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Abstract

Variation of DC electrical conductivity with temperature
from 273-473 K of electron beam irradiated Tetra-nitro
zinc, and Cu-Pcs, were carried out. It shows
semiconductor behavior and resistivity varies from
0.043x10° Q-cm to 64.61x10° Q-cm for all complexes.
Variation of conductivity with temperature shows two
straight lines of different slopes the first line (LT),
resembles the a-phase, (Eai) = 0.226 eV while the second
line at 362 K resembles the (- phase (Eaz) = 0.460 eV (for
Cu-Pcs). The B-phase shows higher activation energy than
the a-phase, and the X-ray diffraction studies reveal that
the crystals are monoclinic. The conductivity is explained
on the basis of Davis and Mott model. The conduction
mechanism at lower temperature is explained in terms of
hoping through a band of localized states and at higher
temperatures in terms of thermal excitation of carriers to
the band edge.
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1. Introduction

Phthalocyanines (Pcs) are most studied compounds in
supramolecular chemistry, it receive a great interest now a days
due to their variety of applications such as gas sensors, organic thin
film transistors, and various optoelectronic applications [1-3]. Metal
phthalocyanines (MPcs) have been studied with many metal ions
and different substituents on peripheral () and non-peripheral (a)
position. Pcs are highly colored, p-type organic semiconducting
compounds which exhibit high chemical and thermal stability and
thus can be sublimed without decomposition to form high quality
thin films and complexes by the thermal evaporation technique or
by synthetic route. Physical properties of Pcs are strongly
influenced by the growth parameters and the post deposition
treatments such as annealing, etc. [4-10]. Irradiation with high
energy radiations are expected to affect their physical properties.
These irradiated samples show enhanced efficiency its applicability
of a radiation environment and is also important in obtaining basic
information on vacancies, defects and their interaction with
impurities. In this paper we report detailed electrical studies on
organic semiconductor Pcs prepared by synthetic route.

2. Experimental

The phthalocynine complexes were prepared by synthetic route.
The electrical conductivity measurements of the above samples
were performed using two probe method with disc shape pellets.
The pellets were sandwiched between two silver electrodes which
provide the ohmic contacts. DC conductivity measurements were
carried out using programmable Keithley source meter (model
2400) in the temperature range of 300-473 K. The temperature was
monitored using a chromel-alumel thermocouple. The irradiation
measurements were carried out at microtron center Mangalore
University. The samples were irradiated with electron beam (beam
energy 4-8 MeV cavity type -1, beam current-15-20mA, pulse
repetition rate = 5Hz, pulse width = 1.5-2us, target to sample
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distance is 30 cm, time of exposure = 1-4 h by lanthanum hexa
fluorite source). The monochromatic beam is made to fall on
sample kept at particular distance in air and the above beam
parameters are maintained. Radiation doses were controlled
through the exposure time. XRD analysis were carried out using X-
ray diffractometer of model Philips X-pert with monochromatic
Cu-Ka (A = 15418 A). The activation energy was measured by
using Arrhenius plot by equation 1.

o = oo exp (-AE/KT) 1)
3. Results and Discussion

Electrical conductivity follows the Arrhenius equation. The
Arrhenius plot (log o v/s 1000/T) yields a straight line with the
slope corresponding to the value of thermal activation energy. Log
ov/s1000/T is plotted for tetra-nitro zinc, and Cu-Pcs, Ni-Pcs and
iodine doped Pcs before and after irradiation (Figures 1, 2, 3, 4). In
this type of material, the conduction mechanism is different in
various regions of the Arrhenius plot. There are two linear regions
for each graph, which give two activation energies E; and E». The
activation energy E; is related to the intrinsic generation charge
carrier process and E to the impurity scattering. The conduction
mechanism at lower temperatures is explained in terms of hopping
through a band of localized states and at higher temperatures in
terms of thermal excitation of carriers to the band edges. The
change in the slope, and hence the change in activation energy,
reflects a change from intrinsic conduction to the extrinsic one. The
activation energies determined for non-irradiated and irradiated
samples are listed in Table 1. The activation energy increases with
dosage of irradiation and then decreases. Activation energy is
found to increase and then reduction in activation energy at 454 K
for radiation dose of 60 K Gy for Cu-Pcs may be attributed to the
instability of the material due to heavy vibrations of the atoms. The
Presence of trap levels is attributed to defects generated which
affects electrical conductivity, mobility and trap density. The
irradiation of the samples with high-energy creates structural
defects which act as trapping centers. This is indicated by the
increase in activation energy and thus the reduction in the
conductivity of Tetra-nitro zinc and Tetra nitro Cu.
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The powder X-ray diffraction spectra of the above samples were
studied in the range of 20 from 20-80° X-ray diffraction patterns
shows many sharp peaks in the spectrum indicating the crystalline
nature due doping. For irradiated sample, the X-ray diffraction

