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Abstract

Using previously measured relative attachment cross-section functions for fregR,G&l different gas temperatures)
we have calculated corresponding absolute attachment cross-section functions with help of a recently devised normalisat
procedure involving the use of measured absolute thermal rate constant (and its temperature dependence). Based on t
absolute cross-section functions, we have then calculated from these data sets absolute thermal rate constants (for the diffe
gas temperatures) and by using Arrhenius type plots derived corresponding activation energies, which appear to lie bel
values obtained in swarm experiments. Finally, we have used these absolute cross-section functions to calculate abso
attachment rate constants as a function of mean electron ef@rgyolving four different electron energy distribution
functions and have compared the results with available experimental data. Characteristic discrepancies between different ¢
sets are discussed. (Int J Mass Spectrom 223-224 (2003) 217-227)
© 2002 Published by Elsevier Science B.V.
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1. Introduction are necessary for the modelling of processes being
active in plasma-chemical technologies. Typical ex-
The study of the effects of the gas temperature on amples of these are the plasma etching processes used
electron attachment to chlorofluoroalkanes (CFC) is in the modern semiconductor technologies, the scrub-
of intrinsic as well of practical interest. It provides in- bing of organic pollutants exhausted from various
formation about important thermo-chemical data, i.e., technological processes or even the circuit break-
it allows us to determine the activation energy AE for ers, where some of the CFC gases are used like an
electron attachment. From a practical view, knowl- insulating medium.
edge about the influence of the gas temperature on Regarding CGIF, (R-12) there is another reason
electron attachment processes is important for a bet- for this interest resulting from the presence of a rel-
ter understanding of electron—molecule interactions atively large amount of R-12 in the stratosphere. It
in discharge plasmas. Data characterising electron at-has been recognised that GEJ is a precursor of
tachment at enhanced or at lowered gas temperaturesvery efficient catalytic reactions leading to the deple-
tion of ozone in the stratosphef¥. The dissociative
* Corresponding author. E-mail: skalny@fmph.uniba.sk electron attachment to CgH, is potential mode of
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its decomposition, which can also initiate sequential ing the use of measured absolute thermal rate constant.
processes leading to ozone destruction. According to Based on these absolute cross-section functions we
current model$1], only photodissociation of CglF, have then calculated from these data sets absolute ther-
in the stratosphere is being considered, whereas themal rate constants (for the different gas temperatures)
role of the dissociative electron attachment has not yet and by using Arrhenius type plots derived correspond-
been taken into account in models aimed to describe ing activation energies. Finally, we have used these
the depletion of the ozone layer protecting the earth absolute cross-section functions to calculate absolute
from harmful UV radiation. Because of this potential attachment rate constants as a function of mean elec-
role in the atmosphere many experiments using both, tron energye) involving four different electron energy
beams and swarm techniques, have been carried outdistribution functions and have compared the results
on electron attachment to C{&%, the past decades. with available experimental data. Characteristic dis-
A considerable body of data on rate constants crepancies between different data sets are discussed.
as well as cross-section data is today available for
electron attachment to CgH, [2—36]. Most of the
previous studies have been reviewed recefgly], 2. Determination of absolute cross-section data
some of the studies also [88,39] There are, how-  from crossed-beams experiments
ever, relatively few of them in which electron at-
tachment is studied as a function of both, electron  Swarm experiments provide reliable data charac-
energy and the temperature of the target ¢l terising the dissociative electron attachment process,
molecule[6,7,12,15,20-25]Mostly the thermal rate  either by measured density-reduced electron attach-
constantky, (a typical swarm parameter) was deter- ment coefficients)/N or by measured total electron
mined by various techniques at elevafédl2,15,22] attachment rate constark$37]. Both parameters are
or even at lowered gas temperaty28]. Very little usually expressed as a function of the mean electron
has been reported on the temperature effect of the energy(e), and fully describe the collective interac-
electron attachment cross-section. To the authors’ tion of an electron cloud characterised by a specific
knowledge there exist only three recently published electron energy distribution function (EEDF) with the
papers[20,21,24]and one submitted for publication molecules. Therefore these data are frequently used
[41], determining the temperature dependence of the in models describing the kinetics of technologically
electron attachment cross-section for the process: interesting, complex processes concerning the gen-
e~ + CChF, — CI- + CCIF, 1) e_ration or the destruction of selected compounds in
discharge plasmas.
It is necessary to note that there exists a frequently In contrast to swarm techniques, highly sophisti-
mentioned pioneering study by Chen and Chafity cated beam techniques were developed and are used
however, their results were presented only in form of to study electron interactions with the target atom
a short conference abstract. Only some basic data, ac-or molecule under single collision conditions. These
tivation energy AE= 130 meV and ther((g)) value studies provide the cross-section relevant to the pro-
at ambient temperature, are available in this abstract, cess under study as a function of the electron energy
not sufficient for a reliable comparison with the three ¢, i.e.,oc = f(¢). However, it must be pointed out,
sets of mentioned experimental resutg,21,24] that usually only relative data are obtained by those
Using previously measured relative attachment beam techniques. This statement is valid especially
cross-section functions for freon CEb (at different for so-called crossed-beams experiments used re-
gas temperatures), we have calculated correspondingcently for the determination of the electron attachment
absolute attachment cross-section functions with help cross-section to C@F, [21,24,40,41] The relative
of a recently devised normalisation procedure involv- data are usually presented as the electron energy
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dependent anion yield(¢). In order to obtain absolute
values for the cross-sectian(e), the measured(s)
data are normalised by various techniqé2-45]
Some of these are discussed46], and especially in
[40,47] In our earlier papej21], the simple formula:

