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Abstract

The operative electronic, ionic, orientational, or dipolar and interfacial polarizations are made active by imposing an oscillatory electric field to a dielectric material. It is noted 
that, dielectric material precedes a huge impact on the AC-DC electric conductivity and its dielectric effects. In our current study, guanidinium chromate (GC) compound was successfully 
sy nthesized via solvent evaporation method. The sharp peaks of PXRD pattern exhibits atomic arrangements at definite lattices. Moreover, we come up with a mainstream focus on 
electric and dielectric behaviours of GC compound as a function of temperature with the corresponding frequencies respectively. The impedance data were fitted in the equivalent 
operating circuit system with the predominant combinations of resistors and constant phase elements (CPE). Complex impedance measurement of GC compound is focused at all the 
temperature occurrences resulting an improved conductivity with more resistant to frequency at higher temperatures. Imaginary dielectric constant (ε”) and dielectric loss were also 
predominantly noted and observed to be declining at higher frequencies, suggesting that GC is an appropriate material for high frequency device applications. Further at maximum 
temperatures and frequencies, the complex imaginary part M" of electric modulus shows a shift in the relaxer peak. On evaluating the results obtained, it is well apprehend that the 
GC compound could be a propitious candidate for high-frequency device application.

INTRODUCTION 
A broad understanding of investigating the dielectric 

analysis is intensively characterised to scientific techniques 
that measure changes in various physical properties of a dipolar 
material with changing temperatures or frequencies, such as 
polarisation, permittivity, and conductivity. Amine groups like 
guanidine crystals are serving as useful material for applications 
in nonlinear optic, electro-optic device [1-3]. Currently, many 
researches are been carried out to suit guanidine single crystals 
for the frequency doubling diode. In order to emphasise 
the frequency influence on both constant and changing 
temperatures, the basis of dipoles reorientation with applied 
oscillating electric field on alternating-current measures complex 
permittivity. During phase transitions (melting or crystallisation) 
and secondary transitions, a compound's dielectric constant 
and related polarizability alter quite a bit in comparison to 
tiny changes in enthalpy, volume, or heat capacity (localized 
relaxation mechanisms). In an effort to create materials for 
cutting-edge engineering devices, conducting dielectric materials 
using macromolecular systems and their molecular structures 
have been proposed. Dielectric examinations, in particular, also 
offer the characteristics of discrete constituents and methods 
for describing the bulk properties, particularly the rheological 
behaviour of the material under study. The current work makes 
appropriate physical and chemical alterations to the conjugated 
structures of cationic guanidine and anionic chromium trioxide 

in order to explore the protonation between them along the 
process of polarisation. The ionic conduction behavior inferred 
from the measurements of the frequency dependent conductivity 
and dielectric constant. The electrical relaxation in ionically 
conduction of GC crystal analysed in terms of complex modulus 
formalism [4,5]. Since knowledge of the sample's composition, 
structure, and morphology is typically required to comprehend 
the relationship of a particular molecular or ionic pattern. Due to 
their intramolecular charge transfer interaction (ICT) processes, 
organic derivatives' electron transfer mechanisms exhibit notable 
nonlinear optical (NLO) activity. Large hyperpolarizabilities 
caused by the intermediate push-pull substituent pairs in 
molecular systems boost the NLO behaviour of solid materials 
like crystals [6]. With the help of the associated hydrogen 
bonding and the well-known extended molecular arrangement, 
which consists of strong electron donor and acceptor groups, 
structural asymmetry appears when crystal material is used in 
NLO applications. Ionic salt crystallisation is designed to produce 
cohesive crystal structures with sufficient ionic conductivity for 
their important potential applications in solid state batteries and 
high density power sources. In many opto-electronic applications, 
the ability to materialise strong electrical and optical conducting 
qualities is highly advantageous. To produce bulk single crystals, 
physical property tailoring is essential. Hence earlier studies 
on guanidinium chromate's synthesis and some of its physio-
chemical properties were published [7]. The current in-depth 
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analysis measured the frequency dependence of the dielectric 
constant and the ac conductivity as a function of temperature. 
Using electric modulus presentation, the conduction behavior of 
GC crystal was characterized over wide ranges of frequency and 
temperature is expanded to reveal the electrical impedence and 
electric modulus of the GC compound using calculated values for 
both the intended quantitative and qualitative outcomes.

