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additive halide, (c) Cation concentration at Fermi energy level as a
function of glass composition, (d) Glass transition temperature of LBP
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experimentally obtained value of power exponent, (d) Mobile ion
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(a) At various temperature, the max barrier height (Um) for LBP25 glass
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Nyquist plots for NBP series samples for 15 and 20 wt. % Nal addition in
the sodium Boro-phosphate glass system respectively, (h) Nyquist plot
fitting with the equivalent circuit for NBP4 sample at 373 K temperature,
inset: the model circuit elements (red points are the original data and
green line is the fit result- guide to eyes)

(a) Variation of R, with temperature as a function of compositions of NBP
glass series. (b) Variation of dc conductivity (o4.) and its corresponding
activation energy (E,) for NBP series samples

As a function of NBP glass compositions, (a) % of Na* ions at Fermi energy
level and mobility of carrier ions, (b) Concentration of Na* ions calculated
using empirical equation and from the experimental analysis, (c) The true
migration barrier height for sodium oxide and iodide compound as a
function of iodide salt, and (d) Decoupling Index profile for various
temperatures for NBP series samples

(a-g) The plots of ¢’ vs frequency at various temperatures for x =
1,2.5,4,5,10,15, 20 wt. %, respectively, (h) The plots of ¢'vs frequency
at 373 K for all the glass compositions (straight line represents the JPL
fitting and guide to eyes).

(i) Power law exponent (n) as a function of glass composition (inset: the
behavior of n(T) for all glass compositions), (j) The plot of ¢’ vs frequency
for NBP4 sample at various temperature, the arrow show the hopping
frequency (w,: changeover),w < w, lower frequency and w > w,-higher
frequency.

For all the glass compositions of NBP series, (k) The plot of w,, vs 1000/ T
exhibits the Arrhenius trend with the activation energy for conduction, (1)
Hopping frequency w, by employing empirical formula of NSPT model
and the experimental data. The activation energies for ion conduction and
hopping process (inset), (m) Arrhenius behavior of relaxation time when
plotted as a function of inverse of temperature and as a function of glass
composition the relaxation time is shown in inset, (n) The mobile carrier
concentration K'at various temperature and as a function of temperature
for x wt.% of Nal (inset), (o) Comparative study of dc conductivity and
hopping frequency as a function of inverse of temperature for the highly
conductive sample of the glass series, and (p) Conductivity variations at
various frequencies for the glass compositions containing 4 wt. % of Nal.
Plots of normalized conductivity spectra with frequency using
Summerfield formulation at different temperatures for various glass
compositions

Plots of normalized conductivity spectra with frequency using Roling
formulation at different temperature for various glass compositions

Plots of normalized conductivity spectra with frequency using
Summerfield and Roling formulation at 373K for various glass
compositions

Plots of dielectric constant (&) spectra with frequency at different
temperature for various glass compositions
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Plots of temperature dependence of the dielectric constant (¢') and the
dielectric loss (&"), (a-b) for several values of frequencies, (c-d) At 1IMHz
frequency for all the samples. The dielectric strength (Ae), (e) as a function
of temperature for all compositions of glass series, and (f) as a function of
x wt.% of Nal at 303 K temperature.

(a-f) Plots of tan 6 spectra with frequency at different temperature for
various glass compositions (Inset of Fig. f: tan § spectra vs log f for NBP
series samples), (g) Conductivity and Dielectric Relaxation time (t) versus
1000/T plot for the NBP4 glass system.

Real part of modulus spectra vs log f for NBP series samples at various
Temperatures

Imaginary part of modulus spectra vs log f for NBP series samples at
various temperatures

(a)Arrhenius behavior of electric modulus relaxation time, (b)
Comparison of activation energy obtained from conductivity, dielectric
and electric modulus study, (c) Stretching parameter as a function of
temperature (inset: Room temperature trend of B for all glass
samples),(d) Imaginary part of impedance and modulus as a function of
frequency at 343 K for NBP4 sample, (e) Real and imaginary part of
modulus at 323 K for NBP1 sample

Normalized plots of the real part of the modulus (M’) as a function of
scaled frequency using Taylor-Isard-Scaling (T-I-S) formalism for all the
series samples

Normalized plots of the imaginary part of the modulus (M”) as a function
of scaled frequency using Roling formalism for all the series samples
Scaling of imaginary component of modulus for all the glass samples at
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(b) Taylor-Isard, (c) Roling and (d) Summerfield. Taylor-Isard formalisms
used for (e) imaginary part of modulus (M”), and (f) for real part of
modulus (M)

(a) pand My, (b) Noxide and Niodide (C) % of Niotar at Eg, (d) Tg' and (e)
R; (inset: R; vs temperature), as a function of LBP glass series samples
X-ray diffraction patterns of all glassy electrolyte samples from ABPO to
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FTIR spectra of LBP glass series between 400 cm™ to 1700 cm™! wave
number

