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Two new organic–inorganic hybrid compounds based on polyoxometalates (POMs) and
pyridyl imidazole, [Co(pyim)3][HPW12O40] � 4H2O (1) and [Ni(pyim)3]2[PMoVMoVI11O40] �
1.5H2O (2) (pyim¼ 2-(2-pyridyl)-imidazole), have been hydrothermally synthesized. The
structures of 1 and 2 were determined by single-crystal XRD. Other characterizations were
performed by thermogravimetric, infrared spectra, and ultraviolet excitation and emission
spectra. Interestingly, (H2O)4 clusters exist in the structure of 1, which connect organic ligands
by hydrogen bonds to sheets, while connecting POMs to other sheets, thus forming the
supramolecular sandwich structure by inorganic layer and organic layer spaced at intervals.
In the structure of 2, two [PMoVMoVI11O40]

4� anions connect by the van der Waals force, then
the dipolymers are further linked by [Ni(pyim)3]

2þ by hydrogen bonds to form the
supermolecular structure.

Keywords: Polyoxometalate; Organic–inorganic hybrid; Crystal structure; Hydrogen bond;
Water cluster

1. Introduction

Organic–inorganic hybrid materials have diverse structures, interesting topological
frameworks, and potential properties with applications in catalysis, magnetism,
medicine, biology, and materials science [1–10]. Polyoxometalates (POMs) have been
used to construct inorganic–organic hybrid frameworks due to their high-negative
charges, diverse structures, and nucleophilic oxygen-enriched surface [11–29]. Hybrid
compounds based on POMs and heterocyclic species have been reported, such as
(Hpbpy)5[PW11O39Co(pbpy)] � 2H2O (pbpy¼ 5-phenyl-2-(4-pyridinyl)-pyridine) [13],
[Co(HPO3)2(C12H8N2)8(H2O)](H3O)[PWVI

9 VIV
3 O40(V

IVO)2] �H2O [14], {[Co(dpdo)3]4
(PMo12O40)3[H(H2O)28(CH3CN)12]}n (dpdo¼ 4,40-bipyridine-N,N0-dioxide) [15],
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[Mn(2,20-bipy)3]H2[Mn(2,20-bipy)2][P2W18O62] and [Co(H2biim)3)]2H2[P2W18O62] �
8H2O (2,20-bipy¼ 2,20-bipyridine, H2biim¼ 2,20-biimidazole) [16], [Co(2,20-bipy)3][a-
H5PW11CoO40] � 3H2O and [Fe(2,20-bipy)3]2[a-HBW12O40] � 2.5H2O [17], [CuI5Cu

II
3

(ptz)8(H2O)][HSiW12O40], [CuI10Cu
II
2 (ptz)8(Cl)3][PW12O40], and [CuI2Cu

II
5 (ptz)6][PMoV3

MoVI9 O40] � 8H2O (ptz¼ 5-(2-pyridyl)-tetrazole) [18], and [Ni7(H2O)6(L)2(O)2](Cl)2
(NO3)2 � 6(H2O) � (Emim)2 (H4L¼ 4,40,400,4000-(2,20,200,2000-(ethane-1,2diylbis(azanetriyl))-
tetrakis-(methylene)-tetrakis (1H-benzo[d]imidazole2,1-diyl))-tetrakis(methylene)-tetra-
benzoic acid, [Emim]Cl¼ 1-ethyl-3-methylimidazolium chloride) [19]. Pyridyl
imidazoles and their derivatives have attracted attention for their frameworks and
potential properties. Several complexes have been synthesized based on transition
metals and pyridyl imidazoles, such as Ni(L)2(CNS)2 (L¼ 2-(20-pyridyl)-imidazole) [20],
PPh4[Cr(pyim)(C2O4)2] �H2O (pyim¼ 2-(20-pyridyl)-imidazole, C2O

