This s the battery acid which one can buy at service stations.

nsists of 6 such cells connected in series, each cell havi
i Wﬂqﬂ%ﬂ%ﬂ 2V, giving 12 V as the overall emf of the battery, %

Working ¢ - .
1. When thebattery is discharging, L.e., whenit is supplying a current, the

reactions are :
At the anode :

Pb(s) + SO;~ (ag) —> PbSO,(s) + 2e
At the cathode:

PbO,(s) + 4H* (ag) + SO?™ (ag) + 2e-—> PbSO,(s) + 2H,0())
The overall reaction (during discharge) is, therefore,

Ph(s) + PbO,(s) + 4H* (ag) + 2803 (agy— PbSO,(s) + 2H,0())

» Singg

MR R B B Bt B

=8
==
Em

| Fig.3.12.1,
2. Note that is sulphuric aci ichi

e the electrolyte is sulphuric acid (H,80,), which is gradually
3. Mwwr hwnm””uwmmm” Ynﬂﬁm coated with an insoluble layer oflead sulphate,
S Aetiohan m”moﬁ tor, would eventually ruin the battery.

gradual formation of HMMM energy, it is discharged and this lead to the

sulphate at the electrodes, and a steady decrease

in the concentration of the sulphuric acid
5. 1f the battery is totally g ]

converted to lead mEEuM discharged, both electrodes will have been
6. :#EEE»..F»E :

It is only good for uﬂmﬂ.g TRoyian

current, and cannot be recharged.

" 97 (Sem-1 & 2) H
.1 Chemistry —
._hmmﬁbm
i i Discharging/ Fully
pischarg! : discharged discharge
Oanq.mus.caw
nﬁﬁu.mumoﬂ

vy
o)
o

o :

mmpmohm H,SO,
Pb/ PbOy/ PbSO, PbSO,4
PbSO,  PbSO,

Fig.3122.

. 3 ‘Y tor
the battery is being charged (using a battery charger or the mo
L “wmam:mﬂsmgny clectrons 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.

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

tions are :
1 wwm%ﬁu % 2e- - Pb(s) + S0,2-(ag) (at cathode)
PbSO,(s) +2H,0(0) 5>—PbO,(s) + 4H* (ag) + SO ?(aq) + 2e~(at anode)

2PbSO, + 2H,0 — Pb(s) + Pb(s) + 4H" (ag) + SO *(aq)

Partially Charging Charged
discharged
Conventional
current flow
—_—

Battery charger

El
ectron
i no..”. ® @ ®
C 4 : i .
H.mu_mo_n m H,S50, : & mNWOb
w“uwm__u PbO,/ PbSO, PbSO, Ph PhO,
e “Pb PbO
2
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Snr@g ;
11. The concentration of H,SO, decreases during disch bry

increases during charging.
12. Thus, the extent to which the battery is discharged can be
measuring the density of H,SO, by hydrometer. 253:& by
13. The lead storage cell is both a voltaic cell and an electrolyt;, cel]
14. When electricity is being drawn from the cell to start the cqp ;.
voltaie cell. » 1L actg s
15. Whereas when the caris running, the cell is being rechargeq it
an electrolytic cell. ? 2k acts g

16. Actually, the alternator forces electrical energy generated ¢
motion into the cell causing electrolytic reaction to take place,

Que u.;._ Discuss the reactions inveolved in nrmqngm o

[uPTU 2012-13, Marks o3

W&DW eﬂ—-.— Emm i
13

ue to it

discharging of a lead storage cell.

Answer _

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

PART-2

Corrosion , Causes and its Prevention.

CONCEPT OUTLINE : PART-Z2

» 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 accurs 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
6. Formation of oxygen concentration cell
6. Presence of impurities in atmosphere, etc.

Engineering Chemistry 99 (Sem-1 &2) H

ERE

-Answers

" Long Answer Type and Medium Answer Type Questions

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

UPTU 2012-13, Marks 02 |

OR ;
Discuss the electrochemical theory of corrosion. How does this
theory explain the mechanism of rusting ?

[UPTU 2012-13, Marks 04 |

OR
Whatis electrochemical corrosion ? Outline the mechanism involved
in electrochemical corrosion.

[UPTU 2012-13, Marks 04 |

[ OPTU 2013-14, Marks 05 |

. OR

Explain the mechanism of hydrogen evolution and oxygen

absorption in electrochemical corrosion.| UPTU 2011-12, Marks 05|
OR

What is electrochemical corrosion ? Write down the mechanism

involved in electrochemical corrosion. @E 2012-13, Marks _K_
[UPTU 2018-14, Marks 05 |

OR

Explain the mechanism of electroche
absorption of oxygen. How can anodic
coatings help in protection against corrosion ?

[UPTU 2014-15, Marks 05 |

mical corrosion of iron with
dic and cathodic metallic

ration of a metal from its

jon i dual deterio ]
1. Corrosion is the process of gra o nical interaction of

surface due to the unwanted chemical or elect
metal with its environment.

2. For examples: .. 55
a. Formationof alayer of reddish wamrw.om _.a_%u.wﬁmm ferric oxideon
surface of iron, also known as rusting of 1ron .
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ormation of a layer of black coating on the mﬁmm....m of silyey.

b. M is exposed to atmosphere. It is known as tarnishing cmmmﬁ.“raa

Types of corrosion :
1. Chemical or dry corrosion : ) o
" When metal surface is inimmediate proximity to atmospheric gases
anhydrous liquid, a direct chemical interaction between the tw _mman“
chemical or dry corrosion. It is of following types :
a. Corrosion by O, (oxidation corrosion) : It generally takes

: Place
absence of moisture via, n

9.
aM™ +2n0* - M,0
2M +n0, — Metalion  Oxade ion Zn«mu_ oxide

At low temperatures, alkali and alkaline earth metals are oxidizeq angd
at high temperatures, except Ag, Au and Pt, all other metals get oxidizeg
A thin layer of oxide formed at the surface of metal can be, ’
L Stable

ii. Unstable

iii. Volatile

iv. Porous
b. Corrosion by other gases :
i Depending on the chemical affinity between metal and gas and the

formation of protective or non-protective layer on metal surface,

some gases like Cl,, H, S etc. exert corrosive effect te different
extent.

ii. Forexample,
2Ag +Cl,— 2 AgCl

AgCl firm is protective and thus protects the metal from further
attack of chlorine on silver.

2. Electrochemieal or wet corrosion :
a. It takes place mostly under wet or moist conditions through the
formation of short-circuited galvanic cells.
. b. ﬂmm corrosion is more common than dry corrosion.
Mechanism of electrochemical or WET corrosion :
L  Electrochemical corrosion involves :

a. Separate ‘anodic’ and ‘cathodic’ parts/areas between which current
flows through the conducting medium.
Non-metallic ions like OH- or 02
Occurrence of oxidation (corrosion
metallic ions, and
d.  Diffusion of metalljc and non-
through conducting medium
somewhere between anodic
2. m.o_... example, rusting of iron in n

w. are formed at cathodic areas.

) at anodic areas which generates

metallic ions towards each other
and formation of corrosion product
and cathodic areas.

eutral aqueous solution of electrolyte

£n %umm_.:._m Chemistry 101 (Sem-1& 2) H

:n the presence of oxygen or in acidic environment with the evolution of
hydrogen-
FeZ* ions originate at anode and OH- ions originate from cathode.

Smaller Fe?* ions diffuse more rapidly than the larger OH" ions, so
corrosion occurs at the anode, but rust is deposited near cathode.

The electrons released at the anode are conducted to the cathode and
& are responsible for various cathodic reactions such as :

Oxygen absorption : In presence of dissolved oxygen
i Inacidic medium:
. 4H* + 0, +de- —> 2H,0
ii. Inneutral or weak alkaline medium :
2H,0 + 0, + 4e- — 40H"
b. Hydrogen evolution : In absence of O,
i Inacidic medium:
2H*+2e- — H,
#.  Inneutral or alkaline medium :
2H,0 + 2e-— H, +20H-
e, Electroplating : At the cathode, metal ions collect the electrons and
get deposited on the cathode surface.
Cuft +2¢—— Cu
Metallic coatings : There are two types of metallic coatings :
1. Anodic coatings : 3
a. Inthese coatings, the metal which is used for coating is more “anodic”
than the metal which is to be protected (i.e., the base metal).

b. Anodic coatings protect the underlying base metal sacrificially.
¢. For example, coating of Al, Cd and Zn on steel surface.

Corrosive environment -
Exposed part e e
(Cathode) 1

2 e el g el Sl
e .'NH_IVN=++M_W-””. ””NDLN=++mmJ.uuh:

w\\.\\.\\\\«\\\\\\\\\\\\\\.\\\ L7 v\\\\\,\\\\\\\\\\\\\ﬁ.\\\\\\\\&.

Unexposed /fiﬂ’ﬂw ./../r@.. c_._maunmmnA
_“mﬂmamﬁ& %/ M_H_W_M“.dﬂm Qﬂﬂﬂ.&
MITIHEITHIDTH.,

 Fig. 3.14.1. Functioning of anodic coating. In galvanized steel, Zn serves
. an anode; while iron of steel serves as the cathode. Therefore, the iron
R " is protected, even if it is exposed.  * :
d.  Now galvanised steel is protected from corrosion by following method.
e. Here, Znis coating metal and steel is base metal. Zn being anodic s

attacked; leaving the underlying cathodic (iron/steel) unattacked,

L]
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|54

Eem14DH Electrochq,
evenifitis exposed when pores, breaks or &%
such an anodic coating. €S Oceyy &

¢ Iron or steel is not corroded, till all the coating n,

Cathodic coatings :

s These coatings protect the underlying base metal, due the:
character and higher corrosion resistance. €Ir ngh),

b Insuch costings, effective protectionis possible only when t,
completely continuous and free from pores, breaks or &mncumbm. are
c. If pores, breaks or discontinuities occur in such a coaty teg
corrosion of the base metal is speeded up. 198, the

P.Hﬂwmmnumuaﬁmmmﬁﬁﬁ PﬂﬁammmEmﬂ&manmmmmbammmhmna.
becomes the cathode. ating

e. Agalvaniccellissetup and anintense localized attack at the g
exposed part 0CCurs. il

f  This result in severe pitting and perforation of the base metal.

R G
I:  Exposed iron part Do
: becomesanodeandis .:I::

HAALTI S SIS TAS LIS ST AS SIS s

Unerposad X \ A
pert  Ng Unexposed
feathode) < o /mwmﬁnoum/// parl

MR -
Fig. 3.14.2. Tin-plated steel. The tin protects the iron, when the coating

is uniform. When Fu.unmgbumﬁ broken, the iron of the steel becomes the
s mbbmm 00e anc menmuo&hm gwa.nmu.mm local corrosion.

Que 3.15. _ﬂwﬂ are the causes of corrosion ?

L

2.

3.

H.O—.—ﬂ.ﬂ..mﬂﬂ are the causeg of co s

Metals exist in nature in the form of

oxides, sulphides, sulphates and

These chemieally combi

and is thus thermod E@o%”ﬁhﬂﬂ&hﬂass as ‘ore’ has low energy
F state for metal

A considerable amoun " cLal.

The extracted Hmrm:mw M_Hnuﬂ_”u. 15 required during metallurgy.

is thermodynamically Em_wmw m“ﬁ.oné has higher energy and thus it

. eering Chemistry 103 (Sem-1&2) H

‘\\\\I\‘l
it is the natural tendency of metal to go back to the

8 Wﬁwwomwﬁuﬁwmﬁw stable state.

Metals do this by interacting chemically or electrochemically with their
6. mnaﬁcuamnw to form surface compound and thus undergo corrosion.

Metallurgical operation Environment

. % Pure metal —— Corroded metal

(Thermodynamically (Comparatively more
unstahble 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 3.16. |State the factors influencing corrosion.

Fmewer |

Rate and extent of corrosion depends on :
1. Nature of the metal :
a. Physical state of the metal :
i Physical state of the metal means orientation of crystal, grain
size, stress ete.
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 :

i. The smaller the specific volume ratio
Volume of metal oxide . L
= ol of metal , greater is the oxidation corrosion

because oxide film formed will be porous, through which oxygen
can diffuse and bring about further corrosion.

i For example, the specific volume ratio of W, Cr, and Ni are 3.6,
2.0 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.

i, 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,

Rate of jon of anodic region « Qelodl 3728
ate of corrosion of anodic regy Atoiie

iv. For example, a small steel pipe fittedina Jarge Cu tank undergoes
localised, rapid and severe corrosion.
d. Volatility of corrosion products :
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Thig
i Excessive (rapid and continuous) corrosion of meta] ry
if corrosion product is volatile. takeg badk

ii. This is due to the fact that assoon as corrosion prog,, ot
it volatilises, thereby, leaving the underlying metq) mﬁ form,, 4
further attack. " Surface f,,
2 ' Nature of the corroding environment :
a. Temperature:
i. The rate of corrosion increases with rise in temperatyge

ii. This is due to the fact that the anodic attack by the anions
cathodic evolution of hydrogen gas and solubility of O, decy,. the
with the rise of temperature. 2" tTeageg

b. Humidity :

i The greater is humidity, the greater is the rate and extent of

COrrosion.

.. This is due to the fact that moisture acts as a solvent for 0,, HS
80, and NaCl etc., to furnish the electrolyte which is nmmmna&_
for setting up a corrosion cell.

iii. For example, atmospheric corrosion of iron is slow in dry air a5
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, 80,, Co,
and fumes of H,SO, 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.

i For example, crevice corrosion and waterline corrosion occur

due to the formation of differential oxygen concentration cell

.%__.....o 3.17. | How can corrosion be minimized by proper design ?

[UPTU 2014.15, Marks 05

{Answer

| S

Corrosion can be minimized by proper designing in which formation of less
oxygenated and more oxy|

genated area is prohibited. Smooth designs in which

Joints are less are preferable. If in desi th t be
formed, corrosion stops, gn, cathode and anode canno

Corrosion can be minimized b
1. Metal cladding:
by adense, homog

,, y Em.m:u these methods :
Metal cladding is the process of coating of base metal
eneouslayer of cladding materials”, Cladding materials

En

2

mwamanm Chemistry 105 (Sem-1 & 2) H

can be pure metals (which are corrosion-resisting like Ni, Pb, Ag, Ptor
Cu) or alloys (like stai nless steel or alloys of Ni, Cu or .;uE..a.Fo. .&SS
depends on the environment in which Sﬂomwau-amamg.om is required.
Generally, a base metal (example, duralumin) is sandwiched _um.ns.mmu
two layers of cladding materials (example, 99.5 % pure Al), which are
then passed through rollers, under the action of rmuﬁ. and ?...wmmE.m to
form a clad sheeting which is very widely used in the mﬂ.n,_.m.m Emnmﬁ.qw.
Emo:.ov_wmﬁm : “Electroplating is the process of deposition of Sm_nE.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

4 o Article to be
2 electroplated
(cathode)

||||| Electrolytic solution

having M jons

!

1l

oot Electroplating tank

e = ————— (Wooden or concrete)

Ty ST Elseepiatag.
Qils, greases, etc., are first removed from the surface of metal to be
clectroplated by treatment with organic solvent like Su..mn_.,_o._.cmﬂrﬁmwm.
Surface scales, oxides etc., are then removed r.q. treating with HCI( .,M
Ni and Cu plating) or H,SO, (for chromium plating). .E.._m ﬁmmbmm ﬂm_‘i.
is then made cathode of an electrolytic cell. The mbn._n_o is m:_..mm. an :..M i
material of good electrical conductivity (like graphite) or oomcnw_ﬂ” o
(pure) itself. The electrolyte is a solution ofa mo.EEm salt of a met e
deposited). The anode and cathode are dipped in an electrolytic solu
kept in an electroplating tank. . . =
When direct current is passed, coating Emm& ions migrate to the cath:
and get deposited there in the form of thin-layer.
Cathodic protection :
Cathodic protection
structures immersed in soils or e 0
protection is the best way to control corrosion. Cath

i tection : For the
or electrochemical protect : ¢
lectrically-conducting liquids, the nwg
odic protection is to
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d to behave like a cath
protected to behave a cathode as g reg ult of

force the metal to be

which it is not corroded. ) .

Cathodic protection can be achieved in two ways :

a. Galvanic protection: In galvanic protection .om sacrificial anqg;
protection, the metal structure to be va.ﬁmnﬁmm is made the cath, m_n
by connecting it by a wire to a more anodic material. As a result _&w

corrosion takes place at anodic material and the metal mﬂwsnﬁcm.o le

saved from corrosion. The more active met al used for the purpe is
ial anode. The sacrificial anode is replaced _uwmm

is known as sacrific
fresh one when it gets corroded or consumed from time to time

Most commonly metals used for sacrificial anodic protection are
Mg, Zn, Al and their alloys.

0,(@) + 4H(ag+ 4& > 2H,0Cq)

(Cathodic reaction)
Buried iron pipe

Soil (cathode)

Mg
(anode)

2
Mg(s) > Mg (gq* 2€
(Anode reaction)
' Fig. 3.17.2. Galvanic protection using sacrificial anode. -
The mnimnmﬁ.a: of cathodic protection include : -
Protection of buried pipelines, underground cables.

i
ii. Protection of marine structures, ship hulls etc

Magnesium rods are inserted i .
to prevent rusting. ed into domestic water boilers or tanks

b. Impre curre i
mwmwﬂﬂowvwmmamgcmnhmﬂwﬁﬁwnm“auﬂﬂnﬂwomg : _Hm:m method known as
made ¢ it , the object i
positiv M”Mﬁ”wa_% ”MH%H:W it to ummm: ve Sﬂsmhm_ aw,ou_um MMHWMMQ%E_M
b o ghabtinens: Pl .mon .m 8 an insoluble anode like graphite ._na
i cie e mu&mv._wa m“E.. 1s to apply the current from an __..m mw
current. The insoluble anod € opposite direction to that of the i
e diian adiacarit fathe Bmm »__m buried in the soil or in th corrosion

which is to be protected am.mnmo u% M_Mﬂwu\.m

107 (Sem-1 &2) H

hemistry

: mmﬂmbm.o
hode and is protected. The anode has to be

dasa result it act as cat]
. d wmlo&nw;w. The impressed current cathodic protection has

lace
ﬂw f mvﬁ_mm_m to vncﬁmn._r
ed pipelines; transmission line towers.

. PBuri
pes. water tanks, marine piers ete.

i .
i ama&mn. p! ; ;

his kind of techn.que 18 u‘mﬁﬁaﬂ.@ useful for large structures which
require long term applications.

I —

Tmpressed current cathodic protection.

“Fig 3.178.
2 Anodic protection
a. Anodic protectionis applicable to the metals which can be passivated
by the deposition of oxide films. |
p. Inanodic protection, oxide film is grown on the surface of the metal

structure to be protected.

This is done by electrochemi
direction that makes the me
d Underthese conditions, the me
required potential is maintai
decreases.

Anodic protection has bee
aluminium and chromium.

cal means i.e., by applying current na
tal structure more anodic.

tal structure is passivated when the
ned and hence rate of corrosion

n applied in case of steel, stainless steel

f. It must be remembered that potential has to be accurately
maintained so that it just induces passivity-

3H,0) will be formed when 100 kg

Que 3.18. [How much rust (Fe,03

of iron have rusted away ?

Fe,0,3H,0 : (2 x 56) + (3 x 16) + 3 (2x 1 +16) = 214 s
214 g of rust contains = 112§ Fe
112 g of Fe produces = 214 grust
214 x100 _ 191,07 kg rust

100 kg of Fe produces = ————
112
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on inhibitors ? Explain the Mechap;
sm
UPTU 2012-13, Mariy 0

bﬂwwuhuum What are corrosi

e LT TR

of their action.

Corrosion inhibitors are the substances which when m.mmmm in small quantjt;
to the corrosive environments decrease the corrosion rate. Inhibitorg m” ;
organic as well as inorganic substances that dissolve in the corroding megs, 4
Inhibitors are generally classified on the basis of electrode at which _nrm_wr
action is predominant. Thus, we have two types of inhibitors : J

1. Anodic inhibitors : )
a. The anodic reaction takes place when the ions from the anodic
metal pass into the solution (for example, Fe — Fe?* + 2¢-),
The anodic inhibitors are the compounds which react with theg,
metal ions to produce insoluble compounds.
¢. This insoluble compound get adsorbed on the metal surface form ing
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,CrO,, NaNO, act as anodic inhibitors either by
forming less soluble compounds with the anodic metal ions or they

may alse retard the corrosion by oxidative repair of the oxide film,

The 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* + 26~ — H,
b. _Hw_.a. corrosion can be controlled by slowing down the diffusion of
H* ions to the cathode.
M&EM ﬂmwmam_m_zmﬂm H*ions _.W.,M:mhmmnmzw reduced by organic inhibitors
amines, merca s, he i
e p avy metal soaps, substituted ureas
d.  These substances are ca i
_ : pable of being adsorbed at th tal surfaces
and thus restrict the diffusion of H* ions, e
e. Anti ic oxi ;
p: hhoumﬁuﬂ..ﬂ“mﬂn oxides are used as cathodic inhibitors because
sV of adherent film on the surface on the surface of
f. OE..H ar O I
- e M.m an to anodic inhibitors, cathodic inhibitors are quite safe-
reulin m_m.:”_‘uﬂm: if they are used in concentrations less than
sites decreage ﬁrw M”m.muqoﬁmnso:, the partially covered cathodic¢
ace of the cathode, whereas anodic are2

f.

ring Chemistry 109 (Sem-1 & 2) H

mains practically the same. Thus, corrosion decreases due to

mam.w-mm
re
area effect.
Yapour phase inhibitors :
3. These are the inhibitors which readily vapourize and form a
a. prote ctive layer of inhibitor on the metal surface.
yapour phase inhibitors ?ﬂe are used to prevent 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. .
Umnun_ormxﬁmnuﬁaaﬁg nitrile and cyclohexyl amine carbonate are

amongst the most widely use VPIs.

mammboﬁ.. Compare chemical corrosion and electrochemical

corrosion.

~ Chemical corrosion | Electrochemical corrosion

It occurs in wet condition.
It involves the setting up of a large
number of galvanic cells,

It oceurs in dry condition.
9. |Itinvolvesthe direct chemical
attack of the metal by

environment.
3. |1t is explained by absorption | It is explained by mechanism of
mechanism. electrochemical reactions.
It occurs only on heterogeneous

4. | It occurs on both homogeneous
metal surface.

and heterogeneous surfaces. ]
5. |Corrosion is uniform. Corrosion is not uniform. If the
anode area is small, pitting is more
; frequent. )
6. |Itisaslow process. Itis a fast process.
7. | Corrosion products Corrosion occurs at the anode, but
accumulate at the same place | products accumulate near the
where corrosion accurs. cathode. A e

evention of corrosion.

e 3.21. | Explain four methods for pr
OR N
Explain sacrificial anodic and impressed cathodi _.Honmnﬁou.ﬂmnr.“ﬂ

for Protection of corrosion.

wy A
Mmﬁmﬁmmﬁyﬁ
fer Q. 3.17, Page 104H, Unit-3.
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”_bﬁu.u.w"n...m Explain why a pure metal rod half immersed ¢mﬂma£€
in water starts corroding at the bottom. UPTU N@uu.uwng.ﬂu—nm 05

Reswer
A pure metal rod half immersed vertically in water starts corroding ¢ the
bottom because O, concentration is much less there. The area abgyg the
water line is highly oxygenated and hence, acts as cathode area nObgaﬁma:e
it does not corrode.

