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Abstract

The thermal properties of the complexes M(N-Me-5-X-salam),, where M = Cu(II) or
Ni(Il), X = 0OCH,;, CH,, H, Cl, or Br, and salam = salicylideneaminate anion, have been
studied by DSC and heat-of-reaction measurements. Polymorphic transitions accompanied
by the association reactions of the complex molecules are observed in Ni( N-Me-salam),,
Ni(N-Me-5-Cl-salam), and Cu(N-Me-salam),. The heats of transition, AH,, of these
complexes determined from DSC peak measurements are —4.8 kJ mol™!, 4.6 kJ mol~! and
2.2 kJ mol™! respectively. The AH, values calculated from the heats of reaction of these
complexes with 6 mol dm™> HCI agree well with those obtained from the DSC measure-
ments. The effect of the ring substituent X on the solid state association reaction is discussed.

INTRODUCTION

Nickel(IT) complexes with Schiff-base ligands composed of salicylalde-
hydes and aryl or alkyl amines are known to have various types of coordina-
tion geometry, including tetrahedral, square planar, binuclear square pyra-
midal and oligomeric octahedral forms [1]. Special interest has been focused
on the isolation of a pair of modifications with different molecular struc-
tures in order to understand the relation between the nature of the ligand
and the molecular structure of these complexes [2—5]. Since, in some cases,
one modification can only be prepared from the other modification on
heating, it seems of interest to study their thermoanalytical properties [6-8].
This paper describes the thermal properties of the nickel(II) and copper(II)
complexes with N-methyl-substituted salicyclideneaminates; the influence of
various ring substituents on the thermal properties is discussed on the basis
of DSC and the heat-of-reaction data.
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EXPERIMENTAL

The complexes M( N-Me-5-X-salam), where M = Cu(II) and Ni(Il), X =
OCH,, CH,, H, Cl and Br, and salam = salicyclideneaminate anion (Fig. 1),
were prepared by the published procedure [5]. Monomeric modifications of
nickel(Il) and copper(II) complexes were isolated from the solution.
Oligomeric modifications of Ni( N-Me-salam), and Ni( N-Me-5-Cl-salam),
were prepared from the respective monomeric modifications on heating at
an appropriate temperature. The dimeric modification of Cu(/N-Me-salam),
was prepared by the recrystallization of the monomeric modification from
ether solution. Differential scanning calorimetry (DSC) curves were re-
corded on a Rigaku Denki thermal analyser 8002 at a heating rate of 10 K
min~! in an atmosphere of flowing nitrogen, a-Al,0, being used as a
reference material. The heat of transition was determined from DSC peak-
area measurements. The instrument was calibrated against the heat of
transition of potassium nitrate, giving a linear correlation between the peak
area S (cm?) and the heat of transition AH (J): S=(3.76 +0.01) AH +
(0.00 4+ 0.04) under the present experimental conditions. The heat of reac-
tion of each complex (0.02 mol) with 6 mol dm~* HCI (200 ml) at 293 K
was determined by the standard method [9]. Thermomagnetic analysis was
employed to measure the change in the magnetic properties of the nickel(1I)
complexes on heating [8].

RESULTS AND DISCUSSION

Thermoanalytical data, heats of transition and the corresponding DSC
peak temperatures are given in Table 1, and the DSC curves of the
complexes of interest are reproduced in Figs. 2 and 3. The nickel(Il)
complexes with X = OMe and Me gave a single DSC peak corresponding to
melting at around 530 K. As shown in Fig. 2, the monomeric modifications
of Ni(N-Me-5-Cl-salam), and Ni(N-Me-5-Br-salam), have two separated
endothermic peaks: the peaks observed at the lower temperatures corre-
spond to a phase transition and those at higher temperatures correspond to
melting accompanied by partial decomposition of the complex. The DSC
curve of the monomeric modification of Ni( N-Me-salam), is somewhat

