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Course of Study
Engineering Chemistry
SH 453

Theory :3
Year: |
Tutorial :1
part : 1fll
Practical : 3

Course objectives: To develop the basic concepts of Physical chemistry, Inorganic chem-
istry and Organic chemistry relevant to problems in engineenng

|. Electrochemistry and Buffer |6 hours)
1.1. Electrochemical cells
1.2 Electrode potential and Standard glectrode potential
1.3 Measurement of electrode potential
1.4 Nernst equation
1.5 EMF of cell
1.6 Application of electrochemical and electrolytic cells
1.7. Electrochemical series and its applications
1.8. Buffer: its type and mechanism
1.9,

Henderson's equation for pH of buffer and related problems
1.10.  Corrosion and its types

Lo
1.11. Factors influencing corrosion e
1.12.  Prevention of corrosion
2. Catalyst (4 hours)
Introduction

Acction of catalyst (Catalytic promoters and catalytic poisons)
Characteristics of catalyst
Types of catalyst
Theories of catalysis
Industrial applications of catalysts
Environmental chemistry
3.1. Air pollution

32 Air pollutants i) gases; Sox, NOx, CO, €02, 03 and hydrg car! 3

N o

lates dust, smoke and fly ash
i pollut: ts on hu
14, Jzaon
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_Textbqok of Engineering Chemistry - 1

Electrochemistry

branch of sdencel which deals with the inter-conversion of electrical energy into
ical energy and vice-versa is known as electrochemistry. Electrochemical cells are
2 main consequences of electroche mistry,
devices for converting either electrical energy into chemical energy or chemical en-
into electrical energy are known as electrochemical cells. Accordingly, the two kinds
ectrochemical cells are as follows,
Electrolytic cells and

2. Galvanic cells

T

3

3 - 3 i :

£ ‘The electrochemical cells in which chemical change in a solution is brought by passing
4 electric current through it are known as electrolytic cells,

f_ 3 Hon: In electrolytic cell, the two electrodes are dipped in an electrolytic so-
5 . The two electrodes are directly connected to a source of electricity (say bat-

tery). The electrode which is connected to the positive terminal of battery is called
o and electrode which is connected to the negative terminal of battery is called

batery

Anode

Electrolyte

ent is supplied into the solution through electrodes, the cations
® and they are reduced there by gaining electrons. On the other
ard anode and are oxidized there. Therefore, cathode is

uction of cations takes place and anode is the electrode
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Gabranic cills

The slectrochemical cells in which electric [y 15

change in solution are called ga VaniC CEINs
constructed Dy L

Construction: A galvanic cell i5 2
r5 In one compartment (kn

cridation hall reaction ool
ard the reduetion half reaction occurs in another compartme
compartment]. The two half cells are physically separated but tf

nected via sait bridge and externally connected by means of a cond
 voltmeter. Once this arrangement is set up, the deflection in valtrr
confirming the generation of electricity,

A typical gatvanic cell is Daniell cell. In Daniell cell, the zine electrode i« o
the solution of ts fons forms one compartment and copper electrode dip,
,T::,:ﬁ:,,3:::,:;:::_T:;:.II‘r:ﬂmhm compartment, The strer gth of both t ,
ducting wire and internal "mpartments are externally connected

ernally connected via salt bridge. A voltmeter ry

the checuit of wire

oV means

1ay De

= 3

|I”|I brudgs l
[

H Cell notations: A ge

The molar concentration of electrolyte 1s written
In case of gaseous electrode, the pressure is expressed within the bracket. For ex

B
ample, the hydrogen electrode as a cathode is represented as
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w uf e Fhemmw . :‘[IM],IH_t]itm:I. Pt
& anode is réprtsented as,
Pt, H.[la!mhf H{IM)
: gen an-ndr:t and cathodic half represents the salt bridge
A double vertical ling be:: t the anode I written on jeft and cathode on the right
e mp::us tahe cell notation of the paniell cell is,
2n/2n{(IM)//Cu™ (IM)/CU
cathode s also written. This represents the dj
s charge and cathode has positive

whereas hydrogen electrode 25

sometimes, the sign above anode and ;
rection of the fiow of electrons. Anode has negativ

i, the electrons flow from the anode 10 cathode.
By mza™(IMY/Ca™ (IMYCO

Differences between Electrolytic and Galvanic cell:

[sx | Erectrolytic cel | Galvanic cell 5
| 1 it converts electrical energy into chemical |it converts chemical energy into elec-
| |energy. | trical energy.

- !

[Redox reaction is produced in the el | Etectricity i b '
2 ] ot e electro-|Electricity is produced by the redox
II | Iytes by supplying electricity. reaction.

|
(5] | eaction s spontaneou

r3. JTM redox reaction is non-spontaneous. The redox reaction is spontaneous.

| 4 |[single electrolytic solution s used. (Two different electrolytes are taken in|
o twio separate vessels,

{The electrodes taken m = 1
! 2y be of same :
|dmm“ materials, “«azzi iﬁttrﬂdes of different materials |

|
!
!
¥
II e o o) & wonmertad to the : _
B o
¥ Inal a i e
|trode connected to the posirs nd the elec- S p :ce is called anode, negative|
Ve terminal ufl and the electrode on which FE-:

[the battery is ca s
led ancde, positive tarm;.(dUction takes place is called i tath.

ode W_Pmiﬁl.re pole. |

A salt bridge is used,

Pri
mary cells- E.g. Dry cell, Bottom ce)) elc
‘ cells or Récha
Ao rgeable cejls. The
o e These cells are i
W, me" cell, Ni-Cd cell epe. a.-:: - rging. gil et - i
ot recha 8- Lead storage cell or

are
W%“h&fl.

power o S0 ¢
Electrolytic cells are Amou L
Hi metals fram Corrosi

tant for decor
; tallurgy. It is the method

| of electromE

-

%  Electrolytic celis are alsc

to extract the metals ir
: the electrolysis of water

%  Hydrogen and oxygen gas«

Single Electrode Potential:
the metal and the solution,

single electrode potential.

efined as the potential developed at the interface
contact with the solution of its ions. Itis
re of the tendency of an electrode to

A potential d fHference is de .t the interface between
when it is in contact with the solution of its ions This is called
ather word, Electrode potential is d
tal and the solution, when itisin
trode potential ndicates a measu

gain electrons Le., to undergo reduction.

Origin of electrode potential
contact with a solution of its own lons, two typ
o into the solution as metal ion by

es of reactions are possi-

When a metal isin
losing electrons.

ble. The metal shows the tendency to g
Mig) ——= M""(aq) + ne

ns in the solution show the tendency to get deposited as metal

At the same time, metal io

atoms.
= (s}

Depending upon the nature of the metal, either the dissolution of metal or the deposi-
tion of metal is faster in the beginning and the other one is slower. But as the reactions
proceed, the faster reachon becomes slower and the slower reaction becomes faster and
a state of equilibrium is reached after some time.

Mish = =M™ (aq) + ne

M™*(aq) + ne” =

e number of atoms getting de-

Now, the number of metal atoms dissolving is equal to th
t on the nature of the metal.

posited, But the net charge at the equilibrium is dependen

Case I:

if the dissolution reaction is faster than the depos
change is observed with few metal atoms are oxidized and dissolved in the solution. These

<o liberated electrons accumulate on the electrode surface, making it negatively charged.
The negatively charged electrode surface attracts a layer of positively charged ions at
the interface, developing an electrical double layer at the metal —solution interface. Itis

shawn in the figure as below,

ition reaction, at equilibrium, the net
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f { Electr ctennt

mMeasurement of electrode potential:
Under the standard condition |.2. standard electrode potential-

glectrode 15 Measu

Standard Hydrogen

Electrode [SHE)

standard Hydrogen Electrode (SHE):

wth H* lons of

Standard hydrogen electrode contains hydrogen gas In contact with ons of 1N
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e « (SHE)
Suandard Hydrogen Elec grode (SHI

pydrogen electrode, hydrogen gas is bubbled through solution of hydrogs
Lk i SRECLr )

The inert metad, often platinum [Pt) acts as a source of 1
no other part in the reactions other than acting as a catalyst for it. This el

denobed a5,
P H, (gh/H"{aq) when anode and
H{aql/H Pt when cathode
The hydrogen electrode may act as either a cathode or an-anode, depending on t

other slectrode in the cell and the spontaneous direction of the overall react
When the electrode is acting as cathode, the reaction is

2H'{ag) + 2e” — H,(g)
When the hydrogen electode is acting as anode,

_ H,(g) =+ 2H'{ag) + 2e

;ﬂ::n;;mr:e;:f;n:e [:-uje ntial of the given o

eter The slectrode pcte;h;l ::rL EHES .;h:,ﬂ .d"'-efm'"ed with the help of a r-‘utt""'-'t-:".:

Vs the value of elactroge Dotenrl:'al afti:ra”'r taken as zero. Thus, the emf of ce
e gven electrode. For example.

lectrode, the electrode is col

sink of electrons, but take ]

similarly, when copper electro

AotEfta

oxlidation PO

de is coupled with SHE

r”'l_v""- E i z
=N = e
: ! | | :
e S EAA AR

The emf of cell is found to be 0.34V.ie

m
i

Since the standard hydrogen electrode potential is set arbitranty 2ero,
0.34 = B

Therefore, B 024V

Hence, the standard reduction potential of copper is fo

dation potential of copper electrode is taken as —0.34 ¥V

und to be +0.34V and the om-

NepaliExam.blogspot.com




jtion:

gy - 1k er(gnd

g &

gl

vextbook of Engines

t sha faspect
~rantals ang e It
A sthodic il
o sha B " .
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» When both the anoci S5
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hlpasurermn ectrode t d ce o

tions- NERNST EQUATION

Now & &5 imown that how

mder B

potentia’ o

Dertvation of Nemst's equation for the electrode potential
Coraider the following reversible slectrods reaction
LA — Y v
8G = 46" + ATk i
Whtrp A5¢ » brpg T A f
S _----,-,._,-:.F:”'- ¥ $0MDanying the Same procese
AN R thair cian ” FELESS wihan v To s S 1%
p o fang 15!“?5:'. g & e reac ts .
BT ENRRY Charge lnn ol o SRR
o voved at am Loy
X' ! 4% Otha ..:_'.'\3_!-;:! ang

20t of the acei

o P
< IV reacTion

Vs of the oend: .
o p COucts ang 'Eaflaﬂ:s at any given

Subarin 3
“OITILNG the wai,

f:ﬂ‘.“m
‘-—'l._' ¥

: ke caleulation of emf of a cell. Considerine
rituting the value of constants
Namp
Calculate the emf of the following cell at 25°C.

Solutions,
1. Using the method of individual electrode potentials:
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Anodic reaction, _,..—J'fﬂ:' 2 P +0.
In
Here,n=2 ential is give
Then, Nern :.tzqua:f«'-‘f'fl?"”""t""'gfemt
e am:m (=71
o, Epp® : "‘"":'.pe:_‘
ar. E ._:O_TE‘__'-w
Bt - t;_7)
or, E “.,sﬂ.?ﬁ"'; 1

o B o0t

e
o Eyqn=0819Y
Sirnilarly, the cathodic .I'!atmﬂ.
o

it 42— OO

o, e, =034~ 25 (0301)
0t E_py, =0.34~(0.0089)
or, Ec..ﬂ":.. =0.331V

Then, the emf of cell is given by,

E, =E +*E ;.  =0819+0331
= 115V

Il. Alternative method:

The net cell reaction is given by,

Zh———l-?_n.‘- + 2

Epazezs =076 ¥
C & 2
1 4 2 —— 0y E'tuzeicy = 034 V

E%ell = 110V

Za+ O 740 3 0

The Nernst equation is given by,
st e

o, E. = 1.m~“-°."£|og!'"-'

0 E,=110-(~gpey

o E, =115y

Electrochemica series;

;a);: :Ia::tard Ppotential of an electroge
ectrode, whose Potenti| L

can be arranged in order of 5

according to the Im:ﬁ; reag

EM;PM

s
p—— o
k L B

a5 the emf series of activity series

trochemid al series. This 1§ also known
s s
i seduction half reaction of electrode La ___,?:1 Y.
PSRRI S Ns_ NS ::E_m P
M el >ME e —
iy ST 3 2H T :
SRR __""J:ul_?.-"';?- T 188
BE——_—————— - =
e
oz afe = l o
T —0.40 :
—— <
E—TETCR——
[T e e |
R et
— weewsw L L e
I._ Cu®*+2e =2 Cu 034 _!
%3 ferw SR | 077 |
h__-———._ Ag' +e 2 A . 0.80 .
S L. | 109 i
: 0+ 4H +4e” > HO 123 ‘i
—— —aemase T
L A am | 1

The values reported in table for standard electrode potenfial corresponds ta the half cell
reaction in which reduction is taking place. Therefore £ values are also known as standard
reduction potentials.

Important features of electrochemical series

i Metals near the top of the series are strongly electropositive (or weakly electronega-
tive). They lose electrons readily to give cations.

i Lower the position of metal in the series, greater is its tendency to be reduced. Thus
metals having higher position in the series are strong reducing agents and their ions
are stable. On the other hand, those near the bottam of the series are stable matals
and their ions are easily reduced to the metals. Accordingly, any metal will reduce any

cation below it in the alectrochemical series, if one molar solution is used.

iii. Weakly electronegative metals in the upper part can displace more electronegative

metals below them from their salts. For example, iron displaces copper from CusSO,

solution, Cu displaces silver from silver salt solution, and silver displaces gold form
gold salt solution as in photography during gold toning process.

_I_Mtals above hydrogen can displace hydrogen from dilute acids.

ing with a higher reduction potential will oxidize any reducing agent
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aptentid 4 cfion pote
+{(.34V) o reduchon B the Jowest reduLis
» with @ oW "L has the 10
v & reducing :]si"ﬂ. W = aotaniia eEg.* " sy LT
b = hightr OB ECC L b neduced DY T vhace situ
N R g s palow it i 5 ity rusted ang thast
rneans that ail ign3 & n ECS are a5y

vii, Metats whic

are not rustes.

ical series L
it Mmdm:d cathode: Since the st ndard
prediction of anode & G 1 pred
1. resents Its XdIZ ng tengency, O e can ?3?9\ et
represents fts OXRHING IS0~ 00, rochemics g
= e g w0 metals |

made by coupling any & 3

darion potential (or lower TEC

for higher redu

cocigation potentia i

plectroge lower in the electroChemica e

For &.§. in In-Ag cell, the standard reduction potenbial of &

-*:;Hc:-c:e ic +0.B0V. Thus, zinc electrode acts as an0OE and silver a
i It solution:

Predicti isplacement of one metal by other metal from its sa

wr‘thedgs ad and thnc

metals lying higher up in electrochemical series are easily oxigizea anda t

jower in the series are easily reduced. Thus when zinc i
metal gets precipitated by the oxication reaction of 2in

ra

placed in Cu50, so

L=

Zn —= In* = 2¢

Cu

Zn= Cu'—— 7" - [y
Therefore, a metal lying high in the electr
one in the serjes. Silver cannot

: precipitate copper from its salt solution 2o
! : 24 t solutio
::’-"l'ﬂu ng whether a metal will displace hydrogen from dilute acid solution BF ot
tal system occurring above hydrogen :
ids A meta| YUrogen electrode displaces S
o e System occurring below H, does not dicl 8 1, gas from
O steam does not get tarn shed ; S

4,
Caleulation of standard Emf of celf (- )

In order to calyiae
URte the standard Emf né
mmmmmm‘mawﬂ.s :1 Emf of the cell, the electrochemical -
o L, e tion is to

ace H, from dilute acids

& Oxidation half reactign
b, } |
Reduction &l reacrion

trochemical series £an precipitate the lower

1. Calculate the emf of the following cell at 25°C giving electrode reachons and ce
reaction.
Cdis)/Cd™(0.01M)//Cu{0.5M}/Cufs), E* .. .= —0.140V and E = .34V
Solution:
Given, E® s = —0.140V, [Cd*] = 0.01M
E° .., = 0.38V, [Cu™]=0.5M
standard reduction potential of Cd is lessthan that of Cuie B° . < E
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w Tu** .
- r-r"."u'
nom { el s CF * % ge
Fd
e v -
¢ 4F
Lo mpaciiee. LT .
e el iy
Y "R A o s —
 P—
I-—‘
At L § ’ 1 pontaneous to generate the above po-
g M (e cEpe TR SF - P
i ad 4
[ T / g electrodes; Cr/Cr* and Auwy
- { anid A are 0.5 M and 0.08 M respec
m 0 A
sty (g o e e 1 bl
i | arid
i WAy g g o ThE pateate 0 =gt By £ i "D R
g L T LY Y —_——— ¥ a . J f 1.42 %
wilp B ol B L B e e L gt : T
N
e '-'_ « 0 st . Ty & . ¥ .80V
".'. -~ v ¥ 041
hi‘m-raﬂ--,. P ——— -
.hll*_ﬂl' Do Al # #@ kg i W gt
; e i Mg . b ) S0
e L™ e i e ;
L oy . . [’ o411V
[ .
- *r .
L -
- * ot
f M "
- M-y > r*, £ = 0.50-(~0.41)V = 0.91V

in 0o 091y

" Tty

o F .. aﬂ'il'-‘aml:"_‘h,_- 1AV aorkE e 1ALV

Since the wanderd reduction potential of Cr is smaller than that of

{_" - . = Au, Cr acts as
e
- E Than, ¢ - P~
1 = 1.42-091
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« 051V
et g P ] 2 3
o Anodic rekction cr 3G v 2& r .
3 Auld
Cathedic reaction: Au + 3¢ AU
Ir+ JAL™ P 30+ 2AU

Net reaction ;
%o, no, of electrons involved (n] = © e
Tn;n mi of the cell at 25°C 15 given by Nernst s
fLef - g

ﬁumm:nnl for the respective values, we get,
£ = 051-5" log fa

o, E_: « 0.51-0.0265

of, E_= 0483V

Corrosion

The Internatianal Union of Pure and Applied Chemistry (IUPAC]) defines corrosion az “an
Irreversible interfacial reaction of materials (metallic, ceramic or polymer) with their
enviranment which results in the destruction of materials”. This is a very broad definition
that includes the corresion of not anly metallic substances but also any other materials
used loy engineering purposes.
| ¥ i
Hu:mm, the ﬂ-_h:rtmn of corrosion is restricted to the metals that the destruc-
. or allays due to their electrochemical reactions with the environment is
own a3 carrosion. Rusting /s o common exomple of corrosion,
Rusting is the corrosion of
e e (Fe.0 . xH 0} w:lcﬁn:r T 'ﬁ":’ld'l Lk Sosed into st
the mmngnﬂr::nl ﬁ.m;‘mﬁhem e!:ar '-‘dhruit. LIIT”GUS Pt ore Ut forward
v " CLroe i
ane. According to this theory, iron i nanhﬁ:r:: theary of corrosion is the most
Eeéneous due to non-uniform distribution

of Impairities snd strain in th W d
In the iron crystal - me portion o ron acts a
. ) rystal wher tly 50 P
hat the oxidation of iran inta ferroys on takes place : b = arode

d form of
regaraing
accepted

|1}

The electrons 5o fers

acts as cathode, The - e ™I

-
eduction Srated into the porti

of axygen or other 4 0n of iron hay;

s takes place Ng high potential that

120 HO + 2 k
i e -
2H' » 2": 3 "H ; ZQH“-......{;I

The W' ion necessay
f!mﬂm o ) ¥

crad while in ackdic megium, the

ha reduction of oxyge
in nautral medium, t Ju
reduction of H* lons is commao i
r el
*e [ J
The anodic and cathodic pr FOUCTS W
Fe v 20 » Fe
hydroxid he moist 3

FelOH). is rapidly oxidized to ferric
IFelOH). + 20, + HO > 2Fe{OH

int T B i § r molecule
Ferric hydroxide is unstable and changes into ferric oxide hosing wate:

2Fe(OH), = Fe O, * 3H.0

n ferri , called
Ferric oxide absorbs moisture from air and forms a brown hydrated ferric oxide

rust.

Fe.0, + xHO = Fe‘D\_.xH‘D
Rust

Importance of Corrosion Science and Engineering . 3
Corrosion is an unavoidable process. The study of corrosion science i of tm_'tt:‘a;:moor
tance in many areas of engineering, science and technology. Corrosion ﬁi:nh“?;:pand mindmu:
and industrial problem whose effects are felt by many engineering, sc N
trial processes. New chemical processes that look very attraFfNE on paper iy
of no real value in practice because of the problem of corrosion. For example, i
ment has to be replaced frequently due to corrosion damage, the system e:a e
be of industrial interest. Therefare all the sectors where the ml o capor i
or metallurgical processes are involved, the knowledge of COFTosion sCientists st
neers is essential to the success of the over all process for a_hng time. Currnm _
are highly familiar with the dangers of different aggressive ion coming into contact
certain metals or alloys.

srresion behavior of the engineering materials will be cause of wastage of
Mlamwuﬂumln qudmdemhmmmtum_
i works of engineering and technology become unreliable without the testi-
" properties of the materials by scientists. farly in the past, engineers dd
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losely Nnked with the development of 4 n,
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i respanch and engines K . oI

aeaenad with the study of corrosion mechy ¥
technology. Corroslon scientists dre concerned With £ i -
hrough which a betler the causes of corrosion Is obtained and the 4,
thiough which 4 s
alide mearm | g corrosion damage On the other hand, engile,

s ta control of corrosion damage by pract sl
Py arent that corrosion is not only of interest to ooy

an acenitity and enginaers bul &l o tha istrialists, because material degrad ani,

the problem that influences all areas of modern technology

it is belleved that the cost of corrosion Is about 3-4% of the Gross National Prody, ts of
the mast industrialited countries. Moreover, It is assumed that about 40% of this GN
lons can be avoided by improving corrosion properties of engineering m B
Types of Cormosion

erials

By the mechandin

ol CofTodon It may be of twio types
L Chaemlcal ap @y corroshon andl

. Flect
e ICal o wet corrosion

L Chemical
Whan 4

or dry corrosian

metal surface i

FapOwed it al

FRRNON belween the bw
0 |
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t may he of f

Ty .'1|l'r_'l|||||I

OFrosion
Ollow

b Oldation go

ToRlon- i s
sbience of Molsture Y the Cormosinn by ox
™ YREN 895, It genery||
frally takes place
ACE In
M4
N & I " Ini
B T
elal i Qnide ioy i
on
C Metal axide
OFoxion by

i

r O1her gasey.
Ohivg #ifngy ¥ ."'-Hi the Bases Such as

€l W 3
v M5 0te gy,
i L " differeny extent of

i
material devek fcantly taken in m nd before : s | T
#ral two things ae (o be anditions It 1§ used and secondly |

"L ok of K [ inj i Ly
{ hence S dergoes excessive CoOrmrosiorn
i Liguld metal corrosion- It oCol when liguid meta lowed to flow over solld i
stal at Klgh temperature, It leads to 'weaken of the solld metal due to 1) IS !
1 pubd | penetration of d metal into solld metal. For ]
. e, sod vetal lead } on to Mum in nuclear reactor

Electrochemical or Wet corrosion

e il

AT iinly seven types of electrochemical corrosion on the basis of outward
T 1 il properties of the corroded materials
| Uniform or general corrosion
f s characterized by corrosive attack proceeding evenly

face area and general thinning takes place until fallure Sche
it presentation of uniform corrosion s shown below
anginal surtace
urtnce aler cormasion

frERE AR EEEEE EEapEREE RS

s’

N BRI aaIn]

I Pltting corrosion

The corrosion which is localized into a particular point and leads to the forma

Bon of pits is called pitting corrosion, It is considered ta be more dangerous than

A

orrosion because it s difficult to detect and causes unexpected faillure

small and narrow pit with minimum loss of metal can lead o the failure of an

entire anginaarning system

NepaliExam:blogspot.com




_

3 Galvani cormosion b Mt int 6. Envir

metals are [ J ra—

e
Textbook of Engines s

am 1 muldd
—— o

arosion witich oCC 5 . ’
The corros seniuta [ known 35 FaIVans Thrrnerd
the presence of an electrofyle & KT 3
[he présenE . ~adnnl Hi an el .

35 35 3nove undergoes dissohsnion (€0
rosson cefl 5 sand o De et up

Lalfose

.'-.]E Lol VETEC L PO e

4 Selective leaching

The sal < ” " 7 Crevice corrosion
selecve remaval of one element or phase from alloy by cor ‘
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Ving 3 porous material is known a5 selective -!eachmg Dézincific ar o -
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Mhmuﬂofgrams | Nnul_'l of the metal: The nature of the metal s described in following weveral chae

acteristics

L Position in galvanic series: A series of metals or alloys sccording 1o they sxtem
of corrosion in a given environment like sea-water i known a gatvarse weries A
part of galvanic series is shown as

and allgys o Factors influencing corrosion
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Mild steel, Cu, Ni, Au, Pt

Al alloys,

: . Cd, :
M, Mg llrs 22 5 s in electrical contact, the one higher up in the
[hays &
When twg metals or 2
.
series suffers corrasio wervoltage of the corrading metal/falloy acc eler

 high overvoltage (0.70V), the effective ejq

. The reduction in 0
all value, that the rate of corrosign, is

rate. Because 0

s reduced to a sm . :
£ CusO. are added, the corrosion rate of zinc is accee,.
&

ts deposited on the zinc surface forming minyy,

il
ates the covresion

trode potential of zinc |
siow, But if few drops ©
ated because some COppEr B2
cathodes, where the hydrogen overva
iil. Relative area of anodic and cathodic part: Corrosion is more rapid and sever,
f the anodic region is small. The corrosion here is highly localized because i

current density at a smaller anodic area is much greater and the demand fo
electrons can be met by smaller anodic areas undergaing severe corrosion

iv. Purity of metal; Heterogeneity of the metal cause the formation of tiny electry.
cheiiveal -:e_lis that anodic part gets corroded. The rate and extent of COrrosion
increases wrt_h the increasing exposure and extent of impurities. Therefore the
cormosion resistance of a metal may be improved by increasing the purity,

v. Physical state of metal: The rate of corrosion is influenced by physical state of
the metgf such as grain size, orientation of crystal etc. The smaller the grain si
g::lter is its solubility and hence corrosion, Further, the region of the met cfP

& :n T stress tends to be anodic and cayse corrosion, #

- Nature of surface film: if th i
tion of metal/alloy is more pzsiﬂa::um fﬁl}l‘;"Eﬂ g oxdation e

; Insoluble, thi i
reaction. Thus the rate of corrosion is dramal‘iéatrrls Bl e
¥ reduced. This is known as

ltage is only 0.33V.

vii. Passive chy
racter of metal: |t js ¢ :
determine its Iif h . FIG Very important charae
& i pmi“; :‘:;lal: Into the enviranmenta EXposure Met;i:lif [:;e gt
: ey exhibit high : g i ike Al, Tl, Ni and
Balvanic series diy . BN corrosion resistanc ?
B to the formatian of highly passive fijm i::?‘" expected from
€ metal surface.

2. Natyre of cor
rod
Mg anfnﬁmnrmnt: This may explained
- apm ura:: With increase inthe te e
8 diffusion rate increage, therebr:'

iir,

the metals that it can readily damage
phere
presence of suspended particle in atmosphere; If the suspended |
air are chemically active NaCl, (NH ).50 . they absorb moisture and acts as
strong electrolyte theret ng tr rre
Influence of pH: It depends on the characteris stal that it can be studied
well from potential-pH diagram of metals. The metals highly corroded in low pH
may be pr h pH or vice versa. In general acidic media are more cor
rosive than r ilkaline media. However, the metals like Al, Pb, Cd etc
dissolve in alkaline solutions as cor
silicate leads to the formation of

vi. MNature of ions present: Presence of a
insaluble reaction products which reduces further corrosion. While some other
ons like 30—, CI" ions enhance the Corrosion

Canductance of the corroding medium: In the corrosion of underground struc-
tures, the conductance of the medium is of prime importance. More corrosion is

Vil
found in the good conducting medium (clayey and mineral soil)

viil. Formation of oxygen concentration cell: The more supply of cxygen/air into the
moist metal surface, more sever the corrosion becomes as it enhances the ca-
thodic reaction and there by pushing anodic dissolution.

2HO+0, +2e" > 40H
Electrons are supplied from anodic dissolution and

Fa ¥ Felas de
ix. Polarization of electrodes- The potential difference between the anode and
cathode is the driving force of an electrochemical corrosion process, but the cor-

rosion rate is controlled by the current flowing in the circuit.

Corrosion control
Since the cost of corrosion is so high that it becomes necessary for the development of the

sffective ways to prevent and control the corrosion. The commonly adopted methods to

contral the corrosion are mentioned as below.
Proper designing is the faremost thing to be considered when a metal that has to be

l.
used even if it has low corrosion resistance. The early damage and failure of the ma-
terials can be controlled by designing materials such that the anodic part has larger
surface area and making it in contact with substances (materials) close potential so

that the rate of corrosion will be controlled.
Using the pure metal as far as possible so that homogeneity of pure metal is main-

tained.

3. Using metal alloys: The corrosion resistance of the most metals is best increased by
alloying them with suitable elements with high corrosion resistance. However, the
alloys should be made much homogeneous as much as possible,

4. Cathodic protection: It is a widely used method to protect the large metallic sub-

stances under the ground. It is done by supplying electron currents into the material

com
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anodic dissolution.

5. Application of protective coatings:

a.  Anodic coatings; €.8.. galvanization.

b.

Cathodic coatings: the coating with the inert and noble metal and prevent the

metal to be exposed into the correding medium.
Organic coatings such as paints are commonly applied to control corrosion of

the metals as it prevents the metallic surface being directly exposed into the
atmosphere.

Use of Inhibitors: Any chemical substances that inhibit the anodic or cathodic reac.
tion rate and so control the corrosion rate are known as corrosion inhibitors

#  Anodic Inhibitors like chromates, phosphates, tungstates or other ions of transi.

tion element with high oxygen content. They react with the ions of the an ode
and produce insoluble precipitates. The precipitate so formed is absorbed on
the metal surface, forming a pratective film or barrier, thereby reducing the cor-

rosion rate,
Cat : i

me::::r r::::baft:lr:} any substances which are capable of being adsorbed at the
il nd slow down the cathodic reactions th ereby reducing the corro-

€. Antimony and arsenic oxides are cathodic inhibitors

ur phase i l
ahppommp:e m;h;l;i:;r: r:r; :;.rsg:rr;k In!;lhltors which readily sublime and form

pro ace, i

it s used forth proe E. An example, dicycloh exylammonium ni-

§ o
of machineries ang Sophisticated equipments

Practice Questions

1
&

8]

!

9

Dol e @l
How doi
the cell notation and ¢

What do you mean by single electr

potential of an electrode @

What is normal hydrogen e
What is electrochemical s

What is Nernst's equation? Write

the fr —
Construct a galvanic cell using the wing
E° .. =18Vand 0.44Y
Write the cell notation and cell reaction. AlSo ¢ ate the emf of cell

Calculate the emf of the following cell at 20°C [PU-2004, Fall]

Zn/Zn**(a=0.01)/fCu**{a= 0.1)/Cu

Given, R=8.314 JK'mol?and F = 96487 Cmo!

In* + 2e- = ZIn(E*=-0.763 V)

Cu™ + 26~ =3 Cu [E° = +0.337 V)

Calculate the molarity of Fe® ion in the cell when iron electrode is coupled with stan-
dard AgCl/ag, CI”electrode having emf 0.57 V of the cell. Given, E° =022VE,
1= 0,44V

From the given electrode couple, E°, ;. 5,==0.77V, E°_;. = 0.34V, calculate the emf
of cell if the concentration of Fe?, Fe* and Cu® are 0.2M, 1M and 0.1M respectively.
Also indicate the cell notation.

iy

What is meant by Normal Hydrogen Electrode? Calculate the emf of the following cell
at 25°C, Mg/Mg++(0.1M)//Ag+(1M]/Ag.
Given E°, =, ==2.37Vand E°,_, .=-0.80V. [1OE-"68]
Give electrochemical mechanism of corrosion. What are the important measures to
control corrosion?
What is standard electrode potential? How would you measure the EMF of copper
where it functions as cathode? Calculate the emf of a galvanic cell prepared by dip-
ping metallic zinc plate into 0.1 M zinc nitrate solution and lead plate into 0.02 M lead
nitrate solution at 250C and connected externally by means of a wire and internally
by means of the salt bridge. Given;
B, v = —0.76 V, E°pnp, =013V, R=8.314 JK'mol™ and F = 96487 Cmol™.

s [PU-2004, Fall]

LA R
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lonic Equilibria & Buffer Solutions

Strong and weak electrolytes

.‘\_"-., materials which are nized r awater nd e3r conduct glectr ity '.i"‘.'Ongh 'rheir
tion are known as electrolyles and those which aren’t ionized in solution and
nnot conduct electricity are known as non-electrolytes. The electrofytes
ied into two groups accoraing to the extent of dissociation in any volume of
Stro trolytes and
Weak electrolyte
Strong electrolytes are those electrolytes which

i are completely ionized in any volume of

[ 1]

€5 are the commaon exampie of strong

Strong acids: HCI, HBr, HI, HNO_ H

[Fi]

‘D -
. et

Strong alkalies: LiOH, NaOH, KOH {au‘_‘Jl—-:_ etc

Salts: NaCl, KCl, KNO,, K.50,, Na_50,, CaCl, etc

Weak electrolytes are those which are only fesbly or partially ionized in a certain wolume
of solution. Generally, most Organic acids are weak electrolytes

Weak acids: HCOOH, CH,COOH, HCN etc
Weak alkalies: NH,OH, Al(OH),, Fe{OH), etc

Auto ionization of water and its ionic product
Water is also a very weak electrolyte and it just slightly ionizes as,

H.0 H =+ OH

Since the hydrogen ion is readily combined with the water molecule, the ionization of
water molecule is better represented as,

H,0 + B0
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5 canstaﬂt. S0, the F"Uq“(‘
stant, say K. That me,,

jonic pl‘l}dul:.t of Wate;,.-

L H
Equiliorium constant 58" 0y | ’G!;:\ be
ter Is also a con

its
Since water Is in mand product of water. NOW,

of equilibrium

K, = K x [H,0F, this

given by, s
K' ] lHlﬂ-' [DH i

fOH" and H.O* | d
that, pure water consists equal number 0 - 1Ons, oy
shown that,
Experiments have

25°C, this is found as,

(0] = [OH] = 1.7 % 107 mole/litre
)

Thiss from the equation of lonic praduct of water,

K, = (L0x107)1.0x107)
= 10«10

Ostwald’s dilution law

This law deals with the change in degree of ionization of electrolytes in different
dilution. This is the application of the law of mass action to the ionic equilibrium.
Let us consider the ionization ofa

: binary electrolyte AB in the solution of concentration
mole/litre. Suppose the degree of lonization of electrolyte is o,

Al e pe B
""’-'Wfﬂ'f‘nb.fm.-;f i} i

"“Wﬁ‘fﬁﬁm (_‘..(‘“ Ca Ca

1 .-.f.'l“.-: ?. .'-I_‘Tﬁ. " o)

-_.:'_h

with the dilution.

