
137ISSN 0326-2383

Acta Farm. Bonaerense 22 (2): 137-42 (2003)
Recibido el 22 de noviembre de 2002
Aceptado el 04 de enero de 2003

Trabajos originales

KEY WORDS: Glutamate complex, IR Spectrum, Magnetic Properties, Dissolution Assays, Cu/Mg Supplemen-
tation.
PALABRAS CLAVE: Complejo de Glutamato, Espectro IR, Propiedades Magnéticas, Ensayos de Disolución,
Suplementación de Cu/Mg.

* Author to whom correspondence should be addressed. E-mail: baran@quimica.unlp.edu.ar

Vibrational and Magnetic Properties
of a Cu/Mg Glutamate Complex

Claudia C. WAGNER and Enrique J. BARAN*

Centro de Química Inorgánica (CEQUINOR;CONICET/UNLP), Facultad de Ciencias Exactas,
Universidad Nacional de La Plata, C. Correo 962, 1900 La Plata, Argentina

SUMMARY. The recently reported mixed metal glutamate complex of stoichiometry [CuMg(L-
glu)2(H2O)3].2H2O was obtained as microcrystalline powder from aqueous solution. Its structure was con-
firmed by X-ray diffractometry. The infrared spectrum of the complex was recorded and briefly discussed
in relation to its structural characteristics. Its magnetic behavior was investigated by magnetic susceptibil-
ity measurements in the temperature range between 2 and 300 K, complemented with ESR (Q- and X-
band) spectra. These measurements confirmed a certain magnetic interaction between the Cu(II) centers
present in the polymeric structure of the compound. The study was completed with a series of dissolution
tests, which confirmed the potential usefulness of this complex for metal supplementation in human and
veterinary medicine.
RESUMEN. “Propiedades Vibracionales y Magnéticas de un Complejo deCu/Mg con Glutamato”. El complejo
metálico mixto de glutamato recientemente descripto, de estequiometría [CuMg(L-glu)2(H2O)3].2H2O, fue obte-
nido en forma de polvo microcristalino de solución acuosa. Su estructua fue confirmada por difracción de rayos
X. El espectro de infrarrojo del complejo fue registrado y discutido brevemente en base a sus peculiaridades es-
tructurales. Su comportamiento magnético se investigó a través de mediciones de susceptibilidad magnética en el
intervalo de temperaturas entre 2 y 300 K, complementadas con espectros ESR (en bandas Q y X). Estas medidas
confirmaron una cierta interacción entre los centros de Cu(II) presentes en la estructura polimérica del compues-
to. El estudio se completó con una serie de ensayos de disolución, los que confirmaron la potencial utilidad de
este complejo para la suplementación de metales en medicina humana y veterinaria. 

INTRODUCTION
As a continuation of our studies devoted to

the synthesis and characterization of new simple
systems potentially useful for trace elements
supplementation 1-9, we have now investigated
the recently reported mixed metal complex of
glutamic acid, of composition [CuMg(L-
Glu)2(H2O)3].2H2O 10.

L-glutamic acid (L-H2Glu, Fig. 1) complexes
are considered an ideal form for magnesium
supplementation 11, whereas copper (II) com-
plexes of simple amino acids have been often
used for copper supplementation and in other
pharmacological applications 8,12-14. Therefore,

this new mixed cation complex seems to be sui-
table for the simultaneous supplementation of
both essential metal elements. In this paper we
present the results of our investigation of its vi-
brational and magnetic behaviour complemen-
ted with some dissolution assays. 

Figure 1. Schematic structure of L-glutamic acid.
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MATERIALS AND METHODS
The complex was obtained by the procedure

of Lu et al. 10, with a yield of about 75% in the
following way: 0.407 g (2 mmol) of MgCl2.6H2O
and 0.341 g (2 mmol) of CuCl2.2H2O were dis-
solved in 15 ml of water. This mixture was
dropwise added to 10 ml of an aqueous solu-
tion containing 0.588 g (4 mmol) of glutamic
acid. The pH-value of the resulting mixture was
adjusted to 6.0 by very slow addition of a 0.5 M
NaOH solution, under heating over a water
bath. The blue precipitate was filtered off and
washed several times with an alcohol/water
(2:1) mixture, and finally dried in vacuum over
P4O10. The composition of the compound was
confirmed by elemental chemical analysis
[Found: C, 25.45; H, 5.30; N, 5.84%. Calculated
for C10H20N2O11CuMg: C, 25.64; H, 5.13; N,
6.00%] and by X-ray powder diffractometry,
analyzing the powder diagram on the basis of
the published single crystal data 10 by means of
the program POWDERCELL 15. 

The IR spectra of free glutamic acid and of
the complex were recorded with a Perkin Elmer
580 B spectrophotometer in the 4000-300 cm–1

region, using the KBr pellet technique. Unfortu-
nately, it was impossible to obtain the Raman
spectrum of the complex, even working at low
temperatures, as it decomposes under the laser
beam.

The magnetic susceptibility measurements
were performed with a Quantum Design SQUID
MPMS XL-5 magnetometer in the temperature
range between 2 and 300 K. The equipment
was calibrated with metallic palladium and
Hg[Co(SCN)4]. A magnetic field of 100 Oe was
used.

