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Abstract—The effect of laser fluence on structural, morphological, optical, and electrical properties of CdSe
nanoparticles NPs prepared by irradiating a CdSe target, immersed in methanol, with Nd:YAG laser pulses
at laser fluences in the range of (1.32—2.92) J/cm? has been studied. X-ray diffraction XRD measurements
disclosed that the CdSe NPs were of wurtzite hexagonal crystal structure. Transmission electron microscopy
investigation revealed that the synthesized CdSe particles are spherical and have an average particle size in the
range of (37—94 nm). Scanning electron microscope SEM and transmission electron microscope TEM
investigations showed that the shape and size of the synthesized CdSe NPs depend on laser fluence. The
nanoparticles distribution was correlated with laser fluence. Atomic force Microscopic AFM investigations
showed highly dispersed ball-shape CdSe particles. The optical energy gap of CdSe nanoparticles prepared
has been determined from optical properties and found to be in the range of (1.7—2.05 eV). Optical constants
of CdSe NPs were determined from transmittance and reflectance spectra. Hall measurement showed that

the CdSe nanoparticles were n-type and their carrier concentration and mobility was investigated.
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Cadmium selenide (CdSe) is an important semi-
conducting material due to its potential use in photo-
conductive devices and solar cells [1—4]. CdSe thin
films have widely been studied because of its high ab-
sorption coefficient and nearly optimum band gap en-
ergy (1.73 eV). It finds a wide range of applications in
low cost devices such as light emitting diodes, solar
cells, photodetectors, electro photography and laser
diodes [1, 4—6]. Cadmium selenide nanoparticles
have different optical and electrical properties com-
pared to bulk CdSe due to the strong confinement of
excited electrons and holes [7]. The band gap of CdSe
colloidal nanoparticles can be tuned through the con-
trol of nanoparticles size to give emission from red to
blue [8]. These superior properties made CdSe NPs
useful for optoelectronic devices, high efficiency solar
cells, nano-sensors, and biomedical applications [9].
Many methods are adapted to synthesis CdSe NPs
such as chemical precipitation, chemical bath deposi-
tion CBD, surfactant assisted hydrothermal, electro-
chemical, laser ablation etc. [10]. Laser ablation in lig-
uid is a very interesting technique due to simplicity,
high purity and stability of colloids, doesn’t need cat-

! The article is published in the original.

alyst or vacuum, good control on particles size, and
safe handling of colloids [11]. Up to best of our knowl-
edge, few data have been published related to the laser
ablation of CdSe NPs in liquid [1, 12, 13]. Recently,
Sabit et al. [14] investigated the photovoltaic charac-
teristics of CdSe quantum dots prepared by pulsed fre-
quency quadrupled Nd:YAG laser in methanol. Re-
cently we have reported that liquid type affects the
properties of colloidal CdSe nanoparticles synthesized
by laser ablation [15]. In this paper, we report on the
effect of laser fluence on the structural, optical and
electrical properties of CdSe NPs synthesised by laser
ablation in methanol.

EXPERIMENTAL DETAILS

The laser used for the ablation is Nd:YAG operat-
ing at 10 Hz repetition rate, with 7 ns pulse width and
wavelength of 1064 nm. The laser pulses were focused
by a 20 cm positive lens onto a cleaned 2 mm thick
CdSe bulk sample (99.99% purity provided from Poch
company) immersed in methanol at various laser flu-
ences (1.32, 1.76, 2.12, 2.51 and 2.92 J/cm?) with an
ablation time of 20 min. The energy of laser pulse was
measured using calibrated Joule meter after taking in-
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Fig. 1. Schematic diagram of laser ablation system.

to account the effect methanol transmittance. The
CdSe target is placed in the bottom of a quartz vessel
filed with 20 mL of methanol, see Figure 1. X-ray dif-
fractometer (XRD-6000, Shimadzu, X-ray, diffracto-
meter) with Cuka radiation at a wavelength of (I =
0.154056 nm) was utilized to investigate the structural
properties of CdSe NPs deposited on glass substrate.
The optical absorption of colloidal CdSe NPs was
measured using a spectrophotometer (Cary, 100 Conc
plus, UV-Vis-NIR, Split- beam Optics, Dual detec-
tors) in the range of (200—900) nm. The shape and size
of the CdSe nanoparticles were investigated by using

