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ABSTRACT

The solid state reactions involved in the preparation of copper oxide and zinc oxide from copper(ll) and
Zinc (I) oxalate of monohydrated and dihydrate respectively have been analyzed using direct current electrical
conductivity measurement under the atmospheres of static air, dynamic dry nitrogen and dynamic air .The product
at each decomposition stage have been characterized by infrared spectroscopy and X-ray powder diffraction. For
Copper (I1) oxalate monohydrated the final decomposition product in all three atmospheres was found to be CuO
and intermediate step product was Cu,0 .The Zinc (Il) oxalate dehydrated also shows final product in all three
atmospheres was found to be ZnO.The conductivity measurement were supplemented with data obtained by
chemical thermal (TGA and DTA ),IR spectroscopy and X-ray powder diffraction analysis .
Keywords: Thermal decomposition ,Cu ,Zn-Oxalates ,d.c.electrical conductivity.
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INTRODUCTION

Thermal analysis-thermogravimetry(TGA),differential thermogravimetry(DTG) and
differential thermoanalysis (DTA) are widespread and helpful instruments in the hand of the
chemist to reveal the energies of phase transition and chemical reaction ,the thermal
stabilities of educts and products as well as the nature and consistency of gaseous reaction
products .of itself thermal analysis provides only weak clues pertaining to reaction
mechanisms , especially to the broadness of DTG and DTA peak ,the various intermediates
formed during this step could not be detected; further the TGA curve exhibited continuous
weight loss until crystallization to metal oxide occurred . This is the principal shortcoming of
the method but can be overcome by use of direct current electrical conductivity, which allow
the formation of intermediates of varying conductivity.

The thermal decomposition reaction of metal oxalates have been widely investigated
[1-9].The influence of the atmosphere on the course of the thermal decomposition of
oxalate was exothermic in character where as the majority of such decomposition in an inert
atmosphere was endothermic[10-16.Doremicux and Boulle [17] have also determined the
decomposition characteristics of manganese, Iron,Cobalt,Zinc and Copper oxalates in the air
and nitrogen atmospheres and reported a shift to lower temperature when oxygen is
present for iron, manganese and cobalt oxalates but not for zinc and copper oxalates. The
thermal, spectral and magnetic studies of compound of copper and zinc carboxylates have
also been studied [18-21].

We have been using the electrical conductivity techniques in the study of solid state
decomposition reactions of different metal (II) carboxylates [22-24] and this chapter is a
continuation of our earlier work. In this chapter we will report the thermal decomposition of
copper (ll) oxalate monohydrate and Zinc (Il) oxalate dihydrate have been studied using two-
probe d.c.electrical conductivity measurements to study the progress of reaction. This study
has been supplemented with TGA, DTG and DTA, X-ray diffraction and Infrared spectroscopy.

EXPERIMENTAL

The procedure for synthesis of copper (ll) oxalate monohydrate (CuC,04.H,0) and
zinc (II) oxalate dihydrate (ZnC,04.2H,0) by usual way. The experimental used for the
determination of various physical properties viz. Infrared spectrum ,magnetic moment
,thermal analyses (TGA,DTG and DTA ),X-ray powder diffraction and direct current electrical
conductivity.

RESULT AND DISCUSSION

Characterization of CuC,04.H,0 and ZnC,0,4.2H,0

The results of the chemical analysis (Table | ) show that there is a good agreement
between found and calculated values of metal ,Carbon and Hydrogen content for the
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proposed formula CuC,04.H,O and ZnC,;04.2H,0 .The infrared spectrum (Fig.1) showed
frequencies corresponding to the carboxyl ate group, Hydroxyl group ,metal —oxygen etc.
are given in Table Il .It is known that the coordination of oxalate anion leads to the band shift
of symmetric and antisymmetric C=0 stretching frequencies [25-26].The symmetric
stretching frequency will decrease with the covalent bond formation between the cation and
oxygen. The difference between the two stretching peaks will increase with the increased
covalent character and exceed 225 cm-1.The bidentate linkage to be more favorable of the
oxalate group with the metal was confirmed on the basis of the difference between the
antisymmetric and symmetric (C=0) stretching frequencies (Fig.1).
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Table I: Analytical data of copper (ll) Oxalate monohydrate (CuC,0,.H,0) and Zinc (ll) oxalate dihydrated

