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Hydrothermal Synthesis and Crystal Structure of a Three-Dimensional Porous
Polyoxovanadate with Typical ACO Topological Open Frameworks

GUO Jiu-Yu ZHANG Zhi-Bin YAN Da-Wei ZHU Dun-Ru XU Yan”™
(College of Chemistry and Chemical Engineering, State Key Laboratory of Materials-oriented Chemical Engineering,
Nanjing University of Technology, Nanjing 210009, China)

Abstract: A polyoxovanadate {[Cuy(V Vv V7O42(P04)) (CsHoNy)g] +4H,0}, (1, C;HoN,=1,2-diaminopropane) with
typical ACO topological open framework has been synthesized by hydrothermal method. Compound 1 has been
characterized by elemental analysis, IR, TGA and single-crystal X-ray diffraction. Crystallographic analysis reveals
that it is constructed from a anionic cluster [V",,VY;,0,(PO,)|* and the transition metal complex [Cu(C3HN,),J** as a
bridging ligand with typical ACO topological open framework. Compound 1 crystallizes in the tetragonal system,
space group P4/nnc, with a=b=1.50591(10) nm, ¢=1.871 3(3) nm, V'=4.243 8(7) nm®, Z=2. Compound 1 possess
channels with a dimension of 0.753 nmx 0.753 nm running along the ¢-axis. CCDC: 832382.
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0 Introduction magnetism and so on™.  During the last decade, an

important advance in POMs chemistry has been the

In the past few years, polyoxometalates (POMs)
have been extensively studied owing to not only their
considerable structural versatility but also compreh-

ensive  applications  in  catalysis, electrical

conductivity, ion exchange, biological chemistry,
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rational design and assembly of extended POMs-based
materials by employing polyoxo-metalate anions and
secondary transition metal complex (TMC)**. So far, a
number of POMs with 1D chain, 2D networks and

3D open frameworks have been reported, such as



MILEE  BA LM ACO HIMT M = 2L

%10 Z PR

BRI K B IR R AR S 2101

[{Cu (1,2-pn)a}; (V1603 (H:0)}o] -4H,0 P, [{Zn (bipy)s},
V4012][10], CSIOAS[(VIGOM) (SigsV15010)] +3.5H,0 my (Nsz)z
[Zn;VV 1,V V0.,0(SO,)(H,0),5] - 24H,012, [{Cus(4,7-phen)s)
2{Mo0140,51 1" [HeMnsVY VY046 (H,0) 0] - 30H,0 M, [Cu
(en),(H0)[{[PMo "'V "0 ,Cu(en),|[ Cugs(en) s} - 5.5H,01,
In this w ork, we synthesized a polyoxovanadate
{[CU4(V Nnv V7042(PO4)) (C3H10N2)3] '4H20}n (1, C3H10N2:
1,2-diaminopropane) with a classic ACO topological

open framework!"*!”,
1 Experimental

1.1 Reagents and measurements
All chemical

commercial

reagents were bought from

sources and of reagent purity. The
(C, H, N) was performed on a

Perkin-Elmer 2400 elemental analyzer. IR spectra

elemental analysis

determination was performed on a Nicolet 410 FTIR
spectrometer in the range 400~4 000 cm™ (KBr pellet).
The thermogravimetric analysis (TGA) was carried out
on a Diamond thermal analyzer under nitrogen
atmosphere at a heating rate of 10 °C -min . The
magnetic susceptibility were measured with a Quantum
Design MPMS-7 SQUID Magnetometer in the range 2~
300 K at 2 000 Oe.
1.2 Synthesis

A mixture of V,05 (0.182 2 g, 1 mmol), CuCl,

2H,0 (0.1702 g, 1 mmol), diethylenetriamine (DETA)

mmol), and 5 mL distilled water was stirred for 1.5 h,
then was neutralized to pH =9 with 50% phosphoric
acid. The mixture was sealed in a 20 mL Teflon-lined
stainless steel reactor and kept at 170 C for 6 d. After
cooled to room temperature, the product was washed
with distilled water, filtered and dried in the air. Dark
hexagon-shaped crystals accompanied by a little
unknown yellow powder were obtained (0.153 0 g, yield
52.90% based on V). Elemental analysis: Found(%): C,
11.24; H, 3.51; N, 8.49. Caled.(%): C, 11.07; H, 3.41;
N, 8.61.
1.3 X-ray structure determination

