Coordination Chemistry Reviews, 51 {(1983) 125-139 125
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

THE Pt{CN),(OH)Br?- OXIDATION OF S,0,2~ AND S,0.2~ *

WwW.K. WILMARTH, RICHARD DOOLY and J.E. BYRD **
Department of Chemistry, University of Southern California, Los Angeles, CA 90007 {U.8.A.)
(Received 7 April 1983)

CONTENTS
A Introduction .. ... ... i i i e e e 125
B. Experimental . . .. ... ... ... i i e e 126
() Materials . . ... .. .. e it e 126
{li} APParatus . .. .. .. ... it e e e 127
(i) Analysis of product solutions for $0,27, 8,02 and $,0.2~ .. ... ........ 127
{iv) Spectrophotometric titration . . . ... ... ... .. .. i i 128
(v) Kinetic Measurements . . ... ......couuiunaronninsmennnonarsnnas 128
CoResults ... e s e 129
() Oxidation of S;0,2™ ... ... 129
(2) Kineticstudies. .. ........ ... . ittt 129
(b) Stoichiomeiry .. ....... . i e 133
() Oxidation of S40,1 ™ .. .t e 135
D, DisCUSSION . . .. i a e e 136
(i) Oxidation of 80,77 . .. ... ...t 136
(ii) The PUCN),(Br)OH? oxidation of S,0% . .. ......ivvvirinenrean.. 138
31 (- 1T 139

A. INTRODUCTION

Very little is known about the mechanisms of the oxidation of simple
non-metallic reducing agents by Pt(IV) complexes. The available data [1-3}
consists primarily of the studies by Peloso, Dolcetti, and Ettorre of the
oxidation of SeCN—, SCN—, I-, and S,0,%" using a series of Pt(IV) com-
plexes with the general formula PtL,Cl, or PtL,;Br,, where L = RS, R;As,
R,P or amines.

In the present paper we present kinetic and stoichiometric studies of the
Pt(CN),(OH)Br?~ oxidation of $,0;>~ and 5,0,°". The products formed in
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the oxidation of S;0,2~ are P{CN),’~, Br™, and a mixture of $,0,2" and
50,77, with the relative yields of S,0,2~ and SO,>~ being dependent upon
the concentration ratio [S,0,27]/[OH ™). These observations are interpreted
in terms of a reaction mechanism in which 5,0,2" is initially converted to a
reactlive intermediate, BrS,0,", which reacts competitively with $,0,%~ and
OH™ to initiate processes which ultimately generate S,0,>~ and SO,2~,
respectively. It has been suggested [4] that BrS,0,” is formed as a reactive
intermediate in the Br, oxidation of $,0,27, a reaction which also produces
S;0,°" and SO,”” in variable yield. However, the Br, oxidation is rather
complex and the detailed chemistry of BrS,0,~ was not as well defined as it
is in the present study. Likewise, a recent study of the oxidation of $,0,2~ by
BrO,~ showed similar stoichiometric behavior but the nature of the inter-
mediates was not determined [5].

The rate of oxidation of §,0,~ was found to be first order in [S,04%7],
first order in [OH"), and zero order in [Pt{CN) ,(OH)Br2-]). The rate-de-
termining step in this reaction seems to involve the nucleophilic atiack of
OH™ on a sulfur atom of S,0,27, a process which generates the reactive
intermediates S,0,%~ and HOSSO; ™ which are rapidly oxidized to SO,2~ by
Pt{CN),(OH)Br?~.

B. EXPERIMENTAL
(i) Materials

With the exception of the trans-Pt{{CN),(OH)Br?~ and NaClQ,, all of the
chemicals used in this study were commercially available and used as
received. Solutions of trans-P{CN),(OH)Br2~ were prepared by adding the
appropriate amount of standardized Br, solution to a solution of
Na,Pt{CN),. This generates a solution of trans—Pt(CN) (OH,)Br™ via the
reaction [6}:

