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UCRL-2503
THE IMPORTANCE OF COMPLEX GASEOUS MOLECULES IN HIGH TEMPERATURE SYSIRMSH

by lec Brever and Jemes 5. Kane -

Depm'tment of "hanistry axzd Cnanical Bngineering and Radiaticn: Iabamtary
Urxiversity of Califc rnia, Berkeley k, C&}.i"fornia o

D-ecember, 195k
The influence of pol_ymeri?ed g:esmuus mclpcules upon equilibrim
} pmsvure measurenents and upon masurements uf m te of faporizahion ‘is
discugsed. Vapmizatiou éata for red pht sphoms ami &rseﬁié a.r° presente& o
and the existence of catalyticl -’e:_\?fects upon mtesaaf:_ vap@xizatigm is
demcnstrated. B | - B
IE“I'BODMTIOW

Recent mess spectram'etez m@asurements 13y have dem«,astrated tnat
ﬂ:mple& poi:;mcric gaseous mclecules are ra’ther' cmm m high tmpnmﬁure
VBPLTS. - Insa satm’ated vapcr in ecmilibrium with a condensed pba&e, it
can be demcastrated th&t the vapor becomcs mors ccml—ex as the taﬁ:gemture
iz reised, and the varicus pcssible mi*zor speeies i'z & vapcr have the;.r
greatest importance at the hoiling leDﬁ- '{‘hi.» x{say ‘be illu&tz ted by
the vell-known example of se.tur-atad aoditm \apor, which consiats cf 99 9% |
atomic sodi\mz end 0.1% "Ia ut 1060"1{, ‘but which aenmins abcu‘t i2 mﬂle %

Ne,, at neo‘“x.l* Bramers has shown taa’c a sﬁmpie relaticnahip exists

2
between the heato of vaparizaticn of monemeric and _dimeri_c-‘r species and

the heat of uissc*iatian of the dimer. z"aen the ,hér;\,_t of Qisﬁocia;tién"ef

(#) Abstracted from the thesis to be submitted by James 5. Kene in
partisl satisfacticn of the reguirenents for the degree ¢f Doctor of

Philoscphy in Chemistry st the University of Californie.



the dimer, Am& is equal to the heat of veporizetion of the ano@er, &Hl,
both the moncmer and the dimer have egual héaw of va.pz.vri‘zati@ » and their
proporticn remains unchanged as ﬁhe temperature is changed. I.& cen be
ghown that the entrcepies of vaporization will not differ gm&tiy-.- Thus
menomer aad dimer- species will be of the seme crder of ccmcentmt;ia:n when
28, is equal to OH, o If the hest of dissceiation of. the dimer ig less
than Aﬁl, which is the ususl case, the vapor will congist largely of
the mc:nmer.a.t’lcw tempevatures, but as t‘héz, temperature is mcrea.sﬁrl, a |
i@*ger and lerger pmpcrtieé of the seturated vapor will ccnsist o S
dimezic specie‘aléim & maccimm of dimer at the boiling pumt The same
is true of highver pc:lymers.v In the rarer situation where the heat c«f
dissocieticn of the di‘me.r is greater than the heet of veporizetion of
the mencmer, the dimer will.bve the main species at lov tmpei*é.tures *
while the percentage of mrcmer and highgr pelyme‘ré in the saﬁumté.d
vepor a{iil fneresse as the temperature is incressed. Brewer” has illustrated
this behavicr by examining the stebility of dimefs of the balides of the
claments. A similar behavior is to be expected for the elemental vepors |
and cther satumtéa vapor systems. Thus if cne wighes to study the
various mincr polymeric .gaseous species of & éubstance ’ it is usually
easierv to detect them at higher temperzturcs whgré these polymers comprise
a higher propurtion of the vép?;r. ’

