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ABSTRACT 

The xanthato complexes of urconyl(IV) ZrO(S&OR), 2H,O (R = CH,, C,H, or C,H,) 
were prepared m aqueous medium and chardctenzed by elemental analysis, conductance, 
magnetic susceptlblhty measurements and infrared spectral data The thermal behavlour of 
these compounds under non-isothermal condltlons was investigated by thermogravlmetnc. 

derivative thermogravlmetnc and dlfferentlal scanmng calonmetnc techniques m air and N, 
atmospheres It was observed that thermal stability of complexes increases as the cham length 

of the termmal R group of the xanthate moiety increases, kmetlc parameters such as apparent 
actlvatlon energy and order of reaction were determined by the graphical method of Coats 
and Redfern Heats of reaction for the decomposltlon steps were cdkulated from the DSC 

curves 

INTRODUCTION 

In recent years, there has been growmg mterest m the preparation of 
metal complexes of higher coordmatlon number with mtrogen, oxygen and 
sulphur donor hgands [1,2] The xantpate hgands, by virtue of their low 
charge and relatively small bites (- 3 A), are well smted for stablhzatlon of 
higher coordmatlon states [3-51 The general and analytical chemistry of 
metal xanthates has been comprehensively reviewed by Ramachandra Rao 
[3] However, apart from the work of Sceney et al on palladium xanthates 
[6], Cave11 et al on nickel xanthates [7] and KhwaJa et al on the Group VB 
metal xanthates 181, data on the thermal decomposltlon mechanisms of these 
species are sparse Of interest 1s 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 decomposltlon reactlons In the present commumcatlon. we 
discuss the preparation, characterlzatlon and thermal decomposltlon of 
zn-conyl(IV) xanthato complexes m 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 Potassmm salts of alkyl xanthates were 
prepared as mentioned m the literature [3] 

Preparation of the compounds 

The complexes were prepared by rmxmg an aqueous solution of zu-cony1 
chloride with an aqueous solution of the appropriate hgand m a 1 2 molar 
ratio The solution was refluxed for one to three hours, white- or light 
brown-coloured precipitate appeared The preclpltate was thoroughly washed 
with distilled water and dried under vacuum over phosphorous pentoxlde 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 determmed by 
a standard method as its oxide [9] The sulphur was estimated as BaSO, 

Physical measurements 

Infrared spectra of the compounds were recorded m the 4000-200 cm-l 
regon with a Perkm Elmer 621 grating spectrophotometer Magnetic sus- 
ceptlblhty measurements were carried out on a Gouy’s balance at room 
temperature using mercury tetrathocyanatocobaltate(I1) ( Xp = 16 44 x 10e6 
c g s unit) for cahbratlon 

TG and DTG curves were recorded simultaneously on a Setaram G-70 
Thermoanalyser (Lyon, France) with sample size 26-36 mg, heating rate 8 K 
mm-’ and flow rate of gas 10 cm3 mm - ’ The DSC curves were recorded on 
a Perkm Elmer differential scanmng calorimeter model DSC-1 m the tem- 
perature range 273-773 K m a nitrogen atmosphere only, using about 10 mg 
sample mass The volatile decomposltlon products were characterized by 
mass spectrometry and the solid intermediates were isolated and char- 
acterized by analysis and infrared spectra 

RESULTS AND DISCUSSION 

The method used for the preparation and lsolatlon of these compounds 
yields materials of hgh punty 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 resultmg at various 

thermal decomposltlon steps 

Compound Expenmental (Calculated) (%) 

C H S Zr 

ZrO(S.$OCH,), 2H,O 

ZrO(S$OCH,), (m N,) 

ZrO(S,COCH,), (m 0,) 

ZrS, (m N2) 

ZrS, (m 0,) 

ZrO, (m 0,) 

ZrO(S,COC,H5)2 2H,O 

ZrO(S,COC, H,) 2 (m N2) 

ZrO(S,COC,H5)2 (m 0,) 

