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Abstract. In this paper, we present the results for voltage-current (V-i) characteristics of dc lowpressure low to moderate current discharges in vapours of alcohols: methanol, ethanol, isopropanol,
and n-butanol vapours. These electrical measurements are supported by optical recordings of axial
emission profiles from low-current to high-current regimes. The voltage-current characteristics and
the corresponding distribution of emission intensities were typically recorded for two pd values, in
the left-hand branch of the Paschen curve (0.15 Torr cm) and in the minimum of the Paschen curves
(ranging from 0.30 Torr cm to 0.40 Torr cm for different alcohols selected here). In the recorded V-i
characteristics the different discharge regimes of discharge operation are easily distinguished. Axial
profiles of emitted light from the low-current to high-current regimes reveal that heavy particles
make up a significant contribution to excitation part in alcohol vapours discharges. In the region of
transition from normal to abnormal glow in methanol vapour discharge, sudden changes of the
regime of operation were observed and several diagnostic techniques have been applied to them.

1 Introduction
Plasmas that operate in liquids and close to the gas-liquid interface have received a lot of attention
in the past 10 years [1]. First, they have a wide range of applications for nanoparticle synthesis,
organic compounds decomposition, sterilization, water treatment, etc all the way to biomedical
applications even including medical procedures. In addition to discharges associated with liquid
water and its vapour, for several years there has been an increasing interest in non-equilibrium
discharges in alcohols and their vapours. Fast development of technology and industry imposes the
need for such studies both from the fundamental point of view (elementary data, understanding of
the main processes and phenomenology, the ability to represent transport in the presence of polar
molecules, etc.) and also having in mind targeted applications where the most important examples
are production of environmentally responsible fuels and production of pure carbon-based
nanostructures [2-7].
It is widely believed that in the future hydrogen will have a major role as an energy carrier, much
more than it is today. Alcohols have proven to be particularly attractive and suitable for hydrogen
production using low-temperature non-equilibrium plasmas [2, 8, 9], and they are used, for example
in the development of Direct Alcohol Fuel Cells (PEMFC fuel cells) [10-12]. This sequence of
technologies makes it possible to have production of fuel from the plants and thus achieve the most
eco-friendly sustainable energy production and eventually consumption. Besides that, plasmas in
alcohols are a good source of carbon and can be used for nanographene and nanotubes production
[3-7]. A significant number of applications of these non-equilibrium discharges use sources of
complicated electrode geometry. Those sources operate either in high current discharge regimes or
in pulsed or high-frequency glow regime. Therefore, unravelling all processes taking place in the
discharge is an exacting task.
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A long-term interest for elementary collision and transport data in alcohol vapours originated from
the development of elementary particle detectors [13-17]. The development of new applications
demands the availability of a sufficient range and depth of data and of understanding of the
phenomenology that are well tested by quantitative comparisons with experiments. These data can
be obtained from studies of non-equilibrium discharges, either directly motivated by a very specific
application or in quite generic experiments with a simple electrode geometry. Therefore, our
measurements of Volt-Ampere characteristics in addition to the Paschen curves and emission
profiles in non-equilibrium parallel-plate dc discharges in different alcohol vapours [18] aim at
providing a comprehensive reference set of data that can be used in interpreting and modeling more
complex discharges [16, 19-24]. Our investigation follows similar steps as our previous studies of
discharges in water vapour and in argon [25, 26].
It has been shown previously [27-29] that Paschen curves provide only a limited understanding of
the breakdown itself or in particular of the secondary electron yields [27, 29-32]. As it was
predicted by phenomenological and physical theories as well as by simulations a three-dimensional
breakdown mapping consisting of Vb, pd and jd2 (where Vb is the breakdown voltage, p is the
pressure and d is the gap in parallel plate geometry and j is the current density) is required for a
complete description of the low-current discharge [26, 33]. Here, in figure 1 we show one example
(for methanol) of such 3D mapping of Vb, pd and i characteristics. Note that the characteristics is
presented as a function of the discharge current i, instead of jd2, which is the proper scaling. The
main point in figure 1 is that voltage-current characteristics is equally important in the analysis of
the secondary electron yields as the Paschen curve.
Voltage--current characteristics (on their own or with support of other diagnostic techniques such as
time resolved fast ICCD recording of the variation in the discharge profile, observations of the
presence of oscillations and other) have been shown to be valuable source of information on the
energy (i.e. E/N) dependence of the secondary electron yields [26, 29, 31, 34] on the presence of
different modes of oscillations [31, 35] and on the transitions between different modes of operation
of low and moderate current discharges. In particular, modelling of the low current, diffuse
Townsend regime may be used to determine a wide range of atomic and molecular collision data
and understand relative contributions of different processes. Thus, we extend our initial work on
establishing breakdown voltages (i.e., Paschen curves) [18] by determining voltage-current
characteristics to discern which dominant species partake in the breakdown and in initialization of
the non-equilibrium plasma under those circumstances [36]. Preliminary results for ethanol vapour,
along such line of research, have been published in [37]. In this paper, we extend our investigations
to a wider range of conditions and to vapours of alcohols of different complexity.
The next step would be to apply all the theoretical/simulation tools, in similar fashion to what has
been done for water vapour. Such modelling of well-defined experimental data may provide us with
information on the most important processes and on the basic physical foundation of low
temperature plasmas in water and alcohol vapours.
While there have been several published studies of, either breakdown voltage Vb versus pd (Paschen
curves) or voltage-current characteristics of gas discharges, especially in the glow and dark
Townsend regimes, we are not aware of any of such studies for alcohol vapours. With an improved
theoretical understanding and a broader range of the available data this study is also well motivated
by the need to produce a basis for a more comprehensive data set for pertinent processes and by the
need to address possible applications (as listed here) by detailed modelling.
This paper is an attempt to extend the existing studies in alcohol vapours (see [24, 38-43]) with
careful and well-defined procedure to measure the observables from the discharges in order to
obtain some data on primary and secondary processes in a subsequent analysis.
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Figure 1. Vb, pd and i characteristics in methanol vapour discharge for electrode gape of 1.1 cm.
The Paschen curve for discharge in methanol vapour have been presented in our earlier paper [18]
while V-i characteristics for pd=0.15 and 0.40 Torr cm are shown in present paper in figure 3. The
results presented here have been obtained by the experimental setup that will be described later in
the present paper and has been described elsewhere as well [25, 36].

