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ABSTRACT 

Thermal decomposttional studies on bls-cthyluanthato-nlckcl(II) and tns-cthylxanthato-lron(II1) \\crc 
carncd out leading to stolchtomctnc. dirty green-coloured. NIO and a-FczOJ When a mlxturc of the 

xantnato complexes contiunmg a NI Fe atom ratto of I 2 was decomposed, a mtrcd metal oxldc ntckcl 

fcrnte. NIFe20,. could be obtvncd at about 700°C kmetlc parameters such as the actlvatlon cncrgy. 1:;. 

and the order of the rcacnon. II, were calculated usmg the methods of Freeman and Carroll. Arrhcmus, 

and Borchardt and Daruels The cornpositron. E,. and composltxon-decomposltlon tcmpcraturc dlngram\ 

were found to be clearly mdlcaiwc of the formatton of a dcftntte rcactlon product at a ccrtam 

composltlon Mechanlstlc and non-mechamstic approaches have been compared and It was found that 

most of the processes were explamed by the Mampcl relatmn Tnc characlenzatlon of the decomposltlon 
products was made usmg X-ray rnd Mdssbauer studies. 

INTRODUCTION 

The thermal analysis of metal complexes containing sulphur hgands are rather 
less extensively studied. For example, tris-ethylxanthato-iron(III), Fe(xan),, has bee11 
overlooked [l] for thermal studies, may be because of its impure nature even after 
repeated recrystalhsations. The thermal decomposition of metal xanthates yields 

corresponding metal sulphides and volatile organic matter, containing CS2, COS etc. 

The study of volatile organic matter has been done [2] by gas chromatography and 
mass spectrometry. To explain the formation of gaseous products it has been 

proposed that the first step involves the rupture of C-S bonds producing metal 
sulphides and a mixture of gases. But there are few reports about the characteriza- 
tion of the residues containing the metal. A number of reports [3-61 may be found 
on the thermal decomposition of Ni(xan),. The xanthates appear to be suitable for 
studying the formation of metal sulphides and/or oxides because of their low 
decomposition temperatures compared with other complexes. 

The present study hopes to elucidate more of the kinetic and mechsmstic aspects 
of the thermal decompositions of the pure metal xanthates of nickel(H) and iron(II1) 
and their mixtures. The data on activation energies, E,, have been interpreted on the 
basis of different methods of calculations. 
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E..PER IXIENTAL 

The complexs. Fe(xan), [7.8] and Nt(xan), [3] were prepared by the procedures 
reported. Fe(xan), was recrystallized twice from diethyl ether and was used im- 
mediately for subsequent studies. The elemental analyses of the starting compounds 
and of the major decomposition products were performed using standard methods 

191. 
The TG/DTA studies were performed on the thermobalance set up in the 

author’s laboratory [IO]. The characterization of the residues were based on Mos- 
sbauer and X-ray powder studies on typical samples. 

RESULTS AND DISCUSSIOh 

The TG curve of Ni(xan),. Frg. 1. exhibits a major decomposition step between 

190 dntl 240°C. The weight loss for this step IS 70% and the residue analysed to be 
NIS. The second step from 650 to 700°C corresponds to a loss of 5.3% givmg the 
storchrometnc oxrde. NrO (a green -:n+qhous powder). It was further confu-med 
from X-ray powder patterns. 

The TG curve of Fe(:<an),, Fig. 1, shows tw 3 steps. The first major decomposition 
step occurs in the range 110 to 140°C and the ,econd m the range 200 to 240°C. The 
residues at these two steps were analysed to ! ave the compositions FeS, and Fe&, 
respecttvely. 

DTA showed that the two xanthato complexes meit at low temperatures. The 
mixtures of the two complexes in the molter state gave a homogeneous phase as 
evidenced from DTA studies, Fig. 2. Further c’ecomposttion of the melt leads to the 
formatron of mixed metal sulphides and fmalt; to the mixed metal oxides which are 
normally obtained by ceramic techntques [ 1 I]. The retention of the homogenetty m 
the solid phase of mixed metal sulphides zould be presumed because of the 
isomorphous nature of the iron-sulphur and nickel-sulphur systems [ 121. It was 
considered appropriate at thts stage to eva1ua.e the energetlcs of these decomposl- 
tron reactions since these may throw light on the kinetics and mechamsm. 
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Fig 1 TG. DTG and CTA curves of (a) Fc(wn), and (b) Nl(xan)2 



N 

m 
P 
a 

409 aJO= 360° 
-Tw)------c 

(d 1 

I t I 

400 360° 
so;-_, 

. 