2�
4 ¼ dianion of

oxalic acid, PPhþ4 ¼ tetraphenylphosphonium cation) [21], [Mn(pyim)2(N3)2] [22],
[Cu(H2bim)(NCS)2]n (H2bim¼ 2,20-biimidazole) [23], [Mn(pyim)2(C5O5)] (C5O

2�
5 ¼

croconate (dianion of 4,5-dihydroxy-4-cyclopentene-1,2,3-trione) [24], NH4[OV(O2)2
{2-(20-pyridyl)-imidazole}] � 4H2O [25], [Zn2(OH)(pyim)(BIPA)]n (H2BIPA¼
5bromoisophthalic acid) [26], Zn(L)2H2O (HL¼ 2-(2-pyridyl)-benzimidazole) [27],
and [Zn(L)(oba)] (L¼ 2-(2-pyridyl)-imidazole, H2oba¼ 4,40-oxydibenzoic acid) [28].
Although many complexes containing transition metals and pyridyl imidazoles have
been prepared, hybrid materials constructed from POMs and pyridyl imidazoles were
rarely reported [29]. We therefore design hybrid POMs-pyim in order to explore their
properties and understand the formation mechanism. In this article, we hydrothermally
prepare two new hybrid compounds, [Co(pyim)3][HPW12O40] � 4H2O (1) and
[Ni(pyim)3]2[PMoVMoVI11O40] � 1.5H2O (2), by using Keggin structure POMs and 2-(2-
pyridyl)-imidazole. In the structure of 1, (H2O)4 water clusters connect [HPW12O40]

2�

and [Co(pyim)3]
2þ to form inorganic sheet-like and organic sheet-like structures. In 2,

two [PMoVMoVI11O40]
4� anions are connected by the van der Waals force to form a

‘‘dipolymer,’’ which was further connected by [Ni(pyim)3]
2þ to form the supermolecular

framework.

2. Experimental

2.1. Materials and physical techniques

2-(2-Pyridyl)-imidazole was prepared according to the literature [30]. Other reagents
were purchased from commercial sources without purification. A Perkin-Elmer 2400
CHN elemental analyzer was used to perform C, H, and N the elemental analyses.
Infrared (IR) spectra of the two compounds were implemented with a Nicolet Impact
410 FTIR spectrometer (KBr pellet). Thermogravimetric (TG) analysis was carried out
in flowing N2 from 35�C to 900�C with a heating rate of 10�Cmin�1 on a Diamond TG/
DTA (Perkin-Elmer) thermal analyzer. Single-crystal XRD data of 1 and 2 were
obtained from a Bruker Apex II CCD with Mo-Ka radiation (�¼ 0.71073 Å) at 296K
using !–2� scan method. The structures were solved by direct methods and refined by
full-matrix least-squares on F2 using SHELX-97 [31]. The crystal data and selected
bond lengths and angles are listed in tables 1–3, respectively. Due to organic ligand
disorder in 1, some hydrogen atoms are not located.
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Table 1. Crystal data for 1 and 2.

Compound 1 2

Empirical formula C24H30CoN9O44PW12 C48H45Mo12N18Ni2O41.50P
Formula weight 3442.65 2837.69
Temperature (K) 296(2) 296(2)
Wavelength (Å) 0.71073 0.71073
Crystal system Rhombohedral Triclinic
Space group R-3c P�1

Unit cell dimensions (Å, �)
a 12.481(3) 14.962(3)
b 12.481(3) 17.311(3)
c 62.69(3) 17.948(3)
� 79.407(2)
� 73.806(2)
� 65.306(2)
Volume (Å3), Z 8458(5), 6 4044.0(12), 2
Calculated density (g cm�3) 4.055 2.330
Absorption coefficient (mm�1) 24.795 2.366
F(000) 9102 2732
Crystal size (mm3) 0.15� 0.13� 0.12 0.12� 0.10� 0.10
Limiting indices �14� h� 15;

