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Abstract
Poly(ethylene oxide) (PEO), polyvinyl alcohol (PVA), and poly(ethylene carbonate) are synthetic polymers that have been widely used as polymer host in solid polymer electrolyte (SPE). A proton source, for example, lithium triflate (LiCF3SO3), ammonium bromide (NH4Br), and ammonium fluoride (NH4F) are doped in the polymer blend to provide the mobile Li+ or H+ ions. Polymer blending has been introduced to improve the properties of SPEs due to the easy preparation and excellent physical properties. In the present work, SPEs hosted by poly(ethylene oxide) (PEO) - graphene oxide (GO) blend doped with ammonium triflate (NH4CF3SO3) has been prepared via solution casting technique. The highest room temperature conductivity of the PEO-GO polymer electrolytes containing 35 wt.% NH4CF3SO3 was found to be (2.48 ± 0.83) × 10-6 S cm-1.  This conductivity is comparable to our previous work for the system of PEO-GO-LiCF3SO3 at (3.84 ± 0.83) × 10-6 S cm-1. Fourier transmission infrared (FTIR) analysis exhibits the complexation between ammonium salt and polymer host. The FTIR spectra have been deconvoluted in the wavenumber region between 1010 and 1100 cm-1 to determine the percentage of free triflate ion and ion aggregations. The results show that the number of free ions increases and attains maximum at 35 wt.% NH4CF3SO3. The relaxation time of the electrolytes was found to decrease as the ionic conductivity at room temperature increased. Dielectric studies show that all electrolytes obeyed non-Debye behavior.
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Abstrak
Poli (etilena oksida) (PEO), polivinil alkohol (PVA), dan poli (etilena karbonat) merupakan polimer sintetik yang banyak digunakan sebagai polimer asas dalam elektrolit polimer pepejal (SPE). Sebagai sumber proton seperti litium triflate (LiCF3SO3), amonium bromida (NH4Br), dan amonium fluorida (NH4F) ditambah ke dalam campuran polimer untuk memberi ion Li+ atau H+. Pengadun polimer telah diperkenalkan untuk meningkatkan sifat-sifat SPE kerana penyediaannya yang mudah dan sifat fizikal yang sangat baik. Dalam kajian ini, SPE yang berasaskan campuran poli (etilena oksida) (PEO) - grafena oksida (GO) yang dengan tambahan amonium triflate (NH4CF3SO3) telah disediakan melalui teknik pengacuan larutan. Kekonduksian pada suhu bilik tertinggi ialah bagi elektrolit polimer PEO-GO yang mengandungi 35% berat NH4CF3SO3 iaitu pada (2.48 ± 0.83) × 10-6 S cm-1. Kekonduksian ini adalah setanding dengan kajian kami sebelum ini bagi sistem PEO-GO-LiCF3SO3 pada (3.84 ± 0.83) × 10-6 S cm-1. Analisis spektrometer inframerah (FTIR) mempamerkan kompleks antara garam ammonium dan polimer asas. Spektrum FTIR telah didikonvolutkan di antara 1010 dan 1100 cm-1 untuk menentukan peratusan agregat ion dan ion triflat bebas. Keputusan menunjukkan bahawa bilangan ion bebas meningkat dan mencapai maksimum pada 35% berat NH4CF3SO3. Masa kelonggaran elektrolit didapati berkurangan apabila kekonduksian ionik meningkat pada suhu bilik. Kajian dielektrik menunjukkan bahawa semua elektrolit mematuhi tingkah laku bukan Debye.

Kata kunci: elektrolit polimer, campuran PEO-GO, amonium triflate, kekonduksian ionik, pemalar dielektrik

Introduction
Polymer electrolyte is a vital component that is used in electrochemical devices such as proton batteries and electrochemical double layer capacitors (EDLCs). The development of solid polymer electrolyte (SPE) first began in 1979 by applying lithium batteries [1]. Liquid electrolytes are well known due to their high performance in various energy devices [2, 3]. However, liquid electrolytes are easy to evaporate and damage the equipment due to leaking and corrosive problems [4]. SPEs have good potential to replace liquid electrolyte due to their safe and easy fabrication as well as having long shelf life [5]. Lithium batteries provide high conductivity and overall good performance. However, their characteristics which include not being able to naturally degrade may lead to environmental pollutions [6]. Hence, researchers have started to replacing Li-ion provider with other alternatives to replace the H+ ion including Mg2+ ion and NH4+ ion [2, 7].

Blending two or more different polymers in producing a polymer electrolyte system is a technique that can assist in increasing the sites availability for ion hopping and exchange [8]. Rather than a single polymer, a mixture of polymers can enhance the thermal stability and mechanical strength [9]. Polymer electrolyte hosted by poly(ethylene oxide) (PEO) has the potential for the development of ion conduction because it is naturally semi crystalline, has high tensile strength, and flexible due to non-hazardous and easy preparation of electrolyte [10, 11]. The high molecular weight of PEO based polymer electrolytes shows the movement of ions via their amorphous phase [12]. Thus, the selection of PEO as polymer host for the designing of SPE is significant due to their ability to form complexation with other components as well as improving the transport mechanism [13]. Meanwhile, graphene oxide (GO) has the ability to be used as an active nanofiller [14]. Mohanta et al. stated that GO has high surface area, able to disperse in organic solvents, and is stable thermally and chemically. Polymer nanocomposites of GO based have better mechanical and electrical properties compared to other clay or carbon filler based [15]. GO can be modified and functionalized for the preparation of polymer host, and it is also a pioneer material for the preparation of large quantities of graphene nanosheets for various functions such as sensors and transparent conductive films [16, 17]. 

The addition of salt into polymer blend has been proven to increase the ionic conductivity. Anuar et al. reported that addition of ammonium triflate (NH4CF3SO3) salt into poly(ethyl methacrylate) (PEMA) based polymer electrolyte had increased the conductivity from 8.60 × 10-11 S cm-1 to 1.02 × 10-5 S cm-1 [18]. The incorporation of ammonium salt was more cost-effective and had been reported as a suitable proton donor to the polymer electrolyte salted system which was comparable with a lithium salt-doped system [19, 20]. Rodi et al. reported that the incorporation of 20 wt.% LiCF3SO3 in PEMA based electrolyte had obtained an ionic conductivity of 7.20 × 10-8 S cm-1 at room temperature [21]. 

Our previous work showed that the X-ray diffraction (XRD) analysis of 90 wt.% PEO - 10 wt.% GO blend was suitable to act as polymer host since it exhibited the most amorphous blend [22]. In the present work, attention was given to develop the same ratio of PEO-GO blend polymer host with the incorporation of NH4CF3SO3 salt as proton provider for the system. The effect of salt concentration on the ionic conductivity at room temperature was studied based on the electrical properties via electrical impedance spectroscopy (EIS) and Fourier transform infrared (FTIR) spectroscopy. The transport and dielectric properties of the electrolytes are further discussed.

Materials and Methods
Preparation of graphene oxide (GO)
GO nanosheets were prepared by a modified Hummers method [23]. The impurities such as sulfuric acid and phosphoric acid traces from the Hummers method were removed through the washing process by using distilled water. Mild sonication was applied to the suspension for about 10 minutes to exfoliate graphite oxide that remained in the GO suspension. Finally, GO suspension was put into the oven for 48 hours at 60oC to discard water present, thus obtaining dark brown GO nanosheets.

Preparation of PEO-GO-NH4CF3SO3 (salted) system
The polymer blend electrolyte system was prepared by homogenizing 10 wt.% of GO nanosheets in 50 mL distilled water from a total of 0.5 g polymer blend by using ultrasonicator XO-650D (Nanjing Xianou Instruments Co. Ltd.) for about 15 minutes at 50% crusher capacity. After the solution was cooled to room temperature, 90 wt.% of PEO (Aldrich Chemistry) was then added to the GO solutions and stirred until a homogeneous solution was obtained. Before the preparation of salted electrolytes, NH4CF3SO3 (Aldrich Chemistry) was dried at 100 oC for 1 hour to eliminate trace amounts water. Different amount of NH4CF3SO3 between 5 to 45 wt.% was added to the PEO-GO solutions and stirred until complete dissolution. The composition and designation of various PEO-GO-NH4CF3SO3 blends are listed in Table 1. All homogeneous solutions were cast onto plastic Petri dishes and left to dry at room temperature for 4 to 5 days to form a film. The dry films were then kept in desiccators filled with silica gel desiccants for 2 to 3 hours before being characterized to avoid any trace of moisture. 








Table 1. The composition and designation of electrolytes in salted system

	Poly(ethylene oxide) : Graphene oxide : NH4CF3SO3 composition (wt.%)
	Designation

	90 wt.% PEO - 10 wt.% GO
	PG9

	90 wt.% PEO - 10 wt.% GO - 5 wt.% NH4CF3SO3
	S5

	90 wt.% PEO - 10 wt.% GO - 15 wt.% NH4CF3SO3
	S15

	90 wt.% PEO - 10 wt.% GO - 25 wt.% NH4CF3SO3
	S25

	90 wt.% PEO - 10 wt.% GO - 35 wt.% NH4CF3SO3
	S35

	90 wt.% PEO - 10 wt.% GO - 45 wt.% NH4CF3SO3
	S45



Characterization of electrolytes
Impedance measurements were conducted using HIOKI 3532-50 LCR HiTESTER at room temperature in the frequency range of 50 Hz to 5 MHz. The electrolyte films were sandwiched between two stainless steel electrodes of a conductivity holder with a diameter of 1.9 cm. The value of bulk resistance (Rb) determined from the Cole-Cole plots. Conductivity (σ) was calculated using the equation below;
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where d is the thickness of the electrolyte samples, and A is the electrode-electrolyte contact area. A digital thickness gauge (Mitutoyo Corp.) was employed to measure the thickness of the electrolytes. 