WYhen cne is studying slightly vcletile substances, the Langmuir
methoed, wbich consists of the measﬁrément of thé :f&te: of vaporization
in & lo- ;;resssure gystem, is cfmmlly used for the deﬁerminé.tion of the

vapor pressure. The rate of veporization cau normally bg;;meamred with

& high accuracy sud with much less difficulty. due to the reantion of the -



vaper Vith containers énd with much iéss chance of contemination by.
gesecus impurities than one enﬁoanters with @tner JBpor pressure

methods. Howvever the*deﬁermina*imn of the eqnilibrium pressnre»by -
this methcd requi CeH tha eqpaﬁing of th@ rate Pf vaporizeticn to the

rate of condenseticn. The ra&e‘of‘condensatimn cen be caleulated
aécufaﬁely frém kinétic thedry if the assumptiun is maﬁé thét every
molecule striking the surface ccmdenaawAwithout r@bounding Nhen ﬁhis
condition ig”met; it cérrasppnﬂa to 8 unit stinking e eenéenaaticn .
coefficient aend a unit vapariz&ﬁion caefficzent; In the liter&turé,

both of these caefficxanﬁs are cwmmenly called ascammdatiOﬂ e@efficients.
The vaporization coefficients of many materials have been cnecked, end
~irtuslly all materials that have been inveatig&te& have been-found te
have unit vapurization cdefficientg.é Thaﬁ is? thevrates of vaporization
~are found within experiﬁéntél_e:rgr, tévbe these expected from ﬁhé
equilibrium pressures and the kinetic tﬁggry-cf;@asesi Frem ¢xpsrie§ae~
tc dafe, vne cen predit (th&t. all melecular latti"c‘é_s thait.-._.cm_lsisﬁ o'i’i"

- the main gaseous pﬂlecuiar specieslﬁglﬁ-iégéth@r_by van;det Waaia forces
or weak furces of any type will‘havo ﬁﬁituvéporizaticn1ééefficie§t B
for the main gaseoué species. However, as inéicateé by Guthrie, Scctt
and Wadaiqgtch for rhoobic sulfum, minor sp@aies that are not preaenﬁ

in the mclecular lattics and ahich are ntt readily fnrmed from the main
gasecus Spﬁ‘ti@e may nct ’be presc:-nt i“ tize gas \ra.pcrizy.mg f"cm a suri’ace ‘
under reduced pressures, end thus the rate of vaporizatieg will be.v'
slightly loeer than thai expecteﬁ from tﬁg t@tal_eqniiibrium preséura;
since the rete will ccrresPQaé only to the paftiél présaure‘cf the main )

spécies.' A1l elements that vaporize pre&qmina%ely to atomic%spneies have 



been found to have uait veperization coefficients vhenever gheckédosv
All jonic selts such as the alkali balides that vaporize prédcm%n&tély
to & monomeric gusecus molecule are believed tu-h&vef#gpériiation
céefficiemta closé to umity, althaugh s§me méaSUxementa y;eld véluea
aé iow as 0.558 There have been some e.ec‘m"vate‘ méas‘ﬁr&'a__ez;ﬁsv _‘inﬁicating
‘slightly low valu?s; but there aré"ﬁa‘indiqatiﬁns fhat'Qﬁpérizaticn'.
coefficients belov the renge 08-10 are to ?’bééxpeeted féz: az‘;yionic
substenece “here the ions regquirad for a gasecﬁs‘méleﬂulé aié 1nicnﬁ%ac£s
hydrug.qen-bonded substances have been found to hmm unit acéomodation
ceefficients whenever cnecked 9-11

