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ABSTRACT
The acid hydrolysis of trans-[ Pt(NH3)2C12] has been shown to occur

to a measurable extent. For this reaction:
k)
o + -
£ - [Pt(NH3)2C12] +H,0 = [Pt(NH3)201(H20)] O i
the equilibrium quotient was measured at 15°, 25° and 35°C. At 25°C.

the equilibrium quotient was 8.2 x 10-5 M. at p (ionic strength). = 0

- and 32 x 107> M. at i = 0.318. The indicated AH® for the reaction is 5.5

kcal. The rate constant, k., was found to be 9.8 x 10"5 sec. itk ha

1
indicated AHi = 20 kcal. This rate constant was nearly independent of
ionic strength., The acid hydrolysis provides a mechanism for the
isotopic exchange between the chloride ligands and Cl™. Exchange
experiments with C136 showed that in addition to the acid hydrolysis,
a process, first-order in both [PL(NII3)2C12] and Cl1~ with a rate

constant-of 7.8 x10~% sec. 7} M, -1, contributed to the exchange.

%
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' This is the first chloride-dependenf exchange found for any of the chloro-

complexés of platinum(II). For this process AHi = 20 kcal., The acid
hydrolysis equilibrium for t-( Pt(NH3)2C1(H20)] * was too slight for de-
tection by the methods available. However it could be shown from the
exchange experiments that the~ rate constant of an); such reaction could
not be substantially greater than k). The behavior of t-| Pt(NH3)ZCIZ]
was contrasted to the behavior of other chloroammine-complexes of

platinum(II).
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TRANS-DICHLORODIAMMINEPLATINUM(II). ACID HYDROLYSIS

AND THE ISOTOPIC EXCHANGE OF THE CHLORIDE LIGANDS™*

\

Don S. Martin, Jr. and Roger J. Adams

INTRODUCTION

Previous studies in tﬁis Laboratoryla-e have utilized the poten-
tiometric titration of tﬁe proton in the HZO-ligands to characterize the
kinetics and equilibria for acid hydrolysis of [ PtCl 47 [PHNH;)CL] "
and cis-[ Pt(NH3)2C12] in aqueous solutions. For each of the previous .
systems, the isotopic exchange of chloride ligands with chloride ion
has Been shown to occur by either an acid hydrolysis (aquation) or '
by proc*;esses independent of chloride ion concentration, which coulld
possibly be acid hydrolysis. These techniques have now served to
characterize the exchange of chloride ligands of trans-| Pt(NH3‘)'2C12]
and its acid hydrolysis,

R-l

t - [PHNH,;),C1,] + H,0

. + -
2 R [Pt(NH3)2C1(HZQ)] + Cl1, K1 . 1)

1
Materials. The usual preparation of t-[ Pt(NH3)2C12] by heating

[Pt(NH3)4] Cl2 to 250°C. was used. 2,3 It was purified by fractional

crystallization from solutions in dilute HCl.

%
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4 M., were found to attain

Solutions of the preparation, ca. 4 x 10~
rather fapidly a molar conductivity of ca. 35 1. /ohm mole cm. Sub-
sequently, fractional crystalliiations of the compound were repeated
as many as eight times without altering this behavior nor with any
significant change in the ultraviolet absorption spectrum. Since di-
vergent results have been reported for this compound and the absorption
spectrum appears to provide the best criterion of purity, the ultraviolet
absorption spectrum of a solution of our preparafion is given in Fig. .l.

The spectrum appears to agree closely with that published by Chatt, Gamlen
and Orglel. 4

Because of low solubility and the need for sufficient concentrations
for titrations, the concentration range studied was severely limited.

