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ARTICLE INFO ABSTRACT
Keywords: A novel strategy is required to address global concerns such as indoor air quality (IAQ) monitoring, outdoor
Metal organic frameworks pollution, battery monitoring, medical diagnosis, and industrial safety. Metal oxide semiconductor-based gas
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sensors are evolving by overcoming the associated challenges such as high operating temperature, poor selec-
tivity, poor temporal, and chemical stability with the synergistic effect of Metal Organic Frameworks (MOFs).
MOFs are ultra-high porous materials with appropriate morphology that help to improve the cross-sensitivity of
the target analyte by tailoring the pore size and their ultra-high surface area. Noble metals with their catalytic
effect create additional active sites by creating more oxygen vacancies on the surface. In this review, authors
introduce novel high-performance gas sensor design and elaborate all possible sensing mechanisms for various
structures including different factor dependence such as receptor factor, transducer factor, and utility factor. The
effect of gas deployment methodology and preconcentrator choice on gas sensing measurement are demon-
strated. The nature of signal processing and interfacing in smart sensor electronics is elucidated, highlighting
their roles in analog-to-digital conversion, noise reduction, data transmission, and system integration for
enhanced sensing accuracy and functionality. Ultrafast ultraviolet (UV) sensors and their sensing mechanisms are
thoroughly elaborated, emphasizing their rapid response and high sensitivity. In nutshell, authors give a detailed
insight to the gas sensing mechanism, technological development, and attempt to find an answer for the existing
problems in the field of gas sensing by exploiting some new aiding tools.

* Corresponding authors.
E-mail addresses: rajr@tf.uni-kiel.de, rajat@doctorat.utm.md (R. Nagpal), ollu@tf.uni-kiel.de, oleg.lupan@mib.utm.md (O. Lupan).

https://doi.org/10.1016/j.mtelec.2025.100192
Received 10 August 2025; Received in revised form 2 December 2025; Accepted 10 December 2025

Available online 13 December 2025
2772-9494/© 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


https://orcid.org/0009-0007-1266-1892
https://orcid.org/0009-0007-1266-1892
https://orcid.org/0000-0001-5046-8611
https://orcid.org/0000-0001-5046-8611
mailto:rajr@tf.uni-kiel.de
mailto:rajat@doctorat.utm.md
mailto:ollu@tf.uni-kiel.de
mailto:oleg.lupan@mib.utm.md
www.sciencedirect.com/science/journal/27729494
https://www.elsevier.com/locate/mtelec
https://doi.org/10.1016/j.mtelec.2025.100192
https://doi.org/10.1016/j.mtelec.2025.100192
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mtelec.2025.100192&domain=pdf
http://creativecommons.org/licenses/by/4.0/

38

Materials Today Electronics 15 (2026) 100192

References

[1] W.H. Brattain, J. Bardeen, Surface properties of germanium, Bell Syst. Tech. J. 32
(1953) 1-41.

[2] M. Dimbat, P.E. Porter, F.H. Stross, Apparatus requirements for quantitative
applications, Anal. Chem. 28 (1956) 290-297.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0001
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0001
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0002
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0002

R. Nagpal et al.

[3]
[4]

[5]
[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

S. Dhall, B.R. Mehta, A.K. Tyagi, K. Sood, A review on environmental gas sensors:
materials and technologies, Sens. Int. 2 (2021) 100116.

N. Barsan, U. Weimar, Understanding the fundamental principles of metal oxide
based gas sensors; the example of CO sensing with SnO2 sensors in the presence
of humidity, J. Phys. 15 (2003) R813.

X. Huang, A.N. Chalmers, Review of wearable and portable sensors for
monitoring personal solar UV exposure, Ann. Biomed. Eng. 49 (2021) 964-978.
A. Mirzaei, S.G. Leonardi, G. Neri, Detection of hazardous volatile organic
compounds (VOCs) by metal oxide nanostructures-based gas sensors: a review,
Ceram. Int. 42 (2016) 15119-15141.

X. Cao, L. Cao, L. Ding and J. Bian, A new hope for a devastating disease:
hydrogen sulfide in Parkinson’s disease, Mol. Neurobiol., DOI:10.1007 /5120
35-017-0617-0.

A.T. Alreshaid, J.G. Hester, W. Su, Y. Fang, M.M. Tentzeris, Review—Ink-Jet
printed wireless liquid and gas sensors for IoT, SmartAg and smart city
applications, J. Electrochem. Soc. 165 (2018) B407-B413.

Z. Song, W. Ye, Z. Chen, Z. Chen, M. Li, W. Tang, C. Wang, Z. Wan, S. Poddar,
X. Wen, X. Pan, Y. Lin, Q. Zhou, Z. Fan, Wireless self-powered high-performance
integrated nanostructured-gas-sensor network for future smart homes, ACS. Nano
15 (2021) 7659-7667.

O. Lupan, N. Magariu, D. Santos-Carballal, N. Ababii, J. Offermann, P. Pooker,
S. Hansen, L. Siebert, N.H. de Leeuw, R. Adelung, Development of 2-in-1 sensors
for the safety assessment of lithium-ion batteries via early detection of vapors
produced by electrolyte solvents, ACS. Appl. Mater. Interfaces. 15 (2023)
27340-27356.

H.H. Pu, S.H. Rhim, M. Gajdardziksa-Josifovska, C.J. Hirschmugl, M. Weinert, J.
H. Chen, A statistical thermodynamics model for monolayer gas adsorption on
graphene-based materials: implications for gas sensing applications, RSC. Adv. 4
(2014) 47481-47487.

J.B.A. Gomes, J.J.P.C. Rodrigues, R.A.L. Rabélo, N. Kumar, S. Kozlov, IoT-
Enabled gas sensors: technologies, applications, and opportunities, J. Sens.
Actuat. Netw. 8 (2019) 57.

A.S Rama Murthy, D. Pathak, G. Sharma, K.I. Gnanasekar, V. Jayaraman, A.

M. Umarji, T. Gnanasekaran, Application of principal component analysis to gas
sensing characteristics of Cr 0.8 Fe 0.2 NbO 4 thick film array, Anal. Chim. Acta
892 (2015) 175-182.

H.K. Lai, M. Kendall, H. Ferrier, L. Lindup, S. Alm, O. Hanninen, M. Jantunen,
P. Mathys, R. Colvile, M.R. Ashmore, P. Cullinan, M.J. Nieuwenhuijsen, Personal
exposures and microenvironment concentrations of PM2.5, VOC, NO2 and CO in
Oxford, UK, Atmos. Environ. 38 (2004) 6399-6410.

A. Mozaffar, Y.-L. Zhang, Atmospheric volatile organic compounds (VOCs) in
China: a review, Curr. Pollut. Rep. 6 (2020) 250-263.

M.-H. Chiu, C. Zhang, H.-W. Shiu, C.-P. Chuu, C.-H. Chen, C.-Y.S. Chang, C.-

H. Chen, M.-Y. Chou, C.-K. Shih, L.-J. Li, Determination of band alignment in the
single-layer MoS2/WSe2 heterojunction, Nat. Commun. 6 (2015) 7666.

J. Xian, J. Li, W. Wang, J. Zhu, P. Li, C.M. Leung, M. Zeng, X. Lu, X. Gao, J.-
M. Liu, Enhanced specific surface area of ZIF-8 derived ZnO induced by sulfuric
acid modification for high-performance acetone gas sensor, Appl. Surf. Sci. 614
(2023) 156175.

Z.R. Tian, J.A. Voigt, J. Liu, B. Mckenzie, M.J. Mcdermott, M.A. Rodriguez,

H. Konishi, H. Xu, Complex and oriented ZnO nanostructures, Nat. Mater. 2
(2003) 821-826.

Rajat, A.K.S. and M. Kumar, in Technical Scientific Conference of Undergraduate,
Master, PhD students, Technical University of Moldova, Subsectia Microelectronica
si Nanotehnologii, Chisinau, 2023, vol. 261.

R. Nazpal, M. Chiriac, M. Sugihara, D. Litra, N. Ababii, N. Magariu, C. Lupan, V.
Zinicovschi, R. Ameloot and O. Lupan, in 2024 E-Health and Bioengineering
Conference (EHB), 2024, pp. 1-4.

C. and S. P. and B. A. and B. M. and S. L. L.O. Nagpal Rajat, Lupan Advances in
Digital Health and Medical Bioengineering (2024) 178-188. ed. R. and P. G. G.
Costin Hariton-Nicolae and Magjarevi¢

AX. Shringi, A. Kumar, M. Das, S.S. Kim, H.W. Kim, M. Kumar, Ag catalysts
boosted NO2 gas sensing performance of RF sputtered a-Fe203 films, Sens.
Actuators. B Chem. 393 (2023) 134307.

R. Nagpal, M. Sugihara, C. Lupan, T. Tjardts, N. Meling-Lizarde, T. Strunskus, H.
Qiu, R. Adelung, R. Ameloot and O. Lupan, ZIF-71-Coated CuO:Al with enhanced
gas-sensing performance for n-butanol and hydrogen, ACS. Appl. Electron. Mater.,
DOI:10.1021/acsaelm.5¢01659.

R. Nagpal, M. Sugihara, N. Magariu, T. Tjardts, N. Meling-Lizarde, T. Strunskus,
T. Ameri, R. Ameloot, R. Adelung, O. Lupan, Humidity-tolerant selective sensing
of hydrogen and n-butanol using ZIF-8 coated CuO:Al film, Mater. Chem. Front.
(2025).

R. Nagpal, C. Lupan, A. Buzdugan, V. Ghenea, O. Lupan, Effect of Pd
functionalization on optical and hydrogen sensing properties of ZnO: Eu films,
Optik. (Stuttg) (2025) 172247.

M.-S. Yao, W.-X. Tang, G.-E. Wang, B. Nath, G. Xu, MOF thin film-coated metal
oxide nanowire array: significantly improved chemiresistor sensor performance,
Adv. Mater. 28 (2016) 5229-5234.

T. Zhou, Y. Sang, Y. Sun, C. Wu, X. Wang, X. Tang, T. Zhang, H. Wang, C. Xie,
D. Zeng, Gas adsorption at metal sites for enhancing gas sensing performance of
ZnO@ZIF-71 nanorod arrays, Langmuir. 35 (2019) 3248-3255.

K. Momma, F. Izumi, VESTA 3 for three-dimensional visualization of crystal,
volumetric and morphology data, J. Appl. Crystallogr. 44 (2011) 1272-1276.
R. Banerjee, A. Phan, B. Wang, C. Knobler, H. Furukawa, M. O’Keeffe, O.

M. Yaghi, High-throughput synthesis of zeolitic imidazolate frameworks and
application to CO2 capture, Science (1979) 319 (2008) 939-943.

39

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Materials Today Electronics 15 (2026) 100192

H. Li, L. Jing, W. Liu, J. Lin, R.Y. Tay, S.H. Tsang, E.H.T. Teo, Scalable production
of few-layer boron sheets by liquid-phase exfoliation and their superior
supercapacitive performance, ACS. Nano 12 (2018) 1262-1272.

M.G. Campbell, D. Sheberla, S.F. Liu, T.M. Swager, M. Dinca, Cu 3
(hexaiminotriphenylene) 2 : an electrically conductive 2D metal-organic
framework for chemiresistive sensing, Angewandte Chemie Int. Ed. 54 (2015)
4349-4352.

M.-S. Yao, W.-X. Tang, G.-E. Wang, B. Nath, G. Xu, MOF thin film-coated metal
oxide nanowire array: significantly improved chemiresistor sensor performance,
Adv. Mater. 28 (2016) 5229-5234.

S. Luo, R. Chen, J. Wang, L. Xiang, Conductometric methane gas sensors based on
ZnO/Pd@ZIF-8: Effect of dual filtering of ZIF-8 to increase the selectivity, Sens.
Actuators. B Chem. 383 (2023) 133600.

X. Wu, S. Xiong, Z. Mao, S. Hu, X. Long, A Designed ZnO@ZIF-8 core-shell
nanorod film as a gas sensor with excellent selectivity for H 2 over CO, Chemistry
- Eur. J. 23 (2017) 7969-7975.

R.M. Ivanov, Smart Sensor Systems, John Wiley & Sons, Ltd, 2008, pp. 343-374.
L.T.U. Kishor, Implementation of wireless communication using NFC (near field
communication technology) in mobile computing, Int. J. Sci. Res. (IJSR) (6)
(2017) 133-139.

R. Tomov and M. Aleksandrova, Overview of the metallization approaches for
carbyne-based devices, Molecules., DOI:10.3390/molecules28176409.

M.A. Hejazi, Q. Zheng, G. Yang, A. Lukin, C. Unlii and L. Trabzon, Carbyne
enriched nanostructures for gas sensing applications: synthesis and
characterization, Diam. Relat. Mater., DOI:10.1016/j.diamond.2025.112854.

M. Aleksandrova, T. Tsanev and D.N. Gospodinova, Investigation of dielectric and
sensing behavior of anodic aluminum oxide filled by carbyne-enriched
nanomaterial, Crystals. (Basel), DOI:10.3390/cryst15040314.

L. Fusnik, B. Szafraniak, A. Paleczek, D. Grochala, A. Rydosz, A Review of Gas
Measurement Set-Ups, MDPI, 2022, https://doi.org/10.3390/522072557
preprint.

Y. Zhang, S. Li, J. Zhang, Z. Pan, D. Min, X. Li, X. Song, J. Liu, High-performance
gas sensors with temperature measurement, Sci. Rep. 3 (2013) 1267.

B. Han, H. Wang, H. Huang, T. Liu, G. Wu, J. Wang, Micro-fabricated packed
metal gas preconcentrator for enhanced monitoring of ultralow concentration of
isoprene, J. Chromatogr. A 1572 (2018) 27-36.

X. Liao, Q. Liao, Z. Zhang, X. Yan, Q. Liang, Q. Wang, M. Li, Y. Zhang, A highly
stretchable ZnO@Fiber-Based multifunctional nanosensor for strain/
temperature/UV detection, Adv. Funct. Mater. 26 (2016) 3074-3081.

N. Gogurla, A.K. Sinha, S. Santra, S. Manna, S.K. Ray, Multifunctional Au-ZnO
plasmonic nanostructures for enhanced UV photodetector and room temperature
NO sensing devices, Sci. Rep. 4 (2014) 6483.

V. Postica, I. Holken, V. Schneider, V. Kaidas, O. Polonskyi, V. Cretu, I. Tiginyanu,
F. Faupel, R. Adelung, O. Lupan, Multifunctional device based on ZnO:Fe
nanostructured films with enhanced UV and ultra-fast ethanol vapour sensing,
Mater. Sci. Semicond. Process. 49 (2016) 20-33.

D. Starikov, C. Boney, R. Pillai and A. Bensaoula, in ISA/IEEE Sensors for Industry
Conference, 2004. Proceedings the, 2004, pp. 36-40.

Q. Xu, J. Lou, R. Zhang, B. Ma, S. Bai, Y. Qin, Self-Cleaning and self-powered UV
sensors for highly reliable outdoor UV detection, ACS. Appl. Electron. Mater. 2
(2020) 1628-1634.

R. Nagpal, C. Lupan, A. Birnaz, A. Sereacov, E. Greve, M. Gronenberg, L. Siebert,
R. Adelung and O. Lupan, Multifunctional Three-in-One Sensor on t-ZnO for
ultraviolet and VOC sensing for bioengineering applications, Biosensors. (Basel),
DOI:10.3390/bios14060293.

J. Sun, X. Yu, W. Li, B. Jia, D. Shi, Y. Song, F. Wang, B. Cao, C. Jiang, Real-time
accurate detection and analysis of breath acetone using CRDS: toward metabolic
dynamic monitoring and potential application, Sens. Actuators. B Chem. 433
(2025) 137422.

X. Zhao, L. Du, X. Xing, Z. Li, Y. Tian, X. Chen, X. Lang, H. Liu, D. Yang,
Decorating Pd-Au nanodots around porous In203 nanocubes for tolerant H2
sensing against switching response and H2S poisoning, Small. 20 (2024)
2311840.

B. Si, Y. Hu, L. Yao, Q. Jin, C. Zheng, Y. Wu, X. Wu, X. Gao, 3-D printing
technologies in advanced gas sensing: materials, fabrication, and intended
applications: a review, IEEe Sens. J. 25 (2025) 5916-5934.

J. Casanova-Chafer, Roadmap for borophene gas sensors, ACS. Sens. 10 (2025)
76-99.

N. Stock, S. Biswas, Synthesis of metal-organic frameworks (MOFs): routes to
various MOF topologies, morphologies, and composites, 2012, https://doi.org/
10.1021/cr200304e.

V. Ursaki, T. Braniste, N. Marangoci, I. Tiginyanu, Emerging aero-semiconductor
3D micro-nano-architectures: Technology, characterization and prospects for
applications, Elsevier B.V, 2025, https://doi.org/10.1016/j.apsadv.2025.100708
preprint.

M. Naseer, S.H. Siyal, T. Najam, S. Afzal, R. Igbal, M.A. Ismail, A. Rauf, S.S.

A. Shah, M.A. Nazir, Engineering of metal oxide integrated metal organic
frameworks (MO@ MOF) composites for energy and environment sector, Mater.
Sci. Eng. 313 (2025) 117909.

J.D. Bhaliya, V.R. Shah, G. Patel, K. Deshmukh, Recent advances of MOF-based
nanoarchitectonics for chemiresistive gas sensors, J. Inorg. Organomet. Polym.
Mater. 33 (2023) 1453-1494.

