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Luminescence Properties Of Pure CaSO4 Nanoparticles Produced By CoPrecipitation Method
Mohsen Mehrabia , Mostafa Zahedifar a,b, * , Ehsan Sadeghi a,b
a
b

Institute of Nano Science and Nano Technology, University of Kashan, Kashan, P. O. Box. 87317–51167, Iran
Faculty of Physics, University of Kashan, Kashan, P. O. Box. 87317–51167, Iran

Article history:
Received 16/10/2014
Accepted 12/11/2014
Published online 21/12/2014
Keywords:
Thermoluminescence
Photoluminescence
Nanoparticles

Abstract
Thermoluminecsence (TL) characteristics of pure CaSO4
nanoparticles produced by co-precipitation method are presented. The
formation of the nanoparticles was confirmed by X-ray diffraction
(XRD) and scanning electron microscope (SEM). TL glow curve of
this phosphor, exposed to gamma radiation exhibits five overlapping
glow peaks in the complex glow curve at 463, 470, 483, 498
and521(K) respectively, using a computerized glow curve
deconvolution procedure. A photoluminescence (PL) emission band at

Co-precipitation

393 nm was observed for the synthesized nanoparticles. Different
synthesis conditions were examined in order to achieve highest TL
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sensitivity. The produced nanoparticles exhibit superior
thermoluminescent sensitivity compared to that of its bulk equivalent.
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1. Introduction
In recent decades, nanocrystals due to their

and

a

semiconductor

with

optically

and

electronically applications [6-7]. Together with the

outstanding properties have attracted much attention

development

[1-5] and the optical behaviour of nanostructured

applications

semiconductors have found extensive industrial

extended.CaSO4 is one of the well known compound

applications. Calcium sulphate is a well-tolerated,

semiconductors suitable to be used as host matrix for

biodegradable, osteoconductive bone graft substitute

large variety of dopants such as Dy, Mn, Eu,Ce and
etc.[7-11].

of
of

nanostructured
calcium

sulphate

materials,
has

been
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Thermoluminescence

and

photoluminescence

phenomena are generally used to study defects in
semiconductor

materials.

Moreover,

TL

is

2. Experimental procedures
2.1 Materials and characterization
Nanoparticles

were synthesized

by

a

co-

successfully applied in radiation dosimetry. Many

precipitation method. The following raw materials,

synthetic materials have been produced, developed

used in the production stage, were obtained from the

and characterized to evaluate their feasibility as

Merck

thermoluminescence dosimeters (TLD) in different

(C4H4CaO4XH2O), ammonium sulfate ((NH4)2SO4),

dose levels [12, 13]. However, a particular material

brij35 ((C2H4O)nC12H26O), ethanol (CH3CH2OH),

may or not be useful for radiation dosimetry

sulfuric acid (H2SO4) and DI water. The structural

depending on the kind of radiation field and the dose

characterization of nanoparticles was supported by

range to be measured. For low dose dosimetry, a

X-ray diffraction (XRD) with Rigaku D-maxcШ

high sensitive TL material should be used, while

diffractometer using Cu kα radiations. Shape of the

high dose dosimetry calls for a TL material having

nanopatricles was obtained using a scanning electron

linear dose response up to high absorbed dose levels.

microscope (SEM) model Philips XL-30 ESEM,

In the present study, pure CaSO4 nanopowder was

equipped with energy dispersive spectrometer

synthesized through a co-precipitation method.

(EDS). All irradiations were made with 137Cs source.

Novel optical properties of this pure nanocrystal are

The TL response was recorded by a Harshaw model

reported here for the first time. Investigations on the

4500 computer based TL reader. A heating rate of 1

growth process explored in this paper accounts for

°C/sec was used for recording the TL glow curves.

new understandings of special properties such as TL

Photoluminescence (PL) spectrum was obtained

and PL. Singly doped CaSO4 have been studied in

using a spectrometer model Perkin Elmer LS55 with

detail in the past and two models have been

photo multiplier tube and Xenon lamp at room

presented for TL mechanism in CaSO4 based TL

temperature.

chemicals:

Calcium

acetate

phosphor [14-18]. Recently, TL properties of CaSO4
nanostructure doped with Dy, Ce and Mn have been

2.2. Synthesis of Pure CaSO4 nanoparticles

studied [19-21].However TL of pure calcium

Pure CaSO4 nanoparticles were synthesized by Co-

sulphate has not been reported up till now. This

precipitation method through the following chemical

study focuses on preparation and investigation of

reaction:

luminescence properties of pure CaSO4 nanocrystal

(CH3COO)2 Ca + (NH4)2SO4

using Co-precipitation method. The PL spectra, TL

EtOH+H2O

CaSO4+ 2CH3COONH4

kinetic parameters and dosimetry features of this

0.3954 g of calcium acetate was solved in 100 ml

novel nanocrystalline are also presented and

DI water on the stirrer for 5 min. Then 0.3035 g of

discussed.

ammonium sulfate was solved in the 100 ml mixture
of ethanol and DI water on the stirrer for 10 min. 4.5
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g of Brij35 was solved in 50 ml DI water on the

50nm was obtained which is in good conformity

stirrer for 5 min. The solution of brij35 and a few

with the SEM image. The SEM pattern of

amount of sulfuric acid were then added slowly to

nanoparticles is shown in Fig. 2. As is evident, the

calcium acetate solution to achieve pH=4. Then both

products are uniform nanoparticles. The elemental

solutions were mixed and stirred for 15 min. The

concentrations obtained by EDX analysis is also

solid part was collected by centrifuging the mixture

observed in Fig. 3.

and was thoroughly washed with ethanol for several
times. The collected nanostructures were then dried
in an oven for 2 h at 90 οC followed by annealing at
350 οC for 1 min under nitrogen atmosphere. The
final product was pure CaSO4 nanoparticles.

