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Chloride anations of PtCl,H,O-, trans-PtC14(Hz0)2 
and tram-Pt(CN),CIHzO- in the presence of PtCl,% 
have been studied at 50” C in l.OOM perchloric acid 
medium. It is shown that PtCl,H,O- is formed as the 
primary reaction product in the two last-mentioned 
anations. This is not compatible with the generally 
used mechanism for platinum(H)-catalyzed platinum 
(IV) substitutions, which gives PtCI,% as the direct 
reaction product for these two reactions, Other exam- 
ples of formation of aqua complex intermediates in 
previously studied platinum(U)-catalyzed platinum 
(IV) substitutions can be found by examination of 
data from the literature. The chloride anation of PtCl, 
H20- follows the rate law: 

rate = k’ + k”[Ctl 
I + k”‘[Ct-] 

[PtCl,*-][PtCl, H20-] 

The usual interpretation of k”’ as the stability con- 
stant for a five-coordinate complex PtCl,& is ruled 
out by other experiments, which indicate a much small- 
er stability constant than that obtained from the ki- 
netics. This is also supported by a stopped-flow study 
at 25” C in 0.5 M perchloric acid medium of the sub- 
stitution of bromide by chloride in trans-Pt(NH,),Br, 
for large concentrations of entering ligand and in the 
presence of Pt(NHJd2+, A modified reaction mech- 
anism is suggested which can describe all experimental 
results. The primary step is the formation of a dimer 
complex from the platinum(W) substrate complex 
and the simple platinum(lI) complex, hydrated in the 
axial positions. This dimer might decompose directly 
to a platinum(H) complex and a platinum(W) aqua 
complex. Alternatively, it might react with the incoming 
ligand to form a new dinuclear complex, which decom- 
poses to the platinum(H) complex and the substituted 
platinum(W) complex. 

Introduction 

The generally accepted mechanism for substitution 
reactions of platinum(IV) complexes in the presence 

of platinum(B) was postulated in 1958 by Basolo, 
Pearson et al. :l-’ 

Pt(I1) + X # Pt(II)-X (rapid, equil. 
constant K) (1) 

Y-Pt(IV)-Z + Pt(B)-X P Y-Pt-z-Pt-x (2) 

Y-Pt-z-Pt-x Ft Y-Pt(I1) + Z-Pt(IV)-X (3) 

Y-Pt(II) *Y + Pt(I1) (4) 

The four in-plane ligands of the platinum(I1) and 
platinum(W) complexes have been omitted. Z and Y 
denote two ligands in trans-position to each other. The 
rate determining step is reaction (2) or (3) with a 
rate constant k. The mechanism gives a reaction rate 

Rate = k;‘:z;;I)’ [Pt(1V)] (5) 

If K[X]e 1, i.e. if the concentration of the entering 
ligand and/or the formation constant for the five-co- 
ordinate platinum(B) complex is small, eqn. (5) is 
reduced to 

Rate = kK[X][Pt(II)][Pt(IV)] (6) 

Eqns. (5) and (6) agree with experimental findings.4 
Since the mechanism implies an exchange of plati- 
num,3,5 the platinum(I1) complex should be regarded 
as a reactant, not as a catalyst. 

The mechanism postulates participation of five-co- 
ordinate platinum(B) complexes. Peloso et al.&’ have 
demonstrated the existence of such complexes between 
cationic platinum(B) species and negatively charged 
ligands in nonaqueous solvents, where the formation 
of ion pairs is more extensive than in aqueous solution. 
In these cases the experimental rate laws agree with 
eqn. (5). Agreement between the equilibrium con- 
stants K for reaction (1) calculated independently 
from kinetics and equilibria is a necessary - but not 
sufficient - condition for the mechanism (l)-(4). 

Orginally, the mechanism (l)-(4) was used only 
for addition of anions to cationic platinum(I1) com- 
plexes, such as Pt(NH3)42+ and Pt(en)z2+. But there 
are several examples in recent literature where the 
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model has also been used for addition of halide to 
anionic platinum(H) substrates, e.g. Pt(CN),% l&l2 
and Pt(NO&%. lo 

The present paper describes the kinetics for reactions 
(7). (8) and (9) in the presence of hydrochloric acid 
and tetrachloroplatinate(I1): 

PtC15H20-+ Cl- 
PtCbZ 

_ PtC16= + H20 (7) 

(8) 

(9) 

The experiments indicate that PtCl,H,O- is formed 
as an intermediate in large concentrations both in re- 
action (8) and (9). This is not compatible with the 
mechanism (l)-(4). The reaction between a five- 
coordinate complex PtCl,% and the platinum(IV) 
complex should give PtCl,” directly in both cases, 
since water is known to be a poor bridging ligand,4 i.e. 
Z $ H20 in (2) and (3). 