(ZnC,0,.2H,0)
Elemental Analysis in wt. % Magnetic
Formula
Compound Formula Weight C H Metal moment (L
& Calc. | Found | Calc. | Found | Calc. | Found ) B.M.
Copper (Il)
Oxalate
monohydrated | CuC,0,.H,0 169.54 | 14.16 | 15.01 | 1.18 1.24 37.47 | 38.00 1.96

(Colour — Light
bluish green )
Zinc (I)
Oxalate
dihydrate
(Colour- White

ZnC,0,.2H,0 | 189.37 | 12.67 | 12.83 | 2.11 | 2.22 | 34.52 | 35.08 | Diamagnetic

Table II: X-ray diffraction data of CuC,0,4.H,0 and ZnC,0,.2H,0

Observed d-spacing Observed d-spacing values (A °)
Values (A°) CuC,0,.H,0 ZnC,0,.2H,0
4.66(8) 4.67 (100)
3.86(100) 3.86(39)
2.80(16) 3.56(22)
2.49(30) 2.96(72)
2.67(23)
2.63 (48)
2.45(25) 2.59(28)
2.36(19) 2.54(46)
2.17(12) 2.33(20)
1.95(24) 2.19(40)
1.78(36) 2.12(23)
2.08(13)
2.00(41)
1.71(22) 1.97(17)
1.62(26) 1.90(32)
1.56(17) 1.85(28)
1.52(14) 1.77(20)
1.48(47) 1.68(17)
1.64(16)
1.32(10) 1.61(23)
1.31(12) 1.57(18)
1.29(8) 1.52(32)
1.23(11) 1.50(8)
1.17(8) 1.46(16)
1.35(21)
1.29(18)
1.21(15)
1.10(26)

a. The figures given in the parentheses are intensities relative to the line width intensities (100).
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The infrared spectrum of CuC,04.H,0 and ZnC,04.2H,0 showed a broad band at 3440
cm™ (3450 cm™) due to (-OH) stretching ,a broad band at 1660cm™ and 1680 cm™ due to
vasy(C=0) and band at 1455 cm™  and1376 cm™ due to sy (C-O) of coordinated oxalate
group [25] .An increase in oxalate resonance leads to single-bond character in the carboxyl
group ,which is observed as a lowering of the frequency of the compounds, indicate a six-
coordinate environment for the metal ions [26].

In all these complexes the metal has polymeric octahedral co-ordination [27]. The
presence of water of crystallization was confirmed on the basis of the thermal analysis curve.
The compound CuC,04.H,0 and has magnetic moment of 1.96 B.M.; While ZnC,04.2H,0 has
zero magnetic moment, which indicates that the compound have the distorted octahedral
stereochemistry.

Thermal decomposition processes of CuC,04.H,0 and ZnC,0,4.2H,0:
Static air atmosphere:
Copper (1) Oxalate Monohydrated:

The TGA, DTG and DTA curves for CuC,04.H,0 are shown in Fig.2 (d) .The dehydration
of CuC,04.H,0 was indicated by the presence of one broad endothermic peak in the DTA and
a peak at same temperature on DTG curve .The TGA curve showed a clear dehydration step
corresponding to the loss of one water molecules from 105-200 °C.(Calc.,10.62 % ; Found
11.01%).The oxidative decomposition step was represented by a strong and broad peak on
the § and DTG curve at 315 °C (Fig .2 (a) ) The curve exhibited continuous weight loss until it
crystallized to CuO .(Calc.,47.51 % ; Found 48.00 %)Above 3300c the lifting up weight loss
was observed on TGA curve. This may be due to the non-stoichiometry (or Defects) present
in the final product.
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The ploy of log & vs T Lin fig .2(b) showed a region B at 83-182 °C for dehydration
step. The isothermally heated sample of CuC,04.H,0 under static air , at 170°C showed no H-
OH band in infrared spectrum. An additional band appeared at 798cm™ while other oxalate
group band appeared for the parent compound also showed a blue shift. The X-ray
diffraction pattern Fig.3(b) showed polycrystallinity of the sample with decrease in
interplanar spacing (Table Il ) as compared to the parent compound show in Fig.3(a) ;Table Il
The elemental analysis were in good agreement with the formula CuC,04.H,0. Region b of
the plot of log & Vs T shown in oxalate .such a change is probably associated with a change
from the octahedral geometry of copper (ll) to tetrahedral form.
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Table llI: X-ray diffraction data for anhydrous CuC,0, and ZnC,0, obtained from CuC,0,.H,0 and ZnC,0,.2H,0
by heating inan atmosphere of nitrogen at 170 o C and 200 °C respectively®

