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The reactions of UO; with acidic aqueous chloride solutions resulted in the formation of two new polymeric U(VI)
compounds. Single crystals of Cs,[(UO2)sCl,(103)(OH)0,]-2H,0 (1) were formed under hydrothermal conditions
with HIO3; and CsCl, and Li(H,0)2[(UO2).Cl3(O)(H.0)] (2) was obtained from acidic LiCl solutions under ambient
temperature and pressure. Both compounds contain pentagonal bipyramidal coordination of the uranyl dication,
UOZ?*. The structure of 1 consists of infinite [(UO2)3Cly(I03)(t3-OH)(t3-0),]>~ ribbons that run down the b axis that
are formed from edge-sharing pentagonal bipyramidal [UOsCI] and [UOsCl,] units. The Cs* cations separate the
chains from one another and form long ionic contacts with terminal oxygen atoms from iodate ligands, uranyl
oxygen atoms, water molecules, and chloride anions. In 2, edge-sharing [UO3Cl,] and [UOsCl,] units build up
tetranuclear [(UO2)4(u-Cl)s(u3-0)2(H20),]%~ anions that are bridged by chloride to form one-dimensional chains.
These chains are connected in a complex network of hydrogen bonds and interactions of uranyl oxygen atoms
with Li* cations. Crystal data: 1, orthorhombic, space group Pnma, a = 8.2762(4) A, b = 12.4809(6) A, ¢ =
17.1297(8) A, Z = 4; 2, triclinic, space group P1, a = 8.110(1) A, b = 8.621(1) A, c = 8.7401) A, Z = 2.

Introduction bipyramids, respectively. The systematic classification of
U(VI) minerals and inorganic phases based on the polym-
erization of uranyl polyhedra was recently reviewed by Burns

t ald

Chiloride ligation alters the stability and structural proper-
ties of uranyl oxohydroxo compounds in solution and in the
solid state. Chloride anions have been shown to undergo
exchange reactions with terminal water molecules bound to
uranyl cations in both solution and solid state. For example,
the [UOQ,Cl4]?~ anion is well-known to crystallize from a
large number of highly acidic aqueous systems concentrated
in chloride®® The mixed dimeric U(VI) hydrolysis product,
I[(UOZ)ZCIZ(OH)Z(HZO)L;], crystallizes from less acidic chlo-
ride solution and maintains two bridging hydroxo gro6ips.
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The hydrolysis of uranium(VI) exhibits a complex chem-
istry with mono- and polynuclear solution species and has
been studied repeatedly during the last 50 years. Renewe
interest in the structure, formation, and stability of uranyl
oxide minerals is triggered by the alteration of Lhd spent
nuclear fuel by oxidative dissolution and the formation of
secondary mineraf&? The structural chemistry of uranyl-
(VI) oxides is based on uranyl units that are linked by oxo
or hydroxo groups to form extensive polyhedral (A}Q)-
(OH)m chains or layerd The generally linear uranyl dication,
UO.?*, is coordinated with four, five, or six ligands in the
equatorial plane forming square, pentagonal, or hexagona
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edge-sharing [UELCI] polyhedra make up the structure of Li(H 20),[(UO,),Cl3(0)(H20)] (2). UO3z (50 mg, 0.175 mmol)
[(UO2)4Cl,05(OH)»(H20)6]-4H,0, which also contains six ~ was dissolved in concentrated HCl,cah M LiOH was added to
terminal water molecules. In the anionic cluster [()©  adjust the pH to 4. The precipitate that formed was separated by
0,Clg(H20)4]%~, which is built from two [UQCI] and two filtrgtion (450 nm pore size), and the filtrgte was left to stand
[UOsCI,] polyhedra, two of these terminal water molecules undisturbed for s_everal months. The reaction gradually_ produced
are replaced by chloride. Both compounds are derivativesye”OW powder with a small amount of golden plates. Yield: 4.3

mg (9% vyield based on U). The largest crystals were isolated
of the tetranuclear uranyl cluster, [(\Jfaus-O)a(u-OH)a- manually and characterized by single-crystal X-ray diffraction. IR

