COAVIBR 2

O THE INIDIFICE OF 3 LOW.LYINC PORDIDDIN
oLALT IN SOME POLYRNTS



In vocent yoors, spoctroscopic investigation of the linear
conjugated mwéﬁa.sl"? hsy beon o aabject of oueh intorest. Heny |
cariier colculstions’ -1 baged en enproximate thoorleg of mol mlaz
electyonic strocture wore carricd out to know the cloctronic beha-
viour of the polyonos. The bagle resnlt obtained fron spectyoscopic
eyperiments Lo that there 15 & strengly ellowed clectronie trenaition
for all polyones in the near UY o vielble roglon shoos intencity
1ncmamua ard cnergy decreeses as the conjugated chain length ﬁmms%g.
The ezperimontal remli;sp‘m ghow thaot the enerpgy of thic trensition

appears to spprooch an asynptotic velue. This apperent convergence
418 not predicted by tho sinplest vergiona of free olectron or Rickel
{10A0) molecular orbitsl theory unless the oheserved sltornation of
bond Length®*17 84 neluded into the theory. Then tho proper liniting
behaviour in observed at the expense of an increased munber of
parameters. Al1.» trang polyenes possess & center of inversion. In
. oimpie Tickel and froo sleetron roleculsy ordd el appyazeches the
cnergy ordercd one=eloctron molecular orbitals have cliternately odd
and evon syrmetry with veopoet to thls inversion, Taeh of the
theorios prediets the lovert ¢ncrgy electronic transition to be
strongly electric dipoie sllowed; this ip the feature malintedned by
seni-cnpirdical ond o priort nethods which include single oxcitation
confisuration interasction for e exelicd atates, ésﬁmﬂg‘iﬂ&? o
senteeupiriesl andepriord caleulations’®, the ezeited clectronie
statan of Iinecar :.}"msugated polyenes ars 1%.@ Xiﬂw lﬁgg 3 g.,, % in
order of Iincreassing encrgy. The lowest onevgy clectronie trangltion
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4 3% —> ', whieh 15 safd to be the strongly allowed W —TU

Trnvestigations® on the elcetronie spectrs of lincar conjugated
pelyenes heve shown that the naxima of ghsorplion and emlosion bands
i the vigible reglon hove 1ittle or ro overlaep, This hos led to
the apeculation that the shoorption end enigsion bandsz 4n thepe
molocules are severely Franck-Condon forbidden. Tor the 0 - O band
of a vory strong obsorpticon having o high oxtinetion coofficient,
ns i3 the case with the intenge shisorpticn bard of polyenes, such
forbiddennese is net sasy %o rationallse. The energy Gifference
betuoen the lovest enerzy peal of the absorption spectrum and the
highestinesk of the endgsion spoctoun 2a not eonsistont with the
" ‘theoretical value obisined by serd-empiriesl and e priort methods.

Recertly Fudson and Kah&ars’m bave prosented some experimentel
evidence that thevd extints o lew-1lving forbidden stats bolow the
woll-defined lowest T ~elestronic stato in «,w- diphenyloetas
tetraone (DPD) . Thin oxporivental ovidence hao olse besn suproried
by thesretical treatment of Selmdten pnd Kerpius®. They have included
double-oxeitotion confipurations in sonieompivrical and 2 priord
ealenletions of polyenes o Improve the U ~electron cnergy level
ealemlotions. The inclusion of double-exeltation configurations in
sddition to the singly excitod sonfigurations brings nﬁ@t the change
in orfer of excited clectronie otates. One of the two ezcited A
states of giletrans polyenos 2o signifizently lovered in energy and
thins 1Ag state 15 calenlated to be at lover encrgy than the axﬁa state
responsible for the strongly sliowed transitien in the palyencs.
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Thug taey have demonstratod that the inclusion of deubie-excdtation
configuration for oxeited stetes of polyenes lesds to the existence
of n lowslying weal 70 «glect¥onic state widoh has '%g ety