Deconvoluted FTIR spectra in the wavenumber range from 800 cm™? to
1200 cm™*for ABPO to ABP7 samples

Deconvoluted FTIR spectra in the wavenumber range from 1300 cm™! to
1500 cm™*for ABPO to ABP7 samples

Nyquist plots, (a-e) of all glassy electrolytes at various temperatures and
(f) for all the samples at 318 K temperature

(a) Nyquist plot fitting and its equivalent circuit for ABP5 for 318 K
temperature, (b) the Arrhenius behavior of log 4. conductivity vs
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The plots of ¢'vs frequency at various temperatures for x = 0,1,3,5
and 7 wt. % of Agl in the borophosphate glass respectively, (f) at 323 K
temperature, JPL fitting for all the samples exhibiting the hopping
frequency (straight line represents the JPL fitting and guide to eyes)

(a) frequency power exponent (n) as a function of glass composition at
various temperatures-inset: for ABP5 sample the temperature dependent
variation of power exponent, (b) variation of mobile ion concentration
(K’) as a function of temperature for all glass compositions inset: K’ for all
the compositions at room temperature

Plots of scaled conductivity spectra with frequency using Roling
formulation (a-c) at different temperatures, (d) at 323 K for all the glass
samples

Plots of normalized conductivity spectra with frequency using (e-f) Ghosh
model of scaling, and (g-h) Summerfield formalism

Plots of dielectric constant spectra (¢") with frequency for all the glass
samples, (f) Dielectric strength (Ae = g4 — €,,) for all the glass samples at
various temperature (inset: at 303 K temperature), the variation of net
polarization as a function of glass compositions

(a-e) Plots of dielectric loss (€") spectra with frequency at different
temperature for various glass compositions

Plot of log[e" — (04./we,)] with log f for all the glass compositions.(a-e) at
various temperatures, and (f) at 323 K temperature

(a) log €’ and (b) loge for ABP5 sample for various frequency values, (c)
and (d) are loge’ and loge'respectively for all the glass samples as a
function of temperature for the frequency 1 MHz

Plots of tand spectra with frequency, (a-e) at different temperature for
ABPO, ABP1, ABP3, ABP5 and ABP7 glass compositions, (f) for various
glass samples at 343 K

(a) Dielectric Relaxation time (7) vs inverse of temperature for all the glass
compositions, (b) Comparison of conductivity and dielectric relaxation
time for ABP glass series, (c) Similarity between the activation energy
obtained from dielectric study and conductivity study for various dopant
concentrations in the host glass system

Plots of M’ vs. logarithmic function of frequency, (a-e) respectively for
ABPO to ABP7 samples at different temperatures, (f) all the glass samples
at323K

Plots of M” vs. logarithmic function of frequency, (a-d) respectively for
ABPO to ABP7 samples at different temperatures, (f) all the glass samples
at323 K.

(a) Peak of M'and Z'for ABP3 sample at 323 K temperature, (b) B as a
function of activation energy at various temperature points, (inset) as a
function of temperature for all the glass samples, (c) Modulus relaxation
time as a function of reciprocal of temperature- Arrhenius trend for all the
glass samples, (d) Activation energy deduced from the conductivity,
dielectric and modulus study for all the ABP series samples, (e) The peak
of real and imaginary part of modulus as a function of frequency for ABP5
sample at 323 K temperature.

(a-€) Scaled modulus spectra (M') plotted against log(f/d,.) at different
temperatures, (f) at 323 K temperature, the real component of
modulus(M") vs the scaled frequencylog(f /o4.) (T-1-S model) for all the
glass samples.
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The imaginary part of modulus (M”) is plotted against the scaled
frequency by using, (a-b) T-I-S formulation, (c-d) Ghosh formalism, (e)
Roling model, and (f) Summerfield model of scaling

The normalized modulus functionM' /M, is plotted against the scaled
frequency by using, (a-b) T-I-S formulation, (c-d) Ghosh formalism, (e)
Roling model, and (f) Summerfield model of scaling

Qualitative comparison of (a) glass transition temperature, (b-c) dc
conductivity as a function of temperature and the highest conductive
samples at various temperature, respectively, (d) activation energy for ion
diffusion

Density (g/cc) of all glass series samples

N at E¢ (%) of all glass series samples

Decoupling index (R.), (a) as a function of highest conductive samples at
various temperature, (b) as a function of temperature for highest
conductive samples, of all three series

For the highest conductive samples from all three series and at various
temperature points, the trend of (a) Hopping frequency w,, (b) total
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Comparison of (a) the thermodynamic fragility (F,,,), (b) the ionicity
(ACp), for all the investigated glass series of borophosphate as host matrix
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