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VaaadiuiD. Part 1. Q.uia.aldia.ic Acid Co~nplexes 

R. L. Dutta and Subrata LahirJ' 

Quinaldinic a.cid (QH) produces with vanndyl a•lt (1) a crea.m-coloured compound, cba.ra.cterilled aa 
[\"OQ2] H110 a.nd (2) a.n olive-green complex [VO(H510)Q2]. Both cha.Dge on hea.tingto cTe&m--coloured [VOQst] 
and fi.na.lly decompose to V 20~. A whole aeries of bluiahgreen complexes of the type [VO (X)Q,)] (where X
pyridine, aniline, ete.) has been prepo.red by the action of arOU1&tic amine or heterocyclic base on either [V~] 
H2 0 or on [VO(H20)Qd. Theae, too, change on hea.ting to [VOQd- All these product& are paramagnetic (!J-= 
1.6 to 1.9 B.l\1.) and are extremely eta.ble towards air. 

Quinquevalent vanadium rea.cta ~it'h thililliga.nd to give pa.le crea.m-colO'II.:ed, diama.guetic [V0(0H)Q51]· 

2Hm0. Compounds of the type [VO!lQ (X)]{where X= pyridine or o( -pice line) have been prepared by the action 
of heterocyclic bases on [VO(OH)Q,.] 2H110. 

CompJex compounds of qua.driva.lent vanadium with oxalic, malonic, a.nd salicylic 
acids and with catechol are already known (Sidgwick, "Chemical Elements and their 
Compounds", Vol. I, Oxford University Press, 1951, p. 822). The va.nadyl a.cety1a.cetone 
complex has been studied by Morgan and Moss ( J. O'hem. Soc., 1913,103, 78), by Rosenheim 
and Mong (Z. al'norg. O'hem., 1925, 148, 25), and also by Jones (J. Amer. O'hem. 8oc.,l954, 
16, 5995). Drew and Dunton (J. O'hem. Soc., 1940, l064)ha.ve described some fairly stable, 
six-covalent complexes of hydroxyazo and amino-azo dyes. Pfeiffer et al. (J. pr,.kt. Okem., 
1937, 149, 217) and a.lso Mukherjee and RAy (this Jov:rTuu, 1955, 32, 508) have ~ported 
some complexes with Schifl's bases. Bradley et al. (J. O'hem. Soc., 1858, 4647) have studied 
some six-co-ordinated alkoxide alcoholates which exist only at a. low temperature. Some 
va.na.dyl biguanidines have recently been described by Ba.nerjee and Ray (Proceedings of 
the Symposium on the Chemistry of Co-ordination Complexes, Agra., National Aca.d.emy of 
Sciences, Pa.rt III,l959, p.l98}. Trujilo et al. (Ohem. Aba.,l956, 50,16528; 1957, 51,11907; 
1958,52, 1966; 1959,53,21343; 1960,54, 2076) have studied in solution the system va.n&dyl 
malonate, phosphotungstate, acetyla.cetona.te, o-phena.nthrolinate, etc. 

Quinquevalent vanadium complexes a.re not many. The importa.nt ones a.re those 
wilih 8-hydro:xyquinoline, studied in great deta.Ue (Welcher, • 'Orga.nic Ana.lytical Reagents", 
Vol. I, p. 297; Bielig el al.,_An.n~en, 1953~ 584, 96; Blair etal.,J.l7&0'fJJ. Nuel.O"Aem.,l958, 
5, 316) and with salicylaJdoxime (Bielig and Mallinger, Anwalen., 1957, 806,117). 

In this laboratory, a. variety of orga.nia ligands, namely, quina.ldinia a.cid and its deri
va.tives,hydrox:amioa.cids, •bydrox:yphenyltri~enes,benziminazoles,benzotrie.zoles,oximes, 
etc., are now being inve8tiga.ted as ehela.ting ligands towa.rds various oxidation ste.tes of 
vanadium". In this, the first paper of the series, we report the complexes of· qua.dri. 

•T.hese have beea ezten~ively studi.,d by Dutta and also by other workere as sensitive colorimetric reageats 
for v&n.dium (Dutta, this Jour"Nil, 1969, 35, 243; 1969, 36, 285, 229; Da.sgupta and Singh, J. Soi. Ifltl. Ret~., 
1902, 11B, 268; Bhaduriand B.iy, Z. amd. C'Mm, 1957, 154. 103> Wbo a.ncl Bra.ndt, A.111d. Ola&., 1955, 27, 139Z). 