Pt{CN),2~+ Br, + H,0 = trans-Pt{CN),{(OH,)Br + Br~

Adjustment of the pH of the solution with NaOH o pH > 11 results in
complete conversion of PYCN),(OH,)Br~ to P{CN},(OH)Br?~. Any
Pt{CN),Br,?~ formed by substitution of Br~ for the H,O in the complex is
also rapidly converted to P(CN),(OH)Br?~ [7,8). The platinum concentra-
tions in the resulting solutions were confirmed by reducing the P{(IV)} with
$0,%~ to PY(CN) 2~ and comparing the resulting UV-VIS spectrum with the
known spectrum of Pt{CN)*~

Solutions of NaClO, used to adjust the ionic strength were prepared by
dissolving triply recrystallized NaClO, (prepared by neutralization of conc.
HC10, with Na,CO;) in doubly distilled water.
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The Na,S,0,-2H,O used in this study was obtained from K and K
Laboratories. The number of waters of hydration was determined by drying
a sample of the matenat to constant weight {24 h) at 105°C, and the purity
was determined by titratton of the acid liberated on addition of excess
Hg(Cl, {9]. Duplicate determinations showed the material to be 100.2 + 0.4%
pure. Titration with I, for determination of Na,5,0,, a likely impurity in
Na,S,0,, indicated less than 0.3% present. This test is necessary because
$,0,2” also reacts with HgCl, to generate acid [9].

(ii} Apparatus

Absorbance measurements were made with a Cary Model 14 recording
spectrophotometer equipped with a thermostatied cell compartment. The
rates of those reactions having half-lives of > 5 s were measured by monitor-
ing the absorbance change accompanying the reaction with this spectropho-
tometer. Reactions with half-lives of < 5 s were followed using a stopped-flow
spectrophotometer equipped with a deutenum lamp. In this instrument the
reactants, mixing chamber, and observation tube were held at constant
temperature with circulating water.

pH measurements were made using 2 Beckman Research Model pH meter
equipped with Beckman E-3 glass and frit junction calomel electrodes. The
KCl in the calomel electrode was replaced with saturated NaCl solution to
prevent precipitation of KCIO, when the elecirodes were immersed in
solutions containing NaClO,. In all cases the [OH 7] was determined from
the measured pH by comparison with a calibration curve prepared using
solutions of known [OH™] and 0.10M ionic strength.

(iii} Analysis of product solutions for SO/ ~, S;07~ and S,07~

In order to test for the presence of SO,2~ in the product mixtures, 107> M
solutions of both P{{CN),(OH)Br?~ and S,0,°~ were prepared. After 1 h,
saturated Ba(ClO,), solution was added dropwise untl a milky white
precipitate formed. This remained on acidification. A blank experiment in
which the product, PYCN},?>~, was substituted for P{CN),(OH)Br2~ showed
no precipitate with identical treatment,

The method of analysis for $,0,2~ and S,04%" in the product solutions
was essentially the same as that of Trudinger et al. [10] i.e., cyanolysis of the
polythionate using KCN solution to form SCN -, followed by addition of a
strongly acidic solution of ferric ion and measurenment of the absorbance at
460 nm due to the FeSCN?* formed. The cyanolysis of $,04>~ was found to
be complete in less than 15 min at room temperature while the correspond-
ing reaction of S,;04%" takes place only at higher temperature and over
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extended time intervals (100°C, 45 min). After several initial experiments
showed an absence of $,0,2” in our product solutions only the S,0,%"
analysis was carried out.

As a result of the apparent instability {11} of S,0,°" in our product
solutions (pH 11-12; p=0.10M; [P{CN)27]= 1 X 107*M; {$,0,*]=5 X
107% to 3 X 107>M and [Br]:= 2 X 10~ *M) it was necessary to compensate
for the 10-15% decomposition by using S,0,2~ solutions as standards. The
reaction solutions on which analyses were performed were prepared by
injection of an S,0,%~ solution into a solution of Pt(CN),(OH)Br?~ (typi-
cally 1.0 X 10~ %M, adjusted to the desired pH at 0.10M ionic strength). This
solution was rapidly shaken and allowed to react for 15 min, a time
sufficient for complete reduction of the Pt(CN),(OH)Br?~ to P{(CN)*".
Following cyanolysis and addition of ferric ion, the yield of S,04*~ from the
oxidation of the S,0,%~ could be calculated by comparison of the FeSCN?*
absorbance with that obtained from standard solutions of $,0,> in syn-
thetic product mixtures subject to identical treatment.

