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Abstract Fluorescent probes based on excited-state intramolecular proton transfer (ESIPT) have aroused
wide attention due to their characteristics of dual emission and large Stokes shift. M-HA of this type is ex-
perimentally observed to exhibit red-shifted and enhanced emission with the rise of solvent polarity. How-
ever, the photophysics behind such intriguing phenomenon remains unclear. Herein, we investigated the
radiative and non-radiative decay processes of M-HA in five solvents with different polarity. It is found that
the absorption and emission wavelength of M-HA are firstly red-shifted then tend to be constant with in-
creasing solvent polarity. and the excited states present hybridized local and charge-transfer (HLLCT) fea-
tures. The enol form provides considerable vibrational relaxations during the non-radiative decay process

and thereby displays weak fluorescence in all solvents. The keto form gives gradually decreased vibrational
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relaxations, and therefore its emission becomes brighter with the elevated solvent polarity. Geometric re-
laxation analysis indicates that vinyl chlorine and its adjacent regions are susceptible to the solvent polari-
ty, but the ethyl indoline part is hardly affected.

Key words ESIPT;fluorescent probe;polarity;excited state
0 51

LA W2 5 AT T CESTP T A A B3 B0 11T 9 bR SRR R 738 T %5 4
WU ESIPT J 7y Weller #2486 450 T2 MUK R 50T 19 40T 00 T T4 1 5 32 2 ) 5 2 T 6
B0, ESIPT i RLR — I ELOC I i B A SR T4 3 AR T I 0 75 (TR 1) 2 35 4 -
FO S (ED 20 UR R o T BRIT B MRS (B ) L 263 W B 40 1 P9 T 85 B FeBon Bt (K ) K il
BB Jr SR EES R K 28— A JRCF IR I 5B i R LR W8 E. R ESIPT 649y LA 3L
S5 9 RO AE F0 07 50 B K 05 0 LA 0 A 19 W 52 BT 21 41 52 0 PRS0 4

B AL U TR R 9 B A RO T F il Bo—TT— Lz,

TR (IC T HLBE 3 it 51 A2 /W% 73 T s A5 9 S TR K%S)
(o B e KL A AR B 2- (A - =| @ %
6L IE ) L 0-( — 2, e M) -5 T8 [ ) 25 W65 % = |7 b
SR TR AL BT 0 3 L \ & e O
T RIS S R T T K PR Y FR S

s oA T 00 oh 26 BN B IR O IR . A DR B 1 ESIPT MG it R

AW & IS 5 ERAR L QY ) | B3-SR Rl 7- AR A LA T 07 e AR v A
RGBT L H B R IR BRI & B K 0 L T HE ST A B /N 4 A R B 0 B AL L 1 4 A

T Tl A L T ESIPT HLEE A H P SR G R £ M-HA (B 2) L 3% 48 5 BAG B0 19 B8 JR W6 R8T 40
AN K A R s BT B R 5 T A L A S IR R Y R B B T R 3G R, M-HA
1 & S 208 B R i B L X — A IR 0 NN (AR IR A Y .

A% ST FH AR A 4 52 A ARS8 (PCIMD -1 548195 7910 1 A M 20 855, 3 BT S 36 b i 9 R 2R (To) L &
(ChD \ =& T e (DCMD | VL i fi (DMEF) A1 1 35 0 AR (DMSO) AR S i A [R] 9 T RPs 750 . AR5 — 1
JRER R ATTIFE T M-HA 83X TR H i B T 45 A F P 2 SR BF9E T M-HA (% ESIPT 2f &, B2
LT M-HA 7658 5 BRAT i 72 i i 2¢ 663, 4k 7 M-HA 78 08 5 280l 72 b i e AR 5 4 T 45 10
KF N TR 6 M-HA & e 52 i ) — R . R 45 AU B T 128 ESIPT k&4
R B SE B0 G L I M AR PR R DO B AT 1 43 TR T HIS R

#l 2 M-HA 45 745

15k

AR % Bz sk B8 (DFD " X M-HA 43 F E 20U K A28 (So) #E1T JLAA 254 £ Ak i s 7 25
FTE B R O B B s B e CTD-DFT) ™ % JL 8 — P d i R A (S a#F 47 LA 45 44 £t Ak R i - 25 1 31
. R AL A PBEO- /6-31G (d) o ik —H 5K F 8 S T A58 ESIPT fb& 9 i 8 & Ak -
ERHE B Gaussian 16 B AP 2 sliny .