•• A priliDiil:lary report em the vlloJ.UI.dium complexes of hyd:ro:s;ypb.enyltri~ hl!i& alr~y appeared 
(Dutta. o.nd. La.h.iry, 0/r,em. & Ind., 19tH, 78). 
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FIG. 1. Olive-green aquo-ollo-bis-qniol}ldina.to-vanadium (IV). 

Jj'IG. 2. Oxo-bis-quina.ldina.t.o-va.nadium llV) monohydrate tcren.m). 
9°=4.0; 5.5; 10.5; 11.5; 13.25; HJ.OO; 19.5; 21.5; 23. 75. 
d(Jl)=ll.03; 8.04; 1-.22, 3.86; 3.36; 2.79; 2-31; 2.10; 1.91. 

FIG. 3. Aquo-o:~:o-bis-quinaldiaato-va.nadium (IV) (olive-gl'ee.D). 
9°=6.6; 8.6; 10.5; 12.0; 13.1i; 14.0; 18.6;. 18.75; 21.2l5. 
d(Jl)=6.8; 6.21; 4.23; 3.70; 3,30; 3,18;:2.71; 2.39;:2.12. 
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and of quinquevalent vanadium with quinaldiliio acid (quinoline-2-carbo'xylic· acid) and 
its ;j.nitro and 5,6-benzo derivatives, describing' first the quadrivalent vanadium 
compounds. 

rl 
"'-./'\~ 

I . I 1-eoon 
"-/'\N/ 

Quaclrivalent Vanadium Oomplezes 

On the addition of vanadyl sulphate to an aqueous solution of quinaldinic acid (QH), 
a crt.>am-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 t"an be substantially supprt>sscd by masking agents, e.g., tartaric acid. 
This precipitatE', after being '\'l"ashed with water and drying over CaCl,., corresponds to the 
composition, VOQ2 • H,.O (I). On the other hand, when aqueous va.nadyl sulphate is added 
to a metha.nolic solution of quinaJdinic acid and the mixture is allowed to stand overnight, 
a highly crystalline, glistening, deep olive-green compound (vide Microphotograph, Fig. ·I) 
is obtamed, which again, corresponds to the same composition, VOQ,..H,.O (II). That these 
t'vo cpmpounds 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 a.re 
different. From the data it is observed that at small angles the cream-coloured sa.xp.ple has 
two very strong lines corresponding to dvalues of ll.03! and 8.04! a.nd further out they 
have two more very strong lines of 'd.' values 3.86.! and 3.36.!. On the other hand, the 
strongest line of the olive-green sample has the 'd' value 6.80.!. Further out it shows a pa.ir 
of medium strong lines of 'd' values 3.30!. 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 Jose any water 
in vacuo,but does so on heating and changes from olive-green to the cream-coloured [VOQ2 ]. 

In order to have a better insight into the nature of these two va.rieties, we have obtain~ 
the pyrolysis curves of these. It would appear from Fig. 4 that the cream-Qolo~ed [VOQa]· 

7'1l111p. 
Fig. 4. Pyrolysis of cream-coloured os:o-biB~qll.inaldinato

va.nadium (IV) monohydrate. 

t 

H 0 lcises water at 90-100° and then the anhydrous [VOQa] decompqses at 380-'!l0CJ0 to V aO:.; 
whlch remains stable ~hereafter. As against this, the pyrolysis curve (Fig. 5)-of the olive· 

9 
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green variety (II) shows that the water is lost at 155-65° and thereafter the natlire of 
the pyrolysis Cllrve is identical with that of (I). This evidently shows that the water 
molecule in the olive-green variety is held much more strongly tha.n in the cream-coloured 
one. We may therefore conclude that the H,.O molecule in (II) is present inside the co-

+ 
100 

Temp. 

• 400 

Fig. 6, Pyrolysis curve of olive-green coloured a.quo-o:~:o
bis-quinaldinnto va.na.dium (IV). 

ordination zone, giving the complex an octahedral structure, whereas the H 120 in (I) is 
held in the crystal lattice, rather than in the inner sphere. Thus the cream-coloured [VOQ,..]
H,.O or the anhydrous VOQ'~ ifil, 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 loBS of the water molecule. This mean~ in both cases the remaining [VOQ11] bas 
the same structure. A compound, such as is [VOQ,.], can have two poesible structures, a 
square pyramid or a trigonal bipyramid. 

