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The reaction of pyridine, pyrazine, phenazine and 4-4'dipyridine in m-xylene solutions on V,0; yields
new intercalation compounds. Only the pyridine compound corresponds to a definite formula:
V,05(CsH;N),; ;. The EXAFS study at the vanadium K-edge is consistent with a pyridine molecule
bonded to every second vanadium atom of the layer via coordination bond of length V-N = 2,34 A.
From X-ray powder diffraction study, the orthorhombic crystal cell (a = 11.543(8) &, b = 7.111(4) A,
¢ = 21.56(1) A) is built up from two V,0; layers separated by 6.2 A, leading to a value expected for
pyridine intercalation. Temperature dependent susceptibility measurements show that 10% of the total
vanadium is in oxidation state IV. An interpretation of the presence of the V** is established on the

basis of the mechanism involved in oxidation reactions catalyzed by V,0s.

Introduction

Among its various properties, V,05 has
been known to catalyze oxidation reactions
since the 1920s, for example, phthalic acid
and naphthoquinone (1922) (/) or sulfuric
acid synthesis (1928) (2). It is now well rec-
ognized that surface V=0 bonds play an
important role in catalysis, and mechanisms
are proposed which involve vanadium-oxy-
gen bond breaking (3).

V,0; exhibits a lamellar structure, the
[V,0s] layers being built up from VOjs square
pyramids sharing edges and corners (4-6).
The sheets are held together via weak inter-
actions between the vanadium atoms and
the oxygen atoms at the apex of the VO
square pyramids of neighboring layers (the
V - - - O distance is roughly 2.88 A) (6).

This vanadic oxide is the origin of a wide
family of non-stoichiometric insertion com-

© 1992 Academic Press, Inc.

pounds called ‘‘vanadium oxide bronzes,”’
M. V,05 or M?* V37, ViiOs, with M =
alkaline metals (7-14). Such compounds ex-
hibit electrical properties that are character-
ized by a remarkable anisotropy: they are
all conductors or semiconductors (15, 16).
It has been possible to dope the V,0; net-
work by intercalation of various cations be-
tween the layers without drastic reorganiza-
tion of the structure (for values of x below
0.02). In one case, a high level of insertion
of sodium atoms was attained, 0.7 = x < 1.0,
without a change of the V,0O;s layer structure
(VOs square pyramids being occupied by
V4*+ or V3* cations), and strong electronic
localization inducing an ordering between
vanadium sites has been demonstrated (/7).
All these compounds in their various phases
were prepared by solid state reactions.
New remarkable ways of synthesis were
proposed for lithium and sodium vanadium
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oxide bronzes at room temperature by using
t-buty! lithium or sodium (I/8) or metal io-
dides (19, 20).

Interesting coordination intercalation re-
actions of pyridine have also been demon-
strated in layered compounds such as MoO,
and VOMO, (M = P or As) involving little
or no reduction of Mo(VI) or V(V) (21, 22).
Moreover, interlayer adsorption of pyridine
and ammonia was demonstrated in V,0s
xerogel (23).

It is therefore of considerable interest to
develop chemistry around the pure V,0; 0x-
ide or related layered structure of vanadium
oxide bronzes and to synthesize new types
of ‘‘organic vanadium oxide bronzes,”’ i.e.,
to introduce neutral molecules into the
lattice.

Experimental Section

V,0;s microcrystalline powder of con-
trolled purity (99.6% in V(V)), was carefully
dried and added to solutions in m-xylene of
the following organic compounds: pyridine,
pyrazine, phenazine, and 4-4'dipyridine. An
excess of some 200% was used relative to a
1:1 addition reaction. The experiments
were carried out at 150°C under nitrogen
to avoid the oxidation reaction of m-xylene
catalyzed by V,0,. Some experiments were
carried out in pure pyridine corresponding
to molecular ratios varying in the 0.3-60.0
range.

The progress of the reaction was followed
by systematic X-ray powder pattern tech-
niques until no variation of the spectrum
was observed.

In each case the resulting product of the
synthesis consists in an olive-green powder
in an orange liquor.

The chemical analysis of the solution, fol-
lowed by IR and 'H NMR investigations,
yields evidence for the presence of water.
The solution coloration is reasonably attrib-
uted to dissolved V,0s, such an assertion
being supported by the growth of V,0; mi-
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crocrystals after slow evaporation of the so-
lution.

