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Research progress on application of silver nanomaterial

Kang Weigang Xu Dapeng Jiang Hengze Chen Jian
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Abstract With the development of nanotechnology, silver nanomaterials have been widely applied in surface
enhanced Raman spectroscopy, transparent conductive films, catalysis, sensor and antibacterial fields because of their
unique electrical,optical, thermal, catalytic and elastic properties.Based on recent research status and hot issues of silver

nanomaterials at home and abroad,research progress on application of silver nanomaterials were reviewed.At the same

time, the problems and developing trends in the future of silver nanomaterials in application were prospected.

Key words silver nanomaterial, surface enhanced Raman spectroscopy, transparent conductive film, catalyst,

sensor,antibacterial material

5 HOR 4 Jm A L R AR AR T/ RO 8K
IO 3 THTRIONE A B A i 7 R B A 1T 2
BN i VR N R | TR B8P A RN R
JeH T AL SRR RE . A OCHR AR AR AR 1 1Y
WA SR R 9 K A L 008 A i Y R . R AR
AR AR B X BB RE I, AT ARG 2 fE A7 4 B 4K / B
KIERET T Rl S o B S d iF .
AR L AN AR 9 K BRI D5 T A AT S 4
FLB 2 BE ST e AR A0 oK b A 2 T 3% 53 1 2 D3
75 W] S v YRR A 5 | %2 TR B T T AR T U R AT
FEILHY R B

1E BRSO 58 -5 0 A S5 B9 3K 3 R L AT A T
N TR A A KR L 23 531 R — HE AR AR AR AR
= HEGR AR, b — 49K AR 2 2 LAGOR R
AR RAOR AT S 5 TR OR R £ 5 4 oK
B AL VAR N A R AR AR B L JX 3 APk
BRPPRHSS R AR R OF ELRB S AR T AL = e R AR

ALHE 94 K AR BORL 94 KR RACIR S S 45 R ATRIR
T A AT P ) 9 K R A S [ B L S PR 4ok
LA VR 22 SRR TS A 94 K B R A 56, T HL
HYPORIESA .

1 SREK R R

1.1 FEFREEGEN S XL (SERS) FUs A9 A

S THT 14 518 1L 2 B AR A W BN TE A K S 4 4 R R
I 05y 5 4 8 3R kA 45 B ioT R (SPR)
AHEL AR T 5 | S 09 hir 2 1 i B 042, e A5 1 D6 3
Pkl SERS, 20 th4 90 4R, Nie 55 #i238 T 76>
BN B RORL - SRR A0 KR SR AR A A ) 5 ik
12~15 DR R P2 R A5 5 M TFR X L8 B oA
e SERS i P i £R 40 KB 7 4 “hot spots”, 4R 4K
KL S E PR AL S AR 10T ~ 10" [ 1 PR il
3 R 1 o = B R DR DU 2] B A~ 4 7 i hr & 0
P, SERS B HAT R HUE R e R SR AL O

HEEWMA :EXKARBEHR 4 (11504284) ; PP B F T £ WA RIWH (16]JK1377)
EHE BN RLER (19945 , T W HAF 58 A, F2 BERF5E 7 1] S AR 40 K A4 R A LA
B R OAARKME 1981 B 15 . R TEWFSE 7 1l R 4 K S RE A RL R I k5 B



%8 5 24 OS5 - SR 200 SRR A T © 21 .

