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Using a nearly-monoenergetic electron beam and the single-collision method, cross sections 
have been measured for the capture of slow electrons by the molecules SF6, CC14, CF3I, 
CC12F2, BC13, HCl, and HBr; capture cross section for electrons with energies of several 
electron volts by 0 2 and H20 have also been measured. The width of the electron energy 
distribution was 0.2 to 0.3 ev; the energy was measured with an accuracy of 0.01 to 0.02 ev. 
The following values were found for the maximum cross sections: SF6, 5.7 x 10-16 cm2; 

CCl4, 1.3 x 10-ts cm2; CF3I, 7.8 x 10-17 cm2; CC12F2, 5.4 x 10-17 cm2; BC13, 2.8 x 10-17 cm2; 

HBr, 5.8 x 10-17 cm2; HCl, 3.9 x 10-18 cm2; H20, 4.8 x 10-18 cm2; 0 2, 1.3 x 10-18 cm2. It is 
found that the appearance potential for o- in 02 is 4.63 ± 0.04 ev; the appearance potential 
for H- in H20 is 5.45 ± 0.09 ev. 

IN the present work we report on measurements 
of the cross sections for capture of slow electrons 
by SF6, CC14, CF3I, CC12F2, BC13, HCl, HBr 
and the capture of electrons with energies of sev­
eral electron volts by 0 2 and H20. The meas­
urements werecarried out by the single-collision 
method, using a nearly-monoenergetic electron 
beam. The method of measurement is as follows. 1 

A beam of electrons, which is collimated by a 
honeycomb diaphragm (divergence angle of 2° ) 
and a magnetic field of 15 to 20 oersteds enters 
an equipotential region through a system of grids 
and then strikes a collector. Ions which are formed 
in the equipotential region are collected by acyl­
indrical electrode. To eliminate the effect of the 
cathode voltage drop on electron energy the cath­
ode is heated by pulses and the electrons are ex­
tracted during the time in which heater current 
does not flow. In the path of the electron beam 
there is a diaphragm which is at a potential greater 
than the space-charge potential of the beam ( 1 to 
1.5 volts). Only electrons with energies greater 
than this value pass through the diaphragm. The 
electron current is approximately ( 1 to 3) x 10-8 

amp, with a beam cross-sectional area of approx­
imately 3 cm2, so that space charge effects are 
negligibly small. 

The energy distribution of the electron beam 
which passes through the diaphragm is exponen­
tial, with a sharp cut-off on the low-energy side; 
the width of the distribution is approximately 1 ev. 
By employing a nearly-monoenergetic beam2 it is 
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possible to reduce the width to 0.2 or 0.3 ev. The 
logarithm of the ion current for the monoenergetic 
component is found to be a linear function of the 
retarding potential; hence it may be assumed that 
the distribution in the monoenergetic component is 
exponential. 

Provision is made for compensation of the con­
tact potentials of the diaphragms and grids which 
define the equipotential region. The elements of 
the system are gold-plated in order to achieve 
stable contact potentials. By careful compensa­
tion of the contact potentials and avoidance of dis­
tortion of the electric fields in the equipotential 
region it is possible to determine the energy with 
an accuracy of the order of 0 .02 ev. 

The magnetic field makes it impossible for 
scattered electrons to reach the ion collector. 
Since the divergence angle of the electron beam 
is 2°, a beam of 15 to 20 oersteds is sufficient to 
eliminate scattering. Because of the small field 
the radii for ions with masses greater than 20 
atomic mass units is greater than the radius of 
the ion collector; however, most of the ions strike 
the collector. By introducing corrections for the 
instrument geometry it is possible to determine 
the ion collection with an accuracy of the order 
of several percent. 

Because the divergence angle of the beam is 
small, it is possible to determine the length of 
the electron path in the equipotential region with 
good accuracy. It should be noted that the sole­
noid which produces the magnetic field is posi-
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tioned in such a way that increasing the field to 
30 or 40 oersteds does not increase the number 
of electrons which pass through the diaphragm. 
Thus, there is no change in the effective diverg­
ence angle of the electron beam, or the path 
length, when the magnetic field is turned on. 

The ion and electron currents are measured 
with electrometer amplifiers. The gas pressure 
is measured with an ionization gage which is cali­
brated against a McLeod gage for the gas being 
studied. 

