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Abstract:

mined to be a two-dimensional compound, which contains {V,0¢), chains interconnected by nickel(Il) complexes

A novel compound Ni (phen)(H,0)(V,0s) has been hydrothermally synthesized and structurally deter-

via oxygen atoms. The crystallographic data measured by single-crystal X-ray diffraction analysis are as follows:
CpHN,NiO;V,, M.=454.81, monoclinic, space group P2,/c¢, a=0.784 6(3), 6=2.103 6(8), ¢=0.942 3(4) nm, B=
112.872(5)°, V=1.433 0(10) nm*, Z=4, D,=2.104 Mg- m~, u(Mo Ka)=2.615 mm™, F(000)=904, T=298(2) K, 4 480 re-
flections collected, 2470 independent (R;,=0.0322), the final R=0.058 4 and wR,=0.1457 for 2303 observed re-

flections with I>207(1). CCDC: 192520.
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And in compounds of class D,
M’ in M"V,0, structure,

0 Introduction they act as ligand to

while the compound maybe

There has been extensive interest in organic-in-
organic hybrid vanadium oxides and polyvanadate
clusters owing to their structural diversity and poten-
tial application in catalysis and material science!' .
Structural characteristics of these compounds have
been summarized and divided into several classes by
Hagrman®® according to the role of the organic compo-
nents. The organic components act as cation in com-
pounds of class A, which including two types-one has
V,0," layer, and the other has M"V,0," layer. They
act as ligands to V,0, subunit and to M" in discrete

cation in compounds of class B and C, respectively.
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one-, two- or three-dimensional. Owing to the ability
of vanadium to adopt a variety of co-ordination geome-
tries in various oxidation states, novel structural types
could be discovered by modifying the transition metal
ions, the organic groups and the synthetic conditions,
etc. In this paper we report the hydrothermal synthesis
and crystal structure of a layer compound Ni (phen)
(H,0)(V,0¢), which contains {V,0¢},* chains intercon-
nected by nickel(Il) complexes via oxygen atoms. It falls
into class D with two-dimensions. lts structure is dif-

ferent from those of any other reported compounds.
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1 Experimental

1.1 Synthesis of the compound
The title compound was hydrothermal synthesized
under autogenous pressure. The starting materials,
NH,VO; (0.468 g), Ni(OAc), (0.498 g), 1,10-phenan-
throline (phen, 0.396 g) and water (10 ml), were
mixed in a molar ratio of 2:1:1:278 under stirring for
0.5 h at room temperature. Then the mixture was
sealed in a 23 mL Teflon lined stainless steel auto-
clave and heated at 160 °C for 3 d. The green crys-
talline products were washed with distilled water and
dried at room temperature. The elemental analysis was
performed on a Perkin-Elmer 2400 element analyzer.
1.2 X-ray crystallography

A green parallelepiped single crystal with dimen-
sions of 0.35 mm x 0.35 mm x 0.20 mm was chosen
for the measurement. Diffraction data were collected
on a BRUCKER SMART CCD area detector with
graphite monochromated Mo Ko radiation (A=0.071 073
The
intensity data were collected in the range of 1.94°<0<
25.02°. A total of 4 480 reflections were collected, of
which 2470 (R,,=0.032 2) were unique and 2303 were
observed (I>20(l)). The crystal structure was solved by

nm) at 298+2 K using the @-w scan technique.

direct methods and difference Fourier map with
SHELXS-97 and refined by full-matrix least-squares
techniques on F'* with SHELXL-97. All of the hydro-
gen atoms were located based on geometrical analysis.
The final refinement converged at R=0.058 4 and wR,=
0.1457 (w=1/[o(F)+(0.055 6P)*+1.000 OP), where P=

(F42F2/3. (Ap)ou=1637 and (Ap),,=—633 e-nm™.
CCDC: 192520.

