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Preparation of Core-shell SiO,/ZnS and Hollow Nanospheres

XU Yang-Zi!, HU He?

(1. Faculty of Physics and Electronic Technology, Hubei University,, Wuhan 430062, China; 2. Faculty of
Chemistry and Material Science, Hubei University, Wuhan 430062, China)

Abstract: SiO2 coated by ZnS nanocrystalline three-dimensional core-shell or hollow nanospheres
can be used as building blocks for photonic crystals.To produce these particular three-dimensional
nano-materials, a layer-by-layer. self-assembled method was used. The electrostatic on the surface of
nanometer SiO, templates could absorb ZnS nanocrystal and form a layer of thickness-controlled shell.
The hollow nanospheres were produced. by 5% hydrofluoric acid etched the SiOy templates. The core-
shell structure and'hollow nanospheres were verified by XRD, UV, PL, TEM, SEM and AFM. The
results indicate that after the SiO5is coated by ZnS nanocrystalline, the core-shell surface is close and

neat, and the particle size is homogeneous. The configuration of ZnS hollow nanospheres is intact, and
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the thickness is well-distributed.
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2.1 HF 58

P A T 18 R A BT Al B 2 A R WLk o R
R 124, N RO IrER.

2 [ PE-Spectrum One 7 {H# 37 A5 i 21 4h 56
WX, KBr . HAHZ: JEM-100SX A% 5 i
Bi. RE DI AF Ha BEMKR BME. FEIA
] Sirion 200 37 & HFHF E T E#%%. Molvern
autosizer LOC-FC963 3 6 't U5 b BE 43 A7 X .

2.2 HEAE
2.2.1 SiO; PARERIEAREYHIE

¥ F Stober ¥ 6 45 ¢(250~320)nm 747 Yy
B B AR, R T (25 °C), IR IE/K &
B K &K =49:31:4 M E/R LR &, BEHE 30min;
SRJE I 0.01mol IERERR Z BR (TEOS) BiiHE K Y. 2h.
R sE s, BOmaE, HIRFERKER 21K,
JoK CEEBES 1K, THZTHRF T4 12h
2.2.2 Si0,@ZnS 1 Si0,@ZnS:Mn?" #2740
KEREIHIE

X TAA RHE, 60~65°C F, ZEICK B / K
BAHT R : OFFER 0.09g SiO2( R N 2SS4
W), AR T 60mL JC/K ZBE R, 23 i 15min;
@ HREL 0.20g( BY 0.40g) TAA ¥ F 60mL #4 4li /K 7,
PR SE V. RO T B BUIN N © b 4k 2245 H
5min, B A & HINEE 60~65°C; b 2.0mL (5K
4.0mL) , 1mol/L §y Zu(Ac)2-2H20 W, 1.2mL(8
2.4mL) . 0.05mol/L {4 Mn(Ac),-4H,0 ¥WE, ik
TRV 3h; BB RV S I UTTE, B AEK I
K, TAKCEERE K, THZETHRRES 80°C K
2548 12h.

2.2.3 ZnS F ZnS:Mn’" FEEAKBERVFHIE

FREL 0.05g SiO2@ZnS(BY Si02,@QZnS:Mn?+) #% 7%
GERAAARERG R, T 30mL JGuK 2 BE R A 4 H
SRJE I 15mL . 5% (Y HF ¥, &L 10min;
ARZENH N 10mL . 5 % B9 HEF 3, # L8 10min;
BLa BRI UTRE, BAKEERFEIK, TKL
BEGESR— IR, THZ TR T 80°C H2E T4 12h.

