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Hydrothermal Synthesis and Crystal Structure of a Novel Lanthanide
Coordination Polymer Bridged by Flexible
Cyclohexane-1,2,3,4,5,6-hexacarboxylate and Rigid Oxalate Ligands

WANG Jing® XU Min SU Ting-Ting
(School of chemistry and chemical engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Reaction of Th,(ox);+6H,0 and cyclohexane-1,2,3,4,5,6-hexacarboxylic acid hydrate (HL ' - H,0) (cis-
chair conformation L ': a.e,a.e,a.e) resulted in formation of a novel three-dimensional lanthanide coordination
polymer [Th,(L)(ox);(H,0)s] (trans-chair conformation L": e,ee.e.e.e; ox: oxalate) under hydrothermal condition,
which was characterized by elemental analysis and IR. X-ray diffraction crystal structure analysis shows that the
complex crystallizes in triclinic system, space group Pl with a=0.602 03(4) nm, b=1.082 78(8) nm, ¢=1.294 46/(9)
nm, «=67.908 0(10)°, 8=82.109 0(10)°, y=83.887 0(10)°, V=0.773 07(9) nm?, Z=2. In the formation of the complex,
the cis-chair Hel.! ligand transformed to the trans-chair L" ligand, which adopts us-bridging mode connecting the Th
atoms to form two-dimensional (Tb-L!) layers with channels. The one-dimensional (Th-ox) chains bridged by a,- and
ws-ox ligands link the (Th-L") layers to generate a three-dimensional framework with channels, which were filled with

ox ligands and water molecules through coordination and hydrogen interactions. CCDC: 790926.
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The crystal engineering of lanthanide complexes
has attracted considerable attention over the past
decade, not only due to their fascinating structural
diversity and the intriguing topological networks!"?, but
also due to the potential application in medicine, magn-
etism, bioinorganic chemistry and luminescence™. As
is well known, lanthanide ions have their high and
variable coordination numbers and flexible coordination
environments, which can provide unique impetus for
discovery of unusual network topologies™. Conseque-
ntly, a variety of lanthanide coordination polymers with
interesting architectures and topologies have been
synthesized successfully®.

In order to construct multicarboxylate coordination
frameworks, two main kinds of organic ligands are
extensively studied, one is rigid ligands such as benze-

[9-11]
2

nepolycarboxylates and pyridinepolycarboxylates
the other is flexible ligands, such as cyclohexanepoly-
cyclohexane-1,2,3,4,5,6-

hexacarboxylic acid (HeL, L stands for the ligand with

carboxylate!".  Recently,
different conformations) with versatile flexible confor-
mations has been proved by us to act as excellent
building blocks with charge and multi-connecting
ability in the construction of functional coordination
polymers!"**. And in our recent work, we have investig-
ated the coordination chemistry of the cyclohexaneh-
exacarboxylic ligand and trapped its four conformations
in different coordination polymers by carefully controll-

G0

ing the reaction conditions!"". As our continuing inves-

tigation on this interesting metal-Hel. system, we
employed the lanthanide Th(Ill) to react with the HeL
(cis-chair conformation L': a.e,a,e,a.e) ligand to investi-
gate the ligand flexible conformations. Herein, we
report a novel three-dimensional lanthanide coordina-
tion polymer [Thy(L ") (0x); (H,0)s] (trans-chair confor-

mation L": e.e.e.e.e.e, ox: oxalate) bridged by flexible

H HH
- H Tb,(0x), _
| 180°C,72h
H H f
H H H H
L':aeaeae L": eeeeee
@ /O =co00)

Scheme 1 Summary of hydrothermal condition and
ligand conformation transformation in the

preparation of the title complex

cyclohexanehexacarboxylate and rigid oxalate ligands.
The conformation of the cyclohexanehexacarboxylate
ligand transformed from L' to L" (Scheme 1).