2 Results and discussion

The elemental analyses showed that the com-
pound contained 31.30% C, 1.92% H and 6.53% N
which was consistent with the calculated values

(31.69%C, 2.22% H, 6.16% N
pirical formula of the compound-C,H ;(N,NiO,V,.

), according to the em-

The crystallographic data measured by single-
crystal X-ray diffraction analysis show that the empiri-
cal formula of the compound was C;,HN,NiO;V,,
and the formula weight was 454.81. It belonged to
monoclinic crystal system, P2,/c¢ space group. The
unit cell dimensions were a=0.784 6(3), 5=2.103 6(8),
¢=0.9423(4) nm, and B=112.872(5)°.

The selected bond lengths,
drogen bonds are listed in Tables 1, 2 and 3, respec-

bond angles and hy-

tively.
Fig.1 shows the thermal ellipsoid plots of the co-
Each of the

two vanadium atoms V(1) and V(2) is co-ordinated by

ordinations around the Ni and V atoms.

four oxygen atoms to make a distorted tetrahedral ge-
V(104 V(2)04}
are corner-shared by O(2) and O(3) atoms, and ar-
{V,0q},> -
chains. The bond distances of the bridging oxygen and

ometry. { tetrahedra and { tetrahedra

ranged alternately to form one-dimension

the vanadium atoms are close to each other (0.176 4(5)~
0.179 7(4) nm). However, the two vanadium atoms, V
{V(1)0.}

tetrahedron has the only terminal oxygen atom, O(4),

(1) and V(2), are crystallographically distinct.

Table 1 Selected bond lengths (nm)

Bond Dist. Bond Dist. Bond Dist.
Ni(1)-0(6)#1 0.204 5(5) V(1)-0(3) 0.179 7(4) C(d)- 0.142 4(9)
Ni(1)-N(1) 0.206 4(5) V(2)-0(6) 0.163 6(4) C(7)- C(ll) 0.140 8(9)
Ni(1)-N(2) 0.208 3(5) V(2)-0(3) 0.176 9(4) C(11)-C(12) 0.143 4(8)
V(1)-0(4) 0.160 7(5) 0(5)-Ni(1)#5 0.204 6(4) C(6)-C(7) 0.142 6(9)
V(1)-0(2) 0.178 3(5) N(1)-C(1) 0.131 9(8) C(7)-C(8) 0.138 1(10)
V(2)-0(5) 0.163 8(4) N(2)-C(10) 0.131 0(8) C(8)-C(9) 0.139 6(11)
V(2)-002)#3 0.176 4(5) C(1)-C(2) 0.139 3(9) C(9)-C(10) 0.140 3(10)
0(2)-V(2)#4 0.176 4(5) C2)-C3) 0.137 0(10) Ni(1)-0(5)#2 0.204 6(4)
0(6)-Ni(1)#6 0.204 4(5) CB3)-C) 0.140 8(9) Ni(1)-0(1) 0.207 2(4)
N(1)-C(12) 0.136 8(7) C(4)-C(12) 0.139 6(9) Ni(1)-0(7) 0.212 0(5)
N(2)-C(11) 0.134 4(8) C(5)-C(6) 0.135 4(11) V(1)-0(1) 0.166 1(9)

Symmetry transformations used to generate equivalent atoms: #1: x—1, —y+1/2, z—1/2; #2: x—1, y, z—1; #3: x, —y+1/2, z+1/2; #4: x, —y+1/2,

z=1/2; #5: x+1, y, z+1; #6: x+1, —y+1/2, z+1/2.
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Table 2 Selected bond angles (°)

