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.4 Kﬂmp]e& Of IIOlll: g : J . {‘RI..YK;L‘ lvll L\()g‘ltlon ‘)}] 1
ase

(i) Hydrolysis of cane sugar in aqueous solution i
‘ ) tion in the presence of mineral aci ;
' S acid as
1,80, as catalyst,
C?I{lzoc) + C()Hl’).oﬁ + [HzSO4]
(ii) Hydrolysis of an ester in the presence of acid or ;u!f(zl?)sc T

I,+
CH,COOCH, + H,0 — % o

ethyl acetate

C.H,0,, + H,0

cane sugar

,COOH + C,H,0H
5y . . acetic acid ethanol
(iii) Decomposition of hydrogen peroxide (H,0,) in the presence of iodide ion (I) as catalyst,

I- .
2

HETEROGENEOUS CATALYSIS o — L0 e

The Catalysis in which the catalyst is in a different physical phase from the reactam is
termed Het e[;ﬂgeneous catalysis. The most important of such reactions are those in which the
rectants are in the gas phase while the catalyst is a solid. The process is also called Contact
catalysis since the reaction occurs by contact of reactants with the catalyst surface. In contact
catalysis, usually the catalyst is a finely divided metal or a gauze. This form of catalysis has great
industrial importance. : ;
Examples of Heterogeneous Catalysis o ,

- Some examples of heterogeneous catalysis with reactants in the gas, liquid or the solid phase are

listed below. | : '
(1) Heterogeneous catalysis with gaseous reactants (Contact catalysis)

(i) Combination of sulphur dioxide (SO,) and oxygen in the presence of finely divided platinum -
or vanadium pentoxide, V,0s, (Contact Process for Sulphuric acid). -
280, + O, + [P} — 250, + [Pt]
’ gas gas  solid
(ii) Combination of nitrogen and hydrogen to form ammonia in
(Haber Process for Ammonia).
N, + 3H, + [Fe]
v gas  gas solid .
(iii) Oxidation of ammonia Lo’ nitric oxide (NO) in the presence of platinum gauze (a stage in
manufacture. of Nitric acid), '
4NH, + 50, + [Pt]
gas gas . solid ' .
(iv) Hydrogenation reactions of unsaturatéd organic comp
nickel. ' -

the présence of finely divided iron,

. 2NH, + [Fel

—+ 4NO + 6H,0 + [P1]

ounds are catalysed by finely divided

H,C—CH; + [Ni]

ethane
ated acid (oleic acid). Whe
_carbon double b

H,C=CH, + H; + [Ni] B =
ethane (gas)  83S yolid :
Vegetable oils are triesters of glycerol with higher up.satur

is passed through the vegetable oils in the presence of mckel,_ th}f; carbon-

acid portions are hydrogenated to yield solid fats (Vanasp ati ghee).
(2) Heterogeneous catalysis with liquid reactants

- () The decomposition of aqueous solutions of hydro

nese dioxide (MnO,) or platinum in colloidal form,

n hydrogen
onds of the

) ] | anga-
gen peroxide (H,0,) 18 catalysed by mans
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8
g Ji.0s 4 [P IO 0, + [P]
22 y :
. 1 .solid :
liquid sod act in the presence of anhydroyg :
and ethanoyl chloride (CHBCOCD e Alumingy,

| ketone (CGHSCOCHs),

(i) Benzen®
. CHCOCH, + HCI + [AICL]

:de to form phenyl methy
o CH, + CH,COCH + [AICH]
liquid  liquid soid

1 colid reactants

s catalysis with solid react § -

3) Het;roge‘;eoos;';(;:c; :)otassium chlorate (KCIO3) 18 catalysed by manganese dioxide (MnQ N
The decom i

1 KCIO; + MO — 2KCl + 30, + [MnO,]
: 3

.. solid solid : !

