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the absorption maxima from trans to cis isomer were 
only a few millimicrons; these shifts are in accord with 
the very small one found in the absorption maximum of 
the isomeric forms of RuC12+.21 

A word is in order regarding the assignment of 
formulas to the species designated as RhC14- and Rh- 
C1b2-. There is no question from the ion exchange ex- 
periments that the species given these formulations are 
anionic in character, and the absorption spectra (see 
Experimental) definitely eliminate the possibility that 
either is the KhCls3- complex. Both the order of 
elution and the positions of the absorption maxima 
argue for our assignment. On the basis that an anion of 
charge - 1 would be held less tightly than one of - 2 
charge, the species coming off the anion resin column 
first was given the formula RhC14-. Moreover, the 
assignment is consistent with the fact that the absorp- 
tion maxima for this species occur a t  shorter wave 
lengths than do those of the second species off the 
column, to which the formula RhCls2- was given. 

It should be mentioned that these two anionic com- 
plexes differ in spectra from those to which Kristjanson 
and LedererpO gave the same formulas. These investi- 
gators isolated their complexes by boiling a solution of 
rhodium(II1) hydroxide in 6 rM hydrochloric acid, pass- 
ing the solution through a Dowex 2 (anion) resin, and 
eluting with hydrochloric acid. The “RhCld-” species 
was reported to move with the eluting solvent as a 
yellow band and the iiRhC152-” complex was described 
as being present on the resin as a very fast-moving 
orange-tan band. The spectra for these complexes 
reported by Kristjanson and Lederer correspond 
roughly to those attributed by us to RhClz+ and RhC13. 
It is conceivable that the former workers failed to wash 
their resin column with water to remove positively 
charged and neutral species prior to elution with 
hydrochloric acid. 

The various rhodium(1 J1)-chloride species isolated 
in the investigation herein reported would appear to 
correspond to those separated by Ledererz6tZ7 in his 
study of the same system by paper chromatography, 
paper electrophoresis, and paper ion exchange chroma- 
tography. In his work, assignment of charge was based 
on comparisons of migration rates with those of similar 
ions of known charge. 

The best values of formation constants were obtained 
for kq, k5, and ko (Table 111). The few values which were 
determined for kl, kp, and k3 would indicate that these 
constants are all of the same order of magnitude, lo3, al- 
though i t  is probable that this value is a lower limit 
for kl and ks. In many instances no values could be 
obtained for kl, kp, and k3 because the calculated bound 
chloride concentrations were evaluated to be slightly 
greater than the total chloride concentrations. Fre- 
quently, the concentrations of a given chloro-complex 
came out to have negative values, which precluded 
calculation of meaningful formatian constants. 
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The pseudo first order rate constants for the reactions trans-CrClz+ = CrClf2 + C1- (1) and cis-CrCl%+ = CrC1+2 + C1- 
(2) mere determined at 25.0’ in 1.0 M hydrochloric acid solutions and found t o  be 8.23 X 10-5 sec.-l and 4.25 X set.-', 
respectively. Extinction coefficients for tmns-CrCI?+, cis-CrClp4, 
and CrC1+2 in 1 M hydrochloric acid were determined at 450 and 635 mp. In the presence of Crf2  reaction 2 was observed 
to be very fast. 

The activation energy for reaction 1 is 26.5 kcal./mole 

The rate of conversion of CrClz+ to CrClf2 and C1- 
has been studied by a number of investigators2-6 em- 

(1) This is taken from a thesis presented by Howard B. Johnson t o  the 
Department of Chemistry of the University of Minnesota in partial fulfill- 
ment of the requirementsfor the h‘I.S. degree. 

(2)  (a) S. Bjerrum, Z. phys i k .  Cham., 69, l(3G (1907); (b)  J. Olie, Jr.,  Z .  
a i z o ~ g .  i i l l g e ? i z .  Cheiiz., 5 1 ,  28 (1900). 