The only clearly demonstrateﬁ dﬁ&mplés of low vaporizatian B
/ ccefficients cecur when the main molecular gasaous specxe dees‘notﬁv
seeur es such in the cowdensed phase. The investigaticn of stranski
and solffl ‘on the ra @ ef vapnrizaﬁion af two crystalline mndifications
of As O,, arsenolite and claudetite, servem tc illustrate thia poiat.
The cx',fsta.l s‘tm‘,ture o: f arsenolite is knmm te ba @ m@lecular ls.ttice
of Ashoé molecules, while the strucﬁure of clauaetite 16 unknown,
other than thaet it is mrnocxiaic, and dses not consist ef a m@l@emlar )
lattice. In both C&SQ@; the satarated eqpilibriaﬁﬁvapar conﬁists '
primarilj of Askpé malecules‘ The rate ef v&porization of arsenrlite

is obse:wed te be 106 times greater than that cf clsudetite.- There are

S

other examples such &s.the ammMnium halidas which vnporige uO amm@nia .

lj»nezther of hich is prasﬂnt in The coﬁﬁanqed

and hydrogen halide,
phese., Elementel phospheorus is Bnother-cléax_ﬁgmmplew White phaaphorus,
which is a moleculer latiice gf'Pk'moleculéé,‘the mﬁgn gaseaus_spaﬁiea,

hes a unit vapooizetion coefficieht; while réa-phosghgrgg vhich 1s rict
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believed to contain P«h molecular wilts hes & vagmm:umion coefficient
of abmﬁ: m’éi Simdlarly, ameuic-, whose .l.a'btice 18 known not to

montmiﬁ QBL} u.nits » has & lov vapcrization cmef’fipienta‘li

i

EXPERIMENTAL |
In an effort to .e]:ﬁcidate the mechenlem of mpcrizé,ticn «“hen one
hus a barrier against vaybﬁjzat;cﬁ as indicated by a,lmz vaporization

coefficient, afy"ﬁff hag been made of the _vapprimmmi of srsenic under

8 veriety of conditicos, and a similar study ¢ under way for red end
black phosphorus. Melville and Gray™? ettributed the '_.ém@lmz.y low
rate of vaporizaticn of red phosphorus to the exiatggncé- o.;f PQ undts in
the sdid lattice, end they hypcthésiwd that P, vas vaporizing vith
unit vaporieption ccs_effi‘ciént» from t}’ie sclid, but, because ¢f tﬁe small
partisal pressure cf P comparsd tc.x,?w a vary low ra‘ﬁe c,f mporizatien
#as CObtained. To check this hypothesis for red phosphorus, we heve
repeated ‘ch@ir Lan.gmuir measurments and have cbtained results agreeing
vithin an order of megnitude. We heve eveluated the deta in the
iitersture on the equilibrium bebween Pu and P in the gaseous phase

15

and sgree with Yost and Russz«zll 4that the maasurments of Preuner and

B;-mcmc;llerm must be in éf’rar, and thet the,measummezats of &;slﬁ:,

17

Gibson end $£azxm appear to be .reliable‘. Thus from the knovn

eguilibrium pressure of Py over red pﬁaaphcms a6 determined by static
meﬁhcﬁsla‘ and the equilibrium Ai:»e‘tweén kamd P-Q y' we have been sble to
caleulate the equilibrium partial pressure of Pe ‘in equilibrim with
s0lid red phosphorus, We find that the rate of mpﬂdgatmﬁ of red
phosphorus is smeller then what would be expected f;:'m the e'qx'xi‘ubrium

pressure of . P,. This would ‘indicate thet cven P, hos & vaporization
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ccefficlent less than unity. Thus the limitmg rate of' mporizatima in &
Longmuir axperiment is nct :messarily Fixed ‘oy the PE vapcr pressure as
pmpmae& by Melville snd Gray. For -arawic chere aquiiibrim aata are
act e.va.ilab).e to detemim i;ha preaaure of .ﬂs in éqmlibrim with the |
_snlid  we hw.re emine& t.he vapcar fram a Iangmir bype ex;:erimant ina-
nags spectroameter, s.nd hmre f@un& u«e myar to be pmdcminately *%ls

Tc check the cory elatim between vapcrizatim mefﬁcim‘bs and sticking
or c:ﬁnz&ensaticsn eue“fmienta, mglm‘ular beams of phespmms end arsenic A
_ vapor were impinged upon v&riems tare;ets t&*e.t had been cogled to a
aut‘f'iciem:ly .‘w\a tempemture 8¢ that any phusphems or arseziic that would
condense upcn the target wouwld ’be mca;pahle of mvapmriziag It.'wﬁ.s fcund
th‘n: Vit‘tu&llj 8ll of the vapor v-ebcsun&ed efithout ecsadmsatim frm nost
terget materials. Copper covled to a lw tmratwe agpa&red t<~ be the
mest efficient, ta.rget.

