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The formation of vanadium(V) complexes has been examined potentiometrically by the method 
of acidimetric titrations of aqueous so lutions at pH 7- 5. The composition has been determined 
and the formation constants have been calculated for the oxalate chelates VOzOx~ - and Y02 0x . 
. (OH/-, the maltol chelate VOzA;, the ternary complex VOzOxA2

- , and for binuclear 
and tetranuclear complexes with tartrate, glycolate, sorbitol, and mannitol. The structure of the 
complexes is discussed in terms of the consumption of protons for their formation. 

Tn acid aqueous solutions (pH < 1), :he noncomplexed vanadium(V) is present 
in the form of YO; cations l

; as the acidity is decreased, yellow decavanadates 
H 2V 1001s, HV 100~S' and V 100~S appear. Highly dilute solutions contain the 
V03' (metavanadate) species at pH ~ 8 and the HVO~- species at pH ;;:; 10; at 
higher vanadium concentrations, these mononuclear anions are in equilibrium 
with the binudearz HV 20~ - species in more alkaline solutions and with the tri­
nuclear V30~- and the tetranuclear V4 0i2' species in less alkaline solutions. In 
approximately neutral solutions the decavanadates decompose slowly3, which 
hampers the study of vanadium(V) systems in weakly acid solutions and makes 
impossible an accurate determination of the equilibrium protolysis constant for 
the conversion of YO; to V03'. Complex compounds of vanadium(V) are formed 
in highly acid solutions by substitution of the water molecules in the VOZ(OH2): 
species for ligands. In approximately neutral aqueous solutions, complexes arise 
from a condensation reaction of the solvated metavanadate with the complexing 
agent; molecules of water emerge as the side product of this second kind complexing 
reaction4. Acid solutions are optimal for the reduction of V(V) by some reagents 
such as o-diphenoI5 ; the reduction to V(IV) is manifested by a blue colour. In nearly 
neutral solutions V(V) is not reduced or the reduction is very slow. Neutral or alkaline 
solutions are to be acidified cautiously, because the kinetically almost inert deca­
vanadates can form even during a short-term local acidification in solutions with 

pH> 8. 
In vanadium(V)-oxalic acid (HzOx) aqueous systems, the VOzOx~ - and V020x­

complexes have been identified6
-

11
. The complete X-ray structure analysis 12 of the 

salt (NH4)3V020XZ points to a somewhat distorted octahedral configuration of the 
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oxygen atoms about the central V5+ ion. The oxygen atoms of the YO ; group are 
in the cis posit ion and their dist a nces from the central atom are not quite identical, 
nor are precisely identical the bonding di stances of the oxygen atoms in the chelate 
ring. 

The coloured compounds of vanadium(V) with maltol (3-hydroxy-2-methyl-4-py­
rone, HA) have been studied photometricall/ 3

, 14. The yellow VOzA; complex 
appearing in neutntl so lutions is transformed into the violet HVO zA2 and the blue 
Hz VOzA; species on acidification . The complex acid HV02A2 in acid aqueous-me­
thanolic solutions is readily transformed into the red ester VO(OCH3)Az . The lesults 
of a number of investigations of vanadium(V)-tartaric acid (H2 T) mixtures are 
mutually inconsisten t , thus indicating a complexity of the system . In the studyl S. 
the formation was proved of yellow-orange tartrate complexes with divanadate (1) 
a nd tetravanadate (11) in which tartrate is bonded to vanadium via two oxygen atoms 
of the hydroxy groups and two oxygen atoms of the carboxy groups. The system 
of vanadium(V)- glycolic acid (HG) was studied l6 by potentiometric titrations at pH 
7-4; the V4 0 ll G i - and V205G~ - complexes were identified, the glycolate being 
supposedly bonded in them as a monodentate lig~\nd. This assumption, however, 
is in contrast with the observed behaviour of glycolate in the chelation of B(III) 
(ref. 17), Ge(IV), and Mo(VI) (ref. 18

