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Abstract New aminoguanidinium metal oxalate com-
plexes with the formulae (AmgH),[Cu(C,0,4),] and
(AmgH),[Cd(C;,04),(H,0),] have been synthesized and
characterized. The copper compound loses aminoguanidine
exothermically at 240 °C in DTA, whereas aminoguani-
dine is lost endothermically at 200 °C in cadmium. Both
cases decompose exothermically via their respective metal
oxalate intermediates to give metal oxide as the end
product. It was also observed that hydrazine is lost
exothermically in the hydrazinium copper oxalate hydrate.
The single-crystal X-ray diffraction study of the copper
complex revealed that aminoguanidinium ions are not
involved in coordination but act as charge-compensating
cations. It is interesting to note that both oxalates act as
bidentate chelating ligands. One oxalate bridges the
neighbouring copper atom through its carbonyl oxygen
with a bond length of 2.561 A to form square pyramidal
geometry around the copper atom.
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Introduction

Oxalic acid is a dicarboxylic acid that has acquired great
importance because its versatile coordination modes can
provide novel complexes with properties such as mag-
netism and luminescence [1, 2]. Structurally, the oxalate
anion is well known for its chelating coordination mode
and symmetric bis-chelating bridging mode. The preva-
lence of this linking mode provides a degree of pre-
dictability with regard to structural motifs and architectures
found in the oxalate coordination network [3—7]. Conse-
quently, many 1D, 2D and 3D networks have been char-
acterized. The most common metal oxalate structure is the
2D honeycomb structure. A large number of studies have
been performed on transition metal oxalates with different
organic bases such as ammonia [8], ethylenediamine [9],
hydrazine [10], piperazine [11, 12], benzylamine, propy-
lenediamine [13] and guanidine [14]. Among these,
hydrazine metal carboxylates have been intensively stud-
ied, and oxalate complexes are widely used as precursors
for the synthesis of spinel oxides [15, 16]. To the best of
our knowledge, there is no report on guanylhydrazine
(aminoguanidine) metal complexes of carboxylates in
general and oxalate in particular.

Our research group has long been involved in studies on
the preparation and thermal behaviour of hydrazinium salts
with different aliphatic [17, 18] and aromatic [19, 20]
carboxylic acids, as well as their corresponding metal
(mostly transition and lanthanide metals) complexes. We
are specifically interested in studying the coordination
ability and thermal stability of hydrazine in the presence of
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Table 1 Crystallographic data for the Cu complex

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 32.20°
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F

Final R indices [I > 2sigma(l)]
R indices (all data)

Largest diff. peak and hole

C;3 Hy Cups Ny Oy

194.90

203(2) K

0.71073 A

Monoclinic

P2,/c

a = 13.689(3) A o =90° b= 11.4193) A f = 109.324(4)°,
c=9.1252) A y = 90°

1345.9(5) A3

8

1.924 Mg/m®

1.686 mm ™!

796

0.26 x 0.24 x 0.19 mm?

2.38 to 32.20°

—19 <h <19,—16 <k <16, —13 <1< 13

15,808

4451 [R(int) = 0.0549]

93.8 %

Multi-scan (Sadabs)

0.7400 and 0.6682

Full-matrix least-squares on F

4451/0/264

0.917

R1 = 0.0480, wR2 = 0.1182

R1 = 0.0773, wR2 = 0.1384

0.876 and —0.797 ¢ A~?

NH,
COOH I

Cu(CH4C00), + Loon™ H,N—G—NHNH, .HCO,

OOH

NH,
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Scheme 1 Reaction scheme showing the preparation of aminoguanidinium metal (M) oxalate (M = Cu or Cd)

different types of carboxylic (aliphatic, aromatic and
hetroaromatic) acids and their corresponding metals. We
recently reported the thermal properties of different simple
hydrazinium salts and metal hydrazine complexes of
heterocyclic carboxylic acids such as 2-pyrazinecarboxylic
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acid, 2,3-pyrazinedicarboxylic acid [21], 4,5-imidazoledi-
carboxylic acid [22] and 3,5-pyrazoledicarboxylic acid
[23]. Previous reports have described the preparation and
thermal reactivity of hydrazinium 2,n-pyridinedicarboxy-
lates (n = 3, 4, 5, and 6) [24] and metal dipicolinate
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Table 2 Analytical data

Compound (molecular mass/g mol™")

