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Thermal rate constants and product branching fractions for electron attachment to CF3Br and the CF3

radical have been measured over the temperature range 300–890 K, the upper limit being restricted

by thermal decomposition of CF3Br. Both measurements were made in Flowing Afterglow Lang-

muir Probe apparatuses; the CF3Br measurement was made using standard techniques, and the CF3

measurement using the Variable Electron and Neutral Density Attachment Mass Spectrometry tech-

nique. Attachment to CF3Br proceeds exclusively by the dissociative channel yielding Br−, with a

rate constant increasing from 1.1 × 10−8 cm3 s−1 at 300 K to 5.3 × 10−8 cm3 s−1 at 890 K, somewhat

lower than previous data at temperatures up to 777 K. CF3 attachment proceeds through competition

between associative attachment yielding CF3
− and dissociative attachment yielding F−. Prior data up

to 600 K showed the rate constant monotonically increasing, with the partial rate constant of the dis-

sociative channel following Arrhenius behavior; however, extrapolation of the data using a recently

proposed kinetic modeling approach predicted the rate constant to turn over at higher temperatures,

despite being only ∼5% of the collision rate. The current data agree well with the previous kinetic

modeling extrapolation, providing a demonstration of the predictive capabilities of the approach.

© 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4807606]

INTRODUCTION

Electron attachment processes have garnered experimen-

tal and theoretical attention for decades;1–3 however, the sen-

sitivity of the phenomenon to the specifics of the potential

surface has limited the efficacy of predictive models of its ki-

netics. Even a broad statement of whether a particular system

at a particular energy will attach to yield a stable anion ei-

ther rapidly, slowly, or not at all is exceptionally difficult to

answer absent experimental results, regardless of whether in-

formation on the system such as the electron affinity is well-

established.4, 5

In principle, high-level theoretical approaches, such as R-

matrix theory,5–9 can account for the interaction between the

incident electron and nuclear motions of the neutral molecule,

and yield kinetic data such as cross-sections and product

branching. In practice, such methods are arduous and only

applicable to small systems comprising a handful of atoms.

Additionally, results from some systems on which such cal-

culations have been performed were later found to be at odds

with experimental results.6, 9–11

Over the past several years an alternative approach of

applying kinetic modeling to an attaching system has been

developed,12–14 with continued success in replicating ex-

perimental results.11, 15, 16 As opposed to first-principles ap-

proaches, kinetic modeling involves only simple calculation

and requires only modest information of the potential energy

surface. The approach is to reduce the attachment process as

a)Author to whom correspondence should be addressed. Electronic mail:
afrl.rvborgmailbox@kirtland.af.mil

far as possible into discrete steps, and then treat each individ-

ually through either statistical theory or, for the most compli-

cated steps such as coupling of the electron and nuclear mo-

tions, through functional forms with empirically validated ad-

justable parameters. While reproducing experimental results

is encouraging, and provides some insight into the dynamics

of the processes, the major utility of kinetic modeling lies in

the ability to extrapolate results to conditions inconvenient or

inaccessible to experiment. Here we present a demonstration

of such an extrapolation.

Coincident with the development of the kinetic modeling

approach to electron attachment, we have developed a novel

experimental technique using a Flowing Afterglow Langmuir

Probe (FALP) apparatus.17 The technique, dubbed Variable

Electron and Neutral Density Attachment Mass Spectrome-

try (VENDAMS), allows for study of electron attachment to

unstable species such as radicals,11, 18–20 rate constants and

neutral product branching fractions of mutual neutralization

reactions,21, 22 rate constants of dissociative recombination,

and has provided evidence that a high density of electrons en-

hances the rate of mutual neutralization.23, 24

Because no method prior to VENDAMS was sufficiently

general to allow measurement of the kinetics of thermal elec-

tron attachment to a wide range of radicals, the literature data

were limited, consisting of just two values.25 In particular,

no data on thermal electron attachment to fluorocarbon rad-

icals existed; these data are particularly important because

they are needed for predictive modeling of plasma etching of

semiconductor material, a vital industrial process involved in

the fabrication of microelectronics. We have previously re-

ported rate constants and product branching for most small

0021-9606/2013/138(20)/204316/7/$30.00 © 2013 AIP Publishing LLC138, 204316-1
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fluorocarbon radicals (CF2, CF3, C2F3, C2F5, 1-C3F7, 2-C3F7,

3-C3F5) from 300 to 600 K.11, 18, 19 In concert, a separate

beam experiment provided relative cross sections of attach-

ment to CF2
10 and C2F5

18 as a function of electron energy up

to 10 eV. Kinetic modeling was used to extrapolate these data

to conditions most relevant to plasma etching, namely gas

temperatures around 300 K and electron temperatures up to

10 000 K.