‘ ™ r CTIONS

) ‘[CS OF CATALY TIC REA :

CHARACTERIST I((:;ffgrent‘types of catalytic reactions, the followmg features or characteristicg

Allmugh B asItEof them. These features are often referred to as the Criteria of catalysis,
are common {0 mo . ’ - . Rk ition at the end of the reacti
(1) A catalyst remains unchanged in mass and chemlcal LOI:;pOSl |Son0 o :{n of the restl().n

Qualitative and quantitative analysis shov{;‘t_hat a C?@‘YSt un 3fg0€1 g (Ilnass of chemi-
cal nature. However, it may undergo a physxqal change. fl‘h,u_s granu ar manganese ioxide (MnO,)
used as a catalyst in the thermal decomposition Of POASSIIT chlorate is left as a fine powder at the
end of the reaction. « < it ™ Sl wip iy bonl S O '

(2) A small quantity.of catalyst is generally needed to produce almost unlimited reaction

Sometimes a trace of a metal catalyst is required to affect very large amounts of reactants. For
example, one ten-millionth of its mass'of finely divided platinum is all that is needed to catalyse the
decomposition of hydrogen peroxide.. | V | :

On the other hand, there-are catalysts which need to be present in relatively large amount to be
effective.- Thus in Friedel-Crafts reaction, ... ... .= .
- GgHg + GHCl = C5H5C§H5 + HCI |
anhydrous aluminium chloride functions as a catalyst effectively when present to the extent of 30
per cent of the mass of benzene. R -

For the acid and alkaline hydrolysis of an ester,

- ) : ,. ; ) H+O[0H- . & ;
RCOOR’ + H,0 —— RCOOH + R'OH
_ ester e o
the rate of reaction is proportional to the concentration of the G
' : : ntration of the catalyst (H* or OH"). ~
s catalysis, the solid catalyst is more &ffective whon & | P
than it is used in bulk. Thus a lump Of-plzté‘;)l’lsélls more _eftectwe when in a state of fine subdmgon
or platinised asbestos. Finely divided ke will haye much less catalytic activity than .COHO’dal
(4) A catalyst is specific in its action v oetlet catalyst than lumps of solid nickel.

passed over hot aluminium oxide;, -

L sk AlLQ, .
G HON "l s it
' o N % % - GH, + H2© ' : (Dehydratt'oﬂ)
but with hot copper it gives ethanal (CHaCHo) ~ ethene - Rt it )
A Gl e R R '
— CH,CHO + H, —(Dehydrogeﬂmion)

ethanal
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(5) A catalyst cannot, in generaj, Initiate g re 629
; sl areaction

esaca

[n most cas .tal}’st speeds up a reaction alreaqy j

reaction. But there are certain reactiong ady In progres
(perhaps year s). For example, a mix(yre
idefinitely at room temperature, ¢

S and does Nnot initj start) the
o Ot 1nitiate 0

the reactants do not i for (1 ; 2p ) 1
Where combine ‘() very lon eriod

of hydrogen and
, « oxygen, i i
an be brough (o re ygen, which remains unchanged almost

geconds. action by the catalyst platinum black in 5 few
H2 +0 room temp,
2 T No reaction
Pt black
2H
2+ 0y — o 2H,0

Thus it is now considered that the catalyst can initiate

reacting molecules (in the absence of Catalyst) do not pos
cessful collisions. The molecules rebound from collisions without reacting at all

atalyst does not affect the §j &3
6) A catalys ect the final position of ilibri :
required to establish the equilibrium of equilibrium, although it shortens the time

areaction. According to this view, the
sess minimum kinetic cnerg-ies for suc-

It 11111)11;15l th:i::] ma tr‘eve;stltllale reaction the catalyst accelerates the forward and the reverse reactions
equally. Thus the ratio of the rates of two opposing reactions i.e., the equilibrium constant, remains
unchanged. .

