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Syntheses, Crystal Structures and Properties of Two Cobalt(I) Complexes
Based on 4,4'-Bis(imidazol-l-yl)-diphenyl Thioether
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Abstract: Two coordination polymers {[Co(BIDPT)(oba)(H,0),]}, (1) and {[Co(BIDPT)(p-bdc)]-H,0}, (2) were
synthesized by hydrothermal method using 4.4'-bis(imidazol-1-yl)diphenyl thioether (BIDPT), 4,4"-oxydibenzoic
acid (Hyoba), terephthalic acid (p-H,bde) and Co(NOs),6H,0. The complexes were characterized by FT-IR,
elemental analysis, thermogravimetric analysis (TGA), powder X-ray diffraction (PXRD) and their crystal
structures were determined by single-crystal X-ray diffraction. Structural analyses reveal that complex 1
crystallizes in the monoclinic system, space group P2/c. Complex 2 crystallizes in the triclinic system, space
group P1. Complexes 1 and 2 exhibit a two-dimensional (2D) corrugated layer structures. Through intermolecular
hydrogen bonding, the two compounds are assembled into 3D supramolecular structures. Ultraviolet spectroscopy

studies revealed that the two compounds exhibit ultraviolet adsorption in the solid state at room temperature.
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0 Introduction

In recent years, metal-organic frameworks
(MOFs) have attracted intensive attention not only due
to their topological varieties but also because of their
potential application as functional materials in the
areas of separation!?, gas adsorption?, photolumines-

8 catalysis™, and so

cence'”, molecular magnetism ™
on. Coordination polymers based on N-donor and
polycarboxylate ligands have received considerable
attention because they can incorporate virtues of
different functional groups and it is easier to get
architecture controlled by changing one of the above
two kinds of ligands®. To date, however, how to ratio-
nally design and synthesize MOFs with the desired
structures and properties is still a challenge because
the formation of MOFs may be easily affected by
many factors. Generally, the structure and topology of
coordination polymer generated from transition-metal
“nodes” and organic “spacers” can be controlled by
selection of ligands, solvents, pH value, metal ions,
metal-to-ligand ratios, reaction temperature, counter
ions and so forth!".

N-donor

employed to construct coordination polymers with

Several ligands have been widely
fascinating architectures and interesting properties!'?,
Among the N-donor ligands, multidentate ligands with
imidazole groups have attracted great interest.
Excellent coordination ability and free rotation of the
imidazole ring in multidentate ligands meet the
requirement of coordination geometries of metal ions
in the assembly process. Until now, a great number of
ingenious MOFs have been designed based on imid-

134 We recently designed and synthes-

azole ligands
ized 4,4'-bis(imidazol-1-yl)diphenyl thioether(BIDPT),
which is a V-shaped imidazole ligand that can be
regarded as a half-flexible ligand.

Considering that the nitrogen-containing ligands
are neutral, we need carboxylate co-ligands to charge-
balance metal cations. Besides, the co-ligands can
also serve as cross-linkers to obtain more intriguing
carboxylate  ligands,

architectures. Herein, two

namely Hyoba and p-H,bde, were introduced to react

with BIDPT ligand and cobalt nitrate. Then two
new complexes, {[Co(BIDPT)(oba)(H,0),]}, (1) and
{[Co(BIDPT)(p-bdc)] - H,0}, (2),

addition, we systematically described the syntheses,

were obtained. In

structures, XRD, and the thermal stabilities in details,
and also the UV-Vis properties of 1 and 2 were

discussed.
1 Experimental

1.1 Materials and measurement

All the chemicals except the ligand BIDPT were
commercially purchased and used without further
The ligand BIDPT was

according to literature method™. Elemental analyses

purification. synthesized

of C, H and N were performed on a Elementar Vario
MICRO Elemental Analyzer.

Infrared

Fourier transformed
(FTIR) spectra were obtained on a Bruker
Vector 22 FTIR spectrophotometer by using KBr
(TGA) were

performed on a Perkin-Elmer thermal analyzer under

pellets. Thermogravimetrical analyses

nitrogen with a heating rate of 10 “C-min™. Powder X-
ray diffraction (PXRD) patterns were collected in the
26 range of 5°~50° with a scan speed of 0.1°+s™ on a
Bruker D8 Advance instrument using a Cu Ka radia-
tion (A=0.154 056 nm) at room temperature. Solid-
state UV-Vis diffuse reflectance spectra were obtained
at room temperature using Shimadzu UV-3600 double
monochromator spectrophotometer, and BaSO, was
used as a 100% reflectance standard for all materials.
1.2 Synthesis of complexes

