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The rate law for the chloride anation of PtCI, 
H20- in the presence of PtC$ 

PKq‘ 
PtCI,H,O- + Cl- _~_j PtCI;- + H*O (1) 

was recently reported:’ 

k’ + k”[Cl-1 
Rate = --‘-n-- [PtCIi-] [PtCIsH,O-] 

1 tk [Cl-l 
(2) 

To describe the kinetics it was necessary to modify 
the usual Basolo, Pearson scheme*-’ for platinum(W) 
substitutions in the presence of platinum(I1). Our 
experiments indicated that the entering chloride 
ligand was added after the formation of the bridged 
intermediate, as shown by Fig. 1. A primary forma- 
tion of a five-coordinate chloro complex, ie. 

Ptcli- + cl- f ptc1:- (3) 

followed by the formation of the bridged inter- 
mediate could be excluded in this case since the value 
of the parameter k”’ obtained from the experimental 
rate expression (2) was too large to be identified with 
the formation constant for PtCI:- according to reac- 
tion (3). The appearance of aqua complex inter- 
mediates in several other platinum(W) substitutions 
(cJ: Ref. 1) also speaks in favour of the suggested 
mechanism in other cases. 

The present communication reports a rate law of 
the satne form as eqn. (2) for the process 

Pt((‘N)f- 
trurzs-[Pt(CN)JCIHzO-j + Cl- -e 

rrans-[Pt(CN),Cl:-J + Hz0 (4) 

which gives further experimental support to the 
mechanism in Figure 1. In the absence of tetracyano- 
platinatc(I1) the chloride anation of Pt(CN),CIH,O: 
is extremely slow, even at SO “C. 

Experimental 

Potassium tetracyanoplatinate(I1) (Johnson and 
Matthey) was used without further purification. 
Solutions of ~rans-[Pt(CN)JCIH20-] weI-e prepared 
by oxidation of 3 X lo-.’ M or 6 X 10e3 M solutions 

IIg. 1. Proposed mechanism for reactions (I) and (4) (cf 
Ref. I). 2 = X = (‘I. The four lipands in the plane around the 
platinum atoms have been omitted. 

OF potassium tetracyanoplatinatc(11) with chlorine 
in 1 .OO M pcrchloric acid solution as described 
previously.’ The kinetics were started by mixing 
equal volumes of one solution containing platinum 
(IV) complex and another containing tetracyano- 
platinate(I1) and chloride directly in the thermostated 
spectrophotometer cell, using thermostated syringes. 
The ionic strength and hydrogen ion concentration 
were 1 .OO M, supported by perchloric acid. The reac- 
tion was followed at (25.0 ? 0.1) “C using a Zeiss 
PMQ II Spectrophotometer equipped with a Goertz 
compensation recorder. The absorption maximum of 
truns-[Pt(CN),Cl:-J at 28X nm was used. The blank 
contained tetracyanoplatinate(I1) in appropriate con- 
centration. 

The Table reviews the experiments. Pseudo-first- 
order kinetics were obtained, since chloride was in 
large excess and Pt(CN)z- was regenerated in the 
reaction and its concentration therefore constant. 
One-electron reducing or oxidizing agents had no 
effect on the observed rate constants (cfi Table). 

Results and Discussion 

Plots of the observed rate constant vs. the con- 
centration of tetracyanoplatinate(l1) are linear with 
small intercepts (cfi Figure 2). These intercepts 
probably indicate small amounts of platinum(I1) in 
the platinum(lV) solutions, present because of in- 
complete oxidation, although a reaction path inde- 
pcndcnt of platinum(l1) cannot be excluded. 

Figure 3 shows that the observed rate constant 
corrected for the intercept in Figure 2 is given by 
the eqn 

kesp,corr = ~-_k”-- --- 
I + k”‘[CI-1 

[Cl-] [PtCN:-] (9 

A least-squares analysis gave k” = (47 + I) s-’ W*. 
k”’ = (0.76 2 0.07) M-‘. Thus, the rate constant for 
reaction (4) is a function of the concentration of the 
entering ligand and the platinum(l1) complex of the 
same form as that for reaction (1) - c:f: eqn. (2). 
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TABLE. chloride Anation of rrans-[Pt(C’N),(‘lH,O- 1 in the 

Presence of Pt(CN):-. The concentration of platinum(lV) 

complex was 1.5 X IO-” M. The errors in kexp were less than 

3%. 

[(‘I- 1 [ Pt((‘N):- ] kcxp Added 
x IO~IM x 1 03/M x 103/s-’ Substance 

25 9.16 12.0 
50 2.50 6.2 

100 2.00 8.3 

100 3.00 12.8 

100 5.00 2 1.4 

200 2.02 16.6 
300 2.02 23.1 
500 0.52 10.3 

500 1.02 20.7 

500 1.40 28.2 

500 1.40 26.9 Fe(‘l,” 

500 1.40 27.5 (NH,),I:e(SO,); 

500 1.40 27.4 (‘e(‘l, a 

500 1.40 26.8 llydroquinonca 

500 1.81 32.8 
500 2.02 34.6 
500 2.58 46 
750 0.26 9.4 
750 0.45 13.2 
750 0.77 22.4 
750 0.90 22.6 
750 1.29 35.6 
750 1.81 44.8 

a 1.5 x 1V4/V. 

In the present case, the reverse reaction is completely 
negligible, which means that the parameter k’ is too 
small to be determined. The mechanism in Figure 1 
gives a consistent expression for the rate constant 
using the steady-state approximation (reverse reaction 
neglected): 

k,k.&s 

a 

kz(kl + ks) 

For the same reasons as discussed in Ref. 1, the value 
of the parameter k”’ = 0.76 A&’ is probably much too 
large to be identified with the equilibrium constant 
for the process 

Pt(CN):- + Cl- f Pt(CN),CI”- (7) 

For instance, the absorption spectra of Pt(CN)i- in 
1 M perchloric acid and 1 M hydrochloric or hydro- 
bromic acid are practically identical in the region 220 
to 300 mn. 

Thus, reaction (4) is a further example of a 
platinum(II)-“catalyzed” platinum(W) substitution, 
the kinetics of which can be described by the scheme 
in Fig. 1. This is probably also applicable to some 

previous studies on platinum(JV) substitutions in 
the presence of Pt(CN)$-.6-8 

I:ig. 2. The observed rate constant for reaction (4) as a func- 
tion of the concentration of tetracyanoplatinate(l1) for 
different concentrations of chloride. 

I,‘&. 3. k,,,,/[Pt(CN):-] for reaction (4) a~ a function of 
chloride concentration. 

Pt(IlI)-catalysis of the type proposed by Rich and 
Taubc’ cannot account for the experimental results. 
Inhibitors have no effect on the observed rate 
constants (of: Table) and mechanisms involving 
Pt(lll) require square-root terms in the rate expres- 
sions. 
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