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Absolute total electron-trimethylamine scattering cross section �TCS� has been measured from
0.8 to 370 eV with a linear electron-transmission method. The experimental TCS energy function is dominated
by very pronounced enhancement peaked near 9 eV. The present TCS agrees qualitatively with low-energy
results of Schmieder �Z. Elektrochem. 36, 700 �1930�� but there are substantial differences in the position and
peak values. Calculations were also carried out to obtain the integral elastic and ionization cross sections at
intermediate and high energies using the independent atom �IAM� and the binary-encounter-Bethe �BEB�
approximations, respectively. Their sum, the estimated total cross section, is for intermediate energies in a
reasonable agreement with the present experimental TCS data. Furthermore, the measured TCS for N�CH3�3 is
compared with the TCSs for other nitrous compounds: NH3 and NH2CH3. The variation of the TCS magnitude
across the series of nitrogen-containing molecules �NH3, NH2CH3, and N�CH3�3� is explained in terms of their
molecular size.
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I. INTRODUCTION

Trimethylamine �TMA, N�CH3�3� is a volatile organic
compound which is released into the environment from the
chemical plant industry, marine meal manufacturers �1�, or
emitted during cremation �2�. Beside the specific malodorous
property, TMA is dangerous for animals and human beings
because of its tissue corrosive and penetrative properties.
TMA has been shown to be an inhibitor of DNA, RNA, and
proteins synthesis, and it has teratogenic effect on animal
embryons �3�. Due to its odor and high toxicity, the removal
of TMA from exhaust becomes a top priority. A promising
method of gas mixture purification is based on removal of
toxic compounds by electron-driven techniques. Designing
and construction of efficient separation reactors employing
electron sources needs, however, comprehensive electron-
scattering data.

There are, to date, few experimental studies of electron
interactions with trimethylamine. The only previous total
cross section measurement was recorded in the early 1930s
�4�. Later works were concerned with the high-energy elec-
tron diffraction �5�, the electron swarm transport �6�, the dis-
sociative ionization �7,8�, and the low-energy electron trans-
mission spectroscopy �9,10�. More recent studies of TMA
involving electrons as projectile focused mainly on processes
with molecules adsorbed on solid substrates: as electron-
induced vibrational excitation of TMA molecules chemi-
sorbed on GaAs�100� �11�, or decomposition of TMA ad-
sorbed on Si�100� �12,13�. Only experiments of Schmieder
�4� and Christophorou and Christodoulides �6� provided ab-
solute values of the scattering intensities. Theoretical results
concerning the electron-assisted processes with TMA have
not been reported in the literature as yet.

In this paper, we report the absolute electron-scattering
total cross section measured from 0.8 to 370 eV, and the

integrated elastic and ionization cross sections calculated
at intermediate and high energies. As the electron-
trimethylamine scattering total cross section �TCS� is ob-
tained without any normalization procedure, it is one of the
most reliable quantity describing the scattering. Therefore,
the absolute TCS can be a valuable, quantitative test of the-
oretical models and computational procedures. On the other
hand, the regularities and features discerned in the TCS en-
ergy function may be a stimulus for further, more refined
experimental and theoretical studies on e-N�CH3�3 scatter-
ing.

II. EXPERIMENTAL PROCEDURE AND SETUP

The present absolute total e-N�CH3�3 scattering cross sec-
tion �TCS� has been measured using the electron-
transmission method in a linear configuration, under single
scattering conditions. This method relates the TCS to the
attenuation of an electron current by the target molecules
filling the reaction volume. The apparatus and measuring
procedure used in the present experiment has been discussed
in detail before �14,15�, so only a brief summary will be
given here. The electron beam was filtered by a 127°-
cylindrical electrostatic monochromator and focused into the
interaction region at the required energy E with a resolution
of about 100 meV. The electrons emerging from the cell exit
aperture are energy discriminated by a retarding-field lens
unit and eventually collected with a Faraday cup. A magnetic
field along the pathway of electrons has been reduced below
0.1 �T, and ensured the trajectory of unscattered electrons to
be a straight line within the scattering region.

