7 2.0 ZERO ORDER REACT zo‘j

"Those chemical reactions in which the rates are inggpe -

dent

concentrations of reactants are called zero order reactions.” (1,
in order to derive the kinetic equations of such reactions, consider thal » .
i * Allhat.
decompressed into products 'b?im‘
A S —»  Product ¥
'a’ moles zeromoles t=0
(a - x) moles ‘X' moles t=t(at any time P
Rate of reaction= k[A]°
dx
i = k
dt ortlr

Here k' is the rate constant for zero ether reaction._It means that the ate of

m._~

‘concentrations of the products is a constant quantity. In order to integrate this ¢ equaion, sec
variables by faking df on the R.H.S. and keeping dx on the L H.S. v

fax = [dt

x = kitc
where ‘¢’ is the constant of integration. In order to determine the value of ‘¢’ pyt e
conditions i.e.

When t = 0, x=0
0 = kx0+¢
c =0
Hence the final equation is
Ew. Bl . e (1)

This k" is called the rate constant for zero under reaction. If one knows the i
reaction and the rate constant k, then concentration of product ‘x' can be calculated from equatin(’

7.21  Units (UK k1) of Zero Order Rate Constant:

Since, X = kt
X  moldm3
So o i $onm o B dm3 sec™

. : b el
These units of the rate constant are the same as the units of rate of a reaction g"“ .
words, we can say that rate constant is equal fo the rate of reaction at all the concentral

("J”w"ﬁdnd/w"'b/uzéul :/uﬂ‘jb'd’uj'd! Y
7.2.2 Examples of Zero Order Reaction: \

. 0
(i) The decomposition of NH, on tungston, of pH3 on MO and of Hi on gold surface a7
reactions. ,

ston
M, U0 5 . oo reaciion = kINH,

Mo
P, > P43 Rate of reaction = k{PH,P
2 ﬂ‘—’wm “*'z Rate of reaction = k[HI[’
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K,,,QUC’ | jons th 325
i ical re e rates are

stochem! constant and the
] °°ncb;nat30n of H, and Cl, to give HCI, which is carried out over water sd{ o
e oo is no doubt quite complex, but is of zero order °T Salurated with the

: ,;:We catalyzed by enzymes are also zero order \//
|~ [[7:3.0FIRST ORDER REACTIONS

L6t U5 take a'subleaﬂce,A,Wh'Ch decomposes, into_products. Its initial concentration is ‘g’
|3 et after fime t seconds the amount left behind is (a — x) moles dm™ and that converted

P i X moles dm.

T A ———— > Product

'3 moles zeromoles t=0
k- (a— X) moles X moles  t=t

f- According to law of mass action, i_ite of reaction at time “t_depends upon the concentration
et befind. |

dx
" at ¢ (@a—x)
-(-j—t' = k(a '_..x) ...... (1)

" Here ' is the rate constant for first order reaction. This equation (1) tells us the speed with
{he substance ‘A’is decomposing. Actually, we want such an equation, which can fell us the
ion of the products "X _at any time ‘t. For this purpose we have to integrate the equation ().
egration, separate the variables. - ) ‘
 The terms regarding conc. as dX and (a — x) are taken on LH.S and of time i.e., dt s taken on

e N N e
e IntaR
B =kt — 0 T e 2)

b (a_x)"'n(a—X)(—ﬂ)=—In(a—_x)
| ermine its value we put the boundary

tcv is‘in . t
tegration constant. In order to de ning.of

on Q*Wmebest boundary condition is the start of the chemical reaction. At the begin

:; 1=0,thenx =0

E hese N e Ve s IE)
"¢ Values in equation (2)
- ha-0)=kx0+c
_4“:3=c Ty ety (3)
this value of ‘¢’ in equation (2)
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326 — (4)
- = _kt+Ina (/e
n@-x) = KNS Lyamzgeted A Sidys g,
/Y v

C.\r’bmJJ'-c—t-3\'/r”V{“rc"_—l ._,’.-,-
: : : S
b i two variables. i.e. In (@ — X)and 't 1 o
: | straight line. It has ookl | S indey,
- Equation (4) 15 ((): ae g&—gﬁgﬁéble. When we plot 2 graph between independei Varigy
o a(;w ?"(\ - )X)a‘:yeazls an a straight line is obtained with the negative slope 5 Sho
x-axis and In (@ - X - |

following diagram Fig. (1). y
\Q\ 0 Tan 0 = Slopc of st. linc=k

4]

b

é e

£ L

X 5 —rt - X
{t ——>
Y' P

' Fig. (7.1) Straight line graph for first order reaction. o
The slope of the straight line is obtained by taking the tangent of the angle Whicf ts |
_makes with the x-axis. This slope of straight line is equal to rate Egajg;%nt ‘E in equation 4).
| Equation (4) can be rearranged to get another form of the first order equation
a0 = ~ktblng. oy e e 4)
TakelnaonLHS -
-lna+hh(a-x = —kt
| Rearrange it
¢ Ina-in(a-x) = kt
Apply the formula of In -

a y .
‘“(a~x)"kt LB L O PR ST (5)

