Inorg. Chem. 2006, 45, 3582—3587

Inorganic:Chemistry

* Article

Structure, Luminescence, and Adsorption Properties of Two Chiral
Microporous Metal —Organic Frameworks

Qianrong Fang, Guangshan Zhu,* Ming Xue, Jinyu Sun, Fuxing Sun, and Shilun Qiu*

State Key Lab of Inorganic Synthesis & PrepavatiChemistry, Jilin Uniersity,
Changchun 130012, People’s Republic of China

Received October 20, 2005

Two 3D chiral multifunctional microporous MOFs, Zns(BTC),(DMF)3(H,0)+(DMF)(H20) (1) and Cd4(BTC)3(DMF),-
(H20)2+6(H20) (2) (HsBTC = 1,3,5-benzenetricarboxylic acid and DMF = N,N'-dimethylformamide), have been
synthesized in the presence of organic bases tributylamine (TBA) and triethylamine (TEA), respectively. 1
(CaoH3gN4018Zn3) crystallizes in the tetragonal P4;2;2 space group (a = 13.6929(19) A, ¢ = 50.664(10) A, v =
9499(3) A3, and Z = 8). 2 (Ca3H3oN20,5Cdy) crystallizes in the tetragonal P4;22 space group (a = 10.3503(4) A,
¢ = 52557(3) A, V = 5630.4(4) A% and Z = 4). X-ray crystallography reveals that 1 consists of a 3D open
framework with the (63),(6%-82-10?)(6-%8%), topology, but 2 exhibits a 3D open network with the (42-5),(4+45-196-87-482)
topology. The solid-state excitation—emission spectra show that the strongest excitation peaks for 1 and 2 are at
341 and 319 nm, and their emission spectra mainly show strong peaks at 410 and 405 nm, respectively. The
amounts adsorbed of 1 (2) are 169 mg/g (126 mg/g) for H,O, 137 mg/g (102 mg/g) for C,HsOH, and 133 mg/g (99
mg/g) for CH;OH, which are equivalent to the adsorption of about 62 (34) H,0, 20 (11) C,HsOH, and 28 (16)
CH3OH per unit cell, respectively.

Introduction VIM(OH){ O,C—CeH;—CO3} 4 (HO,C—CgHy—CO,H)-
(x~0.75) (MIL-47)13Li et al. synthesized a thermally stable,
nanoporous, organometallic structure, j®pdcy(bpy)
4(DMF)-(H20)] (IRPM-1), that exhibits a high sorption
capacity for large hydrocarbons over a wide temperature

The synthesis and characterization of metaiganic
frameworks (MOFs) have attracted much attention for their
enormous variety of interesting structural topologies and wide
potential applications as functional materials, such as poros- i X < b
ity, chirality, catalysis, luminescence, magnetism, conductiv- '@N9ge and superior size/shape selectivity for the in situ
ity, spin-transition (spin-crossover), and nonlinear optics Photolysis ofo-MeDBK. However, MOFs with multifunc-
(NLO).212 Recently, Feey et al. examined the magnetic and tionality are still very rare.

sorption properties of a large-pore, flexible, open framework, ©OVer the past decade, chiral metarganic frameworks
(MOFs) formed through self-organization using organic
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Properties of Chiral Mesoporous MetalOrganic Frameworks

for creating chiral materials, including the introduction of Preparation of Zn3(BTC)(DMF)3(H,0):(DMF)(H0) (1).
chiral ligands or chiral templates, the influence of the chiral Zn(NGOs)>*6H,0 (0.03 g, 0.1 mmol), 0.10 g (0.5 mmol) of BTC,
physical environment, and the spontaneous resolution without8-0 mL of DMF, 1.0 mL of ethanol (EtOH), and 1.0 mL of,@
any chiral auxilian?4-28 Usually, spontaneous chiral resolu- Were placed in a.25 'mL yial to form a solution gnQer stirring. After
tion is a peculiar phenomenon and has been found Onlysnrnng the_ s_olutlon in air for 1 h, we set the \_/lal in apeaker (200
occasionally in MOF£%%0 Recently, we synthesized an mL) containing a DMF solution (5 mL) of tributylamine (TBA,

