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Crystal Structure of New POM-Based Organic-Inorganic Hybrid:
Tris(glycinium) 12-phosphomolybdate-pentahydrate
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The title POM-based organic-inorganic hybrid compound consists of one PMo;,040* polyoxoanion, three symmetrically
independent glycinium cations and five solvated H,O molecules; several N-H-O and O-H--O hydrogen bonds between
organic cations, inorganic anions and solvated H,O molecules in the crystal lattice lead to a 3-D supramolecular

framework.
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Crystal engineering has indicated much interest in developing
organic-inorganic hybrid materials that have many different
structures and an extended range of properties.! Work on
composite materials based on nanosized discrete metal-oxygen
cluster anions (polyoxometalate, henceforth POM for
convenience) has been qualified.>? The great roles of POM-
based organic-inorganic hybrids have been developed to apply
in catalysis and medicine.> As an organic donor to make
(glycine)2H4SiW1204o-5.SHZO and (HglyCiHC)4[HPM012040]2'
22H,0, glycine has been used.** In this work, information
about [Hglycine]s[PMo;,040]-5H,O (Fig. 1) has been obtained.
The crystal and experimental data are listed in Table 1, and
selected bond lengths and angles are given in Table 2. Besides
the inorganic PMo;,04* anion and solvated H,O molecules,
there are three symmetrically independent glycinium cations in
the structure with some differences in the bond lengths, angles
and torsion angles. For example, the O(1S)-C(1S),
0(38)-C(3S) and O(5S)-C(5S) bond lengths are 1.210(5)A,

Fig. 1 View of the title POM-based organic-inorganic hybrid,
showing the atom-labeling scheme. Displacement ellipsoids are
drawn at the 50% probability level. H atoms are represented by
circles of arbitrary size.
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1.226(5)A and 1.213(5)A, respectively. The inorganic anion in
the title hybrid has a Keggin structure with 4 different kinds of
O atoms: a) the 12 terminal, b) the 4 bonded to P and Mo, c) the
12 MoOg octahedra corner-shared and d) the 12 MoOg octahedra
edge-shared. The P-O bond lengths in the polyoxoanion are
single (1.532(3) - 1.540(3)A), the P atom has a tetrahedral
configuration and the O-P-O angles are in the range of
109.25(14)° - 109.65(14)". Several N-H-O and O-H--O
hydrogen bonds between organic cations, inorganic anions and
solvated H,O molecules in the crystal lattice (Table 3) have lead
to a 3-D supramolecular framework. The hydrogen atoms of
NHs, H,O and OH groups were found in difference Fourier
synthesis. The H(C) atom positions were calculated. All of the
hydrogen atoms were refined in an isotropic approximation
within the riding model with the Ui(H) parameters equal to
1.2Ueq(C)), 1.5Ueq(0O;) and 1.5Ueq(Ny), where U(C;), U(O;) and
U(Ny) are the equivalent thermal parameters of the carbon,

Table 1 Crystal data and refinement for

[CoHeNO:5[PM012040]-5H,O

structure

Formula: C¢H2sMo02N305,P
Formula weight = 2140.56
Crystal system: monoclinic
Space group: P2,/c
a=12.4919(6)A
b=19.9389(10)A
c=17.9292(9)A

V =4366.5(4)A3

D, = 3.256 Mg/m?

No. of reflections used = 12570
26max = 60.04 with Mo K,
R=0.0370

(A/O-)max =0.002

(AP)max = 2.620 €. A2

(Ap)min = —3023 e.;‘ﬁ
Measurement: Bruker SMART 1000 CCD
Program system: SHELXTL

Structure determination: SHELXTL
Refinement: full-matrix least-squares on F>
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£ =102.1010(10)°

CCDC 604765 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data-request/cif
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Table 2 Selected bond lengths (10\) and angles (deg) for the
title compound

