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Dud.q tho· iast two and a belt d.eemes tbo• spcc:tr& ot 

()!'8t'.l"4e tr.o1ecta1e~ Ia t!t.tf~ent $btes hLtVe 'been dtensvtllv 

tt~lod t~t> have .a, a!fe conp1ete \lflderstatrtl1.ftl ot mt~leeuler 

n!!l well ~a tn.tl!mooloettlQ prope~tlet.t. Pert1cular1y, spactro~ 

ef)pf.c ~tad.tes t)f molecules or Mologteat !Dtflreet !m.vo· b•n 

eece1ere:tet1 tn JWeeont voare to untt#lt~tl~ thtm tmd tb~ 1nt~J~-

6Ctton forces· ~ell edilt d thtft $M betweett mt>lt!ICU1ca ot e 

~t!t"tlcul~ duipe li1 e stv• sttuBtloa ta'V0\1rable for ~ par-t!euler 

b!olope01 ncttv!tv.. ll!Bb epeeS ccmputOJ's have mltl·p110d tt1e 

·prt;PeBI p•t117• $:ltelr U$G h~$ helped to test th~les 1:rr'I01•· 

111:ne eomples cete"':~1@tions of molecul"-l" orbl tale ot largo W.o., 

mltcules. An unde»iJ~tng ot the olcctrc~c properties at 

ml.~.ales t!epet\tls $D ·the ln~go acett-lnUon of expor.tmentel. c:late .. 

fhe d«Nelo!iim~t ot lnt~so U'1 t'!sht ~tto tor a'b~ption end 

$1!:lsston ettacf1(!}St W a-~1 111stb1e ·&P~tl'opbotomotere b~s ~4o 

aVGll~b1o tllOH ~J1et• S()ts cf ~~Ofl-ntte1 ttata ~idei'l ~o 

mere accurate tnter-~etattons ot ~~ ;;hf.memena es~e.ted t4 tb 

tho Mcm1·eeu1ea eol!eerned. 

~ho ,pt-esont ln'Vet,d.;lg~Uotl te eomem~ w!tb t..tw el~etl'enle 

p:ropertlet~ ct :~mo ·ecm3ur~tted ·ml~l.l-es (ilOllto~sl. ~he ~e1 ot 

tilts i"c:?~Cb · ts to collect the Sf).OtrQ1 4nta esperlmenta11? 6M 

to illto:r.p-rftt t!J(Ii f4ltll! v$. tbln the .tnmn\10rk of ·the o:dottng 

tb~~ri.Qth I~t ·o~o:r to e-cbl-.- the data. tt1e ~,. ~'011 esto.blit\h$6 

e:~P~~~d ttiCtmlquoe ot W ·anti vldble sp~otreol}}r have bHtl 

edopted. 



r.fhmto. C!'-JfO t~ ~..speCt$ Of thf1 Sf,JOOWo.Ol)!O pl'Cpe:Ptl.t!HS ot 
~lyenee' of cu~ent trltoro~t. ono :tegQT@b,~. tho cdtrttrtnet) of 9 

. . . ·. . .. ' "'!W4 i '. . ... 
low~lytng . '1[ ..-~t@Ct~e torbitld~ state- ( f\ d ) ·b~tott the 

etronm!!' d1owad 1 R>-~ $tntc 1D th~ ~~u uv ct!' W.d.b:t~ :r~tc}n ot 
t11c · ur~cttwn · ~ · tho oth~ ts · thG · vomsibill try of · temat1on o.t 
cha~e-traDitG!I' e~P1~ses5•10 ot tb~ae eem,OUoos W! th ~table· 
dotm~ ~ ucepto~ ml~lOS<~> , 

4\dequ~te 1n-prote.tton ot tho ~ctre1 eata of ·i:10leeu1e$ 

i~ ii!f:fe:r~ftt ptma~s l'est$ en ~em. .th.,r1tu~. ~tdl ftcc-~oett-on 

UO tb~t' _LOAO r,to .. tbeolV, HOOt'l®OO tore0 th~rst t tb®fY. of 

"dbt-~atlonal.•olec~c iltte:,..actiono and the thmrr of lntemoleeular 
~ ,, ~ 

eh~ge-transfo:r !nttmac.tion -- $11 Gicel1 ~ 1nt~ll'et the el.ectro-

rd.o p1-op~t!o.s of' ~1Yf1tt~ ~1~10o ·mm for e~p'lt!d.n!!nB ~e ~er!· 
. . 

~~l l'i$SUl te. T'~· otatltn.e.e ef tbo r~l~an.t pM-ta ot theGe 

theories a"Pe Mscussea in tbe. to1lotdn.~ ·seottens cf tt--~s _cbaptf)r .. 

· · fbO 1ttil~1• orbital. (t:~O) t!mory os-1mes tho -el~~s to be 

l~Cst~ Sr.t-~.0 t'hiloea1!~0d ~bita1~h ~00 Ol'b1te1s of lowest ~ergr 

for tl~ electrons aattsr,!.~ the Paul!~$ ~-eltu!d.on princ1,1~ nre 
' . . . . ' 

r.ef'err-oet to as tb0 ~rtd ot~to of' the mol~eule. An. olectroD W(!!D 

•a~ sea hom one at tl!ese. ft"11oo ovb!Ws to tllo o.tlle~. one ~tJJ)ty 1ft . ' . . ' ' ' ,. ' 

the gr-mma ~to ~!!'O$I>O~s to. an o~tet state~ 

· mtte ftee.eleetron l~O tl~y-1-l•t:S is it\'tri$?tdly Ut.J«l f~ det"l"• 

r.ttMng the OCt1ol:e4 energies end state vave tuncttonu. ot the rr • 

~lectron• ·ln e;o:b3\l~a'teB orsntllc mol.·~os. 'i:Mt?~ thei)f:V is ba8ed on 
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tit(!) ru~JWOJ)tlon that tbere !,a a, rog!.t)n tn ep~G !fl 'Wbtdl the 'oton• 

t1a1 enormr ot an :ftl~tretn l!t ttntte and con0~t nm.' ts inftnitely 

illlst~ outs!do this r~g1on. From tbO m~1tt~eu1er point ot V!ew the 

olecb-ons move :t.rooly olong tho l~gtb ( L ) ct the ce>njugetmt 

system. nonce the problt!!m of en electron in the eon3n«atecl eYst~ 

"bocOmes CM•6$.mEJrt~onal aDd ·ttlO -~ G(tUQt:!on 0~ at'l electi-on S.n e. 

o~t11m~s1onal potenttQ! is 

The electron la ·asfiJlltlled to mo'Ve trenly e1onn the length of ~..e 
··--:. 

(1.1) .attar no~~-t1~n tdth the bcundary contiit!on 

~nittist.l~ are . 

l")1..o/..J,.<')...---

£-h_-:::; -~'ll\.t"L 

wol'e n to an 1ntorgt!r, m i~ the electron m~ss and h 1s l'lenek• e 

eon~tant. 

'fh~ otlc-dmencdf.»JU4 csolut!onc ( 1. 2) and ( 1.~n Will t~rve ·· 

tl$ 61·ep~ro~t1o:n to tho orbitt2ls ot n lema 1!ne~ eonaug~,ted 

poly~ tor e~plo. !fltU.s tho MO tbeor.v in tre~il'iieetron appron ... 

m~tion Riven a shup1o dosc:rt~tion of tbc o1ootr.,n1C!I stat~s ot 

1t:ne~ eonjugat\9d polyenoth t con3ugatoo hz;'d!'~ePben ot k 6QUbltl 
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bonae eonta!n a;: 'it-olectron·s. :taeb of k orbite.\s of the tiWlecule 

S.ft tho ground state te oecttp!~: \dth two elect~ng. ~be t.trst 

elf)et-mnietdl·st ~$e1 too· &t~t-e or the eonjugatetl molecule t·s 

obtained hta the co.n.•es~on(f!nt:: gNUM state by rnidng 1m electron 

!Yom the highest cccu:pt~ orbital (n == td to the 1ove$t ~pty 

ol~bitol. Cn= 1<: + 1): •· fhetri'oret the enersY of eJteltt!tlon., t::. E..: t 

1$ aiven by 

A E.. ~ E.k+l .- E.l<. 

