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� 1. R � P; ad,:ifffi'-U � � atfiiqii<qi cfft' � 0.03 M � 25 � -q
� � Q.02 M 1T � 'tt aftffir � cfft'lJURT,� � � � � -q
�I

�R�P���. 

�cf>T afR:@ � = �,� � "ffl"1@T 'il �
� 

= - A[R] = _ [R2]-[R1]
M t2 -t1 

3lRffi � (� -q) = -(0.02-0.03)molL-1

25min 
= 4 x 10-4 molL-1 min-1

3lR@ � (� "ij) =- (0.02 - 0.03)mol L-1 
= _ {-0.01)mol L-1

(25 X 60) S (1500) S 

= 6.66 x 10--6 molL-1s-1

� 2. 2A � � atMHh'-U -q A cfft' � 10 � -q 0.5 mol L -l � �
0.4 mol L -l ��ti � tt'1'-tid�l<:1 � � atMfffi41 � � ctft 1'JUl;Jf �I
ffl � cf>T � = A � � � cf>T �

=-.:!_ A[A]
2 At 

= 1 (0.4- 0.5) mol L-1
2 10 min

= 0.005 moJ L-1 min-1

� 3. � atMfffi41 A+ B � �, ���f.r4ii r = k [Af2 [B]2 ��
7flrr ti atMfffi'-tl qft �-cp;rr t?

vè;k; 
4 jklk;fud cyxfrdh

Chemical Kinetics 
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� 4. � X r.fiT Y -q ���qi\ ill1•1fac6\ *�ml t1 � X
qfl �i3:.di-�'Tftcfi{��'fflY *Rtlfur�*Wf'tl'{�11'llcf �? 

� � (r) = k [x]2

�x����cJR<ft�,cfij 
� � (r') = k[3x]2 = k[9x2]

t1'-t"lef>'(Oj (ii) cffl' t1iflcf>'(Oj (i) � 1lT7T � � · 
r' _ k [9x2] _ -----9
r k [x2]

. 3ffi: Y "ij, � � cf>T -� 9 :f'T � uJ1<ilrrl 

. .. (i) 

. . .  (ii) 

� 5. ���cfil �r.fiTWT� 1.15x 10-3 s-1 ti� 3iMfsh41
-q 3iMcfil<cfi � 5 g l{J;rrcfil� a g �-q���?

iftwJ wMlj'tii'<, � � (k) = 1.15 x 10-3 s-1 ·

� lfP.:fT [R]o = ·s g 
� lfP.:fT [R]= 3g 

3ffi: �. t = 2.303 log [R]o = 2.303
3 1 x log (5 g)

k [R] (1.15 x 10- s-) (3g) 

2·303 (log 5 - log 3) 
(1.15 X 10-3 S-1)

2·303 (0 .6990-0 .4771) 
(1.15 X 10-3 S-1)

= 2.0X 103 X 0.2219 S = 443 .8 S 
= 444S 
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�6. S02Cl2q;)��-qr.u��-qr.uif��if6ofq;gq;r 
� W@T t, � atMfth<-11 � q;)g chl mm wr � chl 1fGAT �' 

� "tlWf � � � � �. 
� � (k) = 0.693 = 0.693 

tv 2 60min 
0.693 

=---

(60 X 60)S 

= 1.925-x 10-4 s-1

� M ·m11<1Pfq; � it 10°C mt1 cf.G ���it �"l1T � cf.G 
� t1 � cf>RUT � t Fli JI� � � � �"l1T � � vlRfi t1
� � � mtJ 'tR � �1ffill Cffi �am t14'icf>-<Di, k = Ae-Ea!RT Gffi �

w�tl urm, A_�:J11fcf>tf2TI Ea �����ti 

� 8. �, 298 Kif 10 K chl��1R' <lttlllRcfi 3tMMilll cfil'WJ�'ffl 
�ti� atMrsti<U ��Ea cfftTfOAT�I 

��am���. 

log k2 = __§_ [_!. - _!_] 
k1 2.303 R T1 T2 
k2 = 2: R = 8.314 JK-1 mo1-1
k1 
T1 = 295 K: T2 = 305 K: 

log2 = Ea [-1- __ 1 _] 
2.303x (8.314 JK-1 mol-1) 295K 305 K -

<TI 0.3010 = Ea x (1 O)
2.303x (8.314 J mol-1) 295 x 305
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E 
_ 0.3010x 2.303x 8.314x 295x 305(Jmol-1) a 10 

= 51855 J moI-1

= 5.1855x 104 J moI-1

m · = 51.855 kJ moI-1

� � � � � = 51.855kJmoI-1

� 9. 681 K 'fflll'tR' � 2 HI (g) � H2(g) + l2(8) %��acfiT 
'ifR209.6kJ moi-1.t, •%�oRT�lJURT��-�a% 
����t, 

� 3tUJ3TI � mr, � � � � � lRTiR m � � t, � �
�"flTf(JRJ�uJT�t 

logx= 

X = n/ N =e-EalRT 

In x = -Ea "lIT log x = -Ea 
RT 2 .303RT 

209.5 x 1 o3 J moI-1
= _ 18_8323 

2.303x (8.314 JK-1 mol-1)x 581 K
x= Antilog (-18.8324)=Antilog 19.1677 = 1.471 x 10-19

