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INTRODUCTION



w De

Puring the ‘zasf:_ two ond o helf deceden the speotra of
oronnie molecules in Aiffevont sinten heve boon extonsively
studiod tu heve o wore conplete understanding of intermoleenler
oo woll s iIntramoioenlor properties, Particulerly, spactions
- gople studios of wolecules of biclopieal intorost have beosn
avenloreted in recent yonrs 1o m&éﬁt@‘ them ond thedy intey-
petion forcos vhich exiet «Athin uod between molernlen of &
por#iculsy shepe in o given situotion favourable for a particular
biologicel ectivity. High spoed conputers hove multiplicd the
progress grently. Thelr uso hes holped to tost theorlos invols
wing complox celenin¥ions of molesuler orbitels of lovge blow
moletvions An underptonding of the cleetrenic properties of
moleevles dopends on the lorge secutmintion of oxperimental detas.
The develorment of intonse UV 1lght sourees for sbaorption and
spigsion gindies, UV and vigidle spentrophotonoterg hos nede
avellsd¥le move eomplote sote of awporimentel detn which serve
woys occurats interprotations of nany @hmm@a asgoninted with
the blomnlecules conterncd.

The presont investipation 4o convorned vwith the cloctronie
ﬁ%p&w%ﬁag of sone eonjugsted moletules (polyoncsl. The pool of
thin rosesrch Ls to collset the spedtral dote exporimentslly ond
% intorpret Phe dota within the fromework of the oxiating
theorios, In order te cchisve the data the airewdy 1woll csteblished
sxperinental ﬁ@ﬁh&&q&ga of TV anf visihle spettyoscopy have beon
edopted.



. There evs tun aspocts of the spectrostopie properties of
pelyenes of current interest. One mga:‘émg' the exiotonce of o
lovelying T ~cloctyonie forbidden ﬁm‘ke‘“ { Aa“ﬁ* Helow the
strongly =iloved t%u stoto in tho nesr DV or wistble reoton of
the gpectrun and the othes 1o the pomsibility of formation of
charge-transfor emgﬁwms& 5232 op these mmpmm:%ﬁ with sedteble
donier or accoptor m&m‘tm ’

| ﬁ@&%ﬂ%ﬁg &ntﬁmg&reﬁaﬁfm of the speetrsl dote of melecules

in difforent phages rests op nofern theoPles. %he frec-clectron
U0 theory, LOAO MO theery, ressnonce foren thoory, theosy of
vibrationelsvlootronic intevactions end the theory of intermoleculsy
cherge~transfer ﬁﬁﬁmfaetmn w511 aided to interpret the clectro-
nie properiice of poivene moleonles ard for eroleinimg sone owperie
mt&l ressits. The outlines of the velovent partn of these !
%&z@aﬁaﬂ are digeugsed in the following weotions of thigp eﬁagztar‘

1.2 fhe ﬁ‘&@&eﬁ%@?@mﬁ P Theory

 Fhe moloovler orbitel (U0) theory nssumes the clectrons to be
locsted in the dgioealiced orditals. The orbitols of lowest cnevpy
for the clectrong satisfyling the Panli's exelusion princinic ors
reforred $o ag the pround otats of the molocule. An eleatron when
ralsel fron one of these filled orbitals to the other one empty in
the gronnd state corrosponds to an oxeltnd sinte.

Fhe frec-clestron KO i‘;ﬁ%&yu’"% 48 genevnlly usod for detep-
nining the cllowed cnorgles =nd etote wave functions of the 10 -
@Em*&x@m 4n conlugated organie maleculan. This thosyy is bpacd on



the pemoption that there 45 a veglon in spece in whieh the potone
11 eneray of an elgetron &5 finfte ond conotant and 1s infindtely
bigh outside thie roglon. From the molecular point of view the
oisotrons move freely along the length {1 ) of the conjugated
systen, Tenee the w@mem of sn oleetron in the conjugated systen
bacones e:m«—ﬁimmmml and tho wave sountion of on sloctren in &
onoefinensionsl potentisl m

L (e )

=0 (1.3)

