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Dielectric pursuit of photochemical reactions
in photochromic films.

Shogo SAITO, Tetsuo TSUTSUI
and Shin-ichi KUROKI

A novel method to pursue photo-coloration processes in photochromic films without
use of optical techniques was proposed. Photo-induced chemical changes in photochro-
mic films could be detected by measurement of dielectric constants of the films. The
photochromic films used were polycarbonate doped with 2 wt% 6’-nitro spiropyran. The
dielectric constants of the films increased as much as 0.2 % by UV-irradiation and gra-
dually decreased when photo-irradiation was interrupted, restoring their original values
before photo-irradiation. The quantitative relation between the photo-induced changes
of dielectric constants and the concentrations of colored species of spiropyran was de-
rived from the consideration on the change of electronic polarization due to photoche-
mical reaction of spiropyran. . From the analyses of dielectric constant-time curves,
first-order rate constants for both photo-coloration and thermal fading processes could
be evaluated. Also, the estimations of both activation energies of thermal fading re-
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action and quantum efficiencies for photo-coloration were shown.
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Fig. 1 Experimental arrangement for
dielectric measurement.
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Fig. 2 Absorption spectra of spiropyran
dispersed in polycarbonate matrix.
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Fig. 3

Changes of dielectric constants in coloration and thermal fading processes.
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Fig. 4 Thermal fading process at 17.5°C
pursued by dielectric constants and
optical absorbance.
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Fig. 6 Plots of In {4e(#)} vs. time for the
thermal fading process at 17.5°C.

Table 1 The rate constants for the thermal
fading process of spiropyran in
polycarbonate by dielectric me-

asurement,
Temperature ks ks

C) (min-1) (min-1)
17.5 6.4 1073 7.4X10-2

: (5.0X1073) (6.9X107%)
30.0 1.2x 102 1. 41071
50.0 2.2X1072 2.6X10-1

) (2.2X107%) (2.6X1071)
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Table 2 The rate constants for the coloration process of spiropyran in polycarbonate,

Temperature ks+k btk ks ks
coO (min~1) (min-) (min~1) (min-1)
17.5 4.6X10"2 2.0 101 4,0 10-2 1.3X10-1
30.0 5.8X10-2 3. 4% 101 4. 6% 10-2 2.0X 101
50.0 6.5X10-2 — 4, 3102 —
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