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In alkaline 0.1 M solution of ammonia buffer, having a pH of 9.4 + 0.2,
and containing hexadecyltrimethylammonium bromide (CTMAB) (¢ = 0.1
—0.2mmoldm ) or hexadecylpyridinium bromide (CPB) (¢ =0.2—
0.4 mmol dm~*), Chrome Azurol S forms stable products with rare earth
and yttrium ions. These products have an absorption maximum at
A = 620nm and molar absorption coefficients £ = 6.3—7.1 m>mmol ' for
CTMAB and ¢ = 6.8—8.2m*mmol ' for CPB. In the presence of CTMAB
(c = 0.10—0.15mmoldm *) and at pH = 10 a less stable product is formed,
with an absorption maximum at A = 650 nm and & = 9.2 m’ mmol~'. Poorly
selective reactions of lanthanoides and yttrium possess high sensitivity with
a detection limit DL = 0.3—0.6pmoldm® for CPB and DL = 0.5—
0.9umoldm™ for CTMAB, respectively, and with high colour contrast
AL = 200—230 nm. Optimal conditions for analysis depend on the reagent
and surfactant concentration and to some extent on the concentration of
lanthanoide and of the inert salt as well. The reaction has been utilized for
the determination of Ln(I1l) and Y(III) by means of flow injection analysis
at A = 620 nm or 650 nm in the concentration range of 2—20 umoldm * of
Ln(111), DL = 2—3 pmol dm ~* of Ln(I1I). The determination was preceded
by the separation of lanthanoides. The reaction can also be applied for
postcolumn derivatization of lanthanoides after HPLC or IEC separation
chromatography.

B npucytcreuu 0,1—0,2 MMonb M~ * 6poMHaa rexcaaeluITPUMETHII-
ammonus (CTMAB) wiu 0,2—0,4 MMoJIb 1M~ 6poMHIa rexca eIy pH-
nuuus (CPB) Xpomasypon S (CAS) B menounoit cpeme 0,1 Monb am™*
amMMuayHoro 6ydepHoro pactBopa ¢ pH 9.4 + 0,2 obpa3yer ¢ HoHaMu
peNKO3eMEJIbHBIX 3JIEMEHTOB U UTTPHS CTAOUIbHBIE TPOIYKTHI C MAKCHMY-
MOM TmorjomeHus npu A = 620HM ¥ MOJAPHbIMH Kko3dULIHEeHTaMHU
norjowenus ¢ = 6,3—7, 1M’ mmons~' s CTMAB wmm &= 68—
8,2 M>Mmons ' mns CPB. B npucytereuu 0,10—0,15 mmons v~} CTMAB
npu pH = 10 obpa3yercs MeHee YCTOWYMBBIH NMPOAYKT C MaKCHMYMOM
noryouieHus npu A = 650 HM U MOJISPHBIM K03 PULUHMEHTOM MOTJIOLIEHHS
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9,2M>MmMonb !, Cnabo u3bupaTenbHble PEAKIMU JTAHTAHUOAOB M MTTPHs
XapaKTEpH3YIOTCS BHICOKOH YYBCTBUTENIBHOCTBIO C NIPEAEJIOM ONpeaeIeHUs
DL = 0,3—0,6 Mmxmonb oM~ miss CPB u DL = 0,5—0,9 MxMoJib oM ™ 1181
CTMAB c cuibHBIM IBETOBBIM KOHTpacToM AA = 200—230uM. OnTH-
MaJjibHbIE YCJIOBHS OINpPENEJIEeHHs 3aBUCAT OT KOHLEHTpalUMH pearcHTa
u I1AB, a 0T4acTH M OT KOHUEHTpPALU! JAHTAHHJIOB U WHEPTHBIX COJICH.
JlaHHas peakuus ObUIa HCNOJB30BaHA JUIS OINpPEICNICHUS COAEPXKaHUS
Ln(III) u Y(III) mocpenctBoM MpPOTOYHO-UHBEKUHMOHHOIO aHaJIM3a IpHU
A= 620HM nuu 650 HM B MHTEpBaJie KOHHEHTpanui 2—20 MKMOJb AM
Ln(11I) ¢ npenenoM onpenenerns DL = 2—3 mMxmonbs am ™~ Lo(I11) mocne
MpeIBapUTEILHOTO OTHEJEHHS JIAHTAHUIOB. Peakiuio MOXHO TaKXe HC-
MOJIb30BAaTh [JIA NOCTKOJIOHHOW [IepHBAaTU3alU¥ JIAHTAHUIOB NOCJE HX
pa3zesieHHss HOHOOOMeHHOW XxpomaTtorpadued i BbICOKO3(p(EeKTUBHOM
XHUAKOCTHOH XxpoMaTorpadueii.

