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etics and Mechanism of Oxidation of Diphenylthiocarbazone (dithizone) with

The oxidation of diphenylthiocarbazone by hexe-
moferrate(I11) in acid medium follows the overall
e law(i}

ate = (ky +Kaf [H'] Y ka[H'] +Ra[H')?)

[Fe(CN/3 )+ IRSH] 1

t pH > 2.5, the reaction appears to proceed by an
ter-sphere mechanism and involves the reaction of
fe two forms RSH and RS™ of diphenylthiocarbazo-
w with the Fe{CN)Y form of hexacyanoferrate(Ill).
tpH < 2.5, the RSH form is the only active species
od is oxidized by the three forms Fe(CNJi, HFe-
()2~ and H,Fe(CNJs of hexacyanoferrate(Ill). It
§ assumed that hydrogen bonding of HFe{CNJE™
i H,Fe(CNJs to the keto-form of diphenylthio-
wrbazone activates the reaction. The rate of the reac-
fon is inhibited by the addition of copper(ll) ions
ser the range S X 10756 X 107° M. :

‘it is well known that diphenylthiocarbazone
githizone)(1) is susceptible to oxidation. The mild
oxidants, e.g. iodine and hexacyanoferrate(Ill) pro-
&ice the disulphide (II) which decomposes to give
suimolecular amounts of (I) and am 1

H
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1 - "

" The rate of the spontaneous fission of (If} into (n
ad (1I1) in different solvents was reported and a
mechanism was suggested [2]. However, the kinetics
md mechanism of oxidation of diphenylthiocarba-

wone with different oxidizing agents is not yet
investigated. .

In the present work, the kinetics of oxidation of
diphenylthiocarbazone with hexdcyanoferrate(IID) is
studied. It is hoped that this study may give further
jnsight into the mechanism of oxidation of thiols
with hexacyanoferrate(Ill). The copper(Il) ion
catalytic effect which was assumed {31 in oxidations
of thiols with hexacyanoferrate(Ill) is investigated.
Further, the reported [4] formation of complex
intermediates by the attack of a thiolate anion on

~ cyano ligands of hexacyanoferrate(ill) is also noted.

Experimental

Materials and Reagents

Diphenylthiocarbazone of BDH ANALAR grade
was further purified by dissolving it in freshly distil-
led chloroform and then precipitating with cyclo-

“hexane. The product was found to be of high purity

as indicated by its absorption spectrum in carbon
tetrachloride. The two characteristic peaks of
diphenylthiocarbazone at A = 620 (e = 34500) and
A = 450 (e = 20000) are comparable to those report-
ed [5]. Spectroscopically pure ethanol which was
freshly distilled prior to use was always used. Hydro-
chloric acid—sodium acetate buffers were made up
from ANALAR grade chemicals and were fusther
freed of metals ions by shaking with a concentrated
solution .of diphenylthiocarbazone in chloroform.
This step was followed by washing the ‘buffer with
pure aliquots of chloroform to remove traces of di-
phenylthiocarbazone. NaOH was prepared from con-
centrated carbonate-free solution. Copper nitrate
stock solution from which all dilute solutions were
made up, was standardized iodometrically [6]. Po-
tassium hexacyanoferrate(IIl) was recrystallized and
dried. A stock solution was prepared by weight and
standardized spectrophotometrically (¢ = 1030 M7
cm™? at 420 nm).

Doubly distilled deionized water was always used.

Instruments .
The acid dissociation constant of diphenylthio-
carbazone as well as the identification of the products
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Figure 1., Effect of time on the absorption spectrum of a

solution containing [RSH] = 2.5 X 107° M, [Fe(CN)3] =

4 % 107 M at pH = 1.48 and temp. = 25 °C, Curves 1 and 7

represent the first one recorded after mixing and at infinity

respectively.

of its reaction with Fe{CN)}~ were determined using
a Unicam Sp 8000 spectrophotometer. A Radiometer
pH meter (type 63) equipped with a combined glass
electrode type GK 2311c was used in measuring the
pH of solutions. Kinetic runs were performed with a
Unicam SP 700 spectrophotometer equipped with
thermostated cell holders.

