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Abstract

A thermoanalytical study of 4(5)-hydroxymethyl-5(4)-methylimidazole complexes with divalent cobalt, nickel and copper, with a general
formula ML4(NO3); is reported: the thermal stability and the decomposition steps were determined by thermogravimetry (TG) and derivative
thermogravimetry (DTG). The released products, due to the thermal decomposition, were analyzed by on-line coupling a FT-IR spectrometer
to the thermobalance; the so obtained evolved gas analysis (EGA) allowed to prove the proposed decomposition steps. The decomposition
kinetics was examined by using the Flynn—Wall-Ozawa and Kissinger methods. From the former mekhdebedencies were presented
and connected with the corresponding steps mass loss; from the latter method the activation energies and the pre-exponential factor were
computed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction decomposition steps were determined by thermogravimetry
(TG) and derivative thermogravimetry (DTG). The released

The bidentate nature of the imidazole ligands with the hy- products, due to the thermal decomposition, were analyzed
droxymethyl substituent, in which, apart from the pyridynic by on-line coupling a FT-IR spectrometer to the thermobal-

nitrogen atom, the oxygen atom of the —&bH group is  ance; the so obtained evolved gas analysis (EGA) allowed
another electron donor, explains the high stability of transi- to prove the proposed decomposition steps.

tion metal ion complexes'with this moleculgs-3]. The hy- Flynn—Wall-Ozawa (FWOJ]9,10] and Kissingef11,12]
droxymethyl substituent is also known to form more stable kinetic methods were used in the present work to evaluate
complexes than the corresponding alkyl substitughts]. the activation energy. From the FWO method Ehdepen-

In two recent articleg7 8], the synthesis, the crystal struc-  dencies were reported and connected with the corresponding
ture and the spectroscopic properties of 4(5)-hydroxyme- mass loss step, while from the Kissinger method the activa-

thyl-5(4)-methylimidazole complexes with divalent cobalt, tion energies and the pre-exponential factor were considered.
nickel and copper, with a general formula MNO3),, has

been reported.

To complete the characterization of these biomimetic
compounds, a thermoanalytical study was performed and
the results are here reported: the thermal stability and the

2. Experimental
2.1. Syntheses of the complexes

* Corresponding author. Tek:39-06-499-13616; All the complexes of general formula M('NO3)2 (Whe':e
fax: +39-06-445-3953. M = Co(ll), Ni(ll) or Cu(ll)) were synthesized by following
E-mail address: stefano.materazzi@uniromal.it (S. Materazzi). the same procedure reported in the literafu;8].

0040-6031/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.tca.2004.02.020
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The hydrochloride 5-hydroxymethyl-4-methylimidazole through the following (pseudo) first-order reaction
(Aldrich, Europe) was alkalized with a KHCGOsolution.

The free imidazole base was extracted with 1-BuOH. To an |n£2 = _E + |nA_R 2)
aqueous solution of 8 mmol of the imidazole base, an aque- I RTp E

ous solution containing 2 mmol of the particular metal ni- .

trate was added. whereTp is the peak temperature of the DTG curve dhd

The precipitated crystals resulted light-pink for the cobalt th€ gas constant. This equation can be applied with a reason-
complex, dark-violet for the nickel complex and navy-blue able approximation even to ath-order, regardless order. If

for the copper complex the reaction proceeds under conditions where thermal equi-
: T ntai 2
X-ray spectroscopy confirmed the proposed structure of llbrium is always maintained, then a plot(By 7jy) versus
the precipitated complexdg,8]. 1/T, gives a straight line with a slope equal to —E/R.