The solid compound, a finely divided
powder, keeps its color after it is washed
with benzene and vacuum dried. In air it
turns slowly dirty yellow, due to a progres-
sive direction oxidation: The amount of va-
nadium(V) as a percent of the total vana-
dium increases from 32.5 to 33.7% in 1
week.

The results of the elemental chemical
analysis are summarized in Table 1. The
rather large uncertainty in most of the data
is due to the difficulty in ashing these com-
pounds.

Only the compound obtained by intercala-
tion of the pyridine, which corresponds to
a ratio CsH{N/V,05 close to 1, is a badly
crystallized powder showing a new X-ray
pattern; the other compounds are amor-
phous. A more thorough study of the pyri-
dine adduct has been performed in order to
elucidate its structure. This compound of
formula V,04(CsH;N), ,, is named V,0;spy
in the following study.

Physical and Chemical Study of V,0spy

Infrared Study

The infrared spectrum was obtained on a
PE1725X FTIR in the 4000-400 cm ™! with
a resolution of 4 cm ™! in the whole range.
The transmission of the sample, V,Ospy in
KBr peliets, varies from 82 to 17%. A listing
of the absorption bands is provided in Table
II along with spectra obtained for MoO;py
and WO,py (21), VOPO,py (22), and V,0;
pyH™ xerogel (23). In the region of the
stretching vibrations of the pyridine ring,
1650-1400 cm !, the bands are characteris-
tic of a pyridine bonded to a metal: the
strong band located at 1445 cm ™! is charac-
teristic of a Lewis bonded pyridine; the
Brgnsted bonded pyridine, i.e., the pyridin-
ium ion, exhibits a large band at 1535 cm ™!
which is missing in V,0spy. Moreover, the
bands of the spectrum attributed to the pyri-
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TABLE I
ELEMENTAL CHEMICAL ANALYSIS (%)
Organic moiety Vit V(V) v(iv) C N H
Pyridine (exp.) 36.5(5) 32.5(5) 4.003) 24.97(3) 5.37(3) 2.2(8)
(calc.) 37.9 24.6 5.73 2.06
Pyrazine 46.9(5) 43.2(5) 3.7(3) 1.75(4) 0.13(6) 0.5(9)
Phenazine 40.8(6) 37.7(6) 3.1(5) 3.96(6) 0.29(5) —
4-4'dipyridine 37.8(4) 31.4(5) 6.4(4) 4.30(5) 0.86(5) 1.1(8)

Note. The results of the elemental analysis of the compound with pyridine correspond to the average of values
found for five samples obtained from syntheses done under different experimental conditions. The calculated
values correspond to the formula V,0(CsHsN), ;.

dine are like the ones observed in VOPO,py

(21). The first two bands, characteristic of
V,0;, at 1030 and 835 cm™! are shifted to

lower wave numbers, i.e., to 970 and 795
cm~!. The set of three bands at 603, 529,

and 495 cm ! are reduced to one huge band
at 520 cm~! with a shoulder at 490 cm~!.
Such variations indicate a modification of
the surrounding to the vanadium atoms, as,
for example, a loss of the V-0 interactions

TABLE I1

INFRARED STUDY OF PYRIDINE INTERCALATED COMPOUNDS {cm™')

V,0spy Mo;py WO;py VOPO,py V,0spyH* V105
@n @n (22) 23)
3076 3075
3047 )
Vring 1631 1644 1647 1628 1637
1605 1603 1605 1605 1607
1572 1573 1572 1573
1538 1534
1485 1486 1488 1489 1488
1445 1443 1446 1447
Sy 1238 1239 1239
1225 1220 1220 1222
1152 1156 1159
1069 1062 1063
1043 1041 1042
1017 1012
755 760
689 695
Sring 638 626
427 431
Vvo 968 1036
794 837
603
520 529
490 495
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FiG. 1. TGA study of V,0spy.

between the layers, an increase of the V-O
bond Pengths, due to the formation of V4*
(17), or a change of the symmetry of the
coordination polyhedra around the vana-
dium atom by coordination of the pyridine.

EPR and Magnetic Study

EPR investigations were carried out on a
Brucker ER200D at room temperature. The
broad peak, 200 gauss in width, with g =
1.97, corresponds to a V4* cation. The mag-
netic study was done on a computer-
controlled Faraday-type magnetometer in
the temperature range 300-90 K. The mate-
rial is paramagnetic and follows the Cu-
rie—Weiss law: ¥ = 0.388(8)/(7-0.3(2)). The
effective moment, w4 = 1.737 BM confirms
the existence of some vanadium atoms in
the oxidation state IV. This permits a calcu-
lation of the number of V** in the com-
pound: the amount found, roughly 10% of
the total vanadium number, agrees with the
corresponding one obtained through ele-
mental analysis, about 11%.