kih = o ({e}){v} )

was used for calibration of relative data. The value
of the thermal rate constark;,, determined at an
ambient temperature of gaks, was taken from a
swarm experimenfl15] in which electrons were in
thermal equilibrium with buffer and attaching gas
molecules. In the formula (2)({¢}) is the value
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into accoun{40]. Furthermore, it is necessary to note
that the reliability of this normalisation procedure ul-
timately relies on the accuracy of the attachment rate
constanky, used. Only if the Ct anion produced via
(1) is the dominating ion both, in the single collision
beams experiments and in the multi-collisions swarm
experiments, thig, may be used for the normalisation
procedure.

Nevertheless, a recent detailed analy4 of this
normalisation procedure has revealed that the reliabil-
ity of results obtained is substantially influenced by the
shape ofr(¢). Egs. (2) and (5¢an only be used for this
normalisation if the electron energy distribution func-

of the attachment cross-section corresponding to the tion in the swarm experiment is a Maxwell-Boltzmann

electron energye} = kgTe and{v} is the mean, or
median electron velocity at the temperatdie= Tc.

one and the cross-sectian(e) is either inversely
proportional to the electron energy~ ¢~ or does

The mean or median velocity is defined in accordance not depend ore at all, i.e.,c = constant. These

with Boltzmann by:

SkBTe
TTMe

{v} = 3
Furthermore, it was assumed that the vadue) is
directly proportional to the ion yieldr(s) detected
at the electron energy (mono-energetic beam of

electrons), i.e.,
o(e) = CY(e) 4)

Then for the valueY({¢}) measured at the electron
energy{e} the same expression is valid

o({e}) = CY({e}) (5)

The normalisation factoC was obtained from the
experimental data for the ion yield & = 300K
by using Egs. (2) and (5) Subsequently, the abso-

conditions are, however, seldom met in a specific
situation.

Therefore, our earlier data were revised in line with
the recent considerations and conclusions reported in
[40]. The new absolute attachment cross-section for
CClyF2 were determined if40] by using a procedure
similar to one used by lllenberger and Niehaus for an
absolute normalisation of relative data concerning total
Penning ionisation cross-secti¢f?]. Assuming that
(i) the values of the absolute attachment cross-section
are directly proportional to the measured yield of ions
Y(e) and (i) that electrons are thermalized in the ex-
periment from which the value &f, was taken, thenin
accordance witl42] the following expression holds:

kin = | 8 / OOCY(s){a}_S/ZseXp[_—S]de (6)
wme Jo {e}

lute cross-section data, measured at ambient as wellln Eq. (6) the normalised Maxwell-Boltzmann elec-

