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Vanadium. Part 1. Quinaldinic Acid Complexes
R. L. Dutta and Subrata Lahiry

Quinaldinic acid (QH) produces with vanadyl salt (1) & cream-coloured compound, characterised as
[V0Q,] H,0 and (2) an olive-green complex [VO(H:0)Q,]. -Both change on heating to cream-coloured [VOQq]
and finally decompose to V,0,. A whole series of bluish green complexes of the type [VO (X)Q,)] (where X=
prridine, aniline, etc.) has been prepared by the action of aromatic amine or heterocyelic base on either [VOQe]
H,0 or on [VO{H20)Q,]. These, too, change on heating to [VOQa]. All these products are paramagnetic (L=
1.6 to 1.9 B.M.) and are extremely stable towards air.

Quinguevalent vanadium reacts with this ligand to give pale cream-coloured, diamaguetic [VO(OH)Q:}
2H,0. Compounds of the type [V0,Q (X)] (where X==pyridine or «-picoline} have been prepared by the sction
of heterocyclie bases on [VO{OH)Q.] 2H.0.

Complex compounds of quadrivalent vanadium with oxalic, malonic, and salicylic
acids and with catechol are already known (Sidgwick, ‘‘Chemical Elements and their
Compounds’, Vol. I, Oxford University Press, 1951, p. 822). The vanadyl acetylacetone
complex has been studied by Morgan and Moss (J. Chem. Soc., 1913, 103, 78), by Rosenheim
and Mong (Z. anorg. Chem., 1925, 148, 25), and slso by Jones (J. Amer. Chem. Soc., 1954,
78, 5995). Drew and Dunton (J. Ckem. Soc., 1940, 1064) have described some fairly stable,
six-covalent complexes of hydroxyazo and amino-azo dyes. Pfeiffer et al. (J. prgkt. Chem.,
1937, 149, 217) and also Mukherjee and Ray (this Journal, 1955, 32, 508) have reported
some coroplexes with Schiff's bases. Bradley et ol. (J. Chem. Soc., 1858, 4647) have studied
some six-co-ordinated alkoxide alcoholates which exist only at alow temperature. Some
vanadyl biguanidines have recently been described by Banerjee and Ray (Proceedings of
the Symposium on the Chemistry of Co-ordination Complexes, Agra, National Academy of
Sciences, Part 111,1959, p.198). Trujilo et al. (Chem. 4bs., 1956, 50,16528; 1957, §1,11907,;
1958, 52,1966, 1959, 53, 21343; 1960, 54, 2076) have studied in solution the system vanadyl
malonate, phosphotungstate, acetylacetonate, o-phenanthrolinate, etc.

Quinquevalent vanadium complexes are not many. The important ones are those
with 8-hydroxyquinoline, studied in great details (Welcher,“'Organic Analytical Reagents™,
Vol. I, p. 297; Bielig et al., Annalen,1953, 584, 96; Blair efal., J. Inorg. Nucl. Chem., 1958,
5, 316) and with salicylaldoxime (Bielig and Mollinger, Annalen, 1957, 808, 117).

In this laboratory, a variety of organic ligands, namely, quinaldinic acid and its deri-
vatives, hydroxamio acids, *hydroxyphenyltriazenes,benziminazoles, benzotriazoles, oximes,
ete., are now being invedtigated as chelating ligands towards various oxidation states of
vanadium*®. In this, the first paper of the series, we report the complexes of- quadri.

#These have been extensively studisd by Dutta and also by other workers as sensitive colorimetric reagents
for vanadium (Dutta, this Journal, 1058, 35, 243; 1958, 36, 285, 220; Dasgupta and Singh, J. Sei. Iad. Res.,
19852, 11B, 268; Bhaduriand Riy, Z. anal. Chem, 1857, 154, 103; Wise and Brandt, Anal. Chem., 1955, 27, 1382).

»» A priliminary report on the vanadium complexes of hydroxypbenyliriazenes has already sppeared
{Dutts and Lakiry, Chem. & Ind., 196}, 78).
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FIG. 1. Olive-green aquo-oxo-bis-quinaldinate-vanadium (IV).

