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Fig. 1. Molecular structure of FZ.
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Table 1.  The related bond length, bond angle and dihedral angle of the FZ molecule in different solvents for both Sy and S
states, the geometries of Sy and S; states are optimized by the CAM-B3LYP-D3/6-311+G(d, p) method and CAM-B3LYP-
D3/6-314+G(d, p) method respectively.

R A LB SRR
S 51 So 51 So S S S
O--H/A 1.652 1.469 1.648 1.460 1.647 1.455 1.646 1.454
O—H/A 0.989 1.035 0.989 1.037 0.989 1.038 0.989 1.038
6 (0--H—0)/(°) 145.96 153.77 146.30 154.48 146.40 154.73 146.43 154.80
0 (A&B)/(°) 146.16 149.16 146.09 149.49 146.24 149.76 146.30 149.85

£ 2 KMEAIT FZ 55 S, M S, BEEAHIGF A FEE p FIEHEE B
Table 2. Electron density p at the bond critical point and hydrogen-bond binding energy FEyp for the hydrogen bonds of

the FZ molecule in different solvents for both S, and S, states.

So S1 S-Sy
O--H
p/a.u. Eyp/(kcal-mol ) p/a.u. Eyp/(kcal-mol !) Ap/a.u. AFEyg/(kcal-mol )
oK 0.0533 ~11.148 0.0840 ~17.996 0.0307 ~6.848
TP e 0.0539 ~11.282 0.0863 ~18.510 0.0324 —7.228
L 0.0541 ~11.326 0.0873 -18.733 0.0332 ~7.407
TN 0.0541 ~11.326 0.0876 ~18.800 0.0335 —7.474
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Fig. 2. IRI plot of the FZ molecule in CH,Cl, solvent: (a) Sy state; (b) S; state.
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FZ-OH2
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K 3 FZ4r+ 55BN S FIER, 458 H CAM-B3LYP-D3/6-311+G(d, p) F &AL
Fig. 3. Supermolecular systems formed between FZ and C,H;OH molecules, the geometries are optimized by the CAM-B3LYP-

D3/6-311+G(d, p) method.
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Fig. 4. (a) Absorption spectra of the FZ molecule in CH,Cl, and CoH;OH solvents calculated by the PBE0-D3/6-314+G(d, p) me-
thod; (b) absorption spectra of the four supermoleculer systems in C,H;OH solvent calculated by the PBE0-D3/6-31+G(d, p) method.
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Bl 5 RREIEF T, R CAM-B3LYP-D3/6-314-G(d, p) T &M FZ 73 F S, M S, B FH BB EHEDHARINL  (a) 78

2R (b) ZE AW B () ZECBE; (d) = H FE WM

Fig. 5. Relaxed scan of potential energy curves for the proton transfer process of the FZ molecule in different solvents for both S,
and S; states calculated by the CAM-B3LYP-D3/6-314+-G(d, p) method: (a) In toluene; (b) in CH,Cly, (c) in CoH;OH; (d) in

DMSO.

4 R ) T e B o R A R e IR B
(>5 kecal/mol) [Wfg22, AR FHBIE, EmiK
RS R THE, AT UL JCRE 22 Rl 2 4L A ik
BB, Sy BILFEATRER AT, SR, 16
S| AT, BB AE2AER /1N, BITE 0.4 keal /mol
IR, VB A AT B R A PR B R %. ]
DER], RFHRBE, WETERESWE (keto,
K*) A A, K*0Y RE it 24 L B 1 i 4@ B (enol,
E*) AR RE A%, BEWITE S) B, K¥HEE.
[F]EF, A B BT I e B A /NI RE 2 (4
2.4 kecal/mol), LW ZrFA Al RETE EXAT K*f #L[A]
FHE 4. RO R R it 2, AT UL,
WG AR R BG5BT 54 A% B 22 B T DRI,
R e 222 W K. IR, YR SRR MR X o T4 75
AR RE 2277 A T — a2 B, Y AR M A
AR T KA ESIPT. X2 K i Rk rEdos , FZ
IR S EERE By #08. Jiang 55 P 88 HSAF
FE T T 51 B R i e 0 s I A A
P L R F, 25 0L SR M, S RIERIAH L,
H B R 0 i T4 A R 22 IR, (RIS, 336 1) 4 55
REZR T, WU, 7ERMERRIYAA T, ESIPT

WG KA.

