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Raman Spectroscopy of Laser-Trapped Microparticles — A Review

W. Kiefer
Institute for Physical and Theoretical Chemistry,
University of Wiirzburg, 97074 Wiirzburg, Germany,
and
Eisingen Laboratory for Applied Raman Spectroscopy, 97249 Eisingen, Germany,
Email: wolfgang kiefer@uni-wuerzburg.de

Arthur Ashkin received in 2018 the Nobel Prize in Physics [1] for the optical tweezers and their application to biological
systems. His pioneering work started already in 1970 when he first demonstrated optical trapping and optical levitation of single
microparticles [2]. The application of these techniques to Raman spectroscopy had been first introduced by Thurn and Kiefer in
1984 [3]. In this lecture, a review will be given on the development of these techniques and their applications to Raman
spectroscopy as well as on new discoveries based on these methods, e.g. Raman-Mie scattering.

DR ARTHUR ASHKIN
The Nobel PrizeinPhysics 2018

Fig 1. Arthur Ashkin (born on Sept 2, 1922), oldest Nobel Prize winner in physics (2018)
sending greetings to Stockholm [1].

First, the physics of optical trapping and optical levitation as well as of spherical microparticles will be discussed. The
latter leads us to the combination of inelastic (Raman) with elastic (Mie) scattering [4]. Morphology dependent resonances [5]
and the electric field distributions in dielectric microspheres are explained in a tutorial way [5]. Then, applications of Raman-
Mie scattering from dielectric microspheres are described: (i) evaporation studies [6], (ii) a liquid/solid phase transition [7],
(iii) an acid-base reaction [8], and (iv) polymerization [9] - each performed in a single microdroplet. If time permits,
stimulated Raman scattering from a single microdroplet using picosecond laser pulses will be discussed [10].

Most of the Raman work based on Ashkin’s pioneering work, reviewed here, and performed these days in the field of
inelastic light scattering is related to the optical tweezer. A short summary on the basic criteria for a Raman tweezer is given
as well and examples of Raman spectra of single tweezed biological/biomedical microparticles are presented (e.g. tweezed
cells [11]).
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Optical Molecular Probes of Water and Ice Interfaces

Mischa Bonn
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e-mail: bonn@mpip-mainz.mpg.de

Water and ice surfaces and interfaces are ubiquitous, not just in nature (e.g. for
various naturally occurring forms of snow and ice) but also in many technological
applications (such as food science and artificial snow machines). Water is a rather
unique liquid, owing to its strong intermolecular interactions: strong hydrogen bonds
hold water molecules together. At the surface of ice, the water hydrogen-bonded
network is abruptly interrupted, conferring distinct properties on the interface
compared to bulk.

We elucidate the structure of interfacial water molecules at the surface of solid ice,
and of water in contact with different materials, using surface-specific vibrational
spectroscopy of interfacial water molecules. For ice, we find an excess of hydrogen
bonds at the ice-vapor interface around 200 K, due to a competition between entropic
and enthalpic contributions to the free energy. Around 250 K temperatures, surface
melting of ice is found to occur in a bilayer-by-bilayer fashion. Finally, we relate the
temperature-dependent molecular structure of the ice surface to the macroscopic

friction coefficient, and explain why ice is most slippery around 264 K.
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Optical investigation of strong light-matter interactions in
2D materials

Ting Yu
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Abstract: Two-dimensional (2D) materials, such as graphene and monolayer
transitional-metal-dichalcogenides (TMDs), have aroused great attention due to the
underlying fundamental physics and the promising atomically-thin optoelectronic applications.
Optical properties of these 2D materials are fundamentally interesting such as magneto-
phonon resonance in graphene, patterned charge-phonon coupling in NbSe2 and strong
excitonic emission in monolayer WS,. Meanwhile, development of practical optoelectronics
based on 2D materials is very promising, which opens many opportunities for the next-
generation light-emitting applications such as valley light-emitting diodes and on-chip
vertical-cavity surface-emitting lasers (VCSELs). Here, we report observations of magneto-
phonon coupling effects in graphene layers, collective charge density wave (CDW) phases in
2H-NbSe2, wealthy excitonic emission states of monolayer WS, and 2D semiconductor
lasing from monolayer WS, embedded VCSELs. Overall, our studies provide many new
understandings on fundamental light-matter interactions in atomically thin materials and pave
ways to develop industrially attractive light-emitting applications based on 2D

semiconductors.
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Discovering the forbidden Raman modes at the edges of
layered materials

Yang Chai

Department of Applied Physics, The Hong Kong Polytechnic University
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The edges of layered materials have unique properties that substantially differ from the body
regions. In this work, we perform a systematic Raman study of the edges of various layered
materials (MoS2, WS2, WSe2, PtS2, and black phosphorus). The Raman spectra of the edges
feature newly observed forbidden Raman modes, which are originally undetectable from the body
region. By selecting the edge type and the polarization directions of the incident and scattered
light, all forbidden Raman modes are distinctly detected. Optical simulations show that the edges
of layered materials drastically distort the electromagnetic fields of both the incident and scattered
light, so that the light interacts with the edges in a distinct way, which differs from its interactions
with the body regions.
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Zn>GeO4 was reported to exhibit negative thermal expansion (NTE) below room temperature
in experiment. However, the underlying mechanism of NTE has not been reported. In this work,
we investigate the NTE in rhombohedral Zn,GeO4 using first-principles methods combined with
quasi-harmonic approximation as well as temperature/pressure dependent Raman spectroscopy. It
is shown that the system exhibits NTE below ~200 K and the calculated coefficients of NTE is
in reasonable agreement with experiment. Detailed analysis of the phonon modes reveals that the
low-frequency acoustic modes near the center (I' point) and boundary of the first Brillouin zone,
dominated by the collective movement of the Zn and Ge atoms along with their neighboring
oxygens, contribute most while the optical phonon modes contribute little to the NTE of the
Zn,GeQ4, which is in contrast to the conventional NTE mechanisms for the open-framework
structures of oxides, where the phonon modes, such as transverse vibration and libration of bridge
oxygens and rotations of the rigid-unit modes, play key roles in the NTE of the materials. Our
results give a new understanding of NTE mechanisms for the more flexible framework oxide

materials.
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Fig. 1: Negative thermal expansion, temperature/pressure dependent Raman spectra and

Griineisen parameters in ZnGeOsa.
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[1] Tan, P. H.; Han, W. P.; Zhao, W. J.; Wu, Z. H.; Chang, K.; Wang, H.; Wang, Y. F.; Bonini, N.;
Marzari, N.; Pugno, N.; Savini, G.; Lombardo, A.; Ferrari, A. C. Nat Mater 2012, 11, (4), 294-300.
[2] Yan, J.; Xia, J.; Wang, X.; Liu, L.; Kuo, J. L.; Tay, B. K.; Chen, S.; Zhou, W.; Liu, Z.; Shen, Z.
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“HEMRR-IREEER RHBEERNA (Light-matter
interactions of 2D materials and their novel sensing

applications)

T 7 A7 (Shengxi Huang)

FEA VL JE TN ALK 2% (The Pennsylvania State University)
FEEA LB (University Park, Pennsylvania, USA)

Novel two-dimensional (2D) materials have gained increasing attention due to their unique
electronic and photonic properties. The realization of the optoelectronic applications of these
materials still faces several challenges. For example, it is critical to gain clear understandings of (1)
the fundamental light-matter interactions, which govern many of the key material properties, and
(2) the coupling with other nanostructures, which is a required structure for devices and systems.
This talk introduces new discoveries and pioneer work using optical spectroscopic techniques on
these critical challenges, and novel applications of 2D materials in sensing. The first part of this
talk presents the essential material properties investigated using spectroscopy, including interlayer
coupling of Moiré patterns of 2D materials, and anisotropic light-matter interactions of 2D
materials. The second part of this talk focuses on the interaction of 2D materials with other
nanostructures and the related applications. The interactions of 2D materials and selected organic
molecules revealed novel enhancement effect of Raman signals for molecules on 2D surface,
which offers a new paradigm in biochemical sensing. The works presented in this talk are
significant in fundamental nanoscience, and offer important guidelines for practical applications in
optoelectronics and sensing technologies. The methodologies used here also provide a framework

for the future study of many new 2D materials.
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Magnetic-Biased Spin-Phonon Coupling in Ferromagnetic
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! National Engineering Research Center of Electromagnetic Radiation Control
Materials, School of Electronic Science and Engineering, University of Electronic
Science and Technology of China
*Corresponding author: bo_peng@uestc.edu.cn

Long-range magnetic orders in atomically thin Ising ferromagnetic Crl3 together with
their promising electronic and optical properties give rise to new fascinating physics.
However, to date, there has been no experimentally comprehensive understanding of
the lattice dynamics in such 2D ferromagnets. Here, we report the layer, temperature
and polarization dependence of interlayer breathing and shear Raman features in
few-layer Crlz. The A, breathing (Eg shear) mode shifts to a higher (lower) frequency
with an increased number of layers at 10 K. These modes simultaneously blueshift to
higher energies due to phonon-phonon coupling as the temperature decreases from
200 to 60 K. Remarkably, a spin-phonon coupling emerges below 60 K (~7¢), which
causes an anomalous temperature-dependent behavior for both the A, and Eg mode.
The Ag (Eg) mode maintains (reverses) the helicity of incident light at 10 K, which is
independent of the magnetic field and originates from the phonon symmetry. Our
work provides insights into the spin-phonon coupling and lattice dynamics of Ising
ferromagnets.

References:
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Semiconductor technologies based Raman and SERS

Chang Chen'?
'Shanghai Institute of Microsystem and Information Technology (SIMIT), CAS, Shanghai 200050,
China.
2Shanghai Industrial uTechnology Research Institute (SITRI), Shanghai 201800, China

Following the Moore’s law and the more than Moore development, advanced silicon technology
such as CMOS and MEMS, not only plays an important role on the IT development, but also
brings new perspectives on other scientific and industrial domains such as Raman technology. By
leveraging the precise and uniform nanofabrication of silicon processing, we can develop Raman
technologies in silicon. One of the interesting application is the engineered plasmonic or photonic
substrates for SERS or Raman sensing or imaging. We have successfully developed ultra-dense
(1.2e+2 hot spots per pm?) gold nanopillar-based SERS substrate with <5% CD cross the entire
300 mm wafer scale (Fig. 1a) ['. With a dedicated engineered plasmonic nanopore placed in a
nanopore-based fluidic channel, we can identify each bases on a DNA strand in real-time, which
may pave a way for SERS-based sequencing (Fig. 1b) 2. Beside the SERS substrate, silicon
technology can also reform the Raman instrument. Use bio-photonic integrated circuits, we would
collect Raman scattering photons from a SiN based waveguide, significantly extend the interaction
volume between the excitation photons and the target molecules. And more than that, we would
also realize a cm scale FT-Raman spectrometer based on spatially heterodyned technology (Fig. 1c)
1. Such developed Raman in silicon can be used in many application scenarios which need
high-throughput, high sensitivity, and portable.

Plasmonic nanopore for single molecule Portable, high-performance, spatially
SERS with sub-nanometer spatial resolution heterodyned FT-Raman spectrometer

Figure 1. CMOS compatible processed SERS substrates (a, b) and FT-Raman spectrometer in

silicon.
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In situ Raman Evidence of Intermediates Adsorption
Engineering by High-Index Facets Control during Hydrogen
Evolution Reaction
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High-index facet control is one of the most promising ways to achieve excellent hydrogen
evolution reaction (HER) catalytic activity. However, the mechanism of the high-index facet
enhancement remains unclear. In the present work, aiming to unravel the mechanism of HER
catalytic performance enhanced by high-index facets, we developed the In sifru Raman
spectroscopy on a transition-metal-based electrocatalyst, Ti@TiO> nanosheets, during HER
process. A simple hydrothermal method was employed to obtain Ti@TiO: nanosheets with
different facets.! Both electrochemical measurements and theoretical calculation demonstrate the
enhancement of HER catalytic activity of high-index facets controlled Ti@TiO2 nanosheets. In
situ Raman spectroscopic analysis was employed to further investigate the possible pathways and
the adsorption of water during the HER process on high-index facets. This work lays the
foundation for future exploration the mechanism of electrocatalysis on transition-metal-based
electrocatalysts by in situ Raman spectroscopy in energy and environment-related issues.
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Fig.1 (a) Schematic illustration of the /n situ Raman study of the HER process at Ti@TiO, nanosheets surface. (b)
In situ Raman spectra of Ti@TiO2 nanosheets from 0 V to -0.6 V vs. RHE. (c) The normalized intensity of the
Raman peak at ~1650 cm™ at -0.5 V vs. RHE and the overpotentials at 10 mA cm™? on Ti@TiO, nanosheets with
different hydrothermal time.

KH#i7): In-situ Raman, Intermediates adsorption, Hydrogen evolution reaction, TiO> nanosheets
Ei§t: This work is supported by the China Postdoctoral Science Foundation (2018M640847,
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I will present two works, reflecting double sides of one coin. Solids are composed of
electrons and atoms. I will show the ultrafast dynamics of photo-carriers in a superconductor
monolayer FeSe/SrTiOs [1]; as well as the coherent phonons of a 54 magnetic correlated material
Sr3lr;07 [2] and a Dirac semimetal CdsAsz [3]. The physics uncovered thereby is rich, including
electron-phonon coupling strength and pseudospin-lattice coupling. Ultrafast optical spectroscopy
uncovers the interactions among different degrees of freedoms.
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Fig. 1 Ultrafast quasiparticle dynamics in monolayer FeSe/SrTiOs.
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Under high pressures most molecular solids undergo distinct structural or physical property
changes, such as electronic or crystal structure transition, molecular dissociation, and
insulator-metal transition and so on. Investigations on the high pressure physical properties play
an important role both on fundamental research and fundamental application research of
condensed matter. Brillouin scattering consisting in the inelastic scattering of light by the sound
waves (or thermal excitation) allows the determination of acoustic velocities and adiabatic elastic
moduli in matter, and these data are crucial in many areas of science, such as fundamental physics,
geosciences and technology, especially when measured as a function of the density (pressure).
With in situ high temperature high pressure (HTHP) Brillouin scattering technique, we
investigated the in situ HTHP synchrotron x ray diffraction and Brillouin scattering study on
single crystal carbon dioxide (COz), Densities, acoustic velocities and elastic moduli of CO»-1
were obtained along different isotherms up to the phase transition boundaries. It was found that
CO»-I transforms to phase III and phase IV at room temperature (at 12.19 GPa) and 580 K (at
10.83 GPa), respectively. All elastic constants and thermal elasticity parameters of CO»-1 were
obtained and analyzed using finite-strain theory and thermal equation of state modeling. Elastic
anisotropy A is practically independent of pressure along each isotherms and increases from 1.75
to 1.9.
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Figurel: Sound velocity variations vs rotation angle in one crystal plane at 300 K and 580 K.
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S5 BT I DX AR A B B SERSAS N R AU o0 I Il Rk, FRATTERF IR T o T 59Kk g5 %R
THIAH ELAE P S AR 25 i) f (1 B

ERATIT TAET, BAWRE T Wifh 0 T 28 WSERSIEM 5 %, —F 5 18 FUE R ER A g
BRI 4> T B % CnEafR) 7, H—MRETBMERN S TEEE (WEIbTR) 8. @
SRR, FRI T R G 0 R A 2 2 ) AR/ X, AT 35 3 L SERSH I R BUE . @i
B — b7 3 SUBURL 5, IRATTIRME T 45548 (CV) 2 FAE10M 100% 10k R . @it 5 —Mosik, &
1345 T CVAr FLE10712 M 100% (1A H 26 . PP 7 V35 HoA R sm i se P, 7E5E T SERSHAR B . s
485 303 TR I 5 T B B S R

a

Buoyant -~ 4
particulate
Solvent

R 4

Substrate

B 1 TR FER B SR IE R R BANE R 1 E R4 T SER SK I 5w
XHE1R): SERS; BFMIR: BN HERS
SE

[1]7J. X. Fang J*, L. L. Zhang, J. Li, L. Lu, C. S. Ma, S. Chen, Z. Y. Li, Q. H. Xiong, H.J. You, Nat. Com. 2018, 9:521.

[2] Z. Liu, Z. B. Yang, B Peng, C. Cao, C. Zhang, H. J. You, Q. H. Xiong*, Z. Y. Li*, J. X. Fang*. Advanced Materials, 2014, 26(15),
2431-2439

[3]1 C. Ma, Q. Q. Gao, W. Hong, J. Fan, J. X. Fang*, Advanced Functional Materials, 2017, 27(2), DOI: 10.1002/ adfm.201603233

[4]J. X. Fang, S. Y. Du, S. Lebedkin, Z. Y. Li, R. Kruk, M. Kappes, H. Hahn, Nano Lett. 2010, 10, 5006.

[5] C.F. Tian, C. H. Ding*, S. Y. Liu, S. C. Yang, X. P. Song, B. J. Ding, Z. Y. Li*, J. X. Fang*, ACS Nano, 2011, 5 (12), 9442-9449

[6]D.J. Zhang D, H. J. You H, L. Yuan, R. Hao, T. Li*, J. X. Fang*. Anal Chem. 2019, 91, 4687-4695.

[7]1 R. Hao, H. J. You*, J. X. Fang*, Submitted

[8]D. J. Fang, L. Q. Peng, X. L. Shang, W. X. Zheng, H. J. You, T. Xu, B. Ma, B. Ren*, J. X, Fang*, Submitted
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ETARERBNREERNSERMNG EMR

4 \_31‘.“‘ 1,*

VERAERZ Bl at se Aty TR, 110819

*Email: xuzr@mail.neu.edu.cn

R om$ 261 (Surface-enhanced Raman scattering, SERS) T H & 1)
REFE FENFEIRSUE B AWAFE MRS, ] S g0 ffl 57 1 7KF
PIo3AT, O 2 BT i S AN AR W e 2 A it . M im RS . S s e
FIEE AL FISERS 73 AT 1 R W A i i 2 — o TR MR E VAR e IR N 2%
AR — IREHEER., A FAEIECR S SRS, fEMELE RS YL
O RA TN . B, S5 A RRIEERIE AISERSH AR, #4357
SERSHEJIE DA K 22 TV 1) 7€ = 0 M v, NHRZE MR A S 3 IWIR AWK
fEANLIEEBA 1o BENREEE

AT I T A O S s H & T IR R AN B R R AN 2R 2 R N R TR
Bed IR ok, 1ZAREr BAfa gt if. SERSREUE S a0 s, v PASZELE & I il
B RE A S p HAE « LTS R TR 254 e FentonfiEAL S B o 5 4b, I 012 W
P&, ERENREA. R B MSERSKIMSE IR, A7 1 P g A I I
R 245 W AN BSDNA 73 #1775

KHRA: BRI BN, SR Y SR 2O

S M

[1] Yue, S.; Sun, X.T.; Wang, N.; Wang, Y.N.; Wang, Y.; Xu, Z.R.; Chen, M.L.; Wang, J.H. ACS
Appl. Mater. Interfaces 2017, 9, 39699.

[2] Zhang, W.S.; Wang, Y.N.; Wang, Y.; Xu, Z.R. Sensors and Actuators B-Chemical 2019, 283,
532.

46



12-7 st mamsems ko sm 2019
SERS &~ A E S RETSEIBIEFNE : 9 FNEEL
B, Xt XN

VTR EMRRL 5 TTRESERE, # R 38 %5, 310027
*shkyang@zju.edu.cn ; Phone/fax : 0571-88276137

TR CUnZIEPER R fEA 2 A N, JUHRAEMA . AT
il A3 H M, BARPREZ YRS TRAA IR, 4 1672 e K
(1) P2 THTRH O 8 5 (P B e VR T « 3 1 SR TR B D A FRAT T e O 154t LA O S S T
PERIMRLZ580 . SR, IUA Gl AR E AT RPE. H—TJm, WMERicEAER
AR SRR, K me IR 1S ThaE SNSRI A S5 R BB T AR A VA 4 T A R
IKII TN AR K A HUR R, FATE+ b SR B A RS BR AR AR R, SR — 25 it
R IEH% T AR 2 AL . i & H R R R 7 tH A K AR v, T ORI & R AL 2R )
RIS R T B K . AT T 2550 WAE A A LR, 35 e S S K B s 7K
A . HERASE, EBHK R BCE K A LS AT LAAR (A B SE AR « X AN SR K-
B K AT AR AT USRI 2k (Bl1a). 28R E R TT I 0R 53R T (SLIPS)
TEZ AU R 7 N P AT S, (H R EERDRDRE Ao JEC A R 2 R 238 /KB /K AE U DU R 88 B3 7K/t
TETER[1,2]e FRYTR AOAR B RE T DAB A3 /K SE B il (SLIPST, FE1b), o mf LAB i s Bk
/K (SLIPS2, K1c). 35 /K-SLIPS - /K-SLIPS2-#835 K I i — AN B 4% (1) [m %, ] DASZER
ZUAEIR o XA AAEHEL T far % T (1788 558 /K PR R 8 B (V8 0 R v, AR I LE B
o RN SRR AR 2 B S AT LA ) R B R 5

SERSSLI JF A M MIE K, ] 308 2 7K - AL 7K PR 70 R0 - e A0 AR 1)+ e S
PR AR [ (1) ) S AR Ak, 30— P S S D A T R (B LA o 1% TR SR A SERS 1 B 4
TR E )G A Th e S HPIRAS I F S s R S HEAEH . DL R 25 R eAa B Science
Advances I, {E1&SZ H1(3].

{b) (a) (c)

3. B hydrophilici 3 g
@ water i Gil

]
-

5. lepusiod eapaeig

El1: BEJTFERE R ST RS X SERSME MR R K40 FEshHHLH .
K H#iR): SERS; FmEHrrE; JEWMIREER (SLIPS)
SE 3k :
[1] Wong, T.; Kang, S.; Tang, S. K. Y.; Smythe, E. J.; Hatton, B. D.; Grinthal, A.; Aizenberg, J.
Nature 2011, 477, 443-447.

[2] Yang, S.; Dai, X.; Stogin, B. B.; Wong, T. PNAS 2016, 113, 268-273.
[3] Liu, Y.; Zhao, L.; Lin, J.; Yang, S. Sci. Adv. 2019, in revision.
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SERS {048 gy B AR 5 5] B 4R
M’*’ %m% 1’ )EYIJE 1’ }%—JF‘E\% 1,

égims’ 3‘3% 29 ,EE;‘(KS, Eﬂtpﬁ%*

VEITREMRESASSP, B, #aiE, 361005
2RI T2, BT, A8, 361005

*Email: guokunliu@xmu.edu.cn

AR, TR 2O /NI R, SR s b 20l (SERS) RO &
IS5 2 B AR IR A e O — P R BOR, A BB AR )RR U P R TR B %
Ay BRI, B e AU BT IZ M . SERSEIAR AR ER— R,
NIEBRATTR 5 T3 105 1R B FHBIE 7 TAE A, MALZEVE R IR AR BE, ST SER ST, 1 157 i vk
[ — L HL AR 7 ]

1. Wl ERCA B SERS# 1o BT SERSHY 5 3= BLR T~ FEREIA o8, DRI TR AR &R,
I8 AT TCHL R N A R0 LAY 15 B0 K AR DL IE 1 B A s G 3 B 5 e 77 1) (41 SR Ak SR
M, XA BRI, RG24 H AR AISERSH 5 8477647 oL fE A BAE I, 7 REsEal
H R0 8 R o FRATIEE A AH O AR A IT, BRI I8 0 B4 1) [ B AR v H bR 23 1
FISERSH 5 18] IR RUA/E A - FRATHE R ILSERSIE G (1) “ 25— 2 7 20N 225 52 B AR 1A I
REPUE .

2. UER T SERISERS 2 B0 AT — EL A& SERSAUS (1 #4 f A s ) L, J2 45 MR e 20
gk HET, Ko T/EMEBEETRE B mfErE, A% o HITER OF
e B E 25 ) SERSHS I 455 b) PARIETH B #4 X 3k 11 FELREE 37 184 55 1 o5 FE AN 380 50 1 AR
AFREETS, BT Hbso T 5K EAER 3, Wi g2y W AL s S0 R A2 ok
A%, M AT RE ST A2 f o0 A 45 SR o 8% b 2 A HARITE A RV EE R IR AT A, FRATT B
IR FE T R 74 2 776 Langmuir I B S5 IR A A, PRt 5 1 1 46 14 70 B R B T4 PRI B
Bl T —2efk R, BMEERRIKREETS, Wl ReAArE 2 MM ZY, K T SERSE &4
T A

K2, SERSIISERRN FHRE AL, AMUAUE SERSHERLI AT AME,  [F] I 1 S #E I i3t
SERSHLIE IR N 73 B A ER A

X517): SERS: HZ(SERSH L EEHT
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= R#EE S SERS Bk

P RAR
I REEBE S ALY R RHAAIT TR

AR AT IR AL = 4E SERS I FEEE, AN/ BT 40K S
IR RT RS, 7R T B AR TAERGRIRIBR A SR . E AR (5T AL A <5 i ]
W FCIE A2 b, T ek R 1Y s 2 G RSO IR A5 4% 353 i LA I A SR AT 7T
TR 2 AT LR AT AL BT, W5 T 51 e R AR R SERS 5550 Fr
FENLH WA AR YY) SERS DU M, HEAT R BE IR B SO R G M. SR
MNARME . PRI B & 5 b A BRI A I 5 2558, D% 280 5 AT I DL Ak B FR {1t
SERS 5 & R GR#EHE
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24K SERS MR AEIE

BEN, A2, EIR? BREN?
T ERLA B IR MR EAR S YUK AR BT, L5 951 215123
*Email: zgzhao2011@sinano.ac.cn ; Phone : 15995423583

EHEE

LG R 2 B (SERS) IEWANAES . R HEE51 48 KR A4 B A mib
R 75 A8 5 42 R 2R T FEL RGN RO, BRI A PR HL S BRI R RoRS 48
PIM BRI R 5 2 AR R T, et Zm ANE. Bk, WA, satEferdEs B RK—
& SERSH A A i B B (W T 7 Al 2 —, Gk S A Y SE 2 AT SERSTE P,
HFE RIS 51 AT R 48 . 385 N &8 MRk DL i se oy 3=, 1
SHREYR MG RN E R e EH ;. IERCANLEIAFE, 2 S8 B /ESERS IS (1) 1%
TH N 584 AN R T B 1 51 & B A R BT TR 3 o FRATE T A3l o AL ], i o S A
e S ERRG . RIEMR . R B e N\ S 2H R 2 4 i ) 5 X S JE SERSPE BE I KR $2
Tt o

KBEIR]: SUREILY; SERS: fh2ai; eafafLia
SERK:

[1] Cong, S.; Wang, Z.; Gong, W. B.; Chen, Z. G.; Lu, W. B.; Lombardi, J. R.; Zhao, Z. G.
Electrochromic semiconductors as colorimetric SERS substrates with high reproducibility and
renewability. Nat. Commun. 10, 678. 2019.

[2] Zheng, Z. H.; Cong, S.; Gong, W. B.; Xuan, J. N.; Li, G. H.; Lu, W. B.; Geng, F. X.; Zhao, Z.
G. Semiconductor SERS enhancement enabled by oxygen incorporation. Nat. Commun. 8, 1993,
2017.

[3] Cong, S.; Yuan, Y. Y.; Chen, Z. G.; Hou, J. Y.; Yang, M.; Su, Y. L.; Zhang, Y. Y.; Li, L.; Li,
Q. W.; Geng, F. X.; Zhao, Z. G. Noble metal-comparable SERS enhancement from

semiconducting metal oxides by making oxygen vacancies. Nat. Commun. 6, 7800, 2015.
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= EREPARR FIEE RN (SHINE-X)

%

&

JET TR AL TR, AR 11T B X B ARG % 422 5, 361005
*Email: Li@xmu.edu.cn; Phone/fax: 0592-2186192

Fnyg ot 26k (SERS) nlgft o FMIRAIE MG R, RN BA W s R kil =
MO, MAEREST R BA T N . A, KRR, UE05EE (Au.
Ag. Cufs) TE AT HRr e HURE R 1 SR 45 M (11 L 4 P 3RA545 = IR SER S 58, Bl K it iR
il 7 SERSTESLFrfk RN FH o %X — KBRS, FRAH H H L T 52 ERR AN RL T
B5RP 2l (SHINERS). YESHINERSHY, 18 7E AudKbi 14 MK 16 1 Si0258 2
I FH N AZ Audl KR 7= A2 5 1R % FEL 3% B 38 o B R U R 1 B2 S S, TR £ B
SiO 7 2 BB AuN X5 5 B TP, AT A SE B0 & Fh 3R T _E IR S 5 1 BRI . 78 B3t
fiti b, #E—DE AL T R S HAL 2ZSHINERSH 732, € 1 AT &R B 1 Auth i B RR 51 K 45
TR e AR SEIL T Pty CuS R EULSE . COUEJR . COFA S [ it FE 1
JRAL TS AT, 3Rk T AN [F SR R R S AR (HO* . OH*. O%%) [ E G,
HEEEGDFTHW A, M T A E SR FALEE, [FRS, #F—P k& T SHINERS
SERNE, SZEL T SERRGURME A I SRR I JEAL B2 I, R RN IR R

F—5TH, BAVENG 722 PR A A 2 e AR s e e . 5 2 R A
ML ) AR A R R B RS R TR SRR S, R T AR R MR AR T R R O e (SHINEF),
SEL T BRSO LR, S TAE SRR Y 3R . R SHINEF, 3R18 1 5411
PR GTIEE, FEFE U] T A B OCE AN T IR 2 ARG S, R TS
HL T RE ORI 3 T 45 K ) SR AR5 2 IR, BRATTR 58 2 R4 i xQH T ol itk . 4o
g 2 AR IS, KT 1) 2 A) R R N ROK ZOR IR SR T R AR A, Kt I sy 2
W R ERNA R, FEERERAT R Gl B R R 3R T 0 FIROL R 2155 .

BATHEE TR 2 ISR SLPr G N . G5B/ FRR 265, RETET
A4 WA QM 55 U IR T 5 R 2 6 i I A 78, BT RME ] 58 Rk
ppbZF ) IR B T YR (1 22 SE AR DU B A I, FFIRAR AR T A .

KRRIR): R RS B ST EMRAGURRL TR IR R 26 BRI, R A PR
o3 #

SEH

[1] Li, J. F.; Huang, Y. F.; Ding, Y.; Yang, Z. L.; Li, S. B.; Zhou, X. S.; Fan, F. R.; Zhang, W_;
Zhou, Z.Y.; Wu, D. Y.; Ren, B.; Wang, Z. L.; Tian, Z. Q. Nature 2010, 464, 392.

[2] Li, C. Y.; Le, J. B.; Wang, Y. H.; Chen, S.; Yang, Z. L.; Li, J. F.; Cheng, J.; Tian, Z. Q. Nat.
Mater. 2019, 18, 697.

