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ABSTRACT 

The increase in the concentration of electrolytes for secondary batteries has significant advantages 

in terms of physicochemical and electrochemical performance. This study aims to explore the 

highly concentrated electrolyte for Na-ion batteries using a ternary salt system. The eutectic 

composition of Na[N(SO2F)2]–Na[N(SO2F)(SO2CF3)]–Na[SO3CF3] ternary molten salt system 

increases solubility into an organic solvent, enabling the use of highly concentrated electrolytes 

for Na-ion batteries. The ternary salt system achieved concentrations of 5.0 m (m = mol kg–1) with 

propylene carbonate (PC), 2.9 m with dimethoxyethane, 2.0 m with ethylene carbonate/dimethyl 

carbonate, and 3.9 m with ethylene carbonate/diethyl carbonate. The highly concentrated 

electrolyte of 5.0 m in PC suppressed Al corrosion and exhibited better oxidative stability. Stable 

electrochemical performance using a hard carbon/NaCrO2 in full cell configuration introduces a 

new strategy to explore highly concentrated electrolytes for secondary batteries. 

 

Keywords: sodium-ion batteries, electrolytes, molten salt, highly concentrated electrolytes, hard 

carbon, NaCrO2

A Self-archived copy in
Kyoto University Research Information Repository

https://repository.kulib.kyoto-u.ac.jp



 3 

1. INTRODUCTION 

Electrochemical energy storage requires different kinds of batteries, which function to mutually 

convert chemical energy and electrical energy within an electrochemically active material through 

redox reactions.1 Batteries can mainly be classified into primary and secondary batteries, the 

former being able to be used only once, whereas the latter allows repeated charging and 

discharging mechanisms making them more suitable for various applications.2-3 There is a number 

of variations in the secondary batteries, such as nickel-hydrogen, lead-acid, and as well as lithium-

ion batteries (LIBs). 

In particular, LIBs have gained popularity in recent decades due to their suitability for 

application in mobile and portable devices because of their high energy densities, which allow the 

design smaller than other types of batteries.3-4 Despite their various advantages, the LIBs also have 

certain drawbacks that have urged us to find alternatives. The scarce and uneven distribution of 

lithium resources could lead to political interference that results in the monopoly and the 

unpredictable price of lithium resources, whereas sodium resources are evenly distributed, making 

sodium-ion batteries (SIBs) easily accessible throughout the globe.3-6 This, in turn, contributes to 

a significant difference in the price of raw material, which contributes to the overall feasibility of 

batteries leaning towards SIBs as prospective replacements for some applications.5-8  

The majority of Na-ion batteries previously reported utilizing organic solvents with 

moderate concentrations (~1 mol dm–3) of Na salts.9 However, the scarcity of electrolytes capable 

of producing robust solid-electrolyte interphases (SEIs) has substantially impeded their 

technological advancement.10-12 Nonetheless, as the need for safety and high performance 

outweighs concerns of deploying new electrolytes,9,13-14 such as highly concentrated electrolytes 

have gained traction in both nonaqueous and aqueous systems.7 Recent reports on nonaqueous and 
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aqueous highly concentrated electrolytes demonstrated remarkable performance on electrodes and 

found to provide wide electrochemical windows, enhancing electrochemical stabilities in Li, Na, 

and K-ion batteries.14-32 Thus, various combinations of salts and solvents have been attempted to 

achieve highly concentrated electrolytes.  

Herein, we report a facile approach to developing highly concentrated electrolytes for SIBs 

using fundamental concepts of molten salt chemistry. Molten salts have been used as electrolytes 

for various electrochemical systems, including batteries in their history, and multiary salt systems 

are typically explored to decrease the melting point. Differential scanning calorimetry is conducted 

to determine the melting points for binary and ternary salt systems made from (Na[FSA]: sodium 

bis(fluorosulfonyl)amide), Na[OTf]: sodium trifluoromethylsulfonate, and Na[FTA]: sodium 

fluorosulfonyl) (trifluoromethylsulfonyl)amide (Figures S1 and S2). Binary salt systems based on 

Na[FSA]-Na[OTf] and Na[FSA]-Na[FTA] with varied component ratios manifested melting 

points of around 370 K. As for the Na[FSA]-Na[FTA]-Na[OTf] ternary salt systems, low melting 

points are achieved in all the investigated ratios (Figure S2). Therefore, the Na[FSA] : Na[FTA] : 

Na[OTf] = 8 : 1 : 1 in mol (hereafter, Na[FSA][FTA][OTf]), which contains Na[FSA] in a 

relatively high composition, is representatively chosen because the high electrochemical 

performance of Na[FSA] is widely known in previous studies and the ternary system based on 

Na[FSA] (high Na[FSA] composition) is considered to be beneficial for battery performance. The 

neat Na[FSA][FTA][OTf] molten salt at 363 K exhibit high electrochemical stability on Pt and Al 

working electrodes, which implies this system is potentially useful as an electrolyte for SIBs 

(Figure S3a). However, the high melting point, high viscosity, and large bulk resistance of the 

molten salt system limited its practical use (see Figure 3b for the Nyquist plots of the Na/Na 

symmetric cell with this molten salt electrolyte), and the use of a solution based on this eutectic 
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system is more attractive for room-temperature application. Therefore, its solubility in propylene 

carbonate (PC), dimethoxyethane (DME), ethylene carbonate/dimethyl carbonate (EC/DMC), and 

ethylene carbonate/diethyl carbonate (EC/DEC) are examined, and the electrochemical 

performance of PC-based electrolyte is investigated with the hard carbon and NaCrO2 as typical 

negative and positive electrode materials, respectively.33-36 

 

2. EXPERIMENTAL SECTION 

2.1 Materials and Handling All the non-volatile materials were handled under a dry Ar 

atmosphere in a glove box (H2O < 1 ppm and O2 <1 ppm). The salts, Na[FSA] (Mitsubishi 

Materials Electronic Chemicals, purity > 99%), Na[OTf] (Sigma-Aldrich, purity > 98%), and 

Na[FTA] (PROVISCO CS, purity > 98%) were dried under vacuum for 24 h at 363 K. The solvents, 

PC (Kishida Chemical), EC/DMC (1:1 v/v) (Kishida Chemical), EC/DEC (1:1 v/v) (Kishida 

Chemical), and DME (AccuStandard) were used without further purification. The typical water 

contents of the organic solutions were below 20 ppm according to Karl-Fischer titration (899 

Coulometer, Metrohm). 

