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In the quantum picture of the Raman scattering process, incident photons (energy Er) induce
electronic excitations, which then generate phonons, followed by the radiation of scattered
photons. [1] The intermediate electronic excitations act as quantum pathways; thus, they can
interfere with each other. As Ey is tuned to approach the electronic transition of interest, resonant
Raman scattering (RRS) occurs, greatly enhancing some quantum pathways, therefore the Raman
intensity. The ability to control quantum pathways could be used to detect, understand, and exploit
inelastic light scattering, and to design quantum interference-based devices. The linear band
structure of single layer graphene (SLG) makes it ideal to study quantum interference, as it
enables continuous control of the Raman scattering pathways (RSPs), by tuning the electrostatic
doping, EF, relative to a fixed Ep, [2] or, conversely, tuning E;, under a fixed Er.

Here, we control quantum interference of RSPs in SLG by tuning Er in hole-doped SLG
produced by intercalating FeCls into graphite. The G peak REP features a single resonant peak,
whose position depends linearly on Er.[3] The full width at half-maximum of the G peak REP also
depends linearly on Er. We show that such doping-induced REP broadening is determined by the
RSPs lifetime and is dominated by e—e interactions, enhanced by carrier concentration. This shows
that Er, can be used to control the allowed RSPs in SLG. Quantum interference is always present
in Raman scattering from any materials. Thus, besides SLG and topological insulators with
Dirac-like band structure, one can expect to control RSPs in intercalated or substitution-doped
few-layer graphene, metallic nanotubes, and anisotropic layered materials.

B 1: Schematic illustration of intercalation process and Raman excitation profiles of graphene G
mode at two doping levels, where doping-dependent resonant peak and width are observed.
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Abstract:

This talk initially discusses the issue of fluorescence interference when collecting Raman
spectra from samples with spontaneous fluorescence. It outlines the significance and necessity of
resolving this problem and summarizes various traditional solutions. Subsequently, the authors
elaborate on the operational principles and technological advantages of time-gated Raman
spectroscopy. Based on this, the paper reviews the evolution of time-gated Raman spectroscopy
over the past several decades from a technological implementation perspective, particularly
focusing on the role that technological breakthroughs in core components such as pulsed lasers
and high-speed photodetectors have played in advancing this technology. Finally, the authors
summarize the progress of commercial time-gated Raman spectrometers in the past decade, as
well as the contributions made by the GBA Branch of Aerospace Information Research Institute,

Chinese Academy of Sciences.

Key words: Fluorescence, Raman, Time-gated Raman Spectroscopy, pulse laser
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FISERSFHEJE, CARIELAMEHm-GHHEZULEY) (MOFs) 55t makikifE &4, H
TIREM AR EAE BARIH5]. Fk, BATRRE TRl JELR_E ARG
K= AW, AT DAT R ST T i 2413, SRS K E MR, ' T HAra i)
HREAI . [N, EAMEAE —ERMELTERE, BT DIA I SERS A& ERECA JF AL I i 12
R, B SBR[ DL R I T 2 S A2 NN Aid R . JRATIIF R T 1
I PRI, M AR RS RIGOREL, -SRI m AR ST AR 451 . AgAu
NI OSSR MAgPd = F A5 K, FIRTZLEGORMR KD EAGELPERE,  SEI BRAL
IS T A SR BN A, X BIEl 4% B IWOT I s HEAL SR Bt T — S MO S IR AN PR LA [6-7]
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Correlated-electron systems have long been an important platform for various interesting
phenomena and fundamental problems in condensed matter physics. As a pivotal process in this
system, d-d transition has been suggested as the key towards the achievement of optical
spin-control in van der Waals magnets. However, it is still unclear that how the d-d excitations
behave in a quasi-2D system with strong electronic correlation and spin-charge coupling. Here we
present a systematic investigation on the d-d transition in van der Waals antiferromagnets - NiPS;
from bulk to atomically thin flakes via electronic Raman spectroscopy. Two electronic Raman
modes with large Raman shift at ~ 1.0 eV are observed under a wide range of excitations from 454
to 531 nm. Such light scattering originates from the coupling between the incident photons and d
electrons in Ni?* ions, resulting in an intra-atom d-d transition between 342, and 375 states. This
electronic process persists down to at least tri-layer flakes, and exhibits an insensitivity to the spin
ordering in NiPS3 in the magneto-optical study. Our study demonstrates the power of electronic
Raman scattering in investigating the unique electronic structure and its coupling to magnetism in
atomically thin correlated 2D magnets.

X ##18): 2D magnetic materials; electronic Raman scattering; antiferromagnets; NiPSs
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Resonant Raman Scattering study of two-dimensional materials
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FEIE

Resonant Raman scattering (RRS) has been used widely and proven proficient in characterizing
structural, electronic, chiral and phonon properties in two-dimensional materials. Nevertheless,
experimental Raman spectra interpretation can't go well without the assistance of theoretical and
computational calculations, especially for the high-order Raman scattering process. However, it is
computationally challenging to perform first-principles calculations on the electron-photon and in
particular the electron-phonon coupling matrix -- the essential physical processes in resonant Raman
scattering--in a necessarily much dense reciprocal grids. Based on the Wannier interpolation method,
we have developed an efficient computer code [1] for the first-principle calculation of RRS. We have
used the code to unveil the quantum Interference directed chiral Raman scattering in 2D
enantiomers[2], to understand double resonant Raman process in transition metal dichalcogenides
(TMDC) [3.,4] and in twist graphene bilayer morié superlattice [5], to comprehend the new selection
rules in TMDC [6] and anisotropic optical and transport properties in GaTe [7,8].

4%?6.::‘:";"%, K
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g T IRAR G AR G 2 A ) A8 B O IR B C) 2 R TR G s R 2 (surface
enhancement Raman scattering, SERS) K [fij 3 7%¢)': (Surface Enhanced Fluorescence, SEF).
SEAH 7 (Strong coupling) 5t 5B AH FLAE U . SRTT, ST o220 3R 40 K 8] Bt (041K
TR R K (emitter),  QARTF B AMOK i @ 808G 5 O B R BRI AR — DMk . BEXX
Lo, T BN E RGN TR, WE T 9Kkeg K (nanowire dimer, NWD) R4,
DALEEAIOR RUBE b 38 s i R T B 1) 58 . il 1 Ffrzs, NWD A DLISE 55 59 e [R] BR A 3R
Js ARG WO AIOK AL B AL (1) R 5 W (emitter), BEJE, EACK R ERHEUR & T K
P A% (emitter) (REZRTHEHE) A LLUERT S5 NWD 45 B OB RS 2URE &k Uk ' 48 5t
. g2, @ NWD AR/ N R 5 R B o S & K S ) (emitter) )
e, LT 126 R POGIE R, FATHER Y], SGBUROGHEIRIE T NWD I SR RCE .
Purcell effect 5% A5 G TE [F) 48 S ARG s SRR Tk . AR I 5e b, I e fle ks
DAL LB AR REN Fr, SeBURGE 5 T DA ROt o, )BT VEE T — 4k
Mo, AT B K xR RN B &8 W A & Y ( Transition Metal
Dichalcogenides, TMDs) HJJEEUAIE o WIHZE MoSy, HH[FEA WO A5 AR, M™E
PR T AR T2 DG ot N o O TGRS AR, AR T IR T, K MoS:,
HERBUTEFERELE S, ML R T MoS fEH T X ISMA RS . UESE T ik R EA
RGN X TTAE, AR R AN RIOK R EAR 2503 R 5 AR (emitter) KOG IT RE
T WAL, AN % GEZRAIR G K S5 0 B R 1) LT AR AN & B O Re v T i — 8 R
T VAR AN S BT RF I 0T Z 4R RS AR e (R 7 9 L
B 1 KL R SR R TR U A 5 R S

REIE: PIKL T~ RANWD); Jsr R JeBUAOEHE; &R BT, Purcell
Effect;
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normalized PL intensity, (c) the PL peak position, and (d) the PL micrographs (irradiated with 355 nm constant
power laser) of Sb**: Csz2InBrsH 20. The black arrows represent the evolution of the PL peak and intensity under
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Abstract. A single quantum dot (QD) strongly coupled with a plasmonic
nanoparticle yields a promising qubit for scalable solid-state quantum information
processing at room temperature. However, realizing such a strong coupling remains
challenging due to the difficulty of spatial overlap of the QD excitons with the
plasmonic electric fields (EFs) [1,2]. Here, by using a transmission electron
microscope we demonstrate for the first time that this overlap can be realized by
integrating a deterministic single QD with a single Au nanorod. When a wedge
nanogap cavity consisting of them and the substrate is constructed, the plasmonic EFs
can be more effectively “dragged” and highly confined in the QD’s nanoshell where
the excitons mainly reside. With these advantages, we observed the largest spectral
Rabi splitting (reported so far) of ~234 meV for a single QD strong coupling with
plasmons [3]. Our work opens a pathway to the massive construction of
room-temperature strong coupling solid qubits.
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Fig. 1. Plasmon-single QD strong coupling at room temperature.
Keywords: Plasmon; Exciton; Strong Coupling; Room temperature
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BAER (GaN) 2 H a7 58 =A% 2807 1 S R 15 i) 2 RIERI MRl 2 — (H 2, GaN
B R AR R T I Th 2R 5 B T AR AEMI 550 45 15 & SR B R L 454 5 3 #gE,
BT S BES A VAIE R IS 5 (>300 °O)IMARPRARRL, AR GaN I #5475 iy AU AT 5 1 1) B 22
&z —, HRHZ) GaN JE 88 4F m H mDh R B o FUE AT i AR R R IR 1, 2]
KEWFFERE, GaN kAL Xk iz F 22 GaN 2. FHZEHZ A RZEM kL
AT IR, & GaN FME JZ e Ji ) 57 57 S AL HEH 5 1) S T #ASH(TBR) 1 . 3 il 29
HATA A A GaN J & B 7T B 2 RS (HEMT) A2 46 KK TBR I E B R TAK
il 2% RZERE N 1 VRS ) GaN 2 547 i 2 2 1R S T 25 vp 2 AR BE R R AN 5
KA, G RE RS il TR & R = S IR R A T 2 v AR, FE BRI e AR T A
BHZZ b AR BT AN 4%, K48 H BT GaN i 8840 (R N4k 1 255 B A A 5 i S 1) 3145
BERE . mAS RSN LI 2 F 4RI (PCD) S GaN K 1 3 (1) 5 5 48 5 O R I HIAR
SERIEGARE S, TR EREASR P BN, X T AIGaN/GaN HEMT 15, £ AR KR
FE 52 28 T 4 NI 1 e S 2R, NI BCHRZ B2 88 R R ] RE ST 4 S TE )
B, X—J7 A LSS A PCD B AREUA #H RS, 55— J51H nf LUl I /E GaN HEMT 74
T TS AAE Kl B & 77 R A PCD SRSEHL; RS R O SEI, (HIEAEMGEE 2
B AW LA GaN 55 PCD S i 45t It e, AR SCR FH 7 25 e 380 S S A 25 R 11E
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Laser-induced hole coherence and spatial self-phase modulation

in anisotropic 3D Weyl semimetal TaAs
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Laser-induced electron coherence has been fascinating in manipulating quantum materials.
Recently, it has been shown that laser-induced electron coherence in two-dimensional (2D)
materials can lead to a third-order nonlinear optical response spatial self-phase modulation
(SSPM), based on which novel all-optical switching scheme has been innovated. However, so
far such investigations are mainly on electron coherence, whereby laser-induced /ole coherence
is rarely explored. Here, we report on the observation of optical Kerr effect in three-dimensional
(3D) Weyl semimetal TaAs flakes. Nonlinear susceptibility y*® is obtained, exhibiting a

surprisingly high value (with 5 =9.9x10” e.s.u. or 1.4x107' m?/V? at 532 nm), which

one-layer
cannot be explained by the conventional electron mobility, but can be well understood by TaAs’s
unique high anisotropic hole mobility. The Wind Chime Model and the y®-carrier mobility
correlation can well explain the results, suggesting the crucial role of laser-induced non-local ac
hole coherence. Our finding extends the understanding of SSPM from 2D to 3D quantum
materials with anisotropic carrier mobility, and from electron coherence to hole coherence.

Keywords: spatial self-phase modulation, laser-induced coherence, nonlinear optics, Weyl
semimetal
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Interface mechanics of 2D materials based on in situ

tensile-Raman spectroscopy
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Reshaping Plasmon Mode and Highly-Efficient Single-Exciton
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Localized plasmon modes (LPMs) in metal nanostructures have been a central subject of
nano-photonics due to their ability to manipulate light beyond the optical diffraction limit.
Nevertheless, the large intrinsic dissipations of LPMs have severely hindered their applications, so
the on-demand control of the LSPR modes is highly desired and remains open yet. Here, we
experimentally and theoretically demonstrate that the plasmon mode supported by a metal
nanoparticle can be effectively engineered by interacting with constructive or destructive
modes supported by film interference, reducing its L PM's dissipation linewidth significantly.
Simultaneously, the scattering intensity is remarkably enhanced, in vast favor of measuring weak
signals from small nanoparticles. Furthermore, the equivalent polarizability model of reshaping
the LSPR modes by the film interference is present to well understand the experimental
observations. In addition, the single-exciton strong coupling with LPM at room temperature is
highly desirable for exploiting quantum technology. However, its realization has been a very low
probability event due to the harsh critical conditions, severely compromising its application. Here,
we present a highly-efficient approach for achieving such a strong coupling by reducing the
critical interaction-strength at the exceptional point based upon the damping inhibition and match
of the coupled system, instead of enhancing the coupling strength to overcome the system’s large
damping. Experimentally, we compress the LPM’s damping linewidth from ~45 nm to ~14 nm
using a leaky Fabry—Perot cavity, a good match to the excitonic linewidth of ~10 nm. It
dramatically relaxes the harsh requirement in mode volume by more than an order of magnitude
and allows the maximum direction angle of the exciton dipole relative to the mode field up to
~71.9°, significantly improving the success rate of achieving the single-exciton strong coupling
with LPM from ~1% to ~80%. Our work may pave the way toward low-loss plasmonic photonics

and its practical applications.
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Bl1: (a) Normalized scattering spectrum of a metal nanoparticle (MNP) located in the microcavity-engineered
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A, T ILBT OIS T HE R T A SR Al sp A AR B AR . it —ob, il
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TGRSO (SERS) ] LAFEGNK K0 4K 23 8] R b sl 8 R S/ I ) I 485
g3 2RI, S ARG | LA | A S I ARG IR A% S S U T B BRI S ME [1]
SERS HA = RESE. “fagr Rl s, 1E7 T 455 B30T i BA T &R M1EH .
HEB) H it — 0 e AR FBOR Re, DLAEYIRT I . PR SEA I &5 50805 SLEE K . #R1T, SERS
W R BNGURER-r F- A EAER, A AR BG4S 2 AT Sk T HOR IR A A
9Tk SERS i€ BRI 2 0, AATTFEGR S M AT A s e m 2R i 25 2 1
MmO A B B 513 TR ST it 7 ORE TAE, A SERS & &R IS | — & it
J& [2].

SR 4G T A I B 1 — B BRAR BN T nM TS ZEF] pM (10-12M) (158 72 S50k Y [,
SERS {55 I — It AN T A () 3k — 2P AR 22 o Ak ik B2 P gk — 2P B {IK 31 pM-fM, SERS
BEN B B ORI S X TE] o 50 G T Bk VA AR I AT D i 0 P AN PR Bl R B2 AR AL T AR AL 3]
DRLEE, Bl sr Pk B2 AR pM-tM IV, R TsmFEI & ()8 BT R Z T LB BELR . B
XL B R U5y 5K FE f SERS IR B, R SHRAEMR AR S EA WK E
Wi 7 A R R SLINA) BE B o FRAT TG 9 B 20 AR R/ B 00 - I D A N I B, D R
SERS & &AM AR . BT git oA, ELR S FRINR S0 TR R
R, RIS ZAE AR E AR A IR G B R, SG3 1 1 M OIKFE B T B H0E EA
147,
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Multi-dimensional SERS and its application for food safety screening
as well as quality assurance
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Abstract: Surface-enhanced Raman spectroscopy (SERS) technology has been widely applied
in the field of food safety for the detection and identification of various chemical pollutants and
biological contaminants due to its high sensitivity, selectivity, and portability. Our work focuses on
two main aspects: rapid food safety testing using SERS and food quality control using multi-
dimensional SERS.

For on-site rapid food safety testing, we conducted two types of research. Firstly, in qualitative
detection, we proposed various dual-functional flexible SERS substrates, such as those based on
PVA, PDMS, and Gum gel substrates. These SERS substrates make full use of the advantages of
high deformability, reusability, and enrichment capability for chemical pollutants in food,
overcoming limitations of existing on-site analysis methods with low recovery rates and
unsuitability for rough surfaces. Secondly, in quantitative detection, we developed a highly
reproducible three-dimensional self-supporting liquid membrane (Free-standing membrane, FSM)
SERS substrate. This method offers the advantages of simple fabrication and high reproducibility
for quantitative analysis. We used this method for quantitative analysis of triazophos in various
agricultural products, and the results showed no significant difference compared to HPLC analysis.

Furthermore, we integrated SERS with Al technology for bacterial identification and
agricultural product quality control and traceability. Multi-dimensional "SERS fingerprints" of the
target analytes can be achieved by modifying the SERS substrates. Different compounds in complex
samples exhibit varying adsorption capabilities on the same noble metal surface, and the SERS
responses on different noble metal nanoparticles also show significant differences for the same
compound. Therefore, by modifying the SERS substrates, multi-dimensional SERS fingerprints of
complex compound systems can be obtained, and when combined with Al, it enables the
identification, differentiation, and traceability of bacteria and agricultural products.

Keywords: SERS, food safety, qualitative and quantitative analysis, microorganisms, multi-

dimensional.
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Scheme 1. Schematic representation of the experimental procedure.
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R A=A S AT IS 1) o PR ST IR 3R BE B9 578, DRI e 7 B 1) 5 U e
FERE TG R EM. S50, FOBRNS Yt 51 T ) V2 0 . A SR R SRR A A A 3 0
B, HA G KA RN ). B2 e i T HOE R R il i PR,
H AR 5 hy 2] SEHLR 2 S0 RS SR i, TERR S ORI R AE S A 42 s I T A TR OK
RLFAME -

BE BURL R 245 5 55 TCI RS A ML E BIX — XERUT R T Bk KA
IR M s SHARTEAL, QIR R ARG G148 A M SRR (Klarite) T
BARIOR K SSIE IR RL 2 b o 318 B 2 (1 IVl 5 R A T S 7R B~ 1 pm R BRSNSV R
HH TR 25 0 ' A FEURE A4 AT DA KOS 3 i B SORE K S SV IR I B2 A5 5 0 iR
P, AZFARX T AR (I, R MR 25 5 meofE Ll b, B ar DLIscEl g4
VRIS R . AR BRG] XTSI IR A by 25 SR e LA by Xt
T RENVRIB B2 (5 5425 51% (Environ. Sci. Technol. 2017, 51, 6260—6267; Analy
st, 2020, 145, 277-285) o MiFEMZ AT, SCHAHR T 5 AN ORI @ Fr 2 0t 7L 8 05 0K
BE AL E B (Atmos. Chem. Phys., 17, 14025-14037, 2017) o #t—HHEARALATH L i
KRR Cw AR ALK, ZE R T E I AR 47 245 5 42 =505 LI (Analytical C
hemistry, 2019, 91, 21: 13647) o F£LAKAS A I BLSORL GRS I o 5], iF B2 TV RS A %
PRV (19 2 THT 3G 50 7 2 58 i mT ARG U oK R SR R S I, SE B 245 5 I 10045 (135 56

(Environ. Sci. Technol. 2020, 54, 15594, HHE3L) , HIRTERSHA B GIRER . 5L
BT GRS Y S pHAR B FLBE B A AR AE — 4145 (PNAS, 2023, 120, €2075379176.¢),
R BT A B 2R T () R L P S B i, R R (I p A o A B A RSP, g e, 5
TR H o [ 0 R B 22 S oK

KA nom, AR B MOBRL, MED

RENINB . ExAREEHES (No. 21976030; No. 22006020)
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JCIR AN A GE AL T R AR T (R i) AR R I A5 B WO IR (SPR), AMI™
AR R G R RN, TR 23R TG s 2O, T EL R AT DUE iR 1, A
AR AR, R SN BRAR TR . 7 AT 31 28 SR FURT S R e e B AN S i
RO A RS BRI L TR T DA 8- IR IE RS S PR 20 1 i) Fa AL 2 R i
BESEILZ ORI T XS T BRUENS 7 T AE AR AR R TR PR AT S SE (7T - $i2 HE SPRSH S ™ A

AT T IRNES T AE ARG R ER FEAK b mT DU AR R T A BRSO, A i U
Moﬁﬁ¥ ekl 1, HARMERA S0 . AR TpHEA AL RE Tl A A id i 57
PN, #3305 E AR SERSIL 2Ot . AS-IRARIEM A IRET 7317, HfE iz T A KRR
AR JE A R A A A A R A AL IXTR], B IR 20T OB £, T T
FEPOE TR AR A S f 8 il 9 FERE I (8] (K22 4k, 38 I SRAG 4 2 56 L - I (] fH 2%
AV WAL B 052058, #E T 3 /1 S B AL S NI B 730K

F E
[ ! Hydrodehnlogenation
Engy -
£ onolje B+~ e
<« » - )
Gy Mo N BT BBIAd  Adening
- 0 ‘)- I $a |0 rs
Re L N 2o s o
3 p— ) l < o
‘ W | < o
NH r
[+ - ’7 N© ‘ “. N
. wE . =1 /j' 2 NN ﬁ
5 ‘ P %
7. i A N . RIE
Lasi \ | \
, ) i -CE
i /=
Plasmon-Mediated Photoelectrochemical Hot Hole Oxidation cloctralyte. g

BI1: BRIEM (a) FI8-IRARIENS (b) R A S5 BBOT L AL R BIBT 5T

KHR: R R RIFRWOTIR AR SR R
BIR A

SE 3k -
[1] Wu, D.Y.; Liu, X. M.; etal., J. Phys. Chem. C,2009, [113,18212-18222.
[2] Peng, H. Y. : Xiao, Y. H. etal,J. Phys. Chem. C, 2021, 125, 24849-24858.

]
]
[3] Su, Y. Q. ; Liu, J. ; Huang, R. et al., J. Phys. Chem. Lett., 2023, /4, 5163-5171.
[4] Liu, J.; Z. Y. Cai, et al., J. Am. Chem. Soc., 2020, 142, 17489.
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R A S HUF (SERS) MR R TEGRKA IR TH 4 T HL 245 5 iR 3G 50 1 3
%, MGUKEEA RS — B BB AL T RE AR AR . P [ K (L 5 SER ST 1,
W FEMEAG TR T 1) 2 FREAL AL I R, (SR RGN, ik — 25 LR 223R 7 1)
SERSSLRY W45 B EE R . [Ftk, FRATHIEE T S BER S 5 JR FR 90K Au-
NiFe(LDH)rGO+ MnCo:04/Au PUKE R GYPUKRLTEMEL, FIFHZKEE-SERS 4 R SLH
[FBEGTF-. He?'. H02%500 117 RABUE IR . FIFISERSH#NT T BEER St 9h K B8 s i AL
PEI R OGTFR T 5T /NS Ag/GQDsYN K B 1) = R MU SERSH L 3 /M F- &5
Auv@CDsZR RGN K BT iga 4u i i1 630 707697, R FHSERSHA M I T A6z J1iay7
I A R AR R BT PN SR ST T i S TS R AR

KPR RIEBGRS 20 HOKE: L

S HA -

[1]Li, L.; Yang, J.; Wei, J.; Jiang, C.; Liu, Z.; Yang, B.; Zhao, B.; Song, W. Light- Sci App!., 2022,
11, 286.

[2] Zhao, Q. N.; Wang, H.; Jiang, W. J.; Gao, H. M.; Wen, S. S.; Feng, X.; Wu, Q.; He, C. Y.; Zhu,
Y. L.; Hu, L. H.; Zhao, B.; Song, W. Anal. Chem. 2022, 94, 17930-17938.

[3] Liu, H.; Guo, Y.; Wang, Y.; Zhang, H.; Ma, X.; Wen, S.; Jin, J.; Song, W.; Zhao, B.; Ozaki, Y. J.
Hazard. Mater. 2021, 405, 124642-124642.
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H AT = 246 R IR BV BN E B IR BOLCE A mEA R 5y, S el F vt
RO SAR, PR HPGE, . JeUErE . (HEmE. [FMtbzE. Ry
SR OGO B AR T A5 BOMOC RN, W SEHUS IR R R, x4 BT i e BER
S R TR BAREE L. NRIIES 24, R a2 0l oRIE
REEREIZ A, R RAE AR A . T2 B PR i A M A b v SO - R 45 5
BOoTgRFRRRIN 7, = F Z MM LR AEE R, SBOTEEAR . TETEAE.
A EE P M EE 2 T HSEPRRN A o P HRSERSATIN AT SR L RV 1E R B R F R AR I AR
GEEE . EIEVEA T BRI T, REBUEA R 9 7 MR L@ s n]
FEVEAEENE P, BATR G MR BOT G YL, SRR am A, s
BIZ T, M TALA SRR VERE A RO, A SEIUR R AR E T, HESh R 1 9
P 2GR O T —AUEEE IR AR

KPR RIEMGR: B2l YRR

SE R :

[1]Li, C., Xu, S., Yu, J., Li, Z., Li, W., Wang, J., ... & Zhang, C. (2021). Local hot charge density
regulation: Vibration-free pyroelectric nanogenerator for effectively enhancing catalysis and
in-situ surface enhanced Raman scattering monitoring. Nano Energy, 81, 105585.

[2] Tan, J., Du, B., Ji, C., Shao, M., Zhao, X., Yu, J,, ... & Li, Z. (2022). Thermoelectric Field-
Assisted Raman Scattering and Photocatalysis with GaN-Plasmonic Metal Composites. ACS
Photonics.

[3]1Ji, C., Lu, J., Shan, B, Li, F., Zhao, X., Yu, J., ... & Li, Z. (2022). The origin of Mo2C films for
surface-enhanced Raman scattering analysis: electromagnetic or chemical enhancement?. The
Journal of Physical Chemistry Letters, 13(38), 8864-8871.
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AR T HRAL AT R AL M LB 48 T VR RGO 25, SRR STl 2 MR R R
2% IR A BAiAL, R AT A A I PR A . R SR 2O T
(SERS) & Fle R mRp eI ik, HEAREMREESENE, "L E e
R TR A2 Z BIME A ME ST XA s R34 T SER S I ) S B 7 ik 4% [F)
I B AT (R A AT 25 B P A 5 1 < S oK S A o JRAT IO BE T I & B T XU BESERS LR
GO, ST 2P GKRL A A SR 1 SER SN 2T, 40 AL £ S5 8% 71 SER S
A DA R S P AR AT YR, BE T A S S R 0B, e R PO AR S s K
HL i A EAT e i LI e 3X Se it 50 3 B SERSE R S AL 7 43 M S5 AL WL 578 ok
BRI E EL R T

Q‘\”"&. ‘ blue shift é\w‘ font /\:‘/ (2,6-DMP1)
¥ SI0, P -—
T Oy, P
® @ L ® e
2120 2150 2172
2145, 2166 Simulation
3
LA
=
= 2174 2188 ;
b 21_24 2167 2179 Experiments
-.03 = s
=
2100 2150 2200

Raman shift (cm™)
B 1: JYPRELF SS9 T 2 8] K AT % SERS BFAL.

X##IA: SERS: gAhkiy: ffh: ALK
SE R :

[1] Zhang, K. F.; Yang, L.; Hu, Y. F.; Fan, C. H.; Zhao, Y. R.; Bai, L.; Li, Y. L.; Shi, F. X.; Liu, J.;
Xie; W. Angew. Chem. Int. Ed. 2020, 59, 18003.

[2] Wang, D.; Shi, F. X.; Jose, J.; Hu, Y. F.; Zhang, C. C.; Zhu, A. N.; Grzeschik, R.; Schliicker, S.;
Xie, W. J. Am. Chem. Soc. 2022, 144, 5003.

[3] Hu, C. J.; Hu, Y. F.; Fan, C. H.; Yang, L.; Zhang, Y. T.; Li, H. X.; Xie W. Angew. Chem. Int.
Ed. 2021, 60, 19774.

[4] Yang, L.; Grzeschik, R.; Jiang, P.; Yu, L. F.; Hu, C. J.; Du, A. X.; Schliicker, S.; Xie, W. Angew.
Chem. Int. Ed. 2023, €202301065.
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Mt BT IOCRAMERAEE . AW Z OO RE, O 2N TR R
Jel VB RAR S e R AR BT AT TR RO - EAE RO RN, M B e
AR BRI, AERA A T O AN A ) e AR R

FATH S5 BT g iR AR AN, ST B T BRI
A GHRAR ARG IAE T E [1-4] 0 A B R 55 BT BRI KO, SEBL T /it
B IRINARIRL I R S ARSI 3B (RS 3R 9%, K LB Ot a4 S0P &
B, A7 TR WOTTER T B RO IO RE B AL BN . BeAh, RIS B
TEICIRRNE,  SEIL T 45 BT I IR BN - ey it A 2 A SR S ARG8T v, R R T
BN et i DI feE -

Hristast. Poltz & Ditectongl anlisgicn

@%

B1: 5B BOTIAOCIE R B AR AR A I A S R AR R

REEA: SEWoc: 9otk MLET R

SE Rk :

[1] H Chen, et.al, Sub-50 ns ultrafast upconversion luminescence of Rare earth doped nanoparticle,
Nature Photonics, 2022, 16,9, 651-657.

[2] C Zhang, et.al, Plasmon-assisted self-encrypted all-optical memory, Advanced Functional
Materials, 2023, 33, 2208561.

[3] H Chen, etal, Multiplasmons-Pumped Excited-State Absorption and Energy Transfer

Upconversion of Rare-Earth-Doped Luminescence beyond the Diffraction Limit, ACS Photonics,
2021, 8, 1335-1343.
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R A A R B L BRI 70 AT AN GUOR GEm AL R Ao, R S 26 F 1 11
IR N R B K 200% AR RS AN T X 731 MR A s B RSHE DI AN 73 A o HARIG s 20
i (TERS) BARGEGHMRET RGNS 2063, AT LRI SRt R L 22 48 805 BATTE
B BA TR IN R AR ANK RO (2 R B, — i K SR i 1k AL 2t
FERSHENI I TR . RATEE T ZWAMTERS RS, 1AL EIREE s I R B
TERSJEAZAEIN[1], X —HEM LR G R R I EATAUR D HEIT T (1) MR TERSHARFAA
(e 2 6] 3 MR AR BE 7T, 3RS T = MoS2— B HAH SRR I AFMIE 3 5 AR 1 9806 2
Jt (TEPL). TERSYGHE, 8 I AN R TEUERT 7Tk A (R R F 7 PR B AN T4R30, XA
[ AR ZE R RFAE, TR ST FE 1 AN TR SR LKA B F 3 P DU R L -7 A LA
(2], FF3RAG T SREEALNT A FEIMoS2 (14 it A 4 ¥4 B AN 4 18] FELAT J2= IR BE[3] ik i B AT TR A
W LT R ) S R N AL A TERSBOR JERAL T 7T 1 AL PR A Fi Ak A L A
S EAE . (2) FERANXEIE (PA/Aw PURAETIKE, AEHESCIRA [F) R A 71 2
HAFLL SR TR USSR TERE . BEAh, TP T RIRSEEHoT (SP) bt
HEACHITOPLAIAT 7T, AR SRS EI B RS A RO T 19 B (£920 nm, 5 &1
P E ARG, R T RE RS R T RYT RO B4, XSS USSR RS
FEVRBOR AR 1 FELAAE AL e B A 7R (R v v R BAT B X

'na_':' SPM-controllad
LI = 4 .
Laco : 8: TERS tip:
- .-

L]

Potential-controlled electrade.

M RS LW WO TO oW

Bl 1. AL et gy s 2 HoR o 2

REEIR): AHRISRA B0, 9K HE: RIUE: MR

S R -

[1] Huang, S.C., et al., Annu. Rev. Phys. Chem. 2021, 72, 213.
[2] Wu, S.S., et al., ACS Nano 2022, 16, 4786.

[3] Huang, T.X., et al., Nat. Commun. 2019, 10, 5544.

[4] Huang, S.C., et al., Nat. Commun. 2020, /1, 4211.
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RIERRB w0 P IEART R TTiE,  SERPRAEMEAE RN R SR ChiE)D Ppfh
IG5 R B, S TIRA VR SR . 455 m A AL B B
o hrg iR 2 AR AR SR I HRZ —, Hl1 T RBERAL, HATEZEAT
RAEMEAFVARARGE R, DA SR A S o R R R 2 T v (B 0 1) S 8 Al o %o IR
B, AR T 7 ZRR LA K TR S I R b SO L (RIARGIK R 450 5,
%D, JEIDR AR M4 T DAAwNRE . EACYINSE R IR 73R 0, B 5 SO
WHIR MR 855, AITSEEL 7 ARAE ) F 2 5 A IR S AL S B ad A
R AL SR b 2 A 2. R 2K TLR SR RNE, 455 [P AR S XA I 5, BTl sk
DA AL T T A S B SR RAE, R T AR R I 2 A - () - A 12 e
AR A RIRBAT AL, B0 AL 2 01 A ) 3 AR AR, A N K TA] B 45 A 48 i
2GR SR, FEPIKR G (8 7y HK-F LR ALRAE 1 VSR i imteh 2 S ALY, 45
REW, IEHEEYIMETIONR I EIEIREE 2950 nm,  H iR 218 TiO R HO-HE 1K
R Wi AT o ZRABAH SERE B — 2D 40 R DML S S ) SR AIT 9T, AN TR B £ 1 4%
BT AR TAEA R R P R R 2, R T R SR BT AL K S

BN Ak R4 LD,
ﬁf Mﬁgt\\“f \. ;!III"

100
uBESHASR 3

\ .
\ / ) 7

o FR 1 o 0

J

B A

SRS I T

A f Gt i
e ]
14 .. p.= ﬁﬂuﬁ'];ﬁ Py ‘:m‘:_.:h o ,‘.,,. o

BI1 oK TR M R R R G 502 M A S BB
KRIA]: RIMBYRPL L, JEOLRIE, R, LS, S
S5 3HK

[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] Wei, J.; Qin, S. N.; Yang, J.; Ya, H. L.; Huang, W. H.; Zhang, H.; Hwang, B. J.; Tian, Z. Q.; Li,
J. F. Angew. Chem. Int. Ed. 2021, 60, 9306.

[3] Wei, D. Y.; Yue, M. F.; Qin, S. N.; Zhang, S.; Wu, Y. F.; Xu, G. Y.; Zhang, H.; Tian, Z. Q.; Li,
J.F.J. Am. Chem. Soc. 2021, 143, 15635.

[4] Li, J.; Wang, S.; Yue, M. F.; Xing, S. M.; Zhang, Y. J.; Dong, J. C.; Zhang, H.; Chen, Z.; Li, J.
F. ACS Catal. 2022, 13, 849.

[5] Wei, J.; Qin, S. N.; Liu, J. L.; Ruan, X. Y.; Guan, Z.; Yan, H.; Wei, D. Y.; Zhang, H.; Cheng, J.;
Xu, H.; Tian, Z. Q.; Li, J. F. Angew. Chem. Int. Ed. 2020, 59, 10343.

[6] Zhang, H.; Wei, J.; Zhang, X. G.; Zhang, Y. J.; Radjenovica, P. M.; Wu, D. Y.; Pan, F.; Tian, Z.
Q.; Li, J. E. Chem 2020, 6, 689.

63



12-16 5+ mamemm ko 57 200

REFRATTARME 2 REGFEWRIT
Ml’*’ B, R, B!