M— M2 +2e
M2+ + 20H-—> M (OH),
Reaction at cathode : H,0— H"+ OH~
4H* + 0, + de”— 2H,0

Que 3.23. _ Distinguish between the corrosion of aluminium anq

[ UPTU 2011-12, Marks 05 |

Reaction at anode :

magnesium.

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,— ALO,
(Alumina)
Stable layer
2Mg +0,—> 2MgO
(Porous layer)

R S| PART-3 ]
. Setting and Hardening of Cement, Applications of Cement, -
Plaster of Paris, Lubricants-Classification,
UL Mechanism and Applications.

CONCEPT OUTLINE : PART-3
* Cement :

It is a material havi i .
properties, ng adhesive and cohesive
- .H,uﬂuﬂm of cement :

m. Mm»ﬁ.m_ 2. Puzzolana
. mEnwm Y _ 4. Portland
s e s a building material used for cooling walls

——

i ist
Edmmﬂmmﬂ.:ﬁ Chemistry .FH.H AMQHH-H & 2H

. Lubricants : It is a substance which reduces frictjon betwee:
n

two moving parts.

i ﬂ..-mn.&bﬂ.m.whm#mnw... g

R o e e R

Que 3 24. What is cement ? Classify various types of cement ?

Cement: Cement is the binding material used for binding bricks, gravel, tile
and for plaster on walls. Most commonly used type of cement is portland
ﬁmamﬂ—ﬂ.

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 even known as
hydraulic cement.

calcined mass.

S.No | Type Preparation # Properties and J
|t ; 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.

2. |Puzzolana

Cement which is formed by
mixing puzzolana (the

Hydraulic when mixed
with portland.

substance mix with lime
form hydraulic without heat)

and slaked lime.
3. Slag | By mixing hydrated slag and | Low mﬂ.mum.ﬂw_ slow
lime. setting, abrasion-
resistant and used for
making concrete.

liable
4. | Portland |An extremely muwummmnmcﬁm Mﬂwcﬂﬂawmwhnnwﬁnouw
product obtained cining
together at 1500°C, an structures.
intimate and .?.cvm_._w
proportioned mixture of

argillaceous and calcerous
raw materials.

|
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Que 3.26. | Write the chemical composition of portlang Cemeny

UPTU 2013-14, Mariy 33

Chemical composition of portland cement :
1. Portland cement is made from three principal constituents i

., lime
silica and alumina. »

2. In addition to these, small amount of iron oxi

sulphur trioxide, alkalies and other materials ar
manufacture. .

de, magnesium

0xi]
e added during ¢ i

CMment
3. The average chemical com

position of portland cement as per Ig]
specificationsis givenas :

Chemical composition

Oxide Percentage

Lime (Ca0) 60-67
Silica (Si0,) 17-25
Alumina (Al, 0,) 3-8

Iron oxide (Fe, O,) 05-6
Magnesia (Mg Q) 0.1-4
Sulphur trioxide (50, 1-3

Soda and Potash (Na, 0+ K, 0) 05-15

..ch,n.u.wa. What is the role of each com

pound in cement during
strengthening ?

n_uwu.wonmlm.znm of compounds in portland cement :

The properties of cement depend upon the relative proportion of the
MMB?E__"_.” present mmw each of them have different characteristics properties,
T example, strengt developed by different i i
time is different. . R

1.  Tricalcium silicate (C,8):
a  Itsrateof hydrolysis is medium,

b. mw nmq.a._n__um very high strength quite early and it
1s also highest among all constituents,

It is mainly responsible for ultimate strength,
Its heat of hydration is about 120 cals/gm.

sultimate strength

i

gagince ring Chemistry
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e. Rateof hydration is 75,5 %,
Dicalcium silicate (C, S) :
* 2. Ithydratesvery slowly.

b. Thus, its early strengthis quite low, but develops ltimate strength
" almost of the same order as that of C, 8,

¢, [Its heat of hydration is the Jowest
’ compounds and is about 60 cals/gm,

d. Rate of hydration is 37.5 %,
1. Tricalcium aluminate (C,; A) :

among all constitutional

a. It hydrates at very fast and responsible for initial set called flash
set. .

b. Itsearly strengthis good but ultimate strength is quite low,

c. The heat of hydration is about 210 cals/gm,

the highest among all
compounds in cement.

d. Highestrate ofhydration amongall the constitution
which is 82.5 %.

4, Tetracalcium alumina ferrite (C, AF) ;

al compounds

a. Ithydratesslowly.

b. Itsearly and ultimate strength are poor and lowest among all other
constitutional compounds.

L

The heat of hydration is about 100 cals/gm.
d. Rate of hydrationis 57 %.

Ar
a_ | 3 Ca0-8i0,
8L
2 2 Ca08i0,
E;
8
%
2
w
%
&
g 3 Ca0-ALOq
° 4 Ca0-AL0,Fe,04
_ >
1 28 90 180 w0
i m.—u. 3.26.1. Strength nmqm_oﬂ»m by different
i constitutional compounds in cement. =~
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Que 327. | Describe the process of manufacturing of p, rtlang
cement with the help of schematic diagram.

| UPTU 2014-15, Marks 05 |

The process of manufacturing of portland cement :
Wet process:
1. Mixing:
a The various materials required for cement manufacture, s
separately crushed, powdered, washed with water and storeq in

tanks.
b. They are intimately mixed in correct proportions and taken a¢
slurry in water to a grinding mill.
2 Grinding:
a.  The raw material is then ground to fine in tube mills, along wity

3040 % water.

b. The grinding consumes major part of electrical consumption.

c. Finer the raw material particles, better is the cement produced.

3. Burning :

a. The slurryis fed to a kiln at its upper end.

b. The kiln is inclined, very long and rotating. .

c. The kiln is 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. Dryingzone: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 + Co,
i Nm._&umznu.noum :Itis the central part of the kiln where
mperature is 700-1000°C. Limestone decom poses here.
CaC0; — Ca0 + co,
iv. Clinkerin s 1k i .
o g zone : It is the lower portion of the kiln where
perature is from 1200-1500°C. Here, lime reacts with silica,

115 (Sem-1 & 2) H

jumina and iron oxide in various ways and the materials melt
Wﬂ this zone. The major reactions taking place are :
9Ca0 +85i0, — Ca;Si0,
Dicalcium silicate (C,S)
3CaO +8i0; — Ca55i0;
Tricalcium silicate (C, S)

0 + AlLO; —> CAALO,
en : Tricalcium aluminate (C, A)
0. + Fe, 0, — Ca ALFe, 0,
0.+ 445 *2 Tetracalcium alumino ferrite (C,AF)
c.S, CsS, C,A, C,AF, formed are in molten form.
g Mﬁﬁmﬁwcw_mﬂ by air, there is formation of small hard, greyish stones
h.

called as clinkers.

4Ca

Powdered
coal 5 t06° inclined
@ refractor-lined

Stnck

clinker
Cement to strong and
packing bags

‘Fig. 3.27.1. Rotary cement 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 be such that the definite degree of

crystallization occurs in the clinker. el
d.  Ifthe rate of cooling of clinker is very slow, thenthe n_mw.m“*. _.” M@Em.
are converted to fine and such C,S has no good property

Such cooling results in ‘dusting’. . it
e. Ifthe rate of cooling is fast then almost all nmn.m.ﬂm an n_mMM iy
solidify and crystalline compounds C;Aand CAF forma -

affected.
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||I|r.rf,.f
£ Ifthe cooling rate ismedium. then the liquid inside clinkers typy
crystalline GS which gives the highest st rength to cement BPM

during setting handening.
5 Griding:Thecooled dlinkers are ground to fine powder. During gri ting
9 _4 & of psumis sdded. :

& Packing:The ?nnmbu cernent powderis packed in 50 kg bags with the
help of machines. _

Que 328. _ What is Portland cement ? Give the chemical reactigng
involved during setting and hardening of cement.

[UPTU 2013-14, Marks am_

Answer |

1. The cement which can set and harden even under water is called as

portland cement.
5  Settingis the process of solidification of cement paste with some early
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 cement is taking place in three stages:

a Initial (flash) setting:

i When water is added to cement powder, it forms a plastic,
semisolid paste like mass, which 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. dwm
needle released from the definite height penetrates few mmin
the initially set mass, known as setting of cement.

fii Initial setting involves hydration of CzA to form crystals of
tricalcium aluminate hydrate.

C,A+6H,0— Cy A" 6 H, O + 880 kJ/ kg

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+7H,0—> C;A-6H, 0 +CF - H, O + 420 kJke

v. But C, AF hydration is much slower and requires over an hove
to complete.

vi. Hydration of C, A and C, AF do not result in developing 297
appreciable strength.

b. Final setting or initial hardening :

!I;
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i The initially set mass of cement or ce

. : m .
strength in 10 hours time, ent mortar gains early

ii. This can be tested by Vicat needle apparatus. The needl
pot penetrate in the finally set mass but Enr....u j n-:z. o Soss
the surfuce, is known as hardening, ME‘ a mark on

ii. In the finally set cement mortar sufficient
developed E...r.fi_d._v.mmm of C;S. The :.«.&o?.m”muc_.mﬂmmwwmr .mmM”M
to complete, it requires up to 7 days but in 10 hours a E._Aas_..._um
total C,S reacts with water and gives the m”ﬂ@umﬁw. ?

C;S+(n+DH,0— C,S-nH,0+Ca (OH),
(gel)
iv. The tobermonite gel formed is strongly binding in character.
c. Final hardening :

i The development of ultimate stiffness or strength in
mass is known as final hardening. i L

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;8 and hydration of C,S.

Cy;S+ (n+1) H,0 — C,S-nH, 0+ Ca(OH),

tobermonite gel  crystals
me;.bm.,uO]vOum.:EmO

gel
Ca (OH,) + CO, — CaCO; + H, O
(from air) (weakly binding)

Que 3.29. _aﬁumﬁ is the role of gypsum in cement ?
[UPTU 2018-14, Marks 02|

Answer

—..-..O—Q of gypsum :
L., Tricalcium aluminate C4A undergoes hydration quickly and the reaction
| being highly exothermic (880 kJ/kg) the suddenly liberated heat can

cause problems to the setting cement massi.e., increasing temperature
of mass and causing minor cracks to the set cement mass and affect
strength. Therefore, the hydration of ;A should be prolonged or delayed
so that the heat liberation takes place inlonger time span. and minimize
the problems. :

% The quick hydration of C;A can be delayed by gypsum present in cement.
As soon as water is added to the cement powder, most of the Cy Areacts
With gypsum, producing calcium sulphoaluminate and this reaction 18
not high heat liberating. .
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" CyA+X CaSO, + TH,0—> C; A-xCaSO,-7H, 0
3, This product slowly disintegrates into C3; A - 6 H,0 and thus sudde

n heat,
liberation is prolonged by gypsum up to about half hours,

%.n 3.30. | Give the applications of cement.

m,o_uo._.q..w...n E.m the applications of cement : .
1. Cement mass has got very high compressive strength (like rock) byt 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 _ :
Plaster of Paris 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 casting 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. Itisveryeasytoapply but it is not a strong material, It is suitable only for
finishing but not useful for load bearing

Preparation of Plaster of Paris : Tt is obt;
at 150°C.

ained on heating gypsum mineral

CaS0,.2 H,O__best . CaSO, . ¥ H,O + steam
Gypsum

Plaster of Paris

What are the properties of POP ? Also, give the

Properties of POP :

. _" m B.._._.nm Wmamgm E dl
er ﬂg er nu
.H W@ ﬂuﬁu g aﬁ.ﬁ 15 most HEHUH: tant prop

2 MHH.S: Wwater isadded to Plaster of Paris, slurry is obtained which hardens

miwr.w and sets eas;l » creating the desired solid shape in a smooth

Emae.onrm:mmg _

T

ing Chemistry 119 (Sem-1 & 2)H

. .a1ly, on mixing with water, .Emm»m_. of Paris expands slightly and
. n:mﬂmﬂrwwn_omn_w.aunram crystalline structure of muﬂa.._E.mrm .
regd

oss of setting can be accelerated E.‘. mixing it with alkali i
- _cﬂ..on_hw SO, which initiates the crystallization Process as well as makes
ike
Hw _unnnmg faster. e
HH ;s a white coloured powder and light in weight.
1
_“_wm set material is not strong.
1t is easy to work and setting time is also convenien Hpiall
1 3 .
b%:aszoﬁm of POP:
Plaster on wall, ceiling.
Moulded and casted articles of decoration.

5.
6.

For orthopedic cast to protect limbs with broken bones,
It is used for quick sealing.

At high temperatures, gypsum loses all the water of erystallization to
give anhydrous calcium sulphate.

1t is used in manufacture of H,SO,.
7. Itisused in making of cement.
g Itisusedin the preparation of moulds used in surgery and castings.

Que 3.33. | What is lubricant ? Give suitable examples. Classify
:.:wn. wum .mwﬁ_mms any one of the mechanisms of lubrication.
UPTU 2013-14, Marks 05 |

OR
Define lubricant and lubrication. Explain mechanism of lubrication.

Answer

%ﬁuﬂﬂwﬂmmmnﬁ is defined as the substance placed between sliding metallic
surfaces, to reduce frictional resistance.

2. The substance used as lubricant may be solid, semisolid or liquid in mwmnm.
Sometimes, it is the solution of a solid in a liquid (for example, fatty acid
or soap dissolved in mineral oil or water).

Lubrication ;

L Ttisthe process of reducing friction between two metallic sliding surfaces,
by placing a suitable lubricant.

Functions of lubricants :

L Ttreduces frictional resistance between the metallic surfaces.
2,

3.

It reduces wear and tear of metal surfaces. :
: wnr.ﬁ-ow.
It decreases the maintenance cost and running cost of m:
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ﬁ_aoﬂgaposmm....w
4. It increases the efficiency of machine by minimizing the |
mechanical, electrical or chemical energy. e

m.H»Emamuumuam_.rioow_rmamunomm:&sn:ﬁﬂamcl.:nom:._.
- - ! m K i
and jamming. - Cpanaion

1@

It makes the relative motion of sliding parts smooth and noise free

-

It acts as coolant for example, in cutting, drillin

X4 = ) g of metals b
transfers the heat from gears to the surface of gear-box for nmwmﬁw_m.
and similarly in transformers. o

Mechanism of lubrication : There are mainly three types of m 2
by which lubrication is done : P FEhiiem
1. Fluid film or thick film or hydrodynamic lubrication :
a. Operating conditions : This type of lubrication takes place 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.
¢. The film keeps on moving along with the sliding surface or it is
dynamic film. .
Low load
wm) Bearing
4 \ lining

Fluid—p S Aok
phaalg—————— dynamic
. film of
(dynamic 7 lubricant

{a) Fluid film or hydrodynamic lubrication (b) Journal r_.uo_‘mﬂm
! 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, etc.

2  Boundary lubrication or thin film lubrication or static
lubrication :

ring Chemistry

W@Hﬂ\l\l 121 (Sem-1 &2) H
Tk, |I|.|I.I.II.I||.I||II

g, Under the conditions of boundary lubrication only a thin film of
i ]

Jubricant of higher oilness, can be maintaineq

b, The molecules of oil either get chemically adsorbed on the metal
€ me

surfaces or react to form monomoleculer layer
molccules thickness. yer or alayer of 2- 3

¢. The adsorptitn or reaction takes place in valleys a g
of both surfaces. The adsorbed or reacted lubri nwbn Mﬂ_ooﬂw._m perities
at right angle to the surface. €6 orient

d 2-3 molecules thick layer of lubricants between the metallic surface
is adequate to minimize the metal to metal contact and can red »
the friction in the sliding surfaces. e

The coefficient of friction is about 0.05 to 0.15.

‘e.
Higher temperature _~0—COR
—_—» Fe % . I»A
(Fatty (atom on 0 —COR
acid) surface) iy
R R R
H_\, |
C—OR C— OR' C—OR' <«— Adsorbed ester molecules
I I of vegetables oil on metal
0 (0] o surface

i
i
H
i

Fig. 3.33.2. The thin film on the surface is stationary or static. |

f Ifthe temperature of the surfaces increases beyond a limiting value,
then 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

v ‘
//////// N

Motion —p. Metal

Adsorbed lubricant

Adsorbed lubricant

7 2 7 7 7 o\ Bommmnnz_mmnfn .

7 {# (Film less than 10A°)
e

' Fig. 3.33.3. Boundary lubrication (m

Motion
agnified).

3. Extreme pressure lubrication
a. Under the extreme conditions of load w__:ﬁ.wn J,v_m. ils to work
boundary lubricant of fatty acid or metal s03P



|III|r.lfn.__
and there is increase in friction, local temperature and surg,
damasge. ce

b Ordinary lubricant decomposes and evaporates at the k; h
temperature produced. Therefore, effective lubricants are ﬁ!mﬁhm
for the purpose by dissolving the long chain organic compounds
containing the electronegative atoms (such as Clor 8 or P) wity
mineral oil along with little fatty acid.

¢. The additives dissolved in mineral oil are called as extreme pressyre
additives and the lubricant is called as extreme pressure lubricant
(EP lubricant).

d Inthe beginning. some extent of boundary lubrication takes places
but it cannot bring down the friction and shortly a very- high
temperature is developed.

e. Atthe high temperature, the metal atoms of the surface react with
electronegative atoms to produce inorganic compounds of fine size,

Metal + sulphur __ hish temperature . meta] sulphide
tin additive)
f. The coefficient of friction is in the range 0.1 to 0.25.
g. 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.

Que 3.34. _Qma._m the brief classification of lubricants.

Answer

Lubricants can be classified as :
1. Solid lubricants : Solid lubricants are used in situations such as:

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
Jubricant is not formed or maintained.

¢. Where the parts to be lubricated, are not easily accessible.

d Oaugﬁmnmsoa 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.

f. w%:.a _c_uammmanm are thermally stable, they do not catch fire under
ﬂ iti o
?M» MMM.-.» ing conditions, most of tham are smooth and reduce the

g ﬁ.u.w.uﬁ_aﬂm‘ n.uaqgmszﬁ‘&mﬁ_vwm&m. tale, soapstone (magnesium

silicate), mica are the examples of common solid lubricants. They

a.

o

3. Liquid lubricants:

—~

Engin

ering Ow.—n.uﬂmz_.ﬂw.

d either in the form of dry powder or mixed with w .
ey can firmly adhere to the metal surfaces. ater or oil
Graphite and molybdenum disulphide are the two important
ctructural solid lubricants used.

Solid Jubricants ar® :me,n_ for compressors, _..o engines, lathes, pulleys,
rrs_nz railway track jeints, open gears, chains, cast iron bearings, food
....nwcmﬂﬁ.. war tanks, etc.

Slid Jubricants : g8
portant semi-solid lubricants are greases, vaselines

are ust
o that th

h.

indus
Semis0O
The most 1m

and waxes.
a semi-solid lubricant obtained on mechanical dispersion

hot petroleum oil. A soap is obtained on reaction of a
ith an alkali.

a.

p, Greaseis
of soap 1
vegetable oil w

vegetable oil + alkali — glycerine

soap +
{metal carboxylate!

¢c. Thealkali used in making soap is NaOH, Ca(OH),, LiOH, Ba(OH),,
. etc.

4 Thesolid

" js used as gelling e

oil or synthetic oil.

soap obtained by reaction of an alkali and a vegetable oil,
agent in the liquid medium of petroleumn Jubricating

Stirnog = 2
=ik or without Tler ~ Eease

soap + petroleum lubricating oil (hot)

e. Greases are used for lubrication under following conditions :

ii Highpressure condition.

ii. High temperature (up to 80°C).
ii. Insituationwhere bearing hasto be protected against entry of
d.

dust, dirt, moisture.

iv. Insituationswhere oil cannot remainin place due tolow spee;
high load or intermittent operation jerks.

In situations where dripping or spurting of oilis cnmﬁ:.&,.:..

for example, machines used in paper. food. textile and dyeing

industry.
and a good liquid lubricant

a.  Liquid lubricants are most COMMOEN in use

should have following properties
i.  High flash and fire point.

ii. Required oiliness.

iii. Required extent of viscosity.
iv. Viscosity should not change app
temperature.

reciably with rise oF fall of
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@gg—guﬁm?&igﬂwn?n the structure of graphit.

and explain its lubricating properties. | UPTU 2014-15, upinH_om

v. Highoxidation resistance.

vi High thermal stability and 2c1 25 cool
and corrosion preventer.

P

L Mineral or petroleum lubricating oils,
ii. Vegetable and animal oils,
iti. Blended oils or compounded oils, and

iv. Symthetic oils : These oils zre menufactured br
i %

cherms,
processes. They possess following distin

. &

iealures -

Answer _

Lubricants : Pefer Q. 2.23, Pzz= 1195, Uit-2.

Czrbonztomin e AT .n.h._..
2 neTworr of ziom boended by
Fezzzi-s nu.l toree eovalent
v & bond
4 H
s s ‘.. —_— -
e 2 - -

. sliding parallel
1z to each other

Fig 335.1. Layersd structore of grashite.

Properties of graphite :

i

2.

Tristhe most widely used 20lid Iubricants, It consists of a layersd lattice

FITePa e ]

[ ST ——" A sovpeme Ther o - -4 CF 2
A Hm...n..u.nwstt\w.n i nmﬁhmu.»\lﬂ.. arrznged SP2 hybridized Carton atoms
Ingrepilie arearranged in hexegon in flox parallel lavers and each one
L4 j = SR R H - " II -
w- 22 Yred oy oo EEnt bnis .cw thzes other atoms but its distance from
forin Gre 15 e tian dunlle. Henes the fourth valence bond is not
fized zrd 2o sk znd make ezsily,
TS oy T e et iy o o T B )
ke wwa megniinng parellel graphite molecules are 3.7 A apart and
L . A = g L A 2Tl frowme = H =t ¥
there s s qWMMv acer Wizl fures ofzttraction letween them. Therefore,
L [OAETL S CET 310 7 er ot 5T =i les .

s .I.HWU S ap = ~.‘h.mw ezxily by rmechanies] foree, Henes,
BFApIntE PUNCET I Mgy U Urith or Very wft and can act 25 lubricant.

B T PR U i 35
It iz nom-inilzmmatle aad does not get gridised in zir below 375° C.

iing upon chemicz] nature, they are further nwm.ww.mmw& as-

sl |

Nﬂumbm&lnm Chemistry 125

-
2-

-2
7-

mw

o

10

P B s
be used 25 lubricant at much higher e,
Wmmb absence of 2ir. 2ing temperatures in
Ip presence of moisture, graphive will act 22 yod s o
1t is used either in powder furm or as susperai,. ’
mu.mvw.mcm in oil or water is used with the help
zgent- om0 in oil
- phite -uspension in oil is called ax ‘it .7 .
Tre mﬂﬁbmﬁﬁ@ uspe s \lln.hﬂaﬂ.ﬂm
wateris called 2= "aquaday’.
0il-dag is found useful in LC. engines. Amuadag iy nerny 4 oo,
cOmPTESSOrs, general mechine shop work, lettes 2od £r poi:

oo The wxspension of
1 ta0nin 25 emadat
mzsifying

EaEpenaion in

ps=d in the food industry.

