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ABSTRACT

In the present paper optical absorption (OA) studies of RbBrogs lo0s: EU?*, TI* mixed crystal are
reported. Optical absorption spectrum of RbBr: TI* (0.02mol %) can be reproduced for sake of
comparison (communicated) shows a band around 4.8eV which is rather flat at its peak. In
addition to this, a broad band around 5.6 and 6.0eV on the rising portion of the absorption in the
high energy side is observed. In the case of mixed crystal showed that the characteristic A-
absorption band of TI* ions in RbBrogs loes: TI* (0.02mol %) mixed crystal broadened towards
the low energy side with iodine composition. The change in the absorption spectrum of mixed
crystal is suggested to be due to complex centers involving Br™ and 1" ions formed in the mixed
crystal. But in the case of TI* co-doped RbBrogs logs: EU** mixed crystal exhibits structured
absorption band in the range between 2.8 to 4.0eV in addition with a shoulder around 4.2 and
5.07eV are observed. The broad and structured bands from 2.8 to 4.0eV may contain several
absor ption bands due to Eu** and TI* ions and their aggregates.

Keywords: Mixed crystals; Tl doped KBr-KI Mixed crystals, absorption band, aswdoped KBr-
KI:Eu™ .

INTRODUCTION

In alkali halides doped with Tltype impurities several prominent absorption bamriginating
from intraionic transition zqg to agti,appear below the energy of an intrinsic absorptidge of
host materials and the lowest one is denoted tharl [1]. The band is strongly affected by the
local structure around the impurity and by theyatig of the host materials [2, 3]. In such a
lattice, a substitutional Tlimpurity is expected to replace a ’Rbn because of both its electric
charge and ionic size (ex. RbBrY10n the other hand, there have been few investitgfor
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impurities in mixed crystals of alkali halides [§-Th our previous work [8], we reported KBr

I :TI" mixed crystals doped with Timpurities and studied the appearance of additibands
on the low energy side of the characteristic A, 8l & absorption bands of KBriTkingle
crystals with increasing iodine composition. It wasnd that, the additional bands are attributed
to TI" ions of the complex centers of the type FlBK (n = 1, 2, 3...). Mixed alkali halides are
not studied extensively owing to many of their etiteproperties [9]. Recently KCI:Etipowder
phosphors co-activated with Tibns showed some interesting results [10, 11]. ditteancement
of luminescence due to the Elions was attributed to energy transfer fror 8l ELf* ions in
KCI: EU?*, TI" phosphors. To best of our knowledge no work regbin thallium co-doped with
mixed crystals of rubidium halides. In the presemtk, RbBp s loosEU, TI" mixed crystals
have been studied at room temperature.

MATERIALSAND METHODS

The systems studied in the present work are (1)rRBEBr (0.02mol %) and 2) RbBgod
0.0sTI*, EUY* (0.02 and 0.05mol%)mixed crystals grown in vacubynslow cooling from its
melt. Analytical Reagent grade RbBr and Rbl (99.28%) the dopant in the form of TIBr and
TIl (99.99%) taken in the required stoichiometriogortions described in our earlier work [8].
The Optical Absorption (OA) measurements were edrout using a Systronics-2101 UV-
Visible-Spectrophotometer

RESULTSAND DISCUSSIONS

Optical absorption spectra of RbBr: TI@.02mol %) can be reproduced for sake of compariso
(communicated) and RbBss lo.os TI*, ELF* (0.02, 0.05 mol %) mixed crystals grown in vacuum
measured at RT are shown in Fig. 1. The absor@ttra exhibit complex absorption bands,
showing wide variation in the structure with iodic@mposition (RbBygs lo.0s). For the sake of
convenience in explaining the results, absorptgpectrum considered to have two regions; the
absorption region of 4.0 — 5.0eV on the low enesgle (denoted as A- band region) and the
region from 5.0 — 6.0eV on the high energy siden@tied as B and C region). Optical absorption
bands in both regions of the spectra of the mixgdtals appear to be broadened with additional
structures when compared to those of single ciysfdle optical absorption spectrum of RbBr:
TIBr (0.02mol %) single a crystal shows a broadogpigson bands around 4.8eV which is rather
flat at its peak. In addition to this, a broad bandund 5.6 and 6.0eV on the rising portion of the
absorption in the high energy side is observed. (Eigurve a) which are the well known A, B
and C bands of Tlions in RbBr respectively [12]. Ghose has repotted C-band of Tlions in
RbBr: TI" appeared at 5.95eV [13]. In the present work, @dbabsorption is not well resolved,
these broad absorption band 6eV (present study)oaaglated to the C-band absorption.
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Figure.l. Optical absorption spectra of (a) RbBr:TIBr (0.02mol%), (b) RbBrggs | ¢0s: TIBr (0.02mol%) and (c)
RDBr g5l 00s:TI*, Eu #* (0.02 and 0.05mol %)

