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GAS PHASE INTERACTIONS IN THE SHUTTLE ENVIRONMENT 86055

1). E. Hunton *

Air !orce Geophysics Laboratory
Hanscom Air Force Base, MA 01731

J. M. Calo
Division of Engineering

Brown University, Providence, RI 02912

Abstract Ins trumentat ion

A quadrupole mass spectrometer was flown on The Quadrupole Ion/Neutral Mass Spectrometer
STS-4 by the Air Force Geophysics Laboratory. A (QINMS) consists of two packages. The sensor pack-
retarding potential grid located in the ion source age contains an electron impact ion source, a system 11L
distinguished between high and low energy ionic of grids, the quadrupole rods and the electron
and neutral species in the Shuttle environment, multiplier. The interior of the sensor is sealed
The bulk of the neutral water molecules entering with a motor driven cover and is exposed to space
the mass spectrometer appear to be thermal. In during the measurements. The sensor package also
contrast, a considerable fraction of water ions, contains the rf oscillator, two logarithmic data
which are formed from charge transfer react ions amplifiers and the high voltage power supply. The
with ambient 0+ , 

have energies greater than thermal, second of the two separate packages is the electron-
The high energy species are attributed to non- ics box which contains the command, program, signal
reactive collisions between the thermal water ions conditioning and telemetry circuitry.
and the high energy incoming flux of ambient neu- On STS-4, the mass spectrometer was mounted in

trals. The energy distributions of tihe ions are a fixed position approximately three-quarters of
affected more by these interactions because of the way back in the payload bay. The sensor pointed
their greater collision cross sections. out over the right wing of the Shuttle (in the +Y

direction), and was elevated 120 above horizontal.
The sequence of measurements made by the instrument

Introduction and the number of times the instrument was turned

on during the flight have been discussed in apaper.
A quadrupole mass spectrometer was flown bv, previous paper. .-. ...

tin Ionospheric Phsics Tivision of AH;, on STS-4 Figure I is a schematic diagram of the internal -

ill let and July of 1982. This instrument, designed construction of the mass spectrometer. The retard-
by tit late rRoco Narcisi and coworkers,measured ing potential analyzer is labelled the energy anal-

the, ioniicuand eutral constitunts in the vicinity ysis grid, and is located between the ion source
of the Shuttle . A retarding potential analyzer and the entrance aperture to the quadrupole rods.
was used to differentiate the fraction of each in- The "non-retarded" (NR) intensity of each ionic and %. ..
coming species with energy greater than a certain neutral species was recorded with -10 V on this

. cutoff energy from the fraction with less energy, grid. Because the grid was essentially transparent *'-

The "non-retarded" (NR) intensity of each species at this voltage, the NR intensity was a measure of p.
was recorded with -10 V on the retarding grid, the total flux of each species entering the spec-whereas thle "retarded" (R) intensi ty was recorded trometer. The "retarded" (R) intensity was recorded %"' ,.,-

with +2.5 V. Thus, the cutoff energy for neutrals with +2.5 V on the grid. This voltage was chosen
was 2.5 eV. For the ionic species, the cutoff because the motion of the Orbiter through the atmo-

energv depended on vehicle potential, and was in sphere gives ambient species considerable energy
the range 0.5 - 1.5 eV. with respect to the Orbiter. In electron volts,

rime original experimental plan was to inter- this energy is approximately equal to the mass num- ,. -

pret the R mode intensity of each species as a her of time species divided by three. Thus, ambient ,. . -

measmre of the ambient concentrat ion and to attri-

bute the difference between the NR and R mode in- -". '
tensities to time thermal or low energy spcics"'

tomd wi thn the Shuttle env ironmenmt. 1mm a pre-
vious paper , we showed that, in the case of time M /T W ul,

ions, this plan was complicated smmhstantiallv hv by -
reactive and non-reactive scattering processes ,"
t mat occur within the contaminant cloud surround- - em' '.-.
ing tie Shuttle. In the present paper, we extend D- . "

thalvs is of time H mode data to time nettra I ,fSr~i

species in the Shuttle environment. s" I ,

Figure 1: Schematic Diagram of the Quadrupole Ion/
Neutral Mass Spectrometer

This paers Is declared a work of Ike U.S.
Goeurnmeft ad ohs @ore Isini She public domain.
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species (ions or neutrals ionized in the ion * u
% source) easily have enough energy to cross this

potential barrier and be detected.0... NOMA -

Results and Discussion -

The mass spectrometer was not operated con- -*, iI
tinuously on STS-4, but was turned on for many IIJ
five to fifteen minute periods throughout the -
flight. The instrument collected one complete I 1
mass spectrum approximately every second during
these periods. One method which has proved useful
in reducing this large volume of data is to first I- ,
separate out the data taken when the RCS engines
were firing and then to calculate an average in- L 1 a 71 U " I=

tensity for each ion and neutral species for each ORBIT NUMBER
data collection period. This method shows nicely
how the overall species concentrations changed Figure 2: Flight history of neutral water inten-
during the flight. sity. NR signals are plotted as the solid

