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The slow magnetic relaxation observed in a mixed carboxylate/
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Magnetic A-chains in a 3D coordination polymer [Co,Na(4-
cpa)y(u-OH)(H,0)].. are well separated by Na* ions and
organic spacers, and exhibit not only magnetic behaviour of
A-~chain topology but also slow magnetic relaxation.

The fundamental correlation between structures and magnetic
properties is a vital motivation in the research of molecular-based
magnets.'? Great efforts have been devoted to the generation of
structurally unique architectures.'** As a section of the Kagomé
lattice, the A-chain comprising corner-sharing triangles is of
particular theoretical interest, because it provides not only the spin
frustration but also the properties of a one-dimensional (1D)
system. Many theoretical studies have been carried out on the
A-chain topology.” However, only a few genuine 1D A-chain
structures are known, and the intrachain interaction are very
weak.® Meanwhile, two compounds built on the A-chains based on
Ms(u3-OH) triangles have been reported,® but the interchain
magnetic interactions make them into magnetic 2D and 3D
systems. Therefore, the synthesis of these compounds based on
A-chains is still a challenge.

In our recent study of magnetic metal-organic frameworks
(MOFs) of metal carboxylates,” we have used transition metal
M;(13-OH) triangles to construct a Kagomé-type compound. Now
we report a new 3D Co™t MOF [Co,Na(4-cpa)(15-OH)(H,0)].. (1)
(4-cpa = 4-carboxylphenoxyacetate)f, which consists of magnetic
A-~chains based on scalene Co;(p3-OH) triangles and exhibits not
only intriguing behaviour of A-chain topology but also the slow
magnetic relaxation.

In the crystal structure§ of 1, there are three octahedrally
coordinated Co'" atoms (Col at a general position, while Co2 and
Co3 are at the inversion centres), two 4-cpa ligands, one p;-OH
ligand and one p-aqua ligand, as well as one Na® ion in an
asymmetric unit. The existence of a p-aqua ligand is required by
the charge balance with the help of the X-ray structure that the
Co-O,qua (2.144(2) A) and Na-0,,, (2.366(2) A) bond lengths lie
in the typical range for the complexes with p-aqua-bridged Co™
and Na" ions.® Col is surrounded by four carboxylate oxygen
atoms, a p3-OH group and an aqua ligand in a distorted
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octahedron (Col-O 2.049(2)-2.144(2) A; cis-O-Col-O 85.02(5)-
96.50(6)°; trans-O—Co1-O 171.55(6)-177.66(6)°), and each of Co2
and Co3 is also in a distorted octahedral geometry with four
carboxylate oxygen atoms and two W-OH groups (Co2-O
2.013(1)-2.161(1) A; cis-O-Co2-O 82.05(6)-97.95(6)°; trans-O-—
C02-0 180°%; Co3-0 2.064(2)-2.202(2) A; ¢is-O-Co3-O 83.13(6)-
96.87(6)°; trans-O-Co3-O 180°). The coordination modes of the
4-cpa ligands are shown in Scheme 1. The p3-OH connects three
Co" ions into a scalene Cos(us-OH) triangle (Col---Co2
3.113(1) A, Col---Co3 3.054(1) A, Co2:--Co3 4.268(2) A) in a
T-shape fashion (Col-O-Co2 94.37(6)°, Col-O-Co3 92.98(6)°,
C02-0-Co3 172.65(9)°), while the Col---Co2 and Col---Co3
edges are also bridged by a pm? (Col-O1b-Co2 93.78(6)°,
Col-06-Co3 90.90(6)°) and a pn'n' carboxylate groups. The
Co;(13-OH) triangles are corner-shared via Co2 and Co3 to form a
zigzag A-chain running along the g-axis. The adjacent chains are
connected to each other by the trigonal-bipyramidally coordinated
Na™ ions through a triple bridge of a p-aqua ligand, a py:%, and a
:m'm' carboxylate groups, and a single pxn'm' carboxylate
bridge into layers parallel to the ab plane, where the shortest
interchain Co---Co distance is ca. 7.15 A. The layers are pillared by
the organic fragments of the 4-cpa ligands into the final 3D
structure in the lattice (Fig. 1).