VIRIMR A, IR Tk bl IX A= %28 119 5, 215123
*Email: ljiang@suda.edu.cn

Fl S8R R 25 BT (plasmonic) 4@ K S5 H AREME IR, FRAT 13 It X 4 8 4 oKopr
FARFAT R BL, $87R 1 4B AN 2540 ) (1) S R S A A 258, g — 4R
R HAER MRS . Y RRIRE T OLlBME . WKRA. KIS S
PRI 1) FFH R RS 4 8 AR g oRobs [ P3[R & FEAE ELAE S0 75 & @ 4 Ko
FAER R R PR TR EE S R a2 . 20 SEBl 1 S n] o 1 3R 1H 45 B B0t Rl 5
RBL, ERBAGHA. MR mEEERRIIG RIS &R SO S s T E
BN AR S 3) T BN R 518 5 A [R] 3% 0 55 B Ut ot R 8l s sy,
A 7 RFHBE I . OLED. JGHLERMIZS S hene, Adt— Pk Emakne. &R B
RSHRAE T AR R@E. 4 % “B LM KNSKES3DITHEARYE “B R " 49
KEMHABHAMEGE G, R T RIOFHBOTHRMELZ RE (GUK-HeK-Z0) G745
¥y, BETRMGEBoCRER, St— PR 7 ERIR. B MR R A SR
e, DR A5 B T AN oK 45 04 1) S AL B 2858 1 BRAG A S IR A .

REEIR): RESHHOCHER: SBICKRRT: TRAL: DT ZREHFLEH
SE 3K

[1] Yang, H.; Li, D.; Zhao, B.; Li, D.;Zhang, J.; Liang, Z.; Jin, J.; Ju, S.; Peng, M.*; Sun, Y.*; Jiang,
L.* Adv. Mater. 2023, under revision.

[2] Yang, H.; Sun, Y.; Peng, M.*; Cai, M.; Zhao, B.; Li, D.; Liang, Z.; Jiang, L.* ACS Nano 2022,
16, 2511-2520.

[3] Liang, W.; Wang, Y.; Zhao, L.; Guo, W.; Li, D.; Qin, W.; Wu, H.; Sun, Y.*; Jiang, L.* Adv. Mater.
2021,33,2100713.

[4] Guo, W.; Liu, Y.; Sun, Y.; Wang, Y.; Qin, W.; Zhao, B.; Liang, Z.*; Jiang, L.* Adv. Funct. Mater.
2021, 31, 2100768.

[5] Peng, M.; Shi, D.; Sun, Y.; Cheng, J.; Zhao, B.; Xie, Y.; Zhang, J.; Guo, W.; Jia, Z.*; Liang, Z.%;
Jiang, L.* Adv. Mater. 2020, 32, 1908201.

[6] Zheng, J.; Zhang, J.; Wang, Z.; Zhong, L.; Sun, Y.; Liang, Z.; Li, Y.; Jiang, L.*; Chen, X.*; Chi,
L.* Adv. Mater. 2018, 30, 1802731.

[7] Zhang, J.; Zhong, L.; Sun, Y.; Li, A.; Huang, J.; Meng, F.; Chandran, B. K.; Li, S.; Jiang, L.*;
Chen, X.* Adv. Mater. 2016, 28, 2978-2982.

[8] Si, S.; Liang, W.; Sun, Y.; Huang, J.; Ma, W.; Liang, Z.; Bao, Q; Jiang, L.* Adv. Funct. Mater.
2016, 26, 8137-8145.
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KA R g —FhAREAL SR AF (PAD), WS AR (SO2) By AR 3 5 b 2
JEHE (SERS) ML BATI (Fig.1). AL B B A RRAE I LA e HL 2 IR 6 €1,
HIMASOJa = FR/R-TIRR P, FEOLR ARG I A R KSERSE 5, Fit, 248
BAL AR AT FH T SO L (AL 2%, I8 nT /A —Fh s R BSERSHEJE H T~ SO ¥ 73 B s il
TZARTEAL AR T 5L BRI AL SO AR I 45 2 5 4% S Monier-WilliamsV2: 43 A7 45 S VU AC B2
U, DRI AR ASAAR 73— RIS A 0 RS 7 23 A v 2o BRI SR T e

Sunlight Colarimetry

'

GNRsIMGO-MPy

"500 7000 1500 ﬁ

T Raman shift (em™)
Wine Filter paper holder Laser SERS

<« = Gold nanarods (GNRs) .. = reduced graphene oxide (rGQ) 'O = Sulfur dioxide (SO5)
Y = d4-mercaptopyridine (Mpy) Y = |odine ‘%) = Starch

Fig. 1 Schematic illustration of the PAD procedure and its dual-modal sensing of SO2 in wine.
KA Rl TYEMRL AT RHEHT

SE K :
[1]Li, D.; Duan, H.; Ma, Y.; Deng, W. Anal. Chem. 2018, 90: 5719-5727.
[2] Xia, Z.; Li, D.; Deng, W. Anal. Chem. 2021, 93: 4924-4931.
[3] Zhang, Q.; Li, D.; Cao, X.; Gu, H.; Deng, W. Anal. Chem. 2019, 91: 11192-11199.
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KI5 261 (Surface-enhanced Raman scattering, SERS) & —Ffr e, @R
BE . TRARBPIACTI AR, O 2N THE. A, 1%, By7. £3H. T
VAR . AL G0 TR AT A SER SRR 32 IR T~ 28 N R AL A A 3 VL8 1 R AR AR, vk
SELSRAL . PR RN MDA AT EEXTIX — ), AR R ELRAR RS AL AR A
B FSERSARIK, DL 815 5 1 PRI R E M 7 B Fiii . 32 BEA0HE.

(1) NSEMHL S5 T IG5, 7870 ) <68 40K 45 K 1) e 03 T 45 19 1 LR A v Sl
Xt hr 25 5 W R, SR CER /B LB 215 5 M E SR I, [FIRFI LR
WEPE, SEPRIC . CCEE BRI . AHR AR fRR HETE G ZF SERSIRET . DAUGAFSERSHREL
VEHVA I 5O A SERSTRET 45 2 AN R AU (1)1 F SERSAE T = o

(2) RF— BRI G r F RO RE RGN, PO/l T2
(e, 42 H AR SE AT IE IR A BE IR i R A B e iR g, AR HESE BAR I
BRI S NGRS S B AT B B 250 BL, B EAR SIaiEm RL,  45E M E
%, SSRGS RN . SRR B ARE S, B ARE AR S IR
FEFIRIGAE 5 REEFICAAL; $H/R 15T USSR OGIEE S REMBEMHLEL; RS
IR BESR Yo B0 AR, Hles TN E T bRg 7 RS G TG e R R
SERL T RS SRR E A

pa

SRR P
1 ,é

B ZRAEELF/% 5 SERS 4 /&A%
KRR REWERN2HG; WS MORERSS: A iR
S E WK
[1] Chen, X.Y.; Gan, X.T.; Zhu, Y.; Zhang, J. Nanophotonics, 2023, 12, 4, 715.

[2] Wang, Z.K.; Sha, H.Y.; Zhu, Y.; Zhang, J. Optics Letters, 2023,48,9, 2377.
[3] Yang, K.; Wang, Z.K.; Zhang, J. Optics & Laser Technology, 2023,164,109533
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BT BA AN RS R M AE i S5, R g sa b 8§l (Surface-
enhanced Raman spectroscopy, SERS) FARBEWE S/t RSN, Bz S T8 5
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.

BTG EH AT R T &R AT B34 QHD IRAMHBEMoS,, 52D g-CsNigl
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Synthesis of graphene-like and molybdenum disulfide
composite semiconductors SERS substrates and for
molecular detection

Abstract

Surface-enhanced Raman spectroscopy (SERS) technology has been widely applyed in food
safety, biological diagnosis and environmental protection fields owing to its superiorities of low
cost, high sensitivity, attractive specificity, and non-destructive properties, which is conducive to
achieve trace detection of analytes. All the time, researchers have been devoted to develop high-
performance substrates with remarkable SERS enhancement and excellent stability. In recent years,
two-dimensional (2D) semiconductor materials possess excellent Raman enhancement capability
due to their unique physical and chemical properties, which have been extensively applyed in SERS
research. Semiconductor SERS substrates own the characteristics of easy preparation, controllable
structure, and excellent biocompatibility, and that their spectral stability and repeatability are
superior to traditional noble metal substrates. However, the Raman enhancement principle of
semiconductor materials is mainly chemical enhancement mechanism based on charge transfer
model, and the enhancement effect is far below the electromagnetic enhancement induced by
localized surface plasmon resonance (LSPR) effects on noble metal substrates. The low
enhancement factor (10-10%) of semiconductor SERS substrates is unable to satisfy the requirements
of highly sensitive detection.

In this work, metallic (1T)-semiconductor (2H) mixed-phase magnetic MoS, was rationally
developed and combined with 2D g-C3N4 nanosheets to realize a SERS-based recyclable
immunoassay of cancer antigen 125 (CA125). The Fe;O4 core promoted the reliable stacking of
MoS; nanoflakes into a flower-like shape with fully-exposed active surface. Particularly, the
existence of 1T phase facilitated a noble-metal-comparable SERS activity due to the high electron
density-induced charge transfer process with elevated eficiency. Moreover, a conversion from bulk
to 2D nanosheet was swimmingly achieved for g-C3N4 via acid etching, whose large surface area
full of active electrons and functional groups endowed it with excellent chemical enhancement
ability and molecular enrichment ability to trigger an enhancement factor of 7.8x10°. Based on a
typical sandwich immunostructure constructed by above two materials, a limit of detection as
4.96x10* IU/mL was demonstrated for CA125 in a recyclable process. Finally, such an
immunosensor was employed to analyze clinical samples, whose high detection accuracy indicating
its prodigious potentiality in the early recognition and monitoring of cancer.

Key Words: Graphite-phase carbon nitride, Molybdenum disulfide, Chemical
enhancement, cancer antigen CA125, Recyclable detection
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Abstract: Quantitative SERS detection of analytes with weak surficial affinity is a great challenge,
which suffers from difficulties in detaining molecules around the plasmonic surface and correcting
the fluctuation of SERS intensity. In this work, we present a citrate-modified SERS substrate for the
quantitative detection of analytes (Melamine and Rosiglitazone) with weak affinity to plasmonic
surface. By laser-writing, silver aggregates inherently modified with citrate are facilely fabricated
in microfluidic chip. The DFT simulations and experimental demonstrate that the citrate can not
only facilitate the molecules adsorption by multi-hydrogen bonds interaction, but also serve as self-
internal standard to calibrate the fluctuation of SERS enhancement. It shows that the RSD of
melamine SERS intensity at 701 cm™! can be effectively reduced from about 20% to less than 10%
by using the citrate band at 1370 ¢cm™! as internal standard. Based on the “relative intensity-
concentration” calibration curve, we successfully demonstrate quantitative detections of melamine
in aqueous solution and milk, respectively. And the recoveries are in the range 95%-115%. By
combining with microfluidic chip, this citrate-modified silver aggregates is promising for
quantitative SERS of molecules with weak affinity to plasmonic surface, especially for solution-
based detection, which is important to practical applications such as food safety, biomedicine

analysis and environmental monitoring, etc.
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Figure 1. (a) SERS spectra showing the decreasing concentration of melamine solution from 1 X
10° Mto 1 X10° M. (b) Relative intensity “Io1cn'/lis70en'” as a function of melamine concentrations.
Black squares: experimental values of “Iro1 ew'/l1370 e . Red curve: fitting by Hill equation. The
inset shows the linear fitting of “Iro1 ew'/l1370cn” versus the concentrations of melamine (1 X10° M
~ 1 X10° M). The error bars indicate the standard deviations of “‘Iro1 ew'/11370 cm”.
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HZEHT IS (TLC) A& —Fh ] FA-PU 1R 43 85 77 ¥4 [1] TLC 3% 38 58 47 2 HUH 6 1% (SERS)
B JEMTLC-SERSEI AR, AT LLRLFH T8 24k & H AR DUis 73 25 K R Bkl [2] o a1
S, =50 N DUERAEAA I R 5 5 72 AR e . AR — € 4L 5 2 51 B Er i kR
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ROAR vk S SR vk, XU VERERT . B4, AR EX R U, R, BV
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AIRACRIR,, J8 I A 2 e K Pauly it 7 B9 I 2 I o - AT AT AR A SR 7R,
A R 2 R A S . %R DASEIRZE 41 14 9 O T AL B2 SER SRl
R BR 7] LAIA 0.1 ppm[3,4].
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K887 f74E4k; TLC-SERS; £ 4,
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Abstract: This work reports on an assembling—calcining method for preparing gold—metal
oxide core—satellite nanostructures, which enable surface-enhanced Raman spectroscopic detection
of chemical reactions on metal oxide nanoparticles. By using the nanostructure, we study the
photooxidation of Si-H catalyzed by CuO nanoparticles. As evidenced by the in situ spectroscopic
results, oxygen vacancies of CuO are found to be very active sites for oxygen activation, and
hydroxide radicals (*OH) adsorbed at the catalytic sites are likely to be the reactive intermediates
that trigger the conversion from silanes into the corresponding silanols. According to our finding,
oxygen vacancy-rich CuO catalysts are confirmed to be of both high activity and selectivity in
photooxidation of various silanes.
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WE.: R sRR 2 HUT (SERS) & —MiRA MR, A&Wsr REULZ, #
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B 1: The illustration of SERS quantification by employing Janus nanoparticles with internal standards.
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Almost 40 years after the discovery of surface-enhanced Raman scattering (SERS) phenomenon,
a growing body of researches show that some metal oxides exhibit SERS activity as well, opening
up a new horizon of SERS-active materials. The Raman enhancement of SERS-active metal oxides
generally rely on the charge transfer process between substrate and adsorbed molecules, which is
typically termed as chemical enhancement.['! The metal oxide materials possess the advantages of
low cost, high chemical stability, flexible surface modification, good biocompatibility, which are
expected to overcome the insurmountable shortcomings of traditional noble metals, such as the high
cost, poor stability and biocompatibility, complex fabrication process. However, the bottleneck lies
in their insufficient Raman enhancement factors, which cannot meet the practical application
requirements. It is desirable to explore new approach to promote their SERS sensitivity.

Compared with traditional noble metals, metal oxide materials allow more control degree of
freedom over SERS performance, such as geometry, stoichiometry, crystallinity, doping type,
exciton Bohr radius, and even LSPR frequency.l”] The abundant tunability of inherent properties
endows metal oxides diverse possibilities to optimize their SERS performance. Herein, we introduce
three synergistical strategies to promote the SERS sensitivity of semiconducting oxide materials. (1)
The integration of nonstoichiometric and amorphous features of WOs., films leads to a synergy to
promote the photo-induced charge transfer (PICT) resonance for a better SESR performance.*! (2)
The construction of MoO2WO3 heterojunction nanoarrays enables the its plasmonic response
within the visible range and the injection of plasmonic hot electrons into the WOs. to strengthen
the PICT process between heterojunction nanoarrays and adsorbed analytes.*! (3)
Nonstoichiometric ZnO;.x microrods supporting whispering-gallery (WGM) modes enables the
dramatically enhanced Raman intensity via Purcell-effect and additional mode-matching
enhancement.”’

X#17): semiconducting metal oxide; photoinduced charge transfer; localized surface plasmon
resonance; whispering-gallery mode; synergistic effect
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Figure 1. Schematic illustration of SERS detection of GSH in the presence of TMB molecules by
using Au NPs@MnO2
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Recent progress of Raman spectroscopy for cell analysis and imaging

ZHU Wei, SHEN Aiguo, HU Jiming

( Wuhan University, Wuhan 430072,China )

Abstract: Cells are the basic units of life activities. Comprehensive understanding and continuous
exploration of cells have been an important topic in the field of biomedical research. With the advantages of
high spatial resolution, real-time, non-invasive, laser Raman spectroscopy has been excellent development for
cell analysis, which was applied for a single component to a complex system of multi-component detection,
and expanded single organelle label-free imaging to multi-organelle (molecular) multicolor imaging. This
report will combine our previous works and other groups to introduce the recent progress of cell analysis by
spontaneous Raman spectroscopy, resonance Raman spectroscopy, surface-enhanced Raman spectroscopy
(SERS), and nonlinear Raman spectroscopy (stimulated Raman spectroscopy, SRS; coherent anti-Stokes

Raman spectroscopy, CARS).

Key words: Raman spectroscopy; Cell analysis; Detection and Imaging
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[1] Barbara A, Dubois F, Ibanez A, Eng LM, Quemerais P. J. J. Phys. Chem. C. 2014, 118,

17922-17931.

[2] Boudina A, Emmelin C, Baaliouamer A, Paisse O, Chovelon JM. J. Chemosphere. 2007, 68,

1280-1288.
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2B AL TR IRS BE ERITAE S, BT TR R A AR R .
WEEERFEE. B9, EFEETFEMAMNZONERZR. Ht, ERRBERK, B
S IR T ZEBOR 1) A L 1 o e IR B 7S AR

A TAEHRAE 7 S T 45 200 5 10 355 40 M v 4 FE PO 3 S B2 iR (DAERI:  dynamic
azo-enhanced Raman imaging). DAERI R [ Al 22 b S AREH7 TR ERIX PRI, KK
D20 (75 pW/pm?) FIZEHH# 7720, SCUL 7 s 4 2 AN 4EM 25 1 = 70 9% (270 nm 53 7%
F) PUEENA (3.5 s/frame) AHE (500 - 3200 cm™) H AP G . LI TAESE & T &
H R A2 R RGO 5 E G b =2 (AERS: azo-enhanced Raman scattering) £
BRI R o AERS B SEHUE AR EOR SRS A, BT Re g SR Re g IR & 1%
FE, AR5 MRS 22 m] ILIX, 78 SEER LR B 500 (1) (Rl 7 9801 5, RiEdEm 14
SRR . MR TSR 2 ERER, AERS $REFIUE 5 9mEIR S 17 1022104 f%. T AERS
Wt R, HESa&E THRE 555, 115 DAERI AR TH 258X . AERS
WEF AP A KA 2 G KA H G, DAERL SEHL T BAREOE IR NG m & o
RN A AR -

ifriEgIng area =30 36 um)

Gantinuous dynamc imegiig

= -
Y

Fig. 1 D;];z;i.én:j;iz;hac Raman imaging.
KA SSEENRR 2 RE: HT R BRI REUEIRE 2 U 412 G
%

SE IR

[1] Yu, Y.; Tang, Y.; Chu, K.; Gao, T.; Smith, Z. J. J. Am. Chem. Soc. 2022, 44, 15314.

[2] Tang, Y.; Zhuang, Y.; Zhang, S.; Smith, Z. J.; Li, Y.; Mu, X.; Li, M.; He, C.; Zheng, X.; Pan, F.;
Gao, T.; Zhang, L. ACS Cent. Sci. 2021, 7, 768.

[3] Tang, Y.; Chen, X.; Zhang, S.; Smith, Z. J.; Gao, T. Anal. Chem. 2021, 93, 15659.
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TEAE A o> I AT, N ARSI — L 2 O F S e L, A Ak P S 20 P DRS00 AR 75 1)
PUESWr . BV ZAE G M iR B RERH  XHRE N RERBR S & R R, Eik, &
IR A K S5 5 AR SRR U SE R B AR T R 7 — FR A0 A= ol o sl S ok I 1R 8 i,
A A o AT I R T M s SRt TR R AR T B o, FRATE BT A B L AR S
GKKF (AuNPs) KIH, ¥HAERNEA RIFSERSTE AL NLO s W 474 (I SER SAL I A%
YU FE RN, AT DA A2 A% B B 0 1E 40 i A Heela 2 g AR ORS 00 HH R FEAIR 0.5 1w M)
N0, %715 T 5 N0/ 2 1A BRI L 1] (RO 50 R0 20 AT DA K S SR DG v B2 B3 12 I 2L
BRI FHRT B . IRATEAG IS 7 A% SER SERET 1 BUS H R 5 98 K 25 58 TR 4R BU
WSS S, JFR T —Fha] LUX BIAS B 40 M pS3 i 7K 1 Kz A1) Bk Jeg 20 e A K 0 S gl K A8 TR 40K
&R . AuNP60/APBASF B fEMCF-74 0, ] DUWLEE 4 KR+ 7E 4 il N 5 AuNP13/MN
S5 TR AR SRS AR ILHR BUR Y6 ARk UL R s 3% T B e AR, I3 i TUNEL 3256 UE B #R
B 22 55 ' HR T A 1) 18 [ P (R B MR T FE R AR o), iR 28 R B /N 1A
W, FAVFF R T —FhIE T FRET/SERSH A U 18 5077 55 K [7] - 52 41 it P4 caspase-3 F1H, 0,
ZAAF G AR ED W] DASE LR 40 B P B B caspase-3ATH202 0455, FHEA RIFEEM. &
K A7 B T R A B, AR ar e A R SR B A R . 25 b, 9REET
PR FEAR B e  H ARATE A= o o A U ) S A )R (BRI AN B OGTE RR R

KHEIR): SERS: 5B 7R3k YUtk 2ukpkl: 95T

SE K

[1]Cao Y, Li DW, Zhao LJ, Liu XY, Cao XM, Long YT. Anal Chem. 2015;87(19):9696-9701.

Zhang, S.; Li, S.; Zhou, W.; Zheng, L. Chem. Phys. 2011, 135, 14304,

[2] Cao Y, Wang J, Jiang QY, Liu H, Yu YJ, Yu YF, Chen F. Nanotheranostics.
2020;4(4):201-209.

[3] Jiang QY, Cui X, Sun Y, Mao ZS, Wang J, Chen F, Wang JF, Cao Y. Biosens Bioelectron.
2021;192(May):113539.
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PRI B3P 2 6wl 0 T R 50— IO A5 AR V5  AF 70 20 R DG T AR P R £ 27
RN ENAS T AR B BB S AR S T G iy = v A BRI 7 B RS S R A AR
T SRR B DU SRR RN R AR S M L, A5 5T 0 R s 2 6 1SR
T — M EBRER AT S

b S BEE Y, S R XE B /) 53 v = S =1 N 21 = 51 e 7<= o == 577 N
I B, ATUATRT Z) e R R B AN U 23 AR R AL Rl 4 (R A7 SRR
T o AT W FLIE PN SR ) S IR AR AL, SEILH > T2 A E B RAE . 9K FLIE 7R & 5
SIS R AR T — AN BN AR AE )2 AR [R) 5 1, D 22 PRI R (R B FH i 9
RO T AT RE. e BEUTYIKSL (Plasmonic Nanopore ) I8 i 844 25 K FL1E 2 [ A1 PN 5545 i
& BEE T B M RIS GK LN R G A R 1 o, AT AT DASEER B2 - B A K FLIE
FEAL 22 R AE AN 5 by = 1 1) [R) 20 R AR 28 T L IRATIIT R 7 9K FLIE S 58 1Y) R 53 - HL 2 6 i
HA (B D, Wit 7 BASa0. @i a g geRLEs 20, #B8 7 9KfLiE
HLAL 2B IS R DA 2 B R R LI T 5 T IR FLIE B 7 FE AR I AT =y 355
HeEd 2 EE R R, N FDNANT . BT EEANT . YRS IR ET
Ao A LA OB S8R AL 1B I BRI =26

b L
Contimet spite .t

R gl

RN

Nanopore Erthanced Raman Spectra (NERS)

—-

B1: FrRFLIEE R h 2 it FE A,
SHE: GURILUHUI, AT, L, BB
S R -
[1]. Liu, S.-C.; Xie, B.-K.; Zhong, C.-B.; Wang, J.; Ying, Y.-L.; Long, Y.-T. , Review of Scientific

Instruments, 2021, 92, 121301.

[2]. Liu, S.-C.; Ying, Y.-L; Li, W.-H.; Wan, Y.-J.; Long, Y.-T., Chemical Science, 2021, 2,
3282-3289.

[3] Shi, X.; Gao, R.; Ying, Y.-L.; Si, W.; Chen, Y.; Long, Y.-T., Faraday Discuss, 2015, 184, 85.

[4] Shi, X.; Gao, R.; Ying, Y.-L.; Si, W.; Chen, Y.-F.; Long, Y.-T., ACS Sensors, 2016, 1 (9), 1086.
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T S AR RS HE 0 AT B8 DT VR AT R R — BRI & 2 R P A . AR SCAETER
MRS T 5t & SR ANTECHLY FARSER S I (W% H- 0 M 1 24 Hir SER Szl 75 5 /b pi b Ak, o
FEIBUIRIG, ARG AR V& ) f RS AR, ST A ALY FARSER S R 45 i B AR AN i
AHAEL, TOIERFEEAE NG B RE Bk, 7R AT AL TAESE A 102, KAESE A B
g AL SRR MR UKD, WIhRe &R, MRS BT Sk, BhJ)
BRI IEEALZHUY (Organic Surface-enhanced Raman Scattering, OSERS) 4k % 4 J& G
WL FARSERS 2 J5 HIE MK HT (AR B,

(a) Nz

H,N—@—nu, O—NH, H,N—(—@-};m wu, azn@a—w, H,N@.—NH,
(1) (2) (3) (5) (8)

LD o (d) ‘ [l}).__gfs " qlgy 7

B1: (a) ANEEHIHEHIEEENEHN. (b-g) ZEFXE M. ZEPAE M CRER) « ZFEK
4, 4-ZFFE TR, THF/ECOH A 4- 050 - =B . PSR/ L BEH 4, 4" 5038 = BCoR R — HR L FE Ik
J&/ . B Hp, p'- —JEEE P BRI RR IISEM AT (h-m) Y62 BB RS . (n) BHLY: SR M3DEDIE EIE
VIR B (o) BHLE SR 15 S HEAR 4544

KPR RIEBGRRL LI AU MR AR R
SE K

[1] Li, Z. Q.; Tang, J. H.; He, Y. Q.; Gong, Z. L.; Shao, J. Y.; Zhong, Y. W. Crystal Growth &
Design. 2021, 21, 1854.

[2] Li, Z. Q.; Ma, D. X.; Xu, F. F.; Dan, T. X.; Gong, Z. L.; Shao, J. Y.; Zhao, Y. S.; Yao, J.; Zhong,
Y. W. Angew Chem Int Ed Engl. 2022, 6/, €202205033.

[3] Lombardi J. R. Nat Mater. 2017, /6, 878.
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R HMURE S AR, SR M T B B R RERREL (Y2 S10s) f AR TR 1 2 4
HENH, WLEDRHE R, MTHEOGEEAM. e, fiathinZ2%. 3%,
i F305 L B 15 AR b A IR 1) 28 AR AT 75 B4 i 1A R (1050°C~1400°C) FTHKCH (7]
L CI~3/NED), - B4 5 R AR SR . B3RSt AR ], BRI 1 s 2 P BEFNAH DG S bR
Rif. Bk, FRERZESN. FREN T RSSO R Je R IR R A
FEXH, AR T —Fh i ) £ Y 2S10s: Eud s AR 18 42 o F5 T F DAL i 7E i A s 4 AR 43
BEIEFE, T Audf K0k 1) R 3R 1H 45 253 0T (LSPR) KN, SKBl TE W IR T,
FHA B FE R T NaYFa:Eu** @SiO@Au S & 45 H Ak R 17 X1 2 Y ,Si0s: Bu iy A [ PR s #4548
2 M R M RAE AN RE A &5 T S0, BITAS P 2 i B v TR S nT 4% R et e B 3 7t o
BeAk, s f A RUR B AR 11 S5 I 25 A R RE AT TR AL RAE AN 3 HT, RGUHIRR T HETETZ
JE X REBREC =0T R VI RER) , 5 28 8 E R AL b AR TE M ik R v 7= 2B I e R JE P M 1S nm
)5, I ANAEG SRR KSR, X AT B AR AR BE T R P SR AR 1 S R e e
7R T BSOS AE R 55 BT SRR AL R A R P BT 5 1 S

K. S8 EoTREhE A 45 HNaYF4:Eu3+@SiO2@AuH Y2Si05:Eud -+ R 45 7R 2 &

KEEIR: W LB T3, RMREIKEE, RESEHT, SRR, R
SE R

[1] Xi, L.; Zhang, C.; Li, S.; Yuxun, H.; Zhang, B.; Ji, M.; Zhou, X.; Liang, W.; Li, J.; Chen, H.;
Li, J; Fu, Z; Zhang, Z.; Zheng, H. Nanoscale. 2023, Online. DOI:
https://doi.org/10.1039/D3NR01813J
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Lipid metabolic profiling via quantitative stimulated Raman
scattering imaging opens up new avenues for precision

medicine
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! Key Laboratory of Biomechanics and Mechanobiology, Ministry of Education, Institute of
Medical Photonics, Beijing Advanced Innovation Center for Biomedical Engineering, School of
Biological Science and Medical Engineering, Beihang University (16/i), Beijing 100191
*Email: yue shuhua@buaa.edu.cn

Dysregulated Lipid droplet (LD) biology underlies an increasing number of human diseases.
Commonly used lipid staining and analytical tools are difficult to provide the information
regarding LD distribution and composition at the same time. To address this problem, stimulated
Raman scattering (SRS) microscopy uses the intrinsic chemical contrast of biomolecules to
achieve both direct visualization of LD dynamics and quantitative analysis of LD composition
with high molecular selectivity at the subcellular level. This talk will showcase that lipid
metabolic profiling via quantitative SRS imaging opens up new avenues for precision medicine.

First ", we developed advanced SRS imaging methods to quantitatively map lipid molecules
in LDs in liver fibrosis. Our data revealed that the lipid homeostasis was remarkably dysregulated
in the late-stage compared to the early-stage fibrosis, including increased unsaturated triglycerides
with decreased lipid unsaturation degree and decreased membrane fluidity. Inspiringly, injured
hepatocyte could be rescued by remodeling lipid homeostasis via either supply of unsaturated fatty
acids or enhancement of membrane fluidity. Collectively, this work offers new opportunities for
treatment of liver fibrosis.

Second P, we established the stimulated Raman molecular cytology (SRMC), a chemical
microscopy (SRS)-based intelligent cytology. Based on 53,951 exfoliated cells in ascites obtained
from 80 gastric cancer (GC) patients, we revealed 12 single cell features of morphology and
composition that are significantly different between peritoneal metastasis (PM) positive and
negative specimens, including cellular area, lipid protein ratio, etc. Importantly, a single cell
phenotyping algorithm was developed to further transform the above raw features to feature
matrix. Such matrix was crucial to identify the significant marker cell cluster, the divergence of
which is finally used to differentiate the PM positive and negative. Compared with histopathology,
the gold standard of PM detection, the SRMC method could reach 81.5% sensitivity, 84.9%
specificity, and the AUC of 0.85, within 20 minutes for each patient. Together, the SRS-based
molecular cytology method shows great potential for accurate and rapid detection of PM from GC.

X ##17): stimulated Raman scattering microscopy; lipid metabolism; precision medicine

RFRME GRIVER):

[1] Hao Jia#, Juan Liu#, Tinghe Fang, Zhen Zhou, Ruihong Li, Wenzhen Yin, Yao Qian, Qi Wang,
Wanhui Zhou, Chang Liu, Dingcheng Sun, Xun Chen, Zheng Ouyang, Jiahong Dong, Yunfang
Wang*, Shuhua Yue*. Science Advances, 2023, 9: eabq2937.

[2] Xun Chen#, Zhougiao Wu#, Yexuan He, Zhe Hao, Qi Wang, Keji Zhou, Wanhui Zhou, Pu
Wang, Fei Shan, Zhongwu Li, Jiafu Ji, Yubo Fan*, Ziyu Li*, Shuhua Yue*. Advanced Science,
2023, 2300961.
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JEIE PR AE S5 1 L U N SR A A AR, R BRI S WOl ik & ¢

[ N B i {3 PR [ 5 e 5 oK, BT+ 70 BB (R R A AN S R S AR R AR R e v
2RSS R AL SR AR SR T RORE VIR . DRI, X0 b S5 0 ) DL sy
AEUE T AT, BE N B R B SIS W L 93 175 M AN T S W fht o oAk o (AR SEBRI PR
P, R ZEIIRAR S HIR ARG, AR RGO ARAE A R (B AR S, [
TR BIRAFAEZ R bR SN, I AR AL Sy ok B, KERBOR. mi{Es
e T RO SRR 2 A DR S R EIRPRAR K AR 1842 . SERSHIAR M A R
B o R R EE R RTER LRI S iR SUERE 0 2 A RIN AT SR L3 1R 4
T 2 AR AR B P BE A 22 P b S ORI 7 oK o BRATTET XS IR AE AR Ry
PEmiRNAFIE FIAR G, 7k 1 SRR 0 = B3GR e OoAerill o 5 A E 2 PR A AuZi ok
BEFIATINT- 6, SEBL T 5 LTS B A BRI B 22 M -6 1 vty R BN o D313 AT T AN )
SBIRIELE L FR2RYT TG B AT 7RSI R I, I b B e A I 45 SR B B0AIE 1 3RAT
32 B AE AR IR BT R A Al SEE AT R0, DV BB ORI FEs . A oy
WIOTRE T Brig iz,

gk =)
IS M R TR AR TR 2

BI1: JEF =1 O K I SERS f 3800 2 R T AAR XemiRN ARG 4347 Kl
KPR RESRN SN EWFEY: miRNA; HAM: B
S5 3HK -

[1] Huang X, Tian H, Huang L, Zhou H*. Well-Ordered Au Nanoarray for Sensitive and
Reproducible Detection of Hepatocellular Carcinoma-Associated miRNA via CHA-Assisted
SERS/Fluorescence Dual-Mode Sensing[J]. Analytical Chemistry, 2023, 95, 14, 5955-5966.

[2] Wu J, Zhou X, Li P, Zhou H*. Ultrasensitive and Simultaneous SERS Detection of Multiplex
MicroRNA Using Fractal Gold Nanotags for Early Diagnosis and Prognosis of Hepatocellular
Carcinoma[J]. Analytical Chemistry, 2021, 93, 25, 8799-8809.

[3] Zhou X, Li P, Wu X, Zhou H*. Multifunctional biosensor constructed by Ag-coating
magnetic-assisted unique urchin core porous shell structure for dual SERS enhancement,
enrichment, and quantitative detection of multi-components inflammatory markers. Biosensors
& Bioelectronics 2022, 210, 114257.
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1 E: R R S U (SERS)E N —Fhi KIS AL B, FEAL A FIE W) 7 Hr
QU GE T T2 RV ARR BA 7 SERS TEREMH 8 53 6 B AR S50 S AR FEAT IR,
WA ALY L SERS REUEZMATHI 52 8. HEERZ, KRR SERS
BORB R R RSENE . PUHPUIEEE i, SEILLEN S A4 . 4T DA S5 2 E Ak
LRI R, R IM B SERS SIS 7 N 57 00 201 i 1 1Bk K o
X IRATRIE 13T 3 4EoK, AREFNHFR I IFREEOE SERS J7 ik A 3T et 7 75 A Hof®
GBI, SR T AR ISR I IR T R 2 O G A FE A SR B AR SARS-CoV-2 RNA
I 5E S B 1 Raman 155 2 REME T SERS 155 2 Wiknifh, 4 I FH T B 355 Hh A7 7E
[f) SARS-CoV-2 Jifi B ) “ JEiE 7 S Al Gk, ok 7 BUA R 3 Il PCR H0ARANGE B o 55 <4E
T RAB GV MR, JF T SERS 4% 2 M Rad A MU et g 75 5 iR ANREAL, FA R il PRk
A REBE RS s RN Z 7 V6 B T AR PR S . N B LR . 40 S5 e R
% POCT BliptRigtaill. XEewtsitG ] /¥ ERE AW NSFC. EfEmRRER KT
SCHFo

Enhancement Mechanhm -

Tirtor Detectiin _./
=

1. SERS A=W 4% Ik Sl ML -
X B IR REHGRRBHOT: CESEGUORM R B R e
SE M
[1] Yusi Peng, Yong Yang* et al.,, Matter, 2022, 5, 694-7009.

[2] Yong Yang*, Yusi Peng, et al.,, Nano-Micro Letters, 2021, 13:1009.
[3] YusiPeng, Yong Yang*, et al., Nano-Micro Letters, 2021, 13:52
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o FE SO 98 T 53 2 53 At s 43 AR AAE AR UK 6 o s 0 ) o P i TR (1) R Y L & i) AR R S s
BEEEZE . HAT, 2 FRAERI &b 50 DTEAR 5T SOR RS2 bR &5 %, Teikds
SFERVIBRFNE . Kk, WK Lk dE—Foe). #Erf . DU i AR A i i 58 22 4 7 R e A il
J5iE o EERE A in) i, AR SCER ST T — Pl TR T 1) v GO B R SR 2 AR RS i
B, AR T —EmRBEN R S N RS AR CREE T 4M9 1 SO v R 5 i
2358 2K IR UE i s AL T TR A ST IR e TR 43 T o RS WA Y o 43 RREAS I (1)
AUCKT0.95, HRBE. Rl HEFEIRT90%, Rl e/ T1s. fERR M AY)m]
FEREVE T, A SCRIUIE AR R 8 (2 F S 'S T o B kb ok S N . 2450
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A B HE B 06 12 TR A R A3 AR AST U T VIR R
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BT B BESERSIREL, N T A 227 S A v iR P S AR LA S pHIR RS I o Xl
BLAR N F A HOR R PR B BE5E 1 e SR 2L i

WD | J,|

/ J (MT-NPS) % (Phe) _J (NT-NPS)
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[1] Qi, G. H.; Wang, B.; Zhang, Y.; Li, H. J.; Li, C. P.; Xu, W. Q.; Jin, Y. D. 4Anal. Chem.2019, 91,
9571.