The cledtron &s posuned to move frooly alcmg the length of the
moiecule and hmwe V=0. The solutiong of the wave omuntion
{1.1) nftor vormaligstion with the beundory confition o<« <L
satiasfied are

‘ = .. MR .
Y = G Sun L (2 }
Y
L ' {3.2)

vhere n 4o an interger, m is the electron mans end h 1s Plapek's
sonstant,

The one-dimengional splutions (1.2} ond (2.3) will serve’
a3 2n epproximation to the orbitels of o long linesr conjugoted
polyene for anmwple, Tims the M0 theoory in froce-oleclron anproxi-
netion glves & m@m deseription of the olectrorie states of
linear coniupated polyenes. & conjugated hydrocerben of & double



bonds contain & T-olectrons. Fach of k orbitals of the nolecule
tn the ground ctato &s ocoupled with two cleoteons. The firat
splnctronically ozcited stote of the eonjugated meletule i3

| obtained from the corvesponding ground state by rolalng en dledtron
ﬁ‘reﬁ the highest coonpied orbital (n=k) to %Ls& lovest «_mpi:y
oydital (n=l+1)a Tharefores the cnergy of exeltation, o5 .,
in glven by

AR = Eyg— B
C ak+t) N
= "_""'_'r'l—_‘ '
R . {1.4)
Ao gme v A7 | |
oF A = (T) 2R+ | ~ (8

wvheve the varieblos ave omiv L amé . Tt 1s sosh that )\ varias
es 1 . TFrem the varistion of [ wAth the mmber of double bonds
in the system, ' .

Lo (k) | (18}
2. |
(k4)

ard from (1.8}, A\« (147

At lavge U, 243 ~ Lk and honeo

N K - (1.8)

which Indientos that the Inevensze in longth of a conjugated cystem
. inevonses the wavelength of chbaorption. Fiom (1.8) 4% 1z understood
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thot the frao«gleetyon mothed provides a gsontoantitative rolation
betwoen the length of the conjugated oysten and the wavelencth of
absorption. The wavelengths of ather bandsg 4n the RWipher mfexgy
side of the abmerptlen spectrun é!’ the molooule coh olao be Mim
predictsd by the i”‘mawle@tmn o m‘iﬁmﬂ; |

1.3 The 104G KO Theory

The wm #0 ﬁ:ﬁmw iz baged on the meataﬁ@n thet 2logo |
to one atom of & nolecvie the infivcnce of thet stem w111 predomi.
nate and the moleeulor wave function will be siniler %o that of an
atonic orbitsl, Concequently 1t seass naturel t porroxioate the
noleeuler orbitels ns o linesr combinetion of atemic oridtals. Tech
moloculay orbital in the ICAD approximation® 122+3% 4o pagerded
as the = of varlous aemounts of atonfc erbitals. In this approst-
mation the ¥ th ooleculer ovbitel fg written sa |

Vo= g eapd | £1.0)
§

where 433 is the 3 th atonic orbitel end c; 45 e coofficient
deseriting the amount of the § th atonie ordital to be found in
the » th noleécnlar orbitel. These moleeular orbitels are assumed
to be elgenfimetions of an offective one-clectron Memiltordan for

the equilibrivn muelenr configurstion of tho moloouic oo that

HY, = Eoty (1.30)

The goeffivients which eorrvospord to stablo molconlar orbitsls



are o be congidercd. The ortital onergies By and the ceefficlonte
@py ont be eveluated by using the variation methed if the netrix
clements W, i of the Heniltondon ovd thogey 3, i mf_ overler baotveen .
the atenie orbitsls ore Wnown. Tho seonler aqotisns ave given by

' o
For o atemie orbitals in the expression (1,2) for the moloouler
orbitels thore will bo n soevlar coquationsz of this type. The
sointiong of these smcculer oquations will be non=trivial only Af
the 1 th order geenlar detorminent vanishes 3

e moasn for onch 4 (.11
ep(rg-esiy)=o

er—sasc&\:o- ) (2.32) -

If this sseular dotermimants) equntion 1s expended and molved,

this w121 1614 n solutions for tho orbitsl energy T, If cach

of thesze solntions for ¥ io mbatituted beel: into the seculor
eruations, the coefficlonts ¢ of the stomic orbitel in the moleculay
orbitel cam bo obtoined. |

fet vo write for converience

oy = Wil | (1.4}

By = Wip=Mp (i) (3414)