3tUJ3TI cJiJ 31lT = 1.471 X 10-19

� 1. � 01�Fsfi413if����� 01�Fsfi41 �a!IT��qft 
�'i@�I 

(i) 3NO(g) � N20(g); � = k [N0]2 

(ii) H202 (aq) + 3i-{aq) + 2W � 2H20(l) + la" ; � = k [H202] [r) 
(iii) CH3CHO(g) � CH4(g) + CO(g) ; � = k [CH3CHOf 2 

(iv) C2f¼Cl(g) � C2H4(g) + HCl(g) ; � = k [C2f¼Cl] 

(a) �WT=k[At [Bf, cfij���= x+ y

,3@: WT��� ffl �I
(b) k= WT = �

[At [Bf tllfQ' ">< (�)'1
� � k � � � T(UAJ �I
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lftit (i) "ij1J =k[N0]2

� cCr � =2

"ij1J � (k) cCr � =�
[N0)2 

mol L-1 s-1

(mol L-1)2 

= mo1-1 L s-1

(ii) "ij1J = k [H�2] [i-]

�cCr�=1+1=2

kcCr�= � 
[H�2] [I-]

mol L-1 s-1

(mol L-1) (mol L-1)

= mo1-1 L s-1

(iii) "ij1J = k [CH:,CHO]312 

�cCr�=�

kcCr�= � 
[CH:,CHOf2 

mol L-1 s-1

(mol L-1)372

= mo1-112 L112 s-1

(iv) "ij1J = k [C i"f sCI]
�cCr�=1

kcCr� = � _molL-1s-1 

=S-1
[Ci"fsCI] mol L-1 

� 2. 3iMFsfiltl 2A + B ➔ A� � � WT = k [A] [B]2 t1 � k cfiT -qy;J
2.0x 10-6 mor2 L2 s-1 "tt �WJ'qft'1JURJ� �[A]= 0.lmol L-1 �
[B] = 0.2 mol L-1 m � oiMFstilti WT qft' 1JURT � �[A]� 0.06 mol L-1

"�' 

93



etc1 (i) iRTJTI � =k[A][B]2

= (2.0x 10-6 moI-2 L-2 s-1 )x (0.1 mol L-1) x (0.2 mol L-1)2 

= 8.0x 10-9 mol L-1 s-1 

(ii) iRT1T II � � � � 'CR A�� = 0.06 mol L-1

A � � lTf.il1 = (0.1 -0.06) = 0.04 mol L-1 

B � � lTf.ill =.!x 0.04 mol L-1 = 0.02 mol L-1 

2 
���'CR B� � = (0.2-0.02) mol L-1 =0.18mol L-1 

� =k[A][B]2 

= (2:ox 10-6 moI-2 L2 s-1)x (0.06 mol L-1) x (0.18 mol L-1)2 

·= 3.89x 10-9 mol L-1 s-1 

� 3. ��"tl\NH3 q;r��"q,lgcf,13fMFsfi41tl N2 �H2 � 
� cf,l � cp;Jf mift', � k q;r lfR 2.5 x 10-4 

mol L-1 
s-

1 11?

etc1 2NH3 � N2 + 3H2 

·Wfl4>'<ol "4>T 2 � 1lf7T � 'CR
1 3 NH3� - N2 +-H2 
2 2 

� � __ d [NH3] _ + 2d lN2] _ 2 d lH2]
dt dt 3 dt

�����.�=k 

31o:, 
-d [NH3] 2d lN2l = g_ d lH2l

dt dt 3 dt

= 2.Sx 10-4 mol L-1s-1 

N2 c); � � � = d lN2]
dt 

= (2.Sx 10-4 mol L-1s-1 )
2 

= 1.25x 10-4mol L-1s-1 

H2 c); � � � = d[H2] = � x (2.5 x 10-4 mol L-1s-1 )
dt 2 

= 3.75x 10-4 mol L-1s-1 
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� 4 • .s1�qrt4� W� �� CH4, H2 o'-IT CO fflt"I � atMFsfi41 cfil� 
f;l1:;r e4\cfi<o1 mu�� t

� 'ij1T � � = bar min-1

k�� "ij7T 
�HpGH3 J3'

2 

bar min-1 -bar-1/2 . -1= 
(bar)312 - m,n 

� 5. <lel4Ach atMFsh4i � � 11\ JrqJq � q@'chT{cf,1 cfiT � �I 

� � -<i'tiillPt<f> � "ij; 'ij1T -qi) Pti-1�R§a � JJ1Tifcffi <l>«f t 
(a) atf'lc6Ncf>1 � � � �. 'ti��4)vtcf> � � 3N� �

