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A three-dimensional coordination polymer, [Mns(OH),Nay(3-cnba)s],
(1) (3-Hcnba = 3-cyanobenzoic acid), has been synthesized by
the reaction of MnCl,, NaNs, and 3-Hcnba in water. Its crystal
structure was determined by single-crystal X-ray diffraction.
Magnetic studies show that the complex behaves as a three-
dimensional metamagnet built from effective ferrimagnetic Mn(ll)
chains in which spin moments are linked by interactions in an
AF-F-AF (F = ferromagnetic and AF = antiferromagnetic)
sequence in the triangular magnetic repeating unit.

Coordination polymers exhibiting magnetic properties are
of great interest in the field of molecular magnetism and
materials chemistry The exchange coupling among homo-
metallic paramagnetic centers in these materials typically
leads to ferromagneficor antiferromagnetic behavior,

whereas ferrimagnetism, a phenomenon often observed in

heterometallic systems in which two different kinds of

magnetic centers alternate regularly and interact antiferro-
magnetically, has been relatively less investigated in homo-

metallic coordination polymersThis is mainly due to the
fact that ferrimagnetic conditions for the noncompensation
in spin moments are difficult to achieve in this type of
structure. Recent studies indicate that homometallic ferri-
magnetic compounds must have molecular topology with a
specific alternation of ferro- and antiferromagnetic interac-
tions, such as those containing homometallic odd-sided
polyhedral coupling unit$®> In homometallic triangular
topologic structures (the simplest odd-sided polyhedra), it
is relatively easy to achieve such coupling, and such
structures can, therefore, be a useful prototype for attaining
homometallic ferrimagnetism. Here, we report a three-
dimensional metamagnetic coordination polymer, §{@i).-
Nax(CgH4NOo)g]n (1), containing effective ferrimagnetic
Mn(ll) chains built fromus-hydroxide-bridged triangular Mn-
() repeating units.

Colorless needle crystals df were obtained by slow
evaporation of an aqueous solution containing MrH,0,
3-Hcnba, and NafNin a molecular ratio of 1:2:2 at room
temperaturé.Ns~ is not involved in coordination to man-
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Preparation ofl: MnCl,-4H,0 (1.0 mmol), NaN (2.0 mmol), and

3-cyanobenzoic acid (2.0 mmol) were dissolved in water (10 mL) and

stirred for 15 min at 50C. In 3 weeks, the filtrate was filtered-3
times to remove gray powder. Colorless single crystals were collected
from the filtrate in 4 weeks (yield: 0.145 g+40% based on
manganese), and they rapidly turned to gray in air. Anal. Calcd for

CagH2eMN3NeNaxO14 (%): C, 51.40, H, 2.34, N, 7.49. Found: C,

52.00, H, 2.46, N, 7.15. IR (KBr, cd): 3617 (w), 3435 (m, br),

3070 (w), 2241 (m), 2103 (m), 1608 (s), 1565 (s), 1432 (s), 1398

(vs), 1206 (w), 1086 (w), 912 (w), 767 (m), 702 (m), 670 (m), 567

(w), 524 (w), 411 (w).

(6)
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Figure 1. ORTEP drawing (35% thermal ellipsoids) showing the metal
coordination environment of with atomic numberings. For clarity, the
coordination geometry of sodium ions is only drawn partially.

Chart 1
Na "‘\\\\Na
(a) Z T () Z" (©) "
o 0, o 04 Na—Of 0s—Na
Mnl “a l M/ A | N/
Mn n Na  yn Mn

COMMUNICATION

Figure 2. Diagram showing the distinct linked Mn atoms; cyanobenzene
groups were omitted for clarity.

carboxylate group; the cyano nitrogen atom is coordinated
to one Na(l) ion in an adjacent chain, and the carboxylate
group forms tridentate bonds through its two oxygen atoms,
coordinating to two Mn(ll) ions in a synsyn mode and to
one Na(l) ion with thep?-oxygen (Chart 1a). The second
forms au®,tn?-carboxylate bridge, binding two Mn(ll) ions

in a syn—-syn mode and one Na(l) with thg-oxygen (Chart
1b). The carboxylate group of Chart 1b is hardly differenti-
ated from that of Chart 1a with respect to the MB or
Na—O distances, but can only be distinguished fromsthe
oxygen binding angles [MnO2—Na= 97.2(1}, Mn—04~—

Na = 99.7(1y]. The third adopts a pentadentate bridging
mode, with the cyano nitrogen atom coordinating to one Na-
() ion in an adjacent chain and the carboxylate group
chelating one Mn(ll) ion and coordinating to two Na(l) ions
with the twon?-oxygen in an anti-anti mode (Chart 1c).

ganese(ll) or sodium(l) ions, but is essential to act as a base Each [Mrs(OH):Nag],°™* chain is capped by carboxylate
to deprotonate 3-Hcnba. A similar reaction using NaOH as groups of 3-cnba ligand and linked to four adjacent ones

the base produced unidentified powder but hot

X-ray diffraction analysi§indicates that the asymmetric
unit of 1 contains two crystallographically independent Mn-
(1) ions and one Na(l) ion (Figure 1). Mn1 and Mn1AX
+ 1, -y, —2) are doubly bridged bys-hydroxide moieties
(O7 and O7A) with a Mn%:-Mn1A distance of 3.203 A.
Mn2 is located at a center of symmetiy &nd is connected
to two Mnl via twous-hydroxide groups. The MriMn2

via the Na-cyanoN interactions, thus resulting in a three-
dimensional coordination polymer with one-dimensional
channels occupied by free cyanobenzene moieties (Chart 1b);
the hydroxide-linked Mn(Il) atoms are propagated along the
a axis, and the shortest MfMn interchain distances are
13.194 A along théb axis and 11.232 A along the axis
(Figure 2).