The parameters directly recorded in the experiment are
the following: I�p ,E� and I�p=0,E�—the intensities of the
transmitted electron currents in the presence and absence of
the target gas in the scattering cell, respectively; p—the pres-
sure of the investigated target gas in the cell of the length L
�=30.5 mm�; and Tc—the temperature of the scattering cell
�305–320 K�. The electron energy scale is calibrated with an*Electronic address: czsz@mif.pg.gda.pl
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accuracy of about 0.1 eV against the oscillatory structure
visible around 2.3 eV in the transmitted current when mo-
lecular nitrogen is admixtured to the compound under study.
The total cross section Q�E� at each energy E is then derived
using the Bouguer-de Beer-Lambert �BBL� attenuation rela-
tionship

I�p,E� = I�p = 0,E�exp�−
pL

k�TmTc

Q�E�� ,

in which the thermal transpiration effect �16� is accounted
for; Tm �=322 K� is the temperature of the mks capacitance
manometer head and k is the Boltzmann constant.

The final value of the experimental TCS at each particular
energy �as presented in Table II and Fig. 1� is an average of
a large number of data obtained in series �3–8� of individual
runs �8–10 in a series�. The statistical uncertainty of TCS
results �one standard deviation of the weighted mean value�
is usually well below 1%, excluding the lowest and highest
energies employed, i.e., below 1 eV and above 200 eV,
where the uncertainty increases to almost 2%.

The systematic uncertainty in the present experiment is of
great importance for accurate TCS determination. Among the
effects which may distort the measured TCS systematically,
two are inherently associated with the electron-transmission
technique applied, and are due to difficulties to meet exactly
the conditions at which the BBL formula is valid. The first
one relates to the imperfect discrimination, by the detector
system, of electrons scattered into small forward angles that
systematically lowers the obtained TCS values. Generally,
the forward scattering of electrons increases at higher impact
energies although, for polar molecules �see Table IV�, it is
also important at low collision energies. The extent to which
such scattering effects may reduce the measured cross sec-
tion may be estimated if the elastic differential scattering
cross section is known. We used our calculations �described

below� to estimate the effect at intermediate energies. At low
energies, due to lack of pertinent data, the estimation is based
only on comparison with other molecules of similar size and
the electric dipole moment value. For the present geometry
of the electron collector system, the lessening of the mea-
sured TCS should not exceed 2–3 % at the lowest and high-
est applied energies. The second factor affecting the mea-
sured TCS is connected with the effusion of target molecules
throughout the entrance and exit apertures of the scattering
cell. This unavoidable end effect does not allow an accurate
determination of the numerator pL in the BBL formula. The
uncertainty related to that factor was estimated to be lower
than 2.5% �cf. Ref. �17��, while an accuracy of the pressure
p, measured with the mks capacitance manometer, amounts
of about 1%. To reduce the influence of the target molecules
�effusing from the reaction cell� on the electron optics and, in
consequence, on the intensity of the primary electron beam,
the target was allowed alternately into the scattering cell and
the electron optics volume in such a way that the partial
target pressure in the electron optics region was constant,
irrespective of whether the target was present or not in the
scattering cell. The overall systematic uncertainty in the
measured TCS is about 5–7 % below 2 eV, decreasing
gradually to 3% between 5–150 eV, and increasing again up
to 6% at the highest energies applied.

The sample of N�CH3�3 supplied from Aldrich �99%
stated purity� was used without further purification other
than vacuum distillation.

III. THEORETICAL METHODS

To obtain the total cross section for the e-N�CH3�3 scat-
tering beyond the energy range of the existing experiments,
computations of the elastic and ionization cross sections
have been carried out. The elastic cross section �ECS� for
electron collision with molecule studied has been calculated
with the independent atom method �IAM� �18�, while the
electron-impact ionization cross section �ICS� has been ob-
tained within the binary-encounter-Bethe �BEB� formalism
�19,20�. The sum of both calculated partial cross sections
will represent the computational total cross section. The ap-
proximation of the total cross section with the sum of only
elastic and ionization components is validated because ion-
ization typically predominates over other inelastic contribu-
tions at intermediate and high collision energies. Since the
employed theoretical as well as computational methods have
been presented in our earlier studies �21,22�, only a short
description will be provided here.

