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CHAPTER — III

orims bover o m smeet Pt SO4IS SS3A Sout Pt i Ay S4RD Seuek e Sov o 4000 Seber S1em doaim SMaun Soews e
snosIoImImIIanINEmoTD oI E ORI ISt I

In ordér to decide the suitable temperature,
concentration of the reactants and concentration of the
silver catalyst, some preliminary experiments were carried
out. At room temperature, it was observed that the
uncatalysed reaction is very slow . The reaction proceeds
with a measgrable velocity at 3I5eC.

Thus the reaction was first studied at 3I5<C
using the concentration of Fafzle as 2.0 x 10~ M. Substrate
as 5.0 % 10" M and 1.0 x 107 M as Silver catalyst. The

results of this kinetic run is recorded in Table A4 - 1.
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TABLE A ~ 1

P DE Dt N PG PG Ny g Py g Py

KaSe20e = 2.0 x 1072 M, Amide = 3.0 x 10-2 M,

AgNO= = 1.0 x 10™ M, Temp.= 35=C
Time(min.) C* ke x 10% min—d
e 9.4 -
20 8.95 2.704
40 8.48 2.687
60 8.05 2.660
80 7 .65 2.64%
100 7.28 2.602
130 ' 6.74 2.589
160 6.26 2.566
200 5.68 2.541
240 S.15 2.528
00 4.45 2.510
360 .84 2.500
 Mean K. x 10 - 2.593
min™?

e S A A S T 44920 Samt Woh S48 P Shene SSRRS SOSFY SAbe 0008 FYSS SPE Seate SHSGA Sv3e4 Beth IS Il $04N SHHS WS PURSY SO s b Petee fadae S4006 betss Seees S 4RSS SeVRS SHeRR Beten Besee T ST S4AH SOUA USAFR SHAAE FOOSH AGNH Badh RO MRl BNAGS Ghbvn Sheuk seses Sesnt e

[C* denotes the volume of 0.02 M NazS20zin ml equivalent to
unreacted S»0e="1]

From the above results (Table A-1) it is seen that.
the first order rate constant slightly decreases with- time.
This suggests tﬁat either the reaction follows an order
greater than one or the reaction is attained with inhibition

during the course of the reaction leading to a decrease in
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the first ofder rate constant with time. In the above
experiment, the quantity of substrate has been taken in
excess, its concentration is greater than 8520~ and hence
the order is with respect to Sz0e® ion.

In order to decide cohclusively the order with
respect to Fz5z0ae as well as with respect to substrate, the
reaction was studied at equimolar concentrations of KeBzUae and
substrate ( viz. 0.02 M — sach ) keeping the concentration of
the silver catalyst unchanged. The temperature of the
reaction was also adjusted to 3I5<C. The results of this

kinetic run are recorded in Table A - 2.
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TABLE A - 2

P N Py Ba e g o e e

FeSa20e = Substrate = 2.0 x 10-=M,
AgNOx = 1.0 ® 10~ M, Temp. = 3I5=C.

B T T T L T e S ——

Time(min) C Ke x 10% min—?*
o 9.4 -
20 8.62 4.498
40 7 .88 4.486
&0 7.21 4.4469
80 6.60 4.456
100 6.05 4.447%
130 5.30 | 4.435
160 4.65 4.420
200 3.90 4.408
240 . 3.29 4.386
300 2.54 4,372
360 1.94 4.355 \
" Mean ks x 10 - a.42e
min.—?
From the above results, as shown in Table A-2, it

has been observed that, here also the first order rate
constant slightly decreases ith time. This decrease in the
rate constant may be due to some inhibition as the reaction
progresses. The nearly constant values of the rate constant

suggest that the order with respect to substrate is zero.
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EFFEST OF KeB.0s CONGENTRATION 1

Befors studying the es+fect of EzSzle on  the
react;on rate, it is necessary to sthdy the self
decomposition of peroxydisulphate without the substrate and
in presence of silver catalyst. The temperature was also kept
unchanged. The results of these kinetic runs are recorded in
Table A - Z. |

TABLE A - 3

P BN P P P Pp Py P Pr P D N N

gD = 1.0 % 10°=M, Temp. = 350

FaSela IM 0.01 ' 0.02 0.0% 0.04

Time C b 10™ o baw10™= I kaw 1™ {1 kw10
imin? min—? mim™?* mim—?® min™—?

o 4,93 - 9,65 - 14.72 - 19.54 -

20 4.79 1.4352 F.E39 0 1.3564 14.38 1.168 19.10 1.112
40 4.65 1.433 7.14 1.34%9 14.035 1.162 - 18.469 1.10=
60 4.54 1.3552 83.24 1.273 15,732 1.158 18.730 1.0846
820 4.42 1.749 8.73 1.24% 13.47% 1.143 17.92 1.078
100 4.73%1 1.7340 B8.892 1.276 15313 1.138 17 .56 1.064
1320 4.14 1.3%324 3. 23 217 12.70 1.133 17.05 1.048
160 .98 1.326 7.97 1.1924 12.268 1.128 16.38 1.024
200 .80 1.3200 7 b5 1.188 11.75 1.125 1&.14 0.9%4
240 T.63E 1.27%5 7 .35 1.135 11.25 1.119 15.60 1.9%4

2S00 T.3E 1.241 6.91 1.109 10.54 1.113 14.84 0.916
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Now in order to study the effect of KaSz0e
concentration on the reaction rate, the reaction was studied
at three different concentrations ofka820e. The concentration
of substrate and the catalyst was kept unchanged. The results
of these kinetic runs are recorded in Table A - 4, and for
the sake of comparison, the data of Table A - 1 has been

incorported in it.

