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Partition coefficients of dimethyldithiocarbamic acid and its copper(II) chelate have been determined in
various organic solvents -0.10 mol dm™3 aqueous perchlorate solution systems at 25°C. The effects of inert
organic solvents are explained with the aid of the regular solution theory. Also, a linear free-energy relationship
between the partition coefficient of the copper(II) chelate and that of the reagent is demonstrated. The partition
coefficient of the copper(II) chelate is compared with that of bis(2,4-pentanedionato)copper(II) and various
factors governing the partition coefficients of these chelates are discussed with the aid of the scaled particle

theory.

Dithiocarbamate derivatives are highly versatile
chelating agents for the separation and determina-
tion of metals by solvent extraction, liquid chroma-
tography, etc. In chelate extraction, the extractability
of metal ions can be expressed by the partition coef-
ficients of the reagent and the neutral metal chelate,
the acid-dissociation constant of the reagent, and the
stability constant of the chelate. The partition coef-
ficients are strongly dependent on organic solvents
and are the most important factors affecting the ex-
tractability of a metal ion. However, the partition
for dithiocarbamate-group reagents and their metal
chelates even for a diethyldithiocarbamate reagent
which is most frequently used in extraction separation
has been scarcely investigated. The effect of organic
solvents has not been investigated at all.

In this research, the partition coefficients of di-
methyldithiocarbamic acid(Hdmdtc), the most simple
compound in the dithiocarbamate group, and its
copper(II) chelate (Cu(dmdtc)2) were determined in
various organic solvent systems. Here, the relation-
ship between the partition coefficient of the chelate
and that of the reagent is theoretically explained. Such
a relationship has been thoroughly studied regard-
ing various B-diketone systems in this laboratory.1=9
The solvent effect has been elucidated with the aid
of the regular solution theory and the scaled particle
theory. Some factors governing the partition coef-
ficient of the metal chelate are discussed by compar-
ing the partition coefficient of Cu(dmdtc)z with that of
bis(2,4-pentanedionato)copper(II)(Cu(acac)z).?

Experimental

Reagents and Apparatus. Sodium dimethyldithiocarbamate
dihydrate (Nadmdtc-2H20) was obtained from Tokyo Kasei
Co., Ltd. and was purified by recrystallization from acetone-
absolute ether. Bis(dimethyldithiocarbamato)copper(II) (Cu-
(dmdtc)?) was obtained from Tokyo Kasei Co., Ltd. and
purified by vacuum sublimation.

A carrier-free radioisotope, ¢Cu, was produced by a
photonuclear reaction of #Zn(-y,p)¥Cu. Radioactive copper-
(IT) perchlorate solutions of the desired concentration were
prepared as described in a previous paper.?

Organic solvents were purified by the usual chemical

treatment and distillation. The ionic strength in the aque-
ous phase was adjusted to 0.10M (1 M=1 moldm™3) by the
use of sodium perchlorate. Other reagents and equipment
were the same as those used previously.?

Measurements of Partition Coefficient (Pa) of Hdmdtc by a
Kinetic Method. Dithiocarbamate group reagents have a
strong tendency to decompose in acidic aqueous solutions.
The partition coefficient of dimethyldithiocarbamic acid
was determined by utilizing its decomposition reaction in
the aqueous phase. The partition coefficient of Hdmdtc be-
tween carbon tetrachloride and 0.10—0.03 M perchloric
acid solutions with an ionic strength of 0.10 was deter-
mined by measuring both the stripping rate of Hdmdtc
from the organic to the aqueous phase and the decomposi-
tion rate in the aqueous phase. The organic solution of
Hdmdtc was prepared by an extraction, as follows: A 1cm3
portion of a 0.06 M Nadmdtc aqueous solution was added
to 9cm3 of 0.03M perchloric acid and 10cm?® of carbon
tetrachloride in a centrifuge tube with a ground-glass stop-
per. Immediately, the contents were shaken for 15s and
centrifuged for 30s at 4000rpm. The organic phase was
taken out and diluted to about a 5X10~4M Hdmdtc solution
with carbon tetrachloride.  This working solution of
Hdmdic was prepared just before the following kinetic
stripping experiment. This Hdmdtc solution (5cm?) was
vigorously shaken for various times between 10 and 150s
with an equal volume of 0.10M or 0.03M perchloric acid
solution. The shaking speed was as high as 430 strokes
per min in order to attain a rapid mass transfer of the
organic-aqueous interface. Immediately after centrifuging
for 30s, the absorbance of Hdmdtc in the carbon tetra-
chloride phase was measured at 285nm. The decomposi-
tion of Hdmdtc in the organic phase during the shaking
within 150s could be neglected. The stripping-rate con-
stant of Hdmdtc was calculated from the absorbance meas-
urement at various shaking time intervals.

