
Notes 

ki 
( e d t a H ) T i o H c ~ ( N H ~ ) ~ ~ +  - products ( 5 )  

known whether kl or k2 is rate determining. However clearly 
kl must be equal to or greater than the rate constant (ca. lo7 
M-' s-'). Since K for outer-sphere association of the reactants 
in k l  is unlikely to be >1 M-I, the water-exchange rate 
constant is >ca. lo7 s-', The rate constant for water exchange 
on Ti(H20)2+ is ca. lo5 s-l l7 so that the edta appears to have 
a strong labilizing effect. This could well result from the 
presence of the uncoordinated carboxylate arm of the edta 
which is capable of forming a transient seven-coordinate 
Ti(II1) species, with resultant labilization of the H20 .  An 
analogous mechanism has been suggested to explain the rapid 
complexation (replacement of H 2 0 )  of the Cr(II1)-edta 
complex Cr(edta)H20- by acetate, azide, chromate(VI), 
molybdate(VI), and t~ngs ta t e (VI ) . ' ~ J~  A similar, quite re- 
markable labilization has been observed also for the Ru- 
(III)-edta complex R ~ ( e d t a ) H , O . ~ ~  Whether this is a feature 
to be expected of all such complexes having fewer than six d 
electrons requires further substantiating. 

Other features to note in these reactions are that the Ti- 
(III)-edta complex is a more effective reductant than the aquo 
ion. Thus rate constants for the reaction of Ti(H20)50HZ+ 
with Co(NH3)2+ and C O ( N H ~ ) ~ C ~ ~ +  are 0.015 and 0.95 M-l 
s-l, respective1yl2l whereas corresponding values for Ti(ed- 
taH)H20 are 0.165 and 9.6 M-' s-l, Le., a factor of ca. 10 
greater. We also note that rate constants for the Co(NH3)?+ 
and C O ( N H ~ ) ~ C ~ ~ +  oxidations of the Ti(II1)-edta complex 
remain unaffected by [H+] down to 0.010 M. This suggests, 
since the first pK, value is 2.02, that the reactions are in- 
sensitive as to whether the free carboxylate of the edta is 
protonated or not. Finally, with the presumed linear rela- 
tionship in Figure 2 and a value for kRu = 3 M-' s-l for the 
R u ( N H ~ ) ~ ~ +  reduction of C O ( N H ~ ) ~ H ~ O ~ + , ~ ~  an outer-sphere 
contribution to the Ti(II1)-edta reduction of C O ( N H ~ ) ~ H ~ O ~ +  
of 1-2 M-ls-l is obtained. It is possible that such a pathway 
is a dominant, or the only, contributor to the rate constant a 
in eq 2. 
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Sulfato complexes of platinum(1V) are rare,' and data on 
the hydrolysis of the platinum(1V)-sulfate bond are not 
available. In cationic ammine complexes of platinum(1V) 
hydrolysis of anionic ligands is quite slow and normally re- 
quires strongly alkaline c o n d i t i o n ~ . ~ ~ ~  We report here an 
isomerization which accompanies the hydrolysis of a plati- 
num(1V)sulfate bond, a type of behavior which had not been 
previously reported for ammine complexes of platinum(1V). 
Results and Discussion 

The hydrolysis of t r ~ n s - P t ( N H ~ ) ~ ( o H ) S o ~ +  (reaction 1) 
t r a n ~ - P t ( N H ~ ) ~ ( o H ) S o ~ +  + OH- - 

Pt(NH3)4(OH)22+ + S042- (1) 

was studied in alkaline solution. High-pressure cation-ex- 
change chromatograms of hydrolyzed solutions had two peaks, 
both at retention volumes corresponding to 2+ ions. The 
relative sizes of the two peaks was a function of the pH at 
which the t ran~-Pt(NH~)~(OH)S04+ was hydrolyzed. The 
major product when hydrolysis was carried out in an ammonia 
solution (pH 11 . l )  eluted before the second component and 
had the same retention volume as trans-Pt(NH )4(OH)22+ 
(made by the reaction of H202  with Pt(NH3)))!J The 
percentage of trans compound was approximately 30 at pH 
13.2, 60 at pH 12.2, and 80 at pH 11.1, The hydrolysis was 
run on a synthetic scale in 0.3 M NaOH. From this solution 
a sparingly soluble sulfate salt could be isolated which had a 
retention volume identical to the more strongly retained ion 
in the chromatogram of the hydrolysis solution. The analysis 
of this compound corresponds to the formula Pt(NH3)4(0- 
H)2S04. This compound and tran~-[Pt(NH,)~(OH)~lS0,, 
have ultraviolet spectra with different shapes; however, neither 
has a maximum at wavelengths longer than 200 nm; both do 
absorb strongly below 240 nm. (At 220 nm their molar 
absorptivities are 1.5 X lo3 and 2.0 X lo3 (trans).) The 
infrared spectra of the two compounds have peaks in the same 
regions but are different in the placement and intensities of 
the peaks. On the basis of this data it seems that the new 
compound is C ~ S - [ P ~ ( N H ~ ) ~ ( O H ) ~ ] S O ~ .  The cation is quite 
unreactive; for example, it reacts only very slowly with 2 M 
HBr at 25 OC. 

