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point clockwise as shown while the chelate rings spiral 
to the left. On this basis it is reasonable that the con- 
figurational and vicinal effects are of opposite sign in the 
low-frequency band region, partially cancelling one 
another to  give two weak peaks of opposite sign. The 
resultant optical activity in the visible region is so weak 
that the effect of the contribution from the stronger 
ultraviolet transitions causes the ORD curve of p- 
[ C o ( ~ - a l a ) ~ ]  to be entirely negative in the visible region. 

The methyl groups are axial for the p’ isomer and 
point in the same direction as shown (horizontal com- 
ponent clockwise) as the spiral of the chelate rings. 
The configurational and vicinal contributions are in the 
same direction and add to give a single, more intense 
peak than for p. 

The peaks for the vicinal effect are displaced so much 
to higher frequencies compared to the configurational 
effect that it is apparent that  the dominant components 
are not the same for the two effects. This was also 
true for the [ C ~ ( e n ) ~ a m ] I ~  compounds. For the a and 
a’ compounds the dominant CD peak overshadows the 
others, but from the vicinal effect the corresponding 
peak can be seen to be the center peak (of three) of 
comparable intensity to  one of higher frequency (21,400 
cm. -I) .  

The methyl groups are equatorial for a’, correspond- 
ing to p with one chelate ring reversed. Two of the 
methyl groups point in the opposite direction (as shown) 
to the left spiral and one points in the same direction. 
Thus the vicinal effect is smaller than for /3 and 0’. 
The vicinal effect curve can be seen to have the effect 
of lowering the maximum and broadening the resultant 
(experimental) curve for a’. The methyl groups are 
axial for a with the horizontal component in the same 
direction as shown (clockwise) for only two of the 
groups. The third methyl group points down and 

counterclockwise. The sign combination of peaks 
for the vicinal effect when added to the configurational 
effect curve gives the sharp positive peak flanked by 
the weak negative peak of the experimental curve for a 
(Figure 1). 

It is apparent that for complexes with three chelate 
rings the contribution to the optical activity from the 
configurational effect is larger than that from the vicinal 
effect. The vicinal effect is reduced when the sub- 
stituents are oriented in such a way as to cancel par- 
tially their effects, as for the a and a’ isomers. The two 
effects contribute to different extents to the intensities 
of different CD components in the low-frequency region 
and the vicinal effect has little effect in the higher fre- 
quency band region. 

The lower solubility of p-[Co(ala)a] compared to a- 
[Co(ala)3] is not so surprising since the molecules of the 
p isomer might be expected to interact strongly through 
intramolecular hydrogen bonding which would be 
possible if the molecules were stacked directly above 
one another. Models do not reveal any significant 
differences in the opportunities for hydrogen bonding 
to water. The great increases in water solubilities 
caused by changing the methyls from equatorial posi- 
tions (a’ and p)  to axial positions ( a  and p’)  is sur- 
prising. The difference is especially great for p and @’. 
Framework molecular models show that the axial 
methyl groups for the p’ isomer project up far enough 
so that they might interfere with intramolecular hydro- 
gen bonding and thus increase solubility. 
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The reactions of bromide ion with trans-Pt( NHs),Cl?+ and trans-Pt( NHa),C1Br2+ and the reverse reactions of chloride with 
trans-Pt( NH3)4C1Br2+ and trans-Pt(NH3)4Br2f exhibit a first-order rate dependence in the reactant platinum(1V) complex, in 
the entering halide ion, and in P ~ ( N H Z ) ~ ~ + .  These rate data are consistent with a mechanism involving a bridged activated 
complex, Pt-X-Pt. Reactions in which a 
bromine atom is trans to the leaving halide are much more rapid than those in which the trans ligand is chloride. Equilib- 
rium constants for the reactions were evaluated from the kinetic data and from independent spectrophotometric studies. 

Rate constants and activation parameters for the four reactions were measured. 

