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Electron drift velocities in helium-fluorine gas mixturesa) 

Kaare J. Nygaard, John Fletcher,b) Scott R. Hunter, and Stephen R. Foltyn 

Department of Physics, University of Missouri-Rolla, Rolla, Missouri 65401 
(Received 31 October 1977; accepted for publication 8 March 1978) 

Using a simple time-of-flight technique, we have measured the electron drift velocity in helium with 
0.1-1% fluorine additive. Our results in a 0.1% mixture are in close agreement with data in pure 
helium. The measured drift velocity increases with increasing fluorine concentration. 

PACS numbers: 52.25.Fi, 42.55.Fn 

Modeling of HF 1 and rare gas- halide lasers2- 4 re­
quires accurate data on electron transport coefficients 
in gas mixtures containing fluorine. We are presently 
engaged in a general program for direct experimental 
determination of these parameters, and have previously 
measured the rate coefficient for electron dissociative 
attachment5 in low concentrations (0.1-1.0%) of F2 in 
He. The objective of this letter is to report measure­
ments of the electron drift velocity v d under similar 
experimental conditions. 

In general, the electron drift velocity is related to 
the velocity distribution fo(l') by the relation 

v = _ 47T.!!.. E j'" LdjoM dv 
d 3 m N 0 q",(v) dv ' 

where conventional gaseous electronics notation has 
been used. Note that fo (v) is normalized according to 

47T 1"" v2fo (v) dl! = 1 
o 

(1 ) 

and is defined in such a way that it represents the dis­
tribution fUnction for a steady stream of electrons at a 
given E/N, but with allowance for inelastic collisions. 
A direct measurement of the electron drift velocity 
can therefore be used to estimate the mean energy if 
the effective cross section for momentum transfer, 
q",(l'), is known. 

The principle of our method is to produce a short 
and well-localized pulse of photoelectrons at time 
t = 0 and observe their motion between two plane­
parallel electrodes. The number density, n(r, f), within 
the resulting traveling group of electrons, taking both 
elastic and inelastic collisions into account, is governed 
bye 

an (32 il 2 ) (J2n an -at + \vl- Va)n + D,,;X1 +ay n + D"W - Vd oz:= 0 (2) 

In Eq. (2), VI and va are the average ionization and the 
attachment frequencies, respectively, Furthermore, 
D~ and D" represent the diffusion coefficients perpen­
dicular and parallel to the z direction, The distance 
traveled by the centroid of the diffusing electron group 
over a time t is given by 

(3) 
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Assuming that an initial number of electrons "0 (0) starts 
drifting from the cathode (z = 0) at time t = 0, the solu­
tion to Eq. (2) may be written as 

Il(r !) = __ ~J9) exp[ (a - 1))zl ex (. (,,2 + .\~)I'd) 
, (41TDIZ/I'd)(47TD"z/I'd~ P 4D1z 

( 
(z - Z)2/,,) 

Xexp - 4D ' 
lIZ 

(4) 

where a is a Townsend's first ionization coefficient and 
1) is the attachment coefficient. We note from Eq. (4) 
that, to the order of approximation to which it is valid 
to use Eq. (2), the position of the electron centroid has 
not been modified by the presence of weak ionization 
and/ or attachment, and we are therefore j'.lstified in 
employing a time-of-flight method to determine the 
electron drift velocity. 

Th~ details of the apparatus have been described 
elsewhere. 5 With light from a pulsed Xe-ion laser7 we 
generate IlO (0) photoelectrons at the cathode at time 
1=0. Mathematically, 110(0) has been corrected for 
back-diffusion to the cathode and represents the number 
of electrons that start drifting through the gas against 
the electric field E, If there were no electron loss or 
gain processes, we would measure a constmll current 
in the external circuit during the electron transit time 
T _, In order to increase the sensitivity of the method 
we integrate the current pulse and then observe a 
linearly riSing voltage pulse at the output of the ampli­
fier in Fig. 1. In the presence of attachment, the 
integrated electron current rises as [1- exp( - 1)l'df) 1. 
It exhibits a discontinuity at t = T. since I'd» I'n (negative 
ion drift velocity), allowing the electron drift velocity 
to be determined from lid=d/T., (d is the electrode 
separation, which may be changed from 0,3 to 3 cm. ) 