Observed d-spacing for Observed d-spacing
CuC,0, (A°) forznC,0, (A°)
4.92(14) 4.79(10)
4.43(12) 3.78(100)
4.04(100) 3.60(18)
3.70(14) 2.81(32)
2.79(14) 2.66(28)
2.22(23) 2.48(20)
2.10(31) 2.17(10)
1.97(18) 1.99(19)
1.80(14) 1.77(21)
1.65(27) 1.60(25)
1.58(8) 1.47(30)

1.43(9)

® The figures given in the parenthesis are intensities relative to the line width intensity (100)

After the dehydration step; the value of 6 increased steadily from 182 to 240°C
(Region C).The infrared spectrum of the isothermally heated sample of CuC,04.H,0 at 215°C
showed a decrease in the intensities of co-ordinated carboxyl ate band ; in addition bands at
615 (S) cm™ and 410 (m) cm™ occurred for metal —oxygen stretching frequencies due to the
presence of cuprous oxide [28] .The x-ray diffraction of this isothermally heated sample
(Table IV) was generally broad (Fig.3(c) ) .The pattern corresponded to anhydrous CuC,0,4
and Cu,0 [29-30] .A sharp increase in the values of &6 was observed within the temperature
range 250-300 °C (Region D ) .For the sample heated isothermally at 280 °c ,the infrared
spectrum a weak band corresponding to the oxalate group, but a strong band was observed
at 400 cm . The x-ray diffraction pattern of this isothermally heated sample was complex
,Probably corresponding to mixture of Cu, O, CuC,04 and CuO .Thus the step increase in
conductivity observed in Region D was due to the transformation of CuC,04 to CuO,possibly
via the semiconducting range of region E in Fig.2(b) ,the value of 6 remained almost
constant .The sample obtained by heating isothermally in static air at 325°C showed a black
oxide. The x-ray diffraction pattern observed for this region indicated a predominance of
CuO (Table V) [31] .No line which could be assigned to metallic copper was detected in our
work .The Sample thus obtained at 325 °C shows a change in & as the temperature is
changed.

April - June 2013 RJPBCS Volume 4 Issue 2 Page No. 116



4
{ ISSN: 0975-8585

$ A=1.5405 A
w
5 (a)
£
=
2
‘»
<
8
£
! ] I} ] ] ] |
| 80 70 60 50 %40 30 20
s 28 (Degrees)
T A=1.5408 A
)
= /L (c)
5
2
=
2
= (d)
| =
2
=
(e)
A W, Y W
| 1 i | 1 - 1
20 30 40 50 60 70
29 (Degrees) .
Fige 3. X-ray diffraction patterns of copper (II)

April - June 2013 RJPBCS

oxalate monohydrate (CuCQOA-HgO) and its

decomposed products at various temperatures.
(a) CuCg0,+Ho03 (b) 170 %3 (e) 215 ocy
(dy 32570, (e) 320 °¢ (nitrogen
atmosphere),

Volume 4 Issue 2 Page No. 117



< P N
)
o

[ =

ISSN: 0975-8585

Table IV: X-ray diffraction data for CuC,0, and Cu,0 obtained from CuC,0,.H,0 by heating in atmosphere of
static air at215°C?