E The equation (5) is the equation of a straight fine ie,y=m x +0. When a dr aph

between time on x-axis and In —a— R e SR : oD“"'"f

” on y_axis’ th v g 3 ' g e e IS
(@-x) €N a straight line w;t_h pos:tNe___j'SB )

~ passing through the origin. The tangent of . " ine?
. through the origin because there s no in@fc"?m < g::f,;he-v?lue ‘Zf ratg)cgn#a_rﬁ K. T‘he :

S pIOIYE
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Tan 0 = slope of st. line = k

PR L L N 2 | N . .
T Y 1 ' + + ¥ . k

>~
-
.

0T
t ——>

d measurement of rate constant k.
(5), by considering the_common logarithmic

to multiply with 2.303.

Fig. (7.2) Graph for a first order reaction an
We can have another form of this equation

gseem. To convert the natural log to common log, we have :
*——’__—_/—A—"" S ( i Y DL
2.303|og(a_x): kt .. U =2-303L7)
| Rearranging
l —2 - ke (6)
g (%)~ 2303 6
n diagram (3) and the slope of

Equation (6) is again the equation of a straight line as ShoWn i

be staight ing is equallto—z-skb—j (y = m x +0)

Fig x
S)l (7.3 Graph for a first order reaction @

Ponential f i ' ot |
F uations: . t
The Chential form of First order €qU " o) rm by taking the antiod

Scanned with CamScanner



be used, with the passage of tme.

(4) Inversion of cane sugar:
This reaction is catalyzed by dilute HCI.

dil. HCI
C1pHp04q + H0 ——— CgH,,0¢ + CeH,,0; |

The progress of reaction is followed by noting the optical rotatieqcybe reéction Mixture,
7.4.0 SECOND ORDER REACTIONS

Let us consider two substances ‘A" and ‘B", which react to give the products. The reactions
be carried out by

(i) By taking equal concentrations of ‘A’ and ‘B’

(i) . By taking-different concentrations of ‘A’ and ‘B’
7.41  Second Order Reaction with Equal Concentrations of Reactants:

Let the initial concentrations in moles dm3 are ‘a' moles_d«rﬁ‘3 and after time 1 ¥
concentrations left behind are (a - x) for both ‘A" and ‘B ‘ =

| | A+B — " Product
ata - zero t=0."
L TEESWERY |
e rate of reaction at time 't is di ~ | rations

reactants at that time. This is first accord:ngljs‘tod:;?;/:t(')yf rﬁ;c;zogé(t)igil Fol Pf?dUCt e

L dx
g = kB

= b
d_’t( = k(@a-x)(a-x)
e k (a — x)?

dt ..... (1)

y y fie
Where 'k’ is the rate constant for second orq - . fells
L e oy ich té
speed with which this second order reaction js F reaction. This is the equation whc tion WM"

the aar T — = L5 Progressing, equat™ . 44
can tell us the concentrations of the products produced and tr?: tcuoa’:lgér\::re;t\?g:‘nct)fs :Jec:c;?nsqleﬂ ‘be'"nd

-
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g se, we have to inte | |
grate this equation. Before integration, do the =
. separation

ror S P eniration t
ke the concentration erms on the L. ,
w1 o H.S and the time on the RH.S
/’5 = kdt
(a- X
(a—¥)
. s e
o — -2+1
f(a-X)"zdx’( X)2+1 (1) _(a=x'C) T
;—,/— -1 (a-x)
1 __u+c
(a . X) ...... (2)
of integration. In order 10 determine its value, put the boundary

‘¢ i1s a constant

yhere
conditions 8- when't=0, x=0
1 B
5 ) c ...... (3)

put this value of ‘¢’ in equation (2)

...... (4)
When a graph is plotted below

Equation (4) is of straight line (y = mx +C).
1 . N R
—"‘)' on y-axis, then a straight line_is obtained" \ with the positive slope as shown in the
1 .
at a gap of a from the ongin.

