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W, F Huabner D C. Boicm C H Sharp

Southwast Rasaarch Inst Ltuta
San Antonio, TX 78284
USA

ABSTRACT

Tha RPA2-Positlvo Ion Clustar Cc-mposltton Analysar
(PICCA) on tha Glotto spacecraft datmctmd fLvO mass
paaks with ragular spacing of ●bout 15 am up to
●buut 120 am. Startlnq at about 45 ●mu, tha psaks
dacrccso In intensity with incrsaslnq ~ASS W1thLn
thalr half-width thay arm in qod ●qrsamcnt with
disiociatlon products af fornaldahydo polymar
( Pm+) W. suqgcat ● production saquanco in which
co~rnlc radiation forma.] POM from wat6r ●nd carbmn
❑onoxida on grains thar wsra ●gqragatad into co=-
mcmsLmalm Other pol~ars, poa~ibly containing CN,

❑ay also .Mlst Oboarvatlons suqgast that at laast
soma of th- H-, C-, and O-containing dumt partLclms
dctactad by tho PartlcLo Impact Analysar (PIA) on
board of tha Glotto spacecraft ●nd its mquivalant
(PUNA) on tha Vaqa 1 ●nd 2 spacecraft contain PC44
Tho propartlan of PoM ●ra consistanc with ●any of
the unuxpoct-d obsarvatlons in tho c-

Los AIMOS NatiOI)al Laboratory
Log Alamo#, Nt4 87545
(:SA

at ● lthar 120 or 121 au In tha prosantatlons of
ths spactrum by Hitchall nt al (Raf. 1) tha giqnal
to nois. ratio LS tm small to Ldantlfy this p~ak,
but whan data ●ra susd into qroups of four ■ama
channsls ●nd ●n undarlylnq background lm sub-
tracted, than tha siqnal to noiso is larqa ●nouqh
to lndicata ●n Lntanoity paak b~twaan 117 ●nd 110
ABU (Raf 4), with hlqhast probability batwoan 121
and 12S mu.

Tho ■pwtfum 10 too raqular to b. causad by ●

ctiination of unrolatad molacular i I s A rathar
natural ●~planation for tho roqularity of the
Epactrum mm9rqoa if ita oourcsa ●ra c0rrolat9ri
decay preducts of ● polymr Tha d-cay products
●ro ● lthor •lclpl~a of Al ●u or sIn# of ●ltmrnat
inqly 14 ●nd 16 mu



obsorvad apcctrum raquiros ●asy dissociation,
which makas polymais with a ring structura highly
improbmbls. (H2CO) 1s pmlymorizad Cormaldahydo,
●lso known as paraf&maldahyda or polyo~~thylena
(PO?4, for short). Its ctructura is shown in Fig.
2, It has tha following propartlom that ara con-

sistmt with obnarvatlona of tho coma: (a) Tha
borrda batwaan C ●nd O ara ●ynatric; thorafora. it
is ●s ●asy to brmak tho bond on ●lthar sido of tha

CH2 or O, rmultimq in ●n alternating soquanco of
six nasa paakm ●t about 45, 61, 75, 91, 105, and
121 -u. (b) Chaino with n ●qual to about 4, 5, or
6 hav~ a larga affinity to attach thomsmlvas to
graphlta or silicataa in whiakar-liko atructuras,
This 10 consimtant with tha compos~tion of the
carbnacaoua particlam idantifiod with tho PIA and
PIMA Lnatrumants and with tho lncraaslng ratio of
small to larga particlao with increasing com-
●tocantrlc distanca. (c) Tha unsaturated bonds on
sach ●nd of tha short chain can ●asily accnpt
hydrogan ●toms, protons, or hydroryl radicals,
which ●rm ●ll vary ●burdant snd tha CH

i
c0mponent9

can loaa ona or two hydrqmnn, giving t ● POM
dlsmociation products a spraad in thm mass paaks of
●kut +a amu, If ● hydrogan Is ●ttachoti to tho
frma ●id ●a indicatad by (H) in FLg, 2, than
proqrasmiva diaoociation of ●ny of tha slnqla bonds
b~twaan C ●nd O will produco cha spactrum prasontod
in Fig, 1, Tha heavy componontm ●ro primarily
d-stroyod, producing mora of tha light spaciaa,
until thay arm dostroyad alao, SUCCa09iVa dLs-
aociatlonm ●ccount for tha largm radial gradiant of
tha haavy apaolaa Ln tha coma, whllm thm llghtmr
spactaa will I?avo ● ■manor gradlant ●nd larger

ranqa, Ionlzatlon of tha varloua productm by
photono, chargo ●xchango, ●lactron impacts, and
protonizatlon raactionm makes than dotactabla Ln
the PICCA Inmtrumont,