[3] Dong, J. C.; Zhang, X. G.; Briega-Martos, V.; Jin, X.; Yang, J.; Chen, S.; Yang, Z. L.; Wu, D.
Y.; Feliu, J. M.; Williams, C. T.; Tian, Z. Q.; Li, J. F. Nat. Energy 2019, 4, 60.
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B R SEEHETREAAEEANEISHR

BEY
TRERFER, EifE, 200438
*E-mail: duansai@fudan.edu.cn; Phone : 13651803475

2 THIWR PR 1 SR A L 42 ) 26 SR TR R0 1 o, %o LA TC AR (R 4R e B et Th g A R 1
ANTT B A — B o 0 v R 1) 3 A U RN S 56 I B 1 A B A AT 8 DA R 1 Js 7 &5 44
& SEIX — H AR AR AEGE o FEAR AR o, @ JLAME 7 A B R E Bt 5T A X T
T — gt B DL R e ) — S B AR RL f R . EAR L5
(1) AL G 0 FER A 7 00T FE R A HLAE R /K ZE Au(111)ZR TV B, 32 H A s R A7 ALE

7K S-Type FIFFEREEHA[1]0

(20 H&H AN S 0 T 2% 1 0 25 AL A A0 Fh AU A B 1 it 73, 193 T DMAB fER [
(1) TR P =20, IESE T PATP fER1H 1K & Bi[2].

(3) RET waEET RO A AT ikt BRI T2 61, fRINT 4.4
HENERE 7316 4 071 R B FEAR 2 R] PR B AR A R 2 DL R 4-SUR I 2RAE Au(11) 1
Pt(111) 1B AR R B A4 Y[ 3,47

(4) $RH R BN — Ak B AR R TR 20, R — 2B R R
5] WY — ol () 0 K 25 ) A KAL) — 2 Pt@Pd@Au = JegN KoL e EEL A A3 2 11 SR
[I[5,6].

(5) #57 7IARE 2 R EE L, R AR 2 G H RIEIN T HoTBPP 7 Ag(111) k- #)Ik
B 2R DL RSB T 6 5 e S 4 FPUAB SRR AE. Au(1 1) THT AN [R] R B A R B 1X 437,81

KPR P2 MM B, HREU

S -

[1] Sai Duan, De-Yin Wu, Xin Xu, Yi Luo, and Zhong-Qun Tian. J. Phys. Chem. C. 2010, 14,
4051-4056.

[2] Sai Duan, Yue-Jie Ai, Wei Hu, and Yi Luo. J. Phys. Chem. C. 2014, 118, 6893—6902.

[3] Wei Hu, Sai Duan, Guangping Zhang, Yong Ma, Guangjun Tian, and Yi Luo. J. Phys. Chem.
C. 2015, 119, 28992—28998.

[4] Wei Hu, Sai Duan, Yujin Zhang, Hao Ren, Jun Jiang, and Yi Luo. Phys. Chem. Chem. Phys.
2017, 19, 32389-32397.

[5] Sai Duan, Ping-Ping Fang, Feng-Ru Fan, lan Broadwell, Fang-Zu Yang, De-Yin Wu, Bin Ren,
Christian Amatore, Yi Luo, Xin Xu, and Zhong-Qun Tian. Phys. Chem. Chem. Phys. 2011, 13,
5441-5449.

[6] Sai Duan, Yong-Fei Ji, Ping-Ping Fang, Yan-Xia Chen, Xin Xu, Yi Luo, and Zhong-Qun Tian.
Phys. Chem. Chem. Phys. 2013, 15, 4625—-4633.

[7] Sai Duan, Guangjun Tian, Yongfei Ji, Jiushu Shao, Zhenchao Dong, and Yi Luo. J. Am. Chem.
Soc. 2015, 137, 9515-9518.

[8] Zhen Xie, Sai Duan, Guangjun Tian, Chuan-Kui Wang, and Yi Luo. Nanoscale 2018, 10,
11850-11860.
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RAHELEF SERS il RESHRLFRHINA
L7
SRR L S f TS, KOS, A, 300071

*Email: wei.xie@nankai.edu.cn

RIS 2 AR AL A% Lol o3, 0 I EAT BRI TN T B A 2 F7 1 e SLATLER BAT AN
ABARKIPER . R sRh 86 (SERS) AA RBUER. RMEIEFNER. 7 T4HER
SO UM AN LR LA B U R A AL A R, AR 5 1 LA TR R s Bl 1
X B AR AL R S AL o ARTIT SERSAS I U A MR T X6F T < Jos = Tl B A o i P A
R 7315 100 X 8 7y Xk DU R R T BB, AATTHFAN Ay BEAE SEBR i Al A 2 H X 3%
AT SRR BV E K120 5 D8 1 90 ESERS UM FE v, 58 45 3R I SER S Rk FU AN A e 3 i
s, BATRID 2 1 RS I 5 SRR B B2 T IR FE T i

B SEIRA TR AT T S RS, A HY A BRI K S S 2y 1 BEAT SERS IR A A . AR
Je #5 SERSHIF FE H 15 21 (A AR AN S B FH 1 SE B S W, RIVANAE A 500 5 S5 o B B 1 P 22 1 16 23
TIRMIHT, FESEBR SN T IAIESERS KL IS5 3R o« 4R EIR, SR S W R B[R AN 57
B 7 IR MR EEAAA R, 7T LA SERS IR AL (1 45 SRR A5 T 32 TH S B i AL i & rh i AL
FURETES, HRRIUH AR RS . 1X R BISERSA K T LATE W) 5 A ORI RE V5 % 1 Sk #
BEmEERE .

4-BTP TP 44-BPDTs

x1031 . b Br Br ‘ '
! Ni Atom
$Q §Q R 1
t
S \ °
( /ss\
Route 2
Br H

P

S s : Route 2

1550 1600 ' Y)leﬁjﬁ)lv‘%‘

Raman Shift cm™)
Bl1:a) 4@ 2 M C-CHB B SN AEAS 5] SRS TA] (R SER S5 18] b) 385 SERS T 145 H e P e A A 2 7 B 4%
T RmIRR SOk (SERS) ¢ FAMALY: A 9Kt

S M

[1] Li, J. E.; Zhang, Y. J.; Ding, S. Y.; Panneerselvam, R.; Tian, Z. Q. Chem. Rev. 2017, 117,
5002.

[2] Xie, W.; Herrmann, C.; Koémpe, K.; Haase, M.; Schliicker, S. J. Am. Chem. Soc. 2011, 133,
19302.

[3] Xie, W.; Schliicker, S. Nat. Commun. 2015, 6, 7570.

[4] Zhao, Y. R.; Du, L. L.; Li, H. X.; Xie, W.; Chen, J. J. Phys. Chem. Lett. 2019, 10, 1286.

[5] Li, Y. L.; Hu, Y. F.; Shi, F. X.; Li, H. X.; Xie, W.; Chen, J. Angew. Chem. Int. Ed. 2019, 58,
9049.
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R F BT RAELR

MBS BHOR R, BT, P, I

Email: zlzhang@snnu.edu.cn; hrzheng@snnu.edu.cn

R A 2 oe T HARS e R, Bl a2 se Al el ik iy 1 80 SR PRk e AT ¥
TIRRRTT 58 o BT RG2S 5 A an X 4, DA S A0 ] ARG A 5 7 A% e I R 14 e = 454
Mo A TR AR A BUT A SR R A R . XN T R ACT R R = AR RS
FACERAT T 2 1) 2 83 1) A% iy HL R AT A RO I K B . 4 A SERR AN T S ol
WA, WEHICT YRR A B HOT MO DR AR R EN . BeAh, R R AR A B Ut IR
(R AL AT T, ARl ] B0 00 5 9 A8 T LG RN TR D SE L 1 ok i iR, oz ik id
FIF Z R IENLGURAD R PR S AR A o X AN ZRAG i i o 1 it S i A R i — R ik,
11 ELA R 1 A% Ge ] 4 I R oy 20 RO A I ) R dRR AR B, R AN S st 7
W B 22 S B B2

EE DTN

[1] Tingting Zhang, Chi Wang, Huan Chen, Chengyun Zhang, Zhenglong Zhang, Yurui Fang,
Hairong Zheng, Adv. Opt. Mater., 2019, DOI: 10.1002/adom.201900930

[2] Chengyun Zhang, Jiangbo Lu, Nana Jin, Liang Dong, Zhengkun Fu, Zhenglong Zhang,
Hairong Zheng, Plasmon-Driven Rapid In Situ Formation of Luminescence Single Crystal Nanoparticle,
Small, 2019, 190128.

[3] Zhenglong Zhang, Chengyun Zhang, Hairong Zheng, Hongxing Xu, Acc. Chem. Res., 2019,
DOI: 10.1021/acs.accounts.9b00224.
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SR HmREEEN SR RIBEENATE G EZMR TR
ZUH, BRIER, KHER, HEE

KA B, T, 510275
*Email: cesgkl@mail.sysu.edu.cn ; Phone/fax : 020-84110922/020-84115107

M sRAZOEiE (SERS) HAFR G 1R BE J FLAS I FE PR S f s 7 DROSUAS ) 451 45k
SERNTVZORVE, ARV BR S AR BRI T2 S SER STRIEA I (1 OB . AR SCERIR T PR
DA i AL B AR SR, 10 S b iR T A B AR AR B L TR A1) Sy 8
P B RAE A IR E, TR T B AR R FISERS PR AT 7 VAR 5T o

1 BRI T — AR SR B R R B, S I B R B 4 R BT A S 4 R AR A
IR B, Aot B RUSCEIORT AR A A S A R R AT SR SER S S R0 J5T A 17T i2E 4T SERS
Rl o 2he B TSR AR B0 1 B AL, BRARIEARAR o WF i fr 2 B e Tl g K
FL A SERSHA M. [ AHR By« TR AN AT SERS IR I (1) FHIE « 2B 3675 /K a5 A0 8 R P IR
BT ROV o DART AR A FRRE, R ST T A B SER ST A I 7 v, B BT A 3 2
HMISERSHG ML FERT VT 16 min, T7iAH IR 80.9%-110.0%, SHRiHETT ikl 45 K W) & .

2. B T — P MRS SRSy A E, A E R, HEAA RIFIEERTE R
AR ARERO6ANFE o FEIIA 7 738 i 2 B S AL AR R 5 375 Tk 73 B8 I MR AR I WAL, 847 A
AR B 5 W] EATSERS KT o 2% B ¥ TR B IRAA B ) A7 AR AL, 8 DL SRR
BN ISR FRE 43 HORI SR T SR 2@ AR 2, RIS SRR S B (10 mm) FHHEWGHR
T (80 L) NP AL e B N T JRVBRE b CRERNJRBE L BRSEK SRR R 2R B U 5% 2
W AR 52 DU SERS AN, 2 57 7 SERSPIE AT M /73, R EE 982.0%-123.3%, HnifE ik
R gs Ry E . WORRES SR Bk B B 2, — AR 964N A 75 2245 min.

3. AW RS B E SEFISERS SR AR T —4A, A T A S S B ER e AR AT A
HEE, ZEERSE. EEMNSERSKIN —Alh, #—PREABUE. BidEE, T
MRFIIA 43 T SR B8 . AT AE AR AL B % Ab i B S SER S B (AR I G , Gl 34
G R BIUMHERR 250N B HEAE IR LR AT SERS SR A PREAG I o Ak T e R BRIA A, 1A%
Wb 22352 B KA S B R A 5 R B B FLSERSAE 545 —, RSDNG6.7%. il (255 B i i - e
TR AL SR R VR SER SKT I, B4k SR VL R (1 HE PR 233 290.2 ug/LANS.0 pg/L,
SERRRE AR P BT 89.5-120.0%, HLC-MS/MS T iER I 45 Ry 4 .

KRRIR): SZ4hEd: REH S WG POl RS AT
SE R

[1] Chen, Z.Y .; Li, G.K.; Zhang, Z.M. Analytical Chemistry, 2017, 89(17):9593-9600.
[2] Chen, Z.Y.; Li, G.K.; Zhang Z.M. Analytica Chimica Acta, 2019, 1065 : 29-39.

REWH: HEARRIFESTIH (Nos.21675178. 21775167 21575167F121976213) F
IR B A S A A TR (No.2019B020211001) 5B .
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AHIF TR — P T T2 HERE AN AR IEAR BGOSR BOR, AT sl — LA (SOo) L ik
N2 T 38 50 P72 6 1S (SERS) XUA% B Il (Fig.1) . 12 48FE A% 338 BT R 1E 11600 nm % AM R A U4
HEIMREE, YIMASOJG 2T FR/R-TIRR S, FEHRMAEE H 77 428 2 1 SERSTE
5, R, iZ 4R AR AT B T SO Er ek kEs , IB ml E y—Fh i R B SER S i H T
SO TN o F2E T 2 A RN AR IEAL 848 1) LU 5 VL FISER S 73 T 78 52 BRili A SO A il 45 S
5 £ 4 Monier-WilliamsiE 3 1 45 £ W) &4 4 -

GNRs/rGO-MPy ’ ' o
,_j 500 1000 1500 ,
Raman shift (cm™)

Sunlight Colorimetry

\j

Wine Filter paper holder Laser SERS
«» = Gold nanorods (GNRs) .., = reduced graphene oxide (rGO) 10D = Sulfur dioxide (SO,)
Y = 4-mercaptopyridine (Mpy) Y = lodine <%b = Starch

Fig.1 Schematic illustration of the HS—PAD procedure and its dual-modal sensing of SO; in wine.

KBRIA): —AHULRE: PHTIIN: FRIHIRR 26, AU RS

S M-

[1]Li, D.; Duan, H. Z.; Ma, Y. D.; Deng, W. Anal. Chem. 2018, 90, 5719-5727.

[2] Zhang, Q. M.; Li, D.; Cao, X. K.; Gu, H. X.; Deng, W. 4Anal. Chem. 2019, doi.org/10.1021/
acs.analchem.9b02106

[3]Li, D.; Ma, Y.; Duan, H.; Deng, W.; Li, D. Biosen. Bioelectron. 2017, 99: 389-398.
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*Email: li-zhu@seu.edu.cn; Phone/fax : 025-83792470/ 025-83790201

“H R, BIEAT AR F I I 2 () R, AERL S G B b T B A . TR
(/BT 4y 7 IISERSAE 5 88 1 AN & I SERSTE 5 AR = el . (Rlitk, IRZ A E
BT RERARERSIISERSEEIR, LA S SERSHIN ) RESE . SR, 51 IFA
BHIENTNRL o N T RS ATIHE CAE N PR i 1), FRATTER A 1 P Rh AR 7 58 — il
S TR IR A A 0 5 4 SR I% (Mixer-assisted “hot spots” occupying, MAHSO), il
PRI IR B A 15 70 A 701 38 SO B AE B — N AN KORE R T, WP T 0 A 0 < e i oK
RURLAE R E BE DA, TR E AHSERSHL S, 1170 A4 B SR AL - <18 1) <82 J 4N oK RIOkE 2 1]
B g o AZ T A AT e R, T HL AT SEIAE IR S T AR R AL AL . B4,
FRATHR L — i - 77 2, R AT R TR 5T PR SER SRR JIE TR W B 70 40 n R A4 <6
JEANATRLIAIBR, B o A TP m b, PRSI Az < R, BLRTSR K
L2 IG5 2T RN e J )8 B B 1K, RIS IR PR vh i G i)k R ok

!0:_ .9 9

Mixing araa : -t
i 2 Q ﬁ Analytes il ik
—_ < o

o"-“d adsorption

480
Formation of MAHSO SERS substrate A

§

Metal nanoparticle colloid

1

3

& )

% z i

- o, N g 3
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— v ) £ H

sl=s Pk . - S | (I é E
T (st \ 99, A @ i
{ — NS )

o
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In-situ observation with SERS

E1: MAHSO SERSHEJE HITE i B R A As i vz B2 Weds-W B SERSHLJE T B % B 4Tl

KHRI): SERSH N MPLGMITIE S VM- Wk SO T, SRR

B Hk

[1] Lu, H.; Zhu, L.; Zhang, C.; Chen, K.; Cui, Y. Anal. Chem. 2018, 90, 4535.

[2] Chen, K.; Lu, H.; Sun, M.; Zhu, L.; Cui, Y. Chem. Eng. Res. Des. 2018, 132, 338.

[3] Lu, H.; Zhu, L.; Zhang, C.; Wang, Z.; Lv, Y.; Chen, K.; Cui, Y. RSC Adv. 2017, 7, 8771.
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RIS 43y 2 G H T AT Wl e (R R T SR BBUE T B S o ML <2 i 2 A [F) X3 PR A
FIAMEA, 4R ZHNE T BB R R R DX 77 ok PRIE, 313 RN IR A
WA Bh 1t — U Bl SERS $ 5 LB,

AR SC A KR - L i < P A £ VR RO, R U R BRI R B A R T« 1%
PR A AE PR R R SR, RIDHE-RE  18] B AR 2ORRE -1 T TR B AR 2L D 7R 3X
P R BAR A 5 X2, BRATTRETE RS 207 S, BT BB B e P A2 A AN [
53 F o LB TAHX BRI (Ionre/Ivsa, PNTP EMES  E, MBA BIMFERL 7R D
A2tk , R R AR o W 1 PR, ORI B 785 nm A2 AR 638 nm Y,
PNTP/MBA ARXT 5 3G 0, HHUERIT, BRI A 2 WORE R 2 8] 36 AR D b1~ T
RIE, A BIXUCERET 731 S, AT DL 5 < 1 1 1 A% P A e A R R A5 5 1 2 A
Do AT AT BB R A& B, AE RS AN FR 172 715 2.

HAt w2, ArBASE. BARAR A SER AN I, IEAERE— PRz .

Intensity / a.u.

638 nm

T T T T T T T T T
800 1000 1200 1400 1600 1800
Raman Shift (cm™)

B S Rop -5 5 4 A i SEM B LA SO [F)0R 9%4 F 1) SERS i
KRR WARAR; Bl RESH S9UKRR T
S35 3Lk -
[1] Fang Y.; Seong N. H.; Dlott D. D. Science, 2008, 321, 388-392.

[2] Wang, X.; Li, M. H.; Meng, L. Y.; Lin, K. Q.; Feng J. M.; Huang T. X.; Yang Z. L.; Ren, B.
ACS nano, 2014, 8, 528-536
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Xt BB AR AR 1 SRR E AV IRFIFN SERS SEiBAIRIRHAR
TRBRZn ', PEAR ', XIEM, REGEQ ¢, HHE!
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P2 B T B U N AR B E S A I . B2 B Re R T T . B
BT LL O F IS MRAE, &3R80 FHR8UE BEIFH T0 FEMMA 1T B 19744,
Fleischmann%: J 75 AL kS £R AR 2% T mT DASRAS W B itk g 43+ #4522 15 51, Van Duyne%s ATl
FRIIXFME SAER M B 7 H AR, PRI RPR R s by & O61% (SERS)?.

MR ME N — R E BN RAY, O 2 7THE, LERit. BIxRE
SRR M R A B AR K A BT 250 2. BT, BEEERE A N RERL R 250, & o5
25 TV EE KA 40 P I R (PABS) Rt Rh i AR T, KR
X PABS il 75 ik (O 052 B2 53

W55 o R BRAERRAE 2644 T PABS 73 7 SERS St 5% Hlh SO AH L & A 7 B35 1Ar
5o ABRIZILR AT, FRATR A % 12 12 oR BEE 6 Z 8 K BE G 7 T (PABS) Hi8
R 1) FZERRME 254~ SERS AT T 0 K I T PABS [ S 15 AN BE M RE S
BRI ) SERS Hil o 3RS A as R, TA I H PABS 7ERME 2 1F Tl A R AE R TH AL
IS, AR 7 TR B G . BT FAR R, Bt R 20 5 50 el
S A (il i

(i) (ii)

80
- 70
0.3 a ’ 1.
0 e e
B ﬁ“‘}zﬂﬁme Ng 601
5 J‘ o @ 5 50 @
% 0.2+ 8
o o
< 806 T 401
> >
= B 304
2 2
Lo E 204
104
04
L] x L] .4 L] L] L. L) | L] % L} L] L) L) L) L} L}
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Raman shift/cm™ Raman shift/cm™

B 1. (i) PABS K47 2 % (i1)PABS i A8 EAL S 1 0 HE 2ok i
Bl B E R (Y2018YFC1602802)F1 H S8R} 2% 4 4:(21703183,21533006,21373172) % Bl
RBRA]: NEIEIEREE NG, R R, R RR B 6, R, R LRI RN
225 Sk
1.  Fleischmann, M.; Hendra, P. J.; McQuillan, A. J., Chem. Phys. Lett. 1974, 26 (2), 163-166.
2. Jeanmaire, D. L.; Van Duyne, R. P., J. Electroanal. Chem. 1977, 84 (1), 1-20.
3

Sainz-Diaz, C. 1.; Francisco-Marquez, M.; Soriano-Correa, C., J. Pharm. Sci. 2018, 107 (1),
273-285.

Panicker, C. Y.; Hassan, F.; Varghese, H. T., et al., Int. J. Chem. Sci. 2010, 8 (1), 29-40.
Zhu, X.; Wang, N.; Zhang, R., et al., J. Raman Spectrosc. 2009, 40 (12), 1838-1843.
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BIHEMIREAE AuNPs/ITO EEN T &RZ5 SERS FiES47

BRBR, B, XIBEHk, FKiE, EheT”

(BTG R A2 SRR 2B, BilE 200234)
B OE: WEIZRFERIAE ZERIH bR Hrmns TR 2 0 4z 2 HUH (SERS) G HE BOR ) 5
[ I8 LA B S S AN ORI FH e L3 A RORG 54 B Sl R 55 B R SERS W& PRI UL
RUEAH AL 5 LB (ITO) AR I ) 9K KL 1 [ 51l (AuNPs) M R 511 9 SERS 2EI%, 12
T MR T R ER AR AR 2555 B 1Y) SERS Dl 1 PRSI g 92 o SR FH SRR K 20 M W) A S B
FRRE il 2 T [ AR SR B B Dy SERS LK (1 94 K KL 1 K5 51l (AuNPs/ITO). |, i3 fij
FIREIE SR AN EE R I R B SR UK R AR SR T AR 2550 B, s Se X04s,  SEalng
RERRI A 2554 B 1) SERS Dl DU AG I o X REME Iy AR A BRI SL SR (A 23 15 B
REEW: R REL R UGN, O, R SRR YT

O Analytes AuNPs
o T2,
= SOy ITO
Paste and peel off — -

SERS

\

s ol
.'!“l'l'gq)\

Intensity/ a.u.

——

400 800 1200 1600
Raman Shift/ cm™

Bl 1. AT R R IR 245 5% B R ¥ Tape-SERS J7 %7~ i B
Fig 1. Schematic diagram of the Tape-SERS method for pesticide residue detection on fruits and vegetables
£33
[11 FAN M., ANDRADE G. F. S., BROLO A. G. A Review on the Fabrication of Substrates for

Surface Enhanced Raman Spectroscopy and Their Applications in Analytical Chemistry [J]. Anal.
Chim. Acta, 2011, 693(1-2): 7-25.
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=4 Si0-Ag ZALGMNHIFRITEZ RN (VOCs)
A
TR 1, XZER 2, ERE Y, AETC, MU LEHEE Y, RER?

(1 BRI R 50 T, &R 230009)
Q2 BIE TR =M ER S TR, &8 230009)
*Email: mfzhang@hfut.edu.cn; Phone: 18788838218

B . FIRDUL AR IR AW KR TN B = 4ESIO T BRI, % 7 =4ESiO-Ag%
LE G LR BT IR bk B R L (Si-OH) DL BL 45 A KRR, mfLBE
RIHE T, TEPELY B AL 22 & X EAE T, AR B RS AR B AR RO . ok
Ab, RIS AR T IISERSHE SRR, SEEL T R B AR SR . LR ZRAEN B AR
SRR 73, HIER BRI E 53—, EPRSHIET8S cm !y 1002 cm' 1210 cm!
FIAERT FRAE R 228 (RSD) 530 581.59 %, 1.4 %H12.08 %: RBIFHIESFaEM, 1740
RGP EATI A 78% IS S oA X RS AR v AL M BK 2187 ppm. 1 H., %EEJRNT 2 4
IIRE SRR I R IR AR

KHEIE): SiOrAg: ZALGHK: B2, ERIEENY; SERS
SE ik

[11 Bell, S.; Sirimuthu, N, M, S. Journal of the American Chemical Society, 2006, 128(49),
15580-15581.

[2] Zhang, M, F.; Chen, T.; Liu, Y, K.; Zhang, J, L. ACS Sens., 2018, 3(11), 2446-2454.

[3] Qiao, X, Z.; Su, B, S.; Liu, C.; Qian, S. Adv. Mater., 2018, 30(5), 1702275.

[4] Yang, S, L.; Peng, L.; Sun, D, T.; Asgari, M. Chemical Science, 2019, 10(17), 4542-4549.

[5] Rolando, M, A.; Roque-Malherbe. /& 57 IV i h& #1-, 2018, 167-168.(Rolando, M, A.;
Roque-Malherbe. National Defense Industry Press, 2018, 167-168)

[6] Craig, R, L.; Bondy, A, L.; Ault, A, P. Analytical Chemistry, 2015, 87(15), 7510-7514.

[71 Wang, K, Q.; Liu, Z, Y.; Zhang, T, L.; Qin, Y, P. Colloids and Surfaces A.,2019, 570, 89-95.

[8] Mosier-Boss, P, A.; Lieberman, S, H. Analytica Chimica Acta., 2003, 488(1), 15-23.

[91 Wong, C, L.; Dinish, U, S.; Schmidt, M, S.; Olivo, M. Analytica Chimica Acta., 2014, 844,
54-60.

[10] Chen, J.; Sun, K.; Zhang, Y.; Wu, D. 4dnalytical and Bioanalytical Chemistry, 2019, 411(13),
2781-2791.

[11] Saalberg, Y.; Wolff, M. Clinica Chimica Acta, 2016, 459, 5-9.

[12] Koh, C, S, L.; Lee, H, K.; Han, X.; Sim, H, Y, F. Chemical Communications., 2018, 54,
2546—2549
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R #EA T (PCET) RN KIMAEAE T A 240 At #2 . PCETIZ 42 RE
FEARR B RE, o A SRR T e E R & ek b s R ¥ K BH Be 2 10 A7 i
W, HOURMKAETICRSN (PSID OGRS (PSD, BIERMIKAHG. Jt A5
TAEBEN R . Forb ot RGEIUH] FH K BH 6 H K S8 20 = A2 S ORI 1, RN 7 AR s RE F
HIRJR AR . IEFK, HRANN WAL CERE o P BT eEaE 6k
Gb, ERFIRMEE 20N EATIE, » FREIER350kDa. HRGIE THEAR, ftis)
A5 b SR AL L AR B R B () 25 R A B T BUR D, A XHE RGN TR IE LA
PUEHRFRATE I TR, (EESENRLHIRRE T “IRM- RN KA EIRR 2 a4
A 1) NHTOCRSG RN, &L, (E#5%5E HZEORE R 4G R4
(PRI SR 21 B A 3 B R IR R ) e . UIRTR B 2R TIRSDEIE, RIFARREQA
RAEPCETIR M o PCET J N — J7 THI KM FE FAR 1 A4 B i S A SR fiL s, 53— 7 TR R T
HL T B 3 W TUIARBRERIE [FIP68O YIS 12, e TR ESA NI, #2] 7RI 1EH . WA
FEINZEART B AW FE it R AE M A 3 1

655 nm C.W. laser |

H CCDh
Edge
} filter L Monochromator

655 nm pump \

244, 257 nm 3
Raman £ —- A{\ { —
scattering e
Sample flow i -

| C.W.UVlaser: 257 nm,244nm |

B 1 BRI MR 8RR RS R B A

KA. SR HRG: R, WM.
SE k-

[1] Chen, J.; Barry, B.A. Photochem. Photobiol. 2008, 84, 815.

[2] Chen, J.; et al. Biochim. Biophys. Acta Bioenerg. 2015, 1847, 558.
[3] Chen, J.; et al. J. Phys. Chem. Lett. 2019, 10, 3240.

R 2K B AR A AR (21573223) Bl
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R F BT IR (SPR)FE OGRS 51 & R 9 KRl 138 H 710 B k. aT I
UK Bt 42 & AN AR ) FEA SR THT I P 77 A2 SPRAK L, IX A 23 FE AR B 41 ) D't FRLAKL 27 S
HAR, T H 2 SR OB R, AL SR G R 1 2061 (EC-SERS) W] LIS 3R 1Y)
FEFREUE S, 755 SN RIS ] S0 B B, % 78 R A 2 B TG HE S ML

A TA DA 56 6 5 R KORL 5~ 4138 e I oA 2R, #3T T SPROG LSRN F I, 48
TSP IERENE . B 1a B R BEE G N, SN ARIR A ATk . ARS8 T 8GR I
THRBON, YHIZINAE-0.7 VEI-1.3 VIXIAI N A A T B T RS Tl S 8. &I 1b
AEC-SERSHE &0 F 11326 o 1% U6 I s 0 of Y5 ok 2% PO 2 0o R AP 4 DR B A o I P X V7
FEIRIE S AL BN RN AR 08 1 H i Ak . BB R 7 A A SERS 821 1496411592 cm!
TRV AR 703 1 ) H 2 AT 0 o 1311 e 97 RGN 7~ 2H R HR I AR DGR R IR IR 2 1A
KL R R T RDG IR AL . BEE G TGN, A FL A SR B e (]I 1 s B PR
(DA IeE R/ RIESES T DN TR Ee b S WSIVAREPI I GER T E 3 - A RS RS Nis - YR IVAT S El

—o0.02 1592
(ahoo{—332 1096 (b o 1M1 138 '
. A3V, A tWay
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Fig 1. Photoelectrochemical reaction characterization of 4-bromo-nitrobenzene. (a) Cyclic

voltammograms on Ag silver electrode in CH3CN solution (5 mM 4-bromo-nitrobenzene,
tetrabutylammonium perchlorate 0.1 M in different scan rates); (b) EC-SERS on Ag, 532 nm, 0.5 mW;,
(c) CV curves of the Ag@AgNPs assembled electrodes(1x1 ¢m?) under different light power, scan rate

0.1 V/s; (d) the off-on photocurrent of a Ag@AgNPs assembled electrode at different applied potentials.
reference electrode Ag/AgCl.

KB RIER Rt SRR, i b R, RSk

S35 3k -
[1] Zhan, C, Chen, X-J, Yi, J, Li, J-F, Wu, D-Y, Tian, Z-Q; Nature Reviews Chemistry. 2018, 2, 216.
[2] Nelson, D A, Schultz, Z D; Faraday Discuss. 2019, 214, 465.
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HAL 7 R T 5 2O 1S (EC-SERS)TE 73 17K P 2R Ak B AR 511 43 PR IR B A s R s e
X 2 AR PRI T PR K 5 AR AT W R 7 A R 3R T4 B IO T R AR (SPR)RISE, "SR EA
e I A RO A 0, AT 3 B AR 2R T R 0 DX I Ot 7 (R 35 1 i J LA B 4,
FEOR Tz T 25 SR B AR RN, Bk A SPRIM IR AR AR T )
JURSEIM, 3536 RN KA .

