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Zn(1_xCd,S and Zn(;_,Cd,S:Mn?* semiconductor quantum dots (2-4nm) have been prepared by a
novel solvothermal route assisted microwave heating method. The growth parameters governing the
smaller size and higher yield have been optimized. The synthesized QDs exhibit a significant blue
shift as compared to their corresponding bulk counterpart in the UV-vis optical absorption spectrum.
The dielectric constant value varies from 2.79 to 6.17 (at 40°C, 1kHz) depending upon the composi-
tion of the alloy; lower value corresponds to Zng75Cdg2sS:Mn2* and the higher value corresponds to
Zng25Cdo.75S:Mn?*. The crystallite size to exciton bohr radius ratio being <1 indicates a strong quantum
confinement effect in both CdS and ZnS QDs. The quantum confinement effect exists in the sequence of
ZnS:Mn?* <Zn(;_Cd,S:Mn?* (x <0.5) <ZnS <Zn(;_)Cd,S < CdS < CdS:Mn?*.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Group II-VI semiconductor nanomaterials/quantum dots (QDs)
are promising candidates for optoelectronic applications [1].
Recently, it has been shown that the optical characteristics of semi-
conductors such as CdS and ZnS can be fine tuned by suitable
doping and size effects [2]. Material tailoring of CdS/ZnS/Zn,CdyS
QDs with and without dopants has therefore gained considerable
importance in semiconductor technology [3]. For controlling the
growth and agglomeration of QDs, methods such as precipitation
within inverted micelles [4], capping techniques [5], synthesis in
templates or porous materials [6,7], gels [8] and substrates [9]
have been attempted. In spite of these extensive efforts, achieving
smaller dot size with high quantum confinement effect (crystal-
lite size/exciton bohr radii<1) remains a challenging task. To the
best of our knowledge, so far, there have been only very few
results on the ZnS-CdS system where the size of the dots got
restricted to less than 5nm. Given with this background, in the
present investigation, we have synthesized QDs of Zn(;_,)CdxS
and Zn(l_x)Cde:an+ (x=0, 0.25, 0.5, 0.75 and 1) semiconduc-
tors through a simple solvothermal-microwave heating method
and explored their quantum confinement characteristics. For con-
trolling the size of quantum dots many factors such as, ratio of
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the reactants, choice of the solvents, annealing temperature and
the duration of microwave irradiation have been carefully ana-
lyzed and optimized. The structural and microstructural features of
the as-prepared materials have been verified by XRD and electron
microscopic techniques. The UV-vis spectral analysis reveals that
there is a significant blue shift in the optical absorption character-
istics, which is an indicative of the smaller size of as-synthesized
materials. The solvothermal microwave irradiation technique we
employed in the present investigation is much cost effective, high
yielding and the result are very encouraging for optoelectronic
applications.

We have also studied the dielectric and quantum confinement
behavior of the as-prepared QDs. It is known that quantum con-
finement effects arise when the size of the particles fall below the
exciton bohr radius of the material [10]. When the crystal (grain)
size is smaller than the electron mean free path, grain boundary
scattering dominates which results to dramatic changes in electri-
cal conductivity/resistivity and polarizability, etc. [11]. Since the
electrical property and charge confinement effect of QDs can be
accounted by dielectric constant we have initially monitored the
dielectric constant variation of all the synthesized materials. It has
been observed that the composition Zng 75Cdg 25S:Mn?* results to
lowest dielectric constant (2.79) and Zng »5Cdg.75S:Mn?* results to
highest value (6.17) of dielectric constant (40°C, 1 kHz). The crys-
tallite size to exciton bohr radius being less than 1 illustrates strong
quantum confinement behavior of the quantum dots discussed in
the present study.
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2. Experimental methods

