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ABSTRACT: Changing of the solvent and environmental conditions during the preparation of
CdS nanoparticles have marked effect on crystal structures, size distribution, nanoparticle size
and their absorption and emission properties. X-ray investigation revealed that the CdS
nanoparticles prepared with high surface tension solvent have clearly indentified hexagonal
structures. However, the nanoparticles prepared with high dipole moment solvent matched cubic
structure better than hexagonal one. Optical absorption measurements proved that CdS
nanoparticles prepared in aprotic solvent showed the increase in both size of nanoparticles and
SPI with decreasing of the dipole moment, viscosity and surface tension of the solvent, which is
applicable to the nanoparticles prepared under argon and ambient atmospheres. Fluorescence
spectroscopy showed that the CdS nanoparticles synthesized in aprotic solvent with high dipole
moment revealed a high intensity band edge emission blue band with a small half width. Also,
the increasing of the dipole moment of the solvent leads to a decrease in stokes shift for CdS
nanoparticles prepared under argon atmosphere.

Keywords: CdS nanoparticles, Solvents, UV-vis spectroscopy, Infrared spectroscopy,

Fluorescence
Introduction

Semiconductor in nano-size structures are an exciting topic of research due to its outstanding size
dependent optical properties. The excellent optical properties of semiconductors make them
attractive for different applications, such as biological labels, solar cells, photodetectors and light
emitting devices.'"” Size and surface structure is crucial for adjusting the optical properties of
semiconductors. The emission and absorption of semiconductors can be tuned by controlling the
size of nanoparticles, and the control of surface structure could significantly improve the band

edge emission and remove the trapping states on the surface of semiconductor. There are lots of
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research concerning the prepration of semiconductor nanoparticle with different sizes and the
factors that influence their properties.16'20

Cadmium sulfide (CdS) in its nanoscale size has attracted a lot of attention due to their
many important optoelectronic applications.”'** Despite the abundant research on the growth and
optical properties of low-dimensional CdS nanostructures, a study on the effect of environmental
condition on the growth of CdS nanoparticles in different solvents without the stabilizing
molecules has not reported yet. Additionally, one of the challenges in this application is the
preparation of efficient blue light emitting CdS nanoparticles. In this work, we have synthesized
CdS nanoparticles using cadmium acetate as a source of cadmium and thiourea as a source of
sulfur in different solvents in presence of argon and ambient atmospheres. The solvents used
here are dimethylformamide (DMF), actone, ethatnol and deionized water (DI-water). Two
strategies are applied to control the size and surface structure of CdS nanoparticles in order to
improve the size distribution and enhance the optical emission. The prepared nanoparticles were
characterized by X-ray diffraction, energy dispersive X-ray, infrared, UV-Vis absorption and
flouroscence spectroscopies. The effect of different solvents and various environmental
conditions on both of the microstructure and optical properties of CdS nanoparticles are
investigated further. Fluorescence spectroscopy shows that the CdS nanoparticles synthesized in
aprotic solvent with high dipole moment revealed a high intensity band edge emission blue band

with a small half width.
Experimental

CdS nanoparticles have been prepared by one-pot synthetic method. Cadmium acetate
dihydrate (Cd(CH3COO),. 2H,0) used as a source of cadmiumand the thiourea (NH,CSNH>) as

a source of sulfur and as a capping material. CdS nanoparticles were prepared directly in
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different solvents under ambient environment and argon atmospheres as follows: Interaction
were carried for equimolar ratio from Cd(CH3;COOQO),. 2H,O and NH,CSNH, in 250 mL of
solvent under heating at 60 °C for one hour after adjustment of pH=8 by adding 1 mol/L NaOH.
During cooling the nanopowders precipitated directly without adding any nonsolvent. The
prepared nanopowders were collected by centrifuging and washed by water and acetone three
times, respectively. The collected nanoparticles prepared under argon atmosphere were defined
as I, III, V and VII for CdS in dimethylformamide, acetone, ethanol and deionized water,
respectively. Accordingly, the collected CdS nanoparticles under ambient environment were
defined as II, IV, VI, VIII respectively, as listed in Table 1.2628

