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a b s t r a c t   

This study effectively succeeded in synthesizing CdSe QDs and CdSe- SiO2 nanocomposites with controllable 
tunable size and spectacular morphology by using a solvothermal technique. UV–visible spectroscopy was 
used to study the effect of the growth time of CdSe QDs on the optical properties of its nanocomposite with 
SiO2. The structure of the prepared nanocomposites of CdSe- SiO2 was studied through the measurements 
of X-ray diffraction (XRD), transmission electron microscopy (TEM), and Fourier transform infrared spec
troscopy FTIR. The Effective Mass Approximation model (EMA), Simple Exponential Function (SEF), and 
Polynomial Fitting Functions (PFF) were employed to compute nanoparticle sizes, providing particle sizes of 
3.86, 4.19, and 3.72 nm, respectively, for CdSe- SiO2 nanocomposites (2 min). For the same nanocomposite, 
these theoretical values were comparable to the experimental values of the particle sizes deduced from 
measurements of TEM (4.5 nm) and XRD (3.4 nm). The deduced optical parameters of CdSe-SiO2 nano
composite, such as refractive index, dielectric constant, optical conductivity, electrical susceptibility, and 
some others, relied on the growth time of CdSe QDs. The absorption peaks of CdSe -SiO2 nanocomposites 
suffered from a bathochromic shift which increases as the growth time of CdSe QDs increases. Increasing 
the growth time of CdSe QDs resulted in increasing the reflection loss factor and decreasing the optical 
electronegativity. The values of the volume energy loss function (VELF) are greater than the values of the 
surface energy loss function (SELF) for the different nanocomposites. Consequently, the fast electrons miss 
their energies through their propagation within the studied materials more than through traveling on their 
surfaces. The enhancement of n values of nanocomposites of CdSe-SiO2 by increasing the growth time can 
candidate them to be usefully applied as antireflection coating for solar cells. 

© 2022 Elsevier B.V. All rights reserved.    

1. Introduction 

Nanotechnology, which has greatly contributed to the advance
ment of innovative technical horizons, is currently the most im
portant factor in the development of modern society [1–9]. Quantum 
dots (QDs) are considered a fascinating family of semiconductor 
nanostructures with diameters ranging from 1 to 10 nanometers. 
They have overcome global stagnation by making substantial ad
vances in numerous technology areas [10,11]. According to funda
mental physics, QDs are comparable to semiconductor bulk 

materials. Therefore, they are regarded as an ideal model system for 
understanding the molecular tuning of material properties during 
phase transition [12]. In point of fact, the optical and electrical 
properties of QDs can be adjusted through modification of their size 
and form [13–16]. As a result, QDs have become widely used in a 
variety of applications, including optoelectronic devices, optical data 
storage, optical data communication, solar cells, laser quantum dots, 
catalysts, photo-catalysts, biological labeling, etc. [12,17]. Due to its 
high exciton-Bohr radius and its area of optics, Cadmium Selenide 
(CdSe QD) is the most widely used semiconductor quantum dots 
(QDs) for optical applications [18]. 
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Silica is a type of metal oxide defined by its low crystallization 
temperature and low free-energy landscape, both of which are a 
result of its very flexible siloxane linkages. Such low crystallization 
heat makes silica the best glass former agent [19]. Silica exists in 
numerous forms, such as fumed and amphidromous. The most 
abundant inorganic component of the earth's crust is crystalline 
quartz silica [20], which is structured in a tetrahedral shape [SiO4]. 
At high temperatures, however, silica is organized in hexagonal 6- 
membered rings through siloxane bonds connecting two silicon 
centers [21]. Through a pH-dependent condensation process, 
amorphous silica nanoparticles, microparticles, and macroparticles 
have been generated under the biosphere [22]. The SiO2 nano
particles have many advantages, including enhanced mechanical 
properties, a large surface area, and low toxicity. Therefore, it can be 
employed in various industrial applications such as thermoplastic 
polymers and electronic packing [23–25]. The contained nanopore 
structures of silica NPs can be hybridized with other materials to 
generate promising functional nanocomposite materials. Because of 
their significant antireflective properties, surface coatings made of 
SiO2 NPS could be used in a variety of applications, including solar 
cell and solar heater surfaces that require lower surface reflection. 
This could be accomplished by fabricating an antireflective SiO2 NPS 
film that improves light transmittance [26,27]. 

