$47% 6 b= S O T Vol. 47, No. 6
2025 4F 12 H OPTICAL INSTRUMENTS December, 2025

XEHS: 1005-5630(2025)06-0081-09 DOI: 10.3969/j.issn.1005-5630.202504250075

RN R T AW EENLH S M T

% &', ETwed’, wma, Rk

(1. ARUEEBE (L2 5k AR e, ISR R0 0240003
2. IWAREBEAREER R EEHARRAR, 17 ¥ 2501015
3. LHPSCEAAE LB R R IR R SRR, LI 200003;
4. LEE TR S B THTAL TSRS, LIt 200003)

E . k3h5%454 (vibrational strong coupling, VSC)# R o-FIk3h 5 & w5 R Z 18
MAge, ISR FHEIRNH R, FHHERALET, eNAAREG®R, THTA
AR, EdETFF, AR VSC k=M FRBEBRAT 2%, MERHE, BRAEET
KPR, AEIARGER L 5 TR RZ R R iR48E, Stmizh R s T, R,
HF AR TSR (B 20 )R A T 69 4E AU AT T £ B 6 %m0 K2 — ANk, £
AT AR, VSC T A TR & G AR F A 5T AR AR P Rabdrie, MaEEF
WAL RRRERNGE, XEAYF A I EDEST AT EHEABLEEL, AXHMAET
VSC WK RB A A A DACF BB, CHFERGERERRRGE T @, EL
AT S5 b oh B AV ) A BRSPS IR B iR AR A A T A

KR RS ER LT I, BREL; B MTS
FESES: 0437 XEkrERE: A

Vibrational strong coupling: frontiers in quantum biological
regulatory mechanisms and applications

YUAN Ming', WANG Xiaowei’, LU Weiwei', ZHAO Xinmin'
(1. College of Chemistry and Life Science, Chifeng University, Chifeng 024000, China;
2. Shandong Guoyuan Human Genetic Resource Bank Management Co., Ltd., Jinan 250101, China;
3. Department of General Practice, Xinhua Hospital Affiliated to Shanghai Jiao Tong University School of Medicine,
Shanghai 200093, China;
4. School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China )

Abstract: Vibrational strong coupling (VSC) involves the coupling of molecular vibrations with

electromagnetic radiation in the mid-infrared or terahertz region. This coupling leads to the
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formation of new states, known as polaritons, which have unique properties that can be exploited
for various applications. Over the past decade, significant progress has been made in manipulating
chemical reactions using VSC. Placing biological reactions in an optical cavity allows for the
hybridization of cavity modes with the energy of biological molecules, which can control biological
reactions. However, the effect of the so-called "dark states", which refer to the absence of external
energy interference, on biological reactions is still a mystery. In biochemistry, VSC can be used to
study the vibrational properties of biomolecules such as proteins and nucleic acids, which can
provide insights into their structures and functions. Additionally, VSC can be used to manipulate
and control the chemical reactions of these biomolecules, which has potential implications for drug
development and other biomedical applications. This article provides an overview of VSC and its
potential applications in biochemistry, including recent advances and future directions, with a focus
on the experimental difficulties and potential for development of strong vibrational coupling in

controlling biological reactions.

Keywords: vibrational strong coupling; Fabry—Pérot cavity; enzymatic catalysis; Rabi splitting;

47 &

polariton state;

i 1 H 3) J1 2% (. quantum electrodynamics,
QED)#/R T H RS (anzet) 5w % fine
B RN, RN RS T RSO T YT
PR, L2 ) L i 1 s (A AR CERR AR BR AT 1Y)
AR, HR AR 5 s s s (Al A X i B B A OE
P R A LA VLA, (HLE et
{61 o LA RN E : WYk 8 T AT
U7, HAeHdr s g™, i morat,
AT ICEAE BAT R S, ilan
P PAT G R LR, st AT LA SE 2o i e
LPRAT A I F ARSI R . O 4 BT
RIBUR B =, 43 ARG BR IR N,
FFRER o AT D FORT ORI A S, AT 1
HEY ARG A, X AmMES, KT
17 e S R M SR 4 . XFOLSY
TR A A ] AERE G 43T B 56 rh o ul iy
BN SRR AR OB B R RV A
Mo B, TERASMNFEUREIL T, RIS
g, iR,

i #iA (vibrational strong coupling, VSC) &
— PR INGE, HrFIRE SO R A EAE ]
Bk, S ERA TN R, A
B 2012 4F, M RARG BRI AT DL SUR R
E— AL T OB LR 2 s 3ms P o
WG IR A Z RN EZ T BRI E

