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ACTIVATED RECOMB INATIUE RESORPTION: A POTENTIAL COMPONENT
IN MECHANISMS OF SPACECRAFT GLOW

,Jon B. Cross

Los Alamos National Laboratory

Los Alamos, New Mexico

Abstract. The concept of zctivat.ed recombination of atomic species on
surfaces is capable of explaining the production of vibratlonally and
translationally exci~ed desorbed molecular species. Equilibrium statis-
tical mechanics predicts that the molecu;.ar quantum state distributions
of desorblng molecules is a function of only the surfact? temperature w!-reII

the adsorption probability is unity and independent of lnittal collision
conditions. In most cases though t.h!? adsorption probability is dependent
upon initial conditions such w collision energy or internal quantum
state distribution of impinging mol~cules. Frcm dcbailed billflnc~, such
dynamical behavior 1s reflected in the internal quantum stdte dls.tribu-
tlon of the desorbing rnolecul(?. A number of SUPftlCc-:lLOM r(!combinatiorr
systems ch!monstratc thl:] “norlther’m!.lltl behavior: li2-(:u,Nc!-Fe,co2-Pt, f?~c.
It is proposed th~t this concept, :lctivated recornbinative desorptlon, may
orfer a common thre:~d in proposi?d rnechanlsms ol’ spacecraft glow. (;rourlti-
bil~ed experiments :ir’c proposed which will complem(’nt flight lnvostlg:~tlo-
nu prOblng the meclltltliarn of Lhe glo,I pllenornenon. lJsing malecul:il’ beam
techniques i~rid cqulpm(?nt :lvail;~ble at Los Alamos, which includes .~ }]ig}l
tran:llationill energy ()-;lLom h,:,un uource, m:lau ~pl’cLr’ometric deLl!cLloll o!’
d~~(~rl)~d ~p~!~ies, chemllumirlescorlt/ L,lser Lnduced ~1 uor~?~~erl(;,? a~te~Li~rl
of [!lectrunic ;lHd r’ovibr’tll,iorlill ly u!xciLd r’ea(!tiorl pr’wiu(!tsf ,lfld AUHell
dcL~!ctlon of surf;lf:f+ ;Idsopi)[?(i r{::lction ~Jroduct3, wt: propo:](! :1 [’lJrl(l:\mt:r)L,Jl

:Jtu(ly ‘)f Lllc )gm-sill’r(.l(!l! (!tl(!ml:JLr’y urlr~(!rlyin~ L}I~?glow pr’()(!(!:i:J, ‘~h 1 :J

wouLd L{!”ld Lo tllc (levf?lo~)m~lrlt I’J~ m,llllt’i:ll..j LI1;lL (!ould :Il,t(}r’ Lll(? spccl;r IL
illt,l?nuil;y Irl(l dcIvI lt!rlgl_.11 dl.’JLr’lbllL ior) I)!’ ~tl(~ ~lt)w.
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Accivated Recombinative Resorption

Figure 1 is a schematic potential energy representation of molecular
and atomic particle interactions with a solld surface ~nlch lllusLrates
the concept of activated recomkinative resorption. Collisions of gas-

Phase molecules with a surface can resulL in physlsorptlon of’ the mole-
Cdle lntO a precursor van der ‘rlaals pOLential UI?ll or chemlsorptlon lnLO
a dissociative atomic state by CrOSSing from the molecular LO Lhe iitomic
state curve. In many cases a barrier must be surmounted to cross to Lne
atomic state resulting in an activation energy fcr adsorption in
m~lecule-surface collisions while adSOrpLIOn of atcmlc species is rarely
limited by barriers. The reverse process, molecular resorption, 1s ac-
companied by the release o!’ molecules having a high translational energy;
i.e., atomic recombination occurs with the molecule being born at an
elevated poLential and leaves Lhe surface with tnls energy. A number of
eXaftIpleS [ccmsa and Lavld. 1982: Kublak et al., l~8h; ~oboLa et al.,
1955] involvlng hydrogen can be I“ound In the literature which show that
H desorbs with translational Temperatures as high as 2000 K and WILh

