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Infrared Spectra of Metal Dithizonates

ARNE DYFVERMAN

Government laboratory for forensic chemistry (Statens rittskemiska laboratorium),
Stockholm 60, Sweden

Solid phase infrared spectra of a number of dithizonates were
recorded. They were found to be of four different types:

Dithizone.

Primary dithizonates of Ni**, Pd?+, Pt*+, and Co.

Secondary copper(Il) dithizonate.

. Primary dithizonates of Au*t, Ag+, Hg*t, Tlt, Cu®+, Zn2+, Cd*t,
In®+, Pb2t and Bi®t.

This indicates, that the two groups of primary dithizonates may
have different structures.

20 00

Dithizone (diphenylthiocarbazone; CiH,-N=N-CS-NH-NH-C4H;; HDz) has be
come of great importance as a reagent for the determination of heavy metals.
At least 18 metals give chelate compounds with dithizone, but some of them
are very unstable. Primary and secondary dithizonates are known. The primary
dithizonates, e.g. Hg'"Dz, or Ag'Dz, are the most important. About seven
metals also give secondary dithizonates, such as CuDz.

The structure of crystalline mercury dithizonate was elucidated by Hard-
ing,! but the structures of other metal dithizonates are still largely unknown.
Irving and Cox 2 compared absorption spectra, in the visible region, of several
dithizone complexes in carbon tetrachloride and found, that the complexes
of nickel, palladium, platinum and gold gave spectra, which differed from
those of other dithizonates. They pointed out, that the configuration of the
ligand is probably not the same for all dithizonates.

To throw further light on this problem, infrared spectra of metal dithi-
zonates were recorded. The purpose of this work was also to faciliate the
indentification of small amounts of metals, e.g. in toxicology. As the chelates
are only sparingly soluble in organic solvents, solid phase spectra of dithizonates
were prepared by the potassium bromide disk method. The N—H stretching
frequencies around 3200 ecm™ for dithizone and the dithizonates of Cu, Hg,
and Co have previously been studied by Duncan and Thomas,? but other records
were not found in the literature.

Acta Chem. Scand. 17 (1963) No. 6



1610 ARNE DYFVERMAN

EXPERIMENTAL

Reagents. Glass-distilled water and chloroform were used, also for the preparation of
reagents and solutions. The chemicals were of analytical grade when obtainable.

Dithizone solution. A purified solution of dithizone in chloroform was prepared in the
following way: Dithizone (0.2 g) in chloroform (100 ml) was shaken with dilute ammonium
hydroxide (1 + 20, 200 ml). The water phase was filtered, acidified with dilute sulphuric
acid and shaken with chloroform (200 ml). The organic phase was separated and diluted
with another 200 ml of chloroform. The solution was stored in the refrigerator under a
layer of sulphurous acid of the following composition: water (400 ml) 4+ Na,S0,.7H,0
(40 g) + H,S0O, (5 N, 50 ml). The dithizone solution thus prepared was 1.75 mM. The
molarity was determined by extractive titration of a silver nitrate solution (0.01 N,
5 ml) as described by Iwantscheff,* p. 71

Instruments. A Hilger H 800 recording infrared spectrophotometer with double-beam
operation and NaCl optics was used to obtain spectra between 4000 and 650 cm™'. The
slit width at 4000 cm™! was set at 0.15 mm, the auto slit width control at 35 and the cam
speed at 22.5 min/rev. 13 mm potassium bromide disks were pressed at 12 tons in a
vacuum disk-press model 8 and hydraulic press PW 20 from Paul Weber, Stuttgart.

Preparations. In the following one equivalent of a metal is considered as the amount
of metal, that binds one molecule of dithizone and one equivalent of dithizonate as the
amount of a dithizonate, that contains one molecule of dithizone. The preparation of
one dithizonate (NiDz,) will be described first, as an example.

In a separatory funnel ammonium hydroxide (2 -+ 100, 50 ml), hydroxylamine sul-
phate (1 M, 2 ml), chloroform (38.5 ml), dithizone solution (11.5 ml; 20 ymole dithizone)
and nickel sulphate solution (1 mg Ni/ml, 1 ml; 34 pequiv. Ni) were mixed. After shaking
the funnel for 1 min the colour of the extract was brownish black. A further addition of
the nickel standard (1 ml) was made and the funnel shaken again. No colour changes
occurred. The chloroform extract was separated and washed 3 times by shaking with
ammonium hydroxide (2 + 100, 50 ml), 15 sec each time.

The extract was dried over sodium chloride and aliquots (2.5, 5, and 10 ml, corre-
sponding to 1, 2 and 4 pequiv. of NiDz,, respectively) were added into three glass dishes,
containing 0.4 g of potassium bromide (ignited and kept over P,0y).

The dishes were placed overnight in a ventilated, dark compartment at 35°C, where
the chloroform evaporated. The residues were thereafter dried for one or two days in
vacuum over P,0;. The mixture of potassium bromide and dithizonate was now very
carefully pulverised in an agate mortar and dried once more in the same way. The bromide
disks were then pressed and preserved over P,0;.