Determination of the Acid Dissociation Constant of
Diphenylthiocarbazone in 50% Ethanol-Water Mix-

- The change in the spectrum of diphenylthiocarba-
zone in 50% ethanol-water mixture was recorded
with change in the pH of the solution. In a typical
experiment, several solutions were prepared by mix-
ing 12.5 ml of diphenylthiocarbazone¢ in ethanol and
12.5 mi‘of an agueous solution prepared by mixing
different ratios of equimolar (0.2 M) solutions of HCl
and sodium acetate. The pH of each sclution was read
and its spectrum recorded. The titration was repeated
twice. The pH meter readings were calibrated prior to
titration against a standard Radiometer buffers of pH
401 % 001 and 7.01 * 0.01. The pH values in 50%
ethanol-water mixture were converted into [H']
without being corrected. !

Kinetic Measturements

All kinetic runs were performed under speudo-
first  order condition with hexacyanoferrate(il) in
large excess (more than tenfold). The ethanolic solu-
tion of diphenylthiocarbazone was added to one side
of an indented flask and in the other hexacyano-
ferrate(111), buffer and potassium chloride (to adjust
jonic strength) solutions were added. The flask,
after being kept for at least 20 minutes in a thermd-
stat controlled at 25 °C, was shaken well to mix the
two solutions and an aliquot was placed in a 1 om
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Figure 2. Dependence of absorbance of diphenylthiocarbazo- !
nie on pH.
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quartz cell which was kept in the thermostated cel
holder of the spectrophotometer. The change in
absorbance as a function of time was monitored at
595 nm (wavelength of maximum absorption of
diphenylthiccarbazone in 50% ethanol-water mixtu-
re). The pH of each reaction solution was then
measured.

Results

Identification of the Products

The reaction products were identified by observ.
ing the change of the spectrum of a solution prepared
under the pseudo-first order conditions described.
Fig. 1 shows that the absorbance at 595 nm (where
diphenylthiocarbazone is the only absorbing species)
decreases in intensity until it.completely disappears,.
However, at A = 420 nm the absorbance increasts
with time until it reaches a maximum value (Ay,) at
almost the same time when the absorbance at 593 nm’
is zero and then start to decrease. From the differen
ce between A,, and that due to hexacyanoferrate.
(i), the molar absorptivity of the product -was
calculated to be around 50,000 which is comparable
to that obtained by dissolving an authentic sample of
the disulphide(ll), which has been previously prepar
ed [2], in the same solvent. Thus, the disulphide(ll)
is the oxidation product of the first step of the oxida
tion—reduction reaction of diphenylthiocarbazone
with hexacyanoferrate(1II). The nature of the oxida-
tion product of the disulphide(II} (the kinetics and
mechanism of which will be reported later on) with
Fe(CN)2™ is investigated by observing the decrease in

Oxldat.

TABL!

[RSH]
0.5
0.75
1.00
1.5
0.5
0.75




éxldation of Thiols(Il}

TABLE L. Dependence of kgpg on [RSH] 1.

RSH] p x 10° pH Kong X 107
3.88 5.6
3.88 5.65
3.88 5.55
3,88 5.62
1.56 9.2
1.56 9.15
1.56 9.22
1.56 947

| {Fe(CN)IT] = 1% 1072 M;1=02M;T°C= 25
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- Figure 3. Varfation of kgpg with [Fe(CN)Z™] at pH: 4.25,
3.88 and 3.5 for curves 1, 2, and 3 respectively.

y observ-

prepared Ay, with time. At the completion of the reaction, the

escribed.”§  molar absorptivity of the product (Ass = 1150) was
n (where calculated from A. and that due to hexacyanofer-
: species) rate(H1l). Further, the product was isolated from a
sappears. solution obtained by reacung appreciably concentrat-

increases
(Ap) at
1595 nm

. ed solutions of Fe(CN)2™ and diphenylthiocarbazone.
" The physical and chemical properties were identical
¥ with those reported for 2,3-diphenyl-2H-tetrazolium-

differen- * S4hiolate(l).

oferrate- :

uct was Acid Dissociation Constant .

nparable The absorbance at A = 595 nm is piotted ps. pH

ample of
' prepar-
shide(11}
1e oxida-
irbazone
e oxida-
tics and
m) with
srease in

“:as shown in Fig. 2. The pK, value (5.33 * 0.01) was

log {A, — Af(A, — A,) where A, is the absorbance at
pHx, A, is the “absorbance of the anion and Ay is
that of the unionized form of diphenylthiocarbazone.