CH3
HC=N/\ /o @—x
M
X@'O/ \N =CH
/

HyC
Fig. 1. Molecular structure of M(N-Me-5-X-salam),.
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TABLE 1
Characterisation, and thermoanalytical and heat of reaction data of the complexes
M X M (%) Colour p* AH, (T.)"° AH ¢
Found  (Caloy (Calc) (BM) (kJ mol '} (K) I mol™ ")
Ni CH, 16.39 (16.54)  Green dia
OCH, 15.17 (15.17)  Green dia
H 17.76 (17.96) Green dia —4.8+0.1 (480) —~124.6
17.82 (17.96)  Buff 3.37 -121.3
Ct 14.96 {14.83) Green dia 4.6+0.1 (493) —106.9
14.87 {14.83)  Green 3.27 -111.9
Br 12.15 (12.11)  Green dia 2.34+0.0(503)
Cu CH, 17.53 (17.67) Brown 1.83
OCH, 1597 (16.22) Green 1.87
H 19.16 (19.16) Green 1.79 - 64.7
19.06 (19.16) Brown 1.92 2.2+0.0(375) - 62.0
Cl 15.71 (15.86) Green 1.92 2.31+0.0(393)
Br 12.90 (1298) Green 1.86 1.7+ 0.0 (489)

* Determined at room temperature; BM, Bohr magneton.

® Heat of transition; DSC peak temperature is given in parentheses.
® Heat of reaction with 6 mol dm~> HCl at 293 K.
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Fig. 3. TG (------ ) and DSC ( ) curves of (A) brown modification of Cu( ¥N-Me-salam),
(curve 1) and dimeric modification of Cu( N-Me-salam), (curve 2) (B) Cu(N-Me-5-Br-salam),,
and (C) Cu(N-Me-5-Cl-salam),.

complicated: it shows an endothermic peak at around 480 K, followed by a
broad exothermic peak at 510 K and another endothermic peak at 575 K.
Thermomagnetic analysis of monomeric Ni( N-Me-salam), and Ni( N-Me-5-
Cl-salam), indicated that the endothermic reactions taking place at the
lower temperatures are associated with a change in their magnetic proper-
ties, from diamagnetic to paramagnetic, arising from the oligomerization
reaction of these complex molecules [2]. Thus the DSC curve of Ni( N-Me-
salam), can be interpreted as the oligomerization taking place together with
the melting of the complex at 480 K; the resulting oligomer solidifies at 510
K and the oligomeric modification then melts at 575 K. The heats of
transition, AH,_, of Ni( N-Me-salam), and Ni( N-Me-5-Cl-salam), are —4.8
kJ mol~! and 4.6 kJ mol ™! respectively. Although the oligomeric modifica-
tion of Ni( N-Me-5-Br-salam), has been reported to be produced from the
monomeric form on heating [4], no DSC peak was observed prior to melting
that could be assigned to the phase transition together with oligomerization
of the complex molecules. As partial paramagnetism was observed in the
melt of the complex, the oligomerization is considered to be coincident with
the melting of the complex. The DSC peak observed at 503 K is merely due
to a change in the crystal structure. The present results appear to imply that
the monomeric nickel salicyclideaminates tend to associate at high tempera-
tures in the solid or molten state; however, it has been reported that the
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oligomeric modification of Ni(N-phenyl-salam), undergoes an exothermic
transformation into the monomeric modification at 438 K [8].

