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ABSTRACT

Optical studies are done on Poly methyl-methacrylate (PMMA) sheets.
Sampleswere previously prepared by cata ytic chain transfer polymerization
viametal carbazone of Cd(I1) and Hg(I1). Transmission and absorbanceare
recorded (between 190 nm to 1100 nm) as a function of incident energy
using UV-V S spectrophotometer. Second derivative of absorbance spectra
is calculated to enhance differences among spectra. The optical band gap,

KEYWORDS

Polymerization;
Optical band gap;
Urbach energy;
Refractiveindex;
Single-effective oscillator
moddl.

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 asathermoplastic glass. Itischar-
acterized by its high transparency and low birefrin-
gence, and possessing reasonably good environmen-
tal stability and good workability?

PMMA isfrequently used asasubstrate materia
for precision optics components® such asan optical
switch, coupler, splitter and atransceiver®, in memory
materid %, gassensing®, can betailored chemicaly to
fit widerange of photonicsand optoel ectronics appli-
cations” and liquid crystal display'®. For easy flow in
polymer processing, low molecular weight chainsare
required®1%, Thismolecular weight reduction can be
achieved by presence of organometallic complexes
during the polymeri zation processes.

In recent work™¥ poly methyl methacrylate was
synthesized by cata ytic chain transfer polymerization

viametal carbazone of Cd(I1) and Hg(l1). Gradual in-
crease of conversion percentage was previously re-
corded withincreas ngcomplex concentrationtill maxi-
mum activity at 1.18 x 10 and 1.86 x 10*gmol/L of
Cd and Hg crbazone complexes. A chain transfer
mechanismsinvolveabstraction of ahydrogenatom. In
thesamework, X-ray showed ahigh rel ative degree of
crystalinity at low complex concentrationswasfound
to decrease asthe concentrationsincreased. FTIR re-
veal s disappearance of adoublet band at 2353-2312
cmr correspondingto N=C-N=N, inadditiontorais-
ing of two weak bandsat 1000 cm* and 820 cm as-
signedfor CH_-N stretching vibration with addition of
complex carbazone, thesetwo bandswere attributed
to the hemolytic rapture of N=N and N-H bonds of
the complex compound by theradical formed inthe
medium during pol ymerization process. These bonds
rupturing might led to formation of activecentersonthe
complex compound. Molecular weights, numbersand
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polydispersity reduction wasrecorded with increasing
complex concentration*Y,

The present work aimsto study the effect of using
Cd and Hg carbazone compl ex asan additivethrough
the polymerization of methylmethacrylateontheoptica
propertiesof poly methylmethacrylate sheets

EXPERIMENTAL

Trangparent filmsof Poly methyl methacrylatewith
athicknessof ~Immwereprepared by cataytic chain
transfer viametal carbazone of Cd(11) and Hg(11) with
deferent concentrations. Detailsof polymerization pro-
cessand film formation was discussed e sewhere !l

Inthe present work both transmission and optical
absorption spectra were recorded for the prepared
polymer sheetsusing aGenway 6405 -UV-V IS spec-
trophotometer in therange 190 nmto 1100 nm.

RESULTSAND DISCUSSION

Transmittanceand absor bance spectra

Tranamission pectraof themethyl methacrylatepo-
lymerized in absence and presence of Cd and Hg
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tance about 80% again at higher concentrations.
From the Figure, It isobserved that the edge exhib-
itsred shift by increasing the Cd carbazone content
up to ~7.11x10° g.mol/L. At higher Cd contents
(>7.11x10° g.mol/L) it shows an opposite trend,
where it shows blue shift up to the highest concen-
tration.

Polymerized sampleswith Hg carbazone showed
the same conversion behavior in spiteof thefact that all
samples showed transmittanceranging between 85 and
75%. Inthiscase, thetrangparency of thesamplefdl to
75% at the first added concentration of mercury
2.37x10° g.mol/L and then began to increase gradu-
aly withincreasing concentration until it reached 85%
agan.

