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Abstract

The comparative study of the thermal analysis (thermogravimetric analysis (TGA), differential scanning calorimetry (DSC)
and derivative thermogravimetry (DTG)) and dc electrical conductivity measurements of copper(Il) and zinc(Il) malonate,
maleate and succinate complexes have been carried out using the atmospheres of static air and dynamic dry nitrogen. The
isothermally heated products at each decomposition stage have been characterized by C and H analyses, infrared spectra and
X-ray powder diffraction data. The electrical conductivity measurements were found to give additional information on the
solid-state reaction as compared to that obtained from conventional thermal techniques (such as TGA, DTG and DSC).
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1. Introduction

Thermal investigations concerned with the charac-
terization of the mechanisms of solid-state decompo-
sitions have included many studies of the thermal
reactions of oxalates, some of which have been the
subject of multiple independent examinations by dif-
ferent groups of workers [1-3]. Boldyrev et al. [4]
have classified these reactions on the basis of the
principal residual product (carbonate, oxide or metal)
which depends on the electropositivity of the cation.
These workers identify the initial step in all oxalate
decompositions as the rupture of the C—C bond in the
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anion. The literature on this group of decompositions
is extensive and several salts, notably nickel oxalate
and silver oxalate, have been examined in particular
detail [3]. It has been shown [5] that the decomposition
of copper(I) malonate proceeds to completion
through two distinct rate processes. The second of
these reactions was the decomposition of copper(I)
malonate, and the reaction also involved melt for-
mation together with acetate formation. Similarly
copper(Il) fumarate and copper(I) maleate [6-8],
copper(Il) succinates [9-14], copper(Il) malonate
[15-20] and copper(I]) tartarate [21] decomposed with
the intervention of copper(I) salts. Thus the decom-
position of these copper(Il) carboxylates proceed with
stepwise cation reduction, Cu*" — Cu™ — Cu’, a
common chemical characteristic within a field where
behavioral similarities between related reactants are
unusual [3].
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The thermal decomposition of the dicarboxylates of
bivalent transition metals (Mn, Fe, Co, Ni, Cu and Zn)
have been investigated by mainly thermal analysis,
evolved gas analysis and BET surface area measure-
ments in the atmospheres of N,, CO,, and O, in the air
[7,11,18,21-24]. It has also been shown that CO, has
an inhibiting effect on the decomposition whereas O,
and air have the accelerating effects on the basis of N,

In above literature, thermogravimetric analysis
(TGA), differential thermal analysis (DTA) and deri-
vative thermogravimetry (DTG), supplemented with
X-ray diffraction data, have been used to study the
progress of thermal decomposition of copper(Il) and
zinc(Il) dicarboxylates. In such a study it was not
possible to characterize the temperature at which
different oxides from these dicarboxylates could be
obtained in air, since a broad exothermic peak was
obtained. It would therefore be profitable to use
another technique which may help to differentiate
these various steps of the solid-state reaction. The
present work is concerned with the feasibility of using
direct current electrical conductivity measurements as a
probe to study the progress of the thermal decomposi-
tion of copper(Il) and zinc(Il) malonate, maleate and
succinate complexes. The conductivity measurements
were supplemented with data obtained by TGA, DTG,
DSC, X-ray diffraction and infrared spectroscopy.

2. Experimental

Copper(I) and zinc(IT) malonate, maleate and suc-
cinate complexes were synthesized according to usual
procedures as described in [24,25].

The procedure used for measurement of direct
current electrical conductivity, infrared spectroscopy
and X-ray powder diffraction were similar to those
reported earlier [26,27].

