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INTRODUCTION

The chemistry of uranyl complexes dominated by uranyl
dication has received remarkable attention over the years and
has found a variety of application as molecular receptors in the
area of supramolecular chemistry and coordination chemistry
[1-3]. Uranyl dication UO2

2+ has a strong covalent character
of axial U=O bond making its coordination chemistry quite
exclusively limited in the equatorial plane. Moreover, uranyl
dication is essentially a linear O=U=O species due to repulsion
from its oxygen atom forcing the coordinating ligand nearly
into a plane perpendicular to the axis of ion [4-11]. Furthermore,
it is surrounded by 4-6 donor atoms at equatorial position and
exists in octahedral, pentagonal bipyramidal or hexagonal bipy-
ramidal coordination environment [12].

A great variety of compounds are formed between mono-
carboxylic acid and uranyl cation. The most characterized type
being the tricarboxylates. Hydrazinium uranyl tricarboxylates
such as N2H5UO2(RCOO)3 where R= CH3, CH2CH3 or CH2=SH
have been prepared and crystal structure of N2H5UO2(C2H5COO)3
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has been determined [13]. No reports are available on amino-
guanidinium uranyl complexes of carboxylic anions. Trichloro
acetic acid is a strong acid due to electron withdrawing nature
of chlorine atoms hence expected to form metal complexes
much easier than acetic acid and other monocarboxylic acids.
The hydrazinium and aminoguanidinium complexes of uranyl
cation with trichloroacetic acid have not been reported so far.
The substitution in both acid and hydrazinium greatly influ-
ences the geometry of such complexes. In the present investi-
gation, we report the synthesis, characterization and thermal
degradation of hydrazinium trichloroacetato uranate and amino-
guanidinium trichloroacetato uranate nitrate. We also report
the crystal and molecular structure of aminoguanidinium complex.

EXPERIMENTAL

All the chemicals and solvents were purchased from S.D.
Fine Chemicals, Mumbai, India. The solvents were distilled
before use and double distilled water was used for the prepa-
ration and analyses of the complexes.



The hydrazine contents were determined by volumetric analysis
using a 0.025 M KIO3 solution under Andrew′s condition and
uranium(VI) content was determined gravimetrically using
oxine [14,15]. Elemental analyses (C, H and N) were performed
using Perkin-Elmer 2400 CHN elemental analyzer. IR spectrum
of the complexes were recorded (KBr disc) in the range 4000-
400 cm-1 on a Bruker alpha spectrophotometer. The simultaneous
TG-DTA of the samples in air was recorded using a SWI TG/
DTA 6200 thermal analyzer using about 5 mg of the sample
with the heating rate of 10 ºC/min and platinum cup as sample
holder. The X-ray single crystal intensity data were collected
on a Enraf -Nonius CAD-4 diffractometer system with graphite
monochromated Mo-Kα radiation (λ = 0.71073 nm). The structure
of aminoguanidinium complex was solved by direct method
using SIR 92 program and completed using Fourier techniques
and refined by applying full matrix least square techniques.
Refinement was carried out using SHELXL-2014 program
[16,17]. The X-ray powder diffraction pattern was recorded
on Philips PW 1050/70 using CuKα radiation with an iron filter.
The measurements were taken in the range of 2θ angle 20-80º
and wavelength of 1.5406 Å. The morphology and microstructure
of metal oxide was recorded using a Quanta FEG-250 field-
emission scanning electron microscope (SEM).

Preparation of H2(HAgun)2[UO2(Cl3COO)5](NO3) (1):
The compound was prepared by the addition of an aqueous
solution (30 mL) containing a mixture of aminoguanidine

bicarbonate (4.08 g, 0.03 mol) and trichloroacetic acid (4.89
g, 0.03 mol) to an aqueous solution of uranyl nitrate hexahydrate
(5.02 g, 0.01mol). The resulting clear yellow solution was concen-
trated to one third of its volume on a water bath and then allowed
to stand at room temperature for crystallization. The yellow
crystals, suitable for single crystal X-ray studies formed after
a weak were separated washed with ice-cold water and air dried.