[2] Qi, G. H.; Li, H. J.; Zhang, Y.; Li, C. P.; Xu, S. P.; Wang, M. M.; Jin, Y. D. Anal. Chem. 2019,
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[1] Yang, Y. Y.; Li, Y. T.; Li, X. J.; Zhang, L.; Kouadio Fodjo, E.; Han, S. Chem. Eng. J. 2020, 402,
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111



O3-5 5+ mamemm ko 574 203

RS KIES RGERARERRE D FNARRERAR PN
5
ERY, BKRL XE, AP, Kl

AL RS T A 50 T HORWT U, BG4 18 2 i K 2 X ZEAE 2 E Bl L IX 22 KGE 1
5, 710127
*Email: swang@nwu.edu.cn

E LS P2 A MR I AE S TP MR 7 T E A AEAL AL RRAE S, RAT PR
HERf . TEARCA LA, BN PR TR A L 2 205 B A 31 534 5 48 i 2 RS DN ) B
TH. RRELER R 201 5 BARHEOR, 05 25W0AH FAE LS S o s
WHLHFIATH LT AR AR, T T — R AW LA RS2 ERBLED I, A
DR IE L AT A SR 5 S . M AR e Y L b ML AR A5 R AL, SERRRIE T T
B AN S 251 OIEA DAPT KB & it 24 ) AR RIMLAIVE R L £ 20 B U R
WA EVE EE L B A M LR BE L AR T K B A S SR TSR, AR T
FLRRSE AP BRI AL A 1), SR L 206 T T iR S IR TNMIZ Wi ik RS &, Hyd st
T 2IGE D HINER A g WA, RR T BB ARSI i
i B BT AR, A TR AT R T S 26 5 RS AR A LI Z )RR RE
WHTFE A, FF Iyt — Dt Folm PRI A oS4t 1 AR 5 S48 S0H

Lt

5 osa® “ Gradr | ; :'::::: :
=15 h Terwily M ; |'.‘- A
2y - T, . e 3 S S ol
s ms| SO .

) F: o

4 18 @ 8 3 4 -1 t i
ol fam
Eairty Cpoery Middildy Cumeer Advineed Capoer

BT I T 20k 1 3L e o B 391 5 23 20

KEEIR): FEovil, 4, HLUR, Z9WER: STk

SE MK

[1] Baoping Z, Zhanqin Z, Bingran G, Rurong Z, Lu T, Haishan Z, Shuang S, Spectrochim. Acta
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The gigahertz acoustic vibration of nano-optomechanical systems plays an indispensable role
in all-optical manipulation of light, quantum control of mechanical modes, on-chip data
processing, and optomechanical sensing. However, the high optical, thermal, and mechanical
energy losses severely limit the development of nano-optomechanical metasurfaces. Here, we
demonstrated a high-quality 5 GHz optoacoustic vibration and ultrafast optomechanical all-optical
manipulation in a sub-5 nm tip-supported nano-optomechanical metasurface (TSNOMS). The
physical rationale is that the design of the semi-suspended metasurface supported by nanotips of
less than 5 nm enhances the optical energy input into the metasurface and closes the mechanical
and thermal output loss channels, result in dramatically improvement of the optomechanical
conversion efficiency and oscillation quality of the metasurface. The design strategy of a
multichannel-loss-mitigating semi-suspended metasurface can be generalized to performance
improvements of on-chip processed nano-optomechanical systems.  Applications include
all-optical operation of nanomechanical systems, reconfigurable nanophotonic devices,
optomechanical sensing, and nonlinear and self-adaptive photonic functionalities.

50 x' T T T T T T )
i L0 2000 3000 4000 S000. 6000 7000
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Figure 1: a, Concept image showing the vibrational response of the probe signal through optical excitation of the

TSNOMS. b, Concept image of the TSNOMS. ¢, d, SEM image of the TSNOMS. e, Transient reflection spectral

map of the TSNOMS for the spectral range between 450 and 830 nm with a delay time up to 7000 ps. f, Transient
reflection spectral map for the spectral range between 785 and 830 nm and AR/R kinetics at 798 nm.

REEIR): R RSO, RIS RUTEIE) %, BRI B RAEYIRERI
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FRH2021E11H3H (EZKBEEFD .
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BRI A A X TR AS [F) ST A AN 7 o AT AR B & o B Sl i R R 2 H
AT S AT I 4RI A R 22—, 38 R b 42 1 R A R e A 7 FHA R R i -
IR FUAEIEE TR0 B2 1 4 5it by 2 D' (microdroplet-SERS) 73~ 6 [1, 2], A Bl S e il
RN G SERSHRZE 1) B R S RN, KRBT — Mo AL s gn fis S 2 AL i T H.
A S R (RIRIRED) I ESERSHRZE (WRitdRel) FLREETTE—A KTk
e T RSN I S SRR, S Rk T DATE SR DU A 4n B R T R M SRR, T
W 51K E EAAN A1 0 5 0 B ARG U SR A VRORH SR 4 21 4 B B A THI[3], FF F T SERS#A s
HE (T BT S 35 $E v 10 SR e BT KT R R o ARSI O PR A B R PR . AR
(MCF-7)H1%5 7 (MDA-MB-23 1) i Bk i3E 4T SERSH I, 45 50 15 55 7 hH I 1) = Fh /M b2 25 141 1)
KPZESR, Hmd LS ) 5k T AR T e g, BBV REDT, RS H
BT DA Pt o i 4 8 £ 10 o B TR N R R o L e S 2R

AW RZEHFREARE¥ES (21827805, 22173035) . i 8 B K B it %
(20220101046JC) BEEHTIH . HMRKF 2R XRLGAFE E 0 H (JLUXKIC2020106)
B

633 nm Lsver
A . e D Cil | MCF-7 | MDA,
. ) Microfiuidic Chj i - g
—— i i Ma-231
' w
- pressiny
' = [T
il i} — | 20% abjective o
’ d {‘« Liguid Seal sy o o
. Glass Bottom - —d
O R el O
(1) (2) Home cell
Hutsrngenially
Anlysis
(3

Craasification of

two'Bremst Cancer
Cail Linies
b (c)
{a) Mixture of labeling probes, capturing probes;
0 ¥ (1)Electrostatic  single cel
attraction |b) Capturing probes gothered on cytomembrane
Labeling probes  Capturing probes Single-cell EV.proteina {2) Lysis {¢) ELISA structure

BT R FH AT B IS ERS T G AL % =) S0 TS T AL 25 1 S T S A 2 11 84T 437«
KPR AN SMAR I RIIR R MR, HLARE
S5 3HK -

[1] Sun D, Xu SP, et al. Anal. Chem., 2019, 91,2551-2558.
[2] Cong LL, Xu SP, et al. Anal. Chem. 2022, 94,29, 10375-10383.
[3] Wang JQ, Xu SP, et al., 2023, Manuscript under review.
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FTHIERGHTABKLSDHESHIHIFAR
‘IR, FeKkER ', R, RERAR 2, RZFE!

VOESMIRE, WIERSERE, RN, 450001
bR R, BRI 7R BT, dERD, 100083

*Email: gilonggao@zzu.edu.cn

TERG BAAR AN LT 0 28 SR8, o] PR AR A A SR [ B2, R BR B B2 1,2] 0 AR
& F A A REHIEIK (Zero Thermal Expansion, ZTE) MM #H] & SHLH TAEMANAH.
FRIRA RS %7 . K S EREKMEE S, FlingECu5PbTiO &
kL TR R T R R GeREB . BRI RN, BlanTifiMo
HEHTavOs[3], H.07 T HiNaiE Fik A& 1 #5[4], Mo 5| NEIRZeV 0788 4514 [ 5155 5
FETAHARRIBP R AR 44, B R 4 Mn R+ 5 A BINiLP,O, - = o fB LI [6], BidEt
R EE I A AR OB AR AL SE B A IR AR 46 SR A FREIK G R BRI T
Ta:M02011[7], AIMoVO7, Cs; W3O 10 AHF I W55 . A TR & 75 FFD S
TRTH PA R SR IR ¥ F- B (PDFEKEXAFS) RAF T VELH 1 S gl ) S Hosb (5 2. . SR AR IR
SRR 2 DU MR NS TR R s F A KL

Tavo,  Ta,Ti,V,,Mo, O  Ta Ti.V, Mo O,

035 " 0,75 nsd Y 0.30
£ o e
-~ [+ .
a
o ) o (-] . (=]
4 d e
o | 3
oy Po0 o) LA L
A5 b o .
© i b v
o o -]
¢ ) oo
Strong Weak
NTE NTE ZTE

B1: TifModt # i Se I TaVOsFE b B MK E S 53]
TOHETA] s AWK, AEIEIK. RREER TN H
S 3CHR:

[1] Gao, Q.L.*; Zhang, S.; Jiao, Y.; Qiao, Y.; Sanson, A.; Sun, Q.; Chen, J. Nano Research, 2023,
16(4), 5964.

[2] Gao, Q.L.; Wang, J.; Sanson, A.; Sun, Q.; Liang, E.; Xing, X.; Chen, J. J. Am. Chem. Soc.
2020, /42, 6935.

[3] Zheng, Y .; Jiao, Y.; Qiao, Y.; Sanson, A.; Guo, J.; Sun, Q.; Gao, Q.L.* Inorg. Chem. 2023, 62,
8543.

[4] Gao, Q.L.; Shi, X.; Venier, A.; Carnera, A.; Huang, Q.; Liang, E. Inorg. Chem. 2020, 59(20),
14852.

[5] Wei, W.; Gao, Q.L.*; Guo, J.; Chao, M.; He, L.; Chen, J.; Liang, E. Appl. Phys. Lett., 2020,
116(18).

[6] Chen, R.; Gao, Q.L.*; Qiao, Y.; Guo, J.; Liang, E. Scr. Mater. 2022, 214, 114653.

[7] Gao, Y.; Wang, C.; Gao, Q.L.*; Guo, J.; Chao, M.; Jia, Y.; Liang, E. Inorg. Chem. 2020,
59(24), 184217.
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REEEN SOCEN AT E YR DB IRERN TS ZR
W5
HRE

Hh R 7 B 1 AR R S T

WE. RngsEh 2ot (SERS) W THEARGUI. R PREHER . A%k
T TR RARERE P2 U P R E R A ORI ORI MBS
B i BRI 52 22 Rk BV IR R 2L, fF S R, AR E T U
R, HAFAEE A e LA RS AL A 2 55 Ir) AL AR T A [RI RS IR AR A A v 2 i 1)
BT AL PRI VAL . SERS B il 7 15 IR 2 - SERS B KD W Bl 70 45450 1 4.
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Foigia & A S T XIER A8 ik
REAL >, RER!

VAR TR MG, AR, 510640
AEREE TR B2 S TR, |4 M, 510640
*Email: lianggy@scut.edu.cn

FEIEF h SIS, 3O6RR A THB R AR5 TR B0 Uk, Fi gl
B BIWAME, ARSI 2tk FRATHRGE T A B KU R fr =2 0
(Ionic-wind-enhanced Raman spectroscopy, IWERS) Jji%, W LLEE e Ed 21518 5t
[F) B S 58 4 TR S Tais G Tei i iR 2 G A, A B Rk i T R AR A T .
B R R B A S B TR (cold plasma), FERIEEE N EIR . ASCH B 1 XM H
Wi, BrRi i, B AERANE, AMERMEREF A ERETME, &1
PRI FE S e ¥ ff i gar, AT 9 03, RHIWERSHI A 1 A6 738 am bl o B -1 XU AT
FRAE =K RE FiReRe i, 1AL MISERSTTE RBEEAN K R Eits, izikRefE o
FERUG L NGB R 201 . IWERSH 506 H (photobleaching) J7VERKH, W& W LIS S,
AL B L (R GV R BUR o B2 3G IR A K AN AR T T h 2 i E M L, [l L8 g
AT LRl o FRATT RIS 52 7 hr 2wl e R iR, AU 32 BEAR R 45 v WAL 1) — B S 25OR
(EMELLEAT R THEOR I, B2 i i Ak WA —— s I A Y AE AR 22 & H 1 —
WrFHC L R, X AIR IR T B A . 2R IR B T IWERS T %, T2 n]
DAAZ R . TWERSTUE SO HboT S ksl o ke 21 R 47 350 .

AR HIWERS T B CATEI17-9714) I A% 34T 7k — 20 b, ixta%
F P P R A TR SR . B AR I, TR E K, T 2 i e A R
ZFt. MR ZE KIS LR, A BT, IWERSTTE (U633 nm) 1E
SRIPEECT TR T Bk, 2R I ERBTRK AT AL HL O R IR . MG AR R E Skt T b
BB A, BUKETSERSY, RN EE LR . IWERSSE SR it T 20 it 7 2%,

]
o
7]

@
| -
-

Intensity (10° eht)
Intensity (10% cnt)

500 10000 1500 2000 500 000 1500 2000
Raman shilt (em™) Rarman shift (em™)

B1: BPHAEIRF (). HFERJZIWERSIEE (b). HREAAIEH 1 SO6IE R (o).

2com

REEIR): B AR SR B, TR SRS
SE K

[1] Liang, Q. Y.*; Gong, X. J.*; Liu, J. C.; Ke, C. M.; Dong, J.; Song, G. S.; Feng, P.; Yu, H. K;
Yang, X. F.*; Cui, J.; Deng, C. L.*; Li, Z. Y.; Liu, S.*; Zhang, G. Z. Anal. Chem. 2023, 95,
1318-1326.

HEEWH: MRS (202201010705) « FREREARIRES % (2022ZYGXZR106)
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2 7o B I AR h R B PR AL S i B 1
EmRsE 0>, GEE, HERL B, TR, TR

FEarR!, BT

Vlem S R IR AT, AL IR X A T K 5 2 AS11 %, 100083
2SR B R A R T E R T S0 %, bR X R, 100084
*Email: wangchengming@jinsp-tech.com

M R PRI AR A S B, I S 0 7 AR A R B B L I R ) S i T B
BT ARG 5 32 40 2 P A 9 L AR ASOR 20 285 R (S5 £ A8 FH PP A 2 AR i) REURT 08 22 AN, i
0B IR ARSI 50 AR BES A R0 DRI A [, o i B R TS AR AT B B i 3

ARSI B 3 R A B OGS £E TS B R R I 7 T AT FURE R, IS S A A R RIS
S IF T RS T O IUBREAS I PR R ATk o Dt o B ki 2O TR e, AT it 4E e 7 —%&
FT 830 nm FOL ALK = Rs [R5 06T RS, TR R AU —
— 2 L AR 2 W AN o SR SRR W, AR AN TR A AR P 1 A I TS 2 6 i rp ]
HHWEEE] 1060 cm! F1 1125 om! AAAE B S5 R 31 0 BB L 2 AP A0 06, I FLUGE iR 5 3 26 W VAR B2
SHUE RIFHIZMER R (R2=0.998) , J0ilE T 1% R G0 H & 00 h i &) Bk 2 2 & g

DI ST 2 T e B0 G RS I ) ] A7 AT E RDE A0 T E A R (OCT)
X A B IR (0 G5 A AN B 20 L6 X 2% 0 AT BEAT iR 0 AR 0T At B e e B B A St
X EEAEAE S 25 MW YA P8 72 1) 2 B AL B R 2 06 v, BRATT A ILAE IUWE A 52 22 St B 25 A1 L 1
FTDVEHEAIE] 1125 em AR @ MERAAENE, 5 4= i SEBG A 245 L. 1248 RoAhi 20
W22 e QOB A I ) T AT PESR M 1 BRI . 45 & LRSS, JATEE—BIRG T 80l
£ B2 10 B RS 008 1 PAC 2 P v 9 T W P B e T DR A5 888 48 PR X0 5 Tl AT R DR et L 7™ i

N, N A
TFR IV AL T AT 1k
A) e B) 008 € 600 t1250m
\ —— AG = 10mmol/L ]
005 [l ——AG=20mmollL
‘:',-‘ { AG = 30mmol/L 400
© 004 If —4aG= 40mmol/L e N
_:3"- AG = 50mmoliL 3 .
£ 003 SH0) T Y
E o N gL VI
o 0.02 P . @ 0
= / \! fi= i
& 001 f \ <1 —— AG = 8.2 mmol/L (human paim) |
v - = 200 1—— AG = 5 mmoliL (bovine serum) |
= = =glucose solution
0.0 -400 !

1000 1100 1200 113[)0 1400 1000 1100 1200 1300 1400
Raman Shiftlem™) Raman Shif[(cm‘l)

Bl 1: A)OCT F-H R F BGR)Z BAIMAE M40 B) HAIUREHIY) (i) AN R &L 2
JeiE ZE N C) THEEPL Bh 2otk ELEOULIN B A 4 HE RS LIS 5 .

REER): WEIRR, JCEIILRE, HEovit, SERI, JeHEMTEAE (0CT)
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SERS E R mEEYRN PR AR
VA, HERE L, R

VR TR R AR A S TR ABE, M I X 381 %5, 510641
2TAERAL, Hihb, BRGR (TSR
*Email: 214077419@qq.com

FE: FImMIEoER 261 (Surface-enhanced Raman spectroscopy, SERS) 1 A—FhE T
PR RLR IS B T ILIR IV BA = REUE . A Hrid B KT/ MIFR OGS R A, 1E
Bk LA TR A B 22 A PRSI 7 T 32 22 k7 . SERSK IR 5 B 1) 7%
P RBAL YRR, B0 TS TR . RCN2H T SERSHER K H LI fg
Bt B E S & S a HEYRI S A 7T, R TSGR I CRISPIR & i & S5 R
el I AEYISERS,  BEFT T 5 T-MOFs P38 B4 il PR SER SHE i S HAE £ it & F5 A Il v (1)
M

XH81A): SERS; JEFELL: AEWIRG]; MOFs; W {EH

SE 3K

[1] Pu, H.B., et al.,, Two-dimensional self-assembled Au -Ag core-shell nanorods
nanoarray for sensitive detection of thiram in apple using surface-enhanced Raman
spectroscopy. Food Chemistry, 2021. 343.

[2] Hussain, N., H.B. Pu, and D.W. Sun, Core size optimized silver coated gold
nanoparticles for rapid screening of tricyclazole and thiram residues in pear
extracts using SERS. Food Chemistry, 2021. 350.

[3] Pu, H.B., et al., Development of  core-satellite-shell structured
MNP@Au@MIL-100(Fe) substrates for surface-enhanced Raman spectroscopy and
their applications in trace level determination of malachite green in prawn. Journal
of Raman Spectroscopy, 2022. 53(4): p. 682-693.

[4] Lv, M.C., H.B. Pu, and D.W. Sun, Preparation of Fe304@UiO-66(Zr)@Ag NPs
core-shell-satellite  structured SERS substrate for trace detection of
organophosphorus pesticides residues. Spectrochimica Acta Part a-Molecular and
Biomolecular Spectroscopy, 2023. 294.

[5] Pu, H.B., et al., Anchoring Au on UiO-66 surface with thioglycolic acid for
simultaneous SERS detection of paraquat and diquat residues in cabbage.
Microchemical Journal, 2023. 190.
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*Email: huang_baokun@163.com

FMA B FEE, 1A B BRI RL 2R B, 175 TR 2GS Tl
PSRRI R, S T 28 TR T R B s kil o B B AR AR VR, R EE, ZRA S
PR LR3I DR B — I ORI A 8 B AE R S SRV 70 b AR o R R V877 S B K
WP 2RISR IE bR, 49 BIAS [RIR FE I BT AR X Hr O R R W IR iR, R BYR &=
VIE B H o 528045 SR R 7R TR A VAR 25 0 51 RO FEE R A 7 I s B 1t R &R, T
o T IRE I FC ORI SR BE o i PRz G A R 2K TG ot = e Ak, XUk
s SR 5340 5 55 1 7 TR AT R 0 S FH I 5%
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[1]

[2]

Huang Bao-kun, Wang Jing-zhuo, Song Yong-xian, et al(Z&fr3#, T H, KKk, %5).
Spectrosc. Spect. Anal, O3 %% 5618 73 HT) 2020,40(02):432-435.

Huang B, Zhao Q, Sun C, et al. Trace Analysis of Gases and Liquids with Spontaneous Raman
Scattering Based on the Integrating Sphere Principle[J]. Anal. Chem, 2022, 94(39): 13311-
13314.

Qian M C, Hughes P, Cadwallader K. Overview of distilled spirits|M]//Sex, smoke, and spirits:
The role of chemistry. American Chemical Society, 2019: 125-144.

Lopez-Vazquez C, Bollain M H, Berstsch K, et al. Fast determination of principal volatile
compounds in distilled spirits[J]. Food. Control, 2010, 21(11): 1436-1441.

Qin Y, Shin J A, Lee K T. Determination of acetaldehyde, methanol and fusel oils in distilled
liquors and sakes by headspace gas chromatography[J]. Food. Sci. biotechnol, 2020, 29(3):
331-337.

Wang C, Wang M, Zhang M. Ethyl carbamate in Chinese liquor (Baijiu): presence, analysis,
formation, and control[J]. Appl. Microbiol. Biot, 2021, 105(11): 4383-4395.

Yang C, Li Y, Wang J, et al. Fast and highly selective detection of acetaldehyde in liquor and
spirits by forming aggregation-induced emission luminogen [J]. Sensor. Actuat. B-Chem, 2019,
285: 617-624.

Boyaci I H, Genis H E, Guven B, et al. A novel method for quantification of ethanol and
methanol in distilled alcoholic beverages using Raman spectroscopy[J]. J.Raman.Spectrosc,
2012, 43(8): 1171-1176.

Pineau N J, Magro L, van den Broek J, et al. Spirit distillation: monitoring methanol formation
with a hand-held device[J]. Food. Sci. Tech-brazil, 2021, 1(5): 839-844.
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RBACE LA SN SR SO REB MR A

R, TR, TR, BE 24, B

VRIS, D4R, 621908
2 [ TR R SRR ST AT, DU )1 4REH, 621907

*Email: lihaibo635@163.com

TE 7 ST X o ey S5 A7 2 6 R 5, BT OG5 — M L b 2 U o = ) L
MR, EVOETIE LTSI A A 8k E S . ihl7oets 5, mEH 700
nm PA_E (3 21 /M Bl e E iR IR, EREFEER I ZSE 1000 nm PA_b i B 6 B 7 3k
FEE N, SBORAM 2 G ACE M LRI 3000 cm! DA R B, BIAEAE 2 6] UR
R DN R T VL1 ) 850 o PR T i R N P L 22 R TE UG 2 TR A AL A S RI AAEATT A Rl 68 g 1 2
BRI, WS FER N-H M IRSELE 3300 cm! FHT . OH- fR4EHRENIELE 3650 cm!, iXedt
HR AT RS =4 KEW BYSEERYE . Rk, @UHEHF R MR 2
TS T SHE I 90 1) 205 SR AR e 1 31 il R 9o At ARTBUH Rt —FeR A G
TSI A B 730 nm AT 830 nm XU KOG B R IS (B 830 nm BUR AR
Hpi =, 730 nm BOR SR B 2D o 8T RSO R T e A B R T
H R TE R ISE L 2 200-3700 cm!, I B AR SFOERES R GEF] 6em) , T ULFEIN
NI CEE TR AT SR AE, AT S T SE RS B v o BRI T IR, IF iR
i R A R BUE . B INHI R . TR G AN mo i o MR R B B
B AT 2T A BB RAS T B ) A LA R I LiH S s Wi 845 5,
FE R T RERAE R A I R B AR HE R o 12245 RIS P T AR 70 A I AT, 5 )2 s 2
SRR B Oe T SRR . T XOR KT A 2 R T B 5 200-3700 cm'!
KrYa L, A2 BOKEY). &R S T R T h S AR AL T —Fh el 17 AR &2 .
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REERRN SN EERENESBER RN ERETIEN
pH JR3E
ST, X, HKERE

HER TR 2 S TR, AERtT by b XKAE ST TR, 100081
*Email: pliu@bit.edu.cn; yhz@bit.edu.cn

AERR I B KR B A p AR T BRI U R W B A S R
AU AR R o2 2 ok B o R R I BEAT IR p Ll B ) S B AR HY
7L, BIUE IO E R B B IR R OGRS R S pHAE D), AR 20
2y, AL SE PR K AL R R S AR L (B AL . AR, JRATTR4-
FRAEMENE (4-Mpy) IHREALAIPURARIRET AR 1 s hr @061, IR 7 — MU I pHAE 1
HEEL AR T %, BATKIL, BB RS, SRS IRIR 8 1 A K Bl
IR BB o AR RE A TR I P pHAE 3 I 55T AGE— ] — MR Eek Sk
RoR o IXF G B IR e Bt — D R B SN — S H IR AR . BATIBAR T LA+
WHRE 2 KR T R IRIR EE B2, DA B R e IR SR AN H A1
N

Rarrian shift {cm™)
1500 1550 1600 1650 1700
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a N
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4o 06

%04

I

= 8.2

& 0
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B1: SERSHI A B #e AL FEpHA L i

K A, B, KSFEtk: SERS

e EPEIE

[1] Lei, Z. Y.; Bliesner, S. E.; Mattson, C. N.; Cooke, M. E.; Olson, N. E.; Chibwe, K.; Albert, J. N.

L.; Ault, A. P. Aerosol Acidity Sensing via Polymer Degradation. Anal. Chem. 2020, 92,
6502—6511.

[2] Rindelaub, J. D.; Craig, R. L.; Nandy, L.; Bondy, A. L.; Dutcher, C. S.; Shepson, P. B.; Ault, A.
P. Direct Measurement of pH in Individual Particles via Raman Microspectroscopy and Variation
in Acidity with Relative Humidity. J. Phys. Chem. A 2016, 120, 911-917.
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BAERH/(NHa)S04 B &S ARBE R R
ERR, B, BEWE, kKEE

AR TR, e BT, bt B IIX R 2 sl X, Jbat, 102488
*Email: sfpang@bit.edu.cn

RAVE BB A ARG S AR AR A, 5 R I H R A BRI PE MRS B, e AT TS
RAIREE S Ao LA N AR A B F AT 50 o ZE PRSI0 5 AR A IS AR B LS ) 2R K AR K P 42
R NIENE o I UI(NHA)2S 04 SIS AL PRI FE 2 K XL, FH(NH4)2SO04 FRIH 2SN
(NH4)2SO4 FRARRIRE ;7T AL P UKL IZ M R AR P PR Bl B RS . AR FsE b, i T3
KFEA L AR T, R R B OB AL EA, (A5 R 248 HLAZ R, e R
AR R A SRS s R AR R o I RO RIE SRR B, R ML A AMNEIR T TeHL #h Y
KAk, BT AR T ARG R, TR I R IR R KA I R 2T, A TR A Y
A HREL, H 2R M T Re e R I R FE RS, FEHETT S A B R e . A
SR A FTIR-ATR BORIRM 1P A RN (NHa)2SO4 TR A IR I IR0 [ Wt 1, et 43
PrELAMGIERIEIE AR, SRAFRURI A B A S5 B

1(a) FE] 1(b) 73 71 i A R B9/ (NHa )2 S O VB £ VR I 5 PR S X0 0 B2 P AN T iy 1 A
L. B 1@ BLESR], BEE RH IS, 7E 1642em™ AL HRHIEIE (HO) 3&#T
55, 2 RH FF2) 55.6%Kf, £ 1715cm™ AL ML —DHTHJIE (0-C=0), 1418cm! ALHIFFAEIE
(8-OH) B, AR 08, 3150 W A RN A1 (NHa)2SOa KA SUSE, 1B A R #h 45
TR AR B AR, FREEFTN R RFIE I ] S G

P
(b) £33 1] () 08
—O— 1"Dehumidify §
RH% | —5— 1*Humidify ﬁ
s y
0. —0— 2"Dehumidify 6§Q
% —A— 2™Humidify ¥

NORIN A BN SS
oohlen ninmmea

Normalized water content
=
in

i

4
>

4000 3000 1750 1500 1250 1000 4000 3000 1750 1500 1250 1000 0 0 4 60 8 100
‘Wavenumbers(cm™) Wavenumbers(cm") RH%

B 1A R B/ (NH4)2SOa TR SR AE B -THE AR L AR LA (a)28 — IRBERRIERE; (b)2E— K
THEIERE; ()47 FRHY/(NHa)2S O TR IBGR 75 P BRI -THR AR 135 7K S AR AL h 2

ME 1) Al IS, 24 RH JHE R 43.6%0H, JGilAE 1132em™ 1 995em! &b %774 —
ANSETHIUE, X2 [ 2 NaSOq Pt RLRFAEE, 11834 NaSO4 B HIL. B 1(c) 2 A RN
/(NH4)2S04 VRA TR TE A FR-THEE A 1 &K EAR L 28, 7T LUE BI7E R f v,
TR A R A AT, FETHERERE R, R B AR, IR PR -THE AR 2
Je, ORI S KR 55— R AT A A W R, X2 T A RN S (NH4)2S 04 3 5
O R AR AT

KA KEABI: WOEM: FTIR-ATR; A FR44/(NH4),S0,

EE P
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In this work, we attempt the host-guest chemistry approach combined with the cucurbit[ 7]uril-
mediated active self-assembly to precisely integrate a single methylene blue molecule in an Au
nanodimer at the deterministic position (gap center of the nanodimer) with the maximum electric
field (EFmax) and perfectly align its transition dipole moment with the EF ., yielding a large
spectral Rabi splitting of 116 meV for a single-molecule exciton—matching well the analytical
model and numerical simulations. Statistical analysis of vibrational spectroscopy and dark-field
scattering spectra confirm the realization of the single exciton strong coupling at room temperature.
Our work may suggest a way for strong coupling between a deterministic single exciton and
plasmons, contributing to the development of room-temperature single-qubit quantum devices!!-41.

Figure 1: Precise positioning and aligning of a single MB molecule in Au nanodimer for achieving strong

coupling room temperature

Keywords: Single exciton; strong coupling; Au nanodimer; Room Temperature
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SR AR, W 4 T U &R B L & ) (two-dimensional  transition metal
dichalcogenides, TMDs), BARKIECHEAEM, G/ EFE R KR R 7]
PP IEE A RG] J) . Bl ARSI SR B RS, TMD LT B FG AR 1)
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T AT LT s .
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I3A o E— BRI DO GRS R 1 SR T I3 1R I A G S AR R A,
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Pt 7 S RO R T, AP N T AR SR RO AR AT

(a)
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SE

[1] Lee, H.; Koo, Y.; Choi, J. et al. Sci Adv 2022, &, (5), eabm5236.
[2] Scheuschner, N.; Ochedowski, O.; Kaulitz, A.-M. et al. Physical Review B 2014, 89, (12).
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RIUHUN GG E; D:FDTD #4 S AR R 1 s e Xl 2 CEL AR B 3 ) i e Ak b 7R 43 S Roxed RL ) vl
W5 Lo A ED o
KB RIEFHET: SeEMPEME A —4eptkh hrtiBER
225 3R
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154



P1-27 5+ mamenoz ko 4 2023

ZREEERRETETF-FFREERRNEE

'|§fﬁ ! ﬁi‘fﬁ 1, %ﬁﬁbfé\ 1, ing‘fﬁ L*
PR ERRER R P AREETCRT, AR XIR A 35 5, 100083
*Email: phtan@semi.ac.cn
BX A

FERSESYE T i, SRR T BOTECR (T, AT, BIR TR (AR
P LI AL B A R — B T T A s e FEASR A o, BRATTRE R Y i A 57
girp R A TR - A A AR IR SRR T . S5 S IR SO BORRIIRAL 8O
AR BATHTTC T % fiAn st M 0 <6 A0 S WA S 1) S o 45 b 5 TR 5 9 B8 S DDA %
(IR RIS RS A8, BISR BRSSP TR SR AR IR = AL B R (PR AR 5l R S
WL TR AR SR B A5 2 o JRATTARIL T AR PR IR S R A A R 3R AT O, X
B AN IO IO 57t 1 452 T W 7S 1A 2 5 2% 400 HL 7 AR LA FH 9 5 R 1
B, BATREUS SCILXT 5 B 45 2 (] R Al 2 L s R o B DL KR IRAT D I 1
P, SIS A R (R R A A R R O . X — AR AR T R R i A T
T THIAE R T H iR,

-

R{EA

Expetiment Interlayar band polarizability model Expefiment Interfayat bond palarizability made)

2 5 d) {n
@) mL-KBN/NLANLG/KL-TMD e mL—hBanL[TNLE]TKL-TMD ML-AENNL-ANLGKL-TMD mL-hBNMLANLGKL-TMD
1 i
En=ZT1eV P h Egy= 2640V Ik} s B
2 7 é : 2z
= = = =
5 [24001+150] 5 R TR B o) I 5 2
= | A 2 [4dti2+T10] = [44.42+1) 0]
Z £ < , <
2= Z 2 H‘\ 22
® B 1] i 2 |
& |\ 5 |1 51 ¢ L I
B [N\pp, BRI 2 Vg, , megny g S ey 2 il
= Wi il = Ay £y = J L )
et el g j 2
e ser) | S PR ==\ |
S R T TR A Y R B I T S N | T T S T Y S PO B [ S T S B [ T W T (TR I
200 40 B0 8O 100 120 140 0 200 40 B0 &0 100 120 140 20 40 60 BO 100 1200 140 0 20 40 60 &0 100 1200 140
Rarmari shift (cm™) Raran shift {eme’§ Raman shiff {em ) Raman shift (onr")
1) {e) Temary viWwHs Binary vdWHs
Temary vdWHs Binary vaWHs T Sl AEN eceves e
i BN} R )
24LEN - so—se-o0-re—0- B L) b (N (S ——
SO-00—0 0= 3000 (BNl e e ] B0P—00 00— il Gy ©o—00 G0—00 00
18°
- S0 0—GO—00— il (G COCTOCTEDO 141G | o—oooo—oo-oo-— MGG}  co-co-so-os-oo i
LG [ SR
ssoesssos NG o-ovoo-o-o og LA, G800 (Gt eo-o-0-ocoon NeEce
ILMoSy | wpE & o (i) a1 Wil | PN nthrmiMy

nnnnnn

-1i{n)

B1: (a)(d)EmL-hBN/nL-tNLG/KL-TMD = JG 7 5 25 H it i 25 4 50 vh SE I Z TR S S o i - 75 R B o

Ry, T 2 SR Rl RSN A R 20415 (b)(e) —T057 R

sk

==

Fy BB RE - (DA R

()R AW A R AR 2 31 0 ST 56 45 SR (a) () REAT LAV 70 5

KPR RS BRI RIS T SRR 2R

S5 3R
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Abstract: Recent great advances in fabrication of two-dimensional (2D) materials enable
considerable interests in 2D materials beyond graphene, including those of low in-plane symmetry
whose material properties varying along different in-plane crystal orientations, such as black
phosphorus (BP), rthenium disulfide (ReS:) and gallium telluride (GaTe), with diverse optical and
electrical properties shown which strongly depend on their crystal and band structures. Their
mechanical properties have also attracted more interests since the extremely high intrinsic in-plane
Young’s modulus (~1 TPa) and strength (~130 GPa) of graphene was characterized using AFM
based nanoindentation.!! In particular. low symmetry monoclinic phase layered GaTe has attracted
much attention recently, not only due to its extremely high photoresponsivity (2x10'® A/W) for high
performance phototransistors,>#! also because of its strong in-plane structural anisotropy. Despite
its incomparable advantages in optoelectronic properties, however, notable electrical-mechanical
coupling is likely to be resulted in which may change the electronic structure of GaTe during
straining processl®! for nanoflexible device application, thus requiring to know their individual
mechanical abilities including anisotropy, which is still lacking in GaTe.