The appearance of aqua complexes as intermediates 
necessitates a modification of the reaction mechanism 
(l)-(4). A tentative model is given in Figure 1. The 
primary process is a direct reaction between the plat- 

Figure 1. Suggested reaction model: (a) for simple anation 

reactions where the four in-plane ligands of the platinum(H) 
complex are identical with those of the platinum(W) com- 
plex, and (b) for substitution reactions in general. Reactions 
which involve five-coordinate platinum(H) complexes as 
reactants are neglected. Their rate constants have been written 
within parentheses. 

inum(IV) complex and the platinum(I1) complex, 
PtC&& (hydrated in the axial positions). This mech- 
anism gives a rate expression of the same mathematical 
form as that obtained from reactions (l)-(4). Our 

kinetic results for reaction (7) also give quantitative 
support to the mechanism in Figure 1. The idea of 
water as the fifth ligand in the platinum(I1) complex 
instead of halide has been previously suggested by 
Mas0n.l’ 

The possibility of a Pt(III)-catalysis as described by 
Rich and Taube13 as an alternative to the suggested 
mechanism will be discussed in the final part of the 
paper. 

Some studies on the hydrolysis reactions of PtCle2- 
have been published previously.‘c20 As early as 1920, 
ArchibaldI reported that the rates of chloride anation 
for the hydrolysis products of PtCl,% were influenced 
by light and catalysts, much in the same way as the 
hydrolysis rates. Since that time, only one quantitative 
investigation on the kinetics of these anations has been 
reported.” 

We have also followed reaction (10) in the presence 
of Pt(NH3)42+ for large concentrations of entering chlo- 
ride ligand. in order to try to find kinetic evidence for 
the existence in aqueous solution of the five-coordinate 
complex Pt(NH3)4Cl+. postulated in the mechanism 

(l)-(4): 

trurzS-Pt(NH3)4Br22+ + Cl--+trans- 
Pt(NH3)4BrC12f + Br- (10) 

Experimental 

Chemicals 

Potassium tetrachloroplatinate(I1) (Degussa or John- 
son and Matthey). potassium hexachloroplatinate(IV) 
(Baker’s), potassium tetracyanoplatinate(I1) (Johnson 
and Matthey) and tetrammineplatinum(I1) chloride 
(Johnson and Matthey) were used without further 
purification. All other chemicals were reagent grade. 

Solutions of PtCI,H,O- were prepared either by 
aging solutions of potassium hexachloroplatinate(IV) 
(about 0.7 mM) in l.OOM perchloric acid solution in 
UV light from a quartz lamp for about 2 h, or by oxi- 
dation of tetrachloroplatinate(I1) (0.6 mM to 1.6 mM) 
in l.OOM perchloric acid solution with chlorine and 
subsequent evaporation of the excess chlorine by flush- 
ing with nitrogen.21 

Solutions of fruns-Pt(CN)4C1H20- were prepared 
by oxidation of tetracyanoplatinate(I1) (0.5 n&Q in 
1 .OOM perchloric acid with chlorine. 

The potassium salt of trans-PtC14(0H)Z2- was syn- 
thesized according to ref. 22 by oxidation of tetrachloro- 
platinate(I1) with hydrogen peroxide. Dissolution of 
this salt in l.OOM perchloric acid gave truns-PtCl, 

(H,O),. 
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The bromide salt of truns-Pt(NH3)4Br22+ was pre- 
pared by oxidation of tetrammineplatinum(I1) chloride 
in hydrobromic acid solution with bromine.23 

Apparatus 
Spectra were recorded by a Cary 14 recording 

spectrophotometer. Halide exchange in Pt(NH3)4Br22f 
was followed using a modified Durrum Gibson stopped- 
flow instrument.24 For other kinetic runs, a Zeiss Quartz 
Spectrophotometer PMQ II was used. 