L. Liu, Y. Wang, Y. Liu, S. Wang, T. Li, S. Feng, S. Qin, T. Zhang,
Heteronanostructural metal oxide-based gas microsensors, Microsyst. Nanoeng. 8
(2022) 85.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0003
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0003
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0004
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0004
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0004
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0005
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0005
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0006
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0006
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0006
https://doi.org/10.1007/s12035-017-0617-0
https://doi.org/10.1007/s12035-017-0617-0
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0008
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0008
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0008
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0009
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0009
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0009
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0009
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0010
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0010
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0010
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0010
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0010
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0011
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0011
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0011
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0011
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0012
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0012
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0012
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0013
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0013
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0013
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0013
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0014
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0014
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0014
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0014
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0015
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0015
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0016
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0016
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0016
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0017
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0017
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0017
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0017
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0018
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0018
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0018
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0021
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0021
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0021
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0022
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0022
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0022
https://doi.org/10.1021/acsaelm.5c01659
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0024
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0024
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0024
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0024
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0025
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0025
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0025
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0026
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0026
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0026
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0027
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0027
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0027
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0028
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0028
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0029
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0029
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0029
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0030
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0030
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0030
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0031
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0031
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0031
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0031
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0032
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0032
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0032
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0033
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0033
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0033
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0034
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0034
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0034
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0035
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0036
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0036
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0036
https://doi.org/10.3390/molecules28176409
https://doi.org/10.1016/j.diamond.2025.112854
https://doi.org/10.3390/cryst15040314
https://doi.org/10.3390/s22072557
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0041
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0041
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0042
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0042
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0042
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0043
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0043
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0043
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0044
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0044
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0044
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0045
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0045
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0045
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0045
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0047
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0047
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0047
https://doi.org/10.3390/bios14060293
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0049
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0049
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0049
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0049
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0050
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0050
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0050
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0050
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0051
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0051
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0051
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0052
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0052
https://doi.org/10.1021/cr200304e
https://doi.org/10.1021/cr200304e
https://doi.org/10.1016/j.apsadv.2025.100708
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0055
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0055
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0055
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0055
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0056
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0056
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0056
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0057
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0057
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0057

R. Nagpal et al.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]
[82]
[83]
[84]

[85]

H. Yu, C. Guo, X. Zhang, Y. Xu, X. Cheng, S. Gao, L. Huo, Recent development of
hierarchical metal oxides based gas sensors: from gas sensing performance to
applications, Adv. Sustain. Syst. 6 (2022) 2100370.

V. Galstyan, A. Moumen, G.W.C. Kumarage, E. Comini, Progress towards
chemical gas sensors: nanowires and 2D semiconductors, Sens. Actuators. B
Chem. 357 (2022) 131466.

P. Hajivand, J.C Jansen, E. Pardo, D. Armentano, T.F. Mastropietro, A. Azadmehr,
Application of metal-organic frameworks for sensing of VOCs and other volatile
biomarkers, Coord. Chem. Rev. 501 (2024) 215558.

D. Li, A. Yadav, H. Zhou, K. Roy, P. Thanasekaran, C. Lee, Advances and
applications of metal-organic frameworks (MOFs) in emerging technologies: a
comprehensive review, Glob. Challenges 8 (2024) 2300244.

P.N. Bartlett, S. Guerin, A micromachined calorimetric gas sensor: an application
of electrodeposited nanostructured palladium for the detection of combustible
gases, Anal. Chem. 75 (2003) 126-132.

N. Jafari, S. Zeinali, J. Shadmehr, Room temperature resistive gas sensor based on
ZIF-8/MWCNT/AgNPs nanocomposite for VOCs detection, J. Mater. Sci. 30
(2019) 12339-12350.

H. Yu, C. Wang, F.-Y. Meng, D.-Q. Zou, J.-H. Li, Z.-W. Song, M. Zhao, L. Zhang, S.-
S. Xu, L. Wang, Highly sensitive humidity sensors based on Pt functionalized ZIF-
67 towards noncontact healthcare monitoring, IEEe Sens. J. 21 (2021)
25616-25623.

S. Zhou, J. Ji, T. Qiu, L. Wang, W. Ni, S. Li, W. Yan, M. Ling, C. Liang, Boosting
selective H 2 sensing of ZnO derived from ZIF-8 by rGO functionalization, Inorg.
Chem. Front. 9 (2022) 599-606.

L.-Y. Zhu, L.-X. Ou, L.-W. Mao, X.-Y. Wu, Y.-P. Liu, H.-L. Lu, Advances in noble
metal-decorated metal oxide nanomaterials for chemiresistive gas sensors:
overview, Nanomicro Lett. 15 (2023) 89.

S. Shi, Q. Du, M. Hou, X. Ye, L. Yang, S. Guo, J. Yi, U. Ehsan, H. Zeng, Photo-
thermal synergistic excitation: feasible strategy to detect ethanol for wide
bandgap ZIF-8 at low work temperature, J. Environ. Sci. 138 (2024) 112-120.
S. Griffiths, B.K. Sovacool, J. Kim, M. Bazilian, J.M. Uratani, Industrial
decarbonization via hydrogen: a critical and systematic review of developments,
socio-technical systems and policy options, Energy Res. Soc. Sci. 80 (2021)
102208.

C.and S. P.and B. A. and B. M. and S. L.ed. R. and L.O. Nagpal Rajat, Lupan, in: P.
G.G. Costin Hariton-Nicolae, Magjarevi¢ (Eds.), Advances in Digital Health and
Medical Bioengineering, Springer Nature Switzerland, Cham, 2024, pp. 178-188.
ed. R. and.

A. Kumar, A. Sanger, S.B. Kang, R. Chandra, Interface engineering-driven room-
temperature ultralow gas sensors with elucidating sensing performance of
heterostructure transition metal dichalcogenide thin films, ACS. Sens. 8 (2023)
3824-3835.

Y. Qin, H. Gui, Y. Bai, J. Xie, Moisture-Resistant gas sensor derived from ZIF-8/
layered double hydroxide/Ti 3 C 2 T x nanocomposites for trace isopropanol
detection, ACS. Appl. Nano Mater. 5 (2022) 9799-9809.

K. Ellmer, Resistivity of polycrystalline zinc oxide films: current status and
physical limit, J. Phys. D. Appl. Phys. 34 (2001) 3097-3108.

A.W. Cummings, D.L. Duong, V.L. Nguyen, D. Van Tuan, J. Kotakoski, J.E. Barrios
Vargas, Y.H. Lee, S. Roche, Charge transport in polycrystalline graphene:
challenges and opportunities, Adv. Mater. 26 (2014) 5079-5094.

C.Q. Xia, J. Peng, S. Poncé, J.B. Patel, A.D. Wright, T.W. Crothers, M. Uller
Rothmann, J. Borchert, R.L. Milot, H. Kraus, Q. Lin, F. Giustino, L.M. Herz, M.
B. Johnston, Limits to electrical mobility in lead-halide perovskite
semiconductors, J. Phys. Chem. Lett. 12 (2021) 3607-3617.

Z. Tian, H. Bai, Y. Li, W. Liu, J. Li, Q. Kong, G. Xi, Gas-Sensing activity of
amorphous copper oxide porous nanosheets, ChemistryOpen. 9 (2020) 80-86.
V. Paolucci, J. De Santis, V. Ricci, L. Lozzi, G. Giorgi, C. Cantalini, Bidimensional
engineered amorphous a-SnO2 interfaces: synthesis and gas sensing response to
H2S and humidity, ACS. Sens. 7 (2022) 2058-2068.

X. Yang, Y. Shi, K. Xie, S. Fang, Y. Zhang, Y. Deng, Cocrystallization enabled
spatial self-confinement approach to synthesize crystalline porous metal oxide
nanosheets for gas sensing, Angewandte Chemie Int. Ed. 61 (2022) e202207816.
D. Zhang, Z. Fang, L. Wang, H. Yu, X. Lu, K. Song, J. Teng, W. Yang, Controllable
growth of single-crystalline zinc oxide nanosheets under ambient condition
toward ammonia sensing with ultrahigh selectivity and sensitivity, J. Adv. Ceram.
11 (2022) 1187-1195.

K. Choi, G. Jeong, S.K. Hyun, B. Nam, T.K. Ko, C. Lee, Effects of particle size on
the NO2 gas sensing properties of NiO nanoparticle-decorated SnO2 nanorods,
J. Korean Phys. Soc. 77 (2020) 482-488.

X. Wan, J. Wang, L. Zhu, J. Tang, Gas sensing properties of Cu 2 O and its particle
size and morphology-dependent gas-detection sensitivity, J. Mater. Chem. A 2
(2014) 13641-13647.

W.M. Sears, K. Colbow, F. Consadori, Algorithms to improve the selectivity of
thermally-cycled tin oxide gas sensors, Sens. Actuators 19 (1989) 333-349.

P.K. Clifford, D.T. Tuma, Characteristics of semiconductor gas sensors I. Steady
state gas response, Sens. Actuators 3 (1982) 233-254.

S. Wlodek, K. Colbow, F. Consadori, Signal-shape analysis of a thermally cycled
tin-oxide gas sensor, Sens. Actuators. B Chem. 3 (1991) 63-68.

W.M. Sears, K. Colbow, F. Consadori, General characteristics of thermally cycled
tin oxide gas sensors, Semicond. Sci. Technol. 4 (1989) 351-359.

J.J. Tunney, M.L. Post, X. Du, D. Yang, Temperature dependence and gas-sensing
response of conduction for mixed conducting SrFe[sub y]Co[sub z]O[sub x] thin
films, J. Electrochem. Soc. 149 (2002) H113.

40

[86]

871

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Materials Today Electronics 15 (2026) 100192

S. Vetter, S. Haffer, T. Wagner, M.D. Tiemann, Nanostructured Co304 as a CO gas
sensor: temperature-dependent behavior, Sens. Actuators B-Chem. 206 (2015)
133-138.

M. Aleksandrova, B. Ustova, T. Tsanev, I. Raptis, A. Tserepi, E. Gogolides and G.
Kolev, Microheater topology for advanced gas sensor applications with carbyne-
enriched nanomaterials, Appl. Sci. (Switzerland), DOI:10.3390/app14051728.
G. Singh, Virpal, R.C. Singh, Highly sensitive gas sensor based on Er-doped SnO2
nanostructures and its temperature dependent selectivity towards hydrogen and
ethanol, Sens. Actuators. B Chem. 282 (2019) 373-383.

G. Gorokh, I. Taratyn, U. Fiadosenka, O. Reutskaya and A. Lozovenko, Heater
topology influence on the functional characteristics of thin-film gas sensors made
by MEMS-silicon technology, Chemosensors, DOI:10.3390/chemosensors11
080443.

G.W. Bandewad, S.N. Pawar, P.B. Shinde, C.P. Kamble, Design and optimization
of microheater for smart gas sensor applications, Mater. Today Proc. 62 (2022)
3314-3319.

W. Guo, T. Liu, H. Zhang, R. Sun, Y. Chen, W. Zeng, Z. Wang, Gas-sensing
performance enhancement in ZnO nanostructures by hierarchical morphology,
Sens. Actuators. B Chem. (2012) 166-167, 492-499.

G. Zhang, M. Liu, Effect of particle size and dopant on properties of SnO2-based
gas sensors, Sens. Actuators. B Chem. 69 (2000) 144-152.

Y.-X. Li, Z. Guo, Y. Su, X.-B. Jin, X.-H. Tang, J.-R. Huang, X.-J. Huang, M.-Q. Li, J.-
H. Liu, Hierarchical morphology-dependent gas-sensing performances of three-
dimensional SnO(2) nanostructures, ACS. Sens. 2 (2017) 102-110.

W. Geng, Z. Ma, Y. Zhao, J. Yang, X. He, L. Duan, F. Li, H. Hou, Q. Zhang,
Morphology-Dependent gas sensing properties of CuO microstructures self-
assembled from nanorods, Sens. Actuators. B Chem. 325 (2020) 128775.

H. Pan, L. Jin, B. Zhang, H. Su, H. Zhang, W. Yang, Self-assembly biomimetic fern
leaf-like a-Fe203 for sensing inflammable 1-butanol gas, Sens. Actuators. B
Chem. 243 (2017) 29-35.

L. Zhang, Z. Liu, L. Jin, B. Zhang, H. Zhang, M. Zhu, W. Yang, Self-assembly
gridding a-MoO3 nanobelts for highly toxic H2S gas sensors, Sens. Actuators. B
Chem. 237 (2016) 350-357.

Y. Nagaoka, R. Tan, R. Li, H. Zhu, D. Eggert, Y.A. Wu, Y. Liu, Z. Wang, O. Chen,
Superstructures generated from truncated tetrahedral quantum dots, Nature 561
(2018) 378-382.

W. Geng, Z. Ma, Y. Zhao, J. Yang, X. He, L. Duan, F. Li, H. Hou, Q. Zhang,
Morphology-Dependent gas sensing properties of CuO microstructures self-
assembled from nanorods, Sens. Actuators. B Chem. 325 (2020) 128775.

D.P. Volanti, A.A. Felix, M.O. Orlandi, G. Whitfield, D.J. Yang, E. Longo, H.

L. Tuller, J.A. Varela, The role of hierarchical morphologies in the superior gas
sensing performance of CuO-based chemiresistors, Adv. Funct. Mater. 23 (2013)
1759-1766.

Z. Fan, J.G. Lu, Gate-refreshable nanowire chemical sensors, Appl. Phys. Lett. 86
(2005) 123510.

R. Sadegh-Vaziri, M.U. Babler, Removal of hydrogen sulfide with metal oxides in
packed bed reactors—a review from a modeling perspective with practical
implications, Appl. Sci. 9 (2019) 5316.

J. Bai, C. Zhao, H. Gong, Q. Wang, B. Huang, G. Sun, Y. Wang, J. Zhou, E. Xie,
F. Wang, Debye-length controlled gas sensing performances in NiO@ZnO p-n
junctional core-shell nanotubes, J. Phys. D. Appl. Phys. 52 (2019) 285103.
H.-B. Na, X.-F. Zhang, M. Zhang, Z.-P. Deng, X.-L. Cheng, L.-H. Huo, S. Gao, A fast
response/recovery ppb-level H2S gas sensor based on porous CuO/ZnO
heterostructural tubule via confined effect of absorbent cotton, Sens. Actuators. B
Chem. 297 (2019) 126816.

X. Pan, X. Zhao, J. Chen, A. Bermak, Z. Fan, A fast-response/recovery ZnO
hierarchical nanostructure based gas sensor with ultra-high room-temperature
output response, Sens. Actuators. B Chem. 206 (2015) 764-771.

X. Zhang, J. Sun, K. Tang, H. Wang, T. Chen, K. Jiang, T. Zhou, H. Quan, R. Guo,
Ultralow detection limit and ultrafast response/recovery of the H2 gas sensor
based on Pd-doped rGO/Zn0O-SnO2 from hydrothermal synthesis, Microsyst.
Nanoeng. 8 (2022) 67.

S. Barala, A. Kumar, M. Kwoka, A. Gupta, M. Kumar, Spillover effect in Pd
anchored NiO-ZnO nanostructures improves hydrogen gas sensor’s performance,
Sens. Actuators. B Chem. 433 (2025) 137534.

X. Zhang, J. Sun, K. Tang, H. Wang, T. Chen, K. Jiang, T. Zhou, H. Quan and R.
Guo, Ultralow detection limit and ultrafast response/recovery of the H2 gas
sensor based on Pd-doped rGO/ZnO-SnO2 from hydrothermal synthesis,
Microsyst. Nanoeng., DOI:10.1038/541378-022-00398-8.

M.-W. Ahn, K.-S. Park, J.-H. Heo, D.-W. Kim, K.J. Choi, J.-G. Park, On-chip
fabrication of ZnO-nanowire gas sensor with high gas sensitivity, Sens. Actuators.
B Chem. 138 (2009) 168-173.

J.-H. Lee, A. Mirzaei, J.-Y. Kim, J.-H. Kim, H.W. Kim, S.S. Kim, Optimization of
the surface coverage of metal nanoparticles on nanowires gas sensors to achieve
the optimal sensing performance, Sens. Actuators. B Chem. 302 (2020) 127196.
M.S. Barbosa, P.H. Suman, J.J. Kim, H.L. Tuller, J.A. Varela, M.O. Orlandi, Gas
sensor properties of Ag- and Pd-decorated SnO micro-disks to NO2, H2 and CO:
Catalyst enhanced sensor response and selectivity, Sens. Actuators. B Chem. 239
(2017) 253-261.

1.C. Weber, C. Wang and A.T. Giintner, Room-Temperature catalyst enables
selective acetone sensing, Materials, DOI:10.3390/ma14081839.