as elevated CGF, gas temperature, were calcu-
lated by multiplying the experimentally measured
data of theY(e) by the same normalisation factor
C. In principle, the validity of such a procedure in-
volves the assumption that the EEDF in the swarm
experiment, which serves as a sourcekgf has a
Maxwell-Boltzmann shape. Moreover, discrimination

effects in the ion extraction process and the transmis-

tron energy distribution function has been used. From
the Y(¢) values reported ifi21], at 7, = 300K, the
proportionality factoiC was derived by numerical in-
tegration ofEq. (6) For the normalisation procedure
the valueky, = 1.77 x 10 2cmPs 1, recommended
by Christophorou et al[37] was used for the calcu-
lation of C. The same proportionality factd was
then employed for the calculation of the absolu(e)

sion of the mass-spectrometer have not been takendependencies at other temperatures in the range from
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303 to 423 K reported if21]. A similar procedure was ' i '

applied to the recently published relative dafa) at s
elevated temperatures 350—-70024] and to the un- 1} e .
published data of Matéjk et al. obtained at temper- € ’ ' B}
atures 402-515H41]. For the normalisation of the f.:

data in[24], the constanC was determined af' = l; o1l

350K, using a value okp = 3.75 x 10 9cmis?t g ' 2 gggE
atT = 350K obtained from an Arrhenius pléf, = § A 700K
f(1/T) usingky (300K) from above and atp = 8 Hahndorf

136 meV from[25]. In a similar manner, a value of © 001

kih = 6.72x 10 %cmPs~t at T = 402 K was derived

for the normalisation of the relative data of Mafi&j

et al.[41] (obtained at a resolution (FWHM) of about E3 0"01 0:1 :

60 meV). Before the normalisation procedure the ex-
perimentally measured yields of ions were corrected

for changes in the density of the neutral gas beam with F‘ig.‘ 2. Temperature dependence of th_e presently calibrated_disso-
ciative electron attachment cross-section for £zIlmeasured in
temperature{41]. a crossed-beam experimd2¥].

Electron energy (eV)

3. Results and discussion extraction of the Ct ions into the mass spectrome-
ter was not considered in the present normalisation
Figs. 1-3display in a log log fashion the electron procedure. The data iRig. 1 constitute revised data
energy dependent absolute attachment cross-sectiongublished earlier by Kiendler et a[21], whereas
datac (¢) for the process (1) obtained from the rela- the absolute cross-section data showrFig. 2 are
tive data[21,24'41]at various temperatures of CEb normalised here from the earlier publlshed relative
molecules. A possible discrimination effect, for the

T T T
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Fig. 1. Temperature dependence of the presently calibrated disso- Fig. 3. Temperature dependence of the presently calibrated disso-
ciative electron attachment cross-section for £F&2Imeasured in ciative electron attachment cross-section for £FzImeasured in
a crossed-beam experimdgtl]. a crossed-beam experimddtl].
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cross-section data of Hahndorf and lllenberfj#]. 16l " ' ' ]
The absolute cross-section data showirimg 3 were ]
obtained from recently measured, not yet published, 1E7 i
relative data of Maté&jk et al.[41]. The revised data P ]
displayed inFig. 1are slightly shifted towards smaller & 1E8}
values in comparison to the earlier data, which were

» (em's?)
O
%?9
>
-3
/|

. . X
obtained by using formula (2) and (5) for the con- B9 © O Smith (1984) O Bums (1996)

i - _ - ® Y.Wang (1998) v Kiendler (1996)
version of relgnve to absolute cross section qana. ol > A Undorwood (1984 % Hahndort (1997)
The explanation why only a slight difference is found > : netnthrzg égf)ﬁS) B Garrec (1996)

. atejcil
between the two sets of absolute cross-sections data, et > ]
using the sameé, for normalisation, follows from 0 200 a0 600 800
recently theoretical consideratiof]. It can be seen T, (K)

in Figs. 1-3that the smaller the electron energy the
larger is the dependence on temperature. In contrast
to these three measurements showifrigs. 1-3 the
cross-section data reported by Underwood-Lemons
et al. do not exhibit any temperature dependence, [7,12), the Arrhenius formula:
especially at low electron energi20]. Moreover, _ AE(T, — Tin)
the absolute value of the cross-section maximum of Kthr = ki exp{kBT—thh}
Underwood-Lemons et al. is evidently smaller than
the presently obtained values givenHigs. 1-3