GARR. BALASAHEB KHARDEKAR LIBRARY
@MIVAJI UNIVEBSITY. KOLMAPER.

ot 11 |!|!|\” i
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AgNOs = 1.0 x 10-=*M,Substrate = 5.0 x 10-*M,Terp. =35<C
(KaSaOeIM.  0.01 0.2 0.0z 0.0
Time  kex10® kax10% kex105 koxt®
(min.? C min—* c min—?* C min—? c min—™
0 4,95 - ?.45 - 14.325 - 19.38 -
20 4.65 Z.161 8.95 2.704 1Z2.67 2.401 18.57 2.12¢
40 4,36 3.149 8.48 2.687 3.03 2.393 17.81 2.10¢
60 4.10 3.137 8.035 2.660 12.43 2.381 17.08 2.09¢
80 .85 3.128 7 .65 2.64% 11.8646 2.373 16.40 2.08¢
100 .62 I.119 7.28 2.602 11.33 2.360 15.74 2.017
130 3.30 z.107 6.74 2.589 10.57 2.349 14.81 2.06%
280 .02 3.086 &.26 2.866 9.87 2.338 13.94 2.05¢
200 2.68 Z.064 5.68 2.541 9.01 2.322 12.87 2.04%
240 2.37 3.053 5.15 2.528 8.24 2.310 11.90 2.0z0
" zoo 1.98 %.039 4.45 2.510 7.19 2.301 10.57 2.021
360 1.6646 3.028 .84 2.500 6H.29 2.289 .37 2.014
Mean i T
ks w10™ - 3.097 - 2.993 - 2.347 - 2.067
min—?*
Lz‘xlos - 1.325 - 1.215 - 1.135 - 1.015%
min—*
ko x1i0™= - 1.772 - 1.378 - 1.212 - 1.052
min—*

arvos rome. soart soume Smiwe AR MALAY WSS 4S9 A0S BAWIE YA PURES NS Wi WY S PR (RS ShAeD Ak 4008 000 ebS GFIFY Paand Tmimn Briee et eS8 SRESS FARrs Bambe Sonas THOPE PreRs PSS Y By s Bibbn Heow) WAASY SR N S OO Wbl IABIA BOO00 LS Sl G440 To4ER SHueD $O3AD S0000 T Ty e SwRre S0%60 Searn Ronde reat SiTeR Srave MBS es9e teheg Ba¥.
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From the above results as shown in Table A-4, it
is seen that,when the concentration of KafSeala was
increased, the first order rate constant was decreased. This
'decrease in the rate constant with an increase in the
concentration 0f Ea2520a may be either due to an increase in
ionic strength or due to the specific inhibitory effect of E+*
ion or due to both. }

In any particular run, it has been observed that
the first order rate constant decreases with time, because
the reaction involving S8z0e®~ions are highly susceptible

to trace impurities. Hence all the precautions were taken
to purify substrate and all the reagents employed for
the kinetic study. These resulis are recorded in
the above table (Table A-4) and also shown graphically in
Fig. A-1. From the initial slope of the curves, the first
order rate constant of the reaction (viz. ki) is evaluated.
The rate constant k, at different times has also been
calculated by integration method. The net rate constant
(viz. k) for the oxidation of the substrate is obtained after
deducing the value of the rate constant {(viz. kz) for the
self decomposition o0f S20e*" studied similtaneously (as shown
in the above table A - 3).

Here, it must be mentioned that in all subsequent
kinetic studies, though the self decomposition of 820e%®" has
always been investigated under the corresponding experimental
conditions, the kinetic data of these runs have been omitted
on account of pressure on space and only the corresponding
values of the rate cpnstant (viz.k,) have been directly

recorded at the snd of sach table.



It has been observed that the first order specific
rate decreases by increasing the concentration of Sz0e%~
constant ionic strength as well as constant kK* ion
concentration. Hence it was considered reinVestigate this
effect at constant ionic strength as well as at constant E*
ion concentration, s0 that the effect of both these
parameters may be eliminated. Hence the below table shows the
data of these kinetic runs (Table A—S)\ carried out at
constant idonic strength and constant K+ ion concentration

which have also been shown graphically in Fig. A - 2.