SOAE TR B S A AR W) R 2 BRIV TR ) 5 4 R
TR s R I 0 E I N T . Li AR
YK BRI VE A SERS 3K, #F 58 T /K 35 WA 4 1%
FE i b = R R R v B A5 SRR, S RRK
fE 68lem ' Ab Y HFE AR 0 9RO BT i Wk E 7E
0.10~5.00mg/L [ N &2 90 R 47 i 4 ¢ &, B
TRV B A PR B MR B A 1. 00mg /L, AR W R
PR R BN 0. Smg/L. X 3w &0 G ot
2 TUIE A B TR T B i AL 2 A T T gk
RERAE N = R SERS 3 5 5 i 4G I o 2
JEHR 0.05mg/L. ZF LTI T 4 W 5 R i =
5 TN P bR s SR RGN L R Ay L o % R 4 A
ARZEHF. Zhang 618 AR R AE S SERS
T 1 2 P FH] G 00 A 56 LR 25, 4 SR SR B R T AR 4
KL H) SERS ) H AR = i RUE . Xu 55 )
S 207k RSN i R 3.5,8,12pA B
il 8 1 AR A 2K L I o JH: 3R T 1 5 s 2 WU SO0 AT
iUl I Rl Bay o S W B )R S N R g )
YKL i THES TC 7, b 20 i HOR I 2 % P
6G 73T WA NE L S A0 2% 0 5 A1 Jonn e, 3 184 ORI i 2%
() AT T HE S BB 94 K 2 B A AR 5 9 SERS &%
ML AE 612,773,1128,1184,1310,1361,1506,1573,
1597,1650cm ' i B ) R6G 43 T By A AF 47 2 14 4>
Ik . AR R B B A Ty RS B AR 4 0K £
YE R SERS I 58 42 7l LK il 21 R6G ¥ Wi 1 1% PR
e B HAE M 10 mol/L, ¥k B i /i T Nie %5 FH 4R
S PR 20 K JBURL A S SERS 2 iS40 2] (1 R6G I W
WeFF (210 "mol/L)™,
1.2 7EERSEEESE NN A

Bt B D R BE L A I T2 B R
R B HL 7 o 1) /N ARUAR R RE AR VBRSO ) A
Ji& . s B ARER R 1 B0 ) S Ak W) (TTO) i W 3 L
AR R 5 e L A B B R SO M A e A e a5 TG A
TR R B RN B b, JF & — i RE A5 R AR
ITO 5 PE RE 3% W] 3 Ho B4 B S BT B 58 19 A R
HET AR ITO MR Ok A B
M maikd ., He bk, g oK 8 A 00 1 H
A PR R (H L SR 1 B A5 D 4 TR
B DR Al A R ) S M R S AR A L (HR 4
FIVHR AR METE 1 5 8 90 oK 206 HH [R) I A 110 9l oK 2000
ARG A EA R4 05 f S/ vk 6e i B
B AT D 7E B T A o 2k A . Lee 50
I U 0 AE BB RN R XN R iR & iR (PET) 4+
JE EHI 4G T EEERN 86. 7% M H L A 180/ sq

FIER AN K 28 35 I IS . AR 9 K 2605 W 5 A JEASEA
— o E SO H A ORE DG HE E AR O O R A
PO BH . SR, 3% O 23 R0 Jr B A BELE: 7S AR A 1A
2L R DL B R 0 r R MR BB S = 2%, Bl I
K+ (FOMD) 14 7 B 5 A T8 68 PE R 1) 255 65 PR E
BN ST AR IR GY & L B A R AN K 255 B
75 He v BEL A9 19 0L T A FOM RRAR . 76 5 B B
M 2Q/sq I, HEE ) FOM {8 fe . 7l ik #1410,
it T ITO i) FOM {H (3500, FZWFss R M,
R AN K £ 375 I A5 P THE AR 194 335 O 2R RN 7 B v BHL 2 B
T 9K LR A B R B AR . BN OR 4R K B, DU
AR N L BIA T K ) B 0 K 4R ) A B A LA T
FERE RS TR .

