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Table 1  Composition and average functionality (f,, ) of monomer/
LC syrups
Entry EHA EDMA PETTA PO616A S
A 25.0% 25.0% — 50. 0% 1.5
B 25.0% 12.5% 12.5% 50.0% 2.0
C 25.0% — 25.0% 50. 0% 2.5
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Fig. 1 Polymerization rate ( R, ) versus double-bond

conversion (a) for different monomer/LC syrups: (a) Entry A,
(b) Entry B and (¢) Entry C
Solid and dash lines are experiment curves from P-DSC and

fitting curves from autocatalysis model, respectively.
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Table 2 Photopolymerization kinetics parameters for different monomer/LC syrups

Entry Temperature (°C ) Rp e X 1000 (s71) o K x1000 (s™") E, psc (kJ-mol ™") E  Rieology (k] +mol -1
A 10 0.9 38% 1.5 18.0 7.8
20 1.0 44 % 1.8
30 1.3 50% 2.8
40 1.6 55% 3.0
50 1.9 59% 3.8
B 10 1.7 40% 3.2 12.0 6.5
20 2.0 46 % 3.9
30 2.4 41% 4.5
40 2.8 55% 5.2
50 3.2 60 % 6.1
C 10 4.0 44 % 8.9 9.8 6.2
20 4.5 50% 10.8
30 5.1 57 % 10.8
40 6.0 66% 13.9
50 7.0 70% 15.0
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Table 3  Gelation time for different monomer/LC syrups at different

temperatures

Temperature (°C) Entry A Entry B Entry C
10 47.5 s 18.2 s 6.4s
20 42.7 s 17.8 s 6.7 s
30 39.4 s 15.6 s 4.7 s
40 35.2s 14.2 s 5.6
50 31.2 s 13.3 s 4.7 s
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Fig. 2 Linear relationship between Int,, and 1000/7 for

different monomer/LC syrups
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Table 4 Electro-optic properties of PDLC fabricated at different temperatures

Entry T(C) T, (ms) T (ms) VIO(V';Lm’] ) VQO(V-pdm" )
A 10 8 5 2.5 7.9
20 2 48 1.5 4.5
30 2 55 1.6 4.0
40 2 73 1.8 4.0
50 3 124 1.2 2.8
B 10 2 6 2.1 6.1
20 4 13 1.8 5.2
30 3 29 1.6 4.9
40 2 74 1.8 4.4
50 3 141 2.0 4.3
C 10 2 7 1.6 5.1
20 2 19 1.2 5.0
30 4 71 0.8 3.7
40 2 129 1.1 3.8
50 2 282 0.9 3.1
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Effect of Photopolymerization Kinetics of Acrylate/Liquid Crystal Syrups
on Electro-optical Properties of Polymer Dispersed Liquid Crystals

. A . 1 .1 core . . SR
Ming-li Ni , Hai-yan Peng , Shu-guang Bi , Yong-gui Liao *, Xiao-lin Xie"
('Key Laboratory of Large-Format Battery Materials and Systems , Ministry of Education, School of Chemistry and Chemical Engineering ,
Huazhong University of Science and Technology, Wuhan 430074)

(* National Anti-counterfeit Engineering Research Center, Huazhong University of Science and Technology, Wuhan 430074)

Abstract Photopolymerization kinetics and gelation time of acrylate/liquid crystal syrups were characterized
by photo-differential scanning calorimetry ( P-DSC ) and photo-rheology technology ( P-Rheology ),
respectively. The effects of chemical structure and composition of acrylate monomers, and photopolymerization
temperature on the kinetics of these syrups were discussed on the basis of the correlation between gelation time
and temperature ,as well as the polymerization rate constant and activation energy which were calculated from
the autocatalysis model. Furthermore, the effects of photopolymerization kinetics on the electro-optical
properties and phase-separated structure of the polymer dispersed liquid crystals ( PDLCs) were studied. The
results indicated that the polymerization rate constant increased and the gelation time decreased with increasing
the photopolymerization temperature, the monomer reactivity, and the average functionality of monomers. In
addition, the photopolymerization activation energy decreases with increasing the reactivity and average
functionality of monomers. Meanwhile, the activation energy before gelation is lower than the global one. When
the LC content is 50 wt% , the PDLCs show a bicontinuous phase structure at a submicron scale. Also, the
gelation time is significantly shortened with increasing the photopolyemerization rate and temperature , leading to
smaller LC domains and denser polymer networks in PDLCs. Consequently, the turn-off time is prolonged and
the saturation voltage of the PDLCs lowers, whilst their turn-on time and threshold voltage show little variation.

Keywords Polymer dispersed liquid crystals, Photopolymerizaion kinetics, Gelation, Phase separation
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