The decomposition rate of Hdmdtc in an aqueous phase
was separately measured by spectrophotometry. The decrease
in absorbance at 270 nm was measured as a function of time
after an injection of 0.01 cm?3 of a 0.06 M Nadmdtc aqueous
solution into an optical cell containing 4cm3 of a 0.10M
or 0.03M perchloric acid solution saturated with carbon
tetrachloride. All experiments were carried out in a thermo-
stated room at 25%+1°C.

Measurements of Distribution Ratio (Da) of Hdmdtc. A
0.1 cm3 portion of 0.1—0.4 M Nadmdtc in water was added
to a centrifuge tube containig 5cm3 of an organic solvent,
1cm3 of 0.50 M sodium perchlorate, and 3.9cm3 of a 0.01
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M phosphate buffer solution of pH 5.5—7.0. The contents
were shaken for 30s and centrifuged for 30s. An aliquot
of each phase was pipetted out. The aqueous phase was
diluted with 0.1 M sodium hydroxide to about 100-fold
and the absorbance was measured at 280nm. In the alkali
solution,- dimethyldithiocarbamate was very stable and its
molar absorption coefficient was 13800 M~'cm~1! at an ab-
sorption maximum of 280nm due to the dmdtc™ anion.
To determine the Hdmdtc concentration distributed in the
organic phase, the organic phase was shaken with an ap-
propriate volume of a 0.1 M sodium hydroxide solution for
3min. Dimethyldithiocarbamic acid was back-extracted
into the alkaline aqueous solution and determined by meas-
uring the absorbance at 280 nm. The distribution ratio
of the dimethyldithiocarbamate was calculated from the con-
centration of each phase. The equilibrium pH value was
measured with a glass electrode just after shaking.

Measurements of Partition Coefficient (Pm) of Cu(dmdtc)z.
A small portion (0.01 cm3) of a 5X10-5—5X10-2 M radioactive
copper(Il) solution was added to a 30cm?® centrifuge tube
containing 5cm3 of an organic solvent and 5cm3 of a 1X
10~4—1X10-2M Nadmdtc aqueous solution (pH 7—8). The
contents were shaken for 15—60 min. After centrifuging, an
aliquot (0.1—3 cm3) was very carefully taken from each phase.
The -y-activities of each phase were measured with a well-type
Nal(TI) scintillation counter and the partition coefficient
of the copper(Il) chelate was calculated. The equilibrium
pH value was measured with a glass electrode.

A back extraction was performed as follows. An organic
phase containing the radioactive copper(II) chelate which
was prepared in the forward extraction (as just mentioned
above) was shaken with the aqueous phase containing
Nadmdtc at pH 7—8. The Py value was determined by the
same manner as that for the forward extraction.

Results

Partition Coefficient of Hdmdtc. Since dimethyl-
dithiocarbamic acid very rapidly decomposes in an
acidic aqueous solution, the partition coefficient was
determined using the decomposition reation (decom-
position rate) of Hdmdtc. When different organic solu-
tions containing Hdmdtc were shaken with the aqueous
solutions at pH 1—2, their concentrations in the
organic phase decreased with an increase in the
shaking time. This decrease was faster in accordance
to the following order for organic solvents; benzene<<
carbon tetrachloride<heptane. This phenomenon seems
to be due to the following reactions,

Hdmdtc,,, —= Hdmdtc (1)

Hdmdtc — (CH,),NH + CS,, @)

where the subscript org denotes the species in the
organic phase. The equilibrium constant for Eq. 1 cor-
responds to the partition coefficient of Hdmdtc and
the rate constant for Eq. 2 is the decomposition-rate
constant (kaq) in the aqueous phase. The decomposi-
tion rate of the aqueous phase in a sufficiently low
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Table 1. Rate Constants for Stripping (kst) and Decom-
position (kq) and Partition Coefficient (Pa) of
Dimethyldithiocarbamic Acid in
the Carbon Tetrachloride
System at 25°C

[H*] kst ka® o
Pa
M 10-3s-1 10-25-1
0.10 4.62 6.42+0.22 12.940.5
0.030% 3.85 5.4940.14 13.340.4
0.030? 3.78 5.4910.14 13.540.4

