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Abstract 

In our paper, few layered MoS2 nanoflakes were exfoliated from the bulk powder in mixed solvent using a simple 

sonication assisted liquid exfoliation technique at room temperature. The successful exfoliation of the nanoflakes 

was characterized using various characterization tools like Scanning Electron Microscopy (SEM), Transmission 

Electron Microscopy (TEM), X-Ray Diffraction (XRD), and Atomic Force Microscopy (AFM). The humidity 

sensor was fabricated by drop-casting MoS2 nanoflakes on Pt-based Interdigitated Electrodes (IDEs). The sensing 

was carried out in an in-house gas test setup interfaced with a Semiconductor Parameter Analyzer (SPA) to record 

the measurements. The response of the sensor was studied by passing different levels of humidity through the gas 

chamber. The response was found to increase with increase in humidity level and was better than few recently 

reported results. The maximum response was found to be ~16 times at 75% RH. Since water is an electron donor 

and MoS2 is inherently n-type semiconductor, the conductivity of the MoS2 sensing layer increased in presence of 

humidity. The large surface to volume ratio and presence of inherent defects facilitated the adsorption and 

desorption of a large number of H2O molecules. The response time and recovery time of the sensor was 65 seconds 

and 72 seconds respectively. Thus we conclude that our MoS2 based humidity sensor with a maximum response of 

16 times (75% RH) can act as a low power, highly sensitive and fast humidity sensor in various applications like 

indoor air quality monitoring, agriculture, semiconductor industry etc. Copyright © 2016 VBRI Press 
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Introduction 

The development of low-cost, high performing, 

portable and reliable humidity sensors is gaining 

importance because of their numerous applications in 

various control and manufacturing processes [1]. For 

measuring humidity, researchers have experimented 

with different transduction techniques like resistive, 

capacitive, FET, Surface Acoustic Wave (SAW), 

Quartz Crystal Microbalance (QCM) etc. The current 

focus is on resistive humidity sensors because of their 

capability to easily integrate with Complementary 

Metal Oxide Semiconductor (CMOS) technology. 

Recently various nanomaterials are being explored as 

sensing materials in humidity sensors. Graphene, a 

two-dimensional nanomaterial, has brought a 

revolution in microelectronics industry and various 

other application areas because of its large surface to 

volume ratio and unique mechanical and electrical 

properties
 
[2-5]. But the lack of inherent defects does 

not make it a good sensing material. Its sensitivity 

towards humidity is quite low [6]. Molybdenum 

disulphide (MoS2), a two-dimensional dichalcogenide 

with S-Mo-S monolayers held together by weak van 

der Waals force of interaction, is a relatively new 

nanomaterial of interest among researchers [7]. The 

inherent defect sites can be used as adsorption sites 

for the water molecules which eventually can show a 

change in conductivity of the sensing material. MoS2 

has found various applications in fuel cell, solar cell, 

lithium (Li) ion batteries, transistors and 

supercapacitors [8-15].  

As per the knowledge of the authors, there have 

only been few reports on MoS2 based humidity 

sensors   [16-19].  

In our paper, we have used a simple, room 

temperature, sonication based exfoliation technique 

to exfoliate few layered MoS2 nanoflakes from its 

bulk powder. Various characterization tools like 

Scanning Electron Microscopy (SEM), Transmission 

Electron Microscopy (TEM), X-Ray Diffraction 

(XRD), and Atomic Force Microscopy (AFM) were 

used to characterize the nanoflakes. Next, the 

humidity sensor device was fabricated by drop-

casting the nanoflakes on Pt electrodes. An in-house 

gas sensing setup was used to perform the humidity 

sensing tests. The response was found to increase 

with increase in humidity level in the chamber and it 
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was found to be better than few of the recently 

reported results [16, 17, 19]. The maximum response 

was found to be ~16 times at 75% RH. Since water is 

an electron donor [1] and MoS2 is inherently an  

n-type semiconductor, [14] the conductivity of the 

MoS2 sensing layer increases in presence of 

humidity. The response and recovery times were also 

found to be very small. Thus MoS2 based sensing 

layer can be used to develop low power, highly 

sensitive and fast humidity sensor. 

Experimental 

Materials 

MoS2 powder (99%, Alfa Aesar) and pure ethanol 

(Changshu Yangyuan Chemical, China) were 

required for the exfoliation process. For fabricating 

the humidity sensors, Pt interdigitated electrodes 

were purchased from Synkera Technologies (Planar 

IDE Pt 0.25” P/N 610).  