1 Experimental section

1.1 Materials and physical measurements

The starting material cyclohexanehexacarboxylic
acid hydrate (HeL'-H,0) employed was commercially
available and used as received without further
purification. The C and H microanalyses were carried
out with an Elementar Vario-ELL CHNS elemental
analyzer. The FTIR spectra were recorded from KBr
tablets in the range 4 000~400 cm™ on a Bio-Rad FTS-
7 spectrometer.
1.2 Hydrothermal synthesis

A mixture of HeL.'-H,0 (0.087 g, 0.25 mmol) and
Thy(ox);+ HyO (0.345 g, 0.50 mmol) in H,O (15 mL) were
placed to a 25 mL Teflon reactor and heated in an oven
to 180 °C for 72 h. After being cooled at a rate of ca. 5
C +h, the colorless crystals of the title complex in
single phase (in ca. 15% vyield based on HeL ')
were obtained, isolated by filtration and washed with
water. Elemental analysis caled. for CoH,,04Th, (%): C
15.60, H 1.60; found (%): C 15.49, H 1.73. IR (KB,
4000~400 ecm™): 3429(s), 2 370(m), 1 686(s), 1 608(vs),
1384(vs), 1 320(m), 1 262(w), 1 126(w), 1 041(w), 799(w),
619(w), 521(w).
1.3 Crystal structure determination

Data collections of the title complex were
performed on a Bruker Smart Apex CCD diffractometer
with Mo Ka radiation (A=0.071 073 nm) at 293(2) K.
The raw data frames were integrated with SAINT*, and
the corrections were applied for Lorentz and polariza-
tion effects. Absorption correction was applied by using
the multiscan program SADABS™. The structure was
solved by direct methods, and all non-hydrogen atoms
were refined anisotropically by least-squares on F?
using the SHELXTL program®. Hydrogen atoms on
organic ligands were generated by the riding mode (C-
H=0.093 nm). Crystal data as well as details of data
collections and refinements for the complexare
summarized in Table 1. Selected bond distances and
bond angles are listed in Table 2.

CCDC: 790926.
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Table 1 Crystal data and structure parameters for the title complex

Empirical formula
Formula weight
Temperature / K
Wavelength / nm
Crystal system
Space group

a/ nm

b/ nm

¢/ nm

al (%)

B/

Y/ ()

Volume / nm?

A

D,/ (g-em)

CoH,,0,4Th,
693.02
293(2)
0.071 073
Triclinic
P1

0.602 03(4)
1.082 78(8)
1.294 46(9)
67.908 0(10)
82.109 0(10)
83.887 0(10)
0.773 07(9)
2

2977

Absorption coefficient / mm™

F(000)

Crystal size / mm

0 range for data collection / (°)

Limiting indices

Reflections collected

Independent reflections (R;,)

Completeness / %

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F?

Final R indices (I>20(1))

R indices (all data)

Largest diff. peak and hole / (enm™)

9.166

646
0.15x0.11x0.09
1.71~26.00

-Tsh<s7-3<k<13,-15<I[<I15

6 100
3017 (0.017 1)
98.7

0.432 1 and 0.274 8

Full-matrix least-squares on F?

3017/716/270
1.083

R"=0.032 5, wR,'=0.126 0
R=0.034 9, wR,'=0.128 9

1611, -1 070

“Ri=SIEI-IFEN S, "wR = S w(F~F S w(FAP".

Table 2 Bond lengths (nm) and angles (°) for the title complex

Th1-05A
Th1-011
Th1-09
Th1-01W
Th1-01
Th1-07

05A-Tbh1-011
O5A-Th1-09
011-Th1-09
O5A-Th1-01W
011-Th1-01W
09-Th1-01W
05A-Th1-01
011-Th1-01
09-Th1-01
01W-Th1-01
05A-Tb1-07
011-Th1-07
09-Th1-07
01W-Th1-07
01-Tbh1-07
05A-Th1-02
011-Th1-02
09-Th1-02
01W-Th1-02
01-Th1-02
07-Th1-02
05A-Th1-012B

0.227 4(5)
0.237 4(5)
0.239 8(6)
0.241 6(7)
0.245 1(5)
0.246 8(5)
92.7(2)
138.23(19)
80.7(2)
84.7(3)
142.9(2)
77.12)
139.43(19)
122.81(19)
72.57(18)
77.8(2)
72.76(19)
71.11(19)
66.06(18)
72.92)
133.32(18)
144.0(2)
71.55(18)
72.59(19)
127.4(2)
52.62(17)
127.47(19)
71.89(19)

