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ABSTRACT

Guanidinoacetic acid (H2Gaa), the essential precursor of
creatine, plays an important role in our organism. However,
H2Gaa interaction with metal ions has not yet been studied.
We have previously studied H2Gaa complexation with some
metallic ions in solution. In this study, Cr(III), Co(II), Ni(II),
Cu(II) and Zn(II) complexes of H2Gaa were synthesized
and characterized (C, H, N, thermogravimetric analyses,
infrared spectroscopy). Electron paramagnetic resonance
and ultraviolet spectroscopy were also used but in aqueous

*Corresponding author. E-mail: felcman@rdc.puc-rio.br

873

Copyright # 2001 by Marcel Dekker, Inc. www.dekker.com

SYNTH. REACT. INORG. MET.-ORG. CHEM., 31(5), 873–894 (2001)

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 0

2:
39

 1
2 

O
ct

ob
er

 2
01

2 



solutions at 25 �C. In all of the cases the coordinating atoms
were the alpha-nitrogen and oxygen atoms. The most prob-
able geometry of each of the complexes is cis-square-planar in
Cu(HGaa)2, tetrahedral in Zn(H2Gaa)NO3Cl and octahedral
in Cr(HGaa)3, CoH2Gaa(HGaa)2 and NiH2Gaa(HGaa)2.

INTRODUCTION

Guanidinoacetic acid belongs to the class of guanidino compounds
which are characterized by the presence of a basic guanidino group,
HN¼C(NH2)-NH-. This amino acid has two ionizable protons at the
studied pH range and for this reason it will be represented as H2Gaa in the
neutral form, as HGaa� and Gaa�2 when it loses one and two protons,
respectively. H2Gaa has already been quantified in different mammalian
tissues such as kidney, brain, liver and muscle1, explaining the diversity of
metabolic pathways that it takes part in2710. H2Gaa (Figure 1) is mainly
synthesized in the kidney11,12 as the result of the transamidination of gly-
cine via arginine, catalyzed by glycineamidinotransferase13,14. Then it is
transported to the liver, where it is methylated by S-adenosylmethionine,
catalyzed by guanidinomethyltransferase, for further creatine produc-
tion15718. Therefore, H2Gaa is involved in many important biological
processes, such as renal metabolism19721, cholesterol production22, thyroid
dysfunction23, creatine deficiency24, epileptic seizures25, hepatic encepha-
lopathy26 and insulin regulation27. Levels of the H2Gaa urinary=creatine
urinary ratio can be used as more sensitive and useful indicators of early
stages of nephropathy28. H2Gaa can induce severe convulsions after
intracisternal administration in rabbit, suggesting that it is an endogenous
convulsant29. Its neurotoxicity may be due to the generation of radicals,
which affect the neurotransmitter system, and peroxidation of poly-
unsaturated fatty acids, which are important components of neuronal
membranes30. An accumulation of H2Gaa was reported in hepatic guani-
dinomethyltransferase deficiency, a newly recognized inborn error of
creatine biosynthesis31. Also, it is known that the levels of H2Gaa were
increased in the cerebral cortex after hyperbaric oxygenation, probably due

Figure 1. Structure of guanidinoacetic acid.
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to a decrease in the arginase activity and as a consequence, it causes an
increase of both Mn and Cu-Zn superoxide dismutase activities32. The
complexation of H2Gaa was previously studied in aqueous solution, in
which the stability constants of several metal ion complexes were poten-
tiometrically determined33. Here, the complexation of H2Gaa was studied
with the following metal ions: Cr(III), for its involvement in insulin reg-
ulation and participation in glucose tolerance factor (GTF)34; Co(II), for
its presence in cobalamin (vitamin B12), as a good methyl acceptor as
H2Gaa

35, Cu(II), for its role in superoxide dismutase36; Zn(II), for its
participation in carboxypeptidase A37 (where there is a guanidino-car-
boxylate interaction), in insulin metabolism38 and in superoxide dis-
mutase36, and Ni(II), for its participation, with the urease enzyme, in the
catalysis of urea hydrolysis in plants and bacteria39.

