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illlIl'.1P.Y

ThLs tiies"l.s,,lo¡¡cribeg tl:o iloû.ltl-tfe:.tent of

p*rtr:il ¡:Ì: +t.oioninetion croso-sestfons 1'or procëosea

wl:ich iesd" to tl:e for;iatÍor: of t]'re lon i:, a portieuJ-s,r

quå&tu$,stato. i'¡:rti"¿'"J. Õross-sections for cxygon,

i:itrcgen en-å nertaT'rrai)our i¡ave been Ëcagutred..

î'rc"¿ious ilete rmir.ratåons of phatoicnisatLon crqsr-

ÉåÕctions ì.sve l¡cen i"ireit Bå to :i:eÍ,¡surari*nts of the total

ö1ûas*ð*cti*n f,or' å :'rul.tlpl.ì-city oi" ÈT'oçÉësçB cOffê6potrt-

1,;Ë to trlnsl"tiols tp any Ðne D1'a nuxber of que'ntun

etates $Í tirc i-on. -'u;o ex*np).es of tet¿1 çro$Ã*sêetJ,on

ÊeeguraËre¡rts e$û "irrees¡rtod. i¡r tirJ,g tl¡ssLsr lotal

çrops-geotions of n:olecuL,u,r oJõßeû irave been i',*;i;ured ln
the re6Lsn j'ro;ri fC50 I to 1A5O iÎ. TirlE reg$.or¡ t¡r€ludea

tt¡e w*veleqEtir oj' Ìryilre6eu Þ;rnen-¡r 6¡i f"nportanÈ e&lgalo¡

Iine J.u the sqlar spÊctrun. Å d,ouble parallel pLate

iqn çhr¿inl¡çr iiag Þ*eri used. to iûeesure total photoionlaatlon

ctrÕssÊsqct5-ong of ¡rltric Exlde in thc regf.on 1,150 R

to Lã5O .q. trrùs ei:an:ber hae nlso been us6ü sLth srg,on

to ¡¡,eagure ¿bsolute bean i¡:t€usitíee eoeord.i,lg to ttre

¡JÀethoil óÌ'.1Ê¡ogo11.

fhe partial ¡rirotolonlsation cToss-åo.otåons hare

been ùoter¡ní¡rod. by reoorðing the errer¿ì¡r spooüra of thc

photo-eLoctroua. The speotroilater, wÌrioir uot of thr
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retartl.innS pôtcntf"ar t;,"pe, oonsi sted of threo conoentrt,s

oylÍnd.råoal electrod.es; e* eollt¡rat ing eI ooÈrod.e, àu

anaJ.ysii;g grldr F¿1x-i irn ansdsr t ons-netre near nornual

i:rcid.er-¡o@ &orioelrro:ì,îtor hee been uged v;i'th s sLit ¡¡idth

errtreepondi,n¿; ts a r,üeElutlon of iû 1. lhe nonochtros*

etor heg been eciu:irr1:ecr, nlth a helf.um capål1ary *focharge

Iarap ¡louereiÌ. 'b¿ ru eor:d.enoed. spark ðischerße*
t,lestron cr¡er¿ör i¡:e*tra beve begn reoorded by

di"ff,crer¡tf"tt{ng tlic output of the el-cetroneter whåeh

:¡eagured. tho elr,*otrc¡l current et the ançüe¡ end applytng

thi.s sf"¡;lreJ, ri;iri tht; rr:'b*.rd1;g voJ.ta6e to the Y anrÌ X

exeË reÊpsctlvsly oi st X-l oo*ord.1ìÌ.*.te plottr¡f.
$noothed ÉBectr.fi ireye 'b+en obtaLned. by cì.igiti:.ir:.,.; the

ËFootra end uain¿; tlrre nenûf,f stOrege of â nul"tl"channeil

enu,J¡rgE¡" to aùc;. sevcral. ncåna oí' the õpestrì¡nìr

InterpretntJ.on of the apeotra has beon sf,i[ôÈ

by s ütu(b¡ of, the $poçtrå of *"rðon.rnrt hycLrÈgGn¡ whteh

co¡¡tsin a olng).e ìtne ant!. s olngle benrl reopootl.veþ f.n

the rslrge of ';ravclcugths useår ilre ;e*ii in the er6on

oBeetrum haü. a r¡rir3th et half hei¡sht cf ort+ e"tr und.çr thc
be st sondi-t lon e.

i¡rectra ilave t'cen sbtatnerl, over a ¡ratelcn6th

rsägê I'roa thø thrcsìrCIrd for the fdrst exortedl etatø of
thê ion tO 5tì¡* Ê for exyßcn, nitrogen encl w&tqr vü.Boì¡¡.r



(vrrt )

ll:e rel"'tiyo áreÐ. ¡íls,í)ci:rtcd ¡vl"th eû.ch ¡er.k hee been

¡res.surei.¡ årrd t-, i¡ "ir;.f or::il.tion oonbinerl nlth the totgL

;;hotcio¡n:!. ation cr,Jc;j*sêöti,¡:¡ d;rtir cf üaolt ;rnd. !{eta6or

to :::: ciìr:to ptrtlnÏ er,)&s-sÉgtirn g,

The irartj.e'l cr':"$s*sect!cns of oxl,grlri ehcw the

t::roE\olfla of thr bJuE - Jr-
¿rnü. &:l ctttse of O"*t theó u

t2:;r, s,nd the uLn,, st¡.rtep ars not rropcrJ.y resolyêd.

The cont:Lnua srr å*ü.n to hnve the f'orn¡ of n atep

f,unetton i:od,lf,J,cd. ìly cenFetiticn bctr,'een ti¡c ocntinua,

snd. by eutoí*nLøirUÏ i:rooeås€Er -".t rcnvr:Ierr6thc lon6er

thsr¡ the u/*:,,, threshoîC. the Bpáctrü have a lerge penku
at lon eïiergJ" a¡ï ;¡elr es the peak ootrreô¡)onding to the
2..*t,* groun,l state. Tt is auggt:aterl theü fruorescsnoB

oceurs fro¡' n Ìll¡3irly excited level of ca before autû*

tonåratåon to tiro Xlil, stete of Oot,

Ihe nitr,rüen reçul"ts ghcr tirc thr"r:gho1d.p of th s

Btnrr* ¿inrl ,*no &tntcs of T{s+. i.Il. ilie oontinua hate å

m*xlmun Juet ì¡el,ov the threah+ldr ?ire BtÐrr* sontLnuuu

h.*o a ¡unzl,¡nu¡n yslilo rhiah .io Ie¡a thsn hnlf tho rûf¡¡rr.tsun

rár]'uss of thc ¿2n,. and Xt[-* eontinu.n,.lt&
the watcr r¡{r.*coür recr¿1tg ahu',s the aonttnua

ÊorrÉspsndlng to tlre 28, antl to, IeyeL,e of ïb0*, *nd

snother oorrsüpou<l..ing to d.lpsooiatLve iouf zetton. Thc¡c

oontlnu¿ have ltttlo struoture, and. the onsst le uèrc
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;r"i:r.'r.:.t1 th,l:r i-: tl-,¡ Ç: irô cf ax;{€rn tn;, llJ_trogi:n,

Tlre ir':;"tr'. ll _ l: c¡ilolor¡i:ntlp:: cl's-ìij-Ð*;eticns

li*.ve, bc,c,t. u;-:c,.: i;: c:,,;--cuIl-t.i-o¿i* cf ti'rc ÊtrirrÏ"g¡r c.istfibutlcn

t:;' - T''! ì:,'3'..- .r,:;tþe.lr ctrcl:c l¡t tl:e, ic;;;st;T-.:ryûr' r.,irri l¡i

*¡Lcui'."ti.rrn¡-' til "hl: c, iv*rl.ec.*- j-rte¡isitle s of r¡¿',r'ious

flurc:.'egeeút i:lri,,.l ::;'tt.n,r.t ci:Lttr:cì- ln ti:e lo¡1o{.-i-irÉ,¡,o.
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ThLs theeåe contaLns no ns.teríc]. trhLeh

has beeil n*cepterl for the aw*rd of s"ny other åegroe

or CJ'plona in eny Ltniversf.ty, îo the bcst of tt¡e

sìrthor1s l.:nonlndge ."r-nr: beltef ít eontelns no naterlel
provfously prrblås!:oc. or written by ançther pÊrÊon,

oxoept where due referen"ce j-s uå,d"e ln the text.

$.. J. .Blake

¿r¡ffuet tL)66
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'Jhe ;:: Ê¿òuie.e:::l;s i:i ti;e totaL *'i;¡¡or.;:ti.on

CC+f*'ici¿:;.1 : t-' :.-]1.-.:'::l-'.f' ii:;- -:L: ìrri:"i: {iïfI'iui: au-l -;,:

'¡r 4{ - . :r.'.uJ J.¡v¿ u)- -.\ ..¿u.- i'a--r ¡ :,*Íj,:j.i.i.

'il,e ::ü'Lri;J' ::'r,,.i{ 1i.-:c to tl:¿,r-: :r,-:,li.l,o",te"n

Ío: he].i;i-ii r'..:;c.:í;t;; ; c'' u!"i-."; t.;¿ ;, lr- C*;:"; oJ.' tills

tì;os!i, t.rt. 2l ¡..c :-.; iii:r,.¡; ,-c.l ¡.i':lr ir isc¿ss.i.;n witl:

pth.¡;" ::t¿li:ì.ì.ìor.Ë L- t' r- l:;rrs;g,r eI ,lrt::"i"rnt.

,.-i:g"i.t:i ì:ri: .;j-go u¿e to 'r:liû ..-¡r':ii:ol; gL¡f-f fcr

the eo¡¡structL¡i¡ j-' i:.'u {iì11.,-.Ì-';tur, lzr' to rìr. ^..-...urri,y

a¡rij. tiii: j.ect,r;;;-""c1 
- 
jr:ùi,ri:c::ì¡:.c '!'s; r.l s;il-.'tilnce :rith luhS

e].ect:";-; -o ei-rc i::';-t;.

, 'i;.rll;, 'i;"^1. lutlir:r i,tul_i 1:--:a t; tiln:!.: .-lic

EU$e'llv:iitr, .1, r'olLg,"rj.' .*. .t:,fvef o :lo¡il s.iilccreij¡ :'Of

his ..5uiei.üncc '!--l:rs _:-:out tl:c Õoii.r..lc cÍ tl.iiit .,'oi';i;¡

îilic i:ri't,;t:'";rtioïi ì:¡r.ì,5 ci."rriÊ{i crit rll:.Lo the

Eutlipr ìri.ì.5 iitil-:-;;_, :..,je;-¡;ür ;'ost;r.:¿c'-,r::'be - tu:,.e,itslil;:

gra::terü" i;;'t.:c ilc.ri.j,J:i,¡e-aItl'..,cie¡:t;i-fic :¡ac'. ïrtçius"briel

lie sea:'cl: L:-r;i::.i z¿;,ti,:::.
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I.l Introd.uotlon

Tbe tern photolonl¡atlon 1¡ applled to photon

Lnctuoeil tranal"tLons to an unbognð energy etate of e

gesÊouô aton or Eolooule¡ where the unbound state ll

that of e positively ôharged. ion snd. a free electron,

Severel es,r¡.y atteupta to observe photoJ,oniratl"on

prod.uoed. ln gaaeo by uttraviolot racl.iation (fffaon 1899t

Henry L897¡ Lrenard. I9O0) rere not suocesafuL, but tn 1910

tr{ughec (Hu6hte 1910) founA that ultravlolet rad"Latl.on

enterlng an ¡1r filleiL ghanber through a fluorlte wl"ntloç

proiluood. poaltf.vely ahcrged iono, whtah hadl the aarG

noblllty ar those proil.uoocl by T-rBysr* Tiood (Wood- f911)

ob¡arvett the abrorptlón speqtrua of aocl{u¡l yepour, audl

foundl thst It oonøl.steal of e serlee of absorptlon ll"nel¡

sndl a røgion of, oonti.nuoua abaorptlon rhich extend.etl fron

the 1lutt of tha lLne serl.eg torard¡ ¡horter revelcngthl.

J ft nunt bs noterl thet flughea coul<l not hava obEervodL
the d.irsot photol.onlratLsn of êDy of thc conponentt of
eir, ainoo a fluorltø rrLntl,or oaacoa to be trana¡rarent
*t e raveLoagth longer than tho lonl.catlon thrcaholcls
of, these f;aaêar llcltsler (wcf sll.er L957) tra¡ ruggçqteà
that IÍughet Ery have obaeryed the photolouf¡atlon of
itigaocietl" on proðuot:.



-2-
thc uature of thls speetruîû wcs exBlalnerl by Bohr (ronr

19ft) fo terus of traqsltlons betroen a quantioed. enørg¡r

statc¡ *nd e.n uÊquantieed. ênergy utate of the aton.

?he aboorptlon tpcctrun obsorved by looê nay bc

unüeretood by refercno€ to the €nergy Level ctle6ran shorn

in Fl6.rr the levera on tha reft hanel aldle of the dH.ngran

LncLiaate the energy states of thr neutral aton¡ end those

on the rlsht handl slele l¡rd.foato the energy atatee of the

poaltf.ve Lon. The absorption lines corrÊaponcl to photen

lnd.uoatt traaritt ona betroen the ground stats of the aton

and htgher bouncl leval¡ of the âton. lhc abrorptl-on of
a photon rith arr enorgy greater than tha dli,fference

betrcen the grounä atatc of the aton and. the ground. atate

of the lon, mey result 1n a transltion to an u¡¡bound. state.
thle €nergy rllfferenoe¡ rhlch ls the anount or' EnËr6y

requíreil to retroye the l.eaat firnly bound. electron fron
the atonr ls of courso tne lonL¡ation potentlar of the aton.

Booauts thc final stata ln a phototonltetlon

proc€og J.o unbounð, abror¡rtlon nay ocour o?er * oonttnuoul

¡engs of raveleagthc. the 6rçrcË of, the photon Gnorffr

ovcr the anount of, ånergy requiredl to prodtuoc tha Lon tn
lts flnal otate¡ sppeafê a,a klnotic ener6y sf tha photo-

Lonllatlon prod-uotsr Slnoe the nc¿¡ of the oleotron 1s

¡oueh leca than that of the atou, vLrtually atl of tha

exoeôs ôncrgy La c*,rrl.ed aray by thc electron. Ì(uut anrl
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Photoelectron
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Energy levels of an atom A and the ion A+,

showing a photoioni zírtg trans i t ion.
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Fig.1 .
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;, tJåi ."m s l "unã s"ncL ,illrii,rie l Jpa , L,r\23) ¿ctscted plroto-
lOnf aatÍon ir¡ çnciiun v¿pûur gv,":f l: co¿ltirruou,s J,âÐgè of
¡¡r,vel-e:,_;tÌl- shprt,:r t,:sr¿ ;i thri¡:hol"cì at ll[t l. îhåe
threshcti *,greccl reJ-'i *ftl: tire ionlratLcr: t<)tcntl_e,l

rietcri:inat fr+n tirc ic.r'lcs L!.¿tit of tì-,e lLn¿p in the

ab scrtrtion epnctru:;: of ó.tosirjrü vr^pout.]

ir'ctleureRent oJ' the cross-Eeatig¡.: for photolonLsatLon
r.E c f unotion oí' iir-$clength is & #cí¿:r# of ncquÍrin6
lifoËr¡*tloli el¡i¡ut the erìÈrgy $ts,tes o:l tl:.e., ntosi ûr noleouLe,
aqd. ti:e ¡rature oi' tìre ¡;hotor: j-¡rclucecl tr¡,nsåticln¡j hctneen
these st¡¡tcf,. lrrt: cross-cectiooe fqr tire photolor¡iøatl,on
of riânj¡ ataniis 6L',15üs irare beçn Ê¿.rloulateci theore*ioell"y.
In ¡¡oet caseå n{:ny +p;;r'oxirratLons iì.ro f .irolved ln tile
e eLc,:1eti(lna, rrnri r:; c o^EiI;{rr,í sen of ti¡cr ti:corctic nJ, oröß a*
gectior.c wÍtir tl;c cx;ierf.rotrc.tal aÊ$ðutreri¡eRùs allsv¡s en of al-
UatLo¡i of tÌle r¡sriaue rrpproxir-.retlO¡ig to br.. riind"€¡

1e aO;;tly ti:¿: 'roGe6sas $f i:'þot,o.lanizErtien have been

stucled" exj' .;rin€ntally rn GoneÍcterr"l¡le detall_.,åb.Eolutc
values of total phatolonlsat,lon oross-aeotlons have been

n*agr¡red. ú,s a functlon frf ,," rvÇler:tgth (;;øf_ssler Ig56) f or
Efi'ny gaäê8r Fhe ¡ircsionoe of låne enrr banð l¡tructure ån

these sroF;i-secti(ins Lecl tc the crseover;r uf tì:e proc eß8

of auto-lûnåzatl"cn (see ,joo.l.5.? j. ¿høa photol,onl-zetlon

oêGBTË¡ the rseíil"ual -ton nny in general be forrod, ln any

of lta €ûer8y statee vhroh sr6 separaùod fron tho ground,
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state of tbe neutral etou or uoleeure by leoE than the
phoùon energy. TÌ¡ug the total erûss-a6otlon fepreeenta

the sum of fienJr oonpetlng ¡rhotol.onLaLng proceasee, enil

provl,des no lnfornatf.on about çhlch of theee are ocourrlngr
Por moleculer gasee the oross scctLon luåy arso inorudla a
eontributlon frora rllssooLatívø fonltatlon¡ dl.f.aaooi.atlvo

photoionl-catior¡ ha¡ beer¡ d.iotlngulehed froa the formor
prooeea by rd.enttfylng the Lonisatlon produots rlth ß EðEa

speotrometer. (Hurreler at at 1957). $one irrfsrnatl"on
about the nature of, the photoåouiration proce¡¡ hao besn

geineil fron the atudy of the thresholil behaviour of tho

orars-E€ction. (vorrlrsn 196e).

Àlthough e knotloðge of the anergfer of the varlou¡
stetea 1¡ suf,fiof-ent to d.ecld.e l"n nhlch atates it la
energetlca3.ly poeråbIo f,or the lons to be forneil, the

eristlrr6 experiuental data pr;,vldea very llttle Lnfornatton

¿bout tho finel etatee of tl¡e lons prodtuced by photo-

lonL¡aùlon' rt ie thercfore d,e¡lrable that erporLaenta

Ehourtl be contluoteü to r:¡oâsure tho partlar photolonfagtton

cresa-sectfon¡ for tho fornatlon of Long in parti"eulaf,

steteg. PartÍar photolonl-zatlon crogs*sértlong ore al¡o
requlrecl for a¡lpllcatfon to åonospherlo probrenBo i?hoto-

laniøation of etrnoe¡lherJ-c ßaseü by solar ultravLolot
raü,igtion uakes sn luportant oontrlbutlon to the forraatlon
of the ionocphere. (;ttnteregger êt ¿l l96ri). Total
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pbotolonlsatfon ÕroE€-ooottons å,re suffloåent to aocount

for the pred.uotLon of the¡e electrono, but thatr subcequent

behevLour cnnaot be pred.icted without a knowledlge of thclr
l.nltia]- ens"gy cll,Etrlbution, end. thLs cån only be dl.eter-

nÍned" f-f, the pertl ar, photoåonlsatLon crÐsBaseetlong erG

kno$n. (lalgarno et al 1965). Fartr-al croËB-sectiûn!

are aleo required, ln ordler to predll.ct the intenslty eatl

epeotral dietrl"button of fluorescent rarlio.tior. e¡olttail in
tl:o ionoaphere rhen fons prod.uoed, fn an excitecl statl
return to the grouncl state. (nalge,rno et aI Ig65)-

Hoth of the {onoapherlo ¡rrob}oms ånd.ieete methodl¡

of, uoasuring partlar. photot.onlsetion eross-sectton¡¡ Thc

ðeterufnatlon of the lntøneity of fluorescelrt rad.iatLon

(.luage et al Lg65) provJ.ðes a ueaÊuro of the nunber of Lon¡

proil.uoed Ln tha hlgher of the atetes LnvoLvsd. la thc
trausitlonr but the nethod. is not rrery satLafaotory baeauae

of, the exporlnental iLffffoultfen. ¡L üor6 s*rtr.sf aotory

sourcs of infornetLon tn proviðed by & Ecasurenent of tbe

energy dj.strlbutLon of the photoeleetrons. Trartial

¡rhotoionÍ¡etioË croõE-Êeoti.olie have beea obtetned" by

$choen, ($chocn L96'l+), but hí,s n¡e{!surenents çontoLn lu-
suffåoient d.eteLl to aake a tletolled. lnteri:retatl.onr The

obJect of the present work hsrs been to obtafn &or@ eqËurñ

*ncl ¡4sre d.etaÍled pertial photoionisetlon cross-seot!.ons,
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parti-oulerlJr tn tho atnoapherlo gÊçøsr J! photoereotron

speotrËaetar of sodlorate resolutlon f"s elao a ponerful

tool for the lnvestL6atton of thø procesg of autolonl¡¿t1on.
(See Ghapter IV/.

r.? .

The rxporluonüal rteterqÍnatLon of photolonr.¡¡t!.on

çroÉE-gsgtfon¡ h¿vc ln reon¡r sesog bcen groooclstl Þy t,hcorct*
loel oarsuletloaa of the oror¡r-Ë€ctrongr rn ¡rr but th¡
ai.aplost oåðtt thoae oalsulatf.ona fnvolve naqy approx!.n-

atlona¡ anal I Goãprrlron of ttre thaoretfoal a¡ô tbt
oxperineutal otstÊ-¡eotlons provid.e* a teat of the 6ppfor-
L¡¡ctlona uaed ln the oEloulatlons.

Io?rl fbe ôlpote eporq¡iqetLoa

Tho tbeoqf of quantun eleotrotl¡rnarior BrorJ"dl&a ôn

expLlelt fornutrrtfon of, tho proÞLeu of phototonlrrtl.ou f,n

taruc of thq t,Dttlal anct fJ.nal ¡ùote ravefunetlona.
(getÌro and. salpeter 1956). I.,et G6 be tho raycfunot!.on

of tho lntttal bound. stato of the eton, cnrl Sn be the

oontl'nuua r¡vefunotl.on¡ ooraaLl.ceit to unlt €norry raagG,

of the ayaten oonnlrtlag of, the lon andl. thr free cleotronr
rf r*(tlatLon rlth fr*quenoy v suoh that hu>I ie Lnefulønt on

tho gaø¡ rhere f iE thc J,ontsetlon ¡lotentf,el of thc 6rrr
then the oroeo*ôeotlou for tho absorpttçn of a BhoÈon trl

st esd,ãt,
*cu

R¡o (r)!
g
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In (t ) RnO f s the r¿at¡lx eLe:aent:

ñno = i-,, î *tE'3i sradrõ ctr

rhero r. f g the posltlon of th" ttb elaotron, anrt thr

f.ntegra.l extend.g oyçr the conflguratlon Bpåoe of aì'l

el.éotrona. It nu¡t ba rcnsnbered. that the final stats

refera to abcorptLoa p:lotesree whioh lead[ to thø aJeotl,on

of the eleetron çith upcof.ffc v*l.uec of the quantun nt¡nbora

€. sncl u. To obtaln the total êroËô-arcti.on tbe oquation

nuet be eunned ovÉr ell poaaible values of 4 aniL n for the

s].ectFon.

For thc abaorptlon of ultravlolct radlletLon by gacoõ,

!,¡t10-t, antt equctf on (Z) ray be slnpllfLetl by replaclng

the er¡ronenttal, taru by unlty. FþslcalJ.y¡ tht¡ oorrerpondla

to araunf.n6 no ehan6a l-n the ¡rhasc of the aleatrLo fLcldl

over the tLluenalona of tho atonr rhioh La the ¡l,tuation

for a ol¿e¡lcal o*oLllating il.lpolo. Shur only rel,cetrlo

rlXpoler transLtlong noeû to bc coneld.ered.. lflth thl^c

approxlaatlon thc nstrl.x eleuent beüouer:
2çøyt-<f
h

R

(z)

(r)nO nO

where r ls the ilipolo 1en6th n¿t,ríx elenentl
nO

åt $o dr (r.)

Two othor exactly equlvalent forme of, tlre rLl.polr

natri.x elcnent Ëay be fountlr the iLlpole yelocity, anrl the

rno 'i-" I
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d.lpo1e eocRrersition natrlx êlensnts. Hecb of thsEe uetrl*
eïo¿nenta pJ.e.cep a dLifferent onph+sis on tl:c ravefunotLona,

anfl the d,egroo of a6r6ernont between cros$-sootlons

osleulatedl ustag the threo forns of tho notrix ercnant

l"nd'toetes the a,oourgqy of the ravefunationE ueed. in tho

o slou"latf one . ( too¡r er 1.96ä ) "

1o2.t. tho hvclrogen ston

Unfortunatel"y the ex¡lre*oiono of thø previous

,sêËtioa oan be applroð exaotly onty to the oeaa sf ato¡¡i.o

hyd.rogenr sinoe only j-a thl¡ cete can analytr.c cxprelaloao
for the savefunotl.ons bc obtained.. The expreaaion f,or

the totel oroea-cectl"on for ths abaorptloa of rarH"atfon of

frequsnoy t, by a hydrogon-llkç etoo t¡l (Dttohturn snal

opl,k 196¿ )
t

ç¡ ,(urn) = g(12,Èt er Rff')/(lr¡tu*nu ) (5)

tbere R 1s the Ryrlbêrg oo¡raüant¡ il ic tho prånolple

quantua nunher of the inltlal otato¡ F" is the nrrçlesr

chnr6er end. g 1q & oouIrpll.oatod, feetor depoadi"ng on u andt thr
6nËrgy of the fl.naL etate, with a ve,lue cLoee to unltyr

fn eone oùneunstansog the Ìrydrogen ¡Èo¡n type of

eel,cul.ation aay be used. ae e,n ap¡rroxira¿tå.an for other

atons. i'fben thø €trErËy d"lfferene@ between tho initlal
end" final, states ic lerge, ae. Ín the caðe of X-ra,y

nbrorptf.on, thø oa"lsuletlon 1s lnaanaltlvr to the rictailt

sf the lnl,tlol stats tayefunotlonr end. th¡rcforo Ê
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hyd.rogen ato¡u treatnent is suffÍciûntr .lì,Iso an atop tn
a hi6hly excíted initial state is vçry nuoh Li!:e s hydrogen

atou.

fhe absorption ürÐ6s-csoticn of equation (t ) {a

r¿l¿fecL to tire atter¡uatLo:r of the lxrteneity of a beau of
raclietlo¡: â.8 i.t traveìs tbrou6h the gas by ËeÊrts lar¡

r * ro *-PCrl (6 )

Beynoa and tairnc (Beynon and fielrne L?65) havr reoently

usdø ân experlpental d-eterurlnation of the eboorptl.on oroaË-

seotion of etonS.o hydrogen at 850.61. The gooit agreenent

betveen thetr value and the theoretl,cel value (Uttgtrburn

anù Opflr f96A) fndioatea the val"iüdty of the aosunptLonc

on whioh the theoretioal oalculatioa l-s baEed."

Tt Ia lntereattng to aote that !"n the oa,6Ë of the

photoionl-retion of atcnlo hyd.ro6en onl.y o¡re final etate

exfrto, and the cross-oect{on does not oonsigt of a nunbar

of overlapplng oontLnua corrËspond-tng to d.ffferent statcl
of the ion. For oth"-:r atorns thc l-on has nåqy axol.ted

ototesr srnd the totel photoloniøotion oros¡-seotLon ie ths
sun of uratry partínL orosg-Eaçtåone.

ï.2.3 ,{,i:nroxinatl-ons to oth r v¡nvel"rrnat{ ons€ a

fhe equotl-on for the çe.yefuuctlono requlred" f,or

the caì.oulntion +f photolonisstlon cross-åestions canuot

be oolrotr exccpt in t,'re sñEe af hydrogcu-Itke atoua.

Iîowcyor, thoro ere yôtrtoua methsde f or obtalaLng aBprorLnn,te
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r&v*funotÍone rhlch üey be uscd to ectluote thc oross-
aectlons. ,it ¡¡athe¡¡atleal noilel of, the aton aust be chosen
rhl.ch 1a gooil enough to ¡¡ake the reaurts useful, but sLlplc
enougb to be ¡rraotiocble. (ITartree LgjT).

b{ost riupre oalculatlons are baeerr. on tro 6øneral,
appnoxlnetious. fhc flrrt La that the eleotro¡a aay be

ooneirlerc<l to EgvG in a oe¡ltrer potentlal v(¡r), rhtoh ia
not neoerearl,l"y å, coulonþ potentLel¡ rhcn tha sçhrosd.tntêr
equatfon hal tha forn:

v'ç*+[r-v(")lteo (z)ú| L -l
flhan erpro¡reù Ín apherloal polar G@-grdxnatag tht¡
equatLon separatoc tnto an an6ur-ar coaponcnt¡ rhLch ra
tho sanç for all ocntral potontlals, anct e railLal coa¡lonantr

Thc othor epprorlnatlon r.s the earunptlon that
eaoh errstron Eoygs in a stetionary state in thc fferil of
tha nuel,eua aud the other eÌeotroua. IïErrô neohanloalty
thlõ epproxLnatLon lr erprcaaod. in terno of separatcrl

lsvefunctlonat

t . ?r(l) t¡(e) 'ör¡ l,,'(f) (S)

whcre tn'(n) re the ravefuaotlon of tha pth elcstron 1n thc
thÍ atata. the ravçfunctlon is madlc to oonforn to thc

Paull prlnef.¡rle br nrltLng 1t in the feru ofa slater
rleternLnant. îhla also nakea sl,lorenoe for clactron
sxabeqgôn al,noe lt lc not speotfled. rhLeh rl.cctron la Ín
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Gaçh of the slaglc elestron etste¡r

The uost oonnonl.y usccl revefunotlonr arG thoâr

aaloulatedl. by the Hartce-Ëook nothotf (Hartee 1957). thf.s

nnethoû ta Þaseð on thc e¡rprorJ.natione outllncdt above, anô

the socuraoy of thc rayefunctlon¡ Ie opttnl,aad, by ualng

tbe vart atlon prf"notple to ul"nl.mies the total ÊuorßJr of

ùhe oysten, oal.oulatsd froa the expre¡sLonr

ilt
E E

/*'m

Jni
(g)

¡1t

Other Eoro aophlatio¿ted rEyefuaotfone rhl,oh hare Þcrn

obtetnotl lnoLude thoae in rhf.oh e tern ts adld.ed to th¡
poteutlal to eLlor for polarl"catl,on of the oore of tha

eton. (Bates aad. b{aesey 19hj).