EXPERIMENTAL PROCEDURE 

Synthesis 

To make a homogeneous solution using the solvent 
evaporation approach, the stoichiometric ratio of guanidine 
carbonate and chromium trioxide with 98.9% purity was 
dissolved in 250 ml of deionized water and agitated constantly 
for 6 hours. To make the final product free of impurities, the 
resulting saturated solution was repeatedly recrystallized at 40 
˚C in accordance with the solubility data provided in the literature 
[7]. The temperature bath in which the filtered solution was kept 
was accurate to within 0.01°C. The solution's temperature was 
lowered by 0.05 ˚C per day until it reached room temperature. 
Optically clear single crystals of the GC compound of a yellow 
colour were collected. Finally, to achieve a homogeneous surface, 
the crystallised GC was pulverised and converted into disc pellets 
by uniaxial pressing at a pressure of 10tons/cm2. The prepared 
pellets were utilized further for structural, optical and electrical 
characterization studies. 

CHARACTERIZATION
Guanidinium Chromate particle is allowed to perform under 

X-ray diffraction analysis of wavelength 1.5406 Å using Bruker 
AX500 X-ray with CuKα radiation. The electrical property was 
examined using a N4L Impedence Analyzer PSM 1735 LCR meter 
for a frequency 1 Hz–1 MHz at various temperatures ranging 
from 313K – 373K with a regular interval of 20K for a constant 
bias voltage.

Impedance measurement

An impedance analyzer was used to obtain complex 
impedance data over a frequency range of 1 Hz to 1 MHz at four 
different temperatures (313K, 333K, 353K, and 373) for the 
pelleted sample, which was then placed between two platinum 
electrodes (Agilent 4294A).

RESULTS AND DISCUSSION 

Structure analysis

The powdered GC sample was subjected to x-ray diffraction 
analysis using a Reich-Seifert diffractometer with CuK (1.5418) 
radiation over the range of 10-50, with a scan rate of 2°/min. 
We confirmed the crystal system and space group as triclinic 
with P1 space group, respectively, in our earlier publication 
on the GC crystal [7]. In the current publication, we assessed 
lattice characteristics from powder XRD spectral patterns and 
we performed Powder X software to refer the peak indexing. 
The peak-indexed powder XRD pattern of the GC compound is 
depicted in Figure 1. The reported single crystal X-ray diffraction 
data are highly relevant to the estimated lattice parameter values. 
The spectrum's discrete, sharp diffraction peaks indicate that 

the produced crystal has a good crystalline nature. Additionally, 
an increase in the surface-to-volume ratio may be the cause of 
the broad peak decline with density. Additionally, a significant 
portion of the evolution of crystal formation is governed by the 
protonation of ions.

Impedance measurements 

Impedance spectroscopy was used to analyse the electrical 
behaviour of GC compounds by passing an AC electric field through 
the pelletized sample [8]. The produced electrical response and 
its corresponding impedance as a function of the frequency 
of the respective perturbation are examined for a sinusoidal 
perturbation that the sample experiences. The Nyquist plot from 
the circuit model could be plotted with the representation of 
three separate zones [9]. The parallel combination of resistance 
over the pellet surface and their constant phase is often justified 
by the intercepts of the semicircle on the real axis. Figure 2 
displayed the GC compound's as-obtained Nyquist plot. Different 
temperatures and different frequencies were used to measure the 
experimental results. The results of the impedance measurements 
for the sample's temperature-dependent conductivity are 
in comparison with the literature [10] and are presented in  

 

Figure 1 XRD pattern of GC sample.

Figure 2 Nyquist plot of GC compound. (Insert. Equivalent circuit for 
GC compound)
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Figure 2. The homogenous and pure phases of the GC sample 
compound are shown in the as-obtained resulting plot’s semi-
circular pattern. As the temperature rise, the GC compound's 
conductivity exponents increased and the radius of the semicircle 
shrank [11]. As a result, a parallel RC equivalent circuit could be 
used to build an equivalent circuit to identify the conductivity 
process, from which the semi-circle plot in the frequency range 
was developed [12]. Where R and C in the circuit represents 
sample’s geometric resistance and capacitance. The equivalent 
circuits for the GC sample are described in the inset of Figure 3, 
and the origin-8.0 programme was used to fit the semi-circles of 
the Nyquist plot. 