The measurements are carried out in the 0 to 
1 ev and 0 to 3 ev electron-energy ranges. In the 
first case the ion and electron collectors are at 
zero potential with respect to the cathode and the 
current of scattered electrons is negligibly small. 
In the measurements in the energy region up to 
3 ev, the collector potential is maintained at + 4 
volts and the scattered-electron current can be 
important. It is possible to estimate the current 
of scattered electrons from the current at the ion 
collector. In this case, the cross sections is cal­
culated by subtracting the scattered-electron cur­
rent from the current at the ion collector. It has 
been found that the cross-section values obtained 
in experiments without scattering and the values 
computed from the collector current (subtracting 
the scattered-electron component) are in agree­
ment within the accuracy of the measurements. 
The capture cross section is computed from the 
formula 

I;!YJ~ 
cr = -;-;--;-;:-;-,--=---.+,-;;--"T.;=-;---,-=-::.-

(f elfl) • 3.55 ·1016 · 273 (xp/T) AL ' 

where Ii is the ion current, Ie is the electron 
current, p is the gas pressure shown by the ioni­
zation gauge, x is the conversion coefficient for 
converting the reading on the ionization gauge to 
the true pressure, T is the temperature of the 
operating region, L is the length of the operating 
region, {3 is a correction for interception of ions 
by the grids which shield the ion collector, ~ is 
a correction for ion loss, and A. is a correction 
introduced to average over paths of electrons 
which move at different angles. The total error 
in the corrections is approximately 20 to 25%. 

In those cases in which the width of the capture 
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FIG. 1. Negative ion current in SF6 • 

region is smaller than or comparable with the 
width of the electron energy distribution the dis­
tribution is taken into account in computing the 
cross sections. Let I ( V) be the observed de­
pendence of ion current on accelerating potential 
and Ne ( U) dU the number of electrons with en­
ergies between U and U + dU; in the present 
case Ne ( U) = N0 exp {- U/kT} and E = U + V 
is the total electron energy. Then 

00 

I (V) = ~ Aa (£) N0e-UfkTdU, 

where A= 969.15 x 1016 TJ~xpA.L/{3t. Converting 
to the variable E, we have 

and 

00 

I (V) = AN0eV/kT ~ cr (£) e-E/kTd£ 

v 

co 

I' (V) = AN0 [k~ eVfkT ~ cr (£) e-EfkTd£- cr (V) J, 
v 

whence 

(v) _I (V)- kTI'(V) 
0 - AN 0kT . 

The quantity 
00 

N0kT = ~ N 0e-U/kTdU 

0 

is the total electron current. Determining the ef­
fective value of kT from the slope of the function 
log Ie = f ( - V), finding I' ( V) by graphical dif­
ferentiation of I ( V), we can ascertain the true 
dependence of cross section on electron energy. 

The cross-section curves for a given molecule, 
obtained in different experiments, were averaged 
over the points. The mean-square error for each 
point is less than 15 to 20%. 

1. SF6, CC14 and CF3I. If the width of the 
capture region is much smaller than the width of 
the electron energy distribution the ion-current 
curve should be similar to the distribution curve 
and the displacement of the ion current peak with 
respect to the distribution peak characterizes the 
energy at which capture takes place. In an earlier 
report3 it was shown that these curves are, in fact, 
similar for SF6 and CCI4; hence the width of the 
capture region in these cases is several hundred 
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FIG. 2. Negative ion current in eel •. 
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FIG. 3. Negative ion current in CF,I. 

electron volts. The displacements of the peaks 
are 0 ± 0.01 ev for SF6 and 0.02 ± 0.01 ev for 
CC14. In CF3I it is also found that the ion current 
curve is similar to the distribution curve and that 
the ion current peak is displaced with respect to 
the distribution maximum by 0.05 ± 0.01 ev ( av­
erage of four measurements ) . 

Figures 1 to 3 show the ion current as a function 
of accelerating potential for SF6, CCl4 and CF3I. 
In each figure are shown the data of three different 
experiments. The ion current is given in arbitrary 
units and is adjusted to obtain coincidence of the 
peaks obtained in different experiments. The en­
ergy scale is given with respect to the position of 
the first ion-current peak. 

