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THE VIBRAT.IONAL R~MAN SPECTRA OF THE '>1 SYMMETRIC HODE
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< ,», .The pob l"hed or fsotrap1c'cont rlbU tfo rl5 to the tOt ally s),nl'lll! tric '.'. _. - - - ','.
('1 ) Vib;a;:1c~nal Ram;;t\,spectr~ .of llet~.ane ~nd .~" rbo n.' · t~ir~ h:~~~ de we rt'

ll\easured In t he'li quid phase a1ongth~l1 qU ld ~I pour co ~~ x,lst;n~,e 1t n~ '~ :.:

. ?~' ,tr'tpl e ~'~t t~ , the ~r~ t.;~~ 1.. Pof~t ~~ : each cue").t~.~,tlon "..~ 'fci~~s ~~~
.:,: ~ ~ , thre~ , P ~I;C?l.P~~ : charachH st.lcS:Of5~_~~l f .i:O~P~!n,t .ipec~rll ~ ·O } the . 1 i.~~ "

.r ".. ;::' ", ;:'~~:,.:;·~· i~,::::i)::t, ;;;h;:I,:·,:::D;I;(::':;;P:/:~~t:~e~:::;:ed~ : '.
~ , ''' ' ' ; '.',;:::' l.n,' th,e J l nl!· . Sh::pe; ~' ,:L\g ~,~ . tr~ ·A~: .. '1 0~ :: 'l a, ~~r" I I) ,c.1' d~~:~ : on the' Sam~l e t~11 ;::" ::, : \ .

.,': :' .:"' ;.,.' · ;:di:~:~=:ri: : ":O:~:*::;i!:';; :: ;::;~:g::h:~:~:~?!t::',:~;:~ted ;

..'~'~.;-~ ..." pra.e~1 ca ~.~ :c.on.~t.a~t~~:,-~,~p~ .e. ~~,n ~ to ~.:e bo~.1 .1 n.g '.pd i,nt a.~~ . ~: ,~c.r~~~~~ . · ,­
,.' ..t~ ?he bo~ 1h,~:lnt ~nw ll~~ to, th~' ~r~,t ~.cal. ~1n~ . "Wh.n~ . ~~~,e ~ ~. .u.rb~:

;~' " ·t&tra'f lllor1de the ·l1 ne ~'dth ·ts- .a~'i_, a t · tr1 p1e pot n t· · a~.d ; de'crea ses ~p tc .

. t~~,~'i ·l ~~'~' , ~f~t· ~~d. I~i;~~s :~~1-~S :: .~s~ant UP ':~ ' ~e·'~~Ht ca1 , ·~(~i : .· .

" Tt:e"obserYed",varfatlon in l1~e wtdtti 'c~n be·upl. ,n"ed on. the basts 'at"• ., -:.

'..'::.:h]d,~~1+1:~..t~~~ 'o'r,! ~b~~t~:,~ ~~ l " ~,~~,; s t~g: ~d~~~: to.-'~ ~ .~ ~' :.~,~d , ~~~~ ~~~ .'~~>~~ :./;.'-.
, t:ehthe) tanaa n freqlJencyshHt-ha.s. b~~ "f~u~ d to ~ n l"Y 11~f!~ rl.nl l th ,.de~s~ t1 · '. ,.

J, .....i :i~t~7~~~i~t'r~;;:~j:j;;':~;' ;;
1;'·':::' ';.; "
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I : exp ress m, sense ,of deep 'grat 1t ude' to Drs . H : -J ~ Cl outer and . : .: , . '

. , , ~ " ",., " " ' " "'. ' : , ::, ': . " '.:: ' . :, ' ) ~' ' .
H. Kle::te "~o r- the~ r: gutdance '.!nd valuable help .1IIt nery, .shg~ 01 this wpr~ . ··'1

." anI als o verr "much th~nUul to lIless e rs. : s ..~ F.' ,Atnlad and :it ~ ',A1 Lf~r j eee use,f ul :

. ~ ; sc~~'s '1':ori ~ : , ' .: ~ha nk~ ' ;a r~ ~ l' s ~ due· "to H~':,,:: J": ~ ' ~~. ~r~~~~ fO'~\1 ~' hel 'p ~' ~pre- I .
. '. / ....

'::,". .; "': '.,- .: '.' <~, '.. "'; '.;:,~ , .. .; <.~ .,-:.. ;""'.<" ,. ;":, :'.' ..... .:::.,.'
.~' ' ..»,.:f. • ". ' : ~ ...' ~T~e ell cell~~ t ~o~_ .~~ : t.'~t ~~ t hts :' ~e~~ s . ,~o eff~ci e.nt~ y, tIn ~~r,y\ .

:'.' ~: . . :.,\ hcirt:, tf'; by Hs';R uby RYan' t; g rea tl1, app rechted ;' ~ ' .y." , ' .

.,:~ :~.:~ .~. ' ~ : ' '<, .....,:-... , ,;;..', ~ . ....:...~. ' .,~ .:~.. ~,~':::" .;.. .. ... .... : ~~/.;

.', '~ :.' :.,:. ;:.:.,,:!. ::. .... '. . ;":>':..,;nro ug~,~ ' thts · .r~sei.l"C;ti ~!t. ;· ',I ,w.i·s~pPO.rte·(b)' ~ · FelloWSh·~ P and· \' '. '

. .:\ .' . .l (te~~.~'~ng · ; s·S. 1~ian~~~Yp.~r~ M;~~.~1 ,~ t ~ l! ri ttY "Of~ ~e~O~~dl·a~d· ' wtI t~·~:· ~. :::// ~ . \ : /~..'..:'.:: .

::.+.. . ~' : : ~. ,~~~.iefUl ;l ~..c~~~.! e~;~~: ~'.M( ':...-. :.... '::~ <, ,:".~ .... ):;.'
" ..': .:l:~ S ~ ;: b.ut '~~~~ ;~·h:. :'~ :e':~ ~ ~ · · ·i ·',~. ht:9~,~.~ ·~ ~de·'~ti,d·\~ ·:+·~a~:h'e ~./~~ ·, ~:I S , ':
const ant encour agement 'aod sUPp?r t .' ~fthou t .whtch this work wou'd ' : h a~e , been.

"'" ' , . ,• •' ••1,. . ..f
..;,.,







.,':;""CY:: >""7 r:7/' J ' , .~.~. ~-.--. \ ' 1
,. .: .~ ~ . .. ", : .:I ..~ z - \ .

.".l . v, ~ ' .~ ·l~~'nt~~~1n9 ' ~owe.,.el". 'f~r t he PIl~t i Clll ~,: · ltqut ds •.s tU (i1 ~d ~re
:"j'. '. ' ft 1~ ~~lu'tfed1ha~ tMs ·-echanlS. 1s only of IIt nol' flipOrtanc~ . A br i e'f '

" ) • " .. . r " . ," ' - - _ . . . ,
<-f' , p"~enta t1 on of jt he argument ,s hidi ng to tbfs co ~c J lIs f on Wi ll n.ow be ghen.

