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Time dependence of the luminescence intensity in
CdBr2 : AgCl,PbBr2 crystals under N2-laser excitation

at room temperature∗
I.M. BOLESTA, B.M. KALIVOSHKA, I.D. KARBOVNYK, V.M. LESIVTSIV, I.S. NOVOSAD,

S.S. NOVOSAD†, I.M. ROVETSKYY, S.R. VELGOSH

Ivan Franko National University of Lviv, 1 Universytetska str., 79000 Lviv, Ukraine

Results of optical-luminescence studies of polydoped photochromic CdBr2 : AgCl,PbBr2 crystals are presented. It is shown
that the luminescence decrease vs. time under N2-laser excitation in the range of A-band of Pb2+ absorption is due to photo-
chemical reactions. The empirical model describing the decrease of the luminescence related to silver impurities due to pho-
tochemical processes is suggested. Model parameters (trapping cross-section – σ – and the amount of centres destroyed by
irradiation – β ) were determined using the comparative analysis of experimental and calculated luminescence decay curves.
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1. Introduction
Among the variety of light induced effects, pho-

toinduced dichroism and related phenomena [1, 2]
are of significant interest. Investigation of these
effects is important in view of numerous practi-
cal applications [3]. In particular, advances in pho-
tochromic material physics and chemistry allowed
development of now widely used transition protec-
tion lenses by Roger Araujo from Corning Glass
Works Inc. (see, for instance [4] and references
therein).

In the search of new photochromic materials,
several crystalline substances [5] were considered,
including CdCl2 and CdBr2 crystals [6]. Herein,
we discuss the influence of photochromic effect on
radiative processes in CdBr2 : AgCl,PbBr2 crys-
tals. Specific attention is paid to the mathemati-
cal model of luminescence time degradation during
photochemical transformations.

Cadmium bromide crystals belong to the fam-
ily of layered compounds, which are characterized
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by ionic-covalent bonding inside a single struc-
tural layer and by weak van der Waals bonding be-
tween layers [7, 8]. Such structural arrangement,
on the one hand, determines strongly anisotropic
mechanical, electrical and optical properties and,
on the other hand, provides favorable conditions
for the creation of impurity centres localized at
different crystallographic lattice sites. CdBr2 crys-
tals doped with copper and silver impurities exhibit
photochromic properties [9–17]. Therefore, it is in-
teresting to study optical and luminescent prop-
erties of photochromic crystals derived from cad-
mium bromide and investigate electronic processes
that are responsible for the photochromic behavior.

The influence of silver impurity on the optical-
luminescent characteristics of CdBr2 crystals has
been studied in [15, 16]. In the photoluminescence
spectra of low-doped transparent CdBr2 : AgCl
(measured at 85 K under N2-laser excitation), an
intensive band around 630 to 640 nm and less pro-
nounced band at 490 to 505 nm have been re-
ported. Irradiation (coloring) of the sample with the
N2-laser at room temperature causes a decrease of
the 630 to 640 nm band intensity at 85 K and am-
plifies the emission at 490 to 500 nm. Decompo-
sition of these spectra makes possible to establish
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the positions of spectral components, ascribed to
host matrix, at 490, 560, 635 and 730 nm, and
a weak activator band at 428 nm. In heavily
doped crystal an additional emission band peaked
at 465 nm is also observed. The origin of these
bands and photochemical processes during the irra-
diation of the crystal have been discussed in details
by Novosad et al. [16].

During the irradiation of CdBr2 : AgCl with
270 to 320 nm light at room temperature, pho-
toinduced absorption appears with the maximum at
515 to 520 nm. The disadvantage of the photosensi-
tive crystal is the fact that the additional absorption
induced by UV-light is characterized by a small
change of optical density (∆D = 0.15 to 0.20).
Moreover, the material shows weak luminescence
at room temperature when excited by N2-laser and
this luminescence is further diminished during pho-
tochemical reactions. Restoring of the lumines-
cence properties of silver-doped cadmium bromide
crystals after thermal or optical bleaching is ex-
plained by Novosad et al. [16] by the decay of col-
loidal nAg0 centres, which can be regarded as re-
lease of carriers from trapping centres related to
silver impurity.

Additional doping of CdBr2 : AgCl with PbBr2
impurity leads to the amplification of the lumi-
nescence peaked at 460 to 465 nm and to the in-
crease in efficiency of photochemical transforma-
tions [18]. At room temperature, during N2-laser
excitation, CdBr2 crystal doped with silver and lead
exhibit remarkable degradation of luminescence.