ZrS, (m N, ) 

ZrS, (m 0,) 

ZrO, (in 02) 

ZrO(S,COC,H,), 2H,O 

ZrO(S,COC,H,), (m N,) 

ZrO(S,COC,H,), (m 0,) 

ZrS, (m N,) 

ZrS, (in 02) 

ZrO, (m 0,) 

133 

(13 4) 
147 

(14 9) 
14 8 

(14 9) 
_ 

- 

- 

18 5 

(18 7) 
20 3 

(20 6) 
20 5 

(20 6) 

- 

23 0 

(23 2) 
25 2 

(25 4) 
25 2 

(25 4) 
_ 

- 

- 

26 

(2 8) 

(:z) 

& 
- 

- 

- 

(ii, 

27 

(2 9) 
26 

(2 9) 

_ 

_ 

(ii, 
34 

(3 7) 
37 

(3 7) 
- 

- 

35 6 

(35 0) 
39 6 

(39 8) 
39 6 

(39 8) 
410 

(412) 
41 1 

(412) 
- 

33 0 

(33 2) 
36 5 

(36 6) 
36 6 

(36 6) 
41 1 

(412) 
41 0 

(412) 
- 

310 

(310) 
33 8 

(33 9) 
33 6 

(33 9) 
41 1 

(412) 
41 2 

(412) 
- 

25 5 

05 5) 
28 8 

(28 4) 
28 3 

(28 4) 
58 6 

(58 8) 
58 4 

(58 8) 
73 8 

(74 01 

23 7 

(23 7) 
26 0 

(26 1) 
26 1 

(26 1) 
584 

(58 8) 
58 6 

(58 8) 
73 6 

(74 0) 

21 8 

(22 0) 
240 

(24 2) 
24 2 

(24 2) 
58 7 

(58 8) 
58 5 

(58 8) 
73 6 

(74 0) 

The compounds are obtained m crystalhne form and are msoluble m 
common organic solvents, e g methanol, ethanol, benzene, acetone or chlo- 
roform They are soluble m dImethylformanude and dlmethylsulphoxlde 
Conductance measurements m dlmethylformarmde showed that they are 
essentially non-electrolytes They are stable as solids m au- for a long time 
Magnetic susceptlblllty measurements show that they are all diamagnetic 
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Infrared spectral studies 

The important infrared frequencies are given m Table 2 The subject of 
chief interest m the preparation of these complexes 1s the attachment of 
xanthate hgands Xanthate can behave as monodentate or bldentate hgand 
However. assignment of structures of metal xanthates from infrared 1s not 
always reliable All the xanthate hgands etiblt four characterlstlc bands 
around 1250, 1100, 1060 and 550 cm-‘, which according to Watt and 
McCorrmck [lo] are assigned to v(C=S), v(C-S), v(C-0) and v(R-0) 
vibrations These bands are highly coupled and sensitive to the envu-onmen- 
tal changes A normal coordinate analysis of mckel(I1) ethyl xanthate by 
Agarwala et al [ll] indicated that 1250 cm-’ band has about 90% contnbu- 
tlon from C-O-R stretch and 10% from C=S stretch The band around 1100 
cm-’ 1s mainly a contrlbutlon of C=O, R-O and C=S stretching modes The 
band around 1060 cm-’ has a single major contrlbutlon of 60% from C=S 
stretch From a detailed mvestlgatlon of IR spectra of various xanthate 
denvatlves, Little et al [12] also assigned the band at 1070-1060 cm-’ to 
v(C=S) and proposed that the resonance forms (a) and (b) describe the most 
probable structure of metal xanthates, whch was further supported by Chatt 
et al [13] 

AS\ 
M\s/ C-C-R_ M’s~C-O-n 

As’ 
(a) (b) 

