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ABSTRACT

The thermal decomposition of copper(II) nicotinate and isonicotinate yields, in a sharp
transition, metallic copper as the final solid residue along with the release of carbon dioxide
and pyridine. In the case of the nicotinate, small amounts of nicotinic acid are also detected.
The decomposition is started by homolytic RC(O)YO-Cu bond scission, which is equivalent to
electron transfer from RC(O)O™ to Cu(Il).

INTRODUCTION

Several studies of the thermolysis behaviour of copper(II) salts of organic
acids are found in the literature: formate [1-5], acetate [6—8], other al-
kanoates [4], oxalate [9], maleate [10,11], fumarate [10,11], malonate [11,12],
tartrate [13,14), adipate [12], benzoate [12], salicylate [12], salicylaldoximate
[15,16], indolecarboxylate [16], resacetophenoneoximate [15] and mellitate
[17]. Inspection of the available data shows that it is generally true that
copper(Il) salts decompose at lower temperatures that the corresponding
salts of other divalent metals (e.g. manganese(II), cobalt(Il), zinc(II)). There
is, however, no general agreement between the proposed mechanisms, and
electron transfer from the anion to Cu(II), O-C bond scission or cleavage of
other bonds of the anion have all been suggested as triggering chemical
reactions. In spite of the number of systems studied, there is a lack of
adequate data to draw general mechanistic conclusions. The present paper
discusses the thermal behaviour of copper(Il) nicotinate and isonicotinate,
and is the first report of a systematic study of copper(Il) carboxylates
pyrolyses.
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There is scant information in the literature concerning copper(Il)
nicotinate and isonicotinate. Therefore, prior to the study of the thermolytic
behaviour some effort was devoted to the preparation and characterization
of both salts.

EXPERIMENTAL

Copper(II) salts of 3- and 4-pyridinecarboxylic acid (Cu(nic), and
Cu(isonic),) were prepared by mixing 5 X 1072 mol dm~? CuSO, solution
with the stoichiometric amount of 0.1 mol dm~3 Na(nic) or Na(isonic)
solution (pH 5). The copper salts that precipitated inmediately were washed
several times with bidistilled water until no sulphate ion could be detected in
the rinse water. The solids were dried over CaCl,. Copper contents were
determined using a Varian Techtrom A-AS5R atomic absorption spectrome-
ter (calculated for Cu(nic), 20.66%, found 20.62%; calculated for
Cu(isonic), - 4H,0 16.74%, found 16.68%). Elementary analyses were per-
formed by UMYMFOR, UBA using standard techniques (for Cu(nic,): C
calculated 46.82%, found 46.62%; H calculated 2.60%, found 2.81%; N
calculated 9.10%, found 8.83%; for Cu(isonic), - 4H,0O: C calculated 37.94%,
found 38.14%; H calculated 4.21%, found 4.05%; N calculated 7.37%, found
7.38%).

Water contents were determined thermogravimetrically for Cu(isonic), -
4H,0 (H,O calculated 18.97%, found 18.44%).

X-ray diffraction data were recorded with a Philips X-ray Generator PW
1130 and IR spectra with a Perkin-Elmer 580 B spectrophotometer.

Thermogravimetric experiments were performed using a Rigaku Denki
CV 8002 L2 thermobalance with samples of about 15 mg under a N,
atmosphere in the temperature range 25-450°C at a heating rate of 10°C
min !,

Scanning electron micrographs were obtained using a JEOL S 25 II
apparatus.

Identification of evolved products was performed qualitatively by IR
spectroscopy of gases and condensed liquids released under isothermal
conditions in a tubular furnace.

RESULTS AND DISCUSSION
Characterization of Cu(nic}, and Cufisonic), - 4H,0
Banerjee and Ray [18] have reported X-ray diffraction data on copper