Thermal Study

A TGA experiment, using a SETARAM
TGC8S apparatus, was carried out up to
500°C under oxygen with a 2.5°C/mn heating
speed. The loss of weight, presented in Fig.
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1, exhibits three smooth features in the
range from 50 to 420°C. The total loss, 43.5%
of weight, corresponds to 1.1 molecules of
pyridine per V,Os unit which confirms the
formula obtained by chemical analysis.
Since the final compound should be V,0s,
the observed increase of weight occurring
from 420 to 470°C must correspond to an
oxidation. In order to determine what was
oxidized, the compound was heated at
250°C under vacuum for 6 h. A liquid mix-
ture of essentially water and pyridine (ac-
cording to IR and 'H NMR investigations)
in the proportion of two moles of pyridine
per one mole of water (elemental analysis,
experimental (calculated): %C = 68.9
(68.2), %H = 7.0(6.8), %N = 15.9(15.9))
was obtained. The composition of the black
solid residue, as determined by elemental
analysis (%V = 66.0(66.2), %C = 2.1(2.0),

%H = 0.3(0.2), %N = 0.5(0.5)), corre-
sponds to the chemical formula
V,03(CsH;sN)g 5.

A mass spectroscopy study, performed
on a NERMAG R10,10 from 50 to 300°C
with a 35 to 500 amu scanning range, indi-
cates (1) up to 220°C, only pyridine is ob-
served; (ii) above 220°C, a peak correspond-
ing to CO, occurs.

From such a thermal study and subse-
quent chemical analysis, it appears that the
pyridine molecule remains intact in the ox-
ide network up to a temperature close to
220°C. Above 220°C, the pyridine is oxi-
dized and the vanadium reduced down to
the 111 oxidation state.

X-ray Diffraction Study

X-ray powder diffraction measurements
were performed at room temperature for the
CuKa wavelength using a XRD3000TT Seif-
ert diffractometer equipped with a diffracted
beam monochromator. The cell determina-
tion and the indexation of the powder pat-
tern, displayed in Table 111, were obtained
using the TREOR program (24).
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TABLE III
X-RaY PATTERN OF V,04(CsH;N),

byl A) dege B k1 gy, dopslA) doge B k1 Ao
(A) (A)
10.7(1) 10.8 0 0 2 585 28159 2828 0 | 7 75
10.2(1) 10.2 I 0o 1 1000 2804 2 1 6
6.09(4) 6.10 i 0 3 2001 24046) 2405 3 0 7 33
6.05 110 2399 4 0 5
5133 5.09 202 40 2.324(6) 2328 0 1 7 108
4.02(2) 4.02 ot o4 76 2322 1 3 0
3.98(2) 3.94 20 4 76 2.152(5) 2.157 0 O 10 18
3.82%2) 3.81 2 1 3 125 2152 5 1 2
351D 3.51 15 47 2149 2 3 2
3.51 0 21 2148 0 2 8
3.38(1) 3.39 I 2 0 114 19854) 1988 4 2 5 20
3.39 303 1987 0 2 9
3.38 310 1984 3 3 2
3.37 022 1.925(4) 1928 5 2 1 27
3.24(1 3.24 122 92 1924 6 0 ©
3.23 312 17753y 1777 6 4 0O 43
3.20(h 3.21 01 6 99 1.776 1 0 12
319 023 1.775 4 3 3
3.07(D 3.07 123 88 1.772 0 4 |
3.06 31 3 1.467(2) 1.468 6 | 9 13
2.97(1) 2.97 107 67 1467 7 1 6
2.97 0 2 4 1465 7 2 3
2.927(9) 2915 222 88 1.423(2) 1424 7 | 7 13
2.874(9) 2.886 4 00 48 1422 ¢ 5 0
2.875 1.2 4 1421 1 3 12
2.872 305 122K B222 1 3 15 16
2.866 31 4 1221 2 1 17
1220 5 0 IS

Note.a = 11.5438) A, b = 7.111(4) A, ¢ = 21.56(1) A, V = 1770 A%,
M = 268.9g, dy, = 2.02(8), d, = 2.02, \CuKa = 1.5418 A.