Thg effect of a catalyst on the time required for equilibrium to be established for the reaction

N A+B — C+D

isillustrated in Fig. 21.1. To start with the concentrations of A and B are at the maximum and hence
the rate of forward reaction is maximum. As the time passes the rate of the reaction decreases till
the equilibrium is established. For the reverse reaction the initial concentrations of C and D are zero
and the rate of reaction is lowest. As the time passes, the rate of reaction increases tll the equilib-
rium is established. Similar curves of the rates of reactions with the catalyst show that the rates of
the forward reaction and the reverse reaction are altered equally but the equilibrium is established in
amuch shorter time.

s © 0 AsB==C+D

WITH CATALYST

¥

_EQUILIBRIUM

REACTION R

\WITHOUT CATALYST |

TIME — P
catalyst on the time required for

21.1. The effect ¢ L established.

Fig. o
& the cquillbrlul

| e ammonia
~ For example, in the Haber Process for amm Fe ’

N, + 3H, = 2NH3
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For example, in the synthesis of methanol (CH,OH

630 ilibrium is reached m
5 ) the presence of the 5:21(2:11318:2ll msti?]%rwns he time to attaljllflé ser'ler- "
ihe reaction is very SIOW- I_ns unlc):hanged- The iron cai&y Quilibriy,,
entage yield remains oo1d. \ ilibrium cannot be
g:ﬁg;;%ot aﬁcr the pprcentage };:g{s (hat the final state of. equilib i chang?d by e
Energy considerations also SIi erates the forward reag:tlon more than the reverse reactjop, This
Ca[alys(. SUppOSC 4 iliCh CaﬂﬂOt happcn ‘without the SUI)ply of energy to the SyStem‘

(he catalyst acC
. ‘heim point, W o i
will shift the ethbmm:ipin mass and composition at the end of the reaCAtlon, canniot supply e

But a catalyst unchange
required encrgy-

(7) Change of t it
. = a catalys : i i
reaction al\rutl(;;ustt : d(i:ed mye offect of temperature change on reversible reactions under Le Chy.
~We have alrea »

telier Principle.
Some catalysts P
activity may be decreased. This 18
since a rise in the temperature may
increases up to a certain point and then gradually decrea
a particular temperature called the optlmum tgmperature.

PROMOTERS 5\ _ .
The activity of a.catalyst can often be increased by addition of a small quantity of a secon!

This second substance is cither not a catalyst itself for the reaction or it may be a feeble -

:

are, however, physically altered by a rise in t(?mperatur-e and_hence their catalytic

his is particularly true with colloidal solutions like that of platinum,
cause their coagulation. In such a case the rate of reactio,
ses. The rate of reaction is maximum at

material.
catalyst. Bk R _ L

A substance which, though itself not a catalyst, promotes the activity of a catalyst is called a
promoter. - ; aEi comefe Bhs e DT o g ‘ ’ ,
Example of promoters i S5 AR S e |

Molybdenum (Mo) or aluminium oxide (Al,0,) promotes the activity of iron catalyst in the Haber
synthesis for the manufacture of ammonia. . - " .. '

e ¢ : TRIan IRACE) - T
N, +3H, = 2NH,

+Mo
used to obtain the maximum catalytic efficiency.

) from carbon monoxide and hydrogen, a mixture

In some reactions, mixtures of catalysts are

of zinc and chromium oxide is used as a catalyst

CO + 2H. 250
+ el
2 Cﬂro CH,0OH

Explanation of Promotion action -

The - . Y 5.k ‘ . . '. 3
, = C‘l!llz(:;’eoéfpi thf;?c‘zogp(;fc?ncatalyst 18 ot clearly understood. Presumabl : '
e Bt the ol partigc.l e"fhehl}l?;u;g Spacing of the catalyst is'changgd .thus enhancing the
weakened and cleaved. This makeg (he reacti borbeq molecules of the reactant (say H,) are further
(2) Increase of Peaks and Cracks The 100 £0 faster. ;
on the catalyst surface. This increageg -F
of reaction, 2
" The phenomenon of promotiop ;
Nis: s .
CATALYTIC POISONING .  C™Mon feature of heterogene i
; Very often a heterogeneous catgy] ol e
Impurities in the reactants. .

resence of : :
ce of the promoter increases the peaks and cracks

the con .
5 cen . 3
tration of the reactant molecules and hence the 1t¢

ystig rénde .
T 2 . -p
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COVALENT BOND
MUCH WEAKENED
AND CLEAVES READILY

CE BETWEEN

~_—

¢ of crystal lat(ice Sp
A substance which destroys the

poisoh and the process is called C

Examples of Catalytic Poisoning

(1) The platinum catalyst used in the oxidation
by arsenic oxide (As,0,)