{iv) Spectrophotometric titration

The stoichiometry in the presence of an excess of P{CN),(OH)Br?~ was
determined by spectrophotometric titration. Aliquots of a solution of S,0,%~
were added to a series of identical solutions of Pt{CN),(OH)Br?~ (pH 11.0;
[PHIV)], = 7.0 X 107°M) and the UV spectrum measured after 16 h to
determine the number of moles of P{CN),2* formed per mole S,0,%~ added.
Corrections were made for the concomitant base reduction. of the
PYCN),(OH)Br2~.

(v) Kinetic measurements

The solutions for the kinetic measurements were prepared by rapidly
mixing solutions of S,0,2~ (6 X 107° to 1X 1072M) with solutions of
Pt(CN),(OH)Br2~ (2.5 X 107° to 1.0 X 107*M) either in a spectrophotome-
ter cell or in the mixing chamber of the stopped-flow spectrophotometer,
The solutions were always equilibrated in a water bath at 25° prior to mixing
and in all cases the ionic strength of the final solution was 0.10M (NaClQ,).
The pH of the solution was measured on compietion of the reaction. The
extent of reaction as a function of time was determined by monitoring the
absorbance due to Pt(CN),*~ at its maximum at 255 nm (&p, cn,:-= 1.09 X
10*°M cm ™!} epyonyompz-= 210 X 10°M ™ em ™).
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C. RESULTS
(i} Oxidation of S,02~

{a) Kinetic studies

The measurements were all carried out at 25° and with the ionic strength
adjusted to 0.10 by addition of NaOH and NaClO,. The varnations in the
concentrations of both $,0,2~ and OH™ covered the approximate ranges
3x107% to 0.10M. In each experiment S,0,°" was present in sufficient
excess so that its concentration was essentially constant during the course of
the reaction. Under these conditions the rate was found to be pseudo first
order in PYCN),(OH)Br2~. Numerical values of a pseudo-first order rate
constant, k,, which is defined by eqn. 1, were evaluated from the slopes of
the plots of log absorbance vs. time.

—d In{Pt(CN),(OH)Br?"]
dr =ko W

These plots were generally linear for at least three hali-lives and the values of
kg reproducible in replicate experiments to +5%. The values of &k, were
independent of the concentration of either P{YCN),2~ or Br™.

The significance of our moderately complex kinetic resulés may be under-
stood more readily if we indicate at this point that to within the limit of
error they all conform to the expression:

~ ,_1] 4p[OH"] +[5,0,*"]
kO—a[SZOB ]( b[OHh]+[Szo32_] ) (2)

The numerical values of a (14.8 + 0.2) and 5 (0.031 + 0.002) were obtained
by computer-assisted non-linear least-square analysis of the data. The uncer-
tainties assigned to a and & are the standard deviations obtained in this
least-square analysis,

Equation 2 may also be written as egn. 3, a form which indicates that
k,/18,0,% 7] is a function of the ratio [S,0,*71/[OH):

4b + [5,0,>"]/[OH "] )
b+[5,0"]/[OH"]

Either eqn. 2 or 3 may be replaced by the valid approximations k, = a[S,0,2 "]
and k, = 4afS,0,27] in the limiting concentration regions where
[S,0,27]/IOH "] = 4b and [5,0,%7]/[OH 7] < b, respectively. In each of these

ko= 0[81032"]( (3)
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limiting conditions the rate law is found to be zero order in [OH7], first
order in [S,0,%7], and, of course, first order in [Pt{(CN),(OH)Br?"], as it is in
all experiments. Under all other conditions the rate law will appear to be
complex with the order, with respect to either [$,0,27] or (OH ], variable
and frequently less than unity.

