
Proc. Indian Acad. Sci. (Chem. Sci.), Vol. 99, Nos 5 & 6, December 1987, pp. 311-315. 
@ Printed in India. 

X-ray structure of dihydrazinium uranyl dioxalate monohydrate 
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Abstract. The crystal structuie of dihydrazinium uranyl dioxalate monohydrate, (N2H5), 
[U0,(C204)2(H,0)], has been determined by x-ray diffraction. The structure was solved 
by heavy-atom method and refined to an R value of 0.059 using 2312 reflections. The 
N,H: ions are not coordinated to the metal. In the anion [uO,(~O~),(H,O)]~-, the 
linear UO:+ group is coordinated by two chelating bidentate oxalate oxygens and a water 
oxygen. The coordination polyhedron around the uranium atom is an approximate 
pentagonal bipyramid. 
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1, Introduction 

The uranyl ion, tJO$+, the most stable species among uranium compounds present 
in nature, has a linear structure. In uranyl complexes, the ligands coordinate to the 
metal centre in a plane nearly perpendicular to the 0 - U - 0  axis as shown by the 
structures of uranyl systems containing a variety of ligands. In the coordination 
chemistry of uO$+, the chelating ligand oxalate, in particular, has drawn special 
attention due to the fact that complexes of different types are formed depending 
upon the uO:+ : C20i- mole ratio and the nature of oxalate coordination (Alcock 
1973a, b, c; Jeyadevan and Chackraburthy 1972; Jeyadevan et a1 1975; Dalley et al 
1972, Niinisto et a1 1978, 1979). An additional interesting feature of the ligand is 
that it has an unusually large bite distance of = 2-7A. 

We have been interested in the interaction of the hydrazinium ion, N2HT, with 
metal complexes containing various anionic ligands like sulphate (Govindarajan 
et a1 1980a), oxalate (Gajapathy et a1 1983) and hydrazine carboxylate (Ravindra- 
nathan and Patil 1985). Recently the structures of a hydraziniurn uranyl oxalate 
complex, (N2H&[(U 02)2(C204)5] -2H20 was reported (Govindarajan et a1 1986b). 
This paper describes the structure of a related complex, (N2H5)2 [(U02)- 
(C204)Z(H20)] with a U O ~ +  : ~ ~ 0 : -  (1 : 2) mol ratio. 

2. Experimental 

The co,;~plex was prepared by mixing aqueous solutions of uranyl nitrate 
hexahydrate (5.02 g, 10 mmol) and hydrazinium oxalate (3.08 g, 20 mmol) in the 
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molar ratio of i :2. Yellow acicular crystals appeared on slow evaporation. The 
composition of the crystals was fixed by the conventional analysis of hydrazine, I 1 
oxalate and uranyl groups (Govindarajan et ul 1986b) to be 
(H2f-Is)2U0,(C204)2H2Q. Analysis: hydrazine-observed 12%, required 12.07%; 
oxalate-observed 33%, required 33.2%; and uranium-observed 45.0%, required 
44.9'56. 

3. X-ray crystallography 

Crystal data: C,H,,N,O, ,U,  M = 530, monoclinic. space group P21/n, 
n = 7-XS0(2), b = 11).893(3), c = 15.051(4)A, P = 100.96(2)", V = 1263*5.A3, 
Z = 4, D,. = 2-78 g cm-', F(000) = 976, MoK, radiation, A = 0.7107 A, ~ ( M o -  
K,,) = 165.06 cm-I, specimen dimensions: 0.25 x 0.18 x 0.1 mrn, 28,,,,, = 55". 

Unit cell dimensions and their associated standard deviations were derived from 
a least-squares fit to the setting angles for 24 carefully selected and centred 
reflections on a CAD-4 automated diffractorneter. Intensity data were collected in 
the mi28 scan mode with a constant scan speed of 1" min-' and scan width of 
0 = (0.75 +0-45 tan 8). The intensities of three standards were monitored after 
every 3000 s and showed no systematic variations over the duration of the 
experiment. Oftthe 3512 reflections collected. 2312 were considered to be observed 
[Fo>3 a (Fo) ] .  The data were corrected for Lorentz and polarization effects. An 
absorption correction was applied on the basis of the dimensions and face 
assignments (Sheldrik 1976). 

The structure was solved by the heavy-atom method and refined using fullmatrix 
least-squares method. Hydrogen atoms of the N 2 H f  groups could not be located. 
The final values of the discrepancy indices are: 

The weighting scheme used was w = 2.3212 (F) + 0-00047 1 ~ 1 ~ .  
Computations were carried cut on a DEC-10 computer. SHELX-76 (Sheldrik 

1976) was used for structure solution and refinement. The curve for neutral 
scattering factors for U was taken from International tables for x-ray crystallography 
(1974). The scattering factors as available in SHELX-76 were used for all other 
atoms. Final atomic coordinates and equivalent isotropic temperature factors are 
listed in table 1, and bond parameters in table 2. 
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4. Results 

The structure of [UO~(C~O&(H~O)]'- anion is shown in figure 1. The uranyl 
group is coordinated by four oxygen atoms of two chelating bidentate oxalate 
groups and a water oxygen atom. The coordination polyhedron is an approximate 
pentagonal bipyramid. with the metal being virtually in the plane of the pentagon. 