�14� k� 15;
�77� l� 77

�17� h� 18;
�20� k� 20;
�21� l� 19

Reflections collected 19,263 29,102
Independent reflection 1839 [R(int)¼ 0.0527] 14,599 [R(int)¼ 0.0590]
Max. and min. transmission 0.1548 and 0.1185 0.7978 and 0.7644
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Data/parameters 1839/174 14,599/1114
Goodness-of-fit on F2 1.022 1.007
Final R indices [I4 2�(I)] R1¼ 0.0262, wR2¼ 0.0459 R1¼ 0.0544, wR2¼ 0.1248
R indices (all data) R1¼ 0.0503, wR2¼ 0.0492 R1¼ 0.1184, wR2¼ 0.1463

Table 2. Selected bond lengths (Å) and angles (�) for 1.

W(1)–O(4) 1.651(6) Co(1)–N(1)#4 1.941(6)
W(1)–O(2) 1.877(5) Co(1)–N(1)#5 1.941(6)
W(1)–O(5)#1 1.881(6) Co(1)–N(1) 1.941(6)
W(1)–O(5) 1.896(6) Co(1)–N(1)#6 1.940(6)
W(1)–O(3)#2 1.904(5) Co(1)–N(1)#7 1.940(6)
W(1)–O(7) 2.459(9) Co(1)–N(1)#8 1.940(6)
W(1)–O(7)#2 2.463(9) P(1)–O(7)#9 1.479(8)
W(2)–O(1) 1.674(5) P(1)–O(7) 1.479(8)
W(2)–O(3) 1.880(6) P(1)–O(7)#3 1.479(8)
W(2)–O(8)#3 1.886(6) P(1)–O(7)#10 1.479(8)
W(2)–O(8) 1.901(6) P(1)–O(7)#1 1.479(8)
W(2)–O(2) 1.910(6) P(1)–O(7)#2 1.479(8)
W(2)–O(9) 2.434(7) P(1)–O(9) 1.596(12)
W(2)–O(7) 2.590(8) P(1)–O(9)#10 1.596(12)
N(1)#4–Co(1)–N(1)#5 92.6(3) N(1)#6–Co(1)–N(1)#7 92.6(3)
N(1)#4–Co(1)–N(1)#6 81.9(4) N(1)#4–Co(1)–N(1)#8 93.4(4)
N(1)#5–Co(1)–N(1)#6 93.4(4) N(1)#5–Co(1)–N(1)#8 172.0(4)
N(1)–Co(1)–N(1)#6 172.0(4) N(1)–Co(1)–N(1)#8 81.9(4)
N(1)#4–Co(1)–N(1)#7 172.0(4) N(1)#6–Co(1)–N(1)#8 92.6(3)
N(1)#5–Co(1)–N(1)#7 81.9(4) N(1)#7–Co(1)–N(1)#8 92.6(3)
N(1)–Co(1)–N(1)#7 93.4(4)

Symmetry transformations used to generate equivalent atoms: #1 x� yþ 1, x, �z; #2 y, �xþ yþ 1, �z; #3 �yþ 2, x� yþ 1,
z; #4 �yþ 1, x�yþ 1, z; #5 �xþ y, �xþ 1, z; #6 y�1/3,xþ 1/3,�z� 1/6; #7 �xþ 2/3,�xþ yþ 1/3,�z�1/6; #8 x� yþ 2/
3,�yþ 4/3,�z� 1/6; #9 �xþ yþ 1,�xþ 2, z; #10 �xþ 2, �yþ 2, �z.

Polyoxometalates and pyridyl imidazole 3823

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

41
 1

3 
O

ct
ob

er
 2

01
3 



Table 3. Selected bond lengths (Å) and angles (�) for 2.

