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INTRODUCTION
Degradation of the air quality in industrial and
highly dense fuel vehicle areas due to unavoidable
emission of toxic air pollutants is a main issue of
public health.1 The combustion of diesel generates
suspended particulate matter (SPM), nitrogen
oxides (NOx), sulphur dioxide, Polycyclic
Aromatic Hydrocarbon (PAH) and also carbon
monoxide (CO).2 Significant  high  level  of
pollutant  gases  like  NO2,  SO2,  CO  is worrying
and very dangerous to the human health. Highly
pollutant and toxic gas like NO2 in an environment
has become important as a result of increased
automobile fuel vehicles and production in the
chemical industries3. Nitrogen dioxide causes lung
irritations and decreases the fixation of oxygen
molecules on red blood corpuscles. Even more
disturbing is the fact that NOx from diesel once
out in the air forms ozone, yet another harmful
gas. Hence monitoring and controlling of the level
of such highly pollutant gas is a need of the time
as far as the human health is considered4. Various
measurement methods were used all over the
world however for a more precise cartography
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of the urban pollution, the simple electronic sensor
is the best solution. The use of analytical
instruments is time-consuming,  expensive and can
seldom be applied for real-time monitoring in the
field, even though these can give a precise
analysis.5,6   Hence   solid   state   gas   sensors,
offer an excellent alternative   for environmental
monitoring due to low cost, light weight, small size
and digital data handling.  Different materials
were studied for the pollutant gaseous sensors.
Manymetal oxide semiconductors have been
investigated such as tungsten trioxide WO3

7-9,
chromium trioxide  Cr2O3

10  and tin oxide SnO2
11,12

for nitrogen  oxides  monitoring; unfortunately the
working temperature of these sensors is high.
Solid electrolyte materials were also investigated
however these materials have stability problems.
Phthalocyanines (Pcs) and structurally related
compounds are of interest in gas sensor
applications. In earlier paper Chakane et al. studied
NO2 sensor using metallophthalocyanine (MPc)
coated on porous silicon.13

Phthalocyanine (Pc) is a conjugated   heterocyclic
18 -electron containing compound. In Pc system,
methane-bridges of porphyrin are replaced by
azabriges and, therefore, Pcs can be regarded as*Author for correspondence
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tetrabenzotetra-azaporphyrins. The family of MPc
has been found to be highly reactive with strong
oxidizing gases such as NO2.

14-16 MPcs are
coordination compounds in which Pc ring is
coordinated with a central metal atom and it
exhibits a unique combination of chemical,
electrical and optical properties17 which made it
as a versatile organic material. NiPc belongs to
this family of organic molecular solids. Its
composition consists of hydrogen, carbon,
nitrogen and substituted nickel arranged into a
macrocycle. The properties exhibited by MPc are
practically important for dyes, colorants and
catalysis.18-19 Their semiconducting properties are
exploited for photoconducting, solar cells as well
as gas sensing applications.20 One of the most
important advantages of Pcs over other organic
materials is their thermal and chemical stability.
The gas sensing principle is based on the change
of conductivity upon the adsorption of gas species
at the surface.21,22

Study of Copper Phthalocyanine (CuPc) is
explored a lot. A. Oprea et al. used suspended
gate  field effect transistor for NO2 detection  and
claimed  that CuPc is appropriate choice for NO2
detection at room temperature with low power
consumption.23 Nickel phthalocyanine (NiPc)
films were deposited by vacuum sublimation  by
T.A. Temofonte  et al. and studied as NO2  gas
sensor.24 The cost effective gas sensor using NiPc
in the pellet form as NO2  gas sensor is discussed
in this paper.

MATERIAL    AND   METHODS
NiPc was synthesised by chemical method starting
from the phthalic anhydride and urea as the
cheapest precursors and Nickel salt as a source
for the central atom. The reaction scheme of
phthalic anhydride urea process is given in Fig. 1.
Phthalic anhydride,  urea and Nickel salt were
mixed together, crushed into the form of fine
powder and slowly heated with continuous stirring.

