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Abstract. Scintillators are materials that convert the energy of ionizing radiation into a flash of light. Due to the 
existence of different types of scintillators, they are classified into three groups according to their physicochemical 
characteristics, namely, inorganic, organic and gaseous scintillators. Among the inorganic crystals, the most 
frequently used as scintillator consist of alkali metals, in particular alkaline iodides. Scintillation materials have 
many applications, for instance in medical imaging, security, physics, biology, non-destructive inspection and 
medicine. In this study, lithium doped CsI scintillator crystals were grown using the vertical Bridgman technique. The 
concentration of the lithium doping element (Li) studied was 10-4 M to 10-1 M. Analyses were carried out to evaluate 
the developed scintillators with regard to luminescence emission and optical transmittance. The luminescence 
emission spectra of these crystals were measured with a monochromator for gamma radiation from 137Cs source 
excitation. The determination of the dopant distribution along the crystalline axis allowed the identification of the 
region with Li concentration uniformity, which is the region of the crystalline volume indicated for use as a radiation 
detector. The crystals were excited with neutron radiation from AmBe source, with the energy range of 1 MeV to 12 
MeV. As neutron sources also generate gamma radiation, which can interfere with the measurement, it is necessary 
that the detector be able to discriminate the presence of such radiation. Accordingly, experiments were performed 
using gamma radiation in the energy range of 59 keV to 1333 keV in order to verify the ability of the detector to 
discriminate the presence of different types of radiation. 
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1. INTRODUCTION 

The use of scintillation to detect radiation is a 
century old. A history of the discovery of important 
inorganic scintillator materials is considered in the 
sense that they either became commercially available 
and widely used or triggered further developments or 
new research areas [1,2]. 

Among the types of detectors, scintillators meet the 
diverse needs in the field of radiation detection. 
Scintillators are materials capable of producing light 
when ionizing radiation dissipates its energy in their 
midst. Due to the existence of different types of 
scintillators, they are classified into three groups 
depending on their physicochemical characteristics, 
namely inorganic scintillators, organic scintillators and 
gaseous scintillators. Among the inorganic crystals, the 
most frequently used as scintillators consist of alkali 
metals, in particular alkali halide [3,4]. The inorganic 
crystals have been studied for use as radiation sensors, 
since the 50s [5 ]. Since then, inorganic crystals have 
been studied in various fields of science and 
engineering, such as high energy physics, nuclear 

medicine, geophysics, environmental monitoring, with 
regard to devices and systems for security inspection, 
non-destructive testing, space physics, astronomy, etc. 
A better understanding of the various mechanisms of 
scintillation has enabled the use of new materials for 
detecting various types of radiation [6]. Although many 
of the foundations of physics, essential to the process of 
scintillation, have been studied, the need to improve 
these materials has been important in the research and 
development of materials scintillators.  

Scintillators containing lithium (Li), already 
possessing natural abundance of 7.5% in 6Li, are 
attractive because interaction with thermal neutrons 
produces an alpha particle and triton totaling 4.78 
MeV which can be readily absorbed and converted to 
scintillation light. For neutron detection, a constituent 
ion with a high neutron absorption section such as 6Li 
is necessary. Another attractive feature of Li is its very 
low cross section for gamma interactions [7]. The 
neutron active material initiates the light production by 
releasing energy charged particles or gamma rays when 
the neutron is captured. After the initial interaction 
with the neutron occurs, the detection process is the 
same as if the light were produced by a gamma ray. 
Because the scintillator is also a gamma ray detector, 
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its gamma ray sensitivity is generally very high. There 
are, however, several possible configurations with good 
neutron detection efficiency and low gamma ray 
sensitivity.[8] 

In this paper, optical properties and radiation 
response of the Li ions doped cesium iodide (CsI:Li) 
crystals, were studied. 