'.L 
( a..k+-1) h 

~ 

~ <JY\ 'l'l- (1.•.1) 

w~e th~ veH.rtb1ou &Y.$ ()nl'' t ~ti tt. tt ·ts asm:1 the.t A. var!o$ 

3S e- • From tho Vt-t-.1'1at1on of i \4 tb the n'mlber Of doubl G 'bon+.1 s 

1n the wstem, 

{1.7) 

'Which ~nd!eatos that the !:nerease :1n 1cngt.11 of a eonjugctcd sYstl!t! 

1ne11'eases the wavelength of abso1'})t!on. V-rOlft (l.tH it is undorstoed 



that the frMJ•Gl~otron method provtthls e ~!~antt tattvo ro1at1on 

between ·tho 1e!1Bth of. tbe ·eor.Susattd sYster.:a and tho tmv~enrsth of 

eb~pt!on. · 'fbo wtteldStbs. of otbt'4" bands~· t~ t4gb~r traergv 

td.de of the abeol'l)tion speetrut! of the tnolceule c~ tdM be .,..,11!1' 

pt~iet~ by the trec·cd0Ctron ltO meti'lod. 

'E!trJ teAO. .MQ tbeoJW is bnsed otl t11o gpectat!on that cl,oat;t 

to ono ator1 ot ·~ $01-.de th.<t tntluonoe or that tl~ will prcdmd.· 

n~tc ~1 the molecuier wave function -11 bo $!o!lftr to that of en 

~torlic orbital. Consequently tt eeflit.t nature! t-o np~I'Qxltttate tho 

:aole®lu orbitals ae a Uno• ~b!MUon of atcmtc cwbt:tGlt. F.aeb 

~~lsculai' ~r'b1 t81 tn t!:,e tCAO e,pr)rc._tion00 ,~-33 Is resettled 

as the $t~ ot ·val!'!ous mounts at •mso o:rt."ltats. !~ tb1e #ll'P~d· 

•tlcn the ll'- ·tb ttol~•~ o'rb!~.l 1!1 ~n-itten •• · 

~-y~ == ~ e"f ~ cpi 
c} 

'Wliera <PJ 1s the j th stomte. o~b!td ~· ~""~ is e co(itfftc!.mt 

do~..-lblnf$ tb& ~t of tlJe .3 tb e~1e orb! tal to ·be touna :tn 

tbo r th molocu1m- O!"b1td. These ;no!ecula-r orMtele tn'e. as~ 

to be e!itenf\lnctionc of an. ettecttv-e on~ol.ec'tron BemUterd.m fot:t 

trbe oQU!llbr!um mel~ ect1f1ett:ratlcn ot t-hO mol~lo ~· that 



t;.?c to be coruJ!derctt. · tJ:he orb~·ta1 ·tiiDorr.tos F:.r And tbe coetf1c1ents 

erj ean ''btJ _ (fVfituated by using. t:M -~at!on method Sf ·Um matri~ 

ril®ents -lt.t,J- Qf tbo -n.~tontnn and thO$&~ s~~ of over1ep·bot1>~ 

tho a~·tc orbi.tcl-e e.e ltmwn. Tb.o $eteu1tlr -e(1Uet1one are given 'b;· 

Z c} ( h~J- E- s~~) := o 
a-

. 
t fo~ M.Cb !\.. (1.11) 

hr f! ateid.e orbital~ tn tll.t) e~~G$Slon ( 1.9) tor . ttle aclcculv 

orbStelfJ tllotto '«ill bo n .0~1u efl.tat!c!'l0 ot ibis type.. The 

solutions of ~se seeulm.- equetiont .will be mn-tdvl0i only 1f 

tho n tb OlX'l.er · seeuler detcmt.nant 1'8ll1 shes • 

(1.12) . 

t.r tbts tmtrular determ1rumtsl equtttion ts e:pO;!ldet! tmt1 -~1-vacl., 

ti11s w111 l11e1t1 l'l f»lutlons tor the orb! tnl energy 'R. !~ oaeh 

ot· the;e sclut1ono forE is e:ubst!tuted bae:t!t into the seculal" 

equa1?1onSc, tbo eooftteif>nt8 ·C of ~'t:)e stom1c orbitel in tho moleeula't 

crblt~~ ~ bo obte!ned. 

·ncr& o(~ iG the eoulesl1b into;;r:~ of tho atem1e ~b1tal f~ .• This­

tntepe.l reyprosonto tho C.Bnl~'b energy tJt M elcetl'on Sn tbe atomic 
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orbital <\\•· ~~~!s tho ro~e 1tltQSrG1 betwoan tho atomte 

ott'bl tate ~\ and ~a '~M it UllOUnts to tb~ e!lel'§ of lnteract!on 

of' tbc two atomte ()l'bt tel·s~ I!otb these !nteP8ls ct.. em ~ 

eonee:pond I to nc~t!v.o eno~. It !t tm ea~r1«1 that till the . 

attmtc c~'bltal3 ~tte mmt~led,. the e~• e•tlona (1.11) can 

bo wr1 tton 1D toms of rA aid ~ as 

~ ~~(~;.~~E. t;L~)t ei(o<~~f.);:o tor each 1 
i1 'L . 

it is know tllnt tho a.bsorptlon spee.tra ot hydroe•oons ·are 6uo. 

t,o tren!i!t!ontt of tho rr•el:ectronc. ~he e;pp;rodmat!ons to these 

s~culv equation~ m theme 'IT -o~bl.'Ws, CD11ot! the liiiekel 

app!"old.mf).tions~31 ,_.() the tollt'M.ftg t 

(1) ~ho Coulc=b !nto~.lt .x~ ore ;te.k-on to be t'M eemc rott · 

one atom!~ orb!: tal ~ th!. s ls ~epresentea by o<. .• 

(2) ~~11 the ovtn4tlp tntopel.s e:13 ~e a~~ to bo sel'O 

tor tj..3. 

(3) Tho rescnanee int~s f->-l,j. al'e eorudde:red to be ~soro 

only bE!twoEm .MlghbQ\lrlftl atoms. ·Go ~i~ -4 o if stem 1 is 

tJOndctt to 3 $t~ ( t---? 3 ) •· 
·( 4) All the resonance 1ntGgt*al s to~ Be!gbbounng tea'rban e.to:lfJ 

&.r• o'!sum~ to be •r;p~ol en.1 Q'e tlonot$«.1 by f> • 

t:;! tb tlto above niielt01 approxtmat!onc tho sQO.Ule eqnQtitm 

(1.15) b~cmes 

{___ c~ ~ + c. i Co<- E. ) == c 

~:i, 

) 
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Coft:e~tftg tc t110 et~lel' o.QUetlcnm ( 1~17) • tb& ·rt~lv 

dot~~nJ!\t ~.,. almple • t~ ft~~l o1em•ts are • ·ml t~e 

ott•d!a~ai elc<~?nts ot ·HW s., eo~~~tt ; ere i tf atom 1 !s boD!«l 

to atom 1 ~ othe~ee tb~ ott~it!~r.m:t '~lmontu ·ere aero~ ·,;'hue the 
. . . . 

so~Jl~ 6o~·~ for aDS' eonJugatea · TC -sv~too vml17 ot ·~dbon 
1i- e~tB.fl can be \\\lilt up., h~· tbe Un~!' eon3U£fl;t«f 1r •sYstem., 

. . 

th® ·emlrg!.f!s of' ·tho niiokel t"JDlGeul• orM.tata, v· rma ~htl qM:fft• 

etenttlJ et "be ~~bOn ;lp1C &ta!o ci'btta'ls in the niieke1 molecul~ 

orMtrds, c, ean bo We.~$100 in~ atw}$t!c fiJl"mS. as I 

"'I"(. rr'li" 
<::=: .- ~ U.s m,ti 

I 
2 

s~"n... c~~ ( ~TI) -:::: 

' 
')"=. 

t"<'3t" -rn.+l 

i.) 2.. ~ • . . 'Y\., 

·t 'It, 1!11!'\). ·- ..... ioiW 

wlte.~ ~ ~~tttec the ~olfllCtile c:rM:tola. !til& ·e.hon 'it" ·c•t•e . . . 

