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The present study is aimed to fabricate an organic humidity sensor 
Al/MgPc/PEDOT:PSS/Al using  (MgPc) with  various amounts of PEDOT:PSS (0, 0.25, 
0.5, 0.75, and 1 w/w) on glass substrates. Drop-casting technique was utilized to prepare 
thin films of MgPc/PEDOT:PSS and the produced films were thermally treated to 
annealing temperature of 423 K.  The effect of humidity on the electrical properties of the 
nanocomposite film was investigated by measuring the capacitance and the dissipation of 
the samples at four different frequencies of the applied voltage. The dissipation 
measurements were used to determine the resistances of the samples. It is observed that 
the capacitance of the sensor increased with decreasing the resistance when the relative 
humidity rises. It was also found that the values of capacitance and resistance decreased 
with increasing the frequency. The experimental results were supported by the simulation 
of the resistance/capacitance – humidity relationship. 
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1. Introduction  

Humidity sensors play a crucial role in health, 

electronic devices factories, and grain storages. They 

have a crucial function in evaluating environmental 

conditions and are widely utilized in industrial settings 

[1]. Sensors of humidity are electrical devices that 

measure the quantity of water vapor in air and 

transform the absorbed water vapor into an electronic 

signal [2,3]. They can be categorized depending on 

their measurement’s principles, including optical, 

gravimetric, capacitive, hygrometric, resistive, and 

integrated kinds [4]. The electronic sensor of humidity 

primarily relies on capacitive and resistive changes. 

Various materials, including composite oxides or 

ceramic oxides of semiconductors, are employed as 

active agents for humidity sensing. Water (H2O) is 

absorbed onto oxide surfaces in both molecular and 

hydroxyl shapes, resulting a rise in electrical 

conductivity [5-7]. Among the many kinds of humidity 

sensors, those that largely rely on electrical qualities 

such as capacitance, impedance, and resistance are 

typically suitable for utilizing in current automated 

systems [8]. A sensor of humidity should satisfy many 

criteria to be suitable for a variety of sophisticated 

applications, including a simple construction, 

resistance to contaminants, durability, compatibility 

with circuitry, affordability, and high sensitivity over a 

broad humidity level range [9]. Owing to its high 

surface-to-volume atom proportion, remarkable surface 

reactivity, and charge transport properties, the 

nanostructure of organic materials has concerned much 

attention in the development of humidity sensors 

[10,11]. Capacitive and resistive sensors of humidity 

are two kinds of organic sensors. Comparing capacitive 

sensors of humidity to resistive ones, the former 

exhibits better stability and linearity at great humidity 

levels [12,14]. Therefore, researching organic 

semiconductor properties in different environments has 

a lot of promising to progress the development of 

different sensors.  

Many parameters such as surface area of the plate, 

thickness of film, and dielectric features of the sensor 

materials all affect capacitance changes. The 

permittivity of the sensing thin films ('εd'), the vacuum 

permittivity ('ε0'), the distance between the electrodes 

('d'), and the electrode area ('A') may all be described as 

follows for the capacitance of humidity sensors [15,16]: 

𝐶(𝑅𝐻%) =
𝐴 𝜀𝑑𝜀0

𝑑
     (1) 

The variations in the air humidity affect the 

capacitance, which may be calculated by various 

factors including the dielectric water constant and the 

material, the polarizability of the material, and the 

distance between the electrodes. One important factor 

influencing a rise in capacitance is the dielectric 

permittivity. Relative permittivity of water is much 

higher than that of organic semiconductors [17]. 

Dielectric sensing permittivity films are increased by 

the higher relative water permittivity. As such, 

considering both dry and humid conditions, the 

relationship between the dielectric constant and 

capacitance might be stated as follows [15]: 
𝐶ℎ

𝐶𝑑
= (

𝜀ℎ

𝜀𝑑
)

𝑛

       (2)  

where ‘εh’ refers to the constant of humidity dielectric, 

‘εd’ refers to the dry dielectric constant, ‘Ch’ refers to 

the capacitance of humidity, ‘Cd’ is the dry capacitance 

and ‘n’ is the morphology dielectric element.  

