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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 



\ 
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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,.,, 



-· 

1G9 

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 

/ 



--r· 

~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 
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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') 



) 

;'-.. 

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€~~ 
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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-~~ 
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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 



·-+ 

191 

·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 



\ 

' - \ . . . '•· - .- -;" 

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 
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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: 

\ 
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~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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~abl~fl ·• ::3,~·2 er>tv~ -Etfl~~ ~n lt~ -+'"t~ ~!!tfan~lttf)n. at 
_(!'Jj ~ 7,1'~\i>:'*'"'"A~·'~~""':ft'-'n~ _ 
~ 4'1'~~,'!<7i#~~i//V:H~· 

•p·, (!@I :; ·, t))iitlf!f· ·r~:el! ·:.~o~_.,._f~~~_,'f!i't.._;.l t!M:·o~, !ll uri~~ O!'!l:ill!l"'""'j~'"'~"a'_rz:;t,..•:Jil!;-~ -;-1 _i;_;;i ·_iJJoli. · · 

ao.lvent , - ~~:'•~~~ _ . 
. . . 

a.:.:s~ne 

c·vel-obeail<t 
_ ~~t!bt)ntet~ach1011!4e · 

Dell~~ 

tt..~>(.o!;.~,O~,g,~ . 
W~-·'W~-....rD'f.,~ 

'~t~~-~ 

,.l).~~!i~l 

t:Gltt(i!:'StitQftGl. 

lt 4 41<>-JlG· 

ti!1~ 

ea ct.. .. 3 

~estone 
. .' :., 
t16t~ 

. \ 

, I .. 

3117$-. 

-~ 

~osas-,· -· . ' ~ 

M1SO·. 

3~2&· 

~ 

~t!'ll.~_-l'lt"'·at" 
~~-

·~i 

~­

~ae­

~50 

'2£$60-



. ' 

~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 
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2B5 345 . 405 ·. 465' 
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 



" 

_;( "l 
·~ 

: ·:::::(.: .. '.:.~ -, :;,:_ •. -.: -.·;;': :--· --- -- ; __ · :: .. : _:.\ ~ ;_-~:.:;.·, ·~_ .. -.:' ~ ·_-_-_ -~:.:. -. ~::~-::: .. /<>:~··:~·::._~- ~::;.:_./~;.~---~~;; •.c~o .: ..• _-,. >.::,/,':_:;::~:~: ::.;~_::~-> '' -__ : _'- '• cot::'::- : ::"' ~--:·'~ 

,. 

.;:­
. ~ 

{~~?; 
~~;~;~:: "' . 

.. . ~ .:·. ' 

·.:bf·._:.;· 
,··->-· 

-~,-!" 

§,\. 
:A~_ ..... ,. 

. ~~ .. 
~~ - .--: t .... ,_.--" 

r·:- , .. . 

-~-· .~-~; :~/ .-. ~·~. 

·~ ..... :·, :-...;~ ., 

., .... ~ . 

·-· :· '• 

... ·· .. 
~: . 

.._ 

. ; ~ 

;;;._ 

;- ~' 

~ 4. 

1,_ ~-

': ~ : ~' . : :• ·. . ' . ~ 
.. ·. ,·, 

. :. ; :-

-:· 

4 ~ • •• 

' ··-:._·, 

,L 
r !!'f' • ~ 

., 
-'-,_ 

"I ' ~. 

~·:: :·±n~eits::tt::tes:. of· :tlle_ s.pactr~:-.iD.difte.r·~·r1F'- ·.S9:Ly:~ent$:.:_<:lre:~~ric?t· .-ho"tnli:i.·~·i,$ecl;;.: .eonc:e~t!":?ct-:.1.-pns> .. - ;' 
· __ :.~6 .1.: :f:<·P..~$-sxio:4.::trt:· fl·i·' -~: o~ 6.p~ao~ )r.;.; c·3-;~- ~-- 9.::?-~ilo·-~: £~ ·:$-rid ·•g;4_· :~~i.Qt;•G$x#d~1::-~¥:/( _--i,hs,-~th,:~~ol :-. __ ._ 

