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ACTIVATED RECOMBINATIVE DESORPTION: A POTENTIAL COMPONENT
IN MECHANISMS OF SPACECRAFT GLOW

Jon B. Cross
Los Alamos National Laboratory
Los Alamos, New Mexico

Abstract. The concept of activated recomblnation of atomic species on
surfaces 13 capable of explaining the production of vibrationally and
translationally excited desorbed molecular species. Equilibrium statis-
tical mechanics predicts that the molecular quantum state distributions
of desorbing molecules is a function of only the surtace temperature when
the adsorption probability is unity and independent of Initial collislion
conditions. In most cases though the adsorption probability is dependent
upon initial conditions such as collision energy or internal quantum
state dlatribution of impinging molzcules. From detailed balance, such
dynamical behavior 1ls reflected in the internal quantum state distribu-
tion of the desorbing molecule. A number of surface-arom rccombination
gsystems demonstrate thils "nonthermal"™ behavior: He—Cu,Na-Fe,COE-Pt. ete,
It is proposed thet thils concept, activated recombinative desorptlon, may
offer a common thread in proposed mechanisms of gpacecraft glow. Ground-
based experimenls arc proposed which will complement flight lnvestligatio-
ns probing the mechanism of the glo' phenomenon. Using molecul:ar beam
technlques and cqulpment auvailable at Los Alamos, which includes a high
tranalational encrgy O-atom beam source, mass spectrometric detectlon of
degorbed species, chemlluminescent/laser Induced tluorescencs aetection
of electronic and rovibrationally excited reaction products, and Auger
detectlion of surface adsorbed reaction products, we proposce o Cundamental
study »f the gas-surface chemistry underlying the glow process,  Thig
would lead Lo the development of materialyd that could alter the speclral
intensity md wave length distelbution off the glow,

Introduction

Interaction of Lhe low-Earth orbit (LEO) environment with vun-ortentoed
spaceeraft surfaces may fnvolve both gas-surface and gas-plise component:s
whose relative tmportance (o poorly understood,  From copgepvatl fon of
Flux argumenty the ram preassure can be 30 Lo 100 Limen Lhe ambient LED
predsure depending upon Lhe oxbtent of gau-phase equilibeation with the
aurtace temperatuere. AL low-albilude prossures an high aa 1077 Torp may
b pregent near ram surtaces, which could produce glow rom tho low pralos
ol roLational and vibrational exeitatlon produced by collisfons wilh
vam cdirceted O-atoms (5 V) o N, (11 oV) o well an don or eloetrons. An
alternative mechantam Lo ,4.|:s~-|1|\.\}t-- oxaeftatlon Lieg tn degoration of vib-
rattonally excelted recombinatfon or surtaes proaction peadaeta Lhirongh
aclivated rocombination.  Molecnlon nol normally Cound o LEO can be
Formed by recomblination off oxysen aned ndtrogen atom:s on apaeeerart e e
Faced an well an reactbons of O -atoms with Lhe suelace subste Qe boma
Forming specios aueh o an O, oy o0 Uy WO, otews ol off whilen may ooqy e
teibate Lo chiembiamineseent rlow Lhrungh Aacttyvat g denoept fon,



Activated Recombinative Desorption

Figure 1 is a schematic potential energy representation of molecular
and atomic particle lnteractions with a solid surface wnich illusirates
the concept of activated recomtinative desorption. Collisions of gas-
phase molecules with a surface can result 1n physisorption of the mole-
cule into a precursor van der Waals potential well or chemisorption into
a dissoclative atomic state by crossing from the molecular to the atomic
state curve. In many cases a barrier must be surmounted to cross to the
atomic state resulting in an activation energy for adsorption in
mclecule~-surface collisions while adsorption of atcmic species 1s rarely
limited by barriers. The reverse process, molecular desorption, ls ac-
companied by the release of molecules having a high translational energy;
l.e., atomic recombination occurs with the molecule baing born at an
elevated potential and leaves the surface with thls energy. A number of
examples [Comsa and Cavid, 1982; Kublak et al., 1984; Robota et al.,
1985] involving hydrogen can be round 1n the literature which show that
H, desorbs with translational temperatures as high as 2000 K and wlith
vfbrational populations 50 times greater than expected from an equilib-
rium ensemble at the surface temperature of 300 K. Molecular nitrogen
[Thorman and Bernasek, 1978] cxnibits high vibritionil excitation ln the
ground electronic stite when dosorbing from iron. Vibriational excltation
of CO~ produced by oxldation of CO on platinum [Grown ind Bernasexk, 1986]
has been observed with the extent of excitation decreasing with tnereas-
ing surface coverage of oxygen. In these cases the deasorbing molecule
loses memory of the Ilnitlil <ondittons prevailing befor: desorption und
is only influenced by its posltion at blrth,