2. METHODS 

The vertical Bridgman technique [9,10] was used to 
grow CsI:Li crystals. The concentration of the lithium 
doping was in the range of 10-4 M to 10-1 M. Pure CsI 
(99.99%) and LiI (99.99%) according to the 
stoichiometric ratio were loaded in the quartz crucibles 
and then heated in a vacuum of 10-4 Pa to eliminate the 
residual humidity. The crucibles were maintained at a 
temperature of 50 °C above the melting point of cesium 
iodide for 10 h to ensure homogeneity of the melt. Only 
then, the displacement of the crucible started towards 
an optimal temperature gradient of the furnace at a 
speed of 1 mm h-1 by means of a displacement system 
with programmable logic control.  

Luminescence emission spectra for the CsI:Li and 
pure CsI crystals were evaluated via the photometric 
analysis of the stimulated crystals, with a radioactive 
source of 137Cs (662 keV) positioned in front of each 
sample coupled to the monochromator input. The 
pulses of light from the scintillators were converted 
into electrical impulses by means of a photomultiplier 
tube, optically coupled to the output of the 
monochromator. The associated electronics for 
analysis consisted primarily of the conventional 
ORTEC nuclear instrumentation electronics.  

Due to the phenomenon of the segregation of 
impurities in the crystal growth process, it was 
necessary to investigate the behavior of the lithium 
doping element in its distribution along the crystalline 
volume. This investigation was carried out using the 
argon plasma optical emission spectrometry (ICP OES) 
analytical technique, which is based on the 
observations of radiative emissions of the constituent 
elements of the sample in a plasma, usually argon. In a 
plasma, free atoms and ions are obtained which can be 
detected and quantitatively determined as a function of 
emission intensities at specific wavelengths. Because it 
is a destructive analysis, only CsI:Li 10-3 M crystal was 
used since it has a good response to neutron and 
gamma radiation. This crystal was cut into 10 slices of 
14 mm thickness each. From each slice a 100 mg 
sample was taken from the upper surface and 
solubilized with hydrochloric acid (HCl) 1 M, then 
made up to the 25 mL volumetric flask meniscus. 
Therefore, 10 samples were prepared for analysis.  

In the study of gamma radiation and neutron 
radiation response, the crystals were machined, 
polished and coupled directly to the bi-alkaline 
photomultiplier (model RCA 8575, 21 pins) using a 
viscosity of 0.5 McStokes silicone grease (Dow 
Corning) as an optical interface. The electronic 
modules used for the treatment of the signals from the 
photomultiplier tube consisted of conventional ORTEC 
electronics. The crystals were prepared to be 26 mm in 
diameter and 14 mm thick for both experiments. 

Gamma radiation sources were employed, with 
energies ranging from 59 keV to 1333 keV. The 

radioactive sources were positioned in the center of the 
upper face of the crystal. The photomultiplier operating 
voltage was 2400 V for the detection of gamma rays. 
The accumulation time in the counting process was 
600 s. 

The neutron detection efficiency of the crystals was 
measured in two different positions, in the first 
(position I) the AmBe source with the energy of 1 MeV 
to 12 MeV was positioned at a distance of 70 mm from 
the photomultiplier tube. The photomultiplier 
operating voltage was 2400 V. The accumulation time 
in the counting process was 600 s. The fluency was  
2.6 x106 neutrons / second. 

In the second (position II), the AmBe source was 
positioned at a distance of 70 mm from the 
photomultiplier tube, using 70 mm paraffin block as 
the interface. A foil of Cd was placed around the crystal 
and the photomultiplier tube. The foil of Cd was used 
to avoid the scattered neutron contribution, as shown 
in Fig. 1. The photomultiplier operating voltage was 
1900 V. The accumulation time in the counting process 
was 1800 s. The fluency was 2.6 x106 neutrons / 
second. 

 
Figure 1. Exploded schematic representation of 
the array used for measurements, (position II). 

3. RESULTS AND DISCUSSION 

In this paper, the scintillator crystals were obtained 
in lithium doped CsI matrix, with a molar 
concentration of 10-4, 10-3, 10-2, 10-1 and pure CsI. The 
crystals were grown to 27 mm in diameter and 140 mm 
in length. Fig. 2 shows a CsI:Li crystal: (a) crystal in the 
geometric shape of the crucible, (b) cut crystal 14 mm 
thick. 

