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Cerium, aluminum, calcium and strontium complexing reactions with chlorophos-
phonazo III have been studied using spectrophotometry. The conditions have been selected
for Ce determination in microgramm amounts in the presence of Al, Ca, and Sr in
macroscale amounts. A procedure has been developed to determine cerium in cerium-doped
lithium-calcium and lithium-strontium fluoro-aluminates at the standard deviation not

exceeding 0.12.

WsyueHbl peakInuu KOMILIEKCOOODPA3OBAHUSA LePUf, AJIOMUHUSA, KAJbIUSI U CTPOHIUSA C
xjopdochouaszo III cmexkrpodoroMeTrpuuecKuM MeTOAOM. BBIGPAHBI YCJIOBUSA OIPeAeseHUs
MUKpOTpaMMoOBBIX KoaudecTB Ce B mpucyrcrBuu makpokoauuects Al, Ca u Sr. Paspa6Gorana
MEeTOAMKA OIpeJelleHUs Iepus BO (PTOPATIOMUHATAX JUTUA-KAIBIUA W JUTUA-CTPOHIIUI,
aKTHUBUPOBAHHBIX IeprueM. OTHOCHUTEIbHOE CTAaHJAPTHOE OTKJIOHeHue He mpesbimaer 0,12.

LiCaAlFg and LiSrAlFg single crystals ex-
hibit numerous advantages evidencing a
good promise for application thereof in
various scientific and engineering fields.
The multi-component composition of those
materials makes it possible to vary purpose-
fully the properties thereof by introducing
various activating additives. The rare-earth
ions, in particular, cerium, are used most
successfully as luminescent dopants in fluo-
rides. The cerium-doped fluoro-aluminates
take the laser properties [1]. It has been
established that a similar emission in Li-
CaAlFg:Ce and LiSrAlFg:Ce may be caused
not by photons but also by ionizing radia-
tion [2]. The material has been found to be
of promise as a fast scintillator for low-en-
ergy radiation. Moreover, those crystals
possess the dosimetric properties and can be
used in thermoluminescence dosimeters [3].

Chlorophosphonazo III (CP), 2,7-bis(4-
chloro-2-phosphonobenzolazo)l,8-dihydroxy-
naphtalene-8,6-disulfonic acid, is known to
be a reagent used to determine a number of
elements, including rare-earth (RE) [4-7]
and alkali-earth elements (AE) [8, 9]. In a
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weakly acidic medium, chlorophosphonazo
IIT forms 1:1 composition green-colored
complexes (K = 1.6-1016 [10]), with cerium
subgroup RE, blue-colored ones with Al and
blue-green ones with AE.

We have selected chlorophosphonazo III
as a reagent because its reaction with Ce(lll)
is characterized by a high sensitivity and
contrast. The presence of -PO3H, group in
the CP molecule provides its ability to in-
teract with cations in solutions having a
higher acidity as compared to reagents con-
taining other analytical groups, such as —
AsOzH, in arsenazo (III) [11]. Moreover, the
contrast of the RE ion reactions with CP is
higher than in those with the widely used
arsenazo (III), that is due to Cl introduction
into the p-position with respect to azo group
in the reagent molecule [6]. The reagent se-
lectivity is relatively low, therefore, when
determining the microgramm amounts of
RE in the presence of macroscale amounts
of other ions, the component to be analyzed
is usually separated, most often using ex-
traction procedures. The separation methods
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Fig. 1. Absorption spectra of chlorophos-
phonazo III and its complexes with Ce(lll), Al,
Ca, and Sr at pH 8.5. ¢(CP) = 2:107° mol/L,
c(Ce) = c(Al) = ¢(Ca) = ¢(Sr) = 81075 mol/L.

are laborious and time-consuming enough
[5, 12].

The aim of this work is to study the
complexing conditions of Ce(lll), Al, Ca, and
Sr with chlorophosphonazo IIT and to elabo-
rate a simple and sensitive method for ce-
rium determination in the presence of
above-mentioned elements without prelimi-
nary separation.

The Ce-CP complex spectrum contains
two maxima at 620 and 670 nm (see Fig. 1).
The light absorption maxima of AE-CP com-
plexes at pH >3 are within the 610 to
660 nm range. For chlorophosphonazo III,
Amax = 965 nm, while in aluminum spec-
trum, there is a broad maximum at 580—
605 nm.

It is seen in Fig. 2 that presents the absorp-
tion spectra of Ce(lll), Al, Ca, and Sr complexes
with chlorophosphonazo III at pH = 1.7, the
increased acidity of the solution results in
decomposition of Ca and Sr complex with
chlorophosphonazo III and increased absorp-
tion intensity of the Ce(lll)-CP complex at
longer wavelengths. In this case, the sensi-
tivity and selectivity of the reaction is en-
hanced considerably.