Furthermore, SiO2 can improve the colloidal stability of the QDs 
in polar liquids at different conditions of pH and ionic strength. In 
extremely oxidative conditions such as water, the characteristics of 
semiconductor QDs can rapidly degrade, resulting in substantial loss 
of their optical properties, specifically the drop in their photo
luminescence quantum yield (PLQY). T. Aubert et al. solved these 
issues by encapsulating CdSe/CdS QDs in silica NPs via a water-in-oil 
microemulsion technique, resulting in a composite with excellent 
physicochemical stability and PLQY [28]. Moreover, the dye-sensi
tized solar cell (DSSC) has greater performance and photo-conver
sion efficiency (PCE) than quantum dots-sensitized solar cells 
(QDSSC), which might be related to QDSSCs' interfacial recombina
tion [29–31]. As a result, several attempts have been made to in
crease the QDSSC performance by passivating the QDs surfaces. The 
passive layer, which may be constructed of SiO2 [32], Al2O3 [33], or 
ZrO2 [34], might prevent electrons from transferring from the pho
toanode to holes in the electrolyte and act as a blocking layer [35]. 
Liu, J., et al. developed CdS/CdSe QDs with double passivation using 
ZnS/SiO2 to be used as co-sensitizer in the QDSSC, demonstrating 
that the double passivation with ZnS/SiO2 improves the PCE by about 
55% compared to the QDSSC without passivation [35]. Ning Liu, et al.  
[36] succeeded in creating nanocomposite of SiO2-coated CdTe/CdSe 
QDs by hybridizing silica with Cd derivatives QDs. It has been in
vestigated that the decoration of SiO2 with CdS [37] and CdSe [38] 
give highly reactive photocatalyst nanohybrid composites with en
hanced optical parameters [39,40], including linear and nonlinear 
optical parameters [40–44]. Also, an improvement in the nonlinear 
refractive index of the prepared nanocomposite of CdO–SiO2 was 
recorded by Badran et al. [45]. 

In this regard, the creation of silica-modified optoelectronic 
materials is the most recent research focus. This study included 
discussing the effect of the growth time of CdSe QD on the optical 
parameters of nanocomposites of CdSe-SiO2. Among the optical 
parameters that have been computed are relaxation time, optical 
mobility, optical resistivity, Wemple-Didomenico oscillating para
meters, group velocity dispersion, and others. This study extended to 
estimate the particle size theoretically by using some models. The 
obtained theoretical values of particle size were compared with the 
experimental values deduced from XRD and TEM analysis. FTIR was 
an effective tool for understanding the structure of the produced 
nanocomposites. 

2. Experimental work 

2.1. Materials 

No further purification of the used chemical compounds was 
required. The studied samples were prepared by using cadmium 
oxide (CdO, Fluka, 99.99%), silica powder (SiO2, Merck 99.9995%), 
powder of selenium (Se, Strem 99%), TriOctylPhosphine oxide (TOPO, 
Fluka 97%), Oleylamine (O.Am, Sigma Aldrich 70%), 
Trioctylphosphine (TOP, Sigma Aldrich, 90%) and Oleic Acid 
(Merck 99%). 

2.2. Synthesis of CdSe-SiO2 nanocomposite 

CdSe-SiO2 nanocomposites were synthesized using the hot in
jection method, as previously published by Awad et al. [46]. About 
0.3 gm of CdO powder was dissolved in 1.2 ml of oleic acid. Con
secutively, the mixture of oleyl amine (2 ml) and TOPO (2 gm) was 
investigated with continuous stirring and heating. Once 200 °C was 
reached, the mixture was injected with 3 ml of pre-dissolved sele
nium (0.12 gm) and silica powder (0.01 g) in TOP with continuous 
stirring. Afterward, collecting the obtained samples at different time 
intervals (2, 5, 7, 10, 15, 20, and 25 min) and labeling them with (S1, 
S2, S3, S4, S5, S6, and S7). 

Each sample was dispersed in 2 ml of toluene, followed by adding 
5 ml of methanol. Consequently, the samples were ultracentrifuged 
to separate the NPs. This technique had to be repeated numerous 
times to achieve a pure form of CdSe-SiO2 nanocomposite. Finally, 
the obtained CdSe-SiO2 nanocomposites were suspended in hexane 
(5 ml) followed by drying at 40 °C in a vacuum oven for 12 h and 
then collecting them in powder forms. The blank SiO2 was denoted 
as S0. The occurred chemical reaction is depicted in Fig. 1 as a 
schematic diagram. 

2.3. Characterizations 

For the prepared samples of SiO2 (S0) and CdSe-SiO2 nano
composites, the TEM, as well as HR-TEM images, were performed at 
200 kV through a transmission electron microscope (Joel JEM-2100). 
The X-ray diffraction (XRD) was carried out via a standard X′Pert 
Philips Materials Research diffractometer. XRD spectra were ex
amined in a scan range from 5° to 80°. In the range of wavelengths 
from 410 to 900 nm, UV-Visible absorption spectra were measured 
using a double beam spectrophotometer (Perkin Elmer Lambda 40). 
FTIR spectrometer (Vertex 70, Bruker, Germany), the spectra were 
recorded in a spectral range of 4000–400 cm−1 with a spectral re
solution of 4 cm−1. 

