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The reactions of five dyes of the alizarin green series with vanadates in the presence of cetyltri-
methylammonium (CTA™Y, S) or Ag(l,l()—phen){r cations were studied. At lower concentrations
of tenside than the cmc value, defined ternary complexes with composition VL,S, or VL,S¢ or
quarternary complexes VL3[Ag(1,10-phen),]y are formed in solution. The equilibrium constants
of the studied complexation reactions were determined and a method for the photometric and
chelometric determination of vanadium were proposed.

Phenoxazone dyes derived from alizarin green (Z), (II), (1), (IV)) and (¥) with chelating grouping
of the carbonyl and phenolic groups have been proposed as metallochromic indicators for the
chelometric determination of molybdeuuml, bismuth and copperz. It was recently found that
sodium 6-hydroxy-5-dibenzo(a, j)-phenoxazone-8,11-disulphonate (V) reacts with vanadates it
weakly acidic media in the presence of CTA™ to produce the stable ternary VL,S, complex.
The reaction was recommended for the photometric determination of vanadium?.

This work was carried out in order to study the coordination equilibria of vana-
dates with dyes (I), (1), (I1I), (IV) in the presence of CTA* or Ag(1,10-phen); ions
with dye (V). Dyes (II), (I1I) and (IV) were proposed as reagents for the photometric
determination of vanadium.
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Reactions of Alizarin Green Dyes 1569

EXPERIMENTAL

Chemicals and Instruments

The stock solutions of the dyes (4. 10™*m or 8 . 10~ *m) were prepared by dissolving the appro-
priate amount of their sodium salts in water. The purity of the dyes was controlled by elemental
analysis, paper chromatography and thin-layer chromatography®'>. A solution of 10~ 2M-CTA
was prepared by dissolving solid cetyltrimethylammonium bromide (p.a., Lachema) in water.
The CTA™* content was determined by titration of sodium tetraphenylborate by the method of
Cross® and Uno’. The solution of 10~ 2m-Ag* ions was prepared by dissolving solid AgNO4
in 107 2M-HNO;. The Ag* ion content was determined by titration with a standard NaCl solu-
tion using potassium chromate as an indicator®. The stock solution of 10™2m vanadate was pre-
pared by dissolving solid NH,VO; in an equimolar amount of NaOH. The vanadium content
was determined indirectly by titration of excess Mohr salt with a standard solution of potassium
dichromate using diphenylamineg"0 as an indicator. An aqueous solution of 1,10-phenanthroline
was prepared with a concentration of 107 2M. The concentration of EDTA S. lO_ZM) was de-
termined by titration with a standard MgSO,.7 H,O solution using eriochrome black T as an
indicator!!,

The pH was adjusted using formate, chloroacetate, acetate buffers and 0-1mM-HCI. The ionic
strength 7 was adjusted to a value of 0-01 using 0-1M-KCl solution or a suitable buffer concentra-
tion. All the chemicals used were of p.a. purity.

The absorbances were measured using Specord UV-Vis (Zeiss, Jena) and Unicam SP 1800
(Cambridge, England) spectrophotometers with 1, 2 and 5cm cuvettes. The pH was measured
with a PHM 4d pH-meter (Radiometer, Copenhagen) (accuracy of measurement, +0-02 pH '’
units) with glass and saturated calomel electrodes. The pH-meter was calibrated using a 0-05M
solution of potassium hydrogen phthalate (pH 4-01, 25°C) and a 0-05m solution of potassium
tetraoxalate (pH 1-68, 25°C).

The complex compositions were determined by the mole ratio method”, by the Job method
of continuous variations!? and by the tangent ratio method!*. The stability constants were
calculated from the concentration curves (1), (2) or the pH-curves (3):

A = feu)epcsps €5 > CLoCy 0
A= f(cV)CL.cu -lﬂ-phn\)‘cAl’ pH (2)
A = f(PH)ogev.cs > &5 > Cus Cv s 3)

where ¢, ¢y, ¢s, €1,10 - phens CAg &r€ the overall analytical concentrations of the dye, vanadium,
tenside and 1,10-phenanthroline or silver. In study of dependences (/) and (3), vanadium was
always added to the solution last.