4 quz-dag is useful ﬂwﬂm z m..nwu,mumhﬁm needed free from ol Bowory,
test in moist zir and carbon dioxide whereasit as medinere Tirimes s
properties in oxygen and =nil lubrication properties in zinr, gen

st QUIM,_.MNHW.

Mﬂ”mm.l_ Give an account of the synthetic lubricants.

| UPTU 2012-13, Marks 4]

i 2

=

o

ﬁh

&

\fineral ¢ils caanot be used effectively es ther tend gt oridized =

ery BEigher temperatures while wax seperation will oeenr 2t very low
temperatures.

S5, synthetic Iubricants have been developed, wiich cen meet the severe
operating conditions such as in airerafi engines.
The same lubricants may have to be in the temperature range of -50°C
t0230°C.
Polyglyeol ethers, fluoro and chloro bydrocarbons, organophosphates
znd silicons are currently vsed as synthetic lubricants.
- examples : Grease is a semisclid lubricant cbeained by thickening

is usually sodium or ezlcium or lthium sozap.
Types of grease:
a Soda-bzse grease
b. Lime-base grease
c. Lithium-soap grease
d PBarium-soap grease
€. Axle (resin) grease
Graphite:
a mHun consists of a multitude of flat plates, which are bald SMmMM%M

weak Vander Waals forces, so the force toshear the crystals

tothe layersis low.

A et 2
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||1|1J.....mw

b. It is used either in powder form or as suspension.

¢.  When graphite ia dizpersed :._ oil, it is called ‘oil-dag’ ang whe
graphite is digpersed in water 18 called ‘aqua-dag’.

d. i ineffective at above 370 *C. 1t is used for lubricating interna)

combustion engines,

Molybdenum disulphide :

T
niam

4. I han a pandwich like structure in which a layer of molybde
atome lies between two layers of sulphur atoms,

b, The weak Vander Waals forees, seting in between the Jayers, o
bes destroyed easily.

¢, z:mu enn slso be used as power or dispersions,
d IiselTective upto BOO °C,

e, s used in wire-drawing dues,

Que u.u.u.— Give applications of lubricants based upon their

applications,

Answer _

8. No{Type of

Operating
conditions

Properties required in

machinery lubricant

Internal

g Chemistry 127(Sem-1 & 2) H

e

\.\\\ﬁﬂ_”ﬂﬂ.ﬂl Water or steam |a. EE.. oxidation resistance

[ & B contact, high b. Antifoaming character

e | temperature e Antirusting sharacten

. O raulic) d. v._..i.::_ viscosity

p For example, petroleum

oils blended with
=.=: rust, antifoaming,
viscosity index improving
additives,

|_—+——"""""] High pressure, high [n. High oiliness

5. |Gears temperature, low to [b, Proper viscosity (modium

high speeds to high)

e, Oxidation resistance is high

' d. High viscosity index

For example, proper

viscosity petroloum

oils blended with
antifonm, antioxidant, V.1,

| S e

o Delicate Low load, highla. Low to moderate viscosity

) upiod. h. Nonvolatile

¢, Low pour point
for exnmple, vegetable oils,
Animal oils

=

instruments

————

combustion
engine

low ta high speed,
low to high pressure

High temperature, [a. High thermal stability

Non corrosive

High viscosity index
Good oiliness.

For example, petroleum
oils blended with above
‘property improvers'.

2, |Spindles

Low load, high speed

o

Low to moderate viscosity |
Oxidation resistance
Should contain
corrosion inhibitor
Non-volatile

For example, thin
petroleum oil blended
with corrosion inhibitor. |

3. |Refrigeration

Low temperature,
moderate load

gp

Low pour point, below-40°F
Moderate viscosity
Low cloud point.

For example, naphthenic
base oil.

| Steam Steam contact, high [a. High oiliness .
engine temperature, high|b. Less emulsification with
cylinder pressure waler

¢. High viscosity index

Que 3.38. _ What are flash and fire points ?

[UPTU 2014-15, Marks 05 |

e

Flash points :

L

2

An oil's flash point is the temperature at ___.._E.nr a flame appears and
instantaneously propagates itself over the entire surface. —
The oil flashes because a flammable mixture mnwcw.& Ern.w.“_..m__”;ﬂwnr..
sufficiently, causing vapours to emerge and mix with oxyge o
The flash point temperature of oil corresponds roughly to & VERS
pressure of 3-5 mm Hg.
When a small flame (ignition source :
2 i h
vapour mixture will burn momentarily and then extinguis
temperature has been reached. and
; £ n the type
Naturally, the exact flash point will vary depending ©
tomposition of the oil.

: ¢ iI's surface this
)is applied to the ol am::n ol
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‘Firepoints: - - o
'L . Continued heating of the oil (typically 50-75° F above the flagy et -

2.

flame results (longer than four seconds). _
~ Naturally, the fire point is always going to be higher than the flagy,

\

temperature) will cause the fire point to be reached. _ -.
As the name implies, the fire point is the temperature at which 5 Sl tamed i

point.

©00






Water Treatment

(130H - 139H)

A. Concept Outlirie ; PAFL-L .......umininsissminmnagmvss 100H
B. Long and Medium Answer Type QUeStiOnS .........o.cvwwrenssisennes 131H

Part-2 g sersmrevnes (139H - 16TH)

A. Concept Qutline : Part D WS SO SRR | | . |
B.Long and Medium Answer Type Quest:ons o Ganeraasesssiassey JAOH

Part-3 1 . (158H - 171H)

A. Concept Outline : Part-3 ... ' SRR 1:1: ) - |
-Long and Medium Answer Type Questwns sipssiimiaisansiaaseervi D BEL

129 (Sem-1 & 2) H



10 _.z_..._._ .f: .:

131 (Bem-1&2)H

Hardnery __\._,S_::... Disadvantages of Hard Water, Boff,,.

.3.3& .Fr
 CONGEPT DUTLINE : PART-;

; .\\l\\_ What is hardness of water ? What are its types ?
bedng, o nel plantae, W dn importand, in : Que .__L.r ;
nnin o e | e : : _-\|\\..||_ .
1. Surfiee water 2. Undorground waloy TAnswe ) LK )
3 Roinwaler A4, Sowr walor ! a _._r:_anmm.ma one of the Jﬁ?ﬁﬂwﬂmﬂmﬁ%&mﬂh%“ﬁﬁmﬂﬂﬂmg
o Haovdness of wator s Hord o nm :::5:.._n::._..:::_ 1 wad n?_._re& to the waters whi c ing action of the soap
i walts of longs chnin fatty _.Egu difficult.

with Ca'' and Mg" ions of water The water which does not {orm lather with soap and is hard to wash in,
. ! ]
't and Mg'* which do not haye fany & is termed as hard water.

detergent value, Hardness of a water sample is a measure of its capacity to precipitate

¢ lnrdnoess nre of two types : 3 ap or its 80ap consuming capacity.
" PR . B0 = & = z
L. Temporary hardnoss On the other hand, the water which forms copious lather with soap is
2. Permanent hardness 4.

termed as soft water.
¢ Treatment of water : For boiler feed, water treatment for

. . : se of hardness :
hardness is essential, Two Lypes of treatment are there for o

i i f calcium and magnesium
OMOV p Vo § : Hardness of water is due to the presence 0 : :
__. #“ﬁ.ﬁ ”.___._.” __,__ "e___._c_q______»_.”w :.ﬂ 4 <alts. Generally, soaps consist of sodium salts of higher fatty acids such

as stearic, oleic, palmitic etc., which are highly soluble in water and thus

) ) . P . = 3
2. Internal treatment exert their cleansing action.

e 9. Ifcalcium and magnesium salts are present in water, these react with

soluble sodium soap to form inseluble salts of calcium and magnesium.

Secales 3. Forexample,

2C,,H,,COONa + CaSO, — (C,;H4;C00), Ca+ Na,S0,
(Sodium stearate) (Insoluble salt)
2C,,H;,COONa + MgCl, —> (C,;Hy;C00), Mg+ 2NaCl |

4. Thus, a white scum or precipitate of insoluble soap of n&nmﬁw,f and {
magnesium is formed. Lather is not produced until c...m cations, Ca®* and
Mg?* are completely precipitated out in the form of insoluble salts.

5. Asaresult, a large quantity of soap is required to produce lather with
hard water. Thus, hardness is rightly defined as soap consuming capacity
of water,

Types of hardness :

&  Temporary hardness

b. Permanent hardness

. eaﬂﬁoﬂs hardness : : =
L. Hardness due to the presence of bicarbonate jons of calcium mEm

corrosion

" magnesium is called temporary hardness or carbonate .E—ug
This is also known as alkaline hardness.
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2. This hardness can be removed by mere boiling
converts the bicarbonates into E.m&_.&_m.nm._.roumsm orhydp, -
The insoluble carbonates or hydroxides can he rem, o.a..,_ﬁ

Water

» Whi

3.
Eﬂﬁﬂﬁhmﬁh—. Veqd md, !
Ca(HCO,), —=— CaCO,} + Hy0 + CO,
Mg (HCO,), —=— MgCO, | + H,0 + C0,
4 Temporary hardness can also be removed by addition c?m_gmgq

amount of lime (Ca(OH),)-
Ca(HCO,), + Ca(OH), ——> 2CaC0;l + 2H,0

Ca(HCO,), + Ca(OH), —— Mg CO, 1 + CaCO, L 4 25 g

b. Permanent hardness : This type of hardness is also known 5
carbonate hardness. It isdue to the presence of sulphates and chlori Ms.
of calcium and magnesium. Permanent hardness cannot be remoyeg _um”

boiling.
Que 4.2, — Differentiate between hard water and soft water,

‘Answer

‘m.z...-._ _ Hard water _  Soft water
1 Water which does not produce
lather with soap solution
readily, but forms a white curd,
is called “hard water”.

2, Hard water contains dissolved
calcium and magnesium salts
saltsin it.

init.
3. |iInhard water, cleansing quality | In soft water, cleansing quality of|
soap is not depressed and so soap

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.

Water which lathers easily on
shaking with soap solution, is
called “soft water”.

Soft water does not contain
dissolved calcium and magnesium

Que4.3. | 200 ml of water sample has a hardness equivalent of

25 ml of 0.08 N MgSO,. What is its hardness in ppm ?
PT0 2015.14, Marks

‘%
o
of Watep |

Chemistry ww.u (Sem-1&2)H

ring

pogi®

25

gm equivalent =V x N = 1000 ~ 0-08

N n_.nuvmn of
weight in gm0 MgSO0, = number of gm equivalent x equivalent weight
: 25 . S
= 2000 % 0.08% equivalent weight
’ . 25 i =

Weight in £ of MgSO0, in 200 ml = T 0.08 x equivalent weight

in 1ml= = % 0.08 x equivalent weight

1000 200 1 s

25 0.08
i 0ml = ival i
in 100 T 200 x equivalent weight x 10°g

.08
S S x equivalent weight x 50/

= —— e

in CaCO; equivalent = 7555545

. alent weight x 107 g
me_:sm = 0.5 /L = 500 mg/L

@ﬂn\m.&\.l_ What are the disadvantages of hardwater ?

Answer

In domestic :
1. Cooking: Vegetables and other like pulses etc. do not cook well in hard

water.
Wastage of soap : Since, hard water does not form lather with soap

2.
readily hence, soap is wasted in removing the Ca®* and Mg?* ions present

in water.
Spoiling clothes : The Ca®* and Mg** present
with soap to form insoluble compound, which sticks

not easily removed and spoils the clothes.
2+ and Mg?* salts are deposited inside

ale, which are not removed easily.
the cooking utensils are

in hard water combine
to the clothes. Itis

4. Consumption of more fuels: Ca
the boiler. These form a layer as a s¢
Hence, consumption of fuel is increased and
spoiled.

In industries :

L. Textile industry : The water us
should be free from hardness (Ca** and Mg
suspended particles etc. Hard water precipit
manganese salt produce coloured spots on fabrics.

% Sugar industry : Water should be free from hardness, suspended
Particles as well as pathogenic micro-organisms. Hard water causes
difficulties in the crystallization of sugar from molasses.

ed in textile and dyeing industries
++ jons), organic matter,

ates basic dyes. Iron and
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. %
8 Paper and pulp industry : The water should be free fr, :

m
suspended particles, iron, manganese etc. Hardness Enummmwwmﬂmnmg_
contents of paper. Dissolved silica produce cracking tendency (¢ ©%h
Iron and manganese salts decrease the brightness and colour of

Pape,
4 Aluminium industry : The water should be of high qualit, Pape,
of impurity and hardness make it low grade.

Y- Aay ty,

5. Carbonated beverage industry : The water shoulq },
colouring matter, pathogenic micro-organisms, rmwmnmmm. izon 4 -
n

- manganese salts, suspended particles etc. It also should have |
alkalinity. Hardness producing salts make it of low grade. e

6 Starch industry : Water should be free from any typ
impurities (organic or inorganic), suspended particl
manganese salts produce yellow colour, which is unde

producing salts causes the precipitation of salts and a
starch.

7. Ironindustry:Hard water makes the iron of low quality. It corrodes
the iron and alloy. Water pipes are blocked due to precipitation of sajts
during boiling of hard water. Hence, water should be free from hardness
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.

e free frog

e of E:.mbmwm
es, etc. Irgp and
sirable, Hardneg,
ccumulates iy the

w.nmlm.m.- aﬁqnoﬂmmuuﬂumgmbmmwoméaﬁmlu terms of CaCO,

equivalent ?

iy

Hardness in terms of CaCO, equivalents :

1L To compare the hardness of different samples of water, it would be
easier, if the hardness caused by differcnt salts can be expressed in
terms of single salt.
2. Itiscustomary to express hardness in terms of equivalents of CaCO-

The reason for choosing CaCO, as the standard for calculating hardness
of water is due to

i 1Its molecular weight is exactly 100, which ical
) athematic
calculations easier, Y e
i Ttis Em. most insolub]
treatment Processes,
3. Now 1 mole of CaC

esalt, thus can be easily precipitated in water

_h
i
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CaCO, equivalents for various salts are as follows :
Th% 5 00 g of CaCO, = 111'g of CaCl,
f 136 g of CaSO,
95 g of 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,
tin terms of its CaCO, equivalent will be :

]

1)

5 Ifxg

vﬂmmmﬂ )
1 g mole of CaCl,= 1 g mole of CaCO,
111 gof CaCl, = 100 g of CaCO,
55.5 g of CaCl, = 50 g of CaCO,

(- Eq. wt of CaCO, = 50 g Eq. wt of CaCl, = 55.5 g)

x g of CaCl, = w.nm x x g of CaCO,.

6. Thusto 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 substances m.mm that of
CaCO, = Molecular weight/2, hence to make mathematical nm._nEmn_._Em more
easier, the above formula can be written in terms of malecular weightsi.e.,

: Mass of the substance
4 = 100/2
s L S Molecular mass of the substance /2 5
or Equivalents of CaCo, = Mass of the substance .

Molecular mass

m_wo.:w. Differentiate between temporary and permanent

hardnegg C hardness of water
- Calculate temporary and permanent
Sample analysed ag ; Ca(HCO,), = 21.0 mg/L, Mg(HCO,), = 25 mg/L,

CaCl, < 164 mg/L and MgCl, = 5.2 mg/L. Enﬁfﬁiiﬁ_
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S.No.| Tempora ry hardness Permanent hargy "~ hardneg;
1. | It is caused by the presence of It is due to wg/
dissolved bicarbonates of Ca, |chlorides and sulphateg om_mma?&
Mgete. Fe. 3 Mg,
2 | It can be removed by more | It cannot be remaved by boil;
boiling of water. - |water. - ing of
3. For example : Ca(HCO,), For example : CaCl,, M
MgSO0, etc. » VBCL, Feg,
Given: Ca(HCO,), = 21.0mg/L E e
Mg(HCO,), = 25 mg/L
CaCl,= 16.4 mg/L
MgCl,= 5.2mg/L
Constituent. - CaCO, equivalent
100
O m p——
a(HCO,), 21 x 162 12.96
100
Mg(HCO — =
g(HCO,), 25x T4 =17.12
100
CaC o A8
aCl, 164x 77 =147
100
MgCl, 52x o =5473 ;

D.m.:ﬂ.n.ﬂ. w Calculate temporary and total hardness of water sample
of water containing Mg(HCO,), = 9.3 mg/l, Ca(HCO,), = 17.4 mg,
MgC, =8.7 mgll and CaSO, = 12.6 mgl. [UPTU 2013-14, Marks 03]

| s Tt

Mg(HCO,),

= 93mgl = 93x 100 _ g36mgl
146
CaHCO), = 174mgd =  174x 190 - 1074mg!
162
MgCl, = 87mgl = 87x 100 _ g15mgl
95
CaSO, = 126mgl = 126« % = 9.264mg/l

Aéﬂ.‘
i
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cering Chemistry
et Temporary hardness = 6.36 + 10.74 = 17.10 mg/l
permanent hardness = 9.15 + 9,26 = 18.41 mg/l

Total hardness = 35.51 mg/l
100 ml of water sample has a hardness equivalent of

8.

Que u 3 0.08 N MgSO0,: What is its hardness in ppm ?

25m10

[ UPTU 2011-12, Marks 05 |

12.5
5 =102
1000 > 0.8 =10

; it S Weight in gms.
Number of gms eQUIVATENE= To "o B yivalent weight)
esent in 100 ml of water sample

Number of gms equivalents of MgSO, =

:oht i s of MgSO, pr
aﬂm_mzn n gm 4 =(1x10-2) x Hb. wt. UHH'MN.WO..
Weight in gms of MgSO, per L of water
1000
= (1x10?% x Eq. wt. of MgS0,) x 100
= 10-1x Eq. wt.
bocn 50
Hardness =Wei ght in gms of MgSO, per L of water x Eq.wi of MgS0,
= 10" x Eq. wt. of MgS0, x - %
- Q- Wi 0f X5V ™ Eq. wt of MgSO0,
= 50 x 10! g/L.= 500 ppm
Que4.9. | Write a short note on boiler troubles.
Answer
.. fsteam (for industries

1 Wateris mainly used inboilers for the generation 0
and power houses).

2. For such water all the impurities ar .
only those impurities which lead to operation

eliminated or kept within the tolerable limits.
3. A boiler feed water should correspond W
composition :
i Itshardness should be below 0.2 ppm.
il Its caustic alkalinity (due to OH) should lie in between 0.15 and
0.45 ppm.
iii. Its soda alkalinity (due to Na,COq
Excess of impurities, if present in boiler feed water gen
follow; ng problems :

e not necessarily eliminated, and
al troubles in boilers are

ith the following

) should be 0.45— 1 ppm-
erally cause the
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Wi .?m.m#aaa
Scale and sludge formation, corrosion, uiﬁué
embrittlement. - - s

Boiler problems :

problems /
Boiler b\ . .

Sludge and scale formation _._.,_ ro:mum

1. Ina boiler, wateris continuously evaporated to form steam. Thig increases
the concentration of dissolved salts. Finally, a stage is reached when the
ionic product of these salts exceeds their solubility product ang hence

- they are thrown out as precipitates.

2. Ifthe precipitates formed are soft, loose and slimy, these are known as
sludges ; while ifthe Precipitate is hard and adhering on the inner walls,
itis called as scale.

r.wpmmw Hard adhering

Precipitate coating on inner
m,mmvoaw& walls of boiler

1n water

(sindg) (scale)

0.2 Slulgy T vl o

Priming ang foaming
1

When stean jg Produced ranidle :
I r i the
liquid water are carripg EMM_Mn .w .W n,#m boilers, some droplets of

. t-
steam’ nagwﬂmanwnmﬂmnvaﬁim steam. This process of ‘we

ring Chemistry 139 (Sem-1&2) B

inee

Sﬂv the, propulsion of water into the
—u—.mﬂupﬂ

. steam drum by
9 ely rapid, almost explosive boiling of the water at the heating
" extrem :
M aces.

o formation of small but persistent foam
3 mowgum“wmwﬂmwﬁ boilers, which do not break easily.
©  waters

or bubbles at the

.mmnm,ﬁmﬁ_g%@wummmuamgmmbo:mi&f:m Fromwanmma
m,oEBEm :
& water.

. alkalis react to form soaps which greatly lower the
ly oils and
5. Actual

tension of water and thus increase the foaming tendency of the
surface : .
liquid.

Boiler corrosion :

“disi ion” of hoi rial either
ion is “decay” or “disintegration” of TSHE. —.”.caw materi i
paler oﬂaumﬂmﬂ% o_mnﬁﬂnrmﬂﬁa reaction with its environment having 0,,
to che -
W% and mineral acids.
u

The disadvantages of corrosion are :

i Shortening of boiler life. ,

ii. Leakages of the joints and !cmnm“

iii. Increased cost of repairs and Emwhnmsmb.wm.
Corrosion in boilers is due to the following reasons :
Caustic embrittlement :

Caustic embrittlement is the phenomenon mcmnm. which the boiler .Ewnmﬂmw.
becomes brittle due to the accumulation of caustic substances. This type o

.acw_mﬂno:.ommo:mmnmcmmngﬁrm:mmom:me%mthnmSRmngﬂwm high
pressure boiler.

Que 4.10. | What are the causes and effect of (i) boiler scales (ii

caustic embrittlement ?

Refer Q. 4.9, Page 187H, Unit

-4,

T

[PaRT-Z |
=

CONCEPT OUTLINE : PART-2

. :o.
Hmngﬁommoaﬁmﬂmn mo?mn_um;nnmﬂrmmoumvw.ncg
methods ; .

L Lime-soda process

2. Zeolite process -
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. 140(Sem1&2H Water Treatng,,

3. Ion exchange process . ‘j
. Eym process : The lime-soda treatment involyeg the

use of lime (caleium hydroxide) and soda (sodium carb, nate) ¢
*-_ remove hardness from water. o
* Zeolite process : For the softening of water, the Water i
percalated through the bed of zeolite packed in a vertica] eylindey. -
» Ion exchange process: It is the process of softening of wate,
by exchanging the harmful ions of water with harmlesg
from an ion exchange resin.
* Reverse osmosis : In reverse osmosis, the direction of normg)
osmotic flow of water across the membrane is reversed by (Preventive method)

apylying presoure to the eoinpartm ectt with bigh “Oncentration, _ “Tig. 4.11.1. Tllustration of types of water treatment
— Fig- % ethods and there point of application.

Internal treatment
(corrective method)

long

External treatment

Boiler

<t. the internal treatment of boiler feed water refers to the

m.:p ..%HM“.HEQ of water in the boiler itself by the addition of chemicals.
i ] g
_ - <entially a corrective method to remove those salts which are

J .?H H_._,-H_ﬂ ely removed by external treatment of water softening.
(1]8 ¢ w > z |
M_Hz following conditioning methods are used in the internal treatment :

10. The .

Colloidal. Phosphate, Calgon and Carbonate conditioning.