In the IAM approximation, the electron-molecule colli-
sion is reduced to more simple problem of the scattering
from individual atomic constituents of target molecule, and
the integral elastic cross section for the electron scattering
from a molecule is given by

��E� =
4�

k
�
i=1

N

Im f i�� = 0,k� = �
i=1

N

�i
A�E� , �1�

where E is an energy of the incident electron, f i�� ,k� is the
scattering amplitude due to the ith atom of the molecule, � is
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FIG. 1. �Color online� Experimental total cross sections for
e-N�CH3�3 scattering. Full circles are the present measurements
�error bars represent overall experimental uncertainties�, while the
full line shows pioneering data of Schmieder �4�. The inset high-
lights the present TCS features �note the linear energy scale�; the
line is added to guide the eye.
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the scattering angle, and k=�2E is the wave number of the
incident electron.

The elastic cross section, �i
A�E�, for the ith atom in the

target molecule has been derived according to

�A =
4�

k2 ��
l=0

lmax

�2l + 1�sin2 �l + �
l=lmax

�

�2l + 1�sin2 �l
�B�� .

�2�

To obtain phase shifts, �l, partial wave analysis has been
employed and the radial Schrödinger equation

	 d2

dr2 −
l�l + 1�

r2 − 2�Vstat�r� + Vpolar�r�� + k2
ul�r� = 0 �3�

has been solved numerically under the boundary conditions

ul�0� = 0, ul�r� ——→
r→�

Al ĵl�kr� − Bl n̂l�kr� , �4�

where ĵl�kr� and n̂l�kr� are the Riccati-Bessel and Riccati-
Neumann functions, respectively. Our previous studies �21�
have shown that the IAM approach with electron-atom inter-
action potential composed by static and polarization compo-
nents can reproduce experimental elastic differential and in-
tegral cross sections satisfactorily, at intermediate as well as
at high impact energies. Therefore, in the present computa-
tions the electron-atom interaction has been also represented
by a sum �SP� of static Vstat�r� �23� and polarization Vpolar�r�
�24� potentials only, which are given by following expres-
sions:

Vstat�r� = −
Z

r
�
m=1

3

�m exp�− �mr� , �5�

where Z is the nuclear charge of the atom and �m and �m are
parameters obtained by the numerical fitting to the Dirac-
Hartree-Fock-Slater screening function �23�, and

Vpolar�r� = 	 	�r� r 
 rc,

− �/2r4 r � rc,



where 	�r� is the free-electron-gas correlation energy �25�, �
is the static electric dipole polarizability of atom, and rc is
the first crossing point of the curves of 	�r� and −� /2r4 �26�.

The phase shifts �l are connected with an asymptotic form
�Eq. �4�� of the wave function ul�r� by

tan �l =
Bl

Al
. �6�

The exact phase shifts have been calculated for l up to lmax

=50, while those remaining, �l
�B�, have been included through

the Born approximation.
According to the BEB model �19,20� the electron-impact

ionization cross section per molecular orbital �BEB is given
by

�BEB =
S

t + u + 1
� ln t

2
�1 −

1

t2� + 1 −
1

t
−

ln t

t + 1
� , �7�

where u=U /B, t=T /B, S=4�a0
2NR2 /B2 �a0=0.5292 Å, R

=13.61 eV�, and T is the energy of the impinging electron.
Finally, the total cross section for the electron-impact ion-

ization �Ion can be obtained as

�Ion = �
i=1

nMO

�i
BEB, �8�

where nMO is the number of the given molecular orbital. The
electron binding energy B, kinetic energy of the orbital U,
and orbital occupation number N have been calculated for
the ground states of the geometrically optimized, within C3	

symmetry, TMA molecule with the Hartree-Fock method us-
ing the GAUSSIAN code �27�, and Gaussian 6-311G+ �d,p�
basis set. Because energies of the highest occupied molecular

TABLE I. Electron binding energies B, kinetic energies of the orbitals U, and orbital occupation number
N for a given molecular orbital of N�CH3�3 molecule.

Molecular
orbital

B �eV�
U �eV�
Calc.

present

N
Calc.

present
Calc.

present

Theor. Expt.