Energy-dispersive X-ray spectroscopy (EDX) was determined by JEOL JXA-810A
Electronic Prope Microanalyzer. The X-ray diffraction (XRD) patterns of the samples were
performed on a Bruker AXS D8 advanced diffractometer equipped with a secondary
monochromator and automatic divergence slits filtered Cu-Ka radiation (A= 1.54056 A) at 40 kV
and 40 mA. The diffraction patterns were recorded in the 20 range from 2° to 70°using a step
size of 0.02° and count time per step 0.4 s. Optical absorption spectra was measured using a UV-
VIS spectrophotometer (T80+ UV/VIS Spectrometer PG instruments Ltd.) in the spectral range
of 200-800 nm at room temperature. For Transmission electron microscopy (TEM) studies the
nanoparticles were suspended ethanol, then treated in an ultrasonic bath (BRANSON, 1510)
about 60 min. A small drop of this suspension placed on carbon, which was coated copper grid.
The specimens were examined with a TEM system (JEM-1011, JEOL, Japan). The microscope
was operated at an accelerating voltage of 90 kV. Infrared spectra were measured using a Jasco
FT/IR 6100- Fourier Transform infrared spectrometer. Flouroscence spectra were measured

using RF-5301 PC Shimadzu spectrophotometer at room temperature.
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Results and discussion

X-ray diffraction

X-ray diffraction measurements of the samples prepared in different solvents in O,- free
argon atmosphere are shown in Figure 1. CdS nanoparticles prepared in DMF (sample I), acetone
(sample III) and DI-water (sample VII) can be index to the standard hexagonal wurtzite phase of
CdS (JCPDS card No. 41-1049). The diffraction pattern of the CdS prepared in DMF and DI
water revealed another two diffraction peaks with small intensity which are related to cadmium
thiourea thiocyanate (JCPDS card No. 21-1543). However, the diffraction peaks for CdS
prepared in ethanol matched cubic crystal structure (JCPDS card No. 75-1546) better than
hexagonal one. These results indicate that the choice of solvent has an important effect on the
crystal structure of nanoparticles. An important notice delivered from these results is that CdS
nanoparticles prepared with high surface tension solvents (DI-Water)showed a clearly identified
hexagonal crystal structure (The value of the surface tension of water is higher than that of all
other used solvents as listed in Table 1). However, the nanoparticles prepared with high dipole
moment solvent (ethanol) match cubic crystal structure better than hexagonal crystal structure
(the dipole moment of ethanol is higher than that of all other used solvents as listed in Table 1).

XRD patterns of the CdS prepared in different solvents under ambient atmosphere are
shown in Figure 2. CdS nanoparticles prepared in DMF, acetone, and DI-water are inclined to
form hexagonal crystal structure, in addition, there are three diffraction peaks can be indexed to
cadmium thiourea thiocyanate (JCPDS card No.21-1543), which may be at the surface of the
nanoparticles or as a separate phase. However, the CdS nanoparticles prepared in ethanol
matched hexagonal phase better than cubic one due to the appearance of (100) and (101) planes.

Compared with the former XRD observation of CdS prepared under argon atmosphere, the
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environmental condition has an important role on the crystal structure in high dipole moment
solvent.
Energy dispersive X-ray analysis