Fig. 21.2. How the chang acing of catalyst makes the reaction go faster.

activity of the catalyst to accelerate a reaction, is called a
atalytic poisoning,

of sulphur dioxide (Contact Process), is poisoned

» Pt
SO, + 0, ——~ 250,
poisoned = -
by As,0O, o
(2) The iron catalyst used in the synthesis of ammonia (Haber Process) is poisoned by st.
' : Fe
N2 + 3H2 I 2NH3
poisoned
i by carb ide
I 1dati is poisoned by carbon monoxide.
i catalyst used in the oxidation of hydrogen is poisone
(3) The platinum y | N
} ; 2H, + O, — 2H,0
: poisoned
by CO

anati talytic Poisoning . e
EX]I?:ldnat‘f’“ Ofi:: 3d's())]rbed on the catalyst surface in preference to the reactan
¢ poison

: . ion of the reactants. The
monomolecular layer renders the surface unaval_lable for further adsorption 0
m : b
nd.
poisoning by As,O; or CO appears P be .(..) ‘f un; kl, ——

e o 7’
/I’ \\‘ NS ’ .

' ide.

oning of iron catalyst by

G R A R _ ' ".. . i f P . . .
, Fig. 21.3. Pmsom@ 0 = e i o
(2) The catalyst may combine chemically with the 1mp

2 fallg in this cl4ss. ‘ o S — el £l
| € g :
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. ' talyst for that renes;
. stcelf acts as a €4 teaction ¢,
AUTOCATALYSTS of a reaction 1 - he ph,

rOduCiS . i
When one of the PP o is. ses as the catalyuc product is formeg

. aut ction i : > Ingte
nomenon 1§ w:l;lslizdﬂlc initial ratc Z§ theT ;Zacurv ¢ plotted between reaction rate ang time Sh()é:;l of
In autoca ig. 21.4). e
See Fig.

decreasing steadily (

. is lete.

on is comp .
) en the reactt \ .
maximum wh .

—

| SIGMOID CURVE .

 PERCENTAGE REACTION ———J»

F1g 214 Curve showing the rise of rate of reaction with time.
Examples of Autocatalysis - SHEAGELA A0 auie : '
(D Hydrolysis of an Ester. The hydrolysis of ethyl acetate forms acetic acid (CH,COOH) and
ethanol. Of these products, acetic acid acts as a catalyst for the reaction.

CH;COOCH; + HO — CH,COOH + C,H,OH
' 0 ' - catalyst

oxidised by acidified potassium permanga-
acts as a catalyst for the reaction.

—= 2MnSO, + K,SO, + 8H,0 + 10CO,

(2) Oxidation of Oxalic acid. thh oxalic acid is
nate, manganous sulphate produced during the reactiop
2KMnO, + SH,C,0, + 3H,S0,

(3) Decomposition Iof Arsi Falyat
ne. The free i :
autocatalyses the reaction, - A1Senic produced by the decomposition of arsine (AsHs)
: | ASHi T L 2A8 4+ 3H,
NF;:; :A I'VE t(,l AT ALYSIS Catalyst
€N a catalyst redyceg th i :
r > > H1€ rate of , ; ' ' '
T'his phenomenon is calleq Ol a reactiop it : ibi
egati PR » 1L IS called g ati alys Inhibitor:
down or stop altogethe, an ;"w_ Ve catalysis or Inhibitjgp, N Ne.g Ative Cat‘?l)ibt or I to slow
Examples of Negative Catalyg; _dnmd Feactjop, * Negative catalysis is useful t0°

(1) Oxidation of Trichloy,, 3
Trichloromethane (or Chloroform) : A
Chloride (COCL,) which is 5 Doison 1S used o4
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633
er cent of ethanol (C,H.OH . .

