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Abstract. Polymer materials are widely used in various industrial and medical applications and each application 
requires specific properties. In order to improve wettability properties and remove contaminants from contact lens 
are used various chemical and physical methods based on incorporation of surfactants, UV radiations, ion beams and 
plasma treatments. The poly(methylmethacrylate) (PMMA) films are used in various biological applications, 
especially in ophthalmology, due to their particular physico-chemical and biological properties. In this work we 
present a comparative study on surface modifications of PMMA film induced by UV radiations and plasma treatment. 
The plasma is generated in a dielectric barrier discharge with asymmetrical electrode configuration, working at 
atmospheric pressure in argon with a flow rate of 3 L/min. The investigations of PMMA films before and after UV 
exposure and plasma treatment were performed by water contact angle measurements and atomic force microscopy. 
Keywords: UV radiations, plasma treatment, PMMA films, wettability.  
Rezumat. Materialele polimere sunt utilizate în diverse aplicaţii industriale şi biomedicale, iar fiecare aplicaţie necesită 
proprietăţi specifice. Pentru a curăţa aceste materiale de contaminanţii rezultaţi în urma procesului de fabricaţie, de 
asemenea cu scopul de a îmbunătăţi proprietatea de umectabilitate a lentilelor de contact, cerută în acest gen de aplicaţie, 
sunt utilizate diverse metode fizice şi chimice bazate pe încorporarea de aditivi prin reacţii chimice, expunere la radiaţii 
UV, laser sau tratamente cu plasmă. Datorită proprietăţilor fizico-chimice şi biologice specifice, filmele polimere de 
poli(metal metacrilat) (PMMA) sunt utilizate pe scară largă în diverse aplicaţii medicale cum ar fi: lentile intraoculare şi 
de contact, valve cardiace etc. În acest studiu sunt prezentate rezultate privind efectele induse de radiaţiile UV şi plasmă 
asupra proprietăţilor de suprafaţă a filmelor de PMMA. Aceste experimente s-au efectuat atat cu scopul de a cunoaşte 
eventuale efecte negative datorate pătrunderii accidentale a radiaţiilor în cavitatea oftalmică, dar şi pentru a stabili dacă 
aceste tehnici se pot folosi în vederea îmbunătăţirii unor caracteristici a lentilelor de contact comerciale. Plasma este 
generată într-o descărcare cu barieră dielectrică, cu o configuraţie asimetrică, care lucrează la presiune atmosferică în 
argon, cu un debitul constant, fixat la 3l/min. Filmele de PMMA au fost caracterizate din punct de vedere al morfologiei 
şi al umectabilităţi. Pentru studiul morfologiei suprafeţei la scară micro şi nanometrică s-a utilizat microscopia de forţă 
atomică, iar pentru determinarea lucrului de adeziune s-a utilizat metoda unghiului de contact. Rezultatele arată că, în 
cazul tratamentelor cu plasmă, umectabilitatea suprafeţei de PMMA creşte, ceea ce este benefic pentru o lentilă de 
contact, fără a modifica rugozitatea suprafeţei, un parametru care poate induce efecte de anizotropie, nedorite în aplicaţii 
oftalmice.   
Cuvinte cheie: Radiaţii UV, tratament cu plasmă, filme PMMA, capacitate de înmuiere.  

1. INTRODUCTION  

Polymer5films are extensively used as biomate-
rials in various biomedical applications (Fatemeh 
et al., 2014). Among these polymeric materials, 
poly(methylmethacrylate) (PMMA) is a non–toxic 
and transparent polymer in the visible range, used 
in different biomedical applications, especially as 
contact and intraocular lens (Harris et al., 1993, 
Fatemeh et al., 2014), heart valves, as vertebrae 
stabilization in osteoporotic patients, bone cements 
etc. (Frazer et al., 2005).  

Contact and intraocular lens requisite suitable 
properties for biocompatibility, e.g. transparency 
(Zang et al., 2009), wettability, thermal stability 
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(Fatemeh et al., 2014). Taking into account these 
medical demands, the surface of polymer films 
should be modified without changing the bulk 
properties.  

In order to improve physico – chemical and 
biological properties of PMMA films are used 
various chemical and physical methods based on 
incorporation of surfactants, UV radiations (Eve et 
al., 2010), ion beams (Wochnowski et al., 2005) 
and plasma treatments (Wang et al., 2015, 
Dorranian et al., 2009, Borcia et al., 2011). 