Mo(1)-0(1) 1681(3) 0(18)-C(1S) 1.210(5)
Mo(12)-0(40) 2425(3) 0(4$)-C(3S) 1292(5)
P(1)-0(40) 1532(3) N(15)-C(2S) 1473(5)
P(1)-0(38) 1.537(3) 0(58)-C(58) 1213(5)
P(1)-0(39) 1.540(3) N(38)-C(6S) 1481(5)
O(1)-Mo(1)-0(5) 102.63(14) O(40)-P(1)-0(38) 109.49(15)
0(5)-Mo(1)-0(2) 90.34(12) 0(40)-P(1)-0(37) 109.64(15)
0(36)-Mo(12)-0(40) 172.28(12) P(1)-0(37)-Mo(2) 125.48(14)
0(33)-Mo(12)-0(40) 73.59(10) P(1)-0(37)-Mo(1) 125.46(14)
N(IS)-C(28)-C(1S) 110.0(3) O(15)-C(15)-C(2S) 122.4(3)
O(18)-C(18)-0(28) 126.3(4) 0(35)-C(35)-0(4S) 126.9(4)

Table 3 Hydrogen bond D-H...A for the title compound

D-H...A D-H H..A D..A Z(DHA)
O(28)-H(208)... O(3S)#1 084 1886 26113) 144
N(1S)-H(INB)... O(lW)#2 097 1.870 2.730(3) 146
N(IS)-H(INA)... O(SWH#2 095 2254 3.194(3) 171
N(IS)}-H(INC)... O3W)#2 095 1911 2.836(3) 163
O(48)-H(408)... R W2 083 1.843 2675(3) 178
N(2S)-H(2NA)... O(4W)¥3 094 1.775 2.701(3) 167
N(25)-H(2NB).., O(3)#2 093 2.078 2.988(3) 166
N(28)-H(2NC)... O(5W)#3 092 1.976 2.808(3) 149
O(6S)-H(608S)... ORW# 1 0.82 1.951 2.719(3) 155
N(3S)}-H(3NA)... O(38)#2 097 2.061 2.996(3) 160
N(3S)-H(3NB)...O(31)#4 0.96 2221 3.028(3) 141
N(38)-H(3NB)... OQ21)#5 0.96 2270 2.932(3) 125
N(3S)-H(3NC)... O(8)#2 0.95 2.149 2.886(3) 134
N(38)-H(3NC)...O(58)#2 0.95 2.174 2.668(3) 111
O(IW)-H(IWA)...O(11)#6 0.86 2014 2.869(3) 171
O(IW)-H(1WB)...O(32)#7 0.84 2299 3.016(3) 144
O(IW)-H(1WB)... O(30)#8 0.84 2327 2973(3) 134
OQ2W)-HQWA)... O(1S)49 0.85 1.868 2.719(3) 175
O(2W)-H(2WB)... O(30)#5 0.85 2327 3.03003) 135
O(BW)-H(3WA)...O(29)#10 0.86 2.148 2.930(3) 151
O(3W)-H(3WB)...O(19)#2 086 2254 2.863(3) 128
O(4W)-H(4WA)... O(18)48 0.84 2.147 2.904(3) 149
O(4W)-H(4WB)... O(35)#7 092 1.994 2915(3) 179
O(SW)-H(SWA)... O(5S)#2 085 2081 2.891(3) 158

Symmetry codes: #1 —x— 1,y —1/2, =z + 1/2; #2 x, y, z; #3 —x - 1, -y
+2, -z #4x, y+3/2, 2+ U2 #5 x -2, v+ 2,z #6 —x -1,y —
12, z— 12, #T x+ 1, -y + 312, z+ 1/2; #8 x+ 1, y, 2z #9 —x - 1, y +
172, —z+ 1/2; #10 x =2, y = 1/2,—z — 1/2.

oxygen or nitrogen atoms to which corresponding H atoms are
bonded. The rather large displacement factors of some Mo and
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terminal O atoms [O(1), O(6), O(8), O(9), O(20), O(21), O(28),
0(29), O(36)] in the polyanion can be described as follows: a)
high liberation of polyhedron as a rigid body; b) it can be a
consequence of the considerable absorption effects that could
not be completely corrected. The liberation is not so high as to
allow split positions of Mo atoms, but is considerable enough to
cause an increase of the ADP absolute values as well as to lead
to high anisotropy of the atomic motion. Thus, the maximum
positive residual density (2.62 6.1&(3) is located near the Mo(8)
center (distance 0.61 A) and atoms of the Mo(8) - O(28) group
are characterized by the maximum values of U(eq) [28(1) and
33(1)A2 x 10° respectively].
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