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Abstract—Crystals of a new uranyl selenate complex [CH;(CH,);NH;3](Hs0,)[(UO,)x(SeO4);(H,0)] were
obtained by isothermal evaporation at room temperature of its aqueous solution. The crystal structure was
determined by the X-ray diffraction analysis. The observed character of the arrangement of organic molecules
in the interlayer space confirms the concept of hydrophilic and hydrophobic zones.
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Recently the structural chemistry of inorganic
compounds of actinides has been enriched by the
discovery of nano-sized clusters [1, 2] based on the
oxides of uranium, neptunium, and plutonium, as well
as uranyl selenate nanotubulenes [3-5], which are
considered as the first examples of actinide-containing
nanostructures [6, 7]. With a number of examples of
organic-inorganic compounds with uranyl selenate
complexes and amines of various composition and
structure the role has been demonstrated of hydro-
philic-hydrophobic interactions in self-assembly of
supramolecular organic units and their impact on the
topology and geometry (in particular, curvature) of
inorganic complex [8—13]. In particular, in [8, 9] we
have proposed the concept of hydrophilic-hydrophobic
zones, according to which the uranyl topology in the
different amine-templated uranyl compounds with the
same composition of the inorganic complex is
controlled by the ratio and packing of hydrophilic and
hydrophobic parts of the protonated amine molecules.
In this paper we demonstrate the effectiveness of this
concept by the example of the crystal structure of
uranyl selenate complex [CH;3(CH,;);NH3](HsO,)[(UO,)y
(Se04);(H,0)] (I) where the structure of the inorganic
uranyl selenate complex is determined by the structural
features of interlayer packing of protonated molecules
of 1-butylamine and water molecules.

The X-ray diffraction analysis was carried out on a
Stoe IPDS II diffractometer equipped with X-ray
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sensitive plate with optical memory (Image Plate). The
unit cell parameters (Table 1) were defined and refined
by least-squares method based on 9971 reflections
(26 = 3.80°-58.44°). Extinguishing laws and statistics
of the reflections distribution correspond to space
group P2;. The extinction correction was introduced
with accounting for the crystal shape. The structure
was solved by direct methods and refined to R, =
0.0454 (WwR , =0.1103) for 4861 reflections with |Fy| >
4or using the program SHELXIL.-97 [14]. Positions of
hydrogen atoms were calculated with the algorithms of
the SHELXL software. The final model included the
coordinates and anisotropic thermal parameters for all
nonhydrogen atoms. Table 2 lists the obtained
interatomc distances. Supplementary crystallographic
data on the structure of compound I are deposited in
the Cambridge Crystallographic Database (CCDC
800423).

The structure of I is based on the layered
complexes of composition [(UO,)(Se0,);(H,0)]*
(Fig. 1), parallel to (100) plane, that consist of the
coordination polyhedra of uranium and selenium,
combined via bridging oxygen atoms. A cell of
structure I contains two crystallographically non-
equivalent uranium atoms, each forms U*—O* bonds:
two short (1.750-1.768 A) forming the uranyl cation
[UO,]*", and five longer (2.340-2.486 A) in the
equatorial plane of uranyl, which leads to the forma-
tion of pentagonal-bipyramidal coordination around
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Table 1. Crystallographic data and refinement parameters of
the structure I*

Table 2. Selected interatomic distances (d, A) and angles
(o, deg) in the structure I

Parameter Value
a, A 8.3908(11)
b, A 12.3602(11)
c, A 10.9150(13)
o, deg 90.00
B, deg 101.567(10)
Y, deg 90.00
v, A3 1109.0(2)
Space group P2,
p(mm) 19.588
VA 2
deae, g €M 3.267
Crystal size (mm®) 0.16x0.10x0.08
Radiation MoK,
Total reflections 9971
Independent reflections 5405
Measuring range 260, deg 3.80-58.44
Reflections with |Fy| > 4oF 4861
Rint 0.0744
Rs 0.0713
R, (|[Fo| = 40r) 0.0456
WR; (|[Fo| = 4or) 0.1095
R, (all data) 0.0531
WR, (all data) 0.1128
S 1.070
Prnins Prnaxs € A~ ~3.545,1.277

PRy = TR - [FA/EIFl; wRy = {Z[w(Fo — FO)2VEIWE)2]
w = V[c*(F)HaP)* + bP), tne P = (Fy> + + 2F2)/3; s =
{SW(Fy* = FA))/(n — p)}"2, where n is the number of reflections
and p is the number of refined parameters.

the uranium. In structure I there are two types of the
uranyl coordination polyhedra: pentagonal bipyramids
U?0; and bipyramids U'O¢(H,0). The tetrahedrally
coordinated selenate tetrahedra SeO, are tridentate-
bridging. The selenate tetrahedra lie in the plane of the
inorganic layer forming the bonds with the uranium
polyhedra at the three vertexes, while the fourth vertex
of each tetrahedron is oriented upward or downward
relative to the layer plane.