Materials and Method 

The synthesis technique that we have used in our 

paper was a simple sonication based exfoliation 

technique using mixed solvent [20]. In brief, 90mg of 

bulk MoS2 powder was added to 45% ethanol water 

in a beaker. The mouth of the beaker was sealed with 

Parafilm and the solution was sonicated for 8 hours in 

a sonication bath (Oscar Ultrasonic Cleaner, 

Microclean 102). After sonication, centrifugation was 

carried out at 4500 rpm for 10 minutes to separate the 

supernatant from the bulk, un-exfoliated residues. 

The supernatant containing the nanoflakes was 

separately stored in vials for further characterizations 

and gas sensing tests.  

Material Characterizations 

Various characterizations viz. SEM, AFM, TEM and 

XRD were performed to ensure successful exfoliation 

of few layered MoS2 nanoflakes from the bulk 

powder. SUPRA 40 Field Emission Scanning 

Electron Microscope was used to study the surface 

morphology. The samples for SEM characterization 

were prepared by spin coating the MoS2 dispersion on 

clean Si/SiO2 substrate. Gold coating was done on the 

samples before the SEM was executed. The height 

profile and lateral dimension of the samples were 

obtained using Agilent Technologies AFM, Model 

No. 5500 in a tapping mode. The High Resolution 

TEM (HRTEM) images were taken by JEOL JEM-

2100 HRTEM at an acceleration voltage of 

200kV.The HRTEM characterization samples were 

prepared on a standard holey carbon covered copper 

grid. A Panalytical X’Pert Pro Diffractometer having 

a conventional X-ray tube (Cu Kα radiation) was 

used to capture and analyse the diffraction patterns. 

Device fabrication and Gas Sensing Setup 

For the fabrication of the humidity sensor, Pt 

interdigitated electrodes (IDEs) were used as the 

working electrodes. MoS2 nanoflakes were drop-

casted on the IDEs using a micropipette. The device 

was probed in the gas sensing setup to study the 

response in presence of humidity. The schematic of 

the sensor device is shown in Fig. 1(a). 

The gas setup consisted of a stainless steel chamber 

where the samples were probed, a test fixture 

AGILENT 16442A, Semiconductor Parameter 

Analyzer (SPA) Agilent 4155C to record the change 

of humidity, gas bubblers and compressed air. There 

were two gas lines at the inlet of the chamber-one for 

the dry air and the other for humid air which was 

passed through a gas bubbler. The humidity values 

were set using a commercial humidity sensor 

(Dolphin Automation, Model No TH-382). The test 

fixture was used to interface between the sensing 

setup and the SPA. Two Source Measure Units 

(SMUs) from the SPA were used for the resistive 

measurements. The SMUs supplied a constant 

voltage and the change of current was recorded 

against various levels of humidity. The chamber was 

initially purged with dry air for 30 minutes to get a 

stable baseline current. Fig. 1(b) shows the schematic 

of the gas sensing setup. 

 
 
Fig. 1. (a) Schematic of humidity sensor device. (b) Schematic of 
gas test setup with sensor device probed inside the chamber. 

Results and discussion 

Characterization results 

Fig. 2 (a) and (b) show the SEM images of bulk and 

MoS2 nanoflakes respectively. As can be observed, 

the number of layers decreased after 8 hours of 

sonication. 

  

 
 

Fig. 2. SEM image of (a) bulk MoS2 powder. (b) exfoliated MoS2 

nanoflakes. 

 

The lateral dimension of the nanoflakes also reduced 

to ~400 nm whereas the bulk has a dimension of few 

micrometres. The AFM image in Fig. 3 gives us an 

idea about the number of layers present in the flakes. 
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The height profile of a particular flake is observed to 

be around 16 nm implying the presence of 21-22 

monolayers. The lateral dimension of the flake was 

nearly 500 nm. 

 
Fig. 3. AFM image showing the height profile and lateral 

dimension of the exfoliated MoS2 nanoflake. 

HRTEM images were helpful in providing the 

microstructural information of the MoS2 nanoflakes. 

The nanoflakes in Fig. 4(a) show the two 

dimensional nature of the nanoflakes. The lattice 

fringes in Fig. 4(b) and Fig. 4(c) correspond to the 

(006) plane [d=0.2nm] and (103) plane [d=0.23 nm] 

of hexagonal MoS2 respectively. The SAED pattern 

as shown in Fig 4(d) reflects the crystalline structure 

of MoS2 with a six-fold symmetry. 