1 LRI, FZ 5 25T 1R AR AR R X
ESIPT i #7527 AR R0 7 ASTR] A9 431 ) S
X F RS sE A A [E]? XFF FZ-OH1 Al FZ-
OH2 K%K, HIR FZ 5 W5 T A7 S, (H)2
Iy FNERE (O--H—O) 3R A71E, T AT RER
4z ESIPT #t 2. K10, % T FZ-OH3 1K &, 4> F1A]
PSR E FZ o0 RS, o F Ao bk
KA, BEIR T 20 F P &, DOARME & A 43 N it
T R, A8 2Z, M THEEWNA 2T 0
S, PRI TR T RELE S TR R A R RS, IR
BRI F 7% (excited-state double protons
transfer, ESDPT). 2 | #85% FZ-OH1 #l FZ-OH2
7 ESIPT 1t #2H1 FZ-OH3 1) ESDPT 1t 2, 3 A1
A3 IR eI R A B 0 2 e BRI AT SR T
. FZ-OH1 fil FZ-OH2 & R 78 L BEE I 3 e
M2 W& 6(a) Fizs. M BRI FZ 431,
FZ-OH1 1y ESIPT fig 2243 Fr i hn, M 0.324 kcal/
mol 3% 1.11 kcal/mol, BaHHIZIAR R A9 F A &
) ESIPT A BHAREH . 1Atk :, 5
FZ 7 F AW, FZ-OH1 i FH# 5 K 9B fRe it
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6 3

(2) 2 ® 1.48
~ 4r —~ —
T TN a2 e 03
R S ool O = pRa)
= 5 E* TS
3 E|
2 O £
< < -2t
> )
@ —2r o -3
g g “, —4.03
& | 4 -

—4r —e— FZ-OH1 _ 5| — FZ-OH1 K
—a— FZ-OH2 — FZ-OH2

1.0 1.2 1.4 1.6 1.8 2.0
Distance of O—H/A

6 (a) ZEEHEFH, 235K A CAM-B3LYP-D3/6-31+G(d, p) Al CAM-B3LYP-D3/6-311+G(d, p) J7 %15 8 FZ-OH1 1 FZ-
OH2 /& & ESIPT i #& &M i A agih £ ; (b) LB 7 b, Rk Al CAM-B3LYP-D3/6-3114+G(d, p) 5 &% i1 5 A FZ-OH1 Fl FZ-

OH2 K F E*, K*FI TS ¥4 % AH X RE 1t 1]

Fig. 6. (a) Relaxed scan of potential energy curves for the ESIPT process of the FZ-OH1 and FZ-OH2 systems in CoH;OH solvents
calculated by the CAM-B3LYP-D3/6-31+G(d, p) method and the CAM-B3LYP-D3/6-311+G(d, p) method respectively; (b) relat-
ive energies of the E*, K* and TS forms of the FZ-OH1 and FZ-OH2 systems in C,H;OH solvent calculated by the CAM-B3LYP-

D3/6-311+G(d, p) method.

