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Adjusting the Third—Order Nonlinear Optical Switch Performance Based on
Azobenzene Derivatives

Zhai, Yali Xu, Wenjuan Meng, Xiangru* Hou, Hongwei*
(College of Chemistry, Zhengzhou University, Zhengzhou 450001)

Abstract The photo-controllable third-order nonlinear optical (NLO) switches have drawn ever-increasing attention due to
considerable research potential in the emerging field of nonlinear optics. A class of materials, which contain photosensitive
groups but cannot express directly switching properties under light conditions, can also exhibit the characteristics of excellent
photo-controllable NLO switches after external regulation. Azobenzene is a kind of classic photo-isomerized molecule and
has good 7 coplanar property and excellent electron channel, which can engender third-order NLO response under push and
pull electron action. It is a feasible strategy to design photo-controlled NLO switch materials by introducing azo groups.
Nevertheless, the trans-cis isomerization behaviors of some azobenzene derivatives are interfered by other groups or external
factors, further inhibiting the conversion of photo-controllable third-order NLO properties. Once these external interference
factors are found and removed, the photo-controllable NLO behaviors of such azobenzene derivatives will be opened. In our
work, a special azobenzene derivative was synthesized and reported, which was unable to produce cis-trans isomerization
due to the H effect of self-dissociation, and the H" effect could be shield by introducing organic groups or bases. The ad-
justed materials can easily undergo reversible cis-frans isomerization reaction, and the Z-scan test shows the complete inver-
sions of third-order NLO properties before and after UV irradiation. The adjusted materials in #rans configuration show the
reverse saturation absorption (RSA) and self-defocusing properties. After UV irradiation, the materials convert into cis con-
figuration and exhibit saturation absorption (SA) and strong self-focusing behaviors. To gain a deeper understanding of the
light-adjusted third-order NLO switch behaviors, density functional theory (DFT) calculations of (CHj),L were carried out.
For trans-(CHs),L, HOMO and LUMO are mainly localized on the azobenzene unit, where 7-n* transition between the two
orbitals is displayed. The azobenzene unit in the trans-(CHj),L is considered to have considerable contribution to the genera-
tion of third-order nonlinearity. For cis-(CHj),L, the electron cloud density of HOMO is mainly populated on the azobenzene
unit, whereas the electron cloud density distribution of LUMO appears on the entire molecule, suggesting significant intra-
molecular charge transfer (ICT) from azobenzene to the entire molecule. The effect of ICT in the cis structure dominants the
generation of third-order nonlinearity. The remarkable third-order NLO transformation result from the rearrangement of the
electronic structures, which makes them generate different response mechanisms under the laser stimulation.

Keywords cis-trans isomerization; photo-controllable; third-order NLO switch; protons effect; performance transformation
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Figure 2 UV-vis absorption spectra (a) and Z-scan (b) of H,L before
and after UV irradiation
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Scheme 1 Mechanism of the inability to show cis-trans isomerization process for H,L dissolved in DMSO solution
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Figure 4 Third-order NLO absorption (a) and refraction (b) properties
of (CH;),L before and after UV irradiation
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HIR HL W13 8 5 SR A R O6E

260  http://sioc-journal.cn

© 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

HEEHRAT R, AHZ B 25 00+ (A BL 2 1A B ) v] BAA R%
RO NLO FF et EEAE, W5 R
RSB N ROR H 5E A =K NLO MJi. &
% UV J&, fEBIE4E T, Et(CHs),L fiz(TEA),L
AT DLIZR U AR B s A Y, [ s P Bl 2 S5 o R g oA
HECEST ST AL T 95X A A LR 75 1T LA
VERRT 3T OC, FRA T IX P R R s SR )
B2 R EE U6 (K 6), SLIEREH T EMNEEGR
LF B 55 ERE, X OGS =B NLO FF o1 R H 24
E T JEAith.

1.41(a),
] ' : . . .
-2 I R T
:" " . X 1'.| :l I". LI
Soqof b Vo oiy oy
8 gb off 4 S TN 1L I
c = A
SOB & ;i
S 0.61 "%'.II.' P I A A
2 SR \
< 0.4 oo
‘ = ] 4 [
0.2
o 1 2 3 4 5 6
Cycle
1.2{(b)
= . o = % m
s10{ Vv a0 N LN
5 Wi INILE
voxf 0y e
gw-ég 353535'
5 061 =% Ly EE Wk
1) «y ! ."
2 w N B %
04 & & & & i &
0.2

Cycle

Bl 6 (CH;):L (a)fI(TEA)L (b)fE 484 GHRST T ANTE SR 28 B H
HRIBLE 55 1 S 06

Figure 6 Fatigue resistance of (CH;),L (a) and (TEA),L (b) upon UV
light irradiation and standing in the dark alternatively

3 4R

BT BA G AR R B BIRIE T — MR 44
B HL. A2 RRE I 5INATHLEE AR, W] AT 2oty
FoR PO R e IE =B NLO JT2%. 79 J5 KRR
FEOLIEHT A Rt — M =B NLO 153642,
JCMEZ A, MR T S AR R s AR R 5
HURRRFIE: JCI )5, FEORHEE A TR 2R FR 2 L
AR CAT B B ARAT 9. R I LAR 95 Btk otz =Fir
NLO JFRMBHE ML 75 2 ik .