Some copper(II) salicylideneaminates undergo the dimerization reaction
in both the solution [10] and solid state [11,12}; thus it seems of interest to
compare the thermal properties of copper(Il) complexes with those of the
nickel(IT) complexes. Interestingly, the thermal behaviour of the copper(1l)
complexes resembles that of the nickel(II) complexes. The copper(II) com-
plexes with X = OMe and Me gave no DSC peak corresponding to a phase
transition, and merely melt at around 490 K. The remaining copper(II)
complexes give two DSC peaks, as shown in Fig. 3. The peaks observed at
the lower temperatures correspond to the phase transition and those at the
higher temperatures to the melting. The green modification of Cu(N-Me-
salam), melts at 433 K whereas its brown modification undergoes an
endothermic phase transition at 375 K and then melts at 433 K. As the
brown and green modifications are composed of monomeric square-planar
[13] and dimeric square-pyramidal molecules [14] respectively, the DSC peak
at 375 K is ascribed to the polymorphic transition accompanied by the
dimerization reaction of the complex molecules. The heat of transition of
this complex was found to be 2.2 kJ mol~'. A similar phase transition has
been observed from the brown (monomer) to the green modification (dimer)
of Cu( N-cyclohexyl-salam), [11] and its AH,, value has been reported to be
13.3 + 0.3 kJ mol~! [12]. In the DSC curves of Cu( N-Me-5-Cl-salam), and
Cu( N-Me-5-Br-salam),, endothermic peaks due to phase transitions are
observed at 393 K and 489 K respectively. These transitions are reversible
and may not be accompanied by the association of the complex molecules,
because all such transitions have been found to be irreversible processes
(Fig. 1). The isolation of the other modifications and their crystal structural
data are required to obtain a definite conclusion.

The heat of reaction AH,_ of these complexes with hydrochloric acid (6
mol dm™?) was measured to check the heat of transition determined by the
DSC method. Although the solution species were not identified, it is not
unreasonable to assume that the final state of the solution is identical in
both modifications; then the difference between the heats of reaction of the
two modifications represents the heat of the transition. The heats of transi-
tion calculated from the A H, values given in Table 1 are as follows: —3.3 kJ
mol ! for Ni( N-Me-salam),; 5.0 kJ mol~! for Ni( N-Me-5-Cl-salam),; and
2.7 kJ mol~! for Cu(N-Me-salam),. These values agree well with those
determined by DSC peak-area measurements. Sacconi et al. (3] have re-
ported the heat of transition of Ni( N-Me-salam), as — 3.4 kJ mol™! which
is in good agreement with the present value.

Association reactions of complex molecules with concomitant formation
of new bonds are generally exothermic processes. Yokoi and Chikira have
reported the enthalpy of dimerization of Cu(N-R-salam), (R = Pr, Bu) in
methylcyclohexane to be about —13 kJ mol™! [10]. Nevertheless, ail the
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polymorphic transitions characterized by exothermic association reactions
are observed as endothermic processes, except for Ni( N-Me-salam),. This
may be attributed to the relatively large difference in crystal packing energy
between the two modifications, which predominates over the exothermicity
of the association reaction. While the equilibrium study of Ni( N-Me-salam),
has indicated that the oligomeric form is favoured at low temperatures in
solution [15], the oligomerization reaction occurs at high temperatures in the
solid state. This must be explained in terms of the crystal packing effect.

Crystal structural analyses of Cu(N-Me-salam), [4] and Cu(N-
cyclohexyl-salam), [11] have demonstrated that the association of the com-
plexes occurs through the coordination of the phenolato oxygen atom in the
complex molecule to the metal ion of an adjacent complex molecule.
Therefore both the Lewis basicity of the phenolato oxygen and the Lewis
acidity of the metal ion are important factors for the occurrence of the
present association reaction. The introduction of an electron-releasing group
such as OMe or Me on the aryl ring, is expected to decrease the Lewis
acidity of the nickel(II) ion and the increase the Lewis basicity of the
phenolato oxygen atom. The thermoanalytical study of the pyridine adducts
of Ni( N-Me-5-X-salam), has indicated that the Lewis acidity of the nickel(1I)
ion decreases when X = OMe and Me [16]. The fact that association reac-
tions in complexes with X = OMe and Me do not occur, suggests that a low
Lewis acidity of the metal ion may be disadvantageous for the occurrence of
association reactions; that is, as far as the electronic effect is concerned,
electron-withdrawing substituents are favourable for association reactions in
the solid state. Although Sth-position substituents on the aryl ring seem to
cause hardly any intramolecular and intermolecular steric hindrance for the
association reaction, a paucity of crystal structural data makes it difficult to
assess the steric effect of the substituents on the solid-state association
reaction.
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