Isothermal magnetizatiofv(H), and magnetic susceptibil-

and Mn1A-Mn2 distances are 3.683 and 3.710 A, respec-ity, defined asy(T) = M(T)/H, with T ranging from 1.9 to
tively, thus forming a chain of hydroxide-bridged scalene 300 K andH up to 54 kG were measured on powder samples
triangles that share edges and vertices: Mn1 and Mn1A form©f 1, using a SQUID magnetometer. The resultsy(f)

the shared edge, and Mn2 is at the shared vertex. Mn1 andneasured under applied fields kgf= 100 G did not show
Mn2 are both octahedrally coordinated, and their coordination @ny obvious anomaly except for a large enhancement at low

spheres are completed by ligand carboxylateoieties, with
an average Mntcarboxylate© distance 0.06 A longer than
the Mn2-carboxylate© distance. It is noteworthy that the
O—Mn2—0 trans angles are 180.@nd the G-Mn2—0 cis
angles lie in the range from 86.6(1) to 93.5(1yith a
deviation of£3.5° from the ideal 90 value required for a

temperatures. However, careful measurements at drhall
revealed an antiferromagnetic ground state for this com-
pound. Shown in Figure 3 are t}p€l) values measured under
several applied fields. Clear cusp-like anomalies indicating
an antiferromagnetic phase transition are seen in the data
curves forH =< 40 G.

purely octahedral coordination geometry. Nal resides in a _%(T)-TvsT and 14(T) vs T measured with a field of 500
highly distorted octahedral geometry and is coordinated by G are plotted in Figure 4 and its inset. For temperatures above

four n?-carboxylate© moieties and two cyano nitrogen
atoms. The 3-cnba ligands Irhave three distinctly different

100 K, x(T) can be fitted to a CurieWeiss law withf =
—78.0 K and an effective moment pfs = 5.88 ug, close

coordination modes in bridging metal ions: One acts as a t0 What is expected for a free Mion. In the highT region,
tetradentate bridge through its cyano nitrogen atom and x*T decreases &b decreases, indicating an overall antifer-

(7) Crystal data fod: CagH2eMn3sNeNapO14, M = 1121.55, triclinic,P1,
a=6.6633(5) Ab=12.9710(11) Ac = 14.1613(12) Ap. = 70.127-
(1), 8 =88.428(1), y = 76.473(13, V=1117.3(2) R, Z=1,D. =
1.667 Mg mr3, R1 = 0.0679, wR2= 0.1653,T = 296(2) K,u =
0.934 mntl, S=1.081.

romagnetic coupling among the Ktnions. AsT is further
lowered,y-T reaches a minimum at around 30 K and then
increases rapidly to a maximum at 3 K.

The values of isothermal magnetizatidvi(H), measured
at 1.9 K are shown in Figure 5. Isothermal magnetization
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% (emu/mol of Mn)

Figure 3. x(T) measured at several applied fieldstbf= 15, 20, 30, 40,

60, and 90 G.

AT (emu-K/mol of Mn)

Figure 4. x(T)-TvsTand 14(T) vsT (inset) measured at an applied field

of H =500 G.
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Figure 5. M(H) vs H measured at 1.9 K. The inset is a plot of the data in
the low-field region from a measurement with small steps.
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ordered state: A$l increasesM(H) increases rapidly and
becomes somewhat saturated above 10 kG At 50 kG,
M(H) reaches a value of 8430 en@/mol of Mn. This value

is equivalent to 1.%g per Mr?t ion, which is very close to
one-third of the saturation moment of a free ¥on (5.9

us). We can therefore interpret that the metamagnetic
transition leads the system to an field-induced ordered state
in which two-thirds of the MA™ moments are oriented in
one direction and the other one-third are oriented in an
opposite direction.

The complexity of the magnetic behavior presented in
originates from the special magnetic couplings of the®Mn
ions in the chains, where alternating Mr-Mn2" dimer units
and Mr?t single ion units are connected along thexis.
Suitable theoretical models are needed to describe th&low-
region of they(T) data. By considering the symmetry at the
Mn?* sites and comparing to other similar compounds
involving hydroxide-bridged Mn(ll) networks such as in ref
5c¢, it can be speculated that the exchange interaction between
the two Mr?t ions in the dimer is dominantly positive
(ferromagnetic) and the interaction between the singlé™Mn
ion and the MA" ions in the dimer is dominantly negative
(antiferromagnetic). Such intrachain magnetic interactions
would effectively produce ferrimagnetic chains in the system.
However, because of the noncollinear orientations of the
octahedral MA* centers at their different sites, it is most
likely that the spin orientations of the Mhions at different
sites are also noncollinear. There seem to be antiferromag-
netic interchain interactions between the effective ferrimag-
netic chains so that a 3D antiferromagnetic ground state,
rather than a simple spontaneous ferrimagnetic ordered state,
is achieved at sufficient low. Yet, from the fact thaH. is
so small, one might expect that the antiferromagnetic
interchain coupling is very weak. Further studies on the
details of the Mr-Mn coupling within the (MA" dimer)—
Mn2t—(Mn?* dimer) chains and the interaction among these
chains are needed to obtain a full picture of the magnetic
behavior in this system.
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resemble those for a ferromagnet or a ferrimagnet in the 1C050043M
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