1n the all=tyans form, The trensition from the ground state A,
to this Jouslylng g -electronic oxclited "3% state Lo forbvidden.
The lowe-l¥ing state 13 orosent in other Luomera’ .éss wm,; ‘Eaeéemlm
Yandal and 'H;iamﬁ heve roported that adsorption of sevisin gas |
meloenlos on the £0244 flmg of some polyenes makies this tranattion
2llovet. The présent investigetion was Godertalen %o extend meh
sxporiment 0 oo movn 'mwmes. In addition o this tne solvent
bohavieny on the sheprption and entasion spmtia of thane polyencs
hm*a&szs beon siutied for collocting Information about the absorbing
srdl the enltiing statos, - '

2.2 Pxperimentel ond Results

' The prlyenes oaployed i e pragert investipgation ere pll-twss
vitomin A sleohol, sll=trang vitanin 4 apstato, g = ape«8'ecarotensl
astaconé ond mothyl Biwin. Tho structure of thooe chonfesls is shown

in Fig. 2.1, These conpounds of Bigh purity woro obtained fron
InffaansIs Roche Co., Cultzerlord, Yo heve used these chonieels
wvithmt forither purification. Orgenic zolivendo used in this ozpori-
aent weve eiﬁrzer of srectrograde queldty of .M. {fngland) amd _
Pa Horek (Cerpany) or i ficd by usuad procedures. The eobasorption
apocten were reeoPdad by o Perliinstlmer Potozding Spectrophotenmolere
202 and Spectzonom-008, The enlasien spectrs worve rogorded by
indinaes Downen Spoctrofluoronotor.



FI0. 2.1 ¢t gtucture of some linesr conjugated nolyenes.
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Thin £iims of nolysryotals of the pelyenco wers mede on tho
aorte surface by gently rubbing tho matericl. Solid fMime thus
nade vere ospossd to vapours of some ovgmnie solvents like sndiline,
acclone, bengene, carbontetrachloride, dimcthyl andline, othomoly
mothenol, pyridine ote. The oxposure was medo by holding the films
| for chout & mimtos dwera béazzﬁa contalining the chemivals ot voom
teﬁzz@smﬁum ¢eePr) ong tho abpovption spectra were than roecorded
fonddiately after the exposurd. ' |

The roin temperature abeoeyptien apoctre of the polyenes under
invostigotion sre chown in Flgs. 0.2 = 2:8. 01 adsorptien of vopours,
a now band appoora on tho longoer wavelength side of the spectrum in
ooth ease. With sil the vopours stadied the effect is almest similer
excopt that with gortein of these, the offect im move provounce? than
with othera. Pyridine vapouyr ofdgorption on £ =anoeBfsgarotonal
nffocta absorplion goeotre Intencely vhoress miline vopeur shows o
strong effoet on actocone gpostrun,. Nowoever, no sppraciable change
in position of the RNow hond Lz obgervnd with 44fforent gapmurs
ndgorption, Lffget of ad sarption of -méms vapanrs on the intensity
of the wealt lovw onorgy band syston fo ourmarige? 4n 4nblos 2.1 » 2.6
for vitomin 4 alechol, scotmto, P »opo=Ri=tarotannl, astocone and
poethyl bYixn respectivoly.

. The sbgorption spectra of gll=trang vitoun A olcohol are shoun
in Fipe 248« %¥hon oxposcd to different vopours, o Dow woeslk band
appoors at about ex™1 along with the bonds obsorved before
vancur adsorptions The othor bands do not show apprecisble shift after
vapour adzorpiion. The sbmorption spectrum of vitenin 4 sleohel
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nffect of adsorption of varieus vapours on the intensity of the
wepk Jov energy bend systenm of allstrons vitanin A alechol

Yapour odsorbed | Felotive Intensity

waw

&nﬂim ‘ 3
Mémﬁa | | : 1
Bengone - , 2
Corbontelrashiorids ' e
Dinothyl aniline | | 2
Zthonel o R 1
Vothanol 1

Prridine . 1
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zffeot of adoorption of various vepours on the intensity of
‘ g vitenin & stotate

%ﬁa wools low enargy ban® systenm of gll-%

Vapour adzorbed ' Teletive Intensity

.mﬁ;ma | 2
Aostone o
ﬁanﬁéﬁe’ _ o
Carbontetrashloride ‘ P
: m:a%hyl srdiine | 3
Bthenol | .
g‘eﬁ%m!; ‘1 ‘

Pyridine o .
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Table 2.2

fe@t of aésorptim of mrimw vapmm on ttw mtmsity of %m
wenlt Jow energy bard systen of (3 ~ap6eB' -cavotensl.

