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Optical studies are done on Poly methyl-methacrylate (PMMA) sheets.
Samples were previously prepared by catalytic chain transfer polymerization
via metal carbazone of Cd(II) and Hg(II). Transmission and absorbance are
recorded (between 190 nm to 1100 nm) as a function of incident energy
using UV-VIS spectrophotometer. Second derivative of absorbance spectra
is calculated to enhance differences among spectra. The optical band gap,
width of band tail and dispersion of refractive index of the sheets are
determined.  2015 Trade Science Inc. - INDIA

INTRODUCTION

Poly methyl-methacrylate (PMMA) (acrylic or
plexiglass) often used as a thermoplastic glass. It is char-
acterized by its high transparency and low birefrin-
gence[1], and possessing reasonably good environmen-
tal stability and good workability[2]

PMMA is frequently used as a substrate material
for precision optics components[3] such as an optical
switch, coupler, splitter and a transceiver[4], in memory
materials[5], gas sensing[6], can be tailored chemically to
fit wide range of photonics and optoelectronics appli-
cations[7] and liquid crystal display[8]. For easy flow in
polymer processing, low molecular weight chains are
required[9,10]. This molecular weight reduction can be
achieved by presence of organometallic complexes
during the polymerization processes.

In recent work[11] poly methyl methacrylate was
synthesized by catalytic chain transfer polymerization
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via metal carbazone of Cd(II) and Hg(II). Gradual in-
crease of conversion percentage was previously re-
corded with increasing complex concentration till maxi-
mum activity at 1.18 x 10-4 and 1.86 x 10-4 g mol/L of
Cd and Hg crbazone complexes. A chain transfer
mechanisms involve abstraction of a hydrogen atom. In
the same work, X-ray showed a high relative degree of
crystallinity at low complex concentrations was found
to decrease as the concentrations increased. FTIR re-
veals disappearance of a doublet band at 2353-2312
cm-1 corresponding to N=C-N=N, in addition to rais-
ing of two weak bands at 1000 cm-1 and 820 cm-1 as-
signed for CH

2
-N stretching vibration with addition of

complex carbazone, these two bands were attributed
to the hemolytic rapture of N=N and N-H bonds of
the complex compound by the radical formed in the
medium during polymerization process. These bonds
rupturing might led to formation of active centers on the
complex compound. Molecular weights, numbers and
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polydispersity reduction was recorded with increasing
complex concentration[11].

The present work aims to study the effect of using
Cd and Hg carbazone complex as an additive through
the polymerization of methylmethacrylate on the optical
properties of poly methylmethacrylate sheets

EXPERIMENTAL

Transparent films of Poly methyl methacrylate with
a thickness of 1mm were prepared by catalytic chain
transfer via metal carbazone of Cd(II) and Hg(II) with
deferent concentrations. Details of polymerization pro-
cess and film formation was discussed else where[11].

In the present work both transmission and optical
absorption spectra were recorded for the prepared
polymer sheets using a Genway 6405 -UV-VIS spec-
trophotometer in the range 190 nm to 1100 nm.

RESULTS AND DISCUSSION

Transmittance and absorbance spectra

Transmission spectra of the methyl methacrylate po-
lymerized in absence and presence of Cd and Hg

carbazone with different concentrations (2.37, 7.11,
11.85, 16.58, 21.32 (x 10-5 g. mol/L) for Cd and 2.65,
7.95, 13.25, 18.55, 23.85 (x 10-5 g. mol/L) for Hg),
have been measured in the spectral range 190 nm to
1100 nm were presented in Figure 1. Pure PMMA
shows high transparency with average transmittance
above 80%, with increasing Cd concentration, the trans-
mittance reduced to 50% up to the concentration
16.58x10-5 g.mol/L then the sample retains transmit-

Figure 1: Transmittance spectra of the methyl methacrylate polymerized in absence and presence of different concentrations
of Cd (a) and Hg (b) carbazone.

tance about 80% again at higher concentrations.
From the Figure, It is observed that the edge exhib-
its red shift by increasing the Cd carbazone content
up to ~7.11x10-5 g.mol/L. At higher Cd contents
(7.11x10-5 g.mol/L) it shows an opposite trend,
where it shows blue shift up to the highest concen-
tration.

Polymerized samples with Hg carbazone showed
the same conversion behavior in spite of the fact that all
samples showed transmittance ranging between 85 and
75%. In this case, the transparency of the sample fell to
75% at the first added concentration of mercury
2.37x10-5 g.mol/L and then began to increase gradu-
ally with increasing concentration until it reached 85%
again.

