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Bk, k= B Eh )2 .

# 1 2, 6-NDA fRA LM
Fig. 1. Gound state structure of 2, 6-NDA.
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TE 267 nm MGk N EBLH T, —ESHITH,
MAE 193 nm SGHECE T W R & 42 C—C il
2 FRPIR L e e 4 £ AR I P 1 120,
1, 8-ZE “HIR IR R AR5 S, Y AnbldiR sl
RE K B 46 0, UESE T N 5 R 38 AFE
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F R R g 2223 HOEOR E R i X — AL B IR o0
IR T ).

X — R IR TAESE R R T SR 2% | o
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AL AR S A D READ R R R BRI T 2R
7. SR, HETX 2, 6-NDA 286 E 8l J1 24 1
REMFAE NG Z , AL bR ALH] 53R A
Jr 5 AR AR I, X AR — e R L2 T
Yife e i it SR i, ik, AuHs
FIH CRP RS BOGIEH R, 256 mFihsit A,
A3 FIH 328 5 266 nm BYZFEIHYGRF 2, 6-NDA 43
FHEZARMETHES, RERNILAE DMSO
VSV TR S TR AT N 5 N A S R R O

st PR A SIS R, B RO A AL S
FORHEREDL AR i 2h F1 22T,

2 S

Sz 86 v ] 2, 6-NDA (4l B = 98%) il
DMSO #0F R BUH 2 Ze b2 Tolk A BRA A 3
i INESALG6 AU £ 4h-1] WLt Bt (i
FARRAE]) W TARMEEET (0.025, 0.05, 0.1, 0.3
A110.5 mmol /L) 2, 6-NDA ¥ & i £ 25 W O 1
PR FE A 0.5 mmol /L Y 2, 6-NDA ¥ ¥ H T
S IOEHE.

TP ] 73 B A 5 S R SO 1 A A T
YEr A 215 2201 s BLAGHRA T 1] A 3R . TR
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iR 35 fs, HRAEE N 700 pJ /pulse. FATELE 8:2
FIA S A AR, Herf 80% MY 4t BBO
A, BT SRR ZOE S R E R R,
J A S v TR AR DA OGRS .
A Sz R FH 328 1 266 nm AY S HOG, Sk
BEE 4 0.35 F1 0.8 pJ, H T & ARl &Y B F
B T—H 20% WL CaFy A=A KA
R 350—720 nm Y HE % LE FOEAE R ERIDE.
SOLAR TII MS2004i ) %1 (SOL instruments
Ltd.) Ml S BESRIE 5. ZE06 SHINDEZ [l
B SR ] 3 2 22 B AR R O B L AR ST
HEATRT, GRS 5 85 19 e R B SR B E] 21 1 ns.
B 0.5 mmol /L W HRBIAERA 1 mm JERRA) £ 5%
Fo e L, Rl R B R R sl G G B S
SRR R FIADE R T TBAR I R AL i
SRR~ TR 2 SO 5 114 i J7 s i) (241 5L 25 M 17 Ry 50
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AHICHE] A 150 fs.

3 IHET®

N T RS T B s ad B AR
1 B3LYP/6-31G(d, p), CAM-B3LYP/6-311++
G(d, p) Fl M06-2X/6-311G(d, p) = Fh B it K F
T, fifk T DMSO 1 2, 6-NDA ByJEA . S, 1 S,
BRSNS, X T FTA T T e as b it A7 i
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SRS, BRINTERRE SR B R, SR
FIVEEARA FERIENT 2, 6-NDA 4544 5 BE 1 (15,
R A BT T FIR RO 1T
FARART 2, 6-NDA 731 1£ DMSO #5355 P )
Sy, Sy BRYBIEERIT | 45 A RE (adiabatic energy,
AE)., TEH K BE (vertical excitation energy, VEE)
K PR TR (oscillator strength, f) S5 4L
W 2, 6-NDA 705 N R THAEHLH, 2T
Ja LT E5 4, B T 2, 6-NDA 0 F7E S, ik
I TN BT FRAL AL AR T RS E R AH
K T B2 FIH Gaussian 09 8CF 4 58
1 27,

HT ORCA 5.0 P2 EHH A 2, X S,
LR T D R f P U R i ) S e |
J1% (ab initio molecular dynamics, AIMD) £54Ll.
PL S 2SI BUAE S 400 4 2 4y, P8 500 A5 2 O i
AP (solvation model based on density, SMD)
FiAl I Berendsen #WAFEIRAE 298.15 K. 3&F
B97-3c iZ ifi 2, {1} ORCA 1y TDDFT #idiftty
IV, BAUR KN 0.5 fs, MUSHLIE Y 1 ps.

