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ABSTRACT

ZnS nanoparticles (NPs) doped with Ag, Cu, and AgCu were synthesized

QZZZ‘;I;S;OD? ;ember 2018 using hy'droth§rma1 method in water. solut?on. The NPS are characterized.by
Accepted 24 April 2019 X-ray diffraction (XRD), energy-dispersive X-ray spectroscopy scanning
Published 01 July 2019 (EDX), scanning electron microscopy (SEM) and dynamic light scattering

(DLS). The produced NPs have approximately hexagonal structure and a
Keywords: cubic zinc blended structure. The size distribution of NPs has a medium
Alpha Particle around 10 nm. Optical properties of these NPs were investigated using
Detector photo luminescence (PL) spectra, that show the samples exhibit reasonable
Hydrothermal optical properties for scintillation applications. The produced NPs were
Nanocomposite mixed with methyl methacrylate and dimethylformamide to prepare a very
Nanopartich thin layer of a nanocomposite that is uniformly coated on a substrate of

particle

Scintillation

Plexiglas. Response of the layers under alpha particles irradiation using a
photomultiplier tube and a multichannel analyzer indicates that the doped
ZnS NPs have reasonable scintillation response that capable them to be
used in developing a low-cost and free-size structure of alpha particles

detectors.
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INTRODUCTION

An important subject in radiation detectors
research is the study of materials with better
energy resolution, a fast response and a high
quantum efficiency that can be fabricated in large
volumes with a low cost. The search for scintillator
materials with desired characteristics in the past
years has typically focused on the discovery of
new inorganic single crystalline materials. A
different approach is described here, in which
the known inorganic scintillators are synthesized
as nanoparticles and incorporated into a matrix
material to make a nonocomposite. However,
one of the most important problems in this filed
is lack of transparency of nanocomposites with
high loading nanoparticles. This issue can be
solved considerably by synthesizing particles
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with sufficiently small size. The expected optical
attenuation length versus particle size calculated
using T-matrix scattering code shows a significant
increase when the size of NPs become less than
20nm [1].

Electronical and optical properties of
nanometer scales particles show a great difference
compare to bulk materials. The differences
originate mainly from quantum confinement
effect. This effect cause the “band” of energies to
turn into discrete energy levels and also increases
or widens up the band gap of a semiconductor
[2]. So energy levels in nanocrystals make a
transition from a continuous to a discrete form
and the band gap shows a significant dependence
to the size of particles [3]. Therefore, the optical
properties of nanocrystals especially the emission
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and absorption wavelengths can be tuned by
controlling the particle size [4].

ZnS nanocrystal is a non-toxic semiconductor
with tunable optical and electronic properties
which have wide application [5-8]. It is one of
the important semiconductor among II-VI group
which have two crystalline structures: a cubic
structure with a band gape of 3.68 eV and a
hexagonal structure with a band gap of 3.77 eV
[9]. Recently, extensive efforts have been taken
for the synthesis of various ZnS morphologies
such as nanoparticles [10], nanorods [11],
nanobelts [12], [13], nanotubes [14], nanosheets
[15], well aligned tetrapods [4], nanowires
bundles [16] and hollow spheres [17-20].

Due to high surface to volume ratio of one
dimensional nanomaterial, which has shown
better performance in the development of
devices, more attention is paid to the synthesis
of these nanoparticles. Different methods have
been used for the synthesis of ZnS nanomaterial.
Aamong these methods, the hydrothermal
method is a preferable method due to its
simplicity, cost effectiveness, high yield, catalyst-
free growth, environmental friendliness,
less hazardous and capability of morphology
controlling [21-22].

The ZnS nanopowder phosphor doped with
different impurities can be produced using a
proper synthesizing method and then a very thin
layer uniformly coated with the nanophosphor
can prepared to be used as a detector for alpha
particles. The added dopant to the crystal is called
activator. The activator is one of the main factors
determining the phosphor emission wavelength
in scintillators.

The produced nanocomposites are expected
to have a large optical attenuation length since
the produced nanocomposites contain particles
with sizes 10~20nm. Therefore, these scintillator
material is expected to have improved properties
with respect to the one of the bulk scintillators.

Improvements include enhanced light output,
cost reduction and possibility of embedding them
in a free-size structures.