In our complexes, the C=S stretching 
cm-’ The lowering of the frequency of 

band appears at about 1040-1030 
the C-S band (- 30-20 cm-‘) m 

zlrconyl(IV) complexes compared with free hgands indicates mvolvement of 
sulphur m bonding with the metal The bands observed around 800 and 
400-350 cm-’ m the IR spectra of complexes may be assigned [14] to 
v(Z1=0) and v(Zr-S) vibrations In addltlon, all complexes show a broad 
band at about 3400-3350 cm-l, assignable to Y(OH) of lattice water 
molecules 

TABLE 2 

Characterlstlc IR spectral bands (cm-‘) 

Complex v(C-O-C) v(C-0) v(C=S) v(R-0) v(Zl-0) v(Zr-S) 

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

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

All these complexes m both mtrogen and oxygen atmospheres show, 
generally, a two-step weight loss whch indicates that the decomposltlon 
steps are not slgnrflcantly influenced by the surrounding gaseous atmosphere 
employed. There 1s a quahtatlve 1 1 correspondence between DSC and 
DTG curves for all these complexes, mdlcatmg that every thermal effect 1s 
accompanied by a correspondmg mass loss 

The first-step weight loss occurs m the temperature range 80-160 o C and 
corresponds to loss of water molecules The observed weight losses m the 
temperature range mentioned above corresponds to two water molecules 
The expected endotherrmc behavlour for the dehydration process associated 
with these compounds has been observed from DSC curves m almost the 
same temperature ranges The infrared spectra of the products, obtained 
after dehydration of the complexes, exactly correspond to the ongmal 
complexes, except that the band around 3400-3350 cm-’ vanishes Thus 1s 
due to the absence of water molecules 

The second-step weight loss occurs m the temperature range 200-400°C 
and zlrcomum sulphde 1s formed at the end of the second decomposltlon 
step m the nitrogen atmosphere However, m the oxygen atmosphere, two 
steps are observed for the decomposltlon of anhydrous compound At the 
end of the first step, metal sulphde 1s formed, which further decomposes m 
the second step to gve zlrcomum oxide The residues obtained after the 
endotherrmc decomposltlon of anhydrous urconyl(IV) xanthate complexes 
has been assigned on the basis of weight loss, far-infrared spectral studies 
and elemental analysis The infrared spectrum of zlrcomum sulphde show 
only one band at ca 400-350 cm-‘, assignable to v(Zr-S) The infrared 
spectra of the products obtained after the decomposltlon of complexes m the 
oxygen atmosphere has flmshed do not show any band at ca 400-350 cm-’ 
but instead one band at ca 500 cm-’ 1s observed Tlzls band 1s assigned to 
V(Zr-0) 

The volatile decomposltlon products, whch were collected, condensed 
and analysed by mass spectrometry, are slrmlar to those reported by Cave11 
et al for nickel alkyl xanthates [7] and KhwaJa et al for Group VB metal 
(As, Sb, Bl) xanthates [8] The TG data for these complexes and mass 
spectral data for the volatile products of thermal decomposltlon are con- 
sistent with the followmg thermal decomposltlon mechanisms 

Step I 

ZrO(S,COR), * 2H,O ““-_:~~~ )ZrO(S,COR), 
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Step II 

ZrO(S,COR), + ZrS, + COS + R-O-S- S -R + 0, 

II: 
S-Alkyl, O-alkyl xanthate 

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

Calculation of the apparent activation energy and order of reaction have 
been performed m mtrogen atmosphere employmg the graphcal method of 
Coats and Redfern [15] The plot of { -log[ -log(l - a)/T*]} versus ~/TX 
lo3 for n = 1 (where n = apparent order of reaction) gives a straight lme 
with slope -E/2 303R The calculation of the heat of reaction from the 
DSC curves has been done using the simple expression AH = U/m where 
AH 1s the heat of reaction, K 1s the cahbratlon constant, A IS the area 
under the peak and m 1s the mass of reactive compound The decomposltlon 
temperature ranges, apparent activation energy and heat of reaction for 
these complexes are given m Table 3 
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