(H20)q], where tvyo of the four bridgingt-OH groups are  (kgr, cm-1): 1,{U=0) 913 (s):r{(U=0 and U-0) 815 (s, sh),
replaced by chloride ligands. The triangularO groups that 490 (s). Raman (cm): v(U=0) 843 (s), 827 (s)¥(us-0) 575
link three uranyl moieties are not available for ligand (w); »(U—OH) 405 (m), 335 (w)»(U—CI) 218 (m, sh), 199 (m),
exchange and therefore remain intact throughout thesei79 (w, sh), 156 (w), 135 (w).
reactions. Interestingly, both compounds maintain a sub-  Crystallographic Studies. Cs[(UO2)sCl(I03)(OH)O,]-2H,0
stantial number of uranyl-coordinated water molecules that (1). A yellow single crystal of suitable size and uniform shape was
were not replaced by chloride, while bridging hydroxo groups selected, mounted on a glass fiber with epoxy, and aligned on a
undergo partial replacement. The ligand exchange of chlorideBruker SMART APEX CCD X-ray diffractometer. Intensity
into the inner-coordination sphere of U(VI) reduces the Measurements were performed using graphite mqnochromated Mo
dimensionality of the compounds, and the reported solid K radiation from é" Sfea'ed tl_ub_e a”d: mongcaplIlaryfcorl]llmatclalr.
chlorohydroxo uranium(VIl) compounds contain discrete SMART was ‘used for preliminary determination of the ce
constants and data collection conttdlhe intensities of reflections
molecular complexes. We report here the syntheses and struc- o
i f tw . V1) chlorohvd ds that of a sphere were collected by a combination of three sets of
ures o 0 neéw uranlu_m( ) C Oro_ y roxo cpmpoun S a exposures (frames). Each set had a diffegeangle for the crystal,
are based upon one-dimensional infinite anionic chains. 44 each exposure covered a range of 3v. A total of 1800
Experimental Section frames were cqllecte_d with an exposure time per frame_of 40 s.
. . The determination of integral intensities and global cell refinement
SynthesesUO; (99.8%, Alfa-Aesar), HIQ(99.5%, Alfa-Aesar),  \yere performed with the Bruker SAINT (version 6.02) software
CsCl (99.999%, Alfa-Aesar), HCI (12 M, Aldrich), and LIOH (1 hackage using a narrow-frame integration algorifhd. face-
M, AIdrlgh) were l_Jsed as received. Distilled anq Millipore fl_ltered indexed, analytical absorption correction was applied in XPREP
water W'th_ a resistance of 18.2®was used in all reactions.  prjor to SADABS correction&To accomplish this, individual shells
CAUTION: Although U@ contains depleted U, standard precau- ot ynmerged data were corrected analytically and exported in the
tions for the handling and disposing of radioa@imaterials should same format. These files were subsequently treated by SADABS
be followed.Heavy element ratios were determined using X-ray ity au x t parameter of 0. The program suite SHELXTL was
fluorescence spectra that were obtained using a SEM JEOL 840/,seq for space group determination (XPREP), structure solution
Link Isis instrument with an EDX attachment. IR spectraXavere (XS), and refinement (XL}° The final refinement included
collected with a Nicolet SPC FT-IR spectrometer from KBr pellets.  5pisotropic displacement parameters for all atoms and a secondary

The IR and Raman spectra fawere collected on a Nicolet Magna  gytinction parameter. Some crystallographic details are listed in
560 FT-IR/Raman spectrometer. KBr pellets were used for IR, and 14pe 1; additional details can be found in the Supporting

20-mg crystalline samples in NMR tubes were used for Raman. |niormation.
HIg&[(l‘;gﬁ?’c'i('o3)(?'*():0(2;2:';8 (D). Ll’OS (2?6 mo 1m’|‘_“°')'t Li(H ,0)[(U05);Cl5(0)(H50)] (2). A gold portion of a multi-

3 Mg, 1 mmo ), CsCl ( 06 Mg, 1 Mmo ), and 1 mL water faceted block crystal d? was attached to a glass fiber using a spot
were loaded in a 23-mL PTFE-lined autoclave. ;I'he autoclave was of silicone grease. The crystal was placed on a Bruker P4/CCD/
sealed, placed in a box furnace, andoheated to*IBAfter 7.2 h PC X-ray diffractometer and cooled to 203 K using a Bruker LT-2
the furnace was cooled at°@/h to 23°C. The product consisted temperature device. The data were collected using a sealed, graphite

gf_ahyt/ellc:lw s?lutlont o(;/::'rta mlxtulrg_ of gol_dden ﬁollér;nsﬁ%nd monochromated Mo & X-ray source. A hemisphere of data was
right yellow truncated tetragonal bipyramids of W{{Ds)>(H,0), collected using a combination ¢f andw scans, with 10-s frame

