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Two stable supramolecular microporous cobalt(ll) polymers, namely [Co(HAIP),],-3nH,0 (1) and [Co(AIP)(H20)],
(2), AIP = 5-aminoisophthalate, were hydrothermally synthesized and characterized by single-crystal X-ray diffraction,
IR spectra, thermogravimetric analyses, and variable-temperature magnetic susceptibility measurements. The two
complexes are constructed from the same C0,(CO,), SBU, which is extended into a 1D chain in 1 and a 2D layer
in 2. As a result, 1 and 2 are 2D and 3D coordination polymers, respectively. The 3D supramolecular network of
complex 1 is held up by strong hydrogen bonds formed between carboxylate groups and shows very high stability
when the free H,O molecules are removed, indicating an extraordinarily stable H-bonding system. Upon water
ligands being liberated, complex 2 becomes a stable microporous solid with coordination-unsaturated Co centers.
The behavior of the susceptibility curve of 1 suggests the occurrence of an interesting intrachain antiferromagnetic
coupling between the Co(ll) ions and the presence of a significant orbital contribution, whereas the features of 2
indicate an antiferromagnetic coupling with Ty = 3.5 K and a long-range antiferromagnetic order with a field-
induced magnetic transition.

Introduction frameworks is hydro(solvo)thermal assembly by incorporat-
ing appropriate metal ions (connectors) with multifunctional
bridging ligands (linkers).However, the hydro(solvo)thermal
reaction is highly influenced by many factors, such as the
oxidation state and coordination geometry of the metal center,
temperature, pH value, metal-to-ligand ratio, ligands, sol-
vents, and counterions. In many cases, a subtle alteration in
*To whom correspondence should be addressed. E-mail: yyg@fiirsm.ac.cn any of these factors can lead to totally different products. A

The current interest focused on the crystal engineering of
coordination polymeric frameworks stems not only from their
potential application as new functional solid matefialsut
also from their intriguing architectures and topologi¢€©ne
of the most effective approaches to obtain polymeric
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of the more flexible coordination manner of the amino group Table 1. Collected Crystallographic Data and Parametersifand2

under hydro(solvo)thermal conditions.

1 2
_Me_anwhile, one of the challt_ange; in m_i_croporc_)us COOr-  formula GieH16CONO1 CsH/CONG,
dination polymeric frameworks is their fragility. Unlike their M, 473.25 256.08
; ; ; ; cryst syst monoclinic monoclinic
inorganic analogues,_wh!ch are helt_j together with rugged space group Cole P2(1Yc
covalent bonds, coordination polymeric molecules are always 5'(a) 28.4110(9) 8.835(4)
glued with relatively weak coordination or supramolecular b (A) 4.4718(2) 12.519(5)
interactions. Although numerous coordination networks with /03((/3239) 1151-2383532(?2)) 7;7’0583@2 "
interesting structural aspects have been repéitéue porous V (A3 1738.02(12) 867.1(6)
metal-organic coordination networks extended via hydrogen Z , 4 4
bonds often show poor thermal stability. Stable networks Ec(?'ri%gﬂ? cnt) i-ggg 1-8%
sustained by hydrogen-bond interactions are still rare or ‘range for data collection 2537 ‘6571
lacking® To explore new microporous and magnetic  no. of independent refins 1538 1991

final R1, wR2 | > 20(1)]
R1, wR2 indices (all data)

0.0432,0.1202
0.0475, 0.1266

0.0343, 0.0844

1 11-15
materials! our current research has focused on the 0.0373, 0.0865

synthesis of highly stable microporous open frameworks,

especially those held up by hydrogen-bond interactions. (15 mi) was sealed in a Teflon-lined stainless steel vessel and
Herein, we report the crystal structures and magnetic heated at 433 K for 3 days under autogenous pressure. Deep red
properties of two highly stable 3D cobalt(ll) supramolecular crystals were produced when the mixture was slowly cooled to room
polymers, [Co(HAIP}],3nH,0 (1) and [Co(AIP)HO], (2), temperature (yield: 60%, on the basis of Co). Anal. Calcd for
AIP = 5-aminoisophthalate, which were prepared by the CieH18CON:Oui: C, 40.61; H, 3.83; N, 5.92. Found: C, 40.58; H,
hydrothermal reaction of CoSETH,0 with HAIP under ~ 3-77: N, 5.90. IR (KBr pellet, cmi): 3312 (vs), 3272 (vs), 1683
different pH conditions. The strong hydrogen-bond interac- (756)(:9 1(32)5 éi)s %\3)7 5 (vs), 1396 (s), 1331 (), 1256 (vs), 963 (vs),
tlons_ extend cor‘r_1p|e>(L_ |_nto a 3D open SlJ_pramoIg(?ular Synthesis of [Co(GNHs04)(H20)]n (2). The pH value of a
archltecture,_and |_t exhlblts.extraordlna_nly high stability. In mixture of CoS@7H0 (0.50 mmol), AIP (1.00 mmol), &1s0H
2, Co(ll) cations link AIP ligands to yield a 3D network