Th1-02
Th1-012B
Th1-012C
Th2-06D
Th2-03E
Th2-08

011-Th1-012B
09-Th1-012B
01W-Th1-012B
01-Th1-012B
07-Th1-012B
02-Th1-012B
05A-Th1-012C
011-Th1-012C
09-Th1-012C
01W-Th1-012C
01-Th1-012C
07-Th1-012C
02-Th1-012C
012B-Th1-012C
06D-Th2-03E
06D-Th2-08
03E-Th2-08
06D-Th2-04W
O3E-Th2-04W
08-Th2-04W
06D-Th2-04D
03E-Th2-04D

0.248 7(6)
0.251 5(5)
0.252 8(8)
0.229 8(6)
0.236 9(6)
0.237 4(6)
132.31(19)
139.70(18)
81.9(2)

69.60(18
137.94(17
94.59(18
76.29(19
65.96(17
134.22(18
146.8(2)

99.35(17)
124.80(18)
67.73(18)
66.57(19)

z D = 2Lz =D £

Th2-04W
Th2-0 4D
Th2-02W
Th2-03W
Th2-010

08-Th2-04D
04W-Th2-04D
06D-Th2-02W
03E-Th2-02W
08-Th2-02W
04W-Th2-02W
04D-Th2-02W
06D-Th2-03W
O3E-Th2-03W
08-Th2-03W
04W-Th2-03W
04D-Th2-03W
02W-Th2-03W
06D-Th2-010
03E-Th2-010
08-Th2-010
04W-Th2-010
04D-Th2-010
02W-Th2-010
03W-Th2-010

0.239 4(6)
0.2386(6)
0.241 0(7)
0.244 0(6)
0.244 7(5)

Symmetry codes: A: x, y+1, z; B: x=1, v, z; C: =x+2, -y, —z; D: —x+1, —y—1, —z+1; E: =242, —y—1, —z+1.
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2 Results and discussion

2.1 Synthesis

Hydrothermal synthesis is being widely used as a
synthetic technique, not only for its advantageous
preparation of highly stable metal-ligand frameworks,
but also for its special reaction condition for the
interesting reactions. It is well known that lanthanide
ions are easily precipitated by oxalate, but under the
condition of hydrothermal synthesis the preparation of
new lanthanide frameworks containing both oxalate and
other ligands is possible™ . Tn the formation of the title
complex, it is of interest to note that the complex
contains both rigid ox and the flexible cyclohexanepoly-
carboxylate ligands, which was rarely observed before
for lanthanide frameworks.

From our previous studies on cyclohexanehexa-
carboxylic acid (HgL), we observed that the size and
versatile coordination environments of the metal ions,
different alkali metal ions, the presence of auxiliary
ligands and different reaction temperatures may play an
important role in controlling the conformation of carbo-

91 Considering

xylate groups on the cyclohexane ring!
the characters of lanthanide ions, we employed Th(Ill) to
react with the Hgl, attempting to trap the L ligand

conformations (Scheme 1). As a result, the L" in situ

v, z=1; It =41, —y—1, =25 Jo x, y-1, 2

transformed from the starting form L' can be observed in
the final crystal complex, proving that the Th(Ill) with the
presence of the ox ligand can also trap the L' confor-
mation of the cyclohexanehexacarboxylate ligand.

