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Figure S-1. Experimental XRD pattern for the initial sol-gel synthesized TNO powder (top pattern) and 
relevant indicated reference patterns [1–3] 
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Figure S-2. Scanning electron micrographs of initial sol-gel synthesized TNO powder at relatively (a) lower 

and (b) higher magnifications 
 

 

Temperature, °C 

Figure S-3. Thermogravimetric analysis of the BF pellets without sucrose (green), and with 2.5 % (orange), 
5.0 % (red), and 7.5 % (purple) sucrose used when processing the pellet before the thermal treatment step. 

The mass losses indicated on the plot were calculated from the mass differences at 800 °C and at room 
temperature 
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Figure S-4. Scanning electron micrographs of the surfaces of TNO pellets processed without sucrose at 
relatively (a) lower and (b) higher magnifications, 2.5 % sucrose at relatively (c) lower and (d) higher 

magnifications, 5.0 % sucrose at relatively (e) lower and (f) higher magnifications, 7.5 % sucrose at relatively 
(g) lower and (h) higher magnifications 
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Capacity, mAh g-1 TNO 

Figure S-5. First discharge and charge cycles without sucrose (green), and with 2.5 % (orange), 5.0 % (red) 
and 7.5 % (purple) sucrose TNO materials in composite cathodes paired with Li metal anodes. The charge 

and discharge rate were both C/20 (C/20 ranged between 4.1-6.9 mA cm-2 depending on actual active 
material loading in each cell). The voltage window was 1.0-2.5 V (vs. Li/Li+) 

 
Cycle number 

Figure S-6. Discharge capacity at different rates (e.g. rate capabilities) for cells containing TNO BF anodes 
without sucrose (green) and 2.5 % (orange), 5.0 % (red) and 7.5 % (purple) sucrose cycled between 1.0-3.2 V 

paired with LCO BF cathodes. LCO mass loading was 1.9 times greater than any of the TNO anodes to 

ensure an anode limited system. C/20 corresponded to a current density of 1.7 mA cm-2. All charge and 
discharge cycles were at the same rate 
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Current density, mA cm-2 
Figure S-7. ΔdQ/dV peak position as a function of current densities of cells with BF LCO cathodes and  

BF TNO anodes (a) without sucrose, and with (b) 2.5 %, (c) 5.0 % and (d) 7.5 % sucrose. Each plot contains 
the result of a linear least squares regression and the corresponding R2 values. ΔdQ/dV peak positions were 
calculated from the dQ/dV from analysis of the cells cycled in Figure S6 between charge and discharge cycle 

at increasing rates 

 

 

(
d

Q
 /

 d
V

) 
p

e
ak

 p
o

si
ti

o
n

 /
 V

 
 

  

 

 



J. Electrochem. Sci. Eng. 13(4) (2023) S1-S6 Supplementary material 

S6  

 a b

 
Figure S-8. SEM images of the surfaces of the thinner BF TNO used for cycle life testing after 
100 charge/discharge cycles at a rate of C/2 (a) without sucrose and (b) with 5.0 % sucrose. 
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