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1. Introduction  
 

  In air at atmospheric pressure, the negative and positive corona charge injection at the free 
surfaces of different dielectric fluids introduced in the discharge, attack their chemical structure 
inducing new solid compound formation [1].  

This paper demonstrates that by alternating the injection of positive and negative ions on the 
free surface of a silicone oil drop introduced in the positive and respectively negative corona 
discharge in air at atmospheric pressure and ambient temperature, amorphous SiO2 thin films are 
generated. The influence of the charge type and density of the injected ions on the chemical structure 
and surface topography of the organosilicon compound has been studied by IR spectrometry and 
atomic force microscopy (AFM).  

In the last years, the interest on the chemical and physical methods for SiO2 thin films 
generation has notably increased, such films being used for insulation, anti-refection, corrosion 
resistant, sel f-lubricant or tightening coating. Compared with the chemical methods the main 
advantage of the physical method presented in this paper is that the SiO2 films obtained from 
silicone oils precursors under positive and negative corona charge injection may uniformly coat any 
polished and unpolished complex metall ic surfaces by penetrating the electrode surface pores. 
 
 

2. Experimental conditions 
 

The experimental set-up used is presented in Fig. 1. 

 
Fig. 1. Experimental set-up. 
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The electrode discharge configuration was of wire-to-plane type. The copper wire electrode 
of 40 mm length was situated in air at atmospheric pressure perpendicular to the center of a 
germanium disk electrode of 22 mm diameter. The interelectrodic gap was 8 mm. In order to avoid 
any environmental air movement in the interelectrodic gap, the electrodes were introduced in a glass 
cage. A DC high voltage of 24 kV was applied through a resistor R = 100 M

�
.  

The temporal evolution of the current discharge in both negative and positive corona 
discharge was visualized on a Tektronics 320 oscilloscope. The discharge current in a Trichel pulsed 
regime of the negative corona discharge, measured across a resistor r = 1 k

�
 (the Trichel pulses 

being accompanied by a DC permanent current), is presented in Fig. 2. The pulsating nature of the 
current is due to phenomena involved in charged-particles movement. When a high DC negative 
voltage is applied to the sharp electrode, the surrounding air becomes ionized. The charged particles 
created in this way form a cloud dri fting along the field lines. Due to both geometric effect and local 
presence of these clouds, the electric field between electrodes is strongly nonuniform and varies with 
time as successive clouds drift from one electrode to the other. Unlike the negative corona discharge, 
the current of the positive corona discharge consists only in a DC component having the same value 
as that of the permanent current of the negative corona discharge in the given electrical and 
geometrical conditions. 
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Fig. 2. The waveform of the negative corona discharge current. 

 
 

By introducing a dielectric fluid in a corona discharge, the negative and positive ions 
injection on the free surface of the liquid induces electrohydrodynamic instabilities associated to 
high electric fields. As a result, the convective currents generated in the liquid bulk provide the 
charged particles transport to the plane electrode [2, 3].  

The effect of positive and negative ions on the structure and surface topography of the 
organosilicon compound was investigated by transmission IR spectrometry using an IR 
spectrophotometer Specord IR 75 (Carl Zeiss Jena), and atomic force microscopy (AFM) using a 
Nomad Microscope (Quesant Instrument Corporation) operating in a contact mode.  
 
 

3. Results and discussions 
 
  A silicone oil drop (1 � l) was stretched in a thin layer on a germanium support under positive 
and respectively negative corona charge injection.  

The IR spectra of the organosilicon compound irradiated at different time intervals indicate 
the processes induced by the corona charge injection in the compound bulk which lead to an 
amorphous SiO2 cross-linked network formation. The IR spectrum [4] of the silicone oil used in this 
experiment is presented in Fig. 3. 
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Fig. 3. The IR spectrum of the silicone oil. 

 
 

In positive corona discharge, the positive ions (N2
+, O2

+) [5], on their way to the negative 
plane electrode attack the silicone oil chemical structure breaking C-H and Si-C bonds. Fig.4a 
presents the IR spectrum of the solid compound obtained after 2 hours of positive charge injection. 
No Si-H, Si-OH, and Si-C vibrational bands are observed. The spectrum is dominated by the 
vibrational band at 1100 – 1000 cm-1 assigned to Si-O-Si asymmetric stretching mode. The band 
peak position at 1000 cm-1 frequency indicates a Si-O-Si bond angle of 1230 (�  = 1134 cm-1 sin (

�
/2), 

where 
�
 is Si-O-Si bond angle [6]). The broadening of the 1100 – 1000 cm-1 vibrational band, which 

can be observed in the spectrum, demonstrates that bonds rearrangements and cross-linking occur 
within the compound bulk. For Si-O based compounds the Si-O-Si vibrational band at                      
1200-900 cm–1 is attributed to an amorphous cross-linked SiO2 network formation [7, 8]. 