3. Results and discussion

3.1. Characterization of copper(Il) and zinc(Il)
dicarboxylates

The elemental analyses made in wt.% of copper(Il)
and zinc(II) dicarboxylates (i.e. malonate, maleate and
succinate) are very well matched with calculated ones

(Table 1). The presence of water of crystallization for
these complexes was confirmed on the basis of the
thermal analysis curves. These results are further
supplemented by infrared spectroscopic measure-
ments. The bidentate linkage of dicarboxylate group
with metal was confirmed on the basis of the differ-
ence between the antisymmetric and symmetric
stretching frequencies [28]. The copper(Il) malonate,
maleate and succinate and zinc(II) malonate com-
plexes exhibit a chain-like polymeric octahedral struc-
ture (i.e. carboxylates di-anion bonded to two different
metal atoms), while zinc(II) maleate and succinate
complexes exhibit a layer-type polymeric octahedral
structure (i.e. two molecules of the carboxylate anion
bonded to each metal ion), which have been assigned
by infrared spectra [24]. The room temperature mag-
netic moments (Table 1) are in good agreement with
the spin only values of Cu®" for copper(II) dicarbox-
ylates and zero spin of Zn>" for zinc(II) dicarboxy-
lates, which indicates that the compounds have free
spin with sp>d* hybridization [29].

3.2. Thermal decomposition processes of copper(I1l)
and zinc(Il) malonate, maleate and succinate
complexes

3.2.1. Static air atmosphere

3.2.1.1. Copper(Il) dicarboxylates. In Fig. 1(a) to (c),
for copper(Il) malonate monohydrate (CuC3;H;Oy4-
H,0), copper(Il) maleate monohydrate (CuC4H;0,-
H,0) and copper(Il) succinate half hydrate (CuC4H,
0,4-0.5H,0), the DSC and DTG curves showed a peak
at around 150°C for dehydration step under static air
atmosphere. TGA curves also produced a mass loss
beginning at 60 to 210°C corresponded to the removal
of water molecules from these complexes. The broad
exothermic peak corresponding to oxidative decom-
position were shown on DSC curves at around 290°C
and a peak at these temperatures were also seen on
DTG curves. The TGA curves showed a continuous
mass loss in this region, where the material finally
crystallized to CuO in this atmosphere. Above 340°C
the lifting up mass loss were observed on TGA curves
for these complexes. This may be due to the non-
stoichiometry (or defects) present in the final product.
The observed mass losses and the corresponding
temperature ranges are given in Table 2.



Table 1
Analytical data of copper(Il) and zinc(Il) dicarboxylates
Compound Formula Formula Elemental analysis (wt.%) Magnetic
weight moment (i) B.M.
C H Metal
Calculated Found Calculated Found Calculated Found
Copper(II) malonate monohydrate CuC53H,04-H,0 183.54 19.61 18.93 2.18 2.57 34.62 33.79 1.98
Copper(II) maleate monohydrate CuC4H,0,4-H,0 195.54 24.54 25.12 2.04 1.99 32.49 32.11 1.74
Copper(Il) succinate half hydrate CuC4H404-0.5H,0 188.54 25.40 24.98 2.65 2.68 33.70 33.77 1.84
Zinc(IT) malonate dihydrate ZnC3H,0,4-2H,0 203.37 17.70 17.68 2.95 2.93 32.14 31.74 Diamagnetic
Zinc(I) maleate dihydrate Zn(C4H304),-2H,0 331.37 28.97 28.90 1.81 1.79 19.72 19.89 Diamagnetic
Zinc(Il) succinate one and half hydrate Zn(C4H504),-1.5H,0 326.37 29.41 29.38 3.98 3.92 20.03 20.21 Diamagnetic
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Fig. 1. Thermal decomposition of copper(Il) dicarboxylates in a static air atmosphere. TGA, DTG and DSC curves for (a) CuC;H,04-H,0;
(b) CuC4H,04-H,0; (c) CuC4H404-0.5H,0. Plot of log o vs. T! for (d) CuC3H,04-H>0; (e) CuC4H,04-H>0; (f) CuC4H404:0.5H,0; (®)