spectra show semi crystalline nature due to more number of defects
(Figures 5, 6,7, 8).
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Fig 1. DC conductivity studies Cu-II, Ni, I PC before radiation.
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Fig 2. DC conductivity of of Cu-Il, Ni, after irradiation.
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Tablel. Activation energy of the Pcs samples before and after

irradiation
No Compound Activation Energy at high | Activation Energy at low
temperature E; (eV) temperature Es (eV)
Pc-1 Tetra Nitro 0.4324 (BR) 0.1062 (BR)
Copper (II) 0.896 (AR) 0.177 (AR)
Phthalocyanine
Pc-2 Tetra Nitro 0.2596(BR) 0.1503(BR)
Zinc(II)
Phthalocyanine 0.745 (AR) 0.312(AR)
Iodine Doped 0.212(BR) 0.017(BR)
Pc-3 4-copper 0.858 (AR)(40KGy) 0.092 (AR)(40KGy)
Phthalocyanine 0.195(AR)(80KGy) 0.1109(AR)(80KGy)
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4. Conclusion

X-ray diffraction studies reveal that due to the irradiation samples
shows semi crystalline nature. The variation of electrical
conductivity explained due to drain of oxygen molecules out of the
sample during heating. A partial phase transformation from a to 3
phase in the samples was identified with the change in the thermal
activation energy AE. The mechanism of the charge carrier were
discussed as a short lived charge transfer between impurity and the
complex at high temperature and as an intrinsic generation process
at low temperature shows semiconductor nature of the sample.

References

[1]. S. Subramoney, “The discovery of novel carbon-based nanoparticles,”
Adv. Mater. Vol. 10, p. 1157, 1998.

[2]. M. Jose-Yacaman, M. Miki-Yoshida, L. Rendon, T. G. Santieste-ban,
“Carbon Nanotechnology: Recent Developments in Chemistry,
Physics, Materials,” Appl. Phys. Lett., Vol. 62, p. 202, 1993.

[3]. R. Sen, A. Govindaraj, C.N.R. Rao, Recent developments in
chemistry, physics, materials science and Chem. Phys. Lett. Vol. 267,
p- 276, 1997.

[4]. R. Sen, A. Govindaraj, C.N.R. Rao, “Carbon Nanotubes from
Organometallic Precursors,” Chem. Mater., Vol. 9, p.2078, 1997.

[5]. M. Yudasaka, R. Kikuchi, Y. Ohki, S. Yoshi-mura, “Nitrogen-
containing carbon nanotube growth from Ni phthalocyanine by
chemical vapor deposition,” Carbon. Vol. 35, p. 195, 1997.

[6]. S. Fan, M. C. Chapline, N. R. Franklin, T. W. Tombler, A. M. Cassel, H.
Dai, “Electronic and optoelectronic nano-devices based on carbon
nanotubes,” Science, Vol. 283, p. 512, 1999.

[7]. A. Alonso, B. Etxaniz, M. D. Martinez, “The determination of nitrate
in cured meat products. a comparison of the HPLC UV/VIS and
Cd/spectrophotometric methods,” Food Additives and Contaminants,
Vol. 9, p. 111, 1992.

[8]. W. Lijinsky, S.S. Epstein, “Nitrosamines as environmental
carcinogens,” Nature, Vol. 225, p. 21, 1970.

[9]. I. A. Wolf, A. E. Wasserman, “Nitrates, nitrites, and nitrosamines,”
Science, Vol. 177, p. 15, 1972.

[10]. P. M. Ajayan, C. Colliex, ]. M. Lambert, P. Bernier, L. Barbe-dette, M.
Tenc, O. Stphan, “Production of empty and iron-filled multiwalled
carbon nanotubes from iron-phthalocyanine polymer and their
electromagnetic properties,” Phys. Rev. Lett. Vol. 72, p. 1722, 1994.

7


http://books.google.co.in/books?hl=en&lr=&id=BkbxYHz__dkC&oi=fnd&pg=PP2&dq=Carbon+Nanotechnology:+Recent+Developments+in+Chemistry,+Physics,+Materials+..&ots=ZuyMFIdYlg&sig=4Ohjp3BD_kJ9HvH0NUfTWhem4K0
http://books.google.co.in/books?hl=en&lr=&id=BkbxYHz__dkC&oi=fnd&pg=PP2&dq=Carbon+Nanotechnology:+Recent+Developments+in+Chemistry,+Physics,+Materials+..&ots=ZuyMFIdYlg&sig=4Ohjp3BD_kJ9HvH0NUfTWhem4K0



