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Abstract. Opal-based composite with silver iodide nanoparticles (AgI/opal) has been prepared 

by host-guest technology. Temperature and frequency dependences of electrical conductivity 

and those of dielectric permittivity of AgI/opal samples were measured. Size effects in this 

opal-based nanocomposite have been discussed. 

1.  Introduction 

Silver iodide is a well-known model superionic compound in solid state physics [1-3]. At room 

temperature AgI is a mixture of low-conducting  (wurtzite) and  (zinc blende) phases. At transition 

temperature KTt 420 the phase transition to the high-conducting (superionic)  -AgI occurs. In this 

high-temperature   phase large iodine anions form a body-centred cubic (bcc) lattice, whereas small 

silver cations move over numerous sites, forming “liquid-like” system.  

In last decades, superionic conductor AgI has been thoroughly studied under restricted geometry 

conditions. A giant dielectric permittivity values as well as significant broadening of the melting-

freezing phase transitions were found, in particular, in opal-based composites containing nanoparticles 

of AgI and those of other ionic compounds [4-6]. To discover new size effects as well as to design 

novel switching and memory devices operating at lowered temperatures, silver iodide nanoparticles 

[7-11], nanowires [12, 13], nanoplates [14, 15] and thin films [16-18] have been investigated. 

In this work, we use regular porous opal matrix for preparing nanosize objects within the regular 

systems of voids. This idea proposed by Bogomolov and co-workers [19-21] was successfully used in 

[7-9] where silver iodide particles were prepared in voids and channels of molecular sieves MCM-41 

and SBA-15, porous glasses and opals by chemical synthesis [8, 9] or high-pressure technique [7]. 

Unlike these technologies, we filled opal matrix directly with silver iodide melt under the ambient 

conditions. 

A three-dimensional ordered face centered cubic (fcc) structure of self-assembled artificial opal 

matrix [22] is formed by closely packed silica globes with their volume filling 

factor 2 / 6 0.74    and the first-order porosity 26.011  f . One can also find smaller 

voids and channels in some types of “open” (fractal) opal structures with high order ( 1m ) porosity: 
1(1 )(1 ... ) 1m m

mf           .       (1) 

2.  Experimental procedure 

To prepare AgI/opal nanocomposite (i.e., host opal matrix filled with silver iodide guest substance) we 

inserted initial opal matrix into the melt of silver iodide ( K)3836( T ) for three hours. Then the 
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sample ( 37.055 mm  plate) was cleaned and polished mechanically and its opposite plane surfaces 

were covered with graphite (used as electrode material). 

In our experiments the gravimetric density of the polished composite sample was found to be 
3/3.3 cmgс  , so one can calculate the volume fraction of the guest substance in the composite: 

35.0


AgI

oс




, where 3/7.5 cmgAgI   and 3/3.1 cmgo   are the gravimetric densities of bulk 

AgI and bare opal, correspondingly. Thus, the sample under study possessed not only the first-order 

porosity, but partially the second-order one (see formula (1)). According to this estimation, the 

concentration of nanostructured silver iodide in our composite based on “open” opal structure was 

about 40% more than that in the sample obtained by high-pressure technique in [7] and one order of 

magnitude higher than that in the sample synthesized chemically in [8].  

Electrical measurements of the samples under study (initial opal host matrix, bulk AgI guest 

substance and AgI/opal nanocomposite) were carried out at the frequency of 1 kHz by an E7-13 

impedance meter as well as by impedance bridge MPP300 and generator Philips GM6012 within the 

frequency range 100 Hz – 300 kHz. Direct current was measured by electrometer Keithley 6517В and 

micro ammeter M95. The temperature dependences of all the electric sample characteristics were 

measured upon continuous heating or cooling with a rate of 1 to 2 degrees per minute. 

3.  Results 

Temperature dependences of alternating-current (AC) ionic conductivity of AgI/opal nanocomposite 

material (AC frequency  = 1 kHz) are shown in figures 1 and 2. It is clearly seen that the temperature 

of the phase transition to the superionic state upon heating of the nanocomposite sample (figure 1, 

curve 1) is close to the corresponding temperature in the bulk guest material ( KTt 420 ). On the 

other hand, the tT  value shifts to approximately 400 K upon cooling (figure 1, curve 2). This rather 

wide hysteresis loop, as well as the values of activation energy in the Arrhenius plot (figure 2) agrees 

with recently published data [8]. On the other hand, the AC ionic conductivity values measured in [8] 

at  = 1.5 kHz are much smaller ( S/m)(σ AC
34 1010    above the temperature of the phase 

transition) than corresponding ACσ  values plotted in figure 1. This fact as well as the nonmonotonic 

temperature dependence (T)σ AC  observed in [8] at middle and low frequencies is probably due to the 

low concentration and nonhomogeneous distribution of silver iodide nanoparticles chemically 

synthesized within opal pores.  

In figure 3 direct-current (DC) ionic conductivity values for bulk silver iodide (figure 3, a) and 

those for AgI/opal nanocomposite with much more pronounced hysteresis (figure 3, b) are displayed. 

It should be noted that contrary to AC conductivity demonstrating distinct step-like conductivity 

enhancement at elevated temperature (figure 1), estimated DC conductivity values are much lower, 

decreasing monotonically during measurement process and showing only peaks at corresponding 

temperatures (figure 3). In our opinion, these effects are due to the polarisation processes. 

Nevertheless, DC conductivity of AgI/opal nanocomposite at KT 450  is at least five orders of 

magnitude higher than that of initial opal host matrix [6]. 

Figure 4 illustrates, in addition, the low-temperature shift of the phase transition point for AgI/opal 

nanocomposite upon cooling when compared with that for the bulk guest substance. The shift value 

KTt 20  also agrees with the result published in [8] for AgI/opal nanocomposite. It should be 

mentioned that for AgI nanowires grown with the usage of porous alumina template this shift is much 

larger ( KTt 70 ) and it is thought that plenty of stacking defects and adsorption/segregation of 

Ag  ions at the alumina surface could be the main factors for abnormal phase transition in this 

composite structure [12]. 
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Figure 1. Temperature dependence of AC ionic 

conductivity ( = 1 kHz) of AgI/opal 

nanocomposite (1 - heating, 2 - cooling). 

Figure 2. Arrhenius plot of AC ionic 

conductivity ( = 1 kHz) of AgI/opal (heating). 

Activation energies are shown for two linear 

segments. 

 

  

Figure 3. Temperature dependence of DC ionic 

conductivity of a) bulk AgI and b) AgI/opal  

(1 - heating, 2 - cooling) 

Figure 4. Temperature dependences of AC ionic 

conductivity (a) and dielectric permittivity (b) of 

bulk AgI (1) and those of AgI/opal 

nanocomposite (2) on cooling ( = 1 kHz). 

 

 

The frequency dependence )(  of dielectric permittivity within the frequency range from 210  to 

510 Hz is in agreement with the power law approximation (
nC   )( ), which is typical for ionic 

compounds dispersed within the voids of opal matrices [6].   
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