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Preparation process of Au-Nylon flexible film substrate
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Table 1 Preparation conditions of Au-Nylon flexible

film substrate

o B B v I 5%%% FUR/F=8 s
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Cond C 1 2 2
Cond D 2 2 4
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Fig.2 SEM (a), EDS (b) and UV-Vis-NIR (c¢) spectra of Au-Nylon flexible film substrate
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DR LA eRs &, NI a] DL A U R 5F S L IR R
Wik #E 535 nm, T Au-Nylon 24 B IS ) fec o 55 B 2L 4R
W & A T Wi, HBIAE 512 nm. X 0] BEJE BT 4 40K
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(a) 1171

ML

SR NE 3@ iR . WEHTATLLE H, Cond B [y SERS {55
W 5%+ Cond A, B 4 BCRFAY RSN . Nylon 2 B bt
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Fig. 3 SERS spectra of Au-Nylon flexible membrane substrate at different conditions on CV probe molecules (a) and SERS spectra

of Au-Nylon flexible membrane substrate and Nylon flexible membrane on CV probe molecules and R6G probe molecules (b)
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MAFHEES) . 1171 em P CE R C—H 325 i 5 3) #
1296 em™ ' (C—C WA i g™ o Ay B iF A S i 38 A 4k
PLR6G AE R 437 JEJR X H AT SERS Kifl) . A& o]
F il R6G iz s W i i . 20 WU IR AR 2 610 em !
(CCCHmMBIRsN . 771 em ' (C—H F i 4h 25 iy I
2. 1194 em ' (C—C i 45 fik ). 1 308 em ' (57 # ¥ f
C—N MR . 1359 em ' CFF/FH A C—C i FH I3 Al
1509 em ' G5 HH C—=C Mgzl . 255 Nylon K

X CV B4 SERS 358300 . SLUIFER I 2 . 25 B Nylon
S TIREAR B of Bl 00 49y T M B N Y RS . 4 B BT IR D A R
Au-Nylon 2 5 56 Jig B A7 3l A . 7T 7 28 00 A [ 9 7
.
2.3 Au-Nylon £ FRERE SERS B4 U IR K 1858 B F
9 Au-Nylon Z2 44 5 IR 19 SERS Al R . 52 5606
W R 2.5X107°, 1X1077, 1X10°°, 5X10 " K 1 X107
mol « L™y CV #REF 20 T W AL Au-Nylon 2 4 5% 5 i€
. SRJEHEFT SERS K, 45 RME 4Ca, b Pios . 45 R KW,
WEE CV RS0 T I O BE B R AR . CV -5 70 778 Au-Ny-
lon AR BEEEEE 1 () SERS {5558 L2 #i 6% >4 CV Y
WHEARZE 1X10 " mol « L "1y, CV 4 7 7 1 ##1E SERS
G5 JLP AR E] . BB Au-Nylon 244 5 28 i 7T LI AS ) 21



696 it 2 56 b ERVE
q 30 000
(a) 30000 (b) y=(7958.45%1 702.93)
+(63749.61£10 752.94)x
L0x107 mol L™ 25 000 - 5 2250001 r-0916
X - \g 15000
5.0x107 mol-L" 20000 7 g
g \/\NMJ’&/\\/M/\ 3 z 7500
= & 15000 1
: M g
] 0 -7 -6 5
= £ 10000 Lge/(mol-L™")
1.0x10° mol-L™!
5000
T
2.5%10° mol-L"! 0
T T T T T T T T 1 T T T
400 600 800 1000 1200 1400 1600 25x10°  1x10°  1x10°  5x107  1x107

Raman shift/cm’

CV concentration/(mol-L™")

4 Au-Nylon RUEFEERI CVAREE S (a)F1 1 171 em™' 4bIE3E 5iR B L 15X % (b) B9 SERS 4 T 4R IR B %

Fig. 4 Quantitative analysis of CV solution with Au-Nylon flexible membrane substrate (a) and linear relationship between peak

strength and concentration at 1 171 cm™"' (b)
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BEFH 1171 em ' Ab ) B W g B R TR EF. 29T R Au
Nylon & I 5L % (19 SERS HE 5 Al 724 110",
2.4 AuNylon FEBEERNH—EEESHDIN

AR BRI 51 1 43 A 42 SERS {EPESL IR & - A

Intensity/a.u.

400 800 1200 1600

Raman shift/cm™

Intensity/a.u.

