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Vanadium(IV)oxodichloride has been prepared in high yield by the interaction
of vanadium(V)oxotrichloride and sulphur. It has been solvolysed in acetic
and propionic anhydrides; acetic, propionic, n- and /so-butyric, n- and iso-
valeric, n-caproic, and mono, di- and trichloroacetic acids. The solvolysed
products correspond to the general stoichiometry VO (RCOO),. The
infrared spectra of the compounds show that the ((V=0) bond present in
vanadium(IV)oxodichloride persists in the carboxylates, VO(HCOO), H,O,
VO(CH3COO0),, VO(C,H;CO0), and VO(C3H,COO),, and there is no
cvidence for the existence of (V-O-V....)(or V-O-C....) chains in them.
There is similarity between the spectra of oxovanadium(IV)carboxylates
and sodium carboxylates. Their stability as revealed by thermogravimetry
decreases in the order; acetate>> propionate > butyrate.

INTRODUCTION

Solvolytic and addition reactions of vanadium(V)oxotrichloride with a number
of aliphatic and aromatic monocarboxylic acids have already been reported by Paul
et al. (1965). Contrary to the expectations, the products isolated have been found
to contain vanadium in the V** oxidation state, indicating that the systems studied
involve oxidation-reduction for which a tentative mechanism has been proposed.
Similar observations on the chemistry of vanadium are also reported by Baker
et al. (1967).

In the present communication, a new experimental procedure for the preparation
of vanadium(I'V)oxodichloride has been developed, and its solvolytic reactions have
been carried out with a view to establish the nature of the products obtained earlier
by the solvolysis of vanadium(V)oxotrichloride (Paul er al. 1965) and also by
the action of acid anhydrides on vanadium(V)oxide (Paul ef al. 1972).

MATERIALS AND METHODS

(a) Reagents—Vanadium(V)oxide (Baker Analysed) was used without any
further purification. Thionyl chloride (Fluka) was refluxed over mercury for
two hours and then distilled (b.p. 76°C/740 mm). Vanadium(V)oxotrichloride was
prepared by the method already reported (Brauer 1954). Carbon tetrachloride
(BDH, AnalaR) and carbon disulphide were purified by the usual methods. Acetic
anhydride (BDH LR) was used after distillation over phosphorus(V)oxide. Propionic
anhydride was prepared by refluxing propionic acid (150 ml) with excess of acetic
anhydride (150 ml) and then distilling at 163-166°C/737 mm (Finer 1960).
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Acetic acid (BDH AnalaR), propionic acid (Riedel), n-butyric acid (Naarden,
Holland), iso-valeric acid (E. Merck), n-caproic acid (Riedel), monochloroacetic
acid (BDH), dichloroacetic acid (Riedeal), and trichloroacetic acid (Sisco), were
purified according to the procedures recommended in the literature (Weissberger
& Proskauver 1955). All other chemicals used were of guaranteed purity.

(b) Analytical Procedures

(i) Vanadium was determined by the procedures already reported (Dikshitulu
& Rao 1962; Dean & Herringshaw 1963; and Cheng 1963).

(ii) Carbon and hydrogen were determined microanalytically.

(ffi) Thermogravimetric analysis was carried out on STANTON thermobalance
Model TR-1, at a chart speed of six inches per hour and at a linear heating
rate of 4°C per minute.

(iv) The infrared spectra were examined as Nujol mull films in sodium chloride
plates on PERKIN ELMER 337 spectrophotometer. Mulling was done
in a dry box. The analytical results regarding the compounds prepared
are presented in Table [ while the infrared spectra are recorded in Table II.

