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The trans-cis Isomerization of Potassium Diaquabis(oxalato)chromate (I1I)
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Kinetics of the trans-cis isomerization of K[Cr(ox),(H,0),] have been investigated in binary mixed solvents,

including ethanol-, dioxane—, and acetone-water mixtures.
A similar decrease by the addition of an organic solvent was

increase in the concentration of an organic solvent.

observed in the presence of univalent and bivalent cations.

The first-order rate constant decreases with an

These results are in contrast to those for the analogous

malonato complex, and suggest that both dissociation and twist mechanisms are involved in the reaction.

Extensive investigations of the isomerization kinetics
of trans-diaquabis(oxalato)chromate(I1I) ion have been
reported.’-1? A dissociation mechanism, where a bond
rupture at Cr—oxalato is the rate determining step, has
been reported and this has been supported by the
catalytic effect of various cations,-311) while a twist
mechanism has been suggested by Ashley and Lane.'®

On the other hand, the studies on the influence of
solvents are very few.® The authors have found that
the rate of the isomerization of an analogous malonato
complex increased with an increase of the concentration
of organic solvents.!® In this work, we have studied
the effect of solvents on the rate of the isomerization.
As the isomerization is catalyzed by some cations, the
catalytic reaction is expected to be accelerated in
organic solvents, because the reaction is ionic and
depends on the relative permittivity of the solvent.
Nevertheless, the reactions in the presence of univalent
and bivalent cations are found to be retarded with
increasing concentration of the organic solvent. We
have also studied the reaction mechanism.

Experimental

Materials. Potassium trans-diaquabis(oxalato)chromate
(I1I), trans-K[Cr(ox),(H,0),]-3H,0, was prepared by the
standard method.’® As considerable amount of by-products,
[Cr(ox)(H,O)J* and [Cr(ox),;]3>~, were contained. The
product was purified by using an ion exchange chromatog-
raphy.”? The absorption spectra (A,,,=400nm (ep.,=
19.2), 532 nm (19.0)) agreed well with those reported in the
literature.®® The stock solutions containing the investigated
cations were prepared by dissolving the chlorides of the cations
in redistilled water. The chlorides of a guaranteed reagent
grade were recrystallized from distilled water. Organic
solvents of a guaranteed reagent grade were purified by the
usual methods,!®) and ultraspecial grade solvents were used
without further purification.

Procedures. Experimental methods were described
previously.’) The rates of the reactions were determined
spectrophotometrically at the wavelength of 415 nm at 25.0 °C.
The concentration of the complex was 8.0 x 103 mol dm~3 in
all cases. The pH value of the solution was not adjusted but
remained constant at about 4.5 throughout the reactions.

Results and Discussion

In the absence of excess cations, the isomerization
rates were determined in aqueous mixtures of ethanol,
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Fig. 1. Effects of the concentration of organic solvents

on kg4 in the absence of excess cation.
(O: Ethanol, []: dioxane, A :acetone, @: N-methyl-

acetamide.
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Fig. 2. Plots of In(kgea/s™!) vs. the reciprocal of relative
permittivity.

(O: Ethanol, [7]: dioxane, A: acetone, @: [Ca?t]=
0.0157 mol dm—2 (ethanol), (J: [Ca?*]=0.0314 mol
dm~3 (ethanol), (D: [Sr?*]=0.331 mol dm—2 (ethanol).

dioxane, acetone and N-methylacetamide. The iso-
merization obeys good first-order kinetics even after 909,
reaction, and the rate constant, k., decreased with
increasing concentration (mole fraction) of the organic
solvents, contrary to the case of the analogous malonato
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complex.! The results are shown in Fig. 1. As the
relative permittivity, &,, of the solvents increased, k,psq
increased smoothly except in the solution of N-methyl-
acetamide and formamide. Plots of In kypeq vs. 1/e, were
found to be linear, though deviations could be seen in
the high concentrations of the organic solvents. The
e, values were properly interpolated from known
values.!? The plots are shown in Fig. 2. Even if the
e value was the same, different k,pq values were
obtained in other solvents. Therefore ky,¢q did not
depend on the ¢, value only.
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Fig. 3. Effects of the concentration of ethanol on
kopsa In the presence of some cations.