LA ST EXF R AR SR (e — L8, B0 EXf AT
e, BiFR)e, IRV BeS R A %, mE] B
Fg R, R, ATRATRIN FZ-OH1 K& S, & F A
ATAE B L XM RIAEALE. X T FZ-OH2 A&, 1%
BLBSAAR I, 7T LB /NI g 22 (0.10 keal /
mol) | iA B AZE 1Y K. [N, FZ-OH2 71
] 5l ESIPT i #2485 & B, BiFJLF-Al LA
Tofp M kA k. 18 6 1 FZ-OH2 By fE il £k 2
KH 6-311+G(d, p) ZEAUITE R, WiRH 6-31+G
(d, p) P B AEML B, BTl LI EREL
2B AR bR T A JCRE2 M0, MR LA H
i e i AR 2k, UL FZ-OH2 5 &
£ ESIPT. Jy 7t — i S B Re s C R, 1
6T EX KB R B S (transition state,
TS) 254, MIXTRERE WA 6(b) FrR. FZ-OH1 fY
K*REH T E*, 1 FZ-OH2 i K*fe & [k EXK15
%. 1F 6-311+G(d, p) ZEAF, ik R
TS 4544, fEHLIL TS 254, 7T FZ W
A~ O JRF-Z (8], ME—I A on i FIRE FZ T
IS O R4 07 m¥iksh. K, FZ-OH1 (A&
W4 IR S EEBHAS T ESIPT i #2, i FZ-OH2
R Z Y 43 1A S A R T ESIPT. A 3458
5§ Zhou 5§ B YLK —3K. Zhou 45 B ¥4 5245
FIEE O 5% T B BE R oK A R B A T
ESIPT i #2, & MK H g 5>+ 5 H 5[]
F7 7E 9 Tl S0 5 45 18, — b S0 B 45 A AT LA 0 )
ESIPT il 2, f2 A AN R, 3 — il s al #4 0]
{EHET ESIPT i 2, = A 56 & 45, M nl LA fi#

BN IR G . T2 S A PP 43 1a] S
B4y 5015 FZ-OH1 Ml FZ-OH2 A1, e 8 o
FEHY, T I PR SR 2 A8 TT LA B By b A A8 S 56 3
%, R P25 JE A T BB (%) 201 [R] S 254

XFF FZ-OH3 1R R XU 756 B #2, &k
T B E I P RERE IR e (13:26.27] 2 1k 3 Filiik
FP2EHY, JE X AR AU T e e me i e i AT 22 1k
FHE, g5 R 7(a) Fis. BR8l— ) XURFH#
WIFH FZ o Fi B e kA%, ARG CBEsr
T EF IR FZ 437 L. 258 R P IR 4
I, LB TS i %, K5 FZ 0+
) e AR 2y Al s el O <1 ey 1 e |
BFF UG RS, ARBIMR S R IR, 3 Fh2sarh, 25
— AU R e 2 A, Ik, SR 7R LI
R — WK 4 2 SE . AL 1 KO 7Y RE i LL
E*{I% 5.78 kcal/mol, W& 7(b) Fizs, K*H4# ) g
HIL/NT R ET EX R, UL ST T i AR 22
RERRIG, NaWmRES LR, A STREE
K*t R, Ay TS S50 BA —A- i, HAyRhs
7R WA J5T - [R) B 9 4 () S5 ) A e 4
gl KR —rh | FZ 4y F 1650 F A 0 2
BIfE£ A 5.02 keal /mol, #GdAE 25, ZFEATH)
TR E] FZ 43+ 1, B, R FR AE i d s
FEAIR, I BE AU TR S5 1 KR, 4kl 7(c)
Fis. AEA37E E R4, ESDPT it #&, FZ-OH3 {&
RRETEM, WM o0 (A&LB) N EX¥Y
123°Z8 5t TS B9 108°, fJ5 2| K*i}, 257k 83°, K*
1 A F1 B PRI TH L3 L
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—o— Typel

Energy/(kcal-mol—1)
IS
T

—6 - FZ-OH3
1 1

1.0 1.2 1.4 1.6 1.8 2.0

Proton transfer coordinate/A

(b)

6 —
5.82%
4r TS

E*’

Energy/(kcal-mol—1)

| Fz-0H3 K*

7 (a) ZEEEFIT, R A CAM-B3LYP-D3/6-31+G(d, p) 77 %315 49 FZ-OH3 {k & =Fp 24 ESDPT i 72 /) Z2 M 3 fli 5k
2 (b) ZEER I A, SR H CAM-B3LYP-D3/6-311+G(d, p) ik 15 1Y FZ-OH3 {k & E*, K*F1 TS #4 %I 41 XF i 5 &l 5 (c) F8 A —

ESDPT 5 78 th (1) FZ-OH3 14 2 25 #4725 {k. [&]

Fig. 7. (a) Relaxed scan of potential energy curves for three types ESDPT processes of the FZ-OH3 system in CoH;OH solvent cal-
culated by the CAM-B3LYP-D3/6-31+G(d, p) method; (b) relative energies of the E¥, K* and TS forms of the FZ-OH3 system in
C,H;0H solvent calculated by the CAM-B3LYP-D3/6-311+G(d, p) method; (c) structure changes of the FZ-OH3 system during

Typel ESDPT process.

