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Procedures have been elaborated for rapid, selective, and high-precise determination of
Ce(lV) and total cerium content in the raw blends and single crystals of scintillators on the
basis of cerium-doped alkali and rari-earth borates. Ce(lV) was determined by photometry
after dissolution of the samples in sulfuric acid containing o-tolidine at room temperature.

PaspaGoTanbl MeTOAUKM, ITO3BOJAIONINE OLICTPO, CEIeKTHUBHO M € BBICOKOM TOUHOCTBLIO
oupegeaurs cogepkanue Ce(lV) u obuiero nepusd B MIMXTE U MOHOKPHUCTANIAX CLUHTHUJIATO-
POB Ha OCHOBe GOPATOB IEJIOYHBIX U PeJKO3eMeIbHBIX 3JIEMEHTOB, AKTUBUPOBAHHBLIX LIE€PU-
em. Ce(lV) ompemensanu (GPoTOMETPUUYECKMM METOLOM IIOCJE€ PACTBOPEHUS AHAJUIUPYEMOLO
o6pasiia B CePHOKMCIOM PACTBOPE O-TOJUAVHA IPU KOMHATHOW TeMIlepaType.

Borate single crystals are materials of a
wide application potential. Along with the
well-known efficiency in the non-linear op-
tiecs and acousto-electronics fields, those ex-
hibit a radiation sensitivity. The scintilla-
tion characteristics of borate single crystals
allow to consider those crystals as a mate-
rial of good prospects in thermal neutron
detection.

Cerium is among the most widely used ac-
tivators improving the performance of nu-
merous scintillators. The determination of ce-
rium valence state in borate single crystals
allows to elucidate the nature of radiation
centers and thus to influence purposefully
the scintillation efficiency of the matrix.

The high oxidizing ability of Ce(lV) ions
(Ey=1.44 V in sulfuric acid medium)
makes it possible, on the one hand, to deter-
mine it in the presence of other rare-earth
elements,; but, on the other hand, it makes
it necessary to pay a special attention to the
conservation of its valence state during the
dissolution of a sample containing the com-
ponent in micro-scale amounts.

The photometric methods of cerium de-
termination in microgram amounts are
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based most often on redox reactions. It is
just the method based on o-tolidine oxida-
tion that is the most suitable to determine
Ce(lV) in the presence of Ce(lll) in a much
larger amount [1-83]. This method is suffi-
ciently sensitive and selective to determine
up to 3 ug/ml Ce(lV). The methods making
use of oxidation of some organic dyes, such
as methyl orange or methyl red [4] and
Rhodamine 6G [5] are very sensitive but
exhibit worsened metrologic characteristics.

The correctness of Ce(lV) determination
is influenced significantly by the sample
preparation process. To dissolve the sample,
sulfuric acid is used most often, because
cerium sulfate solutions are the most sta-
ble. According to [1-3], after cerium pre-
cipitation and calcination, the precipitate is
dissolved in hot concentrated sulfuric acid.
It has been found, however, that the heat-
ing of Ce(lV) solution in sulfuric acid
causes always a loss of the component to be
analyzed due to its interaction with the or-
ganic reducing agents or sulfur dioxide pre-
sent in sulfuric acid, while at room tem-
perature, the cerium concentration is
changed only slightly.
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Table 1
Introduced Found Ce(lV), ug, after dissolution in H,SO,
Ce(lV), ug
S.p. c.p. a.p.
18 mole/1 4 mole/l 18 mole/1 4 mole/1 18 mole/l 4 mole/l
10 1.2 9.1 8.9 0 5.8
20 9.8 18.4 18.6 2.2 15.3
Our studies have shown that if the sam- Table 2

ple is dissolved in concentrated sulfuric
acid of "special purity” (s.p.) or "chemically
pure” (c.p.) grade even at room tempera-
ture, the cerium loss due to reduction
amounts up to 10 pg (see Table 1). To re-
duce the loss of the component to be ana-
lyzed, the samples should be dissolved in
diluted H,SO, without heating. The "ana-
lytically pure” (a.p.) grade sulfuric acid is
not advisable to be used at all. Moreover, as
it is seen from Table 2, the sample should
be dissolved in the presence of o-tolidine to
exclude any loss of the ion to be deter-
mined. The correct and well-reproducible
analytical results can be obtained only in
the latter case.

To eliminate the hindering effect of
Fe(lll) ions that may be present in the solu-
tion, ortho-phosphoric acid was added that
stabilizes also the solution color.

It is just H,SO, concentration of 2 to
4 M that is an optimum for the dissolution
of borates to be analyzed. At lower acid
concentrations, the sample is dissolved
slowly, while at high concentrations, the
trivalent rare-earth sulfates are precipi-
tated. The o-tolidine concentration variation
within the 107 to 1075 mole/1 range does
not affect the Ce(lV) determination result.
The calibration plot is linear in the Ce(lV)
concentration range of 0.08 to 1.0 ug/ml.

When determining Ce(lV) in borate sin-
gle crystals, a weighed sample was dissolved
in a mixture containing 0.2 M H5PO,4 2:107¢ M
o-tolidine and 2 M H,SO, at room tempera-
ture. The solution volume was adjusted to
25 ml and centrifuged if being turbid. The
light absorption at 440 nm was measured
against a cerium-free control solution.

