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Mobility of He *, Ne*, Ar*, N,*, O,*, and CO,* in their parent gas

E. Basurtd® J. de Urquijo! I. Alvarez, and C. Cisneros
Centro de Ciencias Fisicas, P.O. Box 48-3, 62251 Cuernavaca, Morelos, Mexico
(Received 17 September 1999

We have used a drift tube with double mass spectrometry to measure the mobility oNelg, Ar*, N,*,
0,", and CQ" in their parent gas over a wide range of the density-normalized electric E&W, from 70 to
12500< 1072V m?. In all cases, th&/N ranges have exceeded those hitherto found in the literature, espe-
cially those of Af in Ar and N,* in N,. Our mobility data are in fair to excellent agreement with previous
experimental data in the overlap range. Recent calculated data for the mobility” ah Ar show excellent
agreement with our data at higlN, while fair agreement was observed for the calculated data of the systems
N,* in N, and Q* in O,. Also, the Ar* in Ar mobilities for E/N>10kTd were found in excellent agreement
with those derived from the measurement of the mean ion energy in diffuse Townsend discharges
(1 Td=1townsene=1021V m?). To the best of our knowledge, over sofBEN ranges, our data were found
to be the first to be reported.

PACS numbgs): 52.20.Hv, 52.25.Fi, 34.78.e, 51.50+Vv

I. INTRODUCTION II. EXPERIMENT

When an ion drifts in its parent gas, resonant charge trans- The drift tube with double mass spectrome(fyTDMS)

. . P gas, . 9 Sised for this research is an improved version of the drift
fer is the predominant process, its respective cross SeCt'Qtﬂbe-mass spectrometer that was described thoroughly in
bearing a direct relation with its mobility, which is usually

; Ref.[6]. The ion source of this apparatus was modified sub-
measured by swarm techniques over an energy range thgtt

may extend up to a few tens of €—2]. Compilations[3] antially by inserting a quadrupole mass spectrometer to its

" ; . . exit end. A schematic of the modified mass-analyzed ion
of the mass-analyzed mobility of ions in parent gas indicate

that these have been concentrated mostly on the lower regiop - co is shown in Fig. 1. Primary ions, produced by electron
. ) S Y . 9 cfmpact in the hot-filament source, are focused by an array of
of the density-normalized electric field intensity ratgN

where only a few cases are found covering the intermediatfour cylindrical, electrostatic lenses into the entrance of the
and high-field regions. Recently, diffuse discharges in Suadrupole mass spectrome(@MS) with a mass range of

; 450 amu, and mass resolution of 0.1 amu. The ion source
Townsend experlment haye be_en used to study transport phgﬁamber can be moved over a distance from 0 to 38.70
nomena and reactions of ions in parent gases, mostly focgsego 05cm at 13 discrete positions, defined by a set of 3.1
to the obtention of resonant charge transfer cross sections " - : k '
and ion energy distributions}] cm-wide guard rings.
) o . After mass analysis, the ions are focused by a second set
The relay mechanism taking place during resonant charge

transfer is a very efficient process for fast neutral roductionOf electrostatic lenses through an orifice of 0.2 mm into the
. y P o P drift space. Upon entrance into this region, the ions may
which can, for instance, explain important phenomena on

e i have an excess translational energy of up to about 20 eV,
secondary electron production in nitrogen discharges at VerY hich is relaxed over the first 3.1 om of drift space, by col-
high E/N due to neutral impact upon cathode surfacgs : '

With only a few exceptions, drift tube techniques applieolI|S|0ns with the neutrals, subjected to the saBEI® condi-

to the measurement of ion mobility have been concentratet.ons as those prevailing in the drift region. In particular, this
y 9rocess is very efficient for the resonant systems herein con-
mostly at the lowerE/N range, up to a few hundred

Townsend (1 Tek10 21V m?). There is an increasing need . o

of transport data for the modeling and simulation of gas dis- ‘J T T T T T
. . . I

charges, many of them in the higt/N regions. Thus we \ | ==

have used a recently modified drift tube technique to allow =——— ! J

]
| ¥ e—

mobility measurements up to values exceeding 10 kTd, such RITT T

as the case of Arin Ar. B R é I
Herein, we report of an improved drift tube technique to ! ———

—

measure the mobility of Hg Ne*, Ar", N,*, O,", and = / “
CO," in their parent gases over a wide range=dN, from b ¢ ams __ —— ——— 0 {0\
0.07 to 12.5 kTd. | |1| " " E

] FIG. 1. Schematic of the modified ion source of the drift tulse.
*Also at ESFM, IPN, Edif. 9, UP-ALM, C.P. 07738, Mieo, DF,  gas feedB, ionizing region;C, main drift chamber, entrance ion

Mexico optics;E, exit ion optics;F, skimmer;G, ion shutter plateH, guard
TAuthor to whom correspondence should be addressed. Electroniings; I, ion source vacuum chamber; QMS, quadrupole mass spec-
address: jdu@ce.fis.unam.mx trometer;J, ion relaxation region.
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FIG. 2. Reduced mobility of Hein He as a function oE/N.

