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Abstract. The generation of white light from CdS nanoparticles (NPs) illuminated by UV-LED is pre-
sented. The synthesis of CdS nanoparticles from the reaction of CdCly and the sulfur dissolved in oleylamine
in 1:2 mole ratio was used in the preparation of CdS nanocrystalline. The PMMA film doped with CdS
nanoparticles was prepared. The generation of white light was found from illumination of the CdS/polymer
composite film by UV-LED of power 5 mW at A = 385 nm. The white light generation mechanism was
explaining depending on mixing colors from the illuminated CdS nanoparticles. The surface levels formed
in the CdS optical energy band due to nanostructure was estimated from Poisson equation designed for
this state. The chromaticity coordinates of the generated white light was measured by the help of photo-
luminescence (PL) spectrum and the correlated color temperature was found to be about 4000 K.

1 Introduction

Since 25% of the global electricity consumption is used
for lighting, thus the white light generation have attracted
great interest for saving the electrical energy consumption
in order to reduce the operating expense [1]. The solid
state lighting (SSL) by using the tradition phosphor is not
new, and different schemes have been reported to generate
white light [2-8]. One of the most popular ways is the
blend red, green and blue phosphor in appropriate ratio
to generate the white light [3,7]. This important of the SSL
not only due to its financial benefits, but become the SSL
is predicted to reduce the carbon emission highly which
lead to clean environment.

The energy efficiency of SSL in converting electricity
into light is about 50% whereas for traditional lamp it’s
around 1%. In addition, SSL offer ultra-long lifetimes for
the lamps and the source become, ragged and compact.

The white nanoluminophors have attracted more at-
tention for their potential using solid-state lighting. Usu-
ally the materials used in white nanoluminophors are
semiconductors like CdS, CdSe, ZnS and ZnSe with size
in order of 1-10 nm [6].

Since the nanostructure have a large number of surface
atoms compare with the bulk, thus the characteristics of
the surface atoms have more effect on the main physical
and chemical properties of the material.

The surface states appear as trap-states in the main
energy gap of the nanosemiconductor; therefore when
it’s illuminated by UV light the states emit radiation
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with relatively high quantum efficiency [9]. The trap-
rich nanocrystals are much useful than the emission from
doped-semiconductor nanocrystals. It has been notice that
the Mn-doped nanocrystal emits the white light as results
of their collective emission in blue from CdS and in yellow
from Mn d-d level. However, the quantum efficiency of the
emitted white light is very low [9,10].

In this work the CdS NCs quantum dots are prepared
from chemical synthesis. The trap-rich CdS NCs illumi-
nated by GaN UV-LED to generate the white light with
good efficiency.

2 Experimental work
2.1 Preparation of colloidal CdS nanoparticle

CdS nanoparticles were prepared as a colloidal from reac-
tion of cadmium chloride and oleylamine (Cd-oleylamine
complex) with sulfite oleylamine (S-oleylamine).

The S-oleylamine of concentration 0.15 M was
prepared by adding 0.75 mmole of sulfur to 5 ml of
oleylamine solution. The mixture was mixed by mag-
netic stirrer until a complete dissolution, and the color
of solution was change from yellow to red, this mean that
the S-oleylamine was formed.

Cd-oleylamine complex of concentration (0.15 M)
was prepared by adding 1.5 mmole of cadmium chlo-
ride to 10 ml of oleylamine solution (molecular structure
C1sH37N supplied by Fluka). The mixture was heated to
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90 °C with stirring using magnetic stirrer. After the com-
plete dissolution of cadmium chloride in oleylamine solu-
tion, the mixture was left on magnetic stirrer for 30 min
at the same temperature, to form Cd-oleylamine complex.

The Cd-oleylamine complexes were heated at 170 °C
for 20 min under argon flow, S-oleylamine solution was
injected under gentle stirring into the hot reaction mix-
ture. CdS nanoparticle was prepared by reaction of
S-oleylamine solution with Cd-oleylamine complexes with
mole ratio 2:1 [11].

The hot reaction mixture was held at 170 °C with
stirred for 6 h, and then the mixture cooled and added to
large volume of ethanol at room temperature to quench
the reaction and to precipitated. The yellow precipitate of
CdS nanoparticle formed.