). Of aliphatic ex-hydroxy acids, mandelic acid 
was studied 19 as a chelating agent for vanadium; here , too, polynuclear complexes 
were found, two phenyl ace ta te groups being coordin ated to a divanadate or a cyclic 
tetravanadate. 
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In neutral solutions of alcoholic sugars, sorbitol or mannitol (Su), lightly yellow 
tetranuclear vanadium complexes are formed, two molecules of reagent being bonded 
to a tetravanadate I9

.
zo . On acidification the complex is protonated and acquires 

red colour. No reduction of vanadium(V) by alcoholic sugars has been observed 
in approximately neutral solutions. 

EXPERIMENTAL 

A quantity of NaV0 3 .2 H 2 0 (Reakhim, USSR) was dissolved in water and the content of vana­
dium(V) was determined by titration with a ferrous salt using potentiometric indication. Sodium 
oxalate, sodium potassium D-tartrate, and potassium nitrate p.a. (Lachema, Brno) were used 
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wi th no pretreatment. Maltol p.a. (Merck, Darmstadt). tl-sorbitol, and o-mannitol of pharmaco­
poeial purity pro ill/wi were dried over silica ge l in a vacuum dessicator prio r to use . A solution 
of sodium glycolate was prepared by neutralization of glycolic acid (pure grade, Lachema, Brno) 
with sodium hydroxide using phenophthalein as indica to r. The O·IM-HN0 3 titrant solution wa s 
adjusted to I =~ 0·5 using po tass ium nit ra te. 

The potentiometric titration cur ves were record ed on a n appa ratll s of Radi o meter, Copen­
hagen, comprising ABU-12, PHM 26, TTT II , and SBR-2c in strument s; the electrode system 
co nsisted of a G 202 B glass electrode and a K 401 calomel electrode. The pH-meter was stan­
dardized by means ofa phosphate buffer, pH 6·50 :1: 0 ·02, and a phthalate buffer , pH 4·00 ± 0·02 
( in the con ventional activity pH scale). The solutions we re made up at lea, t 24 h before the 
measurement; the ionic strength of the solutions wa s adjw,ted to 1 ,= O· 5 by using KN0 3 . The 
temperature was held at 20 ::!.: 1°C during the titrati ons. The equilibrium was rega rded as es ta­
blished when on interrupting the titration the pH remained comtant for a minimum of 10 min . 
The titration curves served for the calculation of the -= function, representing the average number 
of moles cf hydrogen ions taken up in the reaction with one mole of vanadium as VO :; o r (VO:;)11" 
The equilibrium constants were calculated in terms of the ac tivity cf hydrcgen ions and con­
centrations of the remaining component s. 

The calculations of the equilibrium constants were performed by employing the POT-L ETAG 
program21 modified for a faster performance . The minimiza tion procedure LETAG seeks for the 
"optimum" val ues of the equilibrium constants yielding the best fit of the calculated 2 val ues 
(:'calc) to the observed data (zobs) · The fit was estimated in te rms of the quantity U ~)2obs -
-~. 2c.lc)2, the minimum value of which was sought. The program then calculates the S quantity 
referring to the standard deviation of Z (see Table I caption) and the expression slog K = -1 . 
. log (K + s) - 110g (K - s), where K is the average equilibrium constant and s is its standard 
deviation2 2. 