2.1.1. Elemental analysis
ColL4(NO3)2: C 38.0% (30.04), H 5.2% (5.07), N 3. Resultsand discussion
22.3% (22.19), O 25.3% (25.36); Ni(NO3);: C 38.0%
(30.04), H 5.1% (5.07), N 22.2% (22.19), O 25.4% (25.36);  Imidazole derivatives with two different substituents at
Cul4(NOg),: C 37.7% (37.76), H 5.0% (5.03), N 22.1% positions 4 and 5 can exist in two tautomeric forms. The

(22.03), O 25.2% (25.18). studied ligand occurs in the forms showrSbheme bwing
to anular tautomerism.
292 |nstrumental In the 4-hydroxymethyl-5-methylimidazole tautomer, the

oxygen atom of the hydroxymethyl group adjacent to the ni-
The thermoanalytical curves were obtained using a trogen atom of the ring enables the formation of five-member

Perkin-Elmer TGA7 thermobalance (range 20-100Q chelating ringg7.8]. _ o
the atmosphere was either pure nitrogen or air, at a flow 1he complexes characterized in this work show a
rate of 100 mimin®; the heating rate was varied between ML4(NO3)2 general formula, with two monodentate
5 and 40C min1, with the best resolution achieved at a molecules, co-ordinated through the 3-pyridynic nitro-
scanning rate of 16C min-L. gen atom of the imidazole ring, while the remaining two
To obtain the IR spectra of the gases evolved during the MOl€cules are bidentate ligands, the oxygen atom of the
thermogravimetric analysis, the thermobalance was coupled™CHOH group being another electron donor that interacs
with a Perkin-Elmer FT-IR spectrometer, model 1760X. The with the metgl lon. . )
TGA7Y was linked to the heated gas cell of the FT-IR instru- Three main thermal decomposmon steps are present in
ment by means of a heated transfer line, the temperatures ofhe TG profiles of the complexes (air flow), as shown in

the cell and of the transfer line being independently selected. F19- 1. The complexes are stable, with a TG plateau, up to
170°C where the first releasing step occurs. It is followed

by a second process in the temperature range 230340
with the final oxidation to give the metal oxide starting at
390°C.

The n_qn—isothermal kinetic. analysis (_)f the thermal de- By referring to the structure, determined by X-ray spec-
composition stages was carried out using the data elabo'troscopy [7,8], and by calculating the molecular weight

rated fromthe TG cgrv$s performed at different heating rates corresponding to each releasing step, the decomposition
(from 2.5 to 20°C min™). _ _ mechanism shown iBcheme Zan be proposed. In the first
The first proposed methd#,10]is based on the equation: TG step, the release of the two non-coordinated »QH
E AE groups can be calculated; the second process involves the
Ing = —1-052R—.|. —5.311+ In? —In{g(@)] 1) loss of the four methyl groups and the breakdown of the
coordination with the loss of the other two hydroxymethyl
whereE is the activation energ@ the pre-exponential factor,  groups. The final decomposition to give the metal oxide is
R the gas constang the heating ratey the degree of con-  consequent to the loss of the complex coordination without
version, g(e) =y da/f () the integral function of conver-
sion andf(«) the differential function of conversion, which
depends on the set of the considered kinetic models. For CHs M
constant values af the plot of Ing versus 1/Tobtained at -
different heating rates should be a straight line whose slope H_N)\wf CHOH ~—— N D
enables the activation energy to be evaluated as a function —N ’|\I
of a. H
The second method is based on the fact that the peakScheme 1. Anular tautomerism of the 4(5)-hydroxymethyl-5(4)-methyl-
temperature is a function of the heating rate of the sample midazole molecule.

2.3. Kinetic methods of calculation
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Fig. 1. TG () and DTG (—) curves of Cul(NOs), (a), NiL4(NOs), (b) and Coly(NOz)> (c) complexes. Heating rate: 1@ min~t; air flow at
100 mimirr?® rate.

a clear plateau usually found in other imidazole-derivative difference was shown in the temperature range 1702340

coordination compounds studied by our grqf—16]. so confirming two releasing steps instead of decomposi-
The following equations are proposed: tions.
By the analysis of the evolved gases, performed by on-line
M(CsN2Hg0)4(NOs)2 coupling a FT-IR spectrometer to the thermobalance, the
— M(CsN2Hg0)2(CaN2H4)2(NO3)- proposed decomposition steps can be confirmed.