Phthalic anhydride Urea Metal salt Metallophthalocyanine
(M=Ni)

+ 4CO2 + 8H2O+X2

Catalyst

170-210 OC

Fig. 1 : Reaction scheme of Nickelphthalocyanine synthesis

The reaction took place  at  about  200°C  and
sufficient  heat  was  generated  to  maintain  the
reaction temperature. After completion of the
reaction, the product was washed with distilled
water and methyl alcohol many times for
purification and then air dried. In order to prepare
sensor  samples,  powder  was compacted  in the
form  of pellets  of 13 mm diameter under the
optimized pressure and time using hydraulic press.
For electrical measurements, silver paste contacts
were made on either side of the sample.
Synthesised  material was characterised  using
bulk X-Ray Diffraction  (XRD) to study
structural    properties    using    Philips    X-ray
diffractometer    PW    1729 with Cu K
radiation  ( = 1.5406  Å). Absorption  spectra

(UV-Vis)  were  studied using absorption
spectrometer JASCO V-607. Infrared
spectroscopy was performed at room temperature
using JASCO FT/IR-6100 type A infrared
spectrophotometer in the spectral range 2000 cm-

1 - 400 cm-1 by mixing synthesized material with
IR-grad KBr. Thermal  behavior  was
investigated  by  thermal  gravimetric  analysis
(TGA)  using DTC-60H.
Gas exposure  tests of prepared  sensor samples
were performed  in a controlled environment   to
obtain  response   data  towards   the  detection
of  NO2    at  room temperature. The response
resistance of the sensor sample was recorded for
different concentration  of  nitrogen  dioxide  using
two  probe  techniques  with  the  help  of keithley-
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Fig.2 : Schematic diagram of gas test setup

Electrodes

Gas outlet

Glass jar
Sample
Sample holder

Gas inlet

SS base plate
Multimeter Computer

RESULTS   AND  DISCUSSION
Material synthesis and sensor sample
preparation
NiPc synthesised  using phthalic anhydride  urea
route. The cyclotetramerization reaction took
place at temperature 200 °C. The synthesised
powder material was used for material
characterization and sensor samples in the form
of pellets were prepared with optimized
parameters. Fig.3 shows synthesized material
and sensor samples.

Characterization
X-Ray diffraction pattern of NiPc is shown in
Fig. 4. It was found to be in good agreement as
in literature and PCPDF number 11-0744.

Fig. 3 : NiPc material and sensor samples

UV-Visible  absorption  spectra  of  NiPc  in  N-
N  Dimethyl  Formamide  (DMF) solution are
shown in Fig. 5. All spectra display the existence
of strong absorption bands  in the range  of 400
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Fig. 4 : XRD pattern of  NiPc powder

NiPc

2000   multimeter. Fig. 2 shows the schematic
diagram of specially constructed gas test setup.
Due to high initial resistance of sensor samples

the stable resistor  was  placed  in  parallel  to  the
sensor,  effectively  scaling  the  maximum
resistance within the range of the keithley-2000
multimeter.
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nm and 800 nm caused  by the transitions  of the
conjugated  macrocycle  of 18 -electron
system. The Pc compounds  exhibit strong
electronic transition in visible region called Q
band25 which was found to be between 625 nm
and 700 nm for synthesized NiPc material. The
Soret band of 250 nm to 400 nm is seen to be well
separated from the Q band.

Fig. 5 : The absorption spectra of NiPc
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Fig. 6 is an IR spectrum of NiPc, which shows
skeleton of NiPc between  the region  400 cm-1 -
1350 cm-1. Tackley et al. noticed the marked
changes in the spectral  range 1350 cm-1  to 1550
cm-1  for the Pc with different metal atoms  and
suggested  this region  to be unique for each
Pc.26,27 A series of weak absorption observed
between 1700 cm-1 and 2000 cm-1 is due to the
aromatic compound which is also same for both
materials as expected.28,29 The bands appearing
at 1270 cm-1  and 1295 cm-1 are assigned to the
C-N in isoindiole and in plane band stretching
vibration.
The peak observed  at  1606.4  cm-1 is  due to  the
benzene ring  skeletal stretching vibration.30,31