43
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TABLE A - 5

Y PV P e T A T

AgNDx=1.0 %x10-= M, Subastrate = 5.0 x 10-% M,
Temp. = 35=C , _u = 0.301 \

[K2520a 1M 0.01 0.02 .03 0.04
+ [Ka5041M. 0.09 0.08 0.07 0.06é6
Timetmin.) Vol.(in ml.)of 0.02M - NasSaOsused(viz.C)
“““““““““ o a.9s  9.48  14.28  19.55
20 4.72 F.11 13.79 18.93
40 4.51 8.76 13,32 18.35
60 4.30 8.42 12.88 17.79 ’
80 4.10 8.11 12.45 17.26
100 I.92 7 .80 12.04 16.73
1320 Z.66 7.38 11.46 16.02
160 Z.42 &.98 | 10.92 , 15.33
200 3013 6.48 10.42 14.48
240 2.86 6.38 F.62 153,325
=00 2.50 .41 8.74 12.35
360 2.19 4.88 7.9 11.55
kix10®min—* 2.321 1.921 1.682 1.528
kaxlO®min—? D.6%0 0.670 0.670 0.660
k «10®min—? 1.631 1.281 1.012 - 0.868

From the above results as shown in Table A-5 it

indicates that here also the First order rate constant

decreases.

Table A-6 shows the comparison between k values
with increasing concentration of Sz20e%" with Ka804 to
maintain constant ionic strength and constant K> ion

concentration in later case.



TABLE A ~- &

Fhp P N PR P Py P B B T N

AghOx=1.0 210-"M, Substrate =5.0 =10-=M,Temp =35°C

45

e e e e e e e e et et et et o et et e oo e e i it e s 2 s i e et S 5 i 1 3 e S 2 P 2 5 0 S e e e
[ aSae 1M 1) [HL80,0s1M by 1=
without minTd with constant min—?
¥eabla K+ ionic strength
0.01 1.772 0.01 1.631
0.02 1.378 0.02 1.251
0.03 ' 1.212 0.03 1.012
0.04 1.08% 0.04 J.868

From the above results (Table 6 -~ &), 1t is seen
that at constant E*Y ionic atﬁength, there is é decreasse  in
the rate constant. This suggests that the effect is due to
the increase in ionic strength as well as due to the increase
in K+ don concentration both causing inhibition. There exists
a pérﬁistent rate decreasing tendancy even though the
reaction is carried out at constant ionic strength as well as
at constant K ion concentration which leads to conclude that
it iﬁ'prwbébly due to soms tracé impuirity remaining in  the
peroxydisulphate sample itself @VEn after repeated
crystallisation ahich however, couldnot be characterized.

A plot of - log k versus the concentration of
peroxydisulphate is found to be lingar (Fig. A ~ 2). The
following relationship between - log k and concentration of
Falzla is being followed:

= leg k s 2,443 + 85,90 (840010

provided that [ Sale® lsis not squal Lo zero.

ORDER WITH RESPECT TO PEROXYDISULPHATE

A1RS Ghts msod it Vb4 AL S0HPR WAAE BeiAS hiae whane Ankbs SH4RR Sebee Sisee e TAR cvete Sebeh Rbend Seses pobeh 4O TS HAUAY STe4t YOS HRSE POVSS T Bt SRY H4bes Berbe St msee <9000 e Shess

The order with respect to peroxydisulphats was

calculated by Van 't Hoff's differential method. The volume of
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Naz520= (equivalent to KzS5z0s !} was plotted against time for

different initial concentrations of KeSa0e.From these curves
the wvalue of ~dco/dt in each case was determined from the
initial slope as given in Table A -~ 7.

TABLE A - 7

PPy e Ny g Nefuiufeiy

[KaS20el - desdt  Leg  Log
w104 (80" ] (—dc/dt)
.01 1.854 -2.0000 ~5.7318
0.02 3.581 -1 .69%90 ~%. 4459
0.03% 5.514 ~-1.5229 | ~3%. 2585
0.04 7.3545 ~1.3979 ~Z.1350

The value of —dco/dt and concentrations of Kzbals
i.e. 'C’ are substituted in the Van't Hoff's equation and the

order of the reaction is calculated thereby.

T S s o o o i st e s o e ot e e St St e s et i S S o 2t
Log €4 ~ Log Ca
The values of {~do/dt) for different initial

concentration of 5zx0e™" and the values of ‘i’ calculated
thereby are recorded in Table 6 - 8.

Again & plot of log —do/dt versus log (8x0e®1 is
shown in Fig. A ~ 4. The slope of the curve is 0.97375 as such
the order with respect to S520s% is one, which is cmnfirméd

by the value of 'n’ as shown in the following table(Tableh-8)



TABLE A - 8

P P N N M P N g o N Py
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0.03

0.04

1.854

7.345

3.581

5.514

5.514

7.345

0.9471

0.9920

0.99:28

1.0641

0.9967

s s s o P - s e i bt vten Rkl St Mot o oo S Sorw S4pee Sresh et Mo e Sl Somne Sonh S44ek TP Sus OO et SRARS Subar SHLLD Wb b SOeD SUBHS Mbn AAOIS B R B LAY SRS S S B A D U SO S1

In order to study the sffect

on the reaction rate,

different concentrations

the reaction

of amide.

