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TS(TI, M-I1S0) Ts(sl, 2NN-M) St Ts(sl, M-IS0) Ts(so, 2NN-ISO)

Fig.1 Front view of the optimized structures for stationary, transition states and
curve-crossing points of 2NN and ISO

Selected bonds distances are in nm.

Table 1 CASPT2(10,10)/6-31G(d)//CASPT2(10,10)/Aug-cc-PVDZ calculated excitation energies of the
low-lying electronic states and curve-crossings of 2NN and ISO

System Species Character AE/ (k] - mol™") System Species Character AE/ (k] - mol™")

2NN So-MIN-2NN 0 TS(SO.ZNN—ISO) 270.7
SircanN T 411.7 TS(TI,ZNN-M) 390.4

T/ pcann T’ 347.3 T\ minm 370.3

T, reony TnoT 375.7 TS(T] M -1S0) 392.0

T3 pconn " 439.7 TS(sl LNN-M) 484.5

S L MIN-2NN a 369.0 S MM 448.1

T3 minann T’ 410.5 TS(S1 M -IS0) 468.2

LPETREISY nyo Fmm " 315.9 1SO S0 -MIN-ISO 40.2

T\ vinany Ty " 290.8 S |.rc1s0 T 470.7

51T vin-2nn am* /w” 405.1(389.5/420.9)“ T reaso o 370.7

S1Ta -2 88 am* /r” 396.6(397.9/395.4) S MINISO p— 4498
ToTyvonw  TnoT/Tyom* 326.4(329.7/323.0)° T yivaso Tt 306.3

a. Energies of the upper and lower states in the crossing point.

¢y =t &

41(71'1 v-4) 42(7[1\10“-3) 43(71'1 v-z) 45(7[11+I711)
46(xh) 46(m o) 47(wi) 48(mi) 49(i.-5) 50(10s)

Fig.2 Orbital configurations obtained by theoritical calculation
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T, ASHBREmE. B 4 "0, JEEM 1S0 ZMFE =4 Ar0” FFZ e RZE D 112. 1 kJ/mol BYHEZRR, 11 S, Al
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Table 2 CASPT2(10,10) calculated one electron density associated the curve-crossing points of 2NN

Electron density

2NN 41 42 43 44 45 45 46 46 47 48 49 50
(myy) (myons) (myn) () (my) (mytny) (70) (7o) (7)) (7)) (7fs) ()
S; T3 minann 1.87 1.93 1.90 1.53 1.36 0.50 — 0.06 0.10 0.12 0.64
1.87 1.94 1.92 1.13 1.74 0.87 — 0.05 0.12 0.09 0.27
S Ty minanN 1.87 1.93 1.90 1.52 1.36 0.644 — 0.06 0.10 0.12 0.50
1.88 1.94 1.89 1.53 1.37 0.51 — 0.10 0.05 0.12 0.62
T, T vin-ann 1.99 1.00 1.95 1.99 — 1.93 — 1.00 0.01 0.08 0.05 0.00

1.99 1.00 1.95 1.99 1.93

— 1.00 0.00 0.08 0.05 0.01
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Fig.3 IRC scans of the transition states in S, and T, state

(A) Reactant Sgynony, (ransition state TS(SO,ZNN—ISO) , product Sy yinasos (B) transient intermediates, reactant
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% 9 o m
20 |0 520 |- T 55 \
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Fig.4 Potential energy scans connecting S, \;n.1s0> Sivnviso ad T vinvaiso along
the N—O reaction coordinate
(A) Spumvasos (B) Spyivasos (€) Tivaso-
5 A CASSCF(10,10)/6-31G(d)//CASPT2(10,10)/Aug-cc-PVDZ 153845 (1) 2NN i & A

AETH I A2 IE . S, e, Tyymans 1 S Ty yony FERIEAER 70510 411.7, 410.5 F1405. 4 kJ/mol, =34
HORRE T i, (BE5H A B E 2. XERIINS o, £8 S, Ty yyany 28X R H R Ty oo S5
TR — DA EA N, AR T ICRE 250 8 [ A SCRHE BB S2(A) MR RE £ 4
RIS, Ty ymvany 2 Ty yony BT B AT FEMRZY 12.6 k)/mol FIRE AR 1. S| T, oy HI UL BE N 396. 6
kl/mol, #8 S, .M 15. 1 kJ/mol, 1HHE T, \xona(315. 9 kJ/mol) 5 80. 7 kJ/mol, BEHAM S, =T sy 2K
Ty IS BRI TR — S50 T TERE 2 WY B2 2RI, T,T any AU IR RE N 326.4 kJ/mol, %%
Ty yivany 99 10,5 kJ/mol, BEHIM T, T iy oxy = Toinany MBI FEARIT-F- N TCRE RIS FE. kit et
T e IRAE 22 [MI AR 7T | 8 S2(B) 1 (C) fe k. B, 2NN FE7E— 25 M S 1e =S Tomany = Toamans =
T, T sy —=T iy o A P4 A
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Fig.5 Excited state decay kinetics and photo-dissociation channels for 2NN

BEAh, BHEIEAE S T, T o AEFIAZS T, 25 MR 323.0 kI/mol, 17 TS (4, ., IIRETEH
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TS (1, axwan 2T LB AR AU RE 2280, HL TS (4, axwy S5 PR SE B S N—O S %A T
90° 1. L, LRSI NMELL R A, B T, o B82S 7242 AXO” RN 40K F IEJIE, S
BEAE S i o =TS (s, anwan =S —Ar0” IS REZR (115. 5 kJ/mol ) % T, BRI I A [R5 1
B, BOREAR. HeAh, 1R 2NN B9 S, BT FORREF B S, T, 28 A A, H S T TS (s, maso) »
T 5 TS (1, vasoy ZIAI G HIAEAE 20,0 F1 21,7 kJ/mol BIAEZ, LA S uann =TS (1, oy = T B
S i =TS (1, wasoy = Tivaso > AT I B8 BRARUXELUAFAE. FIF LA 2NN R AT RETE S, A5 1 T, 25 B A
il 15 L