Figure 3 and 4 show the EDX spectra of CdS nanoparticles prepared in various solvents at
argon and ambient atmospheres, respectively. Clearly, the structures are composed of cadmium
and sulfur in addition to some percentage of N, C and O. The presence of these elements
indicates the coordination of thiourea and solvents to the surface of the nanoparticles. We have
calculated the atomic ratios of Cd/S and O/C for the different samples (Table 1). It is worth to
mention that samples prepared under ambient air atmosphere have a more O/C ratio of atomic
percentage than that of CdS nanoparticles prepared under argon atmosphere. For the comparison
between the two polar aprotic solvents, DMF and acetone, it's found that Cd/S ratio of atomic
percentage of nanoparticles prepared in DMF is larger than that of the samples prepared in
acetone at a given atmospheres. As shown in Table 1, both of the viscosity, surface tension and
dipole moment of DMF are larger than that of acetone, which indicates that these physical
parameters of the solvent are important factors on the growth of nanoparticles in aprotic solvents.
The same trend of dependence on viscosity and dipole moment appeared for the nanoparticles
prepared in protic solvents at argon atmosphere. However, the nanoparticles prepared in protic
solvent under argon atmosphere shows a smaller ratio of Cd/S for the nanoparticles prepared in
solvent with high surface tension. On the other hand, we found that the Cd/S ratio increases with
increasing of dielectric constant of solvents for the nanoparticles prepared under argon
atmosphere, reflecting that the sulfur is less solublein high dielectric solvent.

UV-Vis Absorption Spectroscopy
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Absorption spectra in the UV-Vis of CdS nanoparticles prepared under argon and ambient
atmospheres are displayed in Figure 5 and 6, respectively. The absorption spectra for all samples
show blue shift relative to bulk CdS. The blue shift of the nanoparticles prepared in protic
solvents is smaller than that of nanoparticles prepared in aprotic solvents under argon
atmosphere. However, CdS nanoparticles prepared under ambient atmosphere showed the
different blue shift phenomenon, which may be due to the change of crystal structure and
formation of cadmium thiourea thiocyanate supported by X-ray analysis. The wavelengths of
characteristic absorption at maximums and the onsets for all samples are determined from the
second derivative of the absorption spectra, as shown in the inset (Figure 5 and 6), listed in Table
2. Clearly, The type of solvent and environment condition not only produce great effect on the
wavelength values of absorption maximum and onsets but also significantly influence the
difference value between the absorption maximums and onsets which reflects the size
distribution. To determine quantitatively the size polydispersity of the nanoparticles, we have
calculated the size of nanoparticles based on the energy of absorption maximum and onset which

are deviated from the energy of the bulk band gap in a strong confinement limit as follows:*

2
1239 L1 =9.86(“—BJ R —1.786 22 R —0.248R’
A(nm) A, (nm) a) ’ a ° !

where A is the wavelength of absorption max or absorption onset, A, is the wavelength of
absorption edge of bulk CdS (512 nm), ag is the exciton Bohr radius (3.15 nm), a is the radius of
nanoparticle and R, is the Rydberg constant (28.6 meV). The calculated radiuses for nanoparticle
based on the absorption onsets and absorption maximums are listed in Table 2. The
polydispersities in sizes of the nanoparticles are calculated from standard deviation 6, which is

defined as follows:
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Ga = 2(a(2’0nset) - a(ﬁ“M ))
where a(Aonset) and a(hy) is the radius of the nanoparticles calculated from the absorption onset

and absorption maximum, respectively. Considering the a (Ay) is the mean radius, then the size

polydispersity index (SPI) can be calculated as following:

2
spl =| —Za | 41
a(4,)

The obtained values of SPI for the nanoparticles prepared in different solvent and different
environmental conditions are listed in Table 2. For the CdS nanoparticles prepared in aprotic
solvent under ambient atmosphere, both size of nanoparticles and SPI increase with decreasing
of the dipole moment, viscosity and surface tension of the solvent, which is also applicable to the
CdS nanoparticles prepared in aprotic solvent under argon atmosphere. The effect of physical
properties of solvent on the size of nanoparticles and size distribution for the nanoparticles
prepared in aprotic solvent can be explained as follows: The decrease of the dipole moment and
viscosity of the reaction medium leads to an increase of colliding of the nuclei together during
the preparation and consequently forming large nanoparticles. Also, low value of viscosity and
the dipole moment of the medium may increase the random collisions of the nuclei, which may

result a nanoparticles with a wide size distribution. On the other hand, the SPI and average size

decrease with decreasing of both dipole moment and viscosity for CdS prepared in protic solvent.