Reactions (7), (8) and (9) 
The reactions were started by mixing one solution 

containing PtC14% (6 x 1pM to 4 x 1r3M for reac- 
tions (7) and (8) 5 x 1r3M for reaction (9)) and 
hydrochloric acid (0.2M to l.OM) and another, con- 
tainingplatinum(IV)complex (6 x lpkf to 16 x 1pM 
for reactions (7) and (8) 5 x l@“M for reaction (9)) 
at (50.0 & 0.2)’ C. The concentrations of chloride and 
platinum(I1) complex were always large enough to 
give pseudo first-order kinetics. The large concentra- 
tions of platinum(I1) complex also made small impu- 
rities of platinum(I1) in the platinum(W) salts negli- 
gible. The reacting solutions were protected from illu- 
mination by keeping them in bottles wrapped in alu- 
minum foil in closed water thermostats. All handling 
was performed in red light of low intensity. Samples 
were withdrawn and the absorbance measured at 264 nm, 
near the absorption peak of PtC1,2-. All measurements 
were performed using blanks containing PtCb” and 
chloride. 

The ionic strength and hydrogen ion concentration 
of all solutions were 1 .OOM and the supporting electro- 
lyte perchloric acid. The hydrogen ion concentration of 
l.OOM was sufficient to suppress protolysis of the aqua 
complexes since pK,, for trans-PtCL(H20)z is 1.922 
andpK, for PtCl,H,O- is 3.8.” 

Halide Substitution in Pt(NH3)4Br22’ 
One of the solutions mixed in the stopped-flow 

instrument contained Pt(NH3)42+ (2.04 x 1c3M) and 
chloride (0.100-0.500M), the other truns-Pt(NH3)4 
Brz2+ (3.48 x l(r’M). The ionic strength was main- 
tained at OSOM by perchloric acid. The temperature 
was (25.0+0.1)” C. The experimental rate constants 
given in Figure 7 were calculated by a least-squares 
program from the transmittance vs. time curves. 

Results 

Reaction (7) 
The start solutions of PtClsH20- were prepared by 

oxidation of PtCL2- with chlorine or by aging of 
PtCle=. Reaction (7) was also obtained as a sub- 
sequent process in reactions (8) and (9). All results 
are given in Table I. The rate constants were obtained 
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TABLE I. Rate Constants for Chloride Anation of PtC15Hz0-. 
The total concentration of platinum(N) was 6.3 x l(r5M. 
PtC15Hz0- was obtained from: a CL-oxidized PtCbZ- solu- 
tions, b anation of trans-PtC&(HsO)z, c aged PtC162- solu- 
tions. and d reaction (9). The errors are given as la. 
_ 

[Cl-]/M [PtCLZ-] x 103/M kexp x 105/h’ 

a 0.200 1.01 5.4fO.l 
a 0.200 2.01 8.2kO.1 
a 0.200 4.03 17.6 f 0.2 
a 0.308 2.91 16.4 + 0.4 
a 0.346 3.86 22.8f0.6 
a 0.400 1.01 7.2fO.l 
a 0.400 2.01 13.6f 0.1 
a 0.400 4.03 26.lfO.l 
a 0.442 1.93 14.2 ?.I 0.3 
a 0.500 3.86 32.6 f 0.2 
a 0.600 1.01 9.5+0.1 
a 0.600 2.01 18.0 f 0.5 
a 0.600 4.03 36.5 f 0.7 
a 0.688 0.97 lO.Of0.3 
a 0.702 1.93 17.7 f 0.2 
a 0.716 2.91 28.3 + 0.5 
a 0.731 3.86 37.1 + 0.2 
a 0.880 2.91 30.0 Lk 0.5 
a 0.885 3.86 42.8 f 0.3 
a 0.900 1.01 12.4kO.l 
a 0.900 2.01 22.6 f 0.5 
a 0.960 3.86 46 kl 

b 0.615 1.93 17.4f0.5 
b 0.635 2.91 28.0 f 0.5 
b 0.654 3.86 34.5 f 0.3 
b 0.960 0.58 7.5kO.l 

b 0.960 0.97 ll.Of0.4 

b 0.960 1.93 20.2 f 0.1 
b 0.960 2.91 33.5 ?I 0.5 
b 0.960 3.86 42 fl 

c 0.564 
c 0.582 
c 0.909 
c 0.909 

0.300 
0.400 
0.500 
0.700 
0.900 

0.92 8.6 f 0.1 
1.83 17.3fO.l 
0.92 10.8 + 0.2 
1.83 21.6f0.4 

5.03 24.9 f 0.7 
5.03 34.6 f 0.8 
5.03 36 +l 
5.03 44.4 f 0.4 
5.03 55 *2 

from ordinary first-order plots. The experimental values 
of the final absorptivity for each kinetic run varied with 
the concentration of chloride. This indicates that the 
reactions do not go to completion, i.e. the reaction 
product is an equilibrium mixture of PtC15H20- and 
ptc1e2. 

