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This study focuses on the production of polyethylene glycol-like films (ppEG) under 

plasma conditions, using plasma discharge polymerization at atmospheric pressure. The 

plasma source consists of a dielectric barrier discharge (DBD) which operates in helium 

gas flow with a glass-like dielectric. The films were characterized by Atomic Force Mi-

croscopy (AFM) operating in tapping mode, contact angle measurements, Fourier trans-

form infrared spectroscopy, UV-VIS spectroscopy and X-ray photoelectron spectrosco-

py.XPS analysis of ppEG films revealed peaks corresponding to the chemical C-C bonds, 

C-O bonds and C-O-C bonds, which are in good agreement with the chemical formula. 

The wettability of the ppEG films showed a super-hydrophilic character (the contact an-

gles are smaller than 10). The topography of polymer films shows a granular structure 

with diameter less than 1 μm. The value of the root mean square roughness (Rrms) is 6.9 

nm immediately after the polymerization and increases to 15.5 nm after one week. This 

kind of surfaces obtained under plasma condition is excellently suited for medical applica-

tions like biosensor, biochip, drug delivery etc.  
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1. Introduction 
 

Polyethylene glycol (PEG) films are used for protein-repelling and reducing bio-films at-

tachment, which are important features in many applications such as food processing facilities, 

cardiovascular implants, biosensors and in-vitro tests [1-4]. The role of these thin films is to re-

duce and control the adsorption of proteins and the adhesion of cells. They are usually synthesized 

in low pressure plasma, UV induced graft polymerization or chemical synthesizing and numerous 

studies were reported in literature [5-7]. 

We have investigated the production of polyethylene glycol (ppEG)-like films under 

plasma conditions at atmospheric pressure (APP). Atmospheric pressure plasma polymerization 

represents a good technological solution to cover various substrates with functional layers [8-11]. 

Plasma polymerization has unique practical advantages which include (i) confirmative ultrathin 

film deposition, (ii) good adhesion to the substrate and (iii) formation of chemically and physically 

durable surfaces [12]. 

The characterization of the polymer thin films was carried out by Atomic Force Microsco-

py (AFM) technique operating in tapping mode, contact angle measurements, Fourier Transform 

Infrared Spectroscopy (FTIR), UV-VIS spectroscopy and X-ray photoelectron spectroscopy 

(XPS). 
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2. Experimental 
 

2. a. Materials and Methods  

The DBD plasma chemical reactor consists of a discharge at atmospheric pressure, work-

ing in a plane-parallel geometry. The dielectric barrier was glass with 1.1 mm thickness (Figure 

1.).The electrodes are circular with 30 mm diameter. Experiments were made in helium with flow 

rate of 3 l/min for plasma gas (Flowmeter 1) and 0.5 l/min for monomer vaporization (Flowmeter 

2). The helium spectral purity was 99.999%, and the monomer used was ethylene glycol (>99.0 % 

purity) from Merck-Chemical. 

 

 

 
(a)  

(b) 
Fig. 1. Experimental set-up (a), time evolution of applied voltage and intensity plasma current (b). 

 

 

High voltage monopolar pulses were delivered using a voltage amplifier (Trek Inc) con-

nected with a waveform generator (Tabor Electronics Inc.). The electrical parameters were main-

tained constant at the following values: high voltage V =4.5 kV, repetition rate ν =2 kHz during 

10 min, which is the time of polymerization. The discharge mode is a glow discharge characterized 

by two current peaks during each applied voltage pulse [13, 14]. 

The chemical structure of the films was investigated by Fourier Transform Infrared spec-

troscopy and the spectra were registered with a Bomem MB-Series 104 spectrometer in the range 

of 4000-400 cm
–1

with 4 cm
–1 

resolution. 

The chemical composition of films was obtained by analysis of polymer XPS spectra. XPS 

analyses were performed with a 5000 VersaProbe (Physical Electronics) spectrometer, equipped 

with a monochromatic Al Kα X-ray source (h = 1486.7 eV). During measurements, the pressure 

in the analysis chamber was 5.910
–8

 Pa and the photoelectron takeoff angle relative to the surface 

was 45°. 

The topography of the polymer films was investigated by Atomic Force Microscopy 

(AFM) technique, using an NT-MDT Solver Pro-M type apparatus in tapping mode with 0.1 nm 

resolution in z-direction using a standard silicon nitride tip (NSC21) with a typical tip radius of 

10 nm. Also the variation of the root mean square roughness (Rrms) and of the topography of the 

ppPEG films were studied, first immediately after the polymerization and then after one week for 

aging study. 