;”illé o s in 6 carbos lzylschlo)r:(;::_c" added 19 chloroform acts as a negative catalyst and suppresses
(2) Decomposition of Hydrogen peroxide ,

The decomposition of hydrogen peroxide,

2H.0, — :

is retarded by the presence of dilute acid; orz glycerol AhO + 0,
(3) Tetraethyllead as Antiknock '

When tetracthyllead, Pb(C,H,),, is : —— _ .,
 the fuel which is ospons] lilesl)‘:) : lb( 1:33133,:) é)fctllrlzl,e lnt ;:I:zrds the too rapid or explosive combustion
Explanation of Negative catalysis '

The mech'c.misgl of negative catalysis could be different for different reactions.

(1) By poisoning a catalyst. A negative catalyst may function by poisoning a catalyst which
already happens to be present in the reaction mixture. For example, the traces of alkali dissolved
from the g}ass of the container, catalyse the decomposition of hydrogen peroxide (H,0,). But the
addition of an acid would destroy the alkali catalyst and thus prevent decomposition.

(2) By breaking a chain reaction. In some cases negative catalysts are believed to operate by
breaking the chain of reactions. For example, the combination of H, and Cl,, which is a chain
reaction, is negatively catalysed by nitrogen trichloride (NCI,).

Cl, — Cls + CI-
H, + Cl¢ —— HCI + He
He + Cl, — HCI + Cl ,

NCl, breaks the chain of reactions by absorbing the propagating species (Cl+), and the reaction
stops.

NCl, + Cl+  — 3N, + 2Cl,

ACTIVATION ENERGY AND CATALYSIS A
According to the collision theory, a reaction occurs by the collisions between the reactant mole-

cules (or ions). At ordinary temperature, the molecules do not possess enough energy and hence the
collisions are not effective. However, when the temperature of the system is raised, the kinetic
energy of the molecules increases. But the molecules do not react unless they attain a min'%mm.n
amount of energy. The minimum amount of energy required to cause a chemical reaction is
known as the Activation Energy. The activated molecules on collision first form an Activated

Complex. As a result of breaking and forming of new bonds, the activated complex dissociates to

yield product molecules.

r 4 TRANSITION
'MOLECULES APPROACH - CTATE

PRODUCT
MOLECULES

i Fig. 2‘1.5.‘ Mechanism of a molecular reaction.
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634 : YSED
. . . i s UNCATAL
e activation COMPLEX AR

the catalyst makes the
other conditions

__-..---—

-l
=)
=
(4]
<
o
=
-
-t
)
=
L)
=
e
[4°]
o
g
5
== G-
L 8T
POTENTIAL ENERGY ———P>

ining the same.
%%SRIES OF CATALYSIS
There are tWO main theories of
catalysis
(1)) [ntermediate Compqund
Formation theory
(2) TheAdsorptiontheory _ e Do
i general,F the .Inwnn&dlgrt; .,:f\"i . RE‘ACTION PROGRESS
Compound ormation  (heor 3 : : —_—p
applies to homogeneous catalytic

PRODUCTS

I-qg 21.6. Bnergy diagram of a reaction with and without the cata.

reactions and the Adsorption theory lyst, showing clearly the lowering of activation
applies to heterogeneous catalytic energy by the catalyst.
reactions. ‘

The Intermediate Compound Formation Theory
As already discussed a catalyst functions by providing a-new pathway of lower activation energy.
In homogeneous catalysis, it does so by forming an intermediate compound with one of the reac-
tants. The highly reactive intermediate compound then reacts with the second reactant to yield the
product, releasing the catalyst. Let us illustrate it by taking the general reaction.

C
: ARt i AR - (D)
where C acts a catalyst. The reaction proceeds through the reactions :
A+C — AC e (2)
Intermediate
AC7+B — AB + C (3)

The activation energi i ‘
nergies of the reactions (2) and (3) are lower than that of the reaction (1). Hence I

huric acid)
: ST Y ENG
Mechanism : B0 Qi T ZSO:; o
Example 2. NO, + S(Z) o 2O, (Intermediate compout?
ple 2. Preparation of diethet w2 S0 '
as catalyst. Syl ether, (Csz) s + NO