Figure 2 shows that the observed rate constant is a 
linear function of the concentration of platinum(I1) 
for each concentration of chloride used. There is a 
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Figure 2. Chloride anation of PtClSH20-. The observed rate 

constant, kexp, as a function of the concentration of PtCL2- 

for different concentrations of chloride. 

Figure 3. Chloride anation of PtCISH,O-. (k,,,-k,)l[PtC~“] 

as a function of chloride concentration. k, was obtained from 
the intercept in Figure 2. The curve was calculated from the 
experiments a (0) and 6 (0) in Table I. For comparison, 
the experiments c (V) and d (A) have also been included. 

small intercept, k,, which might indicate a reaction 
path independent of platinum(II). Experiments were 
performed to study this “uncatalyzed” path. But since 
the reactions are very slow in the absence of platinum 
(II), and therefore relatively more sensitive to illumi- 
nation and trace amounts of catalysts, these experi- 
ments were not reproducible enough to verify such a 
path. 

The graph shown in Figure 3 corresponds to the 
following expression for the experimental rate con- 
stant: 

k -k = k’ + WCl-I 
exp 0 ______- 

1 + k”‘[CT] 
,PtCL2-] (11) 

By a least-squares analysis, using the Univac 1108 com- 
puter, the following values of the parameters were 
calculated from experiments a and 6 in Table I: 

k, = (l.OfOS)s-’ 
k’ = (6 + 4). 1V3 s-~M-’ 
k” = (0.20 t O.O~)S-‘M-~ 
k”’ = (0.9 + 0.2)M-’ 

The stepwise stability constant K, for PtClhZ- is equal 
to k”/k’ = (30+- 2O)iW’. This value agrees satisfac- 
torily with previous determinations.‘8,25,36 

2.0 

1.5 

Figure 4. lg(e, +) vs. f for chloride anation of Iruns-PtC1, 
(H20)2. The total concentration of platinum(IV) was 

6.5~ l(r’M, of chloride 0.96OM, and of platinum(U) 
0.97x1W3M. From the linear part of the curve, the rate 
constant for the slow reaction was obtained as 11.4~ l(T’ SK’. 

The rate constant for the fast reaction was calculated from 
the small plot as 5.4xlp s-‘. de denotes the difference in 
absorptivity between the experimental curve and the extra- 
polated, dashed line. 

Reaction (8) 
The potassium salt of truns-PtCL(OH),, dissolved 

in l.OOM perchloric acid was used for these experi- 
ments. Logarithmic first-order plots like that shown in 
Figure 4 indicate two reactions. The slow process was 
identified as reaction (7) and the rate constants, cal- 
culated from the linear parts of the plots, are given in 
Table I. Thus, PtCl,H,O- is formed during the fast 
reaction. 

The amount of PtCle2- formed as a product in the 
slow reaction can be calculated from the extrapolated 
absorptivity (coo +0’) (vide Figure 4) and the molar 
absorptivities of PtCle2- (24800 cm-‘M-l) and PtCl, 
H20- (11800 cm-‘M-l). This amount was always less 

TABLE II. Rate Constants and Product Distribution for 

Chloride Anation of trans-PtCL(HZO)z. The platinum(IV) 
concentration was 6.5~ l(r’M. The errors are given as la. 

[Cl-]/M [PtC14”] x 103/M k,,, x 104/s-l [PtC16”],,*/ 

WWLO-I,,, 

0.215 0.58 
0.231 0.97 
0.270 1.93 
0.308 2.91 
0.365 1.93 
0.588 0.58 
0.596 0.97 
0.615 1.93 
0.635 2.91 
0.654 3.86 
0.960 0.58 
0.960 0.97 
0.960 1.93 
0.960 2.91 

2.9 +_ 0.3 
4.8 zk 0.3 
9.2kO.l 

14.2 If: 0.9 
- 

3.0+0.1 
5.6 zk 0.2 

10.8 f 0.2 
- 

3.3kO.l 
6.1+ 0.3 

11 .o f 0.4 
17.9 + 0.8 

0.12+_0.01 

- 
0.24 10.02 
0.13 + 0.01 
0.20 + 0.02 
0.26 + 0.02 
0.22 + 0.01 
0.27 f 0.03 
0.16kO.02 
0.39+ 0.04 

0.34 + 0.02 
0.32 f 0.01 

- 



Chloride Anation of Pr(ZV) 35 

Figure 5. Chloride anation of trans-PtCL,(HZ0)2. (a) The 
quotient between the concentrations of the direct reaction 
products, and (b) k,,,/[PtC&“] as functions of chloride 
concentration. 