M. Han, J.K. Kim, S.-W. Kang, D. Jung, Post-treatment effects on the gas sensing
performance of carbon nanotube sheets, Appl. Surf. Sci. 481 (2019) 597-603.
S. Birlasekaran, Y. Jianhong, Frequency response characteristics of gas sensors,
Measurement 26 (1999) 229-247.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0058
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0058
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0058
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0059
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0059
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0059
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0060
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0060
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0060
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0061
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0061
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0061
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0062
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0062
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0062
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0063
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0063
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0063
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0064
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0064
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0064
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0064
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0065
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0065
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0065
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0066
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0066
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0066
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0067
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0067
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0067
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0068
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0068
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0068
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0068
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0069
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0069
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0069
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0069
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0070
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0070
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0070
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0070
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0071
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0071
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0071
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0072
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0072
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0073
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0073
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0073
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0074
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0074
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0074
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0074
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0075
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0075
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0076
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0076
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0076
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0077
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0077
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0077
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0078
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0078
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0078
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0078
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0079
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0079
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0079
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0080
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0080
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0080
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0081
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0081
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0082
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0082
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0083
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0083
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0084
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0084
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0085
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0085
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0085
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0086
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0086
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0086
https://doi.org/10.3390/app14051728
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0088
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0088
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0088
https://doi.org/10.3390/chemosensors11080443
https://doi.org/10.3390/chemosensors11080443
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0090
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0090
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0090
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0091
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0091
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0091
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0092
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0092
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0093
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0093
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0093
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0094
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0094
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0094
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0095
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0095
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0095
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0096
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0096
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0096
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0097
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0097
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0097
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0098
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0098
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0098
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0099
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0099
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0099
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0099
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0100
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0100
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0101
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0101
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0101
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0102
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0102
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0102
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0103
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0103
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0103
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0103
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0104
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0104
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0104
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0105
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0105
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0105
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0105
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0106
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0106
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0106
https://doi.org/10.1038/s41378-022-00398-8
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0108
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0108
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0108
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0109
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0109
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0109
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0110
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0110
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0110
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0110
https://doi.org/10.3390/ma14081839
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0112
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0112
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0113
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0113

R. Nagpal et al.

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

S. Liu, G. Yuan, Y. Zhang, L. Xie, Q. Shen, H. Lei, Z. Wen, X. Sun, A self-powered
gas sensor based on coupling triboelectric screening and impedance matching
effects, Adv. Mater. Technol. 6 (2021) 2100310.

S. Luo, G. Fu, H. Chen, Z. Liu, Q. Hong, Gas-sensing properties and complex
impedance analysis of Ce-added WO3 nanoparticles to VOC gases, Solid. State
Electron. 51 (2007) 913-919.

M.S. Barbosa, P.H. Suman, J.J. Kim, H.L. Tuller, J.A. Varela, M.O. Orlandi, Gas
sensor properties of Ag- and Pd-decorated SnO micro-disks to NO2, H2 and CO:
Catalyst enhanced sensor response and selectivity, Sens. Actuators. B Chem. 239
(2017) 253-261.

W. Huang, J. Xia, Z. Li, X. Zhang, Flexible dual-mode ammonia-impedance
sensing patch (FDP) based on Ti3C2Tx MXene/graphene material and symmetric
structure, Mater. Today Sustain. 27 (2024) 100839.

K.Y. Ko, J.-G. Song, Y. Kim, T. Choi, S. Shin, C.W. Lee, K. Lee, J. Koo, H. Lee,
J. Kim, T. Lee, J. Park, H. Kim, Improvement of gas-sensing performance of large-
area tungsten disulfide nanosheets by surface functionalization, ACS. Nano 10
(2016) 9287-9296.

S.-Y. Cho, H.-J. Koh, H.-W. Yoo, H.-T. Jung, Tunable chemical sensing
performance of black phosphorus by controlled functionalization with noble
metals, Chem. Mater. 29 (2017) 7197-7205.

A. Mirzaei, K. Janghorban, B. Hashemi, A. Bonavita, M. Bonyani, S. Leonardi,
G. Neri, Synthesis, characterization and gas sensing properties of Ag@a-Fe203
core-shell nanocomposites, Nanomaterials 5 (2015) 737-749.

M.S. Khandekar, N.L. Tarwal, I.S. Mulla, S.S. Suryavanshi, Nanocrystalline Ce
doped CoFe204 as an acetone gas sensor, Ceram. Int. 40 (2014) 447-452.

A. Mirzaei, K. Janghorban, B. Hashemi, A. Bonavita, M. Bonyani, S. Leonardi,
G. Neri, Synthesis, characterization and gas sensing properties of Ag@a-Fe203
core-shell nanocomposites, Nanomaterials 5 (2015) 737-749.

X. Zhou, X. Lin, S. Yang, S. Zhu, X. Chen, B. Dong, X. Bai, X. Wen, L. Geyu,

H. Song, Highly dispersed Metal-Organic-Framework-Derived Pt nanoparticles on
three-dimensional macroporous ZnO for trace-level H2S sensing, Sens. Actuators.
B Chem. 309 (2020) 127802.

S. Kim, S. Park, S. Park, C. Lee, Acetone sensing of Au and Pd-decorated WO3
nanorod sensors, Sens. Actuators. B Chem. 209 (2015) 180-185.

J. Wollenstein, H. Bottner, M. Jaegle, W.J. Becker, E. Wagner, Material properties
and the influence of metallic catalysts at the surface of highly dense SnO2 films,
Sens. Actuators. B Chem. 70 (2000) 196-202.

C.H. Kwon, D.H. Yun, H.-K. Hong, S.-R. Kim, K. Lee, H.Y. Lim, K.H. Yoon, Multi-
layered thick-film gas sensor array for selective sensing by catalytic filtering
technology, Sens. Actuators. B Chem. 65 (2000) 327-330.

M.A. Portnoff, R. Grace, A.M. Guzman, P.D. Runco, L.N. Yannopoulos,
Enhancement of MOS gas sensor selectivity by “on-chip” catalytic filtering, Sens.
Actuators. B Chem. 5 (1991) 231-235.

S.N. Oliaee, A. Khodadadi, Y. Mortazavi, S. Alipour, Highly selective Pt/SnO2
sensor to propane or methane in presence of CO and ethanol, using gold
nanoparticles on Fe203 catalytic filter, Sens. Actuators. B Chem. 147 (2010)
400-405.

M.H. Saberi, Y. Mortazavi, A.A. Khodadadi, Dual selective Pt/SnO2 sensor to CO
and propane in exhaust gases of gasoline engines using Pt/LaFeO3 filter, Sens.
Actuators. B Chem. 206 (2015) 617-623.

N. Zhang, Y. Lu, Y. Fan, J. Zhou, X. Li, S. Adimi, C. Liu, S. Ruan, Metal-organic
framework-derived ZnO/ZnCo204 microspheres modified by catalytic PdO
nanoparticles for sub-ppm-level formaldehyde detection, Sens. Actuators. B
Chem. 315 (2020) 128118.

J.-S. Jang, W.-T. Koo, S.-J. Choi, I.-D. Kim, Metal organic framework-templated
chemiresistor: sensing type transition from P-to-N using hollow metal oxide
polyhedron via galvanic replacement, J. Am. Chem. Soc. 139 (2017)
11868-11876.

Q. Peng, Y. Zhang, W. Feng, X. Yang, J. Cheng, Humidity resistant room
temperature H2S sensor via surface-adsorbed oxygen modulation of ReS2 nano-
film, Physica B Condens. Matter. 720 (2026) 418000.

X. Zhou, Y. Zou, J. Ma, X. Cheng, Y. Li, Y. Deng, D. Zhao, Cementing mesoporous
ZnO with silica for controllable and switchable gas sensing selectivity, Chem.
Mater. 31 (2019) 8112-8120.

S.G. Surya, S. Bhanoth, S.M. Majhi, Y.D. More, V.M. Teja, K.N. Chappanda,

A silver nanoparticle-anchored UiO-66(Zr) metal-organic framework (MOF)-
based capacitive H 2 S gas sensor, CrystEngComm. 21 (2019) 7303-7312.

Y.J. Kwon, H.G. Na, S.Y. Kang, S.-W. Choi, S.S. Kim, H.W. Kim, Selective
detection of low concentration toluene gas using Pt-decorated carbon nanotubes
sensors, Sens. Actuators. B Chem. 227 (2016) 157-168.

B. Xie, B. Ding, P. Mao, Y. Wang, Y. Liu, M. Chen, C. Zhou, H. Wen, S. Xia, M. Han,
R.E. Palmer, G. Wang, J. Hu, Metal nanocluster—metal organic
framework—polymer hybrid nanomaterials for improved hydrogen detection,
Small. 18 (2022) 2200634.

W. Yang, X. Liu, T. Wang, H. Yu, F. Li, D. Li, X. Dong, Y. Yang, Hierarchical
nanostructure functionalized flexible ceramic thin films to construct
environmentally stable chemical sensors, Chem. Eng. J. 525 (2025) 170684.

D. Wang, D. Zhang, Q. Mi, A high-performance room temperature benzene gas
sensor based on CoTiO3 covered TiO2 nanospheres decorated with Pd
nanoparticles, Sens. Actuators. B Chem. 350 (2022) 130830.

D. Zhang, Z. Liu, C. Li, T. Tang, X. Liu, S. Han, B. Lei, C. Zhou, Detection of NO2
down to ppb levels using individual and multiple In203 nanowire devices, Nano
Lett. 4 (2004) 1919-1924.

S. Kumar, S.D. Lawaniya, S. Agarwal, Y.-T. Yu, S.R. Nelamarri, M. Kumar, Y.

K. Mishra, K. Awasthi, Optimization of Pt nanoparticles loading in ZnO for highly

41

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

Materials Today Electronics 15 (2026) 100192

selective and stable hydrogen gas sensor at reduced working temperature, Sens.
Actuators. B Chem. 375 (2023) 132943.

J. Liu, X. Wang, Q. Peng, Y. Li, Vanadium pentoxide nanobelts: highly selective
and stable ethanol sensor materials, Adv. Mater. 17 (2005) 764-767.

N. Han, X. Wu, D. Zhang, G. Shen, H. Liu, Y. Chen, CdO activated Sn-doped ZnO
for highly sensitive, selective and stable formaldehyde sensor, Sens. Actuators. B
Chem. 152 (2011) 324-329.

K. Hwang, J. Ahn, I. Cho, K. Kang, K. Kim, J. Choi, K. Polychronopoulou, I. Park,
Microporous elastomer filter coated with metal organic frameworks for improved
selectivity and stability of metal oxide gas sensors, ACS. Appl. Mater. Interfaces.
12 (2020) 13338-13347.

S. Elaraby, S.M. Abuelenin, A. Moussa, Y.M. Sabry, Deep learning on synthesized
sensor characteristics and transmission spectra enabling MEMS-based
spectroscopic gas analysis beyond the fourier transform limit, Foundations. 1
(2021) 304-317.

1. Cho, K. Lee, Y.C. Sim, J.S. Jeong, M. Cho, H. Jung, M. Kang, Y.H. Cho, S.C. Ha,
K.J. Yoon and 1. Park, Deep-learning-based gas identification by time-variant
illumination of a single micro-LED-embedded gas sensor, Light. Sci. Appl., DOIL:1
0.1038/541377-023-01120-7.

M. Padilla, A. Perera, 1. Montoliu, A. Chaudry, K. Persaud, S. Marco, Drift
compensation of gas sensor array data by Orthogonal Signal Correction,
Chemometrics Intell. Lab. Syst. 100 (2010) 28-35.

X. Pan, J. Chen, X. Wen, J. Hao, W. Xu, W. Ye, X. Zhao, A comprehensive gas
recognition algorithm with label-free drift compensation based on domain
adversarial network, Sens. Actuators. B Chem. 387 (2023) 133709.

H. Kim, C. Jin, S. Park, S. Kim, C. Lee, H2S gas sensing properties of bare and Pd-
functionalized CuO nanorods, Sens. Actuators. B Chem. 161 (2012) 594-599.

Q. Qi, T. Zhang, X. Zheng, H. Fan, L. Liu, R. Wang, Y. Zeng, Electrical response of
Sm203-doped SnO2 to C2H2 and effect of humidity interference, Sens. Actuators.
B Chem. 134 (2008) 36-42.

E. McCafferty, A.C. Zettlemoyer, Adsorption of water vapour on o-Fe 2 O 3,
Discuss. Faraday Soc. 52 (1971) 239-254.

H. Liu, S.P. Gong, Y.X. Hu, J.Q. Liu, D.X. Zhou, Properties and mechanism study
of SnO2 nanocrystals for H2S thick-film sensors, Sens. Actuators. B Chem. 140
(2009) 190-195.

Z.Jing, J. Zhan, Fabrication and gas-sensing properties of porous ZnO nanoplates,
Adv. Mater. 20 (2008) 4547-4551.

B.F. Abrahams, B.F. Hoskins, D.M. Michail, R. Robson, Assembly of porphyrin
building blocks into network structures with large channels, Nature 369 (1994)
727-729.

Z. Chen, M.C. Wasson, R.J. Drout, L. Robison, K.B. Idrees, J.G. Knapp, F.A. Son,
X. Zhang, W. Hierse, C. Kiihn, S. Marx, B. Hernandez, O.K. Farha, The state of the
field: from inception to commercialization of metal-organic frameworks, Faraday
Discuss. 225 (2021) 9-69.

H. Li, M. Eddaoudi, T.L. Groy, O.M. Yaghi, Establishing microporosity in open
metal—organic frameworks: gas sorption isotherms for Zn(BDC) (BDC = 1,4-
Benzenedicarboxylate), J. Am. Chem. Soc. 120 (1998) 8571-8572.

S. Yuan, L. Feng, K. Wang, J. Pang, M. Bosch, C. Lollar, Y. Sun, J. Qin, X. Yang,
P. Zhang, Q. Wang, L. Zou, Y. Zhang, L. Zhang, Y. Fang, J. Li, H.-C. Zhou, Stable
metal-organic frameworks: design, synthesis, and applications, Adv. Mater. 30
(2018) 1704303.

T. Islamoglu, D. Ray, P. Li, M.B. Majewski, I. Akpinar, X. Zhang, C.J. Cramer,
L. Gagliardi, O.K. Farha, From transition metals to lanthanides to actinides: metal-
mediated tuning of electronic properties of isostructural metal-organic
frameworks, Inorg. Chem. 57 (2018) 13246-13251.

Y. An, X. Lv, W. Jiang, L. Wang, Y. Shi, X. Hang, H. Pang, The stability of MOFs in
aqueous solutions—research progress and prospects, Green Chem. Eng. 5 (2024)
187-204.

Z. Yu, X. Cao, S. Wang, H. Cui, C. Li, G. Zhu, Research progress on the water
stability of a metal-organic framework in advanced oxidation processes, Water.
Air. Soil. Pollut. 232 (2021) 18.

Y. Zhou, T. Zhou, Y. Zhang, L. Tang, Q. Guo, M. Wang, C. Xie, D. Zeng, Synthesis
of core-shell flower-like WO3@ZIF-71 with enhanced response and selectivity to
H2S gas, Solid. State Ion. 350 (2020) 115278.

X. Wu, S. Xiong, Z. Mao, S. Hu, X. Long, A designed ZnO@ZIF-8 core-shell
nanorod film as a gas sensor with excellent selectivity for H 2 over CO, Chemistry
- Eur. J. 23 (2017) 7969-7975.

W. Niu, K. Kang, J. Hao, X. Chen, Y. Dong, H. Ren, Y. Guo, Y. Wang, P. Zhang,
W. Hu, Y. Wu, Y. He, Y. Guo, Metal-Organic framework-derived Ni-doped indium
oxide nanorods for parts per billion-level nitrogen dioxide gas sensing at high
humidity, ACS. Sens. 9 (2024) 6103-6112.

S.S. Nair, N. Illyaskutty, B. Tam, A.O. Yazaydin, K. Emmerich, A. Steudel,

T. Hashem, L. Schottner, C. Woll, H. Kohler, H. Gliemann, ZnO@ZIF-8: gas
sensitive core-shell hetero-structures show reduced cross-sensitivity to humidity,
Sens. Actuators. B Chem. 304 (2020) 127184.

C.S. Lee, N.U. Kim, B.J. Park, J.H. Kim, In-situ growth of ZIF-8 in amphiphilic
graft copolymer for mixed matrix membranes with simultaneous improvement of
permeability and selectivity, Sep. Purif. Technol. 253 (2020) 117514.

A.U. Ortiz, A.P. Freitas, A. Boutin, A.H. Fuchs, F.-X. Coudert, What makes zeolitic
imidazolate frameworks hydrophobic or hydrophilic? The impact of geometry
and functionalization on water adsorption, Phys. Chem. Chem. Phys. 16 (2014)
9940-9949.

E.E. Sann, Y. Pan, Z. Gao, S. Zhan, F. Xia, Highly hydrophobic ZIF-8 particles and
application for oil-water separation, Sep. Purif. Technol. 206 (2018) 186-191.
K. Jayaramulu, M.E DMello, K. Kesavan, A. Schneemann, M. Otyepka, S. Kment,
C. Narayana, S.B. Kalidindi, R.S. Varma, R. Zboril, R.A. Fischer, A multifunctional


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0114
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0114
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0114
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0115
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0115
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0115
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0116
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0116
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0116
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0116
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0117
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0117
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0117
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0118
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0118
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0118
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0118
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0119
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0119
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0119
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0120
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0120
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0120
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0121
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0121
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0122
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0122
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0122
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0123
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0123
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0123
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0123
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0124
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0124
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0125
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0125
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0125
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0126
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0126
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0126
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0127
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0127
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0127
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0128
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0128
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0128
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0128
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0129
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0129
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0129
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0130
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0130
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0130
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0130
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0131
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0131
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0131
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0131
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0132
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0132
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0132
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0133
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0133
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0133
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0134
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0134
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0134
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0135
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0135
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0135
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0136
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0136
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0136
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0136
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0137
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0137
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0137
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0138
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0138
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0138
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0139
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0139
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0139
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0140
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0140
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0140
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0140
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0141
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0141
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0142
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0142
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0142
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0143
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0143
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0143
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0143
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0144
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0144
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0144
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0144
https://doi.org/10.1038/s41377-023-01120-7
https://doi.org/10.1038/s41377-023-01120-7
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0146
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0146
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0146
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0147
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0147
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0147
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0148
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0148
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0149
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0149
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0149
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0150
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0150
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0151
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0151
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0151
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0152
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0152
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0153
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0153
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0153
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0154
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0154
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0154
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0154
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0155
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0155
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0155
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0156
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0156
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0156
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0156
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0157
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0157
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0157
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0157
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0158
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0158
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0158
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0159
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0159
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0159
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0160
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0160
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0160
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0161
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0161
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0161
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0162
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0162
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0162
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0162
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0163
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0163
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0163
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0163
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0164
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0164
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0164
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0165
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0165
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0165
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0165
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0166
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0166
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0167
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0167

R. Nagpal et al.

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

covalently linked graphene-MOF hybrid as an effective chemiresistive gas sensor,
J. Mater. Chem. A 9 (2021) 17434-17441.