{[Co (BIDPT) (oba) (H.O).]}, (1)
Co(NO3), -6H,0 (29.1 mg, 0.1 mmol), Hyoba (25.8 mg,
0.Immol) and BIDPT (34.0 mg, 0.1 mmol) was
dissolved in 6 mL of DMF/H,O (3:3, V/V). The final

mixture was placed in a Parr Teflon-lined stainless

A mixture of

steel vessel (15 mL) under autogenous pressure and
heated at 95 °C for three days. Pink block crystals
were obtained. The yield of the reaction was ca. 63%
based on BIDPT ligand. Anal. Caled. for Cz;HyCo
N,OS (%): C, 57.35; H, 3.88; N, 8.36. Found (%): C,
57.32; H, 3.85; N, 8.40. IR (KBr, cm™): 3 411 (m),
1 553(s), 1 537(s), 1 511(s), 1 379(s), 1 300(w), 1 243
(s), 1 238(m), 1 157(w), 1 059(w), 1 013(w), 824(m),
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786(w), 653(w), 622(w), 524(w).
{|Co(BIDPT)(p-bdc)]-H,0}, (2): A mixture of
Co(NO;3),-6H,0 (29.1 mg, 0.1 mmol), p-H,bde(16.6 mg,
0.1 mmol) and BIDPT (34.0 mg, 0.1 mmol) was
dissolved in 4 mL of DMF/H,0 (1:3, V/V). The final
mixture was placed in a Parr Teflon-lined stainless
steel vessel (15 mL) under autogenous pressure and
heated at 95 °C for three days. Dark purple block
crystals were collected. The yield of the reaction was
ca. 60% based on BIDPT ligand. Anal. Caled. for
CasHxCoN4OsS(%): C, 55.77; H, 3.57; N, 10.01. Found
(%): C, 55.72; H, 3.61; N, 10.05. IR (KBr, cm™):
3 436(s), 3 097(s), 1 594(m), 1 509(s), 1 480(s), 1 415
(m), 1 302(s), 1 255(s), 1 194(m), 1 126(w), 1 053(s),
959(m), 903 (w), 830(s), 739(m), 722(m), 656(m), 545
(W), 522(w), 505(w).
1.3 Single crystal X-ray crystallography

The suitable crystals of compounds 1 and 2 were

selected for single-crystal X-ray diffraction. The data
collections were carried out on a Bruker Smart Apex
II CCD diffraction (A=0.071 03 nm).The diffraction
data were integrated using SAINT programe!", which
was also used for the intensity correction for the Lorentz
and polarization effects. Semiempirical absorption
corrections were applied using SADABS program [,
The structures were solved by direct methods, and all
of the non-hydrogen atoms were refined anisotropically
on F? by the full-matrix least-squares technique using
SHELXL-97 crystallographic software package!™. The
hydrogen atoms except those of water molecules were
generated geometrically and refined isotropically using
the riding model. The details of the crystal
parameters, data collection, and refinements for the
complexes are listed in Table 1, and selected bond

lengths and angles are summarized in Table 2.

CCDC: 1058936, 1; 1420850, 2.

Table 1 Crystallographic data for compounds 1 and 2

Compound 1 2

Empirical formula CHxCoN,O;S CaHyCoN,OsS
Formula weight 669.56 559.45
Crystal system Monoclinic Triclinic
Space group P2/c P1

a/nm 0.790 6(1) 0911 7(2)
b/ nm 0.580 4(1) 1.049 2(3)
¢/ nm 3.165 5(5) 1.422 1(4)
al(®) 90.00 72.829(4)
B/(° 93.965(2) 70.896(4)

v 1 (°) 90.00 80.921(4)

VI nm? 1.449 0(4) 1.225 3(5)
Size / mm 0.30x0.24 x0.22 0.28x0.24 x0.20
A 2 2

D./ (g-cm™) 1.535 1.516

©/ mm™ 0.722 0.832

F(000) 690 574

BOuivy O  (°) 1.29, 27.69 2.13, 27.42
Goodness of fit on F* 1.035 1.045
Reflections collected 8 924 8 248

Independent reflections (R;,)
R\, wR, [I>20(I)]

R, wR, (all data)

(A0)unas (Bp)uin / (e+1m™)

3347 (0.030 3)
0.059 8, 0.157 3
0.073 7, 0.164 8
367, -869

5509 (0.064 1)
0.038 9, 0.105 5
0.046 7, 0.110 8
464, 360
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Table 2 Selected bond distances (nm) and bond angles (°) of compounds 1 and 2

