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ABSTRACT

4-Aminophenazone dithiocarbamate (4-Apdtc) complexes of the type M-(4-Apdtc),,, where
M = Mo(V), Pb(1l), Cd(II), Sb(III), Pt(IT), UO,(II) or Ag(I) and n is the oxidation number of
the metal ion, have been prepared in aqueous alcoholic medium from stoichiometric amounts
of the reactants and suitably characterized. Thermal studies of the complexes have been
carried out to determine their mode of decomposition, apparent activation energy and the
order of each thermal reaction. Infrared spectra suggest that 4-Apdtc acts as a bidentate
ligand.

INTRODUCTION

Dithiocarbamates constitute a class of organo-sulphur compounds having
strong binding properties, and are also known to have a profound effect on
biological ‘systems [1,2]. There has been growing interest in the study of
metal dithiocarbamates, and several transition metal complexes of aliphatic
and aromatic dithiocarbamates have already been studied [3-7]. In the
present communication we report the preparation and detailed investigations
of some metal 4-aminophenazone dithiocarbamates.

EXPERIMENTAL

A Beckman thermometer was used to determine the molecular weight by
cryoscopic method. Thermal studies at 7°C min~"' heating rate were carried
out in oxygen atmosphere at a flow rate of 10 ml min~' on a Setaram G-70
thermobalance taking 20-30 mg sample size. Infrared spectra in the region
4000-200 cm ™' were recorded in the solid state (cesium iodide pellets) on a
Perkin-Elmer 621 IR spectrophotometer. Conductance measurements were
obtained on a Beckman model RC-17A conductivity bridge.

* To whom all correspondence should be addressed.
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Synthesis of the ligand

The ligand, 4-aminophenazone dithiocarbamic acid [8], was prepared in
situ by treating stoichiometric amounts of 4-aminophenazone (KL) dissolved
in a minimum quantity of ethanol with purified carbon disulphide. The
reaction mixture was set aside for about 5 min. 4-Aminophenazone dithio-
carbamic acid, being unstable, could not be isolated. The sodium salt of this
acid (I) was prepared by treating at 5°C with the appropriate amount of
sodium hydroxide for about 2 h. The white crystalline product thus sep-
arated was recrystallized from acetone and dried in vacuo over P,O,;, m.p.
122°C (Tables 1 and 2).
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TABLE 1

Elemental analysis and physical characteristics of the complexes

Compound, colour, % Found (Calcd.) M. wt. Molar
m.p. (°C) found conduc-
C H N S M (calcd.) tance
(mho cm?
mole™ )
Na-(4-Apdtc) 2, 40.1 32 13.6 21.0
white, 122 40.6) (39 (139 (21.2)
Pb-(4-Apdtc),, 35.2 3.1 10.9 16.4 26.5 75024 0.3
yellowish brown, 120 (37.7) (3.1) (11.0) (16.8) (27.1) (763.22)
Cd-(4-Apdtc),, 430 34 12.0 18.9 15.9 660.50 0.5
yellow, 165 @3.1) (3.6) (1250 (192) (16.8)  (668.40)
Sb-(4-Apdtc),, 43.4 3.7 13.3 20.1 11.9 926.54 04
orange, 95 45.5) (3.8 (133 (02 a2 (949.80)
Pt-(4-Apdtc),, 36.8 3.1 11.0 17.0 255 748.10 0.8
yellow, 135 (38.3) (32) (11.3) (17.0) (25.9)  (751.00)
UO0,-(4-Apdtc),, 344 25 10.2 15.2 27.9 820.20 0.9
orange, 180 (348) (29) (102) (15.5) (28.8)  (826.08)
Ag-(4-Apdtc), 370 31 104 162 274 29695 0.2
grey, 185 (373)  (3.1) (109 (166) (27.9)  (308.90)

Mo,0,-(4-Apdic),, 424 32 119 182 140 133525 02
deep purple, 205 (42.6) (3.5) (124) (189) (14.19) (1351.90)

* 4-Apdtc = 4 aminophenazone dithiocarbamate.
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Preparation of the complexes

The stoichiometric amount of an aqueous solution.of the metal salt
Pb(ac),, Cd(ac),, SbCl,/HC], AgClO,, UO,(NO,),, K,PtCl, or Na,MoO,
-2 H,0 was added, with constant stirring, to an ethanolic solution of
4-aminophenazone dithiocarbamic acid prepared in situ. Sodium dithionite
was used to reduce Mo(VI) to Mo(V). In each case, except UO,(II), a solid
complex separated out immediately on mixing. The uranyl complex could be
prepared after refluxing for about half an hour. Complexes thus synthesized
were first washed with distilled water followed by cold ethanol, and finally
dried over P,O,,.

RESULTS AND DISCUSSION

The analytical data and physical constants of the 4-Apdtc complexes are
listed in Table 1. Elemental analysis was carried out by Pregl’s method {9].
Metal ions, nitrogen and sulphur were estimated by standard procedures
[10]. No anions were detected in any complex. All the complexes are soluble
in common organic solvents. The complexes are diamagnetic and their
molecular weights suggest a monomeric nature. Low conductance in nitro-
benzene solution at room temperature indicates that the complexes are
non-electrolytes.

