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Abstract The silver(Ag) snowiness micro-nanostructures with a large aspect ratio was prepared by the polyol reduc-
tion method, and it was used as the substrate for surface enhanced Raman scattering(SERS). Rhodamine 6G (R6G)
was used as the probe molecule to study the SERS effect of Ag nanowires. The results showed that the minimum
detection concentration of R6G on Ag nanowires was 10 mol/L, and the enhancement factor (EF) was about
1.0x10*. The relative standard deviation (RSD) calculated based on the scattering peak intensities of 610 and
772 cm™ was 14.66% and 13.75%, respectively, indicating that the SERS signal intensity distribution of R6G on
Ag nanowires substrate was relatively uniform to lead to good signal reproducibility. In addition, Ag nanowires were
used as SERS substrates to detect low levels of D-(+)-glucose in urine. It was found that the detection limit of
Ag nanowires for D- (+) -glucose concentration was as low as 10° mg/mL, and the RSD value was less than 8%,

indicating that Ag nanowires had good sensitivity and signal reproducibility for trace detection of D-(+)-glucose. This
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study could provide some technical support for blood glucose monitoring and early prevention of diabetes.

Keywords Surface-enhanced Raman spectroscopy; Silver nanowires; Diabetes; Glucose; Trace detection
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Scheme 1 Preparation of Ag nanowires SERS substrate(I) and schematic diagram of detecting glucose

urine using SERS technology(II)
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Fig.1 SEM images of low(A) and high(B) magnification of Ag nanowires, TEM image(C) and
EDX spectrum(D) of Ag nanowires

The insert in (D) is the content distribution of elements.
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Fig.2 UV-Vis spectrum of Ag nanowires dispersed in ethanol solution(A) and XRD

curves of Ag nanowires(B)
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Fig. 3 SERS spectra of the Ag nanowires performed with a 532 nm excitation laser, and R6G molecule

concentrations from 10 ° mol/L to 10 " mol/L(A) and Raman intensity of 610 cm ' and 772 cm’

as a function of concentration of R6G(B)
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Fig.4 SERS spectrum of R6G adsorbed on Ag nanowires and normal Raman spectrum of R6G located on
a single crystal silicon wafer(A), EF mapping calculated based on acquiring the SERS intensity at

610 cm ™ and eq. (2)(B), and histogram of an enhancement factor from the EF mapping(C)

Table 1 Parameters for the calculation of EF

4 ) 5 Relative intensity/counts EF
Spectra N, o/(mol- L) Vo /uL S Jem S|/ cm
' ’ 610 nm 772 nm 610 nm 772 nm
SERS Constant 10710 2 1.0 o 148 65 1.0ox10*  1.1x10*
L, 4.0 pm in diameter
Raman Constant 10 2 1.0 14650 5970 —

i MR A I SERS BEJIC {5 5 MM 280, M 5 Bk 2 5 I A A R 3 A Pk
Hx. KI5(A)HMAg QVWKQ)%%TPXT 10°° mol/L R6G Y& K ) SERS mapping ¥ (#R & 610 em™ b HUF 55
FETED). PSR AELL | BT AR (0 X e i 55 (5000~6500 counts ) , 7 B I 6 [X 8 (1) 7 B 15 P s
22 5 P O R 1) DX A € R R 0 X 340 55 (3000~4000 counts ) , 15 BF 30 86 DK g 7 2 375 1
/b HHE SERS mapping &, 5 AMIXHARE 22 (RSD) A48 Ag 44 KL IR G P “ Uk ™04, DLt
FAE Ag K1 SERS {5 5 BB, HARSE LU « 7€ SERS mapping [ HBENLESE 30 6% A, DL
HEAF TR AT HRAE, THE 301G E S5 M AR i 25 , S80S PR UE IR 22 B5% LA 30 A5 5 iR B
B EE, BPATA3 2 RSDAE(FH B 4r L3RR ), 455 WIE 5 (B) FirzR . Ag 9K ZEFLICHE 610 Fl1 772 em ' Ab
() RSD 435}y 14. 66% F1 13. 75%, 3¢ R6G 1E Ag 4Kk KIS 1Y SERS 15 53 JE A ity —, A
Bt B F PR (37 P8 AR 3 30 s 1Y SERS Y61 ). R6G 7E Ag WKLk F A3 B 1 43 HE R 70%~90%
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Fig. 5 SERS intensity mapping of R6G(10° mol/L) adsorbed on Ag nanowires at band of 610 cm™(A),
the RSD of SERS intensity at band of 610 and 772 cm ' for 30 randomly selected sites from the
SERS mapping(B), composition distribution mapping of R6G adsorbed on Ag nanowires(C), and
SERS spectra at any 10 random sites from composition distribution mapping(D)
The insert of (B) is the SERS spectra of 30 randomly selected sites.