RESULTS AND DISCUSSION

None of the dyes yields an important reaction with vanadates. In acid medium at
pH < 4 the dyes decompose oxidatively in the presence of vanadate; at pH > 4
the reaction appears in equimolar solutions as a small change in colour. In the pre-
sence of cationic tensides, blue-green to green coloured ternary complexes are formed
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1570 Nguyen Truong Son, Lasovsky, Ruzi&ka, Simek, Szotkowsk4 :

in solutions with pH 2:5—6-5. Absorption curves (1) of solutions with constant con-
centration of dye and tenside (¢, 8 . 107°M, ¢s = (10—100) ¢, ) and various concentra-
tions of vanadium at certain pH values exhibit a single isosbestic point 4;,,: (1)
513 nm (pH 2:73), 483 nm (pH 4-70); (II) 564 nm (pH 3-06), 545 nm (pH 4-95);
(111) 569 nm (pH 2-95), 548 nm (pH 4-69); (IV') 556 nm (pH 2-76) 548 nm (pH 4-60).*
It was found by the molar ratio method that a complex with ratio V:L = 1:2is
formed in every case. The dye concentration ¢, in titration (1) was (2:56—8) . 107°M.
The excess of cationic tenside was equal to (10—100) .. For each dye, 5—10 titra-
tions (1) were carried out in the pH interval 2:73—4-95. Similarly, the tangent ratio
method, where excess dye or tenside were present and the vanadate concentration
was varied or in excess vanadate and tenside and with varying dye concentration
(cs8.107%M, ¢; 48.107°M or ¢y 32.107°M, 107*M, pH 3:60 (I); cs 16. 107 M,
cp 8.107°M, or ¢y 8.107°M, pH 402 (II); c5 2.107%M, ¢, 107*M or ¢y 107%M,
pH 295 and 4:69 (III); cs 4.107 M, c; 8.107°M or ¢y 8.107°M, pH 4.10 (IV)
indicated formation of a complex with V : L = 1 : 2. The Job method of continuous
variations in solutions with excess tenside and equimolar amounts of dye and vana-
dium (cp 3-2. 107°M, ¢s 2. 107>M, pH 3-98 (I); ¢ 8. 107 °M ¢ 1:6 . 107 M, pH 4-02
(I1); ¢ 2.107*M, ¢ 2. 107°M pH 2-95 and 469 (I1I); ¢, 96 . 107 °M, cs4.107°M,
pH 406 (IV) yielded identical results.

In titrations of solutions of dye and vanadium (¢ 16 . 1075M — 1.107%M, ¢y <
L2 or ¢y = (1—5) ¢;) with a tenside solution it was found that with dyes (I), (II)
and (III) a complex with a ratio of L: S =1:2and V:S = 1:4 (pH 434, 4-50,
4-69, 4-76) is formed, whereas with dye (IV) (pH 4-60, 5-30), two complexes are formed
with ratios of L : S = 1 : 1 and 1 : 3(Fig. 1). Both complexes are present in equimolar
solutions of dye and vanadate and in solutions with five-fold dye excess. There are
two isosbestic points ,,, 583 nm (cs < ¢;) or 548 nm (¢s 2 ¢y ) for the two equilibria
on the absorption curves of solutions with constant concentration of the dye and of
vanadium (¢; = ¢y = 16 107°M, pH 4-60 and 5-30) and variable tenside concentra-
tion. The first complex (L : S = 1 : 1) absorbs very little around 616 nm in the region
of the absorption maximum of the ternary complex and the ionic form of the dye.
The cationic tenside is probably localized on one of the sulpho groups of the dye.