It is convenient to divide the experiments into two groups which will be
considered separately. The initial objective in the group 1 experiments was to
determine the order with respect to [S,0,27] by systematically varying its
concentration at each of four different fixed OH™ concenirations. The
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results are presented in Fig. 1 as a plot of k, vs. the $,0,2~ concentration.
The error bars in this and subsequent figures are based on a typical
irreproducibility of +5%. The solid lines represent calculated values ob-
tained from egn. i and the numerical values of a and b listed above. The
lower and upper dashed lines, whose slopes differ by a factor of four,
represent the limiting behavior given by the simpler approximate equations
ko, = a[S,0,%7] and k, = 44[S,0,2 7], respectively.

The results which are represented in Fig. 1 as the lower open squares
provide an important clue to one limiting form of the rate law since they all
fall on the lower dotted line and conform to the equation k, = a[S,0,%7].
They were carried out at the relaiively large values of the ratio [S,0,27] /[OH 7|
which fall in the range 3.2-32 and conform to the hmiting restnction
{S,0,*71/[OH "] = b. All of the other results plotted in Fig. 1 were obtained
at much lower vatues of the ratio {5,0,27]/]0OH 1.

In order to confirm the order with respect to [S,0;27] and remain within
the constraints of 0.10M ionic strength, it is necessary to use such low
concentrations of $,0,2” that the poinis would not be distinguishable on the
scale of the larger plot. These points ((OH )= 9.87 X 10~ M) are plotted in
the inserted graph in Fig. 1 together with the lowest points of the other
concentrations of hydroxide ion. Again, the lines represent the calculated
values of &k, using the non-linear least-squares values of a and . The solid
circles represent experiments in which 0.031 > [S,0,°7]/(OH]. These re-
sults conform to the equation k, = 4a[S,0,%7].

The second group of experiments were carried out to provide additional
information about the order with respect to [OH ] and the overall form of
the rate law. They consist of four series of experiments with each series
representing a systematic variation of the OH ™ concentration at each of four
fixed and relatively low $,0,2” concentrations. All of these results are
presented in Fig. 2 as a plot of & vs. the OH™ concentration.

The intercept values of k, in Fig. 2, which represent values of k,
extrapolated to zero OH™ concentration, vary linearly with the S$,0,%
concentration and conform to the equation k,=af[S,0,27}. If these inter-
cepts had been plotted in Fig. 1, they would have fallen on the lower dotted
line along with the open square points because of the large value of
[S,0,271/[OH"]. The extrapolated values of k, thus provide additional
evidence that there is a limiting region at low alkalinity where the rate is zero
order in [OH™].

Examination of Fig. 2 indicates that as the OH ™ conceniration is increased
at any given S,0,>~ concentration the order with respect to [OH | drops
below unity.

At the lowest $,0,°" concentration, the order with respect to {OH]
actually decreases to zero at OH™ concentrations well below 0.10M, the
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Fig. 2. Variation of &, with [OH "] at five concentrations of $,0;% .

maximum concentration which could be employed without an increase in
ionic strength. In these experiments, which are represented by the lowest
curve in Fig, 2, the “plateau” values of k, at high OH™ concentration are
greater by a factor of four than the intercept value extrapolated to zero OH™
concentration. Moreover, if this plateau value of k, had been plotied in Fig.
I, it would have fallen on the upper dotted line calculated from the
expression k,=4a[S,0,°"]. Uniortunately, the values of k, in Fig. 2, at
other than the lowest S,0,2~ concentration, do not become zero order in
[OH "} in the attainable range of OH ™~ concentration, but the general shape
of the curves is compatible with the idea that the plateau values of k,
obtained by extrapolation to higher OH~ concentrations would be larger
than the intercept value by a factor of four.
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Fig. 3. Plot of ky/[S5,0:°7] vs. —10g[S,0,27] for the oxidation of $,0,2~ by PYCN),
{OH)Br?-,

In presenting the kinetic resuits we have emphasized the data which
provide major evidence for the two limiting forms of the rate law. However,
the most compelling test of the applicability of eqns. 2 and 3 is the overall
agreement between experiment and calculated values of k, which are repre-
sented by the solid lines in Figs. 1 and 2. The fit of the kinetic experiments
to eqns. 2 and 3 is likewise evident in Fig. 3, a plot of k,/[S,0,27] vs.
—1og[S,0,271/[OH ) for all 79 of the kinetic experiments. These encompass
a range of concentrations of OH™ from 1.00 X 10~* to 9.87 X 1072M, of
concentrations of $,0,2~ from 6 X 107° to 1.0 X 1072M and of the ratio
[S,0,27]/[OH"] from 32 to 6 X 10~* (a factor of greater than 50000). For
these 79 experiments the average deviation from the calculated values (solid
line} is 6.2% and random in nature. Alternatively, the satisfactory agreement
is demonstrated -by the standard deviations represented by the uncertainties
in the numerical values of a and 5.

