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P'R!~AC~ 
¢ • l.IIIP 1U 

'!'he present tl)eals entitled " lnveettsat!on on the sp6Cboecop1e 

ana edcontluett<Ye .p~pertios of sone organic eoapcunds n le·tu. Mt.tl- · 

· ment ot ~he r~1rgnents tor tbe degr4!1\iJ of Doctor of Ph11osor;by f Gc!ence: 

ot the Un1vere1 ty f:'J!t rmrih nengal" It embot11e$ the itetMlts of tnvest!­

g~tion. en tho apeotl'ooeop!c t:lnd ~conduct!Ye pYOperties ot seme 

l1na(1r eonjugat~ .polvenes. 

This tlmtds baa ·t.o ports and an Appendts. !be tlrat part dor~e 

wt tb the ~nve~t1gat1on on tbe ele(!tl'~nlc nbeorpt:lon end m1sd.cn 

spectroscopy ·ot eemo ;olyenes t sol:f'ent effect and. eftect of atloorpt1on 

ot •~nous vaptJUrs .on th$1r oo1!tt fttms... ·lft tte aeeontt put resultG 

trom tho otudiea 011 tb~ aem!C(mttuative f¢opertles of these compotJnds 

fhfh· the otfaet .ot nd~rpt:J.on ot \fePOU1'"8 on tll(r £oetrlctd eoriluc:ttvl ty,. 

·on the smtconduct!tln aot!vatton ~nergy ~ on tho l!fax-tetton of" the 

prc-o~n~nt1~.1 f~etor (.in tho ~andnrt1 uprosslon tor epeelfle coDduc­

·tt'V:lty) vltb tho eettv•tton .. aterey havo been !nclutlod. 'lbote ge three 
? 

ehaptelJ! 1r1 the· first pd't and the s~ncl one eom!'rieses tour ebepters. 

Chepto~ 1 of betb ptWto eonttdns ~ Bdneal :lrltrottuction tdth e. bnctr 

review of t~...o l'elevant vnrt• of the ·edst:tng theories required to 

1ntet'pret the obaoned rest.llte. For. co11eettng the .speetrosco'f)1C data 
: ~ .. ~. -

gpectrophotooeter and GPfJCt~ofluo~ete.r ll&tre 'been usott. 'rhe ftJ')eri• 

mental tae..ltniques used tor the Geo1eont1uett'Ye lnYest1gat1on ~swo prcsen• 

tw in Chapter e ot the seeond part. i'·be ehnptors a e~ 3 ot Put l 

.am ebapteJ's 3 a~d 4 ot P~ II conts.:ln dete.Us ot tho :re-.:&1 te obtninc<l 

ln the lnvo~tigetton toatitllt:P w.lth the d1BeUso1on cf the remte. 



ltcet of the rosul~e bave 'bean _pu;blish<il\1 lr! tho to~ tll pf!.;tr• 

!n <tJ.ft\trent scientifte 3t:mma1a. &ome· t'!:·l"" anttlng pubUcat!en.- A 

11 st of pub11.eat!one. ·and thfh a•tdlablo ~~l'!r!t·s m.re at•en tn ttte 

Appd1$'., 

~h1s lWOrk has boell earn~ out !n tho DeptMtmtmt ot f'b?etoc,. 

11(JJ'tb t?ongd UnSv•rsttzr. »er3eal'tng, l~afta d In the DO!)art!:lo.nt of 

Opt1~th !ad:! an AatKtele:t:ton fo't' th& t'ful U'Vlltlon ot SC!enc., Calt!t~tta .• , 

I • 
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ABSTRACT 
~·i·:liel If-., ••• 

aoct»omc a'b$0rptton ·and aiss1on spectra or po1Yel'lelt 

all-~ 'fttmn A &'!cobol, &ll~UW vttmtn A ecetato, ~-..a~ 

s• .-earotensl, astacane «.1d methyl b1s!il have baen !nvost!geted !n 

the tci1d etate. on e.doorpttcn ot eel'ttd.:n vo.pours <:JD the Cl'Ys­

talll te :Atrfaces ot thege r;olyenes, a new btml.1 nppea:ts on the low 

enerw ttl<!e. of the welt 'k~own J.ntm® 1A
1 
~ ~u t~end.tlon. no 

Sl~ftcant chance 11'1 poettlan ot this mw bam is obHr'ftd wlth 

sd:!Orpt1cn of ditt~wmt Ya,pours. A good mtrror 1nta!e reletlcil$b1p 

batwe~ th~ rsw e.b1er~Uon ban<l a~tl tilt; well known t1mlss1on bM\d 

toJt theee mo1eeuloe tndteelteS that tbts new absoz-pt1on bon4 mar 

be 4~e to a trandtton from the ~na state to a low-lying 11 • 
' . 

' 

e1c.ctren1c ttate wherotrom the ctstdon tnt t!ateth Tho otteet ot 

ditt•r4nlt solvente on the 1:ntense lAg> 1Du tren$1t!.on tm4 ()n 

the obano8 t!mlsslon b&n4 of escb. po1,..,m Ui\(ft&r tnw~tlftatt*'n 1 s 

e;ppnc1ab1Y' tlttferClt. '!'hi$ suggeote thet t11ff'eront exet ted states 

P'e 1tl9'Jl'¥a<i ln t'bo absorptlon and !.n the Gmission processes~ It 

hne been e0ncluded that 111 tbet.e lmg.cha1n po'lyeru3:r.; there e:d~ts 

a 1ow-J.ytng to:rb1th1tm 1A1 stt\te below the stronsl!' &llewd 1'ih 
state. 

on ·.-1sorpt1on ot ~e flcetrcn acceptor mleeulas on the eolld 

t!:bls or tlie J'()lym.a.s,· tn addition to the ot-.lsinel bEmdo• a nw 

tt.b&erpt1cn band appous in each e~so o-n the ltmPl' wavelength ddt 

ot the speetl'llm. Thta new bMd 1$ ."nergetJ.oeUy eucb l~•r tbm 



the -~es1otl bMtl of tho. molecul«:!e.. ~he pot.J1t1on ot tb!tJ new 

. baril &a th;p«!.dtmt ·on the eleetftn u.t.t:ttlity (Ea) ot tho ace.~ptor 

ml~.1les tmd the ln'ttta-ty dep~s • the amount ot aoo~ptet 

mo1eeult"J0. Gil sorbed.. .A l!noar ~eie;t:ttmshi p bot~ the · 1>: max o~ · 

tho ~GW ·b8rA1 cmd · lJ• ·baS been obgm~. 'lho tont1tation potent1:a1$ 

of tbe potyen~s· haVe ·bQen •~timatetl tmm thto linea# rel.((!;tfebshlp. 

~be est is~ toll value» ap~e sat!lsfactori11 \11th th• vGluee obtalr1ed 
. . . 

brother uethods. !t has bnen concluded that thtt Pfilyenes behave 

P..;f'J (}];eotrcn (llo:oors ~ itr,. tho ~ltd stnto to~ charce.-trenster 

cee!},lo:e$ 'With etd•b1~ el~tron · ~or;tors. 

Wbe .ehense 1ft ~icotu!ucttve .properties .ot\ some polrenes 

aftet adsorption of v«rtou.s va.pcurs on tho erystalltte tll'rfeee hils 

beon studied at eune;t_..t mr;apl(f teperaturt1rh A t'ep!d .¢nhencm.mt 

it. 'the stt'l!~dtm.t!~ ~m:t b~e bsen. obSft'Veti• Tht !'!ee 1~ 

tcnduettvt t1 ha.a been t:>ound to bt o~nftlt!el w1 th tnerens!ng. VBDOUX' 

Phssuro ot tbt attsor~ '~pour. ru,., flitso:rptlon proeass ·has~· 

obsel'VeG to be e.f!1c1ent17 reverdbl.e • ~he oo~rpt.ton and deoorp-. 

tton td.nottes ·havo been tou.na to follow- tM m.od!f:l~ JtogSnsk1"' 

Zeldovlcb tela.t1on t1m/ilt = A esp C•p flllk '!) where, m is tb9 

~mQtU'lt of vapour &(l~rbEd at t!M ttt, A etid P ore eonetants 

et e pert1eu1ar pre~e. The active'titon onorgtes ot adsOl''ption 

tm\1 4emJrpt1ctt ba~e been e.st1mated frOtt t"'!rtcti~ d•t~\ an~lyU.s. A 

two-stage .ttdsorption p:rrocoss satisfaetor!iy: ~ltf11aitis tho :ut,-er1.ontal 

resuiteh 



/ 

.Jr 

·+ 

'.t'M e11dl£e 1n sentconduetion aotivatton ~on ad~tlon 

of vmous '\'Qp-euro tme boon tnvostigated. ~he ad~bed •curt 

change the_ e.cttvatte envtW b7 tneJ~eadn; ·or decHcu~.ng st- such 
ohf!hge icpantls on the ChEm'lloel nature.,. at!tO'Unt ·Of tit& v~ _,sol-bed 

e!ld· a1 so on tho pol,tll~ ~'Ud ~~G"Illp. ~:heft se~.d;cormuctos-e tonw the 

tbtv~-const~t flqtmticn . 

(l(rr) -=·tr;' exp ( Ef2R~o) ~xp (- E/?..r<.:r) · 

w~H tb() C'o.l1venttondf. J:r~•po~tiat ftaetoP «'(; ha!t 'bien rel)l~cott 

by ().
1 exp ( B/a k. ~A} (tbtt $) e'iflled e~penaatlM otfeet). J~l'e tl .... 

. ~ . v v 

·tmtl <J0
1 

are OOnt';tmiJ$ for a -tt~&r· SUb~ee mltl• ! 0 ltt Qalle!!d 

. tbtl ·oh~eot~sttc tanpetature-6 ~0 . tws been· found to '11i1 a 

etgr4t1eant rt)le en the da~t: .ccn~.ettcn p~~es~h Vutouz ~thcds 

\.l$~ ~cr oa1u.t\til'lg !• end . a;' hctve-- ytetd~eon~stent re$Ulta. 

gsee11~nt conelat.ton obtfd!!~ between. tllo ~·elevant paremotora 1n 

theBe semiconttuctore iDlie:otas that.~ and n Dl'O ph,stcell¥ . . 

relst_.. Ver!ous mo(lels to:r eomuct!on ~~Clumf.tm :u1~1ng to · 

o•po:n$at!OD ef£ect 11a11e been discussed. 
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lUTRODtfCT.l:Oll 



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 



"j-· 
·.·: 

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 



--~ 
' 

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 
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~~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. 
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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. 



• S2 .. ; 

!{'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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1. Vitamin A atcohot.-
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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 



' ' 

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 ..... , 



__,.._ 

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 

1 

1 

1 

1 

F'1i 1 r · 4»~""*' . ~· h1 :.cW · J z ·· r :B.l ··;, t rr w·• wwr 1 · · ·- f &INti, :e .P .. 

.. 



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 · ·· • ._._, ..... 



)c 

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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• 43-

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'-""' ·~ 

H. iJ 'U!H @filM 41 i -



~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. 



·. 

t .. .ih'Wft!'nDT. _··w"l' li~. f-1i 

.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 
(ea•t) 

);):4tt ... f'.l't $!··: ...... 

IW iii81LU -

~a ~ 
·m ,. 
b ;. 

- · ·r. u ·. i. 4.ulli ·--,- 1. n_tl 

AsdfP'Siertt ttravontt~'iber A~otg~t tila~~beJ-. Aadsn.twnt 
(<=~*1) · (em~2., · 

_.....,.._, lli!lllt.tiO'II .• I!ill__"•relri t ---, ..... .'1'!' f . ~1 'T ··WO:WI*"""J:tll"""*'·-~---· .Ill' .. Ulf I. ··u·J·, 1,11 II ".tc'..il. 1 .l- g· 1_. fiJ 
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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 

•n ••• t u· a • •'!I• · ••• ~·~ Jilii4lfl4 t I!Ciltil· .,._.....,.. __ .,,.,_.,r ,...,... •-a•-· ...,p·s-~JIIhM-""'f""'; ----~-~~ a_ fM · ,._,, .t'i~-vura r · 

W&Yenumber AeJs1'f!m!Ortt ~~&Ventl!lbor As&f.gmnont lrJaYenumber Att:d~nt 
(en\•1} · <=•1) (cm•l) 

_..,_ _· .• 5¢.1- lib .• :tilJkJ'Ul'~-~~ lOA E 64 :t.ili·f·j(· .lJfif.l!!- tk. (- ... -. ... --1-FJ ___ illii! _ _.:f!;I!O·!il- ;q_lfjillt' I .•.. Ill 

OOSSO(ms) 0 $500(wb) 

a!St'iO(V$) 0+ 1000 dOO(sb) 

231SO(w) 0+2 

c ·•a. r 1 •• a J u.;rn J 
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s .. strong 
V • VO'r!J 
w .,. week 
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s '1000 t!2100(W) 

rr · ·a 1 

0 ~?OO(wb) 0 

0+1300 e:toooCme) 0+ 1300 

O+axt300 astmOCw) O+es1300 
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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. 
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...,_ 

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> 

1792.1 . 

. IPI.,.,I1PA .•.. PI 'GaJ311 I .T ~lA .-•. FJ ':"1. - fi 1.7 . , ..... I j 



•. oo •·. 

nn. e.1o $ Plots ot ~tl&a &~atost cu2•1)/(Da·-l--a) tor- tbf! 

lowest tner§ ab•ptlon bnfttl eat the highest 

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) 

*-' - • an• iP"'J til ... .. (~.1 IP 

~ . (~-i). 
ma2 

.- : •1'' 
~mu<= ) 

tor e:1!1sr.don · tor ab!!YJJtption 

' ' 

-. JU a•~~.,. ,-. a·:a ··• 
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l,4.n!o:c:ane o.2M leG91 212f!O 
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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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a.a · _tntroJJ].t~H,.c.J 

ltnllikon1 $U~G!tted that du~~~o·trMster (C'l) eomple~.e 
mny pia:~ an 1oport~t role tn b1o1od.eal sYstems. s~ postd.blo 

!mplieattons have teGn as oeuss~ tn a book by ozent-nversn1 • 

UMY' werl~:er$ MVO f)l"'tluO~ Gvldo~e Vdeb, 1 t 1-s claimed t t;ll.pporte 

tble proposltlon. !ho idea ts t:t.m,t t..~o cbe:rse•t~tanmfer comples-es 

f)osnoss ce~tdn prope_l:'tics w.llf.c.b ~ld be !mpo~ttmt ln b!ol~stc:a 
_, 

/ 

sy.st~si!l !bo tu-st mo~t obvtoue proporty 1c tho trensm· ot charse 
. -

fstow. one mo1~1o ~0 tmotb~·. :SleOtron and charge tl'llmeter 0 .. 

tre..Yleport m?"9tems on vltl.l!lly ta.portnnt ·1n MolGtr/• 

The balor~e o~ '-'lecUfiD dcno?s ·Mf!• aec0ptors ot verl.e4 

Mopotent1e1 is -~no ot ·thtl) basic p~ttmeter$ ·Of Ute.-. 1o used in. 

tbe regulation or S;cttvt"tv M1d tbe rtavaictlll stAte ot tbe ee113• 

Medt.um :r&nl• chapio-tJ.t-ender is ·posdbly the most fllett..tent ODd. 

tuntle.~orttal in btto1ortcQ1 l'eaotion,.,. fllle :terce,$ <iGVeloped d\te to 

eh~ge-._anuter me:r b!'.lri~ about the erssoeiatt&n of tw etta ~ 

ent1t!es., . :tt t!'.ay fi...Wth01' -1nftuence Gq\t111bdua and :roa.c.tt~ty. 

!rho pro toned confcl'l'imtior. nwl. t1ng flmm- C'f :tn tum ~ eonfflr' a 

W.ologieel e:ctiv!tu. It kea bo~ sugmesteda,4 tt•t cr eooplos 

teft'la.tion -.ays a J!'Ol.e ln ~spl:r.a~y ehdn ot o:s!detJ:ve tmC$JhOJ'1• 

lat1ont chem:lcal earc!nogenli.sts, dwg action ·and pbotoe';ntlwdth 

~he pra~nee of eorotonotds Ct»lzrenes) tu li'fl!!lg $1$tetlS aruS 

!n plants is w11 reeogntsea •. somo euo~noltl pigments are present 

in eorie la?el's o.f eyes6t ill olteotory eee,f36•8 
t tn sk!n ent1 .tn 

mem'bre:nee9~•10 ot erttmals. '"•once ot carotenoid$ tn cb1crop1aets 



Gtrongly -.egesta 1ts !~1~wt in pbotosyntbotd.t!-. tt HOU Platt11 

who tpJg-geatfld that ·dortor•earottm.e-·aeeevtor trtmotecnte complex cou1t't 

be tnwlvett tn f)rir!'M'V photooYDth.es!s v-rocoss. mtch ~ eoaplo~ . 

wuld sbitt the QarOttme ab!01~ptt.on/b~ to mob longer W.VfllcDtttb 

'below tlte absorption blndtt or elllorophJ"11e and the comp1t~s .,ultl 

be tlnt cnerSY dnk ot· the Whol(' eystm. stm,te Mmolccule C:, 

complex ·tfl&Y &tm work f.c the SDo way~ Cha:rse•trcmefer mecbant• 

inw11t!ng otoot" vol7en!!ts may wll b~ responsible for aanlf otbe» 

b!olOBtcd activ1t1e•• 

Usually Cf banda are stualecl :1ft mluttons. Of the J»~Gne~.t 

ot ~ur interest ·only \"!tamtn A is •11 stttd1~1a:16 tuz>tnt$11? 

ebsG!'Ved a new e.beo.r:ptlon bend o:t 10000i tn a ailrturQ ot f3 •Cat'Ottme 

tVld iodine 1n 01C11.4!1 soltJt1on ·tmd attH.buted :tbilJ to e ·cr bend 
.~ + 

ot f IW!e~tene •• .,.t ~plos,. Ebre,.te, on the other· h~t egi'Utc! 

·that the bard obGttn'ed b7 t.uptnl!ld, tntttead ot bo1n& a eberse­

trenet.r bentl et dono,_..neceptor typo, •a a bar-d ot ~ •Cal"'tefte 

!'hifted to lO!l«er wavelength duo to ehru-p-transte~ effect~ thus 

IUSgostiM that f> •carctooe. l+ Cftm!)lex he:s eetei'&i rosorumee 

structufes tor tho f •OUOteno sl'Otlld .state that w:JUl~ 4!11\ld!se 

. 'bond ioqtb ·~ cause 1 te 8b1ft!ns to longer \mV~l(!flSth. !bus tt 
n.rmoa~o that tho u~a1 metlxod of obsP\flng tho Cl b0nde in ~utlon 

. wl th aut table acee!)to»s has not bt.tfm suceessru:t w11h the p,olyenos 

.xcept wtth V1 tdrl a. 

~he important pr.opert:r of the cha'r.se•tr«n'1eter eomplo fOl .. ccs 

!u ti'lat tho,- ee ite1attvely lons-~go 4:\8 cowpa~ed·. to ehen1cel 



torees ~ the ~leal 4!:1. ~tenees between th~ mo1cculet~ 1n thou 

c~pl~xos aro s.s to 3t4 ·~ vhGNas ehcm1~ bol':ld l<mgtbt •e loss 
0 . 

then about 1.5 \l\J Dotoro e. ebarge-trtlnsfer tnterSt.ctton ean teke · 

plaee, .tl:ae donor an6 too acct"hptor mo1ecute or p~ts of tho molteculoe 

must bo 111 S'J.ffid.mt prtld.t'nf.ty to each other so that .tbe dt:tter­

eno~ tn ~lt'iobo-potm~1at em bo recosnimed.. ~n :mny eases the . -
phyQteal t.)r.:e~ (e•C•t d1,o1~tl!po1~ t011eo, vit~ous terce etc.) 

~perftt1ng between tbe coieeu1G$ can.provont such close Qpproaeh and 

the tomat!on ot the che.Jtge .. :trnnst•r eov.rp1ox ~~not re.~urcd. In 

noluti'Ont tho aoleeulos e.ro not 1so1ated ~ the interaction between 

tho mol~s c~nnot 'be d1'VO:rccti fr(;m ~ etf-ts of tilo :immGdlate 

dU·rrounti!tRg-.h Gene:l"tdly the f"'lt~..r1t-zr and tbs 'Vi ecos1 tv ot a medium 

QH o.bsoncd to have e. _.tronn ettoct on too eha:r.so-t'fltlnef~~ tater .. 

acti.OD,. ·In the medte c.f low· "Vlscoslty, ~rowrdan motion which cnusos 

the tt;olecules to move about a-.:tucett the posrd.b111toy of their: elooe 

tlP!>~oa.ch-. tn a rigid matr!~ t. tt-~ moleeuie r; de not e~orionce t'41$ 

Dl?o'tttian motion .ana ~e hold in such e1o!ro pmx.tm! ty that charge., 

t~ta:risfer are $&:-~ellS" f'aei11 teted * ~ms, t'be. bo1cou1eo wbieh oeem 

not to :lnt~,et !t'l solution m~ de so 1n t't"• .solid· stt~te. It ftth 

therefore, thoUght wortbwbll~ ·to study the eb~l'se-transfeJ" comple:ros 

of Jlll•t:.m:m• p ..emt-ctBn.e, f -a~S'•cel'otenlll, e$t&Qtme· ·and· motl1Ul. 

bistn in the l'J011d stAto. ror tb1s pu~poso, we ba.Vo #lllov$6 the 

va.pou:tttJ ot ~e aecet'tors to be e.tl$0•d_ on the ben$p~nt •lte 
f1lt.lS of. the volyeneti) 1n ql.l&rts eells and· have eolleetoo tho ~:mectro• 

ocop1c data to ~ce 1:f' ~ COl!lP10xe.s de l!as11y formed trt the solid 

sto.te. ln this ebaptGl" tho rosul ts of such studies nM ~l'e~tod. 



Tho sample ot alh.IE~n:a- ~ -earotc!'lo like othet- polyenos wa 

obtained ~o:s Yofftlf!.n•tf!tirRoclle Co.. Ltd •. ,· .s,d·tzerland ; 'rbts "~• 

used without ftJ:ttl'ler purlftoatlon. cz~·oo $t:ructure of tb!$ polvene 

is show !n ftg. 2 •. 1-. 

C H?> 

CH
3 

~:lg. a.l stweture of an-~ f -carotons 

· !'llin f11tl$ of polyerystelG of tne ~lyenoa were m~de Oft thf) · 

~tartz $UI"tflee in the sa.,tl preeeduro •a menttonad in the prev1ou~J 

ebn~tol.". file tt011i! ft 1nur thUs r.Jade weft e:t.posed · to vapour-c ¢)f 

M.tl'!e aetd, !odine1 'bro.~!tm tmd !od!ne enoeb1.0!'"1.t1<h tl:'hese ehen:t• 

c~le were ot ;b!gh qual! ty. Tho absorption spectre. at ~ tempe• 

retu~ (28°C) were recorded 1Dt:letU.ato1y eftGP exposing tho sol1:4 

ft.lms to vapours by o sr:oetrOtlOm ... 202 spectrophotot-1Gtor of liune3rit.m. 