Textbook of Engineering Chemistry - 33

[A*][B]
[AB]

CaCa
Substituting their concentration, K = -
C{l-a)

Ce?
Or, K = - i e (2)
(1-a)

This equation represents the variation of degree of ionization of an electrolyte with the
change in its concentration. This is known as Ostwald’s dilution law.

For weak electrolytes, the value of a is very small as compared to 1 and hence it can be
neglected. That is, 1-a=1. Thus, equation (2) becomes,

K = Ca
K
Or, a*t = —
C
|

Qr, @ B— i (3)
e

Thus, the degree of ionization of weak electrolyte is inversely proportional to square root
of its concentration. That means the degree of ionization of weak electrolytes increases
with the decrease of its concentration and vice—versa. In other word, the degree of
ionization of weak electralyte increases with the increase of its dilution.

For strong electrolytes, a is significa ntly large and cannot be neglected comparing to one.

Limitations of Ostwald’s dilution law

The value of dissociation constant K for a particular weak electrolyte is always constant
as given by Ostwald’s dilution law. That is, every weak acid or base has a fixed value of
K disregarding the concentration of the solution. The degree of ionization (@} of weak
electrolytes increases with the increase of dilution but dissociation constant K remains
mnam,wmmummﬂdmumm
Mﬂnth_tm-hyuﬂslnmmmmmmﬁ
net. This is because the strong electrolytes are fully ionized at all dilution and hence a is
equal to one. Then, the value of K does not remain constant at all dilution but falls rapidhy
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pH and pH scale

concentraticn of B oF

pH

Thus, the indication P sta

pOH =

Similarty, PK, =
Relation between pH and pOH:
[H]loH] =

Taking log,, on both sides, we get,

Reversing the sign,

.Iug“iH'[ - Ios [OH | =

Thius using the

This showy .m.r'n

s

.34
Mrﬁfﬂ'
TmmakofEﬂlmm‘ 1o define the acidity or zjp..,

) in 0 egativ
n
ed as the pH scale: As

H 1_"-ﬂ"r_nlﬂr it js de
o ‘“ﬁﬂ% of H* ion, as in 1M HCI) to 14 (i.e.

of the solution MﬂTg jons in the 3aY
. -og,, W]

for the negative logarithm of the symbol. 50,
nids Tor

pk = - log,, K,
' v

From the auto lonization of water, we have, at 25°C

log,, [W'] + log,, [OH] = log_ [1.0x 10¥)

=log,, (1.0 x 104)

ihdication p for ~log,,, we get
W "

PHYpOH » 14

—— Solution can
Hﬂc.lﬂ"ﬂh-ﬁh“;m Iﬂﬁm mﬂ"”ﬁ“juﬂld

-

the oH value of an agueous solution can vary from 0
10-1*M concentration of H* ion, as in 1M NaOH). A scale

. S,
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(i.e. 1M concentration

designed by computing the pH values from O to 14 is known as pH scale. This is shown in

the Ngure as Delow

H
Acidic n]:m", Basic
T -
" » 4 & 7 g2 Q i
L L I L 1 1 L !
1 1 | S L 1 1
b W R P PR O T P P
I 10 10 100 107* 10~ 10 10 (Ll | ““J.--HI::

Concentration of H ion

Fig: pH scale

P
ml -ddk" m“'

pH values 0-2 -4

Determination of pH value:

Weakly
acidic
=

pH value of a solution can be determined by using a pH meter or by using the indicator
method. By using a pH meter, one can get exact pH value of the solution but by using
universal indicator, one can just obtain the approximate pH of the solution since it is
determined by the method of best match of colour between a solution of unknown pH
and one that of the series of solutions of known pH. Equal number of drops of universal
indicator is used in each of the solutions used.

Universal indicator is a mixture of several acid-base indicators that can show several colour
changes over a wide range of pH values.

MNumericals:

1. Calculate the pH of 0.05N H SO, solution assuming that it ionizes completely in the

solution.

Solution:
Here
[HSO,)=0.05N=005M

This is ionized in the solution as follows,
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: pso, —— W ¢ 50,
rad |

]
initially, 0025M . :
2x0025M 0.025M

finally, 0
Therefore, [H'] = 2%0.025 M= 0.05 M
Then, we have, pH = ~log,, [H'] = -log,, [0.05]

= 1.301
In actual, H.50, ionizes in two steps as,
It H.50, —_— H' + HSO,

H50y

H + 30,

2. What would be the pH of 0.2 M formic acid? Given that Ka = 1.74 x 10* at 25°C,
Solution:

Here
[HCOOH] = 0.2 M

nce it is a weak acid and jes dissociation may be shown as

e H
e e - at a

Initially, 2 pm HCOO

Finally, p2- 0.2q 3 o

0.2q 0.2q

Thus, @ has 1o be
i determined o obtain the exact cong

entration of i
an
Using Ostwald's dilution |ay,

d= C y ﬂlz

in the

o
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on the basis of Le-Chatelier’s principle
Let us take a weak base, NH,OH that feebly ionizes in the solution as,

NH,O0H =——== NH; + OH

Suppose, a strong electrolyte having a commen ion to above is NH4CI and it is added into
above solution, It is ionized as follow,

NH,C] ———— NH,* + Cl

In the above solution, a common ion from both the electrolytes is NH,*. Now, due to the
large concentration of NH_" ions from NH,CI, the equilibrium shifts to the left forming
unionized NH,OH molecules. Thus, the ionization of NH,OH is reduced to a certain extent

by the presence of a common ion from next strong electrolyte. This is known as common
ion effect

This may be illustrated by the following example.

*  Find the degree of ionization of 0.2 M acetic acid alone and in the presence of 0.3
M sodium acetate. Given Ka = 1.8 x 105,
1* case,
Concentration of acetic acid [C) = 0.2 M
Dissociation constant of acid {K*] =18=x=10-5 |
e

Using Ostwald’s dilution law, degree of ionization (a) = C

[1.8x10°
= Yihe

9.48 x 10
0.95%

2™ case,

Sodium acetate is completely ionized as,
CH;COONgT———— CH;C00" + Na'

initially, 04 M 0 0
e 0 0.4 M 04 M

CH,cO0" + W'
02M 0 0
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Finally, B2-03a

WS [CH,C00 JIH'] 10.41-{}.2(:&3;1_;
p:h COOH] = 02(1-a)
Equilibrium constant { K)=

Since g is very small in comparison 1o one, i.e. @ <<< 11
then K =040
18x10¢%=04a

1.8x107*
o a= T, T45x10%=00045%

This clearly shows that the degree of fonization of acetic acid is reduced to 0.0045%

from 0.55% by the presence of a strong electrolyte {CH,CO0Na) having a comman
ion, CH,COO".

Buffer salution

Introduction

_rn general the pH of a solution alters by the additig
It In most of the laboratory and industrial ex

the che mical reactions at alm [
dimast co L3 t
13

tion of small amount of acids or bases intg
Denmerrts, itbecomes necessary to carry out
H. This is made Possible by the use of buffer

e ol a:m in n:l-f mld tends to Maintain jts py almost to a
constant valye small amount of acid or base js known as

According to the
composition, buffe
sndltnnn{u.hwm r!olutlumamma
base angd equimolar mjxt .
Sea water and bioa 31 ¢ Wi T

he natural buffe
i 5. Human b
basic foods, The p"':s‘l'ﬂ!m re_ﬂm the change in jr pH mha‘ PHvalue aboyt 7.40. Blood

of bicarbonate jpq {Hco - i by buffer even by the intake of acidi
} awm Cidic or
Sea water hag a ) 3% ke dionide, o acid ‘H;m.}; salts
various salts and it T ot

-a=1and a’lis negligible,

~ When a few drops of HCl are added to this buffer solution, it provides Hs

- Hada’ 1
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I.  Acidic buffer: The buffer solution made by mixing equimolar concentrations of weak

; : ; | For
acid and its strong salt solution is known as acidic buffer. It has the pH below 7. Fo
example

»  The mixture of acetic acid and sodium acetate solutions

CHACOOH ———a CH.CO0 H* (partially ionized)

CH,COONa ——= CH,COO" + Na {completely ionized)
¥  The mixture of formic acid and sodium formate solutions etc.

HCOOH =—= HCOO + H (partially ionized)
HCOONa ~———= HCOO" +Na® (completely ionized)

ii. Basic buffer: The buffer solution made by mixing equimolar concentrations of weak
base and its strong salt solution is known as basic buffer. For example,

»  The mixture of ammonium hydroxide and ammonium chloride solutions

NH,OH =——= NH,;" + OH (partially ionized)

NHyCl ————= NH,;" +CI" (completely ionized)
¥»  The mixture of methyl amine and methyl ammonium chloride,

Mechanism of buffer action:

The ability of a buffer solution to resist the change in pH on addition of small amount of
acid or base is called buffer action. The buffer works in effect of. common ian (comman ion
effect) as required by Le-Chatelier’s principle.

Let us take an example of acidic buffer, a mixture of acetic acid and sodium acetate
solution having acetate ion (CH3COO") as a common ion. Individually, these are ionized in
the solution as follows,

(partially ionized)

CH;CO0H =—= CH;C00 + H'

CH,CO0Na — CH,COO" + Ma®  (completely ionized)

Addition of strong acid solution:

ions as it
es completely in the solution as follows,
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Skt Enﬂineerfﬂt_ﬂ‘““::?w the lr-fhaul'lu's princi
equilibrium to the left as requil

almost constant.

L . .
CH,O00" + H' === CHC00!

ased concentration of unionized CH,COOH, the equilibriyp,
e

However owing to the inc This causes the marginal increase of py of

shifts slightly to the right to increase H* ions.
the buffer on addition of HCl.

Addition of strong alkali solution: i Ik
When a few drops of NaOH are added to this buffer solution, it releases OH™ ions as jt i

dissociated completely in the solution as follows,

NaOH ———— Na'+0OH"
These OH-ions combine with the H* ions of buffer to form unionized water molecules, This
causes the greater jonization of CH,COOH in order to restore the concentration of H* ions
toits initial level thus shifting the equilibrium to the right as required by the Le-Chatelier’s
principle. Therefore, the pH value remains almost unchanged.

DH_*H'———_Q HEO

However, the pH of buffer is slightly increased bec
PHof by : ause the concentration of CH COOH
h_mca the H* ions is slightly lower in the buffer by the addition of NaOH, i "

ple, thus maintaining the bH

gineering ]
The .I“.r.,ns.lJ.-..j, ncentration of OH (I rstored | y thi further ratiar I N i)
thus shifting the equilibrium ta the r ght as required by Le-Chatelier’s principle I haerefore
the pH of the solution remains almost unchanged. In actual, the pH of buffer is '-"‘h"!"

decreased because of slightly lovwered concentration of NH OH and hence the OH- lons

Addition of strong alkall solution

If few drops of NaOH are added the added concentration of OM lons combine with uﬂ"

ions to form unionized NH OH molecules shifting the equilibrium 1o the left a8 required

by Le-Chatelier's principle. Thus the pH of the solution remains approximately constant.

"'~H_| *OH =———= NH,O}

Butin real, the pH of buffer is slightly increased because of the increased concentration of

NH,OH by the addition of NaOH and hence the ¢ ghtly higher concentration of OH" ions.

Diagrammatically, the mechanism of the action of basic buffer may be shown as,

k

I NH,OH =——= NH," + J_F/F ] partally womed)
NH |_¥ NH % Cl completely iontzed)
f
[
WH,OH OH

Fig: mechanism of the action of basic buffer

Calculation of pH of the buffer solutions:
The pH of buffer solution is more easily calculated by using Henderson's equation.
Henderson's equation for acidic buffer is derived as follows,

Let us consider an acidic buffer containing the weak acid HA and its ionic salt NaA These
are ionized in the solution as given by,

K,
HA H"'+ A~ (partially ionized)

NaA ——a= Na’ + A~ (completely ionized)

Where, K, is the dissociation constant of weak acid. Itis given by,

[H)[A']
" [HA]

[HA]
or, [H] =K, TS R (1)

arithm of base 10 on both sides,
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[HA]
logi*] = logK, + 108 (4 -]
Reversing the sign, we get
[HA]

~ log[H'] == logK, = ‘DE’EA_-]' )
But we know,
- log(H'] =pH and - logKa = pK,
Then equation {2) can be written as,
[HA]

PH=pK - log m

(A7]
PHEBK,+ ok 2]
Since, the acid is weak, [4]
get,

ar,

I
5 almost equal to the concentration of salt, [NaA], then we

PH = pi ugrf;’?_'ﬂ

This [acid) e (3)

st
Hende he requireq Henderson- i,

. sselbalc
"“ﬂ!ﬂﬂiﬂnnfﬂrumcht.ﬂm " equation or fMore commonly called
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[B"JOH']
°  [BOH]
[BOH]
_F:]_] ............ Nopasethl)
Taking logarithm of base 10 on both sides,

or, [OH] = K

[BOH]
log[OH] = IUEK, +log——

[B']
Reversing the sign, we get
; [BOH]
= log[OH] = ~logk, - Ing—B.— ....... 12)
But we know, [B']
=log[OH] = pOH and —logk, = pK,
Then equation (2) can be written as,
[BOH]
POH = pK,~log “ o
[B"]
or, pOH = pK, + log [BOH]

Since, the base is weak, [B*] Is almost equal to the concentration of salt, [BCH), then, we
Bet,

[salt]
pOH = pK_ + log [base] e (3)

This is the required Henderson-Hasselbalch equation or more commonly called

- Henderson’s equation for basic buffer. Then, pH of basic buffer is given by,
e

NepaliExam.blogspot.com

o




rmhookdEr#ngﬂ_f_'W;-rf‘—— —

SeSencns oo e aulied from

the initial concentration of the
1. The pH of a buffer solution 27 the dissociation constant of acid, K,. However,

F i = 14— pOH.
weak acid and the ”'L,.,.,Fc buffer will give pOH and then pH P
Henderson's equation 2cid (or base) can pe determined by measurin g the

"ﬂamﬂf“a* - i .
: Eeof mﬁm containing equimolar concentration of the acid [or base) ang

the salt.

[salt]
pH = pk + hsfaad_j
Since [acid] = [salt], then
o, pH = pK.Hng!
o, pH = pK

The measurement of pH therefore gives the value of pK, of acid which ultimately
gives the dissociation constant of acid. Similarly, the pK, of weak base can
obtained taking equimolar mixture of weak base and salt.

3. Abuffer solution of desired pH can be
salt and the acid added for the buffer.

also be

prepared by adjusting the concentration of the

Numerical problems based on Henderson’s equation:
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[CH,COONa]

o, pH = pK+log [CH,COOH]
[0.5]
] H = : + e
=gt 4.74+ log 13,
or, oH = 474 +0.22
o, pH = 496

Hence, the pH of buffer is found to be 4.96

Problem 2. 100 ml of 0.2M acetic acid solution is mixed with 300ml of 0.3M sodium
acetate solution. Calculate the pH of resulting mixture. pl(_ =4.74

Solution:
Here,
Volume of 0.2M acetic acid mixed = 100ml
Volume of 0.3M sodium acetate mixed = 300 mi
So, the total volume of the mixture = 100 ml + 300 ml
= 400 ml
Now, the concentration of acetic acid in mixture is given by,
100x0.2
[cHcooH] = 400
= 0.05M
s ~ 300x0.3
Similarly, [CH,COONa] = ——4m
= 0.225M
Then, we have,
[salt]
pil. = PR+ Ok pi)
[CH,COONa]

o, pH = PK.* 198 TCH COOH]

+ log 10:225]

or pH = 4744065
= 5.39
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Hence, the pH of the resulting mixture &

chioride required to prody, . the

Problem 3. Calculate the concentration o6 SWSCHE T g Hi

ﬂlumwﬂﬂwm

Solution:
M‘ | a iy [ ”
[NH,OH] = 0.2M
pH of resulting buffer = 10 . e, the entrat 1 and CH COONS in the new ealits ol
Dissociation constant of NH OH, K = 1.8x 107
[NHC] = ?
LY
Now o, = gk
L%
= =fog (1L.8x10Y
= 4N Then the oM af kiffer a
Wehave, pH+pOH = 14 " T S ey S S
we have
o pOH = 14-pH .
0, pOH = 14-10=4 oK+ log ~—
Mmm‘sm.mn acud
[salt r pH K+ log o
S pg*hg[bu:]] : "% (on,co0m]
o, POH = p‘.’hgm PH - 4.74 + log o
[NH,0H) R cent Eaiel
LS = g INHC o . gH A 426
__I'Eir Hence, the pH of buffer after the addition of acid s reduced to 4.26
. o NS '
[ﬂZI =4~ 4.?‘ = -ﬂ ?4 "
Problem 5. Calculate the pH of a solution made by adding 100 mi of 0.05M HCl into 100
o INRCY ml of 0.2 N ammonia solution. K, = 1.75x10°.
———

[02] = antilog(-074) = g 14, Solution:

Here, dissociation constant of ammonia solution, K = 1.75x107*
So, pK, = —logK, = —og(1.75 = 107%) =4.75
= Inthe mixture, total volume = 100 mi + 100mi = 200mi
et .

100x0.05 . 0.025m
200

100x02 \, - 01w
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Now, as soon as the acd s added into the ammonia solution. following reactig, Textbook of Engineering Chemistry - 49
occurs, Similarly, [CH,COOH] = -U Z - M=2M

HO + Hﬂ,ﬂi -+ “H.na * Hlo Then, we have, 100/1000
idaly, 0025M O 0 :
Fina 0 {0.1-0.025)M 0.025M i PK, +log =)
"'ﬁ 7
[acid]
Therefore, after the reaction, concentration of NH4OH and NHACI are found as, 3 B 3 pK, + log o
[NH,0H] = (0.1-0.025)M =0.075M (CH
[NH,CI] = 0.025M R 5 4.74 + log Bl
Then, we have, 2]
z:' pH - 4.74 +(0.397)
BN = B elor o st
]
When 1 ml of 0.5 M i :
NH.CI . HCl is added into th ; .
or pOH = pK, + log [[N—H;)FH_] _uso.lume, the concentration of acetate lon s rfesii'.:f:n:ssumms no change in total
: 0'2 | is increased because of the following reaction. concentration of acetic acid
o, pOH = .025] Mol ;
475 +log m olar concentration of HCl in the mixture = 0.5x1 M = 0.005 M
or,
or ‘;'g: = 475+(-0477) .
Therefore 5 4.27 4 " CH;EGD- =3 CH COOH
I 14 - pOH Initially,  0.005M 5M ;
PR a 14-427=97 Finall o
PH Of the resubtant mivture 59,77 : e I S
Problem g, What
would So, the concentrati 4
sodium acetat kg un:.ﬂll PH of 100 m . [CH.COONa} ons of t_he salt and acid in the new equilibrium are found as
HCl s added into i of acetic acid? made by di ¥ = (5-0.005)M =4.995 M :
the Calculate the pH of ssolving 0.5 mole of [CHCOOH] = (2
Solution: 'mﬂmh id mnn'flmlgfusm ; = (2+0.00 M~ 2005
Here, of HCl PKa =474,
A 2 Then pH of the solution is given by,
P = pK, +log ——
[acid]
ar, pH = p“l +log [m
[CH,COOH]
or, pH = 4.74 + log m
[2.005]
Il'_'l = 4,74 + (0.396)
e s e 5.136

of 1 ml of 0.5 M HCl into the buffer solution the pH is reduced




f NaOH into 10g
ahted by adding 0.1 §m © ™
Problem 7. Calculate the pH of 2 SOROS8 acid s .74

of 0.1M acetic ackd solution. Giver

Sobution:
Mpre

ot of NaOH added = Q.igm
¥ weight of NaOH

_ _weightof NaOH
5o mo. of moles of NaOM added mol We.of NaOH

0.1
<0

= 0.0025 moles
0.0025
Then, molar concentration of NaOH, [NaOHl= 100 1000 M
= 0.025M

Now, ars s0on & NaOH is added into the solution of acetic acid, it reacts as follows

NeOW +  OHCOOH 3 CHCOONa + HO
0.025m 0.025M 0.025M :

1 and same

Ircn,meni = (0.1-0025M = 0.0750m
[O4,CO0Na) = 0,075

Then, we have,
I"I = m.* h‘ LSI._F__
[acid)
or,

Problem 8. Calculate the pH of resulting solution when 0.005 mole of KDH is added to

200mi of 0.1N formic acid solution. Given Ka = 1.75 x 10
Solution

Problem 9. What would be the change in pH of buffer solution made by mixing 100 mi of
0.4M formic acid and 200 mi of 0.2M sodium formate after the addition of 5 mi of 0.2M
of HCL. Ka = 1.75x10™

Solution
T me of the mix 100 + 200 mi = 300 m
5 HCOO X203 M=0a3M
200x0.2
COON M=0133M
"
K e | n LY —0gR = -‘.5:1 1""-:‘-‘.“-5‘
Now, we ha
vl
fals pk + log - =
[HCOOMa]
or pH = pK +log Ty
[HCOOH]
0.133]

= 475+ log ———
[0.133

or, pH = 4.75

Case ll,
When S mi of 0.03M MCl is added into the solution, the total volume of the solution

=300 + 5 mi = 305 mi

: 4
[HCOOH] = lﬁf ik
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200502, _ 0131 M
s

y

M= 00032 M

= rhanged as follows, T 4 £ f q L T

salt and acid are Chang : r te the pH of a solution made by mixing SO0 ml

e ¢ Nat
[PU-2004, Fall]

0.131M

g W 10T L ol a weak electrolyte, A
‘ l. L e ; ? I et i in 400 ml of 0.5 M

[PU-2006, Spring] for acetic acid = 4.74

Therefore, [HEOONa (0.131-0.0032)M = 0.1278M
Li R o
- ; 0 131+0.0032)M = 0.1342M J [ y
[ HCOOH] (0131+40.0032)M = 0.13428 ki table it ek ik : nechanism of buffer action
: AMKe of basic buffe [PU-2008, $pring]
he pH of the solution is given by, 3 .- okcied e t 5. Why is this law no
salt] ; ; ; [PU-2006, Spring]
[acid] BXAM y 2 e Sl ol LLE er action taking a suitable
[HCOONa] : .
; x . SRS ve Bk g 5 n when 0.005 mole of
14) [VDE-"67]
4.75 + log 'rl 12 | R ! : 0.2 M acetic acid. What |s
[0.1342] 2 _. Telug - o = 01 o the acid In the solution. (K of
4,75 + (- 0,0212) s [10E-"67]
4728 { oW o icidic 1 i " " . strong acid
N SLOng Dase .4 H,LO 5 M f 0.3 M CH COOH
ng solution

pH r DK+ log

[HCOOH ]

BRRE ir of the buffer solution by the

= 4718-4.75
; | What do vou oy buffer range and buffer capacity?
.0212
i rine the pH of basic buffer. Also write the
. ® oH change ¢
n of 100 cc of semi molar CH COOH and 400
).2MN HCl is added. K. = 1.8 = 10
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Catalysis

Introduction:

tion that, "a catalyst is a substance which alters
chemical reaction but itself remains unchanged in mass
changed in mas

=3 a0 COMmpos 1att
end of the reaction’. The phenome o NN T .

increase /de

ecrease) the rate of a

pear in the net chemical equat ; = . ,- SChmsier vy .

ndicated a

Positive catalyst: A ¢

hive catalyst and the phenomenon is called g

of positive catalysis are as follows

Haber’s synthesis of ammonia in the
catalyst

Decomposition of potassium chlorate in the presence of MnQ

catalyst

& a5

MnO; e .
2KCI05(s) —————— IKClis)* 30:(p)

catalyst: A catalyst which decreases the rate of a reaction is called

NepaliExam:blog
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Mﬂiﬂﬂ' e ,{,Henﬂme"an m\."vDrUEq is called ”l'-””-"-'rt.
bitor) and t f negative catalysis are as folloy,.

Textbook of Engineering C
Some examples 0

negéﬁ&é’éa:éﬁsz"'{ii?m
catalysis (or inhibition).

f ethanol in the chloroform slows duv.m 5y Pxidation
i, Small amount of & i« an inhibitor for the oxidation of chlor,

by air. Therefore the ethanol
form.

C,HOH , + 2HCI
2CHCY +Oyfg) — ——> 200Ck*
Carbonyl chloride

ii. Decomposition of Hydrogen peroxide is slowed down by the presenc,
of acetanilide or dilute acids or glycerol in small amount.

|
i, A 2H,0 + 0,

lii. When tetraethyl lead, Pb(C,H,),, is added to the petrol, it controls the
very rapid or explosive combustion of the petrol in the combustion
chamber. This is responsible for knocking of the engine.

Applications of negative catalysts:

1.!;::!2:{: ﬂe:ica!s are presem?d by negative catalyst e.g. sodium benzoate is

bl A;:;s:;-rative_, An important type of negative catalyst is classed as
. Camines are used as antioxidants for prolonging the life

¥ 4
ome 0 IS to IEtﬂld IIIE anset 0 lalll'.'ldit}‘.

of the catalyst 2 at reduces th
2] E m t
of ms;,en Peroxide e#ha::em:lu:r:lt:lgrg alkali present in the c:l:-nt.‘;n|:|-||er1:;:1'!'f
§
2 Mall amount of a¢iq destroys the alkali - But the addition
composition, talyst and thus prevents the
i By breaking the

..
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NCl, breaks the chain reactions by reacting with the propagating species, chlo-
ride radical, Cl, and there will be no further reaction.

NCl; +Cl ——— 112N + 201

Auto catalysis

Some reactions proceed with gradually increasi ng rapidity due to the formation of
a catalyst (a product) as a result of the chemical reaction. Such reactions are called
autocatalytic reactions and the phenomenon is called autocatalysis. For e.g., de-
colorization of permanganate by oxalic acid, which is initially a very slow reaction
but after sometime goes on fairly rapidly due to the formation of Mn* ions, which

catalyzes the reaction.

IMnOy + 16H" + 5C,0,7 ————m= 2Mn" + 8H,0 + 10€0,

Thus when one of the products of a reaction itself acts as a catalyst for that reac-
tion, the phenomenon is called autocatalysis.
Other examples of autocatalysis are given as,

a. Hydrolysis of an ester: Acetic acid and ethanol are the products farmed dur-
ing the hydrolysis of ethyl acetate. Of these, acetic acid acts as catalyst for

the reaction.

CH,CO0C,H; + H;0 ————— CH;COOH + C;H;OH
catalyst

Decomposition of Arsine: The free arsenic produced by the decomposition of

b.
arsine, auto catalyses the reaction.

2As + 3H;
catalyst

ZA.!H:.
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Action of catalyst

h
The action of a catalystinac F
reaction rate. This is also ﬁu&;:::i:hh;m"jca
catalytic activity of a catalyst o e
substances added into the 'Tad B BTl
such substances are categorizec !

ith
emical reaction is to @

ﬂ:ﬁmn is affected by other chemic,

roed

along with the catalyst. Accordingly,

i, Catalytic promoters
il. Catalytic poisons

i. Catalytic promoters 5 i

The chemical substance which increases the activity of th@ catalyst, t'.m\,gl-.
itself is not a catalyst is called catalytic promoter. For e.gl*., in the Haber 5 syn-
thesis of ammonia, the activity of iron catalyst is greatly increased by the mg.
Iybdenum, Mo or aluminum oxide (Al L0,).

e
Nalg) + SH::ng INHy(g)

50, Mo or ALO, in this reaction is known as catalytic promoter,
In some of the reactions, the mix

mum efficiency of catalyst. For
is used as catalyst
hydrogen.

ture of catalysts is used to obtain the maxi-

E.£., @ mixture of zinc and chromium oxide
for the synthesis of methanol from carbon monoxide and

€O+ 2H, -—Eﬂ_"}__._ CH.OH

al

Mechanism of the Promotion of catalytic

55@s; however jp is not
a. By changing the lattice Spacing

b. By altering the surface of catalyst
8. Change of lattice Spacing: The

activity is mainly assumed to be due
clearly understoogd.

due to the Occupation of genera) WIE ""f_ﬂ" solid Catalyst is changed

atoms of the Promoter, " \Ce sites of the cat toms by the
increased becay - 19
of adsorbed mo

This causes the
mﬂy bE d'i’b" In

gr increase or decrease thg
However, it is also found that th,

Y-S

z — -—

~atabvst embedded with promoter ssoms

Fig: showing the change of crystal lattice spacing of catalyst makes the reaction

faster.

Promotion action due to increase of peaks and cracks on the surface of the
catalyst (Altering the surface of catalyst): The presence of the promoter
increases the peaks and cracks on the surface of catalyst thereby increasing
the number of active centres, This causes the reactant molecules to accumu-
late at a site that causes the reaction to be faster

Catalytic Poisoning

A substance which reduces the efficiency of the catalyst to accelerate a reac-
tion is called catalytic poison and the phenomenon is called catalytic poison-
ing. A small amount of poison is sufficient to retard the rate of reaction. This

effect is commonly observed in heterogeneous catalysis. Some examples of
catalytic poisoning are given as,

a) Haber’s synthesis of ammonia using iron as a catalyst is poisoned by the
presence of small amount of H.S.

Na(g) + 3H,(g) I-_E_FINH'ulE:I
A e one b

H,5

b) Oxidation of hydrogen using platinum catalyst is found poisoned by Car-

bon monoxide.

2H,0
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: ity of platinum in oxidation
Lk al c activity © of l : ' ¥
¢} Arsenic oxide inhibits the cataly® e
sulphur dioxide. The phenomenon of catalyei _
2800, ¥ v categorized Into twi classes depending on the
SU:P”‘I WIWE" I’l'”llrlrllll'll."l.'l I"”"'-ll'J'-lh'.fl._-Iu-'.- Ik statas of ¢ ! 4 K I
by Asy(h 1. Homogeneous atalysis
i catalytic ’
Depending 2 the Eﬂer“ and strength ﬂrabsorphon‘.the .‘ ’ "‘r J’”I Ir]”'r'lﬁ 2 }-l(l!l'fl’]i|ln-|ls-ul,'_ catal VSIS
may be temparary or permanent. During the process of Haber's synthesis &
ammaonia, water vapour and O, act as temporary poisons b'{ combining With
Fe to form oxide of iron. When the water vapours or 0, gas is removed frq, 1. Homogeneous catalysis
the reactant gases, the iron oxide is reduced to iron by the hydrogen Presem If the reactants and catalyst are in the same phase and hence distributed
AEEY N acﬁvjwnf‘te Ay throughout, the catalysis is said to be homogeneous cat pl-r':u. This type of
The catalytic action of Pt in axidation of 50, to 50, is permanently Poisoneq catalysis occurs either in the gas phase or in the i
EEEE s % Sombistely changed, this however can Some examples of the gas phase homogeneous catalysis are as follows;

be brought into original form by suitable chemical treatment, I Nitric oxide (NO) gas acts as a cat alyst in the combination of |
359 oLls 43 4 Calal the combination of moist sul-

il VO
phur dioxide and oxygen in the lead chamber process for the manufac

Mechanism of catalytic polsoning is explained in following assumptions. ss ot eI

1) The poison is adsorbed preferentially on the surface of catalyst than the
reactants. Even a monomolecular layer adsorption of catalytic poisons an the 50,0) 09 ——Mm 2805
catalyst’s surface causes unavailability of the surface of catalyst for the reac.

0 'E a d BNnce re 5 n. i n= L ol
er
e Of rea o] Ecala'vh Poiso i {-}I 3150 acts 5 L
tant m fe:“ S an h B I tard th at fr Ch rh N 7a5 tlhdl:c]!d'\l' 1 e COmD g

NO{g)

53 oo o

L | £
¥ ] LE ! .
8 [ ’ [ o
: § 5 F L}

fig:poisoning of platinuy catalysi by carbonmongxide

iii. Decomposition of acetaldehyde occurs readily in the presence of iodine

I wapour
CHL,CHO e CHCO

Vilpour Bas Bas

2] By the chemica combination of y

f the i he g
of the iron catalyst by H,s during Hn;::?Im With impurity, The poisoning

mechanism, The pPrese 5 synthesis of

nce of hydro oFammonia falls in this

iron sulphide as B€n sulphide chal :
A Nnges the pure iron into ;

Some examples of the liquid (solution) phase homogeneous catalysis are as
follows;
Hydrolysis of cane sugar in agueous solution in the presence of mineral

acid as catalyst.