Increasing the irradiation time to 10 hours, further bonds rearrangements generate an 
ordering of the Si-O bonds in the network observed by the decrease in the half width of Si-O-Si 
asymmetric stretching vibrational band [9], Fig.4b. In the same time the band peak position is shifted 
to 1060 cm-1 which corresponds to a Si-O-Si bond angle of 1380. Because in the amorphous network 
the Si-O-Si bond angle is flexible (1200 < 

�
 < 1800) [6,7] and the polarizing effect induced by 

positive corona electric field favorites the break of C-H and Si-C bonds, the rearrangements and the 
ordering of Si+ – O- bonds could be explained.  
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a)                                                                                         b) 

Fig. 4. IR spectrum of the SiO2 film obtained after a)2 hours; and b) 10 hours of positive 
corona charge injection. 

 
The AFM images of the organosil icon compound subject to positive ions injection, Fig. 5, 

show some irregular structures grown on the SiO2 layer surface obtained after 2 hours of irradiation, 
Fig. 5a, which are increasing with the irradiation time, Fig. 5b.  
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The AFM images and the IR spectra of the SiO2 compound obtained in the same temporal 
and type of charge injection conditions, indicate that the irregular structures grown on the SiO2 layer 
surface could be associated to the redistribution and ordering of the Si-O bonds in the amorphous 
SiO2 network. 

 
 
 

        
a)                                                                                                           b) 

 
Fig. 5. AFM image of the SiO2 layer obtained after a) 2 hours; b) 5 hours of positive corona 

discharge irradiation. 
 
 
The amorphous SiO2 compound obtained in positive corona discharge was subjected to 

negative corona charge injection. The effect of the negative ions , O2
-, O3

-, injection consists in the 
decrease of the C-H and Si-C vibrational bands intensity and in the formation of a new Si-O band at 
about ~ 800 cm-1 [10].    

After 2 hours of negative ions injection the IR spectrum, Fig. 6a, presents a new broad Si-O 
band. The position and the broadening of the vibrational band assigned to the Si-O-Si asymmetric 
stretching was not altered. These indicate that after 2 hours of negative ions injection, the Si-O bond 
angle was not changed and consequently the network formed after 2 hours of positive ions injection 
either.  

Fig. 6b presents the IR spectrum of the amorphous SiO2 compound obtained after 10 hours 
of positive ions injection followed by another ten hours of negative ions injection. The increase of 
the negative ions density at the amorphous SiO2 layer surface leads to the increase of the new Si-O 
bonds number and in the same time the Si-O-Si bond angle got altered. The band peak shift from 
1060 cm-1 back to 1000 cm-1 means that the Si-O-Si bond angle decreases to the value it had before 
than the Si-O bonds ordering has been induced by positive corona long time period irradiation (10 
hours). The effect could be explained by the fact that negative corona electric field with the positive 
polarity on the plane electrode affects the redistribution process favorizing the Si-O bonds network 
relaxation. Consequently, the processes induced by 10 hours of positive ions injection followed by 
10 hours of negative ions injection influence each other and do not cumulate. 

The IR spectrum of the SiO2 compound obtained after 10 hours of negative ions injections, 
Fig. 6c, coupled with 10 hours of positive ions injection, Fig. 6d, indicates the formation of the new 
Si-O vibrational band and the shift of the Si-O-Si asymmetric stretching vibrational band peak from 
1000 cm-1 to 1060 cm-1. Unlike the processes occurring after 10 hours of positive ions injection 
coupled with 10 hours of negative ions injection, the Si-O bonds generation and arrangements 
processes involved in the SiO2 thin film obtained after 10 hours of negative ions injection coupled 
with 10 hours of positive ions injection are independent and cumulative. The spectrum is similar to 
the IR spectrum of the SiO2 film obtained by the method of thermally grown SiO2 fi lms [11, 12].  
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                                      c)                                                                                          d) 
 

Fig. 6. The IR spectrum of SiO2 film obtained after: a) 2 hours of positive followed by 2 
hours of negative corona charge injection; b) 10 hours of positive followed 10 hours of 
negative corona charge injection c) 10 hours of negative corona charge injection; d) 10 hours  
                       of negative followed by 10 hours of positive corona charge injection. 

 
 
 The AFM images and the IR spectrum of the SiO2 layers obtained after 20 hours of positive 
and negative corona charge injection (Fig. 7a and Fig. 6b respectively) and after 20 hours of 
negative and positive corona charge injection (Fig. 7b and Fig. 6d respectively), indicate that the 
irregular structures grown on the SiO2 layer are due to the redistribution and ordering of the Si-O 
bonds in the amorphous network even when new Si-O bonds are generated in the bulk compound. 
 
 

    
              a)                                                                                b) 

 
Fig. 7. AFM images of the SiO2 compounds obtained after: a) 10 hours of positive followed 
by 10  hours of  negative  corona  charge  injection  b) 10  hours of  negative  followed by 10  
                                      hours of positive corona charge injection. 
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4. Conclusions  
 

It was demonstrated by IR spectrometry the effect of the positive charge injection on the 
organosilicon compound bulk: the SiO2 cross-linked network formation and the increasing of the 
rearrangements and ordering of Si-O bonds with irradiation time. 
It was emphasized the possibility to increase the oxygen concentration in the compound bulk by 
negative charge injection.  
Using the effects of negative charge injection followed by positive charge injection an ordered Si-O 
network in SiO2 thin films was obtained.  
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