Analytical reagent (AR) grade zinc chloride monohydrate, zinc acetate dihydrate,
cadmium chloride, cadmium acetate dihydrate, manganese(Il) acetate tetrahydrate,
sodium sulphide and thiourea were purchased from Merck Chemicals. Ethylene gly-
col was purchased from Central Drug House (P) Ltd, India. These compounds were
used without further purification for the preparation of Zng; _y)Cd,S and Zn(; _x)CdxS
with 5wt.% Mn?*, where x=0, 0.25, 0.5, 0.75 and 1. Metal bearing precursors and
sulphur bearing precursors are taken in 1:y (y=1-3) molecular ratio. The fine mix-
ture of the reactants was then dissolved in 100 ml of the chosen solvent (either
double distilled water or ethylene glycol) and kept in a domestic microwave oven
(operated with frequency 2.45 GHz and power 800 W) until the solvent gets evapo-
rated. The colloidal precipitate obtained was cooled to room temperature naturally
and washed several times firstly with doubly distilled water and then with ace-
tone to remove the organic impurities. The sample was then filtered and dried in
atmospheric air. The resultant powder material prepared in the present study was
compacted into disc shaped pellets of 13 mm diameter and 1.8 + 0.2 mm thickness
by 5 ton hydraulic pressure. The pelletized samples were annealed for two hours
at ~150°C to achieve densification. After this process, both surfaces of the sam-
ples were coated with carbon paste to obtain a good conductive surface layer. The
capacitance (C) measurements were carried out to an accuracy of £1% with Agilant
4284A LCR meter in the temperature range of 40-150 °C and in different frequencies
such as 1kHz, 10 kHz, 100 kHz and 1 MHz. The detailed description of the measure-
ments system is given in our previous work [12]. All the measurement temperature
discussed in this paper has been controlled to an accuracy of +0.5°C.

X-ray powder diffraction patterns were obtained using an automated PAN-
alytical X-ray powder diffractometer with monochromated Cu K, radiation
(A =1.5405 AU). The crystallite size calculation has been performed by pseudo Voigt
function method. The use of the Voigt [13] function for the analysis of the inte-
gral breadths of broadened X-ray diffraction line profiles forms the basis of a rapid
and powerful method of crystallite size determination. In this case, the constituent
Couchy component can be obtained from the ratio of full width at half maximum
intensity (2w) and integral breadth (8). The apparent crystallite size ‘D’ can be related
to Couchy (B.) width of the diffraction peak at the Bragg angle 6;

A
D= —— 1
Bccosb 1
The constituent Couchy component can be given as
Bc = (ao + a1y + azy?)p (2)
2w
V=— (3)
B

where ag, a; and a, are Couchy constants and S is the integral breadth obtained
from PXRD peak.

Area under the peak

Height of the peak )

B=

The values of Couchy constants have been taken from the table of Langford [13]
ap =2.0207, a; =—0.4803, a, = —1.7756.

Optical absorption measurements were done at room temperature using a SHI-
MADZU UV-2400 PC spectrometer with a medium scan speed sampling interval of
0.5nm in the wavelength range of 200-700 nm. Microstructural analysis has been
performed using SEM Zeiss-SUPRA 40 by secondary electron imaging mode. High
resolution imaging of the samples has been performed by Technai G30 Transmission
Electron Microscope (TEM).

3. Results and discussion
3.1. Optimization studies

The Cd-Zn-S/Mn nanocrystals can be synthesized by many tech-
niques. However, since the electronic characteristics of this system
is extremely sensitive to the size of the particles/crystallites [14]itis
convincing only when the synthesis approach provide sizes offer-
ing strong quantum confinement effect. It should be noted that,
the grain boundary scattering is an important factor governing the
quantum confinement characteristics of quantum dots [15]. There-
fore, we have paid much attention for optimizing the conditions
required for synthesize of smaller Cd-Zn-S/Mn nanoparticles. It is
observed that the ratio of the chosen reactants play a major role
in controlling the size of the end products. The brief summary of
the optimization trials indicating the optimum material out of all
the employed materials is given in Tables 1a and 1b. For synthe-
size of zinc (or cadmium) sulphide, it is observed that only zinc
(or cadmium) acetate + thiourea with ethylene glycol solvent yields
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Fig. 1. Powder XRD pattern of (a) ZnS and (b) CdS nanocrystals prepared for zinc
acetate/cadmium acetate to thiourea reactant ratios such as 1:1, 1:2 and 1:3 (for
details, see text).