K=520a and AgNOswere kept unchanged.

kinetic runs  are reco

graphically in Fig. A - 5

rded in

of amide concentration

was studied at Ffive

The concentrations of

The results of these

Table A - 9 and shown



TABLE A - 9 . 48

F PPy Sy e Ba N NN g N e

Fa820e= 2.0 x 10-2M, AgNDx = 1.0 x 10-3M, Temp. = 35°C

o~ o o — - s S SAive H4440 SOr0n HOR St memve Suret Peons Saems. daedn S00th Sese

anton Vv Suton St Gt Wl St ASSAR et SEHE SHRAL SONUR SOLAL Sebee et Fmia ek MNONE B $8408 oo oste

[Amide 1M 0.025 0.05 0.075 0.1 0.125
Time(miny Val. (in ml) of 0.02 M -NazSx0s used (Viz.C)
0 ?.43 7 .45 ?.44 7.45 ?.43
20 4 8.94 8.95 8.94 8.93 B8.9%

40 8.49 8.48 8.47 8.45 B8.46
60 8.07 8.03 8.02 8.00 8.02
80 7 b7 7 .65 7 .60 7.57 7.61
100 7.30 7.28 7.21 7.17 7.22
130 6.77 6.74 bH.65 : b.61 6.68
160 6.28 6.26 ‘ 6.15 6.10 6.19
200 5.69 5.68 5.54 5.48 5.58
240 5.16 5.15 5.00 4.%4 35.05
=00 4.46 4.45 4.28 4.21 4 .33
260 .85 z.84 3.68 z.61 3,73
::”:“;5;&in—:~ 3?%37 o 2.5;;— 2?295 2.737 ““*;T;;;""““
ke « 10¥%min—* 1.215 1.215 1.215 1.215 1.215
k% 10%¥min—* 1,332 1.378 1.480 1.522 1.430
From the above results (Table A — 9) it is seen

that the rate constant only slightly increases when the
concentration of amide was increased, but the rate
practically remained - constant showing the zero afder
behaviour of the reaction.

The gpecific rate is seen to be a function of the
initial concentration of both 520a®" and HzN.OC.gH governed

HC . CONH=
by the sxpression.
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T H=N.OC.CH :
il !

HE . CONH :

k = k(mnx-) T s Sm e s o e e o o e

-— o

H HaN.OC.CH H
b + ! ] !
H HO . CONHz_{

.
In support of the above equation, a graph of Amide/k ,

versus concentration of amide is plotted. The plot was found
to be linear from which Kmaex and b were evaluated as 0.00272
and 0.02675. From these values k was calculated and found to
be equal to 2.537 % 10-=min~*which was almost identical with

k = 2.593 % 10-= min—* , calculated experimental value.

ORDER WITH RESPECT TO SUBSTRATE :

s ey S04 sonm SopBe Sosi e S R Soee AR bt S S S bk oot e e S4hel. SR SOPL Sedan BeeLe SRR St A pubes St S

In order to confirm the order of the reaction with
respect to substrate, the kinetic data of Table A-9 was
subjected to Van't Hoff's differential method. From the
initial slope of concentration versus time curves, the value
of =dc/dt corresponding to various initial concentrations of

substrate were evaluated. These values are recorded in Table

A—-10.

: TABLE A - 10
Pt O\ N N e T O N D N N e

LAmideIM (~de/dt)x10-4 Log Co Log(-dc/dt)
0.025 2.910 ~1.6020 ~H.5361
0.05 T.016 -1.3010 ~Z. 5205
0.075 2.940 -1.124%9 ~%.5316
0.10 3.025 -1.0000 ~%.5192

0.125 2.960 ~0.9030 ~-3.5287

s o e 1 Seeah $onIn S St b Stk Bt b $S4NY S420h SHRAD S04 b b Breet BAARE SH0 TSN Sl ad e A SHSHR S7S4D PHOES Poben TPEch e o BelM Seies Seass Seee Gesm Pheen S SR SAMGR Soath B SeoR SO Mok danem AU Sorik P T SO S A S4reD SHOuD SobH. Tooe et Sebre Sose Sekeh Gt Vreee.



A plot of Log (-dc/dt) versus Log Co is shown
in Fig. A-7. It gives the value of the slope as zero. This
suggests that the reaction is zero order with respect to
substrate. Calculations were made for the order of the
reaction by Van't Hoff's differential method as given in
Table A — 11.

TABLE A - 11

Pl Pt Pog Py P Pop 70 Oy P Ny Py N P

s i it Mot Bt Sonan modon boeos bote Semce BN BAVOS Yt BOVNE oSt Foes Bmsen Seete Seect Soets THILP PO R BROHS SHISE moosd Soeus rade ds A MaFOK SVRRR G4 GHASR Reree Aiber s tmdss Sealt SURKE KALAS 4000 DALRS SHONE Meacb Maie Saven et AR 14444 40VPY HOSNE Pent et s

{Substrate]l (~dc/dt)x10~= Order of

M Reaction(n)
0.025 2.910 0.0319
0.05 T.016
0.025 2.910 0.0094
0.075 2.940
0.05 2.9210 0.0280
0.10 Z.025
0.025 2.910 0.0105
0.125 2.960
0.03 Z.016 0.0629
0.075 2.940
0.05 3.016 0.0204
0.125 2.960

From the above results as shown in Table A - 11 it

is confirmed that the order with respect to substrate is

Zero.

50



EFFECT OF SILVER CATALYST CONCENTRATION 51
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The reaction was studied at five different
concentrations of silver nitrate.The concentration of K2820e
and the substrate were kept unchanged. These kinetic results
are recorded in Table A-12 and shown graphically in Fig.A-8.