Mo(1)–O(29) 1.683(4) Mo(8)–O(32) 1.909(4)
Mo(1)–O(2) 1.838(4) Mo(8)–O(36) 1.932(4)
Mo(1)–O(7) 1.851(4) Mo(8)–O(11) 1.957(4)
Mo(1)–O(19) 1.961(4) Mo(8)–O(1) 2.422(4)
Mo(1)–O(3) 2.006(4) Mo(9)–O(21) 1.684(4)
Mo(1)–O(6) 2.431(3) Mo(9)–O(15) 1.794(4)
Mo(2)–O(12) 1.683(4) Mo(9)–O(3) 1.898(4)
Mo(2)–O(20) 1.857(4) Mo(9)–O(35) 1.928(4)
Mo(2)–O(23) 1.868(4) Mo(9)–O(30) 2.041(4)
Mo(2)–O(16) 1.929(4) Mo(9)–O(6) 2.419(4)
Mo(2)–O(17) 1.979(4) Mo(10)–O(37) 1.673(4)
Mo(2)–O(18) 2.430(3) Mo(10)–O(40) 1.848(4)
Mo(3)–O(8) 1.691(4) Mo(10)–O(19) 1.866(4)
Mo(3)–O(9) 1.824(4) Mo(10)–O(33) 1.990(4)
Mo(3)–O(4) 1.898(3) Mo(10)–O(31) 2.014(4)
Mo(3)–O(16) 1.928(4) Mo(10)–O(5) 2.442(4)
Mo(3)–O(39) 2.009(4) Mo(11)–O(28) 1.708(4)
Mo(3)–O(18) 2.438(3) Mo(11)–O(22) 1.933(4)
Mo(4)–O(27) 1.683(4) Mo(11)–O(4) 1.934(4)
Mo(4)–O(30) 1.828(4) Mo(11)–O(38) 1.935(4)
Mo(4)–O(26) 1.835(4) Mo(11)–O(33) 1.943(4)
Mo(4)–O(23) 1.999(4) Mo(11)–O(5) 2.406(4)
Mo(4)–O(7) 2.018(4) Mo(12)–O(25) 1.724(4)
Mo(4)–O(6) 2.465(4) Mo(12)–O(11) 1.864(4)
Mo(5)–O(24) 1.653(4) Mo(12)–O(38) 1.884(4)
Mo(5)–O(34) 1.831(4) Mo(12)–O(40) 2.019(4)
Mo(5)–O(17) 1.831(4) Mo(12)–O(15) 2.022(4)
Mo(5)–O(36) 1.969(4) Mo(12)–O(5) 2.428(4)
Mo(5)–O(26) 2.003(3) Ni(1)–N(8) 2.022(5)
Mo(5)–O(1) 2.460(4) Ni(1)–N(6) 2.039(5)
Mo(6)–O(14) 1.692(4) Ni(1)–N(2) 2.058(4)
Mo(6)–O(31) 1.824(4) Ni(1)–N(7) 2.089(5)
Mo(6)–O(39) 1.832(3) Ni(1)–N(1) 2.125(4)
Mo(6)–O(2) 1.988(4) Ni(1)–N(5) 2.155(5)
Mo(6)–O(20) 1.993(4) Ni(2)–N(14) 2.012(6)
Mo(6)–O(18) 2.452(4) Ni(2)–N(10) 2.063(6)
Mo(7)–O(13) 1.690(3) Ni(2)–N(15) 2.071(5)
Mo(7)–O(22) 1.853(4) Ni(2)–N(13) 2.130(5)
Mo(7)–O(32) 1.900(4) Ni(2)–N(11) 2.155(7)
Mo(7)–O(9) 1.979(4) Ni(2)–N(12) 2.173(6)
Mo(7)–O(34) 1.993(4) P(1)–O(1) 1.518(4)
Mo(7)–O(1) 2.463(3) P(1)–O(6) 1.529(3)
Mo(8)–O(10) 1.697(4) P(1)–O(18) 1.530(4)
Mo(8)–O(35) 1.903(3) P(1)–O(5) 1.534(4)

