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Preparation of Cu Nano—particles With PS Template

LI Shao-yuan' MA Wen-hui' ZHOU Yang' CHEN Xiu-hua® WANG YanHeng' WU Xing-hui’®
(1. Faculty of Metallurgical and energy engineering Kunming University of Science and Technology Kunming 650093 China;
2. Faculty of Physical Science and Technology Yunnan University Kunming 650091 China)

Abstract: Porous silicon ( PS) was prepared by the double—cell electrochemistry corrosion and
undergone an ultrasonic post-ireatment after etching. The Cu nanoparticles with the uniform size and
regular shape were prepared by one step impregnation on the treated PS template. The effect of deposition
time on shapes and sizes of nanoparticles was investigated. Results show that ultrasonic post-treatment
does not destroy the physical and chemical structure of PS plenty of SiHx species and honeycomb-ike
porous structure ( about 150 nm) provide reduction and site of formation and growth of Cu nanoparticles
respectively. The deposition time plays a key role on the shape and size of Cu nano-particles and Cu
nano-particles with the uniform size and regular shape are obtained when the time was 40 s.

Key words: porous silicon ( PS) template; impregnation deposition; Cu nano-particles

2
1 34
5 6
1 2012-05-23.
( NCET-07-0387) ; (2011J074) .
(1987—) . E-mail:
1sy415808550@ 163. com.
(1973—) N N

E-mail: mwhsilicon@ 163. com.



1582

2013

78 9

. . ( porous
silicon PS)
. PS 10 . 1142 .
1314 15 1647
PS AY
PS
1
1.1
(P(100) 0.01 ~0.09
Qecm 450 ~520 wm)
T8HW-1
EQUINOX 55
BRUKER ; QUANTA200
( scanning electron microscope SEM) FEI ;
TTR 111 X ;
5500
1.2
1.2.1 PS
N 15 min
5% 10 min
( 1 )
1:3 w=40%
30 mA/cm’ 20 min
PS.
1.2.2 PS
PS 5 min
N,
PS

Fig. 1

1.2.3

mmol /L

40.60 s.
PS
2

2.1 PS
PS

IEAT

g

AL

~— i —

— 'S

Tr B
'

— = HF L fifEif

1

PS
Cu( NO;) ,

PS

PS 2

() Ab 3R
2 PS

ultrasonic treatment

2( a) N,

PS

Schematic of the electrochemical cell with two tanks

100 mL 10
10.20.
PS
PS
PS

by AL

SEM
Fig.2 SEM images of PS before and after

PS



10

: PS

1583

150 nm

2.2 AFM

microscope AFM)
10 s AFM PS

PS

60 s

12 nm.
PS
PS
PS
PS
2.3

40 s

(111)

EDS

( atomic force

3(a)
( SiH,)
40 s
4
40 s PS
26.1 nm
47.1 nm.
XRD
43, 1°
3

250
225
200
175
150
125
100

V/pm

3}'[ T

vipm

R

=

=4
zinm

(h)20s

Alum
0 05 1.0 1.5 20 25 3.0

0.5
2.0
2.5
-10
3.0

() 40 s

y/pm
z;'nm

xfum
0 05 1.0 1.5 20 25 3.0

2
0.5 275
250
1.0 225
173
150
25
3.0

=

yum
i
zn‘nm

() 60 &
3 AFM
Fig.3 AFM images of different deposition time of copper
nanoparticles
(
7.68%) . PS



1584

2013

%5 L/

0 10 20 30 40
P el is

50 60

4 PS
Fig.4 Effect of deposition time on PS surface roughness

‘ o Rkt

wH(111)
(400 ) L
|
|
L] |
g /|
o J}_: ....-j N
20 40 60 80 100
20(Cu-K )%
(u) XRD
SiK
Cal Cuk
0 4 8 12 16 20 24 28 32
ElkeV
(1) EDS
5 40 s XRD  EDS

Fig.5 XRD and EDS pattern of the sample

after 40 s deposition

2.4
PS
PS ( Fourier transform
infrared spectroscopy FTIR) 4
em ™! 500 ~4 000 cm ™.
6 2087 ~2137cm’™'
SiH.SiH, SiH, 912 ¢cm ™!
SiH, 667 cm ™! SiH
o PS

PS

PS (SiH, x=1 2 3)

PS

21

AAAAANSAANAM A
AVAVAAYAY \\_f\ 1 r\)'r\ﬂl\'-lr\)ﬂl\fnllurlluﬂ |'nl f |||
|

VA

| h

2 |37—*|| L

I |

11”2087 opa |
_ , o 667,

4000 3500 3000 2500 2000 1500 1000 500
TEEL fem ™!
6 PS

Fig. 6 FTIR spectrum of PS template

SiH, +2H,0 = Si0, +(4 +x) H" + (4 +x)e”

Cu’* +2e=Cu
3
1) PS
N PS
( 150 nm) ( SiH,)
2) 10 s 60 s
40 s PS
N PS
1 LEWIS L N. Chemical catalysis by colloids and clusters
J . Chemical Reviews 1993 93: 2693-2730.
2 . Cu
J. 2011 29: 83-87.