 

2.2 Preparation of Electrodes. A slurry was prepared by mixing Hard carbon (HC) powder 

(CARBOTRON P, Kureha Battery Materials Japan Co., Ltd.), carbon black, and polyvinylidene 

difluoride (PVDF) (85:10:5 wt%) in N-methylpyrrolidone using a planetary mixer (AR-100, 

Thinky, Tokyo, Japan) and pasting the mixture on Al foil. NaCrO2 was prepared by the solid-state 

method, as described in the previous study.37 The prepared NaCrO2 powder, carbon black, and 

PVDF (75:15:10 wt%) were well-mixed in N-methylpyrrolidone using the planetary mixer, and 
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the resulting slurry was pasted on Al foil. The electrodes were dried under vacuum at 353 K for 

12 h.  

 

2.3 Physical Characterization. Phase transition temperatures were determined by differential 

scanning calorimetry (DSC) (DSC-8230 Thermo Plus EVO II Series, Rigaku Corp.) at a scan rate 

of 5 K min1 under a dry Ar atmosphere. The ionic conductivity was measured by an AC 

impedance technique using a 3532-80 impedance analyzer (Hioki E.E. Corp.). The electrolytes 

were loaded in a T-shaped poly(tetrafluoroethylene) cell with two stainless steel blocking 

electrodes in the glove box and placed in a temperature-controlled thermostatic chamber (SU-242, 

ESPEC). Viscosities were measured with an electromagnetically spinning viscometer (EMS-100, 

Kyoto Electronics Manufacturing Co., Ltd.). Densities were measured by a density meter (DMA 

4500M Anton Paar). The electrolytes for density measurements were filled in a 1 mL syringe 

(Terumo SS-01T) with a rubber cap in a glove box and inserted into the density meter. The analyses 

were conducted in the temperature range from 293 to 363 K, with an increment of 5 K per minute.  

 

2.4 Electrochemical Measurements. The weight ratio of active materials in the positive and 

negative electrodes was adjusted to 3.0 : 1.0, which corresponds to the capacity ratio of 1.2 : 1.0 = 

QPositive electrode: QNegative electrode (Q denotes practical capacity) considering the practical capacities of 

NaCrO2 (100 mAh g–1) and HC (250 mAh g–1). The loading masses of the positive and negative 

electrodes were 4.5-5 and 1.3-1.5 mg cm–2, respectively. Galvanostatic charge-discharge tests were 

conducted using a three-electrode cell configuration (EC Frontier co., LTD) by separately 

monitoring the positive and negative electrode potentials. Sodium metal (Sigma-Aldrich 

Chemistry, 99.95% purity) was cut into a disk (13 mm diameter) and fixed on an Al plate current 
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collector as the negative electrode for half-cell measurement. Glass microfiber (Whatman GF/D) 

was used as a separator, and Na metal ring was used for a reference electrode. Cyclic voltammetry 

(CV) was carried out using a coin-cell configuration with an Al working electrode (10 mm 

diameter) and a Na metal counter electrode. Linear sweep voltammetry (LSV) was performed to 

5.5 V with a Pt working electrode (10 mm diameter) and a Na metal counter electrode. Charge-

discharge and CV tests were controlled by a VSP potentiostat (Bio-Logic) at 298 K.  

 

2.5 Electrode and Electrolyte Characterizations. The symmetric cells for electrochemical 

impedance spectroscopy (EIS) were prepared using the electrodes after the charge-discharge test 

(SOC 30%). The full cells of HC/NaCrO2 were disassembled, and each electrode was assembled 

as a symmetric cell of HC/HC and NaCrO2/NaCrO2 under dry Ar atmosphere in the glove box. 

The SEI layer components on HC were analyzed using X-ray photoelectron spectroscopy (XPS) 

(JEOL, JPS-9030, Mg Kα source). The electrodes after electrochemical tests were washed with PC 

and dried under vacuum. Raman spectra were recorded on a Raman instrument (Thermo scientific, 

DXR3) using the 532 nm excitation line of diode-pumped solid-state laser.  

 

3. RESULT AND DISCUSSION 

In PC, solubilities of 2.5 m, 1.9 m, and 1.2 m were obtained from Na[FSA], Na[FTA], and Na[OTf], 

respectively, whereas the Na[FSA][FTA][OTf] system, achieved 5.0 m in the same solvent. 

Further solubility tests in other solvents EC/DMC and EC/DEC revealed very high concentrations 

of the Na[FSA][FTA][OTf] system, but a single Na[FSA] salt shows a higher solubility than the 

Na[FSA][FTA][OTf] system in DME probably due to the low solubility of Na[OTf] into DME 

(Table S1).30  
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Higher solubility with the Na[FSA][FTA][OTf] system can be understood by considering 

the thermochemical cycle; the melting temperature of the ternary salt at the eutectic composition 

significantly decreases compared to those of the single salts owing to the Gibbs energy of mixing, 

which also leads to the additional stabilization energy in the solution state even other factors of the 

component salt contribute to the thermochemical cycle in the same manner as those of the single 

salts.  