H T FHER 9 K 4 ) 25325 B 5 vl W 1 T
JHRE VAR 1 IR AT VR A IR 1k A . X T HETR I L Lin
SRR 2 U BEA A A T H AR 100nm K
7 20pm AYERGIOK Z L il £ 137 I S R O O Oy
92. 15% . Jy e LR 20Q/sq. il & B B A 5 34 5]
HLTHE v 55 B D 1) B9 RS 45 ) B, (H 2 R S L )2
22 V) ) 2 P AN R AR A, 2 o) T B 1Y) e L B —
FEFCA o YR AT R — MR HS e v B RIS SR T
G ORI AT 3550, RS A P RIS Ol 36 Pl AR 9 K R
VAR I W R R e R OR B W R
HLHE B = S i S I R e R R AT
()25 1 B A A A R B e T A B LS
IR K BH B L A BL R D A VR A R e
G 2, HEARYOREES T A S g AL,
It HLT i R 5 RG22 1) ) B o 0 3 2%, ik SR B B
BT 7 /B 90 oK 28 T 5 1 0 S P B T YR IR 1) 52 s
FH 8 AR K ) 5 33 A, 2 AR 94 O 24 3 A6 18 T 17
FEL) B, VF 2o B T A AR E S O 4 2ok
Hil A AR N OKR LB B F i W . Chen 5™ ZnO
YERDRIP 2 Tl 45 TR A KL EW S 2 5
FEE  fif R TR 2 DK 2 T AR AL RIORS 26 9 X A T 2% 1Y) 3B
W1 52 A v I R B AR S A B ATk e
1.3 7EfE L 7 SUs 9 Rz A

BRA B H A R AP LTS M Ak T2+
A L 28 B K BB S BN RSE R R 1 L
9 THT ARV BRI P S 5 1 s DT R A A i 1 Ak
WPE . Kwak 887 2 2 0B & AR 99 K 26,
HAE A i A0 500 I B 5 H Ak AL PR BB S0 2o 2 AR 44
KSR 2 I B AT P R N OK SR A Sy i
R R0 LA T M R R R A R R T R A AR
STz N T AR TR AR A B R . Xu



< 22 - o T BB ow 5 46 &

G LL a-Fe, Oy /Au K i Bl A B0 HE 2 T 2 5 4 4R
YK 2 (SFEANWSs) , i 1o Bl = 1k &1 (NaBH, ) i 5
it FE 2K By (14 07 1 9F 4y SFEANWSs () i 1k 3% 2% . 15
Bl 58 S 0] DL S S BE T A I 2 Ry B D 45 G B AR
Je B 5 R BT T SFEANWSs i 4k 5 1 /4 3%
fLRE. BF5% % W], SFEANWSs A DL R A% |2 0 1% 1k
A . 2 MR A R A A A IR AR SRR AR R
fE L DU AR i &5 TS R S50 RS 9 R 40 K 2
AR BIF ST 1 32 H A ) A Ve TR A Ak ARk 1 B
M, Z5RKW, 5 LW LM T B L, 4R 98k
2 RO TR R B AR A Y e R v, L TP U
£ 0. 1~3. Tmmol/L i, & R EE Ky 48. 966 A/
[em” « Cmmol « L™ ], & i B 35 3 6. 48 X 10°°
mmol/L, WAk, 82 9 K 264 g #4508 vl LU T
SR EL W (8 BRI SO o 15 22 R H Y v, I R S g
JUF- 3890 S0 TR R B S A TR R R & — N R A £
HL - R o B, A 456 AR 22 Sy 3k R R v ] 7 ) HL
N 3o R A B R st A, B, g bl
FH B 508 i B I A AR R 2 P i B R, 4 SUFE Pt
ERAERE . T Pt A% B SRR U A b bR
il 7 AR ROR I i Tz N PRt T T R A
AR LB v AR H i 1 ) R A ROk F it 1 B
FEIGE Z D R DY RS TR A0k e R R
F ot S B 7 e Ak 1 BE S T 3 AR 40 K £ A M A T
rh 5 RO D AT RE T AR A AR AR A T
P 14) B 7 100 R 490 K e o P i R 40 S8 R LA
PEYERPUBETE AR . B K R 50 T8 a2 M A A 4 A
LRI FT TR A0 K 2 R R 900 DK 7 B 1 S 1 T X4
I R P F AR A TS P L R AR PR RE BIF ST R WL AR A
KR LU AR 9 KL 3R 9 B 4 i i Ak kg . R
AR R e L 1 RO N B L T & T R 9 B A Ak
VAT AR EE W B OB A, R gk 2
T BRORE L O R ) B A R AR
1.4 7 RESETUSAY R A