Angle Angle Angle
O(6)#1-Ni(1)-O(5)#2 90.46(19) O(1)-Ni(1)-N(2) 90.68(19) V(2)-0(5)-Ni(1)#5 144.5(3)
O(5)#2-Ni(1)-N(1) 90.59(17) O(5)#2-Ni(1)-0(7) 91.57(18) C(1)-N(1)-C(12) 118.9(5)
O(5)#2-Ni(1)-0(1) 177.17(17) O(1)-Ni(1)- O(7) 85.97(18) C(12)-N(1)-Ni(1) 111.8(4)
O(6)#1-Ni(1)-N(2) 175.08(19) N(2)-Ni(1)-0(7) 94.0(2) C(10)-N(2)-Ni(1) 129.6(5)
N(1)-Ni(1)-N(2) 80.97(19) 0(4)-V(1)-0(2) 109.5(3) N(1)-C(1)-C(2) 122.0(6)
O(6)#1-Ni(1)-0(7) 90.7(2) 0(4)-V(1)-0(3) 109.2(2) C(2)-C(3)-C(4) 119.3(6)
N(1)-Ni(1)-O0(7) 174.5(2) 0(2)-V(1)-0(3) 113.0(2) C(3)-C(4)-C(5) 122.8(6)
O(6)#1-Ni(1)-N(1) 94.28(19) 0(5)-V(2)-0(2)#3 108.6(2) C(6)-C(5)-C(4) 120.1(6)
0(6)#1 Ni(1)-0(1) 88.19(19) 0(5)-V(2)-0(3) 109.3(2) C(8)-C(7)-C(11) 116.8(6)
N(1)-Ni(1)-O(1) 91.99(18) 02)#3-V(2)-0(3) 105.5(3) C(11)-C(7)-C(6) 119.5(6)
O(5)#2-Ni(1)-N(2) 90.87(19) V(2)#4-0(2)-V(1) 157.5(3) C(10)-C(9)-C(8) 117.2(6)
N(2)-C(11)-C(7) 123.3(6) O(5)#2-Ni(1)-0(7) 91.6(2) 0(6)-V(2)-0(2)#3 111.1(3)
C(7)-C(11)-C(12) 118.8(6) O(1)-Ni(1)-0(7) 86.0(2) 0(6)-V(2)-0(3) 112.5(2)
N(1)-C(12)-C(11) 117.3(5) 0(4)-V(1)-0(1) 109.3(2) V(1)-0(1)-Ni(1) 133.7(2)
N(1)-Ni(1)-0(1) 92.01(19) 0(1)-V(1)-0(2) 106.2(3) V(2)-0(3)-V(1) 148.8(3)
O(5)#2-Ni(1)-N(2) 90.9(2) 0(1)-V(1)-0(3) 109.7(2) V(2)-0(6)-Ni(1)#6 167.8(3)
O(1)-Ni(1)-N(2) 90.7(2) 0(5)-V(2)-0(6) 109.6(2) C(1)-N(1)-Ni(1) 129.3(4)
C(10)-N(2)-C(11) 118.6(5) C(3)-C(4)-C(12) 117.3(6) C(5)-C(6)-C(7) 121.5(6)
C(11)-N(2)-Ni(1) 111.7(4) C(12)-C(4)-C(5) 119.8(6) C(7)-C(8)-C(9) 120.6(6)
C(3)-C(2)-C(1) 120.0(7) N(2)-C(10)-C(9) 123.4(7) C(8)-C(7)-C(6) 123.7(6)
N(2)-C(11)-C(12) 118.0(5) N(1)-C(12)-C(4) 122.5(6) C(4)-C(12)-C(11) 120.3(5)

Symmetry transformations used to generate equivalent atoms: #1: x—1, —y+1/2, z=1/2; #2: x—1, y, z—1; #3: x, —y+1/2, z+1/2; #4: x, —y+1/2,
z=1/2; #5: x+1, y, z+1; #6: x+1, —y+1/2, z+1/2.
Table 3 Hydrogen bonds