FEARTCH, AR AR BRIy 28 LA S5 A5 B A S N R oy 1, IR HAE & J8 R T 1)
W PR S e 2 THIE SR by B OUERRIE UL A S NIRRT %G, BT MBI, BT
— RN T H5EBFREER, e LIERM SR TR TR 5, 3548 5 ekt
ITHE T X TR SV, HBE 7w 15 FE R AL, T 305 TR &4,
HAFERTA I TR A5, MG AR, AR 753 RS0 X P 253
RIS M . X TS AR RAA YD, FRATECAL T A6 OB R FEL ey 5% #2136 SERSS
ST B IG AR, TN 7 F A B, FATRRN S T s R T BOIR IR IR S A
RS B2 B SR SN B o ST, FRATIXS IF F LR S R E A AL AT T L, K
PRAE AR PR b B VA R A AN [R) TR USR8 A%, Tond SR 3 R % T e R AR P A AR AL BR A
TERARIZRI =Y. AT HFFISPROGHAL S SN, BATHEIE T 4970 FAEGUKIE R, WP 53
T2 NS5 50 TR DGR, LR AR ST (1 e L HEA 2540 5 [ N30 7 A8

Fogt: BIE X | R REFE 4 (No. , 201703183, 201773197)F1IEHS: (Y2018 YFC1602802)
g

IR FESHEOTIR: S RENER Bk, JSEOE, IR SPRGHL
E
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PZL: WA RGN 8061 (E-SERS) AT 4 Ja 40K 45 K4 1) 55 B TR i 0
BEAT YR, R 5 i SERSHL R (A R MU o (HUE ¥ IR E-SERS 75 ZEAM A MM B I 15 4% 51 N H
A, AZ VRIS, — e BRG] IR RO, PRSI EoR RN o SR
MM (PVDE), YEyIidtl, fEH /4 N R & A g e i 22, IR
T FBUNB AL REFH R RE . [FIRT, PVDFfENZRMEILIE, TWIVELF, i@ Riigd, mIik
ERFI TR L, SN R SERSHEE AT R B (e

PR SR EPVDFRE AR AR L HIE 7 — A B U SERSELK, HRENK LR
TN RN S B RS R R AR . BL10mol/LIE JFI6G (R6G) THBN
WEF T, TR RS il AN A BRI T A RS il R R B SRR Ve SR E (Y, T
AR SRR BT (1 [R)—7 ECE A R o R R RR RS A LE AN R BAC TR R — B & (AR, 7 A F
FCTAEARF B FIVE T EAFEAE AL E TR 2060 . )5 3A 16 COMSOL 2 ¥ #i7
BB T ARE R T, FEIRS2 7 58 1 A .
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[11Y. M. Yousry.; K, Yao.; S, Chen.; W.H. Liew. Adv. Ele. Mater. 2018, 4, 1700562.
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BT (Tonic Liquids, ILs) fEA—JHI NI T kL, BAA V2R B4 2 1
o AHEC T ARG R, Ll %8, v 2 R TR, AR, RARER
B o VA %) R AR 2 AR 3 AR EH B B A R 2R AT 54 o 2 B TR A
IR — WK )E, MU BB R AL E T, KT 1R RS 20 AL 4 R
FUm SR PR A . R, KA FAE B TR T T AR R Al I R
TR A K> T I, BB K o> F1E T IS5 1, NS T IR TE H A 2 Ak 1 S B 2 FH 32
LKA .

TEMIU T AR, FRATTR A R 3 s hy 2o itk o5 & b2 (EC-SERS) M7k, WA T &
TR S B K X R B AR TR K IR s . DA4 40 - SRR ECR (DMAB) fE
UL N AL N R IE R (PATP) , IX— XK o0 T EA WA I SN A Ak & b T
IK AL IERER Y, I8 A U F A2 1 1) F DMAB S PATP > FSERSUESRSE, [ M FHTHI K I & .
BRI AL AR T = FBHE AR, B AN A B 1k, H B K R A -
[BMIm]BF4<[BMIm]PF¢<[BMIm]Tf:N. 545 R WK 1(a). (b)), BERAI 5L, S4B
P TEAMNINK 73 FAFAERS , DMABAS R AR J5 I L, I F 7K o3 CBEZR 23 500M0.01D,
DMABK IG5 [ B, Fod JE AR FENT 5 8 T s K A &, RIES T304 B B - s
IKPERRER , 7K -8 55 T W B 7 A £ FL 1 & FEAR A T | CnE 1 (o) FTR ) o« SEERES R,
BT IR 5 K P B B T ABELRS 7K 29— 8 af B0 FEL PR EL AR RO B

§§ © 4, =g
& ITEN S o A
@) — |(b) [BMImBF, &g .:;;f‘z/gjgj
1] ettt | v xom
“Ul:: ,J'J}\_ L X = l\l\ /\K
o PP Ry Sy by M
1] X0 o =z Hydrophilic
‘”J}MH—-‘“
o ) N = oe =g
z sy
e] X,7001 AR T e
R R R RSV - e e e

RERET 1200 1500 1500
Potential/V Raman Shiftiem ' Hydrophobic

F1:(a) [BMIm]BFs, [BMIm]PFs A1 [BMIm]THENE Ttk , 247K EE/R 4 $0N0F10.010F, 1142 cm'!
(DMAB) Al 1075 cm™ (PATPFIDMAB) P UAH X 55 S Fifi B A7 18 4b i 285 (b) = A Pl ik RTE-0.4
VHI-1.1 VAL FHUREER Al _E 3R 75 RISERSYE i 5 () PATPE MR AR RE AR i b 1= S K M R K M B8 1A b

K53 LR B 7S 2

KBEIR): Bk FHEK: EC-SERS: SEBiAKM:

S R -

[1] Cui, T.; Lahiri, A.; Carstens, T.; Borisenko, N.; Pulletikurthi, G.; Kuhl, C.; Endres, F., J. Phys.
Chem. C 2016, 120 (17), 9341-9349.

[2] Huang, Y. F.; Zhu, H. P.; Liu, G. K.; Wu, D. Y.; Ren, B.; Tian, Z. Q., J. Am. Chem. Soc. 2010,

132 (27), 9244-9246.
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*Email: Li@xmu.edu.cn; Phone/fax: 0592-2186192

REJFAIICTERA, S SO FE B 700, XTUR N ERAR S SATLER L 5 1 o R
B EEE S FgobiE nT SR AR R AR S SE 15 B, R 2 A A 7 R
EALRAEFIA . SR, SRR T HBARM REE, & Fh 2 0k Aot A T i A ks i B A ik B
i 5w R S5 e (P (AL R SR T R B /e TR P o o R T fR X — R ) R, FRATTR R T —Fh
P 58 2 Wi A g Kok 748 s by 0% 1 (SHINERS) i A7 W 0 40 K i Ak i R 1 36 FH S,
FRAISHINERS P2 254 5ms (B MR IZSERE bl i oK AR 203 T 50 )2 R da gk
Fi ¥ (SHINs) [, JERSHIENRS FELEK), FIHSHINsHsfE (L FIREMH 255, M
1M EER T PORMEFIR MR I 2455 . FIFXFREENE, SCI0 7 PdAE . PUERGLKMEN
FIZ T COSA S B B AT B, WL 38 1 s I A T R A4 7512 TR B0 b (491 a2 T 484
Y. EWFh. P-CRPA-CE), T 1 0 T IS AR XS [ NG ) B 5200, FE45- 5 DFT
T, XNV S M RIMAT T A . kAl B, 32— ¥ SHINERSIHE EH. ot
MEACR B SR AL 5T, FH 0] [R] B S G A 1 RE A HR T . Pl e gl BEUAUINER 1 04k e
MUER R, 383K BISHINERS 7] Ay J5 A7 PR IR (0 s N sk R (10 38077, A KA AL R
REfFFEd At T — o i R o

2 — — %
SiO; shell £ Raman enhancement *

FE1: SHINERS T2 &5 SRR A AR A | B i 72

KRRIR): RIEH RS B S EMRAGURRL BRSSOk 4RI AT R
JSZALEE

S M

[1] Zhang, H.; Wang, C.; Sun, H. L.; Fu, G.; Chen, S.; Zhang, Y. J.; Chen, B. H.; Anema, J. R.;
Yang, Z. L.; Li, J. F.; Tian, Z. Q.; Nat. Commun. 2017, 8, 15447.

[2] Xu, J.; Yang, W. M.; Huang, S. J.; Yin, H.; Zhang, H.; Radjenovic, P.; Yang, Z. L.; Tian, Z. Q.;
Li, J. F.; Nano Energy 2018, 49, 363.
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o PR B 4 D6t SR M U T 1 SR TG R R 2 HUN (surface-enhanced
Raman scattering, SERS) Y63 (135 710, H T, - 344 SERS $ARLEA 5452 7] Ff 4= SERS
FENRCAIIR . AEAR SN TR A F B AR A S5 SRR I L B K R 4. AR, B
B 5 R 1 [ SERS 5 14 - A4 L T 1 AT #2555 1) 45 i i 29 S 4 SERS HiR I — 0 K J&
(%65 % . FRATA SERS MG L th &, # thf A gt 1 ml i 25 3 oichr 8 HU I I ROK 3ROE 46040
BEE S I, B TS5 SR AR I 0 R A5 A B RGT #EAT AR, T RLIS R Mie RR, A ALy
SRfER o [EIRE, VT EE QK AR AT R &5 0 1) ven A L e A i — 2P B 5 1 SERS (5 5. —
T W IFIAE A A S A B A5 A 0 AR IR B RS o T PR AR ik 10° 3G a8 . AR TTAEXT Mie
FEHR B I 37 808 IR FEANCN - F44 SERS L REI7 38 s AL BT 78 B0 1 24, [RIR B o e
PERE SERS U5 11~ AR B I () w4 it 1 i .

X#ER): SERS; ¥SMk; HFERE; MiedtdR; WFEEM

B Rk

[1] Han, X. X.; Ji, W.; Zhao, B.; Ozaki, Y. Nanoscale 2017, 9, 4847-4861.

[2] Ji, W.; Zhao, B.; Ozaki, Y. J. Raman Spectrosc. 2016, 47, 51-58.

[3]Ji, W.; Wang, Y.; Tanabe, I.; Han, X.; Zhao, B.; Ozaki, Y. Chem. Sci. 2015, 6, 342-348.

[4] Ji, W.; Song, W.; Tanabe, 1.; Wang, Y.; Zhao, B.; Ozaki, Y. Chem. Commun. 2015, 51,
7641-7644.

[5]1Ji, W.; Li, L.; Song, W.; Wang, X.; Zhao, B.; Ozaki, Y. Angew. Chem. Int. Edit. 2019, DOI:
10.1002/anie.201907283.
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SIS EAK SRR EALEHAT SERS R
%1’*9 E%ﬁ 1’29 ﬁﬁﬂ, 19 ?U%?ﬁ 1’*9

Urp [ B2 B A AR BEN U TC T, A AR, 230031
2R R B SE BRI IR, AR, 230601

*Email: tangxh2011@iim.ac.cn, jhliu@iim.ac.cn; Phone/fax :+86-0551-65595607

Fe g v 5 H B — 58 I 1) 58 AU 8 272 VA — PR I o A 1R TS A R AR AR
M HEAT, ESLPRH F, SERSHIINAL 2 HGEFH TR0 i e A . R A5 # SERSAS I 1 J& 21 5 &
KA, A Be s iZAe I 7 B 7 vE R SR R R SE T St AN ARbRIi, B 26 N
FAREAER AR T, RETREER, TR ZE R AR T IR 450 56, X Rl
D71 T AEAE AR T 5450035 40 W B 1) R, HL RN ZR A A A AR R AT T4, BRI
T R 5T R T o A H BRSSPI AR 2 TR0 5N ST 2E 2 A ke S5 A 5 A I PR A S AR
BD, G R TRE— BT B T, AT b, MRS A AR 2 10k R, 1R T b &0 PE4-Mpy
S FAE AR S MTEAu NPSIZ R T, KRR T & WA TR E S BTE, AR T 248
MILSPRYGZEIE 1, H XA R 722 B BN A ARE 5 IS i T 7% %8, S8)5, IR A 2 2
P T 5 25 FE SERS O KAREFBE 71, HAEMOR A A8 fe b, #4510 Bk S8 4 & 4R 0 7
MR T, AT A F] T SERSELM . 81T R e 7 Au@4-Mpy@Ag FISERSRUN., R 1T H AT
SERSF1H s EAG I I m e, ks H se b i F /K A s B AR MG B AR B thiram 43 1 IR U, i &
K, S5REH, 17— &0 N Au@4-Mpy@Agn] UL T2 Fh B FR4 1 SERS & B Kl o

A B) -
— 0.8ml
— 1.0ml
— — 1.2ml
= —_— 1.4 ml
10nm 2 — 1.6ml
— d=23nm —  d=3.7nm = d=6.6 nm >
- - @
c
JE 06 0810 i ur
= ANEES
O 5 i
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— d=9.2nm — d=10.m W|IAAM L AMtemtemeih me
C) tem 1 D) 0 Air
z : inducer | ey o
g 1.0mi o * a'. _..‘.' g e [
= th |
= A~ g | - s |cthano e
0.6mi s
WL, Wl W ; 2 .
500 1000 ISO.U 2000 W w

Raman Shift (cm™’)

Bl 5 BRI AR e W AL 45 P T SERS KL
KPR REIIRP R E AN PO FEARE: & ERR
ER LS

[1] Mao, M.; Zhou, B.; Tang, X.; Chen, C.; Ge, M.; Li, P.; Huang, X.; Yang, L.; Liu, J., Chem.-Eur. J.
2018, 24 (16), 4094.

SHEWH. EXARBHESETE (21505138 & 61875206)
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FHIEAL SONE R Do) 2 [ /0 5 T P A S B AR B BEEOT A R A R R . T
A SN I RE R 2, NATTRE K 2 B AL S BT A RIS T IR o B3 2T RO
R BRI A R E IR TR AT S5 L RE OGS M RE., fESERERFARTTT . Rel 2 F i
S SEALER IR 78 B R S8 AR T o (5 0 ot S T LR A S S R PRI 7 30 5 S A
G ROR, BRI R 2205, BEFEHA i 85 TR NS WA L BRIk 7 T S it A, T8
T4 5T BT R (b S R LA B R R S O A U2, BT DA R B ST N — SR AL L B Sk
TR BRSOV 2 DG E BAR  AF N —FHREOCIEBOR, S 2 BUHEIE REAE# R g &
WARE fts A R R R AR A, (RIS T SEBLRE il B JE UL, 1203 L /KO A R (R T
HH L @5 S ARH 59, ELRRIRG 1 AR R T S BOE R WE 7 55 0 IR R o SR T4 5 2
HUR DGR (SERS) $i AR BAR RER K I HE 95 R I A4 2455, (HR T0IA BHRAS L5 R T
M2 M55 T7eRRAGRR TR I 2061 (SHINERS) HOAR M HBLESEATH LU
P AL 2 6 T SRS 5 R R A ) B 5 2 . FRATREIZL A F SHINERS EOA
X B F S B AR AT T AR A BURA MBI, B JATHA A E AL SHINERS BEA 2 St
FOT LS HEIENE . CON SRR SR 21 IR WR BT DU B H it ST PR SR AL 5 S R T R

PRk e it 5 S LI BN S N, SR B SR, CORRD A HLALER (9 WF ST YT LUK # 32
BINATH S, (Hil T — BICIR B A 55 R 1 3R 15 ORR S A R A (1 S A7 06 1 IE 4
FEAG AT HAUELAN S 2 8% A% — B R K I e AR AL Fa AL 2~ SHINER S 5 AR
HBE T 1B B = AR A T AORR I SIE AR, JF X pHAUNE - T 45 4 280 5% PR 3R AT
T VRIS, 3RS T ORR LY EE AR A A A L8 OHSE I EHEOLIEESE . R &5
A AL R IAE DT RS AL, B K L v (8] A7) A £ ELAI S T PR B AL B RIAZ AR, T
e — 2k B ELHIORR S MALEE, 7R, BEAZORRSNA BT HEft 1 AR H 5 2 ) S S0 HF
ST mia B AL R A BR ORRUEAL G, &, FATHAI S AL SHINERS AR V4
T T v A B R T A ORR S N IS e, BRENFE[R]— d T E3R1G I %8 OHAEY M (1 4%
FEREIEYE,  HE— B InER 7 AT FUHIORR R ML FE AIA TR, i ALORR AL 5] (1
ARG T EAE PR SR

KA. EALR @I AR AL RUEJE: IR

SEH

[1] Li, J. F.; Huang, Y. F.; Ding, Y.; Yang, Z. L.; Li, S. B.; Zhou, X. S.; Fan, F. R.; Zhang, W.;
Zhou, Z.Y.; Wu, D, Y.; Ren, B.; Wang, Z. L.; Tian, Z. Q. Nature 2010, 464, 392.

[2] Li, C.Y,; Le, J. B.,; Wang Y. H.; Chen, S.; Yang, Z. L.; Li, J. F.; Cheng, J.; Tian, Z. Q. Nat.
Mater. 2019, 18, 697.

[3] Dong, J. C.; Zhang, X. G.; Briega-Martos, V.; Jin, X.; Yang, J.; Chen, S.; Yang, Z. L.; Wu,
D.Y.; Feliu, J. M.; Williams, C. T.; Tian, Z. Q. Li, J. F. Nat. Energy 2019, 4, 60.
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—FhE-T B 1% SERS B S BB ARIAINR 5 5%

EH XS, REHE
RIEKE:, WTHILHEMRAEX SO =4 11 5, 110819
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B LA T EER—RAI, S5 7 EamEh g RSN AR, —8%
BN BNAE 50 7, AR RIS A RA AR A A0 A QU 507 T A% 7 B . R
i, ASE SRR WA TEESA AN R AR 2, 23RS RS R . R, X SR i e 44
AR RABOR A R B2 o A SCE 8 B A B SERSIF ME I Ag-TiO-Ag e SR FE R,
¥ S-B- AR K AT 57 FE TR e (PATP) 43 T-il ik Ag-SHEAS IR 1Z LR I, il %% FHEAL BILR, BH
JERE % TYEAR I RS =R AR 07 IR PR R IR 7 T 45 & o T IRG 207 10 TR £ A
A1, BRI 1 Re e 5 TR ISR Rl gk A RSB - i v 289, JEEA
[ G B NS A4 731 S5 PATP 73 1T i A S A A . VB 22 53t S BUR R TR R e
i R AN, R R T PATP 7)1 I SER ST I A 9 FE A A D8R, MTTASE AN [ Tk A B 1 ko
WA IG5 13 AX 3, SEBL 7 A L-2 R 70 7 IR FEE TR ZEBRATHIR AR R b, ABAE
B LR AETAEPATP 7 T4 9 RS 5 MHRET 2015 AR I EL R TBOR TR i A L2 JE R T A2 5
1 S-A-M MR 705 WA AR SR 70 7, FORA IR IR X R 7, R H 5 TR &
TPATP UL K e JRFE S 2 AN AR, (A5 B S A s b AR . JRATT AT 32t A s i x
AR TR )59 AT B IR A R B, AT SRR 107 mol/L E & R (1IR3 o

BIL: WA R % AR R AN -2 2R R 73 T I MR s =

KR WIWAAIRG); EIEER; SERS; LT .

B Hk:

[1] Wang, Y.; Ji, W.; Yu, Z.; Li, R.; Wang, X.; Song, W.; Ruan, W.; Zhao B.; Ozaki Y., Phys.
Chem. Chem. Phys., 2014, 16, 3153.

[2] Wang, Y.; Yu, Z.; Han, X.; Su, H.; Ji, W.; Cong, Q.; Zhao, B.; Ozaki, Y., J. Phys. Chem. C
2016, 120, 29374.
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NS EERE TR R

BWAE!, BRGT:L BEES BRY WES gk
P EHIELRS:, B TTEEMEE 100 5, 200234
*Email: hfyang@shnu.eu.cn ; Phone/fax : 021-64321701

AEBE PR EHEARZEHENER Sz —. fla, K&1 (HD, &—
Pl E A7 TE SRS & 8 B 7, BRI I HE? 5 ARG RO A s B Wb
JRZG ARG RN, 55 E BRI E 08 /K Hg? (1 & &A1 5 T 2ppb (10
nM)U. A& G0 R I 28 4 S 5 1 I 5 VA AR AR R U B B . FF ol AT AR B AR R A . SR T 5
HiZ %1% (Surface Enhanced Raman scattering, SERS) RIS & SFAEN TSP Bk, JEH
&K P RS MR T, SRR ARSI Yooy B, el 2 B 4 B A Uy T R
IR HE VAR IR N FH A S

ASCE RN R E 48 5 1, ESERSIE R MMHAT R L2, #1147 Fe¥, Cu?,
Cd*, Hg¥hi24REr, JERHEE T EN. EEa. TR REHMH&NESES
THREAZHEEEE TEm, BAREREEE,

(1 FIFH LES /S iR R TEE AS 1R  AR AN Kk T (AgNPs@IPs) NSERSHJE, % FHFA6G
(R6G) 1ENFLBE DT, FIHFe SIP6IH FIF R4 A 1E T, K4 B
AgNPsEEE, REROGHIFIE(ES, SEIXFe M PR & R PodR .

(2) £ AgNPs@IPs 2 MEIHL- R (L-Cys) #l4-Cu¥' 7 2454t . R6GAFLE
BEW5r T, HUCu IR, Cu> PR M MIPE 5, HAML-CysE 2,
SEGKRLT B, B85 TRK, IR Cu BRI .

(3) HI 8 LA B H BB i B AuNPs (GSH@AuUNPs) NCd2h. & #54%F, R6GHHIE
fBhsr ¥, fE—EpH&M FFIHCA 5 GSHIE kK L& (CA(SG)a) SEIL
X CA* R PR AT I o

(4) Hl 2 He2 i BIREN T - 4- S HEMEIE (4-MPy) 1E N $ 2580 T, 8L “Au-S”
BEH AR S ERE, B NA-MPYySy T2, HH BN, Hg?
54-MPy s FRREEAEAMIONE TR R, OBk ie 2R b o2 A0 K o B B
il THE B 7, MM E4-MPy R 2455, LU He? (hhy & PR kil o

X
L ]

X s
NaCl ’X

‘GSH/R6G/AuNPs

l* NaCl ‘s I A

Fig.1 The cartoon of construction of R6G/GSH/AuNPs and detection of Cd?" by using the Raman probe.

@

KRR FBREN EERE T PO
ER LS

[1] Wu, Y.; Jiang, T. T.; Wu, Z. Y.; Yu, R. Q. Biosens. Bioelectron. 2018, 99, 646.
[2] Sun, Z. 1.; Du, J. J., Jing, C.Y. J. Environ. Sciences 2016, 134.
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PIRAREERNVME ZHERN S FHEM RN SERS #HR

W, TP, UM, EEA
BTG RV AR, LTGROt H 7 H sie =, b5 100048
*Email: pjwang@cnu.edu.cn

RaeE (B B POREm T HB R4S M . SRR iR R 5 8 Tt T
REPESEOLE, Bz M EIE I SR B BRI B T Be 9K AU . 9K ZRR T
B AR ILIRTE R A5 8 74k, HmiBAMM T, 704 5 R R s )Mt
SRR AT, mICER I ZEIR AR I A T SR A 2 S B BT ) T B A A R
I3 22 1B pel . ASCE ORI CI S TR, MRS (Tl (a) KD FIEE A
S CanlE1 (o) FRED AT T ORI 5 106 BRAR A K 2 R R R I 2 [ s B
SN, A B SERS Wi 3% F BUAF 78 1 s BLUK 2 I Ak s B &R 2

X FE R EE (ANBT) A DAFEERE IR N A4, 4-Z5iEE%EK (DMAB). Kl—
(a) (b) Fr ARG A EAGHEIL R, BE S PUKRZAN A7 B N SERS G 1E &,
vo=1338cm Fllve=1345cm™ 53 5l /& 4NBT 4> F HIDMAB 4> T [ FL S 45 ENE, 1 (a) An] BLEH
IR H BE A I A7 B B SR I R LRI, vl IR T ek /N B 28 %, ve VIR 9, 1 (b))
Hvo IS T AR R Jeve WG IR AR o8, BARIE AT B ANBT R M8 kA T R IR
Rio FRATF v, vehii @ W5 THEL T ANBTHIDMAB ) TR 78 o5 8, 153 7 OGRS A3k
BENS &M FANBT T HIRNZ, 7951825.21%F10.15% o i3F— 5 B FDTD Ui AUl s s
R REI A AT R I, BRI NG I K 2R, R M AR R R, TR sk A 4 K 2 AN 3 e )
B2 (B R RS AR T 0 T BN B 30 [FIRS, 7ERIAME O T i i s g b
YKL 1D P 8 1 0 Tk 55

(@) 10 p— (b)1.0
b =
S o8 WL —~ 08
: =
-‘%‘ 0.6 5 064
o 2
- (0]
< 044 g 0.4
= o
g 02l g 02-
& &
0.0 ] 0.0- ‘ | |
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Wavenumber(cm™) Wavenumber(cm™)

Bl1: (a) (b) 2 A A BOER NS AEOLTE S 1 B UK S0 AI4NBT A2 ERDMAB i A6 = 37 I SERS G 1 ],
W S TAKE b, ay by v dPAIEEARELIT. 20 3. 45K,

REEA: B R Tks RoE il AR

SE 3k :
[1] Y. Huang, H. Zhu, G. Liu, D. Wu, B. Ren and Z. Tian, J. Am.Chem. Soc., 2010, 132, 9244.
[2] Li, Z.; Gao, YN.; Zhang, LS.; Fang, y. Nanoscale. 2018, 10, 18720.
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ARG T — B IE 4 R S5 M A KRR R TH 46 B TR SR IR 51, b2 4 2 g5 A4 YD
KO e/ AR M/ A0 BE B /R B/ 7K o 122 45 R R S IR SPRES M AH LA, LA o 53 F ¥ 37 53
BRI FIERE, DU A FSPRITLEVETE . ASTRIFZSZ S50 & T A BEAH 1)
RN 26EES, WEIFR. SRRERER, EZESMWNILIRAT, HEHEEN
SERSAE ‘5 5 B /2 1% i SPREG#4 T SERSAE 5 3B AL 1045 DA |5 b AhSL 25 A R BHAE 12451
NI I BRI T K TR GiSPREE M N I I 5F B IR E, SPRINZRFIGTEHE A . %
SEFA F T SPRAS I R AU (132 T LA e SER SAS I R AU (1732 i

A Incident Laser ’ B
Laser Pri
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B1: A) fE4HISPREN, MR N45nm; B) IUZ 4RI KAERE S E TSRS, O SUZE&EM
KA R THI5 B TR LR 254 LA B A% G2 I SPRES A4 1) 2 TH1 %5 125 1Mk JL 4% ith 28 FI SER S5 & il N S5 A1 1) 24K,
2k, B2 NA-MPY 2 FII/KTE: D) WU 48 IR KRR T 55 25 7 SR 5 440 UL B A% 4t (1) SPRES A4 JL4R
1 FHISERSHEIE

KHEIR): KM% B Tk; SERS: il
SERK:

[1] Liu, Y.; Xu, S. P.; Tang, B.; Wang, Y.; Zhou, J.; Zheng, X. L.; Zhao, B.; Xu,W. Q.; Rev. Sci.
Instrum., 2010, 87, 036105.
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FETH 45 B WO e AL [ B SRR AEFE S B AN SzaG 45 3 1 B0E SR AT . (2] AR RZH AE
FER BT 7K Jik JE 2 T ALY VR ] =R ST, 7 7 T Ak 5 i s W0 58 T 48 28 e IRORE [ e A i 7
RIS N AUER o FI)FH 7 B B (0 FE AL 2B P UREAE FE R LU 5 & B g K 45 4, MR 3R T
RefEMfi G, T2 AR BB KL T A A0 B B R R, W 2B, 5%
AR A K T150° , X2 H TRIMAPUKEM AL, —HaSSERaELER T, Tk
AR = AR S A, BN TR . FRATPIE R R X MR R I G, AR = AR T Ak
SR RIERERE (PATP). XTREFEIEMEY (PNTP) 250 T IR T R 3 TH 45 B WOt 1k
SSLTEE I, WS AR A A o SRR (DMAB) I 2 A 21 O FRATTEH L
b LA AN [R] 2 T 22 B 7K P 0 28 AR i oxe) Ll S5, R IRTE R i /K 3 T 6 Bt il o0 7 A e i
IR MARE, AR | RS N FE R I S EAE A o [RIR, S T SRR B /K 2R T 1
AR, BATRIHAF SR AT 7 H G S, BRI K LR o] LS 21 L SR K R R
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[1] Y.F. Huang, H.P. Zhu, G.K. Liu, D.Y. Wu, B. Ren and Z.Q. Tian, J. Am. Chem. Soc., 2010,

132, 9244-9246.
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[1] Zeng, Y.; Ren, J. Q.; Shen, A. G.; Hu, J. M. J. Am. Chem. Soc. 2018, 140, 10649.

[2] Bai, X. R.; Wang, L. H.; Ren, J. Q.; Bai, X. W.; Zeng, L. W.; Shen, A. G.; Hu, J. M. Anal.
Chem. 2019, 91, 2955.

[3] Lv, Q.; Min, H.; Duan, D. B.; Fang, W.; Pan, G. M.; Shen, A. G.; Wang, Q. Q.; Nie, G. J;
Hu, J. M. Adv. Healthcare Mater. 2019, 8, 1801257.