Here o, is the Coulemb integral of the atemie orbital 4. . This-
integrel represents the Coulemd anergy of an ¢lectyron in the atomie
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orbitel ¢ . fgﬂéﬁa tﬁg resonsnce intogrsl beotween the atemie
orbitals &, ond ) i and 4t coounts to the enerey of intersction
of the two atonic orbitals. Both those inteprals o and f
corrospord 1o negative enorey. If 1t 4o pomimed that a2l the
atonic orbitals avs normclized, the scoular omstions (1,331) can
bo writton in tome of £ ovd P as

Z‘cé{(%%_ﬁgm,* ¢i(i-t)-0 for each s (1415

L _

 I% 4s known thet the abheorption spectra of hydvoecsrbons ave due

to transitions of the wecledtrons. The epprowimetiens to those

socular equations for thepe T -orbitels, colled the ifichel
apg}wﬁm&ﬁms&”% aro the follewing ¢ |

(1} %hé Coulomd integrels o ore token %o be the pome for
ench piomic orbltal and thisg s ropreosented by « ..

(2) 211 the overlep intograls & ¢ &ro asswmed to be sere
for 3£.8 .

(3) Tho resenanen integrels Pt j are ¢congidored te be nensere
only boltween neighbouring atomg. 2o Pe é_#o if otom 4 1a
bonded 2o J aten ( 84— § Yo

(43 411 the resonsncsm intograls for neiphbouring carbon atons
are psmmed to bo equel ond ere donoted By p .

th the sbove Michel approximationg the gecular sanotion
(1.15) beeones
Z cip +oci (x~&)= o0 for ench § {1,263

‘a—*;'t
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on wetting v = ‘%E s Yo seouler eguadions (1.18) reduce to

2_ P+ vy f:'o_ : for each 4 {117

g

Corrogponding 't@ o geculor equations {(1.17); the sesuler

doteyminent becomes slnple @ the disgonal clements are v and the
@ﬁf‘aé iagonal elements of row i, eolumn § are 4 4f atonm 1 ip bonbed
ts atom 1, othervise the offefingonnl olemonts ere Zevo. Tints the
socular deterninent for any conjugetiod T esyotém wholly of carbon
Ti- tonbers can bo Wilt up. For the Yncar conjopated T -aystem,
the emergles of the Fiickel molocular orbitels, v ard the coeffle
elonty of the earhen apw  stomfe orbliols in the Mickel moleculor

orbitale, o, gen bo exprogssed in B0 snplytie fmﬁsm as ¢

) ‘Y“
'\‘J,Y'*:——?\C»S el , Y= 4,2 -~ m {1,358

Ci’é‘[ - (%Q %‘m_. o ‘ o {1.30)

vhere » pignifies the molemine erbitols, The carbon w -tontors
ere puaboPed 85 1,2 vaee B from obe ond of the corbon chnin ond
Cpg is the coofficient of § th omrdon atom in r th M0y Yy
fubotitution of (1.19) in (1.8) glves

’A"K‘T o
\P"(‘ - r*n.H S— Sun rr;q;.‘ /é’ : i gaig@)

vhers the lincar ﬁméuga%w syaten containe n carbon atoms. The
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energy covresponding to W is

aw

Bqp = A+ &p Cos 5 B (220
The electronle transition from the hHighest bonding HO €5 the lowvest
antibording U0 gimzz rvigse to the fivst absorntion bond of the
conivigatod pm;«mm weleculo and the mmmnﬁmg trmamtim we!“gy
ig ziver’ W

, . W | o
AE = 4 S ) ' ’ {1.28)

wbieh 15 An units of ~p « It oz bo sedd thot for o eonatent
value of —( the transition erersy decreases oa the length of the
eonjugated polyene chalb inerecses. Since for giell angles Sino~o,
hlg simplc 1040 HO thoory srediets that for a long polvens molacule
the wavelongth A - of the fivet sheorption band will be propor-
tional to ny which 4o ovident fyow (1.22), and will Ancresse to
infinity ag the longth of the eonjupated ehinin increases to
infinity. In the preee-ﬂma scotion wlso the MO theory in frese
elgetron @p@mﬁ@aﬁm proficts for tho SRerLy of the trengition

to the lewest oxelited: - clectrenie sﬁaﬁo a similsyr roletionghip with
the length of the mnmgataﬁ polyeng moleculos,