In alkali halides heavily doped with Tions, aggregate centers of Tons such as Tldimers
have been reported to be formed [14]. Two typesliofer centers have been reported i Tl
doped crystals; In | dimers, two TI ions located along <100> direction are separatedrb
anion and in B, dimers, two T1 ions occupy nearest neighbor positions along <difection.

At low temperatures, weak absorption bands dud‘talimers appear on the tail regions of A, B
and C band absorptions. However, at RT, the A-ladostbrption of Tl dimers is seen only as an
inhomogeneous broadening of A-band towards low ggnside [15]. Considering the above
earlier results, the broadening of the absorptiands towards low energy side of A, B and C
bands in RbBr:TIBr single crystals may be attriloute the formation of such aggregates of Tl
ions cannot be ruled out.

In the case of RbBgs lo.os TIBr (0.02mol %) mixed crystals shows the A-bardund 4.8eV is
found to broadened towards the low energy side wntreasing iodine composition x = 0.05 and
broad overlapping bands around 5.3 and 5.9eV iBtla@d C-bands regions (Fig. 1, Curve b).
Comparing with earlier reports [16], the broadenifid\-band could be due to the appearance of
new absorption bands on its low energy side attis¢ of A-band absorption at 4.8eV. Similar to
the absorption in the A-band region, the low enealy of absorption in the B and C bands
regions of the mixed crystals also extends to lowrgy side indicate the formation of new
thallium centers involving ons in the Tl doped mixed crystals of RbBr-Rbl.

Kleeman and Fischer observed additional structadigs to overlapping bands on the long
wavelength side of A, B and C bands in their KBy :TI" mixed crystals due to complex™TI
centres of the form TIB I, (n = 1, 2, 3) formed in them by the selective gmeferential
association of lanions with T cations as its nearest neighbors. The absorptmas of the
mixed crystals with their peak positions correspogdo the A, B and C bands in KBr:Tsingle
crystals were designated as, By and G bands respectively. They were assumed to be
associated with the configuration of six Bms around each Tlon (i.e., TIBg complex) in the
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mixed crystals. The additional bands 4.66, 4.554AdeV appearing and growing (one after the
other) at the cost of Aband at 4.8eV were designated as A and As bands and they were
attributed to the TIB¢, I,, centres formed by gradual replacement ofi@ns with one, two and
three 1 respectively as nearest neighbors to thé ibhs [8, 16, 17]. Similar to A-band
absorption, the absorption in the B and C bandoredietween 5-6eV is also modified
significantly due to overlapping absorption bandshis region also are not well resolved. At
RT, the A-band absorption was found to get broad@émeomogeneously towards the low energy
side with x due to the formation of these complenters [16, 17]. The broadening of the A-band
absorption (as well as B and C bands) in RlBlp os TIBr mixed crystals (present study) is also
similar to that observed in KB Ix :TIl mixed crystals [18]. Hence the broadeningtioé
absorption bands of Tion towards low energy side in the mixed crystdlthe present study is
attributed to the appearance of some new bandgadtiee complex Tl centers in the mixed
configuration with both Brand I ions as nearest neighbours to theidhs.

From these reports it is clear that even the amditf a small amount of iodine has a profound
effect on TIBrdoped RbBr-Rbl mixed crystals of the present studipe peak positions of the
additional absorption bands could not be fixed wiitainty due to their overlapping at RT. But
in any particular series of the mixed crystals,dolening of the absorption bands in both regions
towards the low energy side with iodine composii®attributable to the formation of different
complex TT centers involving lions at the cost of TIRcomplexes. The formation of aggregate
centers of Tl ions also produces a similar shift towards lowrgpeside; the broadening may
also be partially due to the formation of such &ggregate centers cannot be ruled out [19].