MATERIALS AND METHOD

Undoped and doped ZnS were synthesis in
water with hydrothermal method [23] using the
materials listed in the Table 1. All materials used
in this study were of AR grade with 99% purity
used without further purification. The precursors
were Zinc acetate dehydrate and thiourea and
also Copper nitrate and Silver nitrate for synthesis
ZnS:Cu, ZnS: Ag and ZnS:AgCu.

For example the Cu-doped ZnS were produced
using zinc acetate, copper nitrate and thiourea as
raw materialsinthe following steps. 50 ml (0.25M)
aqueous solutions of zinc acetate was prepared.
In order to add 0.2 moll% of Cu activator, .030
ml (0.0008 M) of Cu(NO,), aqueous solution was
mixed with zinc acetate solution under stirring.
Then 50 ml (0.25M) aqueous solution of thiourea
was slowly added drop by drop to previous
mixture (over a period of about 15min), under
vigorous stirring at 15 min and continuously
stirred for 30 min. In order to prevent the rapid
growth of the Nps, during the synthesis process
the solution is irradiated with an ultrasonic wave
with a frequency of 20 KHz [24-29]. The resulting
transparent solution was transferred to a 500 ml
Teflon-lined autoclave and heated at 423K for
15 hours under auto-generous pressure. After
being cooled to room temperature, the solid-
state products were collected by high speed
centrifuging at 2500 rpm and washed several
times with deionized water and ethanol. Then it
dried in the oven for 2 hours at 90° C to obtain
the Cu-doped ZnS. Nanopowder of ZnS:Cu with
different activator concentration and also other
dopant were prepared using similar procedure
mentioned for Cu-doped ZnS. Activator
percentages of 0.05, 0.1, 0.2, and 0.5 mol% were
chosen to find optimum concentration.

Table 1. list of materials used in synthesis

Material

Zinc acetate
Thiourea

Silver nitrate
Copper nitrate
Ethanol

Deionized water
Dimethylformamide

Chemical formula Company
C4H,006Zn.2H,0 Merck.
CSN,H,4 Merck
AgNO; Merck
Cu(NO;), Merck
CH;CH,OH Merck
H,0 ---
C;H,NO ---
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RESULTS AND DISCUSSION

Fig. 1 shows the XRD patterns of Ag, Cu
and AgCu-doped ZnS nanocrystals prepared
by hydrothermal method. The peaks are well
matched with standard PDF card for cubic and
hexagonal ZnS (JCPDS NO. 05-0566).

It is clear that the peaks are relatively broad,
indicating that the nanoparticles have small size.
The nanocrystal size was estimated according to
the Debye-Scherrer equation [30]

_ 092
Pcos O

where D is the average diameter of the
nanoparticles, 4 is the wavelength of Cu-K (0.1543
nm) radiation, S (in radians) is the full width
at half maximum (FWHM), and @ is the Bragg
angle. The average estimated size for samples
are 11.26nm, 11.35nm for undoped and doped
ZnS with 0.5% of Ag as impurities, respectively.
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Fig. 1. The XRD patterns of Ag, Cu and AgCu-doped ZnS nanocrystals.
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Fig. 2. The EDX spectrum of Ag-doped ZnS.
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Fig. 4. The TEM image of produced ZnS:Ag and ZnS:Cu by hydrothermal method.

The performed synthesis without ultrasonic wave
irradiation resulted in nanoparticles with much
bigger sizes. Also it turned out that average size of
nanoparticles increases as the doping percentage
of Ag ions increases.

The composition of produced ZnS NPs with
Ag, Cu and AgCu dopant was analyzed using EDX

J Nanostruct 9(3): 556-562, Summer 2019

spectroscopy. Fig. 2 represents the EDX spectrum
of Ag-doped ZnS.

The SEM image of manufactured nanoparticles
is shown in Fig. 3. According to this figure, it can be
observed that made nanoparticles have relatively
homogeneous structure.

Transmission electron microscopy (TEM) is
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Fig. 5. Size distribution of prepared ZnS:Ag NPs obtained by DLS technique.
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Fig. 6. The PL spectra of ZnS with Ag, Cu and AgCu impurities.

used to directly obtain the image of produced
nanoparticles. Fig. 4 depicts the TEM images of
ZnS:Ag and ZnS:Cu NPs which confirm the obtained
sizes from XRD analysis.