Average value of Pa: 13.210.4.
a) I=0.10 by NaClOy4. b) Result for three measure-
ments. c) Calculated from Pa=ka/kst—1.

pH region can be written as follows:5.®

_ d[Hdmdtc] _

& k[Hdmdtc). 3)

On the other hand, the decrease in the Hdmdtc
concentration in the organic phase upon shaking is
given by

_ ‘HH—%‘% = ky[Hdmdtc],g, )

where kg is the stripping-rate constant. From Egs. 3
and 4, the following relation is obtained,

ks
ke,

P, = - L (5)
Respective first-order plots of Egs. 3 and 4 gave good
linear relationships from which the rate constants, k4
and ks, were determined. The results for the carbon
tetrachloride-perchloric acid system are shown in Table
1. The Pa values obtained at different perchloric
acid concentrations are consistent within experimental
€error.

The distribution ratio of dimethyldithiocarbamate
is expressed by

[Hdmdtc],,,

D = Hamdte] + [dmdteT )

This can be written using Pa and the acid-dissociation
constant, K,

P,

D= TR v

If [H*] is much smaller than K,

p, = Ll ()

Figure 1 shows plots of log Da vs. pH for various
organic solvent systems. Each plot is close to a straight
line with a slope of —1; thus, Eq. 8 was found to hold
in the pH regions as expected from the pK, value of
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Fig. 1. Distribution ratio of dimethyldithiocarbamate
as a function of pH in various organic solvent
systems.

O: Benzene, A: isopropylbenzene, @: carbon
tetrachloride, @: dibutyl ether, [J: heptane, V:
hexane.

Hdmdtc shown below. The pK, value of Hdmdtc can
be obtained using the P value determined for the
carbon tetrachloride system (Table1). The value was
determined to be 3.05+0.06 (the activity of hydrogen
ions was used in place of the concentration in Eq. 8).
This is in agreement with a value of 3.21 for an
ionic strength of 0.01.9 The partition coefficients of
Hdmdtc in organic solvent systems other than carbon
tetrachloride can be readily determined from Eq.8
using the K, value. These date are listed in Table 4.

Partition Coefficient of Cu(dmdtc)s. The dis-
tribution ratio of copper(II) is expressed by

_ [Cu(dmdtc),)org ©)
"~ [Cu?*] + [Cu(dmdtc)*] + [Cu(dmdtc),] +---

Dy

and can be written using the partition coefficient of
Cu(dmdtc)z and the overall stability constant(f3,) in the
aqueous phase,

Py [dmdtc-T?

D, = .
7 1 + B[dmdtc] + B[dmdtc F +---

(10)

If the dimethyldithiocarbamate concentration in the
aqueous phase is sufficiently high and the formation of
such anionic complexes as Cu(dmdtc)s~ is negligible,
the Dm values become independent of the ligand
concentration and are consistent with Pm. To con-
firm this, Py was determined at different ligand
concentrations (Table 2). The obtained Py values are
thought to be constant within the experimental error
when the ligand concentrations are altered by two
orders of magnitude. The values obtained by forward
extraction of copper(II) are in good agreement with
those obtained by back extraction. This result demon-

Solvent Effect on Partition Coefficients of Dimethyldithiocarbamates 623

Table 2. Partition Coefficient of Cu(dmdtc)z at
Different Dimethyldithiocarbamate
Concentration in the Heptane
System at 25°C

[dmdtc-)/M pH log Pm
2.0X104 6.37 2.238
2.0X10 6.00 2.236%
2.0X10-3 7.18 2.223
2.0X10-3 6.09 2.217%
1.0X10-2 7.65 2.196
1.0X10-2 7.61 2.201%
2.0X10-2 7.71 2.210

Concentration of copper(II): 1.0X10-7 M.
a) Obtained from back extraction.

Table 3. Partition Coefficient of Cu(dmdtc)z at
Different Copper(II) Concentrations in the
Carbon Tetrachloride System at 25°C

[Cu(I)]’M log Pwm
5.0X10-7 3.687
5.0X10-7 3.736*’;
5.0X10~7 3.669*
5.0X10~7 3.7879
1.2X10-5 3.690
1.2X10-5 3.688%
1.2X10-5 3.781%
1.2X10-5 3.788%

Concentration of dmdtc—: 1.0X10—2 M.
a) Obtained from back extraction.

strates the complete attainment of the partition
equilibrium of the copper(II) chelate.