It has been shown by mass-spectrometer stud­
ies4•5 that in SF6 the ions SF6, SF5, and p-
are formed in this energy region. According to 
the data reported in reference 4 the SF6 current 
is shifted with respect to the electron peak by 0.1 
ev; the width of the region in which SF5 is formed 
is approximately 1 ev. The ratio of the maximum 
SF6 current to the maximum SF5 current is ap­
proximately 25. The F- current is approximately 
100 times smaller than the SF5 current. 

Thus, the curve shown in Fig. 1 represents the 
total current for SF6, SF5 and F-. The current 
at the maximum is mainly the SF6 current. It is 
apparent from Fig. 1 that when the acceleration 
potential is greater than 1.5 volts the current does 
not change very much as the electron energy is 
varied. Since the F- current is very small, it 
is reasonable to assume that the collector current 
in this region is due to scattered electrons. To 
compute the cross section the current of scattered 
electrons was taken equal to two units on the scale 
in Fig. 1. 

Figure 2 shows the ion current curve for CCl4. 
The data obtained in the different experiments are 
consistent, with the exception of a discrepancy in 
the region of the first peak. The discrepancy is 

explained by the fact that Curve 1 ( dotted) was 
taken at zero collector potential. In this case the 
width of the electron energy distribution is consid­
erably smaller than in the other experiments. The 
discrepancy in this region is not important as far 
as a determination of the cross sections is con­
cerned since these cross sections are determined 
by measurements at zero collector potential. 

A number of workers have observed the forma­
tion of negative ions in CC14 •6- 10 The appearance 
potentials for these ions are as follows: 

Appearance 
Ion Potential, ev Probability 

CI- 0.2 [8], "'opo] CCI 4 + e- CCI a + CI- (1) 
CI.- 0.8 CCI4 + e- CCI.+ c~z- (2) 

CCI3- 1.4 CCI4 + e- CI + CCis- (3) 

According to the data of reference 10 the Cl2 
peak is approximately 45 times smaller than the 
Cl- peak while the CC13 peak is approximately 
450 times smaller than the Cl- peak. For this 
reason the second maximum observed on the curve 
in the present work cannot be attributed to Cl2 
or CC13. It is apparently explained by the process 
given in (1), with the transition to another potential 
curve of the intermediate ion CC14. The second 
maximum has also been observed in reference 9, 
in which a Lozier apparatus was used. The fact 
that this maximum has not been observed by other 
workers is explained by the large width of their 
energy distributions. Actually, it has been found8 

that the appearance potential for negative ions is 
0.2 ev while the ion current peak is at 1.7 ev; 
whence it follows that the width of the energy dis­
tribution in these experiments was not smaller 
than 2 or 3 ev. It is natural that the first and sec­
ond maxima would not be resolved under these con­
ditions. 

As is apparent from Fig. 2, the ion current be­
comes relatively insensitive to energy at electron 
energies greater than 2 ev. In computing the cross 
section it was assumed that the current due to scat­
tered electrons was equal to 3 units on the scale in 
Fig. 2. 

A curve showing the dependence of ion current 
on accelerating potential for CF3I is shown in 
Fig. 3. The formation of negative ions in CF3I 
has been studied earlier in reference 11 to 13. 
The following appearance potentials were found: 

Appearance 
Ion Potential, ev 

F- 1.5±0.2 [13 ); 3.6±0.3 [12], "'0 [11 ) 

j- ,..._.o ,..._.o ,..._.o 

Probability 

CF3J+e-CF2J+F- (4) 
CF3J + e- CFs + J- (5) 

In this case the C current at 0 ev is 10 times 
larger than the F- current. Thus, there is little 
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FIG. 4. Electron cap­
ture cross sections in 
the molecule SF6 • 
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FIG. 5. Electron capture 
cross sections in the mole­
cule eel •. 

doubt that the narrow maximum at 0.05 ev is due 
to the process in (4). The origin of the second 
maximum is not clear. It arises either as a result 
of (4) with transition to another potential curve of 
CF3I, or by virtue of the process in (5). The curve 
shown in Fig. 3 was taken at zero collector poten­
tials since the current due to scattered electrons 
was negligibly small. 

Figures 4 to 6 show the capture cross sections 
a as functions of electron energy for SF 6, CC14 
and CF3I. In computing the cross section in the 
energy region 0 to 0.2 ev only the data obtained in 
experiments with zero collector potential were 
used. 