Elements present in the compound: Found (calculated)/%

Metal Hydrazine Carbon Hydrogen Nitrogen
(AmgH),[Cu(C,04),] (389.80) 16.00 (16.30) 16.40 (16.42) 17.90 (18.47) 3.30 (3.59) 28.20 (28.73)
(AmgH),[Cd(C,04),(H,0),] (474.41) 23.40 (23.69) 13.20 (13.49) 14.70 (15.18) 3.60 (3.79) 23.00 (23.61)

Fig. 1 Asymmetric Cu complex unit with a thermal ellipsoid shown
at 60 % probability

complexes of hydrazine [25]. Fortified by laboratory results
on the thermal behaviour of other metal carboxylate and/or
metal hydrazine carboxylate systems [26-30], we extended
our study to the coordination ability and thermal reactivity
of aminoguanidine (substituted hydrazine) in the presence of
carboxylic acids with divalent transition metals. Oxalic acid,

Fig. 2 1D staircase structure of
the Cu complex

which has two carboxylic groups and four active coordina-
tion sites, was selected for its potential in chelating coordi-
nation and symmetric bis-chelating bridging coordination to
central metal cations. Although the coordination behaviour
of aminoguanidine is not exactly the same as that of
hydrazine, aminoguanidine can act as a monodentate or
bidentate chelating [31] ligand towards metal ions. It is well
known that hydrazinium ions can behave as charge-com-
pensating cations in various metal carboxylate systems. We
sought to determine whether aminoguanidinium can also
function as a charge-compensating counter cation in metal
carboxylate systems in general and the metal oxalate system
in particular. This is the first attempt to synthesize
aminoguanidinium metal oxalates and compare the coordi-
nating ability and thermal properties of their metal com-
plexes with those of hydrazinium metal oxalates.

Experimental
Materials and methods

All reagents used for synthesis were obtained commer-
cially and used as received. Elemental analysis of C, H and
N was performed on an Elementar Vario EL III analyser.
The FTIR spectra were recorded on an AVATAR 320
FTIR spectrometer using KBr pellets in the range of
4000-400 cm™"'. X-ray powder diffraction was recorded on
a Rigaku diffractometer with copper radiation (4 = 0.154
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Table 3 Bond lengths//e% and angles/° for the Cu complex

Table 3 continued

Cu-0(1) 1.9340(18)  O(1)-Cu-0(2) 85.92(7)
Cu-0(2) 1.9370(17)  O(1)-Cu-O(5) 94.78(7)
Cu-0(5) 1.9383(17)  O(2)-Cu-0(5) 174.04(7)
Cu-0(6) 1.9465(17)  O(1)-Cu—O(6) 177.91(8)
O(1)-C(1) 1.285(3)  O(2)-Cu-0(6) 93.55(7)
N(1)-C(5) 1.3253)  O(5)-Cu-0(6) 85.55(7)
N(1)-N(2) 1.412(3)  C(1)-O(1)~Cu 112.09(16)
N(D-H(IN)  0.71(3) C(5)-N(1)-N(2) 120.2(2)
C(1)-0(4) 1.229(3)  C(5)-N(1)-H(IN) 121(3)
C(1)-C(2) 1.550(3)  N(2)-N(1)-H(IN) 118(3)
0(2)-C(2) 1.289(3)  O(A)-C(1)-0O(1) 125.5(2)
N(2)-H(2NA)  0.89(4) 0(4)-C(1)-C(2) 119.4(2)
N(2)-H(2NB)  0.93(5) O(1)-C(1)-C(2) 115.1(2)
C(2)-0(3) 1.2303)  C(2)-0(2)-Cu 111.95(15)
N@3)-C(5) 1321(3)  N(1)-N(2)-H(2NA) 112(2)
N@B)-HBNA)  0.793) N(1)-N(2)-H(2NB) 114(3)
N@3)-H(3NB)  0.79(3) H(2NA)-N(2)-H(2NB)  99(3)
C(3)-0(7) 1.227(3)  O(3)-C(2)-0(2) 124.1(2)
C(3)-0(5) 1.289(3)  O(3)-C(2)-C(1) 121.02)
C(3)-C(4) 1.561(3)  O(2)-C(2)-C(1) 114.9(2)
C(4)-0(8) 1233(3)  C(5)-N(3)-H(3NA) 114(2)
C(4)-0(6) 1279(3)  C(5)-N(3)-H(3NB) 117(3)
N@)-C(5) 1.340(3)  H(3NA)-N(3)-HGNB) 127(3)
N@)-H@NA)  0.85(4) 0O(7)-C(3)-0(5) 124.7(2)
N4)-H@NB)  0.84(3) O(7)-C(3)-C(4) 120.6(2)
N(5)-C(6) 1334(3)  O(5)-C(3)-C(4) 114.72(19)
N(5)-N(6) 1.407(3)  O(8)-C(4)-0(6) 125.4(2)
NG)-HGN)  0.76(3) 0(8)-C(4)-C(3) 119.8(2)
N(6)-H(6NA)  0.87(3) 0(6)-C(4)-C(3) 114.92)
N(6)-H(6NB)  0.80(4) C(5)-N(4)-H(4NA) 124(2)
C(6)-N(7) 1.325(3)  C(5)-N(4)-H(4NB) 116(2)
C(6)-N(8) 1.329(3)  H@ENA)-N4)-H@4NB)  115(3)
N(7)-H(7NA)  0.82(4) C(3)-0(5)-Cu 112.39(15)
N(7-H(7NB)  0.81(5) C(6)-N(5)-N(6) 119.6(2)
N(8)-H(8NB)  0.79(4) C(6)-N(5)-H(5 N) 119(2)
N@)-HNSA  0.98(4) N(6)-N(5)-H(5 N) 121(2)
N(3)-C(5)-N(1) 120.2(2)
N(3)-C(5)-N(4) 121.2(2)
N(1)-C(5)-N(4) 118.6(2)
C(4)-0(6)~Cu 112.40(15)
N(5)-N(6)-H(6NA) 108(2)
N(5)-N(6)-H(6NB) 115(3)
H(6NA)-N(6)-H(6NB)  108(4)
N(7)-C(6)-N(8) 121.1(3)
N(7)-C(6)-N(5) 120.3(2)
N(8)-C(6)-N(5) 118.7(2)
C(6)-N(7)-H(7NA) 119(3)
C(6)-N(7)-H(7NB) 118(3)