20, from ethano] (C,H;OH) using sulphuric acid
CHOH + Cuoy 52 St ‘

R

St CHY0 T HO
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Mechanism :
C
H;OH + H,S0, — + C,HHSO, + H,0
Ethyl hydrogen sulphate
(Intermediate compound)
C2HSHSO4 + CZHSOH - (Csz)zO +H2SO4
(second '
. AT al» molecule)
xample 3. Thermal decompositi i i
s position of potassium chlorate (KCIO,) in the presence of manganese

MnO
KOO, — 2K
Mechanism : 3 Cl + 30,

2KCIO; + 6MnO, ——  6MnO, + 2KCl

Intermediate
compound

e 6MnO, —— 6MnO, + 30,

7 VExamplg 4. Formation of methylbenzene, CsH;CH; by reaction between benzene, CHg, and
methyl chloride, CH,CJ, using aluminium chloride, AICL, as catalyst (Friedel-Crafts reaction),

‘ £ AICL, ;
CH, + CHCl — - CHCH, + HCl

Mechanism : |
CH.Cl + AICl, — [CH] [AICLT
' Intermediate
3 compound
CH, + [CHJ [AICL,T — CHCH; + 'AICL, + HCl
It may be noted that the actual isolation of intermediate compounds which would prove their
existence is very difficult. As already stated, by their very nature they are unstable. In general, the
intermediate compounds suggested as being formed are usually plausible rather than proved.
The Adsorption Theory .
This theory explains the mechanism of a reaction between two gases catalysed by a solid (Het-
erogeneous or Contact Catalysis). Here the catalyst functions by adsorption of the reacting mole-

cules on its surface. » _ :
Generally speaking, four steps can be put forward for heterogeneous catalysis. For example, if

"the reaction is :

catalyst
Alg) + Be —~ C(g) + D(g)
Step 1. Adsorption of Reactant molecules | ~
’II']he reactantpmolcculcs A and B strike the catalyst surface. They are héld up at the Sur.face by
weak van der Waal’s forces (physical adsorption) or by partial chemical bonds (chemisorption). .
:on of Activated complex . . .
St(f[l*)h z.pl;;)tli';nleastlg? t(l)‘le reactants adjacent (o one another join to form an intermediate complex

(A —B). The activated complex i8 unstable. It has only a fleeting existence.

: sition of Activated complex : y ’
St?{%i a{-);\f;::;’) (();omplex breaks to form the products C and D. The separated particles of the

products hold to the catalyst surface by partial chemical bonds.
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CATALYST

Fig. 21.7. Mechanism of Contact catalysis.

Step 4. Deserption of Products

The particles of the products are de
lead an independent existence.

The mechanism of contact catalysi
HYDROGENATION OF ETHENE

sorbed or released from the surface. They are stable anq

s may vary in details, depending on the nature of the reactan;
IN PRESENCE OF NICKEL

" Ethene adds hydrogen in the presence of nickel as a catalyst to yield ethane.
H\ _ /H e H H
/ ——c '+ H; _M, H é (': o
ETHENE (GAS) - | v H H
i 2 ETHANE (GAS)

The catalyst operates by the following steps.
Step 1. Adsorption of Hydrogen molecules'

Hydrogen molecules ar :
¢ ads : :
ey orbed on the nickel surface due to the residual valence bonds of tt
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Calal sty
Step & 1 Bondy nee hroleen o
e M= bond n smaller (0,
hydrogen molecule inut l(ll i NI=NI bond, T
yen molecule instretehe + Therefore, the
y ogoN | (ehed and wenkened. The we fore, the H-H bond of the ads
ptoms, The separted hydrogen aomy 4 l‘ + The wenkened bond breaks © ndtorbed
\ e ' W Hore he . sk, separting, the .
Step b Formation of the Activated cor :ltl (0 the nickel surface by Ch:’lllilC‘ll ‘)( V.:lu,hydmgm
The chemisorbed hydro Fone R
. pen atoms (he
. . . U “ “' bl ) .
unamble activated complex i thug formed el to ethene molecule by partial chemical bonds, Tt
Step 4. Decomposition of the Actival 4|' | L
s ‘ated comple
Ihe unstable activate P A ‘
il y Q0 ed complo - sorption of ethane senles
s s . . iplex decomposes (0 release ethane me molecules
qurfnce s again available for further action e cthane molecules. “The freed catalyst
Active centres on entalyst surface ‘
Just like surface (ensi
N \ s A \ “ W ¥ o
e ol m, the catalyst surfnce has unbalanced chemical i
gaseous moleeules are adsorbed on the surface b h SIS B e ol o
i we (roe Thi ¥
y these free bonds. This accelerates the rate of the

