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The isostructural, chiral molecular magnetic materials with the formula [M,M',—(ca),(1,4-dimb)], [H.ca = D-(+)-
camphoric acid, 1,4-dimb = 1,4-di-(1-imidazolyl-methyl)-benzene, M = Ni", M' = Co", 0 < x < 2] consist of
ca-bridged (4,4) layers with [Mz(O,CR)4] as secondary building units that are pillared by the 1,4-dimb ligands into
a unique 3D framework. The high-spin octahedral symmetry and the proportions of the mixed-metal ions were
characterized by UV-vis spectroscopy. The compounds exhibit the onset of antiferromagnetic ordering at 7.5~23
K, as well as weak ferromagnetism, spin-flop, and glassy behavior that result from the randomness of the mixed-
metal pairs, magnetic anisotropy of the metallic cations, and antisymmetric exchange. The composites should be
regarded as molecular alloys of the pure Ni(ll) and Co(ll) compounds. The magnetic behavior of the solid solutions
shows unambiguously that the organic bridges, bond angles, and bond distances greatly influence the effective
interactions and bring about cooperative magnetic behavior in the chiral 3D frameworks.

Introduction levels. Another aspect of this field is the determination of
key structural or electronic characteristics that govern the

Onglgoglhof cér):cgta:j engmeeglng IS to_develgp nlovell resulting magnetic ground states and their relation to
materials with predefined and tunable properties, and molecule-, o4 jated bulk magnetic properties. So far, only few

based chiral magnets that manifest both magnetic orderingexamples of such magnets have been repdfted.
and optical activity represent a new frontier in the design of
dual functional materialsWith such materials, chirality must
be maintained at the molecular as well as the macroscopic

Among the class of metal carboxylatethe tetracarboxy-
late-bridged dimetallic (e.g., GH, zZn,**, and Mag*")
paddlewheels have been envisaged as the secondary building
units (SBUSs) for the construction of metal-organic frame-
works (MOFs) that display nanosized porosity and magnetic
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MOFs of Cd and Ni' have also been structurally established,
only a few studies have been devoted to their magnetic
properties, which exhibit simple antiferromagnetic (AF)
coupling without ordering as those observed in discrete metal
complexes:®

Stable chiral dicarboxylate dianions can be used to connect
magnetic metal ions and the SBUs into MOFs of' Gmd
Ni" that confer structural chirality at both the molecular and
macroscopic levels. The enhancement of the strong magnetic
intercluster interaction in the 3D network combined with the
intrinsic properties of the SBU, therefore, presents a new

strategy in the design of high: chiral magnets. Furthermore,

Figure 1. Photos of the crystals df—6.

the incorporation of a second type of metal ion in a large SBUs with the dimetallic compositions prepared under

proportion into the crystal lattice of a MOF containing a
single type of metal ion is theoretically and practically

hydrothermal reaction conditiog:®
We describe herein the crystal structures and magnetic and

feasible’ leading to a solid solution that can be used to adjust spectral properties of six chiral, 3D MOFs jiday(1,4-
the number or uniformity of the SBU linkages between metal dimb)], [M = Ni" (1), Cd' (2), CousNiys (3), C'1aNi'z4

centers, leading to a greater control of the ordering (4) Co'yaNi"3 (5), and CHyaNi'ys (6); Hoca = D-(+)-

temperaturé? 4 Expectedly, the manipulation of physical

camphoric acid; 1,4-dimk= 1,4-di-(1-imidazolyl-methyl)-

properties by changing metal compositions in the solid benzene] (Figure 1). These compounds possess dinuclear

solution is different from the manipulation of conductivity
of semiconductors modulated by trivial dopiffigMore
importantly, the solid solution exhibits additional properties

M2(u-O,CR), SBUs with different Ni/C0d' ratios, a chiral
dicarboxylate ca, and heterocyclic 1,4-dimb ligands, which
were hydrothermically synthesized with the starting reagents

such as indices of refraction and color that can be preciselyin the stoichiometries of the corresponding products. Among

and reliably fine-tuned.Our approach is to combine such

them,3—6 each contain both Niand Cd within the same

chiral dicarboxylates and mixed-metal ions into a crystalline crystal lattice and are referred to as a solid solutidn.

