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Abstract

Infrared spectroscopy, thermogravimetry and differential scanning calorimetry techniques were
used to study the metal-amino acid interactions for adducts of the general formula CdCl,-nL (n=1.0
or 1.5 and L=histidine or cysteine). After characterization the thermal degradation process was
kinetically followed by a non-isothermal method. The infrared data confirmed that the cation is co-
ordinated the carboxylic oxygen atoms of the amino acid molecules. The thermogravimetric results
indicated that the main step of the thermal degradation of all amino acid adducts is connected to the
rupture of the metal-ligand bonds, to give the associated activation energies values of 77, 44, 55
and 41 kJ mol ™ for CdCl,-nL, n=1.0 and 1.5, for histidine and cysteine, respectively.
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Introduction

Amino acids compose the building blocks of proteins that are chemical species indis-
pensable to perform a huge of biological functions [1]. The basic atoms disposed on
the main chains of these molecules are available to coordinate cations and the investi-
gations on metal-amino acid interactions can be used to understand, for example, the
poisoning role of some elements in living organisms [2]. The great majority of en-
zymes have the active site formed by metal-binding moieties [2], in which histidil
and cysteinil groups can be involved [3]. On the other hand, the action of drug [3] can
also be clarified through the knowledge of the metal-amino acid interactive process.
A schematic representation of histidine and cysteine molecules is shown in Fig. 1.

Amino acids have also been extensively studied as components of inorganic—or-
ganic hybrid materials [4, 5], and many investigations dealing with the metal-amino
acid interactions, involving a series of important metal like as copper [6], aluminum
[7], platinum [8] and mercury [9] have been involved.
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Fig. 1 Structure of a — histidine and b — cysteine molecules

Thermogravimetry and differential scanning calorimetry (DSC) techniques were
successfully employed not only to follow the thermal degradation of amino acids
[10], but also to study metal-amino acid interaction [11]. Normally, in this kind of in-
vestigation, the kinetic parameters for the thermal degradation of the obtained ad-
ducts, were calculated by using a non-isothermal procedure [11]. The conclusions ob-
tained by using thermogravimetry and differential scanning calorimetry are sup-
ported and completed by the solution calorimetry results [12].

The aim of this publication is to study, by using infrared, thermogravimetric,
differential scanning calorimetry and non-isothermal kinetic thermogravimetric data,
the cadmium—amino acid interactions, taking into account the adducts of the general
formula CdCl,-nL, were L=histidine (his) or cysteine (cys); n=1.0 or 1.5.

Experimental

The adducts of the general formula CdCl,-nL, n=1.0 or 1.5 and L=his or cys, were
prepared as previously described for cadmium—glycine compounds [11, 12], by dis-
solving stoichiometric amounts of cadmium chloride (Merck), histidine (Aldrich) or
cysteine (Aldrich) in double distilled water. After mixing the desired solutions, the
solvent was slowly evaporated during five days at room temperature. The synthesized
adducts were dried under vacuum at room temperature for 8§ h. The adducts of
histidine were obtained as white crystals whereas the compounds of cysteine exhib-
ited a pasty consistence.

Carbon, nitrogen and hydrogen contents were determined using a Perkin Elmer
microelemental analyzer. The obtained results are in good agreement with the ex-
pected stoichiometries for the adducts, within an error of £5%. The infrared spectra
were recorded in a Bomem apparatus in the 4000-400 cm ™' range, with a resolution
of 4 cm™'. The spectra were obtained from powders in KBr discs for all the adducts.
Thermogravimetric (TG) curves were obtained in a Shimadzu TGA 50 apparatus.
The differential scanning calorimetric (DSC) curves were recorded in a DuPont 2000
apparatus. Both, TG and DSC curve were obtained in argon atmosphere with a heat-
ing rate of 8.3-102°C s™'. The non-isothermal thermogravimetric kinetic data were
obtained by using the Coats—Redfern method [13].
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Results and discussion

The elemental analysis results are summarized in Table 1 and are in agreement with
the following expected formula CdCl,-his, CdCl,-1.5his, CdCl,-cys and CdCl,-1.5¢cys
for the synthesized adducts.

Table 1 Experimental and (calculated) carbon, nitrogen and hydrogen percentages obtained from
the elemental analysis for cadmium-histidine and cadmium—cysteine adducts

CdCl,-nL Carbon Nitrogen Hydrogen
CdCly'hys 224 (21.2) 12.2 (12.3) 323.2)
CdCl,-1.5hys 25.3 (25.6) 13.5 (15.0) 3.9(.9)
CdCly-cys 11.2(11.8) 3.7 (4.6) 2.9(2.6)
CdCl,1.5cys 14.0 (14.7) 4.9 (5.7) 3.6 (2.9)

The infrared spectra for the free amino acids and the respective adduct are
shown in Figs 2 and 3. For histidine, the main infrared bands to be considered are that
located at 1639, 1581, 1499, 1415 and 1168 cm ', attributed to the v.(COO"),
3(NH) 3, v(ring), vi(COO") and 3(NH)imia, respectively [14]. In both adducts with
histidine, the v,(COO"), 3(NH);, v(ring) and 8(NH)inia. bands are almost in the same
positions found for the free amino acid. On the other hand, the v{(COO") band is
shifted to 1400 cm™' for both adducts. The shift towards lower wavenumbers exhib-
ited by the v{(COO") band provided evidence that histidine is bonded to the metal ion
through the carboxylic group [6, 11, 15].
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Fig. 2 Infrared spectra for a — histidine; b — CdCl,-1.5his and ¢ — CdCl,-his obtained
from powders in KBr discs
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Fig. 3 Infrared spectra for a — cysteine; b — CdCl,-1.5¢cys and ¢ — CdCl,-cys obtained
from powders in KBr discs