3@"% The mwnmm Force "f’m

Che of the baple problans in the applicotion of muonton -
mechenies to gpectroscopie problems Is tho salection of proper
zoroworder wove functions - that in, the chofce of basie sets that
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allow one o »ﬁz/ﬁam diroctly a reascnable pleture of the cleotronie
strueture of the molecule in qrestions Tor neny Tecleetyon syctems
mgpmaghaa'hamﬁ on delocoliontion of elactrong sueh aa the LOAD
{Diockel) molecular orbital and the free-dloctron (FL) model have
 been suocossful. But thess theories show some discrepencles with
the sxparimontal resuits af the polyero, Tor mich moleenles the
nelecular orbital theory both in FE and 1CA0 spprowimations @lse
cussed earlior predicts thet tho onergy of the lowest oxcited eloce
tronic gstate epprosshes thot of the pround stote an the length of
the chaln increases. [Dsporimontally this was ot fours! €5 bo oo,
The energy of the lowest 2llowed transition of lenp polyancs

" oppesrs to have a nonezero 1imit. Howover, it hoe nov boon shown

. on theoretical grovnds o™ that the asmumption of equel bond
“jenpths for lonzer polyenes is incorrast. An slternation of bond
lonpths, long and ghort, vill alwnye occur AF the confuzeted systwm
épﬁiym)l- 1g long mmh‘“% In the moleculsr orbital theory clee-
tyons are essigned to orbitsis deloealised over the whole molemule,
-agcording to this theowy the lowelving oloctrenic eozcited statos
will heve an slectyan veimed from one of the bonding melecilar

" orbitels te omo of the antitending vet. Thie simple description of
the exeited states fails to tske sccount of gome inportant fostures
for long moleculen. Although 1€ does predict 2 nonzore 1Timit for
long moleenlas, 1t does not neceosoerdly pive correct deseription
of the lowest group of exeited stetes. It hon bsen suggested,
hovever, that in situetions where ono con write only ene plousidle
ilow enorgy cround siate styueture for o molecule, one ahould cone
sidor not delocalization of oloctrons, tut rathor doloenlisstion
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of exoitation, in opproeciing tho lowslying cicited states™s,

g polnt of viow, which hag lod o the "ropononce force medel”
for such molecules. Tho yosmsnee foree m&@‘l’% of deseribing
tho eoxoited states of polyones tresis the molosule as an ossenbly
offsthylencmtyps units, cach with tve TC-clcotrons in which
Waﬁga furens botusen the feublo bonds &m mﬁtwﬁ; only ﬁ%m
glectrostatie intorsetion being considered, The %?miuemm
natriv bobwoon the M:attas of the n ﬁ@ama &mrﬁs 15 ginllar to the
Ehickel matyly for an neaton shuing the Tiekel o is mg:&aeaﬁ by
the othyieme transition ehorgy By ond /% i mg‘imeé zsy T' » the
intorsetion Integral, Tho wigm&ma of mw matrix czn be -
talten fron tho Miekol mﬁ‘im (89)

Eo(my= Ev+2 T 0s Top (1.29)

Tho rosonnnse foree approach hes been spplied with miccess in the

'. mmpmm;am of the spoetrs of g@wmw%

1.8 Tho ‘&f‘mm'y of v&wgﬁ&mﬁa‘_«‘:‘:{m@@me m%ametgms

The intenelty of on optical (electric dipole) transition is
| gzmmvﬁemﬁ to e smare of the transttion nonont botween the
~ 4pitial ond finsd atamm The trensition moment botween tws
stotes & and 3 :m | | o