Optteal ~fcrkrh 

Tbe room-tempoj..a;turo (!sOC) a;bso~pt1on spectre et .ml:l•;tr.~ p. 
> .. carotene., ~ -apo•S'@IIcarotefl~l~ estar.teno am1 T!lotbyl btxln 1n t~ 

S'ltd state and the spectra after oosot"Ption of t11ffe~ent neceptoi' 

vepcurs aro shown in Ftgs. s.m • a.s. tt 1s seen that on l!daGrption 



PlfJ_• ~·.2 t Electror4c s,80!'~tto~ Dpoctra of .ni~Ji.Un=- (3 -.earotene 

stJlid ttt. et m0c d'tct' ~-l'pt!<)n of ~·ttt~nt 

electron ece~pto!' vapcul"s ' { 1) , eoltd ttlm $l)OCU\1m 

1dthout 'Yapour oosorvt!on; (t) l)c ntt'rl.c add 'Vep()Ur 

Qdsorpticnt (3) t totiino v~ edmc:?pt!on1 (4), bromine 

vatJ~ edm,.pt,,oDt fS) t !edt~ l'!OMCMottlt.le v~pour 

M$0tpttoa. (!bo !lOed.t1cnSt ~ snnt of th.(i l'lW bands 

are lntt!cattKl by vertice.\ mans. .~peotre, on t!dSOrptton 

ot ditfo:re:nt ·Vft.l'Q\.ll't.t aro net noftru.d!,9iJ). 
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PIG. ~ .. .3 .~· !!:lcetronie ab.oor.pttcn spectra ot p •Q,O.~l' .. caroton&1 

$011d ft1m •t rs~e aft~r Qdmrptlon ot <l:lfferent 

ele~m~ ,ae.ccpto.r vapou:rs t (1),. soli.tl ftltt $vectmmt 

tfl.thoot va~r ·adsorpt!ont (~), 1oM~ ·~~'~" adSOl'.ptl<mt 

( 8) , bro~tl9 vapour Gisol'pUont (4} • !GdtnG ~c chloride 

vapour d60rf.)t1on., Cl'lle postti~no~ ~max" ot tho n• 

tnmds. a.re. intl1e&ted by ve.f'tieal t'!a!'ks~ 'File ~etre on 

Gdl(t·Jlption ot ftl'lf!lls Ye.pOuJ>s ~rt Mt ttol'l!laiised) ~ 
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no. s.4 I neebof.lieobeo~ttcn -speCtre ot a.etaeenc ltfJUtt tiki 

a,t ~De stte1• ~dsorpt1on of 61 rrerent o1~ctro.n 

aceep·to1r. U.!)Curs • ( 1) , GOlld f!.lm spectrum ~tbout 

~pou~ ed.m»rotion$ (2), ted·!~ wpour adecrptiont 

(3) ·• bl-~nt1 v.pour adsorption; (4i}, :lcdtne oono..-
-eblortdo Yapoul.' adao"ptton (The poattions, ')) mu ; 

ot tM ·l'let~· bf!.Dds 4'-~c 1ndteated by vertie~ rn~itittl. 

'!'he !t>e~V·~ on at1so~t1on of va-r!ous 'Vepo.tn~tl m'e not 

no-m~li~l. 
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•. Bl• 

Pro. 3•5 ; f,1.eetron1c nbeorpt'1o!l spoctrtt ot met'hrl 'bildn ooll\1 

ftlm at ae0c after a~sorptiott ot d1ffer~nt electron 

aeee~to1, "fc.poure ·t ( 1} , so'J.1<1 film $pcetrum td thtjUt 

vapour &dsorptio:n; (a), !od:tno •apcur eih»rption; 

(3), brctniM vapour edoort:~tf.on; (4)., iodine mor.cchlor!do 

..,~pour a(tsot'ption •. (fl'te 1'0Git1ons, ~eta: , ot tbe new 

btma~ are lndtcated by vorttcel marks.. erhfl ~pectrs 

on Qfl1$0J:'pt1on ot vtU'icue "tapours ere not nomnltz~n ~ 
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ot eiCCeptor vapmu.~e1. in e~h pol,-ene • nett bm1d appose on. tbe 

lonu wavolengtb stdo ot the $J)oetre. !n e.ddt tton to the Qr1g1n~ 

'banda at too polyene 00lid ftlms. l~tth the !~el'ea$ina amount of 

aceepto" molt'!eulos ·&doorbQ6 on tm· film ~tneet the intenG!t~ O'E 

thl~ new bEI!n.~l inor$tM~es es !·s uou&t!ty o.b~ervod 1n r:ose of a. ·.· 

ebm-ge-tron$fe1' bd .• ~b!s cl.1e~t1on !·s .~bown ita Pl&tll• s.&-3.9 

. fOJt 13.1-:~· f •eal'ritene, f •ape.S••carotonalt ~etaC.Q'llO Mit 

t'tatl'Wl bt-dn, 1'0e!)eet1vely. ~ho pest tion of ·t:ncn nl:'n'l tiantl ill eMh 

polyeno !a found to be dopcn(!ent on the adceptcr vavaurs ueed ·end 

show£1l atJpreetablo retl·Gb!ft wttb the tne:t~uud.ne e~®tron attt.mt,. 
, of tt.c acceptor molecules. Ott..l.Y o.ccoptors f~d.rly vo10tlla et 

~:rlfintlt'Y ts:!1ptiratures eM eu1 table fo~ eucb o~eriment.. As tbe 
' ' 

. m.tmlber ot tftleh aecoptors arc very limited, onlv e. feti n.eef)pto:rs 

eoul<l be uued~ ~ho posttton ot tho now bends 1n d!tteront polyoenee 

appe®:ri.~ on Gdsorptton ot vmouo «eeeptol1 vapt~i.'r£t ~r-e.. ~@l'ized 

in te'bl~ s~lo 

In e~eh polyoxro too llt)W ber..d appee~s on the lO'tft!r WOl'§ tlido 

ot tho observed om!ctdon band ot tbe. polyene end it~ sep-ar:lt!CD. t& 

ta'bbut r.,ooo .... 7000 ·e.m•1 rrom tho ))•• of tho ~1oslon btmd. Thia 

ex-cludes the poss1b111ty of this band to bE.J tl:&O low-lying forb1<1tlen 

bend as d!ecucsod tn the prev1oua coopter. ~h~ resulttl presented 

in tho provtcua S$Ction augsot.irt. tb1~ bmtl to be a cbarge•tl'nnt"fttl' 

band .. 



FIG. a.s a :Gnbanc~nt t>t the tnt~tdty ot the J!ElW bald w!t'h the 

~t ot ed~:rbed ~CCfJpt~ !'!'IOleeul.ca on the solid ft1m 

of fil1-trar:u~ ~ .-cro.-t)tcn~ t.tt ~0c-. Tl~ oolid ·11rw IS tor 
tit& nce.t eolid ftim s*trt.~. ~rhc brolt~n · 11:nes J-epHnnt 

tm e;peet:ra aftet- !«11~ ~~!1{?.lr ad~J'ptlon; <14!*4), in 

ortt~r of !nci"G4sin~ ~t ot !odloo rno1ceu1es. 



o·oor-----~--~--------~--------~----~ 

. ··.' 

.,. ---
o·to 

/ 
/ 

/ 

,., 
,/' 

·.;. 
'/ 

/ 
I 

/ 

.,.-...;.. 
..... , ... ..... 

' ,. 
·' ~4 

0~----~----~~~~~~--~----~----~ 
200 160 ' (20 . 

WAVENUMBER ccm-t) Xto
2 



FIG. s.? t tnhmeemmt of the int~nstty ot the nsw b'rd td.th t..lle 

ar~tnt ~f adsorb~ sceepto~ ~olecutoa on th~ solid 

tiln of f3 ~apo.e•~carotan~ ~t m0c. lfhe· col1d line i.e; 

.tor thu noat sel!(l ftlm spect~. !he broken llne~ 

r~m.!$ent the t~~l)6eb.a after 1ot1!no ~apour et\t.R)rpt1on; 

( 1~) 1 :ll!l ~ritter of tneneoi~ ~.Jnt ot 1ct\1n& molecules. 
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FIG. a~e :- Enhancement of tho intE&n~:ty of the new b~oo ld.th ·the 

~. 

amount of adsqrbetl a(leoptor moleC'I.tle ~ (~n the. sol!<l film . 

of astacena at ·00°C. The solid lin(ai.sfor tile neat ·solid film · 

speotium •. The broken -lines ~ep'Z'Qsent ~he w~nt-r-a·-~ 

. ~odine _V§»>Ul! ~on;~ .< i~4), !n erdor ·of: :ttiereasing 
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!fiG. 3.-9 t 1Znbanc¢ttent of tho tntmscitv ot the nw belld mth the 
•ount ·of ~so~~ ~ecfft)to:r mlecuiea on the .oit.a ttli! 

. . . i.& 
of a~thpi . tbi.l'idn at 'iS0e. tfih1tt · GOlltt line" t~Ji' the neat 

.$i)l!d tS!m spectJtmh 'l~M 'blroken .l!n•t nf)t~t the· 

tpcetre ettuo 1od!l19 v•ur atooJ-rJtiortJ ( 1•4) ·t th ord«t 

ot ttt~nladntt ~n:t of tcdl!'ii~ ftOl<H!nle~¥• 
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PoG1tlon ( ~t:~a2 ) of tb.e new bmnd eptu~~mug on ~.dso!'ptton or 
61ffer~nt G.eceptol1 vepol.a~s on • solid A~~ of somo polyenes 

todlns 
monoehloride 

11100 

P•avo-e ... 
earot~nd 

w t tu ii: ·' 
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• aa •· 

It haG atrea«y boon t~t.eeussed in chapter 1 that. ~mll!ken• s 

theory f"or ehugc-tr€!nsfor ecoplcx to~ation -lead~ to tbe (l(!Uatton 

1 ( ~ eqn. ( :1,41)) 

• Tlma ~or a. par'Ueulast donor, a plot o~ ~ C: 0gain$t . SA obou1d bo 

lineal". UnfqrtuneteiY·; 'Mli~bltl vt».luos or vert!. eel electron 

~i:f1n1 ties· are very scare~ . Avart mm the necessary d1~nct1on 

bet~oen thf.l ftnical $00 cd1.abrAt1o valu.ee, different· o~-1mrotel 

methods Yield: different· ifesu:tte end eloo oomot!mes tho -substance or 

!t•ta:r~ot h~s not been· stmU.ed at 6ll . .- 'he VPJ.tle of E! · to:r n!tr1c 

ecid ts Mt evatkblo .:tn tho 11t(lrature. Recently,. COO-n r.:-.nd 

t:rentworth19 have emp~$lt«l that tM eorr~1tat1on et h.;) m 1dtb 

th~ o.bi01ute c1cctro1l affln1tf.e~ (flit) of ·ac.eopto~tJ ltJ condstent 

~ th tho ueue:t Unear equntton~ end their A~$0c1ated e.sSUtl'lpt!ons •. 

flm sd!eba:tic, electron otN.Ill t!o s of lat Dl"a end IC1 esttmGtod 

theoret1er!t11y by Peraon20 ~~ s~4±.o.s, 2.:6 ±o.3 am 2 .. 7±.0.3 ev . 
re.~pecrtively egre{lf.ng ~t1~factortly with the c~.,rimontal aboo1ute 

v~uos aeesuroc.1 by Btl~bes €lt t\1~1 t'lte have, th<Jretore, uaod these 

e.tl!abat1o elee't.ron att1n1 tv v~ues as the nb~luto vcl.uos. ~-

Value of t:A f'oY.· n!tr!e e.etd Me been token fl'om Chen .ond t•Jcntti;ox-tb' o 
19 table • 

l.i p.l.ot of . ~max (cm•1) · of tl'e ·ttew band ot ftl.J::Sr.cu· ~ -

eerot~e against EA 1~ ohnwn in iifh. s.1o. A aatisfactory at;r~gbt 

11no f,s o'btflinod. !tho tonito:tlon potential of ~ •Ctrtrotene can be 



Plot: et ~ .-• .. <cm•l) qabtl-t nj,. fo~J .:tt ... Uta .. xu:• 
·~ . -m . • t.ll ... teiil--~ 

f •c~»otent~>W! 
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eotimataa ~ tb.ts ~aatc vs. n,, plot. '_the !ratercol)t ot ·ttde 

~lrvo s1vcs !» -t- ·~~ = ta.44 e'! • itt t~1eal dono~•ftt:C~pW ·Cf . . · 

e~plo~s, • ~l ls uaufdly ~ftd 3 ovl9'22• !'b!s gS~es 1$ value 

ot the 1cl'.im*-t1on po:tenttel t:4 (3 .enrotens $S s.44 oV. !l~· ap•l• 

tl~,.ntal w:dueP-3;24& ot tor4.utton potentlel (mo~a'~l'ed· ~ pllOtC• 

-"~!on thJ.eollol.ds) or f.- •earoteno to s.s e'"• fl~a ~gre•eat 
. ~m 

. 0Q 
1~a~s credence to tbti· abov~ 11rt.e~ plot ~ad 1!)1$0 tQ tt~e cr eoDcottt 

. . 

for- this eo~pln. From oqu~tion {S.i), ono o_S))eots a elope .ot. tmlty 

fer ::Y cr "'• . Pi pl.ot. F1s •. a .• 10 $1 ves a dlot.t~. of o.4'M, !bta low 

veluo of slope ccn16 'be due to tbat .tho olectron &ff!nt tv w.luec . 
' . ' 

ue~ tel' the plot be!r!~ ab$0ltrto rether tben vert!cd. P'ttrt!'lOs-, .. _ 
' . . 
e(3~.:~ot!l.on (Swl) lo onl.y ·.G:pp~x!ma.to and tbore ls no 1'tm50n t.o expect 

. . 
th~t ttJO .last t•m in $(§\i~;t!on (1.40) is rteg11gi'bl$ m ell the . 
I • •' 

TM relatlonGblp bo~en tt10 !oni2a.Uon potmtt$1 s of tm 

<aonors. -.a th0 ~aluos of ~mas ~rr~spomtng to tb.et~t CT e·omple~,es 

'bi. th n oQ1nmon acceptor oen ba Wd.tfH~n (t\sm:J~!lng tt-~'t t~ c:1 1m1ue11 

do· not tl.lff~· muob tn t~ tw e~~:teseo) as 

(3.8) 1 

trrca this equs.t!on (3.a), c;ao ean cetirrmt'.e the Vfll.tto. or tontmation 

pt>t~ntlttl ef dom:r•2' 1t tM .1tmieetton pot·~.tlQ'! of the l!lorlolt•l tana 

tbe. esoociatst\ va:luos · ot the ~Of·· ~ro ~mown. t1o. beve e$tlmeW 

tl~ value ct. 1oM. ~at!~ vo~nt:l!!l ot ~ -~po.st..,ce:roter~.l. 1 asUeeM 

17Uld m0thyl b!:dn ~ tllis· equation (3.2) oontd6 eril)£ II) ( d9nol' • 1) 
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ee a.m eV for ~ ... c~oteDe em tr$1t\S )> ~·at~s of th~ new ban<1 for 

iodine ,rapcu:l" adsorption tn nl.l tl:10ee polyenes~ "he ostittata« 

values B.l'& s.ss t s.G9 9nd a.?O ev tor p •e.pc•S• •carotonn1, nstaeene 

and raotb)'l b1:dc resvoet~:volr• For ch.at"ge-·.transf..,r ber!tltt, ·thE) 

ont!notatl voluoG .or ton1at1cn potem:~ai ~Ulfl $MW ·a: good asre~«lt 

wtth the ,-gj.Utl'HJ obtalnoo by other tleti'lOdo. 4s tho velues of ion!~ 

t!on potentte:t. of the~ polvones oro not ropo:rt~., ·"'e hllw t!t.ltef'~ .. 

nt!!tively.evetustt!d these v~lucs from the i:n va. ~ ct plot for 
~ 1nPge ~her of other donore128 vi t'b 1oo1ne aeeeptor c; !!how 1n 

F'ie. 3.11. ~hese velues GJte t.t~-n tn table s.a foJ! eampar!ecn with 

C\U1 .$atlmat$d roues. 'rhc exoolltmt ~sreement between these two 

seto of veltt$1 conftms .tbet the new ba..'lds are cbarge.transtmr 

ben8 s ot the p.olyenos. 

'l:be weak low-1y1ng 1A
1 
~ 1A

8 
'b.and !.s not obeenott ort 

adsc!'pt!on of these aeeoptol> vaPOUrs po1Jdbly durJ to tho broatter.d.ng 

ot trte tntsr~te 1A.
1
·-7 lnu. bana. 

T~AO l*OO!l~tmpttratum absol'ptlcn apec'ba. of 0ll•tra.."ls• f • 
CQl'Otene, ~ .. apoll!fe•.e~ot..ena1 9 astaeon~ uc:J D!ethyl Mxtn aftel" 

3d~~pt!on ot !a v~ur ON shown in Figs.·. 0~12 .,.. s.1s. ~ these 

spectra, 1 t ts observed tt*t in addi Uon to tllo new band in th.O 

longer waY~1ength side enothar nw ebaorpt1on ~1 !o altiO obmtrYee! 

at nt~ut t!?300 em•1 sn eee~l ease. fb!s is tho wll•know absorption 

bau' of · x; 1onft!J.. !be otbc~ abs~rption 'bnn6_ of thl.a molecular 

:tort esp$Cted at about 33.!00 em..-1 htltS r;oes1bl:r boon mel'3ed td. th the 



PIG*a.u t Plot of ~ct aaetnst In ft.)~~ ~p1e:e• ot a nu='btrr. 

ot donors· w!tb !~1:l:t!e acetp:tor.- "rb& donors ere t (1) • 

bn~~e; (m) , to1tiltne; ( 3) ; ~iao!KYltnet (4) , me81trleM;t 

(5) ~ ~pbthtd~~• (~), du.:rettet ('1), p~nt&'1etbJ1ben•ot 

(e), t1'1Ph$11irl~J (9) ~he•$t!tthYJ.?Je,nsme; (10) t dltrlent~ 

('!1) ; ~thraceot (12) ~ P.nazuh (VO:lu~s o!! v c.r .end In 

t~n~ 'b~ttn tit\km ~ n•fo. ~Mit ·19· .~esp.ecuvetyl .• 
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eoopa¥'1eon ot the muos of !ontttatton ~tenttal or !Omo polyGnes 

asttm~ ftom ttsls ~&r!~.ent and obtd.'!ied fi'~ Fig. s.11 

~alttQ ot· lnCeV) . 
obteined from P!g.,3 .• 11 

13 ~ifql I TW'• ...... • ' .... ,. '9? 

a11otr~o .. ; ~& •Cdotene -· ,-
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.'t 

no\' 3,l2 .. t ~ltt;Ot~c Qb~.pt!c.n s~tl"& t:Jt ~· F •earotsne 
~ltd tllm (~()e) : t :u • eJtctftint t.d. tbo1Jt dtw~r ptt~n 

ot Vttl)Oltr; ( !) ;: e~trua. ~rtel! atl~t1on ef 1o<t1n& 

vepcnr. <!ho f)Cstt1ontt f;JJ'f the new .bandtt .,. tnd1CQted 

b1 wJtled tultlus) -. 



---~illt-- ' -- ii1611G<>114Qo u: .... ~~=w• ""-:""1 
l 

I 
r-~ 
rJ) 

t: 
:z 
:J i 
>-a:: \ I 
~ 

\\ 
\l 

0:: 

' 
I t- i co ~ 
i . 

0::: I \ I <! I \ ,.,.. I 
"--' ,j \_ / 

\ 
/ 

w - I \ I l u I ~~ 
\ I \· 

2 ...... .,; 

\ I <i 
oJ [/ 0:; ~ 

I 0 \ 
if) t co ' 

~ ~ I I ,, 
.,.,;-, 

\ r "" 
I 

1-. ... I 
\ ... 
\ I " 
' / ............ 

(- . 

400 320 240 160 80 
WAVE:NUMBER. ( cm·-'J.) x 10-2 

FIG. 3·12 



' . 

ito., a.1a l' P.lc~~ftit: 3bBOJtption ep~t'fle. ct ~ •apo•S*•taft:Jteru4 

to!tit ft"ta (moe) $ (1) t Gl»!C~ ~t~\t d~t'l)tiOn. 

ot v..pct.itl (!), · tiJpeet:tft after t?Afi\ill'pttoa f!Jt 1ot1hl• 

~ouw*' (!~ P.Od~l~·~ ~f th~ n• t~t!$ ~ truti~a.ted 

~ vert!~Gl mft~s), 
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no. 3i14 't Rlectrontc e:b-rptton $pet:Jtn ot aataeen~ •Ud 

flltl (~C) ~ (1), GPee~ ~"tbtlu:t tldS()~ti'OI:l ot 

'lmp~t.tJ. (2)1 • ., .. eftml !Ot!1no ~r ~fA)tptlon .. 

(~e pGd1dc<mt'- of the now bands •• !ndleateti by 

'V&H1014 ~ts") 

' 
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no.. 3.1.5 # ttectt.emi~ abeutrpt:lon ~pscttr~ o:f !a~tbyl 'b.!s!n ootid 

f1"lt1 (280c) • C!J, e~•ct~, 'td.theut a«sor·pt!on of 

v~:t~r; (~), ,,~ee.tPum aft~:tt 1o6tna va~., ~~orftt!on .• 

(fho po~tt~n~ of the nov band$ U$ 1ntM.e~t~t1 by 

.anieal ~k~). 
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origin~ bands of tl"~sG polyenes 1n thia J:g!ion. ln ~ase of 

1otllno, VOB~1bly tbltough the :reaetton 

tho· polyeooe tom C'l? comp1e=es with todtno. ·Ttio now bn.ntl e!ses 

d'ue to tgenet!oB t'.fGtl tt~ ,pound state (Polweno •• .... t + ) · to tb~ 
e:oi ted. st«tte (P,lyeno-+ ... ~·• -.t ) ot the c~plex. 

. . m . 
cQ11thJ1,v to tl~at .aurso~ted bf'·l'brey ·our results tor the 

.~olyones ·studied l~cato that at least !n tbo ,sol!d stete ~~lo 

reoonanee st'rUett;re 

>' 

+ 
c ::= c - C c = c),,,_-· e = c . . · • ~ ·.; 1 

Tho polyon0s undo~ tn\~etiga~on can tom ebQrge•trtm~for 

Oo:l~lexes wlth cultable aceep~e in the solid atste. 
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~\ 

}I 

ZnteJ.ost tn the (!leet:rJ.e,al canauetton: proces~s ln o1-snnic 

e$!lpcu~s ha:s stee.d!1Y !nerett$0d tn tho pest t• decat!Ga.. ~rbe tmljor 

l:1nes of ttWe$·t1pt1on haVe fs1r1y el~ oPlef!Uh For e~pto, stud1e$ 

Gf t~ temperature depenttenec ot the- eonduetivtt:r of ~f!tie erA 

po1ymer!c solids have been et!~1teted tn· part by the e:ugge$t1on ot 
~sonWvir&vt1•a ·that 1)0~-ps ·tho motl1$il ot G:lf!aC~$. tn Uvtng 

er·tl't~a m~:y be Bs~cletotJ t11 th a~!eo!lduetton pJ'oeeS$. Sl~Jcu·, tbat 

t!mo, a great m~ny. p.apera have dcatt31• tdtb t .. tle e:ppltc0-tion of solid 

stftte conecptc to Mologio.o.t ~ Mo~hemtenl plle-mMtuh· newwr, sagnt­

avoret 1At• trotJBeste45 that:, 86 til St.mera\ p~pod t!.on; tht. G idea 

eant»t be ·•Aa<t~te1 becen.se the enortu sop c:~oJll:y one<rJ'.fttered in 

~roWne is. t~ too wlde; ther~ to a1t!lpty· not eMtt~h ent&'fS!f ~va11abl~~~ 

g~noMly, tn b!ologtca\ GYstms to ra-ise en. electroD ncmss a grap 

of t~ 4!trtl~ cf rt-.3 ev. f.lowvor, thom eoneept$ .nave been n~mltcd 

emecos~Mly to p:rOc:o('U'!tes ltt~o t)l»to~athosts6•f2S and Vlf'4on2a-,OO toP 

Wbl<:b relet!ve1y eneqettc tl'l~,~nt·n ·~ tndeet1 ~1f',fi1able. MorEJovor, 

~ te a :te11 btochemle~l.y !t.'1l~l't~J.nt ~1eonttuctors h&.~e ·bGml tou~ S::t 

whteh 4o ht\"" t~Ubotantlally lower vatuo~ et energy gap, notably the 

ce.rotC'lee., ebloropbflls end· et 1etl.st some aP..im adds. :tn tact, mst 
e~.gntf!cant eontri\lt.lt!on wbteb tha s:tutt7· o~ oraa:r.tc 8(r.j!COt!&lcWs 

. oay lll'tns to thG 1)ft\gi'e$S ot se1enee ln s~ovet mrr.y wl:l be 1n th'! 

broad f!eld of n Moenerget!c:G' u,. 

