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S1. Nyquist plots and theoretical computation results of LN-SDS-n 

 
Figure S1. Room-temperature Nyquist plots of the electrolytes, which were filled with CR927 cells 
(Shenzhen Tianchenghe Science & Technology Ltd., Shenzhen, China) with a thickness of 0.26 cm 
and a radius of 0.3 cm. 

Before electrochemical impedance spectra (EIS) measurements, the cells were placed 
at ambient temperature for 4 h, to allow sufficient contact between the electrolyte and the 
cell case. The ionic conductivity was calculated according to Equation (1), expressed as: 

σ = L/(RS) (1)

where L is the cell thickness, S is the contact area between the electrolyte and the cell case, 
and R is the electrolyte resistance represented by the x-intercept of the Nyquist plot. 
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Figure S2. Molecular dynamic simulation results of LN-SDS-90 without an electric field at: (a) 258.15 
K, (b) 263.15 K, (c) 268.15 K, and (d) 273.15 K. The small red molecules and the large cyan molecules 
are water and SDS paraffin chains, respectively. 
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Figure S3. Molecular dynamic simulation results of LN-SDS-0 without an electric field at: (a) 258.15 
K, (b) 263.15 K, (c) 268.15 K, (d) 273.15 K, and (e) 298.15 K. 
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Figure S4. Molecular dynamic simulation results of room-temperature LN-SDS-90 without (a) and 
with applying voltages of: (b) 0.5 V nm–1, (c) 1.0 V nm–1, (d) 1.5 V nm‒1, and (e) 2.0 V nm‒1. 
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Figure S5. Molecular dynamic simulation results of LN-SDS-90 at 258.15 K, applying voltages of: 
(a) 0.5 V nm‒1, (b) 1.0 V nm‒1, (c) 1.5 V nm‒1, and (d) 2.0 V nm‒1. 
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Figure S6. Molecular dynamic simulation results of LN-SDS-0 applying a voltage of 2 V nm‒1 at: (a) 
258.15 K, (b) 263.15 K, (c) 268.15 K, (d) 273.15 K, and (e) 298.15 K. 
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S2. Structural characterization of NTP and LMO 

 
Figure S7. XRD patterns of (a) NTP and (b) LMO. 

Figure S7 shows the XRD patterns of NTP and LMO. The diffraction peaks in Figure 
S7a match well with those of hexagonal NTP with the R-3c (167) space group (PDF# 85-
2265), apart from a small peak centered at 25.2° corresponding to the (101) plane of anatase 
TiO2 (PDF# 71-1166). The diffraction peaks in Figure S2 are in accordance with those of 
cubic LMO with the Fd-3m (227) space group (PDF# 88-1026).  

The weight percent of TiO2 in NTP can be calculated according to Equation (2), ex-
pressed as:[1] =   (2)

where Ii is the intensity of X-rays diffracted by a selected plane of component i, Ki is a 
constant which depends on the geometry of the diffractometer and the nature of compo-
nent i, and Wi is the weight concentration of component i. 

Using the XRD software of Jade 6 (MDI Jade 6.0, ICDD, CA, USA), the values of I1 
and I2 were determined to be 100 and 3.8, corresponding to the diffraction peak intensity 
of (113) for NTP and of (101) for TiO2, respectively. The values of K1 and K2 were deter-
mined to be 2.49 and 4.86 for NTP and TiO2, respectively. On the premise that there is no 
other crystalline impurity in NTP, the weight percent of TiO2 was estimated to be 1.91%. 

 
Figure S8. TG curve of NTP. 
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The weight percent of carbon in the NTP sample was determined through the TG 
analysis (Figure S8). It was found that the weight percent of carbon in the NTP sample 
was ca. 4.85 wt.%. 

  
Figure S9. SEM images of (a,b) NTP and (c,d) LMO. 

Figure S9 shows the SEM images of the samples. The NTP sample is composed of 
nanoparticles with a relatively narrow size distribution in the range of 60–120 nm (Figure 
S9a,b). LMO consists of polyhedral particles with size in the range of 0.15‒1.5 μm and 
concentrating at 0.3‒0.6 μm. 
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Figure S10. (a) TEM image, (b) high-resolution TEM image corresponding to the squared area in 
(a), and (c) lattice distance pattern obtained through the analysis with Gatan Software for NTP. 

Figure S10 shows the TEM images of NTP. The carbon layer on the NTP surface can 
be discerned from the high-resolution TEM image, with thickness estimated to be ca. 2‒6 
nm (Figure S10b). The lattice fringes stop at the location where an amorphous carbon layer 
occurs. The distance between the lattice fringes was estimated to be 0.426 nm (Figure 
S10c), corresponding to the (110) plane of hexagonal NTP.  

S3. Electrochemical performance in a three-electrode system 

 
Figure S11. Electrochemical performance of NTP in a three-electrode system: (a) CV at 0.3 mV s‒1 in 
a potential range of ‒(1.1‒0.2) V, (b) GCD curves, (c) cycling performance at 1 A g‒1, and (d) Nyquist 
plots before and after cycling at 1 A g‒1. 