Z B SERS*#57, [Rt Au-Nylon 21 I 5 i 35 — 1% 5
RS ) SERS A A5 7 52 1 2 R L7 0 Sk 1 WS T
#1 Au-Nylon 221 JH JE I 19 29 25 1, SCR K 51077
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Pel 15 AN [ B s #E4T SERS A, [ 5 () 15
SERS ji§ [, A [ B % W] Au-Nylon ZEYEBIL IR SERS i
BE o A5 RFRW, BEHLEEUE 15 A S CV 14 5r T SERS /&
TR ) WA TS 4 U 06 ) R R R AR — 0. AR ] 51 4 0 4 A AR ] 0
5 X, HEATLUA 1 171 em ' AbEY) SERS 58 B ORI p AL T
X3 o i — 2P R X Au-Nylon 21 2 i ) 35 S P BEAT BT 5
GEitIF M RFAEVE 1 171 em™ ' 4b 9 SERS {5 S 0B, 45810
B SR, 15 AT ALE L 171 em™ ' Ab Y SERS 5 538 &
i) RSD 2y 11. 8% » gt — L UL WA FE b B i # 19 Au-Nylon 3¢
PR 2 R B B 3 S 1

(b)

1171 cm” RSD=11.8%

12 000

8000

4000

3 6 9 12 15
Points

B5 15AFRES B SERS Eif(a); CVIE1 171 em™' &b B HER 4 (b)
Fig. 5 SERS collected from 15 different points (a); Histogram of the peak of CV at 1 171 cm™' (b)
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Fig. 6 SERS diagram of Au-Nylon flexible membrane
substrate (5 batches) for CV
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F2 AREH#XE Au-Nylon 1 RE KR CV i RSD 34
Table 2 RSD analysis of different batches of Au-Nylon

flexible membrane substrates for CV

AL RSD/ %
798 12.7
913 6.11
1171 13. 89
1296 18. 40
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A SERS {55 8055 » X R JE M 5 Au-Nylon 22 1 [R5 g
Xt S. aureus B SERS {55/ B & 04 3% 5%, H. 1 A3 0 =
TR EERT S, aureus WIGRAER . B 7 W LLFEH S.
aureus W) F AE 0 E B 734, 962, 1 031, 1235, 1 314,
1 350F1 1 460 em ', 5 Zheng £ BB 55 45 B LA MW 4 .
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Fig. 7 SERS spectra of S. aureus with gold colloid, Nylon
film and Au-Nylon flexible film substrate
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Preparation and SERS Performance of Au-Nylon Flexible Membrane
Substrate

FU Ying-ying, ZHANG Ping, ZHENG Da-wei , LIN Tai-feng” , WANG Hui-qin, WU Xi-hao. SONG Jia-chen
Faculty of Environment and Life, Beijing University of Technology, Beijing 100124, China

Abstract Surface Enhanced Raman Spectroscopy (SERS) is one of the most sensitive analytical techniques currently available
and has been widely used in life science, material science, environmental science and analytical chemistry. The performance of
SERS base determines the application scope of SERS. are the key to promoting the development of SERS technology. the
preparation of highly active SERS substrate has become a hot spot in the SERS research field. In order to obtain the best Raman
signal, SERS active substrate with special characteristics is great demanded. Flexible SERS substrate has unique advantages such
as good flexibility, 3D scaffold structure and controllable pore size on the surface, and it is a good application value in detecting
compounds and bacteria. The surface of Nylon flexible film has the characteristics of the hierarchical and porous staggered
structure. Au-Nylon flexible film substrate with high SERS activity was prepared by combining the solid phase extraction unit
with the special material Nylon by changing the amount of gold sol and binding times of gold nanoparticles and film. The result
showed that gold nanoparticles attach well to Nylon fibers, and the plasmon resonance absorption peak of the Au-Nylon flexible
film substrate has blue moved, which was due to the intrinsic surface plasmon resonance coupling of gold and Nylon, forming Au
nanoparticles and Nylon fiber complex. After the first treatment, Nylon fiber and its attached Au nanoparticles formed a new
active retention layer, which contributes to making the gold particles better attached to the film’s surface during the second
treatment, forming SERS “hot spot” effect and improving its SERS performance. The SERS performance of the Au-Nylon
flexible film substrate was analyzed by using Crystal Violet (CV) as the SERS probe molecule. It was found that the SERS
strength of the CV probe molecules on the Au-Nylon flexible film substrate varied as the number of filtration times and binding
times of gold nanoparticles and film. For Au-Nylon flexible film substrate with an area of 1 cm”, When a single gold sol amount
of 1 mL is combined with the film two times, and the total binding amount is 2 ml., the SERS signal of the CV probe molecules
and the activity of SERS samples was the highest. The Au-Nylon flexible film substrate was used for SERS detection of the CV
solution with a concentration of 2. 5X107°, 1X107°, 1X107°, 5X1077 and 1X107" mol « L™'. Respectively, The Au-Nylon
flexible film substrate enhancement factor reached 1. 0X 10", and the detection limit was 1. 0X10 ° mol « L ', In addition, The
Au-Nylon flexible film substrate had good uniformity with a relative average deviation of 11. 8%. The Au-Nylon film substrate
still had good SERS performance in microbial detection, and the SERS enhanced effect on Staphylococcus aureus was better than
that of gold sol. It could be seen that the Au-Nylon flexible film substrate has good homogeneity and good SERS activity. The
method has the advantages of simple and easy batch preparation, and it has good practical application value in both compound

detection and microbial detection.
Keywords Surface-enhanced Raman spectroscopy; Au-Nylon flexible film substrate; Flexible base
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