For free cysteine, the main infrared bands are located at 1746 cm ™' due to v,C=0
vibration mode. For adducts, v,C=0 band is shifted to 1736 and 1739 ¢m' for
CdCly-cys and CdCl,-1.5¢ys, respectively, indicating that coordination occurred
through the carbonylic oxygen atom [11, 15]. The fact that oxygen and not sulfur is
used for coordination seems to be unexpected result when this analysis is based on the
hardness of the basic and acidic centers considered.

Thermogravimetric and DSC curves for adducts of histidine and cysteine are
shown in Figs 4 to 7, respectively. The adducts CdCl,-cys and CdCl,-1.5¢ys, Figs 6a
and 7a, respectively, started the thermal degradation at 151 and 133°C, exhibiting a
calculated mass loss percentage of 46 and 59% respectively, due to the release of
ligand molecules. These values are in good agreement with the proposed formula for
these adducts. The thermogravimetric data allowed the proposition the following
thermal degradation steps for these two adducts: CdCl,-ncys (s)—CdCl, (s)+ncys (g),
with #n=1.0 or 1.5, indicating that, as previously noticed for cadmium adducts [16],
the rate determining factor in the thermal degradation is the rupture of the
metal-ligand bonds. For the histidine adducts, Figs 4a and 5a, respectively, similar
sequence of steps of decomposition can be proposed.

The DSC curves for all the synthesized adducts, Figs 4b to 7b, exhibited endo-
thermic peaks in the same temperature range observed for the mass loss steps. On the
other hand, the cysteine adducts exhibited an exothermic peak before the endother-
mic one due to the release of amino acid molecules. This exothermic peak could ten-
tatively be attributed to some kind of structural modification that occurred on the ad-
ducts and gave the values of 17 and 19 kJ mol ' for the 1.0 and 1.5 adducts, respec-
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Fig. 4 a— TG and b — DSC curves for the adduct CdCl,-his obtained under argon atmosphere
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Fig. 5a— TG and b — DSC curves for the adduct CdCl,-1.5his obtained under argon atmosphere
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Fig. 6 a— TG and b — DSC curves for the adduct CdCl,-cys obtained under argon atmosphere
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Fig. 7 a— TG and b — DSC curves for the adduct CdCl, 1.5 cys obtained under argon atmosphere
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tively. Furthermore, the enthalpic values associated with the release of ligand mole-
cules for the same sequence of adducts are 187 and 102 kJ mol ', respectively.

For both adducts of histidine, whose DSC curves are shown in Figs 4a and 5a,
the last sharp endothermic peak observed in the DSC curve at 540°C is due to the
melting of the halide, after the release of the amino acid molecules. The DSC curves
for cysteine adducts are shown in Figs 6b and 7b. Both curves are very similar in be-
havior. The endothermic peak due to the cadmium halide fusion is followed by a de-
viation of the base line as a consequence of the evaporation, which cause the appear-
ance of a false exothermic peak. For CdCl,-his the mass loss step due to the release of
amino acid molecules occurred in the 250-400°C range. The associated endothermic
peak corresponded to 35 kJ mol'. For CdCl,-1.5his the ligands are lost in the same
previously presented temperature range to give an enthalpic calculated value of
879 kJ mol . Thus, the significant difference in these enthalpic values could only be
explained by supposing some kind of difference in the coordination features of the
ligand molecules. However, for 1.5 adduct it could be also expected that a ligand can
be established a bridge between two cations.

The calculated non-isothermal kinetic parameters obtained from thermo-
gravimetric data by using the Coats—Redfern method [17] are shown in Table 1. As
previously reported [18], the non-isothermal Coats—Redfern activation energy values
are in good agreement with the isothermal ones for cadmium compounds, which can
be used with a high degree of confidence.

Table 2 Non-isothermal thermogravimetric kinetic parameters calculated by using the
Coats—Redfern method. E,/kJ mol™", n and A4 are the activation energy, the order of reac-
tion and the frequency or pre-exponential parameters, respectively. A#/°C is the interval
of temperature considered for calculation, B is the number of data used and r is the coef-
ficient of correlation of the obtained straight line

Adduct E, n A At B r

CdCl,-his 77 1 1.19-10° 250-354 138 0.986
CdCl,-1.5his 44 1 1.29-10° 250-350 107 0.994
CdClycys 55 1 1.94-10° 180-266 108 0.952
CdCl,-1.5¢cys 41 1 43810° 175-270 137 0.955

For histidine and cysteine adducts, the activation energy associated with the release
of molecules of ligand are larger for mono adducts as presented in Table 2. As previously
noticed [16] larger activation energy values for the thermal degradation are related to
larger metal-ligand bond enthalpic values. From these data, can be inferred that, the
mean metal-ligand bond dissociation enthalpy is also larger for CdCly-his than for
CdCl,-cys. However, for both adducts the metal-ligand bond occurred through the car-
bonylic oxygen atoms. In conclusion, this fact reflects the great effect caused by the
R group on the amino acid when the interaction with metal occurred.
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