fv bratlonal populations 50 times greaLer than expected from an equilib-

rium ensemble at the surface temperature of 300 K. Molecular nltrogcn
[Thorman and Bern3SeK, 19-/8] cxnlblts high vlbr”ltionil exclLatlon in the
ground electronic stlte when dv:;orblng from iron. Vibrational exc~tdtlon
of C05 produced by oxidation ul- (X on pl.i!.inum [brown -md lh:rnaseK, l~~r)]
has b~en observed with the i?XLent of I?xcitdtlon decre~sln{~ with lncre.is-
lng surface cover,qy~ 01’ oxygen. [n Lhese cx!es the dv:]orblng molecul~
loses memory of the lrill.111 conditions pWVAl\lng beforl~ dcswpt!on .Ind
is Only influenced by lLLI posltlon ;{t blrt.h.

EV!XI Lhti+gh there c.in be exL(lrlslvc! eLchlng of 3url”icu9 in 1X(), uxygcn

or rlltrOfJL?n .ltU!I re:ii:Liorl:l with 9pl~:.:W.iI.L :;ur!’dc~:~ LIJ pr’chluf:e i~xcltivl
products seem to bl’ r“ull’d a~y Lhe t-”let Lh.lt 11’IIJ:3Lsurl”:lcuu cxpoal~d LI)
r.n(: ram fllrf:ctlon ~ldw wlLiI inL,!rl:)lty Vlr.l.iLli}n:i .)t ‘ L(J .\, L,i:m, LIIIL
the gluw is Lrl(l,!p!?rldenL I)t” dur-l.,lcc t:umpoolLl[lrl. ~tll:j311fl~fJStJ t.tl.lL
surfac~x ulmply :IL:L la I I.tllrd body 1.0 I’. IL. IlyzI.? r~.i”mrl)lrl l!. llJrl 1)1. I.XI IL
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shown in Figure 2 shows both inter”nal and Lranslationdl excitation of the
N02 product, Thaugh iL may be stretching the point a bit to consider (3)
as a reacLlon of O-atc#ns on dn oxide scr~ace (02) with NO, nevertheless
the results Lndlcate that N02 formed frcxn Lhls reaction possesses the
characteristics needed LO flL the glow daLa, i.e., long life time (tens
of microseconds) and strong speGLral emission in the lnf’rared (1-3 u).
Indeed it h~s been deMOnSLraLe(! [Crown and BernaseK, 1985] that vlbra-
tlOnally excited C02 is produced LhrGugh oxidaLlon of CO on platlnum
surfaces and chemlluminescence is observed in the gas phase. Satulllte
mass specLromeLer rtreasuremenLs [EngebreLson and Mauersberger, 1979] ndve
shown formation of NO and N02 on surfaces in Lhe ion source region but no
direct measurements of nltro~en axlde desorptlon from spacewiift surfaces
nds yeL been made LO conf’lrm cnls FiypuLrleslS. Hldn slqniiL-to-noLse mass
Spectrometrie investigations of Lne Spacecrlf’t environment w1ll be needed
LO ldentlfy Lne presence or NO.,.. .

A i, ,.V !) II ,1111:,. ,,ll.. - . I t l! lli~ .li.~..’,,l,ilil [1”1 .m.l.~ ,11.1 . r.,.ll,,. r..,, I I ~,. I ,!
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glow mechanisms. The source 1S based upon the use of’ C02-laser-

sustained discharge techniques and using a 70-H laser has demonstrated
translational temperatures of 9000 K in xenon. Calculdtiorls predict

that similar discharges LII helium w1ll produce velocities in excess of

10 km/s but will re~uire laser powers of 1 KW or greater. We have re-
cently demonstrated operation of Lhis concept ac 400 H of laser power in
argon ana qOZ oxygen for 2 nours using a boron nitride nozzle. ke are