With dyes (1), (II), and (III), the tangent ratio method (¢, 8. 107°M, ¢s 2. 107°M
or ¢y 8. 107 M, pH 3-98) yielded a ratio of V : S = 1 : 4. Because the absorption cur-
ves A = f(ey)ep e pn and A = f(cs)ey, e, pur Pass through the same isosbestic point
and the horizontal branch of the dependences yields the same value of the molar ab-
sorption coefficient (Table I—IV), it can be concluded that a single complex is formed
in solution with a composition of VL,S, (1), (II), (II). It can be assumed that com-

. The same isosbestic points can be found on the absorption curves of solutions with con-

stant concentrations of dye and vanadate (¢; = cy = (1-6—8). 10"5M) and variable concentra-
tions of tenside 4;,, : 510 nm (pH 4-59) (1); 548 nm (pH 4-60) (IV).
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Reactions of Alizarin Green Dyes 1571

plex VL,S¢ is formed with dye (IV) in the presence of a sufficient excess of tenside.
A further increase in the tenside concentration results in further small changes in
the absorption spectrum of the ternary complex. The formation of submicellar and
micellar forms (the critical micellar concentration of CTA" is 9-2.107*M, ref.'®)
appears as a slight increase in the molar absorption coefficient (2—3%) (Table I-1V).
The wavelength of the absorption maximum practically does not change. In practical
applications it is more suitable to use Jarge tenside concentrations to eliminate pre-
cipitation of solid ionic associates.

The cationic tenside can be exchanged for another Jarge cation in these reactions.
In a weakly acidic medium of formate buffer (pH 3-22—5-0) green quarternary com-
plexes are formed from the dyes and vanadate in the presence of Ag* ions and 1,10-
phenanthroline. The green colour appears only in the presence of all four components
and does not correspond to any of the ternary or binary systems. Phenanthroline
complexes of other cations do not have anyeffect on the vanadate coordination (Cu™,
Cu?*, Ni**, Pd**, Zn?*, Mn**, Cd**, Fe**, Fe®*) or have only a slight effect
(Co*).

The formation of quarternary complexes was studied in more detail with dye (V).
To prevent precipitation of the voluminous complex from solution, 0-2% gelatine
solutions were used. Under conditions the concentration of Ag™* ions (at ¢; 10— ppen/
Jcag = 2) must not be greater than 2. 10™*m at pH > 4.

L 0 L . L

[}
wh

cs/eL 20 6 ,;[bacm-n 12
FiG. 1 FiG. 2
Molar Ratio Curves cg/c - in the System Absorption Curves for the Quarternary
V/Dye IV/CTA* Complex V/Dye ¥/Ag/1,10-phen
¢ = cy=40.10"%y, pH 460, 2cm ¢ 146,107 5y, Cag2- 107 %y, €1,10-phen
cuvettes; A 1 583 nm, 2 667 nm. 4. 10‘4M, pH 3:66, 5cm cuvettes; ¢ (M):

100;216.107% 332.1075,448.1075,
580.1075,616.107%74.107%878.
1075,
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The absorption curves for solutions with constant dye concentration and constant
concentration of Ag* and 1,10-phenanthroline and with variable concentration of
vanadate have two isosbestic points at ¥, 18350 cm™* (545 nm) and 17985 cm™*
(556 nm) (Fig. 2), at pH 3-66. It was found by the molar ratio method (¢, 1-6 . 107 °M,
Cag 2.107*M, €, y0—phen 4.107%M, pH 3-22, 3-42, 3-66) that the complex with
V:L =1:3is formed primarily. At pH > 4 the results are unambiguous. There
is one isosbestic point on the absorption curves ¥,,, 18350 cm™* (545 nm) (pH 4-15)
and a complex with composition V : L = 1 : 3 was found by the molar ratio method
(cL 1:6.107°M, cag 2. 107*M, €} 1o~ pnen 4- 107%™, pH 4-15 and 4-60). This ratio
was also found by the method of continuous variations in equimolar solutions of dye
and vanadate in an excess of the remaining reaction components (co 16 . 107°M,
Cag 2.107%M, €y 10-pnen 4. 107*M, pH 4:16). A mixture of vanadates and the dye
in an excess of Ag™ ions or of 1,10-phenanthroline was titrated with 1,10-phenanthro-
line or Ag™® solution respectively. The molar ratio curves were measured for equi-
molar solutions of the dye and vanadate and also for a three-fold excess of vanadate
with respect to the dye and a three-fold excess of the dye with respect to vanadate.
Under these conditions the quarternary complex has the ratio V:L = 1:3. It was
found in all cases that L : Ag = 1:2and 1 : 3(Fig. 3)(c.32. 107°M, ¢y 106. 107 M,
C1,10-pnen 8- 107*M, pH 4:53, 473); and ratio L : 1,10-phen equals 1:2, 1:4 and
1:6 (Fig. 4) (cp. 3:2.107°M, cy 106 . 107°M, ¢, 4. 107 *M, pH 4:53, 4-73). In titra-
tion of a solution with a constant concentration of Ag* ions or of 1,10-phenanthroline
with a solution of 1,10-phenanthroline or Ag* ions, respectively, the solution was