3. Results and discussion 

3.1. TEM analysis 

Fig. 2 (a-c) reveals the HR-TEM images of the SiO2 (S0) nano
particles. It has a sheet-like structure with some agglomerations. The 
CdSe-SiO2 nanocomposite (S2) is shown in Fig. 2 (d-f). It reveals that 
the CdSe QDs were directly grown with a well homogenous dis
tribution and tight attachment to the surface of the SiO2 sheets, 
which can keep monodispersity and decrease the surface traps. The 
average size of the S2 sample is 4.5 nm, as summarized in Table 1. 

3.2. XRD analysis 

The phase structure of the prepared SiO2 nanoparticles (S0) and 
CdSe-SiO2 nanocomposite (S2) were investigated by XRD, as shown 
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in Fig. 3. XRD spectra in Fig. 3a show a broad peak at 2θ = 23°, which 
is attributed to the amorphous silica. However, the XRD pattern of 
CdSe-SiO2, as seen in Fig. 3b, shows three distinct peaks at 2θ of 
25°,42°, and 50° in (111), (220), and (311) planes, respectively. This is 
considered strong evidence for the presence of the cubic phase of 
the CdSe, which has a reference code (JCPDS-XRD Cards no: 
04–004–1009). Therefore, it is the reasonable presence of sharp 
peaks of CdSe and the disappearance of the diffraction peaks of SiO2 

in the XRD pattern of CdSe-SiO2 nanocomposite [47]. 
From the XRD humps, the average particle size (M) of the sup

ported CdSe QDs on SiO2 was estimated using Debye–Scherrer’s 
formula [M= 0.89 λ/B cos(θ)], where λ is the X-ray wavelength, B is 
the full-width at half-maximum, and θ is the scattering angle  

[43,48]. The evaluated particle size M for S2 of CdSe QDs on SiO2 was 
about 3.4 nm, as seen in Table 1. 

The size of nanoparticles was estimated from the peak maxima of 
the absorption spectra for CdSe QDs on SiO2 using three theoretical 
models. One of them is the approach of the Simple Exponential 
Function (SEF), which was proposed by Bacherikov and his co- 
workers [49] by using the following formula: 

=S 0.334exp
252.7

129.3
max

(1) 

where S is the particle size's average size. The wavelength of the 
optical first excitonic absorption peak is λ. 

Fig. 1. Schematic representation of the synthesis of CdSe -SiO2 nanocomposites.  

Fig. 2. HR-TEM images of: (a-c) the as-prepared SiO2 nanoparticles (sample S0), and (d- f) CdSe-SiO2 nanocomposite (S2), respectively.  
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The second method is known as Polynomial Fitting Functions 
(PFF) [50], which is described by using the particle size D (nm) and 
the optical excitonic peak λ (nm) through the following relation: 

= × × + ×
+

D [1.6122 10 ] [2.657 10 ] [1.6242 10 ]

[0.4277] [41.57]

9 4 6 3 3

2 (2)  

The Effective Mass Approximation (EMA) [51–53] was the third 
method used to deduce the size of the prepared nanoparticles by 
using the following equation: 

= + +E E
h
R m m

e
R8

1 1 1.8
4gn gb

e h

2

2

2

0 (3) 

Where Egb (1.74 eV) is the amount of the bulk crystal bandgap  
[43,48], Egn is the bandgap value of nanocrystals, R is the radius of 
the CdSe QDs, me is the electron effective mass (0.13 mo), mh is the 
hole effective mass (0.45 mo; mo = 9.11 ×10−32 kg) and ε is the relative 
dielectric constant for CdSe QDs [43,48]. The average particle size of 
CdSe QDs in the CdSe-SiO2 nanocomposite is estimated using the 
values of Egn derived from UV spectra in the EMA method. It was 
found that the average particle size of the nanocomposite using the 
EMA method (third method) ranged from 3.55 nm for S1 to 4.29 nm 
for S7, as demonstrated in Table 1. These calculated average particle 
size values using three theoretical models (SEF, PPT, and EMA) are 
approximately in the same range as the corresponding values esti
mated from TEM images and XRD spectra. 

3.3. FTIR analysis 

FTIR spectra of SiO2, CdSe, and CdSe- SiO2 are seen in Fig. 4. FTIR 
spectra of SiO2 nanoparticles (S0) showed characteristic peaks at 
1060, 802, and 450 cm−1, which corresponded to the symmetrical 
and asymmetric stretching vibration of Si-O- Si [54,55]. The spectra 
of FTIR for CdSe QDS showed absorption peaks at 2924 cm−1 and 
2856 cm−1, which is assigned for the CH2 stretching vibration modes 
of the aliphatic hydrocarbons (O.Am and TOPO). However, the ab
sorption peak at 720 cm−1 is attributed to the CH2 deformation of 
multiple (–(CH2)n– n ≥ 4) methylene groups of O.Am and TOPO. The 
bands that appeared at 1530 and 1425 cm−1 indicate vibrations of N- 
H and C]C double bonds of the O.Am. Such results indicate the 
remaining of O.Am and TOP in their original form after capping with 
CdSe quantum dots [56]. The FT-IR spectra of the CdSe-SiO2 nano
composite (S2) revealed the characteristic peaks of individual na
noparticles that were 1060, 802, and 450 cm−1 for SiO2 and 
2924 cm−1, 2856 cm−1, 1530, and 1425 cm−1 for CdSe QDs, respec
tively. 