M. Daraee, R. Saeedirad, A. Rashidi, Adsorption of hydrogen sulfide over a novel
metal organic framework —metal oxide nanocomposite: TOUO-x (TiO2/UiO-66),
J. Solid. State Chem. 278 (2019) 120866.

Y.-N. Liu, L.-N. Jin, H.-T. Wang, X.-H. Kang, S.-W. Bian, Fabrication of three-
dimensional composite textile electrodes by metal-organic framework, zinc oxide,
graphene and polyaniline for all-solid-state supercapacitors, J. Colloid. Interface
Sci. 530 (2018) 29-36.

Q. Zhou, L. Yang, Z. Kan, J. Lyu, M. Xuan Wang, B. Dong, X. Bai, Z. Chang,

H. Song, L. Xu, Diverse scenarios selective perception of H2S via cobalt sensitized
MOF filter membrane coated Three-Dimensional metal oxide sensor, Chem. Eng.
J. 450 (2022) 138014.

M.P.M. Poschmann, L. Siebert, C. Lupan, O. Lupan, F. Schiitt, R. Adelung,

N. Stock, Surface conversion of ZnO tetrapods produces pinhole-free ZIF-8 layers
for selective and sensitive H2 sensing even in pure methane, ACS. Appl. Mater.
Interfaces. 15 (2023) 38674-38681.

V. Pentyala, P. Davydovskaya, M. Ade, R. Pohle, G. Urban, Carbon dioxide gas
detection by open metal site metal organic frameworks and surface functionalized
metal organic frameworks, Sens. Actuators. B Chem. 225 (2016) 363-368.

X. Wu, S. Xiong, Z. Mao, S. Hu, X. Long, A Designed ZnO@ZIF-8 core-shell
nanorod film as a gas sensor with excellent selectivity for H 2 over CO, Chem. -
Eur. J. 23 (2017) 7969-7975.

B. Assfour, S. Leoni, G. Seifert, Hydrogen adsorption sites in zeolite imidazolate
frameworks ZIF-8 and ZIF-11, J. Phys. Chem. C 114 (2010) 13381-13384.

R.P. Lively, M.E. Dose, J.A. Thompson, B.A. McCool, R.R. Chance, W.J. Koros,
Ethanol and water adsorption in methanol-derived ZIF-71, Chem. Commun. 47
(2011) 8667-8669.

A. Telfah, Q.M. Al Bataineh, A.A. Ahmad, A.A. Bani, S. Ahmad, R.F. Sabirianov
and A.A. Ahmad, Modulated transparent conductive zinc oxide films for efficient
water splitting, Appl. Phys. A, DOI:10.1007/500339-023-07176-x.

F. Liu, S. Li, J. He, J. Wang, R. You, Z. Yang, L. Zhao, P. Sun, X. Yan, X. Liang,
X. Chuai, G. Lu, Highly selective and stable mixed-potential type gas sensor based
on stabilized zirconia and Cd2V207 sensing electrode for NH3 detection, Sens.
Actuators. B Chem. 279 (2019) 213-222.

L. de Angelis, R. Riva, Selectivity and stability of a tin dioxide sensor for methane,
Sens. Actuators. B Chem. 28 (1995) 25-29.

P. Schneider, Adsorption isotherms of microporous-mesoporous solids revisited,
Appl. Catal. A Gen. 129 (1995) 157-165.

F.S. Butt, N.A. Mazlan, A. Lewis, N. Radacsi, X. Fan, S. Yang, Y. Huang, Zeolitic
imidazolate framework-8 nanosheet assemblies for high-efficiency small molecule
adsorption, Chem. Eng. J. Adv. 16 (2023) 100573.

W. Yu, H. Lan, Z. Wu, D. Pan, Y. Wu, Enhanced selective extraction of biogenic
amines using carboxyl-functionalized SBA-15 and SBA-16 mesoporous silica,
Microporous Mesoporous Mater. 382 (2025) 113404.

0. Solcovd, L. Matejova, P. Topka, Z. Musilova, P. Schneider, Comparison of
textural information from argon(87 K) and nitrogen(77 K) physisorption,

J. Porous Mater. 18 (2011) 557-565.

C. Schlumberger, C. Scherdel, M. Kriesten, P. Leicht, A. Keilbach, H. Ehmann,
P. Kotnik, G. Reichenauer, M. Thommes, Reliable surface area determination of
powders and meso/macroporous materials: small-angle X-ray scattering and gas
physisorption, Microporous Mesoporous Mater. 329 (2022) 111554.

R. Chen, Z. Yao, N. Han, X. Ma, L. Li, S. Liu, H. Sun, S. Wang, Insights into the
adsorption of VOCs on a cobalt-adeninate metal-organic framework (Bio-MOF-
11), ACS. Omega 5 (2020) 15402-15408.

K. Vikrant, K.-H. Kim, V. Kumar, D.A. Giannakoudakis, D.W. Boukhvalov,
Adsorptive removal of an eight-component volatile organic compound mixture by
Cu-, Co-, and Zr-metal-organic frameworks: experimental and theoretical studies,
Chem. Eng. J. 397 (2020) 125391.

S.Y. Lee, U.J. Kim, J. Chung, H. Nam, H.Y. Jeong, G.H. Han, H. Kim, H.M. Oh,
H. Lee, H. Kim, Y.-G. Roh, J. Kim, S.W. Hwang, Y. Park, Y.H. Lee, Large work
function modulation of monolayer MoS2 by ambient gases, ACS. Nano 10 (2016)
6100-6107.

S. Navale, M. Shahbaz, A. Mirzaei, S.S. Kim, H.W. Kim, Effect of Ag addition on
the gas-sensing properties of nanostructured resistive-based gas sensors: an
overview, Sensors 21 (2021) 6454.

N. Hongsith, E. Wongrat, T. Kerdcharoen, S. Choopun, Sensor response formula
for sensor based on ZnO nanostructures, Sens. Actuators. B Chem. 144 (2010)
67-72.

R.C. Burshtein, N.A. Shurmovskaya, The effect of electro-negative gases on the
work function of a metal, Surf. Sci. 2 (1964) 210-216.

E. Wongrat, N. Hongsith, D. Wongratanaphisan, A. Gardchareon, S. Choopun,
Control of depletion layer width via amount of AuNPs for sensor response
enhancement in ZnO nanostructure sensor, Sens. Actuators. B Chem. 171-172
(2012) 230-237.

S. Robbiani, B.J. Lotesoriere, R.L. Dellaca and L. Capelli, Physical confounding
factors affecting gas sensors response: a review on effects and compensation
strategies for electronic nose applications, Chemosensors, DOI:10.3390/c
hemosensors11100514.

V.L. Bodneva, O.J. Ilegbusi, M.A. Kozhushner, K.S. Kurmangaleev, V.

S. Posvyanskii, L.I. Trakhtenberg, Modeling of sensor properties for reducing
gases and charge distribution in nanostructured oxides: a comparison of theory
with experimental data, Sens. Actuators. B Chem. 287 (2019) 218-224.

M. Che and A. J. Tench, eds. D. D. Eley, H. Pines and P. B. Weisz, Academic Press,
1982, vol. 31, pp. 77-133.

42

[194]
[195]

[196]

[197]
[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

[206]

[207]

[208]
[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

Materials Today Electronics 15 (2026) 100192

A. Rothschild, Y. Komem, F. Cosandey, Low temperature reoxidation mechanism
in nanocrystalline TiO2 — § thin films, J. Electrochem. Soc. 148 (2001) H85.

Z. Zhang, J.T. Yates Jr., Band bending in semiconductors: chemical and physical
consequences at surfaces and interfaces, Chem. Rev. 112 (2012) 5520-5551.
A.A. Haidry, N. Kind, B. Saruhan, Investigating the influence of Al-doping and
background humidity on NO&It;sub&gt;2&I1t;/sub&gt; sensing characteristics of
magnetron-sputtered SnO&lt;sub&gt;2&lt;/sub&gt; sensors, J. Sens. Sens. Syst. 4
(2015) 271-280.

A. Moumen, G.C.W. Kumarage, E. Comini, P-Type metal oxide semiconductor thin
films: synthesis and chemical sensor applications, Sensors 22 (2022) 1359.

T. Akamatsu, T. Itoh, N. Izu, W. Shin, NO and NO2 sensing properties of WO3 and
Co304 based gas sensors, Sensors 13 (2013) 12467-12481.

J. Bartolomé, M. Taeno, R. Martinez-Casado, D. Maestre, A. Cremades, Ethanol
gas sensing mechanisms of p-type NiO at room temperature, Appl. Surf. Sci. 579
(2022) 152134.

L. Wettstein, J. Specht, V. Kesselring, L. Sieben, Y. Pan, D. Kéch, D. Baster, F.
Krumeich, M. El Kazzi and M.J. Bezdek, A dye-sensitized sensor for oxygen
detection under visible light, Ady. Sci., DOI:10.1002/advs.202405694.

F. Ramirez-Gonzalez, G. Garcia-Salgado, E. Rosendo, T. Diaz, F. Nieto-Caballero,
A. Coyopol, R. Romano, A. Luna, K. Monfil, E. Gastellou, Porous silicon gas
sensors: the role of the layer thickness and the silicon conductivity, Sensors 20
(2020) 4942.

V. Rajkumar and V. Maniraj, RL-ROUTING: a deep reinforcement learning SDN
routing algorithm, vol. 12.

M.H. Raza, R. Di Chio, K. Movlaee, P. Amsalem, N. Koch, N. Barsan, G. Neri,
N. Pinna, Role of heterojunctions of core—shell heterostructures in gas sensing,
ACS. Appl. Mater. Interfaces. 14 (2022) 22041-22052.

J.-M. Choi, J.-H. Byun, S.S. Kim, Influence of grain size on gas-sensing properties
of chemiresistive p-type NiO nanofibers, Sens. Actuators. B Chem. 227 (2016)
149-156.

M. Garcia-Palacin, J.I. Martinez, L. Paseta, A. Deacon, T. Johnson,

M. Malankowska, C. Téllez, J. Coronas, Sized-Controlled ZIF-8 nanoparticle
synthesis from recycled mother liquors: environmental impact assessment, ACS.
Sustain. Chem. Eng. 8 (2020) 2973-2980.

X. Gong, Y. Wang, T. Kuang, ZIF-8-Based membranes for carbon dioxide capture
and separation, ACS. Sustain. Chem. Eng. 5 (2017) 11204-11214.

G. Lu, J.T. Hupp, Metal—Organic frameworks as sensors: a ZIF-8 based
Fabry—Pérot device as a selective sensor for chemical vapors and gases, J. Am.
Chem. Soc. 132 (2010) 7832-7833.

B. Huang, W. Zeng, Y. Li, Synthesis of ZnO@ZIF-8 nanorods with enhanced
response to VOCs, J. Electrochem. Soc. 169 (2022) 047508.

A.V. Khaneft, Effect of grain size on the ionic conductivity of silver halides, Inorg.
Mater. 39 (2003) 299-303.

A. Matavz, M.F.K. Verstreken, L. Boullart, M.L. Tietze, M. Sugihara, L. Heinke,
R. Ameloot, Kinetic selectivity in metal-organic framework chemical sensors, Nat.
Commun. 16 (2025) 8347.

C. Corral-Casas, J. Li, M.K. Borg, L. Gibelli, Knudsen minimum disappearance in
molecular-confined flows, J. Fluid. Mech. 945 (2022) A28.

A. Schlaich, J.L. Barrat, B. Coasne, Theory and Modeling of Transport for Simple
Fluids in Nanoporous Materials: From Microscopic to Coarse-Grained
Descriptions, American Chemical Society, 2025, https://doi.org/10.1021/acs.
chemrev.4c00406 preprint.

C. Dong, R. Tian, Y. Zhang, K. Liu, G. Chen, H. Guan, Z. Yin, MOF-on-MOF
nanoarchitecturing of Fe203@ZnFe204 radial-heterospindles towards
multifaceted superiorities for acetone detection, Chem. Eng. J. 442 (2022)
136094.

A. Bag, M. Kumar, D.-B. Moon, A. Hanif, M.J. Sultan, D.H. Yoon, N.-E. Lee,

A room-temperature operable and stretchable NO2 gas sensor composed of
reduced graphene oxide anchored with MOF-derived ZnFe204 hollow
octahedron, Sens. Actuators. B Chem. 346 (2021) 130463.

S.K. Bhardwaj, G.C. Mohanta, A.L. Sharma, K.-H. Kim, A. Deep, A three-phase
copper MOF-graphene-polyaniline composite for effective sensing of ammonia,
Anal. Chim. Acta 1043 (2018) 89-97.

Y. Lv, P. Xu, H. Yu, J. Xu, X. Li, Ni-MOF-74 as sensing material for resonant-
gravimetric detection of ppb-level CO, Sens. Actuators. B Chem. 262 (2018)
562-569.

E. Stern, R. Wagner, F.J. Sigworth, R. Breaker, T.M. Fahmy, M.A. Reed,
Importance of the debye screening length on nanowire field effect transistor
sensors, Nano Lett. 7 (2007) 3405-3409.

Y. Wang, T. Wu, Y. Zhou, C. Meng, W. Zhu, L. Liu, TiO2-Based
nanoheterostructures for promoting gas sensitivity performance: designs,
developments, and prospects, Sensors 17 (2017) 1971.

Q. Xu, Z. Zhang, X. Song, S. Yuan, Z. Qiu, H. Xu, B. Cao, Improving the
triethylamine sensing performance based on debye length: a case study on
a-Fe203@NiO(CuO) core-shell nanorods sensor working at near room-
temperature, Sens. Actuators. B Chem. 245 (2017) 375-385.

J.-H. Kim, A. Katoch, S.S. Kim, Optimum shell thickness and underlying sensing
mechanism in p-n CuO-ZnO core-shell nanowires, Sens. Actuators. B Chem. 222
(2016) 249-256.

Y.-J. Chen, G. Xiao, T.-S. Wang, F. Zhang, Y. Ma, P. Gao, C.-L. Zhu, E. Zhang,
Z. Xu, Q. Li, Synthesis and enhanced gas sensing properties of crystalline CeO02/
TiO2 core/shell nanorods, Sens. Actuators. B Chem. 156 (2011) 867-874.

A. Katoch, S.-W. Choi, G.-J. Sun, S.S. Kim, An approach to detecting a reducing
gas by radial modulation of electron-depleted shells in core-shell nanofibers,

J. Mater. Chem. a Mater. 1 (2013) 13588.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0167
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0167
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0168
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0168
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0168
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0169
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0169
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0169
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0169
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0170
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0170
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0170
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0170
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0171
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0171
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0171
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0171
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0172
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0172
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0172
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0173
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0173
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0173
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0174
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0174
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0175
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0175
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0175
https://doi.org/10.1007/s00339-023-07176-x
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0177
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0177
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0177
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0177
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0178
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0178
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0179
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0179
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0180
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0180
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0180
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0181
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0181
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0181
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0182
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0182
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0182
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0183
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0183
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0183
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0183
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0184
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0184
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0184
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0185
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0185
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0185
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0185
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0186
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0186
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0186
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0186
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0187
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0187
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0187
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0188
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0188
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0188
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0189
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0189
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0190
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0190
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0190
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0190
https://doi.org/10.3390/chemosensors11100514
https://doi.org/10.3390/chemosensors11100514
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0192
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0192
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0192
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0192
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0194
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0194
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0195
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0195
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0196
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0196
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0196
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0196
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0197
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0197
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0198
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0198
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0199
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0199
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0199
https://doi.org/10.1002/advs.202405694
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0201
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0201
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0201
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0201
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0203
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0203
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0203
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0204
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0204
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0204
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0205
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0205
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0205
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0205
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0206
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0206
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0207
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0207
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0207
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0208
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0208
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0209
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0209
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0210
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0210
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0210
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0211
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0211
https://doi.org/10.1021/acs.chemrev.4c00406
https://doi.org/10.1021/acs.chemrev.4c00406
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0213
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0213
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0213
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0213
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0214
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0214
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0214
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0214
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0215
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0215
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0215
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0216
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0216
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0216
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0217
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0217
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0217
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0218
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0218
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0218
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0219
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0219
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0219
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0219
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0220
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0220
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0220
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0221
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0221
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0221
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0222
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0222
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0222

R. Nagpal et al.

[223]

[224]
[225]
[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

[242]

[243]

[244]

[245]

[246]

[247]

[248]

[249]

[250]

[251]

S.M. Majhi, P. Rai, Y.-T. Yu, Facile approach to synthesize Au@ZnO core-shell
nanoparticles and their application for highly sensitive and selective gas sensors,
ACS. Appl. Mater. Interfaces. 7 (2015) 9462-9468.