1 IR A 2 — R SRR AZ B B I o )47 B T R I —
E R 30 Sl T AR 5 0 ke T ke L 2 SR A B R
W fFRR G RAHYEZE T H, EHEKRE
AT R S R AN OK b RE A F R R A A
(18 ERAEL A S5 1R DR SRy T DA KA B Pl - 4% 3 R
AR ) A PR A 3R T SN Y AT M DA S B
AR AT B8 L A T, DA B v H L ) R R L
B AL SR AR I AFF BRI T A R Y 2007 4R,
EREWNE 2\ NY S TR A I UE S o/ IR 13 s
YRR LR S T 5 R 1 O L A R L R W B T

TER AR L AL IR AR IR AT

R B AR AR R B A B G R T AR B R
J& h B Ry T — R & 2 ST L A
BE 25 00 M LB 2 4 A A AT 25 R R I T
H AT BN AN RE TR 256 TR 90K 2 i 15 IR 2%
Horp i BRI R A YA R
VE R BURTT A 308 2 5 46 5T 1 4l B2 B0k oT 1 5 A D
Yy 2 1] 9 Ak 2 B 3ok 7 i Bl AR 5 i TR B A TR
R ) VR B . Wang U0 HGGE T ARG R M5
FBE(CS) - 245 B AL B (GOD) A 22 15 4 25 A=
P SR A 45 1) 2E ) A% TR N AR A A T A 4k
L (10pM~0. 8mM) , ifif H. F A7 4 5% i% K6 ) B2 FiE
(2.83pM), BRI ZAF, A7 HA 2 B AL SR 28, 0w
FH R 3R 8% G BUG BR 8% RBUL I Es i A 1L
IR . Quan SV T I TR AIOKL E A MR
)RR TR s . 5 At Bl 245 4 %) i A A B S 4 1Y)
JE A% 8 i EL AR 0 v 2R ORE R A AR ) R L 4
W A T] AR L 3 26 A5 B ES 1 IF R A AL 7E S 5
B B, A% I g (8 B T 4 v R 0 3 R R O 16
IAFAEVE 22 1 A Fff R 1) [R) J8E, o T A2 2 AR 40 oK 26 4
AT R I 1) S B L FH S K R ik TR 0 R 2R AL R A
B T AR R RE AL A R A5 oy E )
1.5 ERERETIESKA

BU VR RE 2 48 AR AR R I — 2 BT R L
FLA % TR S A TR L T A A ) B Y — OB
I RE AR, I R B & PR AT A S 2L PR
B TR Z B0 AR B 455G T 1Y 2 T 26 4R fF
il ¥ & 0 —Fh B U W Ak )T R TG 24
PR A5 G0 KR BT B S B A B . Shrivastava
SRR SE T AN [R] Vi B 409 KBRS AS [ 48 BT ) 0 B AR
B WA IR RV, Brit Wk B 25pg/mL 4K AR
B8 56 240 ] T FF B 00 A G, X 4 o 6 7 2 BRI
A TR ROCR B 22 . AR ARAE Sy — ol AL (%) JE LT TE
MR, R TR R B Z e A R E s
TR SR AT DG G R R BT A AR LB IR
B A WA 9 R B . R Z BN A R L. —Fh 2
BB 2 BT B LB S B2 A K AR AR Dy AR DR
W oFF 7 20 i 5 % T L R P AR S LR AR TR
BB R RE S0 s 5y — P R AE ik
YERR 9K ARTE TS AR 0 N 7 AR K s PR 4 1
BB 5 A0 B & AR RN R BB R AE Y . Feng
E R U NP9 € A 87 N R = W T e
PR AR . BLBY B, 38 2 W0 32X 20 2K AR e i
A B R /N30 T e B (MLIC) TR /N A% B kB (MIBC)



