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THERMOGRAVIMETRIC STUDIES ON SOME
Cu(Il) AMINE COMPLEXES
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Thermogravimetric analysis of solid state bis-Cu(Il) amine complexes CuL,X,, where
X =Cl" or NO; and L = ethylenediamine (en), tetramethylethylenediamine (tmn), o-
phenyienediamine (opd) and 2,2’ bipyridyl (bpy), has been carried out and the kinetic parameters
have been determined by fitting the observed mass losses corresponding to various steps using the
Coats and Redfern equation. These studies show that the activation energies of these complexes
decrease on changing the ligand in the order: bpy > opd > en > tmn. This trend can be attributed
to the rigidity of the N—C—C—N skeleton in the bpy and opd ligands and steric crowding at the
nitrogens in the tmn ligand. The majority of the decomposition steps were found to be composite
in nature and frequently involved fractional groups expelled from the complexes. From the
observation of E,> AH, the thermal decomposition process of these complexes appears to be
governed by the “nucleation and growth™ mechanism.

Our studies on the temperature dependence of the electrical conductivity of some
solid state bis Cu(II) amine complexes CuL,X, where X = ClI~ or NOj and
L = ethylenediamine (en), tetramethylethylenediamine (tmn), o-phenylenediamine
(opd) and 2,2" bipyridyl (bpy), exhibited a number of discontinuities in various
temperature intervals which are indicative of structural phase changes and/or
thermal decomposition. Though the literature on such coordination complexes is
quite extensive [1], except for some complexes of Cu(II)SO, [2], very little is known
about their thermal stability. Therefore, in order to understand the reasons for the
above-mentioned discontinuities in the electrical conductivity at various temper-
atures, the thermal properties of the complexes were studied.

Experimental

The above-mentioned Cu(Il) amine complexes were prepared by treating
aqueous alcoholic solutions of CuX, (X = Cl~ or NOjy) and the appropriate
ligands L (en, tmn, opd, bpy) in the stoichiometric ratio of 1:2 by following
procedures similar to those reported in the literature [3]. The complexes were.
characterised by elemental microanalysis (C, H, N), estimation of Cu [4] and
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chlorine by ion-exchange chromatography {4) and also by infrared and electronic
spectra. Thermogravimetric (TG) analysis was carried out on a home-made
thermobalance in air atmosphere at a constant heating rate of 3 deg/min up to
about 800° using about 60—70 mg of sample in a quartz crucible.

Results and discussion

Elemental and spectral analysis

The elemental and spectral analysis showed that the bis-en complex of Cu(II)
chloride was a monohydrate and the bis-tmn complex of Cu(Il) nitrate was a
trihydrate while other complexes were anhydrous; the molecular (empirical)
formulae of the complexes were (I)—gEu(en),(NO,),, (II)—
Cu(tmn),(NO;), - 3H,0, (IIN—Cu(opd),(NO;),, IV)}—Cu(bpy),(NO,),, (V)—
Cu(en),Cl;-H,0 and (VI)—Cu(bpy),Cl,. The infrared and electronic spectral
data of the complexes were in good agreement with the reported [5] data on similar
complexes and were indicative of an octahedral structure with the four N-atoms
from the two ligand molecules having a square planar arrangement about the
central Cu-atom.

Thermal analysis

The TG curve for Cu(en),(NO,), consisted of a single step in the range 220-250°
corresponding to simultaneous loss of both the ligand (en) molecules and anions
(NO3 ) leaving behind CuO as the residue (Fig. 1). This sudden loss of the fragments
due to an explosion-type reaction appears to be responsible for the somewhat larger
difference between the observed and calculated % mass losses. The decomposition
of Cu(tmn),(NO;), - 3H,0 takes place in two steps; the first step over the range
100-120° corresponding to fractional loss of the crystal water (~2.25 H,0
molecules) is followed by loss of the remaining 0.75 H,O together with both the