Observed d-spacing(A °)

Cu,0 d-spacing(A °)

3.80(72)
3.56(6)
3.02(11) 3.02(9)
2.85(21)
2.63(12)
2.47(100) 2.46(100)
2.35(9)
2.20(6)
2.16(45) 2.14(37)
1.93(5)
1.66(20)
1.54(35) 1.51(27)
1.43(8)
1.31(28) 1.29(17)
1.20(10) 1.23(4)
1.07(2)
0.96(8) 0.98(4)
0.95(3)
0.87(3)
0.82(3)

® The figures given in the parenthesis are intensssities relative to the linewidth intensity (100) ® Ref.N0.29.

Table V: X-ray diffraction data for CuO obtained from CuC,0,.H,0 by heating in atmosphere of static air at 325

oca

Observed d-spacing(A °)

CuO d-spacing(A °)

2.75(19) 2.75(12)
2.55(40) 2.53(49)
2.53(100) 2.52(100)
2.33(91) 2.32(96)
2.28(42) 2.31(30)
1.88(30) 1.87(25)
1.73(15) 1.71(08)
1.57(19) 1.58(14)
1.50(23) 1.50(20)
1.41(25) 1.42(15)
1.38(24) 1.37(19)
1.29(10) 1.30(07)

1.17(05)

1.09(06)

0.98(04)

® The figures given in the parentheses are intensities relative to the line width intensity (100) ® Ref.No.31.
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ZnC204.2H20

Figure 2 ( C ) showed the simultaneous TGA, DTG and DTA curves of ZnC,04.2H,0.
The DTA curve showed one endothermic peak at 145 °C and a peak in DTG was at 140 °C .
The TGA curve at 110 °C showed a loss of 19.41 % and plateau up to 360 ° ¢, indicating the
elimination of two water molecules of crystallization ( Calc. loss = 19.01 % ) .Thereafter , the
decomposition was very rapid . The TGA curve showed a loss of 47.25 % of 375-425 °C
corresponding to the formation n of ZnO (cal. Loss= 46.94 % ) .This stage was supported by
the presence of an exothermic peak at 405 °C on the DTA curve and peak at same
temperature on DTG curve.

The temperature variation of the electrical conductivity & in Fig. 2 (d) showed a
region B at 70-250 ° C corresponding to the dehydration step. The ZnC,04.2H,0 sample ,
heated isothermally under static air at 200 °C ,showed no H-OH band in infrared spectrum
and the x-ray diffraction pattern (Fig.4(b) ) was less crystalline (Table Ill) than the parent
compound (see Fig. 4 (a) ; Table Il ). The plot of log vs. T* (Fig. 2 (d)) showed a steady
increase in values of § in the temperature range 250-410 °C (Region C ) . A sample heated
isothermally in this region showed the infrared bands attributable to Zn —O stretching
frequencies because more intense and those due to co-ordinated carboxyl ate decrease in
intensity. The X-ray diffraction pattern (Fig 4 (c ) ) showed a generally sharp lines , indicating
that the the sample was predominantly crystalline. The pattern fits with the data for
anhydrous Zinc Oxalate and Zinc Oxide (Table VI) [32].

Table VI: X-ray diffraction data for ZnC,0, and ZnO obtained from ZnC,0,.2H,0 by heating in atmosphere of
static air at 480 °C®

Observed d-spacing(A °) ZnO d-spacing "(A °)
2.83(66) 2.82(71)
2.63(51) 2.60(56)
2.46(100) 2.48(100)
1.92(18) 1.91(29)
1.63(38) 1.63(40)
1.48(27) 1.48(35)

1.41(8) 1.41(6)
1.38(25) 1.38(28)
1.35(13) 1.36(14)
1.30(3)
1.24(5)
1.18(3)
1.10(8) 1.09(10)
1.06(4)
1.02(11) 1.04(10)
1.01(5)
0.98(7)
0.89(18) 0.91(12)
0.88(6)
0.84(6)
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Table VII: X-ray diffraction data for Cu,0 and ZnO obtained from CuC,0,.H,0 and ZnC,0,.2H,0 by heating in an
atmosphere of nitrogen at 320 °C and 420 °C respectively *