. . - . 0.3 mL) and then sealed it and left it undisturbed at°60for 3
interesting layer chiral MOF, Co(PDC){R).+(H.0), with days. The resulting colorless block-shaped single crystdlsvafre

both right-handed and left-handed helical chains by using cqjiected in 70% yield on the basis of zinc. The complexes were
achiral ligand pyridine-2,5-dicarboxylic acid {ADC)* As stable in air and insoluble in common organic solvents such as
a sequel, we present here two novel 3D chiral microporous acetone, methanol, ethanol, dichloromethane, acetonitrile, chloro-
(pore diameterss 20 A)32 MOFs, Zn(BTC)y(DMF)3(H,0)- form, DMF, and DMSO. Elemental anal. Found: C, 38.31; H, 4.22;
(DMF)(H,0) (1) and Cd(BTC)s(DMF)o(H,0)-6(H:0) (2) N, 5.89. Calcd: C, 38.38; H, 4.08; N, 5.97. FT-IR (KBrj:3448
(HsBTC = 1,3,5-benzenetricarboxylic acid and DMN,N- (m), 2931 (w), 1658 (w), 1628 (s), 1574 (m), 1442 (m), 1373 (s),
dimethylformamide), built from achiral BTC ligands and 1257 (w), 1103 (m), 933 (w), 856 (w), 764 (m), 725 (m), 571 (w),
different metai-carboxylate clusters (Zn(ll) or Cd(ll)). Of ~ 940 (W) cnT™.

particular interest is that is a trinodal (3,4)-connected net Preparation of Cds(BTC)3(DMF)2(H20)26(Hz0) (2). 0.24 g
with two 4-connected nodes (square and tetrahedral SBUs)(C-8 mmol) of CA(NG)z-4H,0 (0.24 g, 0.8 mmol), 0.02 g (0.1

and one 3-connected (BTC ligand) node, and its Sthla mmol) of BTC, 10.0 mL of DMF, 5.0 mL of EtOH, and 2.0 mL of

. H,O were placed in a vial (25 mL) and dissolved under stirring.
2,92, L4Q2) .
Symb?' IS (6)4(6 8 102)(6 892 however, 2_ could be After stirring the solution in air for 1 h, we set the vial in a beaker
described as a binodal (3,8)-connected net with 8-connected; gp mL) containing a DMF solution (5 mL) of triethylamine (TEA,

(tetranuclear SBU of Cd4) and 3-connected (BTC ligand) 0.1 mL) and then sealed it and left it undisturbed at*60for 3
nodes, and its ScHlasymbol is (#-5),(4-45-1%:+87-%8). In days. The resulting colorless block-shaped single crystds\afre
addition, the fluorescence and adsorption propertiesifor collected in 65% yield on the basis of cadmium. The complexes
and 2 have also been examined. To the best of our were stable in air and insoluble in common organic solvents such
knowledge, multifunctional MOFs with both fluorescence as acetone, methanol, ethanol, dichloromethane, acetonitrile, chlo-

and adsorption properties are very limif&d. roform, DMF, and DMSO. Elemental anal. Found: C, 29.73; H,
2.04; N, 1.24. Calcd: C, 29.63; H, 1.99; N, 1.15. FT-IR (KB¥):
Experimental Section 3469 (m), 1612 (s), 1562 (s), 1437 (s), 1375 (s), 1107 (m), 935
(W), 773 (m), 725 (m), 594 (w), 523 (m) crh
Materials and Measurements.All reagents and solvents were Crystal Structure Determination. Diffraction intensities forl