L - - : (5 mL), and HO (5 mL) was adjusted to 7.5 by 10% KOH under
containing microporous channels viewed along ¢hexis, vigorous stirring. The mixture was sealed in a Teflon-lined stainless

which are filled by coordinated water molecules. Thermo- steel vessel and heated at 433 K for 3 days under autogenous
gravimetric studies show the microporous channels could pressure. Deep red crystals were produced when the mixture was
contain open metal sites when coordination water moleculesslowly cooled to room temperature (yield: 48%, on the basis of
are eliminated. Co). Anal. Calcd for GH;CoNGs: C, 37.52; H, 2.76; N, 5.47.
Found: C, 37.48; H, 2.70; N, 5.42. IR (KBr pellet, chr 3354
(s), 3173 (s), 1682 (vs), 1539 (vs), 1466 (vs), 1162 (w), 720 (w).

Crystallographic Measurements.All of the diffraction data

General. All chemicals and reagents are commercially available were collected on a Siemens SMART CCD diffractometer with
and were used as received without further purification. Infrared graphite-monochromated ModKradiation ¢ = 0.71073 A) at a
spectra (KBr pellets) were recorded in the range of-44000 cnr?! temperature of 293(2) K, using tle—26 scan technique (1.81<
on a Nicolet Magna 750 FT-IR spectrometer. The C, H, and N # < 25.02). The intensity data were corrected by Lp factors and
microanalyses were recorded on an Elemental Vario EL Il empirical absorption. The structure was solved by direct methods
elemental analyzer. Thermogravimetric analyses (TGA) were and refined by full-matrix least-squares techniquesF8rusing
performed on a Mettler Toledo TGA 851e analyzer under nitrogen SHELXTL-9716 The non-hydrogen atoms were refined anisotro-
with a heating rate of 10C min—*. Powder X-ray diffraction (XRD) pically, and the hydrogen atoms on carbon atoms and those of amido
data were obtained using a Philips X’Pert-MPD diffractometer with as well as carboxyl were added according to theoretical models;
Cu Ko radiation ¢ = 1.54056 A). Variable-temperature magnetic the hydrogen atoms of O1W and O2W were positioned geo-
susceptibility and magnetization measurements were performed onmetrically. Crystal data and details of the structure determination
a Maglab System 2000 magnetometer. The experimental suscepare summarized in Table 1, and the selected bond lengths and angles
tibilities were corrected for the diamagnetism of constituent atoms. for the two complexes are given in Table 2.

Synthesis of [Co(GNHgO4)2]»*3nH,0 (1). A mixture of CoSQ-
7H,0 (1.0 mmol), HAIP (1.00 mmol), GHsOH (2 mL), and HO

Experimental Section

Results and Discussion

Crystal Structures of [Co(CgNHgO4)2]n*3nH0 (1).

(8) Li, H.; Eddaoudi, M.; O’Keeffe, M.; Yaghi, O. MNature1999 402,

276.

(9) (a) Gutschke, S. O. H.; Molinier, M.; Powell, A. K.; Wood, P. T.
Angew. Chem., Int., EA997 38, 991. (b) Brunet, P.; Simard, M.;
Wauest, J. D.J. Am. Chem. Sod.997 119, 2737.

(10) (a) Cheng, D.; Khan, M. A.; Houser, R. Porg. Chem.2001, 40,
6858. (b) Choi, H. J.; Suh, M. Rnorg. Chem.1999 38, 6309.

(11) Beauvais, L. G.; Long, J. R. Am. Chem. So2002 124, 12096.

(12) Pan, L.; Ching, N.; Huang, X.-Y.; Li, Jnorg. Chem200qQ 39, 5333.