L. The process whereby we remove or reduce the hardness of water,

irrespective of whether it is temporary or permanent is termed g E [ Internal treatment |
‘softening” of water. _ _
_ T _

2 Risveryessential process since hard water is unsuitable for domestic as _ e P kg - on
i i ; ime-asda lonexchange  Coelloidal b anate Phosphate algon

well as industris] use. H;MM_..“ J“”/J,mm provess conditioning  conditioning  panditioning copditiaming
3 One ofthe most important applications of water is in steam production o

for the geperation of electricity. For this water need to be fid to industrial .

boilers. _ Que 4.12. _ Explain the lime-soda process for making soft water
4 Wejost cannos feed any water into the industrial boilers because it has _ from hard water.

been identified that hard water crestes large number of problems like

scale snd shodge formation, priming and foaming etc. Answer he sahubl
- 5 " B . AP . o : - b ¢ sniunhie
3 The hardness cavsing salts can be removed from water by following two L The basic principle of this processisto nrm::qm:,f.?uﬁﬁﬂ ﬂm,.nw” R

% 5 - S ~ pS WL 3
Laianta hardness causing impurities into insoluble precipitates w .
& Externsl treatment removed by settling and filtration.

=

b Internsl trestment
& Theexternal trestment of water is carried out before its entry into the

2 Y T ~ ¢ sther with a
For this purpose, a suspension of milk of lime, nuﬁom,ﬂ“a“ﬁ SMM*& ey

. I soda) is adde
calculated amount of sodium carbonate, Na,CO,, (soda) i

boiler. requisite amount.

& : . - 3 . I cater is carried out.

T E.ﬁ.. reatment prevents hoiler problems. It can be done by lime-soda. | 3 Proper mixing of the chemicals and w ".5 risc o e )
Froiite or ox exchange processes. __ 4 Caleium carbonate, CaCO, : magnesium hydroxide, MgtOH)s

. precipitates
hydroxide, Fe(OH), and aluminium hydroxide. AKOH),, so precips
are filtered off,
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5.

6.

7

8.

sﬂﬂmﬂ -Haﬂo mﬁﬁ_ﬁmﬁn

At room temperature, the precipitates formed are very fine
They do not settle down easily and cause difficulty in filtration

If small amount of coagulants like Alum [K,S0,. AL(S

- . - o
Aluminium sulphate [AL(SO,),] or Sodium m._cnwmume EZWEm%mwQ_
_added, they hydrolyse to precipitate of aluminium hydroxide + o
entraps the fine precipitate of CaCO,, and Mg(OH) 5% Whiich

Thus coagulant helps in the formation of coarse precipitate.

Reactions with lime :

a.

f.

Removal of temporary hardness :

Ca (HCQ,), + Ca (OH), - CaCO, { + 2H,0

Mg (HCO,), + Ca(OH), — MgCO, + CaCO, | + 2H,0
MgCO, + Ca (OH), — Mg(OH), 4 + CaCO, 4
Removal of permanent Mg hardness :

MgCl, + Ca(OH), - Mg (OH), { + CaCl,

MgSO, + Ca(OH), — Mg(OH), 4+ CaSO ”

Removal of dissolved iron and aluminium salts :
FeSO, + Ca(OH), — Fe(OH), { + CaSO,

2Fe(OH), + H,0 + wou — 2Fe(OH),

AL(SG,), + 3Ca(0OH), - 2Al1 (OH), { + 3CaSO,
Removal of dissolved CO, and H,S :

CO, + Ca (OH), — CaCO, { + H,0

H,S + Ca(OH), » CaS i + 2H,0

Removal of free mineral acids :

2HCI + Ca(OH), - CaCl, + 2H,0

H,SO, + Ca(OH), — CaSO, + 2H,0

Reaction with NaHCO, :

2NaHCO, + Ca(OH), - Na,CO, + CaCO, I +2H,0

Reactions of soda :

a

CaCl, + Na,CO, — 2NaCl + 1 caCo,

b. CaSO, + Na,CO, - Na,80, + { CaCO,

It is evident from the above equations that the soluble calcium and magnesiumm
_salts are precipitated as insoluble calcium salts and removed by Enmnmsa:m
However, the chemical reactions taking place during lime soda treatmen

are very slow. Moreover, the precipit
remain in the solution even after filt

ates formed are very fine and tend to
eration, These may cause troubles by

getting deposited on the pipes and boiler tubes later. This problem can be
solved by adding coagulants like AL (80)), or NaAlO, to the tre ated water.
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goginee™®
agulants accelerate the coagulation of the fine particlesby entrapping
These %E s subsequently become heavy and settle down.
W

tages of lime-soda process :

<oda process is widely used because of the following advantages :

s proc ess is highly economical. .
i {reatment leads to an mﬁnnmm&m in nr.m pH value of water, thus
i ?%ﬁnw:m the corrosion of the distribution pipes. .

re also helps in reducing the total mineral content of water.

. rhis treatment
il [t helps 2 removing iron and manganese from the water, althoughto a
t .

i very small extent. .
e iner oased alkalinity of the treatment water may also help in killing
The

E&Emm&n bacteria.
. _dvantages of lime-soda process :
o few distinet disadvantages of lime-soda process:

i i« formed in this process, the disposal of which
>MMMmWM %Hﬁ“”ﬁ%ﬂ“ﬂﬂ”ﬂ-ﬂ&—“ mWn,E BEH._ Mﬁnm—_—ﬂﬁnﬁ F.wﬂmbmmm n§04mn_.
Mm: produce 1 mg/L of sludge. .

ation and skilled supervision s required to get good results.

i Careful oper s
i This process cannot produce water having zero hardness. Thisisbecavse

Adva?
.ﬂ._u.m :Hn—mu

V.

There are a

i

= CaCO,, though very slightly, is soluble in water.
Que 4.13. | A water sample on analysis gives the following data (in
E@Q =
Mg (HCO,), = ﬂmhuowmw. = 68;

e = Bl t of Lime (90 % pure)
Ca (HCO,),=81; NaCl = 4.8. Calculate the Eo:ﬁoca e ke

d for softening 20,

d Soda (85 % pure) require: ._.
) ’ N iﬂuew?u?vuﬁ#uom

100 100
100 100 —+12x355
Eanopcmammuw‘hd.amTux Hmm+qumx Em+mmx 35 120
100 20000
SR T
=427k :
i o ,H.%Q % m%xl\lmﬂ.m.a
Soda required = %Tm X136 +95% g5 + i20) 8
Que 4 S d by the term geolite ? Explain
@ﬁrﬂ? What do you understan y
the types of zeolite.
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R D

and also known as boiling stone.
(Na,0. ALO,. xSi0, . y H,0)
x=2-10
y=2-6
Types of zeolites : Zeolites are of two types :
1. Natural zeolites : Natural zeolites are non-porous, amorp
© durable.
For example : Natrolite : Na, 0 . AL,0, . 45i0, . 2H,0
2 Synthetic zeolites : Synthetic zeolites are porous possess 5
structure and they are prepared by heating together the mo&cma_
carbonate, alumina and silica. : P

@Bm ‘Pum. What is hardness of water ? Describe zeolite process for making

UPTU 2013-14, Marks 03

soft water from hard water.

Hardness of water : Refer Q. 4.1, Page 131H, Unit-4.

1. Zeolites can be represented as Na,Z, where Z is the insoluble radical
framework.

2.  When hard water is passed through a bed of active granular N 8,7, the
Ca® and Mg?®* ions of the hard water are exchanged for Na* ions of
zeolite.

8. 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, SO,
~ CaCl, + Na,Z— CaZ+ 2NaCl
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. ﬂwmﬂmﬂm zeolite bed gets exhausted i.e., nearly all its Na* are exchanged
for Ca® and Mg ions, it loses its sodium exchange capacity.

.H—nom_.d..mﬂ

e T,

Zeolites are naturally occurring hydrated, sodium alumino-silicate min
eralg

ro_.ﬂm ang

 qering Chomistsy 145 (Sem-1 &2) H
Eog! .
o bedis regenerated by first backwashing it and then by passing
2 The MMMMH&%& NaCl solution through it.
aco

h other solutions like NaNO,, Na,8O,. KCl etc., can also be used,
8 .meaum.mum solution (NaCl solution) is used because it is cheap and also
put b <e the products formed by regeneration reactions are CaCl, and
whmnmﬁ_u which are highly scluble and can be readily rinsed out from the
gY'z
geolite bed: .
The following reactions take
4 CaZ + 2NaCl — Na,Z + CaCl,
MgZ + 9NaCl — NaZ + MgCl
Exhausted Regenerated

zeolite zeolite

place during regeneration process :

st . .
m.naahwao_;m softener consists of a steel tank packed with a thick layer of
1

permutit or zeolite.
9. 'The hard water is percolated at a specified rate through the bed of
" geolite. ) A
tin it are retained by the zeolite in

g, Calcium and magnesium ions presen
" the form of CaZ and MgZ respectively.

4 'The outgoing water becomes rich in sodium salts.

. The softened water is collected from the bottom.

ortion of the sodium in the zeolite has been replaced

it is regenerated by first washing it with

then treating it with conc. NaCl solution.

=,

6 Whenasignificant p :
by caleium and magnesium,
water by reversing the flow and

Hard water
Distributor

Hard water inlet

= — = ==
L = = -

o< 4
E‘h % T "sm.,".,&,...",‘" EE
v

. Water collecting
Filtered system
Water Outlet

— = -

| _Zeolite or
Cation i
Exchange Resin

e N.nze. srprrnE
e T .....d.n.......noﬂ. . aofti =
9*. ﬂo = ps(%»awn{wﬂm.k.iw?&u.. e

e BT

il 41521, Sectonalviow

St ST
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Water Treatmen,

s

8.
9.

The soluble CaCl, and MgCl, so formed in regeneration
washed with soft water and washings are led to sink.

The zeolite bed is ready for use again for softening purpose.

Theoretically each mg/L of CaCO, hardness requires 1.17 mg/L of
solution. + 0t NaC]

Process gy,

10. But thrice the amount of theoretically required amount of NaCl i used
L4

to make regeneration reaction more efficient.

Advantages of zeolite process :

L

VL

Water having very low hardness of about 10 ppm hardness is produceqd
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 disposal,
The running, maintenance and operation cost is quite less.

The plant can be installed in the water supply line itself, avoiding double
pumping.

It requires less skill for maintenance as well as operation.

Disadvantages of zeolite process :

L

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, when it
goes with steam renders the water acidic and corrosive, Thusraw water
chould 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 zeolite
bed. It is preferable to have the pH of the water passing through the
zeolite softener around 7. :

#

Explain types of lime-soda process.

’
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me-soda process : )
culated amount of lime and soda are mixed with

m temperature. There are two types of softeners used for

¢ by this process.

ittent type (batch process) :

ent softener consists of a pair of tanks. Each tank is

for softening of water. Each tank is provided with

ater and chemicals, outlets for softened water

amechanical stirrer.

Raw water and the calculated quantities of lime and soda are

allowed to run in simultaneously and stirring is started.

= During stirring, some prec ipitate from the previous treatment

is also added inorder to form nucleus for the fresh precipitation.

;v. Bythetime tank fills up, the reaction is more or _..wmm complete.
Stirring is stopped and the precipitate formed is allowed to
settle down.

v. - Atroom temperature, the precipitates formed are finely divided,
so they do not settle down easily and hence it is essential to add

ts like AL(SO,);, NaAlQ, ete.

small amounts of coagulan
. The coagulants form gelatinous precipitates of Al(OH), and

entraps the fine precipitates.
yii. Use of sodium aluminate as coagulant also helps the removal

"of silica as well as oil, if present in water.
vii. The clear softened water is collected through a pipe and sent

to the filtering unit.

ix. Thesludge formed inthe tank is remove
outlet.

x.  When one tank is used for reaction and settling, the other
tank supplies soft water. :

xi. Arrangement is such that there 1
water from these tanks.

- Raw Towmamnm_m (lime +
.s.urm«.lv i soda + coagulant )

Interm
. Intermitt
ﬁmmﬁm inturn
inlets for raw W
and sludge, and

d through the sludge

s continuous supply of soft

Softened water

Stirrer

mr.—nm.m
outlet
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Water

b. Continuous softener :

i

LE

In continuous softener, there is continuou
and chemicals and uninterrupted outfl s feed of raw Wa

; p ow of sofy ter
obtained. . Water i,
The continuous softener consists of a big ste
chambers. el i With ty,
The inner chamber is provided with a stirrer, wh
outer chamber is fitted with a filtering media ?msm:m_,mmm the
wood fibres). ¥ made of
Raw water and calculated amount of lime, soda .

. y and
are fed through two opposite inlets into the inner ar_nMMm%_gﬂ
room temperature. : Sl
As raw water and chemicals flow down, stirrin, 2
takes place. e Tixing
Softening of water takes place and the slud
ge for

down at the bottom of the outer chamber. mELEde
The softened water rises upwards, passes through the wogqd
filters to ensure complete removal of sludge. :

. Filtered water finally comes out continuously through the outlet

provided for the purpose.
| Motor, e
Chemicals N Driving belt
(soda + lime * Mﬁw : R ah
+ coagulant) > . ALK
feed inlet : __ feed inlet
; - Filtered softened
Wood-fibre ] j water outlet
filter N\ ] _ :
: NESSHe Quter chamber
Stirrer 5 Wm
paddles 11535,
=) nulm.lw — Inner chamber
Stirrer == - mlw
: m qOOEEE
N ”
S N
8
3
m Sedimented
N sludge
m [CaCOj, Mg(OH)]
“TOTTTTA N

e
{Fig; 4162, Continuous eold lime:soda so

. is exclusiv
i nmﬂnw_hmﬂm efficient t

mad

th

the visc

increases

decreases
ﬁﬂmnmm&nmﬁﬁ

eliminates then
anmnwwu«.

Two tyPes of softe
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ely used for the boiler feed waters. This v:zu.wmm
han cold lime-soda process. The softening

e to occur almost at the boiling point of water. The

o rate of precipitation reactions.

osity of water thereby making settling of tile
and filtering easier and rapid.

eed of adding coagulants as precipitates settle down

ners are used for hot lime-soda process :

This is exactly similar to what is described under

jttent type:
g ss. The only difference is that in hot lime-soda

% old lime-soda proce

process, heating coil
water.

Continuous type :

i

iii. A separate opening for steam is also
increase the temperature.

iv. By the time the mixture goes down

is complete.

This type of softening unit co
where raw water, ¢
where the precipitates i
filter made up of fine san
any suspended particle or precipitate.

Raw water and chemicals are introdu
through different inlets.

s are fitted in it for raising the temperature of

nsists of three parts-a reaction tank,
d steam are mixed, a settling tank,

n the form of sludge settle down and a sand
d and coarse sand, to filter and remove

ced in the settling tank

provided which is used to

in the reaction tank, the reaction

V. From this tank, the water is fed into settling tank, where sludge

settles down.

1. Now a days settling tank is combi

inFig. 4.16.3.

e n__mmw and soften water from the settling t
Where remaining precipitates or suspended

ned with reaction tank as shown

particles are removed.

[

Ew%ﬁasaﬁgr
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ater Ty, i
atm
Raw water o
feed inlet »
i m_.-__ua_. heated ;
steam inlet ) «— Chemicals (3
e e ket :.am.,.m&a

Reaction tank |
Conical
sedimentation
nk
<— Fine sapg layer
<+ C
Precipitated - oarse sand layer
m—Gme T === = mﬂm:..a_ Hmwnm..

Precipitated
sludge outer

R — Tillared

Fig. 4.16.3. Hot lime soda process. ~ *°ftened water

Advantages of hot lime-soda mu.ncmm.mm :

i .EE. reaction time is greatly reduced as the precipitation takes plac ;
rapidly. It takes about 15 minutes whereas the cold process takes mm«_mﬂh

hours for completion, A

Residual hardness is much less than cold lime-soda process.

ii. 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.

B

Que 4.17, | What do you understand by temporary and permanent _

WMH-.M”MWNMS&?H ? Describe the zeolite process for removal of
was Hmn:ﬂd Mn cﬂmamﬁ _H_u w.rmn.mbnwm of 10,000 litres of water mmn_m.._m
reliaton nM@ y passing it »ru.w.unr a zeolite softener. The umom:m
containi n required 200 litres of sodium chloride solution

aining 150 gm/1 of NaCl for regeneration. Calculate the hardness

.cm water sample. UPTU 2014-15, Marks 10

Temporary and
Page 131H, Unit-4.

Zeolite process : Refer Q : ;
. oo Q. 4.15, Page 144H, Unit-
NaCl contained in 2001litres of _.Zmo_m m&:ﬁ.cm s

= 150 gm/L x 200 L = 3000 gm of NaCl

permanent hardness of water : Refer Q. 41,

ing Chemistry 151 (Sem-1&2) H
um._.:mm .
m\\\\\\\ 50 1500000 s
. 3 = ng X mm.m = mm.m gm me.—.—ﬂn.—mﬂﬂ of Oﬂgw
1500000 ; s :
. j0000 litre of water= —gg 5 B CAEVAIETLS Het,
N 1500000 x 10° 2" %
| Jitre of water = 5g 570000 "¢ - CaC0; equivalent
= 9564 mg/L of CaCO, equivalent
er is 2564 ppm. ;

mmh—nm_

RN Compar

hardness of wat
e lime-soda and zeolite process.

»’h-ma.e__m.ﬁ...... T
.mnm.ﬂ_q Lime-soda process i Zeolite process  °
i.m..\! The plant occupies more The plant is compact and ooncvmmm..
’ space. less space.
\im.nll. The process requires | Itisautomatic and easy to operate.
. careful and skilled
supervision.
3 Turbid water can be | Difficultto ﬁmmﬁggaﬂwﬂma asit
. treated by this process. results in clogging of zeolite.
4 During the process large No problem of m:..&.@m Emvemm._.mm
‘ quantity of sludge is formed there is no precipitation taking
which causes problems of place.
disposal.

5. QOperational cost is highas | Exhau sted zeoli nm. can r.m
chemicals are consumed in regenerated so operational cost 15
the process. less. :

6. Tnvolves all the problems | Nosuch treatment is required.
related to coagulation,
setting, and filteration.

1. Water of hardness 15-60 | Waterofvery low or zero hardness

-ppm can be produced by can be produced by this process.
this process. e R ¥ COMT

8. Treated water contdins | Temporary hardness of ﬂw_nu”“
large amount of Na salts sample is completely H.mﬁ.ﬁm_? m
which create problemsto be NaHCO, is E..cmma_" :..._.Emﬂnaa
used as feed water to | amount iEmr is H.amuob”_mwﬂm

| boilers. caustic embrittlement to e_

% Acidic water can also be | Acidic water nmuu_u;mw.mﬁ& y

treated. this process as zeolite getS attacked
f by acidic water.

[l o
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Que 418, | What is hardness of water ? Describe jon ey
process for making soft water from hard water. .

P.Fm

nge

OR
What are ion exchange resins ? How will you purify water by using
| UPTU 2014-15, Marks 19

the resins ?

[ ECTPWPES, P S o

Hardness of water : Refer Q. 4.1, Page 131H, Unit-4.

Ion exchange process:

1. Ionexchange resins consist of cross-linked, long chain organic polymers
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 — SO,H group
are termed as cation exchange resins.

ii. These are usually styrene divinyl benzene copolymers Ermaw
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 possibie to convert the H-form cation exchanger t0
Na-form exchanger by using NaCI.

vi. Schematically a cation exchanger can be represented as :

163 (Bem-1&2)H

Q 9 ©

SO,H SO,H
own ~CH~— S_m»
SOz H” — 0 —CH CH-CH, -
503 01" @
Exchangeable

Hydrogen ions S0, OH* S0; OH*
(b)

ﬁnwu B s e e
‘Fig. 4.19.1. Representation of cation exchanger.
group are termed as strongly aridic resins

2, T ing SO,H P
Resins having SUs OOH group are termed as weakly acidic

vil. 3
whereas having — C
resins.

+
viii, The cation exchange resins can be represented as RH*.

b. Anion exchange resins :
Resin containing basic functional groups
amine or quaternary ammonium groups

i i hange resins.
salts is termed as anion exc .
ene complexes which, e.mnunwm
become capable of exchanging

as their hydroxide

i

i There are styrene divinyl benz
of their basic functional groups b AP
their anions with those present in the solution.

ic whereas

ii. Resins having — NH,, = NH group ﬁmh%wmwmﬂﬂ_hmqgn.
those having quaternary ammonium .
iv. Anion exchange resins are represented as .

Process:

L The ion exchange unit consists of t
and anion exchange resins are p
respectively.

jon exchange

2. First, hard water is made to pass nwuoamw.ﬂ Hﬂm“nﬂwpan.
exchanges its H* ions for Ca®* and Zmuu 19

9RH* + CaSO,— RyCa™"* B0,

wo tanks. Cation nu&bumm.__n%
laced in first and secom

—.@&.ﬂﬂ—ﬁn&_ :

2RH* + MgSO,—* azmw:w:uw“f
. 3 RCa™+
2RH* + CaCl, Ry g

9RH® + MgCl,—> RM8®
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: —CH— CHy—CH — O..Ew

Q

NR; OH “ M |
CH,NR3 OH
CH Np+ =
) CH,—CH—ch, 2 %04
NR; OH _ _
—H,C—CH omfomm!
Solid “ :
polymer || ‘1~ NR; OH
- Exchangeable |
- o_m Groups CH,NR{OH  CH,NR: oy
(b)

10.

Pl 4032 Rerossntatonof o exchanger
The anions originally Emcnmmwmm with Ca?+ E 26 i .
with H* ions. or Mg will be associateq
In other n.a__onim. HCl, H,80,, H,CO, are formed in amounts equivalent
to the anions present in raw water.

Thus water after passing through cation exchanger is free of Ca2* anq
Mg?*ioms. -

This water is then passed through another column having anion exchange
resin. >

Here the anions like mo.%n. Cl _etc., present in water are exchanged for

OH ions of the resin.
ROH +CI- — RCI+OH
2ROH +S0> — 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

distilied water.

H* released from cation exchanger and OH released from anion
exchanger combine to form unionized water.

H*+ OH — H,0.

Graded
Gravel

tion : ) .
wmmﬂwmmﬂsmham time the cation and the anion exchangers get exhausted and
1. —C..E.m.‘ 1
stop MMHQ n exchanger is regenerated by first back washing and then
ﬁvmm inga2% H,SO, solution through it. The regeneration reactions can
pas .
nted as :

' be TePreSETy Ca?* + H,S0,—» 2RH* + CaSO,
_wnwmm? +H,80, — 2RH* + Z.”wmo.“
hen rinsed with soft water to remove CaSO, and MgSO,.

ist
i polaty 1is used for regeneration, MgCl, and CaCl, are formed.

if HC
; However1l NaOm.P.. +92HC] —> 2RH*+ DMO—M

R Mg?*+2HCl — 2RH"+MgCl, -
HCl is ideally suited for regeneration since CaCl, and MgCl, are more
soluble. ated by back washing and then passing

ion exchanger is regener : .
Mq_“MHwﬂ_cn of NaOH. The Na,SO, or NaCl so formed are rinsed with soft

water and washing are led to sink.