FIPEBTBHTIF T — BRI, R, 5
ANGUAK, LA FREHI L O S Y BTR &
BEAL T 0] RIS 7 AV, BRI
TR A RN o SRTHT, XX R AT F) LA A3k
TR SO, MERSEMES T itk
R, 2N E I, HREER
JETTIA LA L R A B AR, 2
PR IR S A T T TR) A AR SR R T2
REAEILHEJLA ZR IR o TERS)
SRAE N RESUR AN, S LS A2 S
Mz, HE EHECY L, JRIEFEE Tk
o IR B ECIE ML G A Wl e 4 A —
WK, 7 5 Z E A BAE & 280
TR 5 B iU & SRR AR AT AT
VFZAFE N 53 SR T AR BRI S 1 3l ) A
R, BN sy AR shie i B3 IC ( intramolecular
vibrational energy redistribution, VR

VSC I S48 40 T b I B 3 B SE 15 0k
7 Y R BRI 2 TR Y SR AR G
XA G SFBIREGS, HEAR T4k g
A, WA T L6 T (SO ST B G
TR (E 1(a)) o BITE—DIIRCFE (heoyip=
M eayiny ) RN A HEZS AN — R AR 505
BRSSP T2,
PHIP, M= AEH o2 (hQg ) RS . PRENR



=

%5 6 1] =

My, S PRESEMG AR T AR LR S S R

e 83 o

AL AT 2A R N TR T s B i o T PR A
THRAIAR, JFHEREaembe L aem itk
FREEHET L vSC LR A TR LR S
i R SR R 5
VLECET (& 1(b)), St kAERTRES, Jrt

OH stretch
vibration
Cavity Cavity
v=3 v /
polartion photon states
>, =
lv=2 [P>
2 S Y
Hlv=1 e e e o
hay —Ll
Lpf> ho
v=0

Inter-atomic separation

(a) 2F THRBIBRIL 56 A bt 13 7 B

] |
S
g
]
E
=
1000 2000 3000 4000 5000 6000 7000

Wavenumber/cm™
(c) FP Y ILEY FTIR 513

Transmission/(a.u.)

—ZIEHHL A 1(c)), I AR AR 45
TIRAEI BT, AR REA RIS 70t
R BRI A BB s, Rile
ik . RGNS T AR BRI M RE R IS, AT
Bl T34 hioks 1 BE 2 AR

2% mode

I 18 mode

i
(b) AT A% (FP) i PR3 k7 B 5

2.0
4100
4180 ~
=
S
60 S
Q
g
40 2
5]
8
20 <
B 10
2 500 3000 3500 4000 4500
Wavenumber/cm™

(d) H—O ez sh7e i S LT SN IO LTS (12k)
5 FP IR NS BEHE (F4R)

1 VSC WRE
Fig.1 Schematic of VSC

SR Z M ARG R 2 H 3 MRk
FE: JCHIHLRRIE | PRSI AR L A oy
F SRS IR T Z [ R 2 . TSI S
B A SRR G R AR . TRV RO Z A,
TG ERIE, nT ISR G . Segerh
J7 A B AR AT LA 2ol B AR 4 21 41 (Fourier
transform infrared, FTIR) J6 i 1 I & ¢ 7 #i
(K 1(c)) o VSC Fr ol A iy 73 1R sh % Ak
Frgsr e B, R Rl e TE SK R G AR
RFRGH =T (K 1(d), VSC X4 FIkshrs
M %o B R 1 o AT R . B 1(c) AT 1(d)
128 IS K EE R 6.0 wm, IR A T AR [A] R A
REEE R, G AR, H—O i
STEIE SN LLAMRISO TS ( 2 26) 5 FP ISR IE N
MBS (T L) HEE . XL 2k

YR SRR B B ST, IRy
VIt 2 . B AT TR SOR AU R 55 T B
BN T

MR HAUREE, T T [RIAR AN S A B
BB o, [FRE, SEEB R A>T BRAT AT
DLl SO Fa B Faciae, Hob2eRaln
T AT o DOFPRE A 0 R B P AR
(QUYUER, ME FEREREN, RFG4T
SRR ORIRAS, IR AR SRR B L, FRA
Purcell 25 ™" 20T (1 % S S5 3
THREOCEIE, X — M5 & 5 H Drexhage
TE 1968 473 1o 4 & —9¢ 't 73+ (] HE S 56 BL 2 F
S, YRS R O P, RGETT LAE
ASRFRE X, 7EAREUEIR AT . Jaynes-



© 84 . ot

5 a%

47 &

Cummings B 1258 i A4 0 B T 3 .
XM Rk (AT AL S — > S B
KIIREER RS . T MAES SEREAERZ
] (O FE A S B 4675 P P IR L (1 2(a)) o

