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Optical absorption and photoluminescence spectra of Cu-doped KClxBr1−x mixed crystals have been analyzed to detect the Cu-halide
nanostructure formation. It has been found that the absorption spectrum of each compositionx shows two peaks which are identified as
the Z1,2 and Z3 exciton absorptions of Cu mixed halide embedded nanostructures in the mixed crystal. The energy of these peaks show a
non-linear shift toward lower energy on increasing the Cl− concentration in the crystal. The results suggest that Cu+ substitute K+ in the
mixed crystal without modifying the Cl−/Br− ratio, forming nanostructures with composition CuClxBr1−x.

Keywords: Nanoparticles; mixed crystals; alkali halides; excitons.

La absorcíon optica y fotoluminiscencia de cristales mixtos KClxBr1−x dopados con iones de cobre ha sido caracterizada para detectar la
formacíon de nanoestructuras de haluros de cobre. El espectro de absorción de cada composición x muestra dos picos que fueron identificados
como las absorciones de excitón Z1,2 and Z3 de las nanoestructuras embebidas en el cristal mixto. Se observa que la energı́a de estos picos se
corre a mayor energı́a al aumentar la concentración de Cl en el cristal. De acuerdo con esto puede asumirse que los iones de Cu+ sustituyen
a los de K+ en el cristal mixto sin modificar la razón Cl/Br formando nanoestructuras con composición CuClxBr1−x.

Descriptores: Nanopart́ıculas; cristales mixtos; haluros alcalinos; excitons.

PACS: 81.07.-b; 81.16.-c; 78.55:Fv; 78.40.Kc

1. Introduction

The formation of nanoparticles embedded in different matri-
ces is an open research problem. In particular the Cu halide
(CuX) nanoparticles formation in NaCl type crystals has been
the object of several investigations [1-7]. Embedded CuX
nanoparticles can be detected by several techniques. In par-
ticular optical absorption and photoluminescence are con-
sidered powerful techniques to detect this type of nanopar-
ticles [5]. CuX nanoparticles have a good optical response
which can be compared with that of bulk materials. The opti-
cal absorption spectra of CuX (X = Cl, Br) nanoparticles em-
bedded in glasses, thin films and some alkali halides crystals
have a great similarity with those of bulk materials [1-4]. The
spectra show two exciton bands (Z1,2 and Z3) related with the
electronic transitions from theΓ6 andΓ7to theΓ1level, where
the Γ6 andΓ7are due to the splitting produced by the spin-
orbit interaction on the two-fold degeneratedΓ15 level [1].
In comparison with the bulk materials, the Z1,2 and Z3 exci-
ton energies are shifted toward a higher energy as an effect of
the weak exciton confinement (size effect) [6-7]. This shift is
also used to distinguish the nanoparticle formation from bulk
material.

Based on the possibility to detect the formation of
nanoparticles in KCl:Cu and KBr:Cu through the character-
istic exciton peaks [1, 4], it would be expected that these ex-
citon peaks also could reveal the nanoparticle formation in a
Cu+-doped KClxBr1−x mixed system. The optical absorp-
tion of mixed Cu halides thin films has been studied by Car-
dona [1] who considered that the halide composition affects
the spin-orbit splitting on theΓ15 level. The formation of
CuClxBr1−x nanoparticles have been detected in thin film of

glasses prepared by sol-gel [2] with a similar behavior. In
this work we investigate the absorption and photolumines-
cence spectra of Cu-doped mixed KClxBr1−x crystals as a
function of the composition in order to determine the possi-
ble formation of Cu halide nanoparticles in these crystals.

2. Experimental

The KClxBr1−x mixed crystals were grown by the Czochral-
ski method. Cu was added in the melt as CuCl in a 0.2 mo-
lar %. Samples were optically analyzed at temperatures lower
than 20 K. Optical absorption measurements were carried out
in aλ19 Perkin Elmer spectrophotometer and photolumines-
cence was measured in Fluorolog-3 Jobin-Yvon equipment
in the 200-600 nm spectral range. For cooling the samples,
a closed cycle helium APD-202 Cryogenics Inc. system has
been used.

3. Results and discussion

Figure 1 shows the optical absorption spectra of five different
compositionsx= 0.30, 0.40, 0.50, 0.60, and 0.75 measured at
17.5 K. Before the measurement the samples were annealed
at 120◦C for 2 days to form aggregates. This annealing tem-
perature has been reported to be effective for the formation
of CuCl nanocrystals in KCl [5]. The spectra show several
absorption components. In each spectrum, the most promi-
nent band is located around 260 nm which appears in almost
all the mixed systems. This band is assigned to the 3d10-4s
electronic transition of the Cu+ ions indicating the presence
of this type of ions in the crystals. In some compositions,
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FIGURE 1. Optical absorption spectra of annealed KClxBr1−x:Cu
for different Br content. For all samples the annealing was per-
formed at 120◦C for 48 h. The inset is an amplification of the low
energy region.

