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Preparation and Study on Photochromic Performance of Azobenzene
Polyether Based on Backbone/Branched Chain Structure Designing
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Abstract: The introduction and orderly alignment of azobenzene moieties can bring the polymer rapid
and reversible photoresponsive behavior. To improve the uniformity and controllability of azophenyl
photochromic polymer materials, it is necessary to further design the topological structures of the main
chain and functional branches. In this work, poly(allyl glycidyl ether) (PAGE) with unsaturated side
groups was prepared by ring-opening polymerization of allyl glycidyl ether (AGE). The unsaturated side
structures were hydroxylated via thiol-ene click chemistry, followed by a modification of photosensitive
p-dicarboxylic azobenzene moieties. The influence of click chemical reaction conditions on the grafting
ratio was investigated, and the design and optimization of the side chain structures had been carried out
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according to the relationship between the reaction conditions and grafting ratio. Ultimately, the azobenzene
grafted polyether (PAGE-OH-Az0) with rapid conformational transition behavior under ultra violate had
been obtained, which possesses good photo-responsiveness. Under continuous irradiation of ultraviolet
and blue light, the PAGE-OH-Azo shows rapid reversible and cyclic-stable color change in liquid
phase. By designing and optimizing the main chain and side group structures, polyethers with reliable
and controllable color-changing properties were obtained, providing a practical basis on expanding the
application of azobenzene modified polyether in the field of photoactive polymers.
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Figure 1 Schematic diagram of the synthesis steps and molecular structure of (a) PAGE prepolymer, (b) PAGE-OH prepolymer,

and (c) PAGE-OH-Azo prepolymer
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LAZIR L) (polystyrene, PS) VAR EY) -
1.4 EEMHTHRAINEE (FTIR) 57
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L2k 5 2% b B35 2k 5% A IR FE A ik R [ i
U R FE (Ta) o
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L 10 °C/min & Z4 K i i 22 —100 °C, 2R 5 LA
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2 AN[EEARISIR L] & R PAGE 5 18 43
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Figure 2 Molecular weight distribution curves of
synthesized PAGE under different monomer/initiator ratios
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Table 1 Molecular weight characteristic parameters of
PAGE prepolymers

My M, HMW tail content
Sample PDI "
(g/mol)  (g/mol) (%, M,,>10" g/mol)
PAGE-100 6700 6100 1.08 6.5
PAGE-200 9500 8200 1.15 50.4
PAGE-300 8600 7400 1.16 35.2
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S A5 K AGE AR A IR, W EAS
H A BT R S H K TR A A . B 2
LA, BT AR 47 5 (1 PAGE 1 £ 7 #48
¥ (PDI) # 45 %, H ' PAGE-100 () PDI 5 1%, Ny
1.08, PAGE-300 [fJ PDI Ay 1.16. LJ F-45 B i0, i
T3l R S AL SR R 2R, [MY/[1] 2 200
I} PAGE 15 5 40 FL AT $e 1 43 1 1 B AR 80 1 4
TR, RS S 70K PAGE-200 1 Ayidt— 2

AB A A P TSR A T R A

K% H FTIR 5 "H-NMR %} j7 15 PAGE 1 2 )
Iy FEEM AT — B RAE, SR WE 3R, W
P 3(a) FTm ¥ B AA 5 48 [ 4 -1 2 PAGE il R 4 1)
LT AN B v, BT PAGE # it 76 3480 cm™ 4k
HH BRI AU 8 T AGE J 3R 5 45 5 T Jl ) i 3
(— OH) iy f 47 #% )y e, 7] i) 75 2915 A1 2865 cm™
A AT 080 S 3 (— CHy— ) AOAH 48 3R Bl i, it
52 = 41 5 PAGE R EE[X K . 1083 cm™ 4k (14
REAIE U 53 771 508 . AGE SR (1) 34 48 45 74 DL J PAGE
B LRI BESS # (—C—O0—C—), XA AGE
RAE 844 cm™ Ab HYBIL T R AR L (R W AT U I
PAGE i ¥ 3 & i B 4n 18 3(b) o, JF R
X v Ja PAGE 41 4h W i 3% 75 1643 o™ fir & 1 1
L AR AGE AH [A] ) W IS U, 2% B PAGE il 5%
Wy TS5 R PR B T R s 2 kg BB, &1 3(c)
Fios, B 7 0=7.2~7.35 &b H 3 BDM % 55 3 )i ¥
(— CeHs— ) IIFFIEILIRAE 5 4, 75 0=4.5 /b B
T H IR (5 5 % ] BDM A 7E . 0=3.44~3.64