Introduction and ~ ~ ~ ~ S - P ~ ( N H ~ C H ~ C H ~ N H ~ ) ~ X ~ ~ + . ~ ,  All reactions 
for which kinetic data are available show third-order A mechanism involving a bridged activated complex - - 

(1) W. R. Mason and R. C. Johnson, Inovg. Chenz., 4, 1258 (1965). 
(2) F. Basolo and R. G. Pearson, A d a m .  Inovg .  Chem. Radiochem., 3, 35 

is consistent With the rate data for substitution 
reactions of complex cations such as truns-Pt(NH3)&2+ (1961). 
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kinetics, first-order in platinum(1V) complex, entering 
group, and a platinum(I1) catalyst. The mechanism as 
proposed by Basolo and Pearson and applied to chloride 
exchange in trans-Pt(NH&Cl2+ is outlined in eq. 1-3. 
(Four ammonias lying in the plane with each platinum 
atom are omitted.) This mechanism involves a two- 

fast 
Pt2+ + *c1- Pt-*Cl+ (1) 

Cl-Pt-C12+ + Pt-*Cl+ CI-Pt-Cl-Pt-*C13+ (2) 

Cl-Pt-Cl-Pt-*C13f CLPt+ + c1-pt-*c12+ ( 3 )  

electron oxidation-reduction process. The details of 
this mechanism are of interest, since i t  seems probable 
that they will shed light on the mechanisms of oxida- 
tion-reduction and substitution reactions for other 
elements which exhibit two oxidation states, such as 0, 
2 + ;  1+, 3+; etc. A substitution reaction of Rh(II1) 
has been reported to proceed by a similar mechanism in 
which a planar Rh(1) catalyst was effective.3 The 
platinum systems are conveniently studied because 
both the Pt(1V) and Pt(I1) complexes are inert, be- 
cause a variety of such compounds are available, and 
because the reaction rates are suitable for traditional 
kinetic procedures. 

This article describes the kinetic and equilibrium be- 
havior of reactions 4 and 5. These reactions were 

truns-Pt(NH3)4Cl22+ + Br- 

tran~-Pt(NHs)~C1Br~+ + Br-J;-  
tran~-Pt(SH3)4Br?~- + C1- ( 5 )  

chosen as a starting point in an extended study on the 
effects of the nature of the platinum(1V) complex, the 
platinum(I1) complex, and the entering group on the 
rates and mechanisms of substitution reactions of 
platinum(1V) complexes. 

trans-Pt(NH&C1Br2+ + C1- (4) 

Experimental 
Materials .-trans-Dichlorotetraammineplatinum( IV) chloride 

and tvans-Pt( NH3)4Br2Br2 were prepared by adding chlorine or 
bromine to solutions of Pt(  N H ~ ) ~ C I Z  in the appropriate hydrohalic 
acid.4 trans-Chlorobromotetraammineplatinum(1V) chloride 
was prepared by adding concentrated HCl to a hot aqueous 
solution of trans-Pt( i\"3)4Br2Br2.4 Sitrate salts of these com- 
pounds were prepared by treatment with stoichiometric amounts 
of AgS03. Tetraammineplatinurn( 11) chloride was prepared 
from K2PtC14 by a published procedure.6 The perchlorate 
salt was prepared by adding cold 72% HCIOl t o  a cold concen- 
trated solution of Pt( XH3)4C12. All compounds were character- 
ized by their ultraviolet spectra and platinum and halide analyses. 
Concentrations of Pt( SH3)*( C104)2 solutions were determined 
by titration with Ce( IV) in HnS04 using chloride ion as a catalyst. 
Solutions of YaClO4 were prepared from reagent ATazCOa and 
H C104. 