TABLE A - 12

R P PG NP A PO N N e Py e 1y

KeBa20a=2.0 % 10-*=M, Substrate = 5.0 »x 10-2M,
Temp.= 353<C.

S awhin Basd h 0 HS20 S4abn Somes s Saene Smate Smsat Sasen SHAAD iméne Wbt o WA YAOMS honth Wt SLNSA S4énS SeBNm Badon Geses Shase Somss ARG Benen Seben Hodn Soan dna Snbed Tt o 4AbSS SaS abiSS Sed0s Brese Sesee Sests ardes maden bedt estm SAmR Toted M SN BORS Vaeh B4 W4itp Biden boois Soses e Meane mass e b Haved

® 10—*M.

enean s 4otin g b e Shote e peses ros St Setes Smbes botat e ol MU S9OSR WSeS s Kby TAaSY e SR St e Seste oot et Bbes BeSAs Shove BpAet TOPY PHURL TAIE HAA SotA St ot et i fremt SStun 304 besse st Shdsn Semed PO PYAVS Po0e HUBE Tt RS (A et Mot ot s Sbmrt Senet Seb0e b Sores

Time{min.) Vol.(in ml.} of 0.02M NazS=0x used (Viz.(C)

o o Mottn so4 40 S Smk 4o ot OB AS AbRE SOSAE SO B b GRae Bereh SH0AS WP RS NN Arite SONIE SdD YOSt SO Skt e L Lot SRS DG Lo R S S OB SBYMP 4301 o Sarte Sheee SebAE St dmies At A Sivhe S00e8 PN PSR He0H S FHbSE SHARH 4170R S SRS i Shom e Sebew dmie  S08 S1ore

0 F.45 7.44 .44 .42 ?.42
20 B8.9% 8.85 8.77 B.62 8.45
40 8.48€ — 8.30 8.15 7.90 7.58
&0 8.05 7 .80 7.99 7 .24 6.81
20 7 .65 L3320 7 .06 &.64 6.13
IDQ 7.28 ‘ &£.88 6.57 &£.09 5.5{
136 .74 6.27 } 5.91 Ta 30 4.70
160 bH.26 5.71 32 4.71 4.01
200 S.68 S5.06 4.61 .97 T.29
240 5.15 4.60 4.00 3.35 2.63
Z00 4.45 .85 2.25 2.60 1.92
L5260 Z.84 I.23 2.63 2.03 1.42
kaxiO®min—* 2.593  3.111  3.599  4.336  5.343
Fexl®min— 1.215 1.3205 1.378 1.514 1.682
ko x10%min—* 1.378 1.806 2.221 2.822 I.663

WAre sohat Sngos s Yhnbt AR SADe i rete daber Sk Soess 90004 AR TR SYUP RAFS 44004 SO KNS A Pl Ghomt SIS Sesih Sehel miees smase ot SAESL SSRL SasRS S0b0s Fange SO W Sebs Sbube $0b4e HasE Soten Soebe i SANRA et Aeben Srash nesd eras Gl daade Suon? PAm 00O Sbod 10D Sekve ShINR Mebbe Sesek meamt Smben Sates, it drsse

From the above results it has been observed that,
when the concentration of silver catalyst was increased the
rate was also linearly increased . This clearly indicates

that the reaction is first order with respect to catalyst .
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[

A plot of k véraug fAg*l shown in Fi?. A-9 1
found to be linear and the following relationship is obeyed.
K= 1,66 x 10~ + (1,9375 EAg+T.
EFFECT OF TEMPERATURE
“—”'“”"““";;;”;;;;;;;ning the temperature coefficient, energy
of activation, and various other parameters, the
reaction was studied at five different temperatures ranging

from 25°C. to 45=C. The results of these kinetic runs are

recorded in Table A'~ 1% and shown graphically in Fig.A-10.

TABLE A - 13

Prr B P Np e T N e O Dp N Pt s

® 10-=M, Substrate = 5.0 x 10-= M,

oo e o e oot Mo BendA ot soea) S e A Svem Minfs Fhoch Lbre fobe s homh ld fakem Seesh Lning ioemh SRS ek AR SHimp SouHR Shem S o B 4P F4mia bheam cepeh SiAR BeARE SHIE besen MM ReeSS Soerd Leeet Sirtk JRFSS Soved PARS Abnde THA Seobe Lhsme fmeer AviV® SHIRS ShAM Sore s S Seias bt ic sine coren

—- ot S4r1s oot ot At 4o At S20et o SOt SO b S0 T W ek el NS Ot PO Sereh Moot e Sub Mads S4Aws Som T2 Pt SRS Vel St Jonbe Sount S0 Sekre AN SM4nt AN ions SRS ke e s S Mebre el PO U oo O 4008 St S SO0 Soans et ot s el Pt e Vet e