ﬁ%& :f\%" cex)xl) ¥ (x ,.X) \Pa' (x,%) d dx . {1.248)

where . (x,x) e Wy -, x) ore emeet solutions of the



Sehrosdinger oquation for tho complete Yamiltonlan. The eollece
t4va coordinate symbols x and X form o eomplete sot of internsl
cocrdinatos snd locate rospoctively oll of the clectrons and
micied . .ﬁ){ k) &5 the dipole moment oporntos

’P_q)(ft,ﬁ) = QZ?" — ey za\e‘zﬁ\’ - {3.28)
- Y o~ :

vhere :”: ant Rg. ere tho position vectors of the 1 th oleetren
apd o th nuclens respectivoly,

In polyntenle woleculos oxoet solutions are not hnown oince
the emuations of motion of threo or meve interacting particles
cpnnot bhe solved, The BDornwOpperheimer agmximatim% i3 uged to
cbtoin o sinplification of the mathematicsl &amripﬁm of the
systen., This procodure separetes the electronie and nuelear motions,
The efdebotic vavefunctions are nsuclly further sinplified by fixing
the ruclear coordinntes which appesr ae paremotors in the clectronie
vavefinotions, Tius the seroth-order vibronie vuvefunetion for the
Jo th vibrational level of the 1 th clectronic state ean be written
s the product funetion |

\V{,/w (‘x- ,X) = \\)“b (_TLJKD)'X,L/“’ C)() ‘ (Km%)
vhere Ny (%) 48 @ solution of the cleetronic Schroedinger

equation for the equilibriun ruclear configuration X end X e
1z the wibrations) wevefunotion.



w» M o=

sineg moot izafmmt&m concorning. the mm&mx m&&@na M’
polyatonic w@hw&em rolstes to the ground state, 1t ta emvemant
'm osprops the zsaﬁmﬁ' scordinetes ¥ in termn of o ehoplote set of
norasl eoordineten & for thet state, The neymgl coordinates
conpletely span the speee of infinitocimal muclosr dioplocesents,
with sppropriste cholee of ovigin, the eloctronic wavefmetions
bolonging m the ezeite? electronic stotep noy bo expressed in
toyme of the ground state 6 + Thug the vibronic wavefunctien
for | quonts of oy nornel wode 4n the & th oxvited clectronic
agtate 1s

rCfﬂ >0y = ¥, (%, a)%w(a A) Leam

- where the geonoersl dimplogenent wootor A oscounss fop the ¢iffer-.
ilibrivm goorotry Detuwonn tho ground and oxeited
cleotronic steten,

gnge in the oqu

Che

The mnbay of m&wﬁag in o stote @mh margy AE gm%m
t&azm tho 1&5:@31; enoepy stobo e gﬁv@m by the Foltsaon digteibation
~ factor Qx’p(—m?./ hT) o ﬁh&ﬁg at very low teﬂ:ammmm% only the
zoroth viwmti@mi Tovel @3’ the ground atals w31l be populated,
The probability of the tronsition from tho gereth vilretional levol
of the ground state to the /o th vibrationck level of the k th
excited stote 1z wgmmwmi ts the square of the trangition
_ mmmﬁ

GQ,K/W —5 Yo (X58,) 7600(&){ sz‘eZAZq\-Rd\.} K(%Q)X (Qﬂ)o\xda

= MOK(&O) f‘&og(&) XK#(Q,A)&Q
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whers

Mo (69) =] %5 (5,80 M V(e ds (3,20
and jx@oc(&)x“ﬁ(a’ﬂ 44

18 the TrenchkeConden overlinp factor: The contritntion fyenm the
operator ¢z R vanishes in the integration over the electronic
mmﬁimﬁagﬁ:

Eouation (1.98) secounts for o pumber of fastuvos of o
vitronie transition. The vector ™ OKC&OS hos o definite orlentos
tisn in rolatlon to the moloeulor sicleton and therefore predists
the polevigation of thoe %3 s&t&m&; Groap %%mmmﬁaf% conpider.
stions clagelfy tle troneltion ap cymmetry sllowed or forbidden.
The sloctwnnie wzémiﬁm iz oxdd 4 bo cleetric Gincle allowed
17 tho dcemmposition of the lvect produet of the irreductble
reprosentations of b (%, do) , vy, and Yy (%> o)  eontetns
the Sfotslly gmmetsle raprosontation of the point gronp, Othericze