[4] Lv, Q.; Gao, M. Y.; Cheng, Z. H.; Chen, Q.; Shen, A. G.; Hu, J. M.; Chem. Comm. 2018, 54,

13399.
[5] Chen, Y.; Ren, J. Q.; Zhang, X. G.; Wu, D. Y.; Shen A. G.; Hu, J. M. Anal. Chem. 2016, 88,

6115.
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D. P., Science, 2005, 308, 1890.
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2018, 139, 272.
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Investigating the electron and phonon behaviors in layered
black phosphorus using Raman spectroscopy

Xi Ling

Department of Chemistry, Boston University

Abstract

Layered black phosphorus attracts lots of attention as a potential candidate for advanced
electronic and optoelectronic devices, due to its thickness dependent direct band gap and
anisotropy. Since its rediscovery in 2014, Raman spectroscopy has played an important role in
providing valuable structural information about black phosphorus, such as the number of layers,
crystalline orientation and defects. Combining with the resonant Raman scattering effect, our
recent work further investigated the excitation states in black phosphorus and the vibration-
symmetry dependent electron-phonon coupling. First, anomalous Raman modes are observed
under the resonant condition. Second, the Raman excitation profiles show distinct resonant peaks
for black phosphorus with different number of layers, where the resonant energies matches well
with the electronic transition energies reported in literature. Moreover, we find that the in-plane
Ag? mode shows significantly stronger resonance effect across the excitation wavelengths with a
resonant peak around 2.7 eV when the laser polarization is along armchair direction (Ag?//AC),
compared to that of zigzag direction (Ag*/ZZ) and the out-of-plane Ag' mode (Ag!//AC and
A,'//ZZ). This phenomenon is attributed to the vibration-symmetry dependent electron-phonon
coupling, which allows us to develop a comprehensive understanding on the physical origin of
the complex Raman scattering in BP, and resolve the existing controversies on Raman
identification of BP’s crystalline orientation.
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2] Shi, L.; Jing, C.; Ma, W.; Long, Y.-T., Angew. Chemie., 2013, 125(23), 6127.
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Matsuda, K. Okamoto, R.F. Oulton and G. Eda, Advanced Materials 28, 2709-2715 (2016)
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83



13-9 & rmamunmret s 5m 2019
In situ Raman Spectroscopic Study and Adsorption
Engineering for COOH* Intermediates during CO>
Electroreduction Reaction
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*Email: puscj@mail.sysu.edu.cn; Phone/fax: 020-84110788

The challenge in the artificial CO> reduction to fuel is achieved high selective electrocatalysts.
Here, we propose a simple strategy to modified CuO/CuQO heterostructure nanowires with metal
nanoparticles for the intermediates adsorption engineering of COOH* during CO> reduction
reaction. The Cu,O/CuO@ nanowires modified by Ni nanoparticles exhibit superior catalytic
performance with high faradic efficiency (95% for CO). Theoretical and experimental analyses
show that the hybridization of Cu,O/CuO nanowires and Ni nanoparticles could not only adjust
the d-band center of electrocatalysts to enhance the intrinsic catalytic activity but also improve the
adsorption of COOH* intermediates and suppressing the hydrogen evolution reaction to promote
the CO conversion efficiency during CO; reduction reaction. /n situ Raman spectroscopic study
further confirm the existence of COOH* species and the engineering intermediates adsorption.
This work offers new insights for facile designing of non-precious transition metal compound
heterostructure for CO> reduction reaction through adjusting the reaction pathway.

1000 2000 3000 4000
Raman shift (cm™)

Bl1: In situ Raman spectra of Cu,O/CuO@Ni during CO> reduction reaction.

XH17): CwO nanowires; heterostructure; intermediates; in situ Raman; CO» reduction reaction

Eift: This work is supported by the China Postdoctoral Science Foundation (2018M640847,

2019T120764).
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[1] Yang, H.; Hu, Y.W.; Chen J.J.; Balogun, M.S.; Fang, P.P.; Zhang, S.Q.; Chen, J.; Tong, Y.X.
Adv. Energy Mater, 2019, Just accepted, DOI: 10.1002/aenm.201901396.
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Biosensors in pathogenic bacteria detection: From powerful
SERS analysis to portable colorimetric sensing

Kaisong Yuan!, Xinjie Guo!, Zhengjin Jiang!, Haibo Zhou'"

nstitute of Pharmaceutical Analysis, College of Pharmacy, Jinan University, Guangzhou,
Guangdong 510632, China.
*Email: haibo.zhou@jnu.edu.cn

Infections caused by bacterial diseases are a global health threat to the general public and
demand the development powerful diagnostic methods.!"?) To make the bacteria detection in a
quick, sensitive and specific way, we first developed a biosensor based on a sandwich structure for
the isolation and detection of multiple bacterial pathogens via magnetic separation and SERS tags
(Fig.1). This novel assay relies on antimicrobial peptide (AMP) functionalized magnetic
nanoparticles as “capturing” probes for bacteria isolation and gold coated silver decorated
graphene oxide (Au@Ag-GO) nanocomposites modified with 4-mercaptophenylboronic acid
(4-MPBA) as SERS tags. While different kinds of bacterial pathogens are combined with the
SERS tags, the “fingerprints” of 4-MPBA show corresponding changes due to the recognition
interaction between 4-MPBA and different components of bacterial cell wall. Thus, three bacterial
pathogens were successfully isolated and detected. To make the pathogenic bacteria sensing
method in a portable and viable way, a colorimetric strategy also has been designed for
colorimetric sensing of Klebsiella pneumonia (Fig.2). This sensing strategy relies on aptamer
modified Au@Fe3OsNPs as “capturing” probes for specific isolation of K. pneumonia, and
4-MPBA modified Au@AgNPs to reduce the oxidized TMB. When sandwich structures were
formed and mixed with the oxidized TMB, Au@AgNPs would reduce the oxidized TMB, which
lead to color changes and further detected by naked eye. Therefore, we also offer a novel platform
to construct artificial enzymatic catalytic systems for sensing of pathogenic bacteria without extra

equipment.

N

Bacterial sample matrix

Racterin distinguish

Fig.1 SERS detection of bacteria Fig.2 Colorimetric sensing of bacteria

Keywords: Surface enhanced Raman scattering (SERS); pathogen bacteria; colorimetric detection
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Applications of relative Raman intensity analyses
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Abstract:

Raman spectroscopy is a non-destructive and information rich technique which can provide
detailed physical, chemical, and structural properties of investigated materials. In Raman analyses,
studying the relative intensity ratios of characteristic Raman modes is more powerful than
investigating the intensity of a particular mode, as it can provide more reliable and more detailed
intrinsic information of the investigated materials.

In this presentation, we discuss the applications of relative Raman intensity analyses for
studying anomalous behaviors of spin wave scattering, quality screening of vegetable oil, and
impurity influence on active center of artemisinin. In the first part, the large asymmetry of
anti-Stokes to Stokes intensity ratio of spin wave scattering is discussed for understanding the
mechanism of spin wave and the manipulation of spin wave propagation. In the second part,
relative Raman intensity analyses is applied for possible quality evaluation of various types of
edible vegetable oils. In the third part, it is discussed that relative Raman intensity analyses
provides a simple method for quantitative measurement of impurity content in artemisinin, which
can be a good alternative to the commonly applied high performance liquid chromatography
method for measuring impurity content.

Keywords: Relative Raman intensity analyses; spin wave; vegetable oil; artemisinin.
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Glucose concentration detection based on Raman
spectroscopy and improved Extreme Learning

Machine

XING Ling-yu, WANG Qiao-yun®, YANG Lei, YIN Xiang-yu

(College of information science and engineering, Northeastern University, Shenyang
110819, China.)

Abstract: Raman spectroscopy is widely used in the quantitative analysis of components because
of its advantages of fast, simple and nondestructive. Currently, quantitative analysis methods of
Raman spectroscopy include Partial Least Squares, Artificial Neural Network, Support Vector
Machine, etc. In order to seek new methods, in this paper, the Raman spectroscopy data of 41
groups glucose samples were studied. The Extreme Learning Machine was used for quantitative
regression. The optimization algorithms such as Genetic Algorithm, Particle Swarm Optimization
Algorithm and Artificial Bee Colony Algorithm were used to improve it. After comparison and
analysis, a new type of model was proposed, which called Self Adaption Differential Evolution
Artificial Bee Colony Algorithm applied to the Extreme Learning Machine. The model adjusted
the mutation rate and crossover rate of differential evolution, which can reduce the influence of
the Extreme Learning Machine on local optimization and the differential evolution on parameter
dependence. Comparing with the traditional Extreme Learning Machine and other optimization
algorithm models, the optimized model evaluation index had a significant boost. Experiment
showed that Extreme Learning Machine based on Self Adaption Differential Evolution Artificial
Bee Colony Algorithm improved the prediction accuracy and model robustness.

Key words: Artificial Bee Colony Algorithm; Self Adaption Differential Evolution; Raman

spectroscopy; glucose sample; Extreme Learning Machine
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Study of fluorescence blinking in two-dimensional transition
metal dichalcogenides

Yufeng Nie, Weigao Xu*
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Engineering, Nanjing University, Nanjing, 210023

*Email: xuwg@nju.edu.cn

Fluorescence blinking, random switching between bright and dark states of an emitter under its
continuous excitation, is a long-standing puzzling phenomenon in nanomaterials such as quantum
dots and nanowires. Two-dimensional (2D) transition mental dichalcogenides (TMDCs) exhibit a
unique combination of atomic-scale thickness, dangling bond-free surface, direct bandgap and
strong excitonic effect, providing a new platform to study this phenomenon with a more tunable
way.

Here we report a new type of blinking system which is a 2D semiconductor-metal
heterostructure consisting of vertically stacked monolayer WS, and graphene coupled by weak
van der Waals interaction. Dynamic fluorescence imaging combined with simultaneously
electrical measurement shows an intriguing correlation between fluorescence intensity of WS, and
the charge carrier concentration of graphene. The emission of WS, became bright while the
electron concentration in graphene became higher, vice versa. Such correlated effect indicates a
unique dynamic and random interlayer charge transfer in WSs-graphene heterostructure.
Fluorescence spectroscopy can probe the excitonic emission nature in WS». The dark states always
exhibit higher distribution density of charged exciton while the bright states possess more neutral
exciton. This is consistent with the V, dependence of the fluorescence spectra of the WS, device.
These results not only gain the mechanistic insights into the fluorescence blinking of
nano-emitters, but also promote the understand of key factors affecting the possibilities of TMDCs
for optoelectronic device applications.

> %217 :  Fluorescence blinking; Transition metal dichalcogenide; Charge transfer; Neutral
exciton; Charged exciton
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[1] Xu, W. G.; Liu, W. W.; Schmidt, J. F.; et al. Nature 2017, 541, 62.
[2] Efros, A. L.; Nesbitt, D. J. Nature Nanotechnology 2016, 11, 661.
[3] Mak, K. F.; Shan, J. Nature Photonics 2016, 10, 216.
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Tracking of pesticides on/inside vegetable leaves by in
situ SERS imaging

Feng Wang'*, Huichao Fang', Haifeng Yang

! Department of Chemistry, Shanghai Normal University, Shanghai 200234, PR China
*Email: wangfeng@shnu.edu.cn ; Phone/fax : 13402154463

Pesticide residues are harmful to human health. However, most present techniques that can be
used for the detection and identification of pesticides are time consuming, and cannot be adopt for
in situ and real time detection. In this study, we applied in situ SERS technique to detect and
discriminate pesticides on/inside vegetable leaves in a rapid, sensitive way. AuNPs suspension was
dropped onto vegetable leaves. AuNPs with a diameter of 40 nm can penetrate as deep as 300 um
after 12 hr. Pesticide was then applied on vegetable leaves pre-penetrated with AuNPs (Figure 1),
Z-stack SERS imaging results proved the feasibility of in situ SERS imaging technique for
pesticide penetration study. In situ SERS imaging was then applied to study the pesticide
removing effect of different washing reagents on/inside vegetable leavess (Figure 2).
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Figure 2. SERS surface mapping of leaf surface with thiabendazole after different washing treatments: (a) without
washing, (b) tap water for 2 min, commercial washing agent for (c¢) 5 min and (d) 10 min, NaHCOj3 solution for (e)
5 min, (f) 10 min and 15 min, (h) AuNPs on the leaf surface, and (i) leaf surface alone for comparisons.

Keywords: SERS; in situ imaging; pesticide; vegetable leaves
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B1: AFM images of (a) the silver nanoarrays and (b) uncoated grating surface. Electric field distribution of Ag
nanoparticles on (c) the flat surface and (d) the grating surface. (¢) SERS spectra of R6G solution adsorbed on the
Ag/flat surface and Ag/grating surface. (f) SERS spectra of R6G solution with different concentrations adsorbed
on silver nanoarrays. (g) SERS spectra of the R6G adsorbed on the silver nanoarrays after four months. (h) The

SERS mapping diagram and (I) the corresponding intensity distribution of the characteristic peak at 610 cm’'.
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An Universal Three Phase Driven Self-assembly strategy for
Fabricating Highly Reproducible Plamonic Monolayers

Xiang Lin"*, Shuang Lin', Yuanlan Liu', Guogiang Fang' and Li Wang!
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’National Key Laboratory of Science and Technology on Tunable Laser, Harbin Institute of
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The liquid-liquid interface self-assembly technology has gradually emerged as an extremely
effective and convenient preparation technology for nanoparticle monolayer film, especially in the
field of SERS applications. However, the preparation for monolayers with highly repeatability
remains challenging, which always requires precise control of experimental parameters. In order
to improve the controllability of self-assembly process, we proposed a novel three-phase
liquid-liquid interface self-assembly system. The system consists of two organic phases and one
aqueous phase, one of which is heavier than water and one lighter than water, thus forming an
oil/water/oil three-phase system, as shown in Figure 1(a). Two water/oil interfaces existed in this
system and the distribution of nanoparticles at the two interfaces is intimately dependent on the
diversity in interfacial tension of the two interfaces. Monolayer films with various distribution
densities could be obtained by only adjusting the types of the upper and lower organic phases,
which distinctly increases the controllability of interface assembly, as shown in Figures 1(b) and
1(c). In addition, the system was equipped with excellent universality, leading to be applied into
the assembly of nanoparticles in diverse systems, such as gold nanorods in CTAB system, silver
nanoparticles in citrate system and silver nanorods in PVP system. Furthermore, the approach is
insensitive to the amount of nanoparticles, and a fabrication of monolayer film with the similar
densification was able to be gained using different amounts of nanoparticles, proving the superior
reproducibility of this assembly strategy.

a) b) AYom (mN/m) 228 7.8 4.5 -8.9
> Tom © Upperoil  Hewane  Toluene  Toluenc  Toluene -
‘f_’ ........ .(::.:
=fz'.':‘j:...;'...;....a-"""f‘.' / Upper 011 é a i ;

water .

results with different surface tension; (c). SEM images of monolayer films with different densities.
Keywords : three-phase liquid-liquid interface self-assembly; SERS; controllability;
repeatability.
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Flexible fabrication of paper-fluidic SERS sensor loaded
with core-shell nanospheres monolayer for reliable

quantitative SERS measurements
Shuang Lin'?, Xiang Lin?", Yuanlan Liu’, Li Wang?, and Wuliji Hasi!"*

National Key Laboratory of Science and Technology on Tunable Laser, Harbin Institute of
Technology, Harbin, 150080.

2School of Physics and Materials Engineering, Dalian Minzu University, Dalian, 116600.

*Email: Ixiang@dlnu.edu.cn; hasiwuliji@126.com.

In recent years, paper-based SERS substrates have received extensive attention in the field of
rapid analysis. However, obtaining quantitative SERS results still faces great challenge owing to
the inferior uniformity originated from the irregularity morphology of filter paper. In this work, a
novel paper-fluidic SERS sensor was proposed and its in-depth applications in real-word
quantitative analysis of contaminants in complex matrices were demonstrated. In particular, the
Au@Ag core-shell nanospheres were labelled with internal standard molecule in order to
successfully avoid the fluctuation of the SERS signal caused by the microstructure of the filter
paper, which could significantly improve the accuracy of detection and accomplish SERS
quantitative analysis. Meanwhile, a facile and robust strategy for the fabrication of paper-based
SERS sensor was developed with aid of dropper and mask when transferring nanoparticle
monolayers. This approach equipped with convenience and flexibility was able to effectively
achieve the precise patterned assembly of nanoparticles on the filter paper. Furthermore, the
paper-fluidic SERS sensor was fabricated by cutting and packaging for both two detection modes,
lateral-flow and vertical-flow, respectively, which realizes the functionalization of the paper-based
SERS substrate. Both two detection modes integrated sample pretreatment, sample enrichment
with detection together were applied to accurately measure and analyze the pesticide thiram in
complex sample of orange juice with pulp. In summary, this paper-fluidic SERS sensor with
simple preparation process and integrated functions is an ideal candidate for real sample analysis

without pretreatment.

5
=
>
Aua4-MBA@Ag NSs
-
L -
ssembly &Transfer : Lateral-flow
""""""""""" . K detection mode
peet® _"...-......-::
q >
+: [
J
Interfacial Paper-based substrate 5, > I u
monolayer Vertical-flow

detection mode

Figure 1: Schematic illustration of flexible approach to fabricate uniform monolayers of Au@4-MBA@Ag NSs

colloidal on the filter paper for lateral-flow and vertical-flow detection modes.

Keywords: quantitative SERS measurements; internal standard; lateral flow; vertical flow;

thriam.
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Borophene nanosheets as a new substrate for silver-coated
gold nanoparticles enabled surface enhanced Raman

spectroscopy
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Abstract :

Recently, 2D boron was successfully synthesized for the first time. Extending the hexagonal Bag
element infinitely along the plane, a two-dimensional planar structure similar to graphene is
obtained, named borophene(BP). Here, we report that borophene nanosheets as a new substrate for
metal nanoparticles enabled SERS. silver-coated gold (Au@Ag) nanoparticles were connect with
borophene by Polyethyleneimine (PEI ). Rhodamine 6G (R6G) solution was used to compare the
Raman enhancements of Au@Ag decorated borophene and silver-coated gold (Au@Ag) .
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Key words: borophene(BP), Surface enhanced Raman spectroscopy (SERS), silver-coated gold
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Fig.1 (a) HRTEM image of Ag/CDs NPs. (b) SERS spectra of CV with different concentrations
in Ag/CDs suspension.  (¢)SERS spectra of CV solution (10° M) adsorbed on Ag/CDs after

Xenon lamp irradiation.
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The stray laser light simulation and optimized design of beam dump
for Thomson scattering system in HL-2M tokamak
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abstract:

Laser beam dump is one of the critical components of Thomson scattering (TS) system to decrease stray laser light
to an acceptable level. Two compact beam dumps are needed to absorb residual laser energy of HL-2M TS system.
One will be installed at the inner wall of the HL-2M vacuum vessel in the low field side, and the other will be set
up in the divertor region. Chevron beam dump has a compact structure, and the lifetime of which manufactured by
molybdenum materials, under the harsh thermal and electromagnetic loads could meet the demand of TS system in
ITER [1], as well as TS system in the central region and divertor region of HL-2M. But compared with a beam
dump that is set up outside the machine, the stray laser light caused by an inside beam dump maybe much stronger
to seriously influence the scattered light measurement, and there is no references discussed the problem before. So
it is important to simulate the stray laser light caused by the chevron beam dump.

In order to analyze its mechanical structure and simulate the stray laser light caused by it, bi-directional reflection
distribution function (BRDF) of molybdenum is measured by scatterometer (Fraunhofer IOF) in 532 nm. Then the
surface properties of Mo material are loaded into the ray-tracing software to simulate the stray laser light emitting
from the beam dump. The light source parameters are the same as that of the TS system on HL-2M. The light
absorbing threshold is 1e-10. Figure 1(a) shows the beam dump structure and ray-tracing results, and it is obvious
that the stray laser light emits in the cone angle al of about 65 degrees. Simulation results show that increasing the
height of the entrance port could not decrease effectively the cone angle a. But after a reflecting cover is added in
front of the beam dump as shown in figure 1 (b), the stray laser light emits in the cone angle a2=23 degree. In this

condition, the strength of stray laser light directly entering into collection widow becomes acceptable. So the

optimized chevron beam dump could be utilized to absorb laser energy on HL-2M TS system.

: Entrance
port

Figure 1.the simulation results of the chevron beam dump without/with reflecting cover.
Keywords: Thomson scattering system, HL-2M, beam dump, stray laser light simulation
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In situ multispectral mapping of aging area in organic light
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A Raman microspectrometer was used to in situ record a series of EL, PL and Raman spectra,
as well as generating complete maps of the same area selected on the active layer of an OLED
under different operating conditions. With the increase of the active layer thickness, the Raman
signal is increasing. The increase of the aggregation degree will make the PL emission band
red-shift and the intensity of the two reddest peaks relative to the bluest increase too ['?. By
comparing the Raman and PL maps, we found that the thickness and aggregation degree are
variable in different region. And those two factors affect the EL spectral intensity and uniformity
(Fig. 1). With the working voltage increasing, the aggregation degree goes through different
changes from point to point. Finally, most of the current through the device may flow through
region B which is thinnest and has highest aggregation, leading this region malfunction first and
causing further damage of the OLED systems.

region B region B [— region B
(d) A\ oot () resion 8 H [ el e
/ gion e S,
region D region // —
y /2 Sy
/ /
400 600 800 1000 1200 1400 560 580 600 620 610 660 560 580 600 620 640 660
Raman shift (cm™") Wavelength (nm) Wavelength (nm)

Fig. 1 Three different 85*54 um? maps of the device, (a) is the Raman map (Intensity at point 1282 cm™), (b) is the
PL map (Intensity at point 592 nm), and (c) is the EL map (Intensity at point 592 nm). (a) and (b) are collected
after 20 minutes of device operation at 1.9v, and (c) is collected at 1.9v after power on. The corresponding red,

yellow and gray areas marked by rectangles in (b) are named as region B, region C and region D respectively. (d)
Raman spectra, (e) PL spectra, (f) EL spectra are extract from the center of the three regions.

Keywords : organic light emitting diodes ; Raman ; mapping
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WOECIR LS, 3K/3PL (532nm¥0%#8) . EL (B4 A K6 fr 8 (785nmiot) Mg &,
T I AS [F) 26 A A5 PR 1 22 90 W] AR ON TR 20 AT A8 PR 1 AR S R (R AR AT D o SR SR B AR B
REA @8 PR, w] DOWEE 30508 BAsE N ek B R B B @A R
AR B LR, AT DAREE B [F X IR SR, ARRERSEASFBIE T, K6H
THI PR A0 S5 FR T B GV M2 215 2.

KW AHVOCHBE: RO 2R FAR 2R BB RETS
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ETFEH TR SR E (K ERE RS
%EZ@ 19 ﬁ%% 29 E'fﬁ'fﬁ 1,*

PRBMIR 2, TR A M T T X R KGE 100 5, 460001
2HBIMR S, I g 4 KM T e T X2 K38 100 5, 460001
*Email: junqiaowang@zzu.edu.cn ; Phone/fax : 13938215460

FE: gPREOLEENGURGAR TR, TR SRR, g il BHOE S
WA EZ N AR B THE TAE b, BRI —N 2 T4 B oc SR R 25 ok 3
=R R R EARBRMEEO S . IR S5k 1 S BRA R AN LA SRR (0 < B8 4 21 4L »
A 82 T 25 2 T 405 ) 15 Jo R T 45 B e 8 W) PR AL T R A A o 25 8 T AR AR 2
I e REIE 2 I SR A B AT BASOROAS R A B OT IR B, SR B Ot
FFHBOtSRBRERAR. e it—B i, 5 REER IS EEUCIHRE M I EO AL, 1%
FhAR T 45 B T 5 R AR T A S WOT IR G5 A RO 85 AT T S B oL R

KHEE): SO, KOs, BE

BE N H:

[1] Stockman, M. Nat. Photonics. 2008, 2, 327.

[2] Wang, J.; Zhang, J.; Tian, Y.; Fan, C.; & Liang, E.; Optics Express. 2017, 25(1), 497.
[3] Su, K.; Wei, Q.; Zhang, X. Appl. Phys. Lett. 2006, 88, 063118.

[4] Kelly, K; Coronado, E.; Zhao, L.; Schatz, G. J. Phys. Chem. B. 2003, 107, 668—677.
[5] Zou, S.; Schatz, G. Chem. Phys. Lett. 2005, 403, 62—67.

[6] Gantzounis, G.; Stefanou, N.; Papanikolaou, N. Phys. Rev. B. 2008, 77, 035101.

[7] Papanikolaou, N. Phys. Rev. B. 2007, 75(23), 235426.

[8] Chu, Y.; Crozier, K. B. Opt. Lett. 2009, 34, 244-246.

[9] Chu, Y.; Banaee, M.; & Crozier, K. ACS. NANO.2010, 4(5), 2804-2810.

[10] Ding, P; Liang, E; Cai, G. Journal of Optics. 2011, 13(7), 075005.
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RENXBIRANK S RE B IHRAK MR LR

IS !

HEIE KRB R, JbR ROt H 7 E Aseie =, b, 100048
Email: 2170602020@cnu.edu.cn
BR MK 28 MURE (1) 2% T 45 5 TR SR R AR i v R e R T4 o b 2 U (SERS) Ak Al
Wy TARIRES A5 BAEAE . AEWARIC LU I ) 1 B R B ol H 1% 5 7 T A 4 R A B
AT, RYPPKRLER TN B BB TR BOLR S TReE, P ERTRERIRG 56
G, TERGERTSE 514 22 SERS (55 Y582, SERS 3 a1 3= A48 fa iz 1 o
HR AL 1 g e, Hoh BRI R B X SERS MY amAT E FEAEH, — T LA F|
105108, B4 SERS B AL AWK, WKL mIERT SERS 58 FEf52ma 5142 7 A1)
Iz RE . WIS SUR R AR T ), RESAR RIS [FSRE Y SERS 155, AR TIEFEEM A H i 2
DG, FF HRLFH T A S S P A T R ) s I S A
A, AR 2 0B I8 )52 A B R TG R ANK LR o il A 22 8 il Hlb 73R
T, TEGKE E il & 135 5) HBA YRS E Y SERS W& R . OB KA 532 nm,
BWOLEEE N 37.4 pw, DIZEEEE (CV) AIREH T, DURIDGIERYIK LR IR K
258 SERS &I, X [ 6 AR 9K L AN R B TR 40 oK 26 e e PR AT LU A
Bl (1D ZREEN 104 M I CV F3 TAERTH DG IR GIK L EIAS [F W 4R #1 FE T ¥ SERS
k. B (2) ZIKEEN 104 M 1) CV 73 FAER B ERA1K L EA R mik /1 B2 R ¥ SERS
Hig. B (3) & CV A FonlfERMEEIEMRIPIKLE (B RREBMHRGRE (a4t
1368 con! Ab (1) SERS 5if J& i 4l /1 AR Ab Jr 2R el JEI LR R B, SR EIIRGIKR L&
MR FE A2 4k, SERS 58 FEZ MG 58, fmiflk F1 A 90° , BIBOGImR 75 7] 5 40K 42 3 B,
SERS 5 B it RIS K LRIl A Il /A BE IR A2 4k, SERS 5 BB Mk Ss, ik 1 R
N90° B, RO mIR T M 59K ek B B, SERS SRS, FATWIE b KEBER
YRR IR AE G K 26 R T 73 A1 AR A RO (4 7] 32 5 14D 38 5 378 30 e o 9 K 2R K AR P 3 1) 52
Mo PR, REDEIFRAOK L MR S5 RPIKRL KR A ¢ RIEEMAR PR L ik 32 ZHR
TG RURLER 7] o
(D 2 3)

00000 1.0

— ——A
— ——B
300004 0.8 E

z2 g 2
g8 8 8 8
Raman Intensity(a.u.)

- W w
8 8 8
o 8 8 8

. EEN

®

z

=

g8

5

8

z

8

z

8

]

Intensity
o Rk =

Raman Intensity(a.u.)

5000 T T T T T y 007
200 400 600 800 1000 1200 1400 200 400 600 00 i3 Py o o

Wavenumber(cm™) Wavenumber(cm™) Angle
B (1) CV o FAERMDEIERIK LA FIRYRE AR SERS i, B (2) CV o FAERHBIHRIKLER
[Flm¥R A E 1) SERS Jeitf. B (3) CV /r FAERMDEHE RO (RE) FREBMRIIKRLE (4.0) 1368
cm! 417 SERS 55 i (il A AR A T 2R o

KB YKL RIS 2 M ik
B3Rk :

[1]Hu, Weili , et al. Applied Physics Letters102.8(2013):083303.
[2] Barnes W L, Dereux A , Ebbesen T W . Nature, 2003, 424(6950):824-830.
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HAARES I B AZEH EARRERTHR S IEMAR

EHE, EEA
HATHE RSB R, JEROkot T E A0S, 5, 100048

*Email: pjwang@cnu.edu.cn

A SR T RAF R ATy e, Wl i LIRS SRR S 1) S A, L O T i
Mg IEAARE o $iL 26 R VU B R A S0 P, U 3 R, R K R P SR B 2 i T R
sy PR T 0 m R RS [ I 2 AR A, AR REAS SO R AR R P 1 S5 4 o XA oK U
N2 AR AR B ) 1 v o A SR AR o R BRI DA A, P DAL 8 0 T LA A R el
TR, ASTIRTE T HI 9K E 38 1 A7 S0 99K RUBE IR b JLAE F R B 2ot i 1k

AICA TP (CVD) il H = A4 S8k, RS f AL SiOy JLE Bk
A A ORI BEARGOR L B, TRl SR s PR R S 4. T 9RE R, & R
T ARG RS AL . P e R R 7 NSO IR T R -5 oK 2 Al 17 3 1Y
O, EREPREL T OARMEL A B IR Eab,.c.gm) skl f2DIER 256
Ko A BT BA2DIEE A B0 A S AR AE DK Ze A TR 7 AR 90K AR 08 4 & Mapping B .
HHREZR AR > o 1 A SR IG B I AORZR . T DA Y, T 4id A SR)2680em ! Abf)2DUE,
HI TR AR AR ) A, A SR MR AZ, BRI & s e i 2 45 5 thAE
BERES, FINHIRR A LRE . I AR GRS i U CBIdRTAL), Arsl
W R NEAS f i, 2DVERL R ORE R ST . rHTR Y], H T NIASRANA 1A SR KL o AR XL
B, R A A A O I R (4, AN TSI 1 2D (U R, dy ok RUEE B AR RE i o
A S R R, R 2 B2 RN A SR G F AR A PR RE . GBSO Y T RAR 51 BUR DG
AR R ST AN BE IR FE R AL

1500

.u)
)
g

1250

1000
1000

w

(=]

o
L

750

500

Raman Intensity(a

0 et A B ..
2620 2640 2660 2680 2700 2720 2740

Wavenumber(cm’")

B, ZE: B2 080 RARAORE N AR T ih 21 18, il EAr Eab,c.de gl d B TR
HE: A SENE2DIE ) h 2 Mapping IR, 72 B AR R0 22 B T I S0 o AR R 5 45
o RELR A B TR AR UK LR -

REEIR): ARAE: Rl PR
SE3RK:

[1]Neumann C , Reichardt S , Venezuela P , et al. Nature Communications, 2015, 6:8429.
[2]Zabel T, Nair RR , Ott A , et al. NANO LETTERS, 2012, 12(2):617-621.
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BT BRSSO SERS Sz
AHEZE ", R, T:SCJ%I, Efaz

HRITE e, R IX R BT RIE 16 %5, 408100
*Email: chran16@163.com ; Phone/fax : 13075462258

&% {5 5 K (Tyramine signal amplification, TSA) AR, & —FEENFHHK RS,
e A EAFERS, FIHBR L SRS (HRP) RIEWEEIZ 5> F (tyramine) #4b A —Fh
e R, Z AT DUEAR SR A T 0 E B X CRL it iR 2H SR RN S 2 R
ﬁ) PURI2L, G K SERSARIC B 2k i 4+ b, T {ESERSTREHEHRPAI T4 J&] [H] K &
i, A H T SERS/E = Bt -
WEN R, AT R 35 QLB (4-MBAD FRic 4K Bk %R EESIZ 73T (AuNP@
dye -tyramine), FHESERSHZER M KIFREN 7> 7. HTAL BRI EIERE r T4 525 H
PRPUE TG N, ik, SERSIE S5 I R T BARPUSE IR E . 45 R KW, £ TTSA
S I SERS [ 42 43 Mt 732 7] LIS I 220.01 ng/mlfJ#EHT R, FLSERSTE 538 % ELAL 4L 1
SERSHE /AT Tk 1045 - HHUE R W, X FhHE T TSANISERS A% A ARG I 2 13 5 s
THTEL A T E 1R S FH i 5

Laser SERS

%JK %gii:::;;;;;j~> H,0+0, F3
v - Y/

AuNP@dye-tyramine 3

BI1: P 5 K SR F T SERS S B il s

KHEIA: SERS: MM SHOK: Gl KM

SEH

[1] Bobrow, M. N.; Harris, T. D.; Shaughnessy, K. J.; Litt, G. J., Catalyzed reporter deposition, a
novel method of signal amplification application to immunoassays. J Immunol Methods, 1989,
125, 279-285.