The Pm value was measured at different copper(II)
concentrations to ascertain the absence of a polymerized
species of the chelate in the organic and aqueous
phases. The results for the carbon tetrachloride system
are shown in Table 3. A constant Pm was obtained
within the experimental error when the copper(II)
concentration was altered by more than an order of
magnitude. The Py values of Cu(dmdtc)z in various
organic solvent systems are summarized in Table 4.

The partition coefficients of Cu(dmdtc), were larger
than those of Hdmdtc in all the solvents and the order
of the solvents for each solute was the same, i.e.,
benzene>isopropylbenzene>carbon tetrachloride>
dibutyl ether>heptane~hexane.

Discussion

The partition coefficient of a molar fraction scale
can be written using a modified equation based on
the regular solution theory,?

V,
lnpg = R_}[wa - Coo + 2(Coz_Cw2,)]’ (ll)

where V and C are the molar volume and the cohe-
sive energy density, respectively. The subscripts (2, w,
and o) denote the solute, water, and organic solvent,
respectively. The parameter Cwz’ expresses the interac-
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Table 4. Partition Coefficients of Hdmdtc (Pa) and Its Copper(II) Chelate (Pwm) at 25°C

&%

c)

. M

No. Organic solvent peTyry—s log Pa log Pum
1 Hexane 7.27 0 0.28+0.05 2.2310.04
2 Heptane 7.43 0 0.38+0.04 2.2140.02
3 Carbon tetrachloride 8.58 0 1.121+0.01 3.7110.05
4 Isopropylbenzene 8.53 0.39 1.2210.03 4.311+0.03
5 Benzene 9.16 0 1.65+0.04 4.57%

6 Dibutyl ether 7.62 1.18 0.73£0.02 3.42+0.02

a) Average of two measurements. b) Solubility parameter calculated from heat of vaporization at 25°C.1®

¢) Dipole moment (1D=3.333X10-3° Cm).

140

T o -3
Bv—zln P + Coo 7 cal Cm

&,/ cal'/2em3/2

Fig. 2. Evaluation of the partition coefficients based
on the regular solution theory. The numbers cor-
respond to those in Table 4.

A: Hdmdtc, @: Cu(dmdtc)s.

tion between the solute and water involving a specific
interaction such as hydrogen and coordination bond-
ing. If a geometric mean approximation for Co2
with the solubility parameters, §, is valid, Eq. 11 can
be rewritten as follows,

RT
Ve

In P§ + G, = 20,0, + C,, — 2C,,". (12)

A linear relationship between the left hand side of
Eq. 12 and 8, is expected. An apparent solubility
parameter of the solute(d2) and the interaction term
with water (Cww—2Cw2’) can be obtained from the slope
and the intercept, respectively. Figure 2 shows plots
for Hdmdtc and its copper(Il) chelate, where their
molar volumes were estimated as follows. The van
der Waals volume? of Hdmdtc can be calculated
to be 62.81 cm®mol~! and is very close to that of
enol of 2,4-pentanedione(acetylacetone, Hacac),
60.14 cm3mol~1. Assuming that the ratio of the van
der Waals volume to the molar volume of each
chelating agent is the same in Hacac (the molar
volume; 101.59 cm3mol-19) and Hdmdtc, the molar
volume of Hdmdtc (106 cm3mol-?) is obtained. The
molar volume of Cu(dmdtc); was estimated to be 190

cm? mol—1 using the relation between the molar volume
of acetylacetone and that of its copper(II) chelate.? In
the plots of Hdmdtc and its copper(II) chelate, good
linear relationships are found for non-polar organic
solvents, except for dibutyl ether (Fig. 2). It seems that
the organic solutions of these solutes can be taken as
apparently regular solutions and that the solvent effects
can be interpreted according to Eq. 12. The apparent
solubility parameters of Hdmdtc and Cu(dmdtc); were
calculated to be 12.2 and 12.7 cal”?cm™? (conversion
factor: 1 cal”?cm™?=2.0455 J"2cm™?) respectively
from the slope of the plots as described above. Since
these values were obtained using a limited number of
solvents (i.e., hexane and heptane in alkanes, carbon
tetrachloride of haloalkanes and benzene and iso-
propylbenzene of phenyl compounds), it is difficult
to precisely determine their magnitudes. However, the
value for Cu(dmdtc)z is larger than those for copper(II)
B-diketonates such as acetylacetonate (11.6 cal”>cm™%),
1,1,1-trifluoro-2,4-pentanedionate (11.2 cal”?cm™?),
and 1-(2-thienyl)-4,4,4-trifluoro-1,3-butanedionate
(11.0 cal”?>cm™%), which were determined by means of a
similar technique.¥ This suggests a somewhat high
polarity of the former. Metal dithiocarbamate chelates
have lone-pair electrons at nitrogen atoms which are
readily released from nitrogen to sulfur atoms.?—12
This seems to be responsible for the polarity of the
dimethyldithiocarbamate molecule and may cause
interactions with a solvent having a large dipole
moment, such as dibutyl ether. Hence, it follows that
a positive deviation for dibutyl ether for Eq. 12 can
be observed from Fig. 2.