The graph theory analysis [14, 15] of the topology
of the uranyl selenate layer (Fig. 2) in the structure I
showed that the topology at the combining the

Bond length Bond length
u'o" 1.763(12) Se’0"? 1.598(14)
u'o’ 1.767(12) Se’0" 1.619(10)
u'of 2.341(11) Se*o™ 1.652(12)
u'o'" 2.354(11) Se’0? 1.656(10)
U'o? 2.358(11) <Se’0> 1.631
u'o’ 2.432(10)
u'o* 2.484(11) Se’0'® 1.607(13)
<U'Oy> 1.765 se’0” 1.623(12)
<U'O.> 2.394 Se’o’ 1.643(10)
se’0’ 1.650(10)
v*o’ 1.750(12) <Se’0> 1.631
U0t 1.757(11)
u?o” 2.350(11) N'c? 1.481(18)
v*o' 2.367(10) c'c? 1.410(19)
U*o" 2.385(11) c'ct 1.437(19)
v’ 2.427(10) cc? 1.412(19)
U?0! 2.435(12) Angle
<U?0y> 1.754 se'o'U? 140.4(8)
<U’0cg> 2.393 Se'0°U? 138.2(7)
Se'o'U! 147.0(7)
Se'0"’ 1.634(14) Se’0*U! 137.1(7)
Se'o! 1.640(11) Se’0PU? 137.5(7)
Se'0’ 1.643(11) Se’0MU? 133.3(7)
Se'0'" 1.653(11) Se*0’U! 132.5(5)
<Se'O> 1.642 Se*0fU! 135.8(6)
se’0'U? 143.3(7)

coordination polyhedra in the complex belongs to the
type 12/3j, which is quite widespread among the uranyl
selenates [1]. The 12/3j graph comprises four- and six-
membered rings. The six-membered rings are con-
nected through common vertices into chains extended
along the [010] direction.

The charge of the inorganic layer [(UO,),(SeO4)s:
(H,0)]* is compensated by protonated molecules of 1-
butylamine and the complexes (HsO,)" located in the
interlayer space.

As shown in [8, 9], in the structures with uranyl
selenate layers [(UO,)y(SeO4);(H,0)]* the layer
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SYNTHESIS AND STRUCTURE OF A NEW URANYL SELENATE COMPLEX 25

it 9 ji{ it

L

Fig. 1. The crystal structure of compound I projected on (001) plane. Uranyl bipyramids and selenate tetrahedra are shown as light-
gray and gray structures, respectively. The N and C aatoms are shown as black and white circles, respectively. The O atoms of
oxonium complexes are shown as dark-gray circles.

Fig. 2. Uranyl selenate layer structure in the compound I (a) and the graph of this layer (b) (black and white nodes represent the
coordination polyhedra of uranium and selenium, respectively) overlaid with the protonated 1-butylamine molecules (the dashed
line indicates the hydrocarbon chain of the molecules) and the oxonium complexes O atoms (shown as dark-gray circles).
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topology at the formation of the structure is controlled
by the structural features and packing of the protonated
amine molecules. Consider the packing of the
butylamine protonated molecules, CH;(CH,);NH3, and
water complexes HsO, in the interlayer space of
structure I (Fig. 2). Hydrocarbon fragments of the
organic molecules form a hydrophobic zone arranged
along the b axis, while the hydrophilic -NH; ends are
associated with the oxonium molecules and form the
zones eclongated in the same direction. When
comparing the graph of the inorganic layer and the
packing of organic molecules, it becomes apparent that
the chain of six-membered rings in the inorganic layer
is also arranged along the b axis, and their location
corresponds to the location of hydrophobic zones. At
the same time, the hydrophilic zones of interlayer
packing are associated with the set of the dense four-
membered ring.