YANG Xiao-hong WEI Zhi-qiang WANG Bao—zhen

et al. Investigation of lattice distortion for copper

nanoparticles J . Powder Metallurgy Technology 2011

29: 83-87. ( in Chinese)

3 WANG X B LIUW M YAN F Y. Synthesis of diakyl

dithiophosphate surface-capped copper nanoclusters J .

Chemistry Letters 2004 33: 196497.

J. 1998 22: 33-37.

ZHANG Hong BAI Shuxin ZHAO Xun et al
Nanometer-scale copper powders prepared by chemical
method ] Mechanical

reduction Materials  for



10 : PS 1585
Engineering 1998 22: 33-37. (in Chinese) 13 OSORIO E URTEAGA R ACQUAROLI L N et al.
5 Optimization of porous silicon multilayer as antireflection
J . 2009 169: 5-8. coatings for solar cells J . Solar Energy Materials and
LIU Lang WANG Jian-hua CHEN Tian-cai et al. Solar Cells 2011 95(11): 3069-3073.
Copper nanowire fabricated by track-etched templates ] . 14
Southern Metals 2009 169: 5-8. (in Chinese) J. 2005 16: 14214428.
6 MOCVD HUANG Jinzhao XU Zheng ZHU Lin et al. Effect of
J. 2006 51: 2309-2314. porous silicon’s instability on solar cells J . Journal of
ZHANG Ying LIN LiangXu YAN Zi¥eng et al. Copper Optoelectronics Laser 2005 16: 14214428. ( in
nanorod fabricated by low-temperatures MOCVD ] Chinese)
Chinese Science Bulletin 2006 51: 23092314. ( in 15 PICHONAT T GAUTHIER-MANUEL B. Realization of
Chinese) porous silicon based miniature fuel cells J . Journal of

7 - Power Sources 2006 154: 198-201.

J. 2010 41: 1458-1460. 16 ANGLIN E J CHENG L FREEMAN W R et al
HUANG Jun-sheng NIE Yu-ying CHEN Ying. Ultrafine Porous silicon in drug delivery devices and materials J .
copper nanofluids made by a one-step aqueous reduction Advanced Drug Delivery Reviews 2008 60: 1266-—
J . Journal of Functional Materials 2010 41: 1458- 1277.
1460. ( in Chinese) 17 VACCARI L CANTON D ZAFFARONI N et al.

8 Porous silicon as drug carrier for controlled delivery of

J. 2008(5) : 17-24. doxorubicin anticancer agent ] Microelectronic
LI Yanjun TANG Jian-guo LIU Ji=xian et al. Synthesis Engineering 2006 83: 1598-1601.
of size—controllable for copper nanoparticles by liquid-phase 18 GRIINING U YELON A. Capillay van der waals forces
method J . Chemical Engineer 2008(5): 17-24. (in and mechanical stability of porous silicon J . Thin Solid
Chinese) Films 1995 255: 135438.
9 . J. 19 SAM S CHAZALVIEL J N GOUGET-LAEMMEL A C

2001 19(2): 76-79. et al. Covalent immobilization of amino acids on the
HUANG  Jun-sheng REN Shan. Development on porous silicon surface ] Surface and Interface
nanocrystalline powder copper preparation J . Materials Analysis 2010 42: 515-518.
Science & Engineering 2001 19 (2): 7699. ( in 20 - J.
Chinese) 1996 25: 605-608.

10 ERSIN K. White light luminescence from annealed thin GUO Xiang—qun. Study of photoluminescence and infrared
Zn0O deposited porous silicon J Journal  of spectra on Cu-porous silicon ] . Acta Photonica Sinica
Luminescence 2010 130: 1295-299. 1996 25: 605-608. (in Chinese)

11  SERDAR O JAMES L G A. Phosphine detection matrix 21
using nanostructure modified porous silicon gas sensors J . 2007 65: 2527-2532.

J . Sensors and Actuators B: Chemical 2010 151: CHANG Yandong SU Xu SHI Xue-zhao et al.
274-280. Immersion deposition of noble metal on porous silicon
12 ISLAM T SAHA H. Study of long-term drift of a porous J . Acta Chimica Sinca 2007 65: 2527-2532. (in

silicon humidity sensor and its compensation using ANN
technique ] .
2007 133: 472-479.

Sensors and Actuators A: Physical

Chinese)

(WAEHE S



