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This work reports on the refractive index and permittivity of cadmium selenide quantum dots (CdSe
QDs) synthesized without the use of trioctylphosphine (TOP). The transmittance, reflectance,
extinction coefficient and permittivity values increase with QDs’ size. The refractive index is about
2.64 for CdSe QDs with crystallite sizes between 2.1-4.1 nm. The refractive index and absorbance is
dependent on the real and imaginary parts of the dielectric constant respectively. The forbidden direct,
allowed indirect and forbidden indirect band gap transitions are not present in the CdSe QDs
synthesized via non-TOP based route.
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1. INTRODUCTION

Among the various kinds of semiconductor nanoparticles, CdSe colloidal nanoparticles are
most widely investigated as their emissions can be easily tuned to cover from red to blue with
decreasing nanoparticle size [1]. As 1I-VI semiconductor nanoparticles, CdSe QDs exhibit strong
confinement of excited electrons and holes, which leads to dramatically different optical and electronic
properties compared to bulk CdSe [2]. Many studies were devoted to CdSe QDs due to their high
luminescence quantum yield, narrow band gap and a variety of optoelectronic conversion properties
compared to bulk CdSe [3, 4]. In light of this, photoluminescence (PL) and UV-visible absorption has
been one of the most important measurements to investigate the optical properties of CdSe QDs [5]. In
addition, considerable progress has been made in the synthesis of CdSe QDs to produce CdSe QDs
with excellent optical properties [6, 7]. Most of the techniques employed trioctylphosphine (TOP)
based systems, in which the reagents are injected into a hot coordinating solvent at elevated
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temperature (200 — 400 °C). The process needs to be operated in nitrogen atmosphere. However, little
knowledge has been obtained for the formation mechanism of CdSe QDs using this technique [8].
Furthermore, the cost of large-scale synthesis of CdSe QDs is very high for such expensive TOP
solvents. Furthermore, TOP is hazardous, unstable and not environmentally friendly. Recently, a new
method has been developed for the synthesis of CdSe QDs without TOP solvents [9-11]. The method
is affordable, safer and produces CdSe QDs of high quality. Furthermore, the process can be operated
in open atmosphere [12].

In this paper, CdSe QDs are synthesized using Inverse Micelle technique, and the size-
dependent optical properties of CdSe QDs are reported.

2. EXPERIMENTAL

CdSe QDs were prepared using CdO and Se as precursors as reported [13]. 0.5 g of CdO, 25 ml
of paraffin oil and 15 ml of oleic acid were loaded into a three-neck round bottom flask. The solution
was heated to 160 °C and stirred until the CdO was completely dissolved and a light yellow
homogeneous solution was obtained. Following this, 0.079 g of Se in 50 ml of paraffin oil was
carefully heated to 220 °C with rapid stirring in another three-neck round bottom flask. The solution
turned orange and then wine red. Following this, approximately 5 ml of Cd solution was injected
swiftly into the Se solution during rapid stirring. The temperature dropped to 210 °C immediately after
injection, and then rose to 220 °C. The temperature was maintained at 220 °C for the growth of CdSe
QDs for 46 min. Finally, the precipitate was isolated from the solvents and unreacted reagents via
centrifugation, further washed with methanol several times and was dried in air at 50°C.

The absorption spectra of each ripened sample were obtained using UVIKON 923 Double
Beam UV-vis spectrophotometer.

3. RESULTS AND DISCUSSION

Fig. 1 shows the optical transmittance spectra for CdSe QDs synthesized using non-TOP based
route at different reaction times. The transmittance spectra demonstrate that high transmittance occurs
at wavelengths longer than 560, 572, 577, 596, and 620 nm for samples with a reaction time of 0.2,
0.5, 1, 5 and 16 min, respectively. There is a sharp fall in transmittance below these values. A decrease
in transmittance for 46 and 90 min samples is also observed. However, the increment values are not
clearly observed for these samples because high transmittance may occur at wavelengths longer than
700 nm. The high energy gap value, which renders strong absorbance, affect the decrease in
transmittance values below 560 nm. It is also observed that the overall transmittance occurs at longer
wavelengths as the reaction time increases. This shows that the transmittance values increase with
QDs’ size. Equation (1) shows the direct relationship between absorbance and transmittance of CdSe
QDs.
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A+T+R=1 (1)

where A, T and R represents the absorbance, transmittance and reflectance, respectively.
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Figure 1. Transmission spectra of CdSe QDs synthesized by non-TOP routes at different reaction
times: a) 0.2, b) 0.5, ¢) 1, d) 5, e) 16, f) 46 and g) 90 min

The reflectance of CdSe QDs synthesized via non-TOP based route was calculated from
Equation (1) and presented in Fig. 2. The reflectance spectra represent the interference between the
UV-rays which are reflected from the surface of QDs. It can be observed that the reflectance increases
with reaction time and size of QDs. The reflectance spectra demonstrate that high reflectance occurs at
a wavelength of 541, 544, 549, 580, 593, 625 and 646 nm for a reaction time of 0.2, 0.5, 1, 5, 16, 46
and 90 min, respectively.