(S) A .  €4. Lamb and G. R. Fonda, J .  A m .  Chein. Soc., 43, 115-1 (1921). 

ploying different methods. Recently, the cis- and 
trans-CrClz+ isomers were separated and their spectra 
p~b l i shed .~  It was shown that only the tvuns-CrClaf 

(4) E S. Gapon, J .  Russ. Phys. Chciiz. Soc., 61, :375 ( lU29).  
( 5 )  1). S. Datar and 14. Qureshi, J .  Osinnizia C n i u . ,  8, (j (18.10). 
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( 7 )  E. L. King, M ,  J .  Ll, Woods, and H. S .  Gates, J .  A m .  Cheiii. Yoc., 80, 

5015 (1958). 
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species was produced when dark green chromium(II1) 
chloride was dissolved in aqueous solutions. Since 
this salt was used to furnish the CrClz+ ion the previous 
investigators studied the trans-CrClz + conversion to 
CrC1+2 and C1- and the corresponding cis-CrCL+ 
reaction has not been studied. In the work reported 
here the two reactions were studied in the same media 
so that rate constants could be compared. 

The literature7n8 values of the equilibrium constants 
for reactions 1 and 2 were checked. The rate constants 

kant 
CrC1+2 + CI- tvans-CrClz+; ~t (1) 

k d . t  

k a , c  
CrCI+Z + CI- E cis-CrClz+; K~ (2) 

k d , o  

for formation of cis- and trans-CrClz+ by the formard 
reactions in 1 and 2 were calculated from the appropriate 
equilibrium constants and rate constants for the reverse 
reactions. 

During the investigation, it was found that the trans 
-+ cis isomerization occurred too rapidly at  high C1- 
concentrations for isomerization to occur solely by 
reactions 1 and 2 .  Studiesg of absorption spectra of 
chloroaquochromium(II1) species in 12 M HC1 have 
led to the conclusion that a species, probably CrC13, 
was present in these solutions. In the present work the 

kt13 

k3.t 

trans-CrClz+ + CI- E CrCIJ; Kat (3) 

kc,3 
cis-CrC12+ + CI-  CrClj; K,, (4) 

k3>o 

absorption spectra studies have been extended to 
include smaller HCl concentrations. As a result reac- 
tions 3 and 4 have been postulated as contributing to 
isomerization. It was not possible to make more 
definitive rate studies, by the methods used, to support 
or reject the proposed mechanism. The CrCl3, which 
seems to be present a t  the high C1- concentrations 
necessary to study the isomerization reaction, rapidly 
formed CrClz+ (mainly the cis isomer) when the reac- 
tion mixture was diluted in placing the cis and trans 
isomers on the exchange column and hence gave false 
determinations for the cis and trans concentrations 
in the reaction mixture. 

Since Cr+2 has been observedlO'll to catalyze the 
conversion of trans-CrC12+ to CrC1+2 and C1- the 
catalytic effect of Cr+2 on cis-CrC12+ also was studied 
briefly. 

Experimental 
Reagents.-All solutions used in the work were prepared using 

reagent grade chemicals and de-ionized water. The Dowex-50- 
X12 resin (20-50 mesh) was treated as described by Hougen, 
Schug, and King.lZ Solutions of chromium(I1) perchlorate were 

(8) H. S. Gates and E. L. King, J .  A m .  Chem. Soc., 80, 5011 (1958). 
(9) P.  J. Elving and B. Zemel, ib id . ,  79, 1281 (1957). 
(10) H. Taube and H. Myers, i b i d . ,  76, 2103 (1954). 
(11) H. Taube and E. L. King, ibid. ,  76, 4053 (1954). 
(12) J. T. Hougen, K. Schug, and E. L. King, i b i d . ,  79, 519 (1957). 

prepared by the method of Lingane and Pecsok.13 Solutions of 
trans-CrClz+ were prepared by dissolving recrystallized [Cr- 

Solutions containing only cis-CrClz+ were prepared by dissolv- 
ing [CrC18(H~0)3]14 in 0.001 M HC1 and passing the solution 
through a Dowex-50-Xl2 column. Because the cis-CrCh+ is not 
as easily eluted as the trans-CrClz+, the later fractions7 of eluent 
contained only czs-CrClz+. A solution of 0.08 M HCl was used 
to separate the trans-CrClz+ from the cis-CrCL+. 

Solutions of C r C P  were prepared by passing trans-CrClz+ 
solutions pre-aged 24 hr. through a Dowex-50-Xl2 column to 
separate the +2 species from the +1 and the f 3  species. 