R,SO,2 +2NaOH — 9R OH + Na,

2

oo

W

S0,

R,Cl-+NaOH — ROH + NaCl

for further use.

is read e
6. The regenerated SEUARE AT hich is removed in degasifier in

7. Ton exchanger does not remove CO; W
the deionization process.
Advantages : B
i Highly acidic or alkaline water can be soften .m -
ii. Water of very low hardness is produced (about E_” R i e
ili. Anions as well as cations are removed thereby MME&
embrittlement and corrosion are reduced when
for boiler feed purposes.
Disadvantages :
L The equipments are costly. Moreover c0
regeneration.

water is used

stly chemicals are required for
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: .73533

ii. Turbid water decreases the efficiency of the E,e”amm//

WWM 20. | Calculate the lime and soda needed f
o

50,000 L of water containing the following salts CasSQ

MgCl, = 9.2 mg/l, Mg(HCO,), = 7.3 2

3); = 7.3 mg/l, Ca(HCO,), is 16.9 . 0]
that the molar mass of Ca(HCO,), is 162 and n_w“ﬁ.wmnuﬂmmauwnmﬁ. n..ﬂE.
.mum

UPTU 201

R ey

4-15, Marks 15

.w..\
Lime requirement
=74/100 [16.2 x 100/162 + 2 x 7.3 x 100/146 + 9.5 x 100/95]
= 74/100 [10 + 10 + 10] = 22.2 mg/L
For 50,000L lime required = 1.11 kg
Soda requirement = 106/100 [13.6 x 100/136 + 9.5 x 100/95)
= 106/160 [10 + 10]
= 21.2 mg/L,
For 50,000L soda required = 1.06 kg .
..@.l.& A.n.N.u._ Give comparison between ion exchange, zeolite and lime-

soda process.

‘Answer
S.NoCharacteristic |Ion exchange process | Zeolite process Ean.n&mmﬁd&
1. |Requirements Cation and anion| Zeolite - Lime, soda and
exchange coagulants

2. |Exchange ofions | Exchange ofboth cations | Exchange of only| No exchange of ions.

and anions takes place. | cations takes :
places.
3. |Capital cost Very high High Low
4. |Operating High Low High
expenses
5. |Rawwater () Should be non-turbid. | (i) Should be non-| Prior knowledge of
(ii) Both acidic or| turbid. hardness is essential.
alkaline water can be| (ii) Should not be
treated. acidie.
(iif) Prior knowledge of | (iii) Prior
hardness not required. | knowledge of
hardness not
required.
6. |Automation Possible Possible Tai. possible
7. |Residual hardness | Least (0-2ppm) Low (0-15 ppm) _zﬁ::v% ppm)

4*

_—757| Give an account of reverse osmosis.

Higher
Contaminant
Concentration -

157 (Sem-1& 2) g
||-|.|-III.|-III||-|II.

ring O&mﬂnmmﬁq

OR

pressurises and passes impure water through a semi-
mbrane and removes many of the impurities
percent free of mineral and biological contaminants).

membrane and the pressure of the water help to
ively the water separates the contaminants.

verse 0Smosis
able me
mately 9¢
The quality of the
determine how effect
Reverse osmosis (RO) units removes: wuwmn.mb:m_ amount of most
inorganic chemicals (suchas salts, metals and minerals), ]
and many organic chemicals. . wmnﬁsm.
They do not effectively remove some organic compounds such as nitrate;
they will reduce their levels somewhat.
osmosis (RO)isa membrane-technology filtration EmE.& that
olecules and ions from solutions by

many types of large m s 2 : :
ressure to the golntion when it is on one side of a selective

permes
(approX

Reverse
removes
applying P
membrane.

Osmosis

(HCC)~ gemipermeable

Lower
membrane

Semipermeable Contaminant
membrane Concentration
(HCC) %)

m ta... side of the
i the ressurized Sid€.
Qm.._HH_MM.MMS E_Mm to the other side.

e solute is 7e
vent 15

The result is that th
membrane and the pure sol
To be “selective”, thi Sk
ions through the pores Hwo_mm.u. »n
the solution (such as the solven _
Reverse osmosis is most noBBoM_ M ving
purification from seawater: re

from the water molecules:

kot st and other




.3. Forexample, a water sy,
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[ PART-3 | %

Arelistion o Water Syviem,

ﬁ " GCONCEPT OUTLINE : PART-3

» Phase rule : It is an important tool which is used fgr the
quantitative treatment of systems in equilibrium. It helps ¢,
predict the specified conditions to exhibit equilibrium, Phase
rule is given by J.W. Gibbs in 1876. According to the phase ryle
for systems in equilibrium : ?

F=C-P+2

C = Number of components

P = Number of phase

F = Number of degree of freedom

 Questions-Answers

Onon&u. Define and explain the terms involved in phase rule,

Draw a neat 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 |

1. The phaserule is an important generalization and a versatile tool which
i related to the study of behaviour of heterogeneous systems.

2 In w.m.um«&“ it may be stated that with the help of phase rule, it has been
possible to predict quantitatively the effect of changing pressure,
ﬁmjmmnmncnm and concentration on a heterogeneous system in
equilibrium by means of a phase diagram.

Phase:

1. A phase is defined as the homogeneous part of the system, which is

separated by distinct boundaries and thr ;
and chemical prope oy oughout the phase all physical

2.~ A system may consist only one phase or more than one phase.

and vapour. stem may consist three phases i.e., solid, liquid

159 Amo.ﬁ-...— &2)H

e ———

ical species

c= of chem ;
er prium equations

N= ommn_ﬁ.m:
e er ater exist in three phases,
Solid = Liquid = Vapour

of each phase can be expressed in terms of H,0 and
on :

& t system.

05
The comp ne componen

2 itiso
of freedom _um.
fdegree

number © .

ew.wummﬁmnmma ANENU :

Manamuﬁ.miau. which mus

completely-

If a system rmﬁ.:

asinvariant, univ

le:
antages of phase r s —
n—%: provides a simple method of classifying equilibrium states of systems

such as phases components and degrees of freedom.
i It w—&nmﬂmm that different systems having the same number of degrees

of freedom behave in like manner. e
ii. It explains the behaviour of systems when allowed to _“r.muwmm in the
variables such as pressure temperature and concentration.

iv. The phase rule is applicable to macroscopic systems. Therefore, it is not
compulsory to take into account their molecular structures.

v. ltisapplicable to physical as well as chemical equilibria.

¥i. Phase rule predicts that under a given set of conditions: .
8. Whether various substances would exists together in equilibrium.
b Whether some of the substances would be interconverted.
¢ Whether some of the substances will completely disappear-

fbumﬂmﬂmcum of phase rule :
L

freedom or variance is defined as the number
les, such as temperatures, pressure and
be specified in order to describe the system

g degree of freedom 0, 1, 2, 3 then this system is called

2 ariant, bivariant and tri-variant respectively.

i

- ibrium,
?«uma phase rule is applicable to heterogeneous systems In B:E. the
it is theref, re of no use for such systems which are slow in reaching
i state of equj] ibrium, tem s
-y - i %
Mwmo the phage rule is applicable to a single Bﬁbwﬂ:ﬁwmﬁs. it u.
. Ut the number of other equilibrium possiblo 1 0 |
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E&s.ﬁmnﬁa
iii. In phase rule the different variables are Pressure, tem, nt
concentration or composition. But phase rule doeg poy @ rat

= - g not Con, .ﬂg ang
other factors like electric and magnetic influences. Sidey the

iv. Allthe phases are required to be present under the same t
pressure and gravitational force. . MPperatyy,

v. Solid or liquid phases m.raE.___ not be in finely divideq form, oty,
vapour pressure may differ from the normal values, H

It does not take into consideration the quality of the

takes into account the number of phases.

Application of phase rule :

1

- Phases though, 3

Enrmmﬂmnwm lassified on the basi :
VS are classified on the basis of number of COMponen;,
present. ;

Thus, we may have one, two, three, etc., component systems.

The phase rule is perfectly applicable to these systems,

The phase diagram is an important medium to clearly indicate the
equilibrium conditions between different phases in a system.

The phase diagram is helpful for studying and controlling varioug

processes such as phase separation, solidification of metals, the change
of structure during heat treatment etc.

Phase diagram of water:

&

—218atm-=4====-

Solid

ce

Pressure (NOT to SCALE)

Vapour

m———mmmmmm e =S

Sublimation i
curve "~ Critical
tempekature

Q-0075° 100° 3747
T KA B e I
phase di

'he phase diagram for the water system. |

PSR e o bl e AL e b

b = —— =

Under normal conditions the system water is a three phase mbmoum
component system. )

2.  The three phases are liquid, ice and vapour. All these are represented by

one chemical entity (H,0), hence it is one component system-

Haﬂﬂguﬁsn
. ||.II|I|.Il...lI-|ll.Il|ll|||l.|.l
_.ﬁm&mi-omqiwﬁu»ﬂaﬁvoﬁysgmgmﬁm? )

hree forms?
i aolid (ice) = represented by area BOC,
T Liquid (water) —represented by area AQC,
b. s v apour) — represented by area AQB.

e phase equilibria:

i T

N golid (ice) = Liquid (water) — represented by curve (.
L Liquid (water) = Gas (water vapour) — represented by

curve OA.
golid (ice) = Gas (water vapour) — represented by curve
OB.
e uilibria:
41 Three phase ed

L

Solid (ice) = Liquid (water) = Gas (vapour) — represented _
by triple point 0.
jagram consists of :

Mro MHHMW»HMWOO. AQC, and AOB.

b, Three curves, OB, OA and OC.

¢ Onetriple point, O

The areas :

1. AreaBOC represents the solid Gnmu. Epmmm_ which is thermodynamically
. most stable state under these conditions.

9 Area AOC represents the liquid (water) phase Bgﬁﬂn system u”.u_mwnuwﬁ_w
area AOB represents the gas (v apour) phase in syste

3. Thus these areas represent one phase equilibria.

int 1 area, itis
4 Tnorder to define the system completely at Mbw point in the
essential to specify both the temperature an pressure.

called bivariant
5. Therefore, areas have two degrees of freedom and are

systems. ! .
B. It can also be concluded by the phase rule equation:
F=C-P+2
=1-1+2
= 2 (Bivariant system)
The curves ;

- DE
. esents the equilibnu®
b The Curve OC (melting or fusion ure) S0 . ngwn as welisE
between ice and water (two phase eq" e

Point curve,
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. ‘/’/ﬂ
2. The very little slope of the curve shows that

very ENT pre h
required to bring about significant changes in melting poing omwMM_.a ig

3. The Curve OA (Vapour pressure curve) represents the equilihy;
between the two phases liquid water and vapour. Tlum
4. Along this curve, water and vapour coexist in equilibrium,

5. The curve shows the vapour pressure of li

quid water gt differen,
temperatures.

6. OA curve is also known as vapour pressure curve of water (),
This curve terminates at point A. This is the crit;

temperature 374°C and pressure 218 atm.

8. At this critical point the liquid and vapour are in,
each other and thus only one phase is left.

m.O.E.cmOmAmcwzamscunc_ém:m?.mmmnﬁm2.6 equilibrium between ice
and vapour and it is called as sublimation curve of ice. -
It shows the vapour pressure of solid ice at different temperatures

11. The two phases namely ice and vapour coexists in equilibrium along this

e

cal point having

&mﬂmnw:mm&mr? from

10. -

curve,
12. Atthe lower limit OB curve terminates at absolute (- 273°C) where no
vapour exists.
13. Along the curves OC, OA and OB, the number of phases present in
equilibrium is two, ) o ’
F=C-P+2
=1-2+2
=7 .
14 Hence, system is univariant along the curve,
Triple point :
1 The point O where all the three curves OC, OA and OB meet is known
astriple point,

w. .a.,» _...@.m E..H.Emu&nﬁm:nrﬁramm phases of water system namely solid ice,

liquid water, and gas vapour are in equilibrium,
3. Theequilibrium in three phases is attained at .0076°C temperature and
" 4.58 mm Hg pressure.

4. Since there are three phases and one com
the degree of freedom wil be,

F=C-P+2
F=1-3429
=0
5. Hence, the system is nop-

pressure or both are chap
and at least one of them

Ponent present in the system,

variant. If either the temperature or the

ged, the three phases would no longer coexist
would disa ppear.
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ﬂﬂ.‘f‘ﬂ Q : = . - - .
A0 A' is the continuation of vapournization curye Q A -
ssure curve of supercooled water,

s not always freezes at 0°C, therefore if the :

As the u_emnmqmﬂww and vapour is thoroughly clean .EE Sut .mmmn# s

contd! Hpﬁmn-noi water several degrees below its freezi wuommmub :
ible to zing

ht disturbance, the supercooled water at once changes to ice

. . . _u_
i mmmw_meim kind of mw.mSE Bmaﬂmm«mo&,mﬁﬁ.

zmnnmﬁw_u_e mﬁw“m"g which ﬁwm. liquid below its freezing point is in the

b d state which is not very much stable.

mzwmmnoam@ liquid = Vapour . |
dding nucleus of ice (stable state), the system reverts totrue stable

Ona

L pom Solid == Vapour

Qued 24.| Define the terms : Phase, Components and Degree of

§ .an_oB Write the number of components and number cn. phases
?ﬂnaor_ﬁn the degree of freedom for the following reactions :
mu N,0,(g) & 2NO,(g)

| UPTU 2011-12, Marks 10]

Answer

Phase, components and degree of freedom : Refer Q. 4.23, Page 158H,
U4,
Problem :

N,0,(g)= 2NO(g)

P=1
C=1
F+P=C3+2
F+l1=1+2
F=2 3
”.m.ﬁ_m.. Explain the terms Phase, Component and Degree of
edom,

State the phase rule and discuss its application to water,

Yapour ang ice system. Is it possible to have a quadruple | .» =
R Compon et I Eﬁnﬁb_o.:._h.;i
Answey

Phage

o 183H,
Unjg4" “*™Ponents and degree of freedom : Refer Q. 4.24, Page .
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. Treg

Phase rule and its application : Refer Q. ﬁ.m%

Problem : : » Vit

1. No, itis not possible to have a quadruple point on a phase &
one component system. : - lagran fory
2. For aquadruple point, the four phases are in equilibrium: the

value of refore, iy,

P=4
F=C-P+2
Hm.ﬂ H|ﬁ+M"iH

3. Fecanneverbea no.mmn?m value.
w @ﬁm\r‘wm, Discuss the application of phase rule to the sulphy,
UPTU 2014-15, Marks 03

system. Draw a labeled diagram.

/Answer
The sulphur system :
It is a one component, four-phase system. The four different phases are:
i  Rhombic sulphur (S,)
i.. Monoclinic Sulphur (S,,)
iii. Liquid Sulphur (S,)
iv. Vapour Sulphur (S,)
As all the four phases can be represented by only one chemical entity ‘Sulphur’
(8), 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, therefo
possible phases, only three are present at a time.
2. 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)

re out of four

when
P=2 F=3-P=3-2=1(monovariant system)

P=3,F=3-P=3-3=0(nen-variant E‘.mgav

e
Em?&ﬂﬁc?&b&ﬁuﬁl&% sulphur and mopoglin;
exhibit enantiotropy with a transition point at 95,6°C

&WU—G. g& Ngf.ﬁ this ggﬁﬂﬂ”ﬂﬂ.ﬂm M-_r. mﬁeﬁ.ﬂ wgwﬂ

an be gradually transformed to another form EE

h form € :
in equilibrium. S, melts at 120°C

main

GGD gac.
o forms T€

95.6°C 12rc
Sk —— m: = mr

.H.Wﬂ.m. ’

per of phases at any instant depends upon the temperature-
conditions at that instant. The P—T diagram of sulphur system
pressure ST us equilibriums is given in Fig. 4.26.1.

G

(165°)
1290 atm

Solid
Rhombic

Pressure (atrni —

A : :
1 Vapour
Lo L e
o58 114 120 M6
Temperature (°C) -

B s it

Fig. 4.26.1. Sulphur ystem:

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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.iv. Area ABCD (Sulphur vapour) Z
b. Six Curves AB, BC, CD, BE, CE, EG
¢. Three triple points B, C and E. =
Areas:

1. The phase diagram of sulphur system consists of four are
Each area represents the single phase system namely, rho
monoclinic sulphur, liquid sulphur and vapour.

m.m._._x. Tegion,
mbic mEEE__
2. Foreacharea, C =1 and P =1, and degree of freedom wi]| be,
F=C-P+2 .
=1-P+2
= 2 (Bivariant &‘.wnm,_:v

3. Thus, itis clear that each of the systems S, S, , S, and S, are bivariay,
systems. It means that in order to locate any pointin any of these mqmﬁﬁ
the variables pressure and temperature both is required to be mumammn_.

The curves :

H.?mminﬁaﬁ.mobﬁmm,om,mm&q&m%m&mﬁﬁmé?
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 monoclinic
sulphur (S,)) with temperature.

2. Along this curve S,, and S, are in equilibrium.
3. Thesystem S, /S is monovariant. .
Curve CD (Vapour Pressure Curve of S,) :

1. Curve CD depicts the variation of the vapour pressure of liquid sulphv*
(S,) with temperature.

2. S, and S, are in equilibrium along this curve.

i

167 Bem-1& 2)

/S, is monov ariant,

3 The BY rransition Curve of S to m”L. % "

porve BB {1 ffectof prossure on ransiton temperature o, and 5
mﬂoiﬂmm curve, the two solid phases S, and S, are in equil; v #a

stem S a\m 18 monovariant. equilibri

(Fusion Curve onm\.-. “. .

CE _.m_unmmmunm the equilibrium between ..mt andS,

¢ the effect of pressure on the melting point of S,

S,/S, ;s monovariant.

curve
gt represent

muﬂmnmu.n_ .
The Am.ﬂmm.uu— curve of S NV :

phases S, and S, coexistin equilibrium along this curve. 5/,
ariant.

3
ﬁ—.—.—tﬂ@ mg

y The two
' mm.nnoﬂca._.

. nt * : ;
rriple P! jphur system there are three triple points B, Cand E.

he su ) ’ e
1 W:ﬁz._m triple points represent the existence of three phases in equilibrium
) with each otheT, therefore,
F=C+P+2
=1-3+2
=0
ponding to each point is non-variant :
this point the three curves AB, BC and BE um.mow
i ilibri t this point B. As, P=
hases, S, S mnmm.mHmE.mnE._.&ﬁﬁﬂm poi
M,W_.Mm%.w Hwﬁmrm mwm_pmmm isno L..qm._.mmb# At this point B(95.6°C) S, changes
to S. and the process is reversible. -
ii. Eh_m...ucgn C : The three curves BC, CD and CE H__.H_Mmmn a.”unwuwm ?w:uuw
The three phases S,,, S, and S,arein equilibrium at SE ot
and C = 1, the system is non-variant. The temperature rresponding £
Cis 120°C (melting point of S)-
: ; 2 E
iii. Triple point E : The three curves Ow.m : s
two lines CE and BE have different inclinations mﬂmmu WMEEH?@E E
axis. The system S./S,/S, is non-variant at ».Mo%opmm.n.ﬁm o ol
shows the conditions of existence of the S¢/S,/S;

pressure.
Metastable equilibria :
L The transformation of Sy to S, is a slow Pro i< heated rapidly, .«m

m.Robocnrﬂammmﬂonm?.mnmo—.»rmnrwumm Ehwm% mnn;..n_a:na_zm
possible to pass well above the transition POt _
monoclinic sulphur.

In that case, there is existence 0

The m%mﬁmg COrres

i Triple point B: At

f three phases o0ly-
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" Dttmgy

ﬂnu; oﬂbﬂ Explain why KCl—NaCl —H,0, should be re

three component system, where as HO—.Imeﬂl-ﬂuo shoulg
regarded as a four component system. be

1. Consider KCI-NaCl—H,0
2. The number of chemical species are 3, i.e., KCl,
number ofindependent equations relating to their ¢
C=N-E
C=3-0
C=38
Therefore, the number of component is three.
Now, consider KCl - NaBr - H,0

5. The number of chemical species are five i.e.
H,0 (N =5) and the number of independent e
concentrations is one (E = 1) i.e., )

S =8, =8,

ZWOM. mnc and the
oncentratiop ig Zero,

=

, KCl, NaCl, KBr, NaBr,
quations relating to these

KCl + Na Br = 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.

Que 4.28.| How many components are present i
systems ? .
i. Water & water vapour

fi- Fe, +H0, ¢ FeO, + :
iii. NaCl, & NaCl,

n the following

[UPTU 2014:15, Marks 05]

. pk_mm What is Gibb’s phase rule ? Define the term phase,
component and degree of freedom. Draw a ph i

. % phase diagram of sulphur
system and also give the mmnﬂmnanuamc:iﬁ_m _.u.umun.

'UPTU 2013-14, Marks 10

mE.._oa.pmm ;
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o e T

. Gibbs phase rule states that if a heterogenegus system
_perature, pressure and concentration and not by any
mﬁ%ﬁ%. electrical, magnetic forces or by surface actien,
40 ber of phases (P) and aomu..mmm of freedom (F) is greater
a of :HMoEvoumsﬁ (C) by two. It is expressed mathematically
CBU@H
WS - +F= C+2
llo E F=C-P+2
: hases.
. pumber of p
- awmﬂ. of components and
cisthe D of degrees of freedom
rmu_.uoﬂ t and degree of freedom : Refer Q. 4.23, Page 158H,
compo : K ;

:aT_w. system and significance of triple point : Refer Q. 4.26,
ur A
e 164, Unit-4

7] 1s it possible to have a quadruple point in a phase

nent system ? ?
ine the bﬁwﬂﬁw of degree of freedom on each of the following

wmmﬂm___w_umn.mm water and water vapour in equilibrium.
L

i Liquid water and water vapour in equilibrium at a pressu of

1atm [UPTU 2011-12, Marks 10|
al .

‘Answer
Buseiilamiarlicn. . . m :
Quadruple point in a phase diagram for one component syste
Refer Q. 4.25, Page 163H, Unit-4. 5 e .
i Liquid water and water vapour in equilibrium :
Liquid (Water) = Water vapour
According to Gibb's formula,
m. = O —_ Hu + M
C=1P=2
F=1-2+2=1 describe the
F=1,ie., one variable temperature or pressure needed to describe
above system of
. i Z i - a ressure
Liquid water and water vapour in equilibrium at 8 p
latm ;
Liquid (Water) = Water vapour at 1 mﬁaomwrmuﬂnmnﬂmﬁﬁms.?n g
- Inthe above system, the pressure is held constant,
of freedom reduces by one,
F=C-P+1
F=1-2+ 1
F=0
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e .H.-.mm__:.g
" The F value is zero therefore the system E:mmﬂrmmﬂcm/

n .
invariant. “Onditiong

el e Y |
e4.31. | Expl th
b % | Explain the process of scale and sludge mogﬁ_o: i

boilers. How can this be prevented ?