4 HER58

4.1 HHfngE=E

HT B3LYP/6-31G(d, p), CAM-B3LYP/6-
3114+4G(d, p) Al M06-2X/6-311G(d, p) F7 &, 4+

B4 T DMSO BFIH 2, 6-NDA 43114 Sy, S;
F1 Sy M LA EERE. 6 1 5 T3 s L B A
TEAMESEL Wk 1 PR, 78 3 FERE K
AL EI Sy, S, 5 S, AV | B &
FESASEO B R, RSB AT
Oy F LA AR B SR AU, 7E BSLYP/6-31G(d, p)
FEKFET, C—O, 5 BEKAE Sy B0 1.35 A, #£ S,
58S, B0 1.36 A, 8K 0.01 AL 1 Op5—Hys #
KIE 3T TR 097 A, UWLliZs T
TEH PR AR OIF R R A2 W1 Sk i B AP 4 T A2
£ CAM-B3LYP/6-311++G(d, p) Fil M06-2X/6-
311G(d, p) PIFHEUEITIE T, Cp—Oq3 #ETE Sy 25
ik 1.34 A 76 S, 5 S, 1950 1.35 A, 1fif O5—Hy,
R INRUETE 0.97 A, E—BESE T #EK AR LY
s M AR kA R ) —Eh. 78 B3LYP/
6-31G(d, p) HUL/AK P, B EAY C;,—05—Hys
HEFITE Sy &0 107.08°, 7E Sy 1 S, 4344 106.27°
F1106.73°, ARLIR EER/IN. HHELZ R, ZEARGE 1
JCRRIH B A TS, C—Co—Cy B
So &MY 120.26°08/NE S, A1 117.74°, 7E S, BN
119.80°. Cy—Cy5—C, B M FE Sy, Sy Ml Sy 243 5
9 120.09°, 121.40°H1 120.66°, 25 {45 K i % . H:
M PIFP LS T AT A RN B B A e $3RH
ZRIN X G5 A TR AR B R B T S ) i G e 2 IR SR
B, SR AT R R A5kt 7 BRI R 284 B A
B/ INES iy, T EAER G ) B P 4, AR TR

# 1 2,6-NDA 471 DMSO %I S0, S1 F1 S2 ZSANE 44 | da . T M S5t S5k

Table 1.  Parameters of bond lengths, bond angles and dihedral angles of the S0, S1 and S2 states of 2, 6-NDA in DMSO,
respectively.
B3LYP/6-31G(d, p) CAM-B3LYP/6-311++G(d, p) M06-2 X/6-311G(d, p)
So Sy Sy So Sy Sy So Sy Sy
Ci1—0y, 1.22 1.23 1.23 1.21 1.22 1.22 1.20 1.21 1.22
aic /A Ci1—043 1.35 1.36 1.36 1.34 1.35 1.35 1.34 1.35 1.35
O13—Hyg 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
Cy—Cypy 1.49 1.46 1.47 1.49 1.45 1.46 1.49 1.46 1.47
015—C;1—0q3 122.38  121.73  122.12 122.29 121.43 121.85 122.88  122.10 122.31
C1—0,5—Hy; 107.08  106.27  106.73 108.37 107.72 108.01 107.96  107.30  108.07
R Cy—C;1—012 124.68  124.72  124.36 124.68 124.77 124.44 124.43 12453  124.16
’%ﬁfﬁ/( ) Cy—C1— 043 112.94  113.56  113.52 113.03 113.80 113.71 112.70  113.37  113.53
Ci—Cy—C;5 120.26 11774  119.80 120.42 118.12 119.83 120.76  118.31  120.30
Cy—C3—C, 120.09  121.40 120.66 120.01 121.27 120.93 119.86  121.20  120.68
Cy—C;1—0;,—0y3 -179.98 180.00 -180.00  -179.97 180.00 180.00 -179.95 -180.00 179.97
B o CCi—0;5—0; 180.00 -180.00 -180.00 180.00 180.00 180.00 180.00 -179.99 179.97
— T/ ) Cy—Cy—C—C; 0 0 0 0 0 0 0 0 0
C—C—Cs—Cy 0 0 0 0 0 0 0 0 0
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FEL AN « KR . /£ B3LYP/6-31G
(d, p) KFF, i Co—Cry—015—046 1E Sy &5
b 180°, 7E Sy Ml S, A34°-180° £ CAM-B3LYP/
6-311++G(d, p) IHEHZ T ATE 3 S ARHE T
B FHIK 180°; 7E M06-2X /6-311G(d, p) 5 S,
A0 180°, Sy Al Sy A 43| A -179.99°F1-179.97°.
M i Cy—Cy—0g—0, 7E 3 FhHIE R 7E 45
FAPRERER 0°. I AMNSSREN, G520
SREAENIEA n R RAE Sp, S, 5 S, B
PRFE s B, IR R G R B 25 4
W, ZER AR R BN AR AN OR R 25 BT
R, 2, 6-NDA 7E HL U B v (8 285 46 i 7 3 22
S T XIS, TR IR 73 LA 1 75
Ko FREAR BT A DA SEAR Gl