N(8)–Ni(1)–N(6) 170.85(18) N(14)–Ni(2)–N(10) 90.7(2)
N(8)–Ni(1)–N(2) 94.68(19) N(14)–Ni(2)–N(15) 94.4(2)
N(6)–Ni(1)–N(2) 94.02(19) N(10)–Ni(2)–N(15) 171.7(3)
N(8)–Ni(1)–N(7) 78.9(2) N(14)–Ni(2)–N(13) 167.5(2)
N(6)–Ni(1)–N(7) 97.7(2) N(10)–Ni(2)–N(13) 79.5(2)
N(2)–Ni(1)–N(7) 94.41(18) N(15)–Ni(2)–N(13) 96.2(2)
N(8)–Ni(1)–N(1) 93.66(19) N(14)–Ni(2)–N(11) 79.6(2)
N(6)–Ni(1)–N(1) 90.77(19) N(10)–Ni(2)–N(11) 94.9(2)
N(2)–Ni(1)–N(1) 78.94(17) N(15)–Ni(2)–N(11) 92.4(2)
N(7)–Ni(1)–N(1) 169.6(2) N(13)–Ni(2)–N(11) 93.3(2)
N(8)–Ni(1)–N(5) 92.4(2) N(14)–Ni(2)–N(12) 92.2(2)
N(6)–Ni(1)–N(5) 79.1(2) N(10)–Ni(2)–N(12) 95.2(2)
N(2)–Ni(1)–N(5) 172.0(2) N(15)–Ni(2)–N(12) 78.1(2)
N(7)–Ni(1)–N(5) 90.55(18) N(13)–Ni(2)–N(12) 96.4(2)
N(1)–Ni(1)–N(5) 96.97(18) N(11)–Ni(2)–N(12) 167.1(2)

3824 J. Guo et al.
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2.2. Syntheses

2.2.1. [Co(pyim)3][HPW12O40] . 4H2O (1). A mixture of Co(CH3CO2)2 � 4H2O
(0.125 g, 0.5mmol), H3[PW12O40] � 12H2O (0.450 g, 0.15mmol), and 8mL H2O was
stirred for 2 h. The pH was adjusted to 4.0 with 6.0molL�1 NaOH, then a solution
prepared by dissolving 0.036 g 2-(2-pyridyl)-imidazole (0.25mmol) into 4mL
CH3CH2OH was added to the previous mixture, stirred 1 h, and transferred to a
25mL Teflon-lined reactor and kept under autogenous pressure at 170�C for 5 days.
Yellow cubic crystals were obtained (0.178 g, yield 35.58% based on W). Elemental
Anal. Found (%): Co, 1.64; W, 63.27; C, 8.62; H, 0.79; N, 3.49 (Calcd (%): Co, 1.71;
W, 64.08; C, 8.37; H, 0.88; N, 3.66).

2.2.2. [Ni(pyim)3]2[PMoVMoVI11O40] . 1.5H2O (2). The procedure of 2 was similar to
that of 1 except that Co(CH3CO2)2 � 4H2O and H3[PW12O40] � 12H2O were replaced by
Ni(CH3CO2)2 � 4H2O (0.125 g, 0.5mmol) and H3[PMo12O40] � 14H2O (0.445 g,
0.21mmol), respectively. Black cubic crystals were obtained (0.202 g, yield 33.23%
based on Mo). Elemental Anal. Found (%): Ni, 4.05; Mo, 40.06; C, 20.43; H, 1.68; N,
8.65 (Calcd (%): Ni, 4.14; Mo, 40.57; C, 20.32; H, 1.60; N, 8.88).

2.3. PXRD analyses

PXRD measurements for 1 and 2 were carried out at room temperature. As shown in
figure S1a (1) and figure S1b (2), the diffraction peak positions of simulated and
experimental patterns match well, indicating the phase purity of 1 and 2. Differences in
reflection intensity are probably due to preferred orientation of the powder samples of 1
and 2 during collection of the experimental XRD data.