during decomposition; (x) cooling cycle.
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Table 2
TGA-DTG-DSC data of copper(Il) dicarboxylates under static air atmosphere
Compound TGA DTG peak DSC peak
temperature (°C)  temperature (°C)
Mass loss (%) Temperature
range (°C)
Observed Calculated
Copper(II) malonate monohydrate 9.23 9.80 35-170 108.9 129.9 (endo.)
CuC;H,04-H,0 36.45 37.85 170-275 251.7 245.4 (endo.)
21.87 22.68 275-380 290.8 284.4 (exo.)
Copper(II) maleate monohydrate 9.72 9.20 35-210 165.3 177.0 (endo.)
CuC4H,04-H,0O 53.47 55.19 210-375 298.7 271.7 (exo.)
Copper(II) succinate half hydrate 4.37 4.77 35-180 100.3 85.7 (endo.)
CuC4H404-0.5H,0 54.44 55.69 180-385 330.0 341.4 (exo.)

The thermal stabilities of metal dicarboxylates can
be found; in general, the temperature of initial weight
loss values from TGA provide more accurate informa-
tion than maximum temperature of DTG. However,
when the temperature of initial weight loss values are
somewhat difficult to measure with sufficient accu-
racy, the maximum temperature of DTG values should
be preferred, provided the latter are sharp [30]. Com-
parison of the temperature of initial weight loss values
for dehydration (see Table 2) leads to the stability
sequence: CuC4H,04-H,O > CuC4H404-0.5H,0 >
CuC3H;04-H;0. The order of stabilities may be
explained either on the basis of the tendency of the
central metal ions to capture the electron from the
respective ligand [31] or on the size of the chelate ring
formed by the ligand to the central metal ion. The
temperature of decomposition of these anhydrous
complexes are fairly close to each other (Table 2).

The temperature variation of electrical conductivity
o (Fig. 1(d) to (f)) did show a steady decrease in &
between room temperature to 85°C (Region A) and the
value then remained nearly constant up to 175°C
(Region B). There was a steady increase in o between
180 to 270°C (Region C), followed by a steep increase
at 280°C to a maximum at 400°C (Region D). The o
value then remained almost constant in the tempera-
ture range 400-450°C (Region E).

A comparison of thermal analysis (TGA, DTG and
DSC) with conductivity analysis in this atmosphere of
CUC3H204'H20, CHC4H204'H20 and CuC4H4O4
-0.5H,O shows that the conductivity analysis gives
a much more detailed view of the decomposition

process. TGA showed a continuous weight loss, and
the DSC curves showed only one broad exothermic
peak, the various metastable intermediates formed
during this oxidative decomposition step could not
be determined in detail. However, the direct current
electrical conductivity, represented in Fig. 1(d) to (f),
gave complete information on the intermediates by
showing different regions of conductivity.

The analysis of the plot of log ¢ versus 7' must
include due consideration of the physical factors
involved in the transformation of a compound (formed
during a chemical reaction) in the amorphous phase of
the fusion layers to large crystallites, though the
probable intermediate stages, such as the formation
of a fine network of grain boundaries and subsequent
consolidation, and the formation of defects and sub-
sequent annealing of such defects. It is therefore
necessary to supplement the electrical conductivity
measurements with other measurements of the struc-
tural characteristics of the samples, such as measure-
ments of infrared spectra and X-ray diffraction
patterns.

The plot of log ¢ versus 7' in Fig. 1(d) to (f)
showed a Region B at 85-210°C for dehydration step
of CUC3H204'H20, CUC4H204'H20 and CUC4H404'
0.5H50. The isothermally heated copper(I) malonate,
copper(Il) maleate and copper(Il) succinate samples
under static air, at 140, 200 and 150°C, respectively,
showed the absence of the —OH band and a consider-
able reduction in the intensities of all the bands. The
X-ray diffraction pattern showed polycrystallinity of
the samples with decrease in interplanar spacings as
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compared to the parent compounds. The elemental
analyses were in good agreement with the respective
anhydrous samples. Region B of the plot of log o
versus 7' shown in Fig. 1(d) to (f) could be therefore
related to dehydration of the dicarboxylates. Such a
change is probably associated with a change from an
octahedral geometry of copper(Il) to tetrahedral form.