If in the olive-green compound the '0' a.nd 'H,.O' arc tra-na to one another, then the 
anhydrous compound will have a square pyramid structure. On the contrary, if 'OH,.' is 
cis to '0', then the loBS of 'OH,.' would result in a trigonal bipyramid structure. Since 
the tram structure is generally more stable than the cis, we wou)d prefer to conclude . 
that the olive-green compound has trant structure and that the anhydrous compound has 

---0 

Q 
........-..... 
\I 

--V ---o 
/\ ..__, 

Q 

0 
__ ...;....._ v ----0 ---

1\ 
'--""' 

Q. 

therefore a. square pyramid configuration. One, however, cannot rule out the polllibility 
of a Jlolymeric sttuct11re for [VOQ.J, but the very poor solubility of the substa-nce iD aJI 
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common organic solvents, such a.s ethanol, acetone, benzene, chloroform, a-dichloro
benzene, etc., has ma.de impoSBible the determination of its moleculBr size. • 

The infrared spectra. of these complexes have also been studied with the same purpose. 
According to Fujita et a.l. (J. A mer. Ohem. Soc., 1956,78. 3963)the ba.nddueto co-ordinat
ed water appears at 800 cm-1 to 1000 cm-1

• But Jones (loc.cit.)has considered., bandat 
3200 em-' to 3600 em-' a.s diagnostic of the co-ordinated water inside the sphere of vana
dyl acetylacetona.tes. On comparing the spectra of (I) with that of (II) (Fig. 7) one ha.rdly 
finds any perceptible difference (excepting a reversal of intensity of the two bands at 910· 
cm-1 and 970 em-'. We cannot be sure of an aqua band in either of these complexes, as 
both the regions 800-1000 em-• and 3200-3600 em-' have strong absorption bands due to 
other groups, namely, 'VO' and 'CH' (Bellamy, "Infrared Spectra. of Complex :Molecules"). 
The sharp peak at 970 cm-1 is due certainly to the vana.dyl band. Bielig et al. (loc. cit.) 
have observed this band in oxo-hydroxo-bis-oxinato-vana.clium (V) at 950 cm-1, Blair et. 
al. (loc. cit.) at 952 em-•, and Nyholm et at. (J. Ohem. Soc., 1959, 3552) at 980-995 em-' in 
general for metal-oxygen bonds. We find, that the pyrolysis curves, nther than the 
infrared spectra, have been of better value in appreciating a. difl'eren~e between these two 
differently coloured varieties of vanadyl qui.n.a.ldina.te. 

The a.ction of a series of am mines and heterocyclic ba.ses on the two modi.fica.tions, (I) 
and (II), 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=quinalclinic acid;=py pyridine] 

General &ckeme of the reactiow; oJV1V and of vv with quinaldinic add. 

Reduction QH in metha.nol 
VQ~+ -+ [VO(H110)~] 

I let stand (Olive-green) 

t (aqueOIIB) ~ / 
py 

QH rll'"'/ ,.t 
Reduction heat tt' heat 

[VO.Q.py] -- [VO(OH)Q8]2H.O [VOQ11]H110 --+ [VOQ2] -+ V:P.r.j 
(Cream) (Pale cream) Oxidation (Cream) (Cream) , 

I I I I ..,~ /~ I 
I ~ PY /// heat1~PY 
1..__ ____ -i-__ m_othe_:~:_ll_'qu_o_:~:-+ fVO(py)Q11JH!IO [VO(py)Q,z] 

I 
let stand (Bluish green) (Bluish green) 

e~m _t ________ ~PY~-------------
~ (nceyat.&llised 

let IJtand ~ methanol 
[VO(OH)Q2]2H.O------------------' 

