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Abstract 

Metal-organic frameworks (MOFs) for humidity sensing have 

continued to receive intense interest over the past several years. 

MOFs have attracted worldwide attention in the area of 

sensing, particularly for humidity sensing. MOFs are a family 

of nanoporous materials and class of compounds. MOFs have 

higher surface area and porosity, low densities, flexible and 

tuneable porous structure, these are the attractive properties for 

gas sensing. For these reasons MOFs have been extensively 

studied. The review focuses on experimental studies. In this 

review, an overview on sensing performance of relative 

humidity sensors based on synthesized MOFs are presented. 

 

Introduction  

Humidity sensor is an electronic device that 

measures the humidity in its environment 

and converts its findings into a 

corresponding electrical signal. It varies 

widely in size and functionality; some 

humidity sensors can be found in handheld 

devices (such as smartphones), while others 

are integrated into larger embedded systems 

(such as air quality monitoring systems).  

Humidity sensors can be divided into two 

groups, as each category uses a different 

method for calculating humidity: relative 

humidity (RH) sensors and absolute 

humidity (AH) sensors. A humidity sensor 

is a device that senses, measures and reports 
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the relative humidity (RH) of air or 

determines the amount of water vapor 

present in a gas mixture (air) or pure gas 

(Ekta poonia et al. 2019).  

MOFs for humidity sensing 

Humidity sensors have many significant 

applications in daily life, such as medicine, 

biology, meteorology, agriculture, and 

many others. Humidity sensors with 

accurate humidity control play a vital role 

in different industrial processes, food 

packaging, environmental monitoring, 

automotive control systems and equipment 

maintenance because of variations in 

moisture requirements.  

Many research works have been 

represented involving humidity sensors 

towards advancing performance in recent 

years. Humidity sensing materials 

comprising semiconductors, perovskite 

oxides, and polymers have presently 

attracted the scientific community's 

attention. Among these materials, 

perovskite oxides humidity sensors based 

have shown high reliability and sensitivity 

(P. Jena et al. 2011, M.P. Suh et al. 2011, 

M. Murialdo et al. 2019). 

Many commercial humidity sensors are 

available to perceive volatile constituents at 

ppm-level concentrations but still, humidity 

sensing below ∼100 ppm (few percentages 

relative humidity (RH) at 298 K) encounter 

challenges. In many applications such as 

medicinal provisions, gas and fuel storage, 

agricultural products storage, 

semiconductor manufacturing, humidity 

sensing is obligatory at ppm or ppb level (J. 

Zhang et al. 2017, T.I. Nasution et al. 2018, 

M. Zhang et al. 2017, M.S. Hosseini et al. 

2019). 

In the case of MOFs-based humidity 

sensors, only few reports exist to the best of 

our knowledge. Therefore, there is a need to 

explore and optimize suitable MOFs that 

are highly desirable and can operate in 

various environments under different 

conditions. Following MOF materials have 

been studied as humidity sensors: CAU-10 

with different functional groups on the 

linker (Weiss A et al. 2015), HKUST-1 

showed a low detection limit of 5.45 ppm 

or MIL-96(Al) which was applied as a 

smart textile-based sensor (TEX sensor) on 

different types of textiles (Rauf S et al. 

2020). 

 In general, compounds MOF-

76(Ln) (Ln = lanthanide) with a chemical 

formula {[Ln(BTC)(H2O)]·G} (BTC = 

benzene-1,3,5-tricarboxylate/trimesate, G 

= guest molecule) represent a family of 

homeotypic porous lanthanide metal-

organic frameworks. Compounds were 

studied as gas adsorbents for carbon 

dioxide (M. Almáši et al. 2015, P.F. Santos 

et al. 2020, C. Zhang et al. 2019, J. Ethiraj 

et al. 2016) methane (P.F. Santos et al. 

2020, A.S. Chevinly et al. 2017), hydrogen 

(A. Garg et al. 2021) and ammonia. As 
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heterogeneous catalysts in knoevenagel 

condensation, cyanosylilation (M. 

Gustafsson et al. 2010), esterification, 

isomerisation (T. Kiyonaga et al. 2015), 

oxidative desulfurization reactions and 

synthesis of ammonia (C. Zhang et al. 

2019). Due to the specific luminescent and 

fluorescent properties of lanthanide ions in 

the MOF-76(Ln) framework, these 

materials find an interesting application as 

sensors (X. Lian et al. 2016, Y. Yang et al. 

2020, D. Wu et al. 2019, B. Chen et al. 

2007). Searching the databases, several 

studies focused on sensing of cations 

(Nd(III), Cu(II) and U(VI), anions (F(-I), 

Cl(-I), Br(-I), NO3(-I), CO3(-II) and SO4(-

II)), drugs (nitroimidazole, quinolone and 

nitrofuran antibiotics, dipicolinic acid, 

cefixime), aromatic pollutants (J. Yang et 

al. 2006, M. Almáši et al. 2017, V. Zeleňák 

et al. 2019, L.H. Xie et al. 2011, S. Liu et 

al. 2020, T. Kajiwara et al. 2014) such 

asmonoaromatic hydrocarbons, small 

organic molecules (dimethylformamide, 

acetone and ethanol), methanol and 

pesticides (chlorpyrifos) were published 

[R.R.F. Fonseca et al. 2019, H. Eskandari et 

al. 2018, J. Li et al. 2018, T. Lee et al. 2013, 

W. Yang et al. 2013, W. T. Yang et al. 

2012, H. Eskandari et al. 2020). Other fields 

of applications where MOF-76(Ln) 

compounds were tested are magnetism, 

electrochemical hydrogen and oxygen 

production and photocatalytic degradation 

of ammonia [N.L. Rosi et al. 2005, Chen L 

et al. 2008, X. Guo et al. 2006, Q. Zhou et 

al. 2013, M. Almáši et al. 2016, Kajiwara T 

et al. 2014). 

Sr. 

No. 

Materials Type RH 

range 

Response 

Time (s) 

Recovery 

Time (s) 

1. Bi3.25La0.75Ti3O12 Oxide 1195% 8 250 

2. K0.5Na0.5NbO3 Oxide 11-95% 8 18 

3. Co-TiO2 Oxide 1195% 32 131 

4. Bi0.5(Na0.85K0.15)0.5Ti0.97Zr0.03O3 Oxide 1195% 18 60 

5. SnWO4-SnO2 Oxide 1198% 30 100 

6. LiCl/SBA-15 Silica 1195% 21 51 

7. MCM-48 Silica 1195% 29 107 

8. NaCl/KIT-6 Silica 1195% 47 150 

9. QCM/HKUST-1 MOF 2269% 1676 1051 
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10. MWCTN/HKUST-1 MOF 575% 250 265 

11. HKUST-1 MOF 1184% 20 20 

12. EuM MOF 53100% 390 400 

13. MIL-101(Cr) MOF 3395% 17 90 

14. MIL-101(Cr)-NH2 MOF 11-95% 15 130 

15. MIL-125(Ti)-NH2 MOF 1195% 45 50 

16. MOF-76(Gd) MOF 1198% 11 2 

 

Conclusion 

Currently MOFs have been considered as a 

new member of nanoporous materials that 

recently have attracted all the consideration 

to materials chemistry. It is clear that MOFs 

will present exceptional advantages 

compared to other conventional porous 

materials and it will have a significant 

impact on the future of porous compounds. 

Typically under mild reaction conditions, 

these techniques can be use for some 

materials, which leads to the production of 

compounds with different features and 

particles sizes. The challenges and 

orientations present the continual 

expansion interest and a bright future of 

MOF chemistry. 
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