The Fourier transform infrared spectroscopy (FTIR) studies were performed using attenuated total reflection infrared spectroscopy (ATR-IR) Perkin Elmer Spectrum 400 GladiATR in the wavenumber range of 600 - 4000 cm-1. The purpose of FTIR analysis was to confirm the complexation between polymer and salt. Deconvolution technique was used to extract any overlapping peaks. Correction of baseline and fitting curve was implemented via Gaussian-Lorentzian function. From FTIR deconvolution, number density (n), ionic mobility (μ), and diffusion coefficient (D) of charges carriers were calculated the following Eq. 2 to Eq. 4.
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In Eq. 2, M is the number of moles of NH4CF3SO3 salt used, NA is Avogadro’s number (6.02 × 1023 mol-1), and VTotal is the total volume (cm3) of polymer electrolyte. In Eq. 3, e is the elementary charge (1.602 × 10-19 C) while k and t in Eq. 4, is a Boltzmann constant (1.38 × 10-23 JK-1) and absolute temperature, respectively.

Results and Discussion
Figure 1 shows the ionic conductivity of the polymer electrolyte with different concentration of NH4CF3SO3 at room temperature. The conductivity for an un-doped sample (PG9) is (4.10 ± 1.12) × 10-11 S cm-1, which is relatively low since there is no mobile ions presence within the film. However, the conductivity increases to (1.30 ± 0.32) × 10-8 S cm-1 for S5. Anuar et al. also reported that addition of NH4CF3SO3 salt into PEMA would increase the conductivity of the polymer electrolyte. On the addition of 35 wt.% of NH4CF3SO3 into PEO-GO polymer blend, the conductivity is further increased to (2.48 ± 0.83) × 10-6 S cm-1. The conductivity with the order of ~10-6 S cm-1 is comparable with other reports on polymer host containing triflate salt [24, 25]. The conductivity is then decreased to (3.64 ± 3.67) × 10-7 S cm-1 with the addition of 45 wt.% of NH4CF3SO3. It clearly explains that the addition of NH4CF3SO3 more than 35 wt.% will reduce the ionic conductivity due to the formation of overcrowded ions in the system. Samsudin et al. had reported a 35 wt.% of dodecyltrimethyl ammonium bromide salt in carboxymethylcellulose-based electrolyte resulted the highest ionic conductivity which also proved that the ion mobility is lower at higher salt concentration due to the aggregation of ion clusters [26].























Figure 1. Ionic conductivity at room temperature for PEO-GO-NH4CF3SO3 system

In this work, the focus has been given to study the interaction of the polymer blend with ammonium salt based on the FTIR analysis. The band assignments for the polymer electrolyte system are listed in Table 2. Figure 2 shows the FTIR spectra for regions at 600 – 4000 cm-1. 

Table 2. Vibrational assignments of salted system for PEO-GO-NH4CF3SO3 system

	Wavenumber (cm-1)
	Assignments 
	Reference

	(i) 
	638
	Asymmetric SO3 bending
	[27]

	(ii) 
	760
	Symmetric CF3 deformation 
	[25, 28]

	(iii) 
	843
	CH2 rocking
	[27–30]

	(iv) 
	960
	CH2 twisting 
	[28, 30]

	(v) 
	1031
	Symmetric SO3 stretching
	[27, 30–33]

	(vi) 
	1100
	C-O-C stretching 
	[34]

	(vii) 
	1152
	Asymmetric CF3 stretching 
	[28, 35, 36]

	(viii) 
	1225
	Symmetric CF3 stretching
	[36, 37]

	(ix) 
	1242
	Asymmetric SO3 stretching
	[27, 30, 33]

	(x) 
	1360
	CH2 wagging 
	[29, 38]

	(xi) 
	1446
	CH2 scissoring
	[27, 28, 30]

	(xii) 
	2897
	Symmetric CH stretching 
	[29, 30, 38]

	(xiii) 
	3102
	Asymmetric CH stretching 
	[29]



The appearance of a peak at (i) 638 cm-1 for S5 could be assigned to asymmetric SO3 bending due to the incorporation of NH4CF3SO3 salt into the PEO-GO polymer host. Besides, the peak at (v) 1031 cm-1 and (ix) 1242 cm-1 are assigned to symmetric SO3, υs(SO3) and asymmetric SO3, υas(SO3) vibrations of NH4CF3SO3 for S5 respectively. The peaks are then shifted to 1024 cm-1 and 1252 cm-1 as the salt concentration rises to 45 wt.%. Asmara et al. mentioned that free triflate ion should peak at 1032 cm-1 [31]. However, according to Wendsjö et al., the peak may shift to 1020 - 1026 cm-1 for higher salt concentration [32]. The triflate ion peaks may produce various FTIR active bands when the salt concentration is increased due to sensitive vibrational spectrum to the coordination state [39].

Peaks located at (iii) 843 cm-1 and (iv) 960 cm-1 are recognized to CH2 rocking and twisting, respectively. These peaks are shifted to 840 cm-1 and 952 cm-1 as the concentration of salt increases to 45 wt.%. Moreover, for CH2 wagging and scissoring bands, the peaks are located at 1344 cm-1 and 1471 cm-1 and then shifted consequently to (x) 1360 cm-1 and (xi) 1446 cm-1. Hence, this indicates that there is an interaction of salt in PEO/GO polymer blend [40]. The peak at (vi) 1100 cm-1 fits for the C-O-C stretching band and is relocated to 1090 cm-1 upon the addition of salt. Since the cation of NH4CF3SO3 is coordinated with the ether oxygen of PEO, the spectral changes are believed to be due to the influence of salt or the C-O-C stretching mode and deformation [34].

Another band is observed at lower wavenumbers that is symmetric CF3 deformation at (ii) 760 cm-1. The appearance of this peak indicates the complexation of salt addition into the polymer host has occurred and the intensity of the peak increases as the concentration of salt increases. The CF3 deformation has appeared at 755  765 cm-1 in the system of propylene carbonate (PC) with NH4CF3SO3 salt [41]. Other transmittance bands were also reported by Kumar et al. that are for symmetric and asymmetric CH stretching vibrations at 2700 - 3800 cm-1 and 2962 - 2695 cm-1, respectively. Symmetric and asymmetric CH stretching bands are located at (xii) 2897 cm-1 and (xiii) 3102 cm-1 for S45 [29]. 
PG9
S5
S15
S25
S35
S45
i
ii
iii
iv
v
vi
vii
viii
ix
x
xi
xii
xiii

























Figure 2. FTIR spectra for PEO-GO-NH4CF3SO3 system



The FTIR spectroscopy is also an analytical technique that can further be used to analyze the transport properties of an electrolyte. This study was performed for further understanding of the ionic conductivity (σ) and its relationship with the number density of mobile ion (n), ionic mobility (µ) and diffusion coefficient (D) [42]. The overlapping bands can be solved through FTIR deconvolution by compensating the essential line widths of a particular band. This technique yields spectra that have much narrower bands and can distinguish space features closely. 

In this study, FTIR spectra of 1010 cm-1 to 1100 cm-1 was deconvoluted by using Gaussian-Lorentzian function, as shown in Figure 3 where the significant interaction of several peaks can be spotted. The deconvoluted area of FTIR peak will show the transport parameters. According to Asmara et al., a study on the poly (methyl methacrylate) (PMMA) gel polymer electrolytes with magnesium triflate (Mg(CF3SO3)2), free triflate ion should peak at 1032 cm-1 due to decomposition of the SO3 bands; and bands due to ion pairs and large ion aggregates should peak at 1051 cm-1 and 1062 cm-1 respectively. The peak of free triflate ion at 1032 cm-1 is agreeable to the previous literatures stated in Table 2. However, the free triflate ion peak may shift to 1020 - 1026 cm-1 for the higher salt concentration [32]. The bands that peak at 1070 cm-1 and 1080 cm-1 were also mentioned by Asmara et al. that is corresponding to ring breathing and skeletal stretching of the carbonate compound. S5
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Figure 3. FTIR deconvolution for PEO-GO-NH4CF3SO3 salted system between 1010 to 1100 cm-1
From Figure 3, two main peaks of free triflate ion (1026 - 1033 cm-1) and ion aggregates (1058 - 1064 cm-1) can be observed. Besides, ring breathing and skeletal stretching peaks from carbonate compound are located respectively between 1074 to 1079 cm-1 and 1087 to 1093 cm-1. Meanwhile, a peak is found between 1018 to 1023 cm-1 which is ascribed to band of υs(SO3). Bergstroem & Frech reported that the additional band of υs(SO3) could be detected at wavenumber 1020 cm-1 to 1026 cm-1 [35]. 