 The Na[FSA][FTA][OTf]-PC system was selected for further examination since it 

exhibited the highest salt/solvent molar ratio (1/2.0 for 5.0 m) (Table S1). Temperature dependence 

of ionic conductivity and viscosity for the Na[FSA][FTA][OTf]-PC systems were fitted by the 

Vogel-Tammann-Fulcher (VTF) equations based on Eqs. 1 and 2:38 

𝑇 = 𝐴𝑇
1/2exp

𝐵

𝑇−𝑇0
       (1) 

𝑇 = 𝐴𝑇
−1/2exp−

𝐵

𝑇−𝑇0
    (2) 

where η(T) and σ(T) are viscosity and ionic conductivity, respectively, Aη and Aσ refer to constants 

related to the values at infinite temperature, Bη and Bσ are constants related to the activation energy, 

and T0η and T0σ are ideal glass-transition temperatures. The VTF equation (Eqs. 1 and 2), typically 

applied in fragile systems,39 was used to fit the Arrhenius plots of ionic conductivity and viscosity 

(Figure 1a,b) with summaries provided in Tables S2 and S3 (see Figure S4 and Tables S4 and 

S5 for ionic conductivities and viscosities of the single-salt PC solutions). The ternary salts system 

shows higher ionic conductivities than the single-salt system at the same concentration.40 At 293 

K, ionic conductivities increase from 2.68 mS cm−1 (0.1 m Na[FSA][FTA][OTf]-PC) to 6.80 mS 

cm−1 (1.0 m Na[FSA][FTA][OTf]-PC) but decrease to 3.88 mS cm−1 (2.5 m Na[FSA][FTA][OTf]-

PC), and 1.63 mS cm−1 (5.0 m Na[FSA][FTA][OTf]-PC), conforming to the typical concentration 
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dependency of ionic conductivity elucidated by several theoretical concepts such as the cubic root 

rule.41  

The prepared electrolytes were also subjected to density tests in the temperature range from 

293 to 363 K. The resulting density data are presented in Figure 1c for the Na[FSA][FTA][OTf]-

PC systems (see Figures S5, Supporting Information, for the densities of single salt-PC). The 

density data were fitted with Eq. 3 with the fitting parameters A and B: 

𝜌 = 𝐴𝑇 + 𝐵 (3) 

The results of density are summarized in Tables S6 and S7 for the Na[FSA][FTA][OTf]-PC, and 

single salt-PC systems, respectively. The densities of the single salt-PC, as well as the 

Na[FSA][FTA][OTf]-PC systems, increase with an increase in molality and decrease with an 

increase in temperature. (See Table S8, Supporting Information for the molar concentration (mol 

dm–3) of the Na[FSA][FTA][OTf]-PC systems)  

Molar conductivity (λ) for the Na[FSA][FTA][OTf]-PC is calculated from the ionic 

conductivity and molar concentration (Table S9). The molar conductivity also shows temperature 

dependency, and the 0.1 m Na[FSA][FTA][OTf]-PC shows the highest molar conductivity in all 

the temperature ranges. Further analysis is carried out to investigate the concentration effect on the 

correlation between molar conductivity and viscosity, as expressed by Eq. 4, so-called the Walden 

rule.22 The Walden rule is validated when the product of molar conductivity and viscosity is 

constant. Figure S6 shows the Walden plots using logarithmic molar conductivity vs. logarithmic 

reciprocal viscosity of the Na[FSA][FTA][OTf]-PC systems. The dashed line indicates the visual 

guide based on 1 M KCl aqueous solution representing α = 1 in Eq. 4. The Na[FSA][FTA][OTf]-

PC systems and single salt-PC have a non-unity gradient in the Walden plot, which can be 

interpreted by the fractional Walden rule by Eq. 5:42-44 
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 = 𝐶         (4) 

 = 𝐶        (5) 

where C and C are constants. Table S10 lists the α and C values which correspond to the gradient 

and vertical intercept of the Walden plot, respectively, for the Na[FSA][FTA][OTf]-PC system. 

The α parameters less than unity are observed below 2.5 m (0.84 for 2.5 m, 0.88 for 1.0 m, 0.99 

for 0.5 m, and 0.96 for 0.1m), which is usual for such concentrated electrolytes or ionic liquids.39, 

43 The large α parameter for 5.0 m (1.13) may imply a highly decoupled transport phenomenon. 

Further systematic examination in a wide range of examples is required on this point. Smaller C 

parameters than zero are interpreted by a poor dissociation of the ions in this temperature range; 

the Na[FSA][FTA][OTf]-PC systems are located below the diagonal dashed line in the Walden 

plot, indicating the strong interaction between ions.39  

Cyclic voltammetry was conducted with an Al working electrode in the 

Na[FSA][FTA][OTf]-PC and single salts-PC samples at 5 mV s−1 (Figure 2). Na metal 

deposition/dissolution is observed during the cathodic scan. Al corrosion commences around 4 V 

vs. Na+/Na during the anodic scan, as is typical among organic electrolytes containing 

fluorosulfonylamide anions. Aluminum corrosion suppressing effect is observed with increasing 

electrolyte concentrations and is completely attained in 5.0 m Na[FSA][FTA][OTf]-PC achieving 

a wide stability window of around 5 V (Figure 2a). This substantiates the merits of higher 

concentrations for improved oxidation stability. The same trend was observed in the single salt-

PC samples. However, the single-salt could not suppress Al corrosion due to their low solubility 

compared to the ternary salt system with PC (Figure 2b).    

The anodic limits for the Na[FSA][FTA][OTf] systems have been tested using a Pt 

electrode by the LSV measurements (Figure S7). The anodic limits of 0.1, 0.5, 1.0, 2.5, and 5.0 m 
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Na[FSA][FTA][OTf]-PC are obtained as 4.77, 4.84, 4.93, 4.98, and 5.33 V (threshold: 0.1 mA 

cm–2), respectively. The LSV results reveal that the increase in the concentration of electrolytes 

improves oxidative stability. 

The charge-discharge tests of HC and NaCrO2 were conducted separately with a Na metal 

counter electrode (Figure 3). An increase in concentration results in smaller polarization in both 

the Na/HC and Na/NaCrO2 cells, providing improved charge-discharge capacities. The different 

concentration leads to dramatic performance changes in higher concentrations of the HC/Na cell. 