The yellow precipitate of CdS nanoparticle washed sev-
eral times by ethanol for removing the excess of oley-
lamine, separated by centrifugation and dried under room
temperature and atmosphere pressure to make it a pow-
der.

2.2 Preparation of CdS/PMMA composite films

After the preparation of CdS nanoparticle, CdS/PMMA
composite film was prepared by dissolving 1 gm of PMMA
in 10 ml of chloroform and stirred with help of magnetic
stirrer and heating to 70 °C for 10 min. A CdS nanopow-
der of 0.02 gm weight was dispersed in PMMA solution
and left it on the same conditions for 15 min, then poured
into flat-bottomed petri dish to form film with concentra-
tion of 13.8 mmol/ml and thickness of ~350 pm.

3 Test of the prepared samples
3.1 X-ray diffraction

The X-ray diffraction (XRD) pattern of CdS nanoparti-
cle powder was recorded by SHIMADZU XRD-6000. The
X-ray diffractometer use (CuK, radiation line of wave-
length of 1.54 A in 260 range from 20° to 60°.

3.2 Absorption and PL spectra

UV-Vis absorption spectrum of the samples was recorded
by OPTIMA SP_3000 UV_Vis spectrophotometer covering
a range from (200-1100) nm.

The photoluminescence spectrum (PL) was taken
by SL 174 spectrofluorometer covering a range from
(300-900) nm. The A atomic force microscopy (AFM)
was used to study the morphology of the prepared CdS
nanoparticles and to determine the particles dimensions
range and their statistical distribution.

The illumination of the CdS/PMMA composite films
was carried on by a GaN UV-LED of a power of 5 mW in
order to generate the white light.
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Fig. 1. The XRD pattern of CdS nanoparticle.
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Fig. 2. UV-Vis absorption spectrum of CdS nanoparticle.

4 Result and discussion

The XRD of the yield CdS nanoparticles was tested by
ke Cu source line of 1.54 A wavelength as mentioned be-
fore. The XRD pattern was shown in Figure 1. The figure
shows broad peaks which give evidence of the formation
of the nanostructure. Using the width of (002) peak which
appears at angle 26.5° on 26 scale in Scherrer relation [12]:

0.9\
"~ Bcosh’ (1)

where D is the grain size, X is the wavelength, (3 represents
the full width at half maximum (FWHM) in degree and
0 is the diffraction angle, the size of the formed nanopar-
ticles was found to be about 5 nm.

The UV-Vis absorption spectrum of the colloidal CdS
nanoparticle is shown in Figure 2. The spectrum shows an
absorption peak at 350 nm and absorption edge at 480 nm
which indicated that there is a blue shift of about 32 nm
due to the quantum confinement effect.

The AFM image of the surface morphology of CdS film
gives a good indicator for formation of the CdS nanopar-
ticles. The particle size which determined from AFM is
about 8 nm, as shown in Figure 5.

The photoluminescence emission spectrum (PL) of
CdS nanoparticle solution excited by 350 nm line is shown
in Figure 3. The spectrum shows a peak at 485 nm which
can be referred to the direct band transition and two peaks
at 580 and 630 nm which where attributed to the forma-
tion of surface states in the energy gap. This observation
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Fig. 3. (Color online) Photoluminescence emission spectrum
of CdS nanoparticle.

in the doped CdS nanoparticles was mentioned by other
workers [10].

The surface trapping peaks are attributed to the for-
mation of the surface states in the energy gap due to
nanostructure of the prepared CdS. In order to check the
emission peaks observed in the PL spectrum a mathemat-
ical model describing the spatial variation of the potential
at the grain boundaries due to the trapping of charge carri-
ers was proposed. The model based on solution of Poisson
equation at the grain boundary, as the following [13]:

vV =-L, (2)

where (p) is the charge density in the sample. The charge
distribution among the boundary is considered as its dis-
tribution in the junction. Usually the charge concentra-
tion changes in state-like manner but actually in diffused
junction the concentration varies gradually. The practical
distribution of the charge in the junction and in the grain
boundaries can be written as [14]:

p = posech (2) tanh (2) , (3)

where po = Ne = 103 c/m?’; N is the carriers concentra-
tion, e is the electronic charge, and a is the grain size.