RESULTS 

Solutions of the reagents, viz. NaG, Na2 T, Na 2 0 x, and CH 3COONa, in a concentra­
tion of 0, 15 moll - 1, and similar solutions containing, in addition , Na V0 3 in a con­
centration of 0'02 moll- I, were titrated with acid in the region of pH 9 - 5, The titra­
tion curves ofvanadium(V) alone and in a mi xture with acetate are identical in shape, 
the solution turns yellow and protons are taken up at pH < 8·5, In nonchelating 
media the kinetically nearly inert decavanadate is formed ; the solutions remain yellow 
even several hours after their alkalization. In thi s respect they differ from the yellow 
chelates of vanadium(V) with tartrate , maltol , or alcoholic sugars, which decom­
pose on alkalization and the colour disappears. Consumption of acid for the titra­
tion of solutions of the reagents alone takes place at pH < 6; the titration curves 
of solutions containing V(V) and a chelating agent are identical in shape at pH 9 - 8; 
consumption of protons is observed in oxalate solutions at pH < 8 and in tartrate 
and glycolate solutions at pH < 7·5. At pH < 6 the titration curves exhibit an ill­
-developed potential jump, from which the number of protons consumed per vana­
dium(V) atom in metavanadate can be estimated to be two in oxalate, one in tartrate, 
and 0·85 in glycolate solutions. Reduction of V(V) by tartrate or glycolate at room 
temperature could be observed after 24 h only at pH < 3; the leaction was accom­

panied by a blue colouration of the solution. 
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Vanadium(V) - Oxalate System 

The titration curves were recorded ror solutions whose composition is given in Ta­
ble 1. The solutions remain nearly colourless, the complex rormed has a yellow-green 

TAIlLE r 
Parameters of the reaction "H + -;- m VO) + x X + y Y = product + IV H 20 conducted 
at 20 ± 1°C, I = 0-5 (KN03)- The productsare formulated conventionally without the I110lecules 
of bonded solvent; for the complexes with alcohol ic sugars, the Su H ~ -; I igand is considered 

Parameters 

" 111 X Y 

I 0 I -
o 3 0 --
o 4 0 --

2 --
I I I -

1 0 I --
o 3 0 -
040 -
442 -
I 2 I -

1 01 -
030 -
() 4 () -
242 -
2 2 2 -

Prod u<.:t of the react ion Labellin g 
reaction 

log K ± s_ 
_(l og Kt % 

Binary system with oxalate (Ox2 - ); C v = 5 and 20 mmol 1- 1. 

cx/Cv = 2-5. 5-0. 7-5d, Z = 0 '2- 1- 8, pH 7-6 -6-0 

tlOx 3-56 
V30~ - A 7-20 50-4 

v4oi2 B 10-15 35- I 
V020X~ - C 17-42 ± 0-002 8-- 58 
V010x(OH)Z - D 8-58 ± 0-03 3- 12 

Binary system with tartrate (T 2 
- ); C v = 5 and 20 mmol 1- t , 

ex /c v = 2-5 . 5-0. 7-5d
, Z = 0-1 - 0-8 , pH 7-3 - 6-1 

HT - 3-68 
V30~ - A 7'20 52-6 

v40i2 B 10·15 35 - 2 
V4Os(TH _ 2)i - E 39·75 ± 0·008 2-68 
HV 205(TH _ 2)3 - F 11 -82 ± 0·02 10-27 

Binary system with glycolate (G -); Cv = 5 and 20 I11moll - I , 

ex /e y = 4·4 and 6'6d, Z = 0'1 - 0'9, pH 6,9- 5·2 

HG 3'52 
V30~ - A 7·20 54 - 2 

v40iz B 10· 15 35-0'3 
V 4010(GH - 1)i- G 25·42 ± 0'002 8- 49 
V z0 4(GH_ t)~- H 18·66 ± 0·007 2-79 

Parameters 
of calculationC 

U = 4-3 _ 10- 2 

S = 0-028 
{J = 54 

U = 8-6 _ 10 - 3 

S = 0-014 
p = 44 

U = 9'6. 10 - 3 

S = 0'015 
p = 46 

Ternary system with oxalate (X = Ox2- ) and maltol (Y = HA) 
ey = 5 mmo\\ - t, ex /ey = 7· 5, ey/e y = 2· 5 and 5'0d, Z = 0'2-\'9, pH 6·9-4·8 

o 1 0 HOx- 3·56 U = 3·7. 10 - 3 

2 I 2 0 V020X~- C 17-42 1-63 S = 0·016 
1 1 1 0 VO zOx(OH)2- D 8·46 0,1 - 0,5 p = 17 

o 1 0 2 V02 Ai' I 7' 31 ± 0'01 80-4 
1 1 1 1 VOzOxAZ

- J 12·67 ± 0'02 18-50 
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TAIlLE I 

