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Abstract: Problem statement: The high quality of ZnS:Mn nanocrystals is impottaim
nanotechnology industries. The perfect chemicalcgdare is significant to produce the best of
nanocrystals. Hence, this research is concern @gdlod chemical method in processing manganese
doped zinc sulphide nanocrystakspproach: For the first step, Mn doped ZnS nanocrystals were
synthesized by using sol gel spin coating methdterAhe crystals were obtained, the properties of
ZnS:Mrf* on morphology, optical and electrical were detewedi by using Field Emission Scanning
Electron Microscopy (FE-SEM), Ultra Violet Visibl&pectroscopy (UV-Vis), Photoluminescence
Spectrophotometer (PL) and current-voltage measemerfl-V). Results: The particle has diameter
size around 22 nm. In this experiment it was fotimat the current increases with the increasing of
applied voltage (-10 V to 10 V). UV-Vis spectra slsoappearance of an absorption peak at 250 nm
meanwhile in PL analysis spectra, the sample has terorded at room temperature and two emissions
peaks at blue and orange emissions were obseBatlusion: Manganese doped zinc sulphide was
successfully synthesized using sol gel spin coatiathod and it performs in good quality.
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INTRODUCTION solvotherma, microemulsion, sol gel method,
organometallic methods, passivation procedurejdiqu
Efficiently luminescing nanocrystalline solid solution (Murugadoset al., 2011; Xiyinget al.,

semiconductors of Mn doped ZnS has attracted mucB011). Numerous  compound semiconductor
attention due to their unique properties especially nanocrystals have been synthesized using sol gel
optical and electrical part. Because of thesemethod has often been reports previously (Yakya
characteristics, this semiconductor which has wideal., 2009). Sol gel method is one of the inexpensive
band gap (3.68 eV) is possible to be applied inand easy method to produce thin film materialghia
optoelectronic applications such as optical swische paper, we mainly focused on the optical and elealri
sensors, electroluminescence devices, biomedigal ta properties of Mn doped ZnS nanocrystals synthesized
nanophosphors (Monica and Lokendra, 2010yia sol gel spin coating method. The optical
Murugadoss et al., 2011; Xiying et al., 2011). absorption properties found that the blue shiftthod
Actually, Mr?* -doped ZnS nanoparticles have beenabsorption edge is occurred due to quantum
first reported in 1983 but this ZnS:Mn nanoparticle confinement effect. In this work, the ¥fnion is used
still have been studied because of their potentiahs a dopant. This ion which has a d configuratian c
applications in future generation due to theirexhibits a broad emission peak (yellow-red emigsion
extraordinary properties. In producing ZnS:Mn thin corresponding to th&T,-°A; transition (Monica and
film, wvarious technique especially chemical Lokendra, 2010). While in electrical section, Mn
procedures have been mostly used, for exampldoped ZnS was characterized during external
chemical bath deposition, electrochemical fabramati illumination exhibited more current.
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MATERIALSAND METHODS RESUL TS AND DISCUSSION

ZnS:Mn Nanocrystals preparation: Mn doped znS Optical  properties. We  show the basic
nanocrystals were synthesized by using sol gel spiﬁharacterization of this nanocrystals sample with a
coating method. To obtain thin film nanocrystal;icz ~ dopant concentration of x = 0.1% in term of UV-Vis
nitrate, thiourea, manganese acetate were diluitd w absorption/transmission spectra and photoluminescen
propanol and distilled water. The mixed solutionswa spectra in Fig. 3 as well as Fig. 5. The transmissi
stirred until a homogenous colorless solution wasspectra show above 90% transmittance in the
obtained. The ZnS:Mn thin film was prepared by spinwavelength range of 200-1000 nm. The UV-Vis
coating on quartz slide and then transferred tabsorption spectrum shows sharp absorption edge at
programmable furnace and annealed at 400°C. 250 nm, which can be assigned to an excitonic
) ) transition and proves the existence of ZnS nanimpest
Optical and electrical measurement: Crystals are (\jyrugadosst al., 2011). From the absorption edge of
almost spherical in shape and th_elr average sZe®1a  zns:Mn nanocrystals, we obtained a band gap of V78
the range of 22 nm. These particles were obseryed B, nich is different from the bulk band gap valueZoiS

Field Emission Scanning Microscopy (FE-SEM) aS(3 68 eV). This impli .
P . . . . plies that the band gap on 0.1irly
shown in Fig. 1. FE-SEM micrograph of as-synthakize Iof Mn in the ZnS nanocrystals increases by 1.1 eV.

Mg d?pef_l Znﬁ n_?aocc;ystjllfhgn?lealed at 400: CI: is wel In obtaining the absorption characteristics of the
orderly aligned. 1he dried thin iim Nanocrystalst oo mpje  firstly the transmittance (T) at different

characterized by using Ultraviolet-Visible Spectmsy : ;

: . wavelengths A) is measured and then absorption
(UV-Vis) and Photoluminescence Spectrophotometer - :

(PL). Meanwhile in electrical measurement, thimfil coefficients ) at the corresponding wavelengthg (

. S ..,are calculated using the Beer-Lambert’s relatiocqs
nanocrystals were measured in two conditions (W|thl (Maurya and Chauhan, 2011):
and without UV exposure). For determining current- ' '
voltage (I-V) measurement, electrical tape was used 1
make electric contacts at two ends side of glaigs 2. a=—1n [*)
Then the current of ZnS:Mn nanocrystals was medsure
at certain voltages (-10 V to 10 V).