HT ERITESRR S, M S, WHEFEMAIRGEE . RITE T M-HA 725 H I #2h K Ui &
SIS . AR B Bk SR BOY X fg b e ik X0 T LUS R

. 2w’ L[~ ) .
ol (0 T =2 [ ez T (D
ThC



72 LIe7 AV NI S S | JQEREZNR S N D)

Horb,p, BB 22 e-REEOE BN Y B F BRAE MR E , ol (2, T) RS SFEAAIR S KB R %L, Z, 25
FATEIE T M-HA 7EC4E S Zmod A E X/ K S aeo2 , M BIER FREGER T, &
AR S R AL REA, T LR N
1 2 2
AthS,aM:? Wi (2)
S, BE AR ERNF.D, BWAEFEZ M AR, o, &R R, Brg s, /68 ik
Meco o IR IGTE TR A XA M 2 JE 7 MOMAP F2 775 i 5g 1l

2 Hilyitie

2.1 HGHRIEE R

2,11 skt b, WA 1 AR GE i E Uy & SN K U & 52 ESIPT 165 % 1 G5O ) 31 i 72 .
HY ST 6 P04 T AR A ) A M-HA B OETE 78 550-580 nm AR — MR 58 14 5 & 556 AE 570-650 nm
Ib A — W 55 FR 0 TTFE 660-760 nm ALb Ay U4 iR B i 775 790 Wl M 88 KT S 3 5k . fE R 1 RIS T M-HA
FE LR ) R IR AT R L EY R A — R R I R R R R AR TR R PR SR S5 . BT LA Y, Tol, Chl,
DCM .DMF Fl DMSO B A PEZ 8 38 K . TFRIT R E 2 4 37 B 15 552 56 10 45 (14 05 80 04 1) 45 15948
W e KA 220 0.08 eV I IR0 E 20K 5 16 18 (37 8 -5 52 56 00 000 51 (19 A 55 & 56 06 113 0 0% 47 v Pl — 3
M K &SR A EAH T E Uk SR L0R 5 5250 045 1) 38 & 55 e W) A A3 547 e R 25 0.15 eV,
WE 3 Jr7 , Bl 7 AP 1 38 TR E U BoR K X & S8l 72 19 36 PLBRAT RE X JE s/ G s AR, 51
0 T A5 1) o A T WAL A S i R S AT B S AR AN R

* 1 M-HA HBEHER

el EX O fER /e VK /nm) S (E N HOMO—LUMO
Tol 0.10 E =0 ik 2.31(537) 2.25 eV(550 nm) 1.98 98.9%
E X & 54 2.20(564) N. A. 2.15 99.0%
K K& 1.90(651) 1.88 eV (660 nm) 2.06 98.9%
Chl 0.26 E A 2.27(547) 2.19 eV(566 nm) 1.98 99.1%
E &t 2.05(604) N. A. 2.27 99.1%
K K& 5f 1.85(669) 1.70 eV(728 nm) 2.42 99.1%
DCM 0.31 E i 2.24(553) 2.19 eV(565 nm) 2.00 99.2%
E X &4 1.97(629) N. A, 2.33 99.1%
K R & 4t 1.79(693) 1.68 eV(736 nm) 2.50 99.0%
DMF 0.39 E =01 il 2.21(560) 2.15 eV(576 nm) 2.02 99.3%
E R &4 1.89(656) N. A. 2.38 99.1%
K Uk 4t 1.72(720) 1.65 eV(753 nm) 2.55 99.0%
DMSO 0.44 E Ak 2.21(560) 2.15 V(577 nm) 2.02 99.3%
E R &4F 1.88(658) N. A, 2.38 99.1%
K Uk 4t 1.72(722) 1.64 ¢V(756 nm) 2.56 98.9%