Figure 2 illustrates the dependence of absorption
on wavelength, Optical absorption edge in UV region
broadened and exhibit red shift with addition of metal
complex up to a certain concentration, and fluctuates
with increasing concentration above this value. These
observations indicates the conjugation of bonds in this
region.

To enhance differences among spectra, second de-
rivative spectra was calculated and presented in Fig-

ure 3. Two peaks were observed and assigned to
*   transition located at 283 nm, and *n

transition at 300 nm. For accurate determination of
the peak position, peaks were fitted with Amplitude
Version of Gaussian function using Origin Pro pro-
gram according to the relation:

(1)

Where y// is the second derivative of absorbance,
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Figure 2: UV-VIS spectra of the methyl methacrylate polymerized in absence and presence of different concentrations of Cd
(a) and Hg (b) carbazone.

Figure 3: second derivative of absorbance spectra for PMMA and metal complex polymerized MMA sheets
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is the offset, w is the peak half width, and  is
the center of the peak. The most distinctive feature
of the second-order derivative is a negative band
with minimum at the same wavelength as the maxi-
mum on the zero-order band[12].

A decrease of intensity of the *  absorp-
tion peak with adding Cd carbazone is observed up
to 7.11 × 10-5 g.mol/L concentration. Further increase
in Cd concentration, causes *   absorption peak
to appear again. The observed behavior can be ac-
counted for by considering the delocalization of 
electrons. The later play the principle rule in deter-
mining the optical behavior of the polymer. The ob-
served red shift is most likely due to the increase of
  electron delocalization resulting from the increase
of chain length during the polymerization process.
This is in fare agreement with the data given by El-
Mosallamy[11], where the number of reacting mono-
mers increased and then started to decrease.

The estimated values of optical band gap follow
the same trend, where it decreases then start to increase
and approach the value of the MMA polymerized in
absence of Cd carbazone. In this respect one should
expect that the probability of lamella formation increases

by increasing the chain length. This means the in-
crease of the degree of disorder, which explain the
increase of the band tail width (E

U
) (Figure 9.b).

The above mechanism ceases by the formation
of dead polymer chains, where the reactive centers
are destructed, which occur by the bimolecular re-
action between radicals, or by dispropotionation, in
which a hydrogen radical that is beta to one radical
center is transferred to another radical center. In-
creasing Cd concentration above 7.11 × 10-5 g.mol/
L, new active centers may be formed as a result of
rupturing of N=N and N-H bonds of the complex by
the radicals. Excitation of an electron from one of
the unshared pair to the antibonding  orbital can be
noticed from the peak indicated *n which did
not show a significant change with increasing the
concentration of the complex.

The dependence of peak position of both  and tran-
sitions is shown in Figure 4. It is observed that both
transitions show opposite behavior in case of using Cd
carbazone. However, in case of Hg they follow the same
pattern. This can be related to the stability of the 6s shell

of Hg due to the presence of a filled 4f shell, which

Figure 4: Center of the absorption peaks as a function of Cd (a) and Hg (b) concentration (g.mol/L).
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screens the nuclear charge and resist the removal of
an electron.

The optical absorption coefficient () was cal-
culated and presented in Figure 5 through the well
known relation[13]

  )(A
d
303.2

I

I
log

d
303.2 0 








 (2)

Where I
0
 and I are the incident and transmitted in-

tensities respectively, d is the sample thickness and is
the optical absorbance.

Determination of the optical band gap and Urbach
energy of the films

The dependence of the absorption coefficient as a
function of photon energy given by Davis and Mott[14].

(3)

where á is the absorption coefficient, hí is the pho-

ton energy, factor B depends on the transition prob-
ability and can be assumed to be constant within the

optical frequency range,  is the optical band gap,
and the index n is the power which characterizes the
transition process. Both allowed direct (n1/2) and
indirect (n2) transitions were noticed by plotting
(h)2 and (h)1/2 as a function of photon energy.
The goodness of the fit was determined by the adja-

Figure 5: Dependence of absorption coefficient () on wavelength in nm for methylmethacrylate polymerized in absence and
presence of different concentrations of Cd (a) and Hg (b) carbazone.

cent R2 which found to be 0.96809 and 0.9827 with
average gap errors 0.00066 and 0.0888 eV for
direct and indirect gap respectively in the case of
Cd carbazone. Moreover, R2 is found to be 0.98148
and 0.98523 with average gap errors 0.00052 and
0.0743 eV for direct and indirect gap respectively
in the case of Hg carbazone. In amorphous systems
the lake of translation symmetry allows to assume
that the most probable transition is indirect. This is
due to the fact that in such case the wave vector is
not defined, i.e. it is not a good quantum number.
The dependence of ()1/2 on incident energy in eV is
shown in Figure 6.