�� filxlTm t��"ij;WiJR! �WA� "ij;
����t,

(b) 31f'lq;1-tcfii � � � cffl 'ijl'T, � � � � "ij;
��t,

(c) 'ffi'tl mtl � 'q'°'( -<i'tiillPl<f> � cffl 'ij1T �= � el

(d) atf'lcl>l-tcffl cfjJ � � � cffl 'ij1T � "ij; � �
"ij; � "ij; � � t1 3IB: � q;r � �. � GRGR � �
��fcl;m\jf@Jt,

(e) � � � � ifi � "ij; 'ij1T '<f>T JJ'fflfcra cfR'cfi ti
� cf>T cJ>ro � � '<f>T 'q;JJ � t, �em��
ft@.fi � m � � q;J 'ij1T � � 3TI$ti m ufTWTTI

� 6. fct;tjt atf11Fsti<1ch � � � atf.ifth41 � � cfft ti atfi:lffti41 cfiT � 
�� M; � atf.ifsh<1ch cfft �

(i)�cfit��
(ii) antfi <fit��

� -qq;���. A----+� 

� =_k[A]2 =ka2

(i)ufifA���cJRcft�
� [A]=2a 

"ijlJ = k (2a)2 = 4ka2 
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am: � _q;J "ijlJ TfR :f1T m uflclT t1 
(ii) ufif A � � 3mft cJR <ft �

1 [A]=-a
2 

� =kM =¾ka2

am: � q;J � _:!. :f1T m uflclT t � � � "Etc uflclT t1
4 

� 7. ���ffi'llcfiT�JrJflcf �'t? ffl'll*�'S[cqJqq;) +WUtiicfi � 
it��'cfi'{�t? 

� � � q;J "ijlJ �. mtr � � � � t � mtr 1t-� 10°c 
� "CR WT� � "ID uflclT ti mtJ � � ll"TJcf cf>T � � 1t �am 
-ti4'cf>:..to1 am� cJR � �1 

k = Ae-Ea!RT 

�. Ea ���� t � A 3TTcffer � cf>T � <l>fflT ti

� 8. �it�*��'ct,)g*�-�* RA�Rsid �� 
� 

}l�:: o 30 60 go 
C�>!tj,R1J;t-t} o.55 o.31 0.11 o.oas

(i) 30 � 60 � � oRR@-q oftmr � cfft TfURT �I
(ii) ���-�����'ct,)g ���cfil'1JURT

�I

� {i) 30�60�3RRra�cfR'R3l)-ffi1� 
=-C2 -C1

t2 -t1 
(0.17- 0.31) mol L-1

=-----"-----
. (60- 30) s 

= 0.1
 
4 mol L1s-1

30
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3l)-ffi1 � = 4.67x 10-3 mol L-1s-1

{iij k' = 2·303 log [Ao] � [Ao]= 0.55 M
t [A] 

t = 30s "CR; 

t = 60s"CR; 

t = 90s "CR; 

k' = 2.303 log 0.55
(30 s) 0.31 

= 1.91 X 10-2 S-1

k' = 2·303 log 0·55 = 1.96 x 10-2s-1
(60 s) 0.17 

k' =2·303 log 0·55 = 2.07x 10-2 s-1
· (90 s) 0.085 

afR:@ k' (1.91 + 1.96 + 2.07)x 10-2s-1)
3 

� � � � � = 1.98x 10-2 s-1

WR 9. � atf1ifth41,A �Jlftf�a¥.R B�Jlftf��ct>'tt1 
(i) atqc:fi�"1 � tt4'c:fi{UI �I

(ii) Bct>'t�cfr-t�cm-��"CJ{�l1111cf•?
(iii) A ti'« B � ct>'t ��cm' i �"CJ{� ll1llcf .?

tm (i) � = k [A][sf 
(iij � = k [A] [38]2 = 9k [A] [8]2

am: � q;r � 9 :ffr' m vITTJT t1 
(iii) � = k [2A] [28]2 = 8 k [A] [8]2

am: � q;r � 8 :fTT m vITTJT t1

� 10. A am- B � � 3iMFsti4i -q A am- B cfft fcif1R � �,�a,an �

���(ro)��lfQ;t'I 

.A/molrt 0.20 0.20 
Bl molr:1'. 0.30 0.10 
· fo I . · MO; fi;1j;-t �. 5.0?x 10-5 5.0?x 10-5

0.40 
0.05 

1.43x 10-5
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ffl��"ij;�, 
� =k[At[B]Y 

� 1· = k [o.2ot [0.30]Y = 5.01 x 1 o-5

� 2 = k [0.20t [0.1 0]Y = 5.07 X 1 o-5 

(ijll)3 = k [0.40t [0.05]Y = 1.43 x 10-4 

� (i) q;) "ff1ft (ii) �-1TT1T� � 
�% _ k [0.201x [0.30]Y 5.01 x 1 o-5

� - k [0.2ot [0.1 or 5.07 x 1 o-5

=1 
[3]Y = [3]0 = 1

y=O
. "ff1ft (iij q;) "ff1ft (iii) � 11J7T � � 

�>2 _ k [o.2ot [0.1 of 5.01 x 1 o-5

� - k [0.40t·[0.05]o 1.43x 10-4 

[
1

]
x 1 

2 
= 

2.82 
<fl 2X 

= 2.82 
m x log2 = log2.82 
<JI X = 1.4957 = 1.5 
am:�� A "ij,ffi&l� =1.5 
([�, 8 "$ ffi&T cnlft = 0 