(c) Preparation of Vanadium([V)oxodichloride—Recrystallised sulphur (~6 g)
was taken in a round bottomed flask, fitted with a water condenser and a calcium
chloride guard tube. Excess of vanadium(V)oxotrichloride (~100 g), was added
to sulphur. On mixing the two, a dark red solution was formed but no apparent
reaction occurred. The mixture was then refluxed over an oil-bath maintained at
13057 for two hours. When the colour of the solution became dark brown and
a solid precipitated out, it was filtered in a sintered glass funnel in vacuum to
obtain unreacted vanadium (V) oxotrichloride. The precipitate was washed several
times with carbon disulphide to remove any unreacted sulphur. [t was finally
washed with dry carbon tetrachloride to remove traces of vanadium(V)oxotrichloride
and dried in vacuum for three hours. The filtrate was distilled to give unreacted
vanadium(V)oxotrichloride  (b.p. 124°C) and disulphur dichloride (b.p. 138°C).
Found V, 37.03 per cent, Cl, 50.53 per cent; VOCI, requires V, 36.95 per cent and
Cl, 51.44 per cent; (yield 22 g, 80 per cent).

Properties—It is a light green hygroscopic, odourless solid, insoluble in
common organic solvents but dissolves in water forming a blue solution. It is
stable towards heat upto 200°C, but on heating further to 300°C it loses weight
to give vanadium(V)oxide.

(d) Preparation of bis(formato)oxovanadium({V)monohydrate and monoacetate
dioxovanadium(V')—The preparation of bis(formato) oxovanadium(IV)monohydrate
and monoacetato dioxovanadium(V) has been reported by us earlier (Paul and
Kumar 1965) and we have included these here for completeness of discussion their
spectral features along with the other carboxylates.

(e) Preparation of bis (acetato)oxovanadium(IV) by direct solvolysis—Vanadium
(IV)oxodichloride (5 g) was taken in a flask fitted with a water condenser and a
calcium chloride guard tube. Acetic acid (30 ml) was added to it and the contents
refluxed gently for three hours in an oil-bath when a greyish solid precipitated out.
It was filtered through a sintered glass funnel in vacuum, washed with carbon
tetrachloride to remove the unreacted acid and dried in vacuum for two hours.

The reaction of vanadium(IV)oxodichloride with propionic acid was carried out
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in the same manner as described above to obtain bis (propionato)oxovanadium(IV).

(f) Preparation of oxovanadium(IV) compounds by solvolysis in anhydrides—
Bis-(acetato)oxovanadium(IV) and bis(propionato)oxovanadium(IV) were also
prepared by the procedure outlined above using appropriate amounts of acetic an-
hydride and propionic anhydride respectively in place of the corresponding acids.
The products analysed to be the same as obtained above in (e).

(g) Preparation of bis(proplonato)oxovanadium(IV) by acid interchange—A
mixture of bis(acetato)oxovandium(IV) (5 g) and propionic acid (20 ml) was
refluxed for three hours. The solvolysed product was filtered through a sintered
glass funnel in vacuum, washed with carbon tetrachloride and dried in vacuum
for two hours to give bis-(propionato)oxovandium(IV).

Reactions of bis-(acetato)oxovandium(IV) with »-and iso-butyric acid, n- and
iso-valeric acid, n-caproic acid, mono-, di- and tri-chloro acetic acids were carried out
by refluxing the acetate with excess of the acid. The rest of the procedure was the
same as described for the propionate. Analytical data regarding these solid
compounds and their colour are given in Table 1.

RESULTS AND DISCUSSION

Vanadium(IV)oxodichloride has been prepared by the reduction of vana-
dium(V)oxotrichloride with zinc at 400°C in a sealed tube (Gmelin-Kraut 1908) or
by reduction with hydrogen (Clark 1968) and also by the reaction of a mixture of
vanadium(V)oxide, vanadium trichloride and vanadium oxotrichloride at 600°C
(Funk and Weiss 1958). These methods for the preparation of vanadium(IV)oxo-
dichloride are either used for preparing aqueous solutions of the compound or give
a mixture of halides or oxohalides the separation of which is complicated. Inter-
action of vanadium(V)oxotrichloride and sulphur has been reported to give a solid
product at temperatures above 80°C, which was thought to be vanadium(III)-
chloride.

