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Abstract: The magnitude and character components (M&C) band gap energy of semiconductor
composite nanomaterial (SCN) is framed in this effort. The theoretical preparations supported by the energy
increased by spacing the atoms in a crystalline state (solid energy) of the nano crystals compared to the bulk
crystals. CdTe, CdSe, ZnSe, ZnTe and ZnS semiconductor composites were deliberated for the investigation of
M&C components band gap dynamism. In addition, an entropy definition was employed in terms of this energy. It
is confirmed that the band gap (BG) energy of SCN is subjected to the atom magnitude and character. From the
layout, it can be concluded that the band gap energy increases whenever the atomic magnitude of the
semiconductor nanomaterial reducing. The results attained were associated with the obtainable experimental
information, which sustain the ability of the layout described.
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1. Introduction

Semiconductor nanomaterial is speedily growing field of scientific investigation for its unique optical, electrical,
mechanical and photonic properties [1-10]. Recently, Hassan et al. [11] described the organizational, mechanical
electronic, optical and magnetic performances in Zn;yMn,S for (0 < x < 1), which calculated by utilizing Wein2K
program. Some of these properties associated to the surface area to capacity fraction of the nanomaterial, which show a
significant part to describe its properties. One of the principal and essential properties of semiconductors are their band
gap (BG). BGs shows a central character in optical and electrical properties of semiconductor materials. Therefore, it is
important to investigate the BGs growth of the semiconductor composite nanomaterial (SCN) to recognize the
improved method of their properties. Semiconductor has wide demands in line for the wide BG. Bulk silicon is limited
in practice due to its incidental and narrow BGs, whereas Si photon nano devices are extensively formed and utilized.
Many experimental and theoretical researchers performed magnitude and character components (M&C) technique. The
diameter requirement of the operative BGs in the nanowires are computed from photoluminescence spectra and equated
to the investigational results aimed at InAs quantum bars and points to the calculations of numerous abstract systems
[12].

Barnard [13] employed the electronic construction models to illustrate the character of single diamond nano
crystals, which can deal with the BGs via the quantum control rule. In view of the quantum control results, holes and
electrons in the semiconductors in nano scale are restrained. Consequently, the energy changes among the filled
conditions and the unfilled positions growths or extending the BGs of the semiconductor [14]. Now for optoelectronics
strategies, this larger BGs are extremely modifying the optical and electronic features of semiconductors at nano scale
[15]. More experimentation achieved to measure the size of BGs via X-ray photoluminescence and photoemission
spectroscopy [16-18]. However, the abstract estimate for the BG of SCN has its individual potentials. In addition,
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limited theoretical constructions acknowledged that the M&C BGs of semiconductors nanomaterial, which takes the
analysis to compute the band gap in complete variety unrestricted of estimate, still needs.

Recently, Datta et. al. [19] clarified the operational, optical, magnetic and electrical possessions of CdosFeo2S
which is deliberated as thinned magnetic semiconductor. Cdo.gFeoS materials were synthesized utilizing composites
method. Muhuddin et. al. [20] regenerated crystalline CuS nanoparticles from remaining result of chemical bath
deposition and then using them for paintable CEs. The approach excluded the underuse of CuS NPs in conventional
chemical bath deposition and delivered a one-dimensional and economically feasible method to improve the efficiency
of the electrodes from the renewed CuS NPs.

Jubu and Yam [21] presented micro- and nanostructures of gallium oxide on silicon substrate by the hydrogen-
decrease chemical vapor deposition method. They examined the effect of synthesis period and progress ambient on the
surface morphology, crystal structure and band gap of the full-fledged films by utilizing field emission scanning
electron microscope, high resolution X-ray diffraction and UV-Vis spectrophotometer, even though fundamental
arrangement was established by energy dispersive X-ray diffraction technique.