Kinetic Measurements .-All kinetic data were taken by re- 
cording absorbance v s .  time on a Cary Model 14 spectropho- 
tometer equipped with thermostated cell holders. The tempera- 
ture of the reaction mixtures was controlled within 10 .1" .  All 
platinum( IV) solutions were prepared in dilute HC104 and used 
the same day to eliminate the possibility of appreciable hydroly- 
sis. No precautions were taken to exclude light. Infinite time 

(3) J. V. Rund. F. Basolo, and R. G. Pearson, 1worg. Chem.,  3, 658 (1964). 
(4) "Gmelin's Handhuch der Anorganischen Chemie," 68D Verlag 

Chemie, m'einheim/Bergstrasse, 1957, pp. 491, 501. 
( 5 )  R. N. Keller, Inorg. Sy?t., 2, 281 (1963). 

spectra of all kinetic runs were identical with those of the expected 
reaction products. 

The reverse of reaction 5 was followed a t  the 234 rnp absorb- 
ance maximum for Pt(NH3)4Bra2" ( E  4.2 X lo4, E for Pt(XH3)a- 
ClBr2+ 2.5 X lo4).  The introduction of a second chloride is too 
slow t o  cause interference when the introduction of the first pro- 
ceeds a t  a measurably slow rate. The reverse of reaction 4 was 
followed at 288 mp, an absorbance maximum for ti.ans-Pt(XH3)q- 
ClBr2- ( e  600, E for Pt(SH3)4C12*+ 150). The starting material 
for this reaction was trans-Pt(NH3)aBr2( NO&, but under suit- 
able conditions its conversion to tmns-Pt( KH3)lC1Br2+ is com- 
plete on mixing. 

Reaction 4 was followed a t  295 mp, an isosbestic point for 
trans-Pt(NH3)4Br22- and tmns-Pt(IYH3)4BrCl2+ ( E  580, E for Pt- 
( NH3)4C12Zf 110). This procedure was necessary because rc- 
action 5 is more rapid than reaction 4. Reaction 5 was studied a t  
234 my. 

In all kinetic runs [X-]/[Pt(IV) > 40; therefore, pseudo-first- 
order kinetics were observed. First-order rate constants were 
calculated from ten-point Guggenheim plots6 using a least-squares 
technique. Linear plots for data covering a t  least three half- 
lives were obtained in all runs. Third-order rate constants were 
calculated by dividing the pseudo-first-order constants by the 
Pt(NH3)4z+ and halide concentrations. In data for reaction 5 
a [Pt(  SH3)42f]-independent rate was found by plotting k o b s d /  

[Br-] us. [Pt(r\"3)4*+]. The slope of the resulting line was taken 
as the third-order rate constant. The intercept was the second- 
order rate constant for the Pt(KH3)d2+-independent reaction. 

The ionic strength of all reaction mixtures was adjusted to 0.20 
M by addition of the requisite amount of 0.80 ill iSaC104 solution. 

Equilibrium Studies.-The method described by Po@ was 
used in these studies.7 Solutions of 1.00 NaCl and 1.00 M 
SaBr  and a solution of trans-Pt(NH3)4BrzBrz in dilute HC104 
were used to prepare equilibrium solutions. The platinurn( IV) 
concentration in the resulting solutions was 6.67 X lo-* M; [H+] 
was 5.0 X ilf and [Cl-] + [Br-] was 0.200 M. The solu- 
tions w-ere equilibrated a t  25.0 =k 0.1" for 1 week. Measure- 
ments performed on samples after 4 days were identical with 
those taken after i days. A solution of truns-Pt(XH3)4Br2Br2 
in 0.20 Jl TaBr and a solution prepared using tran~-Pt(YH3)4- 
C12C12 in 0.200 iW KaBr had spectra in which the absorbances 
agreed within 2% after equilibration. 

