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60% . 72 h THF
2- 4- 4- 1.3
CNPE EAPE
. 12.7 cm 365 nm
70% .'H-NMR DMSO-d, & 8.04 d 2H Cole-Parmer 1-97600-05 long wave UV lamp L-
7.96m 4H 7.19 d 2H 4.95 s 1H 4.13 09819-23 filter . 38 cm 7000
t 2H 3.77 m 2H . mW/em® 5 em 21000 mW/em’
PAC 15 cm. 30°C.
50 mL 1 4- 25 mL -
AIBN 2.01 ¢ 58 Agilent 8453
~61C 32 h. 700 mL
12 h 1.4
60°C ALV DLS/SLS-
48 h 5022F -
12 . 0.45 pm Millipore
2- 4- 4- 90° 25 +
- - PEAPE 0.1 C.
0.80 g 0.0088 mol 1.70 mL 0.012
mol DMF 50 mL . EAPE 2
DMF 50 mL PEAPE
EAPE DMF PCNPE 1
DMF PAC
60°C 12 h. EAPE CNPE
2 h.
700 mL pH 2~ DF
3 . DF PAC
."H-NMR DMS0- PEAPE 37.8% 45.9% PCNPE
de 0 12.45 12.33 7.78 7.04 4.34 4.08 41.5% .
2.27 1.76 1.32.
12 . ~CH—CH, 3, CH—CH,;
2- 4- 4- <|:00H éOOCHZCHZOON:NOX
o PCNPE PEAPE X=0C,Hs, PEAPE; X = CN, PCNPE
CNPE EAPE
CH-NMR DMSO-dg & 7.95 7.78 HO(CHZ)ZOON=NOX
4.29 2.27.
1.2 X=0CHs EAPE X=CN CNPE

DF PEAPE DF =
37.8% 45.9% PCNPE DF =41.5%
THF 1.0 1.5 2.0 mg/mL .
2.5 5.0 10.0
ul/s .
70 vol % “

Fig. 1  Chemical structures and abbreviations of two types of azo

polyelectrolytes and related chromophores
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The initial concentration is 1.0 mg/mL.

3
1.0 1.5 2.0
mg/ml. 2.0 pl/s
R, 1 . 1.0
mg/mL 1.5 mg/ml. 2.0 mg/mL
PEAPE 37.8% R, 47.4 nm “ ”
56.5 nm  63.2 nm. PEAPE  45.9% B 2.0 pl/s
PCNPE 41.5% R, 10.0 plL/s
Table 1 Influence of initial concentration on Rj, 10.0 K L/s
Initial  PEAPE 37.8% PEAPE 45.9% PCNPE 41.5% 2.0 pl/s
concentration Ry, Ry, Ry,
mg/mL nm nm nm
1.0 47.4 79.0 33.7
1.5 56.5 100.3 59.8 1 2
2.0 63.2 113.6 73.0
The rate of water addition is 2.0 pL/s. PEAPE 45.9%
Rh
PEAPE 37.8% R, .
14
THF
3.2
CWC PEAPE 37.8% PEAPE 45.9% PCNPE
41.5%
.2 a b ¢ PEAPE 37.8%
PEAPE 45.9% PCNPE 41.5%
1.5 mg/mL
) 1.0 mg/ 2.0 plL/s.
mL 2.0 5.0 10.0 pL/s
R,. pp 350 nm
PEAPE  37.8% R, 47.4 nm n-p 450 nm
434 nm  32.7 nm. PEAPE 45.9%
PCNPE 41.5%
R,
Table 2 Influence of the rate of water addition on R}, A=A/ Aol.igm .
Rate of PEAPE 37.8% PEAPE 45.9% PCNPE 41.5% 1
water addition R, R, R, origin
pl/s nm nm nm Am.dx 350 nm
2.0 47.4 79.0 33.7 A 350 nm
5.0 43.4 57.8 33.5
10.0 3.7 56.5 30.3 2 d a b ¢
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l 2 Variation of UV-Vis spectra of colloidal spheres in water suspension formed from different azo polymers under certain condition induced by the
UV light irradiation a ~ ¢ and Relative absorbance A/A g, varying with the irradiation time and the fitting curve d

a PEAPE 37.8% 1.5 mg/mL 2.0 pl/s b PEAPE 45.9% 1.5 mg/mL 2.0 pul/s ¢ PCNPE 41.5% 1.5 mg/mL 2.0 pl/s

T, 41.7 s 42.6 s 46.8 s
PEAPE 37.8%  PEAPE 45.9%
1
Tl Tl
X2 0.99. Table 3 The influence of initial concentration on T
At = Ay + Aexp — /T, 1 Initial PEAPE PEAPE PCNPE
PCNPE concentration 37.8% 45.9% 41.5%
PEAPE mg/mL s e s
1.0 27.2 33.1 41.7
PEAPE DF  45.9% 1.5 28.0 35.2 4.6
DF  37.8% ) 2.0 31.4 4.9 46.8
2.3 The rate of water addition is 2.0 pL/s.
3
1.0 1.5 2.0 mg/mL 2.0
pL/s .3 -
T
PCNPE 41.5% 1.0 mg/mL

