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Calculation to obtain sulfation efficiency in Table 1: 

 

Unit mass of ALG: 176.06 [g/mol] 

Unit mass of ALG-SO3 with x% sulfation efficiency: 176.06+160.13x [g/mol] 

As we have relationship as follows: 

(64.13x/(176.06+160.13x)) ×100 = sulfur content [wt%, elemental analysis] 

Through solving above equation for x, we obtain sulfation efficiency. 

 

Unit mass of ester-ALG: 234.09 [g/mol] 

Unit mass of ester-ALG-SO3 with x% sulfation efficiency: 234.09+240.195x [g/mol] 

As we have relationship as follows: 

(234.09x/(234.09+240.195x)) ×100 = sulfur content [wt%, elemental analysis] 

Through solving above equation for x, we obtain sulfation efficiency. 

 

 

Figure S1. Variation of the capacities and Coulombic efficiencies of LNMO//Li half cells 

with SO3-ALG binders, with and without electrolyte vacuum impregnation process. The 

cells were cycled in the voltage range of 3.5–5.0 V at 20 mA g−1 at 25 °C using 1 M LiPF6 

in EC/DMC as an electrolyte. 
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Figure S2. Variation of the capacities and Coulombic efficiencies of LNMO//Li half cells 

with (a) ALG, (b) SO3-ALG, (c) ester-ALG, and (d) ester-SO3-ALG binders, at different 

binder polymer contents in the composite electrodes. The cells were cycled in the voltage 

range of 3.5–5.0 V at 20 mA g−1 at 25 °C using 1 M LiPF6 in EC/DMC as an electrolyte. 
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Figure S3. Cyclic voltammograms of the LNMO-free composite electrode containing 

80% AB and 20% binders cycled in the voltage range of 3.0–5.0 V at 0.25 mV s−1 at 25 °C 

using 1 M LiPF6 in EC/DMC as an electrolyte. 
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Figure S4. XRD patterns of LiNi0.5Mn1.5O4 electrodes with (a) PVdF, (b) ALG, and (c) 

SO3-ALG binders recorded before and after cycling. 
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Figure S5. O 1s HAXPES profiles of pristine and electrolyte (1 M LiPF6 in EC/DMC)-

soaked LiNi0.5Mn1.5O4 electrodes with (a) PVdF, (b) ALG, and (c) SO3-ALG binders. 

 

 

Figure S6. C 1s SOXPES profiles of LiNi0.5Mn1.5O4 electrodes with (a) PVdF, (b) ALG, 

and (c) SO3-ALG binders recorded before and after cycling. 
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Figure S7. C 1s HAXPES profiles of LiNi0.5Mn1.5O4 electrodes with (a) PVdF, (b) ALG, 

and (c) SO3-ALG binders recorded before and after cycling. 

Figure S8. Effects of cycling on the irreversible capacity of LiNi0.5Mn1.5O4//Li half cells 

with PVdF, ALG, and SO3-ALG binders. 
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Figure S9. F 1s HAXPES profiles of LiNi0.5Mn1.5O4 electrodes with (a) PVdF, (b) ALG, 

and (c) SO3-ALG binders recorded before and after cycling. 

 

Figure S10. (a) Coulombic efficiencies and (b) eleventh-cycle charge–discharge curves 

obtained during the self-discharge testing of LiNi0.5Mn1.5O4 electrodes. The cells were 

cycled at 20 mA g−1 in 1 M LiPF6 in EC/DMC as an electrolyte, stored at 25°C for 7 d 

after the 10th charge, and cycled again. 
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Table S1. Eleventh-cycle coulombic efficiencies of LiNi0.5Mn1.5O4 electrodes with 

various binders obtained after self-discharge. 

Binder 11th coulombic efficiency (%) 

PVdF 82.7 

ALG 80.5 

SO3-ALG 86.0 

ester-ALG 67.0 

ester-SO3-ALG 82.4 
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Figure S11. Charge–discharge curves of LiNi0.5Mn1.5O4//graphite full cells with (a) PVdF, 

(b) ALG, and (c) SO3-ALG. (d) Cycling performances and Coulombic efficiencies of 

LNMO//graphite full cells with PVdF and alginate binders. The cells were cycled at 20 

mA g−1 in 1 M LiPF6 in EC/DMC at room temperature within the voltage range of 

3.5−4.9 V. 
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Figure S12. SEM-EDS profiles of graphite electrodes after 50 cycles in LNMO//graphite 

full cells. 

 

Table S2. Surface atomic ratios estimated from the EDS profiles of graphite electrodes 

after 50 cycles in LNMO//graphite full cells with different binders. 
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