Vapour adgorbed | Relative Intensity

Aniiine ' 5
Asotone - 3
Tengens | . 1
Certontetrachloride o é

Dimethyl aniline ' 1

Wothansl ' 8

Pyridtne B o 5




Teble D4 _'

Rffect of sdzorption of vericus vapours on the intenglty af
. the wesl: low onergy band systom of avtacens.

o

Vapour odsorded Folative Intensity

Aniline a
as:mmm | 2
Bongzene | | 1
Cerbontetrachloride | | 2
Dimathyl antline | 2
Pthonol | | e
Meﬁhén@l e

Fyridine ' 2




Toable 2e8

rffeot of aldsorption of varions vepours on the intensity of the
- wask lowv cnargy bend systen of methyl bixin

Vapour adoorbed felative Intonaity

mﬂam - 1
scatone ' 3
Lengene ’ 2
(?ammwtﬁmgmwme | 2
Dimothyl smiline o
Bihanel | | 1

Hothanol

[ ]

Pyriéiim » 1




PIl. De8 ¢ Moetronte phearniton spootes of allsty
alcohe) st rosm temperveture (2870).
1, spectrim in methanoly 2, spectrom for the solid
filmg 3, gpectrun after CCY, vepour adsorpilion,
fuelitative resolution of the tolal cbrorption spectrun
for the s5olid fim efter 0C1, vapour sdgorption : 4, bamd
of the solid $Mlmy and 5, new board.
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in metharol hog two strong bands, ono ot 40600 e end the other

at 80864 cn”Y. Thore is a weck hump at abmut 21900 en*Y, The
erystal spoctrun shows four main aboorption bends at amﬁ 41 000,
24000, £9500 end 066G6 &1L, The positions of the absorption bends
ﬁt_!.‘ﬁ, given In table 8.6, | |

In Fige 23, the sheorption specten of gll-trans vitemin A
neotote 4n the 2oiid state and in soludlon are shown. Doth in
solution ond in the 90344 state, the spectsunm of Witandn A ccetats
32 brood. Tho positien of the —51'_3&:; o€ the band in solution and
in o144 stete 1 at sbout 90638 and 20400 o”F respectively. After
edzorption of atetone (. vopour, a now band appesrs et shout 26000 m‘i
and the orginel bmd af vitenin 2 soatate ghifts siightly towords
the btlue. The position of the tands are menmarized in table 2.7,

The abgorption spectmm of p -epo-Btecarotensl in n-hexene ee
shown 4n Fig, 2.4 copesrs vith Bandg at 00790, P1790 and 20790 sa™
seporetod by sbout 3000 cs™l, The spectrun 2n the mlid stote
(Fig. 2.4) 10ses its vidbrational structure. The bend in brosd ant
shifts 1ittle towamls longer wavelengihi, On being exposed to
difZovent vapours a now band e;ppeax?@ at IROHO w"z. The band in the
a0)3d state on vapour sfcorption is 1ittle redshifted. The romults
are puiariged in table 2.2

The abgorption speetrs of astascone in di ffevent staton are
shoun in Fig. 2.6+ The spestrun in CCly 45 bread and strueturcless
with 3, ot 2022 ex™, In the colid state the band is further
brosfiensd vith _'5%__‘%'3 2t about 19680 en™l, aftor exposure to
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Table » B0

Absorption bonds of pllefrang viteoin & aleschol

folutlon gpectyum Toltd stete film ot 08%0 £ol1d otate film at o5
in motharol ot 05% bofore vapsur cdzorption after adoorption of
' ' - cel 4 vopsuy