: Also,' crystals of t - Pt(NH3)2012] always dissolved slowly. For
equilibrium titrations and the exchange studies a weighed quantity of the
compound was shaken with the solution unﬁl solid was completely dis-
‘solved and a steady state attained. However, for a kinetics evaluation

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

T hﬁ?‘%‘i’t‘h’f‘the “solution for10 -min:. ~T.h'e,gun@i§ solved-crystals.were then £ ilte.r ed -
out. - The concentration was evaluated either by a chloride analysis of
the solution or from the equilibrium titre.
- EXPERIMENTAL RESULTS AND DISCUSSION

Acid Hydrolysis Equilibrium. Titres for equilibrium solutions at

15°, 25°and 35°C. are given in Table I. For several experiments, but

not for all, the indicated titres represent averages of two to four




titrations. If the hydrolysis of a second chloride were negligible, the

eqtjilibrium titre, T00 (equiv. acid/l.) equals the concentration of

[I;t(NH3)2C1(HZO)] ¥ The eqﬁilibrium constant for Reaction (1) is then )
given by | l
[ Pt(NH,),Cl(E,0) 1 [C171Y 2 T (b+T v 2
Ky = [P3t(12\1H ) 2c:1 v = - oc’(a-Tm)vi @
3272 "o © 0

a = Initial concn. t-| Pt(NH3)2C12] . (M.) (Before aging)
b = Initial concn. Cl1 . (M.) (Before aging).

(The y's are the indicated activity coefficients.) For solutions in which

the ionic strength was established at 0.318 M. by added NaZSO4, the con-
. 1 ’
centration quotient, K, defined by Eq. (3),
o )
Kl = Kl Yo/Y:!: : - (3)

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

“the high ionic strength solutions in Table I. For solutions with no added

salt, Yo wé.s taken as 1, and y, was taken equal to the activity coefficient

of HCI in a solution of KCl5 with an ionic strength equal to Too' From

' "these activity coefficients and TOO, Kl was calculated from the data for

low ionic strength in Table I. The calculated equilibrium constants

were substantially unchanged over the a}gproximately 2.5-fold concentra-
tion‘range. Therefore the system appeared to be satiéfactorily characterized
by the equilibrium for Eq. (1). Accordingly, an upper limit of 2 x 10-'_5 M.
.was set for a second hydrolysis equilibrium quotient. The acid,

t-| Pt(NH3)2.CI(HZO)] +, was indicated from the titration curves to

have a pK of approximately 6.



4

The magnitude of the constant, K'l, from the present wdrk is con-
siderably below the estimate given by Grinberg and Shp.g.isultanova6
.and is probably too small to be measured accurately by their method.

Kinetics for Acid Hydrolysis. If the following rate expressions

apply:

R, =k, [ Pt(NH,),Cl,], ‘ : <. ' (4)

R

, : v + -
R ;= k[ PtNH,),C1(H,0) "1 €], (5)

and if acid hydrolysis of [Pt(NH-3)ZCI(HZO)] tis negligible, the solution

of the rate equationla'yields:

, N o A 1 / - /V ! 2 12
IQ(T“-T) Q‘:O—Too + (Kl +b)” + 4K1a] (Too-'To) [T—Too-!- (Kj +b)”" + 4,Kla]

= -k_N(K'1+b)2 +4Ka t . | (6)

If was found that titres of solutions of freshly dissolved ‘
f_-['Pt(NHé)éClZ] increased rabidly with tifnﬁe; indeed, this method could
not have. beén used satisfactorily had the acid hydrolysis rate been much
h_ighé;‘. -»Vé.lues:fézl' k_1 weré thainéd from the plots of the func.tion
expresséd in Eq. (6); and k1 wasg calculated from t[‘he expression

Ky = Ky sk . _ (1

The reactions could be followed satisfactorily for about two half-times.
- Results for experiments under various conditions are in Table II. 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.
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Since crystals of t_—[ Pt(NH3)ZCIZ] dissolve slowly it is l?elieved
that in the experiments of Banerjea e_t.il_.,z the rapid acid hydrolysis

had attained equilibrium by thé time they had complete solution. Thus, )
they observed no change in the small conductivity of the solutions which
thgy probably attr’ibuted tc a low concentration of electrolytic impurity.