, ~',~ R:~n Q..~:.~n~h · :o~s~s ~s of. ~ ser~es of cl~~ e \( sPl~ed .lI n.!s ~ce-pa~S lng : '

t tle ..cOllpl ete set 'o f rot at tonal states of U p N letule. · In lllOst -:llec ules .

th~ _d ~ ff~~~~e -~~~e~n ' B~·. l~d : ~u· . [~ere B~' .I~nd Bu· a r; '~tie' ~utt~n~i '
. • '. _c.onsunU , ior"'the .,t bf'lifO~ll· ·h-.,els- .o·' Ind U~)- 1S SO, SIIl41l;t hat -the \tnn . ~ .

· ", , -'. - I -,_ ,"' ··· :.. ,-r _.-,.- ' - .:' ". ',: ',- '. ' _ .
, '" , : ~ " .~" . o .~}~e _ Q , br.I~ ~h: ~i~~ be ,reS01 ~.e.d. , e x~e~t , ~t . : ~~,~y l.o.w d~nS1ty : be.c.~use Of : , ' · '

:.'!•.••...,.•.•...,..' ·· ;,,~.•!hi~ '~~· ':=~:.:::;::;:~:"I:'rh;;::':;:~~;:;:,::~:'j::::r 't ·~" b).' ~ ·. ··~. · I!'
~:r:: ~ .; .:.,,::'::{':':':::"foun:d,' ~ha.t ', th ll 1. , "~ 1I · 5 tat~_S"/~' ~~~~~'~~ :t h~:', d~n ~ t ,t~ 1$ ·~~_r_th,er ' ,.f ~~,~_~sjjd ~ : '~ ,' , ..:,':

._,... .: ·i i;':~~ 1'~-!:~_ ::,~ ~1~ ~_df~t ;~n..~~,:::~! r,ry~t:n~; ~~.~.~' ~.~ ;:.P:~.~~: t ~~c.~.u~,i:'.~ _;:.th~_: _ l n.t.! ~~:ii~~;:· :':'"

,:[.',';,:.:;' .. :::;:~.::'::J::;;~'i;?':;'~:;. ~ :::'~;h::.:::~;~::~~:::·'::'';::;:if::t ' " ',:. ':
::r.' ,.' : "d h~:" h1;'th~: t;~. f~; lf:t: ;:::' : '~.~1 ~~ I~" ) ,;, J " " . :

. . "1'" , :,2 (OOJ,r I... ,d .··· -, " (1.) ) . ,

r' <.•...':':'. :".:::;;';~:1~:;::.r.:::::~?;::;:~~::,;;:'~;2, ~::~::~71:~;~ :~:,~' ,
.:::.,:' V1 ~?tt.Or~rotat1 0~ tllte~l.ct1on ··c~stant • .ae·1.S th~ e~.U1_~1brt UII. _rotat1~_nI1 · . , .

.-j .~. , '-\ :~..';' :c~~;~n! ~-, ~:H·th~: · ~.lt~~~ ·'~_n!~_n,t· __~nd, j'~ ~ .' .~ ~_~. ·i.~m-p~~~tu,re :'~~ f7~·.~;~1~ 1 0? ~ :.,:....~
" ,~ ·CLl't . f t~ f~ : , ~~{de~t _ t~:"~ · t h~ wtd~h _d_~ ~_re.~s~~: " ,'_d~~ SHY., tncreans: . ',At ver1 .,: ~ .,

, ::; i~~~t1;ffit;;;~~;:~~~~1[~~~U:'~ .:
',' '. . ", ', ;- .; -. cr ,Wcll" po1nt : ::At ·77.,K.t hey found. t he \l1dth t o' be 2 , GHz ~"_ Brueck' n.?71l .".--, ,

r.
·· ;... ,., '" I '. . .., , •

:~" } ' ~. ' ',:".', ..., ' ," Iia~ Cllcuhted \th~orett~ll!~ ,~he line W~d~ contr1 ~ut1on ~u: to .a~ t onl l'. • •

"J,',}:~ ;- , : ·;::::7\~:)· ~1.':::i ~',·~1.;7;"r;' f'l'7;.'} .'" ."'),; ~;·'::P'F?,i-(::,:,'t
. .. :- :;'.: ... '. ;--'-" · ..-L v., , ' _ ., ., :~, ,;.,:-:.;. ~"- .;:--:"_'., •
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fra~t 1 on 'of t he tot al wt dth 'of 2 GHz. T~e~far~ , i t: t 's clear t~~ IlOt1 0 ~ ~1
I

' I
narrowing ca n ' contr t ~te t ci t he lt ~e 'wt 'dth u~ , t~ ~e'ry ' hi gh de~s f t ; e ~' . · ,1li s~' , '

', ;

' . 'l1QUi dS: On t he other hmnd ,t t appurs , t ~ at .o~foni~· · '; a~f.owt ng '.~' not.,

cont r i but e ' i ~~ f1 Cantl:i' ~n the c'ase of t he tota. l ly synJletrf ~ ~ v1br J t fcnal .

lIOde .of ii qu~" CH. " The rea'so~ for , t h15 can be 'a ~t r t butl!d 't~ t he ,al lJ~ ' ~;

~ ( see Eq-. 1.1): . .: Hi- o}' Is (0'.'0187)2 ~-2 '(Tar ghese: 1967) 'and fo~
CH4' 0/ 15 (0.0034 )2 ~~2 (Jon~s. 'i ~;z ) ~ ..Th~~ h ," ID ·.thl" e. tiie · Q '~~inch . . '

~·:::;::',:::,7::' .~:~:;~:::;:;::f;:y:h';h:n'l ,~~::!~:;':f:r~I::L, ~" ,•....
~~e o~ CH• . ha.~ been ~!~s lJ r~d b;l~ em;nt$ (l ~72 ) \0 be . 9 ~ 6 ,~z ~t,a ~ d~n s, l ty '-.,:

·! ::d:;7:;:::;::tth;:'~::::k l ::;i;::; ~~:::, .it{:~:; :~T2.;:;~:,:;;:;. /.'
: :s l g"-tfl ca" t ' r~,~ JJet~an'e : ~,t" .~tre ,lIIUch',hi9.her: dens ttfes ':,t "valved. ~ nthe present 1'

~~ ' lfO r~ ~nd:~ i ·~ , , {" ~'~t , ~ 'c~~s i ~'~d~f~~~th~/~~:': ">;/":, ..' . '." ", .,':':'. .."

, 1.2 ' ~:~~ ' ~ha~~:!~'n~~'y~ ~,i~_ ; " . ::.~,,>' i:<" ,\"
. " , . ~ " In ~th~:. ,~·a ~~ ,shaf . p~bl e".~~e!.: .t ~ ~~t f1C l ~1e . :. S ~,Udi· ~$...e~,~~t~~~11.y .:

. VIe responseof I sysUtl to'aft exte rnal , fi el d whi c~ is weltl y.'couple d ,to t he >~(

,':,.:~!i,:;~:~ f·.:::::;;f·f~;:~,;~:~:-2~~;~~~:;.r t::~;L.,.
..:'.C~~ ',_~· a,PPl1~i,t~ lIIe iS~U-~ s P~~~.I ~ . a.~d>ilDe .~.~~~~t ·~O.71,i~.t~_,' '.un,ct.i ~' .~ :_.~ .~. ':.1.