RESULTS AND DISCUSSION

Synthesis

The formation of the complexes may be represented by the following
equations:

MXþ þ xH2Gaa ! MðHGaaÞx þ xHþ

M ¼ CrðIIIÞ; CuðIIÞ and x ¼ 2 for CuðIIÞ and 3 for CrðIIIÞ:
Mzþ þ 3H2Gaa ! MH2GaaðHGaaÞ2 þ 2Hþ

M ¼ CoðIIÞ and NiðIIÞ
Mzþ þH2GaaþNO�

3 þ Cl� ! MH2GaaNO3Cl

M ¼ ZnðIIÞ:
Table I shows the elemental analyses, formula weights, colors, yields

and decomposition temperatures of the complexes.

Thermogravimetric Analyses

The decomposition temperatures determined for all complexes are
listed in Table I. The less stable complexes were those with one or two moles
of the ligand, which were Zn(H2Gaa)NO3Cl and Cu(HGaa)2, while the
others with three moles of guanidinoacetic acid (Ni(II), Co(II) and Cr(III))
began to decompose only at higher temperatures.

Thermogravimetric analyses were done for the complexes of Cr(III),
Ni(II), Cu(II) and Zn(II), which decomposed in one stage. The presence of
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water was not observed, neither of crystallization, which is usually lost in the
707110 �C-temperature range, nor of coordination, which is lost at higher
temperatures of 2007250 �C. The weight loss of the complexes was in the
order of 20730% on heating to 3107375 �C, which could correspond to the
CN2H4 guanidium residue. After heating to 600 �C the residue weights were
40750% of the original value.

Infrared Analyses

Table II shows the important infrared spectral data of the ligand
H2Gaa and its complexes. The characteristic bands observed in the
H2Gaa spectrum were the following: those relative to ns and nas of pri-
mary amines in the region of 3000 to 3200 cm�1, the n(N-H) of the guani-
dino group at 3386 cm�1, the n(C¼N) of the guanidino group at
167071672 cm�1 and nas and ns of the carboxylate group at 1584 and
1411 cm�1, respectively. All of these data are in good agreement with lit-
erature40 values. It was observed that some of the n(N-H) bands shifted to
higher wave numbers in the spectra of the complexes indicating that not all
of the nitrogen atoms present in H2Gaa have coordinated to the metal ion.
These nitrogen atoms could possibly be involved in hydrogen bonds
and most probably be those of the guanidino group which have the
highest pKa

33. In addition, there were bands that could be attributed to
metal-oxygen and metal-nitrogen bonds in all of the complexes. These

Table I. Elemental Analyses, Formula Weights (F.W.), Colors, Yields, and
Decomposition Temperature (D.T.) of the Complexes

Calc. (Found)

Compound C H N F.W. Color Yield % D.T. �C

Cr(HGaa)3
C9H18N9O6Cr

27.00

(27.06)

4.50

(4.46)

31.50

(31.51)

400 Violet 60 235

CoH2Gaa(HGaa)2
C9H19N9O6Co

26.48
(26.55)

4.66
(4.60)

30.89
(30.73)

407.9 Pink 56 258

NiH2Gaa(HGaa)2
C9H19N9O6Ni

26.49
(26.45)

4.66
(4.58)

30.90
(30.75)

407.7 Green 70 277

Cu(HGaa)2
C6H12N6O4Cu

24.36

(24.46)

4.06

(4.07)

28.43

(28.37)

295.5 Blue 63 215

Zn(H2Gaa)NO3Cl
C3H7ClN4O5Zn

12.86
(12.83)

2.50
(2.54)

20.01
(20.03)

279.9 White 50 200
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Table II. Characteristic Infrared Bands of H2Gaa and Its Complexes (Wave Numbers in cm�1)