R T fas BT RS B HL T IR S L, i FZ-
OH1, FZ-OH2 Ml FZ-OH3 {A & E*, TS I K*#4#!
PTG 73 F s, K 8 s, Fr At m ik s f
W, S, BEE M IS HHEHE (highest occupied
molecular orbital, HOMO) 2| 5 Ik & 5 4% # i8
(lowest unoccupied molecular orbital, LUMO) [
BRI S, TR 90% A A7, 7E FZ-OHL K &
Hr, E¥f T HOMO /R HL %5 E 8 AE =
ZMFER. N HOMO 2| LUMO, HL [ 43 F e
W MZR R A A A T e Rs . HIX T HOMO,
LUMO 1 O, Ji ¥ 2% B I w3 oK, IRk, A
AT IS B 710 Oy I 1 KA. X T TS fg 8,
LUMO " Oy J 1 HL T2 FEATSA W 3G K, 7]
PABREEIREN 5756k . BT A2 2 )5, K* Y LUMO
7R Oy Fl Oy J5F 1Y L 785 BE 70 A AHAL. X ge g

R, BT 1840 A F ESIPT. FZ-
OH2 {A R 5 FZ-OH1 (K R ML T/ G L2l A
HOMO #| LUMO, O, Jii— 1 Hy %5 BE B 2 14 K.
[FRE, X F FZ-OH3 (R &, EXfg & O, JF T
TR BEW R, MRS T, i FERT
HIERSN FIRZS 55 ] O, B F %, XF TS Fil K*4
M HOMO F| LUMO, O, JE T4 7% B
HRET O, M1 O4 JEF I, IR SBT3
6] Oy il Oy R 4R, (AR, K* HOMO
WoR, % BT ZEM A, i LUMO Y
HL 28 R8N T T, Bk, KMOEREEA
B S A B fr B R R, AN, FRATTIE T T ik sk
O JF1 S, F1 Sy A1) NPA Hifif, a4 3 fion, Frp
[A 3 T Mulliken HUff. 255 27K, A Sy 3 Sy,
PRI R 7 O AF X AR fb R 3 AR — 3K XTF FZ-OH1
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Fig. 8. The molecular orbitals for the E*, TS and K* forms of the supermolecular systems.

%3
Table 3.
tems in both Sy and S, states.

HAF TR R EX, TS F K8 O J5F1 S, F S,
The calculated NPA charge and Mulliken’s charge of O atoms for E*, TS and K* forms of the supermolecular sys-

& NPA #7575 Mulliken Hifaf

E* TS K*
S S S S So 5
(O3} -0.702 -0.703 -0.719 -0.712 -0.746 -0.736
FZ-OH1
O, -0.760 -0.819 -0.743 -0.794 -0.724 -0.755
0O, -0.735 -0.737 -0.744 -0.743 -0.781 -0.766
FZ-OH2
NPA/e O, -0.721 -0.785 -0.715 -0.774 -0.692 -0.727
0O, -0.720 -0.718 -0.773 -0.651 -0.831 -0.632
FZ-OH3 O, -0.718 -0.781 -0.734 -0.803 -0.721 -0.752
Oy -0.806 -0.813 -0.747 -0.753 -0.817 -0.809
(O} -0.328 -0.331 -0.453 -0.451 -0.476 -0.472
FZ-OH1
(02} -0.490 -0.565 -0.503 -0.559 -0.400 -0.438
(O -0.369 -0.373 -0.446 -0.448 -0.536 -0.527
FZ-OH2
Mulliken/e 0, -0.419 -0.495 -0.433 -0.504 -0.344 -0.390
(O -0.370 -0.379 -0.579 -0.475 -0.510 -0.330
FZ-OH3 (O} -0.412 -0.486 -0.391 -0.490 -0.165 -0.251
(0N -0.411 -0.411 -0.492 -0.469 -0.389 -0.379

