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A 0D discrete molecule [Co(3,5-pdc)(H.0)s]+2H,0 (1) was obtained in quantitative yield from the reaction of CoCl,+
6H,0 and pyridine-3,5-dicarboxylate (3,5-pdc) in pure water solvent at ambient temperature. While a 1D zigzag
chain species, [{ Co(3,5-pdc)(H,0)4} -H,0], (2), was produced in a water-rich environment, a 2D layer compound,
[Co(3,5-pdc)(H.0),], (3), with a 6° topology was generated under a water-reduced condition and a 2D sheet structure,
[{ Cu(3,5-pdc)(py),} -H20-EtOH], (4), was formed under a water-poor condition. Compounds 1, 2, and 4 were
characterized by single-crystal X-ray diffraction analysis. The 1D zigzag chain 2 shows a recoverable collapsing
property. Compound 4 adopts a 2D sheet structure with a 4-82 topology, observed for the first time for the 3,5-
pdc-related metal—organic frameworks. Water content was found to be an important factor in determining the
topologies of the products in the self-assembly of divalent metal ions (Co?*, Cu?*) and pyridine-3,5-dicarboxylate
under mild conditions.

Introduction robust, thermally stable polymeric networks with large pores
have been generaté&®However, the control of the orienta-
tion and stereochemistry of the building units in the solid-
state continue to be an obstacle in the preparation of a given
molecular topology and architecture.

Although the self-assembly of extended organic/inorganic
hybrid frameworks has been the subject of extensive study
over the years;, ® the controlling factors and the experimental
conditions for the preparation of functional materials are not
completely understood. The design and utilization of mo- (2) (a) Long, D.-L.; Hil, R. J.; Blake, A. J.; Champness, N. R;
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tural information and functionality promises to offer an S0c.2002 124, 14298. (c) Tong, M.-L.; Chen, X.-M.; Ye, B.-H.; Ji,
efficient solution to this challenging probletd On the basis L.-N. Angew. Chem., Int. Ed. Endl999 38{1 2237. (d) Jiang, Y.-C.;
of metal-carboxylate cluster (MO.C—)y) building units, \\/(Vea;]rng’._ST'_;L'\’,vbej%'__Syl;F\',’\,ég” '\((gmc,’_':% g?_'sz%a? 32 %gfly(f%;
Lu, K.-L. Dalton Trans.2005 656.
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T Academia Sinica. 38, 273. (c) Yaghi, O. M.; O’'Keeffe, M.; Ockwig, N. W.; Chae, H.
* National Changhua University of Education. K.; Eddaoudi, M.; Kim, JNature2003 423 705. (d) Eddaoudi, M.;
§ National Chung Cheng University. Moler, D. B.; Li, H.; Chen, B.; Reineke, T. M.; O’Keeffe, M.; Yaghi,
#Chinese Culture University. O. M. Acc. Chem. Reg001, 34, 319. (e) Kitaura, R.; Onoyama, G.;
Y National Taiwan Normal University. Sakamoto, H.; Matsuda, R.; Noro, S.-i.; KitagawaABgew. Chem.,
(1) (a) Lehn, J.-M.; Atwood, J. L.; Davies, J. E. D.; MacNicol, D. D.; Int. Ed. 2004 43, 2684. (f) Dong, Y.-B.; Smith, M. D.; zur Loye,
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2001, 101, 1629. (d) Swiegers, G. F.; Malefetse, T.Chem. Re. Ed. 2004 43, 1466.
200Q 100, 3483. (e) Hosseini, M. WAcc. Chem. Re2005 38, 313. (4) (a) Lehn, J.-MScience2002 295, 2400. (b) Lehn, J.-MProc. Natl.
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Self-Assembly of MetatOrganic Frameworks

Water is an important medium in enzymatic processes. elemental analyzer. Powder X-ray diffraction (PXRD) data were
For example, it is a key participant in the oxygenation recorded on a Siemens D5000 diffractometer at 40 kV, 30 mA for
chemistry of enzyme&:? A deficiency of water can cause Cu Ka (2 = 1.5406 A), with a step size of 0.02n 6 and a scan
serious problems in a biological system. The nonflammable SPeed 01 s per step size.
and nontoxic nature of water supports milder, safer, and more _ SYNthesis of [C0(3,5-pdc)(HO)e]-2HzO (1). CoCh-6H,0 (0.30
environmentally friendly reaction conditions than traditional mmol), 3,5-Hpdc (0.30 mmol), and KOH (0.30 mmol) were