In the range () 104 cm-1, the absorption coeffi-
cient is commonly described by Urbach rule[15].

(4)

Where  is the pre-exponential factor, h is the inci-
dent photon energy, and  is the Urbach energy which
describe the width of the tails of the localized states in

the gap and corresponds to the optical transition be-
tween localized states adjacent to the valence band and
extended state in the conduction band which is lying
above the mobility edge.

Taking the natural logarithm of this equation gives
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(5)
Figure 7 represent plot of ln  versus photon en-

ergy, the Urbach energy can be determined directly from
the reciprocal of the slopes of the linear portion of
these curves, This region is attributed to the elec-

tronic transition between a localized states. The ori-
gin of E

u
 is related to the lattice disorder. The cal-

culated values of the respective values of E
g
 for in-

direct transitions together with the Urbach energy
E

u
 for the investigated system presented in Figure

(8.a, b).
The dispersion of the refractive index of the films

Figure 6: Tauc plots of methylmethacrylate polymerized in absence and presence of different concentrations of Cd (a) and Hg
(b) carbazone.

Figure 7: Dependence of natural logarithm of  on photon energy for methylmethacrylate polymerized in absence and
presence of different concentrations of Cd (a) and Hg (b) carbazone.
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The dispersion of the refractive index plays an
important role in investigating optical materials, be-
cause it is a significant factor in designing optical
devices. According to the single-effective oscilla-
tor model proposed by Wemple and DiDomenico[16]

the optical data can be described to an excellent ap-
proximation by the relation:

 (6)

Where E
0
 is the single-effective oscillator energy, E

d
 is

the dispersion energy which is a measure of the aver-
age strength of the inter-band optical transitions and E
is the photon energy. The latter is related to the coordi-
nation number of a given atom. This model describes
the dielectric response for transitions below the optical
gap and plays an important role in determining the be-
havior of the refractive index[17].

Figure 8 represent plot of (n2-1)-1 versus E2 show-
ing that optical data can be described to a good ap-
proximation by relation (6). The dependence of E

g
, E

U
,

E
0
, E

d
 and percentage of conversion with respect to the

complex concentration is presented in Figure 9, where
the percentage of conversion is taken from other
work[11], for comparison. The reduction in the optical
band gap (9.a) in the case of adding Cd up to 7.11 ×

10-5 g.mol/L, is attributed to cross � linking and in-

crease of disorder of the PMMA occurred by dop-
ing.

The width of the localized states available in the
optical band gap (the Urbach tail) affects the gap struc-
ture, which is related directly to a similar exponential
tail for the density of states. Increasing the density of
localized states in the band gap reveals increasing the
number of unsaturated complex. Maximum activity can
be noticed at 11.85 × 10-5 and 18.55 × 10-5 g.mol/L
for Cd and Hg respectively where high density of lo-
calized states n broad band gap was recorded. This
may be attributed to the effect of internal potential fluc-
tuation associated with the structural disorder. Then, it
deactivates at higher concentrations due to an appar-
ent crowding of its higher population and confirm the
creation of new active centers which are produced dur-
ing the polymerization process. This leads to random-
ness increase and subsequently decreasing the order of
the polymeric chain packing[11].

Dipole energy and dipole strength increase with in-
creasing Cd carbazone content till that peak of maxi-
mum activity at a concentration 11.85 × 10-5 g.mol/L,
then decrease confirming the creation of new localized
states. The behavior in the case of cadmium differs from

Figure 8: Dependence of (n2-1)-1 on E2, together with its best fit for methylmethacrylate polymerized in absence and presence
of different concentrations of Cd (a) and Hg (b) carbazone.
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that in the case of Hg, where no significant changes
were noticed for E

0
 or E

d
 with increasing Hg con-

centration, which can be attributed to the high ion-
ization potential of Hg compared with that of Cd
(10.434 eV for Hg and 8.991 eV for Cd) that make it
difficult to produce a dipole moment and hence
chemical bonds in the case of Hg.

CONCLUSION

Effect of using Cd and Hg carbazone complex as
an additive through the polymerization of
methylmethacrylate on the optical properties of poly
methylmethacrylate sheets have been studied. Optical
band gap E

g
, width of the tails of the localized states E

U

and refractive index dispersion parameters, single-ef-
fective oscillator energy E

0
, dispersion energy E

d
, were

calculated. Optical absorption edge in UV region is
broadened and exhibit red shift with addition of metal
complex up to a certain concentration, and fluctuates
with increasing concentration above this value. These
observations indicate the conjugation of bonds in the
studied region and fluctuation in the internal potential
associated with the structural disorder.
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