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Effect of Salts on the Tunability of Photonic Gels
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Photonic band gap (PBG) materials with tunability in the
visible or near infrared region have been increasingly
investigated not only because of their unique capability of
controlling and processing light but also because of their
potential applications as an active component of display,
sensory or telecommunication devices. Collective Bragg
refraction in a periodic dielectric structure delivers a certain
range of frequency called photonic band gap where the
propagation of photon is prohibited. The band structures
can be modulated when the refractive index and the
periodicity of the dielectric layers are carefully scaled to the
wavelength of incident light. Many different tunable PBG
materials have been demonstrated, and most of them are
based on the colloidal crystal arrays (CCAs) functionalized
with various molecules where either the refractive index or
the periodicity is responsively changed to the various
stimuli. Block copolymers also have been proposed as
platforms of creating various PBG structures. For instance, it
was demonstrated that self-assembly of block copolymers
can provide an effective way of fabricating 1D, 2D and 3D
PBG materials from lamellae, hexagonally packed cylinders
and double gyroids respectively. In this case, the band
structures could be further modulated by changing domain
spacing and refractive index contrast. Our group recently
reported chemically tunable photonic gels which were
spontaneously assembled from block copolymers. Our
general strategy was based on the selective swelling of block
copolymer lamellae consisting of alternating non-swellable
glassy layers and highly charged gel layers which can be
swollen by aqueous solvents. As the gel layers are swollen
by aqueous solvents having low refractive index, both the
domain spacing and the refractive index contrast between
the layers increase, and which results in the shift of the
photonic band position to longer wavelengths. Since they
consist of highly charged hydrogels, photonic gels were very
responsive to the change of ionic strength of solution.
Herein we investigated the effect of salt on the tunability
of PBG of block copolymer photonic gels. Photonic gels
were prepared by the previously reported method. Briefly,
PS-b-P2VP lamellar films were first prepared by spin
casting from PS-b-P2VP (M × 10 = 190/190 or 57/57)
solution in propylene glycol monomethyl ether acetate
(PGMEA), and subsequently annealed with chloroform
vapor at 50 °C for 24 hours. Gel layers (QP2VP) were then
formed by quaternizing the P2VP layers in the mixture of
iodomethane and hexane at 50 °C for 24 hours. The originally unswellable lamellar films became swellable with aque1-5
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ous solvents, when pyridine groups were converted to
pyridinium by reacting with iodomethane. The quaternized
photonic gel films were, then, immersed into 0.1 M ammonium chloride solution for 4 hours to replace iodide ions
with chloride ions. After washing with copious DI water, the
photonic gel films were dried and saved for further experiments.
Since the domain spacing of dried photonic gel films is not
sufficiently large to show a PBG in the visible wavelengths,
they were transparent without showing any color. However,
the films immediately exhibited clearly visible color with
strong reflection as they were immersed in water, and persistently showed the color as long as they were in water. The
color of the photonic gel films swollen in water can be
further modulated by changing the ionic strength of solution.
Similar to many polyelectrolyte gels, the photonic gels
collapse when placed in aqueous salt solution.
The
changes of PBG were characterized by UV-VIS. Since the
absorbance maximum directly represents the PBG, the optical
properties of the photonic gels can be easily monitored by
taking UV-VIS absorbance with change of salt concentration. As shown in Figure 1, the PBG position logarithmically shifted to the shorter wavelength as increasing salt
concentration. This implies that QP2VP gel layers more
collapsed at higher salt concentration. Because of logarithmical behavior, the tunability of PBG was much high at
lower salt concentration. The tunability of PBG against salt
concentration was also highly dependent on the molecular
weight of PS-b-P2VP. The photonic gels prepared with
higher molecular weight PS-b-P2VP (M × 10 = 190/190)
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. The change of PBG position of photonic gels with
increase of ionic strength. The molecular weights of PS-b-QP2VP
were (i) Mn × 103 = 57/57 (ii) Mn × 103 = 190/190.
Figure 1
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Scheme 1

Figure 2

. The effect of the size of cation on the position of PBG.

The ionic strength of solution was fixed at 2 M for all salts.

Figure 3

. The effect of the size of cation on the position of PBG.

response more sensitively to the salt concentration than low
molecular weight one (Mn × 103 = 57/57).
We have investigated the effect of salt cation on the optical
properties of the photonic gels (Figure 2, 3). Figure 2 shows
UV-VIS spectra of the photonic gels which were swollen
with several different kinds of salt solutions at the same
ionic strength (2 M). Only to compare the effect of cation,
anion was fixed with Cl–. In this case, since Cl– is also same
as the counter-anion of QP2VP, there is no side effect by ion
exchange. In this set of experiments, we found that the PBG
position is highly dependent on the size of cations. Our
results show that the larger cations induce the shift of PBG
to the shorter wavelength: the ionic radii of cations are K+
(1.38 Å), Na+ (1.02 Å), Ca2+ (1.00 Å) and Cu2+ (0.73 Å)
(Scheme 1).16 The shift of PBG to the shorter wavelength
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represents collapse of the QP2VP gel layers. This trend was
consistent within our experimental range of ionic strength
(0-3 M). The PBG difference between the samples increased
as increasing ionic strength (Figure 3). This cation size
dependent optical property of photonic gels can be explained
with Hofmeister series.17 It is known that larger cations
induce more efficiently ordering of water molecules which
increase the surface tension of water. Salts with these properties are called kosmotropes; they are effective at aggregating
polyelectrolyte gels.18,19 Our results are consistent with the
order of Hofmeister series.
In summary, we have investigated the effect of salt on the
optical properties of photonic gels. Our results show that
PBG shift logarithmically to the shorter wavelength as
increasing salt concentration, and this was more prominent
for photonic gels prepared with higher molecular weight
polymer. Added cations behaved as ksmopropes following
Hofmeister series. In general, larger cations induce large
shift of PBG to the shorter wavelength by inducing the
collapse of QP2VP layers.
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