FI1G. 2. Oxo-bis-quinaldinato-vanadium ([V) monohydrate (crenm).
8°=4.0; 5.5; 10.5; 11.5; 13.25; 18.00; 19.5; 21.5; 23.75,
d(R)=11.03; 8.04; 4.22; 3.86; 3.36; 2.79; 2.31; 2.10; L.91.

FIG. 3. Aquo-oxo-bis-quinaldinato-venadium (IV) (olive-green).
©°=86.5; 8.5; 10.5; 12.0; 13.5; 14.0; 16.5; 18.75; 21.25.
d(R)=6.8; 5.21; 4.23; 3.70; 3,30; 3,18;72.71; 2.80; 2.12.
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and of quinquevalent vanadium with quinaldidic acid (quinoline-2-éarboxylic acid) and
its 3-nitro and 5,8-benzo derivatives, deacribing first the quadrivalent vanadium
compounds.
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Quadrivalent Vanadium Complezes

On the addition of vanadyl sulphate to an aqueous solution of quinaldinic acid (QH),
a eream-coloured, voluminous precipitate is obtained at pH about 3. The precipitation is
quantitative within the pH range 4 to 6, but appears to be of little value for analytical pur-
pose-as the reaction can be substantially suppressed by masking agents, e.g., tartaric acid.
This precipitate, after being washed with water and drying over CaCl,, corresponds to the
composition, VOQ,. H,O (I). On the other hand, when aqueous vanadyl sulphate is added
to a methanolic solution of quinaldinic acid and the mixture is allowed to stand -overnight,
a highly crystalline, glistening, deep olive-green compound (vide Microphotograph, Fig. 1)
is obtained, which again, corresponds to the same composition, VOQ,.H,0 (II). That these
two compounds are different and that the difference in colour is not due to a difference
in crystal size have been verified through a study of the two X-ray powder patterns, Com-
parison of the two diffraction patterns show that the structures of the two substances are
different. From the data it is observed that at small angles the cream-coloured sample has
two very strong lines corresponding to dvalues of 11.03 4 and 8.04 & and further out they
have two more very strong lines of ‘d’ values 3.86 % and 3.36 8. On the other hand, the
strongest line of the olive-green sample has the ‘@’ value 6.80&. Further out it shows a pair
of medium strong lines of ‘d’ values 3.304 and 3.18&. Furthermore, compound (I) can
be dehydrated by heating to the penta-co-ordinated [VOQ,]. Compound (I) also loses
partially its water content in vacuum. Compound (II), however, does not lose any water
in vacuo,but does so on heating and changes from olive-green to the cream-coloured [VOQ,].
In order to have a better insight into the nature of these two varieties, we have obtained
the pyrolysis curves of these. It would appear from Fig. 4 that the cream-¢oloured {VOQ,]-

Temp.
Fig. 4. Pyrolysis of cream-coloured oxo-bis-quinaldinato-
vanadium (]_.'V ) monohydrate,
H,0 loses water at 90-100° and then the anhydrous [VOQ,] decompgses at 380-400° to V.0s
which remains stable thereafter. As agsinst this, the pyrolysis curve (Fig. 5)-of the olive-

0
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green variety (IT) shows that the water is lost at 155-66° and thereafter the nature of
the pyrolysie curve is identical with that of (I). This evidently shows that the water
molecule in the olive-green variety is held much more strongly than in the cream-coloured
one. We may therefore conclude that the H,0 molecule in (II) is present inside the co-

Temp.
Fig. 5, Pyrolysis curve of olive-green coloured aquo-oxo-
bis-quinaldinate vanadium (IV).

ordination zone, giving the complex an octahedral structure, whereas the H,O in (I) is
held in the cryatal lattice, rather than in the inner sphere. Thus the cream-coloured [V0Q,.]-
H,O or the anhydrous VOQ, is, in reality, a penta-co-ordinated complex, unless one assu-
mes the rather improbable feature of one ‘0’ taking two co-ordination positions. The pyro-
lysis curves reveal something more. The curves of compounds (I) and of (II) are identical
after the loss of the water molecule. This means in both cases the remaining [VOQ,] has
the same structure. A compound, such as is [VOQ,), can have two possible structures, a

square pyramid or a trigonal bipyramid.