3.4. Optical properties 

3.4.1. Absorption, attenuation coefficient, and refractive index 
Fig. 5a illustrates the variation of absorption spectrum with 

wavelength for the different nanocomposites of CdSe-SiO2. For SiO2 

(S0), no absorption peak existed in the range of the studied wave
lengths, consistent with a published report [45]. Adding CdSe QDs to 
SiO2, with different growth times ranging from 2 to 25 min (increase 
particle size), caused the appearance of their excitonic peaks in a 
wavelength range from 550 to 602 nm, as proved in a published 

Table 1 
The energy gap and the calculated particle size from EMA, SER, PPT, TEM, and X-Ray for the different nanocomposites.         

Samples Energy gap 
Eg= hc /λ 
(eV) 

Particle size 
EMA method 
(nm) 

Particle size 
SEF method 
(nm) 

Particle size 
PFF method (nm) 

Particle size 
TEM (nm) 

Particle size 
X-RAY (nm)  

S1  2.26  3.55  3.40  3.04 – – 
S2  2.16  3.86  4.19  3.72 4.5 3.40 
S3  2.13  3.98  4.42  3.95 – – 
S4  2.10  4.10  4.67  4.20 – – 
S5  2.08  4.19  4.85  4.40 – – 
S6  2.07  4.24  4.97  4.53 – – 
S7  2.06  4.29  5.08  4.66 – – 

Fig. 3. XRD spectra of (a) SiO2 (S0) and (b) CdSe-SiO2 nanocomposite (S2).  

Fig. 4. FTIR spectra of SiO2, CdSe, and CdSe-SiO2 nanocomposite.  
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report [57]. The absorption peaks of CdSe-SiO2 nanocomposites 
suffered from a redshift (a bathochromic shift) which increases as 
the growth time of CdSe QDs increases. This behavior can be at
tributed to the effect of quantum confinement which resulted in 
grown of particle size of CdSe QDs, as reported previously in some 
publications [43,47]. 

One of the most important optical parameters is the extinction 
coefficient (k) which is determined according to the following rela
tion [58]: 

=k
4 (4)  

Where α is the absorption coefficient (absorbance /thickness), 
and λ represents the wavelength. Fig. 5b shows the extinction 
coefficient (k) – wavelength dependence for the different nano
composites of CdSe- SiO2. Indeed, the extinction coefficient (k) can 
be used to describe the loss of light energy during its propagation 
into the studied material due to scattering and absorption per unit 
distance [59]. Therefore, a high value of k means a high loss of in
cident light. Increasing the values of k at high wavelengths can be a 
result of the interaction between the incident electromagnetic ra
diation and the material of the studied nanocomposites [60]. Fig. 5b 
displays the dependence of the extinction coefficient (k) on the 
growth time of CdSe QDs /77embedded in SiO2, as the value of k 
increases by increasing the growth time. The same behavior ///was 
observed in Fig. 5a due to the reliance of the extinction coefficient 
(k) on the absorption. 

The dispersion of electromagnetic waves of incident light can be 
described by using the refractive index (n). The extinction coefficient 
(k) and the reflectance (R) were used to calculate the values of n by 
using the following relations [61,62]: 

= +R Te( ) 1A (5)  

= + +n
R
R

R
R

k
1
1

4
(1 )2

2

(6) 

Where T is the transmission and A is the absorbance. Fig. 5c depicts 
the dependence of the refractive index (n) of the CdSe-SiO2 nano
composites on the incident wavelength. The refractive index in
creased by increasing the wavelength as well as increasing the 
growth time of CdSe QDs. The refractive index spectrum of SiO2 (S0) 
shows a typical normal dispersion as the refractive index increases 
by decreasing the wavelength [63]. However, the curves of the re
fractive index of nanocomposites of CdSe -SiO2 show normal dis
persion for the studied range of wavelength except for the strong 
absorption bands of CdSe QDs in the visible region. The high density 
of the fabricated nanocomposites and decreasing the interatomic 
space may explain the improvement of the refractive index of SiO2 

by adding different sizes of CdSe QDs [64]. Also, the excitonic peak 
positions corresponding to CdSe QDs displayed a bathochromic shift 
(shift towards a longer wavelength) by increasing their growth time 
and particle size, in agreement with some literature [65,66]. The 
enhancement of n values of nanocomposites of CdSe-SiO2 can can
didate them to be usefully applied as antireflection coating for solar 
cells. Fig. 5d illustrates the variation of the refractive index of CdSe- 
SiO2 nanocomposites with the growth time (minute) at a wavelength 
of 550 nm. The determined refractive index values are 1.8, 1.9, 3.0, 
4.3, 5.4, 6.4, 7.7, and 9.3, corresponding to the nanocomposites of S0, 
S1, S2, S3, S4, S5, S6 and S7. It can observe from Fig. 5d that the 
refractive index of the nanocomposites increases linearly as the 
growth time and CdSe particle size increase. This result gives a 
strong indication of dispersion of CdSe QDs homogeneously into its 
nanocomposite with SiO2 [67]. 