(@a-x

folowing diagram (7.4). This line cuts fhe y-axis above the origin,
X Y Straight line

|

't on x-axis and

Tan 0= slope = K

Y tion
Fig. (7.4) Graphical representation of afsogzlgn‘t’; der react
i ions of re P ‘«)

with same concentrati 0 gives s the ate constant k'

A
Slope of a straight ine which is e value of the
¥ fearranging the equation (4)
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———=kt

a(a—x)

: is again th X
.« equation (5) is again | | | :
This eq on y-axis, 3 straight line IS obtained passing through the i,

o equation of straight fine (¥ = ™ * 0)-1f & grapy

- e

- X
between ‘{ on x-axis and fa(a )
shown in the followed diagram (7.5)
previously by plotting a graph.

The value of rate constant k' is the same as we haye g,

o e e

-
L

(AR T TS U SN TN B S |
™1t & 15 11 07

X
a(a - x) -
| g Tan 0 =slope =k
X +——mfF 4ttt X
ot
" —_—
Y

Fig. (7.5) Gra_phical representation of a second order reaction
with equal concentrations of reactants
i .

742 Units (UK¥) of Second Order Rate Constant
The second order equation with a same con |

i centrations of reactants is,
ala - x)
1.°%
k 5y a(a — x)
The units of x, aand (a - 4
' ar
1 ) are moles dny 3 while fime :
o moles dm3 € is expressed in seconds.

S€C. " moles dm 3

k = dm’ mol * sec 1]
e 7 > 3 Half Life Period of the
- Theequation for the secq
L TP R & kit -

-Moles dm, 3=\-,\L~

Secong
rder ;
nd order reéaction Reaction;

(a-x) Me concentrations of reactants 5

|

i :
e

—
|
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nelaxaton method

o TR
(iii) Flash photolys;i -
| ysis .
CI we A Molecular beam methog \/

(n g{(é-c-ﬁ\, ¢ 7.7.0 ENERGY OF ACTIVATION

Cellision -

We know that th

€ molecules of .

(e Sl AT with : : gases and liquids are colliding among  thems##®

oot lread x zh i g:iftraelgc%i_lrggz‘sfa;nt{cherpical eactions are due to collisions) gvery colis?

Place when the old bonds are broken ang r&{.cf&?"f o o s £ 1 20). Chemical reactons®
sty nd new bonds are formed. In order to break the old bondsﬁff

e ————

éxtra energy is required. In other worgs the

; j react : - tod S#
(SBTTCTY5L) and become able 10 convert themselves inrt‘g Q. i o ol
It means that the reactants do not pass dire iy :

i §i- g ctly to the products, til uire on a0t
: n:t):r?mt ();hize;?w);r( M;v#f-ww) rore than the average ene’:gy of the t'm'cff;iﬁfiilf reactans 1
ystem. gy which is more than the average energy and js just sufficient to €O w

reactants into products is called energy of activation
' Those molecules which posses ene '

- the hypothetical reaction

S, -
r9y of activation are saig to be activated. Take in®*

' llowing diagram (7.12), in whi . ordd
Consider the following diagram (7.12), in which the reactants are present at h%?

enefgy (/s /1 h-slel)) than the products. Accgrding to the diagram the average energy of ph aie
is less than those of reactarltS,t Zo ih?er::fcot:zr} 's@xothermic K uis g -, 5 /) But reactan®

: ™ ctivated sta orming th B
M({—WJ/‘J"’) the a g the products.

A+B =i C+D :
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Activated stale

Reaction co-ordinate =—>

Fig. (7.12) Idea of energy of activation
The molecules of reactants must climb (t=27 ) the epergy barrier (>§,) before they can
e down the hill (tT& =)o form the products. )
: E,'is the energy of activation for the forward reaction (S8 ZT) and 'E,' is for the
qward reaction. The exothermicity of a reaction is the difference of 'E," and E; ‘
it is clear from the diagram, that greater the energy barrier (et 2 L
ossibil (tnua ) for the conversions of reactants into products. In other words energy of activation is
e of the major factors which controls the rate of reaction..
174 The Source of Energy of Activat’on in a System:
| Due to collisions of gas molecules, sume of the molecu
otfions (14 -+). It depends upon the chance, whether it wi
‘ahvaled or unfayourable (—-t-t) one to be ce
‘Lf"-ﬁ)’) that molecules experience mi lions and millions of collisions ww_nc_ls.-These are
tieted and deactivated millions and millions of time per seconds.
In the activated state the molecule may get the chance to be decomposed
% deactivated and remain as a reactant.
112 Effect of Temperature on the Reaction Rates:

In the previous discussions of reactior rates in the whole chapter, we have considered that the
maction is influenced by the concerdral ts. Tem%yqture was thought to be
SNt Experiments have told that an increasing temperature increases the reaction rates and do not

tes is observed both in gaseous and

the order of reaction. Anyhow, high increase of reaction ra
hase reactions. But be carefulhat the formation of NO, from NO and Oy shows the Bxceplional