. o . dissolved in 20 mL of HO. The aqueous solution was then stirred
organic solvents? Although solvent effects are important for 0.5 h at room temperature. After the solution was allowed to

factors in determining the frameworks of coordination giang for 1 day, orange crystals of [Co(3,5-pdeidh]-2H,0
polymers' and in affecting the shape, size, and phase (1) were obtained in a quantitative yield. Anal. Calcd for
formation of mineral modificatio”? the effect of water  C;H;,CoNO.: C, 24.01; H, 4.89: N, 4.00. Found: C, 23.41; H,
content on the self-assembly of supramolecular entities has4.35; N, 3.87.

been addressed to a lesser extéitSome recent investiga- Synthesis of [Co(3,5-pdc)(HO)4} *H-0], (2) and [Co(3,5-
tions reported that the composition of reaction media featurespdc)(H20)z]n (3). A solution of CoC}-6H,0O (0.20 mmol) in EtOH
some interesting resulté215> For example, the diverse (95%, 2 mL) was slowly layered on the top of a mixture of EtOH
geometries of carboxylate-rich diiron units could be accom- and FO (1:5, middle), and an aqueous solution (2 mL, bottom) of
modated depending on the amount of water availabieg 3,5-Hpdc (0.20 mmol) and KOH (0.50 mmol) at room t;amp_erature.
the selective synthesis of orthorhombic and hexagonal phases? range crystals of{Co(3,5-pdc)(HO)4} -H:Ol, (2, 61% yield,

. major product) and pink crystals of [Co(3,5-pdc)(®2] . (3, 12%,
of CeOHCQ, as well as cubic Cefxrystals, are found to minor product) were obtained after approximately a week. Anal.

be strongly dependent on the ethanol/water ratio in the -4 for GH1sCoNO, (2): C, 26.75; H, 4.17: N, 4.46. Found:
system*? We report herein on the influence of water content ¢ 26 44: H, 3.94: N, 3.97.

on the topologies of metalorganic networks that are self- Controlled Self-Assembly of [ Co(3,5-pdc)(H0)4} *H-0]x (2)
assembled from pyridine-3,5-dicarboxylate (3,5-pdc) and and [Co(3,5-pdc)(HO)], (3). Fine-tuning of the water content in
divalent metal ions (Cd, Cw?*) under mild conditions. self-assembly reaction systems was found to be an effective
technique for controlling the ratio of product$§do(3,5-pdc)-
Experimental Section (H20)4} -H2QO], (2) and [Co(3,5-pdc)(ED).], (3). Orange crystals

) ) of 2 could be obtained without the presence by carefully
Materials and Instruments. Chemical reagents and solvents layering an ethanolic solution of Co@H,0 on the top of an
were purchased commercially and were used as received withoutaqueous solution of 3,54ddc and KOH. On the other hand, if an
further purification. Thermogravimetric (TG) analyses were per- gihanolic solution of CoGI6H,0 was carefully layered on the top
formed under nitrogen with a Perkin-Elmer TGA-7 TG analyzer. ¢ 5 solution of 3,5-bpdc and KOH in ethylene glycol and EtOH,
Elemental analyses were conducted on a Perkin-Elmer 2400 CHNpink crystals of3 were produced in the absence of compo@nd

Synthesis of { Cu(3,5-pdc)(py)} -H20-EtOH] , (4). A solution

(5) 82 eArgralr;]atlmEsazBégé: 2@”122@“”(5 %Cef;arg, g-.%h*?a%gsogéﬁzwh ~ of Cu(NOy)2+3H,0 (1.01 mmol) in EtOH (95%, 20 mL) was slowly
Jun, S. 1.; Oh, J.; Jeon, Y. J.; Kim, Klature 200Q 404, 982. (b) layered on top c_)f_a solution of 3,5;pdc (1.01 mmol) in benzeng
Chui, S. S.-Y.; Lo, S. M.-F.; Charmant, J. P. H.; Orpen, A. G.; (20 mL) and pyridine (py, 1 mL) at room temperature. The resulting
Williams, 1. D. Sciencel999 283 1148. (c) Holiday, B. J.; Mirkin, blue crystalst were isolated in a 33% yield (based on the copper)

C. A. Angew. Chem., Int. E®001, 40, 2022. (d) Lu, K.-L.; Chen, . . .
Y.-F.: Liu, Y.-H.: Cheng, Y.-W. Liao, R.-T.. Wen, Y.-SCryst. after 10 days. Anal. Calcd for,;gH,1:CuN;Og: C, 50.61; H, 4.69;

Growth Des.2005 5, 403. (e) Liu, Y.-H.; Wu, H.-C.; Lin, H.-M.; N, 9.32. Found: C, 50.47; H, 4.48; N, 9.49.
Hou, W.-H.; Lu, K.-L. Chem. Commur2003 60. Crystallographic Determination. Suitable single crystals df,