The humidity presence on films may be detected by 

van der Waals forces and weak hydrogen bonds 

between the humidity and the sensing films. The thin 
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film’s polarizability (α) is directly related to the 

dielectric constant [18]. The relationship between 

dielectric constant and polarization can be determined 

by utilizing the Clausius Mossotti formula [15]: 
𝜀𝑑−1

𝜀𝑑+2
=

𝑁𝑑𝛼𝑑

3𝜀0
      (3) 

Formula (3) allows to create the following 

simulation formula for sensor capacitance [19,20]: 

𝑁𝐻𝛼𝐻 = 𝑁𝐻𝛼𝐻(1 + 𝐾𝐻)     (4)  

For humidity, the dielectric constant and 

capacitance formula can be expressed as: 

𝐶𝐻

𝐶𝑑𝑟𝑦
= (

𝜀𝐻

𝜀𝑑𝑟𝑦
)

𝑛

     (5) 

The association between the sensor of humidity's 

capacitance and dielectric constant can be expressed 

using formulas (2-5): 
𝐶𝐻

𝐶𝑑
= (

(1+2𝑁𝑑𝛼𝑑 (1+𝐾𝐻)/3𝜀°)

(1−𝑁𝑑𝛼𝑑 (1+𝐾𝐻)𝜀𝑑/3𝜀°)
)   (6) 

where ‘K’ refers to the capacitive humidity factor and 

‘H’ refers to the level relative humidity.  

Magnesium-Phthalocyanine (MgPc) represents an 

organic semiconductor with a wide range of optical 

characteristics, minimal heat conduction, and 

outstanding chemical stability versus heat, light, 

moisture, and oxygen [21,22]. A transparent 

conductive polymer is called (PEDOT:PSS), or 

Poly(3,4-ethylenedioxythiophene) polystyrene 

sulfonate is a blend of polystyrene sulfonate which has 

negative charges, and the ionomer poly (3,4-

ethylenedioxythiophene) which has positive charges. 

Because of its processing simplicity, conductivity, 

transparency, and exceptional ductility, PEDOT:PSS 

has established itself as a standard material for thin-film 

electronic production. The conductive polymer 

PEDOT:PSS solution-processable has many 

advantages including low production cost, high thermal 

stability, high transparency, flexibility, and 

compatibility with aqueous solution-based deposition 

techniques [23-26]. Electrical conductivity of 

PEDOT:PSS is lower than that of other conductive 

polymers or metal oxides [27]. Figure (1) shows the 

molecular structure of MgPc and PEDOT:PSS polymer 

utilized as active material. This study investigates the 

design and analysis of capacitive sensors of humidity 

for the surface kind Al/MgPc/PEDOT:PSS/Al and the 

humidity influence on capacitance.  

 

2. Experimental work 

The preparation of the Al/Mg/PEDOT:PSS/Al 

humidity sensor device requires some steps. Firstly, an 

ultrasonic bath is used to thoroughly clean the glass 

substrate in deionized water for 10 min and then left to 

dry for 5 min. Secondly, an appropriate mask is utilized 

and thermal evaporation is used to deposit aluminum 

electrodes with a layer thickness of 100 nm on a clean 

glass substrate. The pressure is maintained at 10-5 mbar 

throughout the thermal deposition process and all the 

electrodes are deposited at a rate of 0.1 nm/s. The gap 

length and the distance between the electrodes are 

approximately 25 mm and 40 μm, respectively. A mass 

of 10 mg of MgPc powder with molecular formula 

C32H16MgN8 (Luminescence Technology Corp- 

99.99% purity) without purification is dissolved in 1 ml 

of dimethyl sulfoxide (DMSO) and mixed for 60 min at 

room temperature. The PEDOT:PSS polymer (Ossila) 

with a work function of 5eV is utilized without further 

purification. A homogeneous solution of MgPc and 

PEDOT:PSS in several proportions (1:0, 1:0.25, 1:0.5, 

1:0.75, and 1:1 wt.%) is obtained for 3 hours at room 

temperature using magnetic stirrer. 