(b) Sroichiometry
The stoichiometry of the reaction is variable, depending on the relative
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Fig. 4. Variation of the ratio of moles of §,0. formed per mole of PCN},(OH)Br2~
consumed as a function of [5,0,27] at pH 11,12 (upper curve) and pH 11.86 (T = 25.0°C,
ionic strength = 0.10M).

concentrations of $,0,°” and OH ™. The two major sulfur-containing prod-
ucts are SO,*~ and §,0,%~ which could be formed in essentially quantitative
yield depending on the reaction conditions. The reduction product of
Pt(CN),(OH)Br?~ is PY(CN),?~ irrespective of whether SO~ or §,0.>" is
the major product. When a spectrophotometric titration was carried out by
adding suitable amounts of $,0,2~ {0 separate aliquots of Pt{CN) (OH)Br2~
solution and monitoring the absorbance of the product, PYCN),*~, a sharp
endpoint was observed at the molar ratio $,0,2~/P{CN) ,(OH)Br?~ of 1:4
{(+5%). The presence of sulfate as reaction product was indicated by
formation of a milky white precipitate on addition of Ba(ClQ,}, to product
solutions as described in Section B.
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In the experiments in which $,0,2~ was an important product, S,0,%~ was
present in excess and the spectrophotometric titration technique was no
longer applicable. However, it was possible to determine the amount of
8,02~ formed and the amount of unreacted S,0,° present after the
reaction was complete by the alternative but somewhat less accurate analyti-
cal procedure outlined in Section B. The results are presented in Fig. 4 as a
plot of the product ratio [S,0.27]/[P{CN)3"] vs. the initial 8,0, con-
centration (before reaction). The solid lines in Fig. 4 are theoretical curves
based on assumed reaction mechanisms discussed in more detail in Section
D.

Thus the values of the product ratio, the moles of Pt{CN), Br{(OH)?*~
consumed per mole of $,0,2~ undergoing reaction, should be 4 and 0.5 for
reactions 4 and 5, respectively:

4Pt{CN),(OH)Br?~ + 5,0,2" + 60H™ — 4Pt{CN);  + 2802~
+5H,0 + 4Br~ {4)

Pt(CN),(OH)Br>~ + 25,0, = P{{CN);~ +S,0?™ + OH™+ Br~ (5)

(ii) Oxidation of S,0,~

The stoichiometry was determined at pH 11 in a spectrophotometric
titration with the Pf{CN) ,(OH)Br2" present in excess, but at a concentration
of only 7.0 X 107°M. After 77 h the consumption ratio A[Pt{CN),(OH)
Br27)/ A[S,0,2 7] was found to be 6.4, a result somewhat below the expected
value of 7.0 for the reaction:

S,04" "+ 7Pt{CN), (OH)Br?~ + 130H™ — 450, + 7Pt{CN),*~
+7Br~+ 10H,0

The rate of oxidation of S,0,°” was studied at 25° and at an ionic
strength of 0.10 over the range of OH~ concentration from 0.0012 to
0.085M. The kinetic behavior is far less complex than observed for S,0,2".
The reaction is first order in {S;0,%"), first order in {OH ), and zero order in
[P{CN), (OH)Br?7], i.e.,

rate = k[S,0.2" | [OH "]

The numerical value of & was found to be 0.0146 M~ s~ !. Even in the most
rapid reactions the rate of S,0,>~ oxidation was very much slower than that
of the P{CN),(OH)Br?~ oxidation of $,0,°~, and thus S,0.~ did not
contribute significanily to the reduction of P{CN),(OH)Br2~ in the studies
of §,0,%~ oxidation.
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D. DiSCUSSION
(i} Oxidation of S,07~

