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J ABSTRACT 

The acid hydrolysis of - trans-[ P ~ ( N H ~ ) ~ C ~ ~ ]  has been shown to occur 

to a measurable extent. For this reaction: 

the equilibrium quotient was measured a t  15'. 25' and 35'C. At 25.C. ' 

the equilibriu& quotient was 8.2 x M. at p (ionic strength). = 0 

and-32 x M. at  )r = 0.318. The indicated AHe for the reaction i~ 5.5 

- 5  kcbl. The rate constant, kl. was found to be 9.8 x 10 sec. with an 

$ indicated AH = 20 kcal. This rate constant was nearly independent of . 

ionic strengthi . The acid hydrolysis provides a mechanism for the t 

isotopic exchan& between the chloride ligands and GI-. Exchange 

experiment8 with ~1~~ showed that in addition to the acid hydrolysis, 
> 

a process. first-order in both [ P L ( N I I ~ ) ~ C ~ ~ ]  and ~ 1 -  with a rate 
- 

constant of 7.8 x l ~ - ~  sec. M. l, contributed to the exchange. 
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This is the f i r s t  chloride-dependent exchange found for  any of the chloro- 

t complexes of platinum(I1). F o r  this process AH = 20 kcal. The acid 
. ' ,  

hydrolysis equilibrium fo r  - t-[ P ~ ( N H ~ ) ~ C ~ ( H ~ O ) ]  + was too slight for de- 

tection by the methods available. However i t  could be shown f rom the 

exchange experiments that the ra te  constant of any such reaction could 

not be substantially grea ter  than kl. The behavior of t-[ P ~ ( N H ~ ) ~ c ~ ~ ]  

was contrasted to the behavior of other chloroammine-complexes of 

platinum(I1). 

.I 



TRANS-DICHLORODIAMMINEPLATINUM(II) . ACID HYDROLYSIS 

\ 

Don S. M.a.rtin, J r .  and Roger J'. Adams 

INTRODUCTION 

Previous studies in this Laboratory have utilized the poten- 

t iometr ic  t i tration of the proton in the H20-ligands to charac ter ize  the 
- - .  

kinetics and equilibria for  acid hydrolysis of [p tc14] , -  [ P ~ ( N H ~ ) c ~ ~ ]  

and cis-[  P ~ ( N H ~ ) ~ c ~ ~ ]  in aqueous solutions. F o r  each of the previous 

 system.^, the isotopic exchange of chloride ligands with chloride ion 

has been shown to occur by either a n  acid hydrolysis (aquation) o r  

by processes  independent of chloride ion concentration, which could 

possibly be acid hydrolysis. These techniques have now served  to  

charac ter ize  the exchange of chloride ligands of t rans- [Pt (NH 3 2  ) C1 2 ] 

and i t s  acid hydrolysis, 

Mater ials .  The usual preparat ion of t-[ P ~ ( N H ~ ) ~ C ~ ~ ]  by heating 

[ P ~ ( N H ~ ) ~  1 C12 to 250°C. was used. 2 9 3  It was purified by fractional 

crystall ization f r o m  solutions in dilute HC1. 

4 
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- 4 Solutions of the preparation, ca .  4 x 10 M . ,  were  found to at ta in - 
ra ther  rapidly a molar  conductivity of - ca. 35 1. /ohm mole c m .  Sub- 

sequently, fractional crystall izations of the' compound .were repeated 

a s  many a s  eight t imes  without altering this behavior nor with any 

significant change in the ultraviolet absorption spectrum. Since di- 

vergent resu l t s  have been reported for  this compound and the absorption 

spec t rum appears  to provide the best c r i te r ion  of purity,  the ultraviolet  

absorption. spectrum of a solution. of our preparation i s  given .in Fig. :l. 

The spec t rum,appears  to  agree  closely with that published by Chatt ,  Gamlen 

and Orgel ,  4 

Because of low solubility and the need for  sufficient concentrations 

for  t i trations,  the conc entEation range studied was severely l imited. 