3 ERFTR

3.1 #ll%& SiO: PAKERRIRAIREEFR M
il 4 ¢(250~320)nm AN [F] LAz B 5L 47 T G

A SiOg ZNKER, 5 T Rk TR MR BE S 5 B Bsf [H] X SiOs
PR ER I TE SR /DA . 45 R R B, 7 TEOS
4 0.01mol i, V. 2h GEFG F|H) —AY 250nm Y SiO,
AR ER.

xR 1 BT AR SiO2 KBRS SR FOK /)59 720
Table 1 Effects of reaction time on the size and

uniformity of SiO2 particles

No. T/°C Time TEOS/mol Size/nm  Uniformity

A 25 15min 0.01 175-250 Main at 225nm
B 25 2h 0.01 200250 Main at 250nm
C 25 3h 0.01 200-260 Pockety

FIMAE LA, 1(B). 1(C) R, KRR
]38 1< Si0, iRz Wi K, KV 2h H—Ph iR 4.
ME2MELB)1(D) . L(E) ATLAFE K, K 2h,
B TEOS H# hn, SiOo K422 W1 K. 7EHAth 5% 4
AZERAEOL N, HiE TEOS ¥BEHE K, 7K fif 2 R 31
K, EREZgEMB MY K, EHRELET, BK
=R HRAE R, HREAGERK L, S0,
KR WECK, HAE R iy RE IR AT R IE R AR K/ T4
—, WAL EAACH 2 ] SiO2 RifR K/

& 2 TEOS REX SiO2 GUKBRF FHFIK |\ B 720
Table 2 Effects of TEOS contents on the size and

uniformity of SiO: particles

No. T/°C Time TEOS/mol Size/nm  Uniformity

B 25 2h 0.01
D 25 2h 0.02
E 25 2h 0.03

200-250 Main at 250nm
250-290 Main at 275nm

300-330  Uniformity

Bl 2 & SiOx KB IE T BB, (a)
ik, (b) BFmEE. aLAE S, &gk
SiOg, RIMIGW . A EIEL:. KRR/ —, B&
B HERL WA T RARN 250nm (1 B4 H SiO;
PAAKERIRLAR S A, RLEE A A B 7S, & F 290nm
fb. BFEBE SiOr ARG KEAKE, PAK
G4, FreA N PCS R BE 4 A AL BB 2K &
B2, BEEAREKR 40~50nm.

3.2 Si0,@ZnS I Si0,@ZnS:Mn>" 5% & #I 4
KER &

Ze R AL BB A K SiO, B & T R #R
ARG EEARE OH &, MHEmHTSIER
faf . ) A = S A RE AR 3R T Y T F OB A U AR A
ST BT, ST BT FRAE RN ST W R W
Zo*t B, MR AL ZnS 49k AL 2.
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Fig. 1 TEM images of SiO2 particles at different reaction time.and TEOS contents
(A) 15min, 0.01mol; (B) 2h, 0.01mol; (C) 3h, 0.01mol; (D) 2h;0.02mol; (E) 2h, 0.03mol

2 SiO2 GRERHY T 77 . e i Ay
Fig.(2~ AFM images of SiO2 particles

(a) ‘Stereograph; (b) Ichnography
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I, AT SR RS A IR, ) R SLTT AR A,
UEH] Si0. W ELBLZE A ZnS A0K &

Si0,@ZnS A K ERFE i 1 6B GG (MK
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R SHUEXT . ZnS W7 & ST,  493nm § K Gy

FCRR T R S A AT R A R ST R O T
A HRUCH AR 31Tam, &5 ZnS FORHRE ) W B
340nm$ﬁtt7ﬁﬁﬁﬁf”§l§ﬁhn?’, X 2 PR
MAFBI#EE. PLER UV GRS RACEZE RN
4li 7nS.

Bl 3 4 ZnS 1 ZnS:Mn** 44K & £ B 45 K
Bk. D24 D-1HFEHKE. C, D, E. Fi
an {8 [TAA]/[Zo**] 24 1:1, 76 D M1 E AR AT BT B
BEIRMA ZnS GK T AR LMK T, W D
1 E Fdhdt TAA Ml Zo*t R Z . I\ G S
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850 To AL A 2 4R

22 %

TEM 5245 25 R 52 W] ZnS 4K fh 22 Si02 )5,
TEHREIB R T HRERE. BHANE . iy —1
7ZnS 2.

