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Fig. 1 The relationship between incident plane
of and the grating orientation
The incident angle and the azimuth of the incident wave is (6, ¢). The
grating period is A,. The dielectric constant of the semi-infinite dielectric

and the semi-infinite metal are &,,&,, respectively.
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Fig. 2 Schematic diagram of SPR platform
The 633 nm(or 785 nm)laser beam was filtered by the microscope objective (O,) and collimated to parallel light by the lens (L;). Parallel optics is
focused on the sample by the microscope objective (O,), and a CCD camera images the reflected signal. The objective is overfilled and we use segments

that fall inside the pupil. BS, 50% non-polarizing beam splitter; L,, lens.
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Fig. 3 The schematic microscope(a) and SPR microscopic image(b)

The microscope focuses the incident plane waves on a tapered distribution. # means the incident angle; ¢ represents the azimuth angle. (b) Two dark

bands show the SPR excitation. Yellow solid line (circle) represents the Fourier transform plane. Incident angle (f) changes from the center of the circle

(0°) to the edge(Max(0)); the azimuth angle changes from 0°~360°.
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Fig. 4 A schematic diagram of the nano-slit array

The outline corresponding to the blue line is shown in the following

figure. The original grating is about 100 nm higher than the current

grating. The width of the nanogap is tens of nanometers between the

newly grown grating and the original grating.
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Fig. 5 The microscope SPR image with air, deionized water, 1% ethylene glycol to 100% ethylene glycol change

The dark stripes corresponding to the conditions to generating SPR move when the media around the metal grating change.
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Table 1 The volume ratio of the solution, SPR excitation angle, and the corresponding refractive index

Serial number Water volume percentage/% Ethylene glycol volume percentage/% Composite refractive index Excition angle Standard deviation

1 100 0 1.3296 4.6 0.2772

2 99 1 1.3306 4.4 0.22663
3 90 10 1.3393 39 0.2441

4 75 25 1.3538 2.4 0.5345

5 50 50 1.3781 1.5 0.40843
6 25 75 1.4023 -0.7 0.29158
7 0 100 1.4265 2.2 0.21593
SPR LR HL A FMAIK. 1% —BE~100% 3.2 SPR-SERS MAERE W H

TIEARAGET, WOR AR R S R AR K 6
Firas. AR s AR IR i X 5 ANANE
AL BB IE, W& b bR vl 2248 LR ZE e 5
s AR NS B 2 B B SPR #UK
FEERMER LA k. M2 EERFR L BT R
25%I, WK MESME &R ZERCOR. WK M
FEREHT S AU R LIER R, y=-69.8x+97.3, R’=
0.99744. AW E AR R 4B R/ N, 4810
BN YT 2R (refractive index unit, RIU) ¥R F X
AR, TR AT UK A B A 69.8°, K
FRT R SPR AT 2 REUE $=69.8° RIU.

oW A

SPR excitation angle/(°)

1.32 1.34 1.36 1.38 1.40 1.42 1.44
Complex refractive index

Fig. 6 Excitation angle with refractive index under
different concentrations of ethylene glycol
Squares represent the average of five different locations on the test
sample area; the standard deviation values are given as error bars; the red

solid line is the linear fitting curve of each average point.
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Table 2 SPR excitation angle and the corresponding

solution thiophenol content

c(Thiophenol)/ . o
Excition angle Standard deviation

Serial number

(mol-L™)
1 0 38.6 0.48121
2 102 36.5 1.11753
3 10" 35.8 1.08694
4 1 34.0 0.383
5 10 329 0.89872

9 LA JOT I T R T I VS A FE AN 0 mol/L
102 mol/L. 10~ mol/L. 1 mol/L. 10 mol/LAZ{LI,
SPR UK £ P B8 2 i i v O P B AR A O R i 1 7
B, BN AR MRS X3k 5 ANA R
BRPIME, W& B bR A e 22 A LR ZE R 25
LR N B IR TR SPR WUR 1 P SE A
e Z . HIORBR Y IR EE AL, 40 102 mol/L.
10" mol/L; 42K A My K 9 10 mol/LKf, SPR ¥4
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Fig. 7 The excitation angle of SPR
at different concentration
Squares represent the average of five different locations on the test
sample area; the standard deviation values are given as error bars; the red

solid line is the linear fitting curve of each average point.
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Fig. 8 Raman spectra of thiophenol solution
at different concentrations

—: 1 mol/L; : 10" mol/L; —: 102 mol/L; —: 10 mol/L.
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Fig. 9 Absolute intensity values with the thiophenol
solution at the different concentration
Squares represent the average of five different locations on the test
sample area; the standard deviation values are given as error bars; the red

solid line is the linear fitting curve of each average point.
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BAVE AL EUER T R —FpaEs nl s
SPR J% SERS, [Al—F 558l SPR & SERSIA i} 3K
HOK f& RORBRATE RS TAE, XEERLFERA
R I, 5SS e e oK.