R

5 24 OS5 - SR 200 SRR A T

. 23

AT 9K R PR A WRE ST . Jin S50 LUK AT
WAE D HARBE AR B 5T 1 40 K SR K #1140
PERE . 45 3R B K B 58 4 400 ) 200 1 2E 1 R ik B R
150pM, T A G HR 98 K 25T A% T 1 il 80
Schoen %7 T+ 2010 4 5 WARIE T 94 K L i A 4
PERE. B N 20V B LR S B 98 R 2 XUk R O
10"CFU/ mL B4 K g 1 B K FE 19 2% B 3 T 3k 31 80 06
~90% HEBh TR PR AR E I RA LR, fig
JBAESED BT T AN R JE 55 40 K AR % 7K T K T
MR PERE . SR R U], MERR P AR LU AR 94 0K L g %
TS0 43 4 5 0 T i, R B ISR A R T M BE . 4%
IR R AR A0 0 R ORI T Ak
R TR B RV T 1) 200 0 R

2 SRR A P EFEER &

AT AR [ A A TS S B A K R TE A i
BR2h Obssan if AL THEIL AL R (R 25 AR 55 2
PR A B AR FLB R 5. AR AT 5T ST AN ] L i
B i il — 2R 30 Bk, 0 AR W R S 5 i B A OK
FHRHRA AR G 9 B0 A1 BE R SE R 40 L (H R AR
AR B LA TR LA AT B AN R LA Rt — 2
W, 155 W15 F S 05 TR o R 3 T 3 i 9B
B TR AR R L 0 ) 4 o (0 R ML T 9 ) 4 0 4R
0 K 2% 38 52 B T R P S5 ) TR o A Y AR A K
KAR A @ AT 29 1 I R

3 SREERE

AT S AR B 22 0] ) RE AR AR A5 A RHIY KR L R
AN KPR L P A 9 o L[] A 51 AT
HAEY e iR, TR R BT AE
TR B HO A B B9 52 W) o R o X B 90 K b1 R 2
PERQWF SR 2 BEIIRA . B SR KB RE N RIS
AR A S AT 32 280 0T 9 3 2 68 2 B T
A BE 2 DR AR AL AR AR A% IR R B 2 T A
SEAT L B B AR B A A A 2 2 B R AT A
GIPNES i35 Ay 4

S % Uk

[ 1] Jana N R,Gearheart L, Murphy C J.Wet chemical synthesis of
silver nanorods and nanowiresof controllable aspect ratio[ J].
Chemical Communications,2001,2001(7) :617-618.

[2] WeiG D,Nan C W, Yu D P.Large-scale self-assembled Ag
nanotubes[ J]. Tsinghua Science & Technology,2005,10(6) ;
736-740.

[ 3] An]J.Tang Bin.Ning Xiaohua, et al.Photoinduced shape evo-

(4]

[6]

[8]

£9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

lution: from triangular to hexagonal silver nanoplates [ ] ].
Journal of Physical Chemistry C. 2009, 111 (49); 18055-
18059.

Cao Z,Fu H,Kang L,et al.Rapid room-temperature synthesis
of silver nanoplates with tunable in-plane surface plasmon
resonance from visible to near-IR [ ] ]. Journal of Materials
Chemistry,2008,18(23) :2673-2678.

Chen S, Zhiyong Fan A, Carroll D L.Silver nanodisks:synthe-
sis,characterization, and self-assembly[ ] ]. Mrs Proceedings.
2002,740(42) :10777-10781.

Khaydarov R A, Khaydarov R R, Gapurova O, et al.Electro-
chemical method for the synthesis of silver nanoparticles[ ] ].
Journal of Nanoparticle Research,2009,11(5):1193-1200.
Wang X K,Shao L,Guo W L,et al.Synthesis of dendritic sil-
ver nanostructures by means of ultrasonic irradiation[ ]J]. Ul-
trasonics Sonochemistry,2009,16(6) :747-51.

Nie S M,Emory S R.Probing single molecules and single nan-
oparticles by surface-enhanced Raman scattering[ ]J].Science,
1997,275(5303) :1102-1106.

Otto A.What is observed in single molecule SERS, and why?
[J].Journal of Raman Spectroscopy,2002,33(8) :593-598.

Li R,Yang J,Han J,et al. Quantitative determination of mela-
mine in milk using Ag nanoparticle monolayer film as SERS
substrate[ J ].Physica E: Low-dimensional Systems and Nano-
structures,2017,88:164-168.