40 200 360 
TPC)- 

I 
I ,I 1 

40 300 360 
TPC)- 

Q 

ii 

.----_ 

40 200 360 
T(.C)- 

FIN 2 TG(------),DTG(x- X)andDTA( ) cuves of the mixtures of complcxcs m 

varymg atom percentages of Fe and NL (a) 10% Fe(xan),, 90% N~(xan),, (b) 20% Fc(Kan},, 80% 

N$car&: (c) 30% Fe(xan),. 70% Nitxan),. (d) 40% Fe(xan),. 60% Ni(uan),. (e) 50% Fe(xan),. 50% 

N~txan),. (r) 60% Fe(xan),, 40% Ni(xan),; (g) 70% Fc(xar&, 30% N~(xan)~; (h) 80% Fc(xuI)~, 20% 
Nl(xan),, (i) 90% Fe(xan),, 10% Nl(xa&. 
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The kinetics of this reaction has, therefore, been studied using the methods 
outlined by Arrhenius [13] Freeman and Carroll [ 141 and Borchardt and Daniels 
[IS]. The formation of mixed metal oxides has been studied by applying the methods 
of thermal analysis to samples containing mixtures of complexes in varying atom 
percentages of the two metals. A perspective view may be obtained from the 
TG/DTG/DTA curves in Fig. 2 and Tables 1 and 2. 

The examination of the TG/DTA curves and the characterization of the residues 
at different stages for pure complexes and for then mixtures reveal the following 
Interesting observations: 

(i) The first endothermic DTA peak appears at 70°C for pure Fe(xan), and at 
148°C for pure Ni(xan),. It usually corresponds to the melting of the substance or 
some similar change leading to the destabilization of the state of the substance. The 
part of the DTA curves for the mixtures containing 10 to 40% of iron show a 
complex multipiet structure m this region; on the other hand the mixtures containing 
50 to 70% of iron do not show such a structure. This is indicative of the fact that the 
melting of the substance is governed mostly by the content cf the low melting 
Fe(xan), in the rmxture. The intensity of this peak is a m&mum for the pure nickel 
complex. The position of the endothermic change remams fairly constant at 104OC 
for mixtures containing over 50% iron. 

(ii) The two other DTA peaks of interest are the exotherrmc peaks; one in the 
decomposition region and the other in the first plateau region of the TG curve. 
These two peaks appear for pure Fe(xan), at 132 and 180°C and those for pure 
Nt(xar&, at 172 and 228OC. The sample contaming 10% non shows a DTA 
decomposition peak at 184OC which recedes towards lower temperatures wrth 
increasing iron content. The value of 152°C for the mixture containing 80% iron is 
slowly nearing the value of 132°C for pure Fe(xan),. The trend observed m the DTA 

TABLE I 

TG Data for Ihe Fc(\;an),-N~(xan)~ system 

SClIllpk 
II0 

Composition Temp range 
for loss 

(“C) 

Probable 

composztaon of 

the rwduc 

1 

2 

3 
4 

5 
6 

7 

8 
9 

10 

II 

Pure N~(\an), 

10% Fqxan), +90% N~(xan), 

20% Fe(xan), t 80% N~(xan), 

30% Fc(xar$ i7OW Nt(xan), 

40% Fcyxan), + 60% XI(XUI)~ 

50% Fc(+an), t508 Nl(xan), 

60% Fe( XXI), + 40% Nl(xar+ 

70% Fe(\an), t308 Nr(xan), 

80% Fc(\an), + 20% Nl(xan), 
90% Fe(xan), i 10% Ni(xtanjL 

Pure Fe(xan), 

188-260 700 NIS 
112-240 70 7 N1S-k FcS, 
108-192 70 8 N&t FeS, 

96- 176 71 5 NIS -k FcS, 
104- IS0 72 2 NIS + F&S, 
112-176 71 6 NIS + Fe& 

104- 172 6407 NJS + FeS1 
120- 180 45 4 NIS+ FcSJ 
128-200 68 2 N1S-k Fe!& 
120- 180 68 7 NISI- Fe& 
IOS- 140 69 8 FcS, 
200-240 53 FcS + Fe,@ etc 
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TABLE 2 

Thermal parameters calculated using dtfferent rclauons 

S-tmple TG’ DTG DTA 

no 

II E, Ab BC Ah B’ 