.'.h lla:", ., pect roscoP1 'h Ut~l~l!~ to ob~e~e . t he, ~a,1lI1 cs ~~ :~1br~t10.na ~. energy ',' ;. ;'

. :: t~~~~ ~~r, t ~ ' ~ ,. l~ ~~~ i S!~t:II(v1a ' i~e· ~~ i ~~'t:1~~~l ':.~O;"~1 ~t!~,n ~~·n~f~~ ~·::~~;.s ·>
. : ~o~re1a.t1 oil ~ fu rictl ci~ : h' obt.1n'ed byb e-' Fourier. tr·'~sfO~" 9:f "th~ '-1sot.:o·pIC ..

~~~~~~nt ~~'~·.,~.!:b:~a ~;·~,~'~ l ,. : ~~a~~~ :· ~;~~I~'~~~e.~,J~..~~~ '.: ,~~~'j~~.~~;b!,~~ :'~~nt~.~:b'~;;·O ~ s·.'..:;,;..:
f~om p> ~he " . ,os;~ ,0 t. , ~~,se : ~oh e.r~~,ee ; lI~d. ,;( 2 .~P~~ulr~t1 ?,n .~r..e~~r~Y.,

. ··: r,ela.xa t 10n 1nv.ol;,,1ng : he; part1cu~ ar ,e xc ~, t e d · ~ t~t~ . :..The ,· Ile~~~n1s 11 of 'de-,' ;'(. · : ' .'.:

';.: ~. .. p.~as1 .~ ~ •.f~r~~ll.~ ~,?~:'. gas~ ..tf ,s ~~le.~:, .~h.;~~, :f~~ ,,~ : l,~,q'U f:d:.',:;:, ba·,·d l)~t~,': . ~a~, ~ ,;~t ~~· .
,-,.' Vi~ra,t~o:~ a~ : ~a'le , funCtl O~ , ~,~ a ~~~cU,',e ~.n . be . ~eStrtb~d by lts ~ ~_~"~~"Sht~ . · .

~:'> . ::,;.~ , ,: ...".:., :;,~ ':,>,.<_a. ~~ :~:~' ~~,e( .~ ;·{ ,~~~ a ~~,.~.' ;f~~:~l.~.~·~ ~ <~~~..~,~ ,~, l.,..,.",p~ " ~~'~~~, ~{~':" '.~,~:',~~~~~ ~,~,~ .;~·-:r~~ ~/ " :'~ " .",' ;:~' .
>~~'l <~..:;; ':'" ~ "..:· ~·"L. ' ~.. .- ".. ,.' , .~:.:>'.<.:':' .: :: ·:~~t ..::.,, :,; :'-:-- /'~':::'" <," . ':.:,: .-'- .

.:~. ',~ . .rr:« ~':-f":;:~'7:::-: "';~~ ~1.· :: f,:,~t'~'~:~:::;P:i~'~~; ·,:• .-.~_~:.., ~ .::.. .'. ,', k - ,~ " .



...~. ., ' ;

t)le 1 ne1a's:~~ coll is fons' to pOPllla tton \ ~e1aJatlon . i/~" dt'l u~e 9a~ . · ·coj l'~~~"c~r
/ . , .', . " ( " ' . " .: . " . . " . ~' , ' , " ., \'" : ..... ' , ' . . .

be ass.umed. .t.o be :ma l, nl:~ , b,lna?, ' ~"d t.n a,,s e ~f, es ~f ,S.UCh , .CO.l l l S:f~ns the

lih~ ~e ' '; I ~ J change' by' dlfrerent ' imO Ll~ t~ . . ThI~ Wf1J. dep~~d_uP~ri. th~ .

: arle~ ~at1~ ils' ~ .~el~tt~ e~ '~'o~en'~a ,~ n'd ~ht 1mpa~t · p~~'~m!te'~s '~ i: t he l'n t~ ract'l 'n g
mo'~cul es.:·;:The' P:h~ 's'e " o f :' t~e , wa ~~'fU ~~t t ~rlwti 1;ri ~ ;e: " i t~" ~o;;e1~t;~n '~~th" 'l "t:~ C

• • .• " . ' .' ' , ' __ " . ' ",.. , ;, ' . ' ", 'c , ' " .' ,' ,

· l'nltfal .v':1ue ,afte'r a ~u f.ff ...1 ent n~be; ~f.~ras.t~c:' coi 1 i~lon~ .- ~ 'Thu S .~? r ' ~'ri

e ~semb;e of mole c~"'es the .ph ase of , t ,..e ',wave· function's wfl1:'have' 'u ari:don

' \ ' . · ~ i S·t~'f ~t i,~'n · :o(~~ l,,~ !s ' ~etw~~n' : 0 ~ ~ ~ d, 2,~ ; ::'\Th'ts .- ~s, " C~ ~~l 'e'~ ,p~'s ~:>el:~ xa~I~n ~ ' or' :

· ~ePhas';n9-.'.- i ';' ': ' '. ' , ~ ,r . ..1'.- ' " ' " .

:" ,: '.:,(" ','In .:;/ 1';g'U ld ;-:~ ' ~ t ve'~ ' 'mol '~'~ui~' tnt~r~~ts : c~nt1 nil~ ~s :l;:wl;t.h' many
:'- ', ' : --' .',--:>' ,., . ', '. ',' :.. ", " :,:" ' ;':',' ,. ", :: : '..< ,";."':'}.;,'."".:'. ..-', ' : ". ,~ : '~ ;

" n,el,~hborS, ...:~e~~,e~: :'~h.ed:~SCr~ ~~t.on: ,, ~,f, Y1~t~yon~~eh,~a,~.1.0~: , ~ S,' ,qU,l t~,,: .:

~~~1 1 c~~,e.~_~ "jir~~0:s 'a~,~ , M~~h~~; ' ,( 1 ,~~~ :~ _"ha ,~~ . ~e,s.~.~,i~e ~. · ;~,~ : d~~~a~~~~, ' I ~ :' ~. '
.~ ' l! lI~t~. ~n :,~~~:f.O~ I~ ,OW:1 ng , W~Y,> ~e -.e~V:l ron~~"t .ca ~·~ ~.s a:,51l..~~\,p~ rt~rb;a:t t o~

c::, th,e exc,~, ~~~ , ?,~c ~ .~htor ., :,aU~ f -"9 ,tt ,t o ' , ~ l ~ r,~t~ ~~. 'a, ' s;l~ ~,h,~l Y dl ffe ,re~~ .

frequency., , The pe rtur~at1ons . howeVer . 'are as sumed t o be too small. . to ' .

;.~ du,~·e '~>'f..~~~,r ' ~~~,t; :n,~~~,r_M ':t,r~n~t'~1 ,b ~~ , b~t~~~~·: .~:~'~~~~lo~.a~' 1 :ey~r~<" ~; '''."'.'
" " .~ r~,s'U l t .t he ~orr~1~t~o.n" ,ftJ,~CU 6~ ' ,~~,(o >.',q(t ) ~-' desi~i,be,s : ,t~~ . ~a te.~7'" ~l ctl .',:" X:

~Ile erl~~~ e :Of ~sC~ 1~a~ors 10ses"~as~ cOheren~e.·Wher~:· q '1s -t~e j V f ~r~t f on~{ ,:".. ..' , . ... , ' . - " , " , " " .-.'. " ,,,, ' _ . ' . ,

·ctio r,1l 1 nate ~ ". With respect ioilli pulatforr re1axat lonone':norinal'lY'co tl s ld~r;:'-,

"',:t,l1 e ' · t~:~S·f~~ ·~i~ {b~~t i ~n~l: ·~n~'r.gY i~~ ';)l;e;'n~l .d~~~e~'\f·: freed~' .' '. . ' ~ . : '.\' .',

I.~~ans i at,t o~al ' ~n'd!Orr~tatlonal ) . :' ~'I ~ ". ~n~': o'f :he:',,~~r ' re so na~'c(- ~ond~ t1 o n; .

the",~ ~'e;~ , t~~ ld' .~ l~' be ,.t~a" ~ f-e r~ed . t,o 'a no th~r, fu~dam~n ta l , ' mode- c't, 'tlie' .
. 'r. ' :~ ".::: .,: ' '. .' -:. : ' , ', ', ' ' . " ' :','- "; . ., ' " :, , .. ' " ' . ' . " '"-'' .... -. .