15 FP e R RS B, IR AR A,
AR S SO AR R G (k= 0) o TEATEE
FERLAITEOL T, BT ROBL e 2 RE R X (1)
g, FEHUBOR TR LA R

45 C

Frequency/m
-
N

Exciton

&,_/

—45 C

e

In-plane momentum/k,

(a) FP M A HUR B R

0 2800 3000 3200 3400 3600 3800 4000

Wavenumber/cm™

(b) O—H &85 FP & REHA B SIS E

2 VSC HBHREE
Fig.2 Energy dispersion of VSC

M
hQR =2 | ed \Jn +1 (1)
2eyv

GV hw,eo,v,d,nph 25 R B 4 T R RE
AR BARRL, A FRE AR, DL
Z 5AETEL

HE b, PP A e A )RS OA ROk
(Kl 2(a)), Mizbem KT Fokahsil S it
£ A W2 KA 458 1 ( full width at half maxi-
mum, FWHM)ZFIEf, BIAIJE R VSC &, 52
YR W, VSC AUk A TE 0] A S A e e 28 43
TF/A R PR, BIfE @B, 1w N shE
(k) BT (K 2(a)), HFPE M AR
T o R A R G SRS (B O-H #k
SRR G ) BELLIMCR A AL, v
T BT UL B H b 244 (& 2(b)) o ] 2(b)
i O—H ¥R 3h 5 FP & R GG 105 5%
K, LA AR (il SHRSTBEFE G 5 1Y
R ABINg, /P RaERE 0=
04k, HEZR R AL T PAI P OGS A S i fir
o FETHEHGI 1A bLEH], P AR Al F K
F P4, R, MEHM, AL
TRFEIHLEE, [3ARse A Hesbh, M
Lo M Re i — 2P 3G RO sl i R g AR
R —E WIS, ARG nT ek A RRAR A X
DIFIRE A S — M PSRN A k. 4 H

Rl BaN U E S R S I S R 6o e e VU
TRV R B0 P e A PR T LA Bk sl 5
PRmE, Al i SO R sh A X ] A T
I 0] ol ) S AR Sh il B e, SC B 1) 4
a, HOCERERRGS T o X —Tr ORI R
D7 e AR L TR RS R R
H, PR B T BRI R A SR ZL AN VIR S
i BT B AR B P, XS R ARSI
W R ER B R A AR LR T, AT
BETREARRE AR

1 SEIAE

FP [ —Fh kA%, HH R AH R LG
KEEAT R R SR AN, 74— RN R .
FP & 1 5 038 8 FH 5 R ( Q) Sk 3R AE, HE
SRR A R FWHM 22 LG, T 98 i K
INEEER TR LR e T MBS,
TAEWAR T HEAT VSC 5255, T B A —
WA (UL 3) . S5 H I 5 IR A R U
8 1) R ] P R — A ], AGOM FP R .
& 3 R Su s [l FP IR A (A2 i, TR
P s ML R BRI, LSRR ) B4
(£7) o BRBRETZRLA N 90%, %h HELH
3 cm, PMMA HJEJEZH 200 nm, 482 1E



% 6 11 =

My, S PRESEMG AR T AR LR S S R © 85 .

B 3 VSC ifikith&iaigit
Fig.3 FP cavity

FEZH 10 nm, FEJEIYERELN 3~4 mm, &
JEL B ¥ BT L B RO LR YT, FP IS B YE
4cm, KH Tem, TEGF LR ERAPZE (IR H
NG R, PMMA), DIEF & EMERfE
2R NPERE. XFT VSC SE5G, FP R vkl
WY, WMAMIRZEEEZEN, HOUE 7™
F R AT o (B TR SRR ROK
RAE, PREGIR AR 6 JE K 5 | e AR
BIn] g i S A B, b A hn A5
itk FEEMSLEET, RGEFL %20 30 min
(R TE] ,  DUBA ORI AR AR e RS

XA SO AESE, A FTIR S AT 4k
o FIPRsEEHR S FP i my iR shiitl, SChrf
YERE, B e B SEFEA FP N, Jfd it i
TR FP I 2 H AR/ R, AT IR
B POGER IR R ARG . XD
At AT LU (2), (3) A7 . TR
TN AR REL, SO [RIRE A A3 ) 5
S BT RPN B AN AE, BT
T ENTTFohis, TFEFEEMNRE, RIMEZEIE®R
A MGG, FP B GH AR A 23 b A AR Ak i
A, PRIRR ] A B OGS Fop RERR G
SR T

10* x m
=" 2
Y XL @)
10
L= 3
! 2xnXx Fsg )