(13) Huang, Z.-L.; Drillon, M.; Masciocchi, N.; Sironi, A.; Zhao, J.-T;
Rabu, P.; Panissod, Ehem. Mater200Q 12, 2805.

(14) Fujita, M.; Kwon, Y. J.; Washizu, S.; Ogura, &. Am. Chem. Soc
1994 116, 1151.

(15) Eddaoudi, M.; Kim, J.; Rosi, N.; Vodak, D.; Wachter, J.; O’Keeffe;
M.; Yaghi, O. M. Science2002 295 469.

Single-crystal X-ray diffraction study reveals thhthas a
porous 3D supramolecular network linked by both coordinat-
ing and hydrogen bonds. As illustrated in Figure 1, the Co-
(Il) atom is located in the elongated octahedral environ-
ment: four oxygen atoms from four different AIP ligands
in the equatorial plane and two N atoms from two different
AIP ligands in the apical positions. The AIP ligandliuses
one of its two carboxylate groups to bidentate two cobalt-

(16) Sheldrick, G. M.SHELXTL-97, Program for Crystal Structure
RefinementUniversity of Gdtingen: Gitingen, Germanny, 1997.
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Table 2. Selected Bond Lengths (A) and Angles (deg) foand 22

Complex1
Co(1-O@3)#1  2.088(2) O(3)#1Co(1}-O(3)#2  180.00(1)
Co(1-O(3)#2  2.088(2) O(3)#:Co(1)-O(4)#3 92.44(9)
Co(1)-O4)#3  2.097(2) ORB)#1Co(1)-O(4)#4 87.56(9)
Co(1y-OM#4  2.097(2)  O(3)#1Co(1)-N(1) 87.31(10)
Co—N(1) 2.215(3)  O(4)#3Co(1)-N(1) 90.57(9)
Co(1-N(1)#5  2.215(3)

Complex2
Co(1)-0O(1)#1 1.9928(2) O(1)#1Co(1)>-0(2) 108.67(8)
Co(1)-0(2) 2.0180(2) O(1)#2Co(1)-0(1W) 88.43(7)
Co(1-0(1wW) 2.0980(2) O(2yCo(1)-0(1W) 90.58(7)
Co(1-0(4)#2 2.1228(2) O(1)#1Co(1)-O(4)#2 155.86(7)
Co(1-N(1)#3  2.220(2) O(2yCo(1)-0O(4)#2 95.45(7)
Co(1-0(3)#2 2.2485(2) O(IWHCo(1)y-0O(4)#2 90.20(7)

a Symmetry transformations used to generate equivalent atomsl: For
#1X, —y+ 1,2+ N #2—x+ sy — Yo, =2+ Y2 #3 =X+ Yo, y + Yy,
—z+ WUy #AX, =Y, 2+ Yo #5 =X + Yy, =y + Yy, —z + 1. For2: #1 —x
+1,-y+1,-z#2-x+2,y— Yo, —z+ Yo #3%, —y + 32, 2+ Y #4
X+ 2,y+ Yo, —z+ Y2

Figure 1. View of the coordination environment of Co ih(a: ¥ — x,
Yoty Yo—zb: Yp—x, Yoty Yo—zc X -y, Yot+2zd x 1—
Vv ih+ze Y—xY—y 1—-2.

Tang et al.

Figure 2. (a) One-dimensional GECO,), chain in1, Co--Co separated

by 4.472 A. (b) Three-dimensional open supramolecular architecture pillared
by strong hydrogen bonds. The pores are occupied by free water molecules
represented by magnified red balls for clarity.

Figure 3. View of the coordination environment of Co i(a: 2 — X,
Yo+ vy, Y=z b X3%H—yY+zC 1-x1-Yy, —2.

the coordination model id, the coordination modes of AlP

(Il) atoms, whereas the other carboxylate group does notligands in2 can be degcribed as follows:' one of.its two
participate in coordination to the Co(ll) center. The amino carboxylate groups, acting as a bidentate ligand, bridges two

group of AIP coordinates to the third cobalt(ll) atom.