Fig. 5. Dependence of (a) spectral absorbance, (b) extinction coefficient (k), and (c) refractive index (n) on the wavelength (λ) for the studied samples. (d) Variation of refractive 
index (n) with the growth time (min) at 550 nm. 
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3.4.2. The Wemple - DiDomenico (W-D) dispersion 
The dispersion behavior of the refractive index spectrum was also 

discussed by the single effective oscillator model of Wemple- 
DiDomenico (W-D) [68,69] as follows: 

= +n E
E E

E E
( ) 1 d o

o

2
2 2 (7) 

where Eo is the single oscillator energy, and Ed is the dispersion 
energy. The optical dispersion constants of Ed and Eo were de
termined from (n2-1)−1 - E2 plots for the different nanocomposites.  
Fig. 6a displays the variation of (n2-1)−1 with E2 for samples of S5, S6, 
and S7 as examples for the other studied nanocomposites. In Fig. 6a, 
the slope provides the value of (Eo Ed)−1, whereas the value of (Eo/Ed) 
was given from the intercept on the vertical axis. Table 2 shows an 
increase in the values of Ed by increasing the growth time of CdSe 
QDs, which results in increasing the strength of the interband optical 
transition of the nanocomposites [70]. Conversely, the single effec
tive oscillator energy (Eo) of the nanocomposites decreased by 

increasing the growth time of CdSe QDs from 3.06 eV (S0) to 
2.07 eV(S7). 

The optical oscillator strength (f) can be used to describe the 
absorption process of photon energy caused by electrons transfer 
from the initial state to the final state. Therefore, the oscillator 
strength (f) can effectively give an indication of interaction between 
the material of the student sample and the incident electromagnetic 
radiation. The values of f were estimated from the following rela
tion [71]: 

=f E Eo d (8)  

Table 2 includes the deduced values of oscillator strength (f) for 
the studied nanocomposites. Increasing the growth time of CdSe 
QDs caused an increase in the values of (f) from 1.81 (eV)2 to 41.7 
(eV)2 for S1 and S7, respectively, whereas the value of (f) for SiO2 

sample (S0) equals to 12.9 (eV)2. 
The optical moments of M1 and M3 can also be used to describe 

the W-D parameters of the optical spectra [72,73]. The optical mo
ments give an indication of the inter-band transition strengths, and 
they can be calculated according to the following relation [74]: 

=E
M
Mo

2 1

3 (9)  

=E
M
Md

2 1
3

3 (10)  

The values of M1 and M3 for the nanocomposites of CdSe-SiO2 are 
listed in Table 2. M1 and M3 increased from 0.37 and 0.07, respec
tively, for S1 to be 6.62 and 1.54, respectively, for S7. Therefore, in
creasing the growth time of CdSe QDs was a reason for increasing 
the optical momentum parameters of the nanocomposites. However, 
the SiO2 sample (S0) has values of M1 and M3 equal to 1.39 and 0.15, 
respectively. On the other hand, determining the refractive index at 
zero photon energy provides a parameter known as static refractive 
index (no), which was calculated by the following relation [75]: 

Fig. 6. Plotting (a) (n2-1)−1 versus E2 and (b) (n2-1)−1 versus λ−2 for different nanocomposites.  

Table 2 
The Wemple-Didomenico oscillating parameters including the values of the single 
oscillator energy (Eo), the dispersion energy (Ed), the oscillator strength (f), the mo
ments of the optical spectrum (M1 and M3), the static refractive index (no), the 
average interband oscillator wavelength (λo), the oscillator length strength (So),a and 
the long wavelength refractive index (n∞) for the different nanocomposites.            

Sample Eo 

(eV) 
Ed 

(eV) 
f 
(eV)2 

M1 M3 no λo 

(nm) 
So* 10−6 

(nm)−2 
n∞  

S0  3.06  4.24  12.9  1.39  0.15  1.54  416  7.68  2.33 
S1  2.22  0.81  1.81  0.37  0.07  1.17  557  1.18  1.37 
S2  2.14  1.93  4.13  0.90  0.19  1.38  580  2.73  1.92 
S3  2.11  4.12  8.69  1.95  0.44  1.72  586  5.74  2.97 
S4  2.10  6.62  13.9  3.15  0.72  2.04  592  9.16  4.21 
S5  2.09  9.40  19.6  4.50  1.03  2.35  596  12.5  5.44 
S6  2.08  13.8  28.6  6.62  1.54  2.76  599  18.5  7.64 
S7  2.07  20.1  41.7  9.71  2.26  3.27  602  26.3  10.5 
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= +n
E
E

