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Two 3D cobalt—organic frameworks formulated as [Cos(2,4-pydc),(us-OH),]»+5nH,0 (1) and [Cos(2,4-pydc),(us-
OH)a(H20)]+7nH,0 (2) (2,4-pydc = pyridine-2,4-dicarboxylate) have been hydrothermally synthesized and
characterized. Both compounds 1 and 2 exhibit the 3D porous frameworks with hydroxyl-bridged metal A-chains.
However, in comparison with only two crystallographically independent Co" ions in a unit of 2, three crystallographically
independent Co'" ions are found in an asymmetric unit of 1, where their A-chains are constructed by two types of
vertexes sharing quadrangles formed via edge-sharing triangles. Magnetic studies show that 1 exhibits spin-canted
antiferomagnetism and a field-induced spin-flop transition while 2 behaves as a normal antiferromagnet. The magnetic
properties are largely retained by the porous frameworks of dehydrated 1 and 2 compounds. Gas adsorption
measurements indicate that both the dehydrated compounds absorb H, into their pores.

Introduction cant results in this context. In the past few years, Kobayashi

Multifunctional magnetic materials have caught increasing €t @ reported a number of molecule-based solids which
attention recently due to the possibility of producing materials cOmbine electrical conductivity with magnetismost of
where the magnetism can be modified by tuning the dttfer.  these solid materials are usually made by combining a
Crystal engineering provides a powerful tool for the design conducting organic network with an inorganic magnetic
and synthesis of magnetic materials with other functionali- component. Optical, magnetic materials have also been
ties2-5 Several research groups have reported some signifi-obtained by several groug* For these optical magnets,
optical activity can be used to observe the switching of spin
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states. In addition, chiral and switching (magnetism induced Syntheses of Compounds 1 and 2 mixture of cobalt powder
by light, pressure, adsorption of molecules, etc.) magnets(0.024 g, 0.4 mmol) and jydc (0.032 g, 0.2mmol) was placed in
have gained considerable attention because of their intriguing2 Teflon-lined Parr bomb containing 5 mL of deionized water and
potential applications in enantioselective synthesis, asym-0-> ML of ethanol. The bomb was sealed, heated at*f5@r 3
metric catalysis, and magnetic materi4fs.Currently, an days, and allowed to cool to room temperature. After being filtered
extended interest in this context is the design of molecular off, washed with water, and dried in air, a mixture of orange crystals
t bini fi ith S ticular! of compoundl (77 mg, yield 58%) and red crystals 2f(27 mg,
systems com |n|ng magne ISm wi . poro ﬂ?ar Icufarly, ield 20%) were obtained. The synthesis can be optimized to
porous magnets displaying magnetic hysteresis are of gre %

f A Abroduce predominantly one compound or the other, so that a single-
importance because of the search for new and more efficientyhase material is obtained following purification. Figrmain IR

magnetic recording materigidJnfortunately, the design of  apsorption bands (crd): 3439(s), 1629 (s), 1548(m), 1400(s),
porous magnets is still a challenge since long-range magnetic1380(s), 1256(w), 1120(w), 1015(w), 730(w), 688(w). Anal. Calcd
ordering and porosity are inimical to one anothé&ne of (%): C, 25.88; H, 3.08; N, 4.31. Found: C, 25.84; H, 3.06, N,
the solutions to this antagonism is to link 0D clusters or 1D 4.32. For2, main IR absorption bands (crt): 3432(s), 1634(s),
M—O—M inorganic chains by using the polycarboxylate 1548(m), 1380(s), 1252(w), 824(w), 778(w) 726(m), 684(w). Anal.
ligands to form a 3D robust framewofk®° Realizing this ~ Calcd (%): C, 25.18; H, 3.30; N, 4.19. Found: C, 25.16; H, 3.28,
strategy, we selected pyridine-2,4-dicarboxylate acid which ' 4-14. The phase purity of the bulk products was checked by
has been proven to be effective as spacers in porouscomparlng their observed qnq simulated XRD patterhs (Flgurg S1).
1 Thermal Analyses. Preliminary thermogravimertric and dif-
frameworks. ferential thermal analyses for a crystalline sample of compdund
Herein, we report the syntheses, crystal structures, mag-jn N, atmosphere showed three weight-loss steps. The first weight
netic, and sorptive properties of two 3D porous cobalt |oss (17.6%) at 110C corresponds to the loss ob8 occupied in
organic frameworks [C#§2,4-pydc)(us-OH),]»5nHO (1) the channels (calculated 16.7%). The second weight loss of 36%
and [Ca(2,4-pydc)(us-OH)x(H20)]n 7nH20 (2) (2,4-pydc= at 460°C is attributed to decomposition of the framework. The
pyridine-2,4-dicarboxylate). A detailed comparison of the third weight loss is 10.9% at 54 attributed to the formation of
above two closely related phases demonstrates the subtle bupétal oxide. A TG analysis performed on a sample showed
important influence of the cobalt ion arrangements in the continuous weight loss (18.7%) between 30 and 120which
metal chains on the cooperative magnetism. Compdund corresponds to the loss of Six water molecules per f(_)r.mula unit
e — o . (calcd 18.9%). No further weight loss was observed until it reached
crystallizing in a low-symmetry space groBft exhibits spin-