TFRET 1-AS3EZE (INN) 244 5 J124 19 CASSCF AT (K S3, WA R EE). /I, 4
WAL =S T, AR EAE S, ,NV—>S Ty = o 2 T T e = Tonney B T T iy =

T e A INN RS FAR R R EIRIE. X5 LR 2NN A S BRI IE AR S, 1 =S, Toyman =

Ty oy =T Ty =Ty 173 %ﬁu 3# 5 SEES UL B B INN F1 2NN #EAA R i Rl = A
T RE R

Giussani 2" @ S I B WF ST INN BOG I HL T A & 5 ot PR S AR B R, TTREAAAE — &M
Crom™ ) > mem ™ /S, Ar0" W B IE. Horh, mom™ /S, 28 X pi 45k 5 /] CASSCF(10,10)/6-31G
(d) HRAFEIRY TS o, ) 1T TESEER 0 ARL (I 83, WASCHHER) . 78 INN B EIETH R,
Giussani Z= VA8 Crymr ™), = mom " /S, > A0 i B IR B RCR, N ZE/DAEAE 70.7 kJ/mol 1 HE
28, LR RTHIH T,T iy D FEE T, TS (4 v 2T DAr0” R EEAR AIREZE (" AH2E 3. 8
kJ/mol). I UL, ZHEIEAC XA T, T o 2EBIWIAES T, AHEET T vy FE77AE ArO® B i 21 5 o 22
AIPER. ASCHITT I ZE R IR T, T, oy > BIEZS T, 5 TS (4 vy = T I AL FEREZE N 67. 4
kJ/mol, 3 KT INN [A—id FEAYBEZE (3.8 kJ/mol). PRI AT IA Ny 2NN 4% INN ELA B 1Y S0 1k 3k
0 BCEARAY ArO” AR, RS SR LI 2 2NN AR ArO® 177 2T INN U455,

3 & it

T HE 22 P15 1 1 e 5 5 S IRAR 25 R BB 22 % AE A AL R 1) S A 1A 1S0 J5 A R kA N—O S BT 2L
T GARF 24 ArO® & NO®. 3T Ik, K CASSCF(10,10)/6-31G(d)//CASPT2(10,10)/Aug-cc-PVDZ
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TR, T 2NN SR 1S0 A WA S | iR RS A Masmmaeat. s ik
Wl, 2NN $R £ S, (™) JG G0t RV B BRI N 4T & S| Ty, S, T,, T,T, 38 X sl AT JoHm S 2 0al
EE%FZ:%% Tl—MIN—ZNN’j‘LE' SI—MIN—ZNNE TS(SI,ZN]\'—M) ’ TZTI—MIN—ZNNE TS(T] 2NN- M)ZrETJ Egéﬂj*@(jﬁgi’%iﬂjﬂﬁ%ﬁﬁ
ZEAINIE A ) A ZE L, A3 AFFESR 115.5 Fl 64.0 kJ/mol fH fi_ H S o MLV Z5H, 78
Ts(,,l,zNN_M)wJ‘&ﬂ%#z@J S\ AE T, AWM i, UM ENTE S, M T A WA 7 10 #47 JL A
, HXPIEAS 1SO By SRR M4, RN F i 251 B pe i AW Lo, Fﬁu 2NN &3S B Rt 2 3
%fxﬁﬁgﬂﬁﬂﬁ%%ﬁ? FEFY R T, ZHA, ArO” BRI A,

FHFAZ 8 http ./ /www.cjecu.jlu.edu.cn/CN/10.7503/ ¢jcu20170768.
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Study on the Decay Dynamic of Excited State and
Photodissociation Channel for 2-Nitronaphthalene’

YANG Meng, ZHANG Tengshuo, ZHENG Xuming, XUE Jiadan "
( Department of Chemistry, School of Science, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract Density functional theory( DFT) and complete active space self-consistent field( CASSCF) calcula-
tion methods, combination with the level of activation space(10,10), and basis set 6-31G(d) were used to
obtain structures information of ground state, excited states, intersections and transition states for 2-nitronaph-
thalene (2NN ) and its nitrous acid ester isomer ( ISO ). Multi-configurational second-order perturbation
(CASPT2) method with basis set Aug-cc-PVDZ was adopted in calculating the energy of all the given struc-
tures and the Frank-Condon areas. At the same time, the potential energy surface scans along N—O bond were
carried out to determine the feasibility of the dissociation for isomers. Finally, the overall picture of decay
dynamics for 2NN after being excited to S, .(7m" ) was presented based on those calculation results. The
results show that the nonradiative decay pathway to T, state of 2NN originates from S, ;.(7#7" ), undergoes
intersystem crossing and internal conversion through curve-crossing points of S, T,, S, T, and T,T,. Thus the
efficient decay channel can be: S, ;¢ =S, Tyymany 08 S Toyvany = Tavvany 08 Tonivany = To T yivany =
T, wnony- This pathway is the most important nonradiative decay channel for excited state decay dynamics of
2NN due to the small energy barrier and high efficiency of forming transient species of T, state. In addition,
calculation results on the potential energy surface suggest that isomerization reactions from 2NN to ISO need to
overcome big energy barriers in S;, T, and S, states, respectively, which results in the pretty low efficiency of
ArO’ radicals.

Keywords 2-Nitronaphthalene; Complete active space self-consistent field ( CASSCF ) ; Decay dynamic;
Isomerization ; Photodissociation
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