H H H H H

I I I I I

(H) - C -o-c-o-c-o-c- o-c-o-
1

H H H H n

Flq, a, A #hort tormaldahyda Polpcr: (H2CO)
Tha ■olacula can b. dissociated w!thsaqual
probability ●t ●ny C-O bond, Thm fraa
●ndm of cha pol~or hava ●n ●ffinity for

graphlta, slllcatma, and molacular #paclaa
#uch am H, OH, ●nd Cr4, If hydroqon L-
●ttachwi, ●n ●hewn by (H), then dlssocla-
tlon of ●uccamnlvo C-O bonds ●ftar tha
#aaond Cf4 -qroup, aourrtlnq from loft,
producon ~h. ob..rvmd a.. p.ah. ~.t
Clomaly,

Tha ●fflnlty that Pf)r4 has for qraphlta ●nd sili-
cmtas cuqgaata that it may ba on. of tha
eonmtituanta Ln thm C-H-O-N dunt partlclam found in
comt Hallay (Iafm 1-6) Thsra ■ay ●l-o ba uthsr
pol~orn, posalbly contalninq N or CN, that ●ro

●nnuclatod uLth rlumt qralna Thaao ■ay ba ●oro

●tabla ●t hlqhar tmmporaturoa than Pt3f4, which

unsipparm undar viqoroum hoatlnq If whlsh~rllks

mtructurom of Pti unit. tha smallont qra~ns inter

larger dust partlclaa, than thin would ●ccount for

ths oboarvad incrmas~ in tho ratio of small to

larqo dust partlclam with Lncroaslnq distancs frog
tha nualoua in cmot Halley (Raf 7) [t rnulli

●lso ●mplaln tha low ● lbodo of tha nurlaun (nsf
s) Tho Lnactlva •r~aa of tha nuclauo ●ay ba
eovorod with th~so patticloa that Fan trap Iiqht in
ths •par~a batwoon tha PO#4 whinkorfi ●nd tha par

tlclan in ● v9ry fluffy layer mm is -100
conmlatont with tha hlqhly poroun *nd rofrartoty

●urfaca lay-r ●atmrial nosdod to innulats th= LI-B
b-low it from tho ●olmr radlatlon (.7of ‘)1

Tha Ldma that POU may bo an astrophysical ■atarial
is not naw. Wickramaaingha (Rofs, 10-11) suqgnstad

its ●xiatanca as a componant of thm tntarstallar
dust to ●xplain the intarstallar ●xtinctlon Ln tha
e to 12#m wavalanqth region. Ha pelnts out that

condensation of formaldahyds on sLlicata graina at
tamporaturaa <20 R is attandad by pelymarizat~on in

thm form of whiskatm, Formaldahyda has baron

datactad aa a c~n conntituant in many lnteratal-
lar clouds in ita qas phase. Vanysmk ●nd
!dickramaslngha (R-f. 12) and r4sndis and
Wlckramasinqha (Raf. 13) notica that ●any obsarvod
faaturoa in comots can ba ●xplairmd through
propmtiaa of POM. Howovar, it 1s the mass
spactrum fram tha PICCA inatrumant that takes tha
identification af POfl out of tho raalm of specula-
tion,

Based on thermodynamic data, Wickramaaingho (Rof,
11) arquaa that moat POH should ●xist in tha con-
donaad phaaa, As ha notas, Lntarstallar clouds ara
rich in uatar ●nd carbon monoxidm. Tha formation
of PO14 fr~ thama constituant9 raquiraa furthar
explanation,

Plrronollo ●t ●l. (Raf. 14) report laboratory
production of formaldahyda from ●n Lca ■ lntura of
watar and carbon dloxida throuqh irradiation by 1.5
M6V halium Lens ●t a tamparatura of ●bout 9 K,
Halium ions wora ,Jsnd inat-ad of ●atrophysically
morm abundant protons bocausa of tha chemically
lnort natura of hslLum to koop tho ●xparimantai
condltiona wall doflnad. They also not- that tha

nawly formad formaldJbyda la nat ●aally ramovad
from tha lca mixturo by tho diract ●ction of tha
radiation, TIIG ●xporlaant suqqasta that cosmic
radlatLon can produco formaldahyda in ●antlas of
frozan watmr and carbon dioxido on qralna This

Loavaa the quamtion of how ●uch frozan carbon
rtioxldo ●xiata on lntmrstallar qralna.