Preparation of (N2H5)[UO2(COOCCl3)3] (2): An aqueous
solution (20 mL) containing a mixture of trichloroacetic acid
(4.89 g, 0.03 mol) and hydrazine hydrate (1.5 mL, 0.03 mol)
was added to an aqueous solution (30 mL) of UO2(NO3)2·6H2O
(5.02 g, 0.01mol). The resulting clear yellow solution was concen-
trated to half of its volume and maintained at room temperature
for crystallization. After 48 h, yellow crystalline solid formed
was filtered, washed with ice cold water and dried.

RESULTS AND DISCUSSION

Electronic spectra: The UV-visible spectra of the complexes
show (Fig. 1a and 1b) two broad band around 355 and 430 nm,
which are attributed to ligand to metal charge transfer LMCT
and 1Σ→3Πg

+u transition of uranyl ion respectively [18].
Infrared spectra: The infrared spectrum of complex 1

(Fig. 2a) shows an asymmetric and symmetric stretchings of
O=U=O in the regions 920-910 and 850-830 cm-1, respectively.
The asymmetric and symmetric stretching frequencies of
carboxylate ions are seen at 1540 and 1410 cm-1, which reveals
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Fig. 1. Electronic spectra of complexes 1 and 2
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Fig. 2. IR spectra of complexes 1 and 2
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the monodentate coordination behaviour of carboxylate ions.
The iminidinium C=N vibrations and N-N stretching of amino-
guanidinium cations vibrations are observed around 1680 and
1100 cm-1, respectively. The N-H stretchings of aminoguanidinium
cations are observed in the range 3420-3300 cm-1.

The infrared spectrum of complex 2 is shown in Fig. 2b.
Two sharp and strong bands observed at 1510 and 1430 cm-1

are attributed to the asymmetric and symmetric stretching of
carboxylate ions. The (∆ν) separation 80 cm-1 clearly indicate
the bidentate chelation of trichloroacetate ions in this complex.
The N-N stretching for hydrazinium cation vibrations is obser-
ved at 960 cm-1 which is accordance with the ionic nature of this
cation. The asymmetric and symmetric stretchings of O=U=O
are seen in the region 920 and 860 cm-1, respectively. The N-H
stretchings of hydrazinium cations are observed in the range
3470-3350 cm-1.

Thermal analysis: In case of aminoguanidinium uranyl
trichloroacetate from the thermal traces (Fig. 3a), the first step
is exothermic and a strong exotherm is observed at 210 ºC.
The degradation takes place in the temperature range 230-
170 ºC to give uranyl trichloro acetate as an intermediate. The
weight loss observed is 12 % which is very close to the calculated
value (11.6 %). Further decomposition takes place in the temp-
erature range 250-600 ºC to yield U3O8 as the final residue
with 22 % weight loss (calcd. 21.63 %). The DTA shows two
weak exotherms.

The thermal traces of complex 2 also shows (Fig. 3b) two
step decomposition which is similar to the complex 1. Two
exotherms are observed for the two steps in DTA at 190 and
380 ºC. The same intermediate as in complex 1 i.e. uranyl
trichloroacetate is formed, which further gives U3O8 as the final
residue. The weight losses observed are 5.5 and 45 %, respec-
tively which are in accordance with calculated values (5.2 and
44.87 %).

Structural description of H2(HAgun)2[UO2(Cl3COO)5]-
(NO3) (1): The ORTEP of complex 1 is shown in Fig 4. The uranyl
ion is surrounded by five trichloroacetate ions resulting in the
pentagonal bipyramidal geometry around uranium. In the case
of simple acetate and propionate complexes, the carboxylate
ions coordinate in a bidentate chelating fashion and uranium
shows hexagonal bipyramidal structure (eight coordination).
However in present case, trichloroacetate ions show monoden-
tate behaviour which is quite expected due to the steric reasons.

