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Four two-dimensional coordination polymers containing the uranyl cation (UO»?*), (NH4)UO,(BDC);5:2.5H,0 (1),
KUOz(NDC)ls'ZHzo (2), [C(NH2)3]U02(NDC)15'2H20 (Zb), and UOz(HBDC‘BI’)z (3) (BDC = 1,4-benzenedicar-
boxylate, NDC = 1,4-naphthalenedicarboxylate, BDC-Br = 2-bromoterephthalate) have been synthesized by
hydrothermal reactions. Compounds 1-2b have the same honeycomb (6,3) net but with two-fold interpenetration
in 1 and without interpenetration in 2 and 2b. The use of 2-bromoterephthalate yields compound 3 with a (4,4) net.
The structures of 2 and 2b show that the interpenetration can be prevented by the addition of a bulky substituent
to the ligand. Maintaining the desired topology, however, requires a careful choice of the substituent group. Compounds
1, 2, and 2b have a similar structural arrangement to that of benzenetricarboxylic acid (trimesic acid, HsBTC). In
H3BTC, the six rings are formed by hydrogen bonding and the interpenetration is more complex than that in 1.
Crystal data: 1, triclinic, space group P1, a = 10.453(8) A, b = 12.316(9) A, ¢ = 13.441(10) A, o = 78.49(1)°,
B = 82.17(1)°, y = 85.57(1)°, and Z = 4; 2, monoclinic, space group C2/c, a = 12.7795(9) A, b = 19.728(1)
A, ¢ =15379(1) A, B = 92.247(1)°, and Z = 8; 2b, monaclinic, space group C2/c, a = 12.7214(8) A, b =
19.645(1) A, ¢ = 17.065(1) A, B = 98.896(1)°, and Z = 8; 3, monaclinic, space group P2i/c, a = 7.873(5) A, b
= 18.358(14) A, ¢ = 6.893(5) A, B = 115.96(2)°, and Z = 2.

Introduction and both inorganic and organic bridging ligands. Many

Inorganic-organic hybrid compounds have been studied inorganic frameworkg containing Y& have been reported,
for their potential applications as new functional materials Particularly those with oxygen donor groups, where the
and because of their structural diversit@ne strategy for ~ Uranyl cation adopts square, pentagonal, or hexagonal-
constructing frameworks is to combine molecular building PiPyramidal coordination geometfyin contrast, relatively
blocks with a rigid bridging ligand to form extended few extended uranyl frameworks containing organic ligands
structures analogous to known simple hydrogen-bondedare knowre
organic networkg.Often, the crystal structures of organic !N the construction of hybrid frameworks, aromatic poly-
compounds contain honeycomb networks because of thecarboxylates, for example, 1,4-benzenedicarboxylate (BDC),
availability of three-coordinated vertices. In transition-metal are commonly used as bridging ligands because they are
coordination polymers, trigonal and trigonal-bipyramidal sterically rigid and chemically robusand can adopt mono-
coordination geometries are known but are less cominon. (3) (a) Duchamp. D. 3., Marsh, R. Ecta Crystallogr., Sect, B969 25

At present, we are investigating the synthesis of framework 5. (b) MacGﬁI’ivréy,”L. R.; S’ub.ramaniag, S.; ng'vyorotkc'), MChem.