TasLE 1
Equilibrium Constants of the Ternary System V/dye I/CTA+

pH log* /91.2,4 &ax (590 nm) Medium
19—307 1467 + 0:01 2:01.10* HCl+ KCl

2:73% 1490 — 5
335° 14-49 - &
3-58° 1443 2:03.10% °
401 1399 - s
4-70° 11:96 — g
4-58° - 2:01. 10*

4 Calculated from the pH curves (3) (cp=cy=4. 10'5M, cg2. 107 3m, pK, 4:55); average of
8 values transferred to logarithmic scale (confidence limits 4001, 95% probability level); ® cal-
culated from the concentration curves (I) ¢ 2:56 . 1075y, cg2. 1073y, pK, 4:55. € Calculated
from the concentration curves 4 = f(cg)e, cv py (€L = cy = 4. IO—SM)A
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TabLE 11

Equilibrium Constants for the Ternary System V/dye II/CTA+

pH log* ﬂl.z.a £max (624 nm) Medium
2:0—-32° 1492 L 0-07 2:16.10*  HCl+ KCI
3-06° 1577 —
3-45° 15-41 — 5
4-02° 1503 2:17-. 10* S
4-59° 1353 — 2
4-95° 1276 — g
3-43¢ 15:40 — 3
4-.02° 15-10 2:18 . 10% L
4-57° 1354 —
4767 - 216

¢ Calculated from pH-curves (3) (cp = ¢y = 6. lO‘SM, cg1°6. 10"3M, pK, 4:79); average of 8
values transferred to logarithmic scale (confidence limits 4-0-07, 95% probability level). b Cal-
culated from concentration curves (/) (cy 6. 107 5m, cg 16, 107 3m, pK; 4:79).° Calculated from

the Job curves for equimolar solutions ¢y + ¢ (¢

8.107 %M, ¢g16..107 M, pK; 4-79). ¢ from

concentration curves 4 = f(cs)c,_'w. pH (c,=cv=24. 10_5M).

o
%’—F o— o o
02| L&Y

3 Cag
FiG. 3
Molar Ratio Curves c,g/e;, for
V/Dye V/Ag/l 10-phen
cp . 107 M cpg I
€1,10 - phen 8 10~ *m, pH 473
tes; A 1 568 nm, 2 625 nm.

.

the System

06 . 107 5m,
1 cm cuvet-

=

1 [ S R N—

€410~ phen/CL

Fic. 4
Molar Ratio Curves ¢y jo_ppeq/cy for the
System V/Dye V/Ag/l 10- phen
o 32.107 M, cpg 4.107%M, cy 106.
.107 M, pH 453, 1 cm cuvettes; A 1 558 nm;
2 625 nm.
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found to contain a complex with the ratio Ag:1,10-phen = 1:2 (¢, 2+4. 107 %M,
ey 8.107°M, ca, 54.107°M O €; 10— phen 108 . 10™*M, pH 458, 4-72).

