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Photoirradiation effects on the electrical conductivity
of polycrystalline silver iodide
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In this dissertation, I present the photoirradiation effects on the electrical conductivity of
polycrystalline silver iodide investigated by using the complex impedance spectroscopy
(ac method) and steady state photocurrent excitation spectroscopy (dc method). The
purpose of the present study is to elucidate the effects of photoirradiation on the electrical
properties of solid state polycrystalline silver iodide (Agl) in its various phases including
lonic, superionic and nanoionic systems and to search for new photoinduced phenomena
including photoinduced phase transition (PIPT) .

In the ionic system of polycrystalline B-Agl phase, reversible photoswitching
behavior in bulk resistance as well as in color is obtained. It is found that the pale yellow
color of B-Agl phase is changed to dark brown by photoirradiation at 308 nm, and this
dark brown color is reverted to the original pale yellow color by photoirradiation at 450
nm. The bulk resistance, on the other hand, is switched from high resistance state to low
resistance state and vice versa by alternate photoirradiation at 450 nm and at 308 nm,
respectively. The photoinduced change in reactance and capacitance as a function of
frequency are also observed by the ac method, which gives the significant information of
the substantial generation of Frenkel defects (interstitial Ag* ions) in this system with
photoirradiation at 450 nm. It is also found that the photoinduced change in bulk
resistance strongly depends on a mixing ratio of B-Agl phase and y-Agl phase. Moreover,
the photocurrent excitation (PCE) spectrum and its dependences on the photoirradiation
wavelength, excitation light intensity as well as on excitation time are also investigated.
Different PCE spectra are obtained, depending on the excitation light intensity,
indicating that strong excitation light intensity is necessary to obtain crucial amount of
Frenkel defects.
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In the ionic system of polyerystalline v-Agl, the PCE spectrum, which is very similar
to the absorption spectrum, is obtained by using the dc method. A reversible switching of
the exciton band (blue to red and red to blue shift of 30 nm) is obtained by
photoirradiation at 300 nm and at 450 nm, respectively, which strongly suggests the
occurrence of PIPT in the solid state ionic system of polycrystalline y-Agl phase at room
temperature. Photoelectret phenomenon as well as very fast polarization behavior is also
confirmed in polycrystalline y-Agl phase.

In the superionic system of polycryst:,alline Agl (a-Agl), prepared from the
polarized state of B-Agl and/or y-Agl, a photoinduced change in bulk resistance is
obtained at temperatures above 147 °C by using the dc method. It is found that the
electrical conductivity of a-Agl phase is largely enhanced by photoirradiation at 450 nm
at the steady state condition. Moreover, the spectral shape of the PCE spectrum is
strongly affected by photoirradiation at 300 nm and /or 450 nm indicating the large
photoirradiation effects on the polarized superionic system of polycrystalline Agl. In
addition, the polycrystalline a-Agl phases prepared from the polycrystalline y-Agl and B-
Agl phases show different PCE spectra from each other, indicating that the prepared
superionic o-Agl strongly depends on the initial structure, that is, a-Agl memorizes the
parent phase. In the nanoionic system of polycrystalline Agl (Agl nanoplates), the PCE
spectrum and its dependences on the excitation time, scanning direction of wavelength of
the excitation light as well as on the annealing are also investigated.

Synergy effects of photoirradiation and electric field on the electrical conductivity
of polycrystalline B-Agl phase, y-Agl phase and Agl nanoplates are also investigated at

room temperature.
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