e o o
Hzo
Q Q Q Q Q Q

Q Q

If in the olive-green compound the ‘O’ and “H,Q’ are trans to one another, then the
aphydrous compound will have a square pyramid structure. On the contrary, if ‘OH,’ ia
cis ta ‘0", then the loss of ‘OH, would result in a trigonal bipyramid structure. Since
the frans structure is generally more stable than the cis, we would prefer to conclude
that the olive-green compound has frans structure and that the anhydrous compound has
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therefore o square pyramid configuration. One, however, cannot rule out the possibility
of a polymeri¢ structure for [VOQ.), but the very poor solubility of the substance in all
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common organic solvents, such as ethanol, acetone, benzene, chloroform, o-dichloro-
benzene, etc., has made impossible the determination of its molecular size.*

The infrared spectra of these complexes have also been studied with the same purpose.
According to Fujita et al. (J. Amer. Chem. Soc.,1956, 78, 3963) the band due to co-ordinat-
ed water appears at 800 cm™ to 1000 em™. ButJones (loc. ¢it.) has considered a band at
3200 cm™' t0 3600 cm ™" as diagnostic of the co-ordinated water inside the sphere of vana-
dyl acetylacetonates. On comparing the spectra of (I) with that of (II) (Fig. 7) one hardly
finds any perceptible difference (excepting a reversal of intensity of the two bands at 910-
cm™! and 970 cm~'. We cannot be sure of an aqua band in either of these complexes, as
both the regions 800-1000 cm™ and 3200-3600 cm™* have strong absorption bands due to
other groups, namely, ‘VO’ and ‘CH’ (Bellamy, ‘‘Infrared Spectra of Complex Molecules™).
The sharp peak at 970 cm™ is due certainly to the vanadyl band. Bielig et al. (loc. cit.)
have observed this band in oxo-hydroxo-bis-oxinato-vanadium (V) at 950 em—*, Blair ef.
al. (loc. cit.) at 952 cm™*, and Nyholm et al. (J. Chem. Soc., 1959,3552) at 980-995 em™ in
general for metal-oxygen bonds, We find, that the pyrolysis curves, rather than the
infrared spectra, have been of better value in appreciating a difierencze between these two
differently coloured varieties of vanadyl quinaldinate,

The action of a series of ammines and heterocyclic bases on the two modifications, (I)
and (IT), has been investigated with a view to elucidating the preference of a sexa-co-ordina-
tion to a penta-co-ordination as also to have an idea of the stability of these ammine-con-
taining complexes, Thus compound (I) while still moist, on being heated with pyridine,

CHART I

[QH —=quinaldinic acid; =py pyridine)
General scheme of the reactious of VIV and of VV with quinaldinic acid.

] Reduction QH in methanol
Vor % yon PR MoE0)Q]
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H
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[VOIQPYJ -—— [VO(OH)Q,].?H,O _-'A- [VOQRJHRO g [VOQz] —>V=05
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Pe
>
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3 Tet stand (L-Bluish green) ,(:]glugsg)g%ln)
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i ‘L(reeryst&llised
let stand in methanol
[Vo.Q] [VO(OH)Q,]2H.0

