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Photoisomerization Mechanism of the Trans-cis Azobenzene
Sulphonate Derivatives

ZHU Yue PU Min" HE Jing EVANS David G.
(State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical Technology, Beijing 100029, P. R. China)

Abstract: Photoisomerization pathways for 3,3'-azobenzene sulfonate (3,3'-AbS) in the S, and 7, states were studied
by using density functional theory (DFT) at the B3LYP/6-311++G(d,p) level. In the S, state, there are two isomerization
pathways: the inversion of one NNC angle combined with the rotation around the NC bond and the rotation of the
CNNC dihedral angle. The energy barriers of the two pathways are 94.2 and 124.3 kJ -mol™, respectively. It is worthy
to notice that there exist second-order transition states on the combination pathways of inversion and rotation. In the 7;
state, only the rotation pathway exists and its energy barrier is 21.1 kJ -mol~. To investigate the photoisomerization
pathway, the potential energy profiles of the vertical excitation for the excited states (T3, Sy, Ty, and S,) were calculated
by time dependent density functional theory (TD-DFT) at the B3LYP/6-311++G(d,p) level along the two pathways. A
photoexcitation at 330 nm results in the reactant molecule populating the S, state and then undergoing a rapid
relaxation to the minimum of the S, state. Two possible isomerization pathways exist through the rotation pathway as
follows: (1) the isomerization can easily occur through the Sy/S, conical intersection (CI) and descend to the S, state;
(2) a relaxation to the T, state from the S, state may occur and the reaction can take place via the S,-T)-S, path.
Calculation results show that the primary isomerization pathways for 3,3’-AbS are a combination pathway of inversion
and rotation in the S, state and the rotation pathway when it is excited.

Key Words: Density fuctional theory; 3,3'-azobenzene sulphonate; Photoisomerization mechanism;
Excited state; Potential energy profile
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SRR A PRI A BLAE . AR R334
A EIHE TR, B UE T A S A PR B R
15 T AR s fE. 43494 T CNN B £f1 (90°—
280°)Fil CNNC —_[fi ffi(—210° — 40°) A aE 51 1Hi, #fi 2
T 3,3"-AbS 1Y S, A AALIE. T, 25 Fge ) ]
JE i 1 M —-70.0°F1 -290.0°F1 fifi§ CNNC —1ai f1 15
(). FEAS SIS A Ak S vy g i 2k |, SR
By 5 B 17 SR RIS M-9(TD-DFT), 7E B3LYP/6-311++
G(dp)/KF L T B EH M A RE. PRSI ik
L NE NP rsiipung = e o= e [Tl e AN Y S E R
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TR P,

2 HBRE5IT
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210 FHEAMA

3,3"-AbS i A IS W L 5L 0 R R AR, LA
7E 1 L (EADS) A 2L (ZAbS) P AP A AL, 4l 1
7~ 5 SR A R R R AT A O 1) R A5 S 4
§1F 3 1. EAbS WK I AE—A- P b, —
Il ffi D(C1ON11N12C13)(LA T & #%4 D(CNNC),
-179.69°, i %3 /NP4~ 1 /i D(C1C10N11N12) Al
D(N1IN12C13C14)34°4-177.89°. ZAbS J&:ARF-Hit4
A, H I /1 D(CNNC)H-9.33°. % 2 4l T 4%
VIR R 2 T S RERC IE S I BE . 4 F R
1EJ5 ZAbS HUfEHE L EADS 7 63.8 kI-mol™(L F it}

EAbS’

F1 3,3-AbS EEN S, HWETELEMSH
Table 1 Some main geometrical parameters of
3,3’-AbS in the §, state

Parameter EAbS EAbS’ ZADbS ZAbS’
R(C10N11) 0.1420 0.1419 0.1437 0.1437
R(N11N12) 0.1251 0.1251 0.1241 0.1241
R(N12C13) 0.1420 0.1420 0.1437 0.1437
R(C5S23) 0.1793 0.1794 0.1793 0.1794
R(S23024) 0.1447 0.1446 0.1446 0.1446
R(523026) 0.1649 0.1648 0.1649 0.1651
R(O26H27) 0.0969 0.0969 0.0969 0.0969
A(CION11N12) 115.09 115.16 123.05 123.46
A(NTINI12C13) 115.09 115.08 123.02 123.42
A(024S23025) 122.70 122.68 122.30 122.67
A(025523026) 106.89 106.95 106.74 106.75
D(CICION1IN12)  -177.89 175.62 -50.83  -135.86
D(C10N1INI12C13) -179.69 179.22 -9.33 9.11
D(N1IN12C13C14) -177.89 -5.36 -50.24  -132.72
D(C3C55823025) -161.83 -164.31 -160.55 -160.13
D(025S23026H27) -12.97 -12.12 -7.87 -7.80

R is bond length in nm, A is bond angle in degree, and
D is dihedral angle in degree.