Kinetics
. Plots of log (A; — A..) vs. time, where A, and A.
are the absorbances at time t and infinity, respective-

calculated by applying the equation [7}:pK, =pH +
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Figure 4. Variation of kypg with EFe(CN) } at pH 1 37,
}.57 and 1.77 for cuzves 1,2 and 3 respectwely

Vi

10

bt
[=]

K sect Mt
L
&

4.0

2.0

10 2.0
1/ I x 10t

Figuze 5. Dependence of k,, on [H*] over the pH range 4.25—
3.5.

ly, showed typical first order kinetics to beyond 80%
of the reaction. The magnitude of the pseudo-first
order rate constant is independent of the concenira-
tion of diphenylthiocarbazone as shown in Table L
Figs. 3 and 4 show that k., varies linearly with

Fe(CN)Y™ at all pH values and the dependence is
described in eqn. 1: _
Kops = ko[Fe(CN)T] | 1)

where k, corresponds to the slope. From Figé. 5 and
6 k,, is acid dependent.
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Figure 6. Plot of (kg - k1 )/ [H'] vs. [H'] over the pH range
1.37-1.77.

In the pH range above 2.5, the plot of k, vs.
1/[H*] (Fig. 5) is represented by eqn, 2

ko = ky +ky/[H'] @

where ky and ky correspond to the intercept and the
slope respectively and have the values 2.2 sec™* M!
and 4.6 X 10™ sec™ respectively. Hence, the rate
equation at pll > 2.5 is written asin eqn. 3,

Rate = (ki +k,/[H'[Fe(CN)s]lz [RSHIz  (3)

where [Fe(CN)} ]¢ and [RSH]y are the total hexa-
cyanoferrate(111) and diphenylthiocarbazone respecti-
vely.

In the pH range below 2.5, the plot of (k, — ky)f
[H'] »s. [H'] (Fig. 6) gives the best fit of the kinetic
data and is represented by eqn. 4.

Ko = ks +ks [H'] + ks [H']? @

where k3 and ks are the intercept and the slope res-
pectively and have the values 47.5 sec™* M ? and
7.8 X 10% sec™* M3 respecuvely Hence, the rate
equation at pH < 2.5 is written as in eqn. 5

Rate = (ky +ks[H'] + ke [H']?)

[Fe(CN)§ ™1 [RSH] (5)

By combining equs. 3 and 5 the overajl rate equatlcm
is then written asin eqn. 6. -

Rate = (k, + kz/EH] +ka[H'] +k4[H1 )

[Fe(CN)¢ Iz [RSHL;  (6)

Kinetics in the presence of Copper(il} Ions

" The effect of copper impurities which may cataly-
se the reaction is not tested by the addition of EDTA
as a masking agent to the reaction medium because

e ot

TABLE H. Dependence of kgpg on Copper(tl) fon Concen-
tration.

+
[Cu® ) aded

0
578 % 1078
21 % 1677

4.2 x 107

84 x 1077
1.68 % 107°
336 X 107°
525% 107°
7.75% 1078
9.45% 1076
1.15 % 1675
1.28 x 167%

[Fe(CN)g | = 6.

pH=1.85;1I=0.

diphenylthiocarbazone is known [8, 9] to form more
stable complexes than EDTA in the reaction condi- |
tions. However, the deliberate addition of varyin
concentrations of Cu?" jons, where other condition
were maintained, showed a gradual decrease in th
value of kobg over the [Cu®'] range 5 X 10715 X
107% M (Cu®" was always added to one compartmen
of the reaction vessel and d:phenylthlocarbazonei
the other). Further, the value of ks over the {Cu®’]
range 5 X 107%-6 X 107 M which is far in exces
than the value determined [3] for copper unpurities_‘:
is smalier that determined in absence of Cu®" ions "
(Table II}. The inhibition of the rate of the reaction
over the range of [Cu?"] 5'X 10786 X 107 M may
be due to the formation of CuFe(CN), which may be-
less reactive than Fe(CN)? or any of its protonated .
forms. However, it is worth mentioning that the rat
of the reaction was catalysed at [Cu®'] > 6 X IO"fM
and this may be due to .the formation of Cu(RS)
which is known [10] to be formed under the reactio
conditions. Hence, the increase in the value of kyy,
may be due to the higher reactlvzty of the coorciinat
ed diphenyithiocarbazone anion.