In this study, created by a solid energy of hypothetical construction that does not consume adaptable factors, M&C
band gap energy of SCN is suggested. This study generalizes the completely solid energy of the nanomaterial such that
it covers the study of the investigation. The theoretical prediction employed to the CdTe, CdSe, ZnSe, ZnTe and ZnS
semiconductors composite nanomaterial in nanowire, spherical and nano films. It is indicated that the atom of the M&C
can modify the BG energy of the SCN. The new structure estimates are compared with the obtainable experimental
information. A worthy arrangement agrees the influence of the suggested technique throughout the magnitude variety.

2. Experimental Results

This section explains the combination of ZnSe, CdSe and ZnosCdosSe semiconductor nanoparticles by employing
thermal decomposition method. Related method and analysis were used to conclude how the possessions such as phase
formation, particle sizes, crystallinity and M&C properties, magnitude dissemination, and optical possessions of
arranged pure ZnSe and CdSe semiconductor nanomaterial affected by changing zinc, cadmium and selenium
composition and calcination temperatures.

2.1 ZnSe Nanoparticles

It is well known that for nanocrystals of powder sample, the peaks presented a contraction by comparison to bulk
ZnSe. Furthermore, all the XRD designs display strong considerations and no suggestion of contamination peaks
detected. The magnitudes of the crystallites conforming to different temperatures of calcination calculated under the

kA

Scherrer’s equation Becos6 where D and k respectively denote the average crystallite magnitude and the atom
properties. The obtained crystallite magnitudes related to the ZnSe nanoparticles combined with fluctuating calcination
temperatures and selenium applications designated in Table 1. Clearly, from this data, it is confirmed that growth in
calcination temperature and zinc nitrate concentration determined a growth in crystallite magnitude. The obtainable
outcomes in Table 1 established the nano sized construction of the illustrations and highlighted the great consequence
of the temperature to the attained magnitude. In addition, the X-ray diffraction (XRD) analysis presented that the ZnSe
particle sizes increases where the average crystalline sizes differ between 22 to 35 nm in line for the increases of the
hydrothermal period (see Fig.1). The melting and combining of adjacent atoms due to the higher thermal energy was
probably aim for the increasing in atom magnitude in relative to increases in calcination temperature. There is
reliability between the transmission electron microscopy (TEM) consequences and the XRD results. Furthermore, the
consequences resolve with TEM analysis, where the general magnitude supply accredited to the combination of the
smaller atoms, which are thermodynamically unbalanced in the results of their high external energy, which categories
them very sensitive (see Fig. 2).

The TEM micrographs of ZnSe nanoparticles synthesized over thermal treatment and exposed by calcination at
temperatures of 450, 500, 600 and 700°C with 0.2 g selenium concentration exemplified in Fig. 2(a-d).
Notwithstanding completing establishment, the ZnSe nanoparticles were not noticeable and showed a heterogeneous
character delivery as shown in Fig. 2 (a) and (b). The growth in calcination temperature to 700°C resulted in substantial
combination of various atoms. Consequently, the nanoparticles developed increasingly larger and attained transparency
as in Fig. 2 (c) and (d).
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Table 1 - Ordinary crystallite size

selenium applications
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of ZnSe nanoparticles exposed to changing calcination temperatures and

Computation 0.2 g selenium 0.4 g selenium 0.6 g selenium
;I;ecn)wperature Average size Average size Average size
(nm) (nm) (nm)
450 10.5 12.0 14.2
500 12.0 13.8 16.0
600 16.0 18.0 19.0
700 20.0 23.0 24.0
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Fig. 1 - XRD peaks of ZnSe nanoparticles at 0.2 g selenium and varying calcination temperatures of (a) room
temperature (b) 450 (c) 500 (d) 600 and (e) 700°C.
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The synthesis of CdSe nanoparticles realized based on an aqueous result involving of cadmium nitrate, selenium in
diverse applications 0.2, 0.4 and 0.6 g and the covering atom constancy and reduced aggregation. The TEM pictures in
Fig. 4 (a-d) shows the homogeneity of the morphology and sizes supply of the models of CdSe nanoparticles exposed
to calcination at diverse temperatures (450, 500, 600 and 700°C) and synthesized with 0.2 g selenium over thermal
treatment. Depend on the XRD analysis, the TEM pictures exhibited that at 500°C the homogeneous spherical
crystallites creating up the CdSe nanoparticles had a magnitude of 8 nm, despite the fact at 600°C they consumed a
sizes of 13.5 nm. Moreover, the TEM consequences focus on the presence of straight proportionality between increase
in atomic magnitude and growth in calcination temperature, the minimum magnitude actuality related with a

