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Iron phthalocyanine (FePc) nanorods were synthesised by a solvothermal method without any surfactant. The as-synthesised materials were
monoclinic FePc phase according to X-ray diffraction. The FePc nanorods were applied as gas sensor to detect the ethanol with good
sensitivity and selectivity. The results demonstrated that FePc nanorods were excellent candidates for gas sensor to ethanol.
1. Introduction: As organometallic compounds semiconductors,
metal phthalocyanine (MPc) has attracted much interest because
of their unique optical and electronic properties, which are
fundamentally different from those of inorganic ones [1–4]. MPc
has two strong absorption peaks, one of which is observed at ca.
300–500 nm and the other in about 600–750 nm. MPcs are
highly thermal and chemical stable molecules, resistant to
oxidation, which are mainly used as photovoltaic cell elements,
solid-state sensors and electrochromic devices [5–8]. As an
important p-type semiconductor, MPc has been largely
investigated in the gas-sensors application owing to the
conductivity varying substantially with the concentration of
reducing or oxidising gases [9]. Many research of MPc-based gas
sensors focused on the solid thin films synthesised by various
methods such as thermal evaporation [10], Langmuir–Blodgett
(LB) method [11], molecular beam deposition [12], electrochemical
deposition and solvothermal method [13].

MPc nanomaterials were found to have outstanding redox and
electronic properties that were interesting in gas-sensors applica-
tions, active material for molecular electronic devices, photodetec-
tors and photocatalytic catalyst [14–18]. It is found that the
gas-sensor performance of MPc strongly depends on its microstruc-
ture [19–21]. For example, copper (Cu) Pc nanoribbons based gas
sensor showed high reversibility and response to tetrahydrofuran at-
mosphere [22]. Poly-Cu tetraaminoPc nanotubes as the sensor
exhibited fast sensitivities and enhanced linear ranges [23]. CuPc
nanostructures were investigated on various technologically import-
ant substrates and exhibited selectivity and sensitivity to NOx gas as
gas-sensing devices [24]. However, iron Pc (FePc) nanorods with
sensitivity and selectivity toward ethanol have rarely been reported.

In our Letter, we prepared FePc nanorods via a facile solvother-
mal method without any surfactant. The as-obtained FePc nanorods
exhibited high selectivity and sensitivity to ethanol as gas sensors.

2. Experimental section
2.1. Reagents: Phthalonitrile (C8H4N2), ferrous chloride
(FeCl2·6H2O), ammonium heptamolybdate [(NH4)6Mo7O24

4H2O], ethanol and ethylene glycol were in analytical grade and
were used directly, commercially available in the Sinopharm
Chemical Reagent Co.

2.2. Preparation of FePc: Under the magnetic stirring, 0.115 g
C8H4N2 was dissolved in the 30 ml ethylene glycol mixed
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solution, and then 0.054 g FeCl2·6H2O and 0.001 g
(NH4)6Mo7O24 4H2O were added into the above solution. The
mixture was transferred to a 50 ml teflon-lined stainless steel
autoclave after stirred uniformly. The sealed autoclave was heated
at 180°C for 20 h. Finally, the as-prepared sample was washed by
deionised water and absolute ethanol until the filtrate was clear.
The product was vacuum dried at 60°C for 24 h.

2.3. Characterisation of material: A Philips X’pert PRO MPD
diffractometer X-ray diffraction (XRD) equipped with Cu Kα
radiation was used to investigate the crystal structure and phase
of the as-synthesised samples. A Hitachi S-4800 field emission
scanning electron microscopy (FESEM) was used to investigate
the morphologies of the samples. Transmission electron
microscope (TEM) was recorded using a Tecnai G2 F20 high-
resolution TEM analyser. Differential thermal gravity (DTG) and
thermogravimetric analysis (TGA) were taken with a SETARAM-
TG92 thermal gravimetric (TG) analyser under nitrogen flow.

2.4. Fabrication and measurement of gas sensors: The layouts of the
sensor are the same to our previous report [25]. The slurry was
formed by the mixture of the FePc nanorods and ethanol. The gas
sensor was prepared by coating the slurry onto a ceramic tube
with four platinum wires and a pair of golden electrodes, and
then dried in air. The Cr–Ni alloy filaments were plugged into the
tube employed as a heating appliance that afforded the working
temperature of the gas sensor. FePc nanorods (5.0 mg) were
directly coated on the outer surface of the ceramic tube and
connected the two Au electrodes, then dried in air. Detecting
gases were injected into a shielded chamber. The responses
property of the gas sensor was investigated using a WS-30A test
gas-sensing system at relative humidity of 40–60%. The sensor
sensitivity is defined as S = Rg/Ra, where Rg is the electrical
resistance in test gas and Ra is the resistance in air.