A comparison of the crystal cell parame-
ters with those of V,0s (6) leads to the fol-
lowing remarks.

— The a parameters are similar in both
compounds: 11.54 A (V,Ospy) and 11.52 A
(V,05). )

— The b parameter is doubled: 7.11 A
(V,0spy) against 3.56 A (V,05).

— The ¢ parameter is larger than the cor-
roesponding one: 21.56 A (V,0,py) and 4.37
A (V,04).

— The unit cell is orthorhombic as in
V,0s.

The density associated with the volume
of the cell and the mass of the formula unit
imposes the multiplicity z = 8. This multi-
plicity, compared to the z = 2 value in V,0s,
and the doubling of the b parameter infer
that the ¢ parameter corresponds to a dou-
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bling of the number of (V,0s) layers. The
increase of the interlayer space, d, due to
pyridine intercalation is equal to 21.56/2-
437 = 6.3 A. This distance is comparable
to those observed with pyridine intercalated
inVOPO,,d = 5.5 A (25), and in chalcogen-
ides, d = 5.9 A (26). Moreover, the volume
occupied by the intercalated pyridine mole-
cules must be equal to the increase between
the volume of the cell and the volume of the
equivalent number of V,0s cells: 1770 -4 x
179 = 1054 A%. Thus, the volume occupied
by a molecule of pyridine in V,0spy is equal
to 1054/8 = 131 A3, a value which is in good
agreement with the volume determined ear-
lier by Scholthorn et al. (134 A%) (27, 28) and
by Bak et al. (124 A?) (29).

EXAFS Stuay

X-ray absorption spectra were recorded
in the transmission mode on the DCI-
EXAFS spectrometer at LURE (Orsay,
France) (30). All experiments were done at
room temperature near the vanadium
K-edge using a step-by-step technique over
1000 eV, with 2 eV steps, and with a one
second accumulation time per point. The
experiments were calibrated by using the
5463.9 eV peak at the top of the edge of a
metallic foil of vanadium. Samples were in
the form of well-ground powders of homoge-
nous thickness compressed between two
transparent windows. Their masses were
calculated to obtain at the edge an ab-
sorbance jump of 1. The data analysis was
performed according to the classical EX-
AFS formula developed by Teo (31), using
the Michalowitz process (32) associated
with the MINUIT function minimization
program (33) and the tabulated amplitudes
and phase shifts of Teo and Lee (34).

In order to avoid systematics errors, and
to test the validity. of the parameters neces-
sary in- EXAFS analysis, a measurement
was carried out on V,0s, whose structure is
known (6). In the R space spectrum (Fourier
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transforms of k3[x(k)]) (Fig. 2a), two shells,
extending from 1.0t02.0 Aand 2.0t03.5 A,
were isolated by means of a Fourier filtering
technique and were handled separately. The
optimization of the structural parameters
within a shell is carried out in the wave vec-
tor range 4-12 A1,

The shortest distances shell includes the
first coordination sphere of the vanadium
atoms. But the huge dispersion of V-O
bonds (6) does not permit a good fit by use
of a single V~O shell. Thus, subshells were
included until the calculated distances
agreed with the corresponding X-ray struc-
ture distances. Such an operational method
increases the number of parameters to be
fitted; only four V-O subshells were used
with the multiplicity adjusted to the one ob-
tained from the X-ray structure. The same
process was applied to the second shell,
which corresponds to the vanadium-—
oxygen and vanadium-vanadium intralayer
distances. Four subshells were created,
with type, distance, and multiplicity taken
from the X-ray study. The results of the fits
are presented in Table IV; comparison with
the corresponding values of the X-ray struc-
ture shows that the parameters and the
method used are suitable for such study.

The same parameters were introduced in
the treatment of the EXAFS signal of
V,Ospy. Figure 3 sums up the EXAFS
study, and the results of the refinement are
presented in Table V. In the first shell, the
best fit was obtained when a V-N subshell,
with a multiplicity of 0.5, is added; the
agreement factor is thus diminished from
4.5% to 2.3%. The V-N distance derived
from the fit shows that the pyridine molecule
is bonded via a nitrogen atom to a vanadium
atom of the layer. The V-O bonds are larger
than the corresponding one observed in
V,0;s.

