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DISCLAIMER

This document was prepared as an account of work sponsored by the United States -
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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'The detection of eléctronicélly excited atoms and molecules by electron

,éjection from a metal surfacel) has providéd a means for the study of such

exéitéd'specieS“fof many yearsg-6).' However,'published curves showing the
variéfion in gas-phése excitatioﬁICross-sections ﬁith bombérding electron
énérgy,'for a given‘speéies; differ considerably. Some such'curveé, éften
called 'eicitation funétions', for the produgﬁion of Ng*' by gas-phase

célliéions’With electrons, are shown in fig. l;'together with the types of

. } . . +.
. surfaces used for detection. The sharp resonant EBZE- state of nitrogen, first

_ ’ N ' _
observed by Olmsted, Newton, and Street ), is clearly resolved in the two
experiments (curves a and b) in which high resolution electron guns were
usedu’5). We have shown, by a method of deiayed-coincidence counting5), that

the photon contribution to the nitrogen excitation function is negligible

in the cases5_5) where the crossed molecule-electron beam method is employed.

The differénces in the shapes, therefore, might be attributed to the different
surfaces used as detectors7). In our experiments, an uitra—high~vécuum pre-

55b,

vailed: the curve b is for a photo-sensitive detector surface, Cs

*
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exhibiting an S-L phofoeleétriebrespohse. Thie_sﬁrface ﬁee obtained by
removing the'vacuum.eﬁvelope ef an RCA 951A.photomultiplier in a detectien
chambef operating at ultra—higﬁ vaeuums).

Figure 2 shows ehe first differentiéls; for emph;sis, of the nitrogen. Q”
excitaiion functions) before,and“after deposition of cesium'oﬁto.an antimony
surface. The compoeition an nd photoelectric responsevof the ce51um-coated
surface are not known. It 1s seen that the coef¢1c1ent of electron ejection
does not change uniformly upon dep031tlon of ce51um, but varies with the state-'
of electrqhiC'excitation of the.melecule.- In this particuler case, a looselyl
bound cesium layer on an antimdh& surface, the fbllbﬁing'meehaniSm.for_the
obserfed'effeet'is suggested: By anaiogy'withiPenning ionizeﬁion;of atoms in
"the gas phase, the adsorbed cesium etom is ionized'by the incomieg excited
partiele: Cs % M* —; cst M e ;Tﬁe free:eleetron'is drawﬁ'bff the surface
by an appliedhnositive potent{al gradient ehd the yield of-electrOns versus
exc1tat10n energy of the’ exc1ued moleeule w1ll thus reflect the shape of the
ioelzatlon eff1c1ency curve for'the productlon of Cs by a Pennlng like
ionization process:‘ Figure % shows the 1onlzat10n eff1c1ency curve of Tate
and Smithg) for the'production of cs’ “by electron bombardment of cesium in
the gas phase. There are uWO dlstlnct changes in ion (or. electron) yleld
at respectiveiy ~10 eV ard ~15 eV both qf vhich could account for the shape
of the curve of fig. 2(b). B ’ _-' T . .

Redhead has showé}o) that the shape of~the ioniiétipn efficiency eurve' (
for the prodﬁction of O+ , ‘'by electron Bombardmeﬁt of - chemi-sorbed oxygen on g
' molybdenun, is'similar to that for'the.gas~phaée preduction ef 0" from 0
atome. His results aleo favour the interpretation of fig. 2 in terms of the

above mechanism.
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We chclude that, at least in the case'of a cesium deposit (of‘unknown

dénsity) on an antimony surface, the coefficient of electron ejection varies with

the excitation energy of the interacting particle. Also for this particular

-case, the correlation of fine struétureiin fhe'excitétion functions with

spectroscopic states, may be errbneous because of the nonlinear variation

of the coefficient of electron ejection.._itvis'evident from this result that

there is a need for more work, under conditions of ultra-high vacuum, on (i)

the coefficients_of electron ejection from atomically clean metal surfaces for

- molecules possessing different amounts of_electronic potential energy, and

(ii) on the effects of adsorbed molecules on the mechanism of electron

- ejection.
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FIGURE CAPTIONS

* .
Fig. 1. Excitation functions for production of N2 by electron impact.

A L '
a) Ref. 4, Ag-Mg alloy surface; b) Ref. 5, CSBSb surface;
N ' c) Ref. 6, Ni surface; d) Ref. 3, Mg surface,

Fig. 2.  First differential;vof NE* excitation'function.'
a) Sbvsurféce; b) Cs deposit on Sb surface; detector current in b)
is 100X that in a). o

Fig. 3. Tonization efficiency curve for cs ' (afﬁer Tate and Smifh).

4
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| Fig. 1. Excitation functions for production of N2* by electron
impact. a) Ref. 4, Ag-Mg alloy surface; b) Ref. 5, CSBSb
surface; c) Ref. 6, Ni surface; d) Ref. 3, Mg surface. 9
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Fig. 2. First differentials of N2 excitation function.

a) Sb surface; b) Cs deposit on Sb surface; detector

current in b) is 100x that in a).
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Fig. 3. Ionization efficiency curve for Cs (after Tate and Smith).
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