Dielectric permittivity 

Electrical properties of crystal compounds are largely 
determined for the energy stored and dissipated by distribution 
and type of lattice configurations to utilize the material in 
high frequency device applications [13]. According to their 
investigations, the higher frequency electrical activity of GC 
is what makes it a good dielectric compound. At ambient 
temperature and other higher temperatures, such as 313K, 333K, 
353K, and 373K, there have been reports of the frequency range 
1 Hz-1 MHz. For the manufactured powder samples of the GC 
compound, the dielectric parameters (i.e., real and imaginary 
parts of the relative permittivity, dielectric tangent loss) have 
been investigated. Figures 3,4 depict the frequency with a real and 
imaginary part of relative permittivity. The relative permittivity 
decreases with increasing frequency and eventually becomes 
strident at high frequency. When the smear frequency increases 
dramatically, the permittivity declines more quickly in the 
frequency functions and goes into active [14]. As seen in Figure 3, 
decreases as the frequency is increased, mimicking the reduction 
in the number of dipoles, and helps to polarise the system, 
rendering the dipoles incapable of responding to the applied 
electric field. The temperature dependence of' GC compounds at a 
few chosen frequency is shown in Figure 3. To put it another way, 
the behaviour of' at lower temperatures results from the thermal 
energy that is absorbed by the dipolar material, and a few dipoles 
will subsequently rotate in the direction of the applied electric 
field [15]. As the temperature rises, the viscosity also decreases, 
giving the dipoles more energy to quickly reorient themselves in 
the direction of the applied electric field. As a result, ε' rises at 
higher temperatures. The fluctuation of the dielectric constant 
with real permittivity (ε') and imaginary permittivity (ε'') with 
frequency at four different temperatures is depicted in Figures 
3,4 respectively. The charts show how frequency is affected in 
the opposite direction by. The presence of all four polarisation 
types—interfacial, atomic, dipolar, orientational, or space 
charge that are necessary to study the electrical behaviour of the 
dielectric material is suggested by the greater values of ε'' at low 
frequency.

Conductivity studies 

The behaviour of a dielectric material with conductive ac 
conductivity, σac which exhibits frequency dependency, is a 
common electrical feature. The measurement of ac conductivity 
is regarded as a crucial tool for understanding the ionic transport 
characteristics of such dielectric materials. In particular, it is 

understood that charge transfer occurs within the molecule in 
response to the applied ac electric field in various frequency 
ranges when an ac electric current flows through a solid dielectric 
material. It was discovered that the typical universal dynamic 
response can adequately explain the ac of GC compounds [16, 17]. 
Figure 5 illustrates the linear behaviour between log (σac) and 
log (f) that was found. This conduction process results from the 
absorbed energy's increased intensity, which causes an increase 
in the number of charge carriers. In general, band conduction is 
what causes the increase in conductivity with regard to frequency. 
In this discussion, the conduction mechanism attributes to 
localized or reorientional processes taking place within the 
material interaction [18]. Figure 5 also shows the temperature 
dependence of the ac conductivity, σac. 

Electric modulus

The increase in conductivity with respect to frequency 
is typically brought on by band conduction. The conduction 
mechanism is attributed in this discussion to confined or 
reorientional processes occurring within the material interaction 
[19]. The temperature dependency of the ac conductivity, σac 

 

Figure 3 Real permittivity of GC with frequency.

Figure 4 Imaginary permittivity of GC with frequency.
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is likewise depicted in Figure 5. The clearly resolved spectrum 
at particular frequencies with increasing temperatures at a 
constant bias voltage characterises the dielectric response of 
GC compound generated by ion relaxation utilising frequency 
over a range of temperatures. Because it does not apply to the 
material in bulk, the reported value of dielectric permittivity 
at low frequencies and high temperatures is connected to 
the predominant "interfacial polarizations" [20]. In order to 
understand the dielectric behaviour of GC compounds and 
prevent the contribution of electrode polarisation, modulus 
formalism is first analysed. The real portions of complex electric 
modulus (M'), which are defined as the inverse of the imaginary 
parts of complex permittivity, are used in this article to describe 
the recorded dielectric data in Figure 6 (M"). M' and M' chose 
traditional methods "utilising common formulae, the electric 
modulus was determined from the impedance data [21]. Figure 
6 depicts the dielectric modulus M' Vs frequency at four different 
temperatures. It is evident that M' increases with rising frequency 
and reaches a peak at about 1 MHz. Additionally, the absence of 
electrode polarisation is shown by the extremely low value of M' 
(zero) at low frequency. The thermally activated region of the 

