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ABSTRACT 

 

Synthesis and ionic conductivity of a new Ag+ ion conducting 

nanocomposite electrolytes (NCPEs): (1-x) [30PEO:70(0.75AgI:0.25AgCl)] + x 

SiO2, where 0 < x < 20 wt.%, are reported. A novel hot-press technique has been used 

for the synthesis of a present NCPEs and a nano-size filler particles SiO2 (~ 8 nm) 

were dispersed as a second dispersoid in to the first phase host matrix: 

[30PEO:70(0.75AgI:0.25AgCl)]. Two orders of conductivity enhancement have been 

achieved to that of the pure polymer electrolyte host in the composition: 

95[30PEO:70(0.75AgI:0.25AgCl)] + 5SiO2 (σ ~ 6.2 × 10-5 S.cm-1) and this has been 

referred to as Optimum Conducting Composition (OCC). To explain the ionic 

conductivity enhancement, ionic mobility (μ), mobile ion concentration (n), ionic 

transference number (tion) etc. were determined at room temperature. Temperature 

dependent conductivity measurements were also carried out to evaluate the activation 

energy (Ea) of the present NCPE OCC. 

 

Keywords: Nanocomposite polymer electrolytes, hot-press technique, ionic 

conductivity, ionic mobility, ionic transference number. 

 
1.  INTRODUCTION 

 

Ions conducting superionic solids are new class of solid systems which exhibit high 

ionic conductivity  and these materials, show great technological promises as potential 

electrolyte systems to fabricate all solid-state electrochemical devices viz. batteries, fuel cells, 
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super-capacitors, memories electrochromic displays etc.1-10. In the last 3-4 decades, a large 

number of solid state ionic materials in different phases such as crystalline/ polycrystalline, 

glassy/ amorphous, composite, ceramic, polymeric etc. and involving variety of mobile ionic 

species viz. H+, Li+, Ag+, Cu+, Na+, F-, O2- etc. has been discovered. Their technological 

feasibilities in the solid state electrochemical device applications are constantly being 

explored. Amongst the known superionic solids, polymeric electrolyte systems, including 

conventional, micro/ nano composite/ gels, attracted widespread attention as the most 

appropriate choice to fabricate flexible, compact laminated all-solid-state electrochemical 

batteries11-16. Polymer electrolytes are prepared, in general, by complexing ionic salts in variety 

of polymeric hosts by dissolving both the salt & polymer in a common solvent. Majority of 

the polymer electrolyte films discovered so for, are either alkali ion (Li+, Na+) or proton 

conducting systems. There are very few systems reported which involve other mobile ions viz. 

Ag+, Cu+ etc. This is probably due to the limitation of the preparation technique based on 

solution-cast. In the present paper, a novel hot-press technique has been reported for casting 

polymer electrolyte membranes. This is a more rapid and least expensive solvent-free 

procedure to form completely dry polymer electrolyte membranes complexed with variety of 

ionic salts17-18.  

The present paper reports the synthesis of a new Ag+ ion conducting nanocomposite 

polymer electrolytes (NCPEs): (1-x) [30PEO:70(0.75AgI:0.25AgCl)] + x SiO2, where 0<x<20 

wt.%, using hot-pess/ dry method. To explain ion conductance behavior of the present NCPEs, 

various ion transport parameters viz. conductivity (σ), ionic mobility (μ), mobile ion 

concentration (n), ionic transference number (tion) etc. measured experimentally employing 

different techniques 

 

2. EXPERIMENTAL 

 

A new Ag+ ion conducting nanocomposite polymer electrolytes (NCPEs): (1-x) 

[30PEO:70(0.75AgI:0.25AgCl)] + x SiO2, where 0 < x < 20 wt.%, were synthesized by 

recently developed hot-pressing the dry powder mixtures of AR grade chemicals: poly 

(ethylene oxide) PEO (105 MW, Aldrich, USA), AgI and AgCl (purity > 98%, Reidel, India), 

SiO2 (> 99.8%, size ~ 8nm, Sigma, USA). As mentioned, firstly the host polymer electrolyte:  

[30PEO:70(0.75AgI:0.25AgCl)] have been synthesized in hot-press method, as mentioned in 

our previous communication19. To prepare the present NCPEs, the dry powders of host 

polymer was homogeneously mixed with different wt.% ratios of SiO2, heated ~ 80 oC to form 

slurry, then hot-pressed between SS blocks resulting finally into a mechanically stable films. 

Placing these films between SS electrodes, the conductivity (σ) measurements were carried 

out by using an LCR-bridge (HIOKI 3520 - 01, Japan) with the help of following equation: 
 

σ =  
.AR

l

b             

[S.cm-1]             (1) 

where Rb is the bulk resistance, l is the thickness and A is the cross sectional area of the 
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polymeric sample material. The bulk resistance Rb was determined from the impedance 

analysis by using an LCR- bridge (model: HIOKI 3520- 01, Japan). The ionic mobility (μ) and 

ionic transference number were also determined by using transient ionic current (TIC) 

technique with the help of following equations20,21: 

μ   =     [cm2V-1s-1]               (2) 

 tion  = 1 - 
T

e

I

I
                           (3) 

where Ie is the electronic current and IT is the total current of the cell: [SS // NCPE OCC // SS]. 

Subsequently, the mobile ion concentrations were also determined from the well-known relation: 

σ = n.q.μ. Temperature dependent conductivity was done on OCC membrane to evaluate the 

activation energy (Ea). 