3. Results and discussion
The crystalline structure of the produced
CaSO4 nanostructure was confirmed by XRD
pattern shown in Fig. 1. The position of the
diffraction peaks coincides very well with those

Fig. 2. SEM image of the produced CaSO4 nanoparticles.

of the standard bulk phase as shown in JCPDS

The particles are

card no.06-0226.

conformity with that obtained from Scherer’s formula.

uniform with the particles size is in

Fig. 1. .XRD pattern of the pure CaSO4
nanoparticles.

The particle size of the nanoparticles was
calculated from FWHM by using Debye-Scherer’s
equation [22]. An average particle size of about

Fig. 3. EDS spectra of synthesized CaSO4 nanoparticles

Figure 4 (a, b) shows photoluminescence spectra
of the synthesized CaSO4 nanoparticles and its bulk
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counterpart. Photoluminescence pattern of bulk

Thermoluminescence properties of micro and

CaSO4 powders (Merck),shows a peak at 549 nm

nanocrystalline CaSO4 doped with different

corresponding to the excitation at 392 nm, while the

impurities has been studied, but the TL of pure

photoluminescence pattern of the synthesized

CaSO4 nanocrystalline has not been reported yet.

CaSO4 nanoparticles exhibits a peak at 546 nm

Fig. 5 shows TL glow curve of pure CaSO4

following excitation at 392 nm. The blue shifting is

nanoparticles exposed to γ-rays from 137Cs source

due to the size effect of materials. Decrease in

(open circles). The TL glow curve of pure CaSO4

particles size causes the band gap as well as the

nanoparticles exhibits five overlapping glow

excited level spacing in the produced CaSO4

peaks at 463, 470, 483, 498 and 521 K

nanoparticles to be increased and the decrease in the

respectively. Therefore, a computerized glow

emission wavelength of the nanostructures can be

curve deconvolution technique was used to

explained in this manner.

obtain the trapping parameters of the component

b

glow peaks based on five overlapping peaks.

Fig. 5. TL glow curve of CaSO4 nanopartices l (open circles)
and component glow peaks (solid lines)

a

The computer program was produced in our
laboratory using Levenberg-Marquart algorithm
based

on

non-linear

least

square

method.

Thermoluminescence general order glow curve
deconvolution function was employed in our
program for curve fitting procedure. TL
intensity in terms of I m and Tm (the intensity
Fig. 4. Photoluminescence spectra of CaSO4 powders
a) bulk powders (Merck) b) nanoparticles

and the temperature of peak maximum) is [23]:
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I (T )  I m b b 1 exp(

 [( b  1)(1   )

T

glow peaks contained in complex glow curve of pure
CaSO4 nanoparticles.

E T  Tm
.
)
kT
Tm

2

Tm2
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. exp(

Peak

E T  Tm
.
)  Zm
kT
Tm

E

Tm

Im

B

b
b
] 1

a

5.59

463

4856 1.1

b

3.73

470

3072 1.3

kinetics, E the

c

2.59

483

1292 1.5

activation energy, k the Boltzmann's constant, T

d

1.15

498

920

1.6

e

1.34

521

318

1.9

(1)
where b is the order of

2kTm
2kT
the temperature,  
, m 
E
E

and

Z m  1  (b  1)  m . The parameters which are

free to change by the program to achieve the

Dose response curve of the synthesized
nanoparticles irradiated to gamma radiation is
depicted in Fig. 6.

best conformity between the glow curve
obtained by experiment and that produced by
Eq. 1 are Im, Tm, E and b. The used glow curve
deconvolution function( in terms of Im, Tm, E
and b) has advantage over the deconvolution
function in terms of no(initial concentration of
electrons

in

trapping

states),s(

the

pre

exponential factor), E and b since Im and Tm
can easily be estimated from the experimental
glow curve as the initial values for curve fitting

Fig. 6. Dosimetric behaviour or TL response for pure
CaSO4exposed by gamma-ray irradiation

process [24]. The Eq. 1 is more useful than the
deconvolution functions for limiting cases of
first and second- orders of

kinetics as

intermediate cases in which 1<b<2 can be taken
into account and it smoothly goes to first and
second

orders

when

b→1

and

b→2

respectively [25]. Results are shown in Table 1.

As is evident, the TL dose response is linear for
the absorbed doses up to about 5Gy and for the
higher absorbed doses, due to the saturation of
trapping states, sub-linear behavior is observed.
There has been found a relationship between the
TL sensitivity of a phosphor and its linear range
of TL dose response [20], such that the higher
the range of linear dose response, the lower the

Table 1. Activation energy (E), peak maximum
temperature(Tm) and order of kinetics (b) of five

TL sensitivity. In contrast to the TL sensitivity of
pure CaSO4 nanoparticles which is 4 times
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higher than that of commercial LiF:Mg,Ti (TLD-

3. Photoluminescence pattern of synthesized

100) , the region of its linear dose response is

CaSO4 nanoparticles shows a peak at 546 nm

limited to doses up to 5 Gy.

corresponding to the excitation peak at 392 nm.

As the capability of TL material for preserving

4. The TL sensitivity of the synthesized

the absorbed dose was in order, a numberr of

nanocrystalline material was found to be more

samples irradiated to the same dose, was stored in

than that of bulk CaSO4 at low exposures and is

dark environment followed by recording the TL

attributed to the particle size effect.

signal at different storage times. TL fading studies
showed that TL signal of the produced CaSO4
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