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1. Computation Details.

All calculations were performed based on density functional theory (DFT), as 

implemented by Vienna Ab initio Simulation Package (VASP)[1, 2]. The interaction 

between valence electrons and the ionic core described by Projector-augmented wave 

(PAW)[3, 4], within the exchange-correlation functional was described by Perdew, 

Burke, and Ernzerhof (PBE)[5]. The D3 correction of Grimme[6, 7] was adopted to 

compensate for the lack of van der Waals interaction description in the GGA functional. 

One-electron Kohn−Sham orbitals were expanded with a kinetic energy cutoff of 450 

eV. The Brillouin zone was sampled by 2 × 2 × 1, 3 × 3 × 1 and 2 × 3 × 1 Monkhorst-

Pack grids of k-points mesh to optimize the surface structure of ZnFe2O4 (400), 

CaFe2O4 (200), and CdFe2O4 (220) and set the vacuum space to 15 Å in the Z direction 

to avoid possible image interactions. The convergence criterion for self-consistent 

iteration was set to 1 × 10-5 eV and the structures were fully relaxed until the final force 

on each atom was less than 0.03 eV Å−1.
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Fig. S1 Schematic diagram of the gas-sensing test device



Fig. S2 SEM images of FO-1 (a), FZnFO-3 (b), FCaFO (c) and FCdFO (d) samples



Fig. S3 SEM images of the FZnFO-3 sample obtained at 140 ℃ after different 

hydrothermal times: 3 h (a), 6 h (b), 9 h (c), 15 h (d), 18 h (e), 21 h (f)

Fig. S4 Response of the FZnFO-3 sample obtained at 140 ℃ after different 

hydrothermal times for 100 ppm acetone

Fig. S3a shows the SEM of FZnFO-3 sample in the initial stage of the hydrothermal 

reaction (3h). At this point, it can be clearly seen that the material begins to grow on 



the ceramic tube substrate, showing a nanoparticle morphology and no array structure. 

When the reaction time is increased to 6 h (Fig. S3b), Zn-Fe elements began to grow 

intertwined, forming a smooth nanorod structure. As the reaction time increases to 9 h, 

FZnFO-3 gradually forms a nanotube array structure on the substrate (Fig. S3c). When 

the hydrothermal reaction time is increased to 15 h, the nanotube array is completely 

formed (Fig. S3d). The nanotube array gradually became sparse and distorted as the 

reaction time reached 18 h (Fig. S3e). After 21 h of hydrothermal reaction, only a small 

number of nanotube arrays are present (Figure S3f), indicating that a long hydrothermal 

reaction time is not conducive to the growth of the array structure. In addition, the 

FZnFO-3 has the best gas response to acetone at 15 h. Hence, the sensing performance 

of the composites based on a reaction time of 15 h was further investigated (Fig. S4).

Fig. S5 XRD patterns of Zn: Fe=0:1, 0.1:1, 0.2:1, 0.3:1, 0.5:1 composite (a). Responses 

(b) of different ratios of composites to 100 ppm acetone

Therefore, five materials were prepared by keeping the 1 mmol Fe(acac)3 content 

constant and changing the Zn(acac)2 content (0~0.5 mmol) and analyzed by XRD as 

FO-1, FZnFO-2, FZnFO-3, FZnFO-4, and ZnFO-5 (Fig. S5a). The five sensors showed 

low responses at 92, and 133 °C, owing mainly to the inability of gas molecules to react 

effectively with Oabs at low temperatures, resulting in low responses (Fig. S5b). As the 

temperature increases (170 °C), the chemical activity and Oabs of the material increase 

and react rapidly upon contact with the gas, thus improving the gas-sensitive properties. 

The response decreases with further increases in temperature (217 °C) due to the high 



temperature which promotes the desorption of the material from the gas. The testing 

results indicated that the FZnFO-3 NAs the best sensing performance for acetone (Fig. 

S5b).

Fig. S6 Single response/recovery curve (c) of FZnFO-3 sensor to 10 ppm acetone at 

170 oC

Fig. S7 Cross-test response recovery curves (a-f) of FZnFO, FCdFO, and FCaFO 

sensors to 100 ppm different mixtures gases



Fig. S8 The high-resolution XPS spectra before and after contact of FZnFO-3 samples 

with acetone at 170 ℃: Fe 2p (a), Zn 2p (b)

Fig. S9 Gas chromatogram (a) and mass spectra (b) of gaseous products of 

FZnFO-3 composite after contact with acetone gas

Fig. S10 UV absorption spectra (a-b) of ZnFe2O4, Fe2O3 and ZnFe2O4/Fe2O3. SKP 

potentials (c) of ZnFe2O4 and Fe2O3

The forbidden bandwidth (Eg) of ZnFe2O4, Fe2O3 and ZnFe2O4/Fe2O3 are calculated 

from the Tauc of the UV-Vis absorption spectrum (Fig. S10). Fig. S10b indicates that 

the Eg values of ZnFe2O4 and Fe2O3 are 1.82 eV and 2.01 eV, respectively. In addition, 

the forbidden bandwidth (1.58 eV) of the FZFO-3 composite can be seen to decrease, 

indicating that the chemical bonds between the different metal oxides are 



interconnected and the material interfaces are in close contact, forming heterogeneous 

interfaces. According to the CPD data and calculations the work functions of ZnFe2O4 

and Fe2O3 are 5.42 eV and 5.46 eV, respectively. (Fig. S10c).

Table S1 Recently reported sensors and their sensing performance for acetone gas

Table S2 Adsorption energy of acetone, TEA, and ethanol on ZnFe2O4 (400), CaFe2O4 
(200), CdFe2O4 (220) surface

Sensing materials Working 

temperature (°C)

Concentration 

(ppm)

response Response/ recovery 

time (s)

Detection 

limit（ppm）

References

Fe2O3/ZnFe2O4 300 100 acetone 69.2 2/7 0.2 39

ZnO/ZnFe2O4 140 100 acetone 14.4 5.2/12.8 5 40

ZnFe2O4/ZnO/Au 225 100 acetone 30.8 1/58 0.3 41

ZnFe2O4/ZnO 290 100 acetone 25.8 8/32 1 42

Fe2O3/ZnFe2O4 170 100 acetone 62.8 6.8/146.2 0.02 This word

The adsorption energy of acetone on 

the surface (eV) 

The adsorption energy of TEA on 

the surface (eV)

The adsorption energy of ethanol 

on the surface (eV)

ZnFe2O4 (400) -1.43 -0.92 -1.42

CaFe2O4 (200) -1.07 -1.17 -0.98

CdFe2O4 (220) -0.77 -0.86 -1.26


