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Abstract: The optical and thermal properties of CdTe quantum dots (QDs) of different particle sizes are measured using photoacoustic
technique (PA). CdTe QDs were synthesized using the chemical deposition method. The PA spectra show a blue shift as the sizes of
CdTe QDs decrease which is in close agreement with that obtained by UV-Visible spectrophotometer. The sizes of the nano-particles
were estimated using effective mass approximation (EMA) model, and ranged from 2.13 nm to 2.43 nm. The estimated values are
comparable to those obtained by transmission electron microscope (TEM) and x-ray diffraction (XRD). The thermal diffusivity (D),
thermal effusivity (e), and thermal conductivity (k) of all CdTe samples were also studied by PA technique. The determined values of D,
e and k are at least one order of magnitude larger than the bulk value.
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1. Introduction and optical properties in order to improve the

. performance of the solar cell devices and also pave the
During the last two decades, research on quantum o )

. ) . ) way for new applications [8]. In general, the absorption

size semiconductor particles has increased enormously. .
o ) . ) spectra can be measured by the conventional
This is due to their exciting novel properties such as ) ] ) o
. . ) transmitted intensity method. However, in this method,
optical, thermal and electronic properties, when they . .
. samples should be sufficiently thin and have good
have size comparable to, or smaller than, the j ] )

. . . L . . quality surfaces through pretreatment. This requires

dimensions of the exciton within their corresponding ) ] )
) . . samples to be placed in a matrix of transparent material
bulk material. In particular, II-VI semiconductor ) . )
. . . which, on the other hand, would interfere with the
nanoparticles are currently of great interests for their .
) o . . . measurements of thermal properties. In contrast,
practical applications in a variety of optoelectronic . .
i ) ) . . Photoacoustic technique offers a powerful tool for
devices such as, high efficiency thin film transistors, ) ] . ]

) . ) studying the optical, electronic and thermal properties
light-emitting diodes [1], electron-beam pumped lasers, L .
. . of such materials in a noncontact and nondestructive
electroluminescent devices and others [2-7]. Recently, o

. . manner [9]. It has also been observed that the excitonic
CdTe Semiconductor nano crystals (i.e., quantum dots L ]
. transitions of semiconductor nano crystals are well
(QDs)) have become one of the most promising . .
. . L . . . resolved in PA spectra as compared to the conventional
materials in many applications including high . .
) . . optical absorption spectra [3].
efficiency solar cell fabrication. Therefore, massive .
In the present work, we report the size dependence of

PA spectra for CdTe QDs to investigate the effect of
size confinement on the electronic states. Furthermore,
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attention has been devoted to investigate its thermal
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properties of the CdTe QDs samples of different
particles sizes.

2. Experiment

Colloidal CdTe nano crystals were synthesized by
the method of Talapin et al. [10]. The synthesis was
carried out as follows: Five grams of dodecylamine
(DDA) were dissolved in 7 mL of tri-n-octylphosphine
(TOP) at 50 °C in a 50 mL two-neck flask with a reflux
condenser attached. Subsequently, 0.11 mL (1.47
mmol) of dimethylcadmium and 0.128 g (1 mmol) of
tellurium powder were added under stirring, and the
temperature was slowly increased to 180 °C. After 30
min, the temperature was raised to 200 °C, and growth
of the nano crystals was allowed to proceed at this
temperature for 20 h. Under these conditions, tellurium
slowly dissolves in the reaction mixture, resulting in
very slow growth of CdTe nano crystals at sufficiently
high temperatures. Finally, toluene was added to the
warm solution, and the mixture was left for 24 h at
room temperature under stirring. The supernatant
liquid CdTe nano crystals dispersed in toluene was
separated, collected and then dried for a day. Four
samples which are labeled (a to d) of different sizes
were obtained.

