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Abstract The hexagonal phase wurtzite-type ZnS microspheres are synthesized by the hydrothermal method at
relatively low reaction temperature (160 C ), with glutathione (GSH) as the sulfur source, ZnCl, as the zinc source,
hexadecyl trimethylammonium bromide (CTAB) as the surfactant, and ethylenediamine as the reaction medium. The
morphologies of microspheres are observed by scanning electron microscope, and their phase structures are analyzed
by X-ray diffraction. In addition, the optical properties of samples synthesized under different conditions are
characterized by fluorescence spectrometer and ultraviolet spectrophotometer. The experimental results show that
CTAB can promote the formation of hollow spheres. The monodispersed hexagonal phase wurtzite-type ZnS
microspheres at micrometer scale, which are composed of nanoparticles, can be obtained at relatively low reaction
temperature when CTAB is used as the porogens. The ZnS hollow microspheres with different shell thicknesses can
be synthesized by changing the reaction parameters. The test results show that the fluorescence intensity of hollow
microspheres is higher than that of solid microspheres.
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BARIRBE (160 “C) N Al K #3k — 25 A5 B R 99 K 7 20 B0 B0 B O AR AR BE 0 B A B T BR L O i 9 17
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St 55
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D) B AR S (A FE R T 98 %) A BEH K 0.500 g(1.626 mmoD) 54 4L4E 0.074 g(0.542 mmol) K HIR
BIREMAE A DA 35 mL KB FKBBEM T 2 5%5 8 1,2,3,4;

2) AR AR YR BRI T4l 20 W 2.5.,2,5,10 mL ARUIE N E] ik 4 AR L 7E 34 ClE
BN RGPS HEFE 15 min, 2,3,4 SEEMTANIA 0.011 g CTAB,1 S H4R a8 (X IR , 76/ 1 56 PE s b
ki FE 10 min;

3) SRR IR G R BN 50 mL HLAHE AT VUG 05 I A I AN B8 4K AR 0 i FE 48 D, % 3 IS
AHMEES L #E 160 °C F &M 10 h;

4) J SSRGS H BN 28 B I8 20 3w I R R B O HLIBCSE B AR 7 W, BB K BTG K & BE A8 B Uk
IR % 60 CHEIR T #1582 .
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Table 1 Reaction conditions for ZnS synthesis

cosu/Com Vi/mL meras/ g Temperature /°C Time /h
ZnS-1 3:1 2.5 0 160 10
ZnS-2 3:1 2.5 0.011 160 10
ZnS-3 3:1 5 0.011 160 10
ZnS-4 3:1 10 0.011 160 10

22 SWERE

F MR X BFE AT S (D-8 X Advance, £ [H Bruker 2 &), £ [ 20 H7 KL S B AH . X B OGTE N Cu K,
A QK R 0.1542 nm) , SEEG BB KN 0.08°, T 4 M1 20 FAREIEE R 10°~80°; K H 43 fi 7 B 1 %
(SEM,JSM-6700F, H 372> Al s H 4 Fl3f 5 B 1 5858 (TEM, JEM-2010F , H 37 23 Al 5 H ) WA i SO0
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Fig. 1 XRD patterns of ZnS samples synthesized under different conditions
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Fig. 2 SEM images of ZnS samples synthesized under different conditions. (a) ZnS-1; (b) ZnS-2; (c¢) ZnS-3; (d) ZnS-4

R CTAB X ZnS fERIE SR 5 0 o] Gl a0 R . AN AEAE CTAB B, & Z R AE R 45570, 8 WL
B 4 A B 205 B 1Y ZnS TR s U AEAE CTAB B ARy 100 35 PE 7] . CTAB AU 94 K 2 ZnS 1 il 5 ur],
[Fi] Bt o 20 256 o B ™ A — i S AEAS [ A AR & v, CTAB JE BRI P IS A VR BN ] . 24 & i
BARNE . 7E 160 C R AR CTAB %%ﬁéﬁl‘ml*ﬁﬂiﬁ“"“ s FUE B — 26 S B0 ) 499 oK ok IEJHH‘,CTAB it
182 T W B BE T BRAR T 2SO B . BEE 2 M B3R . CTAB 7E 4K B B SR o, 11 7 2 K
257 200 nm R FEEAR ZnS G4 K Ok , 40 1&] Z(d)QI@HU—ALFﬁT 0 R B RS 0 A A5 21 26 R ) 15 3 4R
1o o il ZnS 9K e 2021 % BUSE O BB Y ZnS Tk
3.3 REMRSH