Surthqr apBroxf,astfone r¡ust be nad.e ån fornf.ng

the çontLauuu tÈvefuaotlon. îhe ftna]. state ta thet af

aa unbouud. elestron nov5"n6 f"n the flelcl of the Lon, auil

therc are tro oorüon cpprorl"ø¿tions üo thr fLsld. l"n rhLch

the elcotron rovëBr fn the unrolaxecl oore approrLnation,

(Cooper 1962) ft is Èoauaed that of the I{ elngle oleotron

revefunstf-on¡ of the LnttlaL stata of thc etoru, Iil-1 renaf.n

unohangedl after lo¿i¡ation, that ls, apart fro¡q thr
reuoyaì' of orlc olectron, tha ato¡n La unshengsil¡ end the

ef,feot that the froo eleotron hac on the othors L¡ f.gnoredl.
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fhe natrl-x alanant theu fnvoï.yt¡ only the apatlol

d.f.etrfbution of one øleotron bef,ore andl after tonLzattsn¡
Irno - /lo r úo dt (ro)

fn the relaxeü cçre apBrodmation, (seaton 1951) trre

oontf.nuur çavÈfunotion Le taken to be the antl-aynruetr{¡eil

produot of a free eleetron w¿vefunotLon and. the sS,nglc

eløotron ravcfunetLons of the lonio oore. The effaet of

tht outgoLng oleotron on the t ostc f,leldL ts lgnoret. Tho

bcEt oeatral fleIi[ rlllr of ooìlfter bo aoaethlng betreen

tbesø tro e¡trenc Gasea. Close t.o tho nualeus the f,lelil

Ía probaÞly 1i.ke the unrelax¡il core fielilr rhtrle near the

etl.gc of the aton the rela=tdl oore Íe a good äppfoxlnatlon'

thuo, in lor êD€r&y c¡loulatioua¡ wherç the reglon uEar the

êðge cf the aton L¡ l.n¡lortant, the relaxccl oora uodlol

offers the better approrlrnatlon. (Cooper L962),

L,2,.t+ F$n lg¡e¡
Tha probablltty for a tranaltíon betro*n tre atster

lnay be 64)re¡6cü ln torpc of the osolllator ctrengthr fn',
defíncrl by the erpreoslonr

rso o î l"*ln 
(tt )

rbere g le the Ënorgy lllfferenoe botçeen the tro stateol

andl, rrr' ls the d.lpole natrir elernent. Varlouc sonent¡ of

the oeofl"lator strength cllatrfbutf.onr dlefl,nødl by

ug - fl fo.eP (rz )
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[¿y be eycJ.uetect to ytelrL the sura rulee:
(Ðalgarno aatl Lyna ]-957¡ Ploohe anrl L,erlng€r 196¿t-; encl

torrlr eÈ aI 1955 )

,t4 -Efo'e- -Ë (r¡)

(1L)

(r¡ )

(rs )

(rz)

IÈ-r *3 L{ å1 r. È dr -çJ
f*

r /*"
t

a

l¿

r/J

Io = Z (fhonaa-Relel¡-Iiuhn aun rulo)

llt =

l¡s :a

ï[" 
* å /t 

.&. 
EJ t .J

ry* T /-f E(rr) oo qrr

wherc c 1s tbe atonl.o pol,arlrubilttyr end[ r 1s thø

dllan*gnetl,o suoceptlÞtll,ty. fhego øun rulsü ß16 f.rportant

beoause they relota the lntegratoil oaol,llator etreagth to

the statla par*ueter¡ tÍthout argr knorledlge of the flnel
støNq revefunotlonpr

the aun rulçr hava been vsrifleil 1n the 6atc of

hollun¡ (fflgnaron aad Levinger L965¡ and Scneon 1966r)

a¡dl DGon¡(Pteatr andl tevin8er L96l+t anil $as¡on f965)"

lhqy ney be uEødl. to extrapoLatc oro¡sÇEootl,on rleta to

ravelength regÍonr ;htoh a,rÊ ax¡rerlnentally lnaooo¡eablo"

(coopor 1962).

I.5
Meaaurernent of tha photolonir¿tlon ofoaa-aeotlons
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of atonic &aaßs provl,d"es o rrs,Iuable nethod of stud.yf.n6

Bhotof.onl'sa,tion preceBaÊg beeauEe these EeËeð havo

rolatlvaly aia¡lle abaor¡ltf.on Bpectre. lheoretLcal oross-

seetlons &re avai.labJ-o for neny atonLa gå6etn antl e

oonparf.oon of theso wlth tha experLnent*1 cross-seotlont

alLow¿ an evaluatton of the rertouÐ nethoils of oeleulatlon

to b e ¡¡ad[e.

I.5.1

GroEa-Eêctiont

fhere J-a good agreen.ent betreon the crolËËaeotlon¡

obtai:reê by the theoretfoal ¡aethodo outllneil abovc¡ andl,

thø erpc:rlncntat :"e¿ultE for the rare gÈ.lierr (yo Lso

andl 'rfel.seler L952t L955! A:rlaroð and. 6tven¡ 1959¡ Ditohburn

196Oi Bâker et el 1961¡ Ifuff,nan et al f96}e¡ Perry-

fhorne antl Oarton lg60¡ Ììderer aad lonboullan fg6L¡

Ruetgl L96l+¡ Ë.uatgL ßt al 196b¡ Hetounrgt Êt ¿f 1965t

Ìietzger and Cook L965¡ $anaon 1964s, 1964b, t96tro, f965¡

tad.rns eûi1 -semlon Lg65¿t and Ï.,orry et el 1965). fn thr
çåûe of helLuu the agreø*ent ls excellont, àEð Lt 1r onJ,y

reoently that the ¡o¿ttar 1u the erporinent¡.1 d.ata h*a bacn

reduced. aufffolently to ohoose betseøn the va.rfsus theo-

reticaL approBchG6Ç Sanson (Sanson 196lra) found that h1a

rasulta were in best agre@tront wlth tbe c¡Ioulatlona of

Stoçart aatL ffeÞb, (Sterart and irebb L965) rho uaed Hartreo-

Fook sevçfunotlon¡.
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C¿loulrtÍons of thø n€on eroað*seotfon (Sencl]'

L96r) pred"tot an eb¡orptlon Junp of up to 181 at the Lf

aboorptl.on tdlge, rhlah f.c the threshoÌð for thc oJaotlon

of 2¿ eleotroasr lhl¡ Junp hss not bcon oÞsarycdl ín tho

ex¡lerfueentcl r"csulta. ($anüon 1965). ThLs docs not

neoeaearlly lnply Èhat the eJectl,on qf 2s eleotron¡ d.oe¡

not oontrlÞute to thc Êroag-seatLoa at ønargJ.ol tri6her

than the f.l eelgo¡ but nqy lndlcete a raclistrXbutloa of tho

totel oroËa-sectlon anong tho poa¡lble d.!-atnt*gratl,on

prÕo6s3ê6r Sen¡on hss Êu6gåatøc[ that tho pnrtiel photo-

loniaetlon orgss-eeotlona of the rã,re gaa€E at encrgica

h1.6her than the Lt ed"ga be <leternlned. ?hig couLd bc

achievedl by neaEurln6 the rela,tfve nunbere of clçotron¡

eJestett wtth euergleo correaponctf.ng to the exoeÊs of thç

photon on€rêtJr oyer the energlca of the Lt and. L, eêgaa

respoctively. Íhe ðeasureftent was not nsdc 1n the present

vork beoause ¡ sultcbla light åourc@ was not av¿llabJ.e.

?he l{i absorptlon ed.ge of kryptcn ie o,lso lnterestLng,

el,noe a negetl"vø abrorption lu¡np is obeerveat. (Sanaon 196I),

fhe total a,bsorptlon sroas-EÊctlon of, etonio

olygen han been nealured by Calrns and Sspron. (Calrns

aud ücr$eou 1965b). Tlrefr reeu].ts tenil to ba hf,6her thau

the theoretlcal reEuJ.ts, (Datgarno et aI 1y54) tut bcoauac

of thç erper5.mental dlfftcultl-ee the eçattcr ln thelr
reouLt¡ Ie too large to revoal eqy autofonLsed struoture
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rhloh nay be present.

Í..3t2 .Autoionl-tatf.on

lihl1Ê oxerxÊl-ning the absorptl.on cpeotra of thc raro

ßeseË, $eutler (Boutter f955) tUentt,f{eü, meubero of tro
Ryd.ber6 serl-es betreen the nuor/n ana 2vr¡r- llutts of argon,

kryptor, ond. xenon, fhe u¡u¡uaL faaturea of tho¡e lLnos

w6re that they rerË vËrJr broað¡ andÌ tbey TreirÉ aoynnetrfoal

l"n oho¡la¡ tallLn6 off torardlE shcrter üsvc-lên6tha.

îhe çLetth of ttre¡a llnee ËB.s orplel.nctt by aasunln6

thaü a,a aton o=uLtod lnto onê cf the çtateo Lnilfoateit by

the abaorptton llnaa Bubð?quently underrent a tran¡ltLoa

tnto the tVlro lont¡atlon oontinuun, the etrc{rcr energy,/"
beíng c*rrt edl off by the pbotooleot¡on. ff the llfotlne

af the J"nterued-:lat¡ etato w&B very short, then the levsl
voulrl not be rveLl deflncdl. thlE lnterpretatlon rse al¡o
l.nd,l.ceteit Þy the faot that the ll,ne etruotur€ app€ared. l.n

the photolonLratfon croËs-aeotlons of the rar6 gaðe6r

(:tetrger ancl took 1965). The procÇèa råÉ callstt &uto-

loni,øatlon, or øomotlnes, preS.oni satlon. In Ffg. ? ùhe

trsnsitlona {nvolvcd. ln an auto-ionåting j,rooÊsa o16

i].]'ustretecl.

îhe preoê¡ree sf auto-ioniçed. llnes in tho abrorptton

apectrun of Ìrcllun (uaad.en end. tod.llns Ig65) lnftlqates

that both of tha el'eotrons l"r¡ tho hellun atpn arø bel.ag

cxcltçil to forn a quasl-otable state¡ uhioh dlcoeyE lnto
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the åonlsatfon eontlnuun whcn alr of the oxottatf.on

@nerËy i6 trãr¡sfeffed ts oDe of ths aleotrons. Thl¡ 1r
the nj-nplest type of euto-ionizfng transÍtton rrhtch Bay

ooeur. rn aore coaprex atons other ahange¡ rn tho eorc
nêy tg6ur to prod.uce a quanf.*etable etate rhreh overlcpl
tha oÐntLnuuru.

.i{ slmp3.a explanatlon of the asynnatrJ.a rhopa of
the ebsor¡rtf-on ll,aee hae been gj.ven by lrorrlgon. (Sorrlron
r96å). T{e sonaidlers the eutol"oalcatLon prooess to br

lnteraodl"ats betreen en exoltatl"on whl-oh glraa å charp

ebaorptLon lLner snd â rd,lractÌ Loni¡atton ÞrocÉ!É vhLoh

regurts in an lonLaatlon oonti.nuuo e¡tondtng below a
threshoLå waveLeagthr îheee proceEseõ represent e¡trene
veluee of the lffetl"ns of tlre interned"Iate state.

À oon¡rreheneivs analyais of the profller of

autolonj.zed. sbsorptlon lLnee hes been glven by Feao aäd.

Coopør'r (fano L96L¡ Fano ¡nd. Cooper Lg6D)" Thoy

oongl"dlered. the prôbl-eû of the oonffguratlon Ínteraoti.oa

betwesn & dJ.gorete state ancÌ ¿n s\¡Grleppin8 oontlnuun,

¿nd[ for¡nd. thot the proftres of the autoi.onL¡edt llnøs Eay

bc reprcsenteð by tha foraular
s(e) = "f(q * e)'/ (r + ssi. ", (rs)

where

Gæ(r_Fr)/år
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fn this ëxpreÊal-on E" Lo the unperturbecl. enerffr of thc

dlscrete atnte, Ti ls thc photon êner6ïr ana hf ts thc

ur€Èn lLfc-tLne of thc level råth reópðct to Èutol"onls¡tfon.
Tho absorptlon so-€fflclent hao tro conponenta, the ;cconil

(db) referrlng to direot lonlletion. Tbo ll.ne profLle

ls oharacterl-sed by the nunerlsal lndlex q, and prof!,lea

for severrl values of q 816 ahorn L¡i F16.j. -r,utoLonlzcdl

llne proflleø ûorrcoponding to a lerge rotr6è of valueg of
q have beon observeû Lr thE rsre €ieseg, (aee for exeuple

Sasaon 1965¡ lteð<len nnd toitltng L965, Lg6h).

Jixperlnental d"çter¡nlnatXons of the ¡lhotolonlratlon
yÈeld,, wliloh le d"efLned as the number of io¡rs proiLuccd.

per photon absorbecl., have phor¡¡ th¡:.t the yleJ-d of the raro

6e"seÃ betseon the '*orl, uoe 2i'f7, J.:.utts is egual to

unl,ty' ($anron 1964ð¡ Mataunagå et al 1965). Tht ¡

Lnd.j"oatee that all of, the atons exctted to the autolonirtng

Ievels L:-o thle region unðergo tranaåtfons to the lonlsatisn
contlnuun. Tbe reeultE of experf.metttrs wt th nolecular

o4ygen whlch ar* prerentçë Ln thLs theaia, (S+oJV.1.6)

fnÖ.Laate ths,t e. fluoreseent treneition fro;:i the autotlonl-sfng

ntate to a lower autolonialng ctate ¡nay oßcur before the

tranoltlon to the lonl.aatf.on continuura.

Strusture d.ue to autol,oní¿atloa has also been

obseryed by eleotron tnpect, (l{orrieon I:)6t+} and by

positLvo fon bonbard.nent. (iiudd 195r+).
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f.¿,. I'tolequlÊq FholglgE:L@ùl.on Çroge-seotlons

Èioleeular ga&cs in general liave absorptton apeotra

whlch $,re f a¡' ö,Jre conplex thar¡ r^tortc ebaorptlon speetra,

and. fcr thle r6aÊÕn they are less useful for ctuðylng thc

baEic prosesssa of photoLonizatlon, ifowev€r, the photo-
j'olrizstion o-f nolsouler igsËes in the atraosphere by solar

ultreviolnt rsd.ietf.on ¡¡akes the øtuðy of theEe gaseË

lnBortrrnt.

ï.,lr.I l'ìoIeouIer EÐeotrê

The eomplexity cf molecular epectra fs a rasult
of tho tast uuub*r of moleculer Energy st*.tes rhl-oh exiat,
caoh clectronlc .l-eval havlng fino Etructure d.uc to vibratlon
¡vithån the aolecule, Bnd rotation of the noleoule.

Tnstead. ol' the ahsorption llnes of the atouis cpectra thero

&re i:a,ry absorptl,on bancle míth rotatLonel fLnE etruÊturt¡
CccaoLcnally Ê nueber of bends &?e obaervsd. which

Eêy be fitteå to a ?,gd.berg series conver6in6 tÕ an ionlzatlOn
pctei:tlaI of the ¡¿oIeeuIô. l,iore cf t e n the band.g f orn

vibratl.onal progregslens, reprs,$Èr:ting å, Ecrlec of tranaLt-
ione i,n s']rich only two el"eotronlc stateE are involysðr

i-uch ¿¡ serJ.es of banåe tends torerd.s E lLntt at a d.lssoo-

latlsn potontlal of the nolocule, which I g the energy

requfrcd to E¡¡ltt the qoLsoule Lnto lts conatituent atoc¿¡

TbE rpectra of d.lato¡nlc nol.eçuleo have been reviorucl by

Hør¡berg. (l{ersberg l950 ).
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the e¡tergy l-evel-s of a dleto¡nl-c nolecule Ëay be

plctured- in t*rms c,f poter:tLaL ener&r curves l-n which the

potentlel ener$y of the molacule is pl.otteeL againet the

il¡ternuclenr d.lstunce. .å potentinl e&êrg/ curyo for &

hypothetisal- stete of ¿ cll ctomLc nol-ecul-e is Ehonn in
ïrfg.,l, Thís eurve shcwE the e{.ullibriu:r l-¡-ternuclear

rtÍstance r_ of the state, the vlbrntlcnal levels of theo

state, and" the a¡nount of çibratir¡nal. energy Do reguf.red. to

iliasoeiete the inoleaule fro¡n the J.owest vfbrationsl Ievo]".

The klnetlc energy of the nucl,ef for a glvea separati,rn

1o represented" by the vertic¿1 cttstance betreen thø

appropr5-ate vlbratlonsl leveI anð th€ potentlsl. encr6y

ci¡rven Gihno¡.e (Gll.more 1-965) n*s revLeweC^ the potentl"al

e:ìergy cttrves of sever&L ¿t¡rospirerlc aoleculao" enil tho

curves for co&e +f the EtateE sf ¡aoleculer orygen giveu

by hfm are shown ln Tlg.g.

T..l+.2 Ihe :'renk:Cond.on prigcLple

If a tr¿nsl"tion oocurs i:: s, uiatonio nolegu1e

betneen the 1oïest vlbratl"on¿1 larrels of two electronlo
states v¡hich hage d"iff ere¡rt equillbrLuu Lnternuclear

úiet&rrcGs, then the reletive i:ositions or ¡Êqneäta of the

nuclel puet change d.uring the transittc¡¡. The -nrank*

tonö-on prlnof.ple states th+t such a transition l"a unlÍkeJ"y

to rotur, ainee electroaic traneltions ocour 1a a tlne too

Ehort for the relntively na.ceive auelsf ts change theÍr
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p0sitfùns, or theJ.r noûrent&.r

Th* aôðt tr)polaï:¡1-e trn,nsití*n is the one whl"çti Èe

reptroôßated by the ve:'tiea1 líne on the potenti¡rL Güergy

df.e¿r*n íi:. iitgrr5, '::r1 the ttrlnsftåon Lc to tho vltratlonal

leve1 alosent to ti:e ¡oLr:t of iriterscctlon of, the vertloal

}1.¡ie êåd the potent5.cl, sürvø, Sush trr'npÍ.tlons¡ rhloh

eetiofy the cr.¡'"d.Ltlc'n th¡rt neÍther thc i:orf-tf-ons nor ths

¡nou'"onta Õf tlic irttøl c! change¡ &To often re.fcrred. to s,ð

rvertical j trl¡¡¡itionç* ?3re3r corrÉ:cptnct to trsrnattions

tetw*en tlro stnt*s rñ'1th etnLlar wayefunotl-ons. 'Jhe

prf.nclple rn,ay te extenrled. to e.:tlu¡ate the tlletrlbutLon of

!nten+1ty årrûng tì:e bsnds. ('ïerøber6 f95O).

f .h. I Ionísetion çt¡tentJ.al s of nolocules.

The cl*ter::ii:.:rstLo¡r of tire loul,zatlon potertlals of

atool.o gaoeo 1ø relat:lvøLy oln¡lLer sLnca lydbc'rg s,sr!-cE

aay bc observed ¡r'rtch conyerga to thc io:¡l¡atlon potent:la].

llovrever¡ l.n onl¡' n f ew c s.Ðes have lyûbcrg sericg ìoen

fourrd. ln noleculr¡' $pestrar

llonlzatlon potentfole whlcl: ornnot he derter;¡1¡:.edl

by tpçotronoopf-o :rethcde rinl te found. b¡" eJ.ootrloal uethod.sr

thoEo methoda ileper,d. or:. the olsErvatlon of, tho eneÉt gf

f-onirotlon l-rr the ð&s &$ tl¡e wrrelelgth of an lnoideat

Eonoohronatlo boan çf rad.i.ctl-on La srept paat ths threeholdl.

there hes bóen Éone diepute abçut thc bosù ueùhoct of

lnterpretfulg the exi:erire¿tal data. In a slroplo experLnent
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Trhere only the waveLength of the onaet of lonj-zatlon !-s

neneured., there Le sonEl"il.ere.ble d.lfftculty in relatíng
the r:oagurenent to a partlcular trensltlo:1 f"n the noleoulol
beer.ruÊe of poaslble Ërank-coadon effects. sinee the cnaet

of lonl-zattor¡ tn a noleouLar ßrs is often very ¡;rarlual,
the vaLue obtaL¡reå for the thresholð ravelÈngth rlll ä.epeud.

on the uoriof.tivft.y of the ex¡rerlnent.

rn most rphotoloni-ratlonr ;nethoils of deternlnln6
Lonizatlon potentfals thc ahape of the photoionlzatlon

crôse-section curvé ne&r the thresholå t s nea.surtsd.

rnter¡rretatlon of thte ourve herps the experinenter to
deelde whether èhe rvertioel t or the I adlslbetic r lonLsatl,oa

rótentio.L ls bel-ng neasured.. Tbe rvert:lcal-t lonisetion
potential oorresnond.e to a rvertiùa].t trenettion in the
F'renk-cond"on se¡-ise, whlle the t adLabetÍc I ionizetlon
potenti-41 ref ers tsr a tre,rreitLon betweer, the rowest vlbrat-
lonaL levels of the two stetes. iì'here the two eleetronfo
states coucernetl. hq.ve d-Lfferent internucLear cll_ståncea,

the vertice.l çnd arliabatlo valuee of tlre Lonlsatlon potenti.al,

nrG d.lfferent, e,s ehown in FJ_g."4.

llf etanebe (i'r etenabe 1954 | LgSl ) chose to åEGeof ata

the ionizstier; potentlal nLth the point at rhich the
e:nrerlnÊnta1 curv€ eh*ngerl d.i-reetLon abruptly. ÌilcholEon
(l¡lcholeon L963) s esocinted the lonl zatr-un poter:tial wtth
the *teepest pert of the eross*aection turvc. ?heEe two
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LniterSrletatlons E-! ve rosults w1'¡ j ch årre in goo,L a.greenent¡

elçc e*rt ivhen t,l're energy s¡resrd ir¡ tlle Ì.¡ee"r¡ i s tr arge, r.rnd

the¡r lÌlehslsoar s nethoð l-s prcibabl;r $Õre aceurate,

I{urøeler ct .g} (-urzeler rlt al L957) for;+eC. tl're f j-rst

der:-vCI,tive oÍ' the photoioniaetion cross-eecticn curve neår

ti:iresl.:c1å, a¿id iliterpreted. tirj-s ss the ¡rofÍ"1e of the

prob,rbility distribution s"sc¡lË tlre vj-brational i.evelE.

flre'"¡ertioaL ioniøatioíri Fotelltial rr&:i sEsocj-Ð,tc6 v¡ith the

peal.; of thi¡ d-tetribution¡ end tlre adiabatic ionisetlon

potentlal 'sas nssociated çit'h a sharp cutoff ln the

ô !etrlÞution. i'iorevern there i-s sone uncerteånty in atl

ûf tiicse interpretc,tioììs, and ti¡e nost reLie,ble velues

t.r'e obtained. ¡¡hen the vertì c.qI snd .rrd"ir.bnti.c ionizstl,on

poteritials are nearJ-y the s{r-uter .',$otl:er acurce 01'

uncert*,ínty in the phatoionisstic:; rnethod. of C.etermínin6

ionizøtJ-on potentielp csruÌe in oeses tihere the i.onigetion

poteatie]" nr.y be eonfused. w'-th the threshol-d st e d"ieeosie-

tive lonizaticn prücG$s¡ ?his üÌICr:;rtainty hes been

re$rove.J. by the j-d.entifioatJ-oa iríth i. ;i&Ês spectroneter of

ilre LonE procÍ.uced by ;hotoioni rs'Li.on. lîTurzeIer et al L,ì57) 
"

ï.4.L fhres!:ro1d" behs. våour of ip

theoreticaJ- cr:üõs-sçcti,;no f or tir e phototoalsatf cn

cf aoleGulssr Seees hare not been calculated. j-n ncst o&6es,

bec¿uee sufficfently accurete w,åver'unetior¡s ere not ayailablè.

ilor'¡everr tiee wa.y in rtbich the cross*scotion inoreeseg frou
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threshr'1ð. ha.s bEen prefiì-oted r¡i.th airnple mod.el_s.

ì?lgner (w'iåner 1?tt,ß) predicte¿t that the tjlreehoLdt

law f,r)r proceÐses such *s photoionísetl-on, where the

pr*d.ucto are üpFÕsitely ohargerl, sÌ:ou1d be t). step functi_o¡¡,

îl:ls ie in good. agreeirent with tirç lnoreese of fire totaL
photoÍonlsatlon crüss*eecti:n of nitric oxlrLe from threehold,,
(:rertunabe et al 1951f ¡ latanabe IgSl+; tilobolson lg6jl åndl

the present workn Seo. II .3.5,1 r¡?:ere a serf eE of eteps

lnC.f cate ths threshold"s of erccited v:ì"bratlonaL etatep of

the 1ôn. fþre crosa-çeotLon f or the photoionJ. satJ nn sf
helj-un, (Sanson 1961¡a) rliere ontS' s stngJ.e ioniøJ-;rg process

Eåy oocur for sorûe ]O eV eþcve the threshold, showe s gherB

åncrease f,ron threnholi[, end. s 3raû.uaJ. f.ecrease toward.e

ahorter s¡¡:v el.ength s.

It ie lnterestl-ng to conpere the threshol"d

behavlour of phctoioniaatf on wLti:. that *f ienl¡atlon by

eleetron ir*paot. Tn an lon{rlng colll-slcn nrth a norocuLe,

a,li el-ectrorr maj¡ retein a!1]' emoUnt of oner6)' between ge¡.ç

and. the €xceås of lts ínitlel ÈT:€!rÐr over the f.onLzatl-on

potentlel of the noleoule. 0onr-r*ring thls r¡ith photo-

ionisatlon, where only & discrete eoount qf energy rnay be

absorbeü.r tlie electrcn inp*ct crÕss-sectlon ntght be

cxpectecL to bo simllar to the integraÌ of the photcLonlsatfen

eroSe-seetion. If the phatolonizatirn ctroEs-section

fnêreeses f,roft threshcLd. like å steï functlon, ttren ttie
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elect*cn in¡;e.ct cros$-secti*n slisul d incrs€.se lÍaenrly
fr.cn threshold. ,'i 1Ír:e&r lncreeEe froÞ threchold. haE

beer prec.ictecl by lïannl er. (.,'annier L g56). tìxperinentarlyr

electron inpaet cross-secttcns hove beer¡ shown to íEoreeËe

linesrr;r fron'threshold. over a region of' severral- el-ectron

,içItsr (l:oryison 1j6Z-),

It ts often found that vl,'.Iues of lonl"s¡,tion

potentiale measureð by electrorr inpc.ct nethod-s are higher

than those neagurod. by pbctoÍonlsetLon methodso The

assumBtion haa connoaly been ii,d.Ê t!:at electron iapact

rrethcd-s leað to the vertioÐ,1 ionizetÍon petenti*r, aurl

tbat the pbotoioniu atlon uethoda give the e"d.labatio yalue.

iilehorson {:licirotspn l }65) hes sriå6estec- that thf e is only

true to the exteat that low reEoluÈir¡n experinenta would.

tend. to 61ve ths yertical ioniaation potential, anð that
lieny electron ímpact experinents l:aye hod. a low resolutlon,
rt ¡toulc eeen thnt e more fundLe;rental cif,fercnoe i;etreen

the nethod-s arises from tlre iaot tìrat the clcctron ie
chargerJ.. Sire iricident electro¡r eåaaot Jose ¿rlL of fte
L¡tltial ener6ilr ouring & ool].ision, b¡¿t nust retain sr¡fficient
t* cÐ"rry it å,rcây fron 'r,he noleauls. thiE is iflustretedl
by lïannierrs rsd.el. (iiannier 1)56).

Ì.isBoran et eJ. (;uic$owarr et al I95t¡) have obtalnod.

a value f sr the lonlsatiÊn potent i al of l,ncreqular orygen by

eJ.astron inpeot whieh 1s in gooci e6rçËment rlth valuaa
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obtalned, by photol.onlratton, usl"n6 the Lsulsetton potêntlÈl
of ûoleeulsr nJ-trogen es s stend.erdl to oarlbrete the Çnerær

Ece]-ec They heve alEo eonparedt thø rierlyatlv¡ of thol,r
eleotron inpeot crosE-seotlon for oxygon wl-Èh thc photo-

Lcnlsatlsn EroBS-Beetlon obtatnedt by tilsholEon. (trioholaou

196¡). Botb rurvgð hovo thc su.Ðq etruoture, rndf"oatrng

that ej.Bl':-ar eutol.onlring Þroo@€søs oocur ln eaoh *8,É6r

I.lr. 5

Total photelonl¡etl,on ero6s-oeotlons nay bc

doterrnlned by naeaøurf.ng both the total *beorptlon oros6lr

eestron end the photoioni.¡atlon yJ.eld. of thø 6aa. lhese

êpoEs-Ð@otlons prortdlo dnf,ornatlon only ¿Èout thc tstal
:runber of lons procluoed¡ anil ûo not ûiotlngul.oh betraec¡

the fJ.uaL etate¡ of, the l.ons, or the varf.ous dr.¡aoclaÈlve

loufastlon BtreoûEses rhlch nay occur, ft nlEht bo

expeoted. èhat atøpo ln the croËra-sectloa eurv€ voulù

J"r:d.leate tho throcholåe of ner ionlc!.ng proeo6s€s, but

raroly âre vell ðeflnecl otepr ebscrveð..

/,,ô exemBl's of cueh ôte¡rs !e BrovXded. by thr totat
photof.onlgation oross-scotLoB or' nJ.trl.o oxlda. (eco.rr" 3.f ).
theoe ete¡:rs sr6 aasosisted wj.th the vlbratlonel lev+Ie of
the ground. stote of tho NOt ion. (:r'atanebø rgSL). tha

reletlvs hcl6hto of these ete¡:e ind.ioate the rolatlvc
probabllltie¡ of the trg.nEitLorrfl¡ aud thua prov!.ûe oonê

rnfornatlon about the Botonttel enorgJ¡ eurvea of tha ptatec
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f nvolved.. {i;orrlaon 1.96å).

?hc total photoloalsatLon crose-seotior¡ of Ð¡{ygèn

{l:etøgor e¡rd. rlook 196¿ra) shown in !'lg.? ia typical of,

uoleculer eroes-aectione. fhe connplex eutoLonfuod. bgnil

struoture o<¡¡¡oealg noct o1' the etructure in tho contlnuun.