Ternary systems consisting of metal ion—triphenylmethane dye—surfactant
have found widespread use in analytical chemistry in determinations of trace
concentrations of certain elements [1—4]. The popularity of such systems is due
to both high sensitivity and colour contrast. The price to be paid for such assets
is a rather low selectivity. Molar absorptivities can be dramatically increased by
the presence of cationic or nonionic surfactants, with the concomitant batho-
chromic shift of absorption maxima, compared to those of the binary systems.
There are cases where molar absorption coefficients ¢ attain values 15—
20 m’mmol~' and colour contrast is higher than 100 nm [1—5].

One of the early systems used for spectrophotometric determination of
lanthanoides consisted of triphenylmethane dye (Xylenol Orange, Methyl-
thymol Blue, Glycinecresol Red, and others) in the presence of CTMAB or CPB
[6—11]. In addition, reagents such as Chrome Azurol S [12, 13], Eriochrome
Azurol B [14], Bromopyrogallol Red [15], and Eriochrome Cyanine R have been
used. When a cationic surfactant is present, absorption maxima appear in the
region of 1 = 610—650 nm, having ¢ = 4—5m>mmol~'. Another special fea-
ture of the reaction is the narrow interval of surfactant and reagent concentra-
tions in which the reaction works. Not surprisingly some authors, disregarding
that fact, have found Chrome Azurol S and its analogues unsuitable for deter-
mination of lanthanoides in the presence of surfactants [16]. The whole problem
is both complex and extensive, interactions between lanthanoides and hydroxy-
triphenylmethane dyes are far from being understood.

Aiming at their application in flow injection analysis of separated samples
and for postcolumn derivatization of lanthanoides after HPLC or 1EC chro-
matography, we have studied interactions of lanthanoides and yttrium with
Chrome Azurol S in the presence of cationic surfactants CTMAB, CPB, and
Septonex.
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Experimental

Stock solutions of 0.01 M lanthanoides and yttrium were prepared by dissolving
samples of nitrates (La, Ce, Pr, Nd, Tb, Ho), oxides (Sm, Er, Y) or carbonates (Eu, Gd,
Dy, Yb) having analytical purity grade (Reakhim, USSR), in the calculated volume of
1 M-HNO, and diluting with water to 0.1 M-HNO,. Such solutions were standardized by
chelatometric titration in the presence of Xylenol Orange. For use, stock solutions were
diluted by 0.1 M-HNO, to concentrations of 0.01—1 mmol dm ™.

Chromatographically pure preparations of the Chrome Azurol S (2”,6"-dichloro-3"-
-sulfo-3,3’-dimethyl-4-hydroxyfuchson-5,5'-dicarboxylic acid (CAS in further text) were
used after purification [17] of the commercial product (Merck, Darmstadt). The content
of active substance was checked by potentiometric titration of samples of solid CAS by
carbonate-free 0.1 M-NaOH. Samples contained 70.6 and 85.0 % of active substance
after correction to anhydrous acid. Additional parameters that have been checked were
values of molar absorption coefficients of 4 x 10~° M-CAS solutions in pH regions, where
LH; (pH =1.1) and LH?>~ (pH = 8.0) acidobasic forms prevailed. The values
£=2.44m’mmol ' (at A = 470nm) and &= 2.21 m’mmol~' (at A = 430nm) differed
only by 7 % from those published in the literature [17, 18]. Commercial reagent contained
35—40% of active substance only. Stock solution of CAS (¢ = Smmoldm™") was
prepared by dissolving solid reagent in few cm® of water, containing 10—15 drops of
concentrated ammonia solution and after the sample dissolved completely it was diluted
to final concentration with water.

In flow injection analysis (FIA) and in other measurements in stationary conditions
a “mixed” reagent, containing the required CAS concentration, cationic surfactant, and
buffer with pH = 9.4 + 0.2, was directly injected to the flow stream of the acidic solution
of lanthanoides.