25T 3 MR AR 2, 6-NDA
4y F1E DMSO IEHI Sy, Sy A HEE BRITE | 444
fit (AE). T ETIABE (VEE) KX B4R -0 J3 45
S0 78 TD-B3LYP/6-31G(d, p) HiE/KF T, S, Al

S, K AE 4351k 3.44 €V F1 4.16 €V, VEE 43 5]
9 3.68 eV F14.30 eV. L2 T, TD-CAM-B3LYP/
6-311++G(d, p) HEIHEASEIN S, Fl S, &I AE,
VEE #J75 F TD-B3LYP/6-31G(d, p) A5 5 1M
TD-M06-2X/6-311G(d, p) FiETTHEER S, &M AR
IS AT TD-B3LYP/6-31G(d, p) FIig /K i3
Gh, HiAthBE 1 %5 T TD-B3LYP/6-31G(d, p) B
THREZR.

1E 3 FHLS/ACE T, THEASEI S, M S, B+
TR EE 43515 0.1020 1 0.1373, 0.1296 F1 0.1612 &
0.1140 F1 0.1219, #RFRAPINHE S RBGE AT i J&
&AL R EW S, B XY T HOMO—LUMO
HHFBRIE, Sy ML T HOMO-1—>LUMO [y
BT, K 2(a) JE/R T TD-B3LYP/6-31G(d, p) ¥
WAKET 2, 6-NDA 43F7E DMSO H1/) HOMO-1,
HOMO 5 LUMO 43FHi ek, X EiE 53 i
T ~, © 5 o EIE, BT o BB EZE NN
C—CHEM C—HEE I, R S M S, B#HEA

%2 IHEM 2, 6-NDA 73776 DMSO H'#) S1, S2 ASHIPUEERIT | 46 3ARE (AE), WK RE (VEE) KO N AYHR TR EE (f)

Table 2.  Calculated orbital transitions, adiabatic energies (AE), vertical excitation energies (VEE), and corresponding os-

cillator strengths (f) of the S1 and S2 states of 2, 6-NDA in DMSO.
State Orbital transition AE/eV Ap/nm VEE/eV Avee/nm f

TD-B3LYP/ Sy (mm*) HOMO—LUMO 3.44 360.4 3.68 336.9 0.1020

6-31G(d, p) Sy(mm*) HOMO-1-LUMO 4.16 298.0 4.30 288.3 0.1373

TD-CAM-B3LYP/ Sy (mm*) HOMO—LUMO 3.66 338.7 3.99 310.4 0.1296

6-311++G(d, p) Sy(mm*) HOMO-1-LUMO 4.35 285.0 4.55 272.4 0.1612

6-311G(d, p) Sy(mm*) HOMO-1-LUMO 4.06 305.4 4.67 265.4 0.1219

2 (a) F B3LYP/6-31G(d, p) Blig/K 4K DMSO H 2, 6-NDA f§ HOMO-1, HOMO 1 LUMO K4 F#Uili; (b) 2, 6-NDA

HOMO ()