In this paper we report a convenient method for preparing pure vanadium(IV)-
oxodichloride. This method is relatively simple, takes less time and chemicals, besides,
it gives a quantitative yield of the pure product. The reaction proceeds in accordance
with the following equation :

2 VOCI(1) 4+ 2 S(s)————>2 VOCL(s) + S,Cly(1) ce )

There is no evolution of sulphur dioxide during the reaction. The filtrate obtained
after removal of the solid vanadium(IV)oxodichloride has been further examined.
There is no possibility of unreacted sulphur in this liquid as vanadium(V)oxotrichlo-
ride is taken in excess. On fractional distillation of this dark red filtrate, the higher
boiling fraction indicates the formation of disulphur dichloride (b.p., S, Cl,, 138°C;
VOCI;; 124°C).

Taking into account the fact that the amount of sulphur originally taken was
small, the amount of disulphur dichloride formed in the reaction is also small,
However, it is certain that the stoichiometry of the solid product isolated from this
reaction conforms to the composition assigned to vanadium(IV)oxodichloride,
VOCL,.
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Solvolysis of Vanadiun(IV)oxodichloride—The solutions of vanadium(IV)oxo-
dichloride in aliphatic monocarboxylic acids and some of their acid anhydrides appear
to be quite stable at room temperature. They do not seem to undergo any chemical
change if kept undisturbed for 2 to 3 hours. But when the solutions are refluxed,
their colour darkens which indicates that some reaction takes place only on heating.
Once the reaction sets in, the solvolysis proceeds quite rapidly evolving hydrogen
chloride and precipitating out the solvolysed product which is insoluble in the reac-
tion medium.

Autoionization of acetic anhydride has been represented by the equlibrium

(Schmidt et al. 1948) :
(CH,C0),0 = CH,CO* + CH, COO" . (i)

and it has been used for the preparation of the acetates earlier (Paul et al. 1965)
and in the present work also._

The solvolysis of vanadium(IV)oxodichloride in acetic anhydride gives a light
grey compound, bis-(acetato) oxovanadium(IV), VO(CH;COO), which is the
same product as obtained from the solvolysis of vanadium(IV)oxodiochloride in
acetic acid.

VOCI,(s) + 2 CHy COOH (1) ——> VO(CH; JCOOs) + 2HCI (g) ... (iii)
VOCL(s) + 2(CH, CO),0 (i) ——> VO(CH, COO,(s) + 2CH, COCI (I) (iv)

The composition of the acetate has been confirmed by titrimetry as well as through
thermogravimetry. Solvolysis of vanadium (IV) oxodichloride in propionic anhy-
dride similarly yields bis-(propionato) oxovanadium(IV), VO(C, H,;CO00,.

The fact that the acetate and the propionate have vanadium in the V(v oxidation
state, has been checked through oxidation of these compounds to vanadium(V) and
estimating the amount of ferrous ion required to reduce it back to vanadium(IV).
The amount of hydrogen chloride evolved in each of the solvolytic reactions was
determined. The results reveal that 98 per cent of the chlorine content of vana-
dium(IV) oxodichloride in each reaction is accounted for as hydrogen chloride
evolved. The vanadium content is also accounted for in terms of the yield of
the solvolysed product isolated. The acyl chloride produced in the reaction also
accounts for the chlorine content of vanadium(IV) oxodichloride.

Acid Interchange Reactions—The technique of acid interchange which is analo-
gous to alcoho! interchange (Bradley 1960) has been developed in these laboratories
for the preparation of uranium carboxylates. In the present work, bis-(acetato)
oxovanadium(I'V) has been treated with the excess cf higher boiling fatty acid
(Table I) to obtain bis-(carboxylato)oxovanadium(IV), compounds, VO(RCOQ),.