As can be seen in the stacked plot of the spectra recorded
M (CsN2Hg0)2(CaN2H4)2(NOg)2 — M(C3N2H4)4(NOs)2 in the temperature range 170-220 (Fig. 2), the IR bands
M(C3N2H4)4(NOs)2 — metal oxide are due to the release of the —gBH groups (not coordi-
nated). In the temperature range 230-350corresponding
When the purging flow is changed to inert gas (nitrogen or to the second TG releasing process, the IR bands related to
argon), only the final decomposition step is interested, with the loss of methyl groups appears in addition to the IR bands
a shift of the decomposition temperature range to higher; no previous described.
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The evolved gas analysis so confirms the proposed thermafid- 3. TG curve for decomposition steps of GENOs), at scanning

decomposition pathway deduced by calculating the molec- rate of 10°Cmin~* (upper plot) compared to the dependence of Ehe
. values ona (lower plot).
ular weight loss from the TG traces.

By considering the final oxidation to give the metal oxides,

Fig. 1 allows to propose a thermal stability scale, where ing the last one to lose the hydroxymethyl and the methyl
Cul4(NO3)2 > ColL4(NO3)2 > NiL4(NO3)». groups.

The thermal stability scale, as always for the coordina-  Figs. 3-5compare the dependence®bn « against the
tion compounds, is exactly the opposite with respect to experimentally obtained mass loss curve for all the examined
the stability scale for the complexes in solution reported complexes. The evaluatdtidependencies sometimes show
by Kurdziel et al.[7,8]. However, in the first TG step an drastic drops in th& values usually due to a computational
inversion is noted between the Co and the Ni complexes artefact[17]. In fact, they occur at the point of transition
due to the different coordination sphere and the consequentfrom one mass loss step to another one, when the reaction
different interactions of the oxygen of the non-coordinated rate shows a marked decrease.

—CH,OH groups. Moreover, the Cu complex shows a lower  The first decomposition step (¢ <1) shows an increase
stability for the second thermal release, the Ni complex be- of the activation energy for the Cu and Co complexes (from

EGA: spectrum recorded at 300 °C
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Fig. 2. Infrared spectra of the TG evolved gases for the decomposition af{M@3z), complexes in the temperature range 300-4DOResolution:
8cm1-10 scans per spectrum.
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Fig. 4. TG curve for decomposition steps of N{NOs), at scanning rate
of 10°Cmin~! (upper plot) compared to the dependence ofEhelues

on « (lower pl

ot).

48 to 142kJImot! and from 23 to 132 kJmol, respec-
tively) while for the Nilu(NOz3)2 E is practically constant
(31+ 1kImol?).

The activation energy increase at the beginning of the sec-

ond step for Cu and Co complexesi0 < «a < 0.45) from
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Fig. 5. TG curve for decomposition steps of GUNOgz), at scanning
rate of 100Cmin~1 (upper plot) compared to the dependence of Ehe
values onw (lower plot).

Table 1
Activation energies obtained from Kissinger method (Eq. (2)) for all the
studied complexes

Complex Stages E (kJmol?1) InA (min—1) r2
CoL4(NO3)2 | 93.1+ 2.8 16.2+ 0.5 0.9939
1] 1485+ 3.5 26.2+ 0.7 0.9955
] 549 + 2.1 9.6+ 0.5 0.9915
NiL4(NO3), | 337+ 16 59+ 0.3 0.9889
1] 472+ 15 8.3+ 04 0.9975
1} 385+ 18 6.6+ 0.3 0.9925
CuL4(NO3)2 | 948+ 2.8 16.7+ 0.6 0.9905
1] 1119+ 3.6 19.5+ 0.8 0.9977
1} 69.7 + 1.7 12.2+ 0.6 0.9913

The associated uncertainties were also given as standard deviations.

113 to 125 kI moi! and from 129 to 170 kJ mot, respec-
tively. For NiL4(NOz3) E decreases from 51 to 34 kJ mél
in the range A0 < a < 0.39.

At the end of the third decomposition step the process
evidently accelerates and all the complexes lose more than
50% of mass in the temperature rang870—-600'C. For
all the studied complexes, the highest decomposition rates
were reached at the end of the third step (E < 70 kJthol
a > 0.70), with only a slight change in the activation
energy.

On the basis of these results, the proposed stability scale
is confirmed.

The activation energies obtained frdfqg. (2)are listed in
Table 1. These values are in good agreement with the middle
calculated ones, reported tigs. 3—5for all decomposition
steps.

The final conclusion is that the second step shows
higher E values with both methods and represents the
rate-determining step.
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