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Interactions of Eu2* with oxide ions and processes accompanying dissolution of Eu,0,4
in molten Csl at 700°C were studied by potentiometric method and sequential addition
method. Electrochemical cell with a membrane oxygen electrode Pt(0,)|ZrO,(Y,05) was used
for the determination of equilibrium molality of O% . Solubility product of EuO is equal to
Pgo = 7.94.1071% mol? -kg~2; i.e., EuO is practically insoluble in molten Csl. Interaction
of Eu,0, with Csl leads to formation of EuO and 02" in the solution. Saturated solution
contains approximately 4-107% mol-kg™! EuO and 2:107% mol-kg™! of 0%, the dissolved EuO
is non-dissociated. These admixtures essentially affect luminescence properties of single
crystals grown from the saturated solution of Eu,O4 in Csl as compared with pure Csl.

Bsaumogeiictsue noHoB EU?* ¢ OKCH-MOHAME M IIPOI[ECC PACTBOPEHHUS Eu,0; B pacmnase
Csl mpu 700°C usyueHBl TUTPUMETPUYECKUM METOJOM U METOJOM IIOCJeJOBaTeJbHBIX 100a-
BOK. OJeKTpoxuMuueckKas sdelika ¢ MeMOpPaHHBIM  KHUCJIOPOAHEIM  BJIEKTPOJOM
Pt(0,)|ZrO,(Y,05) ucmnomssoBanack A1 M3MEPEHHA DPABHOBECHOH KOHIEHTPALML 02", Benu-
uyHa pousBeleHus pacrsopumocTu EUO Pp o= 7,94-10714 pmonp2-kr 2 mossossier OTHECTH
EuO k okxcmpam, mpakTuuecKkum HepacTBopuMmbIM B pacmirase Csl. Bsaummopeiicrsue Eu,O5 c
Csl Bezer x o6pasosanmio EUO u 02~ B pacreope. HachlmeHHBI PACTEOD COLEPIKUT IPUGIA-
surenprO 4:107¢ monp-rr ! EUO u 2:107% moxp-rr ! 02, EuO B 9TOM pacTBOpe HE AWCCOLUU-
pyer. OGpasymoiueca IPUMECH CYIECTBEHHO H3MEHSIOT JIOMUHECIIEHTHLIE CBOMCTBA MOHO-
kpucranaos Csl, BEIpalleHHBIX K3 HachlIeHHOro pacrsopa Eu,O; B Csl mo cpaBHeHuio c
YMCTBIM HOAMIOM IE€3Us.
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1. Introduction

The present-day situation in material sci-
ence of halide scintillators is characterized
by considerable increase of attention of in-
vestigators to compositions based on Eu-
containing alkali and alkaline earth metal
halides. Although such materials as Srl;:Eu
or Csl:Eu were known as scintillation mate-
rials long since [1, 2], their thorough inves-
tigations started some years ago. The main
reason of this consists in new possibilities
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of deep purifications of chemicals. For in-
stance, Srl, of 99.999 % purity doped with
6 % FEu?* demonstrates light yield more
than 100,000 photons/MeV [3], whereas the
similar scintillator obtained from Srl, of re-
agent quality does not differ from the mate-
rial obtained in [1] and possesses the light
yield only 30,000 photons/MeV [4]. There is
no information about admixtures decreasing
the working parameters of the said scintil-
lator.
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The second direction of europium halide
(mainly, Eul;) use is the treatment of the
traditional Tl-doped alkali metal halides to
suppress afterglow, which may be ascribed
to presence of some oxygen-containing ad-
mixtures. Although this approach is suec-
cessful in some cases [5, 6], the mechanism
of Eu?* ion action on the melt properties
remains unclear.

The purpose of the present work is to
study processes of interaction of Eu?* with
02 and dissolution of Eu,05 in molten Csl.

2. Experimental

Csl (Aldrich, 99.999 % of Csl) with the
total molality of oxygen-containing admix-
tures equal to 5-7-107% molkg™! of 0%
(after melting) was used for the experi-
ments. The total concentration of 02~ was
determined by reverse titration procedure
described elsewhere [7].

Eu,05; (Stanford Material Corporation,
0X63-5N, 99.999 % of Eu,03) was used
without purification.

