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3-.lO.S,:tl Vevour ~~a:Sare (in • of u~; 
wl-itt\&Jn f1S mm sn tbe teat) · . 
4~p·~n«$nea ot eoml.lctivltv 

a~ 12~.00 i~ ~ ·~ pl()t tlt tn~ ~soJ>ptlon / 

·t1fd de~JJPttfltll k!aettc eta~ 

s-.ao l!«li!l tliug~arn tor j;ftlim ... stotf$1*. 

ad~~tioll afX\ dit-:m;>tion 

P~tH~se.(ls es 
t.f~el d'i~V.Jn •. fof ttthl!tOO•St&g~ 

utbJ~:tptton Gt~ tte~a1pt:to:a 

;pr~ieassam 

soo1co~.duett:~ltv in :a. w·p~ar 

attet>~bed Q!tr{)ll~·~ti!At!o 

~onduet~r celt 
,sool¢oMtlottvtty .r;rt ·various 

riitJroor~tici.I dtt~ t9 tb.e 

~~?riJttol1 of tb.$ ~tU'!le ~unt ot 
ditf~Gl'lt eh~1~1G 100 ·• 100 



tr1~• ~Ja .. 

4.:ts~.aa ~~leon:l.ttetlv.tt:r of \to.!'1ol1$ 

ntt»oo~oooties aua to the 

adsot-pttot'l ~t the ~1tt-ent 

~unt of the ~e et\emleal 

4.~a~-m Q:tl tba ®11d1ty of ~orogen~ 
' 

s~tiou .eft~t -· 

El~et:f~')n!O Sl)GGt~A of 9•nlti?O'Ill· 

~ntbrac(l;ne <tiM $t>111<Bttt etfect 

BJ.(3Q:t:t'onte ·t1.ptlet:ra, tl't e~ott:eolf\0> 

f.lt-ao:t~$~1$ ~nd- sr>ivatlt t~fteet 

'81GJ".t:vouie :spactra ot lt4-41• 

.r~!~0~ap!1tbr$l~~e and suiv-0nt 

at root 
on tbo l~:tuosconeo. t>t 1l,~l$ 

tdt~onap.\ltil~lan& ~~· 24:3 

~tt~·tlan sp~¢tta ot 1,4~1Q!o· 
aitJJ$ml)btbal~ 



\ 

:1 

~be .Ptas$nt ~eta entlt!ed n.G~:ateoMuctJive ;Wd Sp:$C~O$Cop!.c 

l!\v$st:lg.atlGns .~t s~ ~iltro~tom~t!c e~~patuldff~ is in tulftlmf>nt ot 
tb.0 £~Gq~:amants tctJ> tbe demll'ee -ot! ·noetor o:fl Fh11oeor;bV ·c sci.Qnee ) 

.ot the ~l'GI'tb ~etlilt'$1 Un1VeJ:a1ty, R~3awa~Q~wr, ~~1'$aoltns (~l .• 'B,.J,4Jc 

It· «ml'Jo.d1$S .t.t¢tsul.tl t)f 1nvost1g~t1on on ·ttl€& $~1oorduet1ve attd 

sp"troeoop!e . prov~tte3. of eooe nitro~~~tt~ e~~~s. fbt mo~ 

CJI th~ w~•Lt .~$ · ea•~!«t~t :tn tne P'b.V$1~$ dfJ.~~tment of t~l!th 

aeng&l Un!:if~t-t!t.y1 na.~3$eliftt1 3n1 tn the optlc~ ci~}}l'l~ment. ot· l~fAn 
A.eso.elattcn tor- the CU:ltt\~.t:!on or ·soienee, J'adaVf4V'• 

'Ebe t-t\esl$ btl:$ t"'~ pritts. nfld an ~PP"'l'd!~., "fhi&r~ ~e to\V1 

Mfl!;}tera lft· ooeh .Pa'~"t• llflvst obapt~)J ot ~dl ~rt contahs a s~l'a.l 

JJ.fAtJtrniilet.t~lra wttb ·S ~let ~MilEtd ou. ·-ttl~ ~e1~tel1t p-$.tts ~f t" 
Gdst1ng thG.,r-:1~*' 

!b.~ filrst pa:rt ,d$ale witb tb.~ <J•eomluotlv• ~pellttes of 

so~e tt1t:t1oa~tie$ Oit!l~ dark ~on1Uf>tlt~t!ty,.. the oftact of w.tsotptton 

·of Vt~,pou11,s ott the eteet~iea1 ~ontttaot.lvit' ~nd: on s•le'Ondtt()t . .to.t!l 

activ~tton e~gr1 $.dt~{)vp'ti~n tdltl dtlao!tptton »roce;s,~a ilntl tho 

co~n~tilon Gft(!~t. fbc -~~nt~J. tceitdquea · ueaa fi)~ tbo. 

$flm1QOndtactri'Vtl lmeetiglitlO~$ ~1"0 !WCS~l\t• b eba))ter 2 whl1o the " 

~ub~GQ~t~tit ~tAapttli~s, eontn:tn t~0 de~i.lis ~f tile Gltrtet:t.m~nta:t re&ults 

itog¢t-he with ttto' ~-l®Ussif;l~~ 



sp~tral !nVeatigntl~~· of SG:m& nitroa~o::1tie eoepeyumts llk& O•n1tro• 

a.ntbr£!.eG!l(!J' rz~nttrQtluorene on:! 1,4~1nitrooophtbulcno at'$ presented 

in tbe secQ~;, tbtrtt ~ntl fourth chapters ot p~rt B. 

naat ot tbo l~.c$UltEJ. aJe pJbl1sll~ in· the tom ot ·p:;)pera .ill 

-ru~~1~\S se!Grttititl ~onrm1s, eJ.ome a~e ~~lting publ1e~t1on ~)O• A 
' 

l!st of pnbl1ue.t1omJ· alii ava.!l.E).ble :r-$pli'iflts are ineludoo in tbe 

l~ppe.rd~ 

-l'ho :at.Uao~ w1sb.~ to &t¢ttess his ~eep soMe or srat1 turle _to 

fJ1~ •. ~. lV'• ]~i~:rn, tbosis SUPOWltor, tow bis .etif'J.t!tit1ol.U~ gntdunoe ~M 

untb!ng sup!lWvi&:ton tbrough<:•ut the c~llroo ot tbtil pr(lsont ln;tl"J·Gtl­

St"Atton:, til® Q.tlthot -f'$$1$ tnttch. irdebt~ to Frott., G~ s. Kastbu ot 

I~i\ •• C~So ~ Prot~ o~ 'Ii-. Gt\n Qf rq: .. Dj}t!• urd t-rot • .a. K,. ~~t~ra of t-.tnttl 

toJJ f'rovidi~ 'fi!'itb. th~ labO.~tolliY t~c!l-ltiae tn th~i'»' dQpar~nt&. 

ttutbQt ia axtr~~lY ti~ai'lktu1 to n-r~, ~. ~a.llikt Gm., Alpat10 Gt\osh. ~r-d 

D~. 'R.- (1~ $!a~lal.t· w1tb :wbom·. b.e- has palJ1leattono ulso, ~tot tndt 

asslt"ttanee., eoopo_tat:lon aM t'lntllf b~lpf'ltl au.;g~stioruh 1:hc.,nks a~0 duo 

te; the au.tbo1'itles ot ttl~ Ird1~n .i'~.$oo~iat1on for tbe CU.ltt-vntion t)f 
' 

scteoo(;• Jud~VJ>ur BJYl t~rtb Be~gal univet-sS.tu, Da.l"3~11ng fe>P resouroh 

f~-etllties uM also to the e,.o.·I.,JR, .~ltd u.,G.c.. fo'C the .w.~¢s.-.:nrob 

followsbips. .AUthti>V 0~%\'ess~ll hls groattulnt>St.l to tho c~vm'nnent- ot 

Hadbya P~desb too tor tba_ 9~notiot1 of stuav 1~ve cb.tt!tn_g tbe 

t~~C!! ·of z.eaab.er P~11owab1~, He s:lt'ie~elW r0et>rd~ bia tllanks to all 



tl'AO$la Who ~~lprd attt ene~4S$l b1mt. dtracti:, or ~:t~eetlYt d.tw$n; 

tbe p»ogrsss ot the ·\11o•lt ana also to ~~!:t• 1~s~ ney atld Stt'ren.t'iJ!a 

t;b~U"rl fG~ the b.;Glp ·~itb the tzyrp~ of' PitH~S !n e.onnecttott ·with 

tho tt()soo-r® "t~O~k. l?ot tne cnopotent t~dlnl®t as$1s-taJlO&t autho~ ls 

t:bn&lki\ll to U~ ~· $• Ko: SP.l•ktll.r t&lao, F1ool1Y) lt gi'\r04 bl~ A p(t;~t . 

. Pl(l)nf1$e in nctoowl~Jgt~ the reei)$-pt ot ttn4oCstotd!ni &ncQU\'~ement 
tvo~ t'li$ p~tr.t~nt fQmi.1y du:rlng tbe oons1df.U?abie 1Gnf,Jtb ot t1¥ne 

d~vote& ro~ t~e ~~search on ~e aub,~et. 



'~·001e{}Milo't1vo ~oo .~pect:taae{)ple ltrweati&r<ltiOrw 

Gf. r;oflQ J.iltr~~matie co~ottnds. 



.tt-tis~ptla!l ~ttd detiDfpt$()n of v~iGus. eil~e&l tm~oe.fJ ~t 

dtfte~e~t ~pour: nesS'J.t'es on the C:t1ntalli1t~ S*~ta.eat1 ot 
e~ldt~nntblo"a:ean~t · 3•n!trotluo~(1;Jtte~ ~, ~· nn:l p•nitrobant':01C. ~etas:~ 

1.,4•d181t110!JlPb~1~oo ·.~· lt3t6•t~f.nltX'oben~enEit bavG b~$11 lnV'ea• 

·t·~ate4 u.s1n& eleotii<~1 Gooott~tiv.l~Y. ~~ G ptob•• l:lll ~n$ntia1 

ti~p¢:tMflnO<s of the eomttetiv!ty upon 1t:,tpou pve-n~"~ ot tb,ti• l'tJasant 

. ebottd.oal has b~~n eb·taimJ4• t~aofptton a~1 d~®~ptiou ltlnttiet 

. tot.low t-l~ t..o~1n~sr·~!t!E¥l~dott1eh aq~t!on in a t~it.tat fojt'j~ trne 

aettv~t:ton stt~IY '""' a4s~~~UM 'ul!· dCtJt1~pt1on ts fouB! t~ dep~att 

UJ)0!1 ifn~ VtlPOU J)!G8auf8 ·~$ Y&11 e.e \lport tbe nt.i.tiD.r~ Ot' the dl-l.®l. 

vnpOU~s.. ~tnfiit~o ~~11s!a tlQta eb~ ~t in tbese ·vup..~•$etdoen'* 
duo~ s~t0fls, th$ ~lio~tten l6 g~:r~l.,.,? .~two ~a pi,'iue-6s~.t:, 

.111 s*~ ~!l.s•s et ~v~ ~.\!.l~,:e;e~1,t~on !)n lt<i·~~u.:nitro~t>hthn~0nc ~ld 

l,a,e..-tr.tnlt~b•~dlfJ c~yabl1 ~~~~es, a 'tlu.r~o trlial& v.4sC'f:PtlM 

pHc: .. ·u~s 's .atet) obaetVed .. 

ibe ~:t~eu.:t~· Gt · th.~ eompettS3tl6tt 6tfect 1n ~1~11 nttwtlLn.,i')• 

mtto e~Ccomuct()~s bao 1»e.~!it e~1nG1 . ., Wtte Mnbohi!ng ol~uens . 

. of !'lit~I')~~P .~r.i®n to pl.ay an tmp~~ttltftt t.lole !n the ~=pe~t1Gn 

. meeb.Jln1tS. .t,\ 10"w Vtl'luo t)f' oompe~-tllon ·t$!npQatttf:e ts obt~ln~. 

l'lltd.atoneo ot a!'lV ;folut:tonttbb bot\f$~<t ttl$ .ll!idtaol'pt!on p~c~ss am 

·tbE.J ~o~penso;tton $,i!'tGct !n ~k c{)A-iUctiott troee$s bttl:$ b~en 

trwest!g$.t~~ tt htlt3 beeA cGnelu.d- t!lat tbe e~pens~tton ~teet. 

1s gGU$l"::d:1:yr obe~«.i 1n ca.sQs. •~ tbo eb~t:tes $on the strl3!aoflittc• 

·tton aottvn.t.ton ~ttwsu is; e~useri t>r a two et~gQ Qde~3tton woe~ae. 



tn c.aeo \itler~ tb~ G~ttvat!on ~h~!gy ts cb~Otl by ~ threr~ st~Jt~ 

ad6®ptl~t'i Pf10CO~S~ eMp$fl$~~·1(t£4 ·O~f~t ·1s tltlt Ob~SW'ed• All tht&.$$ 

Jlesu:lta OJ'O Pf()~,n~ntetl in port A of tb.~ the!lie.-

' ,- "'•'\ . ' 

.. tn seco.oo ,aft 1(B) o:f tflt"J the~lt!lj o1<M)ttron1~ sptaetra'l ~~$stt• 

:8~ttona ot 9•nibonat:~ac0ne;, 2 ... nltJotlU~~M a~ l;t41ia'l!tro...­

napbtb~letlo. b${'tf.e; b0en p!Jeooot.Qd. 

~be ('loot;llo~le ~p~et:ta of 9~tl1tr~anth~~1Ct;J:Mil' l~~ve b0att inves­

ti$at$d $n solUtlt"}fti~. fr\ft} ~lJ,$$~l1iJ~tl $.t~~es n~Vtl b~ tJbs.,Wed 
' 

til tbe. 1oll~0~8Y !r.'$gl$n ot tl'la elt!iotr(\)r-4c. abGo~t!'On spcmt~ ot 
tll!s ~ole~!~ 1c~ ~ band ~!t~h $;,s· n!dtten uttd~ thQ i!\t~e 
lA ~'~ ba.~ !\$ aath1'ae~ Sil1fts tG ·$ft aec(tsslble .•P~tf;t&1 
:r~lo~ oM $~p•atcs. oat· ":f~E.:l lr~ brAl'd . in t.bts m,o-1600~$· 'fht 

. . . molecule is oliHJe!'Ved t{Y flUf.rte"sC '(fi'IJ'f!U 'itlOO.kl~A..: i1. good ov~lnP»ihl 

bGtwe~ta the ~is$lon speetr:a and tile· 1.1\ ~ 1;r, abC-Ci!*pt1on b~ntt 
' 

h$e bo.ttn obne:tvetl. lt ha~ been samet0t.1tild itbut the 1~ ~s1 

. ·O~ited ~tnglet .:~tt.l.t£9 is Q. 1T-n* ~fd oot n-1T¥- s~t$~: am 1~ 
ob$erv~ in so!~~ t»thot ni\#~'M.'OOOti~ eom,~ultis~ Ttl:~ ~o1ve~t (tf't~et 

on the ~& ~.t¥1 ba& ~~n {}~l~tn~ tntgrm1J o.f prefi.~mnt t1isp~r~ 
'· . 

siv~ !nt~aetiob. t1rd w~ 41potar lnt~~eti~n 1ft tl{)flpGlalt $.fllvents 

Jl'lnil int~s ot ~rlttmtQtton~tndusti.on Gtts-e.t and !Qe~ll lnttir~etitu·ts 

· in. po11lr :eotvont$., ':I'ilo obsoWat c..~an~o ttl the oaottlatot' ltrGngtb 

~t lLe l:)~~na 1s :e~t~!n~ -$.llt~tmls ot :int~nolaeuk\1! fareea b&tw@'fln · 

tue solcte a~. tb.a ~::kvont ~1Qt::U1~s. -



!l~~~t~ on tb.~- eleet#Jl)n!c, epoo''f~l aM1,$te (t,f 2•~"I3:trQtl.ttOl"en~ 

~U!$ pressnt€4 b tb~ cb~ptfll' ot pal't s •. Or.Q:y en~ !nt~\a& lA ~~~"a 
· b~ e;gattm bas bQ&n ~bs9rt~ in thet sotu:tl\)n e1eett"onle ab~~tlon 

epeet:w~ "Of ·tbi$ .molecule •. !be n!:tJro~oop p~t~btJit1~n n~nt-l•s 

tba;t -the lt!)$ ~- .1$ tons 4l~!t$ ~la~tstt.:t .• In eolutlcA'lt tho ~~h 

b~:nd ot t:tt1o;r;ano !$ ~tdd~ un&- •~ ut~$e ~tid- ct ~t&-otluorene~ 
I.n ~- m:t-~•eryst~l fll)OCtl'~i$ tl:t::ee ~M swt•s ha\~e 'been obsewoo 

wbten: ~~, Rl$S.1g~1~ ~fl- :':1.\_:_-Jt,b; lA ~1¥"a aM bt!.'~iemtlar (;f 
b~Bl$ . ., Tb$ eolvont ettiact· cu1 1n-7~a trans1tl')tl enegy hat! $lao 

b~lirt Stl'\f$st:tsAt~ tn ~ioliJ pol~ 6lttl · nonpob!' s~1vettts.. 

T&G e!ec~~e $hsoJpt1~n aM ~$·stQn &PQt>tr& of' 1,4~tn1tr0• 
m~pbtba1~~0 bAVG b~ etttdid in v~~r!ous psrctie anti nonp~ot!e 

soiv1!.tt'lt.~ in V&!'ioll~ coM(JUt1fat1<>1iU:l lilnt\ ~t dltfet.?ent tmpa:rattat•., 

·R~att1ts ~$ p~esant.S tn tb«i last chtlpt0tt; ol s0C$nl ~"t 1\i •. fbe 
' ' ' 

lbW•11itlg (:Ji.~let ottl t~ipl~tt ~tat•$ bnve b~Set1 . cae#ign-etl ~om 

aolvent Qft~t 011 til~ nbs$rpt!:on ama til,(;~·· •fla:tou spaetra -~td 
' ' . . 

al$0 ttom some 1Umti1Gs~~rtt f~tu.r·('pa o~ tbli moleeu1~. Fho$1fhosres-. 

e.Qma pol~ls:tlt·lGJt te t~na to be ttosat!v\ll ~itb 1 TT-n* -~1tAt1oa. •. 
- ' 

tt hfls b"ti .augst)stod t!lat ·tnGl 1Qt1•1Y!ns e~~tGs ~- this mctoeule, · 

ltl or{lero ot inere:r~~'stcg ~:ttt'lt:'~y, c~e t 
· .2. :)C.- 3 *'- I . *-. . •L .. I *" 

E (Sc}<~ ( rr-n )<n ( -n-n- )<~l( n_-n ><n (~;~)(!& ( rr-n )~ 

~bQ 3rr-rr~s0 stloapboreso~~<J'{i) mean 11t;a ·t.~$ 15 ·-dtttl!f!cantl.Y 1~,. 
' . ' 

Tbis ba.s been t~tt~tbutl94 to strong "~pi?Onmit:r ~treotn 1~~· th• 



;t . - . -· . . . --. . . 3 ~ . ':.:> *'" ·. . 
v.,.tir<>mi~ 1atmroet1on betv¢Sa:n tb& el.o~e.~lYinB: n-rr ,oltl rr--rr atatea. 
fh~ 1t.mJ~9c<tnqe bt.tinv~cttr 1tl prot1c &oo ilt>np:fotie n:olv~nta ~t 77~t 

'-s iU.tter&htt wh& ttv.>loeu1~ ia :nont1Uol!oseent Q.M sbO'tiS a W&cili; 

pbo.spb@JJ~$eoncG ln. ll!fdro~J.J~bon ru~a ~il1ls· e waak nu.orasc.enee-

firoro In-Tr ¥---O.lOnfl tl11t!4. ·tbe 1ntensifie!lt!on DtWJ :red sil:lft ot tb$. 

pb.o!!libore.eaene-~ hu.-,e beQ~ obs~ed ln PVt>tte s¢)1vents411 ~h0 QttQnQhing 

of t!etdiatl'V$ 1 11-n-~$0 txransitton tn b.lt"d~ooa~ooa eondtls~ ~ta, 
. ' . ' . . 

bQ'iie~t)~-• ha-t? bean ~:tt"triMted not to tbc -P~7.J.tlity ef'f(;)itit bUt t() 

s:ome tltb~ £~t~1eoot;lr ef.iQ~eY' tl;'O:i1.5tor pr1.re.es$ w£1~~~ t.l- 4-ift~ent 

e.n~gy t~unsfo~ ro~.:tt~- £1!0'0 '-n- rr*" t,~ -ttl<J. exe'ittt-!1-~ $tate ( rft· ) 

~~sult1ng in Gz..to5.:m~ tl .. u.oroso(:)nee ~tss1on 'f{}~~s0 ts obs~~. 

In protit~ ,e61vert'tiit~ t~e l<t~eal soluto~stJlve.nt iut~a.cti<m irnp¢itles 

i!~~V'r tottma,tivn a.t!d 'Yl- rr ~ rl' rol!te ls- o'b$a.nt. ~11so tJ·u:J 

1n-t~$Y$t- -ero~s-iags ~m 1cte. to· 3 n-rr*" and 
3

rr-1T*art$ Gnha.Mftd to 

. solto ex.tent there. 





-~ 
.:•: 

~ l.. 
~ 

ef;5rdn~tt'1:1tv oft o~gu.fi1Q: !~~cor~~iloto.ts in ~-octm.t r~~s to .autald 

th!!1r iifln~!outt pr~pelllti~~ bdttt tb:oort~t1erlll1 ~tl!l ~*J(f:ttmoot~l.l%1•· 

nue ·to ~t~ ~it~~ ~~Jag$ of ~-i'Plie~t}l\l!tr~ ·.tu ·£) w~beJ · ot f~tJla$, 
·i?~Sts;ttie $'am!co~ttwto~ ~·es~tten bas opQn~ u new t$t~nt1~ ·in s~1!4 

et~~trr; pbp1eh.t-lGWca0~ ~b~ fo~t!O~l. O.f en•ge ®~;.!tra ur.d ttte 
. . . . . . . . . . . . I 

~1• ttJf t:tM~I'lS.P6-"kt1~n ~$n 1n. ntsn:tv a.i~o~~!!~ ~lids pOSf!t 

eontitatltl! ~b-all~es to ttl~· ve!'tr turu~tnt~l OO.i:leetpts :ot cha:rge 
' 

tti~port fa'eebA~ •. fbf· ••t :Sm~rtant f~tu:ta ():f tb.• ·Otgu~te 

solid st~to ra.a the petre!at~e oft mo:toeuta~ ld~ntltv lihl.eb autitl~ 

$Uisb~~ tt tr~ th~ !~~et:tttlC $ol:i4 sta~ •• ~ ~bo ~l~o\tW tdentttr· 

4~~1Vfls tvoo) th~ tfenttnM$ ot tit~ lnt~~.:lctitln betv~en til~ mo1~td.-as •. 
I . . . .. , . . . .. · 

!be tttudit1o~1 ~--~y •br~td modtJlt t!l.OO~l ~ppUOd: itt sf)- ~19$* 

£o only r;a.rt1u1'1~" e.niee•s~.l !tl ·the ~$a ot o~.~e Ml~oulJ.\~' 
OV1S:t~1s., 

GZ&$ ()t~ V~icP.1ut t:li1sotvt1on Gfteet on tl1~ biolt>~1e.lll.ly !tn~~tGnt 

u~1eo~4uctors was ueerl t·dl fli:ltPinin th(!J olfactory tra;n~otto.n b1 
' 

n~aenbwst nt~~ ar'.d swit0~00~ 04$ ® v~~ ~ds@pt1on t;s known 

to ~~o~ tb0. c~l~\etivltrr with <toneom:ltant ebrl.~O 1n the s'®l1con~ 

tlUetion ~¢;t1vat!oti eritr$1 ~M tho r~e~.UMt!ai fG.cto~ .ttl the 



3 

et->n4ttetlv!t:v. $qua.:t!on., &\:t PI'Getmt, 'l~~ovt;~v; thst&l: aQes .not eltt~Stt 

to be any ~tw~ing ev#ilfm.OJJ in :f~vmtr or -any ~ttoul@ asSllftip,. 