structures formed by reactions of the uranyl cation,83O Commun1994 1325. (c) Min, K. S.; Rhinegold, A. L.; Miller, J. S.
Inorg. Chem2005 44, 8433. (d) Zaworotko, M. XXhem. Commun.
*To whom correspondence should be addressed. E-mail: ajjacob@uh.edu. 2001 1.
Tel: (713) 743-2785. Fax: (713) 743-2787. (4) (a) Burns, P. CCan. Mineral.2005 43, 1839. (b) Wang, X.; Huang,
(1) (a) Chae, H. K.; Siberio, D. Y.; Kim, J.; Go, Y.; Eddaoudi, M.; J.; Liu, L.; Jacobson, A. J. Mater. Chem2002 12, 406. (c) Huang,
Matzger, A. J.; O'Keeffe, M.; Yaghi, O. MNature 2004 427, 523. J.; Wang, X.; Jacobson, A. J. Mater. Chem2003 13, 191.
(b) Seo, J. S.; Whang, D.; Lee, H.; Jun, S. |.; Oh, J.; Jeon, Y. J.; Kim, (5) (a) Borkowski, L. A.; Cahill, C. LInorg. Chem2003 42, 7041. (b)
K. Nature200Q 404, 982. (c) Kahn, O.; Martinez, CSciencel998 Duvieubourg, L.; Nowogrocki, G.; Abraham, F.; Grandjean).Solid
279, 44. (d) Janiak, CAngew. Chem., Int. Ed. Endl997, 36, 1431. State Chem2005 178 3437. (c) Kim, J.-Y.; Norquist, A. J.; O'Hare,
(2) (a) Zaworotko, M. JChem. Soc. Re 1994 23, 283. (b) Moulton, D. Dalton Trans.2003 2813. (d) Yu, Z.-T.; Liao, Z.-L.; Jiang, Y.-S;
B.; Zaworotko, M. J.Chem. Re. 2001, 101, 1629. Li, G.-H.; Chen, J.-SChem—Eur. J. 2005 11, 2642.
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dentate or chelating coordination moddSor example, in on uranium. Anal. Calcd for gH13KO10U: C, 32.72; H, 1.97.
the square-grid network of Ugbpyca (where opyca is Found: C, 32.26; H, 1.71. IR (KBr): 3609.14w, 3436.54w (br),
1_0xo_4_carboxypyridine), two kinds of opyca |igands are 1636.31w, 1594.85w, 1531.21s, 1459.85s, 1416.46vs, 1363.43s,

present; the carboxylate group is monodentate in one andl261.22m, 1204.33w, 1163.83w, 1039.45w, 923.74s, 877.45w,
bidentate in the othdr 841.78s, 785.85m, 743.24w, 670.14w, 594.93m, 572.75m, 520.68w,

L . . 445 47m cm.
Here, we show that the combination of BDC in which both Synthesis of [C(NH)5]UO(1,4-NDC), H;0 (2b). A mixture

cgrboxy!ate groups are bldgntate,_ YVIth the hexagonal- UO,(NO3)»*6H,0 (0.21 mmol, 83 mg), 1,4-naphthalenedicar-
blpyrqm|dal UQOs building umtlprowdlng two- and.three- boxylic acid (0.42 mmol, 91 mg), KOH (0.84 mmol, 47.1 mg),
coordinated vertices and leading to the formation of a [c(NH,);JNO; (guanidine nitrate, 0.42 mmol, 51 mg), andC4
uranium 1,4-benzenedicarboxylate, NHD,BDC; 5:2.5H,0 (1.0 mL) was heated in a 23 mL stainless steel reactor with a Teflon
(1), with a layer structure based on two-fold interpenetrated liner at 150°C for 12 h. The yellow block-shaped crystals were
(6,3) nets. It is well-known that metabrganic framework filtered and washed with water and acetone. Yield : 65.0% based
structures possessing large voids tend to form with inter- on uranium. Anal. Calcd for {gH1/NsOgU: C, 34.09; H, 2.56; N,
penetrated or entangled topologies. Preventing interpenetra8.28. Found: C, 34.47; H, 2.69; N, 6.25. IR (KBr): 3638.1w,
tion is a challenge to obtaining a high surface area and igg;?? igrl)éifz.iisébs?ﬁ 133267; 1163?:3;255' 116216%32"# 11529037'92"\‘/’\;
porosity, although recently, several interpenetrating frame- 3 /o' 0 %7 e 4 %1 0338 51 1026.9w, 968, 1w, 934.3s, 8910w,
works with highly porous structures have been repotiate

h . . d diff h . h 877.5w, 843.7s, 788.7m, 751.1w, 671.1w, 601.7w, 587.2m, 566.1m,
ave investigate ifferent approaches to preventing t 8443.6m, 418.5w o