Anal. grade quality samples (Lachema, Brno) of CPB were purified before making
0.01 M standard stock solution in diluted ethanol (¢ = 20 vol. %). Similarly 0.01 M stock
solutions of CTMAB in water were prepared. Aqueous solution (0.005 M) of Septonex
(SPX, l-ethoxycarbonylpentadecyltrimethylammonium bromide) was prepared using
pharmaceutical purity samples of SPX (Slovakofarma, Hlohovec).

Ethanol containing 4.5 vol. % of water and 5 vol. % of methanol was distilled with an
addition of EDTA (¢ = 1 gdm™*). Water used in solutions was redistilled from quartz
apparatus Bi-18 Destamat (Heraeus Quarzschmelze, GFR). Other chemicals supplied by
Lachema, Brno were of either anal. grade or MOS purity. Ionic strength of solutions was
maintained at / = 0.1 moldm~3 by HNO, and NH,-H,O or NaOH.

Acidity of solutions was determined by OP 208/1 pH-meter equipped with OP 0808
combined electrode (Radelkis, Budapest). Regular calibrations were performed, utilizing
a set of standard buffers K21 and K71, having pH 2.18 and 7.00, respectively, supplied
by Radelkis. All spectrophotometric measurements were performed on a digital double-
-beam spectrophotometer Specord M 40 (Zeiss, Jena) in quartz cuvettes with 1 cm path
length, at constant temperature 24 + 1 °C. For FIA measurements in dynamic conditions
an experimental set-up, consisting of a home-made PTFE loop-valve injector with total
volume variable from 8—100mm’, spectrophotometric detector with variable
wavelength in the range of 335—800 nm and flow cell with 18 mm? volume, adapted from
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a single-beam spectrophotometer Spekol 21, and the K 201 recorder (Zeiss, Jena) was
used.

Carrier stream of either acidic lanthanoide and yttrium solution or alkaline solution
of the mixed reagent was propelled by gravity at the flow rate of 0.5—3 cm*min~' since
neither peristaltic nor membrane pumps could perform with satisfactory reproducibility
and high precision (0.1—1.0 % for piston pump or gravity propelled stream, 1—35 % for
commercial peristaltic or membrane pumps). Components of the FIA system, shown in
Fig. 1, were connected with Teflon tubing of internal diameter 0.6 mm, in order to avoid
secondary contamination of solutions as well as the effect of sorption at the surface of
capillary system made from other plastic materials.

]
)
NV

RC

Fig. 1. Block scheme of the FIA analyzer.
O — stream flow, MP — membrane pump, S — sampler, RC — reaction coil, D — detector,
W — waste.

Tuned to optimal conditions the FIA system worked with a flow rate of approximate-
ly lem’min~', the distance between injection and detection site being / = 40cm at
dispersion D = ¢,/¢,, = 7 (¢, — signal at zero dispersion of the zone, ¢, — signal at the
peak maximum), and with 30 mm® injection volume. Such experimental conditions gave
maximal yield of the reaction and the highest peak absorbances.

Results and discussion

In the ternary system consisting of Ln(III)>—CAS—surfactant where Ln(I1I)
represents lanthanoide ions and those of lanthanum and yttrium the total
absorbance and the rate of product formation depends beside other factors on
the order in which the components are mixed. The fastest way to reach equilib-
rium is to add the mixed reagent (CAS + surfactant + buffer) to the acidic
(pH = 1—3) solution of Ln(IIl) or alternatively by adding mixture of acidic
solution of Ln(II1) or CAS (pH = 1—2, HNO,), surfactant and either ammonia
or buffer solution to the acidic CAS or Ln(III) solution. Both addition of Ln(III)
to the mixed reagent and the reversed process elicited equilibrium in 7—10 min.
In the case when the acidic Ln(III) solution having pH 1—2, surfactant and
either ammonia or buffer solution were consecutively added to the aqueous
solution of CAS the equilibrium was reached in 30—40 min. Absorbance of the
reaction product was stable for at least 12 h.

Sometimes recommended optimal pH interval of 5.2—6.7 [12—14, 16] was
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found unsuitable owing to the acid-base equilibrium LH}~/LH?~ of CAS and
to high absorption of LH2~ form at A~ 550nm (¢x 1.5m?’mmol~"' at
A = 550 nm). Therefore neutral and basic solution with pH > 7 were studied, in
which CAS existed exclusively in the yellow LH*~ form with absorption maxi-
mum at A =420nm and with negligible absorbance in the long-wavelength
region of the spectrum (¢ = 0.04—0.08 m>mmol~' at A = 590-—620 nm), despite
the marked decline of the selectivity.

