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A series of experiments in the UO,(CH3CO,),-2H,0/H,S0./1-(2-aminoethyl)piperazine/H,0 system were conducted
to determine the effects of variation in initial reactant concentrations on the reaction products. Several reaction gels
were produced, in which the composition varied from 16:80:4:500 UO,(CH3CO,),*2H,0/H,S0,/1-(2-aminoethyl)-
piperazine/H,0 to 4:92:4:500 UO,(CH3CO,),-2H,0/H,S0,/1-(2-aminoethyl)piperazine/H,0. Single crystals of two
new organically templated uranium sulfates, [N3CsH1s]2[(UO2)s5(H20)(SO4)s]5H,0 and [N3CsH1g][(UO2)2(H20)(SO4)s-
(HSO,)]-4.5H,0, were isolated. Both compounds exhibit structures in which the inorganic frameworks are two-
dimensional and the protonated amines reside between layers, participating in extensive hydrogen bonding. The
composition and structure of each compound is dependent on the nature of the starting concentrations. Crystal
data: for [NaCsHiglo[(UO,)s(H20)(SO4)g]+5H,0, monoclinic, space group P2;/n (No. 14), a = 21.5597(3) A, b =
10.2901(2) A, ¢ = 22.8403(3) A, B = 96.7436(7)°, and Z = 4; for [NaCsH1g][(UO2)2(H20)(SO4)3(HSO4)]+4.5H,0,
monoclinic, space group P2i/a (No. 14), a = 15.7673(4) A, b = 10.5813(3) A, ¢ = 16.7710(5) A, 8 = 99.9216-

(9)°, and Z = 4.

Introduction

The synthesis of new materials under hydrothermal condi-
tions using amine structure-directing agents and aqueou

acids has been employed to produce a multitude of new

materials' 8 A host of compounds containing the phosphate
tetrahedron have been prepared in this manner. Despite thi
rich chemistry, the incorporation of the sulfate tetrahedron
into an analogous family of compounds is in its infancy. We
have recently reported several uranium sulfdtBsio et al.
have reported organically templated cadmitfriron,** and
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vanadium sulfate¥ Lou& et all® and Pang et at* have
reported lanthanum sulfates; Takano et al. and Wright et al.
have reported phosphate sulfates containing céfiiand
scandiuni® respectively; Khan et al. reported a vanadium
sulfatel” and Lingafelter et al. reported a zinc sulféte.
Organically templated metal sulfates hold vast promise of
s, . . . )
desirable physical properties despite the small number of
reported compounds. These compounds exhibit great struc-
tural diversity, with reported compounds containing molec-
ular anions to three-dimensional microporous frameworks.
However, little is understood about crystallization mechan-
isms and the formation of tailored materials is not yet
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possible. Composition spaéa method of reaction variable  Table 1. Crystallographic Data for USO-15 and USO-16

?solation, has k_Jeen used to eIucida_Lte the controlling_ factors  param USO-15 USO-16
in the .syntheS|s of templatled uranium mater?&@,wmch formula [NiCoH1a2[(UO2)s- [N=CoH1g[(UO2)2(H20)(SQ)a-
comprise a well-known family of compounélsUranium was (H20)(SQy)g]-5H:0 (HSQy)]-4.5H,0
chosen for study because of its potential use in catalytic W |2328/1-1N2 " '3121;‘7-26 ”
applications and ability to exhibit coordination numbers /g - 9P 21.15';57?3') ) 151%73?('4) )
higher than 6. A similar approach to composition space is A 10.2901(2) 10.5813(3)
detailed in this study. A series of reactions, in which ¢A 22.8403(3) 16.7710(5)

iati fully introduced, was conducted to dem- £/ 26.7436(7) 99.9216(9)
variations are carefu y y - V/As 5032.1 2756.2
onstrate the dependence of composition and structure onz 4 4
initial reactant concentrations. The synthesis, structure and Ddgcn®  3.275 2.765

- . . / 0.710 69 0.710 69
characterization of two new organically templated uranium .. 123 123
sulfates are reported. They are designated USO-15 and USO-u/mm-! 16.502 12.147
16 (uranium sulfate from Oxford). R 0.0443 0.0310
WRZ? 0.1141 0.0725