~· numbehd as :t,2 •••• n ~oM ol'ld ot tbe erwbon ehdn. :eM· 

·"•3 ls·the eoofflctent: ot 3 th eerbon e~ l» the r ·th l®, 'f't'. 

~'bstltuttou of ( 1,.19} :tn ( 1,.0) g!:vos 

I ()'\... , 

'\JJ - ( ..?=___) 2. ~ (1 ~'Y'< ~ ¢ I 1 '1' - rn+1 L ~ '" rn.+\ I( . 
·a:::.' 

vbo'" the llt\om!'. ecn3\lo0ted sYstem ~cnwns n ~-~tom;. ~be 



The electronic tran!ttton ·Jbcm the Mehest bott61ng t~O to the lo'Wst 

entlbor3dtnc no gtveo n~e· to tho t:trst absorption b~A ot the · 

. een~gateta .. polyene· mci;eeUlo · ~ t~ eomSJ»~tna vansttton eermr 
is e.tven b1 

vhlcb 1-s i:n · ur-4 t$ ot - p • It • b& said that tol" e. constant 

valu~ Of - ~ the tnmd tlon enoirmt dtJOHasciJ as_ the l«aS'tb Cit the 

(aOtl~g.ated · pclyE:ne · ~ha!n inc:reaBos. Sinco tot S!tal1 angles st.n e t'V e-_, 

tbis ~~lo tcM HO theory !)ri'!d:t.eta thnt tore lcng polyene molecule 

tho ttif:1Velongth 5\ mu ot tho fir-st ab~rption banft t411 be pft\iJOr.... 

t!onal to n 1 wMCh to evldet ·tJiom ( :1~-.ea>, entl v111 tnCJ!eatM:t to 

t~f1n! ~ as the lensth of the) eon~~ate6 cbcdn !nel'~amua to . · 

tnftrl! ty,. in tne preced1~ section else ·the tro · thec!'V 1n · ~ 

(4Getron app~~a.tion ,r~tets to11 the energy of the tran(dt!on· 

·to th& l~'t?.•at $XC1te4, · 01eetronte stato a elm!lar relst!o~sb!:p 14th 

t~ ·1onatb o£ ·tln) ®nJuaat~ ·po1y~o m.o1ew1oe. · 

one ot tho bnalc p~blems ln tho appUeation of ~nntul:l · 

~m:thenics to spcctroeeopie probl:ems is the cctiect1o1'A ot prcpel­

ae~·order w:vo ArnoUonel • tba.t !the tbe oholco of bade ttK$ that 
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e11cw one to Obtain dlhetlv a reaBOmble p1cturc ot th$ eleetronlo 

strueture of t.bo molECUle 1n (1Uest1cm• For ~1 Ti oii~>Ol~etron W~tems 

t\p:ptce.ehes based on tteloe:ittn:Uon of el~tmns eueh tl$ t~ LCAO 

(Riiekel) mole~tla!' orbtttJ-.1 afl6 tho t.roe-~te~tron (FE) mct1e1 have 

been $Ueeossfu1_. ntlt thOGO thtzo·rtoc t1hoW mmo tliMM!)~GS \d.tb 

the e.-pmmontal l?eeuits of ·the volveno.· iro,:. sueb ll!lOlecuies tho 

molecul• ~b!w theOJ'F both tn vs a~ :t.CAtl appl-od•t1ons d:ts-

eu$sett earlto~ pr(ltltcts that the onol'6Y ot t11o 1~st exd. teet elac• 

tltonto -state epproaeb~s th~t cf t~ grou~ state·&; the l.onstb ot 

the chaltt !ncr•aso~., Exp'Ol4Mn'tal1!1 thts 'tllas not toml!1 tO be •· 

~he enftSY of· tho lowst e.\towaf tran~ ttcn ot long pclyor;es · 

appears te haVe a rtOD-mero· limit. Hewewr. :! t has MW been Shown 

on·· tbeoretieal ~f/J3'~1 tlmt the asS't~ption ot equGl bond 

--lengths tor ltmger ,oiyenes 1s !neor-roct. An at tematlon of bond 

1engthst' 1QtsS and e'mt-t, 1i!U td.way.e oceu" tf tho co:n3utt&t~ ·87stem 

(polyene)· is l.ong on¢A.tgn4a. tn too- iiaoleeu1~ -ot'MW theoru el~ 

t~ns·are· asidane! ,to orM.tais deloealleGd ovoll tm whole mo1eel':de. 

·Aceo~1q to thts theory the lw.lytng eleetl"'nic excited otet.s 

Vlil bati~ an .:tee~n rei~ from ona of the bolldir.g molecular 

o~b1 t~s t!!) cno ot t.hu an'U.:bondtng ·nt. W.bto &Ulplo dose·~'Pt!.on ot 
tile· &#it!id statee f-e!ls to take &ecount ot come tnpenant f~tures 

for 1.on; mc1ecuies,. A1 though l t 4oes pl'$dlct a r.m111~ro l!mi t tor 

' :tong molecules. tt does not nceesmw-11y f!i ve col"roct d('~lpt1cn 

ot tbe- lovttst ero«P ot e:mited stnteth It ba..s been. suggl!tsted, 

howv•,. that !ft Atuatt~e ·wh~ one ean wft. te on.'\7 ·ono plwstble 

low MGrmr ground· s-te structure .to~ a tto1ccV11e, one ~d eo~ 

eta or· not deloeal:lz$)tlon of· ~l~etroos, but !'atller 4c1ccl\11mtlcn 
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of ~1 tatton, tn app.roachtrm · tr• 1cw-1~ eXet tet1 sta:tos4a, 
a ~otn.t ot '91"• ~J.eh. ooe io4 to tt1e t?N~e force acdel* 

tor such molecule$• Who •e~ec fol'ee motto14t of d~~bing 
til& ~t~ stat.es o~ pol$f(JflGS weatta the mo-l~• et~ an ae~bty 

o~etbt.lo~•tlt'P~ tm!ts• oacb v.:tth two il•el,ecboils tn wblcb 

danae follcos between tl1o d•hle ~fl ·ave ~!tt«t, ol'll¥ the 
el~tro!Jtatte tnte~tto.n '•tns cmJdderea •. ·· !tie f'f~~titcnt• 

aetli.1Jt ba'Men tl'tO otates· of tho n itcubi~ hn.ds tu .. lor to ·~ 
niickel mo:bl:Jt· to~ e n;.etom. dldt!; ·the lriioke1 o( l$ ,..lacfid by · 

th~ . ~tbl?le» tJ~end;t!On·. erie:rm; Ey t\llt f is _rriplaC«J by r t the· 

tntorect!cn l~tograt. trbt& ·$ig~\1os ct tbt~ matd2: can be 

Ultm from the·· nUek•i P"bl(.q (a., at) 

ibe resonance torcte $JPMa<th. ltas been applied vltb tJleOfn;a !n the 

· tnteJ.'p.rotc.tst!on ot too spnetm. at pol,-~ru>Js 44• 

Th& ttltond.ty "'an optlent (e1$cutc· d!I)Oie) -an-t!on !e . ' 

pPO!'o.:rtton~l to tho ~~of tbo trantilUon mom(lfJt tmtwc.m tile 

S'dt!o! :ant1 ft~.l. •tat~$ •. , fhe 't~g;ltlon ~ent be'tween two 

states 1 end J le . 

