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This laboratory recently reported the synthesis 
and structure of the uranium dimer complex, di-E.c_ 
aqua-bis(dioxobis(nitrato)uranium(VI)) di-imidazole 
[l] (Fig. 1). Although the hydrogen atoms between 
the imidazole molecules and the bridging oxygen 
atom species were not located during the least- 
squares refinement of the crystal structure, they 
were assumed to be associated with the oxygen to 
form a water bridge; subsequent additional attempts 
using electron density difference maps to find the 
hydrogen atoms were also unsuccessful. This assump- 
tion of the hydrogen atoms being part of water mole- 
cules was made, because previous structurally docu- 
mented hydrolysis products of uranium [2] were 
unstable outside the reaction medium in which they 
were formed. Complex (I) is stable with respect to 
both air and moisture and can be stored without 
special precautions. This report details experimental 
infrared and x-ray photoelectron data that would 
indicate the hydrogen atoms could instead be loca- 
lized on the ‘pyridine’ nitrogen of the imidazole, 
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Fig. 1. Structure of Complex (I). 
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Fig. 2. Two possible bonding modes involving the imidazole- 
oxygen bndge. 

thus affording a bridged hydroxy uranyl complex 
that 1s stabilized by imidazolium cations that are 
adjacent to hydroxy ligand bridges. 

Experimental 

The same group of crystals used for the x-ray 
crystallographic structure work [l] was used for the 
present study. Infrared spectra were taken as NUJO~ 
mulls between KBr plates using a Perkin-Elmer 
Model 283 infrared spectrophotometer, and x-ray 
photoelectron spectra were obtained on a McPherson 
Model 36 spectrometer using Mg K, (1253.6 eV) 
radiation. The photoelectron spectra were recorded 
as previously reported [3], assigning the contaminant 
principal carbon 1s photoelectron line a value of 
285.0 eV. Samples were ground to fine powders and 
applied to double-sided Scotch brand sticky tape 
before being placed in the vacuum chamber for 
analysis. Samples were checked visually for decom- 
position after spectra were taken, but none was 
detected. The spectra were also time-independent, 
indicating a lack of decomposition of the samples 
m the X-ray beam. 

Results and Discussion 

As reported earlier [1] , the dimeric compound 
(Fig. 1) consists of two uranyl ion centers that are 
joined by either aquo (as originally postulated) or 
hydroxy bridging ligands. The two uranium atoms 
are 3.93 A apart. If the bridges are indeed water 
molecules, the complex is a coordination isomer of 
uranyl nitrate hexahydrate. In uranyl nitrate hexa- 
hydrate, the two coordinated terminal water mole- 
cules are trans to each other [4] ; the two bldentate 
nitrate anions are also truns to each other. Com- 
pound I, however, presents a case m which the nitrate 
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TABLE I. X-Ray Photoelectron Data for Complex (I) and 
UOz(NO&-6Hz0. 

Compound Bmding energiesaqb peak widths, and 
Intensity ratios 

01s FWHMC Intensity ratlo 

Complex (I) 533.1 24 2 
531.6 2.6 1 

UOzm03)2~6Hz0 533.4 2.3 2 
531.8 2.3 1 

aBindmg energies and peak widths reported in electron volts, 
eV. bCalibrated against the c;ubon 1s line taken as 285.0 
eV. ‘Full width at half maximum, in eV. 

ligands are cis to each other, while the water ligands 
are also cis to each other and bridging (Fig. 1). 

Two possibilities exist for the position of the 
hydrogen atoms between the imidazole molecules 
and the bridging oxygen species. In Fig. 2(2), the 
hydrogen atoms are associated with the bridging 
oxygen group; this would yield a bridging aquo com- 
plex with the water molecule hydrogen bonded to 
the imidazole (the originally postulated complex 
[l]). Fig. 2(l), however, shows an alternate situation 
in which the hydrogen atoms are associated with the 
‘pyridine’ ring nitrogens of the nearby imidazole 
molecules. This results m a hydroxy-bridged uranyl 
complex m which anionic OH bridges are 
presumably stabilized by imidazohum cations. 