Compound 1
Co(1)-0(3) 0.206 6(2) Co(1)-N(1) 0.211 7(3) Co(1)-0(1W) 0.216 5(3)
0(3)-Co(1)-0(3)#1 180.00(2) 0(3)-Co(1)-N(1) 90.89(11) O(3)#1-Co(1)-N(1) 89.11(11)
0(3)-Co(1)-N(1)#1 89.11(11) O(3)#1-Co(1)-N(1)#1 90.89(11) N(1)-Co(1)-N(1)#1 180.00(3)
0(3)-Co(1)-O(1W)#1 96.89(11) O(3)#1-Co(1)-O(1W)#1 83.13(11) N(1)-Co(1)-O(1W)#1 92.57(12)
N(1)#1-Co(1)-O(1W)#1 87.43(12) 0(3)-Co(1)-0(1W) 83.13(11) 0(3)#1-Co(1)-0(1W) 96.89(11)
N(1)-Co(1)-O(1W) 87.43(12) N(1)#1-Co(1)-O(1W) 92.57(12) O(1W)#1-Co(1)-O(1W) 180.00(1)
Compound 2
Co(1)-0(2) 0.194 46(17) Co(1)-0(4) 0.195 89(16) Co(1)-N(1) 0.202 48(17)
Co(1)-N(4)#1 0.200 94(17)
0(2)-Co(1)-0(4) 102.04(8) 0(2)-Co(1)-N(4)#1 119.78(8) 0(4)-Co(1)-N(4)#1 113.51(8)
0(2)-Co(1)-N(1) 96.77(8) 0(4)-Co(1)-N(1) 112.32(7) N(4)#1-Co(1)-N(1) 111.14(7)

Symmetry codes: #1: —x, —y+2, —z+2 for 1; #1: x—1, y, z+1 for 2.

2 Results and discussion

2.1 Structure description
2.1.1  Crystal structure analysis of {{Co(BIDPT)(oba)
(HO), (1)

Complex 1 crystallizes in the monoclinic crystal
system with P2/c¢ space group. The asymmetric unit
consists of one Co atom, one BIDPT ligand, one com-
pletely deprotonated oba* ligand, and two coordinated
water molecules. As shown in Fig.1, each Co(Ill) atom
is surrounded by two nitrogen atoms from two BIDPT
ligands, two carboxylate oxygen atoms from two oba®
ligands and two oxygen donors from two coordinated
water molecules to adopt an octahedral geometry. The
axial positions of the octahedron are occupied by N(1)
and N(1)#1 with an N(1)-Co(1)-N(1)#1 angle of 180°.
The bond distances of Co-N are 0.211 7(3) nm. Four
O atoms (0(3), O3)#1, O(1W), O(1W)#1) lie in the
equatorial plane. The distances of Co-O bonds are
from 0.206 6(2) to 0.216 5(3) nm. The bond angles of
N-Co-O are in the range of 8§9.11(1)°~180.00(3)°. The
bond angles of O(3)-Co(1)-O(3)#1 and O(1W)-Co(1)-
O(IW)#1 are 180.00°. It is noteworthy that both
BIDPT and oba®~
form zigzag chains with Co --- Co
180.00° .

chain generates the 2D structure

ligands link the Co(Il) cations to
-+ Co angles of
The combination of the two kinds of 1D
(Fig.2). To better

understand the structure of complex 2, the topological

analysis approach was employed. The Co(Il) cations
can be regarded as 4-connected nodes, and all the
considered as linkers, the

organic ligands are

framework of complex 1 can be simplified to an sql
net with the point symbol of {4*-6% (Fig.3). Further,
the 2D network are held together in a parallel ---
ABAB --- fashion via O—-H--- O interaction (O1W -
HIWA---02#1, OIW-HIWA---02#2) to generate 3D

All hydrogen atoms were omitted for clarity; Symmetry codes: #1:

—x, —y+2, —z+2

Fig.1 Coordination environment of the Co(Il) cation in 1
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Fig.2 2D network of complex 1
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O-H---0 hydrogen bonds are highlighted in dashed lines

Fig.4 Schematic representation of the 3D framework of 1

extended supramolecular framework (Fig.4).
2.1.2  Crystal structure analysis of {[Co(BIDPT)
(p-bdc)]-H,0}, (2)

The result of X-ray diffraction analysis reveals
that complex 2 is a quasi parallel polycatenated 2D+
2D—2D framework based on an undulated {4*-6% sql
square layer. It crystallizes in the triclinic crystal
system with the space group of P1. As shown in Fig.5,
the asymmetric unit contains one crystallographically
independent Co(Il) cation, one BIDPT ligand, one p-
bdc ligand and one lattice water molecule. The Co(Il)
{CoN,0,} distorted tetrahedral
geometry made up of two N atoms from two BIDPT

cation locates in a

ligands and two carboxylate oxygen atoms from two p-
bde ligands. The bond distances around the Co (I)
cation are normal. As depicted in Fig.6, each BIDPT
ligand bridges the adjacent Co(ll) cations to yield one

infinite 1D linear chain with a Co--- Co distance of
1.563 5 nm and a Co---Co---Co angle of 180.00°. The

other infinite 1D linear chain with a Co---Co distance
of 1.099 6 nm and a Co---Co---Co angle of 180.00° is
generated by p-bdc ligands and the Co (Il) cations.
Then, the two types of 1D chain are linked to
generate a 2D network by sharing the Co(ll) cations.
From a topological view point, the Co(ll) cations can
be considered as a 4-connected nodes. In order to
present the real interpenetration of the complex,
BIDPT and p-bde ligands can be simplified as linkers.
So, the whole structure can be simplified to a sql
network. It is interesting that the adjacent 2D networks
are packed as a quasi parallel 2D+2D—2D network,
as depicted in Fig.7. Further, the 2D networks are