3. Results and discussion
3.1. Characterisation of material: Fig. 1a displays the XRD peaks of
the samples. The diffraction peaks located at 2θ = 6.9°, 11.1°, 12.0°,
13.0°, 15.6°, 17.9°, 24.1°, 25.9° and 28.8° can be all perfectly
indexed as monoclinic FePc (JCPDS Card No 14-0926). The
FESEM image displays the morphology of the product. Fig. 1b
shows the representative high-magnification SEM morphology of
the rode-like FePc with lengths up to 100 µm. A close SEM
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Fig. 1 Characterisation of material
a XRD peak of the FePc nanorods
b and c Low- and high-magnification SEM image of the FePc nanorods
d Photograph of TEM image of the FePc nanorods

Fig. 3 Sensitivities of the FePc nanorods gas sensor to 100 ppm ethanol at
various operating temperatures
examination demonstrates that the diameters of FePc rods are
average 700 nm (Fig. 1c). The TEM image further reveals the
rod-like nature of the FePc nanorods, as shown in Fig. 1d.
TGA and DTG behaviours of the FePc nanorods were recorded

with TG analysis. Fig. 2 displays thermo-decomposition behaviours
of the FePc nanorods. On the TGA curve, the first weight loss of
1.5% between 50 and 100°C (endothermic DTG peak at 66°C),
attributed to the sublimation of water weakly adsorbed on the
surface of the FePc rods. An apparent decomposition step can be
clearly observed from the TGA curve. The second weight loss of
45.2% between 233 and 400°C indicates the decomposing of
FePc. The DTG graph further displays that the FePc nanorods de-
composing temperature is between 310 and 410°C.

3.2. Gas-sensing measurements: As we know, the sensitivity of the
gas sensor is greatly influenced by the working temperature and
the working temperature is an important factor. To obtain the
appropriate working temperature, the response of the FePc
nanorods sensor to 100 ppm to ethanol vapour in air was
measured as a function of working temperature, as shown in
Fig. 3. It is clear that the sensitivity of the gas sensor varies with
working temperature. The sensitivity first increases with
temperature, up to 300°C, and then gradually decreases. The
maximum gas-sensor sensitivity of FePc nanorods is found 9.05
at 300°C in our experimental range. So, the appropriate working
temperature of 300°C was chosen for examining the gas-sensing
characteristics of the as-obtained FePc nanorods.
Fig. 4 shows the response of FePc nanorods based gas-sensor ex-

posure to various amounts of ethanol at the appropriate working
temperature of 300°C. The as-obtained FePc nanorods have a
Fig. 2 DTG and TGA DTG curves of FePc nanorods at a heating rate of
temperature of 10°C under nitrogen flow
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good response to ethanol. As can be observed, the sensitivity
increases when the test gas ethanol is added. At a low concentration
of 10 ppm ethanol, the relative sensitivity is about 4.3. The starting
minimum concentration is 10 ppm, which is down the permissible
exposure limits (200 ppm) set of a breath analyser [26]. With
increasing the ethanol vapour concentration from 10 to 80 ppm,
the responses of the sensor increase rapidly. However, the response
increases slowly with increasing the concentrations of ethanol
above 80 ppm, which indicates that the response of the FePc nano-
rods sensor attained a relative saturation value.

As p-type semiconductor, the resistance of the gas sensor in a re-
ducing gas (such as ethanol) is greater than the resistance in the air.
When the FePc nanorods sensor is exposed to the air, O2 adsorbed
on the surface of the FePc nanorods capture the electrons from the
FePc nanorods, resulting in the production of O2− and O−.
Meanwhile, the hole accumulation layer is formed on the surface
of the FePc nanorods. When the sensor touches with ethanol,
ethanol molecules react with O2− and O− and release electrons
back to the FePc nanorods. The releasing electrons react with the
holes, decreasing the thickness of the hole accumulation layer,
thus increasing the resistance of the sensor.

The selectivity of the gas sensor is also very key for the applica-
tion of the gas sensing. Therefore, the gas selectivity property of
FePc nanorods sensor was assessed. Various gases with the same
concentration, e.g. ammonia, benzene, acetone, methylbenzene,
formaldehyde, isopropanol and ethanol were selected to investigate
gas selectivity property of FePc nanorods sensor at the appropriate
working temperature of 300°C, as shown in Fig. 5. The FePc nanor-
ods gas sensor presents higher response to ethanol than other gases
that indicates that the gas sensor displays fine selectivity to ethanol.
Compared with the previous Letter, the sensitivity of FePc nanorods
gas sensor to ethanol was higher. We believe that the high sensing
behaviour attributed to the remarkable one-dimensional structure of
Fig. 4 Sensitivities of the FePc nanorods gas sensor to different ethanol
concentration at the appropriate working temperature of 300°C

349
& The Institution of Engineering and Technology 2016



Fig. 5 Sensitivities of FePc nanorods gas sensor to various gases with a
concentration of 100 ppm at 300°C
FePc nanorods, which is favourable for the mass transportation and
diffusion in the gas-sensing materials [27].

4. Conclusion: The FePc nanorods were synthesised successfully
by a facile solvothermal technique without any surfactant. FePc
nanorods gas sensor exhibited good response to ethanol with high
sensitivity and selectivity due to the 1D morphology. All the data
show that the FePc nanorods are suitable for gas sensor to
ethanol. The easy synthesis of FePc nanorods, good sensitivity
and selectivity of the fabricated sensor are expected to have
potential applications of these devices in practical applications.
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