Carbon dlomida La ● molaculo wLthout ● parmanont
dipola momant: it haa no rotational spectrum that
would maka tha qaa phaao componant datoctablo With
radio taloacopao, Ragardl-sa of whathar carbon

dloxido ia abundant in tho gaa phasm, carbon
monoxida, which la known to ba vary ●bundant in tha
gac phaam, dlaproportionataa on condensation to
form qraphita and carbon dloxLdo ChamLcal ●qul-

llbrlum conditions undar ●hl?h thla occurs arm
prorontad in tha low tamporatu,~ phaat dtaqram Ln
Fig. 1. Tha calculation was porformad for a tnm-

paratura of JOO R and ● constant praaaura of O 001

●tmo~pherma with a 0.J5 qkam-attm fraction of Ha ●a
● ●cmrcm ‘mr t!m praaaura, Iha rosulta of tha
C81eULatL,,ll ●ra not ●mnaitivo mar wLdo ranqaa Ln

prasaurm ~rrl tamporatura. Tho ehamlcal aym801a on
tho sidaa correspond to the rati(~s that ●ra tha
ssmo ●a tha ●toichlrnmtry nf th~ roapsctivo
mol.culoo, whi:h mrm th~ moa~ impottant to iorm ●t
lntmrMdLrnLm and low tomporaturmr fn tho rsqimn
dallnoatmd by tho iymbols C (W - H,o - C(Y c,
smcata carboh forma qraphira C~rt,an rliouLd~ forma
in tha triangular rmqton hound(d by c H o 0
c. aWatar lea in praaont svorywhara, ●x6- t in rho

.ntromm cornara C ●mi O Abo*J9 ?h~ (: H O llna
all qas-phasm c~rbnn is in mothana whlio ialmu that

lino it La Ln carber dIoxLda
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rig. 1. H - C - 0 phana diagram Iqnorinq tha
damhod Ilnm, at low tamporaturss (-200 K)
carbcm dlonida formo in tha trlanqla C -
Ko-o-c

i
watar in praaant ●vmrphtrs

A highar tamparaturcn (-1000 R) carbon
dLoxldm ●nd watar form lnmidm tho trlanqla
H-O-CO-H.

Similar rmmulto arm obtainad in chmmical non-
mquilibrium, ●lthouqh tha low tmmparaturo raqion

has not baan studied ●xhaumtlvtly. Iron is known

co b- an ●ctiva catalymt for the dimpropmrtiorration

raaction of CO:

a co -) c ● C02

Tho carbon formmd by this toaction ●lqratma ●cream
tha surfaco to a nucl~acinq cantor whora cmmantlta
and Craa carbon ●rm dapoaLtod. Tha roactlon La
autocatalytLc. Tha rata of carbon formation by tha
dl.proport lonation of carbon monoxidm is ●uch
fastar than tha pyrolyaia of ■athano undar shllar

conditions Tha rat. of carbon dapositlon on an
Lrnn catmly~t La ●ccalarat-d in tha proaoncm of
●olwular hydroqan ●t tampsraturaa balw about 1100
K, but in ● complicated function of tamparaturo ●nd
tha remount of molacular Fydroqan. Tha hydroqan
#aomm to hsvo a dual rola: at 10U concantratlona it
cataly:~s tha co dlaproportionmtlon r-action, ●t
high conomntratlona it load- to dapomitlon of
grfiphita by tha r-action:

‘a * CO -) C * H20,

V@ry Littlo is known about carbrt monomido dln-

proportlonation ●t lW tamparaturan. Tha abOV_
chmmlcal ●qulllbrium ●nd hlqh tompormtura non-
●qulllbrlum roactlonm ●rm only lnt~ndad ●m a quid.
to ~how that disproportionatLon of CO L- an Lmpor-
tant procaoa in tho formation of icy mluturas of
watar ●nd carbon dLouldo.

Lowia ●nd Prlnn (Rmf 1S) e~o to vary nimllar
conclualonm uslnq chamlcal kLrrstLca to mdol tha
proaolmr nebula. Thay #how that tha oonvornion
Er- carbon monoxldo to ●athana wan too #low rala-
tiv~ to rmdlal mlninq or ●volutlr,n rates in tha
primltlw ●olar nabula, no that moat of tha carkn
munonlda convmrtad to carbon dlomida

A- montlonmd ●arllor, Eotmaldohyd@ in form-d by
irradiation of G ● lnturo of water ●nd carbon
diomldo Lca ●nd it romainn in tha Leo Thin
proporty L- import.snt for tho next -tap, tha
polymarlmation Cold4nrklL ●t ●l (n-f 16)

raprtad tha formation of POM fros formaldahyda at
77 to 140 R through irradiation with brusstrahlunq

;;:d:a&”::::r8Wand at 4 to 77 K through
Co gamma rays (1.13 and 1.17

U,v) Gol’dyanskii (Raf, 17) concludsd that at t.ha

low tamparaturms in spaca thm only pessibla
❑mchanism for polymerization 1s ●olmcular tunnal-

ing. Again, cosmic radiation is tho initiator that

makes pol~arization Possibla.