.', ': '-.:· ; , co:~ 1f, s f on , . p~rtn~,r.: : ..I~ , ,~ dd ' t l on,,~ , the, p~om,s O,f, r e~,~,n;nt t~a"sfe~ '- ,o,f ~n,~ ,rg,y,

< • ~ ,from" ~n~ :~'tbra~~on~~lY ·e·x~ tJed ino·J ec~ l ~ . tO, t~e , s am~ Vf~r~,t1 Q'n.al ;d~'9r ll .:.:'
· nefghb~u~1 n~ ~1 1!!~ U1 'e ' ~~S t:·: 'b~ ~e'nil ~n'e'd ; but ,'i s'norma\ l ; ' ,treate d"as 'i:Pilr~

,( : ' ~~f"\~ ~.' ~·e~h~~ f ~.g" ~ro~~s s -. , ;(~.~gh, ~i~:: ' ·i.h!~i,pry~e s ~ e,~ '" m'~~' ~:~,c~r ; 'th~ ' : : ',::- ' :'; :("

· J~d1:~ ~d~al " p~~~S5' or :'proc esse's,,i1i~n:d , u po n ' t~~,J)a r-t·t ~Ula(mo~e cul a ~" s¥~t...em/ ...
• . ! . . < ' ,' \- . ' ':'-'! ". ~. ,- , \' . ~ , . ,



,- . , -" : . " - . .',\, - . . :
fos poi nted ,out .eeeve. ,v.1brat 1onal eet exancn consis t

-' .:. :' - ',\ ', '-. . ' ", " .v". -. . ....
of'( i) e nergy r elan ti on:.and (it ) obesere texatten , Inconventto nal R'am'an;~

· s pectros~~p~ '1t j s' , ~-ot "~'~ S' l bi e" to s-e~a~~'~e' o'ut" 't'h~~~"- ~~~t~~se~ ~ ,' ,f ~ ~ •• '. t o :"

· ··~~a 5 ~ r~ :· -t.h e.· 'e ~e~t.·r~~'l ~~~.tl6. ," ':Jime".~~ , a~d 'd~~.h~~ _i ·n:g t.l '~e .T2,·. :~ , -fb~~.~:r•"
': t~~y ~an _ be, .m,e:asu~~~: _s~~pa~at~;lY1us1n9. Pl ~O -S~_t~ n,~ p~l s e (i 'l a~er te~~l qUes .

; ' 1 A-detaf,l e~ I'~'v'f e~ ~rt 1 c le by ' ~i1~b~~e'au end Ka1se ~ · . <1 9~ 8 ' gi ves _t h; . :.' · .

· ~xper1me~'t'~l .fn d ~h e~r~t1 cal '- ~e s~'; ~~ -fo';a'~'~ber~_f ' "o11cul~:': ': I~ !~a $ ~' b ~~ri' ':."
fo~ n ~ t hat us'~'a11 1 ,;j , '~> i~ so,tha ~' ~~~" ' : ; '1 ~'~',W1'd~h~- i~ ~1b~a~i c~al 's~e~tra "

.: ' , a ~~ lJa~ ~l'Y' 'd~'tr: nii1 ~ ed ~~ ~2' " th/.~,~ !l:~ s~ n~ " t~~~, : " FP'~~~~ t~n~~' 'f'n:~h'~ " >: '" ;~
" ; .,l ~1·'q~:I,d: ': ~2' : { ~ t }7k) t~, 1S " · ~. ;7&" ~~" a~d ' ~:1 :,'- ' : ,, 1 ~, ;::· , H6'w~~e;~.·; ,T i' -a:~ :d , T ~ :ar~ :.-':., :: :

c'anparable f~r many!Orga'h1[ l1 qu.l d~ . ' inJtheseca'ses I ntram~1e,cu1ar' : " , - ,,, -

. ',: ' :, " p'~c'e ; s:es: ~ ay p"ro ~i;~:~ ~ ~Jter~~'~i .V~ :il ~'d mo~, 'e ~~1 ,tf~n\ ';o u ~'~ ~" ~~·r , ·d1~·~ lpa:t1.ng : , : .', r'-:','-1'

",t he 'v1 brat l ~na l e~i!r9Y ~~ :~::exaniple ,.'ct:this , typ~ cf". eri'ehiy .t r~~ s fer 'can b~

; , ' :~: ~ ~~'~ , : ~r,~~ :th.e~ " 'stUdy ,tf,,th~ : , ~~,1:,~,a'~/~~ x~~re:' c.·i,~:~cpi, '3' '~ nd " ,~D30D':b~' ,taube r,~a~
..·:rt·Q,,6:973),' . ,The,. , ~asu red, :[ l:, ~nd '2 ~o.j. t,he ~~e.t~1,~ .C~3 s,tr~ te.~ing '
"vib~at'f~n af 293~ ci.'~l ~a.s i~u~'d t~, be:5 ,PS. ~nd (PS' r~s~\!ct~lv·elY..'.: .· ~h~S ~ · '

· aU ~h~;.<~ hoW~·~ : thi.~ ' qU'~'~i,~,' O ~..enef9Y'f~·~ ':,~he' C'H:i y'1:br"a:t1~" ' 4ecay~ , 1· ~t~' . : , .:

.~ , t~i..Y 1 brai,lp; "at'iz'2'!: '~ ~:;,1, '-'~ 1 th .t.~e , ~'~$ 1'~~ a,l e~,e,;g;" b~~ n~ -- ~a ki~ .: ,~ ~: , '{ ~: 'it ,: '~:.:
\ C-Cl ~ f bratfon "at 713 ~~.l ' . ' .

... .' \- r, ::'
","., ;~O',>~~~Y.; .~~,?~lec:U l , '~·~,. m,? tf~~ s,'I: ...i~ . :i s .,ne,~e'ss a~,Y ~~. ' kn~W h~w · :~he"

· ' mome,~t, :~, and , ~ l ar,lzati11/ Qt, '~, ' : ~,e~ pon:d : ,t~ ,ChangeS, . i. ~ ' " t h,!! 'V 1:tir~t1.-0~a' , ,~ ':

O"' 1 e n~a~'1 0 n ~1- : ,and: ,tt~~s'la tf~~ al ' ,~O~~d~ " a~~~ I~f a.ri.o, ec~;e ' a~d 'alio to"~hanges ' ,
.~. : " " ,, ', ' ,"" , ';, " :. ' , , " ,: " ' , .'. .- . " , '.'.: " '...:',\ .., . '..': -', .',:

1 n" ,~h e C~,~rd1n.a,~,es Of"SU~~.~.~ d~~~ m:~. e,c,Ul e~ . ,1.nte,~()~ e c~] a~. ,1 ~~.~,rac~~.ons

'::a,l S,: :~~~~~: ~J,U~~~~.tl,o~,~ '. 1"~ ,r. a~d :i .~~ ~he1 ",/idUC~d ' ~ f~~~~S' 'd~ie'rin~~!! s~~'
\' featu re~ ofth~ ' correl a t ion fun c; fons ,

".,>"



", ;

-", : ..