2 Experimental set- up
The schematic of the experimental setup (as described in previous papers [25, 36, 37, 44]) is shown
in figure 2. The discharge chamber consists of parallel plane electrodes placed inside a tightly
fitting quartz tube. Each of electrodes is 5.4 cm in diameter (2r). The cathode (C) is made of copper
and the anode (A) is made of quartz covered by a thin, transparent, conductive platinum film. This
arrangement allows us to observe radial profile of the discharge, constrictions, and diffuse regimes.
The distance (d) between electrodes can be adjusted by fixed electrode supports and for this
experiment it was set to 1.1 cm.

Figure 2. Schematic of the experimental setup and the electrical circuit used in measurements [25,
36].
To obtain reproducible results, it is necessary to perform preparations before every measurement.
Initially, the system is pumped down to an initial pressure of the order of 10−6 Torr. Before the
measurements, the cathode surface is conditioned in a hydrogen discharge with a current around
30 μA (for approximately 40 min), until operating voltage is stabilized. Hydrogen is chosen because
it is lightweight, so no cathode material is dispersed and yet it has potential to remove oxide layers
and react with organic vapours. At the same time, this treatment effectively removes chemical
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oxides and adsorbed layers of impurities from the cathode surface and thus produces the same
surface conditions for each measurement. After cleaning of the cathode, discharge chamber is again
vacuumed to the pressure of around 10–6 Torr before flow of gas is introduced. Both, treatment in
hydrogen discharge and measurements in alcohol vapours are done in a slow flow regime, to ensure
that possible impurities formed in the discharge chamber are continuously removed and kept at low
abundance. Most importantly our setup allows us to operate in a pulsed regime whereby current is
maintained in a short period of time, sufficient to make measurement but too short so that damage
to the cathode (due to sputtering) is avoided [26, 45, 46].
We have performed measurements for four alcohols: methanol, ethanol, isopropanol (2-propanol)
and n-butanol. The vapours are obtained from 99.5% purity methanol, isopropanol, and n-butanol
and 95% purity ethanol (see our earlier papers [18, 37]). For all the used alcohols in our
measurements water represents the most abundant declared impurity (max. 0.2%), while other
volatile impurities such as acetone, aldehydes, and formic acid (max. 0.002%) are present in smaller
quantities. Also, only in traces, there is iron (0.0005%) and some non-volatile substances
(<0.001%). Therefore, a small percentage of water vapour may be present in the discharge. The
presence of inherent gas impurities can be critical in two cases: the existence of significant
vibrational energy losses introduced by molecular impurities in rare gases (this can strongly affect
the breakdown data in atomic gases as molecular impurities introduce significant energy losses
below the threshold for electronic excitations) and in the occurrence of the attachment to impurities.
However, neither of the two is expected to strongly affect the results for gas discharges where
ionization is the key process and is dominated by the most abundant gas. Therefore, water will not
affect the results strongly through either of the two mentioned mechanisms and the same is true for
all other listed components.
The vapour is introduced into the chamber at low pressure from a container with a liquid sample,
through a pressure regulatory valve at a low flow rate. Immediately after opening the valve alcohol
begins to boil due to the pressure difference over above the surface and partial pressure of gases
dissolved in the sample. Throughout this process alcohol becomes devoid of dissolved volatile
constituents and after few seconds the sample surface becomes still. After that, the vapour is
maintained at a moderate pressure, (lower than the vapor pressure) in the chamber for periods of 1–
2 h to saturate the electrodes and the chamber walls. The vapour pressures of methanol, ethanol,
isopropanol, and n-butanol at room temperature (25oC), are around 127, 45, 44 and 7 Torr,
respectively [47], so during the measurements operating pressures are kept well below these values
to avoid formation of liquid droplets.
Our electrical circuit allows a current pulse of desired length and amplitude to be superimposed
onto a dc discharge running at a very low current (typically around 1 μA), to avoid breakdown
delays [26, 44]. Pulse duration is long enough so that a steady state discharge is developed and also
sufficient to make reliable recordings. In this way, by minimizing gas heating and cathode heating
and conditioning [44, 48], results of measurements of voltage-current characteristics (V-i) are stable
and reproducible. Construction of the chamber allows recording of axial discharge profiles using a
sensitive intensified ICCD (Andor IStar DH720-18U-03). For spectrally resolved measurements of
spatial distribution of emission intensity, we used a bandpass optical filter in front of the lens which
enabled recordings of emission profiles for a CH band at 431.2 nm.

3 Results and discussion
3.1 Voltage-current characteristics
In figure 3 we show voltage-current characteristics of low to moderate current discharges in four
alcohol vapours: methanol, ethanol, isopropanol, and n-butanol recorded at electrode distances of
1.1 cm for two pd values. The results obtained for different combinations of resistors Rs and Rm are
represented by different symbols. The voltage is represented at y-axis by ΔV, as the difference
between the discharge voltage V and the breakdown voltage Vb. This way of the result presentation

