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Preparation of Core-shell SiO2/ZnS and Hollow Nanospheres
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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 SiO2 templates could absorb ZnS nanocrystal and form a layer of thickness-controlled shell.

The hollow nanospheres were produced by 5% hydrofluoric acid etched the SiO2 templates. The core-

shell structure and hollow nanospheres were verified by XRD, UV, PL, TEM, SEM and AFM. The

results indicate that after the SiO2 is 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

the thickness is well-distributed.
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848 W � F � � $ 22 YV��v_
6n+S&�>*J~Æ
2 ��
2.1 �M"�v*>��\N<\pÆX)`��℄D7uX)`n 124, N�p<�Æ!d PE-Spectrum One �F� 3�zC\J'
 KBr ÆEÆq-z JEM-100SX �<��OÆ!d DI S� IIIa �},-lLOÆ FEI S� Sirion 200 �V.�},�lLOÆ Molvern

autosizer LOC-FC963 �\\{���<A'Æ
2.2 ��8!
2.2.1 SiO2 sm�o"3)'K9 Stöber 1 [6] {) φ(250∼320)nm �?�~<{�12Ld
X�Tg (25 ◦C), �`Y�)n����� =49:31:4�5(/~
w
3� 30min;m�!u 0.01molj#) (TEOS)3�42 2h.42G0�
y}<y
9+sd��a� 2 s
Y�)na� 1 s
CbkKYr~KY 12h.

2.2.2 SiO2@ZnSK SiO2@ZnS:Mn2+ F^WAsm�3)'+ TAAN�M
60∼65◦Cg
XY�)n /�
q~42��℄f 0.09g SiO2(GMTgkQQ:~��),s:C 60mLY�)n~
Z�<{ 15min;�℄f 0.20g( � 0.40g)TAA sC 60mL Zp�~
3�uGks:Æ/�~s!!u�~�
3�
5min, &u<H~!nu 60∼65◦C; �! 2.0mL(�
4.0mL) � 1mol/L� Zn(Ac)2·2H2O s!
 1.2mL(�
2.4mL) � 0.05mol/L � Mn(Ac)2·4H2O s!
3�g42 3h; y}<y42��[�
Zp�a�	s
Y�)na�$s
CbkKYr~ 80◦C bkKY 12h.

2.2.3 ZnS K ZnS:Mn2+ zWAsm�3)'℄f 0.05g SiO2@ZnS(� SiO2@ZnS:Mn2+)r9V9$d=6
C 30mL Y�)n~Z�<{�m��! 15mL�5% � HF s!
�
3� 10min;�
�! 10mL�5 %� HFs!
�
3� 10min;y}<y42��[�
Zp�a�	s
Y�)na�$s
CbkKYr~ 80◦C bkKY 12h.

3 VCJ	g
3.1 )' SiO2 sm�o"3+N�SN{) φ(250∼320)nm �:�R�~<{�1

2 SiO2 9$d
�UÆM���42�$" SiO29$d���uyw�5uÆ9g90
X TEOSN 0.01mol�
42 2h<��\$� 250nm� SiO29$dÆ* 1 7 �O6 SiO2 qk}�iH.�2!�
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 0.01 200–250 Main at 250nm

C 25 3h 0.01 200–260 Pockety9 1 u? 1(A) � 1(B) � 1(C) 90
%42�$[X SiO2 �R�.[y
42 2h \$��nÆu9 2 u? 1(B)�1(D) �1(E)f+_h
42 2h,% TEOS�[!
SiO2 �R�.[yÆXN+4,�3�`sg
%� TEOS ��[y
�: �[y
�`yQJ���[X
X(Xk~
6X�yQ�2oXwX$P
NXw�6y [7], SiO2�R�6y
[f��Mf#l�RyweC\$
u&f+oNn{ SiO2 �RywÆ* 2 TEOS t56 SiO2 qk}�iH.�2!�
Table 2 Effects of TEOS contents on the size and