The dc susceptibility data of a polycrystalline sample of 1
was measured on a Quantum Design MPMS-XL7 SQUID
magnetometer. At room temperature, the y7 value of 1 is
6.10 cm®mol 'K per Co™, unit (Fig. 2), being slightly higher than
the spin-only value resulting from the orbital contribution of the
octahedral Co™ ions.” Between 70 and 320 K, 1 obeys the Curie—
Weiss law with the C of 7.23 cm®mol 'K and 0 of —56 K. The C
value corresponds to g = 2.19, being normal for an octahedral
Co", and the large negative value of Weiss constant confirms the
dominant exchange to be antiferromagnetic. Meanwhile, the 47T
value decreases slowly down to 50 K, then abruptly increases up to

O—Co
C
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Scheme 1 Coordination modes of 4-cpa ligands in 1.
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Fig. 1 Perspective views of the Co™ coordination environments (a), layer
viewed down the c-axis (b), and 3D packing viewed along the a-axis (c) in
1. Colour codes: Co blue, Na yellow, C gray, O red. Symmetry operations:
@1-x,2—py —z(0)32—x, —12+y, 12—z (@) 112+x,32—y,
124z —12+x,52 -y, —12+z () —x,2 =y, —z (f) —1/2 — x,
124y, =12 =2z () —12+x,32 -y, =12+ z

a maximum before decreasing again. This phenomenon is exactly
the behaviour predicted for the A-chain and ferrimagnetic-like
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Fig. 2 The temperature-dependent susceptibility of 1 (at 100 Oe and
1000 Oe). Inset: inverse susceptibility 1/ for 1 at 100 Oe.
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Fig. 3 Hysteresis curve for 1 between +7 T at 2 K. Insets: FC and ZFC
magnetization measured at 300 Oe (upper left), and field-dependence of
dMIdH (lower right).

behaviour,® which is also confirmed by the field-cooled (FC) and
zero-field-cooled (ZFC) magnetization showing the irreversibility
below ca. 40 K (inset of Fig. 3). Moreover, the y7 value is
dependent on the applied field at low temperatures, being larger at
a small field. For an idealized frustrated arrangement, the three
exchange interactions corresponding to the triangle’s edges should
be equal, and the deviation from equality is likely to lead to
suppression of the frustration and variable magnetism of the
competitive effections.*

A hysteresis loop of 1 is observed clearly at 2 K (Fig. 3), giving a
coercive field of ca. 6.0 kOe and a remnant magnetization of
0.59 Nf. The magnetization at 70 kOe is 2.88 Nf for the formula
Co, unit, corresponding to 1/2 of that expected for a ferromagnetic
arrangement of spins in the Co, unit, and suggesting a complicated
ground-state spin configuration. The hysteresis loop has an abrupt
variation near the zero field, which is clearly characterized by the
peaks in the field dependence of dM/dH (inset of Fig. 3) and is
attributable to the magnetic bistability due to a field-induced
reorientation of the spins.*

In the ac susceptibility data of 1, the obvious frequency-
dependent behaviour is observed (Fig. 4). The relaxation time was
obtained from the Arrhénius law ©(7) = toexp(—A/kgT), the best
set of parameters is 7o = 2.80 x 107'° s and Ak = 106 K
(Fig. S17), suggesting a thermally activated mechanism. The value

2" lemu mol™
4 lemu mol™

Fig. 4 Temperature dependence of the real 3" and imaginary y” parts of
the ac susceptibility (Hy. = 0 Oe, H,. = 3 Oe) for 1. The lines are guides.
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of 1q is close to that expected for the relaxation time of octahedral
Co™ centres.'” The shift of peak temperature (Ty) of ¥ was
measured by a parameter ¢ = AT,/[T,A(logf)] = 0.15, being larger
than that for a canonical spin glass and closer to a normal value
for a superparamagnet.'! At a fixed temperature of 6 K, 7' and y”
almost describe a semicircle in the Cole-Cole plot (Fig. S2+), which
can be fitted by Debye model with o = 0.26, indicating a narrow
distribution of relaxation time.'