Standard solutions of AgN08 and KSCN were used for the 
determination of C1-. 

Analyses.-The C1- concentration was determined by the 
Volhard method and the chromium( 111) concentration was de- 
termined iodometrically. 

The concentrations of cis- and trans-CrClz+ in a solution of 
CrC12+ were calculated from the absorbances a t  450 and 635 mp 
employing the measured molar extinction coefficients. The 
extinction coefficients reported by King, Woods, and Gates' 
were used for HClO4 solutions and the extinction coefficients 
reported here were used for 1 M HCI solutions. 

Apparatus .-A Beckman DU spectrophotometer, with thermo- 
stated cell compartment, and a Bausch and Lomb Model 505 
recording spectrophotometer were employed to measure absorb- 
ances. A 60-cm. ion-exchange column was used t o  separate the 
CrC3, CrClC2, and CrClz+ species. 

The following apparatus was used in the study of reactions 
involving Cr+2 ion. The reaction flask was a three-necked round- 
bottom flask of 125 ml. capacity. Purified Hz or NP was re- 
leased near the bottom of the reaction flask through a bubbler 
inserted in one neck of the flask. A CrC2 solution of known con- 
centration was kept in a reduced state in a separatory funnel 
containing amalgamated mossy zinc. A known volume of 

solution could be added to the reaction flask by means of a 
1-ml. graduated buret sealed to"the stem of the separatory funnel 
and passing through a stopper in a second neck of the flask. 
The third neck of the flask was connected to a water bubbler 
which kept the pressure inside the apparatus above atmospheric 
pressure. 

Determination of the Formation Constants of cis- and trans- 
CrClz+ and of the cis-trans Equilibrium Constant .-One-molar 
solutions of trans-CrCIP+ were made by dissolving the correct 
weight of [Cr( HPO)4Clz] C1.2Hz0. Solutions containing equilib- 
rium concentrations of cis- and trans-CrClz+, C r C P ,  and C1- 
were produced by allowing 1 M trans-CrClZ+ solution, containing 
0.1 M HClO4 and saturated with NaCI, to stand for 3 to 4 days. 
The cis- and trans-CrClz+ concentrations were determined as 
described under Analyses after separation from C r C P ,  C1-, 
and any Cri preseit by ion exchange. 

To reduce dissociation of the CrC12+ species on the column, 
the time required for elution of the CrCl2+ species was reduced 
considerably by increasing the HC104 concentration of the eluent 
from 0.1 t o  0.4 M .  Also, the eluent was analyzed for cis- and 
trans-CrClz+ in fractions as rapidly as it came from the column. 
Thus the initially collected portions of eluent did not have to 
wait while dissociation of CrC12+ occurred before the final por- 
tions of the eluent could be collected and the whole eluent analyzed 
for cis- and trans-CrCIP+ contents. The absorption spectrum of 
the eluent indicated that complete separation of the CrC12' 
species from the more highly charged CrClf2 and Cr+z species was 
achieved with 0.4 M HC104. 

The equilibrium constants for reaction 1 and 2 were calculated 
from the known concentrations of CrClC2 and C1- and from the 
concentrations found for cis- and trans-CrClz+ in the equilibrium 
mixture. The equilibrium constant, K (  t/c), for cis-tmns 
isomerization was calculated from the measured concentrations 
of the cis and trans isomers. 

(Hz0)4Clz] C1.2H20.' 

(13) J. J. LinganeandR.  I,. Pecsok, Anal. Chem , 20, 425 (1948). 
(14) J. R Masaguer Fernandez, Anales veal sot .  espan.fis quzm. (Madrid) 

63B, 635 (1957). 
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The errors in the cis- and trans-CrC12+ concentrations are The extinction coefficients of trans-CrClz+ in 1 A4 
rather large because an error of 0.001 in the absorbance readings He1 are the same as reported earlie$ for t r ans -c r~ lz+  

in HC104. The extinction coefficients for cis-CrClz+ at 450 and 635 mM results in considerable error in the concentra- 
tions of the two species. 