Observed d-spacing for Cu,0 (A °) Observed d-spacing for ZnO(A °)
2.98(16) 2.84(69)
2.47(100) 2.59(55)
2.16(48) 2.46(100)
1.50(21) 1.93(21)
1.32(22) 1.62(37)
1.23(10) 1.47(27)

1.05(6) 1.40(12)
0.97(11) 1.37(26)
0.90(8) 1.35(13)
1.08(15)
0.99(20)
0.90(22)

® The figures given in the parentheses are intensities relative to the line width intensity (100)

A step increase in § was observed at 420 °C (Region D between 420°C and 480 °C, Fig
2 (d)). The infrared spectrum and X-ray diffraction pattern (Fig. 4(d)) for the sample
decomposed isothermally at 480 °C showed mainly ZnO (Table VII). The sample was white
and had an electrical conductivity value of about 10 -3 ohm T em 1 [33]. The sample thus
obtained at 480 °C shows a variation in § with temperature. This behaviour is characteristics
of the non — stoichiometry present in ZnO [34-35].

Thus the conventional thermal analysis (TGA, DTG and DTA) supplemented with
electrical conductivity, infrared spectrum, X-ray diffraction patterns and elemental analyses
gave a detailed analysis of the thermal decomposition of CuC,04.H,0 and ZnC,04.2H,0. It is
well known that the solid state thermal decomposition of metal oxalate are influenced by
the atmosphere [10-17]; it was decided to undertake similar measurements in other
controlled atmospheres.

Dynamic Nitrogen Atmosphere
CUC204.H202

The TGA curve for CuC,04.H,0 in Fig.5(a) showed a clear dehydration step
corresponding to the loss of one water molecules from 90 to 210 °C and this stage is
supported by the presence of an endothermic peak at 170 °C on the DTA curve and a peak at
same temperature on DTG curve . The decomposition of the oxalate CuC,0,4 ) was indicated
by an endothermic peak in the DTA curve at320 °C and in the DTG curve at 315 °C .This
weight loss was found to be in good agreement with the formation of Cu,0 (Calc.,52.79 %
;Found 53.08 %) as the final product . The plot of log & vs. T -1 (Fig.% (b) ) showed that &
was initially constant , but then decreased steadily and remained constant up to 225 °C
Region B ) . The infrared spectrum, elemental analysis and x-ray diffraction pattern (Similar
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to Fig.3 (b) ) confirmed the formation of anhydrous copper oxalate in this region . After the
dehydration step, the value of & increased steadily within the temperature range 225-285 °C
(Region C) and then a step increase in § at 285-320 °C (Region D). The x-ray diffraction
pattern (Fig.3(c)) and infrared spectrum for a sample heated isothermally in region C showed
a mixture of CuC,04 and Cu,0. The x-ray diffraction pattern (Fig .3(c)) for a sample from the
dry nitrogen atmosphere obtained at 320 ° C (Region D) showed a variation in § with
changing in temperature. This behavior is characteristic of Cu,0 [30]. The sample was red in
color .Thus the x-ray diffraction patterns and conductivity measurements suggested that the
product obtained by thermal decomposition of CuC,0,.H20 in a dry nitrogen atmosphere is
pure Cu,O ,and that the concentration of copper metal ,if present at all ,is beyond the
detection limit of these techniques. [35-38]

ZnC204.2H20

The TGA, DTG and DTA curves of ZnC,04.2H,0 are shown in Fig.5(C) .Dehydration of
ZnC,04.2H,0 was indicated by endothermic peak in the DTA and a peak in DTG curves at 150
°C The TGA curve showed a weight loss with the range 80-170°C ,with a plateau up to 360 °C
corresponding to the loss of two water molecules . The decomposition of the oxalate
(ZnC,04) was indicated by an endothermic peak in the DTA curves at 415 ° C .The TGA
curves showed a continuous weight loss 360 -420 ° C . This weight loss was found to be in
good agreement with the formation of ZnO.