As model ions, representing the whole lanthanoide group, served La(III),
Yb(III), GA(III), Y(III), for which detailed measurements were carried out. For
the rest of the group only basic data were determined.

Analyzing the absorption spectra of solutions containing La(III), CAS, and
CTMAB (Fig.2) we could infer that under given experimental conditions
(c.(CAS) = 74.6pumoldm~3, c¢y(La(Ill)) = 10pmoldm™>, ¢;(CTMAB) =
= 0.2mmoldm > at pH = 7—11) at least two reaction products were formed,
having absorption maxima at A = 620 and 650 nm, respectively.

4A | T T T

0 ] 1 | ]
600 620 640 660

A/nrn

Fig. 2. Absorption spectra of La(II[)—CAS—CTMAB solutions.
The curve for pH: 1.7.18;2.7.63; 3.8.10; 4. 8.41; 5.8.73:6.9.14; 7.9.47: 8.9.61: 9.9.93; 10. 10.11.
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Absorbance vs. pH plots (A4 = f(pH)) for the absorption maximum at
A = 620 nm displayed a near flat curve at pH = 8.8—9.6, with less than 3 % of
AA. For the absorption maximum at A = 650 nm similar curve showed a flat
part at pH = 9.8—10.2. The latter maximum had higher molar absorptivity
(¢ =9.2m’mmol~"') than that at A = 620nm (& = 6.3m’mmol~") in the pH
interval 9.2 + 0.4.

Absorbance vs. pH curves for various CTMAB concentrations in the range
of 0.05—0.5mmoldm™* (other parameters as above) show that the reaction
product with absorption maximum at A = 620 nm forms quantitatively in the
narrow interval of ¢;(CTMAB) = 0.1—0.2mmoldm~>. At both higher and
lower CTMAB concentrations its formation is suppressed (Fig. 3). The reaction
product with the absorption maximum at A = 650 nm is formed in still narrower
range of CTMAB concentration (c;(CTMAB) = 0.1—0.15mmol dm3).

—— T 1 \

7 8 9 pH 10

Fig. 3. Absorbance vs. pH curves for the La(IlI)-CAS—-CTMAB system at A = 620nm or
A = 650nm (curves /—4 and 5—8, respectively).
The curve for c;(CTMAB)/(mmoldm~3): 7. 0.05; 2. 0.1; 3.0.2; 4. 0.4; 5. 0.05; 6. 0.1; 7. 0.2; 8. 0.4.

The optimal range of CTMAB concentrations can be influenced by changing
the CAS/CTMAB concentration ratio. Thus for ¢y (La(IIT)) = 0.01 mmol dm™?
and ¢, (CAS) = 0.15mmol dm~* optimal concentration range of CTMAB was,
for product with the absorption maximum at 4 = 620 nm (& = 6.0 m”>mmol "),
0.4—0.5mmol dm 3 in the pH interval of 9.2—9.6. The formation of the second
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product with the absorption maximum at A = 650 nm was under such con-
ditions strongly suppressed (Fig.4). At optimal CTMAB but half CAS con-
centrations the solutions of the ternary system La(III)—~CAS—CTMAB be-
came turbid and simultaneously with the rising CTMAB concentration the
optimal pH interval was shifted to lower values.

4A | I

0

7 8 9 pH 10

Fig. 4. Absorbance vs. pH curves for the La(III)—~CAS—CTMAB system at A = 620nm (curves
1—+4) and A = 650 nm (curve 5).
The curve for ¢;(CTMAB)/(mmoldm™3): /. 0.05; 2. 0.4; 3. 0.8; 4. 1.0; 5. 0.05.

The dependence of the absorbance on CAS concentration, shown in Fig. 5
illustrates that at c;(CTMAB) = 0.1 mmoldm~? and cy(La(III)) = 0.01 mmol-
-dm~* both reaction products, at A =620nm (pH =9.2—9.6) and at
A=650nm (pH = 10), are formed quantitatively for ¢ (CAS) = 0.04—
0.08 mmoldm 3. At higher CTMAB concentrations quantitative formation of
both products requires higher CAS concentrations. For other experiments the
following concentrations were selected as optimal: ¢; (CAS) = 0.08 mmol dm~3,
¢t(CTMAB) = 0.2mmoldm ™~ in the pH interval 9.4 + 0.2 for the reaction
product with the absorption maximum at A = 620nm and ¢ (CTMAB) =
= 0.1mmoldm~? at pH ~ 10 for the reaction product with the absorption
maximum at A = 650 nm. ’