·tton a~ ~ th~~· tm~ ~~ :lntflrae·t1o.n of ·thG gus with the $lb$trat:a-. 

~~~u~1, t.ti w~t .ebarg(!t ttnnsfer co:!®'iex :tormu.t·ton. ht:ls oft·en bN!l 

afls.g<!fst~:oo~oo ~- . 

~~<; . . . "" . .1.. . ;. ~ ·<! 40~ JiM .>111 . t.:.. .,_;;i . t4 . f;ej, .. . 4/11 
wOW:PGU::!S~~v01o:Qn i)~J~~r~our .. ~., u~a CO.~~U(!}. ~0~"~ poC(!!$&S 0.:6 

tbtl· o~gan:1o s~leoriluctol1o is ~tM'ing the eotltrul 11:robtems it~ tb0 

f'!+llld. itGe:ant int~o:.st Yi~ldeti r.-tn~~ tim;,r obs~tro;tionG along witb 

'!;)Olf.l& tbG{:)%Jt.i.t1.~;u..l. develc.tJi'lm~llt$., 

~u~ )1).~-e·s~nt imtt)nt~.~t-~cr~t1 ~s eotU!~~.n~. with th~ ·Sii*~ie()tdttet!vt 

pn;pm:t.:t~oa., 1l:t p~ti({U:l~ tll~ ~tlS ·~~ V4VGt.l1f ®.dso):!'ption ~ff$ct ~I'd 

tb~l oonpansation eftoet., ~ft so~ ~t:oaroootic $~1C..?'txb.u:to'rs~ 

ln ti1eJ ~clbsequent soo.tions ot tb1s ebapt~r vo 1:1!11. brletl~ 

.t$'\ri.ew the. thoo-~~t1cal. b~~~k-er«.md~ 

Wh0 ~nil ti!Ult~?v:1 .,~j;g1!~~Uy dtWelop~ .for met~ls,. :!<}o.ie aoo 

~lenefn etysttitl· h~:~l b~on. ~.P:Pliro v;1th some success to :ttoleet;.lur· 
. . . . ·. 5-l .... &i 

et;tat~tls us \t'Gl1.- · • 

.tn Orul1 elcct!i.~n app~o1l(~t;1~fl~ the wav~ tunet:ion tor a 

.single f31~%Jttorl! ~n be w:f.tten ~as 



~. 

.~ 

t... . '.ln 2.TI "'\. . . . 
·~~~til t!410 't;i)lJoV~nt'IS.b~ v~t()~ ~ =- ~ ·• /\ 1s ~~o .a$~emt~ 

wav~ '1t)nsthl cpK !~ tn~ t\tnet,:t~n 1ii:d~~ b~s ·tho ~~nsltlt!o-:t 

polJ1Qt:'l.i.~tg t:Jt tilo ~Y$t~l. i.Et.tti~~. lt cpk. c_ -'l- ) 1s ®ns~i\t 

t~~-ftb~·t.lt. t~lo ~1a~1t tben ~lc( 1$ appll~ablo t{): the metal$~ 

·aut if cP"- c ~ ) 11e~~i~s ~~~tlz; within. e. U.llit cell anti f~l'l$ ·tti 

~~:o betw~e:n ~;3~ent c~ila··t.· tben th~ r£Ott~n of tne ~loot110:n lG 
. . s~-sr; 

. !·~str~~~ ~art ·~1~ ;~t l:l ?~t:lgltt bon~lln;;t ~~tttont"~,. w · · fbi$. tight 

bondin~ !s $ ch~'r~eteJ?istit(.t ot ~?1~~u~ ~~V$tl~ts.,. Ull1e!" tll!t!l 

;ap~G~t~tf .. on,_. th,~. one elQe~on ·\llJ1atul wav~ft!ndt!f'Jt~ls \..f-'1<. ·~tt1 

oon~t~tct~ t,wol'i1 ~~~'¥ ~mb1Mt!O~$· "¢Jf! o~0 $1er:Jtr;bn ~l~\'!'ttl# 

fttnetio- rx.- n t 

_L N 

~k(_-{.) = N-2- £ e_xp (_ i-k_·. ktl}')L"fl(_~-~n) .· 
11 =:.r . . . < 1"' as· > 

Al~t?o, -'2. 'l'\ t~tG~ tb@ ,g~:PJ~t~i®l \'!'ent:e• of fl. th mo:tGooto aM li 

i·a tbe to.'t$.1 r.r.~~ ~t ~leoal~s ·!tl·tha ei't:Yst&1., It !s .as#Jtlt.tted 

tbp.t. <?<-TflJ rx..n> ;;; f!i if ta =f. n, 



n~tltral mol.@et.:tle(! l}b1a C\'!t~.~$ts or three ~o!Spo.nents ·~ 'lf 
1 ~ tield 

• . . . , . - . II 

// O:Ct1ng on tb~ eleet~{'Jln tb.Q.t arises t'll~Jta· all the mtclo1, t1 J th$· 
.~·/ -

,..r/./ e®lQmb pot-entiGt of t!Jo al-eetrc>i11c abarge dititribut!on am v'". 

~//,/ ~hill GKdl~>r~Ge ~emJ 

'Tile ~1i'$!t valtt€.1 of ~ ,JL..._ ie; t+ntitten as a 

E__(_~ ::=:. co + E' t- .L 2_1 cs u-s ( "-._· ~J 
' ...s 

L' 5 I ?0n ( \/ n -r 3 ~ '] Sf D 
s 

· o:l~ tile 1Qtt1tZa vo~tt>rs ( · k.._ s. ) cU''4: ·( -~ 'z.s ) a.re- oountea a.s one 

in tho ~tioa ( 1.-. 24 l. Tbs p~!me. on L. 1-ndie~.Jtes that tile tW!l 

vltb Jlz..5 ~- 0 ·is otlltted fl'am the ~t1on. 

Wbo int:~l$cU:la:t~ l'e~onana<as 1.nte~al:g E.s dt~to~1ne tbs 

st~u.etul'-e (},t w.~ ooMeo~ ~ha ~esonal:le~ 1ntegl!lals: fi:tll oft 

~apitlly wtth illt0~~laeut~:tJ ti$at0.nQ:$· atld only nearest netgbbmltt 

interactions ~r& .fo"net' to b.\l ilmpe;rtant9 !?mlet1on'l1 :torms ot Vn !lnel 

~t~Q appropr1a;te ?C-.11 uro :r®~U~ t@ GVal®tf) E 
5 

* 'Tbe ~nrl stt"Ueture 

lif¥P(}Plta ~n- th~ e~YElt.al. ln:ttfe*:l eltt•aetux:e,., 



I·f tt'e J~ntercJ.otiotl bet-w~r:·m · ~!rter·t.~nt ~o.rrior s.pee!eu 1$ 

tl~glet1~ttd 0 ti1e-n for.· s~'l1ooncluctor1 Wh~$ the eba~ge. ~r1~n· 

~r~ el~t!'ell$ ( o ) ani bol~a ( il ) , th& co.n-JuetiQD .equnt1on :t.s t 

cr = ne.. e. 1-te. + n h e. f..-tn. 

vn~e n 1.s ·tttQ dans1ty of t:l:le 11!b:aigge eal'l:i~t?s in th8h J"osifecttv.e 

b~$t ~ is Utll o1ootron!e clto.:rge und J-Lia tbe :rtP::Jb!ll'ty ot the 

eaniers. 

I 

~esp<tat!:V'<Ql~·. Il~t·e m" :r~~pr\il~ente t.{le af-f¢otiv& tnt.ls.s nooll tbe 

c,o~uction b(itld -r;c · tor ol~etrons· atli.l noor the to.P or the Wl$nee 

bail.d nu-fO!" holee. 'Bf 1s tbe F~~ • Sl'l9'!'IY• 'ttrc.m ( 1 •. 22 ) anti 

( 1.23 ) und toJ:t1:nn no = ·~ln. ono. get$: ; 



'1· 

-~.'· 

e®.$tltu.tl-on oi~ tb.o valu.a •()t nr ~~ ( l~M ) toto ( 3~22 ) ~ 

( );~23 ) n~:tds • 

\•rb.~e B t'O:Proaent.~~ 'tbo enerssr gap b.etwt;:an tne VU:l.anc• ent ~on:tuc.• 

· 't!O~t bnnt!s. 

nqru:lt1f>n ( l.aa l 1$ $ppiieabl~ to tln intt•:tns:!il· .s·~con .... 

duct-or in t-h~l $.1U11:t:br!ut1. u~. iteneOc the oontl.uetl~ ~tl¢-n 
. . 

I 
\ 

~ha tu:t\.i<ltJ~~·t nn out co~ of the qUJ~.liltUttl ~dlltd'11~~l eatldGpt$,. 

is n ~oeha;.n!sa 1n ·~bi~l 'Oi· ~:r:tlal~: \~t't\ou~ (rtfen ue.qu.$r1llg -G~ 

GlltJ!"gy· et:tn Imas ti'l'»ott~il ·a ·potilln't1a1 ba~l"11!JV'• · r.~~Y uM u1~1if.l31 

h~V\l 0111~1U0.11Y !},C)l'l0$00 tll£J.t tb.-0 t'i:~Z::-1! ~·Ott.1U¢ticn. is l'OGsibl$ 

thro-u.gtt •t:n1a moc~!Utd.sm. 



~--

ln del~ co.t'\dUQtton1 t&& che.tge ca~.t4ll1$ l'~.notr~to an 

1ntomnoleeu1ar potontit41 ~~r!Ql'. '1'be :nmb~ .e.f tim~s an e:lootton 

p$riott't:rtes tilts b~r!er g1v~s ~ tn&lSnt'0 of its dr:1ft velooit:r 

( ru-de ) • lf tilO Mt · d'-~placetumt Qt tho e.ieoteon U!X)!l gob$ 

tbr£Juga tbe bt~r~111~ .1 .. 11 ( ttl + 1 ) tberl t..ite (lfrlft volocity 1a ;tZivw:t. 

b~' 

'ii!b.ere Pt e.m Pr are tb& ba~rt.- p~net~!tlti~n »~qtr.~tJ.\J-R p~b&b1• 

l1ties in tbg dilt$et1on 't).f 'tbG. neitt ~tld in tho ~~-v~rse dh-~ct.1on 

r~speotivbl1J 1 its tbo d.:tstanoe uotrc0s tho pato.nt!al w•11 o.t 

widtb. n nnd "'"a 1fl "tbG vo1oe1ty o.t tbe a1eetron 111 the ( ~ + .1 )tb 

level movtng bctwean tb.0 po:tant1e1 :wells and in .$(1U.a1 to [c._ ~ ;. 1 ) · 

( h /2 .t mt ) ] . i'ho etWz;{$nt den!d.ty \l'ii1eil is ~ual. to ( htf·'l5-do ) 

tbus beoctl~s 1 
?Jh. .. · 

i = [2 C ~n-m£ 'R-T) /~ J [ Q_)(.p ( -E/2_R.T )] (_ ~ + 1). 

e_ h c_ o_~t) ( Pf- "~ )/4 { m: 
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1.,32 1\lmi~~~~!§f>l I 
' 

£1ol}Pltl~ io a. pl'Oe<i)o.s !n '1!d.:efl a. e..~~lr.(tG ent~1eu on tl molOOtllut 

slte ean ~V"e to tba othtl1· by tn>J'V"'lnt; over t]le baiir1·6~ betweon 

th~ a:!:te.a via. tu~ ~~tivut@tl ·$tut~ .. 

l\ s!r~1e n()pp1ng. aodel tor ·thfJ dark eorduotion tn. or;:unio 

solids bn~~ boen a£Jl11lad by !~ill es a!ld by POhl ana CJpr_l39• ·In tne: 

hoppihe proeestJt tb.o not1em. or tb() e!.)1,.~1ar~ to the tv~igbboUl?1ns 

s1t(1~ i~ ~l~!idm!l o~oopt tr:n! ~lo a~SOit!>opy «iusatt ·by tb~ appUed 

tteld -t-~., Hopping t:tt tbtl ®t-r1e~s dop~l~e U~Piln· tho tot1~!ns. 

factors t 

li ~he ~vel'agf) angle ot hopp1tlg v~:th tue tte:ld t~J.-~teeti\ln, 

::n Tn~ !!tt~J.e.eul~ d14t.unee •. 
a> r.un.t.:lc-r t::t tl'lo .t'ttliit:j.l!bottr.:trte sit\'is,: 

"~.) ~equonev ·ot ·vib:r.o:t1¢)t'l :in tbo two d:trect1onz mtml to the· 

.ea:r:ri~ mt1on' a direction ~arQstJ the b$t~!ev, ~ll'! 
I ' 

!]?btl :lnt~~:u~ti:on of: tb~ ,ot1:Ri~f:l with v!bratiOn tn th~ t~ttJ..ee 

mtJY &let> give hoppir..g ot eb.!l.rge C.;ltttii~-s "i..l~~ottt bu:v:\!)_g the((Je' to 

e~oas tb~ bartie64,. Fo-r· b.ul)pina, .it 1s essant14l tt?lt\t the 

relamt1on tiele :tn ~~ion tho tllect:tons llo,ps. fl'ot!i a site tfl tb$ 

~n.otb.ct~ rmot bfJ m-Jcl.l ~Ga:ter tilOn taa pe-rtoet ~r u vibl"'at1on. 



'1•4 EsaJJlt~ .. Uilli-iP~~~U:m.~~Q£1l,.b~Jlt1~Ulit~GJtli~fJJ.I 
~£11il~-MJ:itt't ~j~,~LjUQURlili 

k\ l1~la,r~n t!S ·an entity of st~etrofl· a;e®~hl:$<1 'by a 1<Je.el.tsetl.' ·.· ·. 

vihr~tlctl ~Jhiclllnfi'A~$ tl'rt~gl.t til~ ·ofY$tUl 'Ut¥lel" ~il~· ebcnmw.n'l.ees .. 

\ttten fJl~et:~:on • pll:~friln !ltt~aetion l~«• to ttie fJl~l&t~n~ b0!t&g 

ti't~p~ tn ~ $a1t"~!~..tlu.e~ ,pott3rttifl1 it.'f)ll.t$1fi,4 ~. Jf. m~t)r ··¢o~t!'1~-.ttton 
t() ~ p:>~ott to~t1on e~r!~s i~m tll$ m101eeu1ur v!bri!itl()nm. 

stow t~•t.fl~laeultl~ vib~attcns ot' t!lG' luttle;u weaklY. 1nttJj~l:lct w~tb 

tb:o .~i"~le'tfs ani oon b~ negleet«t~ s!$bn.~ ha~ CGfl'..w!4-.~ u 

ml)l¢cul~it'it e%'vstat w.lth o~: .~x:coss ~:t~eti'oft ·~ ¢~leu~~t<S« the 
. . 

bitd!ng · ••~tr,/ ot tho P-tlla~ori ll$ t 

vtbe~(l ~:f~ !s tho :l!eii~eed: ~~ss of tb~ 'l til ~$Ci.lhlt0l'• ~q la the 

he:'1tU~uey Jii~ntl b. ~1 1$ th~ tllfteonee b&tl~G~n the otlUU1'b~11ml 

~li~tancGs. ~£'til$ m.~lo~le. uilSl tho :ton.-

Br tl7eut1r4J e!.ootr-Qn ovelQ:P oe ~~tutbntlon1 tbe t'oifi!~tton 

of ~lo~J)-.typo b~n;!s ft'~r} };f>l~rona Q~e t;bootnt.'d·. T~:t~ss· b~ms fl'f9 

~t:rr:l~(!;tt t~ltl.il· ·tb.tl c~)i"'~li~Wol"tli~ a:l~'etlX')n br.iri!s b,r 0 ~~b~at1l()m1 

· ·OV·~lop filtlt'@.tt~. fil~1~ -wit'! ttl tlt:o &pp-ra-.:drnut:eb' .G!"tliia'l by 4 

""~"' Ja-' (_ '\9° t- L}) 'C J""' (_ Eb/~t_.:)) [ e_xp(:- Eb/~ w) J 



\ 
\ 

I 
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wh.at$ ~ o am\ r'\}' -~t<:.>, v:ibt'ationul qu&ntum numbe~s ~t the .nwt~nl 

mo:l$c'lllQ and the ion respoetivoly noo :ft; is th0 half width. ot 
J.J. 

·one eleotvon l!tUli 1n tbo tigil.t..tb:tnuiog appro~atiotl. Thu~, t.~ere -

ede;.ts ~ -$&r1$$ ot JX;lu,fon l~lG b0l0"J ·tb$ f.llaeWon band.. 

at a v-e:~y low t~p~atur~,: er.trrius ·will occupy tb(} lowost • 

lgiog :p~luron ~s.M and \!S.ll tw.vG Vt)~y lott rnobilitr r.c~:rie:tat 
. .·. . . •3/~ . . ~1 

by th-Q lt)ttice phooon seat.t~ing,.. :tn th1a eusa JJ... ct T · to T ,., 

Utgner polaron. batl.is <Wit-1 bQ ~~"ttlitltod ·t·~ith the .:ti~0 it'l t•pa~~­

ture (~') {.tnd the tl!f.f~lctiv:o b$l''Jd, ""' td.dtb.. W'i1i e-~neat1a11y 

incre:l$0 with f~ tiS T np_p~-,cb.~e Eb/R. , tbG mobility 1~ sove1~net1 

bY th~ . di!!tr!b-.. di!On b$tWt)Gtl. ~la:ton bands &nd tile o'lentrrin ba1ld 

~nd tb~ t:;un:~;..~lft or cur:!~!:l bs®moe ·o.n: ~et.tva.t~ hoping p-toe~ss~ 

( d ~I d"R ) !\~®ually- Chungoti tho s1en •. 1.~s 'T ~xee.edti;- E.b/R, ,~ tile 

dtstt11but1o.n -over: ttlo bands 1~ tlPPr'b~tely flMeper.d~nt o-t .~r 

~ri.l tno tempGratUl'·& d'fPeM~nce- of f...L b(1C!l~ea as that at low 

t(:.'t!l!Jt¥t~tur~., 

Eb > > l1 w > / 2 IT 3 r • Atl. ele~tl1on .sbot:t14 tJlon Jl~ma:Ln on $ 

lattice s1te ff;;)J ~ wcll longer p(lr!oll t-~.an tb:~ P41t~ioo. ot vlbra-.. 

tion 1~:l orow to .got pol~ron t~rmti!d• At re~-per~t·tUlO E b /~ tbe 

vo:tnron w11l d.!ssocia.ta tho~allY.., tJhsn t~o 'width ot the po1Qlton 

bar-A .:t:a approx~Ately ~f;ltUl to 11 w t t!ae Gleetron JJ1ll oot r~..uin 
I 

on t;h$ 1ti.tt1eo a!t$ long-w than tile 1)0rio4 ot 117ibll~t:l.on r').i"& so it 
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-e,~n be f:i~B to 4;1~~~it1te: t!n~t!~fllt,lr. S!e~~~t\4. appll~ tb.tlll . -_ 

not1Qn tO. ttle: ens~ in 1\it1!cli: tb:~· ~t'~1~ WI.JV~$- b1' t.tctlV$tt4 'hopping 

process bom a polarQn bam t,o tb~ &l.~trcQn band and show.G.<i that 
g < 1 en1~1 volt,•l· aeo~1~ ,. 

vlhe~ the ®RA~s ·tnt$mct· strongi!f with ml(\lCUltl)' v1Wtll• 

t1oD$t this tnteruetion whou~d :be_1ne1ur.te& in ~otttltll ovd&~- entr.1e· 
wnv• function$ nn..l -~o tbe .e~per-at1on into e1actroni~ ao.1 v!bfa .... 

t1ooo1 ~l'te) ot tb.fl to~l Wi?e ittnctton fll)~ the er1sta1 is hO 
' -. 

lo.ng(M possibl~~ 'ft$'_e1eil.'t:ton v1b~at1on 1ntt:taot1onresults in • 
mJitowa~ tmnd. ... ~t.<tths. "b~ lt!OUpl111g ~!t~IG h~e be~ dAacussM 

bJ' f1"'c &lao. flmt.i s:teb~.anr166 .aM ilh •ee»uttt-' by rJ!sbr.anfJ.tlt -til 

. th!'ea dltt$US!ons,, 

now • lite 1-till titseu.sa ttU»tel!liS . rm1 bopp~ng t>f :pol&.\rons 

'br!et1y,.. when an &t~mn ls· S'.tra:-ottnde4 bt n clotld of .pnomn;,. 
. -

~:r~nsttton tf'Olil =ftt~ 3 to. S•retralts !t'l the' d~e.tr~etl~~ ·aM 

~(IJ4t1on of the ~low! ut # alld 3 1 "&!ipoettvel~•· ·The e!ootton ta 
eeattet'ed ma.ny title dur1~ the ~tmp due to ~- largo ·~• t1t 

e•$slotia ~n;\ abs~rptlone aceompa~l\g the tfansi~n~· · tituen 
:el.eetron on a eite in trapp¢4 in ~ ·potentkl w"1l,, it is to :p!\U 

· ,& barn~. ot b~ipt. $tltin1_ t~- tb.e »Gl~on b1rlftlie aqftt'ft'•· Tbt 

passa:~• ttltiJ1· bit tu~llns or b.opptnm •. Tunn&.t1ng applies w<afi th• 

vib~at1o.nat site;. tnr.r~l~G'> _onlY n ttJ'il: ·qttanta.. $.00 ·•• well ~at~ 

· libile bopp!~ npp1!$5 w?l.en a 1Qltl~ nmnb1.&!! of excita:t ~1b~atior!llll 

$tet ~~- -crow.i€4 tog~tb• tmi consists or: ttaooomlr P'"fo~T~ 

\. 
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jUft!Pei If' tbe phonon bafttt-w1dtb ~eeetl-tt tb!lt ot tbe- ,pol~n.· ~nt't; 

. t!l$ asa,.s.lo:n ot tb\l lntt!co i'PQQu.no!e$, i~ttod.tte~s ~o~sn 

•atklOT.m$$$- ~ ar.ntbilat.e. t-bo r;o1tlten b~ · -abtlotura. ~ho Q!t1abl1 

.mayt tbenc,-· babA•e like & ll<iutd t\»op in ·this· · e~tanoe ld.th 

· HopcQ't to· tho · ~t1Gt' t.r-'ln~~ ( through hopptn.l ) ~-M th• 

m&.b!l1t1 ~hou'!!ii not chilngo. ~-db ·U90» mt~r.lt!~ ~tmtrary. tf> tb~t 

· .~en&r~llV ·obs~~ 0 
.4 1bu&t the: ma@Q.nl$m of ca~rttr ttnnG.~t 

in ~leculsr ~1$'ttlle 1$· ·thQUsht ·to be polaJQn tutlneltng~ tunn_. 

ling !s analoS~U.$ t~ tta-ve l:tk0 ll!Ot!on ~M the t~~nslQt:!~.n•1 

~~-t~r tJt t·nfl l.b!tti~~~ ~$:Sarttw· ·~:t.ilfl~ t!'l$ ~fi.{;S,. Tho 

t~e~l. $:)t~n ~, bovevol", dEstroy the tt>flnfl1~t1o~i -&~ir¥• 

t<Jhon n g$6 i# £l1i"d ·t.o· c~e: to eqa1Ubr!W!'l t-.t1tb. iQ noW Of· 

ltquSd -ffl¢&1 th~ eoncentrattcn ?t 'the ~· too1Q'4U.las .ts alwva 
f<mtni to 'be g11~t~ in. t!le -.:t~:te ~lctrd.ty o.f tbe s.tl'rfao• · ~ 

in the: tree "''l~·lt.ta,$.&1 rega'Mteas ot• the mtture ot the a~• otr 

~dt.ttilee, !bG ;r;voooe$ · by \<il!e& ~ surtaee :£.Jxe0ss is fourd l$ 

term~ ~~'.!\1iSOin;tzou~6~•?0._. ~bafe 4lf~ tWf) ~~$ of fltl$0tp~ton. 1 

~ya!eul c.rn Ch$W!~1·, dep~~ootns 'on . tho: aatQe (If the; to,~ti 

!~lv«i,. :vttyaic~.l ad$orpt!o:n,. ~leG. t~.a v~,~.- ··wan~s eaa~'t1t1t!)h 

(' bin::ltttti enera· ot the oraer ot 'l.''J~t!Jf1~13) · ts c~uuea bt 

m:e>l~~u.lar intm-a.-;t!on. totces tihett:•s cb$iea1 ~s()ttpt1on (btf¥2ln& 

' on&rgy :Cf tb.\1 order· of .$GV9?al w~lO»ta). !.nWlves ·tJttlns:re: ot' 

\ 



e!Etet'Cttfv.S t.0!J · ·~ s~t0 ifJ.f Cb~1et11 b!.n:'t!fll{J bQ.t\i0t\~. the ~~ltd 
. I 

all!! thG gas. ~l~b.o -sliap:(3S off the .f3ilf3\'l~ptton iso4;l'Ul~'l!lnl!!lQ9t'O, "\t.\2.¢}1 

crt tht'/j Plt>tn of ~o~ tantre·~r en~nsa t¥$ a ·~netlon of the ~un:c 

<jf Vl,\\pattl.' tad~J~bef!t oa.n ~1.·$~ Ylold qua1i~t1v~ .tnt~~t1o~ ~botlt 

tile et~sorptton Pl?~ea$!h· AlVS1tlO'~pt1on ia: ot lllt~QtJt !n lt~ 

~aest$d ~oie Q$ a Pf'~~t.U:'$011 st~p of' d..t~i$O.tl'lilttoo anl in thti 

wa.luat·1<i.tn of the tltlso11t~t1on meeh~n!~?l ~ 

varlnu.S' at"t~pts h~vo b~n ~rld&l to anj&rsta.nd the ntltut• ot 
tt•o t~amor ·~l"rJ f~~reeE?4~a:·95 tas~lt1ng :tn eev~~t fo~li!lt1or.ts 
o-t tao 1nt~.-z.etS:ons.. ~b~ ·:m~ifthoa · pre~ent•1 b"y .f>:O:U.at¥4aa t.t~,~~ 
e:t.usol~!ll dip~1e ..., dipt}l.f) int~~ction71 b$17~Gen tbe gue mol$cu1&. 

t'' 

~M tbe st)Ud SUb$ta;•ata in tb:e ~alutel.t!l)n of th9 vt:d~ler ~1$• 

'-nt.cwtlcti.on ~.nd u~ttle:t,..tQtff1on. o~~11rt.$· ttd:l.~~ i!;t tb0 ~st·!matton 

of t!.te wepu1$1110 term. l"be ealma:tution ot T!a,v;:ey-.;aMt§O ~ on tbe . 
91/:';1 

{)ther bantl .is ~'lS~ on the ~021~ of !,.!fttbit~· .?;# ~tld .tle·;r~v:)cll1nakt:l 

,a\ e179
,. ~~ere ·~ W'df~i'll etlntinuooa md~l !;Jt the surface ~e ~plG• 

Zted uoo i~~es tbe ~~s-ssne~ ot th~l repUlst~e tor~f)s Emtlh1V• 

fb~ nfJt~l'~$ot ~:t ~epu1sSve. contii!but!on. t~ tho m~cr ot ~Y$1Ml'w 
r;tiont ths · as~t:!on ot: un GQ~d.t.Dt!W~l voG!t.lon tor tb~ !)hUsl;§;; 

s~~bei atom, o.ila 'tll• tlP~o~t~ns tntrQdao~ ·.$n th0 ~:~~~s$1on 

tor t.t\e ~norev (lla~~" ~i:nus ~itt1oolti~~5 .. "'i!or- a.tomc vapQUr 
;&dSOl't)t1on on matt~l surf~e~, tibo .Q1itr~~tive ~m ~apul$1-v~ ®ntr1• 

buti(}.ns t~ ttu~ .p\1;/~itJ,:rit"ption iftt~~eti(t£1 ~n~:rgy,. ar~ d~!ttt;t'i ~· 

tb~ aasumpt~n of w~'J.aJ:t ¢t)Uplit~g ~etwo~tt. ~ att)ttt e£lt\ ~. mo~~l 
~· ii\6 star ,~,41e0 ., 



The:· ~ftoot o:r adstl~pt.$&)'1 ard d·Ga~~tion:. ot· o~:veo~ on tbe 

o~&s or eo.pp~~, ntckfFJl, r~ngu~se o.tli.i eino ot oxtrern.01"• b:tsb 
. •t. 13f,). ... i . t'* t. _..t... . &. .,p . A .... 11..... ~ . <C A>t -li>A 

pur~ 1 . ~lO'ftlS ,!!:l.~ · vn~ It<alii$ O.iii a~oo:rJh .. ...vtl OJ> OJI.Y£·Gn 41-6 U "'"n~~.~.:.a.On. 

ot tl)G" numbG:t" ot v~~ant s:t t0a Plresent in th0 su.rf'ao0o., !i:hey llave 

coneideroo . tlttii f~at order1 se'Ootlft e.l'dar. ~ntl expon.ill~tinl r'Olt;l.t1on• 
~.<i·. . A ct Nt . 'l>:l'"':?' . ol Nt . \'P'l:'t1!J, ~ .. , ~ Nt · .. ·. . -o< N~ . . . ... 

a~i~Ji<l)S .,..,.o\f c:l t ~- 6z~t,• . CCF"" ~ ~M.it a¥~- d..t- @ C\ e_ · :t'~sp.~c-

tiv$l1ft where Wt ~~ tfle Wtilb~r ot ~~to~s .Qdabrb~tl at t~ t.; tr, 

a at?d o<.. Oit:e _con~·nt:ait :l}el"i1:vnt16b of tb·os0 at61(tt1on.1_ps li$1?1Jl 

,pet:fomeit by ~in!t autll~ra by· :ttGn$UrJ:ns dir(l)et1y :the ~~JtUtt c.~t 
:ul&t:L<11(u),(l)) . 100 . · 

~~$ea !la$o.r'btKl : · · . · · · · • Gr~zt .At .!1. · .lkt'ta e:"lowft that the 

4tilq:i()ntlnt~1 plot 1e1 ~ ·be:tta);t rivelf~ll e.p~{~ition to:? tb.& 

ee;mpl~~ .o~t'le~ p~()CO$~l th·~n. to:e· on~ obQ1tln~ tn.-c .f!11st o.rdei! 

1¥j.n@t1QS 0~ U· CQtllb!mtion Ot tb'4t $00()00 arit £U~$t o:r{lf!.l'f :i)l'QCeSS(!!$ 

('4t tho 1D1tf.~t1 ant! ti·Ml pe'r:tOtl ¢;f ad:J.O~t1on r6gp~tive1y. In 

~r.ld.ng out ~be kiit'Eltiel!' 1 tb~ assUmpt·ton ttnd$ by· O~uy ,U !& 1& 

th~t ·tne moaeu~el ·®ntb:t~tlvtty la e:ttil$'.r Jii~opo.tatS.om1 to ~ lft ott 

t(li nt• l:n oomo ·~$~ ot -qu:pour 00$6t?pti(Hl-•; :atlsor&')tion tim~ 

euvGS .to11ow tbQJ n:oginslt:y -~ ~eldovicil eqWJ\ttcn :tn a e11gh.t15i 

modified fo1~. 

.. 
iJ.dsorption ot W!};tel" on ~ms prot01ns te>llow~ the 

:a~u.nuu0r • ~ott. ~ ~~llelr ( n,.s.~~. ) ;iS(-ttb~rm .$qu..~t!onl3a :t.,·o. 
~I v( 1 •· ~{ ')] ·~ [ l/v

17
l::] ·•[< c • 1 .>/v~o J • :~~ ( 1,51 ) 

t4he:t"'e· ~t ie tho re'1Qt·ivo prGt¥sure, t:r 1e tbtil :.ulaorbed vnpotU.~ 



~res~. :lti Itt$· J$t 100 gm of tht eel~:tibate-. ny pl,ottiJ'!' tbo 

d~tQ flCeor:ding t~ til's Q(J~tion, Vm a.nn c cntl bo tlG~iv&li tuo~ 

&lope and tnta-retiJpt. uece v~n iS~ tt~~ QU.Slltlty ot'Y adsorbed vapo~ 
\ 

Q!)Jli'etlpotl:lln.g to tbe mollolayer ana c is. a consttun; r~tntE.'d ·to 

rtb;i;:;l ha~t; of' ui~eor~tt~n~ .~r.t~£lts of entrop!G~l ot adsorption Q~t~ l.:te.; 

~.,t~lua,tea,.· by th~Y~tt:un.;te 1nfjthad$~ ,t.&,t ·:tow eov~rc~~os., the 

$1i'rtOr4~f1Y Wltatlv~ ~ltttop113S of; at}~~~ptior! 11'! L~ny p~~tfbill!:l ir~lJ.• 

orattKi t)1 l¢e~it~t.i,.on. ot· -w~t~Jr Mlor:ul~t(!s on polar ~}tips •. ~'jlositivQ 

~nt~~p!~s of ndk101 .. .Pt1.on at ~lOYJ' oov~l"~~gel.l were ob$~11\J'f.d 'to:t 

o~Y."$t~,111n.$ ~:ttmm!n ~'"hieb l$ ~tt;,r1bllted t-c tna cont1g.urat1om1 

c~ao l.rdu.ecd tn ti10 Pt¢tl~1n. em.d.ns. Tbe $Ub~oe·t. -Of ~d.;::Jtirptton 
. . · . .. . . . . . . lOO(a)~.(b). ·· 
the~yn ... :.:o!ce b$S b$Stl d$V~lopeti by mtll ' II 

1h(l): e~i!tp·~nnp,t;t.:.:;n l<JU,le or r~ey$V'.fJele.h~1 ~lG~, a l~ 
' 

~e1ntiorls'~1il) betwten tfltl :J,o·g~trltt)m or tile pre'•expontl!ntial 

. "~.ct(ll·v ( ~ ) uni ~e tietivc~tion: 000.l"i17 ·(re.), h~s been .~ ;aab3e~t 

of/ ~eat tntor~st 40.SO., 00'""'99 and ~.,.oez.m~s~ey100*"'l04 :t•or · mr~ 
i'fG!;l!'S. It \'ffAS tl~ttrt Dt)ted, by 11'S1W' ,& !!. 00 

th.Olt fo'C -~ 'Vari&ty or 
. polymtol~u bsrdtr~:Je@bo.nttt ~ntl pbtiut1ocrantnass, tbe ·va.lrte ot 

. ~ .. 3 ... · - . . . . . . . . . ·.···· 
V'lfltt1oo ever 01.. r~It1t¥Q ot"' 10 ·U!)(l b~M4l· ~· :roug,lt: co~~~itattoll e;tf.stdd 

betwsQl thG ~t tJ tlUti ~ ., s •.. Ctlt- :aid ·r/!Oee~ ~wEd :a :U .. l.'Uimr . . . t> .. . . 

:r=Glationehtp of t:he towet 
Lea- o-'D ~. o( E + f-> 

toW!· an e,o.t!r~ clJJ.sa ot ·~t~b~tancea wero o< ar~ f3 are 



0<!\'1' 
eon,s'ta.nts, C.t~tlw c:to..i &:~1~Y · ~ bav~ fc.un;l a s1rn!!A'f' typQ of 

coflr«S~lt§ition tc bo1~1 fo'!l n st:tr11$m of amino aotd.s and ·Pfoto1.rte­

ne$efibor:g ;$1J1
40 s'lo~;r~ .m!ldencs thut this f'o~~l.'l ts '11&11d 

tor .e. td.n,gl~· ()f~anie s~bstc.nea ~~en i3 lo v~~!oo. by bstdl'~ti~n 

an"& oo~pl$'.~; :ro~Atiotl; 

r;~~ral m(Jel\.antsma~ ~ely:~. the ·etl~g0 canlol' tna~~tlon 

m~-dellOS, tho twul¢;lbla'Of ~loet~?tle ~~tti tn~lly tletive.>itGd 

Qrt&rgy l~vel~ ·ti'l~~ut?Jl !lnt~l~~Q.l~~ pot~ntlt:;tll'J~$'!~:ta43). 
tbem~11Y nsstetM t~tlt~eltttg ( 'l ~tr ) tn~1. psetad¢1rtt:titts:te ~~MtlQ~· 

tion 100 ~~•0 dl$~c:ns~~ ·'br· ~. ~"nh~!' ttt nnt:bt)F.Q 41~• 105' 100 t-or· 

til~ 1:-ntvprot{itt~!l of tbe eom~~tton \itteet., A s~£)1e quantum 

/ mc~td.c~l ~lel B&tzil totdan 'itnt• dese~tbed the PbVo1®1 p:t~ture · 
. . .. ·.. . . . ·.·· .. · . . :4~ 44. ·ot tb.a •cortf'Cr'JiO:fi"t satlSt~tifiat botb: ·ttaa. ~tfoot.s Wtls j;r()poe.S o;.;' • 

K•ent aM lianant1~ €:ltt~pt94 to d~1v~ tht1J e~p~tion rule 
., - ' 

in tM .thoorr of rate p~.ocesst!fS witb!n tbs qu.t~41?li:lt1e p~lattotl 

~nd s:ptm, IJ!)!a:uon model$•-

.A Mdei to~ tb~ gon~tti:ltU.1l of th.e eh.o.~go calf~l~s 1ft 

organic sabs:t~f'iCI!)$ was p~opo~ by- Gl1een1r/t l.4:~i~h tlQS1Mtl9 

i,tAjeetiO'fl ot· ~oorsa ea~,~ttms at tb• ~to.ee ot tht:J. ·erystfllin f,\. 

mOO!ft~ation· oS~ a to~ ·ot SW:fett:G t~r1.~1.m" propo~ by :aaJ!dee.rt00• 

ll\eeo!'41tt~'l to 'tn:i$ md~lt t.b.o p:r~onentia'i ttMlt~· t 



)L - -· 

\JU~fl I) o 1~ tu.~· eal'l;~• diW'I£$ltJi1 of tb4l eleetrod"'' -k !a 

i~Cilt~nn•s ®n~t~r;~t ~· l.s.· the .a'hwlutfl t~er~tu~o1 h ls 

l'lfAn:i~t~• ;~ er;;l¥Jtn~t Qt.ld fi 1e1 tb~ im(JnSiniss:lon ca...,stfie1ent to~. 

tar.mel,lng ~~Wgb, thG ~$"r!er f!!ven l'iylO? t 

In k 
2m)Y2_ ~) 

~-41T(~· (3Z . 

3}2 3/L ]. 
[ C><-,- EC\c.t- -t z ~) - (?-,- E<'\Ct) 

llev~ •m• ll~P~'Oaf;;JtJt~ tb.G. tJlGetr0n t~ss. ;~.1 ~net 1z:9 stYe tb.~ ~~k 

t-wlt-:ti~ns or 'tb~ e1eet~~ art?.! oe~nieowuetov :t(Jsp0'etlv~lft llt}.q,t 

1~ tne sll•av ~b~!no..1 ft·otl tb.e· slo!)~ ot ~ Jn c;v vs.- YT plot, 

•a• ~s tb~ ba?:r!~ width ana ~ ~ ( Xg • x1 )/a.,.. l~i,~J&~i Bact< 

x3.• :,01 tb.(Z rJ.ght band e1de of ~uatit~n ( l...,t!Sl3 ) e-an bo ~pp~f}·· · 

ld.w~t- to. 
Q_ 

In K ~ A + B E~c.l:- + c_ E<'\c.l: 



_)._ 
1 

$'o$' t~-t:.UlOl1eble ~41U.os r>f til$- p~:rat10tel.'s ~.nwl.vetlt tbe t~:rm. 'in 

S:et e~ntr:1but~s $ppro:dmn.tollt 10~ - OOf~ o£ tne l1n~ term .. . -

It tll1a q\tadtatie tt:Ym 1~ negl~t~t etlUation ( 1,614 ) r.aducfJs 

t') $1jthi:t1on ( 1.61. )"' Fer tho ~o.lid1ty o:r this ~clel1 x2 m-.tst 

be er$t;lt01"' than x.! '{~)ieh- 1s gencW~lly !UUtU.led .tn proetice .. 

!rb0 o:rnw*Ue tlOleeulr.u:r solids eonaiat '('ii'" ml.t;t¢ul&s w;i;.th 

potot'lt1al bar'rlers ~ouming ttu.'fttl. i'Olf el.~r!®l eor-du<"J.tion 

tn0 elt'J..etron$ ~"'.:i'i. to pa$S ov6~ ~ thtough thus~ ~r~iw$. Tho 

tit>~t POS$ib~ltty ~u1l"ns high ~tivtlt1on onorg1es ~m~t-~ ~s 

the l~ttat l."~iUUcs. 4 l:Ong t:lm.~- lt tt1o eft$0t13(<t vall hGlgbt 

r.~, is ~11@ 'tf-aatt ·ttul total b~ight E?, t-hey ~lGctren~ emu tunnel 

~otl aetlvatm levtltJ of llnet-e~· B tn~ugh th<St potet~t!al ~!tri~ 

w'!tb()Ut :tr~utring H ~ ~·· !rt"ien tbe comuet!vitU ~ ·(~) call"" 

·tt1s.te o.t W~e ~~tG i ( 1:) tho t~pt~tn.tur$' <U~p~tident · 0~ouenti~l 

J;'n'.r"t (2) th.6 ~~n~.niti.fll ~~~t or tbe ~~1e.fo t:t&n~~!.sstvttu anti 

(3) a ~~~ctor o-'x.__ C(!.ne1$ti~ o.t tb~ _non~xponerit!&l part of ·tb~ 

barriel" ti.'aJlmlesivltY a~l of thG propagation dlara~tel'lati.ea 

of: tho ol.*etrontt wit.Uit'l tb.e t»l~eul.os. iUI)lo~~ tl\~. imt~itr 

tJ?.or1stn1$®!vlt;t ~il1cttl!J.tiona ot ~~?tt a.~ ~~n$ddon100 



f"f>r ·~o G<~®t¥e b~~lfl~" e.Da 
. . . YL- ?>/2- . J . 

o-'(T). ~::c_ eJ(p [-~cy'3f; J (2-'(Y)*") (_ Evy /eT) .. 

exp (- ~/2 R T J { ·1.,0a1 b ) 

ttJr th~ ·tt;l$.ll$Ul~U.'~' ba~:V!W~ 

11ee lt\f ls tlle ba~1-; \titdtn am m* is thtTJ effective tln$$ ot 
t~o el~ottll)n it~ t..~G nettv~ted lWGl :!JY!/~lv~ :tn the tunnq;1tng·. 

!b~ bu.J11G:r · b~tgbt f.\? :1~ ~.®1 to of!' 199-t:l tbat'l tbo iotdatlti:on. 

·pot$11t~i.ll bf t~1~ ts{)l~eu1li ;fo'W tn• ·S<!U~e (~ttl tl\~ ·t~1,1l'lgt.tl~lt 

bantw,~ ~~apootivt)l~ •. 'l14.te tunnet~ 01~etron vill. e~r!.ettee Q 

~u·~ent~t '\B~iel1 1e. ~~$ ~u.w ot tbi$ ap~~~r1to Ql,ulonb potent!$1 

.~tt.ru(..~1t~.~; tbe ~l~tifot~ te ~. po~;ttive ion ·a.n:l tn•· pOt~rtt1~1 ot 

eleetrQtl tAtf'!r'd.ty of ·th~ ~-r:tg:i~~lly ~t~al molecule, 'both · 

v~y!~! ~o~hlV being QPP~(!l~tetl bo\t~ by ·tll$ tr·iantrtn~ 

·tbtJ:n 'br tbo: ~Jnarca i:u:~l'1~. ifo:r tutl:n.~lintt ~~~ tt.? h'? $QttGtl~t 

'm '( r'$ Wgt b$ ·S.'J.tUfl~t oth~ist th~~tt% f1t}Uld be no tunnoliq 
.e. 

at.t:i tt1eet~on~ "''~Uld ~~s ov~ th'e .bat"rl~f:-. Tn~frl~•; Mtb-tt1:tu• 

tltng 

in ~lV.!~ion ( l.,f321, ) cUltl e~pan4~ ·tne ~otiotti!tl-1 p()tiiel"$ ot 

Ew .in. n stlri•s otQpping. at- tbc, t~ l:t~r in tJ .gtves 

CJ'C__T) = u'x_ e_)'p [E::: 2ct/i; ) ( 2__ rn* ET ) VL J . 
ey_p ["/t )(2M/ET ,/>-E] e :><-t) (- Ej2-!<.T) 

- ( l.,6g..:} a ) 



< l .• ee..~ b ) 

tc;J1' tQQ e~Wlr~· nnd trian!Qlo.~ t'iY$:1:1~ .:f·espeet1v$l;J"~ :It r~ <. ~ 
but o1£:Hl-G to it., l'l bett~r approximation 1s requi~ed. 

!1'o-r t!ao trot-er1ul$ dbfl:~'tng eemp(Onsatios.'l tlule l$~da to 

'B~ ~ 2(W' n.ril IS £R for tha squeAre urA triangulo.r bar-l"ie:rs 
~. 

t•espectively .• Dnly t~c last valth'l 1. e.. G -·av is roosona'ble $.0· tn.-at 

tbG ~c;;ti~vat$et1. 1lnW.g1$St!Q,go Q,:fQ rt1$.1.1 belw 'tb& t~p o'£ tl'le . . 
oorrie in ·tib1eb easo on11 the ttltmelin~ mdel ir:; · aec~ptable 

and is (!Xplt.dn~ S.tlt.:isf'4etor!.l9' by tb$ tv~~ngula::r ba~~!or.,. It 
. ~ . 

m"* :.z· iM e0 , t:ht3 1nta~1t.lcttlA? $$l'SJJiltit;>n a ~ 3 x 10 ~ em 

wh1cll !f:t QUit~ jf.t$tif'1~ •. ao tbe ilff~tiva- ttls& or the el~ot!'on 

1n the aet1vtd~ed J.wel i!t of tile ora~tt ot 100 Cl$ctr.(i}n ~J.$Ses. 

A!l ~:tootiv0 ~.:.u~~ of 100 Oe·t eonside~oo in tl~~ .ele~tlt® 

t ".i·.... --..:~· 1 ;jf • ·~ · t~ t. . d,. t~ l.J.O ... Jll · 'UMe .... ~g I£1U':.\f! t *s muer1 J ... a:rg~ ·.:~no ''hOsD pr·t.~.~u:.o ~WY. · " ·~ 

It1 tb.i$ .f.i.:.lit"I'ow ~noo:>gy ~~nde of GJ!'ganie S'~1cooo~1etor:s1 tUM$1itll 

or· ~11 polur!>i\S 1n tn~l,~lly aetivr:.tted on~.r.gy level.s 1s · 

poss1'ble. noletotn1.12 d~ueoo tue ~bil.ity ~-
2... "2_ 

1-1- ==- (_e. [ L' /RT ) ( Ja-' /2 ~) 



X 

~he~·e 1 ts tttta p~1edioity length, ~ 1a. tbe l!ftil•title ot the 

PO~r"Qn in G. ba~l\1 stat6 nnd :;· ~ is tha .s~ll pa1u~on 'band~w:!d.th. 

~qn.~t1ot.1 ( 1w6t"31. .) i$ v&'11d 'for ~ < Bj4., \-ril~e 8 is the Debya 
113 . 

tea.~O:tu,rQ t afl:l Dl$0 i)nt'tefl$$ tho CO~'!f!ltion 

< l ... asa > 

~w eaoes Qf small :f10laton th<lory mu·;; a.ri$e •. f'l1be pertutt-. 

batian e~$e .for which J <. i"5 coo , 

&~b !~ the pclaroi) bin.~1ng tttn~~~;v·,. cwo ia thl@) optieal vi'blNlt1on 

tr&qu~ney td~ :J 1$. th~ bopptng: tn·tasralil! ·:tho polat'o~ 't'Jl!leb 

exist Lu. a molsmtlur ltlttica ·muy hnvo atrone _ io:tlie pro,pertiGe 

upon ~r.wl~ tormtitionlif In .an ionic system the eoupi!ng eun be 

·<f$P.tte$Lt.t$\d using t.h$ eff~t!v$ dix:>lcotri¢ c.onswnt ~a :: 



r"sP~<rt:!:vl@lY~ ~b:e e~!;tplin~ in a rla!oet~J.('ir latt1c49 can also be 

~ttef~raE'Id 113 ifi t~ml$ {)f '!t:P~ p,ss:UJ11a;t1ng ooth etfeets !nto tilt 

~ffeot1v" d1oJ.c.etr1e. ·eonstnnt1_ the bin:ling en~ft1 of ~ll 

po.lurou becomes • 

c 1.ess l 

l'.iber.G •rp• ia tlle ~a~.u.aatJ (.),£' t~h$ ~11 fJOluron m:id may bo lese 

ttmn half tho l?~iod1c1ty_ length •1• • The ebange in tbe polo.~n 

binrl.ing ;anergy duo to eam:plel: fo~,;.'lition is thgn gtvoo bf c 

wba.re tn0 4ilpersa~1pt { o) C~ignif'los th..e w~"ig:inal ·s~}'!}ieo.nituoto:r. 

~~ awl X~) $1!"0 relat~ to tb0 ;re·rractivc ,lni(l.~·•· tfh1eb is 

:prooohly tnval':t$nt" so tnnt 

similo.rly 

E '"' n(o) ; < • es ''r; ) [< l/it (o)) ... ( lJR >] 

"Wh~e n'( 0 ) ott1 ~- a·re ·tbo aet!v,;-.rti()n ~~el ... SY 11$fl!)~\i {j\nd_ u.tttir 

. eo7tlplex :torMtion~ £.Ul>at1ttit1ng ~qUution ( 1~6~ ) in 



equntton ( l•tl$1 ~ * one uetat· ~ 
' 

-wherl! t¥ !t· tli$ nur.Sb\'br· o·t· eleetl¥6na, Pet' wrtt vol~.4 av&l!14bl·e . 

t011 octt1tti.tJ.t\!l~t . f,~~idng uae at tbe <itil1at1ot1S ( 1twG3! ) ~lld. 

( !.633 ) and ( 1.eoo ) ,, ~u.~tton ( 1-6..'311 ) c$11 b~ Vid,.tten at· 1 

~ == r N e_2- .t2 L ) ( J" )2. L 2 E~oJ_,_ E~~? J 
~- R T '-- n E:><- p i:) C.Uo 

e ::>< )::> { E ~ ii wof 1- ( 2 1n)-
1 

] j 

to.'!l th~-~~~bat1o easil~ 

,· Jt?~ tb~ pertuJ:b-5.tion ~ase, J am tbqa ·the :t1U!d lattice 



;,.,·Ji! ' 
·~',_ 

bam•w:1vlth ~ep~oot3 on tho d~ptb or th!ll f.;10t1vatod en0v11 level 

below til$ 'tOt> ot tb.~ turmaling b~u~w ~ltj on t.;7o shnpe ~ntl 

l'l!d;~ of th~. b.\ftt_.. F~oa tiQ~tifLnl ( ·l.GM ) , tba fotmul~ ftQ't· J 

i~ gl~~.n by48 

'L f' * / ) y)_ ]. 
- J2- ::=:- 1:, e.>< J:) L (_2o/-f5) (_2m/ c., , E 

whar:e 
2-

-T= 0 

( l.GSl$ ) 

ThGJ.t0fe~e eqUttt!oas ( :t~tl3l2 b ) ~tl£1 ( l .. G315 ) ~e tn tb~ 

t~m e;f tho ~~~G:ti~n luv~. 

~~nv ~:tDl! no.1&f1ani42 t»tas3 itl:w;t ~t ~e~.tm~nool t~m.pfN:i"'" 
tut'Q:g' et~llo ::.o~,of.i tttoo('llt.ln 1$ not fioes1b1et ·$0 t..~at '!ftitb!rl 



the as·sumpt1otl thf..~t. ~~ntlu~tivtty .le a.ue_ t~ ~tl polf4*tnl. 

notton; lloppt~ ~o;t..~e1;t tban tunneling mst be tho dat!iOOnt 

conduction msch~r.tt~. nut pold.!"'n bopp1t1g ea~ not le~w tr.; th" 

.eoownaat1on $tt.~t v!a tha .mobility alone-. ~ltu~ both tho 

el®'t~<i1n oecUP3l~Y tnt'!b~ t~n• and. mobiltty t f---l·' erEt th.QUt?llt 

to 'bQ. tu~ ··~:reaQ tQ:t 't!.l~ e~pal~~tton lnw~ tho mod:uln:tsm . 

postul~teU. by i;~~ an<l Goltln~li is an illteF~~tifJtl botw~.n tllG 

o!oet1·~n!i nwl tiliJ vill~ati()nu:t rot.)tion wh:tch is \ubl~ to 0~lain 

b~tb the <3Mrt~,u~ •til~ilo~ant. :tn tho eob'luet!v1tY ar.d tho 

eo!tlp~nf1o·t!tl-n cyf!•eet.: t:. change in ol.e(e·tro.nic stQte gives :tise to 

~n tiot1vatlon .tlntx-opy- ..6. $ baoauso -of a t;l1at'!go ~.n: v:1btllt:1ona1 

h~lleneaie.a· pl'0!);;,lbl1 ~os~~iatud. with tho eonfo~~tioool ctuUJtti45 

a.n<l thl-~ i!JOU14 ¢ontr:tbu.te to tba Preta:etor:t e1v1ne i.t$ .:te.quir~ 

enu~neEn!lent~. 

. 44 
itaplon anti l~~t1- eon~d.tl.&t'ed &nly tbf) eontr!but1ori of ', 

• n• to ~'Pl~itl tho ennduettvity enhtlttc,eaeilt ~.rA ·en~ eom;ponsa!io!o 

tion eff~ot~ conaid~ .~.;. $011d mde .. up ot nl:1 lq,rg~ or~-antc 

tnol~~ul,Qs. :24'A$l. moieeul~·. h~s onlf two ele~tronie $t.J.tos ;wttb 

(.,lne'~~a E., < e. 2- pltls vtb~~it!ck~l lo,v~ls 1 ;aru toe tt:>'t:ll 

nul:l'b~t ot ~l~t~ona 1~ 1 Pf.i~ t!l{)l.e~~ulfl~ ~be viblm;tiQOCtl trequ•n~ 

cies f.il:f~: sup~~)~~ t~ b*l ~l:tfr~~~!lt d.ecp~Oiling on tilo oooupatlOV 

o,r tb~tJO el.~otronic st.ut£9s• Alao1 el~tron spin ls noc:!:~etei! 

too ewt\li¢1tr. ·rh·aC~ tb.e: PhYstetll pieture ot • eontomon• 's 

ei~Qrly ~bo:i~~ in th.u Uutd.J .. t()niun • 



whti#r~ :! ;; l,2, ~ ~ ~ · · · · r.h l~b~ls t!l~ tn'i)l~oulee~; -\) t!1; :t,e_ 1a~1e · 
·ttl~ ou~$l~et't'(:m. states ~:!tb 6ne~g1~s £, , E. 2.. _; w 1<. ( -n i 1 _, n i 2.) 

:l·a t~l.$- ri'br&1Xi()li'~.d. · fr~Ut.)!leY f<~il ~o K ( w-1t'b "h ~ l~ ) j (2ttil* 

tl~ th0 mtatit~n !~1:tc.ate$, w"- de.tl*ha~ on. ·th0 elet':~on oeeu ..... 

P?•n<!V llUmbG:ra. Yl i v 'Wb:.f.eh: h!lv~ tbt2t po~~11?le- \~lttet.( {1 tv ·t::· C}, 1. 

Ntk labs'ltJ tbt~ Gta:t(:}s of &ltc-1~t1()U. ot t~G k th. vlb:r;atioml 

moo$; Oil t!1e 1 tb tu)].~e\110 allil ~kG$ on the valti~& O, lt e_,. · · · 
00~~; B -.t; ( e J--- E. I ) 1$ tne 0leett'onie ~ef:gy guJ;J.. If E ~ l -S\1 

a!kl tb-fl. t~P-ef~tutts is- ~:~-at1t! ~ i~r~0l"ature 9;n4 b:~low; tb.• 

wmbe:r ot el~tV{}nu t.)-~~ m--,.,l.GQtt-1~ t{} -~~~ ·np~r o~ ep~u~tt{).n 

ber-ll 1$ 

n2--:= e..)<.p I- (1
2 

( E -r A fu.)] 

wl!e:t(IJ ~ t u_ ls tn:e ebange ~n vtbrati(l;~.l.al ~~~ et1e~gy ~ 

et<eat!i'lg urwo~ el-ot;;t3ton~o10 p~U'~ Ift 'M~$ low atMt hip 

t«llpot;"~tr~tlUl• ~~ttt\n 

wn.~r~ ~eft.!$, tll~ mo~1fd n.cttvatton ar:t~gtl •. wK wuiell 

cont~!bu;t:es ~~tntv to tbe hG0 a~gy qbnt1SflB 1s c..uc.. • 

Po-r ~ftt > w .. _-.... -C'!!' 



;>-( 
. l 

·~· 

F -t- i_ z= [ C.Ok.l l) ) + w k (_ o J o) - 2 c.o k. ( 1_. o) J 
( 1.645 ) 

fhUtlt :an aet:iht~l,ta.! bd'l~"f.ri~l.U'· ·~ttb. t~n ema.ne&$ ·D0 ls obto.~ 

to~ bi(!;h t~'~f:ature ?tt;t.lge-. t~tntn s0: ') o, iff$., thw~ in 

~1.\tJ:-opy ~t1f.~Uile$rl$l1t l£' { GU k.. (_I.) I) Wk. (_O, 0tt CU ~(__I, V )l~J(l tif!'i.leb, 

moon~ ~fj:w..t it ~~c 1~ QU ~v~a..g~ sotteni~'lg of the v.1b~~U.tio~1 

ttbde$ upon tb$ erea.tnl~tl ot tfl(J . ~~v:ritars., ln the 1~~ t~p~ratu:ta 

tt'Onget. t.\u et1~~p1o' e~~iloe~ett' di&1J.Pl>~•t.t, 1,::uld the nct!v~t1on 

GntJrev ~;a ~ifi~ l;y tbG ooro·~d . .nt :ea~~gy. 

lr¥ o~or to ()bt~iiitl ¢{)r.J,~tu:~f;;oti.ml. l.lebavionr fr~12 tbiii r~Eil,_ 

tb+11 v!b.tli.utill.ns· it~ both tl'~e ~lecttt~nie ~tlE)7:gy g.up n and the 

uotiv>£A,ion .an~py ~a tn going ftotl :one ll1~tr.lbe1' to .an.;th~r witb:ln 

a givGU ~l,«Ul~ is '¢otts;lde~~l. 

A ·tb~():r1 fot: (Jleetr~nie eb,u.~g~' t:fa.n$port aa in\Velvoo tn 

!d .. ng;t.S.c p~cEf~$$S b;:ts baen dot:*ivfid by :ft~!.'W ~ntl l~anantt45 tor 

qa~(lr~tia gen~ali$a.t.iota or: !iolata.tn• s one dit}~ltsioool l!noo:­

polGror~ thOOt1l'llS,.. iet aattuee tho et!Uati@rt fot" ttl~ ti.'analt!on 



r~:t& P$~ tJUlit time t.hev eonaid~f)d . a SY$.t0m cdnalstius ~f one 

~l~t,i'flll end t"W~. pons1ble aite>a ( :1 ::, 11·%~ ) tn ~1cll tha 

elaet:eon eon r·~$!ll~~ ~!"M1l~~ are !~ ose!il~tol,.$ eo:r~·~s.l~ondl~lg to 

eaab; a1te u.nd J i.s t{ta el~otrt:l'frnic tl"~nsf~ mt~i~ ~l~ent 
\ 

bett~~n t~ att•tt, ~~hua, in abe$nao ·Gt th$ .eleett(}tt tbe· p~teillt1a1 

~nor,sr ~r tt1o su~tem of iJ ~)eetllnt9~s atSsoo1a.t:«t w1tb. tb:0, ith 

, oit~,, v:i' 1s gi\t~n by 

v. 
1. 

N 2. 

K L .><- i~ 
\-L=- I . 

what• :<:1 1--l !.s thfi lii:tJ;plao~~nt. o£ tb.e: t.t tn ,os~tlluto:!' ~~m 

i:ts equ111tr!um !;Joa1t1on s.nd ·1t i::; titt) t'.,»~a ·eeM~nt. 

\iPt.ae.n ·t-41!1 elQetvon !a pree~t at tifl~. ! th s!t0 it ~ou:Plt3s 

~1th the N oso!l1~to~~ 4!4i~·usoa!g~t,~d uitb th'*~t ~ito ~n.d tilc~e is 

an elt'o.~a ~jn~tctrJ m. wnieb. 1$ given bt ~ 
't"1... ' 
. N 

' . _ ~ 2- -A~ X· cp, - B L Xi~ L- 1.\J.-
1.. l-t -=- I l--l:::: I ( 1 •. sua > 

wbiqb !~ a gtin~·~list.lt1~n. ot -nt,)l$t.eln'# UnOQ.:r $)~u~,tton. ~iill 
in \!lhieb :e3· = () a1ld n ·~ 1. 1'&1~ };)l?~jbfibilitrt that. ·tb,e: · et~et~on 

1nithll.l.)' Gt the 0ito 1 g-013$ to tb.~ s!:t& f:': 1& given by I 

i '0 ct,(t)­
rob 

. ro ~2-Lt:) 
l.- =­

Ot 

J G\2 (t-) + ct:', (_t) (\ ,c t )( 

:r C\ I (_t)+ 4',_ (_t) q2 ( t) S< l _.nti~ ) . .,vu...,. 



wl'l.e:f~ ~e~i· (t) l~ th$ 0l;etJtt~on1e a~p,l·1tada: n$SOt.;l'i;~tta. wi'tb. tba 

i ttl $.lte 11t tlr.r1~ t an1 cp. (t) ts .a fut~<lt1or.: ot· tlm0 ttl,rough 
2.. 

ir1 1-l (tl~ s~.~&tt.ton ( l .• G53 }. it;; valid only in t..~G Pil~tul!'lJQ.t!')tl 

litllit.t 1.~-~, f(l't· ~.all J,. !n tb:ts limit, th~ ai~etron!<'! tran­

sition l"il te -1$ obta1J:l_(W.1 aft~ ·~~~ryi~ out the tlle:rmal nv~t1ge 

~vet ult f.K'$ailll~S ,ose1ll.ato~ (}Q•o:fd·inat~~ a.n1 vel.oe:f.tiefl~ At 

t~o .t o tc·~ "{itl.-~e t 0 is ·tho coin~i~@~:l~l pt:~blt, 

cp (_t) 
I 

cp (_t) 
L. 

~ ( t ) . f tt ) ) rh f- ""£ .., I I ( t_c_) • • •) -=- Q '--t' c_ := ~ ~.. ~I U. '-- c. • . • - '-t'2.. '-..:. • . ,, ..:.. .,....._ 

\ ( 1.655 ) 

Jihich .~$p.r~.s&~.ts ~- ( ~l -~- 1 ) d:lm~n$!o·nHJ. aurfo6e of sta;ti<>tVP~Y 

phasG ( GCP ) itt t.tli!t tS11ti(%1\ ott oaeill.rJt.Ql" eoo1Jd.inat0-s ( · · ·" 1 ~ • • , 

· . · x . . . ) ~ 'Zb~ 1lntJnr t~m tn ~quation ( 1-.,Gsa ) eun 
2.J.-l 

·be ~e:plae~ by ;a. ,simpl~ tr~nsf~~ation ' 

1._ :::. . \ .) 2. • . • 

Ht\kl.ng U$tl o~ eQtil.ution (. 1.~ ) ~ tr.l~ ~ttat~.on to~ SSP m~~Y be 

a atwt,'Gd b'y 

cp ( tC) ==. 6 [ ~ (_ t~)- s? c tL) J =- Q ( 1 •. $57 ) 



_..,. 
\ 

N L 

C\nd s'l. = L 'IL_l.J... 
~=-1 

f~· . ' >$ "* jf ( t '!I ( ,. \ H!-e; v~:-:.~"¥~oraS .u.U P .· , ·and s t./ a.~o -linoor in •t• lin tfu~ 

-n.~igh;b~ho~d of tQ nnrl · 
• 

Wh~.l prob!l~i11tyc of n ;Sito jump ptJ~ Cit)~1d~G119 1:!c: ts given 

b'1 

11~o~ 1'lrg~ lJ, tkl~ p.~tu~b~.tlou ~PtJ.Podm~t:lon fij.v We- h~~s 

down :;u1a ttl~ ad,1~l.l,a:t!e ~;},l)~o~tlon112 is u-a«l,. 

t:te d~p~tltll.s u~on the ~s~t10fi$ n!ti vce1otJ1~let; o.t t.il(! a~ 

C$e1l1~tore U$${)e:h\t:Gf! wttb tb.e two s1t0!h, ~e t~nsit1an l"nte . . . -. . 

pe~ nn!t t~e: liit obtainetl fi'Q$ t~~e p~bn:bility that & coit!.Qlde• 

r~$.- c~cowa 1t1 tb~ :t.nt~al t (ln:l t \1~ dt tot G spec1tic pa81t1on 

~m vG!octty ¢o~fi$;Utt!lt!ol:l .of' t"ac m.u O$e11lntb:t.•s D:tt~t then · oarr:Y' 

out a th6~l ~;w$~4lgtns oV~l' e:-11 possibl~ eot.~ .. ~itu1'~ltion$ ~llieb. 

is va:ltd sn 't?.la p~tuf<bat!on 1~tt. 

i<10o~ a p~~eulat>· f:-otlf1;ntatilit}n gli-A- (tlt x 2 ~ c_t) ,·iJ,t--Llt)) 

~:l..~ Lt) _, ~ . = , _, N ) tn~· ,P%1~\mb!llty P'tt tbo.t e 



eo!noid•SUloo wtl1 ocet.Ur dt\r!'ns tilG time 1at~.nl t. anti' (t ·• dt) 

1s glvan. bsr tbO' ;pl"'epol't.totitl1 ty t 

. . 
p c:. oC s c cP, -¢2-) ( ~ - ¢2-) 

R F/z 

F 

I 

p .,.. 
where I( is a ~~Jl$01~J•1on co{;).f.fici~tlt; AZ arel 6..s' t\r& the 

~etiV'o.t;lO.li ·Eln0rgV tU:.d ~ntt•opy l'l'ISPOOt1vely, uM th& treQUGltl.OY "\) !$ 



--t 
' 

·~ ... ~ . 

I~~rom (}:t}Uation. ( 1,.6516 ) it 1$ ~id~nt th~t :t:r :S =f O·, it i$ 

1mpo~tult:. ttl b~?et a nerrt~~err) va !nit~ ~f A ( 11nsn11' <:OiJ.pl!ng ) to: 

get ~n ~~e.ti'ifat!on ®~SY \lhi.en il!!t always p~a1t1.v~ 'Wl.i~tile B· 1s 

pos1tiv~ ·(;~· tM;g.t~t1vo. lo"~O:W 13 < < If:~t tb.o uetivp:t1on (lin~~!:? 1e 

NAL [ 6B J 
Ea. = 8 K I -1<.... ( 1-.GSl~ ) 

x;~o.r p.Gsit:iv~ ·~ ( hardO:li~ ) , :aa dec~easQ~;· vber~i9 to~ t~Gg:ati"'G 
~ ( Oott~.rd.n~ ) .• Ea. i~~~~S'es. ~?he aeti\f.?).tion ~nt~-opy 1s 

n&~tt1/(.\.'t k'lttl to~ B )' Q {ll'ld B < 0~ 1ib® linenr tQm d~em :not 

eont!'ibute to the. a~t1v~t1on ¢lll'tro~y~ Tllns1 t~o qu~u1~at!o pelaoott 

mod~l bltttt1 trd't· ~ tt~ntd.tt~n ~'t~ ~ieh ts t&l'W$.YS duer,•n.$f!Jd by 

·tbe entfOP7 0ft4!\¢'t• n-otb 6. s'P ~nd A rill art~ proport·tonai to 

N 'tthieh l):f0Vi(l~$ the ¢~11lJ~ll.~~t1on :fU1EJ. and yi~ldS & nrsgutive, 
b.EP 

· com,pQtma.tion t$pert).tnite Tc =· 
6 

sP 



spin pt:/16\~!')n o~ ~;la.s~~t1e tJGlaron ~l'lel lwolv~~ th~e· 

eou.pllf',.g at · ~:i.l~t~:o!1$ v:ttb · tl. .el$t1 of sp:lns. 

LG't us ·eona:id~~ ttro ~l$etl*Otlle~ attea eaeh. Qoupled to !t 

spins J.-t i P ( i -~ lt;2 antl P g l• · · · lt ) ~en ¢i11' !dtlicb.. -~U'l 

t;lke t¥30 poefJ!'blo c:riontat$.o~; i•G'<~ t J.-.t. i.p ::t t l., In the 

~hsene~ of tb~ 6loo~n tbe ont)t>~Y· of' -~~ spins ~ssoc.tat.t ~1th 

th~ :1 ·tb. sit~., v1t tn ~iV(Jl'! by 

N 

VL 8 L 1---li-p 
_p=-' 

Wiler~ D .iti s~me Bf;rt ot ~"Ign.~t:tG field \it:vlcll t$mlis to o:rd~ all 

tb~r eplniS i;:-; ·O~\'l1 sp-acifie ·dil~¢tion.. If o.l'l ~1~t¥~~~n 1a ~es$nt. 

lllt tne t hlt sit{!J11. tllet.l 1t coup3.l!l'a to tbe lt spins n~soo:ist0d 

-vtitb. that ~1te ~n'J the ~~dd1t1onal 1tlte.raet1on GllS*&Y ·between_ 

N 

4> . . =: 2 s L "--t i p 
2.. 

~h6l'~f\1:ee, ttl~. Qbsenee o::r pre5el100 of art eleetro~ loc\d$ to 

equa11y strotlg but. oppfls1te1y ®i~t~ rru1gn~tic· fields o:n th~ 



so tb.0 trnnsition. r;~ts per ~uat time ,E ,1g proportionn! 

to F I ~·· and "a niv,en by 

R-=::. J::L 5 ~N/(_LH )'"LJ ( e.-~ B + 
2 BF; L 

~B)- 2 N 
e.. ' 

B<IaatJ.on ( t.e.o~ ) ·Shfl\:;s, tb~t, in SI:t1n polfiron modal, tb.e 

transition r.~lt<i in 1$ s.et!vnted oblY tor: tenperotures !z~ <.<..D, 

wh®re~J.s tor 'R.. Ej~~ >> 8; the~!O ie no uetiVt1tio-n en~ttY~- It :1$ duo 

t~ th~ fz1ct thnt o.t bigll t¢rnp~ratureJ botb site$ u~$ e~st~neially 

·diso~dett~ 4.~ (;l.!):pec.r i\\Qntie&l f~rn an e'loetron• .$ &;-oint of 

"\l'iW ,. {\t low· T t~r~l 1:x.r~e~ tl, _ ~ 

.D.S'j\Q.. - 6E/R. T 
R==- K.Y e e 

ea':)r1~rin{~ ~qua.t.luna ( 1.-~33 ) ·anti ( l.Gt..."-4. ) \f6 b;a.ve, 

p(-\) TT 0'2-/n B , 

2 N l'Y'I 2. 

llG"re, b~th 6 sP an:l b. r.l' "ro pt:lia1t1ve antt pro:ps:otiotuJ 1 to ~1 
follo\f!.ne a positiv~ eompensation t~mperntut~e, ,;e --~ .l~ '2. • fhe 

~et!vat!O.n $ltf~tiSr 9 liD '-'Orf4)$po~is to flipping Of italf thO t~U\1 

m.na'be of aptos at both a!tea. 



·A· 

ln. ~~is ei'l:tlpft.~;r,. wa 4~-,~~!ba 'the sene:~!. e~N.\'im~nt~l 

taelul:.tq~Ge tts&~ !n th(j• $»feaeltt tb"liil'netigt.!.tlGn ~n th.a ~!eet·trtenl 

p~op~ti~~ cyf' .o~~~.n!¢ ~oot.eoa"\¥letors.-. :t)~t~11$ oft a,rJ.Y pat'ti-eu'ljflr 

o:spo.vimtJ·otQ,l pr~~d~~~ ·will, bQ (h~$i,~l~ibed. 1n con3u.:netAo~ witb tho 

4!~ctiasiorw or til·%) :~~s.tlt~ tb6~~b1 ()btained tn cb!l!pters a atat"l 4 • 

. ~h~ ~as·~n O~~f111c Ch@.:d,~.l$', .~J1t:r,:o~~~,t~tie· so."nieot?dttctm;:•e 

U$ro tn tbi;s !rw:ost:Spt.:to~ Q;!J\l· 9~n!t~on.ntll:fo;ceae, S•nitrofl.nor(#ne 

1~4 a:tnitoonapb;tb,;,d.~~, l1S1.G·t~:untt'nbatt~f!¢!$'t 0•, t1.... mnd 

p$nit~b$a.,t)£Q ~c'!tls ~1;!~h :b~ve bCfll\ reeltfYGtuliaed. rj6Vetaal t~~~e:. 

tvt:lfit: pu1tit1ed sea1~tent'S bato~o us~. fthe O?!~r..1e liquid~ t.ts~ 'tit$tG Of 

a~~eyt'iilg:li.~~(l qu~al.itz." ~t t1~:o.n., a~1 tij., t;~et"'clt •. Wno t!!flon $Jn.ecrs 

~!¥.! th,Q. oetldt!ot!.r~ glu$s ,e1Qet!!od~s wer~ ~bta:tned iTem Di~:l:octr1er 

~o~•por~t:I:M ( U* S~ [~ .) a.nd Fisb.~%* $C!~~t1fio· (;()• ( U. S. A• ) 

ll~tJ~otit'f;lr"SlY~ 

e. I;t~gg~!Qq.,,p,t.'"'t,R.i Ct1~~~~&,P~\ -

t~pply!ng t~~ US'Wll p~oe:adu:c'~ttt3as,M,ll?,llS., thtJ cond.uettvtty 

$atllwich .e$ll.s v;ewe pre~~;~l tn a$J1 by putti.l'lf! a.bottt s !ttgs ot the 



r!ll 

surface.~: ~'to 1tgb:t :U~mtMt·i<Q~, ~wo te:f1:~'1. s~ee,s, :2 .mils 

(' 0•:0Qi ~ .) thtdkf 'Ste»e ~.uti(:)ll6! rlOOV' ·~~& eflrJG$. ot tb~ 

eleet'l:'~~, uni the ~~\'ell ·ervsta1s w~~G &tt<ttned by telltl; 

i?Q.t4t1n$ the eon:l.~ing · etas.s &1Etetl'otltl witn tile cf.n~laottug e:ide 

in CO:Qi~ct ~itt.~ t~$ GlMlC.;lm"ll,;. ~G toflon -S~C1$J.:f'$ ~L."lt~!n$1 tbG. 

se~~t.io:n betwG~ the. el.~etl't>tlu:i• ~wo sp:sririg el1po w~~ .:tim 

Qt, ~ !nOli·erete ~~sau~e to ·tb0' oMs of tne G1~otttodt$::l in e::t»4G<ll 1;(; 

~~intciln th~ ~at%lwt~b · e~ll~. 

I 

·~thi9 saMtd.eb f)$ll~ w~·a p1aa~ :IJ.'l a, eot~l~et!v1tlf "b.&mbe' ~dG of 

bra,s~ .~na :ftM.ialetn¥t ~nt1~olr ts!th tetlon. ( ~tl t!la ~l~et~lea.t 

SW1'fa.eb l:M~e !)~~¢_; -~:J~ ~1~ ~t· t0fltill ) ·jo. tfttl• $t.'l!UlE'i$S st$01 

el.ootr;~~ -~$ p1ae~1 on ·tri th~1 copptm bav pl~~torm in g~oo 

th~~a1 -~nt..~ct tl\~a.~ tbtmal p~etlia ancl thus tbe t~&t~t\lrt 

ot the ~et:t coUld be col:it~o11et.l Der.1 oat $1do,. .s d.~c· t"o1tnse 

'!::>t ag~s wltts fft}tl ~ll'Y bo:tta~1~1:$ wo.s ·llPPlie-d t:\~.a·s tile' ct:rltt;., 

~bore \\1~$ a Si:.iS irll~t 'elt\11 r~n- out-t$t !n the dl<.nnb~t· fO't! a~~$ 

.~.aeo~tlon atud:r ~m· ~~l ~~:tau~4~~nt for ~$l'moot!ng the oat-tat 

·vttb n. suction ~.p ... ~i~~ dl@b.e'f/! ~tmosph~a?"$· could. clroula.te 

tt:EH'll,y through tile c;p,rt:>ait~ opan. $3ide~ Jif}f ·finra. a~t~b.tioh ¢&11. 



·1 

I. 

~1-~'!ft~·"l:a· ,. . ."1· "­
J,.· .liliUfl.w * &<•t-or;, 

; a -bros.~ 

C8 - coolmg both 
eel-- col~~~m chlorid~- tra·p 

CG - condudiv,~y glass 

FM,-flow meter' 

HT-: heotu'lg tope 

, R J B-"'"~e·rerence junction 
· ·both 

SC ~ SOI'I'lP.It> eel(;:! ==::;;f===1\ 

n11 
'l . ~U const. t~:nP· 

c:r- both · 
. CCT 

55 - stoinless steel · 
i - teflon • 
TB -. thermoi bor 
TC -· ti\el"mocouple 

Conductivity chamber' 

~~~~~~~~s-~ 
~ I 

/. 
£lectrom<Ct{!; 

I ' 
! 

. '. l 
AJ_B j. 

l 

.1 sqh~t'le tU.a.t~~ (ttt the a:~~v~tu.s U$t\d. to stuttv tb.e 

~~f~Ct$ i~f the ail$(}ttbld; Y~pC~S Oft. the co:tattctint.y -Of tbG 

nttr~*t!c ~i@nduct()~s. 



~~pti)r{~tlil:r.!Z '$nOOSU~·OOt;Ql-lt~S ·w~»t) tt.tid$ W.:d.tlj ·l!t OOi)p~ ... (}OU&'tai:l~f_i 

t£1.~m:.mt~111.~ nt~ehi)d· 4 t ttae top ·#!Jf tbe ·met:~l ~leott>totle ~mJ·. Q. 

t~Mtlivolt .}Wt~t~t~~tet r;f. i:'<:l~~nl'Ws,)l Btotb~$ ?Ail! t~ttl•·• %Ql\f.Q~ 

rrtte $$'t.U·i~t;)twluet1f>.n ~i:Wl:"•t.a \JotS:· m~murai with att o1(i!eti'Qtl~t1tarr 

· :a~U:fieyr E!A SJ$ ~f' ~e :Li:lt~ctr~l)lo ~·orpt1r~t:ton ot :rrd:tu . i:t"til. !n. 

Ol"il$;r t<l' .n:timi!mte t.lj,o. ·e:tt.a~ta of' e~g(tn,; 't1f.u.t~r ·v~,w:e· or ~1' 

~the11· '~~poul1a Cl~ g.~eG~a Afj.g~!'hej b~il the ~le beft):tte ~evtm~nt• 

the ebf4lib~· le~~. th~~ott.gnl~ f1ttelu1Jd ~1tb (ilftf i'lit~om~ gila td~. tb,(IJ 

!1ev~j!1.:(!) v~~' . th~~~ e1v,~:t1 ~:e~~~tfi!l!t b:ec.t1ng aM oool.U'l%1 t~c.atmente itl 

tl1'tl?oG:en tlt.inOaph~s!ra ovw tlle ·t~~pqJ~1-ltur0 ~stig·o. t<> be stwU.~It! 

fo ~ll~ Vtl!!Jl~-'ilt$ v~~~ur.s 1.nat4e. t.'-o ~'l~tnb~, 11~1 ntt:e'i.)Sfm gas 

'tl.as used f.t'S .a~ e~l?.:tiar 'Wil~~l1 \iu$ 'P~'Ul~cd ~jl~h .. ~ ~ul;.bl.olf. ~nmi• 

VJ$,t'!,g tb.o ~rg<lnie liQU:Ui ~Gl?t ~t ·a l~~Qui$~ t\!ll""',.POi?4ttttt~ t~ ~intuit\ 

@ ti~ca Pll~tiut Vtl,er..ut :Pf"Ga~a 1~s tuo.n :the ·~tUJta.t1{.')n \.'*t~~~ 

pl1a~sure. at s~~ril:tJ e~11 tGnPelfatU:f$s,. ~o~ 4eso~pt,~~ ~tiid:1.~$~, dey· 

lri1tr,:lgeD eas ·~$ ~:tlwetl to Pl$'$ dlre~t'11 tbrmtBll tll~ cl\~b~• ~~· 

ttea$~®~nt {lf· tl!~rl~ eut~1'tants. o.t a. ecm.stant tf:f tU.ff~r;Gnt ea1l 

t~e!ttlt~O& ~~$ C~rtd•d out ~:lntr-~~nr;t ~Q Celle 1fl. nlt:Jt>:cg~fit 

<t~a.e~ a~ aitt .. ent ~!ent :.d~~lt)$pb~6$ r'ecott4lJ\g tt) tb~ ~~ .. 