FIGURE 2. Br concentration dependence of the exciton peak en-
ergy of CuClxBr1−x nano particles at 16 K. These values were
taken from the optical absorption spectra. Open symbols are the
exciton peak energies of CuClBr bulk material at 80 K taken from
Cardona [1].

next to this band, a band located at 242 nm is observed which
has been ascribed to Cu0. At the low energy part of the spec-
tra between 380 and 420 nm appears a series of bands that
could be related to Cu halides nano structures. The assign-
ment of these bands to excitons in Cu halide nano structures
is based on the similarity between their positions and those
of the exciton bands in CuCl, CuBr and CuClxBr1−x [1]. In
quenched samples these bands were absent, indicating that
indeed Cu-halide nanocrystals are formed during the anneal-
ing. However, in crystals containing Br, the formation of Cu-
halide nanocrystals seems to be less efficient. This we ascribe
to the 120◦C annealing temperature which may be less effec-
tive for the formation of nanocrystals in Br rich crystals than
in KCl crystals.

Figure 2 shows the position of the exciton bands as func-
tion of the crystal composition. The exciton bands Z1,2 and

FIGURE 3. Excitation (a) and emission (b) spectra for different
compositions after the formation of nano particles. The composi-
tion is expressed in the molar percentage of the Br content. For the
excitation spectra (a) the emission wavelength is indicated above
the spectra and for the emission spectra (b) the excitation wave-
length is indicated.

FIGURE 4. Annealing time effects on the exciton wavelengths mea-
sured by photoluminescence in KBr:Cu and KCl0.4Br0.6. During
the growth of the nano particles the exciton bands shift to lower
energies. The annealing are performed at 50◦C for KBr and 120◦C
for KCl0.4Br0.6.

Z3 shift from higher energy for the KCl:Cu composition to
lower energy for the KBr:Cu composition. The stronger
changes induced by the composition are found between 25
and 60% of Br molar concentration. The position of the Z1,2

exciton absorption band is more affected by the halide com-
position than that of the Z3 exciton absorption band. Fur-
ther, the positions of the Z1,2 and Z3 bands reverse in or-
der around the composition with a molar Br concentration of
30% in accordance with the results reported by Cardona [1]
and Suyal [2].

Figure 3 shows the excitation and emission spectra of the
annealed samples. As can be seen the excitation and emis-
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sion bands related to Cu halide excitons are located in the
same spectral range. Furthermore the excitation and emis-
sion spectra reveal the appearance of additional bands in
the mixed crystals which may be due to the formation of
Cu halide nanoparticles with different compositions. These
findings hamper the interpretation of the spectra significantly
since the excitation bands related to a specific level can not be
measured with the emission of that same level due to the in-
terference of the intense excitation light with the weak emis-
sion of that level. As a consequence the excitation spectra
have to be measured with emission light different than that
of the corresponding levels so that the resulting spectra only
reflect a distorted view on the behavior of the corresponding
exciton bands. Nevertheless some general features observed
in the absorption spectra can be recognized in the excitation
spectra. Also the shift of the position of the exciton bands to
lower energies with increasing size of the nanoparticles dur-
ing annealing could be observed in a similar way as has been
observed for NaCl:Cu [5]. Figure 4 shows this effect for a
KBr:Cu and a KCl0.4Br0.6:Cu sample.

The optical absorption and luminescence spectra of the
Cu+ doped mixed crystals show bands related to nanoparti-
cles. The measurements of excitation and emission spectra
however are hampered by the fact that the wavelength range
of the exciton emission bands is close to and partly overlap-
ping the wavelength range of the exciton excitation bands
such that the intense excitation light interferes with the weak
emission light. The exciton bands in the absorption spectra of

the KClxBr1−x mixed crystals shift from low to high energy
with increasing valuex for the composition. The comparison
of this behavior with that of the optical absorption spectra of
CuClxBr1−x mixed crystals, indicate that the nanoparticles
formed in the KClxBr1−x mixed crystals have a similar com-
position as the host. This suggest that the migration of Cu+ is
principally on the cation lattice so that during the formation
of nanocrystals the Cu+ substitutes the K+ without modify-
ing the Cl−/Br− ratio. On the other hand the additional bands
in the excitation and emission spectra suggest the formation
of Cu halide nanoparticles with different compositions indi-
cating the migration of halogens on the anion latice.

4. Conclusions

In conclusion we have found that Cu halide nanoparticles
can be formed in KClxBr1−x mixed crystals and that the
dominant composition of these nanoparticles is the same as
that of the bulk material. Nanoparticles with other composi-
tions seem to be present too but further systematic research
is needed to confirm and clarify the composition of these
nanoparticles.
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