~-tO::?~~---~-~~.~~--;~: .. -);: .-i_ll,'Iil.~th?'~~Y.:.c,loh~~ane _a~- '.~o~~Kj~~-:. _ ... -- :-_: :~~; ·?·;··fh ·m.eth~-l.'cy~loJ;le:x;.u;l~i a~:,· . .i~~ 
··77.-·IJ..; -( -- - - ..... -.- ·)· --- .-· ' "-- ~-~-. . •,. ~ . _, .. ~ ' ·. ' : -.: : .. : -. ~ ' . :·, . -;-.; 

'l-

_\ 



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 

byd~ogGn b{)!li:tng in r~lieh a~:vg0.ns ·~t· ttl$ ntt:to ~P o~e ·proton. 

uooeptora 'Wt1!le the Golve.nt .is pt?oton dano~(;7..w69,. f!lia tuvo9 of» loeo\ll 
. . 

solute~st~lv{!lnt tntell~ct!on mtl1 rGSU1t ltn a tot,t !1f'~11abtltty Qf, !}4'> 

forrml:tlon-9' filtts,- ·in pf."otl<: solv(lnts 1,-,.."¥-'-"7 fJ• routo is ll.bs~nt utld 
1 n :> ·S0 flu.ore~¢neo is obsettved 'Mitb low i~t~ns!ty b~Gaus& ·of the 

. I 

. A ;.. I )(. 
et-f1-o.r.eth; n-lf "'7$0 fll:lm?~:vtl!nt!ve ,PJ't)o~s~. 

!J:be l~ly!n~. s!n{3let ond tbo t,lpl~t stat$s nntr~ bo0n Qtsigned 

trot1 .ao·~..,vcnt e.ttact on the ~bsorption .ant.l t..llt:l ~ua!on spocttu anti 

alao t'to!ll polc;)~!i.&.lt:tcn1 d~eau .t'l.Bi ucitatlon .spectra stut.11es, o't the 

pbot."~:;it~orGsocn.eo oolstlion_.. 

. . . . ·. . 21 *"' 3 * 
st~ong t'proYJ.td.ty otfeet• bat~eeh t~l~ olos~ lying 1r-11 and 1)-rr 

~· at(lt'i.!s b(ali'J b~$n obo~oet •. Tho qu~ncl:d.~ ·or tt..le rad1o;ttve 'n-'IT"'-+ s0 



tl"~lns1t1on tn 1-lyd~oe.atbon gl,61S$oa, bowwer1. lias M~tl ntt-,tbtlt~ 

no,t t!> tbq p~r.J.m!tr efteot bUt to tlte otf1e1Qnt '-n-rr~ n* route 

:roSt\l.tlng tn ttla o~.;rbwt? 'flttGl'e-sc;ra!lce eo!as1on. ln prot.1e eotv-onts.,. 
' ' 

ucimertD~ fo~a-~t!l!;)n ~ould t~t be o'bsertt«l boenu.sQ ot til$ loea1 

.solute~solvont tnt(Wt;~et!onsR· 





l, t;u_. Ko3imt 1!, T:amka ani G~ ·~g~!tura; 

!i:bao~O't. e~. A~tn"' it 439 ( 1006 ) 
/ 

'8., a. IitU!l01 and h~ cf ~esta; 

J. t}a,. Cb~. SO(h~.· ag., 1949 ( 100S ) 

·a. o~ s. ii!Jia1t1t a., c •. naelt eM s. "•· t-teGlyr.ll; 
:;,: ~!(:}1~ sp~etrose• lit 48S ( '1970 ) 

1J)tb'a culd .;;.~ Stt'Ul!ala,us;~ 

·t;bea, .f.1b)1'ej t..tt,. i..Cel:t 195. < 1970 ) 

~· Bll~ko~1e ~~. ;~ C~·. !OI.ttl; 

~~t~eb!m1c$ ACta. a%~ Wi/1 ( 19V1 ) 