dielectric permittivity is the reason why the values of M' decrease 
as temperature rises [22]. M's dependence on frequency Figure 
7,8 depicts for GC molecule at various temperatures. A maximal 
asymptotic value of M is where the dispersion of M' is said to 
saturate with increasing frequency for all temperatures in all 
higher frequency areas. Such observations might be explained 
by the absence of a restoring force that prevents charge carriers 
from being immobilised when subjected to an induced electric 
field. This results in long-range mobility of charge carriers. 
Further, the conduction phenomenon of charge carriers at short-
range mobility is linked to a sigmoidal increase in the value of M" 
with the frequency ultimately approaching M". 

Dc conductivity

As illustrated in the inset of Figure 9, the complex impedance 
plane analysis using packed Boukamp equivalent circuit [23] 
was used to further investigate the direct electrical conductivity, 
dc, of GC. The sample dimensions and Rb values were directly 
used to determine the dc conductivity, dc magnitude. According 
to the hopping conduction process, the thermally induced drift 
mobility of ions is what causes the dc conductivity to soar with 

 

Figure 5 Conductivity analysis of GC material.

Figure 6 Real parts of electric modulus on GC compound.

Figure 7 Imaginary parts of electric modulus on GC compound.

Figure 8 Complex parts of electric modulus on GC compound.
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temperature. The Arrhenius relation is used to extract the direct 
conductivity data:

σdc.T = σ0 exp (- )

where, σdc is the dc conductivity, σ0 is the pre-exponential 
factor, T is the temperature in K, Ea is the activation energy of dc 
conductivity and Kb is the Boltzmann’s constant. Arrhenius plot 
of the pelleted GC sample is shown in Figure 9. The slope of the 
ensuing straight line plot of log (σdcT) vs reciprocal of temperature 
1000/T in Kelvin revealed the conduction mechanism for the 
organometallic sample with activation energy Ea. Within the 
domain of thermally activated conductivity, the activation 
energy's quantum magnitude was quantized to be 0.210. The 
outcome showed that the material's dc conductivity increased 
as a result of the GC organometallic compound's restriction of 
electronic mobility.

The frequency temperature superposition (FTS) principle 
is essential to designate the microscopic mechanisms of 
organomettalic molecular systems. According to the FTS 

spectral shapes displayed in Figure 10, it is likely that all of 
the frequencies relevant to the GC temperature dependency 
requirements will line up on a single master curve. This 
evidence supports some similarities in the physical microscopic 
mechanisms behind different materials processing that are not 
temperature-dependent [24]. Examples of materials that have 
been found to adhere to the FTS principle include organometallic 
solids, semiorganic compounds, semiconductors, and polymeric 
structures [25]. Figure 10 in the present form, explains the 
dielectric spectra of the normalized imaginary electric modulus 
(M"/M"max) parts as a function of the normalized frequency 
f/fmax parts at four variant temperatures. In addition, it is 
predominantly considered that both low-frequency (f/fm<1) and 
high-frequency (f/fm>1) on the relaxation peak is in absolute 
agreement with FTS functional principle [26].

CONCLUSION 
This work presents the findings of the complicated impedance 

spectroscopy examination into the electrically dependent 
features of an organometallic combination of guanidine carbonate 
and chromium trioxide. It has been reported that structural 
confirmation utilising the PXRD spectrum. The compound 
demonstrates a dielectric nature, according to the experimental 
results of the dielectric measurements. The dispersion mechanism 
in conductivity was primarily seen in the lower frequency area 
for all specified temperature sources, and the AC conductivity 
follows the power law. Additionally, the frequency dependence 
of the AC conductivity of the organomettalic compound GC at 
various temperatures indicated that the conduction mechanism 
was a healthy thermally activated process, and the activation 
energy was calculated from the DC conductivity. The molecular 
sample system further supports the relationship between the 
basic dielectric research and the hitherto unrecognised electric 
modulus. The possibility of a hopping mechanism for electrical 
transport processes in organometallic compounds with non-
exponential type conductivity has been highlighted by modulus 
analysis.