N. Yamazoe, K. Shimanoe, Theory of power laws for semiconductor gas sensors,
Sens. Actuators. B Chem. 128 (2008) 566-573.

M. Batzill, U. Diebold, Surface studies of gas sensing metal oxides, Phys. Chem.
Chem. Phys. 9 (2007) 2307.

K. Zakrzewska, Mixed oxides as gas sensors, Thin. Solid. Films. 391 (2001)
229-238.

N. Zahmouli, M. Hjiri, L. El Mir, A. Bonavita, N. Donato, G. Neri, S.G. Leonardi,
High performance acetone sensor based on y-Fe203/Al-ZnO nanocomposites,
Nanotechnology. 30 (2018) 55502.

L. Zhao, C.L. Zhou, H.L. Li, H.W. Diao, W.J. Wang, Role of the work function of
transparent conductive oxide on the performance of amorphous/crystalline
silicon heterojunction solar cells studied by computer simulation, physica status
solidi (a) 205 (2008) 1215-1221.

C.-M. Apostol Nicoleta Georgiana, Teodorescu, Surface Science Tools for
Nanomaterials Characterization, Springer Berlin Heidelberg, Berlin, Heidelberg,
2015, pp. 405-461, ed. C. S. S. R. Kumar.

S. Zhou, J. Ji, T. Qiu, L. Wang, W. Ni, S. Li, W. Yan, M. Ling, C. Liang, Boosting
selective H 2 sensing of ZnO derived from ZIF-8 by rGO functionalization, Inorg.
Chem. Front. 9 (2022) 599-606.

B. Chakraborty, D. Litra, A.K. Mishra, C. Lupan, R. Nagpal, S. Mishra, H. Qiu,
S. Railean, O. Lupan, N.H. de Leeuw, R. Adelung, L. Siebert, Ultra-selective
hydrogen sensors based on CuO - ZnO hetero-structures grown by surface
conversion, J. Alloys. Compd. 1002 (2024) 175385.

D.R. Miller, S.A. Akbar, P.A. Morris, Nanoscale metal oxide-based heterojunctions
for gas sensing: a review, Sens. Actuators. B Chem. 204 (2014) 250-272.

H. Gatty, G. Stemme, N. Roxhed, A. Miniaturized, Amperometric hydrogen sulfide
sensor applicable for bad breath monitoring, Micromachines. (Basel) 9 (2018)
612.

A. Macagnano, A. Bearzotti, F. DeCesare, E. Zampetti, Sensing asthma with
portable devices equipped with ultrasensitive sensors based on electrospun
nanomaterials, Electroanalysis. 26 (2014) 1419-1429.

H. Gatty, G. Stemme, N. Roxhed, A. Miniaturized, Amperometric hydrogen sulfide
sensor applicable for bad breath monitoring, Micromachines. (Basel) 9 (2018)
612.

A. Macagnano, A. Bearzotti, F. DeCesare, E. Zampetti, Sensing asthma with
portable devices equipped with ultrasensitive sensors based on electrospun
nanomaterials, Electroanalysis. 26 (2014) 1419-1429.

K. Zayasu, K. Sekizawa, S. Okinaga, M. Yamaya, T. Ohrui, H. Sasaki, Increased
carbon monoxide in exhaled air of asthmatic patients, Am. J. Respir. Crit. Care
Med. 156 (1997) 1140-1143.

R.P. Smith, R.E. Gosselin, Hydrogen sulfide poisoning, J. Occup. Environ. Med. 21
(1979) 93-97.

E. Zaorska, M. Konop, R. Ostaszewski, D. Koszelewski, M. Ufnal, Salivary
hydrogen sulfide measured with a new highly sensitive self-immolative coumarin-
based fluorescent probe, Molecules. 23 (2018) 2241.

V. Saasa, T. Malwela, M. Beukes, M. Mokgotho, C.-P. Liu and B. Mwakikunga,
Sensing technologies for detection of acetone in human breath for diabetes
diagnosis and monitoring, Diagnostics, DOI:10.3390/diagnostics8010012.

H. Kimura, Production and physiological effects of hydrogen sulfide, Antioxid.
Redox. Signal. 20 (2014) 783-793.

L.R. Goodwin, D. Francom, F.P. Dieken, J.D. Taylor, M.W. Warenycia, R.

J. Reiffenstein, G. Dowling, Determination of sulfide in brain tissue by gas
dialysis/ion chromatography: postmortem studies and two case reports, J. Anal.
Toxicol. (13) (1989) 105-109.

Y. Han, J. Qin, X. Chang, Z. Yang, J. Du, Hydrogen sulfide and carbon monoxide
are in synergy with each other in the pathogenesis of recurrent febrile seizures,
Cell. Mol. Neurobiol. 26 (2006) 101-107.

T.W. Mitchell, J.C. Savage, D.H. Gould, High-performance liquid chromatography
detection of sulfide in tissues from sulfide-treated mice, J. Appl. Toxicol. 13
(1993) 389-394.

J.C. Savage, D.H. Gould, Determination of sulfide in brain tissue and rumen fluid
by ion-interaction reversed-phase high-performance liquid chromatography,

J. Chromatogr. B Biomed. Sci. Appl. 526 (1990) 540-545.

M.W. Warenycia, L.R. Goodwin, C.G. Benishin, R.J. Reiffenstein, D.M. Francom,
J.D. Taylor, F.P. Dieken, Acute hydrogen sulfide poisoning. Demonstration of
selective uptake of sulfide by the brainstem by measurement of brain sulfide
levels, Biochem. Pharmacol. 38 (1989) 973-981.

Y. Ogasawara, S. Isoda, S. Tanabe, Tissue and subcellular distribution of bound
and acid-labile sulfur, and the enzymic capacity for sulfide production in the rat,
Biol. Pharm. Bull. 17 (1994) 1535-1542.

D.C. Dorman, F.J.-M. Moulin, B.E. McManus, K.C. Mahle, R.A. James, M.

F. Struve, Cytochrome oxidase inhibition induced by acute hydrogen sulfide
inhalation: correlation with tissue sulfide concentrations in the rat brain, liver,
lung, and nasal epithelium, Toxicol. Sci. 65 (2002) 18-25.

X. Wang, H. Qin, J. Pei, Y. Chen, L. Li, J. Xie, J. Hu, Sensing performances to low
concentration acetone for palladium doped LaFeO3 sensors, J. Rare Earths 34
(2016) 704-710.

H. Wu, X. Li, G. Fu, P. Xu, C. Fan, L. Shen, G. Yang, C. Wen, W. Liu, Ultrasensitive
detection of dimethylamine gas for early diagnosis of Parkinson’s disease using
CeO2-coated Ti3C2Tx MXene/carbon nanofibers, ACS. Sens. 9 (2024)
6400-6410.

N. Ashammakhi, A.L. Hernandez, B.D. Unluturk, S.A. Quintero, N.R. de Barros,
E. Hoque Apu, A. Bin Shams, S. Ostrovidov, J. Li, C. Contag, A.S. Gomes,

43

[252]

[253]

[254]

[255]

[256]

[257]

[258]

[259]

[260]

[261]

[262]

[263]

[264]

[265]

[266]

[267]

[268]

[269]

[270]

[271]
[272]
[273]
[274]
[275]
[276]
[277]

[278]

[279]

[280]

Materials Today Electronics 15 (2026) 100192

M. Holgado, Biodegradable implantable sensors: materials design, fabrication,
and applications, Adv. Funct. Mater. 31 (2021) 2104149.

G. Liu, Z. Lv, S. Batool, M.-Z. Li, P. Zhao, L. Guo, Y. Wang, Y. Zhou, S.-T. Han,
Biocompatible material-based flexible biosensors: from materials design to
wearable/implantable devices and integrated sensing systems, Small. 19 (2023)
2207879.

P. Harris, J. Kaveh, A.M. Kemas, H. Mikaelsson, M. Fielden, V.M. Lauschke, R.
7 Shafagh, Robust and seamless integration of thiol-ene-epoxy thermosets with
thermoplastics and glass as hybrid microfluidic devices suitable for drug studies,
Adv. Mater. Interfaces. 11 (2024) 2300972.

A.J. Kulandaisamy, V. Elavalagan, P. Shankar, G.K. Mani, K.J. Babu, J.B.

B. Rayappan, Nanostructured cerium-doped zno thin film - a breath sensor,
Ceram. Int. 42 (2016) 18289-18295.

L.F. da Silva, A.C. Catto, W. Avansi, L.S. Cavalcante, V.R. Mastelaro, J. Andrés,
K. Aguir, E. Longo, Acetone gas sensor based on a-Ag2WO4 nanorods obtained via
a microwave-assisted hydrothermal route, J. Alloys. Compd. 683 (2016)
186-190.

E. Mansour, R. Vishinkin, S. Rihet, W. Saliba, F. Fish, P. Sarfati, H. Haick,
Measurement of temperature and relative humidity in exhaled breath, Sens.
Actuators. B Chem. 304 (2020) 127371.

W.T. Koo, S.J. Choi, J.S. Jang and 1.D. Kim, Metal-organic framework templated
synthesis of ultrasmall catalyst loaded ZnO/ZnCo2 O4 hollow spheres for
enhanced gas sensing properties, Sci. Rep., DOI:10.1038/srep45074.

S.M. Abernathy, K.R. Brown, Using the vapor pressure of pure volatile organic
compounds to predict the enthalpy of vaporization and computing the entropy of
vaporization, OAlib. 02 (2015) 1-7.

C.H. Halios, C. Landeg-Cox, S.D. Lowther, A. Middleton, T. Marczylo,

S. Dimitroulopoulou, Chemicals in European residences — Part I: a review of
emissions, concentrations and health effects of volatile organic compounds
(VOCs), Sci. Total Environ. 839 (2022) 156201.

A.H. Johnstone, CRC Handbook of Chemistry and Physics-69th Edition Editor in
Chief R. C. Weast (1988) 2400 price £57.50. ISBN 0-8493-0369-5, Journal of
Chemical Technology & Biotechnology, 2007, 50.

Z. Liu, T. Yang, Y. Dong and X. Wang, A room temperature VOCs gas sensor based
on a layer by layer multi-walled carbon nanotubes/poly-ethylene glycol
composite, Sensors, DOI:10.3390/s18093113.

H. Nguyen, S.A. El-Safty, Meso- and macroporous Co304 nanorods for effective
VOC gas sensors, J. Phys. Chem. C 115 (2011) 8466-8474.

S. Acharyya, S. Nag, S. Kimbahune, A. Ghose, A. Pal, P.K. Guha, Selective
discrimination of VOCs applying gas sensing kinetic analysis over a metal oxide-
based chemiresistive gas sensor, ACS. Sens. 6 (2021) 2218-2224.

K. Li, Y. Liang, Y. Liu, Y.-S. Lin, Tunable MEMS-based meta-absorbers for
nondispersive infrared gas sensing applications, Microsyst. Nanoeng. 11 (2025) 2.
V. Sharif, H. Saberi, H. Pakarzadeh, Designing a terahertz optical sensor based on
helically twisted photonic crystal fiber for toxic gas sensing, Sci. Rep. 15 (2025)
2268.

Y. Jiang, L. Wu, Q. Chen, N. Li, J. Tian, High-performance capacitive humidity
sensor based on flower-like SnS2/Ti3C2 MXene for respiration monitoring and
non-contact sensing, Sens. Actuators. B Chem. 426 (2025) 137012.

M. Singh, K. Won, Diols as a novel signal enhancer for electrochemical ammonia
gas sensing in ionic liquid electrolytes, Microchem. J. 208 (2025) 112444.

H. Zhang, H. Zhu, S. Nie, S. Wu, X. Liu, S. Yin, Room temperature potentiometric
sensor for hydrogen sulfide and sulfur dioxide based on a Zn-doped
Na3Zr2Si2P012 electrolyte, Sens. Actuators. B Chem. 427 (2025) 137139.

B. Cui, W. Wang, L. Cheng, J. Jin, A. Hu, Z. Ren, X. Xue, Y. Liang, Acoustic
impedance-based surface acoustic wave chip for gas leak detection and
respiratory monitoring, Commun. Eng. 4 (2025) 15.

L. Katriani, R. Aflaha, C.N. Maharani, F. Naafi’ah Salsabila, A.H. As’ari, A.
Rianjanu, P. Nurwantoro, R. Roto and K. Triyana, Quartz crystal microbalance
coated with a polyvinylpyrrolidone microfiber active layer as a high-performance
acetic acid gas sensor, Langmuir., DOI:10.1021/acs.langmuir.4c04474.

L. Chen, S. Oishi, Terahertz time-domain spectroscopy of organic gases, Rev.
Laser Eng. 34 (2006) 251-254.

B. Graber, C. Kim, D.H. Wu, High SNR single measurements of trace gas phase
spectra at THz frequencies, Appl. Phys. Lett. 111 (2017) 221107.

H. Lin, W. Withayachumnankul, B.M. Fischer, S.P. Mickan, D. Abbott, Terahertz
Photonics, SPIE, 2008 68400X eds. C. Zhang and X.-C. Zhangvol. 6840.

R. Puers, Capacitive sensors: When and how to use them, Sens. Actuators. a Phys.
37-38 (1993) 93-105.

F.M.L. Van Der Goes, G.C.M. Meijer, A novel low-cost capacitive-sensor interface,
IEEe Trans. Instrum. Meas. 45 (1996) 536-540.

V. Tsouti, C. Boutopoulos, I. Zergioti, S. Chatzandroulis, Capacitive microsystems
for biological sensing, Biosens. Bioelectron. 27 (2011) 1-11.

G. Brasseur, B. Brandstatter and H. Zangl, in 1st International Workshop on
Robotic Sensing,2003. ROSE’ 03., 2003, pp. 4 pp.-.

A.H. Assen, O. Yassine, O. Shekhah, M. Eddaoudi, K.N. Salama, MOFs for the
sensitive detection of ammonia: deployment of fcu-MOF thin films as effective
chemical capacitive sensors, ACS. Sens. 2 (2017) 1294-1301.

A. Nasri, M. Pétrissans, V. Fierro, A. Celzard, Gas sensing based on organic
composite materials: review of sensor types, progresses and challenges, Mater.
Sci. Semicond. Process. 128 (2021) 105744.

1. Yoon, G. Eom, S. Lee, B.K. Kim, S.K. Kim and H.J. Lee, A capacitive
micromachined ultrasonic transducer-based resonant sensor array for portable
volatile organic compound detection with wireless systems, Sensors, DOIL:1
0.3390/519061401.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0223
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0223
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0223
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0224
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0224
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0225
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0225
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0226
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0226
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0227
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0227
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0227
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0228
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0228
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0228
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0228
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0229
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0229
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0229
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0230
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0230
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0230
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0231
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0231
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0231
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0231
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0232
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0232
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0233
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0233
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0233
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0234
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0234
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0234
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0235
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0235
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0235
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0236
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0236
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0236
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0237
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0237
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0237
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0238
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0238
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0239
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0239
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0239
https://doi.org/10.3390/diagnostics8010012
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0241
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0241
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0242
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0242
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0242
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0242
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0243
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0243
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0243
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0244
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0244
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0244
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0245
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0245
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0245
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0246
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0246
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0246
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0246
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0247
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0247
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0247
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0248
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0248
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0248
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0248
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0249
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0249
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0249
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0250
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0250
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0250
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0250
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0251
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0251
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0251
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0251
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0252
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0252
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0252
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0252
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0253
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0253
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0253
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0253
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0254
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0254
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0254
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0255
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0255
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0255
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0255
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0256
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0256
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0256
https://doi.org/10.1038/srep45074
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0258
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0258
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0258
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0259
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0259
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0259
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0259
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0260
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0260
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0260
https://doi.org/10.3390/s18093113
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0262
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0262
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0263
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0263
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0263
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0264
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0264
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0265
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0265
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0265
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0266
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0266
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0266
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0267
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0267
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0268
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0268
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0268
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0269
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0269
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0269
https://doi.org/10.1021/acs.langmuir.4c04474
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0271
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0271
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0272
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0272
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0273
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0273
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0274
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0274
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0275
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0275
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0276
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0276
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0278
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0278
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0278
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0279
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0279
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0279
https://doi.org/10.3390/s19061401
https://doi.org/10.3390/s19061401

R. Nagpal et al.

[281]

[282]

[283]

[284]

[285]
[286]
[287]

[288]

[289]

[290]

[291]

[292]

[293]

[294]

[295]

[296]

[297]

[298]

[299]

[300]

[301]

[302]

[303]

[304]

[305]

[306]

[307]

[308]

[309]

[310]

[311]
[312]

R.J. Rath, S. Farajikhah, F. Oveissi, F. Dehghani, S. Naficy, Chemiresistive Sensor
Arrays for Gas/Volatile Organic Compounds Monitoring: A Review, John Wiley
and Sons Inc, 2023, https://doi.org/10.1002/adem.202200830 preprint.

J. Herrmann, G. Hagen, J. Kita, F. Noack, D. Bleicker, R. Moos, Multi-gas sensor to
detect simultaneously nitrogen oxides and oxygen, J. Sens. Sens. Syst. 9 (2020)
327-335.

K.J. Albert, N.S. Lewis, C.L. Schauer, G.A. Sotzing, S.E. Stitzel, T.P. Vaid, D.