TasL IIT
Equilibrium Constants for The Ternary System V/Dye III/CI'A+ in Formate Buffer Medium

- pH log* By 3,4 2,nax (608 nm)

2:95° 14-82

3-144 16:13

3-76° 15-68 2:12. 10%

4-15° 1375

476° 13-08 -
4-69° — 2:10. 10*

@ Calculated from concentration curves:(I) (p 107%M, ¢g 2. 107 3M, pK{ 4-92) ? from concentration
curves 4 = f(cs)c,_‘w, pH (cy=c = 4. 10_5M).

TaBLE IV
Equilibrium Constants for the Ternary System V/Dye IV/C'I'A+

pH 108* By 26 Emax (616 nm) Medium )
2:3—3-3° 1803 & 0-10 2:35. 10* HCl + Kl

2:76° 18-06 —

3-28° 18-15 2:33.10% chloroacetate buffer

3-50° 1812 —

3-61° 18-08 -

4.01° 17:62 2:33. 10*

4-42° 1698 — acetate buffer

4-02° 17-58 2:32.10*

4607 - 2:30. 10%

“ Calculated from pH-curves (3) (¢p = cy = 8. 1075y, cs 4. 107 3m, pK; 4-89;) average of 8
values transferred to the logarithmic scale (confidence limits +0-10 95%, probability level).
b Calculated from concentration curves (1) (cp 8. 107 5M, cg 4. 107 3m, pK, 4-89). € Calculated
from the Job curves for equimolar solutions ¢y + ¢ (co = 9'6. 1075M, ¢5 4. 107 3m, pK, 4-89.
4 from concentration curves 4 = f(cg)cy cvs pHCL=cy=16. 107m).
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It can be concluded that, in a sufficient excess if 1,10-phenanthroline, Ag* ions
and dye, the VL,[ Ag(1,10-phen), |, complex is most probably formed. The presence
of large hydrophobic species results in formation of a complex with a maximum
number of coordinated dye molecules!® 18,

In all the VL,S, (1), (1I), (I1I), VL,Sq (IV) or VL,[Ag(1,10-phen),], complexes
formed, the number of tensides or particles of Ag(1,10-phen); species bound is
greater than the number of sulpho groups in the dye of complexes. This fact leads
to the assumption that the second (I), (1I), (11I) or third (IV), (V) tenside molecule
or of Ag(1,10-phen)7 is bound to a suitable negatively charged or strongly polar part
of the dye (chelate grouping of phenolic and carbonyl groups). Differences in compo-
sition between the VL,S, (1), (1I), (11I) and VL,S¢ (I1V) or VL,[Ag(1,10-phen),]s
complexes can be explained by the fact that, compared with the other dyes, dyes
(IV) and (V) have one sulpho group more on which the tenside or Ag(1,10-phen);
species can be bound.

Formation of the VL,S, complex can be expressed by equilibrium (4):

V+2HL +S=2VL,S, + 2H* (4)

where r = 4, 6.
The equilibrium constant of reaction (4) is given by expression (4):

*Br2. = [VLS] [H]* [V] "' [HL] 2 [S] ™", )

which can be rearranged to give (5) and (5a)

- (4 = 40) (A = o) . [H]?
T (2P — A= (P — 1) Aol (Amax — 4)* . [S]"- of . {[H]/(K, + [H])}?
©)
g (A - AO) (Amnx - AO)Z
[2PAmax — 4 — (p — 1) Ao] (Amax — A)*
+2log ey + rlog[S] + 2log ([HI(K, + [H])) (5a)

lo = log*By, .+ 2pH +

where A = E[L'] + ¢[VL,S,], 4o = &L, Amax = 8¢1f2, P = cyfe, and K| are the
ionization constants of the dye in the presence of CTA*: pK; = 4-55 (1), pK, = 479
(I1), pK;, = 489 (IV) (ci, 1-6 . 1075m, cs 8 . 1074m, I 0-01); pK, 4-92 (II1) (c,, 10 *M,
¢s 2. 1073M, 1 0-01) (ref.*®) [L'] is the conditional concentration of the dye ((HL] +
+ [L]-

