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Abstract : Side-chain liquid crystal copolymers(SCLCPs), which have a spirooxazine deriva-
tive(S) as a photochromic unit and a cyanobiphenyl derivative(M) as a mesogenic unit, were
synthesized to study the possibility of optical memory storage applications. The synthesized
spirooxazine and the mesogenic monomers were identified using mass spectrometry and ele-
mental analysis. Random copolymers were synthesized using the following mole ratios of M
to S : 100/0, 95/5, 90/10, 85/15, and 80/20. This was done by solution polymerization using
2,2’ —azobisisobutyronitrile( AIBN) as an initiator and tetrahydrofuran as a solvent. The com-
position of the SCLCPs were determined by nuclear magnetic resonance spectroscopy (NMR),
and the results showed the reactivity of the S was lower than that of the M. Synthesized
SCLCPs showed liquid crystal behavior, which was identified by the differential scanning cal-
orimetry(DSC) and the polarizing optical microscopy(POM). The DSC results showed a de-
crease of the smectic-to-isotropic transition temperature(Tg;) and the transition enthalpy (4
Hg;) as the S content in the SCLCP increased. Moreover, at 8.4 mol% of S, the AdHg; was
almost zero, indicating the disappearance of the liquid crystalline phase at this S content.
This effect of S on the liquid crystalline phase was also supported by the POM results.

Keywords : side-chain liquid crystal, optical storage, phase behavior.
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Fig. 2. Reaction scheme for the synthesis of mono-

mer containing mesogenic cyanobiphenyl group.
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Fig. 3. Reaction scheme for the synthesis of mono-
mer containing photochromic spirooxazine group.
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Table 1. Characterization of Synthesized Compounds

d nEAe YR AAF

Elemental Analysis

Calculated M*(m/e) o e
Compound  Yield Tyc¢)  Molecular (found) )
No. (%) Weight """*‘71\4\]7: o (“alci I FounqA
base olecu
lar C H N C H N
(1) 66 94-95 295.16 195.1 295.2 7726 7.17 474 7730 7.20 4.76
(2) 50 74-75 363.18 195.1 363.2 76.01 6.93 385 7551 6.96 3.84
(4) 96 245(dec) 63.49 3.72 740 6268 3.79 6.65
(5) 25 206 344.15 344.1 344.1 76.72 5.85 814 77.01 582 8.13
(6) 47 144-45 444.24 159.0 444.2 7564 7.26 6.30 7590 7.23 6.33
(7) 30 55.8 512.27 159.0 512.2 74.97 7.08 547 7458 7.17 5.04
cond” oo’ e B T 2547 WSl Ss g4EE 3AS ol
LA voor WAPS GEITh o= M B Ao lsh AT
G ‘f, S oz Re S waAlel weAel At A7t
Q #oh,

Fig. 4. Copolymerization of mesogenic and photo~
chromic monomers.

Table 2. Yield of Copolymers

Molar feed ratio(M : S) Yield
100: 0 50%
95:5 35%
90: 10 35%
85: 15 25%
80 : 20 15%
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Fig. 5. FT-IR absorption spectra of (a) M mono-
mer, (b) S monomer, (c) PMS(4.9%) copolymer
(2300-1200cm ' region).
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Fig. 7. 'H NMR spectrum of spirooxazine monomer.
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Table 3. NMR Assignment of M Mounomer

Assignment Range (ppm)

a 6.9-7.7 (multiplet)

b 5.5-6.2(doublet)

c 4.0(triplet), 4.2(triplet)
d 2.15(singlet)

1.5-1.94(multiplet)

Table 4. NMR Assignment of S Monomer

Range (ppm)
6.5-7.9(multiplet)
5.5-6.1(doublet)
4.15(triplet),-4.19(triplet)
2.75(singlet)
1.9(singlet)
1.5-1.8(multiplet)
1.3(singlet)

Assignment

a
h

[ B A I s VN e}

FAEo) SO gare oflA (1)
skt

Abgste] ALt
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Table 5. Molar Composition of the PMS Copoly-
mers as a Function of the Monomer Mixture Compo-

sition

% of S in co- % of Sin
Copolymer

monomer feed  comoplymer
PM 0 0
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PMS(4.9%) 15 4.9
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Table 6. Molecular Weight of Photochromic Poly-
mers from GPC Results

Polymer Mnx10"* Mwx10* Mw/Mn
PM 0.88 2.05 2.33
PMS(2.0) 2.58 5.50 2.13
PMS5(3.8) 1.38 2.68 1.94
PMS5(4.9) 1.27 3.09 2.43
PMS(8.4) 0.86 1.98 2.30

s
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Fig. 9. DSC thermograms of the copolymers during
2nd heating.

Table 7. DSC Data of Photochromic Copolymers

Polymer T.(C) Ta(C) dHg(J/g)
PM 48 110.0 4.69
PMS5(2.0%) 40 94.5 4.23
PM5(3.8%) 34 78.5 2.97
PMS(4.9%) 36 68.4 1.26
PMS(8.4% ) 38 no peak 0
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Fig. 10. Phase diagram of synthesized photochromic
liquid crystal polymer.

Fig. 11. Optical polarizing micrographs of the PMS
copolymers during cooling. (Cooling rate: 2¢/
min): (A)PM(at 100°C), (B)PMS(2.0%)(at 80
), (C)PMS(3.8%)(at 60°C), (DIPMS(4.9%)(at
507C).
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