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ABSTRACT
Present study reports that Cd-Se nanoparticles with zinc blende structure allow Magnesium (Mg) Doping. Size tunable pure Cd-Se
and Mg doped Cd-Se nanocrystal quantum dots were synthesized by inverse micelles technique. Paraffin oil and oleic acid were used
as a solvent and surfactant respectively. Reduction in particles size with increase in Mg content is estimated from X-ray diffraction
(XRD) peaks and some theoretical formulations. UV-Vis absorption spectra (300-900 nm) show a clear cut size dependent blue shift
with the addition of Mg content, as a result of quantum confinement effect. The optical band gap, calculated using Tauc’s plot,
increases with increase in Mg doping in Cd-Se lattice. Temperature dependent electrical conductivity reveals that the dark
conductivity and charge carrier concentration decreases with the addition in Mg content. The dark activation energy is calculated
using Arrhenius plots. A good agreement is seen in experimentally calculated optical band gap and dark activation energy. Both are
found to increase with increase in Mg content. The results show that doping of Mg significantly influence the particle size, optical
band gap, activation energy and conductivity in Cd-Se quantum dots. Tailoring of optical and electrical properties in effective way,
with Mg doping, control their light emission colours and maybe useful for opto-electronic devices.
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1. INTRODUCTION
Confinement strongly modifies the energy spectrum of
carriers. That is why quantum dots are investigated in
different aspects and have potential applications [1, 2]
because of their unique size dependent optical properties.
However applications of quantum dots are still mostly
confined to research laboratories but have remarkable
applications in optics, where quantum dots are used to
produce single photon and photon pairs [3, 4]. The
luminescent quantum dots have excellent optical properties
and higher photochemical stability than most organic emitters
[5]. They have potential applications in biological imaging as
fluorescent label source [6]. The core shell quantum dots are
having well defined forte in the field of photonic applications
such as nonlinear optical devices, solar cells, LED [7]. The
quantum confinement effect appears as a blue shift in
absorption, emission spectra, resulting in raise in optical gap
very often [8].
Among II-VI direct band gap semiconductor nanomaterials,
colloidal Cd-Se quantum dots are distinguished and most
investigated for their photonic applications. They show
almost full visible range light emission and have immense
potential applications. They have high luminescence quantum
yield, narrow band gap and variety of optoelectronic
conversion properties [8-10]. With change in synthesis time
and temperature, the particles size varies, which further
results in change in the optical and electrical properties. In
addition, doping is also one of the simple methods to tailor
the properties of quantum dots. Surface morphology, shape
and crystal structure of nanocrystals are important factors to
determine the doping concentration in the nanocrystals.
Doping wurtzite Cd-Se, commonly crystalline phase, is still
limited due to self-purification. Moreover, it is proposed by
Norris and co-workers [11] that when II-VI semiconductors

possess zinc-blende structure i.e. (001) facets with very high
binding energy only then impurities can be incorporated. As
such, we prepared pure and Mg doped (0.02, 0.04 and 0.06
mole) Cd-Se quantum dots with Inverse Micelle technique
using paraffin oil and oleic acid as surface capping agent.
This technique is green, simple, fast and a room temperature
method. Mg-Se is having higher band gap (3.60 eV) as
compared to pure Cd-Se. So, it is assumed that with Mg
doping, light emission wavelength can be controlled, because
of assumed blue shift in absorption spectra. Present work
deals with the synthesis of pure and doped Cd-Se
nanocrystals with zinc blende structure, determination of
optical band gap using Tauc’s plot for direct band gap
structures. Temperature dependent electrical measurements
are also made to calculate dark conductivity, dark activation
energy and charge density with different Mg content.