The percentage of free triflate ion and ion aggregate was calculated and plotted in Figure 4. The percentage of free triflate ion increases as the NH4CF3SO3 concentration increases but the trend is vice versa with the ion aggregates. Highest conducting electrolyte has the highest free triflate ion percentage (93.34%) that can be related to the hypothesis that the ionic conductivity of a polymer electrolyte will increase as the percentage of free ions increases. This trend of results is similar to the study by Aniskari & Mohd Isa that had 95.45% of free ion for the highest conducting sample of the 2-hydroxyethyl cellulose doped with glycolic acid polymer electrolyte system [37]. However, further addition of NH4CF3SO3 reduces the intensity of the free triflate ion peaks which caused the ions to recombine. The recombination of ions may lead to the formation of ion pairs and caused the number of movable ions to reduce. The intensity of υs(SO3) band is found to increase in S45 electrolyte that explains the reduction of mobile charge carriers hence decreasing the conductivity [43].  
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Figure 4. Percentage of free triflate ion and ion aggregates of PEO-GO-NH4CF3SO3 salted system
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Figure 5. The transport parameter of (a) number of densities, (b) ion mobility and (c) diffusion coefficient for PEO-GO-NH4CF3SO3 salted system




Table 3. Transport parameters for PEO-GO-NH4CF3SO3 salted system

	Sample 
	Ionic Conductivity, 
σ (S cm-1)
	Number of Density, 
n (cm-3)
	Ionic Mobility, 
µ (cm2V-1s-1)
	Diffusion Coefficient, 
D (cm2s-1)

	S5
	(1.30 ± 0.32) × 10-8
	4.50 × 1023
	1.81 × 10-13
	4.64 × 10-15

	S15
	(2.07 ± 0.81) × 10-7
	2.00 × 1024
	6.48 × 10-13
	1.66 × 10-14

	S25
	(8.56 ± 1.57) × 10-7
	3.67 × 1024
	1.46 × 10-12
	3.74 × 10-14

	S35
	(2.48 ± 0.83) × 10-6
	5.06 × 1024
	3.05 × 10-12
	7.84 × 10-14

	S45
	(4.60 ± 3.60) × 10-7
	4.63 × 1024
	6.20 × 10-13
	1.59 × 10-14



The calculated ionic transport parameters based on the percentage of free triflate ion (Eq. 2-Eq. 4) for PEO-GO polymer electrolyte with different NH4CF3SO3 concentration are plotted in Figure 5. The graphs follow the trend of ionic conductivity at room temperature are plotted in Figure 1. From the graphs, the addition of salt into the system causes the number density of mobile ion in the polymer electrolytes increases. It is believed that doping the parental host polymer leads to the increment of free ions that can contribute to the rise of ionic conductivity [37]. This is proven when the highest conducting electrolyte (S35) resulted on the highest n, µ and D values compared to other electrolytes as shown in Figure 5(a) to (c). It can be seen that after the addition of 35 wt.% NH4CF3SO3, the ionic mobility and diffusion coefficient have decreased, which explains that the optimum value of number density was obtained at the highest conducting sample. Higher composition of salt form ion clouds where the overcrowding situation blocks most of the free ions present in the sample hence the ionic mobility and diffusion coefficient have decreased [44].

Dielectric study is useful to further verify the conductivity trend of PEO-GO polymer electrolyte with the addition of NH4CF3SO3. The dielectric constant (ɛr) represents the charges stored in materials and dielectric loss (ɛi) stands for the loss of energy to move ions and align dipoles when the electric field polarity reverses rapidly [45]. Studies on dielectric properties help to understand the behavior of conductivity and also further support the hypothesis that the increase in the charge or the number of free mobile ions will increase the conductivity. Moreover, a detailed study of polarization and relaxation phenomena is conducted because the transport mechanism in the electrolyte is strongly correlated to the properties of the polymer matrix [46]. Both ɛr and ɛi can be expressed as in the equation below;

	
	
	                                                                                                    (5)
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From Eq. 5 and Eq. 6, the Zi is the imaginary part of impedance, Zr is the real part of impedance, ω stands for the angular frequency and Co representing the vacuum capacitance. Figure 6 shows the dependence of dielectric properties on NH4CF3SO3 salt content. It can be observed that the highest conducting electrolyte has a higher value of ɛr and ɛi, especially at lower frequency. The increasing charge stored in the electrolyte shows that the number density of mobile ions has increased, hence increasing the conductivity [47]. Shukur et al. reported that the dielectric constant result is agreeable with the conductivity [48]. Besides, both ɛr and ɛi rise towards lower frequencies due to the electrode polarization and space charge effects, therefore obey the non-Debye behavior [7]. However, the ɛr and ɛi have decreased and become almost constant values towards higher frequencies due to the rapid periodic reversal of the electric field where there is no excess ion diffusion following the direction of the field. The polarization from the decrease of charge accumulation will lead to the a decrease in the value of ɛr and ɛi [49]. Figure 7 exhibits the NH4CF3SO3 salt dependence of ɛr and ɛi at selected frequencies to support the trend.










































Figure 6. Frequency dependence of (a) ɛr and (b) ɛi for PEO-GO-NH4CF3SO3 salted system at room temperature
























































Figure 7. NH4CF3SO3 salt dependence of (a) ɛr and (b) ɛi at room temperature for selected frequencies

The loss tangent (tan δ) graph is plotted to determine the relaxation behavior in the polymer electrolytes. It is a ratio of energy loss to energy stored in a periodical field which is also called as dissipation factor [50]. The value of tan δ can be calculated using the Eq. 7 below;

	
	
	(7)



The frequency dependence of tan δ for PEO-GO with different concentration of NH4CF3SO3 salt at room temperature is shown in Figure 8. It illustrates that the tan δ consists of a well-defined curve at a characteristic frequency. At low frequency, tan δ increases with frequency due to the active component (ohmic) presence is more dominant than the reactive component (capacitive) while tan δ decreases at higher frequency because the amount of active component is frequency independent and the reactive component rises proportionally to the frequency [51]. The maximum of tan δ (tan δmax) represents the relaxation peak that is located at a higher frequency for higher conducting electrolyte. The relaxation time (tr) for each electrolyte can be obtained from the Eq. 8. 
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where ωpeak is the angular frequency of the relaxation peak. The values of tr are tabulated in Table 4. The highest conducting electrolyte with the incorporation of 35 wt.% of NH4CF3SO3 exhibits the lowest tr value of 1.22 × 10-5 s while the lowest conducting electrolyte with 5 wt.% of NH4CF3SO3 shows the highest value of relaxation time. The reduction in the value indicates that the polymer chain can easily orient through the increased amorphous region and/or empty room by incorporating more concentration of salts [52]. Idris et al. also reported that the lowest relaxation time possessed by the highest conducting electrolyte [53].


















Figure 8. The frequency dependence of tan δ for PEO-GO-NH4CF3SO3 salted system at room temperature

Table 4. Relaxation time (tr) for PEO-GO-NH4CF3SO3 salted system
	Concentration of NH4CF3SO3 (wt.%)
	tr (s)

	5
	7.96. × 10-5

	15
	5.31. × 10-5

	25
	1.99. × 10-5

	35
	1.22 × 10-5

	45
	3.98. × 10-5



Conclusion
Solid polymer electrolytes hosted by PEO-GO polymer blend with varied composition of NH4CF3SO3 salt were successfully prepared via solution casting technique. The conductivity studies at room temperature showed that there is an increment of ionic conductivity from (4.10 ± 1.12) × 10-11 S cm-1 for an un-doped PEO-GO polymer blend to (2.48 ± 0.83) × 10-6 S cm-1 with the incorporation of 35 wt.% of NH4CF3SO3. FTIR study showed the interactions between PEO-GO polymer host blend with the addition of ammonium salt into the system occurring at certain observed peaks. FTIR deconvolution in the wavenumber region between 1010 and 1100 cm-1 was carried out to determine the percentage of free triflate ion and confirmed the dependence of ionic conductivity on the number density of mobile ion (n), ionic mobility (μ) and diffusion coefficient (D) of the solid polymer electrolyte. The relaxation time of the electrolytes is found to decrease as the ionic conductivity at room temperature increases. Dielectric studies show that all the electrolytes obey non-Debye behavior. The characteristics exhibited by the electrolyte in this study shows that this system has a great potential to be applied in the application of low-energy density devices such as electrical double layer capacitors (EDLCs) and proton batteries.
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Free Triflate Ions	5	15	25	35	45	50.592477118619748	80.814490257520831	87.119350491004568	93.3366429051502	91.589593260691188	Ion Aggregates	5	15	25	35	45	49.407522881380252	19.185509742479173	12.880649508995429	6.6633570948497978	8.4104067393088151	NH4CF3SO3 concentration (wt.%)

Percentage (%)




n	5	15	25	35	45	4.5019763355307488E+23	1.9967581470338941E+24	3.6652724480231761E+24	5.0605821183771236E+24	4.6312463178175781E+24	
n (cm-3)

mobility	5	15	25	35	45	1.8057756578115524E-13	6.4782031918664246E-13	1.4571575417039029E-12	3.0529274057170884E-12	6.2000820935224958E-13	
µ (cm2V-1s-1)

Difussion	5	15	25	35	45	4.635500508854075E-15	1.6629814485787443E-14	3.7405834422616296E-14	7.8369904265112083E-14	1.5915866168165988E-14	NH4CF3SO3 concentration (wt.%)

D (cm2s-1)
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ɛi



5k Hz	5	15	25	35	45	17.788786393475903	80.359291847638502	354.79282148111844	754.32675715117045	159.96204205228202	10k Hz	5	15	25	35	45	9.3967960658487257	43.278855310327451	187.70642068687857	392.30009643260848	82.768491073664208	20k Hz	5	15	25	35	45	5.0996313019599118	23.925269138010933	102.5134094372401	207.55941899249456	43.38987750938729	30k Hz	5	15	25	35	45	3.6169309570070474	17.206164227705312	73.402510407059381	145.0094143425986	29.992926259895412	40k Hz	5	15	25	35	45	2.8641450042139933	13.692692471318585	58.541772563820764	113.02884471836899	23.189142141386352	NH4CF3SO3 concentration (wt.%)

ɛi


5k Hz	5	15	25	35	45	2.0740157537550892	14.581458492091803	48.464951918274139	142.11726627445179	18.989817397609187	10k Hz	5	15	25	35	45	1.7000744214232666	7.966472851270737	31.012018734516815	59.525406619236911	11.441616525248872	20k Hz	5	15	25	35	45	1.4232312192121568	5.5628217576868551	23.094536743049428	31.957085549876041	8.3364125721263118	30k Hz	5	15	25	35	45	1.3020471903588069	4.7695515821118804	20.305511171497308	25.045310766423388	7.3323687019933406	40k Hz	5	15	25	35	45	1.2205645045223226	4.2567202586725266	18.483721318323244	21.480833214428923	6.5549036304288322	NH4CF3SO3 concentration (wt.%)

