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Abstract
In this study, flexible nanosilver-bacterial nanocellulose membranes were prepared by both chemi-
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cal reduction and UV methods, and their surface-enhanced Raman spectroscopic properties were
compared by the detection of rhodamine 6G (R6G). The experimental results showed that the
chemical reduction method was more effective than the UV method, and the nanosilver-bacterial
nanocellulose membranes prepared using the chemical reduction method had a strong SERS effect.
Flexible SERS substrates have great potential for toxic dye detection.
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1. 51§

F MY P2 HUH (SERS) & — Pk T 3R 45 5 1A LR (SPR) RN [L] T BUAR B, 7T TH AT
LW, B EMRLRN A 261 (SERS)FRI « FEEPIKRHA . WOLH ARFIIELEM 2= AW & &, SERS
FRIEAEY R FRR[2]. HBERFA[3] B S LA 4] FIAR AR [] 554k )2 B

SERS [ R % F LRI T 10 49K AN IGUKIMBRGEF RN “ 8Ol ) PR sk g, Bk
TER %% SERS I I 75 1 fll Kb 11 RSHFUEAR, AR T #OS R . SERS &R IE ) H 4@ 45 2 114
YR RLT S5 K, wEn4[6] 4R[7]. W8], FUNENTHARMI L. TEITH &8 % 8 THRgK
kLA, BRI AN BAL, W&INEW S H2FE, SHESBMEH G BRI, XEEHRK
NERCE I % SERS JEIE 4R . HRYNKBURL(Ag NPs) FTZEFE i i~ AR By A1 s, B W R 1 SERS
AN

H AT, PREE 5 Qe I REIR I R SR A3 2 7 AT 32 23, AATTRE & SR ] F A e RS AR AR 9]
R ARRAPEERZ AR, FERBAEMEOCEER, HPB4 NE4FE 15 x 107
ME[10]e AR 2 2248 7T DA 4E R ATAM B P & 1 B A YUK S M A 4R [11]. G0RF 4R A
SRR, RISFYERYKA Y. FAERGK SRR E K 4 K [6]. Hd, R4 RNEREAF
BIRIET R, 5 5HAM RIS A, A, BNC 3B BA Al . K NE H MR A= W e 4 a5 2]
FERHREAY SERS FLFAEL, AREA —FE AL, Sia. RPERY SERS HEJEFR I T H IR AT H .

AR SO FAR G ORE B 2 i 2 IR E 4 T RO RR e MR B 15 5 SR R, ik SERS JLR I PERE .
RYPRIRLRE I KR E g M 2155, HElRWTEARE, Bz RABNE13]. B IR E[14]
R JRIE[15] iR A AR [16] YR JRIE[LT]. HALSAR JFVA[18]. K ANEAE[19]. AR, XL 5iEK
ZHAAEART RS, AR, TRRATREERRME. M2 T, SR REREINEE BRI &
fET 5 HRAE T AR R

AR SCIAIF 8 7 I 2 I R R R R A ) 4 ARG KR, 55 BNC B P15 B9 K AR - 21T
YOREFYEZIREY), FRHILIEN SERS K. 5 HABWI AR, HRYCKBIRA BNC B H:40H T R &
W5 AT AR IR B 2%, TR TR B G A . I A B ekl R6G AT SERS K, AFFURIL, L
R R AR B AR R - UK A A R R A RIFH) SERS &8, M5 5mEHE®E, e
PR LT
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2. SCIOERSY
2.1, AFFi5

R AHERIR(AGNO;, 4IE 99.8%, [EZG4EM]), AriRERBN(CeHsNasO,, 1%, FIHIT), ZHEAKLT
YEZ(BNC, & 0.8%, HEMALERHTHIRAF), P 6G (CxeHsCINO).

Wt B REEBOVLERTIES, TG16G); 4, HERRIL /i HiHE (L /)R FPE, DF-101S):
HA TR (WL 6 N R, PC-3): RO LR 261X (Renishaw, inVia); i A BB GEHL(IR ML L,
F-020S).

2.2. Ag NP-BNCPs Bl

2.2.1. WEEJEESIE Ag NP-BNCPs

1220 SRR R AT RN E I S5 77, 3BT AgNO; IR+, ATl 4 Ag NPs fi44:[20]

1) 7EHEJZHIN 300 mL 0.0018%7H BRAR /K VAR AN /INEE i » 4 HET I BT S Rl H 4% R 7K 7S
BEET, MMM AR R SN I A6 Dy 50 HHE S ME G In#AE] 100°C e, K
0.5 mL 1% MIFF R IRANTEBIE NHEIEH, Ik 60 min J5, 52 Ag NPs i1k, K Ag NPs igiki 1%
o

2) =HY 200 mL (1) Ag NPs Jizfk, %] 4 52 50 mL [0 . 7EFEH N 1480 rad/min FIEOHLF,
X Ag NPs [BARE Lo 10 min J5, AR E R H B OE I EIEWL IR 5 mL PTIE VIO R — B0
B WUUEDEE S, B EEEILERS 15 min, BeAF I 10 g BNC #15.0 mL ) Ag NPs,
R A NEHS 2] Ag NPs TR A BCRY -