&l 3 S AN AR A 43 3 #E 260,270,280,290 nm & T AR SHGIE b AR K .t AT, Tl

0816001-3



ot % % i1

SERXT ZnS W& OEPEREA R K . & 3 Ca) AT 7 6] B & U KR R S G AR — B e 0 A
349 nm Ab ., AL 4 & B0 R T BEHE 1 2k (NBED 72 4E2 ) 394 nm Ab B9 K S 06 5 Kar 2572 4258 1 99 K 4 78
250 nm ¥k F R R GHIE—3. 7T 480 nm B & G ISR AR T JE AT Zn 23 00 Kk S

A CTAB ZJ&5 - a0l 3(b) 7 » 78 350 nm Ak & 5 08 iy 5 B W b 385, #2055 1 6 A5 A7, HOR S e s
B 336 nm BT, MiAE 394 nm Ml 480 nm Ak Y & S5 0558 B SL AR WA AL . X UL CTAB i A K H:
| S Y 5 40 28 b 32 X AT BE AT T 2k AR s L (R SR B W It R AR R . WA O S R,
WE 3C0) FT7R . ZnS BRI S5 TRk R A A8k, 250 BE N R . S UL RIS 76 394 nm &b 19 & 5 3% B P o,
M ELAEE 337 nm. 2N HINA 2.5 ml & ZREFES Y 12 £, 25 & e & R B esd, an &l 3(d) i
ZnS-4 TR AR 58 A IS0 R AS UL ET #E 350 nm &b (4 & S5 B B ST R R B & S0 A 7 1 B8 #1342 nm
Qb s 5 G R ATURE AL S0 ZnS-1 Bk & S 0 A G L H 2 ZnS-1 SRR B R SR E A A . —
I, ZnS-4 [T b ZnS-1 BOHLRE T AU ZnS TRERSS F4 T RN . 99K UKL 22 [BE B T 38 2 40 K 1L, 94 K FL
M7 AEM TS ZnS-4 HA B KA b 2 1w AL 59 — O 10 . 40 K FL 38 10 A0 B 25 0t £ B SR S8 e B BT L e Ak,
ZnS-4 F 4 K e 2E BT A L 4 K B R R R T 412 ZnS-1 B9 YN K BURE 33X (i 75 0 7 8500 Dk 55 . AT ZnS-4 (i 06
it ZnS-1 @A T 7 nm. A T 05 B G b b A S IG5 BE AR AL L FRLOML LR T 4 ALRR AR AE 280 nm R R &
SRR iR B L 2 R AN 4 FTOR

100 @
: 2,,=280
’g 80} 22270 nm g 600F
=1
8 _ £ 4501
goor M 8
) ! >
G 0p ff 7 3007
g ' g
g2} J ! E 150}
'
i 349 nm
0 'Y i i " 0 s A " " i
350 400 450 500 350 400 450 500
Wavelength /nm Wavelength /nm
¢21250 ©n 200 @
= 2,,=280 =
g 1000 ) 52270 :[’:l' = 160
g Eel
E 750 1 900 nm §120
> _ >
G 500 3 #=260 nm g 80}
<] . <
£ 250 ! E a0 !
0 1337 — 0 (342nm ) )
350 400 450 500 350 400 450 500
Wavelength /nm Wavelength /nm

Bl 3 AIES&MT G BN ZoS #ERERROE KT EFGE. ()ZnS-1; (b)ZnS-2; (0)ZnS-3; (d)ZnS-4
Fig. 3 Emission spectra of ZnS samples synthesized under different conditions at different excitation wavelengths.
(a) ZnS-1; (b) ZnS-2; (¢) ZnS-3; (d) ZnS-4
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Fig. 4 Emission spectrum intensities of different Fig. 5 Absorption spectra of ZnS samples
samples at excitation wavelength of 280 nm synthesized under different conditions
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Fig. 6 Infrared spectra of different ZnS samples