The surface properties of PMMA films exposed 
to UV radiations are modified in terms of the 
reduction of molecular weight, roughness, and 
appearance of holes and cracks (Eve et al., 2010). 

Plasma treatment is an efficient method used to 
remove surface contaminants and to enhance 
physico-chemical properties of different materials 
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such as polymers, metals, ceramics, composites 
(Dorranian et al., 2009, Spridon et al., 2012). 
Physico-chemical modifications of polymer surface, 
including degradation reactions, are produced by 
plasma due to a sum of complex reactions induced 
by volume processes such as excitation, ionization 
and dissociation of molecules (D’Agostino, 1990). 

The main objective of this study is the analysis 
of certain PMMA surface properties of interest in 
ophthalmology, particularly wettability and rough-
ness, after UV radiations and plasma exposure. 

2. EXPERIMENTAL 

2.1. Materials 

The commercial PMMA films with 0.05 mm 
thickness were purchased from Goodfellow Ltd. The 
chemical structure of PMMA is presented in the Fig. 
1. Argon (Ar) with 99.999 % spectral purity was 
supplied by Messer Gas SRL, Romania. Prior to 
plasma treatment and UV radiations exposure, 
samples were washed with ethanol (100% purity, 
Sigma Aldrich) for 5 min, rinsed with distilled water 
and dried at room temperature. Physiological serum 
(Unalab), formamide and distilled water were used as 
test liquids for adhesion work calculation between the 
liquid and the PMMA film. 

 
 
 

 
Fig. 1. Chemical structure  

of poly(methylmethacrylate). 
 
 

 

2.2. Methods 

In order to study the effects induced by UV 
radiations and plasma, the PMMA films were 
exposed at different time durations. Thus, the 
samples were exposed at different period of time, 
from 10 minutes to 120 minutes, by the use of UV 
lamp (YZ-TE, 108 type, 8 W power) and 10 
seconds at plasma treatment. The distance between 
the polymer film and UV lamp was fixed at 50 cm 
and, respectively, at 100 cm. 

The plasma was generated in a dielectric barrier 
discharge (DBD) (Fig. 2) with asymmetrical 
electrode configuration, working at atmospheric 
pressure in argon. The gas flow rate was constantly 
kept at 3 L/min by an electronic flow-meter (MKS, 
type 1179 B) and a flow controller (MKS, 
type 247). The HV electrode is a disc with 2 mm 
radius and the grounded electrode a metallic plate 
(4 cm × 5 cm) covered with a glass dielectric. The 

gap between electrodes was fixed at 1 cm and the 
applied voltage was 4 kV.  

Characterization of polymeric films was 
performed by Water Contact Angle Measurements 
(WCAM) and Atomic Force Microscopy (AFM). 
The measurements of the advancing contact 
angle were performed by the use an optical system 
with a photo camera and a telescope with 20× 
magnification. A 1μL drop of test liquid (distilled 
water, physiological serum and formamide) was 
placed on the dry sample surface and all the 
measurements are made at room temperature. The 
images were captured by the use an Optika Micro-
scopy Digital USB camera and analyzed with the 
ImageJ software (version 1.40g). The standard 
deviation for each set of values was less than ± 2o.  

 

 
 

Fig. 2. Dielectric barrier discharge set-up used for polymer 
surface treatments. 

 
The wettability properties and adhesion work of 

different liquids onto solid surface depend on the 
relation between interfacial tensions ( lv – liquid/ 

vapor, ls – liquid/solid, sv – solid/vapor), as 

shown in Fig. 3. Therefore, contact angle is the 
result of three interfacial tensions, in mechanical 
equilibrium on polymer surface. 

 

 
 

Fig. 3. Schematic of sessile drop method. 
 

The thermodynamic work of adhesion (Wsl) can 
be calculated by the use of Young’s equation 

   cos1 lvslW ,  (1) 

where lv  is the surface tension of the test liquid 

[mN/m] and  – contact angle.  
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In the Table 1 are presented the surface free 
energies of liquids used in our experiments 
(Baldan, 2012, Kaye & Laby, 2008). 

 
Table 1 

Surface free energy of liquids used to determine  
adhesion properties of polymer surface 

Liquid [ ]mN / m lv  

Water 72.8 

Formamide 58.2 

Physiological serum 73.05 
 
Atomic Force Microscopy investigations were 

performed by the use of NT-MDT Solver Pro-M 
type device and the images were recorded in the 
tapping mode, using standard silicon nitride tips 
with a radius of approx.10 nm (NT-MDT, NSG03). 
The topography, magnitude and phase were 
recorded simultaneously for each sample on 
various scanned areas between 30µm x 30µm and 
3µm × 3µm. Scans were repeated on different sites 
of the samples to check the surface uniformity, 
under the same ambient conditions of temperature 
and humidity. The average roughness (Ra) and the 
root mean square roughness (Rrms) were calculated 
for each sample using standard Nova software.  