[2] Bobrow, M. N.; Shaughnessy, K. J.; Litt, G. J., Catalyzed reporter deposition, a novel method
of signal amplification. J Immunol Methods, 1991, 137, 103-112.
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SEEMETFENLES SERS ©

LR, REE, S5
B2 5 TR R, AR b2 EE W E s =, ’I 430072
*Email: agshen@whu.edu.cn; Phone/fax : 027-68752439-8063/027-68752136

AR, SRR AN — PO RAETERE ) 12 N T AR B2 2 o B A 55 A . AR
TR FH 20 0 B H 2 A T — RV B A AR 245 5 ML R &M EE N & 40K
PURLAE A —Fh @ P ) TE T A5 25 o LA R A W) AN R 1 & 2 7 B & - 0 4 s
BRGERI R IR /P AT A, TER 2 FERIX (1800-2800cm™) EBLH AN 4 S 4%, 5L
MEHE =TI, B =5E 5 A S 77 RIS SERS (¢-SERS), X T {EHr7r7,
FIHZ AR GG AR BT VI i, 7T DA AE2n-1FOG AR %E, F4 H H T b PR IE SR L 1)
Z PP BRI, W PRAS I (i — 7 ) v e DR R g 2 o TR 2 A ) AR 5] ER
ZE A AR T B gt RS R A M, ERT I it b e AR AT s A g
SR v R A R B A 4 R

CN g O A [FCN)

oN N At M i “
N CN —_ "'“ e L
et
Cyanide-stabilized Au NPs Au@Prussian Blue Analogues NPs
Primary coding
A > 4 1
i o g (g
Bacteria ® ® ™ ® ™ Ny \& ‘ Mk_‘
Surface target L - | ¢
3 .

Bacteria L] L L ] ®
classify npas: 2N= 1Co|ors/codes

W | N W [ 1|

100 110 101 011 111

B 1 ez bR g R A I 2 TR £ 2 i

KHEIA]: SERS; JeiEhr%s; AOgmis

BE N H:

[1] Cheng, Z. Y.; Choi, N.; Wang, R.; Lee, S.; Moon, K. C.; Yoon, S. Y.; Chen, L. X.; Choo, J.
ACS Nano 2017, 11, 4926-4933.

[2] Hu, F. H.; Zeng, C.; Long, R.; Miao, Y. P.; Wei, L.; Xu, Q. Z.; Min, W. Nat. Methods 2018,
15, 194-200.

[3] Si, Y.M.;Bai, X. J.; Li, J.; Zhong, W. W_; Xiao, Z. J.; Li, J. S.; Yin, Y. C. Anal. Chem. 2018,
90, 3898—3905.

[4] Yin, Y. M.; Li, Q.; Ma, S. S.; Liu, H. Q.; Dong, B.; Yang, J.; Liu, D. B. Anal. Chem. 2017,
89, 1551-1557.Chen, Y.; Ren, J. Q.; Zhang, X. G.; Wu, D. Y.; Shen A. G.; Hu, J. M. 4nal.
Chem. 2016, 88, 6115.
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MR R EFRBRETHEE R a0 B FiE g2
%%{w@\ 1’2, ﬁ%ﬁg 1’ g;%HE 1’ @Ehﬂ 1’ EE;\@E 1,2%

VA 2R Yy PRAY 22 [ 5K A SR =
2 JJ TR EAA 2R T 2B RE VR A R 22 B R hoty, AR TR 1T BB % 422 5, 361005

*Email: bren@xmu.edu.cn

DL B N ARER i I & B A 4k 54 (Transition metal dichalcogenides, TMD) %
PR A 5o rERel, FLPEREIC LIS i -1k R W i 2 32 R4 BL 9N oK SR e T RE i
S ERIE A B RBEAR /N, HUR RELE — e YOl PN 0 35 MR 2 b4 R) e 45 1 5 72 B 1 o A2
SR AT TR R T Bk B 2 ] SE e A4 i g, JLAR% 07 1) L YT DA K kb 5 sk
B4 B2 A AR AE AR BAE F A /b o ARG, JRAT IS BAT G oK RUFE 23 (8] 43 2R (R BT AR 1Y ity 2
HRERR (TERS) FEHRIE SR H A (TEPL) RGBT T ASEEE (1L 4%, 2L 4
G AL RO X R A R YERERE A o G I TEPLFAT] A I R R 1K) B L5 3 /)N T 44
BEARA B, AT SO B R A A B 7 B o0 A1, 8 LB L AKIE . 45 RIF R
TEEF OISR P Ze i (TERS) WG EIAHRIGUE . FHJSEM XA A A RET (AT 5
AP BT, ATKINLIALZ 52LI0 G T AR B A B FIREE D, X iR
TR EREAA S SO B R T R AR . AT T AR S IDOS, KILILIAZ 521
NG SIS 3 BB R A Y o AT ILA G PP, FRAT0T L — 3R 48
[F]—FE AN FIAL RN S 3 AT o 380 23 (A B AH AR PR M8 4847 TEPLZRH, AT R IAL
B I RE A PR . g AN i 8 A A R RS 5 (RIS 0 8 4 P AR A ety
HFRe b, I XA R FE A K GG 7T, FRATT AT DL ZR Gt ELRS B 0T B AS () S5 B 0t ey
SE 5 Jey ek HL - B I VRS R D 5 Y8 L XN TP RHME AL S AR AU U A A R
X

KHEIR): A BRRE: ERRIEERERE

SE 3k :
[1] G. Zhang, H. Liu, J. Qu, J. Li, Energy Environ. Sci. 2016, 9, 1190.
[2] W. Zhou, X. Zou, S. Najmaei, Z. Liu., Nano Lett. 2013, 13, 2615.
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LMk (8) e8P SERRMNSNIEHRR

FEMERE |, JUREMR ', TE ', Liming Lu?, JfAEA 3

VA e v o PR RN <8 S o % [ X SRR =, R TTAN BRI BB ORI RN H E A
IR, MEREES TR, BilER%, B, 200444,
2CSIRO Process Science and Engineering Kenmore, QLD, 4069, 8 K F|F.
St EREE A IR R AT, SR, 230031, HRE

*Email: jlyou@staff.shu.edu.cn

KRG A 0-FeO3+ a-FeOOH. y-Fe,03 Fl Fe;04 JRUA7 T Fi7 ki, Fxd H T+
TR R AR A (WAL, WETEAE) HEAT /T ANe, FC& R FH % 2 sk 38 7 vE R DL Y
Fgk D A VIR 23R BB BOR U & 34T 2 A AT A &

4L MR WA 1E a-Fe,03+ a-FeOOH Aly-Fe,0s FHidHir B Gl 377 — A 5518, HALT ca.
1300 e, ZUEARAETE T A2 il R, 1z AR R An B B A il 1 38 1 e 4t ] At
SR [F] o FesOq BRI WL KL, AH HAAETEZ TEVE o A IR T 51, FesO4 7E 350 C
i A4 No-FeaOs, HiT ca. 1300 e FUEE A Y B, il F5F 4 492 T vy 122 06 o 55 3% v ik 55 AR 1) 1
Ho-FexOs 1E 1% 7 B U (1 FHR B S AH R, HLIFBA A 1 (8] 7= Hy-FeaOs [ hr & RFEIE o

600~C| :‘\'

At o 510 e
350°] W .“/\u“y‘_ 36
{ S00°C i
a30°C] an
400°(] N g
330°C] o
= | ¥ z Bloe—————u
= | 250°C = 160°C]
= o) = 140°C]
2 200°C 3 120701
A i 150°C] = 100
M 100 .
507 2
1 1 1 Il R L L 1 1 R
400 800 1200 1600 400 800 1200 1600 2000
Wavenumber/cm’ Wavenumber/om”
B 1: =5 H0a-Fe,0s FHRFi 2 He ik B 2: =5 %a-FeOOH T i 2 i
W‘()OO"C \“ A = v GUDCC
o g = o
N ot 550°C] m““‘ p e e V550°C]
souec] W‘W B » by - S00°C
R i M i s S007C) b i oy 450°C
B e o Y i s 400
farg M A 2 et S = 3507
T | Nt e 0 T | e, i
5 MSOQ% 5 W % fs i i
E | e AT T E | Ny rT——sy
50rc] o L0
5 Noprhovmarmy HPIN | iy
100°] gy \
50°C] e e ol e 5000
L L 1 RT 1 1 1 Il RT
400 800 1200 1600 400 800 1200 1600
Wavenumber/cm’”’ Wavenumber/cm’”
B 3: 25 fy-Fe,0s PR f B i Bl 4: T FesOs THER L 861
8= e AL AR Y O BREFYS 1 TS
KRR SRR B BRI A HE I RS
LY v
S -

[1] Ma, N; You, J; Lu, L; et al. Inorg. Chem. Front., 2018, 5(8): 1861-1868.
[2] Brown, C; Thibeau, R; Heidersbach, R. Appl. Spectrosc., 1978, 32(6): 532-535.

HHEETH: ERARREHESE21773152) RiFTREEARZERSTH (125207092000 44 #5345 &R
FETRAN G 45 5 ) 2 18 5% B8 05 s 3 TT TR (SKLASS2015-01, SKLASS2017-02) 48 33t 2t i o o R Tk 4
Va4 5 4 [ 58 B S seie 2 [ E IR (SKLASS2016-Z01). 111 518 H (D17002) BHE# T 5] G2 4r
(YDZX20173100001316) %)
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BT IS RHBIE AFM-TERS £4§t%

Y 12 %um_» ’29 ﬁ%ﬁg 2, *%ij* 2*9 'EEﬁ 1.2*

VEITR A A T2 B REIEA R P R 8 hot, AR E 17, 361005
2[RRI AL 2 R K s, AR E 1T, 361005

*Email: bren@xmu.edu.cn, fzyang@xmu.edu.cn

L EANS 1 R E Ay ij‘lﬁi%‘zﬁiﬁ(ﬁp enhanced Raman Spectroscopy, TERS) & AR Bl £
ARG Sk A, @k = pBH, T DLSEHR S B IR R . MEGRK ) 2 )
Sy HEER I HonT DA A B SRAGRE i SR T R T AN AL 2245 B, o, STM-TERSAY REAF 78 S HUAE
1T AFM-TERS XA i 5 LR S8 R, RV BRI SR o SR G ] sy 2 P i) 4 B AT vl MR 1)
MMTH&%”E@%MMTHwﬁﬁPmm AN ) R E I S AR A
DIRNEAEAE EIIME A . TESURIRESE a8, 20154F, HuangZs N2 e i By AR 1) 4% v B
AR AE T I S AR %ﬁm%% A B & [KAu(CN) X — il 2K 2
AR TR RTE B R 2 IR 9, AR E T — Pk T B S IR ) % AFM-TERS & 41
R IS — P LA G S8 E 9 S, ERK A, IR EAL, BT RAER
RRMEBNICI AR, B0 iE i R PR [a], 7] LASRkAS 26 242 AT % ) AFM-TERS
&P . TERSSZEGIE B R P42 7E65-70 nm 2 [H] [ EH 9 B A B U I TERSYE P Sb4h, @it
HL TR 25 IR BT R 8 2 S REAH RN EE G BON A, RIRAE R 9% & Z R R I TE LR
Zi L, BRI T EE B IO H] 4 AFM-TERS &4 22 (1 51k, BABRERIE . B m HAEMR
AR AL A, HhAh e Tk o T SR M E S, YGRS, A
5 AFM-TERS [ K 365 BBl % H

RHEIR): ERORMESRRT S BRI KR AT

S -

[1] Wang, X., Huang, S. C., Huang, T. X., et al. Chemical Society Reviews, 2017,
46(13):4020-4041.

[2] Huang, T. X., Huang, S. C., Li, M. H., et al. Analytical and Bioanalytical Chemistry, 2015,
407(27):8177-8195.

[3] Yang, L. K., Huang, T. X., Zeng, Z. C., et al. Nanoscale, 2015, 7(43):18225-18231.
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B & RENPEEEEN rGO BBZREH TIO:@AUNKE
&% ke SERS EJK

ﬂ_ﬁﬂ]_la ?Uﬁﬁ la g&&ﬁ 1
P dEREE, A KR T, 030051
*Email: z.congyun@nuc.edu.cn ; Phone : (0351)3559669

TEREATERER 437 SERS Kl fry [ B o FEEAT Yo AL A% 2 H 1T 2 ThRg SERS A&k —A
HIER R A SCR K BGE AR AL B H % T 10K Tio.@Au #7545 (K 1 a, b),
FHRI KR4 1GO W TERZ R, BLTh il & BB S Ak B B s v e RE 1Y 2 Thie
SERS )i (B 1 ¢)o IR F T TiOx YUK KL FIGAE A L 3N . Au 99K R kR T
GRS RILIR AN A GO 4 TR MR, WA T R SERS K Ot AL B AR 1 2 B
RNANE GO F & N & 2 A3 RN R6G () SERS 14, 45 R 88 GO &N 1.2 mg 3R
377 SERS MEREMAEME AL, AEIIERE B, ASCHIH R6G MR T 8 & LR it MR AT
N (E 3), SERFESERA I T X R6G HIse & eb M. 3T L SR, A
Fitiil £ i rGO L7 1A% 572 45 44 TIO.@Au 9K 2 & BRI SE I TRV 2 431 1) SERS A Rkar il
[ B A A 2 I L A B R e AL B 1 BB, T DASE B SERS Al i of 61 5% B2 P 1) 1 ¥ v

12mg

WLW A

Intensity (a.u.)
cic,

I A A 1.6mg
ek Ricaenmnsanha hall 200
T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000 9 1 2 2 s e £
Time (min)

Raman shift (cm")

Bl2: ANFIGO S fit il # B I AT REGHISERS 1 ] B3 i DL 2% A1 ] e 2ok JEe VG M A R At 2K

KHE1A: SERS; rGO; TiO.@Au; oL I 7
SE K :

[1] Damato, T. C.; Caio C. S. de O.; Romulo A. A.; et al. Langmuir. 2013, 29(5), 1642.
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Bi&i& CuO/Cu20-Ag £4 SERS EKAVHI&F R4 fERf ot

X, RN 2, KNS

PR, ORJETT, 030051
*Email: z.congyun@nuc.edu.cn; Phone/fax : 18435131583

K2 3G 8O IE (SERS) HAR A REUE & . TR s, |2 H TR %4,
AW RS AT AR, ARSI IS AR B R I AL R — AN R AR ) T . AR A TR
YKL A0 7 (1) JR) EB 3R T 45 B9 - FE R (LSPR)FFIE AN AR B R CuO/Cu0 A LT 15
R, 4 T — P B SERS R FERTHAERE AT T B SR R R — DR R,
il %% F AT B\ R TE S CuO/Cuz0 K7 (B 1a) . HE— 25 5K H IR A 34 J5 i Th i) 4%
CuO/Cu0-Ag E &K 1-/E A SERS FJE(E 1b). FIHZ 18] 6GR6G) NIREF 7> T, X HEJE K
SERS P RE#EAT 7K 2). EBAOEEMT, CuO/Cu0 KAEHTERIL, BTHIEH Ag
KL IRy 1A, BRI TR2 5. 1 Ag K005 0 B R 6t 1 Re A 2 fDe A
2, WEECHEAGIE o 7E58 M SERS Rl = 7E G AL AE H T 523 R6G I FEfR, 5%
Xof B R E SR FH 0 H 1

B 1a: CuO/Cu:O ¥i T SEM KEl, B 1b: CuO/Cu0-Ag #i T[] SEM K

Intensity(a.u)

T % T N T v T " T ¥ T ¥ T L
600 800 1000 1200 1400 1600 1800 2000
Raman shift(cm™)
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multiple phase SERS-based molecule detection
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Along with the fast development of synthesis technique of nanomaterial, surface-enhanced
Raman scattering (SERS) has emerged as an attractive tool for molecule sensing in the field of
food safety and environmental monitoring. In this paper, a novel seedless one-spot strategy was
firstly used to synthesize a series of 3D and 2D Ag nanostructures by simply modulating the
injection rate of Ag source under different temperature. Through monitoring their morphology
evolution under various synthesis conditions, the formation mechanism of these nanostructures
was investigated in detail. Especially, the as-prepared 3D hierarchical Ag nanoflowers exhibited
superior SERS performance with an enhancement factor of 3.77 x 107 and a limit of detection
(LOD) as low as 1.45 x 10° M for 2-naphthalenethiol. In addition, the practical SERS-based
monitoring of para-aminothiophenol in gas and sodium saccharin in commercial red wine with
ultra-low LOD of 7.08 x 10 M and 0.0018 mg/mL was subsequently realized using this Ag
nanostructure, demonstrating their intriguing prospect in sensitive direct detection of food

additives and environmental contaminant.

SERS
I—

assay

soLp

Scheme 1. Schematic illustration of the fabrication of 3D and 2D Ag nanostructures and their application in

practical multiphase SERS detection.

Keywords: 3D and 2D Ag nanostructures; Hierarchical Ag nanoflowers; Surface-enhanced

Raman scattering; Multiple phase detection; Sodium saccharin
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Recently, we reported the wide-field total internal reflection-based extinction spectroscopy
(TIRES) to measure extinction spectra of individual dielectric, plasmonic or light-absorbing
nano-object. These capabilities were enabled via evanescent wave illumination which gave a
dramatically improved reflectance change (Al/lp) up to tens of percent. The detection limit of
TIRES was down to 28-nm gold nanoparticle and 57-nm polystyrene nanosphere. It was further
surprisingly found that the scattering and absorption of light contributes to the bright and dark
centroids, respectively, in the wavelength-dependent TIR images of a nanoparticle, allowing for
distinguishing the two components from the total extinction output. The present work not only
provides a novel tool for single nanoparticle imaging and spectroscopy, but also holds great
potential in studying anisotropic nanomaterials with the unique incidence— and
polarization-tunable features.
TIRES of a single nanoparticle

Evanescent field — _ 3
Glass coverslip ——
. A
Obijective

Iin(A) "out(A)
- s A 4
White laser &
Tunable filter =

Monochromic light Wavelength-dependent images

Figure 1: TIRES employs the ultrathin evanescent wave to illuminate single nanoparticles (Iin) and collect the
reflected light (Iour) to form wavelength-dependent TIR images. The extinction spectrum of a single particle is

further extracted from these images by plotting the reflectivity change (Al/ly) as a function of wavelength (1).

Key Words: single nanoparticle spectroscopy; extinction spectroscopy; total internal reflection
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Objective-based surface plasmon resonance microscopy (SPRM) is a wide-field imaging
technique that measures the dielectric constant of single nanoparticles based on its interaction with
surface plasmon polaritons (SPPs) [1]. Because the image contrast of single nanoparticle is
dependent on its dielectric constant, a physical property that applies to any material, SPRM is thus
suitable for studying all kinds of nanomaterials.

SPRM shows a wave-like point spread function (PSF) containing parabolic tails [2]. The PSF
is determined by the metal film, wavelength and angle of incident light, refractive index of
surrounding medium. Geometrical complexity of the wave-like pattern hampered the quantitative
interpretation on the PSF of SPRM. By applying a 2-dimensional Fourier transform to such
patterns, two adjacent rings were observed in the frequency domain. A ring fitting method was
then developed to extract geometrical features and to connect these features with several
experimental parameters.

In addition, when a nanorod takes a non-perpendicular orientation to the SPPs, the wave-like
pattern becomes asymmetric. The dependence of the morphology and orientation of a nano-object
on its SPRM image offers a novel technique for studying the rotational dynamics of anisotropic
nanomaterials with arbitrary chemical compositions. We proposed an angular spectrum approach
to extract the orientation of single CdS nanorods from its SPRM image. It was found that the
asymmetrical wave-like SPRM image resulted in a peak in its angular spectrum in the frequency
domain. Consistency between the peak angle and the geometrical orientation of nanorod was
validated by both in situ scanning electron microscope characterizations and theoretical
calculations. The results of real-time monitoring uncovered an accelerated rotation of single CdS
nanorods during photocatalysis, which was strong enough to trigger the rotation of a
previously-fixed nanocatalyst [3].

Keywords: SPPs; PSF; surface plasmon resonance microscopy; nanomotor
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Abstract

Liver cancer is a common malignant tumor of the digestive system, and mortality accounts
for the second place in malignant tumors. Therefore, early detection and diagnosis of liver cancer
is quite necessary.In general, the concentration of AFP in healthy individuals is less than 10 ng/mL,
while AFP-L3 can only be detected in the serum of patients with cancer. In oncology, when the
ratio of AFP-L3 to AFP is higher than 10%, the patients has a high risk of having HCC. Hence, the
AFP-L3 can be used in early diagnosis, effective treatment and long-term monitoring of liver
cancers. In comparison with other methods, Surface-Enhanced Raman Scattering (SERS) is
considered a powerful tool for biological analysis, due to its high selectivity, high sensitivity and
fingerprint properties.However, it is always a huge challenge to prepare a chip for efficient, stable
and accurate quantitative detection of AFP-L3% based on SERS analysis technology. In order to
achieve ultra-sensitive detection of SERS signals, we develop a new method to prepare the
honeycomb-like structures as the ultra-sensitive SERS-active chips. The honeycomb-like
structures have a large number of hot spots. These hot spots are generated by the coupling
between the sidewall and cap at the honeycomb center. Unlike the conventional SERS chips with
the hot spots only distributed on the surface of the SERS chips, the honeycomb-like SERS
substrate exhibits large electromagnetic fields not only at the surface, but also in the gap between
the wall and the sphere. And the distribution of hot spots is simulated by finite-difference time-
domain (FDTD). The experimental results prove that honeycomb array structure can be used as an
efficient and stable SERS active chip.

To ensure a more accurate diagnosis and avoid the results of false positives or false
negatives, we get the ratio of AFP-L3 to total AFP by utilizing Au nanoparticles modified with
AFP-L3 antibodies to capture the AFP-L3 on the chips. The SERS band at 1331 cm™ is used as a
characteristic signal of immunogold, which is ascribed to the scattering cross-section of its
symmetric NO; stretch of DSNB. The peak of MBA at 1071 cm! is chosen as an internal standard.
The SERS intensity ratio (I1331/11071) as a function of AFP-L3 concentration. The result indicates
that the honeycomb structure can be used to evaluate AFP-L3% the concentrations down to
3pg/mL.
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Figure 1 Building of the honeycomb structure. Figure. 2 SERS-based immunoassay.
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Monodispersed, biocompatible, and readily-functionalized hybrid reporter-embedded triplex
core-shell nanoparticles have been prepared in a simple route, each one comprising of a silver
nanoparticle (AgNP) core for Raman enhancement, reporter molecules adsorbed on AgNP surface
for SERS signature, a carbon (C) shell for protection and isolation, a submonolayer of Au
nanoparticles (AuNPs) immobilized atop C layer for further optical enhancement. The
electromagnetic field is enhanced remarkably in the intermediary region between inner AgNP and
outer AuNPs due to the electromagnetic coupling between the metal NPs, which forms an
enhancement ‘hot zone’ and is the main contributor for enhanced Raman signals of labeling
molecules. The results were proved by the three-dimensional finite-difference time domain
(FDTD) simulation. This composite offers a potential platform for immunochemical detection
using surface-enhanced Raman scattering (SERS) due to their high sensitivity, good stability and
biocompatiblity. This also provides a new platform for insight into SERS enhancement

mechanism.
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Fig. 1 Schematic illustration of the preparation of Ag@PMBA@C@Au NPs by multiple steps.

Keywords : core-shell nanoparticles; optical properties; surface enhanced Raman
scattering; label
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A Facile Method in removal of PVP Ligands from Silver
Nanowires for High Performance and Reusable SERS

Substrate

Xingying Zhang!", Ben Liu!', Chenglong Hu'*, Shaoyun Chen*!, Xueqing Liu!,

Jiyan Liu!, Fang Chen!, Jian Chen?, Fangyan Xie’
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School of Chemical and Environmental Engineering, Jianghan University, Wuhan 430056, China
’Instrumental Analysis and Research Center, Sun Yat-sen University, Guangzhou 510275, China

*Email: ceshcl@jhun.edu.cn and cescsy@jhun.edu.cn ; Phone/fax : 13628654602

Silver nanowirescan act as effective surface-enhanced Raman spectroscopy substrate to detect
small molecules. However, a lot of prepared AgNWs were often wrapped by polyvinylpyrrolidone
(PVP) thin film to form an insulating layer to produce ill-defined AgNWs-PVP-AgNWs interface,
limiting the plasmonic coupling among the stacked AgNWs. Herein, we reported a facile method
in removal of PVP ligands from AgNWs for high performance and reusable SERS substrate.
Sodium borohydride (NaBH4) was used to completely remove the PVP ligands from the surface of
AgNWs and produce a clean AgNWs-AgNWs interface that effectively enhances the localized
surface plasmon resonance, greatly improving the SERS activity of the AgNWs thin film. The
SERS detection of thodamine 6G used with PVP AgNWs and without PVP AgNWs is 1.0 x107?
and 1.0 x10"5 M, and the average enhancement factor is about 0.86x10* and 9.35x10%
respectively. Moreover, the recyclable behavior of the AgNWs with several analyte molecules is
much more interesting than that of the PVP@AgNWs.
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Figurel: (a) The SERS spectra of R6G molecules (10 M) adsorbed on AgNWs and PVP@AgNWs thin films. (b)

The RSD of SERS intensity at band of 612 cm! for 50 randomly SERS spectrum selected from SERS mapping.

Keywords: Surface-enhanced Raman spectroscopy; Silver nanowires; Polyvinylpyrrolidone;

Plasmonic coupling; Recyclability
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Spectroscopic visualization of hydrogenation and hydrogen
diffusion on a bimetallic interface with high spatial
resolution

Hao Yin*, Liqing Zheng*, Wei Fang, Ying-hung Lai, Nikolaus
Porenta, Guillaume Goubert, Jeremy Richardson, Bin Ren, Jian-
feng Li, Renato Zenobi

Department of Chemistry and Applied Biosciences, ETH Zurich 8093 Zurich, Switzerland
Department of Chemistry, Xiamen University, Xiamen 361005, China

Catalytic hydrogenation has diverse important industrial uses. Most frequently, industrial
hydrogenation relies on heterogeneous catalysts especially novel metal hydrogenation catalysts
such as palladium (Pd), platinum (Pt), ruthenium (Ru). While a single metal catalyst is not
enough to achieve both high efficiency and selectivity, researchers have developed several
bimetal catalyst with different structures including core-shell, alloy and Janus structures.
Therefore, it is important to directly reveal the reactive site in bimetal system.

Tip-enhanced Raman spectroscopy (TERS) combines plasmon-enhanced Raman spectroscopy
with scanning probe microscopy to simultaneously provide chemical fingerprint and
morphological information of samples with nanometer spatial resolution. TERS is an ideal tool
for achieving an in-depth understanding of surface and interfacial processes, so that a relationship
between structure and chemical performance can be established.1

In this work, we utilized TERS with 10nm/pixel spatial resolution to reveal the performance of a
bimetallic (Pd/Au) model catalyst. By using under-potential deposition2, we created a sub-
monolayer of Pd on Au(111). We can clearly identify where the hydrogenation reaction happens
by matching TERS maps with STM images. Similar to result from industrial catalysis research,
we confirm that the hydrogenation reaction mainly happens on Pd rather than on Au, mainly as a
result of the different hydrogen dissociation ability.
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Figure 1. The STM image of Pd island on Au(111) surface and corresponding TERS spectrum
after hydrogenation reaction.
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Multiplexed Assembly of Plasmonic Nanostructures through

Charge Inversion on Substrate for Surface Encoding
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ABSTRACT
Plasmonic nanomaterials are excellent and promising building blocks for information encoding
and decoding. However, the positioning of multiplexed nanomaterials into recognizable structures
remains a major challenge in nanotechnology. Herein, we developed a novel method for
fabricating diversified nanostructures through surface charge inversion from amino-modified
substrates to carboxyl-modified ones, as well as the corresponding electrostatic-induced assembly
of metal nanoparticles. Under optimal conditions, the selected gold nanospheres and peanut-like
gold nanorods were successively located into patterns of spaced lines on the same substrate. Due
to their unique optical properties, these two types of designed nanoarrays exhibited distinct color
contrast and spectrum difference under dark field scattering microscopy. Furthermore, this general
strategy can be extended to wide ranges of nanoparticles with different morphologies and
compositions for other multifunctional and high-demanding encoding applications.
KEYWORDS: plasmonic, multiplexed assembly, surface charge inversion, encoding
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Figure 1. a-h) Schematic diagram of fabricating multiplexed assembly on the same substrate; i) SEM images of

assembly of Au NSs and peanut-like Au NRs with interval arrays.
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Figure 2. a-f) Structure design of three types of encoded information and corresponding images under dark-field

scattering spectroscopy with color contrast, where red peanut-like Au NRs represent signal “1”” and green Au NSs

represent signal “0”. g) dark-field scattering spectrum of individual arrays. h) dark-field scattering spectrum of

complex “0-1-0” and “1-0-1” structures. The inserted scale bar is 10 pm.
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Plasmonic Nanocavity Enhanced Interlayer Vibration of
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Abstract: Due to the outstanding electric, optical and mechanics characteristics, 2D materials
have considerable potential applications in many fields such as intelligent materials, biomedicine
and energy engineering. An intrinsic unconventional superconductivity can be realized by two
sheets of magic angle-twisted bilayer graphene, which indicates the interlayer vibration of bilayer
graphene is very important for theoretical understanding. However, limited by the weak interplay
between two layers, the optical signal of interlayer vibration is hard to be observed with traditional
approach. Here, a gold nanocavity is employed to selectively enhance the interlayer vibration of
graphene. In particularly, focusing a radially polarized beam, the high z component of localized
near field in the nanocavity can be provided to strongly enhance the interaction between graphene
and light. Comparing to the linearly polarized excitation, the Raman signal of graphene, especially
the vibrational signal of interlayer, was enhanced by using radially polarized beam. As an exciting
development, plasmonic nanocavity with radially optical field reveals a more powerful aspect of
the plasmon enhancement effect and opens up a new method to detect the interlayer vibration of
2D materials.