K Lo ome n Bl v, 0500 B BB 5L
(m=1,2,3,--- ), YrHRMPEE; Fep 2tem=
1 BFLLAMERE TR AR SR U6 2 TR X BE S . Ly

FR—prany FP A48 K 2 R A
BOGFIEES . ML =L B, X3 TiRIREEE &K
A

A H A BRI A K R AR, KA
Y o 1 e a5 S VA SO 24
HMETE R, O—H 45 4R g 22 B £ 14 Rabi 43
g, AHAEKESZERMEREALAEN
20% HIAKTFRPE . S5H BT R BT, HA DU A
4 B 7K G —F ) BE A% 28 R0 L AR TR 25 1 e i
35%, HAHTAEHEE B T i 2224 2 nm (&Y 6 4>
Gy FIRIEE ) o X SBHEME 5 5 B 2% 1 i fef 1 ot
Fb: AT 29 270 fs 32 F+ % 800 fs(#2FHiE
34%5), S mRIERFMM 0.3 8 E 0.8, KIS
PESZIGUE— 1878, 1E 294~312 K JLf N, &
o 24 4 P BEE AR M —171 3/ (K-mol) I 3
% 7.4 J/(Kmol), iXEegh RALETESL : 73 AH
BHRAETN, IR S 45 3 I 3 i ) SEAAAH
TR R Al ALk e 1,

2 EEWEEREIN A

R SN E AR R O R Z —,
TEPR SRR G 25 TR A o Ak R E K
Y ETIEGE B ET U4 5 . Thomas Ebbesen P @
TR T ot e, I TAEAR
Wit B AR A= A & v =4 A B4R R A
I FEREYT

TE/NorF RE |, feift Zhang 584 K 3R
THT VSC Brghmg ™0 gy g 2t
SIS N, Gao 25 HR3E T M fb Ak 2



. 86 o b =

% 2% 9647 %

15 ATP JK fif i 55 G BRIV HT o ATP K AR
fr i B R A EAEMEH, X AT LIACER VSC X
KoK B HE AR Ry v FER2 I (1] 4(a)) o 1Bl 4(a)
iR T @ ok FP S O—H P ¥ 3h 19 4% 3 1%
R, ATPase 1 PE (7 £, 24 5 Kk hL {95 50
RAEMIG R, R AT WS
(Kl 4b)), #E—BUE T VSC YRR i 15 A4
TR T ELA 1. & 4b) Hh, B dh AR
FOKMEFHOEIE . HE SR T HPLC Wiy
ANFEFEA TR T FP B ATP KA V4B A
Sy, BEAFARIFERIZAS . Bai 2 15 BBRC
R R T — e SO E Tl FP R M
SRS, R —FFR VSC X R
I A 8 25 (T 4(e)) o 18l 4(e) B T 4L
AMGTE S B R K BBl )2 . I B TR K A
i i) ) F A 9 O A o i ™. (R, —

(@)
0.12
0.10 44 cm™! Min 0
,;_ 2
s 0.08F 4
E 6
'z 0.06 8
g 10
§ 0.04 +
H
0.02 -
5520 5600 5680 5760
Wavenumber/cm!
(©)

(a) i3t FP 5 O—H Hfh RS RS8R 4, ATPase TH ALY, (b) Bl 2K B FHERE

P EE SR 2 07 0 B B R 3 B SR BT B N A 2
H BRI . ERE K SE B 2B, 24 VSC #
JIE 25 O-H S IR N ILYRAT, KWV HR K
PR (E 4(d)) . B 4d) F BT 7ESER
(R ) FEHEILR (06 AIRAET , BERK
J52 o7 B T AR A 3 B FE I MERIFSY 38 430 5
T VSC i RAEA: ARl Gk id B RN 17,
JUH A TR 08T A ARt T e . (A
HEEME, LRFFRYIRHK S+ O-H Mgk
SRS AT B s Est
SFUE LK IR AL R G5 2) BRI E
IR G G A S RIS 3) ARG &
VERBRET IS B S D HLER . X AP 3T K43 F IR0
WS PG i, I R R A B R S
THEEMEIA, FERE T AT EIR AR
EEEFNE |, VSC Al g 2845 B

120

[ AMP @B ADP [ ATP 1100
100
180 —
< 80f a3
S 3
&0 160 S
< 1
g 60r 4
g g
& 40l 140 g
H
201 120
0

2800 3000 3200 3400 3600 3800
Wavenumber/cm™!

(b)

80 - —@— On resonance
70 | —@— Off resonance

T

0 2 4 6 8 10
Wavenumber/cm!