There is substantial, although not unequivocal, 
evidence for the bonding scheme depicted in Fig. 
2(l) in the infrared (Fig. 3) and X-ray photoelectron 
data (Table I), coupled with the previously reported 
infrared, luminescence, and structural results [l] . 
The arguments for this case are as follows 

a) The two uranium-oxygen bonds, U-O(6) 
(Fig. 1) are 2.35(l) and 2.37(l) A. The correspond- 
ing bond strengths, calculated according to Brown 
[5], are 0.57 and 0.55 valence units, respectively 
[6]. The sum, 1.02 v.u., is extremely large for an 
H20 molecule; however, this value would be in 
good agreement with a bridging hydroxide group. 

(b) The nitrogen-carbon bond lengths (the bonds 
involving both ring nitrogen atoms with adjacent 
carbon atoms) in complex (I) are equivalent [l] , 
indicating that both nitrogen atoms are similar 
in their bonding. This is the situation m the imidazo- 
lium-UOsCl~- complex [7 ] . 

c) The bond distances and angles involved in the 
uranium-oxygen-uranium bridge in complex (I) 
are virtually identical to those reported for the 
[(NOs)Z UOZ (OH), UOZ (Hz O)s] *Hz0 [8] and Cl- 
(HsO)a UOz(OH)Z UOZ (Hz 0)3C1 [2] hydroxy- 
bridged dlmers. The uranium-uranium ‘bond’ lengths 
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Fig. 3. Infrared spectrum of complex (I). 

m the complexes are also similar, bemg 3.927,3.939, 
and 3.944 A, respectively. 

d) The imtially reported infrared spectrum of 
(I) revealed two N-H stretching bands at 3350 and 
3 160 cm-‘. While both bands are m the region 
reported for other complexes of lmrdazole with 
transition metal ions [9], the 3350 cm-’ band has 
also been attributed to a hydroxy-bridged copper 
complex [lo]. Another assigned OH-bridge band 
at 3480 cm-’ in the same copper system also appears 
in the spectrum of (I) (Fig. 3). A further study of 
the spectrum revealed additional bands at 355, 426, 
and 1090 cm-’ that are almost identical to those 
previously reported for hydroxy-bridged cobalt 
[ 111 and copper [ 121 complexes. Band sets involving 
bands at 3580, 3520, 3100 and 3400, 3220 cm-’ 
which have been reported [13] for water hgands in 
UOz(N03)2 l 6Hz0 and UOz(N03)2 l 2Hz0, respec- 
tively, were absent. 

e) The oxygen-Is X-ray photoelectron spectrum 
(Table I) of complex (I) consisted of a peak that 
could be de-convoluted mto two peaks with bmdmg 
energies of 533.1 and 53 1.6 eV. A similar doublet 
could also be resolved for UOs(N03)2 *6HsO, the 
binding energies being 533.4 and 531.8 eV (com- 
pared to a single, ‘averaged’ value of 533.3 eV that 
has been published [14] for UOz(N03)2 *6H20 
Accordingly, the 533.1 eV peak m (I) can be 
assigned as resulting from the NOT oxygens; this 
is in excellent agreement with reported values for 
other nitrates [15] . The 531.6 eV peak in (I), how- 
ever, can easily be assigned to an OH functional 
group. It is in good agreement with the values of 
531.9-532.2 eV observed for the oxygen-1s spectra 
of NaOH-hydrolyzed uranyl salts [16] ; also, it is 
quite similar to the 531.5 eV value reported for the 
alkoxrde oxygen m uranyl alkoxide compounds [3 1. 
Values of -531.2-531.8 eV have been observed 
for several other metal hydroxide compounds [17, 
181. The intensity ratios reported in Table I for these 
lines are also in excellent agreement with these 
assignments. 