ﬂmnmn Enouﬂuuc:mq converted into steam results in the conee :
of the dissolved impurities until the water becomes saturateq Ntratigy
2. Then the salts start separating out from the solution in @wnmw of the;
solubility, the least soluble one separates out first. S
3. Some solids separate in the body of the liquid in the form of
muddy deposits known as sludges.
4. And some of the solids n—mﬁom:um on a solid surface to form a sticky and
coherent scale.
Scale and sludges can be prevented by external and interng
treatment methods : Refer Q. 4.12, Hummm 141H and Q. 4.17, Page 150H;
Unit-4.

d.—.u..—..d NGH&.H 5, Maz

soft ang

A water sample having the ?.:cﬂ._nm data

Eﬂ 8u mh mg/L, CaCO,4 =40 mg/L, CaCl, = 5.5 mg/L, Mg(NO,), = 37 mg/
L, KCIl = 20 mg/L. Calculate the amount of lime (86%) and soda (829
pure) needed for the treatment of 80,000 litres of water.

| UPTU 2013-14, Marks 05|

Mg(CO,) = 84 mg/L CaCO,
= 40 mg/L CaCl, = 5.5 mg/L

o Mg(NO,) = 37 mg/L KCl = 20 mg/L
Vol of water = 80,000L, lime = 86%, Soda = 82%

74

100 :
(temporary Mg*?) + permanent Mg")

84 x :.su + m 37 x Eé
84 148

oo Tpc+ 200 + 25) = 196. 1 mg/L

Lime required = (temporary hardness Ca** +2

1 Ism.ﬁ%xsc@xm
T 100\ 100

H
10

Soda required =

MQM (permanent Ca** + permanent Mg * *)

: E@mm.mxuofuqi,ud
~ 100\ 11 148

v

A mhsn

y emistry .
. m&ﬁ—.—h e BRI e AR T
if 100 % pure
Eua:uﬁ of __Em _ 1 L required = 196.1 mg
80, 000 L required = 196.1x80,000mg -
. _ 196.1 x 80,000/10° . .
if 86% pure 287100 umm.upr.n_.
da if 100% pure
Am omn? T 1 Lrequired = 31.75 mg
80,000 required = 31.75 x 80,000
31.75 = 80,000/10° .
if 82% pure = S 2 m..oﬁ kg
©00
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Engineering Chemistry

CONCEPT QUTLINE : PART-1

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 available biogas is gobar
gas. It consists mainly of methane. f :

» Fuel : Fuel is a combustible substance wh .
. which may be burn
supply heat energy without the products ommoun_cw.-qa.n.ﬂa
objectionable by products, y
Fuel + On = Hﬂaﬂa + Products
Any chemical substance which produces energy is called fuel.
: Fuels d ]
| 3
I :
Natural or primary m-..n_‘m]anmmp P !
1 | i
. I 1 I 1 1 i
Solid Liquid Gaseous Solid Liquid s 4
example ;.  example: example: example: example: ezample: i
dung, crude natural petroleum, petrol, coal gas, i
wood ©ooil gas coal diesel oil gas i

Ques.l. | ive i ification and also list the
gwm.%wwv Define fuel. Give its classification and also

n_uuumona..mumnmamﬂmoanﬁmr
.

S
A

1. A fuel can be defined as any combustible substance Wh ol
combustion gives large amount of industrially and/or domestically
heat, _ . 32
2. Achemical fuel can be defined as any Sﬁwﬁmmﬁm g2 gives large
carbon as the main constituent which dunng ESE&EE :
mﬁogwommbnnmimzwp_w&o_. domestically use! :

Classification : Fuels can be classified :




S Mmmﬂgwna fuels, example, wood, coal, peat, petroleum anq

S ges, A
" p o Artificial or

2 Onthe gmmwanu.

Fuels and Spectral Hmorbmnsm
8

/4 (Sem-1&2) H
T i of their occurTence: .

1. Onthe primary fuels : Fuels which are found in nature lifg

Naturg)

secondary fuels : Fuels which are pp epareq
- ortificially generally from primary fuels are am:wn artificia] fuelg
mﬂwBEmm of artificial fuels are coke, kerosene oil, petrol _

etc.

s C0al Eag

hysical state of aggregation : On this basis, therg

e b

T

Lown

- the heating valy,

: f fuels viz. solid, liquid and gaseous. The impgyy,
are FWMM “m..wwmowa categories of fuels are tabulated below - e
exam Table 5.1.1. Classifications of chemical fuels i
" Natural or Primary | Artificial or Secondary
...... ~Wagd peat, lignite, | Charcoal, coke etc. .
dung, bituminous coal
- and anthracite coal
Crude oil Petrol, diesel and various
other fractions of
petroleum
Natural gas Coal gas, oil gas, biogas,
3 water gas etc.
Characteristics of a good fuel :
1. High calorific value :

a  Calorific value of a fuel is “the total quantity of heat liberated, from
combustion of a unit mass (or volume) of the fuel in air or oxygen.

b. A good fuel should possess high calorific value, since the amount of
heat liberated and temperature attained depends upon this property
of fuel.

Moderate ignition temperature :

a. The lowest temperature to which the fuel must be preheated so

that it starts burning smoothly is called ignition temperature.
b. Low ignition temperature (can cause fire hazards) during storage
“and transport of fuel, on the other hand, fuel with ignition
Sagwuw&m is safe for storage, handling and transport but s
might be some difficulty during ignition of fuel.
Hence, an ideal fuel should have moderate ignition temperature:

c.
! ¢ s
Low moisture content : The moisture if present in the fuel reduce

its heating value. This ultimately leads to Joss of money, because moisi®

e e hould have low
moisture content. e rate as the fuel. Hence, fuel s

e _Bm_*_emn
Cmnu_& ces

non-combustible matter content : The non-comb redu
form of ash or clinker, after combustion. It 1807 4

remains in the

€. There is mﬂ&ﬁo:& cost of storage, handliné

e

gn mwnmmium. Chemistry

disposal of the waste

content of non-combustible matter,
Moderate rate of combustion ;
a Ifthe rate of combustion is low, the:
_may get radiated, instead of rajsj
required high temperature may

p. Onthe other hand, too high combustjo

Ea.Amo!...H &2H

— T Geman

involved with i,

because then it gets out of control. For a ¢
fuel must burn with a moderate rate.

o

Low cost.
Easy to transport.
Low storage cost.

g e

when required.

Harmless combustion products : They
atmosphere by emitting CO, SO

Hence, a fuel should have low

H.”M part of the heat liberated
ng the temperature, He
not be attained, g A

nrates are also not required

ontinuous supply of heat,

should not pollute the

.» H, S and other poisonous gases.

0. Controllable combustion so that combustion can be started or stopped

11. Uniform size : In case of solid fuel, the size should be uniform so that
combustion is regular.

12. A fuel should burn in air with efficiency without much smoke.

i

s

merits and demerits :

‘| Compare solid, liquid and gaseous fuels. 2

oaaﬁmhmoﬁ between solid, liquid and gaseous fuels on the basis of F&u

S.No. | Solid fuels

T i ruee

1. |Transportation

They can be transported | They can be transported

. is easy. by pipes and tanks. by pipelines only.
2. |Storage is easy. | They must be stored in | They are stored in leak
containers carefully. proof tanks.
3. |Cheap and | Costlier than solid fuels. | Costly.
easily available. [

4. [Slow Fast combustion. Very fast combustion.
iy | combustion.

5. |Highash Ash is not formed but | No ash or smoke is
| |content. smoke is produced. produced.

6. |Least calorific| High calorificvalue. | Highest calorificvalue.
| |value,

7. |Low risk of fire

High risk of fire hazards High risk of fire hazards

thanliquid fuels. |

| hazards, than solid fuels.
8. | Thermal High than solid fuels. | High than gaseousy.
Mot | efficiency is low. \T.hm_m..\ll...— :
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hmsw m...-...dumuunno and ultimate analysis of cog)

. coal is not analyzed by measuring well-defineq p},. .
nﬁﬂwaﬁ&a since its composition varies according t ﬁrmmw_g.
and age. Mostly ncnmﬁuumn-clmnﬂmm._ empirical Sma.m are perform, mss
the sack of comparison and for getting some meaningful insighg,

certain the quality of coal, it is subjected to ty
W&oﬁm..ﬁuﬁ proximate and ultimate analysis. » PO types of
i analysisis so called because the data collected vary v
ﬁ“ﬁ adopted. It gives valuable information about ﬁrmwhwﬁﬂm
utility of coal. In other words, we can assess the quality of ¢gq) by
proximate analysis. It includes the determination of moisture, volatils
matter, ash and fixed carbon.
The ultimate analysisis useful for combustion calculations, It inchudes
the determination of ultimate constituents present in dry coal like Carbop,
Hydrogen, Nitrogen, Sulphur, Ash and Oxygen.
Proximate analysis: This analysis involves following determination:
a. Moisture mnu&a.uﬁ : The presence of moisture in a coal sample
decreases the effective calorific value of coal because when it burns,
it takes some of the liberated heat in the form of latent heat of
evaporation. g
Determination : About 1g of finely powdered and dried sample of
coal is taken in a silica crucible and heated in an electric oven 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.

loss in weight
weight of coal taken

b. Volatile matter : If coal contains high volatile matter ﬁrmuwwwm%”
portion of it is left and escapes and burns with smoky flame
low calorific value.

Determination : The moisture free coal is taken in silic goC for T
covered with lid and kept in a multiple furnace at 925 * ; d then
min. Then, crucible is taken out and cooled first in &1 oD orted
inside the desiccator and weighed again. Lossin weight isTéP
asvolatile matter. _

% of volatile matter =

=100

% of moisture =

+ - loss of weight due to removal of volatile matter «100°
Weight of coal sample taken

a crucible

gngineering Chemistry e

; I_. :.. — T Bem-1&2)H
c. ¢ It1s a non-combustible 15 e e g
combustible substances rm“”m M“Mnuﬁw“wﬁw#m_wmgﬁgmmumr@_ .

reduces the calorific value, “ burnt off from. coal, which

Determination: Itis the weight of res; DEia
: residue obtained after burng

a weighed amount of dry coal in an épen n:“.&Em (ie.,i

of oxygen or air) at 700 — 750° ‘€., 1n presence

C for half an hour i
furnace. Heating, cooling and weighing i ur in a muffle .
weight is obtained. ghing is repeated till a constant .

Weight of Ash
Weight of coal sample taken

d. Fixed carbon :After the determination of moisture, volatile matter
and ash, the remaining material is known as mumm,n.ﬁ.gu. Higher
the % of fixed carbon, greater is the calorific value i
% of fixed carbon = 100 - % of (moisture + volatile + ash matter)
2. Ultimate analysis: It includes the exact estimation of carbon, hydrogen,
nitrogen, sulphur and oxygen present in fuel. r
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
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,O respectively. Con
The gaseous products of combustion are passed through two bulbs. One
- containing weighed amount of anhydrous CaCl, which absorbs water,
Omo_ﬂ +7H,0 — CaCl,.7 H,0 and the other containing weighed amount of
HO.E which absorbs carbon dioxide 2 KOH + CO,— K,CO, + H,0. The
weights of CaCl, and KOH in the bulbs are then determined. The increase in
ﬁ..m weight of CacCl, bulb represents the weight of water formed, while the
Increase in the weight of KOH bulb répresents the weight of CO, formed.

; % of ash =

%100

1
C+0,— CO,; H, + 30, — H0
‘wt. of Carbon (C) ' Atm. wt. of C(=12)
wt. of CO, [= Increase inwt. of KOH tube] ~ Mol. wt. of O_Ou (= 44)
wt. of C
wt. of coal .
Increase in wt. of KOH tube x12 « 100

and x 100

%C =

% of C = —7=0F coal sample taken x 44
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2 ey

o ‘wt. of Hydrogen (Hp)

o @BE, wt. of HoO (= Increase in wt. of CaCl, tube)
R : Mol wt. of Hydrogen (H, = 2)

= Mol.wt. of H,0 (= 18)

wt. of Hydrogen
% H =" wt. of coal

x 100

Increase in wt. of CaCl, tube x 2
% of H =t of coal sample taken x18 % 100

4 i : Si itrogen is ap j :
i on of nitrogen m.:.:B ol nert g,
i, dﬁm-.ﬁ—.ﬂﬂh-mmm hence its presence is undesirable. Thus, a gaog aﬁ&“
incombustibl ! .

coal should have very little nitrogen content.

S e en estimation is carried cut _u%.ﬁmamrﬂ.m Methgg.
Uagbﬂﬂw.” m.wwwﬂmmwm_w weighed powdered coal is heated wity cone
1L ul >

H,50, along with K,SO, and CuS0, in a long-necked flask,

oo i i hole nitrogen is con
tion is obtained (i.e., when whol Verteq
2. W.ﬂwwu oFﬂHﬁw_c_H sulphate) it is treated with excess of NaOH to liberate
into amm
ammonia.

ammoni is distilled over and absorbed in a ky
a thus produced is &m?_._m o
MMMEQ Dw _wuom standard H,SO, solution (IN/10)
1
N,+H,S0, — (NH,),S0, 200, 9 Na 80, + 2NH, +2H,0
: 2 NH, + H,50,—> (NH,),S0, . o ,
The volume of unused H,SO, is then determined by titrating against
standard NaOH solution (N/10). Let V, mLof0.1 N NaOH was required
i ss acid. .
WWMM_._WM_HMMMN of acid neutralized by liberated ammonia (from coal)
is determined. : . o
SO used to neutralize the ammonia evo : o
Amount of H,SO, = N/10 x V,~N/10 xV, =0.1(V, - V) millieg-

L 010, V) equivalents
1000
c.HHH\— 1%\»vXHﬁ
wt.of N'= —000
wt. ﬁ-m. Z % Hg

% of N = 40 coal sample taken (1 gm)
01(%, ~V))/2000 /100

i 1

= 0.1(V,-V,) x 1.4
= % of N=0.1(V,-V,) x 14
fii- Determination of sulphur : Although sulphur increasés & g
* value, on oxidation it produces harmful and corrosion €2

; s) pO¥.,
50, gases. Oxides of sulphur (formed as combustion 13% MW 39 a0d”
the atmosphere. § is usually present to the extent of O

ases the

* calorimeter in a current of oxygen, by which s

Engineering Chemistry

coal mines. 5
Determination : A known amount

Qam@mnmnm to mﬂ.—gmﬁmm.

The ash from ﬁrm. bomb calorimeter is extracted with

constant weight,
S 2 > 80" —*%, BaSO,
233

wt.of 8 _ , atomic wt. of S(32)
& —— e T Blda)
wt.of BaSO, = mol. wt. of BaSO0, (233)

Let weight of BaSO, precipitate is W, gm.

E.mznm“ wt. of S = .mvn , gm.

233
Let wt. of coal taken = W, gm
% 0P8 neoul wit. of BaSO, obtained x 32 x100
wt. of coal sample taken in bomb x 233
’ W... .82
= % of S in coal = ﬁxmwmxuoc .

iv. Determination of ash : Determination is carried out asin proximate
analysis.

v. Determination of oxygen : Oxygenis 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. Anincrease 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).

Define calorific value. What are gross and net calorific

5 ;k?w.. BE 1 _ : .
Calorific value : It is the total amount of heat liberated from the combustion
ofa unit mass (or volume) of the fuel in air or oxygen.

Higher or Gross calorific value :

L

It is denoted by GCV or HCV. : :

2 The amount of heat liberated when one unit &M&”w.ﬁn”nmsﬁmﬁq. “
and the products of combustion have been cooled a wﬂ.nwﬁo.. o
1s termed as gross calorific value of fuel. : :
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. HDQA alorific value of hydrogen containin

.. 8 fue]
C . 2
;- Because armw w“ﬂuommu is converted into steam and if Productg EM
: W e mmnw* HMQB temperature, the latent heat is also inclygqq in
o i %whﬁ 4 heat which is termed as GCV. ;
e :
tr t Gm.—OH‘mMm.u value : ) 5
 Lower oF e nt of heat liberated when one unit of fuel iq buryg
g Itis ”rnw_w.ﬂb d the combustion preducts are allowed to escape,
't m + -
N_Mmm case, water vapours escape as such along with hot aoﬁwzmzou
2. !
ases. :
MSE&T&Q. net or lower calorific value (LCV)

= HCV -Latent heat of water vapour form, d
: f hydrogen produces 9 parts by mass of Water.
art by ﬁm%ww HCV — mass of hydrogen x 9 x Latent heat of
steam.

latent heat of steam is 587 wn&hﬂm or w_omo B.Th.U./b of water
m.“—.w%n formed at room temperature (i.e., 15° C).
“Uni orific value : ) . .
cu-ﬂm_wmm ou__m E.mwn& - calorie/gram (cal/g) or kilocalorie/kg (keal/kg),
B wvis British Thermal unit/lb (B.Th.U./1b)
- kilocalorie /cubic metre (kcal/m3) ;

B.Th.U./Cubic feet (B.Th.U./ft?).

i i nits : !

Relmpm gﬂﬂwﬂum_wﬁww %x B Th.U./Ib ; 1 keal/m® = 0.1077 x B.Thu,
_ U/ft3; 1 B.Th.U./ft? = 9.3 keal/m?

Since 1 p
‘Hence,

For thm_un-.m fuels

. . ‘Que 5.5, | With the help of neat sketeh, explain construction,

LA R

[

Electrodes to
which a ring
is attahced

Co pper
calorimeter

Bomb
Mg fu
; .ww.amm (stainless mﬁom_u
k Stainkess
Weighed steel crucible
fuel sample

Water jacket

m, nm..nmmﬂmum O_S.Emmﬁ.w

181 Soﬂ.w.vnv H

inciple : Aknown mass of fuel is burnt anq i .

cip . the heat produced is absorbed
I ter and measured and quantity of heat uced by burning a unit mass
MMM“H is determined. ngn ! it mﬁ.p.a
Oaum_u.:n_mnﬂ : . A

It consists .om a strong cylindrieal stainless steel bomb ca ble of wit
1 standing high pressure and corrosion resistant, T wen
9. The bomb has lid which can be screwed to the
] perfect seal.
3. The lid contains two stainless steel electrod

. es mbmmboﬁmmﬂgmﬁ%.
A small ring is attached to one of the electrodes which are provided with
nickel or stainless steel crucible. :

4. The bomb is placed in a copper calorimeter with known weight of water.

5. Calorimeter is surrounded by an airjacket and water jacket to prevent
loss of heat.

body of bomb to make #

6. The calorimeter is having an electrical stirrer and wmnwnp.EE_m
thermometer. .

Working : .

1. A weighed amount (about 0.5 t0 1.0 gm) of the given fuel is taken in
clean crucible. The crucible is then supported over the ring.

2. A fine Mg wire, touching the fuel sample, is then stretched across the
electrodes.

3. The bomb lid is tightly screwed and bomb filled with oxygen to 25-30
atmospheric pressures. The bomb is then lowered into copper calorimeter,
containing a known mass of water.

‘4. The initial temperature of the water is noted after thorough stirring.

The electrodes are then connected to 6-volt battery and circuit is then _
completed. : : 7

5. Theignition is initiated by passing a large voltage across a bare fuse wire

which has been suitably fixed into the fuel sample.

This fixing is normally performed by tying one end of a known mass and

length of cotton thread around the fuse and the other and around the

sample,

The voltage shorts out the fuse which triggers the combustion reaction.

The sample burns and heat is liberated which is transferred to water.

Uniform mnrq._m:m of water is continued and the maximum tempera
attained is recorded. :
% The calorific value of the fuel can now be calculated as _umFs :
oEﬁEmmoﬂm : . 2l ol g
Let x = mass of fuel sample taken in crucible (in gms.) ;
W = mass of water in the calorimeter (in gms.)
w = water equivalent of a&olﬁa@»mn. stirrer, .
thermometer, bomb, etc. in gms.

8.
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_ b 5 ._.wﬁ.omu.vvmwmﬁﬁxmum&marmmﬂuS:x.wv

" 7. ='initial temperature of water in calorimeter ;
m__  final temperature of water in calorimeter ;
m - Higher calorific value of fuel

(in cal/gm.) kb
7 . Heat liberated by burning ot fue =x L cal
and heat absorbed py water, ~={WxSx (T~ T))

2 hoat absorbed by apparatus = (W' x 5 x (T-T))=w (T,-T))

cal M

since s "G and 1cal=4.186Jor4 2 J
‘total heat absorbed by water, apparatus etc.

Hence, = Wx1x(T,—T)+wx1x(Ty=T)] = (W4
| - x 1(T,—T)lcal .

But, heat liberated by the fuel = Heat absorbed by water, apparatus et

CxL=(W+w) (T,-T) ~ .

T,-T, w
or m% Om m.n—mH HHL = E nﬂux_m..hﬂ or mﬂ—

pecific heat of water =1

Let H = % of hydrogen in fuel.
. H

Then gms of hydrogen present in 1 gm fuel =1 x 100 B

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

H 42 0j—>HO
2o 2 g
i.e., weight of water produced from.1 gm H,=9 gm
H
Weight of water produced from H|MW gmH, (or 1gm fuel) =9 x 100 gm
" =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
a o LCV = (HCV - 0.09 H x 587) cal/gm : i
Eo”eﬁwoum uac. get more accurate results, the following corrections
: wﬂhﬂ while om“_nwummbw the calorific value of a fuel : . 1udes
s e correction : The heat liberated, as measured above, 1€
% eat given out by ignition of the fuse wire used. Hence, it He
b Sl i
: B2 rrection ; Fuels containing S and N are oxidized, :bn_M,? ely.

ure and .,a%sa,ﬁ of ignition, to H,SO, and HNO, esP®
e mﬁ +20,—> H,S0, + Heat
2+3 O»i 2 HNO, + Heat

B ngineering Chemistry
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Cooling correction : Time taken to ¢

; ool the water i L
Emﬁ.ﬁ:a nmgmaﬂmnsg to room temperature is =cﬂwwnw“.aﬂﬂm§umﬂuu
cooling E T°/minute) and the actyal] time taken f -From E_w rate of
the cooling correction of dT x t is added to the ».WMM H.maebm (t minuites),
Cotton thread correction : As cotton thread is used for sgaities the
fuel, so its burning also generates heat. or igniting the

i

iv.

. Fuse ;

(W + ) T..n Ll clmaling - ) o Acid Cotton

. ' correction, e - + g + thread
HCV = o i correction

Mass of fuel (x)

Quess.
A sample of coal containing 92% C, 5% H and 3% ash. Wh i

tested in the laboratory for its calorific valuein abomb GHHMMHMNN_
the following data were obtained : 7

et

Weight of coal burnt = 095g i

Weight of water taken s 4.8 g il
Water equivalent of calorimeter = 200g _
Rise in temperature = 0.02°C i
Fuse wire correction C m H.c cal 1
Acid correction = 60cal il
Calculate the net and gross calorific values of the coal in cal/g. s
(Assume the latent heat of condensation of steam is 580 cal/g). _,
. i

| UPTU 201112, Marks 10| i

; ]

Characteristics of a good fuel : Refer Q. 5.1, Page 173H, Unit - 5.