Nitrogen dioxide sensing characteristics
NiPc sensor samples were tested for NO2
concentration 0.1, 0.2, 0.3, 0.4 and 0.5 volume  %
by  monitoring  the  resistance  of  the  sensor
continuously.  There was a decrease of resistance
observed after exposure to mixture of NO2 gas
and atmospheric air. The base resistance (Ra) is
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Fig. 6 : The Infrared spectra of NiPc
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the resistance of the sensor measured in air and
Rg is the resistance of the sensor in air containing
tested gas. The decrease in resistance after the
NO2 exposure is normalized by dividing
resistance value (Rg) with the base resistance
Ra. The  plot  of  relative resistance (Rg/Ra)
versus time of NiPc sensor after the exposure to
various concentration  of NO2  at room
temperature is shown in Fig. 7(a)  and
instantaneous  response  of  NiPc  sensor  samples
upon  the  exposure  to different NO2  gas
concentrations at room temperature is shown in
Fig. 7(b). For each plot, the first minute of
exposure to NO2  gas is disregarded because gas
inserted into the chamber required time to
equilibrate and achieve the proper concentration.
The response in terms of instantaneous sensitivity
is calculated using equation (1).
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ga 


                              (1)

Sensor ability of phthalocyanines is formation of
charge transfer complex between phthalocyanine
and the oxidizing gas molecule. The oxidizing gas
(NO2) on contact with electron network of
phthalocyanines causes the transfer of an electron
from phthalocyanine ring to the gas molecule.
Consequently, adsorbed NO2  gas acts as an
acceptor in the phthalocyanine lattice and the
phthalocyanine ring becomes positively charged
through the following reversible doping process:

NiPc  +  NO2                     NiPc+  +  NO2
The response time of NiPc sensor determined
from these plots shows the decrease in response
time with increasing NO2 concentration in

-
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surrounding air of sensor upto 0.4 volume % and
almost constant for higher concentrations. The
response time of the sensor for  NO2
concentration  0.4  volume  %  was  found  to  be
of 5 minute. The recovery time of the sensor is
much large as of some hours. The large recovery
time may be due to slow release of gas molecules
from bulk. Sensitivity of NiPc sensor calculated
for each concentration  and plotted as a function
of NO2 concentration is shown in Fig. 8.
Increase in sensitivity was  found with increasing
NO2 gas concentration. It attains the saturation
value after  0.4 volume% NO2 gas concentration.
The NiPc sensor was exposed to different NO2
concentrations following the decreasing order

0.4, 0.1, 0.05, 0.02 and 0.005 volume % and response
resistances were  recorded.  The  plot of response
resistance  versus  time  for different  NO2  gas
concentrations is shown in Fig. 9. Each time the
concentration was changed the sensor was allowed
to expose to the same time interval (10 minute). It is
seen from graph that change in resistance change
decreases with decrease of NO2 gas concentration
in the surrounding air of the sensor. Note that more
is the decrement of resistance, more is the
conductivity.  There is decrease in decrement of
resistance hence decrease in conductivity with
decrease of NO2 gas concentration. Decrement of
resistance (R) of sensor at each NO2 gas
concentration is given in Table 1.

Fig. 8 :  (a) Response time and (b) sensitivity plot for NiPc sensor with NO2 gas concentration
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Fig. 7 :  Relative resistance change (a) and response (b) of NiPc sensor samples exposed to
different NO2 gas concentrations
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Fig. 9 :  Response resistance of NiPc sensor
exposed to decreasing NO2 concentration.

S/N NO2 gas Sensor Resistance
concentration resistance decrement
(Volume %) (M)  R (M)

NO2 NO2

ON OFF
1 0.005 78 57 21
2 0.02 74 32 42
3 0.05 73 28 45
4 0.1 73 16 57
5 0.4 85 01 84

Table 1:  Resistance decrement of sensor with increasing NO2 concentration
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Fig. 10 :  Resistance decrement versus NO2 gas
concentration
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surrounding air of the sensor and it is found to be
stable for more concentration than 0.4 volume %.
The sensitivity increases with increase in NO2
concentration and it is stable for  NO2
concentration more than 0.4 volume %. Decrease
in decrement of resistance was found with
decreasing NO2  concentration in the surrounding
air of the sensor. Hence, study revealed that the

electrical conductivity of NiPc sensor sample
increases with increasing NO2 gas concentration
in the surrounding air of the sensor.
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