Experimental Section 3Ry = Z|Fo| — Fel/Z|Fol. "WRy = [EW(Fo? — F)H[Zw(Fo?)?Y2

Caution! Although all uranium materials used in these experi-
ments are depleted, extra care should always be taken Wheng (5.72 x 102 mol) of deionized water. Yellow blocks were

handling uranium coptaining materia!s ) isolated after reaction in 58% yield. Anal. Obsd for USO-15

I.\/Iate.rlals. 1-(2—am_|noethyl)plperazme (99_%, Aldrlgh)_and sul- (calcd): N, 3.46 (3.37): C, 5.86 (5.79); H, 1.53 (1.94); S, 10.05
furic acid (98%, A_Idrlch) were used as received. Deionized water (10.30); U, 46.90 (47.77). Obsd for USO-16 (calcd): N, 3.61 (3.63):
was also used in these syntheses.@B:CO.)22H,0 was ¢ g 20 (6.23); H, 2.45 (2.60); S, 11.08 (11.07); U, 39.98 (41.16).
prepared from UO; (99.8%, Strem). Powder X-ray diffraction patterns of each respective bulk sample

Synthesis. All reactions were conducted in poly(fluoroethyl-  maiched patterns generated from the single-crystal X-ray structure
enepropylene)-lined 23 mL autoclaves. The autoclaves were heatedy5i4

to 180°C at 10°C min~t, where the temperature was held constant ' . A . .
for 24 h. The reactions were cooled to room temperature°at 6 X-ray Crystallographic Analysis. Single crystals of dimension
: 0.08 x 0.20 x 0.30 mm for USO-15 and 0.04 0.06 x 0.10 mm

1 S .
zoll.e-gtheed aljjst%céagﬁrsa;/ivoenreazze\r:vzik:r; da'&i;hﬁesigg?zgéo\?vﬁ: V;i:je for USO-16 were used for structural determination. Data were
collected using an Enraf Nonius FR 590 Kappa CCD diffractometer

acetone. . ) o
. with graphite-monochromated ModKradiation ¢ = 0.710 73 A).
Synthesis of [NCgH 1g]o[(UO 2)5(H20)(SOs)g] -5H,0 (USO-15) Crystals were mounted on a glass fiber using N-Paratone oil and

and [N3CeH1gl[(UO2)2(H20)(SO:)3(HSOx)]-4.5H,0 (USO-16). cooled in-situ using an Oxford Cryostream 600 Series to 150 K
USO-15 was synthesized through the reaction of 0.6772 g (2.40 . .
- for data collection. Frames were collected, indexed, and processed
103 mol) of UOAc,*2H;0 (Ac = CH3CO,7), 0.0257 g (1.99« . . _
4 . . ; using Denzo SMN and the files scaled together using HKL GUI
104 mol) of aep (1-(2-aminoethyl)piperazine), 0.3296 g (3:36 s 22 I .
3 ) L within Denzo SMN??2 The heavy atom positions were determined
10-3 mol) of H,SO,, and 0.9936 g (5.5% 102 mol) of deionized . 3 ) .
: Lo . using SIR97® and other non-hydrogen atoms refined using
water. Yellow plates were isolated after reaction in 10% yield. The o0 : ' . : .
. . LT . : Crystals?* All non-hydrogen sites were refined using anisotropic
remaining uranium remains in solution. No other solid products - .
. . thermal parameters using full-matrix least-squares procedures on
were observed. USO-16 was synthesized through the reaction of _ ;0 '~ 30(1). Hydrogen atoms were placed in geometrically
4 . o )
0.1712 g (3.54x 107 mol) of UOAC,-2H;0, 0.0578 g (4.48¢ idealized positions. All calculations were performed using CryXtals
- ) . .
(19) Halasyamani, P. S.; Willis, M. J.; Stern, C. L.; Lundquist, P. M.; Wong, ind Cdamleroﬁ.dRsle\:jart C%‘Sta”Og{.aph(;c. d?rtabTre I2|ste(jj|r; Table
G. K.; Poeppelmeier, K. Rnorg. Chem 1996 35, 1367. Harrison, » and selected bond lengths are listed in Tables 2 and 3.