M FZ-OH2 R R, 3 PRI Oy JRF 1 i F far DA
So B Sy FEAAAL | i Oy JE 1Y H faf A B 2 55 .
XFT FZ-OH3, M S, ] Sy, E*f) O, 57 fif il 3%
B, TS # K* Oy JE A LR s, O, i+
HL A B S 0. 3K 6 H AR A 18 5 4 B A 4

B3
3.3 ANHIIE
FETF BRI A S TR R T, RATIRT

TAFER Y FZ o F eI, 4 & H
Bt ST H AR 7 i A OSEHLER AN R 9 i

R B, AR R A R e, TS
M B R E WO RIB RS, T LUk A&
ESIPT i3 2. TR EXH KB L S 7
493 nm (2.52 eV) F1 570 nm (2.18 eV), 5525
T2 (g AN K B 2.43 eV Al 2.14 eV HEAR —F
UL, 7E B, 23 ESIPT 43 FHAI XUk
YOG, RE, FE& FIRH L g, FZ-OHL
KRBT K¥iE &= m T EX A fg & 4 ESIPT i
T2, FECLRENIN S BRI A, HA K
514 nm (2.41 eV). FZ-OH2 K RZ W LULF-ThE 22
KA ESIPT, 2] 585 nm (2.12 eV) [ K*4
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FZ-OH1 in C,HsOH FZ-OH2 in C,H;O0H
K*
E* ﬁ\ E*
ESIPT ESIPT
K*
1R :
FZ in CH,Cl, ha ; = . FZ in DMSO
E* 2 o 5 = E*
S
ESIPT B ESIPT
K* K*
E E _
g g g
= =} =
10 ® & FZ-OH3 in C,Hs;OH FZ-OH4 in C,H;0H o g
S = = * * 5 =
ha E E =
= ESDPT
K* |
E E
o
ElQE E 8
— < g 0 0
g g = g g
<t
0
<t
—
Nonrddiative
- E T E

K9 FZor17e "5 e ZBEAn — BRI AR 70 v i ke LR
Fig. 9. Luminescence mechanisms of the FZ molecule in CH,Cl,, C,H;OH and DMSO solvents.

K. XF FZ-OH3 R &, 1R g k4 ESDPT
i #E, ESDPT J5, K48 & S+ ) L-F-h
0, UBH KK i Jo4m S o i 2L, IR
RE LI E] B4y B 5= A 19 494 nm(2.51 eV) 2.
FZ-OH4 o7 % T i, Hoaoti Kk,
465 nm(2.67 eV). SEErh, SRR U
S 55 BB AT, BEKAE 490 nm(2.53 eV) B
2R T T G B AR o R R R SOR
SEMERT, FRATTAS I S 5k E vT B 2 2L FZ-OH3
E&R. — 5, FZ-OH3 HA B IR RIS K,
LGS 2] (1) 2B SO AR AT S — T
I, HT—#4r FZ-OH3 & /f ESDPT J5E A K
SR KRB, TR EUA ARG H EX RS, IFH,
TR BX L 5K N 494 nm, X ) BRT fES
2.51 eV, I SCI{E 2.53 eV. Hitk, Z b iyae
SPE AR AT RER T FZ-OH3 1A & . I, 7E58 %
PRI H AR, A AR R R
T &4 ESIPT, fr DL F 2= A KRS, 1HE 1
K* % 81K A 585 nm, XA AU BRIERE M 2.12 eV,
SS26(H 2.15 eV(578 nm) JEH T

Zhang %5 3] MBF 58 T 3-F2 B —4-NH I Jk 5 s
Wk (2a) 7378 B 0 b ) ESDPT i 72, 45
T, 2a 5 HEES TR R LLSEE 4 ESDPT
TR, TR ZRI EXF KRR A T 36525
M%. 4550 5%, FZ-OH3 K & ESDPT i 5