REFERENCES 
1.	 M Adachi, A Kawabata, F Takeda. Preparation of Tungsten-Bronze 

Thin Films. Jpn J Appl Phys. 1991; 30: 2208.

2.	 T Karaki, K Miyashita, M Nakatsuji, M Adachi. Growth and Optical 
Properties of Ferroelectric K3Li2Nb5O15 Single Crystals. Jpn J Appl 
Phys. 1998; 37: 5277.

3.	 WD Cheng, JT Chen, JS Huang, QE Zhang. Theoretical studies of the 
electronic structures and linear, nonlinear optics of K3−xLi2+xNb5O15 
with x = 0 and x = 1. Chem Phys Lett. 1996; 261: 66-74. 

4.	  KL Ngai, C Leon. Solid State Ionics. 1999; 125: 81.

5.	 P Pissis, A Kyritsis. Electrical conductivity studies in hydrogels. Solid 
State Ion. 1997; 97: 105-113.

6.	 Zyss J. Molecular Nonlinear Optics: Materials, Physics and Devices. 
Academic Press, San Diego, CA, 1994.

7.	 Paavai Era, RO MU Jauhar, P Murugakoothan. Optimization of growth 
parameters and investigations on the physico-chemical properties of 
an organometallic guanidinium chromate single crystal for nonlinear 
optical and optical limiting applications. Opt Mater. 2020; 99: 109558.

8.	 DL Sidebottom. Colloquium: Understanding ion motion in disordered 

2.6 2.7 2.8 2.9 3.0 3.1 3.2

-1.054

-1.052

-1.050

-1.048

-1.046

-1.044

-1.042

(gol
� dc

mc.S()T
1-

)K.

1000/T

Figure 9 Arrhenius plot of dc conductivity from complex impedance 
plot.

 

d Modulus spectroscopy plot for GC compound.

https://iopscience.iop.org/article/10.1143/JJAP.30.2208/meta
https://iopscience.iop.org/article/10.1143/JJAP.30.2208/meta
https://iopscience.iop.org/article/10.1143/JJAP.37.5277
https://iopscience.iop.org/article/10.1143/JJAP.37.5277
https://iopscience.iop.org/article/10.1143/JJAP.37.5277
https://www.sciencedirect.com/science/article/abs/pii/0009261496009475
https://www.sciencedirect.com/science/article/abs/pii/0009261496009475
https://www.sciencedirect.com/science/article/abs/pii/0009261496009475
https://onlinelibrary.wiley.com/doi/10.1002/adma.19950070232
https://onlinelibrary.wiley.com/doi/10.1002/adma.19950070232
https://www.sciencedirect.com/science/article/abs/pii/S0925346719307785
https://www.sciencedirect.com/science/article/abs/pii/S0925346719307785
https://www.sciencedirect.com/science/article/abs/pii/S0925346719307785
https://www.sciencedirect.com/science/article/abs/pii/S0925346719307785
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.999


Central

Era P, et al. (2023)

Chem Eng Process Tech 8(1): 1074 (2023) 6/6

solids from impedance spectroscopy scaling. Rev Mod Phys. 2009; 81: 
999.

9.	 L Singh, IW Kim, BC Sin, A Ullah, SK Woo, Y Lee. Materials Science in 
Semiconductor Processing. 2015; 31: 396–7036.

10.	P Annie Vinosha, S Deepapriya, D John, Rodney, S Krishnan, S 
Jerome Das. Investigation on Elastic, Magnetic, Optical and Electrical 
Impedance Properties of Dysprosium Doped Nickel Ferrite 
Nanocrystals. J Nanosci Nanotechnol. 2019; 19: 8020–8035.

11.	G Palmer, KR Poeppelmeier. Phase Relations, Transparency and 
Conductivity in Ga2O3—SnO2—ZnO. Solid State Sci. 2002; 4: 317–
322.

12.	M Ben Ali, F Barka-Bouaifel, H Elhouichet, B Sieber, A Addad, L 
Boussekey, e al. Hydrothermal synthesis, phase structure, optical 
and photocatalytic properties of Zn2SnO4 nanoparticles. J Colloid 
Interface Sci. 2015; 457: 360–369.

13.	V Usha, S Kalyanaraman, R Vettumperumal, R Thangavel. A study 
of frequency dependent electrical and dielectric properties of NiO 
nanoparticles. Phys B Condens Matter. 2017; 504: 63–68.