... (i) 
... (ii) 
... (iii) 

� 11. 2A + B � c + D 31Jiim,ci1 cfft ◄t1•1rnc:6l � � "CR' Pli:.:tR-tf&a

�m1<f�I diMBfiltl ������fi:eroq;'ij@�I

-� (A] li:nol L-1 .. [8]/mol.L-1

0.1 I. 0.1
II. · o.3 0.2 
Ill. 0.3 0.4 
IV. 0.4 0 .1 

CJ� fit'1A cpJ � � 
/mol i:-1 mln-1

6.0x 10.;..3 

7.2x 10-2 

2.88x 10-1

2.40x 10-2 
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ffl ��f.!FJWt>R���uJT�t 

� =k [A]x [Bf
�1 = 6.0x 10-3 =k (0.1)x (0.1f 
�2 = 7.2x 10-2 = k (0.3t (0.2f
�3 = 2.88 x 10-1 = k (0.3t (0.4f
�4 == 2.40x 10-2 =k (0.4t (0.1f

�h _ k (0.1t (Q1f 
�)4 - k (0.4t (Q1y' 

6.0x 10-3 

2.40x 10-2

.! = (0.1t = (.!)x 
4 (0.4t 4 
X=1 

�2 _ k (0.3t (02y' 
�)3 - k (U3t (0.4y' 

7.2x 10-2 

2.88x 10-1

_! = (02f = (.! f
4 (0.4f 2) 

y=2 

� = k [A][B)2 

.. . (i) 
... (ii) 
... (iii) 
... (iv) 

� �. k ctfr � A, B '$ � � D '$ � � G'x '$ 1lAT cffl fflcfR 
� � uJT � ti Wll1l II'$ llAT q;r � q;w �. 

� =k[A][B)2 

k = � = 7.2x 10-2 mol L-1rnin""".1 :.
[A] [B]2 (0.3 mol L-1) (0.2 mol L-1)2 

= 6.0 mol-2L2 min-1
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� 12. A� B�1lar.3i�fffiltl A �11fff1"A� B�11fff�q;)Fe�-3'1 
f;ri;J�-qftcffl� �I 

I. 

II. 

Ill. 
IV. 

3RJ:, 

.[AJ).mol:� �1

0.1 0.1 
0.2 

0.4 0.4 
0.2 

'ijll = k [A]1 [B]o =k [A) 
[A]= 0.1 mol L-1

2.0x 10-2

4.0x 10-2 

2.0x 10-2

'ijll = 2.0x 10-2=k [0.1mol L-1]

k- 2.0x ·10-2 mol L-\nin-1 _ 0_2 min-1
0.1 mol L-1 

����. �=k[A] 
4.0x 10-2 mol L-1 min-1 = 0.2 min-1[A)

[A]= 4:ox 10-2 mol L-1rnin-1
= 0_2 mol L-1

0.2 min-1 

[A]= 0.2 mol L-1

����. 'ijll=k[A] 
'ijll = 0.2 min�1 x 0.4 mol L-1

'ijll = ax 10-2 mol L-1 min-1

. � � = k [A]"lJT [A]= -
k 

[A]= 2.0x 10-2mol L-1rnin-1

0.2 min--1 

.[A]= 0.1 mol L-1
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� 13. -;ft;) <tl' � � � cfft atfiiffti41aif � � �-« ar.lf-� cfft T('UAT 

�
(i) 200 s-1 (ii) 2 min-1 (iii) 4 yr-1

� ltwr��"ij,�3lt�q;raJ 

t 0.693
v2 = -k-

(i) t V2 = 
0

·
693

1 = 0.346 X 1 o-2 S
200s-

= 3.46x 10-3 s 

(") t 0·693 0 346 . II V2 = ------=-=i
= . min 

2m1n 

= 3.46x 10-1 min

(iiij t v2 = 0-69� = 0.173 yr = 1.73x 10-1 yr 
4 yr-

� 14. 14C� '{gc.fl�ct �FPt,'t of.;-� 5730 'ct'f t1 �� cfi�lififfl cfft 
�if,�� cfft � cfft � if so% 

14c cfft -qm t, � cfft � 'cfiT 
��, 

� � � (k) = 0.693 = 0.693 yr-1
t 1/2 5730 

��<Mfcrcq � � � dfol'iRtcGI q;J � cJRa t1

t = 2.303 log 
[AJo

k [A] 

wMljtli"<, [A]= 80% � am t fcl;° [A]o = 100% 
=· t 2.303 x 5730yr x lo 100VI"•, 

0,693 g 80 
2.303 X 5730 X 0.0969 

0.693 
= 1845 yr 

3ffi: � � qfh>�d � = 1845 yr 
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� 15. 1ffi � -ij 318 K 'tR N205 � � c1ft' [2 N205 � 4N02 + 02] 
atfiifstilll � � � � � t

.. tis 0 400 800 1200 1600 
� 10-. ·>< [N�s]/ 

1.63 1.36 1.14 0.93 0.78
MQI L-��-

(i) [N205]�t �-qgr 3ilffl9�1
(ii) atf1:ffstiltl � � 3r.lf-� c1ft' l'JUAT �I

(iii) log [N2O5]�t �-qgrmq;-�1
(iv) atMFshlli � � � � cp;Jf t?