" '

... , .

·. w~~.~~ .1.' Is ' a ,~o n ~ta .~t ~f p l"opcr~1 o llil ll ty ; '~' ,'nd n... are,tile · f~.~'c1 ~S ·· :.. '

a ~'~oi: t ~te'd ,w t t h : th'~ '1 ~~1d~~~" I ~ht ~n{~~t' ~~< no";~'l mod~ ' of ~v l ~ra~1 on "

.' · ,;e s pe'ct1 v~l Y . ci' and 'e~ ' u e th'e ':pej lar t ?:atl an' d1 ret~ f Ons 'of t he l 'ri~tde~t :.... . ' ' :" ' . . . ' -: " . ' .. ~ ' ." ..
:' , ~ ~ d ' s~a.~t,tr~~ ,l ,l;9h,t .· a ~d , ~ ..~ 5 th~,. :pnl ~r1 z.~bl l,l :~..ten~~r of the llI~dl~\~ '

... 1, ,a nd ".~ ,l.a~e l~ t~~ " n 1:~ 1 ~ 1. ..and ft ."a.\ s~~;te~, of .t~~ !system '- , ~I , ,15: the:'; ,

Bo1t~m,ann facto r, . g oVen1 ~ n9 , th~ P:OP U l a t1~ n , li f , t he, In!t t al s~ate5 an~_, ' ~

' . J.~~~. aftd'I~b~) ' ~,re :,0 e,\ t.~e~.~e~5 of~h.e}: n1 i1 it 1 ·';' d..ftn~ ,..g.~.U~d" s~t~ ,,:~ ,
' , ;,

. .: ..··i .'i ,. ...,. ·; 'o'····· ':,;'.:.:'.t
-,'":.:....:••.... ~ ~',<~-",:. '. :::':":. - ::':':~ ".,,:--,:. " ..':: '.•' :: : ' . .- . " .' .' . ':. '~. : :-:,,' -

_. . '::.'.. <, '.i ·•.~-:::i . ;_";, '{- :.:'~ .:; . ,;~. . '.
.:..';' , . :" ':'.:»: .~ .

\ J (~} . , A{Itt · ,\)4, 1: Pa i: t Pf t 1 c1 1£ r~\lls l f> :'
, • • , b 1 f . . .,

;:· ~~~,i.Q\I,I.~~~!·I ~ .6 (~ ~' ~.~..: ~~ ),. ~:.>

.... N'a fi ean~ p~tt t~i~,s ' ('1~72 ') assu'~~~: th~t' th e.'V"i b~ I1 't;o~~:~ ' '- rel axa'~ ,o;,
:, ." ' : ... ", .' . .. . "'\' .': ,I:' " ' . '..', : ', ;-- " .';,: -,' ~ ".

",: ' ~,~ , ' t :h~ . nt~ jor ~on. r~~r1 .:,n.t;t~, ~.n,I,~ ' b.rO l d~ni n~ ' llIeth,n1 sm. ,~,nd,~ 1er1 ve~"the

express ions f or depoh rfz.ed and"polarlzed t CJllponents of th e Y1 bratlan~1

..;: ~,:~ ': ~;a ~te ~e~ ~ l1 g ht ~ The1;" t';eO rY , f ~ out; tntd belo'w. ': GOrd6~ ' (1965)'·ha'~'
'S hown " '~t' th e 1 nte~sitl o~ ' 's cit~'e re,d ~ad 1 lu, on~~. f~~: t n' 1·~.~l ,ted' ~~~.~nte~ .

..' .. ,," ' : ' . : '
: ~'. •t- '. • ' . ; .

.': ' ..'

. ',. ", . .,~ ," . .' .; ~ .,.' ;. ' ...~~..
In'Ranlan sta ttering , exp.er1c!!:nts,· broa clen t nq ~f t he lt ne ·.$hape due to

ro.~:~ t ~~ · ~~~,t~~bu ~:S~ ~\ ff~e'r~nt~, tc;.· t+,~~!t~;.i~ a~' 'depOl ~,~t ~~r~~~n'~nd· :}. ,~~.: ....,

" ccwponent$. Thts al 1lWs I lIleans for sepiln,ttng t he reor1enta t1onl l f~

" t he n~n-'re~~t:~~tto'~'I ~ Irtlc~~~'e s cjn~~ f bu t f~~', tD ;i,e' ba·~d shap~ .: 't t' ~ ~ -.
. . '- ' " ~ . ; .' . . .

.' ' welr knO'll~ that ' the depoll rtz~d' vi bratlonat" ,~n sci t ter1ng tnten 5'~ty 1s' '. ' ) .

. '. det'e;rm 1 rie~" 'bi the 'tll ts~troP'y ~~ ,t h'e ~fa~tz'~b~ l" tY d~rt~a'the '.t~~ 5'or : w~t1 ~ ,
.. . ' , . " , " ...: " . ' . . . ' ,' , ~~ . ~' . .. . ~ ;
t he polar ized 5tltte ~1 ng results f rOll'ton t r1tKltt.ons due , ~ bot h hCl~opft

' .' ; 1

..I' .

·It' ',':'
. f·~ ',. .

'J~" ~~~~~~~~~~
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Na,fie anq Peticola s (1972) introduced an addi tional term desc r ibi ng

1nt ramfl et ulllr and fntermo~ ecul ar l \'fbr a tf onal r ela xa"tf on . as well as r andom

vi brational freqUen.cy-.fluc·tU8~1 0~S . Thts accounts for t he principal broaden in g

~ mechanfsa for !am.llJ:'l line s,hapes when th e effects of reo ri entation have . ei th er '

"t,," been seper-ated or are nO,t present . Conver ti ng equation (1. 2) fr om

",

I p .3)

. (1 .4)

' (' . 5)

} '
r.

>, <QV(ol Q'J( t » .vi6 "'e 'l;Ilt dt

The t erms' (J.~ and . ~v correspond' t o :-e divl .sfon of th; pol arl zllbl1ity l;! into.,.... , ". - . . ' ~ . .
its av;rage ~

(1.6)

,',
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and its trac ele ss anis otrop y

~\I • '? - , 0 l (1.7 )

, ,
The t enn <Tr[~(o) . a(t )]> is the rotati onal ,t r anslat10n cor re la t i on t

function and the t enn <Q" (o) Q(t )\» vl b is the ,vf br'{tl onal cor rela t io n

funct~ In IVV(w) an~ IVH(w) , V and Hrepre~entth e vertt cal and

horizo ntal di recti ons of polarfaat fcn, ,

Using equation (1. 4 ) and (1 .S) cne cnt etns

(1.8) '

and t he .V1Qra tlonaf ctIr re latfon funct ion can be express ed as

(1.9). ,.
. .