commercially available and used as received without further and2 were collected on a computer-controlled Bruker SMART
purification. A Perkin-Elmer TGA 7 thermogravimetric analyzer  CCD diffractometer equipped with graphite-monochromated Mo
was used to obtain thermogravimetric analysis (TGA) curves in Ko radiation with radiation wavelength of 0.71073 A by using the
air with a heating rate of 8C min~. Powder X-ray diffraction  (-scan technique. The structures were solved by direct methods
(XRD) data were collected on a Siemens D5005 diffractometer with and refined with the full-matrix least-squares technique using the
Cu Ka radiation ¢ = 1.5418 A). Analyses for C, H, and N were  program SHELXTL3* Anisotropic thermal parameters were as-
carried out on a PerkinElmer analyzer. Infrared (IR) spectra were  signed to all non-hydrogen atoms. The hydrogen atoms were set
recorded (406-4000 cnt* region) on a Nicolet Impact 410 FTIR  in calculated positions. The crystallographic data, selected bond
spectrometer using KBr pellets. Adsorption measurements were|engths, and angles fdr and2 are listed in Tables43. CCDC-
conducted on a CAHN 2000 analyzer at room temperature. 274240 () and CCDC-2531322) contain the supplementary
crystallographic data for this paper. These data can be obtained
(20) Lehn, J. MSupramolecular Chemist)’CH: Weinheim, Germany, free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or
@1) %(?c?r? R.G. You. X. Z- Abrahams. B. E.- Xue. Z. Che. C.Ahgew from the Cambridge Crystallographic Data Centre, 12 Union Road,
Chom Int. EQ2001 40, adag T e £ TN ARG cambridge CB21EZ, UK. fax: (44) 1223-336-033; e-mail:

(22) Sun, J.Y.; Weng, L. H.; Zhou, Y. M.; Chen, J. X.; Chen, Z. X.; Liu, deposit@ccdc.cam.ac.uk).
Z. C.; Zhao, D. Y.Angew. Chem., Int. ER002 41, 4471.

(23) Lin W. B.J. Solid State Chen2005 178 2486.

(24) shi, X.; Zhu, G. S.; Qiu, S. L.; Huang, K. L.; Yu, J. H.; Xu, R. R.
Angew. Chem., Int. EQR004 43, 6482.

Results and Discussion

(25) Carlucci, L.; Ciani, G.; Proserpio, D. M.; Rizzato,Ghem. Commun. _ Synt_heSiS and Crystal StrUCture_S- land2 were synthe-
2000 1319. _ _ sized in the presence of organic bases TBA and TEA,

(26) ?965”&03[3’ %"gé'lv'tta"ll’wu’ D.; Yang, Xngew. Chem., Int. Bd. ragpactively. In a typical procedure for synthesizihga

(27) Ezuhara, T.; Endo, K.; Aoyama, ¥. Am. Chem. Sod.999 121, mixture of Zn(NQ),-6H,O with BTC was prepared with a
3279. . o o

(28) Biradha, K.; Seward, C.; Zaworotko, M. Angew. Chem., Int. Ed. 15 metal to-ligand ratio in DMF/EtOH/N)’ ?’nd a DMF
1999 38, 492. solution of TBA was then allowed to diffuse into the above

(29) Jacques, J.; Collet, A.; Wilen, S. HEnantiomers, Racemates and  mixture at 60°C to deprotonate the acid and initiate the
ResolutionsKrieger Publishing Company: Malabar, FL, 1994.

(30) Peez-Garca, L.. Amabilino, D. B.Chem. Soc. Re 2002 31, 342. copolymerization process. After the reaction solution stood
(31) Tian, G.; Zhu, G. S;; Yang, X. Y.; Fang, Q. R.; Xue, M.; Sun, J. Y.;  for 3 days, colorless block-shaped crystald efere collected
wei, van, Qiu, S. L.Chem. Commur2005 1396. in 70% vyield on the basis of zinc. The synthesis2ofvas

(32) IUPAC Manual of Symbols and Terminologhkppendix 2, Part |,
Colloid and Surface Chemistrfgure Appl. Chem1972 31, 578.