TEM (type CM10 pw 6020, Philips—Germany) after
depositing some drops of CdSe onto a carbon coated
copper grid. The morphology of the CdSe NPs was in-
vestigated by using SEM (FE-SEM Image Library)
and AFM (AA 3000 Scanning Probe Microscope).
The electrical characterization was carried out using
Hall measurements after making ohmic contacts on
the CdSe NPs film deposited on glass substrate by de-
positing of Al thick film through special mask. The
thickness of the films was measured using ellipsometer
(Angstrom sun Technologies Ins). All above measure-
ments were carried out at room temperature.
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Fig. 2. XRD patterns of CdSe nanoparticles synthesized at various laser fluencies.
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Table 1. XRD data of CdSe nanoparticles ablated at different laser fluences

Laser ﬂuezznce 20 (deg) hkl dobserved | d ASTM FWHM D (nm) 8. X 10_1; n i 10__4
J/cm?) Plane A) A) (deg) lin.m lin=2.m™*
23.32 (100) 3.81 3.79 0.27 31.21 10.26 11.59
1.32 26.51 (002) 3.35 3.34 0.25 — 9.04 10.88
41.44 (110) 2.17 2.16 0.284 — 10.34 11.64
23.6 (100) 3.76 3.74 0.18 46.84 4.55 7.72
1.76 26.82 (002) 3.32 3.30 0.16 — 3.82 7.08
41.70 (110) 2.16 2.15 0.20 - 5.38 8.39
23.77 (100) 3.78 3.72 0.18 46.34 4.65 7.80
2.12 25.29 (002) 3.51 3.50 0.15 — 3.35 6.63
41.88 (110) 2.15 2.14 0.16 — 3.52 6.79
23.76 (100) 3.74 3.72 0.16 50.20 3.96 7.20
2.52 26.98 (002) 3.3 3.28 0.16 — 3.73 6.99
41.87 (110) 2.15 2.14 0.16 — 3.27 6.54
23.94 (100) 3.71 3.69 0.16 52.72 3.59 6.86
2.92 25.44 (002) 3.49 3.48 0.16 — 3.57 6.84
42.03 (110) 2.14 2.13 0.15 — 3.15 6.42

RESULTS AND DISCUSSION
Structural Properties

The X-ray diffraction spectra of CdSe nanoparti-
cles films prepared at different laser fluences are given
in Fig. 2. XRD spectra showed that all the synthe-
sized CdSe NPs are of hexagonal (Wurtzite) structure
according to JCPDS file No: 77-2307 [16]. The ob-
served and standard of “d” values of CdSe NPs pre-
pared at low laser fluences is shown in table 1, with a
slight change of “d” values noticed at higher laser flu-
ences. A shift in the diffracted peaks related to (100
and 110) planes was observed as laser fluence increases
due to structural defects and stresses. The intensity
and the value of full width at half maximum FWHM of
main diffraction peaks increased with laser fluence,

indicating the formation of smaller particles. No dif-
fraction peaks related to other phases were observed in
the XRD spectra of CdSe NPs. The mean crystallites
size D of (111 plane was determined using the follow-
ing Debye—Scherrer formula (XRD line broadening)
[17] and listed in Table 1.

p=209% , (1)

where A is the wavelength of x-ray, 0 is the diffraction
angle and B is the FWHM. Increasing of laser fluence
from 1.3 t0 2.9 J/cm? has led to an increase in the crys-
tal size from 31 to 53 nm. From analysis, the average
grain size of CdSe particles was between (31 to 56 nm).
The strong and narrow peaks may be ascribed to the
preferential growth along (100, 110) planes of CdSe
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Fig. 3. Fresh colloidal suspensions of CdSe prepared at different laser fluencies.

crystallites. The strain (n) and the dislocation density
(8) were evaluated by using the following relations [ 18]
and the results indicated their decrease with increasing
grain size, see Table 1:

N = 99%3 @
5 = 1%2. 3)

Optical Properties of the Crystalline CdSe Thin Film

The color of fresh CdSe colloidal suspension has
found to be depended on the laser fluence, for CdSe
NPs synthesized at low laser fluence was brown and
changed to dark gray when the laser fluence increased
as clearly shown in Fig. 3, this result was probably due
to the variation of CdSe particle size and concentra-
tion with laser fluence.