MOF material that should exhibit rich chemistry and, at the
same time, is a potential molecular alloy, hence, allowing a

systematic magnetic study of 3D MOFs featuring dimeric
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Experimental Section

Materials and Measurements.All of the starting chemicals
were of analytical reagent grade, except that 1,4-dimb was
synthesized according to a literature procedure (see the Supporting
Information), and used as received. Compouhd§ were synthe-
sized directly through hydrothermal treatments using the starting
reagents in the stoichiometries of the corresponding products at
170°C for 7 days in high yields (ca. 90%).

Elemental analyses (C, H, and N) were performed on an
Elementar Vario EL analyzer. IR spectra were recorded on a Nicolet
Magna-IR 750 spectrometer equipped with a Nic-Plan microscope.
Nuclear magnetic resonance spectra were obtained at room tem-
perature with a Varian XL-300 spectrometer. To increase the signal-
to-noise ratio, each spectrum was the average of at least 10 different
scans. Solid UVvisible spectra were obtained in the 20800
nm range on a JASCO UVIDEC-660 spectrophotometer. Temper-
ature- and field-dependent magnetic measurements were carried out
on an Oxford MagLab 2000 magnetometer. Diamagnetic corrections
were made with Pascal’'s constants. Thermogravimetric analysis
(TGA) data were collected on a Perkin-Elmer TGS-2 analyzer in
flowing air at a heating rate of 18 min~* by heating microcrystals
of 1—6. X-ray powder diffraction data were collected on a Rigaku
D/max-Il1A powder X-ray diffractometer. The relative molar ratios
of Co/Ni in the mixed-metal crystal8{-6) were determined, using
a Sciex ELAN inductively coupled plasma spectrometer on the
crystals and the residual reaction solutions, to be 1.02:1, 1:2.93,
1:2.07, and 1.94:1, respectively, which have also been confirmed
by X-ray photoelectron spectroscopy analysis on the surfaces of
the crystals.

Crystallographic Studies. The single-crystal diffraction data
were collected on a Bruker Smart Apex CCD diffractometer with
graphite monochromated ModKradiation ¢ = 0.710 73 A) at
room temperature, and the absorption corrections were applied by
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Table 1. Summary of Crystallographic Data far-6

compound 1 2 3
formula Ni2C34H42N403 C02C34H42N40g CONiC34H42N408
fw 752.14 752.58 752.36
cryst syst monoclinic monoclinic monoclinic
space group P2, P2; P2,

a(A) 10.194(1) 10.226(1) 10.213(6)
b (A) 12.679(2) 13.012(2) 12.886(8)
c(A) 13.776(2) 13.551(2) 13.620(9)
p (deg) 90.954(2) 90.749(2) 90.845(1)
V (A3) 1780.1(4) 1802.8(4) 1792.3(2)
Dcalcd(g/cn®) 1.403 1.386 1.394
z 2 2 2
RWR; (obsd 0.0563/0.1548 0.0391/0.1399 0.0482/0.1297
data)
flack parameter 0.19(4) —0.05(3) 0.15(3)
compound 4 5 6
formula Ca/2Niz;2Cz4H42N40g C02/3Ni4/3C34H42N4O0s C04/3Ni2/3C34H42N4Os
fw 752.25 752.28 752.43
cryst syst monoclinic monoclinic monoclinic
space group P2, P2, P2,
a(A) 10.230(8) 10.213(1) 10.233 (7)
b (A) 12.823(1) 12.829(1) 12.923(9)
c(A) 13.628(1) 13.651(1) 13.608(9)
B (deg) 90.812(1) 91.049(2) 90.924(1)
V (A3) 1787.5(2) 1788.2(3) 1799.3(2)
Dcalca(g/cn) 1.401 1.401 1.389
z 2 2 2
R/wWR, (obsd 0.0676/0.1665 0.0805/0.2142 0.0517/0.1335
data)

flack parameter

0.18(4)

0.37(6)

0.05(4)

SADABS? The space group was determined from the systematic  Dimetal Solid Solution. The isostructural nature dfand
absences and further verified by the refinement results and 2, which contain different bivalent transition metals (Mdind
PLATONZ?® The structures were solved by direct methods and Cd"), suggests that one type of metal ion can be replaced
refined using a full-matrix least-squares technique with SHELXL-  py another without disruption of the lattice, so that the same
972 All non-hydrogen atoms were refined with anisotropic 3 \oF would be retained when using different mixtures

displacement parameters, whereas the hydrogen atoms of the Iigandaf Ni'" and Cd. Through hydrothermal treatments, the other

were placed at idealized positions and refined as riding atoms. _ f . .
Experimental details of the X-ray analyses are provided in Table compounds3—6 were obtained. As X-ray diffraction cannot

