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Abstract: Cellulose acetate derivatives containing 6-(p-hexyloxyphenyl)carbonyl spirobenzopyran (CA-COSP) were
prepared from base-catalyzed etherification of cellulose acetate, and their physical and photochromic properties were
characterized. The degree of substitution of COSP was calculated from the amount of residual hydroxyl groups in cellulose
acetate measured by the 'H-NMR and UV spectrometric data. It was ranging from 0.87 to 45.5% depending on the
reaction condition. UV/vis spectrometry of the resulting CA-COSP revealed that the polymer shows a reversible color
change by changing its color from colorless to blue upon UV irradiation forming a merocyanine structure, and returning
back again to colorless spiropyran structure by visible light or by heat. The rate of color change was faster in solution than
in the film. In the more polar solvent, the more stable was the resulting merocyanine, and the slower was the rate of reverse
reaction to spiropyran. Compared to COSP blended with cellulose acetate, in which a phase separation was observed for
samples containing more than 0.9 wt% of COSP, up to 48 wt% of COSP could be blended in CA-COSP without phase
separation.
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Table 1. Results of Syntheses for CA-COSP

Reaction conditions Degree of
Sample " .
name -OHof CA  NaH COSP  Temp. Time substitution
(mmol) (mmol) (mmol) (0) (h) n“ (%)
CA - - - - - 0.0
CA-COSP1 236 1.42 1.19 65 24 0.87°
CA-COSP2 236 3.17 235 65 24 13.4°
CA-COSP3 2.36 5.66 4.72 65 24 45.5¢

“ Degree of substitution (DS) per one glycoside unit.

® Estimated by the absorption coefficient ratio of COSP groups in UV spectra.
compared to that of CA-COSP3.

¢ Measured by "H-NMR integration as COSP/glycoside mole ratio.



Table 2. Blend Test of CA-COSP and COSP

Sample name The amount of total COSP mole percent (%)

CA 0.52 0.95 5.10 9.20 16.0
CA-COSP1 10.9 11.3 12.7 14.7 17.8
CA-COSP2 14.9 15.5 17.5 19.2 225
CA-COSP3 40.0 43.8 44.9 48.8
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Figure 1. FT-IR spectra of (a) COSP (KBr pellet), (b) CA, (c) CA-
COSP1, (d) CA-COSP2, and (¢) CA-COSP3 in film.
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Figure 2. 'H-NMR spectra of (a) CA, (b) CA-COSPI, (c) CA-
COSP2, and (d) CA-COSP3 in DMSO-dj.
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Figure 3. UV/vis spectra of (a) CA-COSP1, (b) CA-COSP2, and (c)
CA-COSP3 films normalized by thickness (~6 pum) after irradiation
of UV for 240 sec, respectively.
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Scheme 2. Structural change of CA-COSP induced by photochromism.
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Figure 4. Change of absorption spectra for CA-COSP3 in DMSO
upon 365 nm irradiation; [CA-COSP3]=0.093.
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Figure 5. Change of absorbance for CA-COSP3 in DMSO stored in
the dark at room temperature after irradiating 365 nm UV light for 60
sec. Each spectrum was taken at every 5 sec.
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Figure 7. Change in absorbances at 568 nm in the UV spectra of CA-
COSP3 in DMSO solution under repeated cycles of UV light
irradiation for 5 sec and subsequent storing in the dark for 120 sec;
[CA-COSP]=0.093 mg/mL.
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Figure 9. Change of absorbance at 567 nm for CA-COSP3 film
stored in the dark and under He-Ne laser (633 nm) after irradiating
365 nm UV light for 60 and 120 sec.
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and subsequently with visible light for 240 sec, with number of repetitions.

Table 3. Glass Transition Temperature (7)) and Initial Degra-
dation (7;q) of CA-COSP

Sample T, () T (°C)
CA-COSPO 208.3 298.7
CA-COSP1 195.9 308.9
CA-COSP2 175.1 298.7
CA-COSP3 150.6 246.5

Table 4. Intrinsic Viscosity Change for CA-COSP3 in DMSO
Solution before and after Irradiation of 365 nm UV for 20 sec

Intrinsic viscosity([n]) Concentration

sample Before After (g/dL)
CA-COSPO(CA) 0.79 - 0.6~0.2
CA-COSP1 0.47 - 0.6~0.2
CA-COSP2 0.63 - 0.6~0.2
CA-COSP3 0.79 0.75 0.6~0.1
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