@it

S5 R K BIE A BRI L (160 °CH R SEBL T L0 B F 226 /5 5 A 2T B0 254 119 200 i AL A ek 1y )

Pl £ R EARAE 500~1000 nm JE N . SR SEM LI IE 35, JF 5@ 4 PL A5 AN 3ot BETHIF 5%
FesAPERe , 18 Wm0, R R 25 0F R & A R PR REA IR K22 5 . B CTAB H 25 & A&
5 mL L ZnS SRR A S20 AR 25 0 DOERCR SR b A 0 AR E R L RO T B R AR BE X — AR D
T 7 T AT AR I (E 2 0 B8O B 5 e AL A R R — 2B Y

2 % x #

Fendler ] H. Nanoparticles and nanostructured films [M]. Xiang Jinzhong, Wu Xinghui, Transl. Beijing: Beijing
Chemical Industry Press, 2003: 416.

OFTERE) . QUKL T SRR [M] . T4, RAEE, . deat: dbntdbE okl i, 2003 416.

Wells A F. Structural inorganic chemistry[M]. Oxford: Oxford University Press, 2012.

West A R. Solid state chemistry and its applications[M]. New York: John Wiley & Sons, 2007.

Zhang Dongfeng, Zhang Yahui, Guo Lin, et al. Synthesis of a-ZnS nanoparticles and their photoluminescence and Raman
properties[J]. Acta Physico-Chimica Sinica, 2007, 23(12): 1985-1988.

TRARR, TR HE, 3B Ak, 5F. o« ZnS KR 1Y S HOGEUR OGRS R [T] . WAk 2 2 i, 2007, 23(12):
1985-1988.

0816001-5



ot % % i1

10

11

12

13

14

16

17

18

19

20

21

22

23

24

26

Li Y, Ding Y, Zhang Y, et al. Photophysical properties of ZnS quantum dots[J]. Journal of Physics and Chemistry of
Solids, 1999, 60(1): 13-15.

Rana R K, Zhang L., Yu ] C, et al. Mesoporous structures from supramolecular assembly of in situ generated ZnS
nanoparticles[J]. Langmuir, 2003, 19(14): 5904-5911.

XuX]J, Fei GT, Yu W H, et al. Preparation and formation mechanism of ZnS semiconductor nanowires made by the
electrochemical deposition method[]J]. Nanotechnology, 2005, 17(2): 426.

Liu HJ, Ni Y H, Han M, et al. A facile template-free route for synthesis of hollow hexagonal ZnS nano-and submicro-
spheres[J]. Nanotechnology, 2005, 16(12): 2908-2912.

Gong J, Yang S, Huang H, et al. Experimental evidence of an octahedron nucleus in ZnS tetrapods[J]. Small, 2006, 2
(6): 732-735.

Fang X S, Ye C H, Zhang LL D, et al. Temperature-controlled catalytic growth of ZnS nanostructures by the evaporation
of ZnS nanopowders[J]. Advanced Functional Materials, 2005, 15(1): 63-68.

Cheng Cheng, Wu Ziqgi. Photoluminescence spectra of the CdSe/ZnS quantum dot doped polymethylmethacrylate material
[J]. Acta Optica Sinica, 2013, 33(9): 0906003.

R, RZEE. CdSe/ZnS & T x5 28 B W AL TN MG 2 T IR A BHI G B a1 [T Je 24, 2013, 33(9): 0906003.
Yan C L, Xue D F. Conversion of ZnO nanorod arrays into ZnO/ZnS nanocable and ZnS nanotube arrays via an in situ
chemistry strategy[J]. The Journal of Physical Chemistry B, 2006, 110(51): 25850-25855.

Wu Xiao, Wang Hao. Hydrothermal synthesis and photocatalytic properties of ZnS microspheres[J]. Chinese Journal of
Inorganic Chemistry, 2010, 26(3): 453-458.