The broed., poor).y d"efLr¡sd ner(tBrs ln the continuouü part

of the cros6-ssotlon n'Èy Índ.j-o¡*,te l"riöJ.vid.ua1 oontf.nue,

oorrssi:ond.tng to oxclted ststee of, the lon. (ÇosU end,

lÍetøger 196tra). Hqwever¡ tha reeults pr@eenteå ln
ChapterIV f r¡d.Lcate that beceupe of the i'nteractLen bet¡eon

the oo¡rtluue¡ the Índtvtðuel çontl:*ue. are not indloated"

clenrJ.y by the total cpooa-B€otionr The r¡olue cf tha

phctol,onl¡etdon yiolci. of noleeuler fiès€s is uEualì.y J.eae

then unf.ty¡ i"nd.J.catl116 that d,åseoeLatio¡r proqescËs alËo
toccut . Êleesureueate of the tot¡¡l photol.oniaation oroet-

seetLo&Ê of aolecul.er &a"sGs irere beeu rcvieweä by ìfeies1gr".
(:ieleeler rg56 ).
f.L.6 Di.eaocÍetivo lonlzation

Tt wae nentåopeet Ln Eecticn 1.1+.1 that the apB1l6*

*t.for. .rf the mese epeotroneter to the trlpr¡tifÍoatLon of,

* Fboton ¡oettsrlng BêJr al¿o ooourr but thors proosrrrt
hnve oroÐs-tseotlona reveraL ord.ors of no.gnf-tuð^e gnsl"ler thaa
other ebrorptl.on Broortoôt (nøaale 196A).
st soe e'.Iso Çook aud l,{etr6sr Lg64lt f 96lrb¡ $anuon e,nd, Çol.rnl
196tr¡ took ant 06aua Xg65¡ NLoholoon L96t¡ Matlgcr rÉt
Cook L?6lraf anal î.ntanebe anê Jursa lg6tr for nore reoent
üêôcurËüsnta rlth atnorphorto gcÉêË.
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photoLoniaatl"l lroäucts alloweå FroeesEes of dlssociatlv¡

åo¡lj,se,tlon to be di-stin6uiehed- lrcn othcr photof,onl-zatfon

i)roeÐsÉÊsr Thfs technique lias ì)een useð to measure thc

reletiye croEe-sectl-+ns fcr ti:e Ìrroductl.on sf eaeh pertl-cular

ion frn6nent. The eerly resr:l-ts oÍ'-deisslrrr et a7-

(.ïeiosl-er et el L95ì) cio not eorresirond v'ell wJ.th neesura-

nente of ti-r.e totol phr:tol-s::ication cross*sectlons by other

ñ.ethod-e, but thcy sirow tlrat f cr CË, lÏrr l;0, a¡rd. other

C,iatoeic enc" triatornie rnolecul.co, dlssosiatíve lonizetlon

eecounts f or less thsn te:: ¡;ercent rf the tttâ1 nunbcr of

ione;rod.uoed..

there û,re consld.ereblc d.tffieultÍes in measuring

the relatiye nun'b*rs of differert íons, bec.suae of the

eff ect cf tlle ion :ìess and. ener,5y cn the collectlng

effisienoy oÍ'the a¡:paratus. in nost of the exFerímenta

cÍ' this type, it is the shape cf the cross-seetion curve

fo¡' the ¡:z'oouction of t:. perticul¿r lon that hns been

¡¡easured. l-',iþeler ct al- {i;iUeler et al l-g65e.) travc

stud.ied the structure clue t,ç n'ctoioninatlon l-¡¡ tl're croså*

sectiong for the fcrnutlcrr of u;, iiÐ+, enrl 5;. 0ther

,-¡olecule,g heye been stud.iecl by: liboler "rnd Leese L)64d¡

1964b¡ ,,aeks enå :ireuss 1951; rnrì" :libeler et al I965b,

I.l+.7 1'hre eholi-s of e:(e ited tonic states

The energies of &o$q e;çcitcd stntes have bean

üeterni¡rer[ Cirectly fron s¡¡ect='csco¡;ic 11ata, These 1evè1t
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&re d.etermj-t:ed- ¿r,c û. typieaL accriÌ"ðc;¡ of C.OO1 sVr In
nan.i cû,ses iv.1ijre nô i.yö.ber¿ teriûs l:*ve been foUncl , the

€r;srf,J +f the state h*.s bee:.i re]-ete..l t o thet of enotT: er

at:te ily the ob eervatlo¡i cf f luorese e::t re*åiatlsii enl-ttecl

whcn trr,nEitions betreen tl:e tvo stctee occur, lone levels
heyc 

"¡ecn 
relnterl !l:, this wa¡i tc icnizeåion potentials

rhial: hsve been deterni:ied. by ph'.-toionisation nethotì.s to
gn accu:'s.c]r oÍ" ebout C.01 eìf . ioz. sone i evel s the be st

vaLue.$ a-vailable Ð,re those aeter;:ir:er] in electron lnBact

ax¡erlnentg. (lrost sir¡C I c-:ioxel1 Li55, 1?5ð ). These

etetes ?TÊ ide.ntlfied" wLth ebru¡:t cil.sj.nðes in the slope of

the oross-secti:;11 curve. ?he üÐssurer.ents have an accurå.ey

of sb out 'J. 1 eï.

Irlr.8 Fertial i:hotoi.gniøatfon crüss-sectiön ,$

ïf' ss Ê. Tesu1t oÍ'ph;rtoionization j-ons Lte prod.ueefl

in sn exciteii state, i'luorescent rað.istion l-g eroittea when

the ione rctu¡n to tlie ground. ptrte¡ and. the intensJ-ty of

tiie l'luore*eccnt raci¿tio¡: is eü l¡iri.icetion of tìre nun-ber of
l"ons ;:'oduced in the ¡urticu"l ar state. lbicrvation of

fluoresce¡it ra.,J.ietion tjrerefr>re pravid.es ¿ t:ìethcA of

measuri:rg purti-41 oross-secticnE for phptoj-onicetj.on to thogc

stotes of the Lon fron whicì: *åio:'reû tr¿insitLons to e

loiser stste of ttre Lon occur. tÐ.l:oe¡l et *.1 (Schoen et al

L96f) of ser"ved f l.uorescent rad.ieti on f ron several si&8€sr

They irere uneble le d"isperae tlie fluoresce¿rt reúietion¡ buù
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the; $easurecl. the total ii;'Lensity &s â, funotion of tho

ws.!'el*ngtil cf the iücideri"b þöats.

ïr¡ å sinilar experliueat iiuffne¿ et s1 (ì{uffuan of al
lt5lb ) ;:laeed a lo;'r'er ].init or: il,re w¡¡vel-en6th aiotribution
of tl"re f1u;'çsce¡lt red.ii:tiorr fron äitrogen, l¡l o-oeervì-ng

tt tirrr:ugh quarta and gJ,:rss wi$ciosrð, i-hey conoluded that
thc firiit neSetive i:c¿nC. eysten nus i;eíng obeerved., but not

the .ieiliel bend.s. iitis 'i::C-icste(i tl,ot a considerable

aunber cf icnu iî€ï,e prociuced. i¡r tire ttti st¿te of N;.

This ¡'c*ult has been confir¡ned by Jucge et al.r (.ruage et

sl ISCj) who suoeeeC.eC ln dispersii:i-T the fJ"uoreecent

rßíiieticn fron sever¿il g&seôr Tire resoluùj.on wsg not 6ood.¡

but tìrei,'vzere able to observe the i:rofí}e 01. tho first
nc¿ative ì¡¿;"¡¡û sn-ste;r sf ni-trogen.

iror orygen, at a navclen6ùh oi' 7O5 ß, Judge 6t el
Qbserved. tlie gecond negati.ve benü øy*temn i.nriieatin6 tho

proðuctior: of lorrs in th* ,,.2i1o state of, O;. Horever t et

an i:r:cid ent ri ayclength of 65O I tftuy observed. the f irct
uegative bend. s;.ote;, i:¡ùleati"ng tirat Íona rerc produOe<[

Ln ti:.o UArl state in prof €rËr.¡"oE to ti¡e Á.2ilostate. Thoy

alsc observed e delay in tire fluoreEceäca froa orygøn,

rhi-sh tirey assocj-ated. wlth tho netastebie *\I ctate of Ol.u
.tt is apparent thet tire obseryatisn of fluorercent

rad-intion is far f'ro;¡r i+cul ûË a;retiroå of obteiníng partíal
photcíc¡:isation crosE-aeotioris¡ The rao.iation i.s dtfftcult
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to ð-etect r¡eco.use of its J-orr i:rtenef"ty¡ e.nd the preBencB

of Ëtctustable etetes m*kes the i;itcrpretetlon etfficult,
J,lea ti:e nun.ber of ions produced. i:: the ground. sta{:e cs.nnot

be :lcasured. êirectly.

The e.lternative ¡netho'1 of r?'et,er::5-nin¡; pa,rtial photo-

icr:iøation cross-seotíone is t.,: nëc"sure tl:e ener6Jr dletrÍ-
butio:: *f the photeelectrons, sl¡rce thc ener6y of the finel
stete of the io:-r le uniquely detcr::rineci by the C.iff erenec

betr¡een tire ph*ton eLlert,r anå tl:ie photcelect:.1;n Çnepglr

-rì'er. e)r-,erÍinentc cf this r:at.lre hs.ve been pc.rforned. r11-

ioboury anÕ Tur::.ier, {¡f -;obour;. lrid- Turri er l}63) and, Frost

&nd. ìrclc¡ve].1 (ï'rost ond, ;:c.ijowell lr955 ) h,:ve record.ed- the

ener€iy epectra of tire photoelectror:¡ irrcd,uced ln a nuruber

üf 6sises by undi sli€rsed- raclj.+tion fror, ,?, lielLum tl-iecharge

(5u¿r 1). ïilesov et aI¡ ('.iI"sov et eI 1:J61) ¡¿ncL $ehoen

(5.choe:i 1-95t+j hnve abteined esti::;,tes,rÍ, tile phctoel-ectron

er\Êrg¡¡ Cistributlorzs at & number of wevcl<;ngths usLng &

cyl-inð.riceJ. r'eterdirg rnotentiel il::s1;..scr. The parti-al

photolonl-gation crôEs-Bectíûn^s gf :noleculr;r rx;¡g€n

rneasured" b¡r $ehoen ç.re shcnn ii: ïri¿r8. îhese resuLts ËrG

useful, but they oontain.little rì"etail. The experinents

whlolt have been ¡:'erforred. inålc*te tÌ:et a nore detailerl

i¡rveetLgetion çf, partiaL ¡hotcj-on"ïsation croas-Bectiona j"s

possibler TÌ:e ¡nethod. provid.es e porrcrful tool for invat*
tigating ðet*11s of photoionizatic¡n ËfOOea,seB nhich have
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¡rrrrl,?ußl"y bern ineocelslbl¡ç
fn thnptere llf e¡dl TY qrpertnent¡ are

rlctqrLbç4 Ln çhlch tha ¡rorttal photol.onls¡t!"on ôrqol-
toõtlonÐ of orygen, altregan a¿d uetor rspËur hsvc bccn

Esacutrcôr À ¡rhotoelectrou a¡reoùronotor rlth bcttcr
retolutf"on than the ono uraû by Sohoen ras uaod. i,n tht
expcri.nantl; end a oontiauun llght Fouroa alJ,orodl a

detetled, etudy of ühe purtial ûfoû8-8çotl,onsr Fhoto-

eleotrcn €n,6r6y s¡lootra of orç¡gen ûrÊ prooentocl. çhtsh

l¡rdLcEte s nÊr autol"onlrl.n6 prooê8üo åø * baok6round

to ühie rork, the moueurcasuü of totsl Êroa¡-aÇctl6uê

f a d,l,¡ouaeøil La Sh*rpter Iï. Also ðosorLbocl t¡¡ tt¡t*
Ghaptor are twc orper{nonts ån rhLsh tot¿l tboorpt{on

End total photolonLaaèåctr c,3ôgo-Ëostfoa6 a.ro Eeô8rll6üc
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ciï¡.PÏBR rI
ilrËÂglïlEi{F}flI 0F T0frrl, FHOtOf O¡fIu ATT 0N CRûSS-$ECEIOI{8

II"I

¡\n ùd,eal. U.ght aouro€ for uee in abaorptlon

rueasurêreents Ls one rzhlch esLtE a conttnuous range of,

wavelengtlts wLth å cnooth Lntenatty il.f.strlbutlon* Racllatlon

frou an oloctroa oynchrotron provj,des sn alnost litcsr llght
üouroe for the ultravl,olet regl-on" {FaêC.en anrl CodJ.Íng

L96r) Uut tt ta inpractloabls in nost ínrtänoelr lL

variety of, ultraviolet llght soutrcea hen6 beon uaed, eeoh

beLn6 useful la a parttr oular epectral regfon"

Host of the J"t ght souroes uEed. for thc ultraytolet
rcglon connLst of a gao dieoharge 5.n wirÍoh a htgh eumeat

clensíty, ancl therefore a hlgh lntenoJ.ty, Le aohicroeL by

conflnln6 the d.f,ooharge rÍthin s rtÊFroxr tube. Power ncy

bp supptr.iccl to s oapLl,lary d.ioohargø ín c nuaber of w&yËr

the cl.faaharge nay be eroitarl by Eicromave por€r, (wuttnson

end Bynas lg65) EnA in thlc oase the oaplllary ttrbe ta
eurroundod by a reaor&nt nlcrowave oavity. rn thc prceent

experlnenta power lråE supplled to the llght eouFce 1n tro
<lffferent modea, The flrst of these ras tha A.t. aod,e¡

(-*fg. 9a) fo whl-eh the Lanp ras çonneçted" to a ht6h volta6e
(f5 fV) nupply through a rerf.es resistßncen whieh hail tho

effeat of, stablllrJ,ng the ðlscharge. The opeotruu fron a



(a)

.( b)

Circuits for supptrying power
capillary discharge lamp.
(a) A.c. mode

.(b) condensed spark discharge
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cllecherge through hyd.rogen shorn Ín Slg.10 vas obtalnedl, by

this uethoel with ¿ df"soharge ourrent of 6O nå, through

l+ an.Hg. of hyclrogen. Tho lnarpr ttnertr epeotrun of

moløcu1ar hyd.rogan ln the rogion g0O I * l50O l proritLaa

a continuoua ra¿te of wavelengtha¡ but is far fros being

id.eal beeeu¡e of tho rargc fluctuatlona of rntenslty wlth
wavelength. Then thls apeotrunr ls usett f or abaorptlon

&eêsur€üiento¡ 6reat caro ruct be taken to GnEurê that falae
strusture cloeg uot Ðcour tn tne oroae-aeotions beoause of

the strueture ln the light souros ÊBectruu.

ìÍore setJ.ei'eotory J.lght souroeß have baen obtalnodl

by excltfng the enfaslon oontinue of the rare ga,sea! (ranaka

et a]. tr958¡ Huffuan et sI 1"965¡ faaaka et aL 1962l

lÍilkf.nson end Byran L96r). îhe Hopf ieldt continuu¡n of

heliu¡¡ (I{opfleJ-c L9}C) itee a, usefuL ir:.tensLty i.n the rsnge

600 R - fOOO f,. fn a d!.scharge throu¡3h he].t-ua at hi6h

pr6ssure (Za nÞrHgr ) ¿.iatonic helS.un ¡¡olecular lona ¡{re

forned- in thoLr bounel ffrst exolte¿L state, (Tanaka I94Z)

anfl the contlnuun La clue to tranø1tlong betwaen this statc

and, the unetable ground state of the io¡¡o torrespoBðlnt

oontinuous apectra haye been axcited. l-n neon (ZqO I +

Iooo 1), ârson (roZo 1- fgoo R), krypton (rerio I -r7oo l),
andl xenon (r+Zo I * rgoo f ).

fn ordlsr to prodtuce ions fn the 6as ellroharge a

very hl6h +urrent clenaLty is nec€aeary. In the preaent
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expf:rliaenta thia lrås aohieved by usÍng a eondeused aparlc

diaohar6e, whloh was procluceû wfth the efroutrt shorn ln
FLg.9b. A oondensor bank ças aharged. throu8h a ûerLôa

reaistsnoe¡ aatL dlf rohargedL through the laap vla a opark

Bap Ì)etween two tungsten electroðos. lhe b¡:eakd.osn

sond,ítlaas of tho apark gap lere stablliaeê by Ll.lunÍnattq
tbe gap çl.th ultravl.olat racLlation fron a quartr ncrrury

lonpr enü þy peralng a Jet of, couprçseed, al.r through the

6ap¡ The speotrìrn exoJ"teð ln hel,lun i.n thLs Eenuor l.s

shown 1n B'1g.11. the hell,url ffeð purlf,f-ed, (lterburgh ot al

L962) tV pasef,ng ft through e trap aontainl"ng a noleoular

eieve naterlal whloh ;ac cooled to ltgutð eLr teaperatureo

î.1.2 G

Totel absorptLou crûaa-seôtl.onÉ oan be dsterrninedl

by rueosurlng the ettenuatf on of a monoÇhron¿,tLc bean of

rad.lation åt 1t pàBËeË throu6h a coII fll.Ied rlth the Baa

under studyr lho usual experlnentsL errangement (e.8.

Huff,man et al. L965c) conelst¡ of Ðn ab*orptl.on oell- placað

behånd. the o¡lt eLít of a vêcuun ultravloret monoohronator¡

enð an ultravl-olet detactor at the encl of the oe].l" lhe

ratio of Lntensltlea t/f a ls measured. by tahlng readllngr

fron the détootor both ¡¡ittr the cell- flJ-led. ryith ges to

e, known prerôure¡ anô with the oo11 øvaouated.

II.3r1

ïa sn ab¡orptlon øxperlnent lt la only ncoôasrtry
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to rleasurê relatlve beam intensitles¡ ond. abcolutc

calibrati.on of thc dcteotor ls not neeÉlsil, Tho ¡nost

conyenlent for¡n of dletøetor oonslsto of a photomultlpller
tube nad.e esnaftlve to urtr¿vloIet radtlstlon rLth * coating

of sodiu!û ealíoylate, vhLeh le a fluorescent neteriaJ.,
(Jobnaon et al- 1951), fhe Epêotrål dtstrLbutlon of thc

fluorescent raùtatlon fron sodlun ealfoylate has a ¡aerlnum

at ebout t¡-25O fi, ¡¡htch correaponds vell with the apeetrel

eenaLtfvity of S-type photoraultipl-ler oathoelaa. (Â1I1son

et al 1964).

Sodiun sa1ícyLate hae ån ebeolute quantun

efflol-ency ot 94:o, at weveleagtha n€år LZOO f. (¡tllson

et al 196r+), 'fho relatLve quautun offloLenoy es a functLon

of çeveLongth 1s reaeonabl.y conetant üver a rringe cf
wavelengtha fron 5OC L - ,OOCI ln (Johnuon et aI l?gL;

lYatsnabo and. Inn 195j¡ snlth 1961.Í and Ëan$on l96t+¡t)

although thørs 1e ðon¡e lncrease ln the efflclenoy fron
1o0O f to 1600 R. À further ad.vantage of sodtun aaltcylate
l¡ its øtablltty und.er vaquunr sinoa the f,luoregoont

ooaülng nuct be pleced. stthln the abaorptlon oel-l.

took andl È{etager (Cook and }fetzger fg6t+a) uged. a

platlnun Bhotooatho(le ss an alternstLve d,etøctor f,or

naklag abøorptf on' $easurenentr¡ thls <letector had, tho

adlvantages of ê st¿ble tenaLtlvfty over e pÊri"oå of tina¡
makl.a6 tt aultable for ebsolute çaltbratlanr õnü af being
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1¡¡sensitive to long navolen6th soatteredl 116ht fron the

noncchrûirat<)r. fn the reglon above 1CI5O l, whloh 1e ths

transnlesLon L1¡aft sf Uthtuo fluoråC,en gae f111,e{L

loni¿atfon oha¡uberð Ësy be uEed, ae ultravloret rleteetor¡.
(Carver enrt lÍitohe1L 196¿r), fheee ehaubers also have the

adlvantege of beLng senEi"tive only to a l"i.uLteil. spêatrel

renge¡ ênd e nunber of <tl"f,ferent Epeetrel re$ponsoe nay bo

obtalneö by uslng different comÞlnetl-ons of ølndow anil

flJ.11n5 Ssar

Í-T"?t 2 Fn n¿tpårrta f arr rto* srrt{ r,¡a, r¡nl Á¡¡rrr'l ft? qh r¡n¡n*-{ n¡

cro a s- seotLons

À diRgraír of the experS.rnenta]- efr,rin8@:nant çhloh va¡

used- to measure the abeorption crosg-gectl-on of rnoleçul-ar

oxygen iø shorn in Fi6tL?. fhc rronochro¡rator woc of the

Seya-i{a¡nl.oka type (},toFhereun nodel ?}5} wit}r a half-rnetre

groti-n3 btaaed for 15OO ff. SJ'it ¡ridths of 5Og garre å

reeolutlon of L B. ?he 1lght Boutrce srÈs a hydro¡gen

clisohorg€ in & illild.owless lamp, which gave the speqtruÌ!

ghown in T1gr10.

.Â nu¡nber of absorptlon oeJ]"Ër r*nging In l,ength

fron ,3.1) oür* to 15 Ger¡ were u,sed. 1111 the oells lrêre

of d.enounts.ble conetructlon, uøing O-ring sq¡alod, flangert

Joints. the conetructlon pf the nhort selL, ahorn Ln

F1g.lj, wâ,Ê ßuch that the length of thç oell- uag

deternfnèd by ¡ ðBB,eer whLçh waE e&elly i:rterohanged.r
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The gellË çere fitted. wÍth a Ilthlun flu¡ride wiarlow 4t

the eüd. near€st to the exit glit of the nonochronator,

and Ð sodf,uü ealLcylate ooated. glaee plate et the other

end.. The ourrent from tho photonulti¡rliçr tube (E.M.I.

951bß)r shich raa placcd bahind the flusreacent screen,

weg fed i¡¡tr¡ a d.-o aupllfior (i.ìewlett-Feck*rc nsitol 425.a).

X'he Length Ðf the oell end, the gåB prcsoure rert
arl"Justed f or eaeh noaeure$ent öo that about half of tha

bes,n çeÞ obaorbedl irr tha ce}J". ,¿ì.bsolute ìneaÉurenent¡ of

the 6ao pre$sure to an eocuracy of about l"', wero nadé rLth

tro ¡ntnoüeters. E'r"eðgures êfe¡:ter thsn Z GB¡ ilg, sere

neasureú wf-th â üercury nensnetBrr /r lfguid alr oooLçd.

trap woa pl.sceð l¡etreen the $eröur¡¡ usnou¡eter and. thø

ebeonptlon celI to preverit sontanitietion of the cell wi-th

eercury vgpourn Fregsureg betweçr¡ 1 ÐB¡ IIg. and 20 É!t¿

Hg, rïeï'e measured" ¡rlth. e, ftanoneter f,j-ll.eci with rpfezon 6

oå,1r shích haE a spÉoifl"c grelrity of C"t75. Thc ol"1 wea

outgaosed by heating it rhíLe the manometer res evaoustcd"

the Ea6 ueed was tpedioa), grari.er oxygen cuppllerl by

Com¡nontee.Lth Induatrinl Ëasea¡ ft r;aa purlfleô by

oondenaing e quantlty of tha g8å :Ln a J'Lqul,d" al_r cooloil.

trap¡ e"nd. nlloring the liqul,d olqr6en to boil unðer vaeuun

for ao¡rt€ tJ.ne before betng alJ-or¡ed to evaporate iüto the

ebsorptåon cel.1 thraugh a neeàIe velve. Before beång

fiJ.Ied, the ebaorptign splJ' was eyacu*ted to & pr€laure of
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less than 10*6 ülnr ïlg, rrlth e tqro l,$ch oÍL dlffusJ.on puûp*

lng system.

The proeçdure for obtainLng the data wac eg

fotrl-¡)Ïr3r rho ¡el,atlve L,rtensLty ro ï/å.8:seaeurecl rith
thn ce].l evncuateû' fhe pres&ure in the eelr was then
lnereseed untll the tranamttted intena$.ty Ìrad il.ropped. to
aï¡out hel.f of r", srhen the preseure ¿nd^ the r.ntenslty r
Fere noteû. îhe oell Trâ.8 then evacue.teê to check the value
of ru Ln oeee the lrrtennity of the lJ.ght rourcÊ had drlfted..
thrg jr,rocedrrre wflg repeoted. at eaorr r,'avelength settlng,
the uae of several- cells of verLous lengths en*bled. e

reasanobly small rån6e of prssaures to te used.. $o¡qe of
the ü¡eßeuremente were rep€ated uel-ng a nltrla oxloe fllled.
loniaation oìrarnber &.Ë ùiie d.etestor.

T;'hiLe using the wlde band sorifun ealtoyX.ate

detector lt w&ð important to neke oerpectione f'or ths
ecattered llght whicll vuas ¡reeent lu the beann f,rom the

mo::ochromator, but hed. a wâv¿.Ìengttr dåfferent ffon thet
of the t¡ea&. The intenotty and" ws.velength dietrlbutlon
of the scs.ttered Llght tras i:rvesti6eted by pla.cing a
variety of wllclows in the path of the beam,

Ey placlng ¿ llthtuur fluorld.e wf nclo¡r in the path

of the be.am¡ *nd. settfng the wnveLength of th.e bean to ¡
value Just beloç LoSo l, srhich l-s the tr¡rnEniasl-on rinf.t
of L'fthluu fluorfd.e, oirly that portlon of the soatteredl
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f .ight rghloh had a wayelength .;reater than lojo ,î lr*o able
tc ¡cacl: tho detectorr lÉavf-ng the çelvel_ength settlrrg
una"ttered¡ and pleclng a calefu;n fLucrl_d.e vfnilos in thc
¡;eth +f'the bean, the total lntenslty of the scatterad
light ivítÌi r¡ar¡'ele'rgths longcr than 1zÈ0 1*u" found- to bc

about the ff,ûEe as that of tlre previous :rÉoâ,surg'rent, after
a çorreotipn hed been nade for the d"rtferaut trnnoperençlea
el L'::e tv¡c windows. .t eapphlre wl,l:dor pnoduced. & ej.Mi}sr
reeurtr ehorlng that ¡aost of the ee¿ttered låght had a
wa¡reici:gth greate¡ than 1l¡-?C 1.

To test the depend.ence of thë ecattered, ltght
lntensity oT¡ the nave).ength eettrng of the noaoehrenator,
the f ntenolty of the rs.dlatr.on tr¿nsnittød by a aapphtre
çlndo.r¡ Fas reeorded. å,ð the wavele;:gth aettlag wae gcanneð

fron ltSo l to IJ50 1. The inteneity ïea fou¡rrl to be

reasonebry eonetant in t.hte re6ion. :.cùrrøotlûn wa,a aad.e

fo¡: thc scattered ltglit intenef-ty sf-mp3-y by subtreetlng
e constent lil-as fron the BhotonultiplLer aI_gnal" Tha blac
r?a.s cheol-red. at frequent íntery.s.le by setttng the çayelan8th
t+ a r¡arue less tiran 1û50 3, .:rnci ad.Juetlng the d.eteetor
signal, to sero. The edequacy cf tha eo?reetion was

ir-,dico.ted by tbe agreeme*t betreen croas-ssetio¡rs obtaf ned,

Ïy thf e nethod, end thoEe obtaLned usf-ng a gea fiI1cd.
l-oniaatlon char¡ber as tl.ze detector*
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Tï. 2, 5 îotal âb Lon cross-se ti-ona fsr moleaulår

orseen l- the rep{on lOEO ? to 1250 f.
The cross-s€ctLon for aboorptS.on by noleoular orygcn

l-n the reglon 1OSO f; to LZSA î is shorrr in }.ig.ll+. ïtatanabe

(r:*tsnabe 1958 ) has revl-eçed earlrer fteo,sur€Eente of thls
cross-s*atl-on¡ Bnd. ñ Hore raoe:;t messurgilent hae beçn n{rc.E

by i.{etu6er a.nd 0ook. (ttot*gÊr and eook 1g6l+b}. The

preðcnt reeulte a¡e ln general- e.greefieat rrith thoae of the

i:,revlous workerÐ. The abeorptíon spectrun in thLe regLon

has a conprex b*nd structure whiol¡. J-s dl-ffuee beos.use or
pre-d.t¡soeietl-cn. (rrioe nnd. CIo1rir",s L g ]S). If ar{r of,

the bande have not been Íd"entlfisd. There sre sevèn

absorptlon wl¡;d"ows b*treen the bands where the absorutl.on

crcas-sectl.on is very low (co 5.1o-20o r.2 i. ?here .uây be

a *eak d"iesociotlo¡r oontlauua Ln thia region, but lt nust

have e croõ8-eectLon emalle¡, th*n ].o*?0"*.2.

The nogt iuportaat of tha abacrptlon'rindowe Is
the o:':e whlcir soineLd.eg alnost exaetly with the ¡cavelengtb

of the hyd.rogen L;rnu.n*a l-Lne. Since ¡¡oLeculer orqy6en i.c

the prf.ncipel atnospherl-o absorber at theÐe wrìr€len6tha,

tbe ir:tense sorar lrynan-a ri-ne is able to penetrate to &n

e.ltitud.e of about 8O Ìrn., nnd may be l-nportant ln the

fornatLcn of thc D-regLon of the Lonosphere, Å.n accuretø

rralue of the abaorptlon crogs-sectl-on of nolecula:r arygen

st the cavelength of Lyman-ø ig also neceøsary for thc
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ô.eterni::atlon by aï sorptf on r.icthcd-c c,-:' nolecular ottygen

C.eris.itíes i-;. ti:.e /O-p0 kn, reSL*a af the et:iospherc.

(C nrr.er ancl lîitcì:el-1 Lj56) .