(Co l1lillllcd) 

Parameters 

Iz 111 X Y 
Product of the reaction Labellin g 

reaction 
log K 
. (log K)" 

a" 

2789 

Parameters 
of calculationC 

Ternary system with tratrate (X T2 - ) and a lcoholic sugar (V = Su)" 

Cv = 10 mmoll- t , cxlcv == 5d
• cylex 2· 5. 5'0. 10·0 (so rbitol), 6'25, 12· 5, 25·0 

(mannitol). Z 0' 1- 0,9. pH 6,9 - 5,6 

I 0 I 0 HT 3·68 U = 76. 10 - 3 

o 3 0 0 V30~ - A 7·20 14 - 0 4'2. 10 - 3 

o 4 0 0 v.+oiz B 10·15 5-· 0 5 0·017 
2- 0 0·013 

4 4 2 0 V.+°8 (TH_ 2)i - E 39·79 ± 0·02 1- 83 jJ 27 
39·8 1 :1: 0·02 2 - 83 

I 2 I 0 I-IV 2 0 5(TH _ z)3 - F 11·62 0'18 2 -- 8 25 
11 ·64 ± 0'31 1- 4 

o 4 0 2 V.+Oto(SuH _ z)~- K 14·47 :1: 0·02 59 - 1 
13·87 0·03 37 - 0 

o 2 0 2 V204(SuI-L2)~- L 6·86 0·04 28 - 1 
6·87 0 '01 53 - 3 

2 4 I I V 4 Oq(TH _ z)(SuH _ 2)4- M 27·29 0'03 10 - 34 
27'11 ± 0'03 9 - 33 

(j K is the mixed constant; the s(log K) value is given only for those constants that were optimized 
for the system in question; b a 100m [productl /cv ; the higher a value is given first for those 
complexes only that are present in neutral solutions at the beginning of the titration and whose 

p 

concentration diminishes on acidification; C U = L ( z obS - Zcalc)z, 5 = [UI(p - q)ll/z, where p 
i ~ l 

is the number of experimental points and q is the number of optimized equilibrium constants; 
d all the possible combinations of the cv. exlev , and cy/ev values were used; e where a pair of 
data is given, the first value pertains to sorbitol, the second to mannitol. 

tint. Solutions contall11l1g oxalate in lower concentrations (cox/cv = 1·5 or 1'0) 
turned yellow on account of the forming decavanadate; the titration curves were not 

evaluated . 
Assuming that the reaction taking place in the solution is 

(N) 

with the equilibrium constant K N , and defining the z quantity as 

z = h[MLnJ /cM = h[MLnJ /([MJ + [MLnJ), (1) 
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we have 

pH = (n /h) log [L] + (I /h) log KN + (1 /11) log [(II - z)/z] . (2) 

In the form 

pH = f(log L)z=cansl' (3) 

the plot of Eq. (2) is linear and its slope is nih. ]n the presence of polynuclear com­

plexes, function (3) is to be eva luated only for a constant CM' An approximate value 

of the constant K N , suitable for entering as input data for the calculation , is obtained 

from Eq. (4) which is valid for z = h/2, 

(4) 

The titration curves in oxalate solutions display a jump at z ~ 2, indicating that 

h = 2, and function (3) leads to nih. = 1 The KN values calculated from the experi­

mental points inserting n = h = 2 were different for the two CM values, hence , 

polynuclear species are involved in the equilibrium. Data of the formation of trivana­

da tes and tetravanadates (reactions (A) and (B) , Ta ble]) were taken from ref. 23 The 

processed data for the assumed reactions (A), (B), and (C) give a reasonably small 

value of S = 0·042; thus the principal product of the chelating process is Y020X~ - . 