WHRE RN EE SRR IE S 1Y), 2EADbS 1)—1>
RINGEFE CION11 #iE % 29 180° )5 153 8] & 1) — 4
SHREADS’, WIE 1 7. EADS 5 EAbS' Z [A] 4
) 2% ) T/ DINTINI2C13C14), fEfE 2%
{2 41.6 kI+mol™. ZAbS' & ZAbS H— Tk A,
SR — AN RIS N12C13 S is mAS 30, T4
BB 2208 2.0 kT -mol ™.

212 Rizs

ZAbS

NIT NI2 ZAbS'

E1 3,3-AbS &EEZ S, B EESEE
Fig.1 Optimized stable structures of 3,3’-AbS in the ground state S,
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F2 SEMTHBEINTLEHESNES
Table 2 Energies of all the stationary points for the
potential energy profile of the S, and T, states

E(a.u.) (E+ZPE)(a.u.) AE/(KJ+mol™)
EAbS -1820.685226  —1820.467907 0.0
EADbS’ -1820.684654  —1820.467311 1.6
ZAbS -1820.661529  —1820.443607 63.8
ZAbS' —-1820.659775  —1820.442851 65.8
TS-in -1820.623041  -1820.407736 158.0
TS-II-ZAbS  -1820.655199  -1820.438107 78.2
TS-II-EAbS  -1820.676399  —1820.459336 22.5
EAbS-T; -1820.639652  —1820.424226 114.7
TS-T, -1820.631945  —1820.416208 135.7
ZAbS-T, -1820.639295  -1820.423819 115.8

Eis energy, E+ZPE is energy corrected by zero-point energy, and
AE is the energy difference between each stationary point and EAbS.

KT ARAGAE S A/ NREE RIS (MEP), [ 5L
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PR AR 1) T X80 AT LA et 1 1 S g ) 4.
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R R AW IS 2 T — A DI 3 7 3K
PR FEN, RIIL, 76 LA R He i3S i 4k
R K- A b it . anfEl 2 FoR, FHZADS
F| EAbS 1Y 5744 Ak S 0z 1) 3 8 S S5 ¥ 45 78 A TS-
in, I KL BN AT AT A] (g X b, H R B A 25 4 2
B F R 3. o — AR 5 T o1, A
ffi AIN1IN12C13) Fil A(CIONTIN12) A%, 43 51 K
179.63°F0 117.22°; Wi~ — i D(C1C10N11N12)
F D(N1IN12C12C14) %3 51k 177.31°H1 111.14°.
ANTIN12C13)7E- T P Y S % M 123.02°(ZAbS) |
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T ANNLIN12C13) 1Y S e 38 m, 76 2 I A 454 v

C10

TS-II-ZAbS
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e N
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A(N1IN12C13)75 3| 1 s by i S aig 3 1, fnf&l 3a B
TN, BRI TS FFIR 43 001 36 1 S0 B A2 FH s s iy
PRARVEA TR ). AEX A ARE IR I, 1F S A Al
TSI (AR X6 7 ) B/ IMEL IR A TRU (DL T Ba, TE N 1
2 F i IMEEFRICN Sa 30 SN A8 1Y 5/ MR
FRICA Se)If A& ZAbS F1 EAbS. i i 516X 4~
SRR B S B, Sa Sy SR 0L 1) ) AU 2 P A 2
MRS AL X EWRE TR X — R % F A K
T PE A (TS-ID). TS-in FEA PR SR (L ] 2)35 TR
i N11 B4 3 By 1) 2 B T R A5 s 2R 38,
PEREE 1 AONTINT2C13) A4 80/ N FIE i aT 243531 )
i5 TS-1I-ZAbS 1 TS-II-EAbS B4 7. [a] i 3630F T
TS-in A DRI R V. XA E S St 1%
BRI REAERRE A B BT &8 TIRAR R
P4, S, HAAT IR ZAbS Fl ZAbS' 22 [a] %A= FA ik
PR PR, At ZAbS H il — ARG i ff D
(NTINI2C13C14)BERE I PERS, FRic i TS-II-ZAbS;
Se M EAbS HI— KR4 D(N1IN12C13C14)iE%:
24 180° i JEZS, #ic i TS-TI-EAbLS. P4~ kit
BN SR TR 2. XA T4 0
AEL 054 13.6 F1 22.5 kI -mol ™, H:HvAE ] imi 4 &
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Fig.2 Optimized structures of transition state and second-order transition states, and their normal modes of

imaginary vibration in the §, state along the combination pathway of inversion and rotation
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Table 3 Some main geometrical parameters for
transition state (TS-in) and second-order transition
states (TS-II-ZAbS and TS-II-EADbS) in the S, state