The size distribution of prepared ZnS:Ag NPs
obtained by DLS technique is shown in Fig. 5.
Results show a sharp distribution of particle size
around ~10 nm. The SEM, TEM and DLS analysis
confirm that applied procedure was successful to
produce NPs with sizes 10~ 20nm which is crucial
for scintillation application of NPs.

Room temperature photoluminescence (PL)
spectra of ZnS with Ag, Cu and AgCu as impurities
are shown in Fig. 6. The measurements were
performed at an excitation wavelength of 325 nm.
When ZnS was doped with Ag, Cu or AgCu the PL

560

emission spectrum shows a peak at about 465 nm,
550 nm and 540 nm, respectively. The emission
wavelengths are compatible with commercial
Photomultiplier tubes (PMTs).

The XRD study confirms that the resultant
particles are ZnS nanoparticles having cubic and
hexagonal structure. EDX spectra confirmed the
presence of Ag is incorporated at the ZnS sites and
samples are free from other impurities. Indeed XRD,
DLS and DLS are three different physical methods
for measuring the size of nanparticles. Beside the
difference between principle of these methods, we
notice that the nanoparticle diameter obtained by
XRD, DLS and XRD are consistent with each other.

To study the scintillation results of produced
samples, they were mixed with methyl
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Fig. 7. The pulse height spectra of ZnS with Ag, Cu and AgCu impurities.

methacrylate and dimethylformamide to prepare
a very thin layer of a nanocomposite that is
uniformly coated on a substrate of Plexiglas. The
thin layer of nanocomposite was coupled with a
PMT and irradiated with alpha particles emitted
from 2! Am source. The output signals of PMT were
studied using a pre-amplifier, amplifier and finally
a multichannel analyzer. We used Hamamatsu
R6095 head on photomultiplier tube which has
spectral sensitivity of 300-650 nm and wavelength
of maximum sensitivity at 420 nm. Fig. 7 shows
the pulse height spectrum of three produced
nanocomposites. The optimum concentration of
impurity of samples was 0.1 mol % that obtained
by study of pulse height spectrum of samples as a
function of concentration of impurity.

CONCLUSIONS

Synthesizing of Ag, Cu and AgCu-doped ZnS
using hydrothermal in presence of ultrasonic wave
method is reported in this work. The XRD, EDX, SEM
and DLS analysis methods were used to determine
the structure and morphology of produced NPs.
The produced NPs have approximately hexagonal
structure with average size around 10~20 nm
and have a cubic zinc blended structure. The
optical properties of these nanoparticles were
investigated using PL spectra, which show that the
samples exhibited reasonable optical properties
with a maximum emission peak at wavelength of
465nm, 550nm and 540 nm for ZnS:Ag, ZnS:Cu
and ZnS:AgCu NPs, respectively. The nanopowder
phosphor were used to prepare a very thin layer

J Nanostruct 9(3): 556-562, Summer 2019
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uniformly coated with the nanophosphor. The
response of the samples under alpha particles
irradiation using a photomultiplier tube and a
multichannel analyzer indicates that the doped
ZnS NPs have reasonable scintillation response
that capable them to be used in developing a low
cost and possibility of embedding them in free-size
structures detectors as well as further fundamental
studies of nanoscale optical applications.

ACKNOWLEDGEMENT

The authors acknowledge faculty of physics,
Nano science and technology research institute of
Kashan university and also Prof. M. Zahedifar and
Dr. E. Sadeghi for their supports in performing this
research.

CONFLICT OF INTEREST

The authors declare that there are no conflicts
of interest regarding the publication of this
manuscript.

REFERENCES

1. Mishchenko MI, Travis LD. Gustav Mie and the evolving
subject of light scattering by particles. American Institute
of Physics; 2009.

2. Takagahara T, Takeda K. Theory of the quantum confinement
effect on excitons in quantum dots of indirect-gap
materials. Physical Review B. 1992;46(23):15578-81.

3. Brus L. Electronic wave functions in semiconductor clusters:
experiment and theory. The Journal of Physical Chemistry.
1986;90(12):2555-60.

4. Suyver JF, Wuister SF, Kelly JJ, Meijerink A. Synthesis and
Photoluminescence of Nanocrystalline ZnS:Mn2+. Nano
Letters. 2001;1(8):429-33.