(33) Reineke, T. M.; Eddaoudi, M.; Fehr, M.; Kelley, D.; Yaghi, O. 3. (34) Sheldrick, G. MSHELXTL Version 5.1 Software Reference Manual
Am. Chem. Sod999 121, 1651. Bruker AXS. Inc.: Madison, WI, 1997.
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Table 1. Data Collection and Processing Parameterslfand 2

1 2
formula GoH38N40187Nn3  CasHadN2026Cdy
fw 938.79 1361.31
T(K) 293(2) 293(2)
cryst syst tetragonal tetragonal
space group P4,2,2 P4522
a(A) 13.6929(19) 10.3503(4)
c(A) 50.664(10) 52.557(3)

V (A3) 9499(3) 5630.4(4)

z 8 4

o (glcn®) 1.307 1.483

u (mmY) 1.567 1.555

F(000) 3808 2428

Flack param 0.38(2) -0.02(5)

6 (deg) 1.21-28.22 1.97-28.14

index ranges —-13<h=<17, —-12<h=<13,
—18< k= 18, —13<h=13,
—64<1<56 —54<h=<69

no. of refins. collected 58564 34228

no. of ind. reflns. 11110 6540

data/restraints/params 11110/52/496 6540/41/282

GOF onF? 1.079 1.015

R1,2WRL [I > 20(1)] 0.0761, 0.2000 0.0417,0.1234
R1, WR; (all data) 0.1081, 0.2191 0.0460, 0.1256
largest diff. peak and hole (e &) 1.611 and-0.520 1.698 and-0.600

ARy = J||Fol — IFll/|Fol. PWR2 = [IW(Fe? — FA)ZyW(F2)?Y2.

Table 2. Selected Bond Lengths (A) and Angles (deg) f8r

Zn(1)-0(11A) 1.988(3) Zn(20(9D) 2.067(3)
Zn(1)-0(7) 2.003(3) Zn(2yzn(2C) 2.9550(10)
Zn(1)-0(1) 2.036(3) Zn(3y0(12A) 2.048(3)
Zn(1)-0(6B) 2.041(3) Zn(3y0(14) 2.046(4)
Zn(1)-0(5B) 2.405(4) Zn(3)0(17) 2.067(4)
Zn(2)-0(15) 1.976(3) Zn(3Y0(8) 2.130(3)
Zn(2)-0(10B) 1.987(4) Zn(3YO(1) 2.135(3)
Zn(2)-0(3C) 2.049(4) Zn(3Y0(13) 2.167(4)
Zn(2)-0(4) 2.065(3)

O(7)-Zn(1)-O(1)  103.84(13) O(1AZn(3)-O(1) 92.00(16)
O(15)-Zn(2)-0(4)  102.61(14) O(8YZn(3)-O(1)  92.31(13)

O(14)-Zn(3)-0(17)
O(14y-Zn(3)-0(8)
0(17)-Zn(3)-0(8)
0(14)-zn(3)-0(1)

88.48(18) O(14)Zn(3)-0(13) 91.14(16)
87.34(15) O(17Zn(3)-0(13) 86.48(19)
172.66(17) O(8yzZn(3)-0O(13) 87.57(16)
178.66(14) O(HZn(3)-0(13)  90.14(14)

aTransformations were as follows: A —x + 5,y + Y5, —z+ 14, B

=X+, y+ls—z+Yy C=-y+1-x+1,-z+YD=-y+
1/2, X — 1/2, z+ 1/4.