ɛr


S5	1.8450980400142569	1.9030899869919435	1.954242509439325	2	2.1760912590556813	2.3010299956639813	2.3979400086720375	2.4771212547196626	2.5440680443502757	2.6020599913279625	2.6532125137753435	2.6989700043360187	2.7403626894942437	2.7781512503836434	2.8129133566428557	2.8450980400142569	2.8750612633917001	2.9030899869919438	2.9294189257142929	2.9542425094393248	2.9777236052888476	3	3.3010299956639813	3.4771212547196626	3.6020599913279625	3.6989700043360187	3.7781512503836434	3.8450980400142569	3.9030899869919438	3.9542425094393248	4	4.0413926851582254	4.0791812460476251	4.1139433523068369	4.1461280356782382	4.1760912590556813	4.204119982655925	4.2304489213782741	4.2552725051033065	4.2787536009528289	4.3010299956639813	4.3222192947339195	4.3424226808222066	4.3617278360175931	4.3802112417116064	4.3979400086720375	4.4149733479708182	4.4313637641589869	4.4471580313422194	4.4623979978989565	4.4771212547196626	4.4913616938342731	4.5051499783199063	4.5185139398778871	4.5314789170422554	4.5440680443502757	4.5563025007672868	4.568201724066995	4.5797835966168101	4.5910646070264995	4.6020599913279625	4.6127838567197355	4.6232492903979008	4.6334684555795862	4.6434526764861879	4.653212513775344	4.6627578316815743	4.6720978579357171	4.6812412373755876	4.6901960800285138	4.6989700043360187	4.7075701760979367	4.7160033436347994	4.7242758696007892	4.7323937598229682	4.7403626894942441	4.7481880270062007	4.7558748556724915	4.7634279935629369	4.7708520116421438	4.7781512503836439	4.7853298350107671	4.7923916894982534	4.7993405494535821	4.8061799739838875	4.8129133566428557	4.8195439355418683	4.826074802700826	4.8325089127062366	4.8388490907372557	4.8450980400142569	4.8512583487190755	4.8573324964312681	4.8633228601204559	4.8692317197309762	4.8750612633917001	4.8808135922807914	4.8864907251724823	4.8920946026904808	4.8976270912904418	4.9030899869919438	4.9084850188786495	4.9138138523837167	4.9190780923760737	4.924279286061882	4.9294189257142929	4.9344984512435675	4.9395192526186182	4.9444826721501682	4.9493900066449124	4.9542425094393252	4.9590413923210939	4.9637878273455556	4.9684829485539348	4.9731278535996983	4.9777236052888476	4.982271233039568	4.9867717342662452	4.9912260756924951	4.9956351945975497	5	5.0413926851582254	5.0791812460476251	5.1139433523068369	5.1461280356782382	5.1760912590556813	5.204119982655925	5.2304489213782741	5.2552725051033065	5.2787536009528289	5.3010299956639813	5.3222192947339195	5.3424226808222066	5.3617278360175931	5.3802112417116064	5.3979400086720375	5.4149733479708182	5.4313637641589869	5.4471580313422194	5.4623979978989565	5.4771212547196626	5.4913616938342731	5.5051499783199063	5.5185139398778871	5.5314789170422554	5.5440680443502757	5.5563025007672868	5.568201724066995	5.5797835966168101	5.5910646070264995	5.6020599913279625	5.6127838567197355	5.6232492903979008	5.6334684555795862	5.6434526764861879	5.653212513775344	5.6627578316815743	5.6720978579357171	5.6812412373755876	5.6901960800285138	5.6989700043360187	5.7075701760979367	5.7160033436347994	5.7242758696007892	5.7323937598229682	5.7403626894942441	5.7481880270062007	5.7558748556724915	5.7634279935629369	5.7708520116421438	5.7781512503836439	5.7853298350107671	5.7923916894982534	5.7993405494535821	5.8061799739838875	5.8129133566428557	5.8195439355418683	5.826074802700826	5.8325089127062366	5.8388490907372557	5.8450980400142569	5.8512583487190755	5.8573324964312681	5.8633228601204559	5.8692317197309762	5.8750612633917001	5.8808135922807914	5.8864907251724823	5.8920946026904808	5.8976270912904418	5.9030899869919438	5.9084850188786495	5.9138138523837167	5.9190780923760737	5.924279286061882	5.9294189257142929	5.9344984512435675	5.9395192526186182	5.9444826721501682	5.9493900066449124	5.9542425094393252	5.9590413923210939	5.9637878273455556	5.9684829485539348	5.9731278535996983	5.9777236052888476	5.982271233039568	5.9867717342662452	5.9912260756924951	5.9956351945975497	6	6.1760912590556813	6.3010299956639813	6.3979400086720375	6.4771212547196626	6.5440680443502757	6.6020599913279625	6.653212513775344	6.6989700043360187	2.0624812828401078	2.2252712572510593	2.3571219939635868	2.4886020609971897	3.0211696686680005	3.4914452709883101	3.8840965458834913	4.2281924159185316	4.5182736322022814	4.7699410304158913	5.0072398190045249	5.2055881338392549	5.4155679971103474	5.571936056838366	5.6986538461538467	5.8365508365508365	5.9636356244854811	6.0538753342592395	6.1541798482748415	6.2379860729930146	6.3148283817917399	6.3962482219061165	6.6651771156656485	6.217158207987401	5.653325295498095	5.1714435020299883	4.775056732223903	4.4295925661186564	4.1443518203470564	3.8951350471851613	3.6889498432601879	3.5044314824634495	3.3437477081041433	3.3469678775142602	3.0677435076237556	2.9583134338541313	2.8755462919384116	2.768528252299606	2.7061852310499908	2.6082520247433196	2.5449955824813837	2.4785669781931463	2.4211402157164867	2.366744129158513	2.3171322950124233	2.2638972265578103	2.2182165453026146	2.1767978691920686	2.1354675454598948	2.0967496339677894	2.0579002441576559	2.0529983602717263	2.0152316725771757	1.9812268946395566	1.9376732902033271	1.9229625393194167	1.8798273512039982	1.8725674827369745	1.8484346435100552	1.8271857923497268	1.8123324396782843	1.7870897903372835	1.760794326241135	1.7462813670943567	1.716122483505329	1.7161125319693098	1.7001253275606696	1.6689425572734453	1.6487950787290477	1.6356444595129118	1.6143058293438468	1.6086711075985096	1.5896872358410821	1.5794387235487155	1.56434748205505	1.5448872898982517	1.5342071069431107	1.5274065685164213	1.5146159075458872	1.4999716858259244	1.489695111565321	1.4777330232030406	1.4587176730235978	1.4551139916993578	1.439304387360764	1.4331833969139667	1.4249059185768045	1.4163314561544651	1.4032534246575343	1.3857436365711677	1.3826384922901198	1.3719041354458616	1.3665806821438808	1.3593767965965273	1.3483255787236486	1.3433119916940648	1.3325463549464469	1.3249437164463429	1.3087913354073049	1.3076656060167777	1.2998724933348789	1.2932977116970612	1.2878383087466605	1.2816286113699908	1.2745132330651745	1.2678425417591406	1.2642924086223055	1.2544729277878806	1.2500293875631834	1.2433068549573403	1.2355681349136152	1.2307737673979713	1.224536763838074	1.2200426691952113	1.2166567519333729	1.2078925472483062	1.2020117850127969	1.1963369526309511	1.1913521261347348	1.1868677799724665	1.1812124849939976	1.0932203389830508	1.0141304347826086	1.0666072905401107	1.0325792425483646	1.0253113429821612	0.92729242337347872	0.95426704777460181	0.92063933287004862	0.87910561766543993	0.84102527179782571	0.82594510248953823	0.79076563413208656	0.78861300727627326	0.78356481481481477	0.79936356404136832	0.73037350246652577	0.7512220614246663	0.72960294719607044	0.73105007536426059	0.71813418091229264	0.69073646394662569	0.67904259002770073	0.67621515368120089	0.68067908386061837	0.63891911498005083	0.63829261597584408	0.61195260663507123	0.627233074151337	0.61214347868123353	0.59959740769835035	0.59321665183427275	0.59252291316639338	0.57994665472166806	0.58498898509144936	0.56089023291459117	0.53618341483935428	0.54852022923616461	0.53951540467713477	0.53574390989260456	0.53750139805390895	0.52783252063649377	0.52057967706966402	0.5133027155177351	0.51603347142064715	0.49127026230474508	0.49954518068730885	0.49566050086062691	0.49804415324059353	0.48165999307924268	0.48552839067757675	0.47939160998305813	0.47114318132561611	0.47304599467322272	0.46335537684002653	0.44415157367294744	0.46107665657273583	0.45288663683898439	0.44471341348610788	0.45376903082064612	0.44444753339542126	0.44458679431226239	0.43812066505629244	0.43670659112099258	0.43248656359418453	0.43021574326989093	0.42735394381097919	0.41971472537878779	0.42198267449367183	0.412319257934463	0.41293875797741775	0.40838002586047661	0.40963723776223776	0.41318705568953829	0.406576980568012	0.4078901021486438	0.39543000668699951	0.39626952136947408	0.40245054963274923	0.39172567401349684	0.38764054413970966	0.38778597409661086	0.38533116271099305	0.38137254901960793	0.38195535994970131	0.37520911476218144	0.37544094821504154	0.37409789910725422	0.36747648761891061	0.36557210684643543	0.36631333126562177	0.28923255926698022	0.2582379277262552	0.26126590433242064	0.23018850574712649	0.19965252881804646	0.20202328688681043	0.16867079493087558	0.15482813681822	S15	1.8450980400142569	1.9030899869919435	1.954242509439325	2	