
-!l"!n-­$:'~"1 . 

on ~tm 1!:\'ID:cNCU 0~ A LOW•t!IUQ ffJF!)IDDI?U 

~~TI ttl -0011-m PO-LYln~'f.!S 



ln roecnt ~a!ts, sPcetromeop!e tnvestilatiort of tho ltnea.t 

conjugated po17~«!·Sl~7 bas been a mbjeet ot ttueb !nto~~t. Uarq 

o~rltflr c9lettle:t1ons8~11 b~aetl on eppl'Od.mate theories ot l!lo:t-u 

f)l.ectrordc stl'Ueturi wre ea:n-!oo out to kno~ the cloctron1e beJm ... 

vtcur ot tho ;polyon.~lh !be b~s!e r~t cbta:lnett troln ~troseop!c 

eXf)-~nts lt!t that tbcrc 1a :a. l!atrongl.y ell~ ~loctronte ttanattton 

tor aU pc170MS in the no• l:JV or vleib1e region wtose !ntcms! ty 

1ncrea.~o eBl energy decreases a.~ thtl e:on$ugatcd cba!n iengtb ineroas~l. 
The e:zpmmntai resnlts1S.lG ~ow tl-ult tho eners!f of tblo t?ml'ud.tlon 

appears to .,.,proecb en anymptot!c value. · Thts a.pparent eonvergeno.e 

· 1 s not pretttctm by the o!t!lplest verel-oDs of freQ oleet~n o:r ttiicleel 

(!l'M.O) moleeu1M'. ~bital thao:ey un10ss the observCid ol.tomnt1ol'l of 

bond 1engtb8 •1? ls 1fte1ut1ed 1nto the ttd.!Ol7• Tl1~ tho proper lltdting 

behaviour 1 o observC)(l at the expense tJf an inerens~ number ot 

porJmetors. Al!~.J!..~ polyemee passocs s oontG~ ·et· 1nve.•s!ot'h In 

ry.-- , sillllple niiekel anl!J ~!t~ oloetron rloloeul.u orbl tal eppmaehcs tbo 

onor!Y' ol'ltered one..,.eloetron moleeul~ crbi ta.\s bnve Gltornattiy ~d 

ana even ~t!W \'l.tth reapoct to this tnverclcm. naeb ot tho 

theories predicts tho lt'n."'et ~nol'O" eloetronte transl tl<m to be 

stro~l' eloctltlc ,.!ipo10 allow~,, thlt:J ts tho feat\ni'e ~attJtWnd b!f 

- em1•®p!aa1cnl and a pnort meth.c<l$, wtet1 1.nclt«1e ,sngle oxc!tatton 

eonftgure.t1Qn !ntel'aetion for tte .aft! teft $tates. t~ceo~1ng to · 

ecml•~,p1r1eal an~: o..pr!or1 ealculat!cns18 • tlle t.t%ei ~ oleetrotdo 

sta.tes of Unonr ~:onjuga~ polyebes ue 1A
8

, lnu, 1A8, 1A
8

, lnu in 

-~ oraer Of 11lereas1:hg Qnerw.. !he lowet oneJ"gy ~lect.t'ontc trend uon 
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.-.-::,. lc1.l, \rhieb t. s said to be tho strontlY alloved · ;c ~ 11 '* 
trandtton,. 

Investigation~ on the elcetrontc apectra of 11mer eonsusated 
volgen~s have show that tl:te madma ot absorption a em! oston b.xlo 

1n tho ~.stbic rep on have 11 ttle er no o'O'erlep. ~hi a bae lett to 

the epeeula.ttoo that the ab~ptton tm.d d~ston bartdm tn these 

molecules ~ .severeiy F'tanek•Condon forbttll'ien.. for tho 0. . .,. 0 band 

of •· wry $trona 0.bSOt'pt!on ·ha;vtng e Mgb est!nct!on ~emete.nt, 

ns !.s tb$ easo w.tth the 1ntGno0 ab$0,.,t1on bmr.d of poly~s, ~t~ch 

tcrbidttennose is not easY tc rationa113e:• The enorgv ~1fference 

between the 1owest energy peab: o.t tho absorption e.fPOC~ end tho 
Q..'l\'l!.~fi(l. . .. 

htgheet.AVOM of tm O"!\"J.selon sf.)~trum !.a not conet.Gtont with tbe 

theoretical value obta.tn!d t.w· tecl.•mpi'deel. end a pr.iort methods. 

iieeent1y Thldscn .Gtttl KoblQ!'5' 19 have p~er.;entt~ oome exporiaontitl 

e~eenef) that ther6~ ecd$ts a. 10"-""ly:tng tcrblt.tt1en state be1cw tbe 

w11•tlefinet1 lowet 1C ..e:.teatronf.c state tn o<) w - dlphenvloetm.• 

tet,aene (DVO) • Th!e ~:sp~ntnl evldenee has a1so been supported 

~ theoretlcat· treatment of SChUl ton and Karpl.urt1• They have 1Delu«e4 

doub1e.,.oxe1tat1on eonfl!ltll'otlontJ !.n ~-0:nptrieel .ana e. prier! 

ealettlat!ons ct polyones to Dll-fOW tl~ n- •electron cmo.rgy l.ewl 

celeu1Bt1onc.. T~ 1nc1uston ot <t.oubl~•exe:ltat!QI'i eonf!.sorattcns ln 

Qt!d!tl_on to the strag.lw oxct tot'~ eonftgul'attoDs brings about tbf'i cban;c 

in oM~r of exc1ta<J ol~ctrord.e tttates. om of tho 'he ·~~ed ~Ag 
states ot oD1l~..trsut po1yonos is :d.gmftcently loverad in eneru an4 

thte 1Ag otate ls eateulat«d to b-e at 10t-H)!" Gn~gy tb.G.n the 1~u state 

responeiblo ~1"' the smngly allewet't' ~atltd.tlcn in the polrenes. 
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!{'bus ~~:; heve demonstnttJd that tllo tnelndott ot double-em! te.tton . ' , .. 

