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A hybrid material constructed of 3/19 site-modified Brucite-like
cobalt hydroxide and cobalt-oxalate, two types of new layered
structural motifs, has been synthesized that shows rare 3D
Co—0—Co connectivity and ferrimagnetic ordering.

Materials containing a Brucite-like transition-metal hy-
droxide/oxide structural motif have attracted much attention
over recent years because of the presence of short metal—metal
distances and favorable angles for strong magnetic exchange
interactions.' > The discovery of superconductivity in the
Brucite-like cobalt oxide layer has highlighted the interest.*
Generally, structures of Brucite-like materials can be clas-
sified as two types: pillaring of site-modified or full Brucite-
like layers by rod-shaped links into 3D frameworks and
intercalated site-modified or full Brucite-like layers.>* In the
Communication, we present a Brucite-related material with
rare 3D Co—0O—Co connectivity,6 K[Co01,0(OH);;(0x)3] (1),
which is constructed of 3/19 site-modified Brucite-like cobalt
hydroxide and polymeric cobalt-oxalate, two types of new
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layered structural motifs.*> The structure of 1 represents the
third type of Brucite-like hybrid materials. Preliminary
magnetic measurements for 1 reveal long-range ordering of
the moments not only within the Brucite-like cobalt hydrox-
ide but also within the cobalt oxalate layered motifs.

Solvothermal reaction of a mixture of Co,03;, KOH, and
uric acid in a stainless autoclave at 160 °C for 5 days resulted
in blue rhombic platelike single crystals of 1. The oxalate
ions were in situ generated by oxidized decomposition of
uric acid by Co,03, which is consistent with critical hydro-
(solvo)thermal reaction.”

Single-crystal X-ray diffraction® revealed that 1 has a 3D
framework constructed of 3/19 site-modified Brucite-like
cobalt hydroxide and trigonal cobalt oxalate [Co(OH)(ox)],"~,
two types of new layered structural motifs (Figure 1). 1
crystallizes in trigonal acentric space group P321, and the
asymmetric unit consists of 2 crystallographically indepen-
dent K* ions, 12 Co' ions, 2 oxalates, 14 hydroxides, and 2
oxo ions. The Flack parameter of 0.33(4) is due to a twinned
crystal. Co(1), K(1), K(2), O(9), and O(10) localize at the
crystallographic 3-fold axis, while Co(9), Co(10), Co(11),
and Co(12) localize at the crystallographic 2-fold axis. The
12 Co' ions can be classified in three classes: octahedral
Coy, ions coordinated by hydroxides; tetrahedral Co; ions
solely coordinated by hydroxides; octahedral Coo ions
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Figure 1. View of the 3/19 site-modified Brucite-like cobalt hydroxide
motif (a), the polymeric [Co(OH)(ox)],"~ layered motif showing encapsula-
tion of K* ions (b), and the structure of 1 showing 3D Co—O—Co
connectivity. Brown octahedra, green tetrahedra, and blue octahedra
respresent Coyy, Coy, and Cooy sites, respectively. Purple, red, and gray balls
represent K, O, and C atoms in part b.

ligated by four O atoms from oxalates and two hydroxides.
The average Cop,—0O, Co—0, and Co,x—O bond lengths are
2.128, 1.987, and 2.086 A, respectively. The edge-sharing
of Cop(OH)¢ octahedra resulted in a Brucite-like cobalt
hydroxide layer, which is decorated by tetrahedral Co sites
located above and below the layer at 3/19 vacant sites. Only
1/4, 1/6, and 1/7 site-modified Brucite-like cobalt hydroxide
motifs are documented to date,®> and thus the 3/19 site-
modified Brucite-like cobalt hydroxide structural motif in 1
is unprecedented. The average Cop,***Coy, distance within
a Brucite-like cobalt hydroxide layer is 3.17 A. The
Cop,—O—Coy, angles are in the range of 92.5(3)—100.7(5)°.
The average Coy***Coy, distance in Co,—O—Coy, motifs is
3.59 A, while the Co,—O—Coy, angles are in the range of
119.3(3)—123.8(3)°. The edge-sharing of Co,(OH),0, oc-
tahedra results in dimeric units, each of which is connected
to its four neighbors to give rise to an unprecedented trigonal-
layered coordination-polymeric [Co(OH)(ox)],"~ motif. Within
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Figure 2. y,T vs T curve per Coj4 unit. To note, there are eight Coyy,
three Co,, and three Co,y ions in a Co4 unit.