After dehydration step the value of ¢ increase
steadily from 210 to 280°C (Region C). The infrared
spectra of the isothermally heated parent samples at
these regions showed a decrease in the intensities of
coordinated carboxylate bands and the appearance of
new and strong bands in the oxide region occurred at
514 and 484 cm ™' due to presence of cuprous oxide
[32]. The X-ray diffraction pattern of these isother-
mally heated samples were generally broad. The
pattern fitted well with the anhydrous copper(Il)
dicarboxylates and Cu,O. A sharp increase in the
value of o was observed within the temperature range
280-310°C (Region D). For the samples heated iso-
thermally at 300°C, the infrared spectra showed a
weak band corresponding to carboxylate group, but
a strong band was observed at 484 cm™'. The X-ray
diffraction pattern of these isothermally heated sam-
ples in this region were complex, probably corre-
sponding to the mixture of anhydrous copper(Il)
dicarboxylates, Cu,O and CuO. Thus the steep
increase in the conductivity observed in Region D
was due to the transformation of anhydrous copper(Il)
dicarboxylates to CuO, possibly via the semiconduct-
ing Cu,0 (~107°Q " em™") [33]. Within the tem-
perature range of Region E in Fig. 1(d) to (f), the value
of ¢ remained almost constant. The samples obtained
by heating isothermally in static air at 360°C showed a
black oxide. The X-ray diffraction pattern observed
for samples in this region indicated a predominance of
CuO. No line which could be assigned to metallic
copper was detected in our work. The sample thus
obtained at 360°C shows a change in ¢ as the tem-
perature is changed.

3.2.1.2. Zinc(Il) dicarboxylates. TGA, DTG and DSC
curves of zinc(I) malonate dihydrate (ZnC3;H;Oy4-
2H,0), zinc(Il) maleate dihydrate (Zn(C4H304),-
2H,0) and zinc(II) succinate one and half hydrate
(Zn(C4H504),-1.5H,0) in static air are shown in
Fig. 2(a) to (c¢). The dehydration took place in a
single step for these dicarboxylates. The observed

mass losses are reasonable with calculated values
(Table 3). The decomposition of zinc(II) maleate and
zinc(II) succinate were indicated by endothermic peak
at 160 and 231°C followed by a strong exothermic peak
at421 and 485°C, respectively, on DSC curves, while a
broad exothermic peak with hump at 388°C was
obtained for zinc(I) malonate complex. The peaks
at this temperature were also seen on DTG curves.
The TGA curves showed two-step decomposition
processes in the temperature range 150-260 and
260-480°C. The mass losses in this region were
found to be in good agreement with the formation of
ZnO (Table 3). The complete data for the observed
mass losses and the corresponding temperature ranges
are given in Table 3. It is interesting to observe here
that, the zinc(II) malonate, maleate and succinate are
thermally much stabler than the corresponding
copper(Il) salts. This is in accordance with the
strengths of the M—O bonds, the Zn—-O bond being
stronger than the Cu—O bond, as seen from the square of
the differences in the electronegativities [34].