(v) � � c1ft' l'JUAT �I

2000 2400 2800 3200 

0.64 0.53 0.43 0.35 

(vi) k 'c1ft' � � 3r.lf-� c1ft' l'JUAT ����(ii)� �I

1ftil (i) [NP5] � �. t t" lfc21 � ll<Tr JITQ> � � ll<Tr t1 

�(s)--. 

(ii) NP5 � � � = 1.63x 10-2 M

� � cffl 311m = 1.63x 10-2

= 0.815x 10-2 M
3lt� "cfm>J· = JITQ> � � cft 7m) 1lf.:n t' �lff � = 1400 s (WYWY)

(iii) log [Np5] � � t" lfc21 JITQ> t" �. � � log[NPsl t" 'J{Ffl cffl
� cfRa i,

;.:;�·(s)-_ 0 400 800 1200 1600 2000 2400 2800 3200 

;[N�5l x 10�2 

1.63 1.36 1.14 0.93 0.78 0.64 0.53 0.43 0.35 
·: ... t:e-1· 

·. 

:::·mo. -

,_-_iog.iN�sf ·· -1.79 -1.87 -1.94 -2.03 -2.11 -2.19 -2.28 -2.37 -2.46
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log [N2O5] � �. t � lfElf � l'fllT 3ITtf> � � l'fllT ti
-1.80

l -1.90

-2.00
-2.10

6 -2.20 
6 -2.30 
.2 -2.40 

-2-50 0 400 800 1200 1600 2000 2400 2800 3200
�(s) __. 

(iv)� log[Np5] � � � lfElf 3ITtf> ��WT t, 31a': � �
cmfe�t1wr�.

wr =k [NPsl 

(v) WT q;r GTt>T =- _k_ - 2.46- (-1.79) - 0.67
2.303 3200- 0 3200 

-k - 0.67
2.303 3200 

k = 0.67 x 2.303 
3200 

"llT k = 4.82x 10-4 s-1 

(vO aTt� �. t 112 = 0·�
93

--0-·6-93--=1438s
4.82x 10-4 s-1 

� 16. ��qft 3iMfstiltl ���� 60 s-1 t, 3iMfftiltrfi ·q,1 aw.fi
��� _!_ qj 'qJ1T�\ifR"q fcl;cRT � �?

16 

t _ 2.30310 a --- 9--
k (a - x) 

... (i) 
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(a - x) = .!. mn k = 60s- 1 
16 

� (i) ll��cfflmtR,

t = 2.303 log ax 16 = 2.303 log 16 = 2.303 log(2)4
60s-1 a 60 s-1 60 s-1 

= 2·303
1 x 4 log 2= 2·303

1 x 4x 0.3010 = 4.62x 10-2 s
60 s- 60 s-

� = 4.62x 10-2 s

� 17 . .:ufitq,ilt �q;r 2s.1 q!f or.i-�cffffl�� 90srmrt1 �
. ��lt'I � � � lµg, 90sr � 'fq cfft � -q 31c4:tfl�d ffl � �
aq1qillt� �1m-.:rmm� 10 q!f � 60 q'{Wiffil.fctm.:ft'"'ll;n'«�? 

t = 2.303 log _a_
k (a - x) 

'iftwJ wMljtM, t 112 =28.1 yr; k = 0.693 = 0.693 yr-1 
t 1/2 28.1 

t = 2.303 log _a_
k (a - x) 

ifV17T I �a= 1µg · t = 10 yr· wm k = 0-693 yr-1
I I • 

28,1 

tfij, 10yr =2·303x28.1 yrlog_a_
0.693 (a - x) 

<IT log_a_ 10yrx 0.693 0_107
(a - x) 2.303 x 28.1 yr 

_a_= Antilog(0.107) = 1.279 
(a - x) 

(a - x) =_a_= (1µg) = 0.7819 µg
1.279 1.279 

3@: 10 qlf � � � =0.7819µg 

ifV17T II �a= 1 µg, t = 60 yr wm k = 0·693 yr-1 
28.1 

60 yr = 2·303 x log-8 -
0.693/ 28.1/yr-1 (a - x) 
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I a _ (60yr)x 0.693/28.1 yr-1) 09--- ..;...._;;_;_ ___ ....;...._� 0.642
(a- X) 2.303 

_a - = Anti109 0.642 = 4.385 
(a- x) 

(a - x) =_a_= (1 µg) = 0.2280 µg4.385 4.385 
am: 60 � � 'iftfi 1ITTn = 0.2280 µ9 

� 18. � fci; � citfe cfit aff\lfsfiltl -q 99% affiifftiltl '11°f �-q WIT liq?[ 
90% af(i:rfftilt, '1i11f � :if WR q@ lfq?f -u •mart, 

