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Kolthoff, Meehan and Carr (1953) studied the decomposition of peroxydisul-
phate in aqueous solution containing ethyl alcohol in the absence and
presence of allylacetate. Barlet and Cotman (1949) investigated the
oxidation of ethyl alcohol at higher temperature and at constant pH. The
present paper involves the silver catalyzed reduction of peroxydisulphate by
the oxidation of ethy! alcohol and dioxane, for they have similar behaviour
towards this oxidant. Oxidation of dioxane is very slow at ordinary
temperatures but proceeds satisfactorily in presence of silver ions. Oxi-
dation of both alcohol and dioxame by peroxydisulphate is inhibited by
dissolved oxygen of the atmosphere and the rate of reaction increases with
the increase in catalyst concentration. The total order of both the reactions
is one with respect to peroxydisulphate and almost zero with respect to the
reducing substrates under investigation. Rate constants decrease slightly
with increasing ionic strength and H+ ions depress the rate of reaction of
dioxane. The product of oxidation is mainly acetaldehyde in the case of
alcohol, and formaldehyde has been the confirmed product in the oxidation
of dioxane. This shows that there is no rupture of C—C bond in the oxidation
of alcohol, while the ring-structured molecule dioxane is completely ruptured,
yielding 4 moles of formaldehyde. .

EXPERIMENTAL

The experimental procedure was the same as described in an earlier paper
and the remaining peroxydisulphate was determined by the method of Szabo
et al. (1952).

The reaction between peroxydisulphate and these reducing substrates as
mentioned above, gives unimolecular constants, and the results of one such
experiment for both alcohol and dioxane have been given in Table I and
Table IT respectively.

It is evident from the above data that the reaction, of peroxydxsulphate
with dioxane and alcohol has an induction period. It has been further found
that the induction period diminishes with the increase in concentration of
peroxydisulphate in both the reactions of the oxidations of dipxane and
. alcohol. _

Effect of concentration of perozydisulphate—Table TII shows the effect
of peroxydisulphate concentration on the rate of oxidations of ethyl alcohol
and dioxane.
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TasLe I
Temp. 25°C
Ethyl alcohol = 0-1M XKpS,04 = 0-02M  AgNO; = 0-001M
Time in min. Vol. of hypo ml  K/2-303 x 10% min-1
0 500 —
11 4-80 16-20
20 470 13-45
30 3-98 33-03
40 318 49-15
50 2:80 56-80
60 2-20 59-43
T 70 1-74 65-50
80 1-50 65-30
90 1-32 64-27
100 1.22 61-26
Average 62-09
K = 142-99x 10-4 min—-1
Tasre I
Temp. 45°C
1 ml dioxane Ky8505 = 0:02M  AgNOg = 0-0005M
Time in min, Vol. of hypoml  K/2-303 X 104 min-1
0 5-00 _
10 4-86 12-40
20 4-06 45-25
30 3-26 61-93
40 2-60 71-65
50 2-14 73-72
60 1-80 73-95
70 1.54 73-07
80 1.36 70-69
90 1-20 68-87

100 1-06 87-37

Average 71-33
K = 164-27x10-4 min-1

Thus the first order rate constants increase with increasing concentration
of the oxidant, but it will be noted that at higher concentrations of peroxydi-
sulphate there is approximately no difference in the rate constants. It may
therefore be concluded that the order of this reactidn with respect to peroxy-
disulphate is one in both the oxidation processes.
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TasLe ITI
, Tomp. 25° C Temp. 45° C
Cci‘r:;en‘;;a:]m;l;i Rate constants for = Rate constants for
peroxy 1'; P ethyl alcohol dioxane
Kx10¢ min-1 K % 104 min~1
0-01 ) 125-42 127-38
0-02 142-99 - 16427

0-04 147-23 183-53

Effect of conceniration of ethyl alcohol and dioxane.—The effect of
different concentrations on the rate of oxidation, for both the reducing sub-
.strates, has been investigated and the results obtained are: -

