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Abstract: Suppressing the formation of twisted intramolecular charge transfer (TICT) can markedly improve the flu-
orescence intensity and photostability of luminescent materials. However, accurate methods for predicting the pres-
ence of TICT are currently lacking. This paper investigated the excited state dynamics of N, N-dimethyl-6-propionyl-2-
naphthylamine (PRODAN) across various solvents utilized the Kamlet-Taft theory, coupled with both steady-state and
transient absorption spectroscopy, complemented by quantitative calculations. The analysis of steady-state spectra re-
vealed that the primary determinant of the Stokes redshift in the PRODAN complexes is the solvent’s polarity and hydro-
gen-donating capacity. Transient absorption spectra provided insights into fast timescales(z, and 7,) , corresponding to
the formation of intramolecular charge transfer and TICT processes, while slower timescales (75 and 7,) were associat-
ed with solvation and fluorescence radiation processes. Furthermore, experimental findings demonstrated that an in-
crease in solvent polarity and hydrogen-donating ability expeditiously influences the dynamics processes within PRO-
DAN hydrogen-bonded complexes. Theoretical computations solidified these observations, confirming the formation of
a stable TICT state in highly polar and strongly hydrogen-donating methanol solvent. These insights not only contribute
to our understanding of the ultrafast dynamics of PRODAN but also provide valuable guidance for the strategic design of

fluorescent probe molecules and thoughtful solvent selection in the field of fluorescence research.
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Tab. 1 The K-T parameters (m", a, B) for Diox, ACN,
MeOH and DMSO

Solvent L e B
Diox 0.12 0. 66 0.29
ACN 0.75 0.19 0.40

MeOH 0. 60 0.98 0. 66
DMSO 1. 00 0 0.76
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Fig.1 The steady-state absorption(a) and fluorescence(b) spectra of PRODAN in Diox, ACN, MeOH and DMSO solvents
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Tab.2 The calculated vertical excitation energies and corresponding oscillator strengths for PRODAN hydrogen-bonded com-

plexes eV
State PRODAN PRODAN-Diox PRODAN-ACN PRODAN-MeOH PRODAN-DMSO

s, 3. 52(0. 264) 3.37(0.431) 3.28(0.452) 3.21(0. 489) 3.27(0.460)
H—L95. 2% H—L95.2% H—L 96. 0% H—1.95.4%
S, 3.79(0. 000) 3.75(0.091) 3.39(0.080) 3.66(0.047) 3.68(0.088)
S, 3.81(0.085) 3.86(0.000) 3.92(0.000) 4.01(0.000) 3.90(0. 000)
S, 4.52(0.272) 4.19(0.322) 4.29(0.257) 4.19(0.230) 4.05(0.000)
S, 4.84(0.000) 4.34(0.000) 4.94(0.334) 4.57(0.000) 4.29(0.268)
Se 5.00(0.260) 4.92(0.376) 5.17(0.000) 4.94(0.290) 4.82(0.000)

v-v,=aa + bB + sm, (1) A DMSO B3 v, 2 g f A X AIG, A Al fig

W R/ ZREUEG  BBMUE RE SN
a=0.997,b=-0.299,s = 1. 196. i i R B A %L
(B AT LAAS H 3 500 0% B R0 At 2068 7 68 17 46 e B 7

% 1) 52 Wi 22 e o it 52 S RE
%3 PRODAN ¥ Diox.ACN,MeOH 71 DMSO H £ %

Y & GTiEA R BE A
Tab.3 The absorption and emission peaks of PRODAN in
Diox, ACN, MeOH and DMSO, as well as their

Stokes shift nm
Solvent Abs E, Stokes
Diox 348 441 93
ACN 354 457 103
MeOH 363 497 134
DMSO 367 466 99
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Fig.2 The fs-TA spectra of PRODAN in Diox(a), ACN(b), MeOH(c) and DMSO(d) at various time delays
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Fig.3 The TA kinetics curves of PRODAN in Diox(a), ACN(b), MeOH(c¢) and DMSO(d)
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Tab.4 The kinetic parameters of PRODAN obtained by global fitting in Diox, ACN, MeOH and DMSO

Sample Solvent 7,/ps 7,/ps 7,/ps 7,
Diox 4.49+£0.13 — 158. 67 + 28. 34 ~ns
ACN 0.59 +0.03 — 33.95+2.16 ~ns
PRODAN
MeOH 0.98+0.13 8.13+0. 84 80. 10 + 14. 06 ~ns
DMSO 1.67 £0.05 — 34.06 +2.63 ~ns
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Fig.4 The 2D fs-TA spectra of PRODAN in Diox(a), ACN(b), MeOH(c) and DMSO(d)