Yhe t!ologteal llfttlOl'i~e of vi t~n A ~ ether tong ehetn 

pol~CilOS 1s vell kl'lOtm• ~b~:DG .e~fJ<)U!"dl$ Me thought3~•3S to be 
( 

t.nt01vet1. tn ·~ b!olc-g:leal prOCOtlttt'ts ltlte pltetC$'1ltht.U!l1s, \"l:d.on, 

baete~ial retJf}tratieu ~tl clfeet~ry t"Maduetlon ote. A ld:snltleant 



I 

feature .er tM~e ~cmpo'"~ooe !s thei~ eon$tte~to8 ~er'ltl atl'tletu•f) of 

&1 te~tu"J:tt.r.m a1B$tl$ ron~ t'ioubler bona,,. 'PO·salbly ~.1 s rJ~Y ellet!f tm 

to function t'!G eloetJton m0'tl1a:t~s tn tM biolo;loel l'~Cossco. hob 

con3ut:r~tton tk~ ~= tstUllfeat t tttelt 111 ~1cond\tet1on ~ tn:~!}e~o~ 

ttuet1on ()ft~Jets.. T.he pr{)~t tftt?()~t1gnt1on ir.J ·concerned 1dtb th~ 

ee."tl1eo~uat.tvo. ~ope~U:os ot ~ ltn~ ecn.,usat~ pt)luonc:9-, ~he!'fJ 

hns beCn ~oneitl•$'b1e tcte.ro~t tn the ~~~trlcal cod.u~ttut,- of 
""'" .,. <~ ·"1>t:~ a · •t . .a. . (AA""".Ih""•*'• · .t·~ •.n·..,;; ;,qt ttt * l4tl.6,3s-41 w>!o0A08""'*"~;4.-..J : ~mJO ...... ml~· a~.,._,.,,p.,l~t~w~JJs ;j,l·-* ~,..,..e";! .,ea .. s . . • 

ou~ tnteMe;t !s ·:ot)nteroa ~~t1~1~1' on tvc ~etht?!-' ~"'!lt~h1c 

propert!os:ft (1) ort~tr ef a.d~~tion ~:r gssec c-. •~~rs oo tho 

electrical corth1cti'd.'Y aoo (2) ttl& u~p&ns!!tion bcttlafi.Oll•u39~1 

~~~111 Q 1tn~~· ,q4attoosbtp b~·tt.~n the logmt!;m of the P"-

. ~1JPO'-'UtJlt1t'd fact~ < ~ >[:ttl th~ stMflelXl33"40 olltr:-rosstor.t o-- ( 1):: 
. ~ 

00 e,1-~ (~ E./?..'R~0 for! ~~ific co~uet!Vl~Y] tmtl tbo oeml•~uettoo · 
a~tt va.U.cn 0no:ru (!$) • 

Atie(!Uat0 lntcJ~tJr~te:tton .o:t the -icooouctton data ot the :PclYeno 

e~r..oua1e !'ests on =t~~rn t~if:fs of :soll\1 sta.~ ,pb!f~Ctt ~hfi bnnd 

th&e2.1:f ot svl!dst: the thG<t~" et ~l~ofiductorst turmoli~ .~ hoptd:ftl 

tloo~l ot c~e t:rann~1crt ~- •~ theo.ry ot P01~n camhtetlon tn 
. • ' . 1 

~Uds .-. ~l.l.d<J~ to t.tmloratanit the tdeetf!col. ~mhtet!$il Sft tbe 

eonjurr:at.ed p&ly~n~ e~~$• In the toltowtrm aect!<ms cf tbl• 

<th9pte~, outllnet~ of the •le~t pe;rte ot tbese tf!O(jftos 11l"e. . . 



'l'he band theory c.riglftedlu tle'VQlopo.i ror metals, !.on!c ana 
. ' . . . . 

In orao electron· ap!)Mximntlon9 tlm vave 1\ .. m.~tlon for ~ $.\.nsle 

e!~Set1'i0n c~-,· bs ~;tten00t61 a~ 

'"":"? ~ 
tk.'l' 

__.., ~)L 

I k I - ~ ~ 

1 t! tho poo!. t!on 

vector of tilt' eleetron in the erystal; cpl<. ls o function tVbi.eh bas 

tho trnnsl&tional. periodicity of tho eeystnl letttoe .. 

It <?\<. (::r). is COflOtant t~-8h0ut the O!'YtJtal1i thGn 'fK bCOQmG$ 

· o. tunetion which de~r1bes • froG o1ocbcn51• so tht11l is proctsely 

tho type .of tunot!en td~ieb 1-s 3!>!>licab1o in mstals. !fh¢§ field tn 

wh!dl th0· electrons t~ove ts tbe ·$\~ ot ·th:r.-e& e~ponents ~dl ean ·be. 

e,;prGaood in. te-rm5 of tho op~ators of the UM'tr,oo•Foet"! type51a•M: 

operating O!l <P t ~o 

V = 
I II v 111 v + v + . 

-v ~~~ J {[ ~ ~ c;t 1 t~c;;{)] (-r,,_}h~ 

v "'==-[[[I~ C{) <\>J c;;)J <Pi (;;t) /'h J.vjf1it1i') 
a 



t!~rc, v• lu the fl.,ltl aettns on o'!fJetrcn 1 tba:t ar!.Gel fMm al-1 

-tho ·.nuclei; v~ 1 s tit.o eouleb :potontt~l of tha electronic cha.,ge 
:· 

tUJm~ltmtton end vm; g;1ves r!Ge to Ell t~ t~ as tlle tJcxehd3e'! 

te~~ In t!~se efllla;tton~, atoolc un1ta of en•r~ a:rt; used~ -volt=e 

eleme-nto 1ne1'Wle tbe epln; +i ts B onc!itlelec~n tunct!oD tnelw.l!ng 

th~ ~pin; ~ !tJ th• p'ls1 tton •ector -of el~ctron 11 ft'l. _is t~ 
d!stanee betwan ·eldtrons 1. ~~ ~. V .Is ·elecat sa...,o tor ~.11 

elE~Ctrons. if V le n~ly eont~Jtant as in moet met~l!Slt the energy 

€ (k) of an electron 114 th a gl'\1en <Val\te ot k 1 e gt ven b111 

'1-.. 

Uk) ~ ( ~m) 1(1-

~ 

flue to the· fact that too valucc 6f k aro vew alosoly epaeed., 
~ . - . . -:---:'1 

€ (K) · !s ·o~st a ecntinucsue ttmotl~J'1n ot k. and SGP~ted bends 

of pemt~stble E. (k) val:ue.s arc ~ cbe~voa. If c?k.tr) v"nos 
grGJattr wttbln It! unit .,ell m~ falls to eo:ro bf!twen atljacent co11,) 

thtm t~ motton obb!Md is tbo ~P.l'enit& extr~e ot heo-alcetron 
motion~ tmow au t!la -r¥t!ght•btnd:t:ngn c-o~lt1ou!i,s2:,GS ~s ~~ueht~ 

btntlt~t· !s 3 ·ell&racte~1st:le ct ao1eeu1ur ewstel.s. UndM- tllle e.ppre­

!dmtlt1on tb~ on~el~tlca ery~at wvo ftmct!da y;k.. ar• e()n~twJ6~57 

tram 11tt(1a!' eombtnat1ons of on~e1eetrcD nol(Jeulrtr ~~ve 1\mettons 'X on,: 
1 N . 

~I( c.~) == N2. [_ ~""P C"-1t~ ~-) X<n c ~ ~~) ct.4l 
rn~1 

~ . 

nero 'i' n locates tl~ gemetrietlt centro of mol~l.e n, entt the $'IJm 

ext~s ctre~ the .t:z· m1~les ta the C:Q'stat. 'rho mr.>l~~,ar tx1G\i'e 

function Y.n. is o%'1Gnte6 in tl~ eeysta.l in ti10 camo ~1 as molecule 



n· i.e., %<)\.. ls thte $Me tonctJtln to-r ali n., It 1a esstn?led that 

the tnteerel." f ~! 'X-- en, J. 7 =- 0 if ern. -=1- rn_ . 

· A;!'111ng tbg p.o'ftod!o b~,1nd07 oontl1 tions~ an elementary 

ce1·1 1n k StJaC" c~t1 bo !cftnod whoso volt:Utte is g!:von by the eondl• 

·ttons 

t:rhete 8, 'b, ~~tnft · C> att0 unt t cell 1feetors tn a t'U>noe11n1e latttee 

with two uroleoole~ tn nblt celt r.d:tu.&t~ at (o,o,o) en1· at (e/2, b/a, o) 
.--'!> ' ~ ' ...._, - - ~ ~ 6) 4 ol.. an~1 (:S a:re d·of!nod by o( = 1_ (a: + b ) and ~ = ~ [- Q.. + ; o< ) 

~ r ~~~ e eonnoct the cent•rs of neE~rast ne1ghbottr nolecules. 

!he ~ntl'! t!cn9 11epf'fJSOnted by fJrJU~t!on (1.5) define a zone tn It speett 

vhich !.s not 1t'tentlo&1 with tt~e convent1.ono1 Drillouin zone~l,Sa,siS •. 

t.t:h•• io m one-to-one eorvespomenee b&twoen the ttotnts tn the· 'Drill• 

cn.11n a»no arA tho ·points tn tho o1ementary eol.l deftnsd by equation 

.. { ,. (2.~) • :Since the tlr!ll.OU1n COM is ext!'£i'mtl1'1 Cor!pla¥ tn elin.p(}, t..l$ 

;(" eqUflti.OO (1~5) ts tenertill.y US&~ to "t tha ltmf.ta on ~ • 

v (;f) = I v~ ( rt- i?n_) (l.G) 
'n 

uhore Vrn... 1• tho n~rt.:rve pctentiol of' nn lsolat«:lf!!l ntrutl'.al tlOl&Cllle. 

~he etgen'inlue ot· '+''ll.. ls w!tton59 ns 



( 1 .. tll"-
.. ..... l 

'. . ~ ' ~ . . . 

end .the l·ettiee voeto:rs "5 anti -15 t)r$ ewtttef es on~ tn the $D · 
- ~ 

(eqn. 1.?). the t'l"imc ltlgn m l_ lrtdie!\tes tbnt tM t0- \dtll r-rs-;: o 

te; omittOd from too •~ti.ml• rtho etgen:fn.DcU.otls ob-tdtto~ t~ 

equn:tlon (1.4) ~.re ~P -~ fletlonml ts'l:clird.c l.att1ca. t!ba~ mre mtn~le . ·, . ~ ' . . 

\'olua., functions ot K ln n, 'nl'!llouln ~rw deflnetl by tlle mntlttlenc 

in ~11at1on ( 2..6) m'A can be transformS ·to the p:rcp9r not~UOft fo~ 

the mGft<lellme spaee gi'OU·p ·;;,y cboo$1rrg ,a llrl11QU!n £WOO halt ~- !.>'~ * 

. ........; 

M"!d t.uld.ng two ellen. funet1ono per k , 
+ I 

'l'k- = ( ~) 2. I [( ~"P 'J_k. 'hi)";( "'-I 
'1'\ 

vbe:tl) n1 ·~~ n9 -~ th~ twt1 t10lcw'1os in untt ee1l n. !Nbs etgen iilalu~tt 

!n th.ls notation are 

I 

E:± (~) = <2
0 

+ E, +2. Ice 5 cos.k.~±2rt!:.-l-o(ccs[t<.(~+1~ 
5 5 



'\ ., . 

·YJ_ 
- \ -

t.I'ho !titOmol<tculU ~('}GeJWlCO !rttf.!JgttGl S es, 6et-&!"~1no tl~O otruetutt$ 

or th0 b~..&a. ~tw J!G$0nance tntegllt\!1s fall off ~~fltd1!t •th tnt0t'­

molew1e.r tl1~t:anco arm only a fev, ne~l'est netghbcUr tntora.e·t!one 
.. , 

n'~ fC'Jnd to b~ !~rtfmt. Funet!e.n3l toms tcr ''n Md th~ apt'fro­

- pr1t;lt., 'X en aro r~t~oo to ~1~u!!ts00t6? e 5 • Tb& b(!:i.l'J€1 et:ruetutte 

· · depe&.l~ on tbc- s~ture ot tbe oPJstal lattice.· 1.n eeso ot ethl>acene, 
.. . . ~ 

· tf1e !fitG~;~el. between mo1eet.Jle8 conneet~{l by o( ts tho e&mtlt at ·that 

betwoon l:lO:lOCUlQl! eom~tcd 'by r and. \8 call them botb E<><.. . • 'rho 

otJ~m;o dsnifteant terms ~.J>e E 1o ( .=r; -::. b) .Qft4 E (_ ~ ::: c + ~ -and 
~ . _,., 

. ~ = c ..- ~ ) .. ·~he f;ntegr.:t be~ molecule~ eonneettJtl by c ts 
. .·. . . . . . . . ~ .. 

ncsl1s1ble, ae ttt tbnt bet~~ ~f.JC'lll@$ eonttGetGd by th. Tho oM• 

eleet!'on eneru tor ·oech 'bend• ·t"oon,neg1G'oti·'IOI tt10 cen9tant :: ®el'«Y 

toms to ·entl f:.l t !$ ctven by· 

~ -'!I ~ ~ ~J \J (~ 't) t: ( K) :::: ~~c.< [Cos K· o1.. +- Cos K. ~ + ~ t b ~s "· o( + r 

tf n1. 11 tb~ ooneet1b'at1M et 'the lth sp~les of oba.rge e~mers 

bsvlns cob1Uty )L.j_, end- total.el~e 'l:1: tt=cs the el~~c c'h•te 

( e ) , th0 ~t eo&Auet1111 t:1 of. tl.~ ~d!-m to:- 1 ditto~oJ!It .. epeeles ot 
earrlOtr$ 13 Qiven tw 

0" = L [ ~'- e mi f-it J C1.15) 
( . 

lt ts azGWt~d thtliiJ, tbere 16 negllsS.blo 1n~rt.et1on between d!ttel'ont 

Ca1-!'l•r species. 



• no.-

In .cas$ of sateor.llh.tctoro wher~ the ch8?te e~nl"re Q!'O 

o1ectrons and l1oles, the equation (1.,16) e~nl:e ~tten ns 

11o~· 'Yle t~ tb~ oonc~t~at1on ot ~eotrcns t:n .tho eondttctton bnn(l·, -nh. 

1s th$ :coneent11at!on ot bo1'E.l0' in the Valctnee band, f-e !$the mobl1tty 

of ~leetrone and rh is the mobility ot boleth 

~hd ~ec~tr~ti~n ·,t)f tllltit~!!Uons tn ibo c~uet1en ban~1, 'he, een 

be (')~p~asr.~od b151 t 55 

~op 

'"nc ==- J f (£) f(E.) JE.. (1.17) 

£c 

w~tt 1!!0 MP:f'Gt)~nts t'ho bot~ra. of the contlUeticn band • f. ( f-3) is th•~ 

dtmsf:ty ef mt~o ~'1d FU.I}) 1St th~ ~e~•Dis·t~l!lut!on !t.'tftet!cn. Int.• 

g1'at.lon of CSP.I'ession (1.1?} 'With eo:t~mptlo:n56 ( E.c.-t.F) >/ ~ ~1' ~ i!Wl!J 

* 3/2 . 
"rtc. ::: 2. ( 2.1rrme R"'T J h?-) ex p ( £. f- £c) j k 'T' (1.18) . 

who!'e '"m.: 1St t-~e ettect1;ve m3-~s or tho .,l~ttoo noar tte ana :!?lt' ts 

the :r1Q~t~1~En!b:rgy *' 

!t't.o..o cotu':mtre:tloD f:>t boles • ~h.~ in thl!t '!~'alone e. band· !ag7 be 

mtten .uS:t,SS 
E.u-

'¥lh = J f(t.) [ \- f(E.) J J f:_ 

bc:>-\\:.o"t'n 



\ 

I 

\ 

I I J 

. es 
eonoepond:tncr to tlw top of the "fnlone$ ~. tf tt is e$~ · 

that tho Feml•level ites mo~4 th.t'!sl &bout t..~T ~bb't'o t:~ , then 

i- F(E) ·~ .tLxf(.£.-£.f) j k:T MJd !ntog~ation ot <1•19l d;\fea 

* ' 3/'2-
rn..h.-= ~(~~flY\.~ ':1.~ /h'L J .Q.)(~ ( E.l} ~ E.F J jlt<.,--r (1-~) 
~ . . . 

wJ1eH ')'Y\.h l'6Pif'e~ents the a~ecttve masa· ot e. mle nett.r the t.av ot 

the vQ.enco bani!~ Emplovt.ng . tha feet tbat · -~ ()1. c = rn- h. one can !et 

bctn ( t,.l;f!) en$ ( 1• "J..O) 

EF-=. (E. c.+ E~ )/2.. + ~ ~T Lo(l ( rn{h / rrn.: J 
t;ubsttw.t!;ol). or tbte mua of ~, tn .(1;lB), ,t~1da 

. . 3/2-. * * '3/4 . 
me~ rn-h. -. ~ l :J..'1Tif\T/lt) (me 'Yn-h) eY:~ (.-E./2-~) 

where ~ repPasenttt tho $1'l&l"tW gap between thQ valence end the ~e. 

tietl bandt.h ~bt8 ·1$ ~l)plt,enblo only t-o ~ tntrinsi:c t~ta~n:loor.d\\e~ 1ft 

til1ormal equ!l!bJtltuo. !ltU$!1 hom equation (1.15) th9 eo~\ct1v1ty of 

rm !ntr!ne!e ·semleomuctot- iS gS. von by · 

u ::; ~ Q>e·p (- t.f;;!.. ~~) 

. '3/2. '3/k 

~ -;:: ~ e ( ;)_JC 'r{T I~) c'nl: ttY\_~~). ( ~e, ~ r-l) 

~ho stteet!:ve mass m* of 0n oleetron or ~. hole 1s. a ceooe_vt whte..'l 
? . 

Is mueb us$!· ln. btmd thtJaJ'Y. t.t ia t1efiood51•55 bv ·the oquaticll 

*" '1. ;· d?-e: 
')'¥\. = t.. d:i<:"'L ( 1··2&) 

' . ~( 
wbei"o E. '10 tllO CMPIJV of Ofl elootrOL1 With WQVCJ\\tmb&l"' k k-;:. 'l.Tf /~1 

A. to the de ~slt(f wavoloneth). A large valu-e of tb.e 



ott~ctlve map .coneapMds tG a 101r1 =cb1ll't1t both n1.'e <tnteJ'm!ned 

by too mt!tb of tttc ~. !'he Mbll.ttu ~ tn ~~&1'e11e a ts:~~ f't-1,~ 

etd 1e tbu.m ~soteptc56 • ~hO velcetty ~ (~) ~sooc1aW v!tl1 an 

cl<iCtltcn 1n a 1ttve1 eh .. etort.~$4 b1 tbo wa~mbm:- V$C'to'r. K , 
· · --'> 11 59 

w:leh has the enerr; ~ (_ k) te given""' ' - by 

Tbe mobility ean be expl'eoMtlln terme ot the component• of' tho 

vel~1'ty ~ et • !tuletfon ~deb do~~ on tbe ~eQtto~i'QJ of the 

·electron$ tie tbo:v mo\fe t~;b b 1e:tt1ca. 

Tutm.el10!5 ls a ctUet~tum ~(!Cb®lc~ phenom~n in mtch a ~tel•, 

etlcb 'le en ote-ouon pt1!sses tb~uth a "~nt!at ·en•111 'beitr!er v1 tbout 

m..e(fllrt.ng ~ Met., tG ·;ass ~••r 'tM· top of tbe bamw. 

'lhe 'tmmelf.ng moohani- aeno~ally e:ond.dorea was p~oposett 'bJ'· 
El~%1 .end Hl1l.teGO !,$ lll.Us-e:t~ tn ftg,. 1.1. 1Jwe ttM~ adjmim'\t 

r - . . 

s!mil ... melceulcs at:• shown t (0) in tbe- abs~e ot an af,)~11e4 

\f01ttap eredtent v· (volts em""1) t ~. (b) after APP11oatton ot v 
~~6 &ftt)X" tho f)Xd.tet!on tJf ~ft oJ,tietftm. 1-c the ecntm ~eall.e~ !he 

diagram 1~ sch•.t1o and the 0ner;w lf>Vels 1n e. mQleeul\l :are ~· 

at CJqUnl.l¥ spaced -~eb !tJ mt obsew~l tn h8l ~1~cule:s. After 

o:xcttation of the ri1$Cti'on ~om tl1e ( ~) th 1GVel to the ( ~ + t) th 

1~1 both the elee~n WK1 the bole ccm, ttmv.el as !bow tn Flg. 1.1(~ 
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~'E. = ~Gt-- AG! -. a.eV - ( ~1') 
vtta1re I 0 , .tt0 are· the toni~ation ~error ~nd ~lcctroil etf!nitr-.; of 

th~·orgonie moleculo; 'n' the b~!-!er width; aev, th~ ~ergy e!'lenge 

enuned by the appli.M fiold V ··:tndleatet1 :ln F1th 1.1 (b) · ·ey a 

vort!eal d1e~le.ef1r.:u,~t of e poteEtt:tel w11 relative to itG netghboUl"o · 
2 . . . 

~he teo -E./t:i' e:npres~es tl1o cculmb1c 1ntoraeuon of the CP!'lOsi t~ 

eharge.n eepm'*Qtctl b1 a. di.stQD0o r. Wll0 o£f~t1vo vomtt!V!ty e. 

fot!' tho reg!en ~t\i.~n the charges is g~ra11y high bceeuse ot the 

po1~~nb1li,~J oi'' eflll'l~~-dint x ··olootrens., Since tho ton V~:lr 

v1ll. vo1ertme the sa.lftourul!~ o.edl\.~.. ~. corrset'!on · t~ sboutd be 

a.pplioo to the · foroutn ( l.a?). 

Th$ m-eter ot timos mn electron penotratt!!a tm !n.t~molceu1er 

~!or ;tvos tJ. measure of S.ts dP!ft volocity. · It is proporti.onril. 

to 1;he protiuct of the I'CUnlber or t!mcro 1t strikes tbe bafricll" -~ the 

ptabaMli ty or pene'tr0:tion •. Too el.eet21on in the ( \42. -\- \) . th levo1 

1~ i'~ardott ao ~Vins b~twecn tbo pot~t1al walls with a 11fnlodty 
. . 

were t 1o th~ t!tctenee ne:ross tl~e wn Pnl ~: , tho .~ttootf.ve 

meoa of the elecbon •. Xt . Pt' and Pr :-epreoont·: tl~e probab111t? 

ot tMotratinfl tho baft'J.er ot 'td.dth • at 1n tlw c1root:lon of the ftald 

e-nd tn the r~vers~ tU:reJCt1on respectively, tho drift veloelty ~ J..e 

of ·ttae eloc~n 1n the f!cltl 18 



\5 J,Q. = ( rt) (a-d.}( P!- P,.) 

· = [ ( li_ )+ 1] ( h./4l'l.=:) ( a.+t) ( ~- ~> ... ) 
and tho CURertt dotllltY .le given by 

In tho :fiQUQtS.on ( :t.t~) t·t; ! g aa£P..ltl~ that the not dt splnccmon.t of 

tho. olee=bon upon goir.,g ·thl'Cugh the barrier !a ( .a.. + i) ~ 

!rrus. e·o:ncdering t!l1) muo or .n ae1 ne obtt!inoa trom equntton 
. . . 
(lt:~t the '0l'p.\at1on ftJ>r· '1'f een be gl'\f•n bf 

~ ~ [" ( cz. rr {'ffi~ ~ T) :s;2-/ ~o J [ ~x?·C~ t.j<J.'RTf)] ( ~ -\-9 ~ 

.e't,(a_.-ti) ( ?d- ~rr) / '-\t~: 

. 
1, :::: ~ v e.)(f (-- E (a k1) 

A~ evslufl.t!cn of P f ~nd P~ not~ encblos ~ to bo calculeted., E:ere 

Pf end Pr dmpcnd on t'ho, abape of tile barrier. 

It tw molee~Jle.s t.a'e s~puatea l>Y e po~1'lt1& 'barriEWt 

a ear3rler on one t:an m~ve to th~ otller by rttovlrag OVfll' .tOO bt\tlr!er 
. . 

17!a an activated mtatc -.the t)roeess is ee11oo bopping. 



A ctmpl.e hopping model .bas ba~n cppi!Gd by Pob161 and ~~ Pebl 

eJl6 OprP~ . to tbo motion of ea:rners in M organic at'Jlid ~ ThG eomers · 

~e eone1dent1 to rl'!OVfi by hopptnrg to n.o!gbbm~.ng mo1QCule$ Sn a. 

manner 'Which !s rendGm tlxeept f'~ tha Mtsotropy entu;od bY the 

epp11ed t!old (F)~ If the c~ri.ers Dh elQotrcnGt then 

whore n :to the coneentretton of electrons. 

!t een 1'Jo sli01t'n that 

'Wh~ro t ta ·tbo averese ·anglo or boppJ.ns with regard to the d1roct1on 

ot F; a, the intermolecul-ar d1stanco; ns , the rn.Jmbor o~ MSf!bboUnng 

sitcst ~ ; the fr-ettQOOCY of Vibration !n -tho tt«'J t!1r~ttons ~oftld 

to the di~etion of ca:rJr!er mot!.c.'l acroes tho _ barPlcr; n 
5 

, the 

hetsht or tbe barrier. 'rh~ 1ntetaotion of the earner with vibW!tf.Oft 

1n .tho lm.tt:tee62 ma:f elso give boppin; ot oharge earri~rs without 

he\11!'.g the so to eross a pot~nt1el be~rter f.) Cendtlel'lng snell <~l~bon .. 

1att1eo 1nt~aet1on using tho 1oeeli!tetl repre~entct1ort64 the value 

of t'· boeo::b$8 

~ ~-( ed-ft.) [ :nc t?,~ / ( Rl'kwo)j €.)(~[-"l{.u_( ~S+I~. 
' 

1."~ 2 ~"1>c >H) f} ci~38i 
where ~ 'lt. denote a tho mntr!.x- elet1en~ ccr-Alecting molecular tunct!.one 

on e!:tos ~pet:Qt~ by a. distance u ; w0 is Do'b'J;-o trequoney tor 

accnst1c wvest :; is a dtmond.-onloe~ p~ter and tteeounts tor 



I 

fA-f:i~ '1. 0 denoteo m ·ne.e·Gei ttmettcn. ttor tho hopt4nrt model to 'tlo . ~~ltd 

not oQy "kt.:~0 is to be ~cb ;reate!'_ then ~ t 1:7'-It .thG ~Q~tt..,~ mu.ot 
el~ ~ata on~ iattt~o dt.e ~ch lOflGer tho.nihe period of a 
VS.t>Mt!ont tltet lf!t tb$ l'o13mt1on ttme C 't'IA. ) tn Vdeb tho eivetl'on 

hf)r;cl ~ ·a. st. t~ ' to ·e sf. tQ· j + 'lL WGt be .muoll tU~t'U'lte!' 'tl"ltm .21t I Q c • 

Th~. the eqttto/!tif!>n 11~pfts~tt• ~ ub!.l1ty In caflle of bo:r;p!t)C 

model 1.~.; 

f- = ( eel-) / k-r ( 1 /Tu.) 

f ( < ( e.Q'"jt) ('f. t00 j kTJ ~ \ 
Tht.to ·ono crtter!on vht(!:h ~sos for tbe ~t~ltg ot tho 

hopping nodal 1.tj ~b~t t!-J~ tnebtU.ty Sheuld be lilso t!l~ ebaut 
. . 

:tO't:J2 ~tt•:t sae•1., fb~ oth~tt er!terion Which hse ~ttmeo b~Oft 
. . 

<p.lo·ted is that a I)Os!t1-ve tomp-eMtuttft t1epem.fer.te& of r!lO'htl! tv 
. . 

ind!e'atea ·that a l.l(tpp!!'lS motlel ·app1!tu;. nowwr., Gl~M hat 
' . 

e.h(11t~tfl that; elthou8b tho moMttty !nCrtm~5ee 14th taperetu.ro whe 

thfl 1tat$rf!ctlon betNeen tlw c:an!er av~d the :tstt.teo :te lt:U'go, wen 

.:; i.. \<::> ~ mob1l1t,- eltha:r doee t'ht -cb!mgo ·OJr !t t1eOJ>eaoetJ ""th 
tn.e~-oanitta ilemt?e:rnttt~a. 

i•G {;~~~~Ji! ,1~_!!$!l.!!3Ul01'- ~tt~P.};2 

In somn elretlt"tstaneo~ the 1ntoractiou of .el.eetvo.n:J &M pnonoi'U!~ 

can lend to ~~ .(tl:act!'on~ botnt] tr~ppofi tn $elf•1ntluoed potontta1 



I ' 

/. 

..... 

r ' 

wl1~h tho entt.tv t.'b!Ob tll~· move., 'tbn:tusb the crystfll, t~ not tm 

el"tz.-o~ by ttselt, lmt ·&n el-oetron. MeotipMlatl by e. 1oca11med 

,;tb:ration, Q e~blnntlon 'Vbi,eb ts ·e~lod e. pc.l.&rr:lnG3• 

Gltbre4GI5,GG h:.ls <:on~e~ a w~iteUla.'J' Oflt$te1. w!th ·aM 

e:llCet~a $1tletron.. !he Mlt~,dfltb et the ('tna-ol•tton bar'-' in the 

Utbt M.bdlnS ~ppredmation .ts stvon by 

T" "'t: ( xJ+ul vd 1 ~~ ) 

'Wtl$J't'} \%:/ 1 ~ a Nlecaler tcnte f\..mctf.on centeod at tho 1ett1ee 

po!nt ~ .~ unp:ertu~b.et! by nu~Jlenr motions. Ic:te.o1~iel' iflhJ-~ 

" 
tlhtcb ba¥e a.· low ve1~1v ~" ner:l,eet~, ·rut mo1tJCUlaJ~ v!brat!ona, 

ti!!~~ to be· b~~d.e'ti _.., ~~~ett &s eontr!ttlt!M to tht tormatton 
of poluontJ. Consdt1enng tl!ese e.f!wm,t!()ftS end wrt tin~ the olaetJ'on · 

p!ltlnon t.nt.tH.ction ·as !!new tn tho V1~at1.orml co~of'dbe.tos one 

f!ntts that the bintt·inl e¥10ttm' ot tlle po1s1'lln ts ot tho order 

E I f\ 'i. . .?... 
b ~ 2 L M '1- w v ( A. rx." ) 

't-
~OM~~" 1r~ the i'~oo«J =~s ct the qt.'l esetll.stort ~ tho hof!U.tnC.J'J 

. ~ ''.~ 

A "";(.'V ) tho <!ttteronco bot:w'ecn the oqutl!bJ!~ di-stmm;&• of moloeule 
and !on. 

fbe fo~at1e-n of r~ceh-.typc bMt'ls ffl-~ ·t'lae po'l~l'ons, by treatlrc 

the elcetMn:tc over) .. ap a.s e pol'·turba:tloo1 now becomes poeslblth SUCh 

bnntl s aro ftO~Wr- thM th0 eone~.d1J'le e1@Ctlton btmtl by A v.tbr~ 

Uerttd o~1~ taeto}11. !rhci• 'Widtil ~ vl'1tm the phonon \l'elocity 1a 
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c 
wboro ~ rmt~ <0 · ere 'Vi~attt~na.l. f,t'UtmWtl ·num\'~~s of the ·-.utrat. 
tiOl~l@'d~ the. :loft~ \· '"0(\-)· ·ontj l ~r~ M'O ·tbO Olr~~~.nd!ttg 10ft. 

end mo1ecu1~ "il'bret!on~ ••e .tunet1cnt9 at om~ 3. ,App-roXl!UJttely 

then," 

.J+"' 
~a- c ~0 +'\9) ~ J K ( EbjitJ) l e."p( -Eb I 1\u:> )] 

Tl~..le tbetG ~dlts; 'bel:O"..i the (if.$Jcirort b&ndt • te·:t~f)s Q.t :polaron ~~­

with tddths ,. ·• ..... (j" 

o, mltllbe~ ot lmfO~tftn~ concltte!one eanRe tll"twn. !t ve..Y1! low tmp•­

:rnturei3t tt1e euriel"m ~11 oeeupy tho lweot•l!?i~ pola~ b&m. 
. . 

~hey mil have low ~ob!Uttes wleb at'O l!mt.ted by latttco tl--'mtlOft 
. . ... · .· . . .· . -0/'2. -\ . . . . . . .. · 

oo_tllttcrlng, it\· Whlcb ease r- ~ T . t T .. .~t Mgho~ tmp~$tuJJos9 

tbo h!sbo,. energ:r berld9 m11 be ·pcpulo,tet! • tt.~ tbe etfecttw band 

'Width wtl:t tno•0a• ~Ment!ail1 tdtb te:tpera.tul'e~ :ul' follows· that 

llr-/J.T will gr~idue~lY ehmge sian. A~ -r t\Jif1l'O&cbes ~b {k , the 

te-cbiltty ts gove~ by too di.st!i!but!cm botvoc.m pol(!ron bdms tJnd 
. . . . I . 

the .eloetron bePt1, • 'Uu1t tTansport b~s ~.n .acUvat-m1 bopplfl8 

P'foeo$~h~, A~ 'r ac~~ £\o f k, the dtstrf.~tion over thf.t hems ls 

'-'PiP~:dmatel? lndep~ent ot '£ ~tl QB£111l r oC T ~ /7- to ~-I •. 

· Another t.nteect!D~ eonclu-en t:e~Jetdins the otf.ec,ttt ot . . 

tG!l!)C'Mature Ui~cs tHm tho eondtt!on that 



,..:_· 

Wtf:th te ttsolf' a •n.set;tUonce Gf thO UllCoRdntv prtne!~te •. tt 
=~~ that tor l)Olawcn tora~itt.cn tt• time m electron ~n8 ort 

a 1~tt!ee 5lte dlotl16 be l'Onl ~,get~ \!4th the· pe~ot cf a 'db!rtat!<m:t 

1.., vsc 111:; • 1i!bls !t:t tht l'ea-11 ubv ~atttee pb.a~; tn •i~cu1a~ .,,tdt 

~~ril'ilJ'. ~• not .etpectett to ~dti~t,ete ttn tbe to•atlon ot 
pot~ons-. t1w i•t u• een-de:r -. -!W:l'~tal'o Tt, eqttd to t bf'f?., 
ii~& the pola~ vtU di-Otttrtte th&rat1l!i7; ~ tbe el~" t411 

move 'W!tbot\t e.n a.cecmp0,t1JblJ· mo1~a. 'Q'lb}\atlon. 'h'he the Uldth 

ot a ~lr.!il'on l)am! tt suot1 th~t 1:. w ~ 2-:rr r • the ~1~'1.'tm ~l'l be ada . ~ . ~ . 

to t•tnoei3t9 tdfttlUO~lY; tim electron tJOt Hmdnirtl en tllo .httJ;ee 

sttc :tG1'lge,. thm tlw llltttiod· ot·a ~~atton. tsltibl'fJnd ~plie$ tb!tt 

tlofion w il!ltt "u.e· :ln \illcb thtt e~~ moVee tq aeu-.~ted b~r4q 

mm a t>ol~J)ton band to ·tb(t tttec.Oa bmt4 end bae en . . @tt~eu~e 'bd; 

•dtb :r' ~t T ==T-
1
•· fo!" em ~-t~e lJOptll$ ·~eess, 

.r = e ·cl- I T. ~ T I 

w I?.. 'IT :::: \ /Y // . J '(-t. 

Q'l;zo,, lt to110tlfi tlu~t I ( 'em~.,.,-1 ee~1, If a= a& ~ '\\w ==-~\ 1• 
TM~ c.ono1us1,0JI ap•s V!th th.~.t cf 01Qi\lta64• 

~ "l~J!Oii bm4 et~OWHt equ$UGU (1.41) ,. Ita~ ~ 

aotemud, tren1Jpol't tc dl.llett~ by. assumtr.s tbt}t tho pol~~ns 

lntetect •a~1:r with ltlttteo !t11brattona~ the pol~$ ttme ere 
. .. ~ 

.CB.tterei~D a.,. wt~ch gtvoe ~- to a ftt1azet!on time t:Ck.)•' 



'!hen the bmtl structure end oarr1e!" mo'bt1i tr t.re connected 'by 

wll•lmoY.l fomutne 
~C"k)=- t _, ~ E. c"K) 

. -;:-~:::: ( ~~( ~) ~~ (~) 1 (V:)> 