ESR-spectra were recorded with a Bruker-300

spectrometer using either the Q-band (33.995
GHz) at 290 K or the X-band (9.435 GHz) in the
temperature range between 4.2 and 290 K. The
frequency of the cavity was determined with a
Hewlett-Packard 5352 B microwave frequency
counter and the magnetic field by means of a
Bruker NMR, model ER035 Gaussmeter.

Dissolution tests were performed following
the recommendations and procedures of the
United States Pharmacopoeia (XXII Ed.) 16. The
simulated gastric juice was obtained using
NaCl/pepsine/HCl mixtures (final pH = 1.4) 16.

RESULTS AND DISCUSSION
Crystal structure of the complex

The molecular structure of the complex is
schematized in Fig. 2: it is constituted by one-di-
mensional polymeric chains, made up by self-
assembling of Cu(II) and Mg(II) cations with L-
glutamate ions, in which copper and magne-
sium are bridged by L-glutamate. Each Cu(II)
ion exhibits a distorted square pyramidal coordi-
nation, with two glutamate moieties acting as bi-
dentate ligands through the amino N and one of
the α-carboxylate O atoms in trans position in
the equatorial plane, and with a water molecule
in apical position. Each Mg(II) ion is coordina-
ted in a slightly distorted octahedral geometry
by two γ-carboxylate O atoms from two L-gluta-
mate units and by four water molecules. The
uncoordinated water molecules provide crysta-
lline stability through a network of hydrogen-
bonding interactions 10. The Cu-N distance is
1.979(3) Å and the averaged equatorial Cu-O
distance is of 2.048(2) Å, whereas the apical Cu-
O bond is rather longer (2.243(3) Å). The six
Mg-O distances lie in the range 2.066(3)-
2.093(2) Å 10. 

Figure 2. Molecular structure of the [CuMg(L-Glu)2(H2O)3].2H2O complex (adapted from Lu et al.10).
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Vibrational spectrum 
The IR spectrum in the most interesting

spectral range, between 1800 and 300 cm–1 is
shown in Fig. 3. An approximate vibrational as-
signment of the complex, in comparison with
that of free glutamic acid, is presented in Table 1.

The vibrational (Infrared and Raman) spectra
of L-glutamic acid, supported by isotopic (D and
15N) data 17 and by a normal coordinate analysis
18, were reported some years ago. This informa-
tion, together with that obtained from some ge-
neral references 19,20, and from our previous
study of the Cu(Glu).2H2O complex 21, allowed
a straightforward interpretation of the measured
IR spectrum of the complex.

The presence of the free acid in the usual
zwitterionic form is supported by the appearan-

L-glutamic acid a) [CuMg(L-Glu)2(H2O)3].2H2O Assignment

3317 s, 3215 vs,br ν (NH2) + ν (OH)-water

3140 sh ν (NH3
+)

3058 vs,br ν (OH)

3015 w/2974 s 2940 vw ν (CH2) + ν (CH)

1662 m ν (C=O)

1662m, 1644 s 1626vs, 1570vs ν as(COO–)

1616 w δ(NH3
+)

1436 m 1448 m δ(CH2)

1419 s 1409 vs, 1401 w ν s(COO–)

1377 m ν (C-O) + δ(OH)

1352 s, 1312 m 1353 m, 1330 m δ(CH)

1258 s 1263 vs ω(CH2)

1233 m ν (C-O) + δ(OH)

1213 m 1205 w τ (CH2)

1151 m, 1126 s ρ (NH3
+)

1132 vs, 1104 w ρ (NH2) + ν (C-CO2 )

1076 m 1080 sh τ (CH2)

1056 m 1062 w, 1027 w ν (CN) + ν (CC)

970 w ρ (CH2) + ν (CN)

911 m 949 m ν (CC)

864 s, 806 s 874 s ρ (CH2)

827 m ρ (H2O)

760 m γ(COO-)

758 vs,br, 735 sh, 672 w ρ (NH2) + ρ (CO2)

710 s δ(COOH)

634 vs ρ (H2O)

539 s 569 s δ(CCN)

525 w

485 m ν (Cu-N)

415 sh, 400 s, 375 s 412 m, 399 w δ(CCC)

352 s, 333 sh ν (Cu-O)

322 sh ν (Mg-O)

Table 1. Assignment of the infrared spectra of L-glutamic acid and of the investigated complex; a)vs, very
strong; s, strong; m, medium; w, weak; sh, shoulder; br, broad.

Figure 3. Infrared spectrum of
[CuMg(L-Glu)2(H2O)3].2H2O.

ce of the characteristic ν (NH3
+) and δ(NH3

+) as
well as the carboxylate stretching bands, where-
as typical features of the non-ionized carboxyla-
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te group are seen at 3058, 1377 and 1233 cm–1.
The ν (NH2) bands, which appear after com-

plex formation, are partially overlapped by the
strong and broad O-H stretching vibrations of
the water molecules. The very strong band bet-
ween 1700-1500 cm–1 overlaps the bending vi-
brations of these molecules. Besides, two roc-
king modes related to the water molecules
could be identified at 827 and 634 cm–1.

