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Abstract

In this report, we have prepared undoped and Mg-doped ZnO thin films by a modified successive ionic layer adsorption and

reaction (SILAR) method. The structural, surface morphological, chemical compositional, and optical properties of pure and Mg-

doped ZnO thin films were characterized by X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), energy

dispersive X-ray spectroscopy (EDS), ultraviolet-visible (UV-VIS) spectroscopy, and Fourier transform infrared (FT-IR) spectroscopy.

The XRD patterns of undoped and doped films have wurtzite crystal structures with preferential orientation along the (101) plane,

without any secondary phases. Addition of Mg into host ZnO influenced surface morphology of the film. Predominant nanorods-

like surface morphology of undoped ZnO turned to be predominant nanoflowers-like surface morphology after addition of Mg. UV-

VIS spectra showed that the energy band gap of films increased with increase Mg doping concentration. EDS and FT-IR

spectroscopy confirmed the successful Mg doping. Gas sensing properties of the undoped and Mg-doped ZnO thin films were

tested based on the electrical resistance changes upon exposure to different concentrations of a NO  gas at 200°C operating2
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temperature. Mg-doped ZnO (3 wt%) showed higher response compared to other wt% and exhibited the highest responses of 2.95,

9.51, and 9.93 when exposed to 25, 50, and 100 ppm concentrations of the NO  gas at 200°C, respectively. The response/recovery

time of the Mg-doped ZnO thin film were 6/75, 14/88, and 14/89 s at 25, 50, and 100 ppm, respectively.

Fullsize Image

References (40)

[1] R. Kumar, O. Al-Dossary, G. Kumar, and A. Umar, Nano-Micro Lett. 7, 97 (2014).

[2] K. Wetchakun, T. Samerjai, N. Tamaekong, C. Liewhiran, C. Siriwong, V. Kruefu, A. Wisitsoraat, A. Tuantranont, and S.

Phanichphant, Sens. Actuator. B 160, 580 (2011).

[3] V. L. Patil, S. A. Vanalakar, S. S. Shendage, S. P. Patil, A. S. Kamble, N. L. Tarwal, K. K. Sharma, J. H. Kim, and P. S.

Patil, Inorg. Nano-Met. Chem. 49, 191 (2019).

[4] Q. Qi, T. Zhang, S. Wang, and X. Zheng, Sens. Actuator. B 137, 649 (2009).

[5] V. Khorramshahi, J. Karamdel, and R. Yousefi, J. Mater. Sci. Mater. Electron. 29, 14679 (2018).

[6] M. B. Shahzad, Y. Qi, H. Lu, and X. Wang, Thin Solid Films 534, 242 (2013).

[7] Y. Liang, Phys. Lett. A 383, 2928 (2019).

2

Effect of Mg Doping on the Structural, Optical and NO<sub>2</sub>-s... https://www.jstage.jst.go.jp/article/ejssnt/21/3/21_2023-029/_article

2 of 4 6/16/2024, 11:47 AM

https://www.jstage.jst.go.jp/pub/ejssnt/21/3/21_2023-029/figure/21_2023-029.jpg
https://www.jstage.jst.go.jp/pub/ejssnt/21/3/21_2023-029/figure/21_2023-029.jpg
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00383124690?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00328699474?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00328699474?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00328699474?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00328699474?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00328699474?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00328699474?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10020033766?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10020033766?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10020033766?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10020033766?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10020033766?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10020033766?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20134514945?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20134514945?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20134514945?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20134514945?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20134514945?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20134514945?type=list&lang=en&from=J-STAGE&dispptn=1
https://www.jstage.jst.go.jp/pub/ejssnt/21/3/21_2023-029/figure/21_2023-029.jpg
https://www.jstage.jst.go.jp/pub/ejssnt/21/3/21_2023-029/figure/21_2023-029.jpg


[8] G. Jimenez-Cadena, E. Comini, M. Ferroni, A. Vomiero, and G. Sberveglieri, Mater. Chem. Phys. 124, 694 (2010).