Figure 6. Absorption spectra of four neutral solutions of 
PtCL,& with excess chloride. The concentration of platinum 
was 1.03x10-*M, and of chloride 0.50, 1.00, 1.50 and 
3.00M. The spectra coincide except for a small deviation in 
the region 320 to 280 nm. The ionic strength was 5.00M, 
and the supporting electrolyte sodium perchlorate. The path 

length was 1.001 and 10.00 cm. 

than the total amount of PtCl,% at the final equilibrium. 
Therefore, some PtCl,% must also be formed during 
the fast reaction, so we can write the overall process as 
formula (8). 

The amounts of PtClG2- and PtCI,H,O- formed as 
products in the fast reaction were calculated from Ig(e o. 
-e,‘), eoa and the molar absorptivities for PtCl,% and 
PtC15Hz0-. The ratios between the concentrations of 
the products are given in Table II. These should be 
equal to the ratio between the rate constants for the 
two parallel paths of the fast reaction.26 In Figure 5a, 
the product concentration ratios have been plotted vs. 
the concentration of chloride, which gives a straight 
line through the origin with slope (0.35 + O.O5)M-‘. 

The experimental rate constant for the fast reaction 
was calculated from differences between the experi- 
mental curve and the extrapolated line in plots like 
Figure 4. The results are given in Table II. As indicated 
by Figure 5b, the observed rate constant can be written 

k exp = (k’ + k”[Cl-])[PtCLS] (12) 

The parameters k’ and k” were obtained from a least- 
squares calculation as: 

k’ = (0.45 + 0.02) s-‘M-’ 
k” = (0.15+0.03)s-‘M-’ 

The ratio k”lk’ = (0.33 ? 0.07)iW’ agrees with the slope 
for the line in Figure 5a. Thus, k’ is the rate constant 
for the formation of PtC15Hz0- and k” that for the 
direct formation of PtClh2- from trans-PtC4(H,0)2. 

Reaction (9) 
These experiments gave reaction (7) as the rate 

determining step. The observed rate constants are given 
in Table I. Thus, PtCl,H,O- appears as an intermediate 
in large concentrations in reaction (9). 

Discussion 

Five-coordinate Platinum(U) Complexes 
The experimental expression (11) for the rate con- 

stant for reaction (7) is of the same mathematical 
form as that expected from the mechanism (l)-(4) 
for a reversible process: 

k 

-P 
= k’+kWJ-I [PtCLz-~ 

1 + K[CT] 
(13) 

Thus, the parameter k”’ = (0.9+0.2)M-‘, obtained 
from the kinetic measurements, should be identified 
with the equilibrium constant K for the reaction 

PtCL$%+ cl- P Ptcls’ (14) 

However, the large value of 0.9M-’ for this equilibrium 
constant is not consistent with other experimental 
observations: 

(i). Figure 6 shows spectra of aqueous solutions of 
tetrachloroplatinate(I1) with excess chloride. If the 
stability constant of PtCl,> were 0.9W1, these solu- 
tions should contain between 30 % and 70 % of the plati- 
num as PtCISS, if ionic strength effects on the equilib- 
rium are neglected. The changes of the spectra are 
much too small to account for this large variation of 
concentration, unless the absorption spectra PtCb% and 
PtClS3- are very similar. 

(ii). The rate expression for anation reactions of 
platinum(II) complexes in aqueous solution should 
deviate from the first-order dependence on the entering 
ligand, if substantial amounts of five-coordinate plati- 
num(U) complexes were formed.27 Such behavior has 
never been reported, not even when the entering ligand 
and substrate complex are oppositely charged. For 
instance, the anation 

Pt(H,O),‘+ + X-+ PtX(H,O),+ + H,O (15) 

is strictly first-order with respect to entering ligand 
X = Cl, Br up to concentrations of 0.5M.28 The same 
is valid for the substrates truns-PtX2(H20)229 and 
the corresponding palladium complexes.30 
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of an aqua complex, followed by a rate determining 
halide anation of this species. 