This negative effect may be attributed to that the viscosity of the protic solvents is affected by
the diffusion of argon gas through the medium, especially the synthetic process of the samples
was finished below the boiling point of the protic solvents to keep a constant temperature.

We have studied the effect of Cd/S atomic ratio and crystal structure on the absorption of the

nanoparticles. As Cd/S atomic percentage ratio increases for the nanoparticles grown under
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argon atmosphere and it has hexagonal structure the absorption onset gradually red shifted
toward long wavelength which indicate an increasing of the band gap.’® Another result found
about the samples prepared under argon atmosphere the band edge of the nanoparticles prepared
in ethanol, which has cubic structure is appeared at energy lower than the band edges of other
nanoparticles which have hexagonal structures. This result is consistent with previous reported
results which showed that the band gap energy of CdS nanoparticles increased with the phase
transformation from cubic zinc blend to hexagonal wurtzite structure.’’ The absorption of the
nanoparticles prepared under ambient atmospheric confirmed that the change of crystal structure
from cubic phase to hexagonal structure leads to shift of absorption onset to high energy that is
indicated by the shift of the absorption onset of the sample VI to higher energy relative to sample
V. Sample VI shows a clear change to hexagonal structure relative to sample V. Regarding the
effect of Cd/S atomic percentage ratio for the nanoparticles prepared under an ambient
atmosphere there is no obvious trend appeared which may be due to the appearance of high
percentage of oxygen in addition of increasing of the precantage of cadmium thiourea
thiocyanate as revealed by X-Ray diffraction and EDX analysis.
Transmission Electron Microscopy

The samples prepared in acetone were slected to investigate the shape and the sizes of the
nanoparticles by transmission electron microscopy (TEM). Figure 7 show the TEM images of 111
and IV samples which are prepared in acetone under argon and ambient atmospheres,
respectively. Clearly the nanoparticles are nearly spherical shape. The average nanoparticles
diameters calculated for these samples are about 6.25 and 5.55 mm for III and IV samples,
respectively, which are slightly larger than the estimated sizes from the absorption onset of the

UV-Vis absorption. Also the TEM results confirm that the nanoparticles prepared under ambient
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atmosphere is smaller than the nanoparticles prepared under argon atmosphere, which is also
agreed with the results obtained from absorption onset.
Infrared Spectroscopy

Figure 8 shows infrared spectroscopy of the nanoparticles prepared in different solvents
under argon atmosphere. The main bands appeared in this range are 610 cm™ (2LO), 659 cm’
(C-S and CdS), 1108 cm™ (N-H and C-0), 1399 cm™ (C-H), 1567 cm™ (bending vibration of C-
N and CdS-COO), and 1640 (H,0 bending and DMF coordination).”*>* The bands due to C-S,
C-N and NH, vibrations of CdS nanoparticles shifted to higher frequencies relative to that of free
thiourea (infrared spectroscopy of thiourea is shown in Figure 9). The two bands appeared at
1992 cm™and 2138 cm™ for the nanoparticles prepared in DMF and DI-Water which are not
detected in free thiourea or DMF and acetone, only the band appeared at 1900 cm™ also appeared
in ethanol with a small intensity as shown in Figure 9. These two bands are attributed to
cadmium thiourea thiocyanate,” which confirms the X-ray analysis. The band at around 2100
cm’ disappeared for the two samples prepared in ethanol and acetone and the intensity of the
band around 1900 cm™ is highly diminished. These results reflect that the preparation in DMF
and DI water under argon environment leads to the formation of cadmium thiourea thiocyanate,
which may be at the surface of nanoparticles or as separate phase, according to the X-ray
analysis. The CdS nanoparticles prepared in DMF and DI-water both showed the band at 1567
cm™, however the band of 1108 cm-1 disappeared for the nanoparticles prepared in DI-water. In
comparison, there was not the band of 1567 cm™ for the nanoparticles prepared in ethanol and

acetone. These results indicate that the different solvents showed the varied nature of the surface

capping.
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Figure 10 shows infrared spectroscopy of the nanoparticles prepared in different solvents
under ambient atmosphere. The most important difference relative to the nanoparticles prepared
under argon atmosphere is the increase in relative intensity of the peak around 2100 cm™ for the
nanoparticles prepared in DMF and DI-water. These results are consistent with the obtained
results of X-ray analysis.

