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TABLE I 
X-RAY POWDER DIFFRACTIOS D A ~ A  

(d VALUES IN A,  
----( CHa) 3P t I--- 
Yellow 

form 

8 5'3, 
8 13s  
7 i 4 m  
i . 2 4 m  
6 32s  
5.06 w 
4 . 6 1 ~  
4 3617 

3 .  79 v w  
3 , 6 7 vw 
3 .43  "1" 
3 33 \-\v 
3 .  22 w 
3 . 1 4 s  
3 0 3 m  
2 . 9 8 m  
2 9 1 m  
2 83n1 
2.6 '3  vw 
2 ,  62 TP 

2 57 v w  
2 . 5 4  vu' 
2 . 4 9 ~ ~  
2 . 4 1 s  
2 38vm 
2 3 6 v w  
2 3 0 w  
2 . 2 2 w  
2 . 2 0 w  
2 . 1 6 ~  
2 . 1 1 w  
2 . 0 5 m  
2 03 VT-2 
1 . 9 8 m  
1 .  89 Y I Y  

1 , 88 vu' 
1 87 vw 
1 . 8 4 v w  
1 ,  i 8  v w  

. . .  

. . .  

1 . 6 2 ~ ~  
1 . 6 0 ~ ~  

White 
form 

8 G O w  
8 .15s  
i 7 5 m  
i . 2 6 m  
6 30s 
5 , O i w  
4 .64%.  
4 . 3 4  \v 
4 .  04 VW 

3 7 9 v w  

:1 4T\-w 
3 3.4vrr 
3 2 3 s  
3 1 5 m  
3 ORm 

2 . 9 1 s  
2 . 8 2 s  

2 6 2 w  
2 . 5 7 ~ ~  

2 . 4 9 s  
2 . 4 1  m 

2 X6m 
2 30 VIV 

2 . 2 2  w 
2 19m 

2 1 O W  
2 0 6 w  
2 . o a v w  
1.97~1 
1 9 0 w  

1 . 8 6 ~  

1. i G  vw 
1.73 vw 
1 i l  YW 

1 . 6 5  v w  
1 62 v w  
1 . G O  VI+- 
1 .58  v w  
1. 5 3  vw 

, . .  

. . .  

, . .  

. .  

. . .  

[(CI13)3Pt]?- 
so4 

11 3 0 s  
10 4 0 5  
6 .  41 VIV 

6 1Tm 
5 5 5 , s  
5 Y T v s  
5 0 5 s  
4.91 s 
4 . 4 5 m  
4 18w 
3 3 8 v w  
3 58 vw 
3 1 2 v w  
3 3 8 m  
3 2 6 m  
3 05 b ,  13 

2 84 \ 'W 

2 i 3 m  
2 6 8 s  
2.83 "lY 
2 . 4 7  m 
2 . 4 3 m  
2 . 40 vw 
2 . 3 6 ,  
2 . 2 9  w 
2 . 2 O W  
2 15s 
2 08 viv 
2 0:3 w 
1 ' j9V 
1 '36m 
1 '30 Y W  

1 8 i w  
1 . 80 IV 

1 T3m 
1 .  66 v w  
1 6 2 w  
1 . 6 0 ~  
1 . 5 8 ~  
1 5 6 w  
1 . 54 U' 

1 50 ,v 
1 4 8 v w  
1 43 w, b 
1 . 4 0  vu7 
1 3 8 c w  
1 a 5 w  
1 3 4 w  
1 30 w,  b 
1 25 \'W 

.CHs)rPt- 
A' 0 3  

5 Q l m  
5 . 7 2 s  
5 2 6 5  
4 . 6 4 s  
4 . 0 3 m  
3.81 1%' 
3 6 l w  
3 . 3 0 ~  
3 23 \v 
3 1 7 w  
2 Y5vw 
2 40 vw 
2 85, 
2 i 8 v i r .  
2 , i i W  
2 7 0 v w  
a 5 1 VU' 

2 .  4 i  vw 
2 . 4 4 3  
2 . 3 4 m  
2 . 3 0 ~  
2 . 2 o w  
2 . 1 5 ~  
2 07 vvw 
2 . 0 2 m  
1.98, 
1 . 9 3 ~  
1.86111 
1 8 3 m  
1 5 l m  
1 6 5 m  
1 . 39 vw 
1 5 6 m  
1 .  52 VII' 