Al/MgPc/PEDOT:PSS/Al thin films are fabricated by 

depositing the active material using the drop-casting 

technique on glass substrates which have surface-kind 

metallic electrodes. Lastly, the specimens are dried at 

155°C for 2 hours and the sensors of humidity of Al, 

MgPc, PEPOT, PSS, and Al are constructed. Figure (2) 

demonstrates the structure of the manufactured sensors. 

The study examined the impact of humidity on the 

electrical characteristics of the films by the specimen's 

measurement resistance and capacitance at four distinct 

applied voltage frequencies: 20, 100, 300, and 600 Hz. 

The capacitance/resistive sensor of humidity is shown 

in Fig. (3) using the experimental configuration. 

 

 
(a) 

 
(b) 

Fig. (1) Molecular structure of (a) MgPc, and (b) PEDOT:PSS 

polymer 

 

 
 

Fig. (2) The representation cross-section view of the 

Al/MgPc/PEDOT:PSS/Al sensor of humidity device 
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Fig. (3) The experimental setup diagram of humidity system 

 

3. Results and discussion 

Figure (4) shows the FTIR spectra of the prepared 

thin films MgPc/PEDOT:PSS at different mixing ratios 

of MgPc and PEDOT:PSS (1:0,1:0.25,1:0.5,1:0.75,and 

1:1 wt.%).  The spectra exhibit bond bending in the 

region of 400-2000 cm-1 and bond stretching in the 

range of 2000-4000 cm-1. From Fig. (4), it is obvious 

that the bond vibration at 719.448 cm-1 can be given for 

Mg-N. The band at 1261.36-1085.85 cm-1 belongs to 

the stretching bond of C-O, in addition to appearance a 

number of bands such as C=O band at 1612.38 cm-1 

which is corresponded to C=O (carboxyl) and O-H 

band at 3425.34 cm-1. Also, the bands at 1332.72 cm-1 

attribute to C=C skeleton stretching vibrations [28]. 

 

 
Fig. (4) FTIR spectra of as-deposited MgPc/ PEDOT:PSS blend 

thin films 

 

After blending, the peaks at 611.435 cm-1 can be 

given to the C-S bond of the thio-phene ring in PEDOT. 

Furthermore, the peaks which were appeared from the 

C-H stretching vibration at 2907cm-1 are identified at 

1409  cm-1, 1044 cm-1 and 1018cm-1 and associated 

with the S=O links. The bands at 1051.2047 cm-1 and 

1082.066 cm-1 are associated with the stretching 

vibrations of the alkylenedioxy set. Two more bands 

emerged at 1031cm-1 and 1608 cm-1 as the PEDOT:PSS 

concentration increased. These bands are associated 

with the stretching of the SO3 groups in the PSS 

structure. Furthermore, the heightened content led to a 

rise in the proportion of (C–O) bonds compared to C=O 

bonds. This shift is evident in Figure (4), as the initial 

prevalence was seen in the C=O bonds, which were 

widely present in the PEDOT structure. The findings 

are consistent with the findings reported in references 

[28-30]. 

Figure (5) displays the photoluminescence 

spectrum, or emission spectrum of MgPc and 

PEDO:PSS polymer films that were produced and 

measured at room temperature. The intensity is 

standardized by the photons number absorbed by the 

films that are stimulated by 650 and 230 nm lines, 

respectively. The figure illustrates a wide 

photoluminescence (PL) band spanning from 2 to 3.4 

eV over the entire visible area for the MgPc spectrum. 

The spectrum of PEDOT:PSS exhibits a wide variety 

of wavelengths, spanning from 1.8 to 2.8 eV, covering 

the whole visible area. The peak energy of the spectrum 

is precisely 2eV, and additional small structures 

resembling shoulders that are found at 2.7 eV [31]. 

