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Synopsis. The behavior of secondary copper di-
thizonate in carbon tetrachloride, chloroform, 1,2-dichloro-
ethane, benzene, monochlorobenzene, o-dichlorobenzene, and
nitrobenzene has been investigated by a kinetic study of the
back-extraction of the copper ion in order to clarify the extrac-
tion mechanism and to ascertain the chemical form of this
chelate.

Dithizone (diphenylthiocarbazone, H,Dz) forms an
extractable, colored chelate with about twenty metals
by replacing one or both hydrogen atoms, yielding the
primary and the secondary dithizonate.»® The primary
dithizonate of copper (Cu"(HDz), type)® is formed in
an acidic solution and appears as red-purple, while a
secondary complex of a yellow-brown color (Cu"Dz,?
Cu'(HDz),%% or Cu",(Dz),» type) is formed in a basic
solution or in the presence of a deficit of dithizone. The
extraction mechanism and the structure of the secondary
dithizonate of copper have not yet been fully eluci-
dated.-%

Experimental

The secondary dithizonate of copper in an organic solvent
containing no free dithizone was prepared around pH 11
under the so-called substoichiometric conditions by adding
an excess of copper ions over the equivalent amount of di-
thizone. After the phase separation, the organic phase was
shaken with the same volume of an acidic aqueous solution
adjusted to a desired pH with 0.1 M acetic acid. The aqueous
phase was separated from the organic phase by centrifugation,
and then the pH was checked again. The concentration of
copper ions back-extracted into the aqueous solution was
determined by atomic absorption spectrophotometry. The
amount of the initial secondary complex was also determined
by atomic absorption spectrophotometry after all the copper
has been extracted into 6 M hydrochloric acid. All the ex-
tractions were carried out in a thermostatic room at 20 °C.

Results and Discussion

The change in the absorption spectra in the course
of the back-extraction of the secondary copper dithizo-
nate in carbon tetrachloride at pH 3.0 was determined;
the results are shown in Fig. 1(a), in which No. 1 is the
spectrum before the back-extraction. The spectra grad-
ually change to No. 2, that of the primary copper di-
thizonate after a few hours’ shaking; there are two
isosbestic points—at 497 and 615 nm. The spectrum
of dithizone in carbon tetrachloride is also shown in
Fig. 1(a) (No. 3). Moreover, an extraction reaction
between the primary complex in carbon tetrachloride
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Fig. 1. (a) The change of the absorption spectra of
copper dithizonate in carbon tetrachloride with the
formation of Cu(HDz), from CuDz by back-extraction
at pH 3.0
(1) (CuDz)p14151=3.3%x 105 M (2) Cu(HDz),=2.5%
10 M (3) H,Dz=4.0x10°* M
(b) The change of the absorbance of CuDz at 450 nm
and Cu(HDz), at 550 nm in carbon tetrachloride by
the formation of CuDz from Cu(HDz), and Cu?* at
pH 3.0
(Cu(HDz)y) 1n1111=5% 10-* M, (Cu®*) 15410 =3X% 10*M
(1) CuDz (2) Cu(HDz),

and copper ions took place at pH 3.0; the change in the
absorption spectrum of the secondary and primary com-
plexes with the shaking time were determined at 450 nm
and 550 nm respectively. The results are shown in
Fig. 1(b). From these results, it is clear that the ex-
traction equilibrium between the secondary copper di-
thizonate and the primary copper dithizonate in carbon
tetrachloride is reversible under the present conditions:

2CuDz + 2H* = Cu(HDz), + Cu?* (1)
Fig. 2(a) shows that the amount of copper ions in-
creased in an aqueous phase with the shaking time in
the relation of a hyperbolic curve, when the reaction
was performed in carbon tetrachloride. The following
two relations have been found to hold from the results
after the determination of copper ions.
(Cu(HDz),)o = (Cu?*) 2)
For the remaining secondary dithizonate,