In tha laboratory, Eomald@hyd@ in watmr solution
polymarizaa to ● solid long-chain polymor H-O-(CH -
O)n-H, known ●s polyomy’mathylano glycol. This ●n&

cappad polymr 10 moro stsbla thsn tho ordinary
variaty. Navarthaiass, whmn strongly hoatad it

ravarts back to Eormaldahydo. Tha hmat of

polymerization of gasaous formaldahydo forming
crystalline PM st s praasurc of 1 atmosphar- is
about 167 kcal/mol.

POtt could hava formad undar th- ●ctLon of cosmic
radlaclon on th surfaca laymr of Comsts in tha
Oort cloud. Owing tha 30 knovn vlmita of Halley’s
comat into thm lnnar solar ●ystan, this surtaco
lay-r would hava b-an ●rodod sway thro~gh tha
evaporation of tha icas that ●ntraln tha dust
containing tha POM, Orbital calculatlonc of
Nallay’s comot bsckwardo in timo suggmst that this
comot has v!.sltad tha Lnnar solar syatsm thousands
of t!mas. Slnco P(X4 im still prmsont in tho comat,
At appaars that the dust contalnln] tha POH la ●lso
daop in tha lntarlor of its nuclaua. Ha Cuggaat
that PC44 ‘#as formad in int,rstallar spaca, tho

prabolar nabula. or tha solar nabula and was then
lnoorporatmd into thm como?osimals ●t tha tlma of
tholr formation. This would ba conmimtant with tho
hypothasia that comts aro tho Rosatta stona of tha
solar nmbula (Raf. 10). Howavar, this concapt must
bg vimwmd with cautiom, POM 10 not as volatila as
thm Ley com~nant of a comat nuclaua ●nd Lta ●f-
flnlty for dust gralna makam it ●von mora otabla.
Frozmn watm la tho Lmamt volatile ●nd most abun-
dant componatt of tha LCQS in comat nuclmi and 1s
●lso rolatlv-ly stable. Most of tha oi$or volatllo
lco cmponantm aro pramant only at tha laval of ●

fmw pmroantl Thair primordial ●bundanco in com-
●tasimais may havo bacn qultm difforant,

To furthar teat our ●oaumptlons, W- modolod ●

■ lsturm of 90~ watar Lca ●nd 10S POM with n - 5 in
our o-t c- c~putor proqrsm (ROE. 19). Ir. this
oimulatlon w- allowmd wary C-O bond in tha n = 5
P0t4 ●nd in ●ll of lts dissociation products to b-
brokom with tho ●roma probability. In thoao
pralimlnary c~lculatlonm, only photodissoclatlon,
photoioalsatlom, ●nd ●loatron diaoociativo rocom-
blnatlon procaanmm war. ●amummd to opmratm on the
Pa4 ●nd Lta produots Avaraga ratm coofficlarrtm
for photmdiasoclation (0.0001 /s for ●ach C-O
bond), photoionisatlon (0.00001 /a), ●nd ~lcctron
diaaoclntiva ractilnation (O 00000025 cm /s for
●aah C-O knd) war- ddoptad, laadlng to a rmducad
ranqa of Pm produots in tho c~, ‘rho only ●xcap-
tlon to this waa tha formaldahyda monomar, watar,
●nd thalr dlcaoaiation, Lonisatlon, and chomicsl
prducts for which wo hav~ ● mm. c-plot. reaction
natwork avallabla. In Tablo 1 tho prollminary
rmsulta ●t ●ppropriate commtomantclc diotancms R
●ra sumarlmad ●nd comparsd to tha PICCA paak count
rat-s, normallsad to tho 6A mmu p-ah. Thm calcula-
tion was ropaatod for a ■ lxturo IIf 90t watar Lca
●nd 100 POf4 with n - 4 Uhan normallzsd to tha 61
amu paak, thm rmwlts ar~ vtrtually thi mama,

lndlcatlnq that tha calculation 1s nrc vary smnsi
tivo to tha lonqth of tha orlqlnal chain, fi~ lunq

●sn?4 Tho modal rmsults ●rm w~thin ● facior of
two of tho obsarvad PICCA ratios U. find thin

●qt..mnt ●neouraqinq eon~idorinq rho simpllflm,l
raactLon natwork ●nd tha noqloet of ths mnlar wind
lntoractlon Tha ■odal ealculatiun ● l~o Lndicmtos



.

that POH iB an additional sourco for ions of

C, CH , CH , C H , CO, HCO, H CO, and CH OH as
siqmi?ican~ ~.?tm of ●ach o? thosa ioni wors

formod A moro complata POM raactlon network is

plannad with thm inclusion of chargo ●xchanqa,

protonization, end-capping with OH and ite iOn, and
othmr ●pprnpriaLc procossas that would influcnca
POM prcducts and broadon tho mass spactra psaks.