~~~::: el)~~/'R.'I 

wbet-e \f(it) !~ the Yelcelt;' of G. eamer ln state f~)J €.(~) is the 

ClU'lZ'BY. Of \k) 3""b~a- t fi.~~· eotttponoota QE tbe df..tfu$1v.lty end 

~obllttr tcma10rs. 

~.!hen tbe ~telfia int&tnct strertgly wl tb molecu-1~~ !f'1br3tlontt 

thlt:J tnt&ractson should be included in the zeroth ~4or earner •• 

f\tnc,tt.on.. ~t1ls t.mpltem that tho eMp1ote wave tunot!on for the 

ersrmtnl n~.Gr.&ger settehtes !»:tc elociPon!c s:rld ~brrd4.orud parts~ 
. ' 

~h~. ~l~..otron.-'d.bratt:on inte~IJ!.ction l'or:Ultfl tn a narro~ bent1 'W!dtha. 

~.rho eoupHns criteria 1~-s "been diseul!tned by Mc~ne end S1o'blt~l'ld67• 
these crltme c~n. be genar&lt#S~ to throo dlmenf!lone~ as ts done by· 

sto'brarKJGS. No Ut~J~s the d!m&n0ton1css t'Jat=eter-s 

1s largo, tho ef!rri.et:o are ettoet!vely loctatzQd., This theory 

assumos e simple to~ ~ora tllo 1nt@moleeular CCVJ.fJling ts e1 ther 

BtJJOnG or tleakt 'blt te more eoop1teat~ when cmttplt~?.~ is tntemetl1nte. 



tifh.:m :an fJ1ootron !e Stl!'tl'JUn~ed 'b3r a: oloutl of phODotl$, a ttan­

ottion from .stt~ ~ to site 3' ~cmt:~l~s in ·tbo destncttcm of 

tha cloud at J and the oreat!f)n ot a new elcud nt j • • !heJ~e te 

thus ~large number of phol'lOD .S.ea!.ons end ab~pttons e.caompat1:;1.ng 

the ~1B1t1on, Sl'ld ~ elt~e~n ls ooctte~ mtany times ttuttn, 

a t:J!·nglo jump to a neleh~ftS st te,. the el0ctron on ~ stte t.a 

:'ll tr-ap.ped 1n a t'Otent!Qt well an~ has to pass e. b!U"l'!el' ot a helght 

equal to the binrl1ng onergy ot the pol·eron in t>~(l'i" to move to tht 

neitctb~ng J)ite~ !ids passage68 i$ .1!). ttmrlelf.ng tn molecular 

eolids~ ~~lln~h 1!1tett ts analogous to a wv~~1ke motion, avpl,ies 

when too. v.tbrt\t1on~1 oti!ttt!16 ts"WJlve ~a. f~ quMta mli an w11 

tteperatoo; !lopping applies wh~ u luge numbo~ ct blsb!y e~td. ted 

vtbrati~.l 1ovels ere oro~'t!ed toaethtlr $'ld cons1ettJ of ~om1v 

pertor:n0a jumps~ the t\!'sna1at:ionm1 S}'Mm~try ot the 1att1c0 necessarily 

1mpltee69 ft\fe.;.1tk() mtten. nwever, t!'anclat1orul1 ~{)trY. :may be 

.\.. 
destroyed by themal m.ot!ofh· It tbe ,henan bm:m:l l4dtll eXCeed$ that 

ot too poleron 'bmd; tht» dlff!!ord.on ot ·tho 1att1.e$ f?e('ltt~neies 

tnt~teee tJr.WUgb rerJ.lome$e.l to n:nnib!1at.e the pol~» band s~t:ttwe. 

'lho cr,stal may then, b(thtnte 1ike n liquid \.4th roepeet to c~ter 

trme!)Ot.-t (hoppiftm b«ttng the mochantm) Md tht!t mobilttr lthO!h'l not 
chan«e ooOh upon mel·t!ng eontrary to that .generallY obs-en«t1°,71 

Poluoft turAn&!lng 1.~ thft.etf).re thought tt) bo the mcch®ntcn ot eP~rler 

trrmsport in mo1"ulal1 $Oi1dth 

The p:robab!ltty l,h~ that ·the electron jumps frott e stte b to 

a sittll 3 = b t 1 is cslcule.t•l b)' t!m~ependont· pertutbat1on theory af' 



. '2.. 2.. 'l. 'l. r\d= 4\(h\ l\~ \~';\ S~n (Cx-t/2-) -t:.·1t (1.48} 

where -\:,-t,_ = ~~.-:.E. n and H~ rofcr$ to that p~t ct'f the Bdltonl_. 

of whteh tb~ e1t;e.nft..tnettons ~e-~be the moti-on of tb~ 01~tron 

betW!}~tl tbe m~lec.rat~a. l'n tb@ ~atJ;'!:I' ol.~m:t' .( n \"~I~)· . ' f't. Qrd .. ~ 

?oft;l" to · mo1oet111!t.l" w.ve tunet!e:n~. ·ner-o J'!hj e~ b~ · cl!Cp:re.seed a:t*c 

~xP11~1t1y·as . 
. . ''1 . . . 

\'hk =- ( 'l.1t/i;) f ( 0) f. l ":, 0 0 fl< ~ L- 'I Elo I "0'-LI- c .. cr-) IN i;<.:> ( cr-J] 
. . (J 

1VhE?f'() rJ !G tl~a· · nutibe:r of 1~tt1ee .s!t~$~ ~ , ·the vt'br$tlonel nngulu 

tl"e~l~ev; :t , tho time; ~t ~11 tioos tho pttomn wa~tt m.~b~r~ f[D) ;J 

a. der:ad.ty of stst+:~s at --x. -::: o j 'J" , tbe 1nt~rMl~tlar el;;et!'onte 

cf.m~ltns ootwoon netU'Qst n~l~'bbeur,; 5~~, t't'~ vlllra.t!onel o~le.p 

int~sro1 tO'S! sa...~, ~uos ot ttw '\tlb!*at!ooal qttafltum ntt.~'h.ers ~!It 

·.~ 
A detellm t~eatmoot of ·et!uatitm ( 1.49) ls gtwn by f:Iol~t~in "'• 

~he d! trust v!ty rP is g!von by 

2..·-

J) = Cl . 'Ph~ I t. 
. . .. 

\ihsre n is the la.t,.·e~ -spae1tlfi a.Vid v1d is tbe ·tb~Al avorage ot 
.Pnj obta1ne6 b,- ~h~titntint:r, In oqu,~:tlon Cl.49), too tl~ei~...el i:iv~t:tr~ee . 

~ot '\50'- denoted bJ ~~, 'Whe~e. 

For tempGtteture'-' 1 )) "'wf k, mol41tty ls o~ctad to !neJ>e<!s• 

~~poncnt1~1Y Q.s ~ ·!ttertJasa.s-.. It T)) i\(..0/ 'R , liolstetn ha:n ~hown 

t.lla.t 

~l~!'*a ~a.., ·th.@; aettvat!on ane:rgyt ·1$ ot the f!'lt6~ of l.'mt &'nallo:r 

than •Z::b~ 
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7~he .g~ral descrtptlarul of the c~ental t~!~en ustd 

tn thlt' reaee:reh a:re !1·ven below. Ilot:atls ef a ~eular ap,wt ... 
I 

ttental m~thod 11111 bo doscnbe~ !n eon3unetto.n t4th the a~iscu8s1on 

of th~ results tbereb:f obte!ned •. 

i<hf.l poi-,M" .e~!eoratuators neetl tn th!s "WOrk .are V!.ttl!lh A 

eteohnl C.A\l"'!$J!Wlm), 'V!~tn a neete.te {,Ill-:~), (3 -~~a· • 
earotono:t, t!tcta.ceno ·e:nd metb:~l. Mxt.n. Chem!eal etl'Ucture• ot these 
~~Jiles ha ~ a\reM17 be a! shO\tl !n chnpte!' t, par-t 1., ifhe orgtU'l1c 

11quf.(ls used tn this imrosttgetion ~ toludle, ·'bGn$e'rlot t:ttlu!t 

aeettate, n•hoptMo.1 ~ethdnol ~·methanol. ~base 11qutds wee of 

e.peetrogratle or equ1ftlfmt C~U~t.tv of n.».H (tmgl~w!) aru1 ·n:-. 'Merek 

(OeiWan)f) • ~he teflon spacers e.M sheete, rmd tM em:1duct1ng ~l&S$ 

oleettooeo ~t~red tor th!s ~r.k ~N· o'btdned. bO'r!l 111cl(}etri:~ 

corporation cu ~tG.~ .• ) am 'Ftehol": Sctent!tle c.c~ (tJ.o.A.·) re~poett:vclr .. 

· . · ApplJ'1llg ·the usus! preceduroM the eom1uct1~ ty ce~18 we7e 

made in att-r by plec1rts · about e •io of the ntt'l!.OOn6ncttve me.tar.tcals 

on $ cl~an stdnleat.l etoel eleetrMe (platO) In oate ·ttgbt !l!url!· 

natirm, t.rw teflon spaeel's, s ntis (0~005 em) thiek~ ,were l'Osltion!(ld 

n~ tllc etlc<lo.· ot tho .oiect~e, n.ild the p0Wt.1ered cPy:Jtalf! were 



.... "l!ll' .. ... .~ ........ 

f~nttcned bv g~tl.y r.otatint; n. !'teeo of ecm.duet!ng gloss eleettede 

·on tbo wp w1 th the eonttuctln& eitio msl~big contact W1 tb tho ·;~~!men .. 

- f.ho tenon epaeer. r-la!nWnoia tho separ$t1~ between tho ~l~ct~es. 

'.fo tilnintG!n tho srm.dwt~· ooll ~ ·two epril~g cl;ips were f!~d ct s 
' . 