The absolute cross-section data showhiis. 1-3
as well as earlier published absolute daia) [20],
were used in the next step for the calculation of
the temperature dependence of the thermal value of
electron attachment rate constdgt. Moreover, the
dependencies of the attachment rate condtanbn
the mean electron energy at different temperatures of

Fig. 4. Variation of the thermal value, of the dissociative electron
attachment constant for C£F, with temperature.

(8)

was used for calculation of one vallg, at selected
temperaturel, required for drawingky, = f(1/T)
plots shown inFig. 5.

Over the entire temperature range kY values
increase with increasing gas temperature except the
results derived from the absolute attachment cross-
section data for CGF, obtained with a transmission

CClF> molecules were also calculated. For these cal- o T T
culation the normalised Maxwell-Boltzmann EEDF O Smith (1984)
. 1E-7 £ O Burns (1996)
was used: & Y.Wang (1998)
8 00 e [ Vv Kiendler (1996)
_ -3/2 e g A Underwood (1994)
kin = ﬂme/O o (@)ie) geXp[{g}} de () ~ B8 % Hahndorf (1997)
o F + Wentworth (1968)
_ £ F B B Garrec (1996)
whereao (¢) corresponds to the electron ener{gy = S yeol o > Schumacher (1978)
kgTe = kgTg at the gas temperaturks. In Fig. 4, - : —®— Chen (1972)
all four sets of calculated values of electron attach- : > [© Matejolk (2001)
) . 1E-10 | 4
ment rate constant are shown along with all earlier ‘ > E
published data obtained directly by various swarm [ > > ]
techniques. The corresponding Arrhenius plot data TE-11 e L L - L L P
shown in Fig. 5 include also the experimental re- 0.002 0.004 0.006 0'028 0.0100.012 0.014
sults presented ifv,12]. Since the individuaki(Tg) T, (K

data originally measured by these aUthorS_ Were. not Fig. 5. Arrhenius plot of the dissociative attachment rate constant
reported (only AE andksgpk values are available in  ky, for CCLF, vs. 17g.
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spectrometer by Underwood-Lemons e{20]. There The AE data determined from Arrhenius plots pre-
are two sources of systematic errors mentioned by sented inFig. 5are listed inTable 1together withkiy,
Underwood-Lemons et al. in determining the absolute values and important information relating to experi-
magnitude of the cross-section in their experiments, mental conditions. The scatter between the different
the length of the electron trajectory and the target AE values is large (up to a factor of two). Even more
number density. These could be a source of consid- conspicuous is the variation &f, (up to an order of
erable uncertainty in the determining the attachment magnitude) at room temperature presentedable 1

cross-section. As it was concluded recently22], the spread in
Table 1
k cm?s™1) T (K) Method and comments Reference
Directly measured attachment rate constants

1.36 x 1079 298 Microwave conductivity-pulse radiolysis technique gFlin propane [9]

8.3 x 10710 300 ECR, CGIF; in Ar or N» [8]

1.7 x 107° Room Pulsed Townsend technique, eflin Ar or N, kin = f({¢)) up to (¢) =5eV [17]

3.2 x 1079 300 FALP, CChF> in He + Ar, ki, = f(T) 205K < T < 590K, AE = 0.11eV [15]

7.0 x 10710 298 ECR, CGIF, in Ar, ky = f(T) 293K < T <453K, AE = 0.195eV [12]

1.8 x 10°° Room Electron cyclotron resonance, GEJ in He + Ar [18]

1.66 x 1079 298 Pulsed Townsend techniques, &Flin Na, ki = f(T) 298K < T < 550K, ki = f({¢)) [25]

up to (¢) 1eV, AE = 0.136 eV (determined using the data from Table 1[25])
2.0 x 10710 170 CRESU (supersonic flow combined with Langmuir protyg),= f(T) 48K < T < 170K, [23]