By taking into account reaction (D) as a supplementary process, a considerable 

decrease was obtained of the differences between the observed and the calcula ted z 
values, a nd the S value dropped down to 0·028. Hence, the Y020x(OH)2 - species 

appears to a lesser extent as well. We failed to detect the V020x - complex whose 

formation in acid so lutions has been reported 7
; presumably, it arises from a protona­

tion of the V020x(OH)2- complex in more acid solutions. The constants listed 

in Table I characterize the equilibrium of formation of products from the starting 

mononuclear components. In the solutions studied, trinuclear and tetranuclea r 

complexes predominate at the beginning of the titration, and are transformed into 

oxalate complexes on acidification. The transformation of the oligovanadate into 

the mononuclear complex is a real equilibrium characterizing the situation in the 

solution. The value of the constant for this real equilibrium can be calculated from the 

equilibrium constants given in Table J. 

Vanadate(V)-Tartrate System 

Tartrate solutions (I = 0·5, NaN03) were titrated at pH 4·7 - 3·2 in the absence 

of vanadium to afford the dissociation constants of tartaric acid, pK.l = 2·675 ± 
± 0·02, pKa2 = 3·685 ± 0·001 (S = 0·001 , 13 points). Colourless solutions of Na . 

. V03 with NaKT (for details see Table I) turn yellow to red on acidification. The shape 

of the curves z(pH)cM,cT = canst. depends considerably on the concentrations 
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of both tartrate and vanadium , thu s indicating the presence of polynuclear species. 

The plot (3) for a constant C~t is linear and its slope gives the value of nih, 0·51 

to 0·58. The inexpress ive potential jump on the titration curve indicates the con­

sumption of one mole of hydroge n ions per mole of metavanadate, hence, the com­
ponents react in the ratio va; : T 2 ·· : H + = 2: J : 2. The predominating forma­

tion of such a binuclear complex was not confirmed by the POT-LET AG analysis; 
a better fit was obtained for the tetralluclear complex, the S value for reactions 

(A), (B) , (E) is 0·056. A number o f other equilibria were al so tested and the optimum 

was reached if the binuclear complex (reaction (F)) was assumed to be also fOfmed 
in a small amount; this complex appears mainly at higher pH values. 

Vonadium(V) - Glycolate System 

The dissociation co nstant of glycolic acid , as obtained from a se t of 9 point s of the 

titration curve of sodium glycola te in the region of pH 4'6-3'1 , is pKuJ = 3·520 ± 
± 0·001 (S = 0'001). The colourless solutions of vanadium(V) and glycolate titrated 
with acid acquite a slight yellow-green tint if glycolate is present in a sufficient excess. 

Solutions with the cG /cM ratio of 2·5 turned yellow on account of decanadate formed; 
their titration curves were note valuated. The plot (.1) for a constant CM gives the nth 
ra tio in the region of 0·76 to J ,01. This , along with the inexpressive jump on the 

titration curve at :£ ~ 0'85, indicates roughly the proportion va;: G - : H + = 

= I : 1 : 1. The POT-LETAG program gave an unsatisfactory fit to the experiment 
for the mononuclear complex (S = 0'096) and a slightly better fit for the binuclear 

complex (S = 0 '083). The minimum deviation s of the calculations from the experi­

mental data were obtained with a model involving equilibria (A) , (B), (G), and (H) 
(Table I). The distribution diagram shows that at the beginning of the titration, the 

tetranuclear complex with two glycolates is predominantly formed, turning into 
the binuclear chelate, also with two glycolates, on acidification. 