Compound n(N-H) n(C¼N) Guanidino
na

C¼O
ns
C-O

n
M-N

n
M-O

H2Gaa 3386 vs 3303 vs 3174 vs 1672 s 1668 s 1584 vs 1411 s 7 7
Cr(HGaa)3 3386 vs 3286 vs 3180 vs 1671 s 1583 vs 1412 s 507 w 319 w
CoH2Gaa(HGaa)2 3384 vs 3293 vs 3173 vs 1671 s 1579 vs 1410 s 360 w 254 w

NiH2Gaa(HGaa)2 3386 vs 3300 vs 3173 vs 1671 s 1583 vs 1410 s 346 w 254 w
Cu(HGaa)2 3394 vs 3386 vs 3336 vs 3229 vs 1669 s 1566 vs 1405 s 446 m 410 m 351m 328 m
Zn(H2Gaa)NO3Cl 3386 vs 3293 vs 3172 vs 1669 s 1581 vs 1412 s 445 w 345 w

vs¼ very strong; s¼ strong, m¼medium and w¼weak.
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observations lead to the assumption that the coordination site should be the
nitrogen of the a-amino group and the oxygen of the carboxylate group in
all complexes. This is reinforced by the following facts: 1) the n(C¼N) band
of the guanidino group has not shifted considerably, 2) C¼O stretching
bands have been shifted for all complexes and appear in the range of
coordinated carboxylates41 and 3) the metal-oxygen and metal-nitrogen
stretching modes appeared in a region close to that characteristic of amino
acid complexes with a-N and O coordination, such as glycine41, methyl-
glycine and phenylglycine42 and alanine41. Therefore, H2Gaa behaves as a
bidentate ligand with all of the metal ions studied. This coordination was
previously proposed for H2Gaa complex formation in solution at 25 �C
and m¼ 0.1mol=L (KNO3)

33 which was studied potentiometrically. Metal-
nitrogen stretching modes increased in the order Cr(III)>Cu(II)>
Zn(II)>Ni(II)ffiCo(II), which is consistent with the stability constants of
their similar aqueous complexes with one mole of the ligand coordinated.
The values of the formation constants of these aqueous complexes
were: CuGaa(H2O)2, log bML¼ 7.69 	 0.01; ZnGaa(H2O)2, log bML¼
7.38 	 0.01; NiGaa(H2O)4, log bML¼ 6.01 	 0.01 and CoGaa(H2O)4, log
bML¼ 5.59 	 0.0133. Although the formation constant of the chromium
complex has not yet been determined, it can be presumed to be greater than
that of [CuGaa(H2O)2]

þ, due to the greater nuclear charge of the former
metal ion.

The infrared spectra of the solid complexes showed similar coordi-
nation behaviour for H2Gaa. In the complexes below, H2Gaa corresponds
to the neutral form, but with the deprotonated carboxylate group and
protonated guanidino group, while HGaa represents the guanidinoacetate
ion, when the carboxylate proton has been lost.

In the infrared spectrum of the Cu(HGaa)2 complex, two metal-
nitrogen and two metal-oxygen stretching bands were observed, which is
typical of the cis-square-planar isomer, while the trans-isomer shows only
one band for each of these modes41.

Considering the infrared spectrum of the tetrahedral Zn(H2Gaa)-
NO3Cl, there are two possibilities for the coordination relative to nitrate
and chloride ions. Either both nitrate and chloride ions are coordinated to
the metal ion, assuming that nitrate behaves as an unidentate ligand, or,
only nitrate is coordinated in a bidentate mode. The observed band at
1450 cm�1 43 is ascribed to nitrogen-oxygen while the band at 287 cm�1 44 to
metal-chloride.

The CoH2Gaa(HGaa)2, Cr(HGaa)3 and NiH2Gaa(HGaa)2 spectra
present two bands corresponding to metal-oxygen and metal-nitrogen
stretching modes (Table II). These complexes should be octahedral; fac or
mer isomers are possible.
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Electronic Spectra

The electronic spectral study of the complexes has been done in aqu-
eous solutions with the metal ions which present d-d transition in the visible
spectrum, that is, Co(II), Ni(II) and Cu(II), in different metal:ligand ratios.
Although the complexes formed in aqueous solution were different (with
H2O molecules coordinated) from those in the solid phase, interesting
comparisons on H2Gaa coordination were possible to be done.