@ Springer

H(7NA)-N(7)-H(7NB) 123(4)
C(6)-N(8)-H(SNB) 125(3)
C(6)-N(8)-HNSA 120(2)
H(8NB)-N(8)-HNSA 115(3)

Table 4 Hydrogen bond lengths/A and angles/° for the Cu complex

D-H H.A D-H..A D-H.A
NI1-HIN...03(ii) 0.724)  2.17(4)  2.874(3)  170(4)
N3-H3NA...02()  0.793) 227(3) 3.0253)  161(3)
N3-H3NB...N2 0.79(4) 2353) 2.7023)  108(3)
N4-H4NA...03()  0.85(3) 222(4) 3.044(3)  164(4)
N5-H5 N...O07Gii)) ~ 0.76(4) 2.11¢4)  2.8623)  172(4)
N4-H4NB...O4Gi)  0.853) 2.05(3) 2816(3)  150(3)
NS-HSNA...O8(i) 0.984) 1.95@) 2.8543)  153(4)

Symmetry codes: (i) 1—x, —1/2 +y, 3/2—z (ii) X, y, —1 + z (iii)
1 +x,y, 1+ z; D Donor, A Acceptor

06 nm) at 40 kV and 40 mA. Simultaneous TG-DTA
curves were recorded on a Perkin Elmer Pyris Diamond
instrument at a heating rate of 5°C min~' under air.
Absorption spectral measurements were carried out using a
JASCO V-530 UV-visible spectrophotometer in the range
of 200-800 nm. Quartz cuvettes with 1 cm path lengths
were used to record the absorption spectra. Hydrazine
content was estimated by titrating against standard KIO;
under Andrews’ condition [32]. Metal contents were
determined by EDTA titrations [33].

Preparation of (AmgH),[Cu(C,04),]

The compound was prepared by adding a mixture containing
20 mL aqueous solution of copper acetate (0.05 g;
0.25 mmol) and aminoguanidine bicarbonate (0.136 g;
1 mmol) in a 1:4 molar ratio to an aqueous solution (20 mL)
of oxalic acid (0.126 g; 1 mmol) neutralized with sodium
carbonate (0.106 g; 1 mmol). The turbidity was resolved
with addition of a few drops of 2 N acetic acid. The resulting
clear blue solution was concentrated to one-third of its vol-
ume in a water bath and maintained at room temperature for
crystallization. The blue needle-like crystals, suitable for
single-crystal X-ray studies, formed after four days were
separated, washed with dry ethanol and air-dried.