Fig. 4 shows the absorption spectra of CdSe NPs.
The absorption characteristics are a useful tool to an-
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Fig. 4. Optical Absorbance spectra of colloidal CdSe nano-
particles.
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alyze nanomaterials. It is clearly seen from this figure
that the absorption decreases sharply below ~400 nm.
Besides, remarkable variations in the absorption spec-
tra within the range 500—600 nm were noticed due to
the fact that the individual crystallites may have the di-
mensions of the field “size effect” [19]. Decreasing of
optical absorption with increasing laser fluence is due
to scattering effect resulted from formation of large
particles at high laser fluence [20].Using Tauc rela-
tionship, the absorption data can help estimating the
energy band gap of CdSe by plotting the square of
(ahv) versus (hv). The extrapolation of the straight
line to (ahv)?> = 0 gives the value of energy gap as
shown in Fig. 5. The values of band gap of CdSe NPs
were within the range 1.75—2.25 eV depending on la-
ser fluence values. The transition of electrons was di-
rect. The band gap decrease with increasing the laser
fluence is attributed to the formation of agglomerated
CdSe particles. The large value of band gap of CdSe
(blue shift) prepared at lower laser fluence (1.32 J/cm?)
as compared to its value for bulk (1.7 eV) has resulted
from nanosized effect [21]. The variation of refractive

~ 35 —-— 2
»é\ 30 2.92J/cm
L2 25 - 2.52J/cm?
T 20 2.12 1 /cm?
215 — 2.12J/cm
> 1.0 — 1.76 J/cm?
3 0.5 )
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Fig. 5. (()th)2 versus photon energy plot of CdSe NPs pre-
pared at different laser fluencies.
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Fig. 6. Refractive index as function of wavelength.
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Fig. 7. 3D AFM images of CdSe nanoparticles synthesized at different laser fluencies.
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index versus wavelength plot for CdSe NPs prepared at
different laser fluences is given in Fig. 6. It shows
clearly a sharp decrease of the refractive index with
wavelength up to 400 nm and tends to saturate after
~500 nm. Furthermore, and due to the particle size ef-
fect, the refractive index of CdSe NPs was found to de-
crease at certain wavelengths when increasing the laser
fluence.

AFM Studies

AFM images of CdSe NPs synthesized at various la-
ser fluences are shown in Fig. 7. The NPs were highly
dispersed ball-shaped and the grains are homogenous
and aligned vertically. By using special software, the root
mean square RMS value of surface roughness and aver-
age grain size were estimated and presented in Table 2.
The CdSe NPs prepared at high laser fluence are ag-
glomerated and formed larger particles as shown in
Fig. 7e. The average grain size results (listed in Table 2)
disagree with those estimated from XRD due to the fact
that the AFM measurement directly visualizes the grains
regardless of the degree of structural defects, while the
estimation of particle size by XRD is based on size of de-
fect free volume [22]. In Table 2, it is clearly seen that the
root mean square of surface roughness increases with la-
ser fluence increase. Increasing of laser fluence means
delivering of more energy implies ablating large amount
of CdSe material [23].

Electrical Measurements

The Hall Effect measurements show that all syn-
thesized nanostructured CdSe films are n-type. The
mobility and carrier concentration of nanostructured
CdSe film are measured as function of laser fluence
and depicted in Fig. 8. It is obvious from this figure
that the mobility increases abruptly for laser fluences
higher than 2.5 J/cm? due to the formation of larger
CdSe particles size, i.e. the mobility is size-dependent.
Beard et al. [24] reported that due to strong confine-
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Table 2. RMS of surface roughness and average grain size of
CdSe NPs

Laser fluence | Grainsize |Root mean square of surface
(J/cm?) (nm) roughness (nm)
1.32 62 0.11
1.76 76 0.14
2.12 84 0.15
2.52 86 1.76
2.92 166 4.49

ment, the mobility of CdSe NPs increases as an #,
where r is the radius of nanoparticles. The maximum
value of electron mobility was found to be around
185 cm? V-1 s7!at 2.9 J/cm?, which is lower than that
of bulk CdSe.

Surface Morphology

Fig. 9 shows SEM images with two magnifications
of CdSe NPs prepared at different laser fluences. In
this set of SEM images it can confirmed that these
NPs have different morphologies. It was noticed that
the morphology of CdSe NPs is not uniform and con-
sists of many small irregular nanoparticles. The SEM
images of CdSe NPs synthesized at higher laser flu-
ences shows that the particles are well agglomerated.

The TEM images and particle size distributions of
CdSe NPS prepared at different laser fluences are
shown in Fig. 10. The TEM images show that the
CdSe NPs are well crystallized and are mostly separat-
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Fig. 8. Carrier concentration and Hall mobility versus laser fluence.
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Fig. 9. SEM images of CdSe nanoparticles prepared at different laser fluences. The insets are high magnification SEM images.

ed. The images confirm that the particles have spherical
shape and the particle size was in the range of (37—
94 nm) depending on laser fluence. The size distribu-
tions of these nanoparticles shows a Gaussian profile.
The production of different sizes particles at fixed la-
ser fluence can be explained on the basis that the

newly formed nanoparticles which lie in the direc-
tion of laser radiation will have smaller sizes due to
their successive interaction with laser pulses by the
inter-pulse absorption process [25]. No significant
effect of laser fluence on the shape of synthesized
nanoparticles was detected.