1 . 4 7  vvw 
1 46 VIP 
1 . 4 3 v w  
1 . 3 7 s  
1 3 5 m  
1 2 8 w  
1 . 2 4 m  
L l 4 w  
1 o- lw 

It appears that  the white and yellow forms are identical, 
except for some minor impurity, possibly iodine. It 
was not possible to isolate the impurity, although, 
n-hen yellow (CH3)3PtI is converted to the sulfate or is 
dissolved in benzene, a small dark residue remains. 
\ITe were unable to collect enough of the residue to 
analyze. The yellow compound can be whitened con- 
siderably if a benzene solution is treated with a silver 
salt and the triinethylplatinum(1V) iodide is recovered. 

Glass and Tobias,Ia and Kite, et u Z . , ~  
have concluded that the trimethylplatinum(1V) ion is 
unassociated and octahedral in water and our con- 
ductance data agree to the extent that  (CH3)3PtN03 is 
a strong 1-1 electrolyte and [(CH3)JPt]2S04 is a typical 
1-2 sulfate. The .io values were determined by extrap- 
olation by the method of O\ven,l4 and the method of 
least squares was employed in fitting the data. The 
conductance results are given below 

N X l o3  and A (ohm-' cm2 equiv-') for (C1l:JaPt- 

Clegg and 

(12) 13. E. Clegg and J .  I< Hall, Spec1vochzi i ; .  A ~ i a ,  2 1 ,  337 (1908). 
(13) G .  E.  Glass and R. S. Tobias, J .  A m  CI IL ' I IZ .  Soc.,  89, 6371 ( I i J b i ) .  
(14) B. B Owen, ibid , 61, 13'33 (1!)3Y). 

SOa: 38.82, 95.4; 38.58, 96.7; 25.07, 98.8; 22.46, 
99.8; 19.65, 100.7; 14.73, 102.6; 11.05, 104.2; 7.234, 
106.0; 6.346, 106.6; 5.553, 107.0; 4.858, 107.6; 3.251, 
108.0; 3.188. 108.9; 2.390, 109.6; 0.84(1, 111.4; 

N X IO3 and ii (ohm-' em2 equiv-I) for [(CH,),Pt]2- 

92.0; 10.87, 95.6; 8.804, 97.5; 7.120, 99.0; 6.346, 
99.9; 5.334, 101.1; 4.870, 101.6; 3.528, 103.5; 3.004, 
103.5; 2.478, 105.5; 1.981, 106.6; 1.G10, 107.4; 1.051, 
109.0; A 0  = 117.5 0.09. 

Infrared spectra of the nitrate and sulfate agree with 
those previously reported1j,l6 when they are measured 
in mulls, but in KBr disks only the spectrum of (CHJ3- 
PtRr is observed. 

0.32jl 112.1; h o  = 114.3 =k 0.06. 

SO,: 24.44, 86.8; 22.22, 88.1; 18.14, 90.4; 15.68, 

(15) X I .  X .  Hoechstetter, J .  Mol .  Speclry ,  13, 407 (lV64). 
(16) K. Sakamoto ,  "Infrared Spectra of Inorganic and Coordination 

Compounds," John U'iley and Sons, Inc., New York. N. Y. ,  1963, 
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9 variety of substitution reactions of trum-Pt- 
(NHa),ClZ2+ and similar complexes are catalyzed by 
Pt (SH3)42+ and have been postulated to proceed nia  
an inner-sphere redox mechanism.' Zvyagintsev and 
Shubochkina however have reported that  the rates of 
reactions of a number of such complexes with ammonia 
and pyridine are unaffected by the addition of Pt- 
(NHs)42+.2 One reaction (I)  on which they reported 

fiuns-PtfSH3)aC122+ -+ S H 3  ----f Pt(SH3jSCl3+ + C1- (1) 

has been r e ~ t u d i e d . ~  The results indicated that re- 
action 1 is catalyzed by Pt(NH3)42+ and does not pro- 
ceed cleanly in the basic solutions used in ref 2. 

The present study was initiated in order to deter- 
mine whether the results reported in ref 2 for reaction 2 
irans-l't(XH3)rCl?'+ + py+ trans-I't(SH3)~pyC13+ + C1- (2)  

are valid (py = pyridine). In the earlier study of this 
reaction, the products were not characterized and the 
pH was not controlled. 