For the substitution reaction 

Figure 7. The observed rate constant for reaction (10) as a 
function of the concentration of chloride. The concentration 
of platinum(W) was 1.74X1(rsh4, of platinum(B) 1.02X 
l@M and of hydrogen ions 0.50M (0). Ionic strength 
0.5OM. Rettew and Johnson’?’ two previous experiments 
on the same reaction have also been included (0). The 

deviation of their points from our results indicates that ionic 
strength and/or hydrogen ion concentration affect the rates. 

(iii). Reactions between platinum(lV) complexes 
and halide ions in the presence of positively charged 
platinum(H) complexes should be more favourable for 
detection of five-coordination than reactions with the 
doubly negatively charged PtCLi21. But the plot for 
reaction (10) shown in Figure 7 is strictly linear up to 
chloride concentrations of 0.2SM. No evidence for satu- 
ration like the curvature in Figure 3 can be observed. 
Therefore, the formation constant for Pt(NH3),Cl+ 
must be less than about O.lM-’ which is not consistent 
with a value of 0.9W’ for PtC153-. 

Aqua Complexes as Intermediates 

The results described indicate that PtC15H20- is ob- 
tained as a primary product in reactions (X) and (9). 
More examples of formation of aqua complex inter- 
mediates in Pt(IV) substitutions catalysed by both 
cationic and anionic platinum(I1) species can be found 
by examination of data from the literature. For instance, 
the similarity of the rate constants for the halide sub- 
stitutions and anations in the presence of Pt(NH3)42+ 
listed in Table III indicates that the primary step in the 
halide substitutions most probably is a fast formation 

Pt(CN),Brz2- + Cl--+ Pt(CN),BrC? + Br- (16) 

studied in the presence of Pt(CN),%, Mason” found 
a rate constant 

k exp = (k, + k,[C~l)Pt(W~~l (17) 

i.e. a relation similar to eqn. (12) for the anation of 
trans-PtCL+(HIO)z. The chloride independent term 
was interpreted in a similar way, i.e. as a formation of 
an aqua complex in a primary reaction step. 

Mechanism 

Since the formation constant for PtCl,% is probably 
much too small to be identified with the parameter 
O.YM-’ in the experimental expression (11) for the 
rate constant for reaction (7) another mechanism than 
(l)-(4) must be operating. Obviously, the incoming 
ligand enters the complex after the formation of the 
bridged complex. Thus, the simple hydrated platinum 
(II) complex, not the five-coordinate platinum(I1) 
species PtQ3- is the reactant in this case. For negatively 
charged platinum(I1) complexes, electrostatic reasons 
support this view. However, the occurrence of aqua 
complex intermediates for the reactions in Table III 
with the cationic Pt(NH,)4 ‘+ indicates that the hydrated 
platinum(I1) complex is a reactant also in these cases. 
Peloso’s results’ for nonaqueous solvents are compat- 
ible with both models: the factor [Pt(II)],,,/(l +K[X]) 
which appears in his rate expression gives the con- 
centration of four-coordinate platinum(I1) complex, 
which is the reactant according to the model in Figure 1. 

For simple reversible anations like reaction (7) the 
mechanism in Figure 1 a gives 

k 
k4 + ks ’ k&b + ks) 

exp = 
l + MM 

Pm1 

k2(k4+kj) 

(18) 

if steady state concentrations are assumed for the bridg- 
ed complexes. This expression agrees with the ex- 

TABLE III. Third Order Rate Constants kexp for Some Reactions in the Presence of Pt(NH,),‘+. The rate constants for 
the anations have been calculated for the same pH as was used for the substitutions. 

_______.... ______ 

Complex Entering [H+] x 1031M k,,,ls-’ M-2 I/M Ref. 

