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Abstract

Surface-Enhanced Raman Spectroscopy (SERS) technology can greatly enhance the sensitivity of
Raman spectroscopy, and has a wide range of applications in agricultural production and envi-
ronmental monitoring, which can be used to detect toxic pesticide residues and environmental
pollutants. The traditional SERS substrates are mostly rigid substrates, which are difficult to be
close to the analytes and other problems in practical applications. In this experiment, flexible and
environmentally friendly nano-silver-bacterial nanocellulose films were prepared by simple op-
erations, and their surface-enhanced Raman spectroscopic properties were investigated. The pre-
pared flexible nano-silver-bacterial nanocellulose flexible films have high SERS activity by the as-
say of thiram and rhodamine 6G. The aim of this study is to develop an environmentally friendly
flexible SERS substrate for the preparation of nanosilver-bacterial cellulose flexible membranes
for the rapid and effective analysis of trace chemicals on sample surfaces by simple manipulation.
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FIFH 1974 4518 VR B 26 17 18 9 47 5 5 (Surface-Enhanced Raman Scattering, f##% SERS) [1]#%A
AT DAK I i @6 10 RS, $ B BUN R S0 107107 £%[2]. JT4ESR, BEE AR IR B
FACEREAR BB, SERS #) V2 N T i AL 2% [3] [4]. MREE20#r[5] A4~ [6] [7]. AEPBE[8] [9].
&R L Z2[10] [11])5408. Hr, SERS ALl I ERAER 8. PR ot kil oG 75 b B A4 f7E R
b AR P RTER S 0 4R P 8 R B AR R B RIE FANE

AR FURL(AG NPS)REA R 5.4 J8 0K BURL 1 ) BEAL 22RO H 22 e T, LSRR R AR A i
fR ] I AZE AMIR) T B P, o 2 1T 189 58 7 2 Bk (SERS) M5 B R B 2%, W I T ki SERS ¥ 3%
JRM[12]

FESEBRN I, 3l T SRS . 25 B AR R R R T . ARG SERS ZE AN
Y, FERCINERE A AEAE AT Z AT D I 0, 75 18 FH B3 s R0 e T BAN I S, A R
FAK[13]. b4, HETH) SERS R K2 & & A MM AR RE, A S 2k el o 7 B (R AR 2R, A e B
MR G, mAEBIBIRIANY), NRER RIS S BT ROBRESR S R BE AN, MR, R
X ARG AR AT 5 (14, BRIk, JFR MR H B L SERS 41, & MR AT Sz —.

41T 49K 274 2 (Bacterial nanocellulose, fi#i#% BNC), & HHAESAT B FIH & F= 9 i K A B A =4k
ZILME RN AR, RIS R S FR O T B AR B0, £8 28 m] DAR A ARV R S E R R s
T, R TAM R AP IREE G5 BAGEAEME.  SALBRER . 2l BEAMC A ™ BOA A A [15]
IE4k, BNC i B A AR PEAT ALV B R R G [16], TR IAMR H A VR SERS ARt 17—
TS AT 5 7 161
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Attasith Parnsubsakul 5% F 1 7= AHE BRAT 08 1 LA pRAH T AR 4T 4 25 . 0 AR s i gk AT 2lidh, 7
{5 FH B2 i B G 5 iR A 9K AR - 4l B 4T 4 R 22 M (nano-silver-bacterial nanocellulose flexible films, f&j
PR Ag NP-BNCPs) [17]. Rl &K 4EER, FHAEH 2T I8 A % Ag NP-BNCPs [ 77 A A7 75 SE 50
IR BRAE RO S A L o FRATTX FESEE8 U7 R AT oicidh . B3 ) 45 LF R 4H B 9 oK 4R 4 R 5 RGN
KRS, TR IR BOIRY, IR & BARY) T 151 £ 18 Ag NP-BNCPs.

W as R, MNP FH 6G (fRiFR R6G)I) SERS 15 5 ¥IM & HRANK I FE I 38 iy 3 5k, HLik|
%M Ag NP-BNCs EHR KR A AR LT 4 R AETT R M SERS 4 J7 W 2 A ) V2 T 5t

2. LW
2.1, ZERFISUEERE

IR AP EREN(CsHsNazO7, 1%, Bl 1), ik UY FFIERK 2% 4 (CeH12N,S4, 97%, MACKLIN),
SRR (AgNO;, 4 99.8%, [EZj4EH]), B'FFH] 6G (CeHaiCINOs), AMRANKL4EZR (BNC, & 0.8%,
FEMRAT ZERHE A R A D)

SIOAN AR B s I SRR B (L8 )R FRTE, DF-101S); & a\Eid B O HL(RHTXE:, TG16G);
P P E T LR N 54, F-020S); 25 T 158 (WL & M IR, PC-3)s Bt M2 O #2611 (Renishaw,
inVia).

