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Abstract

The structure of the title compound is made up of
vanadium oxide layers, with NHJ cations intercalated
between the layers. Each pair of VOs square pyramids
is bridged by an edge to form a double V,0z group.
The V,0g groups are connected by sharing corners to
produce a twisted zigzag chain. Each VOg octahedron
is connected to two V,0g groups by two edges and to
another two V,0g groups by two corners. Hence, the
twisted zigzag chains are held together through VOq
octahedra by sharing corners and edges to form a layer
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structure. There are N—H. - -O hydrogen bonds between
the vanadium oxide layer and the NH/ cations.

Comment

NH;V30; was first prepared by Norblad (1875) and is
one stable solid phase in the NH3-V,;05-H;0 system
at 303K (Kelmers, 1961a). Based on X-ray powder
diffraction, Kelmers revealed that NH;,V3;0g was prob-
ably isostructural with KV;0g, RbV3;0g and CsV;0g
(Kelmers, 1961b). The crystal structures of KV3;0Og and
CsV3;04 were described by Block and Evens (Block,
1960; Evens & Block, 1966). However, powder diffrac-
tion techniques were inadequate for revealing the de-
tailed structure or for confirming the possibility of
hydrogen bonding in the title compound. We report
herein the hydrogen bonding in the crystal structure of
the title compound and two new synthetic routes for its
preparation.

As illustrated in Fig. 1, the structure of NH4V1Oq
consists of layers fused by VOs square pyramids and
VOg octahedra, with ammonium cations occupying the
interlayer positions. The VOs square pyramids are
connected in pairs by sharing an edge to form a V,0g
group. In the V,03 group, the two apices of the two
square pyramids point away from each other (Fig. 2).
The V,0g groups are joined through corners (O4) into
a twisted zigzag chain along the b axis. One VOq
octahedron and two V,0s groups are linked by sharing

Fig. 1. The structure of NH4V30g viewed along the a axis, showing
the buckled layers and the interlayer hydrogen bonds (dashed lines).
The N and H atoms are represented by large cross-hatched circles
and small open circles, respectively.

Acta Crystallographica Section C
ISSN 0108-2701 © 1999



1962 NH4V;04

V2
AN 7 YN | P
9| 05 b

02

V1
03
ol

a @ y &

Fig. 2. Projection of one layer of the structure along the ¢ axis, shown with 90% probability displacement ellipsoids.

edges (02-04), while the VOg octahedron and another
two V,0s groups from the adjacent chain are linked by
sharing corners (O3). These zigzag chains are further
held together through VO octahedra by sharing corners
and edges in turn to form a layer structure parallel to
the (001) plane.

Bond-valence-sum calculations (Brown & Altermatt,
1985) resulted in values of 5.12 for V1 and 5.02 for V2,
both very close to the ideal value for a VY atom. The
V1 atom has a distorted octahedral coordination. Atoms
02, 02, 03 and 03! are coordinated to V1, forming an
equatorial plane with V—O bond distances in the range
1.835(3)-1.971 (3) A [symmetry code: (i) x, —y+ , Z].
The axial positions are occupied by O1 and O4, w1th a
V1=01 double-bond length of 1.597 (4) A and a weak
V1—04 bond length of 2.284(4)A. Atoms V1, Ol
and O4 are on a mirror plane, Ol being a terminal O
atom and O4 being a u3-O atom. In the square pyramid
around V2, the four basal V—O bond distances vary
from 1.736(2) to 2.001 (3)A while the terminal OS5
atom is in the axial position with a V=0 bond length
of 1.602 (3) A. If the interaction between V2 and O1' is
considered significant [symmetry code: (ii) x— 1, y, z],
the geometry around the V2 atom may be considered as
highly distorted octahedral and the vanadium oxide layer
may be considered as a layer containing VO, octahedra
by sharing edges and corners.

NH,;V;0g is isostructural with KV3;0g and CsV;0g
(Block, 1960; Evens & Block, 1966). The NHf, K*
and Cs* cations occupy similar sites between the vana-
dium oxide layers and have irregular 12-fold coordina-
tion with neighboring O atoms in these three phases,
considering a maximum cation—oxygen contact distance

of 3.7A. The average N—O distance is 3.18A for
NH4V30s, while the cation—oxygen distance is 3.11 and
3.30 A for KV;04 and CsV;0s, respectively.

As shown in Fig. 1 and Table 3, N—H- - -O hydrogen
bonding exists between the cations and the polyanion
layers. The network of hydrogen bonds may increase
the structural stability of the title compound.

Experimental

Ammonium trivanadate was synthesized hydrothermally under
autogenous pressure in a 17 ml Teflon-lined stainless steel
vessel with a ca 40% fill factor. A mixture of NH4VOs;
(0.117 g), Ni(NO3),-6H,0 (0.174 g) and H-O (5.5ml) in a
1:0.6:389 molar ratio was heated at 403 K for 48 h. The acidity
of the medium was adjusted with CHi:COOH to pH ~6.
Orange plate crystals of NH4V303 were formed in a yield of
85% based on vanadium. When Ni(NO3)>-6H>0O was replaced
by ZnCl,, crystals of the title compound were obtained, but in
a slightly lower yield (ca 70%).