1. Selected bond distances and angles are listed in Table 2. readily distinguish between Niand Cd, they appear to be
delocalized on the same site in the lattice and have a relative

Results and Discussion ratio corresponding to the reactants from which they were
Crystal Structures. Compoundsl—6 are isomorphous, crystalliz_ed: Refinement§ on the_ occupancies at the metal
crystallizing in the chiral space grow®; with only slight centers indicated the ratios of 'Nand Cd to _be 50:50%,
differences in their unit-cell dimensions (by 0.33 A, 2.6%) /2:25%, 67:33%, and 33:67% 86, respectively. Mean-
and volumes (by 22.6 A 1.3%) (Table 1). As shown in yvhlle, there is no evidence thgt ordering of the.metal ions
Figure 2, the dimeric SBU irl comprises two grossly " 3—6 has been _found according to .tr_]e magnetic measure-
distorted octahedral Niatoms [Ni~N, 1.992(7) or 2.011(6)  Ments. These mixed-metal compositions show unambigu-
A; Ni—O, 2.013(5)-2.295(6) A] bridged by two bis- ously that the bond .angles'and distances greatly influence
bidentate and two bis-tridentate carboxylate ends of the catl® Superexchange interactions.
ligands, featuring an unusually short intradimer Nili2 Such kinds of materials, being referred to as solid
distance of 2.708(1) A. Similar interatomic distances (Table solutions? contain two different types of transition metals
2) are noted fo2—6 with different proportions of Cband  Within the same single crystals. Our synthetic approach
Ni". The SBUs are interlinked by the ca ligands into should be useful in the context of crystal engineering with
undulating (4,4) layers, which are further pillared by the 1,4- regard to the design of materidSolid solutions are now
dimb ligands into a noninterpenetrating 3D motif (Figure 2) considered a new class of materials exhibiting properties that
with the 1,4-dimb phenyl groups located in the free space can be altered systematically as a function of the types and
between the layers (Chart 1) for compact packing. Owing relative ratios of transition metals, which can also be expected
to the steric hindrance of the chiral dicarboxylate, the entity to have properties such as index of refraction and color.
charge balance, and coordination mode of the metal ion, the UV —Visible Spectra. Electronic spectra of phase-pure
ca ligand should find it difficult to form a chiral 3D, SBU-  microcrystal samples df—6 and the two ligands are shown
based structure in the absence of 1,4-dimb. In fact, thein Figure 3. Compound shows three broad absorption bands
appropriate degree of chemical flexibility of subsidiary ligand in the 200~800 nm rangd one centered at 210 nm (ligands
1,4-dimb is probably favorable for a self-filling structdfe. = n— z*) with shoulders at 218225 nm, being contributed

Inorganic Chemistry, Vol. 45, No. 18, 2006 7071
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Table 2. Selected Bond Lengths (A) and Bond Angles (deg) fei6

