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Abstract. By a co-precipitation method, we have synthesized Mn-doped ZnS nanoparticles with
the Mn contents of 2-12 mol% from solutions Zn(CHs COO)s 0.1M, Mn(CHsCOO)2 0.1M and
NazS 0.1M. XRD patterns, TEM images show these nanoparticles possess cubic crystalline struc-
ture with average size about of 3-4 mm. Photoluminescence spectra of samples present a broad
yellow-orange band of 603 nm, its intensity increases with the increasing of Mn content from 2
mol% to 8 mol % when the excitation power density increases from 0.06 W/cm? to 0.21 W/cm?.
However, while the intensity increases with the increasing of Mn content its position is almost
unchanged. This band is attributed to the radiative transition of electron in 3d°unfulfilled shell
of Mn?®* ions [*T1(*G)—®A1(°S). The absorption spectra show main bands at 308-328 nm with
strong intensity related to absorption near band edge of ZnS crystal. These bands related to Mn>*
absorption also appeared with weaker intensity. The photoluminescence excitation spectra moni-
tored at the yellow-orange band exhibited a band at 354 nm with strong intensity and bands at 432,
466, 497 nm with weaker intensity. The band of 354 nm is attributed to the absorption near band
edge. Simultaneously, the bands of 432, 466, 497 nm are attributed to the absorption transitions
of electrons from ground state ®A1(°S) to excited states * To(*D), *A1(*G) - *E(*G), *T2(*G) of
Mn*tions in ZnS crystal, respectively.

I. INTRODUCTION

The prominent characteristic of ZnS, Mn-doped ZnS nanomaterial is a wide band
gap energy, direct transition, strong luminescence in vissible range and high luminescence
efficiency. Therefore, those materials have been widely applied in opto-electronics as light,
television screen, computer, laser sensor, photocatalysis, bio-label. . . [1-3]

The Mn-doped ZnS nanoparticles possessing a high luminescence efficiency can be
prepared by a physical method as the cathode sputtering, laser ablation and as well
as chemical methods as the sol-gel, hydrothermal, co-precipitation...in which the co-
precipitation method is a quite simple, can prepare nanoparticles at room temperature
[2,4-6]. In this paper, we present synthesis results of Mn-doped ZnS nanoparticles with
Mn content of 2-12 mol% by a co-precipitation method from Zn(CH3COO)2.2H20, NayS,
Mn(CH3C00)3.4H,0 and study on some optical properties. The results give information
about absorption, radiation, excitation of Mn?T ions in ZnS crystal and the influence of
particle size effect on the photoluminescence spectra.
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II. EXPERIMENTAL

The nanoparticles Mn-doped ZnS with Mn content of 2-12 mol% was synthesized by
a co-precipitation method as following: dissolve Zn(CH3COO),.2H20, Mn(CH3COO)2.4H,0
and NagS in two-times distilled water in order to create solution of Zn(CH3COQ)20.1M
(A), Mn(CH3C00)20.1M (B) and NapS(C), then stirring this solutions for 30 minutes.
The solution A and B were mixed in a certain volume proportion. Then an additional
amount of CH3COOH was droped into abovemixed solution to produce a solution (D) with
a pH = 3.5 and stirred for 30 minutes. After that, the solution D was slowly droped into
the solution C and stirred continuously for 30 minutes. The ZnS and MnS precipitations
were created by reaction equations as following:

ZD(CH:),COO)Q 4+ NaoS — ZnS| + 2CH3COONa
Mn(CH3COO0)s + NasS — MnSJ + 2CH;COONa

These precipitations were washed by two-times distilled water, separated by cen-
trifuge with speed of 2500 rpm, then they were dried at 80" for 10h and annealed at
120°C for 10h in the air atmosphere. The crystalline structure of samples was studied
through X-ray deffraction patterns on a XD8 Advance Buker system using Cu-K, (A=
1.5046A). The surface morphology of samples were seen on TEM images which was taken
on the TEM system JEM-1010. The photoluminescence (PL), photoluminescece excita-
tion (PLE) and absorption spectra at 300K were excited by 325 nm radiation of He-Cd
laser, a xenon lamp XFOR-450 and have been measured on Oriel-Spec MS-257, FL3-22
and JASCO-V670 spectrometers, respectively.