R. Walt, Cross-Reactive chemical sensor arrays, Chem. Rev. 100 (2000)
2595-2626.

V. Schroeder, E.D. Evans, Y.-C.M. Wu, C.-C.A. Voll, B.R. McDonald, S. Savagatrup,
T.M. Swager, Chemiresistive sensor array and machine learning classification of
food, ACS. Sens. 4 (2019) 2101-2108.

B.A. Day and C.E. Wilmer, Genetic algorithm design of MOF-based gas sensor
arrays for CO2-in-air sensing, Sensors (Switzerland), DOI:10.3390/520030924.

G. Freund, R.L. Weinsier, Standardized ketosis in man following medium chain
triglyceride ingestion, Metabolism. 15 (1966) 980-991.

J.C. Anderson, Measuring breath acetone for monitoring fat loss: review, Obesity
23 (2015) 2327-2334.

1.C. Weber, H.P. Braun, F. Krumeich, A.T. Giintner, S.E. Pratsinis, Superior
acetone selectivity in gas mixtures by catalyst-filtered chemoresistive sensors,
Adv. Sci. 7 (2020) 2001503.

0.V Shutkina, O.A. Ponomareva, P.A. Kots, LI Ivanova, Selective hydrogenation
of acetone in the presence of benzene, Catal. Today 218-219 (2013) 30-34.

N. Zhang, H. Li, Z. Xu, R. Yuan, Y. Xu and Y. Cui, Enhanced acetone sensing
property of a sacrificial template based on cubic-like mof-5 doped by ni
nanoparticles, Nanomaterials, DOI:10.3390/nano10020386.

O. Yassine, O. Shekhah, A.H. Assen, Y. Belmabkhout, K.N. Salama, M. Eddaoudi,
H 2 S sensors: fumarate-based fcu-MOF thin film grown on a capacitive
interdigitated electrode, Angewandte Chemie 128 (2016) 16111-16115.

B. Dy, F. Yan, X. Lin, C. Liang, X. Guo, Y. Tan, H. Zhen, C. Zhao, Y. Shi, E. Kibet,
Y. He, X. Yang, A bottom-up sonication-assisted synthesis of Zn-BTC MOF
nanosheets and the ppb-level acetone detection of their derived ZnO nanosheets,
Sens. Actuators. B Chem. 375 (2023) 132854.

G. Wen, Z. Li, M. Choi, Detection of ethanol in food: a new biosensor based on
bacteria, J. Food Eng. 118 (2013) 56-61.

D.W. Lachenmeier, R. Godelmann, M. Steiner, B. Ansay, J. Weigel, G. Krieg, Rapid
and mobile determination of alcoholic strength in wine, beer and spirits using a
flow-through infrared sensor, Chem. Cent. J. 4 (2010) 1-10.

J.C. Fell, C. Compton, R.B. Voas, A note on the use of passive alcohol sensors
during routine traffic stops, Traffic. Inj. Prev. 9 (2008) 534-538.

J. Li, Q. Ding, X. Mo, Z. Zou, P. Cheng, Y. Li, K. Sun, Y. Fu, Y. Wang, D. He,

A highly stable and sensitive ethanol sensor based on Ru-decorated 1D WO3
nanowires, RSC. Adv. 11 (2021) 39130-39141.

N.M. Shaalan, F. Ahmed, M. Rashad, O. Saber, S. Kumar, A. Aljaafari, A. Ashoaibi,
A.Z. Mahmoud and M. Ezzeldien, Low-Temperature ethanol sensor via defective
multiwalled carbon nanotubes, Materials, DOI:10.3390/mal5134439.

7.Q. Zheng, J.D. Yao, B. Wang, G.W. Yang, Light-controlling, flexible and
transparent ethanol gas sensor based on ZnO nanoparticles for wearable devices,
Sci. Rep. 5 (2015) 11070.

X.Y. Huang, Y.R. Kang, S. Yan, A. Elmarakbi, Y.Q. Fu, W.F. Xie, Metal-organic
framework-derived trimetallic oxides with dual sensing functions for ethanol,
Nanoscale 15 (2023) 8181-8188.

J. Fang, X. Chen, R.-P. Xiao, J.-J. Xue, J.-M. Song, High performance ethanol
sensor based on Pr-Sn02/In203 composite, Ceram. Int. 48 (2022) 9897-9905.
M.S. Hosseini, S. Zeinali, M.H. Sheikhi, Fabrication of capacitive sensor based on
Cu-BTC (MOF-199) nanoporous film for detection of ethanol and methanol
vapors, Sens. Actuators. B Chem. 230 (2016) 9-16.

Right to Know Hazardous Substance Fact Sheet for Toluene, .

T.-T. Win-Shwe, H. Fujimaki, Neurotoxicity of toluene, Toxicol. Lett. 198 (2010)
93-99.

K. Suematsu, K. Watanabe, A. Tou, Y. Sun, K. Shimanoe, Ultraselective toluene-
gas sensor: nanosized gold loaded on zinc oxide nanoparticles, Anal. Chem. 90
(2018) 1959-1966.

S.P. Subin David, S. Veeralakshmi, J. Sandhya, S. Nehru, S. Kalaiselvam, Room
temperature operatable high sensitive toluene gas sensor using chemiresistive Ag/
Bi203 nanocomposite, Sens. Actuators. B Chem. 320 (2020) 128410.

Y.K. Jo, S.-Y. Jeong, Y.K. Moon, Y.-M. Jo, J.-W. Yoon, J.-H. Lee, Exclusive and
ultrasensitive detection of formaldehyde at room temperature using a flexible and
monolithic chemiresistive sensor, Nat. Commun. 12 (2021) 4955.

Y. Xiao, J. Yu, L. Shun, S. Tan, X. Cai, Y. Luo, J. Zhang, H. Dong, H. Lu, H. Guan,
Y. Zhong, J. Tang, Z. Chen, Reduced graphene oxide for fiber-optic toluene gas
sensing, Opt. Express. 24 (2016) 28290-28302.

L. Wang, S.Y. Song, B. Hong, J.C. Xu, Y.B. Han, H.X. Jin, D.F. Jin, J. Li, Y.T. Yang,
X.L. Peng, H.L. Ge, X.Q. Wang, Highly improved toluene gas-sensing performance
of mesoporous Co304 nanowires and physical mechanism, Mater. Res. Bull. 140
(2021) 111329.

J. Cao, S. Wang, X. Zhao, Y. Xing, J. Li, D. Li, Facile synthesis and enhanced
toluene gas sensing performances of Co304 hollow nanosheets, Mater. Lett. 263
(2020) 127215.

A. Allouch, M. Guglielmino, P. Bernhardt, C.A. Serra, S.Le Calvé, Transportable,
fast and high sensitive near real-time analyzers: formaldehyde detection, Sens.
Actuators. B Chem. 181 (2013) 551-558.

Effect on Humans- Formaldehyde.pdf, preprint.

N. Jafari, S. Zeinali, Highly rapid and sensitive formaldehyde detection at room
temperature using a ZIF-8/MWCNT nanocomposite, ACS. Omega 5 (2020)
4395-4402.

44

[313]

[314]

[315]

[316]

[317]

[318]

[319]

[320]

[321]

[322]

[323]

[324]

[325]

[326]

[327]

[328]

[329]

[330]

[331]

[332]

[333]

[334]

[335]
[336]
[337]

[338]

[339]

[340]

[341]

[342]

Materials Today Electronics 15 (2026) 100192

E.-X. Chen, H. Yang, J. Zhang, Zeolitic imidazolate framework as formaldehyde
gas sensor, Inorg. Chem. 53 (2014) 5411-5413.

N. Han, Y. Tian, X. Wu, Y. Chen, Improving humidity selectivity in formaldehyde
gas sensing by a two-sensor array made of Ga-doped ZnO, Sens. Actuators. B
Chem. 138 (2009) 228-235.

C. Xie, L. Xiao, M. Hu, Z. Bai, X. Xia, D. Zeng, Fabrication and formaldehyde gas-
sensing property of ZnO-MnO2 coplanar gas sensor arrays, Sens. Actuators. B
Chem. 145 (2010) 457-463.

M. Chen, Y. Zhang, J. Zhang, K. Li, T. Lv, K. Shen, Z. Zhu, Q. Liu, Facile lotus-leaf-
templated synthesis and enhanced xylene gas sensing properties of Ag-LaFeO3
nanoparticles, J. Mater. Chem. C 6 (2018) 6138-6145.

T.-H. Kim, S.-Y. Jeong, Y.K. Moon, J.-H. Lee, Dual-mode gas sensor for
ultrasensitive and highly selective detection of xylene and toluene using Nb-
doped NiO hollow spheres, Sens. Actuators. B Chem. 301 (2019) 127140.

K.-Y. Lin, S. Nachimuthu, M.T. Nguyen, H. Mizuta, J.-C. Jiang, Effects of electric
field on the performance of graphene-based counter electrodes for dye-sensitized
solar cells: a theoretical study, J. Phys. Chem. C 123 (2019) 30373-30381.
C.-H. Yeh, T.M. Le Pham, S. Nachimuthu, J.-C. Jiang, Effect of external electric
field on methane conversion on IrO2(110) surface: a density functional theory
study, ACS. Catal. 9 (2019) 8230-8242.

S. Giraudet, P. Pré, H. Tezel, P.Le Cloirec, Estimation of adsorption energies using
physical characteristics of activated carbons and VOCs’ molecular properties,
Carbon. N. Y. 44 (2006) 1873-1883.

C.-T. Hsieh, J.-M. Chen, Adsorption energy distribution model for VOCs onto
activated carbons, J. Colloid. Interface Sci. 255 (2002) 248-253.

J. Guo, Y. Li, B. Jiang, H. Gao, T. Wang, P. Sun, F. Liu, X. Yan, X. Liang, Y. Gao,
J. Zhao, G. Lu, Xylene gas sensing properties of hydrothermal synthesized Sn02-
Co0304 microstructure, Sens. Actuators. B Chem. 310 (2020) 127780.

H. Wu, Y. Zhou, J. Guo, L. Zhao, T. Wang, X. Yan, C. Wang, F. Liu, P. Sun, G. Lu,
Highly sensitive and selective xylene sensor based on p-p heterojunctions
composites derived from off-stoichiometric cobalt tungstate, Sens. Actuators. B
Chem. 351 (2022) 130973.

M. Verma, G. Bahuguna, A. Saharan, S. Gaur, H. Haick, R. Gupta, Room
temperature humidity tolerant xylene sensor using a Sn-SnO2 nanocomposite,
ACS. Appl. Mater. Interfaces. 15 (2023) 5512-5520.

L. Popov, Z. Zhu, A.R. Young-Gonzales, R.L. Sacci, E. Mamontov, C. Gainaru, S.
J. Paddison, A.P. Sokolov, Search for a Grotthuss mechanism through the
observation of proton transfer, Commun. Chem. 6 (2023) 77.

Right to Know Hazardous Substance Fact Sheet for Benzene,.

A.L. Bolden, C.F. Kwiatkowski, T. Colborn, New look at BTEX: are ambient levels
a problem? Environ. Sci. Technol. 49 (2015) 5261-5276.

S. Vallejos, T. Stoycheva, E. Llobet, X. Correig, P. Umek, I. Gracia and C.
Blackman, in 2012 12th IEEE International Conference on Nanotechnology (IEEE-
NANO), 2012, pp. 1-5.

T. Sauerwald, T. Baur, M. Leidinger, W. Reimringer, L. Spinelle, M. Gerboles,
G. Kok, A. Schiitze, Highly sensitive benzene detection with metal oxide
semiconductor gas sensors — an inter-laboratory comparison, J. Sens. Sens. Syst. 7
(2018) 235-243.

M. Mabrook, P. Hawkins, Benzene sensing using thin films of titanium dioxide
operating at room temperature, Sensors 2 (2002) 374-382.

D. Ayache, W. Trzpil, R. Rousseau, K. Kinjalk, R. Teissier, A.N. Baranov,

M. Bahriz, A. Vicet, Benzene sensing by Quartz enhanced photoacoustic
spectroscopy at 14.85 um, Opt. Express. 30 (2022) 5531-5539.

K.B. Kim, Y.K. Moon, T.-H. Kim, B.-H. Yu, H.-Y. Li, Y.C. Kang, J.-W. Yoon, Highly
selective and sensitive detection of carcinogenic benzene using a raisin bread-
structured film comprising catalytic Pd-Co304 and gas-sensing SnO2 hollow
spheres, Sens. Actuators. B Chem. 386 (2023) 133750.

M.-Y. Zhu, L.-X. Zhang, J. Yin, J.-J. Chen, L.-J. Bie, Ppt-level benzene detection
and gas sensing mechanism using (C4H9NH3)2PbI2Br2 organic-inorganic
layered perovskite, Inorg. Chem. Front. 5 (2018) 3046-3052.

P. Gaurh, H. Pramanik, Production of benzene/toluene/ethyl benzene/xylene
(BTEX) via multiphase catalytic pyrolysis of hazardous waste polyethylene using
low cost fly ash synthesized natural catalyst, Waste Manag. 77 (2018) 114-130.
NIOSH factsheet for Ethylbenzene.

J. Ellis, Right to know, New Sci. (1956) 172 (2001) 59.

P.K. Sekhar and K. Subramaniyam, Detection of harmful Benzene, Toluene,
Ethylbenzene, Xylenes (BTEX) vapors using electrochemical gas sensors, ECS
Electrochem. Lett., DOI:10.1149/2.005402eel.

Y. Li, K. Chen, Y. Liu, J. Ma, Y. Liao, H. Yang, J. Cheng, Q. Yue, K. Yuan, Y. Ren,
Y. Zou, Y. Deng, Gadolinium-doped mesoporous tungsten oxides: rational
synthesis, gas sensing performance, and mechanism investigation, Nano Res. 16
(2023) 7527-7536.

T. Sobanski, A. Szczurek and B.W. Licznerski, in 24th International Spring
Seminar on Electronics Technology. Concurrent Engineering in Electronic
Packaging. ISSE 2001. Conference Proceedings (Cat. No.01EX492), 2001, pp.
150-153.

F. Ren, L. Gao, Y. Yuan, Y. Zhang, A. Algrni, O.M. Al-Dossary, J. Xu, Enhanced
BTEX gas-sensing performance of CuO/SnO2 composite, Sens. Actuators. B Chem.
223 (2016) 914-920.

Z. Cao, Y. Ge, W. Wang, J. Sheng, Z. Zhang, J. Li, Y. Sun, F. Dong, Chemical
discrimination of benzene series and molecular recognition of the sensing process
over Ti-doped Co304, ACS. Sens. 7 (2022) 1757-1765.

W. Quan, X. Hu, X. Min, J. Qiu, R. Tian, P. Ji, W. Qin, H. Wang, T. Pan, S. Cheng,
X. Chen, W. Zhang, X. Wang and H. Zheng, A highly sensitive and selective ppb-
level acetone sensor based on a Pt-doped 3D porous SnO2 hierarchical structure,
Sensors, DOI:10.3390/520041150.


https://doi.org/10.1002/adem.202200830
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0282
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0282
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0282
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0283
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0283
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0283
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0284
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0284
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0284
https://doi.org/10.3390/s20030924
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0286
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0286
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0287
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0287
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0288
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0288
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0288
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0289
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0289
https://doi.org/10.3390/nano10020386
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0291
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0291
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0291
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0292
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0292
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0292
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0292
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0293
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0293
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0294
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0294
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0294
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0295
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0295
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0296
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0296
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0296
https://doi.org/10.3390/ma15134439
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0298
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0298
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0298
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0299
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0299
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0299
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0300
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0300
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0301
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0301
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0301
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0303
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0303
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0304
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0304
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0304
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0305
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0305
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0305
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0306
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0306
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0306
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0307
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0307
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0307
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0308
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0308
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0308
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0308
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0309
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0309
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0309
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0310
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0310
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0310
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0312
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0312
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0312
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0313
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0313
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0314
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0314
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0314
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0315
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0315
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0315
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0316
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0316
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0316
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0317
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0317
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0317
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0318
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0318
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0318
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0319
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0319
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0319
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0320
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0320
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0320
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0321
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0321
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0322
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0322
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0322
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0323
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0323
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0323
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0323
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0324
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0324
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0324
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0325
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0325
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0325
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0327
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0327
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0329
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0329
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0329
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0329
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0330
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0330
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0331
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0331
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0331
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0332
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0332
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0332
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0332
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0333
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0333
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0333
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0334
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0334
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0334
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0336
https://doi.org/10.1149/2.005402eel
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0338
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0338
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0338
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0338
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0340
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0340
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0340
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0341
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0341
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0341
https://doi.org/10.3390/s20041150

R. Nagpal et al.

[343]

[344]

[345]

[346]

[347]

[348]

[349]

[350]
[351]
[352]

[353]

[354]

[355]

[356]

[357]

[358]

[359]

[360]

[361]

[362]

[363]

[364]

[365]

[366]

[367]

[368]

[369]

[370]

P. Salimi kuchi, H. Roshan, M.H. Sheikhi, A novel room temperature ethanol
sensor based on PbS:SnS2 nanocomposite with enhanced ethanol sensing
properties, J. Alloys. Compd. 816 (2020) 152666.

H. Ahmadvand, A. Iraji zad, R. Mohammadpour, S.H. Hosseini-Shokouh,

E. Asadian, Room temperature and high response ethanol sensor based on two
dimensional hybrid nanostructures of WS2/GONRs, Sci. Rep. 10 (2020) 14799.
K. Zheng, L. Gu, D. Sun, X. Mo, G. Chen, The properties of ethanol gas sensor
based on Ti doped ZnO nanotetrapods, Mater. Sci. Eng. 166 (2010) 104-107.