2. EXPERIMENTAL DETAILS
Cadmium oxide (4N pure), selenium shots (5N pure) and
magnesium acetate (98% Sigma Aldrich) were used as
precursors for the synthesis of Mg-Doped CdSe nanocrystals.
Paraffin oil and oleic acid (Sigma Aldrich) were used as a
solvent and surfactant, respectively. In step one, in a round
bottom flask, 0.1 M of CdO, 25 ml of paraffin oil and 15 ml
of oleic acid were mixed. The solution was heated to 160 °C
and stirred properly until the CdO was completely dissolved
and a homogeneous solution of light yellowish colour was
obtained. In the second step, 0.02M of Se in 50 ml of paraffin
oil was carefully heated to 220 °C with rapid stirring in
another round bottom flask. The solution turned orange
followed by wine red colour. In third step, about 5 ml of Cd
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solution (maintained at 160°C) was mixed into Se solution
with rapid stirring. The solution colour immediately turned
into wine red and then dark brown. The temperature was
maintained at 220 °C for about 40 minutes for the growth of
the nanoparticles. The solution was set to cool down at room
temperature. The precipitates were isolated from the solvents
and unreacted reagents by centrifugation. In the last step, the
precipitates were washed and cleaned with toluene several
times and set to dry [12]. For synthesis of Mg-doped CdSe
QDs, CdO, Se shot and magnesium were used as precursors.
Paraffin oil and oleic acid were used as solvent and
surfactant, respectively. Most details of the synthesis are
similar as explained above. CdO and Mg acetate were added
into a mixture of paraffin oil and oleic acid (25:15) by 0.1 and
0.02M, respectively. The solution was heated to 160 0C with
rapid stirring. In next step, Se (0.02M) was added to 50 ml of
paraffin oil in another round bottom flask. The solution was
heated to 220 0C with rapid stirring till Se got completely
dissolved. When solution turned orange in colour, 5 ml of CdMg solution was swiftly mixed into the Se solution carefully,
which allowed fast nucleation and slow growth of Mg-doped
CdSe nanocrystals. The temperature was maintained at 220
0
C for about 40 minutes. Then the mixture was allowed to
cool down at room temperature. Precipitates were isolated
with centrifuge followed by multiple wash with toluene
solution and allowed to dry. The same process was repeated
for 0.04 and 0.06 M Mg acetate.
For structural analysis, X-ray diffraction was carried out
using a Bruker D8 Advanced diffractometer with a scanning
rate of 0.020 s-1. As-prepared nanocrystals, dispersed in
toluene by sonication, were analysed for optical band gap
characterization. The absorption spectra of Mg doped Cd-Se
quantum dots (0, 0.02, 0.04 and 0.06 M) suspensions were
measured by UV-Vis spectrophotometer (U-3010 Hitachi) in
the wavelength range 300-900 nm. For electrical
measurements, thin films of pure and Mg doped Cd-Se were
prepared using spin coater on cleaned glass substrate. The
colloidal solution was prepared using Toluene. The substrates
were ultrasonically cleaned with DI water, a dip in acetone
followed by ethyl alcohol and finally set to dry in oven at
approximately 110 0C. Pre deposited thick indium electrodes
on well cleaned gas substrate were used for electrical
contacts. For the electrical measurements a suitable planar
geometry of the film i.e. (length ~0.75 cm and electrode gap
~ 0.15 cm) was used. The thickness of the film was measured
using the weight differential method [13]. These films were
kept in the deposition chamber in the dark for about 24 hours
for attaining thermodynamic equilibrium before being
mounted in the metallic sample holder. The dark current was
noted by digital pico-ammeter (Kitheley 6517B). A vacuum
of about 10−3 mbar was maintained throughout these
measurements.