. 
Wbft'J.!'O '1'\ (~, x) Olld 4' a (rt..J X) tel$'9 e•ct soiutlon~ ·of th0 



-+ 

~~cbto:r;d!naf.tt Q~J.at:ton f.t):ro thtl eapl.~t~ 1~11 tonittth The ee11ec­

ttv3 eeot't!tnm.t~ ~;t'1bo1e 1t ·~m X fol'l!n e. eoet~leto sot cf 1ntemd. 

eocrdtna-tos tmtt locate raetx~tcti'WlY a\1 of the el~ctrcns Md 
~ .. 

nue1~1. ~~(-:E,lt) 1s too t'111#ole moment operc,tor-

~ ~ 

whe-re <fv antl RG" ~e tho ~sltlon vocws ot the t th e1eettcr\ 

end (J" th r:mclenG NsPecti VGly. 

In polyat=io molccnl{).tt G¥'Mt ·solutions ar"' not !mc'Wft stnee 

the ~taticns of motion ct tilr~Je or mre interactt»r p~t1elet 

eannot be solved.· ru 'P..o~ppenho!m~f:' epPHxtmnt1on4B ts uaed to 

obtain e. 181rAp11tiotltion of tbo mathmatleG.t descr!i)tlcn ot the 

$Yatm. Tbis proo~e separ~tes the- electronic and nue.teu ~aott.cns. 

~he Sd1abat!c ,a~tuneti:fms t:tre usua11u furthor Glt1t»l:ltlell ey finnc 
the m.tel$ar eoortlin~tet wbleb appear a• parP.:mOtol's tn tbe dl~tronic 

t.;avei'\Ulctior.~s. !b-1~ the ·zeroth-ortla~ v!bronle wo:~efufletltm .tot- tbe 

f- tlt v.tbnt!onal ie•et of tho I th eleet:tol'l!!c state ean be written 

as the pJ"'duct 1\lnet!on 

¥beD "f~ ('.)(.> x) !s a golut!cn ct t!1e ~ecti'On1o !chroctl1nger 

equation fOI+ the equlltbrlum nucleftl' eQnftgunt1on X() end 'X.- 1. /-"- < x) 

'1s the ubr-atlorwl --l\lnct1cn .. 



• 14 .. 

G:J.nee t!Ost infoa.Ucn ~~ftd.Dg. tbo DUel•!' Qt!G.,S of 

pOl.ytl~lc moleet!l~S: rot-. teD ta tlw ll!ta\U~ $1'te.tff t l t filS Ct)fttrelent 

to. -~nra.s tho mel•r. eoortJ:tmt~s·x ln temtJ of o· oomp:iote ~et ·of 

mor~al co~!mtfAo Q to~ ttu~t state. Ttw ncm€4 :~!1d1nQte$ 

ecm.Pl:ote1y span tlle ·apaee of l:nftnl''h61lmtd m.te1ear dicptnce.aent~s. 

\Jlth :eppropl"!t.lt~ ~lee of o.t~,. tl» et~trord.e ~wtunot!otl5 

bol.cn.gtng to t~ eat ted ol*!!C'bOnio st~tes mav be ~ilessett !n 

tom! ef tho ~mt state (l •· '-ht1s the· 'td.'bi'Qnte vavsttmet1oo 

.to~ r- (!Um'ltn. of tm" nomal mode tn the k th e~tetl el~etr~ntc 

etato !s 

·wh•J.te the StmGrd 6$.11)lae.,morlt:· Vc&leto:f A. ru:ct)l.Ul't$· fo~ the .(llffo~ · 

ernig tn tbe ~l;lbrcl\1m gGOttot!y bet~en tbo pouhd Md txc!tal 

ol(}~tnn.ic fltl\tec. 

. . 

Tbe JPJmbu of r'!Olect\los 1n n stat~ w!t~b tilfitm@'r A.t ~it.-

t1mn tm towo:.lt $tlOJ'lW stnte ~~ s!V$!"l by~ Dcl/t•,am dlsblbUtion 

tae.to~ Q.)C~(-A£./kT) ·eo t~..at, at w~ low ·tem~m.1'Jll!l~tJt onlv the 

z.:e?Otb Vlbre:t!onal l(We! ot the ~{!)tmd sta:to tdll be tctn'!!Qtet1. 

Tbe t)~bablll ty tf)t 'tbG br!nsl t11;)r.a ~- tho rJfl~tla Vlb~a.ttone1 1~1 
. . 

of tbG ~ state to tbe t- tb \'tbra.1{Aofta1. level ot tile 1t th 

exett«t steto 11! ~po!'tl6nd to the squar0 ot the ttandtlcm 

ttJOQ®t 

Moo' v... ~ -= s l\'0 ('X. J ao) ?G 00 c a){ e ~ ~ L .- e L :za'-t d'-} '¥"('X.) Etc)Xv,r( ll,A) b J&.. 
, <1"' 

:= r:;'101<(1\ 0) f'X00(G..) ?(1(!'-(G.:,A) JG., 



1$ tho Ft'~~C!\ OVQI'lt:llp tao~, The contri.but!tm· fro~ the 

CP.el'a~r e '[c<J' RO" VS\t'd .. eboe in tJ1(1j Integration ov~r th~ e!.ectmrd.c 
(I"' 

coo~tn.ates. 

. . . . ____, . 

'!flbrcrtlc tNne1Mon. TM- •Jtctor M0 k.(C:J,.o) ilfJ!S {l d'eti;<d.te Oft~ 

tlon 1n ~elattcm to the mol~cu1~ titelem:n and theref()N ,~s.ets 

tb~ ~1~~ft'tiol! ot· the tft'1adtion. G~r; theo~.et1e~~ consttt .... 

etim'!s c~.ed!? tl$ tftmdtt~ll as~~ ellowctt ott· :tert~lMon. 

w.ttt) -~~btonte 'bandt.ton t• edd t~ bE; elcctne 6J.po1~ atlew~­

lf the doe~po&i.tf.~n of the tli!'C!Ct product ot the 1rr~eib1e 

r•esetattcrle ot '-\'0 C::r._, ftc) ) -;;.;,, en6 't'" ('X) Etc) eontalns 

tb$ totrlllF S}lln!Mftr!c NPNSSltritlOD ot tho point SJ'OUth O.tho~4so 
~ 

MOJ<. ({\) Vantsb.e$ and tlie VeneitlO!l !8 ~try. torbldden* 

D:EPcMmen~ eil!denoo ~s tha.t th~ t~d tt-o!t mo.ctehtl Q$ 

deftn~ :tn equation ca .•. ~) doer& not fd.vo an ~l~ete ecctmt ·of 

'ri.bl"fmte s!)eobtt. 'l~be cl~iSatc ~pl.o to tho walt 'bmz~n$ Qb~· 

t!on sYsta at 0300! whlob is ~otJ~;r !forb!dfl~ and Sl10ws e 

pl*og~~seton 11:\ to'blllW !}~C!:ltric "~$bretton• 1N11 t upcn single 
. . 

qudtll ct ncn•tetf!illy ~t~~ Vl~tttiofts wtl!ch u-t ae 1
' ttd.se 

ou;tnsf7-. tJ. thf!OJietical tr•~n.t w n.ceount fl!.\r the apf;oarcmoe 
~J ~ Qo oQ o iJ'<.il ~ 

2 t~ f~h~H 1 s a 1 



cf thee~:) 'forblddtm'' Cll!nJIOf:!tmte in the t•tmd ttonfl of l1011atomlc 

1no1~os \!1 ·"f!bl't.nd.(: mt~ was tormul.ated 'br Uerozborg .eif 

T~l.1er49•· ~ho th®P.! baa bet:tll r~fttus~ ~ -~oa bF !iS~h»49, 
t~nueU an4 Pop1ol0 t erst .. , · Albrsebtsa ·end Yta~tJt~ • . 

