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Figure 1: Energy per pulse deduced from the current and voltage waveforms,
for a sample of 1000 HV-pulses, effect of n-hexane on the discharge stability.

For the same parameters values as in figure 2 in the article, plot-
ted in this figure are the values of Epulse measured for a sample of
1000 HV-pulses, the first five hundred being for air whereas the oth-
ers were captured while the air was rapidly replaced by the mixture
containing 100 ppm of n-hexane at the fixed flow rate of 0.5 L/mn.
For clean air, the mean energy is 3.90 mJ (with a standard devi-
ation of 0.2 mJ), whereas it is slightly lower for the mixture with
n-hexane, 3.75 mJ (with a standard deviation of 0.1 mJ). However,
there is a clear effect of the hydrocarbon on energy fluctuation: it is
significantly lower when n-hexane is present compared to clean air.
In other words, the functioning of the pulsed dielectric barrier dis-
charge is somewhat stabilized by the hydrocarbon. At a given value
of the HV-pulse repetition frequency, the amplitude of the current
waveform may vary a little bit from pulse to pulse, depending on the
applied voltage but above all depending on the gas mixture type,
i.e. without (“clean” air) or with the presence of the hydrocarbon
molecules. This current fluctuation effect induces a fluctuation of
the deposited energy in the plasma from pulse to pulse, as can be
seen in the figure 1.
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Figure 2: Timing diagram of the BTrap sequence.

Figure 2 shows the operating loop necessary for the real-time anal-
ysis of the gas stream:

1. The introduction of the precursor molecule H2O at a pressure
of 2.10−6 Torr for 10 ms.

2. The ionization of the H2O molecule with a 70 eV electron beam
H2O + e– −→ H2O

+ + 2 e– . The generated H2O
+ ions then need

a sufficient amount of time to form the precursor ion H3O
+

through reactions with H2O molecules: H2O
+ + H2O −→ H3O

+

+ HO.

3. The ejection of all ions excluding H3O
+, these unwanted ions

were formed alongside H3O
+ but are not necessary for the ex-

periment.

4. The introduction of the gas sample, proton transfer reaction
between the precursor H3O

+ and the gas sample M takes place
during this phase: H3O

+ + M −→ H2O + MH+. A delay of
about (500 ms) is needed for the complete pumping of the cell
to allow the pressure to drop to around 10−8 Torr.

5. RF excitation and detection of the signal.

Difluorobenzene is injected at very low pressure (10−7 torr) for a few
ms at the end of the experimental sequence as a calibrant for bet-
ter mass identification. The reaction with O +

2 precursor ion gives
C6H4F

+
2 ion (m/z 114.028) and with H3O

+ ion, C6H4F2−H+ (m/z
115.035).
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General quantification formula for CI-MS In the data treatment
step, we need to determine the intensity of each analyte Ai. If
a single analyte Ai reacts with the precursor ion P+ and shows
fragmentation:

P+ +Ai −→ F +
ij (1)

with j = 1...f , the intensities of all the fragments issued from Ai

have to be summed:
IF +

i
=

∑
j

IF +
ij

(2)

For a complex mixture of analytes, most of the F +
ij ions appear-

ing in the mass spectrum are common to several analytes. These
ions are therefore not characteristic of a single analyte Ai, and the
sum of the corresponding IF +

ij
intensities does not give IF +

i
.

An alternative solution for obtaining IF +
i

consists in choosing a sin-

gle fragment ion F +
i1 characteristic of Ai, and dividing its intensity

by the corresponding branching ratio αi1. The products and branch-
ing ratios of the CI reaction of Ai are then supposed to be known,
either from literature or better from measurements under the same
experimental conditions, as done in the present work.
The molecular formula of F +

i1 requires a very careful choice, since
F +
i1 must originate from the analyte Ai exclusively, with the highest

possible intensity in comparison with the other F +
ij fragments.

The absolute ion intensities IF +
i

are divided by Isum, in order to ob-

tain the relative intensities of each ion [F +
i ], where sum represents

the sum of the intensities of all detected ions.

The general quantification formula is based on the perfect gas
law. At temperature T , it is expressed as follows, kB being the
Boltzmann constant, and [Ai] (ppm) being the mixing ratio of Ai in
the gas sample:

[Ai] = −
ln(P+) · IF+

i
· kB · T · 106

(1–(P+)) · ki · P · t
(3)

For T = 298 K and accounting for unit conversion factors, the
quantification formula becomes:

[Ai] = − ln(P+) · (F +
i ) · 106

(1–(P+)) · 3.21 · ki · P · t
(4)
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Where ki (10−9 cm3·s–1) represents the rate coefficient of the CI
reaction P+ +Ai, an P · t (mbar·ms) represents the sample amount
introduced in a gas pulse.

The above relationship can be used either to determine analyte
concentrations if the rate constants are known (case of H3O

+ pre-
cursor) or to determine rate constants and branching ratios if the
sample composition is known (done with both precursors).
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Fragments obtained from the reaction of the O +
2 precursor with

n-hexane are presented in figure 3. This figure shows the linearity
of product ion intensities as a function of n-hexane mixing ratio.

Figure 3: Intensities of the products issued from O +
2 reaction with n-hexane as

a function of n-hexane mixing ratio.

O +
2 + C6H14 −→ C6H

+·
14 +O2 11% (20%) (5)

−→ C5H
+

11 +O2 + CH3 3% (5%) (6)

−→ C4H
+

9 +O2 + C2H5 37% (35%) (7)

−→ C4H
+

8 +O2 + C2H6 32% (25%) (8)

−→ C3H
+

7 +O2 + C3H7 8% (5%) (9)

−→ C3H
+

6 +O2 + C3H8 8% (10%) (10)
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Figure 4: H2 mixing ratio at the exit of the DBD for mixing ratios of n-hexane
in air (SED: 225 J/L, applied voltage: 23.4 kV, HV-pulse repetition frequency:
500 Hz, gas flow rate: 0.5 L/min).

Ozone generation in a non-thermal plasma [1]–[3] can be simpli-
fied by the following reactions:
The initial step in forming O3 is the electron impact dissociation of
molecular O2:

O2 + e− −→ O(3P) + O(3P) + e− (11)

O2 + e− −→ O(1D) + O(3P) + e− (12)

O(1D) +M −→ O(3P) +M (13)

The addition of a molecule in the air plasma, n-hexane in this case,
leads to a decrease in the measured mixing ratio of ozone as illus-
trated by the results presented in figure 5. This can be explained
by the consumption of atomic oxygen in oxidation reactions at the
expense of ozone formation.
Since the degradation of most VOCs in air plasma is mainly initi-
ated by atomic oxygen, measuring ozone mixing ratio in the plasma
reactor is a good method to assess the capacity of the plasma to
oxidize a VOC or a hydrocarbon via the formation of oxygen atom.
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Figure 5: Measurement of ozone mixing ratio at the exit of the DBD for mixing
ratios of n-hexane in air up to 200 ppm (SED: 225 J/L, applied voltage: 23.4 kV,
HV-pulse repetition frequency: 500 Hz, gas flow rate: 0.5 L/min).

For the heaviest compounds, where several isomers are possible,
quantification is carried out using an average value for the rate co-
efficient. Attributions and rate coefficients obtained from the PTR
library (Pagonis, D., Sekimoto, K., & de Gouw, J. (2019)).
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