;ni~ntG.1 :it~td.~~att~~ 



AUSO!it~l:O!~' ,A,rtO DI!~twr.IoU PaOOrfaSilS lN S()'f;U~ 

fi.lf:001ft<~ll;~f£ltJ sm,t!Ot)t~:DIT<Jton-v fi.!JOtfR StS'ftl:~S # 

'V&POOS 'Wa~SID'Bll Dl?.PEroBt(;B t1W KII't&~XC 

io\dsoj:ptton. of ~b~iea1 v~rJ.~Z'B· or gas~s Pft}dtlo&a a P.:t:'r.:>~e4 
.. . . . .. · · . . . . . . · . . ·. · a&.11?tll9~1SG 

:l&e!fi)as~: h tne S~tJ!colltt\l~ttOn· our~antaJ ·<>.t botb. ~~niu · · ·. · 
. ... . . ·1m~m1 ~, . . . . . · . . _i$,:t17~lliit, 1sa 

~a1-i i'nt)?-nie · ·· ·~olt11~.. J::t. ba.~ be-on QbSG::'~t~« · 

tattt tb& oot:4u~tl'it!t;y d:ts·llf!!& !s ~fJn~~11V l.?®~r$1b1Q 1,e. ·tatl· 
~~~g1M1 wemm o~ ~tl'og~n attao$~tlo~a V$1Ues .~r~ obbinttd by 

;entlu ~!ng ~c ~r»>i1uct1v1t:f <t~b• o:~ a1~1Y. by ·t1.u~ans the 

cbat'ib$1' bt ~~,. U!t:J!~en.. fi:~!!~· ~U~ii that tb~ g·~• 1)1! va~ · 

$Oleou1~s . -~ bOu..~\ t·~ th\11· f!~la~.$ oi"" s*illlemlilu.~to» ~li!tieu'l~$ bt 

w~ eottpltne fQ#re~~l-44.~; Itt ·S.Q.m~ eitsetllt w.a$l1 tb$ ~®et;s. l$ r~t 
att1~1entt.y:_ rifJV~.s~b10 o1.' 'fib~ t)I*1Ginn1 walut~ is Mt ·We~! ••tldnstt, 
'stwmg bQnft{t co~~1t~~~s ~~~ fo,mid333• ·In pt.Jlyen~tJt~JJ:tm$ t~J;tlJ#U~ 
·t!on and: det~or;ptt~n kln$t,io aml;ta:!$ ebo~la that. ;tb~ weak11 bou.nd 

at)mpl~x~n a11a to~ ~~lli tbi$ adstJt:pti!i}n anti d~tption. is Q. 

ttw•e~se proQ.~t;J$~-



''ttib0l:~~.l k\ ~ (3 .a,:;t~· · c·:oMt~fltu at ~. ~tieul~v r;tesf!f•o:. Tbo 

det-it:vatlO'l'l ~f' S ~· f3 ~Uat;!.t)t} a.-~statt~$ tb&lt tb() ~tG of ~~!11t!oll 

po1saas~$ litH a~t!~111!!.t1on ~n~rgv 't/ta!en S:rAr~s~ ,.,U'a~lw wittl thfJ 

v..t~unt of tho ad$~b~ r~tlt o~ VhlpOtt'f,. It lt~e also bt~tt Sh~wn "W'1tb 

il fJ.:)OO d~toG ot e~taltlty t!,'Ult at ~ oonst~ht te:~attU~Et and 

fCi'tf 10~~~ :P~~Wltllg~ Of ~~$ MSO~P.t'it¥Llt e~n.iUot!vttv 1tlOa'$:i$$S . 

e~nenti~llV ~!.til tb(f. ~10tmt $dS~ttbed., 

It a:;r;~&~s ~wt the l1.netle ~..td1(Ys Cl.ln t.~rot~ mteh light on 

tb.o ~t~$ of. !nt#JfacttCJti and als,c on tb.a p:rot~ee·s :1nv~1ved cei\U"t~ 
ti1t.4eo:i1pt1o~l f.Uld d~e~rptioa of-"~~s on til(} ~-~oMtlotot" .•. ~10 

bavG tl'i~n~ tt'l9 Qd~rpt!{Jin awJ ib:~sorption ~n11:!1t1~~ :1n ~ wmb•r 
~t ntt~$~t1~ a~t~~Ddueto~·v~pou~ s;st~~· and tound ·tn~t 
. along wttll a geoo~.a·:t t!!Jzo atG.gtl p~og~s in ~~ easa·m 1)1~ val)our 

$dSOt!!,t.S.etn, a ·dtfloo~n' ·tbt-$3 stus~ pt'~¢cG&:! is al$0 o,pet~tiv~\lf: 

tn thi.s oil~J'd~~., t4a Pa'*'$flt»lt OU't r,asults followed by tl!t.a· 

eu~ertotlS on ®w th(~. caMu.et!vtty tt~pend.o ~n tbG ~·~asul'io of t.'tie 
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;ad&4rbod Vll-})OU1!AJ thtl va:U.t1U,;ty of n • z o~~~t1on .ana finally 

on tho possible tr#"lels tor wlsorpt1otl- p~olit!esaea • 

. 
a.,:l ~ .. ~~ ~~~mt~t{;,,2t3ili®rtUl~~~Oi~;,.~fi~QD 

~~.n..t -:2Ul\C~ ... tJl1~um'1::.l'i,t~rJ. 

Ti\o ~ftootG of adsot~_ptiot1l of-~ sor1a:3 of v,ap~tl'W$ wero stucU.t:.l(t 

in th:$ nstt41 ~ti~ as dosQt:il1ed i'n tnu prwiou~ t-.1\ap.tar. Tue 

aandwicll ce'll w.1s t~t'erut~e~eyel.~ ur.(l_ Q.ry ni.tl!o{!en ga .. $ was 
f.li,l.lowod to vass tl~OUg$1 tb~ eh~b~f' to desottb Qhf v~:po~ "~ ~s 

QdaoX?bf~ bV tb,() sample Pl"~:Ol~' t·~ tna elU>&Jtwent. ~h~ oflll •s tl':ton 

kGpt nt u eon$t'l!lt t•z.H:.1:l!'atttt'0: ana tna fl:l'r-w ot ·th~ cnrr1(tr, s.as, 

dr-y nitl.r'i.")gen, :w3s ~lt-td:ned thorough tbe bttbbler containing tbe 

·r~g~ot liquid at a eot1s~nt tanpt..Wature t~) .atts!n a. reqtJ!l'!Gd 

vapou~ l>~easu11~ • .f.\..tte• a abort pulee, V1llgn the powdel?oo s-~pl.e 

sta.E"ted. ~d9Qrblng .tbl$ vayou.t~ from tbg eilambet' n:tnm~h~ll'e• tbt;; 

currGnt inore.:iSG$ ~00 t~J.lllf attQins a &'ltu.retion \t~lue tlfteJI-' 

~i)l4~ t:ime in most ·Ot th~ . va,pour • a~icondueto~ .svstsns., In some 

Q:asa-s; tho j~~ent Gtt~ncO't&ant W:JS br S$V$t'~l ()rth:;rs of tt".;)gn1tUde,., 

The ~e~utt ;o;f $\leh· a mo~~JU.U.'*aii!ant for vapeu~ ed:rorptton in 

9•n!:tr~a~l~r..ueon~, :t,<r1...,illnit1"ol··~pt1tll~:~;latt~, :t,a,5-.tr$1'!1tXtl.;}bon~ell$; 

2~n1tr¢1l'!.Uo~00$1 o~, In• and P• n1t'1'~o{l)hStd.e &eids :lG shown in 

Fig-. 3,. :t • a.7"- ~1nou tb.a eu~bt:.W' w~a, flushed t~itll dry f'litrt'}gort e,.1s·, 
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~he- ~nee· tn &~k · ¢\t~ent b a p~!!in!tl1obQl1t1o&o _ael<! powder · 

cell kept. at ~e '¥1ith (4) .ttdto:tpt;Aon -am (b) 4eso:t:pt:l.on ot 
- ' 



tlla vepOUf." des::\ij!b$ fr"m th(; cr::rst~111ta eU:ll~ft;u,as &nt\ the current 

¢o%'-,aa b.~~t tt> th&. ;i?)it~1 v~ltte. ~b<itse e~e :Shovrt by tb~ po~t1on (b) 

or tho ~urves.. T'h~· ar~ow :lnt!.ia!lltas tlla t:!me . ~~~en d~sol";ttion ~rts. 

sucll ad.~o~~·tt{)~l ol)ll d~oliption e~~ea w~fl ob·tUoinf4 w! t..~ iltb~ 

vaJW1,Ws ~lso._ l~d8'6l!Ption atlii do$ol'l!ption ot V~l'Ottl's lt~<9l1lt'let 

ayeloho1Y.ari.:o; cu'Wbt;Jntowaebloriae, tat?tttuoot• b~m~ene, etllyl tleetntu 

ani! stnru&ot on. ~l !'rtl~ @ •• ,Jt!tro~nth:r~eenst 2•ta!tr=otluo~0tle; o .. 1 

m -~am :p -~ nS.trobell~oio ~l~ld'u-;. V'dpuure ~)f' ethanol, r.J.Qtho,mi tlnd 

¢:l·.el.tihl)ltlttner ·o.n a~ tlltJ"tJ! 1·1·4 ~U.nitt~n~phtha.1-€2M t.J;f'A ot cthan1)1, 

nietbart.)l,. Jrt -~ ~~·~D,oo .t~nd .ayelolle~ne ~n~ ·end troa J,a,,s.tvit"ditro· 

b~n~untt all~w ij!tt:l'tt?l:t ·:r,~!tV~t\~ ~~ abtr..1fi ·in Fi$~- a •. l ~ a.?·., 

tmt t~itn e(}J'tal!!! Vf;ltJOll.t on 1,4 ·ai:nitrooopntl:aalcne and 

:t,a,s .... t~!nitrQb(!~ane s~cb. ~ oot~ation ~S)ltt~ was not r~cbi!d 

· ana ·cml%?' -~. tven4 ~ reacil ~ ~u.tu.t'&tion vatu() w~e obsarv~ in il 

1ong""'tim~ !i~S!Qn ~s- sbowt.t .lt:t P!g~t 3•:g. a~J 3.9. Htlen the ebJ~mb&r 

we.s tlu.dl~ ~11th tity nit~gm tne ln!tit;i!ll. V'.iilU+! tt~e n;)t a:tttt1noo 

~voo ~ftas.- GO mittiltes* Ad$,1}Vpi:ion .e,t·~. de~nl'pt1on ~~~h~ trsltd.La:r 
. ' 

t-~ thqt sl~own .in f'i~~~ $~$ -~fitl kl.-9 Ut'e Obtta1~ fCJ>r otbyltlQf)ttlte, 

'ban~cQn~; ~n@b,:,tttril1~1cblo~ide• ani ~~unmn$ ttdaor.pti!en on 11 4: • 

e;linitrtH'k'1pb.tn'l:l,$lt~ .f);rtr1 fe)r tttb.yluctf~te, b~~·ene't f.lla~~nteti'acl:ilo~ 

',it!cl~, toluane, ~~ptane aM meth;vl-cuclob.el~ne ~4so~ti?)n on 

l,S,S•tl'imtrobon~~nt!~ 
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TIME (min.) 

The· ohang~· in d~rk ·<r.~uEmt in a 1. 14-d.iti!trona:r;tbttl&l~ 

po.ifld•:a cell kept at !JJ~l'c . dtb (e) ttd~orptto.n utld (b) desa~t!on of' 

ethylec-&ttl:te •*~ &t 49.:6 $!:-m pt.es~~ ( a tren1 to rea® a 

s~twr!!tt.!On dfa:io~lt. ~eut vtllue. is $0~'1 at lo~ time .Z,~:~ton ):. 
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. / · !?h.v.l_ . eh~e ttn .\iattk trt1lT!.'l-b; 1~ ~ l.,St.~trin!trt>:Mn~elW _powder 

celt k~t t\t fft2F'a \1-:!tb. (a) t~dao:ept.ton !I!Rl (b) de~t(;)~,Ptto~ ot 

et..~ . .Y1&<:0tQte vap.mfl a;~ olt4 ·~- 1\WtrfG&U~s {·-a tl1Snd to i'f'Ja~b-. 
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lh'$. ootttJ'{J.ti.o:n v.a l~a sf ernr:re~ in ~ v:u.pOttt•efit:\'J!eo-Muetof1 . 

S1lS't~~ UA:i~lf ~~t1{!u1~11 '&'1\l!tP•:ttc.~nt~l e:onilti~:u~ dGp~nth; on tl\~ -. 

~np~.:n."tv· P~*e~~~ of. tile 11~~nt l;tqu~i! ~.rd nt thG' oe:11 t~~~::t;~uir0:f 

thti tl!m~· t}~ ~tta111. tb1·$ $'i;~y td;~t;e v~lu~ be!.l~ depef:Ml~ ot'i 

tbac i'low: r'~t:~. 

Til$ oot:w1t1v1tl-~ nc m®~~ ·by ( cri /a--Jv ) vt.d .. Uiiffs tor ad$0rp"'" 

t!O..fll ot v~J'ttoue 1f~vour£J ~~ th0 .mt-t-l.cu:~a$ of ttttfer~nt nJ:troortJ~tie 

s~l!~otlJlilet~s ~~ ~t~&t'bd in t~lrt!l~.m: 3.1 (&.) ut'ld · (i)) t vhe?a 

~,,. ,s;. ~bi$ &PliGi:t1c ~O>oouetiv:tty £},tt t.tttu:t~tion .tttt~t V•J.P~l' 

a~e'd:t'Ptiot) at>tl a-' v. is tb~t bate~& a.tls~~ptton,. i"h.e · sa~it!v!ty 

de~m1rl~ on tne te{l~Jto·;~:t ~tit®~ ot the tttbt~rb~ · t:f.,lll~~u'J.:Qa. · 

'l:ile· ~.ugrtit~t) ot· tb·¢1 e~~~nt ·~tr..'~'udte~ar~t Q$ ~ ~~tl$tant cell 

·t~~~-.~~1tUI'$ 1~s $twl1~ ~s !l liutt..ot!on fjf ~tal. ptres&ure ot tbe 
I I 

'l~~~o~.l:t"~ ~. thfl ~~1~. ~1~ p$wtial. :pr~smt~~ if'Jf tb~ 1f~}}uttr tat 
tbl.~ ~!mmb~~ ~$ 'tt~ti~ bY ~llaf\1flirtS t~ tep~atn7~i oft 'tb0 · 

~%'w·i'A~c!l-t cb~m!c'fll . !t1 th~ ~u.bbl~~ tt~~ougn Which. tba· ::t1J'.v .tutr-og~n 

gn-s Wt1S P~·:m~ tia~ f~ tl!i'tt11 til~" el'lntu.et:tv&t:v enumb~t.". 4t .a ii':Oll@t~ttt 

tl~ r~t~'f 'th~ ~\~t:1til p~.e~!f<tt-a ot tbe li'e<tlg~nt ~!Qttld V.:lperd:t 

ill i~h~ ·eiaam~ a•$P~¥0l?O \t(a$ P:f!OPGl'.'\$1@b®l to tb.:e V:&pt)(tl." :vte$s~.i'a. 
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n1s<J in t!a0 t!~k 4ttn~t in tbe pow4~ e$1le ot 
G®a nttroatnmt!e s~eomaueto:vs ~t fiJ-00 on 
oiiso-rpt!o~ Ct1! V'~io~~ WVOU$ at 'the: ~0 Pl'$~SWie (p) 

t01J $$1l1eor~et~Jt...,."i111lpot:m ~· wbee, .qUICk sst~at1on 

!s. ~e~'~!il 

!tYolO• 
h~ne 

't;tbyl, .... 
ne.otQ,te 

. ~~~ -

~-- Rl!f~i- ~f-~!Jilidi!C: ii llirf.(l!Oi:.-:«t .' 1. ·_'I' ·_t'Lri.~[tlr' .'~~~-~~;-~.-rt: ·e. rw · •rM'J ,jl ·i(~ 

~J!trtiltJ...: 
~ttth~~~rt!J 
<~·so~nl 

• 

a ~-

• 

,_,s·~s.w>tJ:itd.tl10~ 
b1Jil~Gt10 
(p~60~~) 

·•· 

1 s 2 10 

• 

- ~ .. 
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nise in the ®rk cuvrent :tn th~ p0\1de~ eelts· ot so~ 

nitroaromot-ie ser.Ucon.luetors fit 25°C r,~;n adsorption of 

va:u1eus vapours at tbe rsua.t presG'Jre ( .50 tm., ) · tor 

$emleoa1duotQ!'•vupout* pttir wb'tl'~ qui'Ok sutu-r:atton 1s 

rm~e!b.~ .• 

. _ • - . a I!J(Ijtf.., t~ • .. , 1' ilit(ilft•Gi• iH I . -~· . Hi ifMitt: . . 1 I _sbi;J . - Jtl . ··-· 

~~~ 
tiiU_iti& VOW!IIi'li#'.~ •ris Ill".~~ iii t:i:r.r ... d - .- Z ·- ·--I. ipp I l 

n!troiq> 
fl\tt.ma~.e 

0-.40 ~ 10 

o.1 'll: 109 

o~n!tro.~ 
benGO!C'Oiilo 
uo!.d 

·4,0 

4 •. ao X 10 

m•~lit'ro• ~@jlnitl"o­
b~!loie,.,.. bGrt~so1e: 
;not4 {tC:td 

a..o 2~0 

s.o z.a 

t~ 2 . 0 
o_..49 ~ 10~ e.s x 10 · 2.4 x 10<;;1 9"0 

1.2 -~ 103 1.0 • 104 3.,1 :lt ,.,;:~ e.e 2 102 

~ ........ -...... 

... 1'011. I J I 4 t I ·lif/Xf- It . t1 ~- ., t . 



56· .. 

o~nt f¢r et!'l:t'l~eat~~t- VA:pOUjJ Udt~G'.f!'ption ii;~t d1ffe:P:$!lt V'lPOU't 

p!l3sat.tres wel"e ~l:tso %'~oord(kd• 

t~t .oon.etunt tl0\'1 Lln'l ('..'Otll:ltaUt ·V&!;!OU:t' p:Ct:;lS~u.rG; tho CDMU-Ctivity 

~i~torc adst\l'vt1ob u A (v!'l) follow$ u r~latien 
' ~ .. 

( a.ll l 

~.l:~r0 f ex: • it! a c·onst.M1t ·:i/11:Jl tm' -lg; the ·~""!'Ur.tt of ·\~l'IOU.t.r· 

.(!d$o~baa. 

!t is e.rJtZ\l.Potl til!lt •m• dopon-Js Oll th0 p.~t:J.al. ·l:>·i"Gtsill"$ (f'l) 

ot the roc~g~n.t ch~~l t.~ntl in tbo ·initial pe"t1od, also. on tbe 

t:J.~tl) o~ t:~~"V~t!tl:t-t';i!l' M.tor. ~~fi t~e, nouavt=1r* un. ~U~;U'b'r1~vn :t.s 
1~9 l!(",~oti.._-13£) ~4~ 

~stahl15a~ .. Thus~ t·~m '"~aeume ~- • .... ~ ~ t ~ ·• th,:1t in the .1n!,t!~1. 



m ( t ,} .;z· ~ ( t ) * p 

~b~1Ye Q (t,) l6 Q ~(!'t·2,on ~·t· time,.. 

t:~:t ~atd.l.tblf'ium, 

I 

·.I' ~ """' ) \ .'i.":!. "'"' 

vlhlt$'fJ Qt) ·00\4 b~!l~i$·S ~ep&t'ld.~nt ot: tit!ia,. .. Ti~t~ :t;r elltpeottd t~~, 
1~9 . 

I.uu~~:U:t:s ~iilst::Jf!Pt.i(l£1 ia.athti~s "" ·t wl'll.~tl u· ~~l t~~et&;.;n ot 

th.e $l'l~fttce is covGl?'~ b;r tb~· !P-S {);r· ·~'apotnl -~lGCUl~s. ~~.!hst!tttt .... 

tn~ ~u.{ltle1n ( 3.12 ) :lti ~qu~t&on ( ~.~.:11 ) , \JQ gt1t # 

~ [ m ( t:) J = ~ e_x.p [ o<. · <Q (_ t-) · P J ( Sel4z ) 

A Jil.ot of logs o'. ( 1fi'L )- o:: t."S*l~ittnt! of t..h~ ~tt.u~n:tlon eil,.~l$nt. A -u 
va. p a.t eq~111~tttm !$ $~~;()t~ t~ \:ttl l!OOI!lll' ~1ll equett1~~ (3ll15)fi 

In F:tttc.. 311i\ 10 ~ttl 3-.!11 \'J'C stlOW GUCh pJ,()te fif' the lOFJfij'itbm 

of tb~ ~ttar.u.t:rlt:nl dark eu~~e:nt aga,:1nst the \1apl)Ur ;cres.au~e ( p ) 
at ~l.Jdl$-br:iu.m. U til~· ~ds4):r-~t1on kioot!ca £\l"'fl oi? th:a t1'e s£1~--

\ \ . 
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.~f! •nge 1n 4atk ~~~t. at· Ci) 'S:tW1ft!tt'O~tht\1e;ae, 
. . 

(9) ~t3t~~~,iu1tJ..'O'b&n9®tt · atlil (0) t•n~~~~~-~--.~-·- oe11s 

.,_.-. 
'- .::_. 

at ·f! co~- QeU·-t-~~e· 4t··fria0e t;$, t~ fU~ion .ct the ~~Ptiu.f'· 
' . - . -· . ~ 

p~e.U~:· ot me~m~. 
' ' 

',· . 
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f!l,e tlb~il!' !.n Rt~s:ltt~n ~lt Q~e~t.· ot· (ll ~r4.tttora~on•1 
(S) ~~btr.tgoft; ~\t;.t«,. (3) 1!~t~~~:tc:~f:t~:_~td (4): ~t~•: 

b•oto n(1.!4 ~--- ~$1lt. at.~ ~"natJ.mt ~11 t~f$ft~re (~(It) ~~ 
0 

, 1 1 • ' • ',' ~ ' , • I o "1" 
0 

,• , $ • 
1 

o . tunetlctt; or. tbe ~~~. »~••v:e of •t1;. ~c•tt, 
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tn Piss, ~.:l. ~ ®"7 Iff. :P~~l:y g~l £\ltraigh·t liU$e u~ t"tb~ined~ 

~'h~ · oll!)p.aS' of t'tiQ(~O llnns ( -=<. ~0 ) !a tbe m~~J.'f~ ('If tb~· 

streng;tb Qf inter-action betwoon ~~e vrJtp~ll!' tliO"l~etttos uoo tl'~ 

,g·~!~i;)·ooU,ctQl.f p-4b·$ ~~,$ V'e~()nt~ .ln table s~ta to ~use tho 

~~latitro stl?engtb ot lnt$rat>t1oWl,, l?h~ lttl~r plots ( Figs'if ,a., 10 

~·tid 3.11 ) attgg0st ~€il a;ppl.i~bllltY o·t tha tt.:U~ctDt s Qdi011ptton 

t~tu~ to&: ~:u. ftf.u:sti~ta Gt mtxsta.el3 ei)v~~};g('} 1~ ·tbtlS$ tma0s ot 

In ~.:fll'!;nr to tt:1~t ~Jb~:tfi~thft c~deo:t1pt1on Ut..~l dosu:rpt:.t.oil lt!n&t!ca 

t~11~~ tb~ 1~e~t~ ~ol.tt~~idl eq~1t!o~, 1et ~a 1nt~,gJrr>~te ~~U$t1on 

c 1~ 1 ) :AJJ.vit1m t 

m (t.) ·~ 

Giml1arlr1 a euit{lble EKjWltion tor d~~rpt$.on !dn~ias ~,. 

·be giv~tt tty·.~ 



VnlJ.tea ot ( o.(· Q~.) fo~· d!t.t~ent 11tll~..,~~~ndut;to~ 

;ta1~s 

l'l· . # . '..-1. \ 
co(· "iG "' m ~ 

. -
,.,:o;!1oi'IJI;~·h)t''l'ilil"iW~iilir;i'llfjlf')l\!itfiT]Ifo¥iil'i:iiw~illt'ti.llill'liliRililllilfli:E I 'II' ... b 'I ·aPflt~ :·i-.1.1 rl()ifll] .•• l_fli.' 



' 
fl1us1, fo:w' ~f:lr ~~!:ricallV db~eebl t0 ~r t~., :lin~" plot$ (1£ 

lQg ~A vm. lo~ ( t· + tiO 
1 

) ~~'r aiSso.Vpt.itmi(fi tiintl log O"f\ ve., 

rtog ( ·t 4, t& ) f/31/ .ii:es.9~P't1()tl art~ snssest~ in tbo ·tn!tiat ~sgion 

ot atlsoi't~rt:ton r.ar4 de<i'COV"pt!on r(ftt.P$Ct1vely• 

1¥1g~~~ 3.,12 . ..-,. 9,..2() ·ahoW SU$ :R • Z pl()t~ f 1!P# MSOJJption 

~l~ereas Flgs 0.21 ,., $i~,29 :riUPl'!e$ert't tb~ $~$ plots fo:tt daS!Ot~Ption. 

.~d.netie ll!a~. ~be t!L~Et 1Mtc~i~ $~ the absoiaoo $1! tbe t1tm 

rJoa$1:\Jled tf'~ th~ i:nittatiGn .of ·~f1so-~pti"n '61! d~s~l'·l)t1on., 

it ~ .~· plots ot· tho· kbl~tia datet Sh(tfJ tb.Qt ~~ tbo !ni.t!t1l 
I 

Peg1on t>f ad:so~t,()n a~1· d.$Sfl:r#t1(1n tbJQ ~flogQ~ l.)f tb(J e~*)s art 

dtf,f~rent Va.poug· P1"E¥s~..ttes •~ eU.tterent, fi>t!·s eliows ~1e ~ess~(f 
.. . 8~ . . . 
(le;~ndaf:te-~. oi! p .D;·nti 

1
_ ,., frhe bl!!b~ tlle put?t!al vapoe prusue$. 

'the b.i$11~ it:J the slo.~(f41· ·fbe VJalUea· (J:t f;/~ ( 1:# [3' ) ·~t*~ f/P<.. (e f~') 
.btXVf1 been .e$tlm.~atM ~m tbe ~1e.po-s. ~tlC' tw.~il"lti<?n CJf. (3 ' ~~~ p ~ 1 

1~tith v~p~ pr~~:htr~e -~~ ~n in tabla~.~ •. t!k~ (3 '1 ~~' ~lsa 
dt'tott~l...l.S~$ 1-1ith 1~<i~~s11.1S v~peur p~o$aut•• i'or ail¥ par.tietda~ 

p!'~anta of amb1eBt v~rrout', (3 )(-' it1 l~gor than [3 1 ~~ 

r.I.-t.d;~\tion. ot F!gt'hJ. a~ 19; a.$0" a.2il a.bd a.~ 1t~l1eates 

th~lt tn tu~ l>O~ tit!i(i; ~eston tbe niQtG'~t.m~u't~1 po!ats ·1n a • g 

p).ots sno~ 0X"¢Ql1e:nt lin(i}!~7ni:tv with a dtffeeut slopo tb~ tt'o40' ~ 

in tba MoJi:it t:lm~ ~~elo~. Whi~ #.S ditf-~nt mm th~t Ob~l!\ft!id -· { ... 
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The it '"* n pl6t Qf ta~: h£net1c da·tr~ at diffctWent Vcti)O'lJ'f 

p.!r(;)SSUl'Eis for e~rbeJltii.it~achloridU · tlapoa~ ~d$.~~~tion on 9o.n:ttl"O~ 
·1$rith~~t:t een:t~• 

.. _.,. 
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$utttt-1ltion. -~b.r ~{3!~~h~ s~J-~n attGe tt'lo: d-1~.vt t:1.ti(f vag:ton 1~;i.D.&.la-itz; 

1£¥ eorlploted, ~"b!:s· GUSt;fitt~ts thtlt .H -~·· 2 l.!!t!U~t.ilons ' 

'JtiJith ~ d1ff~-.ret~t aetivat.~lon ono.~eY' ar.d t~~-tt~:~onont141 ·eonstaat. 

&~e ~1-9:> appUeab1~ !n tho ·:tong ·ttti."4 rsg1o·t:t. StJ.cll ltn~ta~:lty in 

thG 11 . .., -~ Jl()t$ !,n tho ton~ td~u l'~gio~ ttat;o baetli r.¥b·ta~.nod. for 
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$t~.ifn li!lf.li.J t,n. tb~· ll)tit:i time tt~f£i4.tHl• :In t·,:zb!t.e 3;,4t tll·f) '~Ol\lGS ot {2J 1 

~nd (3*'' ., p '' <~!lll (3~''. ~w~- p~e.,$1ntf.Sti: tot: e-th.:»':'!f;.t:eGttlt~S" va~eur 

(}~so.~ptit;;n at dif'~o~vnt v~~P~ p1•osaurs.<J _It is t.-ot~ ·tlla.t ~:t (Ulf 

~a.rtieata~ prfJs:~-u;Q~ 1f»f ambient vu~m? [2>* 1 > f' n.ntl ~*'' > (3 '~ 

· . · .do · a. · · ,j&.O · ~ 
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~i • z · p.lQts t.n. such cas~& do m~ ~w iAn,· me~suab1e s10~9· in the 
' ' . 

' 
~Jti~:rpti6a Qll t~~ ~~;;et~1 . ~t~~~ g!ve.a ~ t4eibiltU'tt\ ... Jwles pr.;tentlQ.l 

j~~Y ~'fttt~ ti.:d.e.,~ !s ~sm~J.M to d0peat on ·tb@ n~ttort ot au:~r~cs 
Qov~~se.i 1!b!$ ~:tJSse ts- to~ioY~at :brr t~ ~te 4etel!tr&.Ding t~&nsltlon 

~vet a. ~nt!tt-a;! .. tm0afiY b@lf~i• ~tt) the f£~1 'stage ot .a4so:.':Ption 

· fe'i1.~iftS ~e:~J41 ~'\nd ao~t"'~~ betue·eu t:hO'.!.vapou ~i~u~~s arld 

t,b~,. ~t~fint{:]r~t~c <3'1!J$kl1ltes., the ba~tie'U. ie. fQ$04 by thG 

.tt.ttet!aec:t;tton ot th~ ·t{40 ,ot~la'1 ·· ~Jglf eu:eves... A$. moire 'l\01&$.\l<!:$ 
. . . . 

~~et ~1eirt411v itJ.~O)bf.d. C van:lw ·~tti• >•· -~· ~QPUleiV13 into~action 

·betwen the dlpoif~S d11 J?als~ tb0 ;ot,nttai $t!~IY cttnt'f to~ tha 

~tl'st! st~le ti!U~llnbt t~e,lns the tiant•r _lletght ~~vt·ng aer:~~sla; 

~et!vatl$i'l ~er t>t Mfl)Ollptton wttjb !1larteasfU:'!-! 'V$l)Ott2r t>NriU!;\U'e.,. 
,• -

.• ~,$ tn~· ·t3t'm't~e~ ~~e~g~ ·Ot the soo~na .st~8\J 'l'is~s,· this poteilt~ 

~n(9rawr ~we il1~G l?16$$ ~~&lZ:lttn~ ltl 1o\J&tlns ot· tl~t~nti(li~ 
: • r 'I 

· flCt!vaatton ,ene1rgy ·wttn !n~--~etnmt pessttl?e•· ne r1$e, or· tli~J tao~ 
' . . 

et~ge u~we is such · tbat ··tlle tdn!B31:~ ot ~ ~- !a atwa;ts 4t · 

~<Tww en•e1· t.~t'i. tila mf~mt~-a ~r ·tao i'Jtt$' tJtas~, ~~a onf1trS1. 

41tr'ell'efi~9 bG~e~n · tbest~. \'WO ~inltl-a, dec~ea~•~ ~~ltb lncr~so in 

· · Vt'f90Ut" Pf'~S~1Wei9' 

!n ottl"' cas~s or: !ll.fKPOlitr ~~eo~t1on ( · like 'F!Itil~. .a.a ul\.1 
, . . , . I . ) 

s.t:> ) an S.44!ttom~1 &tale-of '~dso#P·tt~n ,,e susse~ted bY tb~ seeol'd 

., 

\ 



-~ ... _. ' 

lblea~ n ~ 3 piot ,!,n tile lO#t,$ t!me. 1/ag!on ( 'Figs. 3~~t:19; 3•20t 

3.~ am 3•fi;9 ),. A tr'.t.lflS1t!on ~JQ'Jr tl'liS: $GOOtld P.t'tential. baJi.t*l$1:' 

o~e:J:~$ ~~ ~b.e vawout.' !!lt>l~~·®lea gGt .~t~otlglf 'bet!nd ·t·o the su~ttu:e 
I 

r:.-:zot-s~tt1c(!ls of' tbt) ni.t~oa~~a,ie ~11~ot~ll1t~s~ fh~ me~~roo ~lues 

o:r (2> '' ~oo f>~ '' .G~o sli~:tt1y '10;~ee~ tnnr1 ~ ' .~:,na p *I • It 1s 

t~t peystd.b'ie to s~gg~at. 11~ tllis ·~'i~a a b!6h~· potoottal ett&~>t:tt 

ba~)l:l!ar 1~ tile ~!:rd st~~~ t.t~$O~f>tion than tl\~ s~e:oM sttltlO 

a4aotPt1otl .~a ti'u!~<a a.te no inf·omt~'t!ot'ls abmlt th~ v.fllU~$ of o< >lntl 
. ' 

o<: ' ( c:-{' bolne tb$ vtiltle ot o<._ tn $~~r-d st.r.;tt~~ ttnt~~ctiott ~tween 

rrap:our arzd t4t!i ou~ff;»eo ~1~~.J1es of tb®< sem:ttooMutZto~ ).. ?he tbtrd. 

s:t~g0 o~:· at'iao:ttP'tion potGt1tiili _is p·ilss!bly ~11~»- a~ c< ' to ex~Qtetl 

tOe h;::jva ~- ~U~ w~lucy., iWM it o< ::::::: o<' 1 :Bolt~~.;':lntl :taQtoll" tot' 

e~oss1ng th~£J bar'tt!~~ on tn~ left Qf the sf.teooo s'tafJG pet~nti·Ql well 

w!ll be l'iliPP~G~f!te1Y' ~l~l to tr~t. on. til() lW1£!lt ~s tho diffe1leM~ 

t.n· ~aG- 'ban1e be!rJ.at~ 1!$ :ltt~!snifirJant., lJ()~;q~Jur:fi tt~!Ue~1- ttae 

f~et tt:t{;lt tblil st~~u~1y· b{';~v! ~:t•as ~~ ~t eas11t~ dos{)rb~ Q$ 

~;rt): tbc ~Gt:tkl* bQU.ml <;tlmp1'$~S in t'tt~ two st~~a l)VGC$SSt it n~~$ 

tb~.t tbtllt pot~:tltlOl \'~Gll :In ~o t4.bd ·St~ge ls dtSGP• i\ tlt)del i~gvm.ft 

tot: tb'!C$ .~ttlSQ ~~,~111\)t.i{)fl J)~OCGSS :i.'S ~o~;n i~ :!?itt., 3.,31,., §:4~ 

deaol'liptior1 ~oti~t:!Q~ &tle~w :tr~m til~ tbit!d s·ta~0:' c~:s ~~0\1!1 1n · 

_ t0.-blf;) a.4., see:lle to be !niept!!ndont ot va~t~ Ei!f&$SWJe•- stoon®tlr 

bound eooplo~es behave no~o lilt~ Q_ ch~fli~al s~e1es ( ~'l-ou(?b tb~ 

b!nd:1f!l.g -@tti1~ttV 1~ rt~wr tnU(lll le0s · ) e~ ~ certain ~unt ~:'Pt en~:...,~y 

is req~i~ea to ~~~ the bQrd.- ~~ '' ~,l thet Z4Ct1vut!on fZ!nQrgv f!i'Jf: 
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I 
·The· .PO-tential energy ~es t<m nttmae ·etage~1 vapour adso:lt~ oxplatning th~i_two ~egton .. 

linearity .1n tha R•Z plots (Figs • .a .. ln, a •. 20 fillld s.ra, 3.29.). 1\\t ~' ~ ~td El;t • ~' , ~·• are 
tb.e aet1vat1on energies_ or adsorption L'l orr:1er of increasing ·pressure m the 2nl and sra. stage 

ra$pectiv~19'~- Ea•s' a'r€ tf't~ aet1vatfcf'l ~m"g1~;ts a.f deso"M7tfo-1'l. 



--~ 

da$o:tJpt1a~. fro~ t.~it,d ·ut~@!~ eho;l!.<! • ~part hom a •~11 antropy 

taOt(;>lJ" bitt eQ®l 00 tt'l;O bi.nd:to~· en~~€1 Oi~ tb0 '(('~lf,lOUt'> Sll.l'fllCG 

~olocu1ur eomplox. l.t boa t'-lDt oo<:1n poGeiblce t~ ast~tfJ the b1oo1n€i 

·eno:r.gy bf.)eanr.i& tlt~ q~~~irnents do .~lt>t pt?ov!do c;tflY m~a~1eal value 

t~f c< ani o( ' ., 

' !!hQ ~'dtJO?,~t!~n of Vttpl)Ul"$ it"j~~0{l·Ses th$ $~l!,eonduet1on 

cn:rrGnt ot the$ nft;ro~l?t>tt5(ltie $ee1eonrb.totol?s., · T~:to o.d\Sorption ~m 

ci:O~:'i?.P·t:lfJrt kir:L~'tillla follOW 'tb,(i flltr41f'!et\ alOglfU3lQJ' ~ ~etdovicil 

~uut!ohl(ll> A two- s~G;tl ~d~·tpti~n proe~ass 1$ ~Jplieabla tor such 

vepO"ar.,.s~.!oofia~acto:r· $f$t&-~ll whQt>'~ the va.rx·Ytt1~ atl&~rpt1oo so.'tu:r~•· 

tl¢n is qtl!.o:kl;r :re;;l¢b«l t~~ th~ d.osorvtion 1s ('lttf.ek .attl eonpleto_. 

·xr:; ~7!o eaga~, nowev·e.f', ·an ad·f!it!o~l stano {)f aciatlrpt!on !s 

sue.e~atae by ttl<i eeeom l!n~ar 2 • m plot tn the lOfib time 

ltl$~1on. 1~ trr~nsition ove:ll tbis asetlftti IX'tent!t;il b~~~"ier oecura 

~s1 tbe va;tJOJ~· ttcl:m,rrll~® ~fJt :1tro~l:v bO!.lnft to ·til~ $-lrfae<!i 

.mole0tilt:.'$ ot· tho nitroar~tie eryatw~ll1tes. 



i'b~ l}:te.O$.Pralt~t1tit~1 ta~r- ( ~ ) ln th~· ~verat1ottt:ll 

dotinition of $J.~d.co~uot·ol's bas b~n .a S"vlb!~et ot muen diseu• 
. <1 40}4St;4?;e:O.tn9,l00 . . . . '" r ' ~ 410 ~ . . . . 
S$ ons . · .,. P.o$®11~~6 .~ eJ: . n~vG pr~~s~ ~ ~$ 

~n s~ollontia1 IWlct:ion .tn t!te!i1 
. tht~~~· e~ns~~t t.r:<S;~t~.ct:tvtty 

-etJu~tio11 t 

r~·0·• !S: tae et1~.uetet:let.$:~ te,il~~tu1•fl. Oft:(;j.n ltt~ot'ltl c~s :t~'tJ.0tlSa"" 

~ion t.¢@y~~t~~·" ~ ' at14 'f(,. 11~~m W'li$l.Ji~mt ttt~s ~e ~ 

e$iilpouna. ~!!bt:t. ~0!1$-~tton .Gif(r,et is· d01i~ by tti(J ltne.~~ t¥01a• 

t1t)nui11p !J!jf log o'0 f"'nd t~~*" f.let!.~ttton en~gy (E),*. flb<J v~lu~s 

tJJ.f o' !if. a..atl l~ ~l~~~, in ~t!<t~l: u ntt\M1-et' th&.t. t.het~ .. ~tt$~ta. -t:)£1 OC: 

~~· ~tlt~llY c;.;)-~~t~Yted •. J~..l.tlt!ft<i;ti tU':ri fi>,.OfaSlC!01lOi l:H~lieve Q~rt 
er-~~ol\sat1on Gf~set ~Y ":t'~lg1rotta $pl.-elY #~m t~• cat<r,-alnt:tons 

ntlll 1t l11$fltd.tro~ ~ }?h.y.s~l.itt'&a~J>'llat~ttotl• fi~i.r.ra:r• tbQif bave . . 

~u_gg~at~ t~~t :t.f· ~ :a~ t1 ~;;~$ Phfsic!\llV ~~ls:t~, one (tk~~u.ld 

!'l;et 3 l.'ft'®"~r r-a1attotA.sntp b0tw~en log. ~ f P.Uii 1'3 Yi0ld1tl8 tb~ 

eet~e(tf~tact1va ~t~atQ~·tJ tn ~ft!Y*S:~~!t td.th tne t~alu.es obtain~ 



.~ 

fr'-}:m otb$~ $otll•coo~ \In 't.apparen:tt ~er.stttibtt ltfi~foat; for <:m.eh 

p~rt!oulat· 1~ -.. v.~lu~, u:niqt\® val'l\{liS ot <r'-o ari¢1 ~T d.crttts not 

. ~det .ana tf10: syete.tt oan .not be p~:tsely dGfinsd .• : l'Jl :t·true' 

~ompaneation ef!'eet ~eallant c:o~woln.tion b~t1QeJt tGg 0:, llnd n 
•. 

et-:l {<ilso b0.t'ldeen. lo.g o-' f£ ~oo ~;; ~h obt~!noo~ ~£nus, bt>th ·'*'tt'Ue'' 

U:tul ·•aw~rentt eom~an~tatiort ~tfects to'!low tbs lin$-?U log ~ vs~­

~ rGtut:lonship,. 

!t batt;' ~~.11 :ost~bli$b.~ ti:urt '~2b,~l !.§ is eb<Utlg~ b;i ~llerdcr.\\1 

"11.~,~- or< g-ae a~l~{):rpt!o~,.. •·t;-.:~tt~•· eompens~t.1on e:t~teet !-e !!~eod 

oba~o:.1. ib~ $:~o ~l:ysne $t1,Jl!e0ndtl()to~$ l.ln<i tb~ etf~et tle.~ a 

pt~yg;1cal b.;;)_e;tft·-. 

ln ~a Pl"a"..rltJU$ tils.Pt~-r~ we h~:e sh~~n tlut ·t11o distiilct 

~dsor:pt:!<an pweos~est • oae: f"omUlg ·IJloo:!tly board. al~ tb0 {J~ 

formin~ :st~on~ly lY:.JWiii .oolrllfle:x~s eb.tt:r;;te~~l."isGd by iYJo um ·E;b?ee 

$tags aaa~!'ptiatl l'"Wc~sse~ :t~0&tJaett~·"a1.v ~l!e- opet.tt~..ve in tdtt'fo•· 

·~:t'(h~t1e· a:~ie()t~u~tor~. Xn ·tb1e clla.pt$;u,, w;• pl!&ser1t ow·,; ,r0eults 

nn-J 41sett:$sit.n.A~ «A ·t~e ~v:.llidity ·of t~-l.G cilh~X)i'i~t!on $.fi'ee.tt its 

pbyutcal 'ba.~1s &tl! its lt~l.ei'tiortship "~:d:Li1 tho OO$l.')t'l)tion tU.~ 

deso:tpt!on pv"ee$SG$ !;u nitroaro:tmtie $U..ts'tt':Oildtli¢tor•v.al)®~ SYstfiitlG• 



Tho ,e:~teot~lueti.oo aotivtlt;too ~nQ1i'gies o.<f: th~ eryst~llltlc 

JJiO.fKl$!'!5 of t-he n!t~,)l,otlo:t1ti compountls. in a ~o,Ddtd~ll eoll war~ 

t~easure.-1 $1$V$~Q.l t1m~s ixl ·tilo dr$1 mt:rogon Gltmo.spllfrro f.tn1 '':tsa 

tr;, vi:um.m- lil~l tn~. me:.l$1U'fttt\Gfit$ ga:ve eoned..$t~nt. "W;\lU~s. ~e 

i ()t-;a~an'«l ~a.tttQrJ. ~~o -e •. oo,. a .• l3, 1.,1'3• 2.,00 o.n~ 2,..51 ~· (tilPPl'~>~~) 

/., $'()11 e~.ntt;t?etlfltht1~cl3ne,_ :t,4~ttnttr:ol~pbtna,1~nQ" lt3:1s~tr!uitro ... 
b~n~~ne., a .. t'd.tvof.lUO!I'~oo. a.ftd O•tittl!'ob0n~o:ie, oo!d 1\~.t;p.ootiV·GlY• 

on ruisol.~ption ot ·v~l~uG v~pO"..tx>n ()n tta(;) (Jttys~allit$ ·$f.llif'fl·~es ~ th61 

~ae1co1~l~:A~t1na ~u.~l'~nt 1S~ fin!'Md:W~ anrl th$ act!v~:tton ~Oal16gy· is 

~PP~Wbllf !nQ:veaa-«1., 

~btl }.){lwd,e:~:~ s~1¢1>l"K1U.etora wQV'e u:s19tl tn tom ot 4 9tdl.'i\f1cll 

cell to ~etmn~1r10 tue ~f'foet of udsorbad '\f'.J.poUtt~ ot'i tbfJ sem.!eon• 

q!uettion act.1vat1on ~in()~e'Y~; The sa~p·le l'JftS ftrst o.llewQt! to udsorb 

th~l v~pou~· nt ~Sl>. t£~.;0.1 -Pl?~SStlre ott1 com$ to ~ stGadt; ato.tt1'i. at .a 

®nstunt Si:tlrspla et&l1 t~_pf!o)~turq; in :t&~ ebtAmbttr t.ttmcspb.e-re 

e{)at,q,1~:li11g thQ ·lfl~pour in B-l1tror;en_.. Tlle p~assttre ott the total gas 

m.11rt.Ut'ts 1n th.0 ell~'bo? t;tlS at.~s~h-et-i~ t1nd the pu~t~l. ;pr~seilr~ ot 

tb.$ vap~>tt_r was ttl~ aatU:tttlot:!on va~~ ptJ()SGU:t-o ·Of tbi9 roo.zent 

liqUid {l:t th;Q t~lP.:t'~tU!'0 o:t ~l:liol1 it Wu$ !t~p·t. '0-l')tb, 1n1.et tl~ 

outl$ti af :tbe eb:t~bV t~e~o t1;.1en e~'l:tsa z.r.ntt the -'~.;rr~:tue of tbe 

sut~rat:!On current ¥Ju.s oote!:l with tmG. ~.rho auturlation ear:t•0n:t ~-~s 



fJ~u~ ·to be Q'lr.;:ost eoi:a-otant tor a lo~g t~e !lY~1c.brtlne tbat the 

conduct1cm 1n tho $lfG.t~ t'l~lG tta1~~1¥ el0ctrerlic14:1t l!lfa. The cell 

wao than r~p:ldly oooltd to about ·• ao0c to i'!lo ~br:.tt'!'!bor ~ms then, 

flu:IDGt! r;entlw l>l'it$1 d~y .n.iti~f!Gn sas,. The out-!Gt of· tb$ cnaoher 

"Jas k.Gpt opotl ·«n:l tile attlOSl!hcrie precu~ur" wae t;~irttl(~!ned it'lsido 

tho cllllt1b,ev.~" 'ibo t~p~rtUt'llr\l w~~ t~~n s-lowll! incwen~S~ aM tb:t!t ·. 

:~omieonttucti~h etl!'Ieent was m0aS"Jr~1 with 'tb0 !ncrea~tne t~er?;;lttt~<t 
of the ·~ureple eall., ~no r.eeu1ts of cadsolrpt1on ot ~- V~l'otlr on 
d1ff4.?J~ant tdt~Oa:CGr:!l)tio ~lH~~;doo~ueto_:WS ~0 f:t\~1!1 in ~if!th ~<i 1~4.~5. 

~he st;!:'r.deb.t :u.ne ~rt:t-r>n to tilG low tot~p·a~~tute r~gibtl sb.®fj the 

a~1eooouct1ve p:vo_partios of tha n!t:ro.m.r:att~.rJ:ties f>:itb. udsor~bea. 

v~fiGttr ~na tn(? ~la·pss or tbe$9 linng gi.v0 tbe a¢tivat:!-:n:t t:m~rgion 

(~'It t~e 1i'!W.spectivo asra:temf1., · t~:t eona1tl&~~ble ld.ftber· tel:jporatu.res, 

f:;be €ld,sorb~1 VQ:potW ota~?te <lesor'tlina o~ tbe l!'nt~ ot d_eso~tion 

1neroqset";. with. ioo~mitt.g ttm!pa.ratnt+& ~nd.. tbe cu~rcnt 'b6gina to 

di,rn:tnlsb~ Tbt1 $t:~a!g!:tt. lin'G lt)tlrtioa~ ot tblii eu:~~\,ftos a;t thG .hi$?-b~tt.t' 

tG-t'!ptY.tN.itlll*~ region .abovG th~ point c, give tb& uetitrat1on tJnet'gl&3· 

of ttl~ ·sebiootJtlaetO~f:l' app-ro~tety_ t-!lc s&t"1e as tba..t in dry 

n1trogozl llt~spner~. ~nle obse.~v~ ·"alues ( 1~ fYJ,, 1 .. ~ :u., . 1.1s, 2.,2 

and 2~5 ·0V ) ~r~ ~llehtlV icwer p~ae1b1y dU$ to ineo~lato «esor• 

pt.tor.a 'or a«a~rb&ll v;u;potU'$,1i'· ~!mi:k\;:t' ou:ves ~oro ,also O:btuit'1«\ wltb 

o.~:tttain otb€'r> vo.poU?$ tor.I;~!J~ ·vQr'f! w~ r.eveG1b1e "~~pleX(ts 'liitb. 

thasa nit~l!Cinrtt1e s~1oon.1uc.to~~ .. For the ~~na:ttlitm vw,pottt-s · 
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tll~t are fQU~ to torw. . aomo, eo~t ot str{)nf! emm])1e4t~s ( as ~eS~~f'i.b$!1 

.~n th~ previous- chapter ) , tho· eur~ant does .not retu:rn to t-b.a 

ird.t:t.al t'illU~ At tne' point -~: an-i tne uet1vat1on et\&~~· ln the 

higher t~peraturtl regi~Hl.is not equal. t~ the vacuum I d:t'1 nttrogQn 

aet:i.vat!f.JJU · onGrgy ·v~!llUe aa' $hO't'J1l in 1'1;\].gs_. ~l •. :G anrl 4. 7 for e·bbyl, 

a~etate V~ll'JOU-1- ad.so~ption on: 1 14-cU.nitrenapht~.alene Qnd lt3t~...;t~t .... 

nit~b{)n~ena• For-. 9oio>n!t.roanth'tacenet 2 ~ tli.tr~}f'lttortm$ and O...nttt'o• 

lH;1~oic ~eta, vup()~S of etbiMlol, attGtl;'lrdt!:il, e:thylacetate, ctu.'bon 

tet~u¢hlur1de:, bat1zQna and n~~:ll:an•; fo:t~ :t,~.t···~U.n:tt:lo"'o!lapb.tbal1t!t\e 

tba;t fJf <:~tban-ol, mett:tanol am etelabe~mne a~ £o~ :t.a,s-trim1tro...­

be}JA~enll) v~pt)Ut'$ of ·etbr4:nOlt ttetb:J.Mlt cyelob~~n(f; and fl..tle~r£e 

'We·»'·.a found to r .. .,m ~euk revera1bl$ (!O!i'JploXG$ and thG c~"t~s 4t'0 
. • I 

Thil &:tf~t ot at1so~t1otJ of d!t:tf.!:t.•ant ~apours on '~lo 

somteon-Juet1on a.ettv~t1nn ene~gy ot tbese n:f.troaron~t.te eotipOtttlds 

ha:a ·:b®-~ ~~do in tl10 '\ia:,"WJ,l •nncrr ~d?tEitr &.d,s~?bing dit:f'want v&pours 

p.t, ~ f~et.l 1,mt•tbl 'fl!api$Ur' ;p~f!S~G' ir.tt1tlt~1n1~ the ~ple- C011 at 

a ~onatant t~et~tltm'e... In Flge., ~.ti· -~: 4•14t pl6t.$ of lfla' ~ (~) 
va. l/X t~lt ~!t!'~t'·ent rutt~o~~~rt~tie e6'fd.eonduetof.'a a:r~ mowtl in 

tb:& low t;~ar~~tura t"eg:ton f'~r .different ~apc\\V' ad~,t>t"Ptd.on~; lt is 

~b$erv&t.l tn~t tho octivation ouerg;r v~lues tlf'e d1f£'Etr:e~1t ·fo't' 

d.ift.ovent 'V'Q£.w-.-our etl.f!o~t!on., !J!ff'f)~ent v-apotll*s fom:'l:t~ w~ rev~:to· 

~i~le ao:mpl$~as· <.i'iltiili~ the aot1vUttd.on . en~gl~s of tb.$ !lttro:&l\'om~t.ie:s. 
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S-tlOMQctiV'ity in an et.llyt a¢(litute· ~d•orbett l 14•t11ntt~· 
~~phthal.\\loo powdiar ett;l1 as til tuootion ot tem,e•4i:Jll:'"• (l\~bi!ont 

V$poUr PN$J!f'.JU'$ $l~5 m.; $.(<ltst~rb$d tlt ~10 e~11 temJlet-attt~e 22°C: ) 
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Semiconduct.ivit.y in a 1;4-dinit:r:onaphthalena powder cell 
(sueac.ly state eonditicn.) with t.'he adso.rpt.ion of different vapour& 
at the oarn.a va.pour prm;Seu.re ( SO ·.mm } ~d .at .a sample cell tempera­
t.ure of 22CC,. !;ol1d linws %'4lpresent. tempe.r;ature reqicn of tlleusur•­
me:ats. · bro.ak~n liu~:;. are ext.r.Qpol.ution.s •. :e.af;b line corresponds to 
a. specific vapour a&.Jorbe·d at.e1te ; 1. eth~ncl. 2. ~t'hanol and 
3.,. cycloh~xan(!!. ( "~'ef~I;.r table 4.1# 4.4 } 
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semicomduetiviuy in a 1.3.5-tt:lnitrobenzene powder e•ll 
( steady stat.e eond1tion)w.1th the adsorption of different v.apourB 
at tn. seme. vapour p.t-essure ( 60 mm ) and a:t & samplt;l <'ell tempe­
rature of 2:2°c. aol:iei lines ~epr:esent temperature reqion of · 
measurements, b.rc&lken lines are extcapolations• f!aeh line corres­
ponds to a specific vapour aaeorbe.ld state : Vapour a &:• 1. etnanol 

·: 2. n-hexane 3. eyclohexane a.ud 4. metb&lnol~ ( Refer ·:r~ble 4.1~ 4~S ·) 
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(stt!a4Y .e~te Cd!Xt$tion) ·wt~ ·the. ettstWpti~n ot 41ttuent ·v-4~S 
4'b. tbe · -.t1 Ptt•~•: ( ·ISO a ) .. &1114 ~t ~te ~oll tap.matl.Ur4l of 
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(_· ... ~tea4_ .· .·. ~- dGte ~ttt~ttta_, .) w· ·tQ. ••·. a«_. l(i~Ptibn. ot. at_ .ff~. : 1_. v;_·· ~-•. ·•· 11.~ 
tllti e. ~& P1'9$$\Uf!. (60 m ) ·~Di at sam111e: ~ell t~etm:tt'We of· . 
a • sa.• llM rofQl's to· 1'4 .,_utc. -ta~ aaeewbea. $tate· ,, · 

• • I 

t~ettirl.cvct.Ob.QUne c.-.,,!: • t.ss· w >t. 
ttbvl o.ee~to [!' ·•·A•t e •· 4.sa ® ) t 
'IGMtm.e <•••• ~ •, S.'$ IR :); 

· CQ?.bf.mtGt~aeblo~Sotltit ( -o-, l!· ~ .8:.00 fiN ) 



,icl6'. sboltn tll :PiiJ!tS• 4.;8 '!':~ 4*".12 wtl{!llloaa thO$$ g::tvinf~ ·sti··m!'lg eC}mplexas. 

p~~:tq;et~ ,t!Q.{;.) t~rpG of ~~t!;vatiQ,n $OO.t*SY chang~ &s sb.tJwn in Fitgs "l• 13 
-~- ., . .~., ·a ..,...., 
.cy.ii31,.'1 --~~ ~'"t)ff 

!i~1~Si.~lJ'iiS..t~....i&G~~r£&t £li S!· £um:t.J.a.~l:Ji.bs 
T• • -

*~f!nt -~ 11~1 aj~flgt\ & .. . . ..... J!1f ;;t.i'I;W ... I :( • " ' . . I 

~:o .t~tud~t tt~:a t.~f2vetderie~ ot ttt~ ~et'iVut1ot~ t~n:$rgy· cll~ltgs on 

the t:nnount of a p~~t1e\ll('e:t~ vup~ ~d.$Orbtd in .a .s~1l.Plfi f.~.011, 

re~-su~omQnto 1ter~ ~arte by :t~l!'el!l.te':l h~atintt, pnrt~lly desorb1ng 

lkl.M eooJ.i.n~ eyel.Ga •. ;tn rrigs:fi 4,., lB ·!~!<' 4~19 ptct~ t:;t loa O'Te~·. log IT 

'Is~ 1/f te~- t;tdsorpt!tjn -ott ,d.i:ffer~~1t. arru:a:tnta: ct t.t WJ.~our. on 

9'""n:t:t~0:.lntb.:i~'.ae~n~~ 1~4 -~i~11t-l!io!li~t.ht~;;~l~tl'..$ ,.. 3 .. ~·3-,J.iltt!<ta.•in:i t·retbt'firt.ene, 

2~Jd.trr)tluoran-o und ·o.-.n:ttl10'b~n~A>i¢· :~~1~ ~~e $110\i;n., The sl.optJs ot 

the str6.d.gbt l!nt;!.l- deeroo13a witb decrf;)nsine &re.Ounts of ·tlte adsorbed 

:Vi'i!;pou~,. !.~ttl$·" the 'l<t\ltto ot th~ act1v~t10tl Mt'Mrg!f dear·ooses in ·a 

~~dlar. ~otrotc•nio f'I;}.Sblon as ~i~(l V'i~-.pott~ delfs{);rba f'f!{';;1!1. · tt10 s~mpl.s •. 