The dependence of absorbance of CAS and CTMAB solutions on La(III)
concentration, measured at 4 = 650nm (A4 = f(cy)), was quite nonlinear at
low La(III) concentrations, due to changes of spectral properties (Fig. 6) of the
second reaction product (4,,,, = 650 nm) at ¢y (La(IIl)) < 2 pmol dmf’. In con-
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4A | | I

0 | | |
20 50 80

cL/(pmo( dm™3)

Fig. 5. Concentration dependence AA4 = f(c ) for the La(IlI)-~CAS—CTMAB system at
A =620nm or A = 650 nm (curves / and 2).
The curve for pH: 1. 9.4; 2. 9.9.

1
600 630 660

A/nm

Fig. 6. Absorption spectra of the La(III)—CAS—CTMAB system, taken at variable concentration
of La(III) ions.
¢, (CAS) = 74.6 umoldm~3; ¢;(CTMAB) = 0.1 mmoldm3; pH = 9.6.
The curve for cy(La)/(umoldm~3): 1. 2.0; 2. 4.0; 3. 6.0; 4. 8.0; 5. 10.0.
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ditions optimal for the formation of the second product decreasing La(IIl)
concentration elicited a hypsochromic shift of the 650 nm maximum to 620 nm.
This is probably due to lower stability of the product with the maximum at
A = 650 nm at lower La(III) concentrations, when it is transformed to the more
stable product with the absorption maximum at A = 620 nm.

Unfortunately we could not find conditions suitable for the quantitative
formation of more absorbing reaction product (&= 9.0m’mmol~' at
A = 650 nm). Hence for the analytical determination of other lanthanoides the
more stable reaction product with a maximum at A = 620 nm under the above-
-mentioned conditions was selected, in spite of its inferior optical characteristics.

AA vs. pH plots of 1 x 107> M-Gd(III) and -Yb(III) solutions at the selected
optimal CAS concentrations and c;(CTMAB) = 0.05—1 mmol dm~* were quite
analogous to those measured for the La(III)—CAS—CTMAB system. Maximal
absorbances were reached at c;(CTMAB) = 0.2—0.4 mmoldm™* for Gd(III)
and at ¢;(CTMAB) = 0.1—0.4 mmol dm~* for Yb(III), always in the pH inter-

val of 9.0—9.6.
4A | | [
5
6 — -
4
I 3 -
2
2 — -
1
0 | | 1
600 630 8 660
A/nm

Fig. 7. Absorption spectra of the La(II[)—CAS—CPB system, taken at variable concentration of
La(III) ions.
¢7(CPB) = 0.2mmoldm~3; pH = 9.4; ¢(C,H;OH) = 10 %, other parameters as in Fig.6.
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Optimal experimental conditions were found adequate both for determina-
tion of La(III) and Gd(III) or Yb(III). It can be safely assumed that they would
do for other lanthanoides and yttrium as well. Assuming this, calibration curves
AA = f(cy) at A = 620nm in 0.1 M ammonia buffer with pH = 9.4 were mea-
sured for all lanthanoides and yttrium.

In contrast to the ternary system La(IIl)>-CAS—CTMAB in the system
La(III)—~CAS—CPB the formation of the product with the absorption maxi-
mum at A = 650 nm was suppressed, as can be seen from the absorption spectra
of solutions, containing La(III), CAS, and CPB (Fig. 8) as well as from AA vs.
pH plots at ¢;(CPB) = 0.05—1mmoldm™ and under conditions, given in
Figs. 7 and 8.