Also, c rys t a l s  of t - [  Pt(NH3)2C1Z] alwaya dissolved slowly. F o r  ' 

. ) '  

- 
equilibrium t i t ra t ions and the exchange studies a weighed quantity of the 

compound was shaken with the solution until solid was  completely die- 

,solve,d and a steady s tate  attained. However, for  a kinetic s evaluation . 

in which a freshly prepared solution was  needed, a sample waa shaken 

... --,::.: .:: ..a: ..') ,.?, ;<.: ;......:.:.. .r. .. . , .  . .  
' . wit.ti"ttie ~~soluti'on.;for~~;lO anin.,: .The>wndi,s s,ol~ved!:~-~.,y.st~~~w-e.n:e-~then..filte.r ed ' . , . . 

out. - The condentration was evaluated either by a chloride analysis of 

the solution o r  f r o m  the equilibrium t i t re .  

EXPERIMENTAL RESULTS AND DISCUSSION 

Acid Hydrolysis Equilibrium. T i t r  e s  for  equilibrium solutions a t  

15", 2S0.and 35°C. a r e  given in Table I. F o r  severa l  experiments ,  but 

. not fo r  a l l ,  the indicated t i t r e s  represent  averages of two to four . . - 0 :  . , .,.., 
.. 4 . .  ':' ." . ,:. ;b. , . ) . . ( . .  . .; . , .  ' . . .  , . . .  . . . .  . . : 



t i trations.  If the hydrolysis of a second chloride were  negligible, the 

equilibrium t i t re ,  Tm (equiv. acid/l. ) equals the concentration of 

t 
[ P ~ ( N H ~ ) ~ C ~ ( H ~ O ) ]  . The equilibrium constant for  Reaction (1) i s  then 

given by 

a = Initial concn. - t - [ P ~ ( N H ~ ) ~ c ~ ~ ]  . (M. ) (Before aging) 

b = Initial concn. ~ 1 - .  (M. ) (Before aging). 

(The y ' k  a r e  the indicated activity coeffi=ients. ) F o r  solutions in which 

the ionic strength was established a t  0. 318 M. by added Na2S04, the con- 

centration quotient, K ~ '  defined by Eq. (3). 

was considered to be constant. This quotient was calculated'for each of 

the high ionic strength solutions in Table I. F o r  solutions with no added 

sal t ,  y o  was taken a s  1,. and y * was taken equal to  the activity coefficient 

5 of HC1 in a solution of KC1 with an  ionic s t rength equal to T F r o m  
00' 

, . 
these activity coefficients and Td K1 was calculated f r o m  the data  for  

low ionic strength in Table I. The calculated equilibrium constants 

were  s ~ ~ b s t a n t i a l l y  unchanged over the abproximately 2. 5-fold concentra- 

tion range.  Therefore the sys tem appeared to be satisfactorily charac ter ized  

-5 
by the' equilibrium for Eq. (1). Accordingly, an upper l imi t  of 2 x 10 , M. 

was se t  for  a second hydrolysis equilibrium quotient. The acid, 

t - [ P ~ ( N H ~ ) ~ C I ( H ~ O ) ]  +, was indicated f rom the t i tration cu rves  to - 
have a pK of approximately 6. 



t 
The magnitude of the constant, K , from the present work i s  con- 1 

siderably below the estimate given by Grinberg and Shagisultanova 6 

.and. i a  probably too small to be measured accurately by their method. 

Kinetics for Acid Hydro1,ysis. If the following rate expressions 

and i f  .acid hydro1 ysis of [ P ~ ( N H ~ ) ~ C ~ ( H ~ O ) ] ,  + is negligible,, the solution 
. . 

of the rate equation1' ' yields : 

It was found that t i t res of solutions of freshly dissolved 

t -[ P ~ ( N H ~ ) ~ c ~ ~ ]  increased rapidly with time; indeed, this method could - 
not have been used satisfactorily had the acid hydrolysis rate been much 

higher. . Values f o r  k-l were obtained from the plots of the function 
. . 

expressed i n  Eq. ( 6 ) ,  and k was calculated from tbe expression 1 

The reactions could be fdllowe'd satisfactorily for about two half-times. 

~ e s b l t s  for experiments under various conditions a r e  in Table 11. Rate 
> 

constants could be duplicated generally. to within about 15%. The exchange 

experiments described in the next section probably provided. better values 

for' the rate constants. 