|nterpenetrat|on_<_)f the layers found in N.HDZ_BDCLS- Synthesis of UG(HBDC—Br)5 (3). A mixture of UO,(NOs),»
2.5H0 by modification of the BDC linker with bulky 61,0 (0.21 mmol, 83 mg), 2-bromo-1,4-benzenedicarboxylic acid
substituents. This strategy is successful using 1,4-naphtha<0.42 mmol, 103 mg), kD (1.6 mL), and ethanol (0.16 mL) was
lenedicarboxylic acid (NDC), KUENDC, 5:2H,0 (2), and heated in a 23 mL stainless steel reactor with a Teflon liner at
[C(NH2)3]JUONDC; 5H,0O (2b), but the use of 2-bromot-  150°C for 24 h. The yellow elongated square-pyramidal crystals
erephthalic acid results in a different structure that is were filtered and washed with water and acetone. Yield: 53.7%
stabilized by the hydrogen bond to the bromine substituent, based on uranium. Anal. Calcd fortsBr.O,0U: C, 25.35; H,

UO,(HBDC—B1); (3). 1.06. Found: C, 25.68; H, 1.02. IR (KBr): 3066.3m (br), 2898.5w,
2477.3w, 1959.3w, 1841.7w, 1673.9vs, 1570.7s, 1544.7vw, 1529.3m,
Experimental Section 1481.1m, 1431.9w, 1403.0s, 1371.1m, 1284.4w, 1261.2vw, 1246.8s,

1157.1w, 1145.5w, 1043.3w, 980.6w, 944.0s, 884.2m, 866.9w,

Materials and Methods. All the reactants were reagent grade go7.3m, 816.7m, 794.5w, 755.0m, 706.8m, 693.3m, 671.1w,
and used as purchased without further purification. The infrared 582 4w, 533.2m, 515.0m crh
spectra were measured on a Galaxy Series FTIR 5000 spectrometer Crystallographic Studies.Single crystals of suitable dimensions
with pressed KBr pellets. Thermal analyses were performed on afor 13 were used for the structure determinations. All measure-
TGA V5.1A Dupont 2100 instrume_nt _frorp room temperature 0 ments were made with a Siemens SMART platform diffractometer
600°C with a heating rate of 3C/min in air. equipped wih a 1 K CCDarea detector. A hemisphere of data

Synthesis of NHUO(1,4-BDC), 5-2.5H,0 (1). A mixture of (1271 frames at 5 cm detector distance) was collected for each phase
UO,(OAC)2H;0 (0.12 mmol, 50 mg), 1,4-dicyanobenzene (0.24  sing a narrow-frame method with scan widths of°0r8 and
mmol, 30.7 mg), and bO (0.5 mL) was heated in a 23 mL stainless  an exposure time of 3045 s/frame. The first 50 frames were
steel reactor with a Teflon liner at 16€ for 3 days. The yellow  remeasured at the end of data collection to monitor instrument and
block-shaped crystals were filtered and washed with water and crystal stability, and the maximum correction applied to the
acetone. Yield: 79.3% based on uranium. Anal. Calcd foHe- intensities was<1%. The data were integrated using the Siemens
NOydJ: C, 24.88; H, 2.61; N, 2.42. Found: C, 24.47; H, 2.76;  SAINTprogramiwith the intensities corrected for Lorentz factor,
N, 2.44. IR (KBr): 3737.6m (br), 1643.1w, 1533.1s, 1510.0m, pojarization, air absorption, and absorption due to variation in the
1405.9vs, 1315.2w, 1153.2w, 1106.9w, 1012.5w, 925.7m, 883.2W, path length through the detector faceplate. The structures were
844.7s, 813.8w, 746.3m, 686.5w, 532.3wem solved by direct methods and refined B by full-matrix least

Synthesis of KUQGy(1,4-NDC), 5-2Hz0 (2). A mixture of UQ,- squares usinGHELXTL! All non-hydrogen atoms were refined
(NOs)2:6Hz0 (0.21 mmol, 83 mg), 1,4-naphthalenedicarboxylic acid - anisotropically. Hydrogen atoms were refined isotropically with
(0.42 mmol, 91 mg), KOH (0.84 mmol, 47.1 mg), andH(1.0 geometric constrains. The structure of (WBrCsH.O4), was
mL) was heated in a 23 mL stainless steel reactor with a Teflon refined with a merohedral twin model in space grdef/c with
liner at 150°C for 24 h. The yellow block-shaped crystals were the twin mirror plane (1, 0-2) that is parallel to the structural
filtered and washed with water and acetone. Yield: 62.0% based |ayers. The volume ratio of the twin components was refined to
0.48(1)/0.52. Since this ratio is close to 0.5, the crystal approaches