Absorbance measurements were made a t  300 and 320 mp using 
a Beckman DU spectrophotometer equipped with a Gilford opti- 
cal density converter. The molar absorptivities of trans-Pt- 
( SH3)4C122+ and tr~ns-Pt(YH3)aBr2~+ were obtained from spectra 
of pure compounds. The absorbance of trans-Pt( SH3)rBrP is 
dependent on [Br-] ; therefore absorptivities of this ion were 
determined as a function of [Br-] in solutions containing [Br-] + 
[ClOa-] = 0.20 Iil. The molar absorptivity of tuuns-Pt(SH3)a- 
ClBr2+ a t  300 mh was determined by following spectrophoto- 
metrically the reaction of trans-Pt( KH3)4Br22+ with chloride. 
Since the rate of this reaction and the molar absorptivity of Pt- 
( h+H3)4Br22+ are known, the molar absorptivity of the product 
trans-Pt( NH3)4ClBr*+ could be calculated a t  points during the 
reaction and a t  the end. AAJlowance was made for thc almost 
negligible amount of tuans-Pt( NH3)4C122+ formed. This pro- 
cedure was not followed a t  320 mp because tvans-Pt( NH;3)aBr22i- 
has a considerably larger molar absorptivity than trans-Pt- 
( h-H3)4C1Br2+ a t  this wave length; this leads to large uncertaintics 
in the values obtained. 

The starting material was trans-Pt( SH3)4ClBrC12. 

Results 
A general rate law for the forward and reverse steps 

of reactions 4 and 5 is presented in eq. 6. The [Pt- 
(NH3)42+]-independent term was observed only in 

k')[Pt( NH3)4XZZ+] [Y -1 (6) 
d [Pt(  KH3)4XY2+] /dt = (k[Pt( NHa)*'+] + 

( 6 )  E. A. Guggenheim, Phil. M a g . ,  2 ,  538 (1926). 
(7)  A. J. Po&, J .  Chem. Soc., 183 (1963). 
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TABLE I 
RATE DATA 

tr~ns-Pt(NH3)4C12~+ + Br- + trans-Pt( NH3)4C1Br2+ + C1- 
[Pt. kobed, k ,  L M - ~  [Pt- kobsd, k ,  i M - 2  

(NHa)a?+],' sec.-l X sec.-l X (NHs)r2+],a sec.-1 X sec -1 X 
-14 x 105 104 10-2 1~ x 105 104 10-2 

25.0°6 35.0°b 
4.75 2.04c 1.08 4.75 7.9 1.66 
4.75 4 . 4  1.15 9.50 15.8 1.66 
4 . 7 5  7.7d 1.02 45.0°b 
4.75 10.le 1.06 4.75 12.4 2.60 
9.50 8 . 3  1.10 9.50 24.3 2.56 

14 3 11 5 1.01 
19.0 17.8 1.17 
a [Pt(IV)] = 1.30 X l O V 3 M ,  [H+]  = 5.0 X 10-3 M , p  = 0.20 

M .  * [Br-] = 0.080 M .  [Br-] = 0.0400 M ,  d [Br-] = 
0.160 M ,  e [Br-] = 0.200 M .  

TABLE I1 
RATE DATA 

trans-Pt(NH3)4C1Br2+ f Br- +. z~uns-Pt(NH3)4Br2~+ + C1- 
[Pt- kobsd, k ,  M-' [pt- kobsd, k ,  i M - 2  

(NHa)42+]? set.-' X set.-' X (NHa)aZ+],' sec.-l X sec.-l X 
M x 106 104 10-4 ,M x 106 104 10 - 4  

25.0"b,c 10.0 5.3i  2.36 
2.50 22.2 1.83 15.0 15.0 2.31 
3.75 33.d 1.93 20.0 19.2 2.26 
5.00 41. 1.86 20.0 10.Oi 2 .35 

10.0 7.6e 1 . 9 1  30.0 14.3< 2.29 

45. ()"dl i 
10.0 6 . 5  2.62 

9 . 3  2.67 
2.77 20.0 12.3 

10.0 11.4f 1.90 
1 0 . 0  15.18 1.86 

20.0 15.46 1.92 15'0 
15.0 11.26 1.87 

35.0°e,h 25.0 14.7 2.68 
5 .0  5 . 3  2.10 30.0 17.3 2.67 

10.0 10.5 2.34 
a [Pt(IV)] = 5.0 X M ,  [H+] = 5.0 X M ,  p = 0.20 

M .  b k' = 1.0 X 10-2 M-1 sec.-I. c [Br-] = 4.00 X M .  
d [Br-] = 2.00 X l o T 2  M .  e [Br-] = 4.00 X M .  f [Br-] 
= 6.00 X 10-3 M .  [Br-] = 8.0 X M .  k' = 3 X 
M-1 set.-'. i [Br-] = 2.00 X M .  j k' = 6 X M-I 
sec. -l. 

