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Abstract Potassium iodide doped with cerium ions were
prepared by Bridgemann Stockbarger technique and inves-
tigated by optical absorption, Photoluminescence(PL),
Thermoluminescence(TL), Photostimulated Luminescence(PSL)
and TL emission. The optical absorption measurement
indicates that F and V centers are formed in the crystals
during the γ-ray irradiation process. Optical absorption
and Photoluminescence studies confirm the presence of
cerium ions in the trivalent state. Spectral distribution
under the Thermoluminescence Emission(TLE) and Optically
Stimulated Luminescence(OSL) support the idea that the defect
annihilation process to be due to thermal release of F-electron
in KI:Ce3+ crystals. Both Ce3+ and Ce2+ emissions were ob-
served in the Thermoluminescence emission of the crystals.
Thermoluminescence(TL) has been identified to be due to ther-
mal release of electron produced during colouration process.
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Introduction

Phosphors doping with rare earth elements have attracted
much attention because of their well defined transitions within
4f shell [1]. Rare earth elements have been considered as the
most important and promising activators for phosphors due to

their emission characteristics in UV and Visible region .
Among rare earth doped phosphors,Cerium activated ones
are gaining much interest because of their spectroscopic prop-
erties and the ability of cerium to be incorporated into different
host materials [2]. Substitution of impurities in a crystal lattice
modifies the optical and other properties of the host. In most
cases,the impurities enchance the performance of host lattice.
Materials doped with cerium have attracted the interest of
solid state researchers due to applications of these materials.
Cerium enters into a specific site,their spectroscopic property
is influenced by the co-ordination environment [3]. For exam-
ple, the emission band of YAG:Ce3+ can be tuned from 520 to
580 nm by adding Ga3+,Lu3+ into lattice [4–6]. Cerium energy
levels in crystals consist of two ground states 4f levels sepa-
rated roughly by about 2000 cm−1(2F5/2,

2F7/2) and upto five
5d split excited state energy levels. The emission of cerium is
due to 5d-4f extent. Materials doped with cerium have
attracted the interest of solid state researchers due to applica-
tions of these materials as phosphors, detectors for ionizing
radiations, scintillators for elementary particles, UV emitters
and activators for energy transfer [7–10]. Rare earth elements
have been considered as the most important and promising
activators for phosphors due to their emission characteristics
in UV and visible region. Cerium has sharp emission of
ultraviolet or blue colour with high intensity, so it is the
most important blue emitting luminescence activators for
several phosphors [11, 12]. Cerium doped alkali halide
phosphors have been widely studied in last years [13,
14]. In the present work, Potassium iodide doped with ce-
rium has been grown by Bridgeman Stockbarger technique.
The grown crystal were characterized by optical absorption,
photoluminescence(PL),Thermo luminescence(TL),Thermal-
ly stimulated Luminescence(TSL) and Photo stimulated
luminescence(PSL). The purpose of this paper is to study
the luminescent characters of cerium doped KI Single crystals.
Therefore,in the present article, only work on luminescent
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properties of KI:Ce3+ in response to γ-irradiation were pre-
sented and discussed.

Experimental Details

Single crystals of pure KI (99.99 % purity) and cerium doped
KI (99.99 % purity) were grown using the Bridgman
Stockbarger technique. Cerium was added in the form of ce-
rium fluoride (Aldrich 99.99 % purity). The crystals were
grown with three different concentrations of the impurity 1,
3 and 5 % by weight. Samples of size approximately 5×5×1
mm3were used for all except the PSL and PL studies. For PSL
and PL, 5x5x3 mm3 samples were used. The results due to the
three concentrations were similar and hence only the results
pertaining to a cerium concentration of 3 % by weight are
presented and discussed. The absorption spectra were record-
ed using Perkin Elmer Lambda 35UV-Vis spectrophotometer
in the region 190–1100 nm. Photoluminescence spectra were
recorded at room temperature using Perkin Elmer LS 55 Lu-
minescence spectrometer in the region 200 to 900 nm with a
spectral width of 5 nm. TL glow were recorded using a PC
based TL analyzer (Hitachi make) at a heating rate of
120 °C/min the samples were irradiated with an γ- ray source
operating at 25 kVand 7mA. TL emission was recorded using
Perkin Elmer LS 55 with the excitation slit being closed. Be-
fore every experiment, the crystals were annealed at 400°K for
half an hour, and then they were quenched to room tempera-
ture to ensure homogeneous distribution of impurity and to
remove any storage effect.