Even Lhc.gh there can be extensive etchlng of surfices 1n LEO, uxygen
or nitrogen atom reactiony with aspaeceraft surfaced Lo produce oxelted
products seem to be ruled oul by the fact that most surtaces exposed Lo
the ram Alrectlion glow with tntenaity varlattens of * to 3, t,e,, thiat
the gluw i3 indepandent of surface composition. TIhis suggestdy that
surtfaces slmply act 1w o third body to calalyze recombination ol oxi it
lng 1tomtc speclos fouad In LEQ, most probably «xyg n ind nitrogen at-
ums. Siner the altttude dependenee of the glow nt-astty follows that
of atoml: ind not molecul wr apectes, N, goems Lo be raled ogl g a4 reaee
tlon partper with O-.a* =, but {t hads been propoaed | Swenagon eboal,,
19845 ] “hat atLrogsn atom:s miy be Lthe rewctant controlling the plow 1n
Lonsity,  This suggosts That Lhe following rewction soguaense may be onpe
of the major component:n {n the glo+ mochani:m

O(a) « N() + csurlaee » NOI) o o'l e (1)

OC) + NOGY o e e s Ni)' Y 0 e e (M
wiers the aurfwee oetn v thied body to stabi i the newty Formed
moleculen before deaorpty i, Many nveat bgat tane hav - bBeen poelopmed o
Lhe e et an

0y N - 0, NU Ll

whi-h have ahown that N be Popmesd wit e aabat oyt pal yihe =t ool
[Kanloer ot al,, 190 enerey, el oure work [ van den Loge ot g, ]



shown in Figure 2 shows both internal and translational excitation of the
NO2 product. Though it may be stretching the point a bit to consider (3)
as a reactlon of O-atoms on an oxide surface (02) with NO, nevertheless
the results indicate that NO, formed from thls reaction possesses the
characteristics needed to fit the glow data, i.e., long life time (tens
of microseconds) und strong spectral emission in the Infrared (1-3 u).
Indeed it has been demonstratecd [£rown ana Bernasex, 1985] that vibra-
tionally exclited CO2 is produced through oxidation of CO on platinum
surfaces and chemiluminescence is observed in the gas phase. Satcllite
mass spectrometer measurements [Engebretson and Mauersberger, 1979] nave
shown formation of NO and NO, on 3urfaces In the ion source reglon but no
dirert measurements of nitrogen oxide desorption from spacecraft surfices
has yet been made to confirm this nypolnesis., High signal-to-polse miss
spectrometric investigations of tne spacecrift environment will be needed
to ldentil'y tne presence of NO.,.

Gas—Phase Excitration

Even though activat.-d recombinative desorptlion 3eems an attractive
ldea to explain spaceoralt glow, Lnere is no 2onclusilye evidence trom
LEQ experiments to .upport 1t ind there may in et be aeveril mecha-
nismg tn vperation wii~h come into pliy 13 Lhe concentration of spelies
changes. NU, could (ndeed be Formed ot hign aurface coverages of' oxygen
ind desorb tn {ts ground state with Jubseguent «xcllition by gi3-phuse
collisions witn 1on, =l-:etron, or neutral apecios. A combinatizn of
molecular beam acittering experimenlsd nd theory will be necded to ge
teraine orosa sceaetiona 'or nign owergy 2 odom e ttatlon procesasy in
order to realtstically wasess Lhe contribattion of gas- phine calliastons
Lo the glow phenosienon,

LEO Exporimen

Fxtenatve oxpertmental do are poeded from LEO 1o order Lo narrow
down The posatbhls mechantaas of apae s peaft glow, Wath hbsh rosalal (on
Apectroiseopte Informatlon ind glmultaneows mags apectronet or delecet ton
A aurf e desorboed apeslen Wil be nesesary Lo o dil st tngul ah beLwesy
virious proposed models,  To astudy oLehing and glow mechanlamsn v omow:s
apectrometer with nigh sensitivity and 000 eentia pumplng et tne
ibility "o uan madal wtton teennfguoen will e poeaded 1o ordope to dotope -
mine concentrations of roactant g oo well o aaerfaee et on prodis ta,
Extating muas apectpronetora coultd be petpoflitiod witn jton counting Jde
Loagtora, chopper:a For performing modul b od molecul e eam detest fang oaneg
molecyl e shielda Cor CCerent Tal pumplng. A atrong -mphacsds ahoul o be
placed o neving At de eof the et techint s tn fatare TRO - xperiament oy,