The other dithizonates were prepared similarly. The reagents and solutions used are
compiled in Table 1, columns 2—8. The metal salt solutions as a rule contained either
1 mg or 10 gequiv. of metal per ml. Some of them had to be acid, but the amount of acid
introduced did not significantly alter the pH of the mixtures, unless mentioned in co-
lumn 4.

The extractions were made from either acid or alkaline solutions (shaking time 2 min).
The “acid’’ extracts were washed 3 times with water (50 ml) and the ’alkaline’’ extracts
3 times with ammonium hydroxide (2 + 100, 50 ml). Three disks, usually containing 1,
2, and 4 pequiv. of dithizonate, respectively, were prepared from each extract.

Blanks were made in nearly all experiments. They were prepared in the same way,
except that the metals were not added. Blanks from acid mixtures (Table 1, col. 2—8)
were used to obtain dithizone spectra. In the blanks from alkaline mixtures, dithizone
was removed when the extracts were washed with ammonium hydroxide. Daylight was
kept out during the preparative work.

The preparation of tin dithizonate was attempted, but the product could not be
investigated because it decomposed too rapidly. Of two secondary dithizonates prepared
(Table 1), one (Cu®*) gave usable infrared spectra. The secondary palladium, platinum,
and silver dithizonates are too slightly soluble in organic solvents to be prepared in the
manner, described in this paper.

Spectra in the visible region. Aliquots of extracts, which had been prepared from acid
solutions, were diluted with chloroform. Extracts from alkaline solutions were diluted
with ammoniacal chloroform to prevent decomposition (chloroform was shaken with
ammonium hydroxide, 2 + 100, and then dried over NaCl). Visible absorption spectra
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were read in a Beckman B spectrophotometer vs. chloroform (Table 1, col. 13). When
the infrared records had been made, a part of one disk from each experiment was crushed
in a centrifuge tube, containing chloroform or ammoniacal chloroform (cf. above). The
solutions were filtered and the absorption spectra read again (Table 1, col. 14). The read-
ings were repeated a few minutes later to see if changes occurred during the time these
measurements were made (Table 1, col. 16). Comparisons between the spectra in col.
13 and 14 showed, that as a rule the substances had not changed markedly in the KBr
disks (Table 1, col. 15).

The visible spectra in col. 14 (and 13) were compared with data in Iwantscheff’s
book * (Table 1, col. 17). The spectrum of the gold dithizonate did not agree with those
data, but we believe that it was the primary gold dithizonate because (1) it was prepared
from acid solution, which is known to favour the formation of primary dithizonates; (2)
the infrared spectrum suggested that the product was a single compound; (3) the infrared
spectrum resembled the spectra of a group of other primary dithizonates. The secon-
dary cobalt dithizonate had partly decomposed. There was no reason to doubt the
identities of the remaining compounds.

Using the spectra of col. 13, yields were calculated for those dithizonates, for which
molar absorptivites in chloroform were available. The yields were for Ni 96 9%,, Hg 102 9,
T1 90 9%, Zn 99 9 and for Cd 90 9%,. However, high yields were not regarded essential,
because the bromide disk method in its present form is only semi-quantitative.

Infrared spectra. The infrared records were made using a pure KBr disk in the refer-
ence beam. The latter was diaphragmed, so that the part with the lowest absorption
came to lie near the 0 9, absorption line. The positions of the peaks were corrected by
calibrating the instrument each day with the help of a Beckman polystyrene film. The
blanks (from alkaline solutions) rarely gave noticeable peaks. Instrument noise occurred
mainly in the 1900—1300 em™ region. 1t was located in records of blanks and pure KBr
disks and taken into account, when the sample spectra were evaluated. The heights of
the peaks were measured from base-lines, often including a group of peaks. Special base-
lines had to be drawn for small peaks in the neighborhood of larger ones. An approxima-
tion of the true intensity of each peak was sought.

The peak intensities were recalculated from 9, absorption to absorbance (A) and ab-
sorptivities were calculated as 100 A/d, where d is the dithizonate content of a disk
expressed in micro-equivalents. The approximate absorptivities thus obtained, from the
three disks in each experiment, were found to be roughly constant.

RESULTS

Peak wave-numbers and intensities of the infrared spectra are collected in
Tables 2 and 3. Comparisons showed, that the spectra could be arranged in
four distinct groups:

1. Dithizone.

2. Primary dithizonates of nickel(II), palladium(II), platinum(II) and
cobalt.

3. Secondary copper(II) dithizonate.

4. Primary dithizonates of gold(III), silver(I), mercury(II), thallium(I),
copper(II), zinc(II), cadmium(Il), indium(III), lead (II) and bismuth(III).

The results indicate, that the two groups of primary dithizonates may have
different structures. The nickel, palladium, and platinum dithizonate spectra
within group 2 were closely related and also those of copper, zinc, indium and
lead dithizonate in group 4. Some of them seemed difficult to tell apart, but
on closer inspection differences became apparent. Further discussion and an
attempt to interpret the spectra will be published later.
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