Mo (8) vardches and the trencition Lo synsotry forbidden.

| Baporimentsl ovidence ghows that the transition poment oa
dofined In couation (1,28) doos not give an odecuate sceount of
vitwenie speetras The elogsic sxnnplo 1o tho weal: Bonzone aboorpe
tion eysten ot 2GOO0R which 45 symmotey forbidden snd shows o
progregelon in totally symuetric 'eibmﬁ@m toilt upon single
mants of nonetotally gremotyic vﬁbmt&ﬁm whdch agt ae "faloo

s:;i‘.’i@iﬁﬁ"' « A theopetien) troatment o ac@mmﬁ far tho spposvonco
. ? 5} 9 n @ ) ;x-f» A,

2 4 E‘ibii"é 1981




w 30 -

of those *forbidden’ compononts dn the transitions of polyetomie
mﬁmew by wibronie niving wos foronlated by ﬂarzﬁzmg ard
m:l‘ierég; The theory hng hoon rolined and ogbonded by z,s:em%,

'z»smsm&l and ?@?&ng @m&gﬁgg AlvreentEe ond ‘%@mmaﬁ ?4,

. The bagis of the ?e%‘heﬁg«?@mw i:%mwy ia t@ ozprens the
4' depondenen of the &aetmnie mhreaee?&n@af aguation ‘on the motion
of the muelel ao & porturbaticn, The olectronis Hepdlitenian ig
coordinntos Q,q/%%‘mf&% tha
cenilibrivg nomttlon of the gyound stolte g

empended ns & pover series in the pormal

heay = W, +z WY @+ - (1.29)

ﬁ/
vhere Ty do the Eand)

Atordan for the equilibrium nuclesr configue
ration and the perturbation is Z( 88,65 » Tho perturbes
elestronte wavefunction VW, (x, a) is then exyressed in the
, hmﬁa of the unperturbed wavefunctions '\V,fj N'('ac) a) = \vi o os the
linesr combination

K/u\(‘l &) = Wyt 7 e Mo (1450)
=38
' o o ' o o
shere (€ - Ey) Ny, = f\vir&(gg%)oexwmm &a, (1a31)

SWK(Y’—Q) WX, 8, xwa\&

Pho ground stoto 4z osoumed not o miz with oxtited ototes since
the value of If -~ BJ 1s very large (uemelly grester then
20,000 w13,



w V7 -

The transition mmt sorrected o first order in smell
a2splocenonts 4o then

Mook 7 Floc (8 [ 9%, (4.0 O\Mé 0120 Ko ®) X Xaoha
| K

vhére

V‘_&—V\QQL‘(G”") = ,X\\‘; M%) \\)l dv . . v

ﬁ?ﬁe‘e .ﬁ:x?m torm in the equotion reprosenting the fellowed! part
of the trandition noment integrsl hns alrsady been dlstuased. The
*forbiddent torm is polarized cccording to the sense of Mg ().

The conditien for the non.vanishing of the nusleny depeniont
or forbidden tora in the transition moment cxprossion s that ™ ol
“and X must be mongero for at loost ons atate L . Tor finite
™ ol the diveot product sf the irreducidle representetions
r(&pg)l T( vog), T ( \P;) st contain the totally symmetrie
representation of the point proup of tho moleonle, For findte M)
the 4irect products of FC*\’?L) R T(%g\,» o > ) (\\J; ) and
T p), T(8) | T(x10) st stmilisneously contein the totally
mymmetrie represontation. Thase veoivenents Lmply that

Y

M) TR, =TI =T(ER) - aws

Furthor, sinte the Naniltonion 1s invarisnt to oporations of the
mmﬁ gronp of tho ooletulo, C%W') o han tho seme gmnetiry
propo¥tics &n electron gpnece thet § o hog in muelesr sphce, In



equetion (3,38, T C\P;) end | ( \P;) are spesified, and
r(',%% , can bo doternined. This is coulvalent to specifiing

Y , v _ ) o o

the type of wlbretion that can nir tho electronle ptute \\)l with \VK .