1E DMSO # S0, S1 F1 S2 75 v 4% 51~ Ha, fif 434 |8

Fig. 2. (a) Molecular orbitals of HOMO-1, HOMO and LUMO of 2, 6-NDA in DMSO calculated at the B3LYP/6-31G(d, p); (b) the

atomic charge distribution diagrams of 2, 6-NDA in the S0, S1 and S2 states of DMSO.
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TREAE . AN, CAM-B3LYP/6-311++G(d, p)
FI M06-2X /6-311G(d, p) T HE AR HLIE MRS
B3LYP/6-31G(d, p) #ifl. tEAk, &l 2(b) 45T 2, 6-
NDA 7£ DMSO 1 S, S; 1 Sy 75 4% 5+ [ Ay
fp o3 An, B5FE IR T AN R HL A A L2 B A A
A B, R KA B TR

4.2 Z5p-RT LIRS

& 3 2T 2, 6-NDA 7£ 0.025, 0.05, 0.1, 0.3
F110.5 mmol /L AN [l B2 T B 52 56 28 -7 LI
S 3 FhES kRO GIE. Bl 5 St Zext
IO TSI e AR A WS I T B DX AR SR
BT 3 AR RIENS AR B R . &3
52 I T3 O M X B TS B N S S AR
MIZERL. Fdl AR, SR A B3LYP/6-31G(d, p)
I AR DL 5L & AR T
(AR S WIS T 4R T — B, W WAC iR B i R 38 0 /)
/. GG ARk SR TR B b0k B [ N R
RS TFRESVESE Y. RAERPOLIER
IR P 5 48 35 I 1 T A BRI Y, A4S 260—
300 nm 365 [l N ECSR IS AT 310—365 nm {i[F]
P55 ISR . 3k TS W e Xof g T SR BN
[ R S ERT. 76 3 FREE/KOE R S, &
AE } VEE ¥ F 310—365 nm P K XA, 1
S, 25X R ) g B U AL F 260—300 nm 78 F. W

[ 1B3LYP/6-31G(d,p)

[ | CAM-B3LYP/6-3114+G(d,p)
MO06-2X/6-311G(d,p)

Se AE — 0.025 mM
1.0+ l 0.05 mM
— 0.1 mM
> — 0.3 mM
7 08f — 0.5 mM
g
g
£ 06
e
9]
XN
- m
) L
g 0.4 <
z ~
=} w0
Z
0.2 |
t266 nm 328 nm1
ok L h

260 280 300 320 340 360
Wavelength/nm

K3 REIMEE 2, 6-NDA ¥R 19 S B Fl 3 Bl 3iig I vk
THE Y 5 Sh- T W OL3E, H T #F Sk AE KR B3YLP/
6-31G(d, p) N R RBL BE

Fig. 3. Experimental and calculated UV-Vis absorption
spectra of 2, 6-NDA in DMSO. The arrow AE represents
the adiabatic excitation energy based on the B3YLP/6-31
G(d, p) level.

TP R PR W T B S =S BRAE, A K
W VA 8 A Sye—S, BRAE. W3 2 B/, B3LYP/
6-31G(d, p) I3/ AE Fl VEE 15 5256 I 15 i 1)
ot RE R . WA, THERY Sy IR IR R
TS, MR T IR, LT AR AR BT 191
J3t, 355 R A MR AT R v R 25 38 Y D8 3 1 R A
S TR A B — B Ak, AN IR A
3 AW PRSI, Sl T AR B AT A
= RSN RE A5, AH AR IR 3% 2 6] 1) Al 1 22 2
H0.15 eV. fEASZE R 328 55 266 nm /N
W, HOETRER M50 3.78 55 4.66 V. M
F B3LYP/6-31G(d, p) T S, 5 S, M4k,
MR 2742 5 4041 em !, WIS LA
B AR KR S, 5 S, I E IR A X .

4.3 S, S ERRTER

SCHik [14]) #R3E 2, 6-NDA 4 175 i e J¥ 51
TR IR A AR BAE ST B R . 7R
ARSI e, IR BE AR S IR IBO G R AR 21 2,
6-NDA 73 FRAEME, HEBR T B T RAKIMIE 5L
1453 ) U BEAR AR T S M B R 7. ]
i 2, 6-NDA £ S, & LA F NI TR, A
9 26 FHHE B %5 DMSO, DLHERRE R4+ 5
5 Fac e n g, SCHR (30, 31) IBFRE R, %
KRBT TFWTEFHFS (excited state intramolecular
proton transfer, ESIPT) i 2 % £ i 5 £k #18 H
TR R E T, RN T o kAT
R oy F X . W 2(a) BT, 2, 6-NDA
FIR) IS £ L3 P, 2 JBE A1 A UL K 1) JB e % A7
SAEPIRHE. [FEE, niE 2(b) B, 2, 6-NDA 7F
So, Sy Fl Sy A5 1A% - 1 1 HL £ 43 A B3R B[R]
FL 2 Y FL 4 B A AT B B A2 1.