which have been previously chgracterliédfhe motherllqluorwas exposures and O23frame widths. Data collection and initial
decanted from the crys_tals, which were theq washed with metharIOIindexing and cell refinement were handled using SMART softWare.
and allowed to dry. Yield: 69 mg (10% yield b?seq on U) for Frame integration and final cell parameter calculations were carried
CSI(UO2)sCl(103)(OH)O,]-2H,0 and 346 mg (54% yield based using SAINT softwar@ The data were corrected for absorption
OT V) forfU(_)Z(_I(_)s)ZHZO' EDX aP§Iy5|s fﬂ“ prowded_ a CE/U/” using SADABS? Decay of reflection intensity was not observed.
S_rgtlc;rc]) d ?=30;§9£R(3(K58hr) CSH; 1).(;;5(35_80(%9))02 2(5)(:;1(? g(% ) The final cell parameters were determined using a least-squares fit
! ’ ' ’ ' ! ' to 4402 reflections. The structure was solved in space gRiLp
776 (s), 751 (), 715 (w, sh), 698 (w), 668 (m), 517 (s), 420 (s). using Patterson methods and difference Fourier techniques. The

initial solution revealed the uranium, chlorine, lithium, and majority

(9) SMART Software for the CCD Detector System, Version 4.2.10;

Bruker Analytical X-ray Systems, Inc.: Madison, WI, 19FAINT of all non-hydrogen atom positions. The remaining atomic positions
Software for the CCD Detector System, Version 4.05; Bruker were determined from subsequent Fourier synthesis. The final
Analytical X-ray Systems, Inc.. Madison, W1, 1997. ~ refinement included anisotropic temperature factors on all non-
(10) ,\SA;';'S‘;(J L\MT’l\é‘;r?_'on 5.10; Bruker Analytical X-ray Systems, Inc.: pv qro0en atoms except O(5), which was refined isotropically, and
(11) Bean, A. C.; Albrecht-Schmitt, T. B. Solid State Chen2001, 161, a secondary extinction parameter. Structure solution, refinement,
146. graphics, and creation of publication tables were performed using
12 Eearaf' C'?chggfnl"’;acégdg'(""on* O.; Albrecht-Schmitt, TIE.  SHE| XTL-9720 Some crystallographic details are listed in Table
(13) Br;"n’,fg:; p%per’ S. M.: Albrecht-Schmitt, T @em. Mater2001, 1, additional details can be found in the Supporting Informa-
13, 1266. tion.
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Table 1. Crystallographic Data for GEUO2)3Cl2(103)(OH)O,]-2H,0 (1) and Li(H0),[(UO2).Cl3(0)H0)] (2)

formula
formula mass (amu)

Cs[(UO2)sClx(103)(OH)G,] - 2H,0
1405.74

Li(H20)[(UO,)2Cl3(0)(H:0)]
723.40

space group Pnma(No. 62) P1(No. 2)
a(A) 8.2762(4) 8.110(1)
b (R) 12.4809(6) 8.621(1)
c(A) 17.1297(8) 8.740(1)
a (deg) 90 112.228(2)
B (deg) 90 96.378(2)
y (deg) 90 93.665(2)
V (A3) 1769.4(2) 558.4(1)
z 4 2

T(°C) —-80 -70

A (A) 0.71073 0.71073
Pcalcd (g C3) 5.262 4.302
u(Mo Ka) () 335.48 296.92
R(F) for Fo? > 20(F¢?)? 0.0471 0.0402
Ry(FoAP 0.0870 0.1034

AR(F) = {XlIFol = IFell}{ X IFol}. P Ra(Fo?) = [{ T[W(Fo? — FAZ}{ TwFe}]Y2
Results and Discussion