''' ::I ! j I 

A sehemnt1e dl.e,gr~ of t11e: esp~1'1menta1 se~u, tor th.c $tm11.~a 

of smiecnduettvt·ty presented !n :Vtg.. ~.l ir.e sir.ltlar to that of 

riosenbarg et a1'~?,a. Zoo s&n(Jt71cll ·cells were plmcd! 1n a ~&'tetiu:ty 
ehmnb1&.r. :made ot bra~ a ·and fa:$bto..~ed ~t1retr '\d. tt?. t~f!cn .. all th0 

cl~tr!e&l ~rta.c.e lQ~t~:&!!e 'parts wre of teflon.. Tho sttdnloss steGl 

electrode wa::; plaee<l -on a thotnel ~opp.o~ b~ platform tn good th~l 

contact tbrotigb thonml p".ste Q..""ld• thus t~$ tempel'tat'*'.J .. e of the GMdt!.tleb 

eoU ~ld be eontffo:Ucd troT!! outstde~· A thC~t voltogf: oi" ~.5 'Voltt'f 
' . ' 

.:?1~ 4!'1 batt@l'tes · wae applted ~~es t-he eell·lS· !here was $; ga.~ 

tni.et and ~ ~utl~t 1n tho eb®bell' fov r.cs t:lt:1sorpt1en ri".itl~ and ~. 
I 

~r~g~(!nt :tor etmnQotinet tl1.o outlet with ··a euet1on J>lmP• !ell& 

Ql~-:rlt~~r atmospbcr.a could e:t~eulet0 tJI'~til:T tt~cusb tbe Gppooita Of'M 
. . . . ~'it 

~!de~ ot tl1t1 sendt.i.eh ee11o CZcmpell'aturo ~surem~nta wro r!lt!t'is~uair.g 

0. C01}PQt"-ecnstMlttm ~eoupl~ a.tt~b~! at the WP Of the ntttol 

01•trot1e .end a. flili,tvolt potenttMet~r ct .~ost:miwsl ·~l"tlther~ Pvt. 

ttd., I~·1a. 'frtO ~~leoodttction 'f!U:Pl'&nt rJoaetUroment:; weyre mnde 'With 

tm eleetro:aetcr amplifier, ~A BlS, ot ·tbo m.oetrcnie CorpornUCin o£ 

!rAta Ltd~· Itl o:rder to oltm!na.to the ·cff.~t of oxYgen, w-.tor vn~r 

tt>r tm1 otb0r v~~uru Qr e;ssos adsoi!'bQd by tl'H'J ~ple befo~e 



FIG • 2.1 : A eohenattc; dtap-= of tbe $ppat"atus used to test the 

•fteets ol the ·at:lcorbcd 'Wap<)u:rs <or gaees) on ·tll• 

· eonductt,d.t)' ot tho polyGile: $61llecnduotv.••· 
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~xpo$ent, too ah•bel' vas tborottSh1y tlu$h$d \4th d17 rd.troeGn· 

tJO:e and the mnplo wns tlitm gi vm rop~tetl heating and coolb'lg 
I 

trea:tmontm 1n nitrogen atao®hen over. the te-':lpera.turt.1' rsnso ·to be 

uesa. To pass· vor!:oum v:apcurs 1rttdtie the ehm!ll0rt dry rd.tregcn 

r;a.s 'l\'nS u.setl o..s ·a. carr1or which vas passec! through the 'bubbler 

~on-!n!.ng th~ ·oreenlc lt~td kept at a. roquf.1"'$d tsn{'eratu:re to 

~ntatn 0} t!-rl t<al'tiai v~r preseuM lese.t than the satur~ttcn 

vepcu~ r;Ns~e at $0tlp,le C~Ull. t~p~rt.Jturos.. Fl>l"' desorpt!cn 

stuui~s11 dt'y n! trogen gas v~s all~oGwed to pass d!1'00tly through the 

c~be:r~ the •aeurmtm.ttiJ ot t1~ ®rrente at a ecnstant o~ 

different ~e.ll teo!)ereturG$ 'WS'~t! em-ned out mdnt•J.a1ng tho 

eQt'tti'Uctivity eaUm ·at ~1trog~:n, ~um or d1ffer~t ~bf.~t ~tmoG­

phene ecco~1ns to (rut' expc:r!:mentfltl reQUtrtr.'.'lent. 
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Introduction 
; ib - . 11 ~· ··~· 

Ad $Cl"pt!on ot gases ChQnttt~tJ ttm ~~e.oM"'uetl ve p:ro!)e~t!es ot 
both organt.e1• 6 and 1n~r-g-ant·c7•10 ooltds~ Adoo~ptl·ri:n of· o,.-ygon 

·produces a pttoJl&une(ld t~~!fGt~SfJ cf s~teon<met1on ~nent t.n !)htlu'!~· 

looyenlne1
lt anthrae~ne3til,l12r '®nd etdorGpeylle1a ~ ·t~uabe~ of otb~ 

gmzos 'Al~ affect 'flo eut"r~~t. Atl~r!)tclon of vGnous eo.~MU1. am 

-,- v~ponPs en!lr:tlrle~s tho spoci:t!c et~~tttto~t~ty of' ~- •enrot&ne:4 ' 6 • lt 

bas booti obae~ the.t th~ eorlducti'tf!ty et~se io ger..e'rt\llV 1'&'-•r· . . ' . . ' 

s11Jle51G'~on~ ca;n roturn to tho in!t1bl v~lue ot eondu.ettvtty 

simply by tlesc~bing the gase'0 O!l vapoure. 

Or0y entl DeJ'byl0 lmVo et\J.f:li«l 1n det311 tbe ~1•C{lnd~Jetivlty 
chf:!g'?-ttes t:1uring tl1e Bd·~rption ~{~ t~~sorpt:ton of tl~gen eas oa oddos 

of eor;.~er~ n!ekel, m~nnfl..n.oso and ~ne of e~,.o.mety b1gh purity. Th~y 

have cot1SdQ-r(l)d the tl~st ord~r; 6oeont.l•o:r.error .Gnd e~ncnt!.d 

roltJtioraoll!ps (&n/dt) = ~lll~ C<hVdtl= f'JAa and (~m/dtl = R e~P f•E- m) 

"" rospeet!:vely where m io tho mtunbor of adoorboo atoos at t!mC) t; 

E. afft1 E ere constants~ 'J.Ib(!tss rela:tl~nshtps ha'tr*' ooon d~~!ved bl' 

utany: outbo%'!9 :1:1~r!ng t1S·reet moa.ot~:r~ent0 of tho smonnt of gas~~ ~dsor~ 

f1ra'Y ()t @1
10 h~~~ show tbst tt~ e·~pOnonti:al plot is n bettar ovnr-~1 

&.pp~edt'lation for th(1t oomplez ~r11er prceora9 tl;ttn for ono ober!ns tl"'~ 

tirut ott~r tdtleti.cs, o:r e: ecrob1net1on of the second ~ f1r~t oroe:r 

r:roe~se0a a;t tho initi.Ql tmd. ftne1 ponod of ~S@r,pt.ton r~s.peeti~oly. 

:rn w~dnz out tllc ldtat!lties, th"~Y rmd D~by l1rt\Vc esertlrlet1 tha:t the 

ot:?~s«-lreil e(')ndt~etittity ~~ dtnttr protrortitlnoi to ~ m or to o. 



tn ease .or h16r~t,ton of prot~i:n~1S N'1d adsorption or ge$os 

on ~ •e&~tcno6, it hs:S ~n ebserv~~ thn.t tho f!dsol"pt!on•UM 
· _ct.._ t "'1 ~ . .- · t. t.. n ......t'li'!>-1..- ""' ~~ _. t... ,:tG,17 -. ,.,.. 1 ,.;~ .. """"'il .-eS · ,OA ().,. ue ~"O~..e..u;;"ID.J•~:4o.l~I0v~Cz.t0 .O'XptJnM !I.I;A.;S.t. ~le,li4L~ft ;z:.tl 

a slightly mt)(ltfied term., Tho- de:riv&t!o.n of t-his e€!,tu~.tion rt!'JSU~os 

·t!lat thtl rate or sd$0rption (dm/dt} possesses ~,n e.et1vet1on energy 

'l-tbieb tne~.oa~Cs 1!n~a~1Y \;rltb til~ anGt"mt !td ot the atsorte<J Etas 

or "epour, 

(3.1) 

·WhOVC for a. pcrtielJll'lf" ~N!ISU.rc A · P...ttl ~ ~. constmnts.- ~hose 
10 . 

w.o!'lter$, unl.itt¢1 that of Gttt\V et Gl. hlThve shown tdth a good \h:~gr~. 

of c~rtointy thtlt at a constat t~,~~atur-e 011d fo'f! low&!' p~cent.age 

of gQ~ ~ro Vtlpour adso:t>ptioo, the rel~t1:m!3td:p bet"~on ·the eent1t:te\i1v! ty 

(If""-) (i);lld tllo. ~t of g~s or va,ou~ ·t!tdsorb(!d ifJl given 'by£,G,l8 

"WhOre .ov end OA_ .are the sp®!ftc eo~..activtti~:!r before mld sfter 

ad$0rpt.1on of t!t ~rcm:tt of .sas or' vapotar; ~ is ~. C6'l't$tant •. 

l1o-wevd', 4&l!J)01'-illtmt s cl(;~.rly show tha.t there ls n d1raet 

ct,r:ve1at!on between tb~ ratt1 of at1sorpt!-on ot gesos oi' vapours ~ 

ti~ ellange tn .,~,.eo.rKhlction cu~r~nt.. It 16 tl'horGfcrrfJ, neeoss~ 

to ~xtmina tbiG correlation !n c•tol1 to determine the mo~t tteosonable 

Md accurate cot-rel~tioo~ As th~ "Pat~ of adsorption ot gaees or 

Veipm!r$ defignd~ on tts proasttf(i, the consi.doratton of fo~;;,nl t:!&~~r~ 

tf.on i~lnotiC!tJ is lno•pl.eto 'Without an ~!ft&t1on ot tbo presmu-e 



dcp&~tlsneo of' ~..e mtlsorpt1em p:ro~o~s ~ htmes of the oontit:u:-=tiovlty 

ch~~. 

ltn t!'---16 ehopt~t, '~re f!:r~t tl1.tretl~l.1 bow tl1e · ee!fld-det1.vitl? ot 
polyen® sem!eo~ucto:te; <lepentls on tht9 pret:m.1I"O of the ~garbed 

vep~urtt. and then· o,.-:~<cine · tl-to vt:llidt.ty et tho !~ogtnst~y • Ze1{~vteh 

reloUon. 

c~conduetif.m er oo~o polyon$S a!ld thft eff-ect ot ~ ~..ort)t!on 
.-.,.. ~ill'.,.. ·--~-,-~-- ·a~~P~~~~~-~~.,-·.,.h"!'~'ltt"nP't'Q>Hft~r~-------....... -

o1' v~ou:rs ()tl tho ec-Jd\'tendu_eti<m <mrr@llt. 
~~~~~~~~~1t*aW:i.i6-4"(t~~.!lJt~l! I. 111\IU 

?ho cttocta. ot ad$orpti~n of ~e "o!)cn.tr-e "t~..ro stutU.:et'! in tlJO 

usual a9ftnu .a$ <!!e(!lcr!bed in tho px~V!ou~ ehnpt.. Th& sond\d,eh Cell 

was tonrpernturo eyel~ md in ~edition to that (b;y nitrogen SJ'U) waa 

allowed to poos. throttgb the etwrnber to fl0sorb a~ 'VttP®27 or .g~u 
adsorbed by the snm£)le vnor to tho e~e!titJ.mt. -flho e011 t-ms tl~ 

kept at· r~otl tmperaturo (26°0) ·-end the cnrr!·e!' ga~; d?V n1trog•~ 

~11f1s !)aso.ed. thrQUEll tb~ 1'-eager:t:t ltquifl, 'Wbicb tros Jtc:pt et m conatmt 

toot'e~etu:re to ~1nta!n a r~u!red •~pou:r presS'JJrO. After o tow 

m011e»ts oo tl"~ ·powor s&~plc started. to ad~b the ~.1~ from th~ 

ehmber""a~$phe~ tt the etu~.rtJnt. b~g~ to iner:eac(t ~.nd ettl!dnea e. 

saturat!on valt..'60 atto~ belt ~ hour apf}:r.odtlet~1/• The alrr~t 

cnb~nem.ent ws by G&!Yer,al om_ore ot me~nttud-o 1n 11om~ cases. !bO· 

restll t of such ~: mc~su,eman:t for o~~t!!l ncetato '\faJ.lOUJ' at'h:~o:rpt1on S.n 

Vitatr.~i.n A m.teeoo1 1·::r show-tc Pie. :3 ... 1 ... '1oo tm!.'Ve (b) ot I<'1g. 0,.1 



FIG. a.1 • 'llle change ln d•k our:rmt !n a .S.te:,dn & alcohol 

p~or .ef41 kept at 2!Pc t,ti;th (a} admrptton fa'ld 

(b) detJGrption ·.of ethyl ~Aetato wp~ e.t 4:3.-S mm 
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a!"_d')W$ tlle deereaee !n eonduetlvtty back to :tt6 1n1 tia:t vnlue when 

the cba:_tfbe:- ts tl.u.Ghe~ ~tb dJ~¥ nitrogen gas and tb0 vapo\.'lr 1m 

dooo:rbod f~ the er~Jste111·to surtaees. Tho arwow indicates th1!1 

ti~~ uhon desorption $tarts.. such atloorptton at!d tleoo~pt!on k:lnet!c 

eurvco for 'Vi t~J.n A acetate, (0 <!&'a~• •eeot$nal, P..steccne and 

!rulth,l bi:d.tl to~ ~tbvl a~ctate. vapou:r ed~rptton are sbovn 1ft 
.. 

Firzs,. 2.2· • s .• s, t-ettJpoottvely.. All tboso eurvos show e:prec11ent 

re"ots1b1U. tv of eurfl'ent on desorpt!.ott ot vn~tmr!t. Gi~er curves 

arc Ol:ittt!lned t07 tolu~e • boo.~cme, n•hoptenc, etli.enol ~d motb~nol 

vapwr ~~tpt1cn else,() 'rim marl~~ ~ue c1r wnent ••g';,ehod •.mder 

p~rvttcu1ar ol:}'Je:r!m•tnl eondltlons, depende on tht! vapeur pl'cs~u.re 

ot tbe ?oagont 11¢1Ui~ at t ts t$mpe-rt;it\lJle ~ e.lso on the temp~t·e.tt'lM 

ot tiw ser.:pie eoll; ttmo to raacb tb1m va1uo depend 0. ~V~-loo on too 
' 

t'lcw hto. T() test the ceno1 tivt ty ot .~ part!eul~r polymo ~1-

con~uetor to~ tl1f£orent vs.poUJls, saturation CUl":Ftmt vrilu(>s 'Were notetl 

td'wr 66sorptio» of -vo,Mcm·tt vapouf"u at e t.t.-~eti part1Gl v~peur pressure 

wt.tb .~ eonsttmt fl<nt rate Md n, ecn.st~t e.empl~ e~ll•te...."!;').p~t*ntu!'e. trba · 
' 

uenn1t!v!ty as r.\Oa.~ed b)'· «A 16V velu~s of' the different po1!€Jn0' 

sr.rniconduetoro in son.t1VS.eh eells for fldso'rption of "Werious y:apours 

ee ~~zed 1n tab!Qa 2.1 ~s 3.~. Apptll'ootlVt the se:ntd.ti""!.ty 

dGii}1:1.ntts on tb~ ch~ieal .nature of tM nt~sor'bf:d ttioleeUlos. 

uo 'have ~turtied tho m_agnt tudo of tt~ e"<!fton t inerca$e at- a 

constant ~~le eoll t®.pett~~turo ns o fun.etiQn of tb0 Ptu'tiel 
. -

pres~lJ>e of tho v~~rs !.n tho cbemb01·. Sthe too~rBtu!te t:it tl~e 

!'a~«mt liquid tb~gb· 'tihicb d!7' ni ti'()tiel gn~ ~me pess~ ·tmtl ted 



rxea a.a : ~be change In dck ~ft>e»t !.n ·~ Vlta~d.n lt e.cotate 

~ow!flr ~ell kopt et ~c with (g) atl~ptlon Gnt 

(b) d~aorl)ti~n of ~-1 ·acetate vn~ur at 4a.o = 
~nturet:re~ 
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f!G. a.a ·I !'ll~ eh~!!Se ·sn d!Wk. ~~t tn a ~ •a!f;o.-.S1o.e~otend 

powt1~ ee11 kept e.t ~.sOc ~'tb (a) Qd•ptton mltl (b) · 

tteool.~pt!o'n ·or eth;tl :a.G$te.- i~ou• at 59.6 a PNiiUM .. 
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PI@. 8.4 ' 'lhe ~ll.PASge m 6ark ettneat in en as~ p0Wo1er 

~~11 kept at ~ ~th (n) ~d~ttr.Pt!on tmd. fb) 

detZOl'p-tion ·61 etbJl acet!lto 'VapoUr at w.o = 
pr~scutre .. 
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... 144 .•. 

$1:G .• a.a ;. tbe ch#'lBe tn 4ork ~~tnt 1n a methYl bi~n power 

cel'!l~opt at ~r!'e mth {a) :oot1orpt1o:n and (b) d~eorptton 

ot ethYl ~~tt¥te vapOUI' !\t oo.o tttl·-pra~~e. 
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B1so tn tbo d~k m•rent in v!temtn A h~le)olwi ooti tieet!!lite) po~c:tr 

Oollm at 12.-sOc <iU.:l f.o. sdso;rpUon ct _veriou~ 'Vltpottl"s et tbe same 

prestrurc ot 40 mm. 

!on1mat1en 
eotsnttet!l 
- <•V) 

:tttby1 G•OG 10 •. 11 
e.eet&to. 

:n-nept~. '1. .• 93 (mt)cn· 1o .. u 

!t •. n~t,. 3.9 

~. FitJt. eo d ~:t «;)· 

Vlt.~n· A 
l'decbot 

vttm1n 1!. 
e.uotato 

. ·s.o-s-to' 

. ; 4 1.?% 10 

1 . ..,. ., • .,...,4 . ••J' ..,._ d..V. 

. jl1:p, 
ft ft · ~AO 
~.v 2 'AM · 



A 

'.,· '146. 

ntoo -tn tho d~~ ~~rent 1n tbltll JO~err ectls ot •..:"!e t;Ol:venea 

.$t ta.;'SOc ~e to aosor-ptlon · ot votrl.ous va:pours rat the fJWMJ ,r~~~t'e 

( 'P) for a PGI'ti.cular r,olU(:'1l'l.C 

Vepoul' 

ndsorbetl 

'!-olueno 

. iletUltlt'lQ 

rathyl 
acetate· 
. n ·'ttme n• ... ,op . · 

Mbmnol 

Meth~1 

Dt.:el~ct%io 

cor1ete.nt 

e~~~ae 

a.~ cao0c> 

e.oo 

1 .. 99 ('r!O"cl 

S-4.00 

~s.tlo ~ .-.' 

!on!Mctton 

potential 
(eV) 

e.s1 

9~'t4 

to.n 

1o.as 

10.60 

lO~tGS 

p !!iiota~St~ ·~Ct~lOttle M0ttw1 
oal."otenel p-; 00 m 'M.dtl 
? = 42.1 .'h'l'n'\. , - eo • 

7.3 

4o2 

s ex1oe ... ,' 

4,4 

s .• o:rJ03 s . a 4.,0xl.O 1.0~2,0 · 

6 .• ssaoe s.Olt102 3.~~o 1 



\~ 
J 

into the conduetiv.t ty e'hembor was V$JJ'ied,. At a constMt flew ,~e.to, 

tlKt portlel ~recm1re oft~ reagon.t liquid v~potll' :tn tbe ~heber 

.amospoorn, w•~ l:tx-oporl1Qnal to tt'l:O Vtll)OUr prsarru;:re or ttae 1t.qntd 

. et tbe ~r;er~ture tt ~o kept. '!he steady state eunent (i.o., 

aetuttat!on eur.re..l')t) was ~""t&:1 for different wpour vressurnth !he 

k1ttot1c• tor ··ttw da!'k current enhane~nt t~ difter.ont partial 

pressures ot 0tby:l ee&.tate ambient v&.pour for Vi tdn A ~1eobo1, 

vit~tn A sct'ltatet p -.apa.S•.-carot!l'mal, &st~cene and motbyl 'b!dn 

oomieonduoto~a t.nttt sbtrtrn !.1.'4 Filth s.s ... z.to rcopeetlvely. 

3.3.1 ~end t!v!ty ot the sttaleonducttlr$ tor various vat>ou~s 
II'I:IA'c,illii'N C"iil. ¥A.:I:itit! .61bril·tl lJAMIII.aiTIZO .... tr! 1 ..,.,"~h ~~-II?·_ ?1\ 8 l (-

It to ~~en :f:1'cm tho to.bl.cs S.l tWC1 3.2 tb:lt th()l"~ mey be e. 

rough eo~lQt!on: of tbc s&'nd.'M.V!·tv of ~ umlecnductor with the 

ioni~"ttlon r;otontial. of the a.dso~bod mcleeuloe but none vi th tbeir 

st$t1e diol.eotrf.c eonote.nt. As reg~~h:; ttm eo-rrelation et condue .. 

t1 v1 tv ~nhano~ent vi th the 1o~laat16n pote:ntial, th~ polyen~s em . . 

be d!,rid~ into two groupe. in 0110~ nnmot.:v 'fttUtlin t. Ateobc1 entl 

ncotato tb~ eans1t1vtty. to •re, too lc'~" ltl th~ 1fJn!2!nti~.rl poten• 

t1t4 (tsble 3.1) '\:bile in the othe:c, namely p •ap~'•oBrot<malt 
•ttmcfme- Md methyl b!xtn, the se~sit!:\flty ·ta non tlle h!eheJ' te 

tllO 1oniaat1on potf)nt!al (table S.t?) • Itmlsed, Cherf.;r~UGtl$hr tyPe 

ot interaction bes often b$0ft· tbought~·24 to be responsi bla to? 

tbe eo~et1'1'1tu ~benc~cnt on «•s ~r vapoU~ adaotrption. 

)" 



f!C,.. 3.G : Tm chttlne~ !n da,r:k e"~?retlt in a tt! tt?-:J!\!n A ral~hol 

l.lO~tJP (!ell !rep'ti ttt 26-0c aft~ (,~lgo:r1)tion of ethyl 

acetstl& va'~utt et tU.t.i"~nt ~HSr$Ul'0S., 
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·triG. s. 7 ; Tho eb{!l'lgo in tl t\tU eunr4'»nt f.n a v! tamin fi a.e0tate 

~"'0~1er cell lr;opt at 2sOc aft0,_. ad ~tpt1on of att­

acat~w va~lr a~ d!t£e<mt rY!'ot,;sures. 
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FIG. s.s ~ rn~ ch.,go ·in a-.11t ·mtflr~t in a p •tttx"J•B*·e~tenal 
~or cell k$pt Qt fJif~c nf~r adeerptton ct eth~l 

~ota.t~ YapO-ttv at tltft~~ent t)res~J'.Ot). 
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FIG~ 3,9 ·I !~ cb;&mgo in du"!! Wt'ro~t !n ~· a{llt~Qeno powder c.~11 

!fopt ~t adJ'c atte~ att·ecrfl!ttcn tJt ethyl aeot~to ftpou• 

at dttrer•t ill'ets~eo. 
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na. s.to : s;tte ehenge t.n etork ~~ont !n fi, mothyl bi~n pto;wtl$i' 

cell ltept .at ~fPc ef.ter JJ.duovption of ethyl ncetat• 

•~;;our et d!lferont nreetl\Ur<GU• 
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The ~1se 1n conductt:v1t11 of th~ polyene .s.~eOl'M.tneters was 

.stllt'ited at a eon!'!tant ~pl.e tefX!perab~re { 26°C) ns a tonctton cr 
partial pressure of et.~y1 a.eetttte · \Jap~r • 

. tt ts aesumoo tJ1at 1m' d$pcntln on the pe~tt1al p~$~U1'e <v> ot 

the 1ro:agent U~1id end in tho tn,t t!6l p~r!o~., tlltro on thCJ tlrne of 

~ e~osnre. After some ttr:n..,, l!c~JeVflr, an e(!Uil!~um is esta.bllsh~w 

~bus we assu~c26 that ln tho !nt tiel ~reston 

whet'e Q0 now become• t11depenclent ot time. Tbl~ 1s expectoo f.'rom 

~ Langmuir• s~ m<tsorption.!aothe:m, l>Jl:ien $. t.nall fr~etion at tbs $'.lFtaee 

is eoverGd by thfl gat'~ or •apon,r mo1~<m1es~ com'b!n!ns (3.2) and ca.:n t.···. 

. i ( 



~-,. 

·vepouJ' pt'est'mro ( f ) ·at OQU1libr.itm i6 oxp~ted. from (S~G) to be 

lin~ar. 

·In F!ge. s.n· -Gl"Jid s.ia we sll(r.tr sueh i>l~te ot l.o.gnri t~ ot 

tho ooturation <:11rrent ver~f:} vapour pressut*t:J ( p ) Gt flq'U1lt br!tm 

to-, ethyl. acotato adsorption on the various polyene sern1eonductr.11")S• 

li'f.drly good ~dsbt '!i!l@a a:re obtained (Figs. 3.11 ~ 3.-l;C),. '£-he 

alope of thesa curves { o!..lt0 ) 1s ll. ~easutte o·t tho strMBth or 
:1nte1"eetton between the va~ molecules end t..ho sem!ec.nductor$. 

'These linear 'J)lota l)mve the e.pp11eeM11ty of tl10 LMgmuil" admrpt1on 

1 oo~X':l tor •el.l haetton ot sarta.co cover.ago 1n tho so easo.s ct 

vepot1Jt ad sorption on polyene ~rysta:tlltes. 

· tJc have e2~..,1n@d it the oot.JO~ptton id.netics follow the Rcg1nok1• 

Zoldovi.eh e~uation. 

lntegrn:t!ng C(!Uetion ( 3, .. 1) ~ we get, 

·1l-Lt i) -::: .RT ~(t ( t + k. o) + C.t~'Y\ s t o..~t­
(0 

Fr0t:1 equeti~ne (3.-a) a.'=ld (3.?) , 

a. o\ \<.T t ( l +i: ) + CC~'"\;Sto...<n\:-
Y-A(j o"A ;;: . F-> ,U)a ~ 0 

Tbl.1s., hom any e~p1goally ch&Sfin 1-o , u lin~ plot ot e1 the-t loc ~ 

vs~ log ( t + t 0 ) ~ 1ogarttba of eul"rent vs. lopri. ~ ot Uae 

itJ eugeest~ troo eqU.a:t1on (3.8). ne~lts in Figs •. 3.13 • 3.17 tor 



no. a.11 : Cbtmse tn th~ d&Tlt curtent or· vt tam:tn A (alcohol en! 

~eteto') pm~$!' C(Ylls at P..50c o' G funet1on ot tbo 

~:oour ~-reeSllr$ ot ~tbtl ecotato. 

!he l!r!e$ (1) _.A (S) coneepontt to Vitamin A aleo~l 

(left seale) tmt! vl tamln .f!. m:et•te (right stele) 

tteopeet!velr• 



. !i. 

10'"8 ~ -~ -

.e.-.. 
:fj .·· 

'i .,.'. " 
'· .. ·1 . , ..... --1 . , .. 

... / .. J,o~~o 
.. :.:h ·, 

. ~ . 
. ., ·, ~ - - '.' -

,·.: 
... 
. : .. ·r: 

10~12 .. . . . . . . t6u 
: · . 2'-o---_.!l3o--_;4.,..s..o-· -.~5~o-:· :·So.· :· 10 · 

. ·,VAPOUR.· PRE:.S.SUt\.r:-·. (mm). : . 
' ' ! ' .... :. ' . ' :· .·' ••• 

FIG.::~~1f ·. 
. . ' 



·~ 

Mo.a.ta 11· Cbm1e !n the d~& currtmt ot f •·a~~n•.-e•otennl, 

eo11$.~one $~methyl bi~n powder eells kept at atfJc 
as a ~tion of the vapetlr pr~a.eure ot ethyl act\t~tet. 

tthe 1tr~s.1, ·sana 3 co!irosF!ot'K1 to f -~·e•·e~oten~t, 
ast0cene ~ m~thyl b!tltn: respectivol:y. 
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fttJ-.9.13 o Atl~ts.on kiaatl-es da'ta. plot~ aee4)rd!ftg to 

ttogtnsl~~•ldovicb ·~~ttoo to~ \'tltetn ~. atc®"l~ 
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no .. s.14 • A4eorptt:on ldnnttcc da.tt~. plotted. neeom!ng to 

Rogtn~y ... Zeldo'd.cb equation .tor \l'!tmin A aoetete. 
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F:tG~S-.15 t J.(lf!»J-pt1ot" ktnoties de:ta plott~ e.ccG!"d!ng to 

RoginskY•ZaldoVlelt cequat1<m tor ~ •ap0-91 '""e0.r0tenal ~ 
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. FI0 .. 3.,16 ; Adwrpt!c.a kinetics d4Jt~ plotted aceol'ditu: to 

P.og1nskY•Zeldovich equat! ~tn tor tultMcme. 
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nn.3.l? t A.dsorption k1tWt1C~ dnta ptt»tt-' $.CCOrd!M til 

I~:og::ln~y ... z.,tdoVi·eb equat1Q!l fo:r ttset!.lJ:t Mxln. 
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and tatrtbyJ._ MS!n respooti~ly· a'r'e in get~ ~~®ent w!tilt this~ In 

tt.te 1~1 tiel reaton, <11tleront slop(is cb$SPVf'Jd et ~1ftE)rent ~;r 

p~eg~s ~- the v~peur presenlr&-d0penden~• ct f . ( e!n~o cJ.... ic 

p!'EH.'H1Ur~ tndepend~t) • !he fd.ghar- the p~t!.al. va~our p!"OOS!-wo,. th~ 
. . . ' 

l.arg&!" is the slope:• Thi:il. jUstifiGs thEtJ. ii'Ui'!S:.ltlp:tion made Sn ~~1\t:.Ut\n 

(3.3) ~~ ~ova an mv•~e~ ~l(!tlon$1111) between ~- tmd j->... ~s we 

~r~ unc.ble to t~~$tbne.te -~ ~erienl val'ue or o( :from tl'ii $ tt~xpGl'lment, 
' . . 

W(} t~~- ~-1!)f; fi\T.m!U_m.te tl\& ~erteel value Of {~ fho tho tl~S\tz•et\ elop-e;. 

t!~tle'VeVt. we have C3t.1t!!e.ted tho values ~~ f> /o<. (=- [~1) t':ro-m the elopes 
I 

to soe its pNSSU1"e dependenec. In tabie 3•3 vmat!ort ct r with 

•apeul' Pl"O$UlU"e 1a !th~. 

t!.,.et1on (3 .• 1) !s vll'41d M the :rat$ of ~6ao.rpt:ton,. Girice 

deso!'ption ·is a ~~verst<l proe&ss of ad$0l.•pt1on, · ~sprcssion fo~ ·t.be 

~e.ta ot <h.,sor:pt.!on C\\n ·be written in a :d.-mt1e~ tom vltb o ood.ttvt· 

sign !n the eXPOnent !. . ._oeil-~ by · 

' . 
ic tho act:tvat!on eme~gy tor desorption.. ln. ·the measur"""' 

mE}nt of de~rpt1on, the e5tpertmontal "cndit!on ls so ~reng~ that 

there 1:1 no re-ad1!0ri:Ttl·O!h ~ho plots ot loga-r!tm of current "'th 

logarithm of t!1ne for e!esorptf.tln ot et:1;r-1 nootstG \taf!OUr fr<ml V!tootn A 
. . . 

alcohol, v1 tarntn ~. J.aeotate , f> •apo-S'•eM'Otena:t., n o~..cone · nnt1 l!.otbyl 
. . . 

bidn clry..stedl:ttcs are s!V.)W tn Ftgs* a.~.lB • 3o00 respectlvell'• 
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. I 
VapouP pressure dependence or the factor ~ ~or eth7l acetate 

vapour adsorption k1net1cn. 

V1tai~1n A 

alcohol 

SleO 

as •. o 
37 •. s 
43.5 

so.s 

I p (eV) 

-~ 1~202 X 10 

:a •. oos x tc•2 

o •. sm z ao·a 
o.759 x to•a 
o.<Ms z 10~2 

Jllf1_.11u;o-illldl: iJ'idi• $1&1JI H itt.~~4J11iflflllii•llrifullfo.•!f·~ ., 

Vltamtn A 

acetate 

35.7 

0.819 z 10-'2 

o •. ?ss x 1o•13 
•2 0.660 x 10 

-~ OeGOl X 10 

Oe518 x 10•2 

contd• 
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Table • a.s (cootd.) 

----------~-----------------------------------------------·---

~ .-apo•~·· 

Carotenel 

M.a. 
m.o 
59tt5 

.G3.8 

•••: ·.·~·•.••l!f·tatraa·· tta t lf11BJ_ ·•• r 

4G 0 - . 
Gl~O 

'10•0 

M.O 

.. 

I 
f> (eV) 

•2 1.Ga9 s 10 

1.245% 10-2 

0.994% 10-a 

0.718 X 10•2 

o.s55 x to•2 

·we · • .,.... 

IM,P q· ft I _f. ! '12 ....... l'lii!II8MiMBJldp IJ·I· ia 

' •2 2.SGS X 10 
' •2 1.400 X 10 

1•168 X 10•2 

o.9Sl x to•2 

--~--------------~------------------~----------~----------

Methyl 

btxltt 61•0 

·?o.o 
SG.o 

5.714.% 10-2 

4.1~ ::t 10-2 



rrto. 3.ts = ~~ncr.pt1oo kiaet!c~ dst.~, plotted aeeoJ-14·1-nl tro 

liog1n~ • Zflildo\T.ll!tb equation ti!Jr 'f.l te$1n tJ, eleobo1w · 

() 
II 
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--r 0 

~~jl.~1f:j9 ~ n$$~~t:!.\:.'ln ~t~:ti~@ ils<'tn; a~lottfd· a~rd1.t'..$ to 

!~infii.i~:;.,.z~ld(.t~'i® :equot1tm f.{)~ vl~in. A ~c~tSJ,t~ .• 
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~ I 

-.. ~.., . .. ~A-Yf" • 

~G ·tc 3.¥~0 t; V.o:s.o.rptl,4J>n Jd;netlec data plotted aceerdi~ t& 

Rog:tn~~~olaovteb eq\~atto_n for f ~po-8' •c~tenel., 
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FIChG.s1 t D~$0tpt1oD ld.n'ltlct tlata p1ottod eecordtDB ·to 

Rottttsl.-"7 ,,. ~el<IQ'vtcb ~at:ton for tn.$tMenc. 
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na.a.m ' t)eso~ptton k!netle$ t'-t\ta plotted a,~~tns tf) 