The study of the complex absorption de-
pendences on the acidity has shown that at
cerium determination, it is just the pH 1.2
to 1.4 interval that is optimum. Within
that range, the Ce—-CP absorption attains
its maximum while the hindering effect of
the matrix elements becomes minimized.
Aluminum was masked by sulfosalicylic acid
at 0.05 M concentration. However, our
studies have shown that the hindering in-
fluence of the major components of Li—Ca
and Li-Sr fluoro-aluminates is not elimi-
nated completely, because the molar concen-
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Fig. 2. Absorption spectra of chlorophos-
phonazo III and its complexes with Ce(lll), Al,
Ca, and Sr at pH 1.7. ¢(CP) = 2:107°® mol/L,
c(Ce) = ¢(Al) = ¢(Ca) = ¢(Sr) = 8:107° mol/L.

B Sr

Absorbance

o o o o o o o o

o - N w N [8)] o ~l
T T T T

o
4]

1,0 15 20

25 30 35 pH

Fig. 3. Absorption of Ce, Al, Ca, and Sr
complexes with chlorophosphonazo III as a

¢(CP) = 2.4-1076 mol/L,
mol/L, c¢(Al) = ¢(Ca) =

function of pH.
c(Ce) = 1.43.1076
¢(Sr) = 6:1076 mol/L.

trations thereof in the solution to be ana-
lyzed exceeds that of the activating Ce by
four orders of magnitude. Therefore, to
provide the correct results, we have pro-
posed to introduce the matrix elements into
the reference solution when measuring the
light absorption in the solution wunder
analysis, thus eliminating the effect thereof
on the cerium determination result. The re-
agent excess should be at a factor of 10
with respect to cerium concentration.

The light absorption in the solutions is
in proportion with cerium concentration
within the range of 0.08 to 0.8 ug/mL.
When constructing the calibration plots,
AR*, Ca2* or Sr2* should be introduced into
the solutions at concentrations similar to
the content of the elements in the samples
to be studied. It has been established in
experiment that the variation of the major
component concentrations within 10 to
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Table 1. Checking results for the Ce deter-
mination procedure (n = 6; P = 0.95)

Table 2. Ce determination results in
cerium-doped fluoro-aluminate samples
(n =6; P=0.95)

Sample Ce total found, s,

p.c. (mass)

Sample Ce(lll) Ce(lll) s,
introduced, | found, g
ug
5.0 4.8+0.2 | 0.06
LiCaAlFg 10.0 10.44+0.8 | 0.038
15.0 15.8+0.3 | 0.03
5.0 4.8+0.3 | 0.02
LiSrAlFg 10.0 10.4+0.2 | 0.02
15.0 15.2+0.5 | 0.02

LiCaAlF4:Ca No.1 (1.8340.12)-1072 | 0.10
LiCaAlFg.Ca No.2 (1.2740.14)-1072 | 0.12
LiSrAIFg:Ca (2.2440.08)-102 | 0.08

15 % (rel.) does not influence the cerium
determination.

Basing on the studies, procedures have
been elaborated for cerium determination in
cerium doped Li—Ca and Li-Sr fluoro-alumi-
nates. To solubilize the samples, perchloric
acid is used. Fluoride that hinders Ce deter-
mination is removed by evaporation to dry-
ness. The validity of procedures has been
confirmed by metrological characteristics
(Table 1). Table 2 presents the cerium deter-
mination results in LiCaAlFg:Ce and
LiSrAIFg:Ce samples. The relative standard
deviation does not exceed 0.12.
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KonTpoas BMicTy 1Epiro
y ¢payopamominarax Li, Ca Ta Sr

O.B.l'aiioyx, P.Il.Ilanmanep, A.B.Brank

BuBueno peaxiiii KOMIJIEKCOYTBOPEHHS IePil0, aJIOMiHiI0, KaJbI[il0 Ta CTPOHIIIO 3 XJIOP-
dochonaso III cuexrpodoromerpuunum meromom. OOpaHo yMOBM BH3HAUYEHHSI MiKpoOrpamo-
Bux Kinskocreiti Ce y mpucyrHocTi mMakpokrinskocreit Al, Ca ta Sr. PospobieHo meToguky
BUBHAUEHHA Ilepilo y (QuiyopasioMiHaTax JiTilo-KaJbIlilo Ta JiTiIO-CTPOHIII0, aKTMBOBAHUX
nepiem. BigHocHe cramgapTHe BigxuieHnusa He mepesuinye 0,12.
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