�32� �33� �34,35� �36�

1a1 305.8 436.0 2

1e 305.8 436.0 4

2a1 422.9 602.0 2

3a1 33.43 25.56 30.66 28.3 46.53 2

2e 25.94 20.66 23.98 22.5 36.91 4

4a1 21.97 18.18 20.34 19.46 38.11 2

5a1 16.19 14.50 16.08 16.0 26.50 2

3e 16.09 14.68 15.84 15.68 30.70 4

4e 14.03 13.03 13.75 13.67 14.0 27.99 4

1a2 13.32 12.69 13.11 13.1 12.9 29.58 2

5e 12.86 12.17 12.56 12.3, 12.74 12.4 35.99 4

6a1 8.397 9.11 8.56 8.44 8.5 43.40 2
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orbitals �HOMO� obtained this way can differ from the ex-
perimental ones, we also performed the outer valence
Green’s function calculations of correlated electron affinities
and ionization potentials �28–31� using the GAUSSIAN code.
The resulting computed values of the electron binding ener-
gies, kinetic energies of the orbitals, and orbital occupation
number are listed and compared with other theoretical
�32,33� and experimental �34–36� data, if available, in Table
I. The agreement between the electron binding energies of
the valence orbitals calculated in the present work and the
experimental �34–36� is quite satisfactory.

The elastic �ECS� and ionization �ICS� calculated cross
sections make it possible to estimate the computed total cross
section for electron-TMA scattering as the sum of these par-
tial cross sections. Although this approach seems to be rather
crude, we expect that the total cross section �elastic
+ionization� estimated this way will represent the electron-
scattering TCS for TMA quite satisfactorily �to within
±10%�. This expectation is justified by the results of our
previous calculations which reproduced the experimental
intermediate-energy data successfully for a variety of com-
plex molecular targets �e.g., B�CD3�3 �37�, C4H8O �38�, and
C5H10O2 �39�, and references therein�.

IV. RESULTS AND DISCUSSION

In this section we present our results for the total electron
scattering cross section from trimethylamine N�CH3�3, mea-

sured in the linear electron-transmission experiment over the
energy range from 0.8 to 370 eV. These results are com-
pared with our calculations and with TCS data for other ni-
trogen containing compounds, NH3 and NH2CH3.

A. Trimethylamine TMA, N„CH3…3

Figure 1 shows the variation of the absolute total electron-
scattering cross sections for N�CH3�3 over an energy range
from 0.8 to 370 eV. The present data are obtained with the
transmission method in which the reaction volume is free of
electric and magnetic fields. The TCS measured from
1 to 49 eV by Schmieder in 1930 �4� with the Ramsauer
“magnetic” technique is also displayed for comparison. Table
II lists the numerical experimental TCS values taken in the
present experiment. The computed cross sections of the inte-
gral elastic �ECS�, total ionization �ICS�, and their sum
�ECS+ICS� are collected in Table III.

The most distinctive feature in the measured TCS is the
strong enhancement peaked close to 9 eV. At low energies
the cross section increases only slowly, from nearly 24

10−20 m2 at 0.8 eV to about 29
10−20 m2 near 3 eV.
Thereafter, the cross section increases rapidly to reach its

TABLE II. Absolute electron-scattering total cross sections for
N�CH3�3 molecules in 10−20 m2.