VN AL U 1 B (0 DR W £ AR L R 28 o B A 2

H R 1 AT E SR B p 4R T B BV TR M 9 188 SR8 AN K AU 1,98 3 m 3] 2.02; E A K 5K
KA RRE £ W B 2,15 g £ 2.38 A 2.06 K £] 2,56, AT BRAT B #6 £ 22 HOMO—~LU-
MO, KT 98 % . HOMO Fil LUMO WREZ (REZE FIHL T = B E R B Kl 4 fin . E U S, P 7 E
XS, P AR K 35X S, P BT M-HA (9 BRAE 3 2 300 AH DL ) 2% 4k JR) B- A 47 76 32 CHLC'D) R 4iF . P
] B4y 2., 35 1 | e R A - ) T A 0 A7 2 A6 SRy B BRGE (LED , v (] A s 6 S0 & A R 5 R (C T . K RS, P4
RIS M-HA 15 HOMO-LUMO G2 [k E 20 S, P 2N, T K By & SR T E a8,



%5 WFR, 55 LT ESIPT ALH A B M U O IR B Y BRIR bR 73

2.6

—=— IR 01
—*—ﬁ%ﬁiﬁg
2.44 —0—SLE 1
.\-\.ﬂﬁﬁﬁ fcog’b M ?g‘“:f
> 2.2 :L""*-{}_______4}‘~__‘_“{F_______qj 21 245 -2.56
S = > —2.77 LUMO
%r: T\ §§ -3
= 2.0 %:%’: ]
i |
LTS &
= —_ i HOMO
1.67 N 6
Kot Ysneii; Ypnedi; %‘"
14 - s s - : 7 ﬁ& ExS, Kats,
Tol Chl DCM DMF  DMSO

B3 M-HA 0 fERAE fE RIS 00 4 B4 M-HA #5i £& 5r ¥ i (8L DMSO i)

2.1.2 Hae@mae s, N EE A M-HA B ESIPT i 82, A1 7B 4 m AR A H DMSO S, Fil

S HEEm bR S FESMHA L2 (R 5, £ S HEm L, NE # K ML N 0.124 eV

(11.97 kJ/moD . i K™ B E* By M fiE 2N 0.043 eV (4.14 k] /mol) . KL, 24 M-HA 4 E 2618 & M

SE—>StJa » ST—>ST Byt BRARME & A2 19 X B K B8 SO TS —SE— Sk —>SF it 2 . M-HA 7E DM-

SO " HATSF—>SE E 2U& FMSE—>SErY K 20 & G0 SR8, 55050 1 v WER 2 90 A & g iy 4 —

., 16 S,HAEm F. K B E BIBELR M 0.003 ¢V (0.29 k] /mol) , X &Lk SK>SEpyid F iR a5 &k g
S0 R R RS, S, RAWMSEWBISEE.

{AE=0.124 eV

E*
2 .3
ba g, 4
4 “ti ‘;“‘&' :,1‘ sgi)qu
ﬂ" b

¥l 5 M-HA (%6 i 5 Z 1 (BL DMSO i #i))
2.1.3 kR, N T HE— BRI IR M-HA &6 A R0 L 3R AT L3S A A Tol s b 775
*IJ DMSO R, i1 T =i\ T M-HA B K XIR30 2 B2 i (K 6) . IR A #sh 5 AR TEH T,
TLR 1 8 S8 VR T IR FE SN A TR Zh 454 . 5 Tol AHEL . A F A M-HA 1 DMSO 5% ¢ 6 i 41
% Boom BRSNS 5SRO0 — B0, U M-HA BE % 500 85 PR 3% DR T 5 10 A SR K S5 #8100 58 i BR AT

24001 g1 (a) 2400{ Tol = (b)
pmMso ] e DMSO ’ i
2000 2000 /
{1600 2 1600
o =
3R 1200 3R 1200
® "
800 800
400 400
%00 650 700 750 300 850 500 650 700 750 800 850
WK /nm WK /nm

