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The aquation of tetraaquodichlorochromium (I1T)
species has been studied by a number of investigators.?
The earlier studies are incomplete, however, because
either the existence of isomeric dichloro species was
ignored or, if recognized, the possibility of direct
isomerization was not taken into account. The study
reported in the present paper gives data on this iso-
merization

tmns-Cr( OH2)4C12 = cis-Cr( OH2)4C12 -

in acidic aqueous solution at 34.8°, The concentra-
tion of chloride ion has been kept low to eliminate
pathways for isomerization involving pentaiquo-
chlorochromium(III) ion as an intermediate. Isomeri-
zation vie trichloro species, although possible, has
been demonstrated to be absent by the lack of a de-
pendence of isomerization rate upon concentration of
added chloride ion.*

The results of the present study will be discussed,
therefore, in terms of a reaction scheme

I
trans-CrCl™ <__’ cis-CrCly*

\ ks /
k4 ks

CrCl2r

The spectra of isomeric dichlorochromium(III) spe-
cles and monochlorochromium(III) ion are different,”
but not different enough to allow accurate analysis of
reaction mixtures by direct spectrophotometric meas-
urement. In the present study, analysis of solutions
containing only isomeric dichlorochromium(III) ions
was made after separation of these species of charge 1+
from the product of aquation, monochlorochromium-
(III) ion, an ion of charge 24, by an ion-exchange
method.

Experimental Methods

Reagents.—Solutions containing only trans-dichlorochromium-
(I11) ion were prepared using commercially available green chro-
mium(1II) chloride (which contains the érans isomers8), Solu-
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tions containing essentially pure cis-dichlorochromium(III) ion
were prepared starting with a solution of chromium(III) chlo-
ride in acetone—ether’” which was extracted with aqueous per-
chloric acid prior to separation of chlorochromium(IIT) species
by ion exchange., Such a starting solution containing trichloro-
chromium(I11) species produces relatively large amounts of ¢fs-
dichlorochromium(IIT) upon aquation.’* Dowex-50W-X 8 (50—
100 mesh) ion-exchange resin was used. Separation of the cis
isomer in preparation of this species involved a 100-cm column
(1-cm diameter) with elution at low temperature (~1°) by 0.2 M/
HC1O4. Analysis of the reaction mixtures involved use of 16-
cm columns (1-em diameter) with rinsing and elution at a low
temperature by 0.2 M HCIO,.

Molar Absorbancy Indices.—The molar absorbancy indices of
trans-dichlorochromium(IIl) ion were determined on solutions
freshly prepared in the manner already described. For the
c¢is isomer, published values were used.®® The wavelengths 450
and 640 mu were employed in analysis. The molar absorbancy
indices (based on decadic logarithms) of the irans isomer are
o = 21.7 M1 em™ and aep = 24.4 M ! em™!, and those
of the cis isomer are asp = 28.8 M ' em ! and agp = 19.6 3!
cm™L.

Kinetic Studies.—Conditions employed in the experiments
were: frams experiments, [H*] = 0.203, 0.054, and 0.011 Af;
cis experiment, [H*] = 0.203 M. In frans experiments, the
initial concentration of f{rams-dichlorochromium(III) ion was
~0.094 3}, and the initial concentration of the cts isomer was
approximately zero. In the c¢is experiment, the initial concen-
tration of cis-dichlorochromium(1II) ion was 0.071 M, and
the initial concentration of the frans isomer was approxi-
mately zero. In #rans experiments, the initial concentration of
chloride ion was the same as the initial concentration of chro-
mium(ITI), and in the ¢is experiment it was approximately zero.
All experiments were performed at 34.8°.

At various times portions of reaction mixture were removed
and added to the column containing cation-exchange resin held
at 1-2°. Rinsing and elution with cold 0.2 M perchloric acid
separated the mixture of isomeric dichloro species from mono-
chloro species, which is held in the resin phase more tightly.
Measurements of light absorption at 450 and 640 mu provided
data from which the concentrations of cis- and #rans-dichloro-
chromium(II1) ion could be calculated.® (The total concentra-
tion of chromium in the dichloro fraction was checked by conver-
sion of the dichloro species to chromate with alkaline peroxide,
followed by spectrophotometric determination of chromium(VI).)

Figure 1 presents experimentally observed concentrations in the
runs at 0.203 M HT as well as curves derived from the set of rate
constants &, = 7.8 X 1075 sec™!, bk = 6.2 X 107% sec™!, k3 =
83 X 107 %sec™t, and ks = 1.8 X 107* sec™!, obtained by trial
and error fitting of the integrated rate equations® to the data.
The agreement is good, the average percentage difference between
observed and calculated concentrations being 2.79;.

