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Fig. 1. The process flow for the preparation of silver nanoparticles/PS gas sensors.
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Fig. 2. XRD patterns of silver nanoparticles/PS com-
posites: (a) S1; (b) S2; (¢) S3; (vertical lines: JCPDS

no. 04-0783).
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Fig. 3. SEM images of PS and silver nanoparticles/PS composites: (a) PS; (b) S1; (c) S2;
(d) S3; The inset in (a)(b)(c)(d) are the cross sectional view of the corresponding products.
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Fig. 4. The dynamic response of the gas sensors (sam-
ple PS, S1, S2 and S3) to various concentration of NHz
at RT.
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Fig. 5. Relationship between the sensitivity of gas sen-
sors (sample PS, S1, S2 and S3) and NH3 concentra-
tion at RT.
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Table 1. The gas sensitivity and response/recovery

time of gas sensors (sample PS, S1, S2 and S3) to 50
ppm NHjz at RT.
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Fig. 6. Sensitivity of gas sensor (sample S1) to various

gases at RT.
AR PRV — VPl AL B AR 1 AR Y
HESH. K6 NIRRT W & R 9Kk 2
FURESR S ARRE i S16 & A U4A, A3 20 ppm Y

NHj, NOo AT HoS A& BA A2 100 ppm H . £ A
PR AR B R EE . IR AT LB ) RE
a1 NHg AU 0 R B A s T H At i U1,
XRPE AL NHy S R BOE B LIS A K
B, ARt — P aE.

3.3 SHHESH

p 7 % FLRE R I8 4 4K R T 43 4 b
b T3 B NHLg 1/ R SEATLE T DL 2%
T P R R (2190 48 B R, p 7R & LR %
S, R AT A RS T, 3
2 1 U5 T AT 1 9 4 4 B o FAE R O, O
AT O~ 25 5 5 T T Wi W F 22 L Tk 2 17 (0 5 P
(1)(2)(3)(4) B, BLR 540 p 7 2 FLRER T NH,
SR JE M S AT, NH; 44 500 £ R H 19 O~
02 S B TR AR (075 2R (5)(6) FioR),
SR BRI T, 8 p B S ILRER 2 T4
OB D, AT o LT F B 2 B e,
R7 (5), (6) R IAHAT, o B 57 B 2 ALk, {H2
H L I

O2(gas) < Oz(ads), (1)
Oz(ads) + e~ < O5 (ads), (2)
O, (ads) + e~ < 207 (ads), (3)
O~ (ads) + e~ < 0% (ads), (4)

2NH3 + 307 (ads) & Ny +3H0 +3e™,  (5)
2NH3 + 502 (ads)
& 2NO + 3H,0 + 10e ™. (6)

X p 8 2 Lk E1B R I8 B AR G K BURL BT 15
BEMEB AR B & T 2RISR, 7T
BILFHR . 5, BONE G K BURL 2 — P i 4L
A, Z LRI EA5 2 B A I P R R g oK TR
A RE 2 s bR AU R, AT B v AU ROR B
g 621 vk 22 FURE IR SR SR AR gl K Bk A
F T AL AN B AR AR 2, X ] e i
ZIURER T 22w 12000 P e R, 58
=, ZALEER A I H AR RORL Y (R, 2R T 4 4
b7 . Salonen %5 122) 3 s AF 7t 2 F LA 10 26 T FEL 747 1)
IrAT, RINZ FLEER T AN EA RE R GG, Gh
R P 00 7™ E s e A 22 FLIE (R SR T LR ORI, 438
JR SR NH3 R 7E 2 FLEE R T, S8 2 fLEE
(A T J=) 508 BB o0 ik S, AT ASE 45 22 L 26 1

137102-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 13 (2015) 137102

BB AR, 2T = 3 BCE R A D, R,
p 7 2 FUREIR R 38 B PR SR 2 5 i 2 BT,
15 2 ALk EAAARBURLINS | R AR [P B A5 ek A 41
A, oF ot 2 T SR o K ) 19 3 B TR UBCR U
BRI, XA R ILFEE A P EUE B RIRB R
ZURERTIIRTT T 2 fLEER UM R, (HR AL
& HH SR FRRRURE 4t F 1, T 26 T 2 AL R TH A
FRAGAN Y ORI, X 2 FLIE R UM RE P AR AN
HIFE .