3. RESULTS AND DISCUSSION
3.1. Structural Analysis
Figure 1 shows the X-ray diffraction pattern for Cd-Se and
Mg doped (0.02 M, for reference) Cd-Se nanoparticles, which
shows the formation of quantum dots with zinc-blende
structure. It is clear from the figure that peaks obtained in
(111), (220) and (311) planes match with zinc blende
structure. The Zinc blend structure is most probably due to
low synthesis temperature and complicated structure of
surfactant [14]. At low temperature, it is seen that Zinc blend
Cd-Se is kinetically favourable phase as well as
thermodynamically metastable. The values of FWHM for CdSe QDs is found to be 0.098 degrees and 2.39 degrees for
Mg-doped Cd-Se QDs. The particle size is calculated using
the Scherrer’s relation i.e. d= (0.9λ)/ (β cos θ) [15] where β is
FWHM in radians, λ is wavelength of X-rays used and θ is
the Bragg’s angle. From XRD pattern, it is observed that with
Mg doping, particle size decreases. The particle size for CdSe QDs is found to be approximately 8 nm and for Mg-doped
Cd-Se, is found to shrink to approximately 4 nm i.e. Mg
doping results in contraction of lattice constants. This may be
probably due to the smaller size of Mg2+ ion (0.57A0) as
compared to Cd2+ ion (0.78 A0) in coordination number 4.
Same trend is observed in ZnO thin films with Mg doping
[16]. This variation of lattice constant is related to the radius
difference of substitutional ion and corresponding change of
the crystal structure. On comparing two XRD patterns, it was
observed that XRD peak intensity in case of Mg-doped Cd-Se
QDs is decreasing as compared to the intensity of pure Cd-Se
QDs. Though, no noticeable peak shift is observed with Mg
doping. So, it is assumed that Mg2+ ions, relatively small in
size, firstly occupy empty interstitial sites of Cd-Se instead of
filling substitutional sites of Cd2+.
3.2. UV-Vis absorption spectra
Figure 2(a) shows the absorption spectra of pure and Mg
doped Cd-Se (Mg = 0.02, 0.04 and 0.06 mole) quantum dots.
From the figure, it is observed that Cd-Se nano crystallites are
tunable with the Mg doping. High absorption peaks are
observed in short wavelength range for all the samples. A
gradual blue shift is observed in excitonic peak with the
addition of Mg in Cd-Se quantum dots. Also, it is found that,
size of doped QDs goes on decreasing with increase of Mg
content. This size difference may presumably be the reason
for observed blue shift. Though not calculated, but it can be
qualitatively shown that with the addition of Mg content,
refractive index of the quantum dots decreases. This decrease
in refractive index may be due to the smaller polarizability
(due to the smaller size of Mg2+ ion as compared to Cd2+). It
has been reported that in the zinc blend unit cell, Mg2+ ions
partially fulfil the tetrahedral interstitial sites, in which 4 out
of 8 sited are occupied by Cd 2+ ion [17]. Smaller the atomic
radius of atom, smaller will be the polarizability and
according
to
Lorentz–Lorentz
relation,
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smaller will be the refractive index.
Moreover,

from

the

Kramer-Kronig

relation,

λ, as experimentally obtained,
blue shift in absorption spectrum, must necessarily give a
decrease in refractive index values. The decrease in refractive
index, with increase in Mg, may also be because of addition
of lighter Mg (1.738 g/cc at RT) as compared to Cd (8.65 g/cc
at RT), and hence with the decrease in density, refractive
index value falls.
3.2.1. The determination of the absorption coefficient and optical
band gap

The absorption peaks are used to estimate the change in
optical band gap with the increase in Mg content. The
absorption coefficient ‘  ’ of pure and Mg-doped Cd-Se is
calculated
using
Beer
Lambert’s
relation,
  2.303( x / d ) , where ‘x’ is the absorbance and d is the
path length of quartz cuvette. The optical band gap is
calculated, for this commonly accepted “direct transition”,
from Tauc’s relation using absorption coefficient,

(h ) 2  B 2 (h  E gopt ) , where, h is the energy of
photon,

 is the absorption coefficient, E gopt optical band
2

gap and B represents Tauc slope. In crystalline materials,
the density of states lies in band separated by energy gaps, as
a consequence of defects [18]. The Tauc relation assumes that
the density of the electron states will have a parabolic
distribution and for the inter-band transitions, the matrix
elements associated with the photon absorption will be equal
for all the transitions. Figure 2(b) shows the variation of