Present work continues the investigation of
the photochromic effect in CdBr2 : AgCl,PbBr2.
The utmost attention is paid to the mathematical
model of electronic processes that describe time
dependence of luminescence intensity during pho-
tochemical transformations induced by N2-laser
irradiation.

2. Experimental and results
CdBr2 : 0.3 mol % AgCl, 1.0 mol % PbBr2 were

grown by means of Bridgman-Stockbarger tech-
nique from purified salt [7]. Samples with linear di-
mensions of approximately 15 × 15 × 1 mm were

cut from a single crystal and then sliced along the
cleavage planes. Absorption spectra were measured
exploiting Specord M-40 spectral photometer. Col-
oring of crystals was performed at room tempera-
ture (T = 295 K) by exposing them to the UV-light
of DKsEL-1000 xenon lamp through UFS-2 filter
or by irradiation with N2-laser (λ = 337.1 nm).
Luminescence spectra were collected using a SF-
4A monochromator equipped with FEU-51 photo-
multiplier tube (PMT). The time dynamics of the
light stimulated luminescence intensity decrease
was measured using N2 laser pulsed excitation.
Short (∼10−8 s) periodic pulses (T = 0.01 s) with
a nearly constant average energy per second were
focused onto the crystal under study. Resulting lu-
minescence was detected by the PMT over a rel-
atively long time (compared to the pulses repeti-
tion rate). The detected intensity represents the in-
tegrated contribution of many emission centres and
decreases exponentially versus time.

The absorption spectrum of a transparent
CdBr2 : AgCl,PbBr2 crystal is shown in Fig. 1
(curve 1). This spectrum, apart from activator A-
band observed within the range of 305 to 340 nm,
exhibits also a step-like feature in the region of
360 to 380 nm. Optical coloring of the material
gives rise to the additional background absorption
in the 350 to 800 nm range. On this basis there
appears a wide and intensive band peaked around
530 to 540 nm (Fig. 1, curve 2). At the coloring sat-
uration stage (after 2 minute irradiation) the change
of the optical density ∆D in this material reaches
the value of approximately 2.2.

In case of N2-laser excitation in the range of
A-band of Pb2+-centres absorption, at the begin-
ning of excitation CdBr2 : AgCl,PbBr2 have al-
most 50 times larger luminescence intensity than
that of the CdBr2 : AgCl (luminescence is peaked
around 460 to 465 nm). Additional generation of
non-equilibrium charge carriers appears during the
photothermal ionization of Pb2+ ions [19]. When
coloring of the samples is performed, the inten-
sity of this emission (measured with respect to
the maximum of the band) decreases by almost
20 times compared to the initial value (Fig. 2) af-
ter ∼200 seconds due to photochromic reactions.
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Fig. 1. Absorption spectra of transparent (curve 1)
and optically colored (curve 2) CdBr2 :
0.3 mol % AgCl, 1.0 mol % PbBr2 crystal at
295 K.

Fig. 2. Time dependence of 460 nm emission decrease
in CdBr2 : 0.3 mol % AgCl, 1.0 mol % PbBr2
crystal during the irradiation with N2-laser at
295 K. Dashed line represents the approxima-
tion result.

At the same time, the spectral characteristics of the
emission are almost unchanged. A photolumines-
cence spectrum of CdBr2 : AgCl,PbBr2 crystal, ir-
radiated with N2-laser at 295 K, is shown in Fig. 3.
This spectrum is characterized by the asymmetric
band peaked at nearly 462 nm and several features
in the long-wavelength tail of this band. Emission
with the maximum at 460 to 470 nm is pronounced
in heavily doped CdBr2 : AgCl crystals.

Optical bleaching of CdBr2 : AgCl,PbBr2 crys-
tal by irradiation through the OS-5 optical filter

Fig. 3. Photoluminescence spectrum of CdBr2 :
0.3 mol % AgCl, 1.0 mol % PbBr2, irradiated
by N2-laser at 295 K.

(transparency region of 480 to 2800 nm) at 295 K
leads to the recovery of its absorption spectra and
luminescent properties. Previously colored sam-
ples can also be bleached thermally by heating
up to 590 to 600 K. Coloring-bleaching processes
are repeatedly reversible. Photochromic transfor-
mation in the crystals under study has not caused
the creation of new radiative centres, however, they
created luminescence damping zones, since deep
charge trapping centres were formed.