2.1760912590556813	2.3010299956639813	2.3979400086720375	2.4771212547196626	2.5440680443502757	2.6020599913279625	2.6532125137753435	2.6989700043360187	2.7403626894942437	2.7781512503836434	2.8129133566428557	2.8450980400142569	2.8750612633917001	2.9030899869919438	2.9294189257142929	2.9542425094393248	2.9777236052888476	3	3.3010299956639813	3.4771212547196626	3.6020599913279625	3.6989700043360187	3.7781512503836434	3.8450980400142569	3.9030899869919438	3.9542425094393248	4	4.0413926851582254	4.0791812460476251	4.1139433523068369	4.1461280356782382	4.1760912590556813	4.204119982655925	4.2304489213782741	4.2552725051033065	4.2787536009528289	4.3010299956639813	4.3222192947339195	4.3424226808222066	4.3617278360175931	4.3802112417116064	4.3979400086720375	4.4149733479708182	4.4313637641589869	4.4471580313422194	4.4623979978989565	4.4771212547196626	4.4913616938342731	4.5051499783199063	4.5185139398778871	4.5314789170422554	4.5440680443502757	4.5563025007672868	4.568201724066995	4.5797835966168101	4.5910646070264995	4.6020599913279625	4.6127838567197355	4.6232492903979008	4.6334684555795862	4.6434526764861879	4.653212513775344	4.6627578316815743	4.6720978579357171	4.6812412373755876	4.6901960800285138	4.6989700043360187	4.7075701760979367	4.7160033436347994	4.7242758696007892	4.7323937598229682	4.7403626894942441	4.7481880270062007	4.7558748556724915	4.7634279935629369	4.7708520116421438	4.7781512503836439	4.7853298350107671	4.7923916894982534	4.7993405494535821	4.8061799739838875	4.8129133566428557	4.8195439355418683	4.826074802700826	4.8325089127062366	4.8388490907372557	4.8450980400142569	4.8512583487190755	4.8573324964312681	4.8633228601204559	4.8692317197309762	4.8750612633917001	4.8808135922807914	4.8864907251724823	4.8920946026904808	4.8976270912904418	4.9030899869919438	4.9084850188786495	4.9138138523837167	4.9190780923760737	4.924279286061882	4.9294189257142929	4.9344984512435675	4.9395192526186182	4.9444826721501682	4.9493900066449124	4.9542425094393252	4.9590413923210939	4.9637878273455556	4.9684829485539348	4.9731278535996983	4.9777236052888476	4.982271233039568	4.9867717342662452	4.9912260756924951	4.9956351945975497	5	5.0413926851582254	5.0791812460476251	5.1139433523068369	5.1461280356782382	5.1760912590556813	5.204119982655925	5.2304489213782741	5.2552725051033065	5.2787536009528289	5.3010299956639813	5.3222192947339195	5.3424226808222066	5.3617278360175931	5.3802112417116064	5.3979400086720375	5.4149733479708182	5.4313637641589869	5.4471580313422194	5.4623979978989565	5.4771212547196626	5.4913616938342731	5.5051499783199063	5.5185139398778871	5.5314789170422554	5.5440680443502757	5.5563025007672868	5.568201724066995	5.5797835966168101	5.5910646070264995	5.6020599913279625	5.6127838567197355	5.6232492903979008	5.6334684555795862	5.6434526764861879	5.653212513775344	5.6627578316815743	5.6720978579357171	5.6812412373755876	5.6901960800285138	5.6989700043360187	5.7075701760979367	5.7160033436347994	5.7242758696007892	5.7323937598229682	5.7403626894942441	5.7481880270062007	5.7558748556724915	5.7634279935629369	5.7708520116421438	5.7781512503836439	5.7853298350107671	5.7923916894982534	5.7993405494535821	5.8061799739838875	5.8129133566428557	5.8195439355418683	5.826074802700826	5.8325089127062366	5.8388490907372557	5.8450980400142569	5.8512583487190755	5.8573324964312681	5.8633228601204559	5.8692317197309762	5.8750612633917001	5.8808135922807914	5.8864907251724823	5.8920946026904808	5.8976270912904418	5.9030899869919438	5.9084850188786495	5.9138138523837167	5.9190780923760737	5.924279286061882	5.9294189257142929	5.9344984512435675	5.9395192526186182	5.9444826721501682	5.9493900066449124	5.9542425094393252	5.9590413923210939	5.9637878273455556	5.9684829485539348	5.9731278535996983	5.9777236052888476	5.982271233039568	5.9867717342662452	5.9912260756924951	5.9956351945975497	6	6.1760912590556813	6.3010299956639813	6.3979400086720375	6.4771212547196626	6.5440680443502757	6.6020599913279625	6.653212513775344	6.6989700043360187	2.0862764321843179	2.1613966056698586	2.3369878822850549	2.5019537633033515	2.9671432154502133	3.3546500620569244	3.6814075130765569	3.9544270833333335	4.2248843216850718	4.4389433962264144	4.6437362145574275	4.8245261536400781	5.0489866657234819	5.1681532387775988	5.3652854687798355	5.4416588566073099	5.559613146594967	5.6967467239882614	5.814574589851202	5.9092287038240014	6.0101769911504421	6.0752446798958433	6.9210977701543737	6.9451956509741146	6.6533714224114702	6.3115520465406183	5.9546539379474943	5.6350984223821552	5.3415381799881052	5.0665612231448538	4.815409309791332	4.599305980812411	4.4021180747648776	4.2157580427663266	4.0765117235705475	3.9348032415857483	3.80529394977169	3.6762860727728981	3.5634302881332789	3.4780853711863826	3.3768933768933764	3.29238568782295	3.2097027104867357	3.1334511710119313	3.0610701279297783	2.9970472440944889	2.9335847220532778	2.8790580015659821	2.8238152011922502	2.7707570568087863	2.7215441800567803	2.7029537595967885	2.6594717244589252	2.6088220061000174	2.5690670937482123	2.5362760743189332	2.4926051368896416	2.4607303370786515	2.419812896759105	2.3957609933609265	2.3682955899880813	2.332362077022458	2.3013897247907202	2.27643607586301	2.254135829342621	2.2266110011657223	2.2072137889980246	2.1800301756654812	2.152377888585062	2.1307219251336895	2.1082003948140637	2.0929296698025213	2.0691396078014561	2.0546307586280022	2.0329981476581103	2.0133946262978522	1.997783114723813	1.9788964029155593	1.9665885574366129	1.9467640644296715	1.9365584330222163	1.9188501586802007	1.9054663728884689	1.8923407376362111	1.8754941228827979	1.8609601922474142	1.8463487916394508	1.8354823553977866	1.8228135098509333	1.8129477660544486	1.7949251247920133	1.7893365299421482	1.7750026071540304	1.7644560260586322	1.7587286676060745	1.7427811946210774	1.7303128090355488	1.7221816855162346	1.7120829317844397	1.7029344313561974	1.6919491746081343	1.6817767831585519	1.6724640699854199	1.6641113892365458	1.6547103904905895	1.6497309440468111	1.6409452931192063	1.6332287581699345	1.6255983677313033	1.6159983258782598	1.6095123482628713	1.5997436434027412	1.5931515103880114	1.5869627996114568	1.5796337111670866	1.5727542785036412	1.5653259726603577	1.556964356175194	1.5529538810019226	1.5457831007465639	1.5357387591587159	1.5600529174993667	1.4073048200950442	1.2766081279416974	1.3259461396400121	1.465691377127585	1.2130798734567037	1.1794106264167632	1.249780045750484	1.197535934291581	1.1694321103061465	1.1312627925602921	1.0632110886514581	1.1341379525983364	1.1014523970705887	1.0894038686801533	0.99894107387566955	1.0299473383668549	1.0182770140048825	1.0026955063936098	0.97439855048149504	0.99068291868425451	0.98318584070796455	0.96733668341708556	0.94743893641141896	0.94896988906497615	0.94971671388101964	0.93611192285213329	0.91291009492186104	0.91487871414878708	0.90390975233335791	0.93779284598681967	0.88332324455205824	0.88071104968133318	0.8883085731971524	0.87987064205710686	0.85814988382625124	0.86087373213002183	0.8686705014988253	0.85596910689343519	0.84953978318674561	0.8194112311371321	0.84067400734067399	0.83607114054077014	0.8295811740718716	0.82233239922397072	0.81809127912011781	0.82026559144497524	0.80535612033651938	0.78706055340195158	0.80279551645603531	0.80497719163542758	0.79063660237254396	0.78114277871814808	0.79373235198814984	0.77473011166195604	0.77581899599340098	0.76781554551937259	0.76291371723742107	0.77070891928337493	0.76529181374208199	0.75458412791550533	0.75747768951652439	0.76194271481942699	0.74699393818940685	0.74601016966218603	0.73909086312383065	0.73867293252285837	0.74042336138740117	0.72847168347556246	0.728088838150589	0.7304301926629716	0.73491734438951772	0.72429281856585204	0.72302254592191917	0.72107081174438681	0.71771117166212539	0.70775510204081638	0.70902716914986874	0.70529564115280763	0.70498190926802118	0.69253244928920599	0.7021625905797102	0.69637677037711165	0.69822011102844395	0.69614984391259105	0.69224527645763312	0.68804290794613188	0.68721100380450684	0.68277410207939504	0.68040135367808596	0.59244583393921768	0.5521870824053452	0.52621428263586612	0.48056325189209936	0.45473879376158793	0.46365394141804761	0.42852541159627772	0.43343576114940618	S25	1.8450980400142569	1.9030899869919435	1.954242509439325	2	2.1760912590556813	2.3010299956639813	2.3979400086720375	2.4771212547196626	