(6) (a) Zhao, B.; Yi, L.; Dai, Y.; Chen, X.-Y.; Cheng, P.; Liao, D.-Z.; i i i i _
Yan, S-P.: Jiang, 7.-Hnorg. Chem 2005 44 911, (b) de Lill, D 2_, and4 were selected for indexing and the c_oIIecnon qf inten
T.. Gunning, N. S.; Cahill, C. Linorg. Chem.2005 44, 258. () sity data. Measurements were performed using graphite-mono-

Zheng, X.; Sun, C.; Lu, S.; Liao, F.; Gao, S.; Jin,Eur. J. Inorg. chromatized Mo K radiation ¢ = 0.71073 A) on a Siemens P4

Chem.2004 3262. (d) Pan, L.; Woodlock, E. B.; Wang, X.; Zheng,  diffractometer forl, on an Enraf-Nonius CAD4 diffractometer
C. Inorg. Chem.200Q 39, 4174. (e) Liu, Y.-H.; Lu, Y.-L.; Wu,

H.-C.; Wang, J.-C.; Lu, K.-LInorg. Chem 2002 41, 2592. for 2, gnd on a Bruker SMART CCD 1000 diffractometer tr
(7) Yoon, S.; Lippard, S. . Am. Chem. So®004 126, 16692. Intensity data for, 2, and4 were collected at 153(2), 293(2), and
(8) Wallar, B. J.; Lipscomb, J. DChem. Re. 1996 96, 2625. 273(2) K, respectively, with the—26 scan method. Direct methods

(9) (a) Gherman, B. F.; Dunietz, B. D.; Whittington, D. A.; Lippard, S. ;
3 Friesner, R. AJ. Am. Chem. So@001 123 3836. (b) Gherman, were used to solve the structures of compouhd® and4 using

B. F.; Baik, M.-H.: Lippard, S. J.; Friesner, R. &. Am. Chem. Soc.  the WINGX' and SHELX-9%" program packages. Structural

2004 126, 2978. _ refinements were done by the full-matrix least-squares method on
(10) ((:ah)a't\t/l;?::eA Ki\h;gbgyfhlé tf;gig};‘f;;- g- nggZ L%ttzuz)ggé (E?) F2. All non-hydrogen atoms were refined anisotropically. All of
3967. (c) Ma. Y.: Liu, H.: Chen. L.: Cui, X.: Zhu. J.: De'ng’Org’. the C-H hydrogen atoms of the guest solveljtsilmd the aromapc
Lett. 2003 5, 2103. (d) Takami, K.; Yorimitsu, H.; Shinokubo, H.;  C—H hydrogen atoms id, 2, and4 were assigned by geometrical
Matsubara, S.; Oshima, tOrg. Lett. 2001, 3, 1997. (e) Shie, J.-J.;  calculation. Experimental details for X-ray data collection and the

Fang, J.-M.J. Org. Chem2003 68, 1158.

(11) (a) Lee, I. S.; Shin, D. M.; Chung, Y. KChem—Eur. J. 2004 10,
3158. (b) Hannon, M. J.; Painting, C. L.; Plummer, E. A.; Childs, L. P .
J.; Alcock, N. W.Chem—Eur. J. 2002 8, 2225. Results and Discussion

12 ESf”J 56?01“1'03-3'350\(“' B.. Ren, L. Yao, W./'l@m, H. Chem:= Synthesis and Structural Description. Reaction of

refinements ofl, 2, and4 are given in Table 1.

(13) Hagen, K. S.; Lachicotte, R. Am. Chem. Sod992 114, 8741. CoCh-6H,0 with pyridine-3,5-dicarboxylic acid (3,54ddc)
(14) Coucouvanis, D.; Reynolds, R. A., lll; Dunham, W.RAm. Chem.
Soc.1995 117, 7570. (16) Farrugia, L. JJ. Appl. Crystallogr.1999 32, 837.
(15) Tho, I.; Kjgniksen, A.-L.; Nystnm, B.; Roots, JBiomacromolecules (17) Sheldrick, G. M.SHELX-97 University of Gdtingen: Gitingen,
2003 4, 1623. Germany, 1997.
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Table 1. Crystal Data and Structure Refinements 1012, and4

1 2 4
empirical formula  GH;7CoNQOy;; C/H13CoNQy  CigH21CuNsOg
fw 350.15 314.11 450.93
cryst syst orthorhombic monoclinic monoclinic
space group Cma; P2,/c P2i/n
a(h) 11.725(2) 11.389(2) 8.7642(16)
b (A) 15.846(3) 7.1010(14) 19.750(3)
c(A) 6.9780(14) 15.687(3) 11.4116(16)
o (deg) 90 90 90
p (deg) 90 116.33(3) 100.492(2)
y (deg) 90 90 90
V (A3) 1296.5(4) 1137.0(4) 1942.24(50)
z 4 4 4
T (K) 153(2) 293(2) 273(2)