: . . . . . 460 °C, at which point the decomposition of [&@,4-pydc)(us-
canted antiferromagnetism and field-induced spin-flop transi- OH)s] occurred, as indicated by a significant weight loss (36.5%).

tion, while 2 behaves as a normal antiferromallgnet. Both The third weight loss is 10.8% at 54, corresponding to the
dehydratedl and2 compounds absorbHnto their pores. formation of metal oxide (Figure S2).

. . X-ray Crystallography. Several single crystals of compounds
Experimental Section 1 and 2 were indexed on a SMART-CCD diffractometer with
graphite-monochromated Mod<radiation ¢ = 0.71073 A). One
crystal of each compound with good reflection quality was chosen
for data collection. The structure was solved by direct methods and
refined onF2 by full-matrix least-squares using the SHELX97
program packag®. The positions of H atoms were generated
geometrically and allowed to ride on their parent carbon atoms.
No attempt was made to locate the H atoms of lattice water
molecules and hydroxyl ions. Details of the crystal data are
summarized in Table 1. Selected bond lengths and bond angles of
1 and2 are listed in Table 2. CCDC-60302T)(and -603026 %)
contain supplementary crystallographic data for this paper.

Materials and Methods. All of the chemicals were purchased
from commercial suppliers and were used without further purifica-
tion. Elemental analyses were carried out by the Elemental Analysis
Lab of our Institute. The IR spectra were recorded as KBr pellets
on a Spectrum One FT-IR spectrometer (Perkin-Elmer Instruments).
X-ray powder diffraction data were recorded on a Rigaku MultiFlex
diffractometer at 40 kV, 40 mA for Cu & (1 = 1.5406 A) with a
scan speed of 0.69.2 °/min. Simulated XRD patterns were
calculated with the SHELXTL-XPOW program using the single-
crystal data. TGA experiments were carried out at a heating rate
of 10°C/min in N, atmosphere. Magnetic measurements for powder
samples ofl and2 were carried out with a Quantum Design PPMS Results and Discussion
model 6000 magnetometer. The &tlsorption/desorption measure-
ments were performed at 77 K in the pressure range 6:0Gitm Synthesis.The hydrothermal method has been extensively
using an Autosorb 1 MP (Quantachrome Instruments, Boynton explored as an effective and powerful tool in the self-
Beach, FL). The sample was degassetSity at 423 K. Thetotal assembly of high-dimensional metadrganic coordination
pore volume was calculated on the basis of the solvent-accessiblenolymers, even though its reaction mechanism is still not
volume estimated by the PLATON program. clear!! As is known, many transition metal carboxylate
compounds have been successfully obtained under hydro-
thermal conditions, which might be attributed to the poor
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Table 1. Crystal Data Collection and Structural Refinement Parameters Table 2. Selected Bond Lengths (A) and Angles (deg) foand 22

