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Abstract

Surface-enhanced Raman scattering (SERS) is a powerful analytical technique that enhances inher-
ently weak Raman signals generated by Raman scattering. Using thiram as a probe molecule, three
kinds of silver nanofilms with different growth times were used as the substrate for SERS detection.
The FDTD calculation model is constructed by establishing the physical model of the base, defining
the simulation area, and setting up the light source and the monitor. FDTD simulation was used to
analyze the SERS enhancement mechanism. Based on the experimental and simulation results, the
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best SERS activity was displayed when the growth time of silver nanofilms was 60 min. According to
the FDTD simulation of the electric field distribution of the substrate microstructure, it can be found
that the ultra-small nanogaps less than 10 nm between the nanostructures can excite a large num-
ber of hot spots, thus amplifying the Raman signal.
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1. 518

R R (OGRS BIRE SR TR, ASPERD T S5RE 7 Z B2 KAEFEFR I BUR . fEIX AT
fE, T HATHATRREACH:, R BURYE IR AR T NFHEMR R A AR . i il O 1 L 45
B BIEURYCHEAT 70T, SRS SREURE 5 7 PRSI AL 3 J5 TH AE ., 26 FH TR 72 o0 F 45 ML) [2] A
i, BSOS AR, PR RIS S LR ES, R AE R IR AT A XE A PR IS 5 B
G5 R EARAG, IR R T e AR SR S AR N o 3R THT G SRR 2 U (SERS) A& 2 TR 2 U K B
R —Fp AR o HIG o S5 B SR TN T . PR s A AL 22 1 9 [3] [4]. FRRGIG 58 & JmA
FFR AT AE MRS 2540 B4 S8 9K BURLINT , ZE NS IR R, X e 55 44 1Y) 3R THT 23 UK J=) i 3 1T 46 B9 114
MBS TR BT 5 N AR ITEC R, 2 7= A R T &5 B R IEHR[5], AT AR K b 39 5 2 It i
() FL R R FE o — IEAE K TR BR 45 R (TR B ZE 10 nm LAY [6] 1T DA™= A= 58 Z1 () 36 T LR 25 B8 TR oc#h &
T R () 2 T R A it F 3, BRI “HGS7 o A7 FiX e Xk IR T 70 T IR 245 S5 8 B %
K, 1Xat SERS MSRMFERIE. ML T RS, St&BYrKRBRIC MR, A5 EmZIn Eri g
BOR[7] sfag: HE LK B0 R, R 72 LA R RR SR . T IGE
UL S A A RO, BRI 7 5 R TAR R g e AR AU BAR L, B o E A
RINGEE WHWIHR I E SYIRIE RS, PP FE A 4% 1 1 9 O RR g Mg R 3G 5 [8] . SERS 72
kNGO s % N B R Bk € e | R S DE VA=Y A= )] B

N T RGO R ) 7 A ) AE SERS W IR, BUE A, ik B EEINE10]. £
K, SERS 7 AP F i iy =GR AE 7 b ksr U A3 52 2132 O3k, ARAT T IE —SOC Bk R R ldn, dnfr ik
BRI LS 515 5 BB AFUCHS, LA A ] 1 e 2K 1) A PE AR U R RS . I3 PR ZE 43 (Finite-
Difference Time-Domain, FDTD) /7% & —FtH Tt E 3 A Bl T R, andEkyy 2 H THH5
SERS 345 1) J5 B [11]. i FDTD £ AR, v LAR N EE AR SERS G amALE, JExf 5L R &5 kAT
PABEETE, AT TR I K35 5 1 F0 R R [12]

A CiEE SERS 5246 A1 FDTD 47 ERHLL, X} SERS i A2 M 5 LB HEAT T 480 IR AR S XUE
HIREE 731, DA MO R AR I TR (AR G oK IRy SERS JE . FEROGRITTR, /15 7 eI H 25t
B, CSRAR S XU U A7 B UG 9 P AT LU, DAVEAS B AT SERS M. #R4E FDTD B
IIAT, KA ROU 5 KRR S AT 2 T R 9T, AR 7R SERS 38 53 FIALEE o 1% LEAJF 57 45 50K %+ SERS
BRI AN G T SR L A B SR, 7E H AR 1 R ORI A B A AN
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Figure 1. Schematic diagram of SERS detection
1. SERS & R 2 [