' Since crystals  of - t -[ Pt(NH3)2C12] dissolve slowly it  is believed 

that in the experiments of Banerjea -- et a ~ . , ~  the rapid acid hydrolysie 

had attained equilibrium by the time they had complete solution. Thus, 

they observed no chatige in. the small conductivity of the solutions which 

they probably attributed to a low concentration of electrolytic impurity. 

Isotopic Exchange of Chloride Ligands. The rates of isotopic 
, . 

exchange were measured with ~1~~ t racer  only in solutions which were 

a t  chemical equilibrium. The solutions were contained in the dark, 

although in a few instances exposure to the laboratory lights did not 

change results.  At various times, aliquots from a reaction solution were 

- 
passed rapidly through anion exchange resins to replace ~ 1 '  by NO3 . 
The columns had sufficient capacity to completely remove C1-, but a 

large excess of capacity was avoided. The effluent solutions were heated 

;ith excess NH3 for  30 min. Acidification and the addition of AgN03 

precipitated the chloride which had passed through the anion exchange 
\ 

in the neutral and positive complexes. The specific activity of the chloride 

in the preciditates was measured by methods which have been described 

' l a , c ,  e in previous woik. 
', . . . I  

Fo r  the des==iption of isotopic exchange of chloiide ligand'8 the 

following te rms  a r e  defined: 

s = concn; of ~1~~ in CI-, cjs./min. 1 

u = concn. of ~ 1 ~ ~ '  in - t -I P ~ ( N H ~ ) ~ c ~ ~ ]  , cts .  /min. 1 

v = concn. of ~1~~ in - t -[ P ~ ( N H ~ ) ~ c ~ ( H ~ o ) ]  +, cts .  /min..l, 

P = u + v + s = total conc. of C1 36 



S = s / [ ~ l - ]  (Specific activity of chloride ion) . 

u = u/2[ P ~ ( N H ~ ) ~ c ~ ~ J  

v = v / ~  P ~ ( N H ~ ) ~  c ~ ( H ~ o ) ~ + I  

Y = (u+v)/(z[ P ~ ( N H ~ ) , C I , I  Id 
L. 

+ I P ~ ( N H ~ ) ~ C I ( H ~ O ) + I .  1 . 
The experimental procedure yielded the quantity Y ,  and Y ; / Y ,  

was taken a s  F, the fraction of exchange. Normally, plots of log(1-F) (.-.' 

VJ 

vs . .  t appeared linear over a period of a t  leas t  twice the t imes  of half- - 
exchange. Conditions and resul ts  of the exchange experiments a r e  

1 

collected in Table '111. Chloride ion suppresses the acid hyarolysis, 

."% .Reaction (I), s o  in many, ,of .the experiments - t -[ Pt(NH ) C1 ] Z a > > .3  2 2 

t -[ P ~ ( N H ~ ) ~ c ~ ( H ~ o )  '1 . Under these conditions Y Z U and the exchange - 
process can be treated a s  an exchange between the two components, 

t -[ P ~ ( N H ~ ) ~ c ~ ~ ]  a n d  C1-. The well-known expressions for  the  ra te  of - 
the exchange, Rex, in such systems apply and 

The quantity,.. Pi /a, calculated f rom Expression (8) for  each of the . . ex 

experiments, has been plotted a s  a function of chloride ion concentration 

for 15",. 25" and 35°C in Fig. 2. F o r  the experiments with ~ 1 -  > 0.003 M. ; 

the points for  each temperature fall ra ther  closely along straight l ines.  

The straight l ines extrapolate to values of the ordinate which agree  

satisfactorily with values for  kl, s o  for  ~ 1 -  > 0. 003 M. the expressidn 

can be written 



The exchange ra te  contains a second-order (chloride dependent) t e r m ,  

R',  in addition to the expected acid hydrolysis t e r m  R1. At ( ~ 1 - ]  = 

, 1  M . ,  'the two processes contribute about equally to the exchange. 

