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Fig. 1. (a) Molecular structures and corresponding atomic
numbers of pentafluoropyridine; (b)-(d) geometric struc-
ture of the S, state was calculated under B3LYP, M062X
and SA-CASSCF (8, 8) methods.
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Fig. 2. Geometric structures of the S; (upper) and S,
(lower) states were calculated under B3LYP, M062X and
SA-CASSCEF(8, 8) methods.
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Table 1.  Structural parameters of the S; and S, states were obtained by B3LYP, M062X and SA-CASSCF(8, 8) methods,
respectively (Bond length and dihedral angle are A, (°) in units, respectively).

S, S,
e B3LYP/ M062X/ SA-CASSCF/ B3LYP/ M062X/ SA-CASSCF/
6-311G* 6-311G* 6-311G* 6-311G* 6-311G* 6-311G*
C—F, 1.32 1.31 1.31 1.34 1.31 1.29
Cy—F, 1.34 1.33 1.33 1.34 1.33 1.33
Cy—F, 1.41 1.37 1.37 1.39 1.37 1.29
C—F, 1.34 1.33 1.33 1.34 1.33 1.32
Cs—Fs 1.32 1.31 1.31 1.34 1.31 1.30
C—N 1.32 1.32 1.32 1.33 1.32 1.44
Cy—N 1.32 1.32 1.32 1.33 1.32 1.36
C—C,y 1.43 1.43 1.43 1.38 1.43 1.35
Cy—Cy 1.40 1.40 1.40 1.44 1.40 1.43
Cy—Cy 1.40 1.40 1.40 1.44 1.40 1.47
C—C; 1.43 1.43 1.43 1.38 1.43 1.34
C—Cs 2.20 2.18 2.21 2.29 2.18 2.36
Cy—C, 2.28 2.28 2.36 2.45 2.28 2.52
N—C,—Cy—C; 3.83 5.31 1.13 3.07 5.42 20.69
Cy—Cy—C—C,y 13.26 13.33 0.30 16.25 13.16 20.64
Fy—Cy—C—C, 54.38 52.09 45.11 75.49 51.89 55.04
F—C—Cy—C, 13.68 14.05 3.13 12.19 14.58 32.02
Fy—Cy—C—C, 6.96 9.10 2.96 7.32 9.66 18.20
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B RIS, 1A B B OGS S0 45 R 22
VA . HIXF M062X J7rik 3R i, BSLYP
T ARAS AR 1] % 1) (i

S, (VEE) S(VEE) o B3IvP
So(VEE) —— M062X

1.0

0.8

Exp. S1(VEE)
1S, (AEE)
Exp. S1(AEE)

0.6

0.4

Normalized intensity

|| S(VEE)

220 240 260 280 300
Wavelength /nm

3 FIH B3LYP Hl M062X 77 ¥ 545 2 #9 T J e e 3
T MO TE

Fig. 3. Absorption spectra of pentafluoropyridine by B3LYP
and M062X levels.

3.3 RN EHMFNER

FIH SA-CASSCF HikIHE THIEA X S,/8,,
S1/So F So/Sy BHIZEHE, A5FGUNIE 4 Fr7R, S5k A
S HI R 3H . IR RIHEIE 3L X S,/S,,
S1/So 1 Sy/Sy WILEHER & AR T 2544, 3 e My
R AR R AE R . 7R 3 ANHEIE A L g5

254 6-311G* L4 A A B T RMEIE > T S, A S, hY

Table 2.  VEEs and AEEs (in eV) of pentafluoropyridine in the S; and S, states calculated at B3LYP, SA-CASSCF(8, 8),

MO062X and CASPT?2 levels with the 6-311G* basis set.