No. 6
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Fig. 10. TEM images of CdSe nanoparticles and their size distribution histograms.

Photoluminescence (PL) shown in Fig. 11. A single sharp broad emission peak

PL emission spectra of CdSe NPs prepared at dif-  centered at the green region ~575 nm (2.15 eV) with
ferent laser fluences were recorded at room tempera- I WHM of ~23 nm was observed in the emission spec-

ture with excitation source of 480 nm wavelength as  trum of CdSe NPs synthesized at 1.32 J/cm?. The PL

HIGH ENERGY CHEMISTRY Vol. 49 No.6 2015
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Fig. 11. PL spectra of CdSe nanoparticles.
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Fig. 12. FT-IR spectra of CdSe nanoparticles.

Table 3. PL Emission wavelength, energy and FWHM of CdSe NPs versus laser

2
2
2.12 J/cm?
2
2

Laser fluence (J/cm?) Emission wavelength (nm) Emission energy (eV) FWHM (nm)
1.32 575 2.15 23
1.76 590 2.10 14
2.12 600 2.06 12
2.52 610 2.03 14.5
2.92 625 1.98 19
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spectra of CdSe NPs prepared at higher laser fluences
emit light of different colors. This result can be attrib-
uted to the quantum confinement effect and is in good
agreement with the results of SEM and TEM. The col-
oration is directly related to the energy levels of nano-
particles. Table 3 shows the PL emission wavelength
and emission energy of CdSe NPs as a function of laser
fluence. It is clear from this table that a large tuning
can be obtained via variation of the laser fluence. In-
creasing the laser fluence to 2.92 J/cm? caused a red
~625 nm (1.98 eV) shift in the PL peak due to the
broad size distribution of nanoparticles. The PL spec-
tra of CdSe NPs show a Gaussian envelope arose from
inhomogeneous broadening due to size and shape dis-
tribution within QDs and homogeneous broadening
due to the thermal energy (26 meV at room tempera-
ture) [26]. The observed PL blue shift peaks are in
good agreement with optical band gap estimated from
the absorption data. No significant change in the in-
tensity of PL emission was noticed after increase of la-
ser fluence.

FT-1R Investigation

The FT-IR spectra (transmittance mode) of CdSe
NPs presented in Fig. 12 shows the existence of cad-
mium selenide compound and methanol solvents. The
Cd—Se band stretching is observed at about 722 cm™!.
The sharp peak at 1000 nm belongs to the vibration
band of CO. All other peaks are corresponding to the
structural bond of methanol with cadmium selenide
NPs such as ~1377, 1463, 2853, 2924 and 2953 ¢cm™!
[27]. CH; bending deformation behavior is observed
at ~1377 cm~! and CH, bending band behavior at
~1463 cm™!. The CH, stretching bonds are observed at
~2853, 2924 and 2953 cm™'. The presence of a peak at
~1712 cm™!is a proof of capping of CdSe NPs by
methanol [28]. Almost all existed peaks in FTIR spec-
tra show a slight shift behavior toward larger wavenum-
ber as the laser fluence increases due to increase of par-
ticle size of CdSe. Finally, the FT-IR spectra revealed
that the intensity of transmittance bands decreases
slightly with increasing the laser fluence.

CONCLUSION

We have synthesised and investigated suspensions
of CdSe nanoparticles in methanol by laser ablation.
Our investigations revealed that the laser fluence caus-
es distinctive changes in the structural, optical, mor-
phological, and electrical properties of CdSe nanopar-
ticles. The produced CdSe NPs in this experiment
conditions have spherical shape. The average particle
size of CdSe increases as laser fluence increase. A blue
shift of 0.55 eV was noticed for CdSe nanoparticles
prepared at lower laser fluence. All the synthesized

HIGH ENERGY CHEMISTRY  Vol. 49
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CdSe nanoparticles possess polycrystalline hexagonal
(Wurtzite) structure and small shift in peaks was ob-
served when increasing the laser fluence. The FTIR
investigation showed that the Cd—Se stretching band
was observed at about 722 cm~!. The sharp peak at
1000 nm is belonging to vibration band of CO. From
TEM analysis, it has been observed that the synthe-
sized CdSe nanoparticles have spherical shape with
Gaussian size distribution. Photoluminescence of la-
ser ablated CdSe particles was observed and it was no-
ticed that the peak emitted wavelength shifted toward
long wavelength as laser fluence increase.
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