*In this connection mention may be made here of an interesting, recent structural investigation of oxo-
bis-acetylacetonato-vanadinm (IV) which reveals that the five oxygen atoms are st the corners of an approxi-
mately aquare pyramid, but that the vanadium is near the centre of gravity of this pyramid, rather than at the
centrejofits base (Dodge, Tempieton and Zalkin, Chemistry Division Anmual Report, 1960 p. 203; published
Februsry, 1961, Radiation Laboratory, Berkeley, California; J. Chem. FPhys., 106}, 35, 1,65).
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readily dissolves to produce a greenish brown solution, whichsoon depositsfine bluish green
crystals of the composition [VO (py)Q,] H,0. This compound loses its pyridine and water
on heating; first water is lost, then the pyridine, and finally the colour changes to cream
resulting in the formation of [VOQ,]. The olive-green variety (II) on treatment with
pyridine produced identical bluish green crystals of [VO (py)Q,] H.O, having the same pro-
perties, The pyridine complex i8 quite stable at ordinary temperature. The action of
pyridine on the anhydrous [VOQ,] resulted in the separation of bluish green crystals of
composition [VO (py) Q,]. This compound furnishes an evidenceto the effect that the pyri-
dine molecule is inside the co-ordination sphere, a8 otherwise, with pyridine of crystallis-
ation there is not much ground for the compound changing its colour from cream to bluish
-green. We have also obtained the infrared spectra of both [VO(py) Q,JH,O and also of
‘[VO(py)Q,] (Fig. 8.). Besides showing all the characteristic bands of the cream-coloured
[VOQ,JH,O and of the olive-green [VO (H,0) Q,], these bluish green varieties present a
‘new, sharp, and strong band at 700-710 em™, which is ccrtainly related to the presence of a
heteracyclic pyridine in the molecule (Bellamy, lve. cit.). But, again, the spectra do nat
help to clarify the position of the aqua molecule. The sixth co-ordination position in the
octahedron of vanadyl quinaldinate has also been variously filled up with amines, such as,
«-picoline, aniline, methylanthranilate, diphenylamine, and also by dimethylformarmide.
The «-picoline and the methylanthranilate complexes could not be obtained by heating
[VOQ,” H,O with the amine, instead the [VOQ,] H,O was left in contact with the amine.
The dimethylformamide compound is the darkest bluish green in the whole series.
B-Naphthylamine also produced a light bluish green produact, which unijortu'na.tely did not
providesatsifactory analytical results. Ammonia or aliphatic amines dissolved [VOQ,]H,0
producing a brown solution, indicating probably oxidation to the pentavalent state.
The aliphatic amines are much stronger bases compared to aromatic amines and pyridine
and hence have a strong alkaline action resulting in oxidation. Indeed, addition of VOSO,
toan alkaline QH solution produces a light brown solution. Ligands, such as, quinoline,
isoquinoline, and quinaldine, failed to produce any bluish green produet. This, no doubt,
i8 related to the bigger size of the ligand molecule, which is difficult to fit into the octahed-
‘ron. We have also investigated the action of dioxan, tetrahydrofuran® (typical of co-ordi-
nation through ‘0’), and also of thiophen (co-ordination through§). In all these cases light
bluish green to light green products were obtained. We may therefore conclude that the
tendency of quadrivalent vanadium to assume an octahedral structure is quite prominent.

o
VoSO, — OQ_O v 8~CO

N l by N 41250,

o
n
. }—z =o\_8\_OjN
Q

Like the amine complexes, these compounds also lose on heating the co-ordinated dioxan,

) "‘Tlul is well known to have the ability of stabilising lower valent states of ymetals in complexes e.g., in
Li [Ti(bipy)y]. 3.5-C,HgO (Herzog and Taube, Angew Chem., 1058, 70, 469).
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tetrahydrofuran, and thiophen, though somewhat more readily. By the action of KCN on
[VOQ,] we have obtained a greenish black powder which is now under investigation.
We intend to study thoroughly the action of KCN on a variety of stable vanadium (TV)

complexes.

The quadrivalency of vanadium in the above described complexes has been established
through the determination of the magnetic moments. Vanadium in the 4* oxidation state
isad" ion, so that a magnetic moment of the order of 1.73 B.M. is expected. The compounds,
so far described, show moment values lying between 1.6 and 1.9 B.M. An octahedral
d?sp3 or a square pyramid d”sp® hybrid co-ordination is indicated. Attempts were also
made to determine the oxidation state by titrimetry against standard permanganate.
The results were not to our entire satisfaction, the end point being rather fleeting. It is
not nnlikely that the ligand is also affected by the permanganate.

Two other derivatives of quinaldinic acid, namely, 5-nitroquinaldinic acid and 5,6-
benzoquinaldinic acid, were found to give only the paramagnetic pale apple-green to cream-
coloured variety of quadrivalent vanadium complexes. The compounds lose one mole-
cule of water at 140-50°, indicating that the complexes are octahedral with the H,O inside
the co-ordination sphere. Surprisingly enough, they failed to give any bluish green prodves
with aromatic amines or the heterocyclic bases, the original compounds being recovered
unchanged.