@é " éuhﬁm —t, +cooling chlgﬁm,:mm wire +acid

i
HCV - aaﬂm&bi correction corréction M
= - ; 4
x 3
_ {2000+ 700)(2.48+0.02)]-(10+ 601} 1
0.95 |
HCV = 7031.578 cal/g
LCV = 7031.578 — 5 x 0.09 x 580 |
= 6770.578 callg _
%: 5. What is coal ? On what basis the coal should be

Mmmmmm.mm. 23.25 g of coal was kjeldahlized and NH, gas thus 5&41&
11 5 2bsorbed in 45 ml of 0.1 NH,SO,. To neutralize excess of acid, .
5 ml of 0.1 NaOH was required. Calculate the % of N in the coal

Sample, rk:

i)
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£ gt g thi w&mﬁnnn remains of animals and plant, Tt jg .. .
e Qohw_wmﬂm of C. Wm@.ﬁﬁ % and non-combustible inorganic matter. 8 Mataly
i MMEE are various types of coal based on carbon content present ip it -
50 4
Soft 57 4125 - 5400 . ce the fuel analysis is gi i :
. Since Y818 1S glven on mass basis, so let us consid
Boft o 6500-7100 | |  Letsmoleatoxygenare supplied for combustion. The combusti _ﬂurwhmﬁ
Hard 83 8000 - 8500 . on mole basis is given as, 5 48
. 3.6 4.8 ,
Anthracite | Hard 93 _ 8650 - 8700 m.m C+=H+20+20, +3.762N, > bCO,+¢CO+dO, +eN,+ fH,0 _
; o . Equating coefficient from the equation %
Numerical : : : : _ ]
o %N=01(V,-V,)x1.4N=0.1 P Calidhs 5 D wbii Ftopen s B8 oap i
0.1(45-11.5)x1.4 _ ; 12 | 3
= =1.44% 1 . fain
| g ot o . c §
4 A sample of coal was analysed as follows : .. Oxygen igg t% =b+ 3 +d+ mh Nitrogen:3.76x = e
H“ : mﬂn&w ».mn was weighed into asilica crucible. After heating for one Based on volumetric analysis of dry flue gases, M
m ' hour at 110°C, the residue weighed 2.415g. The crucible was then b =k i, e _w
R _ strongly heated for exactly 7 minutes at 950°C. The residue weighed b+ec+d+e -(6.9.1) |
g 1.528g. The crucible was then heated until a constant weight was . ;
£ obtained. The last residue was found to be weight 0.245g. Calculate wgl =001 . 692 «
i the percentage result of the above analysis. te i
i e, =0 .(593) i
| e it
2.5-2.415 Brerdwe h A i
i pe el i ; i
% Moisture = ==—~==>x100 : Dividing eq. (5.9.1) by eq. (5.9.2), we have- i
H
e b lo%%w =109 _,._“
- c .01 - H
% Volatile Matter = lmlhrwmmmuk %100 b=109¢ i
] :
= 35.48% _ | biew mlw
%Ash- _Weightof ashleft ., _ o .
. Weight of coal taken ; _ 109c+c= T
Z o.mwm& 500, _ oo 88 _op1625
AR i 10, Hmm . 12 x11.9
~ Fixed carbon = 100_(3 4 b = 6.7170
=100-(3.4 + 35. .16
= 50.96% ey By eq. (5.9.1) and eq. (5.9.3),




e e v

.~ andlatent heat of

b _ 0109 _, sge0q
4 0071

" 8.7170

g 0

1.53521

Jife AR d =4.375
"% Dividing eq. (5.9.1) by eq. (5.9.4)
o o055 bl D109 L 6as4pa
e 081

6.7170
"~ 0.13456
: e = 49,9153
- From oxygen balance, we have,
Al sx=b++d+ £

32 2 2
1.8 48

=6.717T0+ ———+4.376 + — - =2
x=6.T1 3

x = 12.150 moles
Thus, the mass of oxygen supplied = 12.150 x 32 = 388.804 kg
The mass of actual air supplied for 100 kg fuel,

- 388804 405 1675.87 kg
232

Therefore, the mass of actual air supplied per kg of fuel,

1675.873
BN s
100 kg

Proportion of carbon burned to CO,

c 0.61625
n||u =% =8.4035 %
Die BT+ OBIGE o oanan =R A0

Weight of flue gas 100 kg of fuel burned,
= bCO, +¢CO + d0, +eN,
; 6.7170 x 44 + 0.61625 x 28 + 4.375 x 32 + 28 x 49.9153
- = 1850.4314 :
Weight of the gas per kg of fuel burned,
u 1850.4314
100

e

'

= 1850 kg

FErT
RS20 | Caleulate the gross and net calorific value of a coal
sample

containin, i 5%
hydrogen andsg 4 %awaao of carbon, 1.5% sulphur, 6% nitrogen, 5 5

Xygen. The calorific val f carbon, hydroge™
sulph ues of carbon, ;
1 latent pooc0 kealkg, 34500 keallkg and 2240 koallkg respectively
steam is 587 cal/ g

[UPTU2014-15; Marks 09
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.Ewmwm calorific value can be calculateg by Dulorg’s ma—.EEm. RN
_ /10018080 (C%) + 34500(Ha%. /0,

}

| %/8) + 2240(S%)]
= 1/100(8080(84) + 345005, 5.
o +4 55-8.4/8)+2240(15)] - -
NCV = 8356.05-0.09 x 5.5 x 587
= 8065.485 keal/kg

m.m? 11. | Calculate the GCV and NCV of coal having the following

compositions : C = 85%, H="7%, S = 19, N = 2%, ash = 4% and heat

{UPTU 201314, Mar 8,05

awﬁwomﬁu‘ of steam = 2458 J/g.

i
By Dulong formula :
GCV = 1/100[8080C + 34500(H — 0O/8) + 22408]
= 1/100[8080 x 85 + 34500(7 — 1/8) + 2240 = 1] = 9262.275 keal/kg
NCV = GCV —0.09 x H x latent heat of steam
latent heat of steam = 2458 J/g = 2458/4.2 = 585.2 callg
NCV = 9262.275 - 0.09 x 7 x 585.2 = 8893599 .

Que 5.12. | A sample of coal contains C = 93%, H = 6% and ash = 1%.
The following data were obtained when the above coal was tested in
bomb calorimeter : )

L. Wt of coal burnt =0.92 g

2. Wt of water taken = 2200 g _

3. Water equivalent of bomb calorimeter = 550 g

4. Rise in temperature = 2.42°C

5. Fuse wire correction = 10,0 cal

6. Acid correction = 50.0 cal ;

Calculate gross and net calorific values of the coal, assuming the
atent heat of condensation of steam as 580 cal/g.

W +w) (T, —¢,)) ~ [Acid correction + Fuse wire correction}

X

Given, wt. of coal burnt =x = 0.92 gm;
Wt. of water taken- -~ =W=2200gm;
ﬁmﬁmw equivalent of bomb calorimeter =w = 550 gm;
w_-mm in temperature b .H.ul t = 2.42°C
Fuse wire correction = 10.0cal
Acid correction — 50.0cal

(2200 + 500)(2.42)} - {50.0 + 10.0}

K I|||||||I.|||||||||.II
' GCV = 0.92
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= 7058.695 cal/gm = 7058.695 cal/gm

rific value,
Now, net calorificFo 0 GGV — 0,09 H x 580

NCV = 7058.695-0.09 x 6 x 580 = 6745.495 cay,

a...q» gm of fuel containing 80 % carbon, when buyn; iy

b calorimeter, increased the temperature, of water from 7.3
”“.wﬂ.n =C. If the ah._u-.mﬂmnuu. contains 250 gm of water and itg imﬁm
equivalent is 150 gm, calculate the HCV of fuel. T

x=0.72¢g
t,= 27.3°C
nm =29.1°C
W=250g
w=150g
HOV = A.E‘+SM5 t,)
(250 +150)(29.1-27.3)
3 0.72
1000 cal / mol
= 4200.0 kJ/kg
[y

FMF The following data were obtained in abomb calorimeter

experiment.

Weight of coal = 0.85g

Weight of water taken = 750g

Water equivalent of calorimeter = 2000g

Risein 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) = 750g
Water equivalent of Calorimeter (W) = 2000g
Rise in temperature ( t,—t,)=0.30°C
Latent heat of steam = 587 cal/g
Acid correction (C ) = 0.03°C
% of H = 10%
Mass of fuel (x) = .85g

GCV = Aﬁ.~+$&:w - nuvlmﬁ_?v
= ;

Eoﬁﬂ;ﬁ. s 189 (Sem-1 p.s.__m_‘_.__

pjiises o Boco._.qwox.me.la.g .

97267 (oo x 0 s
HCV =442.95 calg ..

e 5,15 | What is dulong formula for caleulation of theoretical
n&om..mn value of fuel ?

pulong formula :
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
=2240 callg,

CVin callgm = —— | 8080 C + 34500 ? £
GCVi 700 |me§om cal/gm
where C, H, O, S represent the percentages of carbon, hydrogen, oxygen and
sulphur respectively in the coal.

‘Que5.16. | What is biogas ? Discuss the mechanism of

[ UPTU 2013-14, Marks 05 |

biogasification.

i..s nwm.mﬁmmﬁ and most easily available biogas is gobar gas. It consists
mainly of methane. It burns with a blue flame and its average calorific i
value is about 5300 keal/m?®. - |

2. The composition of gobar gasis:

* Constituent | Methane | Hydrogen | Carbon dioxide Nitrogen
o (CH) (H,) (CO,) (N,)
_ Percentage | 55% 7.4% 35% 2.6%

3. Gobar gas is manufactured in gobar gas plant, which consists of: ;

a. A ‘well’ constructed of masonry work (also known as ‘digester).
The digester is usually built below the ground level. "%

b. A ‘gas holder’ which covers digester and made up of weld s .
sheets. :

c. A‘pipeline’, 10 cm in diameter.
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Steal gas holder
Gas
Outlet
outlet tank for
el manure
Dung + water shurry ===
\ 10 em pipe L
10 cm pipe
4— Digestion
well
+—— w_mw«.u:uﬂw
work
e i g s
|Kig: 5.16.1. Gobar gas plant.
Stages involved in production of _uuanmm from cattle mﬂum

L. Cattle dungin the form of slurry (made by mixing equal parts of water)
is poured in digester. Anaerobic bacteria’s present in the dung digest
this slurry in a process cailed anaerobic fermentation.

2, The optimum temperature for this fermentation is 34 - 48°C. ﬁ..m gas

in gas holder.

3. Itisinteresting to note that in addition to cattle dung gobar gas plant can
also digest human refuge, poultry, sweeps etc. .

Advantages of biogas :

1. Heatgenerated by direct burning, 1 kg 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 keal of heat.
2. Gobar gas does not contain poisonous gas, CO as an ingredient. |

- i 3. Gobar gas is free from smoke, dust, dirt etc., hence by its use,
Savirmment and utensil remain comparatively clean.
4. Byproducing gobar gas, we in fact are optimally utilizing waste.

5. It can provide the flame temperature of 540 °C, with proper burners.

gobar gas plant.
Applications biogas :

1. Ttisused as %Emm_ua fuel in many villages.

m. 7

! t is also used ms. __mEEHw and power purposes.
Gobar gas also gives simultan

which has 2.9, Eﬁammu content

eously excellent yield of moon_ manur®
as against 0,75 % in farm yard manu*®

._ Engt

generated, due to continuous decay, is mostly methane and is collected -

. H.-E»ﬂ—._ab_uﬁr_ombm : Gobar gas should be used within 10 metres of the

. eering Chemistry 7
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ﬁrmn are the essential 85635:5 cm a biogas U—hﬂ«

..._-m:_. n._.—:nﬂou ? List urn.on important mﬁd—-nwﬁon of bi

- CO,
0, required for 12 gm of C =32 gm
Weight of oxygen required by 3 kg = w 2% 1=26T7kg
. : ) Hoo -
Weight of air required =73 X 2.67 = 11:60 kg
' Since 32 gm of oxygen occupies 22.4 litres at NTP
100
34.78 x 3000 gm O, will occupy =38 % 11.60 % 3000 =151304.35 L
. . . 100
Volume of air required = o1 % 151304.35 = 720496.90 L

oﬁm 5.19. | What are the characteristics of a good fuel ? List the

12l AT

raw Em.n.mn_mwm which can be utilized for biogas manufacture ?
Explain the mamm.ww involved in production cﬂu_omsm from cattle mﬁun

M; e
crmumnnmﬁmn_.am of a good fuel : : Refer Q. 5.1, Page 173H, Unit - m
?ﬁum : Refer Q. 5.16, Page 189H, Unit - 5.

é.rm." is biomass ?

'L Biomass is the waste materials of iving organisms mba.usbﬁ or _.&Em

objects like plants and animals.
for
It contains carbon compounds and works as a source of heat energy

domestic purpose ;
; ; dy husk.
8. Example : wood, cattle dung, rice barn, bagasses, puday
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S sed directly or is
. 4 Itcanbeuseddire dcharcoal _
v Sl od into a better fuel called charcoal and catt)q wer
5. Woodcan vmnnmw%ﬂ”o much better fuel called biogas. “ung e |
can be conve idered to be another f . th-ﬁ&-.. “bcmuun region ; 3 -
6. The energy of biomass can be cons: mn%“aumm through MME praeiect b ol i | |
; . i is o i |
use of %ﬁq energy as biomass Process p b due to interacting vibrational E&M . o~ umm?mﬁzngwssuhﬂ.
photosynthesis. bt
i | pe of an unknown g i
\ ,. 2. suspected compound in this region :&Euﬂ%”ﬁﬁnﬂwﬂ”ﬁﬁm e

X

This portion of spectrum is extremely i I ;
% with reference to other regions, ¥ important when it is examined

le, if alcoholic or phencli :
4 ~ Example, I phenclic OH stretching absorption :
high frequency region and there is an mcwoﬁzanﬁwﬂmammmm.”

-1 . ’
2 : Em.c. %cﬁna ; nz.m to C - C - O bonding then it makes ible to
« Spectroscopic analysis : Molecular spectroscopy deals with Wmm_.m: )= nm_umwwwﬂcns alcohol or phenol with highly specific structure
the transitions that a molecule undergoes between its energy . of tompound.
levels after absorption of suitable electromagnetic radiationg Numerical :
determined by quantum selection rules. ] CqHg0 0
: iations: i hite light i :
« Electromagneticradiations: .H.rm.o_.m.E.ma.ﬂ white light is the __
most familiar form cmm._mnﬁdammﬁmen nm%,msou. C,H5CHO CH, CH,
« UV spectroscopy: It involves the promotion of electrons from 1650 cm=1 |
ground state to the higher energy state. L . 1710 em
"« IR spectroscopy: IR spectroscopy is used for the identification (Isomer A) (Isomer B) |
f functional group of chemical compound. ) — ) ) P
. NMR spectroscopy : NMR spectroscopy involves absorption of BISsRlg)| What 1s shielding and deshielding ?
: iation in the radio frequency region. . e
electromagnetic radia _ou._ q ) _cﬁﬂu 2013:14, Marks uﬁ_ m
, i
i .
! Refer 5.32, Page 203H, Unit-5. ‘
| Que5.41. | Write the basic principle of NMR and explain the ”m
following terms :

i. Chemical shift

e .

_ .m " L : ™) gy
: _ﬂ . ii. Spin-spin splitting _ﬂ—vn.ﬂso-m.uw.ggu ;
b ; ; ;
. w i 1. Itinvolves the transitions of electron(s) within a molecule or “m_.__ wucﬁh._w w ; : i
1] lower toa higher electronic energy level or vice-versa by the absoTPt tnied it-
i m o eesion of radiations oling o the 1V-visible range of l ectromagnetic Principle of NMR : Refer Q. 5.33, Page 205H, Unit .m.u
m i i, i Chemical shift : Refer Q 5.32, Page 203, Unibd. o yoy
¥ S N i Spin-spin splitting : An NMR'spectrum shows a signals for eact &2
e 2. While electronic spectra in the visible range span (12,500 - 25,000) €7 of proton in a molecule. Generally these signals are splitted by ﬁ_b‘mu_biﬁ
those in the UV region span (25,000 - 72,000) cm. coupling, Splitting reflex the environment oo mﬁanﬂvmummu“ﬂmhnmou
8. Animportant principle for the interpretation of electronic spectr L respect to near by proton. Splitting arises gﬂﬂﬁﬂwﬁ of possible
given by Franck and Condon. between the neighbouring proton and isre adopt. This is known as
5 _ spin orientation that these neighbours can ;

(0 + 1) rule.
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— = ic compound CgH,O contains a carbony] Broup

9 = o trum decide whether it is an aldehyde
C =0.How - p : ol (1 ]

e, [UPTU 201215, Marks
a 4

Signals :a, b,c -
itt ttern : 2 = Tripl
e ~ b=Quartet

¢ = Triplet
For Ketone : CHyCOCH,
Signals:a,

Splitting pattern : a'= singlet |
3.| Discuss the significance of following in relation to IR

.._m

L naﬁ. frequency region appears in between 400 — 1400 cm. The patterns

. ic
of bands in this region are typical of functional present in an organ |

compound. .
i Finger print region : Refer Q. 5.39, Page 208H, Unit - 5.

iy gﬁ&wﬂh@uﬂmﬁob obtained from

Que 545 | A gaseous hydrocarbon 'A' on passing through a quartz

go n.muaml:m Chemistry
e

: 1t can reveal functional groups of g
Substitution of aromatic ring, 3
Qmou._—aﬁ:.g— ncﬂm@ﬁﬂbnmcﬂ mbasmﬂm ﬁﬂ_m_ and nﬂEu

21 Bem182) 0

Compound,

.mxnmE_ of conjugation,

Substitution of a ring,

Value of A of agiven compound.

Presence of chromophore in the group.

NMR :

1, Itcan predict different protonic environment.
2. It can tell chain length of compound.

3. It tells functional group of system.

4. Candifferentiate aromatic system.

tube heated at 600°C, gave a liquid compound 'B' (molecular weight
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 em™ and a UV absorption at 204nm due to =-r* transition. The
'H-NMR spectrum displayed a downfield singlet (6H) at 7.3 tan.
Identify the compound A and B and give your reaso

. >ngum$mm$n§m§§m at 3040 cm™ in the IR spectrum indicates
the presence of aromatic C-H bonds in ‘B,

2 AUV absorption, due to n— r* transition, at 204 nm (log, 3.84) indicate
the presence of conjugation in ‘B’.

% The H'NMR spectrum of B' displaying a downfield singlet at 7.3 rdue to
SIX equivalent protons. .

It seems that compound ‘B’ is aromatic having six equivalent protons.
Its molecular weight is 78 amu so the compound ‘B’ is benzene (C,H,).
S ltis known that benzene is formed by trimerisation of acetylene, when
later jg Passed through a quartz tube heated at 600°C.

Thus, compound ‘A’ must be acetylene (C,H,).



How many proton signals would you expect in the ot .

spotra's of the following comppun_ds'; Cy.clobut‘.‘hé"-;ii

2-Chloropropane ?

Cyclobutane : In cyclobutane,
CH, CH,

 equivalent, only one NMR signal will be observed.

Refer Q. 5.38, Page 208H, Unit - 5.

2 - Chloropropane : e
. 7. | Define chemical shift. What is it. significance in ﬂm

b o rh&%mﬁé : i
determination of the structure of molecules ?

Two isomers A and B of the molecular formula (C;H,0) give an [
absorption band at 1650 cm™ and 1710 cm ! respectively, Assign
structural formulas to A and B isomers. :

e g
Chemical shift : Refer Q. 5.32, Page 203H, Unit - 5.
Numerical : Probable isomer structure are, -

- CF-CHO CHS— fol:(:}g CH, = CH~ CH, — OH and cyclopropand
) | orresponds to ket | : I
compound A = CHL - C0 - C I-;: one group, he_nce;. éceténe confirmed for
Allyl alcohol will giye band at 1650 cm! hence B is éllyl alcohol
B=CH, - CH,-CHO

000

ey O T

CH, — CH, all the hydrogen atoms ,

GRS BT v b e ety R A T
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Molecular Orbital
Theory
(2 Marks Questlons)

il 81 isi-;he number of reacting | It is sum of the power of
species undergmng . concentration terms in rate law
simultaneous collision in | expression.

reaction.

2. | Itis atheoretical concept. | Itisdetermined experimehtally.

3. |It can have integral value | It can have fractional value also.
only.

4, | It cannot be zero. It can be zero.

5. | It does not tell us anything | It tells us about the slowest step in
about the mechamsm of | mechanism and hence gives some
clue about mechanism of reaction.

reaction.
6 |It does not change with| It changes with change in
change in temperature and temperature and pressure.
K______P_ressure.

12, What is the effect of temperature on the conductivity of

metals and semimetals ?
With increase in t,emperature the conductivity of metals decreases

and that of semimetals increases.

13. Defi '
ne hyb“d‘mhon or more orbitals of the outermost

™ The mixing
tion of one
. elwr?y Ieve(l]:;f!: ﬁﬂ’ﬂi’;’,t,’,“t; give new orbitals of equivalent energy is




i ST ?—o_mﬂﬂ_wﬂon.dmg.
' 214(Sem-1&2) H. — . II!&
known as hybridization. The newly formed orbitals are ¢,
hybrid orbitals. 1ed o

n X3 ] % ...,..,.H\L. ﬂfwmunsﬂmﬁuaamﬁ pyramidal ?

The N-atom in NH, is surrounded by four electro ...
el its Momm%uwwmwa. should cmu.mms.m&ma_nm_. However, one of the &mﬁ_
electron pairs is a lone pair, therefore, the geometry. up

§ uumea.._...ﬂ
pyramidal.

£3

1 .m. d..ﬂa‘ is sigma-bond stronger than a pi-bond ?

H rlap to a greater extent in a sigma-h, )
o WM@HMM%_M%&MMM%MMP s0 mmmHm.Bm.ronm is quite mr.wnm. O%m&%ﬂﬂ“
hand, in a pi-bond, sideways overlapping o.m orbitals takeg place
The sideways overlapping is not to an appreciable extent, due tg g,
already present sigma-bond, aﬂunr ammﬁ:mﬂm the distance vmgmﬁ
the involved atoms. Her.ce, sigma-bond is much strongey than 4

pi-bond.

1.6. Ice has lower density than water. Why ? .

Anis ice is formed from liquid water, the water molecules arranged

MMWWM%MMM in tetrahedral open cage like structure and some ajr

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 meltsup t

4°C, density increases. Above 4°C, volume increases hence density
decreases.

- o
oo
N

m’r
ok
Lo

e !
4 m-w—c/;ﬁ

. ; pond
L7. What are the shortcomings or drawbacks of valenc®

theory in the case of coordination compounds ? ining ¥

AHE The valence bond theory was fairly successful in explal plexts

Beometry qualitatively and magnetic behaviour of the €™

But, it could not explain the following :

i P ad.
L The origin of their absorption spectra could not be explain®

mu.mwummnmnm Chemistry

-lll-ll.ll|

1.8.

On the basis of MO theory, explain why hydrogen forms
diatomic molecule while helium remains monoatomie.
For hydrogen molecule : Refer - 1.2, Page TH, Unit-1.

For helium molecule : Refer Q. m» Page OH, Unitd

What is EanmEn.—ﬂmu.B..

Metallic luster : 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,

the light gets emitted in the form of luster.

1.11.

112,

113,

Application Based Questions

On the basis of molecular orbital theory, explain why F, is
diamagnetic while O, is paramagentic ? Calculate their bond
orders.

Refer Q. 1.9, Page 17H, Unit-1.