The results of using this data reduction tech- line. R signals are plotted as the dashed
nique on neutral water vapor are shown in Figure line.
2. Averaged NR intensities are plotted as the
solid line and the averaged R intensities as the
dashed line. Around orbits 5, 18 and 32, there
are prominent features in the NR water intensity
profile where the water concentration rises about
an order of manitude above the adjacent levels. .
Narcisi et al. have pointed out the striking " "To

correlation between the water concentration and
the temperature of the mass spectrometer. The -

peaks in water concentration are due to the in-
creased surface outgassing rate at higher surface .- ,"

temperature.rIAA
An unexpected result is the behavior of the "

R mode water intensity. Throughout most of the -*" .

flight, the R intensity was nearly equal to the NR ZT I
intensity. However, at the same times the total - ! "
water concentration increased due to the temp- ILI i i\
erature changes, the R mode intensity dropped
dramatically to as much as three orders of magni- .1 . I -I

tude below the NR signal. In the water data, this OB NUMBER
behavior is seen most clearly at orbit 32. RBTN BR

The orbit averages of the neutral NR and R. - .
mode mass 17 signals are shown in Figure 3. Figure 3: Flight history of neutral mode mass 17
Because the mass 17 signal is almost entirely due signal.
to OH+ produced from dissociative ionization of
water in the ion source, it shows the same behav-
ior as the mass 18 parent water signal. The three
large peaks in the NR signal correspond to the
water peaks in Figure 2. In addition, the mirror
image behavior of the R mode signal is even clearer f I I -'..-
in the mass 17 data than in the parent water

*signal. 1110111 own
The final example of the orbit averaged flight o ib

histories of neutral NR and R intensities is the ,.

mass 16 data shown in Figure 4. Mass 16 ions can ,
be produced in the ion source by ionization of the >_ -
ambient atomic oxygen and also by dissociative 1,9 "
ionization of water. Because of this, the NR and Ln I
R intensity patterns due to the parent water are Z! V .
somewhat obscured. -- -"

We had no influence over the attitude of the Z
Orbiter during the STS-4 flight. Hence, the data
in Figures 2-4 were obtained at many different -3

instrument angles of attack (the angle between the . i , . "
centerline of the sensor and the velocity vector). ii V i n a * i * , ,
We have evaluated how the intensities of the ORBIT NUMBER
species in Figures 2-4 varied with angle of attack neura'mde'as."
by sorting the data into 150 angle of attack bins Figure 4: Flight history of neutral mode mass 16

and then calculating bin averages, signal.

# % ~~~~~~~~~~~~......:..-......... ....... :...: :. : ....... '..'...'....-. .'-.'.'''. .... '.... -. .. "'.'. V""":
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Figure 5: Angle of attack variation of neutral Figure 7: Angle of attack variation of neutral-.
NR water signal. R water signal.

Figure 5 shows that there is virtually no var-
iation in NR water intensity with angle of attack.
Because there is very little ambient water at

I-._ I__ _ _I Shuttle altitudes, the only source of water in the . .

Shuttle environment is outgassng of the Shuttle
surfaces. The water seen by the mass spectrometer-. -
may be directed outgassing flux from the surfaces

or may come from a cloud that travels with the
Shuttle. The flat angle of attack curve is con-
sistent with either explanation.

For comparison, the angle of attack variation
in the atomic oxygen signal is plotted in Figure 6.

CC In the first 450, the intensity of the atomic

oxygen falls off by approximately three orders of
>-! "-magnitude and then flattens out into a long tail
-- that extends to 1800. The large signals near ram
Ln are due to ambient atomic oxygen and the smaller
Lu signals at higher attack angles are due to diss-

ociative ionization of water.

Z -The data in Figure 6 make it clear why the
flight history of atomic oxygen in Figure 4 is so

CZ different from that of water. The orbits showing
the highest intensity of atomic oxygen were taken

*-.with the instrument in ram. These large signals

.- are due to ambient atomic oxygen. When the instru-
ment was out of ram, the signal was much lower, and

was due to dissociative ionization of water. These
lower signals are more characteristic of the water W

* * * * * * * *j * * * behavior. This is particularly evident at orbit
' Is 45 68 7S 93 15120 i1351i531i6S 32 where the mass 16 NR and R signals show the same

"ANGLE OF ATTRCK (DEG) mirror image shape as the parent water.
Figure 2 shows that the R mode water intensity

was nearly equal to the NR intensity throughout
Figuru 6: Angle of attack variation of neutral most of the flight. This is reflected in Figure 7, . * -

NRH atomic oxygen. where the angle of attack variation of the R mode
water signal is plotted. The retarded water signal
Is as independent of angle of attack as the NR
signal. The large differences between the NR and R

. . . -.-.. ... .. .... ..... . .. .. -. "-...--. . .."



signals at orbits 5, 18 and 32 have been averaged on the grid surfaces. The effective potential of -
out by the sorting procedure. the grid depends strongly on the pressure and

As mentioned above, we intended to interpret composition of the gas in which the grid is immer-
the R mode intensity as a measure of the amount sed.