isonicotinate and mention also copper nicotinate; these substances are
reported to be isostructural with analogous Ag(II) salts. Although the
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TABLE 1
X-ray diffraction data
Cu(isonic) }* Cu(isonic),-4H,0 Cu(isonic),
200°) d(A) VI® 208 d(A) VI® 208(°) d(A) VI®
10.9 8.10 vs 10.2 8.66 w 10.8 8.18 s
14.3 6.17 w 13.9 6.36 w 14.1 6.28 w
19.5 4.55 m 15.5 5.71 vs 15.6 5.67 vs
221 4.02 s 16.7 5.30 vw 18.3 4.84 VW
23.8 3.74 m 18.6 4.76 m 19.0 4.67 w
25.8 3.45 w 19.5 4.55 m 19.6 4.52 vw
27.8 321 w 20.5 433 m 21.0 423 w
29.2 3.05 w 216 411 m 21.7 4.09 m
304 2.94 w 23.1 3.85 m 22.8 3.90 m
32.7 2.74 w 24.7 3.60 vw 235 3.78 w
33.8 2.65 w 25.7 3.46 vw 26.8 332 s
378 2.37 w 26.7 3.33 S 27.5 324 m
40.4 2.23 w 274 3.25 m 28.3 3.15 m
427 211 m 28.2 3.16 m 303 2.95 w
45.0 2.01 w 30.1 2,97 vw 31.8 2.81 w
479 1.90 w 323 2.77 w 328 2.73 w
49.0 1.86 w 344 2.60 w 345 2.60 w
53.3 1.72 w 37.0 243 w 37.0 243 w
387 2.32 vw 39.9 2.26 m
39.8 2.26 s 41.8 2.16 w
425 2.10 W 4472 2.05 VW
43.7 2.06 vw 46.9 1.94 vw
4.6 2.03 vw 48.6 1.87 vw
46.0 1.97 vw 53.2 1.71 vw

? from ref. 18.
® Visual intensities: vs very strong, s strong, m medium, w weak, vw very weak.

preparative procedure for copper salts is not given, it may be inferred that
these authors prepared complexes in which Cu(Il) is bound to nitrogen, at
variance with the usual behaviour of copper(Il) as reported by Paris et al.
[19]. These authors demonstrate binding to carboxylate in Cu(nic), and
Cu(isonic), through the different behaviour of ring vibrations in these
compounds as opposed to

= -
COHCI
=~
N

*H

Cu(isonic), - 4H,0 as prepared by us exhibits an X-ray diffraction pattern
(data collected in Table 1) very different to that reported in ref. 18; IR
spectral data show good agreement with values given in ref. 19 and indicate
the presence of bands assigned to carboxylate » asym and » sym at
1604—1545 and 1420-1380 cm™! that are indicative of a salt-like behaviour
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where the interaction between Cu(ll) and the anions is essentially electro-
static.

THERMOGRAVIMETRIC BEHAVIOUR

Thermograms of both salts are shown in Fig. 1. In the lower temperature
range, Cu(isonic), - 4H,0 shows an endothermic dehydration at 146° C and
an exothermic transition at 200° C without weight change, features that are
not present in the thermogram of Cu(nic),. These features are discussed
first.

Dehydration weight loss of Cu(isonic), - 4H,0O indicates that the starting
material is a tetrahydrate; X-ray examination of the resulting material shows
that a new crystalline phase is formed (anhydrous Cu(isonic),); the exo-
thermic transition is not accompanied by structural changes evidenced by

400 oC

25 °C

(a)

Fig. 1. TGA (-—+—- ) and DTA (------ ) curves for (a) Cu(nic), and (b) Cu(isonic),-4H,0.
Linear heating is also shown (———).
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25 °c
{b)

Fig. 1 (continued).

spacing and/ or sharpness of the diffraction lines. The diffraction data for
anhydrous Cu(isonic), are included in Table 1.

At ~278 and 280°C a fast weight loss is observed in Cu(nic), and
Cu(isonic),, respectively. The overall weight loss is in agreement with the
stoichiometry

5 Cu(NC,H,CO,),(s) = 5 Cu(s) + 10 CO,(g)
+8 NC,H,(g) + N, (g) + 10 C(s) (1)

Carbon dioxide was detected as the main gaseous product through the
formation of BaCO, upon bubbling the released gases in aqueous Ba(OH),,
and this was confirmed by IR spectroscopy of the evolved gases. Pyridine is
also formed and partially condenses; it can be identified both in the gas and
condensed liquid through IR spectra.

A small amount of nicotinic acid was isolated in some isothermal experi-
ments; we can offer no explanation for this product, but its formation
requires the presence of moisture or some other proton-containing substance
(its formation has been observed by us during the thermolysis of iron(III)
nicotinates, and attributed to the presence of OH™ and/or H,O [20}).
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Fig. 2. SEM picture of the pyrolysis (400 ° C) product of Cu(nic),.