Klibo (1961) has devel oped II sto chast i c th eory of 11ne shapes and

~lI.xatlon Phe~om_ena ·. · Ile considered the moti~n of an osc 1 11atora~d showed

~t~tude Of D10dU1atiOn!J.can beeXP~SSl!daS
/ '

!J.2 .. f~12.P(Wl ldWl" ~ >2 . (1 .10)

and (1.11)

~here 00, (t ) r epresent,s t~e . fl uctua ti ons in t~e :requency• t he llverag~. of

wllic h ls ,ze ro

t,e . ~ , . 0

, i ~



. g .

):,ubi) (1951) de f1n~d t he cor r ela t i on funct1 0n of .adula t i ons 'as

,ttl . ~ " < '"'1 ( t Jw, ( t + 'f » '

t hen t he/ corr ela t ion tt ~e 'c Is ljh en tly

(\' ''1

(\'14 )
"f c • C · (l)dt .

. J'
I.t .was sh.own t~a{ when 6. '1,<;< 1.. t~ts is the condi t i on for fas t

~.du1at1 on and .t n the 11l11 t 6 .1'c~ O . t~e 1i~ne ,a~p ro ..cnes a Loren~%1an

fo l"lll"t n WItch. tt ll! .ho1l1f -w.' dth r .. !J.1.TC·· an(wh.en _6 . T~>' 1. tl'le tt ne shape ~ ~ .

Gau5Sh o.

• . ' . . I . ' . .

The cor re sponding expressi ons for L0l'entzh.n and Gaussi an shapes

respect~n.ly. are as foll ,oW5

. i
I

on'

. iU S)

11.16)

Ro thsctdl~ (1976},consi dered th e vib ra t ional resonance energy "ir~~s fe'r ~n~
dephn tn ll.1n lt qu'd tl

Z
rndhu shown th at the J:ubo torrela t1on funct i on can ~l

.be llr{~te« ' (tn case ' of !JSt lKldol ~ t1on ) as .
",,-'.

(1 .17)
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. . . T.he ~an tl ty ~ (o)2) Is fden.t1f ie1..wi ;" t he second vfbr at ional

~"t ~. e . <{~ (0 )2 b 2 . ("z (y )) '~ whefll@ ttle sec.one!s'pectr al ~lIMl t of t he

h ot-ropfc b.1nd shape h glvell by (lCubo, 19S1) .

(1'.19)
\

I

. i

'. ilII.fs t he angula r fr equency dhpll1cement fronl t he

. [ IhO(W) [ 10)-1010] 2 dW
11

2
(v) · _

J_I ! so ~l&l ) dill ,

" . , .
Taking th e Four ie r t ransf orm of equat i on (1. 17) , one cbtetns

whet e t ~ _'_ .
.. v _~ M

2
(v}tc

band cent re and T 15' th e vi brat forial n! l 111atl~n ·tt lle . B1 l1'enur in9 t he
. v \ . ,' ..

. I iso (lII) . it fs possib l e to dete m i ne vib r atl onal and K.ubo t? rn! 1at10n

t>illles (TC) ' t o deci de lII he th~r th e Itne shape 15 loren tz l~n 0: Gauss ian..... . , . .
[Rotllschl1d. 1976] . ~"lIIever. 1n , t he pre sent wor:t.. tJecause of t~, expert llental '

.. , ' ' ;\-
dl ffi cu1tte~. th~ 1 was Ilot poss i bl e. _

The' h otrop l c Ram~n li ne widths , have bfien IlelSure d for a, n~ber of
. .

IIlO l ecul e s : Host o'f ,the' workers studi ed'these lIlO l}!C,uleS mainl y t~ se~lIra~J

vibratio nal rela xati on fr omrot at ional rel ulUon, ' As far IS 15 known t o .

,t he presen.tauthor , except for Cl out~r 'and Kf e.ft e (1 917~) : no~as u~e~ents

for t he~troll i c li ne widths of t he Rama!, Q branch. fr om' the ~rtpl epo1nt

to t he cr i t ica ; '~i ll i-" have been made . ~ A · s"~rvej of all the ~lec~les :
. ... .. '~ , . •. .. ,.
s~ud1ed so far has been.llade by' Oxtoby ;(19?9l . , It i s 11lportan t to s,t ~~y



"". ,
1 1 n ~ wldths in t he ~~t1J:~ range ,~r'olft th~ triple poi nt- t o the 'c rl t i ca~ potnt

si n,ce the veeto us molecules behave q~it~ .different l y o~er thts ~a nge . Th:r~

is no ccnpl ete theory avail abl e for , th e change i n ll n,e widt h frUm t rip ; e

potnt. to .bon i ng polnt, net th~r is , t here ~ comp.rehe lJ ~ fv~ t heory found i n

the 11terature fpr the observed c:ri ~l ca l anoma\y. Th.e matn .purpose .er _this

work is to study how the lin e wld t h var fes with temperature i n case of

sat ur-at ed 'l l qU~ d CH4 and CF4..and -t o, commen~ .o~a:sp~~t.~ ofthe theo;? ~~e
RIO l ecu~, es er e theo .~e7 1 ea.l l y si mp1e-:s1nee th~Y , be~ ~n.g t o the SPher:1cally

s~t'r1c :d · ~.ro UP . ·

, j Critica l ' Phenom~na
,:, .-' .... ' .. '.

S f rC~ "t his thest s mal nli ..de~cr,1 .bes ' , the ' c ~~ ~fc:'a.l .anom~alY. a ':br1es .,

i nt roduct i on of ~ri ti eal phenomena would not be out of Pl~~'e : . Cri t i cal

Ph~rromena, a~e ~aus'~d by a 'ba1a'ncfng ou.t o f, .th e :eff~ c:ts 0; ' ~ hort ~ran ~e
In,terinoleeulllr repuls ion and very l on~ range ,a t~ract1 0n " 2 . The cd .tt cal

temp~rature is determhled by th; conol tfon .t hat *and\~ both vanl$h,! The

phase b~ l ow the cr itical poi nt 1$ Ill'! order.ed Phase'!, I t can be chara.cter1sed

by an orde r. para~et~r that goes to zero, at ' t 'he c,rit i cal pofnt . The response
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wFre found. ' Since t hen B h~s been Ile~sured ~xperi~ental1 Y by a large number

of authors... ,ltic~ ppears til have a ....alu ~ ·of ~D.,34 'for flui ds. The ~th'er l .·, ·
cO!mlon cr itical exponents y ~nd y ' , are defined by , 1 ~

[- T ~ \ ]

.[ :T.:', Tc ]
(1.20)

, i ' , -' .

. wh'e,re . 1<.r· . 1s) ~~the T'lll a l c~preSs1bn1ty ' a~d 'Kr° ",, '..'+=,Fbi:- ':,wh1ch: fs · th.e

, .v.: ..>,.: ;.:.. -: .....\,,; ',: ~ ~ . ,:.,.Pc<. ,. c p~,~. , '. -.'.