3.3 ZnS F ZnS:Mn?t 55 8 45 ¥ 4 K BR 1 &

F 4 R AR S R 2] 15 2 A [E] b 2] R
M S ERYOR R ER, U LA T %52
S0 S AR HY 2 DK BROBL AR Y W 46 K.

Bl 4 K% 5%HF DhZl|J5 4% 50 45 1 49 K BR i
TEM M . H-1 % 25mL HF phZ], HAF#H4 SiO,
B, H-2 FR/WEKE, TIEEER N SO,
BREMICH, ZnS PRFEEETER —E IR
B, TEE X EBR T e, BRERS.

[ 4 20mL HF phZl. J £ 15mL HF Mz, ik Br
T84 BB ZnS 9K i 52 2 H it Y Si0e. K
£ 30mL HF 7], MAHREeE, WH SO, F4
Wz phis, SRR L, BHTE. KN
—. JEEHL). W HF FIERE N, SiOo Z| i fF 3
R, BT RENTILORME, FEEE B8R
W 4 AL BORR K, ¥4 Si0, B e &l s (K #
mm), WeAE FE K, 4 8.7%. B AT aE 2t 45 ] X Si04
AR RREMZ], JEAE SiOy K/NARF M=
R K R B 22 2= B Gk 2B

3.4 FAHBESF

&l 5 A3 k3w o FRE S L EE (SEM) M F,

* 3 TREREEHETHBEN Si0.@ZnS = Si0.@ZnS:Mn*" IR ERITHI 2
Table 3 Nanospheres size of SiO.@ZnS or Si0,@ZnS:Mn?T at different reaction conditions

No.  SiO, template/nm  TAA/g  Zn®*T/mmol  Mn?*"/mmol [ (Nanosphere size/nm  Shell thickness/nm
C Fig.1B. 250 0.20 2.0 0 300-325 25-30
D Fig.1E. 320 0.40 4.0 0.12 350-375 15-25
E Fig.1E. 320 0.40 4.0 0 340-350 10-20
F Fig.1E. 320 0.20 2.0 0.06 350-375 15-25
G Fig.1E. 320 0.40 2.0 0.06 350 15-20

¥ ol
i

200nm B

Bl 3 ZnS Al ZnS:Mn®* 4k S GE M HOKER TEM W
Fig. 3 TEM images of C), E) Si02@ZnS and D), F), G)SiO2@ZnS:Mn?" nanospheres
R4 TEAESHFREHNBINESEITRBEMKERER
Table 4 Different amount of HF used to etch SiO: template

No. Core-shell spheres/nm 5%HF /mL Hollow spheres size/nm Shrinkage/%
H Fig.3D. 350-375 25 325-350 6.9

I Fig.3F. 350-375 20 330-350 6.2

J Fig.3G. 350 15 350 0

K Fig.3E. 340-350 30 310-320 8.7
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Fig. 4 TEM images of hollow ZnS or ZnS:Mn?* nanospheres etched by:5% hydrofluoric acid
(H) 25mL; (I) 20mL; (J) 15mL; (K) 30mL

El5-SiOs BiAR. Si0.@ZnS FlSi02QZnS:Mn** #5545 M) K 23 s 5y 4K BRY SEM B K
Fig. 5 ‘SEM images of (A) SiO2 template, (B) SiO2@ZnS core-shell nanospheres, (C) Half-hollow ZnS nanospheres
prepared from SiO2@ZnS core-shell nanospheres etched by 5% hydrofluoric acid incompletely, (D) Hollow ZnS

nanospheres prepared from SiO2@ZnS core-shell nanospheres etched by 5% hydrofluoric acid completely
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ThZ] 58 2 ) ZnS GOKRZER, Ko BB HL R 52

b, REAE. WA LANRSECKE 1M 25k
&, R es, SO 2@, HRAEMR
JeTE .

4 &

1. R Stober Yiffil £ T HLr B _ E AL Gk
BRAIAR, WFO T RE VR VR BE I S B[R] X Si0 44Kk
BRIEH MK /NRIFEMm . 250K, TEIEFER BN
0.01mol B, JZ ¥ 2h AEF5E K42 N 250nm [y —
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