Quinguevalent Vanadium Complezes

A curdy white precipitate appears on the addition of guinaldinic acid to aqueous
ammonium vanadate. This on purification from hot ethanol gives the composition
[VO(OH)Q,] 2H,0. The compound is diamagnetic. That the alternative formula H[VO,- .
Q.] 2H,0 does not reveal the exact state, is proved through its poor conductance (2.24
mhos) inmethaaol. Onallowing a methanolic solution (0.001.M) of the product to stand for
two weeks, there appeared some glistening olive-green crystals. The compnund was then
prepared by repeated refluxing of [VO (0H)Q,] 2H,0 with a large volume of methanol. This
was found to be identical with the compound (II), described under quadrivalent vanadium.
Thus on standing or on refluxing in methanol [VO(OH)Q,] is reduced to[VO(H,0)Q,]. On
heating [VO(OH)Q,] with pyridine, two products were obtained: (a) the first is colorless
[VO.Q.py]. one QHbeing knocked off; (b) the mother liquor on standing furnishing low
yields of [VO(py)Q,JH,O. The compound [VO,Q.py] is diamagnetic, indicative of the
quinquevalency of vanadium. The pyridine in the compound is held very strongly and is not
lost before 160°. The product after the loss of pyridine gave analyses for [VO,Q], which
should be regarded as a four co-ordinated complex of vanadium (V). The second product
has s bluish green colour, identical with the one obtained from [VO,(H,0)Q,] by the action
of pyridine. A similar reaction also occurred with «-picoline, The compound, [VO,Q.py]
presumably has a square pyramid structure. Corresponding products with aniline and

dimethylformamide did not give very satisfactory analyses.

The infrared spectral cheracteristics of the compound [VO(OH)Q,] 2H,0 were also
studied. Besides showing the same absorption characteristics as shown by [VO(H,0)Q,]
and [VOQ,]H,O, this compound reveals one extra band, sharp but of low intensity at
about 3100 em™, Bielig et al, (loc. cit) attribute a weak band at about 3400 em™
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to be due to OH in the compound oxo- hydroxo-bis-oxinato-vanadium (V). At the region
3400 cm* all our samples, however, shaw prominent absorption bands. As the band
at 3100 ecm~" does not appear in our other compounds, this may be assigned to the OH in
the compound, oxo-hydroxo-bis-quinaldinato-vanadium (V). In fact, there are evidences
to show that the OH band appears near. 3100.cm™" (Cross, ‘“Practical Infrared Spectros-
copy”, Butterworths Publication, 1960).+* :

TABLE 1
Magnelic measurements,
Temp.=35°.

Compounde. Dia. corr.x]:()s. .xu {corr.)X 106, Weg (BM)*.
[VOQ2]H.0 208.4 1234 1.75
{VO(H,0)Q.] 208.4 1264 1.77
{VO(C;H;N)Q2JHaO 249.0 1307 1.86
{VO(CH,4.C5HN)Qq) 257.9 1320 1.51
[VO{CsH,.NH;)Qa] 258.8 1312 1.805

‘NXHa
VO(CH Q2] 2849 1550 1.86
{(VO(CeH o OCHS) 2
[VO(HN< )Qn] 308.0 1508 1.93
6H, 5
[VO(HGO\'< )Q:]Hao 230.4 1216 1.7¢
CH5 7 )
[VO(C,Hg02)Q4] 252.0 1129.6 1.86
[VO(C4Hs0)Q:] 241.0 1172.0 1.695
[VO(C,H,8)Qa)H.0 260.5 1238.0 1.74
[VO(H,0) (B2Q)a} 266.6 1383.6 1.84
[VO(H,0)(nQ)4] 232.9 1058.4 1.61
[VO(OH)Q.] 2H,0 Diamagnetie
[V0.Q(C;HsN)] _ "
[VOHQ(CH!C5H4N)] "

#Calculated from Xu (corr.) usicg the Cucie equation [t g=2.84 (¥x (corr)T)i
(BzQH=5:8-Benzoquinaldinic acid. nQH=>5-nitroguinaldinic acid).

o
—O—Cm
v
@-C O—V—O Cm // ‘1-__, R4
o N cOOoH

o, 2 O "

Picolinic acid, though has the same disposition of the N and COOH, failed t6 react
like quineldinic acid. Quinolinie acid (pyridine-2,3-dicarboxylic acid), having a molecular
weight close to quinaldinic acid, also did not furnish any positive results. Further work
with other pyridine and quinoline carboxylic acids is progressing in this laboratory.
Investigation are also being carried out on the complexes of VOCI,, VCl, and YCl, with
.quinaldinic acid and its derivatives.

