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This work is concerned with a detailed study of the reaction of UO%* with chromazurol S in the
presence of cationic tenside Septonex, which was found to be very promising of the group of catio-
nic tensides. From the study were drawn a number of conclusions regarding the effect of the
cationic tenside on the reaction of triphenylmethanc dyes with salicylic acid groups with metal
cations. Optimum conditions for the spectrophotometric determination of uranium with chroma-
zurol S in the presence of Septonex were found.

The reaction of UO% * with chromazurol S is among the more marked reactions of this triphenyl-
methane dye with salicylic acid functional groups, which has already been studied and recom-
mended for the spectrophotometric determination of uranium in pure solutions’ 7%,

In the presence of high molecular weight detergents and macromolecular type substances
this reaction becomes analytically intcresting and enables highly sensitive spectrophotometric
determination of uranium which has, however, limited sensitivity. The following substances
have becn recommended for the determination of uranium with chromazurol S: polyvinyl! alco-
hols, cetylpyridinium bromide®"’, cetyltrimethylammonium chloride® and gelatine®. Evtimova'®
studied the effect of a larger number of cationic detergents on the reaction of UO% * with chroma-
zurol S.

The interaction between UO2*-chelates and tensides reflects a more complicated reaction
mechanism, different from the reaction in media lacking tenside and which strongly affects the
conditions for the spectrophotometric method.

This work deals with study of the reaction of UO3* with chromazurol S in the
presence of Septonex (p-ethoxycarbonylpentadecyltrimethylammonium bromide)
which was found to be most useful for UO3* of a large number of tested cationic
tensides. A sensitive method for the spectrophotometric determination of uranium
in the presence of this tenside was optimized.

EXPERIMENTAL AND RESULTS
Chemicals and Solutions

The standard solution of 0-173M uranyl nitrate in dilute nitric acid with pH 0-9 was standardized
gravimetrically via the 8-hydroxyquinolate and was diluted with distilled water. Chromazurol S

e Present address: Geological Survey Ostrava, Establishment Brno.
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(the sodium salt of 3"-sulpho-2”,6”-dichloro-3,3’-dimethyl-4-hydroxyfuchsone-5,5’-dicarbonic
acid), from the firm Geigy, Basel, contained several coloured components, primarily chroma-
zurol B (the unsulphonated analogue of chromazurol S) in amounts of up to 10%. In the purifica-
tion 3 g of the sodium salt of chromazurol S were dissolved in 55 ml of redistilled water, the
solution was acidified with several drops of conc. HCI of semiconductor purity so that a precipitate
was not formed and chromazurol B was extracted from the acidic aqueous solution into ether
saturated with HCI (phase volume ratio I :1) and then ether without HCI; the extraction was
repeated five times to disappearance of the yellow colouration of the ether phase. The aqueous
phase was then precipitated by dropwise additions of conc. HCl of semiconductor purity; the
precipitated acidic form of chromazurol S was collected on an S3 sintered glass filter and washed
with HCI (1:1) After complete removal of solvent it was dried over KOH and equilibrated
in the air to a constant weight. The content of active dye (C,3H,504SCL.2 H,0, m.w. 575) was
calculated from the carbon content found by elemental analysis of the substance (92:25% active
component as the dihydrate of free chromazurol S acid). The reagent purity was controlled
by TLC on Silufol® impregnated with 0-05M-EDTA and using a solvent mixture of n-butanol-
—acetic acid-water (7 : 1 : 3) or isopropanol-25% ammonia-water (8 : 1 : 2).

The stock reagent solution (¢ = 5. 107 %m) was prepared by dissolving the pure substance
in 2:6M-NH; and the solution was adjusted with IM-HNOj; to pH 85 and diluted to a precise
volume (c. 250 ml) with distilled water. A solution prepared in this way is stable for at least
10 days.

The following chemicals were also used: Zephiramine (benzyldimethyltetradecylammonium
<hloride, C;3H,,CIN, m.w. 368:0), from the firm Dojindo Co., Japan; stock solution 4-0 . 107 2m,
in 95% ethanol; cetylpyridinium bromide (C, H;gBrN, m.w. 384:4) from the firm Lachema.
Brno, stock solution 2-0 . 10" %M in 20% (v/v) ethanol; cetyltrimethylammonium bromide (C,g;
.H4,BrN, m.w. 364-4) from the firm Lachema, Brno, stock solution 2:0. 107 2M in ethanol;
‘Septonex (I-ethoxycarbonylpentadecyltrimethylammonium bromide (C,,H;4BrNO,, m.w.
422:5) of Czechoslovak Pharmacopoeia 3 purity from Slovakofarma, Hlohovec. The commercial
preparation was purified by dissolving in the smallest amount of hot ethanol (z;béul 20 ml)
and the solution was added dropwise into 200 ml of ethyl ether. The precipitated plates of pure
tenside were collected on an S4 sintered glass filter and dried. The Septonex concentration in the
pure preparation was controlled by potentiometric argentometric titration of the bromide and
the curve was evaluated by the Gran method. The ethanolic stock solution concentration was
4.107 %M.

Ajatin (benzyldimethyllaurylammonium bromide, C,,H;35BrN, m.w. 384-4), Spofa, Prague.
‘The commercial solution was concentrated and cooled to 5—8°C; after several weeks tenside
crystals were precipitated out, filtered off from the mother liquor, dried and stored over silica
gel. The stock solution contained 10~ 2—10 3M of the substance in water.

Solvasol O (lauryl alcohol with 4:7 mol of ethylene oxide, m.w. 393-4), from the W. Pieck
factory, Novaky Czechoslovakia). The substance was dissolved in hot ethanol (1 g in 1 ml 95%
ethanol), the solution was briefly boiled with purified active charcoal and filtered on a S4 sintered
glass filter; the solution was concentrated at 45°C in a vacuum evaporator and left to crystallize
in a cold place. The substance was filtered off and dried over P,Oj5 in vacuo.

Polyvinyl alcohol (Moviol 50/80), Farbwerke Hochst, GFR contained 129 unhydrolyzed
acetate groups. Polyvinylpyrolidone (m.w. 24500), pharm. pure, from Koch Light Lab., Ltd.,
Colnbrook, Bucks, England; a 0-5% stock solution was employed. Sodium laury! sulphate
{C{,H,5Na0,§, m.w. 288-4) from the firm BDH Ltd., Poole, England. KNOj, p.a., Lachema,
was recrystallized twice after removal of traces of heavy metals by the method of Biederman“;
HNO;, HCl, ammonia were of p.a. purity; NaOH p.a., Lachema, Fe(III) and other metallic
impurities were removed after standing for a prolonged time in a 50% aqueous solution in a closed
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PE vessel and rapid filtration of the solution through an S4 sintered glass filter under nitrogen.

The buffers employed were in equimolar mixtures with HNO; and the final concentration
of the base in the stock solution was IM: Tris(tristhydroxymethyl)aminomethane) (pK, 8:10);
triethanolamine (pK, 7-90); hexamethylenetctraamine (pK, 5-13); a-picoline (pK, 6:02), redistil-
led; pyridine (pK, 5-18), redistilled; Tris- and hexamethylenetetraamine were recrystallized 2—3 ti-
mes from water.

Masking solution: 0-25M stock solution of MgZ *.chelate of cyclohexancdiaminetetraacetic
acid (CDTA) was prepared by dissolving 43-3 g of CDTA in 240 ml of redistilled water containing
10 g NaOH. An amount of 38:5 g Mg(NO,), in 200 ml water was added to this solution. After
adjusting the pH to 7-5 the solution was diluted to 500 ml with distilled water and filtered.

All the other chemicals employed were analytically pure or recrystallized.