\l/\gaT-Zé\‘-l: E')\lussat;kt, LA-LJ-; chpbsog, é\- Jlét50|id gtell_te gheﬂi9|96 _ Infrared Spectroscopy. All infrared measurements were ob-
. Norquist, A. J.; Heler, K. R.; ern, C. L.; Poeppelimeler, : : A
K. R. Inorg. Chem 1998 37, 6495, tained using a Perkin-Elmer 1600 FT spectrometer. Samples were

(20) Halasyamani, P. S.; Walker, S. M.; O’'Hare, D.Am. Chem. Soc. diluted with spectroscopic KBr and pressed into a pellet. Scans
1999 121, 7415. Walker, S. M.; Halasyamani, P. S.; Allen, S.; O’'Hare, were run over the range 46@000 cnt?.
D. J. Am. Chem. S0d.999 121, 10513. . . .

(21) Francis, R. J. Halasyamani, P. S.. O’Hare,Algew. Chem., Int. Thermogravimetric Analysis. TGA measurements were con-
Ed. 1998 37, 2214. Francis, R. J.; Halasyamani, P. S.; Bee, J. S.; ducted using a Rheometric Scientific STA 1500H thermal analyzer.

O’Hare, D.J. Am. Chem. Sod.999 121, 1609. Allen, S.; Barlow, Samples were loaded into a platinum crucible and heated from

S.; Halasyamani, P. S.; Mosselmans, J. F. W.; O'Hare, D.; Walker, - o — .
S.'M.; Walton, R. IInorg. Chem200Q 39, 3791. Halasyamani, P. ambient temperature to 80C at 10°C min~! under flowing argon.

S.; Francis, R. J.; Walker, S. M.; O’'Hare, Dorg. Chem1999 38, The structures of the calcination products were determined using
271. Francis, R. J.; Drewitt, M. J.; Halasyamani, P. S.; Ranganathachar, powder X-ray diffraction.

C.; O'Hare, D.; Clegg, W.; Teat, S. €hem. Commur2001, 2378.
Almond, P. M.; Talley, C. E.; Bean, A. C.; Peper, S. M.; Albrecht-

10~ mol) of aep, 0.9695 g (9.82 103 mol) of H,SQ;,, and 1.0293

Schmitt, T. E.J. Solid State ChenR00Q 154, 635. Talley, C. E; (22) Otwinowski, Z.Data Collection and Processindaresbury Labora-
Bean, A. C.; Albrecht-Schmitt, T. Hnorg. Chem.200Q 39, 5174. tory: Warrington, U.K., 1993.

Almond, P. M.; Deakin, L.; Porter, M. J.; Mar, A.; Albrecht-Schmitt,  (23) Cascarano, G.; Giacovazzo C.; Guagliardi,JAAppl. Crystallogr.

T. E.Chem. Mater200Q 12, 3208. Almond, P. M.; Deakin, L.; Mar, 1993 26, 343.

A.; Albrecht-Schmitt, T. E.J. Solid State Chem2001, 158 87. (24) Watkin, D. J.; Prout, C. K.; Carruthers, J. R.; Betteridge, P. W.; Cooper,
Almond, P. M.; Deakin, L.; Mar, A.; Albrecht-Schmitt, T. Eorg. R. I. CRYSTALS Issue 1Themical Crystallography Laboratory:
Chem 2001, 40, 886. Danis, J. A.; Runde, W. H.; Scott, B.; Fettinger, Oxford, U.K.,

J.; Eichhorn, BChem. Commur2001 2378. Cahill, C. L.; Burns, P. (25) Watkin, D. J.; Prout, C. K.; Pearce, L. CAMERON Chemical

C. Inorg. Chem 2001, 40, 1347. Crystallography Laboratory: Oxford, U.K., 1996.
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Table 2. Selected Bond Lengths (A) for USO-15