fruitful results. Ethylene glycol medium stands superior to distilled
water in offering high yield of end product. It is known [16] that the
ethylene glycol acting as both reaction media and dispersion media
can effectively adsorb and stabilize the surface of the particles.
Fig. 1(a) and (b) indicates the XRDs of ZnS and CdS end products for
which the reactants were taken in 1:1, 1:2 and 1:3 ratios. As can be
clearly seen, XRDs corresponds to higher concentration of thiourea
exhibits wide and broadened peaks. This indicates the choice and
composition of reactants is a crucial factor to control the size of
the end products. While 1:3 ratio seems to be the better compo-
sition to achieve smaller crystallite size with higher yield, higher
ratios could not be considered in view of the fact that it reduces the
effective yield of the product.

3.2. Structural studies

We have also witnessed interesting structural features from
both Fig. 1(a) and (b). When the ratio of metal acetate and thiourea
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Table 1a
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Analysis summary of optimum parameters amongst the different reactants, composition ratios, reaction time, yield percentage and crystallite size of synthesized ZnS

nanocrystals.

Reactants Composition ratio Solvent Reaction time (min) Yield (%) Size (nm)
Zinc chloride +sodium 1:1 Doubly distilled water 14 14.23 115
sulphide 1:2 15 20.58 8.6
1:3 13 26.59 5.8
Zinc chloride +sodium 1:1 Ethylene glycol 30 18.54 8.8
sulphide 1:2 34 26.81 5.6
1:3 31 32.93 4.1
Zinc acetate + sodium 1:1 Doubly distilled water 17 2342 10.3
sulphide 1:2 19 29.64 8.7
1:3 21 34.73 6.1
Zinc acetate + sodium 1:1 Ethylene glycol 30 29.87 7.6
sulphide 1:2 36 35.64 49
1:3 33 41.12 3.7
Zinc acetate + thiourea 1:1 Ethylene glycol 31 26.71 7.1
1:2 33 32.94 5.7
1:3 37 40.04 2.9

is 1:1, the resulting structure is observed to be comparatively bulk
with cubic structure. In fact most of the reports in the literature for
ZnS/Mn correspond to cubic structure only [17-19]. As we increase
the amount of thiourea, there is not only reduction in the crystal
size,butalso the resulted crystal structure is hexagonal (for both the
cases discussed in Fig. 1(a) and (b)). The exact mechanism govern-
ing this interesting behavior is not much clear presently. However,
since it is known that the packing of atoms per unit volume (packing
fraction) in the hcp structure is more perfect than cubic structure,
it can be said that the existence of excess sulphur play a key role to
a possible dense packing of Cd-Zn-S/Mn structure and fine lattice
construction.

Yet another interesting observation is the effect of annealing
temperature on the quantum dots. Since we have employed liquid
precursors, it is also essential to flush out the volatile impurities by
temperature treatment. The solvothermal route yielded products
were therefore subjected to annealing at four different tempera-
tures such as 50, 100, 150 and 200°C. The XRDs of the annealed
samples are given in Fig. 2. Careful analysis of these XRD pat-
tern reveals that there are changes in the integral breadth (see
Eq. (4)) of the annealed samples which is indicative of crystallite
size variation. Fig. 3 shows the effect of annealing temperature
on the crystallite size for one of the key compositions namely,
Zng5Cdg5S. The crystallite size has got decreased from 3.3 nm to
1.8 nm when the annealing temperature was increased from room