The chromatogram of an aged solution of trans-Pt- 
(NH3)4(OH)22+ in 0.2 M NaOH does not exhibit a peak 
characteristic of the cis isomer. This suggests that the cis 
product is formed directly from the sulfato complex. Since 
there are two products of the reaction, the relative concen- 
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Table I. Rate Dataa 

105knhsd, s - l  

Notes 

(OH-], M 34.3 "C 43.5 "C 53.0 "C 

0.0095 6.0 
0.01 89 8.0 
0.0473 3.5 10.9 28 
0.0945 4.3 14.9 38 
0.0945 15.4b 
0.0945 15.7c 
0.142 5.3 18.8 48 
0.1 89 20.9 

a [ [ ~ ~ u ~ s - P ~ ( N H , ) , ( O H ) S O ~ ] ( C ~ O ~ ) ]  = 1.0 X lo-'  M. 
[NaCIO,] = 0.15 M. [[Pt(NH,),](CIO,),] = 1.1 X 1 O - j  M. 

Rate parameters evaluated from eq 2 for 43.5 "C: a = 1.36 X 
1 0 - 1 6 M ~ - 1 , b = 9 . 0 X  10-30MZs-1 ,andc=1.4X 1 0 - " M .  

trations of which change with hydroxide concentration, there 
must be a t  least two routes to the formation of products. The 
route which forms the cis product must produce little or no 
trans product, since 70% of the product is cis a t  p H  13.2 and 
it seems probable that the trans-producing reaction is still 
operative. 

a t  25 "C) of 
t r a n ~ - P t ( N H ~ ) ~ ( 0 H ) S 0 ~ +  indicates that in the pH 12-1 3 
range the conjugate base P t (NH3)3NH2(0H)S040 is the 
predominant species. Since the cis complex is formed only 
in very alkaline solution, we would speculate that the most 
reasonable mechanism for the formation of the cis compound 
is a displacement of sulfate ion from the conjugate base of 
t r a n ~ - P t ( N H ~ ) ~ ( o H ) s O ~ +  by hydroxide ion. The dissociative 
hydrolysis of the conjugate base could provide the pathway 
to the trans product. The absence of catalysis by Pt(NH3)42+ 
indicates that a platinum(I1)-catalyzed mechanism does not 
play a role in this hydrolysis. 

Some rate data for reaction 1 were collected and are cited 
in Table I. The rate of reaction is relatively insensitive to 
changes in ionic strength; a slight increase in rate accompanies 
a substantial change in ionic strength. The presence of 0.001 
M Pt(NH3)42+ has little effect on the rate. The hydroxide 
dependence is complex. The rate is negligible in a 0.010 M 
N a 2 H P 0 4  solution (pH -9). An equation of the form (2) 

A determination of the K ,  (1.0 X 

kobsd = (a + b/[H+]) / (c  + [H+1) (2) 

can be used to fit the data. However, it is probable that other 
functions with three parameters could fit the limited data 
equally well. One mechanism consistent with such a rate law 
involves the conjugate base Pt(NH3)3NH2(OH)S040 in both 
hydroxide-dependent and -independent steps (in agreement 
with our suggestion in the previous paragraph). Hydrox- 
ide-dependence data is not sufficient to permit one to confirm 
this mechanism or to elaborate on its details. Moreover 
mechanistic interpretation is further complicated by the 
presence of two products. 