The ν as(COO–) band of the complex is cle-
arly split, in agreement with the existence of
two structurally non-equivalent carboxylate
groups (one of them bonded to Cu(II), the other
one to Mg(II)). Also for the ν s(COO–) mode,
two bands can be seen. The energy difference
between these two vibrations (217 and 169
cm–1) is in agreement with the unidentate nature
of both carboxylate groups 22. 

Interestingly, the very strong and broad band
centered at 758 cm–1, and the weaker one at 672
cm–1, assigned to one of the NH2-rocking modes
(probably coupled with a carboxylate rocking-
motion), seems to be a characteristic feature of
L-glutamic acid complexes, as they are observed
practically at the same position as in the
Cu(Glu).2H2O complex 21. 

The ligand-to-metal vibrations could be iden-
tified by a detailed comparison of the complex
and free ligand spectra in the lower frequency
region, and by comparison with the spectra of
Cu(Glu).2H2O 21 and of Cu(II) complexes of ot-
her amino acids 21,23-25. The ν (Mg-O) stretching
is found at a similar energy as in other, pre-
viously investigated, magnesium complexes 5. 

Magnetic properties
As the complex presents a one-dimensional

polymeric structure, it was interesting to see if
these structural peculiarities are reflected in the
magnetic behaviour.

The magnetic susceptibility of the complex
was measured in the temperature range betwe-
en 2 and 300 K. The analysis of the data sho-
wed that it obeys a Curie-Weiss law of the type
χ–1

M = 0.42 + 1.50 T in the full temperature ran-
ge. The effective magnetic moment obtained in
the usual way from the χ–1

M versus T plot, takes
a value of 2.30 BM. This value lies slightly out
of the usual range found for Cu(II) complexes
(1.9-2.2 BM) and is also somewhat higher than
the expected spin only value (1.73 BM) 26. The
obtained value may be originated in a small
contribution of the angular moment from closely
lying excited states, via spin-orbit coupling 26, or

eventually due to the presence of small impuri-
ties containing Cu(II). 

The ESR spectrum measured at the Q-band
(Fig. 4) appears nicely resolved even at room
temperature, showing the characteristic signal of
an axial tensor, with g // = 2.255 and g ⊥ = 2.113.
Although this last figure is somewhat high, both
values are normal for a Cu(II) ion in a square
pyramidal environment with adx

2 - y
2 ground

state. The g ⊥ value may be originated by the
presence of relatively short Cu-O equatorial
bonds or by slight exchange interactions betwe-
en magnetically non-equivalent Cu(II) chromop-
hores. Following Hathaway’s criterion [27] and
calculating the G-value from G = (g // - 2) / (g ⊥ -
2), one obtains G = 2.25 < 4 which can be attri-
buted to an exchange between non-aligned ch-
romophores. On the other hand, and although
the lines are not very broad, it was not possible
to detect any hyperfine splitting in the Q-band
spectra. This fact supports again the existence of
a weak exchange between the copper centers in
the polymeric structure. 

Figure 4. Q-band ESR-spectrum of
[CuMg(L-Glu)2(H2O)3].2H2O at 290 K.

The X-band spectra measured at different
temperatures show the usual increase in the in-
tensity of the signals, with temperature lowe-
ring, which is expected for a paramagnetic sys-
tem. Spectral resolution also increases with de-
creasing temperature, not only due to the incre-
ase of the spin-lattice relaxation time but also
probably due to a reinforcement of the weak
exchange interactions between the Cu(II) cen-
ters.
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Dissolution assays 
They were performed in simulated gastric

juice and in 0.1 N HCl in order to verify the so-
lubility and the speed of dissolution of the com-
plex. To supply the lower-limit copper (II) dose
to a normal human adult (3 mg/day) 7,28, sam-
ples weighing between 1.3 and 1.4 mg of the
complex were introduced in 50 ml of the simu-
lated gastric juice and slowly stirred. A totally
clear solution was observed before one minute
was elapsed. This assay was duplicated with the
same result. This test confirms the dissolution of
the compound and the release of copper and
magnesium into the gastric juice.

The same sample quantities as above were
introduced in 50 ml of 0.1 N HCl, maintained at
37 °C and stirred at a constant speed of 60 rpm.
The dissolution time, which was obtained from
two independent experiments, was lower than
one minute in this case too. This test accepted
by the U.S.P. as an assay for dissolution of pow-
ders allows a maximum dissolution time of 30
min for one dose 16.

The commented results confirm a rapid rele-
ase of Cu(II) and Mg(II) and show that the com-
plex is potentially useful for copper supplemen-

tation in both human and veterinary medicine,
as recently shown for other similar compounds
7,8. On the other hand, it may also be useful for
the additional supplementation of small quanti-
ties of magnesium (the concentration of Mg(II)
in one administered Cu(II) dose is of 0.76 mg).
Although this quantity lies far away from the mi-
nimum diary human requirement (about 300 mg
7,28), it may be useful to reinforce the magne-
sium levels simultaneously with the copper sup-
plementation, if needed, in certain particular ca-
ses.
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