compound 1 2 CompoundL (bond)
formula Gi4H20N2016C03 C14H22N2017C03 COl—Ol_O 2.012 (4) Co209" 2.105 (4)
fw 649.11 667.13 Col-06 2.062(5) Coz2N2 2.125 (6)
a(A) 11.1389(7) 17.5151(5) Co1-09 2.093(4)  Co2N1 2.129 (6)
b(A) 11.2652(7) 13.7564(2) Col1-04 2.099 (5) Co3-010Y 2.058 (5)
c(A) 11.4139(7) 10.8123(4) Col-Ofi 2.122(5) Co305 2.072 (5)
a(deg) 76.3800(10) Co1-08 2.179(5) Co3010 2.093 (4)
B(deg) 66.3690(10) 105.532(2) Co2-09 2.071(5) Co307 2.124 (5)
y(deg) 78.9640(10) Co2-01 2.072(5) Co303 2.130 (5)
V(A3 1267.65(14) 2510.03(12) Co2-08 2.100(5) Co3011 2.180 (6)
Z 2 N 4 . Compoundl (angle)
cryst syst triclinic C’E?”OC"”'C 010-Co1-06  101.1(2) 0+Co2-N1 76.6 (2)
space group P1 c _ -
cryst size(mrd) 0.36x 0.26x 0.08 0.20x 0.16x 0.16 8;2_&%17899 18323(’2()18) ggfgizﬂil iggj g;
MA/) - 0.71073 0.71073 010-Col-04 935 (2) N2-Co2—N1 93.1(2)
p(grcr) 1701 1.765 06-Col-04i 87.3(2) 010—Co3-05 982 (2)
q(wm ) 3-7031‘2‘ ;-7%352* 09-Col1-04i 9577 (19) 019—Co03-010  81.10 (18)
( )I . ) 1( ) 010-Col-O%i  91.35(19) OB-Co3-010  176.6 (2)
total refins 6650 3515 06—Co1-01 93.0 (2) 010—C03-07  171.64 (18)
unique data collected 4440 2195 09—Co1-01ii 79.26 (18) 08— Co03-07 87.3(2)
observed refins 3943 19427 04i—Co1-O%i 17503 (19) 016C03-07 93.78 (18)
Rint . 0.0303 0.0403 010-Col-08 80.32(18) O18-Co3-031  97.64 (19)
data/restraints/params 4440/335/12 2195/0 /177 06—Co1-08 169.3 (2) O5-C03-03' 87.5(2)
RA( |>>2‘2’(')|) 0-8716923 0-2%%3 09-Co1-08 77.74(18) 016C03-03 89.3 (2)
Eg (” g o(l)) 0.0.1930 0. > 04i—Co1-08 89.7 (2) 07Co3-03 88.9 (2)
(all data) 0.0866 0.096 0li—Co1-08 89.1(2) 010-Co3-011  90.0 (2)
gwg(lf‘” data) 5-5256 f-ll%l“ 09-Co2-01 99.9 (2) 08-C03-011 85.9 (2)
- - 09-Co02-08 80.02 (18) 016C03-011 97.4(2)
AR = S|IFo| = IFell/SIFel. Ry = [SWEZ — FR2SWFR 2 01-Co02-08 178.0 (2) 07Co03-011 84.1(2)
2IFol = Fell/zIFl, R = [2W(Fs® = Fo?)¥3w(Fo’)] 09—Co2-0gii 85.43 (17) 0%—Co3-011 170.6 (2)
i ; ; ; 01-Co2-09i 80.09 (19) O+Co2-N1 76.6 (2)
solubility of carboxylate ligand¥ In this article, orange O8—Cor0g 97.94(19) Co209-Col 103.0 (2)
crystals of compound. and red crystals oR were also 09—Co2—N2 155.8 (2) Co209—Codi 94.57 (17)
isolated from the hydrothermal reaction of cobalt powder 01-Co2-N2 104.1 (2) Co+09—Co2i 100.18 (19)
. . . . - \4
and Hpydc. Obviously, the Co(ll) ions found ift and 2 08 -Co2-N2 75.9(2) Cor010-Co3’ 1118 (2)
o . . 09i—Co2-N2 95.9 (2) Co+010-Co3 122.6 (2)
were created through the oxidation of Co(0) starting material og—co2—N1 95.1(2) Co8-010-Co3 98.90 (18)
under hydrothermal conditions. The synthesis can be opti- Compounc (bond)
mized to produce predominantly one compound or the other, Co1-03 2.067 (6) Co205% 2.107 (6)
so that single-phase material is obtained following purifica- €01-05 2085(5  Coz01 2.109 (6)
: ; . Co1-01 2.105(6) CozN1 2.141(7)
tion. It should be mentioned that during the course of our cgo_gov 2072(6) Co204 2.167 (7)
investigation forl and 2, Wood et al. have also obtained  Co2-05 2.096 (5)
compound? by employing a Co(ll) starting material, Co£l , ) Compound (angle)
6H.0, as a cobalt precursor to react withpsidc in alkaline 03—Col-03' 85.0 (4) 05-Co2-01 77.3(2)
medial 03-Co1-05 90.8 (2) 05-Co2-01 95.4 (2)
: o ) ) 03—Co1-05i 95.7 (2) 0»—Co2-N1 93.8 (3)
Structural Description. The X-ray diffraction analyses 05-Co1-05 171.1(3) 05-Co2-N1 151.4 (3)
of 1 and 2 show them to have simple and closely related 8%—%011—%11 183-3 (%) 85—5022—’\]'\‘11 ?g-g g;
. —Col— . 02— .
fo_rmulas but show the extremely complex .apd entirely 55 cor_o1 77.7(2) 0P —Co2—04i 775 (3)
different structures. The crystal structure2oéxhibits a 3D 05i—-Co1-01 96.0 (2) 05-Co2-04' 95.9 (2)
porous framework with hydroxyl-bridged metal chains where 8;;081;03'; 181531-67 (é)) %i—CCZZ_—OO;i}“ l;g-g ((g))
. . . —CoZ2— . (o) .
the A-chains are constructt_ed by one type qf triangles sharing gov_cos-05 1025 @ NL G020 92.4 (3)
the edges and vertexes (Figure' Bs above in2, compound 05-C02-05' 81.9 (2) Co+05-Co2 97.5(2)
1is also built on a 3D porous framework consisting of strips  02'—C02-01  159.5(3) CoxO5-Co2 120.6 (3)

