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Synthesis and Crystal Structure of a Sandwich-Type
Polyoxometalate Built up of the PW, Unit

FENG Xiu-Ling
(College of Chemistry and Chemical Engineering, Huaihua University, Huaihua, Hunan 418008, China)

Abstract: A sandwich-type polyoxometalate compound built on sandwich-type polyoxoanion {Niy(H,0),(PW40s,),}'""",
ethlyenediamine(en) and Ni(Il) cation, [Ni(en),,[{Ni(en),} {Ni(en),H,0},{(PW0x),Nis(H,0),}] - 16H,0 (1), has been
hydrothermally synthesized and characterized by IR spectrum, single crystal X-ray diffraction analysis, TG /DTG
and electrochemical studies. The sandwich polyoxoanions are linked by [Ni(en),** cations to form a 1D linear

structure and the multiform hydrogen bonds in the compound form a 3D supramolecular framework. CCDC:

917320.
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0 Introduction mes and cofactors?. The known characterized structures
of sandwich-type polyoxometalates can be obtained by

In recent years, more and more attention has the reaction of a transition metal ion (e.g. Co*, Ni*")
been paid to research on transitional metal-substituted with appropriate lacunary polyoxometalates precursor
polyoxometalates (TMSPs) owing to their unexpected (e.g. [AsWoOx]", [PW40x]~ and [P,W505]") . The
structures and many promising properties for applica- incorporation of transition metals makes it possible to
tions!"™. Within the TMSPs class, the sandwich type obtain structures with diverse chemical properties,
structures are very important in the sense that they especially remarkable catalytic activity. Numerous
are similar in construction to naturally occurring enzy- nickel-substituted trivacant «-B Keggin polyoxome-
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talates with sandwich structures have been synthesized
and most belong to [Ni(H,0);(XWy03),]"™ (X=As*, Sb*,
Te*, etc) and [Niy(H,0),(XW03),]" (X=As™, Si*, Ga*,
Zn*, eic) series”. We report herein the synthesis,
crystal structure, and characterizations of a new com-
pound  [Ni(en),|;[{Ni(en),} {Ni(en),H,O}, {(PW¢03),Ni4
(Hzo)z}] -16H,0

polyoxoanions are linked by [Ni(en),]** cations to form

(1). In the compound, the sandwich

a 1D linear structure, which further stacks to form a

3D framework through hydrogen bonding.
1 Experimental

1.1 Materials and instruments

All the regents were used as commercial sources
without further purification. Elemental analyses were
performed on an Elementary Vario EL analyzer. The
IR spectra were recorded on AVATAR 360 spectro-
photometer using KBr discs in the 400~4 000 c¢m™.
(TGA-DTG) were performed on a
STA-409PC instrument under nitrogen atmosphere

Thermal analyses
with a heating rate of 15 °C . Electrochemical
measurements were made on a CHI660b electroche-
mical workstation. A conventional three-electrode
system was used. The working electrode was a
modified carbon paste electrode (1-CPE). Ag/AgCl (3
mol -I. 7" KCI) electrode was used as a reference
electrode and a Pt wire as a counter electrode.
1.2 Synthesis

A mixture of nickel nitrate (1 mmol), NagPWs03,

(0.3 mmol) and ethlyenediamine (1 mmol) in 15 mL

distilled water was heated at 413 K in a Teflon-lined
stainless steel autoclave for three days. The reaction
system was then slowly cooled to room temperature
and yellow crystals of the title compound suitable for
single crystal X-ray diffraction analysis were obtained
(yield 40% based on W). Anal. Cacld. for CyHxNyxNig
OxP, Wi (%): C 4.03; H 2.01; N 4.71. Found (%): C
4.07; H 2.08; N 4.64.
1.3 Structure determination

A single crystal with dimensions of 0.25 mmx0.10
mmx0.06 mm was mounted on a Bruker CCD diffrac-
tometer equipped with a graphite-monochromatic
Mo Ka (A=0.071 073 nm) radiation by using a @ scan
mode (2.50° to 25.02°) at 293(2) K. A total of 17 519
reflections were collected and 9 656 were independent
with R;,=0.027 4, completeness =0.999 (6=25.02°).
The structure was solved by direct methods with
SHELXS-97 program” and refined by full-matrix
least-squares techniques on F? with SHELXL-97", All
non-hydrogen atoms were refined anisotropically and
hydrogen atoms isotropically. The crystallographic
data are list in Table 1.