compoundd 1 2 3 4 5 6
Bond Lengths
M1-O 2.013(5) 2.010(3) 2.013(3) 2.005(6) 1.97(1) 2.015(4)
2.019(5) 2.023(3) 2.021(4) 2.017(7) 2.03(1) 2.019(5)
2.059(6) 2.041(4) 2.195(4) 2.077(8) 2.10(1) 2.084(5)
2.110(6) 2.270(4) 2.088(4) 2.134(7) 2.18(1) 2.211(5)
2.284(6) 2.409(4) 2.335(4) 2.340(8) 2.29(1) 2.348(6)
M2—0 2.018(5) 2.017(3) 2.015(4) 2.004(7) 2.00(1) 2.012(4)
2.036(5) 2.029(3) 2.034(3) 2.019(6) 2.04(1) 2.032(4)
2.046(6) 2.073(4) 2.036(5) 2.028(8) 2.05(1) 2.034(6)
2.109(6) 2.284(4) 2.198(4) 2.166(8) 2.14(1) 2.216(5)
2.295(6) 2.363(4) 2.360(4) 2.321(7) 2.38(1) 2.371(6)
M1-N 2.015(6) 2.040(4) 2.028(5) 2.037(8) 2.08(1) 2.027(6)
M2—-N 1.992(6) 2.053(4) 2.025(5) 1.998(9) 1.988(1) 2.037(6)
M1—M2 2.708(1) 2.874(1) 2.795(1) 2.754(2) 2.774(2) 2.816(1)
Bond Angles
01-M1-06 168.2(2) 161.2(1) 164.0(1) 166.6(2) 163.7(2) 165.7(4)
01-M1-N1 94.6(2) 95.6(2) 95.1(2) 94.7(3) 94.9(2) 96.3(5)
01-M1-07d 91.3(2) 96.1(1) 94.2(2) 92.7(3) 94.4(2) 93.6(4)
01-M1-08d 84.7(2) 85.5(1) 85.2(2) 85.5(3) 84.9(2) 86.3(4)
01-M1-0O4e 87.0(2) 83.4(2) 85.3(2) 86.5(3) 85.0(2) 87.9(4)
06—M1-N1 95.1(2) 96.1(2) 96.4(2) 95.9(3) 96.6(2) 94.8(5)
06-M1-07d 92.8(2) 94.3(1) 93.5(2) 92.6(3) 93.6(2) 91.9(4)
06—-M1-08d 87.8(2) 86.6(2) 86.7(2) 86.7(3) 87.0(2) 85.0(4)
O4e-M1-06 86.2(2) 82.1(1) 83.4(2) 85.0(3) 83.4(2) 83.4(4)
07d-M1—-N1 103.8(2) 166.3(2) 105.6(2) 104.0(3) 105.6(2) 105.9(5)
08d—M1—N1 163.9(2) 107.4(2) 164.6(2) 163.5(3) 164.8(2) 166.1(5)
O4e-M1—-N1 91.0(2) 89.6(2) 90.7(2) 92.1(3) 90.6(2) 89.1(5)
07d-M1—-08d 60.2(2) 59.0(1) 59.1(1) 59.5(3) 59.3(2) 60.3(3)
O4e-M1-07d 165.2(2) 162.9(1) 163.6(1) 163.9(2) 163.7(2) 164.6(4)
O4e-M1-08d 105.0(2) 104.0(1) 104.6(2) 104.4(2) 104.5(2) 104.6(3)
02-M2-05 165.3(2) 161.0(1) 163.5(1) 164.8(2) 162.6(2) 163.6(3)
02-M2-N4a 95.4(3) 94.5(2) 94.5(2) 94.4(3) 93.9(2) 95.2(5)
02-M2-08d 84.5(2) 83.5(1) 85.0(2) 85.6(3) 83.9(2) 86.3(5)
02-M2-03e 93.1(2) 95.3(2) 94.2(2) 93.1(3) 94.8(2) 94.7(4)
02—-M2-04e 84.5(2) 84.1(1) 84.4(1) 84.7(3) 84.3(2) 85.9(4)
05-M2—N4a 96.7(3) 98.0(2) 97.6(2) 97.4(3) 98.3(2) 97.2(5)
05-M2-08d 86.8(2) 81.9(2) 83.4(2) 84.5(3) 83.5(2) 82.3(4)
03e-M2-05 92.1(2) 94.7(2) 93.3(2) 93.2(3) 93.5(2) 92.4(4)
O4e-M2-05 86.3(2) 87.3(2) 86.9(1) 86.4(3) 87.1(2) 85.2(4)
08d-M2—N4a 92.4(3) 91.4(2) 91.6(2) 91.7(3) 91.4(2) 93.7(4)
03e-M2—N4a 103.5(3) 107.0(2) 105.8(2) 104.3(3) 106.6(2) 104.6(4)
O4e-M2—N4a 162.7(3) 165.2(2) 164.5(2) 164.1(3) 164.6(2) 163.5(4)
03e-M2-08d 164.1(2) 161.6(1) 162.6(2) 164.0(3) 162.1(2) 161.5(4)
O4e-M2-08d 104.8(2) 103.0(1) 103.7(1) 104.0(3) 103.6(2) 102.7(3)
03e-M2—-04e 59.4(2) 58.7(1) 59.0(1) 60.0(2) 58.5(2) 59.0(3)

agymmetry codes: & —1+x, —1+y,zb=1+x1+y,zc=-x-Yo+yl—-zd=-x -Yo+y,2-ze=-xY+y 1l—-2z
by the ligands, the second centered at 410 Afagy(p) — stability (at ca. 250C), whereagl—6 were more stable with