3) METAKIR - AL AERFIEE, Wl 1 PR,

(a) (b) . © ()

1.0mL Ag NP-BNB‘ / -
b 4 - . Ag NP-BNCPs
A —— B

Figure 1. Experimental procedure for drying flexible membranes; (a) Blowing the residual liquid on the slide after sonica-
tion with an earwash ball; (b) Adding 1.0 mL of the nanosilver-bacterial cellulose mixture dropwise onto the slide with a pi-
pette with a range of 1000 uL~5000 uL; (c) Drying the slide containing the sample in a vacuum desiccator; (d) Drying the
flexible membrane with 1.0 mL of Ag NPs membrane

1 MFRMERINIEIE; () BAEKRRKTRERHIKA EAKRERME; (b) AEiEH 1000 pnL~5000 uL AIFZiK
4% 1.0 mL 49KSR - HEFERBESRIRIIEMBIEIRA £; () BEAHERNERABANEZT TRFRTE; d) F
HRISH Ag NPs B2 1.0 mL BURMEER

2.2.2. EINEHIE Ag NP-BNCPs

HAMNEG K AgNPs (1) )5 12 BNC i 25 85 B A7 1) 2k [a) FR Bk i J5 R VR L, AESR AR,
BNC &4+ [1]-CH,(OH) 2t B #44k AL (-CHO), E 3K Agb 15N Ago, HETM# A AR HEE(-CO0),
ToETEHI Ago SREETE BNC Z-4EIRTH, 45 I BRI 1) Ag NPs. it 58 4R 1) BRI S5 AgNO; 1)
T, MR Ag NPs 14k,

1) HRHERFAR 0.85 g AHIRER, W HIE TEEMAMK, IRGEHERD 1 LIFGBMEERTRS,
fic # 50 mL 0.1IM/L RYRERIE W, JF B THELIRAT

2) ¥ 10 g BNC #1 5.0 mL 1] AgNOs IIA—AN/INGebr,  TECE LEME 10 HE38 hHii «
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3) 5 min 5, BREMEIN—ANERILF, HEELIME, LT (243 nm)ESE. 1 h 5, EIhfl&
PIKAR - GHTE LT Yk R, (B H RO G IIR &M TR
2.3. SERS ;&

T, BRMEE T L, B EREZE 20 nl~200 pL, HH 40 Ll 10 mM () R6G iAW
T INAEAL 238 JE A 5 ORI b o 5 b — AL 32RO [ (1 735 B B 40 pl 107" mM R6G 1A W Iin1E 45 4
RIS o MRS, (SRR KN 785 nm, BOLIHE A 0.5 mw (3L Bt 2
HREACER T I hE B A5 5, CSRAH N ) SERS Ygitk,
3. RMiTe
3.1 RMEENES

T AL A8 R HI A5 ) Ag NP-BNCPs ZZPE IR Fr R e 2. Wil 2 o, ATDAEH, FMEmE S
OI5], XFU T KR 7 E BNC IR R AL 51 0 A ). RIS SEI A8 HE S, X
T 7N R BRI RN . LANERI1E) Ag NP-BNCPs i R 7E 19 3. 2R MEIEH 5 T 54t
5, EEES AR,

Figure 2. Flexible membrane of Ag NP-BNCPs
prepared by chemical reduction method, flexible
membrane with curved surface

2. WEREESIZR Ag NP-BNCPs 14 A%,
RETHIAE MR

Figure 3. Flexible film of Ag NP-BNCPs prepared by UV method
3. ESNEHIEH Ag NP-BNCPs M
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Figure 4. SERS spectra of R6G collected on flexible nanosilver-bacterial cellulose
membranes prepared by chemical reduction
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Figure 5. SERS spectra of R6G collected on flexible nanosilver-bacterial cellulose membranes prepared by UV method
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M 4 FTLLEE R, R6G 231 (FHRFE I H L AE 1188 emt. 1310 cm ™. 1360 cm ™. 1508 cm ' 4. 1188
et Abf R B R B g4 I 55 C-C-C SFT NIRSN. “FiAh C-H iRz, C-H P A K BR B A Al
C-C hifditi s %, R6G fh & UELE 1310 cm . 1360 cm ' F1 1508 cm ™ 4k s H s O 245 S0, X
S5 FRARIREN A . MEFI R6G M2 &5 Yu Cao ZE[21] 1R 7¢ it s AL ALl 714 5 ', R6G
IR BB 1361 et Ab, LA 85 S AR BEAN o 8 I Ho A2 I TR VR AN SR AR B R i
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SR AN, W PR R RGP KA - 3R T 1Y) R6G FRET 731 (FR AR [ # s ) Bl R 7™ £ 58 SERS {5 5, 1498 | SERS
RN

238 SR R 4 TF 1K) Ag NPs 5 BNC i d, Mt a4 i . T 58 AN A IR BRVA M5 BNC
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PEREIR A 2 PR A RS T DLV o 5 BRI SE A . AT AYEASE 2 BT AR — BB IR i a4, A
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Figure 6. Comparison of SERS performance of newly prepared flexible membrane and flexible membrane after 8 months
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