(d)

BT E R T HPLC Wil g

AFEREGIREET FP T ATP KRR M A 3. BHOARERAF LI (o) LA G ERR I K AR 20 17 5 BERER
IKAFRI i) ) RS AR I R de e S S (d) TER (R ) FIAESR (Z060) AERASTT , HEMIK A S Bl I 1] i A2 1)

B 4 FP iz NAYEBI AL R [

Fig. 4 Typical biochemical reactions in FP cavities



% 6 11 =

My, S PRESEMG AR T AR LR S S R © 87

NS 1%, X —IGAE B R LR R PS5 B
E . AnAFIE N B s A 5 K 4 O-H {4
P 2 5, H—O—H 25 i 41 2 455 XL 4R 1 ol 2 1k
Ji L SEELT AT B AR L e R o
AT ZE R, MRS KPR, 0
B R B (k! b)) BRAIR T 20 4.5 4%, TN T
T TS o 4 2 W0 VA SR BISE M . sl skl 2k
N AT REIR T AL DR EIVE R . — 234 aE T
MR SHOER N R R A AL, TR RARE
VE RSP 048 205 | RIS 9 /7= 46 4 BE T R el
A5, George W 75 I A Y OB A 55 6 W1, Ko F
5 o-BEFLIBE FETE VSC 500 F i U R4 ]
BT AL REY Y IR E R T 4
K5y F 1% O—H i 45 4k 3h 5 W 4> T O—H/N—
H 4R sh B AR, LTk B e
TEAERCRAETHE 7 fi5 . sh 2o Hrk i, X —3
SN IR T VSC X N PR B —— 755 55
of A& 1 P IR LA . 3% T AR BT bt
VSC B K i Ay bt 5 1 s oz AL 3 ) 80 2O i 2
FBL, SR T VSC e 2E RN AL SE
{14 BB TN

TEMPR, DNA 28 fE ., Zhang BT 4
it Gu 2 & PR SRR B SR v, EE R A K
43 F5 FP B2 A LR M G o B, S A
3100 cm' A5fLF) 3550 em ' B, T LLVEAY RPA
MRCR ., 5RF, Ky O—H #EE YA
T CHE, O—H P45HR3h 56T 451
AR —FhBT Y T H., R 4. 1k
4 Zhong “E5 BFSEAS B E T 451 F it vsC
5 FP JET5 DNA, MKz DNA #ratitg 4
755 fHi75 DNA FraRRENS 78 AT RS-
F/ 2 C IR TR I . 1N —Fh ik
S DNA il 5, X T AR LU TEfLfE$ 22
(14 £ 32 e BH K 2 A ) SCEEVE

TEA RS R A THZ-PCR A&, &
SRELHERE VSC Ry T4 it )2 1 ) B 9 18 e ) 2
BrEe, (HEZRET LRAB, nILAEN VSC 75K
KRl RES TR 2 AN Nt R, Hedndk
HNEEIL | fFoEFHE%, EETREF LN
BIT R A, EAREY0A)Z i i R i T 2
RV 2P, LG AT S VSC R %
196 20 20 PR TR T E W AT BEAE . 40 Li

AU S B B SRR WA R A BB T L5 53 THz
HLLAMURAE S, T RLE EEE SR, A2
DNA 7313 A B 75 o H e B - e aed oK
ZEE R BIRR G, AT REREIRIL IR A e i BE
&, IR DNA & Hilid i, Rk Enm
A 1o eI f S B A T A 2% i T R 5 A
A, BEMSEBXT I RERIARR AL IR, (615
RARE

3 BeEARE

VSC 7 ARTE A Yy 1A 2 v i g FH T I 22 3 Bk
i Ho—, SCHRIRR N RS B SR S A P 3R
B8 AR MEYE . B ET VSC BRI a5 75 4% 4 11
[ Js i FL Bl ) SRR A T, T A A P AR 2
A FRAHR SR T B I T S e .
T, B RTE ARG, AT R ST AT R
BEAZ B VSC MU fb I 1o A i 22 gt
PR T EHTH M VSC VEFMLT A B HESE . H
=, VSC B 1) 22 RUEE figt B e st MiEF R
FEPR B4 2 2 LA Ak 2 50 1] fg it ]S SC AL
WA, R KRG T R S 2l s
LY B RL, Ah, VSC AR etk
WEZ A, LS54 RF K E AR
ATRES | AN T UL A= AR 2 A BRI