Determination of Extinction Coefficients in 1 .O M Hydrochloric and CrC1+2 in HC* were about lo% lower than 
Acid.-Solutions of trans-CrC12+, czs-CrClz+, and CrC1'2 were those in perchloric acid solutions. These 
prepared in 1.0 ill HC1 and the absorbances of the solutions differences can be attributed to medium effects or there 
measured. The concentration of the chromium species was is a possibility that a percentage CrCi3 may 

cause the difference in the case of cts-CrClz+. determined iodometrically . 
Determination of the Uncatalyzed Rate of Aquation of tvans- 

and cis-CrC12+ -The rate of the reverse reaction in (1) was meas- Formation Constants for cis- and truns-CrClz+.-The 
ured by determining the concentrations of trans-CrC12+ and data from which the equilibrium constants of (1) and 
CrC1+2 in the truns-CrClS+ and CrClf2 mixtures a t  various (2) were calculated are given in Table 11. Values for 
times with the Beckman DU spectrophotometer. The initial K ~ ,  the second formation constant of CrClz+, are given 

in column 3 of Table 11. The average value of K2 concentration of truns-CrClz+ was approximately 0.02 hf 
and the HCI concentration was 1.0 iM. The reference cell 
contained the reaction medium minus the Cr(II1). The was (3.4 * 0.5) X M-'. All errors reported in 
rate of the reverse reaction in (2) was determined in an this work are standard deviations. This value for KP 
analogous manner. The initial cis-CrC12+ concentration was is in good agreement with that (0.030) reported by 
varied between 0.006 and 0.02 M .  Gates and Kinga for (el-) The values for the 

The Conversion of CrCls to CrC12+.-Solutions of CrC13 were cis-trans equilibrium constant, K(tlc),  are given in prepared by dissolving [Cr(H20)aCl2]C1 in 12.0 iW HCl as reported 
by Elving and ZemelQ or by dissolving [CrC13(H20)3] salt. The 4; the average Of * 0.04 agrees with 
CrC18 solutions in 12 M HC1 were diluted with water to several the value 0.5 * 0.2 reported by King, IVoods, and 

4.2 M. 

different concentrations and the spectrum scanned repeatedly. 
The approach to equilibrium could be observed as the spectra 
changed with time. 

The Aquation of cis- and trans-CrC12+ in the Presence of CrL2 
Ion.-A solution of either cis- or trans-CrClz+ was prepared 
and half of the solution was placed in the reactor used for re- 
actions involving Cr+2 ion. Purified Hp or i X p  then was bubbled 
through the solution for 20 min. or more before Cr+a was added. 
After a specified length of time, H20, was added to oxidize the 
Crc2(aq) to Cr(II1). The spectrum of the reaction mixture was 
compared with the spectrum of the solution to which CrC2 had 
not been added. The species in the solutions were identified from 
the spectra. 

Results and Discussion 

Extinction Coefficients.-Extinction coefficients were 
determined for trans-CrClz+, cis-CrCla+, and CrC1+2 
in 1.0 A l  HC1 a t  wave lengths a t  450 and 635 mp, 
the wave lengths for absorption maxima of both cis- 
and trans-CrClz +. The molar extinction coefficient, 
t, of each species was independent of Cr(II1) concentra- 
tion over the range from 3 X M. 
The extinction coefficients and the number of deter- 
minations, n, are listed in Table I. 

to 3 X 

TABLE I 
EXTISCTION COEFFICIENTS FOR tuum- A N D  cis-CrClz+ ASD CrCl+z 

25.0 i 0 .  lo, 1.0 116 HCl 

Gates' for p - 4 a t  30-95". 
Values of Kt and K,, the second stepwise formation 

constants of trans- and cis-CrClz+, are given in the last 
two columns; their average values were (1.1 * 0.1) 
X and (2.3 i. 0.4) X J-*, respectively. 

The reported equilibrium constants neglect any CrClj 
contribution. The CrC13 species dissociates rapidly to 
predominantly cis-CrClz+ when the C1- concentration 
is reduced as it was when the solution was analyzed us- 
ing ion-exchange methods. This could cause errors in 
the reported equilibrium constants. 

The formation constants for CrC13 are not known and 
are very difficult to determine accurately. Serious 
attempts to estimate KBo from the change of spectrum 
with change of C1- concentration yielded 0.2 2f-l 
as a very conservative estimate of the upper limit for 
KSo,  which is a factor of 30 greater than that assumed 
by Gates and King.s If the upper limit used by Gates 
and King is correct, the presence of CrC13 will not sig- 
nificantly affect results, but if the value of Kso is greater 
than this, the reported values will have to be modified 
in the future. 