In this work, the mechanical properties of both substrates supported and suspended high-
quality GaTe multilayers are experimentally characterized and compared for the first time using
Berkovich-indenter based nanoindentation, combined with SEM, AFM and micro-Raman stress
investigation. Concurrence of multiple pop-ins accompanied with load-drops events are observed,
and the role of interlayer sliding as well as the mechanism of layers-by-layers deformation and co-
fracture are investigated, which can be sensitively monitored by micro-Raman spectra. These results
have provided first-hand mechanical performance and related theoretical mechanism on GaTe
multilayers for their potential applications in nanoflexible and strain-modulation optoelectronics.[®7]

Keywords: 2D materials; GaTe; deformation and fracture; nanoindentation; Raman spectrum
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Fig. 1 (a) Evolution of the normalized intensity of interlayer excitons with pressure. (b) Energy of intralayer and

interlayer excitons as a function of pressure. (¢) The intensity ratio R as a function of pressure.
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The generation, transfer, and collection of plasmon-derived hot electrons represent a distinctive
pathway for the utilization of solar energy. Herein, we report the construction of plasmonic
photodetector from metal/TiO> Schottky junction, featuring using solution-processed continuous
nanoporous Au film (CNAuF) as the light absorption layer and n-type TiO: film as the electron
acceptation layer. Because of its plasmon properties, the CNAuF can absorb broadband light in the
visible region and in turn creates abundant hot electrons (via the decay of its plasmon). Using a
CNAuF/TiO; Schottky junction, these hot electrons can be collected into the TiO; film to generate
a steady-state photocurrent. As a result, the plasmonic photodetector constructed from the
CNAUF/TiO; Schottky junction delivers an appreciable photoresponse to the visible light. Taking
the photoresponse to the 532 nm light as an example, this plasmonic photodetector delivers a high
responsivity of 0.06 A/W, a specific detectivity of 3.9 x 10° Jones, and external quantum efficiency
of 13.8%, with a rise time and a decay time being 110 and 120 ms, respectively. The bottom-up
nature of solution-processed strategy offers great flexibility to tune the plasmonic nanostructure and
in turn its optical properties, thereby creating many possibilities for the creation of next-generation
plasmonic photoelectric devices and beyond.
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Currently, the most popular way to manufacture white light-emitting diodes (WLEDs) is based
on blue-emitting InGaN LED chips (440-460 nm) and yellow-emitting phosphor coating (520—
700 nm) to produce white light. However, conventional white WLEDs exist “blue overshoot” (extra
440-460 nm blue-light can cause damage to the retina) and “cyan gap” (470-520 nm wavelength
range) compared to natural sunlight. Here, using the stable and bright cyan emitting perovskite
quantum dots (PQDs) composite films as the cyan color converters to fill the “cyan gap”. a novel
high photoluminescence quantum yield (PLQY) cyan emitted CsPbBr3; QDs strategy is reported: for
healing the surface trap states and for improving the stability by the combined treatment with
didodecyldimethylammonium bromide and lead bromide. This procedure results in robust colloids,
which are highly pure and exhibit high PLQY of up to 83.8%. This study paves the way toward the
application of PQDs color converters in the next generation full-visible-spectrum WLED lighting

Cyan Gap

~J

S whilh il

that mimic the natural daylight.

(a)

Blue Overshoot
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Waveclengih(nm)

—
[
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o e

o o
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B 1: Emission spectra of the 455 nm LED-excited lamps without a) and with c) film converters. The inset of a)
is the photograph of a lighted 455 nm LED-excited lamp without cyan films and the cyan emissive CsPbBr3; QDs
film under UV light. CIE diagram of a commercial WLED b) and white LED converted by cyan CsPbBr3 QDs
film d).

X##17): White LED; Cyan light; CsPbBr; quantum dots
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The band splitting and arrangement of bright and dark excitons considerably influence the
optoelectronic response of monolayer (ML) transition metal dichalcogenides. Here, femtosecond
helicity-resolved pump-probe spectroscopy is performed to study the spin and valley dynamics in
ML MoS,. Both the bright to dark intravalley exciton transition (~50 fs) and the reverse transition
process (<50 fs) are directly monitored. It suggests that the bright exciton state of ML MoS: is lower
in energy than the dark one, which is also confirmed by observing the temperature-dependent co-
polarized photobleaching dynamics of A and B excitons. Furthermore, the band splitting in the
conduction band of ML MoS; with a value of 15+0.3 meV is determined by fitting the temperature-
dependent ratios of the population in bright and dark states using the Boltzmann distribution law.
Such minor band splitting allows the phonon-mediated intravalley spin-flip to even occur from the
lower to the upper conduction band within tens of femtoseconds, which will have nonnegligible
effects on the performance of these ML MoS;-based optoelectronic and photonic devices.

(a) (b) 4

%\Cﬂ
Dark Bright
"Q

Figure: (a) Femtosecond helicity-resolved pump-probe experiment on monolayer MoS:. (b) A schematic overview
of typical allowed and forbidden electronic transitions for the respective intravalley bright and dark exciton states in

monolayer MoS..

Keywords: 2D Materials; molybdenum disulfide; ultrafast spectroscopy; spin and valley dynamics;

exciton
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SMKR FEBE AFM-TERS $R41& 2 H M4 RE
KA, XIEFE, KRA, B8, UhEK, RIAL

PRI K ZEMRE S0 A L2558, 7500, 215123

*Email: yuanyaxian@suda.edu.cn

BT RBESRFT 2 61 (TERS ) H A& W G B4 B8 (SPMD IR [ 34 5 47 2 1% (SERS)
FHEE A I GK ROBE R A3 HT B [1], B8 R] s XCH A o 2 TR AT 0 2 18] S R T 5 A5 DA KAk
HERRG, O R T MR AU R TTRE SR [2]. @i SPM & R
SR (Au,Ag %) B EERMNERIEHIE SRR IMIEF L MEEE (W1 nm) ,
MUUE MUK NS CRRES I, EFdeoe = AR ARG R 3k i, A T8 F 5 R
Raman 15573 DA SR, AT IS0 UG AL 2505 B A

TREFTE TERS BEARVEREHEEE ROCEZEIER, A ZPEZS] % AFM-TERS £R 8%
WRMIJER], HHT AFM $REFR T S % B, SEE RS RHREMARKANER, &
DIVEAS, HAREE AP Z 2 sk = BRI BAE R 77, HAURR e A AR R4 ad 2 4k
oy ZIEL ARSI AFM $REE, B URREERC ) 53X, SO AL TE R 350 4K R
TR BIPRET R THI[4], BT IR K20 BEEGKRLF 0 A0, EREME B & R IR E S
(FEI A TERS ¥, X% TERS #REMO A R A RE M EIM: . WE 1 1L, AFM
REF R HE A — BB ERE Sk b T Gonm) 8w, BT HRBIFMBEN, $1584890%
K72 G AEAE TE IR, 111 BAREFRIm I AR — DB N 242, RIS UE AT 2% (1 78
BPRRLT I AFM FREF TERS 4583408, P T TERS R I silllwt 7t Canf& 1 B
7N) o 24 TERS #FR¥ALE A pNTP 40+ 14 I, AR 2] 1081em™. 1339cm!,
1576cm! AL = ANERIEIE, Ui T 4% 1) AFM-TERS ##4F A MR 71 Raman 3498351, iF
HASBIREF YRR 729 3.54%10%, ZR b, JEAORI AL &Kk T 7% B AFM $R%F R
T, JERTIEKACEE, A PRET R 7 i BCE S S & ANK R T, X — 77 1A% (1) TERS %1%
BARG R EIME, JRFEE AR IR0, AR TR 23 0 7 Prae

| smm

Tnensityiall. |

B1: BEAuYKHRLT I TERSEHRIE S LA TERS Y it K]
KRR Au GUOKR T 4R, Rirmgset 2%, TERS; AFM
SE 3wk :
[1] Prabhat Verma,Chemical Reviews, 2017, 117, 6447.
2] Raoul M. Stockle,Renato Zenobi,et al. Chemical Physics Letters, 2000, 318,131.

[
[3] Boon-Siang Yeo, Renato Zenobi, et al. Applied Spectroscopy, 2006, 60, 1142.
[4] Qinghua Guo,Jianlin Yao,et al. Langmuir, 2016, 32, 4530.
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REFBATEL: NFERAE
EHMYE, KRA, REEC, RIEAL, ghER

TN KEEM RS AL 258, VIR, 215123
*Email: xumm@suda.edu.cn; jlyao@suda.edu.cn

TENIHMIRSN T, Sr & mAURBURL 1) E B T2 R AR SRR, 15 &R R TH T Rk
WA R, BRI EMocIR (SPR) |, BRIET 55 4B 48K 45 9 2 1T 19 SPRAL AR 9 =)
B %5 S Ot R (LSPR),

AR, M B HUC A R NG| T ) KRHIE TAE #2608, JUH R T 55 B ol
B AL = A A R FORIE 7T o ) 37 35 5 e (PAT P) 76 J 3 1T 25 B8 S I BBl 1 & AR e Ak e v
A4, 4" ZHEEECE(DMAB), & — AN SR SPRIEA B . ARTAT, HH T Au-SHE K Ag-
St B A B AR I, (2R R IDMAB S T M DL Bt & R MM VA, PHAS T R St —20
BT, REARBRIERE, TR e KRR . PRI, #0K SPRR S, M I # & 22 4
FHINEA -+ EE R L.

AR SESSAS FHTUT OO EIR, TERE S R 1B E R T, i TR (AR SR T DA R
FHHRIIDMAB. A REE L B R, R RE R, 7R R AN 25 (R 7= A
5000K LA_E & 100MPabh /& s i BRI IR S iR m M) B 2 11 [2] 0 ZEULSRAE T,
Au-SHES Ag-SHEWTZY, #5345 RAIDMAB K M A N [FPATP S5 & IR R I L 7%, HE N 2%
W o SPRISLAE N5 A B AS T (R B - T B R 3847, AT i DMABTE R M4 AH H 2R
1 G KR B2 AR NN BE S, 76785 nmiO TR LA Ak S AR 2 b i) 3T
TR I SEI A AR B2, 73 MR A P DMABRIA: BUtS . 45 SR8, A8 A H T
HF, JHJETFDMABI1140 cn!, 1386 cm' K 1435 em ' A FHFIEIES KB . FDMABAL T
1140cm ' Ab I RFAE I 5 PATPA 171072 e A FRFAE U LUABLA R A PPN DMA B AL R (14845, 1]
DABR S B A B (R K, ARAHHDMAB & EIZHTIE £

| A

,’“\_Ju/ Vv\fw.\url J"\w/ I‘\ i)

A 10 1200 ot 1600 800

Raman Shift(em™)

Bl1: WATXPATP 726 T 1E A T2/ MR R IR BV RS DM A BIK SERS

KB RIESEWOCHE: S, A R 26
BE R

[1] Li SW., et al., Recent Advances in Plasmonic Nanostructures for Enhanced Photocatalysis and
Electrocatalysis, Advanced Materials, 2021, 33(6).

[2] Ye, L., et al., Ultrasonic cavitation damage characteristics of materials and a prediction model
of cavitation impact load based on size effect. Ultrason Sonochem, 2020, 66: p. 105115.
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FE B AT RS S IR AR SR E B A0 R S
ﬁ?#ﬁé 1’2’ fﬁﬁi’f—fi% 2’ %%KE 2, %%37“% 2’ —I%JT—E 3’ %14’ %B}_h% 5’

FIBF2, fRAE™

B R 2GR, WA, 430065
2R, AR, 430072
S ERERE:, SN, 563003
SHDURS:, IBFRBOTH T 208, %% CH-1015
SHN K, TREERI, 450052

*E-mail: spzhang@whu.edu.cn, hxxu@whu.edu.cn.

FEBOTAL R LI REAR B B e B RBUI . A= bR S I e B AT R ORI T
MR W T DLOR G TINAE 71, 0 NSRRI A arfi iR B A B2 s . AR, HATkE
% PARGRT I ITVE, B S N E , AR R BUSAS. I AR B R S5 i R
HoRp2otiE (SERS) — Mk T 57 5 B 9N K 45 Ky 11 55 B BT LR AN SR Sl by 245 5 80K
PIEAR, BT USRS FIFESUE B, i BLe ] DUk S s o 7R R B, PRI A=)
P 254 R ks I 7 D ks BRI LA 77 o TUE BT & T —FhJET- SERS (1587 4 55 B
TeARIERAS, WA 1 PR, AT T AR S8 IR B B RO E BRI . 25 BT R
A LUK S 1.45 M kil R B0, RIS I 1 R ) BB S VR AN 8 SR e ) o AH SCHIE S0 R
X 3RAE Nanophotonics, 11, 4821 (2022) !,

60 nm
Raman i
Scaftering : : interlayer
rd
—_ ~1 nm
Gold Film I 45 nm

BT R B G IO G RIORE - 2 R & 4 &

KB hig E s RIESHHOUR

SR :

[1] Xiong, Yang, Hu, Huatian, Zhang, Tianzhu, Xu, Yuhao, Gao, Fei, Chen, Wen, Zheng,
Guangchao, Zhang, Shunping and Xu, Hongxing. "Quantitative and sensitive detection of alpha
fetoprotein in serum by a plasmonic sensor" Nanophotonics, vol. 11,no. 21, 2022, pp. 4821-4829.
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SERS fRHTERERIA S IR AN KERHE (L FE 1 ROANLHI

RIKtE, B4, R
WK T A S RORHE K E IR, AR KEE 130012

W B TROTR-CRRANEMIREE N b 1R 880 R AN SO A LI 1 T i R K g L
HEEE ., EXHE, RATE RIKE T Au-LaNiOs. , 49K 27 4E(NFs), 78 FHHAc-NaAcZE ik
PR Y5 i I 5 1R R B A R 388 o () SR AL B P B . 3R TR 9 2 6 15 (SERS) I 25 12
BRI FER(DFT) THEIESE | BRAK S T B € 3 9 P H] 450-0, R EHEA-Au-LaNiOs., NFsH1 Rk
PR A N AE AR A R v i 5 7 A P 28 S R 28 o R e B e R il LB 5 3R 5
(M ELAE F P2 A2 0-O [ 44, SEBLRY 3 T s Ak Ak . RIS I NS S S AL B (A V5 1
PErm 12.380%, SERSIEVESE RS 175.271% o 14 A& Ay gt — s R0 P 4 A TG Bk 92 PR PIHAS DU 2
GUIRAL T —FlIR1R, 1% RGUEE XA ) v R A SERSA I SR 2 Wi hE D

KRB RMIE SR 2 U, GORBER BRI E, BRACTS T M M HHE, Au/LaNiOs.,
PKETYE, Hhib A

SEHR:
[1] Zhao Q, Wang H, Jiang W, et al. Anal. Chem.,2022, 94 (51): 17930-17938.

WRHE: x xx, BITHM: x x x;

B4WH: EEERREEES (21473068, 21711540292) 3 HHRERHE R BIHRIHEES (20180101295JC) ;
Ve ff: RERAE, 1992 A, FHRKFHHEY FEMSMEIERE Aw =14,

“SHIEE R A E-mail: weisong@jlu.edu.cn.
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SERS Resolving of the Significance of Acetate on the
Enhanced Catalytic Activity of Nanozymes

Qingnan Zhao, Ming Mu, Wei Song*

State Key Laboratory for Supramolecular Structure and Materials,
Jilin University, Changchun 130012, P. R. China

Abstract Understanding the structure - activity correlation and reaction mechanism of the
catalytic process in an acetic acid - sodium acetate (HAc-NaAc) buffer environment is crucial for
the design of efficient nanozymes. Here, we first reported a lattice restructuration of Au-LaNiOs-;
nanofibers (NFs) after acidification with the HAc-NaAc buffer to show a significantly enhanced
oxidase-like property. Surface-enhanced Raman spectroscopy (SERS) and density functional
theory (DFT) calculation confirm the direct evidence for the formation of specific enhanced
intermediate O - O species after acidification, indicating that the insertion of the carboxyl group in
the A-Au/LaNiOs-; NFs plays crucial roles in both producing vacancies in HAc-NaAc solution
from its dissociation during the catalytic process and the protection of the vacancies, which can be
directly interacted with oxygen in the environment to produce O - O species, realizing the
enhanced oxidation of substrate molecules. The insertion of the carboxyl group increased the
oxidase-like catalytic activity by 2.38 times and the SERS activity by 5.27 times. This strategy
offers a way to construct an efficient nanozyme-linked immunosorbent assay system for the
diagnosis of cancer through the highly sensitive SERS identification of exosomes!!!.

Keywords Surface-enhanced Raman scattering, nanozyme-linked immunosorbent assay,
acidification-induced lattice rearranged, Au/LaNiOs.; nanofibers, exosomes

* Corresponding author
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WINGEZFL SnO/Ag WKRAHR TFSHELRE_FLixE
A% ERliS & FI A [E 5L SERS i {TH B

%'ﬁi?\"? 1 *}JEE% 1, @%g 1, %ﬁ 1,
VMK A 22 G o FEE M SR E R s =, HMk K& 130012, Huhk, B4

*Email: weisong@jlu.edu.cn

TE R, BAVER T — P8 08 B g7 2 -Bbe S mE Rl e 2 7L SnO2/Ag
(P-SnOx/Ag) S EHKAYE, MU TR R0, A R R F A7 5 O
S, T FLER T e A0 5 R T Y AR 2 HUN (SERS) PERE. il 1) P-SnOx/Ag 4K
ZHYEAE -0.9V (vs. RHE) B XFT HCOO™ ) HA 92.4% WImEEH M3 (FE), R H
MEEN 24.6 mA cm?. JR 7 SERS Y1 2 B P-SnOo/A g4 K 4T 4 Ll 17 18 SnOL 40K 21 4 76 25
G R, GEEXFLATH (XRD) At —P47mSn(IV) 1 Sn(1l) EAPIFA K AT e 2
CO IR iR A B FR R 511 S B AP . 320, X TP-SnO./AgdK4F4E, iz SERS
HiE R HEBIA T 1420 ecm! BT HBLIA R SERS U, Xt T-*OCHO* R [alfAk, T H
B (HCOOY) M4, X TAEFIH T P-SnO2/Ag Ak T4kt ik — &4k, JoHRZH
51 SERS HEMH: AR F L AL TG AL s I M s B R, 3 RT3 B RATIAE A4
I ZH AN 27 25 0 5 A AL PR e 2 R) N SR B R U

B1: WIEE L FLSnO/ AR A 4 TAF /R Z &

KHIA: ULBREICR: FISERS G WINAEAK LT ML g

£k
[1] Chen, J.; Ma, B.; Xie, Z.; Li, W.; Yang, Y.; Mu, M.; Zou, X.; Zhao, B.; Song, W. App!l. Catal.
B-Environ. 2023, 325, 122350.
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SRR ENRFEFHREBEE ST XTI ELHITE
A0 SERS 155m)

X\, XM, FFIE EE, KK
BRI ) T4 SR B K A, &4k KA 130012

*Email: weisong@jlu.edu.cn

T SRR 2HU (SERS) B —MIREMRA VL, BRIy TR M5
SUE IR, TR MR, B, R EE SN S R I A AL 2
JR 3D Z FLAE MIRE AL LV S P PR AL, ARSI BB TR T LR T R
JEZ AVRFBR () BRI, A SR R 2 0 i A # 4 ER B FH DA S 30 van  Ji -F F 26
K TAERIH— LG T @B aTER, 53 [F & IR R SR 55 IR B LA 31 1 5
FEAMIBEE R IVER . TEASBISERSIE NI TF Bok RAIER LML A2, FRATRIN
TS RENHgE 5B R EA RS MEAEE. 3 B8 TUESIRATM G HEAE, 341
i P A P IR TS 37341538 B H T B (HAADF-STEM) FIx SR H FREIE: (XPS)
PIREAT TR F REEERAE, 25 5RUESE T 35 FYOREE A/ . [RIRT, X2 1 R SE LA
SERSHIA I K 55 T KB AR A AE . BeJa, FRATFIFDFTHATERL, XA
A S Ag@Hg R T A R R A g B IR SE M BUA L, Hg B 7 e VR AL s B AT
WM GAR MBS, RN T R TR S S LER o

Shake 50 min

ey
= o Ny
LI > o4

Room temperature QRS

I LRI T KNG 1 A R LR AR N R
KBEIR): RIMBIRN 2 HUT: POREE: SRR R T
S5 3R

[1] Liu, D.; Gao, H.; Jiang, W.; Yan, S.; Liu, H.; Chen, J.; Wen, S.; Zhang, W.; Wang, X.; Zhao, B.;
Song, W. Anal Chem 2023, 95, 4335-4343,
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—4i% SERS IR EAH| & X H SERS #3:
nE, KRE

BRIV RZ:, #ELR, 100048

*Email: Iszhang@cnu.edu.cn

RIMBG 5 HL S HUH (Surface Enhanced Raman Scattering, SERS) & H A 78 7145 74 )
T RS R AR e v PRI BRI o 38 3 4 A 07— W0 B LA G KRR P2 ) 5 <65 J 3 1 ) DA S
K PP S 5 53R 105~ 10045 . 185 SERSHLHI B A A ELFE i R 55 & TR L4k r= 4R
(R E 1 5 T A e R SRR S5 (R R 5| S )AL 2 3 5 230 O T HL I s A L) — B2 SERS 4,
PR IL BB 2 — o B E USERSF IR L & A RE P 5l NA 2 . i1 T SERSHI R
B, R R BT AT o T AL 2 A5 5 AR B T4, A SERSER B 7L B = BB
FUR SRR, R ) % 40 B2 () SER SRR IR AR A L B o 38 H AT 46 474 IR SER SHE JEC 1Y) 7
A RS, WA, DR T IRANESE, 1K G| £ 70 S A AN S8 S A A
RS HESR, TR M, SIS TV fE (1) 2015 SER S 9k 5% i 1 ] 25 7V
AR A B ROCRe ) 772, LB /KRR, 15 T RAGmaAEN. BF
KRG RE SERSHY AL . W1 (a) P, OGP fESR R T i T BRI A1)
KAHREE AT o AFAEME RIS, IR R “ HERBGT” aity, LG H 2
28 WOt R b A AT Bt ] 5 TR RS 25 4 o X — B G IR BH IO e h R0k A2 2 RO B B 5
X e, AR A R o FE SRR B AR T [FTI, o e R s AL I AR I A K L T
BT AR R AR &R . B (o) RAEHRER ERISERSGIE, S5E1 (b) £ EMHigES
ECACRT DA o B W S 3 0, R B RAT T #% LR AR R T2 = R . 245 I SERSFE I
FIRBR TR, BOGREIIR T A2 ] 2% 211 I SERSER R A R85 1. ANMETAT DA HY
SR RE R R, IO W] DA tH 2l ARG K ORL,  IX AR GOK ORI 5 R BRTE, IX AN
IR E Rl EIRATH T R B 9 RS 1t 7T LA .
Saar T, TR

SERSHLUH HAG TH S F2 4t 1 4l i

—b \

tatensity (a.u.)

10
Ramutii shift (')

B1:  (a) BOCRMETMSEME fr,  (b) A MBS, (o) Bothetif Eihi 8.

KRRIR): RSB BUN: AR IIRER Bkeh O kel

SE M

[1] Langer, J.; Jimenez de Aberasturi, D.; Aizpurua, J.; et al. ACS Nano 2020, 14, 28.

[2] Ding, S.-Y.; You, E.-M.; Tian, Z.-Q.; Moskovits, M. Chem. Soc. Rev. 2017, 46 , 4042.
[3] Wu, D.-Y.; Liu, X.-M.; Duan, S.; et al. J. Phys. Chem. C 2008, 112, 4195.
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A recyclable graphene/Ag/TiO: SERS substrate for the

detection of dye molecules

Mo, EFEM 2 FERS, wRE Y

1 FdbREs, IhPEE REATREPEX 2= Fe i 3 5, 030051
2 b REE, WP RE T E IR IX 2B % 3 5, 030051

*Email: mly81@163.com

Abstract:

Self-cleaning substrates excel in terms of economy and environmental friendliness. We have
obtained Ag/TiO, films by chemical vapor deposition (CVD) of graphene on fabricated Ag/TiO»
films by magnetron sputtering. Using the passivation of graphene, the SERS functionality of Ag and
the photocatalytic activity of TiO,, recoverable surface-enhanced Raman scattering (SERS)
substrates with high sensitivity, stability and reproducibility have been developed. The passivation
and physical preparation of graphene resulted in substrates with excellent reproducibility (SOD <9%)
and stability (substrates maintained good SERS activity after 30 days of exposure to air). The
substrate sputtered with TiO> relies on excellent photocatalytic properties to eliminate the Raman
signal of methylene blue (MB) (SERS properties were retained after five repetitions). Using
rhodamine 6G as a probe for detection, the detection limit of R6G for graphene/Ag/TiO»
nanocomposites could be reduced to 10" M with an enhancement factor of 3.75 x 10°. Furthermore,
the Raman intensity showed a good linear relationship with the R6G concentration (R? = 0.98),
which is of great help for the estimation of molecular concentrations in practical assays. The

graphene/Ag/TiO, nanocomposite substrate promises to be a novel reusable analytical tool.

o Wi, st

m d-,’a,,‘b,gﬁ aé’iz’f i
f

=
-
&

]
T

RN J:W

e e g0 e o toe e
LR T e Raman shift fem ')

Fig. 1: Schematic diagram of graphene/Ag/TiO2 substrate preparation process and performance test (left),

schematic diagram of self-cleaning performance test of the substrate (right).

Keywords: graphene; Ag/TiO»; recyclable

EE P

[1] S. Cortijo-Campos, R. Rami’ rez-Jime nez and A. D. Andre” s, Nanomaterials, 2021, 11, 644.

[2] J. Yang, G. Song, L. Zhou, X. Y. Wang, L. J. You and J. M. Li, Appl. Surf. Sci., 2021, 539,
147744,
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ARIEERPAKFFZFRIENR SERS E RN

OO T, TR L
VARSI EEL AR, 100037

*Email: Iszhang@cnu.edu.cn

R Z U (Surface-enhanced Raman scattering, SERS) J& 5 247 I i /£ — &L
BRI, WP T RIRL S T KIE LRGSR, SERS & H AT myker P 72 850 R 1) 4
AR, BT Z BT E 2SS T T . BEESERSN L Eh ke, 7 EH & EAH 2R
Sk, BEONAURRRISR R W SERSHY SR AL IS, ANl —4ERVRKIA . ARGUKILHA JRE 1) 5%
BRI . HRYUKIAE SERSE K & K I B =2 ISERSHRME:,  [AI LX)
THE 4E (1) 35 P VR GOK A I SER SR (1) it 78 2 A B2 .

E1: NEBEZFRGKIF R HSERS i E . REAKLAN (@) 9 um, (b) 12 um, (¢) 21 pm, (d) FEE
N 21 umPERGKIA I SERS it &

FEART T, BATES St il 5 ik, il T B AR ERRIRAKRI . Wil la. b
AT & A R EARFRIKIA, Pl PRACKRIA W ERN 9 # 21 pm, RYY
KAL) RIS IEEPA R, SHEONPURRUE, ZeRIEDLHE,  Son i F Rk
W R A F BRI 1] 25 A IR R RGO I S A R 2 R s 4
PHT T T EIE 7260 320, BATUAFEARRRGORIAME IS 5m 5L IR IRAT 1
Bt > THISERSOGIE (HnfE1d) o MSERSGIGEI LR LIEH, 570 7Kl & it
B, W T HISERSE 53R 1 KR AUHE 58, R U P& ARANR I 52— Fh =i ZL U SERS
PERILIE . AR W 73 T HISERSAE 5 32 BRI T RGO A A 2 55 2 T 1R O LR 1Y
R FESLIEA b, BATIERE— DT TT 1 ERGUKIALL_EAS FIALE S GKIA A AN A AN
I X 35 1R T 55 B T A3 e A, FEWETE T BRI ISR R 25 SR AL PR
SeA it — 2D 4 B4 .

KA AR BERIRPOKIN: SERSIER: HE4Ed 4

B W :

[1]Wang X.; Huang S C.; Hu S.; Nat. Rev. Phys. 2020, 2, 253.
[2]Strehle K R.; Cialla D.; Rosch P. Anal. Chem. 2007, 79 1542.
[3]Zhou L.; Fu X F.; Yu L. Appl. Phys. Lett. 2009, 94, 153102.
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ERmAEF SR SERS g

E/R KFE

H ARV R MR, 100048
*2220602022@cnu.edu.cn

“YEAE LR MR A R AR B W 2 AR B, BRI AN R0, b H )
YKL R AV bR i iR T e, AT RO R (BR8Pl 55
ME 5 MR TR A S, TR IS SN G  E T80R, RIS R A6
o R T AL P S AR RSO XA S AT S (5T T SR RO
kL BABRIIRE U, SR T 81 R R R, LG AshE 45 BN = 2%,
AR5 L7 RES X S IX A M s DTG, SEROCH FREALG R 2% . 25 KPR RO
HU AN, H T3 2R I RO ER AN H E 2 RE R A 02l T AO6EE Bk
s AGEIE R ICTEARME TR A SR A, LR ZR R B IOWT T i

500 1000 1500 2000 2500
Raman shiftcm™,

B 1: (a) FH: Ag FM A SEM B (-0.35V-045V, 0.001 V/s) ; (b) BPQDs ) SERE it

TR T R RE A, AR BT T OIS A . T8 7 R
SAE TR, PRI TR A R 1 s b 2061 (SERS) KA T & s I i . 15 il id i
WM JFA AT, H& 0 7 BAT S RO R ORI R AR (B 1a) , JFEH B3RS TR
&7 /=.(BPQDs)[#) SERS Jeilt (& 1b) o 5 H s A IH S 86 i, SERS JEilk 23
T BT IRAL BPQDs fi4 f 4 S R3Sl f@gdlr, A3 7455 BPQDs &1 i
T, FER RGBS A IO IE S, JFHIIEY T 2 EREmAAAE, F
BTN E T RRGRER LM AR . 3@ id SERS B 5T BPQDs &, A7 H & — 4k
A PL /R i PR T R B A A R LR I T B2, X B e AN A i R A IRIX 8
BT RReEUOeLH B A EEE

% 5%i7): SERS: BPQDs; M&ik: Rek&im
S Ak -
[1] Wang, Kis, A., Kalantar-Zadeh, K. et al. Nature Nanotech 7, 699-712 (2012).

[2] Huang, H., Xiao, Q. et al. npj 2D Mater Appl 1,20 (2017).
[3] Xingqun Zhu., et al. Journal of Colloid and Interface Science, Volume 511, 2018.

185



P2-13 & mamemutzrai 74 2023

ETIRAKBHBED EREBNAIE ST SERS #izt

PR R, A, P9 710049
*Email: jxfang@mail.xjtu.edu.cn

P25 T I AR S A5 () R T G 50 2 ' W (SER SR AR b, 3% K Au B Ag iR gik
TOORE R BT A7 5 7 S5 LR O, il i 2R 5 M g R SO 3R T ) A 77, AR L 2% THT FA i
AR E M, 75 YRR SRAE , AT FH G R FIORE 44 i 280 >R 32 51 SERS Al 1 R B8
BT AR R AR R, HARo 7, Rale BU AR /NS 48 R T 2R 0 855 14 1%
BRI AR S AEPUR BRI R . R0, XIS SERS Al &R BLH BRI R EE .
1%7$,E$ﬁ¥$msi%¢ iﬁia%ﬁﬁi%%%%MAﬁ@%%%ﬁﬁﬁﬁw
fEF, M3 56E 7 SERS iG1EI2. SR1M0, 124 ik, BIETE LRl ns A ALK SERS Al 77 v
H, %%ﬁﬁﬁwwﬂm%%*M$%h%&ﬁﬁsms@% FEMAATYSRER Z RN T, 1
FE IR AR 5T S B 2 AT SR AN 2

AW FCHE T —Fh A TR AR AR RD), SRR N D B AR, B A TR
SEAY AR T R AT DATE VAR R T BB 2 AT I F AR VR B o R BRI E AN (R
fil AEH TR R R ERAS, JF i TRPUR SR ELE WM ZE R, TR T 3R 5
S ﬂ%F&ﬁ#%%ﬁﬂf%ﬁ RORL R ADIRS TR TR BT RAER I, St
1) Ag GIRKL T HA W F 00 R S mARAS , ATITE 12 T T X 4k A= B2l B 43 Ran M 6 g (1)
SERS 155 . AW FCIE I MR BT BEAAY, R T IBE BE 2 J2 5, 7820 hil 1 ARG KK
T REATEWAE XS SERS PEREM RN, FEAH5r+ SERS HLERFR ML 140 WA . i idix
FohOBhAR PRI 6 P55 T SR, SICEIL 1508 22 b o PR vy R R B 2 R 1 Aan o % KM T 3RS 100
BMCV o FIEBIRAEH IR, HESREHEE., XMETREMARI 25 H SERS “F & 11
DA 5 23 BT 420 )RR R A I AR 5 KPR P T 5

—
a v real c L = =
. =3 =
Pl =i, Ton
k= -
< ae 3
o ) E
F .-
® 3 E
1 £ S8
@ B ‘ <
4 AN, {5 s B
# =17
Lasar 3 A1) AL g 5 npin
il Pl V{dﬁw.qc_;:;ﬁ.
a0 1000 1300 1400 1000 T80e | Bottom = === (Y
Rarman Shift (cen”’) Ratran ntérsity (au )
b BE
SH0WL  4004L  300uL 2004 1004L TSl SOuL | 35
3 T "M,
L i A
)

— raCivolime B0 1000 L0 1400 1600 1.800
Raman Shift fem'")

B1: (a) %Eﬁi%ﬁ\};?%ﬁLSERsm{mu%%@, (b) N EAFINaCIH AR BRI RLERI M, (¢) CVAT1EDZ
AR E FISERSYEHE, (d) CVA FAE JZ IR R AN AL B ISERSHFIFIESHIE (e) CVATHEMIFR

KHEIR): 9> TSERS; IATEEE, HMR
S Ak -
[1] Kneipp, K.; Yang, W.; Kneipp, H.; Feld, M. S. Phys. Rev. Lett. 1997, 78, 1667-1670.

[2] Nie, S.; Emory, S. R. Science 1997, 275, 1102-1106.
[3]L. W. Li, J. X. Fang, et al. Nature Communications, submitted
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ETREWMER SERS FFMEH# KA T IARICEIRASM D
K, W, HERE

PR AR, Aarsale, I 710049
*Email: jxfang@mail.xjtu.edu.cn

AN —Fh EARZI7E 30-100nm, FH 20 A 204 (1) A 0UZ AR o TR 45 44 (R 40 oK 9 /N B3
0, WA ARG R A 2 AL A4 0 i 1) EL AR A A8 TR B B F 7, m] DU N b &8, 1
PRI ARG 5 T B BRI AT 5o DRI, A ARG WU A P v ff ] P 2 49 L o7 P v
JIWI L EESAE SRT, CEAR Gkl ik, Bl A7 CEAT I R . R AR, REE
B, FERTC, ROARESER R, AR, BRI R T s by 2O (SERS)H A RN H 4R
YIRES IR, — 7T, SERS BAARAEMIES, Ao kANBEMEEEA, EKFTFH/
LA 7T, SERS HiAE B A KM A%, I3 SErf A, Bt b, LBHRbeE.
IR, ERAER AR 3A . Rk, SERS FARE SN I 2 A 35 55 1 5

ATRWE K TCARICH) SERS i iEX AN MR IEAT 438, I AT AR BRI IR (P R A2 N
50 nm ] Au NPs(cit-Au NPs){E>A SERS JGH41K. WE a fiax, FohsfkE Cit-Au NPs 3t
FWER G, WET IR L, AN 26 Ual . T SERS (15 55 b & IE
BB SRR B, 5 S B A TSUZ B RS, 430 BT RAS I A AA ) SERS 55 1]
RERIETAME(CS A EIERR . TR AZIR). Wi b Fiaws, 293 4 RIE SN SERS
KI7E 600-1800 cm ¥ [l P HE B VF 2 900G . Ji it ELES cit-Au NPs H & [FIRFIEIE DL K 293 41 i
RIR A HMIAAR) SERS HE K, Anic thA/MBAARR BADEE, 417164 1760, 1200-1400. 1584 cm
VB W R . AR A AR PRI R 2 10° particles/mL.