Fluorescence Spectroscopy

The emissions of the nanoparticles prepared in different solvents under argon atmosphere
excited at 410 nm are shown in Figure 11. The nanoparticles prepared in acetone and water
showed emission bands which shifted severely relative to the absorption spectra of other
nanoparticles, indicating that the emission bands are due to trapping states.’®>’ For nanoparticles
prepared in ethanol, a yellow band at 514 nm showed a little shift, which is a characteristic of
bulk CdS. However, the emission of CdS nanoparticles prepared in DMF revealed a blue
emission band at 468 nm with a small full width at half maximum along with a shoulder nearly at
490 nm. We attributed this improvement in the emission for the nanoparticles prepared in DMF
to the increase of the Cd/S ratio as detected from EDX analysis. It is well known that DMF can
coordinate to cadmium cations at the surface of nanocrystals.”®*° The increase of Cd ions
enhances the reaction between the Cd cations at the surface with DMF molecule, resulting in the
growth of the nanoparticles with less trapping states at the surface. Additional factors for the
improvement of the emission of the nanoparticles growing in DMF may be due to the formation
of cadmium thiourea thiocyanate as confirmed by X-ray results and infrared spectroscopy.
Cadmium thiourea thiocyanate may bind to sulfur anions at the surface of nanoparticles and
consequently results in removal of trapping state. It is worth mentioning that cadmium thiourea

thiocyanate is formed for the nanoparticles prepared with water, which shows an emission
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mostly due trapping states. This contradiction may ascribe to that the preparation in water may
lead to the formation of hydrogen bonds with some of sulfur anions at the surface. This result
confirmed by the decrease of relative intensity of cadmium thiourea thiocyanate peaks for the
nanoparticles prepared water in comparison with the same peaks in the case of preparation of
nanoparticles in DMF.

Figure 12 shows the luminescence of CdS nanoparticles prepared in different solvents
under ambient atmosphere. The emission from CdS nanoparticles prepared in ethanol shifted by
about 10 nm to higher energy relative to the emission of CdS nanoparticles prepared under argon
atmosphere whereas the emission of CdS nanoparticles prepared in DI water was not affected.
This result confirms the increase of the band gap for the nanoparticles have hexagonal structure
relative to that have cubic structure. However, the emission of CdS nanoparticles prepared in
acetone revealed two emission bands at 471 and 515 nm. The appearance of the high energy
emission band for nanoparticles prepared in acetone in comparision with that for sample
prepared under argon atmosphere is attributed to the increase of the Cd/S ratio. The emission
from nanoparticles prepared in DMF revealed two emissions bands at 471 and 490 nm which
showed a little shifted to lower energy in comparison with sample 1.

Regarding the effect of physical properties for solvent on the emission of CdS, we found
that the dipole moment of the solvent has a relation with the shift of the emission in comparison
with absorption which we call stokes shift as shown in Figure 13. Clearly, with increasing of the
dipole moment of solvent, the stokes shift decreases for samples prepared under argon
atmosphere. For the samples prepared under ambient atmosphere the same trend appeared, but

the nanoparticles prepared in ethanol (VI) showed a negative result and the stocks shift is highly
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increased. This sample revealed a high value of SPI which may be one of the factors affecting

the emission.
Conclusions

We have prepared CdS nanoparticles by chemical preciptaion method without stabilizing
agent using different aprotic and protic solvents under O free argon and ambient atmosphere.
The prepared nanoparticles characterized by energy dispersive X-ray difraction, Infrared,
absorption and luminescence spectroscopies. In our work, the CdS nanoparticles prepared in
aprotic solvent (DMF) under argon and ambient atmospheres showed the improved optical
emission, while an optical emission with a little stroke shift happened for CdS nanoparticles
prepared in protic solvent under argon atmosphere. This work convinced that the structure and
optical properties of CdS nanoparticles were very sensitive to the synthetic conditions, such as
solvent and environment. These nanoparticles are promising for various optoelectronic

applications.
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Table and Figure Captions