Bl 6 M-HA 4£ Tol fit DMSO Wil (a) #1356 3 F1 (b) 52 45 6 %



74 L1Ie7 AV NI S S | JQEREZNE SN D)

2.2 Joki A g udod R

2.2.1 sk, BRSO T > T8 W S J0 6 51 s miad B (9 e S s R L E UM K AU SR
BB e o IR 7 Fin . Bl T TR A 38 K e DA 400 em ™ BN 3 469 em ™", HLHA7E B A7 35 570 (1 B (E 35
8 400 em ™ LI B BEH] M-HA B E 3R J0 58 50 6 7 v ) 41k 2l 5t BOR B2 B8 PN A5 . 5 2 A
B A N 452 em ™ I8/NE 347 em ™ B M-HA Y K2R AR 8057 HP 9 R 3l ot 7 2 88 45 O i A8 56 B
P R BN TR I 2 ' Hh 55 0 4 0

480 480
(a)E=x 467 469 (b)K=
460 450 4601 452
440 49 440
“-g 420 —;E, 420
Z 00| 292 2400 il
380 380 372
360 360 351 347
340 340
Tol Chi  DCM DMF DMSO Tol Chi  DCM DMF DMSO

Bl 7 M-HA iy 8 % g

PLES AR ) Tol FIsm A Pk ) DMSO R i), J AR A 3% 21 31 19 3N-6 DR sh A X (18] 8) L 4, AR
TR LS FRERMAE . n LA B (<C 200 e ™) L AT (200-1000 em ™) Al g 431 (>
1000 em ™) HR 2l X 8 & A TC i S % vl 7 v () o 22 BE S RE B . (IR0 X 8 T IR 1Y TG AN R FL 32 B, v A
X J& F 47 AR 00 T BB R CC 432 2, & IX 8 T30 CH A CCC i B iz . M-HA 7E DMSO
FEFE Tol Hh /I J5E PR 7 TR AR T A3 X (7 54 BE 0 08/ s 29 e ™' 1 109 em ™, 17 i3 451 X 114 5 4 fi HL
ISR 33 em ™", EAS T A AR DX 1) 318 2l A58 2 8] o & B | Wk R AV (1932 B /E Tol Al DMSO Hr R 5 AH
AT T AR A LKA R 20 A5 2T T 2 B W] WSS 37 4 38 B0 AN B Sk, 15 2 35 W) RS A7 Xt I R A O AN i

70

» (b) DMSO
601 <
s X 7 -
40 LI RS

24/_ » 1357

; 1172
20 o \ ¥ .
Y 7/

10 J

'l. ||J|Il|ll.l I A IJI I.l
200 4007 600 800 1000 1200 1400 1600 1800 200 400 600 800 1000 1200 1400 1600 1800

R SEE fem ™ (B
e ARSI 101 em™ 5 HS: 171 em™; @40 180 em™; ARAH: 72 em™ S 62 em™t; A 213 eml

8 K R AE Tol il DMSO v f5: A4 # =X, 1 1 #% fik

AJem!
Afem!

(=]

400 100 60
(a) (b)
0
350 ¢
7 T 60 T
5 300 5 &
< < 40 <
250
20
200 0 0
Tol Chi DCM DMF DMSO Tol Chi DCM DMF DMSO

Pl 9 KSR kA i — mi £ % 5 B G 19 o7 ik



EH

5 1 WFR, 55 BT ESIPT AL MY B M U SO IR B R BR IR bR 75

2.2.2 ZHRRH. AT EFRERAMBIR GRS 0 T A
KFRIRATEE A 531 2153 F RO A ART B () JBEEA (L)
FTH AR o) B STER UL 9 Fir 7 5 A, LA B 35 550 A0 1 19 38 K
BN A RS TRE . FEFE 2 A R ATTEN T A R AR AR AL

BRI 4 A B LR B A B A8 B RURIIR D g 0 ket B K B2 ) B0 R )
2 K ) B IS 0 T A I 1 A B )
IIN s 4 RN 24 2 6D 96 T 45 A B K T 20 3051 0 3 3528 5 K (T 10,

