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Figure S1. XRD spectra of the uncoated (UC), 30 cycles of iron oxide ALD (30Fe), and 100 cycles 

of iron oxide ALD (100Fe) coated SnO2 particles. * represents new peaks with low intensity. 

* * *
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Figure S2. Thermogravimetric analysis (TGA) of the uncoated (UC), 30 cycles of iron oxide ALD 

(30Fe), and 100 cycles of iron oxide ALD (100Fe) coated SnO2 particles performed under O2 with 

a step increase of 10C/min.
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Figure S3. EDS spectra of (a) 30Fe, and (b) 100Fe coated SnO2 particles.

(a)

(b)
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Figure S4. Fe content versus the number of iron oxide ALD coating cycles, as obtained from ICP-

AES analysis.
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Figure S5. Galvanostatic discharge capacities of SnO2 particles coated with various thicknesses 

of iron oxide ALD films at a current density of 250 mA/g between 0.5-3 V at (a) room temperature 

and (b) 55 ºC.

(a)

(b)
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Figure S6. (a) Arrhenius plot of uncoated and 15Fe, 30Fe, 100Fe coated SnO2 particles for the 

effects of temperature on conductivity, (b) equivalent circuit for impedance spectra.

(a)

(b)
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Iron oxide film phase characterization

XRD analysis was performed on the 30Fe and 100Fe samples to determine the phase of iron oxide 

ALD films deposited on tin oxide particles. The XRD spectra of the 30Fe and 100Fe samples were 

compared to that of the uncoated (UC) sample (Figure S1). In both spectra, the diffraction peaks 

at 26.5, 33.8, 38.2, 51.8, 54.8, 58.2, 61.7, 64.8, 66.1, 71.8 and 78.8º depict the (110), (101), (200), 

(211), (220), (002), (310), (112), (301), (202) and (321) crystal planes of the rutile phase SnO2 

(JCPDS No. 41-1445). The XRD analysis showed that there was no significant difference between 

the spectra of the UC and 30Fe samples. The observation of similarity in XRD spectra of iron 

oxide coated and uncoated SnO2 particles was also reported by El-Shiwani et al.1 However, the 

XRD analysis of the 100Fe sample showed evidence of low intensity new peaks (denoted by * in 

Figure S1) at 30.9 and 61.8º, corresponding to (220) and (440) crystal planes of Fe3O4 (JCPDS 

No. 75-0033). These peaks also match with (220) and (440) planes of α-Fe2O3 (JCPDS No. 80-

2377). Hence, in this study, the phase of the iron oxide in the ultrathin film cannot be interpreted 

without ambiguity. The other low intensity new peak at 37.9º can match with any form or phase 

of iron oxide. Khalr and coworkers2 also observed that XRD spectra of thin iron oxide coating on 

fluorine doped tin oxide (FTO) by ALD had weak signals for iron oxide and hence, the phase could 

not be interpreted without ambiguity.

Thermogravimetric analysis (TGA) under O2 with a step increase of 10C/min was performed on 

the 30Fe and 100Fe sample to interpret the phase of iron oxide (Figure S2). The TGA curve of the 

UC sample was used as a baseline to compare the 30Fe and the 100Fe samples. For all the samples, 

the initial weight loss occurred due to removal of physically adsorbed water. The TGA curves of 

the 30Fe and the UC samples show a total weight loss of ~1.6% at 400C, which is mainly due to 
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loss of physically adsorbed water (< 200C) and dehydration of surface hydroxyl groups (> 

200C). Above 400C, the curve remains stable with no apparent weight loss or gain. In case of 

the 100Fe sample, the total weight loss was higher at ~3%, most of which had already occurred at 

400C. Above this temperature, the curves show no apparent weight loss or gain. If there was mass 

gain, the phase of iron oxide would be FeO or Fe3O4 as there would be mass gain from its oxidation. 

The oxidation of FeO to Fe3O4 or Fe3O4 to Fe2O3 normally occurs above 120C and 200C in 

presence of oxygen respectively. However, there was no mass gain observed in the TGA curves 

of both the 30Fe and the 100 Fe samples. Theoretically, by using the content of Fe from the ICP-

AES data and assuming the film to be entirely Fe3O4, the expected mass gain in case of the 30Fe 

and the 100 Fe samples is 0.19 % and 0.38 % respectively. Assuming the film to be entirely FeO, 

the mass gain in case of the 30Fe and the 100 Fe samples is 0.59 % and 1.14 %, respectively. This 

expected mass gain is less than the mass loss of water removal and hence cannot be seen in the 

TGA curves. The higher mass loss in case of the 100Fe sample was due to presence of more surface 

hydroxyl groups because of thicker iron oxide film. Herein, since the phase of iron oxide could 

not be confidently identified, which is similar to the XRD results and hence, it is referred as FeOx 

in the paper.

Conductivity measurements

Pellets of only UC, 15Fe, 30Fe and 100Fe samples were prepared for mixed ionic and electronic 

conductivity measurements. The ac complex plane impedance experiment as described in our 

previous work was conducted on these samples.3 The impedance planes were obtained using the 

same impedance analyzer that was used to measure the EIS spectra. Figure S6b depicts the 

equivalent circuit that was used to fit the impedance spectra. Out of all the samples, the 100Fe 
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sample showed the highest mixed conductivity (Figure S6a). The conductivity plot is found to be 

linear and to obey the Arrhenius equation,

𝜎 ∙ 𝑇= 𝜎0 ∙ 𝑒𝑥𝑝( ‒ 𝐸𝑎𝑘𝐵𝑇 )
where,  is the pre-exponential factor,  is the Boltzmann contant, T is the absolute temperature, 𝜎0 𝑘𝐵

and  is the activation energy for Li ion movement. Figure S6a shows the direct corelation 𝐸𝑎

between the mixed conductivity and the temperature (a linear Arrhenius plot). Since the testing 

temperature were limited to 328 K, there was no phase or structural change observed during the 

measurements.
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