•In this CODDecti.on mention may be ma.d.e here of an i.nterestiDg, :~:ecen~ structural investiption of o.zo
bis-a.cetyla.cetonato-va.nadium (IV) which :reveals that the five oxygen atoms a.re a.t the ·comera ¢ a.n approJI:i.. 
m.a.tely square pyramid, but tbat the vanadium is nea-r the centre of gravity of this pyramid, rather tlum a.t the 
ceutr(ofits ba.se (Dodge, Templeton and Zalkin, Chemistry Division Annual Report, 1960 p. J03; p1tbliahed. 
Febras.:ry, 1961, Ra.diation Labora.bo:ry, Berkeley, Ca.lifornia; J. Ohem. PAre., 1961, 35, 1,55) •. 
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readily dissolves to produce a greenish brown solution, which soon deposits-fine bluish gree~ 
crystals of the composition [VO (py)Q,.] H.O. '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, hav.ing the sa.me pro
perties. The pyridine complex: is quite stable at ordinary temperature: The action of 
pyridine on the anhydrous [VOQ11] resulted in the separation of bluish green crystals of 
composition (VO (py) Q,.]. This compound furnishes s.n evidence to theeffectths.tthepyri• 
dine molecule is inside the co-ordination sphere, as othenvise, with pyridine of crystallis
ation there is not much ground for the c?mpound changing its colour from cream to blUish 
green. We have also obtained the infrared spectra of both [VO(py) Q,.]H,.O and also of 
·[VO(py)Q,.] (Fig. 8.). Besides showing all the characteristic bands of the cream-coloured 
(VOQ,.]H,.O and of the olive-grl.'en [VO (H20) Q2), these bluish green varieties present a 
·new, sharp, and strong band at 700-710 cm-J, whic·h is certainly related to the presence of a 
heteroryrlic pyridine in the molecule (Bellamy. loc,. cit.). But, again, the spectra do not 
help to clarify the position of the aqua molecule. The· sixth co-ordination position in the 
octahedron of vo.nadyl quinaldinatc has also been variously filled up with amines, such as, 
o<-picoline, aniline, methylanthranilate, dipht'nyl,.mine, and also by dimethylfo:rma.mide. 

The c(-picoline and the mcthylanthranilate r.omJilcxcs could not be obtained by heating 
[VOQ~J H~O with the amine, instead the [YOQ.:.] H20 was left in contact with the amine. 
The dimethylformamide comJiound is the darkest bluish green in the whole series. 
,8-Na.phthylamine also product'd a. light hluiRh green product, which un~ortuna.tely did not 
providesatsifactory analyt.iral results. Ammonia or aliphatic amines dissolved· [VOQ11] H20 
producing a brown solution, indirating probably oxidation to the pentavalent st.a.te. 
The aliphatic amines are much stronger bases compared to aromatic amines and pyridine 
and henc~ have a strong alkaline action resulting in oxidation. Indeed, addition of VOS04 
to an alkaline QH solution produces a light bro~·n solution. Ligands, such as, quinoline, 
isoquinoline, and quinaldine, failed to produce any bluish green product. This, no doubt, 
is related to the bigger size of the ligand molecule, which is difficult to fit into the octahed

'ro:n. We have also investigated the action of dioxan, tetrahydrofuran• (typical of co-ordi
nation through '0' ), and also of thiophen (co- ordination through S). In all these cases light 
bluish green to light green products were obtained. We ma.y therefore conclude that the 
tendency of quadrivalent vanadium to assume an octahedral structure is quite prominent. 

ro- C0011 + VOS04 -

N 

Like the ami.ne complexes, these compounds also lose on heatingtheco-ordin&teddioUD, 

. .·~~~well known. to have the ability of atabiliaing lower va.lent states ofJDleba.lll in oompleses tJ.g., ill 
Li [Ti(bapy)s]. 3.~-c-tRaO (Herzog a.nd Ta.ulle,. Ange-iD 0'/w,m., 1958, 7i, 469). 
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tctrahydrofuran, 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 st-able vanadium (IV) 
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 
is ad' 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 I .9 B.M. An octahedral 
a2sp'J or a square pyramid d2 t>p2 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 1mlikely that the ligand is also a.ff~cted by the permanganate. 

Two other derivatives of quino.ldinic acid, namely, 5-nitroquinaldin~c acid and 5,6-
benzoquino.ldinic 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. Surprisinglycnough, they failed to give any bluish green product 
with aromatic amines or the heterocyclic bases, the original compounds being recovered 
unchanged. · 

Qui11.qu.evalem Vanadium Complexes 

A curdy white precipitate appears on the addition of quinaldinic acid to aqueo1.1s 
ammonium vanadate. This on purification from hot ethanol gives the composition 
[VO(OH)Q2] 2H20. The compound is diamagnetic. That the alternative formula H[V011-

Q2] 2H20 does not reveal the exact state, is proved through its poor conductance (2.24 
mhos) in methaaol. On allowing a. metha.nolic solution (0.001 M) of the product to stand for 
two weeks, there appeared some glistening olive-green crystals. The compound was then 
prepared by repeated refluxi ng of [VO (OH) Q,.J 2H20 with a large volume of methanol. ThiB 
was found to be identical with the compound (II), described under quadriva.lent vanadium. 
Thus on standing or on reftuxing in methanol [VO(OH)Q,.] is reduced to [VO(H110)Q2 ]. 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 
yie1ds of [VO(py)Q,.]H,.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 [V011Q], which 
should be regarded as a. four co-ordinated complex of vanadium (V). The second product 
has a. bluish green colour, identical with the one obta.inedfrom [VO,.(H,.O)Q,;] by the action 
of pyridine. A similar reaction also occurred with c<·picoline, The compound, [VO,.Q.py] 
presumably has a. square pyramid structure. Corresponding products with aniline a.nd 
dimethylformamide did not give very satisfactory analyses. 