4 muantitative troctaont of the vibrational borrowing vin
the 606 and 1505 e P vibeations botween the sllowed ‘e
(1800%) clectronic state end tho forbidden ' By € 20808)  end
'8\ (2000%) cloctronic staton of bensane hms boes made™ s The
enlenlstion fnvolves on avsluwetlon of 9%, .« The %torm in ¥ vhich
depontio on both the eleetrons 4 ond the nucled 0 i

9.
N Z. e : :
! Z = 12454
- Lo~
1 o~

PACY

sm@a thorolore

= Z‘% (1.38)

V=1

vhere 730» iu the posttion veslor of nuclens o + The nueleny
displeconents In the normol modos are tims reprasonted by the et
of dipsles  <zg 'agg% intoraeting with cloctrons 4. Since
omntion (1,35) is the sum of she cloctron operators Iy the
aa&ﬁ%aﬁmﬁ 6f the intogrel in (1,83} reduces to the Integretion
of 7_ W with the trensition donsity

=l

O o ! {1&%3
f mt*;Jg Y Yy 9



The mm% of the caleulation® glow thet the & w Stete Sa
nized nost offeetively with the ‘is,w~ gtoto by tho GG en™t
vitrotion and with the ‘o, state by the 106 e vibvation,

1,6 The FyancheCondon Prineisic

The intensity distyilution of on slectvonie tronsition smunng
its ?zbwtﬂm& memhere 1o detorained by the Franch-Condsn pyineiple,
whitch states that thy mucleor msﬁtﬁm&a and veloeltios ﬁa not change
- faring en elcctronie tymﬁﬁi&ﬁs Thet is, the ata%ﬁng @mﬁm
gmmﬁm ;m the pouw azmmm@ staizfa mgsrassmw g ﬂmﬁmwmt from
4l ﬂw mgmﬂmﬁm el ent maﬁmmﬁm withent chengo as' gyanaley.
if me éﬁm‘,&mﬁ of the ﬁ@&ﬁ%ﬁm rualony mnﬁmmﬁmﬁ m Zors
{ A=0) and Af tho potenticl cnergy mfm&e heve the smne shope
m both slgetronic stotes, then o)1 the m@m&ﬂ? s eonzonteatel
in the (0-0) band. If the dlgslecement is wonegere { A7 0), trene
sitions to kighor vibrorde gtates hecome more probablos The steope
nogy of the potontiol overgy cnyve in the euedled mm dotornines
tho muber of ovestod otate vibrational wavefunetions .. (4 A)
whioh will bove spprecisble overlsap with the ground stote vilwe.
tional vavefunetlons Y,,(6&) ond thersfore the length of the
gm&gws fon in an @metm:m tranaition,

A& mmber of suentitative applications of the Fronck-Condon
prineipie &mva bsm nefiee From 2 k‘ﬂ@@iﬁﬁgﬁ of the intensily distrie
mmzm in the benzene bond gysten at %5@.& and the vibratienﬁ

setive in fornming the progvession ( gmam gtate, 292 en™F, oxolted
 stete, 928 e 1), the extenslon of tho C-C Bord length of bensens



in the a.:-w § stato vos eoleunlated to be ﬁuﬁ%& 53‘@ The lowest

bongene tripiot state 8-0 bend length aﬁmw&m rolative 5 the
grevnd stote wns eslevioted to be 0,058 ™ os well, The intensity
a3 otpitution soong the vibratlonsl monbers of o trangdticn hog boon
coloulnted from the changes in goomelrys the frequeneles ond the
corresponiing nosmel noden of the rolevont vilwationa in the