The secondary building unit (SBU) df is a dicobalt
dicarboxylate CgCQO,),, in which the two Co atoms,
separated by 4.472 A, are bridged by twe-bridging
carboxylate groups. The @&0,), SUBs are lined up into
a 1D chain along thb axis by sharing the Co(ll) atom. This
1D chain is further linked by two N atoms from two adjacent
chains into a 2D layer propagating along theplane. It is

Co(ll) centers and the other one coordinates to a third Co-
(I) center as bidentate, whereas the amino group bonds to
the fourth Co(ll) center. The secondary building unit (SBU)
of 2 is also a dicobalt dicarboxylate SBU £60;),, with a
Co--Co distance 4.3 A. If we omit CeN bonds, the
binuclear subunits are interconnected through-Odonds

into a 2D layer (Figure 4a). The 2D layers are assembled
into an unprecedented 3D framework via-&é bonds. As

noteworthy that one of the two carboxylate groups of each a contrast to compleg, the HO molecule in2 is not free
AIP ligand does not participate in the coordination, but acts but coordinated to a Co(ll) center. If we omit® molecules
as a hydrogen-bond acceptor and donor. As shown in Figurein 2, a pore with the dimensions of ca.76 A?is observed
2b, there exist strong hydrogen bonds between two carboxy-along thec axis. Two water molecules, acting as the disguise

late groups from two different AIP ligands (@O = 2.598-
(4) A, O—H---O = 162(10¥). The hydrogen bonds pillar

guests, are filled inside the void of the pore. Because the
metal-AIP coordination bonds are much stronger than the

the layers into a 3D supramolecular open framework with a metal-water bonds, it is expected that water liberation by

pore along the axis (approximate dimensions 7913 A2?),

heating will facilitate complex2 into a coordination-

which is occupied by free and removable water molecules. unsaturated microporous complex. The coordination-unsatur-

Crystal Structures of [Co(CgNHs04)(H20)]s (2). The
X-ray diffraction analysis reveals that compl@xexhibits a
3D metal-organic framework. As shown in Figure 3, the

ated metal site can consequently serve as the binding site to
other inclusiong’18
If we take the binuclear SBU to be a single node, such a

asymmetric unit contains one Co atom, one AlP ligand, and SBU becomes a 6-connected node, and eact# Aligand

one coordinated water molecule. All the equivalent Co(ll)

atoms are coordinated by four oxygen atoms and one N atom

from four different AIP ligands, as well as one®l Each

can be regarded as a three-connected vertex that links three

(17) (a) Yaghi, O. M,; Li, H. L.; Groy, T. LJ. Am. Chem. S0d996 118
9096-9101.

AIP ligand employs its carboxylate groups and amino group (18) Copp, S. B.: Subramanian, S.; Zaworotko, MAdgew. Chem., Int.

in turn to coordinate to four Co(ll) centers. Different from
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Stable Supramolecular Microporous Co(ll) Complexes

Figure 4. (a) Two-dimensional layer generated from the binuclear SBU via@donds. (b) Three-dimensional stacking structur@ efhere the HO
ligands are represented by magnified red balls for clarity. (c) Topological representaon of

SBUSs. The linkage of three- and six-connected vertexes is 100
illustrated in Figure 4c. This framework is a distorted (3,
6)-connected net with the Sclilasymbol being (4.6),-
(4%.619.8%), but it is obviously different from the other reported
(3, 6)-connected net of the same S¢llsymbol (such as
rutile (rtl) or sit net)!® An interesting feature of this net is
the presence of parallel single helices running through the
structure, as highlighted in Figure 4c. The six-connected

Complex 2

[+
o
N

Complex 1

Weight (%)
3

H
o
N

nodes act as hinges of four Relices with equal handedness, 201

whereas the three-connected nodes act as hinges of two edge- 0

sharing 2 helices with different handedness. As an overall 0 100 200 300 400 500 600 700 800
effect, these connections make the net racemic. Temperature (°C)

IR Spectra. The IR spectra ofl and 2 show the Figure 5. TGA plots of complexed and2.
characteristic bands of the AIP ligand between 1630 and
1460 cm?® for the asymmetric vibration and between 1441
and 1367 cm! for the symmetric vibration, and the broad
bands of water between 3215 and 3442 &nThe charac-
teristic bands at 1684 crh in 1 are attributed to the
protonated carboxylate groups of AIP. 2nthe absence of
the expected characteristic bands at 178680 cn1?, which
are attributed to the protonated carboxylate group, indicate