The reaction proceeds quickly and the exchanged acid is easily removed under
suction. The reaction may be represented, in general, as follows :

VO(CH,CO0O0), + 2RCOOH —— VO(RCOO), + 2CH; COCH e (V)
where R= —-C,H;, —C;H,, —C;H, —C;H,,, —CI CH,, —Cl, CH, Cl,C

The analytical results and the thermogravimetric and infrared spectral data
reveal that the compounds obtained by acid interchange are the same as those prepared
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directly from vanadium (IV)oxodichloride. Thus, the acid interchange reactions
provide an alternative and convenient route to the preparation of these carboxylates.

The insolubility of these carboxylates in solvents such as carbon tetrachloride,
benzene and dioxane has been a hinderance in determining their molecular weight.
The colour of oxovanadium carboxylates, in general, corresponds to vanadium(IV)
compounds. Though this inference is empirical, it provides reasonable indication
of the oxidation state of vanadium in these compounds.

Infrared Spectra of the Carboxylates—Carboxylic acids show a strong absorption
in 3400-3500 cm™! spectral region which has been assigned to the stretching
vibrations of the OH group (Pimental & McClellan 1960). The spectra of oxo-
vandium(IV)carboxylates (Table II) indicates that except bis-(formato) oxovana-
dium (IV) monohydrate, VO(HCOO),.H,O none of the other carboxylates
absorb in this region. The presence of a spectral band at 3500 cm™ in the formate
may thus be due to the O-H vibrations arising from the water of hydration. A
weak band at 1960 em™ which is present only in the case of formate monohydrate,
may be due to the vibrations arising from the hydrogen bond present in this
carboxylate.

The spectral bands corresponding to (C=0) which are at 1700 cm™ and
1200 cm™! spectral regions, respectively in the carboxylic acids (Zackrisson &
Lindqvist 1961) are absent in the spectra of the oxovanadium carboxylates. The
former spectral band is replaced by a new spectral band lying in the lower spectral
region (1495-1550 cm™) whereas the frequency of the latter band rises appreciably
(1400-1425 cm™). A perusal of Table IT reveals that the shifted bands are nearly
in the same spectral region as has been reported for various sodium carboxylates
(Brown et al. 1960).

Most of the covalent carboxylates, for example, those of silicon (Okawara
et al. 1960) have the carboxvlate vibrations in a different spectral region than
those observed in the case of the oxovanadium (IV) carboxylates. This suggests
that the nature of oxovanadium (I'V)carboxylates is like that of sodium carboxylates.
Sodium acetate is known to be ionic in nature and on the basis of the similarity
of their spectra, ionic character of oxovanadium(IV)carboxylates may be indicated.
The structure of these carboxylates may, therefore, in general, be represented as :

-1
O

4

2 R ~— C"_"' v02+

< \0

which is supported by their insolubility in most the common nonpolar solvents.

It is observed that with an increase in the size of the carboxylate group, the
asymmetric v(COO) frequency increases while the symmetric v(COO) frequency
decreases. The only deviation is in the case of the formate monohydrate
where the asymmetric v(COO) frequency is in the higher spectral region and the
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TasLe IIT
Trends in the Carboxylate and Vanadium Oxygen stretching frequencies of Oxovanadium
Carboxylates
Carboxylate Asymm. v(COQO) Symm. v(CO) WV=0)
(cm™1) (em™) (em1)
Bis(formato)oxovanadium(IV)* 1580 1400 998
Bis(acetato)oxovanadium(1V) 1495 1450 1040
Bis(propionato)oxovanadium(lV) 1520 1420 1025
Bis(n-butyrato)oxovanadium(IV) 1520} 1400 1000
1545

*Monohydrate

symmetric one is found to be in the lower spectral region, than the expected
value. This may be due to some interaction of the water molecule present in the
formate monohydrate with the formate ion (Table III).

The carboxylate stretching frequency for monoacetatodioxovanadium (V),
VO,(CH; COO), does not fit into the above pattern possibly because of a relatively
different structure of this compound.

The frequencies arising out of (C-H) and (C-C) vibrations in the oxovanadium
carboxylates are comparable to those in sodium acetate, (Brown er al. 1960).