3A24, and the third centered at 690 nifT{4(F) < 3A,], a temperature of ca. 33C. Pyrolysis of the organic ligands
which are typical for octahedrally coordinated"Ntom- in 1—6 occurred in the temperature ranges of 2403,
plexest! Compound?2 also shows three broad absorption 290-410, 250-429, 336-424, and 336-425 °C, respec-
bands{one centered at 210 nm (ligands—+ x*) with tively. The final residuals are MD; for 1, Co,O3 for 2, and

shoulders, the second at 470 nfilfy(F) — “T¢(F)] with a M,0s for 3—6 (M = Co, Ni) (weight left found: 21.9, 21.9,
shoulder at 530 nnT14(F) — “T1,(P)], and the third at 740  22.0, 21.5, 21.7, and 21.8% fiir-6, respectively, compared
nm [“T14(F) — *Ax¢(F)], the bands again being typical of to the calculated weight of 22.0% for all). The thermal
high-spin, octahedrally coordinated 'Coomplexes! The stabilities of 1—6 are better than those of other molecule-
spectral features of the solid solutioBs6 are, not surpris-  based chiral magnets containing azide or cyanide f®Hs.
ingly, similar to each other and are practically superpositions Magnetic Studies.The magnetic data were measured on
of 1 and 2 with slight differences in the intensities arising the phase-pure crystals. The dc magnetization dafia—6f
from the relative CNi" ratios, in which those of the Co- are shown in Figure 4. They increases to a rounded
rich crystals are more like those @f whereas those of the maximum at ca. 24 K fol, 7.5 K for2, and ca. 16 K foi,
Ni-rich crystals are more like those @f whereas the« value decreases monotonically upon cooling

Thermal Stability of 1 —6. The thermogravimetric analy-  (Figure S2, Supporting Information). F@dr—6, yu keeps
ses ofl—6 (see Figure S1, Supporting Information) showed increasing with cooling without a maximum value; the values
similar decomposition behaviors. Bothand 2 remained of ue remain almost constant upon cooling from room
stable up to ca. 290C, indicating high thermal stability of  temperature to 50 K and, then, decrease on further cool-
the frameworks. However, the equal compoS8ighows less  ing.
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Figure 2. Perspective views of the SBU (a), (4,4) layer (b), and 3D MOF (d).i€olor codes for C, N, O, and Ni atoms are greenish black, blue, pink,
and indigo-blue; the yellow and dark cyan show the two different packing directions of 1,4-dimb.

Chart 1. Schematic Representation of the 1,4-dimb Ligands Bridging
Adjacent Layers in Two Different Directions into a 3D MOF

Figure 3. Solid UV—visible spectra ofl—6 and the ligands.
The temperature dependence)af for 1 and 2 can be

attributed to the intra- and interdimer interactiahandJ', model insteadHle, = — JSS).24 A least-squares fit of the
respectivelyt?~14 Because the distances between two adjacent data above 54 K gavé = —21.98 cm?, ZJ = — 0.27
SBUs are considerably longer than the intradimer M2 cm™%, andg = 2.61 for1 (Figure S3, Supporting Informa-
separation, the interdimer exchange interactidjsgust be tion), indicating a relatively strong antiferromagnetic in-
very weak. As an exact mathematical expression to evaluatetradimer Ni' interaction, which is similar to those observed
the susceptibility of such a complex 3D systemildfas not in several related octahedrally coordinated Nomplexes
been developed, we have used an admittedly simple dimerwith similar binuclear core®:1¢ It must be noted that the
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Table 3. Summary of the Magnetic Properties fbr-6
1 2 3 4 5 6

HJ/Oe 913 205 67 348 97
M,/Oe 1758 40 18 284 26

M (NB/mol at 70 kOe) 0.55 4.03 254 114 181 3.07
Tav (@t 200 0e FEZFC) 23.0 75 14 125 11.0 115
T* (K, ac 277 Hz) 195 8.0 150 140 13.2 10.0

14,12.5, 11.0, and 11.5 K fdk, 3—6, respectively, might

be attributed to canted antiferromagnetic behavior. Hysteresis
loops were also observed at 1.8 K showing a coercive field
Hcr of 913, 205, 67, 348, and 97 Oe, and/laof 1758, 40,

18, 284, and 26 Oe fol, 3—6, respectively (Figure S5,
Supporting Information). These are in agreement with the
above results and confirm the occurrence of a weak ferro-

Figure 4. ym—T plots for1 per Ni', at 30 kOe (black)2 per Cd', at 10 magnetic behavior.