The first charge capacities are obtained to be only 137.6 mAh (g-HC)–1 in 0.1 m 

Na[FSA][FTA][OTf]-PC, whereas more than twice capacity of 250.6 mAh (g-HC)–1 is achieved 

in 5.0 m Na[FSA][FTA][OTf]-PC. The Coulombic efficiencies of the initial cycle are 46.1, 63.5, 

65.6, and 66.8% as the order of increasing concentration of electrolytes, 0.1, 1.0, 2.5, and 5.0 m 

Na[FSA][FTA][OTf]-PC, respectively (Figure 3a). The Coulombic efficiencies of the initial cycle 

in the Na/NaCrO2 show a similar trend that higher concentration results in slightly better 

efficiencies of 93.2, 95.6, 95.4, and 96.4 in 0.1, 1.0, 2.5, and 5.0 m Na[FSA][FTA][OTf]-PC, 

respectively (Figure 3b). However, this electrochemical performance is highly influenced by the 

stability and polarization of Na metal electrode against electrolytes. Therefore, Na metal 

deposition-dissolution behaviors were investigated with a Na metal symmetric cell.45  

Na metal deposition-dissolution behavior was investigated in a Na metal symmetric cell 

with Na[FSA][FTA][OTf]-PC electrolytes at different concentrations (1.0 mA cm‒2 for 1000 min 

(30 min per cycle)) (Figure S8). The polarization profile confirms that 0.1 m 

Na[FSA][FTA][OTf]-PC has the largest polarization with the shortest cycling time compared to 

the cases at higher concentrations. The polarization decreases and cycling time improves with 

increasing concentration. These voltage profiles indicate that higher concentration leads to better 
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passivation ability toward Na metal, ultimately affecting the charge-discharge capacities and 

polarization in half-cell measurement. Moreover, the smaller polarization in a higher concentration 

is also observed with EIS using HC/HC and NaCrO2/NaCrO2 symmetric cells. (See the discussion 

below). The voltage profile of Na/Na with Na[FSA][FTA][OTf] (8:1:1) molten salts at 363 K 

shows the smallest polarization due to higher operational temperature. However, limited cycling 

life of this cell indicates faster electrolyte decomposition occurs at higher temperatures (Figure 

S9).  

Electrochemical performance of the 5.0 m Na[FSA][FTA][OTf]-PC was further evaluated 

using a HC/NaCrO2 full-cell at 298 K, where the capacity ratio of the positive and negative 

electrodes was set at HC / NaCrO2 = 1.0 / 1.2 based on their practical capacities. The cell exhibited 

capacities of 263 mA (g-HC)–1 and 77.1 mA (g-NaCrO2)
–1 at 1C (= 125 mA g–1) (Figure 4a). The 

dQ/dV curves indicate three redox reactions at 2.97, 3.01, and 3.07 V during charging and at 3.03, 

2.99, and 2.93 V during discharging, associated with the Cr3+/Cr4+ redox activity in NaCrO2 

(Figure 4b).35 The cathodic and anodic peaks at 0.05 and 0.11V, respectively, indicate the 

reversible Na+ insertion/extraction properties within HC.46 Cycle performance tests of the 

NaCrO2/HC cell indicated stable cyclability over 100 cycles at 1C. The Coulombic efficiency of 

the initial cycle and the average Coulombic efficiency over 100 cycles were 70.8 % (Figure S10) 

and 99.5 %, respectively. A remarkable full cell capacity retention of 86.9 % (vs. 1st-cycle capacity) 

was obtained after 100 cycles (Figure 4c).  

 Electrochemical impedance spectroscopy (EIS) was performed to investigate the kinetic 

characteristics with concentration effects. Symmetric cell configuration was adopted after 

adjusting the state of charge (SOC) to 30%. Because half-cell configuration could result in 

polarization based on a Na metal counter electrode, it is unsuitable for evaluating a targeted 
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electrode.47-48 Figure S11 shows the Nyquist plots and fitted curves of the HC/HC and 

NaCrO2/NaCrO2 symmetric cell. The equivalent circuit for fitting the Nyquist plots is depicted as 

the inset in Figure S11b, and the EIS parameters are provided in Table S11. According to the 

equivalent circuit, there are three different resistances of a bulk resistance (Rbulk), a resistance at 

the high-frequency region (R1), and a resistance at the low-frequency region (R2). Rbulk represents 

the resistance of the electrolyte, R1 is related to the resistance between current collector/active 

material or SEI, and R2 arises from charge-transfer resistance. The 0.1 m Na[FSA][FTA][OTf]-PC 

provides the smaller R1 values (10.0 Ω for HC/HC and 17.4 Ω for NaCrO2/NaCrO2) than those of 

in 5.0 m Na[FSA][FTA][OTf]-PC (17.9 Ω for HC/HC and 21.8 Ω for NaCrO2/NaCrO2). This 

indicates a higher concentration causes a slightly higher resistance on this factor. On the contrary 

to R1, the R2 values of HC/HC and NaCrO2/NaCrO2 with 5.0 m Na[FSA][FTA][OTf]-PC (6661 Ω 

for HC/HC and 20.5 Ω for NaCrO2/NaCrO2) are significantly smaller than those with 0.1 m 

Na[FSA][FTA][OTf]-PC (13583 Ω for HC/HC and 25.6 Ω for NaCrO2/NaCrO2). When the full 

cell performance is considered, contributions of R1 on the HC and NaCrO2 electrodes and R2 on 

the NaCrO2 electrode are negligible because of the large contribution of R2 on the HC electrode. 

Consequently, the EIS results emanate that the overall battery performance is ruled by the kinetics 

of the charge transfer process on the HC electrode (Figure S11a). 

X-ray photoelectron spectroscopy was performed to further investigate the composition of 

the SEI layer on HC after the initial cycle in 0.1 m and 5.0 m Na[FSA][FTA][OTf]-PC. Figure 5 

shows Na 1s, F 1s, N 1s, S 2p, O 1s, and C1s XPS spectra of the HC electrode (see Table S12 for 

further details of XPS peak assignments). The major SEI component of NaF from Na+ and 

decomposed FSA− is confirmed by the peaks at 1071.8 and 684.4 in the Na 1s and the F 1s spectra, 

respectively. The C-F and S-F peaks at 687.6 and 686.7 eV in the F 1s spectrum, respectively, are 
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more strongly observed with 5.0 m than those with 0.1 m Na[FSA][FTA][OTf]-PC. The C‒N at 

399.1 eV in N 1s and -SO2- peak confirms at 169.3 eV in the S 2p should originate from the 

reduction of Na[FSA], Na[FTA], and Na[OTf].12, 49 The characteristic peaks of the CF2 group in 

PVDF are observed at 688.8 eV in the F 1s. The O 1s spectra confirm 0.1 m Na[FSA][FTA][OTf]-

PC vividly has more C=O species than 5.0 m Na[FSA][FTA][OTf]-PC indicating SEI by the 

decomposition of PC because 0.1 m Na[FSA][FTA][OTf]-PC contains more free PC. A similar 

trend was observed in the peaks at 288.6 and 286.4 eV in the C 1s spectrums, referring to C=O 

and C-O bonds, respectively (Peaks at 283.2 eV is assigned to sodiated HC). These XPS results 

suggest that the components of SEI are similar in both the 0.1 m and 5.0 m Na[FSA][FTA][OTf]-

PC, but the highly concentrated electrolyte contains more anion-derived SEI species. Reversely, 

more solvent-derived SEI species are found in the diluted electrolyte. These different interface 

properties can be understood based on the solution structure by Raman spectra, as illustrated in 

Figure 6. 