L. Sui, X. Zhang, X. Cheng, P. Wang, Y. Xu, S. Gao, H. Zhao, L. Huo, Au-Loaded
hierarchical MoO3 hollow spheres with enhanced gas-sensing performance for the
detection of BTX (Benzene, Toluene, And Xylene) and the sensing mechanism,
ACS. Appl. Mater. Interfaces. 9 (2017) 1661-1670.

Y.K. Jo, S.-Y. Jeong, Y.K. Moon, Y.-M. Jo, J.-W. Yoon, J.-H. Lee, Exclusive and
ultrasensitive detection of formaldehyde at room temperature using a flexible and
monolithic chemiresistive sensor, Nat. Commun. 12 (2021) 4955.

S. Hussain, N. Aslam, X.Y. Yang, M.S. Javed, Z. Xu, M. Wang, G. Liu, G. Qiao,
Unique polyhedron CeO2 nanostructures for superior formaldehyde gas-sensing
performances, Ceram. Int. 44 (2018) 19624-19630.

K.B. Kim, Y.K. Moon, T.-H. Kim, B.-H. Yu, H.-Y. Li, Y.C. Kang, J.-W. Yoon, Highly
selective and sensitive detection of carcinogenic benzene using a raisin bread-
structured film comprising catalytic Pd-Co304 and gas-sensing SnO2 hollow
spheres, Sens. Actuators. B Chem. 386 (2023) 133750.

A brief history of gas detection.

S. Ruston, Humphry Davy in 1816: letters and the lamp, Wordsworth Circle 48
(2017) 6-16.

F. Benrekia, M. Attari, M. Bouhedda, Gas sensors characterization and multilayer
perceptron (MLP) hardware implementation for gas identification using a field
programmable gate array (FPGA), Sensors 13 (2013) 2967-2985.

J. Wei, M. Zhao, C. Wang, J. Wang, J.-M. Ye, Y.-C. Wei, Z.-Y. Li, R. Zhao, G.-Z. Liu,
Y.-H. Geng, R. Wang, H.-D. Xiao, Y. Li, C.-Y. Li, Z.-Q. Gao and J. Gao, Vacuum
based gas sensing material characterization system for precise and simultaneous
measurement of optical and electrical responses, Sensors, DOI:10.3390/52203101
4.

1.-H. Yang, J.-H. Jin and N.K. Min, A micromachined metal oxide composite dual
gas sensor system for principal component analysis-based multi-monitoring of
noxious gas mixtures, Micromachines. (Basel), DOI:10.3390/mi11010024.

B. Boyle, The Complete Guide to Testing Chemical Sensors The Complete Guide to
Testing Chemical Sensors Owlstone Whitepaper, .

F. Hudson, STANDARD OPERATING PROCEDURE Sample Preparation and
Calculations for Dissolved Gas Analysis in Water Samples Using a GC Headspace
Equilibration Technique, 2004.

I. Rodriguez-Lujan, J. Fonollosa, A. Vergara, M. Homer, R. Huerta, On the
calibration of sensor arrays for pattern recognition using the minimal number of
experiments, Chemometrics Intell. Lab. Syst. 130 (2014) 123-134.

J. Shi, Y. Jiang, Z. Duan, J. Li, Z. Yuan, H. Tai, Designing an optical gas chamber
with stepped structure for non-dispersive infrared methane gas sensor, Sens.
Actuators. A Phys. 367 (2024) 115052.

H. Mahdavi, S. Rahbarpour, R. Goldoust, S.M. Hosseini-Golgoo, H. Jamaati,
Investigating simultaneous effects of flow rate and chamber structure on the
performance of metal oxide gas sensors, IEEe Sens. J. 21 (2021) 21612-21621.
H. Mei, P. Wei, M.A. Ghadikolaei, N.K. Gali, Y. Wang, Z. Ning, Performance
validation and calibration conditions for novel dynamic baseline tracking air
sensors in long-term field monitoring, Atmos. Meas. Tech. 18 (2025) 1771-1785.
H. Mei, P. Wei, Y. Wang, M.A. Ghadikolaei, N.K. Gali and Z. Ning, In-situ baseline
calibration approach for enhanced data quality of large-scale air sensor
monitoring networks, NPJ. Clim. Atmos. Sci., DOI:10.1038/541612-025-01184-9.
M. Tastan, Machine learning-based calibration and performance evaluation of
low-cost internet of things air quality sensors, Sensors, DOI:10.3390/525103183.
S. Cho, H. Han, H. Park, S.-U. Lee, J.-H. Kim, S.W. Jeon, M. Wang, R. Avila, Z. Xi,
K. Ko, M. Park, J. Lee, M. Choi, J.-S. Lee, W.G. Min, B.-J. Lee, S. Lee, J. Choi,
J. Gu, J. Park, M.S. Kim, J. Ahn, O. Gul, C. Han, G. Lee, S. Kim, K. Kim, J. Kim, C.-
M. Kang, J. Koo, S.S. Kwak, S. Kim, D.Y. Choi, S. Jeon, H.J. Sung, Y.B. Park, M. Je,
Y.T. Cho, Y.S. Oh, I. Park, Wireless, multimodal sensors for continuous
measurement of pressure, temperature, and hydration of patients in wheelchair,
Npj. Flex. Electron. 7 (2023) 8.

L. Zhang, J. Zhu, Y. Li and Y. Jin, in 2021 3rd International Conference on Artificial
Intelligence and Advanced Manufacture, Association for Computing Machinery,
New York, NY, USA, 2022, pp. 387-391.

S.C. Mukhopadhyay, Intelligent Sensing, Instrumentation and Measurements,
Springer Berlin Heidelberg, Berlin, Heidelberg, 2013, pp. 29-53.

Y. Luo, R.H. Hargraves, A. Belle, O. Bai, X. Qi, K.R. Ward, M.P. Pfaffenberger,
K. Najarian, A hierarchical method for removal of baseline drift from biomedical
signals: application in ECG analysis, Sci. World J. 2013 (2013) 896056.

M. Boyer, L. Bouyer, J.S. Roy, A. Campeau-Lecours, Reducing Noise, Artifacts and
Interference in Single-Channel EMG Signals: A Review, MDPI, 2023, https://doi.
org/10.3390/523062927 preprint.

R.C. Yob, N.H. Ramli, N. Bahari, L. Zahid, M.W. Nasrudin, An impedance
matching network towards amplifier design from conceptual to practical:
simulation study, J. Phys. Conf. Ser. 1962 (2021) 012031.

S.M. Cho, Y.J. Kim, G.S. Heo, S.-M. Shin, Two-step preconcentration for analysis
of exhaled gas of human breath with electronic nose, Sens. Actuators. B Chem.
117 (2006) 50-57.

Y. Wang, Z. Chen, Q. Chen, E. Tian, N. Han, J. Mo, Preconcentrating sensor
systems toward indoor low-concentration VOC detection by goal-oriented,
sequential, inverse design strategy, Build. Environ. 254 (2024) 111372.

45

[371]

[372]

[373]

[374]

[375]

[376]

[377]

[378]

[379]

[380]

[381]

[382]

[383]

[384]

[385]

[386]

[387]

[388]
[389]

[390]

[391]

[392]

[393]

[394]

[395]

[396]

[397]

Materials Today Electronics 15 (2026) 100192

J. Lee and S.-H. Lim, CNT foam-embedded micro gas preconcentrator for low-
concentration ethane measurements, Sensors, DOI:10.3390/s18051547.

M. Leidinger, M. Rieger, T. Sauerwald, C. Alépée, A. Schiitze, Integrated pre-
concentrator gas sensor microsystem for ppb level benzene detection, Sens.
Actuators. B Chem. 236 (2016) 988-996.

B. Alfeeli, L.T. Taylor, M. Agah, Evaluation of Tenax TA thin films as adsorbent
material for micro preconcentration applications, Microchem. J. 95 (2010)
259-267.

R. Goldoust, S. Rahbarpour, Design and implementation of a preconcentrator with
Zeolite NaY for sensitivity enhancement of commercial gas sensors at low NO2
concentrations, Mater. Res. Express. 6 (2018) 15506.

H. Lahlou, X. Vilanova, V. Fierro, A. Celzard, E. Llobet, X. Correig, Preparation
and characterisation of a planar pre-concentrator for benzene based on different
activated carbon materials deposited by air-brushing, Sens. Actuators. B Chem.
154 (2011) 213-219.

C. Day, N. Rowe, T. Hutter, Nanoporous silica preconcentrator for vapor-phase
DMNB, a detection taggant for explosives, ACS. Omega 5 (2020) 18073-18079.
C. Kessler, J. Eller, J. Gross, N. Hansen, Adsorption of light gases in covalent
organic frameworks: comparison of classical density functional theory and grand
canonical Monte Carlo simulations, Microporous Mesoporous Mater. 324 (2021)
111263.

L. Gong, Y. Ye, Y. Liu, Y. Li, Z. Bao, S. Xiang, Z. Zhang, B. Chen, A microporous
hydrogen-bonded organic framework for efficient Xe/Kr separation, ACS. Appl.
Mater. Interfaces. 14 (2022) 19623-19628.

W.-G. Shim, K.-J. Hwang, J.-T. Chung, Y.-S. Baek, S.-J. Yoo, S.-C. Kim, H. Moon,
J.-W. Lee, Adsorption and thermodesorption characteristics of benzene in
nanoporous metal organic framework MOF-5, Adv. Powder Technol. 23 (2012)
615-619.

Z.-Y. Gu, G. Wang, X.-P. Yan, MOF-5 metal—organic framework as sorbent for in-
field sampling and preconcentration in combination with thermal desorption GC/
MS for determination of atmospheric formaldehyde, Anal. Chem. 82 (2010)
1365-1370.

Y. Lv, H. Yu, P. Xu, J. Xu, X. Li, Metal organic framework of MOF-5 with
hierarchical nanopores as micro-gravimetric sensing material for aniline
detection, Sens. Actuators. B Chem. 256 (2018) 639-647.

J. Lee, J. Lee, S.-H. Lim, Micro gas preconcentrator using metal organic
framework embedded metal foam for detection of low-concentration volatile
organic compounds, J. Hazard. Mater. 392 (2020) 122145.

M. Shahbaz, M.A. Butt and R. Piramidowicz, Breakthrough in silicon photonics
technology in telecommunications, biosensing, and gas sensing, Micromachines.
(Basel), DOI:10.3390/mi14081637.

A. Mahapatra, V. Anilkumar, R.D. Chavan, P. Yadav, D. Prochowicz,
Understanding the origin of light intensity and temperature dependence of
photodetection properties in a MAPbBr3 single-crystal-based photoconductor,
ACS. Photonics. 10 (2023) 1424-1433.

J. Ma, W. Zhong, L. You, Y. Pei, C. Lu, Z. Xiao, Z. Shen, X. Jiang, N. Qian, X. Liu,
S. Zhang, Band bending caused by forming heterojunctions in Cu-Cu20/rGO-NH2
semiconductor materials and surface coordination of N-methylimidazole, and the
intrinsic nature of synergistic effect on the catalysis of selective aerobic oxidation
of alcohols, Appl. Surf. Sci. 605 (2022) 154563.

A.R. Blaustein, C. Searle, in: S.A. Levin (Ed.), Encyclopedia of Biodiversity,
Second Edition, Academic Press, Waltham, 2013, pp. 296-303.

H. Wu, K. Yang, X. Wang, N. Fang, P. Weng, L. Duan, C. Zhang, X. Wang, L. Liu,
Xenon-lamp simulated sunlight-induced photolysis of pyriclobenzuron in water:
kinetics, degradation pathways, and identification of photolysis products,
Ecotoxicol. Environ. Saf. 263 (2023) 115272.

U. Finkenzeller, D. Labs, Deuterium lamp as a UV continuum source from 160 nm
to 320 nm for space applications, Appl. Opt. 18 (1979) 3938-3941.

M.Z. Le Clair, M.G. Cockburn, Tanning bed use and melanoma: Establishing risk
and improving prevention interventions, Prev. Med. Rep. 3 (2016) 139-144.
B.-M. Song, G.-H. Lee, H.-J. Han, J.-H. Yang, E.-G. Lee, H. Gu, H.-K. Park, K. Ryu,
J. Kim, S.-M. Kang, D. Tark, Ultraviolet-C light at 222 nm has a high disinfecting
spectrum in environments contaminated by infectious pathogens, including
SARS-CoV-2, PLoS. One 18 (2023) €0294427. -.

R.P. Gallagher, T.K. Lee, Adverse effects of ultraviolet radiation: a brief review,
Prog. Biophys. Mol. Biol. 92 (2006) 119-131.

P. He, S. Feng, S. Liu, Q. Li, J. Qi, Z. Zhan, X. Li, Z. Li, J. Shen, W. Lu, Ultrafast UV
response detectors based on multi-channel ZnO nanowire networks, RSC. Adv. 5
(2015) 105288-105291.

Y. Wu, K. Zhang, G. Li, Q. Wang, X. Fu, L. Wang, J. Luo, S. Feng, Z. Tao, Y. Fan,
W. Lu, Ultrafast response solar-blind UV sensor based on ZnGa204 nanowire
bridge arrays, Physica e Low. Dimens. Syst. Nanostruct. 146 (2023) 115505.
S.G. Shin, C.W. Bark and H.W. Choi, Study on performance improvements in
perovskite-based ultraviolet sensors prepared using toluene antisolvent and ch3
nh3 cl, Nanomaterials, DOI:10.3390/nano11041000.

G. Maculan, A.D. Sheikh, A.L. Abdelhady, M.1. Saidaminov, M.A. Haque,

B. Murali, E. Alarousu, O.F. Mohammed, T. Wu, O.M. Bakr, CH3NH3PbCI3 single
crystals: inverse temperature crystallization and visible-blind UV-photodetector,
J. Phys. Chem. Lett. 6 (2015) 3781-3786.

R. Nagpal, M. Chiriac, A. Sereacov, A. Birnaz, A. Nicolai, C. Lupan, A. Buzdugan,
1. Sandu, L. Siebert, L. Oleg, Annealing effect on UV detection properties of ZnO:
Al structures, J. Eng. Sci. 30 (2024) 45-62.

D. Gedamu, L. Paulowicz, S. Kaps, O. Lupan, S. Wille, G. Haidarschin, Y.K. Mishra,
R. Adelung, Rapid fabrication technique for interpenetrated ZnO nanotetrapod
networks for fast UV sensors, Adv. Mater. 26 (2014) 1541-1550.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0343
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0343
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0343
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0344
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0344
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0344
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0345
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0345
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0346
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0346
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0346
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0346
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0347
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0347
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0347
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0348
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0348
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0348
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0349
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0349
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0349
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0349
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0351
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0351
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0352
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0352
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0352
https://doi.org/10.3390/s22031014
https://doi.org/10.3390/s22031014
https://doi.org/10.3390/mi11010024
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0357
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0357
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0357
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0358
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0358
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0358
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0359
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0359
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0359
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0360
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0360
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0360
https://doi.org/10.1038/s41612-025-01184-9
https://doi.org/10.3390/s25103183
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0363
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0365
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0365
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0366
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0366
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0366
https://doi.org/10.3390/s23062927
https://doi.org/10.3390/s23062927
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0368
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0368
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0368
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0369
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0369
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0369
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0370
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0370
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0370
https://doi.org/10.3390/s18051547
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0372
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0372
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0372
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0373
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0373
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0373
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0374
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0374
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0374
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0375
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0375
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0375
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0375
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0376
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0376
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0377
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0377
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0377
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0377
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0378
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0378
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0378
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0379
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0379
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0379
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0379
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0380
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0380
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0380
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0380
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0381
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0381
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0381
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0382
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0382
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0382
https://doi.org/10.3390/mi14081637
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0384
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0384
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0384
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0384
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0385
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0385
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0385
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0385
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0385
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0386
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0386
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0387
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0387
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0387
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0387
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0388
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0388
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0389
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0389
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0390
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0390
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0390
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0390
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0391
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0391
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0392
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0392
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0392
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0393
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0393
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0393
https://doi.org/10.3390/nano11041000
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0395
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0395
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0395
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0395
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0396
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0396
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0396
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0397
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0397
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0397

R. Nagpal et al.

[398]

[399]

[400]

[401]

[402]

[403]

[404]

[405]

[406]

[407]

[408]

[409]

[410]

[411]

[412]

[413]

[414]

[415]

[416]

[417]

[418]

[419]

[420]

[421]

[422]

[423]

[424]

[425]

A. BenMoussa, A. Soltani, U. Schiihle, K. Haenen, Y.M. Chong, W.J. Zhang,

R. Dahal, J.Y. Lin, H.X. Jiang, H.A. Barkad, B. BenMoussa, D. Bolsee, C. Hermans,
U. Kroth, C. Laubis, V. Mortet, J.C. De Jaeger, B. Giordanengo, M. Richter,

F. Scholze, J.F. Hochedez, Recent developments of wide-bandgap semiconductor
based UV sensors, Diam. Relat. Mater. 18 (2009) 860-864.

Z. Zheng, X. Tong, H. Wang, C. Zhang, C. Deng, W. He, Research on sapphire-
based optical fiber deep ultraviolet detection system working at high
temperatures, Optic. Fiber Technol. 47 (2019) 88-92.

D. Acharyya, K.Y. Huang, P.P. Chattopadhyay, M.S. Ho, H.-J. Fecht,

P. Bhattacharyya, Hybrid 3D structures of ZnO nanoflowers and PdO
nanoparticles as a highly selective methanol sensor, Analyst 141 (2016)
2977-2989.