TABLE 111 
RATE DATA 

trans-Pt(NH3)4C1Br2+ + C1- + tmns-Pt(KH3)rC122+ + Br- 
[Pt- kobsd, k, hf-' [Pt. kobsd. k ,  AM-' 

(NHa)42+],a see.-' X set.-' (NHa)aZ+],a see.-' X see.-' 
M x 104 104 104 104 

25. O o b  17.5 19.5 11.2 
10.0 6 . 4  6 . 4  20.0 22.8 11.4 
15.0 9 . 4  6 . 3  22.5 27.0 12.0 
20.0 12.6 6 .3  
25.0 15.9 6 .3  
30.0 18.7 6 .2  

4 5 . 0 ° b  
3.75 10.3c 19.5 
5.00 9 . 5  19.0 

35.0'" 6 .25 14.5d 19.3 
10.0 11.5 11.5 7.50 15 .6  20.8 
15.0 17.8 11.9 8.75 17.9 20.4 

10.00 17.48 21.7 
a [Pt(IV)] = 7.0 X M ,  [H+]  = 5.0 X M ,  p = 0.20 

M .  6 [Cl-] = 0.100 M .  0 [Cl-I = 0.140 M. [Cl-] = 0.120 
M .  e [Cl-] = 0.080 M .  

the reaction of trans-Pt(NH3)4ClBr2+ with Br-. In 
these reactions the concentration of Pt(NH3)42+ was 
maintained a t  a sufficiently high level such that the Pt- 
(11) -independent process contributed little to the ob- 
served rate. Therefore, k' values are rather inaccurate 

TABLE I V  
RATE DATA 

truns-Pt(NH3)*Brz2+ + C1- -+ trans-Pt(NHI)4C1Br2+ 
[Pt. kobsd, k ,  1M-2 [Pt. kobsd, 

("8)retlj5 SeC.-' X sec.-I X (NHs)42+],a sec.-l X 
M X 106 108 i o  - 8  M x 105 103 

25.0'6 45.0°d 
5 . 0  1.23c 4 . 2  5 . 0  9 . 5  

10.0 1 .45  4 . 3  7 . 5  13.7 
15.0 2.11 4.2 10.0 18.0 

12.5 21.5 20 0 2.77 4 . 1  

-k Br- 
k ,  il4-2 
sec-1 X 

10-3 

9 . 1  
8 . 7  
8 . 6  
8 .2  

35. Oob 
5 . 0  1.02 6 . 1  
7 . 5  1.54 6 . 2  

10.0 2.09 6 .3  
15.0 3 . 1  6 .1  

a [Pt(IV)] = 5.0 X lo-' M ,  [H'] = 5.0 X 

[Cl-] = 2.09 X 1 0 - 3 M .  

&I, p = 0.20 
M .  b [el-] = 3.34 x 10-3 M .  c [ci-1 = 5.84 x 10-3 M .  

TABLE V 
RATE CONSTANTS AT 25.0" AND ACTIVATION PARAMETERS 

A H * ,  AS*, 
Complex Entering kcal./ e.u./ k ,  d4-2 
reactant halide mole mole sec. -1 

Pt( NH3)4C12' + Br- 8 -24 108 
Pt( NH3)4C1Br2+ Br- 3 -30 1 . 9  x 104 
Pt( NH3)4C1Br2+ C1- 11 -20 6 . 3  
Pt( NHa)aBr22+ c1- 6 -22 4 . 2  X 103 

and additional studies are necessary to ascertain 
whether a simple second-order rate law adequately de- 
scribes the Pt(I1) -independent path. 