High-dimensional compounds showing the slow magnetic
relaxation, composing ferro- or ferri-magnetic chains are very
scarce,’® and 1 is the first case of A-chain topology showing the
magnetic relaxation. The magnetic behaviour of 1 is reminiscent of
that observed in single-chain magnets (SCM) and frustrated
magnets, where the energy barrier originates from the single-ion
anisotropy of high-spin Co™ in distorted octahedral environment
and/or the anisotropic exchange interaction.'™'*!*> Although 1
features A-chains, the assignment of the magnetic relaxation to
frustration is unreasonable because of the very different exchanges
in the scalene triangles. On the other hand, the meaningful values
of 1y and Alky of 1 are comparable with the reported SCMs,'*
indicating a single-chain-magnet-like behaviour of 1. To definitely
assign an SCM behaviour for 1, further investigations such as
magnetic anisotropic determinations are needed. Unfortunately, a
single crystal big enough for the magnetic measurement could not
be grown yet. On the other hand, compared with the known
genuine and quasi-A-chain structures, we can conclude the
magnetically well-seperated A-chains are critical for the A-chain
magnets showing the slow magnetic relaxation. As far as we know,
magnetically individual ferro- or ferri-magnetic chains are indis-
pensable for the SCMs. Obviously, the unique structure of 4-cpa
plays an important role in the structure and interesting properties
of 1. The ether group of 4-cpa not only avoids the ligand being
fully conjugated, but also provides a potential coordination site for
Na* ions. The magnetically inert Na™ ions in 1 divide the layers
into individual magnetic A-chains, being similar to the diamagnetic
ions separating the Kagomé layers in the jarosite
AFG3(SO4)2(OH)6 (A = Na+, K+, Rbt Ag+, T1+, NH4+ N H30+,
1/2Pb** or 1/2Hg*").2

In summary, by the aid of magnetically inert molecular
components, well-separated A-chains are successfully assembled
in the 3D coordination polymer 1, which shows unusual
magnetism and represents the first case of slow magnetic relaxation
for the A-chain topology. This work demonstrates that crystal
engineering can be an effective route in researching magneto-
structural correlations of molecule-based materials.

Notes and references

1 Synthesis of 1: A mixture of 4-cpaH, (0.098 g, 0.5 mmol),'° a solution of
NaOH (1 mol L', 1.5 ml), and CoCl,-6H,O (0.118 g, 0.5 mmol) in
ethanol (7 ml) was sealed in a 15 ml Teflon-lined autoclave and heated at
160 °C for 3 days to give the pink block-like crystals of 1 (yield 81% based
on 4-cpa). IR data for 1 (7, cm™'): 3586(w), 3423(m), 3043(m), 1599(vs),
1546(s), 1401(s), 1258(m), 1213(s), 1062(m), 859(m), 781(m), 712(m),
635(m), 588(m), 473(w). Elemental analysis (%) calcd for 1
(Ci1gH5Co,NaOyy): C 38.29, H 2.66%; found: C 38.23, H 2.70%.

§ Crystal data for 1: CigH;5C0o,NaO;,, M = 564.15, monoclinic, space
group P2y/n, a = 8.5377(6), b = 10.0981(7), ¢ = 22.0819(15) A p=
99.6730(10)°, ¥ =1876.7(2) A>, Z =4, D, = 1.997 gcm >, final R, = 0.0317
for I = 2a(I), wR, = 0.0810 for all data. The intensity data were recorded
on a Bruker SMART Apex CCD system with MoKao radiation
(A = 0.71073 A) at 293 K. The structure was solved by direct methods

and refined by full-matrix least-squares on F? using SHELXTL.) CCDC
601874. For crystallographic data in CIF or other electronic format see
DOI: 10.1039/b606765d

Magnetic susceptibility measurements of 1 were performed on a
polycrystalline sample fixed with GE7031 varnish on a Quantum Design
MPMS-XL7 SQUID. Data were corrected for the diamagnetic contribu-
tion calculated from Pascal constants.
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