The recorded voltage-current characteristics clearly show the areas of different operating modes
through which the discharge passes with increasing of the current: Townsend discharge (lowcurrent discharge), normal glow discharge and abnormal glow discharge (in fig.3 the operating
regimes are marked in graphs with letters a-c, respectively) [36]. The break in the voltage-current
characteristics matches the area of free running, undamped oscillations. This area expands with an
increase in the gas pressure. It can be seen that the abnormal discharge regime has a higher slope at
higher pressures, for all alcohol vapours presented here. This is in contrast with the water vapor
where higher slopes have been recorded at lower pressures [25].
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eliminates small differences in breakdown voltages in different sets of measured data, which do not
affect the ‘dynamic‘ voltage-current characteristics [48, 49]. At the same time presenting the
difference in voltage before and after the breakdown makes it possible to show small changes in the
voltage that would be otherwise too small to observe on top of a large breakdown voltage.
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Figure 3. Voltage-current characteristics for low-pressure dc discharges in alcohol vapours
recorded at d=1.1 cm at different pd values: in the left-hand branch of Paschen curve –
pd = 0.15 Torr cm and at the minimum of the Paschen curves – pd = 0.40 and 0.30 Torr cm. V is
discharge voltage, while Vb denotes the breakdown voltage. Inserted graphs show negative
differential resistance RD that are obtained in our experiment for the steady state Townsend regime.
The negative differential resistance RD at the lowest currents is determined for the steady state (or
dark) Townsend regime and it has been determined by fitting the low-current portion of the
measured voltage-current characteristics (the fits and the results are presented in inserted graphs in
fig. 3). In other words, the negative slope of the Townsend discharge area (in fig.3 marked with the
letter (a) on the graphs) corresponds to negative differential resistance. Negative differential
resistance is a consequence of the spatial charge effects that occur due to the increase of the
discharge current [31, 45], as well as the dependence of the secondary electron emission on the
current and discharge voltage. A positive spatial charge effectively increases the electric field in
front of the cathode, thereby exponentially increasing the ionization coefficient and the secondary
electron yield, allowing the stable operation of the discharge at a lower voltage. Thus, an increase in
the concentration of the spatial charge leads to inhomogeneity of the field, which in turn causes a
decrease in the discharge voltage.
Simultaneously with measurements of voltage and current i.e., V-i characteristics we recorded
corresponding spatial distributions of light emission from discharge, that were used to obtaining
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axial profiles of emission (fig.4). At this point we try to illustrate different regimes. A more
thorough representation of spatial profiles will be presented when we develop a complete modelling
set that would provide contributions of different high energy particles to emission and consequently
their role in the breakdown. These recordings include spatial profiles of the total emission in a
visual spectral range and spatial distribution of emission in a narrow wavelength interval around the
most intense lines in the visible part of the spectrum (for CH band at 431.2 nm).
In figure 4 we show examples of spatial emission profiles at two pd values (0.15 and 0.40 Torr cm)
in methanol vapour discharge that indicate how emission profiles may be used for identification of
the discharge operation regime, and from additional information and modelling one may identify
the pertinent physical agents that contribute to the discharge under those conditions.
From the axial emission profiles obtained for pd=0.15 Torr cm (fig. 4(I)) in methanol vapour
discharge in all regimes, processes induced by heavy particles play a major role in excitation and
ionization of gas/vapour, which is revealed in the existence of the peak of intensity in front of the