H (ag) . y . !
_HWD ¢ H,0aq) + CoHya0kag)
CiaHz01(0) 00 giuu:w frustcies

Thus due to the in -

TR of an ester occurs rapidly in the presence of acid or alkali.
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H I'.’IJ.L,-._._' COOHIx
] My | B H 'I v §
CHyOOOK 50 —ide in the préesence
it
Decompasition of hydrogen per:
catalyst
W Oning) — - 2H, O o

2. Heterogeneous Catalysis
If the catalyst is present in a phase different from that of the reactan:
the catalysis is said to be heterogeneous catalysis. The most comn
heterogeneous catalysis is a solid catalyst either as such or supported g,
inert solid such as asbestos, while the reactants are either liquids ar
The process is also called contact catalysis. In contact catalysis Eener
catalyst is used in a finely divided form. This form of catalysis has ore
trial importance that several chemical reactions in the industrial proc
are carried out by heterogeneous ca talysis.
Some examples:

L Heterogeneoys catalysis with E35e0us reactants (contact catal

i. Finely divided platinum or v
lyst for the oxidation of sulp

Y515
anadium pentoxide (V,0,) acts as 3 :
hur dioxide, G

Iy Pt solid
<3 (g -{.-_.5 :H‘fl.-é:l

I Haber’s synthesis of ammaonia

is
also an Example of contact catalysis

\.'JF-' Hag) i i
T e I
. Inth
© Manufactyre of hyd
Oxide js ,, Water gas by the Bosch

v Methanol is m
Zine oxide 3s =

3 ¥ n s00d reacta
The decomposition of potassium chlorate
dioxide (MnQ.)

IRCH s —————

gl

Characteristics of a catalyst:
At has the following characteristics, are often referred to as the criteria of

2KCHs

[
‘
& ¢

o farte

o atalyzed by ma
presence of anhydrous

5 Catalyzed by Manganess
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a. A small quantity of catalyst i F°¢

roduce almost Unlipy,

: ¢ catalyst is sufficent 10 gffect on appreciable chan the
Small amount OF CIGSNSL 5 =5 ¢ nf the catalyst can bring -1
e of 3 reaction. Ussally 3sma amount of the 3 e 8 aboy,
VRIOOTy O .J % h’; - changes However the rate u eathons in .-.q_.:
— '-\:-r;c‘: aroportional to the concentration of catalyst espe
FRACTIONS i3 By prOpRst T S '
=l iy H"'E:].:";_"'i\'* Wi catalyst reacts With s
the case oF Mo 0 CAIAYIX e T B
e CER . : +e compounds. For €.g., if vl e _ i
~tants to form the rermmediale (OMD 5 of [ ¥ E
estas time till the eq
H or DM - R tne T 4 the
RODOR, ~ H e O L - i &
For aod and altaline hydrolysis of an ester, the rate of reaction is proparsian. i
0 the concentration of acid or base which ac %
= the conversion of sugar into ghucose and fru 3 catalvet
H T i
O g+ IO ———2 . CH,.Ofag) + CoH,
s o Thavee i
wever there are catadysms which need to be present in re
Sount to function effectively For e o i i e raLvEYY farge
= Tt I FROet-Urafts reaction

CH - e AXC
R e — e GH.OH. -
'ﬂﬁmh M*‘Charmnl‘n.m&nd chemical composition

;-'Z}'u,':_-rt"&_u_'_ i

- 3 UNCh d hart tha -
"."_'lﬂ'-&." 't","- 'ﬂf‘. e | _he __q.s_ge = :5 :h

: Wuch 5 34 "
POttt chi. ided to
__.r--‘r-wte shu_.,,: '

=y be possibie
Sempositon of

. - e MaCin bt i
NG COmposition remain. Wt 5 never consumed. The

e erate the therma

9 thange into fine powder.

at the end d. A catalyst

in general

it is now considersd that the Catahys 20 s et

1 it decreases with th
e e reachion, initialy
=iy SIETEd. Lrfapivnca t POwWT &35 below
MEe s

Tl o
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e, Itis highly specificin itsa

2 ofa
A catalyst can affect the r:;‘en{e
all reaction. For 4. the ple.ﬂ-n the ot
sition of potassium chiora

fon but It can not be ..,
i reaction a in
articular

P grates the rate of """"H|u-,

0, accel .
of h::r P‘-Iﬂnd itis ”J'I.Ft”“ to influen; € the

and the natyre
cl0,. Similarly the mechanism | ‘m b l’ 'r”' of
# 3 TN e Natyr
rate of decomposition om{“a[;-,—ed reaction depend hirf:!t‘rd iy I" B of
ac rated on nickel g,
the products formed i ample ethanal vapors when hes el sur
For ex '
the catalyst used.

: dehvydr; Hon ¢
SD‘C gei dEF Ydrﬂgf”ated hL” It L dE‘rgDES € 1"[ ition un
face to about 3

alumina

N CH,CHO +
CHyCH,OH ———
r Ak CH;=CH; + H,0
e ————— ™
Al 0+ H-.0
HOOOH ———— CO+H;

L.r " -
HCOOH ————a H;+CO,

f. Acatalyst is more effective when it is finely divided.
In heterogeneous ca
of finely divided tha
less catalytic activit

nickel is a better ca

talysis, the saolid catalyst is more effective when in
ninits bulk size. Thus, a lump of platinum will have muych
¥ than colloidal or platinizeq ashestos. Finely divided
talyst than its lump solid. This js because the higher sur
action to take place in the finely powdered catalyst than

d state

atits lump,

Effect of temperature on ca

talyzed reaction:
The effect of tem

Perature change gn reversible regeg

tel_ier's Principle. Now for a Catalytic
0sing effects,

on is explained as re-
reaction, the tempera-

With the increase of the temperature.
Of catalytic reae

chon as the catalytj ivity i
Ytic activity is
ture at which tﬂmglerature; there is an Optimum tempera-
larly true wi . € Catalyst . i : :
2 ¥ true with the oidal soy h!ﬁt 153 "?'lam'l'l'll.li"l'l+ This is particu-
€ coagulation ufmaj.m | Where € rise jn temperature cause
In such case, the rq e
and then Bra lI

Theories of Catalysis

-,

Fundamentally, catalyst ofte ! Oy providing a reacton path that has consider
1)
ably low energy of actiy ition tha it of italyzed path of reaction. There H
are two theories which can petter xplain the mechanism of ¢ atalytic reactions: |
Intermediate Compound armation theory or theory of homogeneous
catalysis I
.I“I."'"""""""l § i i g
dsorption theory of cats Y515 or theory of Neterogeneous catalysis 1
In general, the intermediate compou d formation theory better explains the
hOmUHE”“:”U" cata ¥5I15 and the ade orption theary o fr

geneous or contact catalysis

I

Intermediate Compound Formation

compounds of greater activity thar
reacts suddenly with other reactants to
catalyst. According to this theon
follows

wund be

st fit for the heterp-

Theory
This theory was put forward by Desormes in 1806. Th s theory explains
catalytic phenomena as due to the formation of unst

OF unstable intermediate

1 the reactants. This unstable intermediate
> [0 Bive the product

Products regenerating the
¥, @ Catalytic reaction occurs in two steps as

The catalyst, first forms an intermediate
actant. The formation of this compound
than that of the actual reaction

tompound with one of the re
needs lesser amount of energy

Where, A = reactant, X = Catalyst and [AX]* = intermediate compound

The highly reactive intermediate compound then reacts with another
reactant B to form the product and releasing the catalyst.

K;
AX+B — 3 AB+ X

This reaction is slow and rate determining. The catalyst regenerated can
be further utilized to form more and more products.
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Mustrations

a3 Ua?:-Jmps‘l:‘hUﬂﬂf KC10,
.‘I )

+C1
| K \I1-I'_|
—
IKCI0y + Moy

. i | + MnO, + U

2kl
(K Ma0 <0 — 0, + Mnl);

A - MO+ ; e
ZKCI0; = MaD; (regencraied X Diffusior J : sud phase undergo

e i

PT SRy [ wnpr ey
. S rBCAT - ii. Adsorption o acta .
. hamber process in the presence of .

b. Manufacture of suffurc acid by lead ¢

oide as catalyst cal adsorption or by mical adsorotion 1o form laver of unimolecular thick-

i ; t ..‘1ll l E . . : . ; j . . -.- ; T
280, + (4 - NO +2H0 2H,50,; NO of catalyst. Ad oHon cause retching and weskening of bonds necessary
. .-ﬂ-‘"“ L —— R P PR o p FEe PR T PRI DI

[THS0,N0] ——————— = 2H,50, + INO 0 ySequ ¥ dsorp g a

jii. Formation of activated complex: The reactants molecules form an ac
L z----:-,'-'-:.':‘:-_'_‘-_J-":.'. rins 15 Nig Y LUINSLaDhe ,'-3":
e Decomposition of hydrogen peroxide in the presence of iodide ion as catalys ey
T iv. Decomposition of activated complex: As 500N 25 the achvateo complex
Hy0; + 1 H,0 + [107] OO O B e o etk
10, - 5 : mart sl ST
[I0]+H,0, —— H0 + 0, + [ i o sducts hold P ce by partial che
i catalys repencral;
i i The molecules of the product diffused away SIOWTY
v. Diffusion of product: The molecules of the pro d y slo
from the surface of the catalyst

b. This *“\_‘-‘W s only applicable to th
Catalysis where the Catalystis 3 59

e h liustration:
Umogeneouys catalysis. In heterogeneous
intermediate compoyng

lid and reacta Hydro tion of ethene in pr
- nts a R ydrogena
s not possible. [ theformation 0 ory of catalysis.

2. Adsorption theory op The catalyst here is supposed 10 0Pt

. ; m Step . Diffusion and adsorption of fydrogen .-rJrII;'LL ules

esence of nickel is an example of adsorption the-

srate by the following steps
on the surface of nickel
This theory wag
phe'n Al
of free vz
the reactant my
catalyst. An

Pt e H——H

e DY Faradan | :

H-H bond is smaller than the Ni-Ni
lecules on nickel surface cause the

H-H bonds rakes place. The
e the adsorption of hydrogen mo
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bond stretching and hence W& H i

|:i ---—--l:{ /H_k\\

Jan @tene M Jecide gets combi
f n'!'1-.:r=‘.h'nm,ru’:*r when ethe
Step Il Formarnon OF it
; i
the i-"lfit.i'l‘h";' r'hdﬂ';ﬂ o i

H H

H H

H ’ B

5 i v ______-.y /I:\l—‘.-f\ 1

cthese 8 T\ =

Activated compley

Step IV, Decomposition of the activated complex and diffusion of the ethane my).

ecuiles away from the surface.

H
// ethane
H\‘ 3 i than

A HH?L'—-—{_' 4::

B o

The freed catalyst surface is now available for carrying out for further reactions

Industrial applications of catalysis

cesses are as folloys,

I The wide applicatign
of palyt
ble by the development

of a catalyst fo _l"'e“e'*'ﬂimad ¢
ethene "€ ymthesis of L
¥ ey ﬂ“,! Polymerization reaction of

i P
ride). WMEWWBQ:’:M
ii.  Finely divided AialERe R Cl,(titaniu
groundnut oil gr ¢
as Vanaspz
iii, A feasible
sible by the g

must for the 1

activity of et proved b sing M e T
Manganese Qioxide I5ed Tor t preg t gen gas in commercial
scale by decomposir
Platinur

de. whicl

an important chemic:

Jphur triox
of sulphuric acid,

Fe.0, and Cr,0, are used as catalyst in the Bosch orocess far th

0,2 e manufac
ture of the Hydrogen ga
To prepare methanol from ¢ & used as catalyst
o - > & ¥ =
Ace.ald':._h.r.:.i_.._ is prepared from acetvliens cix el se mala ¥ i
g t 2 IS prepared from ace e u g50, as catalyst and to con-
vert acetaldehyde into acetic acid

n cracking of heavy petroleum fractions nina gel are used as
catalyst

xidation of NH3 and NO in the manu-

Pt gauze is used as a catalyst for the o
facture of HNO3 by Ostwald’s process

AlL(5i0,), Zeolites is used in cracking of petroleum

Criteria for choosing catalyst for industrial applications
A variety of substances have been used as catalyst for various chemical process-
es. The criteria for choosing catalyst for industrial applications are as follows.
i. It should be more selective to produce the desired product as a major prod-
uct.
It should have sufficiently maximum activity for the proper yield of the de-
sired product.
There should be easy method for its regeneration and reactivation while us-
ing.
It should be cheap and available abundantly.
It should be stable at normal conditions.
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Practice Questions
1. Define catalyst Expl

i h sul
Describe the types of catalyst Wit
stalysis. Describe

table pxample

pristics of catalyst

ct
the chard ;
. table examples

¥ of hetg,

the adsorption theo
[IDE"EE

2
3. Define catalyst and ¢
neous catalysis with 8 suf e
un
Explain the intermediaté compd

ary of catalysis Also write

o SUrtah

example. b L
he adsorption theory of catalysis with an !?:'Cdrnp!l.", Ho s ar
il 17 Give any two industrial application: of ea

Iys
aralyze the activity of cata | |
paraly St

lysts
What do you mean by catalytic poisoning? lllustrate this with a suitabla mg.

ansm
What is meant by homogeneous catalysis? Describe the interme

pound formation theary of catalysis with suitable example. List the
chooting a catalyst for industrial application. [1+3+1]

What is catalytic promater? Describe the activity in enhancing the regetp.

riteria fy

[10E-"7|

fate.
Mention the criteria of choosing catalyst in industrial process. And list out the

important industrial applications of catalysis.

Engineering Polymers
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Engineering Polymers

Introduction:
The word polymer is derived from the classical Gree

: reex word poly meaning ‘many’
and mers meaning ‘parts’, Simply % F Hamng any

: I wik @ polymer is a high molecular weight
gompound w

UEr of smali re ng units. The repeating
pounds refer to as mor omers F'J"‘"!'d!"l'!Dl‘.!,
=y linking together of a large number of ethene
i CH T s
¥ LH-0LH -

Ethene [monomer) polyethene (polymer

Depending _:.f.~ tneir origin, polymers can be grouped as natural or synthetic. Certain
polymers such as proteins, cellulose, silk ete. are
polymers.

ound in nature are called natural

ymers are produced by synthetic routes are
Synthetic polymers are man-made polymer. Synthetic

polymers are divided in two parts- Inorganic polymers and organic polymers

eas a number of

called synthetic polymers

1. Inorganic polymers

Inorganic polymers are the macromolecules composed of atoms other than
carbon in backbone chain. These atoms are linked together mainly by covalent
bonds .e.g.

+—P—NT— —t0

B

Polyphosphazines Silicones

General properties of inorganic polymers
i. Inorganic polymers have high density of covalent bends if cross linking is
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considerable, they become MUEE htained [n pur I
L L8 db : . e
o usually 5€ = hand hay
i. Inorganic polymers can & mars on the other han
" lline forms, Qrganic paryT i
e el sty amarpno
tlv ervstalline and partly 8 -
are partiy cryste j 3 o e o [ i
s | sOrRanic polymerns © AR
iil. Generally, inargers e they soften (or meil
iah femperature L
F1C|'|-I'I‘.E'r\| At high e} ~tarcalation of solvent mol
ars do not alfow ntercalit .
v. Inorganic polymers do M B oy e usually :
aad ) '|".\. L L
el oM 1_'\'{[“:‘:““"'\
s st be extended much as compared
v Inorganic polymers cannat =% ; Bar ’
polymers. They are much gss QuChie
; ' y i
vi. These are stronger but harder and more brittle than erganic poly |
i r # T x
Among the wide variety of inorganic polymers the freque
polymers are discussed below in details. |
1. Silicon based polymers - e.g. polysiloxanes (silicones)
2 Phosphorus based polymers - e.g. Polyphosphazines Ihe i In be separat o
3. Sulphur based polymers -e.g. polymeric sulphur, polymeric sulphur rive: . L £ bl e . rctors dslation e th
chalcogen glass etc y e i t n
L. Silicon based polymers - Silicones (Polysiloxanes) CH,SICL [b.p = 66.9%C), (CH, ) Sicl.(b.p = 69.6%C) d (CH).SiCl{b.p = 87.7°C

Sificones 3 reorgano-silicon pol YMers containin g 5i-0-Silink
bath as arganic a5 well

age. Itcan be ca¢ 2arized

H <0 v L 2
as inorganic polymers, These polymers resembl; 3 2. Hydrolysis of alkyl or aryl substituted silicon Chloride (preparation of silicals

Polymers in havin : Norganic .
bﬂ’kbanerhajqcr;gn:lgh .ﬁ:rcemage of ionic character .gfsj“mﬁe_ﬂm,l Gle. - or Silanols or Silandiols).
i i 3ins a UmSUfhﬂthan carb S=1Lbond ang
; : 2 € an. Th ble oroa Preparation of & 1 f r titut con
.n_havrng Organic groups on silicon atoms Silico eyffESE.-n,J[El;rEﬁn._, polymers repa in D ¥ e e
sl.lrfﬂnesaﬂdcmﬁ_””kedSI,IICOHESl F nes may b@ t-'!-"‘f'llk_ silic Ones chain chli { it § fferent interme tes under comtrolled
= dit c € o ¥ t diate re very reactive
P : ind inflam ; ed Er dry inert ga JCh as nitroge
Teparation of silicones: "
Preparation gf <iy:
Sljffnnesln. B 2 [
1 Propaica f vOlves fG"i:lw_l."lg three steps RSICl. + 3HO . RSi (OH). + 3H
" of alkyl or : A : - Tl
chiorosilanes) ¥l substituteq silicon Chjgy; R,SiCl. + 2H,0 » e wet i Rl
o : ide (Preparation of Sl ey R.Si {OH) + HC
"EParation of g sigy R Sic) RSICl + H.O b Ryl (L) + RC
Fme by ollowing megpg * " FsSIChere i alkyl or ary)
Nod, 'Yl groups can be
The general equation representing the hydrolysis reaction can be written as
k. By the daction of G”'Eﬂard rea
Bent with Silicon Chlorig : Chlorosilanes + water >Hydrotysss S, A
€, We get 3 mixture

NepaliExam.blogspot.com




Textbook of Engineering Chemistry L

: i L eillcols _1? : H.],-r!nr:il.--_;-l.”,ri,.,._“‘_r.._ll” - LAt a g Cherr vy - Bl
" F‘:}Pvmerhitlﬂﬂﬂfsum" densation ijfmgrllﬂh ay In which ran.- * of structures with rings cong - roned conditions can produce ¢ yelh
Wi Te [ % Contair T fileoe
Silicones are abtained by t?;g nature of R and the My i ur five or six Si-atoms
n
th s dg-pﬁ'l'ld upe
P neergo polymeritation- 4
derivative und ;

3. Polymerization of IIISIOH:. S o .

ﬁhepﬂlymeri;arionaf R,SiOH gives /

R
i f—‘ e '
| i'.rr“ru"hu" i .ll : FISCY C COimetk

i R i A Vel

§ # i R ¢. Polymerization of RSHOH) -
s Polymerization of RSi{OH)

where, K may be alkyl or anvl greep " E
Since this compound has no hydroxyl groups left, it cannot polymerize apy,

Bn % ric
EIves rise to a comp

'ex cross-linked silicones,

further. .
: H e T --. .I___'-_ _._
b. Polymerization of R Si[OH),: i e m R s
When many molecules of R Si(OH), polymerize, we get a long straight & -
i & "'H I
chain polymer. the activ
paly IS|-n:r.n=_~ ___r.s _—'tLlﬁ-.e OH-groups are present at each end of the chain hence
£h Ymerization continues to produce a complex crossJinked polymer
r R The reaction may be represented as shown below I
e Polymenization |
AT S ol R oo -H0 PR 0 i OH - # b |
! : ST NP1 5

Hydraxyl group is pres.Ent at each end of the chain hence polymerization
continues and the chain length increases continuously producing a long [ I E9 [

chain polymer. Ther ini
: efore the chain is represented as shown below.

R HO) sr——0—=5 —H

: (S e
—q R R R B
R O 0——si e .
Si=— ) Complex cross-linked polymer
R
Long chain polymer Properties of Silicones:
o Silicones exhibit a number of unusual but desirable properties. The physical
ot ;lf; of the chain can be“mited by addj Properties are depending upon the kind and number of organic groups attached :
& ore hydrolysis, Ng calculated amount of to the silicon backbone whereas the chemical properties are governed by $i-0-Si i
i Cyclic polymers can 2150 be farm. bonds in siloxanes. Silicones can be obtained in the form of oils, viscous-liquid, it
< - th meﬁ!iﬁn of R Si{OH) . resins or rubber like solids. Some of the characteristic properties of silicones are: 1
B i 2 - v . ®

-

NepaliExam.blogspot.com



towards the oxygen:

ack: .
Resistance ©© {hemlm::r;u{h a5 weak acl
' ageni i
mild chemical e lity ©
'm!ﬂ nature of 5i-0 bond and the ab!i; Vs it susceptible t0
POTArTY ence of vacant orbitals M3 e
to the prese

reagents.
4. High thermal stability Silicon

Palysdnxancs a
ds a ;
f silicone 1o gxpand .
attack by severg

nd alkalis. However

Its val

e high thermal stability because of stap .

es hav 0 bond has very

5j bond. Moreover Si-

high

,gement of 5i-0- L
5|I||:,,-d? Iike agrm:ﬁe 5i-0-5i bond in siloxanes has som';:’ u;l;uc cha Or partig|
nd energy. ! I _ i
jo hie bond character which confers stability to the
i o not melt at high temperatyrg

5. They donot freeze at low temperature and d

6. They are non-toxic :
7 sjlicon oil are highly stable non —volatile even on heating.
8. The bolling point and viscosity of the silic

chain length.

anes increase with increase in the

Uses of Silicones

Silicones are highly used inorganic polymers. These are found having wide

engineering applications. Some of the major applications of silicones in the present
. day context are mentioned as below,

‘ B 1. Silicones oils are very stable and non-volatile even on heating. Therefore they

are used for high temperature oil bath, vacuum pumps etc,

2. They do not become viscous on cooling and

are therefore use for low
temperature lubricants, :

3. They are also used jn making Vaseline like
in airplane since they do not freeze at -40

Silicones resins are highly water re
water proof clothes angd papers

Brease, which are used as lubricants

: C and do not melt at 200°C

pellent therefore they are used for making

Silicones fluids are mixed with

ta . Paints, enam i
‘emperature, sunlight, chemical ang damp B Wi ciect o

are used for making nonstick pans

high
6 ”ICF

Silicones rubbers are yseq for

makin
and in transplant Surgery. 3

artificial heart valves, transfusion tubing

- ,-'-
- IS5 SUrMc
g2 | -ane chain Undey
’ 1Y ilic h
Textbook of Engineering CREM™ 1er repellent e sesrmmlfﬂ'*' for this propeyy, '
1. Silicone resins are hiﬂhl?::[ of hi"dmwrbon i ite resistant to attap :
h con . are quite’ ) K by
organic groups. HiE 1 oxidation: S.Jaxanes_l ones Increase the stabifiy, |
i ce n S i !
3. silicones are resista np:. of aromatic group ¢
xgen. The presente ;
s - unaffected by the majorit

harring
ch

1 PhO'illh'“"“" De d poly rs: Polyphospharines
Nitrog indergo
cater : ’ ; i ther restldARIRS
very e» ; i nyo J K u wain as Polyphosphazines
SIr sphorous
atom
Polyp
sl
Preparation of polyphosphonitrilic chlorides: Palyphosphenitrilic can be prepared
bv the reactio atwe cohorus pentachlorid manium chioride in
[‘: NE i
-

ymeric compounds are

- heated N vaCuuim
stramer W en heated Ve
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e wsented as
v FEpresen
: u“mnha-mr.liL chlorides can L
Structurally cychc pa
©1

S

|
)| ||| e
O}, -

P
:'i/%\\/ ky
'l

‘L\-\. L
T
&

Ll

Trimer

Properties: :
Some important and Iﬂf(‘-'Ei-hﬂg characteristcs of PU'VP'}’USPH(”? itrilic ¢ 'l-t;r”]r__,

are listed as below.

i. These polymers exhibits high elasticity and can be stretched many times
reversibly hence, also called inorganic rubbers,

il. Freshly prepared samples are soluble in chlorofarm, but not in petrole

ether. However, when their solutions are allowed to stand, the
gel and get cross-linked

um

Y '«.|r.|'.4\-'|'_f' form
iii. Their storage in the absence of air does not cause any change in elastic
properties, but it becomes brittle due to the storage in the an B
because the action of moisture (of air) forming oxygen brid;'f;
chain, there by leading to reduction In the average length m: c

oist air. This jg
s from chain-to-

hain segments

0 u | 1 {
2/ A | | | |
Wy P==N—j ! :
JII : —P=a—p, |
al (& l I I
: ¥ (%] |
g 1 O I_+ |
I | [ Rl
] | W] | Cl
! -
f ,: i -_;-—-.._—l\. —=f] | | |
i j | P e=mN—p p
& b J [T —f=—n—p
100 owrlaguley of Hngar py | J |

Ihangp 1

Preparation of Ppolydi
vd methﬂrybhmphlﬂnes and polvdhihoxy h
Phosphazines

1 i1

ihlw-nll:' th

r T n ¥
grpating I"'"-'. I' cloride with fiLr sthoxide (CH ON:
|-'!|.||.-:'iI (€, H,ONa) respe Yy
¢
polydime thoxyphosphazine polydiethoxyphospharines
properties:
|. They are colorless, transparer f opla
2 On heating above 100°C, they slowly ¥ e
Uses:

There are many uses of Polyphosphazines as they have mechanical properties

comparable to those of rubber, Some of the important uses are listed below.

1. They are used asr ;3|I'I plastics, expanded foam and fibers

2. They form flexible plastics which are useful for fuel hoses (flexible tube for
flowing fuel) and gaskets

3, Certain type polymers show water repellent properties and are used to make
water proof thermoplasts.

1. Sulphur based inorganic polymers:
Sulphur because of its ability for catenation though much less than that of
carbon, forms open and cyclic 5_species. A large number of sulphur based
polymers are known. They fall under two categories.

Linear chain p(}|\,'rl'li‘|"1 which includes polymeric sulphur and E.ulahur

nitrides.

ii. Network polymers which includes chalcogenide glasses

a. Polymeric sulphur (PS):
meric sulphur is prepared by melting the rhombic 5, at 165-168°C.

ol ater; the so called plastic

When this molten sulphur is poured into ice w
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s
g6 fthe sulphur (5
A iy e or ! O
Textbook fill_;{-nrsl:u"ﬁ"ﬂwﬂ h phombi structt vith others 5. to P i
sulphur Is gbtained et which combines ¥ ye, M Tne siru
sulphi e 4 4
produce the free adi [ar itely
chains.
=8y TS
8¢ properties
o g and &0 on i It is 501 and ma
— a3
3 < 5 o AR : i NV i . slvmeric sulphur nit i
s Juct is then purified by washing with carbon dis,, Phie, , e i ), is golden brong ki
lid proguct i 5 r t becs N Ireca: & s te elowlv attacksd
08 s{lllrra’Ps of 5.).To remove 3,15 8 Dt l-jmli b 'CE of ¢ gl s slowly v XpO t for several months
e tion of polymeric sulphur to 3, Is tacilitated 1 One of the remarkable properties af nalur .
polymer, the transit : 4 aly r nitride is that; the
: 5 ing Vi 0 S material possesses mats [ di i
Polymari¢ sulphur 15 unstable below the l‘”‘""”"’_ Ipl. nt of sulphy 4 BLe 5 . es supercanductor at
: ur is unstable and reverte 5 0.26 K. Folymer Iphiur nitrids Y T ; F o
114°C. Below these temperatures, sulpht = TRVerts bagy < ple xample of a nonmetailic super
conauc
rhambic sulphur.
; 3 of polymeric sulphur nitrid
Uses of polymeric sulphur (PS): Uses of poly p e [SN)
gy = 1 sed t nake d | i f A S —p -
Polymeric sulphur has very good applications in the flame Progfn It 15 ;" g cult, digit: 4ri5it
fabrics, as plasticizers. They are also used as catalyst in the Manufact, ? transtormer, POWEr storage s, elec oto
of silicones e a. Network polymers

Sulphur based ne

work polymers are cross-linked pelymers formed by reacting

- - nalyvalent element such as silicone antimony. arsenic. Bismuth german
b, Palymeric sulphur nitride (SN) : polyvale ' . n a5 stlicone ant Y, ars vismuth, germanium
Suloh WEST " indium etc with chalcogens (5,5eTe).The resulting binary compounds are of
WPAUr anc nitrogen have similar electronegativities and strong great variety and complexity is known as chalcogenide glasses (or chalconide
tendencies fo form single and multiple covalent bonds. Among the :J.V.: glasses). The nature of the products dep f reactants, the
! bes

%
known sulphur ni 4 ; e
PHUF Nitrogen compounds, tetrasulphur tetranitride (S N temperature of reaction and other conditions. Chalcogenide polymers are

studied the most i ; 1 - | i
e st. 5N, is obtained as diamagnetic orange solid by passing generally prepared by the fusion of the element under conditions selected for
into a warm solu : Bl : PRl i
1 solution of disulphur dichloride in dry CCl minimizing oxidation and loss of volatilization of the components. Examples

include, (515.) , (As.S.) etc.[As.S.) isthe best known chalcogenide containing

63_CI__ + 16NH, = two elements. The structure of common chalcogenide glass is given below.

> 5N, + 12NH-;C| + 8BS

5N, is a source tom
under redyced pres
dinitride is fo rmed

pound for the pre E r f
- Preparation of ; MY §
sure and passer throy - |!ISM]--' If SLN: IS vaporized

i 5
Eh SIF've: wool then [jl:'\[]ll”hdll

4 — = As

—— er: + 2,&3}5 + N W
d{

SOW ;mlym::n'ranun of
SN Bive
i spnlvthiaz',rl {SN
Jﬂ'
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Fig: Structure of (515,),

—A-S - Al 5-Ar - AS

[ I IS
5
[s : . All =5 =As
As - 5- A § - Ay 5- |

I
& i Cross linlke

5
|

Fig: Structure of (As,5,)

Properties:

These polymers resemble organic polymers as well as glasses,
properties of network polymers are listed below.
i

Some of the

These polymers have lower softening points and lower tensil
compared to other inorganic pelymers such as boraph osphate

These are stable to acids byt are attacked by concentrateqd alka
3. A remarkahla property of thes

€ strengths 5
glasses,
2,

lies.

e polymers is that these can be distilled iy
vacuum without decomposition Actually dissociation of polymeric network
;z;c; :mautf;agme::ts N Vapour phase in vacuum takes place. As the vapour
nse, the small fra ments re i i I |
el g mmhmesponraneousw forming the polymer
4. Chalcogenide Blasses are gae Ply coloured
5 :

Unjque propen? of
L network o ’

conductiity teversible from o Wmer of sulphur includes the

the applied o

i : changes
3EE. This Phenom it s s vty state under
Voltage js applied

enon is P
the low congyct; b SWitching. After the threshold
ting with
voltage application.
Causes dissociation
chalcogenide glass is
€nough. There are two

€state prior to
N path th

Voltage Bradient pe, ammuﬁ:h the
heﬂomengn. es high

produced when the
modes of switc hing D

Threshold switchir B actic

ii Memory switching actor
ii. 2

Uses:

Chalcogenide plasses are

Organic Polymers:

A polymer whose backbone chain is essentially made o
organic polymer. The atoms attached to the side vale

1 n, oxXygen, nitrogen etc. The majo
atoms are usually hydrogen, oxygen, nitrogen e

 J———

are organic polymers. If the polymer is formed by identica
\ r If the rmer is for

is known as homopolymer. It ﬂ-—. polymer is

monomers then it a is called copolymer

e : |
Polymerization: verted in to a polymer is called
The reaction by which monomers are converied i

i ] t : of polymerization
polymerization. There are two types of poly

1. Addition polymerization

i sl rization
2. Condensation polymerizalio

1. Addition polymerization:

g in Polymerization)
(Chain Growth Polymerization or Chain Folym
a
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Chmiry initiatien
I ENs stap organie pariiide under g oes homohyt
£}
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4. Chaln pripagation

3 sl
FeE fadical Fern tha Frst s
¥t SYEE adds 1a 1)

’ & sthylens Mmoo
} r

fras gl
Al The ne
W& rievr fra
& radlicale SEHIN Btack 16 3t
& aAanmner s S
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CH=( 1
- - B CHsA"0i
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CHalrm Lasrmis itlan 4
" lakes i
¥ [ace

WHEN two fras tadies| ;
LT Jqiif T
Anlonic mechanism

Chalr
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gHy-CHy ~CH

ii, Propagation: ;
: T o e
Z-CHy ~CHy -
i - o Z.CH; {CHy-CH, JCiy
CH a CHy=CH: = B
o, —CHy ~CH: L
Z-CH; -CH~+1%
ination: ol CH, el
Il Termination v — 2-CH, +CH3-CH : I

Z-CH; {CHy-CH; J:l'ii; 3

n Polymerization: !SIEP-GFW-"“". Polymerizati 0."} |

n has been defined as that reaction betwe,.

o the formation of a polymer “\_“t-"' F'|irnir1r?t|:::ﬁ :._l.

some small molecules like H,0 or HCl. e.g. Hexa methvlehe diamine ang adip
acid condenses to form a polymer nylon-6, 6 [F*_Olvamrd:—‘:] or condensat,
between phenal and formaldehyde formed Bakelite

Differences between addition and condensation polymerization

The table below explains the difference between addition and condensati,

polymerization with respect to some selected points.