Solving equation (2) using the boundary conditions as
follow:

— the charge concentrations p = 0 at x = 0; p = po at
x = a; the electric field F = 0 at & > a thus € which
represents the surface state energy was found to be:

2poa’ 1 ™
— 2P (4 z/a _ _) . 4
€ ( an e e; (4)

— using the values of p, = 10 ¢/ m3, and the dielectric
constant of the CdS samples €,.= 5.7, the values of
for grain sizes (a) which is in order of 4.6 and 8 nm
were calculated.

The AFA image of the CdS nanoparticles show that the
histogram of the percentage of CdS NCs as a function of
the grain size as in Figure 6.

It can be noticed from the histogram that the major
particles have a grain sizes in the range 6-12 nm. Thus
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Fig. 4. (Color online) (a) Tristimulus coordinates of CdS
nanoparticle (0.37, 0.34) on the CIE 1931 chromaticity dia-
gram. (b) A photograph of white light generation from illumi-
nated CdS/PMMA composite film by UVGaN-LED.

the values of ¢ were calculated from equation (4) for the
grain sizes mentioned above. The corresponding values of
¢ were found by applying equation (4) as 0.1611, 0.3625
and 1.776 eV, respectively.

The appearance of the different peaks in the PL spec-
trum can be attributed to above range of the nanostruc-
tures dimension in the prepared CdS nanocrystal film.

The mid-gap trap states or the surface states of the
above values were illustrated in Figure 7.

The emission due to transition from the CB to the
mid-gap surface states were centered around 698, 602 and
548 nm as show in Figure 7.

The CdS nanocrystal dispersed in PMMA matrix
was illuminated by GaN UV-LED to activate the broad
surface-state emission over the entire visible range to gen-
erate light close to white in color as shown in Figure 4a.
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Fig. 5. (Color online) AFM image of CdS nanofilm prepared
by chemical bath deposition.
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Fig. 6. (Color online) The percentage of the CdS NPs as a
function of grain size.

5 Chromaticity coordinates and correlated
color temperature (CCT)

The white-light produced by LEDs, or any other light
sources for general lighting, should have an acceptable
white color in order to show all the colors of illumi-
nated objects appropriately. Since the color of light is ex-
pressed by the CIE colorimetry system, the spectrum of a
given light is weighted by the XYZ color matching func-
tions [15]. The resultant three weighted integral values of
X,Y and Z are calculated from the PL spectrum by find-
ing the area under the curve for the three peaks in red,
green and blue centered around 485, 580 and 630 nm.

The chromaticity coordinates x, y on CIE colorimetry
system are found from X, Y and Z as follow:

r=X/(X+Y +2) =037
y=Y/(X+Y +2)=0.34.

X, Y, and Z, which are roughly the area under the
curve of the emitted red, green and blue in PL spectrum,
respectively.

Any color of light can be expressed by the chromaticity
coordinate (z, y) on the CIE 1931 (z, y) chromaticity

CB
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g BN 548nm
3)
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Fig. 7. (Color online) The mid-gap trap state from the
CB-Trap state transition.

diagram. The white light which produced from our CdS
nanoparticles has tristimulus coordinates (x, y) = (0.37,
0.34).

We can verify the correlated color temperature
(CCT) for the resulting white light by using McCamy’s
approximation algorithm to estimate the CCT from the
zy chromaticities [15,16]:

CCT = —449n® + 352512 — 6823.3n + 5520.33 . . ., (5)
where
x — 0.3320

n—= ——.
y — 0.1858

By using the values of x and y as determined before, the
color temperature of the produced white light was found
to be about 4000 K.

The value of chromaticity coordinates were used in
chromaticity diagram as shown in Figure 4a to show that
the output light of the emission lines registered in PL
spectrum is in the white light region and this result was
confirmed by photograph of the light emitted from the
CdS/PMMA composite film illuminated by GaNUV-LED
as shown in Figure 4b.

6 Conclusion

White light emission has been produced from illumination
CdS NCs (with an average of 6 nm) by GaNUV-LED. The
peaks which appear in PL spectrum of CdS NCs result
from direct band transition and surface-state transitions.
CdS NCs illuminated by GaNUV-LED produce white light
with chromaticity coordinates (0.37, 0.34), which is within
the white region of the CIE 1931 diagram. These NCs
exhibit a blue shift in its absorption spectrum, it is about
35 nm. Results appeared that no change in the emission
spectrum of samples either in solution or in the solid state.
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