Tablo 1
POfi Intensities

............................----------- -6
NSJJ Group PICCA a Model Rasults

au n-~ n-4

45 )a. 7,73 7 53

61 1,00 1.00 100
75 0.00 0,13 cl]
91 0 015 0,017 0017

105 0, 004 0.0021 00019

a
b

Avcraqa for R - 8200 to 12600 km
Intorpolatad logarithmically to 104oo km

Wo suggast that dust particles containing POr4 arm
likely candidmtas for many ot tho H - C - ) par-
ticlms dotactad by tha Giotto PIA instrument ●nd
vaga 1 ●nd 2 PLrtlAinstruments, In particular,

Clark ●t Al, (Rof 20) find that thoa- particles
●ra concmntratad aloaar to tha nuclauJ ●nd occur
with ■uch lavar froqusncy outsldo of tha inn-r

cma This is conmlmtcnt with tho rapid raloaos of
PON fr- partlclas through haating during their
outward ●xpansion, rosultinq in ● short ranqa
(-10000 km) for thmim H - C - 0 particlms.
Schmmatlcally, a dust particla consist~nc with
thooo propartioo, is #hewn in ~ig 4. It My bs
c-posod of sLlicats qraina, carbonac-ouo ●atotlal,
and polymora ●uch ●s POf4 Tha affinity of POfl
whi:karm for qrain uurfacas will bind

submicr~ator-alzod cc-mpnnants in tha particla.
Slnca PON is ● volatlla plymar, tho dust par-
tlclos, ●s thay mo~o outward in tha Ln.)or c-a,
will heat from ●xpoturm to solar radittioa and

fraqmant,

In t~ry, w. havm @huwn that POH with n ●but 4

or 3 ●mplmins t!~a ●afs cp?ctrum obtainod with th~
?ICCA lnmtrumont duhlnq ths (,lotto ●ncountar with
cast Hall-y, Procossaa ralavant to producs tha
ohmrv~d ■paatrum includa pllotodiasoclatiun,

photoloniaatlon, diasoclatlvu ● lactron rccdLnt-
tion, aharqs ●xchanqo roart~unt, ●nd snd-capptnq

with ions of OH and H (protonlzation). Longer
chains may b, prascnt, but thmir abundancs in tho
PICCA instrument ia too low to ba obssrvablo. Pot4
may aloo ba tha ●xtand,d sourco for tha CO produc-
tion am obsorvad with tha nautral mass spactromatar
on tho Giotto spacecraft (Raf. 21) vthar, soma-

vhat mrm refractory polymarm, possibly containlnq

thm -ourca for tho CN a#nociatod with dust obsorva-
tionJ, ❑ay al#o ba prs-ont (Ref. 22), If POM
formad on dust particlas in intsrstollar spaca It
is not liksly that it va~rizmd in tha haat of tha
solar nabula and raaondanasd ●s POP(. Thus grains
containlnq POM ara important tracora for tha ●arly
history of the solar syotmm. A smqutinca of

procasoao ham baan prasantmd showing tha likalihocd
thAt PM will forD undar intorstmllar conditions

and ● first, preliminary comat coma modal that
includaJ PO?4 raproducam tha obsorvad mass spactrum,
Although this is not tho first tima that polymors
hava baan suggsstad as ■atarial of astrophysical

aignlficancm, this lJ tha Jtrongaat widcnca sug-
qastmd for tham JO far. flora data analysis from
tha PICCA instrument, dotailmd modoling, and

lakratory ●xparimentm arm noadad to ●xtract addi-
tional information.

Praprints describing ra#ults from ths PICCA in#tru-
mont war- ●ad, ●vailablo by A. Korth, R. P, Lln,
and D, L, ?4itchall, Thair wlllingumam to shara
this information 1s gratefully ●cknmlodgod, as ●ra
th~ vary dotailad and useful discussions with thmm
and with D. A, Mondis. This work waa ●up~rtad
with funds frm tha NASA Planata~ Atmosphar-s
Progrsm
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