1o
d

o

2

(11)  

The values of (no) of the nanocomposites, shown in Table 2, prove 
their dependence on the growth time of CdSe QDs. Moss model was 
used to determine some important optical parameters according to 
the following relations [76,77]: 

=n
n

( 1)
( 1)

1
2

2

2

2 (12)  

= +n S1 o o
2 2 (13) 

where λo describes the average interband oscillator wavelength, So is 
the average oscillator strength and n∞ is the long-wavelength re
fractive index. Fig. 6b presents the variation of (n2- 1)−1 with λ−2 for 
nanocomposites of S5, S6, and S7, as examples of the other samples. 
The slope of the best linear fitting of straight lines in Fig. 6b gives a 
quantity of 1/So while the quantity of (So

−1 λₒ−2) is obtained from the 
intercept. Table 2 contains the values of So, λₒ, and n∞ for all the 
studied nanocomposites. The values of So, λₒ and n∞ are 602 nm, 

26.3 × 10−6 (nm)−2, and 10.5, respectively, for the S7 sample (growth 
time of 25 min), which are greater than the corresponding values of 
the SiO2 sample (S0) as 416 nm, 7.68 × 10−6 (nm)−2 and 2.33, re
spectively. Therefore, the growth time of CdSe QDs plays an im
portant role in tuning these optical parameters of CdSe-SiO2 

nanocomposites. 

3.4.3. Group velocity dispersion (GVD) and dispersion coefficient (D) 
The dispersion of the nanocomposites can be understood by es

timating the group velocity dispersion (GVD). GVD is known as the 
frequency dependence of a group velocity in a medium. The values 
of GVD rely on the second derivation of the refractive index with 
respect to the incident wavelength according to the following rela
tion [78,79]: 

=GVD
c

d n
d2

( )
3

2

2

2 (14)  

The dependence of (d2λ/dλ2) on the incident wavelength (µm) is 
illustrated in Fig. 7a and Fig. 7b, corresponding to S1 and S2 nano
composites, respectively, as examples of the rest samples. Short 

Fig. 7. Variation of the second derivative of refractive index with the wavelength (µm), for samples of (a) S1 and (b) S2. Dependence of (c) the reflection loss (RL) and (d) the 
optical electronegativity (ηopt.) on wavelength (nm), for all the studied nanocomposites. 

Table 3 
The group velocity dispersion (GVD), the dispersion coefficient (D), the linear optical susceptibility (χ(1)), the third-order nonlinear optical susceptibility (χ(3)), the nonlinear 
refractive index (n2), the ratio of (Nopt/m*), relaxation time (τ), optical mobility (μopt.) and optical resistivity (ρopt.) for the different nanocomposites.            

Sample GVD 
(fs2/µm) 

D 
(ps/µm2) 

χ (1) χ (3) 

x 10−13 

(esu.) 

n2 

x10−13 

(esu.) 

(Nopt./m*) x 1062 

(kg−1 m−3) 
τ 
x 10−6 

(sec) 

µopt. 

x 106 
ρopt. x10−18  

S0 – –  0.11  0.249  6.072  25.8  112.1  44.74  0.0001 
S1 3222 -18.7  0.03  0.001  0.044  0.01  0.001  0.0003  33,654 
S2 4256 -23.0  0.07  0.041  1.115  0.11  0.003  0.0011  1263.8 
S3 5301 -26.8  0.16  1.114  24.44  0.37  0.006  0.0025  170.59 
S4 5884 -29.8  0.25  6.641  122.7  1.24  0.017  0.0067  18.673 
S5 6291 -31.9  0.36  28.55  458.5  2.94  0.034  0.0137  3.8830 
S6 8117 -39.8  0.53  134.1  1830  166  1.166  0.4656  0.0020 
S7 8379 -41.1  0.77  597.6  6881  167  1.180  0.4711  0.0019 
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pulses of light are observed in Fig. 7 (a&b), which spread in time due 
to the traveling of variant frequency components of the pulse at 
some diverse velocities. Increasing the growth time of CdSe QDs 
caused an obvious enhancement of GVD values, as displayed in  
Table 3. In addition, the broadening of optical pulses caused by 
dispersion in the material of the tested medium can be expressed by 
the dispersion parameter (D), which is related to GVD by the fol
lowing relation [79]: 

= =D
c

d n
d

c
GVD

22

2 2 (15)  

The negative values of D, listed in Table 3, give an indication that 
all CdSe -SiO2 nanocomposites have positive dispersion mediums. 