FIG. 4. Reduced mobility of Ar in Ar as a function ofE/N.

. . . The mobilities depicted by rhombs were derived from the measure-
sidered, since only a few mean free paths would suffice tq,ent of the mean ion energy of Aiin Ar [4].

achieve whole relaxation. This region is terminated by a pair
of flat, parallel, copper meshes that serve as ion shutters, and o ] )
are intended for mobility measuremefiéd. A means of as-  Slope of which is the inverse of; . At least four consecutive
suring sufficient ion energy relaxation was the ease witHOn source positions were used to obtain eagh
which almost all ion flow into the drift space was stopped The gas pressure in the drift chamber was controlled to
upon the application of a repeller voltage of less than 1 Wvithin 0.3% of its set value by a servo valve coupled to a
between the shutter meshes. Baratron gauge with 0.05% full range accuracy. Drift dis-
After traversing the drift space, a sample of the driftingtances could be read from a graduated scale to an accuracy of
ions enters the ion detection chamber through a central oriz=0.5 mm. Two multichannel scalef$1CS) were used for
fice of 0.2 mm diameter, where a second QMS is followedthe present measurement. A fast, @& (= 0.1 us uncer-
by a continuous dynode multiplier, the output pulses oftainty) MCS was used to cover the highgfN portion of the
which are routed into a multichannel scaler, where an arrivahtomic ion specie$>700 Td, and a 2us dwell time MCS
time spectrum(ATS) is formed. o (=1 us uncertainty MCS was used for the rest of the mea-
It has been showfi7] that for long drift distance$>5  gyrements. Thus, for typical ion transit times in the range
cm) and relatively low-gas pressures:50 Pg, the calcu- g 5_3 ms, the instrumental errors in the drift velocity and the
lated mean(t), of the ATS can be expressed to a very goodmqpijity ranged typically between 0.5-1.3 %. In most cases,
approximation as the mobility measurement for a givétiN was performed at
two or three different pressures. Therefore, the largest figure
was considered as the final error.

Ultrahigh-purity gradg(99.999% nitrogen gas was used,
(y\_/hile the other gases were quoted to be of high purity grade
>99.95%, and were injected into the drift chamber without
urther purification. All measurements were taken over the
ambient temperature range 293—-310 K for pressures between

0.66 and 20 Pa.

(ty=2/vyq, ()
wherez is drift distance, and 4 is ion drift velocity. More-
over, the movable ion source of the present apparatus pr
vides a means of eliminating the so-called end effects b
measuring the ATS at several source positions. Fron{Hg.

a plot of (t) as a function ofz would give a straight line, the
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FIG. 3. Reduced mobility of Nein Ne as a function oE/N.

FIG. 5. Reduced mobility of ) in N, as a function ofE/N.
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TABLE I. Values of the fitting parameters of E) for the ion mobility.

He* Ne* Art N,* o," Cco,*t
a 10.499 —0.107 0.105 .0876 —36.399 0.651
b 0.0260 —0.002 0.000145 —0.0000472 —0.050 0.000261
c —0.223 0.017 —0.00143 0.000319 0.459 —0.00294
d —93.43 33.17 20.76 24.29 1010.28 6.27
e 179.8 —13.734 —20.178 —15.42 —1551.9 —3.65
E/N 130-1300 280-1800 110-12500 550-8800 130-1600 85-2500
range
IIl. RESULTS Ko=a+bx+cx(Inx) " *+dx Y?+ex tinx, (3
lon drift velocities were converted into reduced mobilities ] ) o )
K, by the relation where x=E/N in units of Td and K, is in units of
cm?V~1s L Values of the parametessto e, and the ranges
N vy of validity for each ion-atonm{moleculg species are given in
Ko= B (20 Table I.
0
where Ny=2.69x 10°°m™2 is gas density at STP. Most of IV. DISCUSSION

the data are the result of at least two measurements at differ- ) _
ent pressures, their overall accuracies ranging between 2 and Tables 1l and Ill summarize the relevant experimental
3%, and the error bars in the figures are contained within th&/ork carried out in connection with our measurements, em-
symbols. phasizing theE/N ranges of investigation. It is seen that in
The mobilities of the atomic species HeNe*, and A" all cases our experiment has either equalled or substantially
in their parent gases are shown plotted in Figs. 2—4 as gxceeded the previous/N limits of measurement. The pio-
function of E/N, respectively. TheE/N range of measure- neering work of Hombeck on the drift velocity of FeNe™,
ment for Ar" in Ar became remarkably wider than the other @nd Ar" in their parent gase$], lacking mass spectrometry,
two because of the much easier control of the ions in thdS not discussed in this paper, since newer, mass analyzed
shutter meshes, and also because its mobility is substantialfata, are now available.
smaller than that of Hein He and Né in Ne. The lowerend  Values of the reduced mobility of Hein He are in good
of the mobility measurements was dictated by either unsus2greement with those of Helii9] only at the beginning of
tainable high-gas pressures in the detection chamber, or )¢ overlap range, but then ours become systematically
very low-ion count rates, due mainly to radial diffusion Smaller. Although he used a drift tube without mass analysis,
losses. Figures 5—7 display the mobility values for the polyhis data leave no question as to identity of the ion. Even
atomic species N, O;, and CQJ in their parent gases as a though the other set of mass-analyzed mobilities of Beaty
function of E/N. In all cases, th&/N region that could be 2and Pattersopl0] at low E/N is well outside our measure-
probed extensively was the high-field one, where the mobill"ent range, we have considered important to display all
ity follows a monotonic decline witlE/N, and is a conse- these data, since they now provide a very wide, useful range
quence of the predominance of the repulsive paaint Of measurement, extending over several decadés f

