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A Study on the Size Effect Via Spectrophotometry
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S. Saq’an
Physics Department, University of Science and Technology,
Irbid, Jordan
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The optical and dielectric properties of polycarbonate films have been studied as a
function of sample thickness. The observed optical energy gaps were determined
from the absorption spectra. The dielectric constant was determined from impe-
dance data collected in the frequency range of 30 Hz—40 kHz. Four polycarbonate
thin sheets of different thickness (0.17, 0.25, 0.30, and 0.55mm) were used to
assess the size effect on the physical behavior of this material. It was found that
the measured properties as optical energy gap, dielectric constant, refractive index,
and glass transition temperature are nearly independent of the specimen thick-
ness. In general, it can be seen that the processing conditions of the glassy polymer
sheets are quite identical and not producing structural changes leading to detect-
able size effect.

Keywords: dielectric constant, glass transition, optical absorption, polycarbonate,
refractive index, size effect, temperature, thickness

INTRODUCTION

In some areas of technological demands the size or geometrical effect
plays an important role in characterization of the physical properties
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of solid state materials. It is a good tool to assess the usage of materials
in specific engineering applications, especially fromthe point of compo-
nent design [1]. Component design is the specification of size, shape,
and configuration that will affect in-service component performance.
Geometrical effects may be important in low temperature crystal
physics where the value of the mean free path is limited by specimen
width, and the thermal conductivity becomes a function of the dimen-
sions of the specimen. de Haas Biermasz [2] reported that the abrupt
decrease in the observed thermal conductivity of pure crystals at low
temperature is caused by the size effect.

Size effects deal with variations in the values of some physical and
engineering quantities, caused by stress and thermal gradients dur-
ing the preparation process. These physical gradients may cause
structural anisotropy and defects. Size effects may appear in thin
films, processed sheets and bulk components, yet may not provide pro-
nounced influence on materials properties. For example, the electrical
resistivity, conductance, and capacitance of a thin film differ from
those of the bulk material [3]. In many insulating applications, thin
films are required to perform as capacitors having high dielectric
constant by reducing the physical size of the capacitors. The thinner
insulating material, the higher the capacitance. Tanguy [4] reported
the effect of thickness on the dielectric properties of organic layers
used to produce thin capacitors with high capacitance and good dielec-
tric rigidity.

Filho and Marakani [5] studied the effects of processing and thick-
ness on transport properties of water in glassy polycarbonate, and
found that the film thickness can influence the structural organiza-
tion of the original polymer. In mechanical aspect of technical materi-
als and composites, Patron and Hashemi [6] studied the effect of
specimen geometry on the fracture behavior of polycarbonate, and
did not find appreciable size effect on the fracture parameters. Other
researchers found that both the Poissons ratio and aspect ratio have
influence on the required reinforcement. The Weibull statistical
model [7-8] was successfully used to study the size effect on the
mechanical behavior of glassy polymers and plastics composites.
The Weibull distribution function is adequate to characterize the
gauge length dependence of the test specimen. In radiation field,
the projection range in solids is governed by the sample thickness,
and the crystal size enhances the resolution efficiency of radiation
detectors.

This article is concerned with a study aiming to assess the effect of
specimen thickness on the optical energy gaps, dielectric constant, and
glass transition temperature of thin sheets of glassy polycarbonate.
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EXPERIMENTAL WORK
Materials

Thin sheets of Laxan polycarbonate (PC) of different thickness (0.17,
0.25, 0.30, and 0.55 mm) were used in this study. The sheets were pro-
vided by Dr. J. Starr of the General Electric Company in the United
States.

Optical Absorption Measurements

Absorption spectra of thin PC sheets were measured in the wave-
length range 300-600nm (UV-visible) by means of a spectrophot-
ometer. Absorption is expressed interms of a coefficient a(w), which
is defined as the relative rate of decrease in light intensity. The
absorption coefficient a(w) was calculated from the absorbance (A).
After correction for reflection, a(w) was calculated using the relation:

I =1, exp(—ax) (1)

Hence

gIo

_ 2303, (1) 2308, @

X X

where I, and I are the incident and transmitted intensities, respect-
ively, and x is the sample thickness [9-13].

Dielectric Measurements

Disc-shaped samples of different thickness and 1 cm diameter were cut
from the polycarbonate sheets. The components of the dielectric
constant were calculated from the measured values of impedance
components: imaginary and real components. The measuring system
and procedure of impedance measurements were reported elsewhere
[14-16].

Differential Scanning Calorimetry (DSC)

The DSC study was carried out using Metler FP85, and melting runs
were done at a heating rate of 10°C/min with nitrogen purge at flow
rate of ml/min. The melting temperature of the samples were cali-
brated by using a standard sample of indium at the same rate. Test
samples were carefully prepared and had approximately the same
weight. A typical DSC scan is shown in Figure 1.
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FIGURE 1 DSC scan for polycarbonate.

RESULTS AND DISCUSSION

Studying the optical absorption spectra and the dielectric behavior of
polycarbonate thin sheets is helpful in assessing the effect of thickness
on physical quantities such as optical energy gap, dielectric constant,
refractive index, and electrical conductivity. Correlations between
the determined physical parameters and the measured glass tran-
sition temperature (Tg) are useful to detect the property—thickness
relationship.