Instruments

Unicam SP-500 spectrophotometer, Superscan Varian recording spectrophotometer, PHM-4
pH-meter, Radiometer, Copenhagen, with a G 200B glass electrode, calibrated with aqueous
NBS buffers and 0-1mM-HCI solutions in the pH range 1—10 and s.C.E. reference electrode, K 401
Radiometer, were used.

Method of pH Measurement

In the presence of tenside the electrode response shifts to higher pH values in the pH region
pH > 7 and to lower pH values in the region pH < 7 after short use (after two or three days).
Simultaneously, the peribd required for electrode potential equilibration increases. Poisoning
of the glass electrode appears as a variable pH value in quiescent solution and during stirring
of the solution with a magnetic stirrer (positive pH change of about 0-15—0-25 units). With
repeated turning on and off of the stirrer, the pH of the quiescent solution shifts to higher values
without stabilization at a defined value. These undesirable phenomena can be prevented by careful
wiping of the bulb of the glass electrode with tissue paper and washing both electrodes (glass
and s.c.E.) with hot ethanol. The uranium-chromazurol S-tenside complex adsorbed on the
electrodes can be decomposed by IM-HNOj or dissolved in hot dimethylformamide. The measure-
ment is carried out with slow diffusion of the saturated KClI solution from the s.c.E. into the
measured solution.

Method of Studying Complexes in Solution

The reaction mechanism was studied spectrophotometrically. The absorbance-pH curves and
concentration dependences of the absorbance at constant pH were interpreted using the earlier
derived slope-intercept transformations!' 213 and by graphical logarithmic transformations
of the equilibrium constant (DSILT) for solutions with excess cation, excess reagent of for equi-
molar solutions in the presence of the tenside. The basic transformations used are listed in Table I.

The method of continuous variations and mole ratios and the absorption curves independence
on the pH or on the concentrations of the components yielded supplementary data.

The Kankare!® program segmented and adjusted for use with a Tesla 200 computer (ref.!”)
was used for matrix analysis of the absorption curves of the reagent in the presence and absence
of tenside and in dependence on the pH. The concentration of all forms of the reagent, the molar
absorption coefficients of all absorbing forms of the reagent for all the A values employed and
the dissociation constants of the reagent were calculated for all the pH values at which the ab-
sorption curves of the reagent were measured. On the basis of this data distribution diagrams
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can be drawn up for the individual forms of the reagent and absorption curves for the individual
absorbing components.

The critical micelle concentration of the tenside, CMC, was found conductometrically from
the shape of the dependence /A = f(4/c) and from measurement of the surface tension by drop
weighing. The CMC value found for Septonex was ¢p, = 0-9 . 107 3M (from conductance mea-
surements) or 1-6 . 10 >m (from surface tension) in aqueous solutions at /— 0. In further work
the tenside concentration employed was generally greater than the CMC value. The ternary
UO%*—chromazurol S-Septonex complex is formed even at submicellar concentrations of the
tenside; however, the solution absorbance is unstable and the complex is readily precipitated
from solution.

Some Acid-Base Equilibria of Chromazurol S in the Presence of Septonex

The absorption curves of chromazurol S in the presence of Septonex and in depen-
dence on the pH corresponding to the transitions LHy » LH, and LH, — LH (Fig.1,2)
have sharp isosbestic points and a marked plateau at 580 nm, which is characteristic
of the ion associate LH3 .2 D* (ref.'®). The long wavelength maximum in the spec-
trum of the associate reflects the polarization of the phenolic hydroxyl bond of the
reagent in the LH3™.2 D* ion associate with the tenside. This maximum is close
to that of the L*~ form in aqueous solutions without tenside (4,,,, 598 ).

t'8, only the equilibria of the carboxyl

max
Of the five acid-base equilibria of the reagen
protons were evaluated:

LH; = KH™ + H', pK,, (4)
LH2- = LH®*" + H*, pK,, (B)

which are established in the pH region corresponding to the formation of the complex
with UO%~. The absorption curves were measured at the critical micelle concentra-
tion of Septonex (cp = 1'6. 1073M) and at two concentrations of chromazurol S
and interpreted using the KANKARE program for calculation of the molar absorp-
tion coefficients at various wavelengths and dissociation constants of the reagent.
Simultaneously, the pH curves for the 4., of LH7, LH2~ and LH®~ were evaluated
for a single reagent concentration and four tenside concentrations so that cpfe, Z 10,
where the turbidity by the ion associate of chromazurol S with Septonex is not
formed. The resultant concentration of ethanol in solution was 4%. The values
of pK.y, PK,3, Anex @and the molar absorption coefficient for some wavelengths are
given in Tables II and III.

In the presence of the tenside at its critical micelle concentration, protonation
of LH3~ occurs more readily and dissociation of LH3~ is more difficult at higher
pH values than in solutions without tenside. The H,L?~ form is preferred in the
presence of the tenside, as the stable ion associate LH3™.2 D* with the cationic
tenside is formed!*. The dissociation of H,L is shifted to more acid media and the
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dissociation ot H,L to more alkaline media. The absorbance-pH curve of the reagent
in the presence of the tenside is measured from acid to alkaline regions is not the
same as that measured from alkaline to acid medium. The pK,; value obtained
on transition from alkaline to acid medium is smaller than that measured in the
opposite direction, as LH, dissociates more readily, similarly as in solutions without

TaBLE |
Basic Use of Slope-Intercept Transformations for Equilibrium Constants
Equilibrium: mM + nH,L+ pD = MmL“Hle + gqH
Solutions with excess ¢y (¢ = const):
Z(A — AD) (Ze, —ne)" "' [H]®

c /A= nle, + — ——— e
L/ /e, Aleycp — nA)" 1 cmey

Z(A — Ay) (Ze; — ne)" " [H]
A egeyfn— DA A 2 — o) IH?
(eycp — nA) cpn*p

Z=1+ ([H]/Ka)tl (reaction of the dissociated reagent form (4 ),
ZA, = g ¢ (undissociated reagent form (—))
&L = et ex- K/ [H]

Z(A — 4D

{ ————W + (n— 1) log(Ze, — ney) = mlogcy + g pH + log *p
£y, —

Solutions with excess ¢, :

[H]? Z"] "2

em/(A — Ay) = mle; + IETM* '"(—A:]m

Py (4 — Ay [H]* Z7ep ™!
— A= eiem/m— [eyepg — m(A — AL)]"“l *Bctm

(4— A Z"

log ——————————— =log*f+ nloge + gpH —(m—1)loge
& [eycpq — m(A — ADI™ L !

1 1
= const.
culdA e—ney [Z + (ep — AA[(e — ney [Z)
AA

log— = logx+ gpH=

o8 oy — AA[(e — ne | Z)
nAA

= nlog (c,_— m) + log(e —ney [Z)—nlog Z.
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tenside. The associate is formed less readily, appearing as hysteresis in the absorbance-
-pH curve in the presence of the tenside. The distribution diagram of the reagent
in solutions with and without Septonex is given in Fig. 3.

The process of proton dissociation from the reagent molecule in the presence of ten-
side according to the assumed scheme'® leads to structure (1), which does not, how-
ever, exclude structure (2) in the presence of tenside, which corresponds better
to the behaviour of the system with UO3* and tenside.

The absorbance of the reagent solutions at 612 nm and the time dependence of the
absorbance are dependent on the method of preparation of the Septonex solutions and
on the content and type of solvent. After addition of an aqueous solution of Septonex
the absorbance of the reagent decreases with time and becomes constant after 4 days
at pH 5 and ¢p = 1-6 . 107 3M. The absolute absorbance values change in dependence

FiG. 1
Absorption Curves in the Chromazurol
S-Septonex System in Dependence on the pH
(LH3 ~ LH3™ Transition) ..

pH:1 0-85, 0:90; 2 1-20; 3 1-30; 4 1-47;
51-60; 6 1-77; 7 1-90; 8 2:08; 9 2:90. ¢, =
= 447 . 1075M; cgppa = 6. 107%M, ¢ 16
107 3m.