Rate data for the reactions are presented in Tables 
I-IV. A summary of third-order rate constants at 
25.0' and activation parameters is found in Table V. 
Many of the kinetic experiments presented in Tables 
I-IV have been repeated and replicates agreed within 
a few per cent. Several preparations of platinum(1V) 
and platinum(I1) complexes were used during the 
studies; agreement in the resulting kinetic runs was 
good; discrepancies in rate data from different prepara- 
tions of platinum(1V) complexes, when observed, could 
be traced to [Pt(NH3)42+] present as an impurity. 
There was no evidence to suggest light catalysis. 

Reaction 7 has been reported to be complete in 5 
trans-Pt( NH&H2CH2NH%)nBr22+ + C1 --f 

truns-Pt(NH2CH2CH2NH2)2BrC12+ + Br- (7)  

min. in the presence of added Pt(NH2CH2CH2NH2)22+.s 
The rate was reported to be first-order in platinum(1V) 
complex and chloride ion and catalyzed by Pt(NH2- 
CH2CHzNH2)z2+. These data are in accord with our 
observations on the corresponding tetraanimine complex. 

Equilibrium constants for reactions 4 and 5 were cal- 
culated from the ratios of appropriate rate constants. 
Values for the equilibrium constants were independ- 
ently determined from equilibrium studies patterned 
after the studies of The results of these studies 
and calculations are reported in Table VI. Poe7 deter- 
mined the equilibrium constants for reactions analogous 
to (4) and ( 5 )  in which four ammonias in each complex 

(8) F. Basolo, A. F. Wilks, R. G. Pearson, and R. G. Wilkins, J .  Inorg. 
Nucl .  Chem., 6, 161 (1958). 
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TABLE VI 
EQU~LIBRIUM CONSTANTS FOR KEACTIOXS 4 AND 5 A T  25.0' 

b i l k ,  Equil. expts. Av .  

Ki 17 16 16 
Kz 4 . 5  4 . 3  4 .4  

were replaced with t n  o ethylenediamines. Values of 
K1 and K2 reported were 11.5 and 4.0. Grinberg and 
coworkers have reported standard oxidation-reduction 
potentials for half-cells 8 and 9.9 A value of K1K2 for 

trans-Pt(NH3)4Clr2+ f 2e Pt(KH3)42+ + 

t r ~ n s - P t ( N H ~ ) ~ B r ~ ~ ~  f 2e 17 Pt(NHa)42i + 
2C1- E" = 0 . 6 0 0 ~  (8) 

2Br- E" = 0 538 v. (9) 

reactions 4 and 5 can be calculated from these poten- 
tials. The result, 130, is in reasonable agreement with 
our KIKz  = '70. 

<GIBr at 320 mp is not accurately known, calculations 
were made using a number of reasonable values. The 
value of EClBr which gave the most consistent set of Kz 
values was chosen. Kz is not markedly sensitive to 
Q1Br. 

Discussion 
The rate data collected on the fomard and reverse 

processes in reactions 4 and 5 are consistent with the 
mechanism (eq. 1-3) proposed by Basolo and co-work- 
er5 for similar reactions. The rate data for reaction 5 
indicate that in this one reaction a Pt(NH3)42+-inde- 
pendent process is also operative. It is very unlikely 
that the platinuni(1V) complex could contain enough 
platinum(I1) impurity to produce the residual rate. 
Moreover, the platinum(I1) -independent reaction is 
much more temperature dependent than the normal re- 
action. 

TABLE TrII 
EXPERIMENTAL DATA AND CALCULATED RESULTS IN THE DETERMINATION OF K I  ASD KZa 

K I  when e t ~ l ~ ~  is------ -- _____- 
[CI -12 IBr-lo [Cl-I,'[Br-l 6330' f32C K I 320 270 260 280 