Figure 2illustratesthe dependence of absorption
onwavelength, Optica absorption edgein UV region
broadened and exhibit red shift with addition of metal
complex up to acertain concentration, and fluctuates
with increasing concentration abovethisvaue. These
observationsindicatesthe conjugation of bondsinthis
region.

To enhancedifferencesamong spectra, second de-
rivative spectrawas cal culated and presented in Fig-
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Figurel: Transmittance spectr a of themethyl methacrylate polymerized in absenceand presenceof different concentrations

of Cd (a)and Hg (b) car bazone.

carbazone with different concentrations (2.37, 7.11,
11.85, 16.58, 21.32 (x 10°g. mol/L) for Cd and 2.65,
7.95, 13.25, 18.55, 23.85 (x 10° g. mol/L) for Hg),
have been measured in the spectral range 190 nmto
1100 nm were presented in Figure 1. Pure PMMA
shows high transparency with average transmittance
above80%, with increasng Cd concentration, thetrans-
mittance reduced to 50% up to the concentration
16.58x10° g.mol/L then the sampleretainstransmit-

ure 3. Two peaks were observed and assigned to
7 — r* transitionlocated at 283nm,and n — 7 *
transition at 300 nm. For accurate determination of
the peak position, peakswerefitted with Amplitude
Version of Gaussian function using Origin Pro pro-
gram according to therelation:

Y= yot Ao (1)
Wherey” isthe second derivative of absorbance,
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Figure2: UV-VISspectra of themethyl methacrylate polymerized in absenceand presenceof different concentrationsof Cd
(a) and Hg (b) carbazone.
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v, istheoffset, wisthe 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 wavel ength as the maxi-
mum on the zero-order band*2.
A decrease of intensity of the = — = * absorp-
tion peak with adding Cd carbazone is observed up
to 7.11 x 10-° g.mol/L concentration. Further increase
in Cd concentration, causesr — x * absorption pesk
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
7 electron del ocalization resulting from theincrease
of chain length during the polymerization process.
Thisisin fare agreement with the data given by El-
Mosallamy™, where the number of reacting mono-
mersincreased and then started to decrease.
Theestimated val ues of optical band gap follow

thesametrend, whereit decreasesthen dart toincrease
and approach the value of theMMA polymerizedin
absence of Cd carbazone. In thisrespect one should
expect that theprobability of lamelaformationincreases
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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 ) (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 ahydrogen radical that is betato one radical

center is transferred to another radical center. In-

creasing Cd concentration above 7.11 x 10-° g.mol/

L, new active centers may be formed as aresult 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-
sitionsisshown in Figure4. It is observed that both
trangitionsshow opposite behavior in caseof usng Cd
carbazone. However, in caseof Hgthey follow thesame
pattern. Thiscanbere ated to thestability of the 6s shell
of Hg due to the presence of afilled 4f shell, which
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Figure4: Center of theabsor ption peaksasafunction of Cd (a) and Hg (b) concentration (g.mol/L).
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screensthe nuclear charge and resist the removal of
an electron.

The optical absorption coefficient a.(v) wascal-
culated and presented in Figure 5 through the well
known relation™!

)= 232 1o 1+ = 2B @

Wherel and | aretheincident and transmitted in-
tensitiesrespectively, disthesamplethicknessandis
the optical absorbance.

Deter mination of theoptical band gap and Urbach
energy of thefilms

Thedependence of the absorption coefficientasa
function of photon energy given by Davisand Mott{*4,

ahv = B(hv—EZ)" ©)
wherea is the absorption coefficient, hv is the pho-

ton energy, factor B depends on the transition prob-
ability and can be assumed to be constant within the
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cent R2which 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, R? isfound 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 transglation symmetry allows to assume
that the most probable transition isindirect. Thisis
due to the fact that in such case the wave vector is
not defined, i.e. it is not a good quantum number.
Thedependenceof (a)Y2onincident energy ineV is
shownin Figure®6.