2.5440680443502757	2.6020599913279625	2.6532125137753435	2.6989700043360187	2.7403626894942437	2.7781512503836434	2.8129133566428557	2.8450980400142569	2.8750612633917001	2.9030899869919438	2.9294189257142929	2.9542425094393248	2.9777236052888476	3	3.3010299956639813	3.4771212547196626	3.6020599913279625	3.6989700043360187	3.7781512503836434	3.8450980400142569	3.9030899869919438	3.9542425094393248	4	4.0413926851582254	4.0791812460476251	4.1139433523068369	4.1461280356782382	4.1760912590556813	4.204119982655925	4.2304489213782741	4.2552725051033065	4.2787536009528289	4.3010299956639813	4.3222192947339195	4.3424226808222066	4.3617278360175931	4.3802112417116064	4.3979400086720375	4.4149733479708182	4.4313637641589869	4.4471580313422194	4.4623979978989565	4.4771212547196626	4.4913616938342731	4.5051499783199063	4.5185139398778871	4.5314789170422554	4.5440680443502757	4.5563025007672868	4.568201724066995	4.5797835966168101	4.5910646070264995	4.6020599913279625	4.6127838567197355	4.6232492903979008	4.6334684555795862	4.6434526764861879	4.653212513775344	4.6627578316815743	4.6720978579357171	4.6812412373755876	4.6901960800285138	4.6989700043360187	4.7075701760979367	4.7160033436347994	4.7242758696007892	4.7323937598229682	4.7403626894942441	4.7481880270062007	4.7558748556724915	4.7634279935629369	4.7708520116421438	4.7781512503836439	4.7853298350107671	4.7923916894982534	4.7993405494535821	4.8061799739838875	4.8129133566428557	4.8195439355418683	4.826074802700826	4.8325089127062366	4.8388490907372557	4.8450980400142569	4.8512583487190755	4.8573324964312681	4.8633228601204559	4.8692317197309762	4.8750612633917001	4.8808135922807914	4.8864907251724823	4.8920946026904808	4.8976270912904418	4.9030899869919438	4.9084850188786495	4.9138138523837167	4.9190780923760737	4.924279286061882	4.9294189257142929	4.9344984512435675	4.9395192526186182	4.9444826721501682	4.9493900066449124	4.9542425094393252	4.9590413923210939	4.9637878273455556	4.9684829485539348	4.9731278535996983	4.9777236052888476	4.982271233039568	4.9867717342662452	4.9912260756924951	4.9956351945975497	5	5.0413926851582254	5.0791812460476251	5.1139433523068369	5.1461280356782382	5.1760912590556813	5.204119982655925	5.2304489213782741	5.2552725051033065	5.2787536009528289	5.3010299956639813	5.3222192947339195	5.3424226808222066	5.3617278360175931	5.3802112417116064	5.3979400086720375	5.4149733479708182	5.4313637641589869	5.4471580313422194	5.4623979978989565	5.4771212547196626	5.4913616938342731	5.5051499783199063	5.5185139398778871	5.5314789170422554	5.5440680443502757	5.5563025007672868	5.568201724066995	5.5797835966168101	5.5910646070264995	5.6020599913279625	5.6127838567197355	5.6232492903979008	5.6334684555795862	5.6434526764861879	5.653212513775344	5.6627578316815743	5.6720978579357171	5.6812412373755876	5.6901960800285138	5.6989700043360187	5.7075701760979367	5.7160033436347994	5.7242758696007892	5.7323937598229682	5.7403626894942441	5.7481880270062007	5.7558748556724915	5.7634279935629369	5.7708520116421438	5.7781512503836439	5.7853298350107671	5.7923916894982534	5.7993405494535821	5.8061799739838875	5.8129133566428557	5.8195439355418683	5.826074802700826	5.8325089127062366	5.8388490907372557	5.8450980400142569	5.8512583487190755	5.8573324964312681	5.8633228601204559	5.8692317197309762	5.8750612633917001	5.8808135922807914	5.8864907251724823	5.8920946026904808	5.8976270912904418	5.9030899869919438	5.9084850188786495	5.9138138523837167	5.9190780923760737	5.924279286061882	5.9294189257142929	5.9344984512435675	5.9395192526186182	5.9444826721501682	5.9493900066449124	5.9542425094393252	5.9590413923210939	5.9637878273455556	5.9684829485539348	5.9731278535996983	5.9777236052888476	5.982271233039568	5.9867717342662452	5.9912260756924951	5.9956351945975497	6	6.1760912590556813	6.3010299956639813	6.3979400086720375	6.4771212547196626	6.5440680443502757	6.6020599913279625	6.653212513775344	6.6989700043360187	0.74356419336243096	0.78532385897786283	0.8531640696237156	0.89227995338507882	1.1062240538165511	1.2936497439870009	1.4713650451421638	1.6328901942598031	1.7851170326649881	1.9300944841675176	2.0689679170436355	2.2039112448288831	2.3295889197568145	2.4547792541791686	2.5739722916193499	2.6907157229088821	2.8028367367468063	2.9119596087093718	3.0180051600153699	3.1246426529445395	3.2223671726755216	3.3266248153618911	4.9223814561892851	5.9909110530228542	6.7293783070591617	7.1941021777029217	7.4870213392428218	7.6573973564906446	7.7173455851425228	7.692694478686823	7.6193781680818757	7.5373996789727133	7.3808470290771186	7.3447021588171379	7.1278706680407931	6.9760976641585835	6.8141265042385433	6.697518679358395	6.532376984638292	6.3912279468616005	6.2533320442523106	6.1324344895074487	5.9835181659632806	5.8843698273823595	5.7291332520690315	5.6315942799964542	5.5087854558115827	5.413008289596311	5.3038400752814008	5.1943722789660365	5.1097086923941557	5.12078205052706	5.0775116706251247	4.9084616085253669	4.9672389769809193	4.8803621958121104	4.6592073981984337	4.6041968318457842	4.6103487893173796	4.4564037149875082	4.4001129199209554	4.3219684885408194	4.2758973310154413	4.2179236983932773	4.157072985326919	4.0799527372981492	4.0448931582042746	3.9942673921492418	3.9469171483622345	3.902725968436155	3.8907611297271423	3.7624918883841665	3.7686706497386098	3.7214417744916823	3.6837614678899082	3.6339845524761474	3.6091246492260343	3.5774635200864702	3.5324524596018212	3.4810171287303548	3.457882228677053	3.4270705655752054	3.3835747116468653	3.3023196749068742	3.3307831169947564	3.2922565239638417	3.2656024454445105	3.1868770764119598	3.2090504575602385	3.221510991324855	3.1558398405050676	3.1303628998925355	3.1058959156785244	3.0787814265825899	3.0524600847181489	3.0384833508871427	3.0057373737373738	2.9824646074646077	2.9653679653679652	2.9420590582601758	2.9229911603089906	2.8998653252000324	2.8773837667454689	2.8570867379006919	2.8426622765757292	2.8237455057057992	2.8007471980074721	2.7876058088063993	2.7695403188360936	2.7504240555127213	2.7363279747711711	2.7191502415829434	2.7005425231145406	2.6866753108077184	2.6715861544313428	2.6538315773516263	2.6417752196304143	2.6248585012451895	2.6120774038099546	2.5961034095166728	2.5829330531371957	2.4137606713934305	2.3519218426870139	2.2139147755566619	2.1679466015933393	2.0218278253773976	2.0814161828997348	2.013272790778903	1.9333519241494701	1.9082095277952154	1.8047081106676588	1.7292824906795736	1.753967703929586	1.7191181536341718	1.6467171387547319	1.6478844169246643	1.6237890949349569	1.6105313744336132	1.5750464524120844	1.5684254782425899	1.5339833463810411	1.5351084389091689	1.4950042217844073	1.4795221843003412	1.4560288196651832	1.4468054661229162	1.4154544809479883	1.4647637358574281	1.4083853184389961	1.4180728241563052	1.4303518504445625	1.4000000000000001	1.3943501969100269	1.3614763897190674	1.3560256894597655	1.3159157358122797	1.3276165684097696	1.3242220677939927	1.298138073710827	1.3044607033278264	1.2980101073910297	1.3083948852354856	1.2934826069572174	1.2817899514292539	1.2690903189158484	1.2695476575121163	1.2806425041186162	1.2627444562638086	1.2611464968152863	1.2517668579030516	1.2528108743077697	1.2363590855998665	1.2636845706465958	1.2297503820682631	1.239049676025918	1.2138531092723706	1.2149130359910452	1.223277288962453	1.2121503496503498	1.2138636564070906	1.2006694855532063	1.2041880190846441	1.1959139976804354	1.1947841726618706	1.1797914419273643	1.1826914363389216	1.1829468687237539	1.1744868035190617	1.1716603669217296	1.1677753141167775	1.1653932165486394	1.1650567382537749	1.1564198687910028	1.1585457979225686	1.1834002677376172	1.1608558601585632	1.1526336024605921	1.1460228372363073	1.1415423367564426	1.1412639405204461	1.1453579858379228	1.1489298747410988	1.1373169766521567	1.1375112264245084	1.1227895887144843	1.1236068080312236	1.1243498246038466	1.1237132278146233	1.1327846476663881	1.1252640863126373	1.117659158695876	1.0025847247383544	0.96696299855838552	0.98314859313231528	0.92453524756119998	0.88755305424153474	0.89845843122707225	0.87404103479036588	0.85423240328952266	S35	1.8450980400142569	1.9030899869919435	1.954242509439325	2	2.1760912590556813	2.3010299956639813	2.3979400086720375	2.4771212547196626	2.5440680443502757	2.6020599913279625	2.6532125137753435	2.6989700043360187	2.7403626894942437	2.7781512503836434	2.8129133566428557	2.8450980400142569	