U(1)—-0(1) 1.758(8) U(3)0(19) 2.411(7)
U(1)-0(2) 1.767(8) U(3)-0(20) 2.374(7)
U(1)-0(3) 2.366(7) U(30(21) 2.416(7)
U(1)—0(4) 2.348(8) U(4y0(22) 1.763(8)
U(1)—0(5) 2.375(7) U(4)-0(23) 1.777(8)
U(1)-0(6) 2.432(7) U(4}0(24) 2.425(7)
U1)—0(7) 2.439(7) U(4y0(25) 2.384(7)
U(2)—0(8) 1.772(7) U(4)-0(26) 2.481(7)
U(2)-0(9) 1.757(7) U(4y0(27) 2.378(7)
U(2)-0(10) 2.358(7) U(40(28) 2.346(8)
U(@2)-0(11) 2.378(7) U(5)0(29) 1.773(8)
U(2)—0(12) 2.347(7) U(5)0(30) 1.763(6)
U(2)-0(13) 2.392(7) U(530(31) 2.389(7)
U(@2)-0(14) 2.441(7) U(5¥0(32) 2.375(7)
U(3)—0(15) 1.795(7) U(5y0(33) 2.381(7)
U(3)-0(16) 1.767(8) U(530(34) 2.398(7)
U(3)-0(17) 2.387(7) U(510(395) 2.356(7) Figure 1. Two-dimensional [(UQ)s(H20)(SQy)s]®~ layers in USO-15.
U(3)-0O(18) 2.337(7) Green and blue polyhedra represent f&nd [SQJ], respectively. Distinct
S(1)-0(7) 1.488(7) S(550(6) 1.482(7) uranium sites are labeled, and bound water molecules are shown.
S(1)-0(25) 1.501(7) S(5Y0(14) 1.499(8)
S(1)-0(34) 1.466(7) S(5y0(21) 1.469(8)
S(1)-0(36) 1.420(8) S(5)0(40) 1.456(7)
S(2)-0(3) 1.475(7) S(6Y0(13) 1.491(8)
S(2)-0(28) 1.485(8) S(6Y0(20) 1.494(7)
S(2)-0(33) 1.472(7) S(6Y0(31) 1.471(7)
S(2)-0(37) 1.463(8) S(6)0(41) 1.439(8)
S(3-0(4) 1.492(8) S(7y0(19) 1.501(8)
S(3)-0(10) 1.498(8) S(AHO(24) 1.518(7)
S(3)-0(27) 1.487(8) S(AHO(35) 1.480(8)
S(3)-0(38) 1.439(8) S(A0(42) 1.434(8)
S(4y-0(5) 1.495(7) S(8Y0(12) 1.486(8)
S(4-0(11) 1.490(7) S(8Y0(18) 1.486(7)
S(4)-0(17) 1.476(7) S(8)0(32) 1.475(8)
S(4y-0(39) 1.453(8) S(8Y0(43) 1.457(8)

Table 3. Selected Bond Lengths (&) for USO-16
U(1)—0(1) 1.768(7) U(2y0(8) 1.763(6)

U(1)-0(2) 1.774(6) U(2y0(9) 1.783(6) Figure 2. Three-dimensional packing o_f USO-15. Green and blue
U(1)-0(3) 2.343(6) U(2)-0(10) 2.427(6) Egg:ergg?or\;eepdr?zfr;tlgﬁlgand [SQ], respectively. Hydrogen atoms have
U(1)—0(4) 2.342(6) U(2y0(11) 2.355(6) :

U(1)—0(5) 2.367(7) U(2y0(12) 2.382(6)

3(1):8(?) ﬁ'iig(? 8(?8(5) g-ggg(g) by four sulfate oxides and one bound water molecule. The
58_0((3)) 1:499563 S((3;—O((5)) 1_'486((8)) U—Owater bpnd distgnce. is significantly Ionger.than the
S(1)-0(11) 1.481(6) S(3Y0(6) 1.492(7) U—Osmfatedlztances in this structure. The-®, e distance
S(1)-0(13) 1.481(6) S(3Y0(18) 1.456(8) is 2. i i