0.1920 0,0080 18.54 372 287 1 7 . 2  3.52 4.39 4.57 5.09 
0,1900 0.0100 15.50 395 318 16.0 3.37 4.13 4.28 4.73 
0.1867 0.0133 11.84 443 381 15 .6  3 . 4 4  4.05 4 . 1 7  4.54 
0,1800 0.0200 7.90 519 500 15 1 3.83 1 . 3 2  4.42 4.72 
0,1750 0.0250 6.48 566 581 16.3 3.85 4.27 4.35 4 . 60 
0.1714 0.0286 5.58 59 1 632 15.6 3 .85  4.23 4.31 4.54 
0.1667 0.0333 4.74 626 696 15.5 3.94 4 .29  4 .36  4 , 5 i  
0,1600 0.0400 3 86 664 778 16.4 4.05 4 , 3 7  4.44 4.63 
0.1500 0.0500 2.90 708 880 1 4 . 7  4.06 4.35 4.35 4.58 

Rz 3 . 7 7  4 . 3 7  4 2 7  4 . 6 7  

Ke 4 . 3 2  

K ,  = 15.8 

0.10 0.10 0 . 2 3  z:g 1 2 -KKPl2 0.54 

[Pt(IVJ] = 6.67 X M, [ H f ]  = 5.0 X 10-d dl, p = 0.20 ,\I. ICl-1, = moles of NaCl addedlliter of solution. c E = absorb- 
ance/[Pt(IV)]. 

The equilibrium constants K1 and K z  are defined in 
eq. 10 and 11. The molar absorptivities of trans- 

KI = [Pt(SH&C1BrZ+] [Cl-]/[Pt(nTH3)4Cl~~+] [Br-] (10) 
K Z  = [Pt(KH3)4BrZ2-] [C1-]/[Pt(NH3)aC1Br2+] [Br-] (11) 

Pt(KH3)4C122+, E C I ~ ,  were found to be 92 and 88 a t  300 
and 320 m p ,  respectively. The molar absorptivity of 
trans-Pt(T\JHd)4C1Br2+, EClBr, a t  300 mp is 570. The 
apparent molar absorptivity of trans-Pt(NH8)4Br22f, 
E B ~ ~ ,  was found to obey eq 12 and 13, when [Br-] was 
in the range 0.005-0.5 X ,  but nas nonlinear a t  higher 

at 300 mp = 800 + 1580[Br-] (12) 
e~~~ at  320 m p  = 980 + 1330[Br-] (13) 

bromide concentrations. The dependence of E B ~ ~  on 
[Br-] is discussed in ref 7 

Experimental data and pertinent calculated results 
for the determination of K1 and Kz are presented in 
Table VII. K1 was calculated from data at 300 mp 
using a trial value of K z  of 4.49, which was found in the 
kinetic studies. A recalculation used K z  = 4.32. K2 
was calculated from data a t  320 mp. Since a value of 

('3) Befeience 4, p 41 

From the rate data in Table V it is apparent that 
reactions in which bromine is trans to the leaving 
group are much faster than those in which chlorine is 
in the trans position. The rate change is primarily 
due to a 6 kcal./mole difference in activation enthalpy 
and is reduced by a small opposing change in activation 
entropy (2-6 e.u./mole). In the mechanism outlined 
in eq. 1-3 the halogen opposite the leaving atom func- 
tions as a bridging atom; therefore, this term will be 
used in subsequent discussions. 

Studies on the replacement of an ammonia molecule 
in halopentaammineplatinum(1V) complexes by a halide 
ion are also consistent with a mechanism similar to 
that outlined in eq. 1-3.' In studies on these systems 
an increase in AH* of 5 kcal./mole vias observed when 
the bridging atom was changed from bromine to chlo- 
rine. The activation entropy became one unit more 
positive during the same change. Differences in the 
bridging atom produce very similar changes in activa- 
tion parameters of reactions of both trans-dihalotetra- 
ammine and halopentaanimine coiiiplexes of platinum- 
(IV). 
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The AH* of 3 kcal./mole observed for reaction 5 is 
very small. Since i t  has been reportedlo that hydration 
effects markedly influence enthalpy changes in reac- 
tions of this type, i t  is dangerous to attribute this en- 
thalpy change to differences in bonding between the 
starting material and activated complex. Yet i t  seems 
reasonable that this small value of AH* indicates that  
the activated complex has a geometry more closely 
resembling the reactants, C1-Pt-Br--Pt--Br3+, than 
the products, C1--Pt--Br-Pt-Br3+. 