Table 1b

temperature to 100°C. However employing further higher tem-
perature results to nanostructures with higher crystallite size. We
have observed that annealing at 100°C provides two interesting
results. Firstly, the crystallite size observed at this temperature
is the smallest value. Secondly, the samples annealed at temper-
atures above 100 °C appears to show a directional growth behavior
along the (11 0) plane. Therefore we considered annealing at 100 °C
as another optimum parameter for synthesizing QDs through this
method. Detailed X-ray powder diffraction analysis for all the opti-
mized materials was carried out and the results were reported
elsewhere [20]. The annealing experiment also provides a clue for
tailoring geometrically interesting structures.

High resolution TEM image bringing out the particle size of the
as-synthesized material for the composition Zng5CdgsS is shown
in Fig. 4. The diffraction pattern arise from the crystallites is given
in the inset. The fine ring pattern reveals the crystallite size is very
small. The TEM image also indicates that the derived QDs are self
assembled. In the assembly of QDs, few quantum dots with aver-
age sizes of ~2 to 4nm is highlighted by the circular background.
It should be mentioned that the self assembling of QDs, commonly
referred as self organization of the QDs is a way of self stabilizing
the individual dots by forming an assembly. The basic microscopic
aspects of assembling, driving the nucleation and evolution of QDs
under the role of composition, coverage and intermixing have been
given in a comprehensive review of literatures edited by Wang

Analysis summary of optimum parameters amongst the different reactants, composition ratios, reaction time, yield percentage and crystallite size of synthesized CdS

nanocrystals.

Reactants Composition ratio Solvent Reaction time (min) Yield (%) Size (nm)
Cadmium 1:1 Doubly distilled water 17 29.59 10.4
chloride + sodium 1:2 18 34.11 7.6
sulphide 1:3 16 38.54 5.1
Cadmium 1:1 Ethylene glycol 21 33.85 8.8
chloride + sodium 1:2 18 37.58 5.9
sulphide 1:3 19 42,63 4.6
Cadmium 1:1 Doubly distilled water 23 31.24 111
acetate +sodium 1:2 25 36.19 8.4
sulphide 1:3 22 39.98 6.6
Cadmium 1:1 Ethylene glycol 24 30.06 9.3
acetate +sodium 1:2 21 35.67 6.2
sulphide 1:3 25 41.84 4.9
Cadmium 1:1 Ethylene glycol 32 33.57 7.5
chloride + thiourea 1:2 36 38.88 5.9
1:3 31 43.37 4.7
Cadmium 1:1 Doubly distilled water 19 22.59 12.6
acetate + thiourea 1:2 17 29.86 8.7
1:3 16 36.24 4.8
Cadmium 1:1 Ethylene glycol 33 28.58 8.6
acetate + thiourea 1:2 34 33.14 53
1:3 36 48.35 3.6
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Fig. 2. Powder XRD pattern of Zng5CdosS illustrating the effect of annealing tem-
perature. Optimum annealing temperature correspond to100°C.
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[21]. We have also observed that the gross microstructure of the
as-synthesized product varies by annealing above 100 °C. The SEM
microstructural image of the Zngs5CdgysS is shown in Fig. 5. The
image of annealed Zng 5Cdg 5S at 200 °Cis given at the inset of Fig. 5.
As can be seen, the comparison of microstructure before and after
annealing reveals that directional growth indeed occurs as a result
of annealing under atmosphericambient. Therefore it is understood
that the sharpening of the peak (1 10) upon annealing the sample
is aresult of the growth of another interesting structure. The direc-
tional growth was also found to depend on the choice of ambient.
The detailed investigation regarding this will be reported in another
communication. The above observation also suggest that, in order
torestrict the ZnyCd,S material to a dot size (preventing elongation)
one should avoid high temperature treatment of the dots.