3.4.4. The reflection loss factor (RL) and the optical 
electronegativity (ηopt) 

The following equation was used to calculate the values of the 
reflection loss factor (RL) for all the prepared samples [59]: 

=
+

R
n
n

( 1)
( 2)

L

2

2 (16)  

Fig. 7c shows the variation of RL with wavelength for all the 
nanocomposites. At constant wavelength of 700 nm, RL has values of 
0.41, 0.47, 0.73, 0.85, 0.89, 0.92, 0.95 and 0.97, corresponding to 
samples of S0, S1, S2, S3, S4, S5, S6 and S7, respectively. On the other 
hand, the optical electronegativity (ηopt), which is an indicator of an 
ionic bond creation by atom or radial attraction, can be expressed as 
the following [80]: 

= An( )opt
1 1

4 (17) 

where A is a constant and has a value of 25.54 for most of the 
substances [81]. Plotting ηopt with wavelength for the different na
nocomposites is displayed in Fig. 7d. For nanocomposites of S0, S1, 

S2, S3, S4, S5, S6, and S7, the values of ηopt are 1.95, 1.90, 1.7, 1.56, 1.48, 
1.42, 1.36 and 1.29, respectively. Consequently, increasing the growth 
time of CdSe QDs resulted in increasing the reflection loss factor (RL) 
and decreasing the optical electronegativity (ηopt). 

3.4.5. Optical dielectric constants 
The real part ( r) and the imaginary part ( i) of complex dielectric 

function are related to each other by the following equation: 

= + i* r i (18) 

where r relies on the motion of electrons during light transforma
tion in the medium, and i contributes to the dissipative rate of light 
during its transmission within a material. The real and imaginary 
parts of complex dielectric function can be expressed in terms of 
refractive index (n) and extinction coefficient (k) as the fol
lowing [82]: 

= =n k nk; 2r i
2 2 (19)  

Fig. 8 (a&b) illustrates the plotting of r and i, respectively, 
versus the wavelength (λ), for all the nanocomposites of CdSe-SiO2. 
The dispersion and dissipative rates of light within a material were 
described by the estimated values of r and i, respectively. They can 
also describe the electron-photon interaction within the materials of 
the studied nanocomposites. The same behavior of k and n curves, in  
Fig. 5 (b &c), were observed for r and i plots, in Fig. 8 (a & b), since 
the optical dielectric parameters depend on n and k values. Also, 
increasing the growth time of CdSe QDs was a reason for the en
hancement in the values of ( r) and ( i) and also the observed redshift 
in the peak positions. 

3.4.6. Functions of energy loss 
This study included two types of energy loss functions which are 

surface energy loss function (SELF) and volume energy loss function 
(VELF). SELF describes the energy loss probability of fast electrons 

Fig. 8. Dependence of (a) real part of dielectric constant (εr) and (b) imaginary part of dielectric constant (εi), (c) the surface energy loss function (SELF), and (d) the volume energy 
loss function (VELF) on the wavelength (λ), for the different nanocomposites. 
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during their traveling on a material surface. Nevertheless, missing 
the fast electron their energies when they propagate through a 
material can be termed by VELF. The real and imaginary parts of 
complex dielectric were used to deduce the values of SELF and VELF 
as the following relations [83]: 

=
+ +

=
+

SELF VELF
( 1)

;i

r i

i

r i
2 2 2 2 (20)  

Fig. 8 (c&d) represents the variation of SELF and VELF, respec
tively, with the incident wavelength, for all the nanocomposites. The 
values of VELF are greater than the values of SELF for the same 
studied nanocomposites. Consequently, the fast electrons miss their 
energies through their propagation within the studied materials 
more than through traveling on their surfaces. Fig. 8 (c&d) show that 
SELF and VELF increase by increasing the incident wavelength except 
for the positions of excitonic peaks (observed in Fig. 5a), in which 
they decreased and shifted to a longer wavelength. In addition, the 
values of SELF and VELF were CdSe growth time-dependent. 

3.4.7. Electrical, linear, and nonlinear optical susceptibilities and the 
non-linear refractive index 

Deducing linear optical susceptibility (χ(1)) can help in under
standing the response of a material to incident electromagnetic 
energy. The linear optical susceptibility was calculated from the 
following formula [84]: 

= E
E4
d

o

(1)

(21)  

The theoretical Tichy and Ticha model [85] was used to study 
some nonlinear parameters in which the W-D parameter is com
bined with the rule of Miller [76]. One of the most important non
linear optical parameters used for some optical applications is the 

third nonlinear susceptibility (χ(3)). It gives an indicator of the degree 
of nonlinearities, and it was calculated from the following for
mula [86]: 

= A [ ](3) (1) 4 (22) 

where A is the frequency-independent constant which equals 
1.7 × 10−10 (e.s.u) for all the materials [87]. 

According to Miller’s rule, the static refractive index (no), as well 
as the third nonlinear susceptibility (χ(3)), can be used to calculate 
the non-linear refractive index (n2) as the following [85,88]: 

=n
n

12

o
2

(3)

(23)  

Table 3 shows the calculated values of linear optical susceptibility 
(χ(1)), the third nonlinear susceptibility (χ(3)), and the non-linear 
refractive index (n2) for all the nanocomposites of CdSe -SiO2. The 
growth time of CdSe QDs played a significant role in improving the 
values of χ(1), χ(3), and n2 of the nanocomposites. The high values of 
n2 of the nanocomposites may nominate them to be usefully used in 
optical applications such as ultrafast switching and tele
communications. 