Preparation of (AmgH),[Cd(C,04),(H»0),]

An aqueous solution (20 mL) of oxalic acid (0.126 g;
1 mmol) was added to the aqueous solution (20 mL)
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Fig. 3 2D hydrogen bonding
pattern down the a axis J
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containing cadmium nitrate  hexahydrate (0.077 g;
0.25 mmol) and aminoguanidine bicarbonate (0.136 g;
1 mmol). To this solution, a few drops of 2 N nitric acid were
added to prevent turbidity. The resulting clear solution was
concentrated to half of its volume and maintained at room
temperature for crystallization. After 2 days, the white crys-
talline solid (found to be guanylhydrazido-oxalic acid) that
formed was filtered off. Following evaporation, the filtrate
was a polycrystalline solid that was separated as in the pre-
vious preparation.

Single-crystal structure determination

The X-ray diffraction data of (AmgH),[Cu(C,04),] was
collected using a single crystal on a Bruker Smart Apex
CCD diffractometer with graphite-monochromated MoKa
(4 =0.71073 10\) radiation. Crystals were mounted in
Fluorlube oil on a Mitegen mount or glass loop and placed
in a cold N, stream 203(1) K for data collection. The
structure was determined using direct methods and refined
by full-matrix least squares on F* using the SHELXL-97
software package [34]. Each structure was solved via direct
methods that determine the positions of non-hydrogen
atoms. Typically, all non-hydrogen atoms were refined
anisotropically.

Final difference Fourier syntheses showed only chemi-
cally insignificant electron density (with the largest dif-
ference peaks close to metal atoms). Inspection of F|,
versus F, values and trends based upon sinf, Miller index,
or parity group failed to reveal any systematic error in the
data. Detailed crystallographic data are listed in Table 1.

Results and discussion
Synthesis

Gajapathy et al. [10] have prepared hydrazinium copper
oxalate monohydrate by reacting copper nitrate trihydrate
with hydrazinium oxalate in a ratio 1:4. Aminoguanidinium
copper oxalate was prepared using the respective metal
acetate hexahydrate and oxalic acid dihydrate with
aminoguanidine bicarbonate in the presence of acetic acid
and sodium carbonate. The pH of the final solution was
4-5. With copper acetate as the starting material, single
crystals resulted, whereas the other copper salts resulted in
polycrystalline compounds of the same composition. When
reactions were carried out in 1:2:2 and 1:4:4 (metal:li-
gand:base) mole ratios, stable copper oxalate precipitated.
The cadmium complex reaction carried out with a 1:4:4

@ Springer
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(metal nitrate:acid:base) mole ratio surprisingly yielded
two products. The detailed synthetic procedure is shown in
Scheme 1. The preparation of complexes using other
transition metals (e.g., Co, Ni and Zn) was unsuccessful
due to the formation of respective metal oxalates as
insoluble products. The results of chemical analysis of the
complexes are given in Table 2 and are best fit with the
proposed compositions.
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Fig. 4 Infrared spectra of a (AmgH),[Cu(C,04),] and b (AmgH),[-
Cd(C,04),(H;0),]. Inset shows the expansion range (1850-
1500 cm™Y) of (b)

Fig. 5 Electronic spectra of 4.5 4
(AmgH),[Cu(C,04),] ILCT ]
(left) and d—d transition (right) 4.0 1

3.5

3.0

2.5

2.0

1.5

Absorbance

1.0 H

0.5

0.0 4

Structural description of (AmgH),[Cu(C;04),]

The structural analysis of aminoguanidinium copper oxa-
late (Fig. 1) revealed that the crystal contains discrete
(AmgH)™" cations and complex [Cu(C,04),]*~ anions. The
coordination stereochemistry of the CuO5 chromosphere is
square pyramidal. Four oxygen atoms from two nearly
planar bidentate chelate oxalates occupy the basal coordi-
nation positions. A neighbouring carbonyl oxygen (O8)
from an adjacent unit facilitates the apical metal coordi-
nation to produce a one-dimensional staircase-like chain.
This chain runs parallel to the c¢ axis, as shown in Fig. 2.
The apical atom, O8, has an elongated Cu—-O bond of
2.561 A, while the copper-oxygen distances (Table 3) in
the square base range from 1.9383(17) to 1.9465(17) A.
The bite angles of the bidentate oxalate anion [O1-Cu-02
and O5-Cu-06] are 85.55 and 85.92°. These values are
normal and comparable with the value of the N,Hs'
complex [10]. The aminoguanidinium cations are almost
planar and have normal bond lengths, as expected [35, 36].
The packing pattern shows strong interlocking between
complex anions and cationic sub-lattices through a multi-
directional hydrogen bonding (Table 4) network, as shown
in Fig. 3.