cathode [50, 51]. Also, CH profile (dashed line) follows the shape of the total profile (solid line),
With increasing current, the contribution of electron processes increase in discharge – the noticeable
higher peak of intensity in front of the anode (fig. 4(Ib) and 4(Ic)). In all regimes, the CH profile
(dashed line) has a maximum peak in front of the cathode.
At higher pressure, at pd that corresponds to the minimum of the Paschen curve for methanol
vapour discharge (pd=0.40 Torr cm, fig. 4(II)) the processes induced by heavy particles and
electrons have almost equal contributions in excitation – maximum intensities of emission in front
electrodes are approximately equal (solid line) (fig. 4(IIa)).
Electrons are accelerated towards the anode and they multiply followed by exponentially rising
emission profile as the equilibration of electrons is rather fast. The ions produced in ionizations
move towards the cathode gaining energy. The growth of ion density and related emission profile
are not exponential but the density peaks by the cathode. It has been assumed in the past that these
ions produce excitation in collisions with gas molecules, but due to the shape of their cross-sections,
ions begin to contribute only at very high energies [51-55]. At energies characteristics of the ions in
standard Townsend discharges the excitation peaking towards the cathode was shown to be due to
fast neutrals produced from the fast ions in charge exchange collisions. Such collisions leave ions
standing still while neutrals leave the collision with close to the full energy of the projectile ion.
Fast neutrals may also reflect from the cathode and move towards the anode, thus giving two
distinct wings to the emission line profiles.
Presented axial emission profiles, for both pd values, show that with the increase of current, the
intensity of emission also increases and reaches its maximum in abnormal glow regime.
Furthermore, the peak of emission in front of the anode (fig. 4(Ic) and 4(IIc)) shifts towards the
cathode with increasing current, which is a consequence of the formation and development of the
cathode fall. Namely, the position of the peak of emission intensity in front of the anode
corresponds to the maximum of negative glow, which coincides with the edge of the cathode fall
[44]. As the length of the cathode fall almost coincides with the distance between the electrodes at
low pressures, these changes are not very pronounced (fig. 4(Ib) and 4(Ic)).
At the higher pressures (0.40 Torr cm) after passing through the oscillation mode, the discharge
enters the normal glow mode in a visibly constricted mode (fig. 4(IIb)). In the constricted mode, the
radial spatial distribution of the discharge is narrowed and occupies only a part of the surface on the
electrode (fig. 4(IIb)). The very appearance of the constricted discharge mode is conditioned by the
existence of an extremely rapid increase in the ionization coefficient with the increasing of the
electric field [36]. The constriction is not very pronounced in the interval of high values of the
reduced electric field E/N i.e., lower pd=0.15 Torr cm, due to a slight increase in the ionization
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coefficient at the transition from low-current diffuse to a normal glow discharge and longer
diffusion length at lower pressure.
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II) pd = 0.40 Torr cm
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Figure 4. Axial profiles of emission for discharges in methanol vapour discharge for I)
pd=0.15 Torr cm and II) 0.40 Torr cm, obtained along with the recording of voltage-current
characteristics at d=1.1 cm that correspond to different regimes marked on the graph with letters a-c
in fig.3. CH profile of Townsend emission at pd = 0.40 Torr cm was multiplied with a factor of 2.3
for easier comparison with a profile of total emission in the visible spectrum.
3.2 Mode transition
During our investigation of abnormal glow in methanol vapour, as a part of the study of the voltagecurrent characteristics, we observed sudden changes in the operating conditions at pd=0.40 Torr cm
(fig.5). These changes in operation mode were previously observed in ethanol vapour discharge as