I t  has been stated' that dissociation of CrC12+ on 
the column is slow. The results obtained by us support 
this statement since the total CrClz+ concentration 
did not seem to decrease significantly with length of 
time on the column. Furthermore, the ratio of trans 
to cis isomers did not change within experimental error trans-CrC12 + 2 2 0 i 0 5  24 1 i O  5 4 

cis-CrC12 + 2 5 7 z k 1 4  1 8 0 A 1 2  8 with length of time on the column. When pure trans- 

--__e ('14-1 cm -1) ____-_ 
Cr(II1) species 450 mp 635 mp n 

CrCl+2 15.8 f 0 . 4  13 .3  i 0 . 3  4 CrClz+ solutions were passed into the column only 

TABLE I1 
SECOSD FORMATION CONSTANTS O F  Cis- A S D  &UnS-CrCla+ 

Room temperature, 1.0 M Cr(III), 5.4 M C1-, 0.1 11.r HClOn, p = 7 
1 Os[[cis-CrC12 + I ,  ,!4 1O'[fva,is~CrCI.i '1, M 102K9,M -1  K(t /c )  102K1, M-1  

10.3  5 . 5  3 . 5  .53 1 . 2  
10 .2  5 . 0  3 . 3  t 49 1.1 
1 0 . 7  4 . 8  3 . 4  .45  1.1 
12 .5  5 . 5  4 . 1  .44 1 . 2  

8 . 5  4 0  2 . 6  0.47 0.85 

Av.: 3 . 4  f 0 . 5  0 .48  =t 0.04  1.1 f 0 . 1  

102K,, M -1  

1.8 
2 . 3  
2 . 2  
2 . 3  
2 . 8  
2 . 3  zk 0 . 4  



Vol. 2, No. 3, J m e ,  1963 FORMATION AND AQUATION OF cis- AND trans-CrClz+ 471 

trans-CrClz+ left the column, thus proving that isomer- 
ization did not occur in the column. 

Rate of Aquation of cis- and trans-CrClz+.-Data 
from typical experiments are plotted in Fig. 1 and 2. 
The reactions were first order with respect to the con- 
centration of the chromium(II1) species. The rate 
constant kd,t for the trans isomer obtained from the 
slope in Fig. 1 was 8.27 X set.-' a t  25' for 1.1 

= 1. The average rate constant for four such measure- 
ments was (8.23 & 0.20) X set.-' and is in fair 
agreement with the value of 7.0 X set.-' reported 
by Lamb and Fonda3 for 0.01 M HC1 and in poor 
agreement with Bjerrum'sza value of 4.5 X sec.-l. 
The average value for four measurements a t  40.0' 
was (7.27 f 0.2) x lo-* sec.-l. Hence the Arrhenius 
activation energy and the entropy of activation are 
26.5 kcal./mole and - 9.3 cal./deg. mole, respectively. 
Using a value of 1.1 x 10-2 M-1 for the equilibrium 
constant of (I), one may calculate a value of 9.1 X 
M-l sec.-l for the formation rate constant of trans- 
CrCIZ+. It must be noted that the value of the equi- 
librium constant employed is for y = 7. When a more 
accurate value of K,  for p = 1.0 is determined, a correc- 
tion in k,,t should be made. 

The rate constant, kd,c, for conversion of cis-CrClz+ 
to CrClf2 and C1- was the same within experimental 
error regardless of whether pure cis-CrClz+ obtained in 
0.08 M HCI by ion exchange and then made 1 M in 
HC1 was used or whether a solution of cis-CrC12+, 
trans-CrClz+, and CrCI3 obtained by dilution of a 12 M 
HCI solution of CrC13 to 1 M HC1 was used. The 
rate of cis-CrClz + disappearance was independent of H + 

concentration over the range of 0.5 L [H+] L 2.0 M 
and of C1- concentration over the range 0.5 L [Cl-] 
L 2.0 M within the experimental error of 15% obtained 
when [H+] and [Cl-] were kept constant. The ionic 
strength was not maintained constant when [ H f ]  
and [Cl-] were varied, since the experimental error 
did not warrant it. 