F1G. 2
Absorption Curves in the Chromazurol
X-Septonex System in Dependence on the
pH (LH3~ — LH3" Transition)

pH: 1 8:64; 2 6:04; 3 5-87; 4 5-73; 5 5:48;
65:24; 7 4-84; 85'11; 94:67; 104-51; 11 3-71,
oL = 447.1075M; cppra = 6:04.107 %M,
cp 1:6.107 M.
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on the solvent employed (water, ethanol or dimethylformamide) and its content
in the Septonex solution. At pH 8 older aqueous solutions of Septonex with chroma-
zuro! S exhibit lower absorbance than freshly prepared Septonex solutions. A stock
solution of Septonex in 95 ethanol was employed for greater reproducibility

of measurements.

CH,
«3) O
RO = =
flooc” CoOH
CD(’ ) %
O( )D(+)
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REAcTION OF UO,(II) wiTH CHROMAZUROL S IN THE PRESENCE OF SEPTONEX

Solutions with Excess ¢y

Two typical absorption maxima appear on the absorption curves at 594 and 612 nm
at constant pH > 3:6 and variable metal cation excess and also at various tenside
excesses (Figs. 4,5). The long wavelength maximum (612 nm) grows markedly
at small tenside concentrations; however, in both cases the curves pass through
a single isosbestic point at 550 nm. The long wave maximum appears primarily
for the UO3* complex in solutions with cyfc, = 10 and for a small concentration
of tenside, cp = 4, 107*M. At pH 4-5 where associate decomposition does not occur
in the tenside concentration interval used, only the ratio of the peaks of the double
maximum varies and the spectra pass through a single isosbestic point at 604 nm.

The absorbance-pH curves with various metal cation excesses and in equimolar
solutions have analogous course with a single defined plateau for a constant tenside
concentration, ¢, = 1-6. 1073m (Figs 6, 7). At small tenside concentrations, ¢y, =
= 1:6. 107*M, cpfey = 2, a precipitate is formed at pH 3-2, probably UO,L2”.2 D*,
where the number of tenside molecules bound to the reagent does not change (Fig. 7).
With increasing tenside concentration, the complex formation becomes less easy
and the complex is formed in less acid medium; simultaneously, however, the ab-
sorbance of the plateau decreases (Fig. 7). The fragment of curve 1 (Fig. 7) after
interpretation by the DSILT using transformations (I —3) (Table I) and with extra-
polated value & = 128000 for 612 nm indicates a number of dissociated protons
equal to ¢ = 2 for m(M) = 1) and n(L) = 1 for the reaction of form H,L according
to (C):

UO3* + LH, + pD - UO,LD, + 2H*. (©)
10, T . — v r
HL ot
N\ HL H,L
a HL 5 o
¢ J /
06| J
' “ 2 Fi6. 3
3 HE Distribution Diagrams of Individual Forms
02| . 1 of Chromazurol S in the Presence of Septonex
HE (curves 1, 2) and without Septonex (curves
3,4
0 3 3 oH 3 o; = LH,/c;.
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Fic. 4

Absorption Curves in the Chromazurol S-UO,-Tenside Sysiem in Dependence on the
Concentration of UO, at pH 3-80

e, = 81075M; cp=16. 107 3M; cp: 1 4:335.1075m; 28:672. 107 5n; 3 1:734. 10 Sw;
43468107 5m; 5 4:002. 107 °M; 6 6:936. 107 5m; 7 2:427. 107 *m; 8 4:162. 10 *m.

0Z00

FiG. 5
Absorption Curves in the Chromazurol S-UO,-Septonex System in Dependence on the
Septonex Concentration

cL=8.1075m; cyy = 8:672. 107 m; cy/e, = 10-81; pH 3:60; ey 1 4.107“m; 28. 107 *u;
31-6.1073m; 48. 10 3m; 516. 107 2m; 6 48,107 2m.
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Equilibrium (C) was demonstrated unambiguously for curves of solutions with
¢p =16.10"°M and cy = 8672.107°—-2-167. 107 *m (Fig. 6) from pH > 26
(cmfer = 2[7), from pH > 3-0 (from cyfe, = 54) and from pH > 3-4 (cyfc. = 10-8)
using transformations (I, 2). Extrapolation of this part of the curves in agreement

TasLE IT
Some Dissociation Constants of Chromazurol S in the Presence of Septonex

oM cpM PK,3 Pk,

3-47.107°% — 4-787 + 0-012° 2:309 + 0-001°
488 4+ 0029 2:37 4 0-01°
1-6.1075  1-6.1073 5479 £ 0-06°  1-147 + 0-002°
4:47.107% 1:6.107% 5430 4 0:008" 1-261 4 0-003®
8.10°¢ 16.107%  548°
5-497
16.1073  560% 5597
80.107% 563 5637
80.1072 5685 567¢

@ See ref.%; ® calculated by the KANKARE program; € 510 nm; 9430 nm.

4 FiG. 6

The Dependence of the Absorbance of a Solu-
tion of Chromazurol S with Excess UO3™*
in the Presence of Septonex on pH

o =8.1075M; cp=16.10"%;
1.2:167.1073m; 2 4:335. 107 “m; 3 8:672.
. IO“SM; 48-000. 10 Om; cplep: 1270; 2 54;
3108; 4 10.
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with the experimental plateau yields a lower & value (612 nm) = 95000—98750
using a continuous measuring technique or measuring solutions in flasks after
10 min. For absorbance values at 612 nm and at pH < 2:6 (curve for solutions with

TaBLE IV

Survey of the Molar Absorption Coefficients for the Ternary Complex of UO%+ with Chroma-

zurol S and Septonex (results of analysis of the absorption curves)

e, mol ™! 1cm

-1

598 nm

612 nm

Conditions

100 200; 100 900

100 200; 100 900
108 100
109 700

109 700
109 100

101 500
101 500

98 750; 95 000

12 800
98 750; 95 000
92 500
87 500

86 250
87 500

98 800
94 400

101 5007 112 500
100 0007 112 500
101 000% 112 500

131 000
125 000
119 000

101 500
108 000
106 100
102 700

A = f(pH); ¢, = 80.107%m; cyy = 8672. 107 % to
2:167.107*m; cp = 16. 107 M

oy = 8672.107 %M ¢, = 8:0.10" %m
¢p = 16,107 %M
cp=16.10"m
o .1073Mm
cp = 80.107 %M

Ii
o
=)

¢ =80.107 M cD:BO 1072m
ey = 8672.107
oy = 2167.1073

¢ =80.107 M.CD~16 10 3m
o = 8672.107 M —3:47. 10"
A= f(cy); PH 2:90

pH 3-20

A =f(pH); cpy=8.10"M; cp=16.1073m
g = 6.10"°m

e, =8.107 %M

o =12.10"°m

oy =8.0.10"%M; ¢, = 1:6. 107 °m

cp = 4-0.107*m

cp = 16. 1073

cp = 16.107%M

A = f(cy); excess reagent

cp = 1'6. 107 3m; pH 3:60
pH 4-20

pH 7-00

pH 7:00; cp = 1:6. 107 2m

4 Extrapolated from transformations (4) and (5).
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eyfer = 271), at pH < 3:0 for solutions with cy/c, = 54 and at pH < 3-4 for
solutions with cyfc, = 10-8, DSILT indicates, according to (1, 2), dissociation
of three protons assuming reaction of H,L?~ or four protons assuming reaction
of HL*~ and for limiting value ¢ = 98750. If formation of a dimer of the M,L, type
was assumed, then transformations (1) came closest to linearity for n = 2, m = 2
and g = 4. The logarithmic dependence (3) has two sections under the same conditions
with ¢ = 3 for pH < 3 and g = 2 for pH 2 3, if the solution contains the critical
micelle concentration of tenside (cp = 1:6. 107 >M) and at 612 nm, assuming forma-
tion of the mononuclear complex. Assuming n = 2 in the complex, transformation
(3) has a constant slope for ¢ = 4. A value of g < 3 is not attained at pH < 2:9
even after substituting higher values of the molar absorption coefficient into trans-
formation (3) (e.g. & = 128000 from the curve for the solution with ¢p = 16.
. 107 “m). In evaluation of the absorbance data for 598 nm, analysis of the absorbance-
-pH curves under the same conditions using transformations (1)—(3) yielded an ef-
fective number of dissociated protons, g = 3 over the whole pH range.