(6) (a) Li, H.; Eddaoudi, M.; Yaghi, O. MNature 1999 402 276. (b) th r mmet@mcawith the orthorhombic unit
Groenman, R. H.; MacGillivaray, L. R.; Atwood, J. Chem. Commun. € space group sy N ca e orthorhombic unit ce

1998 2735. (c) Zhang, Y.; Li, J. M.; Zhu, M.; Wang, Q. M.; Wu, X. = 6893,b = 14.157, andc = 18358 A Refinemgnts Of a hlgh'y
T. Chem. Lett.1998 1051. (d) Hong, C. S.; Do, Yinorg. Chem. disordered structure model in this orthorhombic unit cell led to
1998 37, 4470. “nonpositive definite thermal parameters” for most of the atoms.

(7) Go, Y. B.; Wang, X.; Anokhina, E. V.; Jacobson, Aldorg. Chem.
2005 44, 8265.
(8) Xie, Y.-R.; Zhao, H.; Wang, X.-S.; Qu, Z.-R.; Xiong, R.-G.; Xue, X.;

Crystal data for the compounds-3 are summarized in Table 1.

Xue, Z.; You, X.-Z.Eur. J. Inorg. Chem2003 3712. (10) SAINT, Program for Data Extraction and Reductip8iemens Analyti-
(9) (a) Reineke, T. M.; Eddaoudi, M.; Moler, D.; O’'Keeffe, M.; Yaghi, cal X-ray Instruments, Inc.: Madison, WI, 1996.

0. M. J. Am. Chem. So@00Q 122, 4843. (b) Chen, B.; Eddaoudi, (11) SHELXTL Program for Refinement of Crystal Structuré&lemens

M.; Hyde, S. T.; O’Keeffe, M.; Yaghi, O. MScience€2001, 291, 1021. Analytical X-ray Instruments, Inc.: Madison, WI, 1994.
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Table 1. Crystallographic Data for Compounds-3

Go et al.

1 2 2b 3
chemical formula (1:2H 15NU010,5 C18H13KUO;|_0 ClgH 17N3U09 C]_eHngzUOlo
fw 579.28 666.41 669.39 758.08
cryst syst triclinic monoclinic monoclinic monoclinic
space group P1 C2lc C2lc P2i/c
a A 10.453(8) 12.7795(9) 12.7214(8) 7.873(5)

b, A 12.316(9) 19.728(1) 19.645(1) 18.358(14)
c, A 13.441(1) 15.379(1) 17.065(1) 6.893(5)
o, deg 78.49(1)

f, deg 82.17(1) 92.247(1) 98.896(1) 115.96(2)
y, deg 85.57(1)

v, A3 1678(2) 3874.3(5) 4213.4(5) 895.8(11)
z 4 8 8 2

T, K 293(2) 293(2) 296(2) 273(2)

pc, g cnm3 2.284 2.192 2.085 2.803
u(Mo Ka)), mmt 9.730 8.649 7.761 13.577

R1, wR2 | >20(1)]2
R1, wR2 (all date)

0.0275, 0.0610
0.0423, 0.0657

0.0261, 0.0666
0.0330, 0.0689

0.0272, 0.0609
0.0451, 0.0672

0.0482, 0.0881
0.0957, 0.0990

AR1= 3 [|Fo|l — IFcll/Z|Fol, WR2 = [TW(Fo? — F)a/ Y W(Fo?)Z Y2,
Results and Discussion crystal data are based on a (6,3) net (Figure 1) with two-
fold interpenetration irl and without interpenetration ig
and 2b. Compound and 2b are isostructural except that

tions gave compound, NH,UO,(BDC), £2.5H,0. The in the_ pot_assium cation iR is replaced_by the guanidinium
situ hydrolysis reaction of cyanide to carboxylate provides €ation in2b. In contrast, compoung is based on a (4,4)
an excellent synthetic route to this compound as well as to Net where uranyl centers are bridged by a BER ligand

the formation of single crystals with suitable size for X-ray With two different coordination modes.