S. Majhi, H.-J. Lee, H.-N. Choe, H. Cho, J. Kim, C.-R. Lee and Y. Yu, Construction
of novel hybrid PdO-ZnO p-n heterojunction nanostructures as high-response
sensor for acetaldehyde gas, CrystEngComm., DOI:10.1039/C9CE00710E.

R. Kumar, H. Rahman, S. Ranwa, A. Kumar, G. Kumar, Development of cost
effective metal oxide semiconductor based gas sensor over flexible chitosan/PVP
blended polymeric substrate, Carbohydr. Polym. 239 (2020) 116213.

B.I. Armitage, K. Murugappan, M.J. Lefferts, A. Cowsik, M.R. Castell, Conducting
polymer percolation gas sensor on a flexible substrate, J. Mater. Chem. C 8 (2020)
12669-12676.

P.V. Shinde, C.S. Rout, Magnetic gas sensing: working principles and recent
developments, Nanoscale Adv. 3 (2021) 1551-1568.

Z.Qu, Y. Fu, B. Yu, P. Deng, L. Xing, X. Xue, High and fast H2S response of NiO/
ZnO nanowire nanogenerator as a self-powered gas sensor, Sens. Actuators. B
Chem. 222 (2016) 78-86.

Y. Zhao, X. Lai, P. Deng, Y. Nie, Y. Zhang, L. Xing, X. Xue, Pt/ZnO nanoarray
nanogenerator as self-powered active gas sensor with linear ethanol sensing at
room temperature, Nanotechnology. 25 (2014) 115502.

E. Abad, S. Zampolli, S. Marco, A. Scorzoni, B. Mazzolai, A. Juarros, D. Gomez,
L. Elmi, G.C. Cardinali, J.M. Gémez, F. Palacio, M. Cicioni, A. Mondini, T. Becker,
I. Sayhan, Flexible tag microlab development: gas sensors integration in RFID
flexible tags for food logistic, Sens. Actuators. B Chem. 127 (2007) 2-7.

R. Kumar, H. Rahman, S. Ranwa, A. Kumar, G. Kumar, Development of cost
effective metal oxide semiconductor based gas sensor over flexible chitosan/PVP
blended polymeric substrate, Carbohydr. Polym. 239 (2020) 116213.

B.I. Armitage, K. Murugappan, M.J. Lefferts, A. Cowsik, M.R. Castell, Conducting
polymer percolation gas sensor on a flexible substrate, J. Mater. Chem. C 8 (2020)
12669-12676.

N. Manh Hung, C.V Nguyen, V.K. Arepalli, J. Kim, N. Duc Chinh, T.D. Nguyen, D.-
B. Seo, E.-T. Kim, C. Kim and D. Kim, Defect-Induced gas-sensing properties of a
flexible sns sensor under UV illumination at room temperature, Sensors, DOI:1
0.3390/520195701.

P.M. Perillo, D.F. Rodriguez, Low temperature trimethylamine flexible gas sensor
based on TiO2 membrane nanotubes, J. Alloys. Compd. 657 (2016) 765-769.

J. Chen, Z. Li, S. Kar-Narayan, D. Luo, X. Wang, W. Wu, C. Liu, Nanogenerators for
self-powered wearable devices, Cell Rep. Phys. Sci. 6 (2025) 102656.

W. Tang, Q. Sun, Z.L. Wang, Self-Powered sensing in wearable electronics-a
paradigm shift technology, Chem. Rev. 123 (2023) 12105-12134.

L. Yin and J. Wang, Wearable energy systems: what are the limits and
limitations?, Natl. Sci. Rev., DOIL:10.1093/nsr/nwac060.

L. Qin, C. Xu, Q. Che, F. Yan, J. Xue, X. Wei, S. Xiang, J. Wu, C. Tao, X. Liu, C.-
Y. Lee, W. Zhang, X. Fan, Aqueous battery fiber with high volumetric and areal
power density for flexible electronics, Device 2 (2024) 100179.

L. Yin, K.N. Kim, A. Trifonov, T. Podhajny, J. Wang, Designing wearable
microgrids: towards autonomous sustainable on-body energy management,
Energy Environ. Sci. 15 (2022) 82-101.

L. Zhou, M. Guess, K.R. Kim, W.-H. Yeo, Skin-interfacing wearable biosensors for
smart health monitoring of infants and neonates, Commun. Mater. 5 (2024) 72.
T. Ayari, C. Bishop, M.B. Jordan, S. Sundaram, X. Li, S. Alam, Y. EIGmili,

G. Patriarche, P.L. Voss, J.P. Salvestrini, A. Ougazzaden, Gas sensors boosted by
two-dimensional h-BN enabled transfer on thin substrate foils: towards wearable
and portable applications, Sci. Rep. 7 (2017) 15212.

C. Zou, J. Hu, Y. Su, Z. Zhou, B. Cai, Z. Tao, T. Huo, N. Hu, Y. Zhang, Highly
repeatable and sensitive three-dimensional y-Fe203@reduced graphene oxide gas
sensors by magnetic-field assisted assembly process, Sens. Actuators. B Chem. 306
(2020) 127546.

C.B. Moelans, S.I.S. Patuleia, C.H. van Gils, E. van der Wall and P.J. van Diest,
Application of nipple aspirate fluid miRNA profiles for early breast cancer
detection and management, Int. J. Mol. Sci., DOI:10.3390/ijms20225814.
K.M.M. Kabir, W.A. Donald, Cancer breath testing: a patent review, Expert. Opin.
Ther. Pat. 28 (2018) 227-239.

X. Lian, Y. Fang, E. Joseph, Q. Wang, J. Li, S. Banerjee, C. Lollar, X. Wang, H.-
C. Zhou, Enzyme-MOF (metal-organic framework) composites, Chem. Soc. Rev.
46 (2017) 3386-3401.

A. Kumar, N. Alami Mejjati, R. Meunier-Prest, A. Krystianiak, O. Heintz,

E. Lesniewska, C.H. Devillers, M. Bouvet, Tuning of interfacial charge transport in
polyporphine/phthalocyanine heterojunctions by molecular geometry control for
an efficient gas sensor, Chem. Eng. J. 429 (2022) 132453.

J. Liang, Z. Song, S. Wang, X. Zhao, Y. Tong, H. Ren, S. Guo, Q. Tang, Y. Liu,
Cobweb-like, ultrathin porous polymer films for ultrasensitive NO2 detection,
ACS. Appl. Mater. Interfaces. 12 (2020) 52992-53002.

J. Guo, R. Wen, J. Zhai, Z.L. Wang, Enhanced NO2 gas sensing of a single-layer
MoS2 by photogating and piezo-phototronic effects, Sci. Bull. (Beijing) 64 (2019)
128-135.

46

[426]

[427]

[428]

[429]

[430]

[431]

[432]

[433]

[434]

[435]

[436]

[437]

[438]

[439]

[440]

[441]

[442]

[443]

[444]

[445]

[446]

[447]

[448]

[449]
[450]

[451]

Materials Today Electronics 15 (2026) 100192

H.M. Tan, C. Manh Hung, T.M. Ngoc, H. Nguyen, N. Duc Hoa, N. Van Duy, N. Van
Hieu, Novel self-heated gas sensors using on-chip networked nanowires with
ultralow power consumption, ACS. Appl. Mater. Interfaces. 9 (2017) 6153-6162.
N.D. Chinh, N. Van Toan, V. Van Quang, N. Van Duy, N.D. Hoa, N. Van Hieu,
Comparative NO2 gas-sensing performance of the self-heated individual, multiple
and networked SnO2 nanowire sensors fabricated by a simple process, Sens.
Actuators. B Chem. 201 (2014) 7-12.

L.F. Zhu, J.C. She, J.Y. Luo, S.Z. Deng, J. Chen, X.W. Ji, N.S. Xu, Self-heated
hydrogen gas sensors based on Pt-coated W18049 nanowire networks with high
sensitivity, good selectivity and low power consumption, Sens. Actuators. B
Chem. 153 (2011) 354-360.

C. Li, K. Kim, T. Fuchigami, T. Asaka, K. Kakimoto, Y. Masuda, Acetone gas sensor
based on Nb205 @SnO2 hybrid structure with high selectivity and ppt-level
sensitivity, Sens. Actuators. B Chem. 393 (2023) 134144.

C. Li, P.G. Choi, Y. Masuda, Large-lateral-area SnO2 nanosheets with a loose
structure for high-performance acetone sensor at the ppt level, J. Hazard. Mater.
455 (2023) 131592.

T. Lin, X. Lv, S. Li and Q. Wang, The morphologies of the semiconductor oxides
and their gas-sensing properties, Sensors, DOI:10.3390/517122779.

S. Wei, T. Haggren, Z. Li, H.H. Tan, C. Jagadish, A. Tricoli, L. Fu, Ultrasensitive
Indium phosphide nanomembrane wearable gas sensors, Energy Environ. Mater.
7 (2024) e12763.

J. Wang, J. Zhang, W. Wang, Y. Guo, Micro-Schottky junction-boosted efficient
charge transducing for ultrasensitive NO2 sensing, Adv. Mater. Technol. 6 (2021)
2000566.

C. Sui, M. Zhang, Y. Li, Y. Wang, Y. Liu, Z. Liu, J. Bai, F. Liu, G. Lu, Pd@Pt
core-shell nanocrystal-decorated ZnO nanosheets for ppt-level NO2 detection,
ACS. Sens. 9 (2024) 1967-1977.

Y. Bing, Z. Song, H. Jiang, X. Xu, Z. Yu, T. Zhou, T. Zhang, A“duet-insurance”
sensing strategy by combining Janus TpMa COF/Eu-doped a-Fe203 and variable-
temperature excitation for robust, visual indoor pollution gas detection, Adv.
Funct. Mater. 35 (2025) 2417599.

T. Tomberg, M. Vainio, T. Hieta and L. Halonen, Sub-parts-per-trillion level
sensitivity in trace gas detection by cantilever-enhanced photo-acoustic
spectroscopy, Sci. Rep., DOI:10.1038/s41598-018-20087-9.

Y. Deng, L. Liu, Y. Chen, Y. Deng, J. Li, X. Liu, Y. Zou, L. Wu, W. Xie, Elaborately
designed intelligent responsive sensing materials for development of flexible gas
sensors, Prog. Mater. Sci. 156 (2026) 101565.

T. Zhou, W. Dong, Y. Qiu, S. Chen, X. Wang, C. Xie, D. Zeng, Selectivity of a ZnO@
ZIF-71@PDMS nanorod array gas sensor enhanced by coating a polymer selective
separation membrane, ACS. Appl. Mater. Interfaces. 13 (2021) 54589-54596.
A. Jannat, M.M.M. Talukder, Z. Li, J.Z. Ou, Recent advances in flexible and
wearable gas sensors harnessing the potential of 2D materials, Small. Sci. 5 (2025)
2500025.

S. Hooshmand, P. Kassanos, M. Keshavarz, P. Duru, C.I. Kayalan, I. Kale and M.K.
Bayazit, Wearable nano-based gas sensors for environmental monitoring and
encountered challenges in optimization, Sensors, DOI:10.3390/523208648.
Z.Qu, Y. Fu, B. Yu, P. Deng, L. Xing, X. Xue, High and fast H2S response of NiO/
ZnO nanowire nanogenerator as a self-powered gas sensor, Sens. Actuators. B
Chem. 222 (2016) 78-86.

H.W.B. Teo, A. Chakraborty, S. Kayal, Formic acid modulated (fam) aluminium
fumarate MOF for improved isotherms and kinetics with water adsorption:
Cooling/heat pump applications, Microporous Mesoporous Mater. 272 (2018)
109-116.

D.-X. Xue, Y. Belmabkhout, O. Shekhah, H. Jiang, K. Adil, A.J. Cairns,

M. Eddaoudi, Tunable rare Earth fcu-MOF platform: access to adsorption kinetics
driven gas/vapor separations via pore size contraction, J. Am. Chem. Soc. 137
(2015) 5034-5040.

H. Furukawa, F. Gandara, Y.-B. Zhang, J. Jiang, W.L. Queen, M.R. Hudson, O.
M. Yaghi, Water adsorption in porous metal-organic frameworks and related
materials, J. Am. Chem. Soc. 136 (2014) 4369-4381.

C. Lupan, A.K. Mishra, N. Wolff, J. Drewes, H. Kriiger, A. Vahl, O. Lupan,

T. Pauporté, B. Viana, L. Kienle, R. Adelung, N.H. de Leeuw, S. Hansen,
Nanosensors based on a single ZnO:Eu nanowire for hydrogen gas sensing, ACS.
Appl. Mater. Interfaces. 14 (2022) 41196-41207.

M. Nazari, F. Zadehahmadi, M.M. Sadiq, A.L. Sutton, H. Mahdavi, M.R. Hill,
Challenges and solutions to the scale-up of porous materials, Commun. Mater. 5
(2024) 170.

T.-W. Liu, Q. Nguyen, A.B. Dieng, D.A. Gémez-Gualdrén, Diversity-driven,
efficient exploration of a MOF design space to optimize MOF
propertiesi{Electronic supplementary information (ESI) available: force field
details, details on surrogate model selection, additional details on VBO
campaigns, additional structure-property relationships, additional details about
promising MOF designs for NH3 storage, Chem. Sci. 15 (2024) 18903-18919,
https://doi.org/10.1039/d4sc03609c.

Y. Song, J. Li, D. Chi, Z. Xu, J. Liu, M. Chen, Z. Wang, Al-driven advances in
metal-organic frameworks: from data to design and applications, Chem.
Commun. 61 (2025) 15972-16001.

L. Zhou, M. Cheng, S. Wang, X. Ji, Applied Al Techniques in the Process Industry,
John Wiley & Sons, Ltd, 2025, pp. 265-285.

S. Chong, S. Lee, B. Kim, J. Kim, Applications of machine learning in metal-
organic frameworks, Coord. Chem. Rev. 423 (2020) 213487.

V.-H. Vu, K.-H. Bui, K.D.D. Dang, M. Duong-Tuan, D.D. Le, T. Nguyen-Dang,
Finding environmental-friendly chemical synthesis with Al and high-throughput
robotics, J. Sci. 10 (2025) 100818.


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0398
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0398
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0398
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0398
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0398
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0399
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0399
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0399
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0400
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0400
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0400
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0400
https://doi.org/10.1039/C9CE00710E
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0402
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0402
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0402
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0403
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0403
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0403
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0404
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0404
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0405
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0405
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0405
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0406
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0406
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0406
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0407
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0407
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0407
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0407
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0408
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0408
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0408
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0409
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0409
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0409
https://doi.org/10.3390/s20195701
https://doi.org/10.3390/s20195701
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0411
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0411
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0412
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0412
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0413
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0413
https://doi.org/10.1093/nsr/nwac060
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0415
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0415
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0415
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0416
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0416
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0416
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0417
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0417
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0418
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0418
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0418
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0418
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0419
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0419
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0419
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0419
https://doi.org/10.3390/ijms20225814
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0421
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0421
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0422
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0422
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0422
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0423
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0423
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0423
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0423
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0424
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0424
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0424
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0425
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0425
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0425
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0426
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0426
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0426
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0427
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0427
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0427
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0427
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0428
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0428
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0428
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0428
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0429
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0429
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0429
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0430
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0430
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0430
https://doi.org/10.3390/s17122779
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0432
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0432
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0432
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0433
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0433
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0433
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0434
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0434
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0434
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0435
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0435
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0435
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0435
https://doi.org/10.1038/s41598-018-20087-9
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0437
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0437
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0437
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0438
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0438
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0438
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0439
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0439
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0439
https://doi.org/10.3390/s23208648
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0441
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0441
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0441
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0442
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0442
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0442
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0442
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0443
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0443
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0443
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0443
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0444
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0444
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0444
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0445
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0445
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0445
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0445
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0446
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0446
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0446
https://doi.org/10.1039/d4sc03609c
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0448
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0448
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0448
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0449
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0449
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0450
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0450
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0451
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0451
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0451

R. Nagpal et al. Materials Today Electronics 15 (2026) 100192

[452] L. Zhou, M. Cheng, S. Wang, X. Ji, Applied Al Techniques in the Process Industry, diffusion model for the design of metal-organic frameworks for carbon capture,
John Wiley & Sons, Ltd, 2025, pp. 265-285. Commun. Chem., DOI:10.1038/542004-023-01090-2.

[453] H. Daglar, H.C. Gulbalkan, G.O. Aksu and S. Keskin, Computational simulations of [455] S.M. Moosavi, A. Nandy, K.M. Jablonka, D. Ongari, J.P. Janet, P.G. Boyd, Y. Lee,
metal-organic frameworks to enhance adsorption applications, Adv. Mater., n/a, B. Smit, H.J. Kulik, Understanding the diversity of the metal-organic framework
2405532. ecosystem, Nat. Commun. 11 (2020) 4068.

[454] H. Park, X. Yan, R. Zhu, E.A. Huerta, S. Chaudhuri, D. Cooper, 1. Foster and E.
Tajkhorshid, A generative artificial intelligence framework based on a molecular

47


http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0452
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0452
https://doi.org/10.1038/s42004-023-01090-2
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0455
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0455
http://refhub.elsevier.com/S2772-9494(25)00059-2/sbref0455

	Comprehensive advances in gas sensing: Mechanisms, material innovations, and applications in environmental and health monit ...
	1 Introduction
	12 Conclusion and outlook
	Data Availability Statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References