Vanadium(V)-Maltol System 

If neutral solutions of vanadium(V) and of maltol are mixed together, yellow colour 

appears, while the acidity remain s unchanged. This implies that hydrogen ions 

do not take part in the reaction of maltol with metavanadate, and such reactions 
do not lend themselves to study by neutJalization titrations. For an indirect investi­

gation, two solutions of maltol (c = 0·025 moll- J), one free of vanadium, the other 
containing V(V) in a concentration of 0·01 moll-I, were titrated with O'lM-NaOH, 

and the neutralization of maltol as a weak acid was followed (pKa = 8·59 for I = 0'5 
and t = 200 e). The consumption of the base neces5ary for attaining a pH value 

in the former solution was five times that necessary for attaining the same pH in the 

latter solution; this ratio was constant at pH < 8'5. It can be inferred that a complex 
was formed with the V : A ratio of 1 : 2 and that only the excess maltol not bonded 
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in this complex was titrated. The complex is highly stable; otherwise an enhanced 
con sumption of base would be observed on account on its reaction with both mal tol 
and metavanada te if these were released from the complex on its decomposition. 

A solution with Cv = 0·01 moll - 1 and CA = 0·03 moll - 1 was titrated by acid; 
values of z = 0'18 - 1· 10 were obtained in the region of pH 3·7 - 2·0. The computer 
analysis of a set of 8 points of the titration curve pointed to a two-stage protonati on 
of the mononuclear complex, 

(0) 

(p) 

values of log Ko = 3·07 ± 0·007 and log Kp = 4-49 ± 0·016 (S = 0'007) were 
calculated. The electroneutral VO(OH)A2 species is violet in colour, the V(OH)2A~ 
cation is blue. 

Oxalate was employed as a competitive ligand for the determination of tbe stability 
of the V02A;- complex. When the neutral solutions whose composition is given 
in Table I are titrated with acid, the maltolligand is replaced gradually with oxalate. 

Since there are no oligonuclear vanadates present in solutions with excess maltol, 
the equilibria (A) and (B) were omitted from the evaluation. Virtually no V020x . 
. (OHy - was found to be present in the solutions under study, the gradual coordina­
tion of oxalate gave to the ternary complex V020xA2-, forming primarily at the 
beginning of the titration and at higher pH values. -

VOllodium(V)-Alcoholic Sugo/' Systems 

Yellow colour appears in neutral solutions ofvanadium(V) on the addition of sorbitol 
or mannitol, the pH remaining constant. The yellow colour changes to red on acidi­
fication. The red solutions lose their colour very slowly on alkalization; the presence 
of decavanadate is here conceivable. These red solutions were not subject to a de­
tailed investigation. The titration curves of the vanadium(V)-oxalate system are 
very slightly affected by alcoholic sugars, hence, oxalate does not constitute a suitable 
competitive ligand for systems with alcoholic sugars. Tartrate, on the other hand , 
proved to act as a competitive ligand, the shape of the titration curve for the van a­
dium(V)-tartrate system being affected by additions of the oligoalcohols. The solu­
tions contained "noncomplexed" oligovanadates, binuclear and tetranuclear tartrate 
and oligoalcohol chelates, and a tetranuclear chelate involving both tartrate and the 
alcoholic sugar. The optimum agreement between the calculation and the experi­
ment was attained for the model given in Table I. For this ternary system the equi­
librium constants of reactions (E) and (F) were also optimized. The equilibrium 
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constants found in the vanadium(V)-tatrate binalY system and in the vanadiul11-
- tartrate-sorbitol a nd vanadium- tartrate- mannitol ternary systems are mutually 
fairly consistent. 

DISCUSSION 

Vanadium(V) form s readily complexes in which the coordination number of the 
cen tral atom is six!2. It can be thu s assumed that in aq ueo ll s so lutions of meta­
vanadate (which is a mononuclear uninegative vanadate , uSllally written as VO~n 
the central atom is in a bonding relation with six donor atoms. The great majority 
ofvanadium(V) complexes involve the VO; group. Assuming that thi s group remain s 

also in the hydrated metavc\nadate, it s formula is V02 (OH)1(OI-l1)2" (formula 1/1). 