The infrared spectral characteristics of the compound [VO(OH)Q2] 2R,.O were a.lso 
studied. Besides showing the same absorption characteristics a.s shown by [VO(H.O)Q.] 
and [VOQJH20, this compound reveals one extra. band, sharp but of low intensity at 
about 3100 em-•. Biel~g et al. (Zoe. cit) attribute a. weak band at about 3400 CJ:D.-

1 
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to be due to OR in the com~ound_ oxo-hydroxo-bi~~oxina.to-vanadium (V). At- the region 
3400 em-• all our sa.mples, however, show prominent absorption bands. As the ba.nd 
at 3100 em-• does not appear in our other compounds, this may be assigned to the on in 
the compound, oxo-hydroxo-bis-quinaldinato-vanadium (V). In fact, there are evidences 
to show that the OH band appears.near. 3lOO.cm-:-• (Cross, "Practical Infrared Spectros
copy", Bntterworths.Publication, 1960). •• 

TABLE I 
Magnetic measutementB. 

Temp.=35°. 

Cilmpaunde. Dia. corr.Xl.o&. x .. (corr.)XI(Jii, 

[VOQo]H•O 208.4 1236 
[VO(H0.0)Q,] 208.4 1264 
[VO(C5H5N)Q2]H.o0 2ii9.0 1397 
[VO(CH~-C5H,.N)Qo) 2ii7.9 1320 
[VO(r-oH5.NH.)Q.o] 2n8.s 1312 

~H ) [VO(~H•<· ,. Q~t] .:084.9 lfi50 
COOCH:s 

[VO{HN 
5 

Qo] <~H) 
~Hs 

308.0 Inoo 

<CH3) 2i'i0.4 1216 [VO(HCON Q.]HoO 
CH,, 

[VO(C4HeDo)Q:z] 2.)2.0 1129 .. 6 

[VO(C4Ha0)Qo] 2-&7.0 1172.0 

[VO(C4H4 S)Qo]Ho0 26P.5 1238.0 

[VO(H2 0) (BzQ)s] 269.6 1383.8 

[VO(H.0)(nQ)g] 232.9 1056.4 

[VO(OH)Q2 ] 2H~t0 

[V011Q(C,H 5N)] 
[V02Q(CH3 -C5Ho~,N)] 

•Calculated fa-om X" (corr.) usil!g the Cude equation I-Leff=2.8.f. <X" (corr)T)l 

(BzQH=5:8-Benzoquina.ldinic acid. nQH=S-nitroquinaldinic acid). 

o o-CX) ;. . 
v-0-C 

1-Leff (B.M.)• • 

1.75 
1.77 
1.86 
1.91 
1.805 

Ul6 

1.93 

1.7-l 

1.86 
1'.695 
1.74 
l.M 
1.61 

Diamagnetic .. .. 

CO-~-o-E-o_g-0) PY 
__:..---1 ...... -H ~ t --·- N + r""'Y"'a 

0 N ~COOH N OH 

~ 
0 ~ 0 - (""Y"") 
v-o-c~ 
~- N 

0- N 

0 

Picolinic acid, though has the same disposition of the N and COOH, failed to react 
like quinaldinic acid. Quinolinic acid (pyridine-2,3-dicarbo.xylic acid), having a molecu]ar 
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. 
Investiga.tion are also being carri~d out on the complexes of VOC1 3, VCI_. and VC13 with 
quinaldinic a.cid and its derivatives. 

••we have just euccceded i.a isolatins aomB vana.d.ium (ill) oomplaea of quinaldinic a.c.id. This will he 
reported in due oourae. · 
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Reference may be made here to the forma.ti:m of two differently coloured modi6-
rat·ions of Fe(II}-quinaldinic acid complex (RA.y and Boee, Z. anal. Ohfm, 1933. 95, 400) 
M also of cobalt(II)-quinaldina.te (Dutt, this Jrn&rna-l, 19~7, 14, 572). It is worthwhile 
therefore to study the reactions of quina.ldinic. acid with other transition metals. We ha.ve 
alrl'.ady undertaken works in this direction. 