F2 KAXRREANLIFHEER (B cm™)

LYY Tol Chl DCM DMF DMSO
B(C9-C10) 65.6 51.9 16.6 41.5 41.0
B(C11-C12) 49.9 42.0 39.8 36.9 36.9
B(C8-C9) 59.2 30.8 23.6 17.3 16.7
B(C3-C8) 22.1 14.4 9.4 5.5 5.2
B(C4-C5) 11.3 9.1 6.6 4.9 4.7
B(C3-C4) 10.1 4.1 2.3 1.2 1.1
B(C10-C11) 6.5 2.5 1.3 0.2 0.1

D(C12-C13-C14-C15) 5.3 4.4 3.9 4.6 3.9
D(C18-C13-C14-C15) 1.2 3.3 2.7 3.0 2.5
A(C18-C19-C20) 3.1 3.1 3.3 3.4 3.4
A(C20-C19-H47) 1.2 1.2 1.3 1.3 1.4

2k
K TD-DET HUg FIik A6 i 224 B AL, JATTHF 9T 1 M-HA AE T FfAS [8) 452 35 500 v 5% 6 2 B8R A e

TR TG R . WEIEER T M-HA B M i ORI 005 3 1 54 L 5 S8 1 n] WL 3 Y A e I 0 ) TR 42
— B s R OGRS 4 S PR T T A AT VR v A IR S0 st B R R R R OA R A R AR R b e DG Y B
{14 B G PR T LA T 8 S 3 e i ) IR 2l b T e T R AR A R T ) 3 e ik — 25 X 45 s TR B )
A AT B X 6y s i S B - SR 2 1 A o 7 ) A P AR A R T £ FE S S A AR A AN R

(1]

L2l

L3l

(4]

[5]

(6]
(7]

(8]

Z % X W

WU K.ZHANG T,WANG Z,et al. De novo design of excited-state intramolecular proton transfer emitters via a thermally activated de-
layed fluorescence channel[J]. Journal of the American Chemical Society,2018,140(28) ;:8877-8886.

SEDGWICK A C,WU L.Han H-H,et al. Excited-state intramolecular proton-transfer(ESIPT) based {luorescence sensors and imaging a-
gents[ J]. Chemical Society Reviews,2018,47(23) :8842-8880.

E B A T SO0 A AR R TR S A N BT R (ESTPT JSUH A B2 98 SR 15k e L) 1. A5 BLAE 2%, 201939 (4) : 952-960.
WELLER A. Uber die fluoreszenz der salizylsdure und verwandter verbindungen[J].Naturwissenschaften,1955,42(7) ;175-176.

i, R R R AT B TR RS AR AR 0 RO R 28 WL A W 9 A L ROG Y B B 5 LD DAk A AR R L 2008, 66 (22)
2518-2524.

US43 F P LA 5 A (ICTD) 35 & e M RN BIOS AF 58 5 40 F i 7LD 3 bk . AR K 3, 2012,

GUO Z Q.PARK S.YOON J Y.et al. Recent progress in the development of near-infrared fluorescent probes for bioimaging application
[J].Chemical Society Reviews,2014.43(1):16-29.

XIAO H B, LI P, TANG B. Recent progresses in fluorescent probes for detection of polarity[]J].Coordination Chemistry Reviews,2020,
427.:213582.



76

L1Ie7 AV NI S S | JQEREZNR SN D)

9l

[10]

[11]

[1z]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]
[28]

[29]

[30]

WEBER G,FARRIS F J. Synthesis and spectral properties of a hydrophobic fluorescent probe: 6-propionyl-2-(dimethylamino) naphtha-
lene[J]. Biochemistry.1979,18(14) ;3075-3078.

GREENSPAN P,MAYER E P,FOWLER S D. Nile red:a selective fluorescent stain for intracellular lipid droplets[ ] ].Journal of Cell Biol-
02y,1985,100(3) :965-973.

JOSE J,BURGESS K. Syntheses and properties of water-soluble nile red derivatives[ J ].Journal of Organic Chemistry,2006,71(20) :7835-
7839.