2 (A) 0.71073 0.71073 0.71073
Dcaica (g/CrT?) 1.794 1.835 1.542

u (mm-Y) 1.382 1.552 1.167
F(000) 724 644 932
R1a[1 > 20(1)] 0.0373 0.0289 0.0643
WR22 [ > 20(1)] 0.0980 0.0856 0.1751
R12[all data] 0.0410 0.0352 0.0772
wR22 [all data] 0.1013 0.0908 0.1819
GOF 1.099 1.029 1.081

ARL= Y [|Fol — IFc|l/Z|Fol, WR2 = [SW(Fo? — FA Y W(Fe?)Z Y2

Scheme 1

in the presence of KOH in water at ambient temperature led
to the formation of [Co(3,5-pdc)(@#D)s]-2H,0 (1) in quan-
titative yield (eq 1, Scheme 1). Structural analysis shows

3,5-pdc

that 1 is a OD discrete molecule (Figure 1), in which the
Co(ll) ion is coordinated by one nitrogen atom from one
3,5-pdc ligand (CeN = 2.160(4) A) and five water
molecules (Ce-O = 2.060(4)-2.120(6) A, Table 2) to
furnish an octahedral geometry. As shown in Figure 2a, the bonding interactions (Table 3).
[Co(3,5-pdc)(HO)s] moieties are further connected to each
other via hydrogen bonds (0 = 2.660(8)-2.817(4) A,
O—H---0O=163-167, Table 3), resulting in 2D layers with

self-assembly
2+ 77 77 |

r.t.

water o |
= o

M=Co (1)

0D molecule

water rich
NN

M=Co (2)
1D zigzag chain

50

M= Co (3)
2D layer, 6° topology

5

M = Cu (4)

water reduced
L e

water poor
L e

2D layer, 4.82 topology

o o
O i N 0
H,0 T
+ CoCly*6H,0 ————— H,0.... .wOHy (1)
o0
H,07 | ~OH,
OH2

Lu et al.

Figure 1. ORTEP diagram ofl by thermal vibration ellipsoids with a
30% probability level. Uncoordinated water molecules are omitted.

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

Col-N1 2.160(4)

Col-04 2.060(4)
N1-Col-03 179.2(3)
N1-Col-05 91.16(16)
N1—Col-O5#1 91.16(16)
03-Co1-05 89.41(17)
03-Co1-O5#1 89.41(17)
04-Col-04#1 95.9(3)
05-Col-O4#1 176.4(3)
04#1-Col-O5#1  87.59(18)

Cot+03
Cot05

N+Col-04
N1Col-0O4#1
03Co1-04
03Co1-04#1
04Co01-05
04Co1-05#1
0O5Co01-05#1

a Symmetry transformations: #1x,y, z

Figure 2.

2.114(4)
2.120(6)

89.40(14)
89.40(14)
90.08(14)
90.08(14)
87.59(18)

176.4(3)
88.9(5)

(a) Ball and stick model of, showing the hydrogen-bonded

2D layer architecture with a@opology in theab plane. (b) Perspective
view of the packing diagram df, showing these 2D layers packed along

c axis in an ABAB order.

layers are packed along thexis in an ABAB order (Figure
2b) and are stabilized by interlayer-®---O hydrogen-

The orange crystals of Co(3,5-pdc)(HO)s} -H20], (2)
and the pink crystals of [Co(3,5-pdc)}@).], (3) were
obtained by layering an ethanolic solution of Ce6H,0
a 6 topology in theab plane. The hydrogen-bonded 2D onto an aqueous solution of 3,5ttlc and KOH in the

2432 Inorganic Chemistry, Vol. 45, No. 6, 2006



Self-Assembly of MetatOrganic Frameworks

Table 3. Hydrogen-Bonding Geometry (A, deg) it

D—H-A dD-H) d(H-A)  dD-+A)  OD—H--A
03-H3A--02#1  0.82 2.02 2.817(4) 163
04—H4-+-02#2 0.82 1.93 2.702(5) 158
05-H5-+-01#1 0.82 1.86 2.660(8) 167
04—H11:--06#2 0.74 2.02 2.716(6) 155
05-H12-+-06#3 0.65 2.28 2.839(7) 147
06-H13+-05#2 0.91 2.47 2.839(7) 105
06—H14---01#1 0.63 2.08 2.684(5) 162

aSymmetry transformations: #1 1/2x, 1/2+y, z #2 1/2— x, 1/2—
y, =12+ z #3 12— x, 12—y, 12+ z

Figure 4. Perspective view of the packing diagram2élong theb axis,
showing 1D hydrophilic channels with guest water molecules inside. The
green and orange colors exhibit the 1D zigzag chain structures, the cyan
color represents guest water molecules, the blue dashed bonds show the
O—H---O hydrogen-bonding interactions between the guest water molecules
and the 1D zigzag chains, and the purple dashed bonds show-the
interactions between two stacked aromatic rings.