2a IR RIE, ] LISEE 4328 ESDPT i 2.
SR, A[F I, FZ-OH3 1 KRR &6,
THT FZ-OH3 & R KM RUA K E g A BF
% T EXF K S, S BRAE B9 L fmf ¥ #8 (charge
transfer, CT) 5T, FHEH T Cooe(r) Fl Cue(r) PR
K280 SR R, Al 10 B, AHOCTR bR AN 4 Fr
7. Ghoe(r) F1 Cyo(r) PRELSY I 28 7R 43 A
FERRITOR. 25 7O AR R T B BRAE Y H - DA B
i, PR T RTINS T2 TR,
I, 28 oA A PR E D pREC A, H T oA
1 25 LI IR Choe(r) T Clo(r) PRECKFZS
RT3 A S8 FH 1 0 RS AR, 2 7 ORI
-0 A7 P (T T ST i S i P 4 A [
T, U2 7 Ca B R4 1) 43 AT A ZE JE AR B L
B, AR IR, WU B 7E K 1)
HE Jre A% FE AR LA ) R AR 2. A TS A
H AR T 23 7O SR 450 A0 B, D RS
SO FHLG Z [ (IR, S T CT RS, ¢
THERZ XSGR B, T S, RanEZ
R ESREE. ¢ > 0 BIRE S A PO RN
oA, t < 0 LIS SO P B R 55, S, 3
FEITE O FN 1 2z [6], Johb gy, fEH)N, Ui 2SR
ForE g . K10 B, BXES SR A B AR
FEARH G, —2 DL s R A0 A S, H
T HAESTHO XIS, & 4% EXY ¢t 385U
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10 ZBEEHERD, FZ-OH3 fR R EXFI KR 25 7 (1 @A BT ) A1 T (S @ SF(E ) 201, S5 (B 2B B 0.0013

Fig. 10. Distribution of holes (blue isosurface) and electrons (green isosurface) of the E* and K* forms of the FZ-OH3 system in

CyH;O0H solvent. Isovalue is set to 0.0013.

T 0, S, HEK, DIER/N. SR, X K*, 257CH
HL 40 A0 B SR 4 2, M AR LA (B (8 3
47) W43ty (SREER) Feke, MR ¢ FeER
T 0, S, B/, DIERK, ol WL, KX A7 558 [
OT Fetk. FRFEER, 5 B, K*S5H 0250
FEA AT BB AIHLEN, KA 0 (A&B) 418
83°, A Fl B i AR ML TaE H. Ik, 78 K*
FRIh TR R T LT N BT RS (twisted intra-
molecular charge transfer, TICT) &%, M S
T PO HER 023 PRI AT T, ESDPT 5 %
TICT B W3 B0 IR K R 25 AR AR B
DARIE. PRI, S8 oA 2s oG-, AT LU B,
KA &GIHE T H TICT i /. Ah, MAEH
H, K & 5 3 K 4 1454 nm(0.85 eV), i B
K*ZE/ Y S, 5 Sy A aEm IR % 0, A I Bk
FEAE AR X, MM T 30 HR S BRAE .

F4 A ORI T MG A e

Table 4. Indices related to the holes and electrons distri-

butions.
H/A D/A t/A S
E* 3.964 1.601 -1.723 0.697
K* 2.5682 3.552 1.796 0.221

T TR SRR I AT, B R
THEBE T FZ 0 T2 IS VOO, 121
Bt L, TR sh A R AR R IR HOR RS S5
PREN T AR E A T Bt — TS i SRR R
TEH R S AR LIS T AU S &, AT RIS
JiFHERS I IA] | S5 AR A A4S TR Uk B AR 5 4 A6
FE, X PLEGET Y, BENS S SRRSO
T DT iy MR 7= HRAELE B HL g 25099,
P, ARRIRA TG — AR T AR 5T, I

BRNZE, LM~ ESIPT HLHEL

FZ 57 F R i A AL ERAR I NoH, 7+
F T IR BUDCHREL . BR T N T 2O HEr, 7%
FEAILIR IR TE A W) AR | DCTF 5 | B0l fn 225 A i O
F AT AL &G A A8 RO 2 4 G Sl 5L AT J 2
FH RSB T R R LI, 2GR E T Bt
TN LA R TR SOt REE
T RS S OGS 0L AR, B
T ZRHLEARSS S R AR B RS R 1 AR
i, FRATTAT LA S BT B A L A S 4 o Al rp
HINH, AT ARG A4S RO, ik it s
REsr T M RHE AL IS S .