2. CC12F2. Figure 7 shows the ion current as 
a function of accelerating potential for CC12F2• In 
this same figure the dashed curve denotes the elec­
tron energy distribution. The shape of the beginning 
of the ion current curve is similar to the distribu­
tion curve. 'rhis indicates that the cross section 
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FIG. 7. Negative ion 
current in eel2 F2 • 
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FIG. 8. Electron capture 
cross sections in the mole­
cule eel,F2 • 

FIG. 6. Electron capture cross 
sections in the molecule eF,I. 
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increases from zero to maximum in an energy re­
gion which is small compared with the distribution 
width. The curve has a flat maximum which is 0.12 
volts wide. The beginning of the maximum is shifted 
with respect to the electron energy peak by 0.07 ± 

0.01 volts (average of six measurements). There 
are no reliable data on the formation of negative 
ions in CC12F2 so that the observed effects could 
not be interpreted. 

A curve showing the capture cross section as a 
function of electron energy is given in Fig. 8. 

3. BC13. A curve for the negative ion current 
in BC13 is shown in Fig. 9. The initial part of the 
curve is again similar to the electron curve 
(dashed). The curve has a flat maximum 0 .2 volts 
wide. The beginning of the maximum is shifted with 
respect to the peak in the electron distribution by 
0.23 ± 0.01 ev (average of six measurements). 
The dependence of capture cross section on elec­
tron energy is given in Fig. 10. The formation of 
Cl- at electron energies close to zero has been 
observed by a mass-spectrometer measurement 
in BC13•14 The authors, however, think it is pos­
sible that the Cl- ions are formed because of 
HCl impurities. The present results indicate that 
the negative ions in BC13 are in fact a result of 
the reaction BC13 + e - BC12 + Cl-, since the 
maximum in the negative ion current in HCl oc-
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FIG. 9. Negative ion in Bel,. 
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FIG. 10. Electron cap­
ture cross sections in the 
molecule Bel,. 
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FIG. 11. Negative ion current 
in HCl. 

curs at an electron energy of 0.05 ev and the HCl 
capture cross section is of an order of magnitude 
smaller than that observed for BC13• 

4. HCl and HBr. The ion current curves for 
HCl and HBr are given in Figs. 11 and 12. In 
these cases scattering is important even at zero 
collector potentials since the initial part of the ion 
current curve ( up to 0. 25 volts for H Cl and up to 
0.15 volts for HBr) is determined by the scattered 
electrons. The curve showing the increase in ion 
current in these cases is similar to the electron 
energy distribution curves. The ion current curves 
have flat maxima. The shift of the beginning of the 
maximum with respect to the distribution peak for 
HCl is 0.46 ± 0.02 volts (average of six measure­
ments); in HBr this shift is 0.43 ± 0.01 volts 
( average of four measurements ) . The width of 
the maximum in HCl is 0.15 volts; in HBr it is 
several hundredths of a volt. 

The appearance potentials for Cl- in HCl and 
Br- in HBr in this energy region have been de­
termined by mass-spectrometer methods. The fol­
lowing results were obtained: 

Appearance 
Ion Potential, ev Probability 

Br- 0.6 ± 0.3 (1°] HBr+ e-+ H + Br-
ei- 0.8±0.3[16); 0.4[1oj; 0.66±0.02[1•] HCI+e-H+CI-

The value 0.66 ± 0.02 ev was found by Fox for the 
shift in the Cl- peak with respect to the SF6 peak 
in a mass-spectrometer investigation of the nega­
tive ions in HCl, using a nearly-monoenergetic 
electron beam. Since the SF6 peak occurs at zero 
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FIG. 13. Electron cap­
ture cross sections in the 
molecule HCl. 

FIG. 12. Negative ion current 
in HBr. 
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electron energy, the shift in the Cl- peak with re­
spect to the SF6 peak should be the same as the 
shift in the Cl- peak with respect to the electron 
peak. However, in the present case a flat maximum 
is observed; the maximum extends from 0.46 ± 0.02 
ev to 0.62 ± 0.01 ev. The discrepancy may be ex­
plained by the difference in the shape of the energy 
distribution in the present experiments as com­
pared with those in the Fox experiments. Since the 
distribution in the Fox experiments did not have a 
sharp cut-off, the ion current peak may be in the 
middle or at an extremity of the region in which 
the capture cross section is not strongly affected 
by energy. The width of the distribution in the Fox 
experiments ( approximately 0. 5 ev ) was larger 
than the width of this region whereas in the. present 
case approximately 60% of the electrons have ener­
gies within an interval of 0.1 ev and the total width 
of the distribution is 0.25 to 0.30 ev. The distri­
bution has a sharp edge on the low energy side so 
that the beginning of the ion peak should coincide 
with the beginning of the region in which the cross 
section is not a strong function of energy. 