study, as previously reported for other compoutdEhe Compounds 1, 2, and 2bThe coordination environment
chemical analysis ol indicates the presence of nitrogen, of the uranium centers ih—2b are identical. The uranium
and consequently, the negative [({BDC), s~ layer charge  atoms adopt slightly distorted hexagonal-bipyramidal geom-
balance is assumed to be compensated by"Nétmed by etries with the uranyl (Ug™) oxygen atoms at the apexes.
the hydrolysis of dicyanobenzene. We were unable to The short U-Oaia bond lengths range between 1.753(12)
synthesizel by using BBDC directly. Reactions at different  and 1.765(14) A forl, 1.751(4) to 1.774(3) A fol, and

pH values gave small amounts of amorphous yellow powders 1.756(4) to 1.757(4) A fo@b, in good agreement with the
and mostly recrystallized #8DC. Compound was obtained  reported average uranyl bond length of 1.758(4) A. The
in crystalline form when NBDC and UQ(NO;).-6H.0 O—U—0 bond angles in the urany! cations in compound
were used as the reactants, but substantial amounts of g,e 178.5(2) for U1 and 179.1(2)for U2. In compound®
yellow microcrystalline impurity phase were also present in and2b, the O-U—O bond angles are 179.7¢2nd 178.6-
the produqt. Th_e hydrotherm_al reaction of 1,4-naphthalene- (2)°, respectively. In the equatorial plane, each uranium atom
dicarboxylic acid (HNDC) with UG¥(NOs)z'6H:0 in the is coordinated by six carboxylate oxygen atoms from three
presence of KOH gave compou@dKUO,(NDC) 2H;0. chelating dicarboxylate ligands. The adjacent uranyl cations
Guanidine nitrate was added to the synthesis2faas both are bridged by a BDC1) or NDC (2 and 2b) ligand. The

a charge-balancing component and in an attempt to templat —O equatorial bond distances are longer than .the axial
an open channel. The synthesis, however, yielded compoun bistances and range from 2.423(19) to 2.504(19) ATior

2b, [C(NH)3][UO4(1,4-NDC) 5 -H.O with a structure closely
related to that oR. The hydrothermal reaction of 2-bromo- 2.394(3) to 2.535(3) A fop, and 2'.426(3) o 2'553.(3) A for
2b. The O-U—-0O bond angles in the equatorial plane,

terephthalic acid ((BDC—Br) with UO,(NOj3),:6H,0 in a i
compared to the ideal 80or a regular hexagonal arrange-

H,O/EtOH mixture gave compoun8, UO,(HBDC—Br)s.
The use of a small amount of ethanol plays a critical role in MeNt range from 52.0(1jo 52.7(1} for 1, 51.6(1 to 52.8-
(1)° for 2, and 51.8(2) to 52.3(1} for 2b.

the formation of this compound. The same reaction condi-
tions used for2 and 2b gave compound with a small In the extended structure, the building units are arranged
amount of unreacted ligand, and the product contains to generate hexagonal open motifs, which have a large cavity/
aggregated small crystallites. channel of ca. 22:423.1 A (Figure 1) inl and ca. 14.8 A
Crystal Structures. The structures of compounds-3 in 2 and 2b. The layer inl is not flat but adopts a chair
all contain two-dimensional layers in which J@ations are configuration with a bend angle of 163.85{2as shown in
linked by benzenedicarboxylate anions. The layer§, df, Figure 2. The bending of the layer is necessary to accom-
and 2b as determined from the analysis of X-ray single- modate the interpenetration of a second layer. Two opposite
edges of a six ring in one layer pass through the center of a
six ring of the other layer as shown schematically in Figure
3. The resulting structure shows one of four modes of two-

Synthesis. The hydrolysis of 1,4-dicyanobenzene and
reaction with UQ(OAC),-2H,0O under hydrothermal condi-

(12) (a) Evans, O. R.; Lin, WAcc. Chem. Re2002 35, 511. (b) Sun, D.;
Cao, R.; Liang, Y.; Shi, Q.; Su, W.; Hong, M. Chem. Soc., Dalton
Trans.2001, 2335.
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(b)
Figure 3. Schematic representation of the two-fold interpenetration of
the layers inl (a) and the layer stacking without interpenetratior2 iand
2b (b).