‘A5 the equilibrium pressure of Aﬁk over arsenie did net appeay tu;
16,19, 52%3

T

e c{.mpletely eatablime& by meaxm of static me_asummnts
vapcr pressure of arsenic wae evalusted by the Koudsen .methcd using
crifice ares to vanerizing erea retics ronging fram 1.0 to 1. 6 x 107",
It wvas found that the crifice to .rapc-rizing erea had o be lPEB than

107 -3 before & vepcer pressure pear to the e@ailibrim valiue a.nd independent
of orifice size was reached. Compariscn of Lengmuir results with the
eqﬁlibri@ pressures .indicéﬁed \v:a;garization ccefficieats of about 5 x

10'“% Bame measurments were alsc mede with red phosphorus and with the

sm&l est orifice te veporizing awea t*‘ied, .33 x 10 i", the vapor pressure

in the Knudsen tell vas m;il}. only 10 75 times the equilibriwm velus.



From the result.s cﬁa’c&im@ o dza.tm, it eyppears clear that it '*111 be
extremely difficult to cbiein em_:, mug,bla vapor preasure recsults £or
red phosphorus by the ccuventicnal Knudsen method. The orifice aize
required for any reascapble cell mast be 80 small that c¢racks and
-fisésuma emi p:xr@siﬁy. of the cell material will become comparsble to
the crifice ares. To eliminate this aifficulty, an attempt to find s
catalyst for the vepipdszation reaction wes made., It had been observed :
thot fresh smmles of phe aphnrus end arsenic gave sbno mlly high rotes
of vaporization which decleased as vaparimtim; gr@cee&aé. “Thia migh’c :
be attributed tc impurities such‘_as cxides, et¢., but the effect secmed
'la.rgefr‘ thap might be ettributed to impurj.mes.,- O'zar-hgpc:me'sis ?ms th@.t: |
- frésh maif.‘eriél contsined many ﬁsmrted;cx“- defertive crystéls in -s;rhii:h the
etoms wam‘xmt 80 riéidl& fixed. Thus they cculd reorgenige to fnm Py |
or A‘si‘ mlecules vhereas io a perfeé’t lat_ﬁice, it wm;:m be extmly_ :
difficult to dictoxt the rigid lattice to produce & Pk or a‘u'#st&"mmléculﬁ,
Thus ve believed that the a.bncnml mporimtien rete was dwe to the |
distorted crystala that were scon removed. 'I‘he eft’ect of the nat;um Qf'
the mterial was alet &ppamnt in the reproducibility of Ian@mir type
meaowmente or Knudsen measummehts with 1arge orifiaa. The mw}:}:s :
- appeared Lo very from sample. to sam@le f@r 8o cbvious masen,-‘ éﬁermé -
meagurements vith the same materials made by Knudsen mﬁha& with smll
enough erﬁi‘ises tf pm&uce the equilibx'imn preszaz'e of .&ﬁh ware nmach m::*t‘e
reproducible. It thu.s appeamﬁ tlmt »e might be abmz o caﬁai;yza- the
rate &f vaporizetion ’oy loosening up the lattice. A simme prqcaﬁ?me
te accomplish this wc,uld be to add acme nanw%latile lf.q%ﬁ.& wm.ch would