III. RESULTS AND DISCUSSION

ITII.1. The structure and morphology of Mn-doped ZnS nanoparticles

Fig. 1 shows the XRD patterns of ZnS,Mn-doped ZnS nanoparticles of samples
with Mn content of 2-12 mol%. These XRD patterns include three diffraction peaks
corresponded to (111), (220) and (311) planes, in which the peak (111) has the largest
intensity. The XRD patterns show that ZnS nanoparticles are in the single phase, TC% —
F43m symmetry cubic structure with the lattice constant of a = 5.3795A. Generally, with
the increase of Mn content of 2 — 12 mol%, the position of diffraction peaks are nearly
unchanged butthe lattice constant increase slightly. This increasing of lattice constant
can be induced by the bigger radius of Mn?* ion in high spin(0.97A) than that of Zn?*
ion (0.88A)[7]. From XRD patterns and using Debye-Scherrer’s formular D = ﬂoégg‘a, the
average size of Mn-doped ZnS nanoparticles have been estimated about of 3-4 nm.

Fig. 2 shows TEM image of Mn-doped ZnS nanoparticles (Cpz, = 8 mol%). The
TEM image shows the quite disperse Mn-doped ZnS nanoparticles with average size
aboutof 3-5 nm.

ITI.2. The optical properties of Mn-doped ZnS nanoparticles

Fig. 3 presents PL spectra of the ZnS and Mn-doped ZnS nanoparticles recorded at
300K with different Mn contents as excited by 325 nm radiation of He-Cd laser. The PL
spectra of ZnS nanoparticles show a wide blue band around 450 nm(Fig.3a). This band is
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Fig. 1. The XRD patterns of ZnS, Mn-doped Fig. 2. The TEM image of Mn-doped ZnS

ZnS nanoparticles with diferent Mn contents

nanoparticles (Cps, = 8 mol%)

attributed to vacancies of Zn, S, their interstitial atoms and surface states (called the self
activated band) [8-12]. When Mn is introduced into ZnS with the Mn content of 2 mol%,
the blue band is almost quenching, a yellow-orange band at 600 nm with wide band width
appears (Fig. 3b). When increasing the Mn content from 2 mol% to 12 mol%, the yellow-
orange band intensity gradually increases (Fig. 3¢, Fig. 3d) and reaches the maximum
value at the Mn content of 8 mol%(Fig. 3e), the PL shift towards the longer wavelength
from 600 nm for Mn content of 2-6 mol% to 603 nmfor Mn content of 8-12 mol%.This
proves the yellow-orange band is attributed to the radiative transitions of electrons in 3d°

un fullfilled configuration of Mn?* ions [*T;(*G)—C%A;(6S)] [1].

PL Intensity (a.u)

Fig. 3. The PL spectra of ZnS, Mn-

a.ZnS
b. 2 mol% 603
c. 4 mol%
d. 6 mol%
e. 8 mol%
f. 10 mol%
g. 12 mol%

6x10°

oo
ww
»o
>

33

603
5x10° A

4x10°4
3x10° 584 b

2x10° A

PL Intensity (a.u)

1x10°

400 500 600
Wavelength (nm)

700 800 350 400

450 500 550 600 650
Wavelength (nm)

Fig. 4. The PL spectra of Mn-doped ZnS prepared

doped ZnS nanoparticles with different by a solid reaction method (Cps, = 0.8 mol%) (a)

Mn contents

and a co-precipitation method (Cps,, = 8 mol%) (b).

As increasing the Mn content, the Mn?Tions substituted Zn?* ions and their va-
cancies increase, so the intensity of the yellow-orange band increases. With a higher Mn
content, the photoluminescence intensity reduces, this is possibly due to interact between
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Mn?* ions and ions of crystalline lattice and between Mn?* ions mutually [5]. The PL
spectra of Mn-doped Zn§S prepared by the solid state reaction method (Cpz,= 0.8 mol%)
and prepared by the co-precipitation method (Cpz,= 8 mol%) with the particle size of
3 pum, 3.4 nm, respectively, show that the yellow-orange band shifts towards the longer
wavelength about 9 nm (Fig. 4). This is attributed to the quantum confinement effect
when grain size reduces [3,13].