Figure 1. Sketch of plasmon enhanced interlayer vibration of bilayer graphene by

nanocavity with radially polarized beam

Keyword: interlayer coupling, nanocavity, radially optical field
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Infrared spectroscopy is an important analytical technique that has been commonly used in
industrial area. In addition to differentiation between similar polymer products and crystallization
structures, it is also an efficient method for identification of special industrial samples, which
usually contain additives or impurities. Quantitative IR, combined with other characterization
techniques, is utilized for further analysis of sample compositions. Some example cases are
presented here showing how this technique contributed to industrial research work, especially for

technical polymers like Polyamide and PVDF.

X $##17): Polyamide, Nylon, FT-IR
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Plasmonic nanoparticle (NP)-mediated photothermal therapy (PPTT) has been explored as a
minimally invasive approach to cancer therapy and progressed from concept to early stage of
clinic trials.! Better understanding the cellular and molecular response to PPTT is crucial for
improvement of therapy efficacy and advancement of clinic application. However, the molecular
mechanism underlying PPTT-induced apoptosis is still unclear and under dispute. In this work, we
used Au nanostars (Au NSs) as both a photothermal agent to specifically induce apoptosis in
cancer cells and as a surface enhanced Raman spectroscopy (SERS) probe to monitor the
time-dependent SERS spectra of MCF-7 cells which are undergoing apoptosis. Through SERS
spectra and their synchronous/asynchronous SERS correlation map, the occurrence and dynamics
of a cascade of molecular events have been investigated, and a molecular signaling pathway of
PPTT-induced apoptosis, including release of cytochrome ¢, protein degradation, and DNA
fragmentation, was revealed. This work is beneficial for not only improving the fundamental
understanding of the molecular mechanism of apoptosis induced by PPTT but also for guiding

how to modulate PPTT to drive forward its clinical application.

A -S-S- vibration
w\/\/\ Cytochrome c vibration
wa/l\\/\( Tyr vibration

. :

Phe vibration

M\/\, C-N peptide
M Phe and Tyr vibration
M m= -CH, -CH, and amide |1l vibration
a

N ] . Guanine and adenine vibration
400 600 800 10001200 1400 1600
Raman shift (cm™)

Fig. 3 (A) Normalized SERS spectra of MCF-7 cells incubated with the mPEG/RGD/NLS-Au NSs under an 808
nm laser (0.5 W cm™2) for 0 (a), 2 (b), 5 (c), 10 (d), and 15 min (e).

KEIR): bRy REWMIRR 2R o FHLHIE

SE 3k :
[1] S. C. Gad, K. L. Sharp, C. Montgomery, J. D. Payne and G. P. Goodrich, Int. J. Toxicol., 2012,
31,584-594.
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[1] Xie, W.; Herrmann, C.; Koémpe, K. Haase, M. J. Am. Chem. Soc. 2011, 133, 19302-19305.

[2] Xiang, S.; Xu, Y.; Liao, X.; Zheng, X. Anal. Chem. 2018, 90, 13751-13758.

[3] Joshi, B D.; Srivastava, A.; Gupta, V.; Tandon, P.; Jain, S. Spectrochim. Acta, Part A. 2013,
116,258 - 269.
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N0.95. [FI, FATNS B 5 701 Z W6 i Fe A2 I RERbAT 1 PRIt A, ik 1 5
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[1] Zou J, Song W, Xie W, et al. A simple way to synthesize large-scale Cu20/Ag nanoflowers
for ultrasensitive surface-enhanced Raman scattering detection[J]. Nanotechnology, 2018,
29(11): 115703.

[2] Kaur J, Saipriya S, Singh R. Effect of RF power on structure and optical properties of RF
sputtered copper oxide thin films[C]//AIP Conference Proceedings. AIP Publishing, 2015,
1665(1): 080023.
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T B KSR TR G B AT DLZE QR TR e NS HEAT B4, AT 516 T AROK
FONGHR . BEA RSB TGN R, AT H TR S — R A A AR
RIS E TR 2R HE T RSB TR S5 1K) LSPR ¥ 142, AT SE IR 3 2e4h, 2 [ 83k AT R
SE MR . 161 AW 1 Au GOKBIAE N ILMEE R, 18 EAMIRICAE OO, SEl
T Ag PURKLTAE Au GPURHBE A AT X AER AR, ISR 7B Ag/Au 9K &[5 25
o 38 EUE A FDTD %X — A4 K REAT 1 B MRRE

X#E1A): LSPR, Au 49 KmilEsl, ZMmiEG, FDTD

K B4 1 HER 2 R ARER B A1, 388 I R A5 e S 7 92 2 HE I B A R 51
TS 25 nm B Au, AR5 FECH RS Au RO QK B 45 /RIS 180° o TR
FRZV 1L LR ARER, T 3RAF Au 9K BiLEE, W 1 a s, 2T R seim
BAE LTI H] % T ARSI Ag/Au 9K E S FES, I8 6HSOR G IR 1 1 ST
AT RS, AIMSEIL T Ag 90KRL A Bk AR K . UV R 17— B R 5
LSPR X Ag 9K T AE KA B BT, BATHAT 70 RIS K Au 90KHIE B 7E IR
(1 mM/5S mL) AR (34 mM/0.3 mL) VR AT, Sk 4 (620-630 nm)
L AARCEOR IR, SEHRI A4 30min. A E] T 40 1b Fici Ag/Au 90K JE S G851 .
BT Ag GKRE T B A KA B RATRT LR I, Ag 99K T 315G B S 0 AT 7E Au 9K i)
NG EERIRE b, M2k S A KAE Au 90KBIAZ R E A B, I B BRI [F] 1)
PaRiip e

NT B30T Ag YRk Bk B A K IR, R FDTD X 440 K mi i1 34 54
AT T B 1 J@7R 7 FDTD B ER A, % i € 1 DX bm i i 2 M L A 6 2
LTSk AR i T EOROGIR IR AR 5 A . BTG AR RS R 1d, el R T F 2
SIATE B X3, 1fi B AU Ag 9Kk FRIAEKAE, 75 A IR LT 5A RS,
A DX B SEEG S5 SRR TL T A BRI Ag 9KRRLFAE K. 856 BB SR ie 45 R 1 7y
B, FRATET Au goKmigify, i UK GIR WM IR 7 1A 3 H SC 0 7% Ag KR AR K
A B B4R
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[2] Q. Li, D. Pan, H. Wei and H. Xu, Nano Lett, 2018, 18, 2009-2015.

[3] K. Ueno, S. Juodkazis, T. Shibuya, Y. Yokota, V. Mizeikis, K. Sasaki and H. Misawa, J. Am.
Chem. Soc, 2008, 130, 6928-6929.
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Y, RHEABIOLTHE (WLED) BT EMAEIEAE, FItiall#ZIr kA R
IRARHE SR I RO IR FENT R 1 RR [1-3]0 ASCH, BATA 4 T — R A8 B WOT IR BN (SPR)
BE SR LT RS 1 SO BUROEYE RERE IEVEMR R TT 580 MF N — RSB 15 S UR s, R
BTE R R AEANARRL T (Ag-SHINS) HeA R EAEM + 9 RO B, 38 s 1t U 2 57 )2
PR T IIAZRT SRR R, MOILIRIEALE | B RN A G 3k B2 45 T LAN 7 T &R 48
MBI FE A g-SHINS R L1 A S L 9Ok O . SEIRR ], fE7eZ R rislnh, ez
FI LA R SR, T Ag A AZAR B IR 3 L mT LUK 56 A5 5 K A ) o B A1 2R
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[1] Zhu, H.; Lin, C. C.; Luo, W.; Shu, S.; Liu, Z.; Liu, Y.; Kong, J.; Ma, E.; Cao, Y.; Liu, R. S;
Chen, X. Nat. Commun. 2014, 5, 4312.

[2] Zhong, J.; Chen, D.; Xu, H.; Zhao, W.; Sun, J.; Jia, Z. J. Alloys Compd. 2017, 695, 311.

[3] Dai, P. Ceram. Int. 2017, 43, 1565.
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W+ (Prussian Blue, PB) J& LR T (Fe'' and Fe3*) ARTETE TH A AT 58 i —C=N—
VENBCAR R 1) = ST R G5, /NS PRI RS 1 A, TR AN 42/ 1.6 AR 71,
PBIH KW FHBOCEF S, AL AR LR IT N =4 FiliE, i 2N T
B AR REA R, fltngl. AR T EIb ARl AN. BB T AEPB R B AN L B
REPVAE N RERE . RIEERPZO6IE (SERS) HA AN REE, CERER
PRI SR EZ TR, BATE & T LSRR T R % S o 8 N i,
2nm PBAFZEHZFEEIKEN, It BAEBT R A 1465 -SERS (EC-SERS) $ARH 5T
TENES AR B T AEPBA IR FE o AL SR IR e R, BN R B AR
TR T o BB T RN D R OB, AN B AH O I WU o s, Ty LR 2
SRR AT, 2 BB 5 ok M0t B D R g LT s () 4544 5 N 52 4%« AAEC-SERS 58 4 1] LA fi#
Pl LAk a5 R M TAEPBH IR RS, PBIIFLE(E 5 2157 cm iE#i 712135 cm'!
K%, Ui BIPBEEHAIE W R A AR T 4P B T AEPBH R, PBIY2157em M5 5B Wik 55,
M7E2135 e HE LT BT0E , BEAG R MG 0, R &IN5 BIETE L T — MR T
N R AR FIAE, JEAR R AEGIE . R, BATTRI R4 (I EC-SERS B [ X
Oy TN TRV B P AEPB A B I A [FIMLE,  00RA Bh T B & BT RO A6 2 T PB IR 4
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[1] Hurlbutt, K., Wheeler, S., Capone, 1., & Pasta, M, Joule. 2018, 2, 1950.
[2] Ding, S. Y., Yi, J,, Li, J. F., Ren, B., Wu, D. Y., Panneerselvam, R., & Tian, Z. Q, Nature
Reviews Materials, 2016, 1, 16021.
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SRR G R b = B (surface-enhanced Raman scattering, SERS)  ## 5 AL FE ) #iff 7T
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[1] Liu, W.; Bai, H; Li, X. S.; Li, W. T. J. Phys. Chem. Lett. 2018, 9, 4096-4100

[2] Cong, S.; Yuan, Y. Y.; Chen, Z. G.; Hou, J. Y. Nat. Commun. 2015, 6, 7800.

[3] Xi, G. C.; Ouyang, S. X.; Li, P.; Ye, J. H. Angew. Chem. Int. Ed. 2012, 51, 2395 —2399.
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A S SR % ik U7 vk ) 2% T ek R SR TH B 5 & BUN (surface-enhanced Raman
scattering, SERS) &K (Ag NPs@Si), LA4-FiEIRMIER (4-mercaptoboric acid, 4-MPBA) fE
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4-MPAB 73 ¥ [ A 58 2 0 FRA S R s Bk 3 o021 BRIk, m) 0 A A 58 4 0 RR A i 4l 3 A5

(1576 cm™) 552 PZEIRANBE (1589 cm™) I THIAR LESEIL G + 1 e Al . 5 HAh 2 T

SERSP S A& BT EAH L, 3XFh FUAE VW] DUEE G FH SERSJE IR AN AT = AR B iR 22 . AEAL
AT, ARTTEE AT LAZE PR 73 B O 9 S AT padime 82, O LR A sk R, AR 910
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[1] Lombardi, J. R.; Birke, R. L. J. Phys. Chem. C. 2008, 112, 5605-5617.

[2] Zhang, J.; He, L.; Chen, P.; Tian, C.; Wang, J.; Liu, B.; Jiang, C.; Zhang, Z. Nanoscale. 2017,
9, 1599-1606.
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ML TRENLZRMEAR, T AIZEP . NN a2 ix
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[1] Angel, S.M.; Gomer, N.R.; Sharma, S.K.; McKay. Applied Spectroscopy, 2012, 66, 137-150.

[2] £E T, XIBeE. &7 4 757K, 2019, 03:257-263.
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By R N TR, IR HA A Z I R AT AN 21078 mol- L1 A BRI L AR G 25 1
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ﬁﬁ%ﬁ&%ﬁ%(%m)ﬁ%-ﬁ%?%%&ﬁ,T“ﬁ%%,ﬂﬁﬁm i
GUA R AW IS T 2 N o SERSHUNIR T NS &5 BTN K 4544 LA AR I 43
F=FHZ WA AR, R EEE T s e, X2 hEot SR RBarki k2
V) PR 25 8 R LR BN 51 o BRI Z A, PRI 2317 55 B Ic K 45 4 _E IR I 5 & 4R AT N
ST H S ANE 5 B AN 2RI, COMEERR 508 5]k i g K B SR R S R 431
AR 5] o3 A 22 3 3USERSAE 5 RIFME S —EUEREAK, HIZSERSHIA 1 SEFR M -

R, ARG A5 IR AR B SER SAH I AZAE I 1) &, TRt — Bl B 42 By Bk 5
W& R SERSA I /7 %, W BT, A6l SR w6015 8 7 /K T A% 228 i 5 2 T 0 0 AR 1) 55 3 0
TCHUK GRS o FEI A ROI AR, B H BRI R 5 R i Rk A 45 5 1 45« onEER
RO AF R, R IR GG LB E AR R X 3K (Fig 1a), AT R0k G fh S It I R 40 oK i
WIPE = AR 2R AL 1R “ETHL” BLG, 2%, =R v LAk 4 21 J L HRCK U NE LN,
PRI 737540 7 UL S S 5K 27 A FH R Be % 5 SE7E TR 3R T 5 [ B X 3k, b (] Bt Ak &6
B (CV) HIFEE SR EHE S T B X (Fig 1b-c). XFhE SRS SRS R H
Wi (ISERS R A, AHLLAL G ARG SERSH R, CV 2T FIAR I PR FAK 13 - 4B 2,
TEWRFER10 ™M LA_EB AT BL100% K0 2] 70 F-hi 245 %, W01 M B A5 50% 1A H L
R, BARKMPRATE aM KF (Fig 1d-e).
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particulats
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‘;T | ~ a0 ".‘ \.\ Q —a-Single F'a.l‘ticle
s | = - | N Y\ —g-Few Particles
= a £ L]
= Imer{ace o = B0 \ a
£ / .@ £ Y ,
3 E = \ %
- p S \ N
< J RS { z ol &0 B Py
g f'&w Wk w mlﬂﬂ o | Ey \ \A
4 | Mon-interface 20 a
" = s | L \v\g
. P T R ST e e R e i ileb i R ey e
750 1000 1250 1500 1750 1000 1200 1400 1600 1800 10 11 12 13 14 15 16 17 18 19 20 21
Raman shift cm ™) Raman shift cm’’) -Log[CV(M)]

Fig 1. (a, b) JE G/ R R /4 PURER ) 5 SR 40 R SERSH JRAT M 7R 1, (¢) ANl X IKSERS{E 5 5
JEXTEE: (d, e) CVIRT B H PR SRS H L30T B

XHE17): SERS: BFiMER: =HIKR%

SE K :

[1] Fang J*, Zhang L , LiJ, Lu L, Ma C, Chen S, Li Z, Xiong Q, You H. Nat. Com. 2018, 9:521.
[2] Zhang D, You H, Yuan L, Hao R, Li T, Fang J*. Anal Chem. 2019, 91, 4687-4695.

[3] Zhang, D. Fang J*, Li, T. J. Colloid. Interf. Sci. 2018, 514, 217-226.
[4] Zhang D, Peng L, Shang X, You H, Xu T, Ma B, Xu J, Ren B*, and Fang J*. Submitted.
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PR SHERRIEE KR H SERS KA
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R R SRR, BT 5EESM, WESGERY:, 1%, BRI, 710049
*Email: jxfang@mail xjtu.edu.cn; Phone/fax : 029-82665498

R Y 92 52 HUH (SERS) N —Fhdk T2 T IRSNIRSUR B BOEIE Bk, BENE X VF
Z T YIEEAT I R A TEBINRAL, S22 T2 R . BT K280 1 (04 2 U A
RN, DI 2 A5 S AR ELRALMES . o8 TIE9RH 2155, SERS KM T . HREFL1K
VEEBSWOTHUR G o G IRGUREHIAE W] ILIGVE F A BAT 58 21 10 R 48 T <5 B e LRI
Yoo, REME AR LRI GR RN Rl 7, AR s 85 5. & MUK T MIEHAER
RARFE B smaE Bon iz, MM s2m SERS M sRSCR . IR, 4. MKk E
SR 8] B DX IORT L= AR B SRy g (B R L SERS S8R UR W] B AR T HAR AR IE S
HAT & AR 2R A B E N RE-E R, (HRZ kG M. PR 2 B4
P S PR 75 . B AR % UK, S 30 SERS Ml R BUE . 55 — BRI E DM FR1AIE,
KARHNZ) T SERS HAR SRR o

BEXPRE-AERIL A NS MPUORZ B ZE . EERMECE ERRH R, &
SCHR R B AT, & B R e ST M E L L7 SERS JEE . 127577 bt
[ FL = AR ST RAE R, 9K SRR T, R AR RKIVE S R R A
KEreairy (B D. HTZ9K 2 REHK R I MUK B RE5RE R, AR gk
RIURL I 2 i EIE TN, SERS #5743 81 19w, MIeis 1 SERS {5 5 (4 51 PE AT E 3
.

KHEIE: SERS: il LRI &40k 2 g

g o o

g

B1: NFL SRR/ SN K 2 B S5 I TEM

S -

[1] Shen, D.; Yang, J.; Li, X.; Zhou, L.; Zhang, R.; Li, W.; Chen, L.; Wang, R.; Zhang, F.; Zhao,
D. Nano Letters. 2014, 14, 923.

[2] Liu, Z.; Cheng, L.; Zhang, L.; Jing, C.; Shi, X.; Yang, Z.; Long, Y.; Fang, J. Nanoscale. 2014,
6,2567.

[3] Liu, Z.; Yang, Z.; Peng, B.; Cao, C.; Zhang, C.; You, H.; Xiong, Q.; Li, Z.; Fang, J. Adv.
Mater. 2014, 26, 2431.
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FMERRATKRRARAZRBIERRIE SERS #7

TKICES, /R, MBL, WAI, HEFE
PR SEOREERE, G, L@ RS, %, P, 710049
*Email: jxfang@mail xjtu.edu.cn
R EA S (SERS) HoA REUER . WRRAMIESOR R LS, B2 B T
ZAr. I B SRR AR UK. (R SERSAE 5 R 5 AU S B K 3K, SERSHELJK
(] 2 — BT S E 23] ASCAEBUA IR K 3R AtE b, 255 RAEMBLEW] . W2

HERFE, SR T — MR FESISERSAT IR 08T ik, IR FL N /R R AR T AR 24574 B 1)
HAEPUE R

Sapphire
Substrate

Casting,

flexible
substrate

paste Transferring
' PMMA
Au NPs self Casting

-assembly PDMS

.
NC.Ce v
< Transferring

B1: MRS SERS AT JE 1 il % A R = A

WETFTR, ARSCEE P RERER, W EERIE 3 50 FE S AT R 2R 1 i B S % 2
FMEPDMSE MR b, R R = R (1 S 40K B0 (Au NPs) T H 42 1) i, SEl T
7E F M PDMSFEF1 K 10 Au NPs 2 20T, A4S 21 7 — Fh 47 3 Au NPs I 2 PEROK - 3k

(mirco-hemisphere) FEF4#] )i (Au NPs-MHS array film) M, il 2 #2075k % &5 5t 14X
AAEBUTKM T2, 22— P g 8 1L A5 S B PR REZ1 4ot S ) 2538 % o R bk il
#IZRNERESISERSH I, M &5 55 (CV) 20T AT, W9 10712 M {75 REAS I 21 B 2
P2 (ES, FHHAEKRE R0 MBF, FXIFRAERZ10R4.9%, s 1% R 4F R B
MEEM. [N, T REAREN . 5 iR, 124 nT ELRENG A A2 A5 DU 5t 2 1
1757 RPN, TCFREM . KA. TSR METCE PR HXK R L2 3R
S TR AR IR 9108 M, 7R 10 5 1O SEBRFE i A I 77 o B 90 ORI SERSTE B i %2
27 T R BRA TR S it 114

KA : RPERESIRR: WREUE: MEAE N AU
SEH

[1] Ma, C.; Gao, Q. Q.; Hong, W.; Fan, J.; Fang, J.X. Adv. Funct. Mater. 2016,27(2), 1603233.

[2] Zhang, D. J.; Fang, J. X.; Li, T. J. Colloid Interf. Sci. 2018, 514, 217-226.

[3] Zhang, D. J.; You, H. J.; Yuan, L.; Hao, R.; Li, T.; Fang, J. X. Anal. Chem. 2019, 91,
4687-4695.

[4] Zhang, L. L.; Li, X. D.; Liu, W. H.; Hao, R.; Jia, H. R.; Dai, Y. Z.; Amin, M. U.; You, H. J,;
Fang, J. X. Submitted.
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KEFE—LEEELEENEESRERIZEA T SERS #£57

m_l’ %‘?ﬂh 1, }EJEE\E 1, jl‘:‘?T‘JT L, Eﬁﬂﬂgﬂﬂ 1.
VIEEW R R K2, ALRUiTEIE X 22 Be itk 37 5, HiE%W 10083
*Email:gaarayn@buaa.edu.cn ; Phone/fax : 18810446529

ASCHEH T —FPTE /K- F 2R S — D7 4% H A28 SR BN & B 735, S
RAROIH- IR (SIS) fERCHEE . e R 2 1 (PEG) LBk
YR IR 3R TH 1) FEL A7 5 T AT E 7K - BER T 138 — AN PAPIRAS . FR LR — /MR
H 2R A 78 RIS FR SR IR e e S AR B & R, 8 5 44 1% 4 JE LA A SERS B8k T R B AR
NI, SIS AE LS R (CV) AIFLE RS (MG) 1ENIRHER 2 REH 27, PR T
IR IR FE AR REASIAF 1 x 101 Mo I HAR S P 25 I AR 38 2 12 e A 1% i JIC e 8 B AT Sk
Rkl (el e . [EIRT, FRATTEREAT 1A% S B 2R TR A 25 0L I, e i R e % 18 3
0.5 ppm (1 x 10 M), AL E 2R 1AH K RECH 0.979, &5 B W1 S A 08 3 2 S PRk il (1)

-_— 4 .

Tnject AuNPs(ethanol) Self-assemhbly Evaporation and peel off Detection

s

. SIS (toluene) -water O AuNPs {cthanol) e PEG-SH

Bl1: — 200k B 3 e 9K 6 R B R B R

KHRRIA): JKoh FRE s E41%: FtE: SERS

S -

[1] Yang, N., You, T. T., Gao, Y. K., Zhang, C. M., Yin, P. G. Spectrochimica acta. Part 4, 2018,
202, 376-381.

[2] Tian, L.; Su, M.; Yu, F.; Xu, Y.; Li, X.; Li, L.; Liu, H.; Tan, W., Nature Communications.
2018, 9, 3642-3654.
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*Email: phtan@semi.ac.cn ; Phone/fax : 010-82304247

Resonant Raman spectroscopy requires that the wavelength of the laser used is close to that
of an electronic transition. A continuous-tunable laser source and a triple spectrometer are usually
necessary for resonant Raman profile measurement. However, such complicated system is
complex and with low signal throughput, which limits its wide application by scientific
community. Here, we present a tunable micro-Raman spectroscopy system based on the
supercontinuum laser, transmission grating, tunable filters and single-stage spectrometer to
measure resonant Raman profile. The supercontinuum laser in combination with transmission
grating makes tunable excitation source with bandwidth of sub-nanometer. The excitation source
and tunable longpass filter are coupled into a single-stage spectrometer to form a tunable Raman
system, which exhibits continuous excitation tunability and high signal throughput. The tunable
longpass filter can guarantee efficient stray light filtering down to 200cm—1 and provide a broad
transmission band covering Raman signal up to 2000 cm—1. Its excellent performance and
flexible tunability are verified by resonant Raman profile measurement of twisted bilayer

graphene, which demonstrates its potential application prospect for resonant Raman spectroscopy.
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X $#17): Resonant Raman spectroscopy, Resonant Raman profile measurements
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(8] BE AT 2 B SRAN K BURL R 5 O R T 1 1L i LBV 3T
MEF, B

AL Tk R 230 TREOTFERE, Jbat g X P2k 100 5, 100124
*Email: zhaoyan@bjut.edu.cn ; Phone/fax : 010-67391927

FTHE BT RENFHOEIREN T @Ak &M I B B B A T 808 5 T4k
IR, 154 R YN K EE K R BB 23 e A Ve, fn ] W AOge Bt W SR B . FELREED R
AT A R 38 L 0 37 1 5 S5 o ) FH A5 B8 R 3 0 AR A L - IR Bl A L7 T A R
N2 B NATTI 2 550 E . B T m i U R Sl 1) R T 3 i b 2 63E (SERS) FINK R 4
R EH A8 38 7 B (TERS), SERSHITERS L4 B3 (1IN T HF 70 25 B8 BT Ak s wit,

AR SCAE FH SERS P K I R ik, I 70 T R A R SR A 27 D i) P P e A R AN T e D
Xof IR B 7 ER R K IR B 51 R THI RIANBT 20 T4 R RL s, 7~ B 1affs . FH BER
AT & RST AT E I AR GOR B RS, SR L2 28 R B R R, R A5 1 B ] ] PR AR 44 oK A
FEZ, Horr E b2 [RFE Y 10 nm RGO RURIRE 71 I SEMIE . ARHEFRATT 2 BT AORE AL ), B
7£532 nmA1633 nmIFR GRS T, ANBTHR F7E AR b AT 2B (40 B A il DMAB, 11785
nmFOCIRSE, HRRAEMRR . E1cNAETSS nmiBeiB S R, 4NBT (10 mol/L) W Fff
TEAS ) 18] PE AR G0 OK BN R 51 IFISERS Y6 1%, R I IETER Ik /N 910 nmbB,  BE65 & 2E ML N
T ER A K SO B8 51 06T 2R SR B T v R R 46 B TR AL AR R G B 2

Laser

Intensity(a.u) € ]

i niastoatl g Wt e

U T "
1000 1100 1200 1300 1400 1500 1600 1700

B1:  (a) HRYCKIERRES L FANBTH 4L ADMAB I & B Un b M R Z B (b)) [AIFEA10 nm 4R
PORFALFESFISEME];  (¢) 4NBT (10 mol/L) W B 7S [R] (8] BE (I ER 4 oK MIURL R 51 I SERS Gtk R I
K ~4785 nm.

KHERIA): ARGURIURIFES: R R 206 SREUTi

S R -

[1] Hartman, T.; Wondergem, C. S.; Kumar, N., van den Berg, A.; Weckhuysen, B. M. J. Phys.
Chem. Lett. 2016, 7, 1570.

[2] Liu, Y. Q.; Zhao, Y.; Zhang, L. S.; Yan, Y.Z; Jiang, Y. J. Spectrochim. Acta. A Mol. Biomol.
Spectrosc. 2019, 219, 539.
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SERS XBHRRARAMAMER bs SHREBEE c BHNEEEH

BiE, KeE, FHRE, BIK
VRO T A S R R 9 %, F K, 130012

*Email: hanxiaoxia@jlu.edu.cn

i B At Ebs (Cytbs) S4IMEe (Cyte) MMM EAEH AT RS ST IR . 3RATLURT R 72 %
B, BRNDAK IR AT SERSHY 538 AE 77, IF HREWEAE N il 7 (AR IE B Cyt bsMICyt ¢ A SEERF FINIE Y SERS I 14
FEJRAT T T Cyt bsMICyt el (L TA&1 . sSEiarh, FRATRH T PIFHRE T SekFed Cyt o Bt T HURE AL /5 NI
[, HFFTFe* Cyt cln]Fe’ Cyt bsi B T-#48: JaddFe’ Cyt bs b 5 F KR HE M0 5T Fe* Cyt bslr]Fe¥*Cyt e HiL 1%
o 526 fd H 1) /2 951 [ Renishaw 100074 2L 5 AR B AR SOGIEAC, WOROGE A AHIAR &S T (Art) HoLds
(Spectra-Physics Model 163-C4260), &K N532 nm. #EL H50x 85 Sk Bk W ERE S ONIE R R, AR
Gy TER20%0, FRFIRBON2IR . SRS SRR, HCyt cBiCyt bs Wik JR A AL N A I, 20 i €8 3R iR w15 (750
em 2SS, MR, vio(1636 em™)Ab I RIAR T B FE 21 K, vis (750 e ) Flvio (1636 cme!)Ab U5 B2 1 A% 4k v] LA
fECyt cLL K Cyt bs ML SR FPIRES o @i X SERS i ik — D IH @ 43 #r, 1T LLIRTFCyt bs 5 Cyt clilAH HAEH I #2
(SR ARAAE B, BT 70— AH LA FE G 40 M 0 ) T T AR A S B 4R

F‘i:c-“ oNi 1636 Fe' cyt b5-Ni
Fe cyte-Ni Fe* eyt b5-Ni
750
v, 1636
vlﬂ
= .
2 3
= =
Z 2
s IMAFe eyt b5 =
% T v § T IAFe eyt ¢
- =
460 ' 660 ' S(I)O ' IOIOO ' IZIOO ' ]4|00 I 16I00 600 I 860 l IOIOO I .12l00 I 14l00 ' 16I00
Raman shift/cm’ Raman shift/cm-1
Figure 1: SERS spectra of the Fe** Cyt ¢ on the Ni Figure 2: SERS spectra of the Fe’* Cyt bs on the Ni
surface (before, black) and (after) adding Fe** Cyt bs, surface (before, black) and (after) adding Fe** Cyt c.