Infrared spectra

For copper and cadmium complexes, the asymmetric and
symmetric stretching frequency of carboxylate ions are
seen at 1620 and 1607 cm™' and 1408 and 1384 cm_l,
respectively. The average separation AV (Vasym — Vsym) Of
212 and 223 cm ™' indicates monodentate coordination for
the carboxylate ion, as shown in Fig. 4. The iminidine peak
and N-N stretching vibrations around 1680 cm™' (Fig. 4a
inset) and 1100 cm™", respectively, indicate the presence
of aminoguanidine in the crystal. For the copper complex
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Fig. 6 Simultaneous TG-DTA 53.28 100.07
of a (AmgH),[Cu(C,0.),] and (a)
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Table 5 Thermal data

Compound DTA peak Thermogravimetry Possible intermediate(s)/
Temp./°C end product

Temp. range/°C Mass loss/%
Found Calcd.

(AmgH),[Cu(C,04)-] 240(—) 220-260 60.00 61.06 [Cu(C,04)]
380(—) 280-570 81.00 79.69 CuO
540(—)

(AmgH),[Cd(C,04),(H,0),] 110(+) 90-120 4.00 3.80 [Cd(C,04)(H,0)](AmgH),
150(+) 120-165 8.00 7.59 [Cd(C504),](AmgH),
200(+) 165-240 57.00 57.76 [Cd(C,04)]
260(+) 450-540 75.00 72.97 CdO
500(—)

(4+) endothermic, (—) exothermic

(Fig. 4a), the peak around 3355 cm ™' is attributed to N—H
stretching of aminoguanidine. For the cadmium complex
(Fig. 4b), the sharp peak around 3410 cm ™' is assigned to
O-H stretching of coordinated water molecules.

Electronic spectra

The electronic spectrum of the copper complex is shown in
Fig. 5. The complex displays a lower energy band at

@ Springer
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Fig. 7 Infrared spectra of the decomposition products a copper oxalate and b cadmium oxalate. The powder XRD pattern of ¢ copper oxalate

d cadmium oxalate

671 nm (14,900 cm_l), which corresponds to the transition
from the B (dy>_,») ground state to the excited A; (d,2), B>
(dyy) and E (dy,, d,,) states. This d—d transition at 671 nm
indicates that the copper has a square pyramidal geometry
[37]. The higher energy intense transitions at 249 and
224 nm are due to intraligand 7 — 7n* and n — n* charge
transfer transitions (ILCT), respectively.

Thermal study

The copper complex shows two clear decomposition steps
in TG (Fig. 6a). In the first step, aminoguanidine and one
of the oxalate ligands decompose exothermically at 240 °C
to give copper oxalate compound. The copper oxalate
further decomposes with the two exothermic peaks (380
and 540 °C) to give copper oxide as the final residue. It
was anticipated that the two endothermic peaks indicate
different chemical changes. The first peak at around 380 °C
may corresponds to the elimination of CO (carbon
monoxide) to become CuCOj;, while the second peak at
around 540 °C corresponds to the elimination of CO,
(carbon dioxide) to become CuO as the final product.

@ Springer

Albeit, the DTA shows two distinct exothermic peaks, the
TG shows continuous decomposition which restricts our
effort to calculate the exact mass loss for the corresponding
steps.

TG of cadmium compound shows (Fig. 6b) two distinct
steps for the successive loss of two water molecules in
accordance with two endothermic dehydrations at 110 and
150 °C (Table 5). The anhydrous compound was unsta-
ble (we could not able to isolate), which then endother-
mically decomposes (200 °C) to yield a cadmium oxalate
compound. Like copper oxalate, the cadmium oxalate also
decomposes exothermically at 500 °C to give CdO as the
final residue. The exothermic shoulder peak observed
around 260 °C may be attributed to the elimination of CO
to form CdCO; intermediate, which continuously decom-
poses to form CdO as the end residue. The only difference
between the two reactions is that the anhydrous copper
compound decomposes endothermically, whereas the
decomposition product of anhydrous cadmium compound
decomposes exothermically, probably due to their struc-
tural differences. The complete thermal decomposition
details are given in Table 5.
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Fig. 8 IR spectra of a CuO and b CdO (the spectral region range from 1200 to 400 cm™ " is shown here for the clarity). The powder XRD