~~~ln .. ,_:aeldcvteb ~tJU&.tlon ttnr r®thyi Mdn. 
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. In teble 3.4, we ~E)~t the (;Utp&~ntel vrilucs of' ~ ~ I ( = r~ ~I c<) 
obtained fron the$o p1ots tor ethyl acetate Yap()ur deeorption -~ 

dttf~:re:nt pol;v(mo C~Jstetlltes.. ,&s l~Uto that~ .:J 1~* aleo tS~~~~es 

w1 tb tnereaetng vepcul1 pro4sur•h li'o:r ~Y pa:rt1eu1ar pros~l"'t~ o:t 

~.b1o.."'lt vapeur, ~~ ie1 laPger than f • 

Tt~d$ orCJ nu~b&r ef d.lff'~i'0nt ta-eatnKlnts21 fof\ tl10 Ro~tn~y,.. 
Zc1dtJvlch ~t]Uatl~n. 1,, •pl~ two stazo•process att0r- 'f'l.ey and !iesl:t,e15 

---r- os ®own 1n Ftg. 3.13 s~s quite tlatist&ct«ty. to e.eeount for the 

et:vel'lmontal obso:rvat!~'· !n the first £-Jtqe, Q mob11e ~de~ 

--""( 

\In!t!:.ls el1sorpt:lon on tho eystal · ~:rfaee g!v~~ a Ltm~&~l ... Jct2~0 pctent~ 

nnore cl.!Wo ~.ieh ·s.s as~M to dep~r4 on tho freet1on ot B'..lrte.e• 

co.voraco. Tilts ataso is follbwoo by a r.ate-dGt~J-m!.mng t~anstt!on 

ove1' a potmt!al. on0-~SY beM.el" to tbf) final st&&fJ or at1 sort;tttoa 

tomtng w.el~1y 'bound e~ple.=eo betw~en tho vapour moleeul.ec .flM. i,.l):e · 

··tffi1~~ ewstall! t(l).tt•. 'i'he bal'l'lttr 1 s f(U"£led ·ty tha 1nt<er;eotf.t5n ot 
tile two pote..YAtlal Ctll''WH$• As motte vs~r mol~ules get p!ly~c.$lly 

~...t!so;rbot! (van t,ot- ~~~als), e ttellpulsive interaction between the dipoles 

vill :-oisc the potent!~i ooerS? curve '!'OJ!''.' tllfl ·ft: .. ;st etq~ thereby 

lowr!ns tha beeler N!l:l.gbt st.un~ ~ecroaetng met1~tlon enorsr 

o• ett~rptlon 14th !netroaQing vn~ Pb'Lil50Jie.,, A:s thf surtac• 
e011orcge ot the ~nd st~t.'! "1$!Js, this ~\f!ntl-e.l ·eune ol.M 

rtnt Hsul.t!ng in lovmng ot· u~tlen ectivet!cn m~r~? vltb 

!n•na«d.ng pMaonreo ~~bot-toe of ·the second steg(t ~• ts $\lOb that 

e. td.~ of this ·curve is $lwaye ~t lower onergy tben the m!n!mum 

of the flrst ·atage1 the <meJ'gy difter<!lce between these two minima 

deeHtltetng vltb tftcrewng vapour .ptesS\U'e. 



Vt~tpOUJ'i PMIIBU!'e dependence· ot the 1"tM,tOl'-' 

ethyl EAcetate· vapour. desorptioo td.netlu~ 

Vitsm!.n A 

alcohol. 

31.0 

ss.o 
37-..6 

43.5 

s~.s 

*' f (eV) 
- Ji'k-P I' .1 t···s: t'il ( IIWI 

2.3M ~ 10•a 

1~847 !t 10~2 

1~492 X 10~~ 

1.201 ~ 1o•a 
o.?-9s x to•a 

--,-

----•••1•."••-·•·-·•--~···-·-~~~-·-·••o-Hl~l-•--·-•-~e••••u~*•-•~-·-·-••-••··~r·-·-•-•-·~-··-~•~~·-•:-•·••~-r••~-·---~----P~~--

Vltemtn A 

acetate 

ss.a 

1.-43l.x 10•2 

. -""•2 1•1'51. X 1'1<1 

t.oaa x to•2 



--r-
1 
I 

-~ i . ,, 
--. -: 

/' 

.. 
' 

J. 

-;-·· 

·-·· ·a IF! I 10"*' _ 1 lii(IU: .in , a·•=~· nr ,. r 1 .• ._ .m· ·atn 

rli4 • .a 
m.o 
59 .• 5 

ea.e 

as .• s 
4o.o 
61.0 

70.0 

M-.0 

44 .• 0 

52o0 

6lw0 

-,o.o 
·ae.o 

IE -~ 1 _]?Jfl_ij i . I 

-~ 

1.3ne x to·~ 

1.e1s s 10-a 
o.BOS s m•2 

e.?aa .;;; 1ol!it2 
' 

4.591 x to•2 

1.~ -s lO~a. 

1.250 x _ :to•2 

o.asa ·• :fO~a 
_,.,.,.tua. · z c ;&;.s~lt!l.tiittl 

.· •t! e.altl x :to 
•9 s.971 s 10 

". •2 
4.;;2a X 10 

. . -.2. 
2.218 X 10 

1.431 X lO.,_g 



~ ., 

lt~Ch 3.23 t PQ.tentia\ enwm~ ,eur¥es to• vapou• et(1tiOJ'ptton tn 

two ~O$ !n P01yenes, -1atntng mtlitied 

!i:oginsey~Zeldov!c.h ~lots... Vl!:T! ~: (mt1 :m: ere. 
e.otiva~.on en.-stee of tle$rpt1on !n order of 

t~reatdq plreo~'!'c~ S!tdlftrly 

.eerglef1 to:P d«mptton .. 
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·1?4. 

* ·. . ... Hero fb em t the act1v.e:t1on Sftel"I,W tor doeorpt!on $houl~ , 

apSll."t trom til !Oa11 entropy tecto.r, be e~ol. to tho vapeur-surface 

moletrul~ complex. In table a.4, ·tm have shewn the &:PU'it'ltmtal 

voluos of .f?>*
1

• Unfottunetely net·ther our ope~nts give anv 
mJmer1ea.'t 'ftlue of o< , noP w h~ve boon able to m.ftsuro ~, the 

amount of vapour adSGrbed • · Al'!F nltable eotirnate ot tho· b1nd!ng 

o.ne~r ot ve!'toue Y&POUrB ·wt tb dltfertmt polyenos ham theNfore, 

n()t, be~ pns!dble. In e~se of by(iJ'ation of p~toift.a• noecnberg18 

cmttmat«1 o<. ~ 2.G. A td..r'dl.al" value of o(. tor theoo eases ot vapour 

deGOI.'SlM® te~ poly~ia ~rrat-ant:tes., · tlle '\-"al.U@ of MndlM tll'lGrn 

e:ro ~ 10•2 eV per ·tm!t of 'm' de~bG!d., ~bitt lVJ value ~f the 

ld.nG!ng enorgr aceounts to~ eaey and eff:te:bmt tSeoorpt!on of th~so 

vapou!'e from tho polyooe CJ7GtElls. 

Conclusion 
,, ql ·: ••• 

~h$ adoorpt1® c:t i!f&po1:!l"m ~GnC0!! the sem.t~lot!'Vit,. ~t 

:.- th() polyenes n~l':rcof.,~b:tv. ~Me ,entum~~f!nt ~1~ptmds on tbe ebeo!cftl 

nature and sl$0 on tho pr&i!Sttre_ot the .Qdoo!"b~ Va~., . Tht t\dSOI'!JUOft 

and ~esorption kmoUco to'Umt tbe mod:tf!ed .nostnslt,-.-Ze1ttcv.teb IJelatton. 

A ·two stage ad~Arptf.on prGCoS!llt tile fi~:st stage ot whieb g!vcs a 

tom~ - Jones. pot.Gnti$1 ene~gy eurve end ts tolloued 'by e rate... 

deteftd:Dtq t-.ri~."1$1t~.on cvGr a. pt)tC»"lt1a1 ~rgy barrier to tho seeor.ttl 

etatG> ot athsorpt1on tori!niftS wnklY bcnmtt eo:lp1~a between thO va;pouzt' 

mol\!ieulea an« the ·P~lJ"O!U:J c=r,stel.lttes, can· esp1e1n eat!.sf'aetor.t1r 

thG ~)edm~ta.llY ·obsenea kiMti~·· d~ta. 
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fhe elec:t'rie&l condt~et:tvi ty. of conjugatetl 11 -e:tectronie 

o:rs~Dtc compotlnd$ fol'l~tt1 tbe or.;woti~ tlcf!nit·ion tJ.t: a sem1eon• 

dueter 

--+- vim:r~ u- (\) is tho t~J~ifte ecntruct:t'V! ty tlt «ny absolute. tmpe?Gture 

T '· (fQ is a pro-e~poncnti.al f:ti~tor~ E tho een!comuetton a.et1vattcu 
l 

$n&mnt £!nd R ts Doltemann eon,tant (~/a is oftM written eG. F1' t 

ho~v~~, Vlll ebt!ll ueo tho to~aer tbrGt\gbout tbls ehe.pter}. rxPflf'i• 

msntally, ~ in obteimtl frc.t"rl tho .~o,e or the it'r.ear plot ot log cr {~), 

. [or log ·, · 1., (1'i'J ~rsus -i- ~ the extrapoleted t'fltsreept Gf tht! 

11~ on the orditJat~ at rr•1== o y!elth~ tho ftlue of 00 • ftecently, 

th0 go called pr&toe~nenttfld faetor Cf(; b~.s been tho ~bjoet ot 
1•6 ' . . 

much d:! ~eu~tJ.on as o:cper!montal .Qt71tieneo aceumul~tcd shows tbat 

o-c; eontei·ne· ~spon~ntial tunet4()_ns,. Gutmrom en{t. t~yon$? thewed t,At 

a l!n~sr ftl~t!ong.Ap of the to~ 

iG(\ 00 == o( E + F 
holdo gcoo for one anttlte ela.~e or organic comp,l,)l.m~s. l~e cZ e,til 

f> ~..re cond.tnt3• Rosenberg ot ~ 2 show00 G'rid«mce that if !:i t:J 

\'tn"i~.t~~ ·b~~- bYt-ltation o~ ~~ ec1~ptex tomat:!.on l'f}latton {41.,2) ts vatic 

tor 1:4. $1ng1~ oqan!c eubstanee a$ well on-1 thftY ~ggostoo M 

espJ'(Hlsion to't tbc ~'PCCific eonducttvi ty of tho term 

0"('1') :::: cr;; 1 ex{> ( t.j2. R To) ~xp (- E-/2. ~ T) (4t3) 

(4.4) 



nero tho Q;$dlt1ont4 constant T0 1s edled t'be ebal'e.ctertnt1c t•par-a­

turo of the matefl.~ll. <ro' a~d lf0 to~ the o~o compoo~ rmad.n l:nYA!'itli,nt. 

The l!tu~ar .f'ft1:at1cll$blp betw~n th~ log$rltbn of tha pre-eltponenttel 

faetor end tho eeUvm.tton et)0J"Clf ts cal:t-ett tlw comptJnr.ntlon effoct., 

<r-- end· !?. Chang~ ift SUCh G ~el* ·t~t toot~ offtH~t on aa ato ·I!Utuelly 

c~pens&tedfl Jotmoto1r1 end 1iyoru!l~ believe tt~t tb~ 1in«ar 't'tlle.tlon-
, 

sb!p beh"tlen loa ao ~ E m~y. ol"leina.t& so1eiy ~ the ealenletton 

-cf tmso pa'l" .. tors m'ld tlUl ~ompe,~tten ettoct f\{?l'f-l!rcs no pbfetcal 

intC!'P'ete.tlcn.- fiowevtlr, t- have eug~e8ted that f.f ~ and ~ ~~ 

pb)"slcel1Y r~l~~a, =e ;boule 1st -a ltneatt rel$t!<msbtp .'b~t•n 

log·(!'-- ·ud · E ytet<f:tn~ the ~tcomltlct!ve par .. toflc b agN_.nt 

vttb the values· obtn!DG'd ~om othe~ eounes~ ~rB also h!ls ~ted 
out that, tn certtd.n ·Hid ted eont1i Uena, o. ecmpensat!on law mGY oecttr 

. I ' ·' . • , 

aceltlently, and he tte.~ r~rodded a set of ~11M en t~ria tor· 3tttlslna 
th(r V~!!ll<Jtty. t:Sf the mlo. 

From ~qu~tlon (4.3), _for nny p~leu1er te~~atur0 fl'1 , the 

sp~clfle ecmdu,t!"l4t:v !9 Q!.vtm 1>1 

, loa U" (Tr) =. lCICf CfO' I+ [~a- ~~] ~~ 

-!tms. tho plot cf lo~ (J'- (ii) ;;o. E 11 Orit:J~-.et~ to be ::U.near \11th 

. a slope , [ 1
16- ~ ,] .;_ R.. ml4 an t11t~ept of ios ~ 1 * The veltm· of 

~-' obte~ ~om tbls :J)lOt S~ld also BboW' _a. good esre~Gnt trlth 

the Yeluee obttdn.())d from. tbo log <TO Vth E end :to!! a- V$. ~ plotl• 

ln tho <Jx.pd!mtmt ot lohnston uno t;yon!l' in ono component m'YtlW 

Qt ant'ht-taf%Ulrto tt Mn botm cb~..el'ir~d bJ eha:ngles.; its pU.Jt1ty e.nB doping 

tilth t$Vabene that los ~ vs. B :plots ere Une~-t-. A Vet'Y poor 
6 

I· 



.. '!ll!l!t\ .- ;p;w ,.,.. 

eorraletioD bet11em log rr- tmd E vas, lowever, obfifptveil\ ncae 
9·11 recent tlleol'otted \JO:rk smggeat that 1n Molog!eal semleen• 

ductore tbe eomplr!satlcn e:tf'eot ar!sat due to: tJu; dark ~&.tctlOD 

procesfJ• Xa view ot tho !Ctmtf nper!mmtf!i '-"'~lt ~~~bl• on 

thte Qttect, it vas thousbt wo¥'tb'Wbi.1e to tnwst!aato thb cr.mdw~· 

tton Pl'OCess in t;rore ld.ologteal ·semtf!~dnctor3• ~o test the 

ftl!d!tr ot tht• eom~ttation effect,. n i~t CClftallt \l'adett by 
. . .$ G 12 . · .. . . 

various 'WlttJ's ' ' and log ~ te plotttft astdnet n. 

tn the ~uou1 ehapte:t v• hQve ~n tbtdJ tho. mlsotpMoa of 

v~rl.cus Yepeurs chmtl& the ®Hlt1~ eon4uct1'fl t)" ot tho polymoa. 

mtch · ctt~ 1G gmtn't\\JllU a~soc:latea 'Wltb ~ ehm.gt of the smlcon• 

dueticn o.etlvation GQI1• As· f.o.~· e~elnr>le, 5\setrpttm of motQ~fJ 

~n 617 protf11ns33 anti VtU'iOt.lS: Wpo'U~ts on ~ • earotene14 tncre•ses 
the $d~u~tioo. euf-rOI'lt ~ l'iem.o-eaGos tbl eett•attM .energy. 