In the presence of a large tenside excess (cp = 8. 107?M),a 1 : I complex is formed
with dissociation of two protons (m =1, n = 1, g = 2) for both concentrations,

TABLE V
Conditional Equilibrium Constant for the Equilibrium M + H,L + p D= MLD, + 2 HY
in Septonex Medium

log *B Conditions

—2'14 ep=16.10"%M; ¢, =8.10"%m

—2:62; —2:58% —2:54% —2:65% —2-53¢ cp = 16.107%m

—2:92 op=8.10"%m

—3-68; —3-82° cp=8.10"%m
(excess UO%*’): A= f(pH); 4= f(cy)

—218% —212/ ey =8.107% cp= 1-6.107 >m;
e, =6.107°m

—1-94% —2-047 ¢, =8.1075m

—1-88%; —1-927 o =12.107%m

—1-80%; —1-95% —1-97" o = 16.107%

—2:85% —2:60/ e = 4335.107°M; cp=1-6.10"3m

(excess ¢ ): 4 = f(pH); 4 = f(c;)

%o = 4335, 107w b oy = 2:167. 107 m; € pH 2:92; 4 3-20; € 612 nm; 7 630 nm; ¢ 640 nm;
* 650 nm; ! pH 3-9; 7 pH 3-6.
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cy = 8:672.1075m and 2167 . 10™*M for pH > 3-9 or pH > 3-2, with extrapolated
values ¢ = 86250 and 87500 at 612 nm. However, logarithmic dependence (3) is not
linear over the whole region of complex formation assuming formation of the mono-

TaBLE VI
The Effect of Tensides on the Reaction of UO%* with Chromazurol

Tenside Cpy M oM pH Amaeonm g mol™!lem ™!
Zephyramine 8.107% 8.107° 48(S50) 627 94 000
Cetyltrimethyl-

amonium bromide 8.107% 8,103 60(<6'5) 612 95 900 (615 nm)

86 000 (625 nm)
Cetylpyridinium

bromide 8.107* 8.107° 55(<57) 626655 85 500
Ajatin 8.107% 2.107° 50 624 72 000
Septonex 16.107%  8.107° 74 (1-2) 612(598) 111300
Slovasol O 0-04% 2.1078 50 615 43 000
Polyoxyethylen-

lauryl ether 0-024% 2.107°% 50 630 59 000
Polyvinylpyrolidon 0'5% 8.107° 50—51 615 69 800
Polyvinyl alkohol ~ 0-2% 1.107% 6:8—6'9 600 84 000
No tenside — (5—10).107% 50 582 23 650

09 . - .

Fic. 7
The Dependence of the Absorbance
of a Chromazurol Solution Containing Ex-
cess UO% * on the pH in the Presence of Vari-
ous Concentrations of Septonex

e, =8.1075; cyy = 8:672. 107 5m; ¢y
11:6.107%; 2 146. 107 3m; 3 8.107 3m;
48.107 M.
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nuclear complex. The course becomes linear with slope g = 4 only when assuming
n = 2 and a limiting value of ¢ twice as large.

The curve of the concentration dependences A4 = f(cy) in solutions with a constant
ligand concentration (¢, = 8:0.107°m) at 598 nm, 612 nm and pH 3-20 confirm
the ratio of the components in the ternary complex, UO, : L = 1:1 in the whole
range of cy concentrations. At pH 2:90 and small metal concentrations a complex
with a smaller effective molar absorbance for the given concentration of tenside
in solution appears, resulting in higher values of m = 1-5 from transformation (3)
for ¢y 7. 107 *M (Table 1V).

Effect of Tenside Concentration

The critical micelle concentration is suitable for optimal formation of the UO,
complex in a solution with excess UO3* (cyy = 4-335.107*M and ¢, = 8:024.
. 107%m) at pH 2:70. With increasing supercritical concentration of tenside the ab-
sorbance decreases rapidly at 594 and 612 nm, corresponding to complex dissociation
in time. At pH 3:50 the absorbance change and thus complex dissociation is less
marked for ¢p = 107'-*—10"2-°’m. This decomposition is controlled by addition
of one tenside molecule to the ternary complex in the range ¢y = 1073 —107%"m.
At pH > 4 the solution absorbance is constant up to ¢, = 107 ?M and then decreases.

FiG. 8
Absorption Curves of UO, Solutions with Small Excesses of Chromazurol S in Dependence
on the pH in the Presence of Septonex

¢ =16. 1075 cy = 8. 1070M; cp=1'6. 107 3m; cpfep = 2; pH: 13:02; 22:30; 3 3:50;
4374; 5 3-86; 6 4-00; 7 4:20; 8 4-43; 9 4-63; 10 5:00; 11 6:37.
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F16. 9
Absorption Curves of UO, Solutions with Equimolar Concentrations of Chromazurol S in
Dependence on the pH in the Presence of Septonex

ey = ¢ = 8675. 10_6M; cp=8. 10 %u; pH: 12:90; 2 3-29; 3 3-39; 4 3-49; 5 3-59; 6 3-70;
7 3-80; 83-90; 9 4:02; 10 4-20; 11 4-30.

06

FiG. 10
Dependence of the Absorption of a UO% * Solution with Various Reagent Excesses in the Presence
of Septonex

A= A— A cy=80.107M cp = 1:6. 107 >M; ¢p: Curve 18:0.1076m; 2146, 10 5
332.1075w; 4 60.1075m; 580.107 5w 6 1:2.107%m; 7 1-3. 10 *m (without OU3¥);
cpfepg: 11:0; 22:0; 34-0; 47°5; 510°0; 6 15-0.
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At pH 3-5 the ascending part of the dependence 4 = f(c;,) could also be analyzed
for cp = 107* — 107 2M, corresponding to formation of the ternary complex from
the binary complex of UO3* with chromazurcl S. The number of bound molecules
of tenside is s = 2. The slope of the dependence of the conditional equilibrium con-
stant log *8, (MLD, + 2H* » M + H,L + pD) on log ¢, in terms of trans-
formation (3) and calculated for various concentrations of ¢, and ¢y (Table V)
corresponds rather to interaction of one mole of tenside with two moles of ML or one
mole of M,L,. At pH 4:50 the absorption curves, in dependence on increasing tenside
concentration, (cp =4.107%*=1:6.10"2m for ¢y = 8672.10 %M and ¢, = 8.
. 107 ®M) pass through a single isosbestic point at 604 nm and A,,, 612 nm is shifted
10 Apay 594 nm.

max

Solutions with Excess Reagent

The absorption spectra of solutions of UO2* with excess reagent, c,,/cM =2(cp =
1:6.107°M, ¢y = 8. 107%™, ¢, = 1-6. 10™ *m) are analogous (o the spectra of solu-
tions with excess cation. In addition to the maximum of the ternary complex 4,,, =
= 594 nm in solutions with critical micelle concentration of the tenside at pH 3-5,
a second maximum appears at 612 nm with increasing pH. Therc is not a single
equilibrium in solution in dependence on the pH (Fig. 8, 9). The long wavelength
maximum also disappears with increasing concentration of tenside; at pH 6-0 lies
a sharp transition between the complexes with A, 612nm and 4., 594 nm with
increasing tenside concentration. At pH 4-0 gradual decomposition of the ternary
complex with 1., 612 nm to the associate of the reagent with the tenside was observed
with increasing tenside concentration; this transition is characterized by a sharp
isosbestic point at 547 nm.