Since the cis-CrC12+ aquation rate constant was not 
measurably dependent upon the C1- concentration, the 
possible aquation path via cis-CrClz+ --f CrC13 --t 
trans-CrCle+ +- CrC1+2 seems to be unimportant com- 
pared to the conversion of cis-CrClz+ directly to CrC1+2. 
The path via CrC13 had to be considered because the 
rate constant kd, t  is greater than the corresponding rate 
constant, k d , o  for cis-CrCle+ and because i t  seemed 
likely that small amounts of CrC4 could be present in 
the 1 M HCI solutions. 

When trans-CrClz + was originally present its initial 
concentration and that of cis-CrClz+ were both deter- 
mined at  zero time from measured absorbances and the 
extinction coefficients listed in Table I. The trans- 
CrC12+ concentration a t  all times, t ,  thereafter was cal- 
culated from its known rate of dissociation and the 
measured absorbances a t  450 and 635 mp were cor- 
rected for absorbance due to the trans isomer. The 
cis-CrClz+ and CrC12 + concentrations were calculated 
from the corrected absorbances. The rate constant, k+, 
obtained in these experiments was the same as that 

5 
l+," 

Y 
0 
I 
IL1 
n a 

Time, ( m i d  
Fig. 1.-Log [trans CrClz+] us. time: [trans-CrClz']~ = 1.95 X 

10-2M, HC1 = 1.0 M ,  p = 1.0, 25 z!z 0.1'. 

Time, (min) 

Fig. 2.-Log [6is-CrCla+] V S .  time: [cis-CrCl2+Io = 7.83 X 
M, HCl = 1.0 M ,  p = 1.0, 25 i 0.1'. 

obtained when the pure cis-CrC12 + solutions were used 
in the reaction medium. 

Least squares values of kd,c were calculated from the 
data. The average rate constant for seven measure- 
ments was (4.25 & 0.67) X sec.-l. Using a value 
of 2.3 X M-l for the equilibrium constant of (2), 
one may calculate a value of 9.8 X M-l sec-1 for 
the formation rate constant ka,= of cis-CrClz+. Again 
i t  must be noted that the value of the equilibrium con- 
stant employed is for y = 7. 

The aquation rate constant for cis-CrCl?+ is approx- 
imately one-half that  for trans-CrClzf. Hence there 
is a small trans effect on this aquation reaction. 

Formation and Aquation of CrCI3.-When dark green 
chromium(II1) chloride, which dissolves as trans- 
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Fig. 3.--.ibsorption spectra at various times of tiu.ns-CrC12+ 
[Cr(ITI)] = 

119; M = 12; 25 i 1': 1, G min.; 2, 30min.;  3,  60 
dissolved in 0.1 AT HC1 - 11.9 AI LiCl solution; 
2.71 X 
tnin. ; 4, 115 miti. 

CrC12+, was dissolved in 12 M chloride solutions, the 
two maxima in the absorption spectrum of trans-CrC12+ 
were observed to shift toward longer wave lengths. 
The absorption peak at the shorter wave length was 
observed to increase in height as compared to the same 
peak for trans-CrClz+. The spectral shifts to the 
longer wave lengths, indicating formation of CrC13, 
wcre observed in 12 d B  HCl, 1 0 Jf HC1 + 11 Jf LiCl, 
and 0.1 Jf HC1 + 11.9 M LiCl solutions. For all prac- 
tical purposes equilibrium was reached in 50 min. 
in 12 M HCl and 95 min in both LiCl solutions. The 
final spectra did not change over a period of 4 days in the 
12 M HC1 and 6 days in the LiCl solutions The spec- 
tra obtained in a 0.1 JI HC1 + 11.9 Jf LiCl solution 
are shown in Fig. 3.  Virtually identical spectra were 
obtained in 1 ;If HCl + 11 Jf LiCl solutions. The 
spectra in LiCl solutions are slightly different from those 
in 12 Jf HCl solutions. -4n isosbestic point was ob- 
served a t  565 mp in the LiCl solutions and at 569 mp 
in the HC1 solutions. Apparently trans-CrClz+ is 
converted to CrC13 Since CrC13 can dissociate to cis- 
CrClz+ the latter also will be formed in the solution 
However, the cis and trans isomers have equal extinc- 
tion coefficients at these wave lengths7 so the conver- 
sion of trans-CrC12+ to CrC13 and cis-CrC12+, ; . e ,  to two 
species rather than one, will not eliminate the isosbestic 
point. 