Figure 1. Single layer of the structure df(top) and of2 and2b (bottom).
Hydrogen atoms, charge-balancing cations, and guest water molecules are
omitted for clarity. U, O, and C atoms are represented by yellow, red, and
gray spheres, respectively.

[

~

Figure 2. Edge-on view of a single hexagonal unitlishowing the chair
conformation. U, O, and C atoms are represented by yellow, red, and gray
spheres, respectively.

fold parallel interpenetration as discussed by Batten &t al.
Adjacent double layers i are stacked together, with the
disordered guest species located between the layers. -
As shown in Figure 3b, compounds and 2b have a Figure 4. View along thea axis showing layers i stacked by face-to-

noninterpenetrated (6,3) net and the layers are almost flatfacesr—a interactions. The interlayer distances range from 3.348(2) to 3.473-
with bend angles of 173.77(0and 177.12(C) respectively. Iaye'ir\;' ;H;?ebgt'g?;e&eﬁ?lggz r;g;i?ergfdg;efa?gﬂécent layers: green, top
The layers are stacked by—x interactions between each

NDC ligand from an adjacent layer (Figure 4); the framework ligands that are directed inside the net. The space available
stability in this case is maintained by noncovalent interactions for interpenetration is therefore limited, and the layers in

instead of by interpenetration. preference adopt a—x stacking arrangement to stabilize
The space in the six-membered ring is partially occupied the overall framework.
by cations (K in2 and C(NH)z in 2b), guest water Compound?2 has two guest water molecules coordinated

molecules, and three of six extra phenyl rings on the NDC to K* with well-defined locations. The potassium ion is
coordinated by six oxygen atoms (Figure 5); one from a

(13) Batten, S. R.; Robson, Rngew. Chem., Int. EA.998 37, 1460. uranyl oxygen atomdii-or = 2.780(3) A), three from

Inorganic Chemistry, Vol. 46, No. 16, 2007 6597
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Figure 5. Perspective view of the coordination environment around the
potassium atom ir2 (top) and the guanidinium cation @b (bottom).

(b)
Figure 7. (a) Schematic diagram of the (4,4) net layer stacking and

its side view. (b) A perspective view of two adjacent layers (red, top layer;
blue, bottom layer) showing the—x interactions of the BDEBr rings.

(1.758 A), and the YO equatorial bond distances range
from 2.397(23) to 2.558(20) A. The-6J—0 bond angle in
the uranyl cation is 180.0(9)

In the equatorial plane, the uranium atom is coordinated
Figure 6. A perspective view of main building unit & Hydrogen atoms by six carboxylate oxygen atoms from two chelating BBC
are omitted for clarity. Br ligands and two monodentate BB®r ligands. The
bridging BDC—Br ligand adopts two different coordination
modes in one molecule, chelating at one end and monoden-
tate at the other end, an arrangement which appears only
arely* The monodentate carboxylic group is protonated,
Lresumably on the noncoordinating O3 atom to balance the
layer charge, forming a hydrogen bond between the bromine
substituent and the O1 atoms(_o3 = 3.184(9) A anddo;-o3
= 2.646(14) A) from the chelating carboxylate group. Due

S In_gpmpountc_ﬂb, thr?. Eoﬁaijs"'t'w lon 1s regla;:ed ?3\// the to the presence of two monodentate oxygen atoms in the
guanidinium cation, which holds two UGk, units from two uranyl cation coordination sphere, the-O—0 bond angles

adjacent layers and has a strong interaction with a guest water iha equatorial plane range from 50.93(2@) 63.75(27)