Fig. 4. High resolution TEM image of Zng5CdosS quantum dots. (Inset: diffraction
pattern obtained from quantum dots, Highlighted background: dispersed fine quan-
tum dots of 2-4 nm diameter.)

Fig. 5. SEM micrograph depicting the gross microstructure of Zng 5Cdg 5S nanocrys-
tals/quantum dots. Inset shows the elongated morphology of ZngsCdosS as a result
of annealing at 200°C.

3.3. UV-vis absorption studies

Fig. 6(a) and (b) shows the UV-vis optical absorption spectra of
all the 10 samples described in the present study. It is clear from
the spectrum that both the ZnS, CdS, ZnS:Mn2* and CdS:Mn?2* all
have got blue shifted in excess of atleast 20 nm [22,23] as compared
to their bulk counterpart [22-25]. The blue shift occurred in CdS is
even more prominent as compared to the bulk CdS system (~90 nm
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Fig. 6. (a) UV-vis absorption spectrum of pure Zn¢;_y)Cd,S nanocrystals (x=0, 0.25,
0.5, 0.75 and 1). (b) UV-vis absorption spectrum of Zn(;_y)CdxS doped with 5wt.%
Mn?* nanocrystals (x=0, 0.25, 0.5, 0.75 and 1).

blue shift) and CdS precipitated in the zeolite matrix (~33 nm blue
shift) reported by Sathish et al. [26]. Such effect has been attributed
[26] to smaller size induced widening of band gap energy and
absorption at lower wavelength. The substitution of Cd in Zn sites
results to red shift in all the materials. The obtained optical band
gap energy values and the absorption edge have been summarized
in Table 2. The peak observed at ~290nm itself is blue shifted,
broad and rather less symmetric. Such nature of excitonic absorp-
tion peaks is attributed to the quantum size effect [27]. It is also
known that the excitonic peaks get broadened to a wide range when
peaks of different exciton energies overlap [28,29]. More impor-
tantly, our study indicates that a fine tuning of optical band gap is
possible to a desirable range just by changing the size and composi-
tion of the material. This is interesting in the context of applications,
as for example, Sathish et al. [26] have used the band gap tuned
CdS semiconductors for photocatalysis assisted hydrogen produc-
tion and achieved high hydrogen production rate from water. It
should also be noted that the QDs synthesized in the present study
is self assembled. However, superior optical characteristics have
been observed as compared to the bulk ZnS (3.64 eV)/CdS (2.42 eV)

Table 2
Absorption edge and bandgap values for pure Zn(;_,CdxS and Zn(;_x)Cd,S doped
with 5 wt.% Mn?* nanocrystals (x=0, 0.25, 0.5, 0.75 and 1).

Composition Absorption edge Bandgap (eV)
wavelength (nm)
ZnS 320 3.878
Zno75Cdo25S 373 3.327
ZnosCdosS 395 3.141
Zng5Cdo75S 433 2.863
Cds 492 2.519
ZnS:Mn2* 324 3.830
Zng;75Cdo25S:Mn?* 392 3.161
ZngsCdosS: Mn2* 408 3.042
Zng25Cdo75S:Mn?* 443 2.801
CdS:Mn?* 508 2.442

system [30] and other reported ZnS/CdS QD systems [26,31-33].
This also suggests that the self assembling in the present case is a
beneficial process and the simple synthesis technique explored in
the present study is an interesting alternative for the bulk scale cost
effective synthesis of QDs.