B
the complete deprotonation of AIP &2° The respective JLJMLALMMMN c

J IUJM Lol b A

Intensity

values of Pasyn{ CO2)—vs,n(COy)] clearly indicate the pres-

ence of a bridging mode (162 ci) in complex1 and both ok n NTH bl

the chelating mode (79 cr¥) and bridging mode (130 cr#) 10 20 30 40 50

in complex2.2! These results are consistent with that of the 2theta(deg)

X-ray analysis. Figure 6. XPRD patterns forl: (A) the simulated pattern, (B) taken at
Thermogravimetric Studies and X-ray Powder Dif- ;‘t’°3rg(§?g” ‘f’g{""z‘“,{_e* (C) after heating at T&0for 2 h, and (D) after heating

fraction. The thermogravimetric analysis (TGA) of complex ] . .

1 reveals that there are three stages of weight loss in the 10 €xamine the porous properties of the materials, we
temperature range of 3600°C (Figure 5). The first stage, neated the synthesized crystal samples af 130 and 350
occurring between 30 and 9@, is attributed to the loss of ~~C for 2 h; the position of the most intensive line remain
three uncoordinated water molecules per formula (observedunchanged relative to that of the single crystal (Figure 6),
weight loss, 10.6%; calcd, 11.4%). The weight is almost which shows us the extraordinary thermal stability relies on
unchanged in the second stage in a very long temperaturethe hydrogen-bonding interactiorisalso exhibits the ability
range (90-375 °C). Above 375°C, the product begins to to absorb water expediently in this process when exposed
decompose. The TGA curve of the free AIP ligand shows N atmosphere, indicating a reversible process; thusan
that it decomposes at 308. This means that compleiis be envisaged as a good candidate for a new molecularZieve.
more stable than the free AIP ligand, and the H bonds The TGA analysis for2 showed the following two
between these two carboxylic groups are strong enough toStrikingly clean and well-separated weight-loss steps. In the

withstand the high temperature of 376. first region (36-260°C), it lost coordinated water molecules
(8% observed, 7% calcd). On further heati@dost weight
(19) Blatov, V. A.; Carlucci, L.; Ciani, G.; Proserpio, D. NLrystEng- continuously, corresponding to preliminary decomposition
Comm2004 6(65), 377-395. _ at 370 °C and fast decomposition around 48C. The
(20) ﬁgf,ba?g;kf'lggge Infrared Spectra of Complex Molecyl&filey: synthesized crystal samples 2fvere heated at 350C for

(21) (a) Deacon, G. B.; Phillips, R.Qoord. Chem. Re 198Q 33, 227.
(b) Nakamoto, Klnfrared Spectra and Raman Spectra of Inorganic  (22) Breck, D. WZeolite Molecular Siees, Structure, Chemistry, and Use
and Coordination Compoungdohn Wiley & Sons: New York, 1986. John Wiley & Sons: New York, 1974.
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Weiss constant is consistent with the antiferromagnetic
‘”] " interactions between Co(ll) centers.
> | A According to the structure df, it could be presumed that
@ the main magnetic interactions between the metal centers
§ might happen between two carboxylate-bridged 1D chains,
£ et B whereas the superexchange interactions between Co(ll) ions
I through the AIP bridge can be ignored because of the length
c of the AIP ligands. Because of the spiarbit coupling
0 20 50 30 contribution of Co(ll) ions, it is difficult to find an accurate
2theta(deg) analytical expression to describe the temperature dependence
. . of the magnetic susceptibility for chains of Co(ll) ions. To
Figure 7. XPRD patterns fo2: (A) the simulated pattern, (B) taken at . . . .
room temperature, and (C) after heating at 360for 2 h. obtain an estimate of the strength of the antiferromagnetic
coupling, we used a simple phenomenological equation
0.0 = 3.0 proposed by Masciocchi and Ra¥uyT = A exp(—Ey/kT)
0.04 '\i cessovesing + B exp(—Ex/kT), to fit the magnetic data of. Here,A +
< 3 208 B equals the Curie constang; and E; represent the
€ 0.03]] s “activation energy” corresponding to the spiarbital cou-
E 18 3 pling and the antiferromagnetic exchange interaction, re-
2 0.024 1.0 ; spectively. The least-squares fit (the agreement faRter
ol s S [GnTobs = (i eaicd /T (uT)ad = 8.2 x 1074) of the
° 00 experimental data to the above expression led tb B =
0.00 . ' 2.87 emu K mol! and Ey/k = 45.7 K, in agreement with