.. . . At very low cihloride concentrations the points in Fig, 2 deviate 

badly f rom the straight line function because the condition that 

[ P ~ ( N H ~ ) ~ C ~ ( H ~ O ) + ]  <<[ P ~ ( N H ~ ) ~ C ~ ~ ]  is no longer valid. The low ii 

chloride data provide information about the exchange of the [ P ~ ( N H ~ ) ~ C ~ ( H ~ O ) ]  t 

species.  . F o r  example,, in the 'solution a t  25 "C. in which the initial 
' I  -4 

t -[ P ~ ( N H ~ ) ~ c ~ ~ ]  concentration, a ,  was 7.  59 x 10 M .  and the KC1 con- - 
centration, b, .  was 0.001 M. ,  13% of the complexed chloride was in the 

quo-complex.  The ra te  expressions for  the introduction of ~ 1 ~ ~ '  t r a c e r  

into the complexes were taken a s  

(10) du/dt = Rl (S + V - 2U) + Rl (S - U )  

dv/dt = R1 ( U  - V) t R'b,(S - V) . (11) 
' 

R" is considered to be the ra te  of exchange of chloride in [ P ~ ( N H ~ ) ~ c I ( H ~ o ) ]  t 

with ~ 1 - ,  and i t  contains any contribution f rom the acid hydrolysis of this 

complex. The solutions for these differential equations can be combined 

to yield the expression, 

(1 - Y/Y,) = Cle 
-alt + c2e-'Zt (12) 

The parameters ,  C1,-C2, a and a2, a r e  determined by a ,  b, K1, kl, k '  1 , 

and R " / R ~  Calculated values of (1-Y/Y,) were plotted for various values 

of R " / R ~  fo r  the experiments with 0.001 M.  KC1 added a t  15". 25" and 

35°C. The calculations have been summarized in Table IV. The t imes  

of half-exchange for each of the experiments have been tabulated with 



the assumption that R"/RI = 0. Also, the  value of R" /R~ which will 

account for the observed time of half-exchange i s  given for each ex- 

periment. It is apparent that times of half-exchange with R8I/R1 = 0 

did not differ greatly from the observed quantities so that R" is not 

indicated accurately by these experiments. An upper. limit of 0.5 kl 

can be set for a first-order rate constant k t l .  At the very least i t  is 
i *I 

safe to conclude that the acid hydrolysis or  other chloride exchange 

process of [ Pt(NH:3)2Cl(H20)] + can not be large compared to that for 

the acid hydrolysis f P t ( ~ H ~ ) ~ c l ~ ] ,  . I 

I '  

The rate constant,. kl, for the acid hydrolysis of - t - [ P ~ ( N H ~ ) ~ C ~ ~ ]  

i s  2. 5 times larger than the value which Banerjea et al. reported . ,  -- 
for the isotopic exchange rate. However it  i s  approximately equal 

to the first-order rate constants for a number of substitution reactions 

for . - t -[ Pt(NH3)2C12] which they determined. One can now satisfactorily 

. attribute the f i r  st-order dependence of these substitutions by glycine, 

analine, .pyridine, and hydroxide to a rate -dete rmining acid hydrolysis 

f6llowed by a rapid re$lacement of H20 by the substituting group or 

neutralization in the caee  of OM-. 

A summary of- the acid hydrolysis equilibrium quotients and con- 

stants for platinum(I1) complexes i s  given in Table V, from which it  can 

be seen that kl for - t -[ P ~ ( N H ~ ) ~ c ~ ~ ]  i s  larger than for any of the other 

chloro-ammine complexes. Only the rate constant for one of the 

chlorides of [ P ~ ( N H ~ ) ( H ~ O ) C I ~ ]  i s  higher; Indeed, a s  ~ a s o l o  and Pearson 
7 

have commented, the small range of variation in these constants i s  



~ t r i k i n g  and argues against a simple dissociative mechanism with 

$ co-ordination n u k b e r  of 3. Also, the activation enthalpies, AH have 

,.all been within &2 kcal of 19 kcal, which:can hardly be evaluated more  

accurately. An ionic strength of 0. 318 ilicreases the equilibrium quo- 

tient K1' to 4 t imes K1. An increase would be expected because of the 
-., 

Bctivity coefficient y +2 in Eq. (3). However, the ra te  constant k is 1 

substantially unchanged; a l l  of the la rge  ionic strength effect is r e -  

' 