Brubz Ak, BTSN R T IR B A, cit-Au NPs T A BRAR 2 347
FEL P BELAS T AR MR ISR I, 5 SO M PRAS I R B A o JE— 2D R i A i iy 1 s PR 3
e ZREAEN AuNPs 13K [H & #FC/4 (cysteamine-Au NPs),  $i3& 2% 504 FIFH & 1 3 B (&
H)iE i R PR P AR SRV R I A, A R B R R . (R, AESRERTHAC
RIS Ol Tt B A RGR b 20h kg, ORI RS T SERS Jeiléuerite, 14k
WARE RS I I 2 44 . BT HE%L cysteamine-Au NPs H & (IR . DL K A# H
cysteamine-Au NPs £l /MG SERS 5 E], fric 1z 72 A b ik ity s R i, 1% 07
FERT I A A B AU FR A2 103 particles/mL.

af= z X b

Z

Intensity

Itstetisiny

i it i | 1
’\’“\"‘%w\

1

= = e M R - -
o0l Ny 1006 1200 14661 (L a0 S0 | 1200 1406 1600

Ranton shilt {em™) Ruman shidh gem™’)

B: (a) Cit-AuNPsfESERSIEJEA AR REE, (b) cysteamine -AuNPsfF ySERSHE AT M~
WA G 1A

KHEIR): HhA; SERS; TohRICH:

B Rk

[1] Pegtel, D. M., Gould, S. J. Annu. Rev. Biochem. 2019, 88(1):487-514.

[2] Chen, G., Huang, A. C., Zhang, W., et al., Nature, 2018, 560, 382.
[3] Yang, Xi. X., Sun, C., Wang, L., Guo, X. L. J. Con. Rel. 2019, 318, 119-129.
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E TN REEREREILERSEE (SERS) £
W, KHT, HER

PR AR, Aarsale, I 710049
*Email: jxfang@mail.xjtu.edu.cn

S ARAE AR AR 5 A% 15 AN 20 D [B) 38 45 rP ke s B EAE A, SR A BRI ) S S A
00 PR i e A= b S50 o L R SN IA ARG 10 8 73925 2 B T o0 W < 1) 2 1 o A
BRAEAE YRR SN, I H T BN AR M R R i, O HL A ZAE B AT X S A R I B
IR EARE, (HHUA B AR A 238 — L8 M R AR I B AR AR W) . R T o =
HUN (SERS) Jeilml LA A AN Mtk R 48, RHEAR SR TREC e, RG22 8 )
s KA EVIRIEI SR AT IR o i T ANIBAA B RSP S i S J@ vk, AN S
SERS %5 B A EIREE, SEUETINLIARIJCPR2E SERS Ferill R S BB = R
FEMAG Y, PREIT A MR SERS A BT A I B S AN 5 5 B B B Lo A SORI A
BOLK St RAUKBRL S SML AL RIS 3 REAE i (B 1D, BESREA RSN AN Z 4
G R . 8 TR St mANKRURL 5 AN A S [F SRS e —ike, SRR TESYEL PHK67
AN GLEARIC IR X & S5 RURLEEAT ZOETNK, fEANBARIREN 107 particles/uL I
SRPTARFRAIN 25 e Pt (18 2) o BTV, 12 6-7 08l 2 WRITT 58 s SRR, % 293
15 2R R P VR S IS M A R R fe g S8 5 75 RIS M AR BRGNP T35 103 particles/uL (]
3) o MITEARE MBI SEBR R TR AL T BRI .

3x10° particles/pL 3x10*particles/uL 3x10° particles/uL 3x102 particles/uL 3x10' particles/uL A Au

6x10° particles/uL 3x10° particles/uL 3x10* particles/uL 3x10° particles/uL 3x10? particles/uL 3x10" particles/uL

Bl 2: . (a-f) STEJRANKIURL S AN R L AN R 48 w8 R e 9 e B o B AR RO 500 pme

(a) | ) | 10 parclesii 4
i A il \ R AR s
V0" parbitiesnd. 1 NNty | | .". di! VAL
ok Py I\ . | \/ VAL |
s ¢ - ! 107 prckaiyl (Va'
0 patickesit | y . ! I |
3 3| 10 parclesis
= | 10 particlesiil 2o R LA |
f‘; il ! A L: 10" parfissiit | == A —
B 19° parseisal = b ]
07 parlicleniut i A
10° pampiesin. s -
107 parocles/ill
pan Hark
; T T T T 7 T 1 T Y T 1
400 800 800 000 1200 1400 THO0 1800 <00 500 800 1800 7200 1400 1800
Saman Shin fom '} Aaman Shit (cm )

B 2. TR RTINS 293 IEH AL EIE RN A (o) FIMR R LS RIEAMNL R (b) H) SERS
K e v .

X8R HMMA, SERS: TARid: R4 E4&E
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IRIK LT F BB SRR S s Rl o B R

BWK!, FEFEY
! WA, EaR SRR, BRIGPE %, 710049
*Email: jxfang@mail.xjtu.edu.cn

e

AR S E RESIRIR, 12 P EURTAEY 2 G Hod, i AR s B 1 ks
MIRENS SR NAR B FERGL, T TR Im 12 . 280, AR nm ARk ik, RS
e U B (PCR) %5, HTHES SIS RER 2%, S ERERS, S DUSEE g @ Puig el . 75
KITARES, FRAHRIE 7 —Fh P IR, TR AR IR 2 (AgNWs) T K-/K
S HHBE T Z . Hl M Ag NWSFESIE 7w, 7T EZEAET IR (Ag NWs@ filter)
HEZPRBUMALIR . (HBIAg NWs@ filter5EJi, FRATSLIR 10 o B0 T A4 1R A5 28500 3K A
R4, FHREKRT87%. FAMH T Ag-NWs [ A3 FE b ARSI N H ARG HIA,  H14 1
H Y AgNWsFEFIENSERSILRAE 5 REUE S UG 5 —BER R, DR B B i
&, Ag NWs@ filterF S8 TR 2 3x103 CFU/ML KA @ T hRiC R . Ag NWs@
mmﬁﬁ? AN FH TIPS TR 1 85 P A b DRI B ST 6, T A 2 S 2 A S IR
Toa R RE 2 T o

Ag NWs/filter membrane
SERS chip on face mask

Sneeze
Cough

(b) Dy 4 i % 'Data accumulation
e e
Aeragel "= g -T—?‘WQ‘ \ g
Pathogen J/_ Y\ b i PCA anal sis
Ag NW! “rn
L T (@

() . PVP —_— A NW Water

Shaking Centrifugatton% "
C E AR .

Bl1:  (a) SERS A AR o SR AR 1106 -0 th (0 G AR S s i B (o) A I PP s R A A
RE L HEJEASERSHM (o) Ag-NWsTEZ /KA i A A2 Fon & 8

KHRIA): FUE AL WYUK RESERR SN PR PSR
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ET SERS B4 5 RS AT f-PSA%

BB, DR, XL, BEE, XY, MRS K

VE MR A 2B 2 T a5 SMRHE R E AL, R KFF 130012
2EMREF HBGHERE, FHK KF 130033

*Email: liur@jlu.edu.cn, zhaob@mail.jlu.edu.cn

T AEZ WG H1 I K e 5 A T R X 43 I, 3t B 1 47 e S PR (£-PSAD
WP 5 AT B IR S E BUR (-PSA)IR B 2 EL(f-PSA%) b BBl K t-PS AR & B viEff . & T
R R 2 U (SERS) SIS 1 S 8 il e Cp Uk & A TR0 KA v+, BHE A S ES . i
FHRA S, BATHF R T — P T SERSHIZEM LKA, 1] [ A t-PSAFIE-PSA. %6,
G IR AL (1 4-Fi 0K IR (MBA) @I 2 5 S5 t-PSAPUAMEEL, t-PSAIZE G155 TMBA
P2 AR . FLIR, WA -PSATUR I b g% AR 4 R % 14 498 14 b 4 SR [ 72 /E MBAE I 1)
SERSJE W) L [P £-PSA, W] LAAR ## F0 9% IR A & 15,5"- B AKX (3% B 1k IV =, 22 -2- i 2L 2K H
fi2)(DSNB)HISERS 3 & X f-PSAREAT /€ & 4R KW, f-PSAMI-PSAZ7I7£0.1-20 ng/mLAN1—
200 ng/mL 9 FE S Bl Y B A R 0 R 2R P I o 12 25 A TR B4 22 ATR% R 5 P A I AH 45 5
fEE-PSAY% I AL GERE T KR4, 10 HZ AR Yk B8 B m T A RUERf M, 7R 2
i Z e T B BRI ).

i@ T | self-assembly - g

$ 53 @ S8 e~
= MBA @ DSNB
. .1:"'_
' anti-t-psA | anti-f-PSA ® Y ° ™
ol
4 oPSA “ EPSA L
@ AuNPs O BSA '

B1: FTSERS WAL AR M E-PSAY FI A ML i)
KHEIR): LR O, f SR, AUSIIREE R EDUR, BRI R
5% 3k
[1] Ma, H.; Sun, X.; Chen, L.; Cheng, W. Anal. Chem. 2017, 89, 8877.

2] Cheng, Z.; Choi, N.; Wang, R.; Lee, S. ACS Nano. 2017, 11, 4926.
3] Zhu, A.; Zhao, X.; Cheng, M.; Chen, L. ACS Appl. Mater. Interfaces. 2019, 11, 44617.

—
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ET SERS B9 1 BUBERRIRIREIEN 5347

EHA, FHRE, RK
EMOREEAL A 22 Bl 7 T A5 S RHE X S0 %, H AR KFR, 130012
*Email: zhaob@jlu.edu.cn

BRRIARGTUE (GADA) & 1BYBE IR i W RAR S —, STGADARIHE
B HTE B TR RO 0 SRR A . o BLS W RE XV . DRk, TR AR
Z561E (SERS) KAk e, (FHAEAY 5 FARIASTHREE] Tz R . 341
il g 1 — AT SERSIIGADA St fr, HVE AR I . RS, RyK
FiF (AgNPs) Joidiid gk B E 20 B 36206k 7 B, XWHERFER (MBA) FY
Ag NPsTE A g-SHE [ A B s B S GADARIFUR B E IR AR (GAD) HIFAZE &
EMBAGAL G R IR AT N, IO GAD A B R B, AR g A& A

(BSA) HMJ5, GADMFEFMEIRIERSGADANI TR . GADAEFLR|GADA RIS
J5, MBAZ THIMAL R 2 K AR, SEMBAS T RN K AR AR . 3@ /4
SERSHE & f (4 AL AT 72, AT T AP GADA R 3R o ) SZBRkE S IAIE 1 Hm 47
P, EBNZIETEIR RN BB — e TR, 3 Bh T se Bl L 80 PR () B2 W G
JT7 o

— . = RREEEEE
AgNPs & MBA  GAD % BSA L GADA

KHEIA): SERS: ITUBEIRAG: St BRRBIRIEDUIA

SEH
[1] Premaratne, G.; Niroula, J.; Patel, M. K.; Zhong, W.; Suib, S. L.; Kalkan, A. K.; Krishnan, S.,

Anal Chem 2018, 90, 12456-12463.
[2] Ma, H.; Sun, X.; Chen, L.; Cheng, W.; Han, X. X.; Zhao, B.; He, C., Anal Chem 2017, 89, 8877-

8883.
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FHE M E “SURPARIRN R E RN SHEHTT

wmE, AIER, &K

MR 7 7 Ak S ARHE X s s, HAARKEE, 130012
*Email:zhaob@jlu.edu.cn

ARSI B IR S B Zn, B TR - KIS I TIO A K I SERSPEfE «
JHIIXRD. SEM. LA UV-vis-NIRWZ OG5 G S50 06 38l AT RAE,  FF REW I T AFK
FELL B ZntB 0 TIOLJE SR 45 7« SERSTHRERI M« 5 B AE R 4B A TiO, F4-MBAR K
SRIGIEAR LY, W AEZntB 4 I TIO, b f4-MBA U SERS R HILH B E (O 98 . IX £ Wl Znib 4%
A DA SR TIO M SR W B 4 F ISERSRUN. . F T LA, 4-MBASERSSE 5 i Zn
TR RER N, MZa S EIN15 %E, SEELT X 4-MBAR S ALSERSIA RN . SEE
LEREFW, EEMZnS 2] LUBN F E TIO MR HELE LS, $2mETiO R ISERS A .

1 5000 1594
50% Zn-TiO,

40% Zn-T’iO2

=

Ly

z; 25% Zn-TiO,

= i

@

=

&

st

=

- 4
15% Zn-TiO,
6% Zn-Ti0,

3% Zn-TiO,

1 L 1 v ) L)
1000 1200 1400 1600 1800
Raman shift/cm™

B1: AFEIRE L Znis 445 4-MBA [ SER S i

K ##17): SERS; Zn-TiO,: 4-MBA

S Ak :
[1] Yang, L.B.; Zhang, Y.; Ruan, W.D.; Zhao, B. J. Raman Spectrosc. 2010, 41, 721-726.
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ET % SERS MR EZREHRERFRARMR
HHL, ®HETL HMEE Y

VRBUR 2B S5 HEOR 2B, Wb B9, 430072

*Email: shiliandong@whu.edu.cn, hcnhen@whu.edu.cn, xxh@whu.edu.cn

Jee IR VRS T A DR — Tl e AR SR 43115 B B ARAR NP IR S 4 )2 #E
7B IR AT, (HUIELISA. BiRE2H . PCREF IR S H2 A SE H38 AE e S 112
WP IR, SEOLRA S & FERT . X DLEIE N B A BORE S 0 . U AR SR R T Y i s 2 U

(SERS) Al H iy R U CAERSREAH JC A8 XAt 7 i Sk A, H P ARZESERS A A B (H A
T E PR e HEAB M, oA 2 SERS BB AIR BRAELME DLALEE A VR PSR SR 30 1] L, 4K
JoiE e A FEE AT AR 1) SER SHE A A2 i3E FLAHE T B PRI 7 IO AIF FE e sl AN . 35 NAEZ H1
TAEH OV BRI 1 B SERSHE AN i b 247 - S s AR e 4728 38 B PD-LA R 047 2404%
M, FESZELT ZAE « HE AT AR IR IR A o TR A TAE A, &hdE 4 44 Jhe 0 25 1)
I I35 SERS Y1 A3, $i2 H UMK BRER AN K 28 USERSTREF I TEhRZE . WUAR G A A
R, EI T R SCRF I ENVENLEE 5 S O E I BdE , 2N TR 1S plfil i A A mT S
X E SR HEA T A2 (382 1EH A 158205195 N ASHEE MR A (95.81 %ifEff
K. 95.40 % REE. 95.87 %) , H BV 5% a5 A R A (88.39 %
HEZ) , FERMY TR 1S min/fl, WA T ROAMRRR . PR AR 2 REEim . EETN, A
T EHIME A DNASRIENS SN, BAEPTS P2 R4 SE s e, BE T8
O 7 F- B R TH, X A0 AT B — Pl a5 O B Ko T-hm 4 B 52 T Ak
TE LSRR AR 54 1) vl 2H 2 00 e R

Esophageal
~ | . carcinoma (ESCA)

[
X; \
2 =

.. Lung (o
T * @ -
~~" canger (LE) Qi Gz v G % o * 5 "‘@
F= q:“ q;" qf" o 2 Pan-cancer diagnosis
Hepatocellular - -T i ‘i';u 'fl;.z ql‘lll % %
« & W Gastric cancer Xy @ A
carcinoma 1 sl | (GC) Covariance matrix 5 ="
(HCE) o Suppart Vectors Machine  §

l_i ~_* Coloractal
carcinoma (CRC)

: (Hw %.
Serum X T -
3 3 ="
B A 7 —
-Ag NWs e n . ¥ 3 Cancer-related
Label-free SERS L*C‘:os:‘{;:l‘t:::‘; ein database
B1: Jobr%SERS-ALMLIE 73 7 SEmE 7~ &, Al Sl i [E S0 % HE 42 3 TU vz e @ PERS HE T & L 7 000
RERTIN 43 ¥ SE B 2 T (R AE b S P 00 P g o
KHEIR): SERS: MLA%>J: JZJM: 20 RN JAERR R

SEH
[1] Dong, S.; Wang, Y.; Liu, Z.; Zhang, W. ACS Appl. Mater. Interfaces 2020, 12, 5136-5146.
[2] Zhang, C.; Y1, K.; Zhang, W.; Huang, C. Adv. Sens. Res. 2022, 20, 2200043.
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AR R IR SEHMR

AREAER ', KA, WFEIL Y, TRV
UM RS iSRRI A B, B S R, LW ARITYE RS, BFrd, 250014
*Email: byman@sdnu.edu.cn; lizhen19910528@163.com

RIMIGSRSL S HUN (SERS) Y HL RS A — Fh g e 2 JER G R BB 1 ROk . I
Sk, MRDR A REAPEE (IR BEERR. PoRErAE) 5B BUTIREAUKRMRHE AR
—ig, MRARCEIR T LM RESERSILRIZ, FIAHE. B, uliErX, B
RAPR AR RS2 AE T B BoT R AR b, e 2D 08 HATUASERSTR 1, fiE
LT R XN RS 2 IS S om B R s A A . BRI, H ATRIRT ST A AR —
SEMAL: (D W TR REBA IR (2 %R, BEESERIERA % T
2ETHRE; (3 PIRESERSIALENLEIAfFE— D07t fXE, JATB 17— Fb
{87 2 ) £ HL LA v 7 BB (R R L B MY S SER S ALK o e i 4 55 BT AR A oK kL &5 A%
P BRI HT-BRIR B (PMN-PT) E &, fEARRKIFMF TP II6G. IS Tisesr, Wik
FEEPE > T LA BR800 T HUSERS 5 S 13 2 & 4R P, EiX—idfed, #Agesdh
REMIFE e G 1 IR UG Z), (RIE 75 SRR T SEtE. PRI RESE . AIRITH
FEASAUL L R s JEE 12 R B T SR W L ar e A6 175 3 O S/ LR AR AR P45 5 g o ol 31 1 3
YER . X —TARRE D0 1 AR G a2 SO O SUVa e, $2m 1 HL IR SER S 3
JEAI R, FFINER 73 P AENLE] R B

damidi=<0

B HoRe b R T e B
KPR AR, REBRR U WIRE: B

B Rk :

[1] Tan, J.; Du, B.; Ji, C.; Shao, M.; Zhao, X.; Yu, J.; Xu, S.; Man, B.; Zhang, C.; Li, Z.ACS
Photonics 2022.

[2] Du, B.; Tan, J.; Ji, C.; Shao, M.; Zhao, X.; Yu, J.; Zhang, C.; Chen, C.; Pan, H.; Man, B.; Li, Z.
Nano Research. 2022.

[3] Shao, M.; Liu, D.; Lu, J.; Zhao, X.; Yu, J.; Zhang, C.; Man, B.; Pan, H.; Li, Z. Nanoscale
Horizons. 2023.
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ET “DhR#R" B SERS BERESERN

SKEA ', M ', AN

VEAEITER AR, OROLHE T E R S, LRI AR 105 5,
100048

*Email: zpli@cnu.edu.cn; Phone/fax : 010-68902332

F 3G R b S WU (SERS) B A m 4 1 R AU AR 1, & — Rl KRB bt T R 48
1M, SERSHHE R Z ) 5 A8 X e S At i 7 BEORBRER . —Frml R IIAR U7 22 51 N A
BRAMR KA HESERSHE (1 ) o (HIXEETTIEAFIES Y G 0 HTxt “#s” eI
O U0 ] 52 R DA R ) 2% i R AR A S e TR, 3 ) 5 BT R I (A HE v SRS 43 Bt
VIR o

ASCHEH T —Fh 41 T SERS & SATII “Oy bR ” sREERHE 5. &5, BAME
FLangmuir-BlodgettF R il 2 1 HL 2RI IL R . #2 Rk, FRATIE TIREVEHE1x107 M
#3x10"'2 Mf)JRhodamine 6G(R6G)7 1, 74532 | SERS5ESE SR6GIKE Z [HIFI2C R, WK 1(a)
H ¥ Batch 17k, Batch IR /R 5 —HERST M E 45 5 . R SERSHEJE 5 0 W Wik FE X £k
Z [a) B e 2 mT LRGP s PR B, AH R AR A (A /e B8 2 ¢ . X Fh 2% S /ESERSI =
R R TR R o T T BRI SR AN Y S RN S IG FAE ARAL H R s , FRATTIEFER6G
1£3.0x10°1° M} FJSERSHEEAE NS HHATIME . %S 5 505 T SERSHEEJR 13 5 25 R 1
SEEG AR, S5 T MR RN BRAHE VAR AL, RIS T Se GBI SI N BRI,
BATEIX PR TTIERR A “OhAR” SREERHE: . W (b) FioR, Bk fa L ih 2 B
RIFM—8E. 20, BT “DhNbR” iERAERI 2R, FRA1E 55 HIXTR6G 7 F FlAKk
2 Thiram 7> TR FE I ECRGOHAT 7 HERR 2 =04

@ sis7ar2rrixgl | © y=s.7770.50x1gC «©
= o =3, . X . .
6K e = w0 ] 1E-79 o Predicted concentration
2
= ~ Curve of “y=x"
= 3K 0.5 < 1E-
= ? / z "4, 5
Z Batchl | 5 00 BatchI | & 1E94 B
& = S L 3 s
H - = 15 = Pseudo-internall
210k Y=52531+4564 x1gC 5 ¥=5.69+0.49x1gC 2 Teferenes
= S S 1E-10
= =%
SK E 05
g 1E-11 Unknow
0 Batch IT Z 0.0 Batch IT concentration &
-11.5 -11.0 -10.5 -10.0 -9.5 A115 110 -10.5 -10.0 -9.5 1E-11  1E-10 1E-9 1E-8 1E-7
Ig[CO)] Ig[C(M)]

Real C(M)

1: (a) R6G 43F71E 610 cm™ [¥) SERS 58JF S5ikE MR F&; H A Batch I #1 Batch 1T H AL 1
SEIRMRH; (b)) KGR SERS SR SIREREER; (o) TMABFT R6G 7T KA.

&
A
;élﬁglﬂ SERS; EEMIM; O N FRoE R

Bk :
[1] Zhang, M.; Yang, J.; Yang, L. et al. Nanoscale 2023, 1-7.
[2] Yan, W.; Yang, L.; Chen, J. et al. Advanced Materials. 2017, 29, 1702893.
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Surface-enhanced Raman spectroscopy (SERS), providing near-single-molecule-level
fingerprint information, is a powerful tool for the trace analysis of a target in a complicated matrix
and is especially facilitated by the development of modern machine learning algorithms. However,
both the high demand of mass data and the low interpretability of the mysterious black-box
operation significantly limit the well-trained model to real systems in practical applications. Aiming
at these two issues, we constructed a novel machine learning algorithm-based framework (Vis-
CAD), integrating visual random forest, characteristic amplifier, and data augmentation. The
introduction of data augmentation significantly reduced the requirement of mass data, and the
visualization of the random forest clearly presented the captured features, by which one was able to
determine the reliability of the algorithm. Taking the trace analysis of individual polycyclic aromatic
hydrocarbons in a mixture as an example, a trustworthy accuracy no less than 99% was realized
under the optimized condition. The visualization of the algorithm framework distinctly
demonstrated that the captured feature was well correlated to the characteristic Raman peaks of each
individual. Furthermore, the sensitivity toward the trace individual could be improved by least 1
order of magnitude as compared to that with the naked eye. The proposed algorithm distinguished
by the lesser demand of mass data and the visualization of the operation process offers a new way
for the indestructible application of machine learning algorithms, which would bring push-to-the-
limit sensitivity toward the qualitative and quantitative analysis of trace targets, not only in the field
of SERS, but also in the much wider spectroscopy world.
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1 n RE '“I!'P' RE |
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Figure 1: Schematic flowchart of the Vis-CAD: (a) Data preparation and processing. (b)
Stochastic forest chain model. (c) Model testing.
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E: RMEYEK 2 HU) (Surface-Enhanced Raman Scattering, SERS) i AR &35 T 43 IR 3N
Fe8UE BT, RS R, EBLE, BRI, 2 KRN, ERERE
A G5BT R 2 A2 W S AT VR A IR R AT ) 9K N ARG, 5 R IRERAR EL,
G FHEE R & PR FERIREE AR E IR s 140l

T 24 W RIS N 4P 32 5 (PPCPs) 2 S A B 15 Yo FIEE e RS . For, JREZG AN A
P G (PPCPs) O SR T5 Je AMa BE XK o AHIE T K R ALIE R, B K ok 6 2k
TEHETH MoSx 49K v 31, il % AuNPs/MoS, H-HE 49K F - AuNPs/MoS, #4KHH T-4H4l AuNPs
Z AELEGR IR B DA R & J@ AN S AR N 1 H 688, P T ORI SR R T 45 15 1 1R 3
W3, W P24 T R R R T 5P 2 B (SERS) KB . 37 1 3T AuNPs/MoS; [ SERS
Kl gy %, FERTh R TRk d £ S PEF(CBZ) M. ZkMETEREA 103~10 mol/L, R? =
0.985, fRECHIFRA 1.36 x 1071° mol/L, NIREAMIIML T ATRE. B4, BEAHAN
AuNPs/MoS, EEHK 4L T Mot i s AIF 28 fe, BA SRR TE,
H,0,, EHHHEEMAYI(ROS), FEOH. 0 1020 AL H VKA AuNPs/MoS, B 5
BHE NS 90K B, FIA H.0, AR E /K CBZ, RIVHE MR M
AuNPs/MoS; K VE NPIKBFAFR 5 G 0 R, R idE RIS AM g iR e it 7 — N E RS
A

KRARM) TAEE S, TRE G HHTE MOFs A1k, 1A% MOFs 4 51 N 25 H e F2H 25 57
Flt MOFs, RALFLNERE o A AT % I U BRAN R B 1 77 15, AW s St OB T — 1
MR b, @ RsAER 71, E4 MOFs. 90KRgRIgiKkii 48, KB ZAE5% WA SERS
AP G, AT, BEE R AR S AR PN B Ak 4H 3%, SERS HIAKTE A5y
B AR BRBETS e IR ] . S U A AT B AR A

A
{NH ) Moy, 1,0 = CHNS

o] | e 2] 4,

b
B 1 g
., SERS ~

, W ﬁ 0 H |
: i{{a® &) T i i
; R & Wirvenaaher wul)

) e —
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= ROS &7 .
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B, (CBZ)

Scheme 1. (A) AuNPs/MoSaZ= 4t 449K A il %% & ilion B (B) AuNPs/MoS244K A i AL HL 00 B8 AR 1= 5 76~
(CBZ) HIHLEE,

REEIF: AUNPs/MoS,, SERS &I, A MWMIAUKEE, FEE, bR 5087
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AT TG K 25 W A T B ) it 325 381095 A0 2 2 PR 505 A 490 K [ 25 Ak ) B 200 2 7 1)
GUKENR B S IR (RS R . RIMEISE) 2 sgme HAR R AR A iR
HEMBHEIRENEESH . EPUNEAYEESIE, BRI 10-200 nm 2R HHE 305
) 3R AT S AR 2% U A A IR R VE L, BAEIX AN X R AN Rk — k. BT, KT AR
FST K EARALE A PR TR VLRI TR 2 AE AT REAR TR AT, v AR ST AR YR 1) 22 o Aar il
HRSAR 53 W7 7732 R AE [F) — FE A o0 SE36 S H0AT RGH SRR AL . 3R T 1Y 5y 2ok
(SERS) A5 /& I 4F A Jie bt >k 1) — PR s e vl B S AR « AB LE T G e 22 g F B
SERS WG B A B RIN 2 70 M Re JJ LA S RS s R tEaR ., Bl 2 B R 7O TP
FROU A, LR I A I ARG PR 2T SRS T IR B9 . fEARREFL T, FRATHI& T 4
RS (34nm. 60nm. 108nm. 147nm) [¥) SERS ZmbdgiKki+, FIFH SERS Jaifkf) %
JURTIGRE 77, 78 Rl —4R R Aot LA S PR R A« — 2 4 B 3R AT SRR AN [R) R ST 4l oK pi 1
PR RENE (B 1D o 5K, 4R AR AMEEI 34nm FiF5H %, 60nm fi
FAE MR AR B RO, MAE/DRMIEALRN 34nm KM 147 nm KRR
2 T AN PR RS R T o DA S0 45 HRE T AR SR A 7 7L e B 1) 326 328 4P oK AR IR AR AL
Wit BEA—EMiESIEM.

BI1: A FFRSFURR T EFUREAIE(A) . = 4R ER(B) A LR (ORI LI SERS 7 Ao i
KBEIR): RIS I BN GKRiF; Kb B
S M-
[1] Chen H, Zhang W, Zhu G, Xie J, Chen X. Nat Rev Mater. 2017, 2, 17024.
[2] Zong C, Xu M, Xu L, Wei T. Chem. Rev. 2018, 118, 4946.
[3] Yuan X, Mi X, Liu C, Zhang Z, Wei X, Wang D. Biosensors and Bioelectronics. 2023, 235,
115365.
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High Performance and Reusable flexible SERS Substrates
Using Ag/Zn0O Heterostructure on gauze

Yixin Shao, Lingling Yan*, Hongxin Cai*, Hang Yu

School of Physics and Electronic Information Engineering, Henan Polytechnic University, Jiaozuo
454000, China

*Email: yll@hpu.edu.cn (L. Yan) , me2001@hpu.edu.cn (H. Cai)

Ag/ZnO/gauze, a three-dimensional (3D) flexible substrate for sensitive detection and
recyclable surface-enhanced Raman scattering (SERS) detection, was prepared by growing ZnO
nanorod arrays (NRs) on gauze and reducing silver particles in situ on the top of'its tip. The substrate
was shown to have an enhancement factors (EFs) of 5.35 x 10° and a limit of detection (LOD) of
1012 M for R6G. The desirable enhancement factors and low detection limit are mainly attributed
to synergistic effect of the suitable size and the nanoscale gaps of the Ag NPs to produce local
surface plasmon resonance (LSPR). The heterogeneous structure of silver and zinc oxide increases
the non-equilibrium carriers in the substrate, resulting in excellent photocatalytic performance.
Experiments show that the substrate has a good self-cleaning ability for R6G involved on its surface
and a good photocatalytic ability for R6G aqueous solution. In addition, substrates can be tested for
5 cycles of 10® M R6G solution without significant intensity degradation. These excellent
performances mean that Ag/ZnO/gauze substrate has the potential to become a recyclable SERS
substrate with high sensitivity.

Keywords: SERS; photocatalysis
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KA (Cu?™) HFRREERR R 20 AR A PR BN S R I 1l EL R SR, 56of 7K A r i
I R R R R R HOA A B, R, ARSCIRIE T — PR e B2 S SR T
Wb S HUN (SERS) FREOH & 1 ks il 775 . R, E et & it 25 SERSIR
£t (2-(4-(bis(pyridin-2-ylmethyl)amino)phenyl)-3-(thiophen-3-yl) acrylonitrile, bPMA) . HH7,
TREF > 7 PO E FE ] CEREER 7)) AT S4B 1 R BRI RC ALY, 731 5 — i A MR PR [
T MAuNPsE RS &, P2 AE RGN . REF S5 Cu? RABN B, 57+ B i F
SRR AR, HETIRGS 1 ME i (4] 5 U (R R HL AT A A% N, 3 BRI IR 2R R AR
Bk (2118 ecm' #2143 e o HAFIIERIR, DRI 2 F# X (1800-2800 cm, 7K
oy FAEM X TEh 2455 ) B TS 5% AR Joxs Cu? (g EA IR, vi5 K
Cu?" ) B A B P FR L T — A AT R i R 7 5

::_/-'H \“'{ P u.'r" .:‘"
;\/ \ N-2 Nzf
N
00
Rasmin shififcen ™y
#Z~CN
\\ /A
S Cuz-b"*
—_—
Glass plate Glass plate

1. SERSIREBPMA X Cu(ID)ka il 7= 2 .
XK§EIE): SERS, &4, BT, Kl

SE Ik :
[1] You, J.; Lee, S.; Tark H.; Nang, M.; Oh, J.; Choi L.; Anal. Chem. 2022, 94, 14, 5521-5529.
[2] Liu, J.; Liu, Z.; Wang, W.; Tian, Y.; Angew. Chem. Int. Ed. 2021, 60, 21351-21359.
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AR T — PR G BB RS, I AR T S A A RRLRE T B & LR
MEEYKKLF (Au@PBANPs) , DIH TRELHl 2 ass. WE1AFTR, EFAu@PBA (Pb)
MAu@PBA (Cu)ixX Wi FhE A i i 35 hr 2 A0 8% 22 S A KR 020, JRTEC HA o T e g 22 4T
EIALI 22 A a8, IR H A T RAE TR Z ST, WiEHRABTRIEGRE. BT
X EMES, EARENTER “8887. ARMAIF Hi 86l (UZ % 2 RER — XK
SERSE 5, HIATETHEE, AT LAEEILI2122 e fr A5 B “1237F1LA2176 cn
Ul A5 S 8907 R HERK 1 R D) SLHitiA5 25 T Au@PBA NPs P A [7] ) 0 €. 55
AL BB R SRANZ (Aw e, 1 “h2He” W kEE- SR (PBA) 4t
FEURE, WENBFR. HiEa L gy s s rtb =g -CamEIchr GLpKr, %
A HoOZE WP BBE ) o ASCREUM RIS LU LA (1) 24l 54T ElEORAH S,
Gy NBTOIFRESRHE T — I AR E T (2) PifiAu@PBA NPs73Jill#£2122
em F12176 em R IA H R B RFENE, SEN T ARERIE RGeS 3 MM EELE T E
DUAHFEI B, A5 B R AR by AT ok, e THLEE B e aett. &b, &
SCRRME T —FE S B2 TR, A TS BRI AR IR R AL T —FloBr 1) L

A
s oh

| I
E@%ﬂ

—
24 B0

with 2122 cm? with 2176 cm?

Laser N.';:: --eEc'é; ;-." “l .Cu --JEE‘;; :—-'-'
WA dWL
O 2 f‘-nr.'E,"r-mf ‘: ¥ "A-EE-‘-C‘ ';
o e "‘EE =it [ F -t‘—:—' *:Cu
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4 o R ¢
L T Lo
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Rayleigh scattering Raman scattering PBA (Pb) PBA (Cu)

B1: & LERUY YRR T B R s .

KA. WE LI BORITE, S8 2okl (E R

S Ak -
[1] Gao, M.; Chen, Q.; Li, W.; Shen, A.; Hu, J.; Anal. Chem. 2019, 91, 13866.
[2] Shen, Y.; Gao, M.; Chen, X.; Shen, A.; Hu, J.; Spectrochim. Acta A 2021, 252, 119566.
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A TR AT IR BEAR TR 38 R 40 EH IS T BB 7y, B A IR, A8 R a7
A JES D MR T A T B R R AR W . 7R AR R AR R IR IS B AR, 2, 3-R I =AMk
(BTA) AT ZEZE X} A8 i 2% (1 1k, SRIMBTAM IS NI 2 2 S EUR 842 )1 T R R,
TERRAT I AR R 2459 HBTA S &+ 2L, RN sRF 2 1% (SERS) & —Fplidt, i, IR
BERMEA, BARBES, KNSRI A BT SRR A 45,
AEAERF IR 5 3 DA Al SER S JEC R THI K Il o ASSCHRH 7 — i 0y 250 1) [ AH 2 U 7 %,
ERAR R NERM L, R A A KA B ks B 51 B SER SHE JECAS I, - 7 4 738 1 25 Vil
XTSERS H AT ) FHt . HoA, AJEFEALLE TAEYIAN X IR E sy, &8 KEM
it REEDIREN, e IRINBTAHA SR A5 M, 1E IR Ae L BR 32438 A7 0 7
FEXITBTAATIR P A3 B WEI TR, ASCREFH 785 nm B IR 200 1AL, 0783 em™ ()
FRERL 2188, XTBTATE10~1000 mg/kgif 5o N 1EAT & A, BTARALMIFRAL T 10
mg/kgo [l AHAEHUHT AL BEBRAS 56 vt A4 FE i K40 B9, 5 SERSZE & n] S AR 257 HHBTA)
iRl

KHEIE): 40, KBiZE: ATALFE; BTA:; SERS

K000 - 10mg/ kg
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2. 2000
v
g
=
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t T T T T T T 1
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Raman shift/cm

BI1: [ AH A< B 10mg/kg BTAREEAS I () SER S ]
£ Ak
[1] Long, B.; L.G, Greca.; Xiang, W.C.; J, Lehtonen.; Huan, S.Q.; R.-W.N, Nugroho.; B. L, Tardy.;
0. J, Rojas. Langmuir. 2019,35,571-588.