Optical Results

The absorption edge of non-crystalline materials gives a measure of
the band strength or energy band-gap. The relationship between
energy gap, (Eg) and the position of the sharp absorption edge is:

E; = he/J 3)

where, h is Planck’s constant, c is the velocity of light, and /1 the wave-
length. At high absorption levels, where () >10* cm™, the absorption
coefficient for non-crystalline materials, such as glassy polycarbonate
has the following frequency dependence:

a(w)ho = ptho — Eqp )" (4)

where [ is a constant and r an exponent which can take values of 2, 3,
1/2, and 3/2 depending on the nature of the electronic transitions
(direct or indirect) responsible for optical absorption [10-13].



17:21 30 January 2011

Downl oaded At:

Study of Size Effects in Polycarbonate 415

0.23

0.19

Absorbance

0.174

0.15 T T T T T
370 390 410 430 450 470

Wavelength (nm)

FIGURE 2 The optical absorbance spectrum of polycarbonate sheet.

Figure 2 represents the spectra of the optical absorbance (A) for
polycarbonate sheet of 0.17 mm thickness. Figure 3 shows the product
of the absorption coefficient «(w) and photon energy («hw)? versus
photon energy (hw) at room temperature. Extrapolation of the linear
portion of this curve [11-14] gives the optical energy band gap (Eqpt)
for the glassy polymer. A good straight line is obtained with r = 1/2,
for the four sheets. Table 1 includes the measured values of (Eqp) in
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FIGURE 3 The product of optical absorption coefficient and photon energy
versus the photon energy for polycarbonate sheet.



17:21 30 January 2011

Downl oaded At:

416 S. Sag’an et al.

TABLE 1 Properties as Function of Thickness

Thickness (mm) Eopt (eV) ¢ (1kHz) n oac(1012)(Q - cm)™ T, (°C)

0.17 ~4.2 2.88 1.70 3.4 145.4
0.25 4.21 2.98 1.70 3.4 145.5
0.30 4.21 2.92 1.71 3.5 145.3
0.55 4.23 2.95 1.72 3.5 145.5

case of direct electronic transitions as a function of sheets thickness.
The table shows slight variations in (E.pt), which are approximately
in the range of experimental errors, thus the thickness effect is
very small or negligible. At low absorption levels in the range
1-10"*cm ™, the absorption coefficient a(w) is described by Urbach
formula [10]:

o(w) = oy exp (Z—g) (5)

where o, is a constant, and AE is the energy tail of localized states in the
forbidden gap. The average value of AE obtained from Figure 4 is about
0.25eV. The tailing of states at the Urbach band edge are observed
in semiconductors and insulators; such tail states give contribution
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FIGURE 4 Urbach plot of Ln(a) versus the photon energy.
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to optical absorption at photon energies below the band gap energy,
characteristic absorption behavior in the sub-gap region [17].

Dielectric and Refractive Index Results

Dielectric spectroscopy is a useful technique for detection of small
influence, caused by any physical, chemical, geometrical, and environ-
mental factors as reported inseveral research papers presented
recently in a conference on dielectric and related phenomena [18].
The real component (¢') and the imaginary component (¢”) of the dielec-
tric constant are calculated from impedance data as were previously
reported in the authors publications [9,15,19]. The values of refractive
index (n) and a.c. conductivity (oac) listed in Table 1 are calculated
from the relations: n ~ (s’)l/z, and oac = 2nfe,e” [9,15,16]. Again it
can be seen that the variations observed as a function of thickness
in (n) and osc are small. The glass transition temperature Ty is an
important physical parameter whose value determines the end use
of an amorphous polymer as polycarbonate. It has a direct relationship
with any structural changes in chain rigidity and rotation, side group,
and intermolecular forces. The average measured value of T, is about
148°C. The variations in T, for the given PC sheets with different
thickness are small as shown in Table 1, which also shows a compari-
son between the observed energy gap and the glass transition tem-
perature; the constancy of both of them reflects that PC sheets have
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FIGURE 5 The relaxation time versus sheets thickness.
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molecular regularity and isotropy. Figure 5 shows the relaxation time
(r) versus sheet thickness calculated from the Debye relation
®WmaxT = 1. The Debye frequency wmax corresponds to the transition
peak of ¢’ (or tan d) of the observed relaxation process takes place in
PC bulk under the applied electric field [9,15,17]. The figure shows
that the relaxation time is about almost constant as a function of
the sheet thickness. Thus, it can be seen that the determined varia-
tions in the measured physical quantities are small, or within the
experimental error, a case that demonstrates that sample thickness
effect has undetectable influence on the measured physical properties.

Finally, even though the spectroscopic ellipsometry studies [20] on
doped transparent polymers show that their optical responses depend
on the film thickness (in nanometer range), the thicker PC sheets (in
millimeter range) do not show noticeable changes in the measured
physical properties.

CONCLUSION

Polycarbonate sheets of different thickness were used to detect and
assess the size effect on some physical quantities of this glassy poly-
mer. It was observed in the present exercise that all examined samples
have approximately the same measured physical quantities such as
optical energy gaps, glass transition temperature, dielectric constants,
refractive index, and a.c. electrical conductivity. The glass transition
temperature and the optical energy gaps may indicate that the inves-
tigated PC sheets possess the same morphology, texture, and hom-
ogenous molecular structure. The independence of the electrical
properties on thickness indicates that there is no prounced bulk and
surface effects on such properties. Thus, in general, it can be
concluded that there is no detectable size effect produced through
the processing conditions of the examined polycarbonate sheets.
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