E �eV� TCS E �eV� TCS E �eV� TCS

0.8 23.7 6.3 56.2 27 45.0

1.0 23.7 6.5 56.2 30 43.7

1.2 23.9 6.8 57.2 35 41.6

1.4 24.1 7.1 58.1 40 40.6

1.6 24.4 7.3 58.7 45 39.6

1.8 24.8 7.5 59.4 50 38.3

2.0 25.2 7.8 59.8 60 35.7

2.2 25.8 8.1 59.7 70 33.9

2.4 26.5 8.3 59.8 80 32.6

2.6 27.4 8.5 60.4 90 30.7

2.8 28.5 8.8 61.3 100 29.6

3.1 30.6 9.3 60.9 110 28.4

3.3 32.6 9.8 60.3 120 27.1

3.5 33.9 10.3 59.5 140 24.1

3.8 37.0 10.8 58.8 160 22.2

4.1 39.7 11.3 58.4 180 20.5

4.3 41.7 12 57.4 200 18.6

4.5 43.2 13 55.8 220 17.3

4.8 45.8 14 53.9 250 15.7

5.1 47.5 16 50.6 270 14.7

5.3 49.8 18 49.0 300 13.5

5.5 51.4 20 47.6 350 12.2

5.8 53.5 23 46.6 370 11.9

6.1 55.3 25 45.7

TABLE III. Ionization �ICS�, integral elastic �ECS�, and
summed �ECS+ICS� cross sections calculated for electron impact
on N�CH3�3 molecules; in 10−20 m2.

E �eV� ICS E �eV� ICS ECS ECS+ICS

8.397 0 30 7.75 42.1 49.9

9 0.971 35 8.93 36.6 45.5

10 0.267 40 9.79 32.5 42.3

11 0.435 45 10.4 29.4 39.8

12 0.595 50 10.8 26.9 37.7

13 0.760 60 11.3 23.2 34.5

14 1.08 70 11.5 20.5 32.0

15 1.53 80 11.5 18.5 30.0

16 2.0 90 11.4 17.0 28.4

17 2.52 100 11.2 15.7 26.9

18 3.06 110 11.0 14.6 25.6

19 3.58 120 10.7 13.8 24.5

20 4.07 140 10.2 12.3 22.6

22.5 5.18 160 9.76 11.2 21.0

25 6.15 180 9.30 10.3 19.6

27.5 7.00 200 8.86 9.54 18.4

300 7.16 7.11 14.3

400 6.00 5.74 11.7

500 5.18 4.84 10.0

600 4.57 4.19 8.76

700 4.09 3.71 7.80

800 3.71 3.33 7.04

900 3.40 3.02 6.42

1000 3.13 2.77 5.90

2000 1.81 1.62 3.43

3000 1.30 1.39 2.69
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maximum of 61
10−20 m2 at 9 eV. Between 9 and 16 eV,
the TCS falls rapidly and then more slowly down to a value
of about 12
10−20 m2 at 370 eV. The shape of the TCS
curve around the maximum suggests that the pronounced
enhancement might be composed of two structures: very
broad hump centered between 15–25 eV and spanned over
whole energy range applied, superimposed with the other
much narrow peak around 9 eV. The large broad hump is
most likely due to direct electron scattering. On the low-
energy slope of the enhancement two weak supplementary
features are discernible �see inset in Fig. 1�: the first feature
is barely visible near 6 eV, while the second one, more pro-
nounced, is located around 8 eV. Although the magnitude of
these features looks rather small, they were clearly perceiv-
able in all experimental series. There are indications that the
steeper part of the TCS enhancement �between 4 and 14 eV�
must be, at least in part, related to the resonant scattering
involving the formation of a temporary negative ion due to
capture of the incident electron by target molecule into the
unoccupied orbital. In the derivative electron-transmission
spectra of gaseous TMA, Giordan et al. �9� and Tossell et al.
�10� have revealed a broad resonance around 4.8 eV. Calcu-
lations �40� show that the lowest empty orbital of TMA mol-
ecule in the electronic ground state, to which the approach-
ing electron could be attached, is located at 4.9 eV. The
electron impact excitation spectra for five of the fundamental
vibrations of TMA adsorbed on GaAs obtained by Mulcahy
et al. �11� show the resonant behavior with an intense maxi-
mum centered within 5–6 eV, while the elastic spectrum
peakes at 8 eV. Although the location of these structures and
the weak features in the present TCS is the same, this coin-
cidence may be quite fortuitous, as the dynamics of electron
scattering from gaseous and adsorbed molecules is rather dif-
ferent. Further, indirect suggestion about the resonant contri-
bution to the e-N�CH3�3 TCS enhancement comes from
comparison with other nitrogen-containing molecules in gas
phase. Two low-energy resonances occur in NH3 �at 5.7 and
7.3 eV� �41� and two in NH2CH3 �centered at 7.5 and
8.3 eV� �42�. Also TCS curves for these targets reveal in the
resonant region an enhancement peaked within 7–9 eV �e.g.,
Refs. �43–45��, similar in general appearance to that for
N�CH3�3 �cf. Fig. 3�. Lack of detailed e-N�CH3�3 scattering
data makes more extensive interpretation of the TCS behav-
ior difficult.