Our studies impose two restrictions upon the possible choice of mecha-
nism. Firstly, the activated complex which is formed in the rate-determining
step must have a chemical composition which, apart from an unknown
number of solvent molecules, is given by the formula [Pt(CN),(OH)Br -
S,0,]1%". Secondly, the mechanism must include the formation of a reaction
intermediate which subsequently reacts irreversibly and in a competitive
fashion with $,0,°~ and OH ™. Moreover, these competitive reactions must
initiate processes which lead ultimately to the formation of either S,0.2~ or
50,2

The following mechanism, which we shait refer to as Scheme 1, is
compatible with these restnctions and, in addition, seems to us to be more
plausible than other possible alternatives:

'kl -
Pt(CN},(OH)Br2~+ §,0.2~ - Pt{CN);” + OH™ + BrS,0,"

rate determining (6)
k

BS,0, + 5,02~ — S,02 + Br~ (7)
ks

BrS,0,”"+ OH™ — HOS,0,”+ Br~ (8)

HOS,0,” + 3Pt{CN),(OH)Br2~+ 60H™ — 280>~ + 3Br"
+3Pt(CN) 2™+ 5SH,0 9

Scheme 1
assuming only the usual steady-staie approximation one may readily derive
the rate law:

_ din[Pt{(CN),(OH)Br?"]

=k,[S 02-]( Ak, /k,)[OH™] + [5,0,7]
d: H B A

(ky/ky)[OH™] +[5,0,27]

and identify the kinetic parameters evaluated in Section Bas k; =a= 148 +
0.2 and k,/k, = b=0.031 £+ 0.002.

Furthermore, this mechanism predicts a variable reaction stoichiometry as
observed and summarized in Fig. 4. Indeed, it predicts quantitatively the
results of the stoichiometry measurements. Using the mechanism in Scheme
1, egns. 10 and 11 can be denved:

AlS,02] {4k, JoH] |\
A[Pt(cmf-l‘( k2 [szo;-l“] (10)
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A[sO2] | k, [8,047] -
A[Pt(CN)ﬁ*]_(Zka [OH"] +2) (n

Equation 10 can then be used with k,/k,= 0031 £ 0.002 and the ap-
propriate values of [OH ] and [S,0,27] to calculate the theoretical stoichiom-
etries (solid lines) for comparison with the experimental stoichiometries
plotted in Fig. 4. Substitution of the initial $,0,%~ concentrations in eqns. 10
and 11 would introduce an error in the calculated product ratios, since the
$,0,2” concentration decreases continuously during the course of the reac-
tion. What was done instead was to reduce this error to an acceptable value
by using a corrected S,;0,2~ concentration to calculate the product ratios,
using eqns. 10 and 11 for each of 10 successive 10% reaction increments. The
initial $,0,>~ concentration was used to calculate the SO.*~ and S,0.2"
concentrations produced in the first 10% of the reaction. These values were
then used to calculate a S,0,%~ concentration applicable for the second 10%
of the reaction, etc. The final theoretical values of the ratio AjS,0,27]/
A[PY(CN} 7] represented by the solid line in Fig. 4 were obtained by
summing the 10 values of A[S,0,*7] and dividing by (he total A[Pt(CN),2].

In the above mechanism eqn, 9 is meant to carry only stoichiometric
significance. Our studies provide no information about its detailed mecha-
nism. However, it presumably occurs in a number of steps, since it involves a
net consumption of three Pt{CN),(OH)Br?~ ions. Fission of the sulfur—sulfur
bond, which must occur at some point, may well involve hydrolysis of
0,SS0;%", a reaction [12] which is known to generate SO,2~. Such a process
would be compatible with our mechanism, since we [13} have found that
Pt(CN) (OH)Br?"~ oxidizes SO,>~ much more rapidly than it does $,0,2".

