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ABSTRACT

KEYWORDS

Inthiswork the second harmonic of Nd:YAG laser with 6 nspulse width and
10 Hz repetition rate was used to modify the surface of red BS dye doped
poly methyl methacrylate (PMMA) films. Sampleswere ablated with 30, 50,
and 100 pulses of laser beam. Results show noticeable changes in Fourier
transform infrared spectrum of samples, confirms that treatment has made
noticeable changes in functional groups of samples surface. According to
AFM micrographsthere are significant modification in morphology of samples
surface. Laser treatment in this range has increased the surface energy of
samples. From different measured data it can be claimed that properties of
the samplestreated with 30 laser pulseis closer to the properties of pristine
sample while properties of treated sampleswith 50 and 100 pulses are very
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similar to each other.

INTRODUCTION

Recently modification of polymer surfaceto obtain
desired surface propertieshasattracted much interests.
Polymershave becomethefastest growing segment of
materia swith hundreds of polymersbeingusedinan
increasing number of applicationd¥. Comparability of
physical and chemical characteristicsof polymersto
those of conventiona materialsandtheir relatively low
cost arethe primary reasonsfor thisincreased trend@.
Polymeric materiad shave unique propertiessuch aslow
density, light weight, and high flexibility!>3. About two
decaysago, application of polymerswaslimited tofood
packaging, water tubesand so on but intherecent five
yearsthey arewiddy used for muchimportant gpplica-
tions such as producing the artificial parts of body
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(biopolymers), or eectrical insulator, or high resolution
optical el ementd®4.

PMMA isanimportant and i nteresting polymer be-
cause of attractive physical and optical propertiesde-
cisiveabout itsbroad application. Thisisthethermo-
plastic materia with thegood tenglestrength and hard-
ness, high rigidity, transparency, good insul ation prop-
ertiesand thermd gtability dependent ontactility. PMMA
have some disadvantages such asbrittlenessand low
chemica res slancewhich can beeliminated by chemi-
ca or physica modification. PMMA containsboth hy-
drophobic (methylene) and hydrophilic (carbonyl)
groupsineach unit®. Inaddition, itisfound that it can
produce alargerefractiveindex differencewith acryl
amide-based photopolymer.

Thereareseverd methodsfor modification of poly-
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meric surfaces. Physical surface modification methods
rangefromsmpleflameand coronatrestmentsto more
complicated and advanced techniques such as UV,
gammarray, electron beam irradiations, ion beam,
plasma, and laser treatmentg?3619, Thesetreatments
lead the breakage of covalent bonds, promotion of cross
linkages, formation of carbon dusters, liberation of vola:
tilespeciesandin certain cases creation of new chemi-
cal bondd'Y., Effect of these changeswill be appeared
inmodification of surfaceenergy of polymer, itssurface
roughness, thehydrophilicity of polymer, anditsoptica
properties. Laser trestment isaconvenient way to ob-
tain modificationswithout affecting theoverall quaity
of thematerid.

Inthiswork effect of pulsed |aser trestment onthe
structure and optical propertiesof PMMA polymer is
studied experimentally asafunction of laser pulsenum-
ber. To avoid thermd effects, ashort pul sed |aser was
employed at 532 nm wavelength. Red BS dye doped
PMMA hashigh absorption at thiswave ength.

Thismanuscript isorganized asfollow. After intro-
ductionin Sec. 1, experimentd detallsarepresentedin
Sec.2. Sec.3isdevoted to resultsand discussion, and
conclusion can beread in Sec.4.

EXPERIMENTAL

PMMA films were prepared by solving 30 gr
PMMA geranol in 300 ml dichloromethanewith 0.08
gr red BSdye. PMMA granol was provided by Yazd
Polymer Talaei (Y PT) Co., Tehran, Iran. A schematic
of PMMA molecular structure and red BS dye are
presented in Figures 1 (a) and (b). The viscous sol-
vent was poured on aflat glassin aclosed box. Solu-
tionwasleft to dry inaatmosphere at room tempera-
turefor 24 hoursto obtain 0.21 mmthicknessred BS
dye doped PMMA film. Sampleswerecutin 1x1 cm
pieces and cleaned in deionized water ultrasonically.
Prepared filmswereirradiated by the second harmonic
of apulsed Nd:YAG laser beam at 532 nm wave-
lengthinair. Laser pulse widthwas 6 nswith 10 Hz
repetition rate and was focused with a8.5 cm focal
length lensontarget. Laser energy density was 1.6x10%
Jcm? on target surface. Independent variableinthis
experiment was the pulse number of the treatment.
Threered BS dye doped PMMA filmswereirradi-
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ated with 30, 50 and 100 described laser pulsesand
results are compared.
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Figurel: Chemical structure of PM MA (a) andred BS
dye(b).