act react chfemi.cally with phosphorus or ar.senie to femf any intemﬁiaﬁe
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phases, ﬁut hich would dissolve some of thdse elements. - In the mobile
1iquid, it should be possi.ﬁie for the etoms tc rearrange to ferm the 2
and Asy, aggrega.ﬁes nece"ssan; for attainment éf "equilibriwn'p.resmesa
Thallium and lead appeared to .be. liquids that would meet. ‘bhe requiranents.
‘Tha.llimn vag added to phusphorus and arseni.c in Knudsen cells with '
relatively. J.arge Orifices ) and heated above the melting point of
tha.llium. The pressures observed vers 30 times greaber t.han t.hoee
observed ﬁthwt addition of the liquid catalyst , all other experMental
con&iticns being the same. Upen furﬁher heatimg the same eample ; the
pressure steadily decreased, a.lthough the quantity of e.rsenic present

was still sufficient to maint,ain & sond arsenic phase. . Emmination of
the system upon ccoling indicated th,.t the phosphorus Or ersenic fn
contact wit.h the liquid ba.d diesclved 5 leaving wry few pointe of

‘contact between: the solid and 1iquid. 'I'hus the transfer of material’
between the solid and Hqum became slewer and slover. ‘I'C‘ minimize this,
mixtures (f thallium and arsenic 'aere hea.ted in sesled quax’tz tubes té
.1000°K and then chilled, z‘esulting in a ﬁne 1ntermixture of arsenic and
‘ thallimn. When these mixtures vere again heated in Knudsen cells with
.large orifices, the presaures Were a@a.;!.n about 50 times higher than
cbserved without the catalyst present, ‘and in fect were ‘Very-clOBe tc.

the extrapolation of the équilibi‘iﬁrﬂ vepor pressure curve ‘aétemin_ej& aﬁ .};,
higher temperé.tumsj by static methods . Further, contimied heatin'@‘;‘?o‘f t—ﬁe
samp‘leé gave cc:nsié'tefﬁt reéults; shoving that slowness lin_ tradsfer between ’
the 1iquid end evlid has been greatly reduced. The main experimental
results demonstrating the effectga' are given in Figure 1. The small .
dependence upon orifice size even in the }pr:'eé‘erjxée of thallium ‘liquid ‘

shows that the trensfer from solid to 1iquid still limits the rete of
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evapcration to some extent, however. Becouse ¢f the large arsenic
| presoure vhen liguid thallium‘was*present, large Knudsen crifices |
or a Langnuir type measurement would have given too rapid a -1@3'9 of -
material for aceuraté‘msahurémentg. Bxtrapolation of the thallium
reguite to unit Grifiqe‘to surfacé ared ratio shouws ﬁhat'addition of
thalliun has}increaéeﬁ’ﬁhe rate of vaporizatign of érsenic almost 100
fold. Thus by'méﬁnsiéf the thalliun catélyst it is possible to.
accelerate fhé raté of Vapo:izetionisufficiently to allow the
determination of pressures'clbaél& appfcaching the equilibrium velues
-‘usiﬁg~a <Knudsén cell of cémparativéiy.lafge.orifiée- To ineure that
| the effusate in these runs'wés‘arsenic dﬂly, spectréecépié‘anélyses
were utilized; t'hev qmtity of thellium found ‘being much less thé.n -
in agetandard slloy mixture contaiﬁing l% théllium,799% dgrsenic.
Similer experiments»afe.now in érogreﬁs with red ahﬂ-blaﬁk-phcsphoru55
Althqggh it appearé,ﬁcasible to‘éaturate Ehevliqnid fustal with -
arsenic‘or'thSPherus by obtaining & large surfece contect betveen the
50144 end iiquid, t!ze reéulti’ngwe,ﬁor .i;réssure‘sﬁ for arsenic appear to .
be abont 40% lover than the extrapolstion of the equilibrium curve

cbtained from static méthods}16’l9’20

With regerd to these static

. meagurements, conéideratien‘of the dete in the 1itérature’does ndt
enable;thé‘equilibrium preséure to-be_fixé& precisely. A considersble
variation is found between different invéstigatcrsrin the values given.
for the equilibriuﬁ vapor pressures, &nd since the moleculsr constants
are not known for the Aéh mnlecule; cne is not able to éubject'the |
deta t¢ a third lav checkj Therefofe, for this work, & heat cepacity

for the pges was estimatea,'a constant‘acﬁ was aseume&_cver the temperature

.
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range of the experiments, end the "best” line was drewn through the