of corner- and edge-sharing &@s-OH) triangles. In com- aSymmetry codes: (i, 1+, z (i) —x, 1 —y, 1 — z (i) =1 — x,
parison with only two crystallographically independent Co- 1-v.1 -z (V) ~1-x 1—y,2—zfor1 (i) 122+ x —1/2+ .z
(I1) ions in the asymmetric unit o2, three crystallographi- g;)(&)/z_;é :1;’2_?;’0}/22__ Z (i) =y, 2=z (V) x, 2 =y, —1/2+
cally distinct Co sites are found il. Col adopts an

octahedral coordination geometry in which twg-OH
oxygen atoms stand at the apical positions and four car-
boxylate oxygen atoms comprise the equatorial plane. Co3
is also pseudo-octahedrally coordinated to an oxygen only

donor set, comprised of trans coordination by the carboxylate
O and HO and equatorial cis coordination of carboxylate-O
andus-OH oxygen (09 and 0O10) atoms. While Co2 is in a
greatly distorted octahedral geometry by two N atoms and
two O atoms from two chelated 2,4-pydc ligands and two
u3-OH groups (Figure 2). Col and Co2 are connected via
09 hydroxide group, resulting in a €{@s-OH) triangle, and
two triangles share a common edge, forming a tetrameric

(12) (a) Wang, X. L.; Qin, C.; Wang, E. B.; Xu, L.; Su, Z. M.; Hu, C. W.
Angew. Chem., Int. ECR004 43, 5036. (b) Liu, Y. H.; Ku, Y. L.;
Wu, H. C.; Wang, J. C.; Lu, K. LInorg. Chem 2002 41 2592. (c)
Shi, Z.; Li, G. H.; Wang, L.; Gao, L.; Chen, X. B.; Hua, J.; Feng, S.
H. Cryst. Growth Des2004 4, 25.
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Figure 3. (a) Inorganic chain composed of vertex-sharing tetrameric units
formed by edge-sharing trianglesin(b) Chain of incomplete face-sharing
double cubes and double flower basketd.in

Figure 1. Crystal structures o2 showing 3D porous framework (a) with
hydroxyl-bridged metal chains (b).

Figure 4. Polyhedron view of the 3D open framework @fwith 1D
solvent-filled channels.