Experimental Section 

and [Pt(iVH3)4j (Clod)% have been described in an earlier paper.:' 
The preparation and analyses of Irans-[Pt(XHa)jClal (NO3)z 

Preparation of trans-[Pt(NH3)apyCl] (NOa)s.-One gram (2.16: 

( I )  B. Rasolo and R. G.  Pearson, "Mechanisms of Inorganic Reactions," 
2nd ed,  John Wiley and Sons, Inc., New York, N. Y. ,  lMi ,  pp 4'31-497. 

(2) 0. E. Zvyagiritsev and 1%. I?. Shubochkina, Z k .  S e o r g o i i .  Khinz . ,  6 ,  202!1 
(1961). 

(3) I<. I < .  Kettew and I<. C .  Johnsun,  l i toi ,n.  C h i l l , ,  4 ,  1562 t l W 2 ) .  
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mmol) of trans-[Pt(NH3)aCl~] (K03)~ and 0.02 g (0.04 mmol) of 
[Pt(NH3)4] (C104)t were dissolved in 25 ml of Ht0. To this solu- 
tion was added first 0.1 ml (1 mmol) of concentrated HNOI and 
then 1 .O g (13 mmol) of pyridine. Twenty-five milliliters of an 
AgXO, solution (0.367 g; 2.16 mmol of AgN03) was added in 
small portions over a period of 3 days. The reaction mixture was 
kept in the dark a t  room temperature. The AgCl formed was 
collected by filtration and the solution was freeze-dried. The 
product was carefully washed with acetone, dried, and redis- 
solved in 15 ml of H20. .4n insoluble residue was removed. The 
white product (0.90 g, 7370 yield) was collected by evaporation 
of the HzO at room temperature using vacuum. Anal. Calcd 
for [Pt(NH3)a(C:HhN)Cl] (NOt)a: Pt,  34.6; C1, 6.27; py, 14.0; 
C, 10.6; H,  3.02. Found: Pt, 34.7; C1, 6.71; py, 13.0; C, 
9.90; H ,  3.75. Platinum mas determined by  ignition in the 
presence of NH4C1. Chloride was determined by  Volhard titra- 
tion after a zinc-acetic acid reduction step. Pyridine was 
analyzed spectrophotometrically at 255.5 mp as pyH+ after re- 
action of the complex with HC1. The spectra of dilute solutions 
of t rens- [P t (NH~)~pyCl]  (Not)(  did not change on standing for 
several weeks. 

Preparation of trans- [ P ~ ( N H ~ ) ~ C ~ ( C ~ H ~ O Z ) ]  (NOl)t.-Five milli- 
liters of a solution containing 0.32 g (0.56 mmol) of trans-[Pt- 
(iSH3)4pyC1] (NOa)3 was mixed with 30 ml of glacial acetic acid. 
X white crystalline product began to  form after a few hours. 
The solution was evaporated to  half its volume in a desiccator 
over KaOH. The product (0.25 g, 90% yield) was collected by 
filtration. Anal. Calcd for [Pt(XH3)aCl(C~H302)] (NOS)?: P t ,  
40.5; C1, 7.38; C, 4.98; H,  3.12. Found: P t ,  40.5; C1, 7.32; 
C, 5.15; H,  3.18. The spectrum of the product has a shoulder 
centered a t  about 295 mp and an  intense maximum a t  205 mp. 

Kinetic Measurements.--Kinetic data were taken on a Cary 
14 or on a Beckmann DU spectrophotometer modified with a 
Gilford absorbance indicator. The cell compartments were 
thermostated to ~lc0.02". Rate data on reaction 2 were obtained 
a t  310 m p .  The p H  of some reaction mixtures was controlled 
with tris(hydroxymethy1)aminomethane-perchloric acid buffers. 
The spectrum of trans-Pt(NHa)4Clz2+ in these buffers does not 
change in 1.5 hr in the absexe  of pyridine. The reverse of 
reaction 2 in acid solutions was studied a t  255.5 mp, where pyH+ 
absorbs strongly. I n  neutral solutions studies were made at 
265 mp, a wavelength a t  which reactants absorb appreciably 
more than products. The ratio of concentrations of entering 
ligand to  Pt(1T') was sufficiently large tha t  pseudo-first-order 
kinetic behavior was expected. I n  acidic solutions HC104 was 
used to  control ionic strength and acidity. In  neutral solutions 
NaN03 was used to  control ionic strength. No precautions were 
taken to  avoid exposure of reaction mixtures to light. Tha t  the 
product of the reverse of reaction 2 was tr~ns-Pt(NH3)aC12~+ 
was confirmed by isolation of the sparingly soluble chloride salt 
from some reaction mixtures. The infinite time spectra were 
also consistent with the expected products; however, py  or pyH+ 
bands obscure the most characteristic part of the spectrum of 
trans-Pt(A'Hs)4C122C. 