23 Ag ik SERS BN E IS
HIRIE T LAVE S B 555 11 2 AR SR DR UK O, TE 3 A A4 MR B <70~ 150 mg/mlL, H¥
RS R85 1) 7 %5 Wk B > 150 mg/mL=>*. 516 — T
FEPRI . D-(+) - B /K HE (0. 1 mg/mL) -, 7
il D-(+) -0 R (0. 1 mg/mL) i 76 358 ik,
BEEE A 1 ORISR 4B R h A L
ALY, T EfTmvkEEAR, %84
FEREIE A, ek b A B A Y

5 LB I (560 1 1100 em™). ¥ D-(+) -1 W
2 KT B K W R e B, R L

Glucose urine(0.1 mg/mL)
B th TP AT D- () - 100 1 30 2 T o

Pure urine

T D-(+) - B BEAR , BP0 200 400 600 800 1000 1200 1400 1600 1800 2000
SEGS XA BE 4 AN g, Ot B R 8 Raman shift/em!

I%%Mi E@%ﬁ%ﬁﬁﬂ‘mé . %’l {EE(ZE’ ED-(+) —Z% zﬁﬁ Fig. 6 Raman spectra of pure urine, D-(+)-glucose aqueous
WA T IR I, I H R St JE R solution(0.1 mg/mL) and D-(+)-glucose urine(0.1 mg/mL)
D-(+) -2y S %‘% . droplets on glass slides
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R T RE A DR (5 S b ASHI PR B AR B ) D-(+) - 7, 22D Ag KA SERS LA
PRI ) D-(+)-F 5T . A Ag AOREILIAE — & R B2 (107'~107 mg/mL) (1) D-(+) -5 B PR
BHIEAE 2 h, FH NS T8, AR5 FH SERS AN 5 W B AS [R) & FE R6G 1) Ag 9N KR ILIE 11 SERS
B WA 7(A) TR, 15 200~1800 cm™ 35 Bl 4 (19 SERS Y6184k v 1Y B0 D- (+) 481 25 B8 B R A B s . 24
D-(+) - B =T (107~107 mg/mLL) , FRAE RS I4 5 B LU, S5 54048 s 24 D-(+) -4
B R 2 ARG (107~ 107 mg/mL) , FRAEEUR 04 A 50 B B 8 AR 55 5 YU EFEMIKZE 107 mg/mL B, B4
TCAIN 2] D-(+) - AR GIE(S S, BIIE Ag QOREXT D-(+)-F AR H FR R 10°° mg/mL. AR
ST A U« 1451 F111330 em ' A B 4FAE U6 H—C—H B 4E IR 505 1117 em ™ Zb 04 R C—O0—H
B2 B IR Bl 5 1070 em™ 40 1906 Ky C—H 45 IR 3l 5 914 em™ 4b A4 T R F 2R 7h ) O—C—H T PN 81 45 5
852 em ' Ab i UE Sk C—C P4 PR 8 5 508 em™ Kb I Ry SRAMETE IR Bl 5 413 em ™ Kb 05 Sk 35 9 BT 4R

4.0
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3
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Fig.7 SERS spectra of different concentrations of D-(+)-glucose(10 '—10 " mol/L) adsorbed on Ag nanowires(A),
SERS intensity of D-(+)-glucose at peaks of 413, 508 and 1330 cm ' as a function of R6G logarithmic
concentration(B), the SERS intensity mapping of D-(+)-glucose(10 *mol/L) adsorbed on Ag nanowires at
the band of 413 cm'(C), the RSD of SERS intensity at band of 413, 508 and 1330 cm ' for 30 randomly
selected sites from the SERS mapping(D), composition distribution mapping of D-(+)-glucose adsorbed on

Ag nanowires(E), and SERS spectra at any 6 random sites from composition distribution mapping(F)
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R Ph413, 508 F11330 em ™ 2 SERS B 58 BEXT D- (+) -5 260 W% (v BE X BOVE 26, R M 3 &t
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Tl 25 P RELRE % 1 22 17 LA B 25 SERS 1Y R U, BRI K ) L R T BRI IR RS 401, T2/
SERS M55 EEIM: . FH Ag ORI A FR i H I & 19 D-(+) - B A5 05 0 T, SEIR R R AT
VEPEPE | ARG S HIME:, D-(+) - EBEE R P 1R H RN 10° mg/mL, RSD<8%, UESL T SERS
FARREAT OGN A WA b B A0, AR AT R A A GRS SR R AR S
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