[2] Shen, Y.; Yu, D.; Han, F.Y.; Shen, A.G.; Hu, J.M. Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy. 2021,252,119369.
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Ultrasensitive SERS detection of trace polycyclic aromatic
hydrocarbons in seawater using 1-propanethiol modified
Fe304/Agwinositol hexaphosphate nanocomposite

Qinyi Li, Qiangting Zheng, Jiamin Gong, Xiaoyu Guo*, 17;&glg*

Abstract

Polycyclic aromatic hydrocarbons (PAHs) in seawater even at trace level could continuously
cause serious threats via food chain. Herein, we fabricate 1-propanethiol (Cs)-modified Ag@inositol
hexaphosphate (IPs)-decorated Fe3O4 composite nanomaterials, namely Fe;Os/Ag@IPs-C3. The
magnetic and hydrophobic of Fe;04/Ag@IPs-C; could greatly enrich PAHs molecules and has giant
surface enhanced Raman scattering (SERS) effect due to magnetic inducing increase of SERS “hot
spots”, the developed SERS method could be used to sensitively detect PAHs. The optimized SERS
effect of Fes;O4/Ag@IPs-Cs triggered by the spatial distributions of electromagnetic field were
validated by using finite difference time domain (FDTD) calculations, and the enhancement factor
(EF) of 1.26x107 for 4-mercaptopyridine (4-MPy) as Raman probe. Interestingly, Fe;O4/Ag@IPs-
Cs-based SERS protocol shows specific response to pyrene owing to the great partitioning to pyrene
in the presence of Cs which is also proofed by the simulation of binding energies between PAH
molecules and Ag@IPs-C3 by using DFT method. The quantitative linear range for the detection of
pyrene is from 1pg/L to 10 mg/L (R?>=0.989) and the limit of detection (LOD) of 2 ng/L (2 ppt) is
reached, which meets the limitation amount (1 ppb) of PAHs in water set by USEPA and WHO.
Clearly, as-proposed SERS sensing strategy paves a path to realize seashore monitoring of marine
environmental and early warning for PAHs pollution based on the pyrene as an indicator.
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THECRAT & — P A LR, R E0N A Bk s O™ AR A T, HEE(FA) 2
W= AR A BT 2 —,  RTWRCHR S A0 6 f — T i Y A Re e . (R, 3% ERERFA
T FE T DLPAG A JEIR B 2 AR fE 3 . AT Sl & T A ALEE(SIO) BB &
B EPKRL T (AUAg@SI0y), R IEHAUAg@SIO R NTE B IEM AL, M T =48 (3D)
A 547 2 HUR (SERS)FE IR o 4 XTFAELA 5 S A1 3 - FF -2 248 - o ] fe
(MBTH) H7U#RAE3DIEE T, 53k FNESERSI F (FRIFRM-7K BRI ). 3T MBTH-FA
RBFEITE1273 em b AR hir 206, (8 FHM-ZK BRI SE A 25 HH FATRISERSA I . 715
x 1074 ~ 5 mg/m >Vu N R R R L, R HFR(LOD)AN2.92 x 107° mg/m?. X T /KFEH1 1)
FA, ZMETEHEIANT x 107-1 x 103 mg/mL, LODXN1.46 x 108 mg/mL. {FASZhrMH, e
MK AE W AT DATBCE AE 25 N AT AT B, SR VPAS T MRS J L2 A RSN 52 i 5 (1) 4
EHZE R FARI A A0 Ao [FIR, SRR F MK BRI At mT U B #E X B R G B ka
MK L AR I FA S &, B EDLELE R N .

=

agnrose

HCHO

Fe

M-hydrogel pateh MBTH Azine Derivative product

& Au@Aga Sio, L AuAgE Sio, }, AuAg@SiOy(thin) . Mold

BI1: DHREA /K BEIR I B0 i 287 5 1l R e e A P S 6 2 4 2 WA 4 4 A JOAA 25 F P SO D R I AT 2

Mo
KRR PREIHEE, 3-HIE-2-ZEIFMEMEEE, OB, SERSHEF, BULIZAG I
B Rk

[1]El Sayed, S.; Pascual, L. s.; Licchelli, M.; Martinez-Mafiez, R.; Gil, S.; Costero, A. M.; Sancendn,
F. Chromogenic Detection of Aqueous Formaldehyde Using Functionalized Silica
Nanoparticles. ACS Applied Materials & Interfaces 2016, 8 (23), 14318-14322. DOI:
10.1021/acsami.6b03224.

[2] Maji, B.; Troshin, K.; Mayr, H. Ambident Reactivities of FormaldehydeN,N-Dialkylhydrazones.
Angewandte Chemie International Edition 2013, 52 (45), 11900-11904. DOI:
10.1002/anie.201305092.
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ALP(HE P BERR B ) & — P 2 AFE A SR 25 B P O BERR I, 15 ALP & &5 % I g
2 PP A TAE R & B — P A Sl S A 75 £ (POD 75 7)) Aw/Zn-TCPP(Fe)
THEYIK PRI € DY BRI R i (TMB) 48 A B 2 AT AR A8 K 110 0 2 S A DD R R B R
[fZ(ox-TMB), = £ 245 58 . KB EERERR 3 (ppi) 5 90K T I 42 8 B8 148 & 4k H POD
TEME, ALP BENF SR /K AR ppi 175 Au/Zn-TCPP(Fe) —4E4NK F {5:4F POD iR . T A
TR R SRR 7 E R A I I ) ALP. BE Tz AR R RG W] Tl ifn 3
f) ALP & &, MNZEIEVEREIN 5-100 mU /mL, £ H AR FR(LOD)% 0.98 mU /mL. [AHY,
T SR SO LIS T A TAEII AT 581 o 7R T 1% 7 VETE AL bn PRI 5 52995 12 W 77 T
HA R AT5.
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[1] Lorenz, B.; Schroder , H. Biochim. Biophys. Acta, Protein Struct.Mol. Enzymol. 2001, 1547,
254-261.

[2] Wang, K.; Jiang, L.; Zhang, F.; Wei, Y.; Wang, K.; Wang, H.; Qi, Z.; Liu, S. Anal. Chem.
2018, 90, 14056—14062.
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206



P2-33 st —mamstmurrai s 2023
— R R B F B S Y SERS B R

m&’ Zita Y, /L HERL BAEY, Bilgg
U EWIMYE R, Rl iR X AR 100 5, 200234
*Email: 15656978998 @163.com

R, 2 BEAEAS g/em’bh EIE R, FRIEE SR . AR S 4 )8 g% B0 K0
FRRE . . B4R, RGP YRR, BE R R A R 5L
SR, GHESREEA AR, HEABSRMNBUENE, FAmd Syl RE
MNEH . B E 5 (Cu?D) , HFNEVRHEHRAL ERC S THRAMANTES, 51K
A, HERGRCO MR #HEIRAT B AR

A TAERETHEA S EARFIIAIR (CuAAC) 1 55t SR il 46 T — R HREAS I Cut
(ISERS:: /7 (ITO-Ag-co-Au-DEB) , %t v A FH Z4EBL i AL A T b o 1 VA 4
YKL = ER A 5 AR I ) R, R BRAI 2233.45 pg/L o A& B 2438 & B PR i
B (AA) f7EF, Cu'#f i NCut, L1, 4- 2K (DEB) AIEESE (BNA)
T R = AL A ) T IE 2 [ A M Cu 1 B 1, RIS I 10 %, T di b
—E, AREH R T HERCu kR, WANERI A EEZ RS (DFT) XL B EL
1T TIRANIHR YT o ASSERS S M ARV [X Cu2 R 458 XU () PRk 0 3243t 1 —Fbor i v,
I HER] T B HAE A .

B B s

KH#EIR): SERS; MdiN; BT, A P

S E Rk :
[1] Yassa, H. A. Environ. Toxicol. Pharmacol. 2014, 38, 1016-1024.
[2] Suvarapu, L.N.; Baek, S.O. Toxicol. Ind. Health. 2017, 33, 79-96.
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ET Hg" BRI REIE R S EBEN

AETE, e
HHITA SR, GO P TS %, LT =3Ik 105 5,
100048
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SR (CVD) R—MANTERR, WA TKAPRRE: SpERRIE, ANRKHH
TR 2E0E: BRELAF K FRE T E K AR AT, R E) — AN R R o)
E RIS R T IE R T DB . R EP 2 HU (SERS) RAEERE TEEM
ST BAE GG B, R U S TR ORISR AR . SR1fT, SERS ¢
TEZE 5 SR IR, RIS SR —, 1K B AR A TR K

ARICK N E IR SERS Jeithighi &, i # R M I B S 30K CV IR AR &1

JE ARG BRI R T, @ A L Hg? IMNHT JG CV 43 SERS 5B AR 4L, SEIUN ANIA]
W CVHZE BRI . IRA1E XES S=(lo-I)/ To , Hr Io v H2 ARG CVHIE 598,
[ BN He?aW s, JRAIINE CVHE S50 . 18 Hg? IR [ rIIE LT, ATEIG
5 S5 CVIIIRIEXNEUL RIFIZEM IR R N TIRAEMBIEA LIRS, BATTHE S S
B S=1-(1-Nug)/Mevs FoHMey Kon CVIERILKR M E T, XMNT los nug N Hg? {EHR
FIRKRMMAE G Hh, EHRERERIEL . SH#EERRE RO, /)
NugtMey >1, BHZHFETEGF KRR, BT R H 2 MR &5, H U VI
B Hgl U3, #BURI CVAS B3 5 R0 He?t B4R T45 4, WM ERET, Fit(-nm)
BN N 1o 1Z 77 3RAF 1 S FARI & SERS 5 E AN B9, 1A %08k SERS 4%} %
ERATRE M, HS CVIREXN M REA RIFHESEME M, B Tixgix
R, PATSZILT X CVIRE R E SR, AR ATIA 102 M, #2445 T —F#i AL SERS
JER= N0l SR

. B 081 $=1.64+0.12%1g(C)

1500
:: 0.6
: S
Z 1000}
§ 0.4

500

0.2 4
500 1000 | | I | l
Raman shift(cm-1) 12 . lg&: ) N ;
V.

E1: (A) SERSYi E(FRTE (L 540t W NH2 EH T E): (B) 185 SECVIKEX Ho R K
(Hg2" ¥R & A1%10°M).
KRR 455, RIMITRPLSEUN (SERS) ; WARE: R

SRR -

[1] Huijuan Zhang, Dong Wang; Meng Zhang ; Tongtong Zhang. ACS Appl.Mater.Interfaces. 2021,
14,2211.

[2] Z5/R, R, I, SWRZE. HSCE AT, 2022, 38, 286.
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S B TARE T A S N T B il AV RS R T SRR T, RSN B T T
Kk ATAERI R E SRR 2 B (SERS) FARMM TITO/Au 43K _F R Mm% %1
PRILHR (SPR) RN AT IIpATPAR U N, FRIF T L FAE AR 5 NI KL R
AR AT E BV I R I, BT A IDMAB ) SL 045 #5217 BB 4R
S, A2 F1080 e AbH F F15 5 H— AL AL B IR P bR I SER S 2 R A i 5 158 . 45
GoriT)a, 1008 em AL FSERSUE T I&E G AF Al e B H T bR, HAHXTSERSHEFE ik

HI1080 e WE N A BRIN R 177,745, $ i 17 Rariil SR A8 A s 1k

} A AN A ln-m/lzms

1080

Signal Amplific u!mu . IMPROVED

4,? |r(||\(| Sensitivity and Accoracy

lu-m/lms

B1: SPRAFMIpATPI A SN K S o P9 b e 4

KRR RIEEETAIIR, KRG Ra 200N S8 7ROt RN AR
e EPEIE

[1] J. Ma, S. Gao, Plasmon-Induced Electron-Hole Separation at the Ag/TiO>(110) Interface, ACS
Nano 13(12) (2019) 13658-13667.

[2] Z. Zhang, D. Kinzel, V. Deckert, Photo-Induced or Plasmon-Induced Reaction: Investigation of
the Light-Induced Azo-Coupling of Amino Groups, J. Phys. Chem. C 120(37) (2016) 20978-
20983.

[3] Y. Tang, Y. Zhuang, S. Zhang, Z.J. Smith, Y. Li, X. Mu, M. Li, C. He, X. Zheng, F. Pan, T.
Gao, L. Zhang, Azo-Enhanced Raman Scattering for Enhancing the Sensitivity and Tuning the
Frequency of Molecular Vibrations, ACS Cent. Sci. 7(5) (2021) 768-780.
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E T TIZREA —F1L$H SERS &K BT
ST 1S, BRI Y, B3R, BT, XIS0R 12

Urp E R B S BRI RHEE T S RO AR S AU TR, LB A 230031
2R EBHEROR R, LR AL 230026
3 rp RS B S AR R A T e [ R EEAT SO R, e AL 230031
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KGR R 806l (SERS) - Hol R UG I §E 110 e S (RS H A 0 7 I FR S5
T BAOR A ERGE O, BTN AR SRR, BT AR EAR
HA e B R e R R P i L AE SER SRR SR R g A Jig . e, R ALAH(MoS2) A
WRILEASERSIHTE)E, 2T MoS:FISERSEURTEHA NEOGHER, X th 3 245 28 T HHUM
Bz vk, PR R I, AERRTRETE, AR R MRS, XL S AR
SR BB AU . HH T AIEMoS SERSTE LUK, = HE AT 7 HAESERS I
BEfE, AR T Mo S ) A 45 44 LA 3R R L SERSTE PRI AR 32 2 1 SGEMIA I -

H ATEER MoSo S5 M I F,  J= T B T RE SR (10 S 2 Ao 25 P 15 LAt Mo S ik
(ISERSHF I T S H N T BA ISR o I SAAL %, A H AT AR R 7 2 1Y
Sk - TTMoS A BRI AT BRES#4, AT ESGE LT A R T RRAE N RE 1. DRI, AT S ]
BB TH T — RS AL MoS, (Vs-MoSy) HKiEPEILE, FFalad i tb Py A gl ok e KRR 3
$eFSERSM R o T 4 IV s-Mo Sk Ji& HI X 47 A 38 IR 05 YW SIF IR 7 13247 vy R
ISERSTEI, WIE1FR. AHE AN iihF ot & @ ALk R ESERS AR FR AL 17— P ELE (15
i, NIRRT IR B YU Z SR R SR IR A

B1: Vs-MoS23& i Al F /K I8 Hh IR i XU S5 R I SER S A M R = I

KHEE]: bl BEDEY, BRIk SHAL: SERS

EEBEE

[1] Quan, Y.; Tang, X.H.; Shen, W; Li, P.; Yang, M.; Huang, X.J.; Liu, W.Q. Adv. Optical Mater.
2022, 2201395.

[2] Wang, X.; Guo, L. Angew. Chem. Int. Ed. 2020, 59, 4231-4239.
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%E\E\ Lt ’ &% 2’1: Eﬁz 3, ﬁiﬁﬁﬁ 1’4*’ yﬁ 5’4*’ %’Fﬁ%} 1

VR RO SA AA T5 B, VL5048 F S TR 2 XALAROKTE 163 5, 210023
PEHREER, BRI XY 2005 5, 200438
SEITRZWEL R, AREA T A X B % 15, 361005
PENEE KSR, AR & L X IR 5099 5, 230088
SE MR EY RN B R RO, A AR 428 96 5, 230026
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BIU A R B R 2 W R ISERIZ S, A 81 RO L O BRHE
B BAFRMET R A 3%W T RREEA R R a A R E E (R Rgii
Feggl D, HETHF-AFRASIEE AR, Btz i g onil kB
FATTRI B Y 75 7 0 R 336 T 45 S Toe e s 18] (AR SRR A UGS SR, J8d )24
261 (mechano-Raman spectroscopy, MRS) A IIHISEH T AERKE 4 em™! HIHESBIU) S
THI BRI . MRSEELLEIL 108 HG 9B BORFRAL MK 2R A, I REEM R T
TRERF I & R R R A RS T R S 4. FRATTIG N — RN E SR T L5050 00E 7 MRS /)
FAETEAT L R PR RN GE /1 - 45655 BIHoT %1% rT A TE (250 nm~300000 nm)
J15 2 S AR EN T2 R RS MR AR AR R UL OGNS, I 9 sk
I B A& IR RGN BHR) & Tk R AR R SR ST T 78 B

Frequency (GHz)
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Fig. 1 MRS spectra and the plasmonic cavities driven by atomic layer vibrators. (a) The schematic illustrates the
coupling between the plasmonic cavity and a vibrator. (b) MRS and Optical RS spectra of 13LG. (¢) The shear
phonon vibrators with different vibration mode number i. Atomic displacements (left) and phonon wavefunction

plots (right) for vi and vz spectrum of a 13LG.

KR HER @I RESENOL 257080

S Ak -
[1] Fang, S.; Duan, S.; Wang, X.; Chen, S.; Li, L.; Li, H.; Jiang, B.; Liu, C.; Wang, N.; Zhang, L.;
Wen, X.; Yao, Y.; Zhang, J.; Xie, D.; Luo, Y.; Xu, W. Nat. Photon. 2023, 17, 531
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ETREEREEREAN SAENOERNRERES
SR, MRS ZFS&
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OB — M O USROS TRHoh B B0 E L, R eItk i
Jeik (SERRS) AP H i RABUL AN 71 S A RO — R 1 BRI AR N 7 iR R
WE9T B AETT K — P T-SERRS A28 iy ML 1) F-#FzUPOCT (Point of Care Testing) X
aa, TPl REBAE BRI ORI E . H %, FATRAIHLER S 8 A B R
BRI TV, KRR E BRI G Lc T THAA S, FI TR IR IcTnT, [R]I # 3R
cTnTHUE AT LS &M T PUABIISERRSIRZEGAKKL T (Au@IR808) AN, FER ek R4,
Ky, B JEAESNINEE A P AT Tl SR 73 28 B AR MR e e S A b TR . Kk, FRATTR
IS T MRS R, T B SRR R IR S B S VIR S AR NI R . %
OB AW R LR B, A SRR R B A 200 B BRI & R 7], BES
SEHLPUE L AR A N, I R SESERRSYRET FEATAG M, 321145 2 ISERRSAE 5
e, FATARE Frsc it MRt ot st gt 1 — & — a4 | Sk I 345 POCTAX
fro AR, BATHITREPOCTA ST & izt i B B m ) 2 BUEE AR R G DIk
FZ, WTRAZES 738l N AT SE S I B O A bR S, SEIUETE b SR BRTIR, RATERThHE
TER T —FhdE T SERRSHITAE & v A1 PR POCTAC A, HI T ORI . izt i B R
B ARG i S (I OC S, ORI WS 1 — R AT AT RO 5 S8 o I I FUON R
v FE O LB T 12 Wi AUl ) 82 FH 3R A4 15 JELE 5 Dy oAt A 49 20 B AR 2 242 Wi SR )T 7
feft TR

FHR 2N

BE1: T SERSH ARG fLR e & i Al F#rXPOCT ) #5

KBEIR): MR BEOLR; OERREWRN, POCT(H
SE M

[1] McDonell, B.; Hearty, S.; Leonard, P.; O’Kenedy, R. Clin. Biochem., 2009, 42, 549.
[2] Lim W'Y, Goh C H, Thevarajah T M, et al. Biosensors and Bioelectronics, 2020, 147: 111792.
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SKFREBRIVRES

EAAE, XFL 2, e
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W TR o A BRYE A S I, R N SRR, RmAE S HIANE RS E, HERE
SEOFEN AL AR 25 HACH Y R AR JEFRA SRR HE R
A5 KHE S 7 3G N5 /KAL) Daughton 200145 1 Y32 HY 1 38 b A IR 5 X 3R Ak
B R5 K 8 i AR HE 53 b A 0 5, AT 2 DX 3R i P P SR B
B, S R 5 K IRAT IR 27 V9 ZKIRAT I 52 T DA SRPPAS R X H iy B 20 A/
DR e NBE R, 2 AeSE) IOEEa Il 2, JF HPT DAIE I J 300 a0 R Ao I ek B
WA R A B 20014E Rk, TR T 200, BRI S9N A5 B 5 i v /K USCEE R 40 BA K
—EENAT, YA RS o AR GUSINTG K TR b 0 R A P [ A AR EHEAT AT AL B, AR
JE A FHGC-MSECE LC-MSHEATRLINR), iz 7 ik i Z sy, (HR AN (A4S, plAS =y,
i A N L ERAE, AGRBREOR, TR BRI AT B . RIfE R 5% (SERS) &
AR R R PR, AR, BRI AEOR, HAGER . T
U, FATERE 7 — Fh g s & SR BEAT PUEAS IS K 5 A R . A T 5 [
HAZEBCR XS S AT RTAC B, YoMt TR AR RO AR B T iR se Bl — P B 4R, &
30002 15 I, B Je At FH A S5 S OEREAOM HBEATAS I, A BR T LAIE #ng/L4%
e MEITEAES.S hRIATR S5 2R, I HORKFEAR VAN RA, L2 A8, wl B
FGIKIEEAT B, H BTV [F I SEILOKEE, U SR e F [ A, A U B oKk 7
Al1£0.01 pg/L, FNZHA0.1 ug/L,WSHEL pg/L.

S
1 701 b T | ] X SN, N J]; IFIE
- L =N a8
TEN il [T i KT i WS

BT 5K R R A D AR IR

;éﬁgiﬂ ‘]ﬁﬂwﬁﬁfﬁﬁ; %lﬁ:@%; ﬁ%‘;ﬁ%*ﬁ
SE Lk
[1] kPl Bk £5% &E RER 525K 2017,3,88-90.

[2] Ilunga Kamika, Shohreh Azizi, Adolph A. Muleja, Ramganesh Selvarajan,Mohamed Azab El-
Liethy, Bheki B. Mamba, Thabo T.I. Nkambule. Environ. Pollut. 2021, 290, 118048.
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ETREMER S LEM T R EMTE pH ERS[FI&F
9&%EP 13, %ngﬂ 2, $ﬁ”% L*

VEITTRFREREBE, IR, g BT S X % 422 5, 361000
PEITRS MR R, BTSRRI 8 X % 422 5, 361000
SHETFERE AR, T EUERSE, WA BN T T m X A 258 5,
310018
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TGS — M E A+ 5 A BE B AR, BRI TR i B S L AR TR
87— M A S AR SRR (B B 5 4L 2 R 25 (PGERTS), 1 hn%8 BT BRI [
RIMA . bR 2 T pHEUR 7 (4-MBA) J5, HERHEHREMHZ/ES . PGERT
W$M{ ¥ (4NBT) R4t TRERES, Wil 54-MBARpHEURSL 2RI LLE, 7T
DS R R PR pHAE A2t 3, BRI T E R . KEURIE AR R, B
EYNL N T v G S ) it e R = C L S i BV eV Y13 e SN 4 )
AR H RN PGERTs, SCHL 1 A pHAA LM BURHEIN . 1ZJERA R RBUZ. RIFHAT
PR 25 T AR A XM NG R G 9R b 2 T (SERS) JRMFR AL T — il
fHagAz, [FIE AT TSR pH R LA 0 H A A B A br 250

Ratio Value

L8 —1*-——————”/}

e pH=T

=
-

Bt s s

XH817): SERS, pHEUXK, [AIRRIGTE, /KEER

S35 3k -
[1]Zhang, Y.;Y. Gu;J. He;B. D. Thackray and J. Ye. Nat Commun. 2019, 10(1): 3905.
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EiE R SR MM A

XM, PRI, 2 2

D SRR e, HETEREORY, WA BN TTESE X N D B X AR 258 5,
310000
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P 26T (Raman) & —FOGIE 2 HOR,  EERAFAARPABBEOCAE OGN, 745
o, RS B BUN G 5 EOG RPN ZE R o M B S5 A FAG 2 gy o X Thi 2T &
FERML AW A A MR RS54, TRt 2 X N R SR o (5 2L 2 ] AR I
B R E B D BUEAT RN, )R LD AN . I H A R E RO ARSERS YTt — T
S FOBER 4 2Ok . R Czerny-Turner (C-T) ZEMMIVEHM GG, FHFIFH & %=
PR, BSL VRN RGES MR R @ X A7, AT 7 OCHDE S R
SRR /NS 4B CCD RAT 2 B 58 3R ILAC . fe, AT SEal 1 —Fhog Y (13 £ % C-
T SO RS 455 F B 2 AR, TSR R, RELL 785 nm
7B PEROAE NIBUROEIR, 785 nm WOBRRE, M) 2, BORMERR. #EESESRAIEEN
30 mm-40mm, FEFEGE, WLUARRIREDGEE, 48NN . Dz 20y 1200
g/mm,1200 g/mm FOEHHER KZH) LMK, X FEMEHER S, XA 2
o A 26 . B RSB AERE Y 40 mm, TEFAM S11693 14 CCD Juf5 B RE RS,
S11693 REGEm, LR, A 2048 MER AL, BTRETLLATE] 50% L H, & KB
—E G L BB ARG . B ESEIL S AL i R A U 2O

ccp |

oM OE W

B1: Czerny-Turner 45HIYGHEAX
K. B2, REFFEOGIEAL,  Czerny-Turner G

SE K-
[1] 7K R R S O6HE 5 A B A 7 R B2 A A ML A [D].10 28 K5,2017.

2] IR AT AR SRR 2GR BN, AR R i B PRUEAS I [D]. 2 BUK 52,2017
3] LiS, Zhao W, Xu H, et al. Optical system design of aberration-corrected Czerny—Turner

[
[

imaging spectro-meter with high resolution[J]. Optics Communications, 2020, 459: 125015.
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iR NERREE SRR 8 AT B AR PR & FRER
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PR RIS 2 e AR QU A2 L 0 A 5 55 DAL s AT PRI 5 Bl
I, LA ) G o X, AR LT AE PR B e o 0 o 2 (e oy
PERHER A PRI ARSI, St T —Ff i R S R 2Ol CRIE . T AT AL EE . FEHE
PRI L RE B SR o S IR PRILISTAF 9 A B2 25 (B R PR IR R T 4% 5 8061 (SERS)
HME S Besh, Jom AN ARl AT R 25 e e A . AN, IRIR 7> T 32 B I
7 L A2 A, I BRATREE T o kedt = H AL (CTAC) ThRg b Au@AgIE FaYH
KA EME NSERSHE T . Horr, Age )= it 1 SERSHY R, 1] CTACKS JRIRH A 1RSSR ),
LA L0 EKEN /7, 2 SERSHLIN H H B B B R o O T B AR SRR S i [ 52
i, SR P 24 AR RE SRS, T 5 TRUAL B BV R 48 fr PR IBAS I (7 R o 5205 I T AN RS
FEFE R PRI b, AN A RS IR G & (UACKD) Wi —2. P AR BRAH =,
{HSERSHIALI N (X #3080, FLUACKER501% . IXFh LLRLEFE Dy IR A B IE IR IR SERS
580 5 [0 R BB SR T AT B 9 o B SRV Bt A= W0 s - M A I A 245 Wi PR A2 Wbl S5 1) 5 B AL TN 75
Ko

T =
vempation (maT)

Conremn
Inaceurate Quantification

)

urine

Cunentabi

C un (/L)
Accurate Quantification

.. ~~Target molecule < Internal standard P

B o e e e ] e ! i ] i e e k0 kW

B1: SR RIR I 2 SR s

il

KA. SRR REMGIRS 060 WA, &
S5 3R

[1] Zhu, W., Wen, B.-Y., Jie, L.-J.,, Tian, X.-D., Yang, Z.-L., Radjenovic, P.M., Luo, S.-Y., Tian,
Z7.-Q., Li, J.-F., 2020. Biosens. Bioelectron. 154, 112067.
[2] Tsutani, H., Otsuki, N., Mitsuke, Y., Ueda, T., 2022. Mod. Rheumatol. 00, 1-7.
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R 5 Z 61 (Surface-enhanced Raman spectroscopy, SERS) & —Ff B #E = R A
FERI 73ISR AR . SR, HSePr S A TG SERS MY 9B i3y Sy Al BB 22 | ik
FA SRR . AEARTE T, BATFR T —FhE R 5 T R 6% 2 S BA NS
SERS #JiK. B, FATEM T SHA 2 X NRT T Au@CN@Au Z9KRITRL, K
NEIA 3-BE 3 = O R LE (APTES) 21 6 mm 3 1¥ 96 FLIR, @L%‘b 3 43,
AT —RMEIRTF 96 M EAM R EE M. B REUER) SERS £EK. LA % (CV) A
PR S H)EAT SERS Kl S52RK], % SERS A TR EAE 10—9-10 S MAEH A CV
HA REFIZAIEN R, 96 /> SERS HEH 215 5 KX PR 2 (RSD) N 10.47%. L4,
i% SERS FEJEX G WL & =Z3L B (TPP) MK MIFRAEUZIAE] 4.56 nM. M2, %k
REBSINRAS . AR AT SERS LRI AL E 2%, A ELRNH T & MIRE SR
BT 434 o

K,Fe(CN), HAUCH, O
|
\ NH, HCl

-
N

armpsan ML, 00 Y Centrifige

] >
SIIIIELILE]
&

@CN  glassslide

B 1. 3@ 96 FLAR B0k & Kt SERS BR R .
X#i7): Au@CN@Au, SERS LK, KittaE, Pk
SE k-

[1] Shin H, Oh S, Kang D, Choi Y. Adv Sci. 2020, 7, 1903638.
[2] Jin Z, Yue Q, Duan W, et al. Adv Sci . 2022, 9, e2104935.
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SERWOTE S A A T OYAIE TR — RIS A S N i B R R . AR,
TRIEFF SR AT, SEBUN TS5 BBUT SRR W L BAT PRtk . B, 258
BTG MM T BRI R I (Aw) FIER (Ag) FR&E5H12, Kk, A
TR TR AT OGS AR SR A (Cud G9KRURLEEAT 1058 BT /N L AL RS A7
BRI, BATRIAEBA AR IFEFIITE DU » AR G = (R Cu R BURE T DL Rt AL 4-
IR (4-NTP) F4-5 5851 (4-ATP) 155 B BUTH A —— X R AEM [F 5% 4F T 514
J& AU A g KRR TGV SELIEE AL . A SR AL R IG5z 2061, (SERS) Pk HIE .,
FATHEN T K (H0) 73 FAMaE T A B HoTii PECu& i B AL i m eI AN, T 78 2
PERE T WS 7N BTG HEAL SR 7 B L XTI TR TR F B A B Cu oK R 1E A T
Z WO AL SN T RTAT 1, AT K B BE RIAL 22 BE R R A BE B R O TR SE L= .

Vacuum (eV) SHE (V) Vacuum (eV) SHE (V) Vacuum (eV) SHE (V)
2 2 0 2
L @ T2 ) —-2 . —-2
n | L ’\ 4-NTP | i
B IN..Lumo T o © J— N I
A 13 @//4* e 4 |2 4= 8
L |8 —o '
[e2]
-E @

)
I
I
)
I

i s 70 N —0 4-NTP
s |- ] 5 & Sl @ 4 .Lumo
-®\é>—1 L ®‘—' 1 | o
i = > >
R LowlE 4
L H,O - .
7 < i T . g [~ Es |
}‘3 3 I @/ @ 1,
-8 d-band - >— _g|_sp-band i
L —14 —14 ﬂ_4

gL e gl
Au NPs Ag NPs Cu NPs
B1: &, SREG9KR 7R H4-NTPIE R B A R F e s = 1K

[oe]

©

KEEIR): SEBoTHElk; Fmiks:; SERS

B :

[1TLi, Y.L.; Yu, L. F; Wang, Y.; Zhang, C. C; Gao, Y. X.; Wang, T.; Xie, W. CCS Chem. 2022,
10.31635/ccschem.022.202202296.

[2] Xie, W.; Schliicker, S. Nat. Commun. 20185, 6, 7570.
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Tuning the Electronic Properties of Platinum in Hybrid-
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Platinum is the best electrocatalyst for the hydrogen evolution reaction (HER). Here, we
demonstrate that by contact electrification of Pt nanoparticle satellites on a gold or silver core, the
Fermi level of Pt can be tuned. The electronic properties of Pt in such hybrid nanocatalysts were
experimentally characterized by X-ray photoelectron spectroscopy (XPS) and surface-enhanced
Raman scattering (SERS) with the probe molecule 2,6-dimethyl phenyl isocyanide (2,6-DMPI).
Our experimental findings are corroborated by a hybridization model and density functional
theory (DFT) calculations. We demonstrate that tuning of the Fermi level of Pt results in reduced

or increased overpotentials in water splitting.
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In situ observing the m-Au interaction between aromatic
molecules and single clean-Au-nanodimer with 0.8 nm gap
by dynamic surface-enhanced Raman spectroscopy
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Interfaces between aromatic molecules and noble metal have a prominent role in fundamental
science and technological applications. However, probing m-metal interactions under ambient
conditions is a challenging task as it requires characterization techniques with high sensitivity and
molecular specificity without any restrictions on the sample. Herein, the interaction between
aromatic molecules and single clean-Au-nanodimer with 0.8 nm gap are investigated by dynamic
surface-enhance Raman spectroscopy (D-SERS). Through the solvent extraction, a clean, accessible
and strong plasmonic fields of 0.8 nm gap Au nanodimer structure has been provided. More
important, D-SERS approach with high sensitivity and stability make it possible for in situ
observation of the molecular vibrational spectra of the interaction between polycyclic aromatic
hydrocarbons (PAHs) and Au surfaces on ambient conditions. High sensitivity and strong m-Au
interaction is demonstrated. Additionally, the density functional theory (DFT) calculation confirmed
the interactions of PAHs on the Au surface, also the binding energy and differential charge isosurface
further indicated the correlation between the sensitivity and the number of PAHs rings, which is
consistent with SERS experimental results. This work provides a new method to understand the
interactions between aromatic molecules and noble metal surfaces in ambient environment, also
paving a way for designing the interfaces in the fields of catalysis, sensors and molecular electronics.
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Figure 1 (A) The SERS spectra comparison of NA with Au NPs substrates before and after removal of chemical
ligands. (B) Predicted adsorption configuration and height of NA molecule on the Au surface. (C) DFT calculation

of vibration frequency of NA molecule adsorbed on Au surface.
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The practical utilization of plasmon-based technology relies on the ability to find high-performance
plasmonic materials other than noble metals. A key scientific challenge is to significantly increase
the intrinsically low concentration of free carriers in materials. Here, a novel orbital electron
regulation strategy is developed to achieve Au interacalation two-dimensional FesGeTe, at mild
conditions, which significantly increases plasmonic acitivity of two-dimensional FesGeTe,. The
insertion of Au atoms into the Fe3sGeTe; interlayer was verified by XRD, AFM, and HRTEM, and
SERS signals that evidenced plasmonic acitivity enhancement of 3 orders of magnitude was
obtained compared to the pure FesGeTe,. The results of XPS and micro UV/vis—NIR diffuse
reflectance spectra indicate that the outer electrons of Au migrate from Au to FesGeTe,. Combined
with the simulation calculation, we believe that the outer electrons of Au first migrate to the 2s and
2p orbitals of Ge and Te, and then to the 3d orbital of Fe, which not only increases the free carrier
concentration of two-dimensional Fe3GeTe,, but also reduces the carrier density of Au, thus
reducing its loss, both of which are beneficial to increase the plasmonic activity of Fe;GeTex@Au.
Our work provides insight for further studies on plasmonic effects and interfacial charge transfer in
monatom/two-dimensional materials contact.

@®Fe 9Ge @ Te O Au

! Thinning
. —————>

-1 Doping ?'
4

B1: Schematic diagram of Au intercalation into FesGeTex.

%iﬁlﬂ FesGeTes, plasmonic activity, Orbital Electron
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Although dichloro-diphenyl-trichloroethane (DDT) has been banned as a pesticide in most
countries for years due to its toxicity, stability and accumulation in the environment, there is now
not a single living organism on the planet that does not contain DDT. DDT is harmful to the human
health because of the possible contribution to the increased risks for cancers at various site and its
possible role as an endocrine disruptor. Therefore, it is necessary to establish a rapid detection
method for DDT in fruits and vegetables to control the intake of DDT.

