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ABSTRACT

The xanthato complexes of zirconyl(IV) ZrO(S,COR), 2H,0 (R = CH;, C,H; or C3H,)
were prepared in aqueous medium and characternized by elemental analysis, conductance,
magnetic susceptibility measurements and infrared spectral data The thermal behaviour of
these compounds under non-isothermal conditions was investigated by thermogravimetric,
dervative thermogravimetric and differential scanning calorimetnic techniques 1n air and N,
atmospheres It was observed that thermal stability of complexes increases as the chain length
of the terminal R group of the xanthate moiety increases, kinetic parameters such as apparent
activation energy and order of reaction were determined by the graphical method of Coats
and Redfern Heats of reaction for the decomposition steps were calculated from the DSC
curves

INTRODUCTION

In recent years, there has been growing interest in the preparation of
metal complexes of higher coordmnation number with nitrogen, oxygen and
sulphur donor ligands [1,2] The xanthate ligands, by virtue of their low
charge and relatively small bites (~ 3 A), are well suited for stabilization of
higher coordination states [3—5] The general and analytical chemustry of
metal xanthates has been comprehensively reviewed by Ramachandra Rao
[3] However, apart from the work of Sceney et al on palladium xanthates
(6], Cavell et al on nickel xanthates [7] and Khwaja et al on the Group VB
metal xanthates [8], data on the thermal decomposition mechanisms of these
spectes are sparse Of interest is the fact that the Group VB metal xanthates
show a rather different mechanism of thermal breakdown from those of
nickel and palladium Further, no literature has appeared on the kinetics of
the thermal decomposition reactions In the present communication. we
discuss the preparation, characterization and thermal decomposition of
zirconyl(IV) xanthato complexes 1n nitrogen and oxygen atmospheres
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EXPERIMENTAL

All the reagents used for the preparation of these compounds were either
BDH, AnalaR or E Merck grade Potassium salts of alkyl xanthates were
prepared as mentioned 1n the literature [3]

Preparation of the compounds

The complexes were prepared by mixing an aqueous solution of zirconyl
chloride with an aqueous solution of the appropnate higand in a 1 2 molar
ratio The solution was refluxed for one to three hours, white- or hght
brown-coloured precipitate appeared The precipitate was thoroughly washed
with distilled water and dried under vacuum over phosphorous pentoxide at
room temperature The yield was 62-70%

Analyses

Estimation of the carbon and hydrogen contents were carried out at the
Central Drug and Research Institute The metal contents was determined by
a standard method as 1ts oxide [9] The sulphur was estimated as BaSO,

Physical measurements

Infrared spectra of the compounds were recorded in the 4000-200 cm ™!

region with a Perkin Elmer 621 grating spectrophotometer Magnetic sus-
ceptibility measurements were carried out on a Gouy’s balance at room
temperature using mercury tetrathiocyanatocobaltate(Il) (X, = 16 44 X 106
cgs umt) for calibration

TG and DTG curves were recorded simultaneously on a Setaram G-70
Thermoanalyser (Lyon, France) with sample size 2636 mg, heating rate 8 K
min "' and flow rate of gas 10 cm® min~! The DSC curves were recorded on
a Perkin Elmer differential scanning calorimeter model DSC-1 in the tem-
perature range 273-773 K 1n a nitrogen atmosphere only, using about 10 mg
sample mass The volatile decomposition products were characterized by
mass spectrometry and the sohd intermediates were 1solated and char-
acterized by analysis and infrared spectra

RESULTS AND DISCUSSION

The method used for the preparation and 1solation of these compounds
yields matenals of high purity as can be judged by elemental analyses (Table
1) and infrared spectral studies
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TABLE 1

Analytical data of xanthato complexes and their intermediate products resulting at various
thermal decomposition steps

Compound Expenimental (Calculated) (%)
C H S Zr
ZrO(S,COCH;), 2H,0 133 26 356 255
(134) (28) 350) (255)
ZrQ(S,COCH,), (in N,) 147 19 396 288
(149) a9 (398) (284)
ZrO(S,COCH;), (in O,) 148 18 396 283
(149) 19 39 8) (284)
ZtS, in Ny) - - 410 586
(412) (588)
ZS, iIn 0,) - - 411 584
(412) (58 8)
ZrO, (in 0,) - - - 738
(74 0)
ZrO(8,COC,H;), 2H,0 185 32 330 237
(18 7) 36) 332 237
ZrO(S,COC,H;), (in N,) 203 27 365 260
(20 6) (29) (36 6) (26 1)
ZrO(S,COC, Hy), (n O,) 205 26 366 261
(20 6) 29 (36 6) (26 1)
ZrS, in N,) - - 411 584
(412) (58 8)
ZrS, (in O,) - - 410 586
412) (58 8)
ZrO, (1n Oy) - - - 736
(74.0)
ZrO(S,COC,H ), 2H,0 230 42 310 218
(232) 43) (310) (220)
ZrO(S,COC;,H,), (in N,) 252 34 338 240
(25 4) 37N (339) (242)
ZrO(S,COC,H;), (n O,) 252 37 336 242
(25 4) 37 339 (24 2)
ZrS, in N,) - - 411 587
(412) (58 8)
ZrS, (in O,) - - 412 585
412) (58 8)
ZrO, (1n 0,) - - - 736
(74 0)

The compounds are obtained 1n crystalline form and are insoluble 1n
common organic solvents, e g methanol, ethanol, benzene, acetone or chlo-
roform They are soluble in dimethylformamide and dimethylsulphoxide
Conductance measurements 1 dimethylformamuide showed that they are
essentially non-electrolytes They are stable as solids n air for a long time
Magnetic susceptibility measurements show that they are all diamagnetic
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Infrared spectral studies

