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Observation of vibrationally excited nitrogen with a
simplified electron transmission apparatus*

J. A. Michejda and P. D. Burrow

Department of Engineering and Applied Science, Mason Laboratory, Yale University, New Haven,

Connecticut 06520
(Received 19 January 1976)

A simple electron transmission apparatus is used to observe vibrationally excited N, in the first two
vibrational levels. The method is based on the pronounced peaks appearing in the total electron scattering
cross section in the range of energy 24 eV. Because of the wide spacing between these peaks, good energy
resolution is not required and measurements can be performed without an electron monochromator.

PACS numbers: 34.70.Gm, 35.20.—i

A variety of methods® have been devised for detection
of vibrationally excited nitrogen molecules in the ground
electronic state. The methods, in general, are complex
and in many cases are useful only for N,(v=1). We have
recently introduced? a technique suitable for detecting
N,{v=0 - 4) based on the high-resolution electron trans-
mission method.® Although this technique appears to us
to be less formidable than most, it incorporates a high-
ly monoenergetic electron beam. In this communication
we point out that vibrationally excited N, can still be
observed by electron transmission in a greatly simplifi-
ed version of our apparatus which does not employ an
electron monochromator.

The transmission method isbased on detection of the
pronounced oscillatory structure in the total scattering
cross section of electrons from N, in the 2—5-eV re-
gion.® The structure is due to the formation of a tem-
porary negative ion of N,, the N;(II,) state, which has
a lifetime of approximately 10-'® sec. The ion produces
a resonant contribution to the scattering cross section
with peaks at energies corresponding to the vibrational
levels of the negative ion.® The lowest of the peaks is,
therefore, characterized as a transition from e +N,(v
=0) to N;(z' =0), the second peak as e + N,(v=0) to
N;(v"=1), and so forth.

If vibrationally excited molecules in »=1 are present,
the lowest transition will correspond to e +N,(v=1) to
N; (v’ =0), producing a peak in the effective total scat-
tering cross section which lies below the lowest transi-
tion in the unexcited gas by 290 meV, the vibrational
spacing in N,. In a similar way, if N,(v=2) is present,
the lowest peak will occur two N, vibrational quanta be-
low that in the unexcited gas. These transitions are
analogous to the “hot bands” found in optical
spectroscopy.

The presence of the additional peaks in the total scat-
tering cross section provides the basis for detecting
vibrationally excited N, as we have indicated previous-
ly.2 In particular, the wide spacing between the peaks
suggested that high electron energy resolution might not
be required and that a transmission experiment with a
simple electron gun having no dispersive elements would
suffice.

Before describing the components in more detail, we
review briefly the principles of a transmission experi-
ment. A beam of electrons with initial current I, col-
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limated by an axial magnetic field, is passed through a
cell of length L containing a gas at density N which has
a total electron scattering cross section Q. After leav-
ing the cell, the scattered electrons are rejected by
retarding at an aperture following the cell, The unscat-
tered or “transmitted” current, given by I,exp(— NQL},
is collected. To enhance the sharp variations in this
signal which arise from the structure in the scattering
cross section, we use the technique devised by Sanche
and Schulz,® namely, we detect the derivative of the
transmitted current with respect to energy. This is car-
ried out by modulating the electron energy in the cell by
applying a small sine wave voltage and detecting syn-
chronously the ac component of the transmitted current.

Figure 1 illustrates the components of the simplified
transmission apparatus. Electrons leaving a thoria-
coated iridium filament F are collimated by an axial
magnetic field B of approximately 150 G and are accel-
erated by electrode P1. Our only concession toward im-
proving the energy spread of the electrons is to retard
roughly one-half of the current at P2 and P3 resulting
in an asymmetric energy distribution with a FWHM of
about 200 meV.

A crossed beam geometry, rather than a static gas
cell, is used to minimize contact of the vibrationally
excited gas with metal walls. The molecular beam form-
ed by effusion from the sampling slit is intersected at
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FIG. 1. Schematic diagram of the transmission apparatus.
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FIG. 2. Derivative of the current transmitted through N, as a
function of electron energy. In curve (B), the N, is in the
ground vibrational state. In curve (A), the N, has been passed
through a microwave discharge. The additional peaks in the
spectrum indicate the presence of N, in v=1 and 2,

right angles by the electron beam. The collision region
is defined by the electron-beam entrance and exit plates
M1 and by two plates M2 parallel to the plane of the gas
and electron beams. The energy modulating voltage is
applied to the latter plates. After leaving the collision
region, the scattered portion of the electron beam is
rejected by retarding at plates Rl and R2. The unscat-
tered portion of the current is collected at electrode C.

As in our previous test of the transmission method,
a microwave discharge in rapidly flowing N, was em-
ployed as a source of vibrationally excited molecules.
In the discharge region, pressures of typically 6 Torr
were used with the excited gas reaching the sampling
slit in approximately 10 msec.

Figure 2 illustrates sample spectra taken with the
microwave discharge on [curve (A)] and off [curve (B].
In this figure, the derivative of the transmitted current
is plotted as a function of the electron impact energy.
To indicate the signal-to-noise ratio, these spectra
were each taken in less than 13 min using a time con-
stant of 100 msec in the synchronous detector. The
electron beam current was ~2X10-% A and a microwave
discharge power of 100 W was used.
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In the undischarged N,, the structured nature of the
scattering cross section is clearly visible even with the
broad electron energy distribution used here. The
formation of eight vibrational levels of Nj is evident
over the range from 2 to 3.8 eV. With the discharge
active, two additional features are apparent below 2 eV.
The lower peak indicates the presence of N,{v=2) by the
transition to Nj(v' =0). The next peak contains contri-
butions from both e + N,(v=2) to N;(»'=1) and e + N,
(v=1) to N;(v' =0).

The transmission method in its present form provides
a simple and rapid means for observing vibrationally
excited N,. To put measurements such as these on a
quantative basis, we require the relative scattering
cross sections from each vibrationally excited level of
N, proceeding through the formation of N;.° These cross
sections may be computed using the semi-empirical
model of Birtwistle and Herzenberg.” The calculations
are being carried out by Dubé and Herzenberg?® by fitting
to recent data of Wong and Schulz® for vibrational ex-
citation from the ground state of N,. A preliminary com-
parison of the calculated transmission spectrum for
N,(v=0) shows excellent agreement with the experimen-
tal data. A detailed account of the transmission method
and the unfolding procedure for determination of the
fraction of N, in vibrationally excited levels is in
preparation.
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