
SUPPORTING INFORMATION

Ethanol Sensing Mechanism of ZnO Nanorods Revealed by DRIFT 

Spectroscopy and DFT Calculations

Takeshi Shinkai,a Jonas Karl Christopher N. Agutaya,*b Biplab Manna,c,d Matthias Boepple,e Masaru 

Iwai,a Keigo Masumoto,a Kanako Koga,a Koki Kawanami,a Yusui Nakamura,d Armando T. Quitain,f 

Koichi Suematsu,g Yusuke Inomata,d Nicolae Barsane and Tetsuya Kida*b,c,d

aGraduate School of Science and Technology, Kumamoto University, 2–39–1 Kurokami, Chūō-ku, 

Kumamoto, Kumamoto 860–8555, JAPAN

bInternational Research Organization for Advanced Science and Technology, Kumamoto University, 

2–39–1 Kurokami, Chūō-ku, Kumamoto, Kumamoto 860–8555, JAPAN

cInstitute of Industrial Nanomaterials, Kumamoto University, 2–39–1 Kurokami, Chūō-ku, Kumamoto, 

Kumamoto 860–8555, JAPAN

dFaculty of Advanced Science and Technology, Kumamoto University, 2–39–1 Kurokami, Chūō-ku, 

Kumamoto, Kumamoto 860–8555, JAPAN

eInstitute of Physical and Theoretical Chemistry, University of Tuebingen, Auf der Morgenstelle 15, 

72076 Tuebingen, Germany

fCenter for International Education, Kumamoto University, 2–39–1 Kurokami, Chūō-ku, Kumamoto, 

Kumamoto 860–8555, JAPAN

gDepartment of Advanced Materials Science and Engineering, Faculty of Engineering Sciences, 

Kyushu University, Kasuga, Fukuoka 816-8580, Japan

*Corresponding author: jnagutaya@chem.kumamoto-u.ac.jp ,  tetsuya@kumamoto-u.ac.jp 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2024

mailto:jnagutaya@chem.kumamoto-u.ac.jp
mailto:tetsuya@kumamoto-u.ac.jp


2

Table of Contents

A. ZnO single crystals ..........................................................................................................................2

B. Geometry of the (10-10) plane of ZnO from DFT calculations.......................................................4

C. DRIFTS and gas cell measurements at 100–250 °C........................................................................5

D. Integrated local density of states of ethoxide and acetaldehyde adsorbed on the ZnO (10-10) 

surface ......................................................................................................................................7



3

A. ZnO single crystals

Fig. S1   Schematic diagram of the mist chemical vapor deposition setup.

Fig. S2   (a) XRD pattern of the sensing layer with m-plane ZnO single crystals. (b) Lattice mismatch between sapphire and 

ZnO with respect to their (10-10) plane.
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B. Geometry of the (10-10) plane of ZnO from DFT calculations

(a) (b)

Fig. S3   (a) Interatomic distances in the (10-10) plane of ZnO. (b) Planes intersecting the (10-10) plane of ZnO.
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C. DRIFTS and gas cell measurements at 100–250 °C

Fig. S4   Absorbance spectra of ZnO nanorods NRs (left plots) and concentration of outlet gas (right plots) under 50 ppm 

ethanol exposure for 30 minutes then air exposure for another 30 minutes at different temperatures.
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Fig. S5   Absorbance spectra of ZnO nanocrystals NCs (left plots) and concentration of outlet gas (right plots) under 50 ppm 

ethanol exposure for 30 minutes then air exposure for another 30 minutes at different temperatures.
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D. Integrated local density of states of ethoxide and acetaldehyde adsorbed on the ZnO 

(10-10) surface

Fig. S6   Integrated local density of states of ZnO with an adsorbed ethoxide (plots on the left) and visualization of the 

ethoxide-surface interaction at the states within the band gap of ZnO (images on the right)

 

Fig. S7   Integrated local density of states of ZnO with an adsorbed acetaldehyde (plots on the left) and visualization of the 

acetaldehyde-surface interaction at the states within the band gap of ZnO (images on the right)
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