#&Wo have just succceded in isolating some vann.dmm (1II) complexes of quinaldinic aoid. This will he
reported in due couree.
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Reference may be made here to the formation of two differently coloured modifi-
cations of Fe(I1)—quinaldinic acid complex (Ray and Bose, Z. anal. Chem, 1933, 85, 400)
as also of cohalt(II)—quinaldinate (Dutt, this Journal, 1937, 14, 572). Tt is worthwhile
therefore to study the reactions of quinaldinic acid with other transition metals, We have
already undertaken works in this direction.

EXPERIMENTAL

Quinaldinic acid was prepared from quinaldine (B.D.H.) by following Hammick’s
procedure (J. Chem. Soc., 1923, 123, 2882) and was recrystallised twice from hot glacial
acetic acid, furnishing light cream-coloured fine needles. Vanadyl sulphate pentahydrate
was B. Merck’s product. 5-Nitroguinaldinic acid was ohtained by nitration of quinaldinic
acid (Welcher, :Organic Analytical Reagent”, Vol. 11, p. 206). 5,6-Benzoquinaldinic acid
was prepared according to De (D. Phil, thesis, Caleutta University, 1952). '

Ozu-bis quinaldinatc-vanadium (IV) Monchydrate (Crenm).— Quinaldinic acid (0.5 g.),
dissolved in water (200 ¢.c.), was treated under stirring with an aqueous solution of vana-
dyl sulphate (0.25 g. in 10 c.c.). A voluminous cream-coloured precipitate was formed,
which was digested on a water bath for half an hour, filtered, washed with water, and dried
over CaCl,. { Found. V, 11.58;C, 56.1; H,3.8; N, 6.57; H,O (by loss at 110°), 3.80. [VO[C,,-
Hg0,N),1H,0 requires V, 11.88;C_ 55.94; H, 3.26; N, 6.53, H,0, 1.20%, 3.

Agquo-rzo-bis-quinaldinals-varaditm (IV) (Olive-grecn).— (a). An aqueocus Eoluticn
of vanadyl sulphate ((.25g.in 5 c.c.) was added to a hot methanolic solution of quinaldimc
acid (0.5 g. in 40 c.c.), when the cream-coloured compound separated. On keeping the
mixture overnight the product turned olive-green. The olive-green crystals were filtered,
washed with methanol, and dried over CaCl,. { Found: V, 11.65; C, 56.2; H, 3.6; N, 6.42;
H,0 (by loss at 15(i°), 4.60. [VO(H,0)(C,,HsO,N),] requires V, 11.88; C, 55.94; H, 3.26;
N, 6.53; H,O, 4.209 }.

(b). The oxo-hydroxo-bis-quinaldinato-vanadium(V) was dissolved in methanol
(150 c.c), refluxed on a water bath for 15-20 hrs., and then allowed to stand. A crop of
olive-green crystals appeared which were treated as above. The mother liguor on further
refluxing with methanol produced a fiesh crop of the olive-green crystals.

Pyridine-ozo-bis-quinaldinato-vanadium(IV) Monohydrate.—The freshly prepared
cream-coloured compound was washed with water, sucked dry, and then heated with dstil-
led pyridine. (10 c.c.) on the water bath under reflux. The eream-coloured compound read-
ily dussolved producing a greenish solutipn which soon deposited a fine bluish green cryst-
alline product. After half an houi, the mixture was cooled, the product washed with ethanol
first by decantation and then on the futer il free of pyridine, and dried ovér CaCL,.
{ Found: V,9.80; N, 8.46; (C,H,N+H,0), 19.3. [VO(C,H,N)(C,,H¢O,N).]" H,0 requires
V,10.04; N, 8.27; (C;HNAH0), 19.1% }.

The same compou.nd was also obtained from the f_res'hly prepared olive-green variety.
[Found: V, 9.86; (C,H,N +H,0), 19.1%). The substance liberates pyridine on heating
with NaOH solution.