Optical Absorption

UV-vis absorption by the crystals is one of the most direct
methods of investigating the intrinsic optical properties related
to the excitation of electron states in alkali halides. The optical
absorption spectra of KI:Ce3+ crystals before and after γ-
irradiation are shown in Fig. 1. The unirradiated crystals ex-
hibit a broad absorption around 250 nm and prominent shoul-
der around 270 nm(Fig. 1 curve(a)). After 1 h of γ-irradiation
results in the formation of a characteristic F-band centered at
690 nm(Fig. 1 Curve(b)). The bands observed at 318, 353 and
390 nm and broad shoulder at 260 nm are noted on irradiation,
while the 205 and 215 nm bands are disappear. The absorption
below 215 nm is drastically reduced while a new broad ab-
sorption shows up around 287 nm. The new band appearing
around 287 nm is probably due to V-centers that are known to
have large band width (FWHM). This is in agreement with the
earlier results on KBr and KBr: Cu reported by Murthi et .al
[15]. Roth and Halperin [16] have reported the formation of
intrinsic V-centers (V4, V2 and V3) to absorb at 318, 353 and
390 nm, respectively. Of these V3 centers are the most stable at

room temperature [17]. The absorption in the UV-Region may
include absorption due to V3-centers that show a broad ab-
sorption due to V3 centers that show a broad absorption with
full width at half maximum around 1 eV.

The reduction in intensity of absorption below 287 nm can
be seen as a change in the valence state of the species that
absorbs in this region and F-light bleaching subsequent to γ-
irradiation of cerium doped crystals indicates an increase in
the absorption from 210 to 385 nm as shown in (Fig. 1 curve
(c)) . On F-bleaching, absorption at the F-band shows a broad-
ening on longer wavelength side [18]. The broadening is in-
dicative of formation of new species. To identify the species
that have been formed, the absorption in the F-band region
was normalized, taking the maximum of absorption as unity
and rescaling the other areas under the curve. On normalizing
the absorption bands in the F-band region, before and after F-
light bleaching, a new peak at 790 nm can be identified as
shown in Fig. 2. Considering the fact that the new absorption
appears on F-bleaching, it appears more appropriate to assign
the new absorption to an electron excess center. The divalent
ion perturbed F-centers, namely the Z-centers have been ob-
served on the longer wavelength side of the F-band.

But in the present work, the new absorption is on the longer
wavelength side of the F-band. Vijayan and Murthi [19] in
their work on Gd2+-doped KCl, have reported the formation

c
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Fig. 1 Optical absorption of KI:Ce3+ (a) unirradiated (b) γ-irradiated for
1 h (c) F-bleached 2 min subsequent to γ-ray irradiation

Fig. 2 Normalization to show the formation of the new band at
690 nm. 1) γ– irradiated 1 h 2) F-bleach 2 min 3) Difference
between the curves 1 & 2
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of Z1 centers. These centers were observed on the longer
wavelength side of the F-band. Considering this, it seems
appropriate to assign the new absorption in KI:Ce3+ to Z1

bands.

Photoluminescence

Figure 3 presents the excitation spectra of Ce3+ doped KI
phosphors for emission at 342 nm. The excitation spectrum
contains single band at 260 nm with a shoulder at about
275 nm. These excitation bands formed are due to absorption
of the incident radiation by cerium ions and results in the
excitation of electrons from the 4f1 ground state to the excited
5d1 levels [20]. So the excitation spectrum of Ce3+ shows the
direct splitting information of 5d orbital in the crystal field. It
has been reported that the f-d transition of Ce3+ ion will ex-
hibit subtle structure ion due to the influence of crystal field
splitting and spin-orbit coupling [21–24]. The excitation spec-
trum of Ce3+ has been split into some degree. For this, the
deconvolution of excitation peak has been done. The
deconvolution of the luminescence curve is a usable method
often employed to make the understanding on the spectra
structure easier. So this method utilized in the present article
and the result of the deconvolution of the excitation peak from
250 to 325 nmwere exhibited in Fig. 4, in which a single fitted
peak at 265 nm has 23.58 Full width half maxima, and its area
22.353 can be obtained. Figure 5 shows the luminescence
pattern of Cerium doped KI excited with wavelength at
287 nm, the broad band located at about 340, 400 and
500 nm, which is due to allowed 4f0 d1→4f15d0 transition
of cerium ions. Obviously the emission are ascribed to the
electron transitions from the lowest crystal splitting compo-
nent of 5d level to the ground state of Cerium [25, 26]. The
deconvolution of luminescence pattern of KI doped cerium
were shown in Fig. 6. According to asymmetric peak shape
and position, it can be deconvoluted into four peaks at