E X P E .R I M E N T A J. 

Quinaldinic acid was prcparl'd from quina.ldine (B.D.H.) by following Ha.mmick's 
proredure (J. Chem. Sor., Hl~:J, 123, 28R2) and was recrystalli~d twice from hot glaci&l 
acetic acid, fumishing light crea.m-l'olourcd fine needles. Va.nadyl Rulphate penta.hydra.te 
was E. Merck'fl product. 5-Nitroquinaldinic acid was obtained by nitration of quinaldinic 
acid (Welcher, "Orr11.nic Analytical Reagent'', Vol. II, p. 206). 5,6-Benzoquina.ldinic acid 
was prE'parcd according to De (D. Phil. thesis, Calcutta. University, 1952). 

O.ru-his p£inaldillntc-~·a1wdium (IV) Monf!h.lJdrate (Crf.rrm).-Quina.ldinic arid (0:5 g.), 
dissoh·ed in wa.~r (200 <'.c.), was treaterl under Rtirring with o.n aqueous solution of va.na.
dyl sulphate (0.25 g. in 10 (',c.). A voluminous cream-coloured precipitate was formed, 
which wns digested on a watc>.r bS:th for half n.n hour, filtered, washf'd \vith water, and dried 
over Ca.Cl~. ~Found. V, 11.58; C, 56.1; H, 3.8; N,6.57; H~O (by lass at ll0°), 3.80. [VO(C,0 -

H602N)2)H20 requires V, ll.SB;C. 5:1.94; H, 3.26; N, 6.53;H.0;4.20% }-. 

A.quo-r.xo-bi.~-qui11altlinalli·t·ar.C1dilm (IV) {Olit•e-gret 11).- (a). An aqueous solut1cn 
of va.na.dylsulpha.te (0.25 g. in5 c.<'.) was added to a hot methanalic soJution of quina.ldm1c 
acid (0.5 g. in 40 c.c.), when the cream-coloured compound separated. On keeping the 
mixture overnight the product turned olive-~recn. The oliv-e-green crystaJs were.filtered, 
washed with methanol, and dried over Co.Cl

2
• ~Found: V, 11.65; C, 56.2; H, a:a;_N, 6.4:2; 

HqO (by loss at 150°), 4.60 .. [\'0(H.O)(C,0 H 60 2N)2 ] r.::quires V, 11.88; C, 55.94; H, 3.26; 
N, 6.:i3; H

2
0, 4.~?t% }. . . 

(b). The oxo-hydroxo-bis-quinaldinato-va.mtdium(V) was dissolved in methanol 
(150 c.c), refluxed on a. water bath for l!i-20 Ius., and then allowed to sta.n~. A crop of 
olive-green crystals appeared which were treated as above. The mother liquor on further 
reflul! iog with methanol produced a f[esh crop of the olive-~reen cryst.11.ls. 

t'yrirli~e-ozo-bi&-quinaldinato-vanadi'Um (1 V) Mmwh'lrlratP.-Tb.e freshly prt>ps.red 
crea.m-colouredcompound waswa.shed. with water, sucked dry, and then heated with d!std
led pyridine. (lOc.c.) on the water bath under reflux. The crea.m-colouredcompoundread
ily dJssohred producing. a greenish solut1on "·hich soon deposited a. fine bluish green cryst
allme product. After half an hour, tht>mixture was cooled, th.: product washed with ethanol 
first by decantation and then on the fi1ter iiih free or pyridine, and dried ·over Ua.Ut.. 
~Found: V, 9.80; :N, 8.46; (C3H5N+H~0), 19.3. [VO(C5H5N)(C,0HsO~N),.j' R,.O requtre.~ 
.Y, 10.04; N. 8;27; (C5H5~+H110), 19.1% ~-

The sam~ compound was also ob~ined from the freshly prepared olive-green variety. 
[Found: V. 9.86; (C

5
H

5
N +H,.O), 19~1 %], The substance liberates pyridine on heating 

with NaOH solution. 