Different analysiswereused to study the effect of
laser trestment of samples Totd reflectanceFourier trans
forminfrared (ATR-FTIR) analysis was performed us-
ing BRUKER FTIR ingrument to study theintermol ecu-
lar interactionsbetween laser pulseenergy and molecules
of polymer surface. The surface morphol ogy of PMMA
filmswas studied by atomic force microscope (AFM)
micrographs, using aPark Scientific Instrument micro-
scope. Static water and diodo-methane drop contact
anglemeasurement wascarried out usngthesessiledrop
method on aKruss G10 contact angle measurement de-
vice. All contact anglesarethemean va ueof fivemea-
surement on different partsof thefilms. Varian Cary 500
spectrometer wasemployedfor recording UV-Vis-NIR
transmission and refl ection spectrum of thepristineand
treated red BSdyedoped PMMA films.
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RESULTSAND DISCUSSION

Themost important changein polymer trestments
isvariation of fundamental groupsand molecular bind-
ing of polymer surfaceswhich can be studied by means
of ATR-FTIR spectrum. ATR-FTIR spectrum of pris-
tineand treated samplesare presented in Figure 2. The
wavelengths correspond to FTIR main peskswithther
molecul ar bindings and transmission magnitudesare
showninTABLE 1. Transmission of severa peaksbe-
long to C-H bindingson the surface of samplesareall
increased confirmsthat incident of photonsof laser pulse
of 2.33 eV energy with the surface can break these
binds. The sameisoccurred for O-H (2850 and 3030
cm?), C-O (1060 cm™), C=0 (1760 cm™) and CH,
(1670 cm®) bindings. According to FTIR spectrum,
the amount of N-H (3440 and 3550 cm?) and O-H
(3630 cmt) bindingson the surface of samplesarein-
creased whichisduetoirradiation of PMMA polymers
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inair. Intheir cases carbon atoms are substituted with
N, and O, of ar. Although changes arenot so much but
they have caused noti ceable modification in different
Physical characterigticsof films. It can beseenthat spec-
trum of 30 pul sestreated sampleisvery closeto pris-
tine onewhile spectrum of 50 pulsesand 100 pulses
treated samplesarevery similar together. It may bedue
to existence of athreshold number for the pul ses (en-
ergy magnitude) to creste noticeable changeson poly-
mer surfacesand modification of polymer surfacesfor
themagnitudesof pulsenumber smdler thanthisthreshold
andlarger thanit arevery smilar.
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Figure2: ATR-FTIR spectrum of pristineand pulse laser
treated samples.
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TABLE 1: Thewavelengthscorrespond to FTIR main
peakswith their molecular bindings and transmission
magnitudes.

Functional A,(cm'l) pristine 30 50 100
group pulse pulse pulse
C-H 735 37.1 493 538 524
C-H 800 63.8 708 712 70
C-H 910 69.9 749 78 782
C-H 2840 335 327 405 385
C-H 2890 315 308 395 376
C-H 3030 32.6 307 394 374
O-H 2850 33.2 333 40.7 387
O-H 3030 32.6 307 394 374
O-H 3630 56.9 50.6 495 492
Cc-0 1060 88.3 89.8 926 932
Cc=0 1760 55.5 575 653 659
N-H 3440 57.4 57 56 55
N-H 3550 67.9 629 617 613
CH3 1670 71.3 724 774 7718

Images of the surface of sampleswith resolutionin
the order of nanometer taking by atomic forcemicro-
scope can be seen in Figures 3(a-d), and the plot of

surfaceroughness of samplesextracting from theseim-
agesarepresented in Figure 4. Effect of laser pulseim-
pactisclear. Sizeof nodulelikestructuresonthesurface
of pristine sample are reduced by the impact of laser
pulse and roughness of surface of samplesisdecreases
by increasing thenumber of incident laser pulses. Infact
laser pulseetch polymeric sample surface, andthisisan
important effect in adhesion and printability of polymer
surfaces. After laser pulseirradiation theremain struc-
tureof samplessurface havevery strong bindingto bulk
materid leadsto strong adhesion of irradiated sample.