The absorbance-pH curves (Fig. 10) at 592 —640 nm exhibit two clear complexa-
tion regions in solutions with tenside CMC. At pH < 3 and increasing ligand con-
centration the formation region for the first complex is shifted to lower pH values;
at pH > 4 the formation region for the second complex appears. The highest ab-
sorbance is attained at a stoichiometric ratio of ¢ /ey = 2; with increasing reagent
excess the second formation region is suppressed and simultaneously shifted to higher
pH values in dependence on the wavelength. In the first formation region of the
absorbance-pH curves for solution with ¢y =8.107% and ¢, = 6.107°M to
1-2.107*M and at 612—650 nm the presence of the UO,LD, complex was again
unambiguously demonstrated at pH < 4 in terms of equilibrium (C) (m = 1,n =1,
q = 2), using transformations ((4)—(6)). The limiting values of eg;, for the first
formation region at pH < 4 are in agreement with the &g, values obtained by ana-
lysis of the pH absorbance curves for solutions with excess metal and for equimolar
solutions (¢cp = 1-6 . 107°M). The shape of the second ascending branch at pH > 4
and 612—650 nm is dependent on the reagent concentration, on time and on the
order of component mixing. With increasing reagent concentration the absorbance
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in this part of the curve decreases and the second formation region is shifted to higher
pH values (Fig. 10). In addition, a shift in the absorbance-pH curves to higher pH
values accompanied by a gradual decrease in the plateau value with increasing tenside
concentration in the interval ¢y = 4.107%—1-6. 107 ?m and at the optimal stoi-
chiometric ratio (¢ fey =2, ¢y = 8:0.107°M) was demonstrated. The highest
absorbance value was attained for cp = 4-0. 107 *M (g6, = 131 250). The formation
of the highly absorbing complex at pH > 4 with 1,,,, ¢;, nm is thus suppressed both
by increasing reagent excess and tenside excess.

The A = f(c.) dependences for solutions with excess reagent have various shapes
for various pH values and various tenside concentrations. At pH > 5 and at higher
tenside concentrations the formation of the ternary complex with UO3* becomes
less easy, is shifted to higher concentrations of reagent and the conditional values
of the molar absorption coefficients obtained from the limiting values of the ab-
sorbance for large reagent excess are lower. Graphical analysis of the dependences
using transformations (7),(8) at pH 3-6—3-9and ¢, = 1:6. 10" *mand at 598 —612 nm

i

o2 1 -

DA

04F . 3

bA

02 7

s
130" mol ™

Fig. 11

Dependence of the Absorbance ot the Concentration of Reagent in Excess in the Presence of Septo-
nex (Ad=A— A})

a) ey = 4335.107%M, cp = 1'6. 107 3w; 1 pH 4-2, 612 nm; 2 pH 3-6, 6120m; 3 pH 42,
640 nm; b) ¢y = 4-335. 10‘6M, pH 7:0; 1 612nm, ¢p = 16. 10‘3M; 2 612nm, ¢y = 16.
.1072m; 3620 nm, cp = 1:6. 107 m; 4 620 nm, cp = 1-6. 10™ 2m.
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indicate reliably formation of a complex with M :L = 1 : 1 and the molar absorp-
tion coefficients extrapolated from the transformation limiting values agree with the
maximum values found from the absorbance-pH curves of the solutions with excess
reagent, & = 122000—125000. The decrease in the absorbance at 630—640 nm
also reflects partial decomposition of this ternary complex in solutions with large
reagent excesses (Table V1). At pH 2 7, the stepwise formation of two complexes
in solutions with ¢, = 1-6. 107 °M and with large reagent excesses (c /oy 2 14)
is indicated, with different characteristics at 612 and 630—640 nm (Fig. 11). The
formation of the second complex is suppressed at a larger tenside excess (cp = 16 .
. 107 *m) and the absorbance decreases in a broad concentration range.

Results in Nearly-Equimolar Solutions

The curves for isomolar series for ¢, = 1:60.107*—1-73.107*M and ¢, = 1'6.
.1073M—9-5.10"* at pH 4-0, 5-2, and 6-0 indicate a mixture of complexes. At 612 nm
the complex with M :L = 1:1 predominates, at 630—640 nm the complex with
M :L = 1:2 is chiefly present. In the presence of higher tenside concentrations
(cp = 1-6. 107 2m) the formation of the higher complex with M : L = 1:2 is sup-
pressed. In the presence of 0-05M triethanolamine, ¢, = 1-734. 107 5M, pH 6:0—70,
¢p = 1:6.1073M and for 590—620 nm, the maximum appears for x, = 0-57—0-58
after 5 min. (Theoretical positions are x; = 0-50 for the complex with M: L = 1:1
and x, = 0-67 for the complex with M : L = 1:2). The absorbance of the solu-
tions decreases with time and the maximum of the curves is shifted in one hour to x;, =
= 0-68.

In solutions with substoichiometric and stoichiometric concentrations ¢y at ¢p =
=16.1073M, ¢, = 8-0.10 °M and at pH 4-2, only the complex with M : L = 1:1
is apparent from the A4 = f(cy) curves, at pH 6 also partially the complex with
M:L = 1:2. The near equimolar curves 4 = f(c.) in solutions with ¢y = 5.
.107%M, ¢p = 1:6. 107 %M at pH 6°0 indicate a mixture of ternary complexes with
component ratio M: L = 1:1 and 1 :2 (g;, = 129000); the plateau is in agree-
ment with that of the absorbance-pH curves for solutions with ¢ fey = 2, ¢y =
= 8:00.107%M, ¢p = 1:6.1073m. At pH 4-2 the dependence ends at the limiting
value &¢,, = 98000, which is the value extrapolated from the absorbance-pH curves
for the solutions with excess metal and corresponds to a ratio of M:L =1:1
in the ternary complex. At pH 7-0 the complex decomposes partially.

Results and Explanation of the Reaction Mechanism

In solutions with excess UO2* at pH 2:6—3-4, the ternary complex UO,LD,, £y,
612 nm) is formed in dependence on the pH of the solution, on the concentration
¢y and for small tenside concentrations in terms of equilibrium (C), with a molar
absorption coefficient value dependent on the tenside concentration and pH value.
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At subcritical concentrations of tenside this complex is formed even at pH < 3 and
at small concentrations of metal cation in excess a complex with a higher value of the
molar absorption coefficient. With increasing tenside concentration and at small
metal cation concentrations in excess, the formation of the ternary complex is shifted
to higher pH values and its gradual decomposition occurs. At pH > 2—3, super-
critical concentration of tenside or in the presence of a small excess of metal, another
complex is simultaneously formed with 2., 594 nm and with a component ratio
of M: L = 1:1. This complex is similar to the UO,LH complex, which is formed
in solutions without tenside and in the presence of excess UO3* (2 = 592—595nm).
Simultaneous formation of the M, L, dimer with dissociation of 4 protons and bonded
to the tenside micelle is not excluded. At pH < 3-5 and at subcritical tenside con-
centrations, p = 2 and apparently corresponds to reaction of the reagent associate
H,L?~.2 D* with UOZ*. At pH < 3 the ternary complex decomposes with increasing
Septonex concentration producing LH3~.2 D*. The interconversion of the com-
plexes with 4,,,, 612 nm and A,,, 594 nm is connected with the reaction of 0-5—1 mol
of tenside at pH > 3. The negative effect of higher tenside concentrations on the
absorbance of the ternary complex is greatest at pH 2—4 and apparently depends
on competing formation of an associate of the reagent with the tenside cation. Acid-
base forms of the reagent other than H,L?~ associate much less strongly with the
tenside.