2.8750612633917001	2.9030899869919438	2.9294189257142929	2.9542425094393248	2.9777236052888476	3	3.3010299956639813	3.4771212547196626	3.6020599913279625	3.6989700043360187	3.7781512503836434	3.8450980400142569	3.9030899869919438	3.9542425094393248	4	4.0413926851582254	4.0791812460476251	4.1139433523068369	4.1461280356782382	4.1760912590556813	4.204119982655925	4.2304489213782741	4.2552725051033065	4.2787536009528289	4.3010299956639813	4.3222192947339195	4.3424226808222066	4.3617278360175931	4.3802112417116064	4.3979400086720375	4.4149733479708182	4.4313637641589869	4.4471580313422194	4.4623979978989565	4.4771212547196626	4.4913616938342731	4.5051499783199063	4.5185139398778871	4.5314789170422554	4.5440680443502757	4.5563025007672868	4.568201724066995	4.5797835966168101	4.5910646070264995	4.6020599913279625	4.6127838567197355	4.6232492903979008	4.6334684555795862	4.6434526764861879	4.653212513775344	4.6627578316815743	4.6720978579357171	4.6812412373755876	4.6901960800285138	4.6989700043360187	4.7075701760979367	4.7160033436347994	4.7242758696007892	4.7323937598229682	4.7403626894942441	4.7481880270062007	4.7558748556724915	4.7634279935629369	4.7708520116421438	4.7781512503836439	4.7853298350107671	4.7923916894982534	4.7993405494535821	4.8061799739838875	4.8129133566428557	4.8195439355418683	4.826074802700826	4.8325089127062366	4.8388490907372557	4.8450980400142569	4.8512583487190755	4.8573324964312681	4.8633228601204559	4.8692317197309762	4.8750612633917001	4.8808135922807914	4.8864907251724823	4.8920946026904808	4.8976270912904418	4.9030899869919438	4.9084850188786495	4.9138138523837167	4.9190780923760737	4.924279286061882	4.9294189257142929	4.9344984512435675	4.9395192526186182	4.9444826721501682	4.9493900066449124	4.9542425094393252	4.9590413923210939	4.9637878273455556	4.9684829485539348	4.9731278535996983	4.9777236052888476	4.982271233039568	4.9867717342662452	4.9912260756924951	4.9956351945975497	5	5.0413926851582254	5.0791812460476251	5.1139433523068369	5.1461280356782382	5.1760912590556813	5.204119982655925	5.2304489213782741	5.2552725051033065	5.2787536009528289	5.3010299956639813	5.3222192947339195	5.3424226808222066	5.3617278360175931	5.3802112417116064	5.3979400086720375	5.4149733479708182	5.4313637641589869	5.4471580313422194	5.4623979978989565	5.4771212547196626	5.4913616938342731	5.5051499783199063	5.5185139398778871	5.5314789170422554	5.5440680443502757	5.5563025007672868	5.568201724066995	5.5797835966168101	5.5910646070264995	5.6020599913279625	5.6127838567197355	5.6232492903979008	5.6334684555795862	5.6434526764861879	5.653212513775344	5.6627578316815743	5.6720978579357171	5.6812412373755876	5.6901960800285138	5.6989700043360187	5.7075701760979367	5.7160033436347994	5.7242758696007892	5.7323937598229682	5.7403626894942441	5.7481880270062007	5.7558748556724915	5.7634279935629369	5.7708520116421438	5.7781512503836439	5.7853298350107671	5.7923916894982534	5.7993405494535821	5.8061799739838875	5.8129133566428557	5.8195439355418683	5.826074802700826	5.8325089127062366	5.8388490907372557	5.8450980400142569	5.8512583487190755	5.8573324964312681	5.8633228601204559	5.8692317197309762	5.8750612633917001	5.8808135922807914	5.8864907251724823	5.8920946026904808	5.8976270912904418	5.9030899869919438	5.9084850188786495	5.9138138523837167	5.9190780923760737	5.924279286061882	5.9294189257142929	5.9344984512435675	5.9395192526186182	5.9444826721501682	5.9493900066449124	5.9542425094393252	5.9590413923210939	5.9637878273455556	5.9684829485539348	5.9731278535996983	5.9777236052888476	5.982271233039568	5.9867717342662452	5.9912260756924951	5.9956351945975497	6	6.1760912590556813	6.3010299956639813	6.3979400086720375	6.4771212547196626	6.5440680443502757	6.6020599913279625	6.653212513775344	6.6989700043360187	0.68637903107053455	0.73415973432413784	0.78150377030162388	0.82714975081085351	1.038842429577465	1.2284923928077456	1.4057935132458532	1.5715101885355172	1.7282996177468535	1.8791003369569099	2.0224411603721948	2.1621201633068217	2.2967451891678441	2.4258196322599472	2.5527847621671889	2.6759281175463832	2.7957978682616362	2.9149308700114713	3.0274341496255159	3.138369057282639	3.2499600264967223	3.3561757522585545	5.1819336952754984	6.5721417873190218	7.6001640112464859	8.450815360336664	9.1004422884862297	9.5879017013232524	9.995246018540529	10.237221814624602	10.416458437447943	10.509075559307723	10.590796550840947	10.644024075666382	10.583082868183769	10.511635865845312	10.429970200085144	10.323671089326458	10.236114612217461	10.131776480400335	10.004127796582184	9.8709466633994918	9.7335056125333104	9.6030351437699686	9.4663719608462262	9.3366630248166089	9.2125376360688644	9.0752458641457672	8.9373071423195594	8.8113656649806593	8.6974758996246972	8.7608711811491862	8.6669123065585847	8.5561224489795933	8.4492210040392415	8.2971631205673759	8.1764664657649444	8.0720720720720713	7.9661365505895256	7.8489748968130471	7.7372360331462176	7.6487720924074942	7.5636315927578064	7.4552993003368737	7.3548056604981751	7.2628777798897532	7.1791653592720435	7.1041990668740285	7.0041779306955032	6.9303431043939296	6.8630650229635011	6.7905304165418041	6.7201521364473757	6.6499764373232804	6.573695880499475	6.5092045849253202	6.4364783481502732	6.3522404991491772	6.2949822605169805	6.2342815626222539	6.1744482643894854	6.1175628818316907	6.0661744599398411	6.0023853409953372	5.9385243699285297	5.88778560751655	5.8455901874369456	5.7961615522513972	5.7388028463792375	5.6897178781108746	5.6405491896355935	5.5918388270877113	5.5492684916144146	5.5067909993918516	5.4593506166624719	5.4235335370435314	5.3766543934719877	5.3330366414478565	5.2961432506887043	5.2532511978097194	5.2149178255372943	5.1772500846351015	5.141949764219035	5.106056978692842	5.0680757878701312	5.03125	5.003538236542906	4.9648217636022514	4.9366970334034104	4.9026079680163637	4.8722695298037761	4.8374769797421733	4.8092268183068887	4.7779654055040846	4.7493295759283667	4.7243987499433846	4.6898508941844215	4.6655293166921066	4.6372211542760073	4.6132596685082881	4.5817633760361716	4.3310233408443519	4.1118932634853076	3.9246227164416201	3.7685296048820049	3.6320138862684432	3.5377000372162262	3.420181877944561	3.312271783489654	3.2042856140843092	3.1041688182037248	3.0496766909576105	2.9936080511355914	2.9248132947587968	2.8611425904939671	2.8064707824364481	2.7550706117500572	2.70918217673327	2.6603706458811733	2.6272527614495189	2.5859209257473483	2.5426316966424944	2.5193431939430728	2.4975840773095261	2.458569337491249	2.4277416283129662	2.3966024485147579	2.3728357547558003	2.3555252905963955	2.325550535528103	2.3174302064561001	2.2898605590258057	2.2697302067574388	2.2410467454134206	2.2370628263965817	2.2156156156156155	2.1987290948752807	2.1764019428499339	2.1445015996487049	2.145359295610187	2.1369328810120156	2.1207868727825643	2.1069310071371929	2.0936943808797355	2.0744566250554466	2.0740020405560515	2.0611866896595772	2.0443381180223281	2.0336669117882153	2.0229586935638806	2.0188388092329457	2.0068845708403042	1.9961014273286721	1.9899786642529258	1.986049831300285	1.9643897701521527	1.9708402567360634	1.9501071915805885	1.9464011751264894	1.94308810053672	1.9347269624573376	1.9248966467615984	1.9229907035010223	1.9121216118182416	1.9022496779095506	1.8975750157144278	1.8932996711291237	1.8889666666666669	1.8799906607518093	1.8801085354415115	1.8737450052046607	1.8652546646495212	1.8590400431441281	1.8580946261287157	1.8523990241257791	1.8462792514349762	1.8444262406990235	1.8430244503801112	1.8318041766518316	1.8302022873235568	1.8227987475484295	1.8194310178152193	1.81407243572021	1.8122140579509218	1.80764955186549	1.8072541756936196	1.7994060097833682	1.7973995934674425	1.7915409974047838	1.7880783043447648	1.786432426711821	1.6504677250320228	1.5844133769600137	1.5435064935064937	1.5237182075090838	1.5105086977994842	1.5394425214064495	1.5630957175459794	1.6016603773584905	S45	1.8450980400142569	1.9030899869919435	1.954242509439325	2	2.1760912590556813	2.3010299956639813	2.3979400086720375	2.4771212547196626	2.5440680443502757	2.6020599913279625	2.6532125137753435	2.6989700043360187	2.7403626894942437	2.7781512503836434	2.8129133566428557	2.8450980400142569	2.8750612633917001	2.9030899869919438	2.9294189257142929	2.9542425094393248	2.9777236052888476	3	3.3010299956639813	3.4771212547196626	3.6020599913279625	