The second shell is mainly dominated by
intralayer distances. The good agreement
obtained between calcuiated and experi-
mental EXAFS.: spectra, Table V and Fig.
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FiG. 2. EXAFS study of V,0s at the vanadium
K-edge: (a) R-space Fourier Transform spectra; (b)
EXAFS spectra of region 1.0 to 2.0 A; (c) EXAFS
spectra of region 2.0 to 3.5 A. Experimental, full line;
calculated, dash line.
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TABLE IV
EXAFS STuDY OF V,05 AT THE VANADIUM K-EDGE

Subshell Distance(A) Multiplicity Debye-Waller

factor (A?)
X ray this study

6

First shell: threshold energy shift AE, = 5.0eV.

fit index p=02%
V-0 1.577(3) 1.58(2) 1 0.07
V-0 1.779(2) 1.75(2) 1 0.07
V-0 1.878(1) 1.90(3) 2 0.03
V-0  2.017(3) 2.06(3) 1 0.04

Second shell: threshold energy shift AE, = —3.0eV.

) fit index p=0.1%
V-0  2.791(3) 2.86(2) 1 0.03
V-V 3.0812) 3.10(2) 2 0.06
V-V 3.506) 3.60(3) 3 0.06
V-0 3802 3.70(3) 6 0.09

Note. p = 3 k¥ xXexp(k) = Xealel KNYZE Kxerp(K)F; k, wave
vector of the ejected photoelectron; x (£}, EXAFS modulation;
summation of & between 4 and 12 A~".

3, supports our hypothesis concerning the
presence of a V,0s-type layer in the V,Ospy
compound.

Discussion

The physical characteristics of V,0,py, a
finely divided powder poorly crystallized
due to damage caused to the crystallites by
intercalation, do not permit a structural in-
vestigation using single crystal diffraction
techniques. However, a knowledge of the
structure is of great importance to confirm
the intercalation process and to interpret the
physical properties of the material.

Several studies have already shown that
pyridine intercalation occurs according to
two geometrical types (25, 26, 35-37). The
first, proposed in metal chalcogenide inter-
calation studies (26, 27), assumes that the
plane of the molecular ring of the pyridine
is parallel to the layers. The second locates
this plane perpendicular to the layers and
considers possible interactions between the
pyridine and the metal included in the layer
(25, 37).

The main results deduced from our exper-

175

1200 150.0
PR T | It 1 AL
o

TF[k. x(k))
80

< |
(=]
~ -
00 20 40 6 80 100
r(A)
= ]
< |
S' 4
—_ <
-~
=
N
3
(? 4
o]
3
3.0 6.0 9.0 12.0
k(A1)

3.0 6.0 9.0 12,0
k(A1)

F1G. 3. EXAFS study of V,0spy at the vanadium
K-edge: (a) R-space Fourier Transform spectra; (b)
EXAFS spectra of region 1.1 to 2.5 A: (c) EXAFS
spectra of region 2.7 to 3.5 A. Experimental, full line;
calculated, dash line.

iments are that pyridine effectively is inter-
calated between the V,0s layers and, more-
over, is bonded to the vanadium atoms of
the layers. This favors the second geometri-
cal scheme of intercalation. The distance
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TABLE V
EXAFS REesULTS OF V,04(CsHsN),

Debye-Waller
Subshell Distances (A) Multiplicity factors (A2)
First shell: threshold energy shift AE, = 5.0eV
fit index p=02%
V-0 1.62(2) 1 0.06
V-0 1.86(2) 1 0.09
V-0 1.92(3) 2 0.03
V-0 2.05(3) 1 0.06
V-N 2.34(3) 0.5 0.03
Second shell: threshold energy shift AE, = —3.0eV.
fit index p=01%
V-0 2.75(2) 1 0.06
V-V 3.20(2) 2 0.08
V-V 3.45(2) 3 0.07
V-0 3.60(2) 4 0.03

Note. p = 2 KXeplk) = Xeacl Y K[xeo(IF: &, wave
vector of the ejected photoelectron; x (k), EXAFS modulation;
summation of k between 4 and 12 A"

V-N (2.34 A) determined from EXAFS
measurements is larger than the V-N dis-
tance (2.10 A) observed in molecular com-
plexes (38). This long V-N distance is to be
correlated with the corresponding expan-
sion of the V-O distances from V,0; to
V,0spy, as shown in Table VI. Such an in-
crease was already observed in compounds
which involved either V** ions (17) or octa-
hedral surrounding of the vanadium atom
(39—41). Moreover, in the octahedral envi-
ronment, an axial deformation is observed,
with a short V-0 bond, 1.7 A, and a long
one, 2.3 A, corresponding to an offset of the

TABLE VI
DISTANCES AROUND VANADIUM ATOM {(A)

