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The isothermal decomposition of anhydrous Cu(Il) malonate of uniform particle
size has been studied at 170, 180 and 190°. Decomposition to cupric oxide takes place
via the intermediate formation of 2CuCO,;.Cu(OH),. X-ray diffraction has been
employed to identify the decomposition products. The experimental kinetic data for
Cu(II) malonate decomposition are best fitted by two stages: (i) a linear process and
(ii) a first-order expression. The activation energies for the two kinetic stages have
been found to be 45.7 and 57.2 kcal/mole, respectively. A DTA study of Cu(II) malo-
nate decomposition has also been made. Activation energies have been determined
via analysis of the DTA curve using the Borchardt and Piloyan equations.

The isothermal decompositions of Cu(Il) benzoate and Cu(Il) acetate were
recently studied, and the results were very interesting as both the intermediates
and the final products were crystalline [1, 2].

The ionization, magnetic susceptibility, magnetic properties and structure of
Cu(II) malonate have also been reported recently [3, 4]. In the present paper we
describe the results of an investigation of the isothermal decomposition of Cu(II)
malonate. The rate of the reaction was followed gravimetrically, while the decom-
position products were analyzed by X-ray diffraction. The DTA curve was also
recorded. ‘

Experimental

Cu(Il) malonate was prepared as reported earlier [5]. The composition of the
anhydrous sample was established by analyzing the sample gravimetrically by
precipitating copper as cuprous thiocyanate [6], and by microanalysis of carbon
and hydrogen. The carbon and hydrogen contents were found to be 21.2% and
1.89; (calculated: C = 21.5% and H = 1.2%).

The sample taken for the isothermal decomposition studies was sieved through
a 140 mesh to give uniform particle size. A known weight of the sample (0.2187 g)
was taken in a silica crucible, which was placed in a thermostat set at a constant
temperature within +0.2° variation. The silica crucible was removed from the
thermostat after known intervals of time and the loss in weight at each tempera-
ture was noted till weight constancy. The products after different time intervals
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were examined under a polarizing microscope and in each case were found to be
crystalline. The differential thermal analysis curve was recorded up to 300° using
a DTA apparatus, with alumina as reference material. The nature of the curve
obtained was independent of the mass of sample used. The heating rate was
maintained at 7.5 °/min.

Results and discussion

DTA study of Cu(ll) malonate: Two endothermic peaks (Fig. 1.) werf
observed at 100—190° and 210—240° in the DTA study of Cu(II) malonate oe
uniform particle size at a heating rate of 7.5 °/min. This indicates that two reactions
are involved in the decomposition of Cu(I) malonate.

The activation energies of the two decomposition reactions were determined by
analysis of the DTA curve using the Borchardt [7] equation (1) for a first-order
reaction:

C d47 KAT
AT
" K(4 — a) — Cp(4T)

k M
Table 1

d-Values and the intensities of the intermediate product of Cu(II) malonate calculated from
the X-ray diffraction study along with the values reported for 2CuCO;.Cu(OH),

Intermediate 2CuCO; + Cu(OH),
d, A Intensities d, A Intensities

6.18 25B — —
5.13 20 5.15 55
4.48 30B — —
3.95 3B 3.86 3
3.63 20B

3'26} 3.44 2013} 20B 3.51 100
3.14 25 3.10 11
2.92 4B 2.92 9
2.77 5B 2.81 7
2.62 10 2.59 11
2.53 15 2.52 20
2.46 10 2.50 30
2.34 7 2.33 17
2.23 7 2.29 13
1.95 4 1.90 7
1.85 5 1.85 3
B = Broad
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Table 2

d-Values and the intensities of the final product of Cu(Il) malonate calculated from the
X-ray diffraction study along with the values reported for CuO

Final product ( CuO
d, A ‘ Intensities ’ d A l Intensities
2.96 4 - —
2.70 4 2.75 12
2.47 100 2.52 100
2.39 90 2.32 96
2.27 60 2.31 30
2.08 65 - -
1.77 20 1.86 25
1.70 4 1.71 8
1.56 5 1.58 14
1.49 80 1.50 20
1.40 15 1.41 15
1.35 12 1.37 ' 19
1.27 40 1.30 7
1.25 7 1.26 7
1.22 8 1.26 6
1.15 5B 1.15 4
0.97 25 0.98 4
0.95 12 0.95 3
0.93 3 0.93 2
0.88 9B 0.91 2
0.87 9B 0.90 1
0.82 10B - —

where k = rate constant for the reaction; 4 = total DTA area; Cp = total heat

. . daaT
capacity; K = cell constant; ¢ = area at time ¢; T = slope of the curve at

. . . .. dar
time ¢; and AT = height at time ¢. As the quantities Cp e and Cp AT are neg-

ligible, the equation reduces to
k=—"—"— )

From plots of log k vs. T—%, activation energies of 43.5 and 52.3 kcal/mole, re-
spectively were found for the two decomposition reactions involved in the DTA
study of Cu(II) malonate of uniform particle size.

The activation energies were also determined via analysis of the DTA curve
using the equation of Piloyan et al. [8] for solids:

In At = C' — EJRT 3)
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where At is the deviation of the DTA curve from the baseline, which can be ob-
tained in units of length (cm),and C’ is a constant. By plotting log At against 71,
the activation energies for the two stages were found to be 48.0 and 52.0 kcal/mole,
respectively.