[ s | adamonpoymerizstion |  Condensation p.,..,T;,f;ﬂé;“-:

2. Condensatio
Condensation pa.lvrnerrza_\no
functional molecules Jeading t

[Tvpe of molecules  n

e -
| vohved IL.n.i:ruu!ed molecules |ba1uraten molecules

Always yleld 3 byproduct  along with
2 polymer along with

1 SRS, |
chaln undergo|If two growing polymer chains react
ting of polym- |the reaction propagates instead of ter.

[ mination,

If two grawing polymer
additian reaction, termina

|
I'.ﬁrrlm between twa

Ilim.'ym{u- |

Manomer disappaars early in the reac:|
tion, i

High malecular m - PSR- |
353 pol
[t once, ¥mer is formed {Polymer mojec,f

&

ar mass rises steadily
s [
e L

YMers which is form

ed i
c er€.8. PVC, teflon et O addition polymerisation is
ondensation polymers: Polymers

polymerisation is calleg cundgnsm;lhich s formeg by condensation
€g Bakelite, Nylon-6, 6 etc

called addition polym
2.

£ ¥ |
Dass o 10U lding

on the :

Ilwlrlr_”.r!'.‘,';f-- aln greur TEE POINt of view pl

i Thermosething pnl-,.”-,,.,
||.,-r||r|'.--..r: I--'n'""".-l--
it hard #d rigtd it i 5€ polymiers which ipon heating change irreve rsibiby
ot soften again. The tha: S irticle i dgain heated, -If'if.‘l"f.'r‘.'.lhl"lg, it will
dimensional cross-linked cte e . fmer during moulding acquires three

T ALALLIUres Ay L 3
retain their strength ey = cdominantly covalent bonds which
structure joined by stranc the three dimensional network
Y SLrong t h 5
harder, stronger and rr B h nake the thermosetting resins
thermonlastie

Iplastic resins. .If heating of a

A1 0 ir .-Jlr..-':r_, change in :'--r-rv--ral cormposition
to give hard, infusible and ir solubto # A= 2mical comp
a ible mass

thermoset resin is prolo

E.g. bakelite, epoxy resins etc.

ii. Thermoplastics polymer
Thermoplastics polymers are those, which can be softened on heating and
B us, they soften on heating and remain soft as
: hot. On -.'fjl.‘ll.:"g they regain their or ginal “E'f"-'-‘v' and hardness.
Repeated heating and cooling do not alter the chemical nature of these materials
because the changes involved are purely of physical nature. Only the secondary
bonds between the individual molecular chains are broken on heating which
results in their softening. On cooling secondary bonds are again formed and
hence they become hard. e.g. Polyethylene, polystyrene, polyvinylchloride etc..

harden on cooling reversibly, Th
long as they are

Difference between thermoplastics polymer and thermosetting polymer

[ Thermoplasticspolymer | Thermosetting polymer. |

They are formed by addition polym-|They are formed by condensation po-
Y
|erization. lymerization.

They consist of long chain linear  poly-|They have three dimensional network

mers with negligible cross- liked. structures.

- ¢ They cross-links and bonded retain
IThey Softrvon hestig, ocl b.T-c_.ause their strength on heating and hence,
| secondary forces between the individual they do not soften on heating. On
|chains can break easily by heat of Rres-| .0 oad heating however charring of
sure or both. polymers is caused.

temperature | They retain their shape and structure
d thus|even on heating. Hence they cannot
| be reshaped and reused.

T e

|By reheating to a suitable
they can be softened reshaped an
reused,
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f
o weak and €5 il

" vl from w
They are usually 50 -annot be reclaime Fom wae
They &2

and FOye

" nds |
. o Strong Ban link
E i
nsoluble 1IN AIMOSL 5|

[|{‘ tes
i wastes

These can be reclaimed = me organic pu
' colubie In 50 they are

They are usually
ey are i ganic solv

solvents

pnts

~ Add Jymers
Some Examples of addition polY

Fluon(PTFE) :
ar emulsion pf tetrafluoroetnylene, ung,,
alyst. Tetrafluoroethyleng ;.

uom“h'!'le"""
fwat
|pgr0)t|lj£' as cat

a) Teflon= polytetrafl 53
it is obtained b\-'po.’varllrz\;eﬂmy
pressure in presence O o
ohtained from chioroform a3 :

rHel, +  2HF = CHCIF; ZHCI
L 1 -
senci - w CRy == CF;. * 2HC]
Tetrafluoroethylene
F F F F 2__'- I
| || |
| | Palymenzation | |
e e i S G e B e
; ']: || Benzoylperoxide J | 1 |
I A |-I | |
F F F P F-l'r P
Tetrafluoroethylene Polytetrafluoroethylene

Uses:

#  Asinsulating materials (for motors, transformers, cables, wires and
gaskets),

_3- for coating and impregn ating glass fibers, asbestos fibers and cloths,
;- in non- sticking stopcocks (for burettes), in non-stick frying pans, and
#  Manufacture of gasket and valves etc.

b} Polystyrene (polyvinyl benzene)

Polystyrene is also known as polyviny| benzen
B,

side groups of the monomers Jj
: rs lie on
an isotactic polymer), The monemer o e

It is isotactic polymer (if the
side of the chain, it is called
is produced from the reaction

c)

e

merization
of styr oty
-
-
{
- = =
-"F" __H/
Uses
1 tF ma ure o ood conta Pt mrtler ke r cabine
pia PACKAEINEG, oy omb e
Polyvinyl chloride [PVC)
PVC is obtained by heating a water emulsion of vinyl chioride in presence of a
mda peroxide or hydrogen perteiide in an autociave urder
B55uUr

Vinvl chioride is generally prepared bytreatingacetylene at 1 1o 1.5 SUMESPREIES
inyl chloride is generally preg e R e
th hvdrogen chioride at C. in presence of metal chloride as catatyst
o aaRh e e HgCl R
—p s

HC==C(H

aoetyiene
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STy " + As—OH Broun 1e xtbook of Engineering Cher 7
Chemi Note Broup is orthg and par .-

. g istance
JUREEESLISE SERTIC8 ang rich in orho and para Positions
sheets, which are ¢ '|1r5|L,-,.“:] positions. :
ents, tires, ind ¢ v
Lin

A director, the electron density is always

Textbook of Engineering
an 2
d hence substitution takes place at these

or
ve super!
ricied P o aking
or unplas ed for ma

mpon

rh”fﬂf. Ciperator co : ? ;
. o IiE.fIsln:El: extruded in strip and tube form
tisa ;

Uses:
» Rigid PVC
high rigidity

In presence of

polymer re stead of novolac, a linear

rted into a cross link

ing plasticizers such as dibutylphthajs,, Uses:
insulating materials. Employeg f'".r.

.ol insulation like coye
nd curtains, glectrica o VETings
ding of article like toys t0O!, NANCIEs, toje,
cloth, chemicar' containers, l?‘nrn..;’l

and aircrafts).

7 Inm

Bt s e ge. ewiteh has
ats,fﬂbre':rorhsa ieate . switch boards,
injection moul
plastic coated
cinemas

for making m

packrngram-cu
of electric cable,
good i ts

5, radlo—mrnpom_fn , pla
insulation foam (used in buildings,

television cabinets for radio and

ror impregnating fabrics wood

as adhesive
asticizers exchanger resir as ydrogen

Plasticizers: g i e plasticity

ers are organic compounds which are used to l_impr?:‘- P -:-'f-l.l. angd

1Zers : o o De mainly
Plasn_-j of the plastics. The plasticizer properties arg be |evfe : d v dug | K
flexibi |1?'_ g farce of attraction in the plastic molecule, [Nylon-6, 6]: It is the most impartant solamide i ! \
to ngut.rallzaﬂunﬂfl“TE{mﬂreC“Hr orc Eeating adibie & S . ¥ t can be obtained by

€atiflg atlipic acid with hexamethylene diamine at 200°C. Nylon-6, 6 derives

;[3 .-II_]--u—_--.-' L i

i re discussed below. o ; hapotbheie -
Some of the examples of condensation polymer a which h: 1% carbons. The hexamethylene diamine and adipic acid both can

be prepared by 1, 3- butadiene

a) Phenol formaldehyde resin (bakelite): It is prepared by condensing phengl
with formaldehyde in the presence of catalyst. The nature of product depends
on the nature of the catalyst (acid or base) and upon the proportion of the
reactants, In the presence of acid catalysts and with the mole ratio of phenol
to formaldehyde greater than one (i.e. P/F > 1) gives bakelite. The initial step
results in the formation of o- and p-hydroxymethyl phenol, which condenses

with phenol to form linear polymer known as Novolac. Further heating of
novolac in the presence of hexamethylenetetramine (it produces HCHO) as Beacting:
curing agent produces three dimensional crosslinked network polymer which
is known as bakelite.

Uses:

O OH
| CH, o |
Ot = | \,II(_,-»":A‘NT___,-"’ - . 5
1 B
Sy .
n HCHO + p @ cadadyst \\\_H
3 56 | rily ber h find used in making socks
hema l] 7 CH; 7 Myon6,6is primarily used for fibers, which find ‘L.l ;Etc g
ladies shoes ,under garments dresses, Carpets, rope i
» Nylon 6, 6 being a tough plastic, is used as a substitute for metals in gears
and bearings etc.
Hy
T OH
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Textbook of Engineel ) as ;
¢) Epoxy Resins: The € pat theif startin Yar )
irim [ F g X
name due to the P ontains €P epichlorohydrif : TNESIVES like araldite lfor olkee. Fiat
DG'YF”E"'55""r“rcssj'"k'"§ﬁer. | s EXCE of ep g > For S ol ik
f L aacts with chlorine at 4Qne., highway
by the candeﬁsar‘ﬂ e propylene ed e and iy » Epoxy & aupled dea e
;epichFﬂF“'"\“’"" o the mixture © chige. Bt e s
Preparation hich on reacting Wi g":‘CEmI dichlorobydri, “L' i pa

n. On heating

pive allyl chloride, w-l o H
at 300°C gives glycerd! dic i :
C-Ua:ahoutzw'ngesemc
a
R+ o CICHs-CHIOH d) polyurethanes: P 3
il B treating d ed by rearrangement polymerization

F ac he with tam
preparation of bisphenal: It is prepared by reacting phenct with acet

the presence of NaOH at 50°C

OH 'I- 1

WM e N I._’.':'_ “
2 I'# CHiCOCH, —p = HO—H, = by
\IJ w4 | o’
,fl.‘ll'r!l.‘| CH,

% Polyurethanes are used as coatings, film, foam and elastomers.

They find as a leather substitute.

_Condensation of epichlorohydrin with bisphenol:
f o : » They are used to make mattress and pillow

% They are also used to cast to produce gaskets and seals

s _Conducting polymers:
[ A ' Most of the polymeric materials are poor conductor of electricity, because 4

| = ; . f
: ! the non-availability of large number of free electrons in the conduchion process.

1 ." N, =} —{"H " : ; ; ) :
[ { Within the past several years; polymeric material has been synthesized which
| ) . past seve : ; o e
% possess electrical conductivities on par with metals conductors. A E{:‘Iyﬂ\&r whic ;
Epony resin can conduct electricity is termed as conducting polymer. The phenomenan O

umber of polymers such as polyacetylene, palypyrolle,

conduction is observedinan : .
olymers are classified as follows;

The ¥ s B 0 ia.
1e reactive epoxide and hydrox polyaniline etc. Conducting p

i .
linked structure and the value of ¥ groups give 3 three —

dimensional cross
N ranges from 1 t0 20,
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onducting polymer:

Intrinsically ¢

4 Conducting polymers having conjugated n-electrons in the backbone
tuch polvmers contain conjugated m-electrons in the G
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Fiber reinforced plastics
natrix with

a high

fbre

‘r“.nﬂt'ﬂ
sy mer

Reinforcing a plastic 1 .
formation of what [s €@ :
carbon, boron are

arped Pt

Glas

the main rel

rinix uUf ibre
% "ht’; FlllF fibers LIH'd Natural il '
nfarc

. 1hres use(
& Né

s of I
™ arure ¢

ment
force jesired

fo .
s are also used ; snmposite d s of biodear
:iﬁ:;&;es of the final reinforced comP |ﬂl.F’I3'|‘L'm”‘II ‘i e SCSUe polymers
giodegra fal
lastics agrs. 5¢
ﬁmrrtiﬂfortedl’ S e yei
Characteristics of s and it continues to be the w o . Application in agriculture
rGJassF'iL"rﬁ"S”"3‘'"”{’“;"'w'ﬂT of thermal expansion, high dimensional stap;,, " used - ¢
. Low coefficient of 17 ability, corro i/ ' C
FHP'”?“:;QL-I;DH good tensile strength, "'DF'L_ﬂar:nmmm::nrwg:k " Stan gconon erable
L .4 tretcr h

‘ssr"";j aistance #asy to bricate, nefther Shrin s e , Waste management applicatior

i ! . @ T ; 3
O features of glass fiber reinforced plastics Carbon fibe ; " the total wa ‘
s lass fibers and possSess better resistance to t & 2 "8 —

. a ’ - ary
specfic modulvs than § h to welght ratio. However, carbon fibar. . Y
and corrosive chemicals, high strengt S [Izat] The ot fibers 5y, 5 !
more expensive and have only limited short fiber utilization. The other fiber , i . all these

; rvice conaitions ara ¢ . g grea rtentior
used mainly when some specific added aduantage.or ekt =1 dre o particularly for the use of packaging —
tulfilled, They are generally costlier than the glass fibres.

Non-biodegradable polymer
Application wL fio s g ne Rt
A polymer whose degradation is not pessible by the action of biological enzymes

Fiber-reinforced polymer find extensive use in spacecraft, wall panel and w Ndow or naturally Ng microorganism such as bacte

frames, boat hulls, acid storage tanks, motor cars and bathroom units, pipes et non-biodegradable polyme

down, safely, reliably, and

Biodegradable polymers of nature and disappear into nature. E.g. polyure rane:

Notwithstanding that polymers are reasonably stable. They undergo degradation
due r:lr exposure to oxygen, moisture, and ozone, heat, hydrolytic, enzymatic "'
bacteriological. The degradation may be due to the breakdown of the c.ol-‘-ruw;'
structure resulting in loss in toughness or strength, change in cr;e-*n ra!ra:'

electr| i
cal properties or there may be structural modification such as cross linking

Degradable polymers may be broadly divided in two basic categories E

I.  Photo degradable i
polymers: | :
higher energy part of :;'IE Sy S Ught, particularty te

sun ligh e . i
degradation of the s BNt spectra, can initiate reactions leading to

2, Biodegradable
. polymers: Bigde rad
which the degradationresu!tsf iz

bya biological system. A Bi
- A Biod
safely, reliably, and relauvely:i?dahle
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mers formed by the l"-‘"ﬂm-rm.-.f
tig,

Practice Questions and uses of poly
- ation ide. _
|, Write the prepal dwl"'f' chlor ; 4 addition polyme
n nand « T jaa,
tetrafluoroethylen® : o5 between condensatic "2atjg, .
ifferenc
2. What are the differ ach. : g
Explain with examples A tHin :hermoplaslnﬁ g‘-:'fme.u g SXamn
hermose +a and nylon-6,0. 8
3. Define the tenm;-an and uses of Bakelite e
Write the prepard : osetting polym table exa,,
o thermoplasticand therm®=" rethane and epoxy resins, -
4. Differentiaret tion and uses of polyy
Describe the preper® \yohosphazines and polymeric
tion and uses of PolyP IRk,
5, Describe the prepard [ IQE,.E‘?]
i | With =
{PS).. oo dable and nnn-thdEgradahiE polymers with syjtp,
6. Definethe terms biodeg :

myple- ;
examp! aristics of inorganic polymer? What do yoy mg.

| charact ; :
7. Whatare the gEners/ SPCRl, o are the engineering uses of chalcogapy,

by cross linked polymer ‘
P;h'mer? [OE. o)
8. What are fibers —reinforced plas
applications. ;
9. What are silicones? Write the application and uses of silicones.

What are chalcogenide glasses? Give an account BRRIERArtON and uses of
network polymers of sulphur.
11. Write short notes on the following:
a. Polyphosphazines
b. Chalcogenide glasses
12. Show your acquaintance with long chain polymer of silicon.
13. What are silicones? How are they prepared?

14. IWrite down the preparation and uses of di
inorganic palymers,

tics? Write down the characteristics ang j,

11}

-

fferent types of sulphur based

Chapter

Transition Elements &
their applications
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Transition Elements & their applications

|ntroduction

The ¢

pLLE

tanie o

I yetw [

pou @
Tyl i

ments, o

Theref i

According 1o the

cal rransinion & ERTS have Ince

Ag, Au) and Zn-group (e.g. Zn

plete, the cor
ments. Theref the Eme
transition &lemi np
Fi 1 LAl eries [ 3¢
These elements @ |n the

" cecond transition series
These elements e

i Third transifion Series

to Hg (Z=80). These &ier

iv. Fourth transition serie:
(Z=104), These &

General characteristics 0

i. Al they are metals They are
elting and bolling point

il. They have high m

s | the 5™ period o1

lements e in the

{ transition elements:

B0 d-DiOCK &8
i !
3 i T rindie
& periodic
Rambe  Th
| ey eahiblt the transitionsl behav-
¥ wihich form lonic corm
fe
dlent compound on the other Side. in the
tal of the atom. In the d-block ale-
J-Giock ele
« shell expanding it from 8 10 18 electrong
| D 2 10 15 electrons
| BlE LEF Hem Al yrandm
juration of transivion elements is (n-1)

; LTIV ympletely filled d-orbital & typ

mpletely filled d-orbital, The elements of Cu-group (Cu,

ration and since the d-shell is com-

different ffom that of other transition eie-

Ats are
nts are called non-typical transition elements. Overall, the

1d, 4d, 5d and 6d- series

lements from Sc (2s21) 0 Zn (2=30)

sries) Include the &
period of the perlodil tabple

(Ad-series) Include the elemants fram Y (Z=39) to Cd (2=48).

f the periodic tanie

| include the elements La {2=57), and from HE (2=72)

yi-SEries)
d of the perlodic table

nents lie in the &7 pero
include the elements Ac (2=89) and beyond Lr

s (6d-series)
period is incomplete

7™ period and this

yery hard, good conductor of heat and electricity

5 with few exceptions.
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i, They have nigh spediic #2
v. They exhibit variable &
v.  They form complex cam
vi. Thwfowma”ﬂﬂmm!fm s
vii, They dissolve in mineral acids wit
viii. They form coloured compounds
ix. They and their compounids 3¢ ge

13
X Theyand their compounds are Us

| =5
except zin
W stale 5

pouﬂd’-

nerally paramagnetic.
d as a catalytic agent.

tion elements of any given period are ngy

X 3 s 0 m
lectronic configuration that diffa,. Lig

it rom nather because of the e A ffers gn.
di¥fpract Grptess ubshell in the (n-1)" shell and the My i

. 5 d=s n

the number of electrons in penuitimate o5 ' b
e:mme nun’ in the putermost shell, ns is invarfably 1 or 2. Some of the important o
of the transition elements are explained as follows. These properties are more ¢, '
for the 3d transition series as required by our syllabus. Almost similar trend is op. d

other transition series.

The general properties of the trans

1.  Electronic Configuration:
The general valence shell electronic configuration of the d-block elemen

I, 34T
[Ar],, 3d* 45

Wi, 308 ]
e JAr, 3 45 £
N A, At

[Ar],, 3¢ g5

-",;-3:,.:. :

b.  The half-filleg 3ng

favourable con %Tmm&w s

; ts is (n-
*ns"?. The electronic configuration of 3d-series elements are shown below o
¥ - T
Ehm'ﬂﬂiﬂ cﬂﬂﬁgira_ﬂ.un I
[Ar],, 3! 45 B
), 3d a2
L L
[Ar,‘in gt 4

ic characte Tewtke -
metallic character *thook of Engineering Chemistry - 111
All the transition elemen,
i i Pty r
] electricity have met hey are
ane » i Etallic luser 5y ® therefore good conductors. of e
farm alloys with other mesai. 1 are hagd . 3 -
a ). malleable and ductile. They aiso
s metallic charactar o
The r AMisition i
ionization energis ek OIS el s
of io * 50 at they Can wae ANk attributed w their low value
* cations B e e
iy HULET ns-electrons to form M* or
They have high melti
0 Ng o I
melting and S > PONTS and heat of vanou !
e ate ficate the existence of ster e - POUrZ2tI0N. The high

e ponding between

the atoms. It |

¥ '.‘.":“,—-g met

1 that the

fake part In bor L. This is evidant e Unpaired electrons in the inner d-orbital
= Vi tfrom th T E
boiling points in 3d-series shown el d-. 2' '€ graph of the variation of mekting and
gests that all the d-electrons in 3in "W- £inc has the lowest m.p. and b g. This sug
* 1IN 2IRE are paire . =8 .
formation. Hence, zinc is soft aired and play 3 little part in metalfic bond
A Yoilmg perst
c/ -, Ly
!/ —
it \
— ., 'J{,Li-\.
T .
neltiig pe tq\‘

Atomic radii:

In 3d-transition series moving from left to right, the atomic radii first decrease till the
middle, becomes almost constant and increase from Ni to Zn. This is shown in'the
following table:

El_e-n:em _'_s.c'__T_ul v | er '«I M:-I Fe i o l a'i “1- "i
135 107 | 107 | 147 | 136 | 1as | awr | 228 |

| Atomic radii [A%) ' _
Llhﬂ'i_aruﬂecre;se in a;[DI"I"Ii-C.Fﬁdi.i is attributed to the increase in nuclear charge. How-
ever, the increased nuclear charge is partly cancelled by the increased screening ef-
fect of electrons in the penultimate d-orbital. When th? increased nuclear charge
and screening effect balance each other, the atomic radii become almost constant.
Increase in atomic radii toward the end may be ar_tr':buled to the el?ctmn-ei:trm?n
repulsions. Since the pairing of glectrons in d-orbital ocours ':ﬂerh?t z\lr.-::l:m.nﬁs'.lmp H:;
The repulsive interactions between the paired electrons in the c-::u& e
dominant towards the end of peried therefore the electron exnpa

hence results increasing atomic radii.

144 | 1.32
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4. lonization enerEies jock ejefm‘i:lack and

) jes of 5 i

The ionization enei"f- - than tho ) wally increases Wi g e py

ments. They arem':aﬂl‘-‘” energy & e to the increased nucles i EE with i,

e Th\:.-;_nimn ries. It 1% ¢ the atom making the remayy .

alonpaeie per whit .. the differencé I ionization energies bap,,

in atomic Aum eries, |ements. It is due to the sepq,,

0 asii'f"‘ -block &
difficult. In ¢- and P Fraatac ] 5
electron ych less thant i Thus the effect of increased ny lear gp-

jie between that of s- ang |
are lesser than thog

th INCrease in at,

lements is very ™ -electrons. A Ry
:Efl‘l.‘.rf d-electron 0 e auw;;DEE gach other. I d'-'{'l i effact,
: " rons & : ing along a period. Tha ..,
and addition of d-elect now a little variation 01 moving along Valya
the ionization EPETBEE "0 the ingrease in atomic SIZe:

zinc is appieriahhr higher
\onization energies of 3d-se

ries (in kif/mole)

cr | Mn| Fe j Co | N .C.-]"z'---
- —— i e ]

LRy e
L 4 + I | = e cq e B ]
[ ecs | B52 | 717 | 762 | 758 | 736 | 745 | &
[ ionization energy (KI/mol) e Lt Rl Ml > | 505
|fani it e
Variable Oxidation States:

One of the striking features of the transition elements is that the elements sl
exhibit variable oxidation states. The large numbers of oxidation states of the tr.mr.
tion elements are related with their electronic configurations. Oxidation states of the
3d-series of the elements are illustrated in the table below. ¢

Table: The outer electronic configuration and the possible oxidation states of
transition elements

the 34.

| Elements I[ Outer electronic configuration '

Oxidation states

I:I e ‘}i,; _El:f" 45.‘ —i‘z+3 -
T YTy
,'I_ — —l'l—-—-—_.ﬂdi | R ¥ .‘2,-+?,+d-, +5
L R

141,92, 43, (+4), (+5), +6

{ Mn A R —

[ — 234650647 |
I 243,00 (55), 06)
ooy — [*243,(4)

o] e |

Note:

The variable oxidation of the transiy ~00k of Engineeri
2 . Hon el -
O réeasons .I‘r::r.!.',

ing "W

g Chemistry - 113

* mainly attributed to the follow-

participa f outer
[ iy bl 1 1T P
hese orbita IVE almees L2 {f-1\d.a i
[. t L BQuivalent enprgin. - CUONs in bonding since
sta Bmi i S ne mast commmon oxidation
..-UrI : iy gnest oxidation states are
such X 05T elet gative anions
After re P
i el By A
block element the core i isually ur L_i_ 3 5 called core. iIn the case of d-
£l £ L * and "
tro " . » ONE or mare elec-
oxida le core gives several
Mlustrations:

ne s-electrons are used for

Cron are involved. The most stable oxida-

tes 11, W and IV are possible far Titanium. The
fiurn are IL, 11, IV and v,

s-electron, the oxidation number is |
-..- : % POssible oxidation states are 11, W,
IV, ¥ and V1. Manganese has oxidation states I, I, TG, W and Wi

and ther

Once the d
pate in DO clear charge. Therefore the oxida-
tion states start dec g, Fe has maximum oxidation state Wl due
to the participation of outer s-electrons and unpaired d-electrons. Similarly, Co and
um oxidation state IV and Cu and Zn have L.

to more effective

reasing after Mn. Hen

Mi have maxin
Transition metals also form compounds in low oxidation states such as +#1 and 2era.
~0},] has zero oxidation state

Far example, Ni in [Mi(t
The relative stability of various oxidation states of the element can be explained on
the basis of stability of d°, d°* and d™ orbitals

Complex forming tendencies:
The transition elements have unusual tendency to form complex compounds with

electron pair donars. Such electron pair donars are called ligands.

i | ing fac-
The transition elements are good at forming complexes because of the following ta

tors: b ook
s or cations have small size and they have high positive

harge density makes the atoms or cations to
from the ligands.

# Transition metal atom i
charge density. This high positive €
strongly attract the lone pairs of electrons
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: . 1ds e white light nace
% The t-‘ﬂ“s'm:: the lone p2' e E|[,‘al| of camplex compour * B i, when '"".' |r- _I ﬁ'l'i'_ e through 5 Material +
accommoC=tE " honds. The e of those WAVEIENELNS that are absgrheq 1 o ""sMitted radiations are deprived
LM co-ordinat several oxidation stae. , gion of the spectrum, the 1?n|1'.|n.;1:.r:r;c ¥ the absorption occurs in the visible re-
chapter. ok (a[h?hf? of sh{)\-\'ln? . At '_,._.“. of the light radiation 'J‘l"-l.-'-.i’r‘,pd r‘hh.-r'.?ﬁ'! hasg -'_r)mo“;_.m!m_}w ealour to the colour
o The transition metals o stable complexes 3 caused by changes in the a ‘-'-'hf;r..: ‘nf:m in the visible region of the spectrum is
axidation states, theY S glectronic spectra. The electron c '-har: ;?‘-'_T“'-" the spectra are sometimes called
grabliiﬂ" of the me axE decreages with Increase in at IMic Uﬂnal. changes. |..|",|_,dl|.’. the "".:‘-Lr.'.r!';m.-_ .'R -:'d'\‘_ actomparnied by vibration and rota-
Relative o of complex compounds i, occurs in the uv-region. Howewer 1Mps require much energy and the absorption
L0 T Habllrwfmrtal atom. 3 " s pEneral tronic jumps and absorption qr-(;;:":e *Pecial tircumstances cause the smaller elec-
of the centra s metal has higher gxidation ‘:-T[aa;i are generally More i the substance appears f.'.'}|"dl,l'1l. I In the vigibie region. This is the instance at which
BrE dation ! e i

Complexes wh in lower oxi

il
than those where

the metal is The compounds of the typical transitign met

; : 'etals are usually colourful. This is because
of the incompletely filled d-arbira), 1 a free isolated gasei:uus ion tr;e ﬁLEI d-orbitals
in the solution state or compound state

anged cause splitting into different ener-

are degenerate (i.e. have equal energy) but
the energy of the d-orbitals s perturbed/ch
gy d-orbitals. This is known
splitted orbitals lie in the y

ion: ey (o
2 he atoms of many transition elements have very much COMpgary,
. i,

It is known that the

 hence the atoms of one metal can be replaced by the ap,,,, @ crystal field spiitting. The energy differences between
(almost same] size anc 1* ise to the formation of alloys. Thus whap p, isible range. Now the electronic transition hetween low
other metal. This rep on is cooled; manganese-iron alloy is oy energy d- to high energy d-orbital of the same sub shell is called d-d transition s
dissolved In moiten iron an. “alMeg possible by the absorption of visible radiation. This is the reason why the solution or

such alloys are hard, have hig complexes of the transition metal ions are usually colourful.

the parent metals.

jacement gives f

d the soluti
hmelting point and are more resistant to corrosion .

|'. !h‘\l"fpllf"ﬂ of light
\ i vigible region d-orbtals

8. Catalytic activity:
Many ransiton metas Fe, N, P) alloys (Fe/Mo) and their compounds (V,0,, g
act as catalyst in many chemical reactions. It is due to the following reasons. ) ;

a  Since the transition metals have vacant d-orbitals and show variable oxidatig,
states, these elements can form unstable intermediate compounds with sy
able reactants. These intermediate compounds give reaction paths for lower
activation energy and therefore increase the rate of reaction. The intermediate

compounds decompose readily to give the final products and original substance
{catalyst). ™ are given below,
Resctants +  Transition metals of compounds ——a= yngibl

fig: showing d-d transition in a complex [M{Hy )" when it bas one
unpaired electron in the central metal atom(M)

The colours of some common hexa hydrated transition metal complex ions MIH,0)]

¢ intermediate compound

ral complexes of the 3d-transition

id‘-\'u:rlpﬁhﬁuu Table: The colour of the hexa hydrated octahed

products + Transition metals or compounds metals.

b. Insome cases, the transition me
area on which the reactan,

ts ma
other for the reaction. :

For the e

mﬂ#:

ample, see in the chapter-catalysis.

9. Colour formation:

Many ionic and covalent €0
of the 5 SRR Elemm"’i’“mmﬂs of transition elements are coloured while thé

aImOst always i
nen .__'_"'"‘".l'ﬂmcnlnurless.

- 5
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Frkoer 1l - L L .
P i B ! . gonfiguratio : e I Ty, -Trv e
iD"‘ 1@5‘—" T 14 ) transti d £ - F i . L ty of electron
e sitian. Thi ner o d-electrons for d-d tran
colour Ty insition are
4 with the -,.,_u.liu'!l,ﬂ"l.'-'f"" radiation abs W the M and i
- ~afed 4 L b 4 ] > il
The energy associates » IM(H.0).]™ lon absoros the rad " 1 3 PP
» calculated. SUpposE U d-d transiti BV 10 Orormes J L there cannot be amy
on can be cacd : {cm'') is given : - o e s s
LA°. The frequency in wavt ; n EHEr ENETEY MV &
pou 4 14 g5 thie com
8. PamAT=1/keo'em [1A7=107Cm
= 10°Acm Nustrations:
V,0, is colourless while VO _is purple in eolour. TH
L c ML u can aklso be explained on the
o ; basis of d-d transition. In V.0 the cuidatian < : i
This frequency is associated with the energy as, 350cm 1 K 43 B i sl ganon state of vanadium is +#5 and V™ has d
ey 7 aility of d-d ; and hence it has no tyoic
SJ.?LTI LRJT colour, But ir .r.l,"--"!" non state of Fari o & A r_lJ .
: anatium s +4 and V™ has d* configura
It may be noted that transition metal ions containing filled d-orbit Lransimitis ATy
, Cd2+, Hg2+ etc are white. Similarly, S5c3+, Tid+, V5+ are . white | ' TiO, is white but TiCl, is violet. Tr
they have empty d-orbitals (d°). In such cases, the d=d transition POPRPORR and Ti** has d* configuration. Then there
hence no light of any colour or wavelength is absorbed by such ions | G it is white in appearance. But in TiC
transmitted radiation to be white & e configuration. That is, there is one ung

by the ab
B Mustration: [Ti[H,0). 1" has purple colour,

in this ion, the oxidation state of Ti atom is+3ie T 10. Magnetic properties:

and it &3
solition in FTi } 1 i and it can exist e afuen 1 A R, arties W sub-
i 1the form of T andu[r}asd'conhgurahnn The single elect : u In general all the materials are assot s s J?End u:
rex Wil v tha | H y siNgle electron Ne com x - o e et mf e & int
pli I?‘?Chﬂf’l-m lowest Energy orbital i.e. one of the t rbitals i sl stance is placed in a ma the ity of magnetic field ‘ =
Criniaisid . d_)remain completely vacant. T itals (d ,d ,d ) while T e s
]

substance may be grea
H, a substance I5 ps

the substance is diamagnenc

f : The energy differencs

transition from t :22[.3.:-'3;:1“” 355_0fP“°f‘ i

takes place so T};:ar th;! "jl'r-' e Pl

st has mmplemr-ntary color,
d traps.-han and the aboye transiti

L_ : on may

bitals lie in the visi inth sbstance s gt than

adiation le

absorption of green moounds show paramagnetism. Para
COMpoU :
actrons in atoms, ions of COMmplexes

[={ A MARE LR
o oF a0 elactron |a charged particie) creates

» gpin and oroita ofon Of ¢
R n is regarded as micro magnet having a definite

Most of the transition elements ang the

presence of unp

magnetism arises by the p

which is purple. This t

be represented as,

. lac
— rll E _' or molecu !lrll s i
— - =l C a magnetic neld. Thus eac P Bt ot
| uhi-.‘l-‘]-‘u:l.ulqlﬂj'lr B ment. Then the total magnetic moment of 2 s

T magnetic ma | |
it wisihfs Fegron s 1 value of magnet % maments of all the ind vidual electrons. The magnetic mo
N afy- mor 2L o
G-orbilals resultant of the magnetic Mo Lectrans by the following relation,
the number of ynpaired electron

lartro
n elecirno

I'|
: ment is related to

mi‘lpl“ “F 3 aanetron)
s - a + 2) BM (Bohr Magnetron
4 Magnetic moment () = ¥ Ry

Where, n = number of unpaired glectrons.
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14. K.Cr.0, isusedas? lab ent, | ot sulphuric acid Bt g o
st I ',;hr‘t?rﬂate : e ewn .
15. A mixture afpo!?iil::: d‘masandiﬂ-'f'?d‘ﬁ a ;:I.le.trlbll'i;, agent for glass y: o :
has strong oxidizing b "
is also u:fd ify jeather in ustry (chrome g .
nd manganese are of very goo portance. Ferro-map
16. A number of ;'II‘;;"'  is very hard and resistant to wear and is used for “I-Ik::””"’r
70-80% Fean e
crushers, rall oat; anid armor plate. !
EEnr' 'F“-'Ofume:.-m reagent and ;.
" Usedp
L1

17. KMnO, s usedasd disinfectant, 0¥ idizing @
the estimaticn of ferrous 58 ts.
oxidizing agent.

uilding, bridge, making magnets, steeg|,

18 MnO, is used as an

¢ tion of b
constructio Allay it

19, Iron is used n
are used in industry.
ctroplating and in the formation of alloys. Cobalt-chrom
Cr and 25% Fe and it is used for making resistance wire : is ap
= 3imila,

d for making surgical instruments,

20, Cobalt is used in gle
alloy of 60% Co, 15%
to nickel-chrome, stellite i5 use

21, Nifinds use in making crucibles, dishes and other chemical wares due to high

il
B

point, greater resistance to corrosion in acids and alkalies.
22, Finely divided Niis used as a catalyst in the hydrogenation of oils.
i rnv:;r is an alloy containing 35% Ni with Fe and Cis used for making meter s
suring instruments and clock pendulum. e SCale, meg

24 i i i
! ::p:er is exte_nswely gmprnl.red for making electrical wires, for making vac
pla:f n"!ﬂ:::’enjﬂs. caror!meters and conductor coils, for making coins ,'_m.:lj AT
g and electrotyping. Compounds of Cu are used as insectici nest
materials, = =2 and cololyn
B

L]

5. Zincis used for the izati ' m
galvanization of iron to
bl Lt prevent from rusting. Zn i
g. brass, Granulated zinc is used in lab for the prepafan’zu:rr]nrs L;S:t::lfor- o
OF Nydrogen gas

Znis sed | L]
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ture? "eiTE0 Blectrons make a substance par
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Ba;kgrounn:l:__.. know that a neutral salt is produced by the reaction between acid and
ECar 8. g
pase. rut =5
5! & Ny N
12l aCl + H
The simpie 3aiis D 2 the du. 31 2 o the Soln
Mall = Na~ +
amding an the extent of neutralizatio ha may be normial, acidic or
However, depending on the extent of neutr:
basic salts . '
simpie e mixed n the ratio of their moeCwa
When the solu _.‘- ‘ - e e vasgoa
weights ana iv B S
maoLUngs ang e Mailaie A Ut =

compounaQs a

is found mainly ©

. Double salts or Lattice compounts
C ~alte ar CooM0 ;'."-‘"L-:""-:“A:‘:‘
1L LOmMplEX 5d 1S Or Lou

e ks 12t bt break dowN into thesr consutuents
+ only in the Crystai stais 5= v the indhviduals ixe
The compounds which eXSt 500 They dissociate into the ind

when dissolved in water are @

the ions released by the dissol
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The compounds W
i e s GV

dissociated
For e.g., when MmO

m hydroxide solut
ntense biue coloured solubion &5 formed.