3.4. Electrical and quantum confinement studies

In order to understand the effect of composition on the polariz-
ability and charge confinement characteristics of the as-prepared
materials we have studied its dielectric characteristics. The profile
of dielectric constant with respect to frequency at three different
temperatures (40, 100 and 150 °C) for all the concentration is given
in Fig. 7(a)-(e). Comparison of the dielectric constant profile of
all materials has explored some interesting features. Firstly, the
observed dielectric constant is smaller (with frequency 1kHz) for
both ZnS (5.549) and CdS (3.576) as compared to that observed for
the bulk crystals (8.76 for ZnS (wurtzite) and 8.64 for CdS (wurtzite)
[34,35]). It manifests the important role of size effect in dielectric
constant. Secondly, addition of Mn2* on any of the Zn-Cd-S compo-
sition makes the polarizability quite temperature sensitive. It can
be understood from the high variation of ¢, over different temper-
ature in the Mn?* added composition as compared to Mn?* free
composition. Thirdly, the &; contribution which arises as a result
of Mn2* incorporation gets largely influenced by Cd concentration.
One can notice this in 25% Cd (x=0.25) substituted material, where
the &, value of Mn?* added composition got restricted to lower val-
ues as compared to Mn2* free composition (Fig. 7b). On the other
hand 75% of Cd (x=0.75) in ZnS has resulted in enhanced &, for Mn2*
incorporated structures as compared to its Mn2* free counterpart
(Fig. 7d). An average variation between these two situations could
be observed when Zn and Cd share a 50% (x=0. 5) existence in ZnS
matrix.

Dielectric constant is attributed to four types of polariza-
tions [36] such as space charge, dipolar, ionic and electronic
polarizations. At lower frequencies, since all these four types of
polarizations contribute, ¢; value is usually higher. Strong tem-
perature dependent variation of & is attributed to spatial and
dipolar polarizations [36,37]. However, the variation of the dielec-
tric constant cannot be solely related to effects of temperature and
frequency. In our case the observed smaller value of ¢; for ZnS and
CdS QDs as compared to their bulk counterpart suggest the size
dependent effects also play a role in ;. A recent theory [38,39]
which correlates the depolarization effects and free energy has pro-
vided some useful insight into the relationship between crystallite
size and ¢;. It has been shown that the domain size, boundary thick-
ness and space charge concentration are the main factors affecting
the dielectric constant. Any increase in the domain wall thickness
reduces the net volume of the individual crystallite and alter the
depolarization energy [39]. In addition, it has also been shown
that lattice defects, impurities, dislocations and micro strains, etc.
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increase dielectric constant. In our case, for all the composition,
the crystallite (domain) size is controlled to <1.5 nm with average
particle sizes less than 4 nm (for details see our previous commu-
nication [20]). From these insights, it is clear that in addition to

controlling the size through material tailoring, by substituting Cd
and Mn in ZnS matrix one can tune the dielectric properties. Tuning
the dielectric property also play a main role in tuning the charge
confinement characteristics of semiconductor QDs.
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Table 3

Summary of the crystallite size (dxgp) (calculated from Voigt function method),
exciton bohr radius (ag), exciton Rydberg energy (R;) and ratio of crystallite size
to exciton Bohr radius (Raygp /o, ) for Zn(_,)CdxS and Zn(;_4)Cd,S added with 5wt.%
Mn?* nanocrystals.

Compound dxgrp (NM) ag (nm) R; (meV) Rayppfag
ZnS 1.41 1.92 75.0 0.73
Zno.75Cdo25S 1.39 1.97 107.4 0.71
Znp5CdosS 1.34 2.02 106.7 0.67
Zno25Cdo75S 1.32 2.06 128.1 0.64
Cds 1.28 2.11 106.0 0.61
ZnS:Mn?* 1.51 117 202.8 1.29
Zl’l()_75CCl()_25SZ]\/[1'12+ 14 1.5 191.3 0.93
Zngs5CdosS:Mn?* 1.36 1.83 1411 0.74
Zng25Cdg75S:Mn2* 1.42 2.16 60.1 0.66
CdS:Mn?* 1.41 2.49 76.3 0.57

Another interesting observation in our analysis is related
with the strong quantum confinement effect of Zn(;_,)Cd,S and
Zn(l,X)Cde:an+ (x=0 tol). The properties of nanocrystalline
materials show deviation from the corresponding bulk properties
when the sizes of the crystallites become less or comparable to the
exciton bohr radius [40]. The unique electron-hole bound pairing in
exciton resembles a hydrogen atom. Therefore, alike to the hydro-
gen atom, this exciton is characterized by the exciton bohr radius