We performed time-resolved measurements at higher currents in abnormal regime to better perceive
and understand what is happening in discharge when this mode transition is occurring. The timeresolved measurements were done for points that are marked in figure 5 by open circles. At the
same graph full circles represent the voltage and current values before the discharge mode transition
(before the step) that match the values marked at figure 6.
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Figure 5. Voltage-current characteristics for methanol vapour discharge at pd=0.40 Torr cm and
d=1.1 cm. Voltage ΔV represent difference between discharge voltage (V) and breakdown voltage
(Vb = 455 V). The discharge mode shift is denoted by arrows and symbols (circles) that correspond
to values from fig. 6.
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Figure 6 shows examples of step-like transitions in voltage and current waveforms that occur at two
different initial currents: a) 630 μA and b) 840 μA. In first case that is shown in fig.6a) the mode
transition is happening approximately 0.2 ms after the pulse ignition. During the transition discharge
switches to ~30 V higher voltage and ~ 70 μA lower current. The transition is smooth and lasts
around 4 μs. In case of higher initial current (fig.6b) the transition occurs ~2 ms after the beginning
of the pulse and after the transition (the ‘step’), discharge operates at ~70 V higher voltage and ~200
μA lower current. The transition lasts approximately ~ 10 μs. It is important to emphasize that in
both cases the transition from one discharge mode to another is smooth, without any observable
instabilities or oscillations in voltage and current signals.
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shown in our previous article [37]. Measurements in methanol vapour at higher currents reveal
changes in the steady-state current and voltage values within a single voltage pulse. The discharge
operates at a lower current and higher voltage after the transition.
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Figure 6. Voltage and current waveforms obtained in methanol vapour discharge at a) lower initial
current i = 630 μA and b) higher initial current i = 840 μA, with step-like transitions that ocurrs
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during one pulse. Voltage ΔV represents the difference between discharge voltage (V) and
breakdown voltage (Vb = 455 V). Voltage and current values before (full symbols) and after (open
symbols) the step transition correspond to values from fig.5.
Together with voltage and current measurements we recorded 2D images of light emission from the
discharge at several moments before and after the step-like transition within a single pulse (figure
7). These images provide axial profiles of emission of the discharge (figure 8) by extracting the
intensity vector along the longitudinal axis of the discharge chamber. Thus we may discern the
changes in the mode of operation. We also used optical filter for CH band at 431.2 nm that enabled
comparison with total axial profiles of emission obtained by integrating the whole visual spectrum
(2D images in fig.7a).

before the step

after the step

a) obtained by integrating the visual spectrum

before the step

after the step

b) with optical filter for CH band

Figure 7. 2D images of discharge, obtained along the chamber longitudinal axis, that corresponds to
moments before and after the step-like transition (in fig. 6b)): a) images obtained by integrating the
visual spectrum and b) images obtained using an optical filter to extract the wavelength
corresponding to the CH band at 431.2 nm.
Figure 8 shows a) total and b) CH axial profiles of emission before and after the 'step' transition. In
both cases, profiles before and after the 'step' have a peak close to the cathode indicating that
excitation by heavy particles [26, 50] is significant. Also, after the transition the overall intensity of
emission is higher, even though the discharge current drops. The ratio of the contribution of heavy
particles and electrons to the emission intensity remains the same.
Moreover, from the radial profiles of emission (fig.9) obtained from the 2D images of the discharge
taken before and after the 'step' transition (fig.7) it can be seen that both profiles have the same
width and therefore the same effective discharge area [33]. That means that the normal glow has
reached its maximum width and is about to make transition to the abnormal glow.
The main difference in the profiles before and after the step is the position of emission peak that
corresponds to the negative glow i.e. coincides with the edge of the cathode fall dCF [44]. The edge
of the cathode fall region shifts closer to the cathode after the transition, which seems to be in
contradiction to the decrease of discharge current, but is consistent with an increase in E/N. In any
case, we may conclude that the transition shown here represents a direct observation of the transition
from a normal to the abnormal glow discharge mode. The fact that the current decreases in transition
to the abnormal glow means that the space charge is formed and with sufficient increase in the local
E/N (higher voltage and shorter cathode fall) it compensates for the losses in excitation and
ionization due to somewhat decreased current. It is not linear extrapolation as here we deal with
sheaths of different voltage and length.
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Figure 8. Axial profiles of emission for methanol vapor obtained from 2D images (figure 7) at
moments before (full symbols) and after (open symbols) the step-like transitions that corresponding
to the points given in Figure 6b). Here we give a comparison of: a) the total emission profiles before
(full symbols) and after (open symbols) and b) the CH band emission profiles before (full symbols)
and after (open symbols) the mode transition. The CH profile before the step is fitted with a function
that is the sum of two Gaussians (red line) for easier identification of the maximum intensity in front
of the anode. The changes in the initial values of voltage and current in the steady-state after the step
transition are δV = 70 V, δi = ˗200 μA. The length of cathode fall is denoted by dCF.
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Figure 9. Radial profiles of emission in methanol vapour discharge: a) total radial profiles and b)
CH radial profiles, in moments before (full symbols) and after (open symbols) the step-like
transition that corresponds to points given at fig. 6b.