Fig. 4. ORTEP of H2(HAgun)2[UO2(Cl3COO)5](NO3)

The average bond length of uranium to carboxylate oxygen is
2.412 Å. The uranyl group has linear geometry with an average
U-O distance 1.761 Å and O-U-O angle of 179.1 (2)º which
are within the range of values observed in the case of several
uranyl complexes [19]. The crystal data of the complex are
summarized in Table-1. Some important bond lengths and bond
angles are given in Table-2.
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Fig. 3. Simultaneous TG-DTA of complexes 1 and 2
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TABLE-1 
CRYSTAL DATA AND STRUCTURE REFINEMENT  

FOR H2(HAgun)2[UO2(Cl3COO)5](NO3) 

CCDC No. 1818750 
Empirical formula  C12H14N9O15UCl1t5 
Formula weight  1294.10 
Temperature  296(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  C2/c 
Unit cell dimensions a = 17.7088(4) Å, α = 90° 
 b = 27.1370(6) Å, β = 110.364(10)° 
 c = 19.1662(4) Å, γ = 90° 
Volume 8634.9(3) Å3 
Z 8 
Density (calculated) 1.991 g/cm3 
Absorption coefficient 4.751 mm-1 

F(000) 4928 
Crystal size 0.150 mm × 0.100 mm × 0.050 mm 
Theta range for data collection 2.267 to 24.999° 
Index ranges -21<=h<=21, -32<=k<=32,  

-22<=l<=22 
Reflections collected 70982 
Independent reflections 7603 [R(int) = 0.0574] 
Completeness to θ = 25.242° 99.9 %  

Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7456 and 0.6414 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 7603 / 0 / 527 
Goodness-of-fit on F2 1.027 
Final R indices [I>2σ(I)] R1 = 0.0468, wR2 = 0.1091 

R indices (all data) R1 = 0.0766, wR2 = 0.1292 
Extinction coefficient n/a 
Largest diff. peak and hole 1.722 and -1.214 e.Å-3 

 
TABLE-2 

SELECTED BOND LENGTHS (Å) AND ANGLES (°)  
FOR H2(HAgun)2[UO2(Cl3COO)5](NO3) 

Bong length (Å) Bong angles (°) 
U1-O2 
U1-O3 
U1-O5 
U1-O7 
U1-O8 
U1-O9 
U1-O11 
N3-N4 
N7-N8 

2.357(5) 
2.394(6) 
2.419(5) 
2.434(5) 
1.759(5) 
1.763(5) 

2.459(19) 
1.488(13) 
1.400(14) 

O8-U1-O9 
O8-U1-O2 
O9-U1-O2 
O8-U1-O11 
O9-U1-O11 
O2-U1-O11 
O3-U1-O11 
O5-U1-O11 
O7-U1-O11 
O8-U1-O3 
O9-U1-O3 
O2-U1-O3 
O8-U1-O5 
O9-U1-O5 
O2-U1-O5 
O3-U1-O5 
O8-U1-O7 
O9-U1-O7 
O2-U1-O7 
O3-U1-O7 
O5-U1-O7 

C10-N2-H2B 
C1O-N2-H2A 
O14-N9-O13 

179.1(2) 
91.2(2) 
88.1(2) 
78.9(4) 

101.4(4) 
146.7(4) 
73.9(4) 
72.7(4) 

136.9(4) 
91.3(2) 
88.0(2) 
74.6(2) 
96.2(2) 
84.6(2) 

140.5(2) 
143.5(2) 
82.7(2) 
97.6(2) 
71.5(2) 

145.5(2) 
71.2(19) 
118(3) 
119(3) 

124.9(15) 
Symmetry transformation used to generate equivalent atoms: 
#1-x+2,y,-z+3/2 #2-x+1,y,-z+3/2 

 

Two aminoguanidinium cations are present as ionic species
and not coordinated to metal ion. This is also attributed to the
bulkiness of these ions. Furthermore, two nitrate ions are also
present outside the coordination sphere in the asymmetric unit
with half occupancy due to the thermal disorder. Though we
expect two H+ ions to be present in the crystal lattice due to
their small size we were not able to locate them, similar cases
were previously reported in the literature [20,21]. The amino-
guanidinium cations are almost planar and have normal bond
lengths 1.400 Å.

The close packing diagram reveals that unit cell consists
of eight molecules. The N-H---O and N-H---Cl intramolecular
hydrogen bonding is observed which stabilizes the crystal
system. Packing diagram of complex 1 along a-axis and c-axis
are given in Fig. 5 and 6, respectively. The N-H---O has a zig-
zag arrangement (along the c-axis) with the angle 117.5º and
N-H---Cl has parallel chain (along the a-axis) with the angle
122.0º. The hydrogen bond distance and angles are given in
Table-3.