B, BB, AW S H AR AT AOR R SR R 2
GRS I A 3 vp = R UM [T ). 2 B A2 . 2017,45(1) 1 75-82.
Zhang L, Wang B, Zhu G, et al.Synthesis of silver nanowires
as a SERS substrate for the detection of pesticide thiram[]].
Spectrochimica Acta Part A Molecular & Biomolecular Spec-
troscopy»2014,133(5) :411-416.

Xu D P,Dong Z M, Sun J L.Fabrication of high performance
surface enhanced Raman scattering substrates by a solid-state
ionics method[ J]. Nanotechnology,2012,23(12):125705.

Li Y,Cui P, Wang L,et al. Highly bendable, conductive, and
transparent film by an enhanced adhesion of silver nanowires
[J].Applied Materials & Interfaces,2013,5(18):9155-9160.
Madaria A R,Kumar A,Ishikawa F N, et al. Uniform, highly
conductive, and patterned transparent films of a percolating
silver nanowire network on rigid and flexible substrates using
a dry transfer technique[ J].Nano Research,2010,3(8):564-
573.

Ryu S.,Lee P,Chou J B,et al. Extremely elastic wearable car-
bon nanotube fiber strain sensor for monitoring of human mo-
tion[ J].Acs Nano,2015,9(6) :5929.

Lee S.Yeo ] S.Ji Y, et al. Flexible organic solar cells com-
posed of P3HT: PCBM using chemically doped graphene elec-
trodes[ J].Nanotechnology,2012,23(34) :344013.
Gonzalez-Garcia L, Maurer ] H M, Reiser B, et al. Ultrathin

gold nanowires for transparent electronics: breaking barriers



. 24

. & T BB OB

546 %

[19]

[20]

[21]

[22]

(23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[J].Procedia Engineering,2016,141:152-156.

Wang R,Ruan H.Synthesis of copper nanowires and its appli-
cation to flexible transparent electrode[ J].Journal of Alloys
&. Compounds,2016,656:936-943.

Lee S H,Lim S,Kim H.Smooth-surface silver nanowire elec-
trode with high conductivity and transparency on functional
layer coated flexible film[]J]. Thin Solid Films,2015,589(1):
403-407.

BR/NST SRR T SCHE 45 ARG OK 28 Z2 4 W] 5 el g Y T 4
il A& A PR RELT ] I BEA BL . 2017.48(2) 1 2107-2111

De S, Higgins T M, Lyons P E, et al.Silver nanowire networks
as {lexible, transparent, conducting films: extremely high DC
to optical conductivity ratios[J].Acs Nano,2009,3(7):1767-
1774.

Bergin S M, Chen Y H, Rathmell A R, et al. The effect of
nanowire length and diameter on the properties of transpar-
ent, conducting nanowire films[ J]. Nanoscale, 2012, 4 (6)
1996-2004.

Lin J Y,Hsueh Y L,Huang J J,et al.Effect of silver nitrate
concentration of silver nanowires synthesized using a polyol
method and their application as transparent conductive films
[J].Thin Solid Films.2015,584(4) :243-247.

Hu L,Han S K,Lee J Y,et al.Scalable coating and properties
of transparent, flexible, silver nanowire electrodes [ ]]. Acs
Nano,2010,4(5) :2955.

Chen Y, Lan W, Wang J, et al. Highly flexible, transparent,
conductive and antibacterial films made of spin-coated silver
nanowires and a protective ZnQ layer[ ] ]. Physica E: Low-di-
mensional Systems and Nanostructures,2016,76:88-94.
Kwak W J,Jung H G,Lee S H,et al.Silver nanowires as cata-
lytic cathodes for stabilizing lithium-oxygen batteries [ ] ].
Journal of Power Sources,2016,311(3) :49-56.

Xu M, Yang F, Yuan Y,et al.Stacking faults enriched silver
nanowires: facile synthesis, catalysis and SERS investigations
[J].Journal of Colloid & Interface Science,2013,407(10) : 60~
66.

ZRIR R FTO K4 90 K 28 e A i ] 8 K el A Ak S Ak P
T 14 PERB A 5T L) ] i %8 2 4 . 2014, 35(10) : 2841-2849.