Anhydrous Eul, was prepared by dissolu-
tion of Eu,05 in aqueous HI (reagent qual-
ity) and NHyl (reagent quality) taken in
molar ratio 2:1 to Eu was added to the solu-
tion. The obtained solution was evaporated
and dried up to formation of brown powder
(Eulz+NH4l with traces of |, and water).
This powder was carefully heated in vacuum
to beginning of |, evaporation, which
started at 200°C owing to the following re-
action

I S EuI2+%I2T. (1)

At the end of the decomposition reaction
the process of NH,l sublimation started, the
sublimation process was accompanied with
Hl formation in hot zone and additional pu-
rification of Eul, from oxygen-containing
admixtures that could be described by the
scheme:

2HIT + 0%~ — H,0T + 21 2)

and admixture oxide ions were replaced
from the final powder.

The processes of interaction of Eu?* with
02~ and dissolution of Eu,Oj in molten Csl
were studied by control of equilibrium mo-
lality of oxide ion concentration in the
melt. The potentiometric cell for this deter-
mination may be presented by the following
scheme
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Fig. 1. The calibration dependence of emf(E)
vs. pO of cell (3) in molten Csl at 700°C.

(-)Pt|Ag|Ad + Csl||Csl+ O2YCZ[P(O,)(+), (3)

(where YCZ is yttria stabilized zirconia, 0.9
ZrO, + 0.1 Y,03) and its construction is de-
scribed in detail elsewhere [8]. The descrip-
tions of the potentiometric titration routine
and the sequential addition method (SAM)
are presented there, too. To provide inert
atmosphere in the cell high pure (99.99) Ar
was used.

3. Results and Discussion

E-pO calibration plot. As a rule, quantita-
tive investigations of behavior of oxygen
species in molten salts require preliminary
calibration of measuring devices against
equilibrium O2~ concentration in the melt.
We performed the calibration of cell (3) in
molten Csl at 700°C adding to the pure melt
known amount of KOH, which was consid-
ered as a strong Lux base, i.e., its dissocia-
tion according to the scheme:

2KOH — 2K* + 02~ + H,07 (4)

was complete in dry atmosphere.

The plot of emf (E) of cell (38) vs. pO
(pO=—logap?®~ —logmp?~, ap® and mp®  ac-
tivity and molality of O2-, respectively) is
presented in Fig. 1 as is seen it consists of
two linear sections which slopes are close to
1.15 RT/F (theoretical value is 96.83 mV at
700°C) at high pO values and 2.3 RT/F (theo-
retical value is 193 mV at 700°C) at low pO.
The inflection point is described by the follow-
ing coordinates: pO = 2.75 and E = -85 mV.
Such a form of the calibration plot is usual
for Pt(O,)|]YSZ oxygen electrode in molten
salts [9]. The upper section of the plot cor-
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responds to occurrence of two-electron proc-
ess on the electrode, which is expressed by
the following equation:

30,1 + 20 =02 )

The increase of O2~ concentration in the
melts results in the formation of stable per-
oxide ions at the electrode surface and the
character of the electrode process is
changed and the so-called one-electron re-
versibility

log cioo2 ©

takes place.

The sections are approximated by the fol-
lowing equations obtained by least squares
method:

E = -345(+51) + 88(x15) - pO, mV, (7)
at pO > 2.75,

E = -556(+11) + 149(5) - pO,, mV, (8)
at pO < 2.75.

The slopes of the plots are somewhat
lower comparing with the corresponding
theoretical values, this takes place for mol-
ten halides possessing strong reduction
properties. The same reason causes the shift
of the inflection point from pO = 8 (molten
chlorides) to lower values in molten iodides
owing to the decrease of oxidant (022‘) sta-
bility in solutions with reduction proper-
ties.

On EuO solubility in molten Csl. The
determination of EuO solubility in molten
Csl was performed by the potentiometric ti-
tration method. The reaction:

Euzt + 02 = EuO! 9)

was studied. For this purpose amount of
Eul,, corresponding to 0.025 mol-kg™1l of
Eu2* was added the melt. The titration was
performed by additions of KOH (1/2 027) and
measuring of the equilibrium emf. The initial
amount of KOH was very small (1074 mol-kg™1)
that was necessary to obtain results in non-
saturated solution region, were it exits.
The wusual and differential titration
curves are presented in Fig. 2. According to
their form (the absence of sharp pO drops
at the first additions of the titrant) EuO
can be referred to practically insoluble
oxide in molten Csl and the magnitude of
pO drop at the equivalence point (approxi-
mately 8 pO units) allows to suppose ex-
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Fig. 2. Usual (1) and differential (2) curves
of potentiometric titration of EuZ* (Eul,,
0.03 molkg™!) with OZ in molten Csl at
700°C.

tremely low solubility product value for
EuO.