Vevemimber Aoslgmwnt Yevenumbor Assigrmont Yaverumbor Assigrment
tes™ Yy | (em™ % (e

rma— N

20000 (W) Tiewband

30864 (vn) ola) gesesly)  Fastor PE60G(w)  Tecter
grann group
oplis ' opiit
componont. componend
of A - of A

212004{w) O+I088 29500(vw)  Fectop 2EOO(w) Tacter
group gronp
amlil s534t
component componoant
of & of A

2000(ve)  Feetor 24000(ne)  Toctor
Eroun greap
% 81 apilt
eampenent eanponent
of & of &

40600{ng) 450 43000(ms}  Dand 41000(me) Dand
maxine moeing

Vo ome USPR § O we gtPorg] B oes neditmg W owe  wosl,



FIGs 243 ¢ Flcetronie ohsorption spastira of glletpans

neotate et room tempersturs (287,

3e speatrum 1in othyl acetates 2, spectiun for the

poldd £40m: 3, epsetyen oftor acotono voneur adsorption,
tunlitative resslution of the tatel abravption spontrunm
for the zolid fln after atotono wapour cimurption i 4,
band of the s0)id MNMing ond 5, now band,
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Toble « 2,7

Absorption bends of ell~trons vitenin A ecotate

folution speetrus 60134 atatc £ilm 5olld stote f1inm et
in othyl seefinte at 259 befove 26°%¢ gftor odsorption
colution at 857 - vepoup adcorption of acetons vapour

Wavemmber Aopfgrment vovemumber Acsiprment Voversmber Assigmment
Cen™ ) ten™™) e

-

28000(w) Hew bend
. gatml )
T Ay

E@fm Brood . Treed

SIrRe P o~ ST . gtrestnyes
logs Band i%g bapd - .
with >, . et withs, . ot

20524(vs)  Pond .
mordun 2500{vs) gﬂﬁﬁ

T o Very
5 « atreng
W = wosk
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TiG. 2ed t Ficotronie oboorption spesiva of ) -a@&»ﬁa‘*mcmﬁeﬁa&
2t roow temperature (pEY%). |
1, speotron in nehoranes 2, spootrum for the solld
f4img 3, opoctmun ofter nyridine venour odmorption.
cuniitotive vosplution of the tutal sboorphisn
pectrun for the molld fAim aftor pyridine vapouy
adoorption ¢ 4, bond of the oolid film; erd 5, new Lund.
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Abgorption bands of P eapo-2tecarotensl viglble bond systen

Solution spootyun %11@ atote £ilm f0lld ptote f11m =t
- in nelloxene ok ot 28% bofore 25% after sdsorption
28% vapour adsorption of pyridine vapous

Vevermober Assigmment Uevervmber Assigmmont Vovenusber Asclgnment
ten™h (en™ ) e

12200 {mm‘“ tiow band
eysten
(3.3, —->3,5 §

& Proad . Drond
«-aﬁmg-mmw, gtruoturc.
logo Band : icoen bong

W, s et _ witho,, — gt

pieso(a)  Pend SI060(eh)  Tond
(o) pasina soxine

21700(vs)  ©+3000

B4
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FIG. S8 ¢ Fleotronde absorpiion speeltra of sstecene ad poonm
temperature (2500),
15 spedtrom dm O0l,s 2, epoctrum for the ooifid ©ing
B spectrum for the soldd #Aln aftor anidime wopour
edgorption, Sumlitetive resclution of tho ot}
absorption spectmn after aniling veponr sdeorstion i
&, Yand of the #0128 film; end 5, now band.
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varigup vapours the 201i¢ state cpeootrum smponrs vith & new bend
at ohout 16660 em™ with o smell chenge in position of tho band in
shé eryetalline state as shown in tablo s