calcination temperature of 500°C
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Fig. 2 - TEM images showing particle size distribution of CdSe nanoparticles synthesized at 0.2 g selenium and
different calcination temperatures (a) 450°C (b) 500°C (c) 600°C and (d) 700°C
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3. Theoretical constructions

The complete solid energy of the nanomaterial can be viewed as a combination of the energy in line for the
assistances of the interior particles and the surface particles. In [22], the formula presented as follows:

N
Etotalz (n_N)EO'i_E 20, (1)
where N is the total value of surface particles and n is the total value of nano crystals. Consequently, (n —N) is the entire

value of interiors particles in the nanomaterial. 20 is the solid energy of the substance (bulk) material per particle. For
the reason that the significance of melting thermo-dynamic factors of nano crystals on their powered, chemical and
physical behaviors, the hidden heat of nano crystals function f(3) with the diameter 6 has monotonous drops whenever
d decreases (see [23]). As a normal reflection, the function §(8) is correspondingly appropriate for the purpose of

Zofunction if the consistent evolution entropy concept for the solid—vapor evolution = :f di(é) (T is the bulk

solid—vapor evolution temperature) utilized auxiliary. In virtue of this deliberation, 2o function can deliver by the
formal
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where p is a constant of the ideal gas (in our simulation, we shall consider p~1 ) and & is the smallest diameter. From
Eg. (1) we have

Zrota!(‘s) — (n — N)M+ l M N
Ziotal Zp 2 Zo . (3)

Substituting (2) in (3) we get the general improved relation

_ fsfi _ ES/P
2ot @) =(n—N)(1— - )e st 4D 2D, 5t
total - - 0
% @)
b (5) — Zrora[(‘s) X (8) =ZO(‘S)
Dividing Eg. (4) by n and denoting by " Ztotar and P Zo "we get the following total energy
equation:
_ éﬁm
—(1- X - 1 5 !
5L®=(1-7) (1 L ) e %) 55
1]
: ©)

where 2b s the energy of bulk material. Consequently, by the construction of (5) we get the melting temperature (see

[24])

7, (6) = (1 - %) 7 (8) 6)

From (5) and (6), we get the relation between the melting temperature nanomaterial and the energy as follows:
Zn (6) _ _ 1 _,Si—l Tn (8)
5 ®) (1 I )e " w®

Hence, we arrive at the interesting relation, which describe the energy band gap

O
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_2E/p

1 i71
2, (8) = (1 e )e 5o 74 (8).
8o
@)
Z, (&) Ty (8)
2 (8) = 2= T, (8) = —
where g( ) Iy (& and 9 @ Ty (8) are the gap energy at temperature - In spherical shape, Eq. (8)
becomes

1 p’o_, 26
29(5): (1_ 5 )e %o (1+ X);
)

Where 8 is the diameter of a particle, and A'is the diameter of the spherical Nano solids. In addition, for the nanowires
equation recognizes in the following formula

_25/p

1 2y 45
2, (5) = (1— v )e 57 (1+2),

&p

(10)

Where A denotes the diameter of nanowire. Finally, the nano films represents in the next construction

1 s, 268
5, (6) = (1— T )e 5 (1+¥),

where the character ¢ indicates the width of the Nano film. Note that, the difference in Nano solids between the two
states usually small, therefore, the value of entropy is negative. Moreover, the inverse of the compressibility knows as
the bulk model.

(11)

4. Results and discussion

CdSe nanocrystals and growing CdTe cover of a wanted thickness. The CdSe/CdTe nanocrystals shaped presented a
narrow PL band (= 27-35 nm) with quantum incomes as high as 50-85% at room temperature. Fluctuating production s
perceived from green to red as the diameter of the CdSe cores increases. The photoconductivity of collections of 350
nm CdSe nanowires is considered by photosensitivity factors of 10-100 nm also, to ultrafast reply and rescue times of
20-40 ps with a thickness of 40 nm to form CdSe nanowire collection photodetector.
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Nanomaterial analysis
Consider the following data in Table 2.