561


http://dx.doi.org/10.1063/1.3116928
http://dx.doi.org/10.1063/1.3116928
http://dx.doi.org/10.1063/1.3116928
http://dx.doi.org/10.1103/physrevb.46.15578
http://dx.doi.org/10.1103/physrevb.46.15578
http://dx.doi.org/10.1103/physrevb.46.15578
http://dx.doi.org/10.1021/j100403a003
http://dx.doi.org/10.1021/j100403a003
http://dx.doi.org/10.1021/j100403a003
http://dx.doi.org/10.1021/nl015551h
http://dx.doi.org/10.1021/nl015551h
http://dx.doi.org/10.1021/nl015551h

N. Ramazani-Moghaddam-Arani et al. / Preparation of Nanocomposite Scintillator of ZnS

5. Dinsmore AD, Hsu DS, Gray HF, Qadri SB, Tian Y, Ratna BR.

Mn-doped ZnS nanoparticles as efficient low-voltage
cathodoluminescent phosphors. Applied Physics Letters.
1999;75(6):802-4.

Maity R, Chattopadhyay KK. Synthesis and optical
characterization of ZnS and ZnS:Mn nanocrystalline thin
films by chemical route. Nanotechnology. 2004;15(7):812-
6.

7. Alivisatos AP. Semiconductor Clusters, Nanocrystals, and

Quantum Dots. Science. 1996;271(5251):933-7.

Yang H, Holloway PH, Ratna BB. Photoluminescent
and electroluminescent properties of Mn-doped ZnS
nanocrystals. Journal of Applied Physics. 2003;93(1):586-92.

9. Wang L, Xu X, Yuan X. Preparation and photoluminescent

10.

11.

12.

13.

14.

15.

16.

17.

562

properties of doped nanoparticles of ZnS by solid-state
reaction. Journal of Luminescence. 2010;130(1):137-40.

Chatterjee A, Priyam A, Bhattacharya SC, Saha A. Differential
growth and photoluminescence of ZnS nanocrystals with
variation of surfactant molecules. Colloids and Surfaces
A: Physicochemical and Engineering Aspects. 2007;297(1-
3):258-66.

Bi C, Pan L, Guo Z, Zhao Y, Huang M, Ju X, et al. Facile
fabrication of wurtzite ZnS hollow nanospheres using
polystyrene spheres as templates. Materials Letters.
2010;64(15):1681-3.

Quan Z, Wang Z, Yang P, Lin J, Fang J. Synthesis and
Characterization of High-Quality ZnS, ZnS:Mn2+, and
ZnS:Mn2+/ZnS (Core/Shell) Luminescent Nanocrystals.
Inorganic Chemistry. 2007;46(4):1354-60.

Breen ML, Dinsmore AD, Pink RH, Qadri SB, Ratna BR.
Sonochemically Produced ZnS-Coated Polystyrene Core-
Shell Particles for Use in Photonic Crystals. Langmuir.
2001;17(3):903-7.

Jian W, Zhuang J, Zhang D, Dai J, Yang W, Bai Y. Synthesis of
highly luminescent and photostable ZnS:Ag nanocrystals
under microwave irradiation. Materials Chemistry and
Physics. 2006;99(2-3):494-7.

Dong B, Cao L, Su G, Liu W, Qu H, Zhai H. Water-soluble
ZnS:Mn/ZnS core/shell nanoparticles prepared by a novel
two-step method. Journal of Alloys and Compounds.
2010;492(1-2):363-7.

Ge JP, Wang J, Zhang HX, Wang X, Peng Q, Li YD. Halide-
Transport Chemical Vapor Deposition of Luminescent
ZnS:Mn2+ One-Dimensional Nanostructures. Advanced
Functional Materials. 2005;15(2):303-8.

Sahai S, Husain M, Shanker V, Singh N, Haranath D.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Facile synthesis and step by step enhancement of blue
photoluminescence from Ag-doped ZnS quantum dots.

Journal of Colloid and Interface Science. 2011;357(2):379-
83.

Murugadoss A, Chattopadhyay A. Tuning photoluminescence
of ZnS nanoparticles by silver. Bulletin of Materials Science.
2008;31(3):533-9.