The CF3 system is particularly intriguing because, due to

a mild endothermicity for dissociative attachment, electron at-

tachment (1) proceeds via a competition between associative

attachment (2a), dissociative attachment yielding F− (2b), and

autodetachment (2c),

CF3 + e → CF−∗

3 , (1)

CF−∗

3 + M → CF−

3 , (2a)

CF−∗

3 → CF2 + F−, (2b)

CF−∗

3 → CF3 + e. (2c)

This is a richer system than the other fluorocarbon radi-

cals, which either do not attach to form a stable anion at

thermal energies (namely, CF2), or have unity branching to

dissociative attachment to yield F−. Both pressure and tem-

perature dependences of the overall rate constant for attach-

ment to CF3 (the former being the first such dependence re-

ported in the pressure range of ∼1 Torr) and of the partial

rate constants of the product channels were measured. Kinetic

modeling reproduced all of these data, with an interesting im-

plication as described in the following.

The rate constant of the dissociative channel (2b) over

the measured range of 300–600 K increases rapidly and may

be described by an Arrhenius equation with an activation en-

ergy of 0.21 eV. This behavior is commonly seen in inefficient

electron attaching systems,5, 26 such as CF3, which attaches at

just 2% of the collision rate at 300 K. Typically, the attach-

ment rate constant will turn over with increasing temperature

as it approaches the collision rate. In this case, application of

the kinetic modeling predicted the CF3 rate constant to deviate

from Arrhenius behavior at temperatures just above the mea-

sured range, despite the efficiency of the attachment remain-

ing below 4% of the collision rate. Here, we have extended

the VENDAMS measurements of attachment to CF3 up to

890 K using a FALP apparatus designed for high tempera-

ture experiments27 (HT-FALP) in order to test the previous

extrapolation made using the kinetic modeling.

In order to perform these experiments, it is necessary to

measure the kinetics of attachment to a neutral precursor for

CF3, in this case CF3Br. CF3Br happens to be one of the most

studied systems for electron attachment, with measurements

of thermal rate constants by several groups and techniques up

to as high as 777 K.28–31 Additionally, owing to the wealth

of experimental data, the system was used as a standard to

empirically evaluate the functional forms used in the kinetic

modeling to separate contributions from the electronic and

nuclear motions.14 Here we also report electron attachment

rate constants for CF3Br, extending those measurements up to

890 K using traditional FALP techniques for this stable

molecule, as opposed to the VENDAMS method used to mea-

sure attachment to radicals.

EXPERIMENTAL

The primary experimental distinction between the current

study and our prior lower temperature study involves the na-

ture of the apparatus. While both use implementations of the

classic FALP setup, the experiments here were performed us-

ing a machine (HT-FALP) designed to tolerate temperatures

up to 1400 K using, as here, a quartz flow tube, or 1800 K

using a ceramic one. This apparatus,27 the traditional tech-

nique of measuring electron attachment using a FALP,32 and

the VENDAMS method17 all have been described in detail

elsewhere; the most relevant aspects will be repeated here.

A helium (99.999% Matheson) flow of between 10 and

25 std. L min−1 enters a 1 m long, 7 cm diameter quartz flow

tube. Upstream of the flow tube, the helium is discharged in

an Evenson microwave cavity producing an afterglow plasma

consisting of He+, He2
+, He∗, and e. An argon flow of 0.5–

3 std. L min−1 is added downstream of the discharge, convert-

ing He2
+ and He∗ to Ar+. The positive charge of the resulting

electron/ion plasma is between 50% and 95% Ar+, depend-

ing on the gas density and the efficiency of the He+ + He

→ He2
+ reaction prior to introduction of Ar, with the remain-

der primarily He+ with trace other species arising from wa-

ter and air contaminants. The gas pressure in the flow tube is

maintained between 1 and 2 Torr by a throttled Roots pump

located at the downstream end. Reactant gas may be added

through a quartz inlet consisting of 4 radial, hollow needles

and located 53 cm from the ion sampling orifice at the end of

the flow tube.