A1$o• :$tbet·r ot ~ttl~:tt vapot.t;r;s. ·tna·t ~$ twoo' to to:fm ~ea.k .el)mpl.sx~ 

t'llitb th~so .ntt~~~~:.t~ti~ $$!'J\1ool'liluoto·l?s p~octu~t:J u $1!rlilJ)l\" ~btAnge 

1.n e.et::tva.t1on ~~~3' valtt~ >with ·t:t1a -a1~~uiit_ 6r th~sEr var)ou~s 

arl'solib~ •. J\ .s~t ot· (.$_ppt~~i~1;ely pa~~1i11el straight lifi~!i is oba~· 

~$4. :ht tne lo"ili t:~t.l:tatu:t'G ·~&gio:n fG~ lo.g a> -r 'V!iL> 1/1' plots f<>~ 

diff~ent .. a~ount~- tl~ ethy>l~eetG4tG ads~r~t!on r;,n lt4 dinit~t>t2apb.~ 

tb.al$n(ii tal~ lt.3tS.w:t.r:1n!trobcn:wG~JJ -ee $b<>U'tl in Fias.: ·4~.20 an~ 4.21 
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10~0 (K-') 

~~J.e~oou~t>,ivity d:S.t!! .tcrr- o ... ra;.t.-:rob(~n~,jtc. acid Pt:-~~~ etll 
( st~-txay &t~te cO.t1!1ti·tm) \1:tt~n sdr.T;,-~ti·~n oi? di.f'f~Mtrt. ~fit 
:r..i)f' ethyla.cemte '\t!tJ.V.ifU'lt-.. Se:ili'5 , .. 1.n~s :~e;p:r~s~nt ttl& t~trertl;t1.u~e 
~0~!~n ~f t.!{:J{lsU.!:.'"'~etJ.t .• 'f>tr,P~u~t:::n '-1tl:~Jl n1'<f ~ra!~l~t~'":3ns;,ii fne 
11nQ;; (lJ~ (~~) refer t~ til$ ~tn.tes \11th d~ertms:tng r-t~Jnt ot 
~dso;-b~l v~pf!.Ut~,. ( f~~·f~ 'l•.::flf,'ll.aB 4~ 71 t~nd 4., l!t~ .) · 
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~~~p$et1v~l.Vt!! so~ !~ t~1~ eo1z.e of '~t~'$f3.~ o:omz~l~~·~G ttt'Prf»:rr.J.t!2.aWJ.y 

th.~ J:1qrne "~!!.r.lul$. oz" t~¢ti!;raf~i.o~ ef.keV£!,1 ls .l';')btB::!n~ witb ~1ao·~~a~tng 

(fmoont of eci.so:trb¢ii ~pouw "'. 5~h~ ·ot!l~1"' va~ou,~o $,.g~ O.fJ.l*bnn-t,;t])tr.&-

chl&ride• 'b$n~ene, tol~.aen~~ m~thyo.lc~lob~nr.l~~t :n-lH~~ne t'tl¥i 

nebe.ptane ot:t l,4~li~tror&'ll7J:Mmelettllf:i' ~Elr.sd. (!a:t'bon•t~tl;"Jl<Jblo:r!d~, 

bf;:)~en~~.,. toJ.Lu,enG, ~~thzrleya).oos.::t\ln~ ~M n~lept~n:$' on lt3~Siiiit.:r1ni• 

t~oben~ens p!!od~,e~ tba .!lt~~~t1l t~$ ri't w~sitltt:J:ii ~ho ~h.i:ft!nm o1! 

~rt;t--~.ient l~..n~s :in tll~ 1c(S .~T '1!i·"' 3/'t: piota ~.o, tb.~ d.$cetcer;l$Ci :l.fl 

ttu.~ oba~rv~1 e~~lM~t:ivit~ V'iill.nes vii.th 1.o·s;:l tttltii~Jnt 1Jt {lii~orbGd 

.tt.s gb¢wrt, ~n Piga,. 4f!S • 4Jii.l2 t:~.tld 4,.15 ,. 4tj 19~ ·tho e%trur;olo...., 

to-::1 J.1no:;; 1.~ l.O~ ()' T VS,. J.f:JJ plots ()f 9 .... n!t!'Jt:ianthrt~.f;3l~tY1' 1~4 din!..,. 

t~OVt;:,\fl.lthr.4'lOt'6}t 1t;1j5!'-lot~!nitt'.r:t'P~NO!ltl~ 2•,•{t1tr(,fixtot•1l~$ tlnt.i 0·~1tl'o• 

bengo!c ''-<d~d inter~ept thf1 o·rttt!n~,t~ ~t u -rri<:le var:l.~~tG~ of ~'X!l!si't1.~ns 

4l00 they ~11 .PU$S tb!J'<!rt;;gh ~\ ltifif{lin 1)6i~1t of ·iiltt11N~$et1on S,t ~ 

t~~.verctture •-'!'0 t ·~$ a:a:poet&3 f~ot;'l equutr:!.on ( l.l ) <t:'lhieh oan al .. so 

he vritten o.s 



,... 
' f· 

ve,lu~. til a wulues mf· T0 ; s' u~ ~' * ~ obta1::~"d :frelm difforent 

1.oe ~ Vt3~ 1/T yilote tor tho som1eor1duetov-s stud!too are sh®n 

ttl ~.abl~ ~~ .• :l~ It 1$ obae.rv~J · that the t~n aets ·of ~0 • a and ~' • $ 

a~Q in e~~ otw&Mletlt,. But !n ea.;e~e €)t ~igs,_ 4•lt~, 4 .. 14, 4*20 umt 

~':1.2l• t"no tl4t't~lt4llutoo liftes 1~ log ~ vs~ l/r. ;plot.~ do not 

lntQt'ssot ~t ~ $1ngl~ po!t.lt t-;}.t'itl tbthJ e¥Jmget1sntion t~eX>a.t'~e ·t0 
is ~t obta!nett in ctn:~o or ethyleoetnt·o~ b'e~60G; ~r·bontetraeblo­

~:ld(1', n.-h$~(ltl1. t·t)luelft& ar~a tt~%ttbylcy~:tou~~~9 VQ:!Ji()fl~ ~d~~ptlGn . .on. 

lt4~...-dini·tt~1naph tt~~l~&l$ ~~t:f'] ~thyla.catato, b~nsen~, Oi~lfbont«atrk.l ... 

cn:1ot>1de, t!tlluenoc t~ ~f)thwteyelob.\t*~e v~-'l~a:r ~dtto~p-ti<nl Qn 

l,~l~,all.lotrin.!tt<obo~~etle. 

&nd $QU~tlon { S,.-31 ) , it !.~ G1q;ll!tctd tn&·t tb.e plots r:?~f lo~ ~ 

vs., :e $hou1u be 11tt1$.a:r.. In J?.tgs~ 4.as ~· 4.~, stteh plots for 

9•n!troo·n.tur~Jc~t~at, l;4...t.l1ttl:tronapht-halcene, l,a,o•t11'L~i trobot1~en•, 

2M;lonitll!oflUO~G1'1G e.ntl· 0~ttit~Gbrtfl2t>10 ~d,(t. .Ul'\~ sb,O'\I;n* '!ho V&l~.Q~ Cf 

"li(.}•s ~rd ~0 ' •·s o~;..t~irr~ f~o!l.'! tno. slopes ·anti 1nti))~€'4Qpts re&pee .. 

t 1vtJ1y ot tbas~ plots fer: ~iffG!lent M tJJOI.1~t:tes ~l!.tte .vre•nted 

:tn 1:abl{f. 4~2 fO'Z" e®~tl,r.!.son td.tl'! tb~ va,lU~s o'b'tatine! frorJl d1:f'f&::rent 

lo~ u' v.u, 11£· plots- t 0 a~l ~o' v~lttes obtilln~ f't-om variott$ 

Ji1Ctfts sho\\f ~eelleilt agl?~'lrl:Ht!tlt 143., Using. 'tha :value~· ot T.0 • s ar:J.i rs;,' 's 
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Ttl~. wluss ot i'(;/ e nt'it ~ ' * ·s o'bta.inett ~:too 

different log 6-' '119. itr plf)t$ af Sl"'rltt 

n!ttotxronat1c sd'm1oonduetots .• 
. . 

,.,;.""' ·-- .. w·_ela ~A!~_lllilit t•J~·~~-~• ~~J~:O( .. { : · · ·t9!•J••~•- ·•a»]aC'aJltt•~·lilflart~~···ftl_'dtftr~ r-mllli'~·flri H<•··~··r )ql 

9•n1:ttro·~ 
fl;nt.:tvaeenel 

~~"'l'Ption . 
of d~~t-terent. 
varrm~r-s 

lf4•tlirt.tt:rrofj• . . .· . 
nJlpntba.1ent¥* ~r,~_.4 

1·t3ttiqlot;r1-_.· '. q 
utrob.sn~~m~ ~9~? 

2-nitr~•.., 
·ttuo ~~~SU,.ciJ"= 

1 -_· rl1il' PJ i · 'Sf( if_ crr'nua .i _l . . 

·o.ds.':'J~pt:ton 
o:r dittel'-
19nt VOf,!Qll:i"$ 

udsorpt:1on 
of! tU.rrerent 
arnountsot a 
~t'tiealar 
vapour 

. . _1 -... $1 

s.4G ~ 1014 1.11x 1~14 

$ ' •16 
s.&a: · :1r 15' 1-s1 1e lO 

1~ 17-:rom F:I.ZUl"os· 4,9 an.t1 ""•16 · ·eif v:rom ~P!~(il6 4,9 n~ 4 .• 16 
From F.1gttrQs 4~ •• 10 find ~. l? 4. ·vrom J?igures 4 •. 11 ard 4.,l8 3. 

a~ 
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FlGU!ti •· 4•·~ • tnl" plots ot till~ los ~ nt a eo.nll.lt$tlt td'np~fnJr• 
V'S~ thG- ·~ .. w, v~lU.(i$ to:: . ( l.) l,4...airlttr(nlnf)btbalen~t (~!;!b.t and lover 
s~alel, (2) . lt3115•tr1n1t!1~b~&nt~ (l·Gft urd u~per e($t!1fl>) . t1M (3) 
g.ntttounthraeMs (~J.sbt QOO UI>P6~ seale)... '1ht? open olrel~s re:te11 
tb ditt~rent vnpow;re. ·lind tilo ~'lrl!t c1relos to dif':tQt.'~nt amoun:ts ot 
u paritioolt~.:r vatmtlt ( o.g .. etbano:1 ). (' R&ter To.btfm 4.2 ) · 
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ib~ · p~t ot t&)o log a.:;;' ~.t a e¢nsb;tnt t(IC_po.r.ut~e v~~ t.~• . 
r:~ ~- wlUQS tor 2~n1uotlue.ren";· fbe oDera eillcloa refer to d:lf'terent · 
va.poor·a ~r~ tb<?3. $t>lid o11*-cl(1!!\ to dtttvont amount ot the •me · 
vapour ( ~'4Yl ·nc~tut~· ) t n~rer TU.blo 4.,2 ) 
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Tn& plot ~:lt l,ll)g a-;; v~.lu~s tto.. ,f! at $ constant tJSin!PGrature· 
fer O•nittobonzoio acid~ T~4e opGn Circles· ~ote ttJ dtf'terGr.dJ 
·Vt:l!'..OU~$ t\tlti tile $nlid e1:!"clos t9 dltf•r~t umoun.t of' tbe '~" 
v(tpour < ath:;t ~eetu.t~t ) ( ncrer !'4bltt 4.-.~ ) 
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V e.lttes o£ f 0 and ~ tibt~\1nd fl-.o:m vs'.tiou$ log o-'

0 

V~h, S plot~ ot ooi:1.e mtro~t1o sam!oonductors. 

t:r.rrr.•l!l Ji' 1 _ell" ~ts 

kU'ti:t_ .,.. li C _ J .fiiJtl" t ''Ck F ·.I! 

·Ill!· Ftom l?tguc$ 4,22 

~• ~rrom F~e 4!23 

•~~ v-~om 1'1~~e ~t24 

trf11Ue ot 
'l)o . (otn 

'' · nrt-..li PJ 

. ~(:!~ .. " 
~ . .,. 
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eo ol!!ttll!~l~t, w~ b:u:ve· etll~ul~teti tbQ o~).')aot«! ~ v~lu~$ taD!! 

COF,PU~~ ~03G V~ltlG$ t:.T!i~b ~1q)a1~i!~~ntnll;f! ~~Xt~ 'VUlU(l~ht: '1'he&e 

~~~ stl·~wl~ :lt1 the "!?~ble$ 4t~3 • 4.,lS for VilJ:W$t:}ua Dit~r-oMtle 

!iet'!i.cortJu~tor:$,. ·!it(UJa results sbew tli~t •t~o• eomp€il'Wilt1on ·e:t:'f$0t 

ts. Cfal!"t~:lntr tib~t\1«.\ 1tl tb.Q·e~ s~mleonaucto~$ wb'etl s is eal&egQa 

bF e~t .. ~tn vapotn'l· ~~.so~;~";rli!otd~ 

•Ta~u.e* C>t:'i~~n~lt1on .t'JfJ~eot it ·thoug'bt to u~'!tae fmm tbe 

0ltis~ne~ ot a l~~~~ :trel~ttensb!P batl:;feen t!l.~ act111-&t1il1n mlorw 

tl-~~ th'S ~~'ti~t-ion ~nt~opy ot the· tGlf$ttfm:,, J:t !lae b8~n pointed oat 

'by Jobn~t·~n ~ :t~-rons100 tb~t lt -~ trua· libau· ft'~e- e.nG:egz; 

:t"Gl.iAt.ion ( Lt¥'1!.11 ) i"Oea tlold ~r (l~k «:~ri!U~t!,oll !ta!!i~at~ a 

pbysttal :rlelatio~l$h11/i b~~\ftt~n ~o &!W~ ~. log ~ ( ~l ) vth :m ~st 

al$'t) b~ l~n~• •t~e ~1, I$ a $p$cl:t1e ttmp~atut'e• ·ttl l!"igs. 4.25 ~ 
. . 

~ •. 21, suot1 p1.1')tfl for v~~-';ous nttl1~~t1o s~1a~H:}5htet•Qrs &3)'·t 

· ~:1o~t1tf! !the c'trs~4V:t!d $3.opo tJ:t: thS~ linfl3 tolt- •Cb tt•teonSuet¢;' irs 

o~Ot;an t:n r<!lb1e- 4.1& f{)1/l e~pariston ''1tb tllnii slope s~-peetfiid D~ 

~~titUl ( 2.a1 ).t ·ii!tt~. \iith [lll\0 • l/i!:] 1/2~ -.. ~ha v~l~ei!i 

of ~ ' ~~ Qbt&in~ ~m!l. 'tht% tntee$pt of ·eadl· l.O$ ~. (~) _vs. B 

plJJt ~~ nlso sl~h th thta tab1o fo~ etitl\l»»itd,on ~~th t!1a v&.luee 

obtaitloo t:fam t~o ·lOg r vs. l/f ~ntt to; cr-:, ve. S pl<lt:l. t~tt 

th~se ttr~lU<lils ®.ltr'4 ollte®:l1wnt eonstst·oocw:.. !h~sl'ia\ tterAU!ti eh® that 

the ~ .~ ~ u~ 1Q.i~ ~sie~lly .rowt~ ulld. thU!i e~nt:t~ 

tt.ts ·w~ltditY (}>f tbG e~ltn.PG~sat:tot~ ~ttl• 1~1 ®sa of ~t.d.&o~p.tion ot 

! 



.. 

s~contluettton ~am~orn fo1l 9•ttt;t"'cantn:z;~•ne on 

~dsor.i;lition ot Vl!!rious vaponts aeeo.!'!l~g to ~uatlon 

( 2.31, ) 

0 • n1t~\".;,~nttu'ao$U 

(2. ·k_ WJ0 )•l e 28~49 e-li~l 
1 . . A · A!!~tl9 cr-- ~ l.-"".Q:·l ~· :lw · 0 

Gt1lOUlated 
cr'o ~ a-'o' 0~ < Era~'" ) 

-4-"' J"\tt "11", • ·_ ... · _ifi'ii_ ·40 .d.,\>fV ~ '.J.Y. 

Oa11bofittt#~_. . 
ob.1ol'1tie a.!>9 - 4,.?a ~ 10]8 

A'~ -~""'.-.·~·- .· ~. !:'1 __ -j(\14 ~-!/.:;~ 0.,.,-.&- ..,.,. <J,..'¥,1 
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Sd®tlduetion pal"®ete"B i\l~ l.141itl!t~r..apntbal$11G --' 

ott ad.~rpt!tnil ~t VtiNi~UJ ~apw~$ aeeot~t.ng te. oq~tlon 

( a~J:.=i1 ) 

Va-pour 

ud($oifbe.t\ 

;;thuoo1 .. · """.. .. . . 

~,)li ...... _·•. ,'!:. ....... ·lltie."!.·_· 
t2~~~~~.~~"aw 

l,~~in1tJ'fZI!)£tpbth\9.l&l'l& 
·. t .. ~l •l ( $&S'

0
) · ~-- lW+SO ?A-- ·· 

·E 
(~') 

~0 t:: CJ'o I OltP _(18/~~,o.)· 
( obm.~em >•'; 

MOO.$®ftld~J 

a-' 

( ~- et'l )•1 



S·t.\tt:d.~eon¢ltte-'titlf.1 p~:tamm;~o to:t l.,.316•t:f.1nit7}ob~~.ne 
on .a:\'lso~pt!.on: ot v~v1otts VE~pctn1s ac®.rd!ng .:to $qUAtio». 

.( ~~31 ) 

f8 
(fJV) 

aa.,$0 ev,..·a 
~ 2.,$1 ~ ao•lG ( olua~ ) 'M\1 

oulettl{)ttd 

. ~ ..... ~ f ~~~tJ:fi!Jt~ ') o ~ n ~~.1fi~ \ -~ .. r ~~f:.o 
( abt1 .. ') •!l 

i~.~o~-'li .. ,.Af$ 
"""'~·8. ~lf,Ji 

:mea..eurt\i+· 
s-'o 

( on~~em. >•1 



.s~.ilr~nductton ptlr&meter:s: tGr ~~n:1tt'Qfltt~::faal$ on 

a~:h~t.l~.r;ttor! elf v..;ar1~le vap~~ · e;.eeordi~g to eqt~tion 

( a.al. " 

Vapour.$ 

adsorbtd 
'g 

(~/) 

fi ~~ 
~fiil:'~ 

a•idt~f:'lucv~ne 

( n1:.m '\M"l 
~~QI ·~ 22.6?7 -·1 

()'_( 
0 

~. s x.1o•16 ( otun-.C!'Jl. , .. 1 

®teulateti 
~ ~· cr , ·a_. ·rtm(~tl.l~ \, 

0 0 -II!" _W~Fu ~-QI 

(obm·~>·1 

~s~eet~ 

c;-->0 

c· ohm~~ )~1 

.. aa·-_- ... :t'·.fll __ 16 "!.,... ~ ·V ~~ . ~ . . 



~ 
\ 

semeotd.ue~i6n pa~~te~. tort ~nttr~beM~!o .ticM ott 

ntoo,rptlfl>n of va.r:toue Vt.¥!'ott'te aceord!ng to e~utlt!on 

( ~3:1) 

·V~pOUI'S 

~$Orb~ 
E 

(GV) 

o~ntttCtb:f!kill~;otc ~;cl\$ 

(~o>~·l = 
~( 

0 

1*'16 2t !Q:W 

-,- .· .·~ 
lti'lf~ X 10 

mt,ntavtd~ 

<J' 
D 

( Oitm•em )•1 



l 

I \ 

2 

$ 

4 

a 

s~lcondu.etion par~t$rs !~or 9l!Wn1troont!u:aoene on 

ud~orptio.r~ ot ethanol· vupO'J~: ot· d1f'fel.'ont a'tnot.'Ulte 

G.eoorttine to ~quut1on ·ta.3!. 

(m) 

sitae 
4~?5 

~·sa ~:ilw · ·· .. 

~.~~ 
<f"~ 

s.oo 

9•nlti1oonthl!r;5;0;on0 

(2kT")""'l ;:l 23.·~3 ev*'·l 

crJ r :'.:1: lr4l x l(}"':olB ( ohm~ )~1 
0 

f,}alet-\l,o.i;• 

~ ·~ ~ 'tlJZP(m/2t:tfo> 
(. ohm-eta ) •l 

4 .. ~ ·~ j.(;/13 

3f{)4' X 1030 
. , 0:1. 
n.-• .se ttt w~ · 

i'Ji'· 19 1 •• 3 ~ 10 

a-.07 % 1012 

. .-. . :;n· 
2 •. 94 ;~ J.Q· 

1;67 X: J031 

1e21 

l01G 

X 10l3 

curve Uo11 1 ~ 5 eorl;"Gspo:neis to the· l1ecreaeir.g ~unt ot 
ud.$1%Ji•bt<l att.wnol vapo\4.~ .. 

~ F~ Fi.gtltt* 4.,15 



~· . 

fJ~;i.Qonll~lct:~t:Jn para.at0rs £or 1,4-ttinit~~~pb,thulane .on 

acb1ottption ~'t etb~:ulo,t· ~~pour of d1:ftel'ant amoUnt$ &«fOX'd:1ng 

to '$qu~tim'l ( 2.31 ) 

I~MI'>'iet'Pit'l 1"1'~ oft#)> 
""'"." ~ ~· ~-,...... '<1'.~ 

(W) 

22.SO w•l 
. t:: •l-4 1.w-l: X lt} 

ooleulated ~~su~·~tf 

~ ::. o--;, I .( G!q1 (O/"'d(i 0) ) ~ 
( ohm~em >•1 

a.-oo x 10J:ta 
. f.'J! 9 

a:~s, ~ 10 

' 3.900 ·;tt 10 

3.00 :1! 104 

( ®el·~ri· )~l 

out-v&. No. 1 ---? 4 oorreeponclf; tt:, tlttll deetMeing Sit.ount of 

fi,CiSOl"~i/il ~ho.ool ~P®l+. 



-~ 
.... 

l 

~\ ·a 
I . ' 

• 
e 

s~t~ol1du.ct!crn pe::rt\mete:rs to.~ 1,_,3,6.-,.tJ?>!tlitiK).ben~en$ Qtl 

, o.~s~~pt_!on qf oth~m>l v~pGttl,."' ·l'Jf' t.U.tf~\91nt ~&:lt$ ~~e~l'd1n& 

tP' -~~uat1J,;Jft ( . 2~31 ) 

:l ,a,t~:...t~:tni tr-obf!lntone 

~--~-----~--~-~-~-~t•l.. - .;.,.e~ •l '-':or:.. ... ,,>~ :;:: ~~~:f)',\J' W ' 

,-.-:; r- .,.,. ~--~-<~~ ,.. .. _ ... ~~16 (. _ . ...._ ___ )··•l. 
u '0 .... .::..., .... ,.. ~ :.."'"'. . ~~~}~fill . . . 

- "·' _ .. , '"' -····-···f '': "" '. ·~ 
g et,;lcUlt\\ted. ~~~sur«it' 

((IJV) cs-'0 r~ ~' ~xp(B/2kt0) . ~ 

( oom~ )~1 ( cbm·c~'l )•1 

7,.93 l ~--~· ·"' :¢. 1061 &1 78 
~-·. X l0G1 

7~18 a~~ • g.,29 * 1054 

4 .. 36 4·22· ~i 10'i!Jl 660 • ~ 1()ffS 

s.as s.ea ;z 10!f;) 1.00 X :tti19 

2 .(t-1 ll!·i.ti: s~a-o $ 10, s ~--~'$ X l.t:ll' 

Curvm rl~. 1 • 5 e;;,rt"$$PO~$ to t.i.'l~ dec~~~ng amount ot 

~d~o-ttl;u!d, Gtbt.\nol \f.U.ptl~i'~ 

• !'rtf()m F1fjl'U!'0· ·4• l? 



·t 

Set~iconliu~ti:On pc~ta~.ttl'l$ to'lt 2~nitrof.luoren0 on 

adeorption ~t -ethyl aeeto;te w_pour of different attounts 

aeeord!r~·to a~uatten ( 2.21) 

Cfl.W'e I::o~ ot 

tigttre 4~ lB 

-,,_, ., _--.,, rr 7'1. r· 

211>112ttrot1u.o~erto 

(ak'1!
0

},.l 

~f 
·o 

cro t':l ~ 'ap(-e/a'1!0to) 

( obm•Ot'i )Jjjjjol 

. . ,._f. I 't 4.11 "" .... J tQtA. 

lflilaS'Jttedfl ' 

0:: 
( ohm~ )...-1 

¥llt1,T!S .n _'R I 

t1)~ 

1•44 X 1\'t"~ 

2.93 )t 1023 

S-.43 x 1017 
]:f:.: l•06 X ]Q·£) 

·•;i!; -.• t · r . _ r Mett_t ·::· : ___ ,4$_£:t#f"•K•··_ ··· nilf' k! 11 J( JI~Kti 1u; · ·rr JJ a·J Y.i ·t- •• s rl'.:il_i~tii : fli' M• ·r __ 

ourv" ·~o:, 1 ~ >(.$ cGt1ttespor4s t(} the decr•usins ~unt 
of ad~bltii Gtb:ttaeetu.te VQJ,'M'JU:• 

• ·xr~!gt~$' .tt&.,.Js 
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:';3w~te~nductton ;Kl~~~'t$fs ft'>r o~utr~ben~o:to QC!d on 

t:~d~Ol'l'!rtion Qt e-tb.yl ac:otuts vapour of! d:ltterent wnounts 

aco:ordins to ~quo.t!.Qn ( .a.a·a ') 

(2kf0)~l ~ 21~684 <'W'"'l 

~ ' = -9 )( 10~·1e ( >Obm-.om ) ""'1 

m ealc.Ul"lt~ 

(ev) ~ c ~ 1 ~~n-t/2ltr0) 
# .,.;,t-1.\-~~ )•1. 
\ y{;Bt;l,.,..~ 

f 11 _· :1!-' .t ·g_;i~lli_ ···ill~ ': r_ f ., - 1. 

tnstls~ea· 

~ 
( ohm..oem ) •l. 

~t:ij ·•·•• f _a ·a ·~af · •-• • 1 .4 _ ..111 _._ . ·n1 _ ·: r_ 1 

1 

2. 

a 
4 

ma ~ .. oo 10100 :t4-.? ev a~ a a X :to· .. X ., .. ' 

a, •. i lt:46 X: 10f/l 1.00 ~ ltt11 

-4-s 1.1)6 • l0'1!i 2-.14 X l!Jm 

~.as to.:• ' . 2.22 X 107 
2~;73 X 1tl1 

eurve no~ 1 ~ 4 oo~Vf)$f.ondc to thQ d~e:eaain.eJ ~nount ~~ 

m:l60l''bed etbt1~ci~tut~ vapmur~ 

~' l?ttODl ~imu'Vl· i<b+. 4, 39 
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1~ ~ 

il)r:f>~~t<d ( ~1tact1oc 2•$1 ) 14~1 ok~Jv~ stop$;$' nrr.t 

obe~~ ~ 1 fl•om ttae los r:r-' ve~ ~ plot$ to'l! tn0 
ni't~oaJ.~o~ut~.~ sam!co.ntlttotG'IS 

!~~p~tol 
a•teo:nttuotGtcs. · ~lol.'~ . 

( w )~~ 

.~'>-nit:ro~ 
~nth~a¢~'N! 

lt:~init:tt~~ 
tt!lr;lltb.alenett 

·t,s,a•tilh!.tro• 
b~tm~n~ c . ..,.oo 
2~nitt'o• 
fluor en~• 
() .. ;ri1 t~OllSfi~Ol C.., 
>l'lC14•t'• 0-.'l,S 

* 1.1~~ Fil'\,~Q 4~26 
*• l£1rorn P.igu~a. ·4l•9S 

*1f• if~om Pigu:rtl 4~rd 

()b$erv$d 
'$l()p~ .. 
( ev ).,.,.1 



\ 
o..J<t 

"'J 

~~;$ a~$ m~b~ ot tb$sis. a~t tb.crt ti'9dl~nt• ,e1J' ~~rl'du~t.1Q!l 

in o~~ita~~e -s~i.(lff~ue·t~~rs le~din$ t<t ~~p~ti:on ~tt~t., · tbQ 

··co.~t'l~f! lr~~~eti~n 1~4e1 .crt G~NiirenlC& Pt~tt;cea tb$ tsrPa <>t a~t.iva~· 
I 

ti.o.tt ~~gy el$p$~~nce \)f tba: ~~e:~pos~:nt~Alt fac~ fj.tJ Ob~~ 

¢~~~"'1mtnl~$#.l~ ~..tt. it d~~:J ~t proV!idG: n.nr !'brs!oal ba~1s t~J: the 

1nt~lt~~~tat1t:n'1 :~f '~'o~ 

l~•~r t\tt~ ilo$&lbs-tst~1 rlb$OIV- eot)'per.$tat.!.on l1tw. illl tu.M.Qlit'S 

of ~~11 ~1fl'rt>~ 'tb~u~ vw1~eul~.:r ban$~f· ftom tb:e~,;~-11:1". ~otivn~ 

t~ ®~~tN' l.GValt-J ~~ filol-eool_e::'l"· ~beb mode-l pr~iete tbnt ! 0 ~-. 6/2 

( , ?~~~ • 5 !s tb() ti~by. t.~per~t"~e ) ~~M tl~at. $)\ T '/ !'0:t mnall 

pol.fUfo.n t.tUL~li!1i ts not .poes:1)1e ~r.tl oot~lte~~ti~tl ~tfeet .1~ not 

ti:z.tpeeii• to 'be ~l?s$-W~.. i~l t!'li!tf: -0t6~t. !n~~st!g~'tl!l)nt¥ tt~• 

e•$.eontuet1~e b~;a~):V1rJf1$i b£10 b~~~ stud£~. ~t w ) '~· ~lf,; · ~~p(j:f!•· 
rnental, ~~~lt$ •Qw th~t ·tbt.l ~n~•tiw-l ~ttl$ is Vtt_W !rt ttwa• 

oa~Qs el$0., '£'\l:tth~,, JJGbY~ • i~il~~~ture to'!!l tb~~ 'S~~cold\tet~l'.e 

~!Ve ~t knwr~~~ p~~:!f.GQltY~ tt b~$, bQ&n ;r~~v,~148 .t;~1~t tb~ .ealwia• 

t-OO V&.~~$ Of tb .. $ Deb~ • \~~P~i%tr:.UtO ttJl."" ·~. S«~r~t.Ei~ ~f: 'O'fi,.~ttil$· ot· 

.~et~4tlc ~wd·$ llQ ~1~1 -~ tu ~·~~e ot· 100 ·•· lOO~~t :!bla$., 

it sGSf41> t~at ~-~ 9llitt~s. mooav~l?ei a~·tJ ~ttlV too high to 3ttst•lt~ ~lQ 
. ~ I 

a~il J!!$~on w~n~ltri.$ m~i~l. 



__),' 
. ' 

E5eJoau:;1a of tile ~Jtd~spr~d oeeuri'~'eJl(;e·l03 o£ th~ .cot5lpanS.O.tien 

etfeet ( bcoid(-3$ S·~cot1c"!uet1on pt~o"as, 1t is: obssrv$tl !t'l 

e~~mieal r~~eti;;)tl$,; e{ltOil.;vtt~ pl'~f!s"s • th~~'il d-$n.,'l.t.1lratto.n ot 

~c~""om~l.e·elll~s; ·tb~il k1ll.ing of uniee1lU1J.n" Ol"lr.k.ntsms etce,~ .) , 
.45· . 

lt'$ony o~·l~uhant1. have pl10VOilo:t ~ txu~;_q~1 of f31.eetl'!ot'lie eoo~g$ 

t'r~h$porl na &mrotv~ tln kitu)tic p~oces$~e ( ~lao :Gt.P~f?lie:tlbl~i.l to 
. llS l.lS 

eqa1:tUbrium pro-c~$e;$s ) fi~o1t& th.~ abaQlute ,!'ctte tb()Q;t'~ ~uati6n • · · 

w·:1th1n two ep®tltu1 t!!Qda'ls •.. t;[lb~ ,t.lrst one ( . quoclratic pola7?ons ) 

i.nvt,lV'~s th~ eoop1!tm ot ~'il~t~qnt§ witt\ a $e1i of ose!llutors1 

1i!lb.ereas tho !5&eonet on1!) ( ~an(Jtic pola~tn'ls ) involves the coul)Ung 

ot elactr:~O.fl \#it~ ~::t s~t of f1p1ns . ., Dotb ·t.ha 1~~de1s sh.Ott~ ·tlt-~t ·tb.\1 

rtoti'\.'1Jtic)li l!)hti:'opy is p~opot~tio:oal to ttu.l aetiv~t1on ·enel?'gy til~s 

pr.t)t,."idir..g Q. O¢~peils~t1on i!l.t"f.o~t, 'i'ns u.ae oi~ N ni,tob~r or ose111utot'$ 

Ol' e:f ap1t.ti to b.~1$lg nbottt th~ ec..npens~tiort ei\f\}et sooms to app~ 

l7~~30-lla'til.e in v$ttJ'W or ehfl !"aet that th.e vu~itablo- !ltnehunt ot 
arlB-otb9I dttcl~ctric ( V~DOUrl ) se:t~&' oft ttt(} intel"ao,·t;i~ll et ~ 

·dla-c~Q ~i.th mo:t*s {\:1!\S.tn.~rr~ Jm~Qnt mol""Coules;. tf. dCiiJ'emd1ns, on thse 

.n.u~b~r of $Uet~ bt)l~cttl~s v.J·1tl1 whi~~~ t..~a chu'r'gt:J~ ~ntte€ttiv~ly 
' 

intpraJ~ts~- !Jttt in qu~dr.tttic polat~n !!1w.:!el• thG cl'J.araet.eris·tio 

t~per;atu~e T0 !s o.l~Illf'B· .nG{t$t1v$ !n ·eontv~d:ie.t1on to tn& exps~t·· 

m~ntai obse!YV~tton:. T~e · :aplu polavon trst)del g:tl"'!~ ~ positive T.0 but 

p~~tl:!cte no aetf.v~t:ton fJner~y rflt ·yflfi:y hitll t~pel'.'atu:r!Ja. A-t fl 

t"1t;pell'~t•~ :.xroun.t 'Tot the p:vo<:e$s: !a aet1vn.t®tl ~n::l the ~etivat1on 



' ~!~~ ~ (O.J :!..-e 't'h~ *Activ-Q;tion en~av ~t l<nt ta~pa:Ce.iit.w.-$ ;nrd o<. 

1$ a rd~t·ion lJf t~tl711iat;,w~ •. . 

ihQti8b: t'i:U'; G.~emtlfisn't$. ~ez~4) <tt~~0 · tn a 1~.itM t~e&tttr$ r,r.ult.ia<; 

tbe 0Jr~f)11~1\t 11.~~ plots do t~"t $ugg~st aueb a t(;}~pera.tu~e 

· d~.tJ·ei'ld~nefl~ 

oth~:t" tb~.irr~tl¢e.l ~tt®Pt$ .. ~2,:44 t& ~Gl"i'~'l~ the ~!ipenaatton 

. :t)ttl$ ·were· r~Ua·tt'i.e'~Gd to flih~ t:e;c;o:!'~~$ltttt=~ d~pe.rute~~ ~f tba rtntlbE:tr 

c/£ t~.e~i."~too ~~·1ttJ..~r:s ttn t~ ~(tel ~'ons1st:ln~ of' two e1~ctt•on!.e· 

l~ol:s ~sr~~1~t~ with ~l:~l:t ml~uu~'tttrt r.dot~~ thttf (~'lG~tr~o stat~s 

b~!ng eoupl~ t~ :ill ·~~t. ~-,.t N Oi:ll¢1l.'t.j,tt¥1!~ n~ti~Qe:.iat.$d wttb.. tl(t$. 

\1~\l)l~ou.lar- ~it:~~ A c~~11go !tt ·tb(l' fi1i0otl."''nie $t-~ts ( ltlu.$ to vap~ 

~d~vptlotl ) g!'P£t~l~ ;;>1$e ~ .i!lfi aet!vnti:on (tn.t!'l)l):f be~~~se:. o$'· a 

C:brrlUG~ ln 'if1bl";4lti!Q~:f,. f~Ui.ttle!et:~· If title ~S$0..1!~$ f;ho $\WZilCOt~iUC• 

t1on. eqU.\\tlo.n ::1·~ ·~ 

tb~n th~ varl(~t!~n in botl; tb.$ G:i~t~on1~· ltltt~~.6Y g>~P {t?;) ~~ tb.e 

~et:tv~t!on ~ttt~cpy (S) e.wJ.n $ee~t t'Ol.il · ~~fJt~~~naut~.ou ott~'t tt thfi 



__)( 
·-.· 

. ~' 

,. 

. I 

I. 34' . '\; .t. I 

. ~bt)r~t) a ls ~- 4etl.te W.~b:W for. G:tadl sYGt8'_ -~ U0 t- l1 t S0 

-~na s1 aQ .. e tot< tl1·1~ ·til* ayst&m$~ ln this. =s• the ehuta~t~i<l!' 
.!.~te t~e}!at~e ts. ·given l)y 4J?0 tg;· [a

1
, I ar;11. 

. . 

e~;ple:t ( ~& ·tr1-1tf$OWi' a4$G:l11"~t1on ) l$ nr..t preo1sf&1f' ktrown:t tho 

a~tiv~t!<t't! (!fitrOp:f a ( bene~ G15 ) 1~ ~ ,1felat!v-•t~Y ol.tf!¢ute gt.mnt!ty .... 
a~ @y· (Jflt~rnt!tati#:v~ e~t~t,e of IJ7a ta ·~:.~t ~o$si1'11e. 

/. -. . . . . . - - . - . 

1 · ~Q ~erlmant..!\l. 1-'et'ftJl.tQ prl1se&t~ he• _show that the 

s~ll~teem.,nt in eondttot!v:tty ts n~~!Ated with a ehdge in tl~t!v-a­

tltotl 4Wev~ ot· tb& ··~icomdUctor:s on· v~~ W!t;O~ptt.on. tfii$, 

' - -;e1$0 otl ~o a~~ ~~ ttu) ;'Va-pou~ adtoJtblld~ xn all ttte .eases . sttt4tM 

tba aet!vatlon. allft&r Ultlt'OOSetJ ritil ·tbe tnet-$0 !fl .. coMtmtivittli 

Tbia b~~vtou, bo~a~, S$ qutt~ ·Qtlt1er~mtab1e· fitoa tb~ oontiUc• 
' . 

·ttv!ty eJ:PJi:<l0si~n ( s.a1 -> •. _1:1· T0 <t-, -rthet!.e· t l$ "-lW temperatute 

1n ·tb.~ w~rid.ns %!atlgo, tb.f)ft ( 1fi•0 ~ 1/r ) 'he~omes ;ositivo uttt 
. . 

1t~ereas~ 111 ~ct1vation ·enu:sr-. ~bus., a ser.d,oo~;tM!t~t;: WtV!ilfJ ·w0 . ~t 

. 4; low~ ~!A~· tl~41 the ~"'tik!ltl t,~~r~ttu1e. !!.t\ou~i sbw an orilat~e~01lt 



in 1ts e.oriiu~ttvitlt w1th tb~· lneFQturn~ :!.n ·!ts 4iet1vatton ~l'lGrS:Yfi 

s.a~I<t bdlav:tottt bo.s b01t1n o'bsetvcSd 1n easo or n1tl'on~ow~.t1e s«n1eon­

duetor.s" lilO~J; it 1~ ele.t~r :from tho c~wimentc that tile ctv:l:r.~(!f• 

tal?btie t.~p~~tU:C~ ( ~o ) tr1f" & tt~nieond.uot-o~ VlatTS ~n :!rnpot'tant 

rolG 1n the. (!{l~k ·t)oflduc,t1~n ~Qeese. 

fbo r~s"llt$ ot t~u~ n!trO:~t>Q~~tie $Gm1co{ldtlcto~s studied ~ow 

that w'hofA· ~PQl1Stltiou relatiOn ts t'mtist!ett., tb~ ~- :r6·• bas .(,i 

qAG . . 
l~ va1u.e $1mllaf' to tb~ p~1rt<$!1~la~":£ with -~ t}onougii't~ e<.Jtbonyl 

tJrt!U!hi It is int•~r;titig as in tttos~ n$:t~~l8t~~!itt1e:s,. the 1~1.trogroup·, 

likt-1 t-b~t in erMcbardlt· g»ou.p.,. is al$itl navit~ et. n.onl)GtlJ:11~ wil.it>r;r~ti;')n,.. 

:!'k1~1.s it $Jl~$ th.r~.t th~ pi"esQr10e ·of o. tlr:JnborxU.ng fttl:$iltt;or~, in the 

r:!oleeule of a s~.rl.cafidttat1ng r.na.t$-v·if:\1., 1s $omaow :ra:)po~..si'bte for 

th,~ 1-ow aompen~tien t'3tlpsr~tur.o~ 

iJ;•ho vulidit~ er til~' eompansatian :ral~ in ~l(1ett~:iool <~nduct!on 

p!'ttnes:il td.:ts been e.~noo in cs.;:et of som~ ni't~oo.:t"or~t-io s~ieon-... 

duetw~" bu varyia1g ttl$ u.cts:v-~;1!(;i0n (li&f3~tlY by 'lf;).p~ar- U\~~~vtion., ·~nG 

· validity or :taek ot 1t ha"'e b:aa.n shovr:t t¢ 'ff~ v~tio-14t'..,.Gttm~.¢orldttotor 

pai~ dfJpundenb• 'Xha Vt~l10Ur$ to:f \Shiab 'f!'G1::1 \~®'al~ r~'it~:t>S'!:i!l.G ®tlllll.QX~$· 

ere to~, t-ru@ ·(.I>O~(U~t,tt1Gt~ 0fi·~~t is ~bs0JVttatJ. Tkt:$ Z)tboit trapotu•e, 

-wh:icll t--om st~on& eotzplQ~r;}& iu;tvl.!:) 'be~n f"Ot.ift})i ,not ·ho .~ti$~ tht9 



<jA_. ·A_ . 
-~~ 

~f.tff~:t-ent f~lr' dUt•ent: nttro~r.~1~1<;!f.i wn1¢b 6'tlpp:>z:ts tbe 11f.0W· 

about the d~e!ltler..oe of f 0 t;:tn tne aOla.c~lla-&- ~.ro~$l'"tv of tbe 
.0 

·aGmicorll'iiucttnm· ~tfWiQl~ Ot;l? pt'e~~t fJbser'iff.ttiQJl of low v~l~Q ot . -

~0 !:~· !l\t~e~tinl &i'¥1 1t- ae.ems tt:.~t tbe pro1;~.n~cll;l ~~ raonbottchtng 

aleet~ns play tln inllm~tta.nt ~Qltlt" 



-+ 



~} 

e. ·G~, n. ~t~ett_,. ns«mtett!tluot~G'""' ett4.tfd b1 n- la 

&~tltil.V ( t~&iril014Jl lil't 1989 ·) 
t:ll ~-f., .. ,. . ...,\\f,"of M..ll "fl. .a1.o.;m_~i!!<&-. ·(l~•'A'itil!& ~;i>,,,,f.,·. >"if;,;.'ft ·.-fA ft .-_J:t -.~ .. ~-· :-
\&:i• · ~~4~~~ .Q11~ 't~f .~w-_..~~~~ wv~" ~Wll;;~ :t'ct;jqSl¢1...,$ ~·~ 

b, l'j\- Se!t~ tl~. _o,. W~riball (~.;.-t ·.tift :J.9G') P• ea •.. 
- ' 

· rl"' t~. !•VQrA-Ij, "'ft)Ystlos nmt. ·Cb~:tsuy -ot the tlJll~lnie ~~114 

Stf.tt¢lt* ,~tJ.t:ed · b:V o. l~ox,t ~~-.t~. 'tta'bekl ~ntl- A-!!i l;.ttiss~~ 

· eeir ( Ifltfgs~lt!11e.$ -~ t 1~- ) vot~ 1, P• 74&. 

-n. H.'t!*-: K~»~e, .. 
-1-lJ.v:.-- ·c~~. why,., .L 2ea < 1~ > 

~. _o~t~ nrd w·~ Slt!MGP' ~t)~gan!t !1J$~minett•f1* 

( ~~~~ti., mt, 1* ) 
- \ 

;e,.· - Jff -~-t4~Dt n~it#SitJ$ -_aid Oh~'bU ot tbe ·Ot!gr5lt1,ie ~ol14 
. . 

®ttlteu e<t!J~~ bat· u. '~•• t-~•1l•- t#i~ ~ 

.A" t~Gisebt!f~et- .(tnleeelell.t&t. _DY, :&965) vot:.:tl P,,. 1. 

:~~~- GntOO:tll'l ntlt$ 'tit~ •. - t~hs, ·nol"pn'le· S;f.h,'Ue-ordtt~@t'SU ( J'Ohil' 

~:itgy & set~~ tne.,,, ra, 106? ) 
I 

- . a. o •. f:l;t; ts tllanee, -n~s1os ad dh~ie"y· <ff tb.~ atpde 

S~iJllii s~~tt).tt Gttt~ '' n,,., ·r:0~ ttt!r'~! •. L~bes ~ 

~ w.elas~~-- ( ltnt~sd~e. rr:t, 1~67) \tol.lit, 

P.'!fl 1f&.q, . 

~. J.- H. Sh~ 401 fr~-.-. Strti"tbt npt,ovsttl&l (lba,.~~Y 1 All ld-'Jtai1C8 

tr~tls..,t .S1t~l by· ~if •. itbat __ ( A.P •. 1. mr, ae70) _ 

'\rol,. x, Pt 43S!f 



I· 

147 .. 

so,. fl"_ fl• lt~naon-.t 

Cl'it.- 2GV• sulH state set,, i•, E43 ( ~73 ) 
~ ~ =~. 

Adv. ~lid state Phyt., 1 Fe.stkorpm;-probleme, J.tt. 
26! ( YJ'14 ) 

· a:a.,· s,.. P, · t:ioodtns&, 

,· 

., 

~~ Cb~..m~ . St}c•- ·iie\1~., §_, 9S ( 1976 ). 

,.;.:. .. 
-::c-

·a.a. a. ft«>knflh·i a~ -z~ M~~, ~-rtr.aotot!ondu·et!vity t1frl- Related 

M.l~tlc)tf.\Ji tltU:ttzd 'b1 a..., Hotrt ana. -~ (t · n. · V¢11 
. •" 

( ttli~wio;r~ ~~stel?dam, ,1Mt! ) ·p., 1o&* 

14., '• 0• :r.ai11~$t ~~!ii11taht&a1 in fPb'si•1 OJg{'j;nlc C:b~l~t'rt 
' 

et11t~ b~ '·~-•- . Gold atlt'i- n., 1lOth61~ (Af'·t tf.l, l91S)p.1S9., 

J.S,. c.: :a,., :mtk~ f:lil:! t• e: •. ,sctt<ttln, 

W'bu!i!~s -~oaar, .a (s):, .ta < 10so > 

z. t~oetH Ob~-• itt 634 <· ,lS$0 ) 

11. A. stent.-o~s11t t1IntttOltJJet~n tCJ ~ubmoleett~t1Dtolo'yt' 
·( £.''!!'~ :f-:tU •¢11!1. ) 

. d,,f •. ·~~, ,.,-~ . 

Ntlt~v& ( ton'Jon ) , .w~ · G1aQ { 1900 ) 

:U~. F. GU; •. l'\b. ai~ A.,. tiGtsell<Wt 

.1,. ·rd!~., -Pll;rs.,,- ,m, ~ < 19&0 > 



. \ 

'.-€' '···[;"-

J! 

:e~ &'~an~~" s._ A•·, ~~latdo ~na'. I• ~~~• · n!tl~nttO;• 
1 ' ~ •. 

ilit•• . ~loaa.., eJ.gpb1'S•:tt St. ~5 < 1001 ) -. "' . ..._ . ·' \ 

1m . •IIi ;it . :11 :;.. . . . ... . !!lit . ' ... 4 . ~ jlli. . ' . . ..• " ·. ....1). i>{t -· . ~· 
t2• ·~1~ t~"t)lr~~lso~, 11• 'ir'JI~u~~:t [!;''~: \i~e.'\r4ef!}l!ft, fl.w Y~- ~~~e.;:. 

. ' . 

· ~~- ~'lekttoo••t)• •• aw t ~~~ l~ 
' ' 

:a. none~~~r~• 
1-. Cb~. ~:nz,s•:t fl• ~ ( Jili1'l :l 

. sa. t-t.• At ~"'~ ~d w .. , t~.- sea~raaf 

24·· :• \ 

:-t-1. ce11;Msea~•~ &lp~i .•. , it 300 ( .. 1!}19) 

•· -~;r.. ·r~:e~~-~ ~ '~~~tti. 

~-,i M~!~lt Jtb.P•t --~ SUI ( l06t1.) . . . ~. . 

-~.- ll\_. ~·• S$U$ttl~ttil, 

B'iQV• n~. m;t~·:'' a, .l ( 1~(i) } 

~t. l!., ~tosanb&rg• uGrm»>i:J.U\T§ ou: 11~'tt~1ca1 ~*'*~~tv!tt ~ 
ors~tt so1!a~~. ~!t&a b¥ ·a. ~tat~ ant\ r~'* s·uvv· 
c· 1-Dtum~i~nee-. ~'Y.t· ._3001 ) P•· a9l! 

-~~ 11. n~~b'~-~-

~ .. eb•~ PbFI• ,, .lit: &16 c it~2 > 
an.. . .1, s:., am-1'11t, 

· . . :t~~mt.. Fdtt~~ s~ •• . J!&, ,,. c !9G3 ) 

Sft· f{• · Dt! -~ ·~~H~u ift M~cb.Gmlet~:P ~it$1 bV !-~.r.~sl'i$ 

. e~ lzl~. lt.ll~atl ( tW·t -~~~ 1~a ) 
,•.j 

..,_ 



_.1 ... 
~ 

,. 

811. J2,, . :~se..qbOl18t 

FuJfaf!ay 41sO•t Cbem• Soc., 50-. Slt let.) ( 19'71 ) 

aa. a •. ·r-)oe~"lb&»s, 
\ · Pb..~tocnaa. Pboto'bitr11_..·t · lt 117 ( 1002· ) 

as. :a. rtosenbet~lt ' . 
' '• eh:•• ·r-n.vs~., _Jl, ~~- ( 1000 .) 

M. n. · ~.osemb~4f, 

«7• e&~-if Pll~rs., itt. ea. < 1S61 -l 
aG. a~ r~3~l'b~ih 

.l1Jt'l• aad!Q;tlon. Eiol•t ~' 19$ ( 1000 ) 

as. B111• l~sefib0,.!t T •. 'ti. ttisra a~ *4- Sliit~-, 

't1a~e, ~1~~ 42.3 ( :&068 ) 

$7._ Ulle\' ~-stow;, -~. 9~ ·!he!·ts'O. l~tchlg~ tttate) Utt.'tVQlraity, 

5stt !i;tee,~- i?~~stt'i . .- lttt-. n ,m, :'11 ( 100s ) 

sa... n.. i\.osenbel {~fltl ~. ~st&'.tt' 

~~ i{~~ lo!~ -ttcad~ se11 _J.i.it.· 161. ( ·lM9 ) 

s~. a. '~·• Tlcnv 
:roehntqutls t~t -su.~tr£ee ana. e~lio.1d ober.i!'Gt~t ~na . . . . . 

~h;~ics, ~- 109 ( 1012 ) _ 

40• l>t. nos~nber~, B~t :a .• ~!kt Il, C~, ~i*G~ ~nil ·a., tzost®t 

:s:f!l·· ell~. .rob~ •. sa. 4tos < ~a > 
41• o .. tt8a~ and ·B~. ao$enb~rg;- · 

tJ.fl: cu~. Puy,., a, .. 3M& < ;a~o > 

'· 



42. . . G• ~llYt t. r~. Gel4~t -
,:f~r Wbeor~ Ble>,t 4it lO? ( 19?3 l · 

. 43. (h. R.$ny ~l-bf! ~- RO!lori:'bGl11t 

.1. Ght6• Ph~•t iat 41$1 ( -1910 ) · 
-~• ,; •. .a. 1\CV"lnn at.'ll s. :b• !~ah~lnti; · 

- ;t,.. ·Cb;m •. Play~ t Sit . 100 ( 1.975 ) 

/ ' 

Ptoo. t-tl,: A<m4• set •. , tl.s.At, ~- 099 < 197$ ) 

46, n. D• El•Yt A• · s. t~;teGtt _and n., . ~1. 1\tl11ts, 
I 

Wl~n;.,. F~~y- s~o., .!i1& i$:1$ ( tf4t ) 

4f~ . lt• UlbtUttt . 

. ~St.t ~1:- Ch .. t alt l&i7 ( 3.970 ) . 

49., C~. Sa~t: it• Klt.ag4:t~ i.ind 1;J.~ !eda-, Jpn., J. i\ppt.,. ~b1/$:t-t 

lit' 416 ( l9'm ) 

~~- o~wa, ~;~~- -~~G •Qld ~. li:t~aawa,. · 

·nt~et~~n!ce t·&ttea-, JQ,- ·SO ( 1~~: l 
. . 

-.lSC. ~~i{ -Mamii1 a.~ ~~~$~ t4nfA- ~t,_Jt· t~t\fl.,; 

i)ri~ l!stt; ~1~1. -~ •. , Ji~t 1?1 ( l'W'/ ) 
11,. :~·., t •. ate1 ~, t~t ;~lice.,. s* x. onoi -~~- J.iJ, 3'o~n•1 

~~- c~•• !~r~., a. 'aGes (_ 19St > · · 
s2·. -'!:\;· silbtt;zr1 J... J~l.'ttw~, .s,. a.. _alee nld· n •. ~. vn1a.t if~.,. 

if.. ,Qh.t.m,. f;iftJ's.,1. j(J, 733 · ( 1966 ) 

· SS. ~~- S11b.9'1f 3,. 3~M!l&l"t a. A.-..· file$ -anti n. !w ·vakt 311.-t 
·- • ' • i 

- J• eb.~. -PhV$• 1 Q, tt92t) f ·:too& > 



54., . ~1•' G,• Itspl~, «organio serueond~¢tol'a" edit$~ b1 ·;t411 J,. 

Bl'triphY ana a-., t-t-. . tuttrev ( !WJlcnitlan,. frlt lt$2 ) 

~>~ a •.. 
ss., 'F •. St1t•1 'fl%.,1M!$ra tneor1 ot: .. solidst~ (r:t~rav tt:tlt Bol'lk · 

. O~.pany1 lti~l•t t-rlt: 1940 -) 

c. Kittt~l, t'-tntroductiQ~ to. -SOUd il-t~te Fbysiest' ( :},ltl~J 

~nt~ll M• Ltd* t 1-:W !Jelh1t 1911 ) 

t'f .• ·a. Uurtso.n• ~sGlt~ s.t"tG f~GOt:yJ~ (tttta :t~~e&rfli.U" U1li 

~:bl.isn!nc e·t)· ttel•• D(lmb~ll ~na ·rt'1~ Deiat, 1970· ) 

68. .t~. t.r.. Det&•t useUd St$tD PilYtiiestt (t.fn~llcn ·and C&• Ltd,. t 

t\~Bl~n, 11)70 ) 

I~,. GU'~M and L~ _E• ~J'OllSt . 0 0:rpn!c. :S9tli~OtO-rstt 

( -3ohn td•~":t att,'t so.us•:J: In"*' Nit l:a$7 ) p~. $26., 

o~ u. t1t~ B~nc-, zv,.., . .. 
:J!j; \Clu~m. Pb1s~-t .Bt :uws ( 1001 ) 

D,.. tl:" ElGY and i1,.. ~1:-.. 'VJ'ilU~t . nsympas·1Wil on Blt1ot:c1ea1 

C6Muetivl..'t:r of ovgnttie SG1td$" ed!tetl . by 

ii .. !nll~m~ arid £,-1 •. Sl,lv~ (lntettsctence. Pu'bl!Gh•s::~· 

!~'- ·Lqel. } . P-- · 201. · . 

Ga-. a:. Af Poblt nMode~n aspaets ct · tlHll tr!t~~~ ZtntetJ Gat ted 

by .;, • ». t,facken~ie, (.Bntt~o»t~ t ;Lttt'ld.on., 1~2) 

~:; _105. . 

n. -A~ POhl aM tt. ;~• 'OPP:, 
. . 

a. Ph,-$. en,~ •. , .!it 2lJ2l, ( 1962 ) 



\ 

.n~ 
'Q<;(]. 

67 .. 

' 

·~ 

·?t~ 

·?a, 

· s •. ~oh'll~n ~td o.. ~. sel1ell;: 

. ~~e •. ~bv~. soc ... ( t-or.don ) z.t, •, ( 196& ) 

. ~:~ ~tG'b~Plt ntntort~\$ tb.otSl$ ( trrdtt•a!t¥ of -~tu&am, 

1$63 . ) ; . Abstrtacts -~ -o~~t4o fJ~l¥•1 b'mJJC'6iQm 

( ~,.!.Q·•t Otta'it"t\., 1002 ) P• SG •. 

2~J G,. t-tcUae eni tit4 SiGbtQM ~· ·Ollc.m• Pi11S• Alt 906 (J,t~) 

~1:. s!eb~~~·t. 

'• ·C~em. ~s ... llt· 3574 ( 1004 ·) 

o. n •. tie!Jian~, ti'~l .. , 

Jtt \lbd!tjl. PbVs. :11, tl!O ( !OOS ) 

l·w .w-u••, ~-til& adsoiJpt.toa ot ~;l.$\9:8' ~- vstxnu'fa" (fJdc!d 

tltl1\l&11!31t·Y ~tUJ;f· u*lMOiiJ 1945 ) irJl* :t: •. 
. . . 

· i"J ..... H~~ Youtit :a!l!i J\.;;. D~ c~wett, tli*Ys!e~1 ttd&et;tton ott 

~.,eli$n ( BUtt~rtbst. L~n4otl,. 1002 > 
. ' 

~~· e.\ Bo••· ·uc.att1Vs1t b1 ;ltllttlltt*\' c A't:. w, S£6! ) 

'· -u. de Jee,,, : · · 
1 ~. f:ut:i.'l~. It411t&t.. suh.,. , .!t ·$7 ( ·3954 > 

. " . \ 

~s~ . ~\ •. 1}~ cnwell.t. t•111" ~11f!~~~s ~•,t~cen dtt&a :bzr R.- 4•· 
. . . . . ' 

:t.1Y1cetl ( ~~arc9i Da~~ t .. N!'t 3.967 ) tl'Ql• :t~ 
/ 

~~. t.;nse! -·~ !w: C¢U'~'t 

.~'., Ohe• :f:b~ns •. 8t 5572 < 19?0 ) 

~- ~3!'df1~:t .. c ., 

. 'Htrs~r Rev,,, A~t· W ( lMtl ) 

a •. s~ L~4~i1~t 
1:~fi!l:lt FQ~ay· ~ •• &t - ( lstm ) 

/ 



/ 

~. I,J; 

· 11. ·a.. t~ar.geMll t1nii w.: ~· P~11at1d,. 
·J'hv$~ flw., ~t $9 ( 1M1 ) 

'. 

"m .... f''Of! . -s. fil:• · a,. ~san ~M ni,f, o-•. a~eha, 
Hl?i~. ~ •• !Ut 00 (· 19f,~ ) 

79. t. ~. :»n~loshitl$id.1:t !~ ~~. t.1fsb1t~ ~na t• :p .• it1taG?t:isld!, 

AdV'. :r.ft;s.,, J..tU t66 ( 1sG1 ) · 

0-. iifawropM!s; 

r.1'0:l., Ph~ .• !t ~· ( 3,!$3 ) 

:t'l$J'l...... A.. R.. MA'~""'ri~;{tn ... Q~,., f:~,, :J-1•' A4<-\,I~YJ~G.ll4<. · 'jf 

f£~1.~ Ph¥~.~ .!J ~l ( 3001 ) 

1"2., )~. t~J. 't1t~1t~, 

r~tt., ~ll•· rh~~ •. Fi~~h., at~, ~4 ·(· 1C.f5.5 l L$(:};r .• Ph.gs. 
. .· . ~t;;o I . ···~ '] • 0 ~· ~ Jl It . ~·"' \l 105~ I . 

i E tl\ · .. t\\.••il!!i•'li "''.· ..... ,;13·•,• 
'\\\!' .. ·~··· 1,"'4#&.~~, 

·~3>s. aw •• : a.,.. 6WJJ. ( lBtl ) 

x •. · t?'i, ·H~j~1eentlwsltt*. 

aetll1 -s* ,o1 •. , a,· 110 ( 1966 )~ !it sea (1069) 

a&. G~. a.. &l.~t~ ·:4l:Jl u,. :tat~n. 
:.iby~,. Zfl(R,. ~lett.. ~-· 7f11 ( 19?$ } 

.sG~ o., a., K1~n ana: u.. !.u~n., 

:~1$•; nfi'. Bt .J.t ~ < 1073 > 
st. 111·,. m.i' iti'!.t!v$n1 

$'ibrs. rt~~l ~• ~~ s~01. ( :~979 ) 
I 

. I 



P_., c .•. a•• aM a. t.- to~1t$,t u~ao ~®stts.on$ att\ 

·O:f1t1~1 Pt4~ma~ff &tilttd by e. Domb nO! _ 

· ·:g,~~ · s-. a••• < liP,· .mr, 19'16 l vil1 v n., 
a0,. N';t. · tt.. v~n ~·.PGnt 

~us.. :~'·~··• •~•. ABSa ( 1\M-4 ) 
J~ · Rt P.c.t48't -

'"~-· ~~.Y~ A~t •. scs.~ • 14• aGGI ( 1964 ) 

91.- ;;. L~ r~bolt.tte .tg,ft.i .1,., r .• \: ~•·ens; 
. . 

. J: •. r,f~tb~ ~, ••.. , ,£-,. ilG ( lSSS > 

' . 

,fJ* $~tll. l'zllY&•·t .J.f... 10?6 ( 1979 ) 
• ~ " 1 ~ 

93• Dtt a•nt~~Oilt ·tt * p,.. Abttoba~ $:~ 3• A4 Ba:.fk•t 

. ·~,t$1• PhJS~t·lltt 1~9l, ( 1~ ) 
' ' 

'' '94" f1t. if1f.\t-~, ll<t· H'~~$6fl Qhti 3t;. t., !ti~bOtdt~t .. 

- fl!~lil PhV'fl~tt ia:t. 13.?3 ( 10?$ ) 

. ·~ D~ fJ* ~tlvnn tibJ:t {t• at~t1 
'· 

;;·. rb~~ Ph1S:••· .a, tt;ppatlt& < t~lfa > 
·' •' . .. ' 

·05., ~ ~~1 ;r~ s=n!k. ani·-~~ •. ·Ce!)l:tfAh·, · 
' • : r. 

:~. en-~ mys.,: aa, 1?83 < 1us ) 
' ' 

ft-. ·v, •. oatu;fin ~.~¥l t."' 1;3;_. r~ns,.· ,noJ!eard.c eemtce)t.dU~.o~g~ 

(Jobn tf$1"' ~'.~ons.,.~ :tnfl~•· r~, 1007) ;je. as~~ 
98.. ~~. ~. c~• Qft! »• D• m•v·• 

•. : . 

»leens~~n~ F>~~~ .sol)·~~ gz, 115 ( ~~J ) 



· 99. ».,. n. · ntet, 
\ - . 

. ;J •. Po1~lll'' .S:{l!·t Pt. o, JZ, '7$3 ( :te6? ) 
. *• c. .ii. Jdl.!nltQtJ. e.~ tl., fl~: L)rQml't 

Attst~ J •" reb em.:, a, 2~\\7 < 1970 > 
' .· 

. 101• tl• fh• JohnstQn and t-. St· Lyons,. . 
fil:r•~ ·~tat\\$ Sol.ldlt· i4• ft ·43 ( .1073 ) 

' . . -~-

103§ G~ lit$tAOJV ~M n. ~enbertt1 
· ' t)AtUl'_:, .·~·. 4\00 ·( 1973 ) 

aO!. a. ·15· e. Ba1il:-ta1 tt. 1}am3a~,.vtc ~M a:.. it~ \f.e~M~':t· 

natve:, .~;.. 147 < 1972 .) 

105), ~;1• . B• Gr•lU'J~. 

J., ChGm~. f>hJ$·•·t ~- 3279 ( l969 ') 

·~ . ;;J,'I;JV~· n~ o .•. ~~:r,b$t 1 

J:.~ ftl.Ys., rl-. j; 316'1 ( 1~1 ) 

!07.. n. e~ o:;t.llln, 

· J,.. Ptlvs. oa•···•• 3510 < 1005 > 
;r. Barde0n11 

!il!lc .. Rev.,, llt -t1? ( 1947 ) 

' .. 

\ 

t~·~p:• llott an« .t,r~. sneaaon,. ~i¥~ve t'feoba.nles ~u'id ttAl 

,.~p11eat.i~r$., · ( »ove1r .Nbl£eat1ons, tnc•, ~~ 1003) . 

llt'J.. s,. 'M'o~sa,; n~uant~ A5p(l}cts ot P~l!fP~pt!des ~ Po1t!t\llC1:eo• 

t!de~ elitt~ bY ·i·~ •. w-e:ts~blutl'l ( :t11t~~·ctem•1 
flYt l~l ) 



111• ·?~ •. a. E'tffi;\'$l$ fft.:~'d 4i'~ \h~rgQlV• 

·' B:t:Otib!li,, iJ!op.~1$• ~\et~ t ,8~: 1SB· -( l~t) ) 
' 

3.,32.. T ~ Hotst•tn, · ·· 

~trln,. trbu~~ ( .r:i7 l; .1,9. 348 ( 1009 ) 

l~. T. ff:loJ .. atun, 

114. l:f.. v. Vl)lkmlSteitt1'. 

J:,: "ib®;t:-. J~i~t •. ,, a.it 393 ( 1972 l 

all~ Q., ot~satcyl1el~ t"t,.. .. . if ... ;teJ.d'ler a.oo n.J. s~min~t, 9 ~'1'Mt4 ~ll;oo~1 

tit fW.te gr~~e~SEJ!~ ·< 1-fcGtJ~~!'!~lt ~Jit· l.i)4l J 

tiG~ tJt• n •. tlle~t)hj J~ •. ann n,. t-k •. s·cnwa!1't·t, 1~Cbaen1 rttnettesn 
't 

. ' 

117. 1'•· fZ~. 11-~l!S'f~Stt n. ~~sM.bOJ!tg nna n., sv!ts~·# 
J'~. Cb. •. ~ •. i-ll~*· .$!. .£{100 ( .1969 ) 

· 118•· n. t~oso.tlb•e !:lM ti.- (;~ s~er:, 

. I 

l~t)tocli•J.s\J'F «M Pbotobitl'1asif;t· -~h 6~· ( 1007 ) 
' 

11UJ,.. n:l!i. ~·t. Jum, a•. Oh.~., D,. t~11ik a~ f~ n;. ~~1~, 

-l~ill~: ;1:*' P~YSt~· •• S4S ( a.m ·) 
120., ·sf. ~G®.b~lt · 

J of Cbf>m;~ %~US-~ li\t 9l2 ( 1~61 ) 

tat, ~.. Eo$en.'bei'8t· . · \ 

· J .• , (;b,~• -~'by.'$., · itt. SlG ( 1'96·2 · ) 

12.2. t'"· J~ ~•-ott, t')i .• ~J •. r-tttil,-$. ana l~ ... r~., ·r,ra'bc:s, 
~;1o1~ G~'!a'•t Jt 400 < ·1.00S . ) 



~. 
-......·; 

~· 
'-·1 

lft-7 

·1•· 1\1~ f.1• t$bG<s atkl ~ •. rn·. S'w!1~• 

if.~ NJJJ.. one,. soc~, 1§. ~s ( 1003 ) 

·JS4.~ '• 3., llett~f.tt Ot. W~ nudJ3' nrd t~* ·'M., tabGS.t 

· '• l~!! Cb•• Soc~ 1ilt ~·· ( 396$ ) ~ • < ~- • • 

196. . ~. nQ$!11llb~e nrd J •· P. o•l!teoli; 

~·\t. Chs».,. ~'b~~ Jl!b ~2 ( !S$l ) 

·a26.. .A, flt Ctl~Wt.itbt: .. , .. · 

. If! ChQm-t, Fb~s ... 8t . 1~ ( 1Qf:4. ) 