The abscrption spectrun of methyl bixin in acetone consists
of thres bands ot 0OGHO, D1G50 end £B160 en © (Fig. 2,6). In %he
50144 otate £1Im ag shown In Tig. 246, the speetrum is brosd and
' retshiftod. Vhon varisus vapsurs are ndoorbed on the purfeces of
the ervataliites 4n the fiimg, & mevked change in the mlid fiim
entetrun 18 obeerveds On belng expoged in mothanel vapour as ghown
in Flg. 2.6 o noy bepd eppeors et obout 217 oo in edditien %o
the original bendp of methyl bixin in the solid stete. The results
are gumarized In table 2,10, |

BOG
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TiG. 2.8 3 Dlectronie absovption spootra of mothyl hWixin ot
voom tempopature (25907,
1, spectrum In ncetoros 2, spectrun for the selld
£40ny 3, spectrunm for tho soldd flm after methencl
wepour adcorption. Cuslitstive vegolution of the
totsl ghoorption speetrum after methemol wnpour
adsorption ¢ 4, bond of tho solid filmg end &, new
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Table - 24,10

Lhsorption bands of methyl Wixin visible band syotem

solntion spoetyun fo1dd state fMln £01id stofe £ilm et
in acetone at 25°C at 26°C vefere - #5% after adsorption
vapour adsorption of rethanol vepour

mvembar Msﬁgmmnt taavember Ms%mmt %?averm&ar Asszaigmnt
(en® ) {en™ } | ten” 1

—— o . o

175600w) Tow bond
aysten
(1% = 1, »

20680{ms} O 12500080} O PIBLR) O
21550(va) - G+ 2000 20800(sk) O+ 3300 21000 (ms) | 0+ 1200

221500w) O+ x 1000 22000(wma 0+ 2x3300  23000(W) O+ 8x1900
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sirong
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suy eosperimontel rosulis ghow that in a1l tho polyenes - -
amdled a new bard appsars when certedn voponrs are efsorbed on
the murface of the polyene crystels. The intonsity of this now
band depends on the polyenes uged and oloo on the vagour sdeorbed,
Tut the position of this new band in a particular polvene rezains
alnost unchanged with differont wvapsurs aﬂz‘;agpﬁém - This sxludes
this band to be & chorge-trensfeyr shzorpilion band, Thore 4e a |
largn ovorlop hotweon the welleshudied lons wavelongth bend sveten
an? the new band. fo 1% iz A18f4oult 1o locate oxactly the position
of thla new band. Im order to get the longer yevelength bend
contour out ¢f the totel moetmm we have resovlved cunlitatively
the whole mpootrum into two partn. One part corrospends o the
speptral shope of tho new band ond the other part corsesponds to the
soldd film gpectrun bofore vapsur adgerption. Reasonably good
regelved gpoctra ave sehisved in wost of the polyenes. In vitamin A
sicohol, to Fesolve the totel sbsorption spoctrum 4in two components
becomns complicated ag the intenoity of the factor group split
conponents ave affected by vapour adgorption,