[9] P. K. Kannan, R. Saraswathi, and J. B. B. Rayappan, Ceram. Int. 40, 13115 (2014).

[10] G. Kaur, A. Mitra, and K. L. Yadav, Prog. Nat. Sci. 25, 12 (2015).

[11] A. Goyal and S. Kachhwaha, Mater. Lett. 68, 354 (2012).

[12] R. Dhahri, M. Hjiri, L. El Mir, H. Alamri, A. Bonavita, D. Iannazzo, S. G. Leonardi, and G. Neri, J. Sci. Adv. Mater. Dev.

2, 34 (2017).

[13] N. Winkler, S. Edinger, W. Kautek, and T. Dimopoulos, J. Mater. Sci. 53, 5159 (2018).

[14] A. Raidou, F. Benmalek, T. Sall, M. Aggour, A. Qachaou, L. Laanab, and M. Fahoume, Open Access Libr. J. 1, e588

(2014).

[15] T. Çorlu, I. Karaduman, M. A. Yildirim, A. Ateş, and S. Acar, J. Electron. Mater. 46, 3995 (2017).

[16] V. L. Patil, S. A. Vanalakar, A. S. Kamble, S. S. Shendage, J. H. Kim, and P. S. Patil, RSC Adv. 6, 90916 (2016).

[17] V. L. Patil, S. A. Vanalakar, P. S. Patil, and J. H. Kim, Sens. Actuator. B 239, 1185 (2017). 489

[18] D. S. Dhawale and C. D. Lokhande, J. Alloys Compd. 509, 10092 (2011).

[19] M. Amin, N. A. Shah, A. S. Bhatti, and M. A. Malik, CrystEngComm 16, 6080 (2014).

[20] M. Hjiri, R. Dhahri, K. Omri, L. El Mir, S. G. Leonardi, N. Donato, and G. Neri, Mater. Sci. Semicond. Process. 27, 319

(2014).

[21] Y.-T. Tsai, S.-J. Chang, L.-W. Ji, Y.-J. Hsiao, I.-T. Tang, H.-Y. Lu, and Y.-L. Chu, ACS Omega 3, 13798 (2018).

[22] K. Pradeev raj, K. Sadaiyandi, A. Kennedy, S. Sagadevan, Z. Z. Chowdhury, Mohd. R. B. Johan, F. A. Aziz, R. F.

Rafique, R. Thamiz Selvi, and R. Rathina bala, Nanoscale Res. Lett. 13, 229 (2018).

[23] K. R. Devi, G. Selvan, M. Karunakaran, K. Kasirajan, L. B. Chandrasekar, M. Shkir, and S. AlFaify, J. Mater. Sci. Mater.

Electron. 31, 10186 (2020).

[24] S. Demirozu Senol, Int. J. Appl. Ceram. Technol. 16, 138 (2018).

[25] R. Kara, L. Mentar, and A. Azizi, RSC Adv. 10, 40467 (2020).

[26] W. Chebil, M. A. Boukadhaba, I. Madhi, A. Fouzri, A. Lusson, C. Vilar, and V. Sallet, Physica B 505, 9 (2017).

[27] G. S. Hikku, R. K. Sharma, R. V. William, P. Thiruramanathan, and S. Nagaveena, J. Taibah Univ. Sci. 11, 576 (2017).