Synthesis.It is well-established that hydrolysis of Yo
produces a series of mono- and polynuclear species in
solution of general formula (UQ(OH) 21" In the presence
of other anionic ligands (i.e., chloride), hydrolysis of uranyl
in aqueous solutions may form ternary chlorohydroxo
compounds, (U@ OH)(X)r*'=™ where X is a monovalent
anionic ligand (i.e., Cl).}” The major product of the reaction
of UO; with HIO; and CsCIl under mild hydrothermal
conditions is UQ103),(H20), which is an unavoidable
byproduct of hydrothermal reactions of W@ith iodatet* 4
The remaining uranium is mamtamgd in these highly acidic Figure 1. Part of the structure of GEUO2)sClo(103)(OH)0,]-2H,0 (1)
solutions in the form of uranyl chloride complexes that can ghowing the infinite one-dimensionBi(U0,)sClx(10s)(OH)0;]2" ribbons
be crystallized as salts of [UGI4)>~ and [UQ.Cl4(H.0)]>~ that run down theb axis. These ribbons are formed from edge-sharing
through slow evaporation of the mother liquors. When we Pentagonal bipyramidal units of [OI] and [UC,CI].
used solid UQ(OH), as starting material to prepare com-
pound 2 by evaporation at slightly acidic pH, unreacted
uranyl hydroxide is the main product. The dimeric and
trimeric uranium(VI) hydroxo species, (U(OH),>" and

prepared in moderate to high yields under these conditions.
Compoundsl and2 are air-stable and golden in color.
Structures. Both compounds contain uranium bound to

(UO,)s(OH)s™, respectively, remain in solutioit However, two apical oxygen atoms (&) with average bond distances
the use of U@as starting material results in approximately and angles Of. 1'80(1).A and 1?8.9‘(691 Land 1.78(1) A
10% yield of crystalline Li(HOR[(UO,),Cls(0)(H-0)] (2). and 178.1(5‘? in 2, which are within expected ranges for
Both compoundsdl and 2 are quite difficult to prepare, U=0 bonds in U(V]) compoundg. The L_Jrany_l oxygen atoms
and significant changes in water content or uranium/chloride form the apexes of peqtagonal_blpyramlds with 0xXygens from
ratios or alterations of the reaction temperatures precludewater’ hydrom_d_e, or iodate ligands, and chlorides in the
their formation. We believe that the sensitivity @f to eguatonal positions. Common to both compouan are the
changes in reaction conditions indicates that it is not triangular arrangements of the l_JranyI groups with single
thermodynamically stable. This is in contrast to the syntheseso.xyg?n atomss-O(5) for 1.and2, " the cent_er. However,
of Ma(UO2)5(105):05] (M = K, ¢ Rb1 TI1) and M[(UO5),- S|_gn|f|cant structural variations e?<|st in the Ilnkagg of these
(102),05](H,0) (M = Sri Ba24 Phiy), all of which can be trinuclear c!usters to form dense ribbfi) or sequential band
(2) topologies.
(14) Bean, A. C.; Ruf, M.; Albrecht-Schmitt, T. Enorg. Chem.2001, Cs[(UO2)sCl2(103)(OH)O2]-2H,0 (1). The structure of
(15) %?éggsii E.; O'Keeffe, MActa Crystallogr.1991, B47, 192 1 consists of infinite one-dimensiondl,(U0z)Cl(10y)-
(16) Brown, I. D.; Altermatt, DActa Crystallogr.1985 B41, 244. (OH)Q,]*" ribbons that run down thk axis. These ribbons
(17) Grenthe, I.; Fuger, J.; Konings, R. J. M.; Lemire, R. J.; Muller, A. B.;  are formed from edge-sharing pentagonal bipyramidaldUO

Nguyen-Trung, C.; Wanner, HChemical Thermodynamics of Ura- : : : :
nium North-Holland Elsevier Science Publishers B.V.: Amsterdam, Cl] and [UQ’CIZ] units as shown in Figure 1. This type of

1992; Vol. 1. topology for uranium oxide chains has not been observed
(18) ggfggéf- C.; Ewing, R. C.; Hawthorne, F. Can. Mineral. 1997 before in either naturally occurring or synthetic systéfns.
(19) Gebert, E.; Hoekstra, H. R.; Reis, A. H.; Peterson, Slnatg. Nucl. The edges of th_e uranium oxide chains are t?rmmated by

Chem.1978 40, 65. iodate and chloride anions that also serve to bridge between

(20) Sheldrick, G. MSHELXL-97 Program for the Refinement of Crystal : . . .
Structures from Diffraction Data. University of @mgen, Germany, the pentagonal blpyramlds. The [W] units containing

1997. U(1) are joined by one iodate and one chloride anion,
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Figure 3. Infinite one-dimensional tetranucleafs(UO2)s(u-Cl)e-
(u3-O)2(H20),]%~ chains of Li(HO)2[(UO,)2Cl3(O)(H0)] (2) constructed
from four edge-sharing pentagonal bipyramids with two crystallographically
independent uranyl polyhedra, [JOI;] and [UOsCly].