The electrochemical performance of NTP was examined in a three-electrode system, 
using LN-SDS-0 (0.5 M Li2SO4 + 0.5 M Na2SO4) as the electrolyte. A pair of cathodic/anodic 
peaks centered at ‒0.90/‒0.78 V occurred in the CV at a scan rate of 0.3 mV s‒1 (Figure 
S11a), corresponding to the insertion/extraction of Na+ in NTP.[2] Although Li+ can also 
insert into NTP with a NASICON structure and Li+ has a smaller ion radius relative to 
Na+,[3] the Li+ insertion is thermodynamically limited due to Li+‒Na+ repulsion.[4] As a 
result, Na+ ions preferably insert into NTP and occupy the M(1) sites in a Li+/Na+-mixed 
electrolyte.[4] At current densities of 0.1, 0.2, 0.5, 1, 2, 5, and 10 A g‒1, NTP exhibited the 
discharge-specific capacity (Cdis) of 108, 87, 79, 78, 74, 69, and 46 mA h g‒1 in sequence 
(Figure S11b), comparable to that of NTP in our previous report using 1 M Na2SO4 as the 
electrolyte. [5] After cycling at 1 A g‒1 for 1000 cycles, the Cdis remained at 56 mA h g‒1, 
presenting a capacity retention of 64.6% relative to the initial Cdis (Figure S11c). The capac-
ity fading is attributed to NTP decomposition in aqueous electrolytes, [6,7] and side reac-
tions of NTP with H2O and O2. [7,8] The capacity fading is also reflected by the Nyquist 
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plots (Figure S11d), where the charge transfer resistance increased from 6.8 to 11.5 and 
12.8 Ω after 500 and 1000 cycles at 1 A g‒1 in sequence. 

 
Figure S12. Electrochemical performance of LMO in a three-electrode system: (a) CV at 0.3 mV s‒1 
in a potential range of 0.4‒1.2 V, (b) GCD curves, (c) cycling performance at 1 A g‒1, and (d) Nyquist 
plots before and after cycling at 1 A g‒1. 

Figure S12 shows the electrochemical performance of LMO evaluated in a three-elec-
trode system, using LN-SDS-0 as the electrolyte. Two pairs of cathodic/anodic peaks cen-
tered at 0.73/0.83 and 0.86/0.95 V occurred (Figure S12a), corresponding to two inser-
tion/extraction steps of Li+, rather than Na+, into/from LMO, [9] as Na+ with a relatively 
larger ion radius is difficult to insert into LMO. [4] The two-step insertion/extraction of Li+ 
into/from LMO is also reflected by the GCD curves (Figure S12b), where two dis-
charge/charge plateaus can be discerned. The Cdis values of LMO were 89, 91, 86, 77, 62, 
33, and 6 mA h g‒1 at current densities of 0.1, 0.2, 0.5, 1, 2, 5, and 10 A g‒1. After cycling at 
1 A g‒1 for 1000 cycles, the Cdis remained at 8 mA h g‒1, presenting an inferior cycling sta-
bility (Figure S12c). The capacity fading is attributed to the dissolution of LMO and side 
reactions of LMO with H2O and trace O2. [10,11] The capacity fading is also reflected by 
the Nyquist plots (Figure S12d), where the charge transfer resistance increased from 5.0 
to 121.8 and 139.9 Ω after 500 and 1000 cycles at 1 A g‒1 in sequence. 

Based on the above analysis, it is apparent that the self-made NTP exhibited superior 
cycling stability in a three-electrode system, compared with the commercial LMO. The 
self-made NTP was then used as the anode to assemble NTP‖LMO full batteries. 



 11 of 12 
 

 

 
Figure S13. Nyquist plots of NTP‖LMO operating with LN-SDS-90 before and after cycling at 5 C 
for 2000 cycles, at room temperature. 

 
Figure S14. GCD curves of NTP‖LMO operating with LN-SDS-90 at varying C rates and at room 
temperature. 

The average discharge potential (Vave) of NTP‖LMO can be calculated according to 
Equation (3), expressed as (Reference [63] in the main text): 

Vave = A/Cdis (3)

where A is the integrated area of the shadow, and Cdis is the discharge capacity. 
The specific energy of a battery is obtained according to Ebattery = Vave × Cdis. 

Table S1. Comparison of the specific energy between NTP‖LMO and other ARMBs. 

Battery Electrolyte 
Ecell(W h kg‒1)/Pcell(W kg‒

1)/cycle number  Ref. 

NaTi2(PO4)3/C‖Na0.44Mn 
2 1 M Na2SO4 30/80/‒* [12] 

Na2VTi(PO4)3/C‖ 
Na2VTi(PO4)3/C 

1 M Na2SO4 34/70/‒ [13] 

NaTi2(PO4)3/C‖Na2NiFe(
CN)6 1 M Na2SO4 42.5/130/‒ [14] 

NaTi2(PO4)3/C‖Na0.44MnO
2 

2 M NaAc 20‒30/50‒1000/500 [15] 

AC‖LiMn2O4 1 M Li2SO4 35/100/‒ [16] 
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NaTi2(PO4)3/C‖LiMn2O4 0.5 M Li2SO4 + 0.5 M 
Na2SO4 

43/76.8/220  [9] 

NaTi2(PO4)3/C‖LiMn2O4 LN-SDS-90 41‒28/90/2000  this work 
* Data estimated from the information provided in the corresponding reference. 
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