TABLEMV
Temp. 25° C Temp. 45° C

Concentration of Rate constants Initial amount Rate constants
ethyl alcohol M K x 104 min-1 of dioxane (ml) ' K x 10* min-1

0-05 120-33 0-5 123-88

0-10 142-99 1-0 164-27

0-20 ] 162-96 20 198-33

0-40 198-97 4-0 212-24

50 214-84

It is obvious from Table IV that the rate constants show a tendency
to increase with increasing concentrations of both ethyl alcohol and dioxane
but at higher concentrations of dioxane (say, 4 ml and 5 ml per 100 ml) there
is no change in the values of first order constants. The order of the reaction
with respect to ethyl alcohol varies between 0-15 and 0-28 and with respect to
dioxane it lies between 0-09 and 0-4. Thus the reaction is approximately
independent of the concentrations of these reducing substrates, ¢.e. the order
with respect to each organic compound mentioned earlier is zero.

Effect of silver nitrate concentration.—The catalytic activity of silver ions
has been studied by investigating the reaction with different concentrations of
silver nitrate. The effect has been shown in Table V.

Thus the rate of the reaction increases with increasing concentration of
silver nitrate though the increase is not linear in both the processes of oxidation.

Effect of hydrogen son concentration.—The effect of hydrogen ions on the
rate of the reaction between dioxane and peroxydisulphate has been investi-
gated by adding different*amounts of sulphuric acid in the reaction mixture.
Table VI.gives the results.
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TABLE V'
Temp. 25° C Temp. 45° C
" Concentration of Rate constants for Rate constants for
silver nitrate M ethyl alcobol dioxane
K % 10¢ min~1 K x 104 min=-1

0-0005 86-81 164-27
0-001 142-99 189-63
0-002 254-48 234-10

TaBLE VI

. Temp. 456° C
. Concentration of Values of

sulpburic acid M . K% 10% min-1

0-05 143-61
0-10 137-37
0-20 112:80

The above results clearly show that the rate constants tend to decrease
with increasing concentrations of hydrogen ions.
Effect of meutral salts—The effect of different neutral salts has been

studied in the oxidation of dioxane alone and the results are tabulated in
Table VII.

TaBLE VII

Tonic strength

Electrolytes Concentration contributed by RZ:::()) .n‘:iimis
M - the added K % 10% min-1
electrolyte
— — — 164-27
Kp80, . 0-10 : 0:30 87-74
K,80, - 0-20 0-60 70-59
MgB80, 0:05 0-20 92-95
MgS0, ’ 0:10 0-40 90-46
MgSO, 0-20 0-80 75-30

Thus the rate constants tend to decrease with increasing ionic strength.
The values of the velocity constants, with presence of 0-2M of K,S0O, and
MgS80,, are 70-59x10-4 and 75-30x 10-¢ and the ionic strengths of these
neutral salts are 0-60 and 0-80 respectively. So it is clear that K+ and Mg*+

and SO; - ions have a remarkable inhibitory effect on the values of the rate
constants.
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Effect of temperature.—The kinetics of the oxidation of both these reducing
substrates have been studied at different temperatures and the data are

compiled in Table VIIIL.
o ‘ ‘ Taprs VII -

Rate constants for Rate constants for
Temperature

oC ethy! aleohol dioxane_
K x 104 min-1 K x 104 min~1
25 142-99 - —
30 283-72 -
35 436-42 89:31
40 —_ 154-55
. 45 —_ 23410 o

Making use of these values, the average values of energies of activation
for the oxidation of ethyl alcohol and dioxane by peroxydisulphate catalyzed
by silver ions have been found to be 20,250 cals and 21,827 cals and entroples
of activation are -+5-90 E.U. and +6-32 E.U. respectively.

Effect of dissolved oxygen.—1It has been noted that in the rates of oxidation
of ethanol and dioxane the unimolecular constants indicate the existence of
an induction period.” As in these investigations care is taken to use extra pure
compounds, the only impurity left is the dissolved gases of atmosphere as
oxygen. It is for this reason that some experiments were performed in the
atmosphere of nitrogen. One such experiment is tabulated in Table IX.