Jligand molecules (tmn) and N,Os, the final residue again being CuO. The
decomposition of Cu(opd),(NO;), proceeds in two steps; the first one around 190°
corresponding to loss of both ligand molecules (opd) is followed by loss of N,O5
over the range 270-370° leaving behind CuO. The dissociation of Cu(bpy),(NO,),
also takes place in two steps; the first one between 280 and 300° corresponds to the
loss of both ligand molecules (bpy) together with 0.55 N,O; which is followed by
the next step in the range 320-410° with loss of 0.45 N,Os, again resulting in CuQ as
the final residue. The common feature of all these Cu(I1) nitrate complexes is that
their dissociation is preceded by liquefaction and this appears to be a general feature
of other compounds containing nitrate groups. The TG curve of Cu(bpy),Cl, alse
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Fig. 1 TG curves for Cu(Il)-amine complexes. I: Cu(cn)Z(NO;,_)2, 1I: vC_u(tmn),(NO_-,),%H,O,« II:
Cu(opd),(NO,);; IV: Cu(bpy),(NO3);, V: Culen),Cl, - H,0, VI: Cu(bpy),Cl,

consisted of two steps; the first one like in the case of Cu(bpy),(NO;), over
280-300° corresponding to loss of both ligand molecules (bpy) together with loss of
().3lCl2 and the second one over 330-420° with loss of the remaining 0.7 Cl,
tltimately resulting in CuQ as the residue. The TG curve of Cu(en),Cl,* H,0 was
somewhat more complicated showing four steps: the first step over 90-100°
corresponding to a fractional loss of crystal water (0.35 H,0), followed by the
se'cond step over 220-280° with loss of the remaining crystal water (0.65 H,0)
together with one ligand molecule (en), the third step over 300-440° resulting in loss
of the second llgand molecule (en) and finally the last step over 510-640° with loss of
both the anions (2C1°) ultimately resulting in CuO as in all other cases. This
complex also showed liquefaction prior to the first step of dissociation. The
apparent liquefaction of Cu(en),Cl; * H,0 and Cu(tmn),(NO;), - 3H,0 preceding
the first decomposition steps is attributable to the presence ot water of
crystallisation.

The kinetic parameters, viz., the order of reaction (n), activation energy
(E;/kJ mol 1), the frequency factor (4) and the rate constant (k) corresponding to
each of the observed steps of decomposition in the TG curves were deduced by
fitting the observed degree of decomposition («) related to each step to the Coats
and Redfern equation [6). The kinetic parameters so obtained corresponding to
various decomposition steps of all the complexes are included in Table 1.

Thermal decompositions of systems involving metal nitrates and nitrites are
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found to be complicated by the occurrence of interactions between the evolved
oxides of nitrogen and a possibility of phase transition altering the behaviour of the
original reactant [7]. The present studies also indicate such complexity as
experienced in the attempt to fit the observed % mass losses to the calculated ones
requiring assumptions of composite steps as indicated under “probable com-
position of expelled group” in Table 1. This implies that the majority of the
decomposition products are frequently fractional groups being lost from the
complex. The order of reaction (n) corresponding to the best straight line graphs
range from 0.75 to 2.5. Though the concept of “‘order of a reacton” is not well
defined for solid state thermal decompositions, they can be taken to correspond
approximately to the dimensionality of the growth process in the thermal
decomposition. Thus, the cases of n< 1, I <n<2and 2 <n<3 can be taken to imply
the nucleation and growth processes to be approximately one-, two- and three-
dimensional, respectively. Because of the composite nature of the steps the
calculated activation energies and the rate constants are to be considered as
averages for the products involved in the steps. In spite of these limitations, they
indicate some general trends as follows.

Within the group of the Cu(NO,), complexes containing different ligands, the
activation energies are found to decrease in the order:

Cu(bpy),(NO;), > Cu(opd),(NO3), > Cu(en),(NO;), >
> Cu(tmn),(NO,), - 3H,0

Similarly within the group of Cu(Il) chloride complexes the activation energies are
found to decrease as
Cu(bpy),Cl,> Cu(en),Cl,-H,0