In solutions with excess chromazurol at pH < 4, reaction (C) also occurs in de-
pendence on the concentration of reagent and tenside producing ternary complex
UO,LD, (A 6121nm) in solution simultancously with another complex with
M:L = 1:1and A, 594 nm. Here also, the ternary complex reacts with a further
tenside molecule with dissociation of the bond of the oxygen of the phenol hydroxyl
with UOZ*. At pH > 4 a complex with UO,:L = 1:2 is also formed in the
presence of a small reagent excess. With increasing chromazurol S concentration
in solution the formation of a complex with a higher value of the molar absorption
coefficient at 612 nm is shifted to higher values of pH 5—7. The excess tenside
prevents formation of a complex with UO, : L = 1:2. The highest value of the
conditional molar absorption coefficient was obtained for the stoichiometric con-
centration ratio cyfey = 1/2 in solutions with Septonex CMC. In the presence
of tensides other than Septonex, a higher complex with UO, 1L = 1 :2 is formed
far more readily, e.g. in the presence of polyvinyl alcohol at pH 6:8—80 (ref.’)
in the presence of a small excess of various cationic tensides at pH 4:25—6-00 (ref.'®),
in the presence of cetyltrimethylammonium chloride at pH 40— 55 (ref.?); elsewhere,
only a complex with UO,:L =1:1, e.g. with cetylpyridinium bromide’, was
considered. :

In the UOZ*—chromazurol S-Septonex system, competing equilibria between
the individual components apparently occur, reflecting the relatively low stability
of the ternary complex. The increasing tenside concentration in the supercritical
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micelle concentrations has a negative effect on the value of the molar absorption
coefficient at 612 nm and shifts the absorption maximum of the complex to 594 nm.

Our experimental results tend to confirm the formation of defined ion associates
among UO32*, chromazurol S and Septonex, rather than micelle complexes under
optimum conditions (sce analogous assumptions in other systems?°~23). At the stoi-
chiometric tenside concentration, however, a precipitate is readily formed in aque-
ous solutions, so that a small tenside excess is necessary for stabilization of the ternary
complex in solution. In the presence of critical and supercritical micelle concentra-
tions of Septonex, the effect of the micelle in a certain pH region can simulate a certain
defined complexation equilibrium. In the formation of the ternary complex with the
cationic tenside, the phenol proton is dissociated and bonding of the cation to the
limiting quinoid arrangement of the molecule becomes impossible, as this arrange-
ment is protected by the cationic tenside molecule. The polarization effect of the
tenside bonded to the carboxyl anion labilizes the phenol proton bond and enhances

O5——r T T — S S —
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Fig. 12 FiG. 13

Dependence of the Absorbance of a UO3*
Solution with a Small Excess of Chromazurol
S in the Presence of Various Tensides

oM =4335.107M; ¢, = 8.107°m; 1 G;
AA = A — Ay ; 1 polyvinylpyrolidone, 0-5%
solution, 615 nm; 2 zephyramine, cp 3:2.
. 107 M, 627 nm; 3 cetylpyridinium bromide,
¢p 8.107*M, 626nm; 4 cetyltrimethyl-
ammonium bromide, cp 4. 10~ %M, 615 nm;
5 Septonex, cp = 1-6. 107 3m.

Dependence of the Absorbance of a UO3*
Solution with an Excess of Chromazurol S
in the Presence of Septonex with Various
Buffers

oy =4335.10"%; ¢ =8.107°M, ¢p
=16. lO"’M‘ 612 nm; 0-1M-KNO3; 1 0Im
2-picoline; 2 0+1M tris(thydroxymethyl)amino-
methane; 3 0'1Mm triethanolamine; 4 without
buffer.
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the involving of the electron pair on the phenol oxygen in the conjugation of the
triphenylmethane skeleton, resulting in an increase in the molar absorption coefficient
of the ternary complex.

The conditional values of the equilibrium constant for the principal equilibrium
(C) under various conditions are given in Table V.

In aqueous solutions without tenside and in the presence of excess cation, the
UO,LH complex is formed (A = 592—595nm, & = 5-8.10* (590 nm)) with
dissociation of only one proton at pH < 4-8. Simultaneously (UO,),L is also formed
in the presence of a large excess of UO3*; in both cases the phenol proton is dis-
sociated. In solutions with a small excess of ligand without tenside and for ¢, =
= 1-01.107%m 2:00. 107 *M and cy = 1-734.107°M a single complex is formed
with A, 580—582nm with composition M:L = 1:1 and with dissociation
of a single proton in the reaction of H,L?™ (esg0 = (23:5—23-8).10% &590 =
=208. 10 g500 = (16:7—17-1) . 10%). This complex is formed at I — 0 at pH > 3,
attains a maximum concentration at pH 4-5—4-8 and is readily hydrolyzed at pH > §
(log 81 (M + H,L & MHL + H*) = 0-33—0:18). The complex decomposes with
increasing ionic strength and the conditional molar absorption coefficients found
are much lower. The formation of a dimer could not be unambiguously demonstrated
in these solutions. Here a bond is probably formed to the unprotonated ketonic
oxygen with simultaneous dissociation of the neighbouring carboxyl proton and
dissociation of the phenolic proton does not occur.

SPECTROPHOTOMETRIC DETERMINATION OF UO3* WITH CHROMAZUROL S~
IN THE PRESENCE OF SEPTONEX

The effect of various cationic and nonionic tensides in the system of UO3* with
chromazurol S is documented in Table VI, Fig. 12 and Fig. 13 for chosen reagent,
tenside and pH concentrations. All the cationic and nonionic tensides cause a batho-
chromic shift in the 4,,, of the complex of UO2* with chromazurol S. The greatest
increase in the molar absorption coefficient occurs for cationic tensides, primarily
Septonex, in dependence on the concentration of detergent, solution pH and con-
concentration of reagent and UO3*. The ternary complex with the tenside is formed
even at submicelle tenside concentrations, where the highest values of the molar
absorption coefficient are attained; only above the micelle concentration of the
tenside is the system sufficiently stable in aqueous solutions or in solutions with added
ethanol. The anionic tenside sodium laury] sulphate does not have a positive effect
on the chromazurol S-UO3* system. A linear dependence of the increase in the
molar absorption coefficient or sensitivity on the length of the carbon chain in the
molecule also does not follow from the set of experimental conditions.