G) -

Figure3: AFM micrographsof (a) pristine sample, (b) 30
pulses, (c) 50 pulsesand (d) 100 pulsestreated samples.
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Figure 4 : RM S roughness of the surface of samples after
pulsed laser treatment ver suspulsenumber.

Another important parameter in thetreatment pro-
cessissurface energy. Surface energy of samplescan
be cal culated by measuring thewater (apolar liquid)
and diiodomethane (adisperseliquid) contact angle
with the surface of PMMA samples which are pre-
sented in TABLE 2. Furthermorewater contact angle
isascaefor hydrophilic or hydrophobic characteriza-
tion of polymers. Change of water contact angle of
treated samplesversus pulse number intreatment is
plotted in Figure 5. Using contact angle magnitudes,
thepolar and disperse parts of surfaceenergy of samples
iscd culated by Owens-Wendt method™ whichispre-
sented inFigure 6. Extracted magnitudesfor thesethree
quantitiesareadsowrittenin TABLE 2. Because most
of molecular structureof PMMA surface have polar
bindings, diiodomethane contact angleand dispersepart
of surface energy are not changed noticeably inthis
experiment. In contrast thewater contact angleisde-
creased withincreasing thelaser pulse number inthe
treatment, showsanincreaseinthe polar part of sur-
face energy. However after adding these two magni-
tudestofind total surface energy one can seethat with
pulselaser treatment of PMMA surface the surface
energy hasnot been changed so much in comparison
with other methods of surfacetreatment. Especidlyin

TABLE 2: Water and diiodomethane contact anglewith tar-
get surface. Themagnitudesfor surfaceenergy isextracted
from contact anglesusing Owens-Wendt method.

Pulse Contact angle (°) Surface energy (mMN/m)
number \water Diiodomethane Polar Disperse Total
0 79.1 39.8 3.78 39.73 4351
30 75.9 40.3 4.96 3946 4442
50 73.9 36.7 5.36 41.22  46.58
100 72.3 38.3 6.18 4045  46.63
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Figure5: Thewater contact anglewith thesurfaceof pris-

tineand laser treated red BSdyedoped PMM A filmsver sus

pulsenumber.
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Figure 6 : Variation of surface energy of samples after
pulsed laser treatment.

the treatment experiments of PMMA with UV water
contact anglechangesislarger®'2,

The optical transmittance of red BS dye doped
PMMA treated by different |aser pulsenumber are pre-
sented in Figure7. Transmittance of different samples
arevery close but noticeable changes can be observed
at peaks of spectrum. The sameis occurred for ab-
sorption coefficient spectrum of sampleswhichareplot-
ted in Figure 8. The optical absorption coefficients of
samplesareeva uated from the transmittance dataus-
ingthefollowingreation;

1 (1
a=—a|n|:?i| @)

inwhicha istheabsorption coefficient, d=0.21 mmisthe
thicknessof PMMA filmsand Tistranamittance. Smilar
to other resultsthe transmittance and absorption coeffi-
cient of sample 1 treated by 30 laser pulsesisvery close
tothepristinesamplewhilefor sample2 and 3treated by
50 and 100 laser pulsesdataare closeto each other. Ab-
sorption coefficient of samples2 and 3show anincrease
at theabsorption pesk, confirmsthat theoptica band gep
energy of samplesare changed dueto trestment.
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Figure7: Thetransmittance spectrum of samples.
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Figure8: (a) Absor ption coefficient of four samplesbefore
treatment and after treatment by different number of laser
pulses. (b) aE¥?versus photon energy toillustrate Tauc
method. Theinterpolation of linear part of the curvewith
photon ener gy axisindicatesthe magnitude of band gap
energy.