F MR, TE WL ZnS WOKBRIGK PG SO RETF S [T . B4R, 2010, 26(3): 453-458.

Kubisa P. Ionic liquids in the synthesis and modification of polymers[J]. Journal of Polymer Science Part A, 2005, 43
(20): 4675-4683.

Kim Y, Kim S J, Cho S P, et al. High-performance ultraviolet photodetectors based on solution-grown ZnS nanobelts
sandwiched between graphene layers[J]. Scientific Reports, 2015, 5: 1-8.

Yu ] H, Kwon S H, Petrdsek Z, et al. High-resolution three-photon biomedical imaging using doped ZnS nanocrystals
[J]. Nature Materials, 2013, 12(4): 359-366.

Schaaff T G, Knight G, Shafigullin M N, et al. Isolation and selected properties of a 10.4 kDa gold: Glutathione cluster
compound[J]. The Journal of Physical Chemistry B, 1998, 102(52): 10643-10646.

Wu Q, Cao H, Zhang S, et al. Generation and optical properties of monodisperse wurtzite-type ZnS microspheres[J].
Inorganic Chemistry, 2006, 45(18): 7316-7322.

Liu Haichao, Chen Hua, Li Yaozhong, et al. 1-hexene hydroformylation on supported aqueous-phase catalyst of rhodium
complex[]J]. Journal of Molecular Catalysis, 1994, 8(1): 22-28.

X, Be o A, BRIRIL, . UEUKIEVERE-IERC A WAL 1- 20 ST B SN BRI SE 1] . 4 AL, 1994, 8(1) - 22-
28.

Zou Yaohong, Yu Weijie. The influence of temperature, NaCl and ethanol on CMC of ionic-type surfactants in aqueous
solution[J]. Journal of Changshu College, 2003, 17(4): 45-49.

ARMEUE, AR . IR AN S 2 BN A SR I R N SR R v A S [T W GRS TR, 2003, 17(4): 45-
49.

Li YJ, YouL P, Duan R, ez al. Straight ZnS nanobelts with wurtzite structure synthesized by the vapour phase transport
process and their crystallization and photoluminescence properties[J]. Nanotechnology, 2004, 15(5): 581-585.

Kar S, Chaudhuri S. Solvothermal synthesis of nanocrystalline FeS, with different morphologies[]J]. Chemical Physics
Letters, 2004, 398(1-3): 22-26.

Zhang H, Zhang S Y, Zuo M, et al. Synthesis of ZnS nanowires and assemblies by carbothermal chemical vapor
deposition and their photoluminescence[J]. European Journal of Inorganic chemistry, 2005, 2005(1): 47-50.

Song C X, Yang M L, Wang D B, et al. Synthesis and optical properties of ZnS hollow spheres from single source
precursor[J]. Materials Research Bulletin, 2010, 45(8): 1021-1025.

Zhang Rui, Zhu Yabin, Bi Yu, et al. Fabrication and its optical properties of ordered ZnO nanoparticle arrays[J]. Acta
Optica Sinica, 2014, 34(6): 0630003.

iKOBL ORWAM, BOE, A ZoO GUKEESI R E g KOHOEFERRELT] . SLAE B, 2014, 34(6): 0630003.

Cheng Cheng, Di Shitao. Determination of nonlinear dependence between absorption and dispersion of CdSe/ZnS quantum

dots doped in ultraviolet glue[J]. Acta Optica Sinica, 2014, 34(6): 0612009.

0816001-6



ot % % i1

27

28

B, BITFIE. SN B T CdSe/ZnS H F AR R U S A AR R E X R MR E [T]. S, 2014, 34(6):
0612009.

Panda S K, Chaudhuri S. Chelating ligand-mediated synthesis of hollow ZnS microspheres and its optical properties[]J].
Journal of Colloid and Interface Science, 2007, 313(1): 338-344.

Mohamed M E. Synthesis and spectroscopic characterization of l-aspartic acid complexes with metals of the lanthanides

family[J]. International Letters of Chemistry, Physics and Astronomy, 2013, 6: 91-115.

0816001-7



