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Figure1l (Color online) Variation of storage modulus G’ and loss modu-
lus G" as functions of the stress for mixed 71.0 mmol kg™ C,TASal/10
mmol kg™ AZB solutions before and after UV irradiation in 25°C
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Figure 3 (Color online) IR spectrum of C;TASA solution (a),

CisTASA/AZB mixed solution (b) and mixed solution after UV irradia-
tion (c)
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Table1l Chemical shift of *H NMR spectrum for different compounds at 25°C

CooO-

%3(%2)13%2%2“(%3)3‘ 9 ! _OH ab
12 3 4 s 8 Q 6 QM\N_QG
2N (S)
s AZB CiTASa
aH bH cH 1H 2,3H 4, 5H 6, 8H 7H OH
AZB 7.937 7.549 7.495 -3 - - - - -

CiTASa - - - 0.898 1.486 3.193 6.795 7.228 7.846

CiTASAl/AZB 7.938 7.550 7.496 0.898 1.437 3.155 6.783 7.195 7.828

AS 0.001 0.001 0.001 0 -0.049 -0.038 -0.012 -0.033 -0.018
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Figure 4 (Color online) UV-Vis absorption spectra of 0.5 mmol kg™
CisTASal/trans-AZB solution with and without UV irradiation

PUR, 2 W IS (o7 B AT A A0, L W A g 5 i
B AR, JF HAE431 nmiAT 1N 58 Al Wz e i, 3¢ 7
ik (cis)-AZBAFAE I M I OEIE). SERE2 his, 2
AN AT 25 R R PR, (E I AU RS A 5 A%, 431 nm
Aab f6 W WA g I f, BT LA R trans-AZB R A i
T R4 . i3k 2645 5 5 T akahashi 25 A\ 1R 18 A 15
R PN T I EAR) AR A S 241 (CsAZONa)
AN AT B WO AR 2.

171.0 mmol kg™ CisTASal/AZBIE A i W} 1l
KR LIS OEIRATK 2 h)J5 MRS R
H i E iR, IREIRRELICEET, %
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I B UIR LT N, 7E KB VI R A — A%

954

P i 7 347 v T O M Y, G G A SR 14 LR v
B GTIE AL, 5B MR IR R SR Y s 2 i 2R R
fiEe 2 gk R s 2k B BT IR AL AR, HEWDL RS
VTR A RE AR I R B X' R R TR B R
B2 i 26 A0 ZU AR AL R WG IR 51 K T R AR R 451k
BN FREREWFEAL. Z 7 LA™ A ik #6715 4p
R MR LN, AZBY T RAENRIESFW
b, M GE R AS M L5 K, 43T 45 ke A FHLBE K
IR T B R 22 0] B FUAE 322 DAl — SR AU 1, BCOR
AR BROUE T 25 Fh 328 22 1 I 4% ] /N R SR SR AR SR 4R, TR,
TR R G IS H ARG BT A AR R . IR R e 540
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Figure 5 (Color online) Viscosity vs. shear rate plots (a) and dynamic rhelogy curve (b) for 71.0 mmol kg™ Ci,sTASal/10 mmol kg™*AZB mixed

system with and without UV irradiation
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Table 2 'H NMR chemical shifts of AZB before and after UV

irradiation at 25°C
N==N
AN
a' a
b b

c

AZB aH bH cH aH b'H
St IR i 7.937 7.549 7.495
G 7.935 7.547 7.497 6.856 7.166

£3 BIRBHECLTASA/AZBIEAIER 25°CH *H NMRRY
LA

Table 3 'H NMR chemical shifts of C;sTASal/AZB mixed system
before and after UV irradiation at 25°C

CleTASa]/

AZB 1H 2,3H 4,5H 6,8H 7H 9H
JGHEET 0898 1437 3155 6783 7.195 7.828
JGHES 0897 1506 3.208 6752 7.166  7.869

AS  -0.001 0069 0.053 -0.031 -0.029 0.041

Horp 14 aH (1 1k 24 7 7% 7% % 6.856(aH), 14~bH7E N
7.166 (b'H), 1MicHAK & 421k, fE7E T CeTASaAl/
AZB W I AZB SR G B S 1Y 1k 2% 6 8% 5 s 4l
AZB A1 RE 5 Bt A8 AL AR R) (M2 39 K 51 i AZB
BHE), UG AR S AZBAE B AV T BT AL A B
KRAWA, R FE5M LA, Z6RIER
CieTASA 14 T ifb4 i A 2 &g, L
JE2, 3HA4, 5H, HUCEIH(EI). ZaLrsMtigEh 4
HELT R BE, IESE TR S AL S, s
AZB o IR U 4, OKT IO 4% 445 R 1 B R T
B, SECERIMDEIESE A R BT R