Parameter TS-in TS-II-ZAbS  TS-II-EAbS
R(CION11) 0.1454 0.1442 0.1430
R(N11N12) 0.1218 0.1241 0.1243
R(N12C13) 0.1330 0.1433 0.1434
R(C5523) 0.1796 0.1795 0.1794
R(S23024) 0.1446 0.1446 0.1446
R(S523026) 0.1646 0.1646 0.1647
R(O26H27) 0.0969 0.0969 0.0969
A(C10N11N12) 117.22 126.99 115.06
A(N11N12C13) 179.63 126.63 114.04
A(024523025) 122.83 122.80 122.73
A(025523026) 107.13 107.11 107.03
D(CICIONI11IN12) 177.31 177.71 178.30
D(CIONI1INI2C13)  -26.80 0.14 179.80
D(N11IN12C13C14) 111.14 93.44 -92.02
D(C3C5823025) -163.43 -164.70 -163.71
D(025S23026H27) -11.06 -13.12 -13.19

LS R, 3,3'-AbS B AL IR IR 10
I N f AINTIN12C13) 4 S 5 9145 4 N12C13 EE
ST N B TRERS . R 2 IR, IS S AR 1 Al R A A
UTF s #AS RN AR P A T AONTINT2C13) 11 J
BRI A P, TR A R JE A Ay
BT N12C13 $ A e s % 3 S8 1 ZAbS 3%
EADS. [HIHH b4 fhad B2 AT DARR A M e s% U T
TR 1 — ZR A i . X BT %) S5 A0 T8 O W] 5
TR AE (R SR B AT A 0 ) S A A AT B e22ran
2122 jHrfE

1 3 i T ff D(CNNC) 43 2 1) #BE 51 11
B F & 4. e A AN AR A B R T R
4395 ZAbS Fl EAbS S AR X Ry . & 1T A
D(CNNOC) [ JiEh% A b, NN SUEEGERE IR, 18 $v e ) i
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= 100
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O 1 1 1 1 1
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D(CCNN)/(°)

4 S,7S"Tf D(CNNC)EHERBEEEIE
Fig.4 Potential energy profile in the S, state along
the D(CNNC) coordinate
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Fig.3 Potential energy profiles along the A(N11N12C13) inversion coordinate (a) and the D(N11N12C13C14)
rotation coordinate (b, c) in the §, state
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Fig.5 Optimized structures of all the stationary points in the T, state

W RS, n-m” M -’ IRA H - B YN, {45
EADS-T, il ZAbS-T, ¥4 2 BLAE - 11 (44 AL 3% 4 5]
T IR R A S5 R S B R SR, FTLAE R,
PR F6) B B T 1T ffi D(CNNC) A7 78 B f 22 5% (78
EADS-T, F1 2 —111.83°, 7E ZAbS-T, H1 i 112.98°),
HASHIE R, 32 2 AW T EADS-T,
F1 ZAbS-T, A7 [ AE & A1 5 IE fE, P& O RE 1=
LA

T, A Tiel B A= i i) A 238 1 A -70°%1-290°
HLIE B 10°F94 — i fi D(CNNC)5- 3|1y, WKl 6 Fr
. FRe T PSR IMEL S RE S FIAL Y 430
EADS-T, il ZAbS-T, HE# #53. AKHiix —Fge &1,

*4 T\ SHEERNEELENSH
Tabe 4 Some main geometrical parameters for all
the stationary points in the T} state

Parameter EADbS-T, TS-T, ZADbS-T,
R(C10N11) 0.1371 0.1371 0.1371
R(N11N12) 0.1283 0.1252 0.1282
R(N12C13) 0.1371 0.1371 0.1370
R(C5S23) 0.1795 0.1794 0.1795
R(S523024) 0.1447 0.1447 0.1447
R(S23026) 0.1647 0.1649 0.1650
R(O26H27) 0.0969 0.0969 0.0969
A(C10N11N12) 123.26 128.70 123.35
A(N11N12C13) 123.26 128.70 123.35
A(024523025) 122.64 122.60 122.65
A(025S823026) 106.97 106.84 106.77
D(C1C10N11N12) -176.50 179.95 176.35
D(CI0N11N12C13) -111.83 179.69 112.98
D(N11IN12C13C14)  -176.50 179.95 176.35
D(C3C5S523025) -160.38 —-158.69 -159.48
D(025S23026H27) -13.59 -12.80 -10.08

x5 3,3-AbS MEEH LA
Table 5 Vertical excitation energies of 3,3’-AbS
Si—Sy(n—m") Sy—Sy(m—7")
E A E
EAbS 2.51(0.00) 493  3.75(0.84) 330 1.24
ZAbS 2.60(0.04) 477  4.00(0.01) 310 1.40
E. is the vertical excitation energy in eV, intensity is in the

Energy difference

parentheses, A is the wavelength in nm, and energy difference
is determined by E(Sx¢—S))—E(S1<—Sy) in eV.
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EADS-T, il ZAbS-T, HJ#4 %Y. )\ EAbS-T, | ZAbS-T,
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