Ior theEe re&Ec&,8 the absorptlon cross-sectlon in
{ì're regic'n of 12t6 q wås stucj-ed" ir: greater deteir. Bhø

eì: ape cf tlie absor¡.tion window shc,rin i r: Fig.l) is in good

a5:"eeLi,ent ç;Lth thet filven b¡l ¡:revioug isorjcÊrù.,¡ {n:-tctrburn

et al Lìït¡ Foi,ee Lr'55f n:rC. .-r"t,nplbe Itì5iì i. the crose-

eectio;¡ nt th"e nayelength o.f Lyunn-æ wa.s found. to rrepy

li.nearly ivftii Freseure in tìre rs.rlge frorr 2 nu. Hg, to

50 orlrr ÏI9,, as shown in lli- 6116. TÌrie .i-s in a8reenent with
the -ir'eagurerîents of other workeÍ's. iF::eston 19Lo;','i'etanabq

ej! al lg5Jb; r;:nd ',etanabe 1)5t) *itohburn et al (nitotrburn

et eL l.95t+) cnd FcLee, (PoLee L)55) r'rho used photographlc

xrethods, found. no progsure d.ependence at this wevcrength.

ltre preaeure rlependence of the cross-section is probably

due to the pressure broeflenlng {iÌ,:r"s¡*"U 1î50I or- the

nearby abscrption bands* The cross-eecti_cn for the

ebsorptf,orr of Lyuan-a radlatlon erç z€Jro:)ressure n8.8 est-
inatect by extrepol-atlon to be (t.te È 0.05 ) * Io-2ooiÉ.2.

fhis is 1n goo,J egreeroent ;+lth other v*LueE creterniaed by

photoeleetric ::ethod s, but ia hig):er than values obtalneil

by photogrephic method$,

IÏ. J Fhotoio øatl"on Yield i:[ea sur eneat e

9ince the phctolonise,tic¡n yi_elô of the rare gasêc
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io equal to unity, (;1amsen, lg6l*d¡ il'rteunega et *r l96F)
the ¡rbotolonlrat{on troÊa-sactton ls oqual to the tot¿t
ebsorBtlon oroBs-seêtisn. thc phatoLontaatlon crþ¡a-
seotion¿ e,f these t¿.ôes nay thorofore be ocaauroil by thc
absor¡itlox Elethoc. desetibed ebove. Fh!.s a¡rplics evan la
the region* sf eutolonlgatlon of the rero Baosr, ond

J.'roþebly epplfes ts ott¡or atouùc gðgssr

i.'olecul.ar i:,írþss usual).y have a photolonLsptlon

¡rf-erÂ whfoh lE Lesa ti:n;i unlty, aad Ln oncler to d,eterc!.na

the phoùodonlzatlon sroes*seot!.on both the total abeorptioa
ór$BðËEottlon, snd, tho yf.eld. uust be ucaôurcð at oaçh

taveleugthr There aro two gone ral pEthoda for åetçruinJ.n6

phototonL sstlo n yteLd.s i

ïf r r.1 netlrodt

,t'etancbø of aL (':f*t,Bnabç of aI lgj)*) deterntnodl,

the photolonlsation yleld. of nitrf.c oxtd,c wfth *n epps¡Etua

of tl:e type ehown l¡r FJ"g*l?r They d!.etwrnf.-red the r*to st
shlah photons s*r"ê absorbed. tn the eexr" by mea¡uriag both

the abaslute fu:ton*j.Sr of the bea¡¡ enterj-n6 the selrr ü¡ldt

the totsl aleorption oroÉ$-scctl,on of the gðBr she totol
absorptlon sroBs+sectton tå,s tlrêÉgur*ct Ln the EeEaaF *lrea¿y
cl.oecrLbèd,r uoing tÌ¡e d.eteator at the end of the çe11.

fhoy measurad the fon prod,uotlon rate çf-th thr
pÊrcllêl ¡irate lon ohe.¡uler whloh ras aontalncä, fÞ tht
rboorptl,on oeJ-lr A vortrgc appLfod. to ona platr repclleil
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the lons towarclo the othsr plat€ where they wp;TB corlected
Flttr & sensitlye electro¡neter, The rotlo Õf the lon
procluctlon rate to the photoa aireorptlon rate gave thcn
the val.ue of the ¡lhotoLoni¡stion tr"f eId.

ïr.5 .2 the double ion ohanber m ethod.

fnother raethod for noasuníng photÖi.ontaatlan

yleld.e hae been devoloped by t'Íafnfan et el (,rernfan et al
r]5r)" ThJ s rnethod involves the useof, the d.puble ion chamber

shown j.n l'i8.18¡ and. hes the nd.vantaJe that all the neú,s-

urènents neoesssrJr to d.eteræLr¡e tÌte total *bsorpti.o¡1 croEs-

seûtlo:: and the photolonipatLon yield ney be nade

sinultanêouslf,*

ExnressLons for the lon ouments f , enfl lz *clreotedt

fro:i the trro j-on ehanbere nsy be written dowr¡. l-n terns of

the totsl absorntlon co-efficf-ent l: of the gasr the

absolute bean inteaslty fo shíoh enterç the ce1L, the

photoLoniu aticn yield Y, anrl the. na.tl: Iengt!:a x, and x,
f,þ¡çrrgh 1, and. 1, ce:rtlmetres of the gss respectlvelyr

("-ktl r r-k(tl + *e) 
)

ç.-k(x, + *a) + r-k(*t + 2t¿))

DLvf.il.lng oguatlon (fl) by aguation (¿o) ßivec:

lt = TIo (1e )

(eo )i slf
2 o

2
tl
Lz

kr
€ (zr ¡

Thus the totel abaorpti.on ooefflcrent 1s deternlnctt by
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ü.e¿E¡rreìrente of the t'*ir¡ ion currents¡ end ti:e path 1e;r6th

tiirough the das, ?i:e yield. is founi by ineerting the

vaJ-uee sf the absorptf"on coefflcient ani. the absolute bean

lnte::tity Io í¡rto equatisn (L9) sr (ZO).

TT2Z
"\.La).J ilttensitv Eeasurësents in tìia ultra,vi et Í'è.p no1 io

l'he anly nethorl. avall.ab le tr: early exporiuienters

of detcr;rí::i-n6 absalute bean intensítles {Facker end, i:ook

L95L) us.s tlrnt of using a seneltlve therraopile to tranef er

the caLibreticn fron û. stend.arci lanp to tlre ultrevloLet
regf on, zt"nere it nas used. tc calLb:"Ete a seeond.ary stend-arð.,

such as ê soêiun salic;r1ete ii r.te ctor. It hed. to bc

ü.ssr.:rtee ths.t tl:e t!rerao¡rile r?0.e *cr.¡.allj¡ bLack to ultraviolet
e.nC. v{ si}l"e red.iatlon. Iecause ef the relatively low

sensi ti-\ríty cf tire thcrnopåle¡ thc slite cf' the Eonoshro¡n-

ator hett to Þe rade re'ièer tiran is usii.ûI d.uring sn experiaent

Ln ord.u:: to oltrin a neaeurable eiüns1 I'rour tlie thermopi.lc"

fhc signel to nolse ratlo rrn,s inprovecl by the use of a

ciroppeC ire¿¡l anC syncl:ronous anp.Liiiûr;, but tÌ:e neíÀsure-

nents r,rere yerÍ diffÍcultr Johnsto¡r ant l,radd.en (Johnston

end Ijüd.û"en L965) lave rÊcently revj-ewed the 'r.¡se of thermo-

¡:iJ.ee i:l the ul.travioJ.et re61on.

3a¡r,sor' (;anson 1961¡d.) useil the d.ouble lon ch¡¡nber

techniÇuer nliich ;'ï&s d,iseucserl. in tl:.e prevloue section,

w:i-th â rnro Ëas to mÐåcure absolute bean l-nteneLtles.

$ince the phctoÍonization ¡'1,e1d. of the l:are gesea fe equal
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to unl.tyr trnaertlng the total aboorption ooeff,lolent !.nto

eguatf,on (r9) or (zo¡ gf,vea the bean lntenalty ro* Thi¡
uethod Le liElted" to ravelongthø shorter than lotCI l, rhtoh
is the tqul¡otion threthold. of tenon.

rn the exBorlnant to rneasure the total photof.onLr-

etion gtross-E6ctlon of nitrLc oxJ.d.e (Soo,IfrJ.L), Ðn

abooLute eollbratfon of tha be*n deteotor uaa ¡edlo uef.ng

the åoub1e lon chanber by aaauning ühe value of 81:1 glven

by Tataneba aud Mataunaga (watanabê sntl l,latsunage rg6l) for
the photoioní¡atLon yf.elð of, altrio oriêe at the hyitrogen

Lynan-a wavelon6th..

II r j.lr Froaed.ure f or mea,gurl,ne t tst¿1 pbotolo ¡atloa
prqåsî¡eotton o{ nlt{Åc o¡ttte

Íhe exprrtaental arrengauent rhioh wa¡ u¿od. to
¡neaeure the total phototonl¡ation oroõa-sÊotLon of nLtråg

orid.e Ls ohorn in r'19.19. tha plates of the lon ohanber

tr€rÇ çon¡truoted of stalnleçe attel, and. l.nsu1s,ted. fron
earth wlth tef,lon. The ereetroda otruoturc ra¡ nountod

in a oopDer vrouum oh¿nber rhlqh could. be eyåoueted. to e

pr@ssure of leaa than L0-6¡nn. ï{g. ¡vith a two lnoh punplng

ayatem. Tho half unctre Seya-,*{anloka nonoohronator wao

useð. rLth cllt wi.dtha of 60lt oorrÊEponrting to a reaolutlon

of,21.
The aolleoting plateo of tho Lon ohaaher can be

Ðoan in Flg.?Or A guard. eleotrode *t elther endl of the
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oolJ.eeting reglon eneureù the.t the fona lv6r€ oorr.eotedl

fron rel.l d.ef,ined. 8rÉE8¡ the ion aurront caturrtÍon
eharreterlstío of the lon ehaaþer le shown f"n Ff.gr2l. A

eolleeting potentla!. of, 60 volt6 rrsls ruff,Lolent ta oauãG

seturation, but not flo Largo as to cauae oeeond.ar¡r effecta.
L resistanoo of 1Ol1 oh*u at the fn¡rut of the

el,eotrometor (Wayne-Kerr aod.el. t{Ll+l) wao suffl-ol"ont to
neasure the f.on ourrent, rhíoh wae of ord.er lo-12 **p*.
Wh[le the surrent froni one plate Fâa boJ-ng neaaurrd¡ the

othor plate anrt the 6uard. eleotrod.ð were çonneetetL to tho
guard terninal of the eleotroneter, rhioh rag ¡nalntaf.nodl at
tha såÍle ¡rotentlal êa tho input ternåna,l of the electrorneter.

The vortage output from the eLectroueter ras fed tnto a

strlp ohart reoorderr rhloh iadicated" rhen tho eleotronoter
readln6, rhfoh hadl a long tlne oonEtent, had. reasheil e

aongtant valus.

the lnteaølty of the bee¡u çaa neasured by À

celLbrated. beau aanplrng clevf,ae pleoed at the exlt allt of
the sonochro¡n¿tor. The sanpllng devf.co, shown rn Fr.g.zz,

wag elnS.Lar to the on€ uoorl. by DLtchburn (nfteUturn I96a).

À ¡rLre grld coateel rith ¡orH-un aalleylate plaoerr ln the

p*th of the bean, lntaroeptetl ô suell, but oonetant,

frsotlon of the beanc The fLuoreacenôr Lnducsrl ln the

aodlluu nellcylate *aa obeerved. by e photonultrplJ.er tuba

through a perrpex ltght plper Â filter clrcul.t et the
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J'nput of the d-a anplifler (I{erl,ett-pooka,rd Eoô,6L I+zrAI

whtoh rae uEesl to aupllfy the sr.gnar fro¡n tha photonultfpllcr
tube¡ haû a tL¡ee eon¡tant egual to that of the eleotroneter,
antl *veragecl out ht6h frequenoy fruotuatioao l"n tha bean

f. nt en aity .

thc n.ttrl.o oxicl,e¡ rhf.ch ïss supplieil by Ìfathoeon¡

w&Ê purlflerl by paantag tt through a u-tube filreil rith

"*t1o¿-gelr aad. cooladt to *70oC vÍth ¡ ¡u.Lxtur6 oontalning

equar parto of, carbon tetra-chlorf-dle and ehloroforu, rhlah
wes fro¡on by ctirrlng Lt wl.th lLguld. airr The tsÊ
pres¡rure¡ rhtch wa8 of, orilar 1 ¡un. Ïfg., wa,ß ne&aureil çtth
an oil manoneter. The nauoneter hsil to be outgaareû

freguently, as the o{I absorbect nLtrfc orith.
fT.3.5 Nltrlo o total photo tlon oroalr tl.on

Ln thc U5O I to 1950 f; reslon

Tha totar abaorptlon aroEe*sectl.on anð the totel
Bhotolonl.s¡tl.oa Êro¿a-ËcctLon of nrtric oxftle Ln thc 1l5o

ff to L55o I re6lon aro shsrn Ín F{.g¡'J5* Tho bend ¡truoture
Ln the ebaor¡rtLon crosr-soctlon cl.oes not eppoår to ba

appreoiably autolonLreð a¡ 1t doea not appcar ln the Fboto-
lonL¡etl.on oro¡r-seotlon* The tqtal photoionlçatl.on

sroga-õeotton L* ln good ågr€êm€nt rrLth that of tfatanebe,

(lratenabe 1954) *u lnd.eed. ft should ba eLnoe ttrc photo-

lonLratl,on ytald Ía6 nornalL¡eð to that of vtatanEbe at tho

wavelength of Lyaan-û.
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the nost l-ntere¡tin6 feature of the ¡rhotolonLsation
croañ*aeotl.on i¡ the rteprlke lncrense fron thresholitr
steps Ëppear at Lrtg l, ISoo 1, LZ6z 8, Lzzlr l, and ltgo f.
fhe nean oeparatf-on of üheee ste¡rs is O.pg GV, ?latanabe

("¡ì'atanabe 1954) han cuggaæteit thet these stppr indlloatc
the thre¡holdla of the vf.bratl"onnl Levelg of the grounû

state of l'I0+. ?he qe*¡urad separatJ-on of the nteps is Ln

excerrent agr€ouent rçlth the vaLue of o¡2g a'f for the
Eoperatlon of the o-o encl O-l bnnd.a of tha llleaoher-Fsar
enLsslon syoten of nl-trte ox!-d.e, (rtleeoher and. Br,er Lgl¡z)

rhloh hau been aücocintedl wLth theae levcla. The ehape

of the present photofonlretf.on croËro-*eotLon ls Ln better
agreement çLth that of }T*tenabc (*"rataaabe 195t+.) tnan Etth
that of I'tl.oholson ($tehotson lg6J).

Ths relotlve hetght of the frvo rtrpr ðeoroase¡

fairly untfornly fron the ffrat to the last. lakin6
aooount of the Frank-conilon prlnolple¡ thio lnittoates that
the fl.rrt ctep oorrctpoad.a to s vertleal tranelt!.on, slnoo

the hefght of a glven ote¡r nay be oonelilercd to be an

LndLce,tion of the oroÊs-cactlan for the tra,nef.tl"on to the
partloular vl.bratlonal teve1. (tlorrlsoa Lg6z). Bccau¡e

of ttri"s the flrst atep nÉy be eonfl"<tantly assocÍatert rith
trre ad.labatic Lonfçatlon potenttar. of, the noreoulc {see

sesrr'Jr.5). The lonttatLon potentå*1 $as aesool,ated. wlth
tho steepeot part of tho flret step¡ andl the v¿lue obtalnedl
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rsô 9126 + o.o2 Gv¡ Thls ooapares îelr Ìtth the vàluo of

9"25 ç o.o2 ev 6íven by watanabe, (vetanabø LgiT) anil

9.2rA g 0,0O5 givan by litchotaon (¡ltonol¡on 1g6i).



-!1*
CIT¡"FTT|Ir

ÎITB PHOT ÛN SFTTÎRT

IIf . { Introtluotlon

fn Chaptor I lt raË pofnted. out that a kuoç1ed.6e

of the pertlal croac-BêctLona for parttoular photoiontcatLoq

Froooafleð 1e ereential for a further under¡tandLlng of the
processës of photolonic¿tíon. rt rrâs Lnctf oaterl that the

noat pronlsln8 rnethod of obteLnlng partial orosa-seotlons
Ëra.s n study of the ênergy êi¡trlbutlon of thc Bhotooleotrong.
rl knowled.ga of t,he photon en€rgJr and the photoelectron

Êaerg¡r unlquely determlnes the ener$]' of the stat,o of the

lon rel atfve to the ground state of, the rnoleeulc.

.Although tho partial photoionlaetlon oross-seotLons of
sehocn (sorroen 1961) ghorn in trlgr8 ðq not oontain yerJr

uuch detaLJ', the¡r fndl.i-aato the poarlbtllty of a Eorg

iletaíleqi stut!.y of partlal photolonL¡etlon oroas-acotLons.

åpart fron d.etermf,nln6 rrhl.ch of a nunber of knorn

ênergJr etatee the lon Le ln¡ a photoolaotron speetroneter

provlrtea a n6r uethoil of ôeternlnlng the energler sf thr
lonlc Etatesr 3Ë hac been shorn by "âr-Joboury and rurnsr.
(,tl.-Joboury anil Turner lg65), Â.notber Bosolble applloatLcn

af a photoeLeotron aptotroneter Ls fts uae að a,n ultrevlolet
a¡rectroneter¡ If the rpectroueter j-e filLed rtth a gra

1n chich Eonoenergctic ¡:hotoeleotrong erâ protluoodt by a
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Eonoßh¡ronêtlc begn of, ultravtotet racl.ietlon, then

GnorÐr spoêtrun of thê phctoeleotrone prottuoert by

¡onoohrouatfo be¿n Ls the ËÊßG ae the apcctrun of
lhÍs appllcation ia ðigouEaeil fr¡rther in Appoarltr

tha

t ngn-

the beea"

f.
fII¿? Reouåre¡sentg of the Speotron ater

The eesentl-al featr¡rec of a photoelectron spectro-
neter être en J"onLsatl"on region where a bea¡a of radtatlon
m{åy Þase through å aanple of the 6:as under stuity, a Þeâ,ng

of correctLng the photoeLeetrons fron the ionlsation
regl-on and of meegurl-ng thelr energfes, and a nea.r¡E of
deteotfng the erestrons. rn ilre prcsent erperLaent tt
was Franned. to study eaeh Loniring procecs oy$r å reng6 of
wevelen,qths extencing fronr threshold torarrd.a hf.6her enerær.

Thua a spectrometsr râ,6 regulreC. whÍqh wee oapable of
rnøeauring eleetron energiea ranging fron neÊr sero to soil€

tene of oLecüron yortc. rt waE also itaalrabLe that thc
speotronetor ahourrl have a resolutl,on of better than one

tenth of &n electron voLt, whf.ch is the oriler of ae¡laratlon
of the vibretloner level¡ of neny uolEculan. Flnally¡
It reE eseentlal ttlat tho Bnerßy ccelo of the rpectroneter
be d.eterulnedl at reeet ouffl-oiently relr to tilentLfy the

¡lcakg 1r¡ thc photoelectron epootre¡ end. preferably

sufflÊientry accurately to make ínclepend.ent d,aternl-natLonr

of the energleo of the aoleoular state¡.
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IIIo2.1 Cholog of spgggroneler

So¡oe order of nagni,tudÌe caloulnticns of the

nunbers of eleotrons çhlch nay be d.oteotecl irnd.er typl.oaL

eond.itlons, uslng':be v¡rrous nethod^s of analysÍe anri.

deteotLon of low energy eleotrons, irc: herpful in noiting

a çholoe botçeen the poesible epect:'oneter d.cslgns.

ilxperluental lfrnttettons rvhích .,rê connon to afr
tl-pes of spectroneter Ei¡e the gå.s pressure rrhich na.y be

ueed,, and the íntenalty of the beem of ultrevloLet
red.åation vhLch rnay be obtainecl. ía tt:e -laboratorso The

gas }rrôssure iu the ionlsstfon ::egion is llnited by tho

f,ect the.t the ne&a free p.tth fcr tho erectrone ln the gêß

pust be suffLcl-ent to eLl"ow the eleetrcns to travel to the
d.etoctor without having colllslone nÌth other É!as uolecules.
I.h{s iilaees en uFper rfalt of about lo-Znnr" lig. on the ga!

presgure. fhe maxinun¡ beem lntensity whlah nay be obtalaed.

fron the v¿icuun ulùrevloLet monochronators used in the
pr*sent exper!.ment ls typlcally sf order lo9 photooa per

seco:rd.. Taking lrs a t¡rpicel set of, conditJ.ons & 6eg

p"easure of, 10-?*o" 
,rfg. ¡ a bea:r l-nteneity of, tO9 photons

per seeond, and a photoloni-aetlon coeff ícj-ent of goo c,ï.-{ ¡

the nunber of Bhotoerectrons producec irÉr oentinetre path

along the been is of ord.er 1o7 ereotrqn¡l per seoon(i.

the nunber of photoelectrons colleoted fron the

lonlsatåon region by a glven detector ts eles affected by
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the dlstrLbution of the cLlreçtLone in whieh tho phot,o*

eieotrons are emitted. The &irectiou of enlsolan i¡
d.eflned. by tÞre angles ß snd. É €i,$ ehoürn Ín Fig.plr.
$om¡nerf eld ([,ommerf e].d 1gJCI) t,ts ghorrn that for sraotrfc
êL¡to1,e trønsj.tionE, the probabiLity of an eleatroa beLa6

enLtted.' tn å. iÌlrectlon (er ú) is irid.ependent of É, but

d.epend.s on n1n20, (nøe Jecrïfr1.l ). lhe epøotronoter

ehouLd r therefore, be rles{6ned. to aocept eiestronr trayel-
llng ln L ellrectlon perpend,ioular to the bean d.irrotton.

Of, the uethodis available for analyain6 lor ensrry

eleçtroner the parallel plate ol.eotroøtatio aneryaer fa
oepable of, the beet resolution¡ FlorevGrr,an an*lyler of
thfs type neeessaril¡r aooøpta elootrou¿ frou onry e suall
aoll"d, an6le¡ and f e¡r eleetronE enter the analysrjrr Àn

anaJ.yser cf, nod.erate resolutloiì operating und"er the

corditlons outlj.ned ¿boye aooepta photoerestrong at the

rate of onLy loo per oegond, enql ¡¡oresver, thfs aunber of
elestrpons 1s spreaû oyer the whole spectrun. Íhe problen

oí' ,J-eto0tin5 euch a small nunber of ereot¡rons nqkcr the

use of thi-s type of enalyÊsr yery difflqultr
The reterd.ing Botential analyaer has the aclrantage

that its aperture fe not linlteà¡ slne.ø it nay conol,gt of
tvo wire 6rid.a of lerge erêe. Tbe eleotron¡ uust bc

solllaatecl ao that only tboso travelling in E dlroctlo¡

norn*1 to tho p,lane of the grid* rçaeh the *nel,yøGrs slnos
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otheri¡¡l-¡3e oirly a eonpone¡lt ef tire electron energy is
noasuredr i. eversl f or¡ae of retard.iirg pot ential enalyaer

rùeJ Þe oonsid-ered.. i¡.rl enalyser of spherical geoqetry,

¡vitìr a point source of rad"l.stion e"t the oentre, reguireã
no colline,tlonranC und-er typioaJ. conrij"tlone, rl_tlr. s,rl

effective point source ccnsÍatin6 of å one centtnetre

cube, oollects ¿bout 107 eLoctrons Ber gecond., ¡in anaLyaer

of cyli:rclrícal geonetry has the ed-vc.ntage that eLectrons

ûre collectec. fron a regåon whioh nay extend. lr¡ilefinLtery
along tire beau, but the eleotrons nust be coLliu¿ted.. A

aylinürf.cal analyaer at leagth 20 ßtr*¡ in rhlcl: the

olectrona &re co1lln¿ted. Eo that the spread, in thê neaôured.

enerry conponent Ís 5',',r ooJ-leots ebout 1O7 electrons per

s€cond. unü,er the Ëåne co¡rditionsr .{ plane pera}lal
reterd.Ln6 Þotontlal' analyser with a leagth of 5 omr ¡ Ë.nd.

with oollinatiou rvith rerpeot to both 0 anå g alJ.oring a

5', apread. ín tho nea¡ured, energy couponent, colleeta
el,eotro¡re at a rate of ord-er J.O5 per seoondr

i,ach of the enalyeers :sust be eonsidered together
with ea approprlate forË of cetoctor. Low en€rglr eleotrong

ney be ü.etected, and. oounterL st-npl.¡r by oolleot:ing theu on

an e&od.er &no. aeanuriÉg tÌre electro¡r surreat, vith a

eensltive eleetro¡ueter. rr¡ orôer that the neasu?emcnt

ahou:c. not ba tgo diffloult, the current ûust be greater

th¿n J.o-lJ årÐpar¡ irÉo rore than 106 electrons uust be
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collected" pcr Eecan([" Other nathocle of d.etectj-on are

possible lf the e}eotronê Bre +-ccelerated to an energy

sufflclent to pro<luce second.ery effecte. rn the elect¡:oo

nultipller tube, for exauple, secondary enlsslon from

dynod.e surfß.cer produces suffl.elent ampllflcation to al,lov

lnd.i"vLduar electrons to be oounted. (lasaettre et el rt6L).
ïTonever, tbeae o'etectors require a rerlsonabry good y!ùouurr

(. t0-4 mm.Hg. ) ¡ and heve a lLnlted, aperture. Ìf ethod.p of
d.eteetLon ln whieh l"ndlvLd.ual eLectrons are counted have s

hågh senelttvltyr and. &re suitnble for uee wlth the eleotro-
stotlc analyser or the plane ¡rs,ral1eI rete,rding potentíal
onalyaer r'hich vrere d"l scuesci ab'¡ve, lhe er estroet atLc

enal.yser preeente the possibllity of ncaeurlng the angular

iListrlbution of the pÞrotoeJ.eetrons, birt the very en¿11

nuuber cf electrona whf ch nay be d.etected makas thie a,

dlfftcult a¡rprocclr. +,o the experinent. The cyllnd.rÍoa,J.

reterd.ir:g potentiar anaryser with anoc-e detection ?ras chosen

becouae of tts sfnplíolty. The current of 10-12 &úps.

expected. wlth 5'"' coLllnetLo¡l 1s easily deteoted.. Àlthough

ên onergy spreadl of 5'", ts too J-arge to properly resolve

vibrntional struoture in the spectra, the advontages of

better coJ"linetion are outneiglieå by the d.isa,åvn.n,tages of

& e¡ns.llcr electron curront in thLs t¿"pe of apparatus.

¡letard,ing potentl-al anol;isefs of c;'linårioal geonetry h*ve

bee¡r used. previousJ-y for electron lrnpact etudf-es, (loaler
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L93o) an¿ as photoeLeotron spcctroneters. (vltesov et al
1961; iì--Joboury and Turner Lg63¡ ¿:nd. ilchoen Lg6þ).

trïI. J Conetruo of the .rì¡;Þ¿rr uuù

i d.iatraú of the photoelectron epactroaeter ls
ghown in FLg,p5, The speotrometet consisted_ of three
conoentrlo ercctrod.es ç the oolli.matorr the analys1n6 grJ-d ¡
qrnd. the snode.

III. i.'l f he aollinator

lhe inner eleotroåe ehown in Fig.26 ¡ierfornecl tro
tasi;sr Tirstly it ;:rod.uoed. a field freø reglon ín the

centre¡ through which the uttravlolet bea¡n paoaed, ¿nrt fron
which ti:e photoeleotronË wer@ collegted, fhe electrod,e

etruoture eontLnueð past tl:e erectron sorlection reg{on at

each end. to elininate elestr{c flclei. penetration i¡rto the

loniøatioa i.egion. Sinoe the çÌrotoeleatron6 were prod.uoerl

!n a f,Èeic" free region¡ tbe oeaeurenent of tbelr enerty
rlid. sot d.epend. on tire poeition i:: whish they wetr6 forneðr
3,econd.ly' the inner electrode gcted es Ê collÍ-nator, belng

tranuperent cnll to those ereotrone whj-oh travelled. fn E

alreetion çithin 13o of, the directl.on of, s rad.ius ¡lornal,.

to the 6xis of the epectroneter. ?hùe an6re of r2o definod

the 5-', energy resol,utlon. Collinntion wl.th respect to CI

v/6$ eçhiered. rlth & aorf es of equally spaoect annul:L. ihc¡e
had Lnner anð outer d.Íe¡neters of 1.5 lnchoE snd" ] inchea

reøpoctlvety¡ ar¡d were spaced at intervele of 3/L6 of an
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Fig. 26. Collimating eleetrodo of
the photoel.ectron spectro:neter.
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Lnohr Colll¡¡¡tJ.on, wJ.tb rËÐpöot to l¡ vs,e neorrgrrï bsoau¡c

thc beaa f,ron the ¡çnochroaator alnost ftlled the rpùqc

*Ithln tho eolllnntor¡ aað an eleot¡r'on ¡rrorl,uoo{l at tbs rdgo

of the bcau¡ anð travelllng ln e ten6antLal 'd.lreoti"en,
na8e a lerge englø rlth tbe roterillng fÍcld.. Golli.¡atlon

f.n thle EeBãâ rar sobfsyod by lnoludlng rtrLps In thc

olooüroêo rhloh Lay Ln planoe rhloh lnoludcd rad.tl of tho

rpoetronoter at 12o lnterval¡. lheec Long!.turLfnal ltr{.pe

nay be saon ln Ft,g,'26'. lbr oollfnettng elactroilÇ rôt
ooalt¡uotøô of coppGr, and. oo¿teil. rith graphl"ta (aquaitce)

to retluoo slaetron roflçetlon a¡¡<l leoonðary eulcalonr at

arBLalnail 1n thc Soo rIIf ¡ 5.1 .

III.l.2 The analy¡lan erLcl and enod.ç

Tho enalyrln6 grl*ì. con¡tsted. of a oyl.lnüar of

ctaf,nlscs stsol wlrç uesh havLn6 80 rlrea prr lnoh. thç

gri,ð was 7.5 Lnshcc tn dllasoter¡ autl 8.5 tnohoc lu lcngth.