 
3. RESULTS AND DISCUSSION 

 

Fig.1 shows the nano filler SiO2-concentration dependent conductivity plot for a new 

Ag+ ion conducting nanocomposite polymer electrolytes (NCPEs): (1-x) [30PEO:70 

(0.75AgI:0.25AgCl)] + x SiO2 at room temperature. The conductivity (σ) of the host polymer 

electrolyte [30PEO:70(0.75AgI:0.25AgCl)] increases with the SiO2 concentrations and a 

maxima in conductivity (σ ~ 6.2 ×  10-5 S.cm-1)  was obtained at 5 wt.% SiO2. On further 

addition of SiO2, ‘σ’ dropped to a much lower value. Two orders of conductivity enhancement 

have been achieved for the nanocomposite polymer electrolyte composition: 

95[30PEO:70(0.75AgI:0.25AgCl)] + 5SiO2. The mechanical strength of the nanocomposite 

polymer electrolyte film was observed to be substantially enhanced from that of the 

undispersed films. This composition has been referred to as the Optimum Conducting 

Composition (OCC). The increase in ionic conductivity in NCPE OCC is due to the increase 

in degree of amorphicity. To characterize the another reason of ion conductance behavior of 

this OCC film, the ionic mobility (μ), mobile ion concentration (n) and ionic transference 

number (tion) were determined employing a dc polarization TIC- technique, as mentioned in 

Experimental Section. Fig. 2 shows ‘log μ-x’ and ‘log n-x’ plots for NCPEs: (1-x) 

[30PEO:70(0.75AgI:0.25AgCl)] + x SiO2 at room temperature. It is obvious from the figure that 

the increase in room temperature conductivity of the present NCPE OCC is due to the increase in 

both μ and n and this is due to the available of more numbers of mobile Ag+ ions and free 

conduction paths in the system as well as increase in ‘n’ is due to the space charge double layer 

effect22,23.  

tion ~ 0.9, clearly confirms the fact that the hot-pressed synthesized present  NCPE is a 

pure ion conducting system with Ag+ ions as the sole charge carriers. Although, the room 

temperature conductivity of this hot-pressed synthesized nano-composite polymer electrolyte 

membrane is relatively low for the purpose of any practical electrochemical device 

applications, however, the present study is an indicator of a promising future for this technique 

V.τ

d 2
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specially to form high ion conducting polymer electrolyte membranes. To evaluate the 

activation energy (Ea), encountered by the mobile ions within the bulk of the nano-composite 

polymer electrolyte OCC film, temperature dependent conductivity measurements were 

carried out. Fig. 3 shows ‘log σ –1/T’ plot for NCPE OCC: 95 [30PEO:70(0.75AgI:0.25AgCl)] 

+ 5 SiO2. As the temperature is increases, conductivity is also increases and this can be explained 

on the basis of free volume model and hopping of charge carriers24,25. The straight line portion 

below the transition temperature can be expressed by following Arrhenius type behavior: 

σ (T) = 2.9 × 10-4 exp [-0.31/ kT]  [S.cm-1]      (4) 

where Ea = 0.31 eV, is the activation energy involved in this thermally activated process. Ea -

value is reasonably low as compared to the host polymer19. It is also indicative of an easy ion 

migration within the bulk in the present NCPE. 

 
Fig.1: Room temperature conductivity vs filler concentration plot for the hot-pressed NCPEs: (1-x) 

[30PEO:70(0.75AgI:0.25AgCl)] + x SiO2, where 0 < x < 20 wt.%. 
 

 
Fig.2: ‘Log μ–x’ and ‘log n–x’ plots for the hot-pressed NCPEs:. (1-x) [30PEO:70(0.75AgI:0.25AgCl)] + x 

SiO2, where 0 < x < 20 wt.%.  
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Fig. 3: ‘Log σ –1/T’ Arrhenius plot for the Ag+ ion conducting nano-composite polymer electrolyte OCC: 95 

[30PEO:70(0.75AgI:0.25AgCl)] + 5 SiO2. 

 
Table 1: Some important ionic parameters of the host polymer and NCPE OCC films. 
 

System       σ27  
o

C   

     (Scm-1) 

μ27  
o

C   

(cm2V-1s-1)   

    n27
  o

C   

     (cm-3)            

Ea 

(eV) 

tion 

Host Polymer:  

[70PEO:30(0.75AgI:0.25AgCl)] 

 

4.5 ×  10-7 

 

2.4 × 10-3 

 

1.5 × 1015 

 

0.45 

 

0.9 

NCPE OCC: 

95 [70PEO:30(0.75AgI:0.25AgCl)] + 5 SiO2  

 

6.2 ×  10-5 

 

7.7 × 10-3 

 

 

9.33 × 1015 

 

0.31 

 

 

0.9 

 

4. CONCLUSION 

 

A new Ag+ ion conducting nanocomposite polymer electrolyte: 95 [30PEO:70 

(0.75AgI:0.25AgCl)] + 5 SiO2 (wt.%) has been synthesized using a hot-press dry method. 

Dispersal of nano- SiO2 particles into the polymer electrolyte host resulted into an 

enhancement in the room temperature conductivity. The conductivity enhancement in the 

NCPEs has been explained with the help of ‘μ’, ‘n’ and ‘tion’ measurements. Ionic mobility 

and mobile ion concentration both are responsible for conductivity enhancement in the present 

system. tion ~ 0.9 is indicative of the fact that the 90 % of Ag+ ions are mobile in the systems 

and this can be potentially used for the preparation of superionic devices.  
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