Calculate the order and molecularity of the .no_-oﬂmﬂm
reaction :

CH,COOC,H, + H,0(excess) ——— CH,COQH,+ C, H,0H
CH,COOC,H, + H,0(excess) —>— CH,COOH + C,H,0H

Order = 1 (the concentration of H,0 become constant)
Molecularity = 2

CaCl, will introduce Schottky defect when _u&& to AgCl

crystal. Explain. : SR =
CaCl, on adding to AgCl introduces Eﬂﬁﬂmo ﬁ%ﬁawm addition
of ona Ca** ion will SEE.W two Ag* _“_.H gz 5&35891 wﬁ._
conductivity. One of the position of >m+=5 B b i
-and other will be left as a hole. ev..._m. similar

Schottky defect.
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|"/gg
414, Zinc oxide is white but it turns yellow on heating, g

: i . xpl
""" zum When ZnO is heated, it loses oxygen as : aip,
sy gy S bast NNI+WOW,.+M¢.
L ik 5 ﬁﬁ Zn* jons are entrapped in the interstitial sites and elegy
are entrapped in the neighbouring interstitial sites to Emmbﬂa.m.u
electrical neutrality. Thisresults in metal excess defect. Dye =, aip
presence of electrons in the interstitial void, the colour mm,wmzswg
; 1.15. Arrange the covalent bonds sp® - sp% sp® - sp* ang P-apin

increasing order of strength, giving reason.

ABE sp®—sp® <sp®-sp® <sp - sp. .
mﬂhwoﬂ : The higher the percentage of s-character, the higher ;
the bond strength. 1s

respectively.

1.16. Explain H,0 is liquid but H,S is a gas.

anE H,O isliquid because it has hydrogen bonding in it by which
Mm.mmnchmm of water gets associated with each oEme%ba a.”m &MW_%_%
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. So, H,0 exists
as liquid while H,S as a gas.

Intermolecular hydrogen

0
\ /m \ bonding
H H
’y
/s
Yo s

o

H H

L17. Arrange the following molecules/ions in order of their
increasing bond length : N, N,” and N, 2. .

i ) 1 .
BNz o BO= m..ﬁclb.llm

3 1
2.} : B.O = 2 (10-5)=25

1
BO= 3 10-6)=2

©00

Percentage of s-character is sp, sp® and sp® are 50, 33 35 25

En)

mmuﬂm-.man Chemistry

- Polymers and
On.mmboﬂmn%nm
(2 Marks Questions)

Memory Based Questions

2.1. Why all simple organic compounds cannot act as monomer
" during polymerization process ?

An# Because, for a substance to act asa monomer, it must be at least
bifunctional. Thus, organic compounds like (i) Acetic acid
(CH4COOH), (ii) Benzoic acid (C¢H; - COOH), (iii) Ethyl alcohol
(CH,CH,0OH), (iv) Benzyl alcohol (CgH,CH,0H), (v) Aniline
(C,H;NH,), (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 ? :
Ax& High density polythene (HDPE) possesses linear unbranched chains.
Thus, these nﬂ.m_bm can be easily packed to form a solid with high !
density. i
Low density polythene (LDPE) possesses several short and long
branches which prevent close packing. Thus, LDPE forms a solid

with low density. .

23. What is the main purpose of vulcanization ?

ABE  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 ?
AW Plastics are indispensible due to properties like :
i Lightin weight _
ii. Corrosion resistance
iii. Low fabrication cost ; {3k
iv. Good thermal and electrical insulation propertie
v. Easy and quick moulding etc.
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Polymers and Organomet, allig,
— ey

25. Why is teflon highly chemical resistant ?

am& Dueto pres

ence of most electronegative element, F in tefloy,
tractive forces betweenits different chaing,_ Wo@ﬁaﬂm

are ve _wnabhmn i
ry ly high chemical resistance towardg most

it possesses extreme
chemicals.

Why is PVC used in chemical industries ?

is is because :
wﬁ«n&uﬁ% of cost of PVC is low.
High resistance towards chemicals.
PVC can be processed in any form, even by hot welding.

Distinguish between homopolymers and copolymers,

‘Homopolymer- -+ | = " Copolymer =

Only one type of monomer Two or more than two types o._,
when get polymerized result | monomers results in copolymers,

in homopolymers.

po

It is formed by addition| It can be formed by addition
polymerization. polymerization.

Example, Polyethene, PVC. | Example, NBR, SBR.

2.10.
ANK

What is the primary structural feature necessary for a
molecule to make it useful in a condensation polymerization
reaction ?

The monomers must be bifunctional, i.e., contains two functional
groups. ,

. What is a biodegradable polymer ? Give an example of

biodegradable polymer.

The polymers which are degraded by micro-organi ith in a
i . ganisms with i

suitable period so that the ?ﬂ.ﬂma and their degraded products do

not cause any serious effects on the environment are called
biodegradable polymers.
Example : Poly (B-hydroxy butyrate-CO-B hydroxy valerate) PHBV

.T- fH CH; -CO+ R=CH,
R 8 .
n
What is E

DTA ? Give its chemical formula.

mU».hmmuwmwmmm . . .
metal ions with mﬁummn%uwwwﬂnﬂmm.u d it forms a stable complex with

Structure of EDTY .

Engineering Chemistry o e

e unuﬁaﬂh.b&__ﬁ:;
HOOCH,C v R Om.—.n. . o e
HOOCH,C By :ﬁzA

CH,COOH

2.11. Why can human beings digest starch but cannot digest
cellulose although both are made up of U.Tu-ﬂ_ﬁ“h- T

ans: Starch (CgH,(0,) is a biodegradable pol. d can degradei
presence of micro-organisms so can vmﬁﬂﬂmﬂy%ﬂjﬁﬁ SSE_.%B%K
not a degradable polymer.

212, Give two examples of initiators used for free radical
polymerization.

A#E: i. Benzoyl peroxide
ii. AIBN (Azobis Iso Butyro Nitrile)

- ‘Application Based Questions

2.13. 42 gm of propene was polymerized by radical polymerization
" process and DP was found to be 1000. Calculate the number
of molecules of PP produced. ; ;
Numbers of Propene molecules

aws As DP OfPP = N ber of PP moleculesformed
Hence, number of PP molecules formed
Numbersof propene molecules
7 DPof PP

42gmx (6.023) x 10 molecules/ 42gm)

1000
= 6.023 x 10?? molecules.

* Evaluation Based Questions

2.14. Ethelene polymerises but ethane does not. Why ?

i i t have a
AfiS: Ethane can not polymerize because it does 10
show mﬂunmcsamunw. Bonds are not available for com!

ethane while they are available in ethelene.
nCH,=CH->— CH,—CH,—

owing as addition and conde

roperty to
ination m

nsation

2.15. Classify the foll

polymers.

Terylene, Bakelite, PVC, PE o
AfK Terylene and mmw.wmnm"oaummummﬂo po

PVC & PE : Addition polymers
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aux Polymer:

2.17.

m.o_ﬁﬂ.ﬁnw and Onwmhomﬁmﬁémnm

Give the monomers of following polymers PS, PMMA, pyc,

‘Terylene.

Monomer

o doe

; Mm : | C.H, Styrene

] * CH,-C
PVC n_u— Vinyl chloride

0 o}
I

A i
_ +H,C0C I@lcoomu
CH, - OH

Terylene :
Ethylene glycol ~Dimethyl teryphthalate

Write down the structure of Ziegler Natta catalyst.

It is a combination of transition metal halide (like TiCl, or TiCL)
with an organometallic compound (like triethyl aluminium, trimethyl

aluminium).

Fi )
TiCl, and AIC,Hy); » Cl—Ti—Cland Ay

h_w _ A LKA

Write down the structure of Ferrocene and _Nammm_m salt.

Ferrocene Zeise’s Salt
/m.
> .
m.mw H g ,//o :
».— u.__ _ L
Fe : _ Pt -Cl
: ____ =, CulH
o { «
H
Write the ; .
BUNA monomers of BUNA-S and Polystyrene

-S: Refer Q. 2.16, Page 73H. Uni ,
Polystyrene : This n:mmmwnwmﬂ:ﬁ 0 mw.mumﬂmw.

:neering Chemistry o s
.mh-m_h-mnﬂ_:ﬂ . 3 . :
e — . 21Bem1&2H

1sotactic Sydiotactic ; St G :
a—T1 G g ik o Atactic i ;
a—1— CeHs _— Vs Cells
g——— CeHs  HiCq H CeHy -

H—1T CgHjg
H—1— CcH;

©00
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Electrochemistry
(2 Marks Questionsg)

Memory Based Questions

3.1. Give the reaction of rust formation.

amm 2Pels) 20, () +xH,00) ~Fe,0; xH,0(0
2.’

32. Give some example of differential metal corrosion
" REEm 1. Buried iron pipeline connected to Zn bar.

2. Steel pipe connected to copper plumbing.

3. Zinccoating on mid steel.

4. Lead-tin solder around copper wires,

3.3. How does corrosion get effected with temperature ?
ANE 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.

ARE
e
t sed when raw material Used for all types of
ishard. raw material.
n. Processis slow, Process is fast.
m. 1 3
o emitionislov. | Fuol consumption s high
iv. i :
MMH.E. Quality cement i Superior quality cement is
ed. formed \L

—_——

gogineering Chemistry
\-l.lll\ll.']

35.
A

————— MGem1ann

What is the role of Gypsum 7 L i
Gypsum plays a very import, ] : ;
hardening of the cement w.nm N...HMMM ﬁ controlling the rate of
setting. In the absence of G regulate the process of

onPRIEIEG VI Wraton, YPsum, cement woyld get Eﬂa&n»&
What are the different functions of lubricant ?
1. Tokeep moving parts apart,

2. Toreduce friction,
3. To protect against wear.
4, To transfer heat,

Explain why iron is corroded while gold does not.
Iron oxidises in the presence of oxygen and the lay i
porous in nature and further corrosion occurs igwumwmm»w_.wmmm_%

oxidation occurs at primary level, the layer formed is unstable and
corrosion is prevented. i

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.

ASiE: Refer Q. 3.31, Page 118H, Unit-3.

311,

. 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 m_m: ions
before the reaction. While ferrous ammonium meuvrmnm is stable
enough to produce Fe** ions at the time of reaction.

©00®




Water Treatm ent

4.1.

4.2,

Water Treatment
(2 Marks Questiong)

Memory Based Questions

Why is demineralisation process preferred over zeolite
process for softening of water for use in boilers ?

' OR
Why is water softened by zeolite process unfit for use in
boilers ? :

i ftened water contains large quantities of sodium
?ﬁgqhizzﬁgléff I~SI 32804 etc., which can lead to caustic embrittlement,

Write a short note on water quality parameters.

ity o er can be decided with the help of certain
mg?égyng;:da;s water quality parameters. These are: Ct?]lqur, |
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 bact_ena]
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.

The hardness due to the presence of chlorides and sulphates of Ca
and Mg in water ig termed as permanent hardness.

What are the different units of hardness ?
The different units are -



49
. M Sodium orthophosphate may be added

: ﬁ What are the application

mistry

4rts per million (ppm) VR

Milligrams per litre (mg/1)

' Degree Clarke (°Cl)

g;-:;-__]l)egree French (°Fr).

. piscuss the problems creat : _
. sample of hard water has hﬁ;-l by hard water in boiler, A

hardness in °French and °Clar(1l:ess 500 ppm. Express the

= Any natural source of water

- . s regularly so it
concentration of dissolved salt increasess.; The t\x?g ?r?a?jzitlt;:olt:f;;li

i .-.'_If;créated by hard water in boiler are :
/"1, Sludge:Itisal : i
G 1 boilerg. 0ose, soft and slimy precipitate formed in the

: 9. Scale:lItishard déposits which stick v I -
| fi
surfaces of the boiler. ery firmly to the inner

Hardness = 500 ppm
_ 1Ippm =0.1°Fr=0.07°Cl
Hardness in French =500 x 0.1
=50° Fr
Hardness in Clark = 500 x 0.07
=35 °Cl

" 47, What is total hardness ?

" A8 The sum of temporary and permanent hardness is termed as total
hardness. This hardness is caused due to the presence of COg™,

HCO,, CI-, SO, of Caand Mg.

48. What are the main boiler troubles ?
A& The main boiler troubles are :
L Scale and sludge
i.. Priming and foaming
iii. Caustic embrittlement
iv.  Boiler corrosion

. Define phosphate treatment. 5
to the boiler vyater_

CaSO R Na,P0; , CaP,0;+ Na,S0,
| Calcium orthophosphate (loose sludge)

s of phase rule ?

L It applies to physical as well tas chemical phase reactions.
2. Tt applies to macroscopic Systems: | .
It hgfp:;n predicting the pehaviour of a system under different

conditions of the governing variables.

water. In boilers, water boﬂcan not provide perfect boiler feed -

e




Water Hnmm:.amu_“

.l.lll||||l||.||
411 What are different phases in sulphur system that exig; in
 equilibrium ? . oA ok

: owing four phase exist in equilibrium : |

o mﬁm%ﬂaﬁzn Sulphur (Sg)

i Monoclinic Sulphur (S,

i Liquid Sulphur (s,

‘iv.  Sulphur Vapour (Sy)

412. Define the following terms :
i. Water recovery il

A Water recovery projects can provide additional water for productive
and environmental purposes. The volumes of water saved are i
addition to water provided for water users and the environmen;
through the rules in the water sharing plans. Water recovery cap
be achieved through investing in infrastructure to achieve greater
efficiency and through the purchase of water licenses.

ii. Solute rejection

AnE i  Solutes retained by the membrane :
: Lower solubility in water or diffuse more slowly through the

membrane |

. D_u__, = coneentration of solute i in permeate
C, = concentration of solute i in retentate

i. Ranges:1-0

When r; =0, the membrane is completely permeable.

When r, = 1, the membrane is completely impermeable.

4.13. Why the zeolite softener is not recommended for obtaining
feed water for high pressure boiler ?

ARE Zeolites process cannot remove acidic ions like HCO,~ and CO, L &
water is used in high pressure boilers for steam generation. meoow

if present in water sample liberates CO, and causes corrosion.

Application Based Questions

4.14. 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.
: 1L &.m.ﬁd@ﬁ.n hard water = 15 g of CaCO
o  =15x10°mg/i CaCO,
ml of EDTA solution = 10 ml of the standard hard water
§a8 ~ =10x 15 mg CaCO.
0ot %%m..uu? solution = 10 x 15/ 50 = 3 miy CaCOs
E10ml of the gpag g hard water = 50 ml of EDTA solution
1 ml of the Mw“u ard hard water = 3 x 50 mg CaCO,
atat nﬁ ansmsu =3x50/.10 = 15 mg CaCO;
ndard hard water = 15000 ppm

AnE

|

gogineering Chemistry, 227 Seme1 ww”n.
415. An mmn_uu:mﬁon zeolite softener wag : S A
150 litres of NaCl solution, rniun-. Mmmﬂm.ﬂmwmww%#o of
NaCl. How many litres of hard water sample having a 600
ppm can be softened using this softener ? R
| AHE 150 L of NaCl contains = 150 x (150 g/L) of NaCl -
; = 22500 gm of NaCl - =~
100 5z
= 22500 x —
x 117 ON0.0« eq. L
= 1932 x 10* gm OmOOm eq.
= 1.932 x 107 mg CaCOj eq.
. -  § -
The number of litres of hard water = % = 32.2 litres.

416. Calculate the degree of freedom at triple U.....ml*.mu water
system.

Ang. Refer Q. 4.23, Page 158H, Unit-4.

417. A sample of water contains 40.5 mg/L Ca(HCO,),, 13.6 mg/L
CaS0,, 46.5 mg/L of Mg(HCO,), and 27.6 mg/L of MgSO,.
Calculate the temporary hardness in the given water -

sample.
100
Ams: Ca(HCO,), 40.5 x 162 =25 mg/Li
CaS0, 13.6
Mg(HCO, . 46.5 @-ﬁ%
gl AN bx 146 =381 mg/L
MgSO, 27.6 i

Temporary hardness = 25 + 31.84 = 56.84 mg/L or ppm

©0®
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aiehe Fuels and mﬁmoﬁ.ﬂ
. Techniqueg
(2 Marks Questiong)

Memory Based Questions

5.1. Give one advantage of NMR spectroscopy over conventiong)
chemical analysis.

AnE NMR spectroscopy is non destructive technique. Sample ig
recovered as such after investigation because this technique does

not damage the solution.

Define chemical shift. Show the expected NMR signals and
their splitting in the following compounds :

CH, - CH, - CH, - OH and C, H, CH,.

ANE 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
: ¢ = Triplet
d = Singlet

et
i

b et o
¥

=

WA R

T

i

CgH;.C
i wr a = Singlet

b = Singlet

53. What is Beer Lambert law in UV-VIS absorption
mva.m_.n..ouncuw ? A compound having concentration 10~ g/
resulted absorbance value 0.20 at Xy 510 nm using 1.0 cm

MM“—. Calculate its absorptivity and molar absorptivity
ues, Molecular weight of compound is 500.

Ba

ginee ring Chemistry

ARE mamu...rna_uo; law :

Ha_ R 7
_omlhr =eclor A=gcl |

5 H £ 7 [ Rl B
where, ‘A or log Ian = Absorbance of the solution

I, = Intensity of incident light

I'= Intensity of transmitted light
¢ = concentration

I = length of sample tube

€= absorptivity coefficient
: :

el

log 7 =A=gxex]

Given : [=1.0cm
N c=10%gl
A=10.20
A=Fk-x-C
0.20=%k x1x10%
0B

10°%x100 217
Absorptivity = 200
moles = wt. in gm/mol.wt. = 103/500
. 2x10°¢ ;
A=e-x-C ,
Molar absorptivity, e = A/ x- C = 0.20/1 x 2 x 10-% = 100000

54. What is the basic difference between adsorption and
partition chromatography ?
i

'S.No. }&mcﬂwﬁm.cﬂ..gawarmwwﬁfw H»ﬂﬂﬂoﬂ

i m._.aﬁ_m ﬁﬂnwﬂﬂmﬂﬁm. OOH_“_ ﬁ,—ww ﬁmngmn_ﬂm.

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.

homogeneous series.

55. What is the use of value of R;? 3 .
i of R
Aoz R ¢1s used for the identification of SE.E_.E%QMHM_M %ﬂiﬁ
is constant for a compound witha particulars .

temperature.
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5.7.

T

[
Egu*

——
‘What are the characteristics of a good fuel ? ..

A sample of coal containing 92% C, 5% H and 3% ag},_ Whe
this coal was tested in the laboratory for its calorifj, dm-.....
in a bomb calorimeter, the following data were obt aineq .m

Weight of coal burnt = 0.95g
Weight of water taken =700g
Water equivalent of calorimeter, = 2000g
Rise in temperature = 0.02°C
Fuse wire correction = 10 cal
Acid correction = 60 cal

Calculate the net and gross calorific value of the coal iy
cal/g (Assume the latent heat of condensation of steam jg
580 cal/g).

Characteristics of a good fuel : Refer Q. 5.1, Page 173H, Unit-5,

F . )
(W +w)t, —t, +Cooling Q:d&oai e wire £ Acld ¢

Correction correctign
o e f

X

_ {[(2000 + 700)(2.48 + 0.02)] - [10 + 60]}
v 0.95
HCV= 7031.578 cal/g
= 7031.578 — 5 x0.09 x 580
= 6670.578 cal/g

Define calorific value.

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.

What are the different units of calorific value ?
Different calorific value are :
lecallg = lk cal/kg =1.8 B. Th. U./Ib
1keal/m3 = 0.1077 B.Th.U /&3
1BTh. U/f3 = 9.3 kcals/m?®
* What are the various forms of coal ?
Wood ‘
e =
Lignite 67
Subbituminous 77
Bituminoug ‘83 )
Anthracite 93

~ 510,

Define the termg chromophore and auxochrome.

%ﬂh Chemistry

any other fuel burning d
some heat.

less heat is available for heating.
There is no any furnace, engine or device designed to collect the
heat being taken away by the water vapours, Therefore E..w&ﬁ:w
-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 bonds,
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.

The conjugated pi system in 4-methyl-3-penten-2-ore gives rise to
strong UV abserbance at 236 nm due to a n—n* transition. However,
this molecule also absorbs at 314 nm. This second absorbance is due
to the transition of a non-bonding (lone pair) electron on the oxygen

energy gap for an n — x* transi

up to a n* antibonding MO.
—t* e
Voo
s O 3
A i
91 wauaanH N N e Izl
_ ; B (n-=x*
N H
—_—, ey ¥y
N
*« v L -II..I...‘m i
This is referred to as ann—* ﬁuﬁ&ﬂﬂ?—h”%“ﬁ%oﬂ&ﬁﬁu A&uogm” .
e ek gt ey (hwrd %Mwﬂ#ﬂmmﬂ&.oq than that of w L3
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transition and thus the n—n* peak is at a longer wavelep,
general, n — n* transitions are weaker (less light mwmouwm%ﬁww?
those due to n— «* transitions. an

Application Based Questions

' 5.18. 3.25 gram of coal was Kjeldahlized and NH, gas thus €volveq
was absorbed in 45 ml of 0.1 N H,SO_. To neutralise exce
acid, 11.5 ml of 0.1 NaOH was required. e
Determine the percentage of nitrogen in the coal sample

ARE %N=0.1(V,-V,)x14N=0.1
_ 01(45-11.5)x1.4
= 395 =144 %

5.14. Calculate the GCV of coal having the following composition
C = B5%, S = 1%, N = 2% and ash = 4% (Latent heat of water
vapour = 587 cal/gm).

A#E By Dulong formula :

GCV = 1/100[8080C + 34500(H - O/8) + 224085]
= 1/100[8080 x 85 + 34500(7 — 1/8) + 2240 x 1]
= 9262.275 Keal/Kg

NCV = GCV - .09 x H x latent heat of steam

NCV = 9262.275 —.09 x 7 x 587 = 8892.465 cal’kg

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,
a b e
AEE CH, 0CO CH, CH,
a [ SO
Signals : . a=No
b = Quartet
¢ = Triplet

Evaluation Based Questions

5.16." An organic co

3 mpound having molecular formula C.HgO
shows absorption peaks at 3010, 2700, 1600, 1580, 152 o.qmmmc

and 1720 em in it IR s '
ﬁ Molecular formula : C.H O—Xzﬁﬂﬂﬂ. SH e e

mﬁﬂwﬂﬁ W.www may beé OHor>C=0
cm-!
- The peak at 2709 cm! MMHMMMM”MM Hﬁ.c. mo u_.._D

m_nmmuomlbm Chemistry ' -

The peak at 3010 cm™ corresponds 9
The peaks at 1600, 1580, 1520, 15g

The proposed structure is.

CHO

o benzene E...m
0 em? corresponds

._anuo:.

5.17. Two isomeric compounds A and B having the molecular
_..eu.EEm C H; absorb at Mnax =223 nm and A___= 178 nm
respectively. Write the structures of the two isomers.

AniE
.lll.HOHl

=C HA x
HC C=C—CH, CH, '
H,C = CH—CH,—CH=CH,

\\\\//Q\.\\/.

sgmed

5.18. How many NMR signals are found in CH, CHOHCH, CH, ?

Ass: NMRsignalsin CH, CH OH CH, CH,
a b ¢ d e

Total signals : Five

5.19. Why the . for thediene (i) is observed at alower nm than
(i) ?
(@) (ii)
AR ), . =215 mm in both the ‘HcA_mnEmw but in diene (ii) there is one
extra absorption of exocyelic ring of 5 mm s0,

M= Apasic w.na:@...:...

s

i