N4#1 o4

Col

N1 02

All hydrogen atoms were omitted for clarity; Symmetry codes: #1:

a1, y, z+1

Fig.5 Coordination environment of the Co(Il) cation in 2
+ %

Fig.6 Left: an infinite 1D chain formed by Co(Il) cation

and p-bde ligand; Middle: an infinite 1D linear
chain constructed from the BIDPT and the Co(Il)
cations; Right: 2D network of 2

Fig.7 Parallel interpenetrated architecture of 2D+2D—2D network (left) and topological representation of the sql net of 2 (right)
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held together via O—H:--O interaction to generate 3D

extended supramolecular framework (Fig.8).

O-H---0 hydrogen bonds are highlighted in dashed lines

Fig.8 Schematic representation of the 3D framework of 2

2.2 Thermal stability and powder X-ray
diffraction (PXRD)
To confirm the phase purity of compounds 1 and
2, the powder X-ray diffraction (PXRD) patterns were

recorded for 1~2, and they were comparable to the

Experimental
! u'v'“,‘_"‘r e vaw‘v‘ll“

‘ “l I “ h I Simulated

corresponding simulated patterns calculated from the
single-crystal diffraction data (Fig.9), indicating a pure
phase of each bulky sample.

In order to better understand the thermal stability
of compounds 1 and 2, their thermal decomposition
behavior was investigated from 25 to 750 °C under
(Fig.10). The TGA curve of 1
indicates no obvious weight loss from 25 to 220 C,

nitrogen atmosphere

suggesting that the framework is thermally stable.
Then there is a weight loss of 5.50% from 220 to 260
°C, corresponding to the loss of two coordinated water
(Caled. 5.38%). The TG curve presents a
platform and the framework starts to decompose at
360 °C. The TGA of complex 2 shows a weight loss of
3.50% (Caled. 3.22%) ranging from 120 to 160 °C,

which is corresponding to the departure of lattice

molecules

water, and the solvent-free framework begins to

collapse at 270 C.

Experimental

Simulated

T T T T T T T
10 20 30 40
20/ (%)

50 10 20 30 40 50

Fig.9 PXRD patterns of compounds 1 (left) and 2 (right)

100

50 Complex 2

Complex 1
T T T T T T T
100 200 300 400 500 600 700
Temperature / 'C

Fig.10 TG curves of complexes 1 and 2

2.3 UV-Visible spectra
The UV-Vis absorption spectra of BIDPT, H,oba,

p-Hsbde, and complexes 1 and 2 were carried out at

room temperature (Fig.11). Complexes 1 and 2 exhibit
a narrow adsorption band in the range of 200 ~380

H,oba

Compound 1

p-H,bde

Compound 2

200 300 400 500 600 700 800
Wavelength / nm

Fig.11 UV-Vis absorbance spectra of the ligands

and complexes



190 I OH otk % %R %32 4%
nm, which can be ascribed to 7-7* transitions of the 547-549

ligands. Besides these absorption bands of complexes
1 and 2, we observe two additional peaks at 530 nm
(‘T)(F)—T(P)) with a shoulder at 580 nm assigned
to the ‘T (F)—'T\,(P) transition. The higher energy
bands can be considered as metal-to-ligand charge-
transfer (MLCT) transitions. The lower energy band
can be attributed to the spin-allowed d-d electronic

transitions of the d’ (Co™) cation.
3 Conclusions

In summary, by using the V-shaped ligand, 4,4'-
bis (imidazol-1-yl)diphenyl thioether (BIDPT), and two
kinds of dicarboxylates, we have synthesized two new
a 2D-spl
network. Complex 2 display an interesting 2D+2D—

coordination polymers. Complex 1 is
2D parallel polycatenation. Complexes 1 and 2 are
further extended into the 3D framework via O—H---O
hydrogen bonds. The results imply that the combina-
tion of a V-shaped N-donor ligand with different
dicarboxylate can construct complexes with novel stru-
ctures and special properties. Furthermore, the UV-
Vis absorption spectra and optical band gaps of 1 and
2 show that these complexes can be employed as

potential semiconductive materials.
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