KHEIE): gt EKbs; At zc; SERS; MHHAEM

B Hk:

[1]Han XX, Li JB, Oener IH, et al. Anal. Chim. Acta. 2016, 941, 35-40.
[2] Sivanesan A, Kalaivani G, Fischer A, et al. Anal. Chem. 2012, 84, 5759-5764.
[3] Hu SZ, Morris IK, Singh JP, et al. J. am. chem. Soc. 1993, 115, 12446-12458.
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ETERERANEREREE AR B IESERS)
M’ jtgl‘i 2, ﬁ%# L

VPR SRR, A EES, USRS, P, BRI, 710049
PHEER, VU ACIERS, WU, BRI, 710049
*Email: E-mail: jxfang@mail.xjtu.edu.cn ; Phone/fax: +86-82668150

Fyg b 2O E A (SERS) AEA—Fh o FAMIE A, fEaREN. EVrEk. 3T
BRI, e 2SO EA T N R BET, WS, s REE . mEEEN
SERSHJERATIAR & — T+ 43 B A PR 1 TAF . 75 A2 SERSIEJE il & S 77k, o1&
L7 — P S SERSK I R B S5 o] G A S FB . A, HioFEEEEE
P E B KRI 7> T4 R, 7V 7 B & K e B B AT, 390 1 SEiR i 5
SRS A . BRI, R T s AR T VAR SRES RN B A H 5 S

ASAEEIBEFNIMAZE RN R SIEAM BHER, 181 7 —M&E80E %59 7 BISERSA I
JiEr KGIEARENBIRFIYE R R, WRAE IR AR B4 DR Fah BF, Bk H b iy
WHZE R, @ IR, AN 35 SRR 45 B LB/ INRT X3, kS 2150 A il
T 5 EakR T RIS SRR (-1 R, 28208k 2 A RI AT 58 s in v
LR, WEERE (CV) A FRIRIIR a2 101 M. 75 FF 5 R BEHLE SR, Cv
S FIRBEAE102 ML BB BT L100% A I E 40 F-Hi 2455, CVIREIN10713 M A 80% A t
JU%F . BAEH T & R FISERSKL I 7 v R B, IO, REEs, EE
PEUF SO0 R, AE SEBRAE S A Iy T LA AR K %) 2 A48

i —
3 el uvix 15.-'
-

glass fiber solution flow after evaporation

/Laser

b Gold nanoparticles o™= . M
= SERS s
=

1000 1200 1400 1600 1800
Raman shift (cm-1)

E1: ETEHERNESEISERSHT
KHRIR): RIS HUN (SRES) : AT E4: BAMER: Mk
SE W
[1] D. J. Zhang, H. J. You, L. Yan, R. Hao, T. Li, J. X. Fang. Analytical chemistry. 2019, 91,

4687.
[2] R. Hao, H. J. You, J. X. Fang. Submitted.

186



P2-18 2— 1 memssszran 5m 2000

Rapid detection of oil oxidation process in edible oil by
plasmonic metal liquid (PML)-SERS at liquid-liquid

interface coupled with PCA
FHR Y, HEE, ARG, ariE Rk

VAR T K2 & 54 TR, ZHUE A IET &R 193 5, 230009
*Email: livhonglin@hfut.edu.cn ; Phone : 18019545183

BRI TRATH W AT A BSOS S IR R BRI . IR A2
1 FH S A ] PN AT E R ) — 4. WL, JFR —FlERG, MR, R,
T A e AR RE R P R N BB, EX T, R8s (RS) ik
TARE B M- A 5y BT (PML-SERS) 45 & ik E 704 (PCA) ikt i
SEFE R R T 0 i ) AR A T AR o X R V2 T DA A b B R S A R by ol i g
SEFE AR . SR2IEM L, PML-SERS J5vATE X 4 e it B AR AL 5 TR SE N AR o BhAh, 4R
e | B AR e R A (POV), 58 LT MPML-SERSHEMIZRTF ¥ T1a6s / 1436 1EL PRI SE PR
M. W, RIEFN0AKEKR T (GNP 35, Hm i R s M v 2 M PML A
SEBRASTIN AR A BT IS P SERS I o

L7 PML SRS

| Violent Transfer. ) : \‘\& : 3
[ —> > SERS | %“?
shaking : 59

s e s 785 ni Laser
€ Edvisoiiincric, (Joene nm Laser et

Bl1: PMLIEARASSERS 7 AT AX ) F AL A, T Aerdil £ F il ) S AL i A

KRR A JRFEML: B2 PML-SERS: FEsr 4.

SE k-
[1] Wu, D.; Chen, X.; Shi, P.; Wang, S. Analytica Chimica Acta, 2009, 634 (2), 166-171.
[2] MRHT H RW 221, B dd 5418 R 547K,2017,36(06):610-616.
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SRR T ZHPER SERS &
M, p}ﬁﬁ 2, %ﬁ 1 1%?@‘[@ L*

VEIIIVE RS, W SRR, SRR B M SR, B B A E PR
KA LR, BT TGRS MR E SRR R, BT ARIL XCHEAR R 100 5,
200234
2 RHIERSE, AES MR RL B, R TTARIC XA 100 5, 200234
*Email: hfyang@shnu.edu.cn ; Phone/fax : 86-21-64322511

FATE R T B G GORMR, 2R AT R A R 2R T 1 i & WU m 1, HAS 5 EIUE R,
BRI RMIR (4-MPBA), M T mR M sk i A e .

FARRBE, 4-MPBAT] DAFERH P 5% A5 FARAL M — R S5 Ky AL S 00 i e, ]I
X W YRR MY AT 4 WA R G [ E AR, BE— AR A 4-MPBA,  SEELHY SR 2 5
o J14h, 4-MPBAS &AKKE 75 SIREE, AIAEGPURIRZ A TE B i, PRSI
E T H5m. FRATRI T IZ G SR, 7T LASK IS T 460 0 0 e VIR PO R 5 0 1 [ st s

D Au Film

° 553

E1: Process of the sandwich structure self-assembly.

KPR RIEBRD 2 U 0T B R YUK

S M-

[1] Deng, R; Yue, J; Qu, HX; Xu, WQ; Xu SP. Talanta. 2018, 179, 200.

[2] Zhang, YJ; Chen, S; Petar, R; Li, JF. Anal. Chem. 2019, 91, 5316.

[3] Supannee, S; Chongdee, T; Apon, N; Panote, T. Biosens. Bioelectron. 2016, 85, 743.
[4] Li, RY; Tu, WW; Wang, HS; Dai, ZH. Anal. Chem. 2018, 90, 9403.
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BFHER DB RS T PNTP BB R K
m’ W)‘C% 1, ;I%EEJI& 2, fﬁ%ﬁ 3, ?Z]ﬁ L*
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2HEE TR 2B S IR TR 2R, AR, 350118
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RIS S 61 (Surface-enhanced Raman Spectroscopy ,SERS) i R LA H 4 146
TR FRENE, T NS RE Adr Rl BB R R R S A, iR
REHE R AL 52 S S R TR AL EE, PR IR SERS .52 2] 1 MR 2 (1) 9G3E . — M il
FERBR ) (p-Nitrothiophenol, PNTP) 4% 4¥, %} 57 £ 4 %0 7K (p,p’-dimercaptoazobenzene, DMAB)
TEEH TR TR E TN (Surface Plasmon Resonance,SPR) 5| & [l # i 175
T, LR R A REHERR SR IR ) DTk . FRATT IS T AR T AR, $E 8 st
IRSERS- &, Har i X 43§ SERSAT NIMREM, FEHTIT 1 5 DA WO FPNTP# 4L A
DMAB /W G N AR seatas B (1) RHFE220°CLA R, A2 fil K PNTPH 1L
A HDMAB, i — B T il A2 OB R R B R 3R 2 SPR™ AR IR FA R T

() ()

I S0} cps

LW S0 s
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i I i 2 - 1 1 A A i
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Haman shift {cm ') Kaman shifi {cm I]
B1: (a) BB H180.1 mWHTL mWIPNTPRISERSEE, (b) HOLIIZE~0.1 mW, ARFIEE R HKIPNTP
ISERS &3t

X##i7): SERS; FHE; PNTP

S R -

[1] L. B. Zhao, M. Zhang, Y. F. Huang, et al. Theoretical Study of Plasmon-Enhanced Surface
Catalytic Coupling Reactions of Aromatic Amines and Nitro Compounds. The Journal of
Physical Chemistry Letters, 2014, 5:1259-1266

[2] H. Zhang, X. Xiao, T. Su, et al. A novel thermocouple microelectrode for applications in
SECM and variable temperature electrochemistry. Electrochemistry Communications, 2014,
47:71-74
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B FFFE AT EIUL SERS & RA3548 M f B G 7R 14
EBE, AEE, BN, FERRE, FRE
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Pk S TR it PR AT Ty N AT A= P A LA D of IR ) RIS, AR A 2 R 0 3R 4 I AR ) L
PEMIAR SN, R, R I S IR A G U5 3%, ) T R € R S O R R I PR 2 WL
PR R 7R 5 BOA HE BB SO B AL SR e R I A R A A ) s 2 R I T I R 22
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MRUEILT, A2/ LRSI RR — Iy e (AR, SIEZSERSIGIE fAR4L, AT 52 1%
GURBRETER I o 12 A% IR FAT B A E IR ANGT TR, AT AR 10 b A ST 1% S R
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B1: SEM images of the silver nanoparticles film on (a) weighing paper and (b) photographic paper. (c) SERS
spectra of thiram aqueous solution under different excitation wavelengths. (d) SERS spectra of thiram aqueous
solution adsorbed on Ag/weighing paper and Ag/photographic paper. SERS spectra of thiram aqueous solution
with different concentrations adsorbed on (e) Ag/weighing paper and (f) Ag/photographic paper. (g) SERS spectra
of 10* M thiram measured at six random sites on Ag/weighing paper. The corresponding peak intensities at (h)
556 cm and (i) 1377 cm™'.
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Plasmonic polarization beam splitting based on single silver
nanowire

Longkun Yang"*, Pan Li, Zhipeng Li

Beijing Key Laboratory of Nano-Photonics and Nano-Structure (NPNS), Department of Physics,
Capital Normal University, Beijing 100048, PR China

*Email: lkyang@cnu.edu.cn

Plasmonic waveguides have been indispensable “building-blocks” to construct functional
elements for future integrated nano-photonic devices and circuits.'? In this paper, we demonstrate
that a thick silver nanowire (D ~ 500 nm) with well-defined end facets can provide multiple
outcoupling channels, and the controllable beam splitting is realized. The propagating surface
plasmons emission at nanowire end are splitted into two parts: I; and I, with the polarizations
nearly perpendicular to the respective emitting facets. By changing incident polarization, splitting
ratio (I1/I2) can be tuned in the range of 1.52~0.36. Electromagnetic simulations indicate that
polarization beam splitting mechanisms in this single thick nanowire are the interference of
propagating surface plasmon modes and the superposition of excited dipoles at nanowire end.
These findings would deep the understanding on manipulation of surface plasmons
propagation/emission, and advance the development of plasmonic waveguides based

nano-photonic devices.
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Figure 1. The thick silver nanowire (D ~ 500 nm) with well-defined end facets can provide multiple outcoupling

channels for surface plasmons emission, and the splitting ratio can be tuned by the excitation polarization.

Keywords: surface plasmon propagation, silver nanowire, polarization, beam splitting
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Scheme 1. Preparation of SERS substrate of AAO/Ag composite nanoparticles and its
schematic diagram for antibiotic detection.
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E1: The CT mechanism in the Ag/FeS/4-MBA system. The CT model based on the energy level distribution of

different materials.
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Enhanced Raman scattering on Lead lodide Film
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As its inorganic skeleton, lead iodide (Pbl:) also represents a novel semiconductor substrate
material that serves as either a complement or an alternative to conventional metal-based SERS.
Here, for the first time, enhanced Raman scattering (ERS) of 1,2-bis(4-pyridyl)ethylene (BPE)
adsorbed on Pbl; film is observed. Compared with the normal Raman spectrum of BPE molecules,
we find the By, mode of the BPE molecule was selectively enhanced. We demonstrate that it
involves a charge transfer (CT) resonance mechanism and takes place between the HOMO of BPE
and the conduction band edge of Pbl.

Key words: Raman Charge-transfer lead iodide

The X-ray diffraction (XRD) pattern of Pbl, are shown in Figure 1. The phases at 13.16, 39.18,
and 52.95 are respectively assigned to the (001), (002), and (003) lattice planes of the hexagonal
structure. Meanwhile, the Pbl, film shows highly crystalline hexagonal structure oriented along
[001] direction [PDF#070235]. 1

Figure 2 shows the Raman spectra of (a) BPE powder (b) an BPE molecule adsorbed on the
Pbl; film under 633 nm laser excitation. It should be noted that the ERS spectra on Pbl, display
high similarity with the normal Raman scattering of BPE (Figure 2). The prediction of
Herzberg-Teller is consistent with observed spectra where relative band intensity of peak at 651
cm! (By) and 1227 cm™! (By) displays a large increase. It is also indicated that a charge transfer

process occurs in the Pbl, BPE system. %]

PbI, — PbI-BPE Iswﬂ
—— BPE
= s
X} 8,
2 =
£ . £
Ll A A A
10 2‘[! 3‘[] 4‘0 5‘() 60 \ T T T
200 4 00 1000 1200 1 1
20 (degree) 00 00 (rl.l(l[{a;fngn Sl.lhlllft l(clll(.}n_l)wl) 600 1800
Figure 1. XRD pattern of Pbl,. Figure 2. SERS spectra of BPE
adsorbed on Pbl: film (b) and normal
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Design and Fabrication of Nanoporous Gold structures for
Surface-Enhanced Raman Scattering
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In recent years, surface-enhanced Raman scattering (SERS) has attracted researchers' attentions in
both theoretical and experimental aspects because of its unique abilities for molecular detection
and identification.[1] One of the major challenges for SERS studies lies in the substrate design and
fabrication aspect: creating SERS substrates with high Raman enhancement, stability, uniformity
and reproducibility, especially using simple and inexpensive method.[2] Based on this
requirement, a variety of SERS substrates have been reported, such as nonuniform substrates
prepared by electrochemical oxidation and reduction cycles, nanoparticle sols with large size
distributions prepared by wet chemical synthesis, nanoparticles with controlled shape and size
prepared by chemical synthesis methods and surface nanostructures with defined shape, size, and
interparticle spacing prepared by template, self-assembly, or lithography methods.[3] However,
most of the existing SERS substrates still cannot meet the practical applications. Therefore, the
study of SERS substrates with more excellent properties is still on the way. Here, we report three
types of gold nanostructures that possess excellent SERS properties: (1) Gradient nanoporous gold
(GNPG) with gradient ligament and pore structures along the thickness direction has ~10 times
higher enhancement factor (EF) than conventional nanoporous gold (NPG). (2) Island-like
nanoporous gold (INPG) with uniform distributed isolated gold island structures has above 10
times EF than NPG. (3) Nanoporous gold film over nanosphere (NPGFON) with a nanoporous
gold half-dome array structure has ~12 times EF than conventional gold film over nanosphere
(AuFON) structure. The basic enhancement mechanisms of these three types of gold SERS
substrates are carefully studied. We expect our works can make some improvements for the
practical applications of SERS.

Key words: SERS, nanoporous gold, structure design, FDTD

Reference

[1] S.-Y. Ding, J. Yi, J.-F. Li, B. Ren, D.-Y. Wu, R. Panneerselvam, Z.-Q. Tian,
“Nanostructure-based plasmon-enhanced Raman spectroscopy for surface analysis of materials”,
Nature Reviews Materials, vol. 1, 2016, pp. 16021.

[2] HK. Lee, Y.H. Lee, C.S.L. Koh, G.C. Phan-Quang, X. Han, C.L. Lay, H.Y.F. Sim, Y.C. Kao,
Q. An, X.Y. Ling, “Designing surface-enhanced Raman scattering (SERS) platforms beyond
hotspot engineering: emerging opportunities in analyte manipulations and hybrid materials”,
Chem. Soc. Rev., vol.48, 2019, pp. 731-756.

[3] XM. Lin, Y. Cui, Y.H. Xu, B. Ren, Z.Q. Tian, “Surface-enhanced Raman spectroscopy:
substrate-related issues”, Anal. Bioanal. Chem., vol. 394, 2009, pp. 1729-1745.

209



P2-41 - memnmsrzrian mn 2010

[&]-78 7 H £ FELE%R1T AR SERS MR

BEHF !, AMgoR Y, xIEH ", EReE ", HbHT
VEITRZA A TR, HEIE T, 361102
*Email: zqtian@xmu.edu.cn; Phone/fax : 0592-2186979

B [n]fik (cucurbituril CB[n]) J& Hn N IR TG B 7R 70, S5 i BEXTRR
BABKZ . IO H2ARIENSE, nrdd - Eilk. SEeKIEMR . ER-EnsEe E
M SR TR, EME. 3. YORBREZ NS BTt AR R A o DL dn A
KRR 261 (SERS) 4k, CBn]RI/E M 2K S 9Kk T8 B SERS #y i, i3k
38 32 244 AH LA A Waﬁ%ﬁ&ﬁ#ﬁﬁﬂﬁﬁﬁﬁ%iﬁﬁm 1 S AH
1) 2 A A AL ER AT 58 A B, (R BE TS B4 T AR R ] - A T AR A e AT N A R i
M o AW FE I R4 £ AR IR S, DA RS SERSTR I N HR 5T, %2 1 DACB[7] A K.
RSO (MV2D) BRI E BRI RIE AuRRL TR A 247, B de o pT
7N A [ -0 5 T b 32 AR A 2 LB

f)@” < il
) o
nc’“ I 3 Hr,-v@,O &"‘w: )
O/O I & aal SN 5
Aggregate I o

AaY |
e

¢
,.
+CBI[7] p
D e
Hc—u‘ CMersneind H—Coh-cn il N }C""‘“ e ; }C"
_"Gc\ ;,
] I ”i ) =) “_c\‘\" B [N ‘ Zae
! ( AT e L S 0 \1
Zh, . = - *, =
iy 3 73 I ”"r.‘,,s W J’ h
= \
P Yy
g o

BE1: CB[7]FIMV2I{E KL -4 7 5T () 4 2 A R R =

Repulsnon

P
7 \Ctu
CH3

cond

CHRIR): WAT7IR: WA EERALEE RIS

B Rk

[1] Barrow, S. J.; Kasera, S.; Rowland, M. J.; del Barrio, J.; Scherman, O. A. Chem. Rev. 2015,
115,12320.

[2] Kasera, S.; Biedermann, F.; Baumberg, J. J.; Scherman, O. A.; Mahajan, S. Nano. Lett. 2012,
12,5924,

210



P2-42 - momsnmsrzran mn 2010

F AN 2R R BT AER BT &I iEPaEH

%?H 1 EWEU@%U L, ${%_—E 1

'TWEETHRK AR 2 &R HIRG S P A MICEE R E skin=s, WEEEkN,
014010

*Email: ouyangshunli@imust.cn; Phone/fax: 13847267569

Tt B A R R 2L 70 ) BB AT — S8 A A o A A A TS 2R o 6 ol B30 11 ) 25 0
FErf, RS 7 RN . WIS, BRI A ae T R0 I i A
IOEERE, AR A A R SR P AT o AEAZ AL TR AL PE A 5 e A2 v 1 o
THHER T2 REE TIER AR KA M, RS RET LIRS R AEREA M2 IR,
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SEHR:
[1] Ouyang, S.; Zhang, Y.; Chen, Y.; et al. Scientific Reports 2019, 9, 1964.
[2] Colomban P.; Tournie A.; Bellot-Gurlet L.; J Raman Spectrosc. 2006, 37, 841-852.
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By — Rt LEARIAZ AR, O 0 T A% RE A R [ 95 28 Tl e, 9T RAE
AN 2 AAE T VR 2 DTk SR T AZ SRR AL RE b 7 A2 (R U Ve A IR R 45 N S Ry
KT TEE MBI, KRB T (U0 HYPREAS N 75K & P L S SR L, R
FORBL T ARy 2 R BTN RIH P ZOEHE (SERS) HAR AT HL731 ARS I R 1
JEERT R TR AL A (1], RO PR S Bl B R i R . 3B X SERSE R A Be it FAlT
TN T MBS 2R B 40 BE 7K B B I P BRI AT TR [2-4]. AT, SERSHRMI A, O=U=OMxt
FRAF i I 20 TR P58 A AN 2 S AL, A7 AR K JEE R IR Ui A2 (BRI IAE 170 cm ™). IX
P RAESERSH H 143/ W, RIS} B 9 SERSA 25 3 S LR AT Fe 42 4l 1 — MR AF 17
P 2 AR B S0, $ 1 SERSKNIE 2 th A7 72 45 BT AL BBE (U022 IEJA
NI EEE (UOL™) H AT AL M wim AL, of At AT 00 BB A M 2 R B 0oz U k4T 1
RN, ARGFROMRRE 1 SEI6 rh FTULSE 21 (1 2 EE 4L 2 I M s AR AL S LR

40000 718 750799 833 867

30000

)

~

20000+

y (a.u

100% 10s
10000

Intensit

o1
650 700 750 800 850 900 950 10001050
Raman Shift (cm™)

F1: HRS LR AR T 10° M UO2(NO;s) FJRaman)t i, 532 nm, [F— miE82REE.

SSHEIR): SERS: HlE: TR MG, RYKEE:
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[1] Jiang, J.; Zou, S.; Ma, L.; et al. ACS Appl. Mater. Interfaces. 2018,10, 9129.
[2] Jiang, J.; Ma, L.; Chen, J.; et al. Microchim. Acta 2017,184, 2775.

[3] Jiang, J.; Wang, S.; Deng, H.; et al. R. Soc. open sci., 2018, 5, 181099.

[4] Jiang, J.; Zhao, F.; Shi S.; et al. ACS Omega, 2019, Accept.
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*Email: z.c.wu@sdu.edu.cn ; Phone/fax : 18660782376

Raman (il 247 S R MY BRI A58 A /1 T H., &) DA . @ iE B 3R BU Wi X 23 1
PRENFILERIAE IS, B2 0T DIXHE HURSEA MU I T 750 20 ). Raman Ay HiAMT 2
R P51 54 a5 BRI AL ZHEORCRF . Hil, Raman)tifsiRaman S LIBS (HOG
BRI LO . BOOGEIH RS, BB X AT A HE BRI 5T AT 3R
FAER T — QIR 22 3721, 20204ENASA I Mars2020F1ES A ft Exo-Mars K 2 #RMAF:
25 HB 1 IS B Raman i faf 3E AT K R R TH AR .

AT R 2 E BRAF AR, R — Uk JE TR S N AT B AR 7EE BRAT B 4R
AR, RamanfE AW YA S 0 M. B EAGER T R 7 A 3R 2 A FifoE . (HE
PRH DGHI 9T AP A IR IE o SR, FRE BT R T 0 i — 5 & U5 F BRERIIAT 55 9K 12020
SRS UK R IRITE S . Raman)lG il B 12 75 r [ f /47 B2 PR I rb ok 4% 25 LA B,
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IR Raman)t % IRZ M o F1 BT, RDRIRE A0S 5 0 T-AR0RE b, R B RE il 115 5 2R T
IROFE S ARURTS, By R RE h E S U R R RS A AR 2038 3 30T Raman D)t 5 HY I 5
LRPRAR, VESRPERRAR, WERETEACN, Wi a TRERE, Bk R EuR N T I s IS B
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[1]Wang Alian, Haskin Larry A, et al. Development of the Mars microbeam Raman spectrometer
(MMRS)[J]. JGR. 2003, do0i:10.1029/2002JE001902

[2]Rull Fernando and Martinez-Frias Jesus. Raman spectroscopy goes to Mars[J]. Spectrosc.
Eur.,2006, 18(1): 18-21

BlasEm, KIL, bR, XS, Both 2 il ORI RN P R . i b 24k
2013, 19, 615-616.

[4]Zhongchen Wu*, Alian Wang, Zongcheng Ling.Spectroscopic Study of Perchlorates and Other
Oxygen Chlorides in a Martian Environmental Chamber.EPSL. 2016,452,123-132
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St BAKRL T B A S B HoeIE T, T WG S R A A Y E Y, Rt R T
g5 2 EUF (SERS) HISEJEA Rl . SERS DA R &y HERfME M 14 S bl vz -
B BAUKRL TR AR R, X BIRATHE &0k T (AuNPs) T TiO, (P25)
F, PIAKE =S (FeCly6H0) N, TER WO N =R ZH . RATK
MAEEA Au FHH TiOo I, [ RLf) 32 B W R R 8 BE ;4 DL Aw/TiO: 7R AR, 724
TR AR BT B = A R R AN R I ST L) S R o FH KR D SERS B JE R AS I
AL, RIVE A RAETEAE R, ME— =2 KR, RESYURR T REMN 5T 28
BRI . X AR FINLEE AT RESE T LA TR FE S g 3R, E AT G R B
NEUE C=C I E#E S MR, S =Pt . ARSI /2 8id SERS i 7t 5t 4 )8 44
KHLF AL 5B 428 1 — IR R

VIS

e
‘5}5&
’-‘i\.

@ C ® O ® O H
E1: AWTiO: ETT AN EHF TRA-EZRNEMRE

KR SRR T (AuNPs); R 86 (SERS); K ZMMIWE; R
(IS

SE 3k :

[1] Erandi Peiris; Sarina Sarina; Eric R. Waclawik; Godwin A. Ayoko; Han, P, F.; Jia, J, F.; Zhu, H,

Y.; Angew. Chem. Int. Ed. 2019, DOI: 10.1002/anie.201904452.
[2] Stephan Enthaler. ChemCatChem, 2011, 3, 1929.
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*Email:Li@xmu.edu.cn

A A AL B ARAE 737 7K1 b R A 77 25 K20 15 1 RE TR 1R 5 200 T A v A4 7
AHEIERTE L REGEA 261 (SERS) RAWENR I RBE, I35 i
G, AR BT AR TS, 2R, KR ER Y], SERSIXAEH T
Au. Ag. Cof/b¥ie bR (BUREPKE D, TXECLH T-Pt. Pd. RufefEALH
IR LT o R, SERSMH T SEPRHEALAIT T P Ts 482 — S B R Bkl o

ARG A BA TR A W A 58 b B 9N ARE 11 i s 2 't 1% (SHINERS)' 2, K Jig 7 — i A]
FIHL & 008 JE AL BT F AN R M AL S B R 5 AL HE AR B SR, ST 17 4% PP e P A P A 2K
REMIFTE . WELFR, 1R Au/SI02/40K ML 71)/78 Z R4 9K KL F (SHINs) %
JE&iH) (SHINERS-gap4itt)), HIHFe R MR AegKb 7-1E b @15 SIS, Bk
FEACTTIR TR B R 4 2455, AT SR s MO A (1 BRAE A 703 . fE bRt B, 3R
I Au@Pdi% 5¢ B AN KM AT 4 1 28 H I e 3k SR A S AR AR AR IEAT TR 7E o 3 I
ZURRW], ML T2EPd, Au@Pdi%5e B 40K ML A8 2 I3k 436 2 S S 2 R T L A 5
M, HILE RS PA5E 2 5 L A I S S 1 e Ja AR A U . 455 SR 7 SHINERS 5
XPSEFERALFAR, FATRIIXZ R N AuN LR PATEfZE RIRLAT N A/, et 1AL
FIR A ROE A . 1% 7T R BISHINERSHL 206 m] F T2 AR AL S LB 5 R 20O 2 1
JEALWTTL, A M SR O 1 — Rl (¥ R i 5 s

nanocatalysts

Si0, shell

B 1. F TR SRR 72 1K) SHINERS-gap 45 #4078 = E

S M

[1] Li, J. F.; Huang, Y. F.,; Ding, Y.; Yang, Z. L.; Li, S. B.; Zhou, X. S.; Fan, F. R.; Zhang, W.; Zhou,
Z.Y.; Wu, D.Y.; Ren, B.; Wang, Z. L.; Tian, Z. Q. Nature 2010, 464, 392-395.

[2] Zhang, H.; Wang, C.; Sun, H. L.; Fu, G.; Chen, S.; Zhang, Y. J.; Chen, B. H.; Anema, J. R.;
Yang, Z. L.; Li, J. F.; Tian, Z. Q., Nat. Commun. 2017, 8, 15447-15455.

[3]Wei, J.; Zhang, Y. J.; Qin, S. N.; Yang, W.; Zhang, H.; Yang, Z.; Tian, Z. Q.; Li, J. F., Chem.
Commun. 2019, DOI: 10.1039/C9CC02639H.
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[1] Naguib, M., Kurtoglu, M., Presser, V., Lu, J.et al. Advanced Materials. 2011, 23, 37, 4248.

[2] Satheeshkumar, E.; Makaryan, T.; Melikyan, A.; Minassian, H.et al. Scientific reports. 2016, 6,
32049.
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[1] Li, J. F.; Huang, Y. F,; Ding, Y.; Yang, Z. L.; Li, S. B.; Zhou, X. S.; Fan, F. R.; Zhang, W.; Zhou,
Z.Y.; Wu, D. Y,; Ren, B.; Wang, Z. L.; Tian, Z. Q. Nature 2010, 464, 392.
[2] Fu, Y. X. Dlott, D. D. J. Phys. Chem. C 2015, 119, 6373.
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HU 2, MTTHEE— P42 w5 SERS i1k SR PI AL AR SCIBe i AN s A8, PRI BRAT I T B
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SE 3k :
[1] Cong, S.; Yuan, Y.; Chen, Z.; Hou, J. Nat. Commun. 2015, 6, 7800.
[2] Balitskii, O.; Moszynski, D.; Abbas, Z. RSC Adv. 2016, 6, 59050-59054.
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[1] Wang, Z.; Feng, Z.; Lin, L. Appl. Surf. Sci., 2015, 356: 1314-1319.
[2] Huang, P.; Wang, Z.; Lin, L. Appl. Surf. Sci., 2016, 386: 345-351.
[3] Wang, Z.; Wen, X.; Feng, Z. Chem. Eng. J., 2018, 345: 389-394.
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fiilh o

1460 1480 1500 15 1590 1560 1580 1800 1620 1640
Raman shiftiem”

E1: 1E/KIBB. TrisSEMEHR TEBER A (DNA) 58 & (GTX1/4) 1ERRT/E KISERS B & Rk
&

XH817): SERS; BVAMEHE, MEmA

S R -
[1] Li Y; Han X; Zhao B; Guo X. The Journal of Physical Chemistry Letters, 2018,3245.
[2] Gao S; Hu B; Zheng X; Jiao B; Wang L. Biosens Bioelectron. 2016,79,938.
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Ag-Au alloy nanoparticles: synthesis and in situ monitoring
SERS of plasmonic catalysis

Qingyan Han'"*, Zhu Lu, Wei Gao, Jun Dong, Hairong Zheng*"

!'School of Electronic Engineering, Xi'an University of Posts and Telecommunications, Xi’an,
710121
2School of Physics and Information Technology, Shaanxi Normal University, 710119, Xi’an
E-mail: ! qyhan@xupt.edu.cn, Phone:18729317656; 2 hrzheng@snnu.edu.cn.