0 9.44 9. 46 9. 45 9.43 9.43
20 9.18 9.01 8.95 8.76 8.47
40 . 8.9 8.74 . B.48 8.14 7.61
60 8.66 8.42 8.05 7.57 L
80 8.42 8.11 7 .65 7 .20 .16
100 8.19 7.81 7.28 b.56 5.55
130 7 .86 7 .39 6.74 5.90 4,74
160 7.54 © 7.00 6.26 5,351 4.0%
200 7.15 b.51 5.68 4.61 3.2
240 6.77 6.07 5.15 4.01 2,67
00 6.25 5.45 4,45 .25 1.95
360 5.77 4.91 3.84 2.64 1.4%
kix1OSmin- 1.423  1.890  2.593 .01 5.290
k=x10®min~* 0.670 0.820 1.215 1.618 2505

k x10®min—* 0.753 1.070 1.378 1.983% 2.785

SO e s eSS TSRS e GNP i AR Reren VML SOSIS CHiOS SH00e sk Mk SUSIS SRatn S4Seh BPAS Garub WO ey $Aris U SHSR A4E Tese} W0 b poed Serds 4AiRS Mas-s Samk bemme Mbmem Smste BSH SeLSS S Sibtn § Res $F et 400 matle Penke maey Soven meade Srbhe frms. b MPoy Bomws Seats WOt Saera A res smees dnene e
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From the above results as shown in Table A ~ 173, it
is seen that, the specific rate has been nearly doubled for
10°0 rise in temperature . A plot of log k versué 1/7  w1o=
is found to be linear (Fig. A-11) showing that the reaction
obeys Arrhenius relationship.

The energy of activation from the slope of this
plot is 12.666 FE.cals.mole™? which is in good
agregment with the calculated value 12,1146 E.cals.mole—?,
The calculated values of 1/T » 10® and Log [ kr/(kT/}]1 are
recorded in Table A — 14, ‘ -

TABLE A - 14

P P P e P P T I PG N Py My

Temp.A® 1/7T=10™ Erel0®min—?* Lhog kr Log L kr/d{kT/hy 1
298 F.ESA 0.733 -4 .8768 -15.9161
03 TLE0M 1.070 ~-5.0293 -15.7708
08 T.246 1.278 —~Re 132 -15.6481
I3 F.1948 1.983 ~3.2974 ~-1%.5168
Z18 F.145 2.785 -3.4448 ~15. 353763
By using Arrhenius equation at different
temperatures, the value of enesrgy of activation Was

calculated by the following eguation.

tog Ky - log ka = C-E/2.303 x RI COL/Ty) =( 4/Ta)d o0 (1)
The values of ensrgy of activatioﬂ was then used to
calculate the frequency factor A and entropy of activation
AE™ by the application of the following equatimné ;

-( AE)Y/RT
kr = A e see (2)

and ={ A5¥)/R
A= e ( kT/h ) e
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Where fhe equation () is valid for reactions in solutions.
in £he above expression, Ky is the specific rate conﬁtant,!(
is the Boltzman constant, h is the Flank's constant, & is a
constant having a valﬁe of 2.718 to be introduced in  the
equation when the reaction takes place in‘ solution. Other

symbols carry their usual meanings.

The free energy for the reaction is calculéf@d by the
equation.

- ABY/RT
’Kr =(kT/h)l =] - now (4)
Entropy of activation A G¥is given by the
relationship,

-( AGY¥/R -(B/RT)
kr = e.(kT/h ).e x e cen (S)
OR

Inkr=fine <+ Ain(kT/h) + (LB)R - ( B/RT ) v (6)
from which ASFcan be calculated.

Enthalpy of activation AHF was calculated from

the relation.

- AH®/RT ( ASYF/R '
f{!"‘m ;‘::T/h . 8 - =24 ® % u--(?)
kr AHF ASF
OoR Log === =| — e e e e e . aas (82
: ET/h 2.303 » RT 2.303 « R

ke

The wvalues of log | —————— | have been plotied
T kT/h

‘against 1/T in Fig. A ~ 12, from the slope of which the
enthalpy _change for the formation of activated complex ZxH¢‘
has been calculated.

The values of temperature coefficient, energy of
activation, frequency factor and all other energy parameters

are recorded in Table A -~ 15.
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A large negative value of entropy of activation is
an  indication of the formation of arn achivated comples
imnvolving either two oppositely charged ions or an ion and &

neutral molecule.

The rate constant  for this  reachtion  may b

2 pressed by the following relation.

(—12.116/RT)
k = 8.544 x 10>, @ Bec—*t

EFFECT OF IONIC STRENGTH :

For studying the effect of idonic strength on
reaction rate, the reaction was studied in presence of
different concentrations of potassium sulphate. The kinetic
results of these runs are recorded in Table A-146  and shown

graphically in Fig.A-13.



TABLE A - 16 57
®» 10~ M, Subatrate = 5.0 = 10-% m,
AgNOx = 1.0 »x 10-3M, Temp. = 35<C. ’