CCDC: 917320.

2 Results and discussion

2.1 Crystal structure of the compound

The molecular structure of the title complex is
shown in Fig.1 and the selected bond lengths and
bond angles are given in Table 2. Single crystal X-ray

diffraction analysis reveals that 1 consists of a

Table 1 Crystal data and structure refinement for the complex 1

Empirical formula CooH 2oN2NigOgsP> W i D./ (g-em™) 3.606

Formula weight 5948.63 Z 1

Temperature / K 293(2) Absorption coefficient / mm™ 21.501

Crystal system Triclinic F(000) 2772

Space group PL Crystal size / mm 0.25x0.10x0.06

a/ nm 1.317 57(4) 0/(°) 2.50 to 25.02

b/ nm 1.556 08(7) Limiting indices -I5<sh<15-18<k=<18,-l6<[<18
¢/ nm 1.563 59(6) Reflections collected / unique (R;,) 17 519 /9 656 (0.027 4)

al (%) 112.570(4) Refinement method Full-matrix least-squares on F*
B1(°) 91.549(3) Data / restraints / parameters 9656 /0/720

v /(%) 109.817(3) Goodness of fit on F? 1.029

V / nm? 2.738 97(18) Final R indices (I>207(1)) R=0.026 2, wR,=0.053 9
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Table 2 Selected bonds lengths (nm) and angles (°)
W(1)-0(26) 0.173 8(5) Ni(1)-0(24) 0.208 1(5) Ni(4)-N(5) 0.208 2(7)
W(1)-0(11) 0.202 4(6) Ni(1)-0(23) 0.208 2(5) Ni(4)-N(3) 0.208 6(7)
W(2)-0(27) 0.171 5(6) Ni(1)-0(35) 0.208 7(6) Ni(4)-N(6) 0.208 7(8)
W(3)-0(28) 0.172 5(5) Ni(1)-0(4) 0.217 7(5) Ni(4)-N(4) 0.209 4(7)
W(4)-0(29) 0.169 8(5) Ni(2)-0(25) 0.200 9(5) Ni(4)-0(36) 0.215 0(6)
W(5)-0(30) 0.172 3(6) Ni(2)-0(22) 0.201 1(6) Ni(4)-0(32) 0.218 3(6)
W(6)-0(31) 0.171 8(5) Ni(2)-0(23) 0.204 7(5) Ni(5)-N(8)" 0.189 §(8)
W(7)-0(32) 0.173 3(6) Ni(2)-0(24) 0.207 3(5) Ni(5)-N(8) 0.189 8(8)
W(8)-0(33) 0.171 8(6) Ni(2)-0(4)’ 0.216 7(5) Ni(5)-N(7) 0.191 3(9)
W(9)-0(34) 0.171 5(5) Ni(2)-0(4) 0.219 4(5) Ni(5)-N(7)" 0.191 3(9)
0(1)-P(1) 0.155 6(5) Ni(3)-N2)v 0.205 4(8) Ni(6)-N(10) 0.191 2(9)
0(2)-P(1) 0.155 0(5) Ni(3)-N(2) 0.205 4(8) Ni(6)-N(10)" 0.191 2(9)
0(3)-P(1) 0.155 7(5) Ni(3)-N(1) 0.211 1(9) Ni(6)-N(9) 0.192 2(8)
0(4)-P(1) 0.154 9(6) Ni(3)-N(1)v 0.211 1(9) Ni(6)-N(9)* 0.192 2(8)
Ni(1)-0(21) 0.201 9(6) Ni(3)-0(26)v 0.214 0(5)
Ni(1)-0(20) 0.202 2(5) Ni(3)-0(26) 0.214 0(5)
0(5)-W(1)-0(11) 81.7(2) 0(4)-P(1)-0(2) 110.4(3) 0(4)i-Ni(2)-0(4) 85.5(2)
0(27)-W(2)-0(21) 105.0(3) 0(4)-P(1)-0(1) 111.7(3) N(2)v-Ni(3)-N(1) 96.0(4)
0(28)-W(3)-0(22) 104.6(3) 0(2)-P(1)-0(1) 108.3(3) N(2)v-Ni(3)-0(26)" 89.4(3)
0(29)-W(4)-0(23) 104.1(3) 0(4)-P(1)-03) 109.9(3) 0(26)v-Ni(3)-0(26) 180.000(2)
0(30)-W(5)-0(24) 103.1(3) 0(21)-Ni(1)-0(24) 91.8(2) N(5)-Ni(4)-N(3) 95.3(3)
0(31)-W(6)-0(25) 103.5(3) 0(20)-Ni(1)-0(23) 90.4(2) N(6)-Ni(4)-N(4) 99.8(3)
0(32)-W(7)-0(12) 103.2(2) 0(35)-Ni(1)-0(4) 179.0(2) 0(36)-Ni(4)-0(32) 175.2(2)
0(33)-W(8)-0(13) 101.7(2) 0(25)i-Ni(2)-0(22) 92.5(2) N(8)vi-Ni(5)-N(7) 93.2(4)
0(34)-W(9)-0(16) 101.7(2) 0(23)-Ni(2)-0(24) 169.1(2) N(10)-Ni(6)-N(9) 86.9(3)