Table 5. Hydrogen-Bonding Geometry (A, deg) &t
D—H---A dD—H) d(H---A) d(D-*A) OD—H:--A

O5-H11:-+-O(9)#1 0.90(3)  2.00(3)  2.874(3) 166(3)
O5-H12--0(2#2 0.71(4)  2.14(3)  2.839(2) 174(4)
06-H13--0(2#3 0.73(3)  1.99(3)  2.670(2) 154(3)
06-H14--O(4)#4 0.78(3)  1.89(3)  2.654(2) 167(3)
O7-H15-0(9#1 0.77(3)  2.09(3)  2.854(3) 173(4)

Figure 3. ORTEP diagram o with thermal vibration ellipsoids at the
50% probability level.

Table 4. Selected Bond Lengths (A) and Angles (deg) 28r

Col-N1 2.1688(18) Co201 2.1020(16) O7-H16--O(4)#5  0.90(4) 2.49(3)  3.061(3) 122(2)
Col1-05 2.1372(16) Co207 2.0827(16) O7-H16--O(2)#6  0.90(4) 2.19(3)  2.819(3) 127(2)
Co1-06 2.0364(15) Co208 2.0841(15) O08-H17---O(3)#4  0.80(3)  1.94(3)  2.734(2) 170(3)
08-H18--O(3)#7 0.86(3) 1.93(3) 2.734(2) 157(3)
N1-Col-05 88.98(7) 01 C02-07 84.80(7) 09-H19---O(3)#4  0.83(5) 2.08(5)  2.899(3) 166(4)
N1-Col-O5#1 91.02(7) 0%Co2-07#2 95.20(7) 09-H20---O(4)#8  0.79(4)  2.13(4)  2.897(3) 163(4)
N1-Col-06 89.04(6) 0%C02-08 93.62(6) _
N1—Col-06#1 90.96(6) 01Co2—-08#2 86.38(6) a Symmetry transformations: #1-1x, 1/2+vy, 1/2— z #2x, 5/12 -y,
05—Co1-06 90.52(7) 0%Co2-08 89.91(6) =12+ z #3x, 32—y, 12+ 7, #4 —x, =112+ vy, 12—z #5 1+ X,
05-Co1-06#1 89.48(7) 07Co02-08#2 90.09(6) 3’;23 #O1—X 2y, 1—Z#7,1+x 32—y, 12+ 7#8 1+ x —1
Yy, Z

a Symmetry transformations: #ix, -y + 2, -z #2—-x+1,-y+ 2,

2zt Co(ll) ions through one monodentate carboxylate and one

presence of a buffer layer of EtOH and®(1:5) at ambient  pyridyl group. The packing diagram shows that the 1D zigzag
temperature. The formation of compouevithout 3 could chain is stabilized by numerous hydrogen bonding andr

be achieved by using water and ethanol as the solvent pair.interactions, forming 1D hydrophilic channels along the
On the other hand, when ethylene glycol and ethanol were crystallographicb axis with guest water molecules inside
used as the solvent systeBcould be obtained withol. (Figure 4). Several types of hydrogen bonds are observed in
This indicates that fine-tuning the water content in self- the structure: (a) coordinated water molecules bonded to
assembly reaction systems is an effective way to control the noncoordinated carboxylate oxygen atoms:(O distances
ratio of products2 and 3. The former was obtained as the = 2.654(2)-3.061(3) A), (b) uncoordinated water molecules
major product at a higher concentration of water (water-rich bonded to the noncoordinated carboxylate oxygen atoms
conditions), while the latter was the major product when a (O-+-O distances= 2.897(3)-2.899(3) A), and (c) coordi-
lower concentration of water (water-reduced conditions) was nated water molecules bonded to uncoordinated water
used (Scheme 1). molecules (-0 distances= 2.854(3)-2.874(3) A). De-

A single-crystal X-ray diffraction analysis reveals tfzat  tailed data are given in Table 5. The centreidentroid
adopts a 1D zigzag chain architecture. There are two distinctdistance for ther—x interactions between pyridine rings on
cobalt ions in the structure ¢ (Figure 3). In addition to  the adjacent chain is 3.68 A.
four coordinated water molecules (€®(water)= 2.0364- Compound3 was characterized as a known compound
(15)—2.1372(16) A, Table 4), Co1l is bound to two pyridyl [Co(3,5-pdc)(HO),], by X-ray structure analysi$:1° This
nitrogen atoms (CoiN1 = 2.1688(18) A), while Co2 is  species is isomorphous with previously reported Cu and Mn
bound to two monodentate carboxylate oxygen atoms derivatives%?prepared by a hydrothermal method. All these
(Co2—01= 2.1020(16) A) from two distinct 3,5-pdc ligands. compounds have high coordination numbers, 7 around the
On the other hand, each 3,5-pdc ligand is bound to two metal center, which likely result from the asymmetric

Inorganic Chemistry, Vol. 45, No. 6, 2006 2433



Lu et al.