The Raman spectra of PC, Na[FSA][FTA][OTf]-PC (0.1, 0.5, 1.0, 2.5, and 5.0 m) are 

shown in Figure 6a. The strong peak at 1783 cm–1 in the region of 1700-1900 cm–1 is assigned to 

the C=O stretching mode of PC. As the concentration increases, this peak exhibits a red-shift to 

1793 cm–1 for 5.0 m Na[FSA][FTA][OTf]-PC, suggesting the interaction of the solvent and cation 

are increased.50-51 The bending mode of the S-N-S group is found in the region of 680-780 cm–1. 

The band at 712 cm–1 in the region of 680-780 cm–1 is assigned to the skeletal bending mode of 

the ring in pure PC52-54 and shifts to the higher wavenumber with increasing electrolyte 

concentration. The three peaks observed in this region (724, 735, and 743 cm–1) are attributed to 

the S-N-S bending mode of the FSA anion in the solvent-separated ion pair (SSIP), contact ion 

pair (CIP), and aggregates (AGG), respectively. The SSIP, CIP, and AGG contain an anion 
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interacting with the only solvent, with one Na+ cation, and with more than two Na+ cations (Figure 

6b).12, 55-56 The Raman spectra clearly indicate peak shifting from 724 to 743 cm–1 with increasing 

electrolyte concentration, suggesting that the CIP and AGG species increase at higher 

concentrations. Since the strong band of PC disturbs the fitting of SSIP, CIP, and AGG 

contribution in the band region of 722 to 743 cm–1, their contribution is considered using another 

region of 1200-1240 cm–1 (the S=O stretching mode in FSA–). According to previous work, three 

bands at 1216, 1220, and 1226 are assigned to SSIP, CIP, and AGG, respectively.56 The band at 

1228 cm–1 indicates the asymmetric stretching mode of the carbonate group in PC.57 In the 0.1 m 

Na[FSA][FTA][OTf]-PC, the peaks are deconvoluted into the SSIP and solvent PC bands. Upon 

increasing the electrolyte concentration to 0.5 and 1.0 m Na[FSA][FTA][OTf]-PC, the CIP band 

increases because of the increased interaction between Na+ and anion. As the electrolyte 

concentration reaches the 2.5 m Na[FSA][FTA][OTf]-PC, the band of PC disappeared, and the 

AGG peak appears, indicating all the solvent are coordinated, and anions are likely to coordinate 

with two or more Na+. The same trend is shown in the single salt systems of 1.0 m and 2.5 m 

Na[FSA]-PC (Figure S12). In the case of 5.0 m Na[FSA][FTA][OTf]-PC, the contribution of the 

AGG band appears even more strongly while the SSIP band almost disappears comparing to 2.5 

m Na[FSA]-PC and 2.5 m Na[FSA][FTA][OTf]-PC. Such Raman spectroscopic data demonstrate 

that the ternary salt system can achieve high concentration with a unique solution structure mainly 

composed of the AGG and CIP. The Raman spectra and XPS results demonstrate that the solvent- 

and anion-based SEI formation mechanisms of solvent- and anion-based in the diluted and 

concentrated electrolytes, respectively, which follows interface properties established in the 

concentrated electrolyte in Li-ion batteries studies (Figure 6b).55  
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4. CONCLUSION 

In summary, the use of the ternary molten salt system was beneficial to explore highly concentrated 

electrolytes for Na-ion batteries. The Na[FSA][FTA][OTf] system (8 : 1 : 1 in mol) achieved high 

solubilities into various organic solvents, and the highest concentration of 5.0 m in the knows Na-

based organic electrolytes was achieved with PC. Ionic conductivity of the Na[FSA][FTA][OTf]-

PC electrolyte exhibits a maximum at 1.0 m, holding the fractional Walden rule between molar 

ionic conductivity and viscosity. Cyclic voltammetry showed the onset of Al corrosion around 4 

V vs. Na+/Na, which was caused in the presence of fluorosulfonylamide anion in the low-

concentration Na[FSA][FTA][OTf]-PC electrolyte. On the other hand, the 5.0 m 

Na[FSA][FTA][OTf]-PC provides a wide electrochemical window, suppressing the Al corrosion 

issues. The excellent electrochemical performance was achieved with 5.0 m Na[FSA][FTA][OTf]-

PC using a HC/NaCrO2 full-cell at 298 K; the discharge capacities of 263 mAh (g-HC)–1 and 77.1 

mAh (g-NaCrO2)
–1 were achieved at 1C (= 125 mA g–1). In addition to this, stable cycleability 

over 100 cycles at 1C was confirmed from a cycle performance test of the full cell. In terms of 

coulombic efficiency, 70.8 % was achieved during the initial cycle, whereas 99.5 % was achieved 

as an average over 100 cycles. Remarkable full cell capacity retention of 86.9 % (vs. 1st-cycle 

capacity) was also achieved at the 100th cycle.  