pmgmssﬁmza@ﬁ”%

zﬂ"’? Intormolecular ChavpeTpsnafor Comploes

A loose reversiblo assocliction of tywo or nove digtinct
cheniend esmpononts 4p cslled o complex. Chargo-tronsfor complex
{donog-necoptor comples) s Jovmed bobuson on slodtzon domor ond
en clectyon seceptor. The acceptor and the denor moy dn gerorel
o moletulen, moleoule~tong, stoms or ston-ions, wiih the rastrics
tion that they ore both in thelr totslly sysmotric ground atates.
The complox is choveotorized by 2 now shoorption bend eelled the
chopgestPangfer (CF) band, Tids €7 bond 4o obsent in the coupo-
nents of tho eomplox. The comples exists 4n two atotes, o andt
ptots ond on excited atole. In the ground stote, tho debor o
the aeesptoy m@%mﬁ@ the novael vhysicel forves ene wmld pxpoet
from the two eomponents &n olose prominity f.0. van der Usale
foress ote, ond in addition o sall gueunt of ¢hefpe 1o transferred
from the doner to the acospter vhich contrilutes some sdditfonnd
binding -@miw t» the complex. The sxeited ptote s promoted vhen
the groond atate sompler obserbs Tight of sultable anergy.

B4 and other worlors E-C7 hove explotngd quantum

Pulidken



o

mwﬁanicaﬁi& the formabion of charpe«tranafer complexes and their
epprorch 1s of the volence bond type. NMulliken's volence-bord
ﬁ@ééﬂpt&m. providec o very adoquato explonation of the cherastor-
1stic oloetronie absorpticn in terms of an inmlem&ar charmu
tranefor transition. | |

seeording to Mulliken, the ground stote of the complex has
o wavefunetion W uhich ip hybwld of tvo wsvefunetions Yia, )
end Y, \-47) s Fere Y (,,p) is the ne-bond function
and iz the wavefmetion of ths donor snd the acceptor in ¢lose
- prowinity with oo charge tvonsfor botween tham. Howevor 1t oon
ineluda contributions frem elassiesl electrostatic fevces, van dovy
vaols forces snd various dlgpersion forees and dipole interastiens.
YAyt 15 cplled ‘&hﬁl dative funotion ond 1c the wavelunc-
tion of the tuwe components bound fogether By an alectron belng
totally transferred f¥on the donor D o tha oecantor B.

She gréund state of the complex i deserided by

W= & W gy b Y (o Yy uheve a77b (1,97

Tho oxeited state of the complex 1 described by

* * \% whoye C:}? o {1.28)
Ve = b Yoty & 0 % (h,Y) Mathag

The energy lovels of the complox enn be found Ly solving the
Gehroodinger sgustion | |

BV = Wwy | (1200



yhers Tt 4o the Demfitonion eparator and ¥ in the eneray,

The ﬁi&w@m botween the tws statos (Lioey g ond W) of the
eomplox gives the onorgy (Fppd of the cherge-transfer trensition
ond the sodution of the cquatien (2,90) lesfis %o an equntlon o¥C0

Loy this anaprgy ¢

' uvs © Cq ' .
Fer = h2r =1 ~E, + G + :t”,-e“f\ml .
)

whers. < 4s the fveguoncy corresponitng to the intemmleculer
charge«tronsfer transition (lowest onergyl, T-q; Lo the vertiesl
tontantion potonticd of tho Gomory £, %o the verticel elcctron
aPfindty of the coesptor cod Oy ond €y ore constants. The last
tern iz often soelly po that its varietion cen be negleated,
giving tho equation

The shove dloeussion fyon velente bont
understonding of OF somplex 2o uooful in cnso of werl complexes.
The forpation of €7 cosplew con alse bo ompleined 4n ¥ermg of
aimple moleeular orbitsl (MO} treatment’C 0, Hore the eomplez
1p one to bo formed by Intoraction Detween molecular orblinls of
the donor and thors of aceeptor., Shls treatment leods to the
eonclunione olnflar to thone gliven by the volence Yond sppvoath
it the HO method pooms bettor in that 4% pives sstiasfoctory
explanation of more then one intermelocular ©F bend dn o complex

epproach for the




often ohservet 57, There chould be bonds corresponding to -

trangitions botwoon any of the occupled orbitels of the doner
and the emply orbitals of the secoptor. In the 10 methed, the
intoraction botween the highest ccoupied orbital of the doned
ord the lowost aopty orbitol of tho necepter %o 4n genernl
eonaddered, Due o the interaction the donor orbitel ia
depronsed ond the empty orbital of the accoptor s ralsed and
the whelo systen bLotomes stebiiizsd vith a simultsnoous trensfer
of clectron frem the denor to the aceeptor.
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