� "iR111 I � a = 100; oiJ (a - x) = (100 - 99) = 1 

� � 99% � � � � � �. 
tgg% = 2.303109 100 = 2.303109102 = 2.303x 2

k 1 k k 

t _ 4.602 (') 99%--k- ... I 

"iR11f II �a= 100;oif (a - x) = (100- 90) = 10

��90%������. 
t 90% = 2.303 log 100 = 2.303 log 10 = 2.303 ... (ii) k 10 k k 

� (i) cn'r.� (ii) � 1lT7T cf-l lR 
t99% = 4.603 x _k_ = 2
too% k 2.303 

���tTTP����1l99%���1l��90% 
� � � m-' 1t WA� � <f>l � mm tI 

� 19. � � � cf>1 afMfftiltl -q 30% � � -q 40 FRG Wffl' l1 tv2 

cf>1 T(URJ �I 

ertrf ·:a=100;:.a -:-- x=100-30=70o�t =40.min 

k = 2.30
 

3 log _a_ = 2.303 log 100
t (a - x) 40 min 70 
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== 2.303 log 10
40 7 

= 2·303 log 1.428 = 2·303 x 0.1548
40 40 

k = 8.91 x 10-3 min-1

-rr;f• t _ 0.693 �3 •• 112--
k
-

t 0.693 77 78 . 
112 = 

8.91 x 10-3 min-1 = · min

t112 = 77.78 min

� 20. 543 K oJtl' "CR �3ti�«l5ftq .. * � tf?.IT �-q � * f;Ji;r 
���I WI�"ctr'JJURT�I 

. t ffl .ffiKl 

-0
360
720

P; 

P; -p 

p(mmof Hg) 

35 .0 
54.0 
63.0 

0 

p 

t ��Fi GJif � (pr)= (P; - P) + p+ P= P; + P
3l� P= Pt -p; 

a = P;; (a -x) = P; - p;x=rifi (i) � p cf>T liA ffi �

(a -x) = P; -(Pt -P; ), i.e., (a -x) = 2p; - Pt

0 

p 

� � � � � t 3ffi: �-� k � � JfcnR TJUAT cJR 

�t 

k = 2.303 log _a_
t a-x

a�(a-x)cpT'J:fAffl� 

k,,;, 2.303 log ( P; J
t 2p; - Pt
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(i) llAT 360 s � � 'ij7J � = k1
k = 2.303 log (35 atm)

1 (360 s) (70 -54) atm 
= 2.303 log 35

(360s) 16 
= 2·303 log 2.1875

(360 s) 
2.303 X 0.33995

(360 s) 
= 2.17x 10-3 s-1

(ii) llAT 720 s � � 'ij7J � = k2
k2 = 2.303 log (35 atm)

(720 s) (70 - 63) atm 

= 2.303 lo 5 2.303 x 0.6990
(720 s) 

g 
(720 s) 

= 2.24x 10-3 s-1

3IB: 31Rrn 'ij7J �. k (2.17 + 2.24)x 10-3 s-1

2 
k = 2.21 x 10-3 s-1

� 21. �aw:RR"tf\, S02Cl2 ��q;)fl�mtf�"tf\f.fi:r�mta 
�-

7 I �: I ,a:
attn 

&iMfRiill �cf>ll'j'UR'f����o.65 atm m1 

ffl SO2Cl2(Q)� SO2 (g) + Cl2 (g) 
P; O o 

P;-P p P 
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Pt = Pi - P + P + P = Pi + P 

a= Pi 

a - X = Pi - (Pt - P;)

= P; - Pt+ P;

='2.p; - Pt 

������. 

'ijlJ �. k = 2.303109 _a_
t a-x

a � (a - x) � 1JA 'ffl � 

k = 2.303 log P;
t (2P; - Pd 

(a) � � (k) � 1JUAl

JFMlj'tii-<, P; = 0.5 atm; Pt = 0.6 atm,

k = 2 .303 log P;
t (2P; - Pt) 

= 2.303 log 0.5 atm
(100 s) 0.4 atm 

= 2·303 log 1.25
(100 s) 

= 2·303 X 0.0969(100 s) 

= 2.23x 10-3 s-1

(b) � � � lJUAJ, ufi.J � .Glir 0.65 atm t1

Pso,p
2 

= 0.5- (0.65- 0.50) 
= (1 - 0.65) = 0.35 atm 

k = 2.23x.10-3 s-1

'ijlJ = 
k x Pso;:;12 = (2.23 x 10-3 s-1) x (0.35 atm)

'ijlJ = 7.8x 10-4 atm s-1

T/ °C 0 20 40 60 
105 xk/s-1 0.0787 1.70 25.7 178 

80 
2140 

lnkv:cf IIT��m-q;�� A� Ea ch'l'lTURT�l 30°C � 50°C �

��q;)��I 
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� (a) logk � 1/T "ij) lfc1T mtn � "ij) ���cm P!&.1��a � "ti 