@ (b)
2915 (CH 1643 (C=C -
pacE-300" ¢ 2);; €9 ogsc—0-c PAGESD
P -: . : .
3480 (—OH): 2865 (CHy) - I 1643 (C=C)
|PAGE-200 o i : . PAGE-200
@ ! oy i ! . @
§ : :: 5 MV g
E PAGE-10D =
2 . 2 | PAGE-100
& 3 g g
= : = i Ik =
AGE % i
S . Y
844 (C—0—C) :
L L L t L L L L L L L
4000 3500 3000 1500 1000 1700 1680 1660 1640 1620 1600 1580
Wavenumber (cm-1) Wavenumber (cm-1)
(©) b f h
Ho ¢ 0 cd® 0 g
0 0 0y f
a,CDCl; ™ 2 h c,de
PAGE-100 Y b
f
cde
g h
PAGE-200 b
f
h cde
PAGE-300 g b
7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35
J

3 IEBARSE] R R EE LB T4 i PAGE [ (a,b) £T4 6 REEFI(C) *H-NMR %

Figure 3 (ab) FTIR and (c) *H-NMR spectra of synthesized PAGE under different monomerfinitiator ratios
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Fritbz Ah, NMR 1 ] b ok 0 6 21 FAth 47 7 5 e 1)
A5 5, 1X 2% W] PAGE 3l A5 R H. ) 32 X0 4 ]
DTt
22 BEMNEB (PAGE-OH)MIHS FEHMRE
s

Pl 4(a) Ay [ 5 S BB E] 15 min, AS [7] J
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Figure 4 (a) FTIR and (c) *H-NMR spectra of PAGE-OH reaction with different molar ratios for 15 min; (b) FTIR and (d) H-
NMR spectra of PAGE OH under different reaction time at [M]/[1]=0.5
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Table 2 Grafting ratios of PAGE-OH prepolymers with
different monomer/initiator molar ratios

n(3-Mercapto-1- Grafting
n(DMPA) t .
Sample propanol) . ratio
(mmol)  (min)

(mmol) (%)

PAGE-OH-0.25 6.5325 0.871 15 18.14
5 33.98

PAGE-OH-0.5 13.065 0.871 15 42.14
45 43.80

PAGE-OH-0.75 19.5975 0.871 15 61.28
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Figure 5 (a) Infrared spectra of PAGE-OH-Azo with different grafting densities of azobenzene and (b) the enlarged view in the
dotted box; (c) *H-NMR spectra of PAGE-OH-Azo with different grafting densities of azobenzene
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Table 3 Grafting ratios of PAGE-OH-Azo polymer

Sample M(PAGE-OH) (g) m(Azo-DA) (g) n(—COOH)/n(—OH) m(DMAP) (g) m(EDC) (g)  Grafting ratio (%)
PAGE-OH-0.25-Az0 2 0.6582 1 0.2704 0.4656 13.35
PAGE-OH-0.5-Azo 2 1.4259 1 0.2386 1.0087 4.04
PAGE-OH-0.75-Az0 2 1.893 1 0.2193 1.3392 27.78
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Figure 6 (&) Thermal weight loss curves of photo cured PAGE, PAGE-OH, and PAGE-OH-Azo films; (b) Enlarge view of the
dashed box in Fig. 6(a); (c) Derivated thermal weight loss curves of photo cured PAGE, PAGE-OH, and PAGE-OH-Azo films; (d)
Enlarge view of the dashed box in Fig. 6(c)
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Table 4 Characteristic TGA parameters of the UV cured —48.34 °C
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films
Sample T4 (°C Char yield (% T, °C
p d( ) y ( ) max( ) _48.34 °C
PAGE-200 340 19.22 400 8
5| PAGE-OH-0.75
PAGE-OH-0.25 304 11.05 391
PAGE-OH-0.5 287 1.35 383 -50.25 °C
PAGE-OH-0.75 283 3 381 PAGE
PAGE-OH-0.75-Az0 285 6.07 385
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Figure 8 (a) UV-Vis absorption spectra of PAGE-OH-Azo with different grafting densities; (b) UV-Vis absorption spectra of
PAGE-OH-0.75-Azo solution under ultraviolet and blue light irradiation (Illustration: conformation transformation diagram of
azobenzene group); (c) Reversible absorbance change at about 333 nm under alternating ultraviolet and blue light irradiation;
(d) UV-Vis absorption spectra of PAGE-OH-0.75-Azo solution after ultraviolet irradiation; (e) Enlarged view of dotted frame in
Fig. 8(d); (f) UV-Vis absorption spectra of PAGE-OH-0.75-Azo solution after blue light irradiation
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Figure 9 (a) Digital images of color changing of PAGE-OH-Azo solution under UV and blue light irradiation; (b) Hue-
Saturation-Brightness (HSB) images; (c) Red-Green-Blue (RGB) images
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