If the magnitude of activation energy is considered as a measure of stability, then
the above trends imply that the complexes of cyclic ligands such as bpy and opd are
stronger than those of open chain ligands such as en and tmn. The greater stability
of bpy and opd complexes may be ascribed to the rigidity of their N—C—C—N
skeletons. Furthermore, the higher stability of a bpy complex than that of an opd
complex may be due to the stronger coordinating ability of the ring-nitrogens of the
former. Similarly, the lowest stability of a tmn complex might be due to the steric
crowding at the coordinating N due to two methyl groups. A comparison of the
resuits for en complexes of Cu(II) chloride and Cu(Il) nitrate and similarly those for
the bpy complexes of Cu(II) chloride and Cu(II) nitrate show that they follow quite
different courses of reaction and the related kinetic parameters also vary
considerably. This is consistent with the general observation that, “changing the
anion has a pronounced effect on the thermal stability of a complex™ [1, 8]. For all
these complexes, the activation energies for the steps involving loss of ligand
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molecules are all found to be higher than the reported enthalpies in solution [1].
Though the thermodynamic quantities for reactions in solutions and solid state
cannot be compared directly, the observation that AH < E, can be taken to imply
that the decomposition rate is governed by the “nucleation and growth”
mechanism [9].

A research grant from the University Grants Commission (India) to LSP and a JRF to JKK are
thankfully acknowledged.
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Zusammenfassung — Kupfer(II}-bisaminkomplexe der Formel CuL,X, mit X = CI~ oder NO; und
L = Athylendiamin (en), Tetramethylithylendiamin (tmn), o-Phenylendiamin (opd) und 2,2’-Bipyridyl
(bpy) wurden thermogravimetrisch untersucht und die kinetischen Parameter aus den gemessenen, zu
den entsprechenden Schritten gehdrenden Masseverlustwerten unter Anwendung der Gleichung von
Coats und Redfern bestimmt. Es ergab sich, daB die Aktivierungsenergie dieser Komplexe entsprechend
folgender Ligandenreihe abnimmt: bpy > opd > en > tmn. Dies kann bei den bpy und opd Liganden auf
die Starrheit des N—C—C—N Fragmentes und im Falle der tmn Liganden auf eine ridumliche
Ubserfiilltheit am Stickstoffatom zuriickgefithrt werden. Die Mehrzahl der Zersetzungsschritte sind
komplexer Natur und haben hiufig aus den Komplexen stammende Teilgruppen zum Ergebnis.
Anifgrund der Beobachtung E, > AH scheint der thermische Zersetzungsvorgang dieser K omplexe durch
einen ,,Keimbildungs und -wachstums™ mechanismus bestimmt zu werden.

Pe3siome — I1poBeaeH TepMOTpaBIMETPHYECKHI aHAK3 TBEPAbIX Ouc-(aMuHo)Mean(1T) komnnexkcos
obwe# popmyasi Cul,X,, rae X = xnopug wns quTpar, a L = sTHJIeHadaMuH (en), TeTpaMeTHIIEH-
AnamuH  (tmn), . o-penunensuamun  (opd) u 2,2-Gunupupun (bpy). C nomouibio ypapHeHHs
Koytca-Paadepra 6binn onpenenenbl KWHE THYECKHE NapaMeTPhl PEaKLuii paznoxennsn. [1posenennple
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HCCNeJOBAHHU S TOKA3aJIH, YTO SHEPTHH AKTHBALMH 3THX KOMILIEKCOB YMEHBILIAIOTCA B PAAY IATAHJOB B
crenytouleM nopsaaxe bpy >opd >en>tmn. Tako#i nopsagok MoxeT ObITE 00YC/IOBJIEH XKECTKOCTBIO
ckenetHoro 3geHa N—C—C—N B Ounupunune ¥ o-QeHWICHZHAMAHE M CTEPHYECKUMH Mpern-
ATCTBUAMH NIPH ATOMAx a30Ta B TETPAMETHJICHIHMAMHHE. YCTaHOBNIEHO, YTO OCHOBHBIE CTaIHH
PA3JIOKEHUA HOCAT CJIOXHBIN XapakTep U 4acTO BKJIIOMAIOT OTAC/BHBIC IPYNNbl, BLIACSIOLINECH H3
xomruiekcos. Mcxoas u3 3snayuennit E, n A H, MOXHO cIes1aTh 3aKJIIOYEHHE, YTO NPOIIECC TEPMHUYECKOTO
PA3JIOXKEeHHS TOAYHHAETCA MEXaHH3MY «00pa30BaHUg U POCTA LEHTPOB KPUCTAJUTH3ALHEY.
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