Table 1. Cd/S, O/C atomic ratios from EDX analysis for the CdS nanoparticles prepared in
different solvents under ambient atmosphere (Amb. atm.) and argon atmosphere (Ar. atm.)
against the dipole moment (p), viscosity ((n), surface tension (o ) and dielectric constant of

different solvents.?*%¢

Table 2. wavelengths of absorption onsets, first absorption maximums along with the calculated
sizes and the size polydispersity index (SPI) from their values for CdS prepared in different

solvents.

Fig. 1. X-Ray diffraction patterns for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V)

Ethanol and (VII) DI-Water under argon atmosphere.

Fig. 2. X-Ray diffraction patterns for CdS nannoparticles prepared in (II) DMF, (IV) Acetone,

(VI) Ethanol and (VIII) DI-Water ambient atmosphere.

Fig. 3. EDX analysis for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V) Ethanol

and (VII) DI-Water under argon atmosphere.

Fig. 4. EDX analysis for CdS nannoparticles prepared in (II) DMF, (IV) Acetone, (VI) Ethanol

and (VIII) DI-Water under ambient atmosphere.

16



Page 17 of 34 RSC Advances

Fig. 5. UV-Vis absorption for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V)

Ethanol and (VII) DI-Water under argon atmosphere.

Fig. 6. UV-Vis absorption for CdS nannoparticles for CdS nannoparticles prepared in (II) DMF,

(IV) Acetone, (VI) Ethanol and (VIII) DI-Water under ambient atmosphere.

Fig. 7. Typical TEM images of the as-prepared samples of CdS nannoparticles prepared in
acetone under argon atmosphere (a, Sample III) and in acetone under ambient air atmosphere (b,

Sample IV), respectively.

Fig. 8. Infrared spectroscopy for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V)

Ethanol and (VII) DI-Water under argon atmosphere.

Fig. 9. Infrared spectroscopy of thiourea, DMF, acetone and ethanol.

Fig. 10. Infrared spectroscopy for CdS nannoparticles for CdS nannoparticles preparedin (II)

DMF, (IV) Acetone, (VI) Ethanol and (VIII) DI-Water under ambient atmosphere.

Fig. 11. Fluorescence spectroscopy for CdS nannoparticles prepared in (I) DMF, (III) Acetone,

(V) Ethanol and (VII) DI-Water under argon atmosphere.

Fig. 12. Fluorescence spectroscopy for CdS nannoparticles prepared in (II) DMF, (IV) Acetone,

(VD) Ethanol and (VIII) DI-Water under ambient atmosphere.

Fig. 13. Stokes shift against dipole moment for CdS nanoparticles prepared under argon and

ambient atmospheres
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Solvent Sample Cd/s O/C | ux (10 n c €
names Cm (mPa.s) | (mN/m
)
Ar. Amb Ar. | Amba Ar. Amb
atm. atm.
atm. Atm
atm. atm.
DMF I 11 1.82 2.02 1.62 2.16 12.7 0.802 364 | 36.71
Acetone I v 1.15 1.72 1.33 1.46 9.0 0.303 22.7 20.56
2.23 1.16 2.01 2.2 219
Ethanol| V| VI 12.8 | 1.083 191.3
1.37 1.42 0.32 0.74 62 0.890 71.8 78 36
Water VII VIII ) ’ ’

Table 1. Cd/S, O/C atomic ratios from EDX analysis for the CdS nanoparticles prepared in
different solvents under ambient atmosphere (Amb. atm.) and argon atmosphere (Ar. atm.)
against the dipole moment (p), viscosity ((n), surface tension (o ) and dielectric constant of

different solvents.**?°

Sample )\'onset 7\4]\/1 A0nset am SPI Sample konset )\M Aonset am SPI
(nm) | (nm) | (nm) | (nm) (nm) | (nm) (nm) (nm)
I 450 | 417 | 2.66 2.1 1.02 II| 450 416 2.36 2.08 1.01