Region B in the plot of log vs. T (fig. 5 (d) ) corresponding to the dehydration of
ZnC,0,4.2H,0 . There was step increase in 6 at 320 ° C followed by another step increase at
417 ° C (see Region C and D, in Fig. 5 (d) ). These two temperature ranges, 320-410 °C and
415- 445 °C, can be tentatively assigned to the formation of zinc oxide together with some
ZnC,04 and ZnO, respectively .The X- ray diffraction and infrared spectrum confirmed the
formation of these phases. Thus the x- Ray diffraction and conductivity measurement
suggested that the product obtained by thermal decomposition of ZnC,04.2H,0 in a nitrogen
atmosphere is pure ZnO.

April - June 2013 RJPBCS Volume 4 Issue 2 Page No. 122



{ | ISSN: 0975-8585

<« Temperature,T (‘c)—
441 282 18111160

5-0F
% ®
"‘*x\x*x\
6-0" K
i _ 0
g __5 7.0F
1
Z £ _
2 S 8.0}
= o
= .
l S 9.0p
70-0f . 1 1 3'15 < 1 1 1 1 16'0-
60 120 180 240 300 360 420 48054
e 1 1 1 Il
Temperature C —> 15 2.0 2.5 30

<«— Temperature,T ‘c)y—
441 282 181 11160
Al L3 L T T

T 5-0f
- &o}
E
o
n |E 7-0fF
8 B
€ Yo 8.0F
Aoy o
o o
= &
52 9-0fF
l 70-0} 150:C Lis'c =
1 L 1 L L 1 L 1 10-0F
60 120 180 240 300 360 420 480 540 . . .
Temperature 'C —> 10 15 20 25 30
— 103 —
Fig. 5 Thermal decomposition in a2 dynamic nitrogen

atmosphere : (a) TGA, DTG and DTA curves for
CuC,04+Hg0; (b) Plot of log 6 vs. T~ for

CuC2O4-H20 : © s during decomposition;
X, cooling cycle; (c) TGA, DTG and DTA curves
for 2ZnCg0,-2Ho03 (d) Plot of log 4 vs. T™1

for ZnC50, -2H50.

Dynamic air atmosphere
CUC204.H20

In Fig. 6 (a) , for CuC,04.H,0 , the DTA and DTG curves showed a peak at 160 ° C for
dehydration step and TGA curve also produced a weight loss beginning at 100-190 ° C
corresponded to the removal of the water molecule contained in this oxalate . The broad
exothermic peak corresponding to oxidative decomposition was shown on the DTA curves
310 ° C and peak at curve shown on the DTG curve.

The TGA curve showed a continuous weight loss in this region , Where the material

finally crystallized to CuO . Supplementing the log 6 Vs. T measurements (in Fig. 6 (b))
revealed the dehydration and the nature of the decomposition is similar to that shown in

April - June 2013 RJPBCS Volume 4 Issue 2 Page No. 123



{ | ISSN: 0975-8585

Fig. 2 (b) . The isothermal decomposition under a dynamic air atmosphere for CuC,04.H,0 at
various temperature region showed that the product obtained were similar to those from
isothermally decomposition CuC,04.H,0 under a static air atmosphere.

ZnC204.2H20

The TGA curve showed a weight loss between 85 and 155 ° C (Fig. 6 (C ) . The DTA
curve showed an endothermic peak at 135 ° C and there was also a peak in the DTG curve at
the same temperature, corresponding to the dehydration of ZnC,04.2H,0 and an exothermic
peak at 405 ° C corresponding to oxidative decomposition. The TGA showed a continuous

weight loss from 380 ° C until it crystallized to mainly ZnO

The plot of log & vs. T in Fig. 6 (d) was quite similar to Fig. 5 (d) . The infrared
spectrum and X-ray diffraction pattern for the sample decomposed isothermally at Region B,
C and d were respectively anhydrous ZnC,04 a mixture of ZnC,04 and ZnO and pure ZnO in
this atmosphere. The prescribed intermediates obtained in each temperature region under

all three atmospheres are shown in Tables VIII and IX.
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Table VIII: Predicted intermediates and final product obtained from CuC,0,.H,0 under different atmospheres,
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measured via d.c. electrical conductivity.