Idtoally the grf'd. rtBr@sentc å oyl,tndlrl.oal cqulpotentlal

rurfso6, ühloh ts trona¡raront to elootrcnrr but ln f¡ot tbt
potentf.al Ln thc äpÊco betreen any palr qf grlcl rLrto 1s

d.if,fcrent fron tht potentfel of tho rLrça rhon therc la ¡
potontlêI Sraðl,ont clther slds of the grLttr ôt ¡horn In
FlË¡37, thia pottntlal varåetlou nay be raùuoeü by

plaolng thc 6rtd rlroa olocer to6øthor, but 6 ooaprontao

hat to be reaoheû betroen tha rerolutlon of the grtd andl

fto tranaparonoy to çl,eotrons. ,{a expressLon 1a dcrírcd. ln
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Âppenrllx If rshl.ch gtvee the potentJ.al verlatlon over thc

surface of & 6rid. oonsietlng of parallel çfres ín terua

of the opaoÍng of the rfree, and the potentLaL grad.l,euta

on either sido of the grlð". The wire nesh sh!.ch was u¡edl

had s transps,rency of abcut 60',.

the anods was a oyLincler of alLd stge1 l+ lnches in
diameter, anil 8.5 lnches ín length. þart from aetlng ae

the enoele, thla oyl"lncler provld.acl shíeldLng egelnst

nagnetl"e f!.el.il.s¡ the ragnatlo fiatrl otrength Lnalde thr

anorle was ]-eas than l+O nllllg&\lggr

IIf ' ].5 Conetructl"on of tbe speçtroneter

the ooanpletetL spectroneter le gholn l.n Flg.28.

lhe three Çsnec:rtrio eleotrodes rrere auspondled. froa an

eartheil d.isc at elther end of the speotroneter¡ aõ shoru

in *Tî19.25, The colll¡nator ancl grld werc lneulatedl fron

the earthed d"lscs ûlth feflsn nashere, and. the ninlnuu

Iealiage path to earüh f,ron the anode wae ovsr a Îel'Lon

eurfacc one inah Io length. ,\s well as being strugturel

conponente of the speotroneterr the two eartheil d"Lsar

ensured. thet eleotrons not produoed. ¡v'ithlE thG oollfnc,tor

could aot reach tbe anode. The speotroneter wae shleld.odl

by tire netel rulJ's qf the vacì¡us chanber.

Becaupe los gss prsssuroü nere usetlr only & snall

frootlon øt the Þean rse absorbed. within the åpectroiletcr¡

The reneindler of the bee.m paeeed. Lnto the bean tra¡r øhorn



Flg. e8. Photoelçctron apactrornater and

beam trap mounted on the end

platc of the vacuum chamber.
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ín r!6.26¡ *htch was neirtnlned at a poaltÍ-ve potentlal
of 22o5 vorte to ènsure tha.t the electrone could. not eeôå,p@r

The bean trep qÉrg coated_ on tlre f::eJ,de wlth Âquad.eg to
red.uoe seoond.ary eleetron enleeion¡

IïI,J.lr The v&cuu.ri chamber

-

fhe vÊeuua chauber (ffe.Zgj TveÊ sonstruotedt of
ëopper tubln6 6 l.nohes l-n cll.aneter. The sBectroaeter andl

beaa trgp rÍerß eupporùed. f,ron the end pl.ete of the vacuur

chenber by four gtelnless steeJ. rocLsr &a ahown J-n Frg.28.

A eodluü sa)-icylete coated ¡rj-re ¡;rid rao aup¡rortert fron
the end. plate neareEt to the nonochronator, anrl wae uaed.

tq ¡lonLtor the bean Lntenslty In tJre nanner døeorlbed l"n
s,ec. rr.5.4. llleatrlcal- connectlons to the eleatrorl€Ê sÊrG

matte through glacs-oovä,tr seale in the end. plate of the

vtrct¡un chanber. îhe veot¡uÀr Ohamber was Íind_owJ,esa, end.

the ultravfoLet beas entered through a red.ge ehsperL channol,

wh.Loh constrl-cted. the flow of gae suffj.clsntly to naLntoln

a spectroneter operatl-ng presslåï.e of, 1o-2 rna.FÌgr rirj.lc the

pregsure 1n the mouoehronator naln chamber ÌFa,s Less than

10 * nn.Tlg.

i' two inch o11 d.:lffusi"on punBlng systen wso u¡eil to
evecuate thc yacuun cha¡nber to a pressure of lees then 10-6

nnrllg. ,"r liqutdl^ eir cooled. trap vas J-nclud.ed. to remova

condì.enssble ínpurLtJ,es f,ro)ir the üqFgeü and nítrogen durl.ng

expcrieeute wl.th these gesêo. The g&s enteretl the chanber



Tha s¡roctrometcr vaeuum cha¡nbsr

and light ßource ¡æunted on ths
l-mgtro monochromator. The large
tube ln the background lr pa"rt of
tho dtffs¡rentlal pumplng *yatcm.
The ¡olld coaxial line ca.n be FGG¡I

in the foreground.
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thror.lgh a need.l-e v¿rlve, whf ch w,e.s adJusterl to n¿1nta1n a,

conetent presaure in the cha¡nber¡ e,rríi f eoillt!-es rrere

jìrovl-d.ed for attaohing en lonl.satígn vacuum äauge, and. a

Pir*inf- gauge to the chamber. The lonl stion gåu6e ¡feË

ueed to r¿easure tlie re¡ld.u*,l gns preÉsurc when the chanbetr

rs*"s evacuated, and the FlranL g&uäs $es used to monltor the

Sås pz:ÊssÌåre d.urln6 ån experlnont.

TTT.5. 5 The nonoch nonator

In the lnltlal e:(ptrLnents çltli the photoelectron

Ðpectrometer a half*metre Seya-ÌIamLoka u¡onochronator

(:tofhersoil $oitel ú5) øas uséd.. the ll,gbt õoutrce $s,s g

capillary d-locherge throu6h hell-un (Sec.lf .1 ) at å. pressurå

of 50 ftrn.TTg. The lanp wo.s leolated. from the monoohrouator

by a slngle ctage of d.lff,erential. puupf-ng, prôvid.ed. by a

mcchanieel booater purnp (fl¡;eed.fvoa I'15) and- a bacicinE Fump

(sireecllvae I Stls50) .

The psrti-e1 orÕss-seotlonE presented ln 0hapter TV

Trere cbtelned" fron the reg',.lltg rf experlments ln whlch &

one-netre near normeL lncti!.enoe monecirronator (ltcPherson

mo<lel 2?.5) Íp-E used, wlth a 12O0 llne p€r nrr Eauaoh anrl

Lonb rep1l-ce gratlng, blaøef, for 1OÐO 1. Ân exit slft

w3-dth 5f lofOt¡ geye â resolutfon of g !, In thte csee ths

Ilght source wå.s isolated fron the nonochronator by e tro

stagc df-ff erential punpf n6 ay stern, in whlch t]:¡e first stagc
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s'as Fumpert by e uechanieaL Þooster pumpo u*ü. e backf.ng

punp, whlJ-e the eecond stage res ¡)un$ed by Èn óil booster
tapunp Ênd a backln6 punp. fhe dlfferentisl pumptng

essembLy allowed a na)cimun entrence ellt wJ.dth of 100¡¡r

and. wlth & sl1t of thLe ¡¡ldth Ê preðBurø of better than

1o-+ ErrHsr Goìirld. be rael"nte.lned in the þefri chanber of tbe

¡asnochrometor wj.th the llght souroo runn!.ngr A general

vier of the experlnents.l ðrr$.ngÐuront wtth the one-notrc

monochronetor Le &horrn l"n FLg. j0.

fff.4 0¡eretl,on of the Speotroneter

lIf¡lr.'l E]-eotrodø voltû,Âer

the ofreults for supplylng potentlels to tha

electrod.eE arÊ ghcrn 1n Flgr]1. ?he enoðe nas counectetl

to the lnput ternlnal of, en çlootrometer, aRd. rae restrf.oteal.

to earth potentlal. A collectíng potentlar ras ap¡llg.edt

betweeu the analysing grJ.ð and the anod,e, to etrgura that
all the eleotrone rhich penetrated the Êrid werG sorleoted
on the aaoiler 8å9132 re a plot of the oleotron curront

egainot the solleotin6 potentlal for & sonotant (gero)

retard.Lng potentlal, whloh shows that the currsnt vag

csnstant for solleotlng potentialo 6reater than 5 volts.

f, Êottfrcy K8,/v4O0/e8.

it
I)¡ruavao 0Bl 5OO.



Ffg. 30. Gcnaral vlew of, tbe apperatua

urod to record olrotoeloctron

encfg)t ePeCtra'
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Durtng tha axperlnrut¡ the grlit ra¡ hcJ'd. at a negetlvt

potential of 15 velts çLth rocpoot to sarth potcntLal.

Stnos there ras s reletfvoly large oapaolty

(eOO pr) betresn tbe anod.e snct the griô, the eløotronatcr

rca vory ¡en¡ltlvc to tran¡tent voltogea on the gr!.il. Far

thls rrason tha battery aupBlyln6 tho poücntlal to thr grld

rao plaosil Ln a ah{clttail çhamber at thc end of tht vaouun

chanber, and. no othar oonnegtfonê Í6rs aadlc to the 6rf.d.

thla ohanbcr aI¡o oontal.ncct the battery aupplying thr pot-

cntt,al to tha bean trapr ÐBrl the lnput rcslctor for tho

ç1cçtronÊtcr.

Thc retercl.lng potantLal Ías appllect by ohangiag the

potentLa1 of, thc colllnator relatLvc to that of the grLdl,

anil the sl,Gotruû of eleotron anerglcË Íet aoannet[ by rtacp-

lng the retardlng potentiaL llnearly rlth tlnc. ?hc lLnear

ör€èp wea 6anerateô Þy usln6 a"n operôttonal arpllflar
(pUtturtek USÂ-j) to lntegrate a oonatant potcnt!.aLr Áftcr

four nlnutca the potontlal ras ahortedl for ono aLnutc rlth

r, oå!Â operateil ni.oro-¡ç{tch¡ and then al,loucù to ¡tart

agatn. Beoau¡c of e sn¡ll anount of aepacltlve couptrlng

batreen thc colllnetor antÌ the enod€r a translent appearedl

on the anoår rhen thc retar<lin6 potenti¿l aÍGBI¡ ;êÊ started¡

lhe effeot of thl¡ tranal.ent on the opeotrua raa ellulnetcil

by app1yJ,n6 a bia¡ to the colllnator potontl.al åo that

oaoh Éweêp atartcð f¡rou a negatlve potentlal of ono volt.
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ThIs alloned. thc olroult to rccover fron the tranrlcnt
before thc agea through tho apcotrun rea startadl. lbc

bfaa wa¡ ad.Juotedl bafore cach experlacat by neasuring

d,iraotl.y tho potontlal. itlfforcnoe betrcea the grLit ¿nù thc

aollinator.

trIf.4.2 Reoortlius of the spectrs

lba clectron current fron the enod.e produocd. a

¡nall voltage eorosã thË hlgh realgt&nca (fOIO ohq¡) at the

laBut of thc electroncter (Vayna-fertr totlel Ml¡ù).

Flc¡Lblo EsaxLal oablet rer6 founcl to br unaetiafaotory

for aakLng thc oonncotlon b ctreen the anodc ¡nil thr

clretrsneüer bccauçe of thç potentlalo 6anarato¡l in the

eebla çhen It uovad. fhe oonneotlon rar nade rlth a

¡oLLd. EoürLel lLno asnclttln6 of a Ë" inot¡ d"icncter br¡¡¡
tube rtth a å. inoh d!.l.aÉçte¡r brasa rod. aupportert along tt¡
arLo ritb foflon apaoGrB, rhloh ellnLn¡tatt vlbratlon fron

the ltnc.

fha ouryö obtal.nedl by rcaordllng the eleotron

ourrcnt at a funotlon of the retartH.ng potcntLal 1a thc

lntegrel of the clostron snor6y spootrun, cLnce ell, elcstrsn¡
rtth enorglea greater than tho retarrH.ng potentt aI. arc

dotactail' In prlnolplc the curv@ con¡l¡ts of å r6rL€¡ of

atep! - o¡¡e atcp for eÊoh d.l¡orete Gnergy preaent ln tbc

lprotlruu. Ia the cuty€s rhlch hove been obtalnodt, tho

stepr are not rell dløflnetl becaute of, tha li"nltctl recolutlon
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of the epparætue, and beeause of the flne etruoture in the

BpÉGtfar .ân lnte6ral rp€êtrr¡t from nolecul¡r orrygcn ls

ahorn l.n Fig.33,

thc el"ootron an€rgy spoctrun war oÞtelnecl by

d"l.fferentlatfng thc elaotrpn ourrent ntth reopeot to the

retard.ing potentlel. Slnee tha retsrd.fr¡g potcntÍal tag

awept llnoarly rl.th ttne¡ the dLfferential rlth rêspeot to

the retarÈlng potential ïaõ equal to the tll.fferantfal rlth

reEFeot to tlue¡ antl the oleatron enerËy a¡ieotra wer€

recor{ledl ðlroctl'y by dlfferenti,atLng the output volt,age of

tl¡e electranêter. Tht cLrcui.t for recorùtng tho ãpcotra

ia ¡howa in Fl,t.5lr. the illfferantletlng al"rcult conalstcd.

of a påper con4eneerr ancl the lnput roaigtanoe of a å.gr

aupll'fler (He*J'ett-Fackard. nodtel ¿!25J\). Àn X-Y ceoratinato

plott,ør (Uoøel'y mod"el 2D*2) rae ueed. to reoorel tho opeotra¡

the retard.lng potentlal raa applted!. to tho X-axlo, andl tho

out¡rut of tho ittff erontLattng oiroutt to tho T-axl,g. À

photoelestron Gnêr6¡r speotrum from orygen at ar¡ lnoldcnt

bean rnaveloagtb of tSL I f r ehorrn Ln FIE¡55.

ïII.l+n J Dløl,ta1 noLgo sveraeLnr

the electron energy speotra recorileil dlrcctLy on

tha I-T eoord.inate plotter iér€ founcl to be of poor quallty

bcçauEe of tha large amouat of nolse on tha traoe. Most

of the ¡ofse probebly orlginateil Ln the lnput elrcult of

tha eltatroneter, rhlsh rras rery eeneLtlye to oleetrloal
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lnterferè&c6 and ßöchanLoal vl,bration, å, largc aüount

of eleetrl.oal nsÍre r¿¡ generatcdl at the opark gap of thç
perar oupply for the nsnoohrönator lenp, fhe eff,cot of
tht s nolse was nLnlnteed by oerefur shL*lcÚ"ng of tha rnput

circuÍt¡ and by ohooalng the bs.qt tl¡ae oon¡tante ln the

clootrioal strçuits. îhese tlne constants &re d;lacus¡eit

Lo the no:t sêstio¡r. sooe mcohaul.oal vlbratlon waa alrayr
preaont becauae of the nechanl,oal vacuuEr puups¡ Fhe

effect of thle vibration trs.B nlnl¡uLceð by ua1.n6 tho ooliit
ooExial llne to the clectroneter, aadL by nakLng all partr
of the Lnput oLroult ar rlgl.d as poaalble.

For sono s¡reotro¡ rhere the noL¿c on the traoe

rar rElattvol,y snall, auffLoLont averagJ.n6 of thr nolac

râa eehityett by aupêrÇporlng seçeral trr,oe¡ of th¡ apectruu.

spoetra ;hloh couldl not ba eati.efs,etortly oeoothoal by thtr
ncthodt Trerô onoothedl, by oonvertl,n6 the apectra to iltgltal
fornr anil nurorfcally 'actcl{n6 es agr\}' soena of tho rpeotrua

åa f,Gr€ required. to proûuce e enooth cuFyÊ. lhle d.tgttal
averaglng sf tho nol,ce provl,iLcå a ¡lowerful ncthotl of
proiLuolng aatf.afaatory a¡rectre undler adyerte oond.Ltlonr

rhloh erLatad¡ for axanple, tn raglons vhere the lntenoity
of the Ltght Ëouree srce lor,

Ànclogue to dlgltal sonvørsion of the eFeotra ws¡

â,chf"Êvod, rl,th the olrouJ.t ehown iu Ff.g.)6. tha voltage

out¡rut from thc d-iffercnttatln6 olrauLt çe¡ aamploil. tgn
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tånco per stcond¡ ¡ndl a puloc duratíon nsd.uleto¡r (Waugh

196l¡) ras useü to gatø an oscl].letor¡ lhr gain of thç

anpllfl"ar et ths lnput of tt¡ø anelo6uc to d,t6ltal' oonyerter

Ías sdljuatedt for o¿oh e¡leotrunr so that beat uåo üåg aetlc

of tho rôngr of iaput voltagca for rhlch thc oonvortar

rr¡ founcl tö bo ltne¿r. The pu).ses frou. tho carJ,oguc to
ð1,61to1 oonverter ÍËro fsd, ånto e &00 ohanucL pulic hetght

enaþser (n" f 
" 

D, L. loeltl )4-128) . llsoh pul ae wao ttorpd

1¿ the ahanaal rhore nunber ras proportloael, to th¡
roterdlfng poteatlcl st thc tlns of aniva]. of tho pultr.
the overoLl J.Lneur!.ty of the systen waa ohcokeü by *up¡llyLug

the anelycer rl,th pulroa at a oonstant frequ€aoy¡ nhl.lc

tbo Éhaanols ?çFs gd.ðressotl, ttth the ratardLln6 ¡lotentl*1.
fhlo prooöduro prodluocrl e flat spootruÃ, lndlcetlng that¡

es rêquj.recl., tho rotêfilùn6 ¡rOtentlal inçreapeCl. qutte

linoarly rlth üLuo. (ocf¡ SÉo,IIIelrrâ). 0nly t¡o hundreä

of the ohenncls wGrG u¡odl to ctore ceoh äpqotrun, boosuoe

?ho tloe roqulrecl for tha analJr¡er to ¡toro a pulea in n

ohannol of nunbør hlgher th¿n tro huuC.rerl dtû not allor r
Eufftofeûtly hieh oount rats, Howsyer, tho epeoin6

betrsen the tço hunilrcCl ohsnaolå sse nuoh sneller than thl
reåolutlon of the crpoFluènt¡ lleoh Ëpeotrutr Fsf ragordled

Thta faotltty of ¿r[dtrslslng ohonnEle ln rhlch tho ohausal
ûuûb6r ta ¡rroportl,oa¡l. to an aualo6ue voltege Ia provlûcil, Ë8
a staatarð fcnturc of thr ftrX.D.L. noü,oJ. 54-128.
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by allonfa8 the røtard[1n6 ¡rotontJ-al to reeycre ì¡ntål tho
çtoredl speetruo bcçano søöoth¡ nnd dåd, not ahriago tn Ëhapt

aa f,urther sêen.s lrefo adliloå. 'fhe fJ-neJ. øpoetrun rae

returnod. to nn*Lo6ue forn and reeêrd.sd on the )f*T ooord.lnatç

plotter. Indllvitual leens of t]re opeotrun wèro ¿tr¡o

røeord.oil. on tha l-Y Plotter¡ Bo that u¡lectra rtth lar6e
trensf suts oould. be dlf ooarded.¡

Ehe rçte¡rülng poÈentlal w8,Ê ôêÉrsurecL uuder the

eond.ltlon t,hat no crrrfçnt vas be5"ng d.rarn fron the okoultr
oupplyln6 the potentlrl., u*i,n6 the olrcuåt shorn Ln FJ"S.57r

rhlch ?rês oonnc3trdl dtfrectly þetwren the soll'taÊ.tor aart tbc
grlå only then a o€úguresent Éas boJ-ng aad.r. f,orc

retarilln6 potentl.ol. rae J.dlcnttfted en eaoh &¡¡eotruDr

III r L. ¡t

Tho luportant tlne oonetentE cf, thc apBaratu& rcre
t'he t{ne oqnetant at ühe lnput of the elcatro¡uoter, thr
tine eonetant of tho rl,Lff¡rrnttatJ.ng oLrøult¡ a¡ð thc ratr
øf !ca,a of ühe retard.ln6 potenttalr Of, the¡o tine ûonttent¡
only thc tLee eonstent of thc elestro¡seter oould. not bo

earlly ohangeil ovêr n wlde re,ngce Tbe f,aotor¡ lhlsh
dletørnln64 thlo tLne oo¿stent çrere d.onl;retcd. by the

oopâÇLtnnce betroen the upectroraeter anoile ¿nr1. enrth

(*?00 pF)r ¿ad tht lnput re¡lgtançe to e¿rth (*]'OXO ohna)¡

tthloh gÊvg o tine sonrtant qf not lose thon ùro ¡çooncl¡r

tha value of 1010 obu¡ for tho lnput rsEistanEc r¿¡ thc
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¡al,ni.nuo v¿Ius sseo![erTt to prodluoc a aufflolent potrnttal
at tho lnput of the rlectroaetcr,

Tho tlue oonltent of the il,lfforentlatf,a6 stroult
ç&8 aðJugted. to a valua ¡t leaot aa largo ar tho tla¡
sonstant of thø alsotrotatcr ånput olroultr Ëo that tht
dtLfferentlattng olrouit t¡ndedl to cnootb or¡t thc noùcr tn
tbc aleotrotetcr outputr In uost of thc or¡r*Laaata the

tifforentlatXn6 t,Lae soasta¿t çss fpr¡r leoonûlr îhc

oLrouj.t oon¡t,ctodl of c 4gF XraFar oondenaer¡ and thc ouc

noEoha input rral¡tanoo of thc d,.or crn¡lllftor, For eeoh

ðpectrurr thG 6aln of both thr elcstroneter ¿¡il tho üoor

anplf.ftcr rerû adfiurtotl to 6fyo tho lar6art Dorslblc rf.gnal

ln êaoh part of the olroult. thr nolue ras furthcr
redtuoedL by atlrtlng anothçr lLne oanstent of tço aeoonil¡ at

the fnput of ths dloo. anplLfler, &Ë shoç¡ ln F{So5lrr thlt
rs,t neo6t6ary baoaurs of +lcctrl.oal intarfcr.noc fros thr
eBark gap of ühe l*ap poter rupply.

the retc of ËûeD of, the retardl1s6 potautlal raa

ndlJt¡¡Èqii ao tb¿t thc çffcot of the tl,se conatanùo of the

¡lootrloal glreultr ilfuil not oontr{.buüe 6roatly to thc
poôoLutlo¡ of, the aBparatuar th6 soêrâ ratc ra¡ ¡ct ar

large ea pooalble¡ co thst c ler6o olgnal ras obtataodt from

the üùffetrentfetlug of.ratr:ltr Â rete of çosn of ]0 aV per

scoondL rsa f,ounil to be tbo Eerlrue rata rhloh itLrt not

cppreclably 1nÉrêå{G the rf.dlth af tho poako ln the êp€otrunr



'70-
îhe pbotooleetron epeotra reoord.oû rlth tbe apBar*tul

had. a reaolutloa oorrËaponili.ng to e ful"l çtüth ¡t half
EarLaun Oolr oV unclor thc bast oondttLona¡

IIfr 5

Ëoforo thc clcotron apcotra oour.rt be J,ntcrpr+taû
ln toruç of partlrl, qrora*ËsctLons ootrrcapond,l"ag to
trrnsltionr to e partlouLar atsts of the lon, revçra1
oha¡raoterrstLe¡ of tho a¡leotre hadt to be atutlf.çdl. Thc¡c

r6rG tha ä,¡tatlait ehape of thc tnðivlrtual peaka of thr
epectrunr the reaolutLon of the l¡lootroneter, aael thr
csllbration Þf, th¡ anür6¡r soals, fhe apootroncter ral
shookccl ualng arßon, ¡ndl a uonoshronatlo bça¡ of r¿dH,¡tLon.

fht.a prorLðcdl" elnoct öonoonôrgatf.o photoolootlona¡ st noc

only tho riloublct 6rouud, atatc 'r1, rrrr of the Br8oa lon ra¡
¡occ¡sl,Þlc rLth the photon eaorgler rh{oh rer6 u¡ed. j.n the
oxperXneut.

Iff' 5" I

rn the tnttl,nl. experl,nentr rlth thc cpretronctor
tha photoelootron apeetra fron rrgon rhlch rêrG rooorcl,cdl

rört of thc form ahorn in Flg.I8r fhf¡ apccùrul qontcLncd.

ù alu6le pË&k ¿t th¡.nårgy equ*l to thç 6Íoorc of thr
Bhoton ênçr6Jr ovsr thq loni¡atlon potentl,at of orgon, anrL

allo a laFge ârcô at lor tnorgy. sçvr¡el porrl.bl_e or!.6{nr
of the lgr ôE@r6y portlon of the eBrotrun rerr LnveatlËatedt.

spcotre obtaJ,noil o?or a range of gar llrÇËsurôr (ntg.rg) r€$o
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o11 *fnllsr ln ohnpo, ahorl,ng that the lov çBorgy eonpoaont

of tho speotrun w¿e not due to electrcn eoll!.elons *åth 6aa

atomË. " $eetterl"n6 Ef thL¡ natu:rg ¡raE ¡rot erpeototl to ba

inportent, alncc the EËsn free peth of oleotrone l.n er6on

Et the ¡rreoeutrea used, ¡'as of onder 20 cn.¡ (Rea)'ey end.

Beeå 1?Å.1) whi],ç the dtistanoo rhÍoh the eleptrone hað to
trevel to the aualyolr:g grld rao not 6reater then 6 €tsr

?hc ef,foot of uagnetie f{eldLs oa the spôgtrs rae al¡o
lnvasùLgatodl¡ but :ro cliffçronce wss found betwccn apeotrr

obtnlned rlth E ¡toal ¿nodlo, vhloh provlcløû na6netlo

ahlcLd.fng, and thole cbtaLned, crlth e oopper anod,o. lhe

reaalnlng pofslble ortgl.n of the lor 6nêrgy pert of the

sBeotru¡B was refl.eotl"on at tho surfsçe of the oollinatlng
eleotrode. lbe¡¡ a oontJ.ng of oolloLital graphlte (tqusdaC)

waa pl,eoedl on ths collluator, bhe greatly lnproved, ûpüotru!
ghown ln Flg' 59 wag obto,Luoô. Jlquodla6 l¡a¡ the property

of recluoLrr6 eJ.ectron reflqotl,on end. of ¡rroðuof.n6 e uor€

uuÍforn oonteot potontlel. over s aurfaoo (Hastod fg6L).
For ths purpöÉe of anrLysi¡ ths apectrun waa ðJ.yliled.

lnto two partsç Tho flrst !T8,¡¡ ê aynnetrÌ-o*l peak, Eerkodl

At l.n flgr]9r ¿ad. the scoond. was ths renelnlag lor tner6¡r

pertr uarkeð .4, ln ^ìî16.)9, shtch wae d,ue to deotron

reflçotlon end" aeoonclrry esåceLou f¡o¡¡ tho clootrotlo

turfaoos. It ras ¡asunsö thst the peak ahapc dl,cpaaclctl

only on the pesh onorgyr ¿uð the ratLo of, the ercrs Â1



10

4

2

2,
2p

I

o
I
z

I

o
3/2

6

8

6u
+J
'd

a4

>.
H
d
+j
'r{¡
.k

-l!olr

Ar 584 I

z4
Electron Energy

U

Photoelectron
argon wi th an

wavelength'of

(eV ) i

Fig.39. energy spectrum from
incident beam

584 8,

?



'74-
tntl Àn äes neesuredl oïer e tfnnge of peak energlee ln qrder

to unf,oldl EorÊ oonpllcateC. FBêÇtï'a. (See SeGrIV*I.2).

fhe roaultr år@ ahorn ln Fl6rlr0" îhe ohspe of the ¡rton

apootrua vao conparedl råth thet of thc noXeoular hyitrogen

spsctrun (pfg.¡+l) rhl'ch eontaLned. ê ef,ngle beað rith e rtûth

of Lç7 6Vr The ratlaa lr/A, obtatned. fros hyûro5on optotrr

at tro d,ifferent ravel.cngtbar shlch E!Ê shorn J.n I'Ig*IrO¡

&re in 6oo<l agreeacnt ¡dth the ¡rolnte obtalncil fron ßf6on

oBeet,re, ehorlng that tho e¡reotrun oha,pe dloen not d,c¡lead

cri"tioally on thc B6ck wlrlth.

fbe tffeotlverosa of tl:e eLøetron oslllno"tlon wag

checked. by rccorrttng ê spectrun fron arßon rltb the

colll"natlng eleotrod.e rørroverl¡ and re¡rLaceil by À rcoonll

6rlil. Â ÊpêEtrun rhloh wao reoorded ln thi.s nEnner 1o

sholsn X.n Figrl¡?r the ahape of thls spectrun Le d.eterntaed.

by the anguler ålatrlbutlqn of the eml.tteil photoelootrona¡

rhlch ha¿ bcen shqrn (netrre ancr $alpeter L956) to Uc lndl.op-

end.eut of É for an unpolartred lnolelcnt boeur snô to

dlapenrl an 0aocorcl.lng to thr erprssaåon¡

f,(o)BA+BsLnto (aa)

wh¡rc A anð B ßra sonatants ¡rhlch d.opend. on tho quantun

nunber 4 of, the olestron¡ the peok ohape l,e glven by tba

functlou,¡

'Ê{ ðr . ilo (ar)
ãã"EF-ãE
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S*Ë rtüf e
o

ùE
ãd o

(z¡)

2ß ¿ E r*r, - Erå' 8o' té (e¡ )

Tbr angular dlopcaüÊnor of, l{ o¿n Þç rrltttn ta the fonnr

# " H . # , t (o) rin o

çhence

å#= (r )
*&

t
t!r+
E f (c)

(as)

(ez)
a

The poal: nhe¡re nust ltp botweon tho two extraner oo!ìrGr-

pondlng to A = 0, ¡rhLoh glvos e. purê sl.nr6 d.ist:l'Lbution,

eacl B * 0r rhlch 6ivce an Lootropto clf.etrlÞutlonr lËhrar

tço poak ohe¡leg $16 oonpared Ln Fl6.I!? rlth tho unoolll¡rttð
peek shape obtelned. f¡:on ÊrËon, whi.oh correoponilo to thc
rsaoval of e F*çlcetron. Tha threÈ curves shorn in Fi6.t3
êr@ normalLaed. so that they oontaLn th* ða&ê åf€8r The

exporinental gurvê Appeårs to oorueopond. to en i¿otropLo

dlotrlbutLo¡rr

IIIn 5r ? SsotorE eotlns thg res

îhe re¡olution of thr o¡reotroaotor ros dl.afL¿ed, ia
the fu1l rlðth at half naxLaum of, thE peak prodl.uoed by r
laoaûenergatlo eleotron sourcè. lhç ¡rtdlth of tha årfron

pçek wa* usöil &s å üearure of the re*olutfon¡ and ras foundl

to be O.Ir eY under thc best operetlng condlltf.onr, rLth

,8L L rad.l¿tlon lnold.oat on thc ßÐBr gLvin6 e pceh ÊnorÉûr
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of 5 eV. fhle reaolutiÞn raË Juat oufff.ol*nt, r¡r rhorn

lü lr1gr19, to dllstin6uf ah thr rl.sublet terns of the grouuit

ctate of the arßon los rhl.oh hnve 6 pcll¿ratÍon of Or18 GV.