Region B in the plots of log ¢ versus 7' (Fig. 2(d)
to (f)) corresponds to the dehydration of zinc(Il)
malonate, zinc(I) maleate and zinc(II) succinate com-
plexes. The elemental analyses, infrared spectra and
X-ray diffraction pattern, for isothermally heated
samples in this region confirms the formation of
anhydrous zinc(Il) dicarboxylates. After dehydration
step, the value of ¢ remains constant upto 250°C for
zinc(IT) malonate, while the value of ¢ increase stea-
dily from 140 to 210°C and then decreases upto 250°C
(Region B') for zinc(IT) maleate and zinc(II) succinate.
The sample obtained on isothermal heating of zinc(II)
malonate at 200°C showed the infrared spectra and
X-ray diffraction pattern are similar to anhydrous
compound. The infrared spectra of the isothermally
heated zinc(IT) maleate and zinc(IT) succinate at 230°C
exhibited a carboxylate group frequencies; no band
was found at 1685 cm ™' indicating the absence of
carboxyl (-COOH) group. The infrared spectra do not
show the presence of zinc carbonate or ZnO bond
formation. No X-ray diffraction lines due either to zinc
carbonate or zinc oxide were observed; thus the
possibility of the formation of zinc carbonate or zinc
oxide can easily be ruled out. The X-ray diffraction
pattern of these isothermally heated samples showed
the structure to be polycrystalline in nature; the peak
corresponding to ZnC4H,O4 or ZnC4H,O, were
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Table 3
TGA-DTG-DSC data of zinc(II) dicarboxylates under static air atmosphere
Compound TGA DTG peak DSC peak
temperature (°C)  temperature (°C)
Mass loss (%) Temperature
range (°C)
Observed Calculated
Zinc(II) malonate dihydrate ZnC3H,04-2H,0 17.50 17.70 35-230 138.3 166.2 (endo.)
50.67 51.38 230-380 360.7 388.6 (exo.)
Zinc(I) maleate dihydrate Zn(C4H30,),-2H,0 11.11 10.86 35-180 136.3 127.8 (endo.)
39.99 39.27 180-250 185.2 160.7 (endo.)
26.10 26.54 250440 451.3 421.4 (exo.)
Zinc(II) succinate one and half 7.77 8.27 35-130 110.0 100.3 (endo.)
hydrate Zn(C4Hs04),-1.5H,0
38.88 39.41 130-250 196.9 231.5 (endo.)
27.77 28.33 250-500 498.2 485.0 (exo0.)

observed. The elemental analyses agreed well with
7ZnC4H>04 (calculated, 39.27%; found, 39.99%) and
ZnC4H404 (calculated, 39.41%; found, 38.88%). Thus
the partial decarboxylation of the maleate or succinate
moiety was observed for these compounds.

The plot of log & versus 7! (Fig. 2(d) to (f))
showed a steady increase in the value of ¢ in the tem-
perature range of 250 to 370°C (Region C). The parent
samples heated isothermally in this region showed
the infrared bands attributable to Zn—O stretching
frequencies [35,36] became more intense and those
due to coordinated carboxylate bands decrease in
intensities. The X-ray diffraction pattern showed a
generally sharp lines, and the pattern fits with the data
for ZnC;H,0, (or ZnC,H,0,4 or ZnC4H,O,) and
ZnO. A steep increase in ¢ was observed at 380°C
(Region D) between 380 and 440°C, Fig. 2(d) to (f).
The infrared spectra and X-ray diffraction pattern for
the parent samples decomposed isothermally at
around 430°C showed mainly ZnO. The sample was
white and had an electrical conductivity value of about
10°Q 'em™! [37]. The sample thus obtained at
430°C shows a variation in ¢ with temperature. This
behavior is characteristics of the non-stoichiometry
present in ZnO [35-38].

Thus the conventional thermal analysis (TGA, DTG
and DSC) supplemented with electrical conductivity,
infrared spectra, X-ray diffraction patterns and ele-
mental analyses gave a detailed analysis of the thermal
decomposition of copper(Il) and zinc(II) malonate,
maleate and succinate complexes. It is well known
that the solid-state thermal decomposition of metal

dicarboxylates are influenced by the atmosphere [39-
41]; it was decided to undertake similar measurements
in other controlled atmospheres.