Under the conditions employed here, Septonex at the micelle concentration
exhibited the greatest increase in the molar absorption coefficient; the absorbance
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FiG. 14

Absorption Curves of UO%+ Solutions with Excess Chromazurol S in the Presence of Septonex

ep=8.10"%M; cp=16.10"3m; a) pH; 7-0, cppr 1 0; 21-734. 10" Om; 3 3-468 . 10~ Om;
45202.1076m; 5 6:936. 10 6m; 6 8:672. 10 ®m; b) 0-1m tricthanolamine, pH 7-4; et 10;
20867. 1076M; 33-468. 107 6m; 4 4:335. 107 6m; 5 5:202. 107 6m; 6 6:936. 10" 6m; 7 8672
. 107 %M.

s 1
8 A
1734 .10'34

FiG. 15
Conditiopal Molar Absorption Coefficient in Dependence on the Concentration of UO§+
in Solutions with Excess Chromazurol S and in the Presence of Septonex at 612 nm

¢ =8. 107 5m; ep=16. 107 3; pH 7-4; 0-1M triethanolamine, pH 7-4; 1 0-65M-KNO;;
2 0'1M-KNOj;; 3 without KNO;.
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is constant at pH 4-5—7-1 in solutions with a small reagent excess; this region is
further broadened in the presence of the tris(hydroxymethyl)aminomethane or tri-
ethanolamine buffers. Use of Septonex at pH 6-9—7-1 is advantageous, as the solu-
tion then contains the poorly absorbing HL®~ form of the reagent, so that the blank
absorbance is small. This form does not yield a stable associate with the tenside.
A blue, red-purple or purple colouration is formed at pH 3:0—3-8 in the presence
of tetraphenylphosphonium bromide, tetraphenylarsonium chloride, triphenylhexyl-
phosphonium bromide, tetraphenylcarboxymethylphosphonium chloride, n-pro-
pylpyridinium bromide or antipyrine; this colouration disappears at pH > 4 and
is not reformed on reacidification of the solution. Poorly stable associates with
chromazurol S are formed.

Determination of UO3* with Chromazurol S in the Presence of Septonex

At pH 69-70, ¢y = 80. 107°M, ¢p = 1:6. 107 3Mm, the effect of excess tenside
and reagent is small and the values of the molar absorption coefficient for various

TaBLE VII
Calibration Curve A = f(cy) in Solutions with Excess Chromazurol S, and Septonex in the
Presence of Various Buffers

¢ =8. IO_SM; cp = 1'6. 10_3M; 0-1M-KNO;; ¢y = (0:9—9-0) . 10_6M; 612 nm; buffer
concentration, 0°1M.

Buffer Optimal pH €. 1075, mol ! 1cm™! A21,° q°
Hexamethylentetramine 60 0:97 0:250 0248
Tris(hydroxymethyl) 67 1-06 0-231 0-210

aminomethane 7-25 1-08 0-170 0-150
2-Picoline 60 1-00 0-250 0251
67 1-09 0150 0125

Pyridine 52 0-98 0-465 0-460
62 1-02 0-308 0-306

Triethanolamine 7-0 1-06 0151 0-123
7-4 1-10 0-083 0-020

No buffer 55 1-03 0-300 0-291
69 1-08 0-150 0-136

a Ag“ is the experimentally determined blank absorbance; qb, the intercept on the y-axis cal-
culated from linear regression of the values from the linear part of the calibration dependence.
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TasLE VIII
The Effect of Masking Agents on the Determination of UO§ * with Chromazurol S in the Presence
of Septonex”

e =8.107°M ¢y =4335.10"5; cp=16.10"°m; pH 7-4; O'lm tricthanolamine,
0-1M-KNOj;.

Reagent oM cxlepy M
EDTA 26.107% 60
DCTA 80.107 3 1850
Mg(CDTA) 13,1072 3000
Ca(CDTA) 50.1073 1150
Ascorbate 2:0.1072 4610
Fluoride 1:0. 1073 230
BF; 30.1073 692
N,H,.H,0 0375 87 000°
5-Sulphosalicylate 46.1074 106
Malonate 2:0.1073 461

9 The ¢y concentration data correspond to 29 relative absorbance change; b the absorbance
was measured within 3 min and decreases rapidly with time; € after 20 min the blank changes
from yellow to green.

excesses are: cL/cM, €612: 2, 125000; 4, 121250; 7-5, 112500; 10, 112500; 15, 112500.
An average value of ¢ = 112500 + 1300 with a relative standard deviation of +1-12%;
follows from the slope of the calibration dependence for unbuffered solutions with
I=01M (KNO,), ¢, =8.107°M, cy = 1'734.107°M—8672.107°M (c fey =
= 46:1-9-2) and ¢, = 1'6. 107 M.

The slope of the 4 = f(cM) dependence changes considerably for ¢y < 1:7.
.107®M and ¢ [cy > 46, as a result of the concave shape of the calibration curve
for these metal concentrations. The average value in this part of the curve is lower
(612 = 79300). This deformation is actually a result of a larger excess of reagent
and tenside as the calibration curve for solutions with ¢, = 8.107°M and ¢y <
< 17.107®M again has a region with eg;, = 7.10% from c. ¢ fcy > 46, i.e. oy <
< 87. 10" M. The ¢ value evaluated from the dependence for ¢y, = 1-734 . 10" "M to
1-734 . 10~®M in the presence of ¢, = 8.107°M and at pH 7-4 is only 75600. A de-
pendence of the slope of the calibration curve on ¢y has already been observed
in the Be2*—chromazurol S—tenside system*8:'°.

Effect of Buffers

The effect of chosen buffers, 2-picoline, tris(hydroxymethyl)aminomethane and tri-
ethanolamine in 0-1M concentrations and in dependence on the pH is depicted in
Fig. 13. Compared to unbuffered solution (pH 7-2), the constant absorbance region
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is shifted to pH 7-4—7-5 in solutions with critical micelle concentration of Septonex.
The following buffers do not interfere in concentrations of <0-4M: triethanolamine
(pH 7 and 7-4), tris(hydroxymethyl)aminomethane (pH 6-7 and 7-25), picoline (pH 6-0
and 7-0). Some data for various buffers are given in Table VII. The most suitable
buffer is triethanolamine in 0-IM concentration with HNO; at I = 0-I1M-(KNO;),
which enables determination even at pH 7-4, where observable hydrolysis of the
ternary complex otherwise occurs. The maximal value gg,, = (1:06—1:10). 10°
is constant in the region pH 7-4 + 0-]. The calibration curve is also linear here
at 612 nm for cy = (2:6—8:7).107°M in the presence of ¢; = 80. 107%™, ¢ =
= 16.10"°M and 0-IM-KNOj (¢ [y = 10—31). For ¢;[cy > 46 the calibration
dependence is curved with an average value of ¢5;, = 79300.

Statistical evaluation of the calibration curve by linear regression for optimal
conditions (cy = (1-734—8672). 107 °M; ¢, = 8.107°M, ¢p = 1:6. 107°M, O-1m-
-KNO;, 0-1M triethanolamine, pH 7-4) for seven parallel solutions at each concentra-
tion (altogether six concentrations), with the absorbance measured against water
without subtraction of the reagent absorbance yielded the following data: optimum
concentration range: 0413 —2:064 pg Uml™*, 1612 nm, & = 112000 + 504, blank
absorbance (0:013 + 0:003), s,,(s) = +0:0071, sy = 0015 p)g U ml™", detec-
tion limit (85,y()) = 0:12 pg Uml ™",

The difference between the calculated intercept on the absorbance axis from the
linear regression of the linear part of the calibration curve and the measured absor-
bance of a solution containing only reagent (the experimental blank) is a measure
of the curvature of the calibration curve for small metal concentrations (Table VII).
The absorption curve for the individual concentration of metal used for the calibration
curves exhibit a broad maximum at 590—612 nm; at concentrations ¢y > 520 .
.1075M, the A, 612nm peak becomes more pronounced at pH 7-0—7-4, more
in solutions without buffer than in those with buffer. The curvature of the calibra-
tion curve in the vicinity of the origin thus depends on the presence of a complex
with predominating absorption at 590 nm (Fig. 14).