Isotopic Exchange of Chloride Ligands. The rates of isotopic

exchange were measured with C136 tracer only in solutionsi thch were

at chemical equilibrium. The solutions were contained in the dark,

. although in a few instances exposure to the labor:;.tory lights did not
change results. At various times, aliquots from a reaction solution were
passed rapidly t\hrough anion exchange resins to replace Cln by NO3_.
The coluﬁns had sufficient capacity to completely remove Cl1~, but a
large excess of capacity was avoided. The effluent solutions were heated

.Jvith excess NH, for 30 min. Acidification and the addition of AgNO3

3
precipitated the chloride which had passed through the anion exchange

_in the neutr‘al and positive complexes. The specific activity of the chloride

_in the precipﬁtates was measured by methods which have been described
in previous work.
3

la,c, e

For the deséription of isotopic exchange of chloride ligand\s the

following terms are defined:

36

s = concn: of C1°° in C17, cts/min.1

concn. of C136

i

u in t -[ P{(NH Cl,]), cts./min.]

302
v = concn. of C136 in 1:_-[ Pt(NH3)2C1(H20)] +, cts. /min.1
36

u + v +s = total conc., of Cl

=t
Il
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" s=s/[Cl"] (Specific activity of chloride ion)
U = u/2[ Pt(NH3)2012]
_ +
V= y/[ Pt(NH,),, C1{H,0) ]
Y

(u+v)/(2] PE(NH,),C1,] + [ Pt(NH,),C101,0)* ) .

The experimfental procedure yielded the quantity Y,.and Y/YQo

" was taken as F, the fraction of exchange. Normally, plots of log(l-F)
: : w2

~vs. t appeared linear over a period pf at least twice the times of half- .

exchange. Conditiéns and results of the exchange experiments are

collected in Table III. Chloride ion suppresses the acid h)jarolysis,

.Reac;tion (1), so in many of the experiments t-[ Pt(NH3)2C12] R a>>

t_-[ Pt(NH Cl(H20)+] . Under these conditions Y® U and the excbhange

3)2
process can be treated as an exchange between the two components,
_t_—[Pt(NH3)2C12] and Cl~. The well-known expressions for the rate of

the exchange, Rex"' in such systems apply and

R_, = (In2) 2a1?/'rl/2 (b+2a) . , (8)

The quantity,- Rex/a, calculated from Expression (8) for each of the
ekperiments_, has been plotted as a function of chloride ion concentration
for 15°, 25° ;nd 35°C in Fig. 2. For the experiments with C1~ > 0.003 M.
the points for each temperature fall rather closely along straight lines.
The straight lines extrapolate to valueAs.of the ordinate which agree
satilsfactorily with values for kl, so for C1~ > 0.003 M. the expressio‘,_n
can be written _

+R' = k[ PtNH,),CL] +k'[PHNH,),CLI[CI] . (9

Rex = R1



The exchenge rate contains a second-order (chloride dependent) term,
R', in addition to the expected acid hydrolysis term R;. At [c17] =
.1 M., ‘the two processes contribute about equally to the exchange.

At very low chloride concentrations the points in Fig. 2 deviate
badly; from the straight line function because the condition that

[ Pt(NH C1(H,0) ] <<[ Pt(NH 3),Cl, ] is no longer valid. The low

302
chloride data provide information about the exchange of the [Pt(NHB)ZCI(H O)] t
species. - For example, in the 'solution at 25°C.in which the initial

_t_—t Pt(NH C12] concentration, a, was 7.59 x 10_4M.- and the KCl con-

3)2
centration, b,. was 0.001 M., 13% of the complexed chloride was in the
a.quo-complex. The rate expressions for the introduction of Cl3 ‘tracer

into the complexes were taken as

du/dt = Ry (S + V - 2U) + R' (S - U) Qo)

dv/dt

R, (U - V) + R"}z,'(S -V) . _ - (11)
R'' is considefed to be the rate of exchang.e of chloride in [Pt(NH3)2C1(HZO)] +
with C1~, and it contains any contribution from the acid hydrolysis of this |
cbmplex, The solﬁtion_s for these differential“ equations can be combined
to yield the expression,
(1- Y/Y ) = Cle " +Cpe™®2b . (12)
The parameters, C ,--Cz, aland ap, are determined by a, b, Kl’ kl’ k'
- and R”/R Calculated values of (1-Y/Y ) were plotted for various values
of R"/R for the experiments with 0. 001 M. KCl added at 15° 25° and
35°C. The calculations have been summarized in Table IV. The times
of half-exchange for each of the experiments have been tabulated with