The optical energy gap of PMMA films are de-
duced from theintercept of the extrapolated liner part
of theplot of (aE)Y? versusthe photon energy E with
abscissawhichisillustrated in Figure 8 (b) for pristine
and 100 pulsestreated sample. Thisfollowed fromthe
method of Tauc et a.*¥ where:
aE=B(E-E)’ @)
Inthisequation o isthe absorption coefficient, Eisthe
photon energy, and B isafactor dependsonthetransi-
tion probability and can beassumed to be constant within
the optica frequency range, and theindex pisrdated to
theditribution of thedengty of states. Theindex p has
discrete values like 1/2, 3/2, 2, more depending on
whether thetrangtionisdirect or indirect and dlowed or
forbidden. Inthedirect and allowed cases, theindex p=
1/2 whereasfor thedirect but forbidden casesitis 3/2.
But for theindirect and dlowed casesp = 2 and for the
forbidden casesit is 3 or more. Taking p = 2 corre-
spondstoindirect dlowed transitiond*® theband energy

of filmsareca culated using Tauc relation. Figure 8(b)
displaysplotsof (aE)“? versusthe photon energy E for
pristinesamplebased on Tauc method. Two linear parts
of thisplot extrapol ate the photon energy axisat 2.039
eV and 4.8611 eV. Thefirst point indicatesthe energy
gap of Red BS dye whilethe second point belongsto
PMMA band gepenergy. Thesameisdonefor al samples
andresultsarewrittenin TABLE 3. Variaionof PMMA
band gep energy versuspulsenumber intrestment isplot-
tedinFigure9(a). Thechangeof band gap energy of dye
istoo small to calculate. What can be say isthat this
magnitudeis2.039eV for pristineand 30 pul sestreated
samplesandisincreasedto 2.040 eV for samples2and
3. But changes of band gap energy of PMMA can be
cdculated. Resultsshow thet thisparameter isdecreased
withincreas ngthe pulsenumber inthetrestment.

TABLE 3: Band gap energy of PMM A and red BSdyecalcu-
lated by Tauc method.

Energy gap (eV) pristine 30pulse 50pulse 100 pulse
Red BS dye 2.039 2.039 2.040 2.040
PMMA 4.842 4.831 4.826 4.816
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Figure9: Thevariation of band gap ener gy of PM M A poly-
mer after laser treatment.

COCLUSON

Effect of 532 nm pulsed |aser beam on the struc-
tural propertiesof PMMA thinfilmisinvestigated ex-
perimentally. The photon energy of laser pulseis2.33
eV smaller than the band gap energy of PMMA film
whichisabout 4.8 eV. Inthiscasethetargetistrans-
parent against the beam. But adding red BS dye to
PMMA filmwith energy gap of 2.039 eV haschanged
the scenario. Red BS dye can absorb the energy from
the laser beam due to it smaller band gap energy in
comparison with photon energy andthetherma effects
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caused by thisabsorption can modify the polymer struc-
ture. Of coursethis modification isnot so strong be-
cause of small amount of doped dyein polymer. FTIR
spectrum of irradiated samples confirm that the chemi-
cal structureof polymer filmischanged. 30 number of
laser pulseat thisrange do not cause noti ceabl e changes
andthe propertiesof irradiated filmwith 30 1aser pulse
iscloseto pristinefilm but for the samplesirradiated
with 50 and 100 number of laser pulsethesearemore
noticeable. Resultsof structural modificationsare ap-
peared in the surface energy of samples. It can be seen
that the 532 nmwavel ength laser pulsecanincreasethe
surfaceenergy red BS dye doped PMMA sample spe-
cidly itspolar part makeit amore hydrophilic polymer.

Intheprocessesof modificationtheoptica band gap
energy of red BS dye doped PMMA filmsisaso de-
creased. It may be dueto the fact that energy of laser
beamin samplegeneratesmol eculeswith perturbationin
thar vdanceor conductionenergy leve sleadstoforma
tion of defect levelsinthematerid . Decreasing theband
gap energy isduetoformation of defect levels.

M odification of polymer surface morphology is
more noticeabl e because of impact effect of laser pulse
onthesurface. Thisimpact may etchtheimpuritiesand
particleswith weak bonding energy from the surface of
PMMA, leadsto decreas ng the surfaceroughness. So
inthe case of surface morphol ogy theintensity of laser
pulseismore effective parameter than photon energy.
Clearly larger number of laser pulsehasdecreased the
roughnessof surfacemoreeffectively.
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