FUSTEAEPRIR, VSC 152k A Bl 24 45 A5 9%
JEEEH AR T o RIS I . SRR /N
. HEMM. DNA{KFR, [ RNA 8 &M. 40
MBS 0o F 2 5 e R W S e, R R IR
SRR XS IR 5 5 S A R A TR L . HR
W HHT . TF R T A O A% B s
VSC ¥REF, SCEUIE 4N M2 R R 3 3 124 1Y IR
AL 5 A BN N R G, SCER B 1 5
AR A R AR T R EE AR R
FT VSC B 2t a ik R gt
PRGSO LB R 2 s s KRBT
PRIC VSC AL A, g RIS Wit
S FIRSIE L

VSC H# AR B REY T B Rl
AL T oAb T H, HARR ARMAE 2
PR T 50 o = 7 40 kR B I RR A A, AR
T, AR B AT T 28 = K. Brdn




e Q8 o

47 &

AL SC R R R LU nT T R PRI RE , R R
BT DL IR, S8 Y2 ekt
ZREARE XS (R PP . AR 58 SRl i A H

e S5 EBEY,

HYESZI VSC M IER

HEI A= il i 14 Y R

EEP e

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

NAGARAJAN K, THOMAS A, EBBESEN T W.
Chemistry under vibrational strong coupling[J]. Journal
of the American Chemical Society, 2021, 143(41):
16877 — 16889.

DIRAC P A M. The quantum theory of the emission
and absorption of radiation[J]. Proceedings of the
Royal Society A: Mathematical, Physical and
Engineering Sciences, 1927, 114(767): 243 — 265.
DREXHAGE K H, KUHN H, SCHAFER F P.
Variation of the fluorescence decay time of a molecule
in front of a mirror[J]. Berichte der Bunsengesellschaft
fiir physikalische Chemie, 1968, 72(2): 329 — 329.
HIRAI K, TAKEDA R, HUTCHISON J A, et al.
Modulation of Prins cyclization by vibrational strong
coupling[J]. Angewandte Chemie International Edition,
2020, 59(13): 5332 — 5335.

HIRAI K, ISHIKAWA H, TAKAHASHI Y, et al.
Autotuning of vibrational strong coupling for site-
selective reactions[J]. Chemistry — A European Journal,
2022, 28(47): €202201260.

VERGAUWE R M A, THOMAS A, NAGARAJAN K,
et al. Modification of enzyme activity by vibrational
strong coupling of water[J].
International Edition, 2019, 58(43): 15324 — 15328.
THOMAS A, LETHUILLIER-KARL
NAGARAJAN K, et al
reactivity landscape by vibrational strong coupling[J].
Science, 2019, 363(6427): 615 — 619.

BAI J Q, WANG Z X, ZHONG C ], et al. Vibrational
coupling with O-H stretching

Angewandte Chemie

L,

Tilting a ground-state

increases catalytic
efficiency of sucrase in Fabry-Pérot microcavity[J].
Biochemical and Biophysical Research Communic-
ations, 2023, 652: 31 — 34.

GARCIA-VIDAL F J, CIUTI C, EBBESEN T W.
Manipulating matter by strong coupling to vacuum
fields[J]. Science, 2021, 373(6551): eabd0336.
ZHANG X J, GUO J, ZHANG F. Mid-infrared photons

enhance polymerase chain reaction efficiency by strong

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

coupling with vibrational DNA molecules[J]. ACS
Photonics, 2023, 10(3): 751 — 756.

LIN, ZHANG F. THz-PCR based on resonant coupling
between middle and DNA
vibrations[J]. ACS Applied Materials & Interfaces,
2023, 15(6): 8224 — 8231.

GEORGE J, SINGH J. Polaritonic chemistry: band-
selective control of chemical reactions by vibrational
strong coupling[J]. ACS Catalysis, 2023, 13(4): 2631 —
2636.

PANG Y T, THOMAS A, NAGARAJAN K, et al. On

the role of symmetry in vibrational strong coupling: the

infrared carbonyl

case of charge-transfer complexation[J]. Angewandte
Chemie International Edition, 2020, 59(26): 10436 —
10440.

LI T E, NITZAN A, SUBOTNIK J E. Collective
vibrational strong coupling effects on molecular
vibrational relaxation and energy transfer: numerical
insights via cavity molecular dynamics simulations[J].
Angewandte Chemie International Edition, 2021,
60(28): 15533 — 15540.

LATHER J, THABASSUM A N K, SINGH J, et al.
Cavity catalysis: modifying linear free-energy relation-
ship under cooperative vibrational strong coupling[J].
Chemical Science, 2021, 13(1): 195 —202.

LATHER J, GEORGE J. Improving enzyme catalytic
efficiency by co-operative vibrational strong coupling
of water[J]. The Journal of Physical Chemistry Letters,
2021, 12(1): 379 — 384.