The calculations of thermodynamic pa-
rameters of equilibrium (9) were made on
the basis of consumption of oxide ion. From
the obtained equilibrium emf the pO wvalue
was obtained from equation (7) at E>—85 mV
and from equation (8) at E<—85 mV. Than
the consumption of 02~ was calculated from
the initial molality of 0%~ (m@2) as

Amgz- = m%zf -mg2 = mng - 1070, (10)

From this wvalues

(P’EuO):

solubility product

P'gyo=mggr - moz- = (11)
=( m 2+ — Amgz) - 10770,

and dissociation constant (K'gp)

mEu2+ - m02— (12)
Kegpo=—",—— =
Mgyo
(mgg2 — Amgz) - 10770
Bl Am02—

were calculated. The experimental and cal-
culated values are presented in Table.
These data give evidence that all the so-
lutions obtained by addition of 02~ to Eu2*
solutions in molten Csl are saturated, i.e.,
even the first small addition of KOH causes
the precipitation of EuO. Indeed, the con-
sidering changes of pK'g,o together with
the increase of m%zf shows that there is

directed shift of the calculated wvalue (in-
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Table. Experimental and calculated parameters obtained at the potentiometric titration of Eu2*
(Eul,, 0.02 mol-kg™!) with O2~ in molten Csl at 700°C

me- PO PK'g 0 PP'gyo

0.0001 11.81 8.97 12.977
0.0014 11.29 10.12 12.98%
0.0030 11.43 10.63 18.15%
0.0079 11.36 11.11 13.21°
0.0101 11.20 11.18 18.18"
0.0128 11.04 11.18 13.07"
0.0140 11.04 11.28 13.187
0.0174 10.82 11.89 18.15%
0.0213 10.80 12.28 13.95
0.0244 5.39 — —
0.0301 2.42 — —
0.0384 2.20 — —
0.0495 1.87 — —

Note. Points chosen for averaging pP'r  are designated with asterisks.

crease) where as pP"g o oscillates randomly B, mV

near some average value. According to [10] ok

such a behavior of the calculated wvalues 1

confirms the formation of the saturated so-

lution. So, the solubility product index of ok

EuO, pPg,o is estimated as 13.1+0.2 that

corresponds to 7.94-10714 mol2.kg~2. Such a ol

value allows to refer EUO to oxides practi- 2

cally insoluble in molten Csl. é é "t om

On Eu,04 solubility in molten Csl. Investi-
gations performed in the previous section
give us possibility to determine the solubil-
ity product value of EuO, i.e., parameter
connected with the behavior of ionized part
of dissolved oxide. However, a part of a
solid substance is dissolved in the melt
without dissociation. In order to estimate
the fraction of the non-dissociated oxide in
the saturated solution the sequential addi-
tion method described in [11] seems more
appropriate.

This method consists in adding some
amounts of the oxide studied to the melt
with the measuring equilibrium emf. The
oxide is added up to saturation, which re-
sults in minimum in E-pm plot as it is
shown in Fig. 3. Such a plot gives possibil-
ity to make some conclusions.

The first, the point designated in Fig. 3
by arrow 1 corresponds to amount of
Eu,O3, which is dissolved in the melt only
partially and some quantity of the oxide
remains non-dissolved. The partial dissolu-
tion results in the essential decrease of
Eu,O; particle size and its solubility ac-
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Fig. 3. The dependence of emf vs. —log mgu203 =pm

at the addition of Eu,0; to molten Csl at
700°C (SAM). Arrow I designates point
where the addition is partially dissolved and
arrow 2 is the estimated point where the
saturation is achieved.

cording Ostwald-Freundlich rule increases.
The following additions of Eu,0; lead to
increase of the average size of Eu,03 par-
ticles and its solubility decreases (and emf
increases). Point 2 obtained by cross-sec-
tion of horizontal line corresponding to
the minimal emf in the plot with the in-
clined line corresponding to the E—pm de-
pendence in non-saturated solutions desig-
nates the point of the saturation, where
pm = 8.7, i.e., 2.0-107% molkg™! of Eu,0s.
It should be noted that this value is in good
agreements with the results of quantitative
analysis fulfilled by polarographic method.
The second, the emf value at saturation is
equal to —10 mV and this values allows to
found pO and equilibrium oxide ion molality
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as 3.72 and 1.95107% molkg™l, respec-
tively. To ascribe this O?~ concentration to
a definite process the additional studies are
required.

Although Eu3* ions are known to be un-
stable in iodide melts, the valence state of
Eu in molten Csl should be cleared. There-
fore, we performed the growth of single
crystal from Csl melt saturated with prod-
ucts of Eu,O3 interaction with this melt by
Bridgman-Stochbarger method. The radiolu-
minescence spectrum of the grown sample is
presented in Fig. 4 (curve 2). It contains
two bands: the first with the maximum lo-
cated at 312 nm corresponds to self-lumi-
nescence of undoped Csl (see Fig. 4 curve 1)
and the second one with maximum at
435 nm can be ascribed to Eu?* lumines-
cence (bd—4f transition). The bands in long-
wave region, especially at A > 550 nm,
which could be referred to Eu3* lumines-
cence are not observed.