0f the polyencs studied, vitonin A 1s Inown to fluoresse
styongly. In ethylecotate colution, the shoorption and the enfscion
apeotrs of vitanin 4 (aleshol ond acotate) are chown in Fig, 2.7,
Hero, precticelly no overlep betwecn the abgorption and the snission
speotra 48 Obsorved whlch indicotes that pozsibly the cboorbing and
the emitting states ore different. '
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FIG, 247 3 Floetronic aboorption ond episslon spectra of vitenin A
in othyl scotete ot room tempersture (28°0).
Vitanin 4 oleohol ¢+ 1y sbhsovpiiony 2, enission,
Titomin & soetato s By absorptiony 4, enladion.
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The ﬁri?éﬁai civfsolion spectrn of the ﬁéﬁymes studied except
vitenin 2 scobete” ave not avellelle. FHowever, we heve rocorded the
eryotol smission speetrn of vitanin 4 cleshol and have compared the
eninsion bend of vitonin A émam ané acetate) with the new band
in the enlid Ml (Figa. 2.8 andl 2,9). The heights of the absorption
and emigpion mexine ave vornsiized, It le cvident from the Figs. 2.8
apd 2,0 thet thore m & good overlep between the mzsaﬂm end the now
ahwwtlm bordd in vitandn A zﬁmb&l end acetate. The mivror Imepe
remtaana?’w &5 aloo asstisfled. e have plottad tmnmisawn against
ﬁm wev&mmber (e 3‘) instesd of ¢;/» ogainst » for the wi:;sia&
spoetre ag suggested by Dirke end Ey@mm, nfortunstely, the onle
selon frem the erystalline filme of R =anaeS8tecavotonal, astnceno
and .mt&fm bizin eould not be recorded. In those polyenss, the
eoigsion in molutien ia slightly on the high cnergy side of the new
bond In the eoystel $lms. In view of the fact that freo molocoler
eloetronic onergy atalos oro gonerally Jowared in the glate of
agerogetion, the enission of these pelyenc crystal fiims As expected
%o bo on the lowver energy oide of thut in solution. One can then
ronoonably sxpoct to geb geod oveyisp Bebtwoon the new obmrption
band ord the enleston bend of these polyenes in the eyyatailing
stoto. Thus, our experinental vesulto t mggent thet the excited
cloctronie stato inwelved in the mew absorption bend and the reporited
eniacion band of the _'miymes studicd w the anne ond moy be the low
iying weak T -eloctronic state suggesteS by Sehulten and Kavplua®.
‘E!zdtmnai%iﬁﬁ frma the ground stofe to this lowelying Tweoleotronie
state ts fostidden slmse tits stote in gllsteang polyenes kes g
smw - Gur vopeur adsorption method thus opens o new sverie In
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TIGs 2.8 ¢ mmﬁmﬁm abeorption end endpalon spoetyn of
all=teons vitenin A oleahel.
1, total gpectrum ofter CC1, vepour odsorptions
2, pesoived pert for goldd f1img 9y noy bandy end
4y exission spesirum in the woild stote.
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TIG. B9 3 Blectronie ebosrption ond enfssion spectra of

alietrans vitemin & nestato,
1y total spectrum after acotone vapour adgoyptiong
' 8, rosoived part for the 50144 £1Img 3, now bands
and 4, eulszion mectr'm in the golid atate.
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maling this low-lying forbidden trancition alloved at rvoom tempe-
raturs.

The sisorbed vapour molecules intreduce the perturbation
roguired for the enhmnesnent of a lowelying forbidden transition.
The ezset nature of the poerturbation is not yot rosglved.

" The atuty of the solvent chift of the shsorption amd the
eniscion bands helps in underetending tho nature of the corrogpon-
ding states. The major contrilution to the golvent ahift of the
strong transition hos the forn®®

— p— T
a> M

o = ) B - _ |
fe (D= Vaqe)= 2 T -m[\%gl—E("(a "‘g)_] . {2.1)

where heS 45 the trencition enerey, o 1z o choracteristic moleculas
size peramoters n is the solvant refraetive dndex, T is an average
oxeltotion cnergy of the solvent, 5' 45 on mverage excitation
energy for the solute, Pg, ¢ the troncition dipele for the tranai.
tion fron the state g %o' e ond L *s arc the graund and exoited
stato polarigabilition, Touation (0.31) cen bo writton as |

A = kd 2 (2.2)

where & 45 a perométer which 15 constant for a given moleculs,
¢ is tho cgelllator strength for o partleulor tromsition. Solvents
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of differont refractive indices were ¢hogen o study the solvent
oaffost on the shsorption and cmiscion bmnds of the polvenss. The
effont of different polvents on the sheorptien snd eniscion bonds
of %he polyenss under inventigation ave presonted in tobles 2.1 «
2,16, Trom the tables 1t ig seon thet the éhsamﬁm '%&ﬁﬁﬁ of the
polyenes sz LR m:g@ mﬁ»ahﬁm with the inerease of the tefmetiw