  
(a) (b) 

Figure 2. Scintillator crystals CsI:Li 10-3 M (a) crystal in the 
geometric shape of the crucible, (b) cut crystal 14 mm thick. 

The luminescence spectra in the function of the 
wavelength for the pure CsI and CsI:Li 10-4 M, 10-3 M, 
10-2 M, 10-1 M crystals excited with gamma radiation 
from a source of 137Cs, are shown in Fig.3.  
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Figure 3. Luminescence spectra for pure CsI and CsI: Li 10-4 
M, 10-3 M, 10-2 M, 10-1 M crystals using gamma radiation of 

the 137Cs source 

As can be seen in Fig. 3, the maximum 
luminescence emission wavelength is characteristic for 
each crystal. The maximum intensity of luminescence 
at the wavelength of 320 nm, found for pure CsI 
crystal, is in agreement with the literature [11]. The 
origin of this luminescence in the crystal is attributed 
to the characteristic of the material in its pure form. As 
shown in Fig. 3, the luminescence spectra for the CsI:Li 
crystals showed light emission peaks at wavelength 
close to 420 nm for all concentrations of the dopant 
element. In addition to an intense peak at 420 nm, the 
emission peak with a lower intensity near 320 nm was 
also observed in the luminescence spectrum of the 
CsI:Li crystals. 

The emission at 420 nm can be attributed to the 
presence of lithium ions, while the origin of the peak of 
a lower intensity at the wavelength around 320 nm 
could be attributed to the intrinsic luminescence from 
the pure CsI crystal. As may be observed in Fig. 3, the 
CsI:Li 10-2 M crystal showed the highest luminescence 
intensity in the range studied. The CsI:Li 10-1 M crystal 
showed a significant decrease in luminous intensity 
when compared to the other concentrations. This 
decrease in luminescence can be attributed to the 
saturation of the crystal lattice. 

For scintillators intended for the construction of 
radiation detectors, a homogeneous distribution of the 
dopants over a wide region of the crystalline volume is 
desirable, since the luminescence emission efficiency 
depends on this homogeneity [12]. 

In the study of lithium dopant distribution along 
the crystalline volume, it was added to the CsI matrix 
with 10-3 molar fraction. In the course of the 
crystallization process this concentration is modified 
resulting in a concentration gradient, which is an 
important quality control parameter in obtaining 
scintillating crystals. The results of the lithium 
concentration in 10 regions of the CsI: Li 10-3 M 
crystalline block obtained by (ICP OES) are shown in 
Fig. 4.  

The results obtained from the argon plasma optical 
emission spectrometric analysis indicated a higher 
concentration at the top of the crystal (slice 10), with a 
subsequent decrease in the early growth phase. A 
considerable uniformity in lithium concentration was 
found between slice 2 and slice 7, as can be seen in 
Fig. 4, which is the region of the crystalline block 
suitable for use as a radiation detector. From slice 9, 
the concentration of lithium grows abruptly and 
consequently this region must be neglected. The initial 

growth region, slice 1, had slightly higher lithium 
concentration and was also discarded. The increase in 
lithium concentration in the final growth region was 
already expected, as impurities tend to migrate to the 
final phase of growth due to the segregation 
phenomenon. 

 
Figure 4. Distribution of 

lithium concentration in crystalline volume 

Considering that the crystalline volume needs to 
present homogeneity in the dopant concentration, the 
obtained results showed that 70% of the crystal is 
suitable for use as a radiation detector. 

The investigation of the crystals as to their 
performance as a gamma radiation detector was 
carried out using emitting sources with energies in the 
range of 59 keV to 1333 keV. The radiation sources 
were placed in contact with the crystals. Individually 
obtained spectra in response to the gamma excitation 
undergone by crystals are obtained for the four 
concentrations and for the pure CsI crystal. Fig. 5 and 
Fig. 6 show the spectra obtained in the detection of 
gamma radiation. 