Curves showing the dependence of capture cross 
section on electron energy are given in Figs. 13 and 
14. The capture probability and the electron stick­
ing coefficient for HCl have been measured earlier 
by diffusion methods.17• 18 An estimate of the cap­
ture cross section on the basis of the data reported 
in reference 17 shows that the cross section at the 
maximum is of the order of 10-18 cm2; this result 
is in good agreement with the value obtained in the 
present work, 4 x 10-18 cm2• 

5. 0 2 and H20. These measurements were 

FIG. 14. Electron cap­
ture cross sections in the 
molecule HBr. 
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carried out in the electron energy ranges 0 to 8 ev 
for 0 2 and 0 to 10 ev for H20. It has been shown 
by mass-spectrometer measurements that the fol­
lowing processes occur in this energy region: 

Process 

02+e---+ O+O­
H20+e---+ H-+OH 

H-+OH 
0-+2H 

Appearance Potential, ev 

4. 7 ± 0.1 [8,19,20] 
5.6 ± 0.5 (21,22] 
(maximum at 7.1 ev) 
7.5±0.3 

(6) 
(7) 
(8) 

In the present case the appearance potentials are 
determined from the ion current curve. Under 
these conditions the electron energies are given 
by the accelerating potential. The zero of the en­
ergy scale is established by compensation of the 
contact potentials of the grids which define the 
equipotential region and is verified by the position 
of the peak in the electron energy distribution. It 
is found that the position of the peak in the distri­
bution does not depart from V = 0 by more than 
0.02 or 0.03 ev. 

Although a nearly-monoenergetic electron beam 
is used, in determining the appearance potentials 
one must take account of the width of the electron 
energy distribution. This procedure is carried out 
as follows. 23 As has been indicated above, the de­
pendence of ion current on accelerating potential 
is of the form 

00 00 

I (V) = ~ Ao (E) N0e-U/kT dU = N 0 ~ p (E) e-U/kTdU, 
0 0 

where p (E) is the capture probability. Let the 
appearance potential be A. Then for E <A, 
p (E) = 0. We assume that when E >A, 

p (E)= a (E- A)n. 

Considering the cases n = 1 and n = 2 we find 
for the first case: 

dlnlildV= 1lkT for V<A; 

dlnlildV = 1 l(kT +V-A) for V >A. 

In the second case: 

dIn/;/ dV = 1 I kT for V <A; 

dIn/; I dV = 2 (V-A + kT) I [k2P +(V-A + kT)2] 

for V >A. 
Thus, assuming a linear or quadratic dependence 
of electron capture probability on energy, the func­
tion ln Ii = f ( V) is a straight line with slope 
1/kT up to the point V = A, at which the acceler­
ating voltage is equal to the appearance potential. 
For V >A, ln Ii is some other curve. The ap­
pearance potential can be found by determining the 
point at which the transition from the straight line 
to the other curve takes place. 

Accelerating potential, V 

FIG. 15. The quantity In Ii 
= f(v) as a function of accel­
erating potential for 0 2 • 

1) total ion current 2) current 
of the monoenergetic compo­
nent. 
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FIG. 16. The quan­
tity In Ii = f(v) as a func­
tion of accelerating 
potential for H2 0. 1) total 
ion current 2) current 
of the monoenergetic 
component. 

Figures 15 and 16 show the dependence of the 
logarithms of ion current on accelerating potential. 
It is apparent from the figures that the initial part 
of the function ln Ii is actually a linear function 
of V. The appearance potential is determined 
from the transition point between the linear seg­
ment and the curvilinear segment (A on the fig­
ures ) . It was found that the appearance potential 
for o- in 0 2 is 4.63 ± 0.04 ev (average of fif­
teen measurements ) ; the appearance potential for 
H- in H20 is 5.45 ± 0.09 ev (average of nine 
measurements). It should be noted that the uncer­
tainty in the given energy scale appears in the 
spread of the appearance potentials. 