”?°'e°“'e to-01w = 2.908(6) A_)._T_he d|sta_nces between the compared to the ideal 80or a regular hexagonal arrange-
nitrogen atoms of the guanidinium cation to the nearby ment

carboxylate oxygen atoms range from 2.867(5) to 2.932(6)
A, indicating strong hydrogen bonding (Figure 5).
Compound 3 The coordination environment of the
uranium center ir8 is similar to that in compound$—2b,
with slightly distorted hexagonal-bipyramidal geometry
(Figure 6). The W-O axial bond distance is 1.712(28) A (14) Xu, H. B.: Su. Z. M. Shao, K. Z.: Zhao, Y. H.; Xing, ¥ Liang, Y.
and is slightly shorter than the reported average distance  C.; zhang, H. J.; Zhu, D. Xinorg. Chem. Commur2004 7, 260.

carboxylate oxygen atoms of NDC ligand{-o = 2.804-

(3), 2.990(3), and 3.032(3) A), and two from guest water
molecules do-o1w = 2.731(6) A anddo-ozw = 3.213(6) A).

The potassium cation compensates the negative charge o
the [UONDC), 5]~ layer. Three U@Og/, units from three
adjacent layers are held together by one potassium ion in
addition to ther—u interactions as shown in Figures 4 and

The extended structure 8fhas layers of four-membered
rings (parallelograms) as shown in Figure 7a. The distance
between the bromine atom and the carboxylate oxygen atom
is 3.184(9) A, indicative of strong hydrogen bonding. The
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described by Zaworotko et ale.g., one-dimensional linear
chains of HBDC, one-dimensional zigzag chains of nitroa-
niline, and two-dimensional sheets made of cyanuric acid-
4,4-bpy adducts).

Characterization. Vibrational Spectra. In the IR spec-
trum of 1, the broad band at 3400 ctindicates the presence
of guest water molecules, in agreement with the X-ray crystal
structure. Theas,(CO,) andvs(CO;) stretching vibrations
at 1533 and 1405 cm, respectively, show that all carboxylic
groups are chelating. In the IR spectra Dfand 2b, the
multiple vs,{CO,) stretching bands around 1400 chywhich
are typical for compounds with mixed coordination modes
of carboxylates, are due to the strong interaction of the
carboxylate oxygen atoms with the potassium ignhaf the
guanidinium ion 2b). The strong bands at 3367, 3187, 1680,
and 1666 cm! indicate the presence of the guanidinium ion
in compound2h. In the IR spectrum 08, the strong band at
1673 cnit indicates the presence of a weakly protonated
carboxylic group as indicated in the crystal structure. The
rather complicated set ofasyr{CO;) stretching bands at
1574-1371 cm? indicates the mixed coordination of the
carboxylates, chelating and monodentate, in addition to the
Figure 8. Structural similarity betweenBTC and UQ(BDC)1sand UQ- hydrogen bonding with the bromide group of BBEr.

(NDC). 5. : Thermal Analysis. Compoundl shows an immediate
weight loss on heating that is complete by 12D. This

bromid bsti I boxvl corresponds to the loss of the guest water molecules and
romide substituent pulls one carboxylate oxygen atom awayindicates that the interactions of these water molecules with

from the u_ran_ium atom, and the carquylate ligand switches o framework are weak. A second weight loss starts at
its coordination mode from chelating to monodentate, 200°c and shows a rather complicated weight-loss profile
allowing the fourth ligand to become involved in the thatis complete by 430C. Compound loses its guest water
coordination of the uranium atom leading to a (4,4) rather molecules slowly until 160C (obs. 4.88%, calcd. 5.41%)
than a (6,3) hexagonal net. The average interlayer distanceand decomposes to KUQ@ as identified by X-ray powder
i.e., the distance far—u interaction between the blue ring diffraction, in one step (onset at 400, completion at
and the red ring in Figure 7b, is 3.451(13) A. The hydrogen- 485°C; obs. 43.26%, calcd. 44.61%). The first weight loss,
bonded bulky bromine substituents and uncoordinated car-which ends at somewhat high temperature, indicates the
boxylate oxygen atoms occupy most of space in the (4,4) Strong interaction of the guest water molecules with the
net, preventing interpenetration. As in the cas@ ahd2b, potassium cation, confirming the X-ray structure. Compound