Fig. 5. Hydrogen bonding patterns in the crystal lattice along the a-axis

TABLE-3 
HYDROGEN BONDING INTERACTIONS [Å AND °]  

FOR H2(HAgun)2[UO2(Cl3COO)5](NO3) 

D–H···A d(D–H) d(H···A) d(D···A) ∠(DHA) 
N1–H1A···Cl(7) 
N1–H1A···O(12) 
N1–H1B···O(5) 
N2–H2B···Cl(1) 
N2–H2B···Cl(9) 
N2–H2A···O(1) 
N3–H3···O(1) 
N3–H3···O(3) 
N3–H3···O(9) 
N4–H4B···O(12) 
N4–H4B···O(11) 
N5–H5A···O(6) 
N5–H5B···N(8) 
N6–H6A···O(6) 
N6–H6B···O(4) 
N7–H7···O(2) 
N7–H7···O(4) 
N8–H8A···Cl(3) 

0.86 
0.86 
0.86 

0.87(2) 
0.87(2) 
0.86(2) 
0.85(2) 
0.85(2) 
0.85(2) 

0.86 
0.86 

0.84(2) 
0.85(2) 

0.86 
0.86 

0.85(2) 
0.85(2) 
0.85(2) 

2.87 
2.28 
2.24 

2.94(5) 
2.91(4) 
2.47(8) 
2.29(4) 
2.59(5) 
2.54(10) 

2.09 
2.62 

2.18(5) 
2.70 
2.13 
2.14 

2.52(8) 
2.23(6) 
2.97(8) 

3.400(9) 
2.79(3) 
3.009(9) 
3.398(12) 
3.719(14) 
3.109(15) 
3.079(13) 
3.118(10) 
3.056(11) 
2.77(4) 
3.37(2) 

2.932(13) 
3.449(17) 
2.887(11) 
2.911(11) 
3.144(9) 
2.975(12) 
3.522(13) 

122.0 
117.5 
149.1 
115(4) 
157(6) 
132(10) 
153(4) 
121(5) 
120(9) 
136.4 
146.4 
148(8) 
148(11) 
147.4 
148.4 
131(8) 
146(9) 
124(7) 

Symmetry transformation used to generate equivalent atoms: 
#1 -x+2,y,-z+3/2; #2 -x+1,y,-z+3/2; #3 -x+3/2,-y+3/2,-z+2; #4 x-1,y,z; 
#5 x,-y+1,z+1/2; #6 –x,y,-z+3/2 
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Fig. 6. Hydrogen bonding patterns in the crystal lattice along the c-axis

The geometry of complex 2 is expected to be hexagonal
bipyramidal with three bidentate chloroacetate ion around uranyl
cation which is similar to that of hydrazinium uranyl acetate
complex for which the structure has been already determined [22].

Powder X-ray diffraction: Both the complex precursors
on complete pyrolysis yielded the same uranium oxide as the

final residue. These oxides were confirmed by analytical studies
and powder X-ray diffraction (PXRD) technique. The X-ray
powder diffraction pattern of oxide prepared from complex 1
is given in Fig. 7 as represented model. The obtained peaks
are well indexed with standard U3O8 pattern (JCPDS file no.
31-1425).

In
te

ns
ity

 (
co

un
ts

)
20 40 60 80 100

2  (°)θ

11
2

2
11

10
3

2
20 1

05

32
1

22
4

JCPDS No 31- 1425

Fig. 7. Powder X-ray diffraction of U3O8 and the standard

Scanning electron microscopy (SEM): The structural
morphology of oxides prepared from complex precursors are
examined by their SEM morphologies. These oxides show lot
of voids and cracks indicating the large quantity of gases
evolved during the decomposition. The different magnification
of SEM photographs of oxide prepared from acetate complex
is shown in Fig. 8.

Fig. 8. Scanning electron microscopy images of U3O8 (a) 2 µm mag = 5.00 kx (b) 2 µm mag = 10.00 kx (c) 200 nm (d) 1 µm
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