flected in k-l. This feature strongly supports the hypothesis that the 

transition state for the'hydrolysis has ze ro  charge. A feasible scheme 
- 
is shown in Fig. 3. It i s  proposed that the complex with i t s  four square- 

planar ligands forms' weaker bonds to solvent molecules along the normal 

, to the plane which constitute labile ligands. The co-ordination figure is 

.-.therefore a distorted octahedral arrangement.  . In the transition s tate  

one of the H 0 groups moves in displacing the chloride to yield approxi- 2 

mately a trigoxial bipyramid arrangement.  The similar i ty in r a t e  

constants resul ts  f rom the feature that the process is the identical 

, 
intramolecular .s tep in each case  with little dependence upon ionic charge, 

and differences in r a t e  must  be due to rather  subtle differences in 

s tructure.  
\ 

The chloride dependent exchange reaction with ra te  R'  is the only 

7, 
such measurable process found with any of the chloroammine complexes 

of platinum(I1) which have been studied. Instances in which chloride 

can compete with the solvent, which is present in such overwhelrrlirlg 

excess,  for  displacing a chloride, a r e  ra ther  r a r e  although Rich and 



'8 
Taube have,found a chloride dependent contribution to the exchange of 

~ 1 -  with the square-planar [AuC14] -. The ra te  constant k' for  

t -[ Pt(NH ) C1 ] must  be at le.ast 25 t imes 'the ra te  constant f o r  - 3 2  2 - 
[ ptC14] ' o r  for  - cis-[  P ~ ( N H  ) C1 ] , . which were too small  to be 3 2  2 

measured in the presence of the acid hydrolysis. This la rge  factor 

is contrasted with the much smaller  ratio of 2. 3 in the acid hydrolysis 

rdte constants. 

The replacement of chloride ligands by C1' may be enhanced by 

changing the ionic charge on.the complex in a positive sense. Thus 

the second-orde'r reaction ra te  of the neutral complexes may be 

relatively m o r e  rapid than the acid hydrolyses of the anion species. 

There is evidence of such a* effect in the k-l 's for the various complexes. 

which a r e  second-order rate  constants for  the replacement of H20  

ligands by chloride. However some of the variations in the k-lla as 

well a s  :the difference in kl between - c i s -  and - t -[ P ~ ( N H ~ ) ~ c ~ ~ ]  must  

be attributed to rather  obscure s tructural  causes which a r e  commonly 

disguised under the labeling of trans-effect. 



Table  I. Equil ibrium Quotients for  the Acid Hydrolys is  of t r a n s -  

F r e e  
Ionic Initial Equi l ibr ium Ghloridg Equil ibrium 

Strength Pt(NH,,)2C.121 T i t ro  Added Qustient 
I t  

I I ~ I I  I I T W  I I ~ I I  K '  

(M. ) (M. x 104) .(M. lo4) (M. (M. lo4) 

F o r  
15.0°C. - 

A v e r a g e  2.2 
F o r  

25.0°C. 

1.48 
2.23 
2.27 

3.73 
3. 51 
2.44 
3.75 
2. 17 
3. 05 

F o r  
35.O0C. 

2.55 
2. 70 
2.55 

2.53 
4. 17 
'4.14 
4.24 

0 
0 
0 

A v e r a g e  

0.013 
0.013 
0.013 
0.013 
0.013 
0.013 ' 

A v e r a g e  

0 
0 
0 

A v e r a g e  

0. 13 
0. 13 
0. 13 
0. 13 

A v e r a g e  4.4 

AH" = 5.5  kcal. ASo = 5 e .  u. 
*The concentrat ion of ch lor ide  w a s  obtained f r o m  the analys is  of the 

Na2S04 added to  adjus t  the ionic strength.  



Table 11. Rate Constants for the Reversible Acid Hydrolysis of trans-[ P ~ ( N H ~ ) ~ C ~ ~ ] ' .  

Temp. Initial initial Equilibrium Half- 
"C. [ Pt(NH ) c ~ ( H ~ o )  +] Time .kl k-l  

Pt(NH3lZCl21 Ionic 
Strength itll min. 5 a (x10 ) s e c . - l ~ .  

M. lo4 IIW I#  m . s ec .  -1  



Table 111. Exchange of the Chloride Ligands of  trans-  [ P t ( N ~ ~ ) ~ c l ~ ]  . 