CClhF, in N2 (He), AE = 0.073eV assessed from Arrhenius plot (Fig. 1128]) from
only three points at highest temperatures

Attachment rate constants derived

1.9 x 1079 293 ECR, CGIF; in He, results calibrated to §Fkn = 2.2 x 10" cm3s1 [48-50] kin [22]
=1f(T) 293K < T < 777K, AE = 0.129eV (from Fig. 3 in22])

5.9 x 1079 300 Calculated from attachment cross-secfibhby Smith et al., AE=0.13eV, 300k T [15]
< 1000K

2.7 x 1079 Room Estimated by Skalny from data kfig. 5 [53]

1.7 x 10°° 300 Calculated from data if6] by Smith, AE= 0.147 eV, electron capture coefficieatf(T), [15]
300K < T < 487K [6]

1.23x 107° 298 Calculated from pressure-reduced electron attachment coeffieieftdata in[13] by [37]
Christophorou

1.0 x 10°° 298 Calculated from pressure-reduced electron attachment coefficient data ioy Smith, [15]
(aw) = f({e)) up to (¢) =1.0eV[10]

1.9 x 10°° 298 Calculated from the pressure-reduced electron attachment coefficient ¢iaid by [37]
Christophorou ¢w) = f({¢)) up to (¢) = 1.0eV[11]

4.0 x 10710 300 Calculated from the relative density-reduced electron attachment coefficient,ggiia [15]
[3] by Smithneq = f({¢)) up to (¢) =1.2eV[3]

6.0 x 10710 300 Calculated from the cross-section datgdhby Smith [15]

1.2 x 107° 300 Calculated from the maximum of the cross-section value at an electron gagrgy [15]
= 0.15eV[4] by Smith

1.23x 1079 300 Determined from the pressure-reduced electron attachment coefficient §agi by [14]
Christophorou et al., energy integrated attachment cross-sejﬁi?)ﬁvau (e)de = f (k)

9.6 x 10710 295 Determined from electron swarm dé#¥] by Christophorou [37]

3.6 x 1079 Estimated from asymptotic form of cross-section[16] at the electron energie) [38]
=20meV

Recommended values of electron attachment congtgnt
1.0x 1079 300 [38]
1.77 x 1079 300 ki = f({g)) up to (¢) 5eV see Fig. 22 in papdB7] [37]
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results does not stem only from systematic differences
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culated from measured cross-sections (shown in the

among used experimental methods, it appears to re-form of an Arrhenius plot irFig. 5 are considerably

flect also uncertainties inherent in electron attachment
kinetics measurements. Moreover, below the temper-
ature of 120K theky, values measured by Le Garrec
et al.[23] deviate strongly from the expected linear Ar-
rhenius plot behaviour and are not displayedFig. 5.

In contrast to the large scatter &f,, the scatter
in AE values is not so dramatic within the temper-
ature range of 300-1000 K. For instance the value
of AE = 0.086 eV determined from the experimental
valuesky, within the temperature range of 120-170K
by Le Garrec et al[23] is identical with the value
AE = 0.082 eV derived from the data of Handorf and
lllenberger[24].

Figs. 4 and 5show that there is a good agreement
between the experimentl4, data[6,22,25]and data
calculated from normalised cross-sectiof®d,41]
Moreover, the data of21,41] are in fair agreement
with the Smith’s datg15] except of linear a shift
between them. The shift corresponds to the difference
between thermal rate constant at 300 K used for nor-
malisation procedure.17 x 10-9cm®s~1 [37] and
the value 2 x 10~° cm® s~ reported by Smith et al.
[15]. There is an excellent agreement between earlier
data published by Wentworth et gb6] and recent
measurements performed in; deeded with traces
of CChF, [25]. Also the data obtained by Burns
et al. [22] agree with the former two sets of exper-
imental data within the mentioned uncertainties of
these experiments. However, this agreement is prob-
lematic, because thky, values published by Burns
et al.[22] were originally calibrated to an attachment
rate constant 2 x 10~ cm®s~1 [48-50] valid for
SFKs. If however, the valugy, = 3.1 x 10/ cmPs™1
published by Smith et a[15] is applied in the cali-
bration, the values of electron attachment constant for
CClF> will be shifted towards Smith’s dafd5] and
will be practically identical with those. It is interest-
ing to note, that generally the differences between the
differentky, shown inFig. 4 are particular evident at
elevated gas temperatures (above about 500 K).