In an excess of cationic tenside (cs = (50—100) c;,) dependence (5a) is linear
with a slope corresponding to dissociation of two protons (A4) for all dyes in the pH
range 2—3. The molar absorption coefficient of the VL,S, complex was read from
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the concentration curve (I) (excess dye and tenside) and pH curves (3) excess vana-
date and tenside). The equilibrium constant for reaction (4) and pH 2—3-0 was
calculated numerically from equation (5) Tables I, II and IV). At higher pH values,
the conditional stability constant (6) was calculated from the differences between the
absorbance of the quantitative and actual reaction?®-?!. Simultaneous absorbance by
complexes and by the dye was considered ((7) to (10)):

Byis, = [VL.S,][V] T[] [S]™, (6)
[VL.S.] = (Y] ¥pao) - c1f2 (7)
where
Y = ¢[VL,S,] + &[L'] — <), @
Yoax = (¢[2 = &) . ¢y, )
Y)Y pax

(10)

P = Yy o e — (V] Tm) eif2T

where ¢y = ¢ /2, ¢s > ¢ and [L'] is the conditional concentration of the dye ((HL] +
+ [L]-

The quarternary VL,[ Ag(1,10-phen), ] complex can be characterized by the con-
ditional stability constant (11) in excess 1,10-phenanthroline and Ag* ions:

By = [VL [V [L]2 (1)

or by the equilibrium constant for the formalism of the formation of the binary
complex (12):
*Buny = [VLs] [H]* [V]™' [HL]* . (12).

The conditional stability constants for the quarternary complexes (By.,) were
calculated from the differences between the absorbances for the quantitative and
actual reaction (13):

Bury = (Y Ymad) (1 = Y] ¥a) ™ - e, ey =af3. (13)

The conditional constants were recalculated to the equilibrium constants *§ (14)
(Tables I-V).

*f=F([H] + K", (14)
where n = 2 (for the reaction of CTA*) or 3 (for the reaction of Ag(1,10-phen); ).
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TABLE V
Equilibrium Constants of the Quarternary System V/Dye V/Ag/1,10-phen

pH 0g* By, &max (622 nm) pH log* BV,_) €max (622 nm)
3.22¢ 6-94 — 3-90° 646 3-05 . 10*
3-42° 654 — 415° 5:59 -

3-66° 650 3.02. 10% 416° 588 3-03. 10*

? Calculated from concentration curves (2) (cp 1'6 . 107°M, cyg 2. 107*M, ¢4 1o-ppen 4 - 107 %M,
pK, 4-20). b Calculated from Job plots for equimolar solutions cy + ¢ (cp 16 . 1075w, Cag
2.107%M, ¢ 10-phen 4 - 107 %M, DK, 4-20).

TABLE VI

Chelometric Determination of Vanadium

Dye Added, mg Found, mg® Relative standard
’ ’ deviation, %

1 1253 1-260 101
s 2-:504 2:501 0-66
1 1-626 1-630 0-90
v 2:504 2:500 0:70

“ Average of seven determinations.

TaBLE VII
Photometric Determination of Vanadium

Relative standard

Dye Range A e Sensitivity” deviation®
ug/ml nm g Vjem?
% pg V/ml
I 01 —1[-2 590 18 700 0-0028 0-92 0-74 pg/ml
i 0-09—1-21 830 20 300 0-0026 0-69 0-81 pg/ml
m 0-09—1-21 528 17 300 0-0030 0-88 0-813 pug/ml
v 0-09—1-21 625 22 800 0-0025 0-86 0-61 pug/ml

9 For 7 parallel determinations, ® for 0-001 A.

Collection Czechoslov. Chem. Commun. [Vol. 44] [1979]



1578 Nguyen Truong Son, Lasovsky, Ruzigka, Simek, Szotkowska :

The decrease in *f at higher pH values can be explained by polymerization and
varying degrees of hydrolysis ofvanadate. In acid media at pH < 3, VO; ions can be
assumed to exist in solution??,

Determination of Vanadium

The stability of all the complexes is sufficient to allow direct photometric determina-
tion of vanadium in excess dye and tenside (or excess Ag* ions and 1,10-phenanthro-
line). In the presence of CT A+,:the studied dye can be employed as a metallochromic
indicator for the chelometric determination of vanadium.