[28] J. Iqbal, T. Jan, M. Ismail, N. Ahmad, A. Arif, M. Khan, M. Adil, Sami-ul-Haq, and A. Arshad, Ceram. Int. 40, 7487

Effect of Mg Doping on the Structural, Optical and NO<sub>2</sub>-s... https://www.jstage.jst.go.jp/article/ejssnt/21/3/21_2023-029/_article

3 of 4 6/16/2024, 11:47 AM

https://jlc.jst.go.jp/DN/JALC/00359369902?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00359369902?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00359369902?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00359369902?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00359369902?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00359369902?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00386335567?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00386335567?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00386335567?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00386335567?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00386335567?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00386335567?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20254950357?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20056984451?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20056984451?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20056984451?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20056984451?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20056984451?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20056984451?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20032772942?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20032772942?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20032772942?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20032772942?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20032772942?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20032772942?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00378529820?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00378529820?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00378529820?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00378529820?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00378529820?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00378529820?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10041719830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20120315037?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20120315037?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20120315037?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20120315037?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20120315037?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20120315037?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20159617126?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20084708005?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20084708005?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20084708005?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20084708005?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20084708005?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20084708005?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20170995098?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20170995098?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20170995098?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20170995098?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20170995098?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20170995098?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20059976590?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20059976590?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20059976590?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20059976590?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20059976590?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20059976590?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1


This article is licensed under a Creative Commons [Attribution 4.0 International] license.

https://creativecommons.org/licenses/by/4.0/

(2014).

[29] R. Sagheer, M. Khalil, V. Abbas, Z. N. Kayani, U. Tariq, and F. Ashraf, Optik 200, 163428 (2020).

[30] P. F. H. Inbaraj and J. J. Prince, J. Mater. Sci. Mater. Electron. 29, 935 (2017).

[31] P. Gu, X. Zhu, and D. Yang, Structural, RSC Adv. 9, 8039 (2019).

[32] G. Zhang and M. Liu, Sens. Actuator. B 69, 144 (2000).

[33] X. Wang, F. Sun, Y. Duan, Z. Yin, W. Luo, Y. Huang, and J. Chen, J. Mater. Chem. C 3, 11397 (2015).

[34] M. A. Basyooni, Y. R. Eker, and M. Yilmaz, Superlattices Microstruct. 140, 106465 (2020).

[35] M. A. Basyooni, M. Shaban, and A. M. El Sayed, Sci. Rep. 7, 41716 (2017).

[36] V. L. Patil, S. A. Vanalakar, N. L. Tarwal, A. P. Patil, T. D. Dongale, J. H. Kim, and P. S. Patil, Sens. Actuator. A 299,

111611 (2019).

[37] M. A. Chougule, S. Sen, and V. B. Patil, Ceram. Int. 38, 2685 (2012).

[38] R. Sankar Ganesh, V. L. Patil, E. Durgadevi, M. Navaneethan, S. Ponnusamy, C. Muthamizhchelvan, S. Kawasaki, P.

S. Patil, and Y. Hayakawa, Chem. Phys. Lett. 734, 136725 (2019).

[39] J. Zhang, Z. Qin, D. Zeng, and C. Xie, Phys. Chem. Chem. Phys. 19, 6313 (2017).

[40] C.-H. Kwak, H.-S. Woo, F. Abdel-Hady, A. A. Wazzan, and J.-H. Lee, Sens. Actuator. B 223, 527 (2016).

Content from these authors

Edited and published by The Japan Society of Vacuum and Surface Science

Production services The Japan Society of Vacuum and Surface Science & Komiyama Printing Co., Ltd.

Effect of Mg Doping on the Structural, Optical and NO<sub>2</sub>-s... https://www.jstage.jst.go.jp/article/ejssnt/21/3/21_2023-029/_article

4 of 4 6/16/2024, 11:47 AM

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/10029696870?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20124592304?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20124592304?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20124592304?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20124592304?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20124592304?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20124592304?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00244899811?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00244899811?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00244899811?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00244899811?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00244899811?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/00244899811?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20017256177?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20017256177?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20017256177?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20017256177?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20017256177?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20017256177?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72021283830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72021283830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72021283830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72021283830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72021283830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/72021283830?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20044520968?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20044520968?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20044520968?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20044520968?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20044520968?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20044520968?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20027795086?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20027795086?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20027795086?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20027795086?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20027795086?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JLC/20027795086?type=list&lang=en&from=J-STAGE&dispptn=1