The highly concentrated electrolyte promoted the increasing amount of the CIP and AGG 

species, leading to the formation of a robust SEI layer, and achieved improvement in 

electrochemical performance. These results imply the use of the ternary molten salt systems as a 

propitious approach not only to the exploration of highly concentrated nonaqueous electrolytes but 

also aqueous and other nonaqueous systems for secondary batteries.
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Figure 1. Temperature dependence of (a) ionic conductivities, (b) viscosities, and (c) densities for 

the Na[FSA][FTA][OTf]-PC systems.
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Figure 2. Cyclic voltammograms of the Al electrode at 5 mV s–1 with (a) the Na[FSA][FTA][OTf]-

PC systems and (b) the single salt-PC systems. 
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Figure 3. Charge-discharge curves of (a) the Na/HC cell with the cutoff voltages of 0.0051.5 V 

and (b) the Na/NaCrO2 cell with the cutoff voltages of 2.53.5 V. Temperature: 298 K and current 

density: 125 mA g–1
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Figure 4. Results of electrochemical measurements conducted on the Na[FSA][FTA][OTf]-PC 

systems. (a) charge-discharge curves (the second cycle is plotted, See Figure S10, Supporting 

Information for the initial cycle) of the HC/NaCrO2 cell using 5.0 m Na[FSA][FTA][OTf]-PC at 

125 mA g–1, (b) dQ/dV plots derived from the charge-discharge curves in (a), and (c) cycle 

performance of the HC/NaCrO2 using the 5.0 m Na[FSA][FTA][OTf]-PC at 125 mA g–1. 
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Figure 5. XPS spectra of the HC electrode in the HC/NaCrO2 cell after the first cycle. 0.1 m and 

5.0 m refer to the 0.1 m Na[FSA][FTA][OTf]-PC and 5.0 m Na[FSA][FTA][OTf]-PC systems, 

respectively. (a) Na 1s, (b) F 1s, (c) O 1s, (d) N 1s, (e) S 2p, and (f) C 1s regions. (See Table S12, 

Supporting Information for the SEI components and binding energy for the XPS peaks)  
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Figure 6. (a) Raman spectra and fitting curves of PC solvent, and the Na[FSA][FTA][OTf]-PC. 

0.1, 0.5, 1.0, 2.5, and 5.0 m refer to the 0.1, 0.5, 1.0, 2.5, and 5.0 m Na[FSA][FTA][OTf]-PC 

systems, respectively. Organge dotted lines indicate cumulative fit. (b) Schematic illustration of 

Na+ solvate species (solvent-separated ion pairs (SSIP), contacted ion pair (CIP) aggregate, (AGG)) 

and different the HC/electrolyte interface by salt concentration in electrolytes. 
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Plot Peak1(L) Peak2(L) Peak3(L) Peak4(L)

y0 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893

xc 1216.76466 ± 1.2649 1220.15081 ± 190.96291 1226.87836 ± 238.16879 1229.79414 ± 5132.64997

A 228.81524 ± 6732.48606 651.39879 ± 129650.48647 348.28972 ± 67326.52461 258.87823 ± 195706.73637

wG 5.69813 ± 33.47483 11.06539 ± 625.75475 10.82823 ± 331.73624 19.53116 ± 2919.93255

wL 1.20762 ± 126.44303 1.15044 ± 1847.94541 3.17886E-13 ± 0.06202 3.19195 ± 4050.15131

Reduced Chi-Sqr 3.25775

R-Square (COD) 0.99709

Adj. R-Square 0.99629

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.87711 ± 2.72674 7.87711 ± 2.72674 7.87711 ± 2.72674

xc 1216.69685 ± 0.28086 1219.54778 ± 7.20588 1227.13328 ± 8.03349

A 125.70581 ± 178.94874 654.46137 ± 1013.55028 804.47497 ± 1370.13497

wG 5.4176 ± 1.75771 11.21192 ± 7.95129 7.47884 ± 8.76612

wL 3.61448E-30 ± 4.07604E7 2.19464E-29 ± -- 8.35605 ± 7.38089

Reduced Chi-Sqr 3.08465

R-Square (COD) 0.99706

Adj. R-Square 0.99649

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.82492 ± 6.50355 7.82492 ± 6.50355 7.82492 ± 6.50355

xc 1216.72317 ± 0.54329 1220.14379 ± 19.42218 1227.34186 ± 15.60515

A 172.93972 ± 1688.09618 654.71689 ± 1701.82343 766.24007 ± 2643.39282

wG 5.70197 ± 11.16193 11.65913 ± 13.79538 7.16914 ± 18.24384

wL 0.39534 ± 41.55646 2.517E-15 ± 0.00668 9.17675 ± 22.89816

Reduced Chi-Sqr 3.06966

R-Square (COD) 0.99707

Adj. R-Square 0.99651

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(J) Peak2(J) Peak3(J)

y0 -8.08648 ± 14.47401 -8.08648 ± 14.47401 -8.08648 ± 14.47401

xc 1215.58868 ± 22.18106 1225.72016 ± 4.96843 1215.93858 ± 0.47789

A -322.52065 ± 5458.54511 828.24486 ± 621.47098 464.64394 ± 4404.66546

wG 14.29061 ± 54.2419 9.28632 ± 15.76997 1.51621E-4 ± 445109.97694

wL 3.75134 ± 138.419 8.93839 ± 19.59953 10.7037 ± 47.19393

Reduced Chi-Sqr 0.5049

R-Square (COD) 0.99767

Adj. R-Square 0.99722

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 8.03329 ± 9.21287 8.03329 ± 9.21287 8.03329 ± 9.21287

xc 1216.69924 ± 0.38003 1221.71836 ± 6.7527 1229.22728 ± 3.36978

A 205.40677 ± 1416.29327 888.19155 ± 1073.96347 495.23936 ± 445.64162

wG 6.02857 ± 9.98197 12.65984 ± 10.73046 9.58204E-5 ± 764359.65869

wL 0.22603 ± 34.46908 0.60263 ± 10.12793 13.48257 ± 22.03033

Reduced Chi-Sqr 3.04376

R-Square (COD) 0.9971

Adj. R-Square 0.99654

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L) Peak4(L)

y0 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893

xc 1216.76466 ± 1.2649 1220.15081 ± 190.96291 1226.87836 ± 238.16879 1229.79414 ± 5132.64997

A 228.81524 ± 6732.48606 651.39879 ± 129650.48647 348.28972 ± 67326.52461 258.87823 ± 195706.73637

wG 5.69813 ± 33.47483 11.06539 ± 625.75475 10.82823 ± 331.73624 19.53116 ± 2919.93255

wL 1.20762 ± 126.44303 1.15044 ± 1847.94541 3.17886E-13 ± 0.06202 3.19195 ± 4050.15131