uniformity of SiO2 particles

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

B 25 2h 0.01 200–250 Main at 250nm

D 25 2h 0.02 250–290 Main at 275nm

E 25 2h 0.03 300–330 Uniformity? 2 � SiO2 9$d�K�lLO`E
 (a)��2?
 (b) �G*?Æf+_h
{)�9$
SiO2, 9*\��<{�n��Ryw\$
`'��8��ÆN�Æ�RN 250nm �~<{ SiO29$d��R<A
��<Ad\
�~C 290nmlÆ;Cs1 SiO2 9$dF�.��w
T��w�R
*+u PCS ��<A'�N����wqR
6W2=6�y 40∼50nm.

3.2 SiO2@ZnS K SiO2@ZnS:Mn2+ F^WAsm�)'GMT��lz�9$ SiO2 .ihÆ9*LD�Dnu9* OH �
�N9*{C<j�oÆ}9+��3�9*�L�_I�M/R�
S2− y
 S2− yUX424,g_Is!~�
Zn2+ y
u&�` ZnS 9$D!EQÆ
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5 K ����� x� ZnS  D SiO2 qbtjU8U8#z(�T 849

> 1 ?931
#t TEOS ?�f��
 SiO2 8#
 TEM _D
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 8#
J��kKN_D
Fig. 2 AFM images of SiO2 particles

(a) Stereograph; (b) Ichnography7 3 M>8203+e��	 SiO2@ZnS 
SiO2@ZnS:Mn2+ 7"b	�PsaO{��Vy' ZnS:Mn2+ �C SiO2 7"b	�� Mn2+ ST
p � Zn2+ 	4'.M 3.0 % 	�Æ�)�3Z�W��CO{�NM 25nm 	 SiO2@ZnS s
SiO2@ZnS:Mn2+ pa7T7"b�F	 XRD =Ij��wN�W>Sx	 2θ r;:M 28. 53◦ �
47. 59◦ s 56. 42◦, E5� β-ZnSV (111)�(220)�
(311) B() 0	 28. 58◦ � 47. 61◦ s 56.45 ◦ pA�>��W��=(v�pM�7iyq7T�k. SiO2 	�COM ZnS 7"B�

SiO2@ZnS 7"b�F	Zv,ZZI (�,Z λ=300nm) 7mM ZnS 	.e,�� 335nm 	,�> 0 ZnS 	z2,�� 493nm 	,�>M

L7(ln,,���F		Bd)℄�ZIj�L℄�<WM 317nm, E ZnS 0E�	℄��r
340nmp.=yxa�	w%�a�:

oGx0)/O	� PL I� UV I7eZ7.�COMo ZnS.= 3 M ZnS s ZnS:Mn2+ 7"B�C	7"b� D-2M D-1}VB9x=� C �D�E �F�F�7	 [TAA]/[Zn2+] M 1:1, V D s E }d.j^�7(= ZnS 7"B�W�^	�
��. Ds E �F} TAA s Zn2+ 	7
B#�t G �F	 TEM =^�� [TAA]/[Zn2+] M 2:1 	� ZnS 7"B�C SiO2 ~�7(�h<%�Z��ZR��� = ZnS 7"BÆ�W^	v`���. TAA	
p ��x
j
	�={� ZnS 7"B�CO	�W�
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850 W � F � � $ 22 Y
TEMÆ�7e7. ZnS7"B�C SiO2 ~�VL7(�^��h<%���_g��PZ"	

ZnS aO�
3.3 ZnS G ZnS:Mn2+ `wT?pj|'%7 4 M>8
\?!�g��	8�g�	�iTsiT~7"bpP�*�Lp �paÆ|7T	7"b�P	�'��= 4 ME 5%HF �g~pa7T7"b	
TEM ^C� H-1 E 25mL HF �g�t=B; SiO2*A��H-2MVB9x=�d^j^�:B SiO2b7(Z�� ZnS 7"B�^	aO="�	W��VVpm\_repb�El�Z{�ZR�

I E 20mL HF �g� J E 15mL HF �g�*;)skMtH&	 ZnS 7"BaO}Ag	 SiO2. KE 30mL HF �g��gyEi�:B SiO2 �+*g���iTb7Ty.j���Eg�xvZ"�{�ZR�$ HF 7
Z � SiO2 g��ZW�:��g:BÆ|b	m\�)��i~b	�'��OuOx�� SiO2 *Ei�g~ (K �F), �'��x�M 8.7%. -rd5jly SiO2	>8a��g���:B SiO2 xv>8	�i~7"bii~7"ib�
3.4 �n4Y9�= 5 MU,�L;4|+�M (SEM) ^C�* 3 +�7 
R�1/2 SiO2@ZnS L SiO2@ZnS:Mn2+ qk}2eZ

Table 3 Nanospheres size of SiO2@ZnS or SiO2@ZnS:Mn2+ at different reaction conditions

No. SiO2 template/nm TAA/g Zn2+/mmol Mn2+/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

> 3 ZnS t ZnS:Mn2+ 8#C D
8# TEM _D
Fig. 3 TEM images of C), E) SiO2@ZnS and D), F), G)SiO2@ZnS:Mn2+ nanospheres* 4 +�f{;��_1/2#axHax�qk}&Z

Table 4 Different amount of HF used to etch SiO2 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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5 K ����� x� ZnS  D SiO2 qbtjU8U8#z(�T 851

> 4 F 5% ℄�"h�
qb8U8#
 TEM _D
Fig. 4 TEM images of hollow ZnS or ZnS:Mn2+ nanospheres etched by 5% hydrofluoric acid

(H) 25mL; (I) 20mL; (J) 15mL; (K) 30mL

> 5 SiO2 2�� SiO2@ZnS t SiO2@ZnS:Mn2+ qb8U�jU8U8#
 SEM _D
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

(A) M SiO2 1��d*^g�PZ"���El�7(Z�� (B) M ZnS 7"B�C SiO2 pa7T7"b�d^j^gL7(:y#v	 ZnS7"�
�h%^�b�"dEl�E TEM YR7e"v� (C) M�g>Ei	 ZnS 7"ib� (C-2)}*;)sMb: =Ei�g�	 SiO2,d*^g�xB;ib��"d�l� (C-1) MVB9x=�tH&b	lokd*^gb	aO{�ZRv%�*;)sM =g�Ei	 SiO2. (D) M�gEi	 ZnS 7"ib�xB;b��"dE
l�7(_g�t��4	VB9x= 1 s 2 u^�b:Bii� SiO2 Ei*A��b:1�yZ�_g�
4 Vg

1. I7 Stöber /y'�};z)��a7"b1���S�aL>��20	" SiO2 7"b��sxv	4t�7e7.�Via!(�M
0.01mol 	�20 2h ;���PM 250nm 	Z"
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852 W � F � � $ 22 Y
SiO2 7"b�

2. *�|(�� (TAA) M�L� 60∼65◦Ce�V�(m / �p}20�I7%}dl	OOÆ��/�{7)��a1�7(	I��7℄G7"B�
�y'�pa7T SiO2@ZnS s
SiO2@ZnS:Mn2+ 7"b� XRD � UV � TEM �
SEM �Æ�7e7. ZnS 7"B�C SiO2 ~�VL7(�^��h<%���_g��PZ"	
ZnS aO�

3. �7 5% \?!�ly\?! )��a	�ga��y'�8�g�	iT~��y7"b� SEM Æ�7ej��g��	iT7"b7TEl�aO{�ZR�v%�
ZnS �C SiO2 wOpa7TsiT7T7"bVZ
B0��s�Z���G=℄5	07RH�
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