At CAS concentration 0.08 mmoldm~* optimal CPB concentration was 0.2
—0.4mmoldm~> and molar absorption coefficient reached values of
6.7m’mmol~' in the pH interval of 9.2—9.4. At higher CAS concentrations

4A | [ 3

4
2 12 |
M
o | |
7 8 9 pH 10

Fig. 8. Absorbance vs. pH curves A4 = f(pH) for the La(III)—CAS—CPB system at A = 620 nm
or A = 650nm (curves /—3 and 4—6, respectively).
em(La(lIl)) = 10umoldm™3; ¢, (CAS) = 162 pmol dm~*; ¢(C,H;OH) = 10 %.
The curve for ¢;(CPB)/(mmoldm~3): 1. 0.05; 2. 0.05; 3. 0.2; 4. 0.2; 5. 0.5; 6. 0.5.
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optimal CPB concentrations shifted to higher c;(CPB) values. Thus at
¢, (CAS) = 0.242mmoldm™ the optimal concentration of CPB was 0.4—
0.6 mmol dm 3, whereby the & value increased to 6.8—6.9 m> mmol~', compared
with solutions, in which ¢, = 74.6 umoldm~>. In order to ensure maximum
reaction yield for all studied lanthanoides, further measurements were per-
formed under the following experimental conditions: cy > 2pmoldm™,
¢, (CAS) = 0.08 mmol dm 3, ¢;(CPB) = 0.2 mmoldm 2, in 0.1 M ammonia buf-
fer (pH = 9.4).

When it comes to analytical applications, the system La(III)—CAS—SPX is
of little interest, since at SPX concentrations 0.1—0.3mmoldm~3 and
cw(La(lID)) = 0.01 mmoldm~3 and ¢, (CAS) = 0.08 mmol dm > the solution be-
comes turbid and at both higher and lower SPX concentrations the formation
of products with absorption maxima at 620 nm and 650 nm is strongly suppres-
sed. When the CAS concentration is increased to 0.15 mmol dm~? the turbidity
region encompasses the entire SPX concentration range 0.08—0.5mmol dm >,

Calibration curves A4 = f(cy) were measured for all lanthanoides and yt-
trium under optimal experimental conditions and for the systems Ln(III)—CAS
—CTMAB and Ln(III)—CAS—CPB. To the 25cm?® calibrated flasks 0.0—
2.5cm’ of 0.0001 M acidic Ln(III) and Y(III) solutions and 5cm? of reagent,
having pH 9.4 (see above) were given. After dilution to 25 cm? mixing and 5 min
delay, the absorbance at 1 = 620 nm was measured against blank.

Experimental data were subjected to linear least-square analysis by standard
routine software and its results are given in Table 1.

The values of molar absorption coefficients are for both cationic surfactants
as well as for all lanthanoides and yttrium practically identical and occupy a
narrow interval of values, 6.3—7.05 (for CTMAB) and 6.8 to 8.2 (for CPB),
respectively. All calibration curves gave high correlation coefficients
re, = 0.9963—0.9995 and negligible 4, intercept. The value of ¢-criterion, equal
to |4,l|/s, was usually lower than the critical value (¢, = 2.57) for the 0.95 level
of confidence and n — 2 = 4 degrees of freedom. The standard deviation s,
reached 0.01—0.02, i.e. values only 2—4 times higher than the declared preci-
sion of absorbance measurement on Specord M 40.

Detection limit of the lanthanoide determination, given as 3s, criterion
(DL = 3s,/¢) is only marginally better for CPB over CTMAB (DL = 0.36—0.63
and 0.49—0.90 umol dm 3, respectively, path length / = 10 mm).

Out of routinely used complexing reagents, used for elution of lanthanoides
in HPLC or IEC chromatography tartrates do not interfere up to concentra-
tions of 0.0l moldm™3, glycine and a-hydroxybutyric acid (HIBA) up to
0.2moldm™>. Conversely, at concentrations exceeding 0.001 moldm~3 EDTA,
NTA, IDA, citric acid as well as other complexing reagents disturb the elution
by interfering with the product formation. '
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Table 1

Statistical parameters of calibration curves A4 = f(cy) of lanthanoides and of yttrium with Chrome Azurol S and with either CPB or CTMAB
¢.(CAS) = 0.08 mmol dm~3; ¢;(CPB or CTMAB) = 0.2mmol dm~3; ¢y (La(III)) = 2—20 pmoldm~3; 0.1 M solution of ammonia buffer at

(8861) 029—L09 (S) ¢ s1adpg "wiayd

pH = 9.4, A = 620 nm, the curve constructed of n = 6 points

CTMAB CPB
Ion € DL £ DL
—100a 3 — 100s, = —100a = - 100s, 5
m* mmol pmoldm m* mmol pmol dm