~~~, ~l&ttt'l-~~·. . .. ' 

. ·fl. r.-ti~~lkf.. ,lQa1 ~ ( 1gaf ) 

~~ n~r~~ ~~ ~r.~ Iiol¢i"l• . 

m:roik~., m~ ~. 101'. < .. a.es?. > . 
• ! ·' - • • . 

! ~· .J •.. c~:v atd P. · u~. ~'1>'~. .-.~: ·· ·· , . 
' . ,: -,. ~ . 

u •. Cbet~• ~bV$• f!1lt 201 ( .19£~ ) 

.. 131.: .1~•· ·~· ~~awtl.n i'U'4 .tt.. :r •.. t~oltmn, 
J• APPl~. Pbys,. f&t 2950 ( 1997 ) 
' .. ~ ' .. 

. 132.. ~~-· o,. achno~e .~ t•, e:. 1fQfld!m.Jtoft1 

3~ ·~· ~s., JAw SSS· ( 1956 ) 
laB~ ltr• O~OtSbt R• l:i• Ja!n ~~ !'~. U~ Mim•a, 

~e .. lndiet.n .t~ttl •. · ·~ci~ ( them.,. set,. > 
. . . 

. .~· . 

... · 



\ 

. ,--<· ... .~. 

1M~- i~ ~~~lltltt . t\:. Of\Q~ (lllt\ '•. t~.. ·r~te~":a, 

~oo,jlf . !~1~. Aq~%1, me1., ( on sm.. act.. ) 

-~-~,~-~1~~)_·· 

l,~~- A~ Ghosh, ~.-. f,talltk. ~.na. r. • · r;;~,. t-t!slla; 

Ptoe.. l~l~n. w.~aa-. -~ol.., ( (Zb.~.. ~e1. ) 
' . . . . . -· 

lSG.. '!~-· ij}~l.d~Vi~! 

~ta Pb~e~)-~ 't!SS~:f J·; ·449 ( 19t'!!. ) _ 

1Sf(.a) ~~ ~iog:t~kf a~ i~~ ~5eld~vtob, . 

. Act~ ~b;?~leqeb~ t:J~sa:t .1t soo, SIS ( 19M ) 

)a7(b) s~- t1lov.l~~ ~t'l1 s+ n~~~~j 

i{;~ r-nuet~ttt.m-1)1 ussa1.. %,1 ·oos ( a~7 > 
137<. e) -~• Bl~i.eh tt·nd G• · ~~,.., ~ha~va,-. . ' 

~htl~• 1!1~~ Ph_~~. JQ, l?Glt 1716 .( 1989 ) 

1J~- ~,~, ~01 ~~ R~ Iff t~$l:l•i· n-ad'J!~Jll~t~ in e'.h~i~al ~VS~<l~· 

J1JS(a). m.. ':tr •. mn, itdv~f~~· o~tal!f$~$ .~~ t;l:tl ( 195! ) 

lSS(b) ~-~ ~~. i!itt,. J~t. en~- ii;b~ •. JZ~ 62tl ( lS.~9 lt· .a, ~ < 1960) 
- • c• . -. • 

• 
1 

a~ c~. t1td.,, t(}~en, 'l9Sl >. p.. 1~. 

!!• s •. etct10t !~Cb~1at~y of .the ;~ol:td Ot~ta~• ~$t$d by 
. ' 

-~~~· Et: Gil~tl.G~ ( .~tt~~th!t, Lmmt)at 1956 )t• f!JJ/1~ 



. 141 •. · s.: ztoa~fwg, 
: tleitttf$• aa~. 304 . ( '~'B~ ) 

' ' 

142J.!. ilf: aose.~Sl !! ~hr$ic1.11 Pvcc~sse$ .ln ~cuiia~on lll~l~'~ 

~it«l ·b1 L• AU({~~eitlt · a., l•f$SOtt ~rd f.J.,ilea0nbGg 

c (' li.'ift; t1tl',. !i$.1 ) ,. ;)lW~ . 

. . 1~. A• Obosb• ~- ;n., -tl~tni' a, l~al1B: 4i$l 'l'• a. ~"tt$~~,. 

~~n. · :s~ A)lpt, :f4'3yet~s ( tn. ·p:teaflt 1run. ) 

l'~oe"' tndit;n A~d.w sot,. ( c~~"4 set,. ) < tra 

~'1itJ$$;,c l\SQl ) 

145~i. ·~- 1•· l'{~tm:'~Vt· .~.,, ·A, Pi<ib.Us.;l~ Acw I. it!tttigGrtadSki!; 

i~. ~'hsr;,, .. o·!)11a st~t& ( ·ui7!~l > ., .az... 1a11 < ·lS?s ) 

146\t: n*. ~.n111n, Jt.~ Ghosh $lld 1::.,. ~- H'-tt.r.$. 1 · 

Pb:ts •. stl~t* .s.ol., (a)· ti1J ( :tS?10 ) 

' 14'i: . . . . K:•· r.~., l~tn; r).- Gb~$tl -aM if., !~. t1:lla~s., . -





I 
I 

~tnf) tile' ~at Gtl~· ~ e ~,lf' d(lf'Jtl~{).s, tnt~eat tn ~h · 

thoo~~S.e~l ~t~ ·~Gr:j;~~tal stwli~~ tit the ol~etr·onte s,p~tr~l 

pr:op•wiG$ of ~~mat~ oom~~nma, ~ont~1n3 st-~n~ m~~t!i®ie 

s~~tttuont Stdlit>tt bas ~~~~a~ to bawe a t~~' ·ttntl~$t~~ 
ot· tho· ~l~t~~~ stmotu.f4 lt~t ami ttlso of' the ~~d$ativ~ &id 

' 

lll~~$dl.ttt'v~ }»J.ttf1~tteS; ·~t sa$ t!Q1&~lJtt:t.~lG ,.. ~b~ pr~~~• ot· 
I 

$ttt>nfi t!s;~~~~o ~Jbst~tuMtt, 1ik~ td.uo ( :l>2 l ~.oup, sbowo 

· ~l ~nst;io: cM.r4.~ In tbo: a~et~c e~t:tt. of! p~Gnt e~~•• 

£lle ,~U,tl.Qt1on ·G~G t•$ i& ~ ~1ioot~ that lt b~'l'&s 

. dtft1eu1.t to ,~1"9 t-uo. e~eetra 5-tl ·t~~· ~t tb~ alaet~<:U\!c 

$t~ttlti 1\')ft 1~b~ 1'*~~~ eQm~~s. fho ~~~';.«lt. .. on s.n· tb(;j. .epeet»41 

eb,or~ct9:~!st1o:$ rtl&ult- ftom tb~ ·ptros.ett~' ~:f tWti n -1T • aota 

1fttJ7~1~cu1ar ~tso t~.il~ta ( Cl ) ~tat$$ 4~ tb~ atbatf..tu•· 

t·e4 ~tont.t.!.G~~. fb'~ ~ $t~tes tlttt S\lES&Gtal oo be· th$ 1l1C'~1 

~co ®f ·the· $p~Qtl£~1 f.td.tt17 trom tho· pur~t1t eo~~S~· Th~ 
~a~!~~iva aM mr~Gtl~t·!:v0 ~op~tt¢fs ot ~$ t»le®l~ ·QVO 

s.•{1t-el.Y lt'~tt~,~.t: Cmt1~ ot tno •ttr.o.~()m.3tlt:u~ gitt.~ o!t~ 
t1ttnt;·~•~etJnen ® -~!!)h()trG$cenef) ·onl:sr w.btle ~ t~A ;tv:Q b~th 

e=$s:l~1Utit, :lhe· ~tek o.t ~A:~.H~tol!l· .ttl .t>..ltwobon~o.n.~ l$. 1#G11 'k&:l'fll\s. 

Xn•pit.e· ot ~. b!~. trtpl.$t ( t ) flUalltUia ,lel.d <¢t ) t ptl()$pho•· 



>· 
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· ie·G.sc~ncrQ ;q~ntt.mt · Zf!Gld ( 'cpp ) 1tl nltro.~~b1¢ mol~tt:les is· 

tt~..:l$111 .~'ll. f{~ln>rutiative .P~o~$ss frot3 '·n- n*' ts· obs&W«l · 

to b. a ettiet~nt f}· ~!leas pl'obl~ b~QUgbt th$ ·olQetl'onte. spsetrQt 

tn~• . o .... _.._..,. · ;:n_ .. ..w..;...lt ~·'"""A . 4' a . ~,..4.1 1•16 $ ""'".:toGS O.K. t..~~,..Q~-4.'~...-\f.~C CO~O~u.·"'~l a;tl ~oeus· ll'~nlli· y· • 

·~ne pro$ent !nvost~at1ob is. un ofr~r~ to pZ£-ovirle 

lbtQirr;m:tl~n$ reg~dins tbe ¢loettN.)tt1u spot.:dtttul. pi~pevtlf>! ot 

sora~ nitrom)~"tt.t!e c~i!IpO~n.is.- Ph-QJ a1ootrtt4n1e liPeott~l data. ure 
collected :tn nv -~ ~~!.!!bl~ t'~ion &t ·eGa~ ut¥3 aisa $Om& tlmO$. 

~t ry/'r;.,.. In. o~d~ 't'f> Q~ltfs$ tbe ep~et~t1 ena ~o ass!an tho 

Gl;G®'!'on:te tru~itlof'J:St· the (St$l:tll~ :tecad.quG d~P~M'1ns upon 

tbu ·$:)1v~nt 0tf$~ ~~ usstd ... ~o ·b.t1Ye· ~ bat;tf1v ur~~5t~ttt11ntt ;:,t 

~ad!f1tiv~ Gnti ftc~dtut£ve .P'roOQ,as~, ~aston po1~~iimt1on on1 

t:t!lteti e:tSi'st~l 1;p~ot~a $1:~ also· stWi10d !n some e~as~a. 

z\~~~te thaO:t>$tt~al interpl]etfit:l.On ·f!)f tb~ ~pffttttr.t4·l dQ:ta 

t0at$ on mod~!'l. :tta$i)'.riGs;;. !n ·tb~, fc,.llirli!t~~ sect10l'l$ of tb$t:t 

ChfJ.pt~, :w.~ wiit tt-;tueu~s ttv1~t1y tbe LCAO -~- t:.ro t;tet~!).:ii, ,tbe· 

eompo$ite tli!Jl.ceu;t~ 'ttt{ftttod,. th~ tbeo~.;r of solvent .,,t~e oh thf!, 

~1~e-tron!o $Jq)fm~~ nM ~tho ra!iiatiw {:!WJ ~otUNt.tl.14tt!vo pt:ocfl!$$GB: .. 

In .e.~leeUiav orbita.l ( rro ) tfa~r-Y-. tb~ W..}ltJeal~ orbitai$ 

~~e tita$eribc4 ibl t~~ fJI tho otw oloot~'n fUP..etiot'l ltl u· ;sn~ 
1"allY exto:f.ried ·over tn$ wh-ole. mo1ceal¢ a~ t.o wb:l.cb. tho (!117:Jetrona 



~+)· a11trl~t~ ~. r.ta· t·o $~t!.stu ·tbQ .~uu·~ $ fiW,e-~1on p:riJ-let~tt1 •. 
' . . 

~h~!'a tU!.Q two· prmo;tp~i apP7J\})fJ.•to tttGtb~$ tor obta!n!~ 
mole~,J.lai' .o~bi~ie • th~ t11~~ ~oet~n m~m r;\f'~l tb~ :L<~ik?~f) 

\ 

m~t.bo$.j. 

lil ttJAO ·-. 'MG ~PP~~tton ~~)Js ( 't' m i ~·~ tn.~e!t~a· at~ 

a 'l$.~nau~ eabi,nation at at~~c oth1ta1s ( X i ) '".e' 

wh~G O~J. ltJ !fJll~ ®0f;fl~t~nt <lEi~tlt:iltini ·~~ · n~w~~t (jif ·ttte t ·th 

atOlUe ~:t·l:r!tal to b~ .toundi in .~ tb m:tae~·~ o1'bi.t~l.-. .. 

this u:ppJ,§'ii!f~ltion St$ ~Gsa on J1~ "~~ot,util'Jn tb&t ,.ltrt 

ail 0leet:~Gn gets elosa t~ a mcl~iiUtlt the ir41tte1\0.e ot tllfJ 

potenti~t tia'id «u-o t~· tbat m.iel~eu$ bt~OOc~~$ Pl"•t~~~1tlt ~ild: u 

a cons~uot\ca t~~~ •s in ·t~t r•,itf)rt ttet;i~1~ ·t$· tti(i t-~·· $ ·eo.~r-~ 

pomiU~ to tb'l:)$~/a.tcms~ 

Tb.es$ t)!}la~u.~ o~bU;ul$ ~e a$-snm04 t{) be ~~u1 eff.eetl1r~ 

e1~ ~l~etf()t:~ Ha'ltlti.totl1ii,.~ (. n ) ~~· tb$' ~~!11bir:l.W'::t ~ole~" 

eontlt::;W'Y<t~n ot tho n~l$cti1a. so tn~t ot.i~ w1U hava 

. ·, .. ~ 



·t:.s!og t:hQ V4~-1~~t~n •thcd. !t the ~it:ti!4 ,eJ~~wma~ h13 of tbs 
I / 

ru~tt11totuan and: thos0 · s1~ .of ovet•lJlp 'f.)atw'OOn th.·s atem$.e. ol?bi• 

'ttilG Q~0· troo~n. fbe seculn,. eqootione :$~0 £1\f'~n b,. .~· 

l Cr (ht~- E S\3) == o 
a-

to~ ~.udl 1. tf· there t~t."G tl atot"c!c ~tb!-t:al.s in the (j!'.ol)l?G$·81Qn 

.for. ool~·ettlJ.\3}· orbital.$., tbm"a at·G n ·SElC~llut~· t;;q•t!on.$· ot· tl\U 

typo oM ·they will l.mve non trivial aol.tatio~ otl1V When tl tb 

o~der ·sseular 6etend.ea.fit is ·gett~ 1 •. $. 

0 

Tho det~!nat1~n. ·iOf' ~Pllr~~dl.te :t.tUr~~ienl VtJ.'l\les ('Jf ·tbe 

mutrL'lt. el®a-nt e b.:\,J o.~ r.r1j' a r~~:!tt~ 1;.s ttte ·tttA1Y diftieul:t 

probltlti:. To 'lrtlll!~,J~t'i tJ1oe~.t, (l..~et foti~ tJt b und al~ th·t ~et 

tor:~ or stoeie o-rb!tul~ $:P:'(} t-Q: be· l:..~n~ tot us w:rlte .t~ 

emp:t1tvtns s3-~b01.~ t: 

o( ·,__ = h i 1-

(_i=f ~) 

~his int~n.l ~~p~au~'lt·s tho eoulomll o~~gy ·.'l)f· un electtton ·in 

tha ato-mie or'bit~l ?C:z. ,. ~ i ~ is ttl~ r.osoM~eo ·tntogl.1<ai 



bet~on ·thQ at~te orbt·tn:l1!t ?<-1.- -n~1 'X- d- and !t amottnts t0 
tbe en~gy of intaraetSon f!f thr..l tvo l!lto~o o~b'!t~ls-. ~:;:llt;b o( 

' ·nnd ~ eeml'~.SWNl to M!~tivtt en()l'BY• !f it ta. os$lWa.\ tl~t 

. o.ll tb.a ·a.t~mte ot'bitala ~re M:rtf.a11atm., the s~ei.lt• oqu~tions 

( 1.23· .) etln bo. r~.:~wttt!(Jn us 

L c.~ ( (:3 ~J ~ E s ~ J) '+ c i ( o( ;_ - E ) = 0 

J- =F- i 

It !:ec ~ that til~ ~b&.o.tPt1on :spect~a o.t a~t1tt 
tlYdrt~et&:rtwnu in tbc nGnr ·rJtt .P. vts!'blc l1'Qgion M~· ·4ue tQ tra.n .... 

/ 

sition,s o.t tne Tr ~ $luct~o.ns. 7:b'6 appto~tlons to thes& 

seenlor ~uut!ons ·to1t th:esct Tf -~ o~b!t&ls, e;ll!.~ tbe r::~uek-$1 

uppro~tior:-'iSt U'to the fello~:lEl$ t9~ 

1) o< ·~- ~o ~G.~ to btl samQ tc?t: G!}eb ~tQ.m&c o.~b1tnl at¥! tbta 

1!3 Ol.'ntJSS.el\ bv o( • 

.' 

3) ~ 13. o.tl'e eon$1dGr~ ttl) be ·t.t!))l'M!t~ ontv btttween Mis.;b~it)g 

atoms·,. so().. .. ....L 0 i~ atom 1 it· oor4Gd to ~-· !.0. ( !~ . .t ) .•. .,. 1-''1-cf T . . . . .· '!3' . . • . . ~ 

4) Alt til& r~~n.eG J.ntegr.nls, ·,ft:i:t .nttighboUW·i~ ,~bon ,at~ 

. @() aSgt&ufSd -t~ bQ eQ:t.~l ~~ G~~ iJGM't~ t).y f :• 



0 

.. 

13'1' ti\ivitlU$ ~~t~n (. 1.00 ) by (3 and ~it1q 

~t~e o~l.t)~ dat-.tnat"lt ~~ 'Ms vl Gv•~•e on tb~ 

~~.l1agom1, m~ ~ -lr.i tru;;, ~tt...aiug-.)m1 ~l-etlt~ of ~w 1 ~i 

~-cl~ S it ntbt'4l i nt'4 ! -a:i'~ Miebb~~fl bU.t ~ otb~G~ 

!t!lUS we ~m cua:!l~t GG'~ up th9 .~~u~~ 4~t~~nt. to'lf' ~nt Tr '""" 

eleotronie av&t~• oons-tr.e:t.t!lg ~rlt.~ely of t!l~ ~rbo~ TT ~ctJntres.­

~he n tb o1:d~ eceul~ · a~emd.r~mt~l. eq.uat!tJ.n &:.ln be so1v$4 t~­

g;ivo :11 UGlutte~.il to~ ~fl~·- 9ne at~iY Qf ·t~e m til_ mal;ecttl~· ~blt~1 · 

· :iS 81Vtm b.:t I 



\ 

-~ 

foot J.s.,. t'.f 1.a ~b,tt orbit:m,J;. enermr t\s e)tpl'!$S$~ An ~initt• ot (• (3 ) 
1il1tQ. r0tewen.ce t'(} o< , 

Since· ( ..,. p ) is .f:l .z»s1t.ivc q®,l'ltltv, a n(J€at1~tt o~ r.os!tif/0 

v~lue ot u !lMD$ .$ 1ow~· o:r 41gnel' enormY or tho o( • 

Xf' t:uo m1J1oeular orb:tt&.l$ aro tter~11sm 1 us~ ot Huc:k~l 
u:ppreldt1attcn9· l~dtJ to 

~ ~· ex( + ·ta L 0m1 em, P 
1~$ 

Nh~ kl~~ty~.g tuG s~l$ I~<U1tl ~· rn :e-etb.<Xl to a 1f •· systeo 

eont:ai.n!t'!i a boteO",ltotlj•· thn dtft•enoe of tb'G coo\omb int-~al$ 

.to:t th:.f.l'; atot:ai~ ~~b.tt.c,l$· ,ea.n ·ni} allowst~ to:t b:u "-Zf,Pll!'fis~dng ·toe 

c®l011ib :1ntt).Blr4U· o< i a~ .( o<: + h 1. (3 ) •mtl:·e o< end. p ~re 

otantlet~t coul'Otlb int(l}~~t tlnr:l I"o.s:onartc$ h1t$S~~l. :t"e$peQt!velY•­

j>).n apprapr~te V'"f.,\ltie i~, $.ssignr.ld tl!} 'th$ pr-...lrtitu~t(Rf ht• 

In silripllio} t~no -~ &~ motb:ld d1stinetion bet.wo0n !:final.~ 

al1U t~1plet st·at$$ ®tl r10t bE! ~~. lt !o boen~d$ in t~~. ~~bM 

G!oetr·onte ~~.fAlls!.ve int~&~tiona b~ve b9en !goo~~. Ubtii lt 
. . -~"" .. 

is consi(hnu .. >d !tn ·~ttvune~ l!) metboo.-.: • .., ( ~~?,:ro ) ant1e~~Gtl"!0~ 

o~nfigU1J'nt1~n funot1Qns at'e no i.onger el~ent\Ulet!ons ot the 



ua..~ltontan. T.m~ G~igen fttnctt.f)ns ~cO then ~do by the ne~ 
. . 

ot eont.tgtwat!on int~~(lttune4 ( ASf.lO C't l. ln, too- .selt . . 

~on1:)1$~f.t)nt -~ tiGl,d rv.Jl~t\l.e:r' orb:tt.~l Mth04 ( oor Mo )oo, the 

·:hsQU.'ired tnt~uts u;"$ osti~t~ b)"' the uao ot nseu:t~.ttt to:t1nft 

of tbe C:tr.ltlic :o~bit_nls arld 1.10- ~pUier~l patmt-et~~s @• U:l$1~ 

Paris;~ a~ r-az:r00;21 bf.\V{) th~'\telop~ ~ m&tb~ tihieb ine~tat~:J 

et'll'lb1eal e-l~t:I~lte w1th the s~!cet ~tfi;notl -~"i\~1 te ~ppli~bl$ to 

mor~ e~1ex · ~1lJcttl¢s·~ In tb~ ~'~'f'lGQ'.t'i """·. l~at"ll· m~tbod ~ero. • 

d1fforono1o.1 llj<i· ott~l'lJJP ti1.Pl~r-o!d.t.'.a:t1~n i$ tl!!~ ·i1wJ. t1-omo 1equtre~ 

~.lt.t.,gli'ul -nlln.os ~e d$-te-mtno:i bzt tGplt.1~l arid t~OOi~~b!eal 

m~thod., .:1 s~;t f-hf sV!plif'Y!ng (J;pp~o..."dmt~t·t~n$ ~~v~ 'be;n !ntroou;oM, 

toto the ~Ct"' t~m · ~ot.U0-4 b:t POp1e. --~ome- tm:ecu~ tne 1~l.cr1Set~l~~ 

mstl\Qd. ~nd, the ~plo .,~tbod tm~· o~~itJ~. t~gGtbu et)~a1ll 

kncailb ~s PP.P ia«thod;. 

!~~t.b!)fl ~f stmplifJ t;oo~!Jite ~.fo1e6Ul1~~3l. in tile $';)llfJ 

i!:tleet~~n -.Qppro~t!Qn :ll!l d~aer.~.bod w~11ch tJ.1:Y h .f.ts«i to tnt~<if! 

p?at. ti\Q (!lflletrfim!¢ ~beQipt.S.on sp~,Jtr.:l o.t $Yt.~t~• ~'bell$ st;t()t~g 

meB!1m®-io g:r~e tJ:te· ~J1}.stttut$l en tbG t'ir.1g.- t•t U$ consfA• 
o composite eon3u.g~to !J;Y.st$1· a ,._ G wn~e, sa.y·, £\')~ subat::i:tut«J4 

b~"lBena9 thSt Pitl~. SQ t~lten ;l'l.S- a fl~-:1 ·$t~batitufint tts :il linked ·to 

oocl) O:tb~ lv~f' -~ _fo~~llY -e:f.ngl.~ 00~ betiildGn tl'IO· ,atoos f,t,-f ~-31 

• s~. l.fld.-oh 'b·olJ)r~ tQ 4.1 4rul s l'+~sp,.,, 
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In tb(J tlo.n:~t') ~PPl?o~mtion:, the Tr ~~1o-• s -c~~ ~~- G~pa-slte 

ay$tezt i~ • Q CCj~ 'bo obt.,ditao.i itliS :t,int~r ee~iblmti(;il..S ot Tr ..., t>rb!• 

tal$. of ~~~nts a o&.S, s Wid tbe!'t er.t@l.*gi.et; ea.n be ®t&1nf'Jd b;y 

.e'Olvtng tbo ~opQi?· saet.ll~r ·~tt~ti-ons btl;$.X on th~ lT • orbitals 

of ·the t,~ep~t~l frngmsnt$~-
, 

-r~ii ..... .~~ -~ .e;,.a.. rh . -' ... ,.+... ( " '..~·"' ... ~ w ,,.,,....,_,.,_ "' t!1 a~Ej tb.~: 
-·V~ .t .. v~ '-t""' t¥0~}. ~ ~ n ~}j w ~ I .t".ii\ili~~l' . 

11 .orbitals tSif n1 -~ and H .-.. ~ :r,~sp,. 'Q!U,t':gb ~~ the soit'ltioi·is 

Of! t~l'} ~U.{Lt:i~tlS • 

. ', t~ ij, t/"' ,.., .-.S ... _ ...... , to..flt} """' m ~t~· "'·'fi'S 
!t!1h~f" ~n = · ~ +· V"·t -~..:P ~~;t 'J.~ 4• V tiU'>.i u ·· ..,. ~ ~- v + V' 

~J:!'a tb.e Q£foctit.:r~ otto ~lee.tron ~!at:l'l!tottian op(!Ji~at:or;$ f'G'# l~, f.f 

ar~4l n -.. ·53 res;p!! U®e, 'iJR afltl ·vS ~ the U.f'$etlv~ ~tfllltials 

aet1ns on t..1le ~l.~fjtron in a a.~1 ~ ~(\SP·• ar.d ~ is tho .·kfn(9't.te· 

~n~rgy ,flP'{~~tor· ·f<).r. tb® tSleetr9n~ 

!he· :~£tt~tiv'& do.Q aleot~n. flQJ.lto.n1nn .. to"· ~h~ eomt~t~e1tfl 

a·::;fltem ~lY AlS() b~ ~rens&tl us :t 

/ 
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~hG!'~ b0 . 1f$· the at"lmil~tf.)_fliab f~ ttl~ SWSteD of 'tb~ t~ ~$P~tatl\ll 
f'ri}~«Jnts _ond h !fJ tho P0t~tutttmt1Sn optr~to~ xte-~~~nt1nth· 

iritel:'~etton bat.w&en a e~ s .. oin¢$;t cp m(n) t-s ~ cp n(a) •s 

are 1{)~11et~ 1.~ n ot~t a. r.egtone toap~etivl3l~ ·4-~ f/l. on! rfo· -~e 
1l!polf·tant ln th~ n (ttJd a :eg_1oll$ eynlu,. th;.) requir.~ ~tl1llt. 

{itt 

(;.)1Qment~ or 'tho opQl'ato-r t\"'"'~ $n be· appvo~tol:t g1v()n by t 

-.US 
h ll(S) J 'lJ ($} 

where ~ 1s tbe. k'.rfJllackar -tt~bGl~ bo(n,) .~ :."tOO bn(~) .~ art 

tb.~ odt~ff.loi~nt·$ of tne a.tanio orbitals. rx'L un.~ 'X~ itt cp ~(S) 
and cp n(o) t-o.apGet1~ely Gl\.1 f r-$ l~ the r&s-o~tles 1nteara1 

bGtWG~ll <)c 'z. &Cil CX, ~ :1,.:~ .• 

l:n thEft t~Uo uppro~tion, tho to~t;;. a~ . $atJ:'S!~s 14t tbe 

a?leettlii.W· ot"b1te.l.s tj>f n ..,._ s e~n b4 obt~tned by usitna p®ttif'~· 



_j_ 

tt~n th®#Vt inst.~d ot solv:iM ·t~o e1~.11~~ oquo:ttons~. T~, lf 

tb.o r&l~t.ion • 

J h' mLR) nc_s) I 
' ' < < / ~T1l(R)- '1ncsl J 

, 

( l.S? ). 

bQlds ~l foF tt-P1!" pair -of cp -'~.".··) !lltb o.~c of tb~ Q 1 )t.e-, 
~\u f.h.,S · 

on(} of' the ~.)tcoulat. orbitals ot tt 9. s and 1ts· e;'le't~Y can be 

~ppro~tGlV ~~~S$$1$ -~ f¢110t;$ ' 

p 

1_ m(R) 

Tbtltit if c; to rtogil;td~ us. a mqsomerio l'W'.tbeti:tt.tarrt~ ., 'by the 

u~.H$: of p~tn~bation thoo%J·t~:t ~e can t9;iplN'l.S_Ei in $n nnr"lyt1ool. 

toe tba cilutlgn~. ~ GJ'lBV{&!es and l~s ot tbe ~l9W~ -o~b.ttals 

ot· ~- mo1ee~l~ n produced bg the- lt!tr04trotion or -~l$ &Ubst1tuea.t s-•. · 

~!d.~ th.,~Y ot oo~poeilts mlceula p-.1~~11et$ the ~b$orpt1o~ 

~n·e~e-1ty ot ~ ~- "band 48 ~- f!Unction of· ~ntt-le ot twist ( e ~s ) 
of t1l0 bond b'atv~ r. amd :a.. su~utt!32 bat $bown th.ut the 

oae!ll~tol~ ~:rongth ( t ) of a <:! 00.~\ !s p~bportlotl.t.ll. to· 

ecr:,L. B ;z__s. '* If tt1e ool:~~r el\tinetton ~cffi~!Mt Qt, the ab.SC>irp~ 

t!on t:>Q~;.t!m t.an bt~ tokoo ·t~ be -pro.l)ottxot~l 't-4? f ,. 1-ts pt'o,PO-rtio:nl..i 



--r· 

llt:zr ~o 'tbo costl'le .S4U~~ of tbe Gnttl<~ ot tv1$t, !_~-e~, tb0 

t'o1at-1otl eJ:·ta1er.t11y o.e~l by ~~udea'3 is :r0f.u~tu:d .. 

. s1tlpla CQ~~!t~ ~l~~ille !ll;;)tl)o.ti !tsa~notu:tly has tbs ~ 

l!ttt1t~-tlG.tlW !n· 1£~t~i'P~Gttns ~!.:Qot:t.~~l!Q a~eetr~ as simp te !~'\.?~ 

~,!$ hasif. !ta ·~ttvatm~ oo~a:!t~ ~t~e tt$th~dt th~: $le.etr.onic 

!rttl•a~t!t~ne flO:V0 boon !Del~~- f~ tb& TI- fll-~tr(H~;S.e- .st~l.t6.t 

o·f :.;;. eo~1j(;lsat<d- t.'J';Ystem are· d~a~1'botl ilfl !t.~ist~~ h'-~Vi mtw~ -c.t 

al~tl-:~l'ile conf4f$'~~t-iot4a e~:r4ls-s~ in t«t~ ·of' n ~ · orbtt~tt;l 
lo.~t!!d on !t$ &~$$f1tnts .u.fltl!• t1l() ~r.t'eot total. rr- ,(l1Etetftn14· 
'' ___ - -- ·. ,,' :• ' ._ .•-·-' ''' 34,'$5 
~1(;W4ltonl~n for thfa ·ayst~ ' .• 

l~ ~ttrooJrerJa'tic mo1~eu:1e -ean b& ooil~id:GJ!~ um ~ e~sitG 

.e;ve:t~ w!th t~~-;> ff.~f;Oet'\t$..., 'mh~ _ff.rtit trns,mont oting the a:r~tte. 

~1tlg (R) wb1lll tba .ot!-1ar ¢!la :ts ·ttua llitro ~u, {sl. !lls ft~tgr.;ente 

t:&_~e 11nk&.i- to et4-cll oth., An R ~ 3 by " s!n~lt; botl!d b0tw.,$fi atQl! 

•!" < -~n at~ ) b.e1onglt~ to x~~ ~ntl at~ u { ttttl:'o.geu ctt-s ) 

'belonging t~ e. A tJetbOd o.f simple eo~pa$1t(l mle¢~tt1o t..~ ~-

on0 eleetto~ at.;pro:d.flation er,; b@) ~s~ ·to !merpr:et t.bo :OlEt-t~tron!e· 

nb:SOr,Ptiol~ :spectta ot taiteb ·~ -$y&t •• ln tb.ta ~tbod, t-b$ n-~-··s 

or tb-t'$ f:.~m.po.elttl ee~ugo.ted ~yet~ \ n ~- ~· -) !il.i'e t~sa~ot U.$ 

~~lis~~~ eu~ m~ ot t~e rr- !!t)t t;· ·ot tho tv!) lrt\~en~s una• 
tb() 1t1fl:uaone~ o;t··tne eft4lle'tive onf3 ~1eetfon f'~tlton!!ln to~·* 

o.ompo!l~~ta s1stao. Tble ~tbtld bUs brtcn dwolop$.1 mo.tt~lY by Dew:er 



0 

' 
t~ ftc<f!l. tno nitrogen at~m,. uri! ono' t.Y~eb. il!om. thO: ·o:r.y~on O..tOt!$!. 

~~lle a p IT- t%l (?CN :) ot. nitrogen ul'Cd 2 PTT- J\0' s ot· o~c~n'l 

~tom$ ~ ?L-o 1 .o~ 'X- 0 2. ) eoebine to givo :ttu:see . TT- riD~ s 

cp_ 
1 

cp o a~ ¢ + 1 .or -t!ls. !lit~o· ~t~oup~ 

' 
'J.;.no~o ~Gts o s~~t:ry plantl 'wl:l-1\'::b is p~p~~l~ul~l~ to 

tbG tdt\fjto a~otll" p1m~a~ It 'b!se0t~ tb.~ angle btltw&Q.n ·the tw 
' 

~ • o lntlds •. Tbu.s, ttl'-' ·two G~fsen ~1tom:li o1 ~-nit os ore !!()QU-$.V'al$® 

otii the tollotd.ne el'.Uttp ~bttel& oon eonveni®tl~ be to~\ 

tforo the· two oxygsn a p lT - Iu')t-$ • 

-Y2.. 
JLoc~) = C?-) ( ~01 + 'X- o 2.) 

