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Summary:
The use of metal oxides for gas sensing applications is a common and commercialized strategy but, in 
most cases, these materials present two important drawbacks: a cross-sensitivity to common gas spe-
cies and a high operation temperature (100-400 °C). It has been recently reported that, on its turn, metal-
organic frameworks can sense gases at room temperature, offering the so-called "sieving effect" that 
allow them to work as filters for improved selectivity. This research explores metal-organic frameworks 
and their potential synergy with metal oxides and multivariate statistics to create next-generation gas 
sensors.
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Headlines
Recently reported metal-organic frameworks of-
fer the possibility of operating gas sensors at 
room temperature and, therefore, their integra-
tion in common use electronic devices.

The synergy of new sensing materials that ex-
hibit the sieving effect, combined with multivari-
ate statistic techniques, can enhance the selec-
tivity of gas sensors.

Background, Motivation an Objective
Metal oxides (MOx) have been investigated and 
commercialized as gas sensing materials for
several decades because they offer high sensi-
tivity, easiness of integration, robustness of the 
final device, and they are cost-efficient. How-
ever, they show cross-sensitivity to many gas 
species, especially to moisture, many times 
providing false readings. Furthermore, it is well-
known that these materials need high tempera-
tures (100-400 °C) to operate in optimal condi-
tions [1], what makes it challenging to integrate
MOx-based gas sensors in common electronic 
devices, such as smartphones, and, at the same 
time, this induces power consumptions that 

hinder deploying these sensors in remote loca-
tions with reduced access to power grid.

Recently, metal-organic frameworks (MOFs)
have been demonstrated to work as gas sensing 
materials as well, being sensitive to a large vari-
ety of gases while operating at room tempera-
ture, thus increasing their potential for practical 
applications, and presenting easiness of integra-
tion, robustness of the final device and cost-effi-
ciency as good as MOx [2]. Moreover, they show 
the so-called sieving effect [3] through which
MOFs, depending on the size of their pores,
electron affinity and/or specific functional 
groups, can act as a filter for certain gases.

Our goal is to explore MOx, MOFs, and possible 
synergies between them to obtain novel gas sen-
sors with enhanced features for practical appli-
cations such as room temperature operation with 
fast response times and/or increased selectivity.

Methodology
By means of chemical vapor deposition, we syn-
thesize assemblies of single-crystal MOx nan-
owires and, by using chemical routes, we syn-
thesize MOFs, both directly and site-selectively 
integrated on interdigitate electrodes. In this 
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way, we obtain gas sensors that offer new sens-
ing characteristics with few fabrication steps. 
These sensors operate at room temperature, 
opening the path to integration of gas sensors in 
common electronic devices. The obtained data 
are treated via multivariate statistic techniques to 
assess the discrimination power of the fabricated 
sensors. 

Results 
We will present the gas sensing behavior ob-
served for the fabricated MOx- and MOF-based 
sensors when exposed to CO2 and CH4 ranging 
from 300 to 1200 ppm and from 1 to 10 ppm, re-
spectively, diluted in dry and humid synthetic air. 
As an example, Figure 1a shows one of the MOx 
single-crystal nanowire forests directly grown 
onto interdigitate electrodes, while Figure 1b 
demonstrates the discrimination power by 
means of principal component analysis of the re-
sponse of one of the synthesized MOFs. 

 

 

 
Fig. 1. (a) Metal oxide nanowires site-selec-
tively grown on interdigitate electrodes by means 
of chemical vapor deposition and (b) results of 
principal component analysis from gas measure-
ments of a metal-organic framework layer when 
exposed to carbon dioxide and methane ranging 
from 300 to 1200 ppm and from 1 to 10 ppm, re-
spectively. 

References 
[1] P. Shankar, J.B.B. Rayappan, Gas sensing 

mechanism of metal oxides: The role of ambient 
atmosphere, type of semiconductor and gases - 
A review, Science Letters Journal 4, 126 (2015); 
doi: NA. 

[2] H. Yuan, N. Li, W. Fan, H. Cai, D. Zhao, Metal-
Organic Framework Based Gas Sensors, Ad-
vanced Science 9, 2104374 (2022); doi: 
10.1002/advs.202104374. 

[3] C. Zhang, R.P. Lively, K. Zhang, J.R. Johnson, 
O. Karvan, W.J. Koros, Unexpected Molecular 
Sieving Properties of Zeolitic Imidazolate frame-
work-8, The Journal of Physical Chemistry Let-
ters 3, 2130–2134 (2012); doi: 
10.1021/jz300855a 

 

 

EUROSENSORSXXXVI	 355

DOI 10.5162/EUROSENSORSXXXVI/PT5.98