3. Results and discussion

3.1. Crystal structure

Compound 1 is constructed from [HPW12O40]
2� and [Co(pyim)3]

2þ and further
connected by (H2O)4 clusters with hydrogen bonds to make the 3-D supermolecular
framework. [HPW12O40]

2� is the typical Keggin structure, in which W is six-coordinate
to form WO6 octahedra, and three WO6 octahedra constitute a W3O13 trimer by edge-
sharing and four W3O13 trimers connect by corner-sharing. The W–O and P–O bond
lengths are 1.651(6)–2.590(8) Å and 1.479(8)–1.596(2) Å, respectively. These bond
distances are comparable to the reported Keggin compounds [13, 17, 18]. Although
many M–O cluster compounds based on [PM12O40]

n� (M¼W, Mo) have been reported
[32–36], pyridyl imidazole combined with [PM12O40]

n� has not been previously
reported. As shown in figure 1, each Co is six-coordinate with six nitrogen atoms
from three 2-(2-pyridyl)-imidazole molecules. The pyridine and imidazole rings of 2-(2-
pyridyl)-imidazole are disordered with occupancy factors of 0.5 and 0.5. The Co–N
bond lengths are between 1.940(6) and 1.941(6) Å. (H2O)4 water clusters (figure 2) link
[HPW12O40]

2� and [Co(pyim)3]
2þ and are much different from reported water

Polyoxometalates and pyridyl imidazole 3825
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clusters [37–41]. The central H2O as H-acceptor connects the peripheral three water
molecules by hydrogen bonds with O� � �O distance of 2.8136 Å (figure 2), and then
(H2O)4 clusters connect organic ligands by hydrogen bonds to sheets with the three
outer O1w as H-acceptors while connecting POMs with the three outer O1w as H-
donors to other sheets. Occupancy factors of the disordered hydrogen atoms from the
central H2O are 2/3. As shown in figure 3, each (H2O)4 connects three [HPW12O40]

2�

cages by hydrogen bonds to form a {[HPW12O40]� � �(H2O)4}n layer, where the three
outer O1w are H-donors with the O2� � �O1w distances being 2.9651(8) Å. Each (H2O)4
cluster links three [Co(pyim)3]

2þ molecules by hydrogen bonds, with three outer O1w as
H-acceptors with N� � �O distances of 2.6702 Å. Thus, the organic layers and inorganic
layers are of staggered arrangement to form the supermolecular sandwich structure of 1
(figure 4).

In the structure of 2, [PMoVMoVI11O40]
4� is also a Keggin structure with Mo–O

distances varying from 1.653(4) Å to 2.465(4) Å. Two [PMoVMoVI11O40]
4� anions are

connected by the van der Waals force with O28� � �O40 distance of 2.933 Å to form a
‘‘dipolymer’’ (figure 5). There are two kinds of [Ni(pyim)3]

2þ cations, one three-
connected with [PMoVMoVI11O40]

4� by N–H� � �O hydrogen bonds with N� � �O distances

Figure 1. The crystal structure of [Co(pyim)3]
2þ in 1 viewing along the c-axis.

Figure 2. The (H2O)4 cluster in 1 viewed along the c-axis. Atoms with suffix A or B are generated by the
symmetry operations: A, 2� y, 2þ x� y, z; B, �xþ y, 2� x, z.
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Figure 4. The 3-D supermolecular structure of 1.

Figure 3. The structure of inorganic layer in 1 viewed along the c-axis.

Polyoxometalates and pyridyl imidazole 3827

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

41
 1

3 
O

ct
ob

er
 2

01
3 



between 2.868(7) Å and 3.309(6) Å to form the supermolecular framework of 2 (figure 6)
and the other two-connected with [PMoVMoVI11O40]

4� anions by N–H� � �O hydrogen
bonds with N� � �O distances between 2.906(6) Å and 2.909(8) Å. As shown in figure 7, the
topological net of 2 contains two kinds of nodes, purple nodes represent the

Figure 6. The supermolecular framework of 2.