3. RESULTS AND DISCUSSIONS 

The measurements of water contact angle on 
the PMMA film showed a hydrophobic character 
before exposure to UV and plasma (Table 2). 
After UV radiations exposure this character 
increases, illustrated by the adhesion work decrease, 
as it is presented in the Fig. 4a and Fig. 4b.  

The adhesion work of various liquids on PMMA 
films decreases with increasing of exposure 
duration, also, the same time evolution is observed 
at different distances between the UV source and 
the sample (Fig. 4a and Fig. 4b). 

 
Table 2 

Contact angle of different liquids on PMMA films,  
before and after 10 seconds plasma treatment 

Liquid 
Contact angle on the PMMA film 

Untreated 
10 s treated by 

plasma 

Distilled 
water  

79° ± 2° 
 

26° ± 1° 

Formamide 
 

67° ± 2° 
 

13° ± 1° 

       

a)

 
 

      

b)

 
 

Fig. 4. Time evolution of the adhesion work, Wsl [mN/m],  
on PMMA films exposed at UV radiations at a) 50 cm and  

b) 100 cm distance from the sample. 
 

On the contrary, after the 10 seconds of plasma 
exposure, it obtained a higher hydrophilic PMMA 
surface (Table 3), the treated polymer surface 
proving an increased adhesion work and finally and 
enhanced wettability, as it is shownin the Table 3.  

 
Table 3 

Adhesion work Wsl [mN/m] of different liquids  
on PMMA films 

Liquid 
Adhesion work, Wsl [mN/m] 

Untreated Treated 10 s plasma  
Distilled water 86.7 138.2 
Formamide 80.9 114.9 

 
Related to the surface morphology, the roughness 

of PMMA surface exposed to UV radiation 
increases, while roughness of treated surface with 
plasma, doesn't’ change significantly, as it is seen 
in the Fig. 5 and Table 4. 

 
Table 4 

Average roughness (Ra) and the root mean square 
roughness (Rrms) of the PMMA surface, before and after 

exposure to UV radiation and plasma treatment 

PMMA film 
0 s 60 min UV  10 s plasma 

Ra 
[nm] 

Rrms 
[nm] 

Ra 
[nm] 

Rrms 
[nm] 

Ra 
[nm]

Rrms 
[nm]

30 x 30 µm2 19.5 24.9 17.1 21.8 20.4 25.7 
10 x 10 µm2  12.1 15.5 18.8 23.6  20.8 25.7 
  3 x 3 µm2  6.9  8.5 12.0 15.0  9.1 11.3 

 



Teodora TESLARU, Crenguta BACAOANU 

 
62  TERMOTEHNICA     1/2015 
 

Morphology Phase image 

      

a)                                                                  b) 

      

c)                                                                     d) 

      

f)                                                             g) 
 

Fig. 5. AFM images 3x3 µm2 of the PMMA film:  
a, b – untreated (Ra = 6,9 nm, Rrms = 8,5 nm); c, d – exposed for 60 min to UV radiations (Ra = 12,0 nm, 

Rrms = 15,0 nm); f, g – 10 s treated plasma (Ra = 9,1 nm, Rrms = 11,3 nm). 
 

4. CONCLUSIONS 

Analysis of the PMMA polymeric films showed 
a hydrophobic character. After UV radiations 
exposure this character increases, in contrast with 
plasma treatment which induces a hydrophilic 
character of the PMMA film. The adhesion work 
of various liquids on PMMA films decreases with 
increases with time of exposure to UV radiations.  

On the contrary, the surface treated by plasma 
exhibit enhanced wettability, compared to the 
untreated ones, as showed by the adhesion work of 
various liquids deposited onto the polymer film. 

The surface polymeric film present an increased 
roughness after UV radiation exposure compared 
to the pristine ones. On the other hand, the plasma 
treatment doesn't change significantly the morpho-
logy of the polymer surfaces, as a good result 
correlated with the increase of its wettability, 
benefic for ophthalmic lens. 

Therefore, the plasma treatment working at 
atmospheric pressure could be a convenient and 
efficient method used to improve certain surface 
properties of PMMA films, demanded in 
ophthalmology applications. 
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