3.6989700043360187	3.7781512503836434	3.8450980400142569	3.9030899869919438	3.9542425094393248	4	4.0413926851582254	4.0791812460476251	4.1139433523068369	4.1461280356782382	4.1760912590556813	4.204119982655925	4.2304489213782741	4.2552725051033065	4.2787536009528289	4.3010299956639813	4.3222192947339195	4.3424226808222066	4.3617278360175931	4.3802112417116064	4.3979400086720375	4.4149733479708182	4.4313637641589869	4.4471580313422194	4.4623979978989565	4.4771212547196626	4.4913616938342731	4.5051499783199063	4.5185139398778871	4.5314789170422554	4.5440680443502757	4.5563025007672868	4.568201724066995	4.5797835966168101	4.5910646070264995	4.6020599913279625	4.6127838567197355	4.6232492903979008	4.6334684555795862	4.6434526764861879	4.653212513775344	4.6627578316815743	4.6720978579357171	4.6812412373755876	4.6901960800285138	4.6989700043360187	4.7075701760979367	4.7160033436347994	4.7242758696007892	4.7323937598229682	4.7403626894942441	4.7481880270062007	4.7558748556724915	4.7634279935629369	4.7708520116421438	4.7781512503836439	4.7853298350107671	4.7923916894982534	4.7993405494535821	4.8061799739838875	4.8129133566428557	4.8195439355418683	4.826074802700826	4.8325089127062366	4.8388490907372557	4.8450980400142569	4.8512583487190755	4.8573324964312681	4.8633228601204559	4.8692317197309762	4.8750612633917001	4.8808135922807914	4.8864907251724823	4.8920946026904808	4.8976270912904418	4.9030899869919438	4.9084850188786495	4.9138138523837167	4.9190780923760737	4.924279286061882	4.9294189257142929	4.9344984512435675	4.9395192526186182	4.9444826721501682	4.9493900066449124	4.9542425094393252	4.9590413923210939	4.9637878273455556	4.9684829485539348	4.9731278535996983	4.9777236052888476	4.982271233039568	4.9867717342662452	4.9912260756924951	4.9956351945975497	5	5.0413926851582254	5.0791812460476251	5.1139433523068369	5.1461280356782382	5.1760912590556813	5.204119982655925	5.2304489213782741	5.2552725051033065	5.2787536009528289	5.3010299956639813	5.3222192947339195	5.3424226808222066	5.3617278360175931	5.3802112417116064	5.3979400086720375	5.4149733479708182	5.4313637641589869	5.4471580313422194	5.4623979978989565	5.4771212547196626	5.4913616938342731	5.5051499783199063	5.5185139398778871	5.5314789170422554	5.5440680443502757	5.5563025007672868	5.568201724066995	5.5797835966168101	5.5910646070264995	5.6020599913279625	5.6127838567197355	5.6232492903979008	5.6334684555795862	5.6434526764861879	5.653212513775344	5.6627578316815743	5.6720978579357171	5.6812412373755876	5.6901960800285138	5.6989700043360187	5.7075701760979367	5.7160033436347994	5.7242758696007892	5.7323937598229682	5.7403626894942441	5.7481880270062007	5.7558748556724915	5.7634279935629369	5.7708520116421438	5.7781512503836439	5.7853298350107671	5.7923916894982534	5.7993405494535821	5.8061799739838875	5.8129133566428557	5.8195439355418683	5.826074802700826	5.8325089127062366	5.8388490907372557	5.8450980400142569	5.8512583487190755	5.8573324964312681	5.8633228601204559	5.8692317197309762	5.8750612633917001	5.8808135922807914	5.8864907251724823	5.8920946026904808	5.8976270912904418	5.9030899869919438	5.9084850188786495	5.9138138523837167	5.9190780923760737	5.924279286061882	5.9294189257142929	5.9344984512435675	5.9395192526186182	5.9444826721501682	5.9493900066449124	5.9542425094393252	5.9590413923210939	5.9637878273455556	5.9684829485539348	5.9731278535996983	5.9777236052888476	5.982271233039568	5.9867717342662452	5.9912260756924951	5.9956351945975497	6	6.1760912590556813	6.3010299956639813	6.3979400086720375	6.4771212547196626	6.5440680443502757	6.6020599913279625	6.653212513775344	6.6989700043360187	1.5088232167534814	1.6052445907808093	1.6291800691873521	1.7423624573835148	2.1236602001948803	2.4195486004061113	2.7107154322969396	2.9449404350590123	3.2065417690417695	3.4013841976289823	3.6215074549392332	3.8032126988949226	3.99425810234326	4.184810450819672	4.3322707920019612	4.5020867821585959	4.6479351676614744	4.8098835299765037	4.9687598445867893	5.0870505542038398	5.2356723511322336	5.3602488049300234	7.2132678332183024	8.170880721872356	8.4431728492501978	8.4235692583553323	8.3288610614192002	8.0722716013405211	7.7934715858094377	7.5287303484416661	7.2339857651245545	6.9076580435155037	6.8563731987856515	6.2564062130410782	6.1760461760461753	6.0153505422330813	5.7360144367104935	5.6548378861373498	5.2831284153005464	5.3782854761987435	5.2048620595465716	5.1386028294560564	4.9133211678832112	4.6523337349025429	4.6347536493510537	4.5380443109735538	4.4323900792574511	4.3645205561190998	4.2703433678269054	4.1879797248370751	4.0904825546677284	4.1051610510399135	3.9669329473654913	3.8726333907056798	3.3408849557522124	3.7051139668940709	3.6990962254120152	3.4403704167188089	3.5439786272092069	3.440514469453376	3.5376785760417473	3.42375533069217	3.3153471255221802	3.3406827528117722	3.3047517853171571	3.0691259170118719	3.087167640957948	3.0291467451268854	3.0780459093584462	3.0308231092144626	2.9756992205410362	2.9350252881942871	2.9141961425747969	2.8898222794300299	2.8297896025826561	2.7675874447314275	2.7890491322415052	2.7845555704518028	2.6960858722758325	2.6645191975095126	2.6517187264870912	2.6259646422540035	2.6084449285576978	2.5661174482467257	2.3736224245328224	2.5130572849204027	2.4889977580337126	2.4121770397753672	2.4452231268679792	2.4290590557657512	2.4037005198739201	2.3955592105263159	2.3957372681627214	2.333641962883942	2.3170633644258607	2.3058218283394631	2.2775516718538027	2.2589251936363817	2.3190316395014383	2.2141167192429023	2.2170250718461992	2.1861815898432133	2.1801869012093604	2.1574913981857997	2.14039662923535	2.1195007083508828	2.1127087647320653	2.0988542862144763	2.0802062887272448	2.0640596762410124	2.0544944467929747	2.0339047837471091	2.0275190678778121	2.0259595843398905	2.003242727706247	1.9914665041238881	1.9760353962135166	1.9640316430482043	1.9496795901778794	1.9378469206660875	1.838505640835953	1.7868388288686294	1.5918805835123826	1.7296796857424679	1.3653109743924792	1.5641154937994923	1.4577679467638203	1.40024393911547	1.4481467941017738	1.1375648964783887	1.2924368821432508	1.2169886839136921	1.2495070700242241	1.1573851696187332	1.0460068822137789	1.1163050563367167	1.2169291772221611	1.0004709073442708	0.92317007048617383	0.95732192782684378	0.82658959537572263	1.0552696266707635	0.89998116760828628	0.93123237039198514	0.82753804034045397	1.0745633777457688	0.91420410392119811	0.90700615462439937	1.0055862334660333	0.7779915058944521	0.94783677370900576	0.79480535504966376	0.82910638297872352	0.74895097293184043	0.80070270031378454	0.76860795762877421	0.74668399947120256	0.73646329310153913	0.73288276349500825	0.74190444903322694	0.72780644421511287	0.72947617153685984	0.6893465677956252	0.67162933073605124	0.67083854818523159	0.70605656026216757	0.69124716331958691	0.71015721331689274	0.66220495818694636	0.69984618192246528	0.65664461815995201	0.65618965342006297	0.649946283317133	0.6359087118052924	0.65132913419451266	0.64111802887799718	0.63799671940314306	0.64879862382775655	0.64197698773223066	0.62840789691975873	0.60182599355531685	0.60763723150357996	0.62612407512805923	0.6226480634516296	0.59293167666543467	0.60908564814814814	0.60425729366046055	0.63848475701780871	0.57903259045544198	0.58786936236391918	0.57730094629618467	0.54321278286201924	0.57435510635088249	0.5755971473949737	0.56418855971678772	0.57678503966754813	0.54769634161568226	0.56302386075339605	0.56537866081795896	0.56176686802825448	0.52607549353739314	0.55408315388437968	0.55559982734004032	0.52502906493937884	0.55667630437639637	0.53767486404213838	0.52893747864707896	0.51944492033578893	0.53461578745243155	0.56678002505817071	0.52444161268627654	0.47465990315886553	0.40169704588309246	0.39242372534298009	0.36933111954459202	0.34273431594860165	0.3273541135725021	0.29331454790284778	0.30354830731629251	Log f (Hz)

tan δ



3.5997925295068078E-7	8.3138505759983263E-7	1.5690368955984965E-7	8.1344076438409948E-8	3.2166880470682392E-9	1.1216639425425068E-11	3.5997925295068078E-7	8.3138505759983263E-7	1.5690368955984965E-7	8.1344076438409948E-8	3.2166880470682392E-9	1.1216639425425068E-11	45	35	25	15	5	0	4.5976523833477101E-7	2.4750242920596727E-6	8.5560887828384691E-7	2.0722518812403418E-7	1.302355396454962E-8	4.096E-11	NH4CF3SO3 concentration (wt.%)

Conductivity, σ (S cm-1)
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