eanftgutat1on tor -GXC1 ted stetotJ of ~1rene.s l~atto to the ~stenee 

of a low• tying wan: · TC •eleetrontc state· wMCh has 1A8 · ~etrr 

irA tlie Ql:J.I.a.na· ·tom. 'rho tttmsition ~ the ground state 1A; 

to this ·1er~•1:r1tlf :rc •eleetrcnie uet~ .·1Ag ·st&te !:a· fOTb!d~en. 

ifhO · l~~~e;l!f1ng state ls :present 1n oth~ 1ScJm~1iD4 as wtt~ f~eeently, 
Hmttlal nnd lftera6 ·'bt\ve rO!)O~tod that atl!Crpt:f.Qn ot e~rtft!n e:as · 

tt()loeu1~e. on t't.D eo1td fl'lms ot ·Sf}ma ~1yone-n mattes ·thts trana1t1on 

t!lit'i'~. The preSGnt ·1n'Vesttgat1on wae undertaken to ·ex'tolld such 

eltrJ+'#tltmnt to ~ ·rr:ere ·polyiOnes. 111 'addS. tlon .te thi-s tho sol"l~nt . . 

boha'\l'!t~Jr on tho ab~-:rptlon· t!Dd · etilstd.on .sp0etra. of t,_oo r;olyence 

bar.;·a.l.so bo@fl $tut1:!~ for ·c~11octtns 1~.fomation ·about the abso.:rblng 

octtl the e:nt tt1ng :stat8•• 

. · Tho po1Yfitles (P.llplo~tl in tho 'Nt::Grtt !ft'V@$tl(f0.Uc.n are ,aU.:~..Jll 

.vtt•in A elcoho1, B.U.-:~s v1ta:drl ~ aoei:~tot f • ape..at..-ca;r.,t.enel, 

a$taoon& ena ·mo~Jl bixin. Tho otructu:.re of these ehdcals :ls stewn 
I 

tn Pith ~.1. z·mso ~~rl«!a or i".lsh ~!ty wriro obtained tl'om 
Uo.f'fu~m•tn aoehe f!O·a t ~ld.tr.erlani. ti1~ h~Ve Used th0$0 ch.et"4cela 

without furt:t;er p~ttl~ticatto~. Ol'ge!c · ~l~te used !n th!.s ~r!• 

ment ~0 Git!lo-Jl ot 3f~C.~gradc qt:u~ltty·ot 1J.D.n. (Rngland) L~ 

E. t~(qrek (GE».'i>O.ari?) Oi' pur.tf!eo by usuel procedm-os.. S:t. abaorption 

$pectre.. ~4U ~crt1ca by a Perldn.e.'BlmolJl racotdlna tpQetrophotomoter~ 
ooa ·.m!d. S'peebom~ooa. T~ ~oo!on spectra w.ero nle~detl tw· 

t~co ·no~u.tm s~t~uo~ctotr. 
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· 'i'bin tile$ of fof!tl,.rvc~els ct the pc1yer.tea wore m$!1e on tho 

qumttl ·~rtaee by sentiv rubbing tho mnter101.. .ao11d ftlmo thus 

mBd<t were espoaad to ;ra~a ot sCl!:le o~gmte !»1-vent~ l!l~o tm111D•t 

·aC(lltone, t:Hmaene, ~tetPQehlo:fitlett dtmetbJi, dli.nQ, otbenol, 

methanol, pyr!dino etc., Tbe ~sun waa made by· ho161ng the f.tlmc 

te't ~b®ut 5 m!mltos over c b4lek• conbltd.ng tho clamtcals e.t room 

t~psmtun (~fPc) tmc:l t·ho a'bnorpticm ~tra uert:t thm I'~Gd 

ltm«l!ate1y a.tter 'the dflOSUN. 

TllO r®tl -~~-~tJ'(l ebeo~tptioo f.:,aeue, ot the ~lyenes under 

1nvest'leaUon artt sb~m in Fi~Uh s.2 ... 2•Gc~ OD adsorption of '\fapcurs, 

a ttev band apvc{!!'S ·en the l:OD!lO~' wavel-mgth ddo o.f the ~p~tt'W'!l. in 

tJ~aeb ease. ttf!tb aU the YnPfJ'~tto tJtut.l!~ the effect is alrloot •.11ar 

exeept that •t11 e~'ttein ot those_, t~ effect ts moh pro!lOUDctd t.,~ 

dth o.tbel's~ Pyr1dtno wpou~ Glloorptlon on f 80VQ•O••ee!'Ot~-d 

mtt(9cta abaorptton s~ectra t.ntenGely ~areas t'mllinc 11apeur stwws e 

stf'tmg ett~t C!l estseGno ep~etmt.~~ f~~cl', ttG ep~-oot~'ble choose 

1n pod tton. ot the n~ btmil ltl ob~~ wf.th <if.tfOP.en:t Vitipa\Jre 

tulaorptton~. Effoet of ~1~r;t1eD t-)f ~citts vapou~s on .t'ho !nt~!td.tv 

of tha ~t 1'-'~ ~srgy b~ $Yflfttim te ~~-~ 1n t&blas ~.1 • 2.6 

to'¥! 'Vtt~in A nlcQb()l, seetst0, f -~po~a·~~ten~l, ast~~ne mtl 

eetbvi Mxtn ~$J¢n~t!Vol~ .. 