Table 3. Selected Bond Lengths (A) and Angles (deg) #8r

Cd(1)-0(9A) 2.217(5)  Cd(20(10) 2.318(7)
Cd(1)-0(1) 2.245(4) Cd(zr0(11) 2.300(6)
Cd(1)-O(2B) 2.255(4) Cd(2Y0(8) 2.350(4)
Cd(1)-0(7) 2.309(4) Cd(2)O(6C) 2.405(4)
Cd(1)-0(5C) 2.363(4) Cd(2)0(7) 2.427(4)
Cd(1)-0(6C) 2.415(4) Cd(2yO(3D) 2.449(5)
Cd(2)-0(4D) 2.273(4)

O(1)~Cd(1)-0(7) 92.68(15) O(10}Cd(2-0O(7) 87.8(2)
O(10)-Cd(2-0O(11) 170.2(3)  O(1BCd(2-0(7) 81.6(2)
O(10)-Cd(2-0O(8)  85.2(3)  O(8Y-Cd(2-O(7)  54.28(14)
O(11)-Cd(2-0(8)  88.2(3)

aTransformations were as follows: Ax,y+1,zB=—-x+1,y,—z
+2,C=—xYy,-z+2,D=y—1,—x+1,z2+ Y,

the same as that fdr but substituting Cd(Ng)2*4H,O for

Zn(NG;),*6H,0 and TEA for TBA, respectively; the yield
was 65% on the basis of cadmium. Though not observed in
the crystalline structure, TBA and TEA can play depro-

tonating reagents and some structure-directing ¥olehe

control reaction without using TBA fat but using another
base (such as TEA) instead will result in another 3D

3584 Inorganic Chemistry, Vol. 45, No. 9, 2006
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Figure 1. ORTEP drawing (at a 50% probability level) of the coordination
environment of zinc ions irl. (For clarity, the H atoms and one BTC
molecule, except for a carboxylate group, are not shown.)

compound under the same conditions. Similarly, the
synthesis without using TEA fo? but using another base
(such as TBA) will result in a new 1D compouftThe
complexes ofl and 2 were stable in air and insoluble in
common organic solvents such as acetone, methanol, ethanol,
dichloromethane, acetonitrile, chloroform, DMF, and DMSO.
X-ray crystallography reveals thatrystallizes in a chiral
space grouP4,2;2 (No. 92) and consists of a 3D open
framework with the (8),(6%-8%-107)(6-8?), topology?3® The
fundamental building unit of contains four zinc ions, seven
crystallographically equivalent BTC ligands, four DMF, and
one HO (Figure 1). The Zn1 center is coordinated by five
oxygen atoms (01, O5A, O6A, O7, and O11A) from four
different BTC ligands. The Zn3 center adopts distorted
octahedral coordination geometries with six oxygen atoms
from three different BTC ligands (O1, 08, and O12A), two
DMF (013 and O14), and one,B (017). The Znl and
Zn3 centers are bridged through three carboxylate groups to
construct tetrahedral secondary building units (SBUs). Dif-
ferent from Znl and Zn3 centers, Zn2 and Zn2A centers are
linked by four carboxylate groups (03, O3A, 04, O4A, O9B,
09C, 010B, and 010C) from four distinct BTC ligands into
the paddle-wheel cluster motif, and each of them completes
its octahedral coordination geometries with an axial DMF
(015 or O15A) opposite to the ZrzZn vector. Clearly, Zn2
and Zn2A centers coordinated to four carboxylate groups
can act as square SBUSs. In addition, the dihedral angles of

(35) Tian, Y. Q.; Cai, C. X.; Ji, Y.; You, X. Z.; Peng, S. M.; Lee, G. H.
Angew. Chem., Int. EQ002 41, 1384.

(36) Crystal data for Z#O(BTC)(DMF): Ca1H1ZnsNOy4, Mr = 699.47,
space group4 cm, tetragonala = 20.4518(13) Ac = 17.813(2) A,
V = 7451.0(12) R, Z =8, D, = 1.276 g cm3, u(Mo—Ka) = 1.969
mm~1, F(000)= 2848, the finaR1 (WR2) = 0.0509 (0.1450) for 3608
reflections withl > 20(1).

(37) Crystal data for CQBTC)4(HQO)4'23(H20): C3eH6e.Cd2051, Mr =
1539.71, space groui, triclinic, a = 9.6670 A,b = 10.0954 Ac
= 16.3370 A, a = 81.249, B = 77.640, y = 69.633, V =
1454.81(15) A Z = 1, D = 1.695 g cm3, u(Mo—Ka) = 0.855
mm~%, F(000)= 732, the finalRl (WR2) = 0.048 (0.1315) for 5845
reflections withl > 20(1).