Figure 5. (a) Ball and stick model o8 at ab plane, showing 2D porous sheet architecture witt? éofology. Cyan, Co; red, O; blue, N; medium gray,
C; light gray, H. (b) View of the intersheet hydrogen-bonding interactions (dashed bonds) between the axial water molecules and carboxylate groups
in 3.1819

bonding mode of the carboxylate group with differentka
bond length48-2! Extensive frameworks of these compounds
show 2D sheet architecture witl¥ €pology (Figure 5a).
Strong intersheet hydrogen-bonding interactions were ob-
served via axial water molecules (Figure 5b).

Compound {Cu(3,5-pdc)(pyg} -H.0-EtOH], (4) was pre-
pared by the slow diffusion of an ethanolic solution of
Cu(NG;)2*3H,0 into a benzene solution containing 3,5-
Hopdc and pyridine at room temperature. Blue crystals were
produced after ca. 10 days in this water-poor solvent system.
A solid-state structure analysis shows that the Cu(ll) centers
in 4 are coordinated by one monodentate carboxylate, one
chelated carboxylate, and one pyridyl nitrogen from three _ o S
disinct 35-pd igands and two pyridine molecuies (Figure: B4 %, RTEF resing o by ferme voraier oo iy
6). The Cut-O1 bond is very weak, with a distance of pitted.

2.760(3) A, and can be described as semicoordirfdted.

Therefore the CupD, core can be regarded as a square Table 6. Selected Bond Lengths (A) and Angles (deg) 4ér
pyramidal geometry. The CuIN1(axial) bond with a length Cul-03 1.961(3) CutN11 2.008(2)
of 2.360(3) A (see Table 6) is longer than the other two ~ CU1~02#2 %ggig)) CutN21 2.010(2)
equatorial Ct-N bonds (Cu:N11 = 2.009(2) A and '

Cul—N21=2.011(2) A), indicating the presence of a strong 03-Cul-02#2 177.76(13) ~ O2#2Cul-N11  89.57(12)

0O3—Cul-N1#1 88.51(12) 02#2Cul—N21 89.13(13)
: 03-Cul-N11 91.90(12) N1#tCul-N11  95.45(12)
(18) ;Il%ter, M. J.; Roberts, A. J.; Howie, R. A. Chem. Res. (S)998 03—Cul—N21 89.82(13) N1#tCul—N21 97.95(13)
(19) Whitfield, T.; Zheng, L.-M.; Wang, X.; Jacobson, A.Solid State O2#2-Cul-N1#1  89.68(12) ~ NITCul-N21  166.53(13)
Sci. 2001, 3, 829. a Symmetry transformations: #x + 1, —y, —z+ 2; #2—x + 1/2,y

(20) Lu, J.; Schauss, \CrystEngComn2001, 3, 26. +1/2,—z+ 3/2.

(21) Xu, H.; Zheng, N.; Xu, H.; Wu, Y.; Yang, R.; Ye, E.; Jin, X. Mol.
Struct.2002 610, 47. .

(22) For examples of some 2D metairganic frameworks with a -82 Jahn-Teller effect. The extended structuredéxhibits an
topology, see: (a) Barnett, S. A.; Blake, A. J.; Champness, N. R.. ynnrecedented 2D sheet architecture with-8 4opology

Nicolson, J. E. B.; Wilson, CJ. Chem. Soc., Dalton Tran2001, . o . .
567. (b) Wan, S.-Y.: Fan, J.: Okamura, T.-a.; Zhu, H.-F.; Ouyang, (Figure 7af? When viewed along tha axis, these sheets

X.-M.; Sun, W.-Y.; Ueyama, NChem. Commur2002 2520. (c)Fan,  gre stacked eclipsed to govern the framework with hydro-
J.; Shu, M.-H.; Okamura, T.-a.; Li, Y.-Z.; Sun, W.-Y.; Tang, W.-X.; hilic ch | h h d eth | | |
Ueyama, N.New J. Chem2003 27, 1307. (d) Li, C. H.; Si, S. F.; philic channels where the guest water and ethanol molecules
Wang, R. J.; Li, Y. D.Chin. J. Inorg. Chem2004 20, 536. reside (Figure 7b). However, the sheets are interleaved with

23 gf")A%fthdethW'Sgcfg'éze’lg i éég?'?kf)rhg'mﬁoﬁzylg’F'ffc"'a"f‘vtgﬂgzr' each other and are stabilized by interlayets interactions

M.; Haushalter, R. C.; Zubieta, J. Anorg. Chem.1999 38, 1288. between adjacent pyridine molecules.
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Figure 7. (a) The 2D sheet architecture with eé84topology in thebc plane in4. (b) Perspective view of the framework with the hydrophilic channels of
4 along thea axis. Guest molecules, coordination pyridine molecules, and hydrogen atoms are omitted for clarity. Polyhed@g]{@uik, Cu; red, O;
blue, N; medium gray, C.