YAMAGUCHI E,WANG C,FUKAZAWA A,et al. Environment-sensitive {luorescent probe:a benzophosphole oxide with an electron-
donating substituent[ ] ]. Angewandte Chemie International Edition.2015,54(15):4539-4543.

MORIMOTO M, TAKAGI Y., HIOKI K,et al. A turn-on mode fluorescent diarylethene: solvatochromism of fluorescence[ ] ]. Dyes and
Pigments,2018,153:144-149.

UNGUREANU E-M,TATU M-L,GEORGESCU E.et al. Influence of the chemical structure and solvent polarity on the {luorescence of
3-aryl-7-benzoyl-pyrrolo [ 1,2-c]pyrimidines[ J].Dyes and Pigments,2020,174:108023.

KELLMANN A. Intersystem crossing and internal conversion quantum yields of acridine in polar and nonpolar solvents[ J].Journal of
Physical Chemistry,1977,81(12):1195-1198.

KALYANASUNDARAM K, THOMAS J K. Solvent-dependent fluorescence of pyrene-3-carboxaldehyde and its applications in the esti-
mation of polarity at micelle-water interfaces[J].Journal of Physical Chemistry.1977.,81(23) :2176-2180.

SEIXAS DE MELO J S,BECKER R S,MACANITA A L. Photophysical behavior of coumarins as a function of substitution and solvent:
experimental evidence for the existence of a lowest lying ! (n, = * ) state[J].Journal of Physical Chemistry,1994,98(24) :6054-6058.
XIAO H B,ZHANG T,DONG Y Q,et al. The photophysical properties and imaging application of a new polarity-sensitive fluorescent
probe[ J]. Analyst,2020.145(20) ;:6556-6561.

TOMASI J,MENNUCCI B, CAMMI R. Quantum mechanical continuum solvation models[ J]. Chemical Reviews, 2005,105(8):2999-
3094.
PARR R G,YANG W. Density-functional theory of atoms and molecules M].New York:Oxford Science Publication,1989.

DREIZLER R M.GROSS E K U. Density functional theory[ M].Heidelberg: Springer-Verlag,1990.

RUNGE E.GROSS E K U. Density-functional theory for time-dependent systems[]].Physical Review Letters,1984,52(12):997-1000.
ADAMO C,BARONE V. Toward reliable density functional methods without adjustable parameters:the PBEO model[ ] ]. The Journal of
Chemical Physics,1999,110(13) :6158-6170.

LIN L L,FAN J Z,CAI L.et al. Theoretical perspective of the excited state intramolecular proton transfer {or a compound with aggrega-
tion induced emission in the solid phase[J].RSC Advances,2017,7(70):44089-44096.

FRISCH M J.TRUCKS G W,SCHLEGEL H B,et al. Gaussianl6 Revision B.01[ CP].Gaussian Inc, Wallingford.CT,2016.

NIU Y L,PENG Q,DENG C M,et al. Theory of excited state decays and optical spectra;application to polyatomic molecules[ ] ]. The
Journal of Physical Chemistry A,2010,114(30).:7817-7831.

REIL, JUGI RIS 55 EONF % DU S AT 4R 90 R 6V B i BIE W 58 LT 1 IR OR 2 5 i CH SRR 10D , 2020,33(3) 1 57-61.

NIU Y L.LI W Q.PENG Q.et al. MOlecular MAterials Property Prediction Package(MOMAP) 1.0:a software package for predicting the
luminescent properties and mobility of organic functional materials[ J].Molecular Physics,2018,116(7-8):1078-1090.

WU Q Y.ZHANG T,PENG Q,et al. Aggregation induced blue-shifted emission-the molecular picture from a QM/MM study[ J].Physical
Chemistry Chemical Physics,2014,16(12):5545-5552.

REIMERS J R.A practical method for the use of curvilinear coordinates in calculations of normal-mode-projected displacements and Dus-

chinsky rotation matrices for large molecules[J].The Journal of Chemical Physics,2001,115(20):9103-9109.