!he 'bes!s ef tb& Be.nb<tJi:•teoU• tb•~ lti. to o:gprer~s th& 

6~en<tonee ttf the -dle~·.rtl*onte eebrocxllng~l" e(ltletton 'on the -motton 

of tbe motu as·. permrbat.ton .. ~he ·eleetrord.c nam~:tt~d(ib ls 

t~stAii~tt· &I$ ptn#C!'I 8el"iG8 iu tbo i1Dmd ~rd!n&'tes a Qbou' the 
. ~ 

~'d.,..11>d~ }1Cd. t1on ot tbe e~nd ttbittf as 

-\-tea) = \-\ + \ ( ~ ) a + ... 
· 6 L iHl Q ~ 

~ . , 
vtmre % i.e th-0· P~totd.e tor thtr ·e(!U!Ub»lum nuc1oar eonftgu.., 

r4ttcn Mil tho rw~lrbntl01l ts L ( ~~CV)o at. • *lb~ ,etul'bd 

~leo.tronto Ul\vetunetlon 'tl~~,. r- c -x. ~ & ) t s 'tbon e$easod tn too 
. b~ds ot tb~ W4Ptl"iA!~beti •vefuncU<:Jns "t~~-~r-(~~G..) =. \V~r- as the 

.. C> 

~tt_r-C~.J~--) =-· '¥:r- + l_ At<.~ "ft0 
i-:t.J<.. 

( _o o) r () 0 ~ ) D . 

t l. - E. I( 'A V..l :: J "¥ ~t:__r-( () ({'lt 0 Q..<tr ~.\.0 ct 'X. & ~ cv 

_ r o ( '0" ) · ~ ..J rN Ill "' v 
. - J 't'" 'O(i\.o 'Vl li\'X...J~kf."- o...~ A. ~G G'\.~ 

!1m ~~if state ie Q.S~ !lOt to ml~: w!.tb ~ted stntos dr«:o 

the 'U"tl1tto ot -~ . _ _,.. E8 itt ~ry la~go ,(Utnalt;,• gr~ater than 
~1, 20,ooo em .. 



fJ?hO trandt!&ll momant ~ectQd to tlrst Oft1t)l!' 1n taa11 

dt-~lac~fiJftts ts thtm 

·~\;,M r-:: M0 '< C 11, 0) J'ltoJ I\)')( ~r ( &.,11) J.v L Mot (Q.o)jx()J G..) A v-tw<<tNh .. 
. .l-=\-K 

!ho ft!'at tom in the eqn0.Uon wp~ouentteg the * ellwet'l• part 

ot the trans! tloft ~eat intesre1 has all"''Jad!f been tl!smtssetl. Tho 
~ 

'fo~Mtlden' term ts poladcet1 eeeord!ng to the set:Jso of M 01 ((t 0). 

. . ~ 

or forbidden tem In tl'le tredt1on momont e~rasston !.s that M 0 t 

-'and "'- V..\ met be mnaero for flt le.clst on., state A. • 'For t:ln:1te 

'M 0 t , the tU.l"ect product or the ~1ttelb1e reprtJsentatiotts 
~ 0 . . ·. . . . -rc'V;),_ \( rt'fc)' r ( 'P.t ) must conte!n the totall)" $-Jm~trte 

l'et,\rosentBtion ot the polnt· -~p -ot tl*s m01f!eUle. i·or t!Jltto- ~ kl 

the 4troet prodUcts ot- rt'V~) ' r ci-t\JC> ) \ ( 'f; } ~m-
r (1- v.. r ), \ (&.cv) .J \ (rx..lo) wet ~t~1sly eonte1n the totally 

· ~otrie ••PHlU)lltntton.. Tmco ·~~rements tm~ that 

Further, e!Mo tht~ ne:mtltord.~n :ts 1-nVt\rient to operations ot the 

po~- gt'OU'P of the !:!QleCU1e, (~'\) 0 haG the same ~etry 
pNfl~Jfti~s tn ~l~uon spnc-e· tlmt Qr: bus in nuclew sp&eo. In 



.---f.-

e~tton (1.33) ' r L '\> ~) md r ( 't' ~) M'O tJP~fiea. end 

rr ~It \ as-a be detemtnea. 'Ibis ia ~au11r~ent to aiJGelf;-
v-oa.q,Jo · ·· . . (!) c:> 

the typo ot ·'i!b!'e;tlon tba~ can mix ·the electrord.e .sttxt~ 'f.t with'\-\ .• 

A qnantltat.lve }tre)obent ot the vl~tton~ 'boi'!'Ow101 via 

:tl~e ·006 ·.~ 1595 cm•1 t!ag ~b~ntiono betwc~ the dlowed 
1 

E2u_ 

(UOO~) o1ectronlc ·stt\to end the torW.daen 1 
B1.ru. (gSeo!l M*! 

'~ \'U. (moo!)- olectl'Onie otatos of beti:ee hfts bee~ Mdr}M>,. tjfhtJ 

•Altulat:loft tmm1v•• a,.fl e'fduat!.on ~t ~ kt • tj:htt 'tem tn B vb!eb 

depo~o on both the electtMna i .Md tm nucl• tf"' ta 

i, -=-\ 

wh~re ~~ is the p~dtion Yectot of nuel.sus (f'- • !be nuc1~ 
dlep1seomoots tn the llf)ll'Elal modt),e; a~e tws reprose.ntiMI bv-. ~et 

~ 
.·. . '() "(' G'-' 

of .Jtmole~t cce -
.~ • G'"' p 6..." 

Oqtla.tlon ( 1.36). !s the sum. of one o1•tftm opue.tcrs bt tb$ 

"'aitttlatlcn of the !atearal !11· (1.Sl} ~ue~~ to tho lntopeUott 
N 

ot L_ hl .~th the -tmsltlon ~-st-., 
' .. 
t=t 



'"::> / \ 'D 
I \0~ 

eo"'-<-L '£he ~~sutt$ c.f the •al«llat:ton131 •w tbQt ~ '£... $tete !! 
'\._,•{,..(\ 1"'-

mtsetl most elteet1:ti(!)l7 tif.·tb ttlle 'B"J.'U... et~to by tho 6'0G Cftl•l 

v!bH.tlon .sntf w:tfk tho 'B\\.L shto by tbe !tol ~-~ 'ti"at1on. 

