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Abstract

Study of Some Physical Properties of Organic Material
Tetracyanoquinodimethane (TCNQ)

Shoug Mohammad Ali AL-Ghamdi

Abstract

Tertracyanoquinodimethan (TCNQ) thin films have been
prepared by the thermal evaporation technique. The TCNQ powder
showed a polycrystalline nature with a monoclinic structure while as-

deposited and annealed films exhibited a preferred orientation of growth.



Miller indices, hkl, values for each diffraction peak in XRD spectrum
were calculated. The particle crystallite sizes of the films were
determined from the XRD spectrum and scanning electron microscope.
Optical properties of TCNQ thin films were characterized by using
spectrophotometric measurements of transmittance, T, and reflectance,
R, in the spectral range (200-2500)nm from which the absorption
coefficient and the refractive index for as-deposited and annealed films
were calculated. The analysis of the spectral behavior of the absorption
coefficient allowed calculating the value of the optical band gap and the
type of inter-band transitions. Besides, the extinction molar coefficient
was calculated and was used to determine the oscillator strength and the
electric dipole strength for the films. The data of the refractive index
were analyzed to determine some parameters namely; the oscillator
energy, dispersion energy, dielectric constant at high frequency and the
lattice dielectric constant.

The temperature dependence of the electrical resistivity of
AU/TCNQ/Au device in planar structure was studied and showed a
semiconductor behavior. TCNQ thin films were deposited on p-GaAs
single crystal substrate; the current-voltage and capacitance-voltage
characteristics for TCNQ/p-GaAs junction sandwiched between two gold
electrodes were investigated. The diode parameters such as ideality
factor and barrier height were evaluated. The capacitance-voltage
measurements showed that the formed junction is abrupt in its nature and
the built-in potential was determined. Under illumination, the cell
exhibits photovoltaic characteristics from which the photovoltaic
parameters such as open circuit voltage, short circuit current, fill factor

and conversion efficiency were calculated.
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3 21.934 21.926 4.049 4.05 7.00 (i13)
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4-1-2 X-ray Diffraction of TCNQ Thin Films
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4-1-3 Structure Investigation of TCNQ Films by Scanning Electron
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Wavenumber (cm™)

Powder As deposited film Annealed film Assignment

3050.02 3049.73 3049.11 C-H stretching in
aromatic ring

2222.54 2221.10 22215 C=N stretching
vibrations

1671.12 1670.50 1670.85 C=C stretching (non
aromatic)

1541.71 1540.39 1540.87 C=C stretching

(aromatic)

1353.03-961.33

1352.59-961.68

1352.90-962.12

C-H bending in plane

858.09-772.33

856.83-773.10

857.13-771.45

C-H bending out of
plane
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4-3 Optical Properties of Tetracyanoquinodimethane (TCNQ) Thin

Films
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Summary
Thermal stability of TCNQ compound was investigated by DTA.
The result showed that this compound is stable up to 220°c.TCNQ in
powder form exhibited polycrystalline nature. With the reference of

lattice parameters of TCNQ in monoclinic structure with a=8.9063,

b=7.060 A, c=16.395 A, a=y=90°, B= 98.53°, space group C2/c, Miller
indices hkl for each diffraction line were calculated. The as-deposited
film showed a preferred orientation of growth at (022) peak

predominates indicating a preferred orientation of growth. The crystal



size for as-deposited was determined as 60.13nm and stimulated by
scanning electron microscope as 65nm. The particle size increased to
68.12nm as a result of annealing at 423K. Spectra Fourier transforms
Infrared are studied and showed the stability of molecular structure of
TCNQ against thermal evaporation and annealing conditions.

The transmission and reflection spectra of as-deposited TCNQ thin
films showed that in the wavelength range (200-980)nm the film is
absorbing for light waves as an absorption band located in spectral range
of (500-700)nm while in the wavelength range (980-2500)nm the film is
optically transparent. Annealing the film at 423K for two hours slightly
decreases the value of reflectance and increases that for the transmittance
in the transparent region. In absorption band found to be blue shifted as a
result of annealing. Some of the important spectral parameters, namely
optical absorption coefficient, absorption index and refractive index were
calculated. The as-deposited film exhibited two indirect allowed optical
band gaps calculated as 1.95 and 1.255eV which increased to 2.03eV
and 1.32eV respectively as a result of annealing. The absorption index
displayed several absorption peaks which are associated with electronic
transition across m-m orbitals. The refractive index indicated a normal
dispersion in the spectral range (1000-2500)nm and an anomalous
dispersion in the range of (200-1000)nm. Annealing shifted the normal
dispersion to higher energies and decreased the value of the refractive
index in the transparent region. The oscillator energy, dispersion energy,
dielectric constant at high frequency, lattice dielectric constant and the
ratio of free carrier concentration and its effective mass were calculated
for as-deposited as 2.24eV, 10.95eV, 5.88, 6.44 and 4.09x10*"cm>gm™,
respectively and decreased to 2.21 eV, 10.24 eV, 5.7 , 6.19 and

4.7x10* em>gm™, respectively as a result of annealing.



The temperature dependence of electrical resistivity of TCNQ thin
films showed semiconductor behaviour with two activation energies. The
activation energy for the as-deposited film at relatively low and
highvtemperatures is determined as 0.29 and 0.62eV, respectively. The
lower activation energy may be attributed to extrinsic conduction
process. The higher one is due to intrinsic conduction process which is
approximately half the value of the optical band gap (1.255eV) of TCNQ
thin film.

For the fabricated Au/TCNQ/P-GaAs/Au heterojunction diode,
the ideality factor, barrier height, series resistance and shunt resistance
were determined as 3.13, 0.37eV, 1.28kQ and 348.8kQ, respectively.
The capacitance-voltage measurements showed that the formed junction
is abrupt in nature and the built-in voltage and the concentration of
charge carriers assumed the values 0.51V and 2.51x10%%cm?,
respectively. Also, this heterojunction showed photovoltaic effect under
illumination. The short circuit current, open circuit voltage, fill factor
and photo-conversion efficiency of the cell were determined as 4.69uA,

0.345V, 0.36 and 2.19 %, respectively.
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