1)

where, d is the film thickness. The relation betwéee

incident photon energy ¢h and the absorption
coefficients () is given by the following relation
(Maurya and Chauhan, 2011):

(O(hv)”m = c( hv- Eg) (2

Where:

¢ = Aconstant

E; = The bandgap of the material and the exponent m
depends on the type of the transition

Fig. 1: FE-SEM image of nanocrystalline ZnS:Mn

deposited on quartz glass ' ' T ' T
Source B o _
Iils S i P
L |. g Almost sharp / S =
7 absorption edge a'(\]\A : g
. AT 750 nm \ : A 3
Resistor g — = \ i -
UA %1 5 bS]
y 8 Y 4
. ; \_\ - <

Microammet L et
Electrical tape as L L 1 1 I
o the role of electrode 1 2 3 4 5 6 7
Thin film nanocrystals hu (eV)

Fig. 2: Test bench circuit to measure |-V charasties  Fig. 3: Optical absorption and transmission spectra for
of ZnS:Mn nanocrystals in two conditions Zng Mng 1S
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the bulk value of ZnS (3.68 eV) (Murugadossal.,
'-' 2011).

T T T T T

Interception g b f ..
between two lines Figure 4 showed the room temperature emission
_ - \ J /o spectra of ZpdMng 1S hanocrystals under excitation of
B (honk b i _ 250 nm. It was found that the emission band consit
2 ~\Y two broad peaks at the energies of 2.1 eV (590amd)
- ! 7 2.9 eV (390 nm). The first peak arises due to ttmms

e 4 forming the orange band of the luminescence in ZnS
4 with the Possible contribution of the intracentral
6 7 transitions “T; (excited) °A; (ground) of MA" ion.
Sokolov et. al found that Mn incorporated into #eS
lattice leads to the Mn based orange emission. Tthus
) . . . can be concluded that the Mn ions in our sample is
4 ggg;ﬁ?gnr}tgn:nﬁ};c:i‘énbandnggtrgom tbhye lej\s/i'r?gindeed incorporated into ZnS nanocrystals. The
appearance of the second peak at the energy &\2.9

1/ . . .
(ahv) m=c(hv— Eg) wherec is the constantg is the  is caused by the presence of Mn atoms. These can be

bandgap of the material and the exponent m depend@Scribed to s-p exchange interaction. It can béaegx
when Mrf* ions were incorporated into ZnS lattice and

5

hu (eV)

Fig

on the type of the transition ) ! ! £
substituted for host cation sites, the mixing betmvs-p
Conduction band electrons of the host ZnS and the d electrons of'Mn
0 N occurred and made the forbidden transitiof Hf°A;
" Mn d-states partially allowed; resulting in the characteristic
e / \ —"‘*\ emission of MA" as previously reported by Xiying et.
8 r : { ) Al (Xiying etal., 2011).
ol \__/,f M Coslales Electrical propertiess Based on Fig. 6 we can
D;EE&'S{&EE:; observed that |-V characteristics of nanocrystais t
film exhibited straight line when the current is\ling
T through the circuit for both condition. This linacsvs
almost constant ratio between voltage and current f
- both negative and positive values which Ohm'’s law i
| Blue emission obeyed. From the same figure, we can see cleaaly th
for dark condition, current is less than the second

condition which nanocrystals thin film was exposed
with 10% intensity of UV during I-V measurement.€Th
increment of photocurrent can be related with
generation and recombination theory. 8xplained the
increasing current when exposed to UV correspoads t
the increasing electron-hole pairs uniformly
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@ HEY . throughout the sample. The initial carriers (mibgri
s " | recombined with the majority carriers and that tsyw
150 150 530 = 550 the carrier concentrations are above from theimabr
S equilibrium values. These majority carriers were
= known as photogenerated carriers. Based on Fige6,

Fig. 5: Photoluminescence spectra for Mn doped @&nS can ld_etermine _the res,istance for dark arld photo
X = 0.10% conditions by using ohm’s law. From calculationrida
condition exhibited lower resistance as compared to
In this calculation, m is considered as Photo condition with 9.1 M and 125 M,
corresponding to the direct transition. To meaghee  '€Spectively. Furthermore, from |-V measuremeify fi
conductivity can be calculated by using equation

direct band gap valueglfv)? versus h is plotted and it
0=I1/SU where lis the current, I-the sample of length,

is shown in Fig. 4. By extrapolating the straigbttn
of the graph on - axis, the optical band gap is S-area of cross section, U-voltage. The condugtivit

measured. The obtained values of the bandgap d¥in doped ZnS nanocrystal layers is in the rangeQof

ZnS:Mn nanoparticles (5.12 eV) are higher than dfat (Q)™
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In the summary, two broad photoluminescence  girycture by extremely low sintering temperature of
emissions (blue and orange emissions) are obtained go| gel temperature. Am. J. Eng. Applied Sci., 2:
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band gap of the synthesized nanocrystals is obderve
from the bulk band gap value of ZnS owing to the
guantum confinement effect. This method was found t

be an efficient technique for producing -current-
enhanced ZnS:Mi nanocrystals value due to applied

voltage for both conditions.
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