A S RIS 174 35 e 2 L Y4 F R A K e A T 7R T
2.2. #l#%& Ag NP-BNCPs

2.2.1. WEEHFRAKFRI(AG NPs)

S0 R F AT BENIE . AgNO H IR 257, A2 BT Ag NPs 35 A ARTEF i, TE A% Ag NPs &
[18], MITIEERAEMI RS AT, HATRRR & MEREMK, BRI T:

HETEZ I 1 N 300 mL 0.0018% i & HR A VA S NG 5 R HETE TN K VS TR B A U B bk 3 b
I e PR E s T KR, (R B % P KL R T AT TR B R R, S R L R A
T 1, A S SV RS2 35050 o A SR 30 UG 70 10 B 25 (0 #4960 21 50, RP#%e >y 2150 rad/min,
HNFAZE 100°C )5, PRIHK 52 T8 A5 47 (9 4 mL 1% FT 5 BR AN VA U NHE T, V9 R TG 8 1 A8 g 1
th, SREEINFA R 60 min, IR H R (OB BTE R HE (1, Hil1F Ag NPs A, v 50 22 5 R 5 L AE
Jio
2.2.2. %% Ag NP-BNCPs

T 9RBR 5 T A5, 245 SERS BNl kA 2. EIMEZES R, FiRH &1 Ag NPs
FREAAR R AR G JBORE (1) IR FE ARG, WFRAT IS Xd Ag NPs BRARIEAT 8500, T8 Ik BRUTIE W -8 75 (1) 7 VA i Ag
NPs ¥ FE, PR S APK A 4E R n ke, 115 Ag NPs 7 BU8E i T 40 i 4K - 4 R LB, M
TERL T BN “Hmi” , AREE T A0OKBUR 5 B S R, e SERS Al AR e 1 5 E k.

1) %F Ag NPs [t 47290

200 mL ) Ag NPs AR5 BN 4 322889 50 mL (B LT, HEOEE T E.oN, T
54 5. #i# 1480 rad/min, X Ag NPs RAAZEATES ., O] 10 min. A & 22 18 R 550
H ISR, BSCEOE R 5 mL YUEY) . KT A TR R B E — B0 T, B S RO A
TEVENLEE A 15 min, 1 Ag NPs 351 08k Tia

2) HIAAKAR - QNGRS KR A BOIRD
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ANEM N 10 mL 4B £F4E %, I 1.0 mL ] Ag NPs, #ii$t 30 min. HEE BB IE, MK
LR FE E L 10 mL A4S, il Ag NPs & EAFEFIRARARY . Ag NPs & & 73 7 BUEN 1.0 mL. 1.5
mL. 2.0 mL. 2.5 mL. Kl &7 B0V & R 1% B BE G A7 T

3) KRR - AR YK LT 4t TR S ROCIR P T 45 ) 2% S 1 e

BT R AEK B QAT A 1B Ve BB e B B v v 5 b, ISR R B I
RIART

1 & A2 9 1000~5000 pl (R AE 2> FIEL 1 mL K Ag NPs [ 4 1.0 mL 99K4R - i 4T 48 R
GIARY), ARG AP, B ORIE — 8 EGUKRER - B 21 4k 3 0R & ORI R AR AR [
B BT EHS TR T, BI#H % Ag NP-BNCPs (DA FfEIFRFEMER). HE FRBIE, 255H %
Ag NPs (& 88 1.0mL. 1.5mL. 20mL. 2.5 mL [,

2.3. FMFRMERER SERS 451%

P S KAV B 300~1700 cm ™t BRI N 785 nm,  BOEThEA 1% (B 0.5 mw), B4 ] 1
s. i EFE)y 20~200 pL (LW, BL 40 pL 107 mM IR ZEXUAWL, TIME L b, Em 708
TR, Yy SR AR MR 1R 6 77 56 00 40 pl 107 mM 9% FHBH 6G VA, ARIATRE AR KT JE R
BT 2 ISR AE .
3. XWERSTR

1) SRR se ]
P 1 NARGRIURL - 1A 9K AP UE 2 NE SR, (@) IR ERISRVEIEE (D) 925 MRS RIS MR
HIBIRT LA Y, & SRR 5 S8BT 7 8, HERPERSE, WA A il