Symmetry code: ' —x+1, —y+1, —z+1; ' —x+1, —y+2, —z+1; ¥

[{Ni (en);H;0), {(ce-B-

-, two isolated [Ni(en),** cations,

centrosymmetric  polyoxoanion

PWgOM)zNiAt (HZO)Z}]6

one bridging [Ni(en),]’* and sixteen lattice water
molecules. Two decorating {Ni(en),(H,0)}** coordinate
with two terminal oxygen atoms of the tetra-Ni

{((X-B-PWgO34)2Ni4 (H20)2}]0_
and the bridging [Ni(en),’* cations connect the

substituted polyoxoanion

adjacent polyoxoanions via terminal O into a chain
motif parallel to [010] (Fig.2). The {(a-B-PW0s),Ni,
(H,0),}"
complexes reported'™ and contains two trivacant Keggin
{a-B-PW,05,}*-

by a centrosymmetric unit NijO group, leading to a

- has the general structure of the series

fragments in a staggered fashion linked

sandwich-typed structure. The Ni centers in the Ni,Oy
fragment are coordinated to the fourteen O atoms of
two {PWy05,}*
atoms in the Ni,O, have a distorted NiOg octahedral

units and two water O atoms. All the Ni

—x+1, —y+3, -z

W42, —y+3, —z+1.

environment with Ni-O (0.200 9(5)~0.219 4(5) nm)
bonds in the usual range.

The Ni ion in the {Ni(en),(H,0)}** group displays
an octahedral geometry with four N atoms from two en
ligands in the basal positions and the axial positions
are occupied by two O atoms from polyoxoanion and
water ligand (Ni-N: 0.208 2(7)~0.218 3(6) nm; Ni-O:
0.215 0(6)~0.218 3(6) nm). In the isolate [Ni(en),J**
and bridging [Ni(en),]*
centers and display square coordination and octahedral
geometry respectively (Ni-N: 0.189 8(8)~0.211 1(9) nm;
Ni-O: 0.214 0(5) nm).

The whole crystal is stabilized by double forces:

*, the Ni atoms lie on inversion

electrostatic  attraction ~ and  hydrogen-bonding
interactions. All N atoms of en form N-H---O hydrogen
bonds with O atoms of polyoxoanion and water. The

water molecules form hydrogen bonding O—H---O with
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All hydrogen atoms are omitted for clarity; symmetry code: ' —x+1, —y+1, —z+1; " x, y—1, z

Fig.1 Molecular structure of the complex 1 showing 50% probability displacement ellipsoids

Symmetry code: " x, y—1, z; " x, y=2, z; ¥ x, y+1, z

Fig.2 View of the 1D chain in the complex 1
O atoms of polyoxoanion. Besides, hydrogen bonding 2.2 1R spectra
In the infrared spectra of 1 (Fig.3), four
characteristic peaks at 1 035~1 014, 957~937, 889,
786~732 cm™ are attributed to the v (P-0,), v, (W-0,),

between water molecules also occurs (Table 3). The

complex 1 forms a 3D supramolecular network through

multiform hydrogen bonds.
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Table 3 Selected parameters of hydrogen-bonds for the complex 1
D-H---A d(D-H) / nm d(H---A) / nm d(D---A) / nm ZDHA / (%)