kaSOaM Nil  0.01 0.015 ©0.02  0.03 0.04
4 0.061 0.091 0.106  0.121  0.151  0.181
Time (nin)  Vol. (in ml) of 0,02 M - NazSa0s used (viz.C).
0 9.45  9.46  9.50  9.50  9.45  9.46
20 8.935 8.99 7.09 ?.13 F.1E 7.18
40 _ 8.48 8.56 8.70 8.78 8.83 8.92
&0 8.03 8.15 8.34 8f45 8.35 8.67
&0 7 .65 777 | 7.99 8.14 8.27 8.4%
100 7 .28 7.41 7 &b 7.85 8.01 8.20
1320 &.74 &-.89 7.19 7.42 7 .64 7.87
160 6.26 &.42 .76 7.03 7.29 7.96
=200 H.68 .84 0 46.23 6,935 £.85 7.16
240 5.13 5.32 S5.74 - 6.08 6.44 H.79
00 4.45 4.63 5.09 .46 5.88 6.27
60 .84 4.04 4.5% 4.91 5.5 5.79
kix 10%min=*  2.593  2.429  2.132  1.896  1.628  1.412
kax 10%¥min—? 1.215 1.120 J.980 0.930 0.800 0.780
I 10®min—? 1.378 1.309 1.1352 0.966 0.828 0.632
- From the above results (Table A - 16) it has been

observed that, on increasing ionic strength, the specific
rate decreases. This indicates that the salt effect is

negative.
: In order to decide the nature of the

observéd negative salt sffect, graphs were plotted between
log K and _u*“2as well as between K and AU as shown in

Fig. 14 <(A) and 14 (B) respectively. It has been observed
that, a linear relationship is mgintained hetween log k and

Mi72 yhere as there exist no linearity between k and _.
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The linearity between log K and _u*“*® exists only in the

region of low ionic strength (<0.2). Thus it is follows that
the negative salt effect is of primary exponential type in
the region of low ionic strength. This suggests that the rate

determining process may be between two oppositely charged

ions.

TABLE A - 17

A e e e e e
[E25041M P k % 10®¥min-—* i/i;f Log k
Nil 0.061 1.278 0.247 -2.8607
0.0t 0.0%21 1.209 0.302 -2.8830
0.013 0.106 1.152 0.326 ~2.9385
0.02 0.121 0.9466 0.3489 -Z.0150
0.03 0.131 l0.828 0.389 ~Z.0819
0.04 0.181 0.632 0.425 ~%.1992

mdot ot e e apen piag $iALp B ottt Aot SLARS Rhens SEAOH WHRYR SAAED S0000 PR P0boR AR VEASE VAN ALY $SIAK P AP R0 LIRS SR 9508 A4S0 Sfen SURSS SRaS Sheek Seevy Sabes SLBMR TS PSS SRS SHYSP $SAFS SeS4R FiSeD MRS FYRLS SHSR BIVSE SHOdE FOLES e 0T GHOSE SRNGH BeORE TAASE SestP IS RS HELES VARY S SO e A SeEeR

It may be stated that the ionic strength employed
is rather high for Bronstéd‘?* relationship to be strictly
quantitatively applicable, but still the agreement is found
to be fairly good.
SPECIFIC IONIC STRENGTH :

soaes wanes e Sonne Souen HS1e Sunde Bineh arbud Voo e R SUNSH MDA GOk TN M Wi St b B Kt SR

In order to determine the specific ionic effect on

the reaction rate, the reaction was studied by the addition
of different salts to the reaction mixture, at constant ionic
strength. The kinetic results of these runs are recorded in

Table A — 18 and shown graphically in Fig. A - 13.



TABLE A - 18

BV L VR VL N VP A TR VA e )

EaS20e=2.0 x 10-* M,  Substrate = 5.0 x 10-= M,
AgNOx = 1.0 ¢ 10 -= M, Temp. = 35= C.

o e coaee s40ry Sare o e Srbe St SO S SeBGD $unbl Tor® ASSOR Hds HOPO SV SN SOTR TRt SR RE VRS o SR SaVAR SO SRS St heS Vemew A b Gl SO PV Wbk o1 At SArds Somm SHEI ST R bt AR HONE Sode Pt SIS et Sabem O ANOHS AN 43048 0000 S Shode Srmem MmN 9o e orts

Salt No salt K=60a Na=50a4 LiaS0a MgSia ZnSQQ
added
(Conc)M.  0.00 0.0s 0.0s 0.05  0.0375 0.0375
Time (min) Vol.(in ml.) of 0.02 M - NazSa0s used (viz.C).
0 9.45 9.48 ?.46 ?.46 ?.48 ?.50
20 8.95 F.21 7.16 F.11 ?.08 2.05
40 8.48 8.95 8.88 8.78 8.71 8.62
60 8.05 8.72 B8.&62 8.47 B8.36 8.23
80 7.65 8.48 8.34 8.17 8.02 7.85
100 7.28 8.26 8.12 7.89 7.70 7.50
130 6.74 7.95 7.77 7 .49 7.25 7.00
160 6.26 7 .64 7.45 7.11 6.83 6.54
200 5.68 727 7.03 6.63 b3 S.97
240 5.15 6.?1 665 6.20 5.83% 5.46
00 4.45 6.43 : 6H.12 A S5.60° 5.18 4.78
360 .84 5.97 565 5.07 4.61 4,20
kix10%mint 2.593  1.353  1.503  1.795  2.058  2.345
hzxiqzmin”*ri.ﬁis 0.770 0.830 0.860 0.880 0.980
kb x10%min—* 1.378 0.58% 0.673 0.935 1.178 1.7365
From the above resu%ts as shown in Table A ~-18, it
has been observed that the épecific inhibitory effect of
various ions is in the order.
ke } Ma<+ > Li* » Mg™++ > In*++
Thus, we can conclude that the salt effect is

R s
negative.,



EFFECT OF HYDROGEN ION CONCENTRATION

The amide solution was prepared in 10 % acetic
acid, hence no attempt was made to study the effect of acid,

such as sulphuric acid on the reaction rate.