Ligand 

Pt(NH3)4ClBr2+ cl- 
Pt(NH&CIHZ03+ Cl- 

Pt(NH3)+CIBr 2+ Br- 
Pt(NHI),BrH20 3+ Br- 

5 6.3 0.20 31 
27-60 8.5a 0.50 32 

5 1.9x lo4 0.20 31 

10-44 2.1 x lo4 = 0.50 12 

aFor [H+] = 5 x 1K3M. 
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perimental rate law (ll), but of course the param- 
eters k’, k” and K” in eqn. (11) now have another 
physical meaning than in eqn. (13). However, the 
ratio k”lk’ still means the stepwise stability constant 
K6 for PtCleZ-. 

reaction. The anation of PtC15H20- studied in the 
present paper is extremely slow in the dark, if not large 
concentrations of PtCbz- are present. Even in this 
case, the half-lives for the reactions studied were gen- 
erally several hours at 50” C (cf. Table I). 

For substitutions where the leaving ligand is not the 
solvent, or for reactions where the four in-plane ligands 
in the platinum(IV) complex and platinum(I1) com- 
plex are not identical, the model in Figure lb can be 
used. In these cases, the primary product can be either 
the aqua complex, or the final substituted complex, or 
a mixture of these two species. If the concentration of 
five-coordinate platinum(I1) complex is assumed to 
be small, the reactions described by k,, k8 and kg can 
be neglected. With steady state assumptions for the 
dinuclear species, the rate constant for formation of 
the products is then given by 

On the other hand, if a solution of PtCl,H,O- with, 
say, 500 mM chloride is illuminated by UV light, a 
rapid anation to PtClh2 occurs, similar in rate to the 
Pt(III)-catalyzed photoexchange observed by Rich and 
Taube. The rate of the dark reaction is unaffected by 
addition of small concentrations of Fe(II1). 

We therefore conclude that the mechanism for the 
dark reaction does not probably involve Pt(III)-catal- 
ysis. Moreover, we have not succeeded in deducing any 
rate law, which conforms to the experimental eqn. 
(11) from mechanisms involving Pt(III)-species. These 
generally give rate expressions containing square-root 
terms (cf also ref. 2, p. 208). 

k k, exp = 
b(k4 + ks + km) + k3 .ks[Xl 

k&z + k,) + (ks + km)(kz + k, + k&1) 

x [Pt(1I)l (19) 

This is the general expression for the rate constant 
when both aqua complex and substituted complex are 
formed, and agrees with the observed rate constant 
for the chloride anation of truns-PtCL(H20)2, eqn. 
(12), if kJX]< (kZ + k7).33 

For k,[X]+k, the aqua complex is formed exclu- 
sively with a rate constant 

k =P = *[Pt(II)I 
2 7 

If k,ak,[X], only the substituted complex Z-Pt 
(IV)-X is formed, provided that k4 and klo are not 
very large compared to kg. The rate constant is then 
given by 

k exp = 
k&4 + (k, + km)@2 + MXI) 

(21) 

If k,[X]+k, this expression agrees with that generally 
obtained for these substitution reactions 

k exp = k”[XltWI)I (22) 
For some reactions, the experimental rate expressions 

are consistent with the model only if k3[X]+k2 or k3 
[Xl+ (k2 + k7). In other reactions, e.g. the chloride 
anation of PtCl,H,O-, k3[X] must instead be com- 
parable to k2 (cf. eqn. (18)). These differences might 
depend on the relative electronegativities of the ligands 
in the bridged complex. 

Rich and Taube, in a classical paper,13 studied the 
exchange of chloride between PtClb2- and free chlo- 
ride ions and found it to be rapid in solutions without 
inhibitors present. This rapid exchange was attributed 
to catalysis by labile Pt(II1) chloro complexes. Addi- 
tion of inhibitors destroyed Pt(II1) and quenched the 

Conclusions 

The possibility of water as the fifth ligand instead 
of a halide is supported by the formation of aqua 
complexes as reaction products, both when anionic 
and cationic platinum(I1) complexes are used. The 
rate law for the anation of PtC15Hz0- (eqn. (11)) 
and the large value of the parameter k”’ compared 
to the stability constant of PtCISS-, indicate that the 
halide ligand enters the complex after the formation of 
a dinuclear aqua complex according to Figure 1. We 
will subsequently report rate laws for the anations of 
PtBr5HzO- 34 and fruns-Pt(CN),ClH,O- 35 which 
have the same form as eqn. (11). 

When eqn. (5) with k”’ = K or eqn. (6) describes 
the kinetics, the model in Figure 1 is kinetically indis- 
tinguishable from the Basolo,Pearson scheme (l)-(4). 
Only when the parameter k”’ differs from the equilib- 
rium constant K of reaction (1) can the mechanism 
(l)-(4) be ruled out. 
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