:~lYn pre,S ~ l b iV~~; :O f an' fde;a~ . g a S , , ? ~ : de,~ ~ l .t~ , ~c . ~t. ;.!-:;,:'T.c',·.,.~;ta,~} e'~" ,{~??l ,~ :,~fS
de·scribed ..·.i n de.tai." , 'aUthe crftfcalexponents'and has discus sed thef r ::. :·
,, : ' , ... . ' " ' . . • . :: 1.:, ;" ", : ' ; ",: , ; :'. : '

theo~~tfcal a~.~ expedm~.~t.~~.-. ~a~u.~ ~ .' .,i " ' . .... :";t. .. , -...".

""toe,:: :::::,':,::';:::1:"::,':'~i :~ '~:, ::f ::'::,::::.r:"I~ .,",1, ..•. ·I
i
,·.'

I ' . ~, ' ' . ,

one Ph'ase reatcn. ,Tht's ' anomaJous' cr i t 1cal' scat terlng 'wit h vfsi-bl'e l 1ght
.' , ,\ '. . . ' ' . ' ,. ' ' , ' , . ' " '. ..

is ,K..nown... "<. ",1<,'.."" ."''''.e,.:., .~hYSfc. '.'..'Y. It. .•ca~ . b~ .,~.n de~.$..~O.'.d'. S,:;fo-l:l.,~y : '1.'
,As the compress1bl ~f~y. ~;comes large . long-wave.'ength density f1?C~uation~: t

are .al1o~ed io. grow t~ '.h rge amp1t t~.de, ' , FO "!1 aqo n"-a~d . d l s~,Ptl~n'O f , I
~iHck~t'ln g' dusters of ~ 1 0:.~1 ~4. m~j~c1J'e~ ~rom. the"~O'cu s .~i ~~i111 tb~~'~~"

~~pa~a;ti on: 't~ k~S, ' Pl a~e. " T~'~~e c'lust~ rs ,ar~ '.~ f. s~~h " a·di'menS1~~. tha't' th~~
m~ ·"!i c,a t te l." ~t oPt1 ~~11'fa~e;engt~s~~ Th1, ~ . f ~ ~~e? byth~"~ppe~re~c~~ O.t.th~ ·

" :typi,ca;i, M~l,ky '~,~lo~r,: ,.A ' wa,~ " Of' , '~~~,~rj.b~n9: :t~~ ~.~. 'Ph~ri~~n:~ '1,s b~. ~~~~s ,~'~"
t he 'cor rel"at fo'1 functi on: G(r ), wbtchere asures the exte nt t o which the Iocat

pa~tl cl,~ ':de:ns1~1 ~s ,: ·~ dlsta n'c'e; ,..:..~part ;,: '~~e .- ~o·~~' .a t e~ . ~ . " ord f n~~1 ly ' ~~~ : . . '

range 0;G(r lis thecort'elat1~n ,l·en.gt h ~ ..(Orestein:.Zern f k~ l·~ngth ) . ' Bel~
tit~ " '~:; 1 t ; ~~1,t~pe.ratur~:: ~ : :~ S O::,th ,e or'd!li~ ~. i:1,he :ran'~~ ~~: t:~~': t nt~'ra~~t,i ~'~ "
betw~en .t he;,p~rt'~ d ·es. · . Ite~r: t~e '.-c r1 ti~al '11:0' nt .~ :~1 v~rg~s :.an.d'th~ · FOllri er

, · Jl
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t ra nsfor"Q1 . ' of G(~). t he st ructu re ,f actor S(9), 0 rns t he s cat~er1 n !l power

of t he.medi um: . At t he. c'rftfc/l l point s{indiverges. for smell, ~!lVenunibers; Q. :

1. 3 Re:cen~ Theoreti ~al ' Studtes

I~ a se~les of pp,pel's' Hil ls {1978 a. ' ti) 'a~d Hn ~S and Hadden {~'97 ' l \

have develo ped a theory' Of vi bratf 'orial 'relaxatfon i.n li q'u1ds ; ' They useda . ~

~~ntl~u u~ ,J,es,cH pti on .of t.he fl~'fd , s~~;6'J~d i n!l':1I\tbre~i~nallY - e~C 1 ~ed "_ h
'._,. . . · · .~ ~\ecUl e.'::. " , I t ~a,S: S,ho~il" ~~~t " t.~.~: ~ 1 ~~~tt on~1 1Y . ,e.xc1t,~d, ' ,pl-O,b~ m~,1 e ~~l.e ' . ~el e~e~ ' . 1 ·1":

..· ~~~~i~ji~~~~~~;f~~~~~J; S
'i n ierms"~~ ;t he ' dy~ ~m1 ~a-l ' ;tructu~ ~a ~tor S(~. · ~r ,- ',' A - 'f~ ~~h'e;r d t S"CUSS1 :~~ : :

~f ':thfs' ~ h~~'~Y" 1-s ', gf ';'e~ l:n ' ~h a~~e~" lIl ; :. , .

1-;4 , The s i .S · : O ut1 ~ ne ' .' .. ' . " .' _ ' . " , \ ' , .,. , '. " .,'

, _.:.; . ~~ :second,.~~.ap~~r Of ,t.~i ~ ,,~:7S 1.~ ' ~eal:-::W 1 t,~,: th.e.' . ~ ;?:eri,m::n~~l, .'~p~~re~~~

and-tec hni que. ", In' t h1s chapte r th , ..apparaj:llS has been I)r !e fl y described.• ·U c

.f ,• . , .
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. the or-y Is ll v1l 1'lab ~ e for th1 ~ phenom~na ' f~ the Hte·rat,u~. It is not unli kely ,­

howeve~ .~ha.t tht"s 'effect 4 s ass~c1a ted w1 t~ t~e \oil ~et 'of ~hort range

or1entatt ona.l order . ·

I'
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CHAPTER ,- II

:, '~P ERIMEN~AL A~P.ARATUS ' ~ND ~~C~~ IQUE
. ..~-

' /

'" "" ,: :',~~~:' ~h~~~~: ~o,:n,ti,~,~ ' ·:~;H~m '~~ns ~.~s,', :O f"~ ,·.~~~:l,~i I ~:.fy ',130

" ~~~t~~,:l t1fl ! :r:__ tUb~" ,'a,~ :~' __~as~c ,..det,e c,~,;; ~ol~~We,Q 'b;a~. ' ~mp~ 'f fl ~~l '
. d i' $C r1Ill i~:~~ 1Prl nce~on 'A~P l ~e~ R~sear~~" M~d;l ~~RJ 1~Q) ~~ d a Data ,',, , . , ' " ' ' , ' ' , . , ' , , ' ,

,A.cQU1'si tfol;,':i1nd':sitab111 z~;tfo", sY~t~m. ' ('13~ ri .etg h 'Mod~ ~ . , O.&.s-1.) .. ..The,over;11

" ~~r~ng~e~t bf .th~. , a·p·p~ r.~tu s ' ~~ea" is :shown $ch~m~ttt aJl~ in, F1~,. , 'a.l:

,,,:2~ti~~t~~f'~~~5.1:~i~tr.