Magnetic Properties. Compound 1.The magnetic sus-

ceptibility data ofl per Cg unit under 10 kOe external field

in the temperature range 5800 K obeys the CurieWeiss

law, giving & = —78 K, thus indicating a dominant strong

antiferromagnetic interaction and/or spin orbital coupling

between the Cbions (Figure 5a). Although thé-chain
Figure 2. Crystal structures aof showing complete coordination environ- topology has .been obsgryed a number of times in cobalt
ments of cobalts environments. Al hydrogen atoms are omitted for clarity. compounds with the stoichiometry €h)a(us-OH), (whele
The symmetry codes are A=x — 1,1—-y,1—zB: —x—1,1—vy,2 L is a dianionic ligand};'*b*'there is still no appropriate
—zCxltyzadDx-1yl+z theoretical model to estimate the magnetic exchange between

) . , , . adjacent Co(ll) ions in this complicated system. Tdevalue
unit. Col is also connected with Co3 via the O10 hydroxide ygcreases to a minimum and then increases slightly to reach

group to give another G(us-OH) triangle which shows
greater distortion than that formed via Col and Co2. Two (13) Gutschke, S. O. H.; Price, D. J.; Powell, A. K.; Wood, PARgew.
triangles also share an edge, forming a different tetrameric ,, , Chem.. Int. Ed1999 38, 1088.

. .. ; . . (14) (a) Colacio, E.; Dormguez-Vera, J. M.; Ghazi, M.; KivékaR.; Lloret,
unit. Therefore, two distinct tetrameric units are present in F. J.: Moreno, M.; Stoeckli-evans, iEhem. Commuri,999 987. (b)

1, which differ from compoun@. The two distinct tetrameric Humphrey, S. M.; Wood, P. T1. Am. Chem. S0@004 126 13236.
. . . . (15) Mydosh, J. ASpin Glasses: An Experimental Introductioraylor
units are arranged alternately sharing vertexes, resulting in""~" and Francis: London. 1993.

a chain with theA-chain topology (Figure 3a). Interestly, (16) IZheE% ;(-)gé; Igngégﬂd L.; Zhang, W. X.; Chen, X. Mngew. Chem.,
- : nt. , :

COl_and 902 are further b”dged via-O1 a“dﬂZ'os’ (17) Yoon, J. H.; Lim, J. H.; Choi, S. W.; Kim, H. C.; Hong, C. [8org.

forming an incomplete face-sharing double cube. Col is also Chem.2007, 46 1529. .

linked to Co3 by three carboxylate moieties, resulting in a (18 Zzlhselng, L. M.; Gao, S.; Yin, P.; Xin, X. Qnorg. Chem.2004 43

beautiful face-sharing double basket. The incomplete double(19) (a) Dzyaloshinsky, LPhys. Chem. Solids958 4, 421. (b) Moriya,

cubes and the double baskets are arranged to alternately share T.Phys. Re.196Q 120 91. (c) Armentano, D.; Munno, G. D.; Lloret,
. . . . . F.; Palli, A.; Julve, V. M.Inorg. Chem.2002 41 2007.
edges to furnish an inorganic chain (Figure 3b). Furthermore, (20) spek, L.A Multipurpose Crystallographic TopUtrecht University:

similar to compoundL, each inorganic chain ith connects Utrecht, Netherlands, 1999.

: : : (21) (a) Gutschke, S. O. H.; Molinier, M.; Powell, A. K.; Wood, P. T.
to four orthogonal adjacent chains forming a 3D open Angew. Chem.. Int. EA997 36, 991. (b) Gerrard, L. A.; Wood, P.

framework with 1D solvent-filled channels (Figure 4). T. Chem. Commur200Q 1670.
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Figure 5. (a) Temperature dependenceugf and 14, for 1 at 10 KOe. (b) Temperature dependence ofaat different frequencies fat. (Hgc = O Oe,
Hac = 3 Oe)

Figure 6. Plots of temperature dependencegf at different fields forl.