Ep$tG1n end ft1d.t16 Ita- Hpor.-td tlult the JleO'I&l of OS13ett fi-om 

vo:t,-mtm.e cop~- pbthatceym!ne easos- $ sbnl'p drop tn the ~tsloti• 

.S.t$t- vttb a cou~tmt drop ot the ·t'..Ctl'Vatton o.ne~mr. !t.t this 

ehapt&r we p~esent the Ht'Atl.te of atJ:r .!nvest1Qtttt!.~e on· t..i).e effect 
ot t¥t90rt>t.ten ot vartotts ftpours on tbe semtcon&tetion ~tivat!co 

enetgy va1ue9 of $0.tle po1yenes~ · U$1n~ t!teso _,banged -t! vatteD 

encr§ valuce we turtbor show tho vattd!ty or· the Ctl!l.Vensst!OD 

rt~lo !n theae ,oases., ffbe !'a$tl1lts ere 11-'1 eontom!'tY with the !de., 

t11et ~ and :s are tndeed pb.vstco.1.1y Mlattd. 



I ' 

4.~ ID&l~aJ, ~ BQrml*i • 
4.rt~t -r.u.:.al QS_ !BQOR. m\>ausssm tm. rc-ti-D.Utm a:a • 

-rbe ~conduetlM aeUvotlo.n eorgy ot or,etdline ~OJ:l$ 

of ~tmlin tA ~eobo1 1 v!tmn A ncetatow p • apo .. e•- carotc~L."'i!, 

t"tatse«ie end methylfotxm ws mee.surett $eV&rn1 tioos in dry n1t1ogen 

=tt:f.',m~l'!,hore ·and ~.t.'fe! tn ~. ~11 mnf'.~Unments gave e®sisttnt 

. values. AlmoGt oame '\taluoe Yai!O obttlitl~ in dey nitrogen ~d t.n 
vaeuu:n. The obsenat · wl.uoo. uo· e,oo, a., so,. 1.00 ~ 1.30 end t.sra eV 

(a'9vroz.) tor the. a.teoho11 ecetato, ·r -~pc.;.a• .. carot~al, nstMGOe. 

and methy~tid.n ~e~t!vctr. Ttl$ oo~~t!on ot v~r.~~m;rs <!htmces . 

the .eet1'Wtt1.on ener~J &Pl:l,~1ably. 

tt~o dotem:tno thG ettoet of ·ad$01;1b~ Vt\PO'ltr on · th• ~~eoo&lct1(!ft 

ect1vat1on otteJ'&'f; tho aeaple was ellowotl to ofl sorb the vnpouv at a 

fixed pressure snd ecme to a. st•d;t -statG at 8 eoostant !!tCp1e Oell 

tempe1'a.tur• tn the. chamb~J¥ ai'4osphe~e eontatntng the vapour 1n 

n:t trosen. ~he _presst.tre or tho tctal gas. mixture 1n tbfl ehmbor wei~ 

o~oaphe:r.lc .and tlle r;ortlal p~eesure of tho ftJ)OUr \tc"afJ ·tho ea~a:Um 

vapmw pre~!Plre of the JtOasent i.tq,Uid rst tbe tQC!lpersture ot ~ch 

1 t w.e !iept. Doth tniet md the outlet f!>t tbo eh~bG~ ~s theit 

sem1aa _crXI the Yal.ue ·Of ibe eeturatiaJl current watt notmt ,4 tb ttae. 

~lle eettJrct!on (rorrunt ,_-at toum ·to ·fie most constant •von after 

tour ~r~ tnt1te~tirlg that the eot\dtlct1on in tbe ey~ ws ~1Pl.¥ 

e1C!et:;ontc.10tl?., Tho cel:t wa" til~ -~!\!:)idly coolf!d to t\\bout • 40r.t-. 

The Ch~b&r 1ms· then nu.shoo .. et'>.ntly with dry nitrogetl gas. Tile 

outlet of thg chaaber we.$ kept open rmd thQ atmospheric pressure 



wes malntdnett trudde· tb:J chamber• file tenpol'atut'c wa then d..O'ttlY 

1ncJteaood ~ tbo semteonduct!an eur~ent W(as n1eltstx.t'~ 1d. th the 

· 1ncreas1ng tamf)eratu!'~ ot the tU!&~ple cell~> Tbe hSUlt ot one such 

typleal o~pcr.!~nt tor etb)·:l ne&tate \'l'npcur a4fKl~,pt1nn oD vite..."'dn A 

ae•t~te are shown !n fts• 4.1. For tho toston upto the point 11, 
' ' 

th& current tnerease1 nnttomlJ' mth to))!lporat.ur~ ~ the eu~ bu 

a straight line pertton. Af'; tbe tempmnt\U'e tncl'easat! further, there 

·-+- !• fta\!U&l elO'\dng down of the rate of ~nt l'!.se-wlth tiJttpGrattlre. 

At the ·vo1nt n, the mt~~ont dJ'to~t oft$ ftrst td!owly, tl:len very tast 

unt11 tho potnt c ts P&t\cbod vl'len tho etlJ~rent grnttu~111 ~S.see l!!S:d.n. 

At ·the point n, tbe eunent t!se baco•s unttotm end th~ etll''ftt ta 

egal.tl a s~alsbt 11M. nv!.dentl?, tho . &tl'a.tght ltnr.l po:rt!on tn the low 

teP.Jperatttro -r~g:lon sl~e the t'l&miconduoti 'Vo pft)!)'lert1es or 'Y1 trotn 
" 

~J, ~aoetate ,cw~h:w v.tth a·d£f0l"betl ethyl acetate "Vapour M"Kl the elope 

o-r this l.f:ne pv~o tbe nct1'Y~tton ~ntnwmt (0 .• 62 eV) of the $Yat~,. 

At e<mddere.ble hlshe:r tcmpar~~en, ·tbt;: nclsor'bed 11tll1)0Ul' s-tarts 
. . 

de~Mr~ ~ the J\'a•e of demc'fl)tl¢n tnc:rea:"t~ w! th tnenasins d . r. 
. . 

~perature ~d too <m1'!'ent begin~ to ttlmtntsh. At tm J?(d.nt c t 

tho daaorp~lon ts ne~lY ~PlG\o ena the· en~nt ret1n1u~ to the 

tnl t1al 'Yal.ue before vapour easclJpti.on. 'rho $bdgbt line portton 

of tho ,curve at ~'ie higher t<lm\~ratut-e nston ehove the r)o1nt e, 
stoves t:h& actlvatton energy ot Vitam!~ A ·QCet~'t$ l)o~el' tn d" 
nitrogen atmos~hero. *'.rbe ob~ v«due (3.43 eV) 1<S td!ebtly 

lower posd.b~v dUe to lnealapl-ettit doso;,ptton of aldsorbed 'M.pOU""' 

:st·m:llnr c~v.a3 were also obtt.lned with ot~ '1!e,POurs. V!tnmln 

A eleoool tt~bovs s1~1er 'bohav!O'.U'· en "''~pour a:clt!JOrpt1on. The etteet 

of a"cl:~rpt!on of ethYl eef!tote vapour f!)n tllt:t •cttvat:ton energy of 



;;, 

FlOjJ 4.1 t f~cand~._,, Ill a ~~ ~e-to e.d~rbed 

v.tt~rdn It ••tat. l')GvdeJ c.e11 ttf • ~tl~ of 

< t~mpttr$tu-. 

~blet -~ ~es•tt 60 • ~~n«t at 
~1• "e~l t.,.a .. y.~. 



! •• 

•. 

·, . 

·~ .. 
(f) 

N . ·, 

.M.· 

I \., 

•' ' 



e vitamin !J. alcohol 0011 1s $hMn'l in na. 4 .• e~ In tb1~ OlJ'UW tM 

straight line !n the low tem~ratlu.'o reston givto the aet!ve.tlon 

enaw of o.ss eV wtdoh is ml·.~ lesa than the value ·obsened in 

aw nt trosetA:~~ Tl'w act1 -va:tto.n .,.r~S" ( 1•7 eV) obtained fto-m the 

strc1Sht lina at hlgller tapoMtul'e· l"tmi~ is altghtly lower tluln 

tbe vat.ue at -nttrogen Q.tmospho1'0 cs.oo e\0 •. ~hls is· v1lnt <We have 

sotl.v.a tn case .or. ~1tmtn A a.e(!tete fd,eo •. ~tm1et curv~ls !Wore ob.telMtl 

with to1uen~t banz~no, n~he,tene~ etbe.no1 end metha.f.lol vapm1rs •. 

e.«:tivotlon 4)norgy ot other fl01Y"ono oemtcontlucto~s 1 s dhot-;n 1n 

P!l~h 4rt3 • 4~5 tor. p ··a~o.-e•-.earotenel.t as*cno tmtJ· aethyi. 

b!x.tn powGcra r. ~ectl YC17. Q~om the tiguroo 1 t 1 s StJ:en that !ft 

t:bo3e en~$ alec tbece p*ots CS• tto10 poJ!tiot.ls of good sth1~t 

1inoa ..... one tn ~o low tom~r·ature ~nd tbfi other tn the bt;her 
' . 

te~peraturo region. 'rbo _activ.atlon energy a~tor ad~l'pt1on ct 

'tapouro 1n these polye.nes ere, mvover, 0pprec1sbly td§110 thtm that 

~n <l:ry- nitrogen atmospbon jti Tbe value ot the aettvat.1an e!lflrBY 

obtained i'Jtom the sttaight line e.t btth'!r temperature regton ln an 
. tb.,Gb plot$ et;~Jeo eat:tmfaetor.l.ly to th~ value tn nitrogen 8tmosphflre 

thoutch in case of methyl bldn {Fig,.. 4,.&) tht$ ve1ue ·ls sl1Bhtly 

hlS}leX' posdbly duo to 1M~plete de~p~on.-

In th.e t>l"e\"lous chapter w bt:t:ve shr.¥Wn tl'l•t the ¢~nb~ncem0nt ot 

conduet1v1ty depends on th-o chmncal nature of tlle Gdsorbed ftpout"~. 

vle ha~e studied t.t:te. &tfect ot dttt~rent \'npours QD tho -activatto.c 

energy e.t these· f.."'ly~no $(fm!con4uctoro and t-~~ me;:i,SUred the 

~tivation energy ot each se:nt.eonauctar after oosorMne d1ff~ent 
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Firt. 4.a a tttlro.i¢01id:ucttvtty 1n &"'i «~t:~yl r..ct;~tu.to ~'hw~~~ 

~t~n ~\ .al«>Mi ~let eeU r.te • trutc·tton •Qt 

tomp.e-t~tur~. 

~.mbtet ~r rtftlsute «t = atls&#b«l at 

~plot ce11 ton"n.d~ure ts.sOe. 
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FIG~ 4.s : e~~onttufltiW.ty tn en eth)?l ecot~te adsorbtd 

· p •&~.e•·-earotena1 ~eJt 0$11 ns a ttmr:tton ot 

tmperatul*•\f 

·-btent va~r pr·essu.~ 40 a Gt't-~~ at 
eap1c eQt. ~poratute iS,st'e.,. 
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V'lO. <d.4 ~ !l~~~at-~ti'rity in nn trtbyl. aet1t~w aS~.rlm4 

·atitAc~n~ ~'~• <:&11 a.s e fw1Cit1on ·('tl t~E!tl'•:tnr'Eh 

Mnbt®t ~tW Pl1h1$Uh 45 a 'ad-bed at 

~pte ee11 tempetalutte l~.l.~Pe. 
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mO>tiwl bldn tw~eJ! eon ea £A ttmet!m <.Jt t~~etu%'o •. 

;.mblent trtt~ ohl•e $5 • f!tlsol:'b(ld at 
-Jlt) C:e.11 tep~w& _JB,.e0c., 
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Yepours ·at .e. tim paritel presGUN ·and maintaining the ~trmp1e C011 

at a constant temperature.. In no. 4.6. w ol:tOW the otratght liM 

po!tt!on !n the low tetntJf)rature region fo"t to1uMe, ethyl -acetnte,. 

n .. hept®Gt etlttVtol t!nd •theme! vapours .ad sorption 1D v1 tamtn A 

aleom1. !t is obeerYd tb~t td th tho ~ttsorpt!on of d:!t.feent 

vapQtU-tt at the ~,me Ptessure, the aet1'ft:ttt.on em:rgy veluss &re 

dtftel'ent teir t1lf'terent ve.purs. tn Fil!ht 4.? • 4.1o we sttov tdml1ar 

1og cr- 'V s. .Jr- plcttJ tor vtt~n A nceto.te; ~ • epo .. a• • er,;l'otenat, 

n~ene end meth11M!Ilft ~spect:l ve1y. t?e sao tbat the decr•aee 

[to~ 1'!ta'ain tt. sleohol ·au.t aeetato ln Piss • .t.G ~ 4•1] om tno••• 
[ tor p ~ apo.e• •Carotenal, a$tl$eeno and methyl Mdn 1n Pigs. 4.8.4.10] 

. ' 

in ecttvattoll or»rs:t dep«tds on the tmture ot the ..apourt:• 
·.' 

4.a.a klSG'I!lmbliSIRLdnt~w;"mttiSZ~IP. a IPDI&lQ112£ llilsr81.S 

gf ..tN;'JAU£, :at~.t 

To stu<lY the depondence or ·the ttct!vat1on energy Change oa tb.• 

amount of a pert:teuler vepour ~morbed in n ~plo cell, moamurements 

vere done by repeated hee.t!ng t part1a1.l,y c1esorb!ns tmd ec~>11ns oycltht• 

A set ot utr~1sht lines !n the low temvcratu:re reston tor 1o! a--- ••• ~ 

plote 1s shown sn· Figs-. 4.11 tmd 4:e.l2 f"r adsorption ot ditt.erent 

emmmts ot eth'Yl acetate vapour 1n ·~1 tan A (!leohol ~ W!tt!l'dn A. -

accto.te -resp.tCt!valy~ Tbe ~opee of theoo lims depent1 on the ~t 

ot ethyl ceeta;te adetOl"be!o :rt !s $8Gn t!lat the velue ot act!Tatlon 

enet-cY !ncreaoc$ t.b e. regula%' monotonic fashion ns oore etl~yi aeate.te 

'Yapoul' desoJ-bS• ~- other' V~9QU~6 show· $ tdmUn~ oh~e 1n activation 

enermr •3l'Uo wtth the eount of vapeur edfJOrma. The C!ependenee ot tho 



PJG~ 4,.G ~ ~-elt)rAuctt~ tl; ~~b tt vlt~i.~ !. ~Ct)f·Wl pe.\.tl!iJ!l t.if£111 

/' 

. l-$ta~v ~-•~ tat.md!ttton) . fid.tb th+) ~ABQ.~tioa of. · 

•U.fto"nt ·\~pf>1'_.Utt~ .at the. •!!le PJ-•s~t~ {40 ,..!!) ~· ~t 

m· s~ple co11. t•r~~attlwe ;rJt lartaoc~ ac1ttt :ttn~r: 

~ep-re~.t tm tt~mp:tra:ttu:s• "don ot moaStJI'~ts~ 
'bl'okt'Jn l!•t:J ~e ~l'a:polet.io'Oth leob 1t:n() ft!G'r~ tQ 

t& .gpod;tle t;.~t'CU!' ~ntii~~ ~,tnttl t1 (1), 'tOlUmlu (-g =().SO 

()V); <a>, ethyl. t1ee~t$ · (lt = 1.·oe. ~V)·t (3) 't ~btil!)tmle 

(E::: 1.10 eV} ; (~,) ; ctheno1 (~ = '#•6.5 o:V.) t. f 5) , taQ-th~-.01 (E. 

~ :t.aa eV) • (!6 &"-"'ld ~~lf.tpp!ntJ With (9) tt$t lJ:M 

co~~$~41tatt to t-Jenw~ \rapoUr' (~ = i.,C4 eV) 1$ tlt>.t 
+, et.. · i1t :m ·..til'\ tk 1 ~ -n.t11:. · A•9.# ··. ,•1 lhO"WnJ •· ;!h;Q ·-ovtil~~o ·e.~ .,::o~ "'J\vl~t1< t a;;:.= ~.wu x :tv· \Jl··•~ 



lr-­
E 
0 

·-7r-:'\\ \' 
10 "l\. '\\ \ 
' 0' f, .. ' '-'·<:~ \\\ '·. 
-· . ' ~-- \ 

' \'!( \ 

~
. '~\~\ 

-8 '"'' 10 ' '~\\ 
'• ' 

' . "-.\\ 

- ' of--- ..:..:.;'l-, 
,, :-.. ' 

~ I \~' 
IO I ~ \' 

_.JQ 
IO 

-13 
10 

-15 
'10 

-10 
· IO 

,,, 

'• ' ~ ~- ', 
! ,, \' 
I \ ~ ' 
I \\ ~ ', 
I \ \ ~~ .'\ '\ 
I \ \ '\\ ' 

t \\ ·\,-... ',, 
I \ \ . '-'\ . .,;. 

l \ \ ~ ' 
. \ ,. '" . . ' 

I \ \ . '" '~-
1 \' \ \\ ,, ~~ 

\ \ ' \' ·~ 

' /. -· 

\ \ '\ 
\ \ '\'-

., 
1•1·: 

\ \ \~ 
\ ',. ~~~~ 

\ 

\ 
\ 
\ 

~ . \ . \ ' . . . . . 

\' \ \2 
\ \ 

. 'Ill e.~ . 3. 

'\ 'I!; ®(J)~\ 

. \4 
. \5 . 

•. t;.·~ 

I 
l' 



~-I 

.-:f. 

1?1'6. 4•·' : t}le-mi~cttvltv in a 'V!.ta.~1n h ~cetate ~~er ceU 

( $te~y ·ot•t• ~·i. tion) wltb tho adsorptt;cn ot 
. ' dtfteJ?Qt ·1;,npour:J ·at ill:!~ ·~•• pres~o (Jie" m) ana .tilt 

a sample . OQ1l tomt~-tWatutte of 12.d'e. .~o11d Uncu~ 
Jl'e,rf!sm.t the t•pe:rature rer.ton ot oeasur~.ts1 
brok·tm lines «te at~la.tions.. R~h 3.1~ 'tet~s to 

a spedt!e vapo\U!I· e!t'()l''bed tttate t ( 1) • tclncntl 

( ;e :::: o.44e ov) ·l (a> , b:n;~zfule f~ = o .• aat -eV) t (a) •· ~thY1 
acetate (£· =- o .• s9G eV) t (4) + n•hepter~ .C~-= ltt!l.O ~V); . 

( 6) , ethanoi . en= 1.6?& eVl t (G) ·• acytheDQl (ta = ra.o?o eV) • 
m~- -....4tr' - s;. m .10..o.~.- 1 'lt: li'll~ ... 0•10 , ,•1 ... tm ,~ .. ~.lt.e o~ ~0 -z odti"'" 'i a;;-= ~-0",;1. g ...: - . ~ . .n.. em, -~ 
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v.tG"4.8 # Soo!~~'Ynth:tct!~ty· -:tn. ·a· p ... o.p-~.a•-etn•otmol pO~ctt eell 

($teatty state ~mdition) ~th tho :8.l\sorpt:Um of 

dlft0~ont ve~~$ at -~ ·sam~ PF-O$SUJ'e t 41;1 ~.tt!l) ~ at· 

tt samp1• cell t-pel"&ture ct ts-..s0c) ~ soltd 11fi0S 

~ep~ecmt th~ tempf&ratul'e -r.e~~on of' mt1a~reme'lt~h 

b?oltotJ: llno$ ~ttc 6)tt~m.po1at1.en~.. Eael' line reter~ to 

a ~~f:!e Vta!)ou• ad$0~btta $'t~to ~ ( 1) , otbtano1 tB= 4.iioeV} ; 

(2), .m~tbmol (t:!= ~.oo fi!ff) i (3) t; otbyl moetf!te (tz:~~m OV}; 

(4) t toluene (n = li.-57 eV);, (5) 9, rtwhept•e (13= "•"iO ~V'). 
· · . t · · .. r~ / - ~ · q,l6 ) .. 1 'the vrdue (f.' '-o ~ ~~-~· a:; := o.~y -~· 1\1 ... (_cl.. • ~ • 
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FIG. tl,t t $d®l'l(lt1Ctl~!tu ·tn Sl qtOGMt ~ler: ctU (ltead)T 

. state eondtt!on) ·v!th ti'ie ·adsolrpt!on ot d!ttOMnt 

<¥apcttlr.s Qt the Jao tns~e (50 •l .~d et a. ~'}\\p1.e 

cell 1l01$pel'GWM of ts,.s'Je. Sol!4 linn$ ~pre~ent tbc 

temperattt~tllt l'$g1on of me~sur .. ts, brok® l.tnc.o ~ 

ilistrapelat!Oiae. ~~cb. line ret•$ to fj, fl~tic vnpoll:r 

ad~l'bett state 1 (!0 ,. ethanol (l'!= 7.14 oVlt (2), 

.J!Jeth~1 Cn= s.ss oVlt tr~)·, ethYl ~cet«tte (n-= s.~ ~l'Vl; 

(4), bm~no (B = l;/?1 oV) t (8)-1. to1u«te (i$·= :t.s? eli. 
~ m -A.. I e: · •"G , . ...•1 'lbe v3llue 0:-i -~;-~ m~-:~~J ~= 2.1.,, lt l.O - "..n.. Cim,t ·• 
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ro:o. 4•10 ~ t1emtot~nt1ucttv.t~ in n ,~~~ btdn ~'der cell CsttJillF 

et~.t~ contl~.tt~nl ~-tb tb~ ad~pt!~& et ttlf:t~tit~~t 
Val!)OU!'S Qt _l;oo ~-.e f;NfllrJUt& (GO •l Go-00 ~t t,tMt)lO 

c~ll•~mw:re. of 16fi~• solt¢1 :tt~es .. epra$EM~ 
tompertJ.tt.lre J>o;!en ot mea--omenta. 'b"N!tcn 1tua aH 

Gr'4n~!b~1;tone. i1Ieeb 11ae J.t~tePs to ~ ~1emtto "~J>Our 

attaorbGtt rstate t ·(1) t etl*mol (B= 4 .• 43 ttV)t (g) t Nthmio1 

(;s = a.eo dl); ( !) ., e~ta~~~ a.eeta.w (E-= ~.!& eV) t 

(4), bcnt=mo tn = 1.,,Ge ov>; ( 5), to1uen~ cs = 1.44 eV) i 

~ va1uo ot ~0 <;:::_ ~51~t ~ ~ o .. as : 1~oji.~~ (.n.. a)•l. 
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FIG. ;;1},.3,1 t t.'!~eondttotlv.lt, dQta for V!tatJ1~_ A aloot~1 peoo.tr 

eel.l ( etoetl:V state condition) w1 tb tlw ad10rpt! on of 

~lft~.t;nt -O'!ll)t$ of '0thwi aqetata vapou:r~, fiotta· 1!mo 

r~r.tu.nt t:tte te~pEWatul'e 11eg!on t)f msatl\!~~ntst 

trck$D1i~o .e ~a~1etions. !roo 1tnes {1)~(5) 

roto:r to ttt~ t.\tates. With tbo cJ~re~td~ t'~mt -~~ 

~$ol'Mif varmur. The-n value~ ere (ll-6~94 •v; (9) 

t.os ev; (3) 1•2.!) ~v,, (4) 1.43 eVt (5) t.Gt? ev. !be 

v13due if!f ! 0 ~ 4oaOg, u;'- s.to x: ta•O (.R. •l·1 .• 
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Fl:€h 4~ta .~ eet~!~muctt'VltY data fer' vtte.m!n t tle~tnte f'Owdtr 

cell ( f!.\te~? etatf!t eontlJ+·t!'on) 1\il tb the .e(!~~ptton . 

ot fttterent amounts ot· ethlrl aeetat!ll vo.~~. solid 

1lnf}s fO.pr-esent the tcmper..~turf} 1'0810n ot m•surm~tr,, 
broken U.tW$ El'i'G oxtrApo~at!onrg* The li-nes (3.) ~ {I.S) 

rete to tba 1ltetes wtth tbo dec~ea$1ng emcunt ot 
·' 

aoiOr~ vapcu,. 'he m values M-e (i) o.ea eVJ (a) 
-o.aa c'tt·; U~l a.ae eV1· (4) :t.,ea eVt (Sl 1.eo ov. 
. ~· . . ..,. m ~ft.... I .. L!~ . •10 ( . )•l 
~~· Y$1Ue 0"" ~o ~ ~-r...J a;;::= 1•9g X 10 ·ll.. ••. - · • 





.. 
• 197 .. 

ehange !n e.etl~at1on energy ~··tho' amount of ovapoua- Q.dfrorbOO in pcvd~r 

cell:J oi f •apo .. a•:.e~:r4ten~, astneene· mtl aothyl b1nn can b$. und.,s.-... 