Pyridin(.·=o-bis-qv.inaldinattJ-vaTtadium (IV) w~~os Qb~ned u~n~ anhrdrous [VOQ~J 
10 
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and anhydrous pyridine. {Found: V, 10.70; C5H,N{by loss at 130°), 16.70. [V0(03H~)· 
(C,.,H60 11N).] requires V, 10.41; G5H5N, 16.12% ~- . 

o<-Pif.':~line-ozo-bia-quinoltlinato-va7'1arlium (TV).-To quinaldinic acid (0.5 g.), dis
solved in e~hanol (10. c. c.), was added o<-picoline (10 c.c.), followed by a.n aqueous solution 
of vanadyl sulphate (0.25 g. in 5 c.c.). A clear greenish brown solution was formed, which 
slowly deposited fine bluish ~een cryst&ls. These were filtered next day, washed with 
ethanol, and nna.lly dried over CaCI •. The compound, however, could nl)t be prepared by 
following the procedure for the pyridine complex. ~Found: V, 10.30; CH3.C5H 4N, 18.11 
(by loBS at 130°). [VO (CH3• C5H-~,Nl (C,.,H60 2N)J] requires V, 10.12; CH3 .C!!H4N,18.45% ~-

Aniline-ozo-bis-qui11aldiMlo-va7'1arlium (IV) was obtained n.s light green microcrys
ta.ls as in the case of the p)'l"idint.> complex, using aniline (15 c.c.). ~ Found: V, 10. 15;N, 8.10; 
C&H5 .NH., 19.0. [VO(C6H5NH.) (C 10H60.N).~ r£'quiresV,10.12;N,8.:}3;C&H5NH.,, 18.45% >· 

Methylantkranilatr.-oxo-biB·flUi11aldi?wto-t"a7'1adium (IV) was prepared like tbe 
o<-picoline compound using methylanthranilate in place of o<-pico1ine. The cream-colour

ed compound, first formed, slowly rhanged to pale bluish green. After keeping overnight, 
the crystals were filtered, washed with ethanol and dried over CaCJ.. ~ Found: 
V, 9.30; N, 7.20. lVO(C&H4(NHg) (CO~.~Mo) (020H 60,.N) 11] requires V, 9.0~; N, 7.47% ~-

Diphenylamine-ozo-bis-quinaldi11ato-t:anadtum (IV).- Quinaldinic acid (0.5 g.) and 
diphenylamine (5 g.) were hr.ated in ethanol (70 C.(:.) on a water bath underreff.ux. Vana.dyl 
sulphate (0.25 g. in 5 c.r. w-ater) wag then added and the mixture reftuxed for 2 hours. 
The cream-coloured preeipitate changed to-light green. This was then filtered, washed, 
and dried as usual.~ Found: V, 9.03; N, 7.11. [VO ~HN (Ph) 2 (C,.,H60 2 N)11 ] requiresV,8.79; 
N, 7.24% )-. 

DimethylJormamitle-ozo-bis-q'lli11aldinatC'-t'll11adi'llm (IV) mo1wliydrate wa!l prepared 
like the pyridine complex using dimethylformamide instead of pyridine. This fonned btr.lutj. 
ful dark bluish green crystals.~ Found: V, 9.96; N, 8.38; HCON(CHs)2 +H.O (byloSB at 
130°), 18.62. [VO.(HCONMe2 ) (C,.,H60,.N)11]H110 requires V, 10.16; N, 8.37. (HCONMe1 + 
HaO), 18.12% >-

The dioxane and the tetrahydrofuran compounds also were obtained aH above. 

Dio:z:an-oxo-bis-quiflald.i11atc-va11adi'llm (IV): {Found: V, 10.01; C4H80 8 (by loSB ~t 
130°), 18.1. [VO (C4Ha011)(C[0 H&011N)11] requires V, 10.22; C 1Ha08 , 17.60% ~-

Tetrab.ytlrojuran-ozo-bia-quiflalcU'IIato-t:a7'1adi'li.m (lV): { FcWld: V, 10.40; C4H&0, 
14.74. [VO(C4 Ha0) (C, 0H&011N)11)] requires V, 10.55; C4 Ha0, 14.90% ~-

Th-iop'hen-o:z:o-bia-qui11aldiflato-m11atli'IJ.m (IV) M~;noli?~'rlrate.-The solution of quin· 
aldinic acid (0.7. g.) in thiophen (10 c.c.) and ethanol (10 c.c.) wa.s heated ~der reflux 
(water bath) and treated with the va.nadyl sulphate solution (0.6 g. in 6 c. c. water). Imme
dia.tely a bluish green compound separa.ted; the mixture was refluxed for half"an heur, 
filtered, washed, and dried as usug,J. {Found: V, 9.6; (C4H,S+H110), 19.67.[VO [C41H,~)
(C • ..He0.N)JH110 requires V, 9.94; (C,H,S+H110), 19.88% )- . 