o A measc T Tpmal s Pt b e

A n eV O tam sionpe-+ v b -|.-\,.-‘.\||.-|| [T ey anel St T, ] p
Fovt Al oy tho wtll b g o chebpvering Flagxes oF UL I o oune
o ta o stample ! e U omgdber b al oy Ve T, S Doane o ot g
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glow mechanisms. The source is based upon the use of C02-laser-
sustained discharge techniques and using a 70-W laser has demonstrated
translational temperatures of 9000 K in xenon. Calculations predict
that similar discharges -. helium will produce velocities in excess of
10 km/s but will rejuire laser powers of 1 kW or greater. We have re-
cently demonstrated operation of this concept at 400 W of laser power in
argon ana 30% oxygen for 2 nours using a boron nitride nozzle. We are
presently integrating this laser (maximum power of 70J W) with the Los
Alamos Molecular Beam Dynami.:s Apparatus 1 (LAMBDA 1) to obtaln uU-atom
beam velocity distributions.

LAMBDA 1 [Cross, 1984] snown in Figur= 3, is being configur=qa to test
and calibrate a mass spectrometer (providea by AFGL) which is to be flown
on STS to detect surface desorbed etcning reactian proaucts as we.l as
reantants in the ambient iatmospnere. Our objective Will be to u3se the
high-energy laser sustained O-—atom source to 1) delermine detection
sensitivity for 5-eV O-atoms and etching reaction products, .!) demon-—
atruate 'ne advantage of modulited phase 3unsitive detectlion technlques in
LEO experiments, 3) determine the contributlion to LEO observations froum
gas-surface reactlone occurring in rthe ion source, 1nd 4) calibrate tne
AFGL mass spectrometer -agilnst tne LAMBDA 1 mass specirometer detcctor 1in
order to relate ground-biged Lnvestigatlons to LEC observations., Thls
effort will provide tne unique atility Lo directly compare tuture sStudles
of etching mechinisms with [LEO expuriment:s .ind to provide in O-atom teyt-
Ing faclility tor us2 1n materliald development progrims. LAMBDA 1 has
demonstrated [Pack -t il., 19827 nign cenzitivity and resolutinn In meas-
urements of gas-phase colliaion dynamies and could 1lso be used Lo meas-
ure elastic, itnelastie, and reactive high energy J-atom collision crosa
sections thuit would be uded 1n fulure glow model ing.

Trough LAMBDA 1 -an be configur—d 1o illo detect chemtlumlpesqgence:s:,
LLAMBDA .}, shown In Figure 4, 15 beltor sulted tor these Lypes of eoxperi-
ments nd prov..ea the 1natrame-ntiatian to deteoel reaelion produets Prom
beam-suerface acittering by 1) muag spectromelry, ) chemiluminadcence,
or {) lLaver-induced fluoreacence n 2 UV cnvipromum nt g well i proviad
Ing surtace chariclerlcatlon uslng Auger or 205 UP 0 apeetroacopy.  isean
sourcen developed for the LAMIDAD oo intercnange imale hetweon tne Lwo
Instrumentd, Lhus llowlng comparlson of resalt s, Wo o propone ustingg thi s
micnine Lo tnvesligate suelaee catalyzed e -phoa cnomd L umd negeenens
producnd by The InLeract fon of high-onergy oxygen and niieraos-n be yns
with apaceecratt matert v, Reprogenbtaltive aael e woul o b oxpaseg g
a1 N0 atom beam. and me ciarements of 1Y tranniat lan gl epergy aaing time
of flight. Ltechnlques and "7 inLernad onergy datng 1ooer ttstaesd rluoes:
cence woinld be performed ta d teemine the oxtent of X1 dban, Threagn
the combined ane of LAMIDA 1 il 2 oy complete plotars of otehing and
glow mechaniamn can be obUatned, whicn wogl-l gy the bl s o deapgn of
mitertaly ond praceasua o goe (o low Daeth oebgt,