The parameter, Cww—2Cw2’, of Cu(dmdtc)2, which
indicates the interaction between the solute and
water, is the same as that of the reagent, i.e., —110 cal
cm~3 (convergion factor: 1 cal cm™3=4.184 J cm—3) was
obtained from the plots for Eq. 12 (Fig. 2). This
result means that Cu(dmdtc)z has no specific interac-
tion with water (such as coordination bonding to the
central metal) and is remarkably different from that
in the acetylacetonate system.? In fact, the absorp-
tion spectrum of the dimethyldithiocarbamate chelate
in donor solvents such as dibutyl ether and acetone
was almost the same as that in carbon tetrachloride
and benzene (the absorption peak was at 435nm in
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log Py

log Py

Fig. 3. Relationship between the partition co-
efficients of the copper(Il) chelate and the reagent.
@®: Cu(dmdtc)s, A: Cu(acac)z.?

these solvents) and the change in the absorption spec-
trum of the acetylacetonate chelate in dibutyl ether
and water was observed.?

Since Eq. 12 holds for a chelate and a reagent, the
following relation can be derived,

0 __ Vu o 2V__l —
log Py = v, log P} + 2.30RT(5I 04)0,

2Vy

'm—RT(C.A' —Cox)- (13)

+
If the difference between 6m and 6a as well as be-
tween Cwm’ and Cwa’ is small, that is, solute-solvent
interactions for the chelate are similar to those for
the reagent, a plot of log Py vs. log PR is expected to
be a straight line with a slope of two (Vm/Va is ap-
proximately equal two) passing through the origin.
Figure 3 shows plots for Cu(dmdtc)z together with those
for Cu(acac)z2.39 The plots of Cu(dmdtc)z are close to a
straight line as expected from the preceding discussion;
however, those of Cu(acac)z are in a much lower region.
This suggests that the specific solute-water interactions
are weak for the dimethyldithiocarbamate chelate but
remarkably strong for the acetylacetonate chelate.

As described in a previous paper,? it is difficult
to discuss the strict physical meaning of the solute-
water interaction parameter based on the simple
regular-solution concept, but it is worth evaluat-
ing a solute-water interaction with the aid of the
scaled particle theory(SPT), which is applicable to an
aqueous solution without any adjustable parameters.

The partition coefficient can be written using the
Gibbs free energy for the cavity formation(G.) and
for an interaction (G;) in the organic and aqueous
phases,2:13

&e.w _ée.o él.w - él.o
e . (14)

lnP2= RT
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Cutdmdtc),

In P,

a;  Hacac(enol)
o™ Hdmdtc

2 } .
' Culacac),

L L 1 L
4 6 8
o /108 cn

Fig. 4. Comparison of the partition coefficients of
dimethyldithiocarbamates and acetylacetonates®
with those of cavity calculated by the scaled particle
theory in the carbon tetrachloride system. Solid line
shows the calculated value of (C_;c,w—(_}c,o)/R T.

The cavity-formation energy can be calculated using
the SPT;19

G.=— RTIn(1—y) + RT 2 (&)

=)\ 0,
el )
*RT[I—y+2<1—y o) V7o \o

(15)