If the bridging species are in fact hydroxy groups 
rather than water groups, this would be one possible 
explanation for the difference in the luminescence 
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spectra of (I) and UOZ(N03)2 .6H20 which were 
reported by Brittain and Perry [ 191. These studies 
showed that while the emission spectra for the two 
compounds are the same at room temperature, sigmfi- 
cant differences are observed on cooling to 77 K; 
vibromc structure is observed for (I), but none 1s 
evident for U02(N03)2 l 6H20. The existence of this 
hydroxy bridge, however, would still not uneqm- 
vocally exclude three other possibilities for these 
differences: weak coupling of the two UOP species 
with the imidazole molecule m (I), couplmg of the 
lattice waters in U02(N03)z l 6H20 with the central 
UOZ’ ion, or interaction of the two uranyl centers 
with each other in (I). 

The possibility of an imidazolium-stabilized 
hydroxy bridge in (I) represents a potentially new 
approach for the study of solid-state uranyl hydro- 
lysis products that are stable outside the reaction 
solution in which they are formed. The coordinated 
hgands about the uranyl ions could be chosen 
(sulfates, acetates, etc., or, as m the present case, 
nitrates), then mild hydrolysis of that compound be 
effected using imidazoles as the base. One restriction 
to this approach might be that the compound being 
hydrolyzed must also contam water molecules m 
two coordination sites (or have two vacant coordina- 
tion sites) which can then be replaced with OH 
groups to form the bridges in the dimers. In any case, 
complex (I) serves quite well as a spectroscopic model 
for a uranyl hydrolysis dlmer of the nitrate salt; 
this is n-respective of which representation m 
Fig. 2 IS the correct one. 

Acknowledgments 

This research was supported by the U.S. Nuclear 
Regulatory Commission, Office of Research, Division 

L213 

of Health, Safety, and Waste Management, Waste 
Management Branch, under Order No. 60-80-180, 
and by the U.S. Department of Energy under 
Contract No DE-AC03-76SF00098. The author 
also wishes to thank Dr. Kurt Merelter for hu 
extremely valuable comments regarding the data. 

References 

1 

2 
3 
4 

5 

6 
7 

: 
10 

11 

12 

13 

14 

15 

16 
17 

18 

19 

D. L. Perry, H. Ruben, D. H. Templeton and A. Zalkin, 
Inorg. Chem., 19, 1067 (1980). 
M Aberg, Acta Chem. &and., 23, 791 (1969). 
D. L. Perry,Inorg. Chum. Acta, 48, 117 (1981). 
.I. C. Taylor and M. H. Mueller, Acta Crystallogr., 19, 536 
(1965). 
I. D. Brown and Kang Kun Wu, Acta Crystallogr., 832, 
1957 (1976). 
Kurt Mereiter, pnvate communication. 
D. L. Perry, D. P. Freyberg and A. ZaIkin, J Inorg. 
Nucl Chem., 42, 243 (1980). 
A. Perrm, Acta Crystallogr., 832, 1658 (1976). 
W. J. Davis and J. Smlth,J. Chem. Sot. A, 317 (1971). 
J. R. Ferraro and W. R. Walker, Inorg. Chem., 4, 1382 
(1965). 
K Nakamoto, ‘Infrared Spectra of Inorganic and Coordl- 
nation Compounds’, John Wiley and Sons, New York, 
1963. 
W. R. McWhmme, J. Inorg Nucl. Chem., 27, 1063 
(1965). 
J. R. Ferraro and A. Walker, J Chem. Phyr, 45, 550 
(1966) 
C. Mlyake, H. Sakural and S. Imoto, Chem. Phys Letters, 
36, 158 (1975). 
C. D. Wagner, D. A. Zatko and R. H. Raymond, Anal. 
Chem., 52, 1445 (1980). 
D. L. Perry, to be submitted for publication. 
D. L. Pe&y, D. W. BonneII, G. D. Parks and J. L. 
Mamrave. HIph Temp Ser.. 9. 85 (1977). 
N. s. M&n&e and M. Cl dook,‘Anal. Chem., 47, 2208 
(1975). 
H. G. Brittain and D. L. Perry, J. Phys. Chem ,84, 2630 
(1980). 