2.0 mg/ml
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1.0 mg/mL PEAPE
3 45.9% T
2.0 5.0 10.0 plJs 2.0 pl/s PEAPE 37.8% T, .
10.0 pl/s PCNPE 41.5% T,
41.7 s 36.1 s 33.8 s.
PEAPE 37.8% PEAPE 45.9% “ K
T, PEAPE
4. 4 ]
3
PCNPE
Table 4 The influence of the rate of water addition on T -
Rate PEAPE PEAPE PCNPE
of water 37.8% 45.9% 41.5%
addition pl/s T, s T, s T, s H- PCNPE
2.0 27.2 33.1 41.7 H-
5.0 23.4 32.8 36.1 "
10.0 20.7 26.5 33.8 H-
The initial concentration is 1.0 mg/mL.
15
. H-
355F
350
u | ]
345 u u
a
e F° o
£ 340F
Ng 335F o
330+ m PCNPE
O PEAPE
3250 . PEAPE

1 1 1 1
0 50 100 150 200 250
UV irridiation time (s)

Fig. 3 A, varying with the UV irridiation time
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INFLUENCES OF STRUCTURE AND PREPARATION CONDITIONS ON SIZE AND
PHOTORESPONSIVE PROPERTIES OF AMPHIPHILIC
AZO POLYMER COLLOIDAL SPHERES

TIAN Feng LI Nan WANG Xiaogong
Department of Chemical Engineering — Laboratory for Advanced Materials — Tsinghua University — Beijng 100084

Abstract Amphiphilic azo polymers with different azo chromophores and degree of functionalization DF  were
synthesized and colloidal spheres of the polymers were prepared by gradual hydrophobic aggregation in selective
solvents. To obtain suspensions of colloidal spheres the required amounts of water were added into the THF solutions
at a certain stirring rate. As the water content reached ca.70 vol% an excess of water was added into the
suspensions to  quench” the formed structures. The obtained suspensions of colloidal spheres were sealed after THF
was completely volatilized and were characterized by DLS and UV-Vis spectroscopy . The size and size-distribution of
colloidal spheres were measured by using a DLS/SLS-5022F laser light scattering apparatus. Before the
measurement the sample was clarified by a 0.45 pm Millipore filter to remove dust and all the DLS measurements
were carried out with 90° scattering angle. UV-Vis spectroscopy was used to study the azo chromophore structure
variation in the colloid formation process by measuring the parameters such as the trans-to-cis photoisomerization
rate and the isomerization degree at the photostationary state. In the photoresponse experiments the sample was
irradiated by a 365 nm UV light source and the light intensity was 7000 mV/cm® at a distance of 38 ¢cm and 21000
mV/em'® at a distance of 5 cm respectively. In our experiment the sample was 15 ¢cm away from the UV light and
the temperature of the environment was 30°C . The influences of molecular structure and preparation conditions on the
size and photoresponsive properties of the colloidal spheres were studied in some detail. The result shows that the
functional group type and DF as well as the preparation conditions initial polymer concentration the rate of water
addition etc. have significant effects on the size and photoresponsive properties of the colloidal spheres. The size
of colloidal spheres increases with the increase of DF and initial concentration but decreases with the increase of the
rate of water addition. The photoinduced isomerization rate of poly 2- 4- 4-ethoxyphenylazo phenoxy ethyl acrylate-
co-acrylic acid  PEAPE colloids is higher than that of poly 2- 4- 4-cyanophenylazo phenoxy ethyl acrylate-co-
acrylic acid ~ PCNPE  colloids. The PEAPE colloids with higher DF show a slower photoisomerization rate. The
photoinduced isomerization rate of the colloids decreases with the increase of initial concentration and the decrease of
the rate of water addition. The possible mechanism for the influence is also discussed based on thermodynamics and
kinetics consideration. It is believed that the colloidal spheres form through a self-assembling process controlled by
the dynamic conditions. For high initial concentration and slow water dropping rate more polymer chains tend to
aggregate on the compact cores formed from the most hydrophobic chains as the water content is above the critical
water content CWC . Moreover the polymeric chains had chance to rearrange themselves to form stable and
compact structures due to the slow rate of water addition. On the other hand as the rate of water addition increased

the polymeric chains attached to the cores were quickly” frozen” before they could completely adjust their
conformations . Also they could form new less compact cores so as to weaken the continuous aggregation probability .
As a result the formed aggregates had loose structures and the photoinduced isomerization rate was relatively fast.

Keywords Polydisperse azo polymers Self-assembly Colloidal spheres Photoisomerization