a dimeric unit, the Coy***Coox distances are 2.965(2) and
2.976(2) A and the Coox—O0—Co,x angles are 91.4(2) and
92.1(2)°. There are two types of cavities within the trigonal
coordination-polymeric layer: the larger is formed by six Co
ions and six oxalates, while the smaller consists of three Co,
units and three oxalates. Interestingly, K™ ions are encap-
sulated inside the smaller cavities with a K—O distance of
3.146(5)—3.222(6) A. The Brucite-like cobalt hydroxide and
polymeric cobalt oxalate layers are linked via sharing oxygen
of Co,—O—Cou to generate a 3D hybrid framework with
3D Co—O—Co connectivity. At Co,—O—Co.x joints, the
average Co,***Co,x distance is 3.62 A and the Co—0O—Coyy
angles are in the range of 121.8(3)—125.7(3)°. A marked
feature of 1 is that each cell includes two modified Brucite-
like cobalt hydroxide layers and two polymeric cobalt oxalate
layers along the ¢ axis.

The temperature dependence of the magnetic susceptibility
for 1 is shown in Figure 2. The y,T value at 300 K is 33.27
cm® K mol™! per Coy4 unit and slowly decreases with
lowering temperature down to a minimum value of 28.17
cm® K mol ™! at 110 K. Upon further cooling, the y,T value
increases to a maximum of 376.02 cm® K mol™! at 26 K
and then decreases to 39.56 ¢cm® K mol™! at 2 K. The
observation of a shallow minimum is as expected for a
ferrimagnet. In the paramagnetic region above 110 K, the
susceptibility obeys the Curie—Weiss law with Curie constant
C = 30.51 cm?® K mol™! and Weiss constant § = —7.3 K,
giving an effective moment of 4.18 ug per Co ion. At 2 K,
the magnetization at the highest field of 70 000 Oe is 14.1
Np per Coys unit. For a Co" ion, the effect of spin—orbit
coupling usually yields a Kramers S = !/, state at low
temperature with an average g value of '*/; and a moment
of 2.17 NB.° Assuming this, the moment of 14.1 Nj at
70 000 Oe field is therefore close to the resultant moment
of eight Co' ions, indicating that 1 is a ferrimagnet where
all Coy: and Coox spins are parallel but antiparallel to Co
spins. This is in agreement with magnetostructural analysis
of 1: Cop,—Copr and Coox—Coox ferromagnetic coupling due
to small Cop,—O—Cop,; and Cogx—O—Co,x angles; Co—Copy,
and Co—Co,x antiferromagnetic coupling due to large
Co,—0O—Coy,; and Co,—O—Coyy angles.z’3 The hysteresis loop
of 1 is observed, with a coercive field of 1350 Oe and
remanent magnetization of 6.69 NS at 2 K and a coercive
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field of 740 Oe and remanent magnetization of 6.51 Nf at
3 K. The bifurcation of zero-field-cooled—field-cooled
magnetizations in a field of 50 Oe at 33 K and the nonzero
imaginary ac susceptibility confirm the long-range ferrimag-
netic ordering. To date, the compound most related to 1 is
the SO4,—Co—SOs-pillared compound Cos(OH)s(SO4),-
(H20)4, in which the moments within SO4s—Co—SO; pillars
are random.? In summary, in situ solvothermal reaction
generated a hybrid cobalt hydroxyoxalate material con-
structed of 3/19 site-modified Brucite-like cobalt hydroxide
and trigonal polymeric cobalt oxalate, two new types of
layered structural motifs. The structure of 1 represents a third
type of Brucite-like hybrid material and contains rare 3D
Co—0O—Co connectivity. Compound 1 shows long-range
ordering of the moments not only within a Brucite-like cobalt
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hydroxide but also within cobalt-oxalate layered subunits,
whereas in related compound Cos(OH)s(SO4)2(H20)4, only
the moments within Brucite-like layers are ordered. I
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