The apparatus contains two diagnostics: a mass spec-

trometer and a Langmuir probe. The center of the flow is sam-

pled downstream through a pinhole aperture into a high vac-

uum region containing an electrostatic lens assembly and a

quadrupole ion mass filter. Relative ion abundances are moni-

tored using an electron multiplier operating in counting mode.

The Langmuir probe, a 76 µm diameter, 7.6 mm long tung-

sten wire, is moveable from 1 to 30 cm downstream of the

reactant inlet, providing absolute measurements of the elec-

tron concentration along the center axis. The electron density

is variable from ∼108 cm−3 (the minimum practical reading

of the Langmuir probe) to up to 1010 cm−3 depending on the

particular temperature and pressure conditions. The plasma

density is varied primarily by varying the fraction of the he-

lium flowing either through the discharge or through a sepa-

rate inlet downstream of the discharge, and varied to a lesser

extent by the distance between the microwave cavity and the

flow tube and by the microwave power.

The entirety of the flow tube is surrounded by a commer-

cial oven, which is in turn surrounded by an exterior vacuum

box maintained at ∼10−3 Torr by a Roots pump. In order to

maintain a constant temperature profile throughout the reac-

tion length, gas passing through the upstream end of the flow

tube must be preheated 10%–20% above the desired tempera-

ture. The reactant gas inlet line passes through this overheated

zone of the flow tube, limiting the maximum temperature to

that at which the preheating causes thermal decomposition of
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FIG. 1. Sample data measuring electron attachment to CF3Br at 800 K,

showing the electron density decay due to diffusive loss (open circles) and

due to the combination of diffusive loss and addition of 2.7 × 1010 cm−3

CF3Br (solid circles). The lines through the data are solutions to the relevant

rate equations. The first 3 cm are slightly disturbed by the reactant inlet.

the reactant molecules (presumably by reaction on the hot

walls). In the case here of CF3Br, thermal decomposition in

the inlet line occurs near 1000 K, limiting experiments to

T < 900 K.

In the traditional FALP method, a reactant gas (e.g.,

CF3Br) is added through the reactant inlet at sufficient con-

centration to significantly deplete the electron density within

10–20 cm (typically ∼1012 cm−3). The reactant flow is con-

trolled by a 10 std. cm3 min−1 mass flowmeter (MKS). The

electron density is measured as a function of distance by

translating the Langmuir probe along the flow tube. Distance

is equated to time by the measured plasma velocity, deter-

mined either directly by pulsing the microwave discharge and

noting the arrival time of the pulse as a function of distance

using the Langmuir probe, or taken as 1.7 times the buffer ve-

locity as calculated from the known flow rates, temperature,

and pressure. The attachment rate constant is derived by the

loss rate of electrons, taking into account the ambipolar dif-

fusion rate, as measured by monitoring the disappearance of

electrons along the flow tube with no reactant gas added. An

example of the data is shown in Figure 1.

In the VENDAMS method to measure radical electron

attachment, the same reactant gas is added in a much lower

concentration (∼1010 cm−3) and the Langmuir probe is held

stationary, monitoring the electron density at the reactant in-

let, [e]0. The primary data in VENDAMS are the relative an-

ion concentrations measured using the quadrupole mass spec-

trometer at the end of the flow tube after a fixed reaction time

as a function of [e]0 (Figure 2). Primary attachment to CF3Br

(3) yields exclusively CF3 and Br−,

CF3Br + e → CF3 + Br−. (3)

At low plasma densities reaction (3) will quickly deplete the

electron concentration and further processes occur to only a

minor extent. As the plasma density increases, concentrations

of both the product CF3 and remnant electrons increase re-

FIG. 2. An example of VENDAMS data measuring electron attachment to

CF3 showing relative product anion abundances 1.9 ms after addition of 1.4

× 1010 cm−3 CF3Br to the flowing afterglow at 700 K and 1 Torr. Points

are measured abundances, solid lines are best fit calculated abundances (see

text), and dashed lines are example fits at the edges of the uncertainty limits.

sulting in an increasingly significant amount of attachment

to CF3 (1). The extents of associative (2a) and dissociative

(2b) attachment to CF3 are reflected by the magnitudes of the

abundances of CF3
− and F− relative to Br−. Because they

are products of secondary attachment (i.e., as opposed to Br−

being a product of the primary attachment) the abundances of

F− and CF3
− increase directly with [e]0 with a proportionality

constant of about 1. CF3
−, being a polyatomic species, under-

goes mutual neutralization with the atomic cations that domi-

nate the afterglow, while F− and Br− do not to any significant

extent at these densities.22, 33 As a result, the CF3
− abundance

shows additional curvature at higher densities, although this is

not apparent in Figure 2 (see, for instance Figure 1 of Ref. 11).