Th• 1t~tel'Idt1 dlstdbut!~n ot an el~Vcrdc verud.tt.on .ong 

!t·s Y.l'brettonal ~bQ!is ls detem~d t.v the Fh.."lQk~of!(lon pr!netplot 

whleh etatte that tM .nucleQr. pos!t!tm() ®4 "1el001ti~s do flOt cbarlee 

tlV!ns an •1-0emmte ;ttand.tl~n. !thfat la, the stfll!ts.n~ f»llft• 
. ' ' .. . . 

gt1Jiatton. 11'1 -the ~w. et1GCt'rodc stmto ·ttol)rese~to • dle:J1e.ea!$D.t t~o'Y\1 

tho ritet: ,e-!l!blf.ua. wel~ ·conflgueat!on WlttioUt e!:tangtl 'l)f ~•V• 
.· . . 

t~ tbo d!ot>l~t or the ·e~iU.b!'tum nucl.(la~ ~nftg't:ll'at!on ltl zeH 

( . A '=- o l aml ~t tho pott!mii!d ·cmmrsv tm'fecoo htttte tbe ·~· $00pe 
. ' . ' 

!.n both e-ltowcm.e st!~s, tbcm an 'tho ta•attw ta co~~aw 

ln t.~tJ (o~aJ b~. it the di~l.J,7\..e:_.nt !a mn~tsJ.WO f A i .o) ,, tltM•· 

sltlonet t.o Maher ·~nte states b~o M~ rprobable, !!'!» $t$0p. 

n•sc of tbo vctenttal ·etiCI'W eul'VO !n the oltelta1 ~te ttet~J.ttes 

the, numbelt or o'ld.t-.1 $tate ~brett~ '{•vetumucms Xir-C ~__)A) 

wMch ~11 •v~ ep~Jri-tclab16 O\fer1ap ~Jltb tho~~· sto:te ~wa,. 

tlolld WQVoff»t,tlons x 00 c ~) t'J:!6 t11~1'.et~o the 1$nsth of tho 

·p:ro~est40ft itt ·an ~ieebonto ttendts~. 

A mg'ltntl'· o~ quantittlt1ve appl:icatlons of th~ Franek...Codon 

pl..ttte!ido i:aa:ve be~ mnao.. '!ffiom al~i.cdge of t.be lnteru.d.t1 dlstd• 
. . . 0 

button tn. th~ bett1Gn" b~ ~ot• at ~50A tmd thE~< vtbrQUon~ 

~U'fle !u. ~mqg itm 1i#O~tJsion (m:ounti' s~te, sse @1
51, ~•tt14 

. st~-~ oas CT!!*l)_, ·tbe exten$lon ot ttl0 e .. e bom 1-~tb of 'ber4teu 



ie the t»1Cl tea. state waa ealeulated to bo. o.oae% 51~ 'i'he lowemt 

b~ trlplot stat~ e-a ~tt lfJnsJth eden$len .rtt1~tl\fe to • 
~ l!lt.lte w:;J eal.CJ.ll~toa to be c .. o~ ·51 

a.s ~. tflbe· sutondt1 

dl~td.l:M.tlon mon.s the "'!baUor.u~t ~bel's· of s tzmdt!OD has boon 

e$1eula.to!t ~~- t~ ehtm!td tn ~et17• the tr~tes ant the 

oo .. resrJOnd.kig m~ modes of tM ,.10vant 'f.lbrattonti tn the 

p~eer~ssi~n~~sa. 

A :b~o~ t~l"$lbla a.sooelt!ltlcn ~t • or •• ta1Gt1»ct 

ch&m~cel eompontm.ts ,_, eat:t~ Q eorap1oL e~go•trastcJ~ eoml)1e-s 

(d()M:f•ace:ep:~r o-le~:) ·itJ fomed lletveen = ~toetlen c1cmo~ ~ 
o» elec'ttoti aceep--. ~btl a.eceptcr tmd ttm· demr t:!JOY !n. g~hi 

-bo mo1et$l~tc, me1*1e•!anet s.telma 011· &tom•tcn'• 14th the ~~t1tt!e.• 

tion that tb~W Gl'e batb in th$ltr to~.Jl" ~otr!e 3~!ld stated .. 

..Vtw eomplex is ~tel'lsef by a nw e.b•rpt~on b~ tall«l tho 

ohlll~t~tftncfer (C!C) band.. fbts ~- b~ ls absent in ·tbe ~~ 

nett~ of the eomplos-. !ba ~p1G~ ed.sts I.!! two t~tntec., a ~­

~atft tma •tm .e:tett-1' state. x., the s~ tmte, tho tlonor tmtt 
tb~ aecepto• dP'erl~Ce tho ·nomd pb:;dcol Ioree$ one wtUl<i etpeet 

~'A the two eozPlr.teftto !n oloso pHdr.JitJ' t. .• c., van der t:aals 

tov.e~s ,_,te9. an4 tn t'ild!.t!on e sa~i. ctlltlt of cb.,ge is t~rmsten_, 

from tl\e donor to tbe eccQ~ wb!eb ®fltributes ~e. slt11 tiona.\ 

b!Mlns -eftW§ to th$ eOJap1e:rc. !i:he: uc1·~ 1tnte ts 'n;mottJ! vl1on 

the·~ state •pte: a'bso11bs Ught of $\llte'blo ••mT• 
t~1Wtenft9•M an6 otM.~ ~ktJ'frJ.ee-G'I bn.vo exp1etna4 qu,antml 



. . 

rBoobanie~11 th"' torm~tton of cha:re;e-..tl'ansfer eomp1ox~s ~ :tl\dr 
np~roaC:h is ct tho Vr40!'1eo bond type • Mulliken' s ·Vol~&-bom ... 

. . 

descriptiOn. proVides ave~ .achllquatt;· explanatlcm ct thft dt~ae·ter~ 
. . . 

!Gt!o olactromc absorptton in term~ ot an !~1m.ml# clr..ar--

tro.nefe~ trmst ~·<Jn• 

A~col'ding to ~!ul111t<tn.t tht> §I'Clmd stoto of tbe emnt}l": ha$ 

c wavetunetton 'V N wbteb !e hybrid or· two wavoAnicUons. 'i' c 1\ ) D ) 

end 'V c F\ "b -r) • f!ttrro '-\> c p.,, i)) 1$ the· tw..-bon(l· t\utct!Qil 

aoo .:to the ••!Unction ot thO ttenor md the aecop·toi1 S.n elose 

p!:,o:tf..e!·tv ,4 tll t10 cbMge· tl'an.oter botweon tmm. nowoYer 1 t ce.n 
ineludq oontr1butlons ffom. classlc3.1 e.1.eetrostat1c :torees, "qM de 

tJaslD tore:es and ~ous ~~~ston tonos artt1 d:tpole t.nte:i!nettons. 

'-\" ( I\- )) + ) !o CQlled thf) dat!V$ !'J!lOtiOft tl.fd: is t'bo VGftfttne~ 

tton ot tho two components bound toret~ tw· an eleetMn boins 

totallJ' 'tr~.rutl•.rsd ~ tbl (Jonor D to tiw •eoptor A. 

~he ener(W lo'V-~&ls of tlw eomplo~ e~ tJ<9 f<Atnd· 'by solVing tho 

c-.e~lnser fJt!Uation 



~·' 

. 
!he d!Ufjr•c• ~t.won tm tw •tatee (1.~ ... ~~ Qnd l1ttl of the 

comp11)• stYes ~ .,.rmr (!'fi) of the chu~tra."!1ste bmid tton 
... -.A .t.L. · "' · ••· ·lP .,t.. """ 4t.A. (· ~. ~·"" 1 ,..,;a · "'- . . •• 68,69 wM~ w1~ m').if.c\h~on o~ \ina 'v(IUGJh.-~on 4.~, •-~s vd an equn~JJ.cn 

tor ttl!s $f!Gqy a 

. 
vh~tr(: ~ ;).; r,. 1 <a tho ~~-'!A~. .tlllillOlJJ'1 'HIIf1\A!Xl!Mw to the !r.it1mQ41' ~ .. '9,41!1.• ~.. e~ ~ • ~~~~ ~ . ~~ .. ~ • ~~~~· 

"\} -

e~•tl'allsfer trtmstf4oa (lowest eMtta?), 1:!) ls. the 11-erttttat 
' ~ 

iont•tt~n :p&tentlal of t.he 4~r't EA- ts tbtf vtritce1 $1Qetroft 

i!:tl'!d ty of the aCMptcr ·mtJ c1· t\ll4 c. ·de const.nt.f• s;11e. lut 
' ·, ~ 

tem 1$ o'ft«m mm11, eo that tta ~<1tioil em. be ·:negleetoB, 

gi'ftng tM ~qu~UOn 

Yht't $bcvo dleeu~ston ·mra Ve.t~e ~ gpproaclt tor tf:.o 

tmd~J?otandln; ot cw ~t'lell ta uaeta1 ln caea ot wak ~s. 