~he abmQrpt1on spectra ot all~~ ~~n A llle.oho1 ere shown· 

tn Fig-. a.a~ l~ll ,e~sed ~different vapeur-a, a :nGW w~ band 

app$0~$ at a~t ~ ~·1 along 'With tb~ btm.tls cboenod botore 

vap.O\w 6ilsePpt!on. Tho other b:lnde do mt ohow apprtae1ab1e sh!tt oft:fJIJ 

VG.!'OUr .adsorption* !l'l...e ebttrnptton 'Stmetrum l'Jt vi tmtn t, atcoht'l 



!5ffsct of ed1or,tton ·of ~OU$ VGpC\lra on the !nt&ntd.ty ot tOO· 

veek 1ow en~ ~ 8Yst&m of au:-~ W.·t•m A alcohol 

~· , .... · _ ,,.. rx 

1 



.. ·~ ·• ... ~ 

~ffeot of adsorpt!~n o:t varlws vilp.C.OI"a on tho tnten~tv ot 

the weak iow enerGY b81ti ~ets er .~!DlUi 1'1tm'!iln ~acetate 

._ :•l .1. !t1U _ bl"ll .••.. J t(T"l{ .. i ;u IDj!J.JII. U£!1 kl .Jili .. 111.1!'!\l.,,..., q· 'E#?. ·atliili4 llF-t. lit ( "AI;n:;:l(ll.! --. l:l: t U>. A ¢: i' 

!hI _lfl,.:w.l' d$: • - , .• P. d i•a .. ····• 

1 

1 

1 
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n:rtect of .a sorption ot · vartOtlS vapours on the 1ntene1 ty of the 
. ' 

weak low mersv tmntt ·•at~ :ot f ·al)O..a•.cewotenel., 

FU llt.l!RiiiiiQi IRd -·~,zr T.U . 1 f .$1 1 f Ul Dli S1 l:r £ W*!i'd"tW'( n~t £1-

1 

~····u:~-~.-.,- a · 111.--a l .. . . ~·J. It A.f t!i . b1 ., p if(. . t . i ~ L • Drl'• ··a . T ,. BilE Jl'f''i£:1 ..... , 
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n:tr.ct of . et~eorptic" ot. ~ous "h~urtt on th.., i!)tend.ty of 
the wok sow tmel'§ ban(t· OV'Stem o.t o'~ooe .• 

UJII HWiP 
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Effect ot Qtl;orptton of ve.Ho~o "tfapours on the lnten.stty of the 

week lev onts-gy bQ'r'Jd sYst«i ot met}Wi. Ms!u 

-~~------------------···-·•u!~Y•.-•-J-r~-~---~-u•··.-u·--~---=---J-•--·---------·-•-•••.__.,._ ... _ 

...... M JI"Ril P • **Bltlft'l "If lt'l" 41 il 
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Pl:C. 2+2 t m.ectrodc nbso~tiem $pOCVn of il~i Vita=!~ ~, 

alcottol at room ~peratuJ.to c asCe) .. 
1, spect.. 1n ts•ther.olt ~.~ speetl'nm tor tho «tl!d 

t1~1 !;)~ sp$'S~u:a eft$r cc14 vapour ·ad aarptlon. 

qtl~litBtl V. r&M1Ut!()l'l of tle total abOOJ'ptton BpfJOtrttm 

tor the solid Ab. after 00_14 vapeur admrptton : 49 bd 

of the oo-1t<l t11m; atlti ~~h nttw barld • 
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1n meth~ol has ·two stroll!; band C9, oncy at 40000 .em•1 end t..llo o.th• 

nt .OOS&4 <:lil~l• TheM is tl W('J~illt ~P at a'ttt.mt. 31900 er:\.,1, The 

crystal spcetl'1.lli'l shwa fmlr me!n ab~.o~tlon bands e.t abm.lt 43:. ooo, 
~4900, !?9.000 M.d ~6 .e=.•1 • 'l1e posltit!lns ¢)f' the abao:tip~icn b~s 

~ •, . ' . 

· In J!!Z~ ~.3, thb .oeorptf.on sve.ctr~ cf-.IU•trana. '\titnmin A 
-¢1Ct)t~te in tb~ m1td •to anf!t !n s~lutf.on are· $ho~. f!...oth ln 

·1' ~lut:ton ooa 1::! the ooltd eltatel! the $;>G~.lm or vltanlrl .A acetate 

is tmo~. ~he poslt1en of the )S"mu ot tho band in solution ent1 

ill ~Ud state !.s at -~t OOSM and ~00 Q!i""1 re,peetively. After 
~ . 

tlti301"ptton of aeetont·v~po~rt • ~band a,pped$ .st aboUt g;ooo. s•i 

end th.e or1stna1 bgd of vl.temSn A aca.tate sll!ft~ s11tlltly to\mrthJ 

. } 

~he absorption ep~trum o~. ~ ·~S'•cmft>tenfll .tn n•hexane as 

tJho\111 !m F~g, 2.4 a.ppea?s with _btmlh~ at .amo •. 21790 ent& -~?90 .e•1 

sepafttoo by &bout iCOO ·r:o•l.~ The apee~ ln the aol!d ttt.ate 

(Fie~ a.4l lo~s Its \?lbratton~\ struct1#e.. Tb~t btmd lo bl-o$.d .au! 

