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T — Surface Chemistry 457

Rate of reaction o B5 (6.72)

Combin: .
mbining equation (6.71) and (6.72), we get

Rate of reaction = k505 (6.73)

From : . .
(6.73) cduation (6.68) and (6.70) by putting values of 84 and 6p in equation

R =k —(2Pa)(bB;)
(1+aP, +bp, )

R_ =k 206F (6.74)
< 4 2
(1+aP, +bp,)

Equation (6.74
on solid following Lan

.Dep.ending upon value of adsorption coefficients of gas A and.B, following
approximations are concluded
(1)

) is .the rate expression for the catalytic reaction of two gases
gmuir-Hinshelwood mechanism.

When both gases are weakly adsorbed then, 1+aP, +bP; ~1by putting this
approximation in equation (6.74), we get

R.. =k,abP,P,
B xP.P,

It is the equation for second order reaction.

(i1) When gas A is strongly adsorbed then, 1+aP, +bP, ~aP,. Putting this

approximation in equation (6.74), we get

(aP, )
(ab) P,P
R =k P2
A
R_ -k 25
aP,

So, overall order of reaction is zero because order of reaction with respect to A
is -1 while order of reaction with respect to B is 1.

The increase in pressure of gas A will decrease the rate of reaction when A is
strongly adsorbed. This reduction in rate of reaction is known as “retardation by
reactants”. Retardation is not only caused by strong adsorption of one reactant gas,
high pressure of one of the reactant gases can also cause retardation. For example at
constant value of Ps, rate of reaction increases with the increase of P upto a certain

value. But further increase in pressure of gas A causes reduction in rate of reaction
1e.
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S Nl SN, Pt A = T

<4
P If Py = conatant and Pa= variable then
N (f)) When Paie very low then, 1+ aP, + bP, =1+ bPy equation (6.74) will be
U
abP, I
R, =k, ——A-Ro
e R (1+bP)

s within low range value of Pa
the equation (6,74) will be

So, rate of reaction increases with P
(0 When Py is very high then, 1+aP, +bPy = aP,

B, P,
Rm = k' (ab)(;;—)!-;-
A

r 211 (Retardation by reactants)

A

R, =k

So, rate of reaction decreases with high value of Pa.

The value of Pa for which rate of reaction is maximum is called Pawmaxn. After
Pawav, retardation by reactant starts as shown in Fig. 6.23.

Differentiating equation (6.74) with respect to “Pa”

d[Rate] d [ P,

= k,abP 2
(1+aP, +bPs) |

P dp,

Retardation by
eactant gas-A

?.:v'n't‘ (‘li‘ﬁl‘ﬁ
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The dorivative of snstang (s “v0. Hanos, above squation became,

| Rate ' )

. l‘“: l \ ‘\\‘\ R ﬂ“‘ § b ‘ S
(\ n\\\ &\\l‘ W (\ paly hf’.,)i

At [ Ratelaay, the alope of weaph s sovo and 1Y

A= pMnn)

R Lyr
0=\ n\x\\\ | BE Y S— \ (6.75)

(\ Ll U t\\\",) (l \ a\‘,“m,. Yoy )’ .

A :
et ‘%-‘w b M, A, P ,w‘.‘." ‘lm.‘ \,l ",

VO quantition which ia equal to zero. One
By ean't be zervo, So,

(6.76)
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480 Modern Physical Chemistry

b
Usig equation (6.76), we ean caleulate () e
N rtior 70, ) > 10 valu
W hich rate of‘m:fctmn is maximum. The rotardation cnunp(lﬂl,nrl‘:m“"m of #n
is not much significant, %age decline in rate of reaction r.-;, }1') \igh breaay, nl? A ny
11L.1%. It ean be proved mathematically aa M Fatman to 2Py, B0

tmay) in
U“l
M

Rate of Reaction at P = P, (max)

[}{31(,()]"‘ A B krab[ pA(mnl)pll
(1 +taby ., +bP, )’ (G.77)
Putting value of P, max) from i 4
\a equation (6.76) into e i
© equation (6.77), v,
’ gy,
1+ bP,,)
P
[Rate]PA e = keabl — ( a B
2
(1 +a(-—-—-'%-1 + b, )+ bP, }
a n
[Rate], =k 3B/ (1+bR)P,

a (1+(1+bPB)+ bP,,)2

(6.78)

(6.79)

uatior .79), we get

- -
B o easi i 2T
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[Hnln]r

“‘M'

—.--—--a-

ey 2k h— (l ‘hl‘ )P 7
L(l L2 2bP Phg)

[R(\h}]h A 2‘&,] (1 ! ‘_,m_) P
A (c‘ ) tlh‘) )

[Rnto]m_" - -—k A (1 +bPy)P,
e (1+bp,)
[Rate], .~ _2kb P (6.80)

s 9T (14 bPy)

Percentage of rate at Pa=2p, (max)

Rate
%age Rate = [ Rate]{,-al’“,“, <100 (6.81)

Pa=Pamen

Substituting values of [Rate], ,. and [Rate],
A==E A man L

=Pr(man

2 k,b(Py)

%age Rate = 9 (1+bPB)

x100

kb( B,
4 (1+bP,

11.1% of
Rate(max)

‘ ng decline rate at 2P A(max)
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important features of reaction are as follows
- ion because catalyst s in solid ¢
it 1# 8 heterogencus catalytic mctxm . 0lid
and reactants are in gaseous phase. It is a simple reaction and can be consideruy .,
. o reas  are diatomic molecnloy O
e ie. Ol . ‘ while, CO 15 heteronne,,

an example of doud
L CO is strongl

as haviy ks n:'ym
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action scheme can be
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By combining “Hntione (6 sy,

) tiried (6) 4545,
", 0“ . <l

R, = k,“ln,"m
Putting visluesy of 0, snd o

(647

o 1 eustion (6,47,

v, P =L 4.2%)
(l +aP, 4?)!,,)

As CO is strongly adsorbed, so b 2555 4, Then 1+ a¥,, » by, » WP, B
putting this approximation in equation (6.55), we yot

R, -k, abP, P,
(bP,Z,)

=k 2 Fo,
b Pm

As kr and a/b are constants, So,
"

ate -

er v th respect v P, and negative

». R whichxsamtalyw
gas (N7) and hydrogen gzs (Hy)

e of heterogensous cztzivzis
seous state. Catalyst used in
expensive, 5o Fe is used on
ges rate of formation as

 ,. of ammoniz is
nal to pressure of
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el of hydrogen atom from NHj mokculg_ &
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N P s NM ae * Hian
' By gt
NH ot NH s H,
. o
NH . & s Noan * “-_ Aty
SN . e Npow (Rate determining step)
v “" )
Do
o =——H
Desorption of nitrogen & rate determining step. So, rate of decomipaais; "
ammoma depends upon thas step. Hon

Tempkin Adsorption Isotherm for Decomposition of NHs

Tempkin gave an adsorption isotherm to explain the adsorption-dempdon of
nitrogen on irom surface. According to this isotherm. rate of adsorption and
desorption sre exponentially related to fractional surface coverage.

T i S b e - M ey S
: ; N

-ty of surface of

Where, &
adsorbent and rel al surf
of nitrogen gas. , Coverage
- (6.90)
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nitrogen as

As,

Let,

At equilibrium stage, ¢

Surface unenisuy  wv:

RA& o= RD. ‘
k'PNle-ﬂ” - kdam"

LY P e

KT o

a= -l-‘-L 80, abov i
k, ¢ equation becomes

1to eq ation (6.91), we get

Ate of adsorption becomes equal to rate of desorption of

(6.92)
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