(b)

Figure 1. Image of nano-silver-bacterial nanocellulose flexible films. (a) On the slide; (b) In a curved state

1. SRENRTAL - MEPRTERZMRIME. () WA L5 (b) BHIRES

2) Fror e A L e g
K20 1B 3 7 RO ASRRR EEAR AR - 4RI 2T 43 AR JF W] 6GL ARSEXUPI AT SERS 70 THRETH
R Es 2E 5.
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Figure 2. Raman spectra of nano-silver-bacterial nanocellulose flexible films in R6G as SERS mole-
cular probe
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Figure 3. Raman spectra of nano-silver-bacterial nanocellulose flexible films in thiram as SERS mo-
lecular probe

B 3. ZKIR - WEAUERFMRERENER SERS 5 FIRE BHEIR 251K

HIPE 2 A AALZE S, 7F 1184, 1362, 1509 cm ‘B L FHIH 6G Mg, X 5H6E 25191/
WEFCARAL, AF BA BT i ) i 2 A5 5 2 J8 T2 FHIH 6G . Mo, RBmiRfiEg 1509 om ' B A8 2% A ) i
FERENGIEN; 1362 om A (R R B T 4A 2% BRI 45 IR S0, 1184 cm ™ AbRUFAEIE X T C-H 25
HETTETI
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HiPE 3 AfLAWIZEE, 7F 1379, 1438. 1505 cm ' BA i H B4R SE W AR AR IS, 3X 5 WANG Z5[20] (I
FOAML, ERH TG SR B B A5 5ok [ TARSE R . Hoh, BimAEAEE 1379 em™ & CHa W FRIEIEAT C-N
EEEIREMT; 1438 cm™ AbFURFAEIE X T C-N H145; 1505 cm * Ab R ARG N T CHy X FRIEIEAT C-N
GERR

3) e B P AR G KRR PR R BE XS 4 S SERS 9 4 [ 52 )

T RGN K RIORLIA AN [F) 25 T MR RRAE S FHI 6G L Hm3E XU B Fl SERS 43T HR4T (12 HI 3 5 b7
SZESE(E 2. B 3), rTHEWE, EEAEMANIGKER - U4 R TR, D 6G. 48380
AR 2GS SR AR RS, (HF P 6G. ARIE WA S YRR - A4 R MM A )5, SERS
G5 B, HEEERYORMURIIRE R38N, SERS {5 518 om U R ¥ B . [RA$ET SERS 15 5 11
B Ag NPs P2A 1) “ahi” , BIFEd Ag NPs ({25 [/ 0 4ii . BE% Ag NPs ¥R FEI3E N, 9Ktk 2 7]
(a1 EE R SFosl, JF B T BNC RRIR I = 4E M 251 (] 4), 15 A SEa0 ] 4% BT 43 9K R - 405 47 4
R MERRAE T HAb-F 1 2D SERS FEJR, 7EIEE J7 1) B EA BRI R IAUR S 2 (1 “#holl” %,
fEm 7 SERS B RBUE LA ISR T SERS 5 558 .

d
wae)y

‘_\‘ v v ‘

Figure 4. Ag NPs embedded in BNC special 3D network
structure

B 4. SRACRFVRIERHERTE BNC $F7RH0 = 4ER LR 454

4) AR AR EFYE R AE ] RS A0 520 49K 35 (GNWS) 4 R 1T L

TATHE 2 5 GNWs-Ag JERALI R6G (14 2 ik B CCHR[21] & 5-2)3E 47 XF b, FHEE T GNWs (E!
WSO BRI, AN 9K 2T 4k R ONMRR, SERS B S MU R AL . X RGN K LT Y R AT fE—
TR EACE A SR oK, F T PR R Rt 23 B A i 3R 1T Y R6G .

4, g5ig

B TR AR AORE 5 20 B 40K £ 4 TR S 0 46 HH IO 9K AR - AR 2T 4E 3SR, 22 1] 6G.
RSP Al SERS 70 75T (R TG s hr 2 A5 5 18, IS LAUR 458
1) AT AR LT Y2 11 26 ISP 5 5 3 7, B R ISRINE, oAl TR R A o 4 g o2
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NN 5 X W E
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JEFR G R B B 22, 4/ T 9Kk 2 [RITRI R, IR FDOK: Ag NPs 5 BNC #1218k /5, Ag NPs
A BNC [ =4EM 450 b, 3@ T Ag NPs /- i SR B, A b das i) 7 9ok Al BE R, R
JE 7 SERS # S AN .
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