The Effect of Septonex

This effect is negligible in the range ¢, = 107*—10"2M under the determination
conditions (0-1M triethanolamine, pH 7-4, 0-1M-KNO3, ¢, = 8. 10 °M); only a slight
decrease in gg;, from 1-12.10° to 1:07.10° and A, = 0-055 to A, = 0-047 ap-
pears. It is important that the tenside concentration be greater than cp = 8. 107 *mM
to prevent precipitation of the reagent associate with the reagent.

Effect of Reagent Concentration

For mean concentrations, ¢y = 4:385.107°M, pH 7-4 and 0-1M triethanolamine,
¢p = 1'6.1073M, the absorbance difference 4 — A, is constant up to ¢, = 4:8.
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.1075M (cfey = 11); higher concentrations up to ¢, = 128 . 107 *M decrease the
absorbance difference only slightly (—9% rel).

Effect of the Ionic Strength

In the interval <£0-5M-KNO,, the absorbance of the solution changes only slightly
for ¢ =8.107°M, ¢p = 1'6.107%M, cy = 4:33.107°M, O-1M triethanolamine,
pH 7-4. In the uranium concentration range employed the dependence (4 — A4,) =
= f(cM) is not ideally linear at any ionic strength realizable with various concentra-

TasLE IX
The Effect of Interfering Ions on the Determination of Uranium with Chromazurol S in the
Presence of Septonex at pH 7-4 (0 1M triethanolamine)

oL =8.1075m; cp = 1:6. 107 3M; ¢y = 4-335. 10 ®m; 0-1M-KNO,.

In the presence

Ton No masking agent of 0:03mM-Mg-CDTA
ex’ ex/em e’ exlem

Mg2* 4,102 9230
ca?t 4.1072 9230
sr2* 4.1072 9230
Ba?* 4.1072 9230
Ti(1V) 1.107% 23 16.1072 369°
Zn2* 7.107% 160 1.1072 2310
ca** 9:6.107% 22 96.1073 2215
ARt 1.107* 23¢
Cu?* 2.107% 46
Zr(1V) 1.107% 23
Th(IV) 1.107% 23
Fe3* 3.1073 659
Be?* 1.107% 23
pPb2* 1.1072 2310
Mo03~ 4.1072 9230
w03~ 4.1072 92307
S03~ 3.107! 70 000
cl~ 3.107! 70 000
NOj 5.107! 115 000
V(V) 4.1072 70 000
coj~ 43.107% 100

9 Concentration data correspond to the maximum relative absorbance change, +27%; b absorbance
is measured within 3 min; € solution is first heated; 4 absorbance measured within 10 min.
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tions of KNO,. With increasing UO3* concentration the conditional molar ab-
sorption coefficient at 612 nm increases to the maximum value which is g¢,, = 121000
(I = 0); &g, = 112000 (I = 0-1(KNO,)); &,, = 104000 (I = 0-65(KNO,)) and
is practically constant for cy = (1:040—1-734).107°m and I = 0—0-1 (pH 7-4,
0-1m triethanolamine, ¢, = 8. 107 *m). (Fig. 15). The marked deformation of the
calibration curves at ¢y 3-47.107°M decreases with increasing ionic strength (up
tol < 0-65). For ¢y . 107 %M, the ionic strength has a marked effect on the time stabil-
ity of the system. In media with I = 0-65 the solution absorbance for the conditions
given above is unlimitedly stable in time; at I = 0-1 it is stable for 2 h. and in the

TasLe X
The Effect of lons and Reagents on the Determination of Uranium with Chromazurol S in the
Presence of Septonex at pH 5-25 (0-2m 2-picoline buffer)

oy = 3-467. 10'6M; ¢ =8. IO_SM; cp=16. 10—3M; 0-1M-KNOj; absorbance measured
within § min at 612 nm.

ITon or reagent cx, mg.ml ™! @ cxley, M
Mg?* 9:6.1073 115
Ca?* 32.1072 231
Zn2* 54.1072 240
Pt 111.1072 23
Niz* 65.107% 31
cd?t 33.1072 84
Ny 9-3.107! 2790
clo; 34 10 000
a 70 58 000
co3” 43.107! 2050
SCN™ 12.1072 61
HPOZ~ 4.1072 120
Oxalate 17.1073 55
Tartrate 4.1073 1 800
Borate 20
Acetate 3-0.1071 1440
Phthalate 69.107! 1 440
Ascorbate 14,1071 230
Citrate 12.1072 19
Sulphosalicylate 18.1073 2:3
EDTA 53.1072 52
Ca(EDTA) 1:3.1071 115
Mg(EDTA) 11.107¢ 100

@ Concentration ¢y corresponds to the highest relative absorbance change, +-2%.
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absence of KNO, (I - 0), the absorbance of the solution decreases with time as
soon as the solution is prepared. Apparently the increase in the CMC of the tenside
with increasing electrolyte concentration occurs here, decreasing the interfering
effect of excess tenside on the ternary complex.

Effect of Masking Agents

All the reagent tested (Table VIII) lead to negative errors. The ¢y or ¢x/em concentra-
tions given in the table result in a systematic error of the absorbance from the theoreti-
cal value of —2% rel. An optimal, although not very effective masking agent was
a solution of the Mg?* chelate of CDTA (0-03M) with a slight excess of Mg?*
(cma/ccora = 1-2). The calibration dependence in the presence of ¢, = 8. 107 *m,
cp = 1:6.1073M (gg;, = 109200).

Procedure

To a 25 ml volumetric flask are gradually added 1 ml of 4. 10~ 2m Septonex solution in 95% etha-
nol, 5 ml of 4. 10~ *M chromazurol S, 2-5 ml of IM-KNO3, 2'5 ml of Im triethanolamine buffer
(pH 7-4), 3 ml of 0:25m solution of the Mg2+ chelate of CDTA and 5—10 ml of sample solution
containing less than 5 pg mli™! uranium at pH 2:5—3-0; the solution is diluted to the mark.
The absorbance at 612 nm is measured immediately and is stable for at least 2 hours. The calibra-
tion curve is linear from 0-404 pg U ml ™.

Effect of Ions

The effect of some cations and anions in the presence and absence of masking agent
under optimal conditions is given in Table IX. In the absence of masking agent the
following ions interfere strongly: AI**, Cu?*, Zr(IV), Th**, Fe** and Fe?* after
reduction, CrO2*, ClO; and H,0,.

THE REACTION OF UO2* WITH CHROMAZUROL S IN THE PRESENCE
OF SEPTONEX AT pH 5.25

At pH 5-25 in the presence of 0-2M-picoline buffer under the conditions given above,
the dependence of A or A — A, on f(cy) is linear for the concentration range ¢y =
= 867.1077-9-54. 107 °m (0-206 pg mI~' —2:27 ug mI~"), the concave error for
small metal concentrations is absent and the limiting absorbance A, for ¢y = 0
is in agreement with the values calculated by linear regression of the measured values.
It was found using the STAT program that ¢;, = 105230 + 162, 5,,»y = +0-003,
Sayey = 10-0064 pg U ml™?, detection limit (8s,y(.)) = 0-0051 pg ml™*.

Here, however, the absorbance is more strongly affected by the ionic strength of the
solution and concentration of inert salts (in the absence of 0-1M-KNO, the absorbance
at 612 nm is 22% lower), and the absorbance of the blank is higher. Ethanol in con-
centrations of 5—20% does not interfere. The effect of a number of cations is listed
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in Table X. The following ions interfere: AI**, In**, Ga®*, Be?*, Cu®*, Ti(IV),
Cr3*, Fe*, Fe?*, Ni?*, Co?*, Zr(IV), VO?*, oxalate, citrate, so that the procedure
at this pH is far less selective.
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