Figures 5 and 6 show the PL spectra of ZnS, Mn doped ZnS nanoparticles (Cpz,= 8
mol%) with some excitation power densities. When increasing the excitation power density
of He-Cd laser radiation from 0.06 W/cm? to 0.21 W/cm?, the self-activated centers and
Mn?* ions joining in radiation increase, so the intensity of the blue band, the yellow-
orange band increase while theirs peak positions are almost unchanged. Their intensities
are increased obey to the exponential law, Ipy, = Jz , with n ~ 1.1 for the blue band and
n~:1.0 for the yellow-orange band. Those are quite in agreement with reference [14].
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Fig. 5. The PL spectra of ZnS nanopar- Fig. 6. The PL spectra of Mn-doped ZnS nanoparti-
ticles with different excitation power cles (Cps, = 8 mol%) with different excitation power
densities. densities.

To clarify the radiation nature of the yellow-orange band, we have studied on ab-
sorption and PLE spectra of Mn-doped ZnS nanoparticles. Fig. 7 is the absorption spectra
of ZnS, Mn-doped-ZnS nanoparticles with different contents. In absorption spectra of ZnS,
there is a wide band around 308 nm with strong intensity (Fig. 7a) attributed to absorp-
tion transition near the band edge of ZnS [9,15]. When Mn content increases from 2 mol%
to 12 mol%, the right side of this band denegenates gradually and the maximum peak
shifts towards to the longer wavelength due to Mn?* ions absorption contribution. At the
Mn content of 6, 8 mol%, the Mn?Tions absorption present clearly at 466, 497 nm band
(Fig. 7d, 7e). At the Mn content of 10, 12 mol%, those bands combine into one band and a
band around 390 nm on the right side band attributed to Mn?* appears. The absorption
near the band edge and Mn?* ions absorption of Mn-doped ZnS exhibite more clearly in
PLE spectra.

Fig. 8 presents the PLE spectra monitoring at 450 nm and 603 nm of ZnS, Mn-doped
ZnS nanoparticles with different Mn contents, respectively. In the PLE spectra monitoring
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at 450 nm of ZnS, there is a wide band with maximum at about 333 nm (3.6946 eV)
(Fig. 8a). This value is quite similar with the band gap energy of ZnS crystal [13], therefore,
we have proposed that 333 nm band is attributed to the absorption transition near the
band edge of ZnS crystal. In the PLE spectra monitoring at 603 nm of Mn-doped ZnS
(Cam= 2 mol%), the absorption band near the band edge shifts towards to the longer
wavelength (at 358 nm), there are also bands at 432, 466, 497 nm with weaker intensity.
Those are assigned to absorption transitions of electrons from®A;(S) ground state to
excited states 4Ty (*D), A1(4G)- *E(*G), 4T9(*G) [15]. As increasing the Mn content
from 2 mol% to 8 mol%, intensity of the near band edge absorption increases and reaches
the maximum at 8 mol%, after that the intensity decrease gradually, the position shifts
towards to the shorter wavelength from 358 nm for 2 mol% to 354 nm for 12 mol% (Fig.8b-
8e). Intensity of Mn?* absorption band increases while its position is unchanged. This
proves that Mn?* ions substituted Zn?* ions, vacancies and produced the yellow-orange
band in PL spectra.

Using in turn radiation 325, 354, 432, 466, 497 nm of xenon lamp to excite Mn-
doped ZnS nanoparticles (Cpz,=8 mol%), we obtaina yellow-orange band at 603 nm. The
position of this band is almost unchanged but the intensity depends on the excitation
radiations (Fig. 9). The intensity is strong as exciting by 325, 354 nm raditions, that
decreases gradually as exciting by 466, 497, 432 nm although the intensity of 325, 354
nm radiations are weaker. From the results of absorption, PLE spectra monitoring at 603
nm and the unchanging of this band position as exiting by 325,354, 432, 466, 497 nm
radiations showed that there possibly occur the near band edge absorption of ZnS host
crystal and Mn?t absorption with more efficiency of near the band edge absorption in
Mn-doped ZnS nanoparticles. We think that, excitation by the radiations of 325, 354 nm
with photon energy estimate the band gap energy of ZnS crystal is the indirect excitation
of 3d® Mn?* ions. Under the effect of radiations, unbalance electron-hole pairs generated
can be bound with Mn?* ions, these pairs nonradiative recombination and transfer energy
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to 3d® electrons of Mn?t ions. Excitation by the radiations of 432, 466, 497 nm with
photon energy smaller than band gap energy of ZnS crystal is the direct excitation of
3d®> Mn?* ions[3].Electrons in 3d® unfullfilled shell of Mn?* ions absorb photons, they
transfer from ground state A1 (6S) into excited states*E(*D), 4T (*D), A1 (*G), *E1(*G),
4Ty(*G), after that, nonradiative transition into 4Ty (*G) state and finally transfer into
ground state 9A; (°S) to emit the yellow-orange band at 603 nm. The absorption, radiative
transitions of electrons in 3d°unfulfilled shell of Mn?*ions and the mechanism of excitation
energy trasferring in Mn-doped ZnS crystal is illustrated in Fig. 10.
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Fig. 9. The PL spectra of Mn-doped ZnS Fig. 10. The diagram of energy levels and
nanoparticles (Cps, = 8 mol%) with different absorption, radiative transitions of Mn?+
excitation radiations. in Mn- doped ZnS crystal.