4, #F TD-B3LYP/6-31G(d, p) Fig )y
25, BhE T TP RS I N B N AR T 1Y
HEA, WE 4 FR. GBI BN, S AR
Fi-FEES (FO) XIAEHH 3.68 eV, T T4 4% id
WEARIRER N 4.82 eV, “HERZEAN N 1.14 eV
(WY 9195 em ). IXBEARIE R TR0 328 nm R
G IR LAY AN 2742 em ! BIRBIAE. 541,
7E TD-CAM-B3LYP/6-311++C(d, p) Al TD-MO6-
2X/6-311G(d, p) PIFIERIS/KF T, TR S
HIRER 7090 5.24 eV F1 4.92 eV, WL T S; &
i FC XIlpE. I, 7SRO R T, 71k
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Fig. 4. Intrinsic reaction coordinate scanning based on the

2, 6-NDA proton transfer transition state.
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Fig. 5. (a) Changes of O12—H23 and O13—H23 bond lengths in the SI state over time; (b) the spectrum of the curve of
013—H23 bond length evolution over time after Fourier transform; (c) infrared vibrational spectra of the S1 state calculated at

B3LYP/6-31G(d, p).
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Fig. 6. Time-resolved transient absorption spectra of 2, 6-NDA in DMSO upon (a) 328 and (d) 266 nm excitation; normalized de-

cay curves and residuals (b), (e) at 360 nm, and (c), (f) at 480 nm following 328 and 266 nm, respectively; circles and solid lines

represent experimental and fitted data, respectively.
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Table 3. Kinetic fit parameters of 2, 6-NDA in DMSO.

Values in parentheses give the 20 standard deviations with

55

respect to the last digits.
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Fig. 7. Dynamics processes of 2, 6-NDA in DMSO.
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High-vibrational excitation-induced relaxation
dynamics of 2, 6-naphthalenedioic acid”
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Abstract

The radiative or non-radiative relaxation pathway of excited-state energy plays a crucial role in
determining the feasibility and efficiency of photochemical reactions. As a key intermediate in pharmaceutical
synthesis, the photophysical dynamics of naphthalene-2,6-dicarboxylic acid (2,6-NDA) have not been
systematically elucidated. In this study, femtosecond transient absorption spectroscopy combined with quantum
chemical calculations is employed to investigate the ultrafast dynamics of different electronic excited states of
2,6-NDA in dimethyl sulfoxide (DMSO) solution. Structural analysis reveals that electronic excitation of 2,6-
NDA predominantly induces bond angle relaxation within the naphthalene core, while the geometric
configuration of the carboxyl groups and the overall molecular planarity are largely preserved. Upon excitation
at 328 nm and 266 nm, molecules populate different electronic states. Following excitation to high vibrational
levels of the S; state, the molecule undergoes rapid vibrational cooling to lower vibrational levels, followed by
efficient internal conversion back to the ground state. This relaxation pathway is facilitated by the fact that the

initial excitation energy exceeds the energy barrier at

the S;/Sy conical intersection. For molecules excited to o i & -
highly vibrationally excited levels of the S, state, ,w‘//*“r | =
vibrational relaxation precedes S,—S; internal - ‘e J‘:{ 77‘; -
conversion, after which the system ultimately returns IC S,

to the ground state. However, due to substantial

vibrational energy dissipation during the S,—S; b J‘/‘ < ®

i i . i . g o’ W =

internal conversion process, the residual energy in the (] » ‘)‘ )

S, state falls below that of the S;/S, conical S,

intersection. Consequently, the subsequent relaxation S1/80 conical iiet i

rate to the ground state is slower than that observed

for the pathway initiated by direct excitation to high s 1C

vibrational levels of the S; state. These findings IC

demonstrate that the internal conversion rate between )‘ /‘ ‘/‘ ‘,
excited states can be modulated by the initial Path 1 ~ J)‘
photoexcitation energy, offering a potential strategy for

designing  fluorescent materials with excitation So
wavelength-dependent properties.
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