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Cadmium strontium sulfide nanostructures were synthesized by solid state diffusion method in the pres-
ence of sodium thiosulfate. XRD confirmed the presence of CdS and SrS structures in the synthesized
samples. TEM micrographs revealed the formation of nearly spherical nanoparticles with grain size in
the range 30-40 nm. The PL emission was centred around 532 nm with a shoulder at 468 nm. The PL
emission of CdSrS shows a blue shift in comparison to that of CdS. Substantially enhanced photolumi-
nescence emission was observed with the addition of Bi** as a dopant. The effects of different excitation
wavelengths on the PL spectra have also been investigated. It is suggested that the emission processes are
linked to divalent Cd ions with broadening resulting due to these ions in being differing ion environments.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Inrecentyears, hybrid materials have received growing research
interests, since they usually provide a new functional hybrid with
synergistic or complementary activity between each constituent,
which are not available from their single components, and can
provide novel or enhanced properties for various applications
[1,2]. Especially, sulfide hybrid materials have attracted consid-
erable attention because of their unique luminescence, magnetic,
electrical and photocatalytic properties [3-6]. Semiconductor pho-
tocatalysis has been intensively studied recently especially the
binary metal chalcogenides of group II® such as CdS [7-9], ZnS
[10] and PbS [11], because of their novel properties as a con-
sequence of the large number of surface atoms and the three
dimensional confinement of electrons [12-14]. The dual semicon-
ductor systems such as ZnS-CdS, CdS-TiO,, CdS-ZnO, ZnO-ZnSe
and CdS-HgS are known to exhibit higher photocatalytic activ-
ity as compared to their constituent sulfides or oxides [15,16].
Recently the ternary compounds of CdS and ZnS viz CdxZn;_,S
are investigated as promising materials for high-density optical
recording and short wavelength laser diode applications [17]. How-
ever, with different preparative routes such alloys have shown
narrow or broad photoluminescent emission. Particular interest
has been invoked in alloyed systems such as Ca;_xCdxS where
Lehmann [18], Ray et al. [19] and Barrett et al. [20] have observed
immensely enhanced luminescence emission both in terms of
intensity and spectral distribution. However, within the limits
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of our knowledge, only few investigations have focused on this
area.

More recently, we have reported the luminescence of undoped
and Bi doped CdS [21] and SrS:Bi [22,23] nanostructures. The SrS
compounds crystallize only in the rock salt structure which is
incompatible with the zincblende or wurtzite structure in which
IIB-VIB compounds crystallize [24]. The resulting IIB-11A-VIB com-
pound is generally thought to form an immiscible system, hence the
investigation for these compounds is very limited and therefore
many fundamental aspects in optoelectronic properties of these
compounds are not yet unveiled. Thus, combining the advantages
of SrS and CdS to fabricate a promising novel system may provide a
new functional hybrid between each constituent. Systematic lumi-
nescence studies of CdSrS (group IIB-11*-VIB) nanostructures have
been reported in this paper. The solid state diffusion method has
been used for the synthesis of CdSrS nanostructures in the presence
of sodium thiosulfate. The advantage of this method is that synthe-
sis can be done on a large scale with a little chance of undesired
impurities. The effect of excitation wavelengths and Bi doping on
PL intensity has also been investigated. To the best of our knowl-
edge, the effect of Bi doping on PL intensity has been investigated
for the first time in CdSrS nanophosphors. These products have
been characterized by X-ray diffraction (XRD), transmission elec-
tron microscopy (TEM), and photoluminescence (PL) spectroscopy.

2. Synthesis

We adopted the solid state diffusion method [25] to synthe-
size CdSrS and CdSrS:Bi nanostructures. Depending upon the initial
precursors used for the synthesis, CdSrS may be prepared by the
following two techniques:
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Method-1: This method involves the reduction of sulfate using
carbon powder into its sulfide form and then incorporation of an
activator into the lattice in the presence of a suitable flux at a
high temperature. We procured cadmium sulfate, strontium sul-
fate, sodium thiosulfate, bismuth nitrate, and carbon powder of
analytical grade. Carbon powder was soaked in excess of deionized
distilled water for about half an hour, then dried in an oven and
finally collected in a clean bottle. Appropriate proportions of the
ingredients cadmium sulfate, strontium sulfate and carbon pow-
der were taken together in a clean agate pestle and mortar. We
used clean graphite crucibles and a thin layer of carbon powder
was spread over the charge to keep a reducing atmosphere. The fir-
ing was carried out in a muffle furnace provided with an automatic
temperature control. The final firing temperature was 1000 °C and
the firing time was 2 h. After firing, the charge was transferred
to a mortar and was rapidly pulverized while red hot. The phos-
phor powder was then collected in a clean and dry sample bottle.
Samples of CdSrS:Bi were prepared in the same way as described
above with the desired concentration of the activator. The required
amount of bismuth nitrate (0.05 mol%) was added to the charge and
then mixed again for some time before firing the whole charge.