3.3 BEBESWSLSFHEMRK

ST b R SR B FRATT AT T A G
A B TH BT 5T o AT R A, VB R R R R S
b B OC PR ER T AU A A R e
HL 35 (ESP) 73 B Sk i i o &L 5 i, o 1
PRODAN S5 5 & ) 1 i o 340 8T, 3 348 rl £
Sy AR B o TR R DA B 1 B €8 4% 2R i
TP DX (R A% SRR AR ) 2R H £ 1 DIl (G v 7 R
fE) o FEER L PRODAN 20 T C=0 3t
VA 5 BUR 20 (5, 36 7R 12 IX e 1) o M i 5 5 T

FWOER  IXE, B SRR T T AR ER
ARZS 407 BB fE 45 0 f T RO RE ) kA ik
BLES T REICT SR (r) ~ 1 ps) BEERER S
V0 43 IR A B RE ) 3G 58, fff PRODAN 20+
IR BE C—N HUHE S A i 41 B ok 7R (7, ~10
ps)o IS H 75~ 80 ps Fll 7, ~ ns JIF XN 19 3l )
2 AR H T A B RN O G ek AR

32.40
24.23
16.05

7.875
-0.3000

—-8.475
-16.65
-24.83
-33.00

400 450 500 550 600 650
A/nm

(d) 3500
w
=7
)
E
5
o
a

0

550 600 650

400 450 500
A/nm

MeOH ' ) O—H % A1 L & Diox . ACN,DMSO i
) C—H 5 A1 J&] [l 0] 52 B0 PR v R — 17 5 6, b B
XS Xk L MRS L R TR X il
Sy Al LIS %0, PRODAN 43 T il =0 H: A1 1]
B Ry S5 2 M T 5 390 PP 0 H D T AR Sy A A
T, ZF I8 BT ) AU

F JI CAM-B3LYP/Def2svp (92 p5 Fl % 21 %t
DU AhAS ] 35 570 o PRODAN B il 1 U6 52 A 1 9
B — B T ESIAT TIL AL, L
PRODAN-MeOH S8 5 G W TE RS MR & T I



55 4 4 oAb, SFc N, N-TURE-6-TA I -2- 255 e U S S W OR A R B 91 2T S 677

JUAT R B Ay 491, WP 6 s o o | 4 F S K B, B R DA K U RE T g R G
FEWME SR, TE Diox I H F,PRODAN 2+ 7 Wi & &5 718 C,—O0, -+ H, i S8 K 7E Diox .
9 C,—O, -+ H, 8 K M Sy 259 0. 232 1 nm 3 /) 5 DMSO ., ACN Hl MeOH % 7| H #& ¥k 4 0.225 6,

S &M 0.225 6 nm. [F] K ML, /£ ACN, MeOH F1 0.2238,0.2159,0.166 8 nm, & 1T K-TS
DMSO IE ], C—0,+-H, 8 K K Sy 2514 0. 230 7, B (', a,B) AT LI, 4 B) S 5 R K B i 70 i
0.174 8,0.230 9 nm 43 53 /N 2] S, &9 0. 215 9, PE AL ’“ﬁ%ﬁéﬁi‘ﬁiﬁﬁfﬁﬁn X 5K AR TA B
0.1668,0.223 8 nm. XKW ,PRODAN A E & jJ%EHﬂQ)%U 75 2 1 3h g 2 1 ) 2 8007 A
Wi A U SR EL A ) SR SR, [F]

E XN
@e D

5.888e-2

-5. 888e 2

QP Q0P Is
KI5 PRODAN(a) .Diox(h) . ACN(c) MeOH(d)HI DMSO(e) 531 ESP ]
Fig.5 The ESP maps of the molecules PRODAN (a), Diox(b), ACN(c), MeOH(d) and DMSO(e)
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Fig.6 The geometric configurations of the PRODAN-MeOH complex in Sy(a) and S;(b)
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Tab.5 The important bond length information of PRODAN hydrogen-bonded complexes in four solvents nm
PRODAN-Diox PRODAN-ACN PRODAN-MeOH PRODAN-DMSO
Molecule s, s, s, s, s, s, S, s,
C,—C, 0.1521 0.1528 0.1511 0.1520 0.1507 0.1516 0.1512 0.1521
¢, 0.1493 0.1472 0.149 1 0. 145 4 0.1482 0.144 1 0.149 1 0.1457
C,—O0, 0.1221 0.1240 0.1221 0.1245 0.1228 0.1263 0.1220 0.124 1
C,—0,---H, 0.2321 0.2256 0.2307 0.2159 0.174 8 0.166 8 0.2309 0.2238
3.4 HIZHFHIE A ICT s A, X AT o T HE ST T 404, 4

R R LN, UM EEE S TS, B 7 s, W55 & 9, PRODAN S 4 E & W 1F
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Fig.7 The frontier molecular orbital diagrams of PRODAN in Diox, ACN, MeOH and DMSO
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Fig.8 The excitation state energy curves of PRODAN in ACN(a) and MeOH(b)
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