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Vanadium (V) can be quantitatively extracted from an aqueous solution into carbon tetrachloride as the
ion-association system formed between its Pyrocatechol Violet complex anion and tridodecylethylammonium

salt.
at 570 nm in the organic layer.
I mol-! cm™! respectively.

tion of the ternary complex is estimated to be V(PV),(R;R'N),.

The optimum pH range for the extraction is around 5.
The distribution ratio and the molar absorptivity are 1.78 X 10? and 4.0 x 10*

Omitting the other adducts which may be combined with vanadium, the composi-

The ternary complex has an absorption maximum

The extraction constant is given by log Kqx=

12.58. The interference of foreign ions is discussed, too.

The extraction of the ionic associates formed be-
tween metal-complex anions with bulky organic cations
offers bright prospects of the separation of many metals,
because the extraction of the ionic associates usually
proceeds rapidly and the miscellaneous metal-complex
anions are widely extracted under various conditions.
Vanadium can be extracted with 8-hydroxy-5-quin-
olinesulfonic acid—zephiramine,? tiron-diphenylguani-
dine,? o-mercaptobenzoic acid—pyridine,® Bromopyro-
gallol red-diphenylguanidine,? 3-methylcatechol-dode-
cyltrimethylammonium,? 4-(2-thiazolylazo)resorcinol-
trioctylamine,® 4-(2-pyridylazo)resorcinol(PAR)—ni-
tron,” ascorbic acid-methyltrioctylammonium,® thio-
cyanate-pyridine,®  ferron—tribenzylamine,®  Pyro-
catechol Violet(PV)-1,10-phenanthroline, PV-di-
phenylguanidine,'®  pyrocatechol-aniline,® thiocy-
anate-diantipyrylmethane,'¥ thiocyanate— N2%-hydroxy-
N’,N'-diarylbenzamidines,'® and PAR-zephiraminel®
systems. In the process of investigating the extrac-
tion of the metal-PV complex anions with tridode-
cylethylammonium bromide (TDEABr), we ourselves
previously reported on the extraction systems for cop-
per,!? tin,'®  aluminium,!® zirconium,2® niobium,2V)
and iron.??) The vanadium(V)-PV complex also can
be extracted with TDEABr in carbon tetrachloride
around pH 5. In this paper, the extraction equili-
brium and the fundamental conditions will be dis-
cussed for extracting the vanadium(V)-PV complex
with TDEABr.

Experimental

Reagent. A 2.5% 1073 mol/l vanadium(V) solution was
prepared by dissolving a definite amount of ammonium
vanadate(V) in a 0.25 mol/l surfuric acid solution. The
solution was then diluted as required. A 5x 104 mol/l
PV solution was prepared by dissolving the Dotite PV in
de-ionized water without further purification. TDEABr was
prepared by the method described in a previous work.??
A 5x10-3mol/l TDEABr solution was prepared by dis-
solving TDEABr in purified carbon tetrachloride. A 2
mol/l sodium acetate solution was used as the buffer solu-
tion. All the other chemicals used were of a guaranteed
reagent quality.

Apparatus. A Hitachi 101 spectrophotometer, a
Hitachi 200-20 UV-VIS recording spectrophotometer, and
a Hitachi Horiba F-7 pH meter were employed.

Standard  Procedure. Up to 5pg of vanadium(V), a

definite amount of 1 mol/l sulfuric acid, and 3 ml of a 5%
10-% mol/l PV solution were mixed in a 100-ml polypropylene
beaker. The pH of the solution was adjusted to 5 by the
addition of 2 ml of a 2 mol/l sodium acetate solution, and
then the solution was diluted to 20 ml with de-ionized water.
The solution was transferred into a 35-ml test tube, and
5ml of 5% 103 mol/l TDEABr in carbon tetrachloride was
added. The extraction was carried out for 5 min by turning
the test tube upside down twice every 5s. After the phase
separation, the organic layer was taken out and centrifuged
for 2 min at 3000 rpm. The extract was then transferred
into an absorption cell, and the absorbance at 570 nm was
measured against the reagent blank obtained in the same
way.

Results and Discussion

Absorption Spectra. Figure 1 shows the absorp-
tion spectra of the ternary complex extracted into
carbon tetrachloride, of the vanadium(V)-PV com-
plex anion in an aqueous solution, and also of the
respective blank solutions. As is evident from Fig.
1, the ternary complex and the vanadium(V)-PV
complex anion have their absorption maxima at 570
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Fig. 1. Absorption spectra of the V-PV-TDEA in
carbon tetrachloride and the V-PV complexes in
aqueous solution.
pH=5.0, [TDEABr],=>5x 10-2 mol/l,
Vo=5 ml
1: V-PV-TDEA in carbon tetrachloride [V]=2.5X%
10-¢ mol/l, 2: V-PV in aq soln [V]=1x10-5mol/l,
3: PV-TDEA in carbon tetrachloride [PV]=7.5X
10-3 mol/l, 4: PV in aq soln [PV]=3x 10-¢ mol/l.