Thus, the results of solving the crystal structure of
compound I confirm the concept of hydrophilic and
hydrophobic areas that we have proposed in [8, 9]
which describes the character of the organic
substructure as defining the topology of inorganic
uranyl selenate complexes. In structure I the hyd-
rocarbon parts of organic molecules are associated
with large six-membered ring, whereas the amine ends
of the molecules tend to approach the dense four-
membered rings.

EXPERIMENTAL

Single crystals of compound I were prepared by
evaporation of aqueous solution containing uranyl
nitrate, selenic acid, and 1-butylamine, the ratio
UOz(NO3)2‘6H201CH3(CH2)3NH2 = 1:2, 0.05 g of
UO,(NO3),6H,0, 0.1 ml of CH3(CH;);NH,, 0.2 ml of
H,SeO,, 2 ml of H,O. The transparent plate crystals of
yellow-green color suitable for X-ray diffraction study
formed at the bottom of watch glass on the third day of
the experiment.

ACKNOWLEDGMENTS

This work was supported by the Russian
Foundation for Basic Research (grant no. 10-03-
90731-mob_st.), the Program of Basic Research of the
Presidium of Russian Academy of Sciences no. 21
“Grounds of the fundamental research in nano-

technology and materials,” and a grant from the
internal budget of St. Petersburg State University
(topic code 3.37.84.2011).

REFERENCES

1. Structural Chemistry of Inorganic Actinide Compounds,
Krivovichev, S.V., Burns, P.C., and Tananaev, 1.G.,
Eds., Amsterdam: Elsevier, 2007.

2. Bumns, P.C., Kubatko, K.-A., Sigmon, G., Fryer, B.J,,
Gagnon, J.E., Antonio, M.R., and Soderholm, L.,
Angew. Chem. Int. Ed., 2005, vol. 44, p. 2135.

3. Krivovichev, S.V., Kahlenberg, V., Tananaev, 1.G.,
Kaindl, R., Mersdorf, E., and Myasoedov B.F., J. 4Am.
Chem. Soc., 2005, vol. 127, p. 1072.

4. Krivovichev, S.V., Kahlenberg, V., Kaindl, R., Mers-
dorf, E., Tananaev, 1.G., and Myasoedov B.F., Angew.
Chem. Int. Ed., 2005. vol. 44, p. 1134.

5. Krivovichev, S.V., Tananaev, 1.G., Kalenberg, V.,
Kaindl’, R., and Myasoedov, B.F., Radiokhimiya, 2005,
vol. 47, no. 6, p. 481.

6. Albrecht-Schmitt, T.E., Angew. Chem. Int. Ed., 2005,
vol. 44, p. 4836.

7. Ephritikhine, M., Dalton Trans., 2006, vol. 2006,
p. 2501.

8. Krivovichev, S.V., Gurzhiy, V.V., Tananaev, 1.G., and
Myasoedov, B.F., Dokl. Akad. Nauk, 2006, vol. 409,
no. 5, p. 625.

9. Krivovichev, S.V., Gurzhiy, V.V., Tananaev, 1G.,
Kahlenberg, V., and Myasoedov, B.F., Z. Kristallogr.,
2009, vol. 224, p. 316.

10. Krivovichev, S.V., Tananaev, 1.G., and Myasoedov, B.F.,
Comptes Rendus Chimie, 2007, vol. 10, p. 897.

11. Gurzhiy, V.V., Krivovichev, S.V., Burns, P.C., Tana-
naev, I.G., and Myasoedov, B.F., Radiokhimiya, 2010,
vol. 52, no. 1, p. 3.

12. Krivovichev, S.V., Gurzhiy, V.V., Burns, P.C., Tana-
naev, 1.G., and Myasoedov, B.F., Radiokhimiya, 2010,
vol. 52, no. 1, p. 8.

13. Krivovichev, S.V., Gurzhiy, V.V., Tananaev, 1.G., and
Myasoedov, B.F., Ross. Khim. Zh., 2009, vol. 53, no. 1,
p. 16.

14. Sheldrick, G.M., Acta Crystallogr. A, 2008, vol. 64,
p. 112.

15. Krivovichev, S.V., Crystallogr. Rev., 2004, vol. 10,
p. 185.

16. Krivovichev, S.V., Structural Crystallography of
Inorganic Oxysalts, Oxford: Oxford University Press,
2008.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 82 No. 1 2012