It must be noted however, that the activation en-
ergies determined from thermal rate constants cal-

smaller in comparison with those found in swarm
experiments. While the typical values of AE deter-
mined by swarm experiments are close to the value of
150 meV, the value derived from the data of Kiendler
et al. is 100 meV, for Handorf and lllenberger 82 meV,
and for Matefik et al. 75 meV.

It is clear, that on the one hand the accuracy of
normalised absolute cross-section data directly de-
pends on the quality of the thermal rate constant
employed in the normalisation procedure. Another
problem arising in this normalisation procedure is the
selection of an appropriate EEDF, in particular if the
mean electron energy due to the applied electric field
differs from the mean energy of the gas molecules.
The differences between the rate constant calculated
from beam data using formula (6) in the case of
a Maxwell-Boltzmann EEDF and a Druyvensteyn
EEDF were discussed earlier by Chutjig3]. In
order to elucidate this problem we have compared the
calculatedkt({e), Tg) functions for the four sets of
the attachment cross-section df28,21,24,41Jusing
different EEDF with the recently published experi-
mental data measured ipNuffer gas with traces of
CClF; [25]. The following EEDF have been used.

e Normalised Maxwell-Boltzmann distribution func-
tion using the equivalent temperature of electrons
derived from the mean electron energy.

e Functions determined for Nby McCorkle et al.
[13] by solution of transport equation at ultra low
reduced electric fields.

e Functions calculated by Nigham numericalbi],
solving the Boltzmann equation for condition typi-
cal in electrical discharges.

e Functions generated by BOLSIG programme avail-
able on Internet using the two-term expangioa.

Generally the attachment rate constant values
kr({(e), Tg) can be expressed as:

2 o0
k(e To) = [ /0 o (e To)eY2 (e, (6) To)de
e

9)
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wheref(e, (¢), Tg) is the EEDF function normalised to 6 . T - T - T
unity, also depending on the gas temperafigeThe Kiendler (303 K):
mean electron energy) was obtained by averaging I Maxw. - Boltzm.
the electron energy: ®m BOLSIG
o N2 ® McCorkle
(e) =/ ef (e, Tg)de (10) ~ 4r O Nighan ]
0 o
€
In the case of a Maxwell-Boltzmann EEDF nor- <2 Wang et al.(298 K)
malised to unity: = A exp. K,
2 &
,Te) = ——=(kpTe) "2 % exp| ——— 11 2r 1
S, Te) ﬁ( BTe) 3 p kaTo (11) WA%
the mean energy is: I e
<8> = ngTe (12) = o ap P ——
Therefore, the equivalent electron temperafly&vas b0 o5 10 15 20
taken for each mean enerdy) from (12) and used <e> (V)

for the calculation of the distribution function (11). In
case of the EEDF taken fro{ﬂ3,51,52]for nitrogen Fig. 6. Dissociative attachment rate con;tant for L£€Ivs. mea_n

. electron energye) measured25] and derived from cross-section
buffer gas the mean electron energy at various reducedm].
electric fieldsE/N was derived by using formula (10).

The selected dependencies of attachment rate con-experiment t421] by Denifl et al.[26] discrimination
stantskr on the mean electron energy, calculated by was reduced and an additional peak in the electron
using formula (9) and the modified cross-sections attachment cross-section at about 0.8eV (observed
shown inFigs. 1-3 as well as the absolute data from already by others) has been observed.