Absorbance os. time data were analyzed a t  the Emory Bio- 
medical Data Processing Center using a Gauss-Newton fit to  the 
equation: A = A, + ( A 0  - A,) exp(-kt). Twenty data 
points regularly spaced over a t  least 4 half-lives were used for 
each kinetic run. The standard deviation in individual k's was 
less than 297, of k in almost all runs and less than 1% in most. 
Data for reaction 2 a t  low pyridine coacentrations exhibited 
slightly larger deviations, and it is probable that these runs do 
not follow a simple first-order rate law. Kinetic runs could be 
reproduced to  within + l o %  and normally agreed to  within a 
few per cent. 

Equilibrium Measurements.-Solutio.is having these com- 
positions were prepared: [trans-Pt(NHa)~pyCl~+] : (1) 1.02 X 

M, (2)8.0 X M ;  [XaCI] : (1) 9.68 X M ,  (2) 10.0 
X 10-3 M; [Pt(NHa)42+]: (1) 1.05 X 10-3 M ,  (2) 1.17 X 10-3 
X .  A little XaOH solution was added to neutralize both reac- 
tion mixtures. The p1-I values of the solutions (after Ka0I-T 

lo-' 144, (2) 1.06 X lo-' M ;  [tr~ns-Pt(NHa)4Clz~+]: (1) 7.7 X 

had been added) were 5 and 7. After the reaction, both solutions 
had a pH of 7. The  solutions were kept in the dark a t  25.0" until 
the spectrum of a sample of the  solution showed no further 
changes in absorbance a t  335 mp (3 days). Ionic chloride in the 
solutions was then determined using a modified Volhard titra- 
tion: (1) 2.47 X M ,  (2) 2.32 X M .  A titration for 
chloride on the following day gave a similar result. Titrations 
performed a t  the start  of the experiment were consistent with the 
amount of NaCl added. Equilibrium constants for reaction 2 
calculated from these data are 0.13 and 0.10. Since the value of 
the constant is sensitive to  relatively small errors in the con- 
centrations of platinum complexes and may also be somewhat p H  
dependent, a realistic value of the constant at 25.0" in neutral 
solution is 0.12 f. 0.03. The catalyst [Pt(SH3)41(C104)2 mas 
not added initially to  solution 1. However, when the absorb- 
ance of this solution was unchanged after 2 days, solid catalyst 
was added. The  absorbance change in both experiments was 
greater than 0.4 absorbance unit at 335 mp. 

The small value of K found for reaction 2 is consistent with 
another qualitative experiment. A reaction mixture containing 
0.011 M trans-[Pt(NHa)&l~] ( N O B ) ~  and 0.068 M pyridine was 
allowed to  react in the dark at room temperature for 11 days. 
(On the basis of both our work and tha t  of ref 2 this is over 20 
half-lives.) The solution was freeze-dried. The product was 
washed carefully with acetone and dried under vacuum. The  
spectrum of an aqueous solution exhibited clearly the 335-mp 
maximum of t r ~ n s - P t ( h ' H ~ ) ~ C 1 2 ~ ~ .  The absorbance in the 
250-260-mp region indicated that pyridine in some form was also 
present. As a control experiment a solution of t r~ns - [P t (KHs)~-  
pyCl](NO~)a (0.011 M )  and NaCl (0.020-M) was prepared and 
freeze-dried. The  product was carefully washed with acetone 
and dried under vacuum. The spectrum of a solution of this 
product did not have a maximum in the 335" region and did 
have the characteristic spectrum of trans-Pt(NH~)*pyCl~+ in the  
250-260-mp region. 