Discussion

Diphenylthiocarbazone is known 1o exist in organd
and neutral agueous solution as a mnxture of keto—-
enol tautomers {10] :

However, in alkaline medium, the th:olate anion{1V)
exists. Fig. 2 shows - ‘ i
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;;g that the jonization is negligibly smali below pH = 2.5
2.4 and increases with the increase of the pH of the solu-
245 tion. At pH > 2.5, both RSH and RS are available
2,58 and may react with hexacyanoferrate(ITI). However,
3.2 in the pH range 0.6-2.5 the only species available is
3.9 RSH. Diphenylthiocarbazone is not protonated in
5.86 his pH range as indicated by the constancy of the
8.63  values Of Asos , Aaso', €s95 » €aso and €505 [€as0.

The oxidizing agent, hexacyanoferrate(lil), is
‘ known [11] to be only slightly protonated above pH
"13 and it is expected that the only active speices at
H > 2.5 is Fe(CN)?™. Hence, the increase of the rate
f the reaction with pH over the range of pH > 2.5
s an indication that the thiolate anion, RS, is the
more reactive species. At pH < 2.5, hexacyanofer-
ate(1I) may be present in the forms Fe(CN)™,
HFe(CN)2™ and H,Fe(CN)s. This is also inferred
rom the increase in the rate of the reaction with
[H]. HFe(CN)Z™ and HoFe(CN)g are expected to
be more reactive than Fe(CN)2™ because they can
form hydrogen bonding with the keto-form of di-
phenylthiocarbazone.

The reaction sequence for the oxidation of
diphenylthiocarbazone with hexacyanoferrate(I1T)
may be generally represented by the following egns:

RSH === RS +H" K )
Fe(CN)™ +H" === HFe(CN){~ K, 8)

HFe(CN):™ +H' === H;Fe(CN)s K,  (9)

‘alue of kgyy k
e coordu}gt Fe(CN)s~ +RS™ s Fe(CN)¢” +RS+  (10)
‘ _ Kt
Fe(CN)?~ +RSH

Fe(CN)Y™ + RS- +H' (1)

k
HRe(CN)E™ +RSH ———>

- HFe(CN)Y™ + RS+ +H' 12)
HyFe(CN)s +RSH s,

‘H,Fe(CN)Z™ + RS+ +H' (13)
2RS» ~—> RSSR 14

and the rate law is given by eqn. 13.

—d[RSH]
&« .
( KoK +kay [H] + kK [HT? +k13KiK2[H+} 3.
KAKK[H+[H] K, [HT HKGKKH]? KK, H'] 3)

X [Fe(CN)glz [RSHly  (35)

" Thus from eqn. 15 the reaction shows first order

dependence on both hexacyanoferrate(I{l) and
diphenylthiocarbazone. The dependence of the
second order rate constant k, on {H'} can be written
asin egn. 16.

ks,
koK +kyy [H'] + K12Kq [H'}? +kysKiKo [H]? |
K+KKIH] + [H+K[HT + KKK[HTP + KiKzEHT
| (16)

i}

At pH > 2.5 eqn. 16 reduces to eqn. 17 (assuming
only reactions 10 and 11 are rate determining)

1 . .
k2 “W(ka‘fku [H'D a7

Eqgn. 17 would take the form of eqn. 2 if [H'] >>K
in the range of [H'| covered, whereby eqn. 18 is
obtained:

[H]

.kz =Ky +

(18)

By comparing egns. 2 and 18, we can see that kyy =
ko= 22sec” M1 kK =k, =4.6 X 107 sec™ and
Ko =4.6X 107%/K =983 sec™.

At pH < 2.5 eqn. 16 reduces to eqn. 19 (neglecting
reaction 10): '

o= Ky [H'] + koK [H? + kKK [HP
2T + K K[+ +K, [H P+ KK PR HTP
(19)

If the factors K, K,K[HT, K; [H1%, KiK.K[H'?
and K K, [H']® are small compared to {H'] eqn. 19
would take the form of eqn. 4 and eqn, 20 is obtained:

Ky = Kyy + koK, [H'] + koK Ko [HT? (20)

By comparing eqns. 4 and 20, we can see that k;p X,
=k, = 47.5 sec™t M and k3K K, =k, =78 X 10°
sec”t M3,
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The copper(1l} ions catalytic effect which results
from impurities available in reagents is not operative
in the oxidation of diphenylthiocarbazone with hexa-
- cyanoferrate(1I1). This is concluded from the inhibi-
. tion of the rate of the reaction by the deliberate
addition of copper(1} ions. Further, the kinetic data
plotted in Figs. 3 and 4 show that the formation of
intermediates by the attack of diphenylthiocarbazone
anion on 2 cyano-digand of hexacyanoferrate(111} may
be excluded.
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