[20], are presented iRigs. 6-12 The calculated data
are compared with experimental data measured di-

rectly at the same or very similar gas temperature by

10 T T T

Wang et al[25]. ol N Kiendk:; (423 KB): ) |
As it can be seen iffigs. 6—12 there exist char- 2 . BS)I(_VQIC_; oltzm.

acteristic differences between the experimentally | e McCorkle

determined rate constant data and the data calculated’» ¢ | O Nighan _

either by using the Maxwell-Boltzmann EEDF or the @g %
various EEDF for N. For instance the remarkable 2 [ %
difference in the shape and the magnitude of calcu- ~ 4f
lated and experimentally measured= f({(¢)) seen

in Fig. 6 is most likely caused by discrimination of
CI~ ions produced via (1) at electron energies above
0.3eV in our earlier experimei21]. The calculated
rate constant values decrease much faster with in- o . . . ! .
creasing electron energy than the experimental values 0,0 0,5 1,0 1,5 2,0
of Wang et al.[25]. The maximum in the rate con- <e> [eV]

stant values observed at approximately 0.8eV in the Fig. 7. Dissociative attachment rate constant for ££&lvs. mean

experimental dat&5] is completely absent in the cal- electron energye) measured25] and derived from cross-section
culated values. It should be noted that in a follow up [21].

Wang et al. (400 K)
A exp.k, i

--Ono..p. P
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10 - T T 14 . : . : . :
N L i
A B
Hahndorf (500 K): 12 Lo . 4
P .
n N Maxw. - Boltzm. | N Matejcik (515 K):
8, 2 2 m BOLSIG 1 2 Maxw.-Boltzm.
N ® McCorkle — 10 = BOLSIG 7
N A O Nighan “c F ® McCorkle 1
"o gl i S 8r O Nighan -
‘e Wang et al.(500 K) o LA
2 A exp.k; Y Wang etal. (500K) |
= ~ N A exp. k
< al 3 0 T
4l o,
2L 2 ' m O
0 1 1 1
0,0 0,5 1,0 1,5 2,0
O n 1 L 1 n 1 2
0,0 0,5 1,0 1,5 2,0 <e> (eV)
<e> (eV) Fig. 10. Dissociative attachment rate constant forF&ls. mean
) ) o electron energye) measured25] and derived from cross-section
Fig. 8. Dissociative attachment rate constant for £glvs. mean [41].
electron energye) measured25] and derived from cross-section
[24].

be seen for the data of Handorf and Illenberfjt]

. shown inFig. 8 for a temperature of 500 K. The sit-
The discrepancy between the calculakgavalues uation for the data of Matéjk et al.[41] shown for

using the cross-section data from Kiendler et{21] temperatures of 402 and 515K Figs. 9 and 10s
and the measured values from Wang et al. becomes less

. . : similar.
severe at higher temperatures, e.g.,lige7 showing

. In contrast to these three sets of calculated values
a comparison at 423 K. An even better agreement can . .
for the rate constants using cross-section data from

10 T T T T T T T 10 T T T T T
N r Underwood (393 K):
sl N Matejcik (402 K): i Maxw.-Boltzm.
2 Maxw.-Boltzm. 8 N2 ®  BOLSIG i
T m  BOLSIG 1 _f; L ® McCorkle
o ® McCorkle o ©  Nigh
c | 1 ghan
0 6re ©  Nighan § 6r ]
= L4 o |4 Wang et al. (400 K)
o4l Wang et al. (400 K) e EN A exp. k.
2
0 1 | 1 L 0 N 1 . 1 L 1 L
0,0 0,5 1,0 1,5 2,0 0,0 0,5 1,0 1,5 2,0
<e> (eV) <e> (eV)
Fig. 9. Dissociative attachment rate constant for £&lvs. mean Fig. 11. Dissociative attachment rate constant forZB&ks. mean

electron energye) measured25] and derived from cross-section  electron energye) measured25] and derived from cross-section
[41]. [20].
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sl Underwood (563 K) i
N Maxw.-Boltzm.
. 2 = BOLSIG
"0 ® McCorkle
“e 6 B O Nighan T
o N
© [
= PN Wang et al. (400 K)
<& 4r A exp. K, 7
oL
nad u a O
O 1 1 1
0,0 0,5 1,0 1,5 2,0
<e> (eV)

Fig. 12. Dissociative attachment rate constant forZE&ks. mean
electron energye) measured25] and derived from cross-section
[20].

[21,24,41]the kr values calculated from the absolute
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