where o1 and o2 are the molecular diameters of the
solvent and solute, Na is Avogadro’s number, p is the
pressure, p is the number density of the solvent and
y is the packing fraction (y=mp0;3/6). The molecular
diameter of the solute was estimated using an empirical
correlation? between the molecular diameter of various
compounds determined by the SPT4:19 and their molar
volumes. The values for Hdmdtc and Cu(dmdtc):
are 5.59X10-8 and 6.98X10-8 cm, respectively. Figure
4 shows the partition coefficients of Hdmdtc, Hacac-
(enol) and respective copper(Il) chelates as a func-
tion of the molecular diameter. The solid line indi-
cates the hypothetical partition coefficient of the
cavity, which may be considered to be of a solute where
Giw=Gio. The plots for Hdmdtc and Hacac are sim-
ilar, but those of both the copper(Il) chelates are
significantly different. The partition coefficients
of Hdmdtc and Cu(dmdtc) lie close to a solid line
calculated according to the SPT, compared with that of
Cu(acac)e. This means that the difference in the
interaction energies for solute-carbon tetrachloride
and solute-water is not so great for Cu(dmdtc)2 and
Hdmdtc. Consequently, the partition coefficient in this
system is mainly governed by the difference between the
cavity-formation energy in the organic and aqueous
phases. On the other hand, the partition coefficient of
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Cu(acac)z is remarkably lower than that of Cu(dmdtc)2
as well as the cavity. This suggests that interactions of
Cu(acac)z with water molecules are much stronger
than that with organic solvent molecules.

Such differences regarding dimethyldithiocarba-
mate arnid the acetylacetonate chelate in solute-solvent
interactions may be ascribed to the nature of their
coordination bonds. The dimethyldithiocarbamate
chelate involving sulfur donor atoms has a larger effect
on ligand field stabilization than the acetylacetonate
chelate involving oxygen donor atoms. Hence, the
copper(II)-sulfur bonding is more covalent.16:1? This
results in a greater electron transfer from the ligand
to the metal. Consequently, in the dimethyldithiocar-
bamate chelate the ability of the further coordina-
tion to the central metal with donor solvents and of
the hydrogen bonding to the donor atoms of the
ligand is much lower than that in the acetylacetonate
chelate.

In conclusion, the partition coefficient of Cu(dmdtc)z
was close to that calculated from the difference
of the cavity-formation energy between the organic
and the aqueous phase. The partition coefficients
of the chelating agents, Hdmdtc and Hacac(enol),
did not deviate much from that calculated from the
cavity-formation energy. This suggests that specific
interactions with water are weak for those solutes,
especially for Cu(dmdtc)z. On the other hand, the par-
tition coefficient of Cu(acac)? was remarkably lower
than that calculated from the cavity-formation energy.
This suggests that the specific interactions between
Cu(acac)z and water, such as coordination and hydro-
gen bonding,? are strong.

[Vol. 59, No. 2

References

1) T. Omori, T. Wakahayashi, S. Oki, and N. Suzuki, J.
Inorg. Nucl. Chem., 26, 2265 (1964).

2) H. Watarai, H. Oshima, and N. Suzuki, Quant. Struct.
Act. Relat., 3, 17 (1984).

3) H. Imura and N. Suzuki, J. Radioanal. Nucl. Chem.,
88, 63 (1985).

4) H. Imura and N. Suzuki, Talanta, 32, 785 (1985).

5) S.]J. Joris, K. I. Aspila, and C. L. Chakrabarti, J. Phys.
Chem., 74, 860 (1970).

6) K. I. Aspila, C. L. Chakrabarti, and V. S. Sastri, Anal.
Chem., 45, 363 (1973).

7) A. Bondi, J. Phys. Chem., 68, 441 (1964).

8) M. Inoue, Y. Arai, S. Saito, and N. Suzuki, J. Chem.
Eng. Data, 26, 287 (1981).

9) D. Oktavec, E. Beinrohr, B. Siles, J. Stefanec, and
J. Garaj, Collection Czechoslov. Chem. Commun., 45, 1495
(1980).

10) R. Kellner, Anal. Chim. Acta, 63, 277 (1973).

11) B. B. Kaul and K. B. Pandeya, J. Inorg. Nucl. Chem.,
40, 229 (1978).

12) M. L. Riekkola, T. Pakkanen, and L. Niinist, Acta
Chem. Scand., Ser. A, 37, 807 (1983).

13) H. Watarai, M. Tanaka, and N. Suzuki, 4nal. Chem.,
54, 702 (1982).

14) R. A. Pierotti, Chem. Rev., 76, 717 (1976).

15) E. Wilhelm and R. Battino, J. Chem. Phys., 55, 4012
(1971).

16) T. R. Reddy and R. Srinivasan, J. Chem. Phys., 43,
1404 (1965).

17) A. K. Gregson and S. Mitra, J. Chem. Phys., 49, 3696
(1968).

18) J. A.Riddick and W. B. Bunger, “Organic Solvent,” in
“Techniques of Chemistry,” Wiley-Interscience, New York
(1970), Vol. 2.