(k.l mole-‘) 

n E, L, II I L, 
(kJ mole-‘) (kJ mole-‘) (2 mole-‘) (kJ mole-‘) 

I 043 1346 103 2480 

2 098 IS33 1.08 1963 

3 035 1703 104 2530 

4 0 54 72 2 0 75 710 

5 034 85.5 0 84 980 

6 043 1310 033 1049 

7 077 139.0 0 88 77 8 

8 108 2197 140 1218 

9 080 1800 I,03 101.2 

IO 0.78 1640 1.08 109.0 

I1 059 1270 149 1692 

240 7 087 183 1 283 8 

1500 IO1 211 6 1970 

237 5 1 03 226 2 200 0 

92 8 0 98 70 7 71 6 

137 0 0 7x 519 60 2 

1509 I 22 62 5 75 4 

82 1 0 89 38 2 503 

1093 2 48 IX1 6 90 I 

85.5 0 87 696 79.6 

92 5 0 82 02 I 101 ? 

133 7 I 04 213 2 141 8 

tr = order of reaction; & = Activation cncrgy 

’ usmg Freeman and Carroll’s rclauon 

’ using Arrhcnms rclauon 

’ ustng Borchardt and Dam&’ rclatton 

peak for structural transformations in the plateau region of a TG curve is peculiar 
for the three compositions, with increasing iron content from 50-70%, It appears 
that the structural and compositional changes have overlapped on each other 
producing a broad DTA peak extending beyond the limit of the TG loss curve. For 
the other compositions there is a multiplet structure of DTA peaks. This supports 
the idea of the formation of a definite composition over this region. Compared with 
the DTA curves of other compositions, those of these three compositions are simple 
in appearance. 

(iii) The examination of the TG curves gives the changes observable due to the 
addition of increasing amounts of Fe(xan), to Ni(xan),. For both pure complexes 
there is a clear single step loss with a steep slope. The temperature range of 
decomposition for the first step is between 50°C for Fe(xan)s and 80°C for the 
Ni(xan),, given in Table 1. Such a single step is observable for the TG curves of the 
mixtures containing SO-80%iron, but the slopes are not as steep as those for pure 
complexes. The DTG curves for all the remaining compositions are suggestive of two 
components in the decomposition process, as the two slopes are evident from TG 
curves. However, the two steps are not separated but appreciably overlap each other. 

(iv) The plot of the starting temperature of the decomposition for different 
compositions exhibits a fairly good trend similar to the variation in boiling point of 
two miscible liquids (161. Figure 3 shows a fall in temperature for the mixtures 
containing 040% iron. A small increase is observed for 50% iron composition and 



0 t , , , , , , , , I 

0 20 40 60 80 

loo0 : 

atom VQ of Fe 

FIN 3 A plot of Lhc dscomposlhon temperatures of Fc(un):, and N+m)Z against atom percent of Fe 

again at 

possibly 
tions. 

Table 

the compositions of 70 and 80%. This shows a break m the general trend 

because a different chemical process may be operatmg at these composi- 

1 gives the TG data on the pure complexes and their mixtures. The 

probable composition of the restdues has been ascertained on the basis of elemental 
analysis. Table 2 contams a comparative account of the kinetic parameters, such as 

the activation energy and the order of reactron calculated usmg the different 
relations referred to previously. Figure4 presents a comparative account of these 
methods as a plot of activaticn energy egamst composition. The three methods do 
not agree m the magnitude of the activation energy but the data from any 
relationship do show a deviation at composition 50% and 60-808 of iron. The large 
deviation m the magnitude of E,, may be due to the over simplification of the basic 
assump,tions of each method and the inaccuracies m obtaining data for the different 
parameters. In Fig. 4. a subscript m signifies the E, calculated manually, while c 
stands for computer fit, usmg the method of least squares; it has been found that the 
fitting parameter, x (cl+) was always less than 0.05. 

Fig 4 A plot of acthation energy against composluon 
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The inspection of the E, values in Table 2 suggests that the trend observed m it IS 
similar to the one reported [ 171. 