LATHER J, BHATT P, THOMAS A, et al. Cavity
catalysis by cooperative vibrational strong coupling of
reactant and solvent molecules[J]. Angewandte Chemie
International Edition, 2019, 58(31): 10635 — 10638.
JOSEPH K, KUSHIDA S, SMARSLY E, et al
Supramolecular assembly of conjugated polymers
under vibrational strong coupling[J]. Angewandte
Chemie International Edition, 2021, 60(36): 19665 —
19670.

HIRAI K, ISHIKAWA H, CHERVY T, et al. Selective
crystallization via vibrational strong coupling[J].
Chemical Science, 2021, 12(36): 11986 — 11994,
KENA-COHEN S, YUEN-ZHOU 1J.
chemistry: action in the dark[J]. ACS Central Science,
2019, 5(3): 386 — 388.

HUTCHISON J A, SCHWARTZ T, GENET C, et al.

Modifying chemical landscapes by coupling to vacuum

Polariton

fields[J]. Angewandte Chemie International Edition,


https://doi.org/10.1021/jacs.1c07420
https://doi.org/10.1021/jacs.1c07420
https://doi.org/10.1002/anie.201915632
https://doi.org/10.1002/chem.202201260
https://doi.org/10.1002/chem.202201260
https://doi.org/10.1002/chem.202201260
https://doi.org/10.1002/chem.202201260
https://doi.org/10.1002/chem.202201260
https://doi.org/10.1002/anie.201908876
https://doi.org/10.1002/anie.201908876
https://doi.org/10.1126/science.aau7742
https://doi.org/10.1016/j.bbrc.2023.02.025
https://doi.org/10.1016/j.bbrc.2023.02.025
https://doi.org/10.1016/j.bbrc.2023.02.025
https://doi.org/10.1126/science.abd0336
https://doi.org/10.1021/acsphotonics.2c01928
https://doi.org/10.1021/acsphotonics.2c01928
https://doi.org/10.1021/acscatal.2c05201
https://doi.org/10.1002/anie.202002527
https://doi.org/10.1002/anie.202002527
https://doi.org/10.1002/anie.202103920
https://doi.org/10.1021/acs.jpclett.0c03003
https://doi.org/10.1002/anie.201905407
https://doi.org/10.1002/anie.201905407
https://doi.org/10.1002/anie.202105840
https://doi.org/10.1002/anie.202105840
https://doi.org/10.1039/D1SC03706D
https://doi.org/10.1021/acscentsci.9b00219
https://doi.org/10.1002/anie.201107033

556 1 oM, SE PRENEAEE A RTAEY DL S TR + 89 .
2012, 51(7): 1592 — 1596. [33] CANAGUIER-DURAND A, GENET C,

[22] HIRAI K, HUTCHISON J A, UJI-I H. Recent progress LAMBRECHT A, et al. Non-Markovian polariton
in vibropolaritonic chemistry[J]. ChemPlusChem, dynamics in organic strong coupling[J]. The European
2020, 85(9): 1981 — 1988. Physical Journal D, 2015, 69(1): 24.

(23] LITE, CUI BY, SUBOTNIK J E, et al. Molecular ~ [34] WU K J, QI C H, ZHU Z, et al. Terahertz wave
polaritonics: chemical dynamics under strong light- accelerates DNA unwinding: a molecular dynamics
matter  coupling[J]. Annual Review of Physical simulation study[J]. The Journal of Physical Chemistry
Chemistry, 2022, 73: 43 - 71. Letters, 2020, 11(17): 7002 — 7008.

(24] DUNKELBERGER A D, SIMPKINS B S,  [35] ZHU Z, CHEN C, CHANG C, et al. Terahertz-light
VURGAFTMAN 1, et al. Vibration-cavity polariton induced structural transition and superpermeation of
chemistry and dynamics[J]. Annual Review of Physical confined monolayer water[J]. Acs Photonics, 2021,
Chemlstry, 2022, 73:429 —451. 8(3) 781 — 786.

[25] KARMAKAR S, KESHAVAMURTHY S. Intramo- (35} 7HANG C, YUAN Y F, WU K J, et al. Driving DNA
lecular vibrational energy redistribution and the origami assembly with a terahertz wave[J]. Nano
quantum ergodicity transition: a phase space perspec- Letters, 2022, 22(1): 468 — 475.
tive[J]. Physical Chemistry Chemical Physics, 2020, [37] LIU X, QIAO Z, CHAI Y M, et al. Nonthermal and
22(20): 11139 = 11173. reversible control of neuronal signaling and behavior

[26] WANG D S, YELH\_I SE.A ro.admap toward the the.ory by midinfrared stimulation[J]. Proceedings of the
of vibrational polariton chemistry[J]. ACS Photonics, National Academy of Sciences of the United States of
2021,"8(10). 2818 - 2826. Lsh ok America, 2021, 118(10): e2015685118.