4 Conclusion
In this paper we have provided experimental recordings of the voltage-current (V-i) characteristics
of discharges in four different, yet common, alcohols covering Townsends, normal glow, and
abnormal glow regimes (low current diffuse, constricted, and high current diffuse in Phelps’
terminology). Such data for alcohols have not been hitherto available.
The Townsend regime characteristics apart from values of breakdown voltage provide the negative
differential resistance as a quantitative measure of the space charge effects [51]. We may notice a
strong dependence of RD with pd. Spatial emission profiles in this regime may also be fitted by
theoretical/numerical results and used to obtain data on elementary atomic and molecular collision
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processes such as ionization rates and cross-sections, total excitation/dissociation rates induced both
by electrons and by heavy particles in particular fast neutrals [50]. All these data are lacking for the
alcohols (both as vapours and liquids as the background for discharges leading to the production of
a non-equilibrium plasma). Present results for spatial emission profiles, if normalized to absolute
values, may be the basis to produce quantitative data. Such normalization is possible as we
maintained relative calibration of the sensitivity. Here we present results for the overall emission
(that, as expected, has the best statistics) and for the CH band emission that is the strongest
component of the total emission. Both show significant heavy particle excitation increasing with the
E/N. Nevertheless, we have found an emission band that is not excited by the heavy particles in the
region of mean energies and operating fields covered here.
Following the progression of the V-i characteristics to the region of the normal glow (through the
unstable domain of the Townsend to normal glow transition) one can see the correspondence
between the spatial profiles of the discharges in different modes and the V-i characteristics. The
difference in voltage between the normal glow and the breakdown voltage is an important factor as
well as the slope of the load line for the stability of operation of the discharge.
Finally, we have observed a distinct transition between a normal and an abnormal glow regime
occurring within a limited time and leading to observable rearrangement of the field and plasma
profile, also leading to much more efficient production of photons (and presumably ionization). The
mode transition so far has been observed for argon [56], and for ethanol too [37]. In this case, we
have provided the most systematic measurement, as a basis for possible modelling of those data. It
may also be used to test and verify plasma modelling codes in the domain of representing space
charge effects [57, 58]. The ‘step’ in the voltage indicates the transition between two regimes of
operation that may not be in stable equilibrium, to begin with. The transition is clearly between the
normal and the abnormal glow regimes and may be induced by a number of processes (heating of
the gas, conditioning of the cathode, external perturbation, gradual slow growth of the space
charge…). It may also be associated with different radial profiles of the discharge. Such transitions
are more easily observed when discharge oscillates with different regimes of oscillations in the preand post-transition domains. This is not the case here. Interestingly in the present case, for both
methanol and ethanol, radial profiles in the two regimes are not observably different. In any case,
gases where such transitions were observed, for a very narrow range of conditions, are very few.
The elementary processes in alcohol vapours and liquids may lead to a wealth of products and may
initiate further chemical reaction chains that may be used for a number of purposes. Of the more
direct applications, one may benefit from the extended knowledge of the breakdown in alcohol
vapours having in mind applications such as using alcohols as combustion fuels, nano-structure
growth in discharges through liquids and in using admixtures of different molecules in atmospheric
pressure plasmas for various biotechnical procedures. On a separate plane, one should mention the
development of the elementary particle detectors, the new generations where optimized design may
improve performance significantly.
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