5
T



the assumption that R''/R, = 0. Also, the value of R''/R, which will
account for the observed time of half-exchange is given for each ex-
periment. It is apparent that times of half-exchange with R“/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 k1
"can be set for a first-order rate cofxstght k', At the very least it is
safe to conclude that the acid hydrolysf/é ’or other chloride exchange
pro¢eés of [Pt(NH-B)ZC_l(HZO)] * can not be large compared to that for
the acid hydrolysis [ Pt(NH,),CL,] . | '

. The rate constant, k,, for the acid hydrolysis of t -[ lsé(NH3)2C12]
is 2, .5 times largez.'v than the value which ]é{anerjea et al. 2 reported
fo.i".'the isotopic exchange rate. However i't is approximately equal
-to the fi;st-brder rate constants for a number of substitution rea’ctioné
for t -{ Pt(NH3)ZCIé] which they determined. One can now satisfactorily
" attribute the first-order'_ dependence of these substitutions by gly}cine,.
"a'.naline, pyridine, and hydroxide to a rate-determining aci'd hydrolysié
followed by a rapid replacement of HZO by the substituting groi;p or
neutralization in the case of OH . :

A summary of the acid hydrolysis equilibrium quotients and con- ‘
stants for platinum(Il) complexes is given in Table V, from which it can

be seen that k, for t -[ Pt(NH3)2C12] is larger than for any of the other

1

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

chlorides of [Pt(I\_IH (HZO)Clz] is higher. Indeed, as Basolo and Pearson'

3)

have commented, the small range of variation in these constants is

]



striking and argues against a simple dissociative mechanism with
co~ordination nu;nber of 3, Also, the activation enthalpies, AH” have
~all been within 42 kcal of 19 kcal, which can hardly be evaluated more
accurately. An ionic strength of 0. 318 increases the equilibrium quo-
'to 4 times K,. An increase would be expected because of the

1 1

activity coefficient y iz in Eq. (3$. However, the rate constant kl is

‘tient K

substantially unchanged; all of the large ionic strength effect is re-
flected in k-l‘ Tﬁié feature strongly supports the hypotheéis that the
transition state for the hydrolysis has zero charge. A feasible scheme
Vi's shown in Fig. 3. It is proposed that the complex with its four square-
planar ligands forms weaker bonds to solvent molecules along the normal

. to the plane which constitute labile ligénds. The co-ordination figure is"

.therefore a distortéd octahedral arrangement. In the transition state
one of the HZO groups mox;es in displacing the cﬁloriée to yield approxi-
mately a trigonex.l bipyramid arrangement. The similarity in rate
constants .resul-ts from the feature that the process is the identical
iht'.ramolecuiar .ste.ﬁ in each case with little dependence upon ionic charge,
and diffgrences in rate must be due to rathqr subtle di.fferences in
structure.

- The \chloride dependent exchange reaction with rate R' is the only

~

"

such measurable process found with any of the chloroammine complexes
. of platinum(vI'I) which have been studied. Instances in which chloride
can compete with the solvent, which is present in such overwhelming

excess, for displacing a chloride, are rather rare although Rich and
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Taube8 have.found a chloride dependent contribution to the exchange of
Cl™ with the square-planar [AuC14] ". The rate constant k' for