'• ~~ ~r,. AM•son, .Iii-.. !·:3'., S:oe1!1stra~ssu, u. Lut&rJ nnri .o:. v-1* s~tg 

en~, . PbJs• tt"Jtt .• ; a, 1~ c .19?4 > 
s. e.ti :, sal1$k.!l~1 . .Cl-. o., Rhtl111 1'1;.\W· a~ v •. t~~1ynng ~~a ,,.Ed1te4 

Gtut~!l~t ''lol. 1, a:U.tet'i bsr E.c~ .tinlt < ,\aadfJt!lle Pl'eetJ.t 

~n!f 1~14 ) .p. 281~: 

9,., ii., Oht~~ti;, T.;· R?~Ya;sb1t ~. SUmuki and s. t~S·l?(ll 
; 

~ttl1. ct~$m· soe. Zpn *U•· 43 ( 1980 ) 

10:. :; • K, aor ~~ ltl., s.. nookor$ 

Proc'l\' Int., cont- on Sp$etro.se, lJit)~baltt l:ntiia, 3~ti l9&'t 

C.b~ Ab$.- 1449$7 fat 1~39 
ll~ · s.J?. M~1,m, T. A~i QQ1 M* !~im&~ita. tJ!~<)loeU).;a~ Sp~tl'o$C:Op!f 

ot· tl\e ~e.1plot staten. (f))fentie~a.i:t,,, ~1~4oi:X1. Clf.tts, 

r.~., J~, ·3.~~9 ) 



~·. 

12. a" mt~d.;«ntootg.,rde A\b~ptl:~1t s.peot'l'u ana G~~tru Gt 
o~ganle no1eettle$tt ( APt nz9 1!001· ) 

1<'.- s. Ung~..t.lttn'ta~ ·n~ !to~n~ .o,~. t., ~t$'fUT~t 
:s. r,~ol.~ Sf;)~ot,osc .. J.lt l~~ ( 1~ ) 

14. J * -t!~ Irott1~1l $Dl .ltijp :;-. ., llJ'~ ·~ BJ~Y:eE'it 

.. :r. Ctl$~ · !SGC• 0093 ( 1961 ) 

1.s. a~. t:...Qbbm1t~ 

'etJ?•~»{)a ~up-p:t.. (2) .Jih ~m < :ttma > 
:a.e. a. t-tUl~.t!o:e:\1 o. !"'uvttd,. A. t:~tt-et~o:r:t ('l•nd ·o. ill.'aeso; 

~pacrtwebsmtef.l J~ta. lilA• 21 ( tun ). · 
· 17-. ?t. ~~u.~tt1 s.- WrA.tk#.. ~~ t:l~ 11'\l~lsb!m:l; 

. . ~ ,-

Jm11. (lfn~,. suo. lpn. §ru;~1 S'Jl1 < 1m > 
a. P~ttt 

8. Ch•~ Fbte. Jlt 484 ( 3009 ) 

19;, s. JJUeb1• 

z. PhJ$11; 2Q; ~~ ( l9S! ) 

eo •. fl •.. aut:k&t; 

-~: .. Plira~ .~1, t\10· c lfJBl > 
23.~, n!j}. wl~4ke1; 

g~ Pnv.'$ilt lit ssa < 1932 > 

~~.· Pl~.,-a!k aJg · Goo < 1933 l 

·ma~ ~t., oo~ppert~tlYGt ~ntl l't+· 't_., Sklal*B 

J • f!b~/!1 fUYS·• !t ·~ ( l9SB ) 



•.' 