4 % W

KIS AR, BEHFSE T FZ 5 FAEH
I T BE . LA IR ARA R P i R TR
BB, hie TR S T B R 2 C R,
RIS T 5 F IR A EAE X R B, 8 T
TR X DO IS TR B OWAIL B, 25 R
TSR B AEORIOR T AR R, B T R
PEMIE R, SEEE W, AR FZ 473
LKA ESIPT. WA PR, i FHE 5 Al 22 ik
fIX, W mEFH R Re 2, B R T &4 ESIPT.
KB AR SHE T LEEE R 4 Bl 271k
RIE SN2, #E FZ-OHL KR, o F
] S 2 ESIPT B 2234, B AL 2 5E
MK & A RE &4 ESIPT. 4R 10, 1€ FZ-OH2 1K &
WAy PRV SRR T ESIPT fig %, KR AEHE L
ST A M KA TR . FZ-OH3 K ZR ] LUK AE 4y
- ESDPT, W™ A KOG K¥ AL, 25 91
For AR, K9 K R R 78 T HAFTE TICT
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Abstract

Excited-state intramolecular proton transfer (ESIPT) is an important photophysical process, and has wide
applications in fluorescent probes, molecular switches, and organic light-emitting materials. The molecule with
ESIPT is highly sensitive to its surrounding, such as solvent, and exhibits fruitful fluorescence properties.
Theoretical study on the microscopic mechanism of proton transfer in regulating the fluorescence properties of
organic molecules is very important. Recently, Yang et al. [Yang G, Li Y, He L, et al. 2024 Microchem. J. 198
110044] designed a fluorescent probe (FZ) based on the ESIPT. They observed bimodal emission, strong long-
wavelength emission, and weak short-wavelength emission in low-polar, highly polar non-protic and highly polar
protic solvents, respectively. To reveal the microscopic mechanisms of these fluorescence properties, in this
work, we theoretically investigate the proton transfer processes of the FZ molecule in various solvents including
toluene, dichloromethane, ethanol, and dimethyl sulfoxide (DMSO) by using density functional theory and time-
dependent density functional theory. Based on polarizable continuum model with the integral equation
formalism variant (IEFPCM), the optimized structures are obtained and potential energy curves for proton
transfer are scanned by employing the CAM-B3LYP functional with Grimme’s D3 dispersion and 6-
31+g(d,p)/6-3114+g(d,p) basis. Importantly, the excited-state dynamic behaviors of four intermolecular
hydrogen-bonding systems in ethanol solvent are explored by using a super-molecular model. The structures,
hydrogen-bonding energies, and interaction region indicator (IRI) analysis show that the strength of the
intramolecular hydrogen bond is significantly enhanced upon photo excitation. The potential energy curves
indicate that the FZ molecules tend to undergo the ESIPT process in all the solvents. The barriers of proton
transfer decrease as the solvent polarity increases. As a result, a dual emission and a strong keto (K*) emission
are observed in dichloromethane (low-polar) and DMSO (highly polar non-protic), respectively. In ethanol
(highly polar protic), the excited-state behaviors of the four super-molecular systems (FZ-OH1, FZ-OH2, FZ-
OH3, FZ-OH4) are quite different. In the FZ-OH1, the ESIPT cannot occur because enol (E*) is more stable
than K*. As a result, the FZ-OH1 can produce the E* emission. In contrast, the ESIPT can take place almost
barrierlessly in the FZ-OH2, resulting in the K* emission. Interestingly, the FZ-OH3 can undergo stepwise
excited-state double protons transfer (ESDPT) between the FZ and ethanol molecules, resulting in a dark state
of K*. The hole-electron analysis demonstrates that it is the twisted intramolecular charge transfer (TICT) that
quenches the fluorescence of K*. Therefore, the observed weak short-wavelength emission in the ethanol can be
ascribed to the E* emission of FZ-OH3. Our work is of great significance in understanding and predicting the
photophysical properties of organic molecules in solvents and provides a useful theoretical basis for designing

and developing ESTPT-based functional materials.
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