The appearance potential for o- is frequently 
used as a standard for calibrating energy scales in 
determining the appearance potentials for negative 
ions. However, the available data are not consist­
ent. Thus, in the work reported by Lozier24 it was 
found that A ( o-) is 4.8 ev. McDowell and War­
ren,25 taking the appearance potential of o- in 
CO as 9.3 ev, found A (0-) to be 4.9 ± 0.1 ev. 
The most reliable value of A ( o-) has been ob­
tained by Marriott and Craggs8 using a Lozier ap­
paratus. Calibrating the energy scale by the ap­
pearance potential of the ot ion, 12.19 ev, these 
workers found that A ( o-) = 4. 7 ± 0.1 ev. The 
value found by us for the o- appearance potential, 
4.63 ± 0.04 ev, is in good agreement with the value 
4.7 ± 0.1 ev, which was obtained with better accu­
racy. It should be emphasized that in the present 
case the appearance potential is determined on an 
absolute scale without reference to any standard. 

In computing the capture cross section the cur-
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rent due to scattered electrons was subtracted from 
the ion collector current; this electron current was 
taken equal to the collector current at at accelerat­
ing potential smaller than the appearance potential. 
In 0 2 the scattered-electron current was 1 or 2%; 
in H20 it was 5 to 10%. The presence of an elec­
tron energy distribution was taken into account only 
in the initial part of the curve. Since the width of 
the capture region is large compared with the width 
of the distribution in the region far from the appear­
ance potential, taking account of the distribution will 
not affect the results to any great extent. It should 
be noted that in spite of the magnetic field all the 
H- and o- ions must strike the collector since, 
according to the data in the literature, the kinetic 
energy of these ions is greater than 1.5 ev. 21 ,24 

CJ, 10-19 cm2 

14 rot.. 
~ 

~ ~ 
10 

1 1"\ 
1 _\. 8 

fJ 
/ 

4 J 8 
Electron energy, ev 

FIG. 17. Electron cap­
ture cross section in the 
molecule 0 2 • 
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FIG. 18. Electron capture 
cross section in the molecule 
H20. 

Curves showing the dependence of capture cross 
section on electron energy for 0 2 and H20 are 
given in Figs. 17 and 18. In 0 2 the cross section 
peak occurs at an energy of 6.2 ev, O"max = ( 1.3 ± 
0.2) x 10-18 cm2 (average of seven measurements). 
In H20 the first peak occurs at e: = 6.4 ev, O"max 
= ( 4.8 ± 1.5) x 10-18 cm2 ; the second peak occurs 
at e: = 8.6 ev, O"max = ( 1.3 ± 0.1) x 10-18 cm2 

(average of eight measurements). 
The second peak on the H20 curve is apparently 

due to the formation of excited H2o-, which disso­
ciates into H- and OH. It should be noted that at 
electron energies greater than 7.5 ev the H- cur-

Cross section Electron energy 
Molecule at the first at the first 

maximum, cm2 maximum, ev 

SF6 5. 7 ·10-16 0.00 
CC14 1.3·10-16 0.02 
CF8J 7.8·10-17 0.05 

CC1 2F, 5.4·10-17 0.15 
BC18 2.8·10-17 0.4 
HBr 5.8·10-17 0.5 
HCI 3. 9·1Q-18 0.6 
H.o 4.8·10-18 6.4 
o. 1. 3·10-18 6.2 

*With respect to N2 = 1. 

rent is somewhat high because of o-, although, ac­
cording to the data of reference 21, the maximum 
o- current is approximately four times smaller 
than the H- current. 

The value of the capture cross section for 0 2 

at the peak has recently been determined by the 
single-collision method. 26 The measurements were 
carried out in a Lozier apparatus, using a magnetic 
field of approximately 200 oersteds. The capture 
cross section was determined from the ionization 
cross section for 0 2 or Ar by a comparison of 
the positive and negative ion currents. Since no 
measures were taken to avoid the effects of space 
charge, the cross section determined in this way 
depends on electron current. Furthermore, a de­
pendence of cross section on pressure and mag­
netic field was observed as a result of changes in 
scattering and changes in the electron path length 
with changes in p and H. To avoid these errors 
the curves showing the dependence of a- on Ie, 
p and H were extrapolated to the zero values. 
In making the calculations the values of a+ deter­
mined in refereces 27 and 28 were used. 