- experimenial pointse. ‘I;he équilibz"i\m’pressures caleulated in fhis

| mannér ere therefore uncertein to felétively large degree. The I
plot of the dsta {s shown ia Figae 1. 3 R 1n P # 26 }T. The.
AC used over this raage aea,s -8 6. '

In e«dda.tion ta the fe.ct that the equilibrimn presaure is un-
certain, the difference befs%feen ‘the pressures of the arsenicsthallixﬁn
experiments and the equilibrium values may be attributed to another
factor. Thallium widoubtedly fowms & #olid ;gc;lﬁtion with ‘e..rse:}ic te
scme extent and the saturated ﬁglﬂtic"m a2 ersente in liquid thallium
| mey nc{t'--bé quite e_.t_unit activity with respect :te pure ‘a;rs_-en..ic aclid.

In the phosphicrus thé.llim system'theref is va ‘sglid-S’t’;l’*;ﬂ;‘?Mty»«af‘ths;llim
in phosphorus of 25 avamic $.°% The results uging 1iquia-lead will atve
‘ug. & check on reduction of activity due te soli& solu}- ha.t\'

It 18 of interest to compare ‘the’ eouilibrium heat of veporization '
(of 33 % 1 keals st 508K with the hent of b1 keals cbtained from the
temporature coefi‘icient of a mmber of Langnuir type measurements which
were mede. 'fhe barrier of 8 kcals indicated by these -data shcml& ¢ "v

-8000/? X ,50

correspond to & vaperiaat,ion coefficient of eXp il -3

L} The chaerved acccmoda»..icn coefficients~

factor of sbout’ 6 x 107
were of this order of magnitude , although.a distinet _tren‘d to smaller

acedmodation coefficients was observed with the smaller orifices.

7 DISCUSSION
It is believed that écme generalization can be made sbout systems

with low veporization eoefficients. From the available date, low
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vaporization coefficients ean be expevted ?hénevgr thé;ﬁain vﬁpoviéing
gasecus gpéciee are not present ss. duch irn the condensed phase and the
atoms ﬁr'molecules in the coﬁﬁeﬁséd‘phéée are held so rigidly that they
cannéf reedily réorganize to form thevmégnfgésegusfﬁpecies; Itsaﬁﬁé;ré
:very uﬁlikely‘thét materials vapdrizing;pfeadminately'to,a&omie"gaseéué
species will have low v&bﬂf128tidn'coefficienpés'-Fﬁrthér? ;t”ie
reasonable to éxpect that materials vaﬁorizing to pradaﬁinﬁbely diatdmie.
gasecus species will have ldw vaporization coefficients in cases uhere
the two component atcms are 80 separated in the conﬂensed phasé that '

=2 rep@fts a lov

they cannct readily contact each other. Thus Margr&
vaprrizatioﬂ coefficient for the vaporization of magneaium nitride £hat -
veporizes under eqyilibrium conditions to Mg atans and K Emlecules o
because of the separation of nitrogen atams in the rigid magnesium
nitride lattice. In general we would enp°ct Iow vaporizatian coefficienta
vhen the main gsseous species is 2 polyatamie molecule that ‘does nat exist
ag such in the condensed phase and because of the rigi&ity cf the lattiee
_cannct readily form within the Aattice.‘ The examples?ef red phnsphoruﬂ,
arseriic, arsenic oxide, ammcnium halides ete., fall in. this class. Foy
e similar reasch, meterials that vaporize predcminatély to.atomic apééies
with & vaporizetion coefficient close to unity may produse a different
vapér when veporizing 1n a languuir type experiment cdmpare& to the
equilibrium vepor. This is due to low vaporizetion caéfficients for