Seycrel factora oontrlbutci!. to thc pcak r,f.dltà.

lhe rsng6 of, an6les aoceptod" by tha collinator raprarentcd

e, 5:, sBreaû iu thc apparent oå*trgy of ths rlooÈrono,

oorreep+nding to e üidth of Or25 cV at a pcak r¡airgy of

5 €Vç Tbe contrlbutlon to ti¡e Feåk rJ,d.th frou tho tlno
oonstants in tho eleotronl,o ol.rouita trs,t tp¡J'L. À tl"nc

cpnstant of tvo ssçouds at tho input of tho olooÈro¡etar

$av6 *n energy spreadl of 0.06 aV at & scâr¡ retc of 5O lY

per Éecond", cnð the ill-ffersntfctl.on tlnr soartÐnt of g[a

sscond eorrespopded. to ¡n cnrrgy aproail of O,OI oV. the

varlatlon of pot€ntlal, over tht gurfnoç of tha grf.il rao

CI.01¡ eV (aee "Appendt.r [I). Thc axLt ûtit gf thl louoohtro*

nator ras lCIOF tf.de, 6lvlng a rocolutfon of 2r5 f, or an

energy sl¡reeü of 5ü,L f, of O.1O oV. To thcsc fcotors nu¡t

be ad"ðetl the natural nÍilth of 0.I8 oV ôuo to tba loparatlon

of üha unresslveû ð.oublet. Irastlng thoac faotor¡ ¡!
fnûcpcndant &eus¿fan dlrtrl.butfono¡ etrd, eoubXalng thrr
quadratieally, onå oþtoine e total p€rk rliltlr of 0.46 tYr

rhLeÌ¡ co¡Fer€s Hill with thc nça¡r¡reô p6rk rld,th.

CIthcr frcto¡c shfsh h¿i!" an unknorn +ffcçt on tho

resolutlon of ths s¡lcotroncter r6¡i'o oontaot potcntlala Ln

the eløotrodee, an¿Il cllotortlon¡ of tbc analyafnã grlal fron
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oyllnd,rloal fornr and" an elcctroetatLc l,ens effeqt at the

outer surface of thc eolLf.uatln6 el.cotroilcr "t,lthough tho

photoeleêtrsne peFe prod.uaedl Ln a reglon af uniforn potentlal¡

thoy nay heve been eff ectc{I by sn -elcotrostatLo tren¡ eff aat,

due to fleIû pcnctratlon Lnto the relatlvoly coer$G struoturr

of tho oollllneùor¡ The algniffoÈüct of thl"s off,ect ra¡

ohecked. by wrapplng a fine rqlre nesh aroundl the eollLactor.

Although there res a alight Luprovenønt l-n the ¡reak rltthr

the ltp.rovemqnt d.td. sot êonrpeneate for tht loss of tranr-

perånoy of the eleetrod.o ayatemr ead the extra 6rld. rce not

useå Ln letcr erperLnentt.

the partlal photolonl¡etlon orose-cGötÍont tËrG

obtelnetl froç s¡eotrø obtalned under eond.ltisns rherc thc

retoLutlos ÍñB not aE good ao that quotecl aboYer Some of

the rcsolr¡tloÍ, mEs sacrl.fleeil lrr orðer to Inprove the slgnal

to nol,se ratlo ln the spectre. the nonochronator exlt ¡l!.t

wtðth s¡ae Lnêtreaaeõ, to 100CIø¡ glvio6 an onergy êIlreaû ln th¡

bean of A.31 €Yr anå the el-eetroaeter tlne oonatcnt aniL tho

di.ff erentJ.*tlon tlme aônËtant nere both íuoreareit to ,*

seçoails. ThLs €avø e total oeleulsted peak rtdtth of, 0.6t

€V, eou¡rered wlth tho neasured peak wld-th of O.6 ÊVr

T,fï.5t5 Gal-Lbratl-on of the enÊrÊv soale

thc ÉnÇrgy ceale of the spêctronetçr rran o¡llbrated

uslrig .the poaltlon of tbe ergon ¡Gak aE & standlardr lh;
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"* 
*na zsr¡, levete of the argûr¡ f.on werç taken to be

]-5'76 ev and. 1.5.9j ev respeatLvely above the 6rounrL stete
of the Brtün ato¡¡. (iloore lgLg). rn speotra whrre thr
two levela ooulå not br ¿ttatla8ulehed, the posttlon of thc
peak was tsksn to be ths evcrûge of the tro ]evelç* Thl

wavelength so$le of th* nonoohro¡sator was callbrated uol,ng

as stanclards the hellum and, neçn ernlssf on ll,nsa ¡rreeont ln
the laop apectrun. rr¡ Fi6.¡rJ ttrs peak posi,tf.on íe plottod,

aga!-nat the true peak @nergy ûver ß rangs cf photon

enêrgl€a. fhe polnta all lie very cloae to & otral6ht
l-Lne whlsh doos not p¿sc throu6h the ort8in, lnd.lootl.ng

thet the ep¡:e.rent eûergy eesLe ls d.tn¡:laoed. fron the trur
one by ù.3 çT, the c.slibratlon hed ån eccufÊsy of bçtt*r
than 0.1 ß1.

The energJr scale çsnttnued to be linear et leest
d.own tô e ¡re*l; enerÄy of O.?5 êV. îhts lrss lnportant
þecauoe Lt ellowed, çoafLilenee to be p^J.aced Ln the partlal
ctro8e-'seotl"ons rhioh rerè meaeured near the thrschold enGrgy

of å trensltÍon.
ÍIf.5'4 r

?wo pooelblc 6ource6 of error ln thc uBaotr* wêro

verfatlone of the eLectron cclleoting effiel,ancy rith the

eloctron cnÞrgyr .drd" slth the gae prsagürBr the eroctro¡
ool.leoting efflcienqy Éüs qeaËurod. as s funetlon of eraatroa

er¡erËy urlng ðr8on ai; s ôsufee of mono€ncrgetlc photoelectron¡
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rhose enorgy eould bc aðJueted" by chenglag ti¡E wavel.cugtb

of tho lnoJ.dl.cnt bß¡nç The aBectroaeter res used to
¡rrasgure tho photolonltrtton ylold. of &rgc,u, and. rlnoç th!.s

hac baon ahorn to bs oou¿tant, (S*nson lg6¿¡ei) rp¡rarent

ch*ages ln the yt*Id refloqtø{ ohaageo tn thc rlootron
ooì"lsotLn6 efflolpnoy of the spøotronÈter,

In Fig.lrl+ xr 1ç thc path leagth through the gar

betwsen tho boa¡ aanplíng grld and thc ûpÉÉtrooctor¡ enrl

lr1 ls ùhe path length through the spcotrotretcr¡ fo r fr
and. I¡ are the rel,etlva Þr¿m lntencltlc¡ at ih* psfnt¡

ind,ieated. on thc rll.ngre,pr thcn:

Ir r Ioe -k:ßr and ï¡ * Ioc-k(xt + & ).

Tha eLcatron êolL"ootln€ ef,fJ.of.ênoy 1a proportloual tor
rt tt

(a e¡

þgJIr *Ir ro:-kxr 11 - e-k& )

shorç lt tE the total clcotron cr¡rrcnt oollcotot at tho

anoôr rlth tero retardllng potentlal¡ The relatfvc bean

lntonol.ty I¡ Ëa¡ tsr8&¡¡r¡d rlth the boan reapllng drVice,

and. the prrrct¡r? rag uclntatnoü et ¿ con¡tsnt value whllr
tbe clcotroa aollootln6 effloi.e¡rcy EeË ß@a,auredl oysr ¿ rrn6å

of boan energÍcr¡ the roaults rre gbotn tn F16r49, andt

thry lad,lo¿to that only ¡aall varletf,onc ln tho ool,Ioottng

efff.olenoy ocourraôr 8r¡ð that no corrêotLon faator raE

trO0GFlèflr

The efftotn of sleotron acatterfng rsrË lnvoatlgetcdl,
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by neaøurlng the eloctron ool,Ieoting ef,flolenoy &c a

function of preÊeuro for each 6es wir.ieh raa u¡ecl ituring tho
ex¡rerinente. Thr bøan i.ntenaity rp nar kept at & conetant

value ¡rhlre thc oollectLn6 effLcj.eügy rÂß noarureð ôt r
nunbar of preeaureû. she gas Breóûute sBs üde6urcû. wfth

a Ëlrani gßugo rhI"ch raø oalibrated. for ¡lrr turvec qf

elsctron oorreotlng effloleney for eÊoh 6@! ere ahora in
flg,l+6' the cslleotLn$ eff,leis¡Ioy in at]' the 6aõop

decreaaeü for lreeoureo greater than ] x l0-tnn, 116rr but

Eoas eonpronåse between the eo]leatLng effleleqoy anit, tho

at6ner to noise ratlo reå neoesgåry', oinca fn noat sraêt
the olectroa ourrent rar too snall to nca¡uro rLth pr€gaurðt

of less than I r 10-t DrnoÌ{gr }dost of, tho apcotra rer6

obtel,nedL rith preteurcs betreen Ir End ! x l0-tnn. ffg, In
ord,er to 6nôurå thet clcctron soattørln6 saE ¡ot bavln6

*By effoot o¡r tho aha¡lc of the apoctrar ûsectrc üore

recorrled- oyrr a rån66 of ¡rrescureo for eaoh gafr No

d.Lffersnoe oo'uldL bo ileteoüed" bet'rcen the rhape of r¡roctra

obto,lned. of a, Brefsure of 5 r Lo-tmm.H6, anû those obùalnad,

at Loser preßsures.
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CI{¡ïPTRR fV.

sBcll0r{s.--!#b-

Iìf.1 Ì¡oleouf.ar Oryceu

Tn the ¡rrevloua obapttr lt ?aa shorn thçt thc

photoelcôtron rpcotrotrÊtàr rhJ.ch ra¿ d.a¡crtbeÀ an¿blail

photoelectron oner&}. spectra ïrith reasonably rell undtrttooû

ohsraoteri*ticg to be reuorð.ed.. The opectro. wþioh Ê16

obtatncdl f,ron nolooular gågÉú ogntai.n¡ ln general, severel.

pçake, rhi"ch oen be lðentLfleû. ulth thç energy etatea of tht
noLeculer lon. These striectra have beçn enalysoð to ylelil
parttral Bhotoloni.z*tLon oroËE-seotlons for thc arocluctlon of

lons i.n perttoular states, aad the va.rLatlon rrtth xavelength

of the partl,c,X oroog-seotlonc lteo atudlteit by reoorü,tng

photoeLectron energy spootta aÈ nûny ilifferont ru,veltagth¡.

IT.f .l Ev,ëlrqÊ'tlq

Uala6 tho llopfLeld. oontlnuuu of hcllu¡ at a ltght
lerrrra¡ ¡rhotoelðotron Grrèrgy speotra fro¡¡ nolqoular oxytan

ücrÊ rcooriledt" for r*vslongtha et 5l fntervelE tn tha ranga

frou 775 3 to 615 R, andt also at 58l+ ff. tha lonsost

ratclongth Oll 1l oorrleal'èndtecl to the threpholtl for thç

produotton of Lons ln thc fl,røt exel.teü stata. soveral

6$eotr¿ netro al.ro recorcled. In thc ravelen6th rqnge 775 f
to 9OO l, Theso upectra sero rGcêrdedl uncler condlltloua

oorrêspond.ln6 to a peak nt&th of 0.6 cV la the ergoa rpcotrunr
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(sec"III.5.2> the oryBGn waü nltro6cn free rnod.ioal

g5eðar gas, rhl.ch was ñ¡rther purÍflecl çIth t¡o col.d. traprt

o!rê, ooo].ed. to a teøperature of -7OoG rlth the n!.rture

el¿ccrl'Èert in SGo"ff.5.lÈr and tha other cooleeL rith llquf.tt

al'rt rhlch ¡eçôveil aonilenclbLe Lrpurttlea frou the gaso

The speêtrofietcr operatl'ng prêBaurê neaeurad. by a Plranl,

gau66 rar 5 r lo-J rlÉrEfir Tho spectruu at 58[ f shor¡¡ in

Fl,g.b7 1s typlaal of tbe spectra reeorileil d.urLa6 the

erperinonta. Â. aorres¡loadling a¡lcotrun g!.ren þ Al-Joboury

et al (al-.rotoury et aI 1965) f" shorn ln Fl.g.l+8. theLr

slrectrun ras obtained. rltheut coll.l'natlon of tbe eileotronst

aud a ooaparison of these opectra ahore clearþ the

tuportanoe of col.ll.natlon úeu the ÊpGctrua t.E l¡¡teailetL to
yl,eJ-cl LnfornatÍon ebout the ¡rartLaJ' ¡lhotoioni¡ctlon eroas-

sceùLons, afnee the peako s,re Éor€ dJ. stlnatly eeparatecl Ln

Fig.47.

TT.L-Z

Recb peak ln tt¡e apeetra çaa Ltlentlfleil rtth one of

the stetec of ttre oln61y ehargeü noleouler loo. The atete

rraa iilentl-flcit in escb caøe by coeparlng th€ energ¡r 6lvea

by the peak posi.tlon a¡d the photon enerty rtth the knoln

Êa6rgy atatec of the f.o¡r. T{ost of til e peakg in the epectra

hatl a rl.ttth greater tbsa the L¡ratruuentål rasoltttonr sa<l

the peeks rerÊ iaterprated as bendle havlng u¡tresolvetl

vibretloaal etruetrre. ,ÀI-Joboury et al (nt-.lotour¡r et
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¿l L965) fraa an €Ber&r resslutlon sufflciently good. to
partry resolve the vl.bratlonal structurc in the baRds. Ths

vibratLonal strueture üaË net resorved in the pneaent

expcrLraentae bEeauee the reEolutiou hat!. to be retluood. ln
orcler to obtaln a satLsfaotory aignal to nolee ret,!o slth
the lor Lntenalty rllspersecl. light õouriGsr The intense

uqctispersed. heLluq light source useel by irdobourlr et al
ne,s lôre sui-table f,or naking aeourate cletermínatl.one of the

ener6leo of the statea of the 1on. Frarrk-Conilon oonsLcler-

ations (sec.r.tr.Z) euggest that the poeitlou of the na¡l¡uu
of a pøak uay not correcpoad to the roçest vibratioael level
of the state, auð å Beaaurenent of onLy the peak posltl,on

roulrl not gLve the ailiabatio value for the energy ]-eval of
the Ien,

Sone of the ¡lhotoelectrcna aa¡r have resulted fron
procesae¿ of dissoel-atlve photoj.onf.¡atLonr rhj.eh ocour uhen

the lon ie left vith an asount of vl.brational energ5r 6rcater
then the dlasocXation energr of tbe eleetronl.c atate of tho

ion. fhe ion then ilissoeiates rrlthin a tl-ne of the EaaG

ord,er of uagnS-tud.e as the pørf.od of vibration. Thc state
of the Boleeurar lon correspond"a to a polnt oa the potentlal
en€rgJr curvG (ftg,4) for the eLeatronie etate of the ton
rhlah ls hLgher than tbc c.lgsoeiation enêrry. fhis process

appcars only &a a clistrl-butlon qn the lsr ønerry sl.d,e of
the peeks 1n thæ photoelectron Epectra, a.nc[ aoulå not be
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<ii-stlugulshed. in the present erperlnent. Ilovaver,

Ee&surenents Ftth a Boss-spectroaeter (lieissler ct al f959)

have shoffi that disEocLatLye photoloal¡atLon aocounta for

I.esc than 1O1 of the lona producedr and the error cau.s@il by

X.gnorf.ng thsse proeesseâ sae sûal'1.

îhe enargr J.evele of nolecular o:rJrêc¡r rhich rers

åGceseíble ç1th the range cf revelengths used in thc

exlrerfnente uere the XZn (LP.a75 ev), "h (16.ro6 ev),t u

r%* (r6.ear* ev), t\; (re.r7l ev), ana 2E- (eo.io8 ev)

levels. (watenabe Lg57t H*atoka andt lanaka Lg62, laaaka

a.ndt ?ak¿aine Lgt+2, G!.lnore 1965).

,t eonparlson of the qpectra sborn Lu FL€,s.47 aait

48 ¿Ïræa th¿t the poaitionE of the peaks are f.n 6ooeL r6ree-

nest, lhe higheet erierry peak J.n F19.47 oceurc at sa

eüer&Jr of 8.6 eV, nhich agreeE ro11 rlth thet of ÂL-Jobour¡r

et elr anil oorreapoad-a to th e thlrcL vLbratlonel l'cvcl of,

tue Xzn* state of Ol, fhe seoont peak hae ¡ ¡erf'lun at

t+.35 eVr anal Ðust oontain e contribution frol tUe a\o atate

whlch hag ¿ threshold conespondLfng to an eucrgy of 5,1O rV

in thls speetrun, but lt nay a.l'ao contaLn an Ìrürtôolretl

contr:lbutLon frou the Ltän' statø rhlch hac a thre¿holit

ccrresiloacl!-ng to 4.59 eV. ,4l-Jobor¡rlr et a1 lclentl,fieê thc

vibraticnal strrrcture of thl.ã Fe¿k rlth the r\r, leYcl.
+8

sThe thlreL anil fourth peaka Eêr€ litentlfletl rLth the b
t-

antl -E levels reepeetively, Ln agreeuent ülth tho
E
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laterpretatÍon of Àl-JobourÌf et al..

IV.]-.5 Unfo]"dllne the spoetra

-

In order to Lnterprot the photoeleotron enêr€y

spÈcträ tn ter:ns of partlal photolonlgatlon orosß-B€etl.oae,

the Erea unelor tbe spectrur eseoclated. with eaoh pealc ßust

be d.eteruni.ned. lhÍ.s Çá.s doae by esauning thet the spegtrun

nag equlvrLer¡t tn the :iuîr of seyeral. ilör:oenergetlo s5]ectrÐ

wlth the" ,",h ap e ehown i n 3f g. J it . The s¡:ec*r'n r¡e re unf old.ec

by tt¡e foJ'losin€í procedure. Ího most energotic peak wtß

conpleted tro foïtr n s¡frinetric-e.l shape, and. the årea (..f )

oontai;:ed by tl:e ourva $eñ rleûsüred. rvÍth e pJ.aninet,er. å

ayraaetrical shape was cho sen becauser in 6enernlr thg shåps

of the hlgh e:¡Êrfry eide of th e j?e&k -*¡ae well tef l-neð., bnt

the 1or energy side rs.s lrotr lbe årgíÐn sprretr* r€rê

anal-ysad. i rr a einlls,r r,êl'. Th e *!':npe of the sptsotrr¡¡R

cûrresponCS.ng to tho peek was d"eternj-ned- by thc eì-¡ergy of

tho paal-:¡ end the â,rêa et 1on ênergy (nr) lrhlch t¡as

assoei¿ted" wÍth the peak wns found. by:'efarerice to the

curva shorn íl ï,'1"9,.L0, lire aoaplete srea es&oci,sted" rltir

the peak was thon ilrawn onto tho Bllectrunr s.3 ahorn {a

Fi6.!r7. inGh sutceseirre ¡:eek was treateú ia the a&üe

ßånD@r, enð the eeLf Boaelstlrr'@y ef the unfeld.Lng Éâi

ind.io¿teð by èhe Bhs,p€ of the areå rh1¿h re¡salned for the

Ia¡t peak. This ìre,s rrquired to have e shepe consl$teût

rith lte e&ergyr cÉ d.otcrnlncd. fron Fi6rlr0.
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IY.l.I+

The nuaber of lons proÉluoed 5.n eacb statö ras

sacuncô to be ùfroctly proportionâI to the aree of thè

ap€ctrun rhlah *as essocLatecl rith the aûrroEponrting Dt¡kr

a¡rd. the aaasure¡nent cr' tlrls s,rÊa alLor¡ed. tha pcrcentage of

lo.es in a 6iven êlectroaic ctate, or the branehfng ratlot

to be found.. Ìhe branchlug ratLoe for o¡ygen are ¡hosn

Ln Flg.L?. Feceuse the shiI.. e.nð. ¡2n.- level¡ úere reaolvod.ll lt

in onJ.y .* ¡fl6ì,' ;Jiiectra, the &ua of the braschlng ratf.oa for

these st¿tes ie shosn ln I'ig.lr$"

iig neasureee¡¡t of obaolute GroEE-s+stionE ltaa

atteupte<l eith this epparatua, aari the reEult.s ehora in

Fi.E¡49 rêre cç¡nbi¡ieiL rlth pubtisbed. ve:ues of the total
photoionizaÈlcn srogÉ-seetlo¡¡ of mqleou].ar o4fgra. Thia

crosô-åeoti,on has been Eea$r¡rcð by severel workerË¡

L96t, Ss,ason end- taLrna 196t+, Cook and lûetsger 1964a) but

tha noat ooaprehenElve rc¡ultE are those of Cook and.

üetrger¡ ¡hloh er€ shoça tn F19.7. Ehe HopfleJ-rt absorptlol

bancts (t{opfleld. 1950) are rery denaa, and are iliffuse

besauoe of autolonl¡cti.on. Soue of the ba¡d"s heve Èeca

aeslgnerl, to .'Ryd,ber6 eerle¡ rhiah Goaverge to hlgher

electroafo atate¡ of th€'Ío¡t. Fhe total photoionl¡atloa

Groga-sêOtLoa of o4¡gen rhloh Ic ehorn ln F1g.5O has beoa

averagetl over 10 I tot*r"als to ¡rrodluee an eff,eetive
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resoJ.r¡tlor eqûívs16!rt to that of the present expeFlnontr

lhe partial photoionla¿tLon oross-Bêctions of

orygen o,E *, functfon of wayelongth âre ghorn in F1g.þ1.

the -E_ peak appeared anly in the spectrun obtelncil atI
53å l" e5.noê uo spectre üerê obt¿taert in tbe regf.on frs¡

5S[ $ to 6L5 9" bêesus€ of thc lors inte¡raitr of the ].1a;ht

souro€. Separete peakc correspond.fng to th* r\o and

f2n.. leye1s wetre Àlgtingulshed. in on1y slx opectra¡ auè 1nu

these th€ trío peãrks tr@re ecneiderably overlappetlr åB shoçu

in Fíg.þZ {t) and. (.)r end their ee¡rarate areaa scul.d not

be Ceternírred. .*.ceurately. Tloreveç íu the eEEG¡ for rphLch

estisates ûf the ånê.Ívld-usJ. areâs were nacle , the u\. peak

maa *Èout fcur tLnes stronger thrn t.\e .r.Zil- ¡reak. lhe

spcetra obt*lned" at weyelengtha longer then 6S0 g aontalned.

en ebaorntrlly J.e-rge &reâ betreen t¡e xzlt- ¿ncl *\I- pÊ6ks,I
anil thf s rås assocl.atErl çlth the autoi.cnisert ¡tructure
rhicb appearÊ in the total photoloalzation srosE-ãeotl.on 1¡

tbl.,e reglon. Íh5-c årGs ras ineJ.uded. aa pent of ttre XZU-
E

peak f,sr the Þurpocc of oal.culatlag the partf.al photolonl¡-

atl.oa croås-E€ctfonar asd its el5nlfLcs.r¡cê rl]']. bo df aousaerl

further iu a later ãcctLoa.

the åoauraey of the partlal. eroÐs-teotions çe,¡

J.lrf.ted. by the uncertal.aty involved- Ln unfoLd.i.ng tho tpeotra

fhLa uncerteLnty waa tlue to the lor 6nelr'9tr¡ reglon rhleh

rat aasoci-atedl rith each peak. fhere wae a1.ao ao*e
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uneertaÍnty in ueasuring the area (Âf ) undar the peaks l-n

sone cåses, becauae of the partlal overlepping of tho

peako. Better aeeuracy yo¡lld. be obtal.ned ¡rLth speetra

of hi6her resölutLon" It Fås estinateit. th*t thc arec of
a glven peai;: wes úetersised ts an åocuracy of 1O'i, but

the aÞsolute Êrror accun¡¡I$.teiL dur{ng the unfold.ing

procesß¡ lire êïror ln tha ]-o¡rer eneräy peaka ¡caa rcduced.

by Ce${Tndi¡:6 Èiret the unfolding ehould. be self conalEtent.

The eccurscy of the pertisJ. oross-sectio¡xs vårled, greetly,
,lepend.ittg ou tl:e eereration, uosLtj-on¡ and" al¡e of the

peak. Tire erïor wee probably iess +",han ZO.i in noet caee8,

except, ¡iear tTie threEhol,d, of each stete, nh€re the peek

TeB Bna].a.

rv.l .5 íarl-e.t.icn or' the partial ¡hotoi-onisrtion Groaa-

sectlons with wov {ene.th
'ïhe brenchiag rstio far the formatLoa of ionc Ln

the l2n- state (rig.lr9) des¡easeo rep1dI¡r fron tOO.1 e.t theI
*h., threshold., ¿no tberr rlsea to a naxlnun of 6Oi st, TLO f,

before d,ropping to s rêr¡ghly constßnt valuo af 2A'4, balor

67A R. Tbe branchlng ratio f or the "\-- 
¡¡nd. pran-- ctaüesuu

rlees ohar¡rLy f,rsp the thrsaholr!,, cnd. goec througb. tlo

Ue¿l branchlng retio has a atraglo broail qnaxL¡ua at 6¡¡O 1.t
1¡ç ¡¡s-lf¡ua et nO L l.n the brenobfng rat!.o for the X?n-t
state eolncid.es l"n rs,velength rl'th the aÍnI¡un Ln tbe
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branehlng ratio for the r4n.. ancl nzn.- statee, aad a.lso ttthuu
the ¡uarisuüi icr the totel photoLonlgat,lon oroas-a€etlon

shown in Fig.|O. fhe naxlmua in thc total crÐsÉ-aøetion

eorreepoud.s to e region æhere the band etructure 1¿ atrong,

and. which ig bard.ered by reglone of ninlnal. atructure.

Thl-s i¡¡dåcetes tha.t tÌre autoi"onialng procesaèa i-a this
region tend tc produco iona in the XZn- state rather thaag

the *\,, or otn., etates. îhe sha¡re of th e brsaehtng ratl,o

eurtre for tiie *&lÏ,, eoé. ,tn., states hes tberefore Þeen

nodifled i:y a::toloniae.tion fron a aiu.gle na¡i&um elcil'er
to tnat of the branshturg ro-t1o for the b\: Etate.

e
li cosparl-son ûf th e partial croãs*sestlons shorn ln

!:1e.51 ind.iceteg competi-tion betreer¡ the varioug finaJ-

et*"tes sf the ion. Tbe crêsõ-sectLon for the 12fl stateI
risea tonards longer sravelengths from the threEholcl. of tbe

a4r-I' stet,e. îhe tc'o per'ks in the l2n- partial erose-g

sactlor; coirrciile ín eayelength çÍth those of the total
photoionl¡atlon e¡îÐõs-section, indioating that both of the

peaks Ln the partial cross-trect!"on reer¡lt fron autofonlsfng

BretêEsêÄr fhe 6eaeral. fors of thc J.odlvlelual photoloaf-l-

atlon oontlnua l.s tÌ¡crqforo slul.J-ar to a step funetlon

nhiah hae been aodifledl þ conpetltl-on betçeen tbe flna)'

atatee end. by eutolontøatlon.

The only results rf,th rhf oh th eae ney be coapared

are thoee of *ohoen. (ßcttoen 1961+). Fis integral



-e8-
photoeleetron eÌìerfl;,r s¡rectrun at 554 I :.e eho*n ín Ffg.55.

iohoen used a retEi.rdt lg Ëctenti.3.1 analyser of a;rlind.rical

geonetry, but he dìf not coll-lnate the eleet¡ons. fhe

branching r.:tLos gi.verr by Schoer ere shopn in F5-¿¡.$.

:',lthough hls reÉiult s do not sh o¡v the det¿riled strueture

cont¿'-iried' iri tlie lrrescnt reeul-te, they are lË re¿Ëtnable

agreene*t v\en the d.eteiled" structure has been averaged out.

Ecl¡oel's resuÌts give branehi-ng ratioe fÕr th.e X2n- anð-g
t,-

b*¿: stntes Ìrhich erÊ 8'1 lorer and 71 hieher rÊspective].yg

than the Ê.vere6e v¿lue given by the i:reoent resuLts.

The appz'oxinatLon rnad.e by l,rlgarno et aL (Ûalgarno

et aÌ 1961) -,hat tire i:artial. photoionisatiön cross-seetionc

are prcportionel to the str.tistical weight of the fir¡e,l

state of the ion can obvJ-ousì.y not be appl.led 1n d.eta1l,

but tt is ilteresting to compare the apprcxiination with

âverage ye1ues of the br¿nehing ratios. In the region belor

6g0 I tn* x2li-, o4Íî-- + l,Zn--, and t[r] brp-nchlng ratios havea' u u' E

average values ín the rEtfo 2tJ.2i:?.91 cÕ¡ûFared. to the

ratio cf etstístíe ,:1 wei.ghts 329..2. The *L-o stste has a

bra.nehi'ng ratio sbout four tirnes l*rger than that of the

azn-- state, rï¡ tire re6ion 6yo I to 275 I tire d.ietr1butionu

ie rod.itried by autoionisation, ant the XZn- and *\"I,, *Bu
2å-llu branchÌ-ng ratios have averåte vnlues in the ratio

2t1 .5 (U:6). ?he *pi:roxlnaticn naðe by Ðalg*rno is,
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thcrefore, an inacsurate onc.

the partial photoLonlaation cross-acctl,oas shorn

in P5-9,5L ¡rrovid,e valuable lnfornatlon about the orygcn

¡olasule rhea copblneil uLth theoretlsal ealculatloae on the

atruoture of the noleeure. Âlthough rayefur¡ctf.onc çh!"oh

ero guffieiently aceurate to caleulate the partl_al, photo-

Lonisation croås-seotfons of moleouler oxJrgen a¡e nst

avatlabì.c" luckvoll (unp¡¡bliaheð prl,vate eoq¡unlc¿ül.on) i¡
ualng the present etperitental rcsuÌt¿ to obtel-n aerqL-

enpl.rlcal. rarefunctLon¡. He evaluateE th* patrix ela¡eate

for photolonlsation rith slaple ceutral potentlal noilel

raYefunotlons, and fits the theoretlcal partial' sroåE-r€ctl.o¡

to tbc experisental oE€Ë by v*ryiag the paranatero of the
ravefunotions. sluplo oslcurations uaing hyilrogen aton

tyBe navefunctlons 1n shLch the effective nuclear charga la
a pêraeeter, and. el.so oalaulatLons lnvolvlag lf,near

co¡blnatlona of Hartrce-soak aingre eLectron ravcfunotion¡

are being pcrf,oraed,.

rv.l.6 ÂutoL ¡lng Droc GóAGS

Át ravelengths longer than 775 î, oaly the grouail

state of the oxygen lon üae accesolble, and. the photoelestro¡

rpcÈtre at these raverengths üßrG er¡recteil to contaln oaly

À gl'¡gI.Ë peak. Ilotevet, apectra recorcleû at uavelengtho

J.n the reglon 775 I to 9OO f atl oontain a Large peak at an

€neFEIr of O.5 cVr rhlch d.oes not Eoye aa the ravelength ta
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ohon6ail. Sono of theae apcotra arG ;hown ln F16.5lr' The

lor Én€rgJr pssk waa not oa i.natrunental effçot, tlnce Éo

aLuLlar peek woe obscrycdl ln other gates. Spootr¿ obtalnedl

çlth rllffsrcat orygen prcssurc¿ aL1 contatneil thø lot anerg¡/

pcak. fhe pretrenee of the 1or er¡er6y p6ak Lu the apeotra

nuat, therefore, lnd"laate that nany photoeleotrons Y?êrc

belng enlttciL uiüh cn onergy of O'5 e'ir. None of the photo-

lonlr;ing proo@ssÊe rhloh hava bten aonrLð.arcdl so fef Gsn

¡ooount for ths anL¿slon of thcea lo; cnergy alootronat

rhleh rust l.ntlLqetc ¡ ptlotots ,1n chlch tha Gxo€68 ener6¡r

ls not aLt ttiosLpatett at klnetl.o ancrty of the photoeleotron.