Co(II) Complexes

1:1 and 2:1 H2Gaa:Co(II) solutions were studied in the pH range
6710. In all spectra (Figures 2 and 3) at least two bands were observed in
addition to the LMCT (ligand to metal charge transfer) band. These bands
were shifted to lower wave lengths as the pH was increased. This can be
attributed to changes in coordination with only oxygen (carboxylate groups
and water molecules) to coordination with both nitrogen (amino groups)

Figure 2. Electronic Spectra of Co(II):H2Gaa 1:1 System. The range concentra-
tion of Co(II) solution was 8.33610�4mol=L to 8.18610�4mol=L. Aliquots of

0.1mol=L KOH were added before the spectra were recorded. From bottom to top
p[H] values were: 6.0, 8.6, 8.8, 8.9, 9.1, 9.3, 9.5, 9.9 and 10.2.
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and oxygen (carboxylate groups or possibly hydroxide). The asymmetric
bands with maxima at 4787508 nm in 1:1 complexes and 4737506 nm in 2:1
systems correspond to the 4T1g(P)/

4T1g(F) transition
45. Another band,

which only becomes visible above pH 8.5, occurs at 6407643 nm in 1:1
complexes and 6427644 nm in 2:1 systems, is due to the 4A2g(F)/

4T1g(F)
transition45. The spectra analyzed were characteristic of hexa-coordinated
octahedral or pseudo-octahedral Co(II) nitrogen and oxygen coordinated
complexes.

Ni(II) Complexes

The 1:1 H2Gaa:Ni (II) solution spectra were analyzed in the pH range
6710.5 (Figs. 4 and 5). Besides the LMCT band with a maximum at
3017302 nm, there were two other bands: one that shifts from 396 to 382 nm
relative to the 3T1g(P)/

3A2g (F) transition and the other, occurring at
6507800 nm, which corresponds to the 3T1g(F)/

3A2g (F) and to the
spin-prohibited 1Eg(D)/

3A2g(F) transitions46. In the 2:1 H2Gaa:Ni(II)

Figure 3. Electronic Spectra of Co(II):H2Gaa 1:2 System. The concentration
range of Co(II) solution was 8.33610�4mol=L to 8.18610�4mol=L. Aliquots of
0.1mol=L KOH were added before the spectra were recorded. From bottom to top

p[H] values were: 5.9, 8.7, 8.8, 8.9, 9.1, 9.2, 9.4, 9.7, 10.0, 10.3 and 10.4.
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solution spectra, the first band shifts from 400 to 378 nm and the second,
from 716 to 638 nm. Therefore, pseudo-octahedral structures are attributed
to the complexes Ni(Gaa)(H2O)4 and [Ni(Gaa)2(H2O)2]

�2 considering their
electronic spectra in the ranges pH¼ 678 and 879.5, which were, respec-
tively, the pH region where these two species exist (Figure 6).

Cu(II) Complexes

The electronic spectra of the solutions of the Cu:H2Gaa system were
studied in the 6 to 7.4 pH range (Figure 7). It was observed the LMCT band
at 301 to 209 nm and a broad band which has shifted from 720 to 666 nm
that may be due to d-d transitions: from dxy, d2

z orbitals and the pair of
orbitals dxy, dyz to the half-filled anti-ligand dx2�y2 orbital. The wave length
shift to lower values indicated coordination with nitrogen together with the
oxygen atoms from carboxylate group47.