The rate constants of each process are derived by iteratively

solving the set of coupled differential describing the dominant

reactions occurring in the afterglow from the known initial

condition throughout the reaction time, and comparing the re-

sulting calculated abundances to those measured; the full pro-

cess is described in Refs. 17 and 24.

Any error in accounting for detection discrimination be-

tween F−, Br−, and CF3
− propagates linearly into the de-

rived rate constants. Discrimination for this instrument has

been found to be a function of both mass and whether the ion

is atomic or molecular. Discrimination between Br− and F−

was measured by flowing first CH3Br, which attaches elec-

trons to yield Br−, measuring the depletion of the electron

density 10 cm downstream of the reactant inlet and noting

the height of the Br– peak on the mass spectrometer. Under

the same conditions NF3, which attaches electrons to yield

F−, was flowed in a concentration to cause the same deple-

tion in the electron density. The ratio of the F− to the Br−

peak heights is the discrimination ratio. A series of measure-

ments gave an average value of 2 favoring detection of F−;

however, the measurement could not be performed close in

time to the VENDAMS experiments, because remnant NF3 in

the reactant line resulted in a large baseline F− signal. As a

Downloaded 04 Oct 2013 to 134.76.223.157. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://jcp.aip.org/about/rights_and_permissions
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FIG. 3. Comparison of partial rate constants of electron attachment to CF3 at

a constant number density of 3.2 × 1016 cm−3 reported in the current study

(HT-FALP) with previously reported values at lower temperature (FALP).

Error bars are omitted from the plot for clarity, but are 30%–60% of the base

value.

consistency check, VENDAMS measurements were made at

500 K and 600 K, overlapping with previously reported mea-

surements (Figure 3). The current data agree with the liter-

ature data assuming a discrimination factor of 2.1, in good

agreement with the above discrimination measurement.11 We

do not have means to measure the CF3
− discrimination. In

previous experiments using the standard temperature FALP,11

the discrimination factor was deduced from a calibration

curve of factors measured for a wide range of species as de-

scribed in Ref. 34, but these same measurements are not possi-

ble with the high temperature FALP due to a lack of a second

downstream reactant inlet. Instead, the CF3
− discrimination

factor was determined solely by comparison with the litera-

ture data for CF3 attachment; the factor was found to be 1.2

relative to F−.

RESULTS AND DISCUSSION

The thermal rate constants for electron attachment to

CF3Br were measured from 500 K to 890 K using the HT-

FALP apparatus (Figure 4) and from 300 to 500 K using the

standard FALP. The latter measurements fall slightly (∼10%)

below recently published values by our group using the same

method and apparatus;16 an average of the current and prior

measurements is reported here. Attachment is exclusively dis-

sociative yielding Br−, and is increasingly efficient as the tem-

perature approaches 1000 K, about the point at which CF3Br

thermally decomposes. Both sets of current data are smaller

than literature values from three prior experiments at 300 K

and above, which appeared to have a consensus.28–30 Two at-

tempts at calculating thermal rate constants for attachment

to CF3Br have been made, both using the data set that ex-

isted prior to our group’s two recent studies. Both R-matrix

FIG. 4. Thermal rate constants for electron attachment to CF3Br at the indicated temperatures. Solid triangles: this work; open triangles: Ref. 29; open squares:

Ref. 37; open circles: Ref. 30; open diamonds and dashed line: Ref. 28; solid line: Ref. 14.
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FIG. 5. Partial rate constants of electron attachment to CF3 at a constant

number density of 3.2 × 1016 cm−3 from current and prior studies. Solid

lines are the best fit from kinetic modeling; the dashed line is a fit with the

Arrhenius equation to the data from 300 to 600 K.

calculations by Hotop, Fabrikant, and co-workers5, 28 and ki-

netic modeling by Troe et al.14 fell significantly below the ex-

perimental rate constants above 400 K available at the time,

while being in good agreement with data between 200 and

300 K. The current CF3Br attachment rate constants are in

better agreement with both calculations. There is some rea-

son to believe that the prior experiments reported elevated

rate constants at higher temperatures. Electron attachment

rate constants reported using the Birmingham FALP29 appa-

ratus in the 1980s have generally been somewhat elevated

compared to other measurements.35 Additionally, the ECR

measurements30 were normalized to the electron attachment

rate constant for SF6, which was assumed to be temperature

independent; however, it is now known to decrease at higher

temperatures.36

Rate constants for thermal electron attachment to CF3

were measured using the VENDAMS method from 500 K

to 890 K. The partial rate constants for associative and dis-

sociative attachment as a function of temperature at a con-

stant number density appear in Figure 5. The data have been

combined with literature values from 300 to 600 K.11 Data

were taken at pressures of 1 and 2 Torr at each temperature.