14.	T Badapanda, V Senthil, SK Rout, LS Cavalcante, AZ Simoes, TP Sinha, et 
al. Rietveld refinement, microstructure, conductivity and impedance 
properties of Ba[Zr0.25Ti0.75]O3 ceramic. Curr Appl Phys. 2011; 11: 
1282–1293.

15.	YC Chen, HM.You. Tuning the microwave dielectric properties of 
Zn2SnO4 ceramics by adding Ca0.8Sr0.2TiO3. Ceram Int. 2015; 41: 
9521–9526.

16.	AK Jonscher. The ‘universal’ dielectric response. Nature. 1977; 267: 
673-679.

17.	P Pissis, A Kyritsis. Electrical conductivity studies in hydrogels. Solid 
State Ion. 1997; 97: 105-113.

18.	A Pelaiz-Barranco, M Gutierrez-Amador, A Huanosta, R Valenzuela. 
Phase transitions in ferrimagnetic and ferroelectric ceramics by ac 
measurements. Appl Phys Lett. 1998; 73: 2039–2041.

19.	M Pant, DK Kanchan, N Gondaliya, J Mater. Transport properties and 
relaxation studies in BaO substituted Ag2O–V2O5–TeO2 glass system. 
Mater Chem Phys. 2009; 115: 98–104.

20.	Lu Zhigao, JP Bonnet, J Ravez, JM Reau, P Hagenmuller. An impedance 
study of Pb2KNb5O15 ferroelectric ceramics. J Phys Chem Solids. 
1992; 53: 1-9.

21.	VV Shilov, VV Shevchenko, P Pissis, A Kyritsis, G Georgoussis, YuP 
Gomza, et al. J Non Cryst Solids. 2000; 275: 116.

22.	L Affleck, C Leach. Microstructures of BaTiO3 based PTC thermistors 
with Ca, Sr and Pb additions. J Eur Ceram Soc. 2005; 25: 3017–3020.

23.	Y Badali, S Altındal, I Uslu. Dielectric properties, electrical modulus 
and current transport mechanisms of Au/ZnO/n-Si structures. Prog 
Nat Sci: Materials International. 2018; 28: 325–331.

24.	A Dutta, T Sinha, P Jena, S Adak. Ac Conductivity and Dielectric 
Relaxation in Ionically Conducting Soda-Lime–Silicate Glasses. J Non-
Cryst Solids. 2008; 354: 3952–3957.

25.	S Vinoth Rathan, G Govindaraj. Thermal and electrical relaxation 
studies in Li(4+x)TixNb1−xP3O12 (0.0 ≤ x ≤ 1.0) phosphate glasses. 
Solid State Sci. 2010; 12: 730–735.

26.	RGM Oliveira, MC Romeu, MM Costa, PMO Silva, JMS Filho, CCM 
Junqueira, et al. Impedance spectroscopy study of Na2Nb4O11 
ceramic matrix by the addition of Bi2O3 . J Alloys Compd. 2014; 584: 
295–302.