'-_---. __ J Cathode 

FIG. 1. Principle of experiment. Light from a Xe-ion laser 
(2315 A; 100 nsec half-width) passes through a l-mm aperture 
in the anode and produces photoelectrons within a O. 2-diam 
spot on the cathode. The resultant electron current transient 
is integrated and displayed on an oscilloscope. 
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FIG. 2. Electron drift velocities in He-Fz mixtures as a func­
tion of E/N. All data points are present results. The full­
drawn curve marked N is due to Nighan (Ref. 9) and pertains 
to a calculation in 0.3% Fz + 99. 7% He. The curve marked 
M& C depicts measurements in pure helium by Milloy and 
Crompton (Ref. 8). 

First, to check out the method, we have measured 
the electron drift velocity in pure helium (Fig, 2) and 
compared Our results with those of Milloy and Cromp­
ton. 8 In the overlapping E/N region, there is agreement 
within the experimental errors. (Milloy and Crompton 
claim an accuracy of better than ± 1.5%; the present 
accuracy is ± 10%.) 

Second, in a gas mixture consisting of 1 % F2 + 99% 
He, there is a definite increase in the drift velocity, as 
shown by the open squares. (n was practically impos­
sible to get any data at higher fluorine concentrations 
for the reason that most of the electrons would be lost 
due to attachment taking place close to the cathode. ) 
At a lower fluorine concentration (0.2%), there is a 
discernable difference in the measured Vd values as 
compared to our own results in pure He. At a concen­
tration of 0.1 % the observed I'd values fall within 10% 
of the pure He data. (Q.tr experimental errors in lid 

are increased to 12-15% when F2 is admitted to the 
system. ) 

The systematic trend showing an increase in electron 
drift velocity with increasing fluorine concentration 
has been supported by Nighan 9 in a recent calculation 
for a 0.3% F 2 + 99. 7% He mixture (see curve marked 
N in Fig. 2). His model includes vibrational excitation, 
dissociative attachment, and dissociation of the F2 
molecule, and the results are consistent with the ex­
perimental data. 

The inc rease in drift velocity that results from the 
addition of F 2 is similar to that which has been ob­
served previously when a molecular gas has been 
added to, 10, t t or has been present in, 12.13 a monatomic 
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gas. The increased mobility is due to the introduction 
of numerous low-energy inelastic energy exchange 
processes that are absent in a pure monatomic gas. The 
enhanced energy exchange between the electron swarm 
and the gas reduces the average energy of the electrons 
in the swarm and hence increases the mobility. 

In the case of fluorine, there is an additional process 
which acts to decrease the mobility. Since the attach­
ment rate for dissociative attachment in F2 decreases 
with inc reasing electron energy, 5, 14 the low- energy 
fraction of the swarm tends to be depleted preferentially. 
The remaining electrons will thus have a mean energy 
that is higher than would otherwise be the case with a 
consequent reduction in their mobility. We are unable 
to assess the significance of this latter process, which 
might be termed attachment heating, due to the lack of 
cross-section data, but it is evident that it is less 
significant than the former process. 

Q.tr observations confirm that, in rare gas-fluorine 
lasers, the electron velocity distribution, and conse­
quently the electron drift velocity, is strongly dependent 
on fluorine concentration. However, for a fluorine con­
centration of 0.1 % Our measurements show no detect­
able effect on the electron drift velocity, thus support­
ing recent model calculations. 2-4, 9 

We want to thank Professor R. W. Crompton for 
comments on the manuscript and Dr. W, L. Nighan 
for the results of his unpublished calculation. 
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