(38) Although we did not find its enantiomer, the bulk bfshould be
racemic and may contain bof¥,2,2 andP432,2 crystals.
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Figure 3. Schematic illustration of the #5(6%-8%-10?)(6-8%), topology
of the 3D network ofl. Color code: green balls, square SBUSs; purple balls,

Figure 2. View along the [100] direction showing elliptical channels with tetrahedral SBUs; pink balls, 3-connected BTC ligands.

about 9.6x 11.9 & of 1. The square and tetrahedral SBUs built from two .
zinc centers and four carboxylate groups of BTC ligands are shown at the tetrahedral SBUs) and one 3-connected (BTC ligand) node,

tCOP Iienflt(and right corners, respectively. The color code: Zn, green; O, red; gnd its Schildi symbol is (6%)4(62.82.102)(6.482)2 (the first
i symbol represents the BTC ligand, the second the square

BTC ligands between benzene rings and their carboxylate SBY: @nd the third the tetrahedral SBU; Figure"3)"
groups are between 9.4 and 39i@ 1, which is apparently The structure determination & shows that it is not
induced by their coordinated forms. The tetrahedral and enantiopure but a case of winning by invgr_sion with Flack
square SBUs are interconnected by distorted BTC Iigands,o'g’8 (spacg grou944322, NE" ?Og)sarldzexmblts a f;D open
thereby generating a 3D chiral extended network with Nework with the (25)(4-°5-%6-%7-%6%) topology™ The
elliptical channel dimensions of ca. 9:611.9 & (measured ~ fundamental building unit o2 contains two cadmium ions,

between opposite atoms) viewed along the [100] or [010] SiX crystallographically equivalent BTC ligands, one DMF,
directions (Figure 2): the void space is filled with three 2nd one HO (Figure 4). The Cd1 center adopts a distorted

coordinated DMF, one coordinated,®, one guest DMF octahedral coordination geometry with six oxygen atoms (O1,
and one guest O, as established by elemental analysis and ©2A: 058, 06B, 07, and 09A) from five distinct BTC -
thermogravimetric analysis (TGAS. The effective free ligands occupying each coordination site. The Cd2 center is
volume of1 is calculated by PLATON analyssas being ~ coordinated by seven oxygen atoms: five (O3C, O4C, O6B,
22.5% (0.17 mL/g) of the crystal volume (2137 Aut of 07, and 08) from three different BTC ligands, one (010)
the 9499 & unit cell volume). When removing DMF and 0™ DMF, and one (O11) from 4D. In this structure, the
H,O molecules, we computed its effective free volume as dihedral angles of BTC ligands are between 4.3 and®23.0

being 24% (0.18 mL/g) by PLATON analysis of the crystal Interestingly, two types of pores with diameters of about 4.1
volume (2278 & out of the 9499 A unit cell volume). and 7.2 A around the cadmium atoms are formed on those
A better insight into the nature of the involuted framework 4 screw axes at the origin and face center of each unit (_:ell,
can be achieved by the application of a topological approach,re_SpeCt'Vely'_ and the ”!'dd'e sect|o_ns of those pores are filled
i.e., reducing multidimensional structures to simple node- W_'th BTC Ilgan(_:i_s (Figure 5.) viewed alo_ng the [001].
and-connection nets. As discussed above, square SBUs (anlrectlon. In agdlthn, thos_e distorted BTC ligands coordi-
and Zn2A centers) and tetrahedral SBUs (Znl and Zn3 natc_ad to c;at_jmmm ions build up the 3D ope? framework of
centers) are defined as 4-connected nodes. Likewise, BTCi with elliptical _channels of.ca. 3'4(I 11.36& (measured
ligands ligating with three SBUs (square or tetrahedral) can dgtwe_en opppsne atoms)dwer:/ve along the [10(;1'05 [0,1?]]
act as 3-connected nodes. On the basis of the simplification wecﬂonz' (F|g(lere 6), and t edyacanC|es a;e e wit
principle, the resulting structure of compouhd a trinodal two coordinated DMF, two coordinated;€, and six guest
(3,4)-connected net with two 4-connected nodes (square an(:141) Wells, A. F.Further Studies of Three-Dimensional Nefsnerican
Crystallographic Association (distributed by Polycrystal Book Ser-