Intherange a(v) <10* cn?, the absorption coeffi-
cientiscommonly described by Urbach rule.,

_ ‘v
< (v) = exp (E) 4

Where isthe pre-exponentid factor, hv istheinci-
dent photon energy, and isthe Urbach energy which
describethewidth of thetailsof thelocalized statesin
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Figure5: Dependenceof absor ption coefficient (o) on wavelength in nmfor methylmethacrylate polymerized in absenceand
presenceof different concentrationsof Cd (a) and Hg (b) carbazone.

optical frequency range, is the optical band gap,
and theindex nisthe power which characterizesthe
transition process. Both allowed direct (n¥?) and
indirect (n?) transitions were noticed by plotting
(cthv)? and (ahv)¥? as a function of photon energy.
The goodness of thefit was determined by the adja-

the gap and correspondsto the optical transition be-
tween | ocaized sates adjacent to theva enceband and
extended statein the conduction band whichislying
abovethemohility edge.

Taking thenatural logarithm of thisequation gives
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Figure6: Tauc plotsof methylmethacrylatepolymerized in absenceand presence of different concentrationsof Cd (a) and Hg
(b) carbazone.

- hy,

x () = oy oxp (1)
Ey (5)

Figure 7 represent plot of In o versus photon en-

ergy, theUrbach energy can bedetermined directly from

the reciprocal of the slopes of the linear portion of

these curves, This region is attributed to the elec-
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tronic transition between alocalized states. Theori-
gin of E isrelated to the lattice disorder. The cal-
culated values of the respective values of E, forin-
direct transitions together with the Urbach energy
E, for the investigated system presented in Figure
(8.4, b).

Thedispersion of therefractiveindex of thefilms
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Figure7: Dependenceof natural logarithm of o on photon ener gy for methylmethacrylate polymerized in absenceand
presenceof different concentrationsof Cd (a) and Hg (b) carbazone.
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The dispersion of the refractive index plays an
important roleininvestigating 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 Di Domeni col*€l
the optical data can be described to an excellent ap-
proximation by therelation:

E4Eop
EZ — E2 ©

WhereE, isthesingle-effectiveoscillator energy, E is
the dispersion energy whichisameasure of the aver-
age strength of theinter-band optical transitionsand E
isthe photon energy. Thelatter isrelated to the coordi-
nation number of agiven atom. Thismodel describes
thedid ectricresponsefor trangtionsbel ow theoptica
gap and playsan important rolein determining the be-
havior of therefractiveindex!*”.

Figure 8 represent plot of (n?-1)* versus E? show-
ing that optical data can be described to a good ap-
proximation by relation (6). The dependence of E, E
E,, E, and percentage of conversionwithrespect tothe
complex concentrationispresented in Figure 9, where
the percentage of conversion is taken from other
work™, for comparison. Thereductionintheoptica
band gap (9.a) inthe case of adding Cdupto 7.11 x

n? = 1+
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10° g.mol/L, is attributed to cross — linking and in-
crease of disorder of the PMMA occurred by dop-
ing.

Thewidth of thelocalized statesavailablein the
optical band gap (the Urbachtail) affectsthe gap struc-
ture, whichisrelated directly toasimilar exponential
tail for the density of states. Increasing the density of
localized statesin the band gap reveal sincreasing the
number of unsaturated complex. Maximum activity can
be noticed at 11.85 x 10° and 18.55 x 10° g.mol/L
for Cd and Hg respectively where high density of lo-
calized states n broad band gap was recorded. This
may beattributed to the effect of interna potentid fluc-
tuation associ ated with the structural disorder. Then, it
deactivates at higher concentrations dueto an appar-
ent crowding of itshigher population and confirm the
creation of new active centerswhich are produced dur-
ing the polymerization process. Thisleadsto random-
nessincreaseand subsequently decreasing the order of
the polymeric chain packing(*.