·sh!ttG 11 ttl~ toward a longer ~-avolmg·th. On bettlf e~~ to 

dlttorent Vt'.potl~tJ a nfv hllc1 ~pveare at 18000 c.mli!o1 • '!'be band tn the 

eolttl state on Vaf)Our mim!'ptlon is 11ttl0 reds'hitte<1. !he l'O!Ults 

flh ~ariz~ ln table a.s 

~nac· abmrvtton ~eetro ct a'ta.efmo· tn a:ltffet'ent statos .ere 

shown !n vts. e~s. !h<t $Veetrum in ce14 1s bread and stw.c"turoless 

'W1th )) max n.t m.~ ea•1• tn tt• so1f.d otato tho her.K1 ts further 

broationed 1.1"1th ~ .·. at aboUt 19650 em•1 J.kfto:r ftYN'leure to · · · · · nQS · ·· • ._._, ..... 
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solution epee'tr'Um 
!n matham1 at 111l'e 

. iii' . . .•••. RiiJf ... l%. pj. 

~~u.a ote.to t.tlm .at title SOlid otato tltm at rdl~r 
betoM 'Vtm.peu Qtlh~orpt!cm. after ~eo!TJtf.On ot 

eel'~ 'V~ 

~ i "'"''-""'"'"'"""' 11 - . I I Oil* . -- IIJ -- H .,I!! ill ;'1016;"11~" : o 01 •* I .•.• •:s t -'" i l. 8; I I; _, .. .,_, __ Jt> t . L Ill 

¥1ev~~b.e• ASS1Sblt0nt 1J$\f~~bor Assigftncmt ~~emmbc~ !u.1s!grmnt 
(C$.1) cem•t, (em·~ 

O(A) 

-c~ponent. 
of & 

0+1036 ft9SOO(W) Faotot 
a rout) 
®lit 
e~ponent 
of a 

li~l.lO'to!f 
group 
0~1tt 
.~~!)enmt 
of A 

41000(m~) Dlmd 
ma'dtl& 

'Feotcr 
poop 
$f)l!t 
COtn~ntm.t 
cf A 

m.iOO(W} 'Waot~ 
&rOOt' 
S!il!t 
compon~t 
ot A 

41CtO(ms) JJ~=t 
madmfil. 
. l 1.'. ;t_ J t. ( 
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f'!G., ~:.3 ; ittcctronte nt,sorptton tpectr~ of a11•lr!ltU1 'd. tie!tt ~~ 

acetate &:t ~m t~t;erattl!t4) (f!s"C). 

1, t!P~~ tri etl~ aeetato; 2, ep~trun tor t110· 

~1~~ f!1m; 3, ep~~- eft0~,. ;ACGteno VQpCUr a4oo~pt1on. 

Qnal!.:tat1 vo t:et:O'!:ution of tho totP.i a'btt.l-~pt1cn spoott'WI 

t• the &!J'1id fthu att{l)~ ao=,etono vapcu~ ettsorptif)D t .4, 

band ot t~ soliu t11Dt ~- 5, notrt bruJd·!t 
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ao1ut1o11 spceWu= 
ln e\f!yi· emtete · 
solution ~t lfPC 

44 

sotta state film 
at aaoo befol:e 
·~ ed~ptlon 

G&11t.l state t:llm et 
t!.d'c atttl!' $d$Crpt!cn 

ot ecetone ~poll_. 

·wftvc~ber ~o~igr:.mQJlt thl.vmmmbe~ A~d.~t we,wnumber AtuJ1gment 

(~·1> (em•1> cc~t1> 

v • V~!!V 
o • stnmg 
\1 - WGU 

Bro~ 
stwetu.~~ 
loss btriM 
wttb ~mes ttt 
aMOOCvel nw 

f!!aldma 

Deaf!. 
structure• 
loss barA · 
td tb ))~a: at 
~OOO(Vs) DtmB 

m•-*"'l'-""' ·~ 
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~xc~ 2.4 t 'fflQttronte abs-orl)tion sp~t:re. ct fo •apa.s• -c~t~nt\1 

-~t r~ t~penmr:a (f!sOQ) * . 

1, epec~.=tn_n.~et t?t $~C~ tor the $0114 

ftlm; 3t sptH)Wt~ sfter p~!dt.OO. varmur adt,Ot1lt10n.- . 

~uBJ.ttatiV$ rosGlu'tton of the totfd &~M~t!on. 

s~eet~ tel' tM solid 111m after l"Yritlim ~,!JOtU: 

&deorpt1on • 4, 'rmil of ·tho sQll~ ftll!l; an6 sf l!ow bed. 
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Solution apeetFUm 
ta n-.no~e at 
rttPc 

·•• r . . a tO! u~·. &t !krult ___ - · r ••* 

so1tt1 state fila 
. . 0 . 
f4.t as c be.,Ol'e 
vapeuft ~~ptlcn 

solid .t)t~te ftb at 
asOc ftft0r adso.-pt1on 
cf pyrltt1M VA~ 

Wa't'ermmbe .As~emnent tlt.\vermmbe A.ademmont t4'a~'be.- Asdgment cem·1> (cm~1) . (em-1) 

0+1000 

s .. strona· , - vory. 
m • :aed!um 
b ... ~ 



!J!G. 2 .... s : ~lt9otromU: abserptlon s!Jt'Jct~e of ast~en~r at "cam 

temperature {2*) • 

1, spcct~ in 0014' 21 · a~cUum t~ ~..o ·s:311d ftltlJ 

a, GJvect»tm forr tM so:ttd ftbil Aft0%" an1ltm \'t'l,pou!' 