3. Discussion
The results of CdBr2 : AgCl,PbBr2 optical stud-

ies confirm that photoinduced absorption in this
material (as well as in CdBr2 : AgCl [15, 16]) is
caused by the photodissociation of the matrix [11]
and by photochromic transformations of silver cen-
tres [15, 16]. Considering the results of [20–23]
one can assume that in case of the activation of
melt-grown CdBr2 with AgCl, (Ag+Cd)

− impurity,
single-charge acceptor centres are formed as the
dopant: Ag+ ion substitutes Cd2+ ion in the reg-
ular lattice sites. In the optical absorption spectra
of CdBr2 : AgCl at 295 K, activator bands related
to 4d10 → 4d95s (or 4d10 → 4d95p) transitions in
Ag+ ions have not been detected neither in the
present study nor in [15, 16]. This is explained by
the fact that at room temperature excited states are
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located in the conduction band of the matrix. In the
CdBr2 : AgCl,PbBr2 absorption spectra the activa-
tor band in the range of 305 to 340 nm is clearly
observed, which can be ascribed to 1S0→ 3P1 tran-
sitions in Pb2+ ions. Taking into account the results
reported in [15, 16], the band at 530 to 540 nm,
which is observed in the absorption spectra after
the irradiation of polydoped crystal, may be con-
nected with colloidal nAg0 particles. Background
absorption is mainly determined by light scattering
on the crystal inhomogeneities, which – in turn –
are formed as a result of photodissociation of the
matrix.

In [16] it was assumed, that in low-doped pho-
tochromic CdBr2 : 0.02 mol % AgCl {(Ag+Cd)

−–
V+

Br} light-sensitive centres, which are respon-
sible for 635 nm luminescence band, are dom-
inating. Photostimulated dissociation of these
donor-acceptor pairs in the studied photochromic
CdBr2 : Ag+ as well as in CdI2 : Ag+ [22] probably
follows the mechanism of (Ag+Cd)

− impurity cen-
tres excitation. This mechanism involves the tran-
sition of Ag+ ion through an excited state into the
interstitial position and the formation of the col-
loidal nAg0 particles in the near-surface area of
the sample (after capturing of electrons, delocal-
ized from Br− ions). At the same time, localization
of the donor associates takes place near disloca-
tions and other macroscopic defects of the crystal,
which serve as coagulation centres. In turn, pho-
toholes (Br0) under the influence of Dember field
migrate into the volume of the crystal and then lo-
calize at V2−

Cd associated with V+
Br.

In CdBr2 : Ag+,Pb2+ with significant amount
of silver impurity the effective negative charge of
(Ag+Cd)

− may also be compensated by interstitial
Cd+i and Ag+i ions. In this case, in addition
to {(Ag+Cd)

−–V+
Br}, photosensitive associated

donor-acceptor pairs of {(Ag+Cd)
−–Cd+i } and

{(Ag+Cd)
−–Ag+i } types are formed. After pho-

tostimulated destruction of such associates,
photoholes are localized at halogen ions near
(Ag+Cd)

− centres, while photoelectrons are cap-
tured by Cd+i and Ag+i centres with further creation
of nCd0 and nAg0 colloidal particles. Photochemi-
cal reactions that are connected to photostimulated

destruction of similar light-sensitive centres
{(Cu+Cd)

−– Cu+i }, {(Ag+Cd)
−– Cd+i } and

{(Au+Cd)
−– Cd+i } in CdBr2 : Cu+, CdI2 : Cu+,

CdI2 : Ag+ and CdI2 : Au+ crystals were discussed
in our previous reports [11, 12, 23].

Additional doping of CdBr2 : AgCl with PbBr2
impurity leads to the appearance of additional ac-
tivator absorption A-band ascribed to 1S0 →3P1
transitions in Pb2+ ions and increases the effi-
ciency of luminescent and physico-chemical pro-
cesses. CdBr2 : AgCl,PbBr2 photochromic mate-
rial at room temperature exhibits remarkable pho-
tostimulated degradation of luminescence.

The results of luminescence studies of
CdBr2 : AgCl,PbBr2 are in agreement with pre-
vious investigations of light emission processes
in CdBr2 : AgCl [15–17]. Complex emission
spectrum of polydoped crystal at room temperature
in case of excitation by laser in the range of Pb2+-
centres absorption is probably caused by centres,
which are characteristic of CdBr2 : AgCl [16]. The
analysis of the results has indicated that in order
to describe the kinetics of luminescence intensity
decrease in CdBr2 : AgCl,PbBr2, the empirical
model proposed in [24] for time-dependent lumi-
nescence from CdI2 : Cd and CdI2 : Ag crystals
can be employed.