The PA measurements were carried out by a gas
microphone detection technique. The light beam from
xenon lamp (400 Watt) was focused into the entrance
slit of a monochrometer (Newport oriel product line
model 74125). The output beam of the exit slit was

mechanically modulated by an optical chopper
(SR540), and focused onto the sample which was
mounted carefully inside a PA cell (MTEC Model 300).
The sound wave generated from the sample can be
subsequently detected as an acoustic signal by a highly
sensitive electrical microphone fixed in the PA cell.
The PA signal was then amplified by a low noise
preamplifier and further processed using a lock-in
amplifier (Stanford Research System, Model SR830
DSP). A personal computer was interfaced to the
system for automatic data acquisition and analysis.
For thermal properties measurements, the same
set-up was used but the xenon light source and the
monochrometer was replaced by 200 mW (514 nm)
argon ion laser (Melles Griot, Carlsbad, CA 92009).
Measurements of the PA spectra were carried out at
room temperature in the wavelength range 500-700 nm
at modulation frequency 15 Hz using a mechanical
chopper. The PA spectra were normalized (light

intensity normalization) using a carbon black sample.
3. Results and Discussion
3.1 Optical Absorption Measurements

The average particle size of these samples were
estimated using transmission electron microscope
(TEM), which are approximately ranging from 2.10 nm
for sample a to 2.45 nm for sample d. The TEM
micrographs of sample b and d are shown in Fig. la
and 1b, respectively.

(a)
Fig.1 TEM micrograph for sample b (a) and d (b).

(b)
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Fig. 2 Normalized PA spectra (a) and UV-Visible absorption spectra (b) for the four CdTe QDs samples.

Fig. 2a shows the PA spectra for the four
investigated samples of CdTe QDs (a-d) as a function
of the wavelength of the incident beam (from 500 nm
to 700 nm) for a constant modulation frequency of 15
Hz. The PA spectrum for each sample is normalized
using the PA spectrum obtained for carbon black in the
allowed region of the used xenon lamp. The absorption
edges varies between 540 nm for sample a to 602 nm
for sample d. It can easily be observed that there is a
shift towards lower energy region with increasing the
size. This behavior is attributed to the quantum
confinement effect. The calculated energy band gap (£,
= hc/A) for the same samples varies between 2.3 eV for
sample a to 2.09 eV for sample d. The optical
absorption spectra of the same samples in colloidal
solution were also obtained by regular UV-Vis.
absorption and given in Fig. 2b. Although, the UV-Vis.
spectra are for samples in colloidal form, and the PA
spectra are for powder form, the two spectra gave peaks
that are very close. The slight difference in the
absorption edges positions of CdSe QDs between PA
and UV-Vis. spectra may be due to the character of the
acoustic wave in PA and the photonic character of the
UV-Vis.

The size (R) of nano crystal sample can be calculated
using the effective mass approximation (EMA)
[11-14].
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where Eg, (= 1.475 eV) is the bulk crystal band gap
value [15], Eg, is the nano crystal band gap value, R is
the radius of the CdTe quantum dots, m (=7.62 % 107
kg) is the reduced electron-hole mass [16], and ¢ (= 7.1)
is the relative dielectric constant for CdTe [15]. The
values of Eg, that obtained from PA spectra together
with Eq. (1) are used to calculate the average radii of
CdTe QDs. The values of radii are ranging from 2.13
nm for sample a to 2.43 nm for sample d, which are
comparable to those obtained by TEM images. This
indicates the existence of the regime of individual
electron and hole confinement. The values of Eg, and R
of these samples were also determined using UV-Vis.
absorption spectra. The calculated Eg, from both PA
and UV-Vis. spectra versus R of CdTe QDs are shown
in Fig. 3. It is easily observed that the results obtained
by both techniques for each sample are very close with
variation 2%.

X-ray diffraction (XRD) analysis was carried out for
our samples to determine their particles sizes for
comparison. Highly monochromated CuKa radiation (4
= 1.5406 A) was used. The diffraction pattern for
sample b is given in Fig. 4. Using Debye-Scherrer’s
formula [14] [D = 0.89 M cos(0)], where D is the
particle diameter, 4is the wavelength of X-ray used,
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Fig. 3 The values of Eg, of the CdTe QDs versus particle
radius.
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S is the full-width at half-maximum and @ is the
scattering angle. The estimated particle radius for
sample b, from the XRD humps was about 2.15 nm,
which is nearly comparable to the value calculated
directly from TEM (Fig. 1) or indirectly from the
optical absorption (Fig. 2) measurements.