+ ENHOH —— CuS0,4NH;
! ve cu® ion test since it forms a compilex
Now the solution does not give cu™ ion test since it Torms <

with ammonia.  This ion is called complex ion. Similarly, when the solutic
KCN are mixed together, one gets

BN +4KON —— Fo(Np4KCN  or K [Fe(CN)

Potassium hexacvanoferrate (11

ion is formed.
These compounds dissociate in the solution a5 follows:

: z in solution
[Cu(NH;),JS0,

[CuNH,), " + 50,2

K,[Fe(CN),] —DSdiation ...

i ol
[Fe{CN),] ———— complex ions

The solution of this salt does not give free Fe® jon or CN' ion test, confirms that a ¢

piff

g5 DETWEET

grent
g

4 1 Uulbsle Sy
N |

-entral metal atom or ion
on. The Compiex ion

rrying negative charge is

surrounded Dy a gro

tarrying a posit Co (MK, [FelCN)]" ete

called anionic complex. For e.g

. nat positive charge isknown as caNonic o Mmpiex
e ; i baving o net posit
Cationic complex: A complex ion having 21

Fore.g., [Cu(NH.),]*
ge is known as anionic complex.

EEE negative char
Anionic mmplﬂl;ﬁofp,enon having a net E

For e.g,, [Fe(CN),}".
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1. Monodentate ligands: TH
", T R el Ly L -\-
i 1 to meta
: he ligands hav 5ites are
2. Bidentate ligands: BTl i N ;
They donate pairs of efectrons 10 T 1
Ethylenediamine - binding via nitrogen,
domar sile
.- L
H-NCH,CHNH
Owmolato - €07, binding via oxygen
L L | N
gt
¢ donar s
(= i i)

3. Polydentate ligands: The ligands having more than t .
pafydentate ligands. These ligands can form mor relinat "
same central metal atom/ion. For e P
Diethylenetriamine, NH(CH CH.NH |

EDTA®, (sexid antate ar haya
eriate or hexadentate, binding via nitrogen and ox, e
Co-ord] [ and oxygen
ik nation number (CN): The total number of one pairs throu st h
eclly connected 1o the central Ll ough whnich the gan

al metal atom or ion in
entral metal atom/fion For e

Co-ordination sphere:

a complex is called co-ord
g the C.N of Ag
nation compounds

In co-ord
anizahbl the central metal ion along with the
esseq
sphere or non
acket is calleg lonization spt

: e ligands attached to it is always axp
¢ : e XOF

he complex is called a co ordination N @ square hracket, This part

lonizable gphl,,“\ The portion !_lll-u..-:

tha of
e e square br

TEre Or outer sphere. For e.g

-
- #
=1
' g MULAIT
arg
Chart
TalL
gd
Fi \"
B
\.
. -
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chelating ligands and Chelates
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Heme
Parphyrin m acrocycle

=]

HO

Ethylene Diammine Tetraacetic acid (EDTA)

Applications of chelates:
some important applications of the form
reagents in qu anti

ation of chelated complexes are given beloy,
| chelates are good tative analysis Examples are:
1. Metal cheld

separation of Co™ ion from Ni**ion.

»
ions by Ethylene Diammine Tetraaceticacid (gpr,

% Estimation of Mg™and Ca™ o
Ag: fans can be separated by precipitating with EDTA solution from the Mkt
of Fe™, Cu®, Pb™, Bi*" and Ag".

Formation of chelates has a good application in softening the hard water by i,

exchange method.

3. Farmation of chelates has also very good application in removing the poisongy
metals from the body. Example, Removal of lead from the body. When Ca-EI:';.
chelate is injected into the patient, it reacts with Pb in the body to form Pb-EDR:
chelate as it is more stable than Ca-EDTA chelate and goes out of the body in urine,

K

ra

| 4. Metal chelates have important roles in living systems. Exarnple,
#  Role of haemoglobins
#  Role of chlorophyll in plants

#  Function of trace metals in human body etc,

Develapment of Coordination chemistry:

Backing to the hj
g to the history of the development of the complex compounds, it was an accidents

d 2
it l::: :Er:: ?E:a::l‘:gem?aé;c”"} chloride, CaCl, 6NH, by Tassaert in 1878. He obtainet
n of | a 3 .
campounds such as CoCl, and NH ; and aguegus NH.. It was surprising that two stable
1

could compi .
theories were put forward to explain the mbine to form another stable compound. Many

to time. Among them, Werner’s theg Chemm.r? of coordination complexes from tim
e ¥ of co-ordination compound is the most accepte?

f coordination .

=1

Tha pf mary v
|'|::5'3!E'D g & matal and
n NTy i5 non-ionizable
« naca ary
ixe
ned by ne but secondary

atom and the ligands. For examg
+3 charge and &CP I

The seconqary valenc

7. The attachment

are shown by d
by solig hne
Werner's theory is mainly

complexes of cobalt wit!

Werner
ammaonia

Complex

|cocl 6NH, Yellow
'_Cn_C!_.‘;N!-_ : Purple
CC-CIHJNH _’“i' s
ﬂjl\lh

Violet
| - — £ and &
T number of cobalt 1s band £x

In all compounds the coordination : s

~eaact af the ions Or nedira
3but these differ from each other in respect of the
the coordination sphere.

4 Luteo Cobaltic chloride, CoCl, 6NH,

L Itis an orange yellow i i i Jtoms are precipitated as AgCl.
- hree chlorine atd i &
li. On treatment with AghO , all the thre ched ta the metal wit

2 ams are atacr
This indicates that all the thre€ chigrine atoms 2
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W hite .-'1“:

ha ¢
H.50 , it gV

cates that a

«as Co.(50,), and ali
. d

.t with cont Il the six ammonia mols

25 HCI. This ind
- semme BoNds
th strong DO
e metal W
ke presance of
eyrement SNOWs the prestiics
ceivity measur

0] bas f thé ¥ e struc g of the complex
hove facts, L
the basis of the al

n as shown in 1§

Blve NH
NH; | NH
A= Cl
\\ I 7
L i
. {
/| \\ i
NH; NH
NH
The primary valencies are represented by dotted lines (---—-) and secondary v 5

are regresented by thick lines

Purpureo cobaltic chloride, CoCl,.5NH,

It is viodet crystalline solid

On treatment with AgNO,, only two chlorine atoms are precipitat
. AT afeg [ LI A T

IS ird)

[ s that only two chlorine atoms are attacher
aNd one Ci atom satisfies both primary
Iy i

the metal, so it is denc ted by both solid and dot

COCI 5N :
L SMNH * 1CoCLSNH I + 201
LAgND 4+ 201 r 2AgC L 4 ZNO

White ppt

tment with cong ¢
! 5t as HCl 'l"|-L|L]I*iH-SEéUIlEWES f{:H::II'I:"D.I-[?NH and two chlorine atoms
e "Ml compound does not pi ' o e

| cates that all the five amments nf"i"[‘.’ any Precipitate with Ag NO

with SI:’Ur]E t"U'Td
measy remen|

hed to the :
iched to the metal Olecules and one chlorine atom are

The ""'f]']l'rll,'ll}

e t shows
Ve facts, the structyre of the mn!hE Presence of three ions, On the basss

' Plex [Co(NH,).cllci,, may be given s

ed to the metal w th ar

Fig.: Wer,

praseo cobaltic ehloride

n

on treatment w th 2

) EUCIIANH:

ONlY Gne chiae

that gnly onNeE Chiorine atom
satisfy both primary and

and dotted lines together

COCI_.4NH
AgNO_+C|

* AgCl .l + NO

wWhite

=Nt shows the pre

) sence of two ions. On the basis of
corine complay [

ColMH ICHICT maw
in figure as GINH,ICL,ICI, may be given as shown

No. of CI ions precipitated = 1
Total no. of ions =2
Fig.: Werner s repre senfation of COCI4NH,
4. Violeo cobaltic chloride, CoCl3NH,
i.  On treatment with AgNO,, no precipitation of AgC| takes place. This indicates
that no ionizable chlorine atoms are present in this complex, Thus, @l the
three chlorine atoms satisfy both the primary and secondary valencies and it is

denoted by both solid and dotted lines together as -~~~}

e
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INH

cot iNH
agpCe e W e Ty
he preset
s [ NH
L mpl L ™ I
measif®™ e of the cOf " v

s the stry

Ne. af I fons precipitated = 0
Total no. of ions = 0

FI:Q--' Warner 5 .1.1[;.,1-1.._-.”.,-,-”-» of Cafir"?NH:'

Sidgwick’s electrenic concept of coordinate bond in complex compounds:

In 1916, Lewis introduced a concept of two electron covalent b{ﬁ"ﬂ pety

ule. Sidgwick (1927) extended this Lewis concept and introd
concent of coordinate bond which is also sometimes called polar or dative bond
According to the Sidgwick’s concept the ligands donate the electron pair to the centra
metal atamyion and thus form a coordinate bond, L - M which indicates that the |
{donor) has donated an electron pair to the metal ion, M{acceptor). This concept

on the fact that all the ligands contain at least one lone pair of electrons. Thus accordin

to the Sidgwick’s concept, the structure of the complex ion, [Co(NH_) |

'S MNH, _]. A+

| NH,

[ ")
| N, NH; |

L NH, _J

Sedgwick’s representation of
hexasmmine cobaly (IY jon

i 8 Mo

Thus the formation of ligands-metal ion bonds o
twelve aler

In ali, trons are donated by i LCUFs through the N-atom of each ligand
0 by six ligands to Co* jon forming six coordinate bonds.

electron pairjs fepresented g L=M

The donation of

Limitations of Sidgwick’s concept of coordinate ;

The donation of e

rectron pair from each (i
82010 the cettea) metai atom/ion accumulates

the neares rMga I X

complexes are unstat paramagnet

Calculahunnf EAN: Effective Atormic Mumk

follows
, % Deduce the nber of electrons lost by ¢ L to i
| ¥ Add the number ol ctrons gained by cent L T NG yrOinaTon
|
| Theraf
E EAN r ) tral m m g v
I ] nonix) + E L o - !
| * T
| EAR fCo n [ColdH ¥y ié

For e.g., the EAN of Lo {1} iR [LOAR

Exceptions to EAN-rule:

SOIMIE -r,:__?u-“u‘:,'_lf %

b o enrnolones. HOWEVET

ybeyed by many oit

' ¥ " 2 1 1y k= < 1oy the BEAN rule
i viAtsToune U{"h e |eNEs These are taken a5 enge prions 10 = EAN T
- nf the complexes. 1Neas
are observed in some 0T %
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f
number &
S P K h:su jdadnex! noble gas AL

o(CNL 1Y never abay +
coordination cannot resul 4, [FeC 10" C.N. =6, [FelCN]]
{11} having coardination number &, .
EAN-rule. For [FeCl,],

lectrons, adding of electrons gajn..:
. yic number. For e g,

EAN = N-x+y
s J5=-3+2x4

= 31, this ¢ nol alomic o. of next oble gas eleme t
.

. [,
The complexes of NI*, Co™ and Ag* never obey the EAN rule
'4':;1ppﬂtaﬁons of EAN rule: .
3 i,  The EAN rule correctly predicts the number of ligands in many complexes
H.  This supports the more stability of the complex compounds.

iif, It iNustrates the electronic interpretation of coordination bonds
compounds.

in Comp

ley

v. By using this rule to metal carbonyls it is possible to predict whether g given carpq,
Is a monamer. =

V. It determines the magnetic properties of the complexes,

Nomenclature of co-ordination compounds:

In 1878, the International Unign of Pure and Applied Chemistry (IUpaC) publish
for the systematic nomenclature for coordination compou .

S¥stematic naming of the co-ordination compounds are as fo
I. The cation js named first followed by the anion. For exa

ed rules

nds. The important rules of

liows:

mple,

e 1 solutig 4
Ki[Fe(CN),) <Eution .. * [Fe(CN),J*

Here, k*js named first and then anian [Fe(cN) 18

S the complex jg

the central metg

A atomy/lon, IS named first then followed by
- ere are diffe .
i re:l types of ligands, these are named i o
o more than one s aphabeﬁfafoider,
2), tri {for 3), tetra (for 4) Mple ligang,

50f5a
' PENta ffor 5), ey rfoT;:ka‘:g';? zse are prefixed by di (for
n.

g When the centr
then lganas
ligand thiocyanid
thiocya -3 0
the ligand is knowr
ligand NO_"is nitro or
Nitrogen (-NO._) or throu

[Co(NO.,).(NH.).]: Trinitrotriamminecobalt (111
[Co{ONO)(NH,),1SO,: Nitritopentaamminecebals
[Co(CNS)(NH,),ICL: Isothiocyanatopeniaamminecobalt (111} chloride

i a mame of the central metal atar .'I""': T"IF]
?. The ligands so named are followed by the name of the central metal atam/io: .
¢ | 3lwavs ir ed by the Roman numerals written
oxidation state of the metal ion Is always in ed by the
within the brackets followed by the name of the

central metal lon,

Etha Ao ) cationic, On the other
ion is referred by its usual name if the complexion s ¢
10. The metal ion is referred by its ust « from which thelr symbol ls desied sod
hand, the metal ion is referred by the name tror o iron Is named ferrate in
is made to end in ‘ate’ if the complex Is anionic. FOF &8, .

[Fe(CN),)*.
u listed as below.
Nomenclatures of some of the impartant compiex compounds are lis
; [FEfHJD}B]SL’}_,: Hexaaquairen (I1) sulphate
; 1)
: i xacyano ferrate |
i, K,[Fe(CN),] : Potassium he




1 18

nloro platinum
q i
gt (11} tetratis

= Tl
Jéxa. T .
v Cr{NH_ ) ok sl chromi .
¢ ar - Trisjethy
¥ C £ p Ty
4 Pentasquac
O LK i
P, o Uminate L]
o P oo atl
K TAlE 1- Potassium hexd . el
~cilnhato coball d
CoiNH. .50 NO : Tet
g erito cobalt (1)
A 1 SO K2
¥ N ofN
st aluminate (11
'
L
i
m
Ll
c et () ian
Tetrathiocyanato-S-nincate (1) lor

anl: Sodium tetraacetato [ethylenediammin

Xy

- at (0
aviil. [CF{C,H o e
x. [NiNH_) J*: Tetraammine nickel (I} ion

Theories of Bonding in complex compounds:

Valence Bond Theary:

auiing in 1935, It deals with the electronic <t

d state, type of bonding, geometry

-

N assumptions of this theory are ac< f,

Ihe central metal 3tam fime 1

g Bial atom,/ion makes avaiiable a number of Empty ¢

orortals equal to b5 coordington number f; e
umber §

Or accommodating elect

the ligands

rones d

-"u:"sr-'.-'&ra:':r.j-h-ra.- | T
I Pl =15 fiybridize together to for
Umaer as the atomic ort

vacant equivalent in eney

m hybrid orbitals which are the cam
gether. These b
gefinite geometry

tals "i','."'..FI:.‘.EI

: gy and have Yorid orbitals are
r
18 ligands ha I
[ ave at least one g-orhjr

tal containing

2 lone pair of elec

hybrid arbitals of ¢
the m itom/|
ds to for o g *f

M ligand 3 metal

N overlap with the fill
2 ; 1Lh meg g
o-bond (L=M). This bond i

nate bond
5 generally known 35

The strong

ligands such a5 CN, NO

a
P he ur

A j s NH., co
pairing of electre b :;Pd electron in (n.1)g nrlhji':g a:d Organic ligands have tenden
& OF electrons, Bt the weak of the m : o4
igang Btal atom i.e. cause ba

5 Such as g
F,Cl, Br, I; H,0 etc cannot cv*

ST T

applications of VBT:

| VBT as applied to o tahedrg tomplexes

Loordination n

Accord ¥ 2 k ST
ii.

Inner orbital octahedral complexes:

h P 2 RS
eIk t 8 . eh 5 - i
o 1 I| r
iii. Back pairing of electrons due to the approach of NH, ligands:
The measurement of the n L on has shown that
( i an | ectrons are paired

p=0 i.e. this complex i 35

. 2 nd's rule of madmum

The electrons in 3d-orbitals are

preser {e

multiplicity due to the
electrons due to the strong T

-
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figuratic

valence shell elgctronic & g

oball

CofNHalal n to form six equiva ent energy |

i kuhridizabio
Now the Co __vﬂ:‘e..r._:,.ﬁ:i: hyDrgls

» lan:
3 - of Co™ lon: y— T i - —r
iv. d'sp"hybridization |T_|'_"—'_1’.J'l | I I 1]
3 s S L I l_, el e
L id e e F
free cobalt e Y 3
jon in the ; ,_|-'\|1 hvbridizatio
_1__A;1r\1.l'.'-"- of |
s v
’_I.-—I — —
L ..._.I_ - | —
L:":.J::i'.ti'l.':ul orbitals

The formation of complex takes place by the donation of electron pa 15 fro

metal (L-*M] coordinate bond
v. Formation of complex, IC'DWH;L]":

free cobalt

co™24) ——= [{i[TH 1}
id

ion in [Co(NH, ) J**

i NHyNH I

This complex Is formed b

¥ d°sp’ hybridization, th I tat |
Evidently, there 'rf on, thus the complex has octahedra geometry

are no unpaired electrons left in [Co(NH,).]** ion and the complex
f this complex, as the ir;r:er

each NH, molecule into each vacant hybrid orbitals of Co™ ion to form gand -

s following complexes :
paramagnetic: © Simikar way using var

piamagnetic: Ml

formation of [Fe(CN) ]*;
FE‘.":Z""] jon. The va Bnce &
mpresenteﬁ as shnown below

(] Ar]d s T Tili T T T
i s — T 3
iii. Back pairing of electrons:
The measurement of the magnetic moment (1) of [Fe(CN).I* ion has shown that

u=0 i.e. this complex ion has no unpaired electrons (L.e. all electrons are paired)
The electrons in 3d-orbitals are forced to pair up against Hund's rule of maximum
multiplicity due to the presence of six CN- ligands. This is called back pairing of
electrons due to the strong field ligands. Thus after pairing up against Hund's
rule, the valence shell electronic configuration of Fe** ion becomes,

e p—

y T 1 Y

Fel*(24y —= [{p[104H 1 J L) LL 1] m=0
&

ferrous ion id pd P

in [Fe(CN))* , :
Now the Fe* jon undergoes d'sp’ hybridization 1o form six equivalent energy hybrid

Orbitals,

IV, d’sp’® hybridization of Fe* lon:

-
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§ complex, [Fe[CN),]1*:

Formation 0

Py '\\
\ \.
b
| P L b
*, TR
::\
/
\\
I‘\d _‘ \.1
N
Nl
g
E 2 N _
Atahedral ge Ir |
Outer orbital octahedral complexes:
. Pexes in which CEntra R
ch central mat :
srmed by spic® ke 3 £ial atom/ion has coordination number 6 2
YE o L F “ation are called oyter orbita ; A
e5e are generall " wET orital octahedral compiexe:
B aily Tormed by SR JCianedral comg
Fr i -= WY Weak field
S8 are ales frrr [lganﬁq 5 i 5 c o
als0 formed by 1 S Such as F, CI etc. Somet
L higes 5 ¥ Strong fiejd ligand = g

S In the case when the central met2

suct E‘-iéftmn{mn e
» in [n-1)d-orbital that it is impossi®

Formation of out

sp*d® hybridization
S -
4
Formation of complex, [Cof PEEE T
& - T s F L
This complex £ 0 y > y s o oulkeer R
outer 4d-orbitals are involvec 4 clectrons in it the complex
octahedral comple ue to the Presencs =~ ive no back paiing of electron
S g these = e a7 250 KW, 35 ragh
- =i unps -_ —---'|=:'--=_-.F"“é",:-=i“
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Octahedral g

11 Formation of outer orbital octahedral complexes by strong field ligangs,
O

Let us take an example, [Ni[NH, LI

t r t as Ni**(26 -
n this complex, the central metal atom Ni(28) is present 3 .
chel f the free Ni atom and ion are respectively representa

shell electronic configuration @
shown below

ii. sp*d® hybridization in Ni**ion:
Though ammania is a strong ligand, it is not possible to create two vacant 3d-orbitals dye
to such electronic configuration of the Ni** ion. Then the two electrons are left unpaired
B outer dd-orbitals are involved in hybridization. Thus sp’d® hybridization takes place ir
! _ ; es place

] metal ion to accommodate six lone pairs of electrons donated by each ligand.
f — W TTT

—_— -

M6

-
v S S .

Ed dization

|

¥
[ el o
e e |

0" bybrid arbitals

Then the formation of complex takes

each NH, ligand into each vacant hyb
= M) coordinate bong,

Fja Ce by the donation of electron pairs from
nd orbitals of Ni* jgn to form ligand = metal (L

111, Formation of complex, [Ni{NH ) J
ilgd -

g cOMP .
| !L'l“"II B
|
[
I -
' %

W
P

i \JJ

The following mplexes can be explained n the sitilar wen e

| |field ligands since they Cau>ct

Differences between inner and outer orbital octahedral complexes

Outer omiulﬂ-cﬂﬁdrgl_w_

5.N. i Inner Orbital Octahedral Complexes

BN

These complexes are 1o by & p
1. |hybridization i.e. tv er o Foybridi

are INvoIvec

Back-pairimg of ele
2. |d-orbitals during the

complexes

A btk trOnE
These are generally formed Dy the stEFS
; .

igands sing
i gan
the emelt

= gairing of electrons and outer d-orbitals
L-ry-‘ ;n be invotved 10 ac commodate the
L= ]

donated pair of electrons

back pairing of electrans
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rcamdinaﬁan no. 4).

central metal atom/ion are ca|jay

VBT as applied to tetrahedral c0 mplexes
formed by 5P ! hydl ;
These com plexes are usually : . \
wom/flon of coordinatian num Lv'-' 4. When the central mets
jon like (n-1] & - even the s i

tal asaf result tetrane

v, 5
ridization of the

farmed by the weak

The complexes T
tetrahedral complexes
th the central metal aio
m/ion has the p.eclroﬂ-cucrﬁgl.fat
:ea vacant (n-1)d- -orbi
[MnCl )" etc

wit

ator

have no use to cred

formed. For example, [ Zn{NH "

Hllustration:

I. Formation of tetrahedral complex by weak field ligands:

Let us take an example, [MnCLJ?

In this complex, the central metal atom Mn(25] is present as Mn 1) ion
valence shell electronic configuration of the free Mn atom and ion are represented

as shown below.

5p* hybridization of Mn® ion

Th >
t-:m Ia‘-";JrE‘n' ent of the magnetic moment () of [MnCl J* ion has sh hat M
an nas nve un r e ittt
s rﬁlkuﬂﬁ:ueu ed electrons. Since Cl ion is a weak fwld ligand, no l ack pairing of
- place. 5o Mn™ ion undergoes sp? hybridization by mixine ;
e p oI Sp n,fh‘rll: i £ ¥ MIXINg one s- and

|
four lone p als. These hybrid orbitals acco 'nm.,ch te

3irs of electrons donated from each cl ligand

ot R P (TT] .-

s 3 B
P hivbnidization

i

5P hybrid ‘orbigals

Wt
ar
yat

of complex, [ Mt

pormation

e
The cof P

NN jon and Lf t tur » : ' Fbrid .

Tel:'dh"'
gince there are Nve unpaired electrons ind-orbital, th
gimilarly, the gean etry and magnetic behavior of I8 ’ . Sa

In this cc

ardination number is four. The valence shell electras ?

atom is as

LT k8 pL I et P ﬂ‘—- —
]

free MNiC e B . .

a :

Since 'CO° is strong oon as the lig 5
force the two ds-ele k pairing into the 3 bital and make a
glectrons in 3d-oroital pa orbital vaca

o.arbitals are involved in sp’ hybridization 1o form four sp’

Then one s- and three p-orotals
hybrid orbitals.

sp* hybridization of Ni": A P

MiY(2R) -

atom in the

approach of

ligands
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nd5
Jd'.. Thus, the valence she
rn

The four

Formation of complex, [NE[CGJ;]i Y B
] L i f:[‘-f-: |

NiT(ZE} et |l ad |' |

i NIC " o o el

| :etrar'Er"ra'EELJrn:'.’Er-,- because of the
1 has ed

Thus, the comphex [N (col,l ~ucture is shown as below,
hybridization of NI aterm adthge BELCEE ]
' Ir' 0 ]

| ’| |

e e 1

[Een Wil |

I / e

[l 00 )[

L J

Tetrahedral geometry of [Ni{COJ,]

Since there are no unpaired electrons in the d-orbital, the complex is diamag

Il. Formation of tetrahedral complex by strong field ligands

Let us take an example of [Zn[NH_} 13-

In this complex, the central metal atom Zn {£=30] is present as Zn**(28) ion. The
valence shell electronic configuration of the free Zn atom and ion
represented as shown below,

dre respechvely

"R WG 6 (T -
b S T [ (T -

4= ip

i sp’hybrid'i:arﬁnnafIn*'ion:

The n has comple . :
i mm”'r e Pu rltfr-;.-_fulhile.::l 3d-orbital where-a5 on outer s- and three p-orbital
four sp® hybrid [:-rlbi[ a',;’ anﬂ:ﬂrz:e P-orbitals are involved in hybridization to form
. i ! i
each ligand. odate four lone pajrs of electrons donated fro™

e NepaliExam.blogspot.com

T A P

mation of

The for P
NH, ligand into each vacant
coordinate bond

Ctran pairs from each

" ligand-~ L3M)

pormation of complex, [zn(ny B

i
ZnH — [ RS (s
T~ 4 N |
L Ty
b WHINH, NHAH
Thus, the complex NH.)
hyor aizana of Zr on
1 |l |.'
1 S
! ! .H'n'.l'_ II
) =N
I .'J/ \'-_L:\H"\Ia-lll.r
i‘.];‘\.--------\||._ I
Tetrahedral geometry of [Zn(NH | 1*

Since there are no unpaired electrons in the d-orbital, the complex is diamagnetic
Examples of some other tetrahedral complexes are
Paramagnetic:
[NiCl4]"(n=2)

|L'\1f_"|*]" (n=3) [FeCly) (n=4)

[MnBr,;]* (n=5) [FeCl] (m=3) ete.

Diamagnetic:

: 3 I.'K.11L'L'|:'Ul-'ﬂ\ elc.
[Cu(CN),] " (n=0)

I.j".nIT\'H;u',: (r=0)

ination no. 4).
V. VBT as applied to square planar complexes (coordination )

metal atom/fion are called

. tion of the central
ks strong field ligands such

e .hu
The complexes formed by dsp” nplies ke formed by

square planar complexes. These ¢
as CN', NH, etc.



L ¥ ’
2 3
nobe, [NICN
Tte X N .
- \ 2 K
v "h "‘
] *"_‘ i
= - T
i
¢ ITATH
on due to the approach of CN ligan

Back pairing of electrons in N

¥ v - 4
N -
- b JIEN LN
@30 hybridization N 0
- L) ’l nt
Y .
"
X fake
i Wt §
y 1 ¥ U onahc f ale
1 gAng =y " -
g 2 3. .

& | Y
ol
Y a
" %
h "
[
xan
Wi
MNote: 5
g
N N
Differences between tetrahedral and sguare plana omplexes
Tetrahedral complexes Squaie planar complexes
4 b
Bjin general, these compleres arel. [Ingeneral, theseco iplexes are formed
d ligand ™ | by strong field ligands

fﬂl’l‘-“-r'f! oYy weak nend lgd

. | [ror example, INKCNLF
or mple 1 l ol . iy 3
; Sxampie bk . T InGNHAD OG-

ELRa(NH,) 1 etc :

Umitations of Valence Bond Theory L !
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ifferent geometry

[}
suffered from following fimitatian= rabilities fof d 'Nd digy,
relative 5t8 le it cannot explain sapies. | "
1. VBT cannat account for "wn:umpiﬂt“' pot Itm”m‘jll‘.l amplexes whil et
" o] ral ci L >3 While p, ¥
coordination number i n;: wctahedral and tetrahe |
both €
as to why Co™ forms
farms tetrahedral complexes d octahedral complexes evan
-

I nly distorte
2.t cannot explain why €U’ farms only
the six ligands are identical
the finer details of magne
! to the magnetic m
s having same [

tic properties including the Magns
2y,
oments. For e.g., the ll':l.;ln..-.:rﬂ e

wmber of unpaired electrn

ang
NS by

3, VBT fails to explain
of the orbital contribution

outer orbital octahedral complexe

ifferent magnetic moments. . :
diffe B having 3 unpaired glectrons have magnetic moments o
e fomﬂfEx;S eton(BM) while the outer orbital octahedra :':"'?'Ip‘-;l('
-4.8 Bohr Magn : : - OMpleaya,
.l:ﬁ?:\g‘ﬁ::sime 3 unpaired electrons have magnetic moments from 4.7- 5 3 g,
: .
4. VBT cannot interpret the spectra ar colour formation of the complexes,

5. VBT cannot exp

field,
it also cannot explain the rates of the reaction and temperature dependen

lain the relative nature of the ligands such as strong field ang yg,,

6.
paramagnetism of the complexes.

it does not give quantitative interpretation of the thermodynamic or kinetic stabilitia
of the complexes. :
8. The prediction of the magnetic behavior of the complex is not always right. for
example, square planar complexes of Ni** (d® system) are diamagnetic and tetra hedral
complexes of Ni** are paramagnetic. But X-ray study shows that Ni** (CN = 4) complex

has shown both paramagnetic and dia magnetic forms.

l:rys;:l Field Theory (CFT): This theo ry determines the effect of different elect rostatic field
caused by the different geometries of the complexes and different basic strength of ligands

as UPE ene| s €s of the d'n‘ b“a"s ﬂi t“e centr 0 ¥ ] C
t Eli ata n. T et a d t expia ation s
t 4] h -] an 5

Application of complex compound

The discovery of complex com
a great change in the limiteg
various fields, Some of theim

1. In qualitative analysis;

mic::l;nr:s 1‘?nd the techniques of their formation brought
i pt o Iche_mlstrv and these are found of great use in
ant applications are mentioned as below

The co ; ;
mPlex fﬂrmahon tech nigues ha'U'E' pm'\-’ed to be Elf gﬂUd

i acid (EDTA) and complex complexing agent,
(EBT). forming

In

The

5

is fou

il
spl &,
r.)(_ll' F

metallurgy

s met JE SV

Dﬂeﬂinl‘: of hard water: ¢

r 4 I’ 7

S T ¥ i nagneckin lona

-,-..'lTh the 2ec 0 PR 5,
E|EctrDP|ﬂ'ﬂ“Hi The compla ;

they are stable

3

-
[

8

9,

to oxidation, redycs - roplating bac

They give a controlled o =
uniform and quality electroplating
Na[p‘HlE N).] and MNalaulCN) ) dTe ganars

2 il
respectively.
In catalysis: so
smpnthﬁ':.'\ For eg. Co.(CO)
alcohol.
In d?EinE: Since they have character stc colour, they are very

oplating of Ag and Au
me comple
= 25 C3talyst especially

n orfganic
o

the ootidation olefin

commonly used in
dyeing industries.