2.2 Structure of [Th,(L")(0x):(H,0)s]

X-ray diffraction crystal structure analysis reveals
that the title complex is a three-dimensional framework
crystallizing in P1 space group. The asymmetric unit
contains two crystallographically independent Tb ()
atoms, one L! ligand transformed from the Hel.' lying
on a special position, two ox ligands, one of which lies
on a special position, and four coordinated water mole-
cules (Fig.la). Th1 adopts nine-coordinated geometry,
with eight oxygen atoms from the L and ox ligands as
well as a coordinated water molecule (Th-O 0.227 4(5)~
0.252 8(8) nm) (Table 2), presenting a geometry close to
that of a monocapped square antiprism. Differently, Th2
atom is eight-coordinated with five oxygen atoms from
the L! and ox ligands as well as three water molecules
(Th-0O 0.229 8(6)~0.244 7(5) nm) (Table 2), giving a
distorted bicapped trigonal prism geometry. The L !
ligand transformed from Hol.' adopts us-bridging mode
through its six e-carboxylate groups (Fig.1b), while the
two kinds of ox ligands adopting - and pus-bridging

modes, respectively.

(b)
Symmetry codes: A: x, y+1, z; B: x=1, v, z; C: —x+2, -y, —z; D: —x+1, —y—1, —z+1; E: —x+2, —y—1, —z+1; F: —x+1, -y, —z; G: x, y, z—1; H: x—1,

Fig.1 (a) ORTEP drawing of coordination environment of the Th atoms (with thermal ellipsoids at 50%);

(b) Coordination mode of the L' ligand

The pg-bridging L' ligands connect the Th atoms
to form a two-dimensional porous (Th-L") layer exte-

nded through the ab plane (Fig.2a). The thickness of the
layer is about 0.8 nm viewed along the b axis (Fig.2b).

There are two types of pores in the layers along the ¢
axis  (Fig.2a), distorted quadrangular pores with
dimensions 0.55 nm x0.70 nm and elliptic pores with

dimensions 0.62 nmx1.25 nm, respectively. Meanwhile,
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there are one-dimensional channels with dimensions connect the Th atom to form a one-dimensional (Tbh-ox)
0.65 nmx1.00 nm in the layers along the b axis (Fig. chain. As showed in Fig.3a, the p,-bridging ox ligands
2b). Meanwhile, the u,- and p,-bridging ox ligands link the Th1 atoms to make up the main (Th-ox) chain,

Fig.2 (a) Perspective views of the two-dimensional porous (Th-L") layer bridged by the L" ligand viewed
along the ¢ axis; (b) Along b axis
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Symmetry codes: A: —x+1, —y, —z; B: —x, —y, -z
Fig.3

(a) Perspective views of the one-dimensional (Th-ox) chain; (b) Three-dimensional framework bridged by L"
and ox ligands with elliptic channels occupied by ox lgiand and water molecules viewed along the ¢ axis;

(c) Along b axis (yellow and blue ellipse shapes stand for the elliptic channels, and big blue balls in
(b) stand for the water molecules)
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and the u,-bridging ox ligands link the Th1 and Th2
(Tb-ox) chain.

Furthermore, the two-dimensional porous (Th-L!) layers

atoms to act as the decorations of the

are linked by the one-dimensional (Th-ox) chains to
generate a three-dimensional coordination framework
with channels (Fig.3b,c).

It should be noted that the two kinds of elliptic

channels in the framework are occupied by the -

bridging ox ligands and coordinated water molecules,
while the quadrangular are filled with coordinated water
molecules  (Fig.3b). Moreover, there are rich hydrogen
interactions between the water molecules and the
carboxylate groups of the L" and ox ligands (O -:- O
0.267 4(8)~0.278 5(8) nm, £ O-H---0 122(5)°~169(6)°)
(Table 3), which further strengthen the three-dimensio-

nal framework.

Table 3 Hydrogen bond lengths and bond angles for the title complex

D-H-A d(D-H) / nm d(H-A) / nm d(D-+A) / nm £ DHA /()
01W-HIWb---011A 0.086(2) 0.184(4) 0.267 4(8) 165(10)
02W-H2Wa---08B 0.084(2) 0.214(5) 0.282 6(9) 139(6)
03W-H3Wa---010C 0.085(2) 0.195(2) 0.278 5(8) 169(6)
04W-H4Wb---01D 0.085(2) 0.216(6) 0.270 8(8) 122(5)

Symmetry codes: A: x—1, y, z; B: —=x+2, —y, —z+1; C: =42, —y—1, —z+1; D: —x+1, —y—1, —z+1.
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