% of high kinetic energy species entering the mass The effects of adsorbed gases on the electrical
spectrometer. The data in Figure 7 seem to indi- properties of metal surfaces have been studied in
cate that just as much high energy water gets into ultra-high vacuum experiments with single crystal
the instrument when it is pointed into wake as metal surfaces

5
. The adsorbed gas creates an W

when it is in ram. electrical double layer which changes the effective 5,,

It is difficult to explain the apparent de- work function of the metal. The change in the work .
tection of high energy water in wake. In a prey- function is equal in magnitude and opposite in sign
ious paper

2
, we discussed a number of mechanisms to the change in the surface potential. The mag- . .

that could give rise to energetic water ions in nitude and even the sign of this effect vary with
the Shuttle environment. The most important of the type of adsorbed species, the type of metal,
these is collisional scattering between the ambient the crystal plane of the metal and the degree of
species and the outgassing water ions that are surface coverage. Nevertheless, the trend is to-
formed from charge transfer reactions. Similar ward higher work functions with greater surface
backscattering could contribute to a flux of high coverage. This trend generally applies to both

-~i energy neutral water molecules. However, this adsorbed water and oxygen. As the work function " "
would be a directed flux moving in the same dir- increases, the surface potential becomes more neg-
ection as the ambient species. Because of the ative, and the effective potential between the .-

position of the mass spectrometer in the payload metal surface and a reference electrode is reduced.
bay, the body and wings of the Shuttle would pre- It is difficult to apply the results of
vent this directed flux of molecules from reaching surface potential studies in the controlled envir-
the mass spectrometer in the wake orientation. onment of an ultra-high vacuum chamber to the
Even if they are formed in collisions, there is no relatively uncontrolled environment of the mass
way that the mass spectrometer could sample these spectrometer ion source. The ion source surfaces . -
high energy water molecules when it is in wake, are made of polycrystaline rather than single

At this time, we must conclude that the appar- crystal metals. Further, the various surfaces
ent high energy neutral water flux detected in may have different temperatures and surface
wake is likely due to a difference between the coverages.
effective retarding potential felt by the ions and The retarding potential analyzer data appear
the potential applied to the retarding grid. How- to be valid when both the total water vapor pres-
ever, the mirror image behavior of the NR and R sure and the mass spectrometer temperature were
water signals at orbits 5, 18 and 32 indicates high. The amount of a surface covered by gas phase
that the instrument was not equally affected by molecules is governed by the kinetics of both ad-
this difference at all times during the flight, sorption and desorption. Despite the increased gas
In particular, it is worth comparinfp orbits 30-35 phase water vapor concentration during the periods
to orbits 65-75. In all of these orbits, the of valid retarding grid data, the increased temp-

- Shuttle was in a tail-to-sun orientation with the era3ture may have warmed the grid sufficiently to

wings perpendicular to the orbital plane, an decrease the surface coverage of water. .
attitude that gave an attack angle of 90

° 
+ 200. The trends described above offer a qualitati--- ~~,- % .

Despite this common attitude, the instrument vely consistent explanation of the neutral mode .6

behaved very differently in the two periods. There water data. When the temperature was low, the
is a three order of magnitude difference between retarding grid was covered by a large amount of
the NR and R water signals in orbits 30-35, but water which caused the effective voltage to be con-
less than a factor of two difference during orbits siderably lower than the applied voltage. Low
65-75. energy water molecules were then able to pass

At an attack angle of 900, ambient-contaminant through the retarding grid even during the R mode
scattering should direct very few high energy measurements, leading to the near equality of the - "

- water molecules into the mass spectrometer sampling NR and R intensities. Conversely, at higher temp-
orifice. The large difference between the NR and eratures, the water was driven off the surface of
R signals at orbits 30-35 is consistent with little the retarding grid and the effective potential rose
high energy water, whereas the factor of two diff- closer to the applied potential. The low energy

erence at orbits 65-75 is not. Hence, we conclude water molecules were stopped by the grid during the
that the retarding potential analyzer was working R mode measurements, and the difference between the
properly (i.e. gave reasonable results) during NR and R intensities was large.
orbits 30-35, but was not working properly during If we restrict our attention to orbits 4-8,
orbits 65-75. Similar comparisons of attitude to 15-20 and 30-35, the periods when the retarding
the rest of the data in Figures 2 and 3 suggest potential analyzer appears to have provided valid
further that the retarding grid worked properly data, we may draw some qualitative conclusions
only during the times that the water vapor pres- about the gas phase interactions that occur in the
sure and the temperature were high. Shuttle environment. During these periods, the R