(h ) 2 with h . By extrapolating the best line between
(h ) 2 and h , to intercept h axis (  0) the band
gap is calculated. Table 2 summarizes the variation of band
gap with Mg doping and it increases from 2.1 to 3.6 eV with
doping. The bandgap of Cd-Se quantum dot (2.1 eV) is found
to be larger than that of bulk Cd-Se (1.74 eV). This indicates
that with the decrease in particle size, the absorption spectra
shift towards lower wavelength. It is reflected from tabulated
values that Mg addition induces structural modification in the
host matrix. Mg atom substitution into Cd-Se lattice reduces
the defects. It may enter into interstitial sites of host network
and vacancy defects could be depressed as discussed earlier.
This reduction in defect, (some of the crystalline defects that
is stacking faults may be assumed to be present during crystal
growth) may also account for increase in optical band-gap
with the addition of Mg. It is observed that inner band defect
states are also present between conduction band and valence
band, and the dopants (activators) perturb the inner band
structure [19, 20]. The width of these states reduces with the
lessening of defects, and further results in the increase in
optical gap. Moreover, because of low electronegativity value
of magnesium, the Mg dopants contribute more electrons as
compared to Cd. This increase in contribution takes up the
energy level of conduction band [16]. This results in an

increase in band gap values or observed shift of absorption
edge, towards lower wavelength region, with the increase in
Mg.
3.3. Temperature dependent electrical conductivity
For Mg doped Cd-Se (Mg = 0.02, 0.04 and 0.06 mole)
quantum dots thin films, the temperature dependent dark
conductivity ( d ) measurements were taken at room temp
(303 K) and are shown in figure 3. ln  d vs 1000/T plot is
straight line for all the samples under observation. These
straight lines clearly indicate that the conduction is through
an activated process, having single activation energy in the
temperature range 303–360 K. In most of the chalcogenide
glasses,  d can be expressed by the following Arrhenius
relation [21]    exp  Ed
d
0
 kT
material-related pre-exponential

 where,



0

represents the

factor, E d represents the

activation energy for dc conduction, k is the Boltzmann’s
constant and T is temperature. From the slope of ln  d
versus 1000/T curves, the values of dark activation energy
(E d ) are calculated. The values of  0 are calculated by
substituting the values of E d and

d

in above equation at

 d are tabulated in table 2
along with pre-exponential factor ( 0 ) . It is observed that,
303K. The values of E d and

with the increase in Mg content, the dark activation energy
increases and an appreciable decrease is found in electrical
conductivity, for all the samples at room temperature. This
indicates that the Mg doping concentration, defects
(interstitial, vacancies) and scattering centres accounts for the
change in electrical parameters. The value of carrier
concentration also influences the conductivity. Charge carrier
3

2
density is calculated using n  2 2mkT  exp  E d 
2
 h

 kT 
where ‘m’ is the charge carrier’s mass and ‘k’ is the
Boltzmann’s Constant and are tabulated in table 2. It is
observed that the density of charge carriers decreases with the
addition of Mg which may further account for the decrease in
conductivity. After doping, Mg may form bond with Se,
leaving behind voids. These voids may trap free carriers,
results in decrease in charge carrier concentration and defects,
and consequently contributes towards decrease in
conductivity. This is also responsible for the increase in the
activation energy. Same trend is observed in the behaviour of
optical gap with increasing Mg concentration. This change
may be because of wide band gap value of MgSe (3.60 eV) as
compared to CdSe (1.74 eV). This Mg doping might change
the acceptor/ donor concentration and therefore results in
change in resistivity/ conductivity and may be attributed to
the quantum confinement effect or decrease in size of
quantum dot with Mg doping.
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3.4. Correlation between particle size and optical gap
The calculated size of quantum dots is summarized in table 2.
From the tabulated values, it is clear that the particle size is
less than the Bohr radius, and hence the prepared
nanoparticles are well with the quantum confinement. It is
found that the band gap of nanoparticles is closely related to
their optical band gaps. On the basis of quantum confinement
theory [22,23], the size of the quantum dots is estimated using
the calculated band gap values using Brus-equation,
h2  1
1 
1.8e 2 ,
where
E g (dot)  E g (bulk)  2  *  *  
8r  me
mh  4 0 r r
E g (dot) is the band gap of quantum dots, calculated