 

 
Fig. (5) Photoluminescence spectra of as-deposited MgPc and 

PEDOT:PSS thin films 

 

Figures (6) and (7) display the variations in the 

capacitance with respect to relative humidity (%RH) 

for Al/MgPc/PEDOT:PSS/Al capacitive sensor of 

humidity devices. The sensors were made using various 

proportions of Mg and PEDOT:PSS (1:0, 1:0.25, 1:0.5, 

1:0.75, and 1:1 wt.%) and tested at frequencies of 20, 

100, 300, and 600 Hz, and room temperature. Figure 

(6a and b) demonstrates a clear correlation between the 

RH level and the rise in capacitance. Furthermore, the 

sensor with a proportion of amounts of 1:0.5 wt.% 

shows a higher sensitivity in comparison with the other 

devices  at different amounts, as seen in Fig. (6c). 

Within the range of 20-56% RH, all the sensors exhibit 

reduced sensitivity. Nevertheless, above 56% RH, the 

regulated and sensors capacitance increases 

dramatically. It is worth noting that the sensor with a 

concentration of 1:0.5 wt. % exhibits only a little 

change. Once the RH is increased from 56% to 90%, 

the sensor capacitance being regulated rises from 

33.5nF to 365.6nF. Conversely, the sensors exhibit a 
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range of capacitance values, specifically ranging from 

33.5 to 365.6 nF. This phenomenon may be elucidated 

by the observation that at low humidity levels, water 

molecules are absorbed onto the surface of 

MgPc/PEDOT:PSS by chemisorption, which is not 

evenly distributed throughout the whole active layer. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. (6) The capacitance-%RH relationship at various 

frequencies with different concentrations of PEDOT:PSS: (a) 

1:0, (b) 1:0.25, (c) 1:0.5, (d) 1:0.75 and (e) 1:1w/w 

 

The sensor of humidity experiences an exponential 

increase in capacitance due to the physisorption of 

many layers of water molecules on the surface of 

MgPc/PEDOT:PSS when humidity gradually increases 

[32]. In chemisorption, water molecules form double 

bonds, but in physisorption, they form single bonds. 

This difference in bonding leads to increase in the 

polarization and subsequently increase in the 

capacitance [33]. One significant factor contributes to 

the rise in capacitance at greater humidity levels is the 

accommodation of water vapors in the empty sorbent 

pores, which leads to an expansion in the adsorbed 

water layers volume [34]. Water has a higher dielectric 

constant than air and organic semiconductors at 

ambient temp. As a result, the active layer 

MgPc/PEDOT:PSS experiences an increase in its 

effective dielectric constant, causing an increase in the 

sensor capacitance [35]. 

While the increase of the concentration ratio of 

MgPc and PEDOT:PSS (1:0.75,and 1:1 wt.%) 

capacitance decreases with an increase in %RH could 

be described on the water vapor absorption basis in the 

active material thin film pores is change with water 

vapors adsorption because the increase of the ratio of  
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PEDOT:PSS polymer causing the disintegration of the 

structure of the active  layer MgPc/PEDOT:PSS and the 

formation of materials that have less charge transfer 

,which consequently decreases the capacitance, as 

demonstrated in Fig. (6d and e). 

Based on the above equations, it is evident from Fig. 

(7) that the sensor exhibits a great sensitivity at lower 

frequencies in comparison to higher frequencies. In 

Fig. (7a), the sensor exhibits a sensitivity of 365.6 nF at 

20 Hz, in comparison with 98.17 nF at 100 Hz, 71.52 

nF at 300 Hz, and 38.02 nF at 600 kHz, when the RH is 

between 56% and 90%. These values are presented in 

Fig. (7b-d). 

The inset obviously demonstrates that the variation 

in the capacitance is most pronounced at the frequency 

of 20 Hz, and there is a progressive decline in the 

capacitive reaction as the frequency increases. 