Figure 4. Electronic Spectra of Ni(II):H2Gaa 1:1 System. The concentration range
of Ni(II) solution was 8.33610�4mol=L to 8.16610�4mol=L. Aliquots of 0.1mol=L
KOH were added before the spectra were recorded. From bottom to top p[H] values
were: 6.1, 8.6, 8.8, 8.9, 9.2, 9.4, 9.9 and 10.3.
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Figure 5. Electronic Spectra of Ni(II):H2Gaa 1:2 System. The concentration

range of Co(II) solution was 8.33610�4mol=L to 8.16610�4mol=L. Aliquots of
0.1mol=L KOH were added before the spectra were recorded. From bottom to top
p[H] values were: 6.0, 8.6, 8.8, 8.9, 9.0, 9.1, 9.3 and 9.5.

Figure 6. Speciation as a function of pH for Ni(II):H2Gaa 1:2 system. This spe-
ciation was done by using SPE program with the potentiometric data refined by

SuperQuad program. Charges were omitted for simplicity.
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EPR Analysis

According to EPR theory, in copper complexes there is a correlation
between the g values and the energy of the d-d transitions, as well as the
covalency of the metal-ligand bond and the symmetry of the complex48,49.
In our study, 1:1 ligand:metal ratio systems were analyzed at different
values of pH, at 4.6, 5, 6, 7, 9, 10 and 11 (Fig. 8). The symmetry of all the
cómplexes analyzed is square-planar which is strongly indicated by the
relation g== > g? > 248. An increase in the values of A== and a decrease in
the values of g== and g? , with increasing pH has been observed (Table III).
This behavior can be explained as covalent interactions with the equatorial
ligands in a square-planar complex, suggesting a gradual substitution of
only the oxygen-coordinated species by oxygen-nitrogen coordinated sys-
tems. The spectra at pH 4.6, 5 and 6 (Figure 8) show the presence of
complexes in which the Cu(II) ion is coordinated to oxygen atoms from
carboxylate groups and from water. In Figure 9 it can be seen that the
predominant species below pH 6 is [CuH2Gaa]

2þ, which is in agreement

Figure 7. Electronic Spectra of Cu(II):H2Gaa 1:1 System. The concentration

range of Cu(II) solution was 8.33610�4mol=L to 8.16610�4mol=L. Aliquots of
0.1mol=L KOH were added before the spectra were recorded. From bottom to top
p[H] values were: 6.0, 6.23, 6.35, 6.54, 6.69, 6.78, 6.86, 6.94, 7.09 and 7.37.
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with the EPR data50. At pH 6.7 and 7 the spectra present six lines for
Cu(II) instead of four, indicating the presence of more than one species.
Figure 9 also shows that there are three species, CuGaa, [CuGaaOH]� and
[Cu2(Gaa)2(OH)2]

�2 in this pH range. At pH 9 (Figure 10) the EPR

Figure 8. Electronic Paramagnetic Resonance Spectra for Cu(II):H2Gaa 1:1
System. Solutions with different values of pH were recorded after adding aliquots of
KOH solution. The initial concentration of Cu(II) solution was 1mmol=L. EPR
conditions: microwave frequencty at 9.46GHz, microwave power, 10mW, tem-
perature, 77K and 100 kHz field modulation.

Table III. EPR Parameters: A== (Cu(II), g== and g? for the
1:1 Cu(II): H2Gaa System

pH A==(G) g== g?

4.6 121 2.402 2.088
5.0 124 2.402 2.088
6.0 121 2.399 2.088

6.7 153.7=173.3 7 2.074
7.0 156.9=179.9 7 2.074
9.0 173.3 2.222 2.063

10.0 173.3 2.217 2.059
11.0 173.3 2.217 2.059
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spectrum is in agreement with the coordination of one nitrogen atom (three
hyperfine lines), which is the a-nitrogen of Gaa.

Conclusions

It is concluded here that H2Gaa behaves as a bidentate ligand, with the
a-nitrogen and oxygen carboxylate atoms coordinating to the metal ions
Cr(III), Co(II), Ni(II), Cu(II) and Zn(II). The experimental data suggest
that the geometry of the synthesized compounds is cis-square-planar for
Cu(HGaa)2, tetrahedral for Zn(H2Gaa)NO3Cl and octahedral for
Cr(HGaa)3, CoH2Gaa(HGaa)2 and NiH2Gaa (HGaa)2 as shown in Fig. 11.
There was good agreement between the infrared data of the solid complexes
and the electronic and EPR data of the complexes in solution.