experimentally, using Tauc’s plot (table 2) for pure and
doped CdSe. The band gap energy of their bulk counterparts
are E g (bulk) = 1.74eV for CdSe and 1.92 eV for Mg doped
CdSe [17]. Where ‘h’ is the Planks constant, ‘r’ is the
radius of the particle. Also

me  me m0 = 0.12m0 and

accounts for the decrease in the electrical conductivity. Mg
doping may reduce the disorder in the system and hence
results in reduction of width of tail states which are further
reflected in the pattern of dark activation energy. E d values
increase with the increase in Mg content. Moreover, the
present study details the green synthesis of Mg doped Cd-Se
QDs using inverse micelle technique and shows the
possibility of doping in the Zinc blende structure. Hence this
technique can be further explored for easy synthesis of other
tunable nanomaterials.
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*

mh  mh m0 = 0.8m0 , where m0 is the mass of electron,
 r represents relative dielectric constant and  0 is space
*

dielectric constant [24] . According to some researchers, the
above Brus effective mass approximation model, used to
calculate particle size is considered to be quite rough [25].
According to this model the QDs are assumed to be spherical
and that the effective mass of the charge carriers and
dielectric constant of the solids are constant as a function of
size. So two empirical equations have been proposed by Yu et
al
and
Bacherikov
et
al
[26,
27],
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dependent dark conductivity ( d ) in Ω

Table 1 XRD Position of peaks for Cd-Se and Mg
Quantum Dots
Peak 1(111)
CdSe
Mg-doped CdSe

25.44
25.38

2Ɵ(degree)
Peak 2(220)
41.96
41.82

cm

related pre-exponential factor ( 0 ) in Ω

Peak
3(311)
49.64
49.62

activation

1

1

, material-

cm

1

, dark

( Ed ) in eV and charge carrier

energy

density ( n ) in m-3 for pure and Mg doped Cd-Se (0.02, 0.04
and

doped (0.02 mole) Cd-Se
Table 2 Optical band gap

1

0.06

mole).

opt
g

( E ) , diameter (d in nm) of

particle obtained from Brus equation, diameter (nm) obtained
from two empirical equations A and B, temperature

QDs

E gopt
(eV)

d (Brus)
(nm)

CdSe

2.1

2.81

CdSeMg
(0.02 )
CdSeMg
(0.04 )
CdSeMg
(0.06 )

2.31

2.72

3.05

3.6

d

D
n

(empirical eq )
(nm)

(Ω

1

cm

A= 8.95
B= 7.36
A=4.76
B=5.20

2.7*10

1.67

1.39

0
1

5

)

(Ω

1

cm

E d
1

)

(eV)

nσ
(m

3

)

15

1.21

1.98*10

5

6

1.12*1016

1.28

1.36 *10

4

A= 3.82
B= 4.32

1.3*10-7

3.85*1016

1.41

0.93*102

A= 3.38
B= 3.85

5.5*10-7

2.80*1019

1.53

1.09

5.5*10

1.76* 10

Figure 1 XRD patterns of Cd-Se and Mg-doped (0.02 mole) Cd-Se QDs.
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Figure 2(a) Plot of absorbance versus wavelength (nm), (b) Plot of (αhυ)2 vs hυ for pure and Mg doped Cd-Se (0.02, 0.04 and 0.06 mole).
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Figure 3 Temperature dependence of dark conductivity for pure and Mg doped Cd-Se (0.02, 0.04 and 0.06 mole).
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