S-o0s) 1449(6) S0(0) 14479) |25 ;34;8%(73 Zczdrfrlp?reg toB Hoéunateldlstance;s r?ngér:?gé from
S()-0(4) 1.493(6) S(#0(12) 1.498(6) .337(7) to 2. ( )_ . Bond valence calculati on
S(2)-0(10) 1.479(6) S(4y0(14) 1.492(6) USO-15, using uranium parameters from Burns ef®al.,
S(2)-0(16) 1.472(6) S(4)0(20) 1.472(6) resulted in values of 6.08, 6.11, 6.00, 5.98, and 6.10 for
S(2)-0(17) 1.457(7) S(4y0(21) 1.463(6)

U(1)—U(5), respectively.

Elemental Analysis.C, H, and N analyses were conducted using _ Eight discrete sulfur environments exist in USO-15. The
an Elementar Vario EL analyzer. S and U compositions were S—O bonds range in length from 1.420(8) to 1.518(7) A.
determined by ICP using a Thermo Jarrell Ash Scan 16 instrument. Each sulfate tetrahedron bridges between three adjacent

uranium centers, creating two-dimensional layers in which
Results the layer topology is unprecedented in uranium chemistry.

USO-15.Five distinct uranium sites are observed in USO- See Figure 1. The [(Ug5(H:0)(SQ)g®" layers lie in the
15. Each §* cation is seven coordinate, in a pentagonal [101] plane. Successive layers pack in @pa arrangement
bipyramidal geometry. All five metal centers are bound to With protonated templates and occluded waters residing in
two oxide ligands through short “uranyl” bonds with lengths  the interlayer spaces. See Figure 2.
ranging from 1.757(7) to 1.795(7) A. These values are close The packing of the inorganic frameworks creates two
to the reported average uranyl bond length of 1.758(4j A. distinct interlayer spaces, each of which is occupied by
The five equatorial coordination sites around four of the five [aepH]*" cations that adopt one of two orientations. The
[UO,)?t centers (U(1), U(2), U(3), and U(5)) are occupied two orientations of the [aepff" cations can be differentiated
by five oxide ligands that are part of sulfate tetrahedra. The by the torsion angle between the aminoethyl amine and the
five equatorial coordination sites around U(4) are occupied piperazine amine to which it is attached. The N{R)3)

(26) Burns, P. C.; Ewing, R. C.; Hawthorne, F. Can. Mineral. 1997, (27) Brown, I. D.; Altermatt, DActa Crystallogr., Sect BL985 41, 244.
35, 1551. (28) Brese N. E.; O’Keeffe, MActa Crystallogr., Sect B1991, 47, 192.
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torsion angle is 78.5(3) while the N(5)-N(6) torsion angle
is 161.8(4}. Despite the structural differences between the
templates, they both donate hydrogen bonds to the two
adjacent inorganic layers, stabilizing the structure. Several
occluded water molecules also reside in the interlayer
spacings and participate in hydrogen bonding.
The presence of the organic template was confirmed using
infrared spectroscopy. NH bands were observed between
3000 and 3500 cnt and at 1595 cm'. The asymmetric
uranyl stretch and SO bands were observed at 926 and
1100 cn1?, respectively.
The thermal stability of USO-15 was investigated using
thermogravimetric analysis. A weight loss of 3.0% between
100 and 195°C corresponds to the loss of five occluded
molecules/formula unit (3.6%). Another weight Iqss of 0.8% Figure 3. Two-dimensional [(UOXH20)(SQy)s(HSQw]3*~ layers in USO-
between 195 and 20% represents the loss of a single bound 16, Green and blue polyhedra represent represent;][é@d [SQJ,
water molecule/formula unit (0.7%). Concurrent decomposi- respectively. Distinct uranium and sulfur sites are labeled, and bound water
tion of the organic templates and calcination to 4)@s molecules are shown.
confirmed using powder X-ray diffraction, occurs between
320 and 48CC. The experimental weight loss, 45%, is in
agreement with the calculated value of 46%.