27 HAFER C, FLICK J, RONCA E, et al. Shini ight

27 SCHAFER C, FLICK J, RONCA E, ctal. Shining lig [38] GU K H, SI Q K, LI N, et al. Regulation of
on the microscopic resonant mechanism responsible for . . . L

] ) ) o recombinase polymerase amplification by vibrational
cavity-mediated  chemical reactivity[J].  Nature ) .
o strong coupling of water[J]. ACS Photonics, 2023,
Communications, 2022, 13(1): 7817.
10(5): 1633 — 1637.
[28] SIMPKINS B S, DUNKELBERGER A D, ) )
. ) [39] GAO F, GUO J, SI Q K, et al. Modification of ATP
VURGAFTMAN I. Control, modulation, and analytical ) ) ) )
L. o ) ) hydrolysis by strong coupling with O—H stretching
descriptions of vibrational strong coupling[J]. Chemical brati hemPh N 2003 4 50220
t . t :
Reviews, 2023, 123(8): 5020 — 5048. vibration[J]. - ChemPhotoChem, > 7@ e

[29] EBBESEN T W. Hybrid light-matter states in a 0330.

. . . [40] ZHONG C J, HOU S J, ZHAO X M, et al. Driving
molecular and material science perspective[J]. Accou- ) ) ] o
nts of Chemical Research, 2016, 49(11): 2403 — 2412. DNA origami  coassembling by vibrational strong

30 KRASNOK A E. SLOBOZHANYUK A P coupling in the dark[J]. ACS Photonics, 2023, 10(5):
SIMOVSKI C R, et al. An antenna model for the 1618 - 1623.

Purcell effect[J]. Scientific Reports, 2015, 5: 12956. [41] IMPERATORE M V, ASBURY J B, GIEBINK N C.

[31] JAYNES E T, CUMMINGS F W. Comparison of Reproducibility of cavity-enhanced chemical reaction
quantum and semiclassical radiation theories with rates in the vibrational strong coupling regime[J]. The
application to the beam maser[J]. Proceedings of the Journal of Chemical Physics, 2021, 154(19): 191103.
IEEE, 1963, 51(1): 89 — 109. [42] WIESEHAN G D, XIONG W. Negligible rate

[32] WANG S J, CHERVY T, GEORGE J, et al. Quantum enhancement from reported cooperative vibrational

yield of polariton emission from hybrid light-matter
states[J]. The Journal of Physical Chemistry Letters,
2014, 5(8): 1433 —1439.

strong coupling catalysis[J]. The Journal of Chemical
Physics, 2021, 155(24): 241103.

(i 5K &)


https://doi.org/10.1002/cplu.202000411
https://doi.org/10.1146/annurev-physchem-090519-042621
https://doi.org/10.1146/annurev-physchem-090519-042621
https://doi.org/10.1146/annurev-physchem-082620-014627
https://doi.org/10.1146/annurev-physchem-082620-014627
https://doi.org/10.1039/D0CP01413C
https://doi.org/10.1021/acsphotonics.1c01028
https://doi.org/10.1038/s41467-022-35363-6
https://doi.org/10.1038/s41467-022-35363-6
https://doi.org/10.1021/acs.chemrev.2c00774
https://doi.org/10.1021/acs.chemrev.2c00774
https://doi.org/10.1021/acs.accounts.6b00295
https://doi.org/10.1021/acs.accounts.6b00295
https://doi.org/10.1021/acs.accounts.6b00295
https://doi.org/10.1038/srep12956
https://doi.org/10.1109/PROC.1963.1664
https://doi.org/10.1109/PROC.1963.1664
https://doi.org/10.1021/jz5004439
https://doi.org/10.1140/epjd/e2014-50539-x
https://doi.org/10.1140/epjd/e2014-50539-x
https://doi.org/10.1021/acs.jpclett.0c01850
https://doi.org/10.1021/acs.jpclett.0c01850
https://doi.org/10.1021/acsphotonics.0c01336
https://doi.org/10.1021/acs.nanolett.1c04369
https://doi.org/10.1021/acs.nanolett.1c04369
https://doi.org/10.1021/acsphotonics.3c00243
https://doi.org/10.1002/cptc.202200330
https://doi.org/10.1021/acsphotonics.3c00235
https://doi.org/10.1063/5.0046307
https://doi.org/10.1063/5.0046307
https://doi.org/10.1063/5.0077549
https://doi.org/10.1063/5.0077549

	1 实验方法
	2 在生物调控中的应用
	3 挑战和展望
	参考文献