The most interesting question which must be faced in the formulation of
the mechanism is the identity of the reactive intermediate to which we have
assigned the formula BrS,0;. Formation of BrS,0,~ in reaction 6 may be
visualized as the formal transfer of Br* from Pt{CN) ,{OH)Br?" to the sulfur
atom of 8,0,%~, This type of formal transfer of Br* from a Pi(IV) complex
to an oxidizable subsirate is a well documented aspect of Pt(IV) chemistry. It
occurs most commonly when the substrate is a Pt(11) complex [14]. Transfer
of Br* is probably also involved in the oxidation of various ligands [3] by
complexes of the types PtA,Cl, and PtA,Br,, where A is a neutral ligand
such as 5(C,Hy),, P(C,H,),, etc.,, but the presence of reactive intermediates
in these reactions have not been demonstrated,

In the more obvious alternatives to Scheme 1 the formula BrS,0; can be
replaced by the general formula XS,0,”~ where X can be OH or a Py(IV)
complex. For the alternative, where X is OH, egn. 6 would be replaced by a
process in which OH* would be formally transferred from P{CN),(OH)Br?-
to $,0,°". There are at least two objections to this alternative. First, all of
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the available studies of P{IV) chemistry [13,14] suggest that transfer of Br*
occurs much more rapidly than that of OH™*. This is readily understandable
since Br, unlike OH, has low lying unfilled d orbitals which could be utilized
in a transition state in which the group undergoing transfer is simultaneously
bonded to both P{IV) and substrate molecule. Second, such a mechanism
would result in a rate expression significantly difierent from that which we
observed.

(ii} The Pt{(CN} (Br}OH’~ oxidation of S,05

The Pt{CN),(Br)OH?" oxidation of $,0,2~ differs markedly from the
analogous oxidation of either $,0,2~ or SCN™ in that the overall rate is
independent of the P{{CN),(Br)OH?~ concentration. The form of the rate
law indicates that the rate-determining step must involve the reaction of
S,0¢’~ and OH in a process which generates reactive intermediates which
are ultimately oxidized to 0,2~ by Pt{CN}),(Br)OH?". A mechanism which
is compatible with the rate law is given by the following sequence of
reactions:

L
$,0.2~+ OH™ — HOSSO, ™ + $,0,2~ (slow) (12)
3Pt(CN), (Br)OH?~ + HOSSO,” + 60H ™ — 3Pt(CN)2~+ 3Br~
+250,2* + SH,0 (fast) (13)
4P{{CN),{Br)OH2™ + S,0,2~ + 60H ™ — 4Pt(CN),2~ + 2802~
+4Br~+ 5H,0 (fast) (14

In this mechanism, reaction 12 is the rate-determining step which generates
the reactive intermediates HOSSO, ™ and S,0,2". The overall net reactions of
unknown mechanism with Pt(CN),(Br)OH?" are given by eqns. 13 and 14.

Reaction 12 may be viewed as a nucleophilic attack by OH™ on 5,02~
and the subsequent breaking of a sulfur—sulfur bond. Reaction 15, an
alternative method of rupture of the suifur—sulfur bond, may also contribute
to a minor extent in the overall reduction of P{CN),(BrOH?Z, since the
reaction products may also react rapidly with Py{CN),(Br)OH?".

S,0.2+ OH™ — SO,2~ + HOSSSO,~ (15)

However, there is a variety of evidence that supports the assumption that
reaction 15 is much slower than reaction 12. For example, $,0,2~ reacts with
S:02” in parallel reaction paths to displace both S,0,2~ and SO,2". The
S$,0,2~ displacement reaction [15], which has been studied using **S-labelled
$,0,%7, is immeasurably rapid. By contrast, the rate of reaction 15 is readily
measurable [16].
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The reaction mechanism under consideration provides an interesting
example of how the rate of a rapidly reversible reaction may be measured by
adding a scavenger which reacts rapidly and quantitatively with reactive
intermediates. It is evident that reaction 12 must be occurring even in the
absence of PH{CN),(Br)OH?~. However, under these latter conditions the
thermal degradation of S0, is much slower than the rate of the
P{(CN),BrOH?~ oxidation of S,0,°". This difference in rate carries the
implication that the regeneration of S,0,2~ by reaction of HOSSO,~ and
S,0,%" in the reverse of reaction 12 is a very efficient process. However, it is
clearly a process which does not compete with the scavenger action of
Pt{CN),(Br)OH?" in the reactions which initiate the overall processes given
by egns. 13 and 14.
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