USO-16. Two discrete uranium centers are observed in
USO-16. Both U(1) and U(2) are seven coordinate, in a
pentagonal bipyramidal geometry. The two uranyl bonds to
U(1) have lengths of 1.768(7) and 1.774(6) A. Four oxides
that are bound to sulfur centers and one bound water
molecule occupy the five equatorial coordination sites. The
U—Osuraredistances range between 2.333(7) and 2.367(7) A,
while the U-Oyaerbond length is 2.438(7) A. Sulfate oxides
occupy all five equatorial coordination sites around U(2)
through bond distances ranging from 2.355(6) to 2.427(6) Figure 4. Three-dimensional packing of USO-16. Green and blue
A. Bond valence calculatio®s28 on USO-16 result_ed in \E’g{eﬁeﬁ;grfgperﬁs;gzggﬂﬁzcg [bse%]ﬁ rri?r?c?\(/::ﬁgé Ilirr'i‘t‘;'.ate and occluded
values of 6.17 and 6.07 for U(1) and U(2), respectively.

Four distinct sulfur environments are observed crystallo-  The [aepH]3" cations reside between inorganic layers,
graphically in USO-16. Each sulfur center is bound to four balancing charge and donating hydrogen bonds to the layers.
oxides in a tetrahedral geometry. The coordination around Each protonated amine donates hydrogen bonds to both the
each type of tetrahedron differs. The sulfate tetrahedralayer above and below. N(1) donates hydrogen bonds to
containing S(1) bridge between three adjacent uranium O(15) and O(20) through distances of 2.744(7) and 2.696-
centers, U(1) and U(2x 2. Those containing S(2) bridge (7) A, respectively. The tertiary amine N(2) donates one
between two neighboring [UJF* cations, U(1) and U(2).  hydrogen bond to O(17) through a distance of 2.708(7) A.
One oxide ligand bound to S(2) is protonated, O(16). The N(3) donates two hydrogen bonds, one to each of O(10) and
assignment of the protonated oxide was based upon charged(22) through distances of 2.968(7) and 2.801(7) A,
balance, bond length, and the absence ofJH" modes respectively. The three-dimensional packing of USO-16 is
using infrared spectroscopy. The S(3) sulfates each bridgeshown in Figure 4.
two U(1) uranium sites. The sulfate tetrahedra containing In the infrared spectrum a sharp stretch at 16207
S(4) are coordinated to two adjacent U(2) centers. One-very wide stretch between 3000 and 3700 ¢nand a sharp
dimensional chains containing only U(2) centers connected band at 1400 cri correspond to NH, O—H, and C-H
by S(1) and S(4) sulfates run along thexis. These chains  modes, respectively. The asymmetric uranyl stretch is located
are linked to one another by (UR(H20).(SOy)4 bridges at 924 cm?, while the S-O band is observed between 1000
attached through the S(1) and S(2) tetrahedra. Each linkingand 1200 cm?.
unit contains two U(1) centers connected by two S(3) A distinct weight loss between 80 and 18D is observed
tetrahedra. The resultant two-dimensional layers, which form using TGA. This 6.8% loss corresponds to 4.5 occluded
in the bc plane, are shown in Figure 3. This layer topology water molecules (7.0% calcd). A further loss of 1.2% is
is unprecedented in uranium chemistry. Pores are observedbserved between 150 and 200, which corresponds to
within each layer, which are occupied by occluded water the loss of the bound water molecules (1.6% calcd). A larger
molecules. The approximate dimensions of these pores ardoss between 280 and 65C represents the decomposition
4.8 x 12.8 A. of the organic template and the simultaneous calcination of
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creases in the reaction gels, a shift is observed from USO-
15, the compound in which the higher concentration of
uranium is observed, to USO-16, the compound with the
lower concentration of uranium. This shift is gradual, with
Figure 5. Plot of product composition as a function of both $4@,-2H,0 a mixture of the two phases cocrystallizing when th&€,

and HSO; concentration in the Ugco2H,0/H,SOy/aep system. The ~ Mole fraction is near 88%.
yellow region represents USO-15, the green region represents a mixture of  Third, as the amount of 50y relative to the amount of