 
Figure 5. Detection spectra obtained with CsI:Li and pure CsI 
crystals excited with gamma radiation from a 241 Am source 

The addition of lithium dopant in CsI crystals 
significantly influenced its behavior as a gamma 
detector. In Fig. 5 and 6 it can be seen that the pulse 
height is dependent on Li concentration.  

Considering that the spectra were obtained in the 
same arrangement, under the same measurement 
conditions and with the same electronic adjustment, it 
can be noted that, as the energy of the gamma emitting 
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source increases, the spectra change to corresponding 
channels at higher energies. Therefore, detection with 
these crystals has the characteristic of proportional 
detector. In the spectra obtained with CsI:Li crystals 
excited with gamma radiation with this electronic 
arrangement it was possible to verify a good distinction 
in energy by arranging it in different channels, such as 
the 241Am (59 keV) power source in the first 1500 
channels and positioning the 60Co (1173 keV, 1333 keV) 
source between channels 3000 and 4000. In Fig.5 only 
1500 channels have been presented, since the power 
source is low.  

The study of neutron radiation excited crystals 
performance was performed with an AmBe source with 
the energy of 1MeV to 12 MeV. The spectra were 
obtained individually with the neutron emitting source 
positioned 70 mm from the crystals. The Fig. 7 show 
the spectra obtained in the detection of neutron 
radiation. 

The CsI:Li crystals 10-2 M and 10-3 M showed 
detection spectra with a higher volume of counts than 
the other crystals, as opposed to comparisons with 
gamma radioactive sources. The significant detection 
improvement could be attributed to the ability of the 
lithium doping element to interact with neutrons, 
justified by its high absorption shock section (640 
barns). This demonstrates that lithium doped CsI 
crystals can be exploited in mixed-field neutron 
detection arrangements as they will not suffer 
significant gamma radiation interference and can 
provide more reliable neutron detection [13]. 

 
Figure 6. Detection spectra obtained with CsI:Li and pure CsI 

crystals excited with gamma radiation from a 60Co source 

 
Figure 7. Detection spectra obtained with CsI:Li and pure CsI 
crystals excited with neutron radiation from a AmBe source 

 
Figure 8. Results of the measurements using pure CsI and 

CsI:Li crystals and neutron source, with paraffin and Cd foil 

For neutrons to become thermalized it is necessary 
that they undergo collisions when crossing the field, 
losing part of their energy until they reach thermal 
range. For this to occur, moderator materials are used, 
which have the function of reducing the velocity. 
Hydrogenated materials, e.g. paraffin and 
polyethylene, are rich in hydrogen and are considered 
good moderators. 

The curve shown in Fig. 8 illustrates the results of 
the neutron radiation from an AmBe source using the 
CsI:Li crystal and pure CsI. Paraffin was used for the 
thermalization of fast neutrons (position II). The 
largest number of counts obtained with the crystals 
CsI:Li, when excited with radiation from a neutron 
AmBe source, compared to the number of counts 
obtained with pure CsI crystal, demonstrates the 
incorporation of lithium in the crystal structure. The 
crystals doped with lithium showed a good efficiency 
since neutrons have a high cross-section for the 
reaction (n, α). Even though the crystal is small, the 
products of this reaction n + 6Li (7.5%) → 3H(2.75 
MeV) + α, were detected this crystalline volume. 

4. CONCLUSION 

The vertical Bridgman technique used in this study 
was suitable for the growth of lithium doped CsI 
crystals. 

The luminescence maximum emission peak spectra 
at 420 nm showed a good overlap with the quantum 
efficiency spectrum of the alkaline photomultiplier 
tubes, demonstrating the feasibility of using CsI:Li 
crystals as radiation detectors. 

The analysis of the dopant concentration in ten (10) 
slices with molar fraction 10-3 demonstrated that 70% 
of the crystalline volume showed lithium dopant 
concentration homogeneity. The distribution of lithium 
in the crystalline volume showed an adequate behavior, 
with a higher concentration at the beginning of the 
growth process, remaining practically uniform between 
slices 2 and 7, and with a significant increase in dopant 
at the end of growth. 

The addition of the Li to the CsI matrix resulted in 
crystals with promising results, when excited with 
gamma and neutron radiation. 
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