4 % #®

) OURE B4k 2 il 4% T 2 FLEE, R
AL TREAE 2 LR T DU T ARG RN, TR R T
WYUK FRL ) 2 LR A AL, FFIHA T 2 LA
YK RORL ) 2 FLIE & G AR NH; iU RE.
MAAEE R IR, SR A 4 1R B TR ) 2% R AR 440K
Wik ) 2 FLEEE A MPRME & T 2 FUIE NH; B8
R, TR B ) 1T -5 BUR 9K Bk [ 58 i
HUOR M 2 FLAE Sk g = A AR g m. o,
DURRITIR A 10 s ARG K R / 2 fLEE R & A kLB
T HAFR TSR SE Ry, 5 NHs SRR = 1)
BRI AR R SRR, iR, O
50 ppm (1) NHs AR R B IE R 5.8 /i A4,
MEFIE] D 120 s, PRE AN 190 s.

S

[1] Chen H Q, Hu M, Zeng J, Wang W D 2012 Chinese
Physics B 21 58201

[2] LiM D, Hu M, Zeng P, Ma S Y, Yan W J, Qin Y X
2013 Electrochim Acta 108 167

[3] LiM D, Hu M, Liu Q L, Ma SY, Sun P 2013 Appl Surf
Sci. 268 188

[4] Ozdemir S, Gole J L 2010 Sensor Actuat B-Chem. 151
274

(5]
(6]

(9

[10]

[11]

[16]

17]

(18]

[19]

22]

137102-6

Razi F, Rahimi F 2008 Sensor Actuat B-Chem. 132 40
Ma SY, Hu M, Zeng P, Li M D, Yan W J, Li C Q 2013
Mater Lett. 112 12

Zeng P, Zhang P, Hu M, Ma S Y, Yan W J 2014 Chinese
Physics B 23 58103

Ali N K, Hashim M R, Aziz A A 2008 Solid State Elec-
tron. 52 1071

Yang H B, Hu M, Zhang W, Zhang X R, Li D J, Wang
M X 2007 Acta Phys. Sin. 56 4032 (in Chinese) [##F
W, B, S, HKUERR, A%, EOIEE 2007 MR 56
4032]

Sun P, Hu M, Liu B, Sun F Y, Xu L J 2011 Acta Phys.
Sin. 60 050704 (in Chinese) [#MI, A8, XIf#, 7R =,
VEEE N 2011 P73 244R 60 050704

Balucani M, Nenzi P, Chubenko E, Klyshko A, Bon-
darenko V 2011 Journal of Nanoparticle Research. 13
5985

Ma S'Y, Hu M, Zeng P, Li M D, Yan W J, Qin Y X
2014 Sensor Actuat B-Chem. 192 341

Ma S'Y, Hu M, Zeng P, Yan W J, Li M D 2013 Mater
Lett. 99 57

Kanungo J, Saha H, Basu S 2010 Sensor Actuat B-
Chem. 147 128

Yan W J, Hu M, Zeng P, Ma S Y, Li M D 2014 Appl.
Surf. Sci. 292 551

S. Ozdemir, J. L. Gole 2010 Sensor Actuat B-Chem. 151
274

Yan D L, Hu M, Li S Y, Liang J R, Wu Y Q, Ma S Y
2014 Electrochim Acta. 115 297

Mares J, Kristofik J, Hulicius E 1995 Thin Solid Films.
255 272

Hu M, Liu Q L, Jia D L, Li M D 2013 Acta Phys. Sin.
62 057102 (in Chinese) [WAB1, XIFF 4k, BT 37, 2211k
2013 YR 62 057102]

Sun P, Hu M, Li M D, Ma S Y 2012 Acta Physico-
Chimica Sinica. 02 489

Baratto C, Sberveglieri G, Comini E, Faglia G, Benussi
G, Ferrara V La, Quercia L, Francia G Di, Guidi V,
Vincenzi D, Boscarino D, Rigato V 2000 Sensor Actuat
B-Chem. 68 74

Salonen J, Lehto V P, Laine E 1997 Appl. Surf. Sci. 120
191.