[: [La®*t]=0.0040 mol dm~-3, I: [La%t]=0.0020 mol
dm-3, A: [Sr*]=0.331 mol dm~3, A: [Sr**]=0.031
mol dm=3, (: [Ca?t]=0.031 mol dm—3, @: [Ca*]=
0.016 mol dm=3, ¢ : [K+]=0.99 mol dm~3.

It has been shown that the rates in aqueous solutions
are accelerated by the addition of cations, M"+1,3:1) A
similar acceleration was observed in a mixture of an
organic solvent and water. The effects of the solvents
on kgpeq in the presence of cations are shown in Fig. 3
and Table 1. The k4 values decreased with increasing
concentration of the organic solvents, whereas they
increased in the presence of La3* in most of the solvents
except N-methylacetamide, whose ¢, value is larger
than that of water. The k.4 value was also given by

kopsa = ko + ky[M™*], (1
when the ionic strength of the solution was kept constant
by the addition of potassium chloride. The results are
shown in Fig. 4, where the dashed curves mean the k¢4
values when the ionic strength was not adjusted. The
acceleration effect of K+ could be neglected, compared
with those of the bivalent and the tervalent cations.
Some ky values are listed in Table 2.

Generally a rate constant, k, for an ionic reaction is
given by
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TaBLE 1. THE kgy,q VALUES IN VARIOUS SOLVENTS

IN THE PRESENCE OF SOME CATIONS

. [Cation] 10% X kopsa
Cation — Tdm~ 3
VolY%, of organic
solvent 0.0 20.0 30.0 40.0 50.0
(a) Mol%, of dioxane 0.0 5.04 12.4
Nat 0.99 6.5 3.6 2.0
K+ 0.99 5.6 2.9 1.5
Sr2+ 0.331 17.0 11.9 9.3
(b) Mol%, of acetone 0.0 5.80 14.17
Sr2+ 0.331 17.0 11.4 8.7
(c) Mol%, of formamide 0.0 10.15 23.20
K+ 0.99 5.6 3.5 2.6
Srz+ 0.331 17.0 12.9 9.4
(d) MolY, of
N—me%hylacetamide 0.0 9.14 19.01
Sr2+ 0.331 17.0 9.5 7.5
La3+ 0.0153 46 20.2 15.2
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Fig. 4. Dependence of kg, upon the concentration of

cations in 40 volY, ethanol-water.

(O: Ca?, I is not adjusted, @: Ca?*, I is adjusted to
1.0 with KCl, []: La3*, I is not adjusted, lj: La3+, I

is adjusted to 1.0 with KCI.

TaBLE 2. THE ky VALUES IN VARIOUS SOLVENTS (I=1.0)

104X ky/s-1
Solvent
Nat Kt Ca** Sr**  La’f
409, Ethanol-H,O 0.4 46 29 7900
121® 81*  7800%
409, Dioxane-H,O 1.0 0.5 113® 26
40%, Acetone-H,O 23
40%, Formamide-H,O 21
509% N-Methyl- R
a/gctamidc—},-lzo 22 970%
H,O 2.0 1.1 105® 77 4550®
5130°

a) I=0.10. b) I=0.020. c) /=0.032.
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where z, and zp are charge numbers of ion A and B,
respectively, ¢ is the elementary charge, d,s the radius
of an activated complex, ¢ the Bolzmann constant, T
temperature, and k° the £ value when ¢, is extrapolated
to infinity.'® Plots of Inkg . vs. 1/e, gave a straight
line, as shown in Fig. 2. The slope of the plot should be
positive when a complex anion reacts with a catalytic
cation. However, the observed results were completely
contrary to that expected from Eq. 2.