3.2.2. Dynamic dry nitrogen atmosphere

3.2.2.1. Copper(ll) dicarboxylates. The dehydration
of copper(Il) malonate monohydrate (CuC3;H,Oy-
H,0), copper(Il) maleate monohydrate (CuC4H,0,-
H,0) and copper(Il) succinate half hydrate (CuC4H,
0,4-0.5H,0) in Fig. 3(a) to (c) were clearly indicated
by an endothermic peak in the DSC curves at around
160°C and a peak at same temperature in the DTG
curves. The TGA curves showed a mass loss within the
temperature range 50-225°C corresponding to the loss
of water molecules. The decomposition of these
complexes was indicated by an endothermic peak in
the DSC curves at 300°C and in the DTG curves at the
same temperature. The TGA curves showed a
continuous mass loss from 225 to 420°C. These
mass losses were found to be in good agreement
with the formation of Cu,O as the final product.
The temperature variation of the electrical conduc-
tivity o (Fig. 3(d) to (f)) decreases steadily and
remained constant upto 205°C (Region B) for cop-
per(Il) malonate and copper(Il) succinate complexes,
while a clear peak was shown at 140°C for copper(Il)
maleate complex. The infrared spectra, elemental
analyses and X-ray diffraction pattern confirmed the
formation of anhydrous copper(Il) dicarboxylates
in this region. After the dehydration step, the value
of ¢ increased steadily within the temperature range
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205-290°C (Region C) and then a steep increase in ¢
at 290-330°C (Region D). The X-ray diffraction
patterns and infrared spectra for samples heated iso-
thermally in Region C showed a mixture of anhydrous
copper(Il) dicarboxylates and Cu,O.

The X-ray diffraction pattern for samples from the
dry nitrogen atmosphere run obtained at 320°C
(Region D) showed sharp lines and fitted well with
the data for Cu,0. The samples thus obtained at 320°C
showed a variation in ¢ with changing temperature.
This behavior is characteristics of Cu,O [33]. The
sample was red in color. Thus the X-ray diffraction
patterns and conductivity measurements suggested that
the products obtained by thermal decomposition of
CuC;H,04-H,0, CuC4H,04-H,O and CuC4H O,
0.5H,0 in a dry nitrogen atmosphere are pure Cu,O,
and that the concentration of copper metal, if present at
all, are beyond the detection limits of these techniques.

3.2.2.2. Zinc(Il) dicarboxylates. Thermal analysis
(TGA, DTG and DSC) curves and the plot of log ¢
versus 7' for 7ZnC3H,04-2H,0, Zn(C4H;04),-2H,0
and Zn(C4Hs50,4),-1.5H,0 in nitrogen atmosphere
were similar to the curves those obtained under
static air atmosphere (see Fig. 2(a) to (f)).

The isothermal decomposition study under this
atmosphere demonstrated that the intermediates and
final product were similar to static air atmosphere.

Thermal stabilities of dehydration and decomposi-
tions for copper(II) and zinc(I) malonate, maleate and
succinate complexes are slightly higher in nitrogen
than static air atmosphere. The stability sequences of
these complexes are similar in both the atmospheres.

The prescribed intermediates are obtained in each
temperature region of dc electrical conductivity mea-
surements under static air and dynamic dry nitrogen
atmosphere are shown in Tables 4 and 5. The gaseous
products obtained by the thermal decomposition of
copper(Il) dicarboxylates or zinc(Il) dicarboxylates
under dynamic (pure and dry) nitrogen atmosphere
were analyzed by qualitative gas detection method as
described in [25].

These gases were also confirmed by gas liquid
chromatography (not shown). These chromatograms
showed the presence of both polar and non-polar
gases. The gases were collected at ca. 380°C.

The different paths followed by the decomposition
of copper(Il) and zinc(Il) malonate, maleate and

succinate in different atmospheres showed complete
dehydration, as was seen from conductivity measure-
ments and the infrared spectra. A transformation of
anhydrous copper(Il) dicarboxylates to Cu,O was also
detected in static air atmosphere. A separate phase of
Cu,O could not be obtained; this compound always
occurred with anhydrous copper(Il) dicarboxylates.
Thus, the transformation of Cu,O and anhydrous
copper(Il) dicarboxylates seems to be an equilibrium
reaction. This mixture of Cu,O and anhydrous cop-
per(Il) dicarboxylates is then transformed to CuO
which is the final product obtained in static air atmo-
sphere. These reactions are presented as follows.
Copper(II) malonate monohydrate