The ratio of the average equilibrium constants re- 
ported in Table VI is 3.6. This is rather close to the 
ratio of 4 which is expected on statistical grounds. The 
values of K1 and K ,  show that bromide is coordinated 
in preference to chloride; this is in line with previous 
equilibrium studies and thermodynamic 
The data show that there is both an equilibrium and a 

(10) A. J. Pop, J .  Chem. Soc., 1023 (1061). 

kinetic “trans effect” in these systems, with bromide 
being the better trans-director. The equilibrium trans 
effect is very small, but the kinetic effect is quite large. 
It should be noted that the kinetic trans effect is best 
explained in terms of the bridging ability of the bromine 
atom ; this explanation is quite different from those 
given to explain the trans effect as observed in plati- 
num(I1) systems. 
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The new complexes cis-Cr( en)l( NCS)Cl+ and cis- and trans-Cr(en).(OH?)NCS + 2  have been synthesized and their visible 
absorption spectra and their aquation kinetics have been investigated in acid solution in the dark. In 0.001-1.0 F HC104 
( p  = 0.1-1.0, NaC104) the rate constant for aquation of cis-Cr(en)2(NCS)Cl+ is (8.1 set.-' a t  25O, with 
E,  = 20.5 f. 1.3 kcal. mole-’ and log PZ = 10.9 Z!Z 1.0 (set.-'); aquation proceeds via C1- release ( <4y0 SCN- release), 
the directly-formed products of C1- release being cis-Cr(en)2(0Hz)NCS+2 (98 fi 27,) and trans-Cr(en)2(OHz)h’CS+2 (2 f 
2%). At 25” k = (1.5 f. 0 2) X lo-* set.-' for aquation ot cis-Cr(en)2(OH2)NCS+2 in 0.75 F HC104, the products ap- 
parently being Cr(en)( O H B ) ~ N C S + ~  and cis-Cr(en)2(OH~)2+~, the latter possibly formed partly or wholly via production 
of the trans isomer followed by relatively fast isomerization. sec. --I was found for aquation 
of trans-Cr(en)l(OHz)rCS+z in 0.8 F He104 at  25’. 

0.4) X 

An upper limit of k < 2 X 

The coordination complexes cis-chloroisothiocyanato- 
bis(ethylenediamine)chromium(III) and cis- and trans- 
isothiocyanatoaquobis (ethylenediamine) chromium (111) 
apparently have not been previously reported. We 
report here the synthesis and characterization of these 
new cations, their visible absorption spectra, and the 
results of our investigations of the aquation kinetics of 
these complexes in acid solution in the dark, undertaken 
to allow comparisons to be made with the extensively 
studied chloro,2-6 bromo,’ and fluoros analogs, as 

(1) (a) Work partly supported under Contract AT(ll-1)-34, Project 
No. 12, between the U. S. Atomic Energy Commission and the University. 
(b) Based upon the Ph.D. dissertation of Jon M. Veigel, UCLA, Jan. 1965. 
(c) Presented before the Division of Inorganic Chemistry at the 150th 
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Sept. 1965. 
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(1961). 

well as with the Co(II1) analogs to the extent that  in- 
formation on them is available. 

Experimental 
cis-Isothiocyanatoaquobis( ethylenediamine)chromium( 111) 

Cation.-This ion was prepared in solution by dissolving 0.8 g. 
of czs-[Cr(en)2(NCS)~]SCN.H209 in 500 ml. of 0.1 F He104 
and allowing the solution to aquate in the dark for ca. 8.5 hr. a t  
50”. The solutioh was cooled and passed through a 10-cm. X 
1-cm. diameter column of H+ Dowex AG50W-X8 (100-200 mesh) 
cation-exchange resin to adsorb all Cr cationic species, then 900 
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