Infrared and electronic spectra

The dithiocarbamates can behave either as bidentate [11,12] or monoden-
tate [13] ligands. The dentacity of a ligand in any case can be decided on the
basis of IR studies. According to Bonati and Ugo [14] a bidentate dithio-
carbamate ligand shows a single band at 1000 cm™! due to two equivalent
C-==S stretching vibrations, whereas in the case of a monodentate, a doublet
at ~ 1005 cm™' and ~ 983 cm ™' due to two non-equivalent C---S stretching
modes is observed.

The IR spectra of various metal dithiocarbamates are almost identical to
that of the parent ligand except for the presence of bands due to M-S and
M-O, the latter appearing in the case of uranyl and oxomolybdenum groups
only. Three main regions of the spectra are of particular interest. The
absorption in the region 1500-1450 cm™' is associated primarily with the
‘thiouriede’ group due to »(C-===N) vibration of the C===N bond of the
ligand. The second region between 1050-950 cm™! is due to »(C-S) vibra-
tions, whereas the third region from 400-200 cm™! is assigned to »(M-S)
[15]. Two bands at ~ 830 and ~ 915 cm™! may be assigned, respectively to
v,, and v, of the linear O-U-O group [16,17] and bands at ~ 930 cm™!

asy

and ~ 760 cm™~! to »(Mo=0) and antisymmetrical Mo~O—-Mo vibration,
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respectively [18). The unsplit band at 1050-950 cm ™! [Table 2] indicates that
the ligand is acting in the bidentate mode.

The electronic spectrum of the molybdenum(V) dithiocarbamate complex
exhibits two bands, a shoulder at 26250 cm™' and another band at 19600
cm™!. The band at 26250 cm ™! is apparently a true sulphur to molybdenum
charge transfer band as observed in the case of MoS?~ [19] due to an
internal ligand transition [20]. The band at 19600 cm ™' may be assigned to
B, > 2B, transition. The visible spectrum of the Pt(II) complex exhibits
three bands at 16800, 20200 and 24300 cm~' which correspond to the
transitions 'A,, > 'A,,, 'A|, > 'B,, and 'A,, - 'E_, respectively. These ob-
servations suggest a planar geometry around the central metal ion with a D,,
point group.

Thermal studies

Thermogravimetric studies were carried out in an atmosphere of oxygen,
and the kinetic parameters were calculated using the method of Coats and
Redfern [21].

The observed activation energy of thermal decomposition can be ex-
plained in terms of the probability that a molecule will possess energy in
excess of an amount E per mole at temperature 7, and is related to the
Boltzman factor e~ £/R7 where R is the molar gas constant. The reaction
rate will clearly be dependent on the product of 4 and e~ £/R7, where 4 is
the frequency factor representing the total frequency encounters between
two reactant molecules, irrespective of whether they possess sufficient energy
or not. Thus the decomposition equation for a reaction of the type A 5, —
B, + C) 18

W ETES)

for a first order reaction, i.e., when n =1 and

1-(1—a) "

— 4 o E/RT
T*(1-n)

when the order of reaction n = 1.

The DTG/TG curves of Pb(II), Cd(Il), Pt(1I), UO,(II), Sb(IIl) and
Mo(V) show a two-stage decomposition. The complexes are stable up to
> 190°C, which rules out the presence of any kind of water molecule, as is
also evidenced by IR spectra. Above this temperature, the organic portion of
the ligand in the complexes decomposes, resulting in the formation of the
corresponding metal sulphates. Further heating results in the formation of a
stable metal oxide [22]. Various thermal reactions for the above-mentioned
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complexes are represented as
step |
M- (4-Apdtc), — MSO, (1)

step 11
MSO, - MO

where M = Pb(II), Cd(Il), Pt(1l)
step |
UO,-(4-Apdtc), = UO,SO, (2)

step 11
U0,80, —» UO,

St

ep |
Mo,0,(4-Apdtc), = Mo,0,4(80,), (3)

step 11
Mo,0,(S0,), — MoO,

step [
Sb-(4-Apdic); - Sb,(SO,), (4)

step |

I
Sb,(S0,); — Sb,0,

The Ag(I)-4-Apdtc complex, however, is found to be thermally less stable.
It starts to decompose at 160°C with a fast rate of weight loss with increase
in temperature up to 430°C. At this stage the weight of the residue
corresponds to the formation of Ag,0O which remains constant with further
increase in temperature up to 900°C. The course of thermal reaction may be
represented as

Ag~4-Apdtc — Ag,0

B.Or-
A
2
7
Fd
g /
A
i F |/
g/ ,
o f
’I
70 -

1/ X 1O3

T

Fig. 1. 4-Aminophenazone dithiocarbamates of Pb (A,A"), Sb (B,B’), Cd (C,C"), UO, (D,D"),
Pt (E.E), Mo,0, (F.F") and Ag (G). The broken lines (A’, etc.) refer to the second step.
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Thermal stability data and activation energy for both decomposition reac-
tion steps in these complexes are given in Table 2. The plot of —log[log(1 —
a)/T?*] vs. 1/T X 10° results in a straight line of slope = —E/2.303R (Fig.

1),

indicating first order decomposition at each stage.
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