In the field of medicine: Many complexes are faund of great use in the medicinal

pe

treatment. For example, cis-[Pt{NH,).Cl |is 1treatment of cancer, chemotherapy

Matural uses: Many important naturally occurring compounds are complex
compounds. For e.g., haemoglobin is a complex of Fe* ion with porphyrin, Vitamin
B.isa complex of cobalt ion and chlorophyll is a complex of Mg™ with porphyrin
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pra

brief with suitable examg,...
7 Describe In .
ox 53t

compl
I. What are double and comp ? State the post
pounds? 5ta '66.67]
tion com [10E-"65,'66,'67

jes of the metal fon in complex ¢qq,

ulates of Werner's tha.

2.  What are co-ordind
ordination compaunds

3. What are principal and af:_El
ilustrate them in [Co{NH L,

What are inner and outer orbital

liary walenc

complexes? Explain why solution of (o !
er nitrate solution but [Co(NH,),Cl | does ¥

4 i

s ; isa precipitate with silv Rk,

Cl, gives white precip ¢ cacl G, Cocl, SNH, CoCl,.4NH, .anu CoCl_.3NH thag

3 E;mau};'?: m?:::::rr #3 2 1and0chloride ions are precipitated With Agey g
basis o TTer freind (TaT
their aqueous solutions. l1oe. 7
rpretation of complexes. “UE"E?‘

6. Show your familiarity with electronic inte
- b n naf ~ o
Seate the postulates of Valence Bond Theory for the formation o CO-Ortinge
f i** ion are outer orbit =
compounds. Explain why ectahedral complexes of N bital comp

How the valence bond theory does explain the formation of tetraheq,,

-

¥
complexes?
9. On the basis of VBT, explain the structure and hybridization involved in [Ni{CN) Posod

[Ni{CI), ¥ ioms. [10E-'6¢)
10. Explain why octahedral complexes of Ni2+ ion are outer orbital complex, [IDE-'ﬁﬁ]
11. Explain the formation of [FeF ]* and {FefCHjsj‘ using valence bond approach,
I2. [Fef,J* and [Fe{CN).]*, both are octahedral complexes, What is the diffe rence between
two? Explain on the basis of VBT, [I0E-"66]

I3, Describe the structure nffCurdel}FJ" on the basis of Werner's Postulates and calculate
the EAN of the central metal ion of the compound,

14. How can valence bang theory explains the geometry of [Ni(NH, ). ]** and [Ni(co),)°
I5. Explain the fallowing:
I, [FeiCN}J‘ lon is diamagnetic byt IFe{CN}ﬁ]’ lon is paramagnetic.
i, in[CIU" fon is tetrahedral and Paramagnetic,
lii. The formation of inner orbital complexes of Njz+ (CN=6) is not possible.
[10E-'68)
fv. [Cof LI ton is Paramagnetic byt | Cofl'\.lHJJ" ion is diamagnetic
_ v. [Ni(co) o s tetrahedral ang diamagnetic -
Write IUPAC name of the following |
Il [Fe(H, ) Jso,
i [PH{NH,),CLJci,
v. [CrfH, a).djc l -
4 vil. - [Co(NH,),50,INO,

1.

. K fFe(cN),
V. [Crlen) JBr,

vi, K[AIF )

on in the

: - ' g Calculate
Mplenss slen n .
- <150 predict the stability and
te the fere
s
Describe the ficen  Omplex san
following comoniird. " CINAtOn compounds. f
o Haunge PG e The formiis 'jff.l"e
Tetra-aq chiorochramg
- T, l-.:- :‘F
Potassium t :

Potassium tet
Dibromotetra

Potassium he

Tetrabro
Tetraam minedichlorocabalt i)
Hexacyanoferrate {111} ion

Sodium trioxalate aluminate (1))

Nickel naving co-ordination numoer 4 in the follow Ng tomplewes show different

geometries and magnetic properties Explain

What is hybridization? How the shape of octahedral molecules better does

explained on the basis of hybridization

Cr™* (CN=6) always form inner orbital complexes. Give reason.
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Chapter

Environmental Chemistry
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. S&condary air pollutant is grou”

:n-.,-lrnJrliT‘-'-‘"'

mena t

phen® T - tcan ¢ - al and biochemical
,Eaa].]ﬂh I : | fas. PR ol i the study of the sources
adiranri=s ity om s e N the air, soil, and water

s an ' ; . Y
QR ey TR analyt Doty st y, a5
EEparcas oF SLUChce : E o and
Enwironr ta L i P .
snvironment works, whict e _ now the uncontaminated
with what effects. Without this it would be impecchia v P e natursity, and
RUMans nave on t JIranmeant thre 1k the _' e Curately study the ?“-?:"'_
environmental chemistry is an Szt ' =
the environmential problems are manmad _- ] = y
:l.-{“_pagg-a. Therefore. it Decomes .'..,_.\_..... e _- k] p B
that any engineering processes developed are whether g d-,.-F: up
PR y OF not

Environmental pollution:
The modification of the environment by the addition of any ¢
causes various harmtul effects into the life processes is called eny oo
Environmental pollution is broadly classified as

2 NMater pollutic

3 - o

l. Air Pollution

_ mhla e P i
The addition of any undesirable substances in unGesFaDIc concentration into the
harmful effects to the living Deings 5 known as air

3

atmosphere that may cause various

pollution. These undesirable substances are known as air pollutants

Air pollutants can be classified as gither primary or SEEC”C..E-':'. anaw. pﬁl-lu'larnlsﬁar::

aNy substances directly em #ted from a process, such &'S.HBE-_"- -Frcrr:j ‘z:f:;aieinﬁz(p

the carbon monoxide gas from @ motor vehicle e:'*.j._usr.:r :-,-lj:e: ::é? ;TEI. gaan n

factories. Secondary pollutants are not emitted l.,-z'ﬁ..v‘_ -: g5 el iz
teract. An imporiant examp

i ollutants react or in
the atmosphere when primary Z level ozone — one of the many secondary poflutants

Other secondary pollutants are percury acetyl nitrate

e up ;:homcnemical sMOg
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slmosphere g 5 adverse effects «
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Qreen house efMeci
il
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4
e

a5 1 the

atmasphe
Aing the Fadis

Fé plaws 5 he g UL
almaosphere Ly ty Plays a Major role for he ating up

mm”wm : ng from the Sun. This temperature
&n h ct, This | ; i
Ereening gf Earth i ﬂewssary Bt the valution

it the desir igher
toncamntration in 14565 the hl"dh‘ﬂg #ﬂﬂ([ in und!‘ir‘:!:fe :Ktﬁnl. But its ms
the thick €6 extent,

imMang Lo
OUSE Gffe

IR TE d5ing effect is

af life ano the

layer functipns like the

i, Sulfur oxides (50 ) PR ain Su PR T :
Drgr_fl.:_-‘;.-_ Sin 3l and petroleu = K g the presance OF 4 CHMlaYs

d=dimm A & !
ol i

SE”:"’T"' "' e A juses acid rain (a global & fuels 35 DOWET SOUTTES
$uch as NO , forms 50, This ca f these tuels as powe

1 nt=1 impact of the use = iy
LONcerns gver the environmenta
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<im f o ~ the strazosphenic level of atmosphere
DIE HKETY -. Thuis sied amotochoemstny of ozone R s
s which 3

5 ~ne i formed by the achion of uliranoiet gt on
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Dsery
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ad g dv ral
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“Ent
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U¥ Supersonic jets

IS res i
Ponsible fgr depletion of ozone
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rl|.;‘|lu

Hum

&

(Y[eRLY

cl (B} *

NO (8]

1 |
g ”| nione AVEr ':"'I-r"'.-_r
1

yrior

an s

It Caust

etc. A ¢ 2 k
in sk y o )
w It caus
mutan NG th M, DUCation and may rec
] 3y result unidesirabile
» J\I-:'“I from the direct af
conditions, plants expased ¢ i direct effects. Under greenhouse effect
chlorophy antent g VER -0 reduction in growth of
» Enhanced uv-radiation alsg jmg
particulate matters (PM)
particulates alternatively referred to as pa IR el
or liquid suspended in a gas. In contra £x “Uer \FM) are tny particles of solfid
spme particulates occur naturally. originat O T
grassland fir A OBl 3 storms, Torest and
& -G b ATl 58 pray. Huma e R T R Sy ar
. ity JLh as the Durmmn,
of fossil fuels in vehicles, power plants and various indust 2 -
3 fet } Walious industrial processes also generate
signific: ts of aerosols. Increased levels of fine particles in the air 3 Ei e
A A W W e Pd LIES tne air ang ¥ed t
health h g gk
= Neart disease, altered lung function and lung cancer. Different
types of part 35 Are
» Dust- Its 5 a3 i8S, quarries anings, ceramic factory,
dErCcult 3 Or fires, n d 05, engine exr
Effects: allergic and respiratory diseases 2I50 C3 CrOSIon

srattad fram the burning

coal in thermal power plant

an 10um. The major sources

Effect: It is carcinogenic. [t causes dull appearance of buildings and spoiling of the

clothes. It also causes the

value

. d fog in suspended droplet form. i.e. Smoke + ng

Smog: It is a mixture of smoke o
SI‘HGE

Classic smog results from large amoul ™ == = not usually come from coal

mixture of smoke and sulfur dioxide. Modern Smog 00es NoL U ., m T ; n.
- T " on in L} e

but from vehicular and industrial emissions that are acted on in the atmosphere Dy

i etc) that also combine with the
sunlight to form secondary ? N e

burning in an area caused Dy a

o3l o

ollutants (PAN, PB
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a p— i
clpan gis oL

cobumn packed with

pwlchurm pydroaide

—
liquid out

dirty &ir in
Fig: Wel Scrubber

serubbers offer a numb
well as particulate pollut
adsorbents are used

ants, it also serves for cooling the machines as the |i,
liguig

vi. By using gravity settlers: Typical gravity settlers are used to collect fairly coarse P
and may be used as pre-filters. in particular, the gravity settler works only for g g
large particles of size more than 50 um. A simple schematic representation of gra, rl?
settler is shown below: Eravity

N oulkel
R ‘-‘. : [ = "lgas free from heawer
| . @ i - paticles)
| e |
| Pl
| AL A |
ll-:l 4 4 .'\_
{ ¥
H = +
Fig: Gravity settler

d and migrate to a collection
the collection plates at periodic
W P'E:;:”Ets type hammers). Heavy

the removed particles for

intervals by fapping or hitting
particles fall to the base of
disposal,

the plates

the ESP wh With rappers

er of advantages, they can be used to remove g J5e0us
Baseous g,

¥
partic
b
=
R
TablE: Effective methods for !IdS,l‘ﬁD'.iﬂ separation
Equipments .Mﬂthanismnl PRI [ fun'hega ;*;__ lm‘
Settling chambers Grevity sebiers __i})—--——_'..
Ly CID 1gal settling 1 .
Scrubber Inertia A

rtrostatic migration 0,001

| Electrostatic precipitators
Jlled either by removing the sulphur after combustion of
moved by passing the gases through
or limestone powder

viii. SO_ pollution can be contrt

by pre-combustion. 50, and acid fumes can be

a bed of alkalized ammenia or activated carbo

CaS0,+HO

(NH,),S0, +H,0

CalOH), + 50, *
2MH OH + 50 >
te are the solid products and these can be

il
Calcium sulphite and ammonium sulphl

removed frequently.
maore prevalent dug 10 unplanned

pe more effective o avoid awr
the industrial units and

i ¢ an | me
ix. Zoning: Effects of air pollution e

industrialization. Specifying i"'d_”smal - cane between
pollution. There should be a suitable buffer 200 y

residential units to facilitate the dilution of air poflutants

can be reduced by Claus
. itad from any SOUCEs
L. H.Sand 50, emitt
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fol!n}wmg stages.

+ 250, (8}
2H.5 (g) + 30, (g) S 2H_,Df.h’.l' 250, 8

At high temperature,

2H.S (g) +50, (8) — 3H_,OIrJ+JStIJ

& removed by passing the gases through o

f L+ PP
ter current of water applied from tha to Wer

xi. Acids and chemical fumes can b

inst it @ coun
filled with coke and against it @ < having commercial value can be simult

B It i

more useful that volatile product ANeqyg),
recoverad by this process. }
xil. To be sensitive of health effect, particulate inhalation may be prevented p,, the g,
of mask :
Water pollution
Normally, natural water is never pure in a ch emical sense. It contains impurities of Varioys

kinds such as dissolved or suspended. The dissolved impurities include gases ang dissg
minerals and suspended matters may be clay, silt, sand or even microbes. Genegry
presence of these in an undesirable concentration affects the human health
considered as water pollution. This makes the water unfit for the living org
quality of water s generally expressed in the following terms.

Dissolved oxygen (DQJ: It refers the amount of free oxygen dissolved into the unit ,

of water. Water containing dissolved oxygen is essential for the a : :
cannat survive in the water containing dissolved oxygen below 5p
ological oxygen demand (BOD);
"ecomposition of organic substan
(microbial process)

|'.u_?.:]
¥, the
danag tl"lIS i5
anisms, Tha

: olume
quatic life. Faor e.g,, fish

pm.

Itrefersthe amount of oxygen required for the complet
t lete

Cespresent ina unit volume of water b +
Y micro-organi
- More the value of BOD of water, more it is polluted. agh

Measurement of 80p:

= Aknown volume of wa
is determined.

Oi?:@.‘;&f Oxygen deman
ization of all the oxidizing | d

l : ) nt of

COD includes BOD as wej| e S iy e

‘ _ unit
COD g always Ereater than ECI'DmFumE

Y&en required for the

of ;
Measurement of co D: Water sample. Since

= Aknown volume of wat
; €r sample | ixed
H,50, in the presence b L with
of akn
48,50, (catalysg), oW excess of Nk cr 0, and dil
fﬂneandh;]f.n ! sy

-

Leave the mixture fo

ount of unr § ey
ar B ¥

he
T The cuyper

F pluti!

1[111-' B teyg 11 the measure of COD

radU':“"n'

modification in the physica; o
& ol"lﬂf'“-"'r"-' EN SUDStances thas " and- bi OREl propertise of s o %
ddln i At would . i aihos » of watler due the
ed water pollution. Water pojim. “AUse harmbul effect 1o the

o call o 0 the living organisms
{ EROTIRd intn buum »
latec I twWo

5

[terre asses thaugh these are

| surface water pollution
¥ GFOUI"'-U water pollution

d water pollution: Pollution of wase.
o stes from sentic tar WG the ground due 1o mixing of
gramage, wasies ir sephic tank etc is known as afouing

d water paliution

ources under

water pollution: Pollution of water reere k

surface s 1;'-'5 e o JI OF water resources at the surface such as stream, river.
A Ll ¥ T i

<ed, ocean etc W a5 surtace water poll stion, Sources of surface water pollution are

genefanv grouped Into two categories based on their origin.

point source pollution

Point source (PS) pollution refers to contaminants that enter into a water source through a
discrete way, such as a pipe or ditch. Examples of sources in this category include discharges
from a sewage treatment plant of industries, drainage from houses, hospitals etc.

Non-point source pollution

Mon-point source (NPS) pollution refers to diffuse contamination that does not griginate
from a single discrete source. NP5 poliution is often accumulative effect of small amounts
of contaminants gathered from a large area. For 8.2 Water washed off from lands

{agricultural run off, surface run off)
i r pollutants are:
In a glance, the chief sources of water poliu _
|. Sewage and other waste: Sewage is the water borne waste derwa{:i:tr:::::::s:&
- i 5 It includes human excreta, soap, te.
nimal or food processing piants e
ic::uﬁnulaﬂan CI]E sewage and other waste in 1'n.e water SOUTCEs rii:lija?:?;urm
£ en level of water and stimulates for algal growth. Und:swa s e
gm:::ﬁs such as cholera, dysentery, typhoid etc are common when peop

from such source.

2. Industrial effluents: A wid :
in the effluents from brewere
greases, plastics, metallic waste

rganic pollutants is preselnt
ran The pollutants include oils,
ape _ ;
542 1::-,.,Jga,;.e:-n:hzd solids, phenal,_ ac;us.as:\::sé:;::m_
gy t is very alarming Tor i
i i f industrial effluen .
el O als derived from oll are used for fuel, lubrication,

: Oil and chemic oleum products get
3. Petroleum oils: Ol .and d many other purposes. These Pﬂfm ook, s
plastics manufacturing, 2 ils from ships, tan , pipelines,

into water mainly by means

' f icandino
riety of both organic an
il d pulp mills etc.

of accidental sp!



ful substances, suc

1. Agricultural discharges: The

fertilizers, insecticides and |

substances or tox

water and reach in

not degrade or degrs
5. Surface run off: It refers to the
pesticrgdes, insect
water sources.
Effects:

I ato rivers and [akes Causes variol V3
#  Disposal of sewage into rivers anc i
such as dysentery, cholera, typhoid, worms infectic
2LELTT & U0 ey »
Water resources mixed with agricultural run off are rich in
~ 11— WL | =
etc. nitrates interfere with oxygen carry
causing suffocation and injuring to res

g capacity of hae

piratory and vascular

#  Excess nitrates and phosphates in water system 3
growth of plants in water due to the rich supply of nu

depletion of oxygen in water. This leads to endanger the

Control measures of water pollution:

I. Stabilization of the ecosystem: Thi
pollution. The basic principles invgly
biomass, aeration and any methods

5 is the most scientific

way it
ed are the reduction in

waste input
Ystem,

Waste water treatment: The techniques applied in industri

te wa: al waste-water ¢
are classified ac primary, secon dary

method ; ) stabilized
the aeration and oxigs, O0 or activateg sludge process. This
amg; uFSUSQEﬂded Organic matters py adding
Uces the oxidatign of su:;:;;:imamm,g Micro-organisms ). The so
&S place in the EEdimEntary t':a“gimc Materials and the settling
; ; reqimeny Involyes wide N n
:app{oprrate settling or separatin. Be of
Precipitation, adscrrpn'on, fh\‘-‘mica} Widatig f
alion i

VEs treatmeng of o ;

( i nt erm
g heting "“'“Poun;imnda” treatment with calcium

Tertiary

Physical ang cper
em
the me. Ical methods for

ods Employed are filtration,
Frecipitation inval h Nge etc,

oxide, which reac

L .l m :.__!. _..:
to balance the ECosy

reatment
and tertiary,
Pn,mw_%. treatment involves the removal of settlement material. It remoyes the grea
cpr:ggman ;I‘ the susne_nded fngrgan:‘n: 4nd organic solids from the liquid sew *ln-
.: Eemm:?u: .::wmg sedimentation tanks are employed for this Process. Sometime ;
reatment is used g increase th i N
€ settli e ;
employed arg alum, ferrousquphare atc gl ™ pog.
Secondian Ireay i
i ment is often called biglggai
Engntre i biologica| treatment, |t involves the yse gof
MICro-organismyg to break down g i lze
wasre;._ For eg, Suspended Erowth o
methogd nvalvas

whit

Ht'“t”..-.pr‘.'.' AN ree v

N8 of g

1|'\.| rr

gas @

in drinking

i appropriate selection of
yriate laws and ol o

ApProf ExBeit

il wect
hon
il pgllu
5ol
ddinior
The = 1 ’ | i
reducing i ; | ; ”
glters 1ts qu
Domi h |
I ‘ . AN A
garbage
5 The wast
1 Chemica
4 Radioactive wastes d Gé !
s Typical normal to complex wasts : wodndts v

Effects:
4 S0ll poliuts " the agriculture that it drastically reduces the crops
vield
tur (L stances ennched soil g
The use of agricultura arow ve substances
- 1ne u 4
harmful for aur has
very miul "or ou
Dage at the p s gbstruction in daily life. There
- The piled up garbage at the 1h4

o vore chancae of cnen
are also more anc C

Control measures of soil pollution

1.

o P

oo

ated wastes from various sources are buried
i where the untreated wast :
B e s h " be done by ensuring following factors
"B h. This shoulg be ool oy e _
vered with eart : g A0
= by any means such as atmospheric dilution, [
g 3 T wastes DY « 1] ¢ .
» No dispersion of wastes by ipveegbes o L
big bodies of water or spreading Unroug detritus
I : - ganic aetritu
minerals and Qrgamc
i adionuclides on s01 MINET:
; i or 3dIONUCHOE
#  Fixation of r:

Y ble to affect man
lides, dispersed of fixed, before they are a
dionuclides, disp
» Decay of radionuc

\ b imme
Chemicals which have a relatively high |
ally.

not be used norma =
ewage waste should be prop
e for preparation of e
d metallic materials shou o

to be done in order for preventing
n has to

diate as well as persistent toxicity must
|

rly treated befare disposal on land.

Industrial and s manures and biogas.

hly encouraged
Composting of organic wast . et
Recycling and reusing of plastic an

e
? laws and their executio

effects of sail pollution
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Practice Questions

- mental chemistry is the important aspect of o, gine
. Discuss the fact that ‘environment:

science.” : : .
Wirite short note an: 3. BOD b. 0D . Global warming d. Act =
rite short no ;

i ; i ; ] ineering effors.
3., Explain the methods of controlling air pollution regarding engineering effor c
g I 2 v X .
4. a What s meant by global warming? Give its causes and consequences
. a What is m
= ¥
b. What is the photochemistry behind ozone layer depletion? [IOE-'68]

5. & What are chiorofluorocarbons? Give their photolytic reactions in the
atmosphere,

b Why oxides of sulphur and nitrogen are assumed as air pollutants?

“UE-‘E}}
6. What are freons? Describe their role in the depletion of ozone layer w th the
photochemical reactions

List out the four major pollutants of air, their adverse effects on hum

an hea|th
also write their possible remedies

dnid

|'“:?E~'63}
Describe the causes of water pollution and their control.

Describe the cavses of soil pollution and their control,
10. What are PAN and PBN? Mention their global effact?

11. Point aut four major polluta

nts of water, their adverse effe,
also mention thair possible r

€t on human heajth
; . an
emedies, iy

[2+1+2] [10E-/67)

;'_i,';;Jr_J.-

Chapter

Explosives
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duction

intr®

alasiv
yn EXpIC

panical 51

;'-?3"?[7.‘: volurr . ; : : . & of th tmial oF e
fhe first rea explosion, the
con. The com e itze

ry the emis

The explosive r
sture and ther e is e HOTE the Drudiess =

sy b r + he et

space, an extre BN Pressure is develpaad wr. T OIng. i this oecurs
causes explosior PG, which shatters the confie

Characteristics of explosives:

An explosiv

fects : HOET 1o produce ¢ e desirad of
T":_'- rate 3
ENErgy within the limited time to e 3 nat tremendous amount of
| The POWET 10 weight (ar ualiirme o
.. ltshould be cheap ind stable at normal condikian hRE “‘
SRR LR L DE Stored or transported

safely.

® IEmust have at least one chemical band that ran
molecules contain N-N tha
ENCe,

It should Nave positive oxy /gen balance

Oxygen balance:

The
&p 9%Ygen atoms in a molecule that are utilized to oxidize C to €O and ¥ .0 molecule. it is
re
55ed in the percentage of oxygen by weight. E.g

3 y
20 +2 HO+(z-x-2)0
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23 of the enploson e

T T Ty S
: ity of Detonation Wr g S e Aclecular formula- Pb N
Velocity of (VOD}: It is the velocity with which the given explosive detonatss Rn

Mole 5 ture- N =N"=h-rD-iv=h =N

Expi .IfS!FlI‘HI: 1 15 INe quantity of the meacure of the X Ph 3l State: white pOwoe
f INE measure of the energy liberated per unit ma
1 e explosive. it is calculated by dividing the total ame -

dividing the total amount of energy released durng
explosion by the tots] 2 A to gy =3
G Oy = Lotal amount of explosive underge kg

EOINE Explosior Preparation: It is prepared 5y

Brisance: It is the measure of 1 :
. = . SSUTE ( fe choae 153
A ot the ,l"a‘."J:-‘rl"',g power (i e. E'HE‘CT.','F- nower to break the

ng wall) of explosive. )
OV Expiasive. More the brisance of an explosive more it is destructive
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. + INaNDy
PNzl + & {
5 L L —— H o ’ H “SIDOok of ¢ g
PB(NOY ), +2NaN; oadaide o :jL-:,[ Hy A ) ; r Engineering Chemistry - 181
k o ¥y, G -
—E{”) - - A
MO = N

. i rost, e
sex0s for military uses because REIIstow cost, excellent MNitiay, it
I ismwpﬂpufﬂfl : e, However it cannot initiate explosian : ] -

action and stability in sm'fiﬁes- i |'~".-; yse: Itis more SENsitiye Explne

; dary explosives. 1 5 sensitive high gl -V 30 it hae 1.

sensitive secon ed with it are made les > SXDlosiveg | * 135 high brigren +
5 |t reacts with brass and hence the caps bed de up of gy, tis comme ince that can detonate even the
~

."':-3-!'['
used in Blasting capes,

Sk d. Lead styphnate:

during the explosion.

It decomposes as follows s s . 2

3 '2.«.5.
Molecular Structure:

+3 " + ENETRY 3
PNy — w- Fb+IN; in '—-’3-"?3-3.-.;-;!;13_.

b. Maercury Fulminate | hli\___.-"-ﬁ\
. | WO
The chemical name is mercury cyanate; Hg(CNO),. = I-'""f B i
’ . t I
Molecular structure: 0-N'BC-Hg-CBN"-0 | \*\‘\,/’\
4 o %
Physical state: Grey crystalline solid | @ g .
H : : KO
Use: Mercury fulminate is more sensitive than lead azide and it may be ugay as - 1
detonator of other higher explosives. It has the detonation rate of 5_‘1|<n-.;'5,5,c at Lead-2 4 B-trinitroresgr Iute
4.2g/em’. Since mercury is more toxic, it is used in lesser extent,
¢.  Diazodinitrophenol (DDNP): Itis a solid detonator that i

BMites and initiates the explosion of high explosives.

However, it is found |pse sensitive than mercury fulminate and lead azide.

The chemical name is 6-diazo-2,4-dinitrophenol.
Molecular structure:

’\ 2. Secondary explosives: These explosives are generally less sensitive but have high en-
Wm0 ergy content. These are sensitized for explosion by primary explosives or detonators.
25 L - Furthermore, depending mainly on the velocity of detonation (VOD) and explosive
¥ i \_ strength, secondary explosives are categorized into two groups.
MO - i Low EHﬁlDSi‘.‘ES
A l\}‘n ii. High explosives
M nitrophenol
Physical state: Yellowish brown powder i. Low explosives:
; > e it i than primary
Preparation: : : Th losives are less sensitive to heat, friction or any impact
; Pa It is prepared by reacting E-aminE-Z A-dini : : ik Iexp : high explosives. These simply burn and
acid fprpparm b}, m’-xl-ng sodium nit e & : . m"pohenQ] with nitrous EHD'GSW‘EE but are more sensitive than hig 'E p ; ; 5 s
i e n dilute hydrochioric acid) at low tem- do not explode suddenly. The chemical reactions taking place in such explosives

are comparatively slower and burning proceeds from the surface to inward lay-

ers. Therefore they can be controlled easily at the time of explosion. Some

NaNO, entioned as below;

+ HCl : : |
oo o mon examples of low explosives are m WAt
i der made by mixing 75% KNO,, :
a. un powder: It is a black pow ing % rian i
‘:U% :ulph ur. It contains sufficient oxygen to oxidize the other sl
is ignited. The burning proceeds with the following decomposi ction
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K, 50, + 2 C0s 7 6CO T 2T
- 3K

10KNQ, + 35 +8C —

I luchion proces:
ake part In slower requciion process, LLETTN

The excess of carbon and sulphur t

to the evolution of more gases o
K.50, + IKz5; 1 4C0; 7
75 el 3L

ARC00 +

¢ IK.5, * 4;'1}.. "
dKp S0, + 70— o

2K,00,

Thus, the so0 produced [ange volume of gases account for the explasion
us, ;

Uses: .
it is an excellent and cheap explosive for

ommonly used as igniters and primer assem

asting down of coal mine
e
blies for propellant-
- ItisC H
tice bombs etc.
b. Nitrocellulose (Smokeless powder):
it is called smokeless powder because It burns by producing CO_, CO
vapour and almost no smoke (solid particles spreaded in gas). This is alsg & ety
as Gun cotton. Cellulose is the insoluble polymer form of glucose and | i

sented as, 8
-f(",,Hi..o,-]'T]

» Watar

cellulose

Preparation: It is prepared by treating cellulose with conc. HNO, and conc. H.50

OO ir\'['l-l
* eonc.H, 50,
———— CH;0,(NO,),

CH,0,(0H).

a unit of cel - ]
of cellulose a unit of cellulose nitrate

The product nitrocellulose Is dissolved in ether a

le?aparated, a jelly solid is left behind. Then addin
it is pressed into cylindrical rods, :

nd alcohol. When the solvent is
diiphenyl ammine as 2 stabilizer,

Prac.

Uses : B g
L i % A
¥ It i
> .t o

prop

& and rocket

ii. High explosives

These are t

ble and less gpr tof,

nated by the mges : I ._

four group s : .
a. Single compoyng explosives. |

s AMmine) o 'r' (PET™MI b Jcid .- Ilfl'rr.'_,l-_ erine

Lorrimeth-

Trinitrotoluene [TNT:.

Areparation: |t is prepared

conc. H S';.:'; N 1:1 ratio. The conee I5ing conc. HNO. and
reaction is carried out in different tammeree. - LY N the reactor and the
sl olicrws
{
= — o R
0 5
{ B
M by N com S
"y
i

The liquid TNT product is washed with ammoniacal solution of sodium sulphite
(Na_.S0.) and then with cold water. The pure TNT is crystallized out. This is then
filtered and further purified by melting. The melt is dried and pour into contain-
ers.

It decomposes as follows during the explosion.

TNT = 3.5C0 + 3.5 + 2.5H,0 + 15N, + 190kea!
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Uses: under water explosions

LR d
> It is widely used in shell-firing an

losives.
i f binary exp
or gradient @ i h
m , as t s safe explosive In 3Nt POrtation
¥ It has military use -
storage. Itin Aon-hygroscopic. 2
= tl
; actiles are filled wi
Sl ekl i i X, ammaonium nit
fted TNT also serves as the liquid carrier for RDX, i .
»  Moeltes

to form castable slurries.

F It is the maj

tpam-melted TNT.

Fate qp

_ Minitroglycerine (TNG) or Nitroglycerine R S esroiwinitrata (GT).
g .
Nitroglycerine s an oily liquid, which is easily detonated by pressure, shy

Tk g
spontaneously above 50°C. The explosion is so sudden that nitroglycerine b
shatter the breech of ri

fle. before the bullet had time to move.
i led mixture of .
Preparation: It is prepared by adding gll-,rcerol to i::o.;rr:n Tt, i : conc. g
' (60%) and conc. HNO, [40%) at 10°C with constant stirring. The reactign 3l

as follows.
e CH;— ONO,
Conc. H.50, ! |
CH—OH  +Conc. HNO, ————i—& CH— ONO,
] 10°C |
CHy—OH CH;—ONO:
Glycerol Glyceroltrinitrate

The mixture product is run into a container and allows standing. Nitroglycerine

Form.s upper layer and it is separated out by the method of separating funnel
This is then washed with water and with dilute solu -

: tion of sodium bonate
{2%) in order to remove traces of acids. e

it decomposes as follows during the explosion.

4C, ij.‘\'()}i.,
1 volume

10H;04 + 6N,#+ 12C04 + 04
10,000 volumes at temperature of explosion

-

-

It has high i
sy g s:auenﬂs effect and is yseqd in firing bullet
$0 used as plasticizer for i {
propellants, for nitrocelluiose in double and multiple base
-

It pulverizes the rock instead '

¥
D R B L ol -

Binary explosivey_ . 3

pigs,
£ Chem y - 185
4
er explosives, Exam
Amatol:
ar
Pentolite 3 NC
Tetrytol: 3 b .
.
te #3 "
Tropex: 4 " N
% R
UX + 40 5 £
T + 30 L
Binary explos VES are dae
Seigned

cost

Dlosive strenath in

! possible low
Plastic explosives: Thege
state that can be mayd =

risk 3 K.

dré the ¢

2%, Which are in plastic

Apes withour afy sarious
Preparation: In geners| olaeti-

sive with wax or g

Lt € and more plastic,
~ It has wide engine
€ ENBINEEring apolicatinae - o
that can be easily m oy oS 3 they are available in flexible sheets
.. Ll D 211 Ouiged nto any chan el e - : LT
of explosion f ¥N1ape and produce the desired effect

#  Also, these can be cut into sma
the explosion,

3iNall shapes and s

peCial caps are used to start

Dynamites: These are the mast

s Er kigh Loe 3
: =1 poweriul high explosives made by absorption
of nitroglycerine into

! the inert absorbent such as saw-dust, wood pulp ete. This
was discovered by Alfred Bernhardt Nobel and made the safe

: : use of nitroglycer-
ine in practice.