Reduced Chi-Sqr 3.25775

R-Square (COD) 0.99709

Adj. R-Square 0.99629

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.87711 ± 2.72674 7.87711 ± 2.72674 7.87711 ± 2.72674

xc 1216.69685 ± 0.28086 1219.54778 ± 7.20588 1227.13328 ± 8.03349

A 125.70581 ± 178.94874 654.46137 ± 1013.55028 804.47497 ± 1370.13497

wG 5.4176 ± 1.75771 11.21192 ± 7.95129 7.47884 ± 8.76612

wL 3.61448E-30 ± 4.07604E7 2.19464E-29 ± -- 8.35605 ± 7.38089

Reduced Chi-Sqr 3.08465

R-Square (COD) 0.99706

Adj. R-Square 0.99649

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.82492 ± 6.50355 7.82492 ± 6.50355 7.82492 ± 6.50355

xc 1216.72317 ± 0.54329 1220.14379 ± 19.42218 1227.34186 ± 15.60515

A 172.93972 ± 1688.09618 654.71689 ± 1701.82343 766.24007 ± 2643.39282

wG 5.70197 ± 11.16193 11.65913 ± 13.79538 7.16914 ± 18.24384

wL 0.39534 ± 41.55646 2.517E-15 ± 0.00668 9.17675 ± 22.89816

Reduced Chi-Sqr 3.06966

R-Square (COD) 0.99707

Adj. R-Square 0.99651
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Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(B) Peak2(B) Peak3(B)

y0 -0.04219 ± -- -0.04219 ± -- -0.04219 ± --

xc 1217 ± -- -- ± -- -- ± --

A 967.07725 ± -- -- ± -- -- ± --

wG 10.65746 ± -- 0 ± -- 0 ± --

wL 10.65746 ± -- 0 ± -- 0 ± --

Reduced Chi-Sqr 0

R-Square (COD) 0

Adj. R-Square -0.19355

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(D) Peak2(D) Peak3(D)

y0 4.28409 ± 6.01382 4.28409 ± 6.01382 4.28409 ± 6.01382

xc 1215.80739 ± 1.12008 1219.70942 ± 1.64305 1226.18514 ± 1.25718

A 73.45143 ± 207.38793 2644.43225 ± 918.06653 1777.2372 ± 857.25426

wG 4.9671 ± 3.36029 6.85332 ± 3.19224 6.15758 ± 2.05175

wL 2.68725E-12 ± 0.50043 6.11595 ± 3.952 6.1411 ± 1.10439

Reduced Chi-Sqr 7.38836

R-Square (COD) 0.9991

Adj. R-Square 0.99893

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(F) Peak2(F) Peak3(F)

y0 -5.8681 ± 33.60461 -5.8681 ± 33.60461 -5.8681 ± 33.60461

xc 1217.22023 ± 74.10333 1219.48681 ± 4.60606 1226.02279 ± 5.71882

A 858.12688 ± 43826.83646 1712.76816 ± 55165.55167 3163.18958 ± 9238.35904

wG 6.05901E-4 ± 1949772.18543 5.79838 ± 57.44252 7.71051 ± 4.86499

wL 15.27961 ± 275.57333 5.81692 ± 171.90494 5.88884 ± 4.01632

Reduced Chi-Sqr 5.06419

R-Square (COD) 0.99954

Adj. R-Square 0.99945

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(J) Peak2(J) Peak3(J)

y0 -8.08648 ± 14.47401 -8.08648 ± 14.47401 -8.08648 ± 14.47401

xc 1215.58868 ± 22.18106 1225.72016 ± 4.96843 1215.93858 ± 0.47789

A -322.52065 ± 5458.54511 828.24486 ± 621.47098 464.64394 ± 4404.66546

wG 14.29061 ± 54.2419 9.28632 ± 15.76997 1.51621E-4 ± 445109.97694

wL 3.75134 ± 138.419 8.93839 ± 19.59953 10.7037 ± 47.19393

Reduced Chi-Sqr 0.5049

R-Square (COD) 0.99767

Adj. R-Square 0.99722
Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(J) Peak2(J)

y0 -17.83482 ± 9.90129 -17.83482 ± 9.90129

xc 1215.89295 ± 2.46341 1226.75412 ± 0.7725

A 439.45297 ± 530.15635 1106.80709 ± 391.76704

wG 8.99942E-4 ± 147070.05359 7.43741 ± 7.1744

wL 18.0023 ± 26.58675 14.00809 ± 8.38484

Reduced Chi-Sqr 3.47775

R-Square (COD) 0.98293

Adj. R-Square 0.98086

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 8.03329 ± 9.21287 8.03329 ± 9.21287 8.03329 ± 9.21287

xc 1216.69924 ± 0.38003 1221.71836 ± 6.7527 1229.22728 ± 3.36978

A 205.40677 ± 1416.29327 888.19155 ± 1073.96347 495.23936 ± 445.64162

wG 6.02857 ± 9.98197 12.65984 ± 10.73046 9.58204E-5 ± 764359.65869

wL 0.22603 ± 34.46908 0.60263 ± 10.12793 13.48257 ± 22.03033

Reduced Chi-Sqr 3.04376

R-Square (COD) 0.9971

Adj. R-Square 0.99654

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.94199 ± 7.64362 7.94199 ± 7.64362 7.94199 ± 7.64362

xc 1216.7311 ± 0.50119 1221.07853 ± 14.30479 1228.10421 ± 12.68062

A 239.9585 ± 1446.18519 709.39775 ± 1585.88508 635.49971 ± 1841.1397

wG 5.55206 ± 7.41254 12.14352 ± 10.34596 6.43876 ± 23.24145

wL 1.45801 ± 26.29924 6.15544E-12 ± 0.5541 10.12045 ± 29.6936

Reduced Chi-Sqr 3.05914

R-Square (COD) 0.99708

Adj. R-Square 0.99652

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L) Peak4(L)

y0 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893

xc 1216.76466 ± 1.2649 1220.15081 ± 190.96291 1226.87836 ± 238.16879 1229.79414 ± 5132.64997