The reactions of me.(avanadate with the reagents under stu dy are second order 
chelating reactions4

, water being produced by condensation during the chelate 
formation. The way of coordination of a molecul e of ma ltol to metavanadate is 
depicted in formula 1 V. The reacting partners possess ju ~: t the number of potentially 
acid hydrogen ions that is required for the forma tion of water molecules when two 
coordination si tes are made free for the bonding of the ligand (0 the central atom; 
therefore the reaction proceeds with no participa ti on of hydrogen ions. The binega­
tive oxalate anion OX1- has one acid hydrogen less tha n maltol , therefore the co­
ordination of an oxala te anion as shown in formula V requires an "ex ternal" proton, 
not delivered by the reacting metavanadate or oxalate (shown in circle in the formula). 
The coordination of maltol or oxalate represented by formulae 1 Vand V, respectively, 
takes place both during the formation of binary complexes a nd during the formation 
of'the ternary chelate of vanadium with maltol and oxalate. Maltol as well as oxalate 
forms highly stable chelates with vanadium(V). The bonding of the ligand to the 
central atom is here strong enough to bring about a breakdown of the oligovanadates; 
thus only mononuclear complexes are formed in the presence of a sufficient excess 
of reagent. The remaining reagents under study, being bonded less strongly to vana­
dium(V) in applOximately neutral solutions, are unable to disturb the oligovanadates 
even if present in a high excess, and the complexes are oligonuclear. 

In general , there are three possibilities of how the glycolate ligand can bond to the 
centra l atom. The coordination via the oxygen of the carboxy group solely gives 
complexes analogous to acetate complexes. Stable glycolate complexes of this type 
can be assumed to occur only where the analogous acetate complexes are known 
to exist, which is not the case with vanadium(V) in nearly neutral aqueous solutions. 
The second possibility of coordination of glycolate is via the oxygen of the hydroxy 
group solely. In fact , esters have been reported 13 to form in aqueous solutions, but 
these only exist in acid media , whereas the reaction with glycolate takes place even 
at pH ~ 7. The third possibility of coordination involves both functional groups17 ,18. 

Chelates of this kind, which are fairly stable, have been identified 14.15 by structure 
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analysis of tartrate complexes. In polynuclear complexes, glycolate can form 
a bridge connecting two central atoms. The coordination of glycolate to one central 
atom results in a stable five-membered chelate ring, and this way of bonding seems 
to be the most likely al so in oligonuclear complexes. 

The chelating agents : maltol (HA) and glycola te (G - ) are alike in that both 
of them contain a donating oxygen substit ,lted with a potentially acid hydrogen, 
while the second donating oxygen is free and can be bonded directly to the central 
ion. Such reagents can react in the absence of hydrogen ions (formula I V), or also 
with a consumption or liberation of protons (formulae VI and VII , respectively). 
The experiments show that the reaction of metavanadate with maltol does not involve 
hydrogen ions (formula I V), whereas in the chelation of glycolate to oligovanadate 
(VO; )", one proton is taken up by each glycolate , indicating that the reaction is of the 
type characterized by formula VI. In oligovanadates of the (VO ;- )" type the meta­
vanadate units are joined via V- O - V or V- (OH)- V bridges. The bridge formation 
was associated with the consumption of two hydroxy ligands in the former case 
(formula VHf) or of an OH ligand and an OH 2 ligand in the latter case (formula IX) . 
In the oligovanadates joined exclusively by V- O-V bridges the number of OH 2 

ligands is identical with that in the metava nadate by condensation of which they 
were formed. In linear oligocondensates with V-O-V bridges, each of the terminal 
members of the chain contains one OH group, while cyclic oligomers contain no OH 
groups at all. Such oligocondensates can react with glycolate in the way shown in for­
mula Vll, and only vanadium at the end of the linear chain can take part in the 
reaction represented by formula I V. If the (VO;-)" oligovanadates are joi~_ed 
by V-(OH)-V bridges solely, then the ratio of number of nonbridged OH ligands 
and of OH2 ligands in them is the same as in the metavanadate. Such oligovanadates 
can react with glycolate according to formula I V, and only vanadium at the end of the 
linear cha in, also according to formulae VI or Vll. The YO; group, typical of mono­
nuclear vanadium(V) complexes , is not always preserved in the oligonuclear, com­
plexes, such as represented by formulae I and II taken from ref lS

. If two hydroxy 
ligands arise from the interaction of a molecule of coordinated water with the oxide 
ligand in the VO; group, the oligovanadates characterized by structures X and XI 
result. Here the reaction of glycolate can be assumed to correspond to formula VI 
only; for the terminal member of the linear chain the reaction according to formula IV 
is also conceivable. 