According to the Brgnsted-Bjerrum theory, the
logarithm of the ionic reaction rate constant, ky, is
generally given for a dilute solution by

In ky = In ky o + 2Qz,25e73/2 I'V2, (3)

where ky o is the ky value when ionic strength, I, is
zero, and Q is given by

Q = (2rL)1/2%%/(1000)V/2(x T)3/2, (4)

where L is the Avogadro constant.!®) The ky,o value
may be obtained from the plot of In ky vs. I*/2. Strictly
speaking, however, this method was not applicable
when some cations were added to change the ijonic
strength of the solution, because the acceleration effect
of these cations could not be neglected completely,
especially in the study of the effect of a univalent cation.
The ky value decreased with increasing ionic strength.
Therefore, the ky,o values were evaluated from Eq. 3 by
subtracting the calculated second term of the right
side of the equation from In ky.

The plots of Inky,o vs. 1/e, were linear, as shown in
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Fig. 5. Plots of In(ky o/mol~! dm? s=1) vs. the reciprocal

of relative permittivity in ethanol-water system except
A—E.
O: [Ca**]=0.031 mol dm~3, @: [Ca?*]=0.016 mol
dm=3, A: [Sr**]=0.33 moldm—3, A: [Sr**]=0.031
mol dm=3, @ [Sr2t]=0.33 mol dm—3; A: dioxane-
H,0, B: acetone-H,O, C: formamide-H,O, D: N-
methylacetamide-H,O, []: [La%t]=0.0040 mol dm~-3,
W: [La’t]=0.0020 mol dm~3, []: [La3*]=0.015 mol
dm-%in N-methylacetamide-H,O; E.
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Fig. 5, and the slope became positive when the bivalent
and the tervalent cations were added. As the concen-
tration of the organic solvent increased, %, in Eq. 1
decreased rapidly and kyx also decreased as the second
term of the right side of Eq. 3 decreased, while ku,o
increased. Consequently, in the presence of bivalent
cations, £,,.4 apparently decreased as ¢, decreased. On
the other hand, the increase in ky,o in the presence of
La3+, was very large and k,,sq did not decrease with
the concentration of the organic solvent. When the
univalent cation was added, ko was small, and
unfortunately the relationship between Inky and /e,
was not clear. The radius of the activated complex,
dss, may be obtained from the slopes of the plots in
Fig. 5 and the values of 1.5 nm for Sr?*: 1.4 nm for Ca?*
and 1.0 nm for La% were obtained tentatively. The
values were slightly greater than those expected for
the free ions. The jon of La® has a large charge and
might come closer to the complex than the bivalent
cations.

Although much work has supported a dissociation
mechanism, a twist mechanism can not be excluded,
since the activation parameters are more suitable for
the twist mechanism,’® and the ligand water is not
liberated easily.® Then the reaction may involve two
mechanisms. One is independent of ionic effects and
would be the twist mechanism, the rate constant of
which is £, Another is dependent on the cations and
the dissociation mechanism would be predominant, the
rate constant of which is ky. When In k4 was plotted
vs. lle;, without dividing k,4sq into k, and ky, some
linear plots of negative slope were obtained, as shown
in Fig. 2, but the positive slopes, which are expected
for reactions between ions of the opposite sign, were
not obtained. With an increase in the concentration
of the organic solvent, the k; value decreased, but on the
other hand the kyo value increased. These results
suggest the existence of two different mechanisms. If
the intermediate with a unidentate oxalato ligand
formed by the dissociation is stabilized with an increase
in the g, value of solvent, it is unreasonable that k,peq
becomes small in N-methylacetamide-water system.
The ¢, value of N-methylacetamide is 182 and is much
larger than that of water.?” Kelm et al.%) explained
this decrease in terms of Grundwald-Winstein’s Y-
parameter. The rapid decrease of ko with an increase
in the concentration of the organic solvent could be
elucidated by such a solvent effect.

The authors wish to thank Professor Taro Isobe for
useful suggestions during this work.
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