-'!: 
%0 (a,) =- '(_'2) 2 ( ~ 0 I - ~ o 2.. ) 

"'l .. A·<;>t·J· 
.~:. .. ~ ..... ' 

;t~ilo: nlt~ogen m P rr- A? ?C 'P a.na tll.o ant1$~t;c1ca\ gr-oup 
);,If • , 

Ot"bital- X.,O(a) (iO&S: i'l:Ot., ~hC~t'f:Oli'S'? tb~ ·t~;wG'a 1T- f.IDltJ ot 
tbe tt~t,ro group in the 0~Q~v~1Qp appt~0~ltton t':an be 

~~!¥assod us t 

·."; 



X- o(a.) 

.zy .• fa~ nee ~'~!ttat~ 'tile valt~~9 ot tba e.oe.:tf.1eient4 6 , . . ..... u -1 I 
-' 

' QM b -t I -' f to hn ~tta1 to o.,:?OOt~ und o. ?183 l'f!SP~etiveiy. 

cp_ 1 _, cP o ~~ cp.,_ 1 are ·tn~· (l;nt!oo~um, r~nbori!in; lilM 

bonding. rr- o:eb!t~l~ re$I>e¢t!t~t)l.V,. :?no '-tftt!~natng 'Or.bit:u.l ( cp _ 1 ) 

~enm!ns vaeatlt wb11e tb:o othet tuo lower Oltbita1$ cp +, ard 

¢ o ·are oeCUJ¥1~ ln the groon.i sta);tQ• 

~he .hit.f1e;t ttotA!&lg orb!tl!l:l its tiGf-}is~tad by + 1 ctlil: the 

level:' orb1tl<l1s in o1~® tJf dttttl:*$l$1t'!B snersi~s ar.$ destgna,teet 

t;y + 2, ·+ 31. · · · c'%nd Gll o:l 1ti ~a rna~o~~!e .s,yst~ s~hirl¥ 

.. l .);*GptGs.snts the lOt'SOSt ~lat1b:01'1llr!.g orbital anit bitb• .Ol'b1ttl1B 

ln c;~w ot ·~or-siua &~sics QJi'$ Gi~sigoot~ a.~ :~ 2, ~ a, . · . 
alkl oo Qn., 

:til., r~~.ukU:.tNl ~tld N~gG.!W.ro. ct ~ 13 ®leU:l.ot«l ti'lo oMrgtes 

o11tt w.'..lV& ttmot!on!9 ot TI - eleet~ord.e st&too or nttr::fbe~~no,., 

~hB'J b~1'/a t.~n l.nto account eight '&incl.® oloett()n eon.tigu~a .... 

tior~ ·~ tb~ areard ,~~1~ation { ·\!!'0 m:r o ) , tivo locallY 



-T 

l75 

Q~e!.t~ ( L g ) Uf:lt too G'T eon:tigulr'.at·1Qf.U~1 f()r ;rdt~obQ~lt~* Of 

the five. tn: eon:ftgut~c.t~ions., £on!' ara tb~ oonttgW1Qt1t!u1s ~~ns• 

poQd1nm to tbe o< , p , ~ ilnd ~ 1 
· £1t~ten of lmt'!r4efltr am 

one ls tt'lo. eonfl6WJ'ution :a.,.:1s;1ng t\~{)m tb:~ (Tr- TI ~ :8 .,. S t.ta,Q91• 

t1on witil!o. tbe .nttrag~p t.tJ.. f+"ol!! cP
0

, ·tQ< cP _ 1 , .~·. ~b.~ 

sn~rsio$ ot ·tb~se· tB :~nftgur;~ti'fn~s 15 <>( ~ ~· P , s (3 , rs f->, ani 

o ·~--""' w~Jr(l dot~~ :ac. 4~ee, 6.l17· G •. eajo. e.aa t~m s.oo ev ....... 2 . 11: it' 

~esp.Gcrttv(lly ~ot!i th.'O' obse:rv«l -~~s1ttons of the e-o:rresptindtng 

ab~6l"'1.1t:lbn btd'kla of 'bfi~l$eno ant:t n!trom.();tba~1g,. Tiae~ Cit. co:nitift~· 

t !.on~ arising ftt:!m tb$ o~ ·cl~otP'bri trai!Sit:ion. .f.fdtli cp ~· 1 tea . 
cp ,-.l' n.nu tbo t;t.J\$:ttlw oil.Q a~:tatng tr~ W 42 to ¢ .wl' • fl.l& 

ane:r,gies e;t th~~tt ;:;: eontigu:rat:tona ¥<~().· {W'tiloot-M: n! 4~93. :am 
s.oo e".r v~mpoot1vel:r b1 'tbe. use Qt ttl~ ~u."Jltion 

vmera ll;~ end ,\ r~~ a're tile 1onitSat1on l»tent:1al ot ·ttan~eM 
~ . 

( ·9~M w ) $tid tb.o el.f!etr.~n uf'f~nity e.f uitr~ gr,!)~tp ( ·6..,4 -s.v ) 

,_.{)$f~!i.V4rt-lY un~ fJ is tbt'::f eoul$.rrtb !hto-ra,ct~ou b~t~e0n th.Q 

nsgativc ~4~:rso <t!et%'!tw.tt$d tr~ ~b~;) nttto3l"otJP £tntl tbe- pos~!ttva 

eb.~lJge d1st.r1bu.tion :tn. tho b$tl0ene :ring 1n tb9 t~ o:onf'.1gwr~-tton •. 

'be off-it1ogot7~1 t.ar..tt~i~ ol~!tnte or· the total 1T- olnet~orile 

Htt..'Bilto~l'!&n (U) .naf.t~sSQ.ty 'f.O~ th~ ea;leulut:lon of eQn£1gQ:zr&t1on 
c 

intetA®.i\'ln e-~n be ~a,ltm.t~ !n toms ot R .,.. .. ,,. tho cot~~ 
(-vs',J' 



-~osor:,~;1ne.f.1 l!lte$.11-Cil bet,tee.n the ~d.3$et~nt •~on .nr.a, n1tro.ttQn 

2 .P 1T- A¢•· s.,. Tt,ie f40l:utevo ·irtte$ct!o~t rantr!..~ G1o~0'..F'it.ir afe 

<Tf~~ I O.:f I ~" .· h ) i'"/ I I!@""' . A~ I'"" I ;:o.~'m > Mt:~ p X<~. ,,,.$/ <f· ~ .t.'l Y:J>S/ ~" "\..J~io<_ d v~a t . 

<r..B p: ( '~! I ~ s) anti < t8 (3 / H I tJfla) ~· tpbo othe~ of£ d1t~gcr:~1 
eteaento a1:e g~:ro!' 

It .fil£1M3 ·boon ahO">Jn tb.:.~t in ~l1t~obcnsane:·• tbo pou.nd st.att.l 

has 93.;r.k'l;'5 G u.nd e.e e eT IS atld. V~!f little .rJf 'Lf:1 p ~l.tl4 !"D (3 ,.,. 

-The tiv~t exe!ted s:tate ~s 4fhSf-S of' tmtil ~B "( a~ ~a• 'T'i~o 

~scemr.l $ltcit0d st&te G011tu.itls .-;:o.a $! ()f IC~j?*• 

~he electronic sp~-tt141 tr.la.ntlG'~ !n tltG pr~'$eM~ ot solvent 

molt1:ttul~a ottiso dwa to tho trit~oouetion crt. ti l.out..t1 field nrouoo 

tiaa solute mle{):tt1•t which is· d!t'tcit'Mt t!lmt tll~t !$l a. ti.¥ne. 

sp.aco and o'ls;) tltle to altel'ation in thtJ cll&l'f!G de~!ltty or tb.0 

mole&a1.e.~. In een~£\l-1 chat'Jg~$ m ttotb tlla intans~tv and the· 

en~€;V of a :fJt!trl ~re ob·seweii00•37~ ln ~dd!tion,aomc t!m.e:S't w~1k 
· <>!" torbtallen tran.~ttions mtly tJ.lao ttdn 1nten~.1ty. Ft>lloiii~J..g (Ufe _ 

. ~ths p~()tlond.nant off~ets J;: 

l) ~~!~.~~~ .. , Tb~$~ e:e$ the dlpclatt Gfft)~t~ ·b$twee~ 

tbo sol\lto 4:u~l tbe ~lttont. mole~alaa; 
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8) ab£l.1..t.J'~1f.W,e;,;illm~&,~Qs·Pitf~§1 l}Jl·Aese ara dsvel(ff)OO dao to a 

field !n~l\")duo&J by tbe woo~¢. bond formation like hydrogen 

bond bettae~n tho· soltlte ar~l solvent mleettlas; 

4) C09£iiQt1t1lt!.,o~ q~~~'i' tf tb~ eoncontre.tj.on. of thta solute 

!!10locutss ~~ e?olvant '!s not· v~y arnnllt then tb'C · ~~1ute ~ 

solute inter!)c;tion ~y ·t)')t be avo!doo. 1'bose my eau.s., 
,.. 

dim~f f",Jl~tion bet1t1een· tbe. t\lro mot1om~r solute molecules; 

ana. 

All th.&se eff~eta UJite to be eonsidered t>1btl0 ealcul~ttng 

tbe spectral eooi<gsr shift ,or ttP01ltral intensity change .. 

Upan absorption tho t:Jleetr(')-magnetie· radiat:i.ons, the 

pat1l.'_ana.nt ·dtpo1e· of the mol«;ule · in th:a grouml otatc ( f....l.g ) 

obanges tt> the dipole tlCiim~ in the o:x:e1ted $tute ( 1-le_ ),.. ln 

p!>e$$lle~ of solv;ont· mole~u1es~. owing tr; til(} solute ,so:t.trent 

1ntel'ac..-t!oll' g~oUl'id ana exo.it:ed statoe stllb11is~ differently. 

'The chango in tn~a stabil1s~t1on Oi"largy ~ fiJ 1e .given by t 

a.. <6 w>==i-L6v ( 1.,511') 



) 
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a. 
where· L:::.. ...:> is tho. ~anso 1n tne nbaotlpt:ton: I?~ *equ~M!Y 
urA: b. i•G the P:!ta~k' s constant,. 

~e~ ~e .tJQe that t!la otuttv of' the solv~nt sli!tt tna1 %'f)V~1 

varilous t~ttU'ao or tb(lt. e~ow:l!tl nf!d o~o1tQ!l '~u~s o£ th• m10euies •. 

In g$1lGtral 1'1- rr* Gtut$9 G:l'low blUQ &)1ft ~b.i!(i Tf- rr* af¥1 e.'Z· 

stat~s ;mov ~- .&Jl!.tes~ 

:Using qtmnt~ r.i£te!:antea1 pe%!t~l~'b~tion th~ioo• t<;}o!h~oo 

b:as e~leutnted tust t!lna. the .stabl.i:t.sat,~n en~g,y ~f on 

eleot:contc ~~~t~ du~ 'to s:.t~lut·e ar>lV-uV.t irrtH~w·aet:totl tn lOMlil ~. 

$~!!~ method Wt.J&. u~~ tate!)~ ~Y t;¢)~Uet ~ U1mJ1!1\$ Ut'~1· f't>r/!eno 
<JI, .... ;O '"'"~"' ~·,~c.:;;,,.""' 4!) '\j;l~.lQ u.., .l".ty/;1\~'U •. 

n:e:-e-, "W6 wil.l-. diseuse til$ t>JJl~.nttm ~eoon!e;;il tllG~l"Y ~n ttl$ 

sobr'E!nt ,et£~et an ~toet~~n!o :;~p~~ttt.a. The pro~$od ti.'U!l()~y itf,. the 

st~~tio~y· tb(lto~y wnc:re th0· :trunG~t!cnal motion ot the ~l<iteule• 

ie n~:!eC!t~ e~mpt•t$1!\f,. !file tnoovr ~J;ll h014 only tf-J.'I s1• 

p~x~turtmttona., ~~e t.!mei ae1~~noe ,ot ~~m1itontan t~tt thc- l~b~~ 

bing $!1$t~ t~$ el$0 beell. (l011..SUlerE.d bUt tbe; cotr,Pl:!~t!otls um 

~:,iff.!eulti~$ ~ssoc~too wltll $i.lcli a, tn·eoty in ~val®ting ttll!t 

intet'4et·to~l i.e ~'t.wi~s. 

·t•t ~ (:OMider a. tli!ute ool.ut.ton so &s to avoS,d t;')late • 

-t;totute lnte~eot·:!on~ ·1\fbo probl£-tl it:t tww to tifi.i tba app;ti)pt.io;t$ 

erto.:tio~y e~y etatGs ot u s.ysta consist,:tnm of• a s:!U~l~ 
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$d1.uto $a:"f'routd~ bY a fJ(I,'t. of; s~lv!int ~le~illomr :!!!l a ·siven 

configU11a1r1~n enld tha..'l $VQuge ooar all posG::U,lA~ eon.f!gurat.ton$._. 

f.Af,l)t cp m-t E. fl. t~~ \.f' ¥~., :Sn ~re the (l)l.gor~netioos and eigo;r ... 

·vo.iuef' of solut~ uoo Sf.>1Vi£!nt. moleeulQ .~:e,;ps~titv$13'• ~hem & set 

~f ooei~ f§lllet1or..a 't' ·ep. e ¢a 'f n ean. oo· ll$Gd to~ tb~ 

1nter~cting rnb~ ~~-e tleXt stsp is to ~tntroduoo tbe Ji'$rttttbnt1()n 

1lumiltoniru) ll. ~i¥:1 ta~ snt.e:ra.etion Q1le:r.gy to $~~rd ordo~ ill n, 

ttt,;!r,.g p~i?tt.t'fbati~n · tb~if1 wh!cll tsttc'Y b$· \'~tton ~s i 

w .. / ,-h .lj_; I 11, ' rh ~ > "') '< c:t>-m ~-n 1 HI 1 cr-m 'f-n> IJ--
'M 7) .......___1m l'tl rr T""' /71 T C- F _ 1= 1 

'Y1 I =f O'J -n '-'n - . . 1--

1
/ m w ) H').m ~ "-1 L- ) ~ 1 (_~~ t~l HI I q)~ t"l!>-'l . +-'L "-'--Y"M I-n 't"-m '1-\_,L -T {___ L__ ~- c. I+ En E,./ 

f_ - . f:_ 'YY•/ I 'YV) 

m 1:fm 'lYI rr-/:f.m,Yl *-Yl C__!: 51 '2..) 

It t;i~; Q5£!UID4& t~l.it u I r~preaer.tts t~q ·~lt'Iett'~~static 1nt(Wuei1on 

betwe$il tbe ~1utfl. ttOO '\tt\t¢\ {;v,)l.v-.;~f!t ~teeu.lo$, ttaen the ~~tur• 

:btd'jfon CPI!l''a~r r.at b~ ·\lll-!.tt:en o$: ., 

H' = L @. 
'2. ( .1.513 ) 

diGt~ttQ$ a~ld t!ltJ:t ttutuel. ort®tntion b$tw~en the ,~:>lute aM tbe 

1 tb s~tvent mleeula~. the -t~b(.)•ue s~ple dil.»lm.• r.epr~senfMl~ion 

<Y.t tbe- ooloeulil~ 1nt.ct,1etl1Qtl ts l»t o~utttv~ in ~$ea wtlfit•;e the 
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Qp~oifle ®ott ·ronaG· tor.efJ;S like :b:trlt>og~n btmd:i~M~, Cr,l)ars~ 

t~&nsfer et:f;. ~o prcs~t .. 

~~e fi~$t t~~ ~1s'ing fratj tt1-e f!r'st 01:·10~ Ptl~tttl'!'bati~n: 

thoorzr.~ tt rttpl;~es~s tbo i.-tet0~~u)tt!f1n b~weo.tl t\!0 pQr.tnt~t'!t 

dipole~. 5.\:l.l-e :$eootti temn ~o.znl'es,p?JM~ to th~l p~~1&ot. dipota ot 
th~ SQlu.te- wttb ulpol& t~luced it't eol11renb. ~he tb-1..194 term 

;raop~~s$rd::$ tb€j 1J1t$t:'uet1on o1~ ttl~ pm~tlt'lt~t cti;;ol(l ·of sol:llfJnt 

•:-. 

w!th tne dil'Ol~ ·t~etd in the s~ltlt~. ~h• l~st ta r&Pr'e~nta 
tbe. seeo.txi oMI~r tntor.tu~tion \fitb ;tatas in ~'31® both th*li 

oo1eeul~$ tJ.re e:£<!1tea, eol!rG$:POed~t to tbo 4.1gp~·st~t~ !ntettu.ottona. 

In ord~t ;to '~ke $bove o~~&$$.ian ~v&iltibl:$ fo~ a.ny p:~ot!~ 

c~l '.lsa,. ·w• w!l.l b.~ve trJl ~a~o a sp:eeif.tc ~tfl for ~ol~~ . . 
·se1u.t~ sr.ste.., f:Ji1'$et ~~lW'J.iticm~ of t.~~s: int(Jgeat!ons :t$ Mt 

p!lssib!{$ ®e tt; our latJk of Itr$.)W1~!9 ot mlo-cul~t,J! t:Ji€~~ 



181 

Ttl~ ~el~tivoly sit!lple ons~lB• .mihl(4' bttv1ng broa4 JQYS:ica'l 

~OO!l~ f,~ 11Qt\4d ·ti1&1aet~to !a met Stlitet)lG· to Bim]'l:ltV 

e~ao~~Ul ( 1,:514 ) itt t~~ o.t ~O'It'aotiV() :tnd~ ( n ) urd 
' 

the dte:t~et·r1e. <:~'Onstunt ( D ) o1i: t~1~ aolvt'Ult Qfi1 tht'it J)t)~l11.~~~ 

bilitJ "f tho $olute •tocnle... lt.1 nnsagat- ~el, ';he solt\tG 

~l~cule ia 'COUS!dered f~S a point 4ipt;l<J. at th:$ ef:lntro ef n 

b.omogsneou~ s$~~:ieu1 sal:111ont diel.<Jt:ti!~ie oovitv. 

It:~ QflM;ger''·~ th.oo:t:v·, the tU.p..~1e~~r~t tlf a ootutn 1n 

solnt1ott M~ .it;J t01a.ted to the dt:pol~· ~~nt of tbe 1s~latfd 

aolUt$ . el01aeule 1...{ m ; ~:ts stu tie pt!ll:lroi~"lb11~ty o( TVl ultd a 

suitable ~~aJ..Aetton ft9l.d ~\1 ( ta!.$ f!e:lQ (;lfiis{)s fl'o'D the arLen• 

tntioll tndu.etl.otl polu.risut!on of tns dif.ltl.t~atr!o bV tho sditttG 

d~:polJ3 ) t as 

H I. 
m Hrn + o("" R 't :1 .l ~l· C;. ) \; .;j,:-· .'-T • 

~~ere tb.e rceetiotl t!ald &.t~ to 1Mttetion ~11 ( 1~ )] ·• 

n1 ( 1~1 ) ·; 2 'tJ.mj ~ [ (ilk -I) / C n 2. -t 2 ) J nrad reuction :rt~ld 
du~ to o~1o~tat1on[a1 (OJl)] t £~1 (on.> ~2J..ll'lllcr[CD-I~ot1) (n-'Ycnt2~ . 
. tl~r~, tat ~s the onr~~er*'.$ c:;vi~Jt rod1ous. 

I:tl o~Qtf· ·t.o e,pplit t:llf~s tboot,y., ·iGt us ~&!no ·~. solute 

mol0ett1~ !SUt!lrOtindoti b1 [;f $6ltt .. eniJ eoloeu'les. Fild;~ ·tue ~ntllll't·e 
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"JnerQ .t0 ·t.a tbs. h~hetictl.l d1$tribt~t:.ton tunet1o~ l.ibM ·th~ 

dipolemoment of :tt~o .Qt.llute mz>lea~l'G. is aaeumaet t~- ~e rao ald 

t1 t."o~osetlts tho: ortenta:t.ion of ·tnc s()1vent ml~lee by tb,Q. 

dipol~ of the solttt~l mo1eoal• 1n S-!1lttt1on. The orionta:tl~n 

t~l~tior.t tim~ of <Solveut ~l~eul"-G~ 31~ul{l !b& retia· '1~·£4Sr tttun 

tile time ~G!qU1JJ&d fO!! ).!~l!t ~b!O~pt1~n ( ;LO.,lS $illJ,OQnfi. ) by the-

aolu.t~~ Using the s.tntis-t1~1 eo.ne~t~-, ~tt~aging f?J~ th& 

·~ vt1.r1ous 1nt sraot.i'l)~. terns in ( 1•514 ) ov~r the ~1Gcm.1d 

4iot~ibut1<Hl twwtion e::i.n b~ ~tm'1nei t~ eat ·tb($ -~~goy ~tlgO 

ot tho snlttte ml"'ctii~ in th$ state m dU<! t~ $01-vent st>lute 

interaction as ( ~~m) ., ~fb,~ ·.fl"01lueney snttt of the ubsol'gt!on 

~~~ is ttu,t ~1t.teroo~e b-w%fflu, < v~ ) to~ ta~ gt-Oun! ( ·tJ ) 

atd cxeitod ( 0: ) $tot~s of th~ sol"ate m1~ulo, the solv~t 

molecules- being ln tbG s ~· stllte, ~he goo~n1 ft~~5ss1.on- totJ 

tile ootvant $h1ft· ot n solute m1)1~ule· ·in ~n~l~ $0lvent iS: 

given by u 

{ b. Vo.. < V\1 e_d- > - < Wtl )_ - D-l nl--1 n~ l 
= _I (2 n'l. + I ) S 2. IJ.q_ ( Uq,.- ~e. ) ( D + 2 - 11~ + 2 J + C, .. ;>--t 2.) 

a3 -n:l.. + 2- (_ (J_ (J )_ 

1 (_ 

'l.. J.J.'2.)+2:..(,~_,) E S'jPe_a-l+c(o\d-co(e.) 
~~ - e Q3 n'l- + L. E + E_ L 

(1·517) 

I • 
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WJGt'e ~~. !s tt\o tlr"~...s1t!oll, m~~nt. Of solute £'~~· ~l.$ el.~~tta~c 
transit..,on betw~en t.~o Qtnt"s, t:«;t arJ.i *Q•·~ 1'ho- ,fil'st t~ 

reprosents tho PQlQfj.~tio~ ~t~~~t$ "Will!~ the m~O%-.itlf.i t:e~~ ts 

ttle t~ ~GP!*e:.l(lnt.irr~ tbe ~U,ipo,..a!va {tJfj~Ge~a Wk\idi exietQ Ill· 

~11 tho .ozrst~ i~~~sp(t)ctt1t.~ Qt ·the po!Qtpo CJt~~et~· of t.b.(l 

aolt\tQ arui tha· soivent •.. 

l'n O!U90: {'-'t pGlall nf;}i11~~~t ~~l¢' $~'CO. i.~t~a~ti~n ·t~G-~t! 

w11.1 al'S'O be: nr-t·s~ns~ $'b!!$ ~o~s ft',om th~ ~io:1ta.tton. ..... tr~~etton 

$-f.f0et ~5t so1vo~t itpolo <>tl the solut·e ~l~eul$·• Tho sblft dna 

. to tll1s t®eri.ietlon ter-m :1$ si~'"Qn bY' t 2... 2. 

c:t 3 t2D+I) (D-n) lz_T 1,..~ -o<.) n A \) (_oR - I "') ==. • '- . -3 '-""e. 6 
(3. D +-I) ( 2 D -t-111-) D · 3 C\ 

. 'L 'l. 2.... 

+ ..J_(2 D -2) (_ ~ o(e_- ~~ o((t) 
a_3 .])+2. e._ . u 

( 1*&1a ) 
FtofJ;~ ( l~b'l.? ) e:oo· ( l.Sl-9 ) t it e~n b$ oot~et that :this !$ otl11 

ttt~ ttiil~po~t~tWG flG])en!tl!fnt t~ in t~t) $olv&nt shift ~rvs.s-1on• 

Tll~~f.rire, 'th~ i~fo~~~tio..~~ ·~bt)Ut tn!s 1ntet.a~t1on ~an be 

obta:!nGtt by tbo· t(~-;j'I1PttJ;r~tuJ?e ·etfeet sttWii(;a on tbe. eleet'f'l))~le 

Si'G6t:t?u:t !1h1ft* 

1~4s ~Qi~Gt-\~~r+ .... !ilu~att.g: ;·t~n~. tt~s*;u~ 
~il&f~lJfi;u. 
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·!r.on~t ( J~13 ) · ·em<l~esp~~~~ t.o ·the a:t~SQ:;ptiQn ·~~ iQe tb<tt. 

·mo:l.eenle .and is ·alvGn b$1 c 

It is obvious th'tl~ MJ.j is ·$0!tlelt1ve to the ·~ot~ .f:Qrm or tno 

sttitfis t ;$,. '' .. and ~ J * . wbloo ~l7€i au.b3~t ·to m.:tif!oat.t.on::; dtle to 

,a~tute • s~lvent intoia:~t1ons. 

-5 s J .=: 4 · 31 5 X I 0 C (_ "Y) c\ V 

~b~e E. ( v '.) is tllf.}. e~'tine'tion oeeffio;ttmt at '\fmV,e-~ber \) ~ 

. ~ho tt'\tes~t~tl1Qn is ovcz~ tnEJ bt~n..1 oonJJ.1d~l($d,. 
' 

1:ae. ~fi~eet: or S:-?lv$ot on tb~ ~~tnvbed osc11lato~ str~th 

t 1 of EKllUt~ i bus. t~ud1t1ottllly b\100 no.o~untd.i i'br by t.Jla 
- ~ 2 ·. 

· chako t·~ .ft.~ctor, £ ( -n + 2) / 9 n 1 in tbe ~~effston t 

Tb.o GDlvent co!H,•eet1oa ~e~r in tnt~, ~at»::ets o.r· ( 1.~33) 

~r·1n$Jl ftOln t~e usa ot tn~ 1Arent~ loeal t:1~1d fOl" the ~1¢et~1e 
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£1~1d ~ttn-g on 'the -~l\lt~ tl.)leeul.<t 1n .mltt.tton anfl •e &~ 
G ·. -

1nt~uc- by C~a!~ 1n 1934 ,. tt~, t~ijjv•·~ tl~d llo.t ·t·~k.e tnt()· 

a.~e~u~ tho ~lQl?!oobU~~Y ·.(t:hartS~s. du~· to· ~ta,g, !)~Q.s~e ~t 

SQlV~ ·~l.GeUlG$~ '~bl!t kisa«tt1..'1l¢a1 ot b1a ·®naottcn 1$ fu~­

~~.:montunt«l by t~e !aQt t;~t tb~ ·~orJt~ f'1·ol4 dt:'~t)t; ~t ttltte 

~·eeo-.lat of tlt$· ~l7ansl~fd.rifl~l fl~otJM!t1ons ~n tho t1u!d¥ Cht~~$ 

:fa.Qtoll" £~ &i'i;py$. g,.~t- thtll!·~~1tv t\f~l is ~m'S· tor $ll tba 

-b~tvci $£o1nt~ ol.lt that t:t1~ ~~~~~rital ~~tv~nt ~~r.ceetion: w-a~ 

.1n c~:ul:t$ l$~~ tban or ~'ltll tt) on~ aM ttil~It. the 'f'~~to~ h~a 

allot$ tt'fi *!h)P0~$11C.f;t ·on; ·ttte ~o,peftl$$ o-t·· b0th $01Ut:tl o.M ~~:V~!1t., 

~&l~#Gt1~1 !.J:)V~&t·1g~t~tls4$~ Of ·tile rmob1~ bav• g~ne• 
ra111 tJJetts~ (Jt' ·Gitb~ ~h~ ·Cb{jng,;g in itOl~tvkabl.ttty., otttm 

. \1:!:thout \Cl~l:u <t1$tinstttah~ b~weer:t them•~ ~~eeaathl.!f tbe 

problem :bus bs~tl ttto~~~~ir tnvsstqatd b; ~. A~alt)ll~ r.n¥1 

a~ L!:tli;.,et81 ~ at~,cr~ ttg,at tl'ie tf!~k!)te t~~t-tt11 £t9 at dt1nr •:r~~ 
t~noe u$ ~li~~ tQ ~ll tAtta.ilt!o~l tnt~mG1aool~ f'(l)r('ftf tt!~F) 

~~~·-
t~t us ·=ns$tl~ ~ svet~ of tl· oon ov~1$plnt no~~ · 

- - -·1 ,,f.)· 
,;},il~i':l.~!j,l ml~-eu1Gs tt1th et:.tntr'o-a :to~tt« ~t a 1, .,. s 2 · · · lln = 1\ · ·t 

W(a1'"e i:f'~i 1a t~~ voott'J~ .!n ttl~· difil~ne:l\:)001 vecti:)11· apace'* tn 
e;. f~ ·~!j.Jl *'-:>; L.ti.~t .. ,.. t.wt j!,..., ... "·w;•"~~~""· ,... ...... .tlil t. ~m. . 1!1~­

presene.~ Q"' ..r..eil.. .... t:; \¥1 ~ <.,E0 ,e. - .,, l:.ti.~'~ gJ&~a~l:t.Or.~J.a""' o:, U9 G<~~"'-v~~ 

on b$_1i~:1ttett ~ t 



:rt ·~ 3_~, ·'i' e.1n + R. + -B.~ ( 1,.4-~ ) fJ, ' 

wi\01?-~ U0 t :!ttltn1lton~n ttl~- tbo ~l®t~ortto 'l!t;r;it~on elf 

~~ f:..,f)l:¢l~ll0$ 

I:t :r, R:tn~t!c (tllellV ~p~tj)~ ~u~ng ~e- ot tb$ 

t»tilUl3101t:1ona-l tl!:uo.t~tions 

Slt 
a · , tu:tettteti~rts G2 tb~ s~st,0m~.. ~~ttb tbe ~~tt:~t!t}n 

f!$1d 

~be p~bte 1s ·t~a&t~J b;r ~~ble tr~t~ .. b~t!~n tb~'11' t 

time ·• tlop(lni!s$t ln tb~ lnb~t:~et.ttitl tt1th, tuo tteld ootliJ ·tf~ 

4td!lp•t1!$~ .tn ·tho ltlt~1eeu1~- ·:tnt~~et"iQn,. fi'lG· ~Utoi~ 
' my al~. be witten aj D, 

ub~r.e '8.0 ~-sf;! ~~· s~ + . K aoo !}~ -~ 4= m ~ :::;. Len ~ J. ~~~0 n 
r 

~bGr~ the eb.~~~ 1n tbe ~le~Ut atld i"n ts tilt). ~a4iG-as vodtov 

o-r· t~e- :n tll eb~J-~~ ~lth. ~~pQet to an. a:tb:tu~ "'~!G.ln. !It$ 

t~cto~ e1 
t- inst~es tbf& ~!aba,tio switd!ii~-on of tb~ 11~14,. 

!t?h-G ~v~t"a.g~ irituo~ ~~ttt, li~1ear tn f~ ifl g;t,;;en b7!51 
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C>o • 0 < M > = - ~ ) cl 'J 1;._ [ i'1 t el'-p (- 1- ~ J)} (- M ·Eo) 
olo . o 

exp(i~'J' )-{_exp(-'~ J)}(-M·Eo) 

[ e xp ( i ~o'J ) } M ] ~ 

e~r { (_ i w + 5 ) ( t - "J ) } 

_/: l-~ \ \ ,~ - .I 

wbQros ) ifj tbo stutt.s-tteal ope~!),tt)'f of the sy:et~ or tnt~1e~ 

tins ~l.Qeul~ 4.n. tne ~tH.;erlca ()f tb~ t}ppltott t!elA t.~.: 

and 

..,\t o:tt.dtb~y t~prs%<t~:tu:.r..ltii;~, only the ~ew'tt e-l~·tl"on1o stutttt 

1s popu:l.tlt«l J..n ~'st of tb~ moleoulcs Wb11~ tn~ :p--dl'tit1on!nrt e~t 

t~<J Mlae-ti!l(UJ among th~ tt11anslut1·~t'!G1 en•11e:v l®uls 1~ cl-a-ssleal 

1•e• wttt'ti~n en oo~gy interval. R ·1', the entirtY 1~els t)l1<i 

d<:mse'l~"' ~pa<!fd,_ U$w_, 1:n. addition, ·u~in~ the tact toot tbo 

el~et~on!e ttotitH'l -iff rop~4 tb.an tb{.!; wet~ mottoa, oae ll~~ 

obto:t.n e~ ~~essioti to:lt! < H' > wb1cb w-ou-1d bo 1iid.opensent of 

kinatie p~:am~tern 'tJ.&l will be tn t~ ot t~ns1.tton ~•fl\ 
b$t.ween ti'lo str1t~s eonsJ.dor-~~ 



' 
-.-4. 

·~· 

188 

tfal~ th~ tlt~tisttcat ®noopte ami b.V d.o~,t~lop!ng tllG 

Vt!'"1n.l ~$:ll$lon .to't the tl~1nction ~~&;.ttlo:t.~nt, . ir&~~.J:t~ 

ov~ an. all~~. ~ttl,. the tollow~-nu express1Gn t-s obtu:tn~ l 

[(!l\'2..)'l..J £- [ (~) ( (:2.)_ (_ - - J 
~n i l+tiv )(.)~CRi~JTi~(RiJ)ciR;~ (1,(137) 

= K. 5 
'Wll~~ (N}/v ) S.s tho' ~be~ ~f s~lvsnt ·tKJ.lecu,tes *3• pe:# .c:.fJ" 

(.;') ' ' 

O.f tnQ $·~inti~~; I l.ij · ( ~~13 ). ill ttl~ oro1ll:Jl17 ttio bady di.stri!!ii< 

bt1t1-on fntlet1ot1.~ t 1 is tb® ~scillr;.·tol' 1lt~~ngth at the 1S.Ol6t~ 

u.np·ax-tUJl'b$d. ao1utt.:7. :rno.l~eu:to ·1 _; :tlj _ ( n13. ) 1s lH1 Oi1C1llator 

tJt.lt'engt~l ffltl¢tion fYf pa~ticrr~la t 1' ;Qri±l 'j' at'lti is pu~~mot_r.t~.:U.r 

d.0peoo~t.tt: UP.on 11t.~ • ,;ll;o :lnt~ra.ti(Jl) ot tnn ~1tt0nds st1~1ot11 

*"uet:lon <1,1<· .. t'Jrons. o'l:t "J'(~'Jlr; .nut~ty·. . With 1itt~.f.$lelGn.V d1$tntlC$ .;o;·· ' .· ~13 ' 1'.' ' <ff ~ 

( a·~: d~p~ndetto~ ) tb.e· int~·tion c~o be ~$00~ tt> !tt!!tl1ty 

t;Jltbt)tit :tntrottwoing ottdl ~NoT~· 

coo~~taton or ( :t .• 43S ) and ( 1.,437 ) ~..bows tb.Ellt the 

to~ can bo rOOt.te~ t-o the 1att~v it GLl~ n~elcets tbe 1nt$£!)Yq;t1ot'!.., 

.tb.i$3 is Qr'J.t ~saiblo 1h tb.~ ®$$ t)f Q!~ f.\bsorbe:r· ·in a ver:·y 

li~~~1t!«£· gus wh$n C':~/v) ~ o . 

·tb.Ql.:,t~1n d11't!eult1<ts o;:eisa i&Jol'~.t:!ftB tho eC~~figu~t1on,.J:1 

iutesrt:ii1on of tilt) 1~!-W of ( 1.437 ) in tryi~tg to ~erlea1 ~sti• 
I , 

.oot&tl' i!ot·· the SOlY~ Ct1li':Cl$Qt.$.on tf'om t!'1-nt QQUation. ilbe .f$~$t 
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st~s ~m ·o ln;cl: ~':if ~lGag&, ot neeu.rnto ~ave-~~r~tlrJ~fiS "Of 

tbo tst)ittt~ ~r4:lcea1-tls· ta4.10fi~ t~ ~nt-te tho ~io~s ~t~!~t 

el:amonto Jll tho ~!'QSS:lon :t?'or l't'~ ~bo ,~e~o~id dit..f!<mlt:Yi$ 

~- ~ertimo:to t!l~ su~t~a t;)ver ~11 tbe atsc:'OtQ stutoa a'nd th• 

t~..plt~ .1J:'ltecta.tl¢n ov~ tbt1 eo:ntimttm mt:~t~s t.n E!a$ of .the 

va.wiol.ta t~IS i!):f t13~ 

·'!.'b9 gt-owll:l· state, ot tt:i.lat o~r tb.~ ~bl() ol"gtilnlc ml~eU.l$8 

.t$ n Bt~lat ot~ the ltY4eat ~ctt·$d ¥Jta:t$. is a t't1p!~t 31;,., 
Although c.~w- can oba~rve ·tho svectlt'a due to tripl.at ~ jirtg1~t 

tt'~ns·it1ons., tbo ve:tt! s<iJV~e~~ t1tllttp11:e1t::1 rastr!etir.nt 1t1t~ thfl. 

t:r~odtiot~ !s ~p~r-trm wlu~n. t!ls ttbser11ati.(:~11$ sb®:., that ·tile 

ra.di:..vtivo llf'e: tit!¢* of ·the t-tftGtos o£ 'tb$ (».'l!gun1e moif.1eu1<t~e ate . 

in th$ rttnge ot 10~ • l aecJ.).nda VJt.til4i tltos«t of ·tbtl to~Gst 
e!t18l-~ts ere ot the or4,n.t ot 1.0~9 ..... lO..a s~~nil$-., !fbo l!~ht 
·\W..ds.s1~tli truos1tlon b$tUt)Gfi 'tlh$' s~t(>s witfi t.b.e s~m& $Pin 

mu-1t1pl1o:1tY ;is a"llioi A\\9.£§1US·~~- wail~ tb.et bot.w~ tbG etate$ 

w!t.n tU.tfer~nt ·-tult!pl.i~it~~s 18 ca1ltf1 mt:t:~~~t 

t~ac~sitit).n. In w.tdit1on to 1.~~t •ta~t.on, tn~r@ ~o ~lWJ$ 

var:f;<">tts :ro.dio.ttoro,ou~ trun:s1t1eras ·.tn po1~at~,._~sc wla~le.e:. A 

.ht')ntadintlve ·t!"'atle1t1on bct~Jeon tt\Q statos wit~ ~~w t:lUlt!p:tl~· 

·e~ties ts Wiawll as ·t &n11:t'J~nq,}...S.,O.J'l!i£rii\.9U•wti11~ ·that botwn,n thCi 

statea 'tJ:i.til d!ff~ent ~ltlpl:1e:1tioa ia la'tvT>Itl o.a '.i.t&~~~Ul.l$8 

~~;u~am~ ( zc~ ).,. ~ho ob$¢.'Jl'Vei d~·Y tlmtJ t~t an a~e1te4 state 
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dop0b4$ u~n tbQ ~afi~t1'tl'$ .utld no~'irud.i$tivtJ tr;;.tllai'ti.on ~bn .... 

bil1tit":U;J. ( ~ ard r~ ·re;ap.®.tlv$1$' ) and t;s. givl;,fn bY 

-r~ 

fb$ lnt~eetien .of ~·n el:eetn.~nie systQtl with ·ql.tn.rJ.tieed 

·,r~d:iati{,ni7!"ld ~filttS6S' afl]l$$iO!l (J;tld ab$Or~t:f.on Of Zfht)tOtlaw t .. et 

, n ts th:tJ ~!~~Uton3Jlti ot tho t~tal s~st~ give-!! by· l 

I. 

wbqwe., li~1 ~ lix~~ al!'G the fim-a11to·!~iW 'Zio;rtesvont\tn~ t!l th$ 

Q'l$ot1'or)ie s:~41t~1 ~m t11~ rr.ad1ot:ton t1~1d~ 

'l:'b~ oir;mn t\n14tiona \IJ cf 11 ~• tb.~ unz;;.~turbetl I ~-1 . et~ . . .· 

sta.t!o&tVV $tutos glvon b~ :t 

. ph 
ern, Yll. ...... Y)'}. 

' J ./' 

e. I 
lV ::::: ~ (_ .Jz_ ) • 
1Jv1 M 
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·sg· tb ·a!· .. .,. .... ·.·Y· . ""'· ... -·~~n .. ' ~ -··· u •. ~4,... 

The P~tnit~tton e~~eed b;u s i nt ®\1t3QS. tbo t,andt!on to 

tb.e state 

el 
'f = ~ (:{) 

N '0 

ph 
¢ I t n1 n2.. · . · 

I :rtto tt!ans!f;~tyn pxrobabl:11tr is ~vp~lo~l t-e ·ta"·. -~tt~l1e 
-t!llt··r,. ·-~-if- 1· · ·-.1..<\..lJ \t""'' ·1 \.TJ) """"""~..,1 ~el C~ ·uc 1UU"~4:1 ~I' ~~ -r !~ ~l.~ fit -r tJ ~- t,.~~ kb )' CJ;~ J 

then assutd .. ng :e!~a;b)tion fi~ld t~ be in. ·v~·®G ti1th, ~esp$ct: t~· 

matt~, ttl~ tJ~: ~ntQn ~~S$£0~ ~~bflb!l!t~ w 1~~:r fo-r !~latett 
. • -~fo;.of~ . 

tooleeu1es, ui •. ·J:~e, ·t~~ lntea.~timl ,.bEitw$&n ·tna· mQlo~ltl~fS- ~~ 

nat~l"t~tt, e~n be· ttivnn by ' 
4 3 

64 n -v / w 
MN -3-h--:.-c 3~ M 'Y"' m 

( l~-1514 ) 

wb~·¢l ~ ( ~ ) is the ~~•t;ltl' \fentitr ~~ •1tt$S !•~tit~tls~ ~he 

fitst anet so~tU£·· t(;\Jm$ ln ~uattom (. 1-.514 ) atie· tbo st)d.nt~naoo$ 

·ti};titl ta~ tft.lue$tl ~!~'itl8. ir~b~111t1e~!l ~~s-~~et.t'llt-1¥-.; 

t'Jken mol~u1cs ~lt~6 •b~ti~ 1n ~- :fltt!d ot~ St)1id so1YWlt~ 

~f:d ti\Q;t:t ~~'rO n.o $:p~eitte lnt~~ot!or.s b(}tus~.n t:~$ ~lf.feide~ 

a.nft tb.~ modlbt:~t· tb.e~ fGllQWl~ to~..t1ll -~ b'e ioX"iv$$ :t 

4 3 2. 8 lf3 . :2_ 

WMN::::: 6;~L/Yl ) M nm \ + :3h"'n) Mnm j S (_ V) ( 1.6115) 
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~,seU.lQt~ $tl'Qr:t¢th ·ts nn impor-tant· q~ttv eone~r:~itJg 

tna, Ptr4eti®l ~~ets e:t· trt~ttio-n Fobab1litY·• ~~o oaell,.ator 

tttrenstti !a· ~eia.t:ef! tt5t ·tb~ Gpontaneous ··1ss1on ~?b(lbilltsr tJS t 

2 

/ Mnm J · . 

~he *t~.{.~Fer-ae.· ~,;~t:l~~ '-Yitb ·\f'!b:ratiot1~1 8t~uetur•s ·~n b:& 

:~_f.tl u.~:•st®i t)n th~ ~.;11,-s of ~YJi~l'l ~· Ol.~p$nae!m~:t 4PP"ogtma~ 

tio.nM ~11'k1 tb~ ~unQk ·~ ~(illdon p:rtnulpiS>~ Aeeot."tlSng to 

i3t)~ft • OpP'ti:ull~:fltl.-o~ npp,;to,~L~tton,. Mlecut>rit* wav~ t'U.netioat ~ 

ba •:Ltt@n tn, t._~ Qt tb.a .p~oetttet 6t ~•tro~Ue -~nn ~ft~t~l~ 

p~t- l:t~·C.~ 

lf:l 
e.J 

'±''('() 

wbero e · <Q_ 'Y\ "U ,, m'U' ff~p!'eeetlt& tne 1'$1~tlve Cblltl."lbtli;ton (l)f" the 
I 
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t~ ""u~ m ""'' trana1tlon ~o 1-fn~t .'tiil:1eh .l$ u ;sum cf' mn;. 
v!l)Pot4e ~ntt.1bn:t,.oc$ ot tllil\1 ti~Pa· a~ S 11 ~ ., m '\} ' = . ~ . ~ 

S 4> n",. C R.) ~m '\9 ' ( R ) ol R. I.e tbe viblf!!Qt:1{)na1 overlap 

lt~~4l, 

~uat~n ( .1 ... saa ) a.14tt~l11nd1eat~s tb~t tho t<l'anck • 

Condon p~1nolplet ~$;e~ statos tllf.Jt dttr!.flW th$ cl.Ot)tronte· 

. t~~nsttt@t'a the- :mlt:)l~~1! ~{)l:lf~~t!on ot a ml.~ou1~ -~s~lns 

&pp~Qz.-t:t•tot-., $t ttl$ aqu1Ub.vlum . eot'if.i~U~~tion 'f~~ ;~f en~ 

1nit~1 ~te~ . . ,l£tt.~ ur~ :!mpol;tnttt_ ~~!.c, 

Usrtall1 til~ t~~t)$itions ~~n tb~ -stntes \11th .41tfW~lt 

t~lttpUe1:t~!~s ~:re: fe%lfbi!;lti:Mt !4$t -~ 0l.oot~n1.c wve ttme:t1on. 

:l\l~,y be ~1?1tt«~ a$: t.}; ~~otttt~t of ~~eo Y! lk-)'-.1M wptn ®m (s) m . 

·~J?a~. t~r~tie~t't th~~ l~1 "& ttme-, 

Mmn= < ~rn(_-'t.) ®m(s)jM \ \f'nl"'-) ®Yl(s)) 

= < 'f' rn (_ ..._._ )IM I \flol-'<-)) · < ®m(s )I m>Yl (_s )) 

( l.Sll2 ) 

®~ ( ~- >,® n (' ~i ) n~"~ .ortb.~gGtaa.t.,, it· tbe two $.t~to& bava 
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.ditte:ent ~til,llicit:tes ~nd tt1oo n!:U'l baeomes· aero, Thus the 

tr~JI)a:l'tl~t>n ~ill b$ w1t!t1Pl1city iorb!dd•• Tho tr&a:w:tt1on1. 

hOWGV'~ t 1e ·w®!4V all01JQd a~ . tb0 Dpin • Ol•bit ( til ~ 0 ) 

coupling .1not:~t1ese i'b.G s • 0 1nts~o.ct1otl -oon ·.oo OlbGnaiil not 

O!ll? b;1 tlle bt~Q~Y nto~ .1" tllG ml:s~nl$ ( L"lt•r~.al h<:!uV;tt atom 

ott$et ') bttt a.:tsG by ·tb.$ intnrl..&et1on -y;ttb 6th$!" ~lQCU.lt:~.s 

ee»ntntntq; h~v,- Gito~ ( ~xt~l\lll 'hliaV'Y ntom eff®t ) 55 

$he int~Q-~too bottiroen t>ho ~&l~trol11c :.tlt.tt wel~nr mt1ona 

c~ltta•IJ tb$ t.>:t..di~ttohlesa t~un&:tt!:Qnsjf. &e ~ntionQd oarlt:e' 

tho ~lGettlJl:r.· o1$Qtr~rde ~t~t.fia ( ~ ) in tn*' 13orn-·opperil:tfl'lr'~ 
&.PPI*Ol":lmri!tion ~·e .gi-ven ·bu 

Whet>~ \.f '(T\(_ ~ 1.~•) !it~l t~· ft~tlottL\ry .stutss ot tho a1~ot~.nio 

$1S1;Gm 1t1 1r1rl$l'J~~lc·~ ot fl!teel n-..tcl-01.,. 't-tlu~iofl ( l~SSl ) l:®r~~ 

em.lts ti1e :w.xfic t'itUt!tion of tJ:u~· UnP'Jrt®bt)t.l H~ilto~n rt0~ 

~ba trtinsltion oectl~& betwesn tll!h states <Pi. :nnd cp t duo to the 

td.notle cns:tg;!.f o~aratoz;- of tb«t ®el~ mt.ion II' e ~n ~1th tbe 

·t.\t'an~it!Gn ·pl't}'bt.ii;.!'lit.w per w-u.t t.~ es· 1. 

')_ 

Wif = ~ < 451 H'l q\> d(E5-E.;_) ( l.&ze) 
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t4hGre 31 and !lt ~re thtrt Gn~l78i~a c£ ttd.tlal at1d flml statts p. 
z.. 

and cp 5- r.ospcet!v()ly~ · ~ ( m1 ,.. 11:t l is -~b.El daltu tunertton 

~l~.r1clllf~pr-$sents tho eon~tW.vatio.n or energy in the tranf)it:ton. 

'Tb(t transition prot~l'bilttsr can be -obt(iitleil' by- integr:ata,rsg ovet•: 

the t~oot s-ttl'to t,e:,~ 

2 

w 2Tf -h 
l < 4? :51 H' I cpi > l ~ (Ef) 

11~h~~ ~ ( nt ·) 13 tl1u 1~va1 ~:tGnsitr ot tla6' t!t:r4l stat&• 

nquat10ll { 1.S2S ) ,!,s 'iteil1d. only ~bEk'l. n :to t 1me :tnttep:(¥nt\~ 

an-1 the .t!oot s-~~te is e\i)nt:llluous. this ·lndeed 1$ the $itU&t1ott. 

i.n $olu:ti~-,na {J.nl ·solid$ \~!let~~- 1nt$.tr.t11oleeulo::· !ntotaetl.on~ tl!nka 

the iev6l dons1ty l£Wg·er ~ 

· Th.Ql tlD.tr!:x el~~ of $QU!lt1ons ( ·1.522 ) and ( 1.523 ) 

ma-y be ~~1ttor1: ca - a ~ . < cp f I H 'I (1) i > ::: -t; :l. ~ < q; n I : R:,_ I ':!'.,) < <P n 1t" r () Ri I <1?,,"'/ 
L 

t l 5~) ... . .. . 
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~h~ fi~st tQrt') in ( l.SPA ) <Ot!)~lJQsponds to tb.-& Gl.$Ctron1c 

-t~ru:Js1t!on -~~lt int~~l of ~iativa traf'..s1t1on nntl- 1$Goon4 

ono ls the ·vJ.~u.tiont\1 overlQ.Pt tb'Q --GQU(lro_ of' '1.~1@ is the 

lt:runck c~~on ftl'etor~ 7-bls saooni t~ pl:Qf$ :an ~r~rtant l'oia 

:1n tb:cy r~d.itl.t.ton ~less 'proo$SS•- fba ~lue {)f th1e -fttlt't~t7~?- 4~!5ef:Aalt 

u:wn ( _'flm$ .. Sr1~ ),~ 'nle tranaition p,ro~biltties or tl'te 

n.onr~die.tive t:r~CQao@~ ~s~~3, s2~ s1 ate. r~;v be Etten lnrt$r 

tb~n tbtl'b Gf tile G1vv70 proeess.·-Th~ se~eoo t~m 1-a. ( vl-.624 ) 

w-:111 -a;t.feot tba tflitnc1til')o ~obab11it1es !n n t.d.ttd,;lf.l;r- flaY 
I 

b-tle~us;e~ t&is ta~ott rna, btil- larg-~ f~;r- tli¢1 •ile \lnorg;v eu~ :fJl 

gansral,li 

HQen tbe J:!'QlGeUloa ~r$- d1asoiv.a sin. -~Ol'Jenta.f the ifite~,;u3• 

tton ot t!l~ @luttt mo1-oeu1o t:tlth tho solvent t:roi0eu,l.ea gfl!l~~al1:t 

~anaea tb.G: r~iaticnloss t~tUUilltitltil p~oob11ity., f?>~ i tb . 

• 

T.C_mn) 
'L < Y'n ~~i \ IJ! ,,) 

l'lfl~o r:tl) ~cpre,s;efittl tt:le tt_.. n. $.nd P:. B•- fol! eleetrous,l\;:o is 

tile -spin-orbit !Ooteracttton -op_or.ato!? o~')d botn !IQ ~~ aso co~tuins 
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H~$_ t~e l_s~ i;':'rm ~s ~h..e ~ire_ct ~omp~~n~ betwee~ t~~ _1n~tia~ . 

and the final state by the spin v.ibronic interaction,. In th~ -
', 1 • 0 ~ • I ' or • • ' • • • ' '- .. • ~· • • ".., • • • • r• ' • L • • •• •• • • • -• • ~ • , 

. 2n~ _ ~~rm _,t~e: :in~~:ia~ . $tt;1~~- . ?.?u:p~es __ wit~. _th~ ~~~_med~a~e ~~_ate '±'1 e 
. .. . .. 

tQI!ough th~--vibr9ni¢.·tnteractiori and the intermediate state 

. tnt~ra~~~ ~1~~~- th~· fi~al. ~~at~ b; th~· s ~ b ~6~~11~~~ I~ t~~ . · 
. . ... ••. ,. . . - .. -.. :' ' - ·-· . ; - - . . . . . . - . ~ . . . .. ~ . 

. . . . 
3rd term~ the -;J.nitial state _interacts with ~be intermediate ~tate 
. .. - ... ,_ .. ·, . . ... - -· --· -- . . . .. - "--. - .... - . . . . .. . . -· . 

through __ the $ _'!"' o coupling an? ~h~- _1~~-_Elrme~~a~:~ -~tate· couples 
' . ·:· ... - -· ... -· 

wi~h: the final state thrt?ugb. ·the vibronic interact~on. 