Scheme 2

Weight (%)

Effect of the Water Content of the Solvent Systemsit
is worthwhile to compare the reaction conditions for the self-
assembly of divalent metal ions with 3,5-pdc and the
architectures of their final products. Pyridine-3,5-dicarboxy-
late (3,5-pdc) was selected as a building ligand because of
its multidentate nature, versatile coordination modes, and ' 200 ' 400 ' 600
sensible correlation of coordination characteristics with Temperature (°C)
reaction parameters. The architectures resulting from the self-
assembly ofl—4 under mild conditions are strongly influ-
enced by the water content of the solvent systems. The ODon 3,5-pdé82. In addition to the influence of the water-
discrete moleculd was produced in a pure water environ- poor condition, the formation ef might also be affected by
ment. The 1D chain structure @fwas produced in a water-  the presence of the pyridine ligand, which donates more
rich environment, while the 2D layer structures ®f(6° electrons to the metal center and influences the asymmetric
topology) and4 (4-8° topology) were generated under water- coordination modes of the carboxylate groups. Finally, it is
reduced and water-poor conditions, respectively. The numbernoteworthy that under hydrothermal conditions, high-
of coordinated water molecules around the Co(ll) center (5 dimensional (2D and 3D) networks are preferred for 3,5-
in1,4in2 and 2 |n3) follows the trend of the gradual pdc-based coordination po|ymé135,21,24v25 even in a pure
reduction of the ratio of water in the solvent systems. This water medium. This might be attributed to the enhancement
is corroborated by the coordination modes of the 3,5-pdc of the metat-ligand interactions rather than metatater
ligand in compound& (model), 2 (modell), and3 (mode  coordination under such rigorous conditidis-However,
I, Scheme 2), as a result of the strong competition betweenynder mild conditions, the influence of water content on the
the water molecule and the carboxylate group of 3,5-pdc. self-assembly of supramolecular entities is critical, as re-
Thus the water content tunes the coordination environmentyealed by the structural analysis of compourids4. In
of the metal centers, leading to the formation of 0D, 1D, contrast to compounds—3, the formation of4 is affected
and 2D architectures in the products (Scheme 1). Interest-
ingly, compound4 exhibits an unprecedented two-dimen- (24) Xu, H.; Zheng, N.; Xu, H.; Wu, Y.; Yang, R.; Ye, E.; Jin, X. Mol.
sional 482 net, different from the commonly observed 6 (5 fﬂt{r‘f%zofgfga Vl\,l.,:]'mg. Chern. Commur2002 5, 978.
topology in the vast majority of published networks based (26) Kim, Y. J.; Suh, M.; Jung, D.-Yinorg. Chem2004 43, 245.

Figure 8. Thermogravimetric analysis (TGA) diagrams 2and4.
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Scheme 3

not only by the HO content but also by the presence of the temperature range of 1675 °C (Figure 8). The crystal
pyridine ligand and quite possibly by the fact tdatontains color changes from pale orange to deep blue on heating.
Cu instead of Co. When the heated sample was allowed to naturally cool to
Thermogravimetric Analysis (TGA) and X-ray Powder room temperature, while exposed to a moist atmosphere for
Diffraction (XRPD) Studies. The thermogravimetric analy- 24 h, the diffraction peaks were recovered (Figure 9d),
sis of2, as shown in Figure 8, shows the release of one guestcompared to the original and simulated pattern2f(¥igures
and four coordinated water molecules between 100 and 1759a and e), along with the recovery of the crystal color. This
°C (found, 26.76%; calcd, 28.65%). The percent weight indicates tha possesses an interesting recoverable collaps-
remaining is nearly constant up to 35& without any ing property with the regeneration of crystallinity upon the
additional weight loss. The TG curve fdrshows the loss  uptake of guest molecules from the atmosphere (Scheffe 3).
of one guest water molecule, one guest ethanol molecule, The property can be attributed to the reformation of the
and two coordinated pyridine molecules in the temperature O—H---O hydrogen bonds from guest water molecules to
range of 128309 °C (found, 49.17%; calcd, 49.23%). the noncoordinated carboxylate oxygen atoms introduced by
Weight loss occurred gradually up to 390, the decomposi-  the sorption of guest water molecules. Other types of
tion temperature of the compound. The final residual product hydrogen bonds (see above structural descriptio)fand
appears to be CuO, as shown by the 21.92% residue (calcdthe interchainz---r interactions would then be regenerated
19.65%). through a cooperative assembly proc&sko the best of our
The X-ray powder diffraction (XRPD) patterns for the knowledge, compounds showing reversible structural trans-
desorption-sorption studies a? are shown in Figure 9. After ~ formations are very rare for 1D coordination polyméts,
a fresh sample o2 was heated to 15€C, the crystallinity since most examples with reversible crystal-to-amorphous
of 2 disappears because of the removal of guest and coor-(recoverable collapsing) or crystal-to-crystal (uest-induced
dinated water molecules, as confirmed by the flat diffraction reformation) framework$°have either 2D or 3D architec-
pattern (Figure 9c). This is consistent with the TG curve for tures from their stronger network. The recoverable collapsing
2, in which coordinated water molecules are lost in the characteristics with a reversible desorpti@orption property