The single crystal with dimension of 0.13 mm x
0.12 mmx0.12 mm was selected by visual examination
under the microscope and glued at the top of a thin
glass fiber with epoxy glue in air for data collection, and
the diffraction data were collected on a Bruker Smart
Apex Il CCD diffractometer with a sealed tube X-ray
source (Mo Ko radiation, A=0.071 073 nm) operating at
50 kV and 30 mA at 293 K using w-26 scan method. An
empirical absorption correction was applied. The
structure was solved by the direct method and refined
by full-matrix least squares on F* using the SHELXL-97
software!™. All hydrogen atoms for organic molecules
were placed in the calculation position. While the H
atoms of water were located from the different Fourier
maps. Crystallographic data and selected bond lengths
are listed in Table 1, 2 respectively.

(0.43 mL, 4 mmol), 1,2-diaminopropane

(0.17 mL, 2

CCDC: 832382.

Table 1 Summary of crystallographic data for 1

Empirical formula CoHgsCuN 0PV 5 Absorption coefficient / mm™ 2.969
Formula weight 2 603.15 F(000) 2 578
Temperature / K 296(2) Limiting indices -1T<h<s17,-17T<k<17,-22<[<22
Crystal system Tetragonal Reflections collected / unique (R;,) 21 027 / 1 841 (0.043 4)
Space group PA/nnc Max. and min. transmission 0.717 1, 0.698 9
a/nm 1.505 91(10) Refinement method Full-matrix least-squares on F*
b/ nm 1.505 91(10) Data / parameters 1 841/ 166
¢ /nm 1.871 3(3) Goodness-of-fit on F 1.022
Volume / nm* 4.243 3(7) Final R indices [/>20(])] R=0.067 0, wR»=0.180 9
A 2 R indices (all data) R=0.096 0, wR,=0.194 6
Calculated density / (g-cm™) 2.037
Table 2 Selected bond lengths (nm) for 1
V(1)-0(1) 0.157 9(4) V(2)-O4)#4 0.191 0(4) V(3)-0(3)#2 0.195 7(4)
V(1)-0(5)#1 0.184 4(4) V(2)-04) 0.191 0(4) Cu(1)-N(2) 0.198 6(7)
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Continued Table 1
V(1)-0(3) 0.186 6(4) V(2)-0(4)#5 0.191 0(4) Cu(1)-N(2)#6 0.198 6(7)
V(1)-0(5) 0.196 9(4) V(3)-0(2) 0.160 5(4) Cu(1)-N(1)#6 0.198 8(7)
V(1)-03)#2 0.198 5(4) V(3)-0(4) 0.193 9(4) Cu(1)-N(1) 0.198 8(7)
V(2)-0(6) 0.160 2(7) V(3)-0(4)#3 0.194 0(3) P(1)-0(7) 0.146 7(14)
V(2)-0(4)#3 0.191 0(4) V(3)-0(5) 0.194 9(4) P(1)-0(7)#1 0.146 7(14)

Symmetry transformations used to generate equivalent atoms: #1:

—y+1/2, z; #5: y, —x+1/2, z; #6: —x+1, —y+1, —z+1.
2 Results and discussion

2.1 Crystal structure

Single-crystal X-ray structural analysis reveals
compound 1 kepts the ACO topological open framework
that constructed from [V",,VY,0, (PO, cages and
[Cu(CsH N,),J** bridging groups (Fig.1). The polyanion
of 1 is constructed of a well known [V 504,]* shell and a
disordered PO~ anion. As a guest, PO,* is disordered
with the occupied factor of 0.25 for O(7) atoms. While
the host shell [Vg0,] -
pyramids by sharing the edge through 24 bridging

consists of 18 VOs square

oxygen atoms. The distances of V-O bond are between
0.157 9(4) and 0.198 5(4) nm, while the angles of O-V-
O vary from 79.93(15)° to 151.40(16)°, which are
similar to the previously reported ones. The Cu cation is
coordinated by four N atoms from two 1,2-diamino-

propanes and two O terminal atoms from two adjacent

X, —y+1/2, —z+1/2; #2: y, x, —z4+1/2; #3: —y+1/2, x, z; #4: —x+1/2,

anionic cages, forming a distorted octahedral geometry
structure. The Cu-O bond length is 0.253 99(44) nm,
and O-Cu-O bond angle is 180.000°, which are similar