The uranyl ion is linear with an 0 - U - 0  angle of 178.0(4)A with the two U - 0  
distances of 1.770(8) and 1-773(8) A. In the equatorial plane, the U - 0  (water) bond 
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Table I. Final fractional coordinates (x 10' for U; x lo4 for the rest) and 
equivalent isotropic temperature factors ( x  lo3) with estimated standard dcvia- 
tions (e.s.d.s) in parentheses. 

%Me 2. Bond lengths (A) and angles (") with e.s.d.s. in parentheses. 

length is 2-395(9)A, and the U-0  (oxalate) distances vary from 2-359(8) to ' 

2-400(9) A, with an average value of 2.375A. These values are in good agreement 
with those observed for other UO$+ complexes of similar coordination (Alcock 
P973c; Dalley et a1 1972; Niinisto et a1 1978, 1979). Both the oxalate groups, which 
bind the metal through 1,4-coordination, are virtually planar. 

The N-N distances of 144(2) and 1.46(2)A in the two crystallographically 
independent N2H; ions are comparable to' those found in other complexes 
(Gajapathy et a1 1983; Prodic et a1 1972; Bukovec and Golic 1976). 
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Figure I. Structure of (N2Hs)2[(U02)(C204)2(H20)]. Broken lines indicate hydrogen 
bonds. 

In the crystal, the discrete [ U O ~ ( C ~ O ~ ) ~ ( H ~ O ) ] ~ -  ions are linked by hydrogen 
bonds. Both the free and coordinated oxygen atoms of ~ ~ 0 2 -  act as acceptors. The 
coordinated water donates both its protons to the oxygen atoms of ~ ~ 0 : -  
belonging to a neighbouring [ U O ~ ( C ~ O ~ ) ~ ( H ~ O ) ] ' -  moiety. The nitrogen atoms of 
the N2H$ ions are also involved in hydrogen bonds with the oxygen of oxalate 
groups. 

5. Discussion 

Depending upon the uranyl-oxalate ratio 1 : 1, 1 : 1.5, 1 : 2 or 1 : 3, complexes of the 
type: UO2C2o4 (Jeyadevan and Chackaaburthy 1972; [ ( U O ~ ) ~ ( C ~ O ~ ) ~ ] ~ -  (Jayade- 
van st a1 1975; Alcock 197%); [ ( u o ~ ) ( c ~ O ~ ) ~ ] ~ -  (Alcock 1973b); or 
[(U02) (C204)3}4- (Alcock 1973a), respectively, are formed. The uranyl oxalate 
complexes with uO$+ : C202- mol ratios of 1; 1 (Jeyadevan and Chackraburthy 
1972), 1: 1-5 (Alcock 1973~) and 1 : 2 (Alcock 1973b) containing NH4f cation have 
five coordinated uranyl groups. On the other hand, K2[(U02)2(CZ04)3] (Jeyadevan 
et a1 1975) and (NH4)4[(U02)(C204)3] (Alcock 1973a) complexes having 
UO$+ : ~ ~ 0 : -  ratios of 1 : 1-5 and 1 : 3 have six coordinated uranyl groups. The 
present structure may be compared with that of the related compound, 
(N2H5)6[(U02)2(C204)5] -2Hz0 (Govindarajan et a1 l986b), a 1 : 2.5 uranyl oxalate 
complex, where the uranyl ions have similar pentagonal coordination of two 
bidentate chelating oxalate groups and one bridging oxalate oxygen replacing a 
water oxygen in the title compound. However, in the structure of the complex 
(Alcock 1973b) having the same mol ratio (1 : 2) as in the present case, but with a 
different cation, NHZ, the uranyl ion is coordinated by the oxalate oxygens only 
and the bridging oxalate anions produce infinite chains of [ U O ~ ( C ~ Q ~ ) ~ ] , ~ " - .  

Unlike the cases of hydrazinium complexes of neodymium sulphate (Govindara- I 

jan et al.1986a) transition metal double sulphate and copper chloride, in both the 
hydrazinium uranyl oxalate complexes structurally characterised so far, the N2H; 
remains uncoordinated. While this may be due to the availability of a sufficient 
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number of oxalate groups for coordination in the diuranyl pentaoxalate cornpley 
(Govindarajan et a1 1986b), in the present case a water oxygen is preferred over 
N2H< for completing the pentagonal coordination of uOi f .  The inability of N,HSf 
to bind the metal is, presumably, due to its poor ligating ability coupled with the 
geometricaI restrictions in the uranyl coordination sphere arising from the chelation 
of rigid oxalate groups. 
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