The structures of the binuclear and tetranuclear complexes with glycolate, whose 
composition is given in Table J, can be derived from formulae X and XI so that two 
GH:'~ glycolate ligands are bonded to them in the manner indicated in formula VI. 
A tartrate anion, T 2

-, contains two -CH(OH}-COO- groups, and so the co­
ordination of a T2 - ion during the formation of the tetranuclear complex is associated 

with the takeup of two protons; the way of coordination is shown in formula VI, 
and the tartrate is bonded to two adjacent central atoms (formula XIII). In the 
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formation of the binuclear tartrate (formula XI1) one proton is used for the coordina­
tion of a T2 - anion. In this case a half of the tartrate is bonded to one V(V) as shows 
formula IV, the other half is bonded to the other V(V) as corresponds to formula 
VI. Our formulae Xll and XllI differ from the formu lae I and II taken from ref. ls 

on ly by two or four molecules of bonded water. 

H20 ",,? /OH~ 
V 

HO/ cS"--- OH 

1/1 

VI 

I V 

o r -- - - - - ' . () 
HO ",,~~O_H _ __ ~-::: () ,, ~ /OH 

H:O / 6 "---0 HI H:O / (I)"--- OHl 

() ,-------, 0 
HO,, ~ /OH ~ __ ~~~~ ~. /OH 

H10 / (I)"---OHl rW / ()"---OI-I: 

flO 0 

""'I HO - \' - OH 

110/1 
OH 

110 1 

""' I rI0 - V - OH2 

1l0/ 6 

XI! 

VIII 

HO 0 0 Oil 
""' I H 1/ 

IIO - V- O - V -- O H 

110/ 1 l""oH 
011 011 

HO"", 1 1 / 01-1 
IIO - \, - O- V --- OI-I 

/ 1 1-1 I "" 
110 0 0 OH 

XI 

XIII 

IX 

XIV 

While in neutral tartrate or glycolate solutions tbe carboxy groups are dissociated, 
the hydroxy groups of sorbitol or mannitol remain undissociated, and so their 
coordination to oligovanadate (VO;-)n occurs with no consumption of protons. 
Sorbitol and mannitol contain six alcoholic groups, so the possibilities of their 
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bonding to the central atom are manifold. Our experimental data are insufficient 

for a formulation or the structure or the complexes or vanadium wit h the o ligoalco­

hols. It can only be assumed that a molecule or the alcoholic sugar (Su) bond s 
as a bidentate ligand, the bonding being to one central atom only; such complexes 

are known to exist ror B(lfl), Ge(IV), As(IJI), or As(V) (ref. Z6
). The complexes 

of vanadium with glycolate and with alcoholic sugars will be quite analogous, only 

th e GH:'~ ligand will be replaced by the SuH:'zligand. As has been demonstrated 27
.
28 

for compounds of alco hol ic sugars with Mo(VI) and W(VI), alcohols containing 
a minimum of four alcoholic groups can bond as tetradentate ligands to two central 

atoms in a way simi lar to that shown in formula Xfl. Formu la XIII portrays the 

structure or tetravanadate with molecules or oligoalcohol bonded in this manner, 
and a lso the structure of a ternary complex involving one tartrate TH':.z ligand and 

one oligoalcoholate SuH':.-;;' ligand . The binuclear vanadate , similarly as the tetra­

vanadate, bond two molecules of alcoholic sugar; formula Xl V represents one of the 

possible structures of this chelate with SuH':.-;;'ligands. 

Tire authors wish to thallk Dr M. Sivdk who kindly made them familiar with his /If/published 
results. 
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