Atmosphere Region | Temperature range °C Predicted ijtermediates and final product
Static air A 25-83 CuC,0,4.H,0
B 83-182 CuC,0,
C 182-240 CuC,0,4 + Cu,0
D 240-325 CuC,0, + Cu,0 +CuO
E Above 325 CuO
Dynamic Nitrogen A 25-50 CuC,0,4.H,0
B 50-225 CuC,04
C 225-285 CuC,0,4 + Cu,0
D 285-320 Cu,0
Dynamic air A 25-60 CuC,0,4.H,0
B 60-200 CuC,04
C 200-260 CuC,0,4 + Cu,0
D 260-310 CuC,0,4 + Cu,0 +CuO
E Above310 CuO

Table IX: Predicted intermediates and final product obtained from ZnC,0,.2H,0 under different atmospheres,

measured via d.c. electrical conductivity.

Atmosphere Region | Temperature range °C Predicted ijtermediates and final product
Static air A 25-70 ZnC,0,4.2H,0
B 70-250 ZnC,0,
C 182-240 ZnC,0, + Zn0O
D 240-325 Zn0
Dynamic Nitrogen A 25-80 ZnC,0,4.2H,0
B 80-320 ZnC,0,
C 320-410 ZnC,0,4 +Zn0O
D 410-445 Zn0
Dynamic air A 25-75 ZnC,0,4.2H,0
B 75-310 ZnC,0,
C 310-400 ZnC,0,4 +Zn0O
D 400-450 Zn0

The gases were collected at around 410 °C on the thermal decomposition of the
parent compounds ( i.e. CuC;04.H,0 and ZnC,0, 2H20 ) under a dynamic nitrogen
atmosphere . The qualitative gas analyses showed the presence of carbon monoxide and
carbon dioxide. An increase in oxalate resonance leads to single-bond character in the
carboxyl group, which is observed as a lowering of the frequency

The different paths followed by the decomposition of CuC,04.H,0 and ZnC,04.2H,0
in different atmospheres showed complete dehydration from conductivity measurements,
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thermal analyses (TGA,DTA and DTA ) and the infrared spectrum .A transformation of
CuC,04.H,0 and CuO and dynamic air atmospheres. These reactions bare presented as
follows:

35182°C *

CUC204.H20 I CUC204 + Hzo (1)
1827240°C * *

2CuC,0,4 — Cu,0+ 3CO, +CO ' ... (2)
2407320°C T

Cu,0+CuC204 —> 3Cu0 + 2CO " ..(3)

The transformation of CuC,04 to Cu,0 was the final step detected in a dynamic dry
nitrogen atmosphere , which ZnC,0, transform to ZnO under static air , dynamic dry
nitrogen and dynamic air atmospheres .

357250°C T
ZnCZO4.2HZO I ZnC204+ 2H20 (4)
2507410 °C T T
ZnC,0,4 — 7Zn0+CO " +CO, ' ... (5)
4107560 °C T T
ZnC,04 +Zn0 —— > 2Zn0O+CO " +CO;, ... .(6)
CONCLUSION

The present study revealed following finding on the solid —state dehydration of
CUC204.H20 and ZnC204.2H20 .

(a) The dehydration of CuC,04.H,0 and ZnC,04.2H,0 vyielding anhydrous CuC,04 or ZnC,04
,took place in all three of the atmospheres considered.

(b) In dry nitrogen, the formation of Cu,O from CuC,04.H,0 was confirmed by using d.c.
electrical conductivity measurements , in conjunction with infrared spectrum and X-ray
diffraction investigations.

(c) The final product of decomposition in static air and dynamic air was found to be CuO for
CuC,04.H,0 .However, the final decomposition product in all three atmospheres was found
to ZnO for ZnC,0,4.2H,0 .

(d) The oxidative behavior of these oxalates was better understood from the study of
temperature variation of d.c.electrical conductivity measurements.
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