The inset is the plots of temperature dependencg.dt different fields lFiQUfet72- KP|OIS ofMvsH at 2 and 8 K forl. The inset shows hysteresis
for 1. oop & .

a maximum at abdwb K and finally decreases more rapidly  {hys indicating that a partly canted antiferromagnetic structure
on further cooling (Figure 6). This behavior is characteristic gyists (Figure 5b). In addition, no obvious frequency-
of ganted antife_rromagnetiéﬁ]in which a predominantly dependent behavior is observedlinwhich precludes the
antiferromagnetic phase possesses a small Sponta”eouﬁossibilities of a spin-glass or SCM (single chain maghet.

magnetization due to a small deviation from a strictly | js known that the real pary) of ac susceptibility below
antiparallel arrangement. A series of temperature scans inT, yaries according to the following expressién:
various fields show field dependence of the low-temperature

phase confirming our assignment. In small fields below _ _ —y
6 K o C - x= xo(1 = TITy) )
, the susceptibility increases as the measuring field

decreases, consistent with canted antiferromagnétisat.
low field and below 3.0 K, a slow rise ip, pertains to the
occurrence of spin-canting (Figure 6 ins&tOn the other
hand, the broad peak appearing am@K in theym vs T
curve is typical for a low-dimensional antiferromagfet.
Considering that the\A-chains are well isolated by pydc
spacers (the shortest €aCo distance between the chains is
9.01 A), a low-dimensional magnet is anticipated. When the
strength of external field exceeds 5000 Oe, the peak
disappears, suggesting the occurrence of a field-induced spin
flop transitiorf> (Figure 6 inset). Evidence for the spin-
canting and spin-flop transition was further confirmed by
the ac susceptibility measurements.

To further inspect the underlying magnetic nature, the
measurements of ac magnetic susceptibility were carried out

at zero dc field. The real parg4') of ac susceptibility shows (23 (a) Binney, B. B.: Dowrick, N. J.; Fisher, A. J.: Newman, M. E. J.;

that a maximum is detectable at 6 K. The observation of a The theory of critical phenomen@larendon: Oxford, 1992. (b) Girtu,
M. A.; Wynn, C. M.; Zhang, J.; Miller, J. S.; Epstein, A. Bhys.

where v is the critical exponent angy, is the critical
amplitude belowTy. The valuey provides information about
the dimensionality and the symmetry of the magnetic lattice
undergoing the ordering transitiéf.>3 Figure S4 shows the
double logarithmic plot of' as a function of the reduced
temperature. A fitting of the data to eq 1 yieldgd= 0.80.
The obtained critical exponent is smaller than the values
experimentally found in 3D ferromagnéts (y ~ 1.3).
However, it is close to the values found for spin-flop
transitior3d (y ~ 0.56) and canted systé# (y ~ 0.35—
0.7).

The field dependence of the magnetizatidt) (n the field
range from—8 to +8 T is shown in Figure 7. The
magnetization curvet@® K shows a two-step transition. At

peak inyn," at abow 6 K is relevant with magnetized state, Rev. B 2000 61, 492. () Belayachi, A; Dormann. J. L.. Nogues, M.
J. Phys. Condens. Mattdi998 10, 1599. (d) Kawamura, H.; Caille,
(22) Feng, M. L.; Prosvirin, A. V.; Mao, J. G.; Dunbar, K. Rhem. Eur. A.; Plumer, M. L.Phys. Re. B 199Q 41, 4416. (e) Dormann, J. L.;
J. 2006 12, 8312. Belayachi, A.; Nogues, NJ. Magn. Magn. Mater1992 104, 239.
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Figure 8. (a)Temperature dependencewgfi and 1jm for 2. (b) Field dependence of magnetization2oat 2 K.

low field below 800 Oe, there is a relatively rapid increase with increasing field, and no detectable hysteresis was
of M. Above 800 Oe, a sigmoid-shaped curve is found; the observed at very low fields, which is consistent the overall
magnetization increases very slowly between 800 and 5000antiferromagnetic ordering. Remarkably, like compoudnd
Oe due to strong antiferromagnetic interactions followed by the antiferromagnetic nature is largely retained by the porous
a sharp increase. The magnetization then increases graduallframework of dehydrated supported by itdM—H curve

to 80 KOe without saturation and exhibits a vallid € (Figure S6b).