Methods >

VEEs Dev/% AEEs Dev/% VEEs AEEs

Exp.? 4.88 — 4.60 — — —

RI-SCS-CC2% 5.10 4.5 4.60 0 6.35 —
XMCQDPT2 4.89 0.2 4.41 4.1 6.23 5.26
B3LYP 5.33 9.2 4.41 4.1 6.28 5.26
SA-CASSCF(8, 8) 5.47 12.1 4.84 5.2 6.92 6.69
MO062X 5.63 9.8 4.80 4.3 6.50 6.15%

CASPT2 5.02 2.9 4.41 4.1 6.33 —

o ok B BHICR[22); P FETM062X/6-31G* 454
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fifE C—F A s AL, 6K 2 1.30—1.32 A.
BREEFE A XS, /S, Il Co—Cy BERYREKJE 1.39 A
ZAN, HARHEIE 22 il C—C B K 2 1.45—
1.49 A HEEAE X S, /S, 45FHY C;—N #EF1 C5—N
HEMEER A 2E 0.26 A, 4390102 1.45 AR 1.29A, T
HEIEAZ XS, /Sy F1 Sy/Sy Bt C—N A C;—N
B R BRI, U2 0.2 AN 0.6 A. HEIEAS
X Sy/Sy WL R FNAS TAF rp i A RS- TG A9 2544
WG A AT 4TS XS, /S, H Cp, Cy, Cy Al Cs
VU R F AN A [ — P, C) JR TR C T
FEXT N, Cs, Cs F1 Cy 4B 5 B 311 2 F- i 41

(a) S2/81 (b) S1/So (c) S2/So

Bl 4 SA-CASSCF KF FIHEIEZE LIWEEH  (a) So/Sy;
(b) S1/S0; (¢) S2/Sg

Fig. 4. Structures of conical intersections under the SA-
CASSCEF level: (a) Sy/Sy; (b) Si/Sp; (¢) Sa/Sp.

%3 SA-CASSCF /KT HYHEIE 2 LI it 2
BB A, A (°)

Table 3. Structural parameters of conical intersec-
tions were obtained by SA-CASSCF(8, 8) methods
(Bond length and dihedral angle are A, (°) in units).

E 2 Sa/54 S1/S0 Sa/So
C,—F, 1.30 1.30 1.31
Cy—F, 1.32 1.31 1.30
Cy—F, 1.30 1.32 1.32
Cc,—F, 1.32 1.31 1.30
Cs—F; 1.30 1.30 1.31
C,—N 1.45 1.31 1.48
Cs—N 1.29 1.33 1.42
C—C, 1.47 1.46 1.49
Cy—C; 1.39 1.46 1.48
C—C,y 1.49 1.47 1.47
Ci—C;s 1.45 1.45 1.49

N—C,—Cy—C; 29.72 2.15 22.59
Cy—Cy—C—C, 10.90 46.24 12.28
Fy—Cy—C—C, 11.57 36.30 64.87
F,—C,—Cs—C, 9.84 30.71 0.81

Bl iy, B 555 & I F- 1w Y e A C—
Cy—Cy—N il C;—Cy—Cy—N 43 5l & 28.64°F1
11.80°. ILAh, FI C, JRFH1 C, JR FAHER Fy BT
I Fy X T Fi—C—Cy—Cy I Fy—
C—Cy—Cy M 5HIJE 35.29°H1 11.65°. S, /S, &5
SRR, R Cy HIXT Cy, Cy, Cy AT Cy PUAS R
FIAER S A AT P A iy, Pog s —
I /i C;—Cy—C—C, Fl F3—C3—C—Cy /35l &
46.24°F1 36.30°. HEIEAC XL S, /S, At Cy JHiT-
N JFEFHIXT O, Cy, Cy, Cs PR T-4H 155 77
WP B, W Fy R By B A A T
i, HEIEAZ L Sy /S, FTIE LR 45 # 2 par Uy . HETE
X Sy/So &5 H ) i f Cy—Cy—C—C,
Fy—C3—C,—C, 4 & 12.28°H1 64.87°, Ifif 1
i N—C,—Cy—C;s LI}z F—C,—Cy—C, 3 31 &
22.59°F1 60.00°. FJJH SA-CASSCF J7i%it8E T 4
TEAE X Sy/S, S1/So I Sy/Sy I HE & 43 ) & 6.39,
5.16 A1 8.51 eV. MFEMITTFEIKFET, Sy A HIHE
{LHHEIE 22 XS, /S, MR R 0.30 eV, [H 2%
THEIE A2 X S,/S) M RE /& 1.82 eV. X R 4L T
S, % BHE 1T AY I A T DL 25 B Mo 3 i HE B 58 X
So/Sy MR E] S, A&, RN S, BT EE LR RE = A
REF IR TE 28 XS,y /Sy, A LA s HEIE 22 XL S, /S,
HEmERE Sy A R ME KA. HETE 22 X
S,/S; MREREL S /S, MRER K 1.23 eV, A 1EE
HHEIEAC XL S, /S, e st et Fne e, K&
HEEAE XS, /S, MIfiE It S, SR e a5 B e
i 0.32 eV, IX SE 5 85 i 1Y BE A 1Y I A 5t 75 2
S, /Mg UG, IR S i HEIE 2 XS, /S,
SRR E] S, A
AN, AR SCRik [33-36]) HEAR:

E = dg |:O'Il’ + oyy

s\reem e Be o] o

LT 2r T as A R Y S, /Sy, S1/So Al So/Sy I 4 4
Wivs o, 0, Ag Fl dy,, Hh o, Ml o, fRFHE
T3 U A 5 3 BT 1) B RERR, Agy FlI dyg, J3 0434
BT 28 SR X R e 2 R A} 3 31, 3 4 A
WHNSEINIER 4 .l 4 NMRINSEEN L AT
X Sy/Sy, S1/So F So/Sy TE4r 3 23 [l £ 6 A
Kl 5 . 3 NHEFE A2 X S,/S:, S1/Se Fll S/Sy HY
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o, Ml o, FIME RN, #REAT W HAK FRAEASHE.

I THEIEAE X S,/S, I S,/S, 1 o, Fl o, (AR

/N, So/Sy S, /So 43 BIAE y 7 1a) R o J5 1) WS A {0

R} T Sy/So 19 o, L o, fHK 0.40 eV/A, 1E53 355
F 4 HIBIZ XA A B P HENS R

Table 4. Topological parameters of conical inter-

sections in branching space.

S8 S1/S0 Sa/S1 S2/S0
o,/(eV-A1) ~0.0047 0.1413 0.4016
o,/(eV-AY) -0.0207 0.0757 ~0.0001

Agn -0.9904 -0.9796 -0.8647

g 1.5000 1.0212 0.6159
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Fig. 5. Topological structure of conical crossover in bifurca-
tion space: (a) So/Sy; (b) Si/Sg; (¢) So/Sy in the branching
space. Energy in eV; z and y in A.
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Fig. 6. Nonradiative relaxation dynamics of pentafluoropy-

ridine.
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Abstract

In this work, the molecular structure and energy of some critical points in nonradiative relaxation process

of the excited state of pentafluoropyridine are studied through quantum chemistry calculation. The structures

and the vertical excitation energies and adiabatic excitation energies of the ground state and two lowest exited

states are calculated. The geometry of the ground state is a planar structure with C,, symmetry, while the

geometries of the two lowest excited states are half-boat structures with out-of-plane distortions. Furthermore,

the topology structures and energy of the conical intersections of S,/S;, S;/S; and S,/S, are determined. The

topology structures of the conical intersections S,/S;, S;/Sy and S,/S, in the branching space are all peaked

with asymmetric structures, and are determined to be structure of boat, half-boat, and chair, respectively. Their

corresponding energy values are estimated at 6.39, 5.16 and 8.51 eV, respectively. The results show that the

primary non-adiabatic relaxation pathway is the wavepacket of the S, state rapidly evolving into the S; state

via the S,/S;, and then directly relaxing to the ground state via the S;/S;. In addition, the probability of

directly relaxing to the ground state through S,/S, is smaller.
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