3.2 Thermal Properties Measurments

The PA technique was also employed to investigate
the thermal properties of the CdTe QDs. The powder of
each sample was compressed (under hydraulic pressure
of 1 Ton/cmz) into a disk. The PA signal amplitude was
recorded at various chopping frequencies (f) for each
sample (depth profile analysis). The plots of In (PA)
amplitude versus In (f) are shown in Figs. 5a and 5b for
sample (a) and (d) respectively. A distinct change in the
slope is clearly observed at a frequency f. (the sample
changes from being thermally thick to thermally thin)
where crossover takes place.

The thermal diffusivity (D), for all samples, was then
calculated using the relation [3, 5, 17-19].

D= f.L* (mz/s) )
where L is the thickness of the sample. The calculated
values of D are displayed in Table 1. The thermal
effusivity (e) of the samples were also determined by
PA technique, where for optically opaque and
thermally thick sample, the PA signal amplitude g is
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Fig. 5 In PA signal amplitude versus In f for sample a (a) and sample d (b).
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Table 1 The calculated values of thermal diffusivity (D), thermal effusivity (e) and thermal conductivity (k) for CdTe QDs

samples of different particle sizes.

T s

a 2.13 6.50 £ 0.04 12,098.53 97.54£0.5

b 2.28 5.82 £ 0.04 11,256.30 85.87+£0.5

c 2.33 5.48 £0.04 8,702.15 64.42 £0.5

d 243 3.76 £ 0.04 7,352.04 45.08+0.5

bulk -—-- 0.55[5, 25] 2,643.68 6.2 [15]

given by [20-23]. nano systems than the bulk value, and decrease in D
g = A1 (3) and k as the particle size increases. They attributed the

e f decrease in the thermal properties (D, k), as the size of

where the particle increases, to the reduction in phonons

IyyP,a ; ' population. Otherwise more phonons are not generated
4rl,T, and hence less scattering occurred.

1y is the intensity of the incident radiation; Tj and P, are
the ambient pressure and temperature respectively, 7 is
the ratio of gas (air) specific heats, a, is the thermal
diffusivity of the gas and /, is the length of the gas
column of the PA cell. Using the powder Si as a
16,061
W-s"m?K™") [15], the constant A was determined

and applied in Eq. (3) to calculate e for CdTe QDs

standard material of known effusivity (=

samples. The values of e are given in Table 1. The
corresponding values of thermal conductivity £ ( Ze\/B)
[21, 23, 24] are also displayed in Table 1.

It is clearly seen, as the size of the QD increases the
values of D, e and k decreases approaching the bulk
value. These values are about one order of magnitude
larger than that of the bulk values. The increase in D of
the nonocrystal compared to the bulk is attributed to; at
small particle size, quantum confinement is achieved
and the interfaces may form an extremely dense
network of paths for fast diffusion through the
nanocrystalline material, which made the transport
properties in nano systems more rapid than that of the
bulk. This increase in D is in reasonable agreement
with the results of El-Brolossy et al. [3], they found that
D of CdSe QDs is one order larger than that of bulk
CdSe. et al. [17]
measurements on D and & in the case of CdS and

Similarly Raji have made

reported that two orders of magnitude larger values for

4. Conclusions

Using the nondestructive PA technique, we were
able to study the optical properties of CdTe QDs of
different particle sizes. The spectra shifted to lower
energy region with increasing the particle size.
Furthermore, the PA technique is also employed to
determine the thermophysical parameters (D, e, k) of
the CdTe QDs of different sizes. The decrease in
thermal diffusivity and thermal conductivity with
increasing the particle size is attributed to the decrease
in the population of phonons.
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