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/21/5/058201
http://dx.doi.org/10.1088/1674-1056/21/5/058201
http://dx.doi.org/10.1016/j.electacta.2013.06.106
http://dx.doi.org/10.1016/j.apsusc.2012.12.057
http://dx.doi.org/10.1016/j.apsusc.2012.12.057
http://dx.doi.org/10.1016/j.snb.2010.08.016
http://dx.doi.org/10.1016/j.snb.2010.08.016
http://dx.doi.org/10.1016/j.snb.2008.01.032
http://www.ncbi.nlm.nih.gov/pubmed/25014804
http://www.ncbi.nlm.nih.gov/pubmed/25014804
http://dx.doi.org/10.1088/1674-1056/23/5/058103
http://dx.doi.org/10.1088/1674-1056/23/5/058103
http://dx.doi.org/10.1016/j.sse.2008.03.010
http://dx.doi.org/10.1016/j.sse.2008.03.010
http://wulixb.iphy.ac.cn/CN/abstract/abstract13120.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract18349.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract18349.shtml
http://dx.doi.org/10.1007/s11051-011-0346-7
http://dx.doi.org/10.1007/s11051-011-0346-7
http://dx.doi.org/10.1016/j.snb.2013.10.121
http://dx.doi.org/10.1016/j.matlet.2013.01.095
http://dx.doi.org/10.1016/j.matlet.2013.01.095
http://dx.doi.org/10.1016/j.snb.2010.03.044
http://dx.doi.org/10.1016/j.snb.2010.03.044
http://dx.doi.org/10.1016/j.apsusc.2013.11.169
http://dx.doi.org/10.1016/j.apsusc.2013.11.169
http://dx.doi.org/10.1016/j.snb.2010.08.016
http://dx.doi.org/10.1016/j.snb.2010.08.016
http://dx.doi.org/10.1016/j.electacta.2013.10.007
http://dx.doi.org/10.1016/0040-6090(94)05670-9
http://dx.doi.org/10.1016/0040-6090(94)05670-9
http://wulixb.iphy.ac.cn/CN/abstract/abstract52402.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract52402.shtml
http://dx.doi.org/10.1016/S0925-4005(00)00464-0
http://dx.doi.org/10.1016/S0925-4005(00)00464-0
http://dx.doi.org/10.1016/S0169-4332(97)00385-1
http://dx.doi.org/10.1016/S0169-4332(97)00385-1

) 38 % 48 Acta Phys. Sin. Vol. 64, No. 13 (2015) 137102

Preparation and gas-sensing properties of the silver
nanoparticles/porous silicon composite*

Yan Da-LiP"  Li Shen-Yu? Liu Shi-Yu? Zhu Yun?

1) (College of Physics and Materials Science, Tianjin Normal University, Tianjin 300387, China)
2) (School of Marine Science and Engineering, Hebei University of Technology, Tianjin 300401, China)

( Received 26 December 2014; revised manuscript received 26 February 2015 )

Abstract

The p-type porous silicon layer with the aperture about 1.5 microns and hole depth about 15-20 microns is prepared
by electrochemical etching of a p-type monocrystalline silicon wafer with a resistivity 10-15 ©Q-cm and along [100]
orientation in a double-tank cell which consists of the electrolyte (volume ratio HF: DMF=1 : 2). Silver nanoparticles
film with different thickness has been deposited on porous silicon by the electroless deposition for different deposition
times. Morphology and microstructure of the silver nanoparticles/porous silicon composite are studied by scanning
electron microscope and X ray diffracmeter. Result indicates that the silver nanoparticles are uniformly distributed on
the surface of porous silicon and the deposition time has an important influence on the morphology of the composite. The
gas-sensing properties of the silver nanoparticles/porous silicon composite to NHs are tested at room temperature by the
static volumetric method. Results show that the deposition time has a significant impact on the gas-sensing properties
of the silver nanoparticles/porous silicon. In a short deposition time, the composite with an appropriate amount of
silver nanoparticles doped on the porous silicon shows good gas-sensing properties to NHs with high sensitivity, fast
response-recovery characteristic due to the high specific surface area and special microstructure. At room temperature,

the gas sensor has a sensitivity of about 5.8 to 50 ppm NHs.
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