presently inLegraLing this l~sr?r (maximum power of ‘/02 M) with the Los
Alamos Molecular Beam Dynwni:s App-iritus 1 (LAMED4 1) to obtain U-at-xn

beam velocity disLribuLion9.
LAMBDA 1 [Cross, 1984] snown !n Figur? 3, iS bel~g COnflgurea to tE?sL

and calibrate a mass specLromeLer (provideu by AFGL) Uhlch is to be flown
on STS LO deLect surface aesorbed eccnlng reacti~n prouucts as ~e;l m
reafiLant9 in the ambient :ftmospm!re. Our obJectlve will be to USQ the
high-energy laser sustained G--atom source to 11 at!Lermlne detection

sen91tivlLy for 5-N O-atoms And etching reaction products, 2) demon-
3trtiLe ‘ne advantage of mociuilted ph.lse aunsicive detection techniques in
LEO experiments, 3) determine the Contrlbutlon to LF1O observaclons from
giis-wrfkw rewtiww cccurrlng in r.hc ion source, -ind h) c~llbr~te tr.u
AFGL mms spectrometer :lgilnst Lnc 1.AM13DA 1 mass sp:cLromer.er decl:ctor 111

order LO rellte Rrodnd””blsed lnvv.JLi&lLluns to LEG oDserv.lLLons. Tnls

effort w1ll provide tne unique ability LCY dlrr?c:ly compare l.ut”me Studies
of etching mech.inlsms with l.EO expl:rlm~?nt:~ -ml LO provide In O-.ltorn tesL-
lng fdcillty for u32 In materlal~ development progrlms. LAF4BDA 1 h:{s
dfjmongtr~tea L~.l,!K ..L i~., 1~871 nlAn ~,!nGILivlty and resolution In frrc.3:~--
urcments of g~s-ph.lul: UOL 1 Laierl ,Iyn. unl(;s .Ml(l IJULJII1 -ILYO be u~~d LO rrlU,IS.-

UI-e el.xJtlcl lnel.l~Llc, .Inil r,?.lcLlv~l nigh l!ncrgy .j--.iarar colllsion cro~u

3CCL10nS Lh.it WUUld bl~ uwd in 1.uLurv EIUW t’t30dvl LIl#.
Trx~ugtI LAMBDA I :ln h,’ i:orl[-lgur”,i I.O IIJ[) ,iI:L.su!. .“IIIW1 llmllrl(*Jt:urlcl: ,
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maintenance-free operation while silver interconnects on solar cell pan-
els 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.
Bef’ore new materials can be devised, a basic underscandifig of etching and
glow mechanisms wi!l be required after which cptimum desi~ parameters
for materials can be decided upon. Activated recombinaLive desorpLion or
reaction products from surf~ces may be a common thread in mechanisms of
spacecraft glow, but a great deal of bdslc research lntC) gas-phase and
gas-sur~ace dynamics w1ll be needed to fully expl~ln this phenanenon.

Los Alamos is uniquely equlp~ti with instrumentation arid staff to
collaborate with NASA in funfi;imental investigations of LEO materidl prob-
lems. A traditional strength of the Laboratory lY maLerlals chemistry
and physics ~rom which facilities have been developed for ion microprobe
investigations of subsurface bulk diffusion processes [Thompson et al.,
19S3], surface chemisLry and physics [Campbell and Paffett, 1984], and
theory [Doll, 1985] of gas-surface processes. The com.blnaLlon of LAMBDA

1 used for mass spectrometrlc :angular and translational energy parLiclc
cietectlon, LAMBDA ? used for internal state and fixed laboratory ~ngle
Translational energy duLectlon, and the high--energy u-~torn source repre-
S(?nLS ,In additional unique resourc(? that can be focu9ed LO provide solu-

tions to the challenges u~ cxLended uperaLion in low-Eartk orbit.
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