In this work, a rapid detection method of DDT in fruits and vegetables was developed based
on surface enhanced Raman spectroscopy (SERS) by a portable Raman spectrometer combined with
a modified QUEChERS method. The mixed solution of gold nanoparticles and the pretreated
supernatant by the modified QuUEChERS method was analyzed by a 785-nm portable Raman
spectrometer. The DDT signals in the samples can be easily detected, and the detection limit can
reach 1 mg/kg determined by the characteristic peaks of DDT at 648 cm™! and 1090 cm!, which is
close to the laboratory techniques. The entire detection process is very fast and could be finished in
15 minutes. This rapid, simple, eco-friendly method shows great application potential in the on-site
rapid detection of DDT in fruits and vegetables.
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Figure 1: SERS spectrum of apple samples spiked with various concentrations of DDT, in which peaks at

648 cm™ and 1090 cm™! could be used to determine DDT

Key word: dichloro-diphenyl-trichloroethane (DDT); rapid detection; SERS; QuEChERS;
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SCHR T SERSHE I BEFR TE 45 R HL, REEIEHbRE, FHAS 1 SERSECARKISLER N FH .
U, i A JE AT AE U SERSHE SR R BEHITEAN U5, T L IEHESISERSHORKISEFR N ] o A
W7 WSERSHE 5Bk REI R T M BAL A INT:, $2H T —Fh P4 SERSHE R 5 1k e ) m]
FETT L MRS T IR PN AR AR AR FE X AN s (FRIHIZE 15 5D F Coprs HI— IREMEIE

MK Z, FATHE A2 =R A ISERSZ?E%—/I\%ﬁﬁﬁE(]CSERsﬁo I

I35 IR HE I 2 e i SR P X TR S L 2 A U\ﬁﬁﬁiﬁ%&%ﬁiﬁ, WEFH A —

5 Ngprs LK1 H AT UL ELEIE L SCIR SRAT I8 K. A TTARA, FATRASRIR Py 4-37 56K F R

(4-MBA) NHE 7, VSRR AuNPs. AFEPRE GERAME ) SERSIHEK M)
PESRIERE . ASCPTR AR, AR, HAEEMEARESCPrREE, AR TAR
SE6 = (8] AN [F] SERSHEJE A Y 5B PERERT L, 2 SZSERSEORHIFRIE, MM HESISERSTAAE L
B a3 A eI R A

KERIR]: REHGRA 26, SERSHAEEAY; Mok T Lkt

B Rk
[1] Cai, W. B.; Ren, B.; Li, X. Q.; She, C. X.; Liu, F. M.; Cai, X. W.; Tian, Z. Q. Surf. Sci. 1998, 406, 9.
[2] Perez-Jimenez, A. I.; Lyu, D. Y.; Lu, Z. X.; Liu, G. K.; Ren, B. Chem. Sci. 2020, 11, 4563.
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Solution is an important media for the transfer and conversion of substances, where the
molecular state of solutes not only affects the physical properties of themselves, but also affects the
interfacial processes associated with chemistry and life. Understanding the molecular state
(monomer or aggregate) of macro and micro solutes in solution has been achieved by the
technologies including fluorescence spectroscopy!, liquid phase transmission electron microscopy?,
particle size analyzer’ and dynamic light scattering®. However, limited to the sensitivity and
resolution of those technologies, it is highly challenging to characterize the molecular state of
trace/ultra-trace solutes in solution (Figure 1a). Here, PCB52 as a model molecule, SERS technique
combined with molecular dynamic simulation to together confirm the trace PCBS52 in less than 9/1
H>O/THF solution was monomer state and more than 9/1 HoO/THF solution was aggregate state
(figure 1b-d). Meanwhile, following the molecular-state difference of PCB2 in different ratios of
H,O/THF solution, the modulation of interfacial catalytic hydrogenation reaction was also achieved,

which contributes to our renewed understanding of heterogeneous catalysis processes.

(a) Macro mb Micro m’ Trace °
. ; Siugle
e . ¢ roBsz

Figure 1. (a) These techniques provided a multiscale picture of micelle dispersion. These techniques have limited
sensitivity, thus hinder the further exploration of micelle dispersion state in trace level. (b) Schematic diagram of
SERS detection. (c) The SERS spectrum of 1 mg/L PCB52 obtained from different ratios of H2O/THF solution. (d)
The SERS spectrum of different PCB52 concentrations.

X#17]: SERS: Molecular dynamic; Aggregate
EEPTE

[1] Lu, Z.; Klein Schaarsberg, M.; Zhu, X.; Yeo, L. PNAS. 2017, 114, 10332.

[2] Wu, H.; Friedrich, H.; Patterson, J.; Sommerdijk, N. Adv. Mater. 2020, 32,2001582.
[3] Vitale, S.; Katz, J. Langmuir 2003, 19, 4105.

[4] Sitnikova, L.; Sprik, R.; Wegdam, G. Langmuir. 2005, 21, 7083.
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DAFTRR IR — 80 30 S5 77 i £ 1Y) Au/Ag NPs & 5 WA IRAS SERS 2. A1, 32l
THEHFIER, 2R R T IR I R B AR A e i F 5] R 5
o5 R IR ) (A LA P — P s R R B A 0 v, D IR 3 et 7 e i A
FIEHPE SERS JEJE: 1) DUREECAA AR5 B3 A BE Ftk Auw/Ag NPs ¥4 25 2) FiIF
JRFACIE I 5 F IhREAL FL M Au/Ag NPs ¥8 i, 8 MRS L 3RAT IE HiPE Au/Ag NPs ¥
3. EREARIERE, U, HEFT3R1E Auw/Ag NPs A AEAE R ST RIS AN Y 545 1) f
i R DR RE 1S B R SH AL SR 510 Auw/Ag NPs, (HSBED H IR AT N
I, BAVRE T — D E S R G O iE, AP RG2S 2 %284y F 3R M
IHEEAIRIRR , SEBL T 75-125 nm Y Bl 4 IE HME Aw/Ag NPs [ #5 i & . % &Mk EE
FEIUEL . R MR E S B S F SERS AR AT I, S
F[1) SERS il R B5UE IEAH T 2 M T i, H A5 83 SERS i (e il = 5% Al
FaE e, TR TR DU o B B AR 7)o DASR TR I Y i DU e R4 7707 SERS BRI, X it
TR SR IRIREE 10 Bt B 70 7 BRI R BUEEIA F 7 1-1000 pg/Lo A T E—P R m i
PEFHEN SERS #US K LA, FRATEIE 5] N5 52 BRI B sl SE R IR AR 1
ARG T W TR SR ME 2> TE N SERS B IMEFIMLE . 45 5RE0, M5 NJakE
% S IR S R IR R K 2 8 4 O 771 3R DA s Y kg DU Jig il 0T 2 s AR H v 3
FIERIRIRIR LT 94 2525 10 P8 AL 6 B e 4> 110 R U IR 51 2 0.1-500 pg/L K.

YT 30 |
degod P

Jovoors & I g/l

2000 eps.

Raman Intensity

8y L a0 T T T T T T T T T T T T
e Qﬂﬁ L "I Of .4 200 nm 400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
= Ly N Lo O e Raman Shift (cm™) Raman Shift (em™)

B2 AT I R U O R & BRIN IE Fe M Ag NPs(RISEMBIER; B A A IE it Ag NPsELEAR I TSR
LLINSERSIEIEE; IErEAg NPsH 3| ABFBR T AR 5 1 I DESEAL (K SER S ]

KR W ER EHMIEE, ZHEA T RS T DT
S E k-

[1] Larmour, I.; Faulds, K.; Graham, D. Journal of Raman Spectroscopy. 2012, 43 (2), 202-206.

[2] Lierop, D.; Krpetic, Z.; Guerrini, L.; Larmour, I.; Dougan, J.; Faulds, K.; Graham, D. Chemical
Communications. 2012, 48 (66), 8192-8194.

[3] Wang, C.; Zeng, Y.; Shen, A.; Hu, J. Analytical Methods. 2018, 10 (47), 5622-5628.
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AR, RGP EEHE (surface-enhanced Raman spectroscopy, SERS) T4 K &
BON—MEER R R TE, HTRE RS TR RBUEME &2, M Ls
S 10 ) 2 R o R R R H PR A ARl ) s, o AT AR B SEISER S PR () AN TT /D [ 2
B3, HAET, SERSHMILFEH RIFE S AT AL BE 775 2 iR H (08 SR A R I AH 5C T7 7%
&5, TG SERSH MR fUK AT i AT AL BE T VA RGEVERT 5T . A HLS B M/ 555 H
s J P I pHAR 4% e B8 s A o AR A e KRR 5, KR T IBOREAE L (liquid-liquid
extraction, LLE) -x#H (back extraction, BE) PR AE S BTALEE 77k, NSLFRffe il ix
PR HAR TR B B8 | ikt . fER AR R, 7ETHE S Al S AH B
YEFHRER Bt B AHZE RG], (EB TS BAna AT FIaEH i £ 5, @57
TIEFHFEHL (solid-phase extraction, SPE) - AH-RZERU 1%, PSRBT EDER T

(7<pK.<12) FIE ABERLA R (2<pK.<7) FFHF T AH], SPE-LLE-BEJTVEA LI T &
Fe R ng/LKFE B AR FHIBGE (5 miny) 15 REUSERSKI M . SPE-LLE-BE /7 V245 &
. PUs. A, BAROMSESE, nTEEHTARGOER. BEESEY. BB B
BT o TS WSS BRE A GG BRYE PR 2K B AR IR S AT AR BE,  y SEBRFE S X 2 H AR 73
THPRE AR AT B

KHRIA): AESNATALEE; RIS 2GR AR I AR A TR
s BRI

S -

[1] Panneerselvam, R.; Liu, G. K.; Wang, Y. H.; Liu, J. Y.; Ding, S. Y.; Li, J. F.; Wu, D. Y.; Tian,
Z. Q. Chem. Commun. 2017, 54, 10-25.

[2] Zong, C.; Xu, M.; Xu, L. J.; Wei, T.; Ma, X.; Zheng, X. S.; Hu, R.; Ren, B. Chem. Rev. 2018,
118, 4946-4980.

[3] Lai, H.; Yu, Z.; Li, G.; Zhang, Z. J. Chromatogr. A 2022, 1675, 463181.

[4] Logan, N.; Haughey, S. A.; Liu, L.; Burns, D. T.; Quinn, B.; Cao, C.; Elliott, C. T. NP.J Sci.
Food 2022, 6, 3.

[5] Huang, S.; Hu, J.; Guo, P.; Liu, M.; Wu, R. Analytical Methods 2015, 7,4334-4339.
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AuNPsfER—FE B FGORARL, RIS FT SRR B, SRR
WRAE AR v = R, TR e R, 5 T IR Sl iz B T4
o S MTARIER EWER 2555402, SRTATRIE FE 38 A TN B Rt 9 22 SR R AR IR B R Y351,
FEFRATHIHT 72 o K B Au NPs [ SERS Y A7 F-~2130 em Ab Iz B 04 SR JR T 5 B 110 R
Bl AR EEEISLIG . ST RS, AT AR BRAR B A A A 7 Au NPs
PN 55 & BAE YR PG E SERRES T, X —FrFh i =4 o] B 20t ST i oAk
RIPETH . BAA @S AX — 7R, 6T Au NPs) ST A SR AL E A

X7 AuNPs; SERS; {Z53kJE; Tl

S -

[1]Li, N.; Li, S.; Zhao, P.; Astruc, D. Angew. Chem. Int. Ed. 2014, 53, 1756-1789.

[2] Saha K.; Agasti S. S.; Kim C.; Li X.; Rotello V. M. Chem. Rev. 2012, 112, 2739-2779.

[3] Park J.-W.; Shumaker-Parry J. S. J. Am. Chem. Soc. 2014, 136, 1907-1921.

[4] Grys D.-B.; Nijs B. D.; Salmon A. R.; Huang J.; Wang W.; Chen W.-H.; Scherman O. A.;
Baumberg J. J. ACS Nano 2020, 14, 8689-8696.

[5] Ding Y.; Huang P.-]. J.; Zandieh M.; Wang J.; Liu J. Langmuir 2023, 39, 256-264.
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YR PER MG SRR 261 (SERS) RIS &2 417 SERS W7t s HALIY
oo A T AN EA R T Sl SR A 22 SERS AT BA Pk -
SR A 2 FLIBIE VE AR YRR T K T AR TG SR B B AR K RIURL 5 2 I () 2 2 2 i i SERS mIFEME
MR —. W-RTHHAN T 10 B AR S AORR 7 gl i E 2 vk Rk, &k
JEHET TN 2 FLAF YRR ISR T AN KRL T 0 e SERS R 1A% SN FH HAT B () 3 X

AR SR = ARV - AL EROR RIAE S oK i = AR S ARG B B PVR R R, R )5
VB & BRI POR RS BB AT 4E |, 193 7 R 7E 5% = B35 SERS £F4E
& CnE 1A Bi) o B s geRR 7R I A FE IR AR T, W RN L 3k
a9k B . CTAB S S 4K PVP B IR = AR 9Kk 1 SEBIL 1 M8 1 2 2
FEH . DABRIE S YK 426 SERS FRLF 434 0, 5% 7 H SERS failltge,
X R6G [FAGIIFR Y 108 mol/L, X PATP (AGMIER A 10° moV/L (4] 1B ) , K L
KM SERS 155 98 HUAHXT FRUER 25N 14.19%, ¥125 161 2H 25 777241751 SERS FEJE
BB R R G A E I . X U B = A S 4 e £ = 4E SERS £F4E R R AR P
RS2 AR RS IR TR (%) S Al 5 .

(B)
oy
= 10° M PATP
]
-
>~
= 10° MPATP
w
=
3
107 M PATP
10" MPATP
10° MPATP

600 800 1000 1200 1400 1600
Raman Shift (cm™)

B 1: A) BRIEEYKRF2HE 0 SERS M4 4E1 SEM B B) BRIL &Kk F2H 5508 SERS K 4F 44l A
[FI¥k & PATP ) SERS #£ &

KHEIR): Z2: SERS R, =M A 413, ML

SE R :

[1] Xiang Lin, Guoqiang Fang, Yuanlan Liu, Yangyang He, J. Phys. Chem. Lett. 2020, 11,
3573-3581.
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B B RmHERA2O6HE (SERS) &—Fim R HoR, BA%R R, R
L RBEERE R YT A TR IR E R S R . SERSTSE 5 5 IR S5 AN
SIMERZW, PRk, SERSHOAR H T £ ZH T a8 frl. ZSZIISERSHIE &7
Bl R B A REERRMIP. N 7 SCBLE T, BATA B % AR DU 4 A
FERGERIS , GUORBURIARR 70 B AR FFAEE s A REp, e . 28— =4Ef s
Past, FATEAT T AR AL S TR, Bl T M A ES R Au@Ag NPs/PVA
BV FEAHE N, SR AR b R E R Au@Ag NPs [A)AH B2 BOF R FF RS E o
FERTE RE T, BERMBSFEARNTE, SRIPURBRAER CMEE a5 M LEL, B&
PR — . RO M =4 i FRAVMERIXS AR H IR (4-MBA) {FNERE 7, f 72K
ISERSPERE. W1 N EIFT7R, 45 KK Au@Ag NPs/PVAR I T SERS /AT B AT R4 ) S I |
R M LR e RABUEE o FATTEE— 25 A 1 AR SR XOARER A HUAR 25731, R BRZI091x10
™, FHAE107 M-5x10° M2 [E R L 5 A5 5 N SC R o AHEFU BT T BAT B
R GV R S RAREIH, A7 ROy SEHLSERS I B M i) —F ] SE I8 4%

>
=

10°° M 4-MB 4-MBA, 1074 em™!

Raman Intensity (a.u.)

107 10" 10" 1w 1w 1w* 107 1w 10

800 1000 1200 1400 1600
Raman Shift (cm™) Concentration (M)

BA: 10°M 4-MBATEAu@Ag NPs/PVARAEHBENLAFA BAL R FL 255 EB: AFRVKAE4-MBAK)
SERS{E 55 /E X &

KBEIR): B BRSO REYIRAE 200

BE WK

[1] Zong, C.; Xu, M.; Xu, L-J.; Wei, T.; Ma, X.; Zheng, X-S.; Hu, R.; Ren, B. Chem. Rev. 2018,
118, 4946-4980.

[2] Guerrini, L.; Graham, D. Chem. Soc. Rev. 2012, 41, 7085-7107.
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TR A T B T A a2 —, AR — A S 2 R, RER
AR REE R, EARGIE LG LA IAE, AR T, B5R g s L&
RIS o L —FrmT DR Bk 2 2R B B 1) 7 ot sl s it i i B
o HHEAERHGO/AgVE N R T BRI IR, KRR FE 7'3107M, =k all
o,  AAIERE LRI A 54 S ESERSE S EE M2, RBUSH it — St

AHFRAIEH T — P T Fes04 @AulE 49K BRI Au@A g4 K ik Eﬁ%ﬁ@sms‘ﬁ@ﬂ%
R TR R 2R IR . SH-cDNAE [ Fe304@AufISH-AptfE1fi ) Au-AMBA@Ag
NPsif i 3& o e S MR A 1 85 5 R & R AR IS . &R 5 R AR e 25
Al il Fe;04@AuRE i Au-4MBA@Ag NPs, S3{5 57 TAMBA I F 2 /5 SRS R BRI
FERIHE I Ze 1 R B, 7E101OMEI 10 M SRR IR P36 il A 52 R ) 2R M 06 38, AT SE IR AR
FRIYISERSASI . BbAbh, AT LARETE 7 B8 (FFesOs@Aur] LA K AL IIRE FE #4282 (138 ic i
& RIS AE R SR (1Y) R GG B A I v 2 IR H R e (1 12

-0 9=-0 @

. ] gl
AMBa Anhu, 2 -
Lnpife Ak ==

> o | v | Low signal
Y iy = —

a !
.
ol 4
- t_ o 1 Higrh sigral
- S . - ]
-
s S &

SH _SH = :
SHLONA T s apt "uﬂl\ﬂ-iélu.-mu #’_-n;.m\ummm.u.r.u W L thuarinn E— e

Bl1: T SERSHIEBC A B Kl 2% SRR FE 177 5% i B 1

KHEIR: AR ENCE: SERS: WAMEANKIIRI: Au@AgdikK Bk

Bk :
[1] Zheng, H.; Ni, D.; Yu, Z.; Liang, P., Preparation of SERS-active substrates based on graphene
oxide/silver nanocomposites for rapid detection of I-Theanine. Food Chem 2017, 217, 511-516.
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1M 1Y 5RO (SERS) 2 — P iy B 57 6 J8 4 K AR R IG 38 H AR S 5 20 T hr 20
iR . SERSHJEMITERE T Z il s doe C“Ha” MEBER ) o« AE RSk
SEMIBEBUR AN AR S5 B oT. IR T 45 B IOT LSPRAFN L I AR AL S5 BT SPP) , M5
B WOTRR AU Y SR LS M6 TR THSERSHERE G B, BTk, AT A PRI 8%
531E(FDTD)X P FISERS G4 BEAT 07 H oA, B35 1DIGM/ AN KK+ 525 4544 L R 2D AN K i/
YRR T G FEF A5 o FIR, G5B DPK R ENEIAR B S 9% B 457 A1l 1 5 Fh &2 & SERS
WIE. iR T AR, fMim. S LRPEAu. AglEIPDMS G, 45 53 B M/ g K ki
T REREAE G R T UK SPP, I A& 4%, TR BRI . i LAt 5 9Kk 11
SR, SRR R I A R O A B U . X T AR/ AR R T &40, R T
KKLFLEGURBI RN SE, i T HES T ARBUT R i A IR IR ZE 5077, 15
BT GRS HA (1) 3% 4 A ARG 3G 5 R M FRATIOA AL B, Fe %38 5 5 T 15 Y SPP
(AR A FNGN KR T (1 T BRLSPRAL [FAE A o @ 9K B (1 26 . Kok RSF R gk
WEERIATRL, (15 155 B AR LR, G T B0V B s K e 7. Xt
SRR, GOKKT/HCKE A SERSEE A 4 3 K (W SERSYS 5 AE /7, A B R T 550 T4l o
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curvature of PNB (pm'!) |

+ a——=T e ———— —_—F

=2 j
=

[

= -

£2
=

14 4

0 : — {
600 650 700 750 800
wavelength (nm)

B1: 9RB/ KN R G S M F I v ] TR

KR HIREEZESE: REWMEN 2, BN, Sloc: HRET

S -

[1] Ly, J., Zhang, D., Chen, Q., Shang, Z., Huang, J., & Liang, P. Nanoparticles/Parabolic Nanobowl
Hybrid Structure as a Surface-Enhanced Raman Scattering Substrate: Insights Using the FDTD
Method. The Journal of Physical Chemistry C, 2022, 126(33), 14211-14218.

[2] Mao P., Liu C., Favraud G., et al. Broadband Single Molecule Sers Detection Designed by
Warped Optical Spaces. Nature Communications, 2018, 9, 5428.
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REATEE T B A2 GORNE) 2 B T SRR ET H 275 YA . A 58
o 7E ARV -V A S AR BB (AUNPs) JTR 7 — ik RE 22 T SR 8 O i
(SERS) 3T ¥-& . AU K BRLFE TR X 3 B i, @l s A BAEH,
YRR BRI — D48 /N, T R S HE R 9K BORE (1) RS R 371 AH AR AR AR 2 1] 1)
SERIEIBE /N T 3nm,  fEFR B AR T AEISERS ALY, R TR RBUSKEI . L Auls
U TRIRR 43 B 1) R B S T4 8 R Bkl ABFEAN IR 26 1F T 23S 4H R BN R 1 1R 351 S PEATH AR
REVRIE AR 7 2003 1) 4 B g R O R 21 (1) e ) o F R A 255 e i
M R BT S ISERS - Gk 7 H R E.

B 2B T4 ORI s 5 P
KB pmE T, A4, REWIERR 26, JRER

S :

[1]J. Chang, J. Lee, A. Georgescu, D. Huh, T. Kang, Nano Letters, 19 (2019) 2074-2083.

[2] H. Wang, W. Chen, B. Chen, Y. Jiao, Y. Wang, X. Wang, X. Du, Y. Hu, X. Lv, Y. Zeng,

Small, 16 (2020)1905480.

[3]Y.Bao, Y. Li, L. Ling, X. Xiang, X. Han, B. Zhao, X. Guo, Anal Chem, 92 (2020) 14325-14329.
[4] L.J. Xu, C. Zong, X.S. Zheng, P. Hu, J.M. Feng, B. Ren, Anal Chem, 86 (2014) 2238-2245.
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TERN Bl TRENEOAR, R EA 2 B (SERS) FEMSMEN, £ ih %45
sz B 7Tz RN ARG« IR IESERS R T AR A AR AR S 2% B R R A
{EPR T SERS [ISEPRMIHT , i 2k o5 B (KA A o vl REX A SEIE 5 S DR L i v i) 25
R E PEATR PEA A ) SERS LA (b B ASCHil 2 17— Pk T2 B AR-5 )R
M=01a R & HiFE SERS AT (A1 1 Fron) » IR TiOx FEAIRIE T 2R R 4 R e i
WEFEfRRE 1, B2 LA SAEATR (g-CiNo MEN A RERAGI 7 77 A R AR, LR
NEAHFSFER Au POk BT R A0 I R AR 0 558 8 TR IR AN o %2 A FH LR
PESRAE ARG SR N U RV E R, X HeRL T2 P 6G AT I PR iR E 10 M. [FII, 3
R R R FH SR ARG 1) L T e R R, i iR m) SEBLGe R 1 HROC AL B, BAT RAF (1
¥ 17 AE A = A 9 7T

» @

18R TIO, g-C,N, AgNsts TiO,/g-C;N,/AuNsts

Bl1: TiO2/g-C3Na/AuNsts = A% 5 1l s = B

KHRIR): HIENE: SERS: JfEibREMm

SRR :
[1]Itoh T., Dong Z C., Ji W, et al. Toward a New Era of SERS and TERS at the Nanometer Scale:
From Fundamentals to Innovative Applications [J]. Chem. Rev. 2023, 123, 1552—1634
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AR R I R R 2 # (Surface-enhanced Raman scattering, SERS) J&JE I MERE, A
SCRHRAK LIRS, FTA RT i ik 7RG KL AR AR EAE, 455884
PR S BES, FE R R ERR, U R A ARG s AR RNt s 7 A
[F) EAE ARG K R AE S AT I B s AR, 45 SRR 4242 10 nm B 75 nmitf, Mg 5m AR
SIS IRIS RO, FEARGUKAK BAR 945 nmibf, MR Rtk BT RIRAR T 4G
il e 1 B ARGNOR AR, K B 26 00 ik e B 2 I s PR IR AL N, o1 8 ) L JER
X AR He F AT A0 OB () f /MR IR PR BEIX 1.5 mg/L, SR AR s AT IRES I I B A
HER)E X

THRIR): MRYIKLE; SERS; MRS, E S

S M
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el R ] A T SR LRI R — B2 SERS FAR K I i 18], 10 “ B R b7 A H
21 2 SRS B A T R S IR ARSI T 1 4% (R 73k (H I 35 B AR RABRE ARy S 15 T AT 75
BB RR

DU A A ] 5 I 9 KR AR ST R T B — 1AL, SR ) % 1 A2 o XUR
CTA IR IR ARG T H AR AT (KIURBY, S0 o e e e i 240 9 T B2 < P 1) 7
Jo T ELFRAE VR A HEAT I Ve BB R T 70, W 5 BRI SR HT- AT, 51 ARE T SR ER T
ABE TR B A PVP UKL 73R 1 CTAYZ, BEm R B R, TR R 5
JEEE. {5 PVP {E& @R M ISR, Wi . SEEAEUT o 2RI i & A AL
Wi AT Y. 5 B BITH VR AR KR T vk R, 38 Id MPTMS X AT SR L AR BE,
SRJE A F D B AR GORORE T SR HEAT, TR S-Au S LU E FERL T, &
TR, 2R SIS e, ROy 1.5 M. I BRI TR 10 min I, A5BRER)
P2 A5 5 MR EEIE B Ok Ho BB AR I RIS S 10° M, FEARTEVER $2m T e . H
o NIRTHIER AR I bk, ARG U A e R T E L K ADLE 3 R G, DS BB
W7l 2% — 20 TELE RS (MIP) . i 1348 7 B A WL 21 MIP B 44 BT 50
B5) . R LA IERR, ZEAMRIOLTE R B DI RE SR rh A7 AE SRR 7> T4 R VRS &
OSSR RL Ao TR PR S8R B MILP 6T (s ot O VBL PR B IZE K 1 NIP PRV B s e X 54
ANTEIH g R PPRANRA] 2 1 2K D AN RS CHI XS BRI ) (K] SERS A&l , 2 W F il 2 (Y] MIP
XS AR B9 S FL R A B A e S AR R B BE 0 o e 2%, S SR T 5 70 T BB B R 4 &
SEHL T R R A 25 K v R A R S A AGEIN o

1) PESRLN IR SUNE7 9o

KHEIA): SERS: FUHIE41%E: R MIP: HHLBEKZ
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FETHFINREBNN RAFER T SR Mm

BR !, JUEE! FEERT
VEERIIVE R Y R, AERE YK P E T SEG E, JE T = AR 105 5, 100048

*Email: pjwang@cnu.edu.cn

NSRS QoK S5 IS, 7 AR R R T A5 B AR LR 2 S B 1 5 S P 0 S 1 R AR
915 F AN . AT 3R T 9 57 = %1% (Surface-enhanced Raman spectroscopy, SERS)
R 4T v 3 (Stokes) iz 2 AU UTHE 52 i (anti-Stokes)Fi7 & 5 5 1 LUAE 5 B R 22 2 0 A A %,
138 3 W 4 Stokes Allanti-Stokes 5 5 Ml 44K RUEE (IR FE & — P A g As . A A A
HRYNK S5 B AR 5 3 R T RS0t S TG v iz 2 i kAT RIS

H 5 FDTD solutions #AFARALL T RGN K Lo AE AN [R] NSO Th 23 0K 77 AR 1)
FERON, i 1(a)fn. FT i, ARrat— B AEsEss ERVEPH6G (R6GY 1ENIRE 73T,
FE [ 7€ T AT 73 IS T SR RN K 2 A1 B AR AR 44K 42 £E anti-Stokes A7 -6 12em AL ) 7 8
mapping, WKL), GREH, EIRRIKLL FF 0 BORMRRANK L L B35 iR
77 Fanti-Stokes(E T B . El1(c)45 tH TEARANFIIZRET, BRI L L AR
BRYNKR L 28 1557 Hanti-Stokes iy 2 I4-612cm AL X M58 B » 45 3R B, BEE NSHEOEIIZ
HIHER, RO6GITF1ERARYIK L fhk 5 7= A= ) anti-StokesF7 & 5 B 5 T FR AR AR G OK 26 L7 AR )
P2 aR g, [N FEE N SHEOCDI R IR, EXRARANRZ B AR R o . FRATTHED X
72 T XURRER G K B O 77 A 10 45 B - IR 30 5 R G175 1 T R Ak AL (R 4 FH 45 2R 1%
WF 5T R — D S B AR g K S5 4 Jay 0 Tk R ) J8 P 7 18 56 SER S MR At 1 — AN ik
2R, (RIS AT A 20 70 B 3K YA AR N 2 FRATTHE — B AT R

(a) (b) (c)
T 1800
1204 ReTina _._g - Dimer
1400 ] \o—Single wasiorite)
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e 12004 /
g ® // E 10004 /
£ s i ow
i P i |
'E'_ ' £ e /
R . e . z - /
4 - ! ]
;/ ./.
0 P /-/ 2004
e l/.
o] & 0
T T T T T
——T— T T 02 03 04 05 Y] 07 08
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Power (mW)
Power (mW)

E1 (S T AR NSEOL TR T BARR YR LA AR AR 9K R 7 AL IR E AR ks (b) BRI
LR TR YKL FIA IR6G 7+ 7Eanti-Stokesig-612cm ! fimapping; () AN FREOGT)Z R 7E 5/ BUARAR
YKL L IMFFR6GSr T 7Eanti-Stokesi-612cm 4b FH: 2 35 R 434

KHBIR: 9Kk S5 TRSE, RN, RAMFETE M S, SERS;

SRR :
[1] Mariano Barella; lanina L. Violi. ACS Nano 2021, 15, 2, 2458 - 2467
[2] Eric A. Pozzi; Alyssa B. Zrimsek. J. Phys. Chem. C 2015, 119, 36, 21116 - 21124
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RIMIEEEFZ I (surface-enhanced Raman spectroscopy, SERS) FiARKHEA P, &R
UM SOR A BREE, W o] RO TIREEIE I & 52 A0 550E 2 90. SR1T BT 2 4 RA R
WG . B 285 B S AR T T30, AESERSHE B b = AR 2 5470 73 T %
IG5, MR B AR/ N7 HI8IE. Rk, PLFRRSRRNES, FRAEA —EREEA
AN HAT 1BV D SERSE R H AT ISR 3o KIS (Au nano-dumbbell, AuND) K| H AR
IR G, A EAAR T HE MK oo i) RS i g o, 2RI R 4 ISERSAL M o
{HAuNDs H 2 H T 54 H b/ TRl ey, BT A B A BRI ge 77, A A e 2 52 br
R F5 oK o 8 BETH R I AUND@MOFsZ5 ), A EE @ v ik in) 8,

AT AAUND 9%, Rl T2 R A KMOFs5t /=, ZIF-8, M B sEA
I3 Y R AT A% 5 45 B AUND@ZIF-8 o 3L 4% 52 2 H PR 1) 72 /2 JB B0 286 T 2R 0% Al 4%
PR AR, AL —Fh 3 T AUND@ZIF-SHISERSIE R, A SZELAT —Lbfk R rh Rt H A5
NG TFIREBRHEASI, TR, fERBUE L, HTMOFsHBEEMY KRB uzmRkET
“FAR”, (HAuNDMURR ) 4584 LL SMOFs it H Ar a3 B W B A s SR 3008 AT £ — @ RE b eq e BA
AuND@MOFs ASERSHEE I AT R B s AN, B TMOFsHI#45) 2 fLs ), nI LAk fLAR
FIaFEN, IR KAIE AN F NIEAR B AUNDZR [, IXFE— 2 LR T R 4
+ BFERR 5 E‘J?Tjﬁ? IR — P E T SERSEUR KA R AT A R .
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Raman shift {em )

B TR g W3t S SR (av b) EBHEL. (o) #HEE K (d. e SERSHIER.
KBER): st £40PKMA%: MOF; i&#%1E: SERS
£ 3k
[1] Xie, X.; Zhang, Y.Y.; Zhang, L.J.; Zheng, J.G.; Huang, Y.Z.; Fa H.B. Anal. Chem. 2021, 93,

13219-13225.
[2] Yang, X.Q.; Liu, Y.; Shao, L.; Wang, J.F. Nano Lett. 2021, 21, 8205—8212.
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I 4 JE B Bh A 20 Py ATt SR 4T ER R 1] % AgNPs/SiNWs HA 451 LL R6G AR
%4931, SERS NHEATEL, KIL AgNPs/SINWs f#] SERS %1% tt AgNPs/Si B, i 2]
L, BRICHAE 40°C I %1l 8 min 1251 T il H (1) AgNPs/SiNWs [¥] SERS & et
GEA SIS AR R, I Y RES A RUEOR R6G ) SERS 15 S IIEOLI KA 532nm. N T
WRZHIEM S, 5T AgNPs/SiNWs _E ] 304 M7 Ai#3E(T SERS mapping iR, % R6G
LT 609, 1361 Fl 1647 cm™ Kb FIRFIEWESRSE, TR ] =/NMRFIEVESRE Y RSD 397E 10%70
Fio ZIEERT ROG IR IIFRKZE 107 mol/L. 455K, AgNPs/SINWSs BEWEA RS BLAF I 4>
TR A I

24000 ]
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C ¥ i b | = 50000 =
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2 T N ) LA
[ | S i . —
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x(m) 10 Nuttibeis Raman shift (cm™)

B 1: (a) SEM image of the cross-section of AgNPs/SiNWs. (b) Raman spectra of 10*mol/L on AgNPs/Si and
AgNPs/SiNWs substrates. (¢c) SERS intensities at 609 and 1361 cm-1 of R6G on AgNPs/SiNWs prepared at
different temperature. (d) The electric field distribution simulation excited by the laser with a wavelength of 532
nm. (e) SERS intensities of 340 points at 609 cm™!. (f) SERS spectra for R6G adsorbed on AgNPs/SiNWs with

different concentrations.

RBEIR): AR, REIRR 2 U, BORITE REgVKZ: DIH6G

BE R

[1]Wil]S,Kim J D, Lee, Choi H, Kwak M, Song J, Lee TG, Ok JG. INTJ PR ENG MAN-GT. 2022,
9,421-429.

2] RETT, BME K, W&, KlAt, skolg, Z=bh, B, JL52557K, 2022, 42(14).
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P R snh @B (SERS) T Him REUZ A ZFRicae /), 7T LR SERSHRET X
— LR B R ARSI 2AE S M s . X T LA W FISERSHRIE, 3K
(R = e (O e e K S R g =8 10 VA ORI A Y =1 R FA T I Rl NS R ¢ ne o 1T VA=A
MR BARRARE, X LESERSARICAESRLEE I T HL 2 2l H 454 FISER SId A& /Y
. fEbL, FATRE — DR R BT, U B E A A gD I SERSHRET . it 5 H
BIEIR TR (PMMA) B.2EAuNPs, il % HEA R Fog . @l BEAE =2 ML SERSAS
FHIPMMAZi IS Au@PMMATREL . 5L G SERSHRICAHEL, H AT T SERSIRE A &
HIAE Au NP IR B 43 X 4k 9 7 75— RN . R LI 8 EYEPMMARARAE, A
FETE B K ) XA (IR IENPR I N 1) 70T 02 o BT S KR ¥ 7088 5 2 e 380 8 Ty
H£110 nmAk, PUIEABTE RV 2 ik A T 3G 5 TG Y, DA R SR I SERS
f59. Bk, REVMGRERAIEAL. SIS, 7T LA SOt RG34
TG AR 7 7 R A SRR . R 24 E T SERSHR A I S i Aa e k. itk 4l
JERRT AR B n, B S IERN R EYIRE, IETT AR R I 1 AE VIR A AR AR
FasE

First generation Second generation Third generation Fourth generation

e
°Au NPs LV'L Raman signal molecules o Si02 @ High-molecular polymer

E1: SRR SERSTRET AT 2 K]
XHE1A): SERSHRAl: BRI T K= (TL9RIE, FRERANEARESS

SRR :

[1] Zong, C., Xu, M., Xu, L. J., Wei, T., Ma, X., Zheng, X. S., Ren, B.. Surface-Enhanced Raman
Spectroscopy for Bioanalysis: Reliability and Challenges[J]. Chemical Reviews, 2018, 118(10):
4946-4980.

