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cis-trans Isomerization of Azobenzene Confined inside an Armchair
(8,8) Single-Walled Carbon Nanotube

WANG Luo-Xin" YI Chang-Hai 70U Han-Tao XU lJie XU Wei-Lin
(Key Laboratory of Green Processing and Functional Textiles of New Textile Materials, Ministry of Education, Wuhan University of
Science and Engineering, Wuhan 430073, P. R. China)

Abstract: Molecular structures, electronic spectra, and the thermal frans-cis isomerization of azobezene (AB)
confined inside an armchair (8,8) single-walled carbon nanotube (CNT(8,8)) were calculated using the ONIOM(B3LYP/
6-31+G*:UFF) level. We found that the entrance of azobenzene into CNT(8,8) was exothermic. The geometric parameters
of azobenzene were evidently not affected by its confinement in CNT(8,8). Rotation of the phenyl rings was found to
occur around the CN bond to some extent for both trans- and cis-azobenzene and this resulted in a twist configuration
for the confined trans-azobenzene. The relative energy between the cis- and trans-azobenzene confined inside the CNT
(8,8) increased by ca 8.1 kJ -mol™ with respect to the case of the isolated azobenzene, suggesting that the relative thermal
stability of the isomers of azobenzene is affected by their confinement in CNT(8,8). Electronic spectrum calculations
showed that the lowest three singlet excitation energies of the confined azobenzene were blue-shifted by 1-5 nm in
comparison to those of isolated azobenzene. By analyzing the potential energy surfaces, we found that the confinement
in CNT(8,8) restrained the trans-to-cis isomerization of azobenzene but had little influence on the cis-to-trans backward
reaction. The frans-cis isomerization process of the confined azobenzene mainly involved the bending of the CNN
bond angle.
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Table 1 Energies of trans- and cis-isomers for AB,
AB@CNT(8,8), and AB/CNT(8,8)

Isomer Total energy ZPE Relative energy

(a.u.) (kJ+mol™) (kJ +mol™)

TAB —572.78431 500.8 0

CAB —572.75907 499.7 65.2°

TAB@CNT(8,8) —569.29308 8365.4 0

CAB@CNT(8,8) -569.26360 8361.3 73.3°

TAB/CNT(8,8) -569.24519 8362.2 0 (122.5%

CAB/CNT(8,8) —569.20852 8361.1 95.2°

ZPE: zero-point energy, TAB: trans-azobenzene; CAB: cis-azobenzene;
@: encapsulation, /: adsorption at the exterior of the tube wall; Energies
of AB were calculated at the BBLYP/6-31+G" level and energies of
AB@CNT(8,8) and AB/CNT(8,8) were calculated at the ONIOM
(B3LYP/6-31+G":UFF) level. “ relative to the energy of TAB; °relative to
the energy of TAB @CNT(8,8); “relative to the energy of TAB/CNT(8,8)
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Fig.1 Molecular structures of trans- (a) and cis-isomer, (b) of azobenzene obtained at the B3LYP/6-31+G" level
bond length in nm

7 %} TAB/CNT(8,8) 1 TAB@CNT(8,8) IH Fift 25 #)
AT, 3% 1 45 TACRE TR A . NRrh
AU H, TAB@CNT(8,8)I/fE & & TAB/CNT(8,8)
BLAIK 122.5 kI -mol™, RMEZIR M CNT(8,8)kANK S
HhEAE R — ARG R, 2R BT AR A
CNT(B8) N AE NIE AL S5 Y TE Re it 2 FIY,
AT LA SRAB b 44 K A5 P RE

B 1451 T B3LYP/6-31+G* 7 4k 15 3 1y
AR s IR 44 /K (TAB I CAB) Y 4514 2
B, AR 15 2] TAB F1 CAB MR B HA Cy

J ZCNNC=9.7°
ZNNCC=50.2°

(®)

G, XFRPE. A MWFR 45 % B, B3LYP/6-31+
G kTR TAB MZ5H S50 g k5 —
W, A, SR X —BNE K TR k, ST
RARZIR TR KE NG 2GR, 5T
ONIOM(B3LYP/6-31+G": FF) )5 ¥, XHE A& K fe =,
U A4 52 BT CNT(8,8) 45 M EAT 1 1Ak,
g 2 fE 3 i, S5E 4 SARES W
BERARLEMSEA L, FTUE H, ZBRE T AR
P ZER AR AT B 3. DGR AR ], 32 BRRAS
T R I B R AR AR AR AR AN B R, AR BR S

B (R e R r e ro - [
-~ A o e e, A A YL U3 -~ —
T ¥ ¥ ¥ ST D b oy o o
A A A A bk A A, A A A
Y Y Y Y Y Y Y Y Y Y Y
X X A #W%’—W@g—; L ‘L L
Y Y Y 3K Y Y Y Y Y
A A A A A A A A A A
Y. Y Y Y Y Y Y Y Y Y ¥
A A A A A A A A A A A
5 N b d N7 > s b g 5 > 5
Ao e, > . A, o > . o, . . >
- - — > s - - o o — - —
D 1 e 1 S 1] emetes s | et [
'& - - Q‘
@ o8
P R
& AN
174 N
4 N
) ]
R N
'\\ . 'l‘
\\_ E) ‘,1
N\ &
N & 5 .
L 3 ZCNNC=179.7

2

G

ZNNCC=172.6°

ZRF CNT(8,8)i Kk E N R BERNS FLEH

Fig.2 Molecular structure of trans-azobenzene (TAB) confined inside CNT(8,8)
optimized at the ONIOM(B3LYP/6-31+G": FF) level, bond length in nm
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Fig.3 Molecular structure of cis-azobenzene (CAB) confined inside CNT(8,8)
optimized at the ONIOM(B3LYP/6-31+G": FF) level; bond length in nm
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Table 2 Electronic absorption spectra of trans- and
cis-isomers for AB and AB@QCNT(8,8)

A/nm
Isomer - -
Si(n, ) Sy, ) S3
TAB 481.7(0.0) 338.3(0.8) 307.5(0.06)
CAB 483.3(0.04) 306.2(0.06) 298.9(0.01)
TAB@CNT(8,8) 479.7(0.003)  336.2(0.8) 306.8(0.05)
CAB@CNT(8,8) 478.3(0.04) 305.2(0.06) 298.8(0.01)

The oscillator strength is reported in brackets. Spectra of AB and
AB@CNT(8,8) were calculated at the TD-B3LYP/6-31+G" and
ONIOM(TD-B3LYP/6-31+G": FF) levels, respectively.
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Fig.4 Potential energy surfaces of AB and AB@CNT
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Energies of AB and AB@CNT(8,8) were calculated at the B3LYP/6-
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