3.5Nusg) that is far from the theoretical three expectedCo Compared with compoung, a mechanism of ferromag-
ions (Ms =~ 6.9N ug). Assuming the nearly linear increase netic-like correlation exists ik, which can be attributed to

of the magnetization, the expected saturation magnetic field spin-canting. It is well-known that spin-canting may arise
(Hc) is about 211 KOe. The transition at about 800 Oe from two mechanisms: single-ion magnetic anisotropy and
appears to be associated with spin-cantiigand the spin- antisymmetric exchangé.From a structural point of view,
flop field (Hsg) appears at about 5000 Oe determined by the we believe that the spin-canting may be favored by the
dM/dH derivative curve (Figure S5). With theses results, the significant spin-orbit coupling associated with th&T
anisotropy fieldHa ~ 119 Oe and the exchange fidht ~ ground term of Co(ll) ions and the three different coordina-
106 KOe. Furthermore, the magnetic hysteresis loop at 2 K tion environments shown by the three Co(ll) ions and is
with a coercive field 200 Oe, and remnant magnetization consistent with the crystallization df in a low-symmetry
(Mr) of 80 Oe emu mof' (Figure 7 inset) confirm the  space groupl.

occurrence of spontaneous magnetizatiot, @ agreement Porosity and Adsorption PhenomenaThe openness of
with the observed spin-canting. Notably, these magnetic the channels makes them possible to remove the guest water
properties are largely retained by the porous network of molecules from compounds and 2. Evacuation of [Ce
dehydrated. Like compoundL, theues value for dehydrated  (2,4-pydc)(us-OH)]n-5nH,0 and [Ca(2,4-pydc)(uz-OH),-

1 decreases to a minimum and then increases slightly to reach(H,0)].-7nH,O at 150°C removed the guest water molecules
a maximum at about 5 K, and finally decreases on further quantitatively, affording the dehydrated solid, whose XRD
cooling (Figure S7). This behavior is characteristic of spin- patterns are consistent with those of original materials. This
canted antiferromagnetism. The hysteresis in low field indicates preservation of the framework and retention of the
cooperative with a sigmoid-shaped curve above 800 Oe crystalline order upon removal of the guest species. Fur-
further confirms above spin-canted antiferromagnetism and thermore, according to TG analyses, both the frameworks

field-induced spin-flop transition (Figure S6a). retain stable up to 460C, at which point they begin to
Compound 2.For comparison, the magnetic property of decompose.
compound with a formula closely related tb, was studied. The well-defined structures of the dehydrated frameworks

The temperature dependence of magnetic susceptiility —allow us to estimate their pore window sizes and volume by
for the powder sample &is investigated in the range-300 computationally removing the guest water molecules. The
K under 10 kOe applied field (Figure 8a){is the magnetic ~ space-filling models suggest that the aperturd is of an
susceptibility per Ceunit). A Curie—Weiss fit to the high- approximately rhombus contour with a dimensien9(01
temperature susceptibility data yields ¢ of —98 K, A) large enough for uptake of adsorbates (Figure S3a); while
indicating that strong antiferromagnetic coupling dominates the aperture i2 is of an approximately square contour with
the exchange between Co ions within the chain. The single-a dimension £9.19 A) (Figure S3b). As estimated by the
ion behavior of octahedral Co(ll) could also make partial PLATON progrant’ compoundsl and?2 have the solvent-
contribution to the negativ@, but not to such a large vald&. accessible volume accounting for 39.4% and 43.4%, respec-
As the temperature is lowered, thes value exhibits a  tively.

monotonic decrease to 2/ at 2 K, consistent with the To experimentally evaluate the pore characteristics of two
simple antiferromagnetic behavior. Furthermore, the anti- structures and to analyze their hydrogen-adsorption proper-
ferromagnetic nature of the complex is further supported by ties, as well as to understand the differences in their pore
the magnetization vs field curve measurad?&K (Figure structures, we carried out an extensive gas-adsorption study
8b). TheM—H curve shows a slow nearly linear increase at 77 K. The hydrogen adsorptieesorption isotherms for
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1 and 2 at 77 K are plotted in Figure S8. Compoutd water molecules, while both and2 maintain their frame-
adsorbs less hydrogen than compo@ndt 1 atm, the values  work structures intact so that the magnetic properties are
are 0.70 and 1.02 wt % fdt and 2, respectively. Another  largely retained in their dehydrated state. The most striking
interesting feature of the isotherms is the hysteresis loop feature of these porous frameworks is their sorption capability
between the adsorption and desorption branches. to hydrogen. This work demonstrates the importance of
. crystal engineering of coordination polymers in the field of
Conclusions . . . .
multifunctional molecular-based magnetic materials.
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