Method-2: The starting materials, CdS [21], SrS [23],
Bi(NO3)3-5H,0 and S (A.R. grade), were weighed and mixed
to obtain the prescribed composition. Mixing was accomplished
in an agate pestle and mortar and the charge was put in a graphite
crucible. Sulfur was added in the mixture to provide a sulfuris-
ing atmosphere. The firing was carried out in a muffle furnace
provided with an automatic temperature control. The final firing
temperature was 1000°C and the firing time was 2 h. After firing,
the charge was transferred to a mortar and was rapidly pulverized
while red hot. The phosphor powder was then collected in a clean
and dry sample bottle. Samples of CdSrS:Bi were prepared in
the same way as described above with the required amount of
activator. Bismuth nitrate (0.05 mol%) was added to the charge and
then mixed again for some time before firing the whole charge.

The morphology and sizes of the product were determined by
TEM carried out using a H-7500 model (Hitachi Ltd., Tokyo, Japan)
operated at 100kV. Diluted nanoparticles suspended in absolute
ethanol were introduced on a carbon coated copper grid, and were
allowed to dry in air for conducting the TEM studies. The phase
purity of the samples was confirmed by XRD studies through the use
of a Bruker Advance D8 X-ray diffractometer using Cu Ko radiation.
PL was recorded with a Fluoro Max-3 (Jobin-Yvon, Edison NJ, USA)
equipped with a photomultiplier tube and a Xenon lamp of 150 W.

3. Results and discussion

Fig. 1 shows the XRD patterns of CdSrS and CdSrS:Bi nanostruc-
tures, which indicates the presence of both CdS and SrS phases
without any noticeable traces of impurity. The diffraction lines of
the cubic phase of SrS (JCPDS file no. 08-0489), cubic phase of CdS
(JCPDS file no. 10-454) and hexagonal phase of CdS (JCPDS file no.
80-0006) have also been depicted for comparison. From the X-ray
powder diffraction measurements the cubic phase was observed
as the dominant phase in all these samples. However, for the sam-
ples prepared by method-1 there were traces of the hexagonal lines
of CdS present. A comparison of intensity relative to the rock salt
lines suggested evidence of a few mole percent of CdS, whereas,
for the samples prepared by method-2, the cubic phase of CdS has
been observed. Thus, the CdS phase in CdSrS samples prepared by
two methods varies. Since, the ionic radius of Sr2* is larger than
that of the Cd2* ion, the decomposition into two phases occurred.
Here complete miscibility was not expected because the atomic
radii and electronegativity of Sr and Cd are not within the lim-
its set by Hume-Rothery rules [26]. But, the photoluminescence
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Fig. 1. X-ray diffraction patterns of CdSrS (a), CdSrS:Bi (b) using method-1; and
CdSrsS (c), CdSrS:Bi (d) using method-2.

results clearly revealed that Sr-doping can efficiently improve the
emission characteristics of CdS.

Fig. 2(a) and (b) shows the PL emission for CdSrS phosphors
prepared by method-1 and method-2, respectively. From these fig-
ures, we can clearly observe that CdSrS synthesized by method-2
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Fig. 2. PL emission spectra of CdSrS and CdSrS:Bi nanophosphors synthesized by (a)
method-1 and (b) method-2.
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Fig. 3. TEM micrographs of (a) CdSrS and (b) CdSrS:Bi.

gives an enhanced PL emission as compared to method-1. Thus,
CdSrS phosphor synthesized using method-2 was chosen for fur-
ther investigation. Further, the addition of Bi as activator shows
an abrupt increase in the emission intensity. The TEM micrographs
of CdSrS and CdSrS:Bi nanoparticles synthesized by method-2 are
shown in Fig. 3, which indicates nearly spherical morphology of
the samples. The average crystallite sizes are 40nm and 35 nm
respectively with distribution in the range 30-40 nm.