(39) The TGA curve forl shows that the weight loss of 9.63% during the vice): New York (Pittsburgh, PA), 1979.
first step between 80 and 13C corresponds to the loss of a guest  (42) Wells, A. F.Three-Dimensional Nets and Polyhedi&iley: New
H,O and a guest DMF (calculated 9.71%), and the weight loss of York, 1977.
25.26% during the second step between 150 and’@l&orresponds (43) Blake, A. J.; Champness, N. R.; Hubberstey, P.; Li, W. S.; Withersby,
to the loss of one coordinated,® and three coordinated DMF M. A.; Schrader, M. Coord. Chem. Re 1999 183 117.
(calculated 25.28%). Decomposition bbegan above 400C. The (44) Delgado-Friedrichs, O.; O’'Keeffe M.; Yaghi, O. Mcta Crystallogr.,
residue was ZnO (experimental26.02% and calculated 26.00%). Sect. A2003 59, 22.

(40) van der Sluis, P.; Spek, A. |Acta Crystallogr, Sect. A199Q 46, (45) Although we did not find its enantiomer, the bulk®$hould also be
194. racemic and may contain bof,22 andP4322 crystals.
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Figure 4. ORTEP drawing (at a 50% probability level) of the coordination
environment of cadmium ions ix (For clarity, the H atoms and two BTC
molecules, except for two carboxylate groups, are not shown.)

Figure 6. Infinite three-dimensional coordination framework 2fwith
elliptical channels of about 6.4 11.3 A viewed along the [100] direction.
The tetranuclear SBUs built from four cadmium centers, eight BTC ligands
(exhibiting only their coordinated carboxylate groups), two DMF (exhibiting
only their oxygen atoms), and two,8 are shown at the top. Color code:
Cd, blue; O, red; C, pink.

Figure 5. Packing diagram of viewed along the [001] direction. Color

code: Cd, blue (ball); O, red; C, pink. Figure 7. Schematic illustration of the {45)y(4-45-196-87-48?) topology

of the 3D network of2. Color code: blue balls, 8-connected SBUs; blue

. . lines, bridging BTC ligands; pink balls, 3- ted BTC ligands.
H,0, as established by elemental analysis and TF&GBy nes, briaging 1gands: pink batls, S-connecte 1gands

PLATON analysis, we calculated the effective free volume  Fluorescence Properties.The solid-state excitation

of 2 as being 36.6% (0.25 mL/g) of the crystal volume (2063 emission spectra of and 2 have been studied at room
A2 out of the 5630 A unit cell volume), and the effective  temperature (Figure 8). The strongest emission peak for the
free volume reaches 41.8% (0.28 mL/g) of the crystal volume free BTC is at 370 nm with the excitation peak at 334 nm.
(2356 A out of the 5630 Aunit cell volume) without DMF |t is attributed to ther* — n transitions?” Compared with
and HO molecules. the free BTC, the strongest excitation peaksX@nd?2 are