kOe (red),3 per CoNi at 10 kOe (greend,per Ca/Niz at 30 kOe (blue), . .
5 per CoyNiys at 20 kOe (magenta). ardper CayaNizs at 20 kOe (cyan). For th_e Ni-rich compoun_dSL(4, andb), the ma_gnetlzatlon_
Inset: field dependence of magnetization 166 at 1.8 K at 0~70 kOe. at 1.8 K increased almost linearly and slowly with the applied

field up to 70 kOe. However, it reached 0.55, 1.14, and 1.81

exchange interaction within Cacomplexes is difficult to ~ NA/mol at 70 kOe but did not become saturated (inset of
accurately estimate because of the effects of -sprhit Figure 4). For the Co-rich compounds, the field-dependent
coupling. Taking into account spin-only coupling for the magnetization showed a pronounced sigmodial shape and
dimer Fex = — JSS), a good fit to the data above 50 K réached 4_.03, 2.54, e_md 3.8iB/mol at 70 kOe for_2, 3_, an(_j

was achieved fo (J = —5.76 cntt, ZJ = — 0.01 cnt?, 6, respectively, but did not saturate as well, which implies a
andg = 2.4; Figure S4, Supporting Informatiot)16 The J spin-flop transition. Thgq{(T) measurements f& at several
values of1 and2 show |Jwini| > |Jcocd, Which is in accord dc fields (Figure 7) show that the higher the applied field,
with the positions of the maxima jnu versusT curves. From  the larger the values ofyc below the order temperature, an

a comparison ofnini With Jcoco the relative predominance observation that further confirms a specific field-dependence
of the antiferromagnetic contribution tends to be weakened behavior, known as a spin-flop transition Qflﬁ From

with an increase in the number of unpaired electrons in the different dc FC measurement8, also exhibits a weak
metal(ll) 4 orbital 16 spontaneous magnetization at lower fields (1 kOe) and shows

The y.{T) data of1—6 all show a very broad peak of the @ spin-flop transition to a spin-polarized state at high fields
%' components of the magnetization. All of the Ni-rich (>40 kOe). The above data demonstrate that the magnetic
compounds have more absorptive peaks than those of theproperties of3 are rather complex, consisting of the features
Co-rich compounds, in accord with the dc measurements of both1 and2, weak ferromagnetism and field-induced spin-
(Figure 5). These data allow a precise determination of the flop transition. The properties are, however, not a simple
temperature at which spontaneous magnetization occurs withaddition of those ofl and 2.1
the broad peak of’ under 277 Hz, namelyl* at 19.5, 8, Cooperative Magnetic Behaviors.The phenomena are
15, 14, 13, and 10 K foll—6, respectively. There is weak explained in terms of weak ferromagnetism caused by small,
frequency dependence in the(T) response along with @  uncompensated AF spin-canting farand antiferromag-
glasslike behavior of all Ni-containing compounds around netism with spin-flop for2.1¢1° Such canting is commonly
the ordering temperature. The shift of the peak temperatureattributed to both a strong single-ion anisotropy of Eind
(Te) of the ' peak positions as measured by a paramgter the DzyaloshinskyMoriya interaction that is symmetry-
= ATy/[TpA(log f)] is 0.005, 0.022, 0.026, 0.021, and 0.025 3jjowed because of the chiral structuf@n 2, 3, ands, the
for 1, 3—6, respectively.’**The glassy behavior may result - gpin-flop behavior is influenced by the weak single-ion
from metal ion disorder or defects in the crystal structére. magnetic anisotropy of C'o which is consistent with the

Significant divergences between the zero-field-cooled highly distorted octahedral environment of the high-spif Co
(ZFC) and field-cooled (FC) magnetizations in an applied (d").1116S0lid solutions3—6 display both weak ferromagnetic
field of 200 Oe (Figure 6 and Table 3) observed below 23, gnq spin-flop behaviors, which may be ascribed to a
summation of the behaviors df and 2. The Co-rich and

(15) (a) Hossain, M. J.; Yamasaki, M.; Mikuriya, M.; Kuribayashi, A.;
Sakiyama, H.Inorg. Chem.2002 41, 4058. (b) Ginsberg, A. P;