The PL spectra for CdSrS excited at 344nm, shows emis-
sion centred around 532nm with small humps at 468 nm and
560 nm. While pure SrS is almost nonluminescent; addition of CdS
causes the appearance of an emission which may easily be the
broadest ever measured in any phosphor, it extends from almost
(A=390nm) in the ultraviolet to about (A =700 nm) in the infrared
as shown in Fig. 2. A superposition of several bands in the spec-
trum may be present but it is not clearly resolved. This emission
may be explained in terms of local lattice deformations [19]. Pure
CdS normally crystallizes as wurtzite in which every Cd-ion is tetra-
hedrically surrounded by four S-ions. SrS has, of course, rock salt
structure in which each Sr-ionis octahedrically surrounded by six S-
ions. However, clusters of several Cd-cations are likely to be present
inintermediate CdS-SrS, even if the former is completely randomly
distributed in the lattice, and the tendency toward tetrahedral con-
figuration may be strong enough in such clusters to cause local
lattice disturbances which may be the centres of luminescence.
Photoluminescence results showed that Sr-doping can efficiently
improve the emission characteristics of CdS.

Fig. 4 shows the PL spectra for CdSrS:Bi as a function of exciting
wavelengths in the range 250-365 nm. It can be seen that for exci-
tation at 250 nm, the emission peaks at 390 nm and 468 nm have
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Fig. 4. Photoluminescence spectra of CdSrS:Bi nanoparticles at different excitations
between 250 nm and 365 nm.

been observed and these peaks show a red shift as excitation wave-
length increases. There was a large shift in emission wavelength
from 468 nm to 540 nm as the excitation wavelength changes from
275 nm to 285 nm. As the excitation wavelength was increased fur-
ther, the peak was at 532 nm with a shoulder at 468 nm. At 365 nm,
the PL emission between 390 nm and 468 nm has fallen to zero,
whereas the emission at 538 nm identified with the band edge of
bulk CdS is clearly visible. Thus the emission region of CdSrS varies
from 390 nm to 538 nm (i.e. from ultraviolet to green (For inter-
pretation of the references to wavelength in this text, the reader
is referred to the web version of the article.)) with the excitation
wavelength as shown in Fig. 4 and tabulated in Table 1. Thus, the
blue/green ratio decreases as the excitation wavelength increases.
This is broadly in line with previous observations in CaS lattice
[20]. This is indicative of a progressive random distribution of cad-
mium and strontium sub-lattices with a shift in band location in
k-space arising from the introduction of an indirect band gap, SrS
into the CdS lattice. Broadening in the emission peaks reflect a
greater spread of intra-band states associated with the excitation
and emission processes of clustering of SrS within the CdS lattice.
Fig. 5(a) compares the PL spectra of CdSrS and CdSrS:Bi excited
at 420 nm. It can be seen that for excitation at 420 nm, CdSrS
does not give any emission, whereas the emission centred around
468-532 nm is still clearly visible in case of CdSrS:Bi identifying the
presence of Bi. Fig. 5(b) shows the excitation spectra of both CdSrS
and CdSrS:Bi for the 535 nm emission peak as supporting infor-
mation for the emission spectra of Fig. 5(a). We have previously
reported the emission of pure CdS [21] at 550 nm with a shoulder at
620 nm, CdS:Bi at 413 nm with CdS emission ranging from 500 nm
to 700nm and SrS:Bi [23] emission at 481 nm. Earlier, Lehmann
[18] have focused on the effect of Cd on the optical absorption edge
of Cas lattice. The shift in emission peaks observed in the present

Table 1
PL emission wavelengths at different excitation wavelengths for
CdSrS:Bi nanophosphors in the interval 250 nm and 365 nm.

)\Excltation (nm) }‘Emlsslon (nm)

250 390, 468

260 400, 468

275 421, 468

285 421, 540

295 434,538

320 468, 530

344 468(very small), 532
365 538
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Fig. 5. (a) PL emission spectra of CdSrS and CdSrS:Bi at an excitation wavelength of
420nm and (b) excitation spectra at an emission wavelength of 535 nm.

case is totally in tune with Lehmann’s observations of an abrupt
&ldquo;band edge&rdquo; shift in CaS pointing to the effect of Cd
on the conduction band edge and its consequent relation to associ-
ated emitting centres. The results of the present studies also proved
that SrS and CdS in the composite form were not simple physical
mixture [27], but they had a synergistic effect on various properties.

4. Conclusions

CdSrS nanostructures have been synthesized by the solid state
diffusion method in the presence of sodium thiosulfate. TEM pic-
tures reveal nearly spherical morphology with size distribution in
the range 30-40 nm. PL emission for these nanostructures is at
532 nm with slight shoulder at 468 nm at an excitation of 344 nm.
The PL emission intensity shows an abrupt increase with the addi-
tion of Bi to CdSrS lattice. The blue/green ratio decreases as the
excitation wavelength increases. This is linked to the random distri-
bution of cadmium and strontium sub-lattices with a shift in band
location in k-space arising from the introduction of an indirect band
gap, SrS into the CdS lattice.
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