Pyridinc-ozo-bis-quinaldinaio-vanadium (IV) wes obtajned using anhydrous [VOQ;)

10 o
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and anhydrous pyridine. { Found: V, 10.70; C,H N(by loss at 130°), 16.70. [VO(C. sH N)-
(C,.HgO,N), ] requires V, 10.41; C,H.N, 16. 12%

- Picoline-ozxo-bis-quinaldinato-vanadium (TV).—To quinaldinic acid (0.5 g.), dis-
solved in ethanol (10. e.c.), was added «-picoline (10 ¢.c.), followed by an aqueous solution
of vanadyl sulphate (0.25 g. in 5 c.c.). A clear greenish brown solution was formed, which
alowly deposited fine bluish green crystals. These were filtered next day, washed with
ethanol, and finally dried over CaCl,. The compound, however, could not be prepared by
following the procedure for the pyridine complex. { Found: V, 10.30; CH,.C,H,N, 18.11
(by loss at130°). [VO (CH,. C,H,N) (C,,H¢O.N),] requires V, 10.12; CH,.C,H /N, 18.45%, }.

Aniline-oxo-bis-quinaldinato-vanadium (1V) was obtained as light preen microerys-
tals asin the case of the pyridine complex, using aniline (15 c.c.). { Found:V,10.15;N,8.10;
CeH,.NH,, 19.0. [VO(CeH,NH,)(C, ,HcO,N),* requires V,10.12;N,8.33; CcH.NH,,, 18.45%, }.

Methylanthranilate-ozo-bis-guinaldinato-vanadium (IV) was prepared lke the
«-picoline compound using methylanthranilate in place of -picoline. The cream-colour-
ed compound, first formed, slowly changed to pale bluish green. After keeping overnight,
the crystals were filtered, washed with ethanol and dried over CaCl,. { Found:
v, 9.30; N, 7.20, [IVO(C¢H ,(NH,) (CO,Mo) (0,,H¢O,N),] requires V, 9.08; N, 7.47% }.

Diphenylamine-oxo-bis-quinaldinato-vanadium (1V).— Quinaldinic acid (0.5 g.) and
diphenylamine (5 g.) were heated in ethanol (70 c.c.) on a water bath under reflux. Vanadyl
sulphate (0.25 g. in 5 c.c. water) was then added and the mixture refluxed for 2 hours,
The cream-coloured precipitate changed to.light green. This was then filtered, washed,
and dried as usual. { Found: V,9.03; N, 7.11. [VO (HN (Ph), (C,,HO.N),] requires V, 8.79;
N, 7.24% .

Dimethylformamide-oxo-bis-quinaldinaic-vanadium (1V) monohydrate was prepared
like the pyridine complex using dimethylformamide instead of pyridine. This formed beauti-
ful dark bluish green crystals. { Found:V,9.96; N, 8.38; HCON(CH,),+H,O (byloss at
130°),18.62. [VO.(HCON Me,) (C, ,HzO,N),]H,O requires V,10.16; N, 8.37. (HCONMe, +
H.0),18.12%, }.

The dioxane and the tetrahydrofuran compounds alsc were obtained as above.

Diozan-oxo-bis-quinaldinate-vanadivm (1V): { Found: V, 10.01; C,Hy0, (by loss at
130°), 18.1. [VO (C,H0,)(C,.HeO,N),] requires V, 10.22; C,Hg0,, 17.60%, . .

Teirahydrofuran-ozo-bis-quinaldinato-vanadium (1V): <{ Fcund: V, 10.40; C HO,
14.74. [VO(C,H40) (C,,HsO,N),}] requires V, 10.55; C,Hg0, 14.90% }.