Martin, R. L.; Brookes, R. W.; Sherwood, R. Gorg. Chem.1972 (18) Mydosh, J. ASpin Glasses: An Experimental Introductioraylor
11, 2884. and Francis: Washington, DC, 1993.
(16) Sun, B.-W.; Song, G.; Ma, B.-Q.; Niu, D.-Z.; Wang, Z.-W.Chem. (19) (a) Lines, M. E. JChem. Phys1971, 55, 2977. (b) Spasojevic, V.;
Soc., Dalton Trans200Q 4187. Kusigerski, V.; Sovilj, S. P.; Mrozinski, JJ. Magn. Magn. Mater.
(17) (a) Manson, J. L.; Huang, Q.-Z.; Lynn, J. W.; Koo, H.-J.; Whangbo, 200Q 219, 269.
M.-H.; Bateman, R.; Otsuka, T.; Wada, N.; Argyriou, D. N.; Miller, ~ (20) (a) Dzyaloshinsky, IPhys. Chem. SolidE958 4, 241. (b) Moriya, T.
J. S.J. Am. Chem. Soc200], 123 162. (b) Carlin, R. L.; van Phys. Re. 196Q 120, 91. (21) Lappas, A.; Wills, A. S.; Green, M.
Duyneveldt, A. JAcc. Chem. Red498Q 13, 231. (c) Wang, X.-Y.; A.; Prassides, K.; Kurmoo, MPhys. Re. B: Condens. Matter Mater.
Wang, L.; Wang, Z.-M.; Su, G.; Gao, Shem. Mater2005 17, 6369. Phys.2003 67, 144406.
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Figure 5. Temperature dependence af magnetic susceptibility (uppey,; lower, ¥") at different frequencies.

Figure 6. ZFC and FC magnetization at 200 Oe for6.

Ni-rich compounds show more pronounced effect? ahd The bulk magnetic behaviors Gf-6 are consistent with

1, respectively. As a result of metal-ion modulation, the the cooperative interactions of the dimers in the 3D MOFs.
materials exhibit obvious changes in the magnetic ordering The interactions are also probably modulated by the flexible
temperature [from 8 to 19.5 KT¢, at 277 Hz ofy's)] and organic bridges that enhance the magnetic intercluster
large coercive fields [from 67 to 913 Oe and remnant interactions in the 3D MOF and that bring into existence
magnetization ranging from 18 to 1758 Oe at 1.8 K]. Our the observed cooperative magnetic behaviors because the
results demonstrate that-6 comprise a class of compounds through-space separation of the dimers is not much different
whose magnetic properties can be altered systematically afrom that of the discrete dimeric molecular systén@n the

an approximately linear function of the types and relative other hand, the magnetic behaviors of dofe6 show
ratios of metals (Figure 8). unambiguously that the organic bridges, bond angles, and
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Figure 7. Field-cooled susceptibilities ¢ (a) and3 (b) at different applied fields.

regarded as magnetic molecular alloyslaéind 2, and our
observation should be useful to an understanding of the
balance between structural and electronic effects that influ-
ence and adjust magnetic ground states and bulk magnetic
behavior.

Conclusions

We present in this work a new synthetic strategy for
building structurally chiral molecular magnets by using
flexible chiral carboxylates that feature unusually short
intradimer metat metal distances in the }i-O,CR), SBUs.

We have also demonstrated that MOFs of appropriate
magnetic multinuclear SBUs are potential molecular mag-
netic alloy materials generated through crystal engineering
Figure 8. Correlations of the broad peak gf under 277 Hz, intradimer using different metal compositioﬁ%.Such a strategy is
distance, and M/Mmolar ratio in1-6. envisaged to furnish simple or complex architectures that
may have intrinsic properties and may lead to the generation
bond distances are not the only factors controlling the of more interesting, adjustable magnetic and optical proper-
resulting magnetic ground states and that the different ties as well as to a better understanding of the cooperative

electronic configurations made by mixed-metal ions can tune effect between structural and electronic efféc??
the relative number and strength of AF interactions and

magnetic anisotrop$t Although X-ray diffraction cannot Acknowledgment. This work was supported by NSFC
readily distinguish between Niand Cd, analytical data ~ (NO- 20531070, 20561001, 20221101, and 20490210) and
confirm that the metal ions have a relative ratio directly the Scientific and Technological Department of Guangdong

corresponding to the starting reactants. However, there isProvince (No. 04205405).

still no reliable experimental evidence to support the ordering  Supporting Information Available: Synthesis of 1,4-dimb;

of the different dimers ir3—6. As such,3—6 should be additional magnetic, TGA, and PXRD plots; and X-ray crystal-
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