In order to explore the possibility that melting might trigger decomposi-
tion several isothermal experiments were performed at different tempera-
tures below 278 and 280°C, respectively. The solids decompose over a
rather wide temperature range (obviously at varying rates), and thus melting
prior to decomposition is not substantiated by the data. On the other hand,
the morphology of the copper residue (see Fig. 2) indicates that melting
and /or volatilization may be involved, giving rise to appreciable migration
of copper atoms. Similar results have been reported for copper(Il) formate
[5] and acetate [6—8] where intervention by volatile copper(I) alkanoates has
been proposed. *

In our case, there is no evidence in favour of or against the possible
intermediate formation of fleeting copper(I) species. In any case the reaction
clearly starts through electron transfer from nicotinate to copper(1l)

* Note added in proof: After completion of this paper, our attention was directed to two
papers by N.J. Carr and A.K. Galwey (J. Chem. Soc., Faraday Trans. 1, 84 (1988) 1357 and
Proc. R. Soc. London, Ser. A, 404 (1986) 101) which contain a thorough analysis of the
isothermal decomposition of three copper(II) carboxylates which demonstrates the interven-
tion of copper (I) salts.
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This picture is of course equivalent to the homolitic breakage of the covalent
bond RCOO-Cu, and corresponds to the transfer of the electron from an
orbital essentially centered on oxygen to a metal-centered level. Re-examina-
tion of the thermolysis of copper(Il) tartrate [13,14] has also shown that no
oxide phases are formed, i.e. bond-breaking again takes place homolytically
between copper and oxygen, rather than within the organic anion. It seems
clear by now that all the well-documented cases of thermolysis of copper(Il)
carboxylate proceed directly to yield Cu(0), CO, and other decomposition
fragments of the organic moiety in a process governed by the existence of
easily accessible levels in copper(II) which can receive the electron.

ACKNOWLEDGEMENTS

The authors are indebted to Prof. O. Troccoli and M. Tudino for AAS
facilities; to Prof. E. Gros for microanalyses; to R. Garcia (Programa
QUINOR) for help with the experiments; to Departamento Servicios Espe-
ciales CNEA for X-ray facilities. This work was supported through grant
PID 3-910704/85by CONICET; partial support from CICPBA is also
acknowledged. MAB, PJM and CODB are members of CONICET.

REFERENCES

R.L. Martin and H. Waterman, J. Chem. Soc., (1959) 1359.

R. Schuffenecker, Y. Trambouze and M. Prettre, Ann. Chim., 7 (1962) 127.

B.V. Erofe’ev and L.S. Kravchuk, Kinet. Catal. (USSR), 10 (1969) 533.

D.A. Edwards and R. Richards, Inorg. Nucl. Chem. Lett., 8 (1972) 783.

A.K. Galwey, D.M. Jamieson and M.E. Brown, J. Phys. Chem., 78 (1974) 2664.
D.A. Edwards and R.N. Hayward, Can. J. Chem., 46 (1968) 3443.

D.C.K. Lin and J.B. Westmore, Can. J. Chem., 51 (1973) 2999.

M.D. Judd, B.A. Plunkett and M.1. Pope, J. Therm. Anal., 6 (1974) 555.

J.L. Doremieux and A. Boulle, C.R. Acad. Sci. Ser. C, 250 (1960) 3184.

K. Taki, P.H. Kim and S. Namba, Bull. Chem. Soc. Jpn., 43 (1970) 1450.

A.K. Galwey, P.M. Jamieson, M.E. Brown and M.J.Mc. Ginn, in P. Barret (Ed.), Reaction
Kinetics in Heterogeneous Chemical Systems, Elsevier, Amsterdam, 1975, p. 520.
12 P.S. Bassi and P.C. Kalsi, J. Therm. Anal., 13 (1978), 363.

13 B.P. Vesnovskii and A.N. Bryukhanov, Chem. Abstr., 74 (1971) 93935z, 93936a.
14 R.L. Schmid and J. Felsche, Thermochim. Acta 59 (1982) 105.

15 V. Sheshagiri and S. Brahmaji, Z. Anal. Chem., 262 (1972) 275.

16 P. Lumme and M.L. Korvola, Thermochim. Acta, 13 (1975) 419.

17 R.J. Acheson and A K. Galwey, J. Chem. Soc., A, (1967) 1167.

18 B. Banerjee and P. Ray, J. Indian Chem. Soc., 33 (1956) 503.

19 M. Paris, H. Thomas and J.C. Merrin, Mem. Soc. Chim. France, 5 (1961) 707.
20 E.E. Sileo, P.J. Morando, C.O. Della Vedova and M.A. Blesa, unpublished results.

—
—O 0 00 AW A WM

o