Fig.1  View of the structure of the building unit of

open framework 1

S 7@

Fig.2 Second building unit of open framework of 1
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to the previously reported analogues [Cu (C3HN,),]4
[Vis04 (NO3)] - 1T0H,0 ™) and [Cu (C3H Ny),)s [HsV 150
(C1)]-8H,0™,  while the bond angle of V-O-Cu is
127.344(204)°, in accordance with the Co-O-P bond
angle of CoPO,. In the ACO topological framework of
CoPO,, each p,-oxygen atom connects two D4R units,
while each D4R unit links eight neighboring D4R units
through p,-oxygen atoms. Similary, in the open
framework of 1, each u,-briging group [Cu (C5HoNy),**
connects two polyanions [VW“VV7O42(PO4)]8’, while each
[V VV04,(PO) > connects eight adjacent
[VV,VY,05,(PO,)* through eight u,-briging group [Cu
(CsHoN,),* (Fig.2). Compared with CoPO,, the building
unit [V, VV,0, (PO,
(CsHyoNy)J*

(P4Cos01p) and ur-O; correspondingly, 14-membered

anion

and p-briging group [Cu
are much bigger than the unit D4R

ring channels are generated in the open framework of 1
(8-membered ring channels for CoPO,). The narrowest
diameter of the 14-membered channels is about 0.753
nmx0.753 nm (Fig.3). Bond valence sum calculations™
suggest that there are 11 V" atoms in 1. The calculation
results give a value of 4.441 for V(1), 4.456 for V(2),
4.110 for V(3), the average value is 4.296, which is very

closed to the expected value of 4.389 for [VY,;V"].

Fig.3  Polyhedral view of 1 along ¢ axis

2.2 Infrared spectra

Two strong bands in the IR spectrum of 1 at 978
and 692 cm ™ are due to v (V=0) and » (0-V-0),
respectively. The

typical sharp peaks for 1,2-

diaminopropane are in the region of 1 383~1 600 cm™.
Weak band at 1050 cm™ is ascribed to »(P-O). In

addition, the broad bands in the 3 135~3 444 cm™ are

due to »(0-H) and »(N-H) (Fig.4).

100 4

80

604

Transmittance / %

0 T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers / cm™

Fig.4 IR spectrum of 1

2.3 TG analysis

As shown in Fig.5, the total weight loss is 26.20%
in the range of 38~670 °C, which is very in agreement
(25.55%). The weight loss
2.89% from 38 to 88 “C are assigned to the removal of
the crystal water molecules (caled. 2.77%). The weight
loss of 23.31% from 88 to 670 °C is attributable to the
(Caled. value:

with the calculation value

decomposition of 1,2-diaminopropane

22.78%).
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Fig.5 TG curve of 1
2.4 Magnetic analysis

Preliminary magnetic study has been performed on
the crystal sample of 1 in the range of 2~300 K (Fig.6).
The effective magnetic moment () of 1 at 300 K is
4.87ug which is smaller than the expected total value
(6.80up) of eleven uncoupled S=1/2 spins of V** atoms
and four uncoupled S=1/2 spins of Cu** atoms. Upon
cooling, the g continuously decreases to a minimum
value of 2.81uy at 2 K. The magnetic data of 1 were
fitted to the Curie-Weiss law in the range of 120.1~300
K, and the best fit was C=3.743 emu-mol K™ and 0=

-85.66 K, characteristic of the antiferromagnetic
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Fig.6  Temperature dependence of x,,I" and ., for 1
3 Conclusions

In conclusion, a 3D porous Polyoxovanadate {[Cu,
(Vlvl1VV7O42(P04))(C3H10N2)8]'4H20},L Wlth typlcal ACO

topological open framework was synthesized by
hydrothermal method. The synthesis of compound 1
demonstrates that it is an effective path to design
POMs-based materials through the careful selection of
polyoxometalate anions and secondary transition metal
complex. An exploration of functional properties of the

compound is currently under way.
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