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Introduction & Background
Relative humidity (RH) sensors have received increasing attention in the last decades due to their high importance in 
wide variety of commercial and industrial applications, such as: residential air- conditioners, textile and paper industry, 
food processing, medical field (incubators, sterilizers), agriculture (soil moisture control during irrigation), 
pharmaceutical processing (quality control of drugs), automotive industry (oil humidity control),  nuclear power 
reactors,  meteorology, mining industry, robotics applications. The paper reports on the RH sensing response of 
resistive sensors employing, as sensing layer, nanocomposites comprising oxidized single wall carbon nanohorns
(CNHox), zinc oxide (ZnO) and polyvinylpyrrolidone (PVP), synthesized in 5:2:1 and 5:3:2 w/w/w ratios, respectively.

The reagents for the synthesis:
• PVP (M = 1,300,000 Da)
• CNHox
• ZnO (nanopowder, particle size < 100 

nm)
• Ethyl alcohol
• Procured from Sigma-Aldrich
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Synthesis route for CNHox/ZnO/PVP in 5:2:1 w/w/w/ ratio nanohybrid:
• PVP solution prepared by dissolving 1 mg of polymer in 10 mL  

isopropylic alcohol and  subjected to magnetic stirring for 2 hours at RT
• 5 mg CNHox dispersed in the solution and stirred for 2  hours at RT
• 2 mg nanometric powder of ZnO dispersed in the solution stirred for 12  

hours at RT
• Resulted dispersion deposited by the "drop-casting" method on the 

Si/SiO2 ITD sensing structure 
• Obtained sensing layer subjected to heat treatment at 80°C, for 90 

minutes, under vacuum.
Synthesis route for CNHox/ZnO/PVP in 5:3:2 w/w/w/ ratio nanohybrid:
• Same as above, changing only the ratio of the reactants.
The sensing structure:
• Interdigitated (IDT) structure, manufactured on a Si substrate (470 µm 

thickness), covered by a SiO2 layer (1 µm thickness). The metal stripes 
of IDT comprised Cr (10 nm thickness) and Au (100 nm thickness). The 
width of the electrodes was approximately 200 µm, with a 6 mm 
separation between them.
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Comparison between the response of 
the commercially available RH sensor 

(RH curve) and the novel IDT RH sensor 
employing CNHox/ZnO/ PVP 

nanohybrid at 5:2:1 w/w/w/ ratio as 
sensing layer (R curve), when varying 

RH from 0% to 90%.
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Comparison between the response of the 
commercially available RH sensor (RH 

curve) and the novel IDT RH sensor 
employing CNHox/ZnO/ PVP nanohybrid 
at 5:3:2 w/w/w/ ratio as sensing layer (R 
curve), when varying RH from 0% to 90%.
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RH sensing was investigated by applying 
current between electrodes and measuring 
the voltage at different RH.
Two types of sensing mechanisms: 
decrease of holes concentration in 
SWCHox due to interaction with water 
molecules (which act as electron donors) & 
rapid swelling of the host hydrophilic 
polymer at high RH
Advantages of using ternary  nanohybrids 
as RH sensing  layers:
• CNHox provide high specific surface 

area / volume ratio, affinity for water 
molecules and rapid  variation of 
resistance in contact with water 

• ZnO powder has good RH sensitivity;
• PVP is a hydrophilic polymer with 

excellent binder properties
• Detection at RT
• Short response time
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