Vag=20 ml,
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Fig. 2. Effect of pH on the extraction of the V-PV-
TDEA complex.
[V]=2.5%10-¢ mol/l, [PV]=7.5%10-% mol/l,
[TDEABr],=5 x 102 mol/l, 570 nm.
1: V-PV-TDEA, 2: PV-TDEA.

nm and 550 nm respectively. As compared with the
corresponding absorption maximum of the complex
anion, that of the ternary complex is shifted toward
wavelengths longer by 20 nm. The increase in the
absorbance at the absorption maximum in the case
of the ternary complex over the absorbance of the
binary complex is considerable. PV itself is readily
extracted from an aqueous solution by TDEABr in
carbon tetrachloride.

Effect of pH. Figure 2 shows that the extrac-
tion of the ternary complex starts about pH 3, reaches
a maximum around pH 5, and thereafter decreases
gradually. The extract is stable for at least 30 min.

Organic Solvents. Of the solvents examined, car-
bon tetrachloride, butyl acetate, chloroform, and ben-
zene are suitable for the quantitative extraction of
the ternary complex. The absorbance of the extract
is maximal when the carbon tetrachloride is used.

Effect of the Reagent Concentration. The variation
in the absorbance was investigated as a function of
the PV concentration in an aqueous solution and
as a function of the TDEABr concentration in carbon
tetrachloride for extracting the ternary complex. The
optimum concentration range or PV is from 6x10-%
mol/l to 1.25x10-¢mol/l. Besides, the concentra-
tion range of TDEABr for the quantitative extraction
is from 4Xx10-*mol/l to 5x10-3 mol/L

Extractability and Molar Absorptivity. An aqueous
solution of 20 ml containing 6.37 pg of vanadium(V)
and 3ml of 5x10-*mol/l PV was shaken with 5
ml of 5x 103 mol/l TDEABr in carbon tetrachloride
under optimum conditions. Extraction was repeated
for the remaining aqueous phase after the separation
of the extract. The extractability of vanadium(V)
was calculated from the absorbances of the extracts.
It was found that 97.89, of the vanadium(V) was
extracted by one extraction. The distribution ratio
and the molar absorptivity were 1.78 X 10% and 4.0 x
10* 1 mol-* cm~! respectively. A calibration curve for
the determination of vanadium(V) was made under
optimum conditions. A good linear relationship is
obtained over the concentration range from 0.25 pg
to 5pg of vanadium(V) per 5ml of carbon tetra-
chloride. The coefficient of variation of ten measure-
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Fig. 3. Continuous variation method applied to the

V-PV-TDEA and the V-PV complexes (V:PV).
1: V-PV-TDEA; [V]+[PV]=1x10-*mol/l,

[TDEABr],=5x% 10~ mol/l pH=5.0, 570 nm. 2:
V-PV; [V]+[PV]=1x 10—* mol/l, pH=5.0, 550 nm.
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Fig. 4. Continuous variation method applied to the
V-PV-TDEA complex (V:TDEA).
V-PV4+TDEA=1.5x10-% mol, pH=5.0, 570 nm.

ments was 3.99%,.

The Composition of the Ternary Complex. The
estimate of the composition of the complexes was at-
tempted by means of the continious-variation method.
Figure 3 shows that the mole ratios of vanadium(V):
PV in the ternary complex and in the vanadium(V)-
PV complex anion were found to be 1:2 and 1:1 re-
spectivery. Figure 4 shows the mole ratio of vanadium-
(V): TDEA to be 1:2. Thus, the composition of
the ternary complex is estimated to be V(PV),(RjR’-
N),.

Extraction Constant. When the ionic associate of
the vanadium(V)-PV complex anion with the TDEA
cation is extracted in the organic layer, the extrac-
tion equilibrium may be expressed by the following
equation:

V(PV)i~ + 2RR'N* = V(PV)3(RgR'N); (o), (1)
where we omit the other adducts which may be com-
bined with vanadium. The extraction constant, K, _,
is given by:

_ [V®V):(RsR'N), ], @
T [VEV)IIRRN

where the subscript o denotes the organic layer. An
attempted direct determination of each concentra-
tion of the components in Eq. 1 was unsuccessful,
for the pure ternary complex can not be prepared
easily. The equilibrium in Eq. 1 can be represented
by the following two steps:
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V(PV);~ + 2R;R'N-NS ;) = V(PV),(R;R'N), oy + 2NS- TaBLE 1. EQUILIBRIUM EXTRACTION DATA FOR V(PV)i-
(3) wiTH R;R’N* IN CARBON TETRACHLORIDE AT 25 °C

[V(PV),(R,R'N),],[NS-]? (I=0.005 in NaOAc and Na,SO, solutions) pH=5.0

K= VeV mRRN-NSj: ) in an acetate buffer solution (2x10-3mol/l), [V]=
o 2.5 10~ mol/l, [PV]=7.5x 10-5 mol/l, [TDEABt], =
where NS denotes 2-naphthalenesulfonic acid. 5% 10~ mol/l, V,; =20 ml, V,=5ml
] aq— ) o=
NS- + R;R'N+ = R;R'N-NS, (5)
3 — -1
' [R,R'N-NS], 10° [NS-]/mol 1 log Kox
Kex = 6) 0.5 12.54