0 50 100 150 200 250 300 those given in the literature for the Curie constant and the

T/K . . .
24 2 - _
Figure 8. Plots of the temperature dependence (from 300 to 2 K)\df effect of spin-orbit coupling:* The value of-Ed/k 9.1

andyu (solid) in 1 at a field of 1000 G. The magnetic susceptibility was < Ob.tained for the antiferromagnetic COl'Jp|iI"lg, is more
measured using two consecutive cycles, each from 2 to 300 K and back.negative than the values found in coordination polymer

As no variation was observed, a representative cyct8@® K) is shown. chains of the Co(ll) ions bridged by the carboxylate in the

120 anti—anti conformations, indicating that a stronger antifer-
100 romagnetic exchange interaction is mediated by the double

5 carboxylate bridge in synsyn conformations.

g 8 The molar magnetization data fbin the form ofM versus

F’g 60 H in the field range 65 T at 2 K isshown in the inset of

9 a0 Figure 9. The magnetization unde T at 2 K isonly 0.32

T $20 Np per Co(ll) ion, far from the saturation value of 2:2.5

Nj expected for a Co(ll) ions wits =1/2, andg = 4.1-5
at low temperaturé; strongly suggesting antiferromagnetic
coupling between Co(ll) ions id.

Figure 9. Plot of temperature dependence (from 300 to 2 Ky@f! at The mag[‘letic properties @fin the_ fOI‘m of plos of both
a field of 1000 G. The insert is the magnetization curve aft 2 K. xmT and v~ versusT are shown in Figure 10. ThauT
. ) o ] value per Co(ll) at 300 K is 3.1 emu K mdl| higher than

2 h; the position of the most intensive line remain unchanged ¢ expected spin-only value for a magnetically isolated Co-
relative to the simulated diffraction patterns (Figure 7). This (I1) ion because of the orbit contribution. The T value
experiment also indicates the high thermal stability2of decreases slightly from room temperature to 120 K and then

Magnetic Properties.The magnepc properties @fin the. rapidly decreases to 0.45 emu K mbht 2 K. The magnetic
form of ywT andyw versusT (yu being the molar magnetic  gysceptibility versug plot exhibits a maximum at 3.5 K
susceptibility) plots are shown in Figure 8. Data were ynder an applied magnetic field of 2000 Oe. All these
collected between 2 and 300 K in an applied field of 1000 features indicate an antiferromagnetic coupling imith Ty
Oe. Theyw T value at room temperature is 2.60 emuKmol  — 3 5K and a long-range antiferromagnetic order. The 10
higher than the spin-only value of 1.875 emu K mol 300 K temperature dependence/gf* was fit by the Curie-
expected for a magnetically isolated Co(ll) system v&th  \yejss expression witl values of 3.18 emu K mol~* and

= 3/2. Upon cooling, thgu T values continuously decrease, ¢ yajues of—10.8 K. The negative values also indicate
with a value very close to zero at 2 K. The susceptibility

curve shows a broad maximum _at 15 K. This _behawo_r (23) Rueff, J.-M.; Masciocchi, N.; Rabu, P.; Sironi, A.; Skoulios,BAur.
suggests the occurrence of a relatively important intrachain J. Inorg. Chem2001, 2843-2848.

; ; ; ; (24) (a) Rueff, J. M.; Masciocchi, N.; Rabu, P.; Sironi, A.; Skoulios, A.
antlferromagne_tlc_C_oupllng .between. the_ Co(ll) ions and the Chem—Eur. J. 2002 8, 1813. (b) Carlin, R. LMagnetochemistry
presence of a significant orbital contribution. The temperature Springer-Verlag: Berlin, 1986.
dependence ofv! between 300 and 25 K (Figure 9) (25 g})] Drlggé '\élg gsogcina(gok E.; B%aiCMheid':/l-:, CarlFLn,SR-;-- Appl-d
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Figure 10. Plots of the temperature dependence (from 300 to 2 K) of Figure 12. Plots of the field-dependent magnetization2oét 2 K with
amT andym~ of 2 in a field of 2000 G; the solid line represents the best the critical field being ca. 2 T.

theoretical fit. The insert is th tizati f2at2K. .
coretical Iit. The Insert1s the magnetization curve of = & an extended 3D framework. As the C&o distance over