Direct chelometric determination of vanadium was carried out at pH 3:9—4-4 (I)
or 4-0—4-7 (II), (I11I), (IV). During the titration the CTA* concentration must be
at least twice as large as the vanadium concentration in order for the solution to be
transparent at the equivalence point. The colour change is fiom violet to pure yellow
(I), from blue-green to orange-red (II), (IV) and from green to red (III). In a volume
of 25—~70 ml using 10—20 ml 10 ?M-CTA ™, 0:05—6 mg of vanadium can be reliably
determined. The determination is not subject to a systematic error-(lexp < teip 95%
probability level). The relative standard deviation for 7 parallel determinations has
a value smaller than or equal to 1-01% (Table VI). The following ions do not inter-
fere in the determination: NO3, Cl-, Br~, I7, SOZ~, NH}, Ba?*, Mg?*, S?*,
Ag*.

Determination procedure: To a 100 ml titration flask containing 20 ml 107 2m-CTA Y, 15 ml
of 4.10 %M dye and a neutral or slightly basic sample containing 0-05-- 6 mg of vanadium are
added 10 ml of 0-1m acetate buffer of pH 4-3 (1), 4:6 (II), (IV) or formate buffer of pH 4'15~QH)'
The solution is diluted to 60 ml with water-and is titrated to the colour change. (With proper
solution mixing the yellow tone corresponding to polymerization of VO3 ions in acid solution
should not appear).

All the dyes can be used for the direct photometric determination of vanadium in
the presence of CTA*. In weakly acidic media of acetate buffer (pH 3-7—4-2) and
at an ionic strength of 0-01, microamounts of vanadium can be reliably determined
(Table VII). - R -

The determination is not disturbed by the alkali and alkaline earth ions, by a 50-fold
excess of AI**, Cr3*, Pb2*, CoZ*¥, Cd?*, Ni%*, TI*; by a 20-fold excess of Mn?*,
Zn?*, La3*, Ce**, Cu®*, Sc**, Y** ions; by a 5 fold excess of Ag*, PtClZ~ or
CrO}~ ions or by equimolar amounts of Zr(IV), Th(IV), Bi(III), Sb(III), Ti(IV).
The following ions interfere in the determination: Hg3*, HgZ*, Pd?*, Au®¥, Ce**,
UOZ*, Sn?¥, Fe?*, Fe**, In®*, Ga**, WOZ~ and MoOZ™. :

In the presence of CTA™ the selectivity of the determination is increased. Hydro-
Iysis ‘of Zr(IV), Th(IV), Bi(IIT), Sb(III) ions and formation of binary. complexes of
Cu?* ions are suppressed. The colour development lasts 30.minutes and is stable for
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24 hours. It is necessary in sample preparation that the ionic strength of all the solu-
tions be the same. With otherwise constant solution composition and an ionic strength
of 0-1, the absorbance is half that at an ionic strength of 0-01. The change in the ab-
sorbance is negligible in the ionic strength range 0-005—0-015.

The selectivity of the deteimination is the same for all the dyes. It is, however,
preferable to use dyes I1, III or IV because of their greater sensitivity and stability,
in view of the precipitation of ion associates of dye I with CTA* from solution.

The quarternary VL,[Ag(1,10-phen),], complex is not suitable for analytical
use because of the high blank absorbance and because of the tendency to precipitation
from the solution.

Determination: A sample containing 4-5—60-5 ng vanadium is added to a 50 ml volumetric
flask containing 7-5 ml 8 . 10~ *m dye (I1), (/II) or (IV), 5 ml of acetate or formate buffer of pH
4-0and 10 ml of 10~ 2M CTA*. The solution is diluted to the mark with water and after 30 minutes
the absorbance is measured at A 625— 630 nm (1), (V) or A 528 nm ({I1).

The authors wish to thank Mr J. Jufina, Department of Analytical Chemistry, Palacky University,
Olomouc, for providing a sufficient amount of the dyes.
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