La’* 22+1.5 6.33 +0.20 1.9 0.90 1.4 + 0.9 6.81 +0.14 1.2 0.53
Ce 1.5+09 6.58 + 0.12 1.1 0.50 1.5+1.0 6.95+0.18 1.4 0.60
Pr 26+1.2 6.64 + 0.22 1.6 0.72 1.2+1.2 7.58 +0.22 1.6 0.63
Nd 24+ 1.1 6.88 + 0.18 1.5 0.65 1.6 + 0.8 7.57 £ 0.13 1.3 0.52
Sm 27+13 6.70 + 0.17 1.4 0.63 1.7+ 0.9 7.29 +0.11 1.2 0.49
Eu 25+1.2 6.66 + 0.19 1.5 0.68 1.2+ 1.1 7.58 + 0.20 1.4 0.55
Gd 24+1.0 6.85 + 0.17 1.3 0.57 14+09 7.87 £ 0.15 1.3 0.50
Tb 26+1.2 6.61 + 0.16 1.4 0.64 0.9 + 0.9 7.71 + 0.09 1.2 0.47
Dy 25+14 6.96 + 0.15 1.2 0.52 1.2+12 7.67 + 0.24 1.3 0.51
Ho 20+ 1.1 6.90 + 0.19 1.3 0.57 1.3+ 0.9 7.98 + 0.11 1.1 0.41
Er 1.1 +0.38 6.75 + 0.13 1.1 0.49 1.0+ 1.2 7.83 +0.29 1.3 0.50
Yb 1.8+1.0 7.05 + 0.18 1.2 0.51 1.5+ 0.9 7.85+0.15 1.0 0.36
Y 23+1.0 7.01 +£0.17 1.4 0.60 1.7+ 0.8 8.17 £ 0.13 1.1 0.40

a — y-intercept.
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The reaction of CAS with Ln(III) and Y(III) in the presence of CTMAB or
CPB was utilized for spectrophotometric determination by flow injection meth-
od, following the chromatographic separation.. To the stream of the mixed
reagent (see above) with the constant flow rate 1 cm®*min~' 30mm?® of acidic
Ln(III) or Y(III) solution, having the starting concentration 1—20 pmol dm 3,
was injected. The absorbance of the reaction product was registered as a sharp
peak, belonging to the reaction zone flowing through the 18 mm? flow cell. The
peak hight at optimal flow rate 1cm’min~' and optimal length of reaction
capillary / = 40 cm was a linear function of the Ln(III) or Y(III) concentration
of the injected sample volume in the entire interval ¢y, = 2—20 pmoldm 3, with
the corresponding statistical parameters of a line, expressed by the equation
y=ax+b

Ago = —0.19 + 3.76 x 10%¢cy

Ago= —1.77 + 5.16 x 105¢y,

for wavelength A =620nm (s, = 1.87, s,=0.23 x 105, s,=2.80) or for
A=650nm (s, = 2.77, 5, = 0.25 x 105, s, = 4.49).

Detection limit, defined as above, was 2.3 umoldm~* at A = 620 nm and
2.6 pumoldm?at A = 650 nm, allowing one to determine 10—12 ng of La(III) in
the injected 30 mm?® sample volume. The corresponding standard deviation of
the measurement of analytical signal depends on La(IIl) concentration in the
sample and equals 0.05 and 0.13 at A = 620 nm, and 0.04 and 0.11 at A = 650 nm
at the respective 20 and 2 umoldm—* La(III) concentrations.

In the same manner other lanthanoides and yttrium can be determined, the
detection limit being similar, 2.5pumoldm™3 for Gd(III), 3.1 umoldm™* for
Yb(III), and 2.3 pmoldm~* for Y(III).

From the above given results it is clear that the Ln(III)—~CAS—CTMAB and
Ln(IIT}—CAS—CPB systems are suitable for highly sensitive analysis of
separate lanthanoide and yttrium ions as well as for the determination of their
total content. The found values of molar absorption coefficients are marginally
higher than those measured for the so far most sensitive reaction with Arzenazo
III [19] or its analogues. The reaction of Ln(III) with CAS in the presence of
CPB is slightly more sensitive than in the presence of CTMAB, but both
reactions are poorly selective [1—5, 19]. Under the conditions used for the
determination of lanthanoides many other ions of elements give analogous
reaction products often with much higher molar absorption coefficients [19].
Therefore the reaction can be utilized effectively for determination of the total
lanthanoide content, if it is preceded by efficient separation of ions of transition
metals on ion exchangers, as well as for highly sensitive postcolumn detection
of lanthanoide ions in the visible region following their separation by various
HPLC or IEC chromatographic methods.
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