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Measurement of negative ion mobilities
in 0 2 and 0 3 mixtures at atmospheric pressure
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1. Introduction
The mobilities of SF6~ in SF e [1][2] and 0 2" in 0 2 [3] have been measured at

atmospheric pressure. This high pressure condition gives very low reduced field intensity,
so it is suitable for the determination of zero field mobility compared with other methods
which are measured in the low pressure condition. In this paper, we report the values of
the negative ion mobilities of 0 2 in 99.9% 0 2, 99.9995% 0 2, and 0 2 /O 3 mixtures.
A cascaded gap, which consists of an ion drift gap and an ion detecting gap, is used for the

experiment. The positive corona gap, which is formed by positive point and plane
electrodes, is used as the ion detecting gap, and it is called sometimes the Geiger Counter.
The ion detecting gap can operate at atmospheric pressure. The zero field mobility of O 2 ~
is determined to be 2.07 ± 0.02 cm 2 /V s in this experiment. While, another ion mobility is
detected in 1.0 ^ E/po^ 4.0 V/cm Torr region, and it is presumed to be due to negative ions
o f O s .

2. Experiment
Fundamentals of this experiment is originated from the study by Gosho et al [4]. The

mobility spectrum was obtained by measurements repeated more than one hundred times by
using an improved apparatus. From the mobility spectrum we confirmed the field intensity
dependence of the mobility, and we made the identification of the ion species in the ion drift
space. The schematic diagram of our experiment is shown in Fig.l. A cascaded gap which
consists of an ion drift gap G 1 and an ion detecting gap G 2, was mounted in the main
chamber CH. The chamber which was made of acrylic resin, was cylindrically shaped, 230
mm in diameter and 420 mm in length. A uniform electric field for the drifting ions was
applied to the gap G i which was constructed from a pair of plane parallel electrodes
(cathode C and anode A) and guard ring electrodes D. Another gap G 2 was constructed
from a positive point electrode P (0.2 mm 0 Pt) and a plane electrode A. The central part of
the anode was a wire mesh M. As compared with the anode of zero potential, the point
electrode became positive potential and the cathode became negative potential. This G 2
acts as the negative ion detector by applying the voltage corresponding to the Geiger
Counter region. Negative ions were produced by the attachment of electrons to oxygen
molecules near the surface of cathode and mesh electrode. The electrons were emitted
from both the surfaces of the electrode and the mesh by a pulsed Ultraviolet illumination. If
negative ions came close to the point electrode, electrons were detached from the negative
ions, and they produced the secondary electrons by collisional ionization, that is electron
avalanche. Then we were able to observe a burst corona pulse on the oscilloscope through
the detecting resistor r (=100 k Q ). Typical waveform of two burst pulses is shown in
Fig.2. The pulsed UV is illuminated on the cathode and the mesh electrode at 10 .
Furthermore, t 1 and 12 represent the arrival times of two successive pulses at the point
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electrode. The first pulse departed from the mesh arrives at the point electrode at t i , and
the second pulse departed from the cathode arrives at the point electrode at 12 . We
determined the mobility of negative ions 11 ~ by measuring the time interval x between
two burst pulses (BP 1 and BP 2 ).

H =\\ ( cm ' /Vs) (1)

Here, £ is the drift distance between the cathode and the anode ( = 5.5 cm), E is the
electric field intensity of the gap G 1 . The measurement was repeated at about 1 Hz by
controlling the repetition time of the pulsed UV generator. The negative ion mobility fi is
the mean value of the measurement of one hundred times. We obtain the mobility of
negative ions £i 0 (the reduced value under standard conditions, that is 760 Torr and 273
K) as a function of E/p 0 as follows. Here, p 0 is the reduced pressure at 273 K.

We also examined the mobility in O 2 /O 3 mixtures using above apparatus and the same
procedures. Ozone was generated by the silent discharge tube SD located at upstream side
of the gas inlet of the main chamber. The concentration of ozone was measured by the
ozone monitor (Gastech model 801). The concentrations of ozone in the main chamber
were maintained at 270 or 500 ppm during the experiment

The samples were 99.9% O 2 gas, 99.9995% O 2 gas, and O 2 /O 3 mixtures.