Figure 5. The ‘‘dipolymer’’ in 2.
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three-connected [Ni(pyim)3]
2þ and blue nodes represent {[PMoVMoVI11O40]

4�}2; two-
connected [Ni(pyim)3]

2þ reside in the hollow space of the net. Bond valence sum
calculations suggest oneMoV in 2. The calculation results give values of 6.064 for Mo(1),
6.021 for Mo(2), 5.997 for Mo(3), 6.053 for Mo(4), 6.343 for Mo(5), 6.071 for Mo(6),
5.762 for Mo(7), 5.755 for Mo(8), 6.092 for Mo(9), 5.920 for Mo(10), 5.525 for Mo(11),
and 5.402 for Mo(12) [42]; the average value is 5.917, in accord with the expected 5.917
for [MoV1MoVI11 ].

3.2. IR spectrum

The IR spectrum of 1 (figure S2a) has sharp peaks at 1250–1650 cm�1 typical of 2-(2-
pyridyl)-imidazole. The peak at 1080 cm�1 is ascribed to �(P–O). The strong band at
979 cm�1 is due to �(W¼O). Bands at 650–900 cm�1 are associated with �(W–O–W). As
shown in figure S2b, the IR spectrum of 2 is similar to that of 1, 1250–1650 cm�1 typical
of 2-(2-pyridyl)-imidazole, 1053 cm�1 and 951 cm�1 due to �(P–O) and �(Mo¼O)
respectively, and 600–900 cm�1 associated with �(Mo–O–Mo).

3.3. Thermal analysis

Thermal analysis of 1 from 25�C to 800�C (figure S3a) shows weight loss of 2.14% from
25�C to 200�C corresponding to loss of H2O (Calcd 2.09%). Weight loss of 12.18%
from 200�C to 800�C can be attributed to the removal of pyim (Calcd 12.65%).

Figure 7. The topology net of 2 viewed along the a-axis. The three-connected nodes represent [Ni(pyim)3]
2þ

and the six-connected nodes represent {[PMoVMoVI11O40]
4�}2.
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The total weight loss of 2 (figure S3b) from 25�C to 800�C is 31.48% (Calcd 31.64%)
due to the removal of H2O and pyim.

3.4. Optical properties

The fluorescence spectra of 1 and 2 recorded in solid at room temperature show
(figure 8a) maximum excitation and emission wavelengths of 1 at 376 nm and
433 nm, respectively; maximum excitation and emission wavelengths of 2 (figure 8b) are
376 nm and 436 nm, respectively. Fluorescence of 1 and 2 are attributed to
[Co(pyim)3]

2þ and [Ni(pyim)3]
2þ. The maximum emission of 1 and 2 have a red-shift

compared to free pyim (370 nm) [20], assigned to 	–	* transition fluorescence and
ligand-to-metal charge transfer [43–45]. The enhanced fluorescence efficiencies of 1 and
2 are attributed to coordination of pyim, effectively reducing loss of energy by
radiationless thermal vibrations.

4. Conclusion

Two new organic–inorganic hybrid compounds based on POMs and pyridyl imidazole
[Co(pyim)3][HPW12O40] � 4H2O (1) and [Ni(pyim)3]2[PMoVMoVI11O40] � 1.5H2O (2) have
been hydrothermally synthesized. The synthesis of 1 and 2 indicates pyim can work with
POMs to make new organic–inorganic hybrid compounds. Further work is in progress
preparing other new organic–inorganic hybrid compounds based on POMs and pyim.

Supplementary material

The supplementary crystallographic data for 1 and 2 with the deposited
number CCDC Numbers 883860 and 883861 can be obtained free of charge

Figure 8. Excitation and emission spectra of 1(a) and 2(b).
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via http://www.ccdc.cam.ac.uk/conts/retrieving.html, or from Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1E2, UK; Fax:
(þ44) 1223-336-033; or E-mail: deposit@ccdc.cam.ac.uk
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