'Elm foDatt.on ot C!· eomplo,;. ean alto b& e~l.d.a~· 1ft --~ ot 
' 70-?9 

-~~1e me:tewlu oJPMtd (MO) vea.~t ·· · • tttlJJ{f tbe ~pl«t# 

is one tc 'be film~ by bt-aetton t;otwetm ~~euaar oi'Mtnl• ct 
the ~fJR!' Wid tho• ot ace~pto"'• llbi$ tnatmtnt leet• to t..Jte 

ConeiUdOft$ ,dm!!U ·to ~- C!Vmi fbV thG ~t:\lence b~nt1 ~jff.Jath 

Wt ·the NO ~eti"~ft .e~s betttll' tn that lt ;!Ves aattuAtCtct'f 

e~lmi$tlof! ot more then otto !ntf»"'moloettl~ cr b~ Sn .a ~!)1t~: 



often obem.wtedso.e'.· Ttwfti· ohoUld be 'btma" eoneoporttitns to 

b'anedtlons boMen ®:1 &t tho ac.eupt$1 orbital.~ ot• tho doM~· 

ona thO ClPV crb1talu or· tho m:eop~r. ·xn ·tho SJO· metbc4, tbe 

!nt~act.ton ·be~en tho. ht~ent oeeupci·etl · ottbi tal of tb': aono:r 
Md ·ttm 1owost unpty orbi tn1 of tbe :f!eceptor· Ia !D g~ 

eonsttleroa.. tue te tb~ Interaction the· donor orb1tf4 ts 

de})r(\UtrJed Glld• the· ~ty orbital. ot the eeeovtor ls J.Jatmad' l.l1'Jd 

tbe ~'t!ole ·$Jst~ l:uM~.mes $'tsb13.ti~ vttb a. simultaneous tratlsfe 

ot C)lectron ~ tho tlonor· tc the aeeepwr. 



1. P.s. liu(l8Qn and n.m. tobl•r, Chell. Phys .. I~ett~r$'fi. ,14, mo caa7al. 
2.. K. sewlten ena· ~~. Karplue, eh•• PiW'th Let~e; ..Ul3· oos (197g). 

·a. Rit! ·~~ol .M(l T.tr. ttlsre, Cbcm~. ;)by$. I~ettltllreJ:, srz, 57 (19?4) • 

4. n.I~. GaY!.nt Jr4a, e. tJe1Slmln" J .K. MeVoy end s •. a .. rdee, J. Chern. 
Phltth, fit 522 ( l~'fa) • 

5, 11'.-J".t• Platt, netmettt ~. 372 (19&\),ey 

G. tt•A• Sl1Mn, C:hmt'ie•Traneto:r- intcvACtlonm Cf D1runoleculee 

(:ACad«d.e i'ft$3, r~cn&n .~ New Yot'k, 19'71) p lOS~ . 
. 

? • n. FtJ.lbM and A. Pnllnan, Quant'Ut; ntce.bordotr1 (tntor;eteee 

P!t1b11sh-..t, Detif YOJ'k !I 19GS} i:'i 440. 

e. v.tJ. f_,!oht! am ItA,. tuc:v. Moebeo • .r., 12.2, 2al ClDGD). 

9. J.r.. ... tucy ant~ tl,.V. Ucht!, !J!achea. J ... , JU, 231 (1969}. 
' 

'10., 3 ~h• !:P.,,cy, Am. J * Clin. Nu.t.,J'la, 103:! (!WG9) • 

U• R.tG• naylf Sth J • Obti:i • t::tbyg ~ t: .l~h 007 (JMS) • 

12. f:l.S. DayliGBt J ~ Cbm-. Pb1fl•·t l:Zt 1353 (1940). •. 

13• u.s. Desrlf.es,. Aunbalien :. ~.et., .Dt 12 (1949) .. 

tl.,S. ·'f'..ayltas, quart. nev. Chom. t-oe., g, 319 (lJ~Ba>·· 

n. KUbn, tte1~tt. Chtm.., Acta. t lls 1441 (l'MS) • 

16. B. Kttbn, Iielv. cblm. ll.eta., iQ, 2947 (391'~). 

17• !i., Kuhn, J'• Cbf:m. Pl~s •. , lit S40 (1949). 

1S. B. Kuhn, :r., c.hem. Ph.Ve., ..z, Il98 ( :1949) • 

19. ft. !ulm,. OMmie.a, j, aQ3 <·:toso). 
~. s .• n. Platt, ;J:. Cb•• Phya., ll't 4B4 (!M9) ,. 

21. .r.rr. Platt, :s. ct.lEm-. Pbys., ,m, 1697 (1953). 

22. r;.rg. ·S!n'eon~ :r .. Oheo .• PhY~•• ,3.§, 118i (194B) •· 

sa. ·~t .~. 31mpeon, J. Cl'lOm.- Pb1s. , lZ, 1e1S ( 1949) • 



y-

oo •. 

Jt:. ·Rt,ilenbes ~ c.u. scherr, ;;, c~a. Pby~,.;s, !SGS Ci95a). 

e.t;;. ... eche!'r, ·;r • Chttn• Phys.i, Jllt 16SS (1953)• 

J .t~ •• uun&ll ;. too !·h®W ci't tbo moetrcnic s~oetJta of or;ame 

!~oleeulec (Chapman .m.« Ua13~ i .. td •• t.onlton ~ 1971) • 

f3? •.. n.Iw •.. 3atte -end· M. oreMn, Thee~tr at.td Applteatio,_,, of UltraViolet 

·wl)t.tc·t)!!Q$CQP1 (~lobn ~J!ley end Gons, !no.., t: fl~W Yo~k eDt· 

· !~on, '1969) •. 

~ me~. J.,tl~ P1~tt, n~tetton nto1.c81., ~tttt., by It~ Holla~or (M~re.w-

·+ 

11111. t t~:eW ~Q;tlr;' 1056) p 71. 

m;·. n.s. t~unttrer&1 .:r. -Cbem. PbFe•t' 2t 14 (1939) ~ 

oo. n~v, Hulltken, a. Chen. Phys;,, 2t a&& (l939l~ 
. . 

S1. c.c.J. noothaan~t l~~. Mod~ Pbreht St ·Gg (1SUS1} .• 

32. n •. sum.!kt~- 1?lect.r~:>r4c t.b~~ptlon tllpectra arti GGODctru ef O~gtudo. 

Mo'loeulee (Aerd!Gmt-c Pres1, ntrt.t.Yot'k at!\ t.omten, J.9Gf). 

sa. , l:a .!:!tre!'tw!eM:r, :tl'•t Molocu1e.r-OJ''b!1tallfhoo~ ·tol" O~an!~ 
. . . 

C~~sts (lobn lilley ·entt Sons~ tne .. ,. nw York tmd. .te:rAon, 

1961). 

M. . Fl. TIUCk4l t z. l:fl\Yt.Jik.;' Z1; ·004 ( i93lY.· . 

, E· r~eltel, z,. Ph7s!lt. · ~' $10 (:1931). 38 • 

oo • 
37 • 
38·,. 

39·~ 

40. 

41. 

42. 

43. 

. :e. J!Uckelt z. Peyaik,, ,3,· Gal (193tn. 

. I~. nUck!'l~t 2~ Phydk, Slat· G·~g, .(1933) • 

. c.A. Coulsollt P!'Qc. ney ... soc.· rtoooon) t A l§a, 413 (1)}39'). 