reaction,
The distribution of I
! , ree bonds on (he ¢ osurface | if
ks’ onencka’ are] “corpte’ o n the catalyst surface is not uniform. These are crowded a
L pewed P picd rners’ of (he catalyst. The catalytic activity due to ad
s is maximum at these spots. These are, therefore, referred to as the activ
PEAK

t the
sorption of reacting
e centres.

'}“”“"Ni’f"'\.“"“"\,”““ --Ni——Ni—Ni—Ni ILi---
| | 163 | ! : :

Y "

Fig, 21.9, Active centres on catulyst surfuce.

\ction not only by increasing the co
\dsorbed at two such centres by stretching it.

¢ increase the rate of rei ncentration of the
(the molecule &

¢ activity
1or colloidal form are rich in free valence honds and

Jan the metal in lumps.

The active cenuc
reactants but they al

The Adsorption the
(1) Metals in a state of fine
they are more efficient

g0 activate
ory explains catalyti
subdivision
atalysts tl

hence
— | A
l‘ rease of free yvalence bonds.

Hip, 21,10, Subdivision of o catalyst makes it more efficient due to e
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678 { Comparison of Physical adsorption and Chemisorption -

| ' Table 23- : : Chemisorptiop
3 tion . -
: Physical adsorP .
Y v Gor Waals’ 1. Caused by chemical bogd formatio;i
jntermole !

1. Caused by

g ture of gas. Easily liquefiable 2. Much more specific than physic, adsopy;
2. Depends on na ' - | , . On,
_ d readily. ke
gases are adsorb:;m " ol (abort 5 keal 3. Hea~t1 of adsorption is large (20-1 o
3. Heat of adsorp mol™). ; a
mol ™). 4. Trreversible.

4. Reversible.
5. Occurs rapidl i
ith increasing temperature. ' v | y
6 rnlcre?se ‘of pressure increases adsorption; 6. Change of pressure has no such effects,
decrease of pressure causes desorption. - : . !
7. Forms multimolécular layers on adsorbent 7. Forms ummolecular layer.

surface.

y at low temperature; decreases 5. Increases with increase of temperatyye

In chemisorption, the adsorbed layer of gas is one-molecule thick sinc< chemica] combina.
tion can take place with the adsorbent surface only directly. '
ADSORPTION ISOTHERMS ' |
The adsorption of a gas on a solid adsorbent in a closed vessel is a reversible process.
Free gas —= . Gas absorbed on solid

The amount of fhe gas adsorbed depends on ecjﬁilibrium pressure (P) and temperature.
The relationship between the equilibrium pressure of a gas and its amount adsorbed on the

- solid adsorbent at any constant tem i :
- nt temperature is called an Adsorption isoth '
m the form of an equation or graphical curve, = - : ’ : s I"nay i

. Freundlich Adsorption isotherm

reundlich proposed an empirical relation in the form of a mathematical eqliation

w k Pl/n. .
m e

e SLIGHT
CURVATURE .

Y el logik e ai ks

m ;

Fig. 23.6. Freundlich isothe

adsorbed £4S per upjt Hses bd plot of asg of E; SRS e .I'og. P .-————-‘PK =P
adsorbep, 8. 23.7. Plot o I s slight i
. : flog wim against fog P show ' :

curvature at higher pressures. {
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YYAILLAL Y 10 WV ALaod ULl LWIC gas ads
) orbed
stants depeading on the nature of the g:sn amass m of adsorbent
an

geoera]ly represented in the form of a cypy d the adsorbent and
unit mass of adsorbent (w/m) againgt equihz obtained

Freundlich isotherm is no¢ applical Tium pres
Freundlich equation, we have Jeable