ARSI R T 4E CCD i — A 5 B
B AR H P T (SPR BB, AR A O AR # 1R
[l AN RN B, AR R 00 NS £, T
b N S OB I FLAE 1 Max(6). SR 100x/0.85 4
BLiMUR SPR ), CCD R 1 #i5 X 48, Bt
KB KN 925 pixelx925 pixel. {4 I 1 2 %) M
(e K FLAR f Max(0)=58.21°, ZR G5 70 PR
4 0.13%/pixel. BORHIbR#EM 2, PR T SPR Wl &
) 6 0 A% PR (limit of detection, LoD). SPR | & [
o WA PR B e T AL o) ) RERE S 2 R G il &
brdER % o, B LoD=30/S. Nit— &7 SPR 1
MR, "~ 8 TAERAE SPR-SERS £54A WAk
BRGEA b, WO, 78 T8 BRI %A
N, AT XS OR AE— D B T G A 53
. {E SPR &ML H, R =4t CCD etk —
AN SERE (1) Lk AR P i, AL E SPR R 2R HE 4L,
W SHLLE 2RI CCD 3£ & 1115 % (1 360 pixelx
1 024 pixel), RGHIHA B> P15 0.08°/pixel;
28K B U SPR o — 4G 4L, FRIK 10
Y, UL 29000 FE 2 $E 30N 0.008°/pixel s K i)
KHETE SPR G AR PR .

4 %% 1

ASCUEB T AU, SPR-SERS A= #0t5 Fr i A sz
Ji . %F R SPR UK K K43 A4 633 nm B 785 nm
1] 400 nm 5% 600 nm Y M HH 4% B B 51 D' il 225 44
B DS B T SPR B R AR K FUIK WK 2 SERS A
M. BRI 2 e &5 M = 808k SPR, SPR 1E4:
i 2 T A% R e 2 H PE 40 K D) BRI B AR s SPR
7 A ) R THI L 37 48 50 55 0 oK Ok A R 3 A A 3 [ AR
H, H5ER M R RN 255, LRIEHE
At I SPR AT i 2 R B S=68.8°/RIU, K[
N REUE S y=1.5°/(mol-LY). H & A KH & 4
5 DAL 198 3 10, S AR IR B2 3k 2 107" mol/L.
T 1) TAE 2 SZBL SPR-SERS AU A 4k I ) S
BriH .
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Surface Plasmon-Raman Scattering Dual-mode Biochip®

LI Wen-Xue, SHI Yuan-Zhen, JIANG Zhi-Sen, SU Ya-Rong, PANG Lin™
(School of Physical Science and Technology, Sichuan University, Chengdu 610064, China)

Abstract A microscopy based imaging technology was proposed to provide both surface plasmonic resonance
(SPR) detection and surface-enhanced Raman scattering (SERS) spectral of attached molecules on a dual-mode
biochip. Experimental studies were conducted to reveal that both SPR and SERS signals can be acquired from the
same biochip. SPR excitation and low concentration SERS detection are successfully performed on metallic
nanogap grating with periodicities of 400 or 600 nm ensuring the SPR excitation under the illumination of 633 or
785 nm irradiation, respectively. The excited SPR propagates on the metallic surface, efficiently excites dipole
moment resonance at the nanogap in the grating trough, leading to extremely high local electric field built up at the
nanogap and the metallic surface. Therefore, besides SPR detection, SERS evaluation can be conducted to identify
the molecules attached on the biochip. The experimental results show that the SPR bulky sensitivity of the
dual-mode biochip is S = 68.8°/RIU, and the surface sensitivity is S = 1.5°/(mol-L-"). The Raman enhancement
factor of the dual-mode biochip reaches up to 10° and the minimum detection concentration of 10" mol/L could be
achieved. Due to its high-fidelity measurement of the dual-mode chip and the high precision of microscopy
imaging technology, multi-channel label-free detection is expected to be widely used in biological detections. Our

future work is to achieve the practical application of SPR-SERS dual-mode biological detection.
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