Temp. Initial Initial + Equilibrium Time  of Rate of ' 

("c .  [ Pt(NH3)2C12] Added [ Cl'] 
llbll P ~ ( N H ~ ) ~ ( H ~ o ) c ~ + ]  rrX" exchange Half- Exchange t 

r r = r r  4 (M. x 1 0  ) (M- (M. x106) (min. ) Rex.  ( s e c .  -1 M. ) 
x 108 

* 
Ionic strength was  adjusted to p = 0.  318 by addition of NaZSOq . 
Rex. c.lc~latrd *ith assumption th,at R" = 0 and that x cc a .  



Table IV. Chloride Exchange Experiments for trans-[ P ~ ( N H ~ ) ~ c ~ ~ ]  at Low Chloride Concentrations. 

(Added KC1 = 0.001M..  p = 0.318M. ) 

Temp. Initial Equilibrium Time of Calc. for Indicated 
"s. [ P ~ ( N H ~ ) ~ G ~ ~ ]  [ P ~ ( N H ~ ) ~ c ~ ( H ~ o ) + I  ~ a l f - ~ x c h e r n g c  (nt)'nl) o ntl/nl 

llalr  I I ~ I I  hrs .  
M. lo4 M. 104 0bsd. 



11 
Table V. Equilibrium and Rate Constants for  Reactions of t h e  Chloro-ammine complexes of P t  . 

Temp. = 25°C .  p = .318M. 

Complex. Equil. Consts.  
Acid Hydrolysis 

F i r s t  Second 

K1 2 
x l ~ 5  ~ 1 0 5  

Rate Consts. Direct  ~ x c g a n ~ e  
Acid Hydrolysis of Chloride 

F i r s t  Segond Ligands 
kl sec-I  k2 sec-I  Rate Const. 

~ 1 0 5  x 1 ~ 5  k ~ l  
sec- l  M-1 

x 1 ~ 5  

rL 
Based on the r a t e  of a chloride independent exchange of chloride l igand with C1-. 



WAVE LENGTH mp - 7 

Fig. 1. ~ltravtolet' absorptiod spectrum of trans- L P ~ ( N H ~ ) ~ c ~ ~  J - 
Extinction coefficient= wave length. Spe~trum~obtained 
with a -.soIution: I-;OQXW~N- trans- [ ~ t  ( N H ~ ) ~ c J . ~ J  0,2OOM, 
KC1 (to suppress hydrolysis) in a 10 cm. cell .in a Cary 
Recording Spectrophotometer, Plodel 12. 



60.0 

50.0 . . . . . . . . 

40.0, 

. .. 

Fig. 2, Exohange Experiments. Plots of ~ ~ , / a  
chloride concentration for I ~ O C ,  , 25OC., 
35OC. From the indicated rate constants * * AH (kl) = 19.6 kcal., L\s (k1) = -11 e.u 

AH* ( k t )  = 19.6 kcal., AS* ( k 8 )  = -7 s.u. 



. - 
Pig. 3. Mechanism for the acid hydrolysis of trans- [ P ~ ( N H ~ ) ~ c ~ ~ - .  



FIGURE CAPTIONS . . 

Fig. 1. Ultraviolet absorption spectrum of trans-! P ~ ( N H ~ ) ~ C I ~ ]  . 
Extinction coefficient - vs  wave length. Spectrum obtained with a 

solution: 1.00~10-3 M. t ians-[  Pt(NH3)2C12] , 0.200 M. KC1 (to 

suppress  hydrolysis) in a 10 cm.cel1 in a Cary Recording Spectro- 

.photometer, Model 12. 

Fig. 2. Exchange Experiments. Plots  of ~ , ; / a  - vs chloride concen- 

tration for  15"C., 25"C;,  .35"C. F r o m  the indi'c'ated ra te  cohstants " 
$ $ ,  t AH (kl) = 19.6 kcal. .: AS (kl) = -11 e. u. . AH (k t )  = 19.6 kcal., 

4 AS (k t )  = -7 e.u. .-I 

Fig. 3 .  Mechanism for  the acid hydrolysis of t r a n s - ( P t ( N ~ ~ ) ~ ~ l ~ ] .  
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