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should be scraped in order to ensure
that all material is experiencing consis-
tent grinding. At the completion of
grinding, or during testing in the lunar
environment, a portion of the activated
material will be added to a solution con-
sisting of disodium terephthalate diluted
in phosphate-buffered saline (PBS) at a
concentration of 10 mM. The concentra-

tion of the sample in solution should be
at least 1 mg/mL in order to provide suf-
ficient fluorescence intensity. After allow-
ing the sample to interact with the solu-
tion for 30 minutes, the mixture will be
filtered using a 0.2-micron filter. The fil-
tered solution will be placed in the
quartz cuvette, and emission spectra will
be obtained using an excitation wave-

length of approximately 324 nm. The
emission spectra will be compared to the
calibration curve made using pure 2-hy-
droxyterephthalate.
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The aperture ion source was conceived
to eliminate distortion in measurements
of angular distributions of neutral atoms
and molecules that require electron-im-
pact ion sources. The approach simplifies
the coupling between ion source and
spectrometer while providing virtually
distortion-free angular distributions and
improved accuracy in the dimensions of
the ionization region. Furthermore, it vir-
tually eliminates the volume occupied by
the ion source.

The basic idea is to place the ioniza-
tion region in the aperture to the en-
ergy-angle analyzer or mass spectrome-
ter. Electron impact ionization of
neutrals prior to analysis is used here as
in conventional ion sources. Implemen-
tation of the idea embeds the ionizing
electrons in a very narrow space immedi-
ately above the spectrometer entrance
aperture, leading to improved perform-
ance over the present extended ion
source configuration. In order to ensure
a field-free ionization volume, the ion-
ization space is defined by two plates
with identical apertures, the central
plane between the two serving as the ob-
ject plane for the spectrometer. There-
fore, the effective position of the en-

trance aperture to the spectrometer lies
in the middle of the ionization region.
One of the goals is to provide an easy
way to specify the position and dimen-
sions of the ionization region. Thus, the
smaller the ionization region, the easier
the specification of the ionization re-
gion, and if done properly, the smaller
the fraction of unused electrons in the
electron beam. Making the ionization
region as small as possible should also
enhance ionization efficiency. This is ac-
tually borne out by a calculation com-
paring the ionization efficiencies of the
present scheme to that of the aperture
ion source.

The aperture ion source would oper-
ate as follows. One of the four cathodes
is activated to emit ionizing electrons to-
ward the ionization region. A collector
just ahead of the diametrically opposite
unused cathode registers the ionizing
electron current. A fraction of the neu-
tral atoms and molecules passing
through the apertures is ionized and
proceeds on to the interior of an energy-
analyzer to give the energy-angle distri-
bution of the original neutrals.

In addition to simplifying and en-
abling distortion-free measurement of

angular distributions of neutral atoms
and molecules, this innovation offers a
drastic reduction in ion source volume
with improvements in ionization effi-
ciency. This innovation also lends itself
to mounting two, four, and possibly
eight cathodes around the aperture to
provide two, four, and eight-fold redun-
dancy to improve reliability.

The formulation process of this idea
showed that the aperture ion source of-
fers higher efficiency over conventional
ion sources that ionize the neutral gas at
some distance from the entrance aper-
ture of the spectrometer. In addition, it
offers well-defined ionization volume
for careful quantitative analysis using
mass spectrometers. Most commercial
mass spectrometers use such electron
impact ionization ion sources with is-
sues of operation downtime due to cath-
ode replacement. The cathode redun-
dancy that comes with this innovation
would reduce downtime by at least a fac-
tor of four. 
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