(27) (a) Uemura, K.; Kitagawa, S.; Kondo, M.; Fukui, K.; Kitaura, R.;
Chang, H.-C.; Mizutani, TChem—Eur. J.2002 8, 3586. (b) Uemura,
K.; Kitagawa, S.; Fukui, K.; Saito, K. Am. Chem. So004 126,
3817.

(28) (a) Gong, H.; Krische, M. J. Am. Chem. So005 127, 1719. (b)
Thallapally, P. K.; Katz, A. K.; Carrell, H. L.; Desiraju, G. Rhem.
Commun2002 344. (c) Szczesna, B.; Urbezyk-Lipkowska, ZNew
J. Chem.2002 26, 243. (d) Boldog, I.; Rusanov, E. B.; Sieler, J.;
Domasevitch, K. VNew J. Chem2004 28, 756.

(29) (a) Cingolani, A.; Galli, S.; Masciocchi, N.; Pandolfo, L.; Pettinari,
C.; Sironi, A.J. Am. Chem. So005 127, 6144. (b) Yamada, K.;
Yagishita, S.; Tanaka, H.; Tohyama, K.; Adachi, K.; Kaizaki, S.;
Kumagai, H.; Inoue, K.; Kitaura, R.; Chang, H.-C.; Kitagawa, S.;
Kawata, S.Chem—Eur. J.2004 10, 2647.

(30) (a) Kitaura, R.; Fujimoto, K.; Noro, S.-i.; Kondo, M.; Kitagawa, S.
Angew. Chem., Int. EQ®R002 41, 133. (b) Min, K. S.; Suh, M. P.
Chem—Eur. J. 2001, 7, 303. (c) Choi, H. J.; Lee, T. S.; Suh, M. P.
Angew. Chem., Int. EA.999 38, 1405. (d) Li, H.; Davis, C. E.; Groy,
T. L.; Kelley, D. G.; Yaghi, O. M.J. Am. Chem. Sod998 120,
2186. (e) Tabares, L. C.; Navarro, J. A. R.; Salas, JJM\m. Chem.
Soc.2001 123 383. (f) M&kinen, S. K.; Melcer, N. J.; Parvez, M.;
Shimizu, G. K. H.Chem—Eur. J.2001, 7, 5176. (g) Liu, Y.; Su, J.;

Figure 9. XRPD patterns of2: (a) a freshly ground sample at room Li, W.; Wu, J.Inorg. Chem2005 44, 3890. (h) Pan, L.; Woodlock,
temperature, (b) after the heating at @) (c) after the heating at 15C, E. B.; Wang, X.; Zheng, Clnorg. Chem.200Q 39, 4174. (i) Barea,
(d) after the exposure of the heated sample to the moist air for 24 h, and E.; Navarro, J. A. R.; Salas, J. M.; Masciocchi, N.; Galli, S.; Sironi,
(e) simulated from the single-crystal data. A. J. Am. Chem. So@004 126, 3014.
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makes the unique 1D compoufdh potential candidate for ~ EtOH], (4), with a 482 topology and a 1D zigzag chain,

application as a good solvent carriéf?31 [{ Co(3,5-pdc)(HO)4} -H,01, (2), with recoverable collapsing
_ properties were obtained. Because of its multidentate nature
Conclusion and its versatile coordination modes, 3,5-pdc appears to be

an ideal building unit for use in studies of the correlation of

The water content of solvent systems has a significant . .
molecular topology with reaction parameters.

influence on the structural topologies of the products resulting
from the self-assembly of a 3,5-pdc ligand and divalent metal ~Acknowledgment. We thank Academia Sinica and the
salts under mild conditions. Different from thé ®pology National Science Council of Taiwan for financial support.
of a normal 2D sheet produced from 3,5-pdc and divalent
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