In Ftg.95 the arsa of thc lor enerry peak 1u thc

apeotra sborrn in Ff.gr9r+ 1s ploÈted. sa en aquLvalent ctrost-

aê6tl.oar Al¡o plottstt l-n F1"6.59 t¡ ths &rea rhloh appearcil

betr¿en tho *&o-- and. I2Il- peeka ln the opeotrn resortledl atu g'
reve)'cngthe longer than 680 f.r but rhLoh ra¡ not a¡goclato<l

wlth the ËbapG oorrGtpontllng to tha ttn* peek. thLa ourvo

has a nfnl,nun betwecn ?4O f and 7$O l¡ andt anörÊhe r at 7Za ?.,

rhl.oh sorrerpondl to the roglont of alnl.nal ¿utol,onfrctl

ctruoture 1a the total photolonl,retlon tro¡¡-aeotlon chorn

1n Fig¡7' the vavelangth of 68CI Ir thfoh la the 11¡¡1t of

the orea plotterl ln ?L&p55, 1s EJ.¡o t,hc shçrt ravalcngth

Ll.rft of t;'re eutol.onl¡erl ¡truoture Ln the total photolonls*

tion oFoa!-F6etlor¡. Thl.s LncLLcateE that the ¡lroeeaa

retultln6 ln thø enl¡ll.on of photoelaetron¡ rith energler
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üot ooËrclpond.ln4 to thç Ee'ln poaks of thl npeotrua 1r

atrool¿tçt[ rl.th tho autolonL¡edt åtruoturo in the total
photolontratlon ôro¡F-s&otion.

The prooere of autotonlsetlon wae dfrou¡aod tn

$oo.1 ,!.2 !n torua of thc foruatlon of f, quatl.-et'ablo state

of the ncutral ato¡r or nslcoule . .t quasl*stabïe sÈate la
fsrnad when a oollaottvo exol,tattc,n of tro or nolI'€ eleotrona

rsauLtc fron the rbaorptlon of, e photoa¡ 8nü althoush Èhe

tst¡I. Bn6r6y ol cxoltatl.oa fo graeter than the lonisctlon

¡lotentl,el of the noleoulc¡ nollè of the eJ.sctrono haa

auffl.oi.ent ensrgy to esospcr -4fter a llfctlne Lon6 ôoEpereù

to that of, a nornËl çontlnuun atate¡ & rèårrangoment Ef the

eL,sotron rl.iatrl,butlon ooeurar ln thlah al.l of thc cxaltattou

enorgy l-¡ trsnsforreù to onc of the eltotronö, çhfch ê8õÐpogt

LsevLng the lon àn ono of Lto dl,lcoretü Ên6rgy åtatÊs.

the¡e quact-etobl,e ctatçc ðte evtttcnt ar llncs lu the photo-

Ionlratlon oroBs-üeotfonöf rhf.eh are Þroatl andl have ôn

aalynaøtrlo ahepor îho lfnc ohape haE boon txplafnlil
(nano 1961) fo teraa of oonflguratloa tntoraotlon betrç¡n

the queal-øtable Etctc ancl the aontl.¡ruu¡ro

It fa auggerted that the 1oç ênergy Dhotoeløotrons,

rhl,sh Ers onlttsiL when ractfuti.on of wavelaa6th lon5er thau

775 L fr lnaf cl.ont on solooular eïygenr ¿re ilue tp ê

fl-uorsEeent autol,on5.elng prooeus¡ in whloh pert of thc onÐrfit

of Ërûitatlon fs ülaalpatsd. Ln the forn of a photon'
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I'fhen the uolecuJ.e f-e exclted. to a quasl-st¿ble etate, th*

stete nust be suffisl"ently loir6 Lived. for a fl'uoreeee¡rt

traneitiou to a lorer quasi-etable state te ooourr aad the

traasÍtlon to tbe ionlsatisn eontinuu¿n ie fron thlE state.

thJ.e ilroeeas is illustrateri ín Fi6,J6. ïiany of the queøi-

atabJ.c states of oryg€n appeêr sE band structure in the

total photolorrløation ctroas-EectÍ.on ahoca i.n Fi6./.

Iloreyer, Lf only a oi'ngle fluoreecent tranei-tfon occr¡rat

then the lower guaa5--Ëtebls state oannot be one of tbe

atates seon in the abaorptlon sp€ûtruãr, stnce a rad.lativ¡

transltLon betveen that etate and the grouud state of the

noJ.ecule rou1"l be forbi.clilea by tho coaservetion of ¡rarl'ty.
(rerøberg, L95a ). If a cascad.c of fluorescest transitiona

ri'th aB even nurqber of stepa oceurô, thea the losest quael-

ctablc etete voul,d. be observable ín Èhe abeorpùlon apectTüDo

lhçrc åre EeEy of tbose stateE cloce bo the åenL:ation

threehol ð, of oqrgsa, and the band. at 9Sl I i,u Flg.J f.atlicatel

a state rhich te 0.54 eV above the ioal"¡atioa threthol"d,.

thls nay be t.re state lnûicetedi by the J-or €trÈtËr poek in

the opectra in the ?75 I to 9oO I reglon.

ïn soae of the epectra shl-ch ;ere reoord.ed. in the

ragton 680 L to 77o L" the ebnorrnally large erae between the

X2n- aod. "4n- 
pecka appeared, to conslst of several sseJ-J'8u

peako, (rlg.52)* fhís Ínclluates that a, ca¡eod.e of

fluorescent transltlsns oêsurs, rl'th so¡&e probabilLty of a
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tre¡isitlon to the ionlcetlon contlnuun frou acreral of thc

qucei-sts"ble states. If e oasced.e of fluoreaeeut

transJ-tfoõs tscr¡ËÊ in tha rogion absye 775 N, then a

transition to the csnttnuun nuot be forbiélden frsn a]'L

except the leve1, u+Ìricli i¡ O.5 cV above tbe grounfl state of

the 5-o::, si¿rce ouly *he peek at 0.5 eV appeers ln these

speetra, apart fro¡i the maLa ground. state peak. Ilresent

knowleêge sf the qrraøi-stable states ðoea not allou sn

ex¡rlanation of these eff ects o¡l the basis of dipole

se]-ection rules.

Fhotoel,ectror¡s whlch result fron procesËes of

autoionizat!on ËeJ¡ haYe au *ngular rif.stributlon d.iff erent

froa that of other phetoelÊctrons. Ðuriag the ll.fe of

the girasi-stablc state, the ef,fect of the Ìaoid.ent been

directicn oa the aagular distributlon nay be partialï.y

loEt, relultÍng ia a sneared out ê.istributip¡. Thls i¡

analagous to the effect of col'leoti.re exoitatàon ln thc

caeê of ¿ucl,eer ¡lhctod.isi.ntegraticn {sfatt aud. ',,'eisskopf

L?52"). If thls ig ôor then the cross-86çtions d,ue to

¡utoloniastion neesured i.q Èbe preaeat experiæent &rG

slightly i:.: error, bccauae ÐËtry a eenple ot- the electroaa,

enitted. in n ùirectí.o;r per¡end.icular Èo the þean ålreatiorr,

?Ícre d.etected.. ÌCeasursae¡¡t of the aagular <liatríbutiona

of pbotoelectrons Bey prove to be an i.nporta¡¡t nethoè of

stufiria¿5 ar:.to i snl seti on.
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ï.ïo].ecul¿.rr liitro gen

Photoeì ectrcn eï,erÍ{r spectre of ¡¡olecular aLtrogen

The ¡lår"tj-al. pÌ:otoionisatlon cÌoss-ËeotLona of

Eolecular nitrogen çere obtained froc the anaX.yete of

phctoelectrca energy epeetrs reeorded at 5 I toterva1r ln

the region 615 î to 7L5 ?¡ and also et 5gL l. These

aFectrâ ser:e rcr;oried u¡rd.er eonditl-ana iilentiaal to those

und.er which the c:Sr'gen spectra rrere recortled. the otygcr¡

free nitrogen ss.e f urther purified- çl-th colcl treps. Soue

typical photoei-eet¡ori ene:rËr spectra fron nftrogen are

shoryn in iiits.57. Iire spectrum sirocn in ,rig.57 (ti úes

recorð.eÊ- wíth an ineirle:it wavelength of 6L5 1. It clearly
ghorg tbroe peakol lvh.tch eíere assoef atecl vith thc thres

energy states of the ni.trogeì-Ì lsa which rrrere aceessible

at this vavelen¿:th. These were the t"l {l-5.576 eV),

utn. (L6.6gi ev)r anrJ *ttl (rs.757 uv) stateü. (uulttuon

L957). ?he nost energetic of the peaka, rhlch ree

í.dentified with the ground etate sf the Lqnr ie Lnterelttng

becrr¡se tt has a wídth alnost equaL to the instruueutel

resolution of O.6 êV, indice.tf.n6 that there ic Llttl'o or

no vibratlanal etructure in the b¿nc[. fhe poeitlon of

the peak ehoulcl, therefore, gLve the adlabatie valuc of

tha Lonisatica potential of nitrogen. the poøltLon of

the peak gives a value of 15.6 eY for the l.onl.çatlon

poteetlal, wÌ:icli egrees trell nith the aecurste value ot
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L5.576 er¡. This observation is in agreene¡:t with that

of ÀI-Joboury *od. Tur;ier, (-.l-Jcboury ani. Turner 196J)

wbosç ¡:hotoelcctron spectrum fron nftrogen at 5SL R iE

shown "Ln 3ig.5C). Ìlo evide¡rce o!' e fluotesce¡rt auto-

lonization p1'Õeess sas fcund. i n the nitr"ogen spectra'

ïrr. u. È

secti ons ni.tro.qen vl-th wsvel-eagth

'fhe tranohíng ratl-os r'or the three stetea of the

nitrogen ion &re shcwn es a function of isr¡'veIc-rngth in

l'Í.g.!!. fìrese Eeïe conbi.ned. c¡Lth the totaJ. photoloniz-

ation crosË-sectfon of nitrogen giren by Ccok enC. lietzgert

{cook anä i'{etz6er L}6t+ u) anc. ti:e tote} croðs-sectLon

averaged" over l.o 1 i.rtervaLs is sbown ln 3ig.6Ð. The

partlal photoinnization crûss-seetio:rs rhich sere obtained.

$re shown in fig.51-. 1',-; nca the totel i:hotoicnization
cross-seetl.on siro¡;:r in 3i-g.6O ðoes not co*taín eny Sross

features, and. approxins.tee to s. step functj.onr the

Þranching re,tio curves ancl the partia}. crosE-seetLon

curyes åre siniler in shåpe. The partlal cross-seetíona

for the lahotoionizatícr of nitro¿en contaln l'ittle

aignifÍ.oant fite etructure, but tirere does eppÊar to be

conpetitioa betv¡een the final etatee sf Èhe iôn. The

eroaa-sectLsn fcr the production of i-ons in tbe grounil

gtate (xAE;) rises froæ, the ti:reehol-cl to a broail naxinun"

ånd d-ecreases ra¡;id"iy as the G?oss-aectlon for the nrotluotiol
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af ions in the ,tZn strte increases fron threehoLd. the
t¡

n2n crosa-soctl-on in turn üecraases frcn lts maxlnum a¡
u

the cross-sectlon fcr tfe g2f] stste risea from l.te
u

tbrecholdr The XzZl eross-sesticn has e nlnlnun cofncltt-
€

ing in w¿velensth w1th the naxl nun of the *tnr. cross-

secticn, lrhich allpeârs to hsve a ,tininun velue eoLnctitLng

¡vitL tiie nexisurq of the tttl efota-sect!-on. À11 threa

*ttl and n'nr* curreccur?6s haYe a sÍnlIar shaPa, snil the

hs.ye rou8hly equal noxlua rhich er4 about 2.5 tiues al

large as the naxinuru of tle f?Zl curve' The stateg haye
u

st+tisàical weÍ;hts in the ratLo 1:J:1.

?he results obtrl.ned b;; lic!¡oen (Sehoen L96l*) are

ehann í;i Fig,62. ?he braaehing ratio for the XZ¡l etq,teI
given b;' Íichoen is in gooà a6reenent rith the arersgs

value of' JZ'1 obtained fron the present resuitsr but thc

&veråEe value of 20", for the nzfl branchfng ratÍo 1n thc
u

preoent resulte is hlghcr by a factor of two thsn the

vnJue ind.Lcateü bY ScÌroen-

IV-.I 1'.'8t.:t. I.¡ai:Otr

ï'r¡. J. 1 Photoe].eetron e Eg sjlectre of weter va'por

?he partlal photoionization GI]css-sections of çater

vspor sere obt¿1r'iecl fro¡r tlre enal;rsin sf photoelectron

enerëy spectra recordeil at 10 I intervals Ln the rûngô

6ao R to B5o L' and. al--*a s,t SBI' l. theae apectra lGrê

recordeð. by allowln3 triplc d-istiltred water to eva¡rorete
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lnto the spectroneter chri¡aber through a need.le volye,

Other condLtLorrs sel'e id.entieaL to those for the experi-

uents wlth oxygen anð. nltrogen. lypiceJ. photoeLectron

6üer6y speetra fro;: vater yepor &re sho*n tn Ff-g.6J.

?he spectrun et 58lr R shesn in Flg.65 (a) hae

three ;rcnlnent peakr. The noet energetic of theee hee

a wíd.th of Ð.7 êV, wbLch ie only slf-ghtly 6reater than

the i-nstrur¡euteL resotr-utlon. The poeltlon f the peak

€ûresponð-a to nri tonfratlon potentiel ef, L2.7 ÊT, shich

is ln good agreenent irith the ya].ue of 12.6Ð eY given by

Froet anå irclowel_l- (Froet and i,ie 9oweTl lg5Ë) for the

ionj-zation poter:tial of water Yapor. The peak was

theref ore asscclatsd" with the t*. ground. state of I{r0+.

îhe Eecond pe&k h¿s e wf.dtit of 1.7 eT, and the ¡naxinut¡

corr€sÞond.s to ån energy state l-l+.9 eV abr¡ve the ground

state of HAO. Frost and. ilcloweJ-l found that the 'O,
Etate of lfr0+ ha.s âr. energji of 1I¡.J5 er/ relati.ve to the

6round ste.te of HeGo anC. the seGond. peak was assocfated.

rith thi-s state. îi:e energy given by frcst and- l:clowell

f,or the seeonc. excited stete {znZ) of 1I?o+ 1a 15.}I¡ eV.

Horeçerr rro ¡:eak coprespondlng io thi¡ sl1¿te w&s d.1stiaguifud

in any af the s1.;c;ctra" but s s¡aalI eontribution nay h:ve

been coneeeled" in ti:e broad ¡:eak associated. with the 2',tl

state. The third ¡:eal: in the Épectru!¡ st 5S¿, l ie very

broed and poorly defined. lwr¡ s,axlns, oan be aeen whj-cb
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cÕrresïouC. to etatcs t.il-th energieõ Õf 18.5 eV *nC, ?O.7

eV. ileyerel C.issoclåtive ioni¿atio¡¡ prscBsses hs,ve

threshsLde in tirj-s :-egicn. Theee are tlireshol-ds for the

proi.uotl.cn cf 0îl+ (r¿.5 eT)r Ð+ (r5.0 ev), a¡d. II+ (19.5 ev)-

(;rieJ.tt anri. i¡ranl:lin 1}57i. ?he third peak trâ,e, theref ore,

Êssccisted, v¡ith d.issoeiatlve photoioniEatior¡ lrrocoaseer

lhe peæk nust ]r*ye cont*"ineê a lsrrge c+ntribution froa

the prod-r¡ctlon of úif+, but nc further iclentificstion of

the i:roc esseg r.'&s ;-.'ossible.

ï-'\¡.J o2 îanÍ¿tion aÍ the uartl-a1 photoionisatíon crose-

sections of '¡etcr våþor with ltir.ye1ength

ïhe br*inciri::g ratios for the t"r,'c ^Ðtates of *r0*

a¡rd. d.iesosiatíve nhoùoioni-zati-oû &re Ehow¡t e,s a function

or- w&velergtb in 1¡1g.54. îhis data ças cosbineC. with the

total uhotoionLzetiou croÊs-sectloË üeâcurenents cf

iletrger snd ,Jook, ('rctzger End. took L96La) vhich âre

shcwn in ¡'ig.65, \c prod.uce t}e pertiaJ. photoionlzatlon

cz'Ðas-sectirns whlch åre shovr in Ff6.56. lhe partia1.

crû ss-sectåons eor:t¡¿in Tery little structure, anû increase

6raclually fron ti:reshold, i.n contraet ta the pastial

croea-sections for the ôiatouie aolseulee. Tb.e '",
Gross-eectio::. hes a n*xinun vaf-ue ¿t the threshold. for

Dthe -41 stete, Lnd.leatiug sorie eonpetition between these

Etateg.
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CHÂPTËR V

PrT0ToICrírzÂTr0$ Il{ TTrË Âfi!:0SPRÊRH

V.I Introðuatfon

The partf eI photoloal,lstion orops-üGo.tloB

Êêesureäeste rhlob ï7ere proeenteil ln Ghapter 1'!f oako

porolbla a !ûofe aoourete cloacrlptloa af the prottuatl,on

of photoeleotrone la the f.onoa¡rherc than has beea

¡rotatble Ln the paat. the total phstolonisntlon öroso-

eectloue of the otaooBherls gasaa are euffl.oLent to

ooeou¡¡t fo:r the rate of produetton of photoeleotrontt

br¡t ln ¡rrevioue caloulatLons of the én*rgy ðl.st!-J'butLou

of the electrons, (¡algaruo et al. f965) lnaaçurete

epprorla¡tlons to tha pertiel photoLonX¡stlon Gtroas-

sectl,ons have been used, /l kuowleðge of the Gnef,Sr

ilLctributlon of the ¡rrinary photooleotrons Ln the

lonoapharç Ls eseentlêI to a deaorl.ption of ths subaequent

d.t aolpation of the kinotLc enerry of the electronsr and.

L¡ the cal'eu)"Etåon of the equllåbriun el"eatron ter¡reratüD€r

Âasther rueult of photof.oniu stlon i"n tire uppar atnocphere

La the csíssJ.on of fluoreEaent radl.atlon rl.th an Lntenaity

rhl.eh elepenits on the rate pt çhl.ch Losa are produsecl L¡¡

trêftÈd states. The partial photoi.onlratlon Ërsss-

ecctlon n€esureí,entc therefore nake Bo681bI€ a detal"løet

åooerlption of flusrescence in the lonospherle ro6lon of
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the atnospher€.

V.2 Photoe1ectrÕïig 1n the lonosnhere

The prlncipal abeorberE of extrs*¡e ultraviqlet

raûl.atisn in the icnospharie region of the aùnoophere

ere Ètonlc oryË€n, Bolëctrl.er ÐrJr6errr eur* nqleculer

nitrogen, aud the photqisniaatÈoa of ttresc ls the n*ån

úourc€ sf eleotrong, ln order to calcu.Lete the rate

af ¡rroilustion antl the energy d.ietrlbutlon of the ¡rhoto-

eleotrone at a giv*u eltitud,er the lntenaity clistrLbutlon

of the extrerae ultravåolet sp6strü& of the sun ¿nd. the

nunber clensLtice of the *.bsorbers at that altltud.er snd.

the psrttal BhotoÍoniaatåoa cros.e-eectionE sugt be kng¡rn.

lhs enargJf rllstributi"on hse been aelcuì.ated a¿ a funetLon

of altltud.e by several rorn{* Gl.Fc {itenaon *¡ri[ Johason

1161, Dalgarno et e"l 1965r Tohustsu et e]- 1-ì65)" ru

the c,beence of eny experlaentaL Eessulr€Irìeqtt of thc

I,Êrttal photoioalsatien croaa-s€otlûrrsr Þalgarno et eJ.

aaËunrsd that these qrgsa-ðeetioue rcrê proportional to

the atati-Bticol retght of the electronls statc of the J-on

conoerned, but the ¡qeasurenenta matle in ths preeent

experl-nents ahow that this aeauuption 1s lnaccuratet

¡lartieularly ln regiona of autslonL¡ation. In Yier of

tha ¡rreaeat llee,surËßeata of the partlol photol'osicatl.sÃ

or:oaa-6êGtlons, the e¡rgrgy d..lstribuùion of the prånerlr

photoeleetTotrs in the ionotphere hae beon reealeulateel"
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Y.2.1 Cs].culetiorr of photoeloetron GnerEIr

di stri but ì-cn

the fírst st*6e of the calaulatlon rras the

ûeteræiüatfon of the tnteusity diatrlbutlon of tb.e solar

Speetr"ra ås e, functLor¡ ¡f sltituåc. The number d"ensltLcs

for O¡ Oe., åad ìiA w@3'e teken fron the f{':i.}.{R Internatlona.l

iteference ÂÈuospìrere (rgø¡)' îhe Eo¡teL etnosphere

Oorreåpoud.ing to e nçsn ¡olar actlvlty at noon øað ohosen"

(go¿et 5t hour 12). The atuos¡rhere ì?åõ C.lvidei!, into

Layers xJ.th a thia:';nees {Ah) of I¡0 ku' betreen the

eltltudee of j20 krn. and 2OO kB' I and. å thicl';ness ot

ÊO kn. in the reglou f¡on 2OO -¡;n. to t2O kn. Tlresg

layers sGrG ohoacn sc thst the thiaïaess ¡ras nefar

greater thaa the scåls helght' It s*s lssune,.¡. that the

ayerêge d,easity of eech 6ec ln gueh a layer waa €ou61

to the ctonrlty ¡t the centrs of thø lsyer. the lneLöent

âoLar fl^uxeß aasupecl nQrG thcse 6Lven by TI!-nteregger êt

aI (Hinteregger et el L955) fo 6? u'aveleagth reglone

betreen 1oâ7 I and 11 l. The intenolty ln eech €evÊ*

length re6|on åt tlie bottoa of Ëach successive 1a¡fer vss

calculated uslng the equatloue

Ih * Ih-1 exp -[q(o) n(e) + a(or) o(o¿) + ø(nr) n(trr)]¿t (¡t)

the efftotlve tot+l ebøorpt5"on cfosa*sêctlone Llated by

Ìílutereggar et sl for eaeh rravolength reglon üere used,
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encl "*t E,r,v€]ß ntths tlherc thç eff est of rad.latlon harilen-

lrig fc Ëûriüus, the effestLve ctroøs-aeotioÁ ças rsrJ.6dl

3.lacarly oyer the råflge of altLtudlea betreen the Lf.nlte

given by illntere6ger et al,

The productiori rates of 0*, oZ, anil x| î?ere

calculatEil. for ea"oh ç¡eve}ength reglor st eltltuile¡ of

1OO kn, IIO knn I?0 ku, 160 knt nnd^ 28O kur, ucíng the

oquatfonl

Ii(x+) * rorr(x) n(x) (¡eJ

îhc photorleçtro¡¡ eeerËJr ùlatri,bution ças obtatneð by

ctl,viiti.ng the'loa prod.uetlorr rata accoräing to the

brenohing ratLoa for the vnrÅûus energy states of the

ion. The bra¡rching ratLoa for the ttates of Oå andl

nl at rerolengthe longer then 58& l. **"* ta|,çn from

FLa¡.89 e.nö 59 reapeetiYelyn and avaregeü over the

rovolength re6lonE. The branohiag ratLoc fqr the

etates of 0+ rere teken from the Eross-Eectiogs oalcu-

lctcd by Dalgerno et al. (na1garao et aI I95¡Þ). -'lt

ravelongtho shorter then 584 1 tr¡e bra¿chf"ng ratloc

for the st¿tes of 0! eaa N! wora erÈrapolsùeð fron the

Ëet&urGnsnt¡ in thç region above 584 I shora in Fi.5o.

lr9 anð 59. fhe branchlng ratlos aelopteð Terc 2t',

55'1, 25--,t and. po', for tbr x?nr, *&no * â2II"r tLu I ,

ana 2t! etatec of Oå' andl Jg'n, 55',. anct 1O'1 for the
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xZg*. l2n . e,.nd gâE+ stntec of Fl, fhese retloa r'e!'e8'U'u'¿
aseuaøil tc l-e const¡nt at ç*vef-engths shorter than

5g& fr. ïn anr-Iog¡ råth the pnrtLel. cross-Eectl"oas fsr

atoaio cz"y,ß€ìì, (Ðr.lgarno et al L96rr) l.t '+aa aasu¡sed

that tr:nsitio::s corf,ea;:ondirrg to the reuove.l of an

l"rrner shell electre:: he"d Grss,s-sectÍons ;ruch gne].]-er

thsr¡ those fcr" trassitions cotrespond:.ng to the renoral

çf an o'*ter eleotron"

Tire photocl-eotrsn energy ecsLe '!7es iLiYfiled fnto

regionr ¡f sid"th conpsrab1'e cf th tl:e wldth of the weve-

J'ength reglone i:'rto shleh the eolar spectrua çea d!vi"d'ecl-

?he regione'rirc wlûths of '$.5 eV for energles betseen C

anil l0 €Vr':?eY for e::er6les betç*en LÛ eV end ]O €lr 5 eV

for e:-er6i.cs betwecn jC el.r end 6O €V, 2A eV for encrS{"es

between 6t eV r'"rrd LOO eVr ancl 50 eT for ener6les greater

th*n ICO eV. fhe photoeleotroìtË çðre allotted. to tha

ensrgSr reglons ';ccu;led by th* eentres of the nas.ks i.n

the enÊrðy epectrrin qt the trævelength eorreslond.lng to

tlre ee¡¡tre of r¡acÎr ç*ve].err6th regi-on.

ì¡.ã.2 Thø prl.nerv nhotoeleatroa €ner&Y il.f etriÞutl'oa

?he prtnary photoeleetron enôrgy sp6otr.e æt 120

kr. p iúO !:ir, , enð 250 lcn. , ßre shocn i-n FLgs.67-69. thc

s$egtra have & eha¡re r¡ot unf,l.ke &n erpoÊentlsl deoayt

raitb a aumber *f EupËrpoaed. peaks which correcpond to

L¡itense linea f.n t\e eÕlar tpectrun. it 28O kn., the
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p5otoloni"*ati,o¡r of etsnic oxyg€D l"s the soet iaportant

ÊoTrret orl e).e,:tro*s, *rrd the ¡:ositic¿s cf the peake &re

relaÈed to the eüer¿,jr levo].a of 0+. Àt ]'oeer altLtud,ea

the phot,oåorri.zatron of noleoular aitrogen and. oxygêB

beooues !rcl¿"6 ln¡rortant¡ and tÌ¡e structure af the apactrura

cbaageÉ slir*htly. i.'.a:siaa in the spectra et 25 eV anil

5, eï oürreel)e¡rd tu larga fl-uxes i,r¡ the regiona ]1O I -

lfo R to 2S0 ,Î i¡rolud.ee the lrtsnEe i{e rI þ-* Ilne at

3A1." R. ?he ëpectrìilÉ f or 12'3 kt. ¡ has a regio-n f rss

l. eif to 2ö e'f in ivj¡ Lch therc åre very fet eleotrone 
"

t,ecause radl-aùl-on of u¿veJ-eågth betreen ôOO F- *ne 4OO R

ls *bssrbed- st a iii6l¡er altitude 8å a result of thø

larger ebsor¡rtiiltt croÊs-ðestions in thiE region.

IÊ ;riÉ.70 Èo&e prinary photoeleetron energ¡r

C"istributio¡re for s. rero ¡eníth angle given by tohnateu

et al (Soilr*teü r:t ef ì.g69) nre shor¡¡,. lireee apectr*

l¡ave a slûilar overall ehepe to thoso of tire Bresent

reairJ-ts, but have dlffercnt structure' fbe d.iffere¡¡oe

ia the structure ia u¡oet apperenù in the n¡e¡inun at 25

eY. ,:t l-cwer energy the reeul.ts çt Tobnatsu are lesg

ð*talled. the,a the p¡:esent resultsr and. a d'Etsi1eð

eomparisen Is not gosrlbì-er but the etructure úoee not

apperrr to be ia good. u6ree:nent. theee d.lfferencee

lndiaate that the partial photoloal*ction 0¡.068-seotlons
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sÉsureÀ by Tohnats'.1 et a,l uretre y€ry dJ.ff e¡ent fron

those eeasured in the presênt wsrÌç. The sôurce of, the

i:artf-al photoionl.zation croas-s€cticns useð by'lohn*tsu

et a1. is not ç1sar, but the vatues ]tstect by then are 1n

vêrï ircür agrecnerit ltith those of th+ pre*ant solk.