the stacking of layers througi—x interaction contributes 2P 10ses first its guest water molecule slowly until 150
to the stability of the framework. (obs. 2.77%, calcd. 2.69%) and shows an unexpected two-

step weight loss from 300 to 41°€. The total weight loss
Coordination frameworks with rigid bridging ligands can corresponds to the decomposition of framework to;(dbs.
form extended structures analogous to known simple hydrogen-54.52%, calcd. 54.58%). Compoufds stable up to 328C
bonded organic networks.In this example,1-2b have and also shows an unexpected two-step decomposition, which
similar structural arrangements to that of benzene tricar- is similar to that of compound and2b, to UQO; from 325
boxylate (trimesic acid, ¥BTC):32In HsBTC, the six rings to 450°C (total weight loss obs. 62.21%, calcd. 62.27%).
are formed by hydrogen bonding and the interpenetration is
more complex than that ith. The structural relationship is
illustrated in Figure 8, which shows the comparison between ~ The hydrothermal reaction of dicarboxylate ligands with
two hydrogen-bonded 4BTC units and two UG cations uranyl cation resulted in three extended frameworks with a

bridged by a BDC dianion. The average distance of one sidelNazleLgr;glge t;a;edoonltwo-led intgr?enetra';eo![ (3,3)6 r;ets,
of a six ring in KBTC, i.e., the distance between the sUO,BDC,52.5H,0 (1), and noninterpenetrated (6,3)

. . nets, KUGNDC; 52H,0 (2) and [C(NH,)3]JUO,NDC; 5H,0O
centrplds_of two benzene _rlngs connected by hydrogen (2b). On the other hand, compouBdUO,(HBDC—Br),, is
bonding, is 9.573 A. The distance between two uranium

a noninterpenetrated layer structure based on a (4,4) net
atoms ranges from 11.376(68) to 11.441(78) Afpt1.277-
(1) to 11.440(4) A for2, and 11.363(1) to 11.558(4) A for  (15) (a) Etter, M. CAcc. Chem. Res199Q 23, 120. (b) MacDonald, J.
2b. Other structural parallels between simple hydrogen- G Whitesides, G. MChem. Re. 1994 94, 2383, (c) Holman, K. T;

. R Pivovar, A. M.; Swift, J. A.; Ward, M. DAcc. Chem. Re2001, 34,
bonded organic structures and coordination polymers were  107.
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instead of a (6,3) net. Frameworks with channels as large asthe fourth carboxylate group to give four-coordinated vertices
that in1 (13 A) tend to adopt interpenetration or entangle- at the uranyl cation, leading to a (4,4) net. The bulky bromine
ment for maximum stability. In our study, we were able to substituent limits the space for interpenetration, and the layers
prevent interpenetration by the introduction of bulky sub- are stacked through the-z interaction of BDG-Br ligands.
stituents in the benzenedicarboxylate ligand, keeping the (6,3)The (6,3) honeycomb net structuresisf2b are related to

net topology in2 and 2b or changing the topology to the  the hydrogen-bonded network of benzenetricarboxylic acid.
(4,4) net in3. The stability of a structure with such a large The combination of BDC or NDC in which both carboxylate
channel in2 and 2b was maintained by stacking layers groups are bidentate, with hexagonal-bipyramidal,O&
through noncovalent interactions;-sr or CH—z interactions building units, provides the two- and three-coordinated

of phenyl rings in the ligand. The extra aromatic rings of yertices necessary to obtain this unusual network.
the NDC ligands together with the cations and guest water

molecules occupy enough space in the ring to prevent Acknowledgment. We thank the R. A. Welch Foundation
interpenetration. The bromide substituent3ns strongly for support of this work.

hydrogen bonded to a carboxylate oxygen ata®-6 = _ ) _ )
3.184 A) from the nearby BDEBr ligand. This hydrogen Supporting Information Available: X-ray crystallographic
bonding of one of the carboxylate oxygen atoms leads to adata, in CIF format, for the structures &f3. This material is
monodentate coordination mode instead of all chelating available free of charge via the Internet at http://pubs.acs.org.
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