At long times the ratio of concentrations [cis-CrClyt]/{trans-
CrCly*} should approach the value (k; + ks -+ m)/k; (where m =
Yol —(ky & by + ks + k) + [ + ko + ks + k)2 — d(koky +
kiks + k3k4)]1/2}). The value of this quantity corresponding to
the set of rate constants just given is 2.36. Experimentally ob-
served values of this ratio late in experiments starting with purc
trans isomer are (given as time in minutes, [cis]/[irans]): 150,
1.05; 200, 1.55; 250, 1.80; 300, 2.04. For the run starting
with pure c¢fs isomer the corresponding values are: 150, 3.27;
200, 2.74. It is worth noting that the steady-state ratio [cis-
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Figure 1.—Relative concentrations vs. time; [H*] = 0.203 M;
t = 34.8°: Q, [trans-CrCly*]; ©-, [cis-CrCle*]; upper part, ex-
periment starting with pure ¢rans; lower part, experiment starting
with pure ¢is. (The points are experimental points. The lines
are calculated using the derived rate constants.)

1.0 ]
]
0.5 :- \\ N
AN
4 \ \\
K A\
0.2 + \ N\
. N
4 hY
=
] o — N
§0.1 T \‘\\ l\
2 h —_ A
: 170\ \ RN
: T AN . NN
2 1 X \ N S
Z N NN
K N AN
. \ ~
ot \ N
N ‘\ ~
\\ A\l
0.01 - ANERN
] NN\
p \
+ N\
4 + +
100 200 300

Time, min,

Figure 2,—Relative concentrations vs, time; ¢ = 34.8°; all
experiments staring with pure frans. Upper set of curves shows
concentration of frans, lower set shows concentration of cis.
[H*] = 0.203 M, ; 0054 M,—~~~-; 0011 M,— - —.
(The lines go through experimental points; except for [HT] =
0.203 M, they are not calculated lines.)

CrCly*/[trans-CrClyt] ¢ 2.36 is appreciably different from the
equilibrium ratio K = ki/k, = 1.26,
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Data from trans experiments at lower acidities given in Figure
2 indicate the rate of disappearance of reactant species is increased
as the hydrogen ion concentration decreases. The data are not
adequate, however, to allow evaluation of the dependence of each
of the pseudo-first-order rate coefficients &1, ks, k3, and k; upon the
concentration of hydrogen ion. Consideration of the initial rate
of disappearance of trans-CrCly* indicates that values of the rate
constants k; and ks obtained for 0.203 M hydrogen ion corre-
spond approximately to values for pathways independent of hy-
drogen ion concentration.

Discussion

The data presented in this paper are comnsistent
with the reaction scheme already presented. This
consistency does not prove, however, that unstable in-
termediates do not participate. In particular, the
absence of an unstable pentacoordinated dichloro
species as an intermediate in isomerization is not proved
since differential equations for a more elaborate re-
action scheme based upon the steady-state approxi-
mation applied to the intermediate have the same form
as those used.

The value of the equilibrium quotient for the isomeri-
zation reaction trams-CrClyt = ¢is-CrCl™ is ky/k, =
1.26, a value appreciably lower than values obtained in
the molten hydrated salt®® (1.8), equilibrated solutions
of ionic strength =<4 M (2.0 = 0.6),2 or equilibrated
solutions of ionic strength 7 M (2.1 = 0.2).%2 It seems
reasonable that the less polar species would be more
stable in solutions of lower electrolyte concentra-
tion,

A question naturally arises regarding consistency of
our data and interpretation with that of a published
study in which aquation of c¢is- and trans-dichloro-
chromium(III) ion was followed by spectrophoto-
metric measurements directly on the reaction mixture
and interpreted under the assumption that direct
isomerization did not occur.’® To check this, concen-
tration data from the frams runs pictured in Figure 1
were used to calculate the light absorption of the un-
processed reaction ‘mixture as a function of time.
(Such values were not, of course, observed directly in
the present study since the monochloro species was
separated from the reaction mixture before spectro-
photometric analysis.) The absorbance values ob-
tained were then used to calculate the apparent con-
centration of the #rams-dichloro and mono species
as a function of time under the assumption that no cis
species was formed. Over the time period during which
the apparent concentration of the trams species de-
creases by a factor of 20, the first-order plot log [trans-
CrCly+] ws. time is essentially linear, with a slope cor-
responding to an apparent first-order rate constant
of 3.3 X 10~* sec™!. This value differs appreciably
from both the correctly calculated value of the first-
order rate constant for aquation of the trans isomer (1.8
X 107* sec™!) and the sum of the first-order rate con-
stants for both of the reactions open to the irans
isomer (2.6 X 107*sec™). Clearly, the spectrophoto-
metric method is not adequately sensitive to be applied
directly to the unprocessed reaction mixture.