. " " The ~0 i1:' ,i n thh ,.'thesh i~volv~s ' measureJrien~s of :Ralllan'~ct~a of ·

~a,t~ra t,~d: ~"qU,I'~~. :',a'~ ' ~. ' fu n,c ~ i 'o ~ , ~ ~ " t~m~e;at:.re ., " In,or~~ r" , 't~:r: out ,t h'e'

'~ .: . , :' ~~asure~en-ts . .t he ,source Qf , in~fdeni radiation' used, was ' an Ar9~n~lon laser

" ( ;:;~f~~~tt~~t~~~~~~"",',
;
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. The-" C~11 ' LfS~~ ' ~ ~ , t he pres.ent wo~k , { s qui te suitable for ,~tlidYf n,gei.~~'e·r<
a 9aso; l iqui d s ll~~le . I: 'can ~fthShn d ,hrge;emper~ tu re' il nd pres'~ u re ' .

variations'.: · It has been desc~ibed ful ly '1n t he t hesls' of Morga'! (( 976) and',

by Cl outer !.t '.!!.. (~ 975 ) . In the beginni ng of ' :the · e xpertm.~ t . ' t he cel l :w'as

found t o be di rty and"leak1ng. 'Therefore 'i t Was taken apar t for clea ning and

: ,ro;,re:..oval 'Of t he: Ieaks, " T~ e ~el" ) s :qu1t~ ' ,Sn a ll ('~"~Ub~ "'(2. $")3 cm3) In ~ ' .

li ne due to. ~igh frequency ' jitt er ' was fo~nd to be about .:!:.5MHZ . Th~s laser

essenthl1 y " con~i sts 0'1" a ga ~ disc harge t ute , excite d with a' dir ect curr ent

o ~ about 25A and is placed i n an optica l cavi ty of 1ength , 1.18rn . A prfsm

te the la ser cllvlty 'olliS IIngl ed so liS tG l i~~ the las,1ng t o the 514.5 nm li ne

i n the Ar,+ spectrum. The l aser acti on of thf s Hne was ecnrtneetc one mod~

by usi ng a t emperatu re controll~d t ntercavf ty eta lo n assembl y . 'It was found

,t hat ' mode hopping ' vanfshe~ , after.wann~ng up of -a few hours . Th~ bealn from

the' aS,e ~ was 'd l recte4 ,b~ way of a teaasteerer anda"l~ns at ' the"'t:entr e :~ f '.

- > " ' .

dlmens,1ons. It was necessllry for ' it to' be of small Si re in 'order fa a v~1 d
, ' ,' .:, ' : ,'; ". . .: " . " :' , "

~, ' ~ ) th~ ' e f fel:t~, of , differe~thl th ennal expanstcn.beteee n , d l s~,f m1 hr materi,llls
. ' , ' .. .' ' , . " . \ ' .;': ' , -': , " ~

· . l nvQol ~ed an.d H) t o ,mJ~i m1 se . t he'l'ma,l grad1e ~~s . ' I t ,fs~de up ~fJiecu' alloy '

in the shape of acube. The s c~tterlng~olume' was '-ocated,at tile' ni er:-"' .. , ; ', " .," -: " ,,' , " ' , ' ", . ' ~' , '" , -'. .:
sectton of th~ee mutua ll!' Jl erpenc:l fc~u lar , b,~l~~ ' . tw~ : ~ori,zontal. lind one .

. v~rt1 .c_a l. :T~e holes were cl~·5 ed?y"q~.a,~z ' ,Pl ~,tes . ' _T~-~ ,fo~r , quart z"Pl ~t~

were ' ' ~l ued, ~US i, ~ ~J.S t 'l t cone , r.ubbe r " ii: ~me nt ). t~ . fO,~~ ~e.~l, : ~ ~·ates . , Th~,se' ~~t~·l,.

" ' plates. were seat ed ~ttll an 1ndl umD~:I'ing . seal t o the cell ,(t l outer' .I:.t Al .

- cons i' der~b~ 'e ' care was ,~q~1 ~,~d : in s !~ l 'in'g t~e ~in~~s: ; " t~ avoid '.the



),
.J
I

. .
"': '

. ' .,"" -,,,: .

.}:'.:::'

: ~~~~ ~ryosth ~"., .. ;, .: , ". .:;"-...t:',- ': _.~ -:.: -.'< ' -: \ ...~.:...,;
A sc hellaUc dfagramof ' ~he sampl .e - ceJ 1- , a~ cryosta t t s' shown' tn- "';" ·"

F~.g . 2\2 • .:I.t Is:;descr ibed 'w; th the . he.l p·0; dh~~alll is . foll ows.< The' gas':i ille't ':" " '::- . '
' ., ' :.. . ..:..~'.,. .>.',...I .. -• . ....•.~ ~ ... >.~ · · ~ : · .-.~_::f\ c'.: ~•

. ':' .- ;.-'£, ' ." ' .': .>: ,...'.;,',.

develop:llent of lea ks. Aftt r d uning and:rin sl'g throughly ' iri acet one .

~n'd 'spectl"'OsCOPi C :a etha~ l ~ the ~~1 1'\llas 'u'~@ftI~ed and i t was found tha~ ' there .
". . • . !

..-as,no leak f ~ .t M cell up ;t,f 1OOO ps.f.'

~ 18 ~ .

. •. •. . I

. The cel l i n~e~ t.U be( .~a ~ .hard s~l ~ered i nto ' t~: t~p of the.c.el l . T~i ~

. Inl et tube was extem any \onn~cted t.o" t he gas ta nk as wen as a se.ries of ·

~ree Bour'dori~ t u be ' g aug~s' and.a ru~tur'e~d1 sc. p r~'~sure ,fuse. ~ ~ube ~f -
; ~l:;~~ ·.d.~ lull~te; t~~n. ;.he· :.:~ .n ' ~F.:~~b~ ~a.~ i:n ~~rted fnt.?·.t he. i. n ~ ~~.· ~u~e·' . · 1lii S, '. : '.

~4S done .t p"·reduce th~ '· vo l ;;n;e ' _'of ,t he gas". "The i t,l et ' tu'b~ '~~tered the',cryost at', :

::at ' ~ ~ -~ , :~;~-. ·t'h;O·U~~~ ~· v~,~·~u; ~ D~-ri" ri '~ : ~'~~ l ~ ' .: ;t':~~ ~; ~~~';~ : 't,~~('t·h~.' : c:e l , ~ · d1i :

-'. not s tay pennanen~' 'y at any .fh "posittont ,Due to . t emper~tu r.e and pr~essure.

ch·a.nges .t t ~u~..:~ , go . e_1t h.~ ~: I/ P · or..do.~n or . _~ven :..~tate 'J ro: , :~v.e_rc.o!,.e'~i s , .." :} ."; .
. . P;~bl~il ; 'a 'Su1t lb; e c'''amp''~~; d~s i 9'~~.d and t he cell ~s .fast~~ed ·.·p~·p e-:"ly so·:· -

tha/1 t : ~~aln·ed ' s ~~~{~ : ~~d'. ·f1~ed . · .', .' . :. . ... -. . .

''is;b;.At:':~i~::::·:r::t:·:7::tf:s;:~:i::;t::~:;1Ss.2;;~!~r.'. .
To Cool t he. C~~ l..• .~~il, .C:~.~a.c~' .beb,e.~"·..-~:. c~~y:.~~...th~. ~rYos.~~ :"a~·.• a~~~ ~ . :

. by~ b'CICbpper brat'ds whtch'were soft sol.dered.toth·e two posts at 't be .toP :. . -.'

·,··i·

'i
'· ,1
. j.-:~,.-:::-~:,-:::,.-,.-,.-",.-'e..".~:-:-:;::-:;::""'7-:-::;="-"-"-""":'-"-_"-"-~
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