Shao M H,Sasaki K, Adzic R R.Pd-Fe nanoparticles as elec-
trocatalysts for oxygen reduction[ J].Journal of the American
Chemical Society,2006,128(11):3526-3527.

LB . B Ty Je R AN oK 2 1 1) 4 T vl A AL TR S M RE A SR L) .
SrFHEAL.2011,25(2) :138-146.

B 2 AR BT AT S50 AT 42 ) B A U IE DR
AECT ] AR AT 4@ A1 RHS T2 .2015.44(5) :1197-1202

Kim D G.Kim J,Jung S B,et al.Electrically and mechanically
enhanced Ag nanowires-colorless polyimide composite elec-
trode for flexible capacitive sensor[ ] ]. Applied Surface Sci-
ence,2016,380:223-228.

R INIAR L SR A AT B B T R AR AR 4 OK R R A A

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

14 56 H R A% IS . TP E L CN101026224[P].2007-08-29.

Wang L,Gao X,Jin L,et al. Amperometric glucose biosensor
based on silver nanowires and glucose oxidase[ ] ].Sensors &
Actuators B Chemical ,2013,176(1) :9-14.

Yang X C, Lu Y, Wang M T, et al. A photonic crystal fiber
glucose sensor filled with silver nanowires[ ] ]. Optics Commu-
nications,2016,359:279-284.

Quan Y, Wei X, Xiao L.,et al. Highly sensitive and stable flexi-
ble pressure sensors with micro-structured electrodes [ ] ].
Journal of Alloys & Compounds,2017,699:824-831.

Amjadi M, Pichitpajongkit A, Lee S, et al. Highly stretchable
and sensitive strain sensor based on silver nanowire-elastomer
nanocomposite[ J ].Acs Nano,2014,8(5) :5154-5163.

Hu W, Niu X, Zhao R, et al. Elastomeric transparent capaci-
tive sensors based on an interpenetrating composite of silver
nanowires and polyurethane [ J ]. Applied Physics Letters,
2013,102(8):1438-1487.

Kurowska E,Brzozka A,Jarosz M, et al.Silver nanowire array
sensor for sensitive and rapid detection of H; O, [ J].Electro-
chimica Acta,2013,104(8):439-447.

Wang J,Jiu J, Nogi M, et al. A highly sensitive and flexible
pressure sensor with electrodes and elastomeric interlayer
containing silver nanowires[ J ]. Nanoscale, 2015, 7 (7): 2926~
2932.

Wei Y,Chen S, Lin Y.et al.Silver nanowires coated on cotton
for flexible pressure sensors[ ] ].Journal of Materials Chemis-
try C,2016,4(5):935-943.

Rira Jung, Yeseul Kim, HunSik Kim, et al. Antimicrobial
properties of hydrated cellulose membranes with silver nanop-
articles[ ] ].Journal of Biomaterials Science Polymer Edition,
2009,20(3) :311-324.

Wani I A, Khatoon S, Ganguly A, et al.Structural character-
ization and antimicrobial properties of silver nanoparticles
prepared by inverse microemulsion method [ J]. Colloids &
Surfaces B Biointerfaces,2013,101(1) :243-250.

Shrivastava S, Bera T, Roy A, et al. Characterization of en-
hanced antibacterial effects of novel silver nanoparticles[]].
Nanotechnology,2007,18(22) :225103.

Hu R L,Li SR,Kong F J,et al.Inhibition effect of silver nan-
oparticles on herpes simplex virus 2[J].Genetics & Molecular
Research,2014,13(3):7022-7028.

Jiang T,Feng L, Wang Y.Effect of alginate/nano-Ag coating
on microbial and physicochemical characteristics of shiitake
mushroom (Lentinus edodes) during cold storage[ J]. Food
Chemistry,2013,141(2) :954-960.

Zhang H,Smith J A,Oyanedel-Craver V. The effect of natural
water conditions on the anti-bacterial performance and stabili-
ty of silver nanoparticles capped with different polymers[]].

Water Research,2012,46(3):691-699.
(F#% 33 1)





