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ABsrRAcr 

The thermal properties of the Cr(III) complexes witk the Jigands @ycine and 

glutamic acid were determined using TG, DTG and DTA techniques. 
The chromium(W)-gIycine complex is more stable than the chromium(III)- 

glutamate complen This behaviour is discussed in terms of different structures by 
IR and refiectance spectra as well as thermal data. 

l?JlRODUCI-ION 

The compIexes of chromium(III) with ligauds as pyridinic acids, &jcine and 
glulamic acid show biological activity in the maintenance of normal &cose tolerance 
in experimental animak and, probably, in man I_ Compounds of this t*ype have been 
the subject of some our previous investigations 2-5_ It is the purpose of t?is paper to 
present the thermal properties, as determined by thermogravkztry (TG), differential 
thermogravimetry (DTG), differential thermal analysis (DTA) of the chromium(II1) 
complexes with gIycine and glutamic acid. 

Ihstrumentction 
The TG, DTG and DTA curves of the solid complexes were obtained using a 

DuPont-Mode1 990 DTA cell and a Model 951 thermobalance. The heating _=te used 
was 10°C Iuiu-’ on samples whose mass ranged from 1 to 10 mg. The fnmace 
atmosphere consisted of either dry nitrogen or air, at ff ow-rates cf 50400 ml min- ‘. 
All temperatures were corrected for thermocouples non linearity and are, of course, 
procednraltemperatures_ 

Preparation of complexes 
G-lycine and glutamic acid were from Fisher Chemkal Co. The other chemicals 

employed Were all of reagent grade quality. The complexes were prepared by refluxing 
for many hours an aqueous solution of the aminoacid wZlh an excess of chro- 
mium(IIQ hydroxide_ After 1 h @e solution btxvmes colored. The obtained colored 
solution was filtered and then allowed to s*$.md at room temperature until a precipitate 
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was obtained_ The precipitate was separated from the mother liquor, washed with 

water, alcohol and ether and then dried in a vacuum dessiccator at room temperature 
fbr48h- 

Thin-layer chromatography was used to check 
when to determine the wa&r content and r&dual 

used. 

RejIecfarzce and IR specffa 

the p-uiity ?f -the compounds 
oxide thermo_gravimeLT was 

The diffuse reflectance spectra of the con;,.,. nlexes were obtained by using a 

Beckman Model DIG2A spectroreflectometer. 
The IR spectra were recorded by means of a l?e.--tin-Elmer Model 257 instru- 

ment 

Cluomium(I.ll) gIycimre 
The obtained crystab were pale red 

The TG, DTG and DTA cum of chrominm(TII)glytinate CrGlyzOH are 
giveninfigs_landZ 

AU the themal ana3ysis curJes show that the compound is anhydrous and 
e s 

MISSES% in air in iwo steps, bemen 275 and 345OC to give a residual metal oxide 
Cr& (35_3% found; 35.03% talc.). In air the decomposition reactions are exo- 

thermic .In nitrogen the decomposition takes place in one step and the DTA in 
nitrogen reveals only one endothermic peak 
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Fig. 3- TG. DTG and DTA curves of Cr GIu20H- H,O. -, TG; ----, DTG; and ----, 
MA cunrrs in air atmosphuc 

The TG, DTG anci DT4 curves of chromium@) glutamate, CrGIu, OH-H20 
are shown in Figs- 3 and Z The pale-green crystals evolved water of hydration over 
the temperature interval of 40 to 100°C (4.7 % found; 4.75% cab). then theanhydrous 
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complex decomposes, in air, in two steps to give the oxide Cr,O, (20.0% found; 

20_05% calc$ The DTA in air reveals a single endothermic peak for the dehydration 
followed by two largely overlapped exothemic peaks for the decomposition. 

In nitrogen the decomposition of the anhydrous compound is a multi-step 

proass as shown also from the DTA curve. 

DISCUSSION 

The TG, DTG and DTA curves show that chromium(III) glycinate is more 
stable than chromium(III) glutamate and also from the shape of the curves, it is 

possibk, to see that the decomposition takes place in different ways to give for both 
compounds the oxide Crz03 _ 

This bebatiour can be explained on the basis that cbromium(III) binds to the 

aminoacid in a different way_ 
Peaks, assigued to the N-H stretching vibration6, are observed at 3300, 3250 

and 3140 cm-’ in the 3 p region of the IR spectra of chromium(III)glycinate_ The 
N-I-I fkquencies are ioxwzr for chromium@)glycinate than for the sodium and 
potassium saIts, indicating the presence of a metal-nitro,oen bond- The antisymmetric 

carbon-oxygen stretching vi&ration in the carboxylate ion gives, as shown by the 

qectrum of potassium glycinate, a peak at about 1600 cm-‘- The symmetric band 

situated near 17oOcm-’ for the -COOH group is shifted at about 1600 cm-’ and 
mdkaks the prcse~z of the c2rbosylate iOn in the chromium(III) @y&ate complex_ 

The IR spectrum of anbydrous chromium(lII)glutamate in the 3 p region does 

not give any shift corresponding to the metal-nitrogen bond, while between 1700 

and 1600 cm-’ thereis theconcomitance of the-COOH and -COO- band indicating 
the presence of the carboxyl and thecarboxyIate group together in the complex. 

Fi~4ILxasc dcctance SpXtKlOfi----. cbromium(lII)-Ilitrate; -•--. chromium(Ili)- 
gIyrinatc; and---+ Ch~QII)-gtllt;rmarc. 
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The spectrum of chromium(III)glycinate (Fig. 4) shows two maxima at 515 
and 385 run, respectively, ipsochromicaliy shifted with respect to chromium(III) 
nitrate alone, indicating that nitrogen binds to chromium_ The spectrum of chro- 
&.ium(III)&Wmate shows two maxima at 585 and 440 nm, rcspc&veIy, bato- 

chromically shifted with respect to chromium(III) nitrate indicating that glutamic 
acid binds to chromium only through the carboxylate oxygen. 

From the obtained data one can see that the two glycine molecules bind to 
chromium(III) either through the amino-group or through the carboxyl group to 
give a cheiate structure, when an -OH- group completes the electroneutrahty of the 
_wmpound. 

. AlI data are in agreement with the structure determined from three-dimensional 
SingIe-crystaI X-ray data from Veal et al.‘. This consists of [Cr(gly),OHJ, dimeric 
units where the -OH- acts as a bridging group, so increasing the thermal stability 
of the compound. 

GIutamic acid binds to cbromium(III), as shown by IR and reflectance spectra 
only through a carboxyl oxygen and only one of the two carboxyi groups present 
in the molecule acts as a ligand, while the other is protonated at the operational pH 
(about 4.5) according with the stability constants of rbis acid*_ The carboxyl group 
involved in the chro_mium(III)-aminoacid bond is that far from the aminogroup. 
This hypothesis is supported by the behaviour of the chromium(III)glu%unine 
reaction_ In fact working under the same conditions used to prepare chromium(III)- 
&tamate, glutamine reacts very slowly giving a red solution whose spectrum shows 
two maxima ipsochromically shifted with respect to the chromium(III) maxima. 
Then when the -COOH far from the amino soup is substituted with a -CONH2 
group, the spectrophotometric behaviour changes giving a spectrum of the same type 
as that of chromium(III)glycinate_ YJ.ris implies that in chromium(HI)gluta 

there is no chelation in agreement with the lower thermal stability of this compound. 
The electroneutrality of the compound is completed by a -OH- group. 

This work has been supported by the National Research Council (C.N.R.). 
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