USO-15 and USO-16, and the blue region represents USO-16 as the reactionaep increases. a change in the sulfate tetrahedra is observed
roduct. . ’ . . '
P Despite a constant aep:p@tio of 1:2 in both USO-15 and

the inorganic framework to Uas confirmed using powder L_JSO-16, one obyious d_ifference is present. Nor_we of the oxide
X-ray diffraction. The final mass loss of 48.0% corresponds [19ands on the eight unique sulfate tetrahedra in USO-15 are

well with the calculated value of 46.7%. protonated. However, an oxide ligand on one of the four
distinct sulfates is protonated in USO-16. This change reflects
Reaction Gel Variation the increased acidity as the aep;3&tio of the reaction gel

, ) , decreases from 1:20 to 1:23. The solution pH is sufficiently
A series of experiments were conducted in the 2O o 15 force the protonation of this oxide ligand.

Acz2H,0/H,SQ/aep/HO system. The reaction gel compo- g :5Q ratios in USO-15 and USO-16 are reflected in
sitions were varied over several reactions between 16:80:4:ihe coordination environments of their respective sulfate
S00UQACy2H,0/H,SQ/aep/HOt04:92:4:500URC2H0/ — toranedra. Al eight distinct sulfate tetrahedra in USO-15
H.SQ/aep/HO. The aep and D concentrations remain — iqae hetween three adjacent uranium centers, while three

constant throughout the series of experiments; only the UO ¢ ¢ suifate tetrahedra in USO-16 bridge between only
Acz2H,0/H,SQ, ratio was varied. Constant amounts of aep y, (U0,J2+ cations. The USO-15 sulfates are bound to more

and solvent water were added to each experiment. Thesg aniym centers on average than those in USO-16 because
reactions form a line that is similar to a binary phase diagram. ,o U:SQ ratio is higher, 5:8 versus 5:10. Each sulfate
However, only the crystalline products are analyzed and any gy ahedra in USO-15 is required to bond to three uranium

soluble species _a_fter reaction are negl_ected. The reactant angites to satisfy the coordination preference of each uranium
product compositions are not necessarily the same. Thereforesite The increase in the number of sulfates/uranium in

this “Iine_” does not obey the phase rule and is not a binary conjunction with more bound water molecules/uranium in
phase diagram. The experimental results are shown in Figureyso-16 (1 for every 2 in USO-16 versus 1 for every 5 in

5. ) . ] USO-15) results in 75% of the sulfate tetrahedra in USO-16
Three regions are observed. Reactions conducted with H coordinating to only two uranium centers. The effects on

SO, mole percents between 80 and 86% result in the e ayer topology are marked. Each uranium center in USO-
formation of USO-15 in phase purity. When thgS®, mole 15 is surrounded by six others withia 7 A radius, while
percent falls between 86 and 90% mixtures of USO-15 and he two distinct uranium sites in USO-16 have only three
USO-16 are observed. USO-16 is the only crystalline product neighboring uranium sites within 7 A.

when the HSO, mole percent is above 90%.

Conclusion

Discussion . .
Two new organically templated uranium sulfates were

The variations in reactant concentrations are reflected in synthesized under hydrothermal conditions, both of which
the composition of the reaction products. Three relationshipscontain novel layer topologies. A series of reactions were
can be examined to show this dependence. First, as the;U:SOconducted in which subtle variations in the reactant concen-
ratio decreases from 1:5 to 1:23, a shift in reaction product trations were introduced. The compositions of the reaction
is observed. USO-15, the sulfate deficient phase, is observedoroducts are highly dependent on these variations, resulting
when this ratio is 1:5, while a mixture of USO-15 and the in structural variations. This suggests that compositions may
sulfate-rich phase, USO-16, is observed as the W1&@0 be targeted in an attempt to control structure.
decreases. Finally, USO-16 is the only reaction product when
the U:SQ ratio reaches its lowest values.

Second, the ratio of aep to U in this series of reactions
increases from 1:4 to 1:1. This shift can be observed in the Supporting Information Available: Two crystallographic
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