TaBLE IX

Temp. 30° C

Ethyl alcohol = 0-1M K;8,04 = 0-02M AgNO, = 0-001M

Time in min. Vol. of hypo ml K[2-303 x 104 min-1

0 5-00 _
5 4-60 72-1

10 4-12 84-1

18 3-00 : 123-3

25 2-40 - 1275

30 214 122-9

35 1-86 1227 7

40 1-74 1146

45 - 150 1162

55 1-40 100-5

It will be seen from Table IX that the induction period is reduced tég a
considerable amount and exists for about 10 min. and the same lasts for
about 20 min. in other experiments investigated in the absence of nitrogen.
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Discussion
The experimental data collected here for the silver catalyzed oxidation
of ethyl alcohol and dioxane lead to suggest the following mechanism:
8:0, 2+ Agt = Ag*s+280,° e )
Ag*8 so formed in eqn. (1) reacts with the organic substrate (S)
Agt3+8 -8 (oxidized)+2H* 4 Agt. .. .2

- When the loss of the oxidant is regular and a steady state is reached, we
may assume that the concentration of Ag+*?in the reaction mixture remains
constant so that the rate of its formation and its loss becomes identical. In
these circumstances we have

-

k([8:0, " Ag+]1—ko[ SO, *TP[Ag*3]— k[ Ag*S][S] = 0

k\[8:0,*[Agt
or [Ag+3]= l[?_g ][g]'
k8O 7]+ kslS]
If the eqn. (2) is the rate determining one; we have
k,4{8,0; % )S][Ag*
rate of oxidation = lk[ 2 8 g[ lAe™]
ko[SO, T+ k3 S]
= k,k[S:0, AT x [3] N ¢ )
8 ko[SO; -+ ks[S]

The relation (I) shows that the rate becomes slow with the increase in
the concentration of (SO;?) ions in agreement with our investigation for
dioxane (see Table VII).

It will also be seen from the relation (I) that if the concentration of the
organic substance is very large, the factor

8] N I
kSO, * T+ kglS] B oo @

will approximate to 1/k; 8°, but if the concentration of 8 is very small it will

approach the value _~[_S]T2__ . In other words, the order of the reaction with
k{80 7F

respect to organic substrate will vary between 0 and 1, and for moderate
concentrations it may have a fractional order. This, therefore, explains the
observations recorded here for ethyl alcohol and dioxane.

It should be noted here that Ball (1957) and Barlet and Cotman (1949)
studied the oxidation of ethanol; Levitt and Malinowski (1955) and also
Weiberg (1959) that of isoprophyl alcohol by peroxydisulphate. An extensive
study of the oxidation of isoprophyl alcohol at higher temperatures showed
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that the first order constants vary with the initial concentrations of peroxy-
disulphate and alcohol. Indeed, the first order constants have been related
to the initial concentration of the aleohol by the equation
[ROH],
K =ka 5y ROH],

[ROH],
b+[RHO],
of explaining our experimental observations for ethyl alcohol and dioxane. In
several oxidation reactions of potassium peroxydisulphate, the initial concentra-
tion of the potassium salt has been reported to effect the value of the first order
constant with respect to peroxydisulphate in a manner so that values of the
constant decrease with increasing concentration of the potassium salt. How-
ever, for the oxidation of ethyl alcohol and dioxane the rate constants tend to
increase with increasing concentration of peroxydisulphate, and therefore these
observations are similar to those made for the oxidation of isopropyl alcohol
where the empirical relation

[8:0;7},

a+[8,0s]o
has been, suggested. It is clear that if constant ‘a’ is not large, there will be
significant increase in the values of first order constants with increasing con-
centration of peroxydisulphate.

It is, therefore, clear that the catalyzed oxidation of ethyl alcohol and
dioxane has similar behaviour as uncatalyzed oxidation of alcohols, ethanol
and isopropy! alcohol as investigated by other workers.

and it will be seen that the factor is very similar to (II) and is capable

K=kp
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