't -[ Pt{NH C12] must be at least 25 times the rate constant for

3)2

[ptCcl,] ~ or for cis-[ Pf(NH3) ClZ] , . which were too small to be

4] 2
measured in the presence of the.acid hydrolysis. This large factor
'is contrasted with the much smaller ratio of 2.3 in the acid hydfolysis
ra‘/t.e. constants.
The replacement of chloride ligands By Cl™ may be enhanced by

changing the ionic charge on the complex in a positive sense. Thus
' the second-order reaction rate of the neutral complexes may be

relafively more rapid than the acid hydrolyses of the anion specieq.
- There is ‘evid'ehc'e of such an effect in the k_l's for the various complexes,
. which 'arevsecond-order rate‘constants for the replacement of HZO

ligands By chloride. However some of the variations in the k_l"s as

well as the dif%ereﬁc.e in k between cis- and t_-[ Pt(l\iH3)2C12] must

be attributed to _rather obscure structural causes which are commonly

disguised under the labeling of trans-effect.
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Table 1. Equilibrium Quotients for the Acid Hydrolysis of trans-

[Pt(NH3)2C12] .

F
Ionic Initial Equilibrium Ch;::ide Equilibrium
Strength [Pr(NH,),Cl,] Titre © Added* Quotient
n“ " .,a,,‘ 4 ' s 2l 4 1 4 K! 4
(M.) (M. x10%) (M. x107) (M, x107) (M. x107)
For
15.0°C.
0.318 5.00 2.40 0.013 2.22
0.318 5.60 2.51 0.13 2.14
0.318 5.94 2.61 0.13 2.15
For Average 2.2
25.0°C.
0 4.08 1.48 0 0. 84
0 8.16 . 2.23 0 0. 81
0 8.44 2.27 0 v 0.80
Average 0.82
0.318 7.82 3.73 0.013 3.42
0.318 7.53 3.51 0.013 3.07
0.318 4,33 2.44 0.013 3.16
0.318 8.26 3.75 0.013 3.13
0.318 3.73 2.17 0.013 3.03
0.318 5.86 3.05 0.013" 3.31
For Average 3.2
35.0°C.
0 8.13 2.55 0 1.12
0 8.29 2.70 0 1.25
0 8.43 2.55 0 1.09
‘ Average 1.1
0.318 4.06 2.53 0.13 4.41
0.318 8.16 4.17 0.13 4,49
0.318 8.26 4.14 0.13 4.31
0.318 ‘8.63 4.24 0.13 4.22

Average 4.4

AH° =5.5 kcal. AS° = 5 e.u.

*The concentration of chloride was obtained from the analysis of the
Na,S50, added to adjust the ionic strength.
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Table II. Rate Constants for the Reversible Acid Hydrolysis of trans-[ Pt(NH.’.)ZClZ]:.

Temp. Initial initial Equilibrium Half- k1 k 1

°C. [ Pt(NH,),C1,] Ionic [ Pt(NH,),C1(H,0)*] Time s -
al 4 Strength Tyt min. {x107) sec M. -1
M. x 10 TR o .sec.”
M.

15° 2.68 0.318 1.56 147 3.2 0 145
25° 3.00 0.318 1.89 60 8.9 0.28
25° 5.23 0 1.70 22 10.0 1.2
35° 9.03 0.318 4.44 13.2 28 0.65 -
35° 6.27 0 2.14 8.8 27 2.5



13

Table III. Exchange of the Chloride Ligands of trans- [ Pt(NH3)2C12] .

Temp. Initial Initial Equilibrium Time of Rate of

(°C.) [ Pt(NH,),Cl1,] Added [C17) * [ Pt(NH,),(H 0)c1*] Half- Exchange t
m l3rZ 2 p! 3:121: z exchange R
M. x 10%) (M. ) (M. x106) (min.) oo T
x 108
15.0 5.95 0.001 100 390 1.6
4.67 0.003 32 . 570 1.4
4.98 0. 040 2.7 " 560 2.0
.4.95 0.070 1.5 460 2.4
25.0 7.59 0.001 179 126 5.4
0.003 - 81 160 7.3
0.010 27 190 8.0
0.040 6.9 160 '10. 6
0.070 4.0 150 11.3
0.100 2.8 130 13.2
3.80 0.001 95 170 2.9
0.003 4] 190 3.7
0.040 3.4 190 4.5
0.100 , 1.4 130 6.6
35.0 7.59 0.001 194 42 16.5
0.020 15 61 27.
0.040 7.7 56 30.
0.070 4.6 49 35,
0.100 3.1 43 41.
3.80 0.001 106 56 8.9
0.040 3.8 58 14.9
0.100 1.5 43 20.