It would be of interest to compare the rate of hydrolysis of 
t r a n ~ - P t ( N H ~ ) ~ ( o H ) s O ~ +  with that of other trans-Pt- 
(NH3)4(OH)Xn" complexes. However, no data of this kind 
has been published. Our preliminary data on the hydrolysis 
of t r ~ n s - P t ( N H ~ ) ~ ( o H ) C l ~ +  and t r u n ~ - P t ( N H , ) ~ ( o H ) B r ~ +  
indicate they react appreciably more slowly than the sulfate 
complex. It will be of interest to see whether isomerization 
accompanies these reactions. 
Experimental Section 

Preparation of Compounds. Tetraammineplatinum(I1) perchlorate: 
trans-[Pt(NH3)4(0H)S04]C104,' Pt(NH3)4(S04)2,1 and trans- 
[Pt(NH,),(OH),] so44 were prepared by published procedures. 
cis-Dihydroxotetraammineplatinum(1V) Sulfate. A 0.68-g sample 

of t r ~ n s - P t ( N H ~ ) ~ ( S o ~ ) ~  was suspended in 50 mL of 0.3 M NaOH 
at 45 O C  for 36 h. A white solid (0.12 g) was removed by filtration. 
Concentrated sulfuric acid was added dropwise to the solution until 

its yellow color faded and a slight white permanent suspension formed 
(pH was 4-5). The precipitate (0.02 g) was removed and the solution 
evaporated on a steam bath to 15 mL. A white crystalline precipitate 
formed after the solution stood for 24 h.  The product was washed 
with water and acetone and dried under vacuum at room temperature 
(0.25 g, 43% yield). Most of the product dissolved slowly in 100 mL 
of hot water. Undissolved solid was removed. The volume was reduced 
to I O  mL. White crystals formed and were recovered (0.16 9). The 
high-pressure cation-exchange chromatogram of a solution of the 
product has a single peak. The soluble complex t r ~ n s - [ P t ( N H ~ ) ~ -  
(OH)S04]C104 also works well as the starting material in this 
synthesis. 

Anal. Calcd for [Pt(NH3)4(OH)2]S04: Pt, 49.61; N, 14.24; S, 
8.15. Found: Pt, 49.5; N, 14.22; S, 8.15. 

Analyses were done by Atlantic Microlab, Inc. Deionized water 
was used in all studies. 

Determination of K, for trans-[Pt(NH3)4(OH)S04]C104 (Reaction 
3) .  A spectrophotometric determination of K, was used. Equation 

Pt(NH3)4(0H)S04+ Pt(NH3)3NH2(0H)SO? t H+ (3) 

4 was used to evaluate our data; it was derived from a more general 

equation.' ( A  is the solution absorbance, A H A  is the absorbance when 
the acid is all undissociated, and A A -  is the absorbance when only A- 
is present in significant quantity.) All solutions contained 5.0 X lo4 
M [Pt(NH3)4(0H)S04]C104, NaOH, and NaC104 to maintain a 
constant ionic strength of 0.080. Hydroxide concentrations used were 
0.0783,0.0261,0.00870, and 0.00301 M. Absorbances were measured 
at 270 and 300 nm. Absorbance measurements were made first at 
15.0, then at 24.5, and finally at 34.0 "C. Hydrolysis was sufficiently 
slow that the absorbances of the solutions at the three lower hydroxide 
concentrations had not changed when the solutions were cooled back 
to 15.0 "C. The changes in the 0.0783 M solution were small, and 
results based on calculations in which these data were not used were 
not significantly different from results based on all data. Linear plots 
were obtained; K, values from data at the two wavelengths deviated 
from each other by less than 1C%. The K, values are 8.7 X (15.0 
"C), 1.00 X (24.5 "C), and 1.16 X (34.0 "C). Ther- 
modynamic parameters are 4H = 2.7 kcal mol-' and A S  = -46 cal 
deg-' mol-'. 

Kinetic Measurements. The kinetics of the hydrolysis were followed 
spectrophotometrically at 290 nm. The temperature of the cell 
compartment varied less than 0.02 "C. Reaction solutions were 
prepared in room light, and air was not excluded. Reactions were 
studied under pseudo-first-order conditions. Rate data were analyzed 
by a Gauss-Newton nonlinear least-squares fit to the equation A = 
A, t (A,  - A,) exp(-kT). Absorbance vs. time data covering 3-4 
half-lives were in general used, and the fit to the equation was normally 
within the uncertainity of the absorbance measurements. 

Chromatographic Measurements. A 25 cm long, 4.6-mm i.d. column 
was packed with Vydac 401 TPx cation-exchange resin. The eluent 
was 0.060 M K2S04 at a typical flow rate of 2.0 mL/min and 2000 
psi pressure. Retention volumes of cis- and tr~ns-Pt(NH,)~(OH)2+ 
were about 7.8 and 6.5 mL, respectively (with a column volume of 
2.85 mL). The effluent was monitored with a UV detector at 205 
nm. Typical platinum concentrations in solution were 10-3-10-4 M. 
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