~~.lsorptlon. · ~1.u~1tt~t1• rt~Nwl:utton of the tott4 

ab~ptton spec~m aft~ ant11n~ w~r ad:r.ol'pt.ion c 

4t b~ ot thO ttOlid film; e~ St new b~~ 
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'Ve.rtcus ~~ura ·tho tlOlld stata _Gpse•tmm ap.pe.al's td. th e new b~ 

at aboUt 10060 em•l w1 tb a SM~l ehenge ln potd.tion of tbe bafttl ltt 

the cJ;Vetallinc etete •• cmwn in tabl<!t a,9,. · 

i'be absorpt!Oft spee~. of n2et~ bi'dn In acetone cond.sto 

ot t~e baDdt nt 00330, gtsl() ~ 23160 m•! (Ft.;. 2.6). tn the 

so3.1d stato tUm a$ ttboml- !n :tP!g.· 2~6~ the ~etwm· !s 'bl'Od ·Mt\ 

· · ticd·mbi.f'toa. Uhen · veMcus VO!JOUre ee aaso~bad on the Stl.l'faef)a ot 
~ the ewota11f.tes !ft. tbe ttlms.- & dOlt-' coonge b the 90114 ft1tn 

~trum 161 obeervet~. on betng eapoeelf ·~ moth.enol vapou• Gs s~~ 

tn Fig. ~ .. e a ~ belid 1.1pp~s et about 11oo0 em•1 in .addt tton tc 

tha or1dM1 ~:s ct methrl. bldn In tlw r....Ud ateto. ~ho r~sults 

aro ~18~~ tr. table a.:to. 
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.se1ut!cn spec~ 
tn cot... at el!c 

SOlid state ftl.m 
et asOc before 
\ra~ adsorption 

Solld state tl1m at 
~c alter edf.llf)l'ptlon 
of entUno vapoU · · 

t--:avommbor 
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~-· 

no~ ~l.6 # i1.~$ni,Q a'bec¥r~tt.on spectra of tmtb.;r1 bldJ!~ at 
-~ t•peJiat'!Jlie (~C) • 

lt S-pCCtw!!· in t\Oet13MJ 29 IP~Ctfta ~I# b $0lltl 

f!m; 3t tt~e~ :fb~ tm ·so11a f!lm an~:r. m.othfmo1 

:vat'~ eilco!'l't1on.. tiUS\\1 tat! ve ~•molutS<>D of the 

tott'li ebsor.pti.e ep~~ after. eethtmol ~poor 

aaso.rptton i 4~ ·'bana ot tJlO soll<l ftlm; - s, mw 

barK~. 
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solution -~tftlt1 
1n aceton~ at ~c 

ooua stote f.ll!l 

tAt 2r:Pc before 
vapour -edsotpt!.Olt 

~o11tl state ftllt e.t 
2EPc- after ad~ptlon 
ot aotbtmol vepout 
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(en\•1} · <=•1) (cm•l) 
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Dtseueaon 
... 'B ·~ .... 

our e:A-p~..monte1 ro~lts show· th•t tn· nll the poly~0s 

stttt'-i@G a. new bent appeus '¢1r~fln ee~Wn vapOurs UcQ t'l(l oorbfld on 

the sur:ace of too ·pel~Cf!e· etystels. !h! tntonstty- ot tbltt now 

banlt de~c en the polyenen used~ al~.;O on tho v~ ~sorb~. 

nut tbe ~dtton of tMs nw. bnfte! i!l a -ticulSXt polyen~· ~~n$ 

~st unebeng(JB wltb dttf€trant ve.~s ad$Crptton·,.. · Tb!c ~tudes 

Wo bttnd .. t:tP be & abt'I'..I'SoPtrensfer n'b~rpt-te!l band. ~boJi'C !s a 

l.M@tt OVOJ'(lop between tho 1P.•ll~stud1ed lcng wwlon.'t~ bent' ~YSfAm 

am tho new· ban~. $0 1t $s (tttt!cult to lflcate GDCtlY tho podtton 

of thts new br.md. 1ft order to set ~ longer w.volont;th b&n6 

eonteur out o£ tbe toW ~otr.um we bave H$0l't'ed t1,italitativolr 

· tbe 'tSlol'9 flPSC~'11'1 1Dto two p~ts.. 011:e pel't eorrosptmdo to the 

opect'rel snapo ·of the new b800 ~ tl~ othe!' _part corrom~s to the 

solid fl.lr11 speet1'tm 'beton vevatr eti'Sftptton-. n~ascn~lY sood 

roao1•~ .spoetra ere neh1evod ,, most ®f the polyenes" In -v!~n A 

aleohol, to resolve the total .absorption spactrum in two e=pononts 

bef.lomos complleeted tul the intend ty ot tho taeto1* Sl'OtlP split 

eoapenents ere ettoeted by ~r ed061't't1on. 

ot the polyenos stut!ted• 'Wltamtn A ts hnot>m te ftucrecec 

strot~l:\7• l". etb7lec0tote solutten, tho absorptf.on ·~ the d:sd~ft 

cpoet%-a of V1 bmtn A (alcohol end aceta to) ai'o Gbown !n r.-t.g.. s. 1. 