So, we can conclude that the process of
Eu,05 dissolution in molten Csl is accompa-
nied with the reaction:

Euy,03d + 21 — 2EuO+ 02 + 1,1 (13)

and this equilibrium is shifted to the right
completely. The molality of EuO in this satu-

rated solution is equal to 3.6-1074 mol-kg™1.

Since concentration of dissolved in Csl
Eu,05 (1.8:107% mol-kg™!) coincides com-
pletely with the equilibrium molality of 0%~
(1.9:107% mol-kg™1), it follows that reaction
(13) is only a process generating oxide ions
and the dissociation of EuO according to
reaction

EuOyissolved — Eu?t + 02 (14)

is suppressed.

Fig. 4 gives the answer on another ques-
tion: do such low concentrations of the par-
ticipants of reaction (14) affect the proper-
ties of Csl. The first maximum in the crys-
tal polluted by Eu,O5 is located at 812 nm
whereas pure material possesses the similar
maximum at 305 nm and from [12] it fol-
lows that the formed amount of oxide ions
in the melt (2.0-107% mol'.kg™!) makes this
scintillator slower. The second sequence of
the said pollution is intensive enough band
originated by Eu?* [13]. Hence, if Csl melt
is kept in contact with Eu,0O3, then grown
from this melt single crystal possesses ap-
preciably distinguished luminescent charac-
teristics.

338

0.2

0.0 1
200 300 400 500 A, nm

Fig. 4. Radioluminescence spectra of Csl
crystals grown without dopants (I) and
grown from the saturated solution of Eu,O4
in the melt, source 241Am.

4. Conclusions

Solubility product index of EuO, pPg g, has
been found by potentiometric titration method
to be 13.1+0.2 and Pg o = 7.94.10°14 mol2-kg 2
that allows to consider EuO as practically
insoluble in molten Csl at 700°C.

Dissolution of Eu,Oz in Csl melt is accom-
panied with oxidation of melt and formation
of EuO and O2? in the solution. Saturated
solution contains of 3.6-107% molkg™! EuO
and 1.9.107% molkkg™! of O2-, the dissocia-
tion of EUO under these conditions is com-
pletely suppressed.

Radioluminescence spectrum of Csl sin-
gle crystal grown from the saturated solu-
tion of Eu,O5 in Csl shows that corresponds
to superimposition of those for undoped Csl
polluted with O2= and Csl:Eu solid solution.
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IIpo moBeaiHKy OKCOCIOJYK €Bpomiro y posmiaasi Csl

B.Jl1.9Yepzuneywv, T.I1.Pebposa, IO.M./Jayvro, B.®d.'onuwapenko,
BO.1.]onxucenxo, K.M.Benixoe, O.M.Kicinv, M.M.Kocinos,
0.€.Boponkina

Bsaemogia iomis Eu?* 3 okcug-iomamu i mporec posunmHeHHS Eu,0; y posmnasi Csl mpu
700°C Oyau BHBYEHI TUTPUMETPUYHMM METOJOM 1 METOZOM MOCJHiLOBHMX m400aBOK. Eiext-
poximiuma Komipka 3 mem6panHUM KucHesuM ejexTpozom Pt(0,)|ZrO,(Y,0;) 6yra Bukopuc-
TaHA )8 BUSHAUYEHHS PiBHOBaskHOI koHmeHTpanii O2~. Benwumna no6yTky posumuzocti EuO
Pg o= 7,94.10714 MoIbZ-Kr 2 mae smory Bigmectu EUO g0 oxcumiB, mpakTHUYHO HEPO3UUH-
Hux y posmiasi Csl. Bsaemogmia Eu,0; s Csl Beme nmo yrBopemma EuO i 02~ y posumsi.
Hacuuennii posuns MicTuts npubausuo 4-107% moas-xr! EuO Ta 2:107% moxs-kr~! 02, EuO
y 1IbOMYy pO3UUHi He aucoliioe. [omimikwu, 1m0 yTBOPIOIOTHCA iCTOTHO 3MiHIOIOTH JIOMiHe-
cmeHTHI BaacTuBocTi MoHOKpucTanis Csl, Bupomenunx s HacmueHoro posumry Eu,0; y Csl
MOPiBHAHO 3 YUCTUM HOAUIOM I€3ii0.
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