Figure 2. Depiction of the unit cell of C$(UO5)3Clx(103)(OH)O,]-2H,0

(1) viewed down theb axis showing the Cs cations that separate the Th d hvd t be disti ished
[i(U02)3CI2(IO3)(OH)Oz]2* ribbons. The water molecules have been € 0X0 and hydroxo oxygen atoms can be distinguishe

omitted for clarity. from one another on the basis of both the O bond lengths
and the pyramidalization of the oxygen atom. The longest
U—O distances of 2.453(4) and 2.52(2) A are with the O(6)
atom, which is anus-OH ligand. Thisus-OH ligand links

Table 2. Selected Bond Distances (A) for
C[(UO2)sCl2(103)(OH) O] -2H20 (1)

883:883 i:;g;ggg 3@88 1;88 one [UGCI;] and two [UGCI] units. The shortest O
U(1)—0(5) 2.240(9) U(2r0(5) 2.220(8) k2) distances of 2.219(1) and 2.240(1) A are found withithe
U(1)-0(5y 2.243(9) U(2y-0(6) 2.52(1) O(5) atom, which also joins one [J0l,] and two [UGCI]
U(1)-0(1) 2.421(9) u(2)cl(1) 2.848(3) &2) ; L )

U(1)—0(6) 2.453(4) I(1}0(2) 1.79(1) units. The deviations from planarity for O(4) and O(5) are
U(1)—CI(1) 2.858(3) 1(1}-0O(1) 1.805(9) &2) 0.20 and 0.11 A, respectively. The greater degree of

pyramidalization should occur on the hydroxo ligand as the

whereas the pentagonal bipyramids containing U(2) are Present formulation indicates.

connected along the edges of the ribbons only through two  Li(H 20)2[(UO2)-Cl3(O)(H20)] (2). Compound? consists
bridging chloride anions. The coordination polyhedra of the Of one-dimensional chains that are made up of tetranuclear
uranium atoms are completed jay-O anduz-OH ligands [i(U02)4(/A-C|)e(ﬂ3-0)z(HzO)z 2~ anions linked by bridging
that are shared by both pentagonal bipyramidal environments chloride ligands. Each tetranuclear uranyl cluster is formed
The Cs cations separate the chains from one another andfrom four edge-sharing pentagonal bipyramids with two
form long ionic contacts with terminal oxygen atoms from crystallographically independent uranyl polyhedra, ja0]

the iodate ligands, uranyl oxygen atoms, water molecules, and [UQClI] (Figure 3). The [UQCI,] units of U(1) contain
and chloride anions. The €E© distances range from 3.023- only oneus-O(5) atom and provide two chloride atoms that
(2) to 3.469(2) A, and the GCl distance is 3.362(5) A. A serve to bridge the tetranuclear subunits. The {Cig)
view of the complete unit cell showing the CTgations polyhedra of U(2) contain twas-O(5) atoms, two internally
separating the[i(U02)3CI2(IO3)(OH)Oz 2= chains is de-  bridging chlorides, and one oxygen from a terminal water

picted in Figure 2. molecule in the equatorial plane. This arrangement of edge-
The complex variety of ligands (OHO?~, 10;~, and C) sharing pentagonal bipyramids is similar to those found in

around the two crystallographically unique uranyl units many uranyl(VIl) oxides and is essentially identical to those

creates substantial variation in the equatoriatXJbond in the molecular structures of M(UO2)4Cl4O(OH)(H20)g]