The measurements show that the capture cross 
section at the peak is ( 2.25 ± 0.3) x 10-18 cm2 

(average of four measurements). Taking account 
of the errors pointed out above and possible er­
rors in the values of a+ it may be assumed that 
this value is in agreement with the value found in 
the present work ( 1.3 ± 0.2) x 10-18 cm2• 

6. The table below lists the values of the elec­
tron capture cross sections at the peaks and the 
electron energies at which the peaks occur. 

A tendency toward increased cross section with 
increased molecular complexity can be discerned. 
It is characteristic that in all the molecules con­
taining halogens which have been investigated the 
capture cross section increases sharply in the re­
gion of the appearance potential. All the molecules 
which contain halogens have a capture region whose 
width is approximately several tenths of an electron 
volt at electron energies of the-order of tenths of an 

Cross sec- Electron 
tion at the energy at Relative 
second the second dielectric 
maximum, maximum, ev strength* 

cm2 

- ""'0.1 1'1 2.3-2.5 (29 ] 

1.0·10-16 0.6 6.3 !'"I 
3.2·10-17 0.9 --

2.4-2.5 (29 ] 

-
2.2 (SOJ 

1.3·10-18 8.6 
1. 5 (30J 

-
-
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electron volt. Further, the more complicated mole­
cules ( SF6, CC14 and CF3I) have a capture re­
gion whose width is of the order of hundredths of 
an electron volt at electron energies of the same 
order of magnitude. 0 2 and H20 capture elec­
trons with energies of several electron volts and 
the width of the capture region is also several 
electron volts. 

The observed capture reactions can be explained 
in terms of rotational (hundredths of electron volts ) 
or vibrational (tenths of electron volts) excitation 
of the molecule upon collision with the electron and 
subsequent capture of the electron. As has been 
shown theoretically31 •32 and experimentally, 33•34 in 
the molecules H2 and N2 the excitation cross sec­
tions for the vibrational and rotational levels in­
crease sharply in the threshold energy region 
(hundredths of electron volts for rotational levels 
and tenths of electron volts for vibrational levels ) . 
The same dependence of capture cross section on 
electron energy near the appearance potential has 
been observed in the present case. Capture of 
this type can be interpreted by the intersection of 
the potential curve for the negative ion with the 
potential curve of the neutral ion at a point corre­
sponding to an excited level. In 0 2 and H20 the 
potential curve for the negative ion lies consider­
ably above the curve for the molecule so that this 
transition requires an energy of the order of sev­
eral electron volts. 

It is interesting to consider the SF2 ion. This 
ion is apparently an excited ion and the excitation 
energy, which exceeds the S-F binding energy, is 
distributed in the different vibrational and rota­
tional degrees of freedom. 4 

A determination of the capture cross sections 
for slow electrons is of great interest in connec­
tion with the dielectric strength of gases. It may 
be assumed29 •35 •36 that a higher dielectric strength 
is to be associated with a lower value of the Town­
send coefficient a. Obviously the coefficient a 
is reduced with increasing electron capture. 

The last column of the table lists values for 
relative dielectric strength. It is evident from 
the table that there is some correlation between 
the values of the capture cross section and the 
dielectric strength. Complete agreement is not to 
be expected since the measured cross sections 
(aside from SF6 ) are cross sections for dissoci­
ative capture. At high pressures triple collisions 
are of greatest importance. In this case the cap­
ture probability can increase by virtue of stabili­
zation of the molecular ion. 

At low pressures, if the greater part of the un­
stable molecular ions decay with electron detach-

ment, the capture probability with stabilization may 
increase many fold. On the other hand, if the mo­
lecular ions dissociate completely an increase in 
pressure will have essentially no effect on the cap­
ture probability. It is possible that this is the case 
in HCl and HBr. The cross section for dissocia­
tive capture in HBr is larger than the capture 
cross section in HCl and the dielectric strength 
in HBr is also greater than the dielectric strength 
of HCl. The increase in capture cross section, 
which is characteristic of increasing molecular com­
plexity, may explain the increase in dielectric 
strength with increasing molecular weight of the 
gas which has been frequently observed. 

I wish to thank V. L. Tal'roze for his interest 
in the work and valuable comments. 
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