CuC3H,0, - H,0” 2 CCuCH,04 + H,0(g) (1)

170-275°C

3CHC3H204 — CuC3H204 + Cllzo + C2H4 (g)
+CO(g) +3CO: (g) 2)
CuC;H,04 + Cu,0° 2 3Cu0 + CoH, (g)
+CO; (g) 3

Copper(II) maleate monohydrate

35-210°C

CuC4H204 . HZO — CuC4H204 + HQO (g) (4)

3CuC,H0,” " 2 “CuCyH,04 + Cur0 + CoHy (g)
+5C0 (g) +COs (g) 5)

CuC4H,04 + Cu, 0”7 3Cu0 + CH, (g)
+2CO0 (g) (6)

Copper(II) succinate half hydrate

CuC4H,0; - 0.5H,0” 2" “CuCyH,0, + 0.5H,0 (g)

(7N
3CuC,H 04 2" CCuCyHy04 + Cur0 + 2C,Hy (g)

+CO(g) +3CO; (g)

0.5CuC4H,404 + Cu0°" 2> 2.5Cu0 + 0.5C,H, (g)

+0.25C,H, (g) 4+ 0.5CO (g) ©)

The transformation of anhydrous copper(Il) dicar-
boxylates to Cu,O was the final step detected in a
dynamic dry nitrogen atmosphere, while ZnC;H,
04,Zn(C4H304), and Zn(C4H504), transformed to
ZnO under static air as well dynamic dry nitrogen



Table 4
Predicted products formed at each decomposition stage of copper(Il) dicarboxylates under static air and dynamic dry nitrogen atmospheres by dc electrical conductivity
measurements

Compound Static air Dry nitrogen
Region Temperature Predicted intermediates Region Temperature Predicted intermediates
range (°C) and final products range (°C) and final products
Copper(II) malonate monohydrate A 35-85 CuC3H,04-H,0 A 35-90 CuC3H,04-H,0
CuC;H,04-H,0 B 85-170 CuC;H,04 B 90-200 CuC;H,04
C 170-275 CuC;H,04 + Cu,O C 200-280 CuC;H,04 + Cu,O
D 275-310 CuC3H,04 + Cu,0 + CuO D 280-330 Cu,0
E 310-380 CuO
Copper(II) maleate monohydrate A 35-90 CuC;3;H,04-H,O A 35-95 CuC;H,04-H,O
CuC4H,04-H,0O B 90-210 CuC;H,0, B 95-195 CuC;3H,0,
C 210-280 CuC;3;H,04 + Cu,O C 195-285 CuC;H,04 + Cu,O
D 280-305 CuC;3H,04 + Cu0 4 CuO D 285-350 Cu,0
E 305-375 CuO
Copper(Il) succinate half hydrate A 35-85 CuC4H404:0.5H,0 A 35-90 CuC4H404:0.5H,0
CuC4H404-0.5H,0 B 85-180 CuC4H4O4 B 90-205 CuC4H404
C 180-280 CuC4H,O4 + Cu,O C 205-300 CuC4H,04 + Cu,O
D 280-315 CuC4H4O4 + Cu0 4 CuO D 300-360 Cu,0
E 315-385 CuO

STI=SII (100T) #LE DIOY DIMUIYDIOULIIY] /“|D J2 YGUINYIN "Y'V

SCl



Table 5
Predicted products formed at each decomposition stage of zinc(II) dicarboxylates under static air and dynamic dry nitrogen atmospheres by dc electrical conductivity measurements
Compound Static air Dry nitrogen

Region Temperature Predicted intermediates Region Temperature Predicted intermediates

range (°C) and final products range (°C) and final products

Zinc(II) malonate dihydrate A 35-90 ZnC;H,0,4-2H,0 A 40-90 ZnC;H,0,4-2H,0
ZnC;H,0,4-2H,0 B 90-230 ZnC;H,0, B 90-235 ZnC;H,0,