tﬁe varicus complex polymeric specles that Go not affect the obgerved
rate of vaporizaticn materislly decduse of.tﬁefr<small-péfcehtage
centribution, particulaerly at low tempefatﬁres'"Héwever,:ét higbér

temperatures vhere they betome more ‘important the sffect of %he polyméric



species may beccme noticeable. AlsQ‘mass epectromster'studies.that'can
detect these minor polymeric species'may_yielé different results,withj
vEpoYs pro&ucés in a Lengmuir type;exgefiﬁéﬁﬁ in coﬁtrﬁSt te & gap@fv
obtained fram'a,Kﬁudaen‘celi wiﬁh-a Qm311 qfif1ce. ‘Alihough liquids
generally would be expected'to7yield va@6rizat1cn coefficients close
to unity because of a better ehance of rearrangement to pr@duee the
desired molecular specles, two 1nteresting examples giving evidence to

the ccntrary may be noted‘ In the study by Motzfeldt 25

of the vaporizatian_
of liquid eo&ium carbcnnte to produce seﬂium atoms, cxygenkmnlecules, and
carbon dioxide melecules, he found e lsw vﬂp@rization coeftieient ﬂhiﬁh
he autributea to the ﬁifficulty ef bending 8 triangular earbonate ion
fn the 11quid to form s Linear carbon dloxide mlecule; Aso, Stmnskim
in his study of the arsenic oxides, obse“ves that although the vapcrization
coafficient frem the moleciler ] ttice ma&ification (érsenolite) 1s unity,
measurements made on the superccoled liquid show the vapariz&tien caefficiént
te be considerebly less. In this case the attractian betveen sﬂjacént
Asy0p molecules 1s apparently stronger in the liquid-than 1n the soli&f_

It 1s of interest to apply these generalizations to the rate of
vepcrization of graphite for which vaporization coefficients less tban
unity are known to exist. It is of intereat to note that black phoephorus
and arsenic bave structures that are cloewly related to the graphite '
structure and thet red phosphorua is belleved also to have a similer
structure.eh 25 Goldfinger, Yeelbroeck end Doeharﬂaé have preaentea 8
mcdel for the vaporization of graphite based on the Berzherg-ﬁerzf1e1d~
Teller model which would reqpire a low vaporiZation ceefficient for |

" monstcmic carban, a unit vgpcrization ceefficient for Ca, and a much

- larger than unit veporizaetion ccefficienﬁ for C5 Althcugh their‘deEI
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1.3 self-consistert anﬁ‘quite cogceimﬂlé , it w'qula‘bg much more reasonable
on the basis of.’ e.@erienc'e ﬂ-ﬁfx vcat.her systané tha't ‘the e‘.tcmic pm&ﬁctg
would vaporize with & mgh ve.porization coeff’ieient while more c.cmplex
molecules might hmre a law vapr rimtion ccefficient. The more reeent
mass spec’cmmeter results of Inghram and CHUPL& and Hcch , Blackburn,
Dingleay and’ Johnstan27 now clearly dmnonstrate that monatcmic carbon
must ha§e 8 vapbﬁ zation coei‘ficient betveen 0. l and 1 and eould nct have
8 vapor‘iz.a;fion c&efficient of 10~ <5 as has beez’x proposeda Their results
together with the Inggmir method mea.auranents would be éotzsaletent with
a vaparization coefficient i‘or C2 bct%.een O 5 amx l, a coefficient for