Dipoleenergy and dipole strength increasewithin-
creasing Cd carbazone content till that peak of maxi-
mum activity at aconcentration 11.85 x 10-° g.mol/L,
then decrease confirming the creation of new locaized
dates. Thebehavior inthecaseof cadmium differsfrom

= Pure PMMA
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+ 48 pg/g Hg Carbazone
v 97 pg/g Hg Carbazone
< 135 pg/g Hg Carbazone
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204
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Figure8: Dependenceof (n%-1)'on E?, together withitsbes fit for methylmethacrylate polymerized in absenceand presence

of different concentrationsof Cd (a) and Hg (b) carbazone.
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(b), single-effectiveoscillator energy (c), aver agestrength of
theinter-band optical transitions(d) together with per cent-
ageof conversion (€) from El-Said H.EI-M osallamy* with re-
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that in the case of Hg, where no significant changes
were noticed for E, or E, 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 Hgand 8.991 eV for Cd) that makeit
difficult to produce a dipole moment and hence
chemical bondsin the case of Hg.

CONCLUSION

Effect of using Cd and Hg carbazone complex as
an additive through the polymerization of
methylmethacrylate on the optica propertiesof poly
methylmethacryl ate sheetshave been studied. Optical
band gap E, width of thetailsof thelocalized states |
and refractiveindex dispersion parameters, single-ef-
fectiveoscillator energy E,, dispersionenergy E , were
calculated. Optical absorption edgein UV regionis
broadened and exhibit red shift with addition of metal
complex up to acertain concentration, and fluctuates
with increasing concentration abovethisvalue. These
observationsindicate the conjugation of bondsin the
studied region and fluctuation in theinterna potential
associated with the structural disorder.

= Fyl] Peper

REFERENCES

[1] D.Dorranian, Z.Abedini, A .Hojabri,

M.Ghoranneviss,; Journa of Non-Oxide Glasses,

September, 1(3), 217 — 229 (2009).

[2] Hailin Hu, PK.Nair; Surface and Coatings Tech-
nology, 81, 183- 189 (1996).

[3] JE.KImberg-Sapieha, L.Martinu, N.L.S.Yamasaki,
C.W.Lantman; Thin Solid Films, 476(1), 101-107
(2005).

[4] H.M.Zidan, M.Abu-Elnader, Physica.B, 355, 308—
317 (2005).

[5] K.Beev, K.Temelkov, N.Vuchkov, T.Petrova,
V.Dragostinova, R.Stoycheva-Topal ova, S.Sainov,
N.Sabotinov; Journal of Optoelectronics and Ad-
vanced Materials, 7(3), 1315- 1318 (2005).

[6] X.M.Dong,Y.Luo, L.N.Xie, RW.Fu, M.Q.Zhang;
Thin Solid Films, 516, 7886-7890 (2008).

[7] P.Poornesh, P.K.Hedge, G.Umesh,
M.GManjunatha, K.B.Manjunatha, A.V.Adhikari;
Optics & Laser Technology, 42, 230-236 (2010).

[8] GKim; European Polymer Journal, 41(8), 1729 —
1737 (2005).

[9] N.GMcCrum, C.PBuckley, C.B.Bucknal; Prin-
ciplesof polymer engineering, 2™ Edition, Oxford
Scientific Publications, Oxford, (1999).

[10] A.A.Gridnev, S.D.Ittel; Chem.Rev., 101, 3611-
3659 (2001).

[11] El-Said H.EI-Mosallamy, Macromolecules: AnIn-
dian Journal, 9(1), 1-6 (2013).

[12] Tony Owen, Fundamentals of modern UV-visible
spectroscopy Agilent Technologies Germany,
(2000).

[13] Z.M.Elimat, A.M.Zihlif, GRagosta; PhysicaB, 405,
3756-3760 (2010).

[14] E.A.Davis, N.F.Mott; Phil.Mag., 22, 903- 922
(1970).

[15] Manal Abdel-Baki, Fouad El-Diastyb, Fathy
A.Abdel Wahab; Optics Communications, 261, 65—
70 (2006).

[16] S.H.Wemple, M.Jr.DiDomenico; Phys.Rev., B3,
1338-1351 (1971).

[17] Michael Herrmann, Frank Platte, Konstantinos
Nalpantidis, René Beigang, H.Michael Heise; Vi-
brational Spectroscopy, 60, 107-112 (2012).

— P plericly Science
ﬂuVWMW