Results 
The new compound trans- [P t (NH3)~yCl ] (N03)~  

was synthesized and characterized. Its ultraviolet spec- 
trum and that of py and pyH+ are shown in Figure 1 

Rate data for the reverse of reaction 2 are presented 
in Table I.  At a fixed pH the data are consistent 
with the third order rate law 

-d[Pt (  NH3)apyC13 +] /dt 
ka [Pt(NHa)apyCl'+] [Pt(SHa),'+] [Cl-I ( 3 )  

In experiments in which Pt(NH3)42+ mas not added, a 
very slow rate was observed. A 1% Pt(NH3)42f im- 
purity in our trans- [Pt(NHa)dpyCl](N03)3 would pro- 
duce a rate greater than this A slight decrease in 
rate was noted in neutral and slightly basic solutions. 
The diminished rate observed a t  pH 8.5 is probably 
due to the presence of tmns-Pt(NH3)3NH~yCl~+, 
the conjugate base of the reactant complex. 

Rate data on reaction 2 are reported in Table I1 
Catalysis by Pt(NH3)42f was established, and the 
rate constant increased as the pyridine concentration 
was raised, but the dependence was less than first 
order. Considerable additional data were collected to 
confirm this point. Satisfactory first-order kinetic be- 
havior was observed except a t  the lowest pyridine con- 
centration (0 1 M), a t  which, with a platinum(1V) 
concentration of 3.1 X l op3  M ,  only 85% of the Pt- 
(NH,) rC122+ was converted into Pt(NX13)4pyC13+ 
This would account for a significant deviation from 
first-order kinetics 
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Figure 1.-The ultraviolet spectra of 3 4 X 1 0 F  11f solutions 
of tu~ns-[Pt(~H:, j~pyCl](NO:,)~ (-), pyridine (.  . . . 1, 
and pyridine in 0.067 M HClOd (-.--). 

Discussion 
The equilibrium constants for reactions 1 and 2 a t  

25" are, respectively, 7 X 102 and 0.12. The rela- 
tive order of stability 

is therefore established. 
Tetraammineplatinum(I1) cation is an effective 

catalyst for reaction 2. The small reaction rate in its 
absence may be due to the presence of Pt(;VH8),z+ as an 
impurity. Using data from Table I a maximum value 
for k2(25') of 7 X IOF JI-' sec-l can be calculated 
for the reverse of reaction 2 .  Using the equilibrium 
constant, a maximum value of S X 1 -1f-I sec-' can 
be assigned to reaction 2. The value cited in ref 2 is 
3.0 X Mdl sec-I. 

The fact that  the rate of reaction 2 was not first 
order in pyridine concentration was surprising. This 
result could mean that pyridine and Pt(NH3)42+ form a 
relatively stable adduct and that an appreciable frac- 
tion of Pt(XHa)4YT exists as the adduct a t  [pyl  = 0.10 
M. A third-order rate constant for reaction 2 a t  25', 
0.76 M-2 sec-I a t  pH 6.0, can be calculated from the 
constant for the reverse reaction and the equilibrium 
constant. A value of 0.42 sec-' (22.5') can be 
calculated using kc ,bSc ,  for reaction 2 a t  pH 0.0,  /Pt-  
(NH3)42+] = (i.3 X 10 ' a  3, and [py] = 0.1 X .  The 
latter value would be expected to be low since first- 
order pyridine dependence apparently will only be 
observed at lower pyridine concentrations. 

The rates of reactions 1 and 2 in the forward direc- 
tion are quite similar. Xt 2,.3', pI-I 9.6, arid = 

0.20, the third-order constant for reaction 1 is 0.'T.4 

P t  (NHa)sCl8 + >> tvans-Pt (SHa).rC1zZ + > tiuns-Pt(SHj)apyCl"" 

(4) K. C. Johnson and E. li. Berger, I i iorg,  C h e m ,  4, 1262 (196.3). 