The amount of absorbent that is added to the dynamite varies with its relative

strength.

i. Straight dynamites: These contain 15-60% nitroglycerine absorbed in
wood meal with sodium nitrate. Sodium nitrate is used as an oxidizing agent
and increases the oxygen balance. These are mainky used for h|55ﬁns hard
rocks, coal mine etc.

ii. Blasting gelatin dynamites: In these dynamites, NG has been partly gelati-
nized by nitro-cotton. The usual approximate compesition is 91.5% NG, 8%
nitro-cotton, 0.5% Cac0,. The chief uses are submarine explosion, deep-
water shoating and where there maximum shattering effects are desired.

il. Cordite: It is made by dissolving gun-cotton (65%, NG (30%) and petroleum

jelly (5%) in acetone. The resulting paste is rolled and cut into pieces of

m jelly acts as a stabijizer 3 xam.blogspot.com.
::::;unlof NG, The cordit Eﬁm blogspot.com
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Buns.

iv. Gelignite: It consists
It is powerful ex plosive

of 65% blasting gelatin and 35% of absorbyy

for under water pxplosion

Precautions during storage of explosives

I. Different explosives should be stored in s€
2. Detonators should be stored 52 fely and sepa
3. Use torch for lighting purpase in the storage not the flame lantern

parate boxes.

rate from high explosives

4. Explosive store is known 35 magatine, it should be constructed at least 500, ¢
from working kiln and furnaces. Sl e
5. Jerks and drops of explosives should not be allowed
6.  Electric wirings in the magazine should be properly insulated and frequent),
Y Bxgm,

ined.
Smoking/fire is strictly prohibited in this area.

PFIIH! p Quest
1 pefing Exple 3
what are pla g
. Dehne the o ;
P A trir g rare
i Detonat 10E/67) g
i Oy
i Exp £
iv Brisance
1 Calculate the oxygen |
: 3 A '.'.';'-p-__.- .
i TNG P
ili. Lead azide
wv. Picric acid
W Ammonium ni
4, List the important ¢
trate (GTM) and tri fn - 7 I - .
SR e {TNTY B = B i
SIves o UL e nchs apphc
“na3 spphcations of explo-
5. Write the preparation and uses of js g
6. What are low explosives? Write their .‘

GTN.

Describe the preparation and uses of the folio
o ESES U T,,_.‘\.__E
I Trinitrotoluene
il. Glyceroltrinitrate
iii. Mitrocellulose
iv. Gun powder
8. What are the essential requirements for a substance to be explosives?
9. Write short notes on
i. Classification of explosives
il. Plastic explosives

. Dynamites
of a few detonators and high BApIOLvES

nation. Give exampies

10. Explain the term deto
gh explosives. Give reason.

11, Detonators are used in conjunction with hi

(L
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Chapter

Lubricants
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lI_m,,::l.lj|,u:'|.‘|i':l1'1
e
In a|| types of machines the e 5
tual rubbing of one part aggines . TOVING parts ruk amsin
i oSt another, " -0 Bgainst each other. Due to

tance

(esistance is known as frict

tacting surfaces. Friess

s Offerad v +h
“1IEread to their movement. This

g nf

twumﬂr il = HON Causes 3 s & "i_-",-l',-.',--’_r} 16 the relative mation of

r require remnas Ut O A and faar 8
B UITe Tepeated replacameny . . o oot Of surfaces of moving parts
e, Dup £ e

10 Triction

4 large amounts of energy
N the efficiency of the machine.
AL C sometimes even resylt in seizure,
Ne reduction of fricticn an :
erdepositios o .-.:,..,_h.' on and n_ea.— between two relatively
substance thus introduced is known A '“'a:r ; ubstance between the surfaces, The
: . i e e —HL A ubricant may be defined t
which reduces the friction when Introduced between twa rubh g surf Vg
. =LWEEN Do 0INg sSurtaces
Any chemical substance introduced between two movine (rolling/sliding) surfaces }
E 3 O mowving \roling/shiding) surfaces in
grder to reduce the frictional resistance bet ween them is known Ei;s '.JDTEB:II And the
henomenon of reducing the frictional resistance betwaen s : :
phen . : g Ithional resistance between two surfaces moving in contact
by using lubricants is known as lubrication

are dissipated in the .
G ~JY Causing

8
OVIRE Barte i
DVINE parts get heated

form ~
rorm of “l:-;]h. thie

T

poreover, the m

pubrication may be defined
moving surfaces by the int

Functions of lubricants:
Reduction of every ill-effects of friction in the machinery parts are the functions of
lubricants. With these, some important functions of lubricants are mentioned as below:
1. It reduces wearing, tearing and surface deformation of the two substances moving
in contact.
It acts as coolant that it reduces loss of energy in the form of heat.

It reduces expansion of metal by local frictional heat.

4, It reduces the maintenance and running cost of the machine as a result it enhances

the efficiency of the machine. ; ¥
5. Sometime, it also acts as seal. For example, lubricants used between Wﬂ“;i‘;é
cylinder wall of the internal combustion engine acts as seal that it preven

i he cyfinder.

leakage of gases under high pressure from t 3

6. It avoids seizure of the moving su rfaces and increases the durability of the substances.
Types of lubricants _

ed on the basis of t

: 6
broad sense, the lubricants 3¢ classi . by
ay be sub-divided according t© the chemical compos!

T NepaliExam:blogspot:

heir physical state however
_The three broad groups
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1) Liquid lubricants or lubricating Otis

2) Semi-solid lubricants or greases

3) Solid lubricants

1. Lubricating oils: Lubricating
film in between the surfaces m

uce the friction by providing the continun

oils red e
; tact. All the liquid substances Canngg 1.

moving con
g oil should have certain characterisitics

used as lubricants but 3 lubricatin

Pour point. The temperature at which oil ceases to flow.
Viscosity index: It is the average decrease in viscasily per degree rise of tempe Fature
Cloud point: The temperature at which the cloudiness appears in the sampje .
because of wax separation is known as cloud point.

Flash point: It is the lowest temperature at which the vapours of the o
moment when a small flame is brought near it.

il Ig"::_-_= .’_-,‘;' a

af tha il
ol the oil by

Fire point: It is the lowest temperature at which the vapours T
Lo It. Generally

continuously for at least 5 seconds when a small flame is brought near
the fire paint is 5-40°C higher than the flash point.

Aniline point: The aniline point of oil is the temperature at which equal volumes
of oil and aniline are just miscible. The aniline point of oil gives an indication of the

deterioration of oil when it comes into contact with rubber sealings, packings, etc

Heuta_a_!lzaﬁun number: The neutralization number is an indication of acidic or
lmpunnes_m the lubricating oil. Determination of acidity is more common and s
expressed in terms of acid value or acid number. v
an;:g:caﬁan number: Saponification is the alkaline hydrolysis of ester to give alcohol
fum or potassium salt of the acid. The sa ificati " S i
| i ponification number is defi
pobad ) : ned as the
b T;i :f:lrfrgrarlns of KOH fequired to saponify the fatty material present in 1 gram
emns; b KDHusuaJ ¥ determlmed by refluxing a known quantity of oil with a .'-;n:o-.w.-n
solution and titrating the unused alkali against an acid.

basic

A good lubricating oil must Possess following characteristi cs
# High flash point and fire point '
* Minimum pour point and cloud point
# Least neutralization number
» Suitable viscosity and high VISCOSity indey
# High stability to heat at working condition

~ Corrosion preventive

a. Vegetable oils and animal oils: in earfjer days, the oils of

character

55 in use at present

CY IR contact with

Petroleum oils or mineral olls: Theca
m that is extractad f- -t O afe obtained by distillation of
B Barth erisck e
+f " Ust. Crude petroleum olls contain
Wax- It raises the oour-mraise
. ¢ 4 o 3nd akes oll unfit for lubricating at low
Oxidizable impurities: Canctit jente
; B i “EHL wWhich are easily oxidized cause the formation

T TRICK pIgments (sludge

composes at high temperatures
he lubricating efficiency of oil.
efined before its use. The commonly

F'xSphﬂH--'. s dark pig

cn oe
causing the d
causing the de ;
5 are;

It is carried out Dy mixing

0 methods o prikes
g 0 troleum o

emoving wax from oil

with a suitable solvent such as mixture of benzene and ethylene dichloride

y cooling. The wax precipitates out and can be removed by filtration

o b
ved b

r centrifugation
Acid refining- This is a method of removing asphaltic impurities by treating
dewaxed oil with conc. Sulphuric acid and then agftated. The impurities get
dissolved in acid and some other impurities form sludges, which are then
. the filtrate is neutralized with required quantity

removed by filtration. Finally

of NaOH solution.
Solvent refining- In this method, the oilis mixed with a suitable solvent mixture
e.g., sulphur dioxide and benzene Ir':':lu.-i_'.'les and oil are 5eparate:1 into two
-,;;;-,-e:-: layers and the pure oil is extracted by using separaung funnel.

trol e are highly used for lubrication because they are cheap, available
i i conditions. However, they have

i ility under wWorking
,\ jndance and high stability unge ;
s nd it can be enhanced by adding vegetable and/or animal oils.

ils or compounded oils: The more improved lubricating oils are
i BIE"#Ed- 5 ing specific additives into the petroleum oil. The petroleum qah.s
idn b'\.drh'“%ir'ng such specific additives are known as blended oils. Specific
;pmp:-uﬂﬂj? “tr;e petroleurn oil produce the desired lubricating propertes
5Jd|'FI'\-'ZS fluf":ﬂa' particular working condition. The commonly employed special
require k

it as follows:

gl of the lubricants can be improved by adding

carriers: The ciliness
getable oils and animal oils.

gh molecular weight compounds are generally
index of lubricants. For e.g., Hexanol

amino compounds are added
it by the preferentd

poor oiliness a

piliness
piliness carriers like ve

Viscosity index improvers: Hi
added to improve the viscosity

pxidation inhibitors or antioxidants: Aromatc or
to control the oxidation of lubricants. They do work
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f themselnes
oxidization of the unds are added |-,

hosphorous compo B 4
S$INE INtO the Feap J

A rs: Organic P :
Corrosion-prevento tal surfaces from expo res

|ubricants, which prevents the me s
environments and hence protect from carros

¢: To make the jubricating olls working at high preg,

dcC ik
s

High pressure additive

EE'."’aln additives like organic sulphur, organic gniofne ana organic p
o o ; ; e mic =

compounds are added. These additives are adsorbed on F- e metal surface, .

react there producing the smooth surface and provides the lubricating effe..,

all hich produces the thir
High pressure lubricants may 3150 contain lead Which pro ; il of
lead sulphide for lubrication
Anti foaming agents: Glycerols are added into the lubricants that it reduces 4,

foam formation. Etc

2. Semi-solid lubricants:
Greases and Vaseline are commaonly employed semi-solid lubricants

Greases:
Greases are semi-solid lubricants made by dispersion of soaps into liguid
oil. When lubricating oil films cannot exist, the greases may be better optic
lubrications. The conditions of using greases are as follows:
# When lubricating oil film does not exist due to heavier load, low speed or sudden
Jjerks etc 3
» FWHEJ'I contamination due to lubricant is very sensitive and it has to be avoided
or e.g., in foodstuffs industry and textile industry.
~ When bearin
1§ needs to be sealed and screening the entry of dirt and maisture

# In gears that work at high temperatures etc,

Preparation of greases:

Greases - \
-'ubnfahn:n:r.?r:.-z{f:r{::nfnwpmrﬁmn?n of fats with strong alkalis and adding hot
heavy liquid to rigid solid st::us agitations. The consistency of greases varies from
oil added. The main funr'no:a?d itis determined by the total amount of petroleum
that greases sticks pmpe:l to fh 50ap Is gelling or thickening the lubricating oil so
used during saponificati ¥ t0 the metallic surfaces. According to the types of alkali
on, different types of s0aps are formed. The nature of soap

determines the im

, or :

i P faﬂm'ﬂ“ml‘wfgreaseg|,'ket?m orat

sistance and consistency. perature resistance, oxidation

Types of greases:

Greases a
s are of the following types especially according to the types of soaps used:

a. Calcium-based greases: Thes catio acids
7 € are pre i
calcium hydroxide followed by adding I;-:tmnmmf wﬁhnm Theyw’th
g are

b.

Soda-based greases -
Afarg apcnifuragran of tae ’
yaromic 4 i anon of ety acids wir
o { ar ’ g Ol with agtation ank ko
but they are not water regis gty fugher temperatine up to 179°C
Lithium-based greases: Greases «
o With st 1y adding hot lubricating o i

’1
Dater greaces Th e asalnal s o
OW TEMDBrature un to 155 4 CARE Y+ =y BrE SutaDhe Ordy A
S8 U L2 ANG are wiater regictant

d. Axle greases: These are ;
g ; a5 They are prepared oy

adding heavy metal hyd
] vy { 5. Triey are suitatle for the
AUIBMEnte warking ot ke i
U S 'WOTKIng 3t heavy loads and low speed. They are also water resistant.
~ may alen be srensred by dicnsce
5 3y als0 be prepared by dispersing solid like graphite into WDOACIENG ORS

: a micture of mineral ofls garaffin and
ese are blended together, 3 sSmooth el that nas 3

nerature is formed

- P T n oy . ki it
It does not oxidize or exposure to and is not readily acied of ey CHEMICS EARE!

Solid lubricants:
" o i e solid phase
rarte OF « are materials which despite DEINE & SONC PR
b b g aominst each other without
+ reduce friction bet wean two surfaces shd g agaws ey i
=rn able to redquce LOON LDELWEE P B 4 1
are ao = 2 gl ding mater als such 35 AP &
. sliad. Sl AL . i 2
quid media - octpn disulfide are alcn abhe
o de molybdenum disu Jngste .
QION) TEAS = B 4 and oil-based lwboicans are
k kiaker tha d and ON-Daoc
~Hmn a5t Temper [~ B e 2 ok
to offer lubrication &2 F g 50"C in ovidizing enYironiments
+o Cuch materials can Opelc i " wifde
able to pperate. SUC e giaine omVITOMMENTS rnohybdenum disulhoe
non-0uhaiE BT e

artributed 10 2 layered

er in reducing /
ce able 10 shoe

wigh

and even nig

up to 1100°C). Their I B Letween layers. Such layers 3
21 lewel with weak bonging U= v theit low fricton
the malecular leve 4 ol anplied ‘{,f:_e_l.";';ad:-"-g"'t"' e
~ther with minimal apEtE
(FLRL)

relative to each
propert‘--:s.

nts are as follows:

i id lubrica 2
1ng solid g films cannot be spcured oy

The conditions of us
solid lubricants are pr
oils or greases &l the mowvi
erating temper

eferred when the lubricaty

B nEsur‘.aE".‘:-

tures or load is 100 high at when gven greases

=  When the op
cannot exist

s Whenthe contamin

for e.g., in textile.

ricating ous of greasesis righly unar.r_tpuohe
uches of eletind

nduetlo b
o ry and commutator of

foodstuffs indust
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L [ | ™ {} 1
I ol o D affed peecd Dy L
ity 15 e L

generator {whose condul

. e stricthy avoi
s When the combustible lubricants are & g ranhits
. nis are i ¥
The most commoniy employed solid lubrica
disulphide
Graphite: d conduct

jubricating ar

The chemnical structure of graphite exp ains fts

carbon atom of graphite 15 5p hybridised and
form sheets and these graphile .
sheet of carbon in graphite can slide over anotne

3 , | The structure of grapt
conducting and lubricating characteristics

yre connected togethe

hey
pnly weaKk Dond

This 15 only re

s sheets are held DY

below

Fig: Layered Structure of Graphite

It acts as lubricant because it is very soapy in touch, non-inflammable and not oxidized

in air below 375°C. Again, in the absence of oxygen, it can be used up to high
temperatures. It may be used either in the powder form or suspension

Suspension of graphite in oil is known as oildag and the
water is known as aquadag.

Uses of graphite as lubricant:

»  Oildag is particularly useful in internal combustion engines

between piston and cylinder to Eive tight fitting,

# It is found commonly employed in foodstyffs industry

air-compressors, chains
etc.

> It is also Very common

for lubricating locks, since a liguid lubricant allows
particles to get stuck in th

e lock worsening the problem.
As It Is a good conductor of electricity,

_ it is found best lubricant in commutator
brushes of electric generator,

Natural graphite is mostly consumed for refractories, steelmaking, expanded
graphite, brake linings, and foundry facings-lubricants.

1er

suspension of graphite in

as it forms a film

o'
po®

enative
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give fric
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This cOmpe

Fig: Sandw itch

Uses:

.
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It is

jn air u
eng!

The fine :
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It is also used

found good for
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4. Synthetic lubricants:
Lubricants synthesized for using at abnormal conditions like high ey - gnts
chemically reactive stmosphere elc are called synthetic lubricants. Thy Fatty, nly U
o ro mafty
Mg o™

by using specific types of additives
Modern synthelic [ubricants possess the character istics such as

Red plgment
Blue pigment

l.  They are non-inflamma ble
i They have high flash points
fii. High stability to heat

plack pigment; (

v, High viscosity index and
whi’dﬂ‘?

v, Chemical stability etc

Same examples of synthetic lubricants are,

Polymerized hydrocarbons- they are chemically non-reactive and hig
s IBN Tempear
- HE :]:-\.lf

lubricants.
s castor oil etc

Polyglycols ond
related compounds- they have high viscosity index and are
IJ alfg used in roller

bea INgSs o lassr u L edath Ty 3 n
L
[ anufact ng machine. 5in EthE\’BTEdE‘CD'ﬂFmS d EnN finitio
2h te T, 1=}
HEMdtura D ni

th L
ey are not used at high temperature condition
Organic amines, imi |
5, i
iy mmes and amides- They have low pour points, high v
o nder wide temperature range of -50°C to 250°C e
fiicones are als i =
oxidation res-sraicim?'dhsmmem SRNSe 9: thiny possess high vis
i fi ese are generally used in low tem N
d at the temperature above 200°C et
Fluoracarbons are chemi :

callyi
et coblirions, inert and stable to heat. These are used as |
5 z 51

iNdex and

index and hijgh
1 as they are

ubricants at high

Paints are organic coatings and it is det
consisting volatile solvent, film forming

sense, paint is a mixture of pigments and ven C

Constituents of the paints:
ist one or more p gments

Basically paints cons
d drying oil. However in of
dditives are t

material an de
paints, specific types of a

order to produce
jsed. ACCOrOr

re of various types as

& oil, Bl forming
teristics into the
the

e ..l'_'
ansisting Vo

lesire charac
o the effects produced DY

follows;

Coatings additives into the paints, they 2
a. Extenders or fillers: These are the materials whicn serve to fill the gaps 0 the film
. m of the paints. They also help1n the arrangement
The commonly

‘ﬂﬂlgan C Co 1gs 0‘ nic coatin, FEII it
ati

Metallic coatings

and hence to form the uniform fil

of pigment particles and
employed extenders are; Ba

increase
50, Cas0,, CaC

b. Driers: These are the substar
and condensatio

merizanon

the durability of

nces which acce

the paint film.

0, etc
& drying of paint film through

lerate th
are re sinates,

f. The most offective driers

{anodi Galvanizing
it and cathodic) Titnin s
i Zn etc

ungstates of Co, £n : . !

e ances are added to reduce the viscosity of the painttoa suitable

Metal cladding c. Thinners: These subst d\m =gme Y it prrmir: it Common s A

| the pl ts an r -

feonpe o [J'EI'I:nﬁne mineral Spirits {from petroleum}, penzene, kprosene et

the elastcity of the paint film.

Ele '
ctroplating or electrodeposition

Terminology:

in practice are turp
rs: These are
trip!

the Subﬂaﬂtﬂ'ﬁ W
nenyl phosphate €
he su hstances
B proteins i

d. Plasticize
eg, vegetable oils,

g, Stabilizers: These E.lrE L
emulsions of the paints. E-

f. Preservatives: These 2
eliminate the g

hich increase

re added 10 preven
wih of fungus. £.g., mercur
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Annl‘uammﬂas?"“ These are the su (1451 &
facture and appics

E-
especially during the manu
> v prevent gelling an 1 shir Vi tha

h. Antiskinning agents: These are added 10 prt B .

‘ siyhypdroxy phenois
film. Important antiskinning agents ane g yhye
Mechanism of drying up of the paints 3 | r
» materials. the paints fi
Y the face of the base materi ' . )
f paints are applied on the surfag I g Ir
When pai inner (volatile oil) followed by oxidation and paly s

process of evaporation of thinne

of drying oils
iagrammatically, it may be shown as below

aildirstion and
- 75 E\' merimlisn @ _l:._
| /,

Y ihamper
/ ‘,- Ba
F lr nglen ;..\, h; A
j‘ Hf/f [ "}/‘/’/ﬁ [\, 7
L hrtruelndnn Artrdr Ay
Fig: showang me m of drying paint
Requisites of a good paint:

Paints are mainly used for the protective, decorative and functio al purpo
cover the purposes of using paints, a good paint should have following requisite
# It should form a uniform, impermeable and tough film when applied onto the surface

# It should have good adhesive property.
» It should be fluid enough to spread over the surface and should have high surface
area covering property. -
# It should be aesthetic appealing type that it should have good texture and glossy and
Pleasing appearance ¥
= It should protect the surface from carrosion,

#  The film should not get cracked on drying.
The film shouid be highly stable at the operating condition.

Types of paints:
Broups especially according to the chemical

ce of the base materials.
1. Varnishes
2. Enamels

3. lacquers

il

Spirit varnish: It i

Uses of Varnishes:
m
varnishes are ©©

monly emp

ioyed for prote

N

ctive
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the main uses of varnishes are as follows
» Itisused to give brightening coat to a painted surface
> It is used for improving the appearance of waod suf faces
Itis found more effective to protect the metal surfaces from corrosion as
more uniform coating layer.

It for i

Enamels:

In a simple sense, enamel is a pigmented varnish i.e. it is a dispersion mjyy
Ure r

pigments in a varnish. It forms a hard and glossy film on drying. There are tyg
of enamels: 'O typeg

a. Air drying enamel: It dries up by oxidation and polymerization 3¢ ,
temperature. il

b. Baking enamel: It dries up at elevated temperatures either in the preca
absence of oxygen. g

Wet film of lustrous and

enamel hard glossy
{pigment + varnish film) film of dry enam I
b &
LTI
[ Alr dryving
or Baking

2

Fig: drying of an enamel film

General compaosition of enamel is given by,

Ename| = i
el = pigments + vehicle + driers + thinner

ulr.q“"""

|1|‘:-I“'|" 13} dispersion salutg

ﬂitrd“""""' 05€ ester ete) and alacs. s s
g-.ralw""""' ard, transparane . otle sobvent. it i

uses:

Lacquers 9
For paintings f furnit
» EIVING finis

3 Coating cotton fabric

gmulsion paints:

It is a dispersion mixture of rubber
addition it also contains some specific add

pigme nts, driers, :.!"'.1':-.':?|'1‘-|';; agents and preservative

and film forming vehicle. In

vs extenders, stabilizers
when emulsion paint is applied onto the surface, water evaporates and resinous
particle unite to form uniform, homogeneous and clear film

Uses: Emulsion paints are very useful in coating porous surfaces because of low
penetration of water solutions. It is easier to apply as it 1S 1655 odorous and :"'0“'
inflammable, Also it can be recoated several imes which is not possible in ordinary

paints

Special paints: .
i special effect tained in

There are several types of special paints according to the special effects ob

paints by using specific type of additives

i.  Luminescent paints: This .mﬁfamdtrriﬂzle pigments are called luminophof
influence of untrla :.T‘:u|I|:;.ﬂhr':a;_1rlad;r:.;m :anhl-:'é: etc, they absorb UV '-:IE.'“'I
plereme: Fo-r;,e-h.. ;ra:inr'. 5o that they add special brightness 1o the ada':“'

and em w-{ﬂ-ul,p rllir,.:: C:}Ued activators such as Cu. Ag, Mn may also be woidec.

e ¥ l e gre stable even at high temperatures j.e.red

b tallic powders such as Al, In etc.

gments which fluoresce under the

= ! 2
ji. Heat resistant p aglecs

v is achieved by Usifie
e g int deuelcped by MASA is found stable up 10 1000°C
pal ¥

A high heat e de  water, alkall metal silicate and aluminim
OXIde, o

It contains Hitanium

g \ i d
orthophusnhate e contain poly yinyl chloride (PG, chiorinate
nt pal.nli‘. E

ds break up at high temperature producing m:r:.-
. M., HCl elc and helps to retard the probalbie

iii. Fire retarda
rubber etc. these comﬁ et
i a5es Sut » | s
|ﬂﬂ3mrna;:lifﬂg the concentranion of inflammable g3 s Al
firing by ¢! dicating paints: it contains a special addmuﬁ‘ o, WA

b additives usua

jv. Temperature ! Ay rd

colour change at specific tem
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. + Jlur
vi. Lis 5 fi i
ok i » t form n
p T a0 !
1sed te yint etal surfa Y
vil. Cellulose paint: It is m e \
: Bles
by evaporation leaving hard, gl Fit
vill. Coal-tar paint: It is made by dissolving coal-tar in spirit or other volat
It is always applied at hot condition and it is found good for protect
the ground
ix. Distempers: These are the water paints made by mix ik p
ments in water, The re Commaoniy usel f SMINE the t
face of the walls, plastered surfaces of the w
X.  Antifouling paints: These are used in ship co ch ret
o 2 5 =
of 3 due to marine worm, fungi etc. |t
[ L ng f
uric oxide, cuprous oxide etc
Xi. Wa ints: Th
ater repellant paints: These paints are made by Kvdrolvzic and - q
of organoethoxy silanes and 2 I-
paint, it rIv [y m ati
:. .. orms a highly cross linked film that is more
the paints to be more du ! S

Applications of paints:

2inte arm raa i
'3 are mainly used for thre

& purposes

RBCTTNL s i o ;
WETOMECT the surface of bk
i | + ace of base material from COrrosion
corginve- to make the cure
£ Surfaces tJ"_':n.::q In appearanc
1 dnce and

ch as making road-lines far t

Ving applications:

Y used to coat

Ol

fficking r
rafmicking purposes. Thus
_.I__a..l.r:. are wi

fe the metallic f
L \,”.' L g ror - » IL : . .
rosive environments surtaces in order tg Protect it from the
viodern synthetic paings » .

HalNES are applied tg

nt paints are almpoet - . 5 make rhE I[urﬂiture ‘jrtrac{.lve 1y
almost EUD},D.'.'L‘-OrrJ'r used for finish; - =
Ing t

the buildings. he buildings as jt protects

15 decorates

ant paints are
cNambers st

used as fipjsh

25 of ovens, fur i

%y " naces, aircraft ¢ ;
Ombustion

L) v
W ol
-1
6 s
d
4 - t T, -
practice Questions
E o - 3 Write ef functions
of
g Wihat -+ A hair funcHe i el
F. vy a1 ] . OE- E’?,
3 D 1. nt tye E o Atk
[IOE-'58]
5. What are the Jisite ar s be better ibrica
5. What s bl g ) \Write the ae amd fions of different additives zed
nded o
7 Nhat » the requisites of 2 good pain [VOE-'67]
8 Je e different types of paint?
] yascr hanism of drying paint
10. What are the major constituents of paint? Write With their functions
11 te chort note on the following
3. Luminescent paint
b. Lacquers
c Ename
d. Varnish
bricants

note

Write short

on synthetic i
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| ng
& " i format

ar . g
Types of organic reactions

: -

T =

4. R t
Substitution reactions

Introduction

There e various tvpes of the organ hern Among which the subshiubon
’ = " 3y n

inw t roup of atom att

: etitution may b

h a weaker nucleophile is

CH.—— By ——— = LI OH + Br

I Electrophilic st hstity actions: The reactions In which a weaker electrophile is
3. Electr ¢ substit

pstituted by the stronger one. 1tis denoted by 5
SLIDGLIEY =

\‘H'—h- CHMO, + H

CeH;

Free radical substitution reactions: The reactions in which a radical is displaced by
i.j“c}[ht"r.

— CH; — = CH,CL+ HC)
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1
i ] 4y { ey of T .
Nucleophilic Substitution reactions i et b o . J Ty .
shile (s substituted by ’

The reactions in which one of the weaker nucreopiiix bt . 1 | Deg

& reactio i ch ol e It is abbreviated :

L 1 bt jon reachons [ iy 1 &

are known as Nucleophilic subst : Jikyl halide | !

sactions are the characteristic reactions ¢ _
reactions are the characte N B L I

IH i an examp

The hydrolysis of alkyl halide by ag. Nal

x + N§ ———+ R—Nu + X®
R.__ L u

| 1. 5,2 Reaction 12 r the nudeophilic substitution bimokeculier resclion
When the r G J 0 F [F 5L o o pends upon the concentratiorn
{Alkyl halide) f both the sube

Substrate Nucleophile

o't a Kinetles: Rate o ISuhesiesat 1a
e a-—oH + X 3 [Substrate] [N
CHy X+ l'T:h LHy £.8. the reaction betwean - romide and sa. NeDH san ot il TR
CH:—Br |..|" r il i | ) Hr
Nucleophiles: Nucleus Loving species having a free lone pair of electron or negative charpe B
i T g les. Fr 4 Rate a [CH Br YH
hich ¢: k to the electron deficient centre are known as nucleonh es. For examp|a : : = B
which can attack to the HE, Mechanism of § 2 reaction: - The mechanism of 5 3 sists of a sing
step and it oroc e throiiok i 3 the mechanism
| e <10 1 pre ough a singl
I f n) to the electron deficient carbon
Nﬂ..N_a,RCﬂU.I:r"i'.|'_Br,[|',DH,CH<D,HlG' ROH, NH,., RNH, et | mvolves the attack of nucleophile [hyd 2 0 the electron de

same Time. The nucleophile

The reactivity of the nucleophile is known as nucleophilicity and it is character
basicity and polarisability. In a nut shell, it can be said that,
= Nucleaphi

de ot

zed by thejr

|
licity of an atom increases with the increase of negative charge on jt. « '
OH is 3 stronger nucleophile than H 0

240,

#  Nucleophilicity Increases on going down of a Broup of the periodic tabls 50, the
nucleophilicity of halides in the protic solvent is in the order. |

o

I">Br>CI >F A .

- Nudeophr’ffc:tydecr&a:es
order of nuclecphilicity is,

On going right side of 3 Period of the periodic table. So the | M
ir bon not completely broken C—Ok ¥

‘ ' rnsition state, the C----Br bond is not ¢ : +

ke ailg:urm;‘: Thus in T.5, the C—-Br and C—QH bond are reu.eseﬂ;d D\:h'.lta::eé
3 C | in p K e . =

ol s the central carbon atom seems to be pentavalent in the *"' e
C>N >0OrsF and SJFHIfar]F NH,)H,G > HF. bonds. T|'IL.-.'\d two partial bonds. Highly unstable T.5. suddenly gives the fina

compléte an

nd bet and leavin
ted product by the complete breakage of the bond between carbon and g
. Ti[U "4
e - | sUDs
s th; fgrcup The ncheE:thes Which are usually substituted by the stronger are said to ' group it |
€ leaving group. Leaving nucleophiles ara usually, I, Br, €I, HO, -NR RCOO". NO . may be shown in the energy profile diagram as,
(RN N i Sy i I

etc. In general, the most polarisable and the leas ] : » NO, This

t basic groups are better leaving Eroups.
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reaction coordinate

Stereochemis f 1
E emistry of 5\2 réaction:
Thi \Il,' reactions oro eed thro

; the complete inve on of
: acts with agueous
change the alcoho i
e dextro I”""”r'll-".fl,'"r 3t 18
oW
el
3. ’ & i
g - g
k|
Exampla:
bl - -\- :
; f
-~ H - - o
s L ==X -
1 1
CH; ™
Lo
Y-
Partial hongs

A DVE

g . " ‘€, the Wdroxide on
L ) that of lsawu
t of leaving Eroup whiet

attacks to the halogen cor

Mainj
' gives the product dlcohg i eaiton

| with Opposite

Example

. . 1 on the basis of
Steric effect
il : | AT eane [
" " it i ffect. B
{rar ar tta I ntra 1t lencient care
bove series of alky de, the size of substituents increase from 1°t
nd thus, steric effect also increases which slowed down the reactivity of 5_2 reaction
H
i x
] i H

roceed from CH X; 1% 1o 3° alkyl | el
i b ygen bonded) increases by the incre L
5 the intensity of the positive charge on the central carbon, thus

sttraction of incoming nucleophile towards it causing slow down of the rate of

,action. Therefore the reactivity towards 5,2 mechanism decreases on going from 1

alkyl halide

to 3
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L)
)
e i
H ( X > -t N :
Ll
H
H
5_1 Reaction .
= o umimalecular reaction. Wi L "
5 1 stands for the ni c substituton unimGiEc o o ,
reaction dep anly n the concentration of substrate :
order and is represented as 5,
Kinetics of 51 reaction:
Rate a [Substrate] 3
t ‘\\/-
Exampie: o
( [
CHy— C—X —= CHy— C—0 \
1 LY
{ CH e \“‘-.._
-
Ra CH~— C—X
| Fig: Energy profile diagram of 5 1-reaction
e CH |
J j " istry of 5,1 reaction
Mechanism of S, 1 Reaction: - The mechanism of this 5,1 reaction consists of two ster Stereochemistry of 3, A 4 ortial racemization with SAg
The stereochemisiry of the product Ft ’
~f inuarsion O :;;"‘15.."3'.'."'
The firct cten jc ¢ T e . excess of inve
e ISt step s the jonization of alkyl halide to form carbocation. This step is the slow
step and hence rate determining step (rds) P
_H CH CH e X _i e (R ,___-(
| , // o
o s S LY Nt = g . :
| '\__"‘ -_.- —— L X
d
CH
CH
Carbocation gxplanation: eds with the formation of car on. The carbocation has trigona
aroceeds with the TofTie ; _a Yl
‘hesﬁiae;ct‘-ﬂ" —;1 » the incoming nucieophile can anack t from either side of the leaving
¥ wcture, 50 DTG LR § ronfauraton
tr-..d...ret "-' nroduct of both retention as well as inversion of COR Buraty
far the proQUCL OF LRJL . e - .
forms the Prot formed in slight excess companng o

cona step is the attack of ny

icleaphile to the carbocation to form the prodyct

} rs
p and
ang
 the proguct
ration of the product

¢ Not 50

f inversion of configurat s
. i ratention of configuration. This s becayse, the leaving
onization and the leaving group Lide
s to the solvent separated lon Qas

g

However
;am’.Er"‘ 4
(negatively charged)

gsllghﬂ
-

the far just after the
rouP e (du

i y blocked for incoming nucieoph
way !
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Wf Inversion product than retent -

and so there forms slightly higher prope

nization plus net

7 sartial racer
we can say that 5,1 reaction proceeds with | " + below
4 chown below
o eon be summarized as $
Diagrammatically, above explanation caf &

RN X

Solvent separated (on pal

Fig: lon pair mechanism
Reactivity: *
The reactivity of alkyl halides towards 5 1 reaction increases on going from primary ¢
tertiary alkyl halides

CH,X < 1° - alkyl halide < 2"- alkyl halide < 3° alkyl halide

The reactivity of alkyl halides tawards 5, 1 reaction can be explained by the first

the mechanism. This involves the formation of carbocation, Thus, the reactivity of alkyl
halide towards 5,1 reaction can be explained on the basis of formation a tabilit
carbocation, The slral:i.'r:-,r order of carbocation is,
Fli rli CH; CH
! ! Y Y
H—C® * (Hy—=C'@ CH—=-C > CH Ui
| |
J’ A r|| rfn

Mare stable the carbocation faster
and the rate of 5,1 reaction is g
1°%-alkyl halide

tis formed, Thus the 3° carbocation is

formed faster
reater with tert

ary alkyl halide than that with 2%and then

.\ra’ErﬂrS aﬂec”ﬂg the rate -:lf 5 =reac tl‘OnS
e an I [ i i ] 5 r ct 1
ur ma ’a tors WII IC etermi f.IIE e I
]Jrea 3 e fo d! mine d Df[ e " 2g ons

effect of substrate molecules)

. Nature of substrate melecule |

)

Nature of nucleophiles
3. Nature of solvent

4. Nature of lea ving group

the ce”

MNature of the solvent

lae ctabilize
st MOIECULES staii

» Thesolve

ions: :
2 reactid . aaving group are negatively
For 5 where both the nucleophile and leaving group are negati

1€ peactions, s h 2 rate of 5. 2
al 5, has no dramatic effect on the reaction rate of 5,

aner e
mE";nc the solvent polarity
charges
& rgbUT
reach? Ivent. For e.g
1orir gf the SoiVenL. ror €., . Lidat than in methanol
polar® 01 times faster in DMF (Dimethyl formamide] than in MELRaNG
|-|-1i-:||l:" v = 5 i s
explained in terms of the solvolysis effect :
enivolvsis of the nucleophiie,
ue to the greater solvolysis of € e
hile. D Wk t cannot solvate the nuclecphile.

he r2 htly decreased with the increasng
it has been found that the rate is sugntly decreased

L 5 g & ety -('d"-JJF!' S
the reaction of acetate ion with the methyl io

pen

of the more polar protc soivert 1o
w Ak
|t can be they cannot atlac

ycleop :
e tral carbon readily but aprotic solven
"
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solvolysis of nucleophile
However, when the nucleophile is neutral and the leaving group leaves as negatiye
charged species, the rate of reaction increases with the increase of the polarity of
the solvent. This s because the transition state (T5) in this case is more polar and jt
mare stabilized by the polar solvent.