The formation of CrClg also was observed when the 
CrC13 salt was dissolved in 12 M HC1 and when the HC1 
concentration of other chromium(II1) chloride solu- 
tions was increased to 12 W by bubbling HCl into the 
solutions The absorption spectrum of the 12 M 
HC1 equilibrium solutions was the same regardless of 
starting compound. 

The conversion of CrCld to CrC12+ + Cl- was fol- 
lowed by the shift of the absorption peaks toward 
shorter wave lengths after dilution of the 12 AI HC1 
solutions to lower concentrations of HC1. The solu- 
tions appeared to reach a temporary equilibrium in 
6-10 min The solution contained a czs-to-trans ratio 
of approximately 6 : 1. Thus CrCld dissociates more 

rapidly to cis than to trans assuming that the cis-to- 
trans ratio in equilibrium with CrCL in the 12 ,If HC1 
solution was 2 : 1. 

When CrC13 salt was dissolved in 0.1 X HC1 the 
CrC13 was observed to dissociate rapidly into CrC12+. 
The CrCl3 dissociation appeared to be complete in 4 
min. and was independent of initial concentration. 
Assuming the reaction was first order, a lower limit for 
the total rate constant for CrC1, conversion to CrClz+ 
may be calculated as follows. From the spectra it is 
evident that a t  least 90% of the CrC13 dissociated in 4 
min. Hence 

kccrcla c~cI:+) = ( 1 / 2 ~ ~ )  In (10/1) N 0.01 set.? 

This rate constant represents the sum of the rate con- 
stants for CrC13 conversion to cis- and trans-CrCl*+. 
But, as was stated earlier, cis-CrClz+ is produced 
faster than trans-CrC12+ from CrC13. Hence, the rate 
constant for the CrC13 dissociation to cis-CrClz+ con- 
tributes the major portion of the rate constant. 

When trans-CrC12+ was dissolved in solutions of 6 X 
HC1 and 1 M He1 saturated with SaC1, [Cl-1 - 6.0 A6, 
the absorption peaks were observed to broaden. This 
indicated that both CrC13 and CrC1+2 were forming 
since they shift the absorption peak in opposite direc- 
tions. An attempt was made to study the trans to cis 
isomerization rate at these C1- concentrations. (A 
high C1- concentration is required so that measurable 
amounts of trans and cis will exist in equilibrium with 
CrCltz.) However, the measurements were rendered 
useless because of the presence of the CrC13 which dis- 
sociates rather rapidly to cis when the + 2  and +1 
species are separated on an ion-exchange column pre- 
paratory to a spectrophotometric determination of cis 
and trans concentrations. 

From the preceding it is seen that CrC13 can be 
formed from trans-CrC12+ in HC1 + LiCl solutions and 
in 1 M HCl + saturated NaCl solutions. It also has 
been shown that CrC13 dissociates rapidly into pre- 
dominantly cis-CrC12+. Thus it has been shown that 
trans- to cis-CrCla+ isomerization via CrC1, is a possible 
path a t  high C1- concentrations. 

Cr +2-Catalyzed Aquation of cis- and trans-CrCL+.- 
When Cr-t2 ion was added to trans-CrClz+ or cis-CrClz+ 
solutions the CrCls- conversion to CrClfZ was cata- 
lyzed. In several experiments Cr+2 ion was added to 
half of a cis-CrClz+ solution while the other half was 
retained as a reference for spectrophotometric measure- 
ments. A minimum value for the rate constant of the 
Cr +katalyzed conversion of cis-CrC12+ to CrCl+* 
was obtained by allowing 1.35 x V Crf2  to be 
present in the cis-CrClz+ solution for only 1 min. Dur- 
ing this time approximately one half of the cis-CrClzi- 
had disappeared from solution. If it is assumed that 
the catalyzed dissociation of cis-CrClz + is first order 
with respect to the concentrations of cis-CrClz+ and 
Cr +* then 