A 228.81524 ± 6732.48606 651.39879 ± 129650.48647 348.28972 ± 67326.52461 258.87823 ± 195706.73637

wG 5.69813 ± 33.47483 11.06539 ± 625.75475 10.82823 ± 331.73624 19.53116 ± 2919.93255

wL 1.20762 ± 126.44303 1.15044 ± 1847.94541 3.17886E-13 ± 0.06202 3.19195 ± 4050.15131

Reduced Chi-Sqr 3.25775

R-Square (COD) 0.99709

Adj. R-Square 0.99629

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.87711 ± 2.72674 7.87711 ± 2.72674 7.87711 ± 2.72674

xc 1216.69685 ± 0.28086 1219.54778 ± 7.20588 1227.13328 ± 8.03349

A 125.70581 ± 178.94874 654.46137 ± 1013.55028 804.47497 ± 1370.13497

wG 5.4176 ± 1.75771 11.21192 ± 7.95129 7.47884 ± 8.76612

wL 3.61448E-30 ± 4.07604E7 2.19464E-29 ± -- 8.35605 ± 7.38089

Reduced Chi-Sqr 3.08465

R-Square (COD) 0.99706

Adj. R-Square 0.99649

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(B) Peak2(B) Peak3(B)

y0 -5.24891 ± 0.73382 -5.24891 ± 0.73382 -5.24891 ± 0.73382

xc 1215.89145 ± 0.12186 1220.15485 ± 0.46792 1227.10459 ± 1.47834

A 475.23745 ± 364.09178 698.41577 ± 633.52241 453.57249 ± 260.92681

wG 9.12859E-7 ± 28845.36194 6.59581 ± 1.76737 6.16626 ± 2.1433

wL 6.18388 ± 1.3965 4.28045 ± 3.75939 5.96767 ± 1.2019

Reduced Chi-Sqr 0.71177

R-Square (COD) 0.99935

Adj. R-Square 0.99923

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.82492 ± 6.50355 7.82492 ± 6.50355 7.82492 ± 6.50355

xc 1216.72317 ± 0.54329 1220.14379 ± 19.42218 1227.34186 ± 15.60515

A 172.93972 ± 1688.09618 654.71689 ± 1701.82343 766.24007 ± 2643.39282

wG 5.70197 ± 11.16193 11.65913 ± 13.79538 7.16914 ± 18.24384

wL 0.39534 ± 41.55646 2.517E-15 ± 0.00668 9.17675 ± 22.89816

Reduced Chi-Sqr 3.06966

R-Square (COD) 0.99707

Adj. R-Square 0.99651

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(J) Peak2(J) Peak3(J)

y0 -8.08648 ± 14.47401 -8.08648 ± 14.47401 -8.08648 ± 14.47401

xc 1215.58868 ± 22.18106 1225.72016 ± 4.96843 1215.93858 ± 0.47789

A -322.52065 ± 5458.54511 828.24486 ± 621.47098 464.64394 ± 4404.66546

wG 14.29061 ± 54.2419 9.28632 ± 15.76997 1.51621E-4 ± 445109.97694

wL 3.75134 ± 138.419 8.93839 ± 19.59953 10.7037 ± 47.19393

Reduced Chi-Sqr 0.5049

R-Square (COD) 0.99767

Adj. R-Square 0.99722

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 8.03329 ± 9.21287 8.03329 ± 9.21287 8.03329 ± 9.21287

xc 1216.69924 ± 0.38003 1221.71836 ± 6.7527 1229.22728 ± 3.36978

A 205.40677 ± 1416.29327 888.19155 ± 1073.96347 495.23936 ± 445.64162

wG 6.02857 ± 9.98197 12.65984 ± 10.73046 9.58204E-5 ± 764359.65869

wL 0.22603 ± 34.46908 0.60263 ± 10.12793 13.48257 ± 22.03033

Reduced Chi-Sqr 3.04376

R-Square (COD) 0.9971

Adj. R-Square 0.99654

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L) Peak4(L)

y0 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893 8.77355 ± 151.23893

xc 1216.76466 ± 1.2649 1220.15081 ± 190.96291 1226.87836 ± 238.16879 1229.79414 ± 5132.64997

A 228.81524 ± 6732.48606 651.39879 ± 129650.48647 348.28972 ± 67326.52461 258.87823 ± 195706.73637

wG 5.69813 ± 33.47483 11.06539 ± 625.75475 10.82823 ± 331.73624 19.53116 ± 2919.93255

wL 1.20762 ± 126.44303 1.15044 ± 1847.94541 3.17886E-13 ± 0.06202 3.19195 ± 4050.15131

Reduced Chi-Sqr 3.25775

R-Square (COD) 0.99709

Adj. R-Square 0.99629

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.87711 ± 2.72674 7.87711 ± 2.72674 7.87711 ± 2.72674

xc 1216.69685 ± 0.28086 1219.54778 ± 7.20588 1227.13328 ± 8.03349

A 125.70581 ± 178.94874 654.46137 ± 1013.55028 804.47497 ± 1370.13497

wG 5.4176 ± 1.75771 11.21192 ± 7.95129 7.47884 ± 8.76612

wL 3.61448E-30 ± 4.07604E7 2.19464E-29 ± -- 8.35605 ± 7.38089

Reduced Chi-Sqr 3.08465

R-Square (COD) 0.99706

Adj. R-Square 0.99649

Model Voigt

Equation y = nlf_voigt(x,y0,xc,A,wG,wL);

Plot Peak1(L) Peak2(L) Peak3(L)

y0 7.82492 ± 6.50355 7.82492 ± 6.50355 7.82492 ± 6.50355

xc 1216.72317 ± 0.54329 1220.14379 ± 19.42218 1227.34186 ± 15.60515

A 172.93972 ± 1688.09618 654.71689 ± 1701.82343 766.24007 ± 2643.39282

wG 5.70197 ± 11.16193 11.65913 ± 13.79538 7.16914 ± 18.24384

wL 0.39534 ± 41.55646 2.517E-15 ± 0.00668 9.17675 ± 22.89816

Reduced Chi-Sqr 3.06966

R-Square (COD) 0.99707

Adj. R-Square 0.99651
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