The wettability of the films was analyzed using contact angle measurements. The volume 

of the water drops deposited on the polymer films was 1 µl. The contact angle values were calcu-

lated with ImageJ free software.  
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3. Results and Discussion 
 

3.1. Chemical composition 

FTIR spectra of the ppPEG films showed the presence of C-H in-plane deformation bend-

ing at 1073 cm
–1

 and 1029 cm
–1

,-C-O-C- bonds at 1068 cm
–1

, -C-C- stretching vibration at 

1203 cm
–1

and 1404 cm
–1

, C=O vibrations bands at 1620 cm
–1

 and C-H bonds at 2961 cm
–1

 (Figure 

2.). The broad band from 3200 cm
–1

 to 3600 cm
–1

 is assigned to various OH vibration modes in the 

film volume. 

 

 
 

Fig. 2.Typical FTIR spectrum of ethylene glycol monomer and ppPEG obtained in APP. 

 

 

The ppPEG films present low UV absorption between 50 nm and 300 nm. More infor-

mation about the purity of chemical composition has been given by XPS spectra.  

The XPS spectra with low resolution of ppPEG show the presence of two peaks corre-

sponding to a C1s peak at 284 eV and an O1s peak at 534 eV. Deconvolution of C1s and O1s 

peaks reveal contributions of C-C bonds at 284 eV, C-O bonds at 286 eV and C-O-C bonds at 

288 eV (Figure 3.). 

All of these peaks identified by XPS and FTIR technique are in good correlation with the 

conventional PEG chemical formula: HO-CH2-(CH2-O-CH2-)n-CH2-OH, which means that the 

polymer created in the DBD plasma possesses the chemical composition of the monomer. 

 
 

Fig. 3. Deconvolution of XPS spectrum corresponding to C1s peak of ppPEG films (a),  

deconvolution of XPS spectrum corresponding to O1s peak of ppPEG films (b). 

 

 

The hydrophilic character was demonstrated by contact angle techniques. The contact an-

gle average measured for the substrate (glass) is 55and for the ppPEG thin films it is 6. The su-
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per hydrophilic character is due to hydroxyl groups presented in the chemical structure of the 

ppPEG thin film. 

 

3.2. Morphology  

The topography of the films shows a granular structure with diameters less than 1 m im-

mediately after deposition. The morphology of the ppPEG films vary in time. After one week we 

observe that the structures are not clearly distinguishable because of water absorption. Also the 

root mean square roughness (Rrms) increase from 8 nm to 16.2 nm for the 1010 μm sample (Fig-

ure 4.a) and from 6.9 nm to 15.5 nm for the 33 μm sample (Figure 4.b). This fact was demon-

strated by X-ray photoelectron spectroscopy. 

 

 
(a) 

 
(b) 

Fig. 4. AFM topography image of the ppPEG films immediately after 

plasma polymerization 1010 μm
2
 (a) and33 μm

2
 (b). 

 

3.3. Time stability of characteristics / aging 

The aging process of the same films has been studied also with X-ray photoelectron spec-

troscopy. After one week we observe that the concentration of C-O bonds increases from 34.71% 

to 42.87%. This has been correlated with the absorption of water molecules present in atmospheric 

conditions by the ppPEG film. This fact is due to its hydrophilic character.  

 
Table 1. 

Bounds Concentrations of chemical groups (%) 

 Immediately  After 7 days 

C-C 46.06 42.75 

C-O 34.71 42.87 

O-C-O 19.95 14.93 

 

 
(a) 

 
(b) 

Fig.5. AFM topography image of the ppPEG films immediately after  

plasma polymerization (a), after one week (b).  
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4. Conclusion 
 

Using plasma discharge polymerization at atmospheric pressure in a mixture of helium 

and ethylene glycol monomer, we obtained super hydrophilic polymer which can be used in bio-

medical applications. The films demonstrate stable chemical compositions and a high hydrophilic 

character. The chemical analysis of the thin films with X-ray photoelectron spectroscopy prove 

that the new polymer formed is PEG because C-C bonds at 284 eV, C-O bonds at 286 eV and C-

O-C bonds at 288 eV are present in the thin films.  

After the morphological analysis of the thin films we observe the appearance of a granular 

structure with diameters less than1 μm immediately after the deposition. After aging, we observe 

that the granular structure cannot be distinguished anymore because of adsorption of water mole-

cules.  
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