TABLE I 
KATE DATA AT % , o "  

ti.ans-Pt(KH~)apyC13+ + c i -  -+ ti .ans-pt(xHlj4cin'+ t py 

10P[Pt- kZ1 10"Pt- 123 ,  

2 .  0aG 3 . 6 *  8 7  . . .  0 14'1 . . .  
4 .05"  6 7 h  8 . 3  2 .44" 3 l b  6 .I 
8.1" 13 . 3" 8 2  4 8" 6 2" 6 . 3 
8 1" 6 66 8 . 2  4 . 9 h  2 i)c 5 9  
8 ,  1" 3 2 d  7 . 9  9.8' 6.1 '  6 2  
8.1" 2 3 f  5 7  9.8'. 3 . 2 "  6 *5 
8 .  l e  1 3 .  OQ 8 0  5 1 6  3 . O b  2 9  

(SHdaz.'1, lO'kot,sd, . l P *  ( S H b ) d * ' ] ,  1 0 % k o b J , ~ ,  . l i - 2 .  

J I  sec- '  sec-1 If sec-1 sec-1 
b 

10.2' 5 5h 2 i  

11 [ P ~ ( I \ . ) I  = 7.1 x 10-4 a; [H+J = 0.20 M; = O . N .  
* [Cl-] = 0,200 M .  c [Cl-] = 0.100 M .  d [Cl-1 = 0.050 M 

[Pt(IV)] = 7.1 X M; [Hf] = 0.050 M. J [Cl-] = 

(IY)] = 14.6  X 10W4 M; /1 = 0 . 2 0 ;  pH 6 .0 .  [I't(Ii')l = 

0.030 Jl f ;  I.( = 0.05. [CI-] = 0.050 Jf; I.( = 0.20 .  [Pt-  

14.2 X p = 0 .20;  pH 8.3. 

A reasonable estimate for reaction 2 is 0.5 sec-I. 
Third-order rate constants for the reverse reactions a t  
25.0". IJ = 0.3, and in acidic solution, are 1.5 X IOP j 
and 10 L I P  sec-l. (The latter value was obtained by 
extrapolation of data a t  IJ = 0.05 and 0.2.) The 
relative instability of t r a n ~ - P t ( N H ~ ) ~ p y C l ~ f  is reflected 
in the rapid rate a t  which pyridine is displaced. 

Since pyridine is a base and is fairly easily displaced 
from friins-Pt(SHS).rpyCl"+, i t  seemed likely that new 
trims-chloroacidotetraammine complexes could be pro- 
duced from it. Groups which do not displace chloride 
may displace pyridine, especially in acidic solution. 
For example, i t  has been reported that the reaction of 
acetic acid and trcins-Pt(en)lC112+ (en = ethylenedi- 
amine) yields starting materials6 Reaction of trans- 
[Pt(iVHa)4pyC1](KOa)3 with acetic acid did occur and 
pyridine was replaced by acetate ion. 

The results of this study differ considerably from 
those in ref 2. Since pyridine reacts only incom- 
pletely under their reaction conditions, analysis of  
their rate data is incorrect. The magiiitude of the 
constants they do report suggests that  Pt(NH3)d2+ 
was present in their reaction mixtures. Their asser- 
tion that Pt(NH3)42+ does not catalyze these reactions 
is incorrect. T t  seems likely that their related studies 

(.5j W. 12. Xason and K.  C .  Johnson, i b d . ,  4 ,  1238 (lU0.5). 
(6) I<. C. Johnson and F. Basolo, J .  I i i o ~ g .  S i i c i .  Chetn . ,  13, S0 (1900) 
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which use pyridine as an entering ligand are in error 
for similar reas0ns.I 
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The Effect of Added Chloride Ion on the 
Chloropentaamminecobalt (111)-Chromium(I1) 
Reactionla 

BY DAVID E. PENKINGTON AND ALBERT H A I M ~ ~  

Receiued January 25, 1968 

The effect of added chloride ion on the rates of elec- 
tron-transfer reactions between substitution-inert 
oxidants and substitution-labile reductants has been 
studied in several systems. It has been n 0 t e d ~ 3 ~  that 
the rate acceleration is substantial for the outer-sphere 
reaction between hexaamminecobalt (111) and chro- 
m i ~ m ( I I ) , ~  whereas modest effects are observed for the 
inner-sphere reductions of aquo-,2 a ~ e t a t o - , ~  and 
f umaratopentaamminecobalt (I1 I) by chromium (11). 
The chromium(I1)-catalyzed exchange of chloride 
between CrCI2+ and free chloride ions6 and the chro- 
mium(I1)-catalyzed substitution of iodide ion in 
Cr12+ by chloride ion3 can also be viewed as examples of 
chloride ion effects on inner-sphere redox reactions. 3 ~ 6  