Noble metal nanostructures are currently of great interest for their unique plasmonic property
and potential applications in catalysis and surface-enhanced spectroscopy. However, the
application of plasmonic nanostructures for quantitatively in situ SERS monitoring of the catalytic
reaction has been a great challenge for investigators because combining plasmonics with catalysis
requires the same kind of noble metal nanoparticles (NPs) in two very different size regimes.
Herein, We have demonstrated a facile wet chemical method to synthesize Au-Ag alloy plasmonic
NPs that could combine the desired plasmonic and catalytic properties with same NPs. The
catalytic activity of Au-Ag alloy NPs using reduction of 4-nitrothiophenol (4-NTP) by sodium
borohydride (NaBH4) is chosen as a model reaction. The signals of the reaction processes are
detected and identified through in situ SERS spectroscopy with high sensitivity. The insights
gained by current study may serve as a promising and powerful technique for better investigation
in the heterogeneous catalysis. Moreover, the reduction of aromatic nitro compounds with the
prepared Au-Ag alloy NPs also provides potential application in sewage treatment.

N()z‘ N> N]Iz N,

¢le - &
S S Au-Ag alloy NPs+NaB ’
> l“.A \;. I3 % u g y \S_\'W—_;:ﬁl;}»\’_‘ﬂ;{\_\\

Fig. 1. A tentative mechanism of the chemical reduction of surface-adsorbed 4-NTP by NaBH4 to DMAB and
finally to 4- ATP catalyzed by Au-Ag alloy NPs.

Keywords: Au-Ag alloy nanoparticles, surface plasmon resonance, surface-enhanced Raman
scattering, plasmonic catalysis
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B. W.; Yang, Z. L.;* Tian, Z. Q. Nano Lett. 2018, 18, 2209.
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[3] Guler, U.; Shalaev,V.; Boltasseva, A. Mater. Today, 2015, 18, 227-237.
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The surface rust of Xixia copper bell in Ningxia Museum was analyzed by X-ray fluorescence
spectroscopy and laser Raman spectroscopy. The surface rust of Xixia copper Bell was detected
and analyzed by X-ray fluorescence spectrometry, and it was found that the surface rust contained
chlorine, indicating that the rust might be harmful to rust. The surface rust of Xixia copper Bell
was analyzed by laser Raman spectroscopy, and it was found that the surface rust was mainly
basic copper chloride. Using two different methods of scientific and technological testing and
analysis, it is concluded that the composition of the surface rust of Xixia copper bell in Ningxia
Museum is basic copper chloride. The conclusion is that basic copper chloride is one of the main
components of "bronze disease" caused by bronze Ware. In order to avoid the further corrosion of
Xixia copper bell in Ningxia Museum collection, it is necessary to remove its surface rust in time
so that it can be effectively protected.

;%ﬁlﬂ TR, XBHELDEeiE, higeit, A%, T80

B pEEAR R
SE TR :
[1JLUO Wu gan, QIN Ying, HUANG Feng chun, HU ya li, WANG Chang sui.Study on corrosion
products of some amcient bronzes excavated from hubei province[J], Corrosdn Science and
Protectdn Technology, 2007, 19 (3) : 159-160.
TR, BB, WRE, W, £ERLMILE HLRE TR ESS R, R R SR ECR, 2007, 19
(3) : 159-160.
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Defect-induced Raman phonons in the van der Waals bonded

ferromagnet Fe;GeTe;
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ABSTRACT

Based on First-principles calculations and Raman Scattering studies, we report the assigned
Raman modes in Fe-deficient van der Waals bonded ferromagnet Fe, 3GeTe,. Results show that Fe
vacancies in Fes3GeTe; may induce some vibrational modes, which merge together as a broad
Raman peak at 155 cm’!. Seven Raman-active modes assigned as E», and A, are predicted, and
observed individually. In addition, the temperature dependence of Raman frequencies tells the
magnetic-order-induced phonon behaviors by strong spin-lattice coupling, which indicates the
impact of Fe-deficiency on the magnetic transition. The Raman phonons we present are predicted
to detect the Fe-deficiency, especially in FesGeTez nanoscale devices.

X ## 18] : Raman phonons; First principle calculation; Fe,sGeTes; Magnetic transition;
Fe-deficiency
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Au Nanospheres@Ag Nanorods for Wide Linear Range
Colorimetric Determination of Hypochlorite

Xinxin Li'?, Xiang Lin?>*, Shulin Cong!, and Li Wang?"

'School of Physics, Dalian University of Technology, Dalian 116024
2 School of Physics and Materials Engineering, Dalian Minzu University, Dalian 116600

*Email: Ixiang@dlnu.edu.cn; liwangye@dInu.edu.cn

Abstract: In this study, we prepared the Au nanospheres (NSs)@Ag nanorods (NRs) for
colorimetric monitoring of hypochlorite (CIO"). The sensing strategy is based on the redox
reaction between Ag and ClO-, which give rise to the decrease in aspect ratio and a more than 180
nm blue-shift of the longitudinal localized surface plasmon resonance (LSPR) peak of Au
NSs@Ag NRs. Meanwhile, a visible color change from yellow to green, blue, purple and red was
observed, which could be utilized for the qualitative determination of ClO™ by the naked eyes.
Moreover, the longitudinal LSPR peak showed a linear correlation with the length of Au NSs@Ag
NRs, which agreed with the simulation results conducted by the FDTD method. Additionally, a
good linear relationship between the blue-shift of the longitudinal LSPR peak and the
concentration of ClO™ over the range of 0.5-30 uM indicated that the Au NSs@Ag NRs could be
used for quantitative detection of ClO". And the limit of detection was calculated to be 0.24 uM.
Most notably, this ClO- sensor exhibited good selectivity and excellent sensitivity. Finally, the
proposed method was employed to detect ClO™ in tap water and obtained satisfying results.
Therefore, the proposed colorimetric assay provided a promising platform for determination of

CIO in real water samples.

. Sefectwe Etchmg . jA)

NaClO + 2Ag® + 2CI + 2H*—> 2AgCl}+ NaCl + H,0

Figure 1: Wide linear range colorimetric detection of hypochlorite based on the etching Au NSs@Ag NRs.

Keywords: Colorimetric sensing, Au NSs@Ag NRs, Hypochlorite, Etching, LSPR
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[1] Lim D K, Jeon K S, Hwang J H, et al. Highly uniform and reproducible surface-enhanced
Raman scattering form DNA-tailorable nanoparticles with 1-nm interior gap [J]. Nature
Nanotechnology,2011,6(7):452-460.

[2] Wang Y, Yan B, Chen L. SERS tags: novel optical nanoprobes for bioanalysis [J]. Chemical
Reviews, 2013, 113(3): 1391-1428.
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[1] Zuo, Y.; Zhang, Y.; Dong, B.; Gou, Z.; Yang, T.; Lin, W. Anal. chem. 2019,91, 1719-23.

[2] Xiong, K.; Huo, F.; Chao, J.; Zhang, Y.; Yin, C. Anal. chem. 2018, 91, 1472-8.

[3] Fan, D.; Shang, C.; Gu, W.; Wang, E.; Dong, S. ACS Appl. Mater. Interfaces. 2017, 9, 25870.
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Fig 1: (a) A pH calibration curve constructed by fitting the variation of Raman intensity ratios as a function of pH,
and then fit using the Boltzmann equation. (b) The pH values of MA droplet as a function of RH (black dots).
Estimated pH values considering activity coefficients (red dots) calculated by the E-AIM model under different
RH.
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Figure 1. The FTIR spectra of sodium tartrate/ammonium sulfate/glucose mixed aerosols over time at 70% RH (a)
sodium tartrate: ammonium sulfate: glucose = 1:1: 0 (b) sodium tartrate: ammonium sulfate: glucose =1:1:4 (c) the

depletion of NH4" with the glucose increase at 70% RH
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Fig.1 (a) Schematic diagram of the in plane/out-of-plane polarization configurations. (b-¢) Angular dependence of
the Raman intensities measured using the 532 nm laser line. The normalized 1(Ag) with in-plane (b, c¢) and

out-of-plane (d, ¢) configurations is plotted against 0 (red open circle). Black solid line is the calculation result.
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11003-11008.

[4] Scot T. Martin. Chem. Rev. 2000,100, 3403-3453

254



P3-23 s tmamemm ke s 2010
h SRR CAEEE BNVBETS

ZERAR Y, REM

(L SRR B TR I G, AR, 510640)
E-mail: liangqy@scut.edu.cn; Phone: 020-22236642

THE., RAFEIEERIL T BCHER (PCL) 45 FWIIATIA .. AR N # 5 A s
ghim, RIGAE LS B IRE L, SRR 2ok, IRIFUETIARF LS 2 M IR R . KRS
PR ) DU SRR VA, WS 013 /L, T3S b, R AR T 450, MRS ey
Ko B AT A 2SR 532 nm 30628 o B DSC 3 5 70 0 KOBE S R DK K 8 KRR Sl R VA R
THE S5y 70 il 42.60% 1 52.75%; % BE4r 7R 1.151 g/em’ F1 1,164 g/em?, 1A T DSC
iR X 1727 em Ak C=0 B GRIRBN Mo WAL, 1727 em™! F1 1736 cm™ 43 0 B 4 X (1)
DTHRANEE i DX DTk, P I T AR b SO R, U NEE S 1 R 43 M 5.1240 1 5.2336.
GNTNE R A RE, A5 %y=1/ (28.0996-5.0118*R), [0]J4 %% 1>=0.9811. PCL HI#HiA
W4, YIRS NEREER, EAREEES mAf. Hisuilas RE, WA
IREATRE, 13 TR 20.46% . X FKE] PCL £ 45 b 4] 1 45 i 22 LU 285 o 50 R A1
152, XECIRIE — 3. B BB WS R IR I R4k, RIZLM B RE T
HBI /N R 2 A, 3% TR AR SRS B S RS, WITSGHIE T R 2 4518 . Fi 2 ik
fAIfE . #ERG. oI, TTH T PCL 45 Wil FE R AE

Original Curve
— Crystalline Band
—— Amorphous Band

Initial Pattern

=

Original Curve
— Crystalline Band
— Amorphous Band

Intensity

LN2 Quenching

1710 1720 1730 1740 1750
Raman shift/ cm'1

K1 PCL 4@ WIS AR AR K G MHL 868 () 5 PCL &5 Mplia S s B s i/ D

Kegin: ROWE &8 VGRS etk MtEMet

225 3R
[1] Yang Y.H.; Chen M.; Li. H.B.; et al. Eur Polym J, 2018, 107: 303-307.
[2] Strobl G.; Cho T. Y. Eur Phys J E, 2007, 23(1): 55-65.
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Scheme. Schematic illustration of the SERS Mapping Method for Evaluation of Removal Effectiveness of

Pesticide Residues on and in leaves with Commercial and Homemade Washing Agents.
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Detection of Methanol in Oil by Surface-enhanced Raman
Spectroscopy

LI Guang-mao!, QIAO Sheng-ya', ZHU Chen!, DENG Jian-ping' CAI

Han-xian'
(1 Guangzhou Power Supply Bureau Co., Ltd., Guangdong 510600, China)
Abstract: In this work, the methanol molecule spectrum and the methanol-Agl surface-enhanced
Raman spectrum were simulated. And a SERS substrate of silver NPs on copper surface was
prepared by substitution reaction to detect the concentration of methanol dissolved in transformer
oil. Based on this SERS substrate, we effectively detected the Raman signal of methanol in 1
mL/L methanol-oil solution, and the wavenumber of this Raman signal is at 1032 cm'. Our study
provides reference for further study on in situ detection and quantitative analysis of methanol in

transformer oil.

Keywords: density functional theory; surface-enhanced Raman; methanol; transformer aging

Detection of Methanol in Oil by Surface-enhanced Raman Spectroscopy

259



P3-28 s tmamems ke s 2010

BT UL FARESHAFARNE 2SR SERS 4 PIfE K5
FAF miRNA #5MEF5E
RFEL, B L, ARER, AR

VRYTIMYE2Re, BEERTRT R X R KIE, 408100
*Email: wyan2018@]163.com ; Phone/fax : +86-023-72792170
y

MicroRNA (miRNA) £ 2 Fi b e BB ETTER, Sl —REAEH T 5
IR IZW I AEIbR S . AR T — M TG R RS 5 R H AR (CHA) (1 H 26 7Y
SERSAWME B4 H T-miRNA ) & R . S B R It 78 . DRI BURAZ MR
(AgNPs@Si)fE ASERSILJE, VAA-Z LRI AN 2, it Ag-SIH & T-SERSIEJE . 4 H
FFPmiRNA-21/A7E T, H—Imbric R6GH 815 5 77 T WK RIRETHIATIF, JERH1-mRNA-21
dlE iR, T AR E N, k5 R RIREH2HE— B OB, fF H ARmiRNA-2 VR 4k 52 5
T —5CHATEI . [EIN, HI-H2XUHE S5 44 7 DL [ € T SERS I SKDNA L2, {H15R6G
SEITSERSHEKKM, ROGHISERSE SR, M4-ATPHINUAREFA X AL . X HELS A
EE R I SERS TR I FICHA J7 AR AR AR A, SmiRNA-21 AR 243.5 t™M, ZePEVu R h10
fM~100 nM.

NH,
'__;'hl'—>4' Ry — > § b » i
4-ATP — capture DNA | R Halh
SERS substrate ApNPs@Si chip SERS probe é é *
B0 W Lo Internal Standard (1S)
E B v+
b e

r ety l
| e

AW w—
L - 800 1000 1200 1400 1600 1800
SERS hioscnsor Raman Shift (cmul)

B1: 5T CHASIAR M L A SERS AW % B % AT T miRN AR AT 7 1) J 2L P
KHRIA: A RAURAE SIOCHAR,: SERSAEMILEKES; microRNA

— Signal-on

microRNA

Intensity (a.u.)

— Signal-off

SE 3k :
[1] Shi, Y.; Chen, N.; Su, Y.; Wang, H.; He, Y. Nanoscale 2018, 10, 4010.

[2] Jiang, Y.; Li, B.; Milligan, J.N.; Bhadra, S.; Ellington, A.D. J. Am. Chem. Soc. 2013, 135,
7430.

260



P3-29 st mamems ke s 2010

P B AE T S ISR N B FF A AN AR 45
REgE I, FAM, TSR

VENIREAE SR 5 TR%RE, =0, 730000
2 MRS B e, =21, 730000
*Email: liyuee@lzu.edu.cn ; Phone/fax : 13321219449

TE: MRS EME G ENEE IR SR KSR, TR S (5 2 %,
NE SRR R BT . R, BRATTE I e R A 2 R 52 A5 I A RO
HLHEATRE I, i8IS A3 B IS AT R 2 AR, I BN T REBSIT — P B0 R hr 8 A I 1 R
BATRHAH ER 08 (PCA) FIEE Gt Tk, 4 RE BB . fERRRE X ik
b, FRATE SR — AN BRI X3, BT R 2 S, R RAR LS R, PR A Y X S
ITHERAE, UIRIESRG R E. Eh 2 g g, ATEE 748 cm” (DNAD [1],
1585 ecm CREAFD [2], 1657 e (IEWAER) [31iX =/MSAEWE NbriE, TS 2X =F4
JRAERT B HR WA o @RS R AT, RATHEER]: AT IEH B ARHE, R
TG ENEH L DNA, BEER, IS0 00 (0 U (o7 5 52 B S ARG, T g Jss U 6 1) ek 3¢ A
BFE; ERFEAL T, SIEFESRAM, PEcRRENIEASMARE R C %
w7 PR i PR T S R AT, ARG M, B DR A 1 VB B R AR v, IX SR CAAEAE T AL IS .
e, BATE PCA WARLF I X 40t S2 364 56 R IIREAS, 20 4005 B 24 45 31 (1 25 SR A1 A0
BAEI R 2 BRI R A

;EESE=E§EEE

o 05 1 15 2 25
PC1 wt

B1: AJYFHZARI7E2920 e FORL 2 BRI, MO BB T IAHRIE; BARHLRR TR oK, H
RO A, .

KW b, wmhEE U BT

SE R :
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[1] X Liang, G Wang, P Yin, et al. Nanoscale, 2017, 9(25), 8879-8888.
[2] X Liang, P Yin, L Guo, et al. Nanoscale, 2015, 7(47), 20188-20196.
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SE R :

[1] Zhi-Qiang, X. U. , et al. "Study on Furfural Concentration to Judge Transformer Solid
Insulation Deterioration Degree." Electric Power Construction (2010).

[2] R. M. Morais, W. A. Mannheimer, M. Carballeira, J. C. Noualhaguet, "Furfural Analysis for
Assessing Degradation of Thermally Upgraded Papers in Transformer Insulation", IEEE Trans.
Dielectr. Electr. Insul., vol. 6, pp. 159-163, 1999.

[3] W. Chen, Z. Gu, J. Zou, F. Wan and Y. Xiang, "Analysis of furfural dissolved in transformer
oil based on confocal laser Raman spectroscopy," in IEEE Transactions on Dielectrics and
Electrical Insulation, vol. 23, no. 2, pp. 915-921, April 2016.

[4] Ruijin, Liao , et al. "Effects and Correction of Temperature, Moisture and Aging on Furfural
Content in Insulating Oil and Aging Assessment of Insulation Paper." Proceedings of the CSEE
(2017).

[5] Ruijin, Liao , et al. "Effects and Correction of Temperature,Moisture and Aging on Furfural
Content in Insulating Oil and Aging Assessment of Insulation Paper." Proceedings of the CSEE
(2017).

[6] T. Somekawa, M. Fujita, Y. Izawa, M. Kasaoka and Y. Nagano, "Furfural analysis in
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[7] B, WREEAR, ARZR3E,55. AT I as il b i md B e O 2O s A )],
THARZEH, 2016, 31(20):219-227.

[8] 1RE5R, XUBH, BT, &5, W oPoR eI R A i AR T A% [ AR 48 2 SRR FE AT 7S [D]. R
J13E#E, 2010, 31(3).

[91 A4 35 5, X1 PH X B80T 45 ol v R g Ak 52 1 7 2 s 8 ] A 48 2% 5 AU AR B RO BIE A 0], A 2
1, 2010, 31(2): 36-38.

[10] #FFdd, REABE. B2 0uilrg i 5 R M. Abat: ER5 Tl H i, 2008.

[11] AT, A2 s 2%t ohoB e P P A A U [ D] AR 1 3 TR ,2013.

265



P3-34 5 mamnmarshai 5 2019
HEIFR MR KEF SERS RS - HIK e R
4 &E
RS, BME Y, B4R 1T

Vb E R B A IR R T b, SRR R, 230031
2 EBFEREAR RS, ZRE R, 230031

*Email: hwzhang@jissp.ac.cn; Phone/fax : (0551)65591985

*Email: wpcai@issp.ac.cn; Phone/fax : (0551)65591985

BT R E T ARG D FIRSVRE, JoikSE I T 3R 5 L2 WU MO I BRI . H
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SECRK:

[1] Qian Zhao; Hongwen Zhang; Weiping Cai Anal. Chem., 2019, in Press.
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AR o BE— R R T HEAH G T 00 RS — R ARG BEAT b, R FUERGK = AR
FEXEIK S OPD IR &R &R b B SRS A AN SRR MEAL LI . ] 1 RRGK = Mt i i
NS 5 1 OPD AL i FR B TR] 0 I D6 i, 35 1% h 420nm ARV OGIE % ik
5 OPD HURFENE. K2 ZEET I 1 RIDGHE R —4EARDOGE R, AR E ()i £ EJ7a]
PAFS B — HAH K UE~420nm F1~700nm, 5 B IX 2 AH S U AE — & I (R RN R R AE V) Bas &
A B ()« WTIsEIE BT DA 1 ~420nm S 55 T ~700nm SR AE G . DR RS RAAS A1
A S S IR = AR T S A T, BRI R = AR KR T, B =
FAR A AR T RGBT 982> OPD AL FAL R it . BFFEENT, I IR) 23 P44t
Jeil 5 TG A S, KA KR T R AU L A I R o B — 5 R T
KRR MR GOKEE; 4EANSCE
25 3R
[1]Cui, Q.;Xia,B.;Mitzscherling,S.;et al.Preparation of gold nanostars and their study in selective
catalytic reactions[J]. Colloids and Surfaces A:Physicochemical and Engineering
Aspects,2015,465:20-25.
[2]Jin,R.;Ca0,Y.;Hao,E.;Metraux,G.S.;Schatz,G.C.;Mirkin,C.A.Controlling anisotropic
nanoparticle growth through plasmon exicitation. Nature 2003,425,487-490.
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SR 5K SO TR (2018YFC1603400) % B R AR 48 AR 72 il AR 5 40 U 36 1k S B B AR
RANHHIN (2019KI145) HI7EH.

S M
[1] Zhai C, Peng Y , Li Y. Journal of Raman Spectroscopy, 2017, 48, 494.
[2] Mao M , Zhou B, Tang X. Chemistry - A European Journal, 2018, 24, 4094.
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TR A R B R R OPIR FEE A Z R HAR IR R (AChE) &M, @it 5 AChEMEL 2B
ALY (ATCh) 2= A AR IEAR. (TCh) 0k s,  BA LA AL B S T 1
y-MnOOHYKEL 5 T 43 il R TCRUIMn2 B 1, AT 51 R LAUBEE PR ) o 12k . (AT, A
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X Ff AChE- 44 K iy ¢ K e B AE AR B 455 a0 e R R 47, S AIK AT A% 0.1 mU/mL )
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FHAEPEIREER] T P A8, MR s S 75
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[1] Wu et al, Chem. Soc. Rev., 2019, 48, 1004.

[2] Huang et al, Chem. Eng. J., 2019, 330, 746.

[3] Huang et al. Sens. Actuators B: Chem., 2019, 269, 79.
RSHERESMALIRITIE (2018YFC1603400) FJ™HRE R~ RIREEVIR M LR AR
ZBIFEIBA (2019KJ145) HIEREA.
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[1]Y. Lee et al., "Simultaneous determination of sodium saccharin, aspartame, acesulfame-K and
sucralose in food consumed in Korea using high-performance liquid chromatography and
evaporative light-scattering detection," Food Addit Contam A 34(5), 666-677 (2017).

[2] S. Uusitalo et al., "Stability optimization of microbial surface-enhanced Raman spectroscopy
detection with immunomagnetic separation beads," Optical Engineering 56(3), 037102 (2017).
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HBRY 1.0 X108 mol/L. R Z 7 VERT SEBRAE it @47 Dbs Wi S5, 25 R4 Nl .

BRI BB T, Fedt EHEM R, JLIREGAIEU

222 CHik -
[17 FK T8, XIER A e S84 . 2 #154,2013,34,293.

[2] A BRI AN 4R, X k. /4 1.7 F#,2018,22,54.
[3] M. Ganiga; J. Cyriac; Sens. Sensors and Actuators B: Chemical. 2016, 225, 522.

271



P3-40 55 amemmz ke 5 2000

ET Au@Ag-ATP 9oK0 F B B #2187 SERS {5 B4 75 5%
HOREE, F[HRAS, RS, UL

R TR MRS TR, | &R M, 510000

*Email: feweiqingyi@scut.edu.cn ; Phone/fax : 020-39381191

BRI, FREAZEARIN % EA R A AL R S s 7k,
XEETTVEFEI A BLFE S AL P R B . SR b 2 OIS HOR  (Surface enhanced Raman
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Technical Innovation Team of Guangdong Province on Preservation and Logistics of Agricultural Products,
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SE R :

[1] Patel, G. M.; Rohit, J. V.; Singhal, R. K.; Kailasa, S. K. Sensors and Actuators B: Chemical
2015, 206, 684.

[2] C. De Bleye,E. Analytica Chimica Acta,2015,888,118.
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B, AT, ARV, B PGEETR EREA R AR AR A, B2 R T 28
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BA BRI AR R oL a4t . i T 50 5 0 51 IR R BSRAM BAEH, %6
YR BHEAR SR, (RFE—EE R SR LT e VE N E DAL B B, T3
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SRR LW b, AR A Db ic IR B . 20 KRR AR T ARE 4 T 4-MPY RIS
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—
UV light

In the /
presence of

Cu*"ions

A

Bl AOGA 4R IR LTI A, B: SERSE4E 1 pHAR N H
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S35 3k -
[1] Bhattarai, N.; Li, Z.; Edmondson, D.; Zhang, M. Advanced Materials 2006, 18, 1463-1467.

[2] Dumont, M.; Villet, R.; Guirand, M.; Montembault, A.; Delair, T.; Lack, S.; Barikosky, M.;
Crepet, A.; Alcouffe, P.; Laurent, F.; David, L. Carbohydrate polymers 2018, 190, 31-42.
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3 F LA AR RE R R B o BRETVE N 2R AL 6, TN KIS IR B IR A B Y
WERET 5 SN IR & H N A KT, Bl A IAA IR BE RS0, VM R R 41 687 55 T 2
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AR R AEAAS I SN A SR BB s (C) 5 BEAS I LK KT EEAS [R) 240 SR A/ A A ) 7 7 1

KA AMBR, GeKEPik Bk WURER: o FE Bl (wash-free)
S35 3Lk -

[1] Tkach, M; Thery, C. Cell. 2016, 164, 1226.

[2] Jalalian, SH; Ramezani, M; Jalalian, SA; Abnous, K; Taghdisi, SM. Anal Biochem. 2019, 571,
1.

[3]Soh, J. H.; Lin, Y.; Rana, S.; Ying, J. Y.; Stevens, M. M. Anal. Chem. 2015, 87, 7644.

[4] Liu, H.; Rong, P.; Jia, H.; Yang, J.; Dong, B.; Dong, Q.; Yang, C.; Hu, P.; Wang, W.; Liu, H.;
Liu, D. Theranostics. 2016,6(1),54.
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D-SERSHIAR, FCINEI H 2./ NG & T FRINSERSTE 5, FHB AT IR FE 2 1mM LR . AR
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IR K T BRI BE o fERLIEAT b, AR FOEFE R 7 2 Mg &, R ghIE I nT DL I8
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Aswathy, B., Sony, G., & Gopchandran, K. G. (2014). Shell thickness-dependent plasmon
coupling and creation of SERS hot spots in Au@Ag core-shell nanostructures. Plasmonics, 9(6),
1323-1331.

Burns, J. A., Butler, J. C., Moran, J., & Whitesides, G. M. (1991). Selective reduction of disulfides
by tris (2-carboxyethyl) phosphine Journal of Organic Chemistry, 56(8), 2648-2650.

Chen, Q. S., Yang, M. X, Yang, X. J., Li, H. H., Guo, Z. M., & Rahma, M. H. (2018). A large
Raman scattering cross-section molecular embedded SERS aptasensor for ultrasensitive
aflatoxin B1 detection using CS-Fe304 for signal enrichment. Spectrochimica Acta Part

a-Molecular and Biomolecular Spectroscopy, 189, 147-153.
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[1] Brett, J.; Koehler, K.; Bischak, M.; Famiano, M. Nuclear Inst. and Methods in Physics
Research, A. 2017, 874, 88.

[2] Baschenko, S. J. Radiol. Prot. 2004, 24, 75.

[3] Sand, J.; Ihantola, S.; Toivonen, H. New J. Phys. 2014, 16, 053022.
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[1] Ghosh S, Yadav VK, Mukherjee V. Renewable Energy Focus. 2019, 28, 153-72

[2] Du H., Applied Optics. 2004, 43, 1951-1956

[3] Bohren CF, Huffman DR. John Wiley & Sons, Inc; 1983

[4] Burrows K, Fthenakis V. Solar Energy Materials and Solar Cells. 2015, 132, 455-459
[5] Li XC, Niu K. Renewable Energy. 2018, 123, 634-638
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NI AL GIRAE A — P B B GRS TR, EVIRAE AR L SRR R R RS T T R A
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Wavelength/nm

B 1 PBS ¥ 293T 21 Bk 1488 gLt
TR NERYHME, @Bikst, e AR: 293T4M (T 5 R4k, Jehia MR s

SE R :

[1] LiuH, Ye Z, Wang X, et al. The Analyst (Royal Society of Chemistry), 2019.
[2] Spadinger I, Poon S S S, Palcic B. . Cytometry, 2010, 11(4):460-467.

[3] BRKE. AR IRBI BRI FE[D]. KEF TR, 2007.
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Study on Quantitative Analysis Method of Methanol Raman
Spectra in Qil By Extraction Technology

WANG Cong', ZHANG lJiayi?, SONG Shijie!, GAO Junying', SU Bing'

1 State Grid Shandong Electric Power Company Dezhou Power Supply Company, Shandong,
253074, China
2 State Key Laboratory of Power Transmission Equipment & System Security and New
Technology
Chongqing University, Chongqing, China

Abstract—Accurately detecting the concentration of methanol dissolved in transformer oil is of
great importance for diagnosing the aging degradation of insulating paper. In this paper,
acetonitrile were selected as extractants, and mixed with transformer oil samples containing
different concentrations of methanol to complete the sample pretreatment work. The concentration
of methanol in transformer oil samples was determined by Raman spectroscopy. The quantitative
analysis method based on the principal component analysis of peak intensity of Raman spectra and
the quantitative analysis method based on principal component analysis of peak area of Raman
spectra were compared. The results show that the accuracy of fitting and error calculation using
Raman spectral peak area as quantitative analysis parameter is higher, especially in the low
concentration case concerned, it is helpful for us to detect trace methanol dissolved in transformer
oil.

Keywords—State monitoring, Methanol, quantitative analysis, Extraction, Raman spectroscopy
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2] XNERE. FEHZ5)0, 2015, 18(7),1116.

31 X, JEEL. L2542, 2014, 1, 18-22.
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S CHR -
[1] Meng W, Xia Y, Song F, Pu X. Optics express, 2017, 25(5): 5626-5640.
[2] Sun L, Du C, Pu X. 4Applied optics, 2016, 55(8): 2011-2017.
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[4] HAO, Q.; et al., Adv. Mater. 2018, 30, 1705421.
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[1] Zhao J, Lin J, Wei H, et al. Optical Materials. 2015, 47:219-224.

2] MR, #RPEE, B 55w, . EEHTFL. 2016, 47(2):2197-2200.

3] Wei H, Wu M, Dong Z, et al. Journal of Raman spectroscopy. 2016, 48:578-585.
4] Wu M, Wei H, Wei Y, et al. Vibrational Spectroscopy. 2018, 95: 32-37.
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Single molecule analysis based on the nanopore technique holds a great potential for
detecting single biomolecules, tracking dynamic pathways of single molecules, and monitoring
single molecule interactions. Conventional nanopore technique mainly bases on continuous
modulations in the ionic current. In this project, we are aiming to couple ionic current detection
with nano-optical signal to build nano-scale plasmonic scattering nanopore and single
fluorescence nanopore. Such a strategy enables single molecule electro-optical binding analysis in
a label-free manner that addresses the limitations of conventional nanopore. As a result, we
fabricated Au-coated solid state nanopore to achieve single nano-entity sensing by detecting
scattering light through a single sub-wavelength aperture on Au film. We also developed
electro-optical platform based on the confined glass nanopore to successfully manipulate and

visualize the aggregation-induced emission (AIE) process.
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Figure 1: Elecrtro-optical binding Analysis Based on the Confined Nanopore Platform

Key Words: Confined Nanopore, Single molecule sensing, Nano-optical signal, Electro-optical
platform, Scattering nanopore
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