IV. CONCLUSION

Mn-doped ZnS nanoparticles with Mn contents of 2 - 12 mol% from solutions
Zn(CH3COO)2 0.1M, NasS 0.1M and Mn(CH3C00)20.1M by a co-precipitation method
have not changed significantly in microstructure of ZnS but changed significantly in the
optical properties. Mn?* ions in Zn$ crystal caused 432, 466, 497 nm bands in absorption
and PLE spectra and the yellow-orange band at about 600-603 nm in PL spectra. Those
bands attribute to the absorption, radiative transitions of electrons in 3d®unfulfilled shell
of Mn?tions in ZnS crystal, respectively. When decreasing Mn content, excitation power
density and changing the excitation wavelengths, the position of the yellow-orange band
is unchanged while their intensity is changed. This proves that Mn?*ions substituted
Zn**ions and induced vacancies in ZnS crystal. The decreasing of Mn-doped Zn$S particle
size from 3 pmto 3.4 nm cause the quantum confinement effect. The yellow-orange band
characterizing to Mn?* shifts towards to the longer wavelength about of 9 nm.

ACKNOWLEDGMENTS

The authors would like to thank Vietnam National University project (code QG.11.07
project) for financial support.



[
2]

3]
[4]
[5]

[6]
[7]
[8]

[9]
[10]
[11]
[12]
[13]
[14]

[15]

B. H. VAN, P. V. BEN, H. N. NHAT, N. T. UYEN, AND T. M. THI 173

REFERENCES

R.N. Bhargava and D. Gallagher, X. Hong and A. Nurmikko, Phys. Rev. Lett. 72 (1994) 416-419
Heesun Yang, Swadeshmukul Santra and Paul H. Holloway, Nanoscience and Nanotechnology 5
(2005) 1364-1375

Wei Chen, Jan-Olle Malm, Reine Wallenberg and Jan- Olov Bovin, Journal of Applied Physics 89(2)
(2001) 1120 -1129

Vinotha Booram Lakshmi,K.Sakthi Raj and R. Ramachandran, Cryst. Res.Technol, 44(2) (2009)
153-158

W. Q. Peng, S. C. Qu, G. W. Cong, X. Q. Zhang, Z. Gwang, Journal of Crystal Growt 282 (2005)
179-185

N. Karar, Suchira Raj, F. Singh, Journal of Crystal Growth 268 (2004) 585-589
http://en.wikipedia.org/wiki/Ionic_radius

Weichen, Zhanguo Wang, Zhao Jun Lin Yan Xu, and Lanying Lin, J. Mater. Sci. Technol. 13 (1997)
397-404

Xiaosheng Fang and Lide Zhang, J. Mater.Sci. Technol. 22 (6) (2006) 721-736

Zhi Gang Chen, Jin Jou, Dai-Wei Wng, Adv. Funt. Mater.19 (2009) 484-490

Ying- Chun Zhu, Yoshio bando and Dong Feng Xue, Appl. Phys. Let. 82(11) (2003) 1769-1771
D.Denzler, M.Olschewski and K.Sattler, Journal of Applied Physics 84(5) (1998) 2841-2845
J.Nanda,Sameer Sapra and D.D.Sarma, Chem. Mater. 12 (2000) 1018- 1024

Wei Chen, Alan G. Joly, Jan-Olle Malm and Jan-Olov. Bovin, Journal of Applied Physics 95(2)
(2004) 667-672

M. Tanaka, J. Qian Y. Masamoto, J. Lumin. 472 (2000) 87-89

Received 26 April 2012.