%
Ionic strength was adjusted top = 0.318 by addition of NaZSO4 .

tRex calculated with assumption that R" = 0 and that x << a.
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Table 1V. Chloride Exchange Experiments for trans-{ Pt(NH3)2C12] at Low Chloride Concentrations.

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

Temp. Initial Equilibrium Time of Calc. for Indicated
°C.  [P(NH,),Cl,]  [Pt(NH;),Cl(H,0)*]  Half-Exchange (R'/R;)=0 R'/Ry
naﬂ' 4 My 1 4 hrs.
M. x 10 M. x 10 Obsd.
15.0 5.95 1.00 ‘ 6.5 6.7 04
25.0 3.80 : .95 : 2.8 3.2 1
25.0 7.59 1.79 | 2.1 2.4 1
35.0 3.80 : 1. 06 .93 1.03 08
35,0  7.59 1.94 .70 .77 09
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Table V. Equilibrium and Rate Constants for Reactions of the Chlorc-ammine complexes of Ptn

Temp. = 25°C. p =.318M.,

Complex. Equil. Consts. Rate Consts. Direct Exchlange
Acid Hydrolysis Acid Hydrolysis of Chloride
First Second First Segond Ligands
Kl KZ k1 sec-! kz sec~l Rate Const.
x109 x105 x105 x105 - Eal
sec™t M-l
x10
[PtCc1,] ~ 1500 50 3.9 3.3 <3
[ Pt(NH,)C1,]” cis-1400 4 cis-3.6 3 <3
trans~<200 trans-2.5 10 .
cis{ Pt(NH3)2C12| 330 40 2.5 3.3 ~3
t -
4 Pt(NH,),CL, ] 32 <2 9.8 5 78
[Pt(NH,;),C1] T(9) 25 2

* : : . -
Based on the rate of a chloride independent exchange of chloride ligand with Cl .
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Fig. 1. Ultravtolet'absorptionuspectrum of trahs-»[?t(NHB)ZClz} .
Extinction coefficient vs wave length. Spectrum obtained

with a-solution: I.00xI0-JM. trans- [Pt(NHj)ZCI-gJ , 0.200M,

KC1 (to suppress hydrolysis) in a 10 cm. cell in a Cary
Recording Spectrophotometer, Model 12.
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Fig. 2. Exchange Experiments. Plots of Rex/a vs

chloride concentration for 15°C., 25°C.,
350C., From the indicated rate constants

AHY (p) = 19.6 keal,, AST (ky) = -11 e.u.,
AHF (k') = 19.6 keal., Ast (k') = -7 e.u.



H0 HO ' HZ0 | HDO +

| NHz JALE . i/NH3 | NH3
cl-pf—Cl — c—p{ —= CI—Pt—OH, == CI—Pf—0H,
vy NHZ \ NHL | | NHL, |
NH : 3 ¢ 3 . 31
H0 cl :
~ L HP

Fig. j. Mechanism for the acid hydrolysis of trans- [Pt(NH3)20122-
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FIGURE CAPTIONS

j‘Fig. 1. Ultraviolet absorption épectrum of trans-{ Pt(NH3)2C12]- .
Exiiﬁction coefficient vs wave length. Sbéctrum obtained with a
solution: 1.00x10"3 M. trans-[ Pt(NH,),Cl,], 0.200M. KCI (to
'suppress hydrolysis) in a 10 cm.cell in a Cary Recording Spectro- -
-photometér, 'Model 12. |

Fig. 2. Exchange E;cperiments. Plots of Re*/a vs chloride concén-

tration for 15°C., 25°C., -35°C. From the indicated rate éo‘nstants

ant ¥ ¥
1

AST (k") = -7 e.u. . ¥

(kI) =19. 6 kcal. , AS (kl) =-11e.u., AH (k') = 19. 6 kcal.,

| Fig. 3. Mechanism for the acid hydrolysis of trans—[Pt(NH3)zCIZ] .
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