4 SCIGERSY
4.1 RFIFLEE

FITAT IR 22 i AR RIS 2 LR SRR A, AT it
I, 4-E B EOR IR 5- F k(A K R

Acta Chim. Sinica 2020, 78, 256—262



1 F F ®R

) H B BAGE R (R A BR AR H AR E 2
FERAAFIEZ AR A . "H NMR i B 7E 600 MHz
Bruker Avance-600 &SGR HI SR 4] WL IR I
JGHEAE RS N JASCOV-750 7366 B - &
C, H M1 N JLZE /BT 7E FLASH EA 1112 TG4BT AG#AT.
ST AR 4T i ] Bruker Tensor 27 2366 1k
AT E .
4.2 LML

FAbRAE AP TNE Z F 8 H AR AE T LA AN P FL A
XFWE T ARSI = NLO WU SRt R
FHB Q 7155 YAG 0G24 (PW-1064-1H, b5t ERHE 2
BOCHARAIRAR), HPEHE T RBOLIEK A 532 nm,
Jik 5 FE R 21 ps, BKPPATE N 10 Hz BY6EIE.
43 RIRGENE

(CH;),L HIBHEAE 293 K HHH Mo Ka (1=
0.071073 nm)f#] Bruker D8 VENTURE B4 54 A7 S Wi £E.
FIFH SAINT FEFHH% & AT BE IR IRIREL
MR RS IE. R SADABS F&F HEAT 400 ks
1E. FIH SHELXL-2014 @ifA8ba, 31 FP 4
B B /N Ry RN 5 BEAT SR AR AN AL, PS5 e 2L T
AR R H R, FRAMAE S A A M. (CHa),L 145 d - E 8
WE S1. £ S2 FIH T (CH,),L Firde 35 (e K At £
(CH;),L (CCDC 1963944) 1] Sl 1A 2 F s Ol B0 75 81 i
o AR 22 BOPE PGy, WA o B3k www.cede.cam.ac.uk/
data_request/cif %o 3% 45,
4.4 EVIHERK
44.1 (E)-5-(N-4-1% R R 2 F 18 K = ¥ BR (H,L) 49
AR

K SCRRUPHRIE (7 iR A R T 515 3 ) % —
R —HEs. ¥ 4-Z A E R R £6(0.4674 g, 2 mmol).
S-9RHJE A] 2K R — H 5 (0.8580 g, 3 mmol) I
Na,COs (0.3180 g, 3 mmol)i& T 20 mL N,N-— i FE F ik
Z(DMF)H, £ 120 C FHiHE 6 h. Ff PB4 G4
B, K/ AR R B R, R ANUE, oK
Na,SO, T, e T, FF:a@iEgaiCH Mt LR L8,
Viv=20:1), IifEr=YA 5-(N-4-18E A5 )& 3 (A
oK T HER R, B4 4(0.4030 g, 1 mmol)iE T IUA
WK (THF, 5 mL)57K(2 mL) VR &, EHCEEE N
A 3 mL NaOH 7KV (1 molL™"). JRFKAE 65 C T4
P12 h, WURZETEA VAR, BN IR A O SRR
WA pH=1 I, F=EKENIAFOIUE, KItEd s
N B2 T 43 B [ & HoL (Scheme S1). ;=3
62%. '"H NMR (DMSO-d,, 600 MHz) 6: 8.37 (s, 1H), 8.19
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2H), 7.42 (t, J=7.0 Hz, 1H), 6.75 (d, J=8.2 Hz, 2H), 4.57
(s, 2H); >C NMR (151 MHz, DMSO) ¢: 167.02, 152.43,
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129.19, 126.16, 122.03, 113.05, 45.92; IR (KBr) w:
3177.18, 2999.73, 1719.39, 1599.57, 1382.22, 1175.56,
822.97, 758.64, 683.30, 519.16 c¢cm '; HRMS caled for
CoH;sN;0, (M+H)" 376.1296, found 376.1286. Anal.
caled for C,H7N304: C 67.19, H 4.56, N 11.19; found C
66.45, H 4.41, N 10.89.
442 (E)-5-(N-4-18 ORI 2 F AR e K= F 8 — ¥ &
[(CH;),L]449 4 A%,

(CH3),L W& TS HoL BEOTEMIE. L 4-
R MAFERE AR, HE 65% 'H NMR
(DMSO-ds, 600 MHz) 6: 8.38 (s, 1H), 8.24 (s, 2H), 7.74
(d, J=7.9 Hz, 2H), 7.70 (d, J=8.6 Hz, 2H), 7.51 (t, J=7.6
Hz, 2H), 7.42 (t, J=7.2 Hz, 2H), 6.74 (d, J=8.7 Hz, 2H),
4.58 (d, J=6.0 Hz, 2H), 3.89 (s, 6H); *C NMR (151 MHz,
DMSO) 6: 165.86, 152.88, 151.99, 143.73, 142.13,132.63,
130.85, 130.03, 129.63, 128.74, 125.52, 122.24, 112.61,
52.93, 45.70; IR (KBr) v: 3390.80, 1730.68, 1599.46,
1433.17, 1138.22, 825.60, 746.63, 688.26, 547.09 cm ';
HRMS caled for C,3H,,N3;0, (M+H)" 404.1605, found
404.1611. Anal. calcd for C,3H, N304 C 68.47, H 5.25, N
10.42; found C 68.46, H 5.44, N 9.95.
443 AHEFER

N T HFIT(E)-5-(N-4- 18 U 48 25 ) 2 P B () 2K — F R
=K NLO X174, it K,COs, Nay,COs,
Cs,CO;, Cd(Ac),, NH3eH,0 Fl = Z &5 43 BV in %) HoL
) DMSO ¥ LASRBUBE 174 XoL(HR X 24—
Wi FE = ).
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