D-H d(D-H) / nm d(H--A) / nm £DHA / () d(D-+A) / nm A
0(7)-H(7A) 0.095 7 0.271 0 121.44 0.3312 0(2)
0(7)-H(7B) 0.096 0 0.207 7 152.80 0.296 3 0(6) [x-1, —y+1/2, z=1/2]

left to co-ordinate to Ni, whereas {V(2)O,} tetrahedron
has both of the other two oxygen atoms, O(5) and O
(6), to co-ordinate to Ni. The V-O bond lengths and
0-V-0 bond angles are in the ranges of 0.1607(5) nm
to 0.179 7(4) nm, and 106.2(3)° to 113.0(2)°, respec-
tively, for V(1). And they are in the ranges of 0.163 8
(4) nm to 0.176 9(4) nm, and 105.5(3)° to 112.5(2)°,
respectively, for V(2). The Ni atom has a distorted oc-
tahedral environment. It coordinates to two N atoms
from phen ligand and four O atoms, three of which (O
(1), O(5) and O(6)) are from vanadium oxides and one
(0(7)) from H,0. The bond lengths of Ni-N [0.206 4(5)
~0.208 3(5) nm] and Ni-O [0.204 5(5)~0.212 0(5) nm]
Fig.1 Thermal ellipsoid plot of the co-ordinations are normal. Each [Ni(phen)(H,0)** fragment is con-
around the Ni and V atoms nected to one {V,04),> chain through O(1), and to an-

with the shortest V-O distance (0.160 7(5) nm). So the other through O (5) and O (6). Thus the {V,04},*"

{V(1)O,} tetrahedron has only one oxygen atom, O(1), chains of corner-sharing tetrahedra are interconnected
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to construct the two-dimensional networks in the ac
planes (Fig.2), which are then stacked to form chan-
nels along the [010] direction.

Fig.2  Crystal packing of the title compound

It is notable that the structure of Ni(phen)(H,0)
V,04 is different from those of other 2-D compounds of
{V:Oq}, >~
sharing tetrahedra. For example: B-[Cu (terpy)V,04]!"

class D that containing chains of corner-
consists of chains of corner-sharing {VO,} tetrahedra
linked by binuclear Cu sites; [Cu(dpa)VOs]® contains
of chains of corner-sharing {VO,} tetrahedra linked to
{Cu(dpa)},* chains, in a parallel double-chain arrange-
ment.

And it is instructive to compare the structure of
the title compound with those of [Cu(en)V,0]*) and [M
(Hdpa),V,0,,]'"" (M=Co, Ni). [Cu(en)V,0¢] possesses 1-
D chains, with one oxygen atom from each tetrahedron
in the vanadium oxide chain involved in bonding with
the copper coordination complex.  Because of the in-
teraction of each Cu with two oxygen atoms from two
the Cu can also be viewed as a dis-
torted octahedral linked between the 1-D {VO,} tetra-
hedra chains. In the case of [M(Hdpa),V,0,]'"” (M=Co,
Ni), there are folded {VOs},"" chains of corner-sharing

tetrahedra. Each {VO,} tetrahedron has one terminal

adjacent chains,

oxo group and one oxo group used to bridge the octa-
hedral {CoO,N,}* sites. Each Co(ll) center is coordi-
nated to four oxo groups, from two adjacent vanadate
chains. The bimetallic oxide network displays two dis-
tinct cyclic submotifs, a ten-membered {CoV,0s} ring
and a 12-membered {Co,V,04} ring. While in the title
{V(1)O.}
group, and each {V(2)0,} tetrahedron has two oxo group
used to bridge the octahedral {NiO,N,}** sites. The two

(NiV,0,)

compound, each tetrahedron has one oxo

distinct cyclic submotifs are a 8-membered
ring and a 12-membered {Ni,V,O¢} ring.

It is also of note that phen groups in adjacent
layers are generally parallel and separated by 0.366 59
(0.001 53) nm, which indicate strong 7-7r stacking in-
teractions!". These interactions and the hydrogen bonds
existing within the layer (Table 3, O(7)-H(7A)---O(2),
0.331 2 nm, O(7)-H(7B)---0(6) (symmetry codes: x—1,
—y+1/2, z-1/2), 0.296 3 nm) stabilize the structure of

the compound.
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