This kind of coordination of H2Gaa leaves the guanidino group free
for possible interactions with other biologically important molecules. This
explains one of the reasons for the methylation of the a-nitrogen in creatine
formation. This study of H2Gaa complexation can help us to understand the
variety of its functions in our body, especially in relation to its interactions
with metal ions, which has been rarely studied before. It has also shown the
preference that H2Gaa has for metal ions with greater nuclear charge, a
behavior that was expected.

Figure 9. Speciation as a function of pH for Cu(II):H2Gaa 1:1 system. This
speciation was done by using SPE program with the potentiometric data refined
by SuperQuad program. Charges were omitted for simplicity.
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Figure 10. Electronic Paramagnetic Spectra of 1:1 Cu(II):H2Gaa system at
pH¼ 9.0, showing the nitrogen lines. The pH 9.0 was recorded after adding aliquots

of KOH solution. The initial concentration of Cu(II) solution was 1mmol=L. EPR
conditions: microwave frequency at 9.46GHz, microwave power, 10mW, tempera-
ture, 77K and 100 kHz field modulation.

886 LOPES DE MIRANDA AND FELCMAN

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
Sa

sk
at

ch
ew

an
 L

ib
ra

ry
] 

at
 0

2:
39

 1
2 

O
ct

ob
er

 2
01

2 



EXPERIMENTAL

General

All chemicals used, the metal salts CrCl3 � 6H2O, CoCl2 � 7H2O,
NiCl2 � 6H2O, Cu(NO3)2 � 3H2O, ZnCl2 (all from Merck), guanidinoacetic
acid (Aldrich), KOH, HNO3, ethanol, methanol and acetone (all from
Merck) were of analytical grade and were used without further purification.
Elemental analyses of the complexes were performed by a CHNS=O Carlo
Erba EA 1110 analyzer. Thermogravimetric analyses were done in a Perkin-
Elmer TGA 7 thermogravimetric balance, using nitrogen flux and a 25 to
600 �C temperature range. Infrared analyses were done using KBr pellets for
the 40007370 cm�1 range and polyethylene pellets for the 700730 cm�1

range for all complexes in a Perkin-Elmer FT-IR 2000 spectrometer.

Spectrophotometric Analyses

The Co(II), Ni(II) and Cu(II) H2Gaa complexes were spectro-
photometrically studied in solution at 25 �C. These were prepared in the

Figure 11. Guanidinoacetic Acid Structure (with bolded donor atoms) and the

Suggested Structures of the Cu(II), Zn(II) and Cr(III) Complexes (For M¼Co(II)
and Ni(II), one ligand is protonated in the guanidino group, but the structure is
similar to that of Cr(III) complex).
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same way that was done previously for the potentiometry33; 1:1 and 2:1
ligand:metal ratio solutions were prepared and analyzed at a wide range of
pH values, adjusted by adding small increments of 0.1mol=L aqueous KOH
solution. The ionic strength was kept constant at 0.1 using 1.2mol=L aqu-
eous KNO3 solution. A double-beam Perkin-Elmer Lambda 19 spectro-
photometer was used with a 1 cm path length and water as background.

EPR Analyses

Aqueous solutions of CuSO4 (1610�3mol=L) and H2Gaa
(1610�3mol=L) were examined as a function of pH. The ionic strength
was adjusted to 0.1 (KNO3). X-Band EPR spectra were recorded at
100KHz and 10mW with a 300-E Bruker spectrometer at 77K (liquid
nitrogen). Ethylene glycol was added to all solutions to ensure good glass
formation.