The absorption band around 4.8eV, observed in RBsos TIBr mixed crystals is replaced by
a relatively stronger band with a flattened peak@ed around 4.70eV in RbBg loosTI™, Euv”
mixed crystals shown in (Fig.1, Curve c). In adxitia broad absorption with unresolved bands
in the range between 2.8-4.0eV and a shoulder drdu2eV are observed. Furthermore, an
increase in the relative intensity of absorptiasspezially, in the A-band region when compared
to single doped mixed crystals. The 4.70eV mairogii®n band in RbBros loos TI*, EU*
mixed crystals is a composite and it is slightlyfted towards high energy side with additional
band appeared around 5.07eV. The shift of the Atbapsorption in RbBrs loosTI*, EU
mixed crystals towards high energy side relativehi® RbBg.os loosTI™ mixed crystals is an
indication that impurity centers and their aggregdormed in the RbBEs lo.os TI*, ELF* crystals
are of different nature from those formed in RBroos Tl crystals. In the former case, it is
likely that complex Tl centers with Brand I ions in the mixed configuration as the nearest
neighbor to Tl ions formed modify the A-band as well as the B @rlolands absorption [17].

Comparing with these results, the flattened peakirad 4.70eV in RbBfes lo.osTI*, EUY* mixed
crystals (present study) due to the compleXcEnters in the mixed configuration with botH Br
and I ions as nearest neighbors to thé i®hs [17]. The unresolved structured band from 2.8
4.0eV due to the transition of Elions from the 4fground state to thegtcomponents of its af

5d excited state, respectively [20,11] while thedar overlapping band in the B and C-band
region from 5.0 to 6.0eV, its may be due to combifiect of EG" and TI ions and their
aggregates. The influence of europium aggregatetkali halides has been reported [21, 22]. It
was found that the formation of different typeseofropium aggregates (such as Suzuki type,
metastable EuGltype precipitates, etc) result in some additiomlasorption bands as well as
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shifting of characteristic absorption bands of Emonomer ions to the long wavelength side in
alkali halides [21, 22]. It is well known that ti® Dq splitting of 5d orbitals (i.e. difference
between the centers of gravity of high energy awd énergy absorption bands of %ions)
gives information about the characteristics ofeatiéht EG* aggregates formed in alkali halides
[21, 22]. Since the additional absorption bandsiado4.2 and 5.07eV is observed in R&r
loosTI*, E¥'mixed crystals not observed separately in RbBlo.0s Tl mixed crystals it is likely
that E* aggregates formed. The intensity enhancement tiéabbsorption attributed to the
transfer of energy from Tko ELf* ions in RbBg.gs lo.osTI*, ELf*mixed crystals [23].

Among the A, B and C bands ofrisns in alkali halides single crystals, the C-apsion band

is the strongest since it is associated with tmensgtry and spin-allowed transitidA 4 to Ty,

[24, 25]. The A-absorption band due'foy to 'Ty, is relatively weak when compared to the C-
band since it is made partially allowed through imgxof *Ty, excited state withTy, excited
state by the spin-orbit interaction. Hence, ifi iesis doped alkali halide phosphors; the C-band
absorption is always stronger than the A-band gbsor depending on the value of the dipole
strength ratio R of the phosphor which dependspamarbit interaction, Jahn-Teller effect, etc
[24].

CONCLUSION

The absorption spectrum of RRBE loos TI" mixed crystal broadened towards low energy side
with iodine composition. The change in the absorptspectrum is suggested to be due to
complex centers involving Band I ions formed in the mixed crystal. But in the casd!"™ co-
doped RbBygs loosEUW mixed crystal exhibits structured absorption bamy contain several
absorption bands due to £wand Tl ions and their aggregates. The intensity enhancenfe
optical absorption attributed to the transfer oérgly from TI to EUf* ions in RbBg.gs lo.os 1™,
Ev’'mixed crystals.
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