VOg (octahedral site)

V4 ions
V,05 o'NaV,05 VOMoO, V;05 eCuV,0s

V20spy ) a7z 39 (40) 1)
1.62 1.58 1.69 1.68 1.72 1.61
1.86 1.78 1.80 1.97 1.92 1.78
1.92 1.88 1.93 1.97 1.93 1.93
1.92 1.88 1.93 197 2.03 2.10
2.05 2.02 2.01 1.97 2.03 2.10
2.34 (V-N) 2.87 2.59 2.18 231
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vanadium atom of 0.3 A outside the basal
plane. The V,0Ospy compound, which in-
cludes both V** and octahedral surrounding
of the vanadium atom, must involve an
expansion of the bonds and a deformation
of the octahedral coordination sphere: the
V-N bond situated trans to the shortest
V-0 bond, 1.62 A, is effectively the longest
bond, 2.34 A. A long bond distance associ-
ated with weak binding energy can be easily
cut. The extraction of pyridine at a tempera-
ture lower than 220°C is an indirect way of
confirming that pyridine is bonded to vana-
dium by a weak bond, and consequently the
V-N bond distance must be large.

The presence of vanadium in oxidation
state (IV) is more difficult to understand.
Two principal mechanisms can be invoked
to obtain V(IV) in compounds generated
from V,0q: insertion of a cation, by example
a’'NaV,0s (17), eCuV,0s (41), or crystallo-
graphic shear (42). Insertion of cation sup-
poses the presence of a pyridinium cation in
the compound. Two observations serve as
a basis to reject this hypothesis: No IR band
characteristic of pyridinium is observed and
pyridinium cannot make a Lewis bond with
metals. Crystallographic shears impose
both a loss of oxygen atoms and a large
change of the structure which is not ob-
served with V,0spy; the (V,0s) layers are
kept and only an increase of the interlayer
distance is observed. The mechanism of the
oxidation reactions catalyzed by V,0s can
give a solution of this problem. In the cata-
lytic process authors agree that the V=0
bonds play a preferential role. Moreover, an
exchange of the oxygen atom involved in
this bond with the oxygen atom of the oxi-
dizing agent is demonstrated (43—45). The
reaction is of the first order with respect to
the surface of the particles, i.e., the number
of V=0 bonds in the surface, zero order
regarding the oxygen pressure, and has an
activity energy of only 45 kcal/mole. Assum-
ing that pyridine plays the role of the oxidiz-
ing oxygen, the same mechanism, applied in
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this case, allows one to understand why the
same compound is obtained whatever the
experimental process is. Since the reaction
is carried out at a temperature lower than
150°C, while the catalytic reactions occur
above 400°C, only few oxygen atoms can be
substituted. This phenomenon, which oc-
curs at the surface of the particles, may ex-
plain the excess of 0.1 pyridine found rela-
tive to the number of pyridine molecules
which can be intercalated, one for every
other vanadium atom. From the electroneu-
trality point of view, the substitution of one
pyridine molecule to one oxygen atom oc-
curs during a two electron process, which
corresponds to the reduction of two vana-
dium atoms, from V°* to V4. The excess
of 0.1 pyridine found in the compound must
lead to the formation of 0.2 V47, i.e., 10%
of the total amount of vanadium, which is
the value found by elemental analysis and a
magnetic study.

The compound V,0;py is fully character-
ized and consists of one pyridine molecule
coordinated to every other vanadium atom,
and a tenth of one pyridine molecule which
substitutes for oxygen atoms of the surface
of the crystallite, giving rise to the following
formula: V,[0, (CsHsN), J(CsHsN). The
rather poor precision of the elemental analy-
sis does not permit a confirmation of the
oxygen atoms nonstoichiometry.

Conclusion

The chemistry developed around reaction
of V,0s with pyrazine, phenazine, and 4-
4'dipyridine shows some remarkable possi-
bilities for intercalation but, in such cases,
the resulting powders are completely amor-
phous and are difficult to characterize struc-
turally. However, the tentative model de-
veloped for the compound obtained by
intercalation of pyridine in vanadium pent-
oxide is a basis for further investigations:

— to use and to create new layer oxide
structures;
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— to vary the nature of inserted mole-
cules or ions;

— to explore the potential applications of
such compounds with regard to their chemi-
cal properties, particularly in the field of
catalysis, and their physical properties, par-
ticularly, the electric and/or magnetic prop-
erties.
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