Although the range of very low energies is out of the
scope of the present experiment, it is worth mentioning here
the result of Christophorou and Christodoulides ��m=280

10−20 m2, at thermal energies �6�� which points out that
towards zero energy the cross section has to rise very
sharply. That means somewhere below 1 eV the TCS has
very deep Ramsauer-like minimum. Such high transparency
of the TMA molecule in this energy range is related to the
specific composition of electron-molecule interaction in
which short-range, attractive polarization potential effects
are important. However, the rapid increase of TCS at the
close-to-zero energy �6� is in part connected also with the
presence of the permanent dipole moment of TMA molecule
�Table IV�.

Figure 1 indicates that there is a general similarity, ac-
cording to the shape, between the present experimental TCS

energy function and the very old data of Schmieder �4�; both
curves show very pronounced enhancement. It is immedi-
ately apparent, however, that the position of the maximum in
the curve of Schmieder is distinctly shifted towards lower
energy by about 1–1.5 eV. A similar shift has been observed
when comparing data for other targets collected in the
present apparatus with that reported by Schmieder �cf. Refs.
�44,46��. One possible reason for this disagreement is a sys-
tematic error in determining the energy scale in the older
experiment. One can also see from Fig. 1 that the curve of
Schmieder does not reveal any structure on the left-hand side
of the TCS enhancement, likely due to the poorer energy
resolution. As to the magnitude, there is a distinct disagree-
ment between two compared experimental TCS energy de-
pendences. While between 2 and 20 eV the difference does
not exceed 12%, close to 1 and 50 eV the disaccord reaches
25%. A possible cause of this disagreement is that the early
measurements with the Ramsauer technique may have sig-
nificantly suffered from systematic forward-scattering effect,
resulting in a smaller value of the measured TCS �in Refs.
�44,46��.

Figure 2 shows the integral elastic e-TMA cross section
�ECS� computed in the independent atom approximation and

TABLE IV. Molecular electric dipole moments �, electric di-
pole polarizabities �, ionization potentials IP, and the gas-kinetic
cross sections �gk for some nitrogen-containing molecules; data are
from Ref. �47�.

Molecule
�

�Debye�
�

�10−30 m3�
IP

�eV�
�gk

�10−20 m2�

N�CH3�3 0.612 8.15 7.82 15.5

NH2CH3 1.31 4.01 8.80 10.2

NH3 1.47 2.10–2.81 10.07 7.94
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FIG. 2. �Color online� Comparison of the measured total
e-N�CH3�3 cross section �full circles� with cross sections calculated
in the present work: integrated elastic �dash double-dotted line� in
the IAM approach with the SP potential; total ionization �dashed
line� in the BEB approximation; the sum of elastic and ionization
cross sections �full line�. Open diamond �at 250 eV� represents the
gas-kinetic cross section estimated from the van der Waals constant
b �47�.

COLLISIONS OF ELECTRONS WITH TRIMETHYLAMINE… PHYSICAL REVIEW A 75, 052721 �2007�

052721-5

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


the total ionization cross section �ICS� calculated in the
binary-encounter-Bethe approach. It is interesting that above
200 eV both partial cross sections contribute equally to the
e-TMA scattering; their sum �ECS+ICS� is also shown in
Fig. 2 and compared with the TCS measured in the present
work. The agreement of the summed cross section with the
experimental TCS is satisfactory; above 40 eV, where with
increasing energy the assumptions of IAM approximation
become to be fulfilled better and better, the computed and
measured TCSs do not differ more than 8%.

Based on the van der Waals constant b �47� we have also
estimated the gas-kinetic cross section for TMA, �gk=15.5

10−20 m2, this value fairly well represents the electron-
scattering TCS around 250 eV. Similar agreement of the gas
kinetic and the experimental total electron-scattering cross
sections has been already noticed between 200 and 300 eV
for a number of hydrogen-containing molecules �e.g., �48��.