Preparation of the Complexes

The complexation of H2Gaa with the mentioned ions were previously
studied in aqueous solution (25 �C and m¼ 0.1 (KNO3)), using the poten-
tiometric method33. The syntheses of H2Gaa binary complexes followed a
general procedure. First, H2Gaa was dissolved in distilled water and acid-
ified with nitric acid or hydrochloric acid. Metal ion salt solutions were
added with stirring and the temperature was kept constant, not above 60 �C.
The ligand=metal ratio was chosen based on the maximum coordination
number of each ion studied in solution. Cu(II) ion formed only ML2 species
and thus a 2:1 ligand=metal ratio was used for the synthesis of its complex.
For the other ions, a different ratio was used: 3:1 for Cr(III), Co(II) and
Ni(II); as Zn(II) formed a ML2 complex in solution, a 2:1 ratio was first
tried for the Zn(II) ion. However, only a 1:1 complex was precipitated.
Higher ratios were also used for the Zn(II) ion. However, even at a 10:1
ligand=metal ratio only the 1:1 complex was synthesized.

After 1 hour of stirring H2Gaa and the metal salt solution, KOH
0.1mol=Lwas added very slowly, with stirring and the temperature controlled
up to 60 �C, until a color change was observed. The resulting solution was
stirred for another 2 or 3 hours, concentrated to half of the initial volume and
left in the hood for 24 hours. The formed precipitates were then washed three
or four times with absolute ethanol, acetone and distilled water, respectively.
Recrystalization was not successful due to the very poor solubility of these
complexes in the majority of inorganic and organic solvents.
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Copper(II) Complex

An H2Gaa (10mmols, 1.1711 g) aqueous solution was prepared and
acidified with 0.1mol=L nitric acid (6mL) until the pH was 3.5. A solution
of Cu(NO)3 � 3H2O (5mmols, 1.2308 g) was added with stirring (1 hour) at
60 �C. 0.1mol=L KOH was slowly added with stirring at 60 �C during 2
hours until a color change was observed. The resulting solution was con-
centrated to half of this volume and left in the hood with absolute ethanol
(172mL) for 24 hours. A blue precipitate was formed and three times
washed with absolute ethanol and distilled water, respectively.

Zinc(II) Complex

An H2Gaa (10mmols, 1.1711 g) aqueous solution was prepared and
acidified with 0.1mol=L nitric acid (3mL) until complete dissolution. A
solution of ZnCl2 (5mmols, 0.6820 g) was added with stirring (1 hour) at
60 �C. 0.1mol=L KOH (9mL) was slowly added with stirring at 60 �C
during 2 hours until it was slightly turbid. The resulting solution was con-
centrated to half of this volume and left in the hood with absolute ethanol
(172mL) for 24 hours. A white precipitate was then formed which was
washed three times with absolute ethanol and distilled water, respectively.

Cobalt(II) and Nickel(II) Complexes

An H2Gaa (15mmols, 1.7610 g) aqueous solution was prepared
and acidified with 0.1mol=L nitric acid (6mL) until complete dissolution.
A solution of CoCl2 � 7H2O (5mmols, 1.2805 g) or NiCl2 � 6H2O (5milimols,
1.1900 g) was added with stirring (1 hour) at 60 �C. 0.1mol=L KOH was
very slowly added with stirring at 60 �C during 6 hours until a color change
was observed. The resulting solution was concentrated to half of this volume
and left in the hood with absolute ethanol (172mL) for 24 hours. A pre-
cipitate was then formed which was washed three times with absolute
ethanol and distilled water, respectively. The Co(II) precipitate was pink
and the Ni(II) one was green.

Chromium(III) Complex

An H2Gaa (15mmols, 1.7610 g) aqueous solution was prepared
and acidified with 0.1mol=L nitric acid (6mL) until complete dissolution.
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A solution of CrCl3 � 6H2O (5mmols, 1.3325 g) was added with stirring
(1 hour) at 60 �C. 0.1mol=L KOH was very slowly added with stirring at
60 �C during 7 hours until a color change was observed. The resulting
solution was concentrated to half of this volume and left in the hood with
absolute ethanol (172mL) for 48 hours. A violet precipitate was then
formed and washed three times with absolute ethanol and distilled water,
respectively.
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