lengths. For instance, in the [WOI] units the U-O bond  (M"” =K, Rb, NH;)” and [(UQ,)4Cl,02(OH)x(H,0)g] -4H0 2
lengths vary from 2.240(1) to 2.450(5) A. The-CI bond The chains are positioned approximately parallel to each
is considerably longer with a bond distance of 2.856(4) A. other with four nearest neighboring [Li¢B)]*" moieties.
The bond lengths for the [UI,] units range from  Each row of [Li(HO)],*" cations is surrounded by four
2.219(1) to 2.52(2) A for B-O bonds and are 2.847(4) A [5(UO2)a(u-Cl)s(us-O)(Hz0)]>~ chains. A view down the
for the two U-CI bonds in the equatorial plane. Selected chain axis of2 is shown in Figure 4.
bond lengths fod are given in Table 2. Bond valence sum The U—CI bond distances in the [UQI,] and [UGCl,]
calculation$>*result in values of 5.998 for U(1) and 6.084 polyhedra span a relatively narrow range of 2.807(4) to
for U(2). Parameters for seven-coordinate U(VI) from Burns 2.840(4) A. These distances are significantly longer than the
et al. were used in this calculatiéh. average U-Cl bond distance of 2.67(1) A reported for the
The iodate ligands serve to bridge U(1) centers along the [UO,Cl4]?~ unit® because of the increased coordination of
edge of the chains and show only small variations in the uranium in the equatorial plane. As expected, theQbond
I=0 bond distances, which range from 1.79(2) to 1.812(1) distances within the triangle are short with 2.21(1) A for
A. Close t--O contacts of 2.769(4) A exist between the U(1)—O(5) and 2.24(1) A for U(2}O(5). The additional
terminal oxygen from a bridging iodate ligand on one chain U—0O(6) bond distance of 2.49(1) A in the [WYOlJ]
and an adjacent iodine atom belonging to the next closestpolyhedra agrees well with those reported in the literature
chain, as shown in Figure 2. These types of interactions arefor uranyl(VI) bound water and is far too short to be assigned
common in iodate compounds in the solid stété* as a terminal chloride. Coordination between the uranyl

6778 Inorganic Chemistry, Vol. 41, No. 25, 2002
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Ba'* Pb') structures that contain both terminal and bridging
iodate ligands. However, il the terminal iodates are
replaced by bridging chloride ligands. This changes the
connectivity of the polyhedra from the sharing of two and
four edges in M(UO,)(103),0,](H-0) to three and four
shared edges ifh.
The formation of mixed hydroxochloro complexes of
U(VI) in chloride media has been debated for years, and it
remains uncertain if such species exist in high chloride
solutionst” Partial exchange of terminal water and bridging
hydroxo groups was reported in the solid-state structures
containing discrete tetranuclear uranyl(VI) clustétsin
compound?, all four u-OH groups within the tetramer are
replaced by chloride, and for the first time, chloride atoms
are connecting the tetranuclear clusters to form infinite
Figure 4. View down the chains of Li(HO){(UO2:Cls(0)(H:0)] (2) and chains. Interestingly, the terminal water groups in the §JO
the four nearest neighboring [Lig®)],2* cations, illustrating the bonding ~ Cll Polyhedra of the molecular structures and in the fJO

between the lithium atoms with the uranyl oxygen atoms. Cl;] polyhedra of2 are resistant toward ligand exchange.

Table 3. Selected Bond Distances (A) for HoweV(_er, inl, the iodate ligand rep_laces the water and serves

[Li(H 20)2][(UO2)2(C1)3(0)(H:0)] (2) as a bridge between the [JCI] units. The more extensive
U()-0(2) 17500) U204 177(1) ligand exchange pb_served fhresults i_n the condgnsatipn
U(1)-0(1) 1.78(1) U(2¥-0(3) 1.75(1) of tetranuclear moieties and the formation of one-dimensional
U(1)-0(5) 2.21(1) U(2y-0(5) 2.24(1) chains. This is important for chloride-rich environments, such
ngjg:gg g:gg%i; Bgigg ?231%((11)) as nuclear digposal ;ites in underground salt formations,
U@)—Cl(2) 2.821(4) u(2>-Cl(1) 2.811(4) where most likely mixed hydroxochloro or pure chloro
u(@)-Ci2y 2.840(4) U(2)y-CI(3) 2.822(4) compounds may precipitate as secondary phases. These

increasingly complex phases may alter the solubility and
release kinetics and thus could have a great impact on the
long-term risk assessment of those disposal sites.

chains and the [Li(k)],?>" cations is accomplished through
interaction between lithium and uranyl oxygen atoms. The
Li—Oy, distance of 2.04(3) A is longer than the 1.89(2) A
reported for Li-Oy in [Li(12-crown-4)p[UO.Cl4],° as it Acknowledgment. T.E.A.-S. acknowledges NASA
represents a weaker interaction, but it is within the range of (ASGC) and the Department of Energy, Heavy Elements
Li—O distances (1:92.3 A) observed in lUO4.* Selected  program (Grant DE-FG02-01ER15187) for support of this
bond lengths fo2 are given in Table 3. Bond valence sum york. This research was also supported by the Environmental
calculation$>'¢ present values of 6.050 and 6.123 for U(1) Management Science Program, Office of Science and
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