.Aquo-ozo.fria-5-nitroqunaldi1lato-vanaclium{IV).-To 5-nitroqQ.inaldinic acid (0.5 g.), 
dissolved. in almost boiling water (300 c,c.), vanadyl sulphate (0.2g. iD 10 o,c. water) w.e 
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added. A pale apple-green compound was obtained, which was washed with hot water, 
then with ethanol, &P.d dried over CaC1a. ~Found: V, 9.48; N, 10.96; H.O(by loss atl50°), 
4.3. [VO(H20) (N02 .C,0H50 11N)2] requil·es V, 9.78; N, 10.75; H 20, 3.4% >· 

A.quo-oxo-bis-5,6-bP.nzoquina/dinato-t:a'llotUum (IV).-· To 5,6-ben.tc quinaldinic acid 
(0.6 g.), dissoh·ed in. ethanol (50 c.c.), was added VOS04.5H20 (0.25 g. in 5 c.c. water). A 
deep cream-colourtd compound separated which was filtered, washed with ethanol, and 
dried over CaC12 • i Found: V, 9.23; N, 5.26;_ H20 (by loss at 150°), 3.5. lVO (H2 0)(CnHu.· 
0 2N)2 ] requires V, 9.56; N, 5.26; H 20, 3.37% ~. The vanadium (IV) complex could not be 
prepared in aqueous medium only due to the extreme insolubility of the reagent. 

Ozo-hydro:ro-bis qwinaldinalo-va11adium (V) Dif.ydrulP..-Ammonium vanadate (0.2g. 
in 15c.c. water) was added to quino.ldinic acid (1 g. in 150 c.c. water) when a yellowish 
white precipitate separated. It was digested on a water ~lath for half an hour, filtered, and 
finally recrysto.llised from hot ethanol i Found: V, 10.85; N, 6.03; H 20, 7 .20. [VO(OH)
(C10H,;O.N)2] :2H 20 requires V, 10.99; N, 6.03; H.O. 7.75% ~-

Pyridine-dio:ro·mo?!Of]Ui11aldi?lato·t'fl.fladium (V).-'Ihe compound, oxc-hydrcxo·bJs
quina.ldina.to-vanadium (V) was prepared, as described before, and was then treated with 
pyridine (7-8 c.c.). The mixture was warmed on a water bath for half an hour, when a 
clear solution was obtained. This, on cooling in icc, furnished colorless crystals which were 
filtered, washed with ice-cold water, and dried as usual. i Found: V,15.01; N, 8.44. C

5
H 5N 

(by loss at 170°), 23.25. [\' .. 0 2(C5H:.N) (C, 0H 60 2N)] requires V, 15.26; N, 8.38; C
5
H5N, 

23.65%. Fo1md: V, 19.54; N, 5.91. [VO.(C, 0H 60 2N)[ requires V, 20.00, N, 5.49% ~· 

c(.Piroline-dioxo-mo11oqtti11aldi11ato-t·a11adium (V) was obtained as above using 
o<:-picolinde in place of pyridine. i Found: V, 14.63; N, 7.99; CH3C5H 4N(by loss at 210°), 

26.79. [V02 (CH3C5H 4N) (C, 0H,4N) requires V, 14.6~; N,8.04; CH3C
5
H 60 2N, 26.72% ~· 

Found: V, 20.00; N, 6.01 [VO.(C, 0H 60 2N)] requires V, 20.00, N, 5.4L%. ~-

A11alytical M"thoda.-Vanadium content was determined either by decomposing 
the complex with HNO, and H.S04 and then igniting to V20 5 

or by igniting the complex 
under a thick layer of oxalic acid to the V 20 5 

stage. Nitrogen was estimated by combustion 
technique. 

X-ray Mea.mrement.-X-ra.y powder photographs ,,·ere taken with Phillips PW 
1010 X-ray unit with Phillips Debye-Scherrer camera. with 57.3 mm diameter using 
CuK c( radiation . 

.Magnetir; Measurtm1-11ta.-'l'he magnetic moments were determined by the Gouy. 
method using a. semi micro Mettler balance for measuring the difference in weight and 
with a. field strength of 9.26 gauss. Dia.ma.gntotic corrections were taken from Selwood 
••Ma.gnetochemiatry", Interscience, New York, p. 7~, 1956). 

The infrared spectra were sca.nned on a. Perkin-Elmer 21 Infrared Speclirometer 
using KBr disc technique. 

The pyrolysis curves (Fig. 4 and Fig. 5) were recorded. in a Chevenard thermo balance 
(o.pproxim~te rate of heating, 5'" per minute). 
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