nero, pre.et~tcallY no overlap betflle()n the absorption and th-o EOisston 

sp~etra,· is obs.ervea wh:leh irid!co.tes that poeatbly tho' a:b00rbtng ·and 

tho em! tti~ ststos: ere dittenn.t •. . , 



FJ;c.· a.-r t ilcctrcnte ebool"ptton snd ~l!Jtd.on apeetra or 1flte1n A 

1ft etb;tl acotat'e· at.-~ temper!!we C~C) .• 

V1tt¥~:!ft Ct aleohoi t lt ab$0~tl®t ~~ etsston.-

Vttamln A .meetato t s, e.bscrptiont 4, ~!eSlon. 
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l';hc erl7stat ~ist)!on epftet~e. of the po!y~es stut11«t except 
V!.t~..e!n ~.· llOOtete3 3\'e riOt aV$11el:il;G• H~ve1~t We }W,V$- 1-t"CCt-ded th0 

e~"'!Iltol em!eeton $peetta Gt "f!tmin bl. ~coiloi attl t1~vo eM!pared ·the 

~1tSsion ~· ·ot vttamtn A (oleobo1 and aoet·ate) 1dtb tlte -new band 

tn the St:Jl1t1 · ftlm (lttlgs. · 2.8 :ent1 ~.9) • ~he beights ot tbo absorpt.ton 

tm6 mission ~nxi.mG Qfo nomni!:zea. It is ov:tdent ~ the ~!gs., 2.e 

em 9~9 that there 1m~ gotK1 overla}) between the em1salota t;nd the n~v 

absorption b0ild 1n V1 tamtn A Rlcch.?i ep..d acetate. 1!ho. !OinOP b•go . . 

·relaUt.u~shtp ts oleo ~~tlet.t.ea.. \Sl<t hnve tllotted ts-ansnisstcn B«oinst 

til~ ~~be? (m•1) lnstead ot E.-v j-l> ·msalnet .~ fer the .~tss!on 
. . 

eptletra as rlt18floetet1 by D180: at1d nrs-')ft20• nntortunstol'1t ttt~ ~~-
ss1ori ,...,ro the- *"f!tall.tne ft.lm.s ()f F ·Q~·•\1.amti~r.l'd9 aetacenc 
sft(l meth,:l btxtn could Mt btJ .'r'ecoorBGd. In thene ,olYeMs, tho 

oo1oston tri t10lution !e sl:tght1y on the hi!lh energy td<te ot tho MY 

bend t·n tnt:t ~stQl ftlms. tn '11ov of tho teet that tree ao'lecolu 

e-leetl.'entc ~~-rgy stft.toe nl'o !tenorall~ lcwettal tn tho state of 

aggraeet,.on, tt~ 4lm1~sion or :these polyene ~ystal ttl.ms ts espeetoa 

~- to oo, <>n tl;lo lower ~t:t-S'Y- ·stet$· -or tha,t in solutiotlo one ee.n then 

ro~tmnsbly e~eet to get ~o4 ove:l'l~p htwoen the cev nb~pt!on 

band· ·~ the c=ts-.on band ot these po!yenes tn the "Cr?stalilnt.t 

stc.ta-. Ttms; our ~M.mcrital l'~$Ultaa1 ~ggest that ttw e.!ted 

e!oottontc st..eto 1n1'0l'9e6 ln , the nov a.bsorpttCJrl ~nd tmt1 the repo1•tet1 

emt~olon bend ot the pol.yenes $tt"..ll!l1ed is the see md mtAy be the lev-­
lying wek TT •eleetronie ,tate $Uggested by Schul ten 0116 !i:~plut~4• 

. . 

Tht:1 · trantdttC!l fr~ ·th€! P,'mnd $tate to this. l~·ly!ng 11 -olcetronlc 

state !s forbidden etnee. tb!s 'otate ·sn all•!UU polyenGe hu lAg 

s~trv4 • Gur vopour ••sorption method thus ~pens a new avenue ~~ 



!110.· e.s t m.ec~Jlle abao~pU·on ena ~lsal$11 sPQctl'a ot 

AU•... \fltmu A a1eobo1. 
1, total f!pe<:'btW!l after c:ca.4 \fa:pour ~fiO~JPtton; 

a:~ Jtf'Jso:l:vea patt tot?· fioltd fllmt e, new 1mm1; and 

4; dsslcn ~·ttee~ 4ft the t!Olta state. 
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PIC. e.g t Eleevontc &bGOrption mt1 e:tlsston spectra of 

~ vl~tn A aeetflto. 

1, total .spectt'Um after aQ()tQri& VflPOV adscrpttont 

· !1: re$0lVed pt\rt fe tt_.e solid fllmJ 3,. now banftJ 

Gn¢1 4, r4ss!on dpcetruln 1n the $alid state i\1 · 
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makltAS 'tblo l~ly!ng forb1dtflen trend.tton allowed at i-00'.\!l temp .. 

ra.tur~. 

Tllo et160t-bed ,;apour mo1ectdoa ~:nvcduc-e, the pe-rtu:rbat!Oft. 

roq-UirC~:1 tor the tinhar.c~ont of a low•lrtDi~· torMd~eEX trrmdtlon. 

~be eact nature ot the portorb.e .. ticn !s not yo:t •eaolved. 