(OEERINIT
223 UV-VisH 18 3 B 5t %t C1sTASAl/AZB R &
BREENE W

MU UV-VisyE 06 20 B8 5, 257 b 25 B (1Y)
bR AR T ORAS, BRI Y SRS RS 9 W Ak 2k
FHRT WG RS, A & 04 2 B 38 IR A gk &2 2 W0 1R
FHE RS, EI6 IR R %24 UV-Vistii ¥Rt I 5 Y
2= BTN AR BE 5 G OB A8 b 3 (— A PR
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WEIR T o = 8] f LA 42 . 24 n] DL OG IR BT, AR AY
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FA) B8 725 R A 68 4 B TR 14 7K A R AR 15 - 2 ) v 4 e
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YA CisAZB T IR AL R i 45 R B hn T AR . 53
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ANREME T 5 AZB oy T ik &2 8 e X 454, BE & 16
PRI HR R B 38 m, e 00 JES LA H0 A R i R A
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Figure 6 Variation of zero-shear viscosity of 71.0 mmol kg*

CTASA/10 mmol kg* AZB mixed system measured during the
repeated cycles of UV-Visirradiation
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Figure 7 (Color online) Variation of zero-shear viscosity of 70 mmol

kg™ CTAB/10 mmol kg™AZB mixed solution as a function of NaSal
concentration with and without UV irradiation
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Figure8 (Color onling) Appearances of 70 mmol kg™ CTAB/30 mmol

kg™ NaSal/10 mmol kg AZB mixed systems with and without UV
irradiation. Theirradiation timeis2 h
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Rheological properties of photo-responsive system composed of
cationic surfactant and azobenzene

GUO Yan, CHEN XiaoXiao, LIU Min, HAN ChuanHong, ZHANG QiRui, ZHOU ShiYan &
WEI XiLian
College of Chemistry and Chemical Engineering, Shandong Provincial Key Laboratory of Chemical Energy Storage and Novel Cell Technology,

Liaocheng University, Liaocheng 252059, China
* Corresponding author, E-mail: weixilian@126.com

A “smart” fluid has been considered as an important part of softer matters, which undergoes a change in some macroscopic
property in response to an external stimulus, such as light, pH, temperature and so on. Among these stimulus, light could
serve as a trigger which possesses a series of advantages compared with other kinds of stimulus. Firstly, light is more
temperate and non-invasive, since it need not any additives. Secondly, light signa is more available. Thirdly, light could
aim at a specia functional group, which is valuable on medical applications. This smart fluid is usualy named as
photorheological (PR) fluids, which show changes in their rheological and flow properties under irradiation of light at a
given wavelength. Therefore, PR fluids has been widely employed in research and development for photo-responsive
micelles. But it is difficult to synthesize some new complex photosensitive molecules, so it is worth to develop simple
classes of PR fluid that require no specia synthesis and make full use of inexpensive chemicals to combination.

In this research, we investigated a class of such photo-responsive systems obtained by mixing traditiona cationic
surfactants, cetyltrimethylammonium salicylate (C,6TASal) or cetyltrimethylammonium bromide (CTAB) and a common
photosensitive compound azobenzene (AZB) and their photosensitive properties by employing the rheological
measurements, freeze-etching electron microscopy (FF-TEM), Fourier transform infrared spectrometer (IR) and nuclear
magnetic resonance (*H NMR). The rheological properties of the C;TASa/AZB mixed system indicate that the
rheological behavior is corresponding with the Maxwell model. In the solution of CsTASal, sdlicylate ions didn’'t
penetrate into the palisade layer but adsorbed on the interface of the micelles due to the bridges between carboxy! groups
of salicylate anions and water molecules by hydrogen bonding. The rod-micelles connected to each other through these
hydrogen bonds and then formed a pseudo-network. The addition of AZB to the pure CisTASal solution partially broke
the pseudo-network connections between micelles leading to the decrease of viscosity of CisTASa solution. The
dimerization of hydrogen bond among the micelles was confirmed by IR and *H NMR. Through UV irradiation, AZB
molecules undergone a photoisomerization from trans- to cis-form, which strengthened the steric hindrance and atered
the molecular packing at the micellar interface, so the network junctions between C;sTASal micelles was completely
destroyed, and the micelles become much shorter entities or more diffuse, resulting that the zero-shear viscosity of
C1sTASal/AZB decreased by about one order of magnitude compared with that without UV irradiation. Under visible
light irradiation, cissAZB transformed to trans-AZB again, and the connections between micelles formed again, leading
to the increased viscosity of the system. That isto say, due to the cis-trans photoisomerization of AZB, the viscoelastic of
CisTASal/AZB could be reversibly regulated under UV-Vis irradiation. However, because of the different conversion
ratio between trans- and cissAZB structure, the viscosity of system could not return to the previous state by cycle
illumination. Subsequently we demonstrated another mixed solution of CTAB/NaSal/AZB with the same method. The
results show that the viscosity of this system also reduced after the sample had been exposed to UV irradiation in accord
with that of C;sTASal/AZB mixed solution, but under visible light irradiation, the viscosity of the system did not change
and the system cannot be reversible regulation, which might be related to the existence of NaBr in the CTAB/NaSal/AZB
mixed solution. These results are important for the development of light-responsive mixed system formed by traditional
cationic surfactants and a common photosensitive compound. Thus, the Ci,¢TASal/AZB system could be regarded regard
as a new photorheological fluids of the smart fluids, which is conducive to understand the nature of the photosensitive
aromatic compounds and exploit their application fields.

rheological property, cetyltrimethylammonium salicylate, cetyltrimethylammonium bromide, azobenzene,
light-responsive properties
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