The refractive index was determined from the reflectance data using Equation (2):

(1+ VF)
(1-VE)

()

n:

where 1t is the refractive index and E is the reflectance.
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Figure 2. Reflectance spectra of CdSe QDs synthesized by non-TOP routes at different reaction times:
a) 0.2,b)0.5,¢) 1,d)5,e) 16, f) 46 and g) 90 min
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Figure 3. Refractive index for CdSe QDs synthesized by non-TOP routes at different reaction times: a)
0.2,0)0.5,¢) 1,d) 5, e) 16, f) 46 and g) 90 min at a larger scale
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Figure 4. Refractive index for CdSe QDs synthesized by non-TOP routes at different reaction times: a)
0.2,b)0.5,¢) 1,d) 5, e) 16, f) 46 and g) 90 min at a smaller scale

Figs. 3 and 4 show the refractive index with respect to the incident photon wavelength for non-
TOP CdSe QDs. The increase in reaction time causes an overall shift in refractive index towards
longer wavelengths, as shown in Fig. 3. This is due to the overall increase in reflectance with reaction
time as reported by Zucolotto group [14] . However, the smaller scale in Fig. 4 shows a different
perspective of the shifting behaviour. It is clear that the refractive index values increase for 0.2, 0.5, 1
and 5 min reaction times. However, the refractive index for 5, 16, 46 and 90 min CdSe QDs samples
does not exhibit an apparent variation or increment.

Table 1. Refractive index values for CdSe QDs samples

0.2 2.6425
0.5 2.6427

1 2.6431

5 2.6436
16 2.6436
46 2.6436
90 2.6436
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Figure 5. Extinction coefficient for CdSe QDs at different reaction times: a) 0.2, b) 0.5, c) 1, d) 5, e)
16, f) 46 and g) 90 min
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Figure 6. Real dielectric constants for CdSe QDs synthesized by non-TOP routes at different reaction
times: a) 0.2, b) 0.5, ¢) 1, d) 5, e) 16, f) 46 and g) 90 min
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Table 1 summarizes the refractive index values. The values can be explained by the definition
of refractive index itself and by physical observations of the CdSe QDs.
Fig. 5 shows the extinction coefficient of CdSe QDs determined using Equation (3):

k= @)

ad
4T

a =2303(%) 4)

where k is the extinction coefficient, e is the absorption coefficient, 4 is the incident photon
wavelength, 4 is the absorbance and d is the crystallite size of CdSe QDs.

The extinction coefficient values show a similar trend as the absorption spectra, as shown in
Fig. 5. The extinction coefficient of CdSe QDs shifts towards longer wavelengths as the reaction time
increases.
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Figure 7. Imaginary dielectric constants for CdSe QDs synthesized by non-TOP routes at different
reaction times: a) 0.2, b) 0.5, ¢) 1, d) 5, e) 16, f) 46 and g) 90 min

Fig. 6 shows the real dielectric constant (£,) for CdSe QDs which was determined using
Equation (5):
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5, = n? = K2 ©)

Fig. 6 exhibits the variations of the real part of the dielectric constant of CdSe QDs with respect
to the incident photon wavelength.
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Figure 8. Tauc plots of the synthesized CdSe QDs at different reaction times for: a) allowed direct, (b)
forbidden direct, (c) allowed indirect and (d) forbidden indirect transitions

Table 2. Optical band gap obtained from Tauc’s plots (Fig. 8)

Allowed Forbidden
Reaction time direct direct

Allowed
indirect

Forbidden
indirect

(min)
Band gap (eV)
0.2 2.28 2.28 2.28 2.28
0.5 2.27 2.27 2.27 2.27
1 2.25 2.25 2.25 2.25
5 2.06 2.06 2.06 2.06
16 2.01 2.01 2.01 2.01
46 1.89 1.89 1.89 1.89
90 1.83 1.83 1.83 1.83
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Theoretically, the real part of the dielectric constant is directly proportional to the refractive
index. In Fig. 6, the calculated real dielectric constants show an overall red-shift with increasing
reaction time, for values above -400. A sharp decrease in real dielectric constant values is observed
below -400, whereby the samples having a reaction time of 46 and 90 min exhibit a decrease in real
dielectric constant at shorter wavelengths, even lower than the 0.2 min sample. This is also observed in
Figs. 3 and 4, whereby some portions of the 46 and 90 min spectra occur at shorter wavelengths. This
proves that the refractive index is dependent on the real part of the dielectric constant.

Fig. 7 shows the imaginary part of the dielectric constant (g;) of CdSe QDs calculated using
Equation (6):

g, = 2nk (6)

Fig. 7 shows the variations in the imaginary part of the dielectric constant of CdSe QDs with
respect to the incident photon wavelength. Theoretically, the imaginary part of the dielectric constant
represents the absorbance. In Fig. 7, the calculated imaginary dielectric constants show an overall red-
shift as the reaction time increases. This proves that the absorbance is dependent on the imaginary part
of the dielectric constant.

It is noteworthy to note that the energy band gap of optical materials can occur in direct and
indirect forms, which refers to the electron and holes concentration at the conduction and valence band
[15]. Fig. 8(a) represents the allowed direct energy band gap using the Tauc’s theory. Figs. 8(b) — 8(c)
were plotted in order to investigate the existence of forbidden direct, allowed indirect and forbidden
indirect band gaps. It is observed in that a similar transition pattern is evident in each figure, which
gives a similar value of energy band gap for all transitions as presented in Table 2. The band gap
values are similar to the values of allowed direct transition. Therefore, it can be concluded that the
forbidden direct, allowed indirect and forbidden indirect band gap transitions were not present in CdSe
QDs synthesized via non-TOP based route.

4. CONCLUSIONS

The overall transmittance is observed to occur at longer wavelengths as the reaction time
increases. A similar shifting behaviour is observed in the reflectance spectra. The refractive index
calculated based on the reflectance data increases with reaction time. The extinction coefficient shows
a similar behaviour as the absorption spectra. The calculated real dielectric constants are observed to
be directly proportional to the refractive index and the calculated imaginary dielectric constants are
directly proportional to the absorbance. The forbidden direct, allowed indirect and forbidden indirect
band gap transitions were not present in CdSe QDs synthesized via non-TOP based route.
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