The elaborated Ce(lV) determination pro-
cedure was checked wusing the "intro-
duced/found” technique with model mix-
tures containing cerium-free lithium-gad-
olinium borate and Ce(SQO,), solution with
concentration determined by iodometry. The
checking results and metrological charac-
teristics of the procedure are presented in
Table 2.
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[ntroduc¢ Dissolution without| Dissolution in the
ed o-tolidine o-tolidine presence
Ce(lV),

Found s, Found s,
HE | Ce(lV), ug Ce(IV), pg
5 3.310.4 0.10 4.940.4 0.06

10 8.410.3 0.03 | 10.0+0.4 | 0.03
15.210.8 | 0.02

20.310.4 0.02

15 13.610.6 0.04
20 17.910.4 | 0.02

Table 3
Sample Photometry Atomic emission
No. spectrometry
Cetotal’ o Sy Cetotal, % Sy
1 0.034 0.08 0.035 0.1
2 0.029 0.06 0.022 0.1
3 0.011 0.10 0.010 0.1
4 0.017 0.05 0.015 0.1

The total Ce(lll) and Ce(lV) content in
samples of borate single crystals was deter-
mined also using o-tolidine after prelimi-
nary oxidation of Ce(lll) with ammonium
persulfate [7]. Ag(l) or Co(ll) ions are used
as catalysts to eliminate the incomplete ce-
rium oxidation. Since o-tolidine was used in
its soluble chloride form, Co(ll) ions were
preferred as the catalyst, although the nor-
mal potential of the Co(ll)/Co(lll) system
(Eg =1.84 V) is somewhat lower as com-
pared to that of Ag(l)/Ag(ll) one
(Eg = 1.98 V). The cobalt ion concentration in
the solution should not exceed 2:1075 mole/I.

The studies have shown that oxidation of
of Ce(lll) in microgram amounts with per-
sulfate ion should be carried out in 0.5 to
1.0 M H,SO, in the presence of a catalyst
under slight heating. The ammonium per-
sulfate solutions loss the oxidative ability
very fast due to decomposition, therefore,
we used it in the crystalline form (0.5 g).
The excess oxidant was removed by boiling
for 10 min, the solution being preliminarily
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Table 4

LigGdBgOq Ce,pral Ce(lV)

Sample No. Found, % s, Found, % s,
5 1.3340.04 0.01 0.098+0.002 0.01
6 3.44+0.08 0.01 0.013+0.002 0.11
7 0.034£0.005 0.08 0.027+£0.001 0.04
8 0.023£0.001 0.05 0.018+0.001 0.04
9 0.019+0.001 0.05 0.015+0.0004 0.02
10 0.01210.002 0.10 0.009+0.0004 0.04

diluted to the double volume, since the com-
plete persulfate decomposition requires a
lower acidity than the Ce(lll) oxidation.

The comparison of the total cerium de-
termination results obtained using the
photometric and atomic emission methods
for lithium-gadolinium borate single crys-
tals (Table 38) has evidenced the correctness
of the procedure elaborated and the absence
of any systematic error.

The total Ce content in raw blends for
the borate single crystal growing is much
higher than that in the crystals, since, ac-
cording to the chemical analysis data, the
cerium entering factor to the borate erystal
lattice is as low as 0.08 to 0.1. The most
convenient and sensitive method to deter-
mined cerium in amounts exceeding 0.1 %
in the presence of other rare-earth elements
is titration with hydroquinone in sulfuric
acid medium in the presence of ferroine as
indicator [8]. In acidic medium, hydroqui-
none reduces Ce(lV) fast and quantitatively
at room temperature. The hydroquinone so-
lution in sulfuric acid (1 to 8 %) is stable
when being stored. It was standardized
using a Ce(S0,), solution with concentra-
tion determined by iodometry. When deter-
mining the total cerium content in the raw
blend, Ce(lll) was preliminarily oxidized
with ammonium persulfate and the excess

thereof was removed by boiling. The proce-
dure was checked using the model mixtures
consisting of the lithium-gadolinium borate
raw blend and cerium oxide standardized by
complexometry. The relative standard error
of the individual result (s,) is less than 0.11
at the determination of 1 to 5 % total Ce.

The analysis results for the raw blend
and LigGdBgOg single crystal samples using
the elaborated procedures (for n =25,
P = 0.95) are presented in Table 4.
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BuzHaueHHA BAJIEHTHOTO CTaHY I[epPil0 y Jy:KHHX
Ta pigKicHO3eMeJbHHUX Ooparax

O.B.l'aiioyx, P.I1.Ilanmanep, A.B.Brank

Pospobieno MeTOAUKHU, IO AO3BOJAAIOTL INBUAKO, CEJIEKTHUBHO Ta 3 BHCOKOI) TOUYHICTIO
pus"auuru Bmict Ce(lV) i saranbHoro uepiro y muxTi Ta MOHOKPHUCTAJAX CUUHTUIATOPIB HA
ocHOBi OopaTiB Jy:KHHX Ta piAKicHOZeMeJbHBIX eeMeHTiB akruBoBaHux Iepiem. Ce(lV)
BUSHa4YaJu (POTOMETPUUYHUIM METOAOM IIic/id PO3UMHEHHSA 3Pas3Ky, 10 aHalisyeTbed, y cipua-
HOKHCJIOMY POSYMHI O-TONIOUHY HpM KiMHaTHiIN TeMmmeparypi.
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