Degradation of emission intensity during pho-
tochemical transformations at fixed excitation con-
ditions in a cadmium bromide based material are
related to the decrease in the concentration of radia-
tive centres. Considering the techniques described
in [25, 26], let us assume that at t = 0 there were n0
radiative centres, and during the coloring process n
centres disappeared. Thus, for the time moment t,
the number of radiative centres nL is given by:

nL = n0−n (1)

The number of centres that have disappeared in the
time interval dt at the distance x with respect to the
crystal surface is:

dn(x, t) =−σ I(x)(n0−n)dt (2)

where σ (cm2/photon) is the parameter that char-
acterizes trapping process cross-section of the time
dependence of emission intensity.
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The intensity of light in the crystal volume de-
cays according to:

I(x) = I0 exp(−αx) (3)

where α – stands for absorption coefficient, I0 is the
intensity of excitation light of the crystal surface
(photon/(cm2·s).

From equation 2, taking into account (3)
and (1), we have:

n(x, t) = n0 (1− exp [−σ I0t exp(−α x)]) (4)

The analysis of (4) shows that when t → ∞,
n(x,t→ ∞)→ n0 and nL = 0, i.e. radiative centres
totally disappear. This conclusion does not agree
with the experimental data (Fig. 2), which points
to the fact that only a part of centres disappears.
Considering this, the equation for n(x,t) can be re-
written as follows:

n(x, t) = β n0 (1− exp [−σ I0t exp(−α x)]) (5)

where β is the parameter that corresponds to the
number of disappeared centres.

From equation 5 one can obtain the time depen-
dence of luminescence intensity I(t) for the crystals
under study:

I(t)=A
d∫

0

I(x)nL(x, t)dx=A
d∫

0

I(x) [n0−n(x, t)]dx (6)

where A is the constant that considers the emission
quantum yield and the irradiated area.

Considering (3) and (5), from equation 6 one
gets:

I(t) =
AI0n0

α
{(1−β ) [1− exp(−α d)] (7)

+
β

σ I0t
[exp(−σ I0t exp(−α d))− exp(−σ I0t)]

}
When absorption is strong (α d � 1), equation 7
can be re-written:

I(t)=
AI0n0

α

[
1−β +

β

σ I0t
[1− exp(−σ I0t)]

]
(8)

The derived expression for the time dependence of
luminescence intensity includes β and σ parame-
ters, which can be compared to experimental data.
In particular, when t = 0 and t → ∞ from (8) it
follows that

I(t→ ∞)

I(0)
→ 1−β (9)

and the value of σ is calculated by an approxi-
mation of the experimental curve (Fig. 2) with the
equation 8.

Obtained in such a manner σ and β values for
CdBr2 : AgCl,PbBr2 crystal are 1.446 and 0.94,
respectively.

Localization of electrons and holes at the re-
spective trapping levels connected to the silver im-
purity can be interpreted as “disappearing” of ra-
diative centres, which makes the radiative transi-
tion impossible. The presence of remaining emis-
sion (∼5 % of the initial intensity) can be explained
by reaching the fill limit of the respective trapping
levels that determines the disappearance of only
some part of all luminescent centres.

4. Conclusions
It is established that luminescent and photo-

chemical transformations in CdBr2 : AgCl,PbBr2
material run more effectively as compared to
CdBr2 : AgCl crystals. Photoinduced absorption
bands can be bleached thermally and optically with
the light from the absorption range of colloidal
silver centres. During bleaching optical and lumi-
nescence properties of the compound are restored.
CdBr2 : AgCl,PbBr2 photochromic crystal at room
temperature, when excited by N2-laser in the re-
gion of Pb2+ ions absorption, is characterized by
remarkable photostimulated degradation of the lu-
minescence (related to presence of silver impurity).
The empirical model describing the time depen-
dence of the luminescence intensity during photo-
chemical reactions is proposed.

Photochromic CdBr2 : AgCl,PbBr2 crystals
with an optimal concentration of impurities can
be used as efficient UV-detectors whose principle
is based on luminescence degradation. Also these
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crystals can find application as materials for the re-
versible optical information recording and lumines-
cent reading at room temperature.
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