https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.999
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.81.999
https://journals.scholarsportal.info/browse/13698001
https://journals.scholarsportal.info/browse/13698001
https://www.ingentaconnect.com/contentone/asp/jnn/2019/00000019/00000012/art00070;jsessionid=363fclkq38tv6.x-ic-live-02
https://www.ingentaconnect.com/contentone/asp/jnn/2019/00000019/00000012/art00070;jsessionid=363fclkq38tv6.x-ic-live-02
https://www.ingentaconnect.com/contentone/asp/jnn/2019/00000019/00000012/art00070;jsessionid=363fclkq38tv6.x-ic-live-02
https://www.ingentaconnect.com/contentone/asp/jnn/2019/00000019/00000012/art00070;jsessionid=363fclkq38tv6.x-ic-live-02
https://www.researchgate.net/publication/257514144_Phase_Relations_Transparency_and_Conductivity_in_Ga2O3-SnO2-ZnO
https://www.researchgate.net/publication/257514144_Phase_Relations_Transparency_and_Conductivity_in_Ga2O3-SnO2-ZnO
https://www.researchgate.net/publication/257514144_Phase_Relations_Transparency_and_Conductivity_in_Ga2O3-SnO2-ZnO
https://www.sciencedirect.com/science/article/abs/pii/S0021979715300345
https://www.sciencedirect.com/science/article/abs/pii/S0021979715300345
https://www.sciencedirect.com/science/article/abs/pii/S0021979715300345
https://www.sciencedirect.com/science/article/abs/pii/S0021979715300345
https://www.sciencedirect.com/science/article/abs/pii/S0921452616304720
https://www.sciencedirect.com/science/article/abs/pii/S0921452616304720
https://www.sciencedirect.com/science/article/abs/pii/S0921452616304720
https://www.sciencedirect.com/science/article/abs/pii/S1567173911001908
https://www.sciencedirect.com/science/article/abs/pii/S1567173911001908
https://www.sciencedirect.com/science/article/abs/pii/S1567173911001908
https://www.sciencedirect.com/science/article/abs/pii/S1567173911001908
https://www.sciencedirect.com/science/article/pii/S0272884215007555
https://www.sciencedirect.com/science/article/pii/S0272884215007555
https://www.sciencedirect.com/science/article/pii/S0272884215007555
https://www.nature.com/articles/267673a0
https://www.nature.com/articles/267673a0
https://www.sciencedirect.com/science/article/abs/pii/S016727389700074X
https://www.sciencedirect.com/science/article/abs/pii/S016727389700074X
https://aip.scitation.org/doi/abs/10.1063/1.122360
https://aip.scitation.org/doi/abs/10.1063/1.122360
https://aip.scitation.org/doi/abs/10.1063/1.122360
https://www.sciencedirect.com/science/article/abs/pii/S0254058408009255
https://www.sciencedirect.com/science/article/abs/pii/S0254058408009255
https://www.sciencedirect.com/science/article/abs/pii/S0254058408009255
https://www.sciencedirect.com/science/article/abs/pii/002236979290004W
https://www.sciencedirect.com/science/article/abs/pii/002236979290004W
https://www.sciencedirect.com/science/article/abs/pii/002236979290004W
https://www.sciencedirect.com/science/article/abs/pii/S0955221905003547
https://www.sciencedirect.com/science/article/abs/pii/S0955221905003547
https://avesis.gazi.edu.tr/yayin/29fc669a-b4e0-4a8e-b493-9b4cb6846ce0/dielectric-properties-electrical-modulus-and-current-transport-mechanisms-of-au-zno-n-si-structures
https://avesis.gazi.edu.tr/yayin/29fc669a-b4e0-4a8e-b493-9b4cb6846ce0/dielectric-properties-electrical-modulus-and-current-transport-mechanisms-of-au-zno-n-si-structures
https://avesis.gazi.edu.tr/yayin/29fc669a-b4e0-4a8e-b493-9b4cb6846ce0/dielectric-properties-electrical-modulus-and-current-transport-mechanisms-of-au-zno-n-si-structures
https://www.researchgate.net/publication/222056318_Ac_Conductivity_and_Dielectric_Relaxation_in_Ionically_Conducting_Soda-Lime-Silicate_Glasses
https://www.researchgate.net/publication/222056318_Ac_Conductivity_and_Dielectric_Relaxation_in_Ionically_Conducting_Soda-Lime-Silicate_Glasses
https://www.researchgate.net/publication/222056318_Ac_Conductivity_and_Dielectric_Relaxation_in_Ionically_Conducting_Soda-Lime-Silicate_Glasses
https://www.researchgate.net/publication/257514521_Thermal_and_electrical_relaxation_studies_in_Li4xTixNb1-xP3O12_00_x_10_phosphate_glasses
https://www.researchgate.net/publication/257514521_Thermal_and_electrical_relaxation_studies_in_Li4xTixNb1-xP3O12_00_x_10_phosphate_glasses
https://www.researchgate.net/publication/257514521_Thermal_and_electrical_relaxation_studies_in_Li4xTixNb1-xP3O12_00_x_10_phosphate_glasses
https://www.sciencedirect.com/science/article/abs/pii/S0925838813020951?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925838813020951?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925838813020951?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0925838813020951?via%3Dihub

	Quantum Emphasis on Electro-Chemical Behaviour of an Organometallic Compound: Guanidinium Chromate
	Abstract
	Introduction
	Experimental procedure  
	Characterization
	Results and Discussion  
	Conclusion  
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10