338 nm(49 FWHM),395 nm(52 FWHM),500 nm(79 FWHM)
and 627 nm(48 FWHM). Among these peaks, 338 and
395 nm peaks should be due to the emission of cerium
and the peak at 500 and 627 nm may be attributed to host
emission.

Thermo Luminescence Glow Curve

Figure 6 shows the TL glow curve of KI:Ce3+ obtained after
1 h of γ-irradiation. The TL glow peak of KI:Ce3+ crystals
could be deconvoluted into two glow peaks,with peaks at 393
and 445 K. The glow curve of pure KI after γ-irradiation of 1-h
were shown in Fig. 7. The 445 K peak in pure KI is due to
thermal release of electrons from F-centres and their recombi-
nation with V-type centres. As reported earlier, 190 °C peak is
nominally pure KCl is due to thermal release of electrons from
F-centres and their recombination with counterparts (i.e.,) V-
type centres [27].

Bleaching with F-band light often helps in identifying the
nature of charge centres associated with a particular glow peak
in a TL curve. The low temperature glow peak loses its prom-
inence when cerium doped samples are exposed to F-light,
subsequent to γ-irradiation. On prolonged F-light exposure,
low temperature peak disappears. This is a usual observation

Fig. 3 Excitation Spectrum of KI:Ce3+ with emission at 342 nm nm

a
b

Fig. 4 Curve (a) PL excitation spectrum of KI doped Ce3+ single crystal
in the region 225-300 nmwith emission at 342 nm, curve(b)peak fit peak

Fig. 5 Emission Spectra KI:Ce3+ with excitation at 287 nm
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in the sense that high temperature glow peak shows a higher
trap depth value. All the observed glow peaks except the
peaks at 445 K have been attributed to F-centres,since the
intensity of other glow peaks decreases on F-bleaching as
observed in the pure KI (400 and 500 K) as shown in Fig. 8.

In KI:Ce sample,445 K peak is possibly due to thermal
release of electrons from F-centres at high temperature. This
view finds support from the fact that 445 K peak decrease in
intensity,if the sample is F-bleached/stimulated prior to TL
run. Even a short exposure to F-light prior to TL run dimin-
ishes 445 K peak completely,presumably because the charge
centres responsible for this peak are in their initial stage of
formation. In this case,oppositely charged counter parts are
located nearby and available in plenty. The glow peaks at
393 K,however,are not as easily bleachable as the one men-
tioned earlier. Even 48 h of F-bleaching could not erases
the TL curve at this temperature,although F-centres are
completely absent after light exposures. This indicates the

low temperature glow peak at 393 K are in some way
related to impurity centres such as Ce centres in different
charge states. Short duration optical bleaching of the irra-
diated crystal in the F-band due to cerium atom at cation
sites,drastically reduced the 393 K peak but enchances the
445 K peak. With further F-bleaching, 445 K peak decreases
after passing through a maximum for 3 min bleaching to
values less than those of the as irradiated crystal. After
20 min of F-bleaching at 393 K the peak starts developing
again as a small peak together with the reduced 445 K peak.

It is shown that TL glow curves and TL spectral data can be
used to identify recombination processes while the relative
strengths of these processes can be used to posses the concen-
tration of the different valence states and their stabilization
under various treatment. The glow curve and TL spectral data
of the present investigation helped to identify that cerium cen-
tres are mainly responsible for 393 K peak giving predomi-
nant emission. F-centres are mainly responsible for 445 K
peak as the dominant recombination. Cerium centres are ther-
moluminescent. So we can infer from the TL results that on F-
light bleaching a redistribution of charges takes place,resulting
in formation of new centres and /or enchancement of some of
the already present centres.