Values reported in Figure 5 are either linearly interpolated

or extrapolated as needed to a fixed number density of 3.2

× 1016 cm−3. Partial rate constants for associative attachment

at the measured number densities appear in Figure 6, justi-

fying the linear extrapolations (partial rate constants for dis-

sociative attachment are found to be independent of number

density, and the reported values in Figure 5 are averages of all

data taken at the indicated temperature).

A qualitative explanation for the temperature and pres-

sure trends accompanied the previously published, lower tem-

perature data. As the temperature increases, an increasingly

larger fraction of the CF3 thermal internal energy distribution

FIG. 6. Partial rate constants for associative attachment to CF3 (i.e., CF3

+ e → CF3
−) at the indicated temperatures as a function of buffer gas num-

ber density. The dashed line is a linear relationship with slope of 1 to guide

the eye; the vertical line indicates the number density for data reported in

Figures 3 and 4.

exceeds the 0.22 ± 0.02 eV threshold to dissociative attach-

ment. Because dissociation of CF3
−∗ is fast relative to autode-

tachment or stabilization, the result is a steep rise in the partial

rate constant for dissociative attachment and a decline in the

partial rate constant for associative attachment. As the pres-

sure increases for a fixed temperature, the number of colli-

sions of CF3
−∗ with the buffer gas increases. That the rate

constant of associative attachment is seen to approximately

scale with the number density with a slope of 1 indicates that

the system is in the low pressure limit of reactivity.

More insight is gained by evaluating the system through

kinetic modeling, details of which have been presented in

Refs. 13, 14, and 17. Briefly, the attachment process is sep-

arated into discrete steps consisting of (1) the incident elec-

tron and neutral molecule create a “contact pair;” (2) de-

pending on its lifetime, coupling between the electron and

nuclear motions, and any energy barrier to the crossing be-

tween the neutral and anion surface, the “contact pair” may

lead to an excited anion state (CF3
−∗); (3) the excited anion

state will decay through a competition of electron autodetach-

ment, dissociation to neutral and anion fragments, or stabi-

lization to the parent anion either radiatively or through col-

lision with a third-body (associative attachment). Step (1) is

treated by calculating a collisional cross-section (σ cap) as a

function of electron energy using extended Vogt-Wannier the-

ory, for which analytical forms for polarizable dipolar species

have been developed.38, 39 Under the assumption that incor-

porating the incident electron into the electron cloud of the

neutral takes a finite amount of time, the attachment cross-

section (σ at) is calculated by reducing the capture probability

from the Vogt-Wannier value as a function of electron energy

using the functional form

σat = σcapPIV R(Tel)Pnuc(Tgas), (4)
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PIV R = e−c1κ , (4a)

Pnuc = e
−

(

En,0
kTgas

)

, (4b)