Yang H, Huang C, Su X, Tang A. Microwave-assisted
synthesis and luminescent properties of pure and doped
ZnS nanoparticles. Journal of Alloys and Compounds.
2005;402(1-2):274-7.

Geng B, Ma J, Zhan F. A solution phase thermal
decomposition molecule precursors route to ZnS:Cu2+
nanorods and their optical properties. Materials Chemistry
and Physics. 2009;113(2-3):534-8.

HuangF, Peng Y, Lin C. Synthesis and Characterization of ZnS:
Ag Nanocrystals Surface-capped with Thioureal. Chemical
Research in Chinese Universities. 2006;22(6):675-8.
Aneesh PM, Vanaja KA, Jayaraj MK. Synthesis of ZnO
nanoparticles by hydrothermal method. Nanophotonic
Materials IV; 2007/09/13: SPIE; 2007.

Wang L, Chen L, Luo T, Qian Y. A hydrothermal method
to prepare the spherical ZnS and flower-like CdS
microcrystallites. Materials Letters. 2006;60(29-30):3627-
30.

Suslick KS, Choe S-B, Cichowlas AA, Grinstaff MW.

Sonochemical synthesis of amorphous iron. Nature.
1991;353(6343):414-6.

Suslick KS, Fang M, Hyeon T. Sonochemical Synthesis of
Iron Colloids. Journal of the American Chemical Society.
1996;118(47):11960-1.

Suslick KS. Applications of Ultrasound to Materials
Chemistry. MRS Bulletin. 1995;20(4):29-34.

Rehorek D. Ultrasound Its Chemical, Physical, and Biological
Effects Herausgegeben von K. S. Suslick; Weinheim, Basel,
Cambridge, New York, VCH Verlagsgesellschaft, 1988; XIV,
336 Seiten mit 85 Bildern und 49 Tabellen; Format 15,5 cm
x 23,5 cm, Kart. 138, - DM, 48,2. Zeitschrift fir Chemie.
2010;29(4):156-.

Suslick KS. Sonochemistry. Science. 1990;247(4949):1439-
45,

Bjgrng L. Ultrasound in environmental protection. T.J.
Mason, A. Tiehm, Volume 6, in the series Advances in

Sonochemistry, JAl Press, USA. Ultrasonics. 2001;39(6):469.
Cullity BD. Elements Of X Ray Diffraction: Addison-Wesley
Publishing Company; 1956.