'\iﬁﬁ@a of ﬁm &ﬁl?emm mﬁ in eaa@ af missﬁiﬁm tmg S42t 19 very

ﬁmhl @&rzgaam& e that for x@s@r@ﬁ@m e exmrimmﬁal rem!tgﬁ’ga

ghow that 4n oll the polycnes stwlled, the plot of > . for both

‘ )
ghsorption snd emfosion mgoimet (M—)/("+) is o straight 1ine. The

plotn M’ 3{3&? {;ﬁw frequency of the first intense absorption

| %:am? ngwny absewe@ in wmmﬁn ond the Eig!‘&ast oneryy oni ss&zm
bend) vs. (W=)/("%2) ava ﬂ?m in Figo. Dy10 = 2,14 for vitanin A

oienhol, vi*&amin A &ms}m%e; f% -ﬁmaﬁ* sgarotongl s sstucenc and mothyl
bixin respectively., The slope for tho first shoorption tend of a1l

_ tho polyenes 1a sbout elx to eight times groatsr then thet for the

0 ) : , . - _ : .
mlscion bond. This egtinete of the veletive sirangths of the

sbmrption and emission oselllator strergihs indicates that the

abooyation and $ho enisslon undor dissusalen involve  twe differont
oxeited statan of the moleculon. The fluerescence oripinates from

& stabe other then that involved in the intense abwrpﬁm bond

ohss;@wi% in solution. Zhug it sem& that thers ip o weskly a&mrbmg
singlet state vith en energy lover then the styongly ellowed ozedtod
stote a‘ﬁu sosched by absorption. Tho forbidden clectrontc state
whien hias besn 21lowed by our vepursdsorption methed i the low-lying
elnglet exeited state, - |
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Tablo - 9,31

Solvent. effect on the shsorpticn and erdssion bhands of vitenmin A
sleohol st room temperature (25°0)

seivent n-1 Dpaler™™  Dpotea™
o n4g for emission for abhoorption

—"

Motmanel 0,203 02 0968
Bthamel . 0,283 20064 20769
£thyl acetato 0027 ' 20942 - o7
‘1.,4*-3}1%9!16 . o0.254 | 20042  soem
e&@m teﬁaﬁ&@:ﬂm@ Q0.275 20264 | 30503

Dengene ‘ 0.204 20380 30203
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FIG. 8,10 + Plots of 5___ sgeinst (n%1)/(0%+ 2) for the
| Iovest energy obeorption band and the righeat
- pnergy enission bond of pll-trans vitenin 2 cleohol.
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Table » B8

Solvent offect on the sboorption end calasion bands of vitauln A
acetate ot roun tomperature (25°0)

- : ——

Solvent n“e1 Vpaxlea™h Vgpgles™D

PRI  for endasion for shsorntion

Hethanol 203 208m eI
Ethonol 0.821 20833 20681
Pthyl acotats 0u227 co7m0 05
1a4-Dioxune 0.254 2070 20487
Carbon tetrachioride 0078 20876 20030

Denpens 4 0.204 200 20030
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FIC. 2,11+ Plots of D sgeinst nZe21)/tn" 2) for the
lovast cnorgy ebsorption bard end the highest
onergy enfosion bond of gll-tpaps vitomin 4 ecotate.
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Toble « 2,18

folvont effent on the ahoorption and emlsaion bands of P Pt -
carotensl ot room temporature (25°C)

L]

soleent

r—

-

P {
‘>mm{‘m )
for enlsoinn

Vpyagl €™
for sbhosrntion

deotone

Bthyl scotate
Nellovwane

1 deDiosone
Cyelchozans

Corbon tetrachieride

Bengone

"3:227

D084

Q257

0875

D284

0157

303157

HoIL

39083

102e0
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21880
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FIG. 238 ¢ Plots nf smm peainst m%éléfmg%— 2 for thn
. Sowost ohergy abworpiion band amd the bighoot
cnergy exfesion bend of 2 waroeltegapntonal .
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Tablo - 2,24

mﬁm’% affect on the sheorption and eniscion bands of astacene
et voon tenperature { 250y

—— Yy = P ———
Felvent NSl 9m€m ) C Vgaglen

n%e for eniscion for absorption

sectons O 0.219 aaém | 2078
£thyl acotate 04207 17887 20661,
1 4wDioxane 04,254 | 1001 20408
Carbon totrachloride 0,275 } 1?3539 20242

Dongene | 0,504 w8y 20200




FIGe 2213 ¢ Plots of (—5@&2 ﬁgeimst iﬁgni}fmﬁ-if 2} for the
lowost onerey obeorption bond end the higﬁhéﬁéﬁ
ensegy cnlasion band of astocons.