As shown in Figures 6 and 7, one tetranuclear SBU at 341 and 319 nm, and their emission spectra mainly show
(Cd2.Cd1.Cd1.Cd2) is surrounded by 12 molecules, i.e., 8 strong peaks at 410 and 405 nm, respectively. The emissions
BTC, 2 DMF, and 2 water ligands. As they are end-capping of 1 and2 are very similar to the free ligand transitions and
units, 2 DMF and 2 water ligands are disregarded from a may be chiefly ligand-centered electronic transitions per-
topological perspective; this, therefore, defines the tetra- turbed by the coordination to metal ions rather than to
nuclear SBU as an 8-connected node. In addition, two of protons. The difference in their emissions is probably due
eight BTC ligands bridge two tetranuclear SBUs, and other to the differences in metal ions and coordination environment
BTC ligands serve as 3-connected nodes. In this structure,
the ratio of 3-connected BTC and tetranuclear SBU is 2:1. (46) The TGA curve of shows that the weight loss of 21.35% from 30

. . . to 260°C is attributed to the loss of six guest®, two coordinated

So the resulting structure of compouds a binodal (3,8)- H,0, and two coordinated DMF (calculated 21.33%). Decomposition
connected net with the S¢filiasymbol (47-5),(4-45-1%6-87-482) of 2 began at about 338C. The residue was CdO (experimental
(the first symbol is for 3-connected BTC and the second for -, %7h2ﬁ%v\?nsvgi'§“'f‘t$# ¥ e Q. Yuan, H. M. Chen, J. S..
tetranuclear SBU). Wang, S. N.Inorg. Chem 2003 42, 944.
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Figure 8. Solid-state excitationemission spectra of (a) the free BTC, P/P
0
(b) 1, and (9 2 at room temperature.
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Figure 10. Adsorption isotherms foR at room temperature.
250

for 1 and 2 in the rangeP/P, > 0.6 can be attributed to
adsorption on the external crystallite surfagdét the first
. D/D/” /A/ saturation, the amounts dfadsorbed are 169 mg/g for8,
150 " /A/o/o 137 mg/g for GHsOH, and 133 mg/g for CEDH, which
/ /A/A//OA/O are equivalent to the adsorption of about 620 20
C,HsOH, and 28 CHOH per unit cell, and the amounts
1004 //° sorbed of2 are 126 mg/g for KO, 102 mg/g for GHsOH,
] and 99 mg/g for CHOH, which are equivalent to the
adsorption of about 34 #, 11 GHsOH, and 16 CHOH
per unit cell. It is worth noting that each of the solvents
examined occupies the approximate crystal free volume (0.17
mL/g for 1 and 0.13 mL/g fo2) as measured at the plateau
00 02 04 06 08 10 region. Compared with their calculated free volumes by
P/P, PLATON program, the free volume df is similar to its
calculated value (0.18 mL/g) but the free volume 2ofs
less than its calculated value (0.28 mL/g), becaRdes

around them, because the photoluminescence behavior igollapsed partially after being heated at 8D for 6 h to
Closely associated with the metal ions and the Iigands remove the included solvent molecules.

coordinated around theff*®These observations suggest that In conclusion, we have Successfu"y Synthesized two new

polymersl and2 will be candidates for potential photoactive 3D chiral microporous MOFs, ZBTC)y(DMF)s(H20)-
material>®>* (DMF)(H.0) (1) with (6)4(6%8%10%)(6+%89), topology
Adsorption Properties. The adsorption isotherms fdr and Cd(BTC)s(DMF)»(H:0)*6(H;0) (2) with (42-5),-
and2 were also measured at room temperature. Before the(4.45.106.87.482) topology, constructed from achiral BTC
measurement, the samplesladnd2 were soaked in CCl, ligands coordinated to zinc or cadmium ions in the presence
for 48 h and then heated at 8C for 6 h toremove the  of organic bases TBA and TEA, respectively. In addition,

included solvent molecules. The powder X-ray diffraction these two MOFs exhibit both fluorescence properties and
patterns of exchanged products foand2 were identical to  substantial adsorption behaviors.

those of their as-synthesized polymers, only with weakened )

intensities. As shown in Figures 9 and 10, type | behaviors . Acknowledgment. This research was supported by grants
in the rangeP/P, = 0—0.6 are observed for the adsorption from the State Basic Research Project (G2000077507) and
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Figure 9. Adsorption isotherms fot at room temperature.
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