[2] Lenzi, Elisa, Jimenez de Aberasturi, Dorleta, Liz-Marzan, Luis M. SERS Tags for 3D

Bioimaging and Biomarker Detection[J]. ACS Sensors, 2019, 4(5):1126-1137.
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A SRR (B SRR B e BT e R AR R PR A AR e Vo FLARRS O BRK PR A
JEVEAE A h B AL, A GFERE, MK ER K. Hilf, £RLamrril
BAREGE RO G -0 G A s, FERT G, XERLH S I POE R I 75 2. ASCHE T3R8
T3 SR b 2 T (SERS) R, JEIEAEIGLF A BES IR Th REAL I ARGUKRL 7, SKBl T
XA IA S R AL S DI v RO AN B A I o 4 S I L i /AR AR P O R A A A
(TP J R I @ AR A e RIS S DL A B TE AT S OHE K Tt
RN GV A TLAR FEE S o 7K R g IR 1 LA PRAK 2240 ng/L, 47 B S BlAadAk
EYIIPCEIIBII . [FR, L PCATRALHE, SLHL T AFIC-FHEK 1 4 b 2R IR AT
WA X 53, B T SRBRA I ANE VI FR, A S ORI AR A 2 5 SRR .

(a) * J »ed R,
Do 2+ SEEES. (e)
/N OWERENE oy Rt
NaOH B-C ‘ Glucose /5
‘(.;\L:_g/’_,‘ .y S

B1: () EMEEHOLL AR L6l &B-CD/AgE AAUKBRLE IR EE. (b)) yJRIaMA gL i
HAISEME . (c-d) WL AR I AARB-CD/AgE S AUKMEHE KISEMETOREL. - (o) JtHEMTE
HIUH SERS{E S AR 3 B R R

KHRIA): RMEAE U ARILEY: AL RS
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Rapid Trace Gas Identification Based on Surface-Enhanced
Raman Scattering Under Ambient Condition
Hanlin Li', Xiaohui Fang'", Chen Kang!, Zhoutao Sun', Hongmei
Liu', Xinping Zhang""
nstitute of Information Photonics Technology and Faculty of Science, Beijing

University of Technology, Beijing 100124, China.

*Email: fangxh@bjut.edu.cn, zhangxinping@bjut.edu.cn

Rapid trace gas identification is challenging due to the low adsorptivity of gaseous molecules
on solid substrates under ambient conditions. In this paper, we present a gas sensor utilizing a
capillary serving as a surface-enhanced Raman scattering (SERS) probe. The capillary is decorated
with densely distributed Ag/ZnO nanocomposites within its microchannel, resulting in an enlarged
specific surface area that enhances gas adsorption, chemical enhancement, and provides abundant
SERS hotspots. The introduction of gas into the capillary leads to the immediate appearance of
distinctive Raman characteristic peaks, and the entire measurement process can be performed under
ambient conditions. The detection limit for gases of NO, and SO» reaches as low as 0.1 ppb.
Furthermore, the sensor exhibits the capability to identify components of mixed gases, as well as
effectively detect NO; in vehicle exhaust emissions. With all these advantages, the SERS-active
capillary demonstrates promising potential for practical applications, particularly in the rapid and
accurate identification of trace-level gases.

E1: Modification of Ag/ZnO nanoparticles on the inner wall of capillary tubes for gas detection

X$##i7): Gas sensor; Surface-enhanced Raman scattering; Capillary; Nanocomposites

SEVH:
[1] WangJ.; Fan S.; Xia Y.; et al. J. Hazard. Mater. 2020, 381, 120919.
[2] Sun Z.; Fang X.; Kang C.; et al. ACS Applied Nano Materials. 2023, 6(1): 714-719.
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7K FRFE AR & R AR A TR PR AR T, R KR o B A 3R B A 2 3 e
WM 251, s R A RN, 0 IR EEIE B E B 3%
R 2O61E (SERS) HiAR2 Ml Joft. REL ZEERDGIERNEAR, 468
BESVEA EEONPUA A L B AR 2 — 1, {H2 B AT S2 bR F IR ase i Ho i /b DL AR
RVERARE MR R, TENHERAKTT.

RUFEF —YEVGGHRME ML, 5 N\WGANKTHLM 4 AT VI ZR 8 5y 4%, Jhidit
TR R LR S A ) B A e . ok, Bk S E A 2 DA
1T BB RN GRI 0 R, SR AR O A 28 I 28 JEAT Ham 418G, e ok o 28 R 503 2 s A )
AR AW TE S, B AR B S SR A GR35 () A AR o A Wasserstein B BSE 940t 2k
BRAAL SR IR GANIN 45, R A B2 K /N SRR THR AL A IR BOR MM Sl 2 . SO /R 7R
FHRFREL, LLO.9ON BIME AT IRk AORIEY B Gl B, A& SEBR P A 20t 254
120075 A R 1 . £ —4EVGGEB M A M 2 Fddi N7 = JIHLH] (Attention Mechanism) 15
P, FEEAYR SO S RO, RN E SIS IE A A AR, v AR R AR 22
ZEIFRIBRE ST, B SEIUN B NG BE HERR Y B ST . B8 VGG th B ARUZ K/
[l 5E A3, fHZE LA SN2 BRI R, B B [ S 4, T PR AL i 41
B R o

AT WGANK ZE AR AL VU KPR (FHERGH. HFHERVA. A v5HE
R REEER) S04 RISERSIGIG I 1Y, HZ&IKIF40005%/ 28453, WAL
BRIV B — QeGP W 2SR DU R T AR R BT B3 . SRR, S5RYIY
FEREV GG 4 B AR L, 738 J5 25 5 i 2 AL m] BASR AT 28202001 Epoch 78 BUAR AL I 8
EAR, SFPURHTA R I 7 KU R IA R T100%, ST HTA R I POES A =2 5%
B

BE1: I F VR 2% 5T AT U2k ZESERS Yl 437 s
K PR RIEMENDEH: RSN BRUENG: RN

£ 3H
[LIRTK, BRI R, @iee, KRG A7 BRI, 2023, 42(02): 326-32.
[2] Fan, M. K.; Andrade, G. F. S.; Brolo, A. G.; Analytica Chimica Acta, 2020, 1097: 1-29.
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XiiE, EMR, EoR, EBTE, A
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FE: R ER 2 HU (Surface-enhanced Raman Scattering, SERS) | FH £ 42 J& 49k
TRVDRSE 14 J 2 1T 558 8 1 AR RS S Iz 8 0 T (R B OR 1S 58, 2 4 T e 18 0 1K 70 R 5 R
AEIARZ — o AT LA RSERSHT FU AT AR KR IMHE & , (H 4T S ISERS O 1 1) =y S5 A 1
e AT SEPEA AR SR A2 4 AT SERS B H2 A THI I 10) = A7) 3 D6 4F SERSHREH i K h 2 I
RICHRL 15 5 RE 2OGLr h kA7 i %, ORI INSERSH BLAE R, Jymita e I SERS
F AT IR — M AT IR . RN, JCLFSERSIREMEZRE . 1HA. AR JEALSERS Y e
IR H A R R AR 3 o A B BT X6 2417 R TG EE 2 h 3 1 S A e pbRl b 2 i 1 S 8t 4
YK 5 R 1R 1) 45 T Ve DL S B i PE BE G 4 SERSTRET 1) 46 i it o) |, S Ja R T 0G5 S
IR H A5 WO 228K BRI IBRMBNEOLT 5 B HREEH &I, 1R
BT SR LR, IR S AR, I AN P T HETRD'G£T SERSHR
s, mERIS CnED o SEIREERERN, IRATTES AR B OGL SERSTREF B
AN R B RE AN R ek B, EM A B S A AR 2 S e e AL L BB
F AT

Nanoshell Nano-clusters Micro-coffee-rings

- ‘-_..ﬂ‘ d i L)

Flat-end

|

_——

Tapered

Nanorods Nanocubes Nanoparticle chains

Bl1: il & 75 2 2 MR SR DL LT SERS IR BT

KIEIA): JLLFSERSIREL: WOLIAE S A4, 9URBRIEI%: MWLl “FiimeLr

S M-

[1] Liu Y.; Liu R. M.; Ai C. W.. Wang B. T.; Chu R.; Wang H. C.; Shui L. L.; Zhou F. Applied
Surface Science, 2022, 602, 154298.

[2] WangB. T.; LiuY.; Ai C. W.; ChuR.; Chen M. N.; Ye H.; Wang H. C., Zhou F. Optics Express,
2022, 30, 15846.

[3] Zhou F.; Liu Y.; Wang H. C.; Wei Y. D.; Zhang G.; Ye H.; Chen M. N.; Ling D. X. Optics
Express, 2020, 28, 6648.

[4] Liu Y.; Zhou F.; Wang H. C.; Huang X. Y.; Ling D.X. Sensors and Actuators B: Chemical,
2019, 299, 126990.
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BERBREEAWMEE SERS SR A
B, A4k, MK, JMERE, SEBEFH, X, LTV, BRS
R

VBRI R R2E, dE R TR E X AR 37 5, 100083

*Email: youtt@buaa.edu.cn, pgyin@buaa.edu.cn;

R ER S EU (SERS) HI9TAERIRIM LK, LI mERBUZ. JTH. S
AL, SO RS RE R ROR, T N TR E R AL A N . A, A
1905 NRAE R R I AR 8, XA MLAEL. AR 555 R A/ 7 71
SE BT AT LA B SR T A A i A A AR o BRI, TR DT RIS 2 D RERS N 20 My
HABERE. DERSEME (Ag. Au. Cuf) BT HA R R BB s
Z FAAESERSHT IR, SR H AR FIURE ) SR A6 18 LR A8 1 — 5 R P R 17 e R AUer Il 1k
Ao — RIH MR SRR ] & AN O T . PR, ATRE4LE SESERS
SRM B S RIT RS0 TT, H% T St )R L E S AR T A% RS R 45
WOTHEAL R NI WS 7 T, PR T R SR LB AN S SO R LB A ). (DD

B1: @QRIPKM: (b)Au NRs/TisCaTxs (c) (@) @90k &91KE; (d)(h)Ag NPs/MOFs; (e)(f) Fe SA-
Ti3C2Tx;(1)SERSHMIG s G)REFIA I 7B 485 SR 5 ()(1) T 55 B3 e PR A s 7 s 5

X##iR: & JE; E4MEL SERS

SR :
[1]J. Li, H. Yan, X. Tan, et al., Anal. Chem. 91 (2019) 3885 - 3892.
[2] I. Abdulazeez, S.A. Popoola, T.A. Saleh, et al.,Chem. Phys. Lett. 730 (2019) 617 - 622.
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B Rk A FER KR M REAL SERS #f5R
WEE, XNHFE, WEA, B8, ZE, ik

TR K ZEM R S0 A L2558, 7500, 215123
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FELAb 2 FUTHTRIE 702 FEA AR 2 bl L B B A0, P B 513 22 SRR () R, 2 L THD P A
Oy FRIHAY TR s SISOV A, I r) R FEAG A I N P R O B B TR R AR
FvERE N BT ARE M L BT B AL A T O L WRAR A 2RISR S AR B Ak L AL, AL
GG B T2, AR BN — R RE R, W E Rt R, B
P S RS T R Ry FRIHL IR 22 A 1, 0T 1) FELAL 52 T 1 Rt v FR VAR R PR BB 1] B TiAA
BARBERMBKYE, Ko TR ER RS BN FET, 5RETE TR/ K
FHEAEE . KT T IHES 5 BIRE, S8 HRRR, B FEURARGRT B8]
PRSI S I TR LA 2 B I UR B KR FE S T 4 /s o b4, 2 0) B8 WA/ F A S T
FHEB = AR, SR FHEP A [2]. PRI 81 i 2 K IR BT i 7t LA E
-9’88

TEZ AR Z P ide SR SPR AL [ S, DMAB 78 HUALHE AL T 38 5 PATP 1 R4t e
[3]s ZRMNIIRAEFEKS T EESS, @ZR N T DR R R EAEKS T, DK
SRR ] DR B IR IR R T K 4 IS &, T R B A &R Rk o T
SIATIRES B ZE TR K 7 7 IR B AT 9 . ARSCR R I3 by 20kt 5 AL 45611
Tid, AL IS IR AR AR FR DL R OKAR R St - DMAB (38 5B . 36 F B B T
1- T H=-3- KM DU SCR)) ([BMIm]BF,) A N-T JEmERE DY ([BPY]BFs) , LA 1140 cm!
(JHJ& T DMAB HIFHIEWE) F1 1075 cm™ ()@ T PATP HIRFIEIE) AL PRI AR 98 R 2
bl s AR 22 Hh R ) I o LA, AR A B B AR A (W 1) TEKIR R, BEHLA 1 2-0.6V,
1140 cm A IETFUR R, ARELEZBEAL T DMAB JFERICH; BEHRA 471 %2-0.7V,
1140 cm!' bR ATE 2%, UiHH DMAB O 58485 4 PATP. 5] A\ DMAB i& 54 PATP iX
—IREF B, S5GR MG RA SOLIE S AT B, A R0 W H A ST KA TR
BTN, RSN IR TR .

(a) 0.1M KCL (d)
. D D,

| A\ "
- AV NN :
A

| v AV W — :
AT AT

AN AN A —

Raman shift{cm™) Potential (V)

B1: KA R DA B WA AR 28 v PATPAE A IS A 2 1T % B A S22 (R SER S s i
KHEIA: SERS: Wifb¥: Blik: /K S
£ XH
[1] Kohno, Y., et al., Chemical Communications 2012, 48 (57), 7119.

2] Silvester, D.S., et al., Journal of Physical Chemistry C, 2021, 125(25), 13707.

[
[3] Huang, Y.-F., et al., Journal of the American Chemical Society 2010, 132 (27), 9244.

253



P3-15—+—mamemms ko s 200

ETHSNEFREE B ITE
XM, B, e

VETTR:, WA E T X BB 422 5, 361000
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$r BOCIEBARAEY TR 458 My T A5 K 7 T T R A AT BARE R . 5GP
AL CHnR e BN, #rotRME. XRD. A6 , BHAPuE. #Em. T
s XA ERTRE - FR B, AT A A RRGE Hr 268 IF AN RE B
BRI, ABTE R B DA e RS K B (0 Bl A il 2 0 1 A e, SRR
BURE S AR AEAS B 5 Bt e vh O AR A it B, DRIC RN 5 5T 275 5 R RO R AT i
MAFSHUE D, XAt L (EERGE RO T, 8 S 7 R h . LR (R 5 vt A2
LR B 27 TR 5 225 5 12 AT LU TR SE e (K02 Tt JRATTam X
JEIEEAT R T BE AR, Glan-rig, £k, BdE—B%, Miaess seBlE o m)
FROCPRIG. A5 Mg, EVLRCIRBIM Mg ai AT N2k, s iismit, &
LAF BB ARG DUS Y 2 A 7 s AT M R UL A o

ix
1
) JTEE]
l
| mites |—{ iy
i
k= (T L s

K1 PsUL e i Ss p e

RYEA): Fr2obil IREES T WRILE

SE R :

[1] =S, 42, Ball, 55 fr2otil o F s B ail R R[] JeRUN#k, 2008, 20(4):
359-362.

[2] Li B, Schmidt M N, Alstrem T S. Raman spectrum matching with contrastive representation
learning[J]. Analyst, 2022, 147(10): 2238-2246.

[3] Jackson R S, Wang Q, Lien J. Data Preprocessing Method for the Analysis of Spectral
Components in the Spectra of Mixtures[J]. Applied Spectroscopy, 2022, 76(1): 81-91.
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FHLERLEBI R S 1% R0 T1E B2

wiEa !, KF2 WEEY
VIRBUOK UG AL 7 S ED R B 20 b ty, I, 430079
2N GI R TR S ERERT, B, 430200

*Email: agshen@whu.edu.cn

VR B E BB E 7 — N E L@ B SCE B, ARG NS B AEE, R
P B A EEFR Y —, DIARZAEENE K. CHEREA £ 5 Biargia, &
AR B AR R 0 7], v DUHSRIBEEAT R ESUE R . iR E 8,
AN R BB E (R UL LAAS [8] LU GV & mT DS 25 2 BB . K2 e LR h 2 i 45
SR, BB BONER, (R RN RERE X 4 BT F EH LR RS BTRART B
FH B AH [FE A A 8] ) JE LR SEEUE BB H 1. A SO TCAUEURHR 1l 5 o i 55
JE TR A WA, F2)LMEE LR WIRTGZES P (2E<3) MREshaE, mTH
SKIR B SRR E, BTCCEAT R S A RS oL R S 22
BRI L &, T DMASBIE r] WG4 P FRRL2E SRR Y “FE8, @
b7 8 G AR I R BRI K SCAR BB E B . BTN, 43 URRE 1 LU R A CdS
FIPbO. CASHIBaCrOs. PbsO4MIPbCrO 15 E] =FhiFih JL-F-AH FI{Efr i A (w88,
FLEPHI A2 B “WHU” X%, En] WOGFAETR, nTLUE BIAN A 763 DL 2 A 8] 1) 7
BEZ A ZE AR, AAH S mapping B 7] LAAEH B R A X 40 HAN IR, AT 32 HE O rh Bk )45
B BA R 206G S dTa S, ] S I 20685 5 5 SE b i 4y
i, fERiEwREA. ASHES, EXMERSIIEE I E K. BEEH FER 2L A
(P 58 F T4 206 gmig, AT DACEAS SRR I3 AL B SalsUZ e, KK 115 Bk
I FR R 2 A

.i : g'.._.

(]

-
i
tom

B1: A)ZIEAHFEER 2R AN FERRERENHI B2, B)fErIh: B mappingPd;  C)BEAHFIER SR A R Iih s
ENHIASCT: D)X “WHU” (U Emapping/&; E). F). G)EIB. CHHAFET R KIH SR,

REEA): fr2obil: PR, 5 R TOHLEUR I AR

S AR -

[1] Yu, D; Shen, Y; Zhu, W; Hu, J M; Shen, A G. Nanoscle, 2022. 14,7864-7871.

[2] Zhu, W; Cai, E L; Li, H Z; Wang, P; Shen, A G; Popp, J; Hu, J] M. Angewandte Chemie
International Edition, 2021. 60, 21846-21852.
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B R B 1L S8 W B S eI (L R R AL B
FER, FRBIR, BB, BILE

Fa RURZE A A T2 e A iy 0 B S =, V005 R AT, 210023

*Email: yitaolong@nju.edu.cn

FE A 22 ORI A HR B R R [R) £ 200 TH R o L 4 RSH RS0 . (R, S5 ok Rt
() A 238 THOZEAT T 57 s 0 AT ARG 36 0} FRLA 22 O RR AR K B0 0 2 (R B, AT BE 8% 152 T AT 5 B
AL B R IR PRI R K IO EBU BER R, S5 BT ARG BORL i R~F A 3
SRS BT IR o AN AR K IO O 2 AN [F] e, BRI ] DAY AR A N Bt R
5k (S B HIRGB(Red, Green, Blue){d, A0 B T AALH O G RE R K, SEELAT 9K Tk
T ATESR VAL o J5 T 0k, R W 3 OB AT FAL 22 TR & B oK RN B A5 i R 12047 T
REWEI, DLK BB FE0 AL, 1 F Python i 7 [A) i) 5 i 1 B 45 PR B i A 40 K S 55
SPGB FIRGBEEAT A, PUE . Sl SCy I8 B BN 9K B E b 2 AR fE Hh R
SFRESHEh SRS BB, SRR P 6 743 % (Voronoi Tessellation) J7¥2:, kil 43 B4~ 4 K Fivki
[RIIR & B [X (Voronoi cell), $RHXFELAL 22 TR R Hh 4l oK BRL 2 [R] 44 2238 TRIP) 25 (8] 3 A 3 2
AT T BN GRRE FLAL 2 TR AR KBl g2, TR I TR) A 23 (] AN 4 B2 387 A0 228 TR e FL AL
S UTRAI A AT R K IURE ) RS R TR 35 () 52 0

KBRSk BUTRBh % (BN 588 RGB

SEHA -

[1] Chen, M.; Lu, S.-M.; Wang, H.-W.; Long, Y.-T. Angew. Chem. Int. Ed. 2023, 62, ¢202215631.

[2] Mie, G. Ann. Phys. 1908, 330, 377—445.

[3] Jing, C.; Gu, Z.; Ying, Y.-L.; Li, D.-W.; Zhang, L.; Long, Y.-T. Anal. Chem. 2012, 84, 4284—
4291.
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F-F CRISPR/dCas9 5 SERS F AREIZE S %] HPV %2 DNA BY
= R BRI

B, BREE L RIFET

VMR A B A T AR SRR E RO A S, KEFE TR 2699 5, 130012
PR AL 2 B P AL S AT, KR AT HT 2699 5, 130012
PR AL S 2 B AL A AR R R G, KR RTHE AT 2699 5, 130012

*Email:xusp@jlu.edu.cn

CRISPR/Cas Z Zt 45 11 42 AR I 1] B 45 1] SC 8 8 3 9 S oG BRAR 1, 2 400 R oty 20 o
HEBTINIE TR (1) —Fofuids 7 P S e B AL . i, RORERZ HIWF AR e A R T
R R AZ BRG] A f 5 FH LA AR K 938 770 B CRISPR/Cas$3i AR 55 2 [ 38 5 b7 2 Bl
(SERS) #iARZ54G, FIFHSERSHE = (1A Il R % FISERS Y RE (1) “HBE0” Fetk, #i 2R
F T A=A AR 23 4

SR T — e DL S A, R TE R R E S, 1R IE T =IA90% HI AL
T2 ANFLKJEE (HPV) 238t 53 R 2R K —, HAHPV 16842 5 ™ &
Rz —. [RIth, WER S A RS ITHP VR 3542 A 3T B 2000 R AR DG . DRk, T
— PR . YRR ELE R A HP VR B BRA I T VA RAS U E . AEAR U, AR H T
— T CRISPR/dCas9Fi A 5 B4k I SERSFE RIAG I 5 ¥ [ 1] A FINMEMifIRIEE (MB)
¥ sgRNABLIE (dCas9 R A 3R, ARG TEA R (IsgRNA G| T R4 S IR A FF 4 35 B b 2L (K]
(HPV 162E R o 1ZFER T LT AW Ak, 3510 % Be bt 52 55 A 2S00 I BRI A Ak il
(HRP) , MIMEHRPEALIEMB o W5 B2 Ja % A9 H I BEfE1L R 3,3',5,5"- 1Y
SR E (TMB) , @ AEHRPHEA ST AR g (o) H SERSVE M I TMB AL A
(oxTMB) . £/ M2 JE I ASERSHESRFLR (AR ENEYIKA,
AuNS@SiOy) , #itoxTMBSERSE 5 3REL, S B ARKEEA kil . % T FIvEL,
T HAREE, HRPICIRIEREFIMBE, FUATIA Flox TMBIE 5. HI T SERSHI
ALY N, 1% 7980T DA Mling 7K P FTHP VIR B4R

AR ZERARE¥ES (21827805, 22173035) . 5 E B K E T
(20220101046JC) TEBNTIH « AR Z SR XREE0FR 5 H (JLUXKJIC2020106) 5%
B

LLLLL

77777 }

Kl1: FHCRISPR/dCas9-5 SERSH: A4 & ST HP VI F: DNA i R 5P A6 1) 7 =

X #217): CRISPR/Cas9; SERS; HPV; [fiik

SE K

[1]Su AL, Liu Y, Xu SP, et al., Anal. Chem., 2023, 95, 5927-5936.
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“EHR AN TRIR R SE R R B BT T
RoOfi, W, X, KR

JERE TR, 540050, dbst, 100081
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TR h 2 40 BUR ) (PMos) (R EE B4 2y, SRS RS AR BN AR B A &
BRI, AR, T E T ST e B AL A E R A, SO MIBRER ERS(V) 1 Pk
Ak, 55 R PM, sHR R SO U S AL 23R 5 ) o RAE RSB i i DA IR K s,
{H2 2R IR B ER SRR AT B FEATAFAE R G, R B3R 2 A5 Q46 75 SO2.NOx.
NH3%5 2 Fp— 05 e SARIEAE, BrlR M LR AR AR b, BE A T8 = S 2
(PIREI AR s AL 21, 3 BB B AL 22 [ B3 ) 2 S 0 e O 8 AT ST XTNO,
5 AR R SR S(IV) OB 1 AR A IR, R 3 B AR R 2 6 i U5 A IMINOL AL S(IV) T
AR, BATRIZNEE T P A REREES(VAE (980em  Ab4S1EIE, K1) , & AiE
TREREES(V) (1090cm  AbHFFAEIE) oAb, ZRNIE 50 R B R AR O, B
TRSTRN, RS2 SN IS () REMAE TG R, B SO 28 B . SR K A I R
KEZMT WK, L s o] 72 KSR W SAV) S AL B A HEE/EH, W]
R I L] R B RISt — 2 555

Raman intensity (a. u.)

| | Time

800 900 1000 1100
Raman shift (cm™)

B1: S (IV) FEAbiTFEH NaSOs i 1 hr 2 ' it

S SRR UK

225 3CHR:
[1] Liu, T., A.W. Chan, and J.P. Abbatt. Environmental Science & Technology, 2021. 55(8)

[2] Wang Y, Zhang Q, Jiang J. Journal of Geophysical Research: Atmospheres, 2014. 119(17)
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B4 B MR Bttt S UMAP BT Oam 59y 2605
ﬁgﬂ 1, %%ﬁ 2’ “&,Fﬂg 2’ $ﬁ§ 2’ I&ﬁ 3’ }%:IZEI: 1,*

A AE R A A TR R, BN, 430062
2idb s RN T Az a ke, KL, 430011
SEMK B T A SMEHE K E AL =, K&, 130012

*Email: zhouji@hubu.edu.cn

PRI A H & s S S A dh 22—, I B O 2R 5y B B SR AT IESR
Wt A EAR g, AL RIR 40KED B, SEOLR IR DL FE, W
] UAEAE AR DA PR AL R E NN 52 35 8 Z R &R o AR SR e I 7 h, RIS ATE A 7
AT AR PR 2 A M WIRIE, G DVALER BB 2 BINVE R TAR & HI R, BN
S EE A ENIE Z — ol D 2L (R IR A 8, W DU R SR SRR
TR, A/ MITEVER, VIESIRTR IR AR A AR o

NSEDUN SR B DAL KIPNE SR . ot R R 50, AWFFEied 7 —F
SRR BB 26 TR G S UMAPSRLE M T 1 2070 K0 T 7 i o SR B TR 2R AL IE
XF30Mf FTZLAE AL 21005k Fr SO HEAT AL B G, SR RF bR SO A (S B4 &
UMAPSESG, BINAE T LZLR 72 i . E1ARER 1 /N MOR A R D 20 hn 2o,
PR AEWE Z3 AT AE A XA, Hr1100-600 eme! i £ X 8] (14 5 35 2 oL (7 b BE 1R
27 A, TMT400-1800 e B K X [ () 61 AT WL s i 2R IR S ™ A (K AS[R] d i 1 21
IR G S o7 B AT 9 B A7 AE 22 5, BT K EREACR U, B 75 45 S UMAPHUT Bdfs F 4Eiz 55
7 RESE LT SKBUAEA > 2 BB XT 21001z 206 S 34T T UMAPRE4EIZ 55 1O AT MLAL 45
Ko WMENBIR, B TI0OMEARFAEM LTI, HA7 A G208 A LA LI RESCIL T
100 %IHERA X 7y, P RBCRBOVEAE . Ja SR SEbr RAF T R FREA, (5 BIZ 207
TEEESIRR, SN I i DAL YRE R HERR U0 S 28, O H A SR R R I 5 5 T T
RIAH ORI FEIR P E B 5575

- .
1
Al B

(1 | N, RE(5105
[ R .N_L,_,__;-..»-n‘\j‘t\-"—-"l\ ‘_v"'*..,} "&‘"‘f’fﬁ 569
3 )
E ,
A A A A A FEXH 2922
= 3T
-] & A
-] ﬁ\ -

J o \ 7
2 U e sctiae 3 —
- - 1 mRERER X AcERE
Mac925 e
PR
R ERLO EER R0
’
o oo w28
FWIE60

500 1000 1500 2000
Raman Shift (cm™) -

B 1: A) NFORFEFROLRE 61 B) 2100 3k 2 614 & UMAP Sk v fiik 45

N OME %

KEER): DILREAR: WM R 2% UMAPHIL

SE Mk

[1] Gladysz M, Krol M, Koscielniak P. Microchem. J. 2021, 164: 106002.
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RSN ERNERMFEKITIEPRZHRENITRE

BRE, RaeR, LS, ®HHE, xR
ZBINE R SR TE R, =8 B, 650500
*Email: gangliu66@163.com

WL (Microplastics) E—Flugi B4 (IS5 G, o s rn N e FEi fa 3 2 3
STz R ROtk i T R SARAE R AR A, BLE T SR T R AR e I 4
SR, H RTE BRI OGS 7 32 B R AR . MRS K AR BRSSO
R AE RS RGP RSB . T, ARFFCREH T T 40 BIE E 1000 mg/L.
500 mg/L. 100 mg/L+ 10 mg/LAN0 mg/LIK LR FE 5 245 2B R (LDPE) B N A K TR
BRI h 261, DA FEEM FAEKE PR OB RE I . 451K, 755250 H A
o B 2H 47 8l 2 1 ] b B 71080 em's 1386 e ! F11458 cm ! = ANARAEAE T H A S i
Bl BN ER SRR R 2 06, R M AR KO R 2R @A S AR B T # 3 7 R
T

— LDPE

A.) —CK B)

—— PE 1000mg/]|
PE S00mg/L

— PE 100mg/lL

T

Intensity (a.u.)

Intensity (a.u.)

|
-‘JlL-‘_‘._,- }’VP\‘-/J%\W‘\\;\———*—’_/ \‘\_"

=y T T T T ' T Y T -
1000 1100 1200 1300 1400 1500 1600

( \ Raman Shift (em™)

I L
| S T o~ N — -

T T = T
400 800 1200 K600 2000 2400 2800 3200
Raman Shift (em™)

E1: A) LDPEFIARRERRER ZEHR FEKNERMH Fh ki,
B) LDPEH: 8¢ Mszib 40 55t R4 i h: 8% 24 K

K. fEoUi: WEERL Kok FRRT
SE M

[1] Katsara, K.; Kenanakis, G.; Alissandrakis, E.; Papadakis, V. M. Microplastics. 2022, 1,428-439.
[2] Lin, P.; Wu, L.; Tsai, C.; Kirankumar, R.; Hsieh, S. Analytica Chimica Acta. 2022, 1198, 339516.
[3] JEMNEE, ILBOK, X4, LOWHBERIF 77, 2019, 38(4), 737-745.
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SERS HitE & AL EEA T REANNBEISH

AXER ' FEHE", SKR"
o R KA RSB LAT, A KA AR ACH 5625 5, 130022

Email: xkdiao@ciac.ac.cn

HMUAA S AR 3 WA ) — R AP AN I, VE A — R R ARR AL bR B, TR
AE AN WG YT o SR1, B AN T, A RS bk fff ] SE3 X 7 S A ATS
SR B AIBEAR . FRATTE I A 5 5 SERS “H st 45 44 0 A1 13D K 2 HE PP 1 & 9 Kb 1
JEE,  SEELAS R R AN MA AR SO GIE I E . BT AMIMAISERSTREUE 5 8 4%, HIX 73
FHXTELAN, RHR LA 27 ) SR S SERS G i AR HE 73 #7 o B2 T-HL 827 I I SERS G5 43
B, FTRURE BN = CERAYEAD) 40M0 R, HrhRhE A RSB R, &7
VAR ED IR EFRIC o Fe T LA 2 X FR I B HE 2 =ik 91.1%, T IX 2 AR 400 &
(H8. HeLa Al MCF-7 4Hff1) SIEHISMAA. [FNF, 12T TG RFEA N MLIH)F M
PTRIAER I, RS ) SC LR e AN S U 2 . FRATVE A BT A SMUAMA ) SERS Dl
W ZRRRE R AT LUK B 93.3% G IRFEATINAEREE . 2075 A BT AR e B A
PIRHEAT IO HERR I W AR J5 PR o

Sample preparation Data acquisition
gy R - and extraction
Hilh B, 151 Exosomes —————
A ' K (Label-free) - l
‘ . . Isolation 5= ! Laser SERS VJL'VV\
e SRl gk, e, ' w' Y
mioo 00| 0/
.......................................... Rl : Machine

learning

Rich “hot spots ™

1
! {
' AuNps , 1
1 ) distribution I
1

TN 1
: Floating 1
| transfer _¥J'“ ” :
1
| Vo, Y
1
b e e e e ] ! O © O Cell lines

B1: %ARiCSERS SHLE S S AN LB RESORAR S & F T A [F SN UA fAR R R I A 20 o

KRR RESRR 2 U SNB R, HLESSE]; IS

SE 3k -
[1] Diao, X. K.; Li, X. L; Hou, S. P.; Li, H. J.; Qi, G. H.; Jin, Y. D. Anal. Chem. 2023, 95, 7552.
[2] Qi, G. H.; Diao, X. K.; Hou, S. P.; Kong, J.; Jin, Y. D. Anal. Chem. 2022, 94, 7552. 14931.
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LRALFEREAY AT SERS BRETERSTH B E 4R AY 25 ML)

R, RRVEBR S, FRE LT, xUEE

VSR IS K225 be, T 28, 510631
b [ N AR R SR AR XS B RRER R, AR, 510010

*Email: liuzm021@126.com

A ZRAETE (Ven) {80 1T LA, TSR LR A 500 P R 3
T, e APEREAII T 7 (ALL) 57 th S B KO 7. SRTTT, AMIRHZHE R T Ven
AT IR T L K b Vet 52 I BRSO 4 B980T 0 R TR . FeTii g
11 5 B (SERS) HoR R85 AT 0100 F BN 36 07 A0 RO B B 40 T Ko 13 18,
A ALLAT 25 L 004 T BB T — P B 2 . SO PR S B SR SRR 2 A T —
Fi LA R M AT RISERSHEHE Y 20K A8 (AUNFS) , BEBERTANIRALAN 0% THRE00 B AR
T T LS — R (X SERSHREF 9B T-ANMARIR . 34— 25 4 AUNFSHERT 28
KRR IR IS, SRAEMT-AUNFs, (36T OB LRSS0 S AL . FIFIMT-AuNFs
313 T Venii Z i BRI LR R SERSS s, SR MEATAREE, 795 T 54N 2545
M T B, WA T T REAE NI ZHU] ;IR 6 BRI b Aok 44T T SERS
Rl T 25N AT AR UK 0 2 RSB Ven T . A ST T T B
MISERSHRAGAMBLITRT S8 73, 78D T A HL O FE AR AR G5 0 T

Tumor Cell venstoclax  Blm e Be2

Fig. 1 Schematic illustration of MT-AuNFs-based SERS technique for revealing of the mechanism of Ven-

resistance in ALL.
RERIR): REHRNSHON Rk, AR, WREUR; 2L
SEHR:

[1] Jin P, Jiang J, Zhou L, Huang Z, Nice EC, Huang C, Fu L. J Hematol Oncol 2022, 15, 97.
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New Applications of Thermo Fisher Ramina Online Raman in the Chemical
Industry

Authors: Jun Liu, Taotao Xu, Hui Chen*

Thermo Fisher Scientific (China) Co., Ltd.

Abstract: Real-time monitoring of chemical production processes has been
achieved through the application of online Raman spectroscopy technology. Typical
chemical reaction processes, such as formylation reactions and the production of azo
dyes, require real-time monitoring of the concentrations of reactants and products.
Thermo Fisher's latest Ramina all-solid-state online Raman, combined with quantitative
modeling software, can achieve real-time acquisition and concentration prediction of
chemical processes. The predicted results are accurate and real-time, greatly improving
the level of quality control and increasing the production rate and capacity of enterprises.

AR T A P2 A AE — E G R, R4 F AL 2 SR 2 S S B R A AN 2 ]
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i, SR RREEE, ERATAREN T2 AT Pl A . 54, 4ifr
RERTIN 53 ARV AR SR AMIR ) o I LA AR 1 A lboxf 72 B I HE A ) 3 7E 75 K

WA= A7 Serh [ R B OCH L, % IR R b2 —. s ARWIFE TS /K S BF Y
SRR R 4 B E AR b L BE RMeX, IX A HLEE AL B FR A% B 7 (Grignard
Reagent). A& [RIAFIVE SRIZR AT LS B B RIS AR AU N, X N
PRAEM% I B (Grignard Reaction). # I VF 2 A HLE BB . BT R,
TEA DG b BAT B m BB . o5 B s B R B :

¢ H

@ s
R Mg+ A X2 T Me-X
RTOX +tMg ———= RTXO— R)\l-l —— R MeX
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