[NS-][RgR'N+*]’

Thus, K,, is given by :g :gzg
Kex =KX (K'ex)* (7) 2.0 12.58
The concentration of the V(PV),(R4R'N)y o) species 2.5 12.59
in Eq. 3 was determined spectrophotometrically as a
function of [NS-], and the value of K was calculated log Kox=12.58
from Eq. 4. The extraction constant, XK', , of R,R'N- All the concentrations in Table 1 show the initial con-
NS in Eq. 6 was also determined from the extrac- centrations.
tion equilibrium between R;R'N-NS in CCl, and the
PV anion. Table 1 shows the value of log K, as TaBLE 2. EFFECTS OF DIVERSE IONS ON THE
calculated from Eq. 7. It is given by log K, ,=12.58. DETERMINATION OF VANADIUM(V)
Effect of Foreign Ions. The effect of foreign ions
on the determination of 2.55 pg vanadium(V) was Tons Amount added  Vanadium(V) Error
examined under optimum conditions. Cadmium, co- mg found/ug %
balt, chromium, lanthanum, lead, magnesium, man- _ — 2.55 0
ganese, mercury, nickel, and zinc do not interfere AlB+ 0.1 1.51 —41
when present separately 0.1-mg amounts, but alumi- Be2+ 0.1 3.03% +19
nium, beryllium, bismuth, iron, molybdenum, tin, Bit+ 0'1 2.97% —11
thorium, uranium, and tungsten interfere seriously. Feit 0'1 2'86” 112
Of the anions tested, 10 mg of iodide, thiocyanate, N ’ )
and perchlorate interfere seriously, giving a negative Mo(VI) 0.1 3.74% +46
error. Chelating agents such as EDTA and citrate Snt+ 0.1 10.4% +309
also interfere. Table 2 shows the main interfering Thtt 0.1 1.472 —42
ions. U(v1) 0.1 2.83» +11
W(VI) 0.1 4.20% +65
References I- 10 0.59 —77
1) T. Kambara and M. Sugawara, Bull. Chem. Soc. Jpn., SCN- 10 0.40 —84
46, 500 (1973). Cl0; 10 0.07 -97
2) Y. Wakamatsu and M. Otomo, Bull. Chem. Soc. Jpn., Citrate 10 1.57 —38
47, 761 (1974). EDTA 10 0.09 —96

3) R. S. Ramakrishna and S. Pathmanaban, J. Inorg.
Nucl. Chem., 36, 741 (1974).

4) M. N. Gordeeva, A. M. Ryndina, and L. A. Khait,
Vestn. Leningr. Univ. Fiz. Khim., 1974, 149.

5) A. M. Nardillo and J. A. Catoggio, Anal. Chim. Acta, 13) T. D. Ali-Zade, G. A. Gamidzade, and O. M.
74, 85 (1975). Agamirova, Azerb. Khim. Zh., 1977, 127.

6) E. Grzegrzolka, Chem. Anal. (Warsawa), 20, 347 (1975). 14) A. S. Lozovik, M. I. Ovrutskii, S. V. Freger, and

7) R. M. Pogranichnaya, B. E. Reznik, V. V. N. B. Tovbis, Zaved. Lab. 44, 1340 (1978).
Nerubashchenko, A. G. Zezyanova, and A. V. Tsevina, 15) K. S. Patel and R. K. Mishra, Bull. Chem. Soc. jpn.,
Zh. Anal. Khim., 30, 180 (1975). 52, 592 (1979).

8) J. Adam and R. Pribil, Talanta, 22, 905 (1975). 16) M. Tajika, H. Hoshino, T. Yotsuyanagi, and K.

9) V. Yatirajam and S. P. Arya, Talanta, 22, 861 (1975).  Aomura, Nippon Kagaku Kaishi, 1979, 85.

a) KH,PO, and Na,S,0; solutions were added as
masking agents.

Shijo, Bull. Chem. Soc. Jpn., 50, 1011 (1977).

12) M. N. Gordeeva, S. S. Konopleva, and A. M. Ryndian, 21)
Shijo, Bull. Chem. Soc. jpn., 50, 1013 (1977).

Vestn. Leningr. Univ. Fiz. Khim., 1978, 115. 22)

10) V. Yatirajam and S. P. Arya, Anal. Chim. Acta, 86, 17) Y. Shijo, Bull. Chem. Soc. Jpn., 41, 1642, (1974).
209 (1976). 18) Y. Shijo, Nippon Kagaku Kaishi, 1974, 1658.
11) L. I. Ganago and L. N. Bukhteeva, Zh. Anal. Khim., 19) Y. Shijo, Nippon Kagaku Kaishi, 1974, 1912,
32, 1537 (1977). 20) Y. Shijo, Bull. Chem. Soc. jJpn., 49, 3029 (1976).
Y.
Y.




