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Preparation of temper ature-sensitive photonic crystals and
self-adaptive color devices
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Abstract: A fast responsive C;;DMAO/PNIPAM-co-PDAAM-co-PAM temperature-sensitive photonic
crystal hydrogel was prepared by N,N-Dimethyldodecylamine oxide (C;,DMAOQ) as basic unit interacting
with PNIPAM-co-PDAAM-co-PAM cross-linking network which were formed by polymerization of
N-isopropylacrylamide (NIPAM), diacetone acrylamide (DAAM) and acrylamide (AM) under UV
irradiation. Next, a self-adaptive color device was built though composition of silicone coated temperature-
sensitive photonic crystal hydrogel with integrated electric heating plate and tested by inverse color spectrum
and infrared imaging. It was concluded that the hydrogel exhibited a temperature response range of
4.3~55.0 °C along with the proportion adjustment of NIPAM, DAAM and AM. With NIPAM of 0.20 g,
DAAM of 0.20 g, AM of 0.05 g and MBAA of 50 mg, the response temperature range of prepared adaptive
structured color device was a close one of 22~30 °C, which led to rapid color change.
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Preparation principle diagram of thermosensitive
photonic crystal hydrogel

Fig. 1
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Table 1 Formulations of thermosensitive photonic crystal
hydrogels

. Clzl?nl\ﬁAO/ 1;1;;/ NIP?M/ DA;\M/ AM/g M]?n/;A/ 1L7L3/
1 200 85 0.20 0.20 0.05 50 20
2 200 85 0.30 0.10 0.05 25 20
3 200 85 0.30 0.10 0.05 50 20
4 200 85 0.30 0.10 0.05 75 20
5 200 85 0.30 0.10 0.05 85 20
6 200 85 0.30 0.10 0.05 100 20
7 200 85 0.30 0.10 0.05 125 20
8 200 85 0.30 0.10 0.05 150 20
9 200 85 0.10 0.30 0.05 50 20
10 200 85 0.30 0.10 0.15 50 20
11 200 85 0.30 0.10 0.20 50 20
12 200 85 0.30 0.10 0.25 50 20
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Fig. 2 Structural formula and schematic diagram of C;;DMAO molecule (a); Schematic diagram of bilayer formed by
C;,DMAO in water (b); Reaction chemical formula of crosslinking network (c); SEM images of thermosensitive
photonic crystal hydrogel (sample 1) (d, e); FTIR spectra of raw materials and sample 1 (noted as Gel) (f); SAXS

pattern of sample 1 (g)
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Fig. 3 Heating discoloration picture (a) and spectra corresponding to heating discoloration (b) and dielectric constant of
sample 1 (c); Schematic diagram of the principle of discoloration of thermosensitive photonic crystal hydrogel (d); Effect of
MBAA dosage on discoloration temperature of thermosensitive photonic crystal hydrogel (e); Effect of NIPAM/DAAM
mass ratio on discoloration temperature of thermosensitive photonic crystal hydrogel (f); Stress-strain curve of sample 1 (g)
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Fig. 4 SEM images of coated thermosensitive photonic crystal (a); Reflection spectra (b, ¢) and mass at different time (d) of
sample 1 before and after coating; Wavelength change of coated thermosensitive photonic crystal under cyclic heating

conditions (e)
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Fig. 5 Single point test of adaptive structured color devices (a); Reflection spectrum corresponding to a single point (b); Test
diagram of multi-point unified temperature control of adaptive structural color device at 26.3 °C and corresponding
infrared thermal imager diagram (c); Reflection spectrum corresponding to the material at 26.3 °C (d); Test diagram
of multi-point unified temperature control of adaptive structural color device at 24.6 °C and corresponding infrared
thermal imager diagram (e); Corresponding spectrum at 24.6 °C (f); Red flower green leaf diagram with multi-point
different temperature control of adaptive structural color device (g); Infrared thermal image corresponding to
safflower green leaf image (h); Reflection spectrum corresponding to safflower green leaf diagram (i, j)
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