It was worth attempting to elucidate the mechanism of these thermal decomposi- 
tions. Satava 1181 and Nair and Madhusudanan [19] have reviewed the different 
methods of thermal decompositions and proposed a unified approach to the eluclda- 
tion of the different modes of decompositions on the basis of the fractions decom- 
posing at unit time. The data on the fraction, (Y, of the substance decomposed at 
temperature T were obtained from TG curves and were manipulated using the 
proposed relations. The relation that gives a straight line plot for log g(a) against 
l/T indicates the appropriate mechanism. It is found in the present work that the 

random nucleation mechanism [ 191 operates consistently with the Mampel equation. 
The agreement between the E, values obtained from mechamsm mvoking arsd 
mechanism non-invoking relations was consldered as the test for the correct operat- 

ing mechanism (Table 3). 
On the basis of the compositions of the residues (Table 1) the product obtained at 

750°C containing 66% iron was analysed by Mossbauer and X-ray dlffraction 
studies. Table 4 contains the data for Mossbauer parameters for a Fe : Ni composi- 
tion of 2: 1. 

The product isoIated at 750°C is expected to be nickel ferrite which is knoivn to 
have Fe3+‘ (high-spin) configuration. The 6 values observed in the present work are 
given in Table 4, and are found to fall in this compound (wlthin an experlmental 
error of & 0.08 mm set -I) in the range of 8 values for Fe3 + 1201. 

The confirmation of the formatlon of nickel ferrite may be seen from the close 
agreement between the X-ray parameters, d, for the compound prepared by the 

TABLE 3 

Comparatlvc account for &, calculated from various relations 

Sample E, (kJ mole - ’ 1 calculated from Rcmdrk\ 

no Non-mcchan& equation Mechamstlc equatron 

a b C d c f 

I 1346 248 0 240 5 3170 

2 1533 1960 1503 4380 

3 1703 233 0 237 5 247 0 

4 722 71 0 92 9 73 2 

5 85 5 98 0 1370 990 

6 1310 1040 1509 95 2 

7 1390 77 8 a2 I 820 

8 219.0 121.8 1093 92.0 

9 180.0 101 0 85 5 1330 

IO 164.0 109.0 92 5 1400 

I1 127.0 1690 133 7 283 0 

139 0 
232 0 

1270 

39 2 

46 5 

86 1 

720 

1310 

99 0 
1540 

560 

28 0 

220 

819 

c (a) 
f (a and c) 

d (b and c) 

d (a and b) 

d (b) 

d(b) 

d (b and c) 

d (cl 

c (c) 

d (a) 

c (a. c) 

a. using Freeman and Carroll, b, usmg Arrhemus equation. c. usmg Borchardr and Dam&: d, usmg 

Mampel, c, using Avraml--I; f, usmg Awarm- 



SCI 
no 

Chlmlcal 

tbomcr 

shift 

(mtn ec - ’ ) 

u r t iron 

( s 1 

Qu~drupolc 

sphttmg 

(mm bw -I ) 

(AK) 

Intcmal 

m3gnLtlc 

fwld 

IX; 

Comments 

2 0 06 

3 0 II 

sIlf’lf’L” 1711 R 

I 0 4-l 

2 047 

0 ‘I 

493 0’3 

497 7 

496 I 

S I. locked IO zero 

Lmc uldth locked to 0 32 mm WC-’ 

A 1, lochcd to zero 

Lmc aldth kxkcd to 0 32 mm WC - ’ 

A I, lo&cd to zero 

xanthate decomposition method and those reported for nickel ferrtte [21] given m 
Table 5. 

In concluston it may be stated that the study of the vartation of kmetic 
parameters with composttron for a binary system appears to be a useful means of 
investrgsting phase transformatrons. The formatton of nickel femte at low tempera- 
tures may be due to the formatton of an unstable homogeneous molten phase 

denved from complexes with a low meltmg pomt. 

I-ABLE 5 

\-R.t> J.IIJ. for hlFc,O, [Fc(\an), T Nl(uan), (2 I ). hated tc 75O”Cl 

I ? 3 J 5 6 7 x 9 

Ohwr~: cJ 

20 23 ‘c 25 60 2x 2” 3s 40 45 35” 47 40 55 4O 69 so 74 30 

0 Ilh* lZXO I-SO’ 192” 22 67” 23 7” 27 7O 34 7s” 37 iso 

sm0 0 201 I 0 “I5 0 241 0 32s 0 3h55 04Ol9 0 4648 0 5681 0 h039 

cl 3 Xl7 -137 40 2 94 2 512 2 -l25 2 083 I 725 I 6039 

ct I I 0 27 0 I50 20 0 1000 100 200 I50 220 

Rcpor rtcl 

J 4 S’ 2 95 251 241 208 I 70 I 60 
5 70 200 1000 50 23 0 130 33.0 

hbl III 220 311 ‘22 400 422 511 
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