 

Fig. 4. (a) HRTEM image of exfoliated MoS2 nanoflakes. (b) and 

(c) show fringe patterns corresponding to (006) and (103) planes 

respectively. (d) SAED pattern of hexagonal MoS2. 

The XRD patterns of the bulk and exfoliated MoS2 

samples are provided in Fig 5. The diffraction peaks 

are shown in the range of 10
0
- 70

0
 attributing to the 

standard hexagonal 2H-MoS2 structure
21

.The lines 

were indexed as per ICDD-JCPDS card no-0037-

1492. The bulk shows a very strong peak at 2θ=14.4
o 

(002 plane) whereas the peak intensity reduces for 

the exfoliated sample. This implies that exfoliation 

has occured across the (002) plane. Also peak 

broadening is observed for the exfoliated sample.  

 

Fig. 5 XRD patterns of bulk powder and exfoliated MoS2 samples. 

 In order to achieve a stable baseline, the device 

was initially exposed to compressed air at room 

temperature (compressed air has relative humidity 

level of 25%). Four different levels of humidity (35% 

RH, 50% RH, 65% RH and 75% RH) were passed 

through the chamber each for a period of 10 minutes 

followed by compressed air cycles of 10 minutes 

each. The conductivity of the sensing material was 

found to vary in the presence of humidity. The 

response calculation was done using the following 

formula: 

 

where Ibaseline is the baseline current in presence of 

compressed air and Ihumidity was the measured current 

in humidity. The response of the sensor for different 

humidity levels is shown in Fig 6(a). 

 

Fig. 5. (a) Sensing response of the sonicated sample at 4 different 

RH levels viz. 35%, 50%, 65% and 75%RH (b) Schematic of the 
sensing mechanism. (c) IV curve showing the existence of Ohmic 

contact. (d) Repeatability of the sensor device for three cycles at 

65% RH. 
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It was observed that the response i.e. conductivity 

of the sensors increased in presence of humidity. 

Semiconducting MoS2 is n-type [14] and water 

molecules being an electron donor enhances the 

conductivity of the MoS2 sensing layer [1]. The 

charge transfer between MoS2 and water molecules 

plays a significant role in sensing [16]. When 

humidity is passed through the gas chamber, the H2O 

molecules get physisorbed on the MoS2 surfaces 

preferably on the top of MoS2 hexagons [22]. The 

semiconducting MoS2 sensing layer being inherently 

n-type, the conductance increases in presence of the 

adsorbed water molecules.  

Generally, when humidity is passed, the OH
-
 ions 

from the water molecules get chemisorbed at the 

defect sites of MoS2. Then charge transfer occurs by 

proton hopping [23] through the adsorbed water 

molecules which form a film over the chemisorbed 

hydroxyl ions. A schematic of the sensing 

mechanism is shown in Fig. 6(b).  

The I-V response was measured in order to ensure 

proper connectivity across the contact electrodes and 

the probe needles. The I-V sweep in Fig. 6(c) shows 

proper Ohmic contact. In order to test the 

repeatability of the device, the device was exposed to 

three cycles of 65% RH each followed by a 

compressed air purging cycle of ten minutes each. 

The results in Fig. 6(d) show quite a repeatable 

behavior of our sensor device.  

The response time was the time taken by the 

sample to reach 90% of the set humidity level 

whereas recovery time was the time taken by the 

sample to reach 10% of the baseline after humidity 

supply was closed. The response and recovery times 

at 65% RH were calculated to be around 65 seconds 

and 72 seconds respectively. The recovery is quite 

fast because of the intrinsic hydrophobic property of 

MoS2 [16] that aids in the desorption of water 

molecules. 

 

Conclusion  

In our work, we have tried to fabricate a resistive 

humidity sensor using few layered MoS2 nanoflakes 

as the sensing material. The response of the device 

was tested against different levels of humidity. The 

response was found to increase in presence of 

humidity. The maximum response was found to be 16 

times at a humidity level of 75% RH. The response 

was better than few of the previously reported results. 

The sensing mechanism has also been explained. The 

device shows a repeatable behavior and the response 

and recovery times are also quite low. Thus we 

believe that our MoS2 based sensor device will be 

able to compete with other commercial humidity 

sensors in the sensor market.   
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