3. Results and Discussion
3.1. Measurement of mobility in O a

Fig.3 shows the experimental results of the mobility of negative ions y. o~ against the
reduced electric field intensity E/p 0. The reported values by Snuggs et al [5] are shown in
the same figure. Our experimental values are shown by closed circles and by open circles
in the range of E/p 0 from 0.019 to 4.0 V/cm Torr. The measured range of E/p 0 for our
data is the lowest among in the reported ones.

In the region for E/p 0 ^ 1.0 V/cm Torr, both circles show constant values. As compared
with the mobility of O 2 in 99.9995 % O 2, that in 99.9 % O 2 decreases in 2 %.
Furthermore, the scatter of the closed circles is smaller than that of the open circles.
Consequently, we decide that the value of the zero field mobility of O 2 is 2.07 ± 0.02
cm 2 /V s. This is tabulated in Table "I with the reported values. The fact that our
measurements were made at atmospheric pressure seems to be the origin of the low values
of ours compared with the reported values. We presume that the values of other
investigators contain the influence of diffusion owing to the measurements made at low
pressure. Accordingly, we consider that our method is the best among the various methods.

In the region for E/p 0 ^ 1.0 V/cm Torr, both circles increase clearly. The value of the
mobility of O 3 ~ by Snuggs et al is 2.55 cm 2 /V s. From this result, we consider that the
increase of the mobility for E/p 0 ^ 1.0 V/cm Torr is composed of not only the negative ion
species of O 2 but also that of O 3 .

3.2. Measurement of mobility in O 2 /O 3 mixture
Two kinds of mixtures are used the mixture of 99.9% 0 2 and O 3 which is produced from

99.9% O 2, and the mixture of 99.9995% O 2 and O 3 which is produced from 99.9995% O 2.
Fig.4 shows the mobility in O2/O3 mixtures on varying E/p 0 upward from 0.03 to 4.0
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V/cm Torr. As compared with the mobility in 0 2 , the mobility in O2/O 3 mixtures
decreased monotonically with an increase in E/p 0. Moreover, the mobility in 500 ppm 0 3

concentration becomes smaller than that in 270 ppm 0 3 concentration.
In contrast, Fig.5 shows the mobility measured on varying E/p 0 downward from 4.0 to

0.03 V/cm Torr. The mobility of O 2 in 270 ppm O 3 concentration takes higher values
than that in 500 ppm O 3 concentration. This tendency is similar to the tendency in Fig.4.

About the reason for the result that the mobility of O 2 in O 2 /O 3 mixtures becomes
smaller than the mobility in O 2, we imagine the accumulative effect of particles other than
0 3 produced by silent discharges.

4. Conclusion

The values of the negative ion mobilities of O 2 in 99.9% O 2, 99.9995% O 2 and O 2 /O 3
mixtures are reported. The zero field mobility of O 2" is determined to 2.07 ± 0.02

cm z /V s. While, another ion mobility is detected in 1.0 ^ E/p 0 ^ 4.0 V/cm Torr region,
and it is presumed to be due to negative ions of O 3 .
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Table I Reported values of zero filed
mobility fj. 0" in O 2 unit: (cm 2 /V s)

Investigators

Langevin(theo.)[61

Present data

Sunggs151

Voshll171

Burch181

[fees'91

Eiber1101

Dutton"11

Mcknight1121

Chanin1131

ion species

or
2.73

2.07

2.16

2.47

1.95

2.46

2.15

2.20

2.18

03"

2.49

2.55

2.68

2.62

2.65

2.50

2.81

2.70

0"

3.34

3.20

3.42

3.00

3.55

3.50

3.00
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quartz window

pulsed UV light

Gi ion drift space
C cathode
A anode
D guard ring
G2 positive corona gap
P needle electrode
R series resistor (lOOMfi)

OSC oscilloscope

r detecting resistor
DR. potential divider
SD silent discharge tube

V] ,V2 stabilized DC supply
CH main chamber

Figure 1 The schematic diagram of experimental apparatus.

Figure 2 The typical waveform of two burst pulses.
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Figure 3 The mobility of negative ions U, against the reduced electric
field intensity E/p . .
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Figure 4 The mobility in O : /O J mixtures.
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Figure 5 The mobility in O : /O, mixtures.