$Jm�t 

T(K) 
1/T 

logk 

--0.4 

--0.8 

-1.2 
-1.6 l =�:� 
-2.8 

-3.2 

-3.6 

-4.0 

log k -4.4 

-4.8 
-5.2 

-5.6 

-6.0 
-6.4 

-6.8 

-7.2 

273 293 313 

0.003663 0.003413 0.003213 

-6.1040

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

-4.7696 -3.5900

-5.21- - - - - - - - - -- - - - - - -

0.00303 0.0035 

333 

0.003003 

-2.7496

_....____.__ ___ .....__.__......___.___._.......___.__ 

0.0027 0.0029 0.0031 0.0033 0.0035 0.0037 

1/T---• 
log kv:ci 1/Tcfi � m1:1i 

(b) mtn � � xl � cm � cfRcf El

G1c1 = � = ___::§__ 
0.00047 2.303R 

� � (E ) = 2.4x 2.303x 8.314 J moi-1
a 0.00047 

= 97875 J moI-1

= 97.875 kJ moI-1

log k = log A - Ea 
2.303 RT

353 

0.002833 

-1.6996
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� y=mx+c � � ffl w, � � 3ta:� �if�� 
tt4'cf>�Oj ti 

log k = (- Ea ) ..!. + log A
2.303RT T 

log A = y-3Tlff � logk 3Tlff W 3ta:� q;y lJA 
= (-1 + 7.2) 
=6.2 [Y2 -Y1 = -1-(7.2)] 

� 'T1f<P, A = Antilog 6.2 = 1585000 
= 1.585 x 106 collisions s-1

A = 1.585 x 106 collisions s-1 

(d) 1JTCp 'iji � aRT � � k q;y lJA � � ti

T(K) 1/T llT'P "' logk cfil 11R .. /(q;J11Ff 

303 0.003300 -4.2 6.31 X 10-5 s-1

323 0.003096 -2.8 1.585x 10-3 s-1

� 23. 546 K cfitJ lR \11�,ilc:fiiafi � �-ij � � 2.418 x 10-5 s-1 fl
� � O>'llf 179.9 kJ/mol m ffl 1l_cf-"Effi1Tch1 '!r1R cfiT llR cp:ff m11J? 

{(cl �� ttificf>-<01 'ij; �. 
logk = log A- Ea 

2.303RT 

l,H!�ijtti-<, k =2.418x 10-5 
s-

1;

3@: 

Ea = 179.9 kJ mo1-1 m 179900 J mo1-1

R = 8.314 J K-1 mo1-1 

T=546K 
log A= logk + Ea 

2.303RT 

= log (2.418 x 10-5 s-1)

+ 179900 J mo1-1

2.303x (8.314 JK-b101-1)x 546 K
= -4.6184 + 17.21 
= 12.5916 

A= Antilog 12.5916 
A=3.9x 1012 s-1 
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� 24. fct;m atfitfsh<U A➔��� k=2.0x10-2s-1 t1 � A ctft
�� 1.0 mol L-1 ln"ffl 100 s �������?

m 

t = 2.303 log [Alo
k [Al 

I [A]o _ k x t09 Vl- 2.303

tFMljfll'I!, k = 2.0x 10-2 s-1;
t =100s; 

3@: 

[Alo= 1.0 mol L-1 = 1.0 M

lo [Alo= (2.0x 10-2 s-1) x (100 s) = 0_8684g 
[A] 2.303
[Alo = Antilog 0.8684 = 7.3858
[Al 

[A]= [Alo = [1M] = 0.135 M
7.3858 7.3858 

[A]= 0.135M 

� 2s. � �-q wmr q;r � � �-q � � cf,1g qft
atMfailil ti � atMfsh'-11 chl a:ft-atrg a.o � t, s � � � -q Wfflr q;r
�am�? 

����'$�, 

k = 0.693 = 0.693
t 112 (3.0 h) 

t = 2.303
109 

[Alo
k [A) 

I [A]o _ k x t 
09 [A] - 2.303

log [A]o = 0.693 x (8 h) = 0.8024
[A] 3 h 2.303
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[A]o = Antilog 0.8024 = 6.345
[A]

[A]= [Alo
6.345 

1M =-- =0.1576 M
6.345 

[·: [A]o = 1 M] 

am: 8 -que mG � <Cf � lfP-:fr = 0.1576 M 

� 26. iji��cfii4'1 'cfiT � f;Ji:;J e.flcfi(Uj * � mffl ti Ea q,1l- lJURT 
�I k = (4.5 x loll 8-1) e - 28000KIT 

� �3ffl � "ij; �. 
k = Ae-Ea!RT

k = (4.5x 1011s-1)e-28000KIT

� t1'1
'>

jcf>�Uf'i <Cf� 'ffi 1R 

_Ea = -28000K
RT T 

Ea = (28000 K) x R 
= (28000 K)x (8.314 K-1J mol-1)
=232792 J mo1-1 

Ea = 232. 792 k..f" 1 mo1-1

� 27. H2O2 *�'cfilfe*�'cfilf;Ji:;J e.flcfi(UI IDU��f 
log k = 14.34- L25 x 104 

KIT

... (i) 

.. . (ii) 

� atMFshlli * � Ea ctft lJURT �I fcficR orcr 'tf{ � atMFshlli ctft olt-�
256 fit;g mtit? 