EFFECT OF ALLYL ACETATE

It is well known that the reaction involving S0
ion is inhibited by allyl acetate. It Qas shown by
Kolthoff*®2 and coworkers ,Wiberg*®*,Ball*®4 and coworkers
that allyl acetate is an efficient capture of sulphate ion
radical (86;) which is known to be formed in oxidation
reactions involving 8z0g%" ion. Hence it was considered to
investigate effect of allyl acetate on perodydisulphate
oxidation of organic compounds studied in  this thesis.

To study the effect of the allyl acetate on the
reaction rate, the reaction was studied in presence of three
differsnt concentrations D; allyl acetate. The results of
these kinetic runs are recorded in Table A-1?2 and shown

L

graphically in Fig.A-16.



TABLE A — 19
Substrate = 3.0 » 10-2M, Kz820e = 2.0 » 10-=M,
AgNDx = 1.0 x 10-=M, Temp. = 35<C.

notan e e arsee saasn S1s04 Seves RS HAYH S9MA WAL i Hounk S4iny mmae v s BAbve A4P GHiAS ALY ot et Smcee Srius foeee soemp FeAn) AHOLE AHUHS SO 490 b Hobe damek Spamy Arems oy dodnk £H04 $HEW. FUSL SeAG) Rbdmy e Speer Sbvid emprs Siens Siahe Aated SPER Y Sebar SaLee Seset Sesen ebSs SRS FURCR AMVER Jode) SOOTS TEROR SeeSN Sa004

Allyl Nil 0.001 0.005 0.01
Acetate
Tima (min.) Vol. (in  ml.) of 0.02 M NaxSalx

usedi{viz.C)
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o 9.45 .46 9.48 9.50
20 8.795 7.00 ?.03 F.12
40 8.48 8.56 8.62 8.74
&0 8.05 8.15% L2E 8.42
80 7.65 7.77 7.85 8.10
100 7.28 7.41 7 .50 7.80
130 &6.74 6.90 7.01 7.36

140 b.26 b.4% 6£.55 6.95
200 S5.68 5.85 5.99 6.45
240 5.15 .33 S.47 5.98
200 4.45 4.63 4.78 5.36
60 .84 4.02 4.20 4.80
kx 10%min—1 2.5993 2.425 2.320 1.955
From the above results (Table A — 19 )} it has been

observed that allyl acetate inhibits the rate of reaction.
It may be pointed out that allyl acetate does not act as a
very efficient radical cépture reagent in this case. The
radical capture may be due to polymerization at allyl
acetate by sulphate radical ions formed from the catalyéed

decomposition 0f5:20g% ion.



MOLE RATIO

In order to determine the number of moles of

S20a2~ reaction with one mole of amide, the graphical method
was employed. FK2S5z0a was taken in excess as compared to
amide. Simultaneously, a blaﬁk run was also carried out. At
suitable intervals of time, 9 ml. of the reaction mixture was
pipetted out and estimated for unreacted KeS20e The
kinetic results of these runs are recorded in Table A-20 and
shown graphically in Fig.A—17.

The curves consist of two portions - the
first, Ffor the oxidation of amide and second for the self
decomposition of Sz0s=" ion. Now the tangents a&are drawn on
the porﬁions of the curve which intEfsect at point F. From
this point of intersection, the value of EaSz0sconsumed in
the complete oxidation of 10 ml. of Q.01 M amide is

calculated. The point @ on the

the value corresponding to seif decomposed

curve at the same time gives
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TABLE A -20

P P P N Pop Py P P P P N

Eabale=5.0x10-2M, AgNldz=1.0x10"=M, €3
Temp. = JI5°C.
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Substrate 0.01 Nil
Time(min.)y Vol.(in ml.) of 0.02M.— NasSaOs
used (Viz.c). '
wwwwwwwwww e e
0 24,12 79 .90
30 : 21.90 . 23 .39
&0 21.22 | 22 .34
50 19.79 21.42
120 18.51 | 20.83
150 17.43 20. 40
180 16.30 19,48
210 14,94 19.0%
240 - Z, 60 189.19
270 13,10 17.35
z00 2.19 16.94 )
T30 11.63 15.86
z60 10.88 15.83
=90 10.79 14,98
420 / 10,50 14.47
450 9. 95 13.98
480 9,53 5.48
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From the graph (Fig. A - 17) it indicates that the
two plots become parallel at F. At this point log C = 1.05

which corresponds to 11.22 ml.



The corresponding value of log C at the same time
on the self decomposition curve is shown by point Q. At this
point log C = 1.21 which corresponds to 16.21 ml.

The difference between the two values is 4.99 ccs.
Therefore, 4.99 ccs of
0.02 N Naz85z0= = 4.99 ccs of 0.02 N KaS20e

=4.99 ccs of 0.01 N Ka8z20e
Hence 10 ml of 0.01 M amide = 4.99 ml. of 0.01 M
FeS20a. Thus one mole of amide consumes one mole of

peroxydisulphate for completion of the reaction.
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