The sf)eatrun at J-2C kn, obtri:rerl Ìry TohnEtsu et :rJ. Ehors

morê electro¡rE ¡titll en,erglee in thc rßn.Ce l¡ er" tÐ 3Ð e'l

Èhnn the spectrur;r sll'Jnn fn Ftg,67, but thts ts probnbl-y

å result o.î the elj'ff erent Eod.e1 at,nosyh€res ndopted. for

thr¡ tw'o caLauintLuns, enü reprerenta ân effeetive

È iffere r--tc€ in alt.Ltuíie.

llie totsl. nste of deposition of ki::*tÍc ene rgi'

at eac\ el.titusle I.e compnre'å ín fable Í rrlth the

c6?Fes;:onclirrg v:lLurs gÍven b3. tlr].p*nrno et elr sntL by

?obn,rtsu et &1.

fsble f

lotsl nnte of iLepouiti>n of prLnary photoeleotrou kLnetlc
Ënerfr/"

280
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TIO
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?he present r*eõults i-ncìTcate ô H{&riltuft enËr{iy depoeition

rste e.t aü ÊlÈituðe ç1ose to L2Û kÉ.¡ irr bett€tr ågreer¡ent

v¡lth lohnatgn et s.l than E*.]"garno êt e.1. The maripun

ie also nuch lerger tì¡on that l.¡dleated by lo.lgarno et

erl", €{E ê reeult of the ar,aller solår f,lux belov 5OO I

eseurne<1 by }a1g&rËo et el'
T-j oËotþbqËe

F]-ucreseence ¡6srilta ahen lone are produeed i¡l

eleetronically exeitëd stetae fror¡ çhlch aIIoçeC

trctnstttons to a 1oser sÈa,te ca.tr oceur. Tbe lntenrLty

of the fluoreecence ln tha v¡rioua bsnd. systens has beçn

dlacr¡eseà previousl.y¡ (ItaIgar.ro and ]icFlroy Ig69r

loh¡satsu et a.1 1965) tut a redi.scuasl.on 1s neceãsary ln

vieí of tbe ¡:,resent üreaBurcnaents of the Fârtf Þl photo*

ieal.ratÍon ero ct-eectioasr

T,J.'l Fluoreeeer¡t transl tiono

S¡ne dlsoi.ls,siori of the fluoreEcent trenslttons

whlch occur la nûee$sery bef,ere the erBectecl í'ntensity

in the veriÕuÉ 'us:rd. oystears Gan be conel-d.ered.. 0f tbe

tçc exelted stetes cf tire atonio or+rgËn åoa çhÍ-eh ¿re

laportant ln the fonosphercr tire Ën state l.s uetastabLs

with a raclistlve llfetime of orCer IOL seeods. ($eaton

e¡rct Csterbc¡ocli 1J57). Iono in thts stnte ney be d,e-

excLtetl by superelÊsti.c eolliaions aith nJ.eetrono¡ Ênd.

theret-ore eot a8 {t heatir;g i}roseaa in the ionoaphere.
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(Ða]'gnrae et a} I)63). tho 2p state of L.r+ i.g rl-eo

netastable, r¡itir r rer.fiative lÍf,etine 01= crder 5 seco $riË.

Åathough ùe-ers!tatlen by electz'on lapact prcb*bl.y

oecure,, Ãro!0,Ê railiatf.uir me3r ¿].se ocgi¡r, (n:lgarno and

Ë,{c:lroy L}ïfr) sna the 1-'roduetion rsrte of atonlc o}qf6en

ions J.n the 2t stete i:rovtd.es En "¿!tpêr tialt f or the ratø

of E¡nisgion of the f our lines of the 2l' r 2n nultli:let

gr 75L9-5O 1.

the fluorescence fron nolesuler orygen *nif

molec¡¡Iar nitrogen t¡i1l Èorreapond to the trenaítionE

el¡own in leb]-e ïI.
Tab]. eIï

thta 1Íst i.ncluileB trnnef.tLcae fron tho 2t st¿te of 0

FÌuoresee::t band. eysteee i.n C* *'nd flZ

+
2B

çlrlah wer:e not

sorkefÐ. ?he

f.nelud.eð 1n tha

rhn

eslcuLatLonc ef prevfoua

O! ts netaatabte, andt 1¡

H|(nsrlÞ nå{xar}) " hu

x!(asuo)* rl(nt¿å) + hv
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Frobåbly ð,e-exelteå through euper-eleetlc eoL .isions.

tLso, the {opf1-elC- er:lission band.s o.:re not ex;lecteð to }e

promfnent, slr,ce Lt ua.s assuæecl" that the *hD- uçper stats
u

1s not ¡roåuced in sir:n:Lff csnt +unbcrsr ione add.ltLsnal

fl.uoregcenee lcå11 rh"siilt fro:i' tlre fluoregcent autojonLrf.n6

prÐees5, rhlclr ïras .{.lscussed. in 5ee.T'1.1.6' T:lowever,

the wevelengtìr of tlle fl-uoresconce snnnat be predictedt

slnce tt is not linot¡n çhether or. not e, cfiso*de of

flusrescent tr,a.rrel tl'r&e ocsuf s.

1Í7 A e,| ] )a l Intensåtv of fluoreacent eaission.

?he rcts of ropulq,tlon of the uppcr state +f oåch

fÌ-r:orescent tri^.nsitlcn lcl giv*n in ÎaÞle ITI for ench cf

the fi-ve e}tituë.es, fhe' rate of poirtrJ.etíon of the r,24..u

Etnte of 0; ie øtpplenenùedl by ftruorescent transltLons
D*from the *E; stete, $nd the totnL ratc of ¡ropul*tlsa Is

gLven rn rrrir* ïrï.
fab].o IfI

Ratee of Xlopul¿tlon of thø utrrper etetes of fluorescent
o
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The reJ.ueE of the population rott ï6re ueeå to egtLnnts

ths oyerheEd. lntenslt;i' of GÊch Þnnd ayatÉn" ,¿, ourve of

prorruetÍo.n r'¿rte sgelnet aLtttude woa draçn for th€ uppêr

ot*ùo uf eËsrh fLuçreseent tr*n¡itlonr .,!asu,lr.n6 that thc

e¡sis*Lor¡ rato f,or eaoh f luoresc ent prê c Ðga wÈs equal. to
the prod.t¡ptforr r"ate of tons l"n tho uFlar stete of tha

trarsltton" the ilsree eont*1ned by the Gürves g6.vË tbc
qvorhcqi¿ Lntenalty by uafng the oc¡untf-cn:

,Ëo

Iss

rhe:ro 3(h) is the rnta of popul,*t{on sf the particul¿r

state of tho 1cn. fhø oyorheaå totenelty of €aoh band'

B;"utem 1s 6lven tn î*.Þ).e TV, anû eonpsred ül.th thç raæultc

abtsl.rred, b¡r Î)ulgarno and. iÉoiilro¡r r and. by Tqhoatou it sl,
råble, ÍÍ

Cvorbead Lnteneltles of fluo¡,eaoent Þrnü aystola

J 
ntn) .th RcYleisha (¡r)
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Ëha f.ntenstty glvôn for the o+ç2F - Ên) nultf.¡rtet

5.a only rn upllor ltnlt to the aotual value¡ slnoe Eoüö

ð¡-axcltation of thø Ectartabl.r 2P 
"t*t" eosurc throu6h

rupËr-çls¡ti,o opllf olonË' Dal6erao 4nd[ t{oÉlroy cstt¡saÈo

th¡t the j"ntensity of thla nultf,plct 1¿ rcilucc{l by o

.faetcr of thrre by colltEl"ons rlth cLeotroaa andl nltro6en

nolacuLecr ?ht yeoultt of føhnatru of el glva lergr
vaLuss for the i.ntenslt!,at sf tlre O! ffrat negativc ba¡dl

oyrtan snd ths .rl! fl:ret nogctlvc bend. oyaternn lnd.lootln6

large a¡FrÐrt ln the vnl.us¡ they ailoptod. for the partfçl
photo!,onlrstl.on orôo8-ü6otl.ont fo¡r th6 b\; ¡tats of C;

snd the t*ti ¡tate of u!. Thq 1ar6e C,ifferenoe betrrcn

the proeent val,uø f,or the lntønlllty of the ç; rcoond.

negetlve band. o¡rot*m endl the va.lua gtven by Dalgarno end"

l,tsFlro¡r 1s I reoult qf the transitlonE fron thc 2¿l
I

stete of 0[ to tha :lân' rhloh rcpo not tnol ud.ed. ]y
Þa16arno anô lúcElroy. Tho dLcarüFraoy ln thc vaLuel for
tho fntonrity cf, the flr¡t ncgati,ve banel syeten cf I¡;

ls lergely a recult of the illff,ereuoo be,trlon tho prelcnt

searutoaênt of the pnrttel photoloni¡atlon oroer-ÊB6tl,oÞ

for trrc ngff, etatc of Nf antt thu ynl.uo gtvrn by Schoçn

(Sotroon 1961r) thtoh sran aoeunet by Dalg*rno aait lç{oPlro¡rr
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VÏ"I T'uture lìevelopsent of, Fb,otoe].ect,ron ijpectrssqoÞ-y

It is elesr thet the etudy of photoelectros

€aÊrgy speetra proyi.dee * v*,lueble nethod. of cbøervtng

the Bro:eaa af photolonl'têti-o¡r. the resulta presented

l"n this theels hafe ahorn the coepetltlon between tbe

varj.oua BhotolonLøfn6 Frooessês, and, the effect of

autolonfring enerÐr stetca cs the di.stributlon ef the

sross-Eêetl.on å$ong the conpetlng FrôceEses. The

photoeleetro¡r epeetre froa oxygen índf.cated that a

fluoreecent autoloul.rlng proo@ss Gccura. -\lthough

the preeent r:eeulte repreoant e consldlerable lmi:rovernent

ovs.r gny pr€vloue neasnreqeat of the pertial croes-

sôEtioBE, it le deslrebì.e ühet theae phenoneria ba

stud.l,ed. witlt better resolutlo¡r than rres açhicved ln

the ¡rreøent work. 'The teahnÍque haa the ¡rotentisJ. of

prov5.elLng data çrl:1eh q'LLL 1esal to a better underetand.Íng

of the quaei-oteble etates çh lch pJ.s.y an lnport¿nt pßrt

ia the photo5.ontsation of, nolecular f!Ê.ses* It ls alao

Llportant thet the obaervntf.ons should be cxtenc[eù to

shorter rayelengths, çhcre new ¡lhotoLoni¡ing procssaca

haye thetr threehold" ThEse qross*seotiona ere ne€&Èê

for thø caloulatione 01- tho ensrgy dlstrlbuti'cln of, the

¡rrlncrlr photoeleetrons ln the lonosphere.
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IroÌrrovenents tô the expêrinental teghnLiÌue

Before & rlore èeta1Ied. etutLy Ðf the phot'relestroo

Énorgy EIlect:'e, ôB,n be att*mpted,r the e:rptrlElental

technfque nuot be ini:roved to allos speetrû of hlgher

resolutl.on to be reeoril.e,l. îhe ¡nost lnportant of the

factors lLnl.tÍng the reeolutlo::r which íiì/ejré coneLd,ered.

ln Sec.ITT.5.?r &rë the ðegree of eollinetion o.f, the

elôotrons, tnð the energy resolutioh of the bean frou

the ronocþrou¿torr I{oreYerr éû inprovenent in eseh

cf these f,aators reclueee tbe su¡ûber of el-ectrona

coLlect*d-, and a ilûre oensi-tf¡re nethod. of detectlon

l'a requlred ln nn Lmproved. apparatua. The lloct

sul,table netlrorl is tire' cletection of tnd.lvÍdual eleoùrons

rtth ona ef ths *lectron uiultiplyln:; elevices rhfch hnve

bsen rleveloped.r (ineaettre et *1 196¡rr ßoocl,riah antl

filey 196I.). îbese devLces regulrE th*t the electrons

ehouJ.d be acoeleratedl to sn ener6y sufflaient te

produoe aecs¡tdsr1r eleotron eniseion fros the clynoåe

surfaçec of the d.eteetor. fhe use of aå eIêotroa

acoelerator af.s# proyìldes thc posslÞllity of foouasin6

tbo photoçlectrons tr¡to the deteotor frpm an Loni*etion

reglon large:' thaa the rl,etector. i. ner apBarotus

u6tng this type of ðctcctor" nLth a plaae parallel

retarclin6 potentJ.al *,nelyaer, 1s the next logfoal. step

from thø preoeut apparatue'
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,"1tirou6h an ir*provement Ln the regolutlon qf

the epectroneter r¡11owe ñ Ðorð sccurato u¡ri'sl<llng ûf

Èhe epoctr¿, the aceur"asy of the pslrtia]. erosa-sGGÈl.çr¡E

Ls stiJ.J. iLnited. b"¡, tÏ¡e lorr er-¡er&y Ê:re& in the øpeetra

r¿hich res.¡lt,; 1:-o:r the; r'efLeeticn of' eleotror¡* frou the

gu¡'fr¿ce sÍ the eolliuating el*otro¿e. lurther

i¡:restìSeti.c¡r ef uethi¡d"s of pro{ucing a sollin*ting

electroùe wåtl:r:t this åef eot iE need^ed.,

.llie possJ.b5-lít¡ o"f usla6, a pareJ-iel plate

electrostatis aaal;ser, aiiici¡ vrÐs sonËlcierea in

iec.II:'9.1, te:'r:.r:ts furtirer ínvostigatli¡n. .q.ithough

the tecirnica.l ;:rcble,:le qf usLir; tiria anål-yscr G.ie Y€r1r

grent because of the e¡rs1J, nuaber of eleotrons shich

¡Ea.¡r be d"etectað, tire ai,yenta¿5e of i.¡einå able to :¿eseure

the an6uler ûistributicn of the BliotoeleotronË xrsy alco

be *onsi*erebls.

Vï.f .2 Further exÞeríwents

îhere 8.ï* several. experiner¡te nhich requlre the

fovelopnent of e photoelestron egectnometer clth

J.npreved rËso1utåoû *¡ncj ¿eaeÍtfvity. the flrst is a

nore,iets1le¿" ex&.rinliatj-on of the crcse-eeeÈic:¡s YrtrÍch

hsve l¡;-'e¡r :lea$ureû in. the preee'nt worlc. ïr¡ reglona

wlie :-e ti:e etr'"ietu¡'G d.ue to sutot'onå¿at,icn J.e etrcngr the

pertlül- crçBs-sectitne shou]ð. te exaaineô F.E a funatlon

of rraveLen6th wi-th a w$velength resoLutio,n srãller than
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the 'øicitlt cf tire s,¡toionieerï b¿infls, thue bul1din6 a

rLetaåieo ¡:icture aÍ' tiie brauching reti.oa fron the quaal-

c15r'ble states, fr,;:a 'riricir variati.olts i¡r ti¡E prop.r:rtiee

of theae ststes c¡¡r:¡ be ob*ervecl. T.ìie gresent reeulta

i::r;ie *lte ti:at ti:c s ,tti;niøi-ng Ðrocesass, 1n o.¡irgcn

fevour the Í'sriratiul of lcns ån tire ground etr¡ts rather
t.

tJrria tire a*i-i-^ Ètate of tl¡e oxygcn iö¡¡. Inprore¡rent ofu
tllc resslr:tåor tç tbe 1:-,olnt theyc ti:e yLbreticna].

str;cture of tllr: b:*rC.s is resolveti would" al].ow ssournte

Ee&sure-,lenta of ti..e êrcrdy lcve1s to be ¡¡raqle¡ anð the

rr:l*tfve excitatiçr: cf tlrü vibrational- 1eve1s to be

StU.jield. 3s A f unCtior: of n+iVr:i¡: ;:gtii.

ït is r:,lco cie¿lrebie tl¡*t tlie lpartial, GrÐss*

Ecctioß a€åsureg,ents should. be exte¡rdsü to shorter

wevelen6the. ;ror tlle purprse of caLculatin6 the ener#gr

dletr5"butfon of tìre prinar¡r pìrotoel-eetrone ín thc

íonosphere, it Bä..8 ass-ìrneå tiiat ¡rhotoioniring preoeõsÊt

whåclr cûtrres¡io::å to t?¡e remoral of ån 5-nncr electron

nalce only e smsì"l *cirtribution tc the total photoionl¡atlon

crosÉ-seçtlon. ihå* s.auumi:tåüa H&s nede in analogy

sith the c*lcuieÈed" ercss-scctlcne fer thc eorpespontli.ng

tre.nEitíor¡s Ín etomic qxr*6eÅr, {lalsarno et al' 196,h)

but lt l-e ÍecesõârJ that tliesc p€,rtinl oross-sectlons

silould. be ¡ueasured.. 'lhese $ee,gurenents also rcquire a

¡¡rre scnsiti'¡e s;¡l¡+.r'etus than the o¡re used. i"n thE preaent
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wcrk¡ sir;êc ti'; c 1í,:ìi t stur+es w'níoh ': f € .*v..:ilable ån

th* v¡r-."yç,1ength r*egåori belor'{ 6C0 f ure ]-eso i¡rte¿Ee

thnn the lTopfield coïitinu.u;B souree whj-ch çae used in

tlie present experi¡rer:t a'

Irnproved rcsclutíon is slso requi-red f ar furthet

study of the ilrÕccss of fJ"ucresc,¿i ,t ar-rtol-on,l-za.tiû¡t.

Such a aùud,y voul*. resolve the question of nhether the

uppar qu*sl-steble et:,:te of tl¡e fl.ucreecer¡t trc.nsit1on

ear¡ be esaÕci¿ted eith the aiitolonLaíng Levels nhLoh

epìrear j.n the total- photolonåaatLori eross-sestf-Ðnr or

çheti:er a nuch broader state ls ir¡vol-ved.

i,'1e esurerent, cf the engular ùLgtributl-on of tha

photoeleetronÉ Hou1.d þe v¿lusble for at leaet two

reâgûnß. irtrgtly, the present :ûeaÊurêi:errts of tbe

partiaJ. ûrocs-Ëâëtfsfis ere based" on the mÊssutreftents

of È aaupj"e of' the photoalectronÊ thlc:: ârB enltte<l in

&. Clrectlon ËerËsnd.iculer tü the beait .Jirection, unri.er

the asrumptlon tbnt titÍs l-s & reflresentntive aanple for

e].l transi-tlo.¡re, ilo¡yÞ'ì¡ert if the en6ular d1 stributlon

is $ot the sine for nJ-I transitiols" then the partåsl

rlogs*sóotåoas sre in error, enil e cofrecticn bnsed^ on

Ëeåeureäent¡r of the engular åietrLbutLons should bc

a,pp1ted., ir:condJ'y¡ einee the angul*r d.istributipn

tìe¡:end.s on the c.n6ulal nt¡mei:tur: of the photoeleetront

(iec.ïIl-?.1) the a:rgular d"istributlon oi-' the photo-



-116-

c1Êctron$ co::tði'ìis ir:'fcr=s.tLorr ebout tì:e ns.ture of

the trr'ns.i-tíon. llhotoeleetrons e;ritted b;i :ir'oces5ês

of nutoi¡niratl cn rr;.-f be rii stLr:guisheù by a se asurenent

of their rriiguler üisàributicn, which ney be dlffere¡t

f rcn thr.t cf other trsn*ttÍ.ons if th e qt¡esi-steùle ets.te

i-s su.ffieÍentÏ¡r lorrg lived, (*ec.fÌ.¡.1.6) '
V:"2 lil-ucresce¡tt iraålat1on

Sone .3f the experime:its whlch heve been

perf or:ned to sturLy tlre fl-uorescence f ror.r gâaee i::C-ueeð

b;,' vacuult uLf,ravicle't r¡.d.i¿tion rrer€ outJ.inerl it:

Set.T.J+.8. Tn the nost ugef u} +i' ti:e ee exl:erirsentst

(;uage et a]. 1?63) tj:e fh¡oreõceì1't r*d'iatlon ?les

d.i spersed ¡t1th rJ. 1o¡ç resolutf oil nönocrtro:.¡1tor¡ *nC Èhe

outL!ne s of severæi b?nçt, s; ster.n S TT€re r:eco¿1::1 36tl . the

res:rlts gf' tliê3e ex::4r:1me nte $re v8luable¡ Ð,ì1ð f urtjrer

iruptovarlent cf tlr* t ech:rlque sirou1d. be stten rited.. In

¡:r,rti',cular, it is cL¿*irnbie thet Èn ex"¡:erínent should

b¿ condueteð to rietect the re,cÌlatiqo fron fluorescsrt

c.çtolsniriag tr*.noitåons in noLeculEr olci'ßer¡, (::ec.Trf.l.c6)

'¡T.2.1 tad.ietlon fron f1uoresce ¡rt a.utoiouisati';n

i.t Íìn i- :cicle:;t hea,r rnnvelength of SOO I tttu

anount of energ;r relessed as radl aticn in ¿¡ fLucregeent

eutoåcnLzing trarreitfon in molecrrJ:,r ö&rgen Gör'rOspoad,lng

to the ejeotj-c¡n oi" a O.5 e",f photoelecti'an is 2.) eV.

Tf thiE Ênr;F¡11" i-s rel"ereed. *s a slngle phot+nr thc¡ the
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ravelength of the fluo¡eeee$t radl.at,i.on 1u in the

reglon rf l+j00 g. ílorever, as dl-acuaseð. Ln Íecr

T=/.1 r6¡ lt lu ltkel;i' thet c cascsd.e of fluoregeont

tr,:-¡isitis¡rs r:i"th :::rr gyê¡r nunbr-r of stc¡:s,;gBurs. Tf

thc nuubür of trn¡:al.ti.ona la tr¡o, then o¡rG of tþe

¡,b,otons nusü lir,yÊ * wÊv@f.ength ao lorrger tha¿ 860i l.
Thc f aot thst prev;Loue exj:;€råÊi*nterg have nat obråerve,d,

fl.uore¡c$srroe f.n ox¡'gêrr at Lr.aid.ønt ws,vek*n6ths lon6er

than 77C q raey be erpla!.ned. ff the rr¡.dlsttoa fron tÌic

fluorcecer,t åutoloÉ.tririg trenailt!.on hae a rovel osttb

in the lnfrs"-reC regton shere thc d.etoctors shlch rerq

ueed ßre i,nsen"sf.tlvs.

¡.r¡ inlti-rll ex¡ieríuent to larestlgnte the e¡nlerloa

of rad.latlsn thr*u6h flucrasçsnt autoioni!1ü6 trannitloar
sltould be ttciiductcd- usj-ug an lnciitcnt bsir* ç1th $. üatg-

length nËßr SOCI .q, mhlch Ls tntense qn¡l no? nesoro*.rl.l'y

of good. reeolutlcn. fhe deteotsr ehoulrt be rcnettivå
to i-nf,rs*treð ra{Lntl,on.

¡i":t !.npruvßi:e"nt of the toohn$.quo of d,i"operc!-ng

flusreasent r*,d.Latlen wo¡¡ld a*&e ponalble tbe

otosorvatlon of the fluore.ecent rsðletlon oaíttcd Ìig

EoJ.poÈlnlf oltrt€n f.pua ln tbe âUl st*te. Tf th*
Ë)

rndllat!.on ia produoçñ. by tranettlons to thc .42fi,, atato¡tl

then l"t hss .e, rilÈuôl ength Ln thç regtou of 56OO $.
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å {Iä¿.$*l

iìlnce the ;¿hotolonis*tJ"on of argon by &

:ronoôriran¡rtIc be¿x Ðí'rr"¡.11i¿¡tion ¡:roúuces almost ¡ûortû@¡Ìdtget!.o

photoel ectreile, (;;ec.lIII.5 ) ihe enL'r6,)1 ep€otruß of the

photoeiectrÕns prorjuced by {! non-nonocr':ronetlc bean 1r

tha sÂrne *s tì:re phcton €RergJ apectrum of the beemr Ä

-r¡hotooleotrsn spectronete,r ma;r therof,ore he used &s &u

uLtravlolet sp€otrûÍeter rc¡t ¡no*erqte resóLutlonr the

pnesønt speotrofretçr havtng n rosolutiÕn equlvalent to

11 f at a ravelongth uf 584 f" Tt 1e Eug6eçted that sn

apparatus of thJ"s type noy be usef,u1 as s I'ow cost ultr¿-

lrl.oLet 6ptotroüeter.
ii¡roh å. spsotroaeter nay ffr:d" applfc*,t,Lon 1n rookst

borne oxperinentsr *,lthough tltere ,n,re severaL dLfficultloa

whloh nust be ÇVÊroo6@. An atlventage of thtc speotroneter

f,s the faot that Lt ney have e large aperture {f I n6thöd'

of rectrtot!-ng the ,9es flotç fron the stlectroneter charEbor

csn bc ðsvi-sed. Tltff toulty n$y nJ.so be experloneed Ln

dov5-a5.n6 olestronia ei"roults wlth tisre constanta whl-ch

âro s?¡orü enough to ellorr rr sufficLently rapld rate of

ssen of the r*tard.in6 potentf.al . Ét v*fLatlon of thc

spêctrorteter çirloh d,eteata only a ffxeal rËrngo of rav€*

tangths may be ecnctruoted &,$ Eho¡rn ln FtgrTL. tho
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cytfnèrianl eI*etrod-e strueture is opltt into two

êeetLone, enô cp"oh ancçle íE con$eËtüd. to & oeparatc

elootroraetcr. À fÈxerl retnrd.Í;rg potentfnl ia applfed.

to paeh sectf,on of' the sp octroneter r eaoh ;ot entieJ.

cortrespond-iäë to a 1i-nít of tho ravelength reË:Loa tthloh

ls ts be d.etecterir The dlfference between the elestrou

surrenta fie$,sureri by tl¡e two eleotroøeùers le proportÍonal

to the integr*tod intensJ.ty tn the wavel-ength regien

¿i.ef fned by the cliff erç¡rce between the tr¿o retardlLr¡g

potenttal Ee



Lâ1.

};DTÏ rT

il eEolutlon oI' the enal:¡ sius Élr1dr

',heu a wLrû grtd i$ used. as tlie snoLlrølng

elsetrsde ,¡Í' ä r*f,r,E¡ç¡;.-g potentlaJ" analyeer, ons of
the f actoro whåch liuits the resolutir.c¡n is thr varfetlon
+f the potentlal of th6 EFacË betrcen the grld rlr¡a
frou that û¡' tlie vrl-rcsr l¿r the f,ollowtng calourotf.an

aÐ oxproeoi*n i,c f,ou¡id for the potontial ul.d"wey bêtr*oa

the wlree of a grfd oorintstlng of ;¡rrallel råroe.

lhe eleotrod.e eonflguretlon 1s shoçn tu ðlß*?P¡

the potenti.els of the cathÞd,ó, 6r1d¡ Enrl, ansda aFâ tsur

V_, sad. r''- reEåregtlyef.ïr An anal¡rtl"c f'¿noti.on&'ß
v * f(¡) e Il+ J.V ls Eonrtruot@d, wherç r:å x + l..¡r.

Xn thl a fíelû¡ equlpotentl"rla Ere llneo of oor¡stå,nt V,

åB¿1 fl"olil. llnes ere llneo of sonetant TT* Flre funotton

5.s cor¡struoted, by Ê.sãuþln6 thst the 6r5.d. çLres oon bç

¿l*ulotsð by lfno ehnrgee and. d,fpoleo placed. along thefr

&xos. (Bunenann et el 19t-Ë). ?he ffeldt strength

þetween the esthode nnd the €çr-ld i"r r

rî- * I{ *-vo ('u)e w

and the flelo otren6th between the grid- o,nd thc aaod.o lpl

a

( ¡¡)s

thuc En fÍ.eLd li¡res pêr unft aréê. arrJ-ve at the grlrL, ôaal
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rì* rineo per unit aros, I¿¡ve it¡ The nu!¡bsr of fletd.
linea per unlt etréå arlrlng froçr ths gråd Lsl

it,j e {n* - uo) (fg)
This fepl.3.ea tl¡s"t llne-chnrgeo of atren6th hÉilfi+r ara

ir¡duosd. on the grið wj"rèa. Thø conBlox ¡rotantf al
funatLon for s unåt lJ"aç ohargç, porfodlc ov6r thç

interval. batpeen the 6r{,d. rlres lât
ìf ¡e 2f loe otun ff ßz)

lhl¡ funotion gl,ves npproxlaetely otrourar eguf,potonttaro

Ln the viclnity of F s 0, 3f0,, 32t¿, eto. lleglectln,g
ttçrnc ln r'¡ the m€aí potontl.al argun<l q çLrsLe af

radi.ua r io r

a roe fi (¡e)

The ooopLex fuaotlon oorre¡pond,1n6 to thø grltl ¡rLrea at

toro potent.tal Íc r

,a'F
.,'L o Jita (ros slnb gE - los' gI\ (fp)

þ d *-0i1 ,

À ualforn flelct E l.nduoee a d,ipolo af tntenrf.ty

åIirg at the eentrp o;{' thc 6r1d uireËr fho aeopLer

potontLaX. f,usatl.on for thlE serler ¿¡f dtpoloo lct
4

r.r"o --nrå($) oorh gif (r.o¡

It oon be shosn (Buuenann 6t at 19eg) th¿t whcn oonblncdL

tlth the unlfo¡ro fi,e1d, f,unoti.o¡r flE r 1äl thl,e f,uaotlon

gl,rer I tl ç f ås e !@ro aquLpotentl ¡¡L r

lhe oonplete potontlal funoÈLon, rhl.ch haa



.I:ì J-

lnl* F¡ lo 3 nfd.l ¡a r r¡s equipotontl*la, çfth V*V* lat
iT t, d\IU * Ht * l?, + ilf (trl)

?ire ¡oiential' ald.w*ly between tço gråd. rsirEs ls fountl

by putting E a L d/Zt snrL ovaluatin¡i the fnaglrrcry part

of ìì, ii'1th I s '!,fr,/2" !

,ï- =-flr-.(Frosfr)
;TO e t (¡.e)

Ír'U - -¡ð-12

th* pot nlðway betrcen two 611ô rf.res ls¡ tharefore¡

'{nvr-FrosF (¡-:)

lhe BoLnt B ç Lð,/?, repf,GËontl thc nLnloucr potentl.al

barrlsr (lfg.a7) oaly rhçn the flet"åu Ho enil Éo s'rG

aqual. ancl opposLter Tn genåro]. tt¡e ra]*Yar.t Froi-nt llag
on tha llnc r g r + *lz, but tn all GÐ&aË the Ëmor

caLculatod ucíng the ¡:o!.nt ß e ta/z ta asucl trot or

blgger then the aotual error. In )rtõ.7) tho fsotor

*; toU F tu plotted es e funotlon of the uunbçr of ¡5rfd.

wlrco per ånoh f,or a uunÞor of 6rid[ wdre dlanetorôr îhe

grlrl usod ín tho photoelectron spectroue{er do¡ori.bott in
Chepter III ree construetedl q¡f, wLre meshr eað tho ¡rotentlal

f,luatuatl,:zi tlc¡oes the ¡urfaco sf thc 6rLd aea Lcas than

that for a paralJ"el rlre grfô lltt¡, Èho ã&Be rire
oeparatLon¡ end tÌ¡e nbovo celculstion provLcle¡ Ê& lÅpper

Ltrlt of ùhc poto¡rtiel bar¡ilor qrreadL Ïhe potontial
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