The important infrared frequencies are given in Table 2 The subject of
chief interest in the preparation of these complexes 1s the attachment of
xanthate higands Xanthate can behave as monodentate or bidentate ligand
However. assignment of structures of metal xanthates from infrared 1s not
always rehable All the xanthate ligands exhibit four characteristic bands
around 1250, 1100, 1060 and 550 cm™!, which according to Watt and
McCormick [10] are assigned to »(C=S), v(C-S), »(C-0O) and »(R-0O)
vibrations These bands are highly coupled and sensitive to the environmen-
tal changes A normal coordinate analysis of nickel(II) ethyl xanthate by
Agarwala et al [11] indicated that 1250 cm ™! band has about 90% contribu-
tion from C~O-R stretch and 10% from C=S stretch The band around 1100
cm ™! 1s mainly a contribution of C=0, R-O and C=S stretching modes The
band around 1060 cm ™! has a single major contribution of 60% from C=S
stretch From a detailed investigation of IR spectra of various xanthate
derivatives, Little et al [12] also assigned the band at 1070-1060 cm ™! to
r(C=S8) and proposed that the resonance forms (a) and (b) describe the most
probable structure of metal xanthates, which was further supported by Chatt
et al [13]

S S
M<S>C—C— R+— M< S>C—O—R
(@) (b}

In our complexes, the C=S stretching band appears at about 1040-1030
cm~! The lowering of the frequency of the C—S band (~ 30-20 cm™') 1n
zirconyl(IV) complexes compared with free higands indicates involvement of
sulphur in bonding with the metal The bands observed around 800 and
400-350 cm™! 1n the IR spectra of complexes may be assigned [14] to
v(Zr=0) and »(Zr-S) vibrations In addition, all complexes show a broad
band at about 3400-3350 cm™', assignable to »(OH) of lattice water
molecules

TABLE 2
Charactenistic IR spectral bands (cm™1)
Complex p(C-0-C) »(C-0) v»(C=S) »(R-0O) v(Zr=0) »(Zr-S)

ZrO(S,COCH,), 2H,0 1250sb  1150sb 1030s 530s  800m 350 w
ZrO(S,COC, Hs), 2H,0 1230sb  1140sb 1030s 510m  790m  370m
ZrO(S,COC,H,), 2H,0 1235sb  1165sb 1040s 525m 800m  400m

Key s=strong m = medium, w = weak, b = broad
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Thermal analysis

All these complexes in both nitrogen and oxygen atmospheres show,
generally, a two-step weight loss which indicates that the decomposition
steps are not significantly influenced by the surrounding gaseous atmosphere
employed. There 1s a qualitative 1 1 correspondence between DSC and
DTG curves for all these complexes, indicating that every thermal effect 1s
accompanied by a corresponding mass loss

The first-step weight loss occurs 1n the temperature range 80-160° C and
corresponds to loss of water molecules The observed weight losses in the
temperature range mentioned above corresponds to two water molecules
The expected endothermic behaviour for the dehydration process associated
with these compounds has been observed from DSC curves in almost the
same temperature ranges The infrared spectra of the products, obtained
after dehydration of the complexes, exactly correspond to the original
complexes, except that the band around 3400-3350 cm ™' vanishes This 1s
due to the absence of water molecules

The second-step weight loss occurs 1n the temperature range 200-400°C
and zircomum sulphide 1s formed at the end of the second decomposition
step m the mitrogen atmosphere However, in the oxygen atmosphere, two
steps are observed for the decomposition of anhydrous compound At the
end of the first step, metal sulphide 1s formed, which further decomposes in
the second step to give zircontum oxide The residues obtained after the
endothermic decomposition of anhydrous zirconyl(IV) xanthate complexes
has been assigned on the basis of weight loss, far-infrared spectral studies
and elemental analysis The infrared spectrum of zircomum sulphide show
only one band at ca 400-350 cm™!, assignable to »(Zr-S) The infrared
spectra of the products obtained after the decomposition of complexes in the
oxygen atmosphere has finished do not show any band at ca 400-350 cm ™!
but mstead one band at ca 500 cm ™' 1s observed This band 1s assigned to
v(Zr-0)

The volatile decomposition products, which were collected, condensed
and analysed by mass spectrometry, are simular to those reported by Cavell
et al for nmickel alkyl xanthates [7] and Khwaja et al for Group VB metal
(As, Sb, Bi) xanthates [8] The TG data for these complexes and mass
spectral data for the volatile products of thermal decomposition are con-
sistent with the following thermal decomposttion mechanisms

Step 1

0-160°C
ZrO(S,COR), - 2Hzo-i‘Tzlm)——>Zro(s2C0R)2
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Step 11
ZrO(S,COR), = Z1S, + COS + R-O-S-S-R + O,
i

S-Alkyl, O-alkyl xanthate

The TG data for these complexes indicate that the thermal stability of
complexes increase as the chain length of the terminal R group of the
xanthate moiety increases

Calculation of the apparent activation energy and order of reaction have
been performed 1n mitrogen atmosphere employing the graphical method of
Coats and Redfern [15] The plot of { —log[ —log(1 — «)/T?]} versus 1/T X
10 for n=1 (where n = apparent order of reaction) gives a straight line
with slope —E/2 303R The calculation of the heat of reaction from the
DSC curves has been done using the simple expression A H = KA /m where
AH 1s the heat of reaction, K 1s the calibration constant, A4 1s the area
under the peak and m 1s the mass of reactive compound The decomposition
temperature ranges, apparent activation energy and heat of reaction for
these complexes are given 1n Table 3
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