charge-induced dipoeof the ion-neutral interaction poten- The above discussion also applies to the mobilities of Ne
tial. in Ne, where the present range of measurement almost
Our mobility data can be well represented within quoteddoubled that reached by Hegerberg, Elford, and Skullerud
uncertainties by the function [11] and of Helm[9]. It is worth noticing the excellent agree-
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FIG. 6. Reduced mobility of @ in O, as a function ofE/N. FIG. 7. Reduced mobility of Cg in CO, as a function oE/N.
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TABLE II. Ranges ofE/N (Td) measurement of the ion mobil-
ity for the atomic species.
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TABLE Ill. Ranges ofE/N (Td) measurement of the ion mo-
bility for the polyatomic species.

Author He" Ne* Art Author Nt o," co’
Beaty 4-27 5-73 7-216 Moseley 6—-800
Helm 10-1200 Snuggs 4-500
Hegerberg 50-1000 150-1000 Saporosch. 160-730
Hornbeck 21-770 27-1700 60-2200 this work 550-8800 130-1600 85-2500
this work 130-1300 280-1800 110-12500

O,, in general, the overlap with the values of this author and

ment of our data with those of Helm, in the overlap range, inwith Snuggset al. [14], respectively, is excellent. In this

contrast with the case of Hein He. case, the calculated mobilities of Kanzari, Yousfi, and
Of particular relevance is the present measurement of Ar Homani[15] for these two systems are slightly higher than

in Ar, extending up to 12.5 kTd, which is a factor of about ours. As regards the mobility of CDin CO,, the mobility

six higher than the widest one so far reported. The recenfeasurements of Saporoscheiiké] disagree strongly from

Townsend experiment of Rao, Van Brunt, and Oltheff,  ours. We know of no further measurements on the mobility

dealing with the study of diffuse discharges in He, Ne, ancbf this important ion in atmospheric and environmental phys-
Ar at very highE/N ratios enabled these authors to measurgcs.

the translational kinetic-energy distributions of these ions in
their parent gas over the/N range 1-50 kTd, from which
the mean energye) of the ion swarm could be determined,
and consequently the ion drift velocity by the form{4g

V. CONCLUSIONS

The addition of a mass spectrometer to the ion source of
our drift tube has permitted the successful measurement of
the mobility of the above six species in their parent gases
over a wideE/N range, covering ranges hitherto unexplored.
On the grounds that resonant charge transfer is the predomi-
whereM is the ion mass. For the particular case of'An  npant interaction mechanism, it was confirmed that the ions as
Ar, where there is an overlap between théN values of  formed in the ion source, relax their excess energy very ef-
these authors and those presented here, we found that thgiently, thereby drifting under well-established equilibrium
agreement between our Amobility values and those de- conditions. It is hoped that the present data, together with
rived from Eq.(4) is pretty good, mostly above 10 kTd, previous data, many of them at low or intermedi&N,
where both mobility values almost overlap, as is seen in Figwould now constitute a mobility set with which interaction
4. Furthermore, folE/N>12kTd, the mobility values de- potentials and resonant charge transfer cross sections could
rived from the mean energies of Rao, Van Brunt, and Olthofthe derived over a wide energy range. In view of the excellent
are a smooth continuation of the whole mObI'Ity curve, up thgreement between the present mob|||ty values and those
50 kTd. This excellent agreement would validate the simplenferred from the mean ion energy measured in diffuse
model used in Refl4] to analyze the ion-energy measure- Townsend discharges, it seems that the latter method is very

ments using the Townsend method. On the theoretical sidgyccessful and unique for studying ion transport at very high
the recent Monte Carlo calculations of Hennadal. [12]  values ofE/N.

seem to be in excellent agreement with our measurements.
Again, as for the case of the atomic species, the present
ranges of measurement of the polyatomic ions extend well
beyond those hitherto reported, particularly in the case of This project was partially supported by DGAPA IN
N," in N,, which extends a factor of ten the previous limit 113898. Thanks are due to A. Bustos for his technical assis-
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