Thiophen-oxo-bis-quinaldinato-vanadium (IV) Mcnchydrate.—The solution of quin-
aldinic acid (0.7. g.) in thiophen (10 c.c.) and ethanol (10 c.c.) was heated under reflux
{water bath) and treated with the vanadyl sulphate solution (0.6 g. in 6 c.c. water). Imme-
diately a bluish green compound separated; the mixture was refluxed for half'an heur,
filtered, washed, and dried as usual. { Found: V, 9.8; (C,H,8+H,0), 19.57.[VO [C,H.8)-
(C,oHgO,N),JH,O requires V, 9.94; (C . H,S+H,0), 19.88%

Aguo-9z0-bis-5-nitrogunaldinaio-venadium(IV).—To 5-nitroquinaldinic acid (0.5 g.),
dissolved in almost boiling water (300 c.c.), vanadyl sulphate (0.2g. in 10 0,c. water) was
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added. A pale apple-green compound was obtained, which was washed with hot water,
then with ethanol, ard dried over CaCl,. { Found : V, 9.48; N, 10.96; H,O(by loss at150°),
4.3. [VO(H,0) (NO,.C,;H,0,N),] requires V, 9.78; N, 10.75; H,0, 3.4% }.

Aquo-ozo0-bis-5,6-benzoquinaldinato-vranadium (1V).—To 5,6-benzcquinaldinic acid
(0.6 g.), dissolved in. ethanol {50 c.c.), was added VOSO,.5H,0(0.25 g. in 5c.c. water). A
deep cream-coloured compound separated which was filtered, washed with ethanol, and
dried over CaCl,. { Found: V,9.23; N, 5.26; H,O (by loss at 150°), 3.5. [VO (H,0)(C, JHi,-
O,N),] requires V, 9.56; N, 5.26; H,0, 3.37% }. The vanadium (IV) complex could not be
prepared in aqueous medium only due to the extreme insolubility of the reagent.

Ozo-hydrozo-bis quinaldinalo-vanadium (V) Dilydrate.—Ammonium vanadate (0.2g.
in 15c.c. water) was added to quinaldinic acid (lg. in 150 c.c. water) when a yellowish
white precipitate separated. It was digested on a water hath for halfan hour, filtered, and
finally recrystallised from hot ethanol. { Found: V,10.85; N, 6.03; H,0, 7.20. [VO(OH)-
(C,H:0,N),] 2H,0 requires V, 10.99; N, 6.03; H,0, 7.75% }.

Pyridine.dioxo-monoquinaldinalo-vanadium (V).—The compound, oxc-hydrcxo-bis-
quinaldinato-venadium (V) was prepared, as described before, and was then treated with
pyridine (7-8 c.c.). The mixturc was warmed on a water bath for half an hour, when a
clear solution was obtained. This, on cooling in ice, furnished colorless crystals which were
filtered, washed with ice-cold water, and dried as usual. { Found: V,15.01; N, 8.4¢. CH,N
(by loss at 170°), 23.25. [VO,(C;H,N) (C,,HsO,N)] requires V, 15.26; N, 8.38; C,H.N,
23.66%,. Found: V, 19.54; N, 5.91. [VO,(C, HO,N) requires V, 20.00, N, 5.469, +.

«-Picoline-dioxo-monogquinaldinato-vanadium (V) was obtained as above using
«-picolinde in place of pyridine.4{ Found: V,14.63; N,7.99; CH,C,H,N(by loss at 210°),
26.79. [VO,(CH,C,H,N) (C,.H,N) requires V, 14.63; N,8.04; CH,C,H,O,N, 26.72% }.
Found: V, 20.00; N, 6.01 [VO,(C, H¢O,N)] requires V, 20.00, N, 5.4£%. }.

Analytical Methods.—Vanadium content was determined either by decomposing
the complex with HNO, and H,S0, and then igniting to V,0, or by igniting the complex
under a thick layer of oxalic acid to the V,0, stege. Nitrogen was estimated by combustion
technique.

X-ray Measurement.—X.ray powder photographs were taken with Phillips PW
1010 X-ray vnit with Phillips Debye-Scherrer camera with 57.3 mm diameter using
CGuK < radiation.

Magnelic Measurements.—The magnetic moments were determined by the Gouy.
method using a semi micro Mettler halance for measuring the difference in weight and
with a field strength of 9.26 gauss. Diamagnetic corrections were taken from Selwood
*‘Magnetochemistry”, Interscience, New York, p. 78, 1956).

The infrared spectra were Scanned on a Perkin-Elmer 21 Infrared Spectrometer
using KBr disc technique. ‘

The pyrolysis curves (Fig. 4 and Fig. 5) were recorded in a Chevenard thermobalance
(npproximate rate of heating, 5° per minute).
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