Crystal data

NH;V;0g Mo Ko radiation

M, = 298.86 A =0.71069 A
Monoclinic Cell parameters from 25
P2y/m reflections
a=4993(1) A 6 =10-15°
b=18418(2) A p=4.194 mm~'
c=17858Q2)A T=294(22)K

3 = 96.41 (3)° Plate

V=3282(1) A3 0.25 x 0.25 x 0.13 mm
Z=2 Orange

D, =3.024 Mg m~3
D,, not measured



Data collecrion

Rigaku AFC-5R diffractom-
eter

w=26 scans

Absorption correction:
¢ scan (North et al.,
1968)
Tnin = 0.366, Trax = 0.580

774 measured reflections

691 independent reflections

Refinement

Refinement on F?
R[F? > 20(F?)] = 0.036
wR(F?) = 0.102
$=1173
691 reflections
62 parameters
H atoms not refined
w = U[oX(F}) + (0.0496P)*
+ 0.3653P)
where P = (F} + 2F2)/3

BI-ZHOU LIN AND SHI-XIONG LIU

630 refiections with
I > 20(])

Ry = 0.033

omax = 26°

h=0—6

k=0-—-10

I=-9—9

3 standard reflections
every 100 reflections
intensity decay: 1.2%

(A/0)max = 0.001

Apmax = 0.739 e A7

Apmin = —0.816 ¢ A™°

Extinction correction:
SHELXL93

Extinction coefficient:
0.020 (6)

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueg = (1/3)2;Z,U’7a"a"aia,ﬂ.

x z Ueq
Vi 0.4162 (2) 1/4 0.57407 (11) 0.0085 (3)
V2 —0.06299 (11) 0.05451 (7) 0.68499 (7) 0.0087 (3)
(0] 0.6192(7) 1/4 0.4308 (5) 0.0146 (8)
02 0.1859(5) 0.0866 (3) 0.5052 (3) 0.0121 (6)
O3 0.6143 (5) 0.0987 (3) 0.7329 (3) 0.0113 (6)
04 0.0909 (7) 1/4 0.7566 (5) 0.0102 (7)
05 0.0624 (5) —0.0669 (3) 0.8295 (4) 0.0163 (7)
N1 0.4441 (11) 1/4 0.0633 (7) 0.0309 (13)

Table 2. Selected geometric parameters (Ao, °)

V1—01 1.597 (4)
vVi—02 1.835(3)
vV1—03 1971 (3)
V1i—04 2284 (4)
V2—05 1.602 (3)
O1—V1—-02 102.6 (2)
02—V1-—-02" 97.1(2)
02—V1—03" 157.6 (1)
O1—V1—-03 97.6 (2)
02—V1—03 87.5(1)
03"—VI—03 80.5(2)
Ol—VI1—-04 174.1 (2)
02—VI1—-04 73.7(1)
03—VI1—04 86.8 (1)
05—V2—03' 106.4 (2)

V2—03' 1.736 (2)
V2—04 1.876 (2)
V2—02" 1.954 (3)
V2—02 2.001 (3)
v2—or' 2.917(3)
05—V2—04 103.4 (2)
03'—V2—04 96.1 (1)
05—Vv2—02" 102.6 (2)
03'—Vv2—02" 94.4 (1)
04—V2—02" 147.8 (1)
05—V2—-02 111.2(1)
03'—V2—02 142.1 (1)
04—V2—02 80.0(2)
02"—Vv2—02 73.1(1)

Symmetry codes: (i) x — 1, y,z; (ii) —x, =y, 1 — z; (i) x, § — ¥y, 2.

Table 3. Hydrogen-bonding geometry (A, °)

D—H---A D—H
NI—HI---04' 0.97
Nl—H2...05" 0.89
N1—H3...05" 0.89

H-A DA D—H . A
1.86 2.823 (6) 175
2.15 2.949 (5) 150
2.51 3.156 (5) 130

Symmetry codes: (i) x, y, z— 15 (ii) | —x, =y, 1 =z, (iii) —x, § +y, 1 —2.

All H atoms were located from a difference Fourier map
and were fixed at ideal positions with common isotropic
displacement parameters (Ui, = 0.05 A?).
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Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1987a). Cell refinement:
MSCIAFC Diffractometer Control Software. Data reduction:
TEXSAN (Molecular Structure Corporation, 1987b). Pro-
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990a).
Program(s) used to refine structure: SHELXL93 (Sheldrick,
1993). Molecular graphics: SHELXTL/PC (Sheldrick, 1990b).
Software used to prepare material for publication: SHELXL93.
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Abstract

The title compound, normal spinel nickel chromite,
NiCr,04, undergoes a cubic to tetragonal phase tran-
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