patterns of ¢ CuO and d CdO

The IR spectra of the decomposition products, copper
(Fig. 7a) and cadmium oxalate (Fig. 7b), register a charac-
teristic strong band in the region 1620 cm ™' and 1310 cm ™',
which were ascribed to the asymmetric and symmetric
stretching vibrations of oxalate (O-C=0) groups [38],
respectively. Further, the strong and sharp peak observed
around 770-790 cm ' is assigned to the effect of in-plane
deformation of O—C=0 as well as the presence of a metal—
oxygen coordination bond [38]. Further, the XRD patterns of
copper oxalate (Fig. 7c) and cadmium oxalate (Fig. 7d) were
well matched with that of their JCPDS file No 21-297, and
140712, respectively, which confirms the formation of
respective products [39, 40].

The IR spectra of the final decomposition products such
as CuO and CdO are given in Fig. 8. A strong IR charac-
teristic absorption band (Fig. 8a) observed at around
535 cm™! was assigned to the Cu—O stretching vibration
[41]. The IR spectrum of CdO (Fig. 8b) register a char-
acteristic band at around 470 cm™' with poorly resolved
shoulder at 550 cmfl, which revealed the formation of

CdO [42] powder. Further, it can be clearly seen that the
characteristic vibration of cubic CdO occurs in the band
ranging from 410 to 1100 cm™" with the clear peak at
1050 cm ™! indicating the formation of cubic CdO [43].

Further, the final thermal decomposition products of
metal complexes were authentically confirmed as CuO and
CdO by using their powder XRD data. The XRD peaks of
CuO and CdO (Fig. 8) are very sharp and intense, indi-
cating their pure and crystalline nature. According to the
JCPDS data (JCPDS No. 45-0937), the diffraction peaks of
the CuO (Fig. 8c) can be indexed to be monoclinic CuO
phase, which is in good agreement with the results reported
in the literatures [39, 41]. The phase of the CdO (Fig. 8d)
obtained from thermal decomposition of cadmium complex
can be indexed to be cubic CdO structure (JCPDS No.
05-0640) [42, 43] and no characteristic peaks of impurities
were detected.

Our efforts to separate the decomposition intermediates
such as anhydrous cadmium complex, (AmgH),[Cd(C,04),],
and the anticipated respective metal carbonates in their pure
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Fig. 9 Powder XRD patterns of
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forms were ineffective due to their continuous decomposi-
tions, as evident in the TG curve. The likely intermediates
were assigned using observed TG mass losses, which are in
agreement with calculated mass losses.

X-ray powder pattern

The X-ray powder patterns of these compounds were
recorded and are shown in Fig. 9. The compounds show
decidedly different diffraction patterns, indicating their
structural dissimilarity. This is expected since the compo-
sitions themselves are different. The sharp powder XRD
lines indicate that these compounds are highly crystalline
in nature.

Conclusions

New aminoguanidinium metal oxalate complexes with the
formulae (AmgH),[Cu(C,04),] and (AmgH),[Cd(C,04),
(H>0),] have been synthesized and characterized. In DTA,
the copper compound loses aminoguanidine exothermically
at 240 °C. In cadmium, aminoguanidine is lost endother-
mically at 200 °C. Both cases decompose exothermically
via their respective metal oxalate intermediates to give
metal oxide as the end product. In hydrazinium copper
oxalate hydrate, the hydrazine is lost exothermically.
Hence, these complexes may be used as a precursor to fine
metal oxide particles due to the low temperature of
decomposition [44].

Single-crystal X-ray diffraction study of the copper
complex revealed that the aminoguanidinium ions are not
involved in coordination but act as charge-compensating

@ Springer

20 30 40 50 60 70 80 90
20/°

cations. It is interesting to note that both oxalates act as
bidentate-chelating ligands. One oxalate bridges the
neighbouring copper atom through its carbonyl oxygen
with a bond length of 2.561 A to form a square pyramidal
geometry around the copper atom.

Supplementary material

Crystallographic data for structural analysis reported in this
paper have been deposited in the Cambridge Crystallo-
graphic Data Center with CCDC number 1032144. Copies of
this information may be obtained free of charge from the
Director, CCDC, 12 Union Road, Cambridge, CB2 1EZ, UK
(fax: +44-1223-336033; e-mail:deposit@ccdc.cam.ac.uk).
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