� (a) � �. Ea � TfUA1 
�3ffl ti'1lcf>�Oj ij) �
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k = Ae-E8
IRT 

log k = log A - Ea 

2.303.RT 

log k = 14.34 1.25x 104 K
T 

GFIT 'ti41cf>-<0ri cGr � m tR 
Ea 1.25x 104 K 

2.303RT T 

Ea =1.25x 104 K x 2.303x 8.314 (J K-1 mol-1)
=2a93 x 104 J mo1-1

= 239.3 kJ mo1-1

(b) 311imfil> 'ffl'1 clft 1fDRI � t 112 = 256 min.

� 'ct,)fe � � �
k = 0.693 = 0.693 0.693

t v2 (256 min) 256 x 60 s

= 4.51 X 10-S s-1

�am��� 
4 

logk = 14.34 1.25x 10 
T 

4 
log (4.51x10-5) = 14.34-1·25x 10 

T 

- 4.35 = 14.34- 1.25x 104 

T 

1 •25 X 104 

= 14.34 + 4.35 = 18.69 
T 

T 1.25x 104 

669 K
18.69 

... (i) 

... (ii) 

� 28. 10°C cl1'l 'ti{ A ��-ij��� k cfi11'R 4.6x 10
3 8-l clv.n

�� 60 kJ mol-
1 'ti �cll'l't({ k cfi11'R 1.6x 10

4 8-l 1111T?

� �i'<�Pl31'ti 'ti4'cf>'(Oj � �. 

log k2 =-5L_x T2
-T1

k1 2.303 R T1 T2 

sn-1ij't1i'<, k1 = 4.5x 103s-1; k2 = 1.5x 104s-1; T1 = 10°C =283 K
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arcJ:, 

log 1.5 x 104 (6000 J mol-1)
(

T2 - 283
) 4.5x 103 2.303x (8.314 J mol-1) 283 T2 

log 3.333 = 3133.62(
T2 -283

)283 T2 
0.5288 = T2 -283
3133.62 283T2 

0.5288x283 = T2 -283
3133.62 T2 

1- 283 = 0.04776
T2 

i 283 283 2 1 - 0.04776 0.95224
T2 = 297.19 K 

= (297.19-273.0) = 24.19°C 
mq = 24.19°C 

� 29. 298 K "ffl'tl'tR'��qft 3iMFsli4i � 10% 1i°f �-q;r� 308 K "ffl'tT 
'tR' 26% 3iMfsti41 1i_Uf 'WR -q WI'�� eRliR t, � A q;r 1=IR 4 x 1ol0 s-1 "6T 'ffl
318 K "ffl'tT 'tR' k clv;n' Ea if>i 1'fl1RI' �I 

ffl (a) � � (E8) � 1"f11FIT 

lWt � � � � k = 2.303 log [Alo' 
t [A] 

298 K 'lR, k1 = 2.303 log 100
t 90 

308 K 'lR, k2 = 2.303 log 100
t 75 

� (ii) cf>) � (i) � 1WT � 'lR
log !!)_Q 

k2 _ · 75 

�- log 100
90 

= 0.1249 = 2.73
0.0458 

... (i) 

... (ii) 
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a:@: 

31R@Jam � � � 

log k2 = � x T2 - T1
k1 2.303 R T1 T2 

lo 2_ 73 = _§_ [308 -298] g 
2.303 R 298 x 308 

E 
_ 0.4361 x 2.303x (8.314 J mol-1) x 298x 308

a - 10 

Ea = 76640 JmoI-1

= 76.640 kJ moI-1

(b) ��(k)ctft�
31R@J3ffl '(1'1"1cf>'<Oi � �

log k = log A - Ea 
2.303RT 

log k = log (4 x 1010) - 76640 J mo1-1

. 2.303x (8.314 J mol-1K-1)x (318 K) 

log k = 10.6021 -12.5870 
=-1.9849 

k = Antilog (-1.9849) 
= Antilog (2.0151) = 1.035x 10-2 s-1

� 30. 'ffltf 'q 293 K � 313 K ocfi' V4 � 'tR � atfitfailll cfiT � � � 'ffl' 
�t, � atMfailll *��� cfitT(URJ����fcl;�� 
'ffltf � mq i:ntcrn@ ';Jlff mffll 
� �i'<�Pt3t� '('f4lcf>'101 � �. 

log k2 = _§_ [T2 -T1].
k1 2.303R T1 x T2 ' 

.t41'.,lj'('fl'I!, [T1 = 293 K; T2 = 313 K; T2 -T1 = 20 K] 
log�= Ea x 20 

1 2.303x (8.314 J moI-1 K-1) 293 x 313

0.6021 Ea x 20
2.303x (8.314 J mol-1) 293 x 313

Ea 

0.6021 x 2.303x 8.314x 293x 313 J mol-1 = 52863 J mol-1
20 

Ea = 52.863 kJ moI-1
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