· i'he study of the d•ent shift of t1:'w a'b$0i'trt!.on .antl th• 

erntssten bands helps tn undo!'et~ing the nature ot tbi eon-&epon­

ding states.. T.he nm3o:r contdbut1()n to the solvent shttt of the 

strong tr~.ntd. t1on hes the forntfm 

wl".tCre -he:;; 1s tho wat~sitlon energy, a le n clld'acter!st!c !!loloculd' 

mt~ PM~ttl-t n ls the te1vent retracttve !nile:, n ia an a:vorase 

oxelt~t!on onoreY ot tlm solvent, s• ts tm a1rorage eltO!tatlcn 

emtl.-81 to:r tho t!!Oluto,. Peg le' tl1o transi·tton dipole tor the tl'M.IJ!• 

tion tron the stBto g t.o e end o<. •· s M'0 tho gmtfttt .ant1 exel ted 

staw po1artsabtlttt.es. l~quatlon (2.1) ee.n be wrltton as 

where k ta a penmetor whloh !.s constant to!' B :glwn mo1een1e, 

t ts the Ooe111atcr strength for Q part1eular tl'andlt!on. sotvonts 



ot different nt.re.cttvo !ndtces ~re ehosen to study tba mblvont 

ettoct on tbo obsorptitJD and ~sa!on band$ ot the polreneao ''-' 

titf~ ot t1!ff.eroht eol'VmltfS on tt19 tlbsorptlea tmd emt~elon bonds 

of the polyenes under 1nvestigatton e.re pescmted tn ta.bles ~-11 • 

a.JS. iTorl the tables lt is ·e;~n tlmt the abmrr»t1on banf:s of' the 

p'OlJ~tc chow e logo 1-etJ•chlft with the 1nca-nse ot h re;,s:cttve 
' .. , . . ·' . . . ' 

' :lnd¢ja ot ·tho sol:vent~ht · ·nut ta ease ·of ~lsdoJt, ibis !l4tt :ts ~ 
~dl ~~pu~d tf!t t~At for .sb~ptt~~. ·our eap~rime~ttd rctJUlt~m.,m 

, tthew tbrat tn oll t~ polvene9< tJtutit~ t the plot ot ~ ax to!* both 

abfK)nuon aa emtsslon agoi.nat (<rf:-') I c'11~+<J.) 1s e :strsigbt lt.. !he 

p1otn ~~ "))max (tho m•enO'J of tlle ~st !ntense nbsot'ptlo~ 

banii usn~l.lU obs~ !n ~lutlcn :lti'id the htghest enerm; •tsd()n 
. ·ba~) ·,a. ('r1'l:..l)jc71~'-) ~e stM !n Y!gs. e.i~ • a•14 to11 .s~n n 
alcohol~. vttamtn A ~cetate~ ~ ·~·.s·••carGter~el, estaeene 3M metbyl 

bislft "spe~ttvel.r;. the slope to.'$' tho first abmTptlcrt benet ot nll 
. ' . 

tile ~lytm.et! ts abtnt ats to f)1tbt ti~s tl!¥&tlltw• tbrm that fo'r the b . . . . . . . . 
emlseton bnJ!tl~ Whls esttetato of the 1'elat!vo streng~~ or too 

,a.bt»"'t1on eit .tsslcn occiUa~ o.t~tenathG in~llcatee that t..'lG 

absc~ttoft ent1 ·~~ .cmt.sston weer tl1$eus~cn !evolve·· tw fttfet"'ftt 

e•ttJd ~t~Wfl ot the ttcleou1em. '1-··he tluot'•ocence. or!e!Mtea from 

.. 6 state other then tltat irlVOlv~ !n the intense eb~rption band 

obsen~ 1n sol.ut1on... !bus lt soae that tbo~ :is a eakly ab•rbiq 
' . . . . . 

singlet .state \:11th em: f!merg lomrr than tha strongly ell~d Met tea 

s~ew 1»u 1'tc&ch~ , 'by &bsor,t!.or-. !he forbidden otectron!e state 

vc'f~'--o wb.teh h~s betft e11~ by ou "'~?-cto.:rtJih~~rpt1on mE!thod is the "lOtt.~lnill 

stng1c,~ eft!tett .-te. 



solv&rJt. ettect on the ebsor.pt1on (l..nd emts!i1on bond$ of v!twn A 

al~ho1 et rocc ~tWature (2~C) 

4. 1· t. 1 J IUO 

~· 



FiG• :!t•lO ·# Plots ot ~ _ a•dnst ('Aa•1)/{'tl9_+ 2) for tbe - mas at: . 

lowast -energy ebso~tlon bant1 am the Mgh-ost 

_ energy ~etd.on bfm6 ot .tial-:Sr.a Vi ttlmln A Q1eo1»1· 
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sc1'Vent ettect on tho ab90-Jtpt1cn end eulimd.on ~~ ot v!ta!ttn A 

et.;$~te at roem temper" we ( asOcl 

2 lt fl 4i>..&, 
• . ft -.••• 
n~+a 

_,..,- •. ~· Jl 

1 ••• c.·1> 
tor «d.ssion 

-
~ . can•:t, mas: . -
tor &beol't)tion 
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-~ 

ll'tG. 2.11 t Plots of -:;)max .qatnst (n2•1) /(n2+ 2} t~ ·tbe 

1owaat. oaers1 absorption bm¥1 snd the htgbe$t 

-enel'f!fV ~tsdon be.nd or A\~.!Jtani Vi t91.if.tc A ecotmto. 