(ap)

h%er | 1 1
ag = a2 |:m§ + ml’;] (5)
where ¢; is the dielectric constant, m and m} are the effective
masses of electron and hole respectively, e is the charge and h is the
Planck’s constant. The effective e-h mass is smaller than the elec-
tron mass me, and the dielectric constant is usually larger than 1
[41]. Since the polarizability (typified by dielectric constant) varies
with respect to the size of the crystallites, it affects the exciton
bohr radius also. In the present study, the calculated exciton bohr
radii for pure ZnS and CdS are 1.92 and 2.11 nm, respectively and
the corresponding exciton Rydberg energies are 75 and 106 meV,
respectively. The bohr radius for both the Mn?* free and Mn2* added
Zn(1_x)CdxS nanocrystals can be calculated from the relation,

ag =1.92(1 —x)+2.11(x) (x=0,0.25,0.5,0.75and 1) (6)

The results of crystallite size dxgp (calculated from Voigt func-
tion method), exciton bohr radius (ag), exciton Rydberg energy Ry,
ratio of crystallite size to exciton bohr radius (Rgy/q,) are listed
in Table 3. As seen, the crystallite sizes of Mn2* free and Mn?2*
added Zn(;_,)CdyxS nanocrystals are less than the corresponding
exciton bohr radii (except ZnS:Mn2*). The variation of ratio of crys-
tallite size and exciton bohr radius (Rgy, s ) for Zn(_4)Cd,S and
Zn(;_x)CdxS (x=0, 0.25, 0.50, 0.75 and 1) added with 5wt.% MnZ*
nanocrystals is shown in Fig. 8. It should be noted that the ratio
being less than 1 corresponds to strong confinement effect [42]. As
seen from the figure, except ZnS:Mn?2* all the other compositions
lead to strong confinement effect. Substitution of Cd in ZnS:Mn2*
strengthen its confinement effect and results in very strong effect
when all Zn sites get substituted by Cd. The same substitution
trend holds true for Mn2* free compositions as well. Confinement
effect in Zn(;_y)CdyS is albeit strong, only little variation could
be witnessed without Mn2* incorporation. Therefore, it is clear
that Mn?* affects the quantum confinement effect of Zn(y_x)CdyS
and Zn(;_,)CdxS:Mn?* to a larger extent. Mn?* addition to Cd rich
Zn-Cd-S system leads to high quantum confinement effect and low
confinement effect in Zn rich Zn-Cd-S system.

1.50
—d—7Zn  CdS
] (1-x) xX:
125 ] —e—Zn  Cd S$:Mn"
@ ]
<, 1.00]
g ]
=
[
0.75 4
0.50 AT

0.00 0.25 0.50 0.756 1.00
Concentration of Cd in ZnS/ZnS:Mn” (mol %)

Fig. 8. Crystallite size to exciton bohr radius (Rgyg;q;) atio curve depicting the
strong quantum confinement effect of Zn(; _y)Cd,S and Zn; _)CdxS added with 5 wt.%
Mn?* nanocrystals.

4. Conclusions

The optimum material tailoring parameters leading to the for-
mation of Zn;_,)CdxS and Zr1(1,x)Cd,(S:Mr12+ quantum dots through
the present microwave heating method are (i) composition of
metal acetate and thiourea in 1:3 ratio, (ii) ethylene glycol sol-
vent medium and (iii) annealing temperature at 100 °C. The novel,
cost effective and simple method discussed by us provides quan-
tum size of 2-4nm which is one of the smallest sizes reported
so far. The dielectric constant and charge confinement properties
of quantum dots were shown to have fine tuned by choosing the
appropriate composition and crystallite size as required for specific
applications.
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