.a. f_,abbu'tt J:. ct••· Phys •. , .• ,. 957 (1967) ... 

,Y. Oo!h!'ko~ J-. Pbgs-. t200 • ~·e~n<; Ja, -~ (J.e57) .. 

.Y. Ousbilta~ 3• P11W~b ·~oc. Jepon, ·Ja\\ 1246 (1957). 

.n.c-.. LrlintUet.-tusc1ns Q.t1t! t. t~a!t$, ·w.rroc. Rolt• soc., !flfil~ 172(1959). 

.t1.~ ... ~l!lShaon, J:. Am• Chcca. SOC··~ 26t S5e.S (19t\e)". 



44.,._ ·w.t.r., Sf.mr>a~n, a-. Am,* Cbem_. eoc,., -D' 5363 (1951)~-
4 ' 

45. -, r.:r~, Dorn -iSSl; K. ilumlt, n~eel ~-hocl'!f of· c:rvsta:t ~atttce• 

(0~~ tlt4•1'91 tr l;Jl"tla:Jt .tertlon ~-. l.~~ 1'erk t 1964) • 

46., ~h f1,....bm,- Group ·l!fb~o:rv end ~tun Mfl!Jcl~'\tt1es (McGfaY...nill<J 

f.t~ Yot*k, . 19M) ·• . 

4?. F.lt. Garfortb, e-~-• !ngoltl and n.c • .Pool~~ J~ e~. ~c., 400(l .. MS>. 

48• G• lJQl!'BbU6 ·~ 1141 ~e11er, z., P.hyldk Chtm., D.alt 410 (1900) • 

49... Ad>,. ttehr., z. IJmturtcJtech, li13, 313; (i..tlSS). 

so. 3 .t~. Mt"!)fl'dl end- J,.A., Pot)!~e, ·proc .• -Pbvs., SoC.: (Lonaon) t A~L 

M$ (~6Gl• 

51., D.Jt-. .. Cl'd@t J •. Chtm-. e.foe,., 8.(19$0)~ 

-sa~ A.c. Alb~eehtt :r .. c~. Pb)"S• ~ .u, 100 (1960) • 

&."iJ. t~ .• A. "i'a,Q)!'len~, ~. ~~aturforsoh, .uat- !U~$ ( 19&?) • 

oo. It •. Grlabow$lta1 J. tl!ol. s~cwos.c.,. ,m,- 96 (JOOG). 

ss •. r:-.r. rteeou and :t.G. nose, Aust. 1. Chem_ .. , 1§,- :573 Cl9Ga).­
&G. J .n. coon, lhF.., de ~1ematl enll!t e.f,t-. rJ1Qyd,_ :r. t-tol. spoctJ.to$c. 9 

,~, ms. t19Sel. 

-r 111. . %{ •· Miller and J of~-. ~11, ~~r~t:w Cbi.m, A eta (Dorl.l _,.It 231(1005) • 

68•. K., .Mtl.tar· am .3-.N, tfune1lt tg!loo31$'tt. Cbtm. Acta (Dert.)~ 

-J, __ eo. <~7). 
59* ~.th M'Ulllkent J~~: Aa., Ch$"h. Gee., 2.\h GOO (:3.900). 

eo. nO's. _i"Ctnll!tten, J. tm:t. ct•• ·GQe.-, !mt su (19_61?). 

t§l,• R •. $ .• f.1Ul11l~..-m, .J • P~P'S• Ch&'ht .Jm, 901- (195!» • 

ea. X\t;q$.- t..JulUtrfi)n, _..,.,,. tlWm. Ptwo., ~J.,. Ml (1964). 

69•. ~.$.•· Mull!llt$Dt .. I• C.l~. fbFtl•t ~ 00? (3955) • 

M• . li•$• t·-tilllik®, J-. Ohem-• Phre., . .Q, SO (]J.~)"' . 

~ GS.- S•l>-• ,l~cGl~n, Che~. nev~t S, 1113 (19$),. 



Gth · G~, Drieil~b, st~~n .... non~Uir~!\.eeopto~~•l'tleH· (S,lli-~e~Verler~ 

Dell' lin, 296.1) • 

67_.. H.-D. Person and n.,a·. nuliit~cUlt 11.• · ~~v. VbY$~ Ch~~ t J.l; 16? (iSG~) • 

GS. · rt.a~ Sl:tfldtit Cnug~-!:tenefe~ tntemcttons ot Dt<moi~le~ · 

{Aeadmt~r ~es$;· !JI)ndoa antt new York, l.97ll p 4. -

69-.e n~J.e.u~ Coon. :aM ~t1tE-. :von~~~, ih.C~•l'llJ$p ,. St 3JSS (~?$),. 

vo.- t~f,*J .s,~ ~o~~ ~ A•fl•· tcp10y,- J. m~ oil=., :eec.-~-a' 4560 {2.961>. 

?1.' t.f~J.s. Dower Gtl1 ll. Roget$1 ;(~ ~-· C~~- ·aoe-., J?d, :»S (1968) • 

?a•· A.-n-.- Lep1~Y·e· .T.,fJMw Clwm. S®~tt .H:t· '35?? (19'~2)" 

?a-. tt.n .. teplfW, t. m.· Ch•• ~oe., §!\l. ~s (1900). 

74.· t:.n~ .. tetSlev, Tnt~abedron to.ttt'~~h ·aafi!S (1964). 

7s.· A.n.· tepl0Y ent1 (he. ~tu)J»mn,· J-e.v· ,-.Am .. cbeu. soo., •• 5623(1967}. 

·ve.· Jw.?J,.· !fttr~ell.-; J,., ~. Che.: so.o..,· -~ sos? (1059), 

17,· !J'* 'Fulnl!t !.- ~a;· T. YonG.Bwa· a~ C.- U~~,- DuU. Cbml., e.oe. 

~~en, _m:, 1076 (1~1) •. · · - -

7B•, P.- Fukui, !~ Tt:t~r$, ~. Y011e~ ·end e~ tt~ta., Dull . .- Cb.G·~ t~oe. 

Japan, afi, 33 ,(1002). 

-~- ?99' R.t. 1~1~~~, Jr.·, J ~ Pbys. ebm., -.. :w·~ (19S5) o 

-~. 

SO.,· S!t· I~ta.i 3 • Tu$a .&rd G~ !Jagat-r.ut~3,· J • ·m·• Ohm. SOCo t iQ, 

0;13 (19G?) • 

8;1•' a.,. i{'lll'!Oda,. t. :u~emoto· and R· • .!1~-t!t'at Bull.- Ohm,- t1oc. Jepm, 

.m, 1Ma f1~l9 

S~.. n •. K~da, u~ KcbQ$$bi-, M., K!nosbi ta ·and-. -Q~ T~emo~, J • Cllta. 

l?!lYS•t .mt 4$7 '(2,962)-_. - . · 

sa.. z.,.::c. oa:ogo1, ;r. c•• Phys~, s, ·~~52 (3.955)-. 
94,. 0 A•· lt!er, !~d. 'f:r~;.v,. Chlm• Pe.:;,•Il:t?:81 :l.#h SaG (y}GG) • 



-.~ 

-·~· .... 

65.- n.!!4' t,rerrtf!cltl and w.ID. Philips, J,. Am• Cha. soc., i.Q·, s7?s 

(19sS)·• 

SG. n.. K.ubo)''"e!lla, J~ Chem~ :See.- ":rapen; ~1n cnem., soot~ \li1pPttn 

Jib~9h11 Zoe$b1) n4Ji •. G$ (1960). ~ ~~· ' .. 

e?.. G._ Driog!C)b, J • Ctekalle. end G. R$U=~, z. Phydk, C.~.im. "&.1?,.,. . . 

!Q, $10 (1001).. 