NI-H1A---042'_b 0.090 0.247 9 0.326 3 145.8

N2-H2B---038" 0.090 0.232 8 0.310 4 144.31
N3-H3A---016" 0.090 0.210 1 0.299 7 173.19
N4-H4B---013* 0.090 0.219 2 0.299 0 147.36
N5-H5A---038' 0.090 0.230 5 0.317 5 162.31
N6-H6A---013* 0.090 0.240 8 0.310 2 134.08
N7-H7A---040* 0.090 0.221 6 0.303 3 150.62
N8-H8A--- 040" 0.090 0.220 1 0.301 4 150.01
N9-H9A---09* 0.090 0.244 0 03123 132.96
NI10-HI10A---031% 0.090 0.216 8 0.296 1 146.52
035-H35B---030' 0.085 0.217 0 0.294 4 151.39
036-H36B---028" 0.085 0.200 0 0.280 5 157.85
037-H37C---044 0.085 0.194 4 0.279 4 179.2

038-H38C---011" 0.085 0.218 6 0.302 1 167.25
039-H39C---012" 0.085 0.213 6 0.298 6 177.99
040-H40C---037 0.085 0.216 5 0.301 5 179.2

041-H41C---039 0.085 0.225 9 0.3103 171.86
042-H42G_a---05" 0.085 0.228 8 0312 4 168.15
043-H43C---07" 0.085 0.204 1 0.288 8 174.46
044-H44F_a---039" 0.085 0.219 1 0.304 0 177.38

Symmetry code: ' —x+1, —y+1, —z+1;  w, y+1, z; ¥ —x+1, —y+2, —z+1; " =42, —y+3, —z+1; " —x+1, —y+2, —z+2; * —x+2,

—y+2, —z+2; * x=1, y, z=1; ¥ a+1, y+1, 2.
Vo (W-0,-W) and »,.(W-O-W) stretching vibration,
respectively. Compared with the typical Keggin-type
HiPW,04™, the P-O,, W-0, and W-O, stretching
vibration bands split into two bands as a conse-quence
of the lower symmetry of the polyoxoanion. The
characteristic peaks at 1 595, 1 459 cm ™ in the
complex 1 can be regarded as features of the bending
-NH, and -CH,
stretching bands of the -NH, groups are observed at

3 332~3 277 em™.
70
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Fig.3 IR spectrum of complex 1

2.3 Thermal analysis

The TGA-DTG analysis for complex 1 was
performed from 34 to 500 °C at a heating rate of 15 C
‘min "' under nitrogen atmosphere. The results of
TGA-DTG analysis curves in Fig4 for 1 show a
decomposition proceeds in a three-step fashion which
shows three heat-absorption peaks located at 122, 218
and 341 °C respectively. The first process of weight
loss of about 5.73% from 34 to 168 “C corresponded

to the release of twenty water molecules (Calcd.
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Fig.4 Thermal analysis curves for the complex 1
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6.05% ). The second weight loss of about 6.16% positive direction. The peak currents are proportional

(Caled. 6.05%) from 168 to 314 C attributed to the
release of six en ligands. The third weight loss of
about 4.5% (Caled. 4.03%) between 314 and 432 C
assigned to the decomposition of four en ligands.
24 Cyclic voltammetric study

The cyclic voltammetry behavior of 1-CPE in
HAc-NaAc buffer solution (pH=4) from -0.8~1.0 V
(Fig.5). The
cyclic voltammetric data exhibit one redox pair which
appears at £1,=0.089 0 V. (E\p=(E,+E,)/2, where Ey,

is the mean peak potentials, E, the anode peak

with different scan rates was studied

potentials, £, the cathode peak potentials, scan rate
80 mV :s ™), corresponding the irreversible redox
process of the nickel. When the scan rates varied from
80 to 120 mV +s™ for the compound 1, it is found that
the cathodic peak potentials shift towards the negative

direction and the anodic peak potentials towards the

Current / pA

_2 1 1 1 1 1 1 1 1 1 1 1
-1.0 -0.8 -0.6 -0.4 -02 0.0 02 04 0.6 0.8 1.0 1.2
Potential / V

Scan rate: 80, 100, 120 mV -s™!

Fig.5 Cyclic voltammograms of the complex 1

to the scan rate, confirming the irreversible process

for the compound 1 are surface-controlled.
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