Plots of the loss in weight vs. time 7, at various temperatures and for Cu(Il)
malonate with the same particle size are given in Fig. 2. The decomposition was
studied at 170, 180 and 190°. At 170°, the reaction was complete after 47 hours
and the loss in weight corresponded to the formation of cupric oxide. To identify
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Fig. 1. DTA curve of Cu(l) (C;H,0,)
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Fig. 2. Plots of loss in weight vs. time for the isothermal decomposition of Cu(Il) (CsH,0,)
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the intermediate products, these were isolated by removing the samples from the
thermostat after different time intervals. The only intermediate found in the iso-
thermal decomposition by X-ray diffraction using CuK, radiation was
2CuCO;.Cu(OH);.
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Fig. 3. Linear plots for the isothermal decomposition of Cu(ll) (C;H,0,)
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Fig. 4. Plots of — In (1 — o) vs. time for the isothermal decomposition of Cu(Ill) (C;H,0,)

The d values and the corresponding relative intensities calculated from the
X-ray diffraction patterns of the intermediate and the final product of Cu(II)
malonate are given in Tables 1 and 2, along with the values reported for
2CuC0O;.Cu(OH), and CuO in the literature [9, 10]. For each diffraction line from
the powdered material, its interplanar spacings (d) were calculated using the Bragg
equation, 2d sin ©® = nA. The relative intensity of each line was measured by visual
comparison of the intensity of the line with a standard scale.

The experimental d values and intensities for the intermediate and the final
product were found to be in good agreement with the corresponding literature
values for 2CuCO;.Cu(OH), and CuO [9, 10]. 2CuCQ;.Cu(OH), undergoes
decomposition to cupric oxide.
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It can be seen from Fig. 2 that the plots for the isothermal decomposition are
linear in the initial stages. The kinetics of the reaction were found to obey (i) a
linear process and (ii) a first-order expression of the type

—~In(l — o) =K't ©)

where o, the fractional decomposition, is defined as the ratio of the loss in weight
at any time to the final loss in weight. The linear plots for isothermal decompo-
sition of Cu(Il) malonate are shown in Fig. 3, and the applicability of Eq. (4)
in Fig. 4, where the plots of —In (1 — «) vs. time ¢ are linear. The energies of
activation for the first and second stages were found from the Arrhenius plots to
be 45.7 and 57.2 kcal/mole respectively.

The activation energies can be compared with those determined for the two
steps from the DTA curve. In view of the inherent uncertainty in the DTA study,
the agreement is very good.

*
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RESUME — On a étudié la décomposition thermique du malonate de cuivre(Il) anhydre &
170, 180 et 190°, La décomposition du malonate en CuO se produit avec formation inter-
médiaire de 2CuCO,;.Cu(OH),. Les produits de décomposition ont été identifiés par diffrac-
tion des rayons X. Les données expérimentales correspondent & deux étapes de cinétique diffé-
rente: (i) un processus linéaire et (ii) une expression du premier ordre. Les énergies d’activa-
tion respectives des deux étapes cinétiques s’élévent & 45.7 et 57.2 kcal.mol—*. Le malonate
de cuivre(Il) a aussi été étudié par ATD. Les énergies d’activation ont été déterminées a partir
de la courbe ATD en appliquant les équations de Borchardt et de Piloyan.
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ZUSAMMENFASSUNG — Die isotherme Zersetzung von wasserfreiem Cu(Il)-malonat einheit-
licher PartikelgréBe wurde bei Temperaturen von 170°, 180° und 190° untersucht. Die Zer-
setzung von Cu(Il)-malonat zu Kupfer(Il)-oxid erfolgt iiber die intermedidre Bildung von
2CuCO,.Cu(OH),. Die Réntgendiffraktionstechnik wurde zur Identifizierung der Zersetzungs-
produkte eingesetzt. Die Versuchsergebnisse von Cu(Il)-malonat kénnen am besten zwei
kinetischen Zustinden angepaBt werden: (1) einem linearen ProzeB und (2) einem Ausdruck
erster Ordnung. Die entsprechenden Aktivierungsenergien fiir die zwei kinetischen Zustinde
waren 45.7 Kcal/Mol bzw. 57.2 Kcal/Mol. Eine DTA-Untersuchung von Cu(II)-malonat
wurde ebenfalls durchgefiihrt. Die Aktivierungsenergien wurden aus der Analyse der DTA-
Kurve mittels der Gleichungen von Borchardt und Piloyan bestimmt.

PestoMe — BELIO M3y4eHO HM30TEPMHYECKOE Pa3iIOXKeHMe YACTHI[ OJHOIO H TOTO K& pasMepa
majiorara Mexu (II) mpu remmepatypax 170°, 180° m 190°, Pasnoxenme mamonara Menu (1I)
X0 OKHCH MeIM NpoTeKaeT depes craguio odpazosanma 2CuCO, . Cu(OH),. Hna ugentaduxaman
NPOAYKTOB pa3ioxenus ObUTa HCIIONb30Bana TexHUKa muddpaxumm PEHTI€HOBHIX JIyue.
OKCiepUMEHTATTBHEIE Pe3yabTaThl 10 ManoHaTy Memum (II) mamnydime COOTBETCTIBYIOT ABYM
xuHeTHYeCKHM crazuam: (1) numeiiHoMy mpoueccy ¥ (2) YpaBHEHHIO IEPBOIO IOpAIKa. BhUTO
HalIeHO, YTO COOTBETCTBYIOIIHME SHEPTHH AKTHBALEU ATHX ABYX KAHETHYECKUX CTanuif, cOOT-
BETCTBEHHO, PaBHEI 45,7 Kkas/Momb 57,2 kkan/mons. M3ydeno Taxxke JITA manonwata memu (11).
W3 xpuseix JTA, ucnone3ys ypasaerus Bopxapara m [Iunosra, onpenaenensl 3HCPTAR aKTH-
BalluHd.
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