Table 2 - Effort factors

Nanomaterial 2y [24] 0 00

CdSe 1.74 0.268 0.01
CdTe 1.44 0.286 0.01
ZnS 3.68 0.234 0.01
ZnSe 2.71 0.254 0.01
ZnTe 2.39 0.189 0.01

Fig. 3 - The energy band gap as given in Eq.s (9), (10) and (11).
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The results confirmed that the band gap energy 2y ©) rises with the lessening atom diameter. It is observed that

when the atom magnitude (diameter d) is less than 0.6, there is extensive increase in the rate of 29 (6) Furthermore,
the expected consequences are in arrangement with the current investigational information for the complete range of
the nanomaterial. The proposed method agrees by the quantum captivity theory. Fig. 3 presents the energy band gap of
nanomaterial in spherical nano solids, nanowire and nano films intended by Egs (9)-(11), along with the experimental

data [25, 26], which aid our model. As showed in Fig. 1, the 2 (6) rises with the reduction in atom magnitude. We

confirm that 29 ©) growths rabidly to the reduction of size 0.4 onwards. Our consequences are very close to the value
in Table 1. The results compared with the obtainable experimental comments [27]. There is a worthy consensus

between our proposed method and investigations. The magnitude has dependency of 2y ©) of nanomaterial in

nanowire by utilizing Eq. (10). Therefore, the 2y ©) views as a nano scale. This can clarify quantum mechanical as
the atom magnitude influences the nano scale, the value of covering of orbitals or energy level reductions and the
thickness of band gets thinner. This will effect a growth in energy band gap among the valence band and the transfer

band. Such a style of the 2 (&) in Nanomaterial with their corresponding bulk matches all recent experiments (see
Fig. 4 for 3D graph of Egs (9)-(11).

0.0
0.6 08 1.0 000204060810

0.0
000204060810
x x ¢

Fig. 4 - 3D graph and contours graph of Egs (9)-(11), where y-axis represents to the length A, A and &
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Optical analysis

The optical 2y ©) of the CdSe and ZnSe nanoparticles was assessed over the Tauc equation formulated by [26]:
(W)™ = B (hp — 24 (8) )? (12)

where » represents the absorption constant, hitis the photon energy of the occurrence light, 29 ©)) is the band gap
energy, f3 is a constant and n = 0.5, 1, 1.5 and 2 for qualified direct, permitted indirect, banned direct and banned
indirect, correspondingly. The interest band gap of arranged examples was assessed by inferring the linear share of

(owhp)? as a utility of hu. Therefore, the seize of the generalized line on the x-axis specifies the 2 (6) of the model.
The tenets of (whp)? versus (hp) were schemed utilizing UV-Visible spectra of tasters demonstrated in Fig. 5 to
regulate the optical tenets of the CdSe and ZnSe nanoparticles.

10| "/

RO} (=2 )

Fig. 5 - Optical band gap energy for CdSe & ZnSe nanoparticles respectively for $=1,2,3

Consequences display that the magnitudes of the found 2 ©) for both CdSe and ZnSe nanoparticles are greater than
the band gap energy for their bulk complements of 1.74 and 2.7 eV (see Table 2), correspondingly. It has been
estimated that for CdSe is approximated to 1.9 and for ZnSe is 2.9 eV.

5. Conclusion

In transitory, a method expressed to compute the band gap energy (Zg ©) ) of semiconductor nanomaterial for diverse
magnitudes and characters, via spherical nano sphere, nanowires and nano films. It stated from the principle that

2y ©) growths as atom magnitude of the semiconductor nanomaterial reductions. Additionally, our method estimates
the 29 ©) reliable with the obtainable experimental information. We guaranteed that this model would show a
significant properties where experimental information not offered in the future.
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