EL.tf:CfEOriTC CPL~TlM. OF·' 9.-Nrl'H!JAt~ml.;:i\fBtm 1 $9Lvlt!if' 

t~Fm! OU ~A~ l.t3 A~ID 1A --4-t~ ~!~ttNSlf!ON$• 

Xn, t~oet;;atio b~lro~~bons~ :foa;f, c •· .s bllt'\:.:te Ul1$ u~.;.lo.:tlzr 

>t~tll$~rvG4~ tn ben!'!ooo., th~ lb~~st sitJgl:.~t atutG i~ lx .. ,; with the 
. . ''"""- •k If· ... ~ . . -·· ,4-
!tU:![.:; u•f~eW QS <W@.~ 

In ¢uta~ao-rihm:et.t! h1-~l!tlt:a:~bo.t.J$; A$ on~ mo\te$ ft~ 't'lo~"JGfie · 

to 'high~~t »~1Ya¢Ql"l~.s.; ootb ~a und 1tb en~gy l~v$1S ot b¢;~(!110 
move , to 1o~~ en•~zr,. i'l:te iower~lltl 1~1 en&•gy ~:r lr~u. iu steepG:r 

tbnr~ th~ lr.bli th\.1 ~1tvol.nti.on dlkl!f~tl ot 'JlihwenB Q~ f'lutt66 

tt:i'P the .~po«trtu ·O't .l~lV~·U(f-11~ fl$'f!O;$ priidiet$' 1fn;at ~!~ !}a.l'id 

$tlOU1d 'be htdd~ rutd.a~ t~1<&. st~ongetY~ 1z:..a tlr~ansitton 1ft -~'ntbl':leW.e. 
t~l;)tf!tt61 ~;· Frw.tsm~~g f.tru'i R~ll'l ~ 9.100 also a1appot:t ~his -!lVt)dio• 

tion trom thoolt(3.tioal, 'f/1-., ~sitzt. lfi ~n 0ft'o:tt. to ~ovtd<\J d1reet 

e~w:!men'OOl w!det1eo, cnar00 and. s1<I.ma.'l6l f-a11ed to obs~e ~ 
bQ.nd in Glltb~~eeM mo1~cU.1:G. Hot:wWt}~... tb9 }31tua:tiot'l !s qtllte 

a:lrrercent itt sub~titut«} ,antb~aeonos,.. .strofl..s ~e~•ie eu:batt• 

-tt:amit.s _iika rd.t1NJ !t'o~.ip tn Gnthr~.earw m.r')laeul,o a.11e $%peotvJ. to 

abow stt(,~_ng effeet on thG: rr • .e1~·tron1e atntes ~f' anth~ae:~ne 

owitlg to tb~r ~brstitutibr .. nl pe1rtU7>1batioas~ ~.!Io ~v-a clloaetl 

GJ ... ntt.:roantu7Jaeane (tli~) Mlcet\la· to .&JfMll· 1:t 1t.b-- b~M ~ppe~s on , .. 
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n!tt~o ~it~up snbst!tut!~l4 !ntru~"looula! .. c:r baM .to o~ct6l1 

to b'G tllG l\!)19SGt ~00 atiould. '00 ·Of Vf!t'!!Y 1ow i..lltOOs1ty O$ this 

~olt1oule 1s f('!Jtltld tq bl'!J.'VQ no.npltlnar ~t~ucturs• Til.o intel'p-lt-.:!nt'iJ'i 

"" 1 ·&3 ""~-· $-h '*'"" ' ~ .... ~-~.~-(! f:} .... n,••Gen tA.,t~ n~u:ro group p~nu anti! tbe ealtb~aoaao rtns 

pltu'lo !e os: iat.~e t1$ ·ae0
, ·zbe $!tu.at.ion ~n !jA. !.a quito di-fferent 

t~ tbat ot tuiithr~eM0 and lt !$ quite possible tl:Ult th.~ li~b 
bt:~n! ot: unthraesn~ ·Oil~ .~~!ft to ~~n aee0s$1blo r.tpQet:Wt1.1 r~gi0n 

in tb1ac tt?loeul~~ 

ln th.!s ennpter·, w~ w:ros(ult tho rcGults o£ ~~u:w stttdl$2!1 on 

th~· i!l~~·tronie i$!b~ort)tt~n ~.rl1 ~sst~n .tSfp-eotru. of' l:JA ~nd ab~ 

·tt~•t irNle$d in tlfis· oolecul~ the loweat ,en~h«Y $t1ttt~ ie tta."'i~ 

tne predotd.n~~~tlp n- oht.l~et~ nnil .is t!:i-f~~ent ;k~ti: 1r.a~ ttte 

etl·~ets ot wrl~ll~ Pt)l~ a~ non-p61att t5?1ventt¥ have· al~ !'wen 

1t1V$tt,~~t,oo •.. 

The C0~1t a $1ft fror.! Prot" H~ Sl, Seek~». ,was ftlrth~ 

puritttd b:!1 r~p$",~,t&1 ra~l'ystall1~atton using p;tr1f:1ed ben~.ane. 

ne~'lo sb,a~ railov e~etala: i1avincr molting IY"int at 146°0 

w0re obt&:tnetl,. ~~b<t .$-poct~og:t.'ad$ s.olvont$ ( DDH m~ E .-. ~:r<!k. ) 

~~0 U~ui!ld.,. 

Tile. ·atiootpt~.t;'>n spect-ra. tn vart®s oolv~ntG wer.s ·reebrd~ 

.e:t 2'J9~~ on n ~el':1!1n mmaf 203 J:>f!iC01~U:tg svoet;r.~'}jhOtomet~· :and 

t), .. ~ on ~poottto,~n 002 \SpOOtro~titomet~~ Of K!ung~rmn O.pt1eul 
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nerks. ~~"> T:Jcnr;~ sp"atrotlu.t)~~Gt$11 WQ..S Uitetl to r:1~~Q 
the .em!~siein epoot·~.,~ 

0 

rtul f,l.i:lt.lt"ftapt.to.o epaet~a o.t IJLt tn vurt~.)~a, fil)f!l~')~ anl 

r~~ solvant·s wit€A ti'u) ft).fjiJ ~on~Gntwc.£t10n ~t .f'O;lt1 tGT5fHJtr~ture 

( 298 11 ) or& t-e:ttrootte011 in vte.s.· 2.1 tlwl 2.0 re~p&et1v~l,., 
' . 

!£ho ra3Ult$ (}·t tile nnal.~rai~ of tt\o bands tUJe ~~wts~l tn, 

~ableo 2.1., ~.2 and 2.3., In :all. tb~ svl'~l~to., ·t~ well. rt-ofi~~ 

intQ!Asa banct oysteo at .abi!)Ut ~lOG ern,'llii:l "s ~beer:v~l tr:1tb 

v!bratior-41 stvt~ettat&~. tn notl-polttu.~ et1l'ittmta; h~&-J\l:-lf 1 t~ t1o~e 

we$t ~.t~s ,u.pp~ towav&s the low~ t;n~gy s1d~ of ·this b~nd 

~yst~;_. .In po-lar ·,st>:l:vsn'tsj thos$ v~S&tt bando 1r)se th~ir ~tl?ttctur~ 

~M a gene~al 'bl:*oadi 'wook aboo:rptd.on, berli is obs":rvOO. :tn tb.la 

epootl"n1 r<t!g1Qn. 

z\ eicoso $~at.,nstion Of' th.e ab$~~19U. speQtr.a ot EA 11\ 

v~,_.ious ,;solvents rcv'op,1~ tau.t the' Btrong b;ln.:l $Ysti~· ,rit 

ab.mtt ~100 ~·1 :IN:1$e..~bltt~ tt'lo · lQ~Etst on~y ubSQrption b~ 

f.>t an1aUlaoen$. t1~ Mown 111 '&fig.. ~~.3. 'in&, bd" on tbe tolte. 

~~SNt sUie Qre attuntur~lty dttfett.int hoa the bn:bdn :tn tb& 

tnt~e G;J$'bem: 3td. passibl1 bol()~ tt:J diffeent G1eetrofi1c 

tr.u~.s1tton... ~b!w: .dooueti:on b.-2s b(fQ!l fi.ttth~ sttbst~ntiQted bY 

ins vtl:mnt!onai .Q.talVtd.s of tho spect~u !n VtlrlQtlS oolvoots,.. 

It hils ooon p.:tJ:tnt~ out bv coruzosboll ~.~ rro~oft?ikt63 tbt.~:t 
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tn. be~ern~ e.M no;pht!an.len(U. ·tl}'(:letra, tbo vlbt~t1o~1 .spaelr..tt. 

tnvol v.!ng tt'nnu1ttone t(') a 1ta stnt~ is fJ>f tho O't'~ ot 
1400 em•l. $nil .in t~anslt lon t~ a l:tb GtlltO !t l$ ~·£' tbt:l) O~de.r at 
l.(Y,X, e:i~~·lilf !he l~~ em~1· ·Vibrqtton, !a GS$001iittod; ritb tbo (} • Ii 

' 
tn•l:>~o bandillc: ~n~s tho .lOt~ Qm•l vtb~ation i~t tho. bPe&tb:ll1g; 

vtb~at!on of ·t~!() rinr;~ 

~hQ ~p~et~ul sr~l1$le ot tl{).. oo~wti tbat the s~t~·ation 

bft,tl<JeO..~ ·tb.t:i· bamdo- tn t~e :!nta."ltJe. eyGt~ i:.t Gbou.t· 14;(X) =·1 ,nteb 
j)OSS1bly is C _..,_ :ti in~plano tJ(;ll)dine vi.b~~tlon. ~lhieb f'Om:l$ Q· 

.pro;;resstcn in tb4l ub$o.rpt!~n spoett~~ t;>l! nctbt-aeene et)lut!oo 4lt 

~~ooe t~p~~u.ttu·e. nut tho soparu·tton b$tw~ the ·b-'lt&de 'b' ~hd 

· 'e• 1:'S noout .ooo· oo-..1 a.~ ,$ll~oJn 111 WUi. ~ •. a. Tbil·~l ¢t'H1~vntlon 
$Uggosts tt~t t·bt nnd •ct. bttlong to t;~o d.if.tor~tlt tlloot1'~nte ti'4i:le< 

!!J.ltrion.~~ Tne $f.!fp~rution betr!foon ·tile ball<ls ·~• .t:tOO lbt ~f the 

lowQl!' Gni$!:Slt band ,m~stem t~ mucb lOtJ-S ~u. 1400 em •l ~,.hd 1~ 
a.~ut 1050 ~·1• l!t GQet!l& tllil't. poseSbl;; ta~ b~~thil'lg v-ibration 

of t~ne r1r~ to~ t..~e .~og~~$e!oo. tn tb-e \Jwk lo~ ~gy b~tlel 

syo-t<.~~ UQ-; Q$$1g!1. t~11e ~tlii S$1$~«-'l to 1A ~1~ tr.:Jns!.t!ort. 

the: ~!seton .$poet~ r:Jf na 1-n ey~1oo~~r..G is ~0prot1ueoa · 
!n V1f:.., e .. s • .t\ @?oo 4)V0%-la;pping batweon tel~ oba~vGXI $"'..t1ssi.en 

~oo \ilea.~: :to~~ ~gy a,bso~r;t1ort epo.ctroo !a obsortra1. Cot1tlNl'!t'lf 

tr; t~. pr~tous st'.lt~e:\t3t thu-s, 9-.nttr.::;m!ltbv.acono ·!lctttG.l1J !~ 
.EI waakl~ :t1uores¢('.l!lt ~le~ult\J., ~hi~ obsa,.~t1otl !a :b~t.e~estw 
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itt ·vio--..z or ·tbe: t~1.et. thflt tbo 1urJitl~r.acat"lea ot~ .r;itmt;l;r~'~ttoa ·1,s 
not, yet e1.('!~lst ·unaetstooa.*' Tho l~eat $:to!~1 -$1f1..t,lot and· 

tr:tplae $tates of .tl$troa;rOOAtio oo~~u.n!ts ~,a USU3l~l~ nenrlv 

.deg(n';ltir.a-to ana ootb rr- rr *" :;.~na n ~--· rr * st~t~s ·ctto· 'W~$.~~ in oo.® 

moleoulo.. A !JO~ ·ovQl:'lQ.tap.!n~· b11.1twoen the am.~ast enr:wgy vool~ 

:absorpti'Qn ~ tbo atl1ss.!on sno\1/sl tbf1t botb tnit!ateo ~o!!l tbe 

s~o state$ vh:tdl n~s a n -rr* c;l:tar~ott:.)~. lt h{ae; boen suggest~ 

by :Plotn1kov64 ·that Zl$ tbe $.ine;- (J.f tho O<.t"t)t:2;J;tif: -SY8t~ increas&t!t 

n- rr* et4te. ~7lQS to a l~:el lova~ tw:u~ thll· n - n-)4- ~4to o!acr:~v 

teval. l'i'itrurold!eU.Ul~ ex·· .eJ..zurActet· ti>£ t.h~ low ()ners:v stattJ l$ 

®:tso Gl:}l~o·tod t~ merooa'ii.l ~~:titb tD.o s:tse .(:Jt ·ti:lo voltn.lolro~ 

nit:r-ooro.~t:les. iill t~ese cons1dal7fJtiohs ~Y @Us~!i an inCl'.oose 

tn tile ·1n1 ~ a0 :Zt~!oti'lo tr~J~ttioil Eit~¥1ob111tv. 

Zh.qa,, 'WO corM!lt.~t1 thut the lowe$t ~)t~!t~ s!ngl,$t -stute tn 

DA. ie .a. rr -n * ott.:1tG. am tbat th~ syst~ ~vine o-1,;l8'ifi at o:bQtit 

20000 ett'''1 bfJ1or~eJs to 1 A ____,..·1r-1b .t.mtl tbo <)th~r h~rtnE! o~itlln at 
l l ~ . 

ab.?u.t 003.00 f$'1,• · bo:v.,ng~ to 11. ___.,.:~~4 ·tifO.U$it1()n-. 

In polar ~~tt~!lte 'l!ka· nethanol; tGtruhrd~ofQt(.Jn (ntrr') :t 

lrt4 diO;rat)O e;M ¢hlf:);r{'}fO~t:l ~~s ob.Grt~tl ~'1. Vi~*-' Q*3 tb~~lg~l l;il ~lx~~ 
l :t 

t~n~J1t1on Shcm$ a vib!'attjj)nut atru.cttta:'0t w · .!1. ~'"1:1)trans1tlott 



I 
211 

ttl"' v.~bt!•lt1Qnt11 ~t:fl".Jet~o is- oot gon.atr;il1Y" ob$ew~•- IJl :no.n-. 
poltW s~l:vant~. liko f). ... h~in~, ~Yel~e~n~, ea!ioontet~aeh;It~~·tde 

(md b~~~~flrtp· qo ~no~m .1n F-le. ~ •• 1. tbe ·vtbr~t1oml s.tntctut1~ .~f 

'b~tb l.,l~ --> ~t~ fi~ . ll\, ---7ltb t~l).DS!t1il)fi$ G,'r~ Ob$~ed-it! t~~l~$\?tlr 
. tha v1~~l't¥10M1 . structure .o'baelrVoo in ~tuwutoo h;vdro~bons .is 

~pproe.iebllt b;Lv~ott .tn tb~ .s~1v-ent~ like ®r~ntet:rue~lo~.tue 

~t.Yl bent~n6', pt;;:H~td.bly due to at~o.nger ttntm-aC.t!o_o betwe~ ttte 

solut~ ~na $.1Jlvorl't; tml~etlles~ 

' 

b& du~ tt> disp~~~~Q. 1nt•not1on• d.tpo!o~ ,trd:.~~e"tion untt in 

.cn~;o ot· l~l~ll* oolvant-~ a.l.so i!lU:~ ·t(j) o~1Eltlt:Q.t1on ttlfittetion 

-o£f~•~te:l3:t_3t.l :at tb:G :S:ol.vent d1~1e on tho solU,te ~1-acul••· In 

~ditton• lf>!!ttl illtQt~etton l.ike bon..1 fo~tton: ~tc. t"Jaf ~l~ 

afi$ot. th.t) t~~ne!ti~tl $il~£l1• (?>lQtltttattvo est:bt'Atit>n -¢£ ttt0 

t:lb-oorpid.¢n !Otlar{ly ~r11;1W \J.E:; r~:d$ :ro;: 1A ~~~ tr>lnt!litio:a only. 

Fe~ Wtb iti!)npole~ and :PG:ktt!' aoltrQntst. p;t.~ts t:3·t t~U:ha!tton 

an~~,~, ~ttn£nst t~:t.e ta.eto~r (. ;,P!.; '!' }.).··~ £'1tt(l ~~')od stl'f•lo~t fU.nas. 
L< w -*·a >l 

·~ho 1!n~ p!.ot tot:' tb~ pol.U'f' eolvent~ is, btwrev~:t"-; on the lQ"'Je~ 

:;nGr,S!11!1!l~tge un\l.hQs; a d!tforent illope than tny,t for mn-pot~ 

8olvents .t!WJ Ghotm in Pie. 4. Tho lin~ t)lot 1t1 Mn.-.polnr 

$etlvents !ndicatea t!v..~;t til¢1 dispe~'s:lvo· itlt~~-&.ot!ons prroaiDi,tl:itcs 

over tb~ dtpol.atr 1ntan'acti,o.neiit. t<"':t" tho 1A --7~Ja tran81titJt.l of' 

t}~i~ tntcnaltYt> th1~ p~saibly ~tb~~ -mtggeftfte:i t~t tbe cl1~~e 
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in tb:o dipol:o moeent on a.:toito.ttons ia ~11 in th1s ?nOloetlle" 

'?he linoor plot 1n polar vol'i.umts fa oot enov to rat!orol&G~,. 

It po.sniblY ~i~tea. that tho ditf~tonoe in d1po1$· oomn.nt ·tn 

t~Q~ o~e!t~ om.t grour..d otf:itQ ·:to a~ll Ott¥l ui.s4) the GaO> tr.>tal ot 
:o~:tentotiKltl •· 1·~1uct3p.n _,rteet GM 1Qcu1 interaetiou is r.et mtteh 

dOP14Mw"1t on ·the SU!li1<mt rt)iraet!ve .1nde~,., G~ll 'i'()t.£:ruet:ive 1nttu 

d~;pat'lde~o 1$, bo·~lW0!':t· PN$ollt SiVit~z a. diti"~e~lt ato.p~l of the 

11noor plot.. nw.tooo:t n~nttr"Jati~.itT~~*ne is. eirP~ota;l to hu'IG .st~ne 

local intt-A?aQt!~n utth t:ome ~lxw aol:vent·s55-69 ~ 

~lloor~tiorll studtca 6l'l the .sril\l~®t (j~tfoot oh tlle r ~. 'V" •• ttuc· 

6t an Gleetl1cn1o: tt'(dMl1tton ·ttl tho ~lutt~ t!'~le(!ule ~vo bt"JG!l 

f.!ostly oonet,rllatl w;ith {;bi1 lO®.l fi01d o~f<a¢t42t45• ~be :rasul.te: 

~~re nl\:taUe amly.S~ in tl.).~ ~t loe;ll field 41&t~1bations ~ 

d.lttort!.onf,;: ot G-i~Se\t't;>n!e •llrge ~u.:atribilt1~tl bY" tho SU};~)Und1nls-.. 

•cmlito·t.~ co~1·ect·f!on ft~eto~• for tb.Q spoet1!al 1t'lt'til'l$1ty el:umg$ 

i.e tlot suffi~~tmt to ~lcxin the· ~bservt.i4 results. ~i,ecentlyf 

eonaider!tng lono t"Q';lge d1s~tts1v-o .fQreas tt> be ;o~z~ll.tlvo,. 

t*M~tl.~s!.,OO ite£i si1own. ttmt ~t .. thO"· oon:vei<.""$ion ~t t ~ vnlua 1n 

S()!tttion ~Ot'l the ¢01"~()StX>tltiing i$!.)~.t~ tf'..ol.Qeular V~!.U<!t 

Gllflk¢t s taetor 1$ ot mitlb~ i.rnpotttune.s 00~::1~~ to (lrl ;.u.\.eU.tio!t'1a1 

t !N~~ ra.etolJi· • ®!tflifl~t:1ng t31o.~ tho 1tlt(')li'tl,lttJeul~ tore~s bGtw~ 

tb.s soluto ilfl~ tnt~· ~J.lv-ant ID()l@cnl.$~ and fl'(?Jm the. t~t:£nalrJ.t:io~l .. 
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0~ l!$SU1te fOr tbe f ,. valuae· tn Yat:'!O.tlS $0lV~& -~~:1 not· 
' ' 

be a~la!.~ed by Cl1ah"''1 s f'o~eto~ ( ~ ) slon:~1. r;~~itig tb.o .l!:w' 

factor to in'Olu&e loe.al ·lntQraot~!ons us W$1.1., the o~~!..'!tGllt{i.l 

oa¢iimt.(}~ str&ngtti 1n $Olut1en f
5 
~n 'b$ ox1~oss~ b1 . .l!lft 

timp:l~1e!!Ji.l ·re:tat!t)Jl: : 

l..(l+x) L- :f 
'( . Jz_ s 

wher~·. t 1 !i.e · tb.o t&~ mtit.loeml~ oseillatol" at:r-enutn~ t1c hc~v~ 

~tit~too t.bs ''Val;t,os et c 3. + :f! ) ri -~om: tb.Q ~erirotmtti.ll.y 

obe~~v&d oscillator &Jti"~Jtlgtlls it't .$t)lt,tio~ ~;ih:r.icll :xr,& x~r~~ented 1bi 

T~:bls a.a. Hi1~h. t~e 1~1~1~~ae., Qf n~- whit~ i.:.il pol~:v s;f.)l:tr~nte the 

f • V£J1Ufl ·inat1'$.~S0St r • va.lu~ dactta~t~¢S in .nonpol}:rr so'l.v~tls.• 

in oaafj o.f non,o1ar ~)lvonts• tbe di·spEa~otva intv.aot1on :Pl~1i 

n very important .tole~ t,n going: tl'om t:l: ..... h"O.~nG: to ben:nene, tb:Q 

t.oluta aot~t d1BP&raivo t.nter~.~tion ine:t~sea .. !h't'J :! • ·~etor· 

!tlorea!;;tas t~!tb tb~ tft~OOsJe ot ;:~t:tatru~:'i!a !fl'llex. ~bAa,~ the . 

6b$fll"Ve"l deo~4!l'Q.t'O 1-n x ~· .fo.otoxi !~.diee.t~ a :neg~:tiv~ -~'tllU9 fo!f 
tb1a f•Il.~to~· :tn mnp-:1~ ~·l.venta01 !n p.'1l.a1~ $0lvmlts th() e~ntt-1 .... 

bution to tbs 2r • ·t~cto~ t-s not o.o1y du~ t~ ii1spe.r$~v~ int~ri:l4--, 

t1Gl'l o:t- tU.p-4l.ar :tr,t~roettorte bu.t als~ dtto· to loesl int~aet10ilil• 

Thus, ·ttto .11 . ..-. ti'leto;r in ;~lti.,_. t)o1v~nt$ ~111 'bo :ttl tile ordf1f* 

~:I«Jli '> 1~~11 > XnioJr~~e > 1\c11l0l1ofarl!l 
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--
fb.e ~~tmtall,y· cibal'N.Vod -t ,. wlues $-tacrdasf! lri· the s:~me 

ot•aor !M.l®tit~. ~ .poei~tve "'~ltae tor the !t ..; f'4etoJt,~ 

~ •. f4al1Ql9.i~ 

~'j[he lr~. ~, t<:lt:-a!cib is b;Utd~n Wld(t~· the 1nt~nso lr"* bsl.Bl 

ln antbtl&dGne,. sopmn~tea out l.n 9~1troQ.l1ttw~c~s owiriG tf) tb.tl 

nitrogroup · ·suost1t\tt-to~~1 ;evtvbf)t1on.. fhg lt'l,.oloeras ( ~~, ) is 
obs~rved to t!uofes~ vG:!ty '~~1Ui!t ~·~tte serlv~nt etteot on tne 
tl)l~et~nto -$Poetrf.:l· t-tug bc&.all ~ldool !ntco~oa .ot tbe p~~ln;)·nt 

tl'i.cp~::e:tvo. ut'ld otn• 1oea.1 ilntOX."'-!lot!.ons •. tr:tt$~~1~u1~ toveo 
bot~teGn ·tbG ~lute-~na S!)1V0t,\t t-16l~z:ules: n~G tot1m to be ~~tiilnt. 



ntro!aor;,:r~ VPrtr:zru~ oF 2 .... nr.moPtuom::~u~ ·• .sot;vrJE 
. ~m;~ ~ 111' ~-~ ________!:o._ ~· . '<~ A ~I'¢ ,..fl~~·'!'(ll 'fJ . 

.\: • .!',~, ~ t,. ... ¥·• ~~~;., ~~4. -.,.- ... ~ ...aa~,;\\v~aw£.~ .. J,,\J.~ ...... . 

-
i. J!lt:t?-~ 

In tiD-~ n~ urr .t~gion., t1Uol1c.n~ $11~$ tlfO til.~c:t~rot4c. tram 

~y~t~~~.~ 01'!0 ~!l!{)ltJ intensit:Y llt ®{) :full. i~~ dtta to t~ 1£:\ ~ltb 
tfiana!tio:n ~ti!:l "tba oth~ wb!~ ·:ls tntonse appaal.'iing at 200 nm if): 

au~~ t·~. the lA ~ 1rja transition'!' J!3;.ceottd!fig t~i Platt70, ~b ba.M , . . . 

is . {Jltl\lli~ !i'Jils polav!.s¢!d a~'d '1~6 ¢~;1 lo~s ad,e fM>lnr1.$-· ()~J thtt 

ottlel."<~ 'b~~ttl:t zw~~.ti;.?'l e~ntf1w::icd(f. ~~tl h:f..s palarl.sut~on s.t\:ttl1!!s 

~"f th~ .:;~leett<ord.e al:>so1p·t1<n~ .eni tbtl · .!l.uotoas:eehd.G . t:~ee·ttum of: 

or1ertt(JA s:!n~;!o @Jstal tbat ;t11~ .t'JQO mA t-e~ :le lo~g ax!;s pt)h\r!si!:d •. 

$tjbot.tt~tt!on. of ·v~'l~ion~ g~oups at•e k~n to infitte1loe tb@ 

e'1~ctrtotd~ sp~tl?Si et thtl:i paJrent lht>lcuU.lQ• ~e p~tu~®-tton 

e~JUeal by tStl'\'~na ~asoae)lie S'f.li)~ituo.nts is Vtr1Yttf tdlwong.. The 

compl.il.ootiona mar .a:tise due to tho ~rf.IQtmoe ·~t oonbotllU.n_g el:ectrons. 

npp$n~ane:Q· Gf. n -rr*" ~lwi i~~~:z.~~llll~ Cf ·oon_1.s, soma t1~es1 
~~a th.~ o.ssignme!l.t · ot the- obs~vect. :bands tU.:fticult~ ·:t.hu$1 the 

attbttt!tut:ton or· nitro g~oup ut :a»s!tion 2 ot'l i"lU6l'Gtta ,molatrtll~ !s 

:Gll.'POOt~l to ~~~( fl $'tt"O~f.' :P~ft\wlt4::.t;1@.n. ~t>n th~¥ lotlg t,4~~ ~!~r1std 

tVtt.Sa1t~ton"' 1'be l\!mS,n!>l:~¢Gi'-e~ ~l."n-~:io~ ~if f:j . ..., n:tt170tltt\n'\1tl:u· btHI'£ 
' I 



ln this' ebnJ1t~~~ tt& p!'as~!l·b 0*.1~· ~osltltil Q.O t~u:~ !nt.~O$t13attons 

erJ! ·tbe e1~11or.aic apa~tr~ 'l:Jt ·t!· ~ ~tdt.tt~Ub~®.a UI'ld-~· var1~~ 
~ . . . . 

c,orrJitions arid eorA'f.~ tfi~t th~ 3~a ~-antl ot· t1U~$nfi ie a lona 

ad$· pol~~t'• ~t4,tt ff"J~tb~.,. tba. 4stuigl"..m~t f:)t tbe ~$: -~ thf'! 

a"o-lvtmt :•t~~<'f,et on 'tn~ a1~CAt:eort!e ~bsu:ltptt~.n spee·t;~"~ of tttlt: 

mo1a4U:1¢t :bii.i.ve~ aiso- l:h)~tt 'J,W·asantoo .•. 

·fll.~~ ·eompo~ 2~1t~tltm:t*an&· ( HF ) ~m •-rt,a;$tmu,ll"l 01'1anie 

ClliSti!1~.d$· ~a& lr~e#$11lttAlU~'«l ~1 t!n'!e!iJJ f11~m P\U'"1ttul' ~:t~Ml~ 

SQ1venta .ot s!Je~lt.$grt!tle ·q®i1t,g .~•e U$0€1•: 

~one .... :rot1tlad biphenyl ~ns useti ~a ~ boti)t ;tor t'lt~ mt~Eli ¢1lVsto1 

· ep®tlfQ~.-·· t't!r;V$tuis weve glowta trom ·tb.e mtit1t w!.~ gtt$$'ti oone~at~· . . 

f'ho :SJ;f:Jctal'~ .. 11~e ~Gc()f,led ~t .~~~m: t:~p~at:wY~ ( S!!f'c ) on 

·a $lpti\et.,~tiam ~ ®fa ~a~tr·ophot(}met~.; 



aetaa11o1 l}~lution ~~ ~ep~od~~~-· A. eloa~ e-mtnllt¢on · ot· t!\e 

t!.g-t:W~ r~eale til~t th~ 14 ~ ltr14. lmr.il ( 00400 :cm~1 ) of 
I 

.flttoroo~ 'fifiiW iEiUCb ::ij:ewtmibl(U~ tb$ ·:anton~~· M~ sv.at- ef! $-,. :aat 
tbe otb.o:t b~mt ~sr~\~ eQr~Q@or4:it1g to !J,A ~ ~b 1)~ ot tluor~ne 
1&:· mt obfi$it.*\t«i til lm"~ It ~as thet nG ~ ~~s\llt of $t"l10ns mLtto 

·.group p4t~ru11'Jutu;t}f ttl~· 1L~ ~l1f/1 ~~t.o:nces ti: ltarg"r· r~ ·lht.tt· 

tl~~n lti} t.~rtd,. ~teh. ~~Ilttn;t to be- bM~en- ~:ma-~ ~be~ tnt;:mlJa 

ba~., At t!tla --~~~;. tt mav be no'~; t'~t t1n2 ·•· w~b3t!t.tltioa $?t 

. s~ctn:d p..'l~t:tton of'. tho stt~..to11'~rf$ r:in1 sy;,;t~ 1mjt&tftS a st~o~ 

di~~l$i ~tn01lt rJ.o.n~ tb~ e :~ u bard 4irl?ct-i(jtt viltet~ !nt.e~a0ta "¥Jltb · 

taG lJu~g .• ~'1.-~ tr~•it~~ t.U.pol9 ~;~t :r1o~e e;trc~lzr tna.a wlth 

·t~i$ ~ri e:t~s t~lil~ti~tJ. U~lo ntld tii~~ pa,~~b$ the. lo1lg 
I ' 

~d~ t~ansitl~rt m~il- mtr0. 'fhl·a ca:nt~s t~· ·eeo ·nm bund o.t· 
tltl()tt®Q !B ~ l+;)Ja~ - tld.s ~n~ btlt · a~~s not -oont~ tf:a.~t tile 

300 ·~. banii ts a.· ~at~tt_.t:~S: tmi1e1t1on b$:~se th@. oactll$.t~~ 

st~enrwb v:ulU,e :e~. tbjs. t~;:~nilt!wa ~~ one o~Ae' ·or magnttude loww 

t~en tbnt f-!311' th0 ·~J$0 mu b~~ 

!m@ to tho pr~e.t.lCG ?Jif nitr.{) (il~P't Q$ t>l£9' G1),9~,ne•$ tn 

. n!t~~ottt:m~~m•lu ,. tn o.ddit!o:n to l.ta·• 1tb ba~s-, tntl?~~lscul• e! 

t!.li?d lllao l-11 1T* t11~tJons,~1 ~~P•tt m. Nr,ir 

·~he· ~leet~or.ttc ab~ptton · $P~ctro of tb~ ~pn111tM1 in n-be$n~ 

G:ro ~G;Pr'(l)'tfu~ th ·r:!.a~~ a.ta •. ~b:$ -v ~.a~ po;a=!t!o~ ~tr- taG illtMse TY~ 

/ 
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' . I 

in <i1ff$Il~nt tJO.lventr.: and ttl.• i-e~ult$ o£ the ~~et1:al. n.m1y0i.s 

( · tn n . ..., ·h:ei~~a:ne tlhli ~bed cr1r;ta1 ) are Gntm'Dl''~-!t.ied 1n Tnbl-e a.l. 
s:);n !ntenoe b~atl t·s ·~ib$orvelt at e;4oout 31175 c.m."!itl vitb. n very 

blu.r~!!fl tin~ .$tt~,.,ture. The epeotrnil ~r~~lYsi$ s!l01'1s thi.J,t the 

s~~!ng between tho ba .. nds .tn n ,;. }lQ~tl~ ie a"proxL~tGly l27S (!:l"!'>l 

·wbiob is ·JXl!:Js:\blY .. the vib~at·i~oo1: .st;~u.ctUl'e of' t'b.e ·1.1t ---7' 
1t

3
. 

b?:H1rl_, no 1001c.ati~n tl$ to tile p,rasefie~ of 1.,'\---?~t:~l)' ~· t:lM 1 n n-*" 

ba~l~ ~o~ltt b3 ·;;ib;rQV!f.~:• :trAttsti~tj,otl$ w:J:ti.'l oth:a:; r;~1e:tr· find 

non polCt!" $ . .)1vent't.J ~x1U .. ed to ·~~voul tl!es\9 ~!&da •. ue bavs~. ttl:or,~ftV:o, 

£tttttU.:et! tb.e. $P-$4"!t!'t:t o:!"' NP in ac1.!td stat~ ttsing· biphenyl a~ ttJo.~trix. 

~·h~· oixett -~Y'fJ'tt:il a~~ct~\Uil ~$ Ill${} ine·lnd~ in D'!g* a.·~'* 1'h~ 

$pa¢1l~S be~wean th~ tthM!i i.e of· tb.9 o)r'd.Gt' of' lSOO e.ai'•l.. ~l(J~icl~. 1a 

· ~eb lut~~t,w. tli.t~n l.Yl5 ~~l-. t!le prf)·~~sttio.n .OjjiO tO'rt~ng V'ib~atio~t 

f~Ot"~uanev r:11f ttl~· m!i!l(Jt\1&:.-· tilts ~s·s~et.s that tbn:!e three bolld's· 

o'b~ervd !n tbG !'Si~~ ery~t.e1 ~e i.HUlee dtffGlrE"Jnt eleotrott-.1c 

b~.$Yet~e. 

It eee"~e tbQt the w«tk ~1,. bar¢! Qppenr.s in tine tlb:tld. crY$tal 

speetrQ tJt.$· Q, ~O$Ult of gt~l3$t b~at intfJ.t'notiO"tl" It is. ·~xpoot~ th~t. 

tnt~ :t.ntetl;.e'ti!)fl i:l l~'tl.c~· .f.\'¥r int~.m~· l:A --J1.~a t,r~n~itioat oou~ihf: 
~tire rtd £Al!ft tla[~t1 'WMlt li\---;;.1 t,.

0 
t~an.a!tic;n. ·tf'ao thud· lon~cet 

~~"o ler~tb bai¥1. i~ tb:e n1~ 01Y$'nttll r~et1t, ba (d.ther 1
l:::T or

1
n rr*' 

· ~ lS 
t'l"aru~iticy.n~. 'b\~t us?.tallY tho -n rr* ·tt'tafl$1t:!onn ~.ppe~lr· · at l!~ob. 

lt)ngcr ~t1el.Gngtbt.e, it 1$ t'Stl~tf pf'r)b"J.ble f~ thta lo~~st ~~ve ltn~ 



f~"tbl(t- ~, s.l. spaet~~1 t.w~1ve11 ()£ ~no Gleot~o~c f3p~et~ 

O-f 2 ·~ .t71trlf;)tlttorqnat 

.~ .,... -~~1:•<s)/l!!lite> ·--
\;J~V.$1\~et 

•l 
·~·-

.· 

'wJavetmm'bw 
em~~ 

.:c.:··-;itii;I~C..' ·_fl ·l:) .11i'._tli.iWYfJJ1jrij_~l, 1M_.,-_,~ .· 3· •• 'i:.,.iJ)ii.,. . .'l!i 1.". iUI !f_T.t4: .. 1ti!10ii-a)lr;w.tli!J •. II.:. _1 _if~--·. f~l! · ll~-•2p'j,~dl$,\'~-.()( t_ '1 f....,l'~:f.-1!1 i- _I!:__ a . i;tra.W 

(!:··*_· 'G:Y/:.cili'!li'V'it! V Jill "V·'W<f. :;# "J: 

\ 

01 



~he fiurw¥J~eanee ttm ·this. ,fd.t~o~~ooot.1c ®~lld not .b.G 

ltl$tG:Oted ln. tl!~y o,t t;n@ stil~~llts Ufl~* Th.i,s po~s!blY suas~t6 tb4t. 

tho ~ 1T * tl?~sltton ·1~ tb(t lott1esti e~u eifl.g1et,.$lr,.gl(tt t~~z~ 
~~tltln 1t1 ~his ~l~etlln QM 11a f~:t'bc!dden~ ttb.ey. mrt~ditltft.rf$ t~~t 

·ifot'itfl -wo.~ ·thiti .t)tut~ to. tn• gttotl·M· eta'tH$· rm~t ba Wlf":t $filcient,. · 

{t~t: ... T;!ff's.d . .. --. . . .. ~ . . -· ' ... 

~h~- "'-f'tet:t tJ.1t ,~~~1~&!$ >tWlVel1ti$ bas beell iiWe~!fr..J;t~ in tb.c 

l:r1.. ~ 1t$ b!l.OO of 2 • itlt,$flitJ!)lf.eM*~. Thi! OOb -&lGl~i' ~lvet\tt 
ll ·-~·. be~~l~Gf -eJf):16b~~tl&t. ben~$ a'OO . ~~'bij)nt•tt~~blotd.tlo and, P01Jl1" 

~olvent~ mGtb.a.not,. etb.artol". liJO;~ij;p:e0~®l:t te'-t~\ltttool'~ 1, 4 4io~ 

~nne,: tflJ.t:~U,~t-(}~an, ( fl!F >, actit;O~~, etl1orof011'U1 ani! lr..lt~;f ~v• 

l'~•n U.'$.~ •.. 

-~~n.e- w~ vgb~atit1t~~i. st~aottUt• ¢1:)u.l(l rAot b~· ob$wvQtl Jn otna 
s¢llitfir~ts· •. tn. oo~~ ·o·f tt1s $61iifent~, 1tb ·batttl sY~d eouli! ·~ ~f~P~· 
~.,~t-~ O'Ut t:ro~ th(;} $Jjt~nt~e ·~ · ~na the i~ni eiax~r:t .l1'ifeb tbe 

. - ' - ·~-m '-;., ~11'#·. t?~~a~~i'tio~. . '\/~. ~'1;,'1~ r ·a -· . ....... ., .... ~ 

Ttte a~l~>!~ent ~'ft~ct o~ the ab~}lt~otl ·sp~tJ>~ is ~~wn tt"J ~· 

d~0 t() fl'lX'l~:r.·; d!t.P~"slf.V:~ {lf&r!l cG;t$.entut:1un~1ll4U-et1on eft0eta:Uf,;OO·• 

Ill .addition,. O:· wd~ bOnfl· to~t1An bftwQ~ the ~ltlt~ ~m s~)lv®t .. 