Our. s rate decreases with the increase of temperature.
r | _/—_-.—"—’—_
5 2 Co-¢ ]
Asarule the increase of temperature by 105C. doubles the r
Stants of a reaction at two difierent temperatures,

e co-efficient.

em : ks k308
Derature =__=_.——=2t03 3
co-efficient =1 Koo 1. g& y

action lila\téé and Arrhenius Equation:

JL"?) smaller the

les are activated due to favourable
| get a favourable collision to.be

(ko2 #) earlier than

eaction rate. Hence the ratio of
differing by 10°C, s called

erature Dependence of Re
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352 h iation of rate
_ ed the vari CONst-
: ntally obser . ~al |
in [1889] Arrhenius experime ’_Ly_ elationship between rate consian !
A = " dhd

temperature, T'. He gave an em irical (U

A_ : _B_
lnk-A I

Tos
ts which depend

‘ ll}h, %

(1)

upon the nature of the chen

‘A" and ‘B are the constan :
According ® % equation (1), The_I srease of temp

Lal 1

.e__ril’? ] COm[éfﬂ k‘ [

rafure "1 increases th
e

y= —mx +C

) and if graph‘is plotted betweﬂ?\

)"‘ann;

aﬁ&onnis equation of a sraight line (

log k on y-axis, a stra""" fine i~ nbtained with the negd
The value of ‘b_i> Oblan v o

intercept of the straight line. Equation

exponential form. Y

Tan 0=

he slope of the straight line and that of 5, v
(1) is in the form of log, and it can be

ative slope Fig. (7.13).

H\"-'m '

l’r‘v’er‘tec :

slope =B )

X' —+—t (; + ——t—t—t—t X :
1 )
T T ,
Y ' -
" 1
Fig. (7.13) Plot cfIn k and T for Arrenius equation. :
Ink=A'- Bl |
Takingantiln  (urdrstde'y Zdn b h) :
k = elA-BM ' i |
k = efxeBh (e* = A) K"
k = Ae®r

Equation (2) is the exponential form of Arrheni

equation (1). Anyhow, the factor B was re
is as follows:

k=Ae RT o)
In equation (3), e 53kt is called Balty, by ol
.o N m : d Tj 0
activation Ea and the temperature, ‘T'. This eqdatio:m.‘ factor. Iis value is controal;;n‘ O'h, N
‘Ea’ are endent of temper. id are gqu )

dent of iemperaturefand are d
These two factors have a great e:ofe:{a .ala

7.14  Calculation of Energy of Activation:

“When we take the natural log i.e., In of equation (

expression.

Placed by Ea/R and the accepted form of AT

) I1s called as Arrhenius ing 1957}
rmined by the ies OW
cal significance y the pro\pertle L [Ee _

(2)

e
us equation and it serves :

n (C‘:
the same P'°
henius &~

ali)

T —— e

-f'f"?h’“""*-'f S —

o™

- o [0
he
3) and rearrange it, then We 9° t
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=jnAtine :
/RT .ine Since (ne=1)

Ink
(e bTLi 27 K i Aloge i e S Uein)

|nk=|nA"'Ea

L aIRT +{n ...... (4)
o (4), i of straight line _(y = mx + »c). When a graph is plotted between 1/T which

axis and Tnk which corresponds o'y on y-axis, then a straight line is obtained with
o intercept. From the SIOpe straight line, energy of activation ‘Ea’ can

» ¢ slope andwﬂuﬁﬂm
ot 3 om the value of the intercept, we can have the value of Arrhepius factor A"

le:
" Let us study the decomposition of N,Og which is a first order reaction.

e TETR—

e ———— 2N02+§O2
d in the laboratory at different

The value of the first order rate gonstant_ 'k’ is determine

emperatures.

A graph is plotted between 1/T an x-axis and ‘in k' an y-axis as follows. Fig. (7.14)
| Y i

;, = Rtan 0

y—
intercept = In A J

X~ Pt X

L 0- i ] -L

4
Fig. (7.14) Measurement of slope of straight line. |
ki The value S(_szmsilope of the straight line comes out to b The energy of actlg_ga_iE_a
% calculated asfollows.
... Ea
~2303R
Ea= - (~5400K) (2.303) (8.314 JK~"mol ™)
: Ea =»1(\)34‘12 J mol-! ‘
115 cEa: 103.41 kJ mot~".
- :lculation of Arrhenius Factor ‘A’:
€ Value of intercept of the straight line is equal toM.
Taki InA™="intercept e
ng the antiln on both sides.
A = Antiin (intercept)
o K= 4310 AT
40, mesafe same as for the specific rate constant. The Arhe

ation for decomposition
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