0.30 - the carboxylate bridge (4.3 A) is much shorter than those
0.28 Uptriangle -—-— 2T over the AIP spacers (6.68.86 A), the exchange coupling
50267 o Hexagon - 1.5T] through the carboxylate bridge should be dominant. The

£0.241 o e o field-induced magnetic transition il is similar to some
go22q *® %o, Sauare  ——-0.1T observations in metal phosphonates containing dimer units
Soro] B in ladderlike chain structures; the critical field is slightly less
x o-1s- °nnw than those found in Co(ll) phosphonates despite a larger M
0141 "3, --M distance (4.3 A) relative to the MO—M bond angle’2°
0.12] ™ As a comparison, the magnetic behavior of the dehydrated

o 2 4 6 B 10 12 12 16 product of 2 has been performed and the value Tf
K remained, together with the same S-shaped curve, in field-

Figure 11. Evolution of the magnetic susceptibility @fas a function of dependent magnetization @fat 2 K. (See Figures S1 and
the temperature, measured on cooling under an external magnetic field (2’32 in the Supporting Information )

1.5, 1T, 0.2, and 0.1 T, from top to bottom in the plot) as noted on the
graph.

antiferromagnetic coupling between the metal sites. Consid- .
ering that the Co-Co distance (4.3 A) within the G(CO,), Two novel,.hlghly stable supramolecular complexes .ha\{e
SUB is much shorter than those for interdimer distances (6.05 been synthesized. The structural and thermal characterization
and 8.86 A), the observed antiferromagnetic interaction Of both display stable microporous 3D open frameworks. The
should mainly arise from the exchange between the magneticater molecules, acting as the guest moleculesamd as
centers within Co2 dimers. The susceptibility data were thus the disguise guest molecules (which occupied the pore in
approximately analyzed by an isotropic dimer mode of spin the architecture by coordinating to the metal and could be
S= 3/226 fitting the experimental data above 30 K gaVe removed easily like the guest molecules)2nare distinct
= —1.33 cml, g = 2.77, andR = 8.04 x 10°5. It is in these two complexes. The behavior of both polynters
interesting to note that the susceptibility maximumaf and 2 corresponds to an antiferromagnetically coupled
depends on the magnitude of the applied magnetic fldjd (  System, and field-induced magnetic transition is observed
A broadening of this maximum is observed as long as the in 2. Upon liberating coordinated 4 molecules, complex
field is increased, and it disappears when the applied field 2 has interesting coordination-unsaturated Co sites. These
is greater tha 2 T (Figure 11), suggesting the occurrence works reveal that the solvents and the pH value play very
of a field-induced magnetic transition. important roles in the formation of different coordination
The field-dependent magnetization Bfat 2 K has an frameworks, and this offers the possibility of controlling the
S-shaped curve, indicating the occurrence of a magneticformation of such network structures by varying those
transition from the antiferromagnetic ground state to a spin- factors.
polarized staté’ The critical field, determined by theMf
dH curve, is ca2 T at 2 K,consistent with the observations
of temperature-dependent magnetic susceptibilities under
dif_ferent applied fields (Figure 12)_. The magnetization at 5 Plan of China (001CB108906), and the NSF of Fujian
T is 2.27Np, close to the saturation value of ca. 248 Province (E0020001)
expected for a Co(ll) ion witts = 1/2 andg = 4.628 '
In the structure of2, the double-carboxylate-bridged Supporting Information Available: Plots of the magnetic

data forl and?2 (cif). This material is available free of charge via

(26) Liu, Y. H.; Tsai, H. L.; Lu, Y. L.; Wen, Y. S.; Wang, J. C.; Lu, K. L. the Internet at http://pubs.acs.org.
Inorg. Chem 2001, 40, 6426.

Conclusion

Acknowledgment. This work was supported by the
National Natural Science Foundation of China under Project
20173063, the State Key Basic Research and Development

(27) Zheng, L.-M.; Gao, S.; Yin, P.; Xin, X.-Qnorg. Chem.2004 43, 1C0602244
2151.

(28) Caneschi, A.; Dei, A.; Gatteschi, D.; Tangoulis INorg. Chem2002 (29) Yin, P.; Gao, S.; Wang, Zh.-M.; Yan, Ch.-H.; Zheng, L.-M.; Xin,
41, 3508. X.-Q. Inorg. Chem 2005 44, 2761.

Inorganic Chemistry, Vol. 45, No. 16, 2006 6281