M, n. 1>• Gra1s; 
Proe9 I)oy ~· Soe. (:r~omon) ~' 474 ( 1000 ) 

·2-5; c~ c.. J• nootbaan; 
t;'QV'~ !<!ooe-rn Pbys, . .2at G9 ( · 1951 l 

oo. ~. Pa»iser &td :Sl• ~l. l:>~w; 

J •· Cb~fi .t?bys., i.3.t 4.~ . ( 1003 ) 

rt:l,. ~l. Pari set" ant! ~.. 0 • P~~~ 

lJ •• Ch~rn. f'by~. ,ia, 767 ( 1953 ) 

OO~t 3.~ A.. I'Ol)leJ 

Fer4day Soei!i .~t 1375 ( 1f'J33 ) 
~ '1!11' ~- , t-""' .. . • 
~y_., u~., ~. -.~.- .\'JGWtl~J 

Pl'oo. •. camb!!tdr;e tjhtt. (Qioo.,._ tit 639. ( 104flt ) 
30• H" .J,. s. Det1~j 

.;J· * Cbom~ SO-e . .., 2329 ( 19$0 ) 

31. ~·~ • .''1.-,· tJ~- DE~W@f 

~1~, ~. ebem. soc •. ~. ~1, ~346, ~. ~. 33551 

3357 t 1Q52 ) 
J .. 

sa. ~!. stt~t; 

E\tl1\P Cbe~: soe.. J~n. 4§1 1953 ( 1002 > 
a. Draud.$ a:b!l v'., sonanemert 

J:. ch~,. a~c. ~7~ ( 3.955 > 
&t~ n. c(r tonsuet~I1os~$ und ;r. ~;r. f-i1Ur~ol.l1 

~t::. 
~. 

Proo. Mlue. ooc.. ( !A-oiilon ) .6-. 601 < 1956 ) 

Ht'll:'reli f. 

1b1d ~ 96~ ( l9S..'i ) 



:·' 

-~ 

SO. . s. !kletlJ in'' A~treneos :!n 'Quant~. Chom1stw•; edited by 

P•O• !Pwd1n ( AP.t· U'lt ).004 ) P• '!57,. 

37- N. Usta~a. otll W • lCUbotf.lJ nt-toloeltiur Inte»net1ooo and m.oetJion$.c 

e;paQtrr.;,u j(l :( Uaa,Voet De!~ecr t t!J'J • tff', W10 1 

.aa~ t. ooeMJm~· 
3. Pbzts• See~ lf.lt'k .Ji, $94 ( '1954 ) 

30:, u~ c. ~~et.,.Ji!agi~'l$ ~;tOO J., t.~ P•=>Ple; 

if., Cb~.- P'ft1S• .fat l~2 ( l!'7J57 ) 

4o.. ri1. o. HoaattJ 

J. :en em~ Physt}· !;1, ooa ( 1957 > 
~! l . ., !...- Of!Stl!!GJtJ· 

J. PJJJ.* {!b~, Goo. Silt 14..~ ( 393$ ) 

42,. fl.. Q.. Cbalm;, 

J., Guam. PhY'S~ .Jit 644 ( 1934 ) 

43.. Ro a. tTU:llilro.n and· c,. lr., Ftioke; . 

nap,. Pl$£t_,. .FltYs• ;a,. 231 c ~\t\1 ) 

44. ·t. n. Jacoba $M ~·~ n" Platt; 

J,.. ahoo• P.h.ys~ .a, 1137 ( 1~ ) 

45• J .• OdluY~:'I 

RGo1... T.J.iav. Cb!ro" 'PhY$~4$ :zg, 933 ( 195..1 .) 

4S,. t~. tr.• •ehiftord. a~ n . ., crat<;torti lr; 

s~ 'Pilye •.. Chtm. 1\l• 1500 ( 1006 ) · 

47.. o. E:.-. ·~1itti~116 .J~t 
' \ 

J.. enm. Pbvs. ..,. 1~ < lOCJ4 > 



-y 

fl., t'f~ f«~b!il$atll~ 

J ,., Ct\Qfl~ · Pb.;r$~ iit El/2 ( ;1007 l 

•9~.· ~r •. s •. ~ilylt.sa ?&\~- (l~- · t\i'~ lt~nSt>fiJ. 
' '· .., 

epe.ettGobll:n •. Ae~~._. 6 Ml ( 1$168 .) 

t50~, !( •. 9• ~#1.-iaa ~t~ C~- ti ... _ Johr~OQJ 

epopt~Qeblm .d\eta 4Ut: ~ <· l96B ) 
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