The apparent anomalous behavior of the retard- mode water intensity was as much as three orders of
ing potential analyzer may be due to so-called magnitude lower than the NR mode intensity; at
"contact potentials." It is commonly observed in least 99% of the water molecules entering the mass

* high vacuum ion and electron beam apparatus that spectrometer had energy less than the effective
the effective potential felt by a charged particle potential on the retarding grid.
passing through a biased grid may be as much as It is not possible to determine what the actual

several volts different from the applied volt- effective potential on the grid was for these inas-
age3.

4
. Empirical laboratory experience suggests urements. The applied voltage on the grid for all

* that the effect Is due to adsorbed layers of gas the R mode measurements was +2.5 V. With this

D 4



applied voltage, the effective voltage varied from In contrast to the neutral data, the NR and R
a value that allowed passage of most of tile water intensities of the water ions are approximately
molecules to a value that stopped almost all of equal to each other at all times during orbits %
them. Since the temperature changes that caused 0 - 40. In particular, the R intensity is within
the changes in effective voltage were rather small a factor of two or three of the NR intensity for
(varying from 5 to 250C1), we expect that rather all points between orbits 16 and 18. During this
small changes in the effective voltage caused the time, the neutral data showed a two order of mag-
very large changes in the NR/R water signal inten- nitude difference between NR and R intensity. We
sitv ratio. This suggests that the energy distri- take this as evidence that a larger fraction of
bution of the water molecules was narrow and that the water Ions detected by the mass spectrometer
the effective voltage moved from approximately zero may have had energies exceeding the effective pot-
to a slightly positive value. The data are con- ential of the retarding grid.
sistent with ihe majority of the neutral water Ion-dipole and ion-induced dipole forces gen-
being thermal. erally increase ion-neutral collision cross sections

We cannot rule out the possibility that a cer- by an order of magnitude over the cross sections
toin fraction of the neutral water molecules had for comparable neutral-neutral interactions.
energy higher than thermal. The energetic compo- Because of this, the water ions in the outgassing . .
nont can be detected by the mass spectrometer only flow of water from the Shuttle have a much greater
when it is in ram. Unfortunately, no neutral ram chance of colliding with an incoming ambient neutral

data was taken during the three periods outlintJ species. These collisions are a likely source of
abov, the high energy species detected by the mass

Throughout the STS-4 flight, the mass spectro- spectrometer.
nettr was commanded to switch between ion and
neutr I mode data frequently. Accordingly, we have
hoth ion and neutral data from approximately the Conmlusions
same times in the flight. The flight histories of
orbit averaged ion intensities show that the energy The retarding potential analyses made by the
distributions of the ions are substantially dif- AFGL quadrupole mass spectrometer aboard STS-4
fvrent from those of the neutrals. As an example, may have been strongly affected by contact pot-
ligure 8 plots the orbit averages of NR and R mode entials. The effective potential felt by the ions
I 1o

+ 
intensity for orbits 0 - 40. This portion of appears to have been as much as several volts less

the flight contains the periods when the retarding than the applied voltage. The difference between
grid was working properly according to the neutral the applied voltage and the effective potential
dit. correlates well with the gas phase concentration of

The variations in H2 0+ signal intensity are water and with the temperature of the instrument.
du almost entirely to angle of attack chan~es. Variations in the amount of the grid surface
1;oth the ambient 0+ 

and the contaminant 1120 ions covered by water molecules may be the cause of the
li.e. very strong angle of attack dependences when contact potentials. We propose that the retarding
l,,tted as in Figure 5-7 despite the fact that the potential grid gave more valid data at higher temp-

11,t+ ions are formed from neutral water molecules eratures. The increased surface temperature may

b\ charge transfer reactions, have driven off some of the adsorbed water, leading

to lower surface coverage and less difference
between the effective grid potential and the applied
potential. These observations may be important in '..-
the design of future retarding potential analyzers .'.

for use in the Shuttle environment.
Despite the variations in the effective retard-

Ing grid potential, there were times during the
flight when a consistent interpretation of the data
was possible. At these times, greater than 99Z of
the neutral water molecules entering the mass spec-

I ~ trometer had energies less than the effective pot-
-- ential on the grid. This is consistent with the

water being thermal. In contrast, the water ions
may have had a substantial energetic fraction.

_J
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