On temperature. This relation is

by plotting th
il g the mass of the gas adsorbed per

at hip ) 1
high pressures. Taking logarithms on both sides of

log s =1 1
This is equation fi " e n er
: N 10r a straight line. Th
with slope 1/n and interc pous & plot of log (wim) against log P ight Ii
Jow pressures, while at hipg;gi féslsqu(;;ev;r, it];ls actually found that 31%’, plzttz)uwlgr::t?asitgri%ftésm;
tures. This indicated tha : €Yy showed a slight curvature, especiall
by soli . t Freundlich €quation is approximate and pociaTy a o teropera-‘
gases by solids at higher pressures. and does not apply.,:co adsorption of
LANGMUIR ADSORPTION ISOTHERM
Langmuir (1 i i : ‘
| gmuir (1916) derived a simple adsorption isotherm based on theoretical considerati
o amed after him, A eoretical considerations. It was
Assumptions |
Langmuir made the following assumptions.
1) Th ’ i i
EZ) Thc lzglser of the gas_adsorbed on the solid adsorbent is one-molecule inick.
) The a . orbod layer .1s uniform all over the adsorbent.
(3? T'oere is no interaction between the adjacent adsorbed molecules.
Derivation of Langmuir isotherm
Langmuir considered that the gas mole-

cules strike a solid surface and arethus o 09 oo ;
adsorbed Some ‘of these ’mol.eculcs .then Z s 5 —— gaoii SI‘;:ST A;-E =
evaporate or are ‘desorbed fairly rapidly. = o :

A dynamic equilibrium is eventually estab- - covereo o|]©

lished between the two Opposing processes, _suQFef;CE\ © o. (o}Ne) /NAKEa E\e.:)nncs'_
adsorption and desorption. - Bk %xxmn /J

If © is the fraction of the total surface ,
- covered by ‘the adsorbed molecules, the ADSORBENT
fraction of the naked area is (1 — 6). The

; ion (R is pro ortional to - =
e o . o eto 3.8. Dynamic equilibrium exists between free

Therefore, Fig. 2 :
e ‘coveTEd Surf?ace'? .kd 0 molecules and those adsorbed on the fraction
d=. : \
where k, is the rate constant for the desorp- of adsorbent surface. »
go;grmf: .of adsorptioo (‘R ) is proportional to the available naked surface (1 - 6) and the
era *
e (LTS - k08
' ijon process. . ,
where k, is rate constant forftgzs zdr;?irgx??:elzluai 5 1o rate of adsorption. i
' ilibri rate 0
At equilibnium the bk Yy
a1 P} ¥
; gt L0
¥ Of K5+ K,,AP

E __—4 “r;
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680 (ka/.kd) P

0= T+ (k) P

or
KP
MR- S
9= T+KP
- or - constant and S referred to as the adso.rptmn coFfﬁclent,
where K is the equilibrit dsorbed per gram Of the adsorbenﬁ, x, 18 proportional to @
The amount of the 838 & KP
%1 + KP
Hence, : : ;
| 1o KB e o
K =K Tikp 2]

(1)
here K is a new constant. Equation (1) gives the relation between the amount of 835 adsorbeg,
\gee;fessme of the gas at constant temperature and is known as Langmuir Adsorptlon isoth

. erm
In order to test the Langmuir isotherm, equation (1) is rearranged so that
o & 1 P
—x— .= -IZ; +'Kﬂ .(2)

where K” constant=K"/K. : i - :
. The equation (2) is similar to an equation for a straight line. Thus if P/x is plotted against P,
should get a straight line with slope 1/K” and the intercept 1/K". It was found in most cases that the

actual curves were straight lines. Thus Langmuir isotherm stood verified.

on mica at 90°K.
u

Langmuir Isotherm holds at low pregg

] : res but fajlg of h:
As stated above, Langmuir Adsorptiop isoth;ntnf ?;lls a; high pressures /
B dy be written ag '
b oL RpE o
Ay (o Wl

If the pressure (P) is very low, the fac . A

tor P/k*” .. : . :
f ~m1? be ignored ang the isotherm assumes the form
If the pressure (P) is very high, the facy, 'I/K' S :; Dl Gt los pressure)
Z €1gnored and the icntharm harames
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