SERS ZEJE M % A M7 3 AR 2 ARG AR Dy SERS R, & Jond AL i kAT
THVE AR BRHAR MR WhIRSE, RTINS )Z o PN S AR B T HEAT AL B S 15 3114 2(a)
PRI RA DRI ERR . BEJS, R BAT DhRE AL 1 AL R TSN AR G RSOk i i v, RS i T DA
B A7 SO ARG B . WP 5 52 R 21 2(b)Fm (9 B LA ERGUOR TR . )5 ke B 41385 AR gA
K BRI AEAIER R, BEE A ] B0, SRACKBRA WA K RE, RERGENEER
RPUKFRE, W0 2(c)Frn . WA R A KK R, 1324 R Z08 I IRPUK R, R E11EN SERS 2
Ji&o

Figure 2. Physical diagram of SERS substrate preparation process
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Figure 3. Schematic diagram of the Yee cell in the 3D cartesian coordinate system
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2.3. FDTD i+ E#ERI K2 E

1) @ AERRIAL, wT DS S TR R S5 TN FDTD 1, 0] L d 5 N SEFr SERS R 1)
F G5 A6 G OR R ST 4Ry, RN SERS JEJE B2 N T g R (1 —4k4hify . ik,
ASCIEIS TN BR B 4 F T A (SEM) BUS SR A 2 4B . th b, i xRl @ AT W
Eb G H i HORN S e 55 . AR A i O AR Johnson AT Christy i I Eicts 1 52 1)

2) & AU W EARADL X I, AADN IR R TR R /N o U B SLADA IS [] AU 1) 75 2 R
B RIS . B PIRSRE R, AR RS P e 4 IR HERf M . 7EAR SO, BERIX s B D 1200 x
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3) GIRFIR AR E . EEORIR, IR FEEAREMERTORIE. SAEOE. PIEOGE. AU
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3.1 SEWEROH

BRI A K 53] 3 Fh SERS I, HTHRYUKBUR A K B F, JLREmOEH LS
AN, Xk G307 EA1H) SERS PEAEZE . 7E 785 nm HISOGIRES T, ZEWL A 48 26 RURET 73 T 1) = A
SERS IR 73l = A 1 ANl FE Y @45 5 o v LAY 28 Hh 1R HE AR SR XUFE 565 cm ., 930 em L, 1147 cm L,
1383 cm 1 1 1543 cm T AL FRFIEIE[15] o F R ARV tHILAE 1383 em L Ak, X2 RN R 1 B C-H 4230
[16]. Wil 4 Fior, AEKETEA 60 min 7531 SERS JEJiE, 7 Az i SRR 458 57 2 W] 5 vy 1 oA
PIFRIEL R Ao 1 AR K R A 20 min BE75 21 SERS L, Firs A IR SAFEEEIFEAE, i/ T3
PRI . M4l TER 1 Hid3k T 3 PR IRTEAR 22 DU A RRfE WAL AW AE SR, P eI T — N B
PERI LS. A KAy 60 min I 75 R FE R, e SERS #88 J 124 KINHA A 40 min 9 1.5 f%, PAKE
KBFA] A 20 min ) 3.5 f%. SERS (505 K/N5 SERS R ML/ 2 AT 4y, i@ FDTD 1 &
RO 2 ORI 7R E AT SERS 34 5RA1H .

TESZBRA I R, B PE AR e M SERS AL H 2 BB S8 43 AL FH R — B fa) f e 1 10 kA=
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Figure 4. Raman spectra of SERS substrates obtained at different growth times
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Table 1. Comparison of peak intensities of different SERS substrates at different characteristic peak positions
& 1. IN[E) SERS E RN EHFHEIEL B A& R LR

RFIEWEA B 565 cm? 930 cm? 1147 cm™ 1383 cm? 1543 cm?
A4 K 60 min 1711.76 4428.21 662.27 4588.68 2192.37
4K 40 min 1201.45 3000.65 443.99 3101.08 1543.18
A4 K 20 min 509.37 1255.34 200.19 1299.52 683.71
(a) RSD=3.57% [ __]1383 cm™
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Figure 5. Reproducibility assessment: (a) Raman spectra of thiram (107 M) from 10 batches of silver thin films grown for 60
minutes; (b) Histogram of characteristic peak intensity at 1383 cm™!
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Figure 6. SEM image and FDTD simulated electric field distribution of SERS substrate obtained with a growth time of 20
minutes

6. 4 1<ATIE) 20 min FF52IAY SERS E KA SEM [ElF1 FDTD &\ 15570 &

Figure 7. SEM image and FDTD simulated electric field distribution of SERS substrate obtained with a growth time of 40
minutes
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Figure 8. SEM image and FDTD simulated electric field distribution of SERS substrate obtained with a growth time of 60
minutes
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