The variation of the frequency of (V=0) characteristic vibration with changes
in the environment of the VO?* entity has been reported for a large number of
complexes (Salbin 1964). The frequency spread for over 50 oxovanadium com-
pounds has been summarised by 985-- 50 cm™. These data include the high values
for three oxovanadium(V) compounds: VOCI, (1035 cm-1), VOBr, (1025 cm™?) and
V,0; (1020 cm™) (Miller and Cousins 1957). In the spectra of oxovanadium(IV)
carboxylates, this frequency is slightly perturbed possibly because of different
environment around the oxovanadium species. As is indicated from the values
(Table III), the (V=0) frequency shows a regular shift to the lower spectral region
with an increase in the size of the carboxytate ion, the formate being an exception,
This deviation in the case of formate monohydrate is probably due to the influence
of the associated water molecule, as has already been suggested.

The above observations, therefore, indicate strongly that (V=0) has remained
intact in these carboxylates. Since the spectra of the carboxylates do not show
any strong vibration in the 800-825 cm™ spectral region which is assigned for
(V-0) (Barraclough et al. 1959), there is no indication of (V-O-V..) or (V-0O-C..)
chains in these carboxylates which indicates that oxovandium (IV)carboxylates may
not be polymeric in nature. A band at 900 cm™ in the spectra of these compounds
is assigned to the 8(C-C).

In the spectra of oxovanadium carboxylates a band near 665 cm™ region has
been assigned to the vibrations of the (COO) group (Brown et al. 1960). This
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fact also supports the similarity between the nature of oxovanadium carboxylates
and sodium carboxylates.

In order to study the possibility of donor-acceptor interaction between oxo-
vanadium(IV)carboxylates and tertiary amines, each of the carboxylate has been
refluxed with a base. Infrared spectra of the base treated oxovanadium (1V)car-
boxylates is identical to those of the pure oxovanadium (IV) carboxylates. This,
therefore, indicates that these compounds are reluctant to accept electrons. How-
ever, vanadium(V)oxotrichloride acts as a strong electron acceptor, as is evident
from the complexes that it forms with donors containing nitrogen or oxygen atoms
(Sharma 1967).

Thermogravimetry of the Carboxylates—The curves obtained by plotting weight
of the substance versus temperature and weight loss per five minute interval versus
temperature for bis-(acetato)oxovanadium)(IV)and bis-(propionato)oxovanadium(IV),
indicate that before actual decomposition sets in there is a small gain of weight.
This is attributed to buoyancy effect or due to take up of some moisture by the com-
pound. The initial and maximum decomposition temperatures, the total weight
loss and the temperature of attainment of constant weight in each case are given
in Table IV.

The data reveal that these compounds do not undergo any decomposition below
50°C. In the temperature range 50-400°C major decomposition occurs. The
maximum weight loss occurs at a definite temperature as indicated in Table IV.
The order of thermal stability of these carboxylates on the basis of their initial
decomposition temperatures is as follows :

bis-(acztato)oxovanadium(IV)>> bis-(propionato)oxovanadium(IV)>
bis-(n-butyrato)oxovanadium(lV)

The residue obtained in each case has been found to be pure vanadium(V)oxide.
However, there are chances that vanadium(lV) oxide is actually formed first
(Sathyanarayana & Patel 1965). But since it has a tendency to combine with oxygen,
it is converted to vanadium(V) oxide (Sidgwick 1950). If it had been possible to
maintain inert atmosphere in the furnance, for which our instrument is not designed,
it might have been possible to get vanadium (IV)oxide. The data actually indicate
weight gain in the temperature range 250-300°C and this may be due to the
oxidation of a lower oxide of vanadium to vanadium(V)oxide at higher temperature.

The oxovanadium(IV)carboxylates do not undergo any further decomposition
beyond temperatures mentioned in Table IV under the column ““attainment of
temperature of constant weight”. Evidently heating the compound to above these
temperatures can be used as a method for the analytical estimation of vanadium in
these compounds. Through the thermogravimetry, therefore, it has been possible to
characterise analytically these compounds and the results support the formulations
assigned to them.
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