18
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111 460 | 416 | 2.91 | 2.08 1.04 IV | 471 412 2.65 2.05 1.02
A% 504 | 454 | 6.18 | 2.73 1.4 VI | 438 400 2.16 1.91 | 1.004
VI 462 | 420 | 296 | 2.14 1.04 VII | 460 421 2.52 2.15 | 1.007

Table 2. wavelengths of absorption onsets, first absorption maximums along with the calculated

sizes and the size polydispersity index (SPI) from their values for CdS prepared in different

solvents.
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Fig. 1. X-Ray diffraction patterns for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V)

Ethanol and (VII) DI-Water under argon atmosphere.

20



Page 21 of 34 RSC Advances
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0 20 40 60 80
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Fig. 2. X-Ray diffraction patterns for CdS nannoparticles prepared in (II) DMF, (IV) Acetone,

(VD) Ethanol and (VIII) DI-Water ambient atmosphere.

21



78 1

Klm

4T 4

1.3

T =

2]
]
L=

RSC Advances

KCm

III

100 200 140 400 600 GO0 A0 B4 DOD H00F MO0 1200 1344 -

----------

14 1

4.T 4

14

T Y " T T T 3 Y T T L
100 00 1M 609 ROD GO0 TA0 BD0 P00 1000 W00 1200 1304 -
Faares wEW

2.3

100 200 380 408 GO0 GO0 780 AD6 D00 000 MO0 1200 1300 -
ririil s

VII

400 Z00 380 408 GOD GO0 TA0 SD6 00 4000 MO0 1200 4300 -
Enengy - kel

Fig. 3. EDX analysis for CdS nannoparticles prepared in (I) DMF, (IIT) Acetone, (V) Ethanol

and (VII) DI-Water under argon atmosphere.
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Fig. 4. EDX analysis for CdS nannoparticles prepared in (II) DMF, (IV) Acetone, (VI) Ethanol

and (VIII) DI-Water under ambient atmosphere.
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Fig. 5. UV-Vis absorption for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V)

Ethanol and (VII) DI-Water under argon atmosphere.
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Fig. 6. UV-Vis absorption for CdS nannoparticles for CdS nannoparticles prepared in (II) DMF,

(IV) Acetone, (VI) Ethanol and (VIII) DI-Water under ambient atmosphere.
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Fig. 7. Typical TEM images of the as-prepared samples of CdS nannoparticles prepared in
acetone under argon atmosphere (a, Sample III) and in acetone under ambient air atmosphere (b,

Sample IV), respectively.
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Fig. 8. Infrared spectroscopy for CdS nannoparticles prepared in (I) DMF, (III) Acetone, (V)

Ethanol and (VII) DI-Water under argon atmosphere.
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Fig. 9. Infrared spectroscopy of thiourea, DMF, acetone and ethanol.
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Fig. 10. Infrared spectroscopy for CdS nannoparticles for CdS nannoparticles preparedin (II)

DMF, (IV) Acetone, (VI) Ethanol and (VIII) DI-Water under ambient atmosphere.
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Fig. 11. Fluorescence spectroscopy for CdS nannoparticles prepared in (I) DMF, (III) Acetone,

(V) Ethanol and (VII) DI-Water under argon atmosphere.
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Fig. 12. Fluorescence spectroscopy for CdS nannoparticles prepared in (II) DMF, (IV) Acetone,

(VD) Ethanol and (VIII) DI-Water under ambient atmosphere.
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Fig. 13. Stokes shift against dipole moment for CdS nanoparticles prepared under argon and

ambient atmospheres.
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Effect of solvent and environmental conditions on the structural and optical

properties of CdS nanoparticles

Swelm. Wageh,**™ Mai Maize,” Sancan Han,” Ahmed. A. Al-Ghamdi® and Xiaosheng Fang**

Different crystal structures, tuning of absorption and emission of CdS nanoparticles have been

obtained by changing type of solvent and environmental condition.
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