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MODIFIED REFRACTIVE INDEX OF ZINC SULFIDE
NANOPARTICLES DOPED GLASSES
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ABSTRACT. ZnS nanoparticles (NPs) embedded in an oxide glass have been achieved in
the present work by melting process. The UV-visible absorption and fluorescence prop-
erties of these doped and undoped glasses have been evaluated and compared. Studies on
absorption spectra showed that the size of the ZnS NPs was near to 2 nm. Doped glass
fluorescence characterized by laser confocale microscopy is centered at about 620 nm. We
measured also the refractive index of ZnS doped glasses. The maximum refractive index
difference between the undoped and ZnS doped glasses was found about 0.1 (1 = 632.8
nm).

1. Introduction

Nanostructured materials represent a new class of materials. They exhibit novel op-
tical properties which are potentially useful for technological applications and provide
many opportunities for studying physics in low dimensions [1, 2]. Since the optoelec-
tronic properties of semiconductor nanoparticles (NPs) differ from those of bulk material,
nanostructured materials demonstrate a number of striking effects such as size quantifi-
cation [3], unusual fluorescence [4], and non-linear optical behavior [5]. Previous studies
have addressed the synthesis of semiconductor NPs embedded in a wide variety of matrices
(glasses, polymers ...) [6, 7]. Many research efforts concerned the use of supporting ma-
trix like glasses to stabilize the NPs [8].Glasses are expected to provide good mechanical
and optical properties conferring high kinetic stability on semiconductor NPs. Therefore,
the particles are embedded in the supporting media forming nanocomposite materials. Zinc
sulfide (ZnS), which is a direct wide band gap (Eg = 3.6 eV at 300 K) semiconductor, has
attracted much attention owing to its wide applications including UV light emitting diodes,
efficient phosphors in flat-panel displays, sensors and injection lasers, etc [9-10].

In the present paper we give experimental evidence of quantum confinement in ZnS
doped oxide glasses. We controlled the NPs size with an adequate choice of ZnS ini-
tial concentration as glass dopant. This approach can be used to realize functionalized
nanocomposite materials.
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Figure 1. (a) UV-VIS absorption spectra of the ZnS NPs doped glasses. (b)
(ahv)? vs. hv of the 0.6% ZnS sample. (c) Fluorescence spectra of the undoped
and 0.6% ZnS NPs doped glasses.

2. Experiment

Experimental glasses were prepared by melting a glass host containing 75 SiO», 5
CaCOg3, 17Na;CO3 mixed with 0 to 0.6 ZnS in mol%. We denote the samples as 0%
ZnS, 0.1% ZnS, 0.3% ZnS and 0.6% ZnS. A mixture (10 g) of the raw materials was
melted at 1350° for 2h. The resulting glass was cut and polished into a plate 0.5 mm thick.

The samples were characterised by UV-Vis absorption spectroscopy and Laser con-
focale microscopy. The absorption spectra in the UV and visible ranges were recorded
with a lambda 900 Perkin-Elmer spectrophotometer in wavelength range 220-600 nm.
Two-photon laser scanning microscopy was performed with a TCS-SP2 confocal micro-
scope from Leica Microsystems attached to an uprigth microscope (Leica, Heidelberg,
Germany). The system was equipped with a Ti:Sapphire MIRA 900 oscillator from coher-
ent pumped with a SW Verdi Nd: YAG laser at 532 nm. The laser system delivers typically
800 mW, 200 fs pulses with a 76 MHz repetition rate. The wavelength can be tuned in the
range 710-890 nm with a maximum power around 800 nm. An electro-optical modulator
(EOM) was used to adjust the laser power at the entrance of the confocal system. The mi-
croscope was controlled by the Leica Confocal Software. Series of spectra were collected
in step of 10 nm from 350 to 800 nm.

Figure 1a shows the UV-Vis spectra of undoped, as well as 0.1% ZnS, 0.3% ZnS, and
0.6% ZnS doped samples. All glass samples present no absorption in the visible range.
From the doped samples, we observe an increase in absorption with respect to the undoped
glass and an absorption band edge peaking at about 300 nm. This blue shift from 345 nm
(Eg=3.65 eV) for bulk ZnS can be understood as a quantum size effect due to confinement
of the electron and hole in ZnS nanoparticles volume [11]. With increasing ZnS initial
concentration in samples, the absorption becomes more intense and present red shift. This
is consistent with an interpretation of an increasing size and number of ZnS NPs with the
ZnS initial concentration in doped glasses. This effect is particularly significant for 0.6%
ZnS sample.

For direct interband transitions, Tauc’s equation (1) is given by [11]:

(Ahv)® = C(hv — Ey) (1)

Atti Accad. Pelorit. Pericol. Cl. Sci. Fis. Mat. Nat., Vol. 89, Suppl. No. 1, C1V89S1P066 (2011) [4 pages]



MODIFIED REFRACTIVE INDEX OF ZINC SULFIDE NANOPARTICLES ... C1V89S1P066-3

A ' b)

/

1524 -

"/

¥

sample _

T T T T T T T
0.0 0.1 02 03 04 0.5 0.6

ZnS concenration (mol%)

Figure 2. Effective refractive index measurements of the ZnS NPs doped glasses
at 1=632.8 nm.

Where A is the molar absorption coefficient, hv is the photon energy, C is an arbitrary
constant related effective masses of charge carriers associated with valence and conduction
bands and E is the band gap of the nanoparticles. From the plot of (Ahv)? versus hv as
presented in fig. 1b, the value of E, is obtained by extrapolating the linear fitted regions
to (Ahv)?. The band gap energy E, of ZnS NPs was estimated using Tauc’s plot which
comes out to be 4.9 eV (253 nm) for 0.6% ZnS sample. This value of E, is fairly large
in comparison with the bulk ZnS (3.65 eV). It corresponds to the ZnS NPs diameters of
2.2 nm according to the tight-binding calculation [12]. Figure 1c presents the fluorescence
of 0% ZnS and 0.6% ZnS samples under excitation at 800 nm. 0.6% ZnS NPs doped
glass presents stable red emission at about 620 nm, whereas 0% ZnS shows none. This
fluorescence is interpreted in literature as due to some surface states in ZnS NPs [13].

The effective refractive index n.sy of samples was determined by measurement of the
critical angle using attenuated total reflection at the prism/sample interface as depicted in
fig. 2a. All measurements were carried out at room temperature using He-Ne laser (1 =
632.8 nm). This allows for refractive index measurements with precision of 104, Figure
2b shows the refractive index modification with ZnS initial concentration of samples. The
refractive index of undoped sample was 1.4910. It increases with ZnS concentration in
the glassy matrix. The maximum n. difference between the undoped and the 0.6% ZnS
doped glass was found about 0.1. The refractive index of a sample is a function of NPs
concentration, temperature, and the wavelength of the incident light. Since the temperature
and the wavelength of the incident light do not change, the increase of refractive index
samples is certainly due to the increase of the ZnS NPs concentration in glassy matrix as
shown by UV-visible measurements. These results demonstrate that one can modify the
n.fy in nanocomposite glasses by varying ZnS concentration in the host matrix.

3. Conclusions

We succeed in synthesis of ZnS NPs doped glasses with high refractive index difference
by using melting process. The maximum refractive index change between the undoped and
the 0.6% ZnS doped glass was found about 0.1. This makes such glasses prospective for
fabrication of materials with optical adjustable properties.
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