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Abstract—Effect of temperature and light was investigated on a 

thin film of organic semiconductor formyl-TIPPCu(II) deposited on a 
glass substrate with preliminary evaporated gold electrodes. The 
electrical capacitance and resistance of the fabricated device were 
evaluated under the effect of temperature and light. The relative 
capacitance of the fabricated sensor increased by 4.3 times  by rising 
temperature from 27 to 1870C, while under illumination up to 25000 
lx, the capacitance of the Au/formyl-TIPPCu(II)/Au photo capacitive 
sensor increased continuously by 13.2 times as compared to dark 
conditions. 
 

Keywords—formyl-TIPPCu(II), Organic semiconductor, 
Photocapacitance, Polarizability. 

 
I. INTRODUCTION 

OR the utilization of renewable energy sources, the 
assessment of environmental conditions is an important 
factor which can be done by monitoring temperature, 

humidity barometric pressure, wind speed and direction, rain 
fall and air pollution [1, 2].  The organic semiconductors 
based sensors can be used for sensing application of these 
environmental parameters because organic materials  are very 
sensitive to temperature [3, 4],  radiations [5], humidity [6, 7] 
and various gases [8, 9]. 

Porphyrin is the heterocyclic organic compound which is 
found in nature in the form of chlorophyll, which is thought to 
be the best photo acceptor in nature. The free base porphyrin 
can be changed into metalloporphyrin by inserting the metals 
into its core [10]. Due to its attractive properties, porphyrin 
has been used for the fabrication of different organic devices 
such as junction diodes [11], sensors [7, 12] and solar cells 
[13]. 

In this research work, copper based porphyrin i.e. 2-formyl-
5,10,15,20-tetrakis(4΄-isopropylpheny)prophyrinatocopper(II) 
or formyl-TIPPCu(II) has been used to fabricate the organic 
sensor for temperature and light sensing application. 
 

II. EXPERIMENTAL 
Thin film of organic semiconductor formyl-TIPPCu(II) is 

used as a sensing element for the fabrication of Au/formyl-
TIPPCu(II)/Au organic sensor. The synthesis of formyl-
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TIPPCu(II) has been described elsewhere [14]. The molecular 
structure of formyl-TIPPCu(II) is given in Fig. 1. Microscope 
glass slides were used as substrates. The substrates were 
cleaned ultrasonically in acetone for 25 minutes followed by 
thorough rinsing with distilled water.  After drying, the 
substrates were plasma cleaned for 5 minutes. The gold 
electrodes of 100 nm thickness were thermally deposited on 
the substrates by keeping 40 μm gaps between them by using 
the mask. Then the thin film of formyl-TIPPCu(II) of 
thickness 140 nm was thermally sublimed on the substrates. 
For these thermal depositions, the Auto 306 vacuum coater 
with diffusion pumping system (Edward) was used under a 
chamber pressure of 5.5 × 10-5 mbar. The thickness of formyl-
TIPPCu(II) and gold films were measured by an FTM5 crystal 
controlled thickness monitor. The cross-sectional view of the 
fabricated Au/formyl-TIPPCu(II)/Au sensor is shown in Fig. 
2. 

              
 

Fig. 1 Molecular structure of  formyl-TIPPCu(II). 

 
 

Fig. 2 Cross-sectional view of the Au/formyl-TIPPCu(II)/Au  
organic sensor 

 
The electrical capacitance and resistance were measured by 

using DVM 890L and Kiethley 196 digital multimeters. The 
temperature dependence measurements of the device were 
made using Karl Suss PM5 probe station with a thermo chuk 
‘Alpha’ series system, model TP 0315A-TS-2 of Temprotic 
Corporation, USA. The fabricated sensor was illuminated by a 
tungsten filament lamp at room temperature, and the 
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illumination measurements were made by CEM DT-1300 light 
meter.  
 

III. RESULTS AND DISCUSSION 
Fig. 3 shows the capacitance-resistance versus temperature 

plots of Au/formyl-TIPPCu(II)/Au surface type sensor. The 
measurements were made under the dark conditions at 40% 
RH. It has been observed from these curves that capacitance 
increases by 4.3 times while resistance decreases by 4.4 times 
with an increase in temperature from 27 to 1870C. The 
polarization and conductance of sensing film cause the change 
in the magnitude of capacitance and resistance of the device 
[15]. With increasing temperature, the molecular thermal 
movement becomes stronger, which increases the polarization 
and causing the enhancement in the capacitance of the 
fabricated sensor.  While the resistivity of the sensing material 
decreases with the increase in temperature, according to the 
relation. 

0 expT
E
kT

ρ ρ ⎛ ⎞= ⎜ ⎟
⎝ ⎠

   (1) 

Where ρT is the resistivity at absolute temperature T, ρ0 is pre 
exponential factor, k is the Boltzmann’s constant and E is the 
activation energy of conduction. 
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Fig. 3 Capacitance/resistance temperature relationships for the 

Au/formyl-TIPPCu(II)/Au organic sensor. 
 

It can be observed from Fig. 4 that the capacitive and 
resistive measurements have the hysteresis of 3.2 and 5.1%, 
which may be caused by polarization of the material. 
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Fig. 4 Hysteresis in the capacitive and resistive measurements of 

Au/formyl-TIPPCu(II)/Au organic sensor. 
 

Fig. 5 shows the relationship between relative capacitance 
and illumination for Au/formyl-TIPPCu(II)/Au surface type 
photocapacitive sensor. Where Cd and Cph are capacitances 
under dark conditions and illumination respectively.  This plot 
shows that the photocapacitance of fabricated sensor increases 
about 13.2 times with the increase in illumination from 0 to 
25000 lx. The concentration of charge carriers, i.e. electrons, 
holes, ions and dipoles increases with increasing illumination, 
which causes the increase in polarizability in the film which 
results in the increase in the capacitance of the sensor [16, 17].  
The total polarizability (α) can be written as 

dip i e tα α α α α= + + +    (2) 

Where αdip, αi, αe and αt are polarizability under illumination 
due to dipoles, ions, electrons and the transfer of charge 
carriers, respectively. 
The change in capacitance of the device may be due to 
electronic and ionic polarizability. The electronic 
polarizability arises due to the relative displacement of orbital 
electrons, while the ionic polarizability is due to charge-
transfer complexes in the formyl-TIPPCu(II). The capacitance 
is actually depending on the relative permittivity (εr) of the 
material who depends on the polarizability according to 
Clausius-Mossotti equation [18]. 

0

1
2 3

r

r

Nε α
ε ε

⎛ ⎞−
=⎜ ⎟−⎝ ⎠

      (3) 

Where N is the concentration of charge carriers, εr is the 
relative permittivity and ε0 is the permittivity of free space.    
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Fig. 5 Capacitance- illumination relationship for the Au/formyl-

TIPPCu(II)/Au organic sensor. 
 

IV. CONCLUSIONS 
The organic semiconductor formyl-TIPPCu(II) has been 

successfully used for the fabrication of surface type 
Au/formyl-TIPPCu(II)/Au organic sensor. The changes in 
capacitance and resistance of the sensor with temperature and 
light have been observed. The capacitance has increased by 
4.3 times while resistance of the fabricated sensor decreased 
by 4.4 times by rising temperature from 27 to 1870C. An 
acceptable hysteresis for capacitive and resistive 
measurements was found. The rise of 13.2 times in 
capacitance due to illumination was also observed. The 
association of photocapacitive response of the organic sensor 
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was assumed with polarization due to the transfer of photo – 
generated electrons and holes.  
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