. al~~ cont!ilbuto tCJ: th0 ar.t~tWt~'Ol Shift. f:vU,ontlr• f.-.13- ~na ~e._ f4N 



·~ 

~~~tnnt o,f4, t~h$;Y' <ii~e~n~na t!lt;J t!itl~b11 .. 1Mtion of ~ou.n..1 aQ!l 

~~it!lld $.t.$tsa ~$ ~:t.. ~~srllt ~f dJ.·p~la~· 1ntet<f1~t!on~ 

. Po~ llQn- r.ol.ar solv:ealttft th.e j;)iot ot tr~~ltifJn ~~SY $gf}in$t 

the fr;totor t ( n ) 1~·0s> ( rtg ~ l fl \ r/2. • a. ') it!~as ~ &t:ftli~Jbt 

l1t1~ ~1" $hewn ii'l Ll'f.o~. a.,~·~· ,~:SsuwJ..r,:g tbnt t'bi! ~lolutn di1>ole t:!olv.~ nt 
' 

1tiduc~ d1pol• inteaot:lon .~~ w~k -~ntl a_ny s.tgn:ttteunt toea.t 

~t:fiWa.etiolt i.s Gbeetlt1 ·tb:e p~edQmlt~t it~terO:etion ·:!tl. tn~s• .oon.­

poia%* s:ol:veftte is tb.G· d!~P.Cl:leive int~~a.eti~nll! ·Tbia: !e in. oont~tg 

with ~u~ ~;;r~pot~11$en.tu.), ob$e~~tion -ot batboet.~~..io cll1ft wittl tb.(J)· . 

increase in. n -.va:lne o.nd tb.~ l!n«iir :p:tot of V1g., 3,.,~t 

?:h.e ele<::t~~-,~~ie a:b&:trpti!).n opeH~tara of iii" tn n ..... bem.ne solution 

1s 1neret.\s1ngl~, :t<i! mhifterl.. ~.s tb~· po)~ur-ity of: tho solv0fits ls. 

!twl'easoo~ ~~is :r$d ahttt ·~be ~~Pltd.mtet 'by tlte 1ncit~sa tu 1-Je. 

~iliteh $$ ~spenst~l~& ·f¢~ tbttt lqws:e.in,m o:f t11e ex~1too t~-t:tlte :~M~la' 

ffom tba U$~~nt-.k Ctlt~on tit.:;t't~ to tfio equ!l1btr1.um 'st~t<a o,f the 

SCt1ttte .mal~e\ll:$ •. :ib,e r-eoii."1~ntnt!on o·f tbe solva[it d!!»l'$!J is QlS,(;) 

tt'lk!ng plae~ in t\l'l!;t $olv.~tibn sb.al1 (itt:t'itlg t.h& e#:e1t·04 str.tte :t·tt~ 

t·ims. ?ttn~lt th$ e~~nt to ".~tb!(' .. b tba $P~Nm 1~ ?:od e.b1tt~ 

4l:ap,ands u.:t,'On the·. :toO'Ll:e>it:y ot tb~ ~l.vent t'H~~l"" H~Aa.tt~~. t..ll;o e~~~nd; ... 

nfl-tion. ot 'lo.b1e a~2 .~~ows. t~~t tbe vol.ar so, .. v~nt.s ean be cl£Ulsitied 

into two r;~oups n~u.QJ't11ng to thE& ·t~gnttuue ~t th.e sl'd.tt,., In· 1,. 4· • 

d.:!Jil:!tLC!;\lt ~tw t en ~~3 nnd eAOt4;o~o. tb~ red ~bitt- is TM~~i} than, !n 
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. ' 

~leoll:ol.$ to1! .Gqut~lo!at rwl.oetlltit• titvole InOroont val~$S. ib:!o ls . . 

,~l£Pt;;c·tod- ·tn vtnw rJi th.-9 tn.et trJ~t !n th$ ~bo~ifo ~ent.!!)llsd 

:nonaleob.olio p,-?~r solver.tts tb.e eolvf.lnt &beorption ~m !$ elo$~ 

to CJF' tfll.nd~ ~uo ~o~J.lts tn· ~;\leoh<11a and wate~· ar-e f.l!ff<tr~ aiJe· 

attf1bnt•rible to the br;dro,Ben ~.1n0. &nd to the ;vs-St41t{lnt e~.ro~ 

JmQUs v~lu~s of tbe toea!. ·t!eltla t.n tht) soll\t.• sotv~ $)'~t~n~ 

Ot;e1:tln:to~ ati."ctagt.b a.fldi x ~- t~to~72 e;;;.lculations tor- l.t~_}.w .. . . . ~ 

, t:t"ans1t:1-on ln V'{lt7.1otl$ sQlv~nts ·eotl"ld mt b<G ~de because o1~ tbG 

:j;Up~1m,r;o.)s1t:ion. ot oth~ tr4llnstt1ltlns on tbit$ ttntenn:e band;. 

Tho ntt~N:i~~!t)Up p~butiO"n on poa1t1on 2 ot :tlu.oreM 

mo1eeula oonit:h~ tf.l~Yt tbe 1r~a, is 1or;g fl.d.s polartsJld. :tn a td.x~ 
'et~Yat-41 eJP(Jctra thJ.?e bilnd $1st~ bavo bean ob$0rV"~ ~w~e tn 

s·o1utton. only tti$ lntanso 1ta, band oould be ot1aer.,~. t'ne -sat·;.r-~t 
ot~ect on lA ~-lt~ t11ant~ition ~B~IY Utlf ~ts.o ·b;s~ tw~att~atta 
in voriou.a polat ~bd· .oontwl~11 ttOlvMta;jj, 



ELlEfliOlH!C t:~Oili~:tOU .l~f~D fl1-ZSSIOf1 SPECfBA 

O!f 1t ~a ... DINI!L'i:lOfJAflflTf~t\t~!'If:: 

Tb.o >Glsetrttc!e ·.!l'bsos:-ption tlrA •As~d.oi'l sp~otra ot n1trouro~t:te 
eotnp~a a~' ot ooh$14erabl(t :tn.ter~at ~ttl !txteoo td.~tlif!eunt wnount 

~> ~•"' k '~~-~hw it.. ·1,..,. · .,., ..,....,.._,ol•l~l ..,..,.. · """' <k"t" · · li<IAW~n.,,. . ~ ... ~ 0~ WQ,.f.! ~-e$ t!l.s.'"'o<;I!U't,~.,. vS!lu l"'l:ipv.li.n,w v,u SO~ lUO ., ~ili·'""~t.<~C ¢~,vVLU41-i.S 

tb~~~ cl~~:t uD!lore;tatd!tlg io at!ll to be. {icl'd.GV.Q\i • 'i'l1~ tnt0w$S.t 

tutlinly ltem ttl 1nt].)~locu1a~ e~awg0 t~a.ns.tel!' ( ct· ) band eha:cactar-. 

ist!o aft tbti ·eb.1e~tt.d.onor ijii. ucoaptor inter~e.tion ·Involving the 

urrt mo1<!5t1 ·t'lflli ttl& m.t~o s~r.o.up. In Qud!t1onll tba nonttond:tng e!lectJmu 

of' th$· n:tt1:o group sttv1ng a .eat of tile n ·- rr ':t- stcitas tUt4 thG1r 

1.nto~etion with tb0' close lying 1T- n *" stfites ~~ffoet the ~iative 

nnl nonradiutive ~ef}t!h1&G .. flf :th$ ~e$t ~cited atctes in t.ba . 

ntt~oaroma.tie mo1eott.111ls., Itt tl~&.pte:V ·~ 2 aG !'lave 1mr~st1e-1tett.thQ 

4!11Qctrol'llo spectt"~ ot 9•n1tttcf.lnthtl'QCe~ wltb the ar~matte rGaiduce 
co1npar~tivaty ·lorse tints giving tbe lowest &¥e1too stat$s ot bOth 

s!a~gl.at ana t~!plet ~4};n1fold a don1tnntly lT- n-* churtaoter e!>ntru.ey 
. 0 

to tbat obstllrved: in n!t:t'obe~ana 1;4ith ~uall e~eyl tn:01et!f0 •• Im1$Stl ... 

ge~:t1ons on t.J11l t$pQetroseopto propt'l:tties of t1f..ttt0ru;.pbtbalen$"$ ·are 

1t'ltOr(let1ng in v!ow :of thE~ f;Jet tbllt tbo ~!ae of the {~rol'!Ultic 1-~sltluo 

1~1 tbamt,; tloleeul.as i$ 1nternf>:tlio.to betwosn tba.t in rtlt~ber..eenes tUld 

n1t1"0tln.tb.~C~D8S~ J:h~ olsotl;*onie S).:U$0-tf'al p:foperties Of 1J4-d1l1itt"'_.. 



.... !. _, '::- .·: 

' . ' 

nl;)p!)fi!..lai~·l'U!i· :Is no!'Jt ·t:JGll ull\l•stooa,. TbG. asa1g~nent ot lowest t:rip1Qt . 

s~te, ue 3 n- rr*' by.- YS~ker llt .allJ) it* quito clonbtftll.3~. ~o, W$ b~~ 
' ' 

ln.v~fi·rt.igGtet~ tbii elootl!'On1~ absoi'pt:lon an...'l Gmisaion spect~.a e.>t . · 
lt4.aln1tttTJmrAlthalsne in oraQI" 'tQ ~astgn low~ly!ntJ. olectrome states . 

OM to stutly lurnih~@ea.tl~e Ctif.l.rn.(lt$ftSttcs of tbts molecule~ In tb!$ 

cbt;iptt!:r t WE) P":esent ~:av tt$aults,. 

~rna eompoum lt.4~1ntttonapbtb~l:tJno trorJ ·st1at~.c1n O~gun!~ 

cn~ieals was r~cr:tst.ullf.s«l seve-~a1 tm~a troo puv:tti~ ·metbuool. 

Gclvent:s U6~ w~~ ot s,pefltrogrt<.td(} quality:$\ The abeollf-pt!on sp$ctra 

in ·vutious aolvente '¥1$r'ti 1100ord&d at fOI)fl'l t~pera.tm!o t?;)So R on a 

Sil~40U 210 t~ .spaetl'opll~too~ter,. "f1n:l$$Jion :t~0ctrn wQe ,..eeo:tdc.4 

on Q Perkin Blmor NPF 44A spaotvoflt~l'~ater at 7?0 rt*, iltoaphoreseenoe 

Wll~ lsol.ntott by a, rottlt1tlit e~n p!Wepho,-eseopa., Pho$J>h,ot~$seenee lUe 

t~ ltoe mouS"dtDtl uetng a I:J;lt ou 769 osctlloacope dl.\al)l~Y~ ~~be 

emission .or th(;t p~tomtod specias WE!$ stUdied in f.:l ~u~e o.f 

aul:tur.ie ueld with ($-tbanol/metnaool ·c l: 1 bz; voltL'!I.tJ ) ., Pree~~tton 

waa tlllten to o~e t.hat no cba151o~l ~~ctlon ooeuv$1 111 tb.e acid 

a~ta. T!'u!) erite;eion 3-:n this l-$gard wat~ that the spoot:eu, ot the 

(l~:td. $~ltlt!Gn obtlltflletl t=e41ilte1!7 \¢ion· mtung did c0t tllore atteJ.t 

e!hcdlf!$ 1n timg. 



f1he 3b$~ptlQB ~ttoetmm of 114-<iin:ltJ~r~naphtbalen~ ln. llethn~l. 

·~t ~Ot:l t .• pet,~ttn1o :l$ sno'G'lll tn F1i, 4* 1-. In tho W .- 't¥!s ~~on, 

thr•c broad ba.ntla witb /\m~~ at filJf)Qt :313 m, ~ Blm ~m- ~·· tlm in 

t!ec~•a:tng ~or of 'ntcns·ltyc ~· ebst~f.i(i. fbi$ a.bso~gt1ot'tl. s'tlctrum 

1s .s!.mUa~ to ·tilnt ot lt8~lnit:tt{)MJb,tb~l.mtG1 a~$pt tb~t tlle ban:ltt 

a1~ "$4 eil!ttat tn tbls po1al' lt4~1id.tJr'{~tlaphtbllltmG trJo~ce~G. 

Ab~o~·t1on SJactroa ~:f batb1ltlm1~e. in mr,Jth,aMl is nlso. ~lottn i,n 

F1~. 4t:l fc,tl compattY.t~nj tbe ~a\lso~ttoft ep~~ ot· 1t4~1mtvowpb~ 

th~let» 1~1ffor:tr. eo118:t4ct$b1:y 1~6~· ttltlt or· aa:pbtbul~ne. I!ore, wa· 

eonf1ne (N:cJl 'tltscaasicil to til~ lew 1r~g statG$ l.e. ttiG broad b~Kll 

ln tile sp~ctt~l rtlfgion 300 em ·~ .. aso m otlly. ltl s2 $Qf mtl:tu,o !n 

motbfil!\Ql th~ 'brc~~ ballti is teen to c0!161$t ot twf) ~.U.$tloot ~a 

'W!t!1 )\ tl$:; at aa? m ( ·B~ !% ) ~ nt $2--{l m ( Banet t ., i"esp$et1velyj) 

)'. m.;..;ti!J. tor ·the two bontls et'>tt14 be £ta$l1y '1,60lltM tor tl\~ ~1Q-' 
;i!>~~ 

$01vents tb.ou:eb: itt non;oi&:r aotvents . the s.igtllf!c~nt ov~l11GP or tile 

tl'l() ~Mtl •pat-red )\~,.:; l()ootton .to• tho low. •n&rgy b&fd :t. I:n 

T$lile 4•.lt at)'! vent ~toot on. tba ~ -~ of tbe two oooos :1$ Sbn-l'ln, 

lt :ta obs~rveet tho.t tbo )\ ~ ot tb:e low ene?:'au· b~n'i ttllG'"tii$ a, large 
·~Qd sttift ~1t!l solvent :;clAri\tr taM in ~e!dlo f:l(1;.ttn, t~1!s ba.mtt Is 

.alm\')st ~pl~tsly $6!)~ratd ~rll the b1gb on~gy ~nd x;r. '7.'bl$ ~ns 

~t tb¢\ uppu $t_atc ~e$ponstb1G fo:t" · tb1a band !e o~l"e!~oly polo.~. 
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nand Ilt: on ttl~ ot.!l0~. bard., sbow$ a lJ.ttla rod· .~~tft ~~:lth noivQ.tlt 

~e~~tivo 1nti('JX (n) .• ~h£me results sugc{:)st tb~t n-o.~l l -'e n 

. prooo~n.tnantlt c~ roPtt iitbere aa j5lanti Il correaiPOrltl$ moatlS" to tb& 

loea.:U.ee4: f¥J~tbolono 1Lt, bllnQ•, ua, tbUs, asa!.~n bani :t .a~1 ba:ntl ll 

·ns ( a0~3e~ ) and ( SJ0-4>'rr-rr~) ~espeetival~ •. Kojima; ~anako. ard 

nas~i~4tl attll"1bu:t1l:4 'tlae brt:?o.d lQ:w (l~!$1 b;\nd ( oows$pom:J,ng ~ our 

......_ batld l &1X1 bund II ) of l.,5-d1n1tronttpittha1ene to t~o overlsppifiS 

banas,: tbc. loUJ tanergy one eo~';t:espon:ling mainly to tbe 1ta of naphtha~ 
lena .mt.xGd to· sone ~-ant vd:tib tlilphtb~lane l:tb ~rut tb.a lc-r triutsttt~tl~ 
Tba b1eh ane:r.g1 bun! !neludE:1s· t..tu~ t~bov0 mont :toned. three transitions 

in a1m?st equ~1. pr~portion. Tilts· is app:rec1$bly diffe»Gnt · trom .'Wbut 

ofU.' ~(}su1t~ oi" 1,.-l•!!(ltnitlfoU9.Pbtti~teno as d1seussGd above suggest. 

The 9f:teet of v~t'!oua iSOlvents on bun<~ ! awl II bJ~~ been 

!mr~stigu.ted. ~e nonp:tlat? ao1venta n • b.e~ne,, n .~ hep~no.,ey(!;lo• 

heJrono, tttatbrleyelob.o:tan~ enroontet~a¢bloride, bensen$ am lX'la~. 

sa·1v4lnt~ .:lt4~1oxune1,. trattv:tb~o.ftlr.'an, ®loro:fom; etb~lw1, ti~tt.uilM1 

aM atbyl..o.eet~tli> nave bt!!O.b us~~. 

t.rbe solvent ·erf'eet on the ebSO.'f'Ption .speotrwn or Cio [:folute 

moloettla i,f! known to ·be duo t~ dipolar inter~ction; di$p,n:•a1vo 

int~a.ct1on ~l'll als.o au~ to ortonto.tion 1:-xtuotion ~ttoot ot tb& 

$Olitent dipole~ on tb.e solute: 1Ao1ec;ultllts00' ~*'2• '5vit.lE!fntly . tbe · 

t::U.po1o..,~Ol'!ient in tb.e ~Und ( ~ ) a..ni 1n the oxei ted state ( K.e_) 

are lmpoJ!'tan.t. as they dete~in• tbo ata'b111atd:.1ott or tb.o gl:'oUL14 and 
' 

tho exe1ted · stataa as a result ot dil'()lut" intoruet:!on. :t.n. addition 



a · f!Qld 4tiN*l1~ptxt by tb~ loc~l 1nt_.aeti¢n llk$ u~ bok!4 totl?.JAt1€)a 

bt1Jtw~en the solute ·~ the so1V'ent ~leeules nlso att~ll>Ute t() the 

speetra.i ahlft., lt is 1ntt1roat1ng to mto ·tb~t both fur pol~ ani 

oon polnr solventtl' pl,()t. of t~uns1t1on anorgr .:::) mx agntnst a 

to.e.~o~ t ( n ) i~tO:• ( nS '!~'~! 1 )/( ri2 -+ 2 ) :fot! batti ;u: gt.vo good 

sttal~t Un$ (. !?!8:. 4,2 ).~ Tbls tnti:leflt~a t~1.~t bo~E51 ·ttt~ dispart~lve 

int~lfnct1on prot!onir..utos over th$ dipol.~ 1nt0i*net.ion:... I*'or tn& polur 

molocu1a lt4-d.lnit~oanpntnalR·sne,. tbls l'lrtber su~tosta- tbu,t the 

ct\nnr;;e !n 'the d!:pol~~trt~t on cseito.t1on to· tho !!tat~ :rospon61b1• 

fot* tbl.s 'b~nrl ts .~11• In GOtia solv&ots liko 'd!oxi.JM·; cblt>t:tltovm:, 

cattbontGtr~~Cblo~lde ~~ beMOtlGt tb;e plot .._J Wta ti.~lfu)t _ I ( tl ) 
' 

to'i! bo.Dl.i II tbi:')tifj};l ahc>'il l!n~rl;tyt· fom ~ dit;farf).nt tt~.fl!{tbt l.!nG a.t"d 

ltl~it lal!ge'1' slQpe· tua;tl thut . for othor solvGrd:,:a• ~b.!s t~ss!b_l? 1s du• 

tti tbeso solveftts· having cleetlt'onio G.bsorption b~~ eloa'l to oo~ II 

ot lt4-diniirona.pb:tilti1:en~a~ r;'or bRAn& lt ~.1® ltaearity fb~ ~ ....,.~ vs. 
. ~,\>l~~-

f (n) pl~t eculd not be obt~loo.l ~~ tb1s !~deed 1s w1a.t on0 can 
\ 

G~eet tor Q b.ieblV polar exett«l Gtilte tor a C! bcl,ntl wbw• dipt)la.r> 

inte:raet1ons 'Ptfiedomlnt:.tes. 

a· 

pl'()tte so:Jvonts t'i't WE. at-o allown in Pta- 4.3-. ~be $J'•otral ·~nse 

300 m to 47o m bus beGU .reeord~ t.;;!tt)oat uoo r-eat upt-o 750 m with 

u. phospborasetmca cltoppar. ?ba pbospborese~neo speotr.Ja eotaeiete ()f 
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th~~ broatl baild~ ~~~tao 0 .. 0 bn~- at, $£'41) cn~l. 37055 •""l awl 

at :&.?~ et~ ... l tn m.ettt,vlc,elol}~ne {U~H.), ethanol -Giltl £n uci!iie 

· oth~~l _!. e, 1~1 n2 ,at)4 fn ~bo~l. ml~t$· 1'0$PG.td*iva,.,y thus sbowlnu 

£~. ~ed shift ln P!f0t:1~ s'@.lvants~ it'lo tm~ poe!t:tons ant n ·eentat1ve 

v:ltmrat1owl. aG~~~:.nt -of tho ·phosph<>reseence spaetrwn is dbolfi.tn ttl. 

'lt\fjl~ <1•2-~ ··fn ~oth1toyel0b$~tne s1a.se at 7ii;)Kt tb$ ~oaJ*t~ase~ 

ts 'Vt/Jil'fl w&!ll( alii tlQ· fl.ooreacEjnee ls O<'b$~1fv~ even witb. maxtm1.m sttn.• 

sitiw!t.y of tbtl· ·flu~ittu~ter i~ier~t11'l~ Q Q~tlm ~31dl cpF <. 10-.i• tie 
' ~ 

e~t~rto th~ pho$pbo¥'&Geanee ~ntum ;t~14 in matbt~lcrctobe~ta" q ~ 
- p 

10•2* IIi t>r~tt~ s~lve)nts; the :.tlospboi?$set)ne~ intona1t1 is ewanceei 

a.·od •tt tlddtt£(1n ·~k· t1uM~$scen~e _ appea~s ia tha 400 ati:-4?6 m r-eslon*. 

This bQl\ilvi~i11 .oft l;4~1lllt~~!lPhth~letae (gjfiN) moleeu1~ is sir~l1~r to 
tbat obse'fv~ tn m.ny pc1Jo)'cttc soma'B1nGs aUoo 4S qt\:liwl!n$1 lSI.)• 

quiaz-11ne nm S.:Cl"'it!ln&• lt~ev:~,-,- !a ~ooa~!tl&St t!l~ tf-'il)!.$t tt'®U.tmtl 

yte1.i !s ~11 (0~2 for QUislcl!n@, o,.a tel" !scquinol.1ne'3> 'Wtaml~~ ·ill 
.~ l'l1t.tompnttml~~s ~tl$e trlptg~ qoontum V!eld ha.s gen&ra117 been 

' 
obs~M ( o.GS f()Jt 1~f4tronapht&illatttl nDa 0•8S foztt 2•l"d.t~rml,il,.. 

~1eg~0t-S ).~ Unto!*tntmte-lY we ~vJtt nt)t bi!Jen Qbl~ to m&lsttl?e tbe 

t~i'l~ Yitilt\ tor a,4~1n!:t~"~phtlullen& tnltacul~ nn! to $8$ u lt 
' 

· !rho l)b.os~~s-~n<!e. po1G:tt1snticn OO$ bQf.Ul m.n-SUl'fAt h etbQ.m1 

gbla~ at -w~ ·~ith .331 m e:(t11'tat!on. Tb1s is ~lao sbown #.n vt:;. 4(ts. 

oa 1rr-rr*" e~~ttatLln,, ~* pola~.l-•t:ton -<bagtioo i.s n~gat1vfJ ttnrottgbottt 

th~ wbol~ spectral ~an~e alld th& phtispbereseencGt O!i!gin bo.s a ~gQ<ti'V$ 



-~ 

Pl1V1l~pt~o~$tme~ b$bibJ ot ~--4~~llntt:ronapbtbn1erte tn 

va~1o\ls g'lasae~ ~t 77'J.t. 

'f:liltft\t 
Poaitlon 

i,:. "151:{: ·n- :io -~7'111. (~ c_, ~r~~ \~( ..... J~ir 'JtJ(I(IIM 

!SO$> 

10096 

iG3a0. 

Et~l + 1oo;~ ll l7950 

3S610. 

16270 

trentnttve 
Aesi§ftilrent 

( o,. 0 ) 

0 + 1BGG 

o+extSS5t40 

0 + 1800 :t 10 
0+2ltl566*-20 

( o, 0 ) 

0 + '1300 + 16 ~ . . 



vul•~ o.la._ z~tom tbG e.otv~nt bebo.vi~t~r ana from tjhe negtlt1ve· . . 

· pola~!Siltion r>n 
1
n-rr* •-r.d.tat:ton we as$lgn the l®cat tJ!1ptet st{lte 

Q$. a 3 TT- IT~ ~tate, ·tt.tis C.Ol'telnslon -~!ffe~a fl"t>m tbt~t of no,- aJd 

·aed.{~t-1° vho- $$~$gnoo tb" lowest tti:lpl~t $tate ·t,W. 3 n-rr* stc_ite • .t;.$ 

hfltl bsetn point~ out by ~1119 B~ch ani t.!eGlynns., thoit !'esult ts 

qutt$' :.u.:l'bte:u.oU:$ pess!bly b0e·aUs$· of tf},®· low ptJo~b111tS" tasaoGi~~tea 
' - . . - . ' *" 

with the Q~ettat1$n 1UtQ tb.e verv1toak, ,t;.oorl~ trosol'!J'$11 rn-n- tog1on. 

·~be l'l»sr1ho::osoenee 11Ql~}lt!iso,t1an ot 1 ~ ~iitro 4 !lilt· metll<fll. rt;~r.h,t..":a1ene 
,~ . 

bau. b:G:an invoot!gnterl 1>1 KJ::iiShllla et.nl •. "~- nrrl. 3rr-n~ ilU$ boen a;,own . ·~-

to b~ tJle lOt16l~t triplet stllta.. .Itd$~ ·tho atru"Oturo ot tlle IilO.$pi\O• 

r.eecatl~o s~HIJCt~tu;.t ot th~ · l 14-d!n1tronapJltllalens tlX>lGeU.l" 1m nt~'Phtll<."l.<ll'> 

lonte • 

. r1ow" 1-t 1~ qu1t9 likely ttl-tit tb~ n~st bieber . t~ipl(';t stat,, 

m-!gut be tbe,::,n-rr* sta·t~ If it is S:Dt then owtlls to the tJpl!'od.wit;v 

affGi~t11 74, 'it1b~otlie 1nt0t~aetion b0tv;~on tbe e·losa-lyin.m tl1'1t•let 

stt4toa uoold b~ .tmpo~t~nt unl tho r~c11tit1ve and noM-ail!tlttve u&ooy 

processes ti)l...\S·t be c.tte·ct«l.,. P... tuw val\#:\) ot phoepboNsoilt~C<¥ qw.ntwn 

lli~ltl e~l£'1 tet\~fh'W.bly b0 ntt»ibtlted ~s u,n tmme.!ili.\t$ eonsGqucno(l ot lt.;,; 

· . li$ tla.V$ ulso t'leeu.;-u:oo the pbo·e:phor0!1CG~~$ lite title monitoring tile 

de~~y Of rott~ the 55.7 nttl ~ni 602 m pa.tlks*' Tile t"tGtlil phOsphoraJCQRCO 

1tt~ ~etmG' in etbQnol mlaas· 1.s 10 De• ~rb!s vul'ttO · is s1gnit1enntlV less 
ttlf.ln . that ot r~J)btbulatw \~Uli~ 1s e $eG• It na$ btJ-Gn shown. by r:q1tf.14 

. ,3. * . 3 ~ tua;·t ~ elom~~lY!ng 1)-rr _ t;tute oan $l>.o~t~n the n--TT -.:ra0 phosp.~ortJS• 

cone~ l:tre t!mos $1gnrl£1co.nttv dtte to . tbo vlbt~omc :1nt(l~action b$tveen 
3-n- rr-Y..-atl{.l :; rr - n-* $'ti:l:t~a, 



~lie p~s:1ttan Osf! 'th$ -t!r s~t01. t.lli0~3 otb~J£~s, tiatsrm~M tb~ ~tlte 

Qt t!.nta~l-lf&t• e~$oing (i:SOl !n nttf'~~l'omot!rJat1,. 1 
Ct. ~t~te t~ 

. ' ' 

.J:..,~itrro~!~~lone ·~~~ b$~n. ~ltown to b$ a,;t lliih~ onlZtl'i!V' tl11ltl th~ 

i.Ot1C$fi el11gl® $tat$1 wb!ch 4s \rn-rr* state uml UlG :initial ,Stfiite et 
'. . .· ' *' . . . . . ' .. 3 * . . . . :IsC': i.e rn- n- m~o ~ff· tb~ ta:nal st~t~ ttJ rr- lT • ~~J?om our absorption . 

·apoo~a. :tl:O hav~ ob~J~ tbe. st~te "With p'red~t~itltlnt1y c~ eh~a~ter 

--+ G.t sao nm r~{l ~na we hl.?jVii) oot obs$iv<r.l a.ny 1
'ft- rr~£rt:&\ta tn!luga tn 

nltt*oar~ma~1e· mt.)l~eU.lea '11 -rr'k- is ac~0ptGd aa tbG 10tt0$t singlet 

$to,te3 ja·. fh's weik t1uor~u;oence· (¥'.niaJ:d~on wa b~ve observed :tn pl1otic 

ao1"it'~Ettlta o~&gJllBtes ~~ about 300m wh~~e m ab$~~r;ft!on hand 1s 
obse:f~Ved ,~ad t1hieh quite on tl1e ·~~. <Gido of tno to,.,ut a:b$iO~tton 

b{.):~ I ( 'cT~f~o) obsm.'V'etlt!\ ·zt is qu.:lto 1M:stu tbGt th~ 1 '¥1-n-*""~~te· 

is 1oe~:t~ t~ tb!l$ $p~ctr;;•):t l'e!1on Jil~A tb.t)' 6'b$QJYVt1il ttu:e>lJ'ti.lSe~lv.it is 

. dUo .t() 1"Arr~ S0 ~a~1tion~. 

To det~u~ the initial state ot X~ t ~e btJVe $tad1ed tba 

~~boephor~sc&rm~ ~cit(ltion ~~~t~~ t~. protia t:lM n..?opJ'otle $$'1Vot1ts •. 

:fh1$· ~~ •~~ ztn 111~" 4,4.· tt 1$ ;u~t<:W~$t.1ng to note· 'th!Clit in ~thYl~ 

eyoltlllexnn0, tb:Q a:.tottnt1on ep~ttmm ls ~ bft>a4 bQfltl wttll ~mater at 

a boat $54 .nm t_.e,. th~ · Ci? baM ·11.re h~v~ obtnt~V'Q.\ :tn a;b~~~)tion,., tn 

pzrll)ti:¢: faolventa, h~~4~ the ~it..u.Ua.n ~Ptie~ 1oo.kfl_®mple¥. ~nd tn 

(:.1.\idlt:J.on to the b~o~a ba,t;:.d S~ OV$}'lapp£ng :.f'oi~l.t!vgiJ' sn~p 'ban46 

t.:r1th tbe <.';-ristn. ~t SfJS. .m a~<o cb.sG,ved~ fboae li''l')~~1ts .show tbQt ifi 

nonprotie ~i'~'iletlts, the tftlttle1 state of :tso 1s 'cw· ~tete ~iaereas la 

~Vl'Jit!c selvef!1Ha aootbe~ stut~ with. ttie origin at soo Mt ·ttil1d'i we 



> :,. i= 
<( 
.:..J 
w 
01:: 
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WAVELENGTH (n m). 

Pb::>GpboreactLW.QG excl~1ttton ~·et~a ot ~:U1ttrot'Ulpb.tba1tM 

&t~. 

1.. t•tethyl\J10l0hmrane1 

2.; atbtloo1-; 

3.,. 1\e.td!e etb$.t'd'i1~ 



thtnk 1$ t!1~ '-n- \T ¥-atota,f) is Pf1n~tpall1 tba Wtia1 state f():t . 1~1 

th$t1Qh SQme $?tutt (Jf unersv ie 6l.sG tftu'wfe:r~ea. £l,?Ot7! tho 1c!J? state, 

:i1hun, t1$ eoneimle that the 1~~11~ sOh.~ 510~ tba 1GW 1y~ st~tQS 

!n t,~~~!utsroml*"tbal~$ t»1®nla is 

'!io)J tbG qUe$t:lerdl oottt~al.ly ~~1$0 ~1 firstlY in liDS tb.e initial atate, 

o~ If~ !s 1 c~ o.ni not tba 1 
'0\- rr * stnto t;i,M sf§®ndlV' no f1tto1Paso¢fMt~t tHm 

tbt:iJ-a~ sope»~tll:Gn battr~n. tb.e'cw {l;n¢1 
1

'fl-~~~ is =r~ in tlOnpl*otie · 

solv~nte tbau !n protic 801ventS: &nd: os such tbe oo~adiutivo 40~1 
. I '!/:: . . . . . .. . . . . , . . . . 

1'0\lt(t 1\ -rr ~ i~0 due: t~ ·•p!'<>:ldm1ty effect• in bv&~~~bon s~lvent:s ta 

$%Peet0d ·to b~ l$$.S' et.ftatent.. ~l'llas: suggests tba.t tber.G is sottta o.tbal! 

d~a? ~oute' ~e,m the 
1
--6'1 - rt st~ts .. 

rz10 b&vo v<Ktorf.:i:ei the totu1 luti1neseanea :aptnetr~ 1n W:t.'ioue; 

s~i!'\'tlllnte w1U1~t t!l(!· Jb,a.s}ltloF:o~ot.~a. '!!lao lurd.nes~anet:Jt spectJ?~ ln 

otbf;t~l ~. !!\· Jt.cH Sl~S!t:t ( 7At ) atfl ~own in Fl~ ... 4.$~ Ift 0t..~am1, 

us~l pbo$pho~~ee~e butlf.hl tui sn~~n tn· t}:!g., -t~a ~l*G .rJ'b$Mtved. ::tn 

!rea, tlowev~!f, an tnt~ts~ brc>~tt._bu.ni wtth )\~at about ·$/lO .~n it 

tOb$~vi'd ·ato.ns witb tbe titOSiitlO~eseoneo ~Ids a.ppoor1l'lg vew ~~ ltl. 
tb.~· t4lit of ~e ~poetrwn. :t\9 ~'110 ooncm'lt,atien of lJf:U.~ dser&l$~s, tbtl 

intenalty ot tbe ~td1 oon~:l' ·aeereus0s anli nt ltJ•? f1 tbia ba.M does t'lOt 

&pp~~re,.. tJe btlV'& 1'0'olted into t~e tOO'per~tu:ro dopend0lle9 of tbts bl'oa..d 
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bnntt. Intenottv ot tnt~ brottd bard decrease~ w!tb tb.G tet:Jpal"stl\l(!l 

an1 Qt toos t~per~dzu~e this sm1aston disappears orad Q wGok 

fl..uoraeeonce or DIT.tl !a obse~vea. Tale b!Yotu:I -amls$ion bond 1ri r:!cr:l docs 

i not so~ to 'be o solvent asa!3oio.t$tl 1ropur1t.v em1sa1on as slt11l.r4" 

ep~tra are obs~&w€4 at·' ,?7tt ln other hydrocarbon Stllvantv we t1av0 

&xat1Ule;d lit~ n~p$nta~"' n-hamoo, tao.<~~~pentuna and iS.I)•Oett:tne, 

-+ AbsaneG of tb!s ooistJ1on in p~f.)t!o G~lvents Glit61wies its 'being due 

to SQ1Ut0. aseoe!Gted !elpu::itv eroif:lsi@n. tio bu-v,~ ()?..ntnined tb.G absor· 

ptiQtt sp0ct»Um of cone?Snt~ut«i SC~lution o.f t).tm !n avdi'i.)Carbon so1~1m1ts 

at 71lt. !JO absol1ption 'baM !ln tbe apeot~Q1 rogi6n. 410 :~ 'jl;i. 500 m 

is observed- Tb!o stltlft~Sts tt~at: tb$ broad. ~!aa!ot~ ·bf.i·nd. 1s not dU-G 

t~:> dimt3l:' te:l$t!i1on. .t\ll t:itl(la~ obs~ations elea~ly 1tltl!eutG ~tmut th:e 

1wo1v~ent .(If soee new st;litQ~ 'Wl'lteb tn Ql]; probO;bi1lttl is tba 

eX'eima &.tat$ ( ~Ji!·. ) in hyrl~o¢xwoon cot.ifle-ns04 tu~iu at l<'Yl'! ta:Jpol'atu:te. 

tJ1th 4$Ct~3!sft:l; 111 eonolSnt~&ti~n, tho 1n.tgnsit.rl or tho bvo® axo~ 

·~ ~lss1on dee~~a:$tiiS. wn:t10 that of phospbor~socnee tnc:r~eee. 

ft~ pbosphotreeeeneu ar~ the 0ltcimw t.alle1to.t1on spaet:rfl. oJ?e 
I 

cU.ft~ent ( ~·ta. 4.,G l~ P~om ·tita solvent fJftaet on absorption spootra,. 

tbe bnna at about S&J. an la tfM!M 'to· b:lV~ pr~onlrt~~tly CT cl:~~nat~. 

"i'he !bospb.oreaeGneo !n nca te. ~lnly due ·•to '0'1? excitation, tbe 

tn1t1.el etate of :u:c ia: 1 CT ~·na tbs f'1rml stute 'maY be eitn•r 3 n-TT '* 
or ~ tfl- rr7 ~ ~h~ exe1~.tS:on spectra eorttGsponaing to the ~~llt~it!lar 

~ztd.esion too~s O®i">lG% wh~rs1· :an .Qddttlon to the broa(l 1 Ci'' absorption 

b;aMt a-ema S.;a~p tr~s tifith otris&n r.1t aboUt 23900 em•·l tal'O o'be~rvGa. 
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285 340 '405 465 

WAVELENGTH cnm> 

ts~e:1tation $poetra of' 1t4...dio!trontitmthal0ne in meth?1 

.,ye1oh.Q&nf3 at 7f'it .• 

l• Pb.ospbe»rtlseancG exe1tation spGctr~1 

2, llittoime m~e1wt·1on .GJ)JlMt~&. 



'ThO:$fJ: ~~p ll5dll1si> in !tlU:t- opttlton, ore dtt$ ·to 
1~ -'IT¥<-~xo1tat!on. 

. . .. 

!ff.icod, t;tl~ !tl¥~ flUOl*oscoru:a observ~ tron ~nn <'>11s.1~tos n.-em tbt.s 

' n- rr"st$.te,. 

fb,g abseneo Qf tluoraseenc.e an.-j tbQ p~cm~t~noG t)f a wonk phos. ... 

phovesoenc$ 3.-n byttroe~bon solvents ot low teep:erflture is ~t?.ntl.y 

tti.UQ tG ttl(;) ~ff1Q!eet '-n-tT""'~Dtt; "nergy t.tnnsfa'r ~1cb r'~os: tbe 1'Yltr~)11rr* 

if.C 1~sc pt:ebable~ 

cuoo n.n oxetttGl~ ·~!asi-on te mt observed in prott.e aolv~nts~ 

i11t~oa't~tio ~lffooies in pr(>tle solvents ~e kno-wn t~ tort::\ a 
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Two band systems have been observed in the electronic absorption spectra of 9-nitroanthracene in the 
near ultraviolet region having origins at 26100 and 23800 cm-1. These have been- assigned as 1A-+lLa and 
1A ->- 1Lb transitions respectively. The emission spectrum of this nitro aromatic compound has also been 
reported. A good over lapping between the emission spectrum and the 1 A -+ J. Lb absorption band has been 
observed. It has been sqggested·that the low energy excited singlet state is a rr rr* and not a n rr* state as in 
wme nitro aromatic coci'pounds. IA-+ 1Lb band which is hidden under the intense lA 41La band in anthra­
cene, tln:s, appears in this molecule due to the substitutional perturbation of nitro group. The solvent effect 

on the lA -+ I La transition energy has been explained in terms of predominent dispersive interaction and weak 
dipolar interaction in non-'p('>lar solvents and in terms of orientation-induction effect and local interaction in 
polar solvents. The observed change in oscillator strength of 1A -+ 1La has been explained in terms of inter­
molecular forces between the solute and the solvent molecules, the translational fluctuations between the 
induced moments and local interactions. 'Intermolecular force factors' for various solvents have been 
estimated. 

l. Introduction 
In catacondensed hydrocarbons, as one moves 

from benzene to higher polyacenes, both 1 La and 1Lb 
energy levels of benzene move to lower energy. The 
lowering in energy of 1 La is steeper than that of 1 Lb 
and in anthracene the longest wavelength band is due 
to 1A ~ 1La transition and· 1A......,) 1Lb band appears 
to be hidden under the stronger 1 A ~ 1 La transition1 

at 37oo-A. 
The nitro group is an important chromophore. 

In the ground state, each of the two lower bonding 
and non-bonding orbitals of nitro group is occupied 
bY two electrons and the anti-bondi~ orbital is 
vacant. · Substitution of nitro group in the anthracene 
ring is expected- to sho~ a strong effect on the 
n~electronic -states of anthracene molecule. It was, 
therefore,'thought worthwhile to study the electronic 
spectra of 9-nitroanthracene. The effect of various 
polar and non-polar solvents on the electronic absor­
ption spectra of this molecule has also been investi­
gated. 

2. Experimental Procedure 
The sample of 9-nitroanthracene, a gift from 

Prof. R. S. Becker, was further purified by repeated 
recrystallization using purified benzene. Needle-shaped 
yellow coloured crystals having melting point at 
l46°C were obtained. Solvents of spectrograde quality 
were used. 

The absorption spectra in various solvents were 
re~orded at room temperature (25°C) on a Perkin-

Elmer 202 recording spectrophotometer and also on 
a Spectromom. 202 spectrophotometer 'of Hungarian 
Optical Co. The emission spectrum was recorded on 
Aminco Bowman· spectrofl.uorometer. 

3. Results and Discussion 
3.1 Spectra 

The absorption spectra of 9-nitroanthracene in 
various non-polar and polar solvents with the saine 
concentration at room temperature are reproduced in 
Figs. I and 2 respectively. The results of the analysis 
of the bands are summarized in Tables I, 2 and 3. In 
all the solvents, a well defined intense band system 
at about 26100 cin-1 is observed with vibrational 
structure. In non-polar solvents, however, few more 
weak bands appear towards the lower energy side of 
this band system. In polar solvents, these weak bands 
lose their structure and a general broad weak absorp­
tion band is observed in this spectral region. 

240 260 280 . 300 

WAVENUMBER 1 10
2cm-1 

no 

Fig. !-Electronic spectra of 9-nitroanthracene in various 
non-polar solvents 
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Fig. 2-Electronic spectra of 9--nitroanthracene in various 
polar solvents 

_A close examination of the absorption· spectra of 
9-nitroanthracene·in vari'ous·solvents reveals that the 
strong band system at about 26100 c.rll-1 resembles 
the lowest 'energy absorption . band of anthracene 
(Fig. 3). The bands on the lower energy side are struc-, 
turally different from the bands in ·the intense· system· 
an~ possibl~ belong to different electronic. transition~. 
This deductron has ·been further substantrated by the 
vibrational analysis of the spectra in v~rious solvents. 

It has been pointed out by Coggeshell and Pozef­
sky2 that in benzene and naphthalene spectra the vib­
rational spacing involving transitions to a 1 La state is 
~f the order of 1400 cm-1 and -in transith:ms to a 1Lb 
state it is of the order ·onooo cm-1• The 1400 cm-1 

vibration is associated with. the C-Hin-plane bend­
ing whereas the 1000 cm-1 vibration-is the ·breathing 
vibration of the ring. 

The analysis· of the spectra of·9..;niti'oanthracene. 
shows that the separation :between .the bands' <in the 
iritense system is about 1400 cm-1 which possibly is 
C-H in-plane bending vibration. !J'his ·vibration 
for!lls a ·progression 'in the absorption 'spectra of 
anthracene solution at room temperature (Fig. 3). 
But the separation --between the bands b and c is 
about 900 cm-1. This suggests that hand c belong to 
two· different ·electronic ·transitions. The· separation 
between the bands .a ·and .b of the 'lower energy-band 
system is· much less than :1400 cm-1 and is about 
1050 cm-1 : -It-seems that possibly 'the ·breathing vib­
ration oLthe_ring_forms .the progression -in the weak 
low energy .bl:ind 'system. We assign this band system 
to l.A "-i>'- 1-Lb·. tr;:msition, which ·has been shifted to 
red; more than the intense 1 A -+ 1 La transition and 
the two band systems ·have been :resolved in this 
9-nitroanthracene ·molecule. 

:The emission spectrum of 9-nitroanthracene has 
beel{11i\S-estigated. In cyclohexane, emission-has been 
obs~.r_yeq-' Th_e. _eg1ission spectrum is reproduced .jn 
Fig~ 3. A "good overlapping be_tween the observed 
emission and weak low energy absorption spectrum 
is observed. This ·observation ·is interesting in view 
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of the fact that the lumine~cence of nitroaromatics is 
not yet clearly understood. Many nitroaromatic com­

-pounds exhibit either fluorescence or phosphorescence 
- and few exhibit both types of emission. The lowest 

excited singlet and triplet states of nitroaromatic 
compounds are usually nearly degenerate and both 
rt'lt* -and- n'lt* s-tates are present in each molecule. A 
·good overlapping between 'the lowest energy weak 
absorption and the emission shows that both initiates 
from the same states which has a 'lt'lt* character. It 
has been suggested by Plotnikov3 that as the size of 
the aromatic system increases, rt'lt* state moves to a 
level lower energy than the n'lt* state· energy level. 
Intramolecular charge transfer character of the low 
'!nergy state is also -expected to increase with the size· 
·of the ·polynuclear nitroaromatics. This should 
increase the 1'1trc* -+ 1rcrt0 transition probability. 

Thus, we conclude that the lowest-excited singlet 
state in 9-nitroanthracene molecule is a 7t'lt* state 
and that the ·system · having origin at about 
23800 cm-1 bekn1gs to 1 A :..___,. 1 Lb and the 'other having 
origin at about 26100 cm-1 belongs to 1 A -+ 1 La 
transition. 

3·2. Solvent Effect 

·Solvation· energy-The solvent effects on the elec­
troniC< absorption -spectra -of 9-nitroanthracene -have 
peen studied. The non-polar solvents n-hexane, cyclo­
hexane, carbon t~trachloride and benzene ·and -polar 
solvents methanol(MeOH), tetrahydrofuran (THF), 
1, 4'-dioxane, and chloroform :have been- used. 

In polar solvents, though 1 A ~ 1 La transition 
shows a vibrational-structure, in 1 A -+ 1 Lb the vibra­
tional structure is not generally obser-ved. Ih non­
polar solvents the vibrational structure of both 
1A -+ 1 La and 1 A -+- 1 Lb transitions are observed. 
However, the vibratiomil structure observed in ·Satu­
rated hydrocarbons is appreciably blurred in the 
solvents like carbon tetrachloride and ·benzene, possi­
bly due to stronger interaction between the solute 
and solvent molecules. 

The solvent effect on -the absorption spectra of 
a solute is -known to ·be due to dispersive interaction, 
dipolar interaction and in case of polar solvents also 
due to the orientation-induction effects of the solvent 
dipole on the solute molecule.4 •5 In addition, local 
interaction like .bond -formation, etc. may also affect 
the transition energy. Quantitative estimation of the 
absorption energy could be made for 1A -+ 1 La tran­
sition only. For both non-polar and polar solvents, 
plots of tr~nsitiqn energy against the factor 
(n2 - l)f(n2 + 2) give good straight lines, where n is 
the refractive index of the solvent used. 'Fhe · linear 
plot for the polar solv\'!nt is, ·however, on the •lower 
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. Table -!-Absorption Bands of 9-Nitroanthracene in Various Non-polar Solvents at Room Temperature 

n-Hexane Cyclohexane Carbon t~trachloride 

\\'ave- Tentative Wave~. Tentative Wave- Tentative 
nvmber Intensity assign- number Intensity assign- number Intensity assign-

cm-·1 ment cm-r ment cm-r ment 

24150 w Ot -" '24000 w Ot 23900 vw Or 
25200 vw 01+1050 25000 vw 01+1050 24950 vvw Or+1050 
26250 s 02 26075 s 02 25975 s 02 
1.7625 vs 02+1400±25 27475 vs 02+1400 27375 vs 02+1400 
29000 s 02+2x 1400 28900 s 02+2x 1400 28750 s 02+2xl400 . ., 

±25 ±25. ±25 
30350 w 02+3x 1400 30275 w 02+3x 1400 30100 vw 02+3x 1400 

±25 ±25 ±50 
w, weak; v, very; and s, strong 

Table 2-Absorption Bands of 9-Nitroanthracene in Various Polar Solvents at Room Temperature 

Wave­
number 
cm-1 

Methanol 

Intensity 
Tentative 

assign­
ment 

Broad and weak absorption 
in tl:e range 

25500 cm-1 to 22000 cm-r 
26100 s 02 
27550 vs . 02+ 1400 
28925. . s 02+2 X 14CO 

±25 

·Solvent 

Non-polar 

n-Hexane 

Cyclohexane --

Carbon tetrachloride 

Benzene 
- -- --· -·-

Wave­
number 

cm-r 

Tetrahydrofuran 

Intensity 
Tentative 

assign-
. ment 

Broad and weak absorption 
_ in the range. 

25300 cm-r to 22000 cm-I 
25950 s 02 
27350 vs 02+1400 
28725 s 02+2x1400 

±25 
v, very; and. s, strong. 

.Wave­
number 

cm-r 

·1, 4-Dioxane 

Intensity 
Tentative 

assign­
ment 

Broad and weak absorption 
in the range. 

25500 cm-r to 22500 cm-1 
25900 s 02 
27300 vs 02 + 1400 

287oo s 02+2x14oo 

Table 3-Experimental Oscillator Strength Values and the %-Factors 

Oscillator (1 +X)fi Solvent " Oscillator 
strength strength 

Polar 

0"1281 o·I044 Methyl alcohol 0"0801 

0"1221 0"0961 Tetrahydrofuran 0•1078 

0"1130 0"0869 1, 4 Dioxane 0"1141 

0•1070 0"0799 Chloroform 0"1341 

Benzene 

Wave- Tentative : 
number Intensity assign-

cm-1 ment 

23700 vw Or 
24750 vvw 01+1050 
25850 s 02 
27250 . vs 02+1400 

-28650 s 02+2x 1400 

30000 vw D2+3xJ400 
±50 

Chloroform 

Tentative Wave­
number 
cm-r 

Intensity assign-
ment 

Broa~ and weak absorption 
, in the ~ange · 

25000 cm-r to 22000 cm-r 
25875 ,. s 02 
27275'- vs 02+ 1400 
28675 s 02+2 X 1400 

(1 X X)fi 

o·o674 

0·o866 

0"0902 

0"1042 
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Fig. 3.!-...Emission and absorption spectra in; cyclo'hexane 
[1, Emission spectrum of 9-nitroanthracene; 2, absorption 
spectnim of 9-nitroanthracene; and i 3, abso:r-ption spectrum 

of anthracene] 

energy) range and has a different slope :than tpat for 
non·p~lar:solvents '(Fig. ~4). A ~lose examination :of · 
the expr~~si~n : foi,· sol~e~i: shift in the abSbrption 
spectra; of a solute as discusse9 by Basu5 leads to 
some interesting conclusions. . The linear plot :in ·non­
polar splvents indicates that the !dispersive interaction 
predominate$ over ·the dipolar interaction. Fbr · the 
1 A ~ 1 !a: tr~~sitio~i of medium intensity, this possibiy 
furtherisligg9~ts:;th~t the c~a~'ge1in the dipole n~·oment 
on excjtaiioi} is: small in g·~nitroanthracetfe molecule. 
The lin'ea:ri plot in. p'ohit·soJveh:ts 1is not ea~y to rationa­
lize. I~ possibly .indicates tha;t the difference in 
dipole moment in the excited lc:tntl in the·· gmund state 
is smal~ a~i:l ~lso~.1ht{sum tdtal 'of!orie:fi'tq:ti~n induction 
effect ap.~ 'loq'al i,nteractim{is pot rnucll dependent dn 

- the solvent refractive index. Smali ref~active· 1 inci~x 
depend~nce is, however, present giving a d:iff~re'nt 
slope of the linear plot. Indeoo, 9·~nitroanthnicei:ie"is 
expectel:l to have strong local' interaction witli. some 
polar solvents used. It is knowii6 ' 7 that I, 4 dio~ane 
forms a!. weak N · · ·· .. 0 bond: i~ the same way as 
alcohol 'forms'hy~rogen tiond: The hydrogen Bond :is 
much niote s(ro:!igeF than iN······O bond! Tettahydro­
furan i~ more polar than dloxarie and is· similar in 
structure anil may form a stronger N ...... o bond 
than dioxane, 

Osc'illatoi:'.· strength-Theoret.ical stUdies on the 
solvent ;effect!.on :~he j-value of ad electro pic transition 
in the sbhi.te . mdlecdle ·. have be¢n niosily· concerne·d 
with th,e Local ~eld:efft;:~t. e. g. Lorentz-Lor~nz fieltl 
by Cha,k<)8' or' Botteher:.oniager field by 'schuyer ariil 
Bakhsi~r et a/. 9 The resulis are always analyzed' in 
terms of local field contributioi1s and dis.torti~ns of 
electronic charge distribution. by the surroundings:. 
Chako's correction factor for the spectral intensitY 
change is not sufficient to explain the ob&erved · 
results .. Recently, considering ·long range dispersive 
forces to be operative, Abdulnur1o has slio'wn that for 

. the conversi.on of the . oscillatoJ; strength value m 
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Fig. 4--The .plnt of transition· energy of lA-+ lLa band of 
9-nitroanthnicene against (n2·:.:...t)/(a2+2) where n is the ref..: 

ractive irufex of-the sOlvent 

' solution frcim : the corresponding: isolated' molecular 
value, Chako's correction factor (n being the refrac~ 
tive index off the solvent) i~ of minor importance: 
compared to an additional 'IMF' factor-' originating 
from thb intermolecular forces between the solute 
and the:..solvent molecules and from the translational 
fluctuations"between the induced moments. 

Our results for the J-,value~ in various solvents. 
cannot be explained: by ·-Ch'ak'o's . correction factor 
alone. Exp[!;nding tbe'''IMF' · factor· to include loca:l 
interactions>between the solute and the solvent mole~ 
c:ules as well, the··expehmehtal oscillator strength in 
solution/; can, be'expressed by the empirical relation 

1 . . 
-· (1 + X)j; =!. . y . 

where 1/Y is~the Chako's factor, f; is the free molecular 
oscillator strength and X is the expanded IM F factor~ 

· We have· estimated the val-&es· df (1 + XJif.· from= the 
experime'nta}Hy ·observed oscillator strengths in sohi­
tion which are'presented in Table 3. With the increase 
df n, while in polar splvents the f-value increases',\ 

!-'value decreases in non-pbliir~ solvents. In case of 
n·on-polar solvents, tHe dispersive· interaction plays; 
a very jmportant role. In going from n-hexane 
to benzene the solute:~solve.iit interaction increases: 
The X factor increases· with· the increase of: 
refractive in'dex. Thus, the observed decrease in 
f-va:Iue followed by increase in' X- factor indicates a 
negative value for this interaction factor in non-polar 
solvents. In po'lar solvents the contribtition to· the 
Jt. factor is not only due to dispersive interact10n or 
d'ipole irtteractibns but also due to local ii1teractions. 
As has been pointed out b~fore, local bond formation 
with 9-nitroanthracene and solvent molecule is possi­
ble: Thus, the X fa<..tor in· .polar solvents will be in 
the=order : 

XMeOH > XrHF > Xmoxane > X..:hloroform 

I . 
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; 
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The experimentally observed .f-values increase in the 
same order' indicating a positive value for the X~factor _ 
in polar solvents. 
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Semiconductive properties of organic compounds 
gas adsorption effect on 9-nitroanthracene 
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The conductivity of powdered 9-nitroanthracene in a sandwich cell 
has been studied. Conductivity of this organic compound follows the 
operational semiconductivity relation 

O"(T) = 0"0 exp.(-Ef2kT). 

The intrinsic value of the activation energy (E) is found to be- 2 ev 
both in vacuum and in dry nitrogen atmosphere. The specific 
conductivity O" (27°0) and the pre-exponential factor (0"0 ) are 
0·9031 X I0-15 Q-1cm-1 and 75·ll Q-1cm-1 respectively. Effect of 

·the adsorption of various vapours e.g., carbontetrachlor-ide, benzene, 
ethyl acetate, methanol, ethanol and iso-propanol has been studied 
at a constant vapour pressure. The change in conduction current 
shows a distinct inverse relationship with the ionization energies 
of the adsorbed gases. This suggests that charge-transf~r interaction 
may be responsible for such change. The rise in conductivity is 
exponential with increasing vapour pressure. The adsorption kinetics 
observed is fast and efficiently reversible which follows the modified 
Roginsky-Zeldovich equation. 

dm · 
dt = A exp.( -(JmfkT) 

where A is a constant and (Jm is the activation energy associated 
with the rate of adsorption (dmfdt). The factor (1 has been found 
to have inverse dependence upon vapour pressure. 

l. INTRODUCTION 

Semiconductive properties of organic crystals on adsorption of gases on the crys­
tallite surfaces in a sandwich cell depend on the nature and strength of-interaction 
between the adsorbed. gas molecules and the semiconductor. This results in 
change in semiconduction current and the activation energy of the semiconductor. 
Both organic and inorganic semiconductors are very much sensitive to the 
ambient atmosphere (Gutmann & Lyons 1967). It has been spec.ulated by 
Rosenberg et al. that a weak charge-tr-ansfer complex formation between vapour 
molecule and the semiconductor is responsible for the enhancement in the conduc­
tivity and lowering in tbe activation energy in case of polyenes and other com­
pounds (Misra et al1968, Rosenberg et al1968). Attempts have also been made('::j 
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to explain such change of conduction current on gas adsorption in terms of 
physical mixing of original unperturbed semiconductor and the perturbed (due 
to gas adsorption) compound at the surface, resulting in so calleil. compensation 
effect (U1bert J970).· A three constant conductivity equation involving change 
in the pre-exponential factor (a-0 ) has also been proposed (Rosenberg et al 1968). 

We have undertaken a·programme on the systematic investigations of the 
conductive properties of various organic compounds in a sandwich cell on gas 
adsorption at different vapour pressures using nitrogen as carrier gaB. In this 
paper we present our results on the conductive properties of 9-nitroantbra­
cene, adsorption and desorption kinetics and vapour pressure dependence of the 
semiuonduction current in various ambient atmospheres. 

2. EXPERIMENTAL PROOEDURE 

Commercial 9-nitroanthracene was further purified by repeated recrystalliza­
tion using pmified benzene. Needle-shaped yellow· coloured crystals having 
melting point at 146°C were obtained. Solvents of high purity were used to 
study gas adsorption phenomenon. The compound in the fmm of fine powder 
was pressed in a sandwich cell between a conducting glass and a stainiess steel 
electrode. Separation between the electrodes was maintained by 3 1nil thick 
teflon .spacers. A d.c. voltage of 22·5 volts was applied across the cell which 
was placed on a thermal bar platform in a suitably designed conductivity 
chamber made of brass and fashioned with teflon. The temperature of the 
sandwich cell could be controlled from outside. Gas inlet and outlet were also 
provided for gas adsorption study. Temperature measurements were made 
using a copper-constantan thermocouple, attached at the top of the metal elec­
trode and a millivolt potentiometer. All the conductivity measurements were 
made in dry nitrogen atmosphere/vacuum with an electrometer amplifier EA 814 
of Electronics Corporation of India Limited. To pass various vapours inside 
the chamber, nitrogen was used as a carrier gas which was passed through the 
bubbler kept at constant temperature. Repeated heating and cooling of the 
sample in nitrogen atmosphere ensured desorption of adsorbed water, oxygen 
or any other gas molecules prior to the experimental run. Tempertature of the 
sample was maintained constant at 27°C during adsorption studies .at different 
vapour pressures. 

3. RESULTS 

3.1 Oonduotivity of 9-nitmanthraoene powde1· 
The conductivity of powdered 9-nitroanthracene studied in. a sandwich 

cell in the temperature range of 30°C to 103°C in dry nitrogen atmosphere follows 
I 

the operational conductivity relation for semiconductors : 

a-= a-0 exp(-Ef2kT) (1) 
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as shown in Fig. I. In high temperature region, a higher value of activation 
energy (about 2 eV.) is observed than that of low temperature region which is 
about 1·4 ev. Thus, the high temperature region might be attributed to the 
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Fig. 1. Conductivity in a 9-nitroanthracene powder cell. 

intrinsic region for this semiconductor. The !3pecific conductivity (0') at 27°0 
and the pre-exponential factor (0'0 ) were found to be of the order of 0·9031 xl0'-15 

.Q-lcm-1 and 75·11 Q-1cm-1 respectively. 
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3.2 Gas Adsorption Effect 

The adsorption of various vapours, e.g., carbon-tetrachloride, benzene, 
ethyl acetate, methanol, ethanol and iso-propanol have been observed to have 
a pronounced effect on the enhancement in the conductivity as shown in table l. 
The adsorption process is fast and efficiently reversible. The initial value of dark 
current is reached quickly simply by flushing the chamber with dry nitrogen. 

This is shown in Fig. 2. 
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Fig. 2. The change in dark current in a 9:nitroanthracene powder cell with (a) adsorption 
and (b) desorption of carbon-tetrachloride vapour at 32·4 mm. vapour poressure 

(sample kept at 27°0). 
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3.3 Vapour Pressure Dependence 

Mea.eurements were made on the conductivity rise at constant temperature 
as a function of partial vapour pressure of carbon-tetrachloride inside the 
chamber. The total gas mixture inside the chamber was at atmospheric pressure 
and the partial vapour pressure was the vapour pressure of the chemical used. 
At constant flow and c,onstant vapour pressure the conductivity after adsorption 
(]' A(m) follows· the relation (Misra et al 1968) 

(J'A(m) = (J'f exp (o:m) (2) 

where o: is a constant and m is the amount of the vapour adsorbed. m depends 
on the partial vapour pressure of the chemical and in the initial p!=lriod, also 
on the time of exposure. After sometime, however, an equilibrium is established. 
Thus we assume that in the initial region· 

m(t)=Q(b). p ............ (3) 

Q(t) is a function of time. At equilibrium 

(3) 

where Q0 is another cQnstant. So, at equilibrium 

O:A(m0 ) = (J'v e:ip (o:.Q.p). (4) 

A plot of log(]' .A(m0) versus vapour pressure (p) is expected to be linear. Our 
experimental result in Fig. 3 shows a good agreement with this. ·When small 
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Fig. 3. Change in the dark current of 9-nitroanthracene powder cell as a function of the 

vapour pressure of carbon-tetrachloride. 
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fraction of the surface is covered by gas molecules equation (3) is expanded 
from Langmuir's adsorpition isotherm. 

4. DrscussiON 

4.1 Change in S emiconduotion current 

When the powdered semiconductor is exposed to some vapour, then· the mole­
cules at the surface will be influenced much causing change in the conductivity. 
If the resulting conductivity change is due to physical mixing of the original 
semiconductor and the perturbed semiconduQtor due to gas adsorption then, 
a relationship between the conductivity enhancement and the dielectric constant 
of the chemical used ·is expected. But our experimental results for conductivity 
rise at the same vapour pressure as shown in table l do not suggest this. The 
static dielectric constants are in the order carbon-tetrachloride <benzene< ethyl 
acetate< iso-propanol< ethanol< methanol which is not in agreement with 
the semiconduction cutrent enhancement. 9-nitroanthracene is an· electron 
acceptor because of the presence of nitro-group chromophore. The adsorbed 
molecule having electron donating nature may form a weak (D+A-) <Jharge­
transfer complex causing change in the conductivity. Carbon-tetrachloride and 
benzene both have approximately the same value of static dielectric constant, 
but the conductivity enhancement in benzene is about ten times than that of 
carbon-tetrachloride, possibly due to the more electron donating nature of 
benzene than carbon-tetrachlotide. Indeed the enhancement of conductivity 
shows a distinct inverse relationship with the ionisation energies of the adsorbed 

gases. 

Table l. Rise in the dark current in a 9-nitroanthracene powder cell due to 
adsorption of various vapours at the same vapour pressure of 50 mm. 

Vapour 

Carbon-tetrachloride 

Methanol 

Ethyl Acetate 

Benzene 

Ethanol 

Iso-Propanol 

Measured factor for 

current rise 

[u(steady state)Ju(initial) 

3 

6 

3x 10 

3xlO 

1·2 X 102 

9·2x 10> 
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4,2 K inetios 

The change in dark current. in a 9-nitroanthracene powder cell with adsorp­
tion and desorption of carbon-tetrachloride vapour at 32·4 mm. vapour pressure 
is shown in Fig 2. Adsorption kinetics follows Roginsky-Zeldovich equation 
in a modified form (Misra et al1968, Eley et al1964). It was assumed th~t there 
is an activation energy associated with the adsorption rate, which increases 

-9,_------------------------~ 10 

a: 
E 
c 

t-
2 

w -10 
1:€ 10 
::::> 
u 
~ 
a:: 
<[ 
a 

-II 
10 

10 20 30 40 50 60 100 
TIME (SECONDS) 

Fig. 4. Adsorption kinetics data plotted according to Roginsky-Zeldovich equation. 
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linearly with the amount of adsorbed gas. Thus, the rate of adsorption (dmfdt) 
will be 

a;= A"exp(~flmfkT) ... (5) 

where fl. is. a constant. 

Integrating (5), we get 

leT 
m(t) =---p log(t+t0)+constant ... (6) 

combining (3a) and (6), 

kT 
p = fJQ(t) log(t+t0)+constant. ... (7) 

Now, expression (2) can be re-written as 

. log O"A = ct:Q(t) p+constant. ... (8) 

Substitution for .P from (7) in (8) results in 

log u A·= rx~T log(t+t0)+constant.· (9) 

A linear plot of logO" A versus log (t+t0) is suggested and our experimental 
results in Fig 4 are in good agreement. Different slopes observed at different 
vapour pressures for the same value of ct: shows the vapour pressure dependence 
of fl. (Table 2). 

Table 2. Vapour pressure dependence of the factor fl' for carbon-tetrachloride 
vapour adsorption kinetics. 

Vapour ((if a) 
Pressure (mm) (ev.) 

32·4 4·074x 10-2 

42·0 3·218 xi0-2 

56·7 2·458 X10:-2 

79·3 1·907 xi0-2 

97·95 .1·577 X 10-2 

· Our experimental results indicate that the activation energy associated 
with the rate of adsorption is not linearly increasing with the amount of the 
adsorbed vappur. 
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