C 230-300 ZnC3H,04 + ZnO C 235-305 ZnC3H,0,4 + ZnO

D 300-380 ZnO D 305-385 ZnO
Zinc(Il) maleate dihydrate A 35-95 7Zn(C4H304),-2H,0 A 35-95 7Zn(C4H304),-2H,0
Zn(C4H304),-2H,0 B 95-180 Zn(C4H304)» B 95-185 Zn(C4H304)>

B’ 180-250 ZnC4H,0, B’ 185-255 ZnC4H,0,

C 250-390 ZnC4H,0,4 + ZnO C 255-390 ZnC4H,0,4 + ZnO

D 390-440 Zn0O D 390-445 Zn0O
Zinc(II) succinate one and half hydrate A 35-90 Zn(C4H504),-1.5H,0 A 40-95 Zn(C4H504),-1.5H,0
Zn(C4H504),-1.5H,0 B 90-130 Zn(C4H504)> B 95-135 Zn(C4H504)>

B’ 130-250 ZHC4H404 B’ 135-255 Zl’lC4H4O4

C 250-385 ZnC4H,O4 + ZnO C 255-390 ZnC4H,04 + ZnO

D 385-445 ZnO D 390-450 Zn0O

9Tl

STI=SII (100T) #LE DPIOY DIMUWYOIOULIIY ] /“|D 12 YGQUINYIN "Y'V
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atmospheres. The proposed scheme for thermal
decomposition of these complexes is as follows.
Zinc(Il) malonate dihydrate

35-230°C

ZHC3H204 . 2H20 — ZHC3H204 + 2H20 (g)
(10)
2ZnC3H,0,> " 2 “ZnC3H,0, + ZnO
0.2ZnC3H,04 + 0.8Zn0™ =" “Zn0O + 0.1C,Hy (g)
+0.2CO (g) + 0.2CO; (g) (12)

Zinc(Il) maleate dihydrate

35—-180°C

Zn(C4H304), - 2H,0" — Zn(C4H304),

+ 2H,O (g) (13)
ZH(C4H3O4)2180_—>2500CZHC4H204 + C2H4 (g)

+ 2C0O, (g) (14)
ZnCyH,0,”" 2 0.3ZnC4H,04 + 0.7Z00

+0.3C,H, (g) + 0.2C,H, (g) + 1.5CO (g)
+0.3C0; (g) (15)

0.3ZnC4H,04 + 0.7Zn0° "5 Zn0 + 0.1C,Hs (g)

+0.1C,H, (g) + 0.7CO (g) + 0.1CO, (g)  (16)

Zinc(II) succinate one and half hydrate

Zn(C4Hs04), - 1.5H,0” 2" “Zn(C4H,04),
+ 1.5H,0 (g) 17
ZH(C4H504)2130_—>2500CZHC4H4O4 + C2H4 (g)
+H,0(g) + CO(g) +CO, (g) (18)
ZnC4H,0,7° =¥ 0.32nC,H,0, + 0.7Zn0

+0.7CH, (2) +0.7CO (g) + 0.7CO, (g)  (19)

0.3ZnC4H,04 + 07200 57 “Zn0 + 0.3C,H, (g)

+0.3CO(g) +0.3CO, (g) (20)
4. Conclusions
The present study suggested the following impor-

tant points in the solid-state decomposition of cop-
per(Il) and zinc(Il) dicarboxylates.

In dry nitrogen, the formation of Cu,O from
CUC3H204’H20, CHC4H204'H20 and CUC4H404'
0.5H,O were confirmed by using dc electrical con-
ductivity measurements, in conjunction with infrared
spectra and X-ray diffraction investigations.

The final product of decomposition in static air was
found to be CuO for copper(Il) malonate, copper(Il)
maleate and copper(Il) succinate complexes. How-
ever, the final decomposition product in both the
atmosphere were found to be ZnO for zinc(Il)
malonate, zinc(II) maleate and zinc(I) succinate
complexes.

The oxidative behavior of these complexes was
better understood from the study of temperature var-
iation of dc electrical conductivity measurements.
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