[T 1 TR ETRS BT

To achteve oaunt dpesd peresenec- n 1oaw b arthe st noeow anil novel omataes
rlala will need to e dovelope:r T o et et ot Tong tern
O qbom oxpotgre, bl ereject fan sy dem s Wt L peires b Vempuer b ape
el yeen Tpat Wil et el e [0 Vel T emt vty e Loy puerdl
aln of time (O vern) . gl steangth oo wen gt el oy cpaxy L beye coin
pontte atpuctae b mat erl oo Wi e predecbrve et e o Long Leem,



maintenance-free operation while silver interconnects on solar cell pan-
2ls will require coatings or be replaced with more inert material. Meth-
ods for controlling or eliminating ram surface glow need to be devised to
provide optimum conditions for infrared astronomy and Earth viewing.
Before new materials can be devised, a basic understanding of etching and
glow mechanisms will be required after which cptimum design parameters
for materials can be decided upon. Activated recombinative desorption of
reaction products from surfaces may be a common thread in mechanisms of
spacecraft glow, but a great deal of bdsic research into gas-phase and
gas-surface dynamics will be needed to fully explaln this phenomenon.

Los Alamos is uniquely equipped with instrumentation arnd staff to
collaborate with NASA in fundamental investigations of LEO material prob-
lems. A traditional strength of the Laboratory is materials chemlstry
and physics f“rom which facilities have been developed for ion microprobe
Ilnvestigations of subsurface bulk diffusion processes [Thompson et al.,
1983 ], surface chemistry and physics [Campbell and Paffett, 1984], and
theory [Doll, 1985] of gas-surface processes. The combination of LAMBDA
1 used for mass spectrometric angular and translational energy particle
detectlon, LAMBDA ? used for internal state and fixed laboratory uangle
translational cnergy detection, and the high—-energy U-atom source repre-
sents an additional unique resource that can be focused to provide solu-
tions to the challenges of extended operalion In low-Earth orblt,
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Fig. '. Potential eocrgy doagran representing aetivated desorption.
Molecules colliding with a surface can be Yragged tna moloeud ar e eur
sor well or with sutfficient collinton energy sweerount, Lhe barreler EA and
crrons Lo Lhe dissochabive abombe state curve and e chemtoal by Leapped,
in mosth casen desorplion aecurs with the expalai o of moleculen X,
rather than X, and the moleeale oxabs the surtface with energy EA." In
some cisen (see g aned BavEd ) TR the Lwo die nsid onal suefaes has
holea Jn b ad molecuales cane oxil over the boapetor and e 1ol af oot ed
by sarfaee tomperatarey While other o clecglen o e st b wi hont,
bareders and ape weeosr sl al Lo Ve et vene et o,
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Fig. 2. Center-of~mais conlour map of the NUL flux distritution ob-
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TOP VIEW

TO ION COUNTING
SYSTEM

QUADRUPOLE MASS
FILTER WITH THREE
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CHOPPING WHEEL

103 400 400

/
SKIMMER 0/s &/s Q/s

NOZZILE

Fig. 3. Los Alamos Molecceular Beam Dynamices Apparatus 1 (LAMBDA 1) show-
ing the central portion of Lhe instrument including the molecular beam
source, sample mantpulator -molvecular buam intersceetion zone, and a por-
Lion ot Lthe movable detector,  The detector ts an electron bombardment
lonicer quadrupol o mans specteometor suspended fran the rotatable 1{d of
the matn vacuum chamber for Lhe measurement of angular distributlions.
Also shown 1o a Lime-of £11ght chopping wheel, which allows for 0%
Lransmission officiency and Lime-of-t'Light measurement by crosy corre-
Yating Lhe data with Lhe soequenee. Pumping on Lhe scaltering chanber g
weeunplishoed with a Hguid nitrogen aryoliner, 1.lu‘l)n:nv)ln(:;fl..r' puvnp, and
velosed eyale pasoous heliam ceyopamp. Pressares off 1078 1y 107 porr
Looohtained in Lthe sedbering choanhor,
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Fig. 4. LAMBDA 2. This figure shows a detailed view of the central

portion of the appariatus that consists of a nozzle chamber, a differen-
tial pumping chiamber containing flags, choppers, and a slotted disk

veloelity seloetor;

and a4 UHV (10710

Torr) cnamber containing a eryo-

shroud, sample minipulator, surface analysis equipment consisting of
LEED and Auger unitys, provision for collecting fluorescence light and

lLaser-{nduced fluoresennce signals,

A quadrupole mass spectrometer (not
| ] |

Shown) with two stages of ditferential punping and a cross correlation
Lime-of-rLight chopper {8 epposite the LEED untt and s limited Lo a

Fixed 1aboratory angle,