Essentially, the sensor of humidity capacitance is 

determined by its frequency of operation, as 

demonstrated by the following formula: 

 𝑋𝐶 =
1

2𝜋𝑓𝐶
      (7) 

where XC is the reactance of capacitive 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. (7) The capacitance-%RH relationship with different 

concentrations of PEDOT:PSS at different frequencies (a) 20 Hz, 

(b) 100 Hz, (c) 300 Hz and (d) 600 Hz 

 

The variation in the capacitance with the 

measurement frequency could be attributed to the 

existence of parasitic capacitance in both the bulk 

material and the electrode interfaces. The parasitic 

capacitance stays unchanged despite fluctuations in the 

%RH. The exponential rise in the capacitance may be 

ascribed to the obstruction of charge carriers at the 

electrodes. Consequently, the carriers are confined or 

substituted at the electrodes, causing the formation of 

space charge and distortion of the macroscopic field. 

The presence of the space charge layer results in a 

significant rise in the capacitance at lower frequencies 

[36,37]. The findings that are obtained align with the 

findings in [34,36]. 

Figure (8) displays the variation in the sensors of 

humidity resistance. The resistance exhibits a non-

linear reduction with an increase in the amount of 

humid air inside the chamber. At first, the sensors 

exhibit a significant fluctuation, but as the humidity 

levels rise, the variability decreases. 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. (8) The resistance-%RH relationship at various frequencies 

with different concentrations of PEDOT:PSS: (a) 1:0, (b) 1:0.25, 

(c) 1:0.5, (d) 1:0.75 and (e) 1:1w/w. 

 

The variation in the sensor’s resistance is directly 

linked to the absorption of moisture on the sensing 

sheets. The humidity is absorbed by the sensing films, 

leading to a rise in the charge carriers. In other words, 

water molecules act as dopants. Furthermore, it has 

been demonstrated that humidity absorption might 

result in the ions dissociation. The presence of these 

ions enhances the sensing film conductivity, leading to 

a reduction in resistance due to their inverse 

relationship [38]. The connection between the 

capacitance and the resistance in LCR circuits is 

inverse, meaning that when one increases, the other 

decreases [39]:   

 𝑅𝛼
1

𝐶
       (8) 

where ‘R’ refers to the resistance, ‘C’ refers to the 

capacitance at the frequency of 20, 100, 300, and 600 

Hz 

Figure (9) displays the resistance and capacitance 

variation in relation to variations in %RH at 20 Hz. 

From the figure, the behavior of both the capacitance 

and resistance is inversely proportional to the increase 

in %RH, as demonstrated in equation 8. The best results 

were obtained at a concentration ratio of 1:0.5 of Mg 

and PEDOT:PSS, as shown in Fig. (9c). 
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(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. (9) The capacitance and resistance humidity relationship at 

frequency 20 Hz with different concentrations of PEDOT:PSS: 

(a) 1:0, (b) 1:0.25, (c) 1:0.5, (d) 1:0.75 and (e) 1:1w/w 

 

 

 

4. Conclusion 

Al/MgPc/PEDOT:PSS/Al organic humidity sensor 

was fabrication with different PEDOT:PSS 

concentrations. It is observed that there is an inverse 

relationship between the capacitance and the resistance 

values with increasing humidity level. In general: (i) 

the capacitive response of the sensor is associated with 

dipolar polarization of the absorbed H2O molecules by 

the nano composite films and polarization due to 

transfer of charge carriers, (ii) the decrease of the 

resistance is due to the increase of H2O molecules 

concentration and displacement current accordingly 

and concentration of the charge carriers doped by water 

molecules. Al/MgPc/PEDOT:PSS/Al sensor shows 

good sensitivity with fast response for the humidity at 

concentration (1:0.5) w/w. This study indicates that the 

blending of thin films improves the optical and 

electrical properties of PEDOT:PSS as transparent 

electrodes. 
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