3

3. Nature of nucleophile:

In 5,1 reactions, Rate a [Substrate] i.e. the rate is independent of the concentratian
of the incoming nucleophile neither its nucleophilicity. Therefare, the S 1 reaction

can proceed with weak nucleophiles of low concentration.,
InS, 2 reaction, Rate @ [Substrate] [Nu]i.e. the rate is dependent on the concentration
of both the nucleophile and substrate. Therefore, the strong nucleophile with jts
higher cencentration increases the rate of 5,2 reaction while the weak nucleaphile
and low concentration decreases the rate. Thus the hydrolysis of alkyl halide with

water as a nucleophile has a slower rate than those with agueous alkali. However. the
nucleophilicity order is substrate dependent,

NH, > OR > OH'> NH,> > Br>Cl > F'}HJO

4. Nature of the leaving group

For 5,1 reactions: As the ionization of th

. e substrate is rate determini '
better leaving group Increases therate. T b

; his is because better leavi i

5 23aVINg group increases
& lonic character of the substrate and this facilitates the jonization, The best leavi

Eroups are those which are least basi ' g

: C i.e. their conjugate acids are strong. For
example, the order of leaving tendency of the following species is, 4

H,0 > ROH > CH,Co0 > OH:

Moreover, the more polarisable a

; Broup the more is its leavi
leaving reactivity of the halides is; 2 daltia Ng tendency. Thys the

Depending on the basici

H.0>ROH » CH.CO

s g
COCK > OH

NE @roun skans a1 the rate determining

rate of the 5.7 reaction. Groups

ite of the reaction. Example,

Y, the reactivity order is

Thus, the leay ng group has similar effect in both 5.1 and 5 2 reactions while the

extent of effect is higher in 5,1 reaction

Effects of neighboring group’s participation [NGP)

The group with lone pair of electrons at the f-carbon assists to remove the leaving group

in the substrate itself that can participate as a nu
as nelghboring group participation [NGF). This me

! the neigl il oup is particip
reactions. When the neighbourig group Is p ;
; dergoes substitution reacuion with the incoming

d of the NG blocks the incoming nucleophile to
&. Thus the substitution occurs from the side of

cyclised product is formed. Then it un
nucleophile. In this case, the electron clou
attack the central caroon from the back sid
the leaving group and farms the product w

Differences between 5,1 and 5,2 reactions

cleophile during the reaction Is known
chanism essentially constitutes two 5.2
ated to eliminate the leaving group, 3

ith retention of configuration

5,1 reactions l

s,2re

S.N.
|t Is unimolecular substitution reaction
1. |;nd follows first order Kinenics

2 |jt involves two step mechanism.

' it proceeds by the formation of carbe-
3. |cation.

it is bimolecular substitution reaction
and follows 2™ order kinetics.

it involves the single step mechanism.

It proceeds by the formation of transi-

tion state which involves the partial
bonding of nucieophile and leaving
group.

|nate of reaction depends on the con-

i 4 |centration of substrate only.

The rate of reaction depends on the
concentration of both substrate and

nucleonhile

L e
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- af the product i< §
PR -sochemistry of the [ nd
Steregchemistry of the proguct B Stered mversion of f
found with ial racemization pIUS | igh complete Im A
ound with o ¢ also known as Walde
retention an >

Hon whicr

both the r
: nuersio

5.1 primary alkyl halide :
Tartigry alkyl halides undergo =, nd the reactivity sequence 1 %
! 5 20 = (Fion and k! =
. |Hon and reactivity sequer e I.] 205 3
18
pophile fav ;

. strong N
A weak nucleophile favors the SN st =
reacton
reachian.

Mo rearrangement of methyl groups
8. |[take place to form more stable carbo- | ih1e during the reaction
cation

Rearrangement of methyl groups may

Reaction is favored by non-polar so

9, [Reaction is favored by polar solvents. |,

jﬂm ination reactions

The reaction which invalves the elimination of a hydrogen halide molecule from an :
halide is known as elimination reaction. It is also known as dehydrohaloge
involves the removal of hydrogen halide

natior

examples,

CHyCH,Br + KOH (ale.) —=—» CH,=CH, + KBr + H.O

Ethyl bromide Ethylene

It clearly shows that the reaction involves the loss of two substituents from two adjacent

carbon atoms resulting the formation of 3 double bond

. The function of a base is
abstract the hydrogen as a proton, g AN

Kinetics: duality of mechanism

Hughes and Ingold proposed that elimination like nucleo

i A
byt i differant mech philic substitution can proceed

anistic pathways and these are named as E, and E, mechanism

The alkyl halides on heating with conc. Alcoholic solution of KOH praduce alkenes. For

E. reaction

: )
tha
T ir 1 i
rate and baze and iz of cornrd s 7 L Hy

Rate a [RX][E

pEchanism:

Thi me

: D ibstracts a proton away and

18 100 ke T T r forr uble bond

Inus the t & fi r ) te, In transiton state,

carbon and the

adjacent to it s

L | g Ho=CH HE

Tie mav be shown in the energy profile diagram as,

Eneczy

R-¥ &R

Alkene

Reaction co-ordmale —ie-

Fig: Energy profile diagram of E -mecaanism
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orientation and reactivity:

jally yield @ mixture of |,

For example,

CHyCH,— CH—— (I

Saytzeff's ryla

the alkene hayin

" ule called

The orientation in E. reaction is governed by an empirical rule ‘I'L
g - trical alkyl halides,
states that, ‘in the elimination reactions of unsymmetrical aiky 3 b
% Ao v bonde arpon atoms
the greater number of alkyl groups attached to the doubly bonaed (: » d :
ollow

preferred product’. Thus the ease of the formation of alkenes is in the

This shows that more stable the alkene faster it is formed

Reactivity:
The reactivity of alkyl halides towards EE reaction depends on the rate of the formation of

the transition state and the transition state resembles the alkene in characteristics. Thus
in E, reaction, the stability of alkene not only determines orientation of the double bond

Ao

L]

in the alkene but also is an Impartant factor in determining the reactivity of alkyl halid
towards E, mechanism

Going from primary to tertiary alkyl halides, the structure becomes mare branched at
the carbon carrying halogen atom. This high branching, on the one hand, provides 3
greater number of f-hydrogens to be attacked by base and on the other hand elimination
is favored to form highly branched alkene (i.e. more stable alkene). Hence the order of
reactivity of alkyl halides towards E, reaction is:

Tertiary alkyl halide > Secondary alkyl halide > Primary alkyl halide

A& -mechanism

Itis a two-step unimolecular elimination reaction. Since the rate of reaction depends only

on the concentration of substrate |.e. alkyl halide, the reaction is of first order kinetics.

Rate a [substrate)

Step 1

-
&
Carbocation
3 and | BNce tha rat letermining sten (rds -—,.,'.__ rate _:l‘ reaction
Ne concentratin ¥ L valide, so the reaction Is of ".'5.' order
Step 2: Base abstracts 3 protgn § om the B-carbon to produce alkene

e, generally tertiary alkyl halide follows E,
nism of tertiary butyl chloride on heating

oducts is formed when the reaction is accompanied by rearrangement. The

Mixture of pr

t O

rearrangeme” )

— pe shown in the energy profile diagram as
This

ccurs to form a more stable carbocation

¥
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- Factors governing .
T 1¥T1.5 F~TS x g FINFL thi t ind I nechanism
Energy | / R+ B 'x\. i
f '\__ MNatu
| I!. X +:B -I-
Al :
| }
Reaction coordination  =—fe-
] _ ; 1. Nature of subsg :
Fig: Energy profile diagram of E -reaction et
{atary i 3 ;! LAty dlKeEnE ot o
"I'.-'..'_ t f X ik 1
Orientation and reactivity: I r it ks formedatal i Jity vl halid Vare stable tf [
» Saytzeff rule es that f &Y Brar cre stable, so the alkyl halide
The orientation of the products in E, reaction follows [ml Saytzeff ru . ; : 4 e alky
‘when there is a passibility of formation af move than one aixene, (Ben maore | (ke
alkene is the preferred proviuct. 'For example,
B H
CH.CH CH H = CHi '} i ! i A j ok louble step and formation of carbocatior !
U I refore, bilit formed determines
CH o Kyl | ; t f f an primary
- 2-bubene 1 it ¥ 1er tivity of alk i N E. e non is
CH ¥ 3
The orientation and reactivity of E, reaction are determined by the relative rates of
reaction in different steps. The reactivity is determined by step | and orientation is by step
Il of the E, mechanism. Therefore, it can be predicted that the orientation in this reaction 2,  Concentration of base:- The kinetics of the E and £ reaction
5 independent of the nature of halogen that departs already in step I,
Since the reactivity of E_ reactions depends on step | of the mechanism, the stability of !J: Rate a [Alkyl halide) [Bass
r-:ru-n forming tt-'ubot;rhrlr:- determines the order of reactivity of alkyl halides. The stabilit ¥ E: Rate a[Alkyl halide]
of carbocation increases on going from 1°to 3 This is because of the inc reasing +l-effect L
f 3 5 e ; g
of the alkyl groups bonded to the positively charged carbon atom that tends to neutralize
the positive charge and increases the stability From above equatian, it is clear that in the E1 mechanism, an external base is not
I.'J H CH CH required but the s ta j base, Therefore, the strength and concentration
I |I |||- I|I af pase have nothing to do with the rate of El 5. But, the nature and
H—(® CH i & CH e CH o) concentration of base has strong to the r nd it is found that the
II | stronger base at Mgh concentration increases the rate of £, reaction. The order of
H f h CH |;|-J~-l"'-'r' amang sodium hydroxide, sodium ethoxide and sodium amide 15
dore stable the c: ocato ¥ NH. > 0OCH »>0OH
W ore stable the carbocation faster it is formed That means tertiary carbocation is formed : : y
in the rapid rate ; i j ;
apid rlm than the secondary or primary carbocation. Therefore, the reactivity ,  Nature of solvent:
order of alkyl halides towards E reaction is & ‘
x 1 for any reaction that involves ionic intermediates, the rate is enhanced by the more
. L
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pulaf environment. Therefore, t t favo L echa Y
poiar solvent favours E. mechanism o
| halide to form carb "
Since, the E, reaction proceeds with y of alkyl halidi it
» molecule, thi | 1t Favar "

and polar solvent t y ionize the substrate moiet .

r gingle 15 I I d
E.~ reaction. On the r hand, E. mechanism has a 5ils J ko ol ,

1 v F
ke (vent favors the b
formation of transition state and non-polar salvent 1ave

4. Nature of leaving group: ecular e
. Fror e t can ha - :
Both of the mechanism zood leaving group. From e ; : : £ Discuss the unimolecular My
said that better ie > eroups favor the E, mechan B Il. ; snowing the st i W i
2 i ik » which are le: i E
easier and faster. Better leaving groups are those which are [IOE-"68]
.o arder of good leaving groups is
polarisable. In alkyl halide series, the orde of good leaving ¢ 6. Write the mechanism of § 2 reaction with
7 Wihat is meant by . :
IOE-"68
I">Br > Cl [ 68]
o the fac . affis ting a 4
3 g ida in athvl cohal tha s ce bha fad rr
Thus when B-phenyl halides are treated with sodium ethoxide in ethy! alcol 9 cuss the factors affecting 5 2 and 5.1
rate of the E. reaction increases in the grder as, 10. Write the mechanism of §. en
reacts with ag. MaOH
e R ST e | P A [ T T R y
| Substrate: |! PRCH.CHF | PhCH,CHF | PRCHCHF | PRCH,CHF |1. Write the mechanism when primary
e i ERGEL 5 g ) 37 alkal
Rate: 1 7 4.2 = 10 - i
g ES 1 e -.- tha kir

inetics and orientation of 5

13 e mechanism of 5 reaction whe
According to the basicity, the order of leaving tendency of the follow 3 partial racemization plus inversion takes pla

H,0 > ROH > CH,CO0" > OH

I T

| E,- reaction | E,-reaction

It Is @ unimolecular elir

I jnw:_m?s_ Ehg_daubre step mechanism, [It involves the single step mechanism,

It is of first order kinetics

P - — N

It is of second order kinetics

|1t proceeds by the formation of carbocatian,

|IJI roceeds by the f i i
_ |}t pro ¥ the ormanonol_trfn_r?smon qta.t_e_.

Polar solvent favars the E_- reaction

Polar solvent dees no
N
ette -r.:rv:'hg groups favor, the E -reaction since |Le.wmg groups do not have significant influence
they make fonization easier and faster. I In E. -reaction
L 2 Y

t favor the E,-reaction.

Practice Questions

i, What do you mean by nucleophilic substitution reaction? Write the chemical reaction
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Chapter

Stereochemistry
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Stereochemistry

Introduction:
Chemistry, like everyday
E!E'Q;LHE..-,.-}-.

"e. takes place overwhelmingly in three dimensions.
R ¥ 15 3 sub discipline of chem stry that deals with the study of the relatien
= arrangement of atoms within the mole ules. Sterecchemistry is also known s 30
Chem ictrm s = s

Chemistry because the prefix sterec’ means ‘three dimensionality”

afmre B glnnine ke =
5")-“‘5.'-- g the s

are molecules that h

teTeocharleie
LEreachemistry

» ane cannot remain silent about isomertsm. Isomers
same molecular formula, but have a different arrangement
: space and the phenomenon iz known 25 isomerism. That excludes any
different arra Ply due to the molecule rotating as a whole, or

otatng about particular bonds. lssmerism s broadly divided into two groups.

ave the

£ g =
of the atoms in

5t

Jctural isomerism and

Steregisomerism

Structural isomerism: isomerism due to the differences in the arrangement of atoms
within the molecyl

Cule is known as structural isomerism. There are various sub groups of
structural isomerism
d. Chain isomerism

b. Position isomerism

€. Ring chain isomerism

d. Functional group isomerism
e. Metamerism

f Tautomerism

Stereoisomerism: Isomerism due to the different spatial arrangement of atoms or group of
atoms in the space is known as sterecisomerism. Stereoisomers have identical molecular
structures but differ in their configuration (the spatial arrangement of atoms or group of
atoms in space).
The two types of steregisomerism are

a. Geometrical isomerism and

b. Optical isomerism

- NepaliExam.blogspot.com
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{ Geometrical isomerism ra"ﬁ""""'nt of two different groups a4, i

merism.

r

£ ¢ strical a
Isomerism arised by the different geoms trical is0

1
the carbon-carbon double bond is called ge0T

Origin of geometrical jsomerism

n freely rotaté about the bar but not whap 4, ,
Al
a single bar c

ms joined by @ single bond can ke freal,
arbon ato pond cannot be rotated. r:‘-"f\"-"llllt=-|r_|,'.
dounflihe double bond remain fixed in spaeq.
50 danle hc:mded carbon atom and Same
e om, two different :'l:’rciﬂgi-ir:“:.n[:s

As two wheels co nnected by
wheels are connected by two bars. Twz; :
rotated arounditand the carbons joine :mm
the atoms or groups attached to rarhur; s
if the two different groups are artachrlaj R vt o rentarang
o anamhed . L:Tor:x.:\:zl;urh compounds having the same ecular formyl,
are possible as shown !

Eomguical ISOMEers.
but different geometrical arra ngements are know? Lo
ut girer

no rotation abouk this double bond

For example, two geometrical isomers of 2-butene are as follows;

CHy H
\\( e /
A AN
CH,
£ CH,
\\C"—C/
g\
H

Hence the restriction of rotation about the rbon-ca ;

f for geometric isomerism of alkenes. thernzm a hln:ih:n ddouble bond is rﬁpans'hle.

= carbon double bond gives geometrical isomerism oniy IT1 rotation about the Farhﬁ{?
among the groups attached to the doubly bongeg ¥ 1t there s a certain relationship
1-butene, isobutylene have no geometrical is ot

s

i)

gines g Chemistry - 233
T
H
2 e 1-butene
obutylene
‘?'ﬂ:imf ¥, ll-dichloroethene do net she
1, 2-dic ?‘.(:l.'t-{-i'-.tb.r‘.l? does N R b
Cl H
= i s - i . -. leremt ge g AEETINS are possible
o H 1 N 0 geometnical '

f 1.

I-dichiorcethene

are fw ¥ iemeingal armangements of

Z-dich € and \\ shows pedmetnical ISameTismy |
y 2-dichloroethene
.~..-|I~|-.e_-r|: acid and maleic acid are the commonly known geometrical isomers of butan-1
2-dioic acid; I

g Py HOOC R
/C. = i.:\ \\"‘ — C./
c
HOOC H Y \H
H

Maleic acid

Types of Geometric isomers

Fumernic acid

The two types of geometrical isomers are
i Cis- isomers and

jii. Trans- isomers

The geometrical isomers in which similar groups are attached to the same side of the

double bond are called cis-isomers. Whereas the trans-isomers are thase in wiich similar
groups are attached on the opposite sides of the double bond. Therefore, the geometrical
isomerism is also known as cis-trans isomerism.

Consider the case of 2-butene. It exists in two different arrangements as,

NepaliExam:blogspot.com
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CH

. £ -
e
et
: ] tane
trans-1-butene
~hemical prope
} -3 and cnE ",
.-.-1[;_'1-“-“ i e
cal isomers have S0 (lation, §as ¢ | ete
Since the geometrical SO :ﬁs._wk,m_”r-ﬂ:gm atic il
| " a 3 ric s methods Suk
be separated by vanous
trans-isumer-;.
Ky Eroup ot

ess stable than the

COTTES pnndlnﬂ

e in
in €15
~F th

rs, the bu

~ic [SOME
e grou

Cis-isomers are | -
o canlsion. Tk = |
This is due to steric effect i Luses steric repu bl
i k it C ! arcurc e 1ar ac t #
the double bond and It &= 5t the bulky BrouPs sh U
gmer, If

f
same side © bon :
igomer less stable than the trans .s. ;

te side of the double

ond.

are on the oppos

c1%~2-butene

mers

E Z-nomenclature of geometrical iso
L™

The method

both the double bonded carbons, for

configuration of such geometrical isome

as per IUPAC system of nomenclature.

of cis-trans isomerism does not work W
e.g- 1-bromo-1-chloro-2-fluoro-2-iodc

r< can be SpECIﬁEd b'lr' using the notations E a

e butEne
trans=2-butenc

hen there are no 1dentica

jetermined. If th

In this system, the group of highest priority on each carbon atom is first d
two high priority groups are together on the same side, the configuration is Z (zussamen =
together) and if they are on the opposite sides, the configuration is E (entegen = oppos te).

by atomic

oy

In general, order of priority for E and Z system of geometrical isomerism is
number of the element attached ta the double bonded carbon atom. For e.g,
F (2

(1} F;'\r\ /l— (2) (1 (_.K(.H_ i./ .
(1) Br/ \

c

1 (1)

I{1)

Optical isomerism

Optical activity

hs vibrating in all directions

gt

en the Nght ray is allowed to pass
vibrations are adjusted ina single plane
5 Calied plane polarized light (ppl)

athive substances and such propery

lighet
ounue

Y Wlrear

Fig: plane polanzation of hght
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jle is always OF

~rir forms and sud

some

daneg of Sym
Wt 35 a5y mmetric molecules

nmeliry ane Kno

Ena riﬁorr:ler.sm and Tetrahedral carbon

s carbon atom is bonded with four different groups 3 L
known as chiral carbon or asymmetnc carbon. It is denoted by writing asterisk above t
arh hut if one such tetrahedral carbon can rotate the plane polarized light in one
directi IS mirror in 1as [0 rotate the plane polarized light in opposite airection
L guently, the two optical isomers are arised
Let us take a model that a carbon atom is attached to 4-different groups say w, X, y ana?
e Iraw

rahedral geometry and sketch its mirror image,

U COOk
R ~id SETETh '
| C { L
. e
> C—H . ( C

¥
(= |

Two enantiomers of tartaric aci

The two isomers of lactic acid, 2-methyl-1-butanol

NepaliExam:
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4o are cal ed enantiomers
:

Textbook of Enginesring 3
R e = to path other and hence the eering Chemistry - 235
are also murror image to each € et esnantiomers . Properties
Thiss, in short, mirror image optical isomers are T 3Ot
- 0 distinguish them from enany
Fe . i oo
Properties capt for the direction of the rotag ar b ity
~ wrept fOrk ks ™ . ar but not identical -
B Enantiomers have identical physical properties & By have : L cal chemical properties.
: refractiee i 45 Melting ooint Bailin &
of the plane polarized Gght eot toward optically ace £ =% Gensities etc, The e in ¢ o the e ing painits, sohibility
wmical properues gxcep rnimte b \ Wi b g Lo Ve ©3€ are in contrary to tha enanticmers
¥  Enantomers have identical ches etabolized by animals and fermented easj), ¥ OF May not be optically active )
: is m ’ sad By veast Mg Sty
reagents, For example, (+) glucose 1S « animais nor fermented Dy yeas! i . " De separated f
but (-] glucose is neither metabolized by a DrOpertias : g !r.o"-HC""'["Ecqe"""w":”'-he‘-fmiﬂl'
-~
rOmers o nor super Imp | sk Ratemic mixture
ther mirror image of each other nor sup
Sterecisomers that are nei [T e IsOmErs of 2, 3-dibromi r 3CHd 3rm A mixture of jual parts of enantiomers s called
# e, L . AT Callpg A TR BT 2
other are called diastereomers. For examp Mixt t Ways optically inactive becaiees *nt‘ o OG0t B
L getau BN Brantes e - i
i Py P iused by a molecule of one B rt 1 ..gl'"l:;-'«& ® mixed lOgEther, the
w . v »Enactly cancele by an ]
; panes tatio IS ¥ 4 Modecula of r-"‘-""-"".'ln.?'1'l:‘|' ¥ E"QLB-ET‘EG Cpposite
l'+i' 4 Race xture alty denot
: sUally Qend l':','_:-.-r_hn-_r\.i [#} -
Pl P yE . For example, (2) lactc acid a racamic o 2] 0 the name o the compeind
I 2 ool | ot $ i ikture made by Miking equal parts of (+) ia
{ J R s = [aevorotatory lactic acid :
I : X ey :
F_ Br— & F _);} o '-—l-"‘
1 f " 1 -
' COOM COOH CHYN, /T‘;\\
(R1 l I . h
1] L \ |
I 1
o HO——(C—} H——.l,———uH.
CH ; |
: PR 1 ' |
h-r---:-:' S !”_L_'J'T iy I |
H I COOH COOH
b | *)-lactic acid [=)-lactic acid
SIS, i v e
H 1\ Yo ; S _,+ similarly (1)-2-methyl-1-butanol,
% _} : - -.‘\\
. COOH COOH [ Wy / o
| l L ‘ I
(i) {iv) | !
H——"—— “:q YH H“H:ﬁ'_"("_"—‘lﬂ-
In the above isomeric structures of 2, 3-dibromabutaric acid, the structures (1) and (ii) are I'
ocphically acti it an i '
'1,‘::1 a}r tive but not enantiomers and similar is the case between the structures (i} C;H, CiH,q
and (iv). Hence, the structures (i) and (i ) |
es (1) and (ii) and (ifi) and (iv) are not enantiomers but these [+)-2-methyl-1-butanol (=}-2-methyl-1-butanal
are diastereomers .

Meso structure

A molecule containing asymmetric carbon atoms and one half of the molecule is mirror

image to its another half is known as meso compound. In other word, the molecule has
a plane of symmetry. In such compounds, the rotation caused by any one half of the
molecule is canceled by the equal and opposite rotation caused by the other half of the

molecule that is the mirror image of the first half, For ng aso-tartaric acid.
NepaliExam.blogspot.com




yf tartaric acid
.\\‘

Superimposable structures 0

\
meso-2,3-dihydroxybutane

meso tartaric acia

| i C T ns 1090 bhenwoean t
Optical inactivity in & racemic modification is caused by compensation bet
maolecules rather than between two halves of the same molecule, that Is te
nto optica

compensation.
An opfically inactive racemic mixture can be separated into optically active enanfic
components whereas optically inactive meso compou nd cannot be separated Intc

active components

Resolution
The process of the separation of enantiomeric components from their racemic mixtur
Y

called resolution. In other word, the separation of a racemic mixture into its two optic:
active components (+ and - isomers) s known as resolution. It has a great practical
importance in the study of the naturally occurring optically active compounds. There are

various methods of the resolution,

Mechanical resolution- it is a method of resolution based on the different in physica
there are two types of mechanical resolution

properties of the enantiomers. Mainly,
i Hand-picking method: This method is appropriate when the enantiomers form
the visually distinct crystals. For example, the sodium ammonium tartarate
crystals are produced at the temperature below 27°C, from the racemic tartaric
acid. The slow crystallization produces the well shaped crystals. Now with the
help of forceps and microscopic visualization, the two kinds of lcnpstals can be

separated out.
Demerits of this method are:

BRI
2
nemica E50 L
Chemical resolution: by diastereomers formation chemical resolut 8
ane: Tibine with another optically active compound to form
o
2 -
8xa ombine w
st T €
strye actate
These salts are not true enantiomers and they differ considerably in proparhes such
s solubility. Thus by fractional crystallization using a Suitable soivent, Livey Can De
i - . k i ctt o
eparated. Then treatment with dilute mineral acid removes the optcaily active Dase
o< of (+)- and |-} lactic acid

and leaves the two separate sampl

re if the separated o asteraqmen Canhot

However, this method may not be appropra
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ple reagent- Hence the fo

rasplutio
.»-Etrr!ICJI es0

rated

be brought back nto

original isomers using sulta

conditions are said to be essential for the effective ©

jiw sepd

- The so produced diastereamers should be eashy od diasteren

Pﬁrhpﬁﬂieﬂ'&ra[' lasterag
avert {

#  There should be an easy method to co

original isomers using suitable reagent
ered easily-

roduce the diastereomers

e i
»  The reagent should be cheap and must be réc®

anal group to P
»  The reagents should have suitable functional BrouP

= reacalve the racerm; 1]
ok pegd acid to resoive ;
that may be easily separated The commaoaniy L ikt
base are rvstallizatio
COOH o - H : i "
| 5 [~ hase
i —o y T
' Hi L H CeH
Hi¥ 'k WHELS W " 5
| i b (RN L 1 sUitable reagent 5 1¥518 with
|J HIH o s & sumtable reapent
30 Y
i i mandelic aci Y
{# p-tararic acid HMERINC B0 1 (=)acid
Similarly the commonly used bases for the resolution of racemic acid are,
F Xammple
II-' k ; =RCOOH
- A e IRNH,
ey SN \ v
\ / l|\ i s RO BEN'H T
J—N L™ . R e o AR LN H L=)RCOO(=)RN"NH, |
o e £ = : — e ]
C | fl \ dinstereomeres
| f 4 H
T "\/ \ fractional
strychnine brucine crystallization
F J"- b .
: 1 (+IRCOO{(-)RN"H RCOO(-)RN"
J:g:nem.' m;rr:nv of the process of chemical resolution by diastereomers’ formation (FIRCUOT-)RNTNH,
Is shown as below,
h'-"l"'l-“;""""'”’ hydrolysis with
|a su itable reagent |a suitable reagent
Y \
HRCOOH [-)RCOOH
Configuration:

The arrangement of atoms or group of atoms around the carbon atom is known as the

configuration. It must be very clear to the reader that there is no significant relation
i between configuration and sign of optical rotation of an enantiomer because a compound
and its derivatives have the same configuration may have different sign of rotations. E.g.
lactic acid and its esters although having same configuration, possess opposite sign of
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T
An 2d that
" v any compound et
will b Y afy i
belong to L-series (relat
ic acid by sim X

converted

example, D-glyceraldehyde

and thus the configu
00
|
o y
H H —_— Hir——1
CH.OH CH,OH
) [+ =glvcermldehy D (=)}-glveenic ac

At Absolute configuration (R and & ¢ onfiguration)
tisy

The D, L system of relative configuration has basic defects and

ng complicated structure and more than one 2

for the compound hav

These difficulties are however, removed by another system given by Cahn

Tha

apply

centres
'Ngold and Prelogs which is based on the actual three dimensional formulas
mportant features of the systermn are
The four differe : e e
1€ four gifferent groups attached to the asymmetric carbon atom are arranged in

¥ seéquence in accordance with a set of rule known a Sequence rule

d

a priorit
2 . El,lllr:.'fl_r_,l l:.”e priorities of the.fn}urg!'al.'ﬂsmammsaua.;hed to the chiral carbon,
the malecule is imagined to be in a position where the atom or group of the lowest priority
s directed away from us. Now the arrangement of the femaining three groups is viewed in

After as

llustration

1,

K i ormula
o F
i
'_ g CeHs
Fy “ 1
\ i

3
L

Mirror

i

diphenylpropadien
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Practice Question:

1. What do you mean by steredis rismf Expiain w able examp

2. What are geometrical isomers? Give an éxampile specitying £ and & nguranc
[1OE-"68]

3. State the required conditions for geometrical isomerism

4. Assign the E and Z to following compounds

LY 4 b

\
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hat are the necessary

-

oy ophical act
show optical

mean by vity of a compound? w
iSomerism? lllustrate your answer with

sundd ¢
a o

coOmpou
h enantiomerism and dlastereumgrism_ [lﬂE—'ﬁﬂ]

arity wit




Model Question

16
Attemnpt olf questions: .
HO i E
W A
areclard by .
[ wlr
1w W
dat N -
fire e
W
B e ita
f M I
JiTall 10
'
AMuat are fre
ects i thi i £s ; 2
What are
tr 11 I
be the 1 i VI AP \
1 b I
AMhat are | e i i B ;
W 5 1 hi
N formula
NTTere I el wiee ¥ W
f Wing ¥
4 i hexa
| trioxalato a
; etra d i
Ti ¥ b
4] | & [ i
¥l 1 |.|: i
What is EAN rule? What information does the EAN Oof a metal ion in 3 complex

Explain the formation of [Fe(CN),}*

complex on the basis

gerometry and magneti E.lr'l'lh--n.fll‘.'i]

What are transitior elements? Which element of th

yiical transition element and why-’“+2]

SNow your acquaintance with the

of VBT, Also predict its

e 3d-series is called non-

applications of ifansition elements.[2]

rat and uses of nitro-cot-

examples. Write the

itain two asymmetric

ns and assign the name of isomers. (3}

t& and solvent on the mechanism of

t different alkyl hal des wwards 5 reaction
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