On the other hand, the electrical susceptibility (χe) was calculated 
to describe the electric behavior of the studied materials under 
electric field application. The following equation was used to de
termine the values of the electrical susceptibility (χe) [89,90]: 

= n k( )
4e

o
2 2

(24)  

The variation of χe with the photon energy (E) for the variant 
nanocomposites is presented in Fig. 9a. It can observe that the values 
of the electrical susceptibility (χe) of the nanocomposites increase by 
increasing the incident photon energy. This behavior can be 

Fig. 9. Plotting of (a) the linear electrical susceptibility (χe) versus the photon energy (E), for the different nanocomposites, (b) n2 versus λ2, and (c) i versus λ3, for some different 
nanocomposites. 
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attributed to increasing electron mobility [91]. Also, the CdSe growth 
time can develop the electrical susceptibility (χe) of the nano
composites. 

3.4.8. The ratio of (Nopt/m*), relaxation time, optical mobility, and 
optical resistivity 

The free electron and also the bound electrons can partially affect 
the dielectric constant of a material according to the following for
mula [71]: 

=n
e
c

N

m
1

4 *o

opt2
2

2

2
2

(25) 

Where ε∞ is the high-frequency dielectric constant, e is the elec
tronic charge, Nopt is the number of the carrier concentrations, εo is 
the free space permittivity, c is the speed of light waves, and m* is 
the effective mass of the charge carriers. The ratio of (Nopt/m*) was 
obtained for the nanocomposites from the slope of the plot of n2 

versus the square of wavelength (λ2), as shown in Fig. 9b for the 
samples of S3 and S4, as examples for the others. The listed values of 
(Nopt/m*) for the different samples in Table 3 prove their depen
dence on the CdSe growth time. 

The Drude model of the free electron was studied by using the 
results of the imaginary part of the dielectric constant (εi) as the 
following relation [92]. 

= e
c

N

m
1

4 *
1

i
o

opt
3

2

3
3

(26) 

where τ is the relaxation time. The variation of i with 3is depicted 
in Fig. 9c for samples of S4 and S5, as examples for the rest nano
composites. The slopes of the straight lines in Fig. 9c provide the 

quantity of { }( )( )( )e

c

N

m
1

4 *
1

o

opt
3

2

3 . The relaxation time was deduced 

using the previously tabulated values of ( )N

m*
opt and they were re

ported, for all the nanocomposites, in Table 3. 
The optical mobility (μopt) and optical resistivity (ρopt) were de

termined by using the values of the charge carrier concentrations 
(Nopt) and the relaxation time (τ) as the following [59]: 

µ
µ

= =e
m e N*

;
1

opt opt
opt opt (27) 

where the effective mass of the charge carriers (m*) equals 0.44 mo  

[93]. All the values of the optical mobility (μopt) and the optical re
sistivity (ρopt) for all the nanocomposites are described in Table 3. 
The values of τ and μopt of the nanocomposites increased by in
creasing the growth time of CdSe QDs whereas the corresponding 
values for SiO2 were higher than all those of the nanocomposites. On 
the other hand, the values of the optical resistivity (ρopt) of the na
nocomposites decreased by increasing the growth time of CdSe QDs 
while the corresponding value of SiO2 was less than all of them. 

4. Conclusion 

The effect of different growth times of CdSe was studied on the 
optical properties of its nanocomposites with SiO2 NPs. The TEM 
images prove that the CdSe QDs are homogeneously distributed and 
well attached to the surface of the SiO2 sheets. The XRD confirms the 
phase structure of the as-prepared CdSe QDs, which were grown on 
the surface of the SiO2. Also, the FT-IR spectra confirm the formation of 
the CdSe-SiO2 nanocomposite. The negative values of the dispersion 
parameter (D) give an indication that all CdSe -SiO2 nanocomposites 
have positive dispersion mediums. The values of So, λₒ and n∞ are 
602 nm, 26.3 × 10−6 (nm)−2, and 10.5, respectively, for the S7 sample 
(growth time of 25 min). These values are greater than the 

corresponding values of the SiO2 sample (S0), which are 416 nm, 
7.68 × 10−6 (nm)−2, and 2.33, respectively. The values of τ and μopt of the 
nanocomposites increased by increasing the growth time of CdSe QDs, 
whereas the corresponding values for SiO2 were higher than all the 
nanocomposites. Also, the CdSe growth time can develop the electrical 
susceptibility (χe) of the nanocomposites. Increasing the growth time 
(particle size) of CdSe QDs was a reason for the enhancement in the 
values of r and i and also the observed redshift in the peak positions. 
Therefore, the growth time of CdSe QDs plays an important role in 
tuning the optical parameters of CdSe-SiO2 nanocomposites. 
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