(CuDz)g = (CuDz)iym — (Cu(HDz),) — (Cul7)
= (CuDz) 01 — 2(Cu??) &)
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20 - TABLE 1. THE DIELECTRIC CONSTANT, &, OF THE ORGANIC
@ e SOLVENTS AND THE WAVELENGTH OF THE ABSORPTION
E Ly /0/0 MAXIMUM, A,,,5x, OF THE SECONDARY COPPER
2 ok F° DITHIZONATE AND DITHIZONE IN
=2 fo THESE SOLVENTS
05§
= Amaxs DM
B \ . Solvent € P,
O, o 30 ) 6(1)11 R % 120 CuDz H,Dz
Carbon tetrachloride 2.24 450 450 627
B e / Chloroform 4.81 448 441 610
1,2-Dichloroethane 10.36 450 450 620
= 10 / Benzene 2.28 454 454 627
2:)3 o Monochlorobenzene 5.62 454 457 629
=l o-Dichlorobenzene 9.93 458 457 629
S Nitrobenzene 34.82 448 441 610
% o 02 03

1/¢
Fig. 2. The effect of the reaction time on stripping of
Cu?* from CuDz in carbon tetrachloride at pH 2.93.
(CuDz)p11a1=8.6 X 10°* M

where ( ) and ( ), designate the concentration of
chemical species in the aqueous and the organic phase
respectively. The term of (CuDz);,;tia indicates the
concentration of the secondary dithizonate at the start
of the reaction. The kinetic study of the reaction shows
that the increasing rate of the copper ion in the aqueous
phase is the pseudo-second order reaction.

d(Cu2*)/d¢ = k(CuDz)g? 4)
d(Cu**)/dt = k{(CuDz),,11; —2(Cu2*) 2 (5)
1/(Cu*) = 1/{k(CuDz)}uait} + 2/(CuDz) pir (6)

This equation shows that the reciprocal of the concentra-
tion of the copper ion is proportional to the reciprocal
of the reaction time, that is, the shaking time, t. As is
shown in Fig. 2(b), the 1/(Cu?t) vs. 1/t plot is linear at
pH 2.93. This fact indicates that the treatment of the
back-extraction mechanism of the secondary copper
dithizonate in carbon tetrachloride is valid. The back-
extraction of the secondary copper dithizonate in other
solvents, such as 1,2-dichloroethane, benzene, mono-
chlorobenzene, o-dichlorobenzene, and nitrobenzene,
was also investigated by shaking a solution of them with
an aqueous solution of pH 2.90—2.95. In the case of
the complex in a chloroform solution, the back-extrac-
tion ‘at pH 1.46 was examined because a distinct back-
extraction reaction in the pH region mentioned above
was observed. The wavelengths of the maximum ab-
sorptions of the secondary dithizonate in the seven
solvents against the dielectric constants of the solvents
are given in Table 1, together with those of dithizone.
The plots of 1/Cu®* vs. 1/t obtained with these solvents
are shown in Fig. 3. This shows that the primary com-
plex which had been formed by Reaction (1) acted
with a proton to effect the following reaction:

Cu(HDz), + 2H* —= 2H,Dz + Cu?* (7)

Dithizone was released as a matter of course. The
solvents showing the break in the line have relatively
high dielectric constants. This fact is compatible with
the general rule that-the polar solvents have stronger
effects on the solutés thdan the non-polar solvents. It
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Fig. 3. The effect of the reaction time on stripping of
Cu?t from CuDz in various organic solvents at pH
2.90—2.95.

Solvent (CuD2z) 10101 pH
—@— chloroform 49x10" M 1.46
—(CO— 1,2-dichloroethane  9.5x 105 M 2.92
—@— benzene 7.7x10° M 2.90

—(&)— monochlorobenzene 9.7 x10-5 M 2.90
—@O— o-dichlorobenzene 8.0x10-* M 2.90
—(@— nitrobenzene 5.5%x10* M 2.95

is clear from these results that the extraction equili-
brium between the secondary copper dithizonate and
the primary dithizonate is reversible and that the
secondary copper dithizonate is of the Cu”Dz type.
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