314 r-.........., ____ ....._ ______ ......_. ______ ......._ _____ _ 

310 

~ 306 t' 

0 
N. 

'o 
or- 302 
X ABSO~PTfON . I ~ 0 .,...,. ee' ~ 

;~ ·. 298[ 
Y-., ,-
e 

:a~~ 
. ! r . ' 

0 ·-c-o 0 EMISSION . I 
'"'0' boL"HS !I 0 ........ s lr.$;v.&rllAo• 

206 
~ 

20J tti:liit•'Q ~a=-e 
' 1 . ' I I :2 

I. 
' 

200 ·240 280 '3~0 360 

,_2 -1 
10

3 

i1.2+2 
X 

FIG·· 2·11. · 



+ 

...,_ 

r.~lwnt effect on the a.bS!tlr.ptlon end etsaton ban4's ot p •apo-a•. 

evotcl\\\1 at room tempcfature ( afPc) 

t -'.· 2.n" .J·a 
n~a 

_.._ ·1 1111:1 ±II "l 1J!.f 1 

a,~ttioxene o.2M 

cye1olle~ 0~257 

•• ...•. •;.t;Jllf'Ji l1 tJ.JIIiJ1 Jl'_ ~it: I ·t.ro· 11d! ..... Jt .11 I 

')) tnfJ!:I(-eni•l) 

tor mtsQS.on 

19083 

191m 

t TUff 'iifl 

21459 

21600 
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01· .n4>.t~~~ ,..,f! "::\:' ..,. ........ 1>11ft~ (.,..2,. .. ,,., . .,.!1+ "'lt\ .b.n.ft t"'­
il v\!Q ~ ~ ma 'f;~"',.~lU.;;J\1 .... ~ 4.1 \.14' !f?i,;l .it\#<!.' ·.UU 

1~"~£)t enersv abt~Qrptton band Md too highest 

:enere f!dss1c»l baM of f> -•~•·caJlOtenal. 
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!iOlvent eft~t en tha absorption ·and «nlso1on bends of estacene 

st Jtcom tempo-rature (2s0e> 
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f!neJ.'D ·erd.eston ,._, ot eetacene. 
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. SolVGnt 'Gff~Qt ·on tho absorption ar.ttl Gmi~Ssion baBls of -motbyl 

blldl1 a.t roem tompoaturo (~C) 
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tor e:1!1sr.don · tor ab!!YJJtption 
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no. 2.-14 : ~)lote. ~t ))max agdn~t cn9.-t)/(n.e+ 2) tor the 

lowest Ghl'a' Qbaorption b~ em the Mghest 

(!')J1ltre:r ~Mion bantt ot motl~l b1stn. 
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~ids 1ot~st e~1 t0t1 eieetro!ale state in. pnlyen~s ll! a,,· 
etete which l·s ~tey f~rMdden~ '.UlO lito-tim~ of th18 $tate 

te 1~ be~o.une ot !t~· totMdd~- nature. ·Tboftfore,· thla 1cweet 

state seems to bo tn~iv.ld In· the photoch.leftl proce=••~ 
, .. •: 

. 'he ~vetunet1cna ct the tr~alll.tionally ~oqaJtvalent · 

!~tt.nteet1~ mo!eet.4tJs tn tbe crystal . 1.1~nee $1)11 ttt..ng ot tbo 
134 ~.s ao1ecule on$r,w: 1-~1-IJ -·' tp • tt l$. of 1nteroat to ncte · tbls taetor 

srt.mtt $pl:l tttne tn· ·'fittStdn A. ateot~l solttl · 111m. ~he- •* •beorpw 

· tion band -of VJ.t~!n A alcohol tn mo1ut1o!t- ~t ebout 40000 em•1 

evtdently conespon«s to tho·~ n~ 4lOC.() -~). 1n tho soltd atntt 

!riFS• s.~),. Tlw ·tt'/10 benBs !!1 solution at abottt. 33900 ~ 30864. -.•" 

have e se11arat1on .. of 1000 cm•l,~ In the sol:ttl ftht JlQne o.t the bandtJ 

at tMtlOOt '19600 0nt1 0$666 cn•·l SM!!S to cOJ.tJ'e$pon6 to -tho Wa'k· 
' - . w.i - -- .,-_. . .· . . 
Sllut!en btlil(l ot 31900· em * lt is l.!koly th&t. tbe$e tlwee beftdc in 

the roittl etato ero tho tnoto~ group -sPlit e~ponmte of tho bontl at 

:30064 em·1 in solution. Too waatt band 0t tl1900 em•1 :1n the aolut!on 

s~~tm.tm !.:t posdbly ttaske6 bY'. tho :sbont; abzorpt!on at M900 a•l 

in tbe Ci'Yetall!ne st~te. 

Unto~ttmat'OlY the cnste'l structure ot v1 ~~n A alcobol ana 

mole~ o-rientations 1n the lattice ere not known. It 1s, therefore~ 

not ptJsdblo to e~ttmato tho taetor s-toup epU:t.t1ng in the crytrtd. 

!a tho ool!ti fi.lm $pcCtra -ot other pol,-ones, no faotor. Sl'CUP 

sp11 tUng could be dGtecte-4, 
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The ®W absorptton !Jand appoari.J)g on tho long wavelength 

sUlo ct tho 1A« ~ ' trans! ticn au~ to a«sorpttoa of vanou1 
va!)OUJ'e on the oo116 fllm$ of polyene" etudlet! shows$ good o .. r.la.p 

and m1rro7 !tnago ralati.onsbtp wttn tb~ edadcn band ot these 

polyene ,m1td fttme. ~ho so1~t Gftect on the 1A1 ~. ~u 
ab~ptton bant1 end on the obec.u-v.; cmlud.on btJm ~geeste tha.t 
tvo dtfteront electronic etatos ·G-e S.molvoo lli t'M c.bsorl)tlon 

I 

Md In ·the P!sston. lt is $UIEO~te6 t'hat tho lev eMr§ band 

sppoftJting on ftPG'\U' ~eorpt!e;n te ~"0 to the tranal. tt-on from tlto 

grouml 1A1 ,state to the no:d ~xottod 1Ag state wh~~ the 

r..41)don 111 these PG1Y4ltlos also o~lgtnntes. Twe, ·we eonelude tha.t 

a low ent:trtW 1A
1 

state ltoe below tim lau stato in tl.le:se potyenea. 
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