where κ is proportional to the isotropic polarizability of the

neutral and the square root of the electron energy, and c1 is an

empirically fit parameter. Where data exist, (4) may be refined

by accounting for cusps in the capture probability resonant

with vibrational modes of the neutral as a result of competi-

tion with electron scattering; however, only the simpler form

is employed here. The capture probability is further reduced

by the presence of any energetic barrier to cross to the an-

ion surface. This is accounted for here using a simple step

function convoluted over a direct count of the energy in in-

ternal modes of the neutral,13 with the capture probability

set to zero for any distribution with less than a value En,0,

which is treated as an adjustable parameter, in a designated

critical mode or modes. It is important to note that the cross-

ing between the neutral and anion surface may be of multi-

modal character and does not necessarily correspond to criti-

cal mode(s) involved in dissociation of the anion. Calculation

of the height of any barrier then involves the calculation of the

full potential surfaces of both the neutral and anion and is not

attempted here. CF3
−∗ must be stabilized by one of the three

aforementioned processes. Both autodetachment and dissoci-

ation are treated by calculating specific rate curves using uni-

molecular statistical theory. The autodetachment rate curve is

a function of PIVR through microscopic reversibility. The dis-

sociation rate curve is calculated using the Simplified Statis-

tical Adiabatic Channel Model,40–42 which employs Orbiting

Transition State-Phase Space Theory as a starting point. Fi-

nally competition between autodetachment, dissociation, and

stabilization through collision with the buffer gas (radiative

stabilization is too slow to compete here) is calculated by

approximating the solution to the Master Equation using the

Many-Shots approach.11, 43

By inspection of Figure 5, the kinetic modeling repro-

duces the associative and dissociative attachment rate con-

stants quite well. Although not shown, the kinetic modeling

also reproduces the pressure dependences of the partial rate

constants. The fits shown are the best fits to the full data set,

but differ only slightly from the previously reported fits to

the lower temperature data. The observed dissociative attach-

ment rate constant begins to deviate from Arrhenius behavior

as early as 600 K, in agreement with the previously reported

extrapolations from the lower temperature data. Based on sub-

sequent work, the form of PIVR utilized in the lower temper-

ature study, wherein κ is proportional to the electron energy

was found to be slightly less desirable than having κ propor-

tional to the square root of the electron energy, as employed

here.

The rate constants of attachment for other systems have

been observed to bend over at higher temperatures as they ap-

proach the collision rate. However, the collision rate constant

for attachment to CF3, as calculated using extended Vogt-

Wannier theory, is 1.8 × 10−7 cm3 s−1 at 900 K; that is, the

measured attachment rate constant is less than 4% of the col-

lision rate. Instead, as interpreted through the kinetic model-

ing, the limitation on the CF3 attachment is due to the inter-

play of the electronic and nuclear motions. At low tempera-

tures, attachment is hindered by the energetic barriers to cross

from the neutral to the anion surface and to dissociation of

CF3
−; CF3 with low internal energy cannot attach to form ei-

ther product. In the region where this factor dominates, the

rate constant of the dissociative attachment channel follows

Arrhenius equation behavior. At higher temperatures, attach-

ment is hindered by the difficulty of incorporating higher en-

ergy electrons into the neutral molecule prior to the separa-

tion of the contact pair. Essentially, there is a positive rela-

tionship between Tgas and kattach, and a negative relationship

between Tel and kattach. In these thermal experiments where

Tgas = Tel, the counteracting factors will result in a peak in

the electron attachment rate constant. The CF3 attachment rate

constant is observed to turn over as it approaches that peak,

and would be expected to decrease at still higher temperatures

(CF3 should be thermally stable to much higher temperatures

than is CF3Br).

At the conditions of the experiments here, electrons are

rapidly thermalized44 and none exceed about 0.5 eV. As a

result, all attachment is assumed to arise from the so-called

“zero-energy” peak; in the case of CF3 arising from crossing

from the ground electronic state of the neutral to the ground

electronic state of the anion. Should higher energy resonances

exist, e.g., involving electronically excited anion surfaces, the

cross-section of attachment may show higher energy peaks,

and experimental results would deviate from the extrapolation

from our thermal data. R-matrix calculations suggest that no

higher energy resonances exist for CF3,6 and the only exper-

imental data on similar systems (CF2
10 and C2F5

18) show no

higher energy resonances up to 10 eV. It appears reasonable

that extrapolation of the current CF3 data up to Tel approach-

ing 1 eV (several thousand K, the conditions most relevant

to plasma etching) is appropriate; such extrapolations may be

made from Figures 9–11 previously reported in Ref. 11.

CONCLUSION

Thermal rate constants for electron attachment to CF3Br

and CF3 have been measured up to 890 K. CF3Br attaches

dissociatively to yield Br−. The current rate constants are

somewhat smaller than previous literature values, but are in

better agreement with theoretical treatments of the system.

Electron attachment to CF3 is inefficient, never exceeding 4%

of the calculated collision rate, and proceeds both associa-

tively to yield CF3
− and dissociatively to yield F−. The partial

rate constants show marked temperature and pressure depen-

dences, with the dissociative channel increasingly dominating

at higher temperatures. An extrapolation of prior data on at-

tachment to CF3 below 600 K using a kinetic modeling ap-

proach had predicted that the attachment rate constant, which

was observed to monotonically increase up to 600 K, to begin

to turn over at only slightly higher temperatures, despite the

inefficiency of the process. The current data confirm the pre-

dicted behavior, providing a successful demonstration of the

predictive capabilities of the method.
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