¢ sround 0.5, amd & coefficient for 03 of about 0 3.. ) 'l'hus none of '
these species could accoun’c for the l;aigh mpor pressure dbserved by
Goldﬁnger ;s Doehard and waelbroeck using anisen cells wi'ch ex;:ramzaly
smll orifices, a,nd. one is forced to attribute their results to e mere
cmnplex ‘species ~ Chupke. and Inghmm have reported cbsewaﬁic’ms t:he«t |
indica‘te th.a,t the C5 molecule hag 8.1'1 extramely Low vaporization caefficient
and becomea 'ery 1mpertent in & Koudsen cell measuranent. Although these
measurements require verification before they cen ‘be Mly accepte& 3 such
a species wuld aﬁequately emlain Goldfinger 5 rnsults as weli a8 the "
various stat.ic deteminationa of the total vapm' pgeasmre of graphite.
Emnination of the structure c;f graphite shwe that it wcmld be

extremely diff:lcult %o form 8 C molee.u.le frc:m the graphit-e etructure

2 y
and one aould expact a lov vaPOrization coefficient‘. for suc‘h a molecule.
From its requirecl high ste’bility, S.t must be a ring or ot;her @cmpact

gtructure. It is of interest to note that Brever,, Gilles e.na Jenkinaas
veport that graphite ponrder gi*res an abnomally high vepor pmseure upon
first heating thet gra.dually decreases just as chserved with phosp’gloﬁas

- end arsenic, snd the same explanatiocn m:!.ght apply. Thus imx)erféct or
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stroined graphite crystals might allow the necessary distortion to form

C. molecules and thus would vaporize more repidly than the more perfect B

5
erystals fram which 1t would be very d{fficult to form ¢, molecules.

If the msss spectrometer 5Eaem{;ioné of 05 can be v;erified;'-a‘. resdy
recomil:.ation of all the app&rently contm&ictc»ry data on the vapar '
pressure cf graphi#e can be made. With Cs the main apecies under true
.equilibrim ‘conditions, one wmld ey.p@ct ni.gh mpcr pr.esaurq.s. gnﬂer“ _
static conditions or with Knuﬁsen ceiis wit}i'extiﬁ;nely small oxifi(;es )

as used by Goldfinger, D%em.rd and Waelhfoeck@ Emggvéx’" with the véry
amall vaporizetion ceeff.icient' of probably 10‘2* or smaller for Cs;

other. kinetic methods of détemini‘ng the v:%po,r ’présgure would give

li'ttle indication of Cg, and the meesured vapor pressufes would

correspond nainly to € and 03; 88 'vthe 02 pressure is considerebly
vmmller. As both C and C5 are ‘;pi:‘esex;_t in ccmﬁarable cmounts, third

law calculations using tc;i:al w.pbr 1$z~essure measure:nenté; obtained by

R the usual Langmuir apd K‘nudsez;’p methods ‘uéiil give‘tixe heat of sublima:hicrn
‘of graphite to ménstomic carbon within a fev kilocelories. It sheuld

be possibie to check the importenee of CS by using & catalyst as has

been done with phcsphorus and arsenic. A auita’ole liquia' that weula.
“disaclve graphite without Porming an intermediate phase or withcut
reducing the carbon activity «oam be liguid platimml or another relativ‘el‘,r
noxg-*mle.cile platinum grcup rietal. Preliminary emrimehts with ;platimsm _
and grophite have indicated that liquid platinm ¥ill ddsscive ap;ﬁmc:{ﬁble
smounte of carbon at IQlOQCC . If the same effect is obtained as hes been .
cbserved with phc«spnom and arsenic ; one sboalﬁ observ@ high pressurea
similar to those observed by Gcldﬁnger, Doechard and Waelbroeck, even

vith Knudsen cells of large orifice.
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Furthervexperimenﬁs‘aretin progress to cambine maée spectroscopic
examinafion with Léngmuif'and Khudéén tjﬁe experim@ﬁts to establieh
the vaprrizatioa coefficients ef the minor species as well as of the

me jor species of systems like phosphcrus and &rsenic an& to check scme

of the generalizations made above. ﬁ_
This work wes performed un&er the auspices of the Uhited States

Atomic Energy Cammission._

toage & 807
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