B. Comparison of TCSs for nitrogen-containing compounds:
NH3, NH2CH3, and N„CH3…3

Figure 3 compares the TCS for electron scattering from
three nitrogen-containing molecules: for NH3 �from Refs.
�43,45��, for its permethyleted analog N�CH3�3 �present�, and
for NH2CH3 �44�. Regarding the shape, around 9 eV the
compared TCS curves resemble each other; they all have
distinct enhancement with the maximum located within
7–9 eV.

The only evident difference in the TCS behavior is visible
below 2 eV where TCS curves for more polar targets �cf.
Table IV�, NH3 and NH2CH3, increases when the energy
decreases. The variation in the TCS magnitude, when going
from one target to another, can be explained in terms of the
different molecular size of target molecules.

Finally, an analysis of the existing experimental electron-
scattering TCS data for these nitrides was made with an at-

tempt to find any relationship between them. The problem is
of practical interest, because if such relationship exists, it
may greatly help in the easy estimation of cross sections for
some of those molecular targets for which the experiments
and computations are still difficult to perform. A promising
method is to compose the TCS for a molecule as the sum of
cross sections for groups of atoms which constitute the com-
plex molecule under study. Figure 3 shows that beyond 5 eV
the TCS for N�CH3�3 is reasonably estimated just as the sum
of TCSs for NH2CH3 and C2H4 �data taken from Ref.
�44,49�, respectively�; note that the N�CH3�3 molecule has
the same constituent atoms as NH2CH3 together with C2H4.
Surprising is the fact that in this particular case the summed
cross section reproduces the TCS over such a wide energy
range; typically, it is roughly satisfied well above 100 eV
�37,45,48�. Another interesting observation, which results
from simple geometrical considerations �see Fig. 4�, is that
the gas-kinetic cross section �see in Table IV�, and to some
extent also the total �above 50 eV� cross section for any of
three nitrides �NH3, NH2CH3, and N�CH3�3� can be esti-
mated as a combination of cross sections for fragments of
these molecules: e.g., the TCS for NH2CH3 equals 1 /3 of the
TCS for N�CH3�3 plus 2/3 of the TCS for NH3. It means that
having data for appropriate molecular segments only, one
may roughly estimate the cross section for a given molecule
as a whole before measurements and/or calculations are car-
ried out. In the aforementioned case, the TCS for NH2CH3

above 250 eV, with lack of other data, can also be predicted
reasonably �see Fig. 3�. Additionally, one may suppose that
such regularity may also shed light onto the specific role of
atomic groups in scattering process.

V. SUMMARY

We have presented the absolute total electron-scattering
cross section for the N�CH3�3 molecule measured in a linear
transmission experiment from 0.8 to 370 eV. The experi-
mental TCS energy dependence for N�CH3�3 shows a very
distinct enhancement peaked near 9 eV, overlapped with two
weak features at 6.5 and 8 eV. The data are in qualitative
agreement with the only previous results recorded by
Schmieder �4� in the energy range of overlap. We have also
carried out calculations of the integral elastic, total ioniza-
tion, and total �elastic+ionization� cross sections from inter-
mediate up to 3 keV impact energies. Good agreement be-
tween the present computed and experimental intermediate-
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FIG. 3. �Color online� Comparison of the experimental electron-
scattering TCS for some nitrides: N�CH3�3 �full circles�, present;
NH2CH3 �full triangles�, from Ref. �44�; NH3 �full squares�, from
Refs. �43,45�. There are shown also examples of some TCS estima-
tions �see text�: for N�CH3�3 �open circles� as the sum of TCSs for
NH2CH3 and C2H4 �49�, while TCS for NH2CH3 �open triangles� is
composed as 1/3
TCSN�CH3�3

+2/3
TCSNH3
.

FIG. 4. �Color online� Schematic of NH3, NH2CH3, and
N�CH3�3 geometry.
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energy total cross sections suggests that the approximate
IAM and BEB methods adopted here look promising for the
prediction of the reasonable cross sections for such complex
targets. Additional experimental and theoretical studies are
required for particular electron scattering processes �e.g.,
elastic and vibrational differential cross sections�.
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