212

208

204

!)-x’ 16%

 admay (CW
(¥4

ana
Y
o}
L7

)

e

EMIsSSioy

- -
1?5 ) (Y H 3
200 240 280 320
---»---o--—-:"--—-'ﬁz =3 4103
ne 42

FiG. 243



o 57 =

Tablo - 2;;5 :
‘Soivent ¢2fcet on the a%warptaan and @m&ssﬁm bands of nemyl
higin at yoon te::zmm%m f%”c)

Solvent ?3%" a Qm@z(w 2) max{m 1}
ng%z« for ealsxion - for abuorption

Aecatono 8210 (18786 21048
Tthanol | 04221 18762 21608
LEhyl acetote | 0. 207 ABTE 21805
154=Diozane 04054 15691 21280
Cyelohoxr weme. 0,257 18738 2188 -
Certon tetwnckloride 0,075 18728 . om0

Dengene 0.204 18691 20020




- £ -

FIG. 234 & Plotg of —Smx apadnet m%x}/m% 2) for the
lewost energy absorption Lond and the highest
apergy eudssion band of methyl Bigin.
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This lovost exeltod olectronic state in polyencs is 3*&&'
stote which 45 symsotry forbidden. The lifo-time of tils state
1s long because of fto forbidden nature. Thovefore, this zaxma‘h
stata geens ts de s.m@mveﬁ in the p}mtaemicaz. ﬁmwms. )

2‘03&3 ?ﬁ#t@! ﬁsfm}p ‘3!33- 1t ﬁz}g .

The wavefunctions of tho transletionally moneomufivalent
Interesting moleculos In the crvetal produce gplitting of the
nolecular onorey: 1@%&5“@' %5, Tt 15 of intevest to note s Pactor
groun splitting 1n witsandn A sloeohol soldd M1, The wesl absorps
ticm band of vitauin A slcohol in solution ab sbout 40600 en”>
evidently corresponds to the bond ot 41000 ox”F in tho 20114 state
{Fig, £.2). The two Yends i selutlon at shout 51900 snd 20864 c™*
have & sopavation of 1056 ex™Y, In the solid fila none of tho bands
at 91900, 50500 end 9666 cn™! acemp to correspond to the wesk
solation hend at 21500 m’?‘m Tt ig likely that those three bonfds in
the #0318 stote pro the footor group split eomponents of the hond at
90864 en~ " 4n solution, The wesl band at 31900 on™l 2n the solutfen
spoztrun 43 possibly masked by the strong abgorpticn at 24200 m‘*z
in the orystalline state. |

| Unfortunately the crystal structure of vitemin A sleobol and
molotular srlentations in the isttice ero not krnown. It 48, thmfm'd,
rot possibie to cstimato the factor gyoup oplitiing in the crystal,

In the colid fllm speatra of other polyencs. no fsetor proup
splitting could be dotected,



' The pow ebsorption band appearing on the long wavelength
side of the 3‘;&8 — 113“ transition duo to adsorpiion of variots
vapours on the solid fllims of polyvenen oludied shows o good overiap
ané aivror image relationship with tho calasion band of these
polyene solid films, The solvent offect on the 3".‘;6 —>. ’1@“
abmgati;ﬁn band and on the chacrved mmission band migcests that
tws different clectronic states are involved in the chsorption
and 4n the exfasion, It s mgrested thet the low ensrgy band
appaaring on vapour adsorptieon 4s duve %o the transition from the
ground 4, state to the nomt exelted Ja, state whovefrom the
exispion in thes¢ polyvenes also originates, Thus, wo conclude that

8 1oy ensrgy lﬁg giote 1ios below the 31% stato in these polyenes.
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