Thermostimulated-Photostimulated Emission

The TL emission spectrum of the γ-irradiated KI:Ce3+ crystals
at 445 K exhibit a peak at 430 nm and a prominent shoulder at
450 nm as shown in Fig. 9. The prominent shoulder at 450 nm
can be attributed to the host emission. To better understand of
the TL mechanism, one can record the emission spectrum
under selective mobilization of charges using optical methods.
This is named as photo stimulated emission (PSL). To under-
stand the process, the irradiated samples were illuminatedwith
light in F-band. This is expected to optically release of F-
electrons and their subsequent recombination will yield a
spectrum. This is different from PL in the sense that PL is

A
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Fig. 6 Curve(a)& Curve(b) are emission spectra of KI:Ce3+ with
excitation at 287 nm, Curves a,b,c and d are the peak fitted peaks

Fig. 7 TL glow curve of KI: Ce3+ γ-irradiated for 1 h

Fig. 8 TL glow curve for pure KI γ -ray irradiation 1 h deconvoluted
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associated with stokes shift, whereas in the PSL, the emission
can be on the lower wavelength side of stimulating radiation.
The photo stimulated under the F-band gives an emission
spectrum with a dominant peak at 318 nm [Figs. 10 and 11].
On comparing these emissions with the TL emission, it seems
more appropriate that the TL process is due to the thermal
release of F-electrons and their subsequent recombination
with hole centres. The emission at 430 nm in TLE and
318 nm in the PSL of the samples indicate that the cerium
ions take part in the recombination process. The shift in wave-
length is due to the overlapping of the neighbouring emission
bands. The presence of cerium emission in the TLE and PSL
are indicative of change in valence state of cerium ions during
irradiation process. The excitation of the trivalent cerium may
be done either optically or by ionizing radiations. Trivalent
cerium may be excited to 5d state by ionizing radiation either
directly by intra ionic processes within cerium or indirectly. In
this case, the excited trivalent cerium emits a 5d-4f photon.
The possibility is that the thermally released electrons (from
perturbed F-centers) recombine at Ce4+ created during the
irradiation process. The recombination process leaves the
Ce3+ (formed after recombination of an e− with Ce4+) in an
excited state. This Ce3+ probably gives the emission observed
at 430 nm when it returns to ground state [28–31].

Since the dominant recombination process is Ce4+ + e− →
Ce3+,the electron hole recombination may be fully sup-
pressed. The suppression of the usual electron-hole(V-Centers)

recombination results in the reduction in TL intensity [32]. To
understand the species that is released during the TL process,
the photo stimulated emission studies were made. On shining
light in the F-band region, an emission band around 430 nm
could be observed.

The similarity in the emission spectrum for thermal stimu-
lation (TLE) and optical stimulation (PSL) strongly suggest
that the processes are identical i.e., the TL process is due to the
thermal release of F-electron. The defect formation and re-
combination process may be represented by the following
equation

C e3þ þ h n → C e4þ defect productionð Þ
Ce4þ þ e−→ Ce3þ

� �
*→Ce3þ þ hn defect annihilationð Þ

Conclusion

It is concluded that we measured strongly intense and broader
emission band at 495 nm of Ce3+ doped KI single crystals
excitation at 287 nm. The additional TL glow peak at 393 K
is attributed to Ce3+ ions in the vicinity of an F-center.Ce3+ is
considered to act as an electron trap and V-type defects (V3

centers) as hole traps. The observed blue emission are attrib-
uted to Ce3+ ions. Photostimulation with F-light and the emis-
sion spectra yield similar emissions, strongly suggesting the
TL process to be the thermal release of F-electrons. Z1- centres
are formed due to F-light bleach of KI:Ce3+. The TL emission
under the glow peaks contain the characteristic blue emission
of the Ce3+ ions, in addition to the emission due to the recom-
bination of F electrons with their counter parts. Participation
Cerium ions in the recombination process is identified Photo
stimulation with F light and the TL emission spectra yield
similar bands, strongly suggesting the TL process to be the
thermal release of F electrons.
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Fig. 9 TL glow curve KI: Ce3+ crystals F light bleached 1 min
subsequent to γ -ray irradiation for 1 h
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