J Nanostruct 9(3): 556-562, Summer 2019
[ I—


http://dx.doi.org/10.1063/1.124518
http://dx.doi.org/10.1063/1.124518
http://dx.doi.org/10.1063/1.124518
http://dx.doi.org/10.1063/1.124518
http://dx.doi.org/10.1088/0957-4484/15/7/017
http://dx.doi.org/10.1088/0957-4484/15/7/017
http://dx.doi.org/10.1088/0957-4484/15/7/017
http://dx.doi.org/10.1088/0957-4484/15/7/017
http://dx.doi.org/10.1126/science.271.5251.933
http://dx.doi.org/10.1126/science.271.5251.933
http://dx.doi.org/10.1063/1.1529316
http://dx.doi.org/10.1063/1.1529316
http://dx.doi.org/10.1063/1.1529316
http://dx.doi.org/10.1016/j.jlumin.2009.07.036
http://dx.doi.org/10.1016/j.jlumin.2009.07.036
http://dx.doi.org/10.1016/j.jlumin.2009.07.036
http://dx.doi.org/10.1016/j.colsurfa.2006.10.053
http://dx.doi.org/10.1016/j.colsurfa.2006.10.053
http://dx.doi.org/10.1016/j.colsurfa.2006.10.053
http://dx.doi.org/10.1016/j.colsurfa.2006.10.053
http://dx.doi.org/10.1016/j.colsurfa.2006.10.053
http://dx.doi.org/10.1016/j.matlet.2010.05.006
http://dx.doi.org/10.1016/j.matlet.2010.05.006
http://dx.doi.org/10.1016/j.matlet.2010.05.006
http://dx.doi.org/10.1016/j.matlet.2010.05.006
http://dx.doi.org/10.1021/ic061917n
http://dx.doi.org/10.1021/ic061917n
http://dx.doi.org/10.1021/ic061917n
http://dx.doi.org/10.1021/ic061917n
http://dx.doi.org/10.1021/la0011578
http://dx.doi.org/10.1021/la0011578
http://dx.doi.org/10.1021/la0011578
http://dx.doi.org/10.1021/la0011578
http://dx.doi.org/10.1016/j.matchemphys.2005.11.030
http://dx.doi.org/10.1016/j.matchemphys.2005.11.030
http://dx.doi.org/10.1016/j.matchemphys.2005.11.030
http://dx.doi.org/10.1016/j.matchemphys.2005.11.030
http://dx.doi.org/10.1016/j.jallcom.2009.11.096
http://dx.doi.org/10.1016/j.jallcom.2009.11.096
http://dx.doi.org/10.1016/j.jallcom.2009.11.096
http://dx.doi.org/10.1016/j.jallcom.2009.11.096
http://dx.doi.org/10.1002/adfm.200400078
http://dx.doi.org/10.1002/adfm.200400078
http://dx.doi.org/10.1002/adfm.200400078
http://dx.doi.org/10.1002/adfm.200400078
http://dx.doi.org/10.1016/j.jcis.2011.02.030
http://dx.doi.org/10.1016/j.jcis.2011.02.030
http://dx.doi.org/10.1016/j.jcis.2011.02.030
http://dx.doi.org/10.1016/j.jcis.2011.02.030
http://dx.doi.org/10.1016/j.jcis.2011.02.030
http://dx.doi.org/10.1007/s12034-008-0083-4
http://dx.doi.org/10.1007/s12034-008-0083-4
http://dx.doi.org/10.1007/s12034-008-0083-4
http://dx.doi.org/10.1016/j.jallcom.2005.04.150
http://dx.doi.org/10.1016/j.jallcom.2005.04.150
http://dx.doi.org/10.1016/j.jallcom.2005.04.150
http://dx.doi.org/10.1016/j.jallcom.2005.04.150
http://dx.doi.org/10.1016/j.matchemphys.2008.08.006
http://dx.doi.org/10.1016/j.matchemphys.2008.08.006
http://dx.doi.org/10.1016/j.matchemphys.2008.08.006
http://dx.doi.org/10.1016/j.matchemphys.2008.08.006
http://dx.doi.org/10.1016/s1005-9040(06)60188-8
http://dx.doi.org/10.1016/s1005-9040(06)60188-8
http://dx.doi.org/10.1016/s1005-9040(06)60188-8
http://dx.doi.org/10.1117/12.730364
http://dx.doi.org/10.1117/12.730364
http://dx.doi.org/10.1117/12.730364
http://dx.doi.org/10.1016/j.matlet.2006.03.072
http://dx.doi.org/10.1016/j.matlet.2006.03.072
http://dx.doi.org/10.1016/j.matlet.2006.03.072
http://dx.doi.org/10.1016/j.matlet.2006.03.072
http://dx.doi.org/10.1038/353414a0
http://dx.doi.org/10.1038/353414a0
http://dx.doi.org/10.1038/353414a0
http://dx.doi.org/10.1021/ja961807n
http://dx.doi.org/10.1021/ja961807n
http://dx.doi.org/10.1021/ja961807n
http://dx.doi.org/10.1557/s088376940004464x
http://dx.doi.org/10.1557/s088376940004464x
http://dx.doi.org/10.1002/zfch.19890290425
http://dx.doi.org/10.1002/zfch.19890290425
http://dx.doi.org/10.1002/zfch.19890290425
http://dx.doi.org/10.1002/zfch.19890290425
http://dx.doi.org/10.1002/zfch.19890290425
http://dx.doi.org/10.1002/zfch.19890290425
http://dx.doi.org/10.1126/science.247.4949.1439
http://dx.doi.org/10.1126/science.247.4949.1439
http://dx.doi.org/10.1016/s0041-624x(01)00081-6
http://dx.doi.org/10.1016/s0041-624x(01)00081-6
http://dx.doi.org/10.1016/s0041-624x(01)00081-6

	Preparation of Nanocomposite Scintillator of ZnS Doped with Ag, Cu and AgCu for Alpha Particle Detec
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION
	MATERIALS AND METHOD 
	RESULTS AND DISCUSSION 
	CONCLUSIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST  
	REFERENCES