A reasonable interpretation of these effects features 
the formation of disubstituted chromium(II1) com- 
plexes according to eq l.3,6 For the system ML6X2+- 

MLSX2+ 4- Cr2+ + C1-+ M 2 +  + 5L + CrXCl+ (1) 

Cr(OH2)j12+, we were unable to detect the postulated 
intermediate CrICl+, presumably because its rate of 
disappearance by the reverse of reaction 1 and reaction 
2 is too rapid compared to its rate of formation by the 

CrXCl+ + CrZf --+- CrC12f + CrZ+ + X- (2) 

forward reaction in eq 1. 
Clearly, in order to improve the possibilities of de- 

tection of the postulated intermediates CrXClf, i t  is 
necessary to increase their rates of formation and to 
avoid the presence of an excess of chroiiiiuin(II), a 

( I )  (a) This work was supported by Grant GP-6528 from the National 
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known7-10 catalyst for the partial aquation of disub- 
stituted chromium(II1) complexes. This approach 
appears to be feasible since a chromium(II1) complex of 
charge + 1 tentatively identified as Cr(OOCCH=CH- 
COOH)CI+ has been reported5 as one of the prod- 
ucts of the fumaratopentaamminecobalt(II1)-chro- 
mium(I1) reaction in the presence of chloride ions. 

In  the present note, we report a study of the effect of 
added chloride ion on the classicll inner-sphere reaction 
between Co(NH3)jC12+ and Cr2+. This reaction is ex- 
tremely rapid ( k  - 1OfiiM-I sec-')12 and has an added 
advantage in that the geometric configuration of the 
predicted reaction product CrClz + can be determined 
from spectrophotometric m e a s ~ r e m e n t s . ~ ~ , ~ ~  

Experimental Section 
Materials .-Chromium( 11) perchlorate solutions were pre- 

pared and standardized as described p r e v i ~ u s l y . ~  Chloropenta- 
amminecobalt(II1) perchlorate was prepared by treating the 
corresponding chloride salt with perchloric acid. All other chenii- 
cals were reagent grade. Triply distilled water was used to  
prepare all of the solutions. All manipulations involving chro- 
mium(I1) solutions were performed undcr an atmosphere of pre- 
purified argon. 

Stoichiometric Measurements.-Solutions containing the de- 
sired concentrations of chromium( 11) and chloride ions were 
mixed with solutions containing an excess of Co( NH3)5C12+ in a 
rapid-flow apparatus similar to that  described by Dulz and 
Sutin.ljNIR The reacted solutions were collected a t  the waste exit 
of the apparatus and then added to a chilled Dowex 50-X8 
(50-100 mesh, H+ form) ion-exchange column. A t  the elec- 
trolyte concentrations used, the ions Co( NHa)aC12+, CrCI2+, 
and Co2+ were absorbed on the column, whereas CrC12+ passed 
directly through. The solutions containing the dichlorotetra- 
aquochromium(II1) species were examined spectrophotometric- 
ally between 800 and 300 nm using the 0-0.1 absorbance scale 
of a Cary 14 recording spectrophotometer. The total chromium 
content of these solutions was also determined. 

Kinetic Measurements.-The CrC12+ was generated in situ 
by the reaction of Co( NHs)LYz+ with an  excess of chromium( 11) 
and chloride ion in the rapid-flow apparatus. The experimental 
conditions were adjusted to  meet the following criteria: (1) 
the cobalt( 111)-chromium( 11) reaction was complete by t h e  
time the mixed solution reached the observation tube; (2)  
the chromium( 11)-catalyzed aquation of the CrCI2+ produced 
could be followed conveniently by observing the absorbance 
changes in the 260-245-nm region. This wavelength region 
was chosen because the molar absorptivities of the CrC12* iso- 
mers are quite high'3 (>IO3),  and therefore very small concen- 
trations of these ions can be readily detected. 

Results 
The results of the stoichiometric experiments carried 

out by mixing chromium(I1) with an excess of 
Co(NH3)6Cl2+ in the rapid-flow apparatus, followed 
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