·!Jtood· fl'O~ ttw leg cr-- V!'Ja ~ plots in F!t;~h .. 4.13 ~ ·4.1S res~ct!vety. 
. ' . . 

In easo ot m0thYl b!nn tho adoottbod Vt!!'JOU 1 o ·etllanol and in the other 

ttJO oozatcondt'iCtora etb!/1 aeetato ,-,apour has boen utrod. !fowever, tn all 

th~so eages l t has been obs~rved that tbo slopo of the str.Jtt.!ght 11nos 

1n tho 1~. temperature •qton deere~sos With. tbE) decreRstnr sount or 

~ ·· the. 0dsorbed v~pour... Thus, theaereeults tndtoatfi ·that t&o· va1:t.te of' 

the act1vtJt1on 0norgy of thftoe three e(!!!l!conductors deeroeses in n 
. ' •'·.•' ·. 

regular monotonic te.shfion a~ iMJfe VQPouits -de sorbs tram· the sampie·. 

Similar chango ln . aot!.\7at1on etlO'fmf w1 tb tbe alllOUnt of vapour' a.d$or~ed 
. . 

•s alt'JO ObD&l'Ved With ot.bor \'eJ)OUI"$• 

. . . 

4.2.3 ·!1;.! ~~!\o~en~~t~~ ... ~P..R.!!!.~~ ... ~2~ th;*!, R21t,cme .emd~P~.!l~~l'$ 

loa· cr- vs. ~ . plot on tibf!! Oi'd!nete ·at 1 1 T ::- o 'Yieltlo tt.:~ "~duo .. of ~ • 

.:-i ·SO t.rem thto ~a.tiofl (4.l.),. it is ·expe.ett)d that the straight llnea 

tn the low ttnperature l.'egion tn eacb ot· :the l.og ~ ve. ~ · plots !i!'heuld 

me$t l\t a a!n.gle point . on. the o~tlin~te at-\-= o yielding a $1ngle Value 

ot ~ t! the eonduct!Vity ehan$e .in .solely .duo. to the change · :1n. 

acti va.tion energy E. as tn ee.me · ot (3 .-eo.Totano14 !J nu.t ·:r~ tho 

log fJ. ve. ~ plote (Figs, 4.6 • 4~16) 1t 1s obser\"ed that no stn!le 

-vel~o of a-c; !s obtained 1f either T~<P <lt:tt n ~ Qq. ~he o1::tre.p()'loted 

lines tntereept the ort.U.n~te ·at e v.te::to ~~i~t1es or positions, bUt 

they aU. puss ap~o7.dmeto1y ·through a single po1_nt at a t~pcrnturo To 

' che:~o.etortsttcs ot tho sem.loonauetol'. Tb!s 1o oxQCtlv \<Jllat 1~ ~eotocl 



FIG~· 4.13 t Semtcon<.1ucts:dty dft.te fot' /3 -ape.S~•cuotent\1 

powtjeJt t0'-1. ("stce.Qy etftte eondttton) with the 

ad~~lcn~f attterunt ~lnts or ethYl e~etate 
vavour.. scUd 11nes ttepJft'u~ent the teopa:ratu~ i'eglon 

ot meaeuremt1mtdt 'broltt'in litloa era att?<apolations. T~ 

lf:n~~ ( 1), ~ Us) roter to tho states 'ld th tho dec~cmt'lng 

. ~lrtt :Cf ad$01'bed Vt~Ptmt• Too E veluoe art (1) s,iiG eV; 

<~) a.oo, ev; (3) a.2e tNt (4) ~.19 ev; ftl) a.sa ()V. 

?:he YPJ.ue ef T0 -::::: SG!I. ~f ~~ 2:70 ~ lO..:l.G ( JL. a)·1• 
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F%0. 4.14 #. Gemicon6uct1Yity data f.-Qr astaeGilt.l .pov.ler cell 

( sttmd1 tl!tnte eond£ t1on) 'W1 tb ·the ~!iO:rpt!on ot 

cU.Itereut =nc:Qtrte of e.th~ ~tate 'ftpour& so11d 

:u.nes ~Ot~f!t:J.ent the temf)Or&t-iJ!'Ie Hgion of meartt~ 

!!f.lllte~ b~ken Unea Ql'• ~rspo1:at1ons. Th~. 11ne~ 

( 1) ~ (e) l'$fl~ to tbt!t fJbt.tes wJ;th t'b.o ete~r.tasln~ 

amount of acltm'beif ft.tlOtU"•· The E ova1ues ~r• ( 1} 

4.93. eVt (e) 4•00 t)VJ . (S) 3~13 eVt (4) 3:.-66 9VJ 
' • • • J 

( S) 1. 31 eV. ,.~11~ velua of T,0 ~ .f!!IO~ l ~ ' = . · 
. •IG , ~1 a.so : m ·~ ...a.. em> • 
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no~ 4.,15 i :~em!condU~t1vtty ticta ft>r ttethyl. bldn pct\.'dtJ'f cell 

(stc:MY state condition) ~tb tM· fadsorr>t.i<.m ot 

dt·fter-t ~ounttJ of etb~~i vanet.u.•. sol!tl ltncs 

ret).r-esent the ·tem,ora~ :rqian of l'eeeur-ents9 

~m ltnee •~ elttttepoletlontlh· . ~ho 1tn~o ( 1.) ~ (G) · 

-r~te to t..)te states ""tb tbo d•~r&a.dne; saunt ot · 

adoorbed ~-P-OU~'~ l:lle 'B ~.l~1~s e:re (l) 4~98 eVJ 

(a) 3.M. eV; ($) ~~82 .,Vt. (4) .1t9a 9V; ($) t~tsi eV. 

Tbe va1u~ ~t ~0 ~ 2530g; ~~~ 1.95 1t 10~16 ( .n.. ~)•1. 
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trom equation (4~3). !t these ehora.etenet:l.e tG.'lp(tre.ture.o f'1'0 ', 

tlte 'Value of If"" (f£0 ) g1ves tllo 6'0'
1 
valuea. ext~ vtllues of ~!'0 " s and 

rro' 's obtd~rul fit~ different log· (]" vs. -1;: plots tor the ~t­

corJBuetors studl$1 ue· shown ln table· 4.1. Fl"'om tab!G 4_ •. 1 tt 1.0 

obeervoo tl~&t thetf"W sotB of ve:t:ues ot 'Xo' o ~ · ~'• s aro 1n 

good asretmant. 

!!w plottJ of log o;- vs. ;z ~e l!ne~r " e-xPected from 

e(!Ut'1.tlon C 4.4) [fl!nee loa a-;;= rl 2. k ~o + lo& ~ 1 J and- ue s~ tn 
Figs~ 4.16 ~ 4.13 t'or vitamtn t. (a1coho1 and ~cotate) ~ f -apo·S'., 

c~tetJal., astacene Q'Dd methyl bixin respect!<vcl;r. !he. v~l.ue$ of 
I • . . I 

'1:0 and a; oe be obtained from the slopes ·ana· intercepts tte.speet!ve1y 
. . . I 

ot the log 00 vs. n plott;.. fJ?ho values of T0 antl <f6 obt31rted from 

the log ()'(; vs. rz. plots tor \1ltte.rent polyencs -~ shown in 

tebie 4.2. ~bus tbe values ot T0 and 00 ' <tables 4~1 t11n1 4.~, 

obtd.ned troa verlouc ton ct"' ... ,. j_ a~ log 00 1rs. ~~ plots ~ 
. T . 

conststmt and show ezcelldlt agro~<mtl6 ., Us1rig tho vctues ot 

T0 ' s rmd 00 1 
• s obtain-' horJ tht'l tog ()(; v$. E plot~ wt9 have 

eeleulat~ ti-ut osp(t-et«t O?; values etld compare th(tse w1 th e~~n­

mentelly measu1'$1 values. 'l!bose 2re show tn tho tabloe 4_.3 • 4.Ia 

for tho ver1oue polyrme ~~teon&Jeto:rs. Tl"iO date pra$entctt !n tho 

tabiGs 4.3 .,. 4.,is confirm the V:111di tv of equation (4.3) tor the 

polyen~o stud10{f. 

flhe ploto tJ'i log a- ( 11) ~gn!nt1t n rnaa shotm tn Figs. 4.2().o.4.23 

for vit0m1~ A (dco1~1 me ac~to.ta) ~ ~ .. e_po.e•.-eerotenalt ast•cme 

M-xi oethy1 b!x1!l re spootivel!f,. ln each ease a good stroi.Ght line 
, 

$e obtained as expc:;!etGd from· oqua;ticn (4.5). The ~ue of tho observed. 
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Ttm va1ue11 of r0• e ~.rut u;,' • s obt~-ed trom dift()rtJnt 

los o- '\18. l ;plot$ ct ~-.e po1refte, semieot\ductol-s 
'i: 

S:emlcon­
dueto~ 

Vi to1n1n A 
a1ccho11 

V1temtn A 
aeetsto2 

~ -~apce.S' • 
oalfotend.3 

. . . 4 
AS~~ 

a4MPption 
cr 

ffittorent 
'Va~'$ 

B4Mrptlon 
ot 

d!ffer-cnt 
MOUnts of a 
psrtleul~ 
~pOUJi' 
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1• V~m F!gs. 4.-G _eml 4•11, 

s. l?~om ftgs. 4.s ~ 4,.1:3; 

s. From FJ_g:a. 4t~3.0 ·$ll\1 4.15.-

V~ue · of q-;' ir.t (..a· trm)•l obtd:ne<t 
ft-OJ.n the log f". V$ _, ~ - p1ote 

tor 

at1~rptien 
ot 

different 
'1/(lJ)0\11'8 

,.. b . . 1\·16 ~+o5 S 1~-

ailsorptton 
of 

6!tfo~ent ~ts 
of e pUtlwlv -
'!Fe pour 

·.,. ·~It: • '"•10 o!-•U<!:J ,..; .s.v 

a- hom V!~s. 4.? ona 4•1at 

4. 'FI'm Figs. 4t9 end 4.149 



FIG. 4elG 4 Plots of tbe log Go •luof!l egtdnet the· cettvo,tton 

•n&q!es (15} to:r \fitaatn A (elcohol a.,_t1 ~eet&te). 

tlh-o da!'tt mCleB '11/!ffl!l.t to 41tterent Va,OU:!'S am the 

spe-'U ei~lcs to d!ft$%'ent a.tuount$- of· Gthl4 aoctstQ 
I . .·· 

. v~rpeur. ~lopeff1 ~..nd <r;; valttol uo 14.45 ev""l arJd 

a.ao ~ 10•9 ·(.n_. a)""'1 tor 'd.tae--4n A atcohot' Qtk1 

17.52 e~1 end 1.50 x. 1o•lO ( ..n.... era)•l for v!tcmln A 

e..cotnte »o$ect!Vet,.~ lflte ri!bt emt left $Coles 

refer to 't:lt~tn A eleo.1»1 end vtt~1n .B ecotl'lte 

•ospoot!:vetv. 
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FlO •. 4.17 t Plot of the log ~ ValUtlC agtdn~t 'the ®tivat1on 

·otl&t·,~u f~) tor fo 'IP.apo..-a•~¢nrotcne.l. ·!lhe €.lark 

e1reles retor ·to <ltfte?Ent vapouru a.nd the open 

etl.lel~~ to dliffe.rMt Emountn of ethYl aeotata 

"fQJ)oor. ~o ~1JI$ of slo~ == ~.44 erl~ 
~ 1=- lo47 X 10•lJl, (...a..em,)•J.. 
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FI'O •. 4.1S t Plot of 101 cr;; 'Qlue~ egatt1lct tbf!l acttvat1all enert1af (B} 

foJ" a$t~~euo~ t.fhe dU'k ,c!Rles r(tte to (Jf!tf.~nt 

vapc\U's ana tllc c~m clRles to d!ft~erat amounts ot 
othylt!tOttdo ,npemt. The value of sl.opo = ~1.04 ov·1, 

~'= a.oo s to•16 ( n. cmf"'1~ 
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t'I(h 4.19 • Plc·t of log~ v~uee q!dnet the aot1va:tton _ 

~nct~81e• (E) for methyl bbdn. ?!u:; dark . .,:1:rc1e~ 

_ roter to dif-ferent ~r>Ott:rs a~ the ope%! circle~ 

to dtffe'#ont etYJtult-a of ethanol vapour. The 

v~lue of elope : aa.ai ov•1; <ro'=t.ss x 1o~16c .n.. em) • 1• 
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remtcone!uctton paraoters for vtt~tn A e~Ct')bol on oc.lsorptiott 
. . 

or va!i.ous '\fa~S· nceonl1!11· to •quntl.on ( 4.3) 

vo.wur~ 

oosorbeli 

'l'olueno 

Methanol 

~·~•·•-~·•·•~---·-·-~-··--~~H-·-·-·•·----·•••·---»•••a-•-•-•••-·-·-·--·----~----~~ 

·o.ao · 

Caleulo.teci 
U0:::: V0 1Q.~p ( l=-/2.RTa) 

(R· em)•·l 

• ~!easuJ!ed · 

~ ( SL· em) •l 

r ... r .... ••• • ·•ru•f _wrv : tr li ,-, •• 

. . . ""1 1.49 x lv 

t JJ i d .. )I fFrip 1 li.l 



Table - 4.4 

Semiconduction parameters for vitamin A acetate on adsorption 
. . . ~ - ~ 

of various vapours according to equation (4.3) -.· 

Vapours Vitamin A acetate 
-I 

17.52 ev-1 
-+-- adsorbed ( 2. R 1'o) ::: 

(;:' I -
0 - 1.50 X 10.,.1() ( .. ,-1 .n.. em . 

;.,. ~ . 

E(eV) Calculated . * 
~ easured . cr;; 

~= ~~~xp(E./'2~'\'o) (.n.. em) .. 1 
-1 

(n.. em) 

Toluene 0~448 
. . -7 

3.84 X 10 6 •. 1 X o-7 l• . 

0.821 
·-4 

3w8 10~4 Benzene 2e65 X 10 X 

)- Ethyl acetate 0.896 9.85 X 10•4 1.7 X 10 ... 3 

n-Heptane 1.310 1.39 X 10° 1.2 X 10° 

Eth~ol 1.570 1.32 X 102 7.,0 X 101 

Methanol 2.,070 8.44 X 105 
8~0 X . 105 

* From Fig. 4.7 



s~ieont!uotlon :pM'cater-s tor fO <!!it&po~43'•carr.>tenaJ: on atiso•ption­

of VM'!ou' ftpours nccor~U:ng to o~at!<m (4.3) 

VaJ'O\lrS 

11u.tsorbed 

r.;(eV) 

fo •liJ,'.!O•~•·carotenei. 

( 2 R >r;, f 1 ~.44 ev-t 
r.r-:_ ' - 1.47 x to•.lG c .n.. anl'~1 

c 

Cele.ut&tett 
C10-::: at e}Cp( t../2.R To) 

•1 ( ..o.. • em) 

l-~easnretJ• (fO' 

(n.. cm)""1 

-t ·11 II iii It 

·at t~'!:IUill •n ,- ,· 



Bem!conductlon J)~te:rs tor ast9eene on ndoo~pt!on ot ~rioue 
va~rs ,ae~J.ng to equa,t!on (4.3) 

Va~:a 

adsorbed 

.... ... 

fitJ ·~n 

E(OV) 

•. !II .. 

5 ' I l.P CiP_ lit . ,- - . r:hU 

Astacen.o 

( 2 N_,-.0)
1 = t?l.fY! &~i 

~' -= a.co s 10""'16 c . .n.. eml~1 
0 

Celculatea 
lf'O= 4'0 1 exp ( _t /2 R"Pa) 

{.n. .• ,-·1 

Ji: -•• IS 

1tr4 

3e9 

i:f 

• 1037 

X 1033 

·l·;· ... , 
a 10 

---·:J:---,··~, ... ...,..,..-....... t: t ..... ~-0-'t?-P:IJII-1 ---· -d --·-··-ffdJ&Oill ...... iii'IWI-lO-P -~ ------( '-0-A ."J'-Iiii--·-IOilllli<,'i · 



sem!ecnduct*on par~et.ePo to~ utbpl 'b!dn on adsorpt!t)h of' 

v•le\.'S vapoul's aeoo•iJlB to ~oqu..etlon C4.s) 

· a t a.i&! u ._ 

~tetbr1 M,'3dtt 
-1 ' •. ... 

( 2. k 'T'o) = · t?S.at ov·-.. 
a-o' = 1.6a : 1o•ll c .n.. ~>·1 

t.l·) ll ._,. Q . 61£ 1 .. ~It ti. 4. ·11 t.'MUI81t 

·. 'fl!:A · <tAla 3•vv X ~~ 

.. 1 t.eo 1r 10 · 

l-1 I! sitWl! 3 C'f RLJ_W.,., .. 1. UJ ;ssi;l-· 

-A liiAu .. · 
a.~ s .~:.v 



Smtcomluet!on paramoteJ?s f(jg vi~1n ,A ~.cobol o'n edscr.pt!Qn of 

ethyl acetato 'Mpour ot d!tter«At ~nt!l $ccordln~ to ~<auatlon (4.3) 

t:urve t~o~ 

ot n~. 4•11 

3 

'11te.~1n A aleohoi 

(
<l \... -)\ ~ "'.A. Ae .· :T:~-1 
L.. tc.. 'r6 - ;~..-..;~•~ ·Ch 

cr-:' =- e.so ·x t\f"9 ( ..n... cm>·t· 
' 0 

-.. fi ·' Q .L- _.,.- I 1ili .. , ~ 9 btF 1 

• -

~ il"!ft . •""""'a o.~~ z ~v 

·s Ci11*1"1iJ"I .. ·;olN ·.W!PW¥181 

c~ Nth 1~ s eone$~0 to tbe- a~rr~~e!ng ~~nt of adeorbed 
etbri aceta.te.1ta:pC\UI. 

.• 'i:t• fr!g. 4~11 



tlemiconduct!on tH:1ramot.-m for vl:tmn A ~otate on ad$0:rption ot 
ethyl acet&t~ V&t)Ottl" ot differ~nt emcunts aecordi!ll tQ equet!oti (4.~) 

Cur'V'e t:XC·• 

ot Pic·. 4'.ta 

ts(eV) 

Vlt~tn 1 Q.Cote.tt 

\_7-Ft'To)' ::.· a?.s2 e'f>t•l 

ac ' = l~so ¥ 3J)•:to c..r{. ~l •1 
...... 

ceteu1at0d 
G;;" :: dO 1 e)( 'p ( E.../2.. ~ lo) 

•1 
(.n.. em) 

·. ~ - · !" J :1:!1-·:Jfi'r' t ...... f"Hf _ itt't'r'!! ... 

t~~e...,• fO 

(J1.. ~)·1 

..,..,. ___ ,_li!i"""c •"""'·•-'·"...,...,....,_. __ ,,....,, •• ,..,,.._""""_ . .,_,... • ._...,.oo-...,~•"*"••..,.'~•t~,.,.-"""_r,&::_'i.r_,...,._._t l'I-:ISSA-""'-•-• •-• ,_ ... ---·-v ld_..,_;._;,.._. -•••u-•ll....,.,!'>lr!. t¥.J.! !'i• .,,...,... 1.._• · 

eurvo ~!o, '1 ~ 5 e.oncs~s to tho do(!ttaa$!rig amount ot edeorb$4 

et}Wl aeetntG v~~. 
•· F-rom FS.s~ <&.,:m 



!lemteor.i'luetton pnr-amete!"s tor p •at'C .. S'-eml'Otenal on edeo!'!'tlon of 

ethyl a.eotQ.te ftpe'Ur of \11ffc~tnt amounts according ·~ e~aticn (4.,3) 

wrntM: l_..•••taadli&ar•t -· 11.rr ua ·_;·;;zti ..,n:ti«J81'r:·.!Wf'\I'Adf _- f J1j ._. l ... 

(3 •tl!!p0.91·•caroten~l 

( 'l ~To')\ = ~.44 ev-l 

~ ' - 1 4? 11: ,o•te c· .rL· et'l)•t \10 - • . .. ...... 

Caleulat.«l 
U'Q:: 6";;- '-C!..)(p(£../2..~To}. 

( .n._. eml•·1 

~ ~ ·"'~s "'•~'"' 'Jt 4-V 

M~osuretl* tfO 
(...Q. cm)•1 

·- .... ,., •.. tit ill! 

cu.-ve I~o. l..., 5 eowe51)0nda -w tho aaereos!:ng ~ount ot ~mrbed 
otbyl aaotnte·vap~.;, 

* r~ P!g. 441'1a 
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~ ~16. 

Gemteon®ct1~n pe•ewi'~ ~or ~eJttaCo»o -en ad soJ!ipt!&n of eth71 acetate 

Vttt>Qlll" of attter~t ~ts .seeortling to eqt.:tat!M !4.:1) 

.. - ... htA!J Jnll~rJlMf.f"'ilMI.Vl. P ~-IM'P*""" ta'I''C··J i alli:~-c.-.... tlip.-;cFif<-lfit-l'dfl ___ ,..._ I,_LIO:!I:,..,;tn·----·-11-JbiOdl -!il' ..... li,k-.1ti.,....;W·--........ -----··~~~~~&P-Il 

e~o ~o. ot 

Ftr~. 4~14 

a 

E(eV) 

AettJC&De 

L ~RTa)1 =- f11.G4 ev .. 1 

cro' - 2.00 7: 10,...16 ( n. em)"'1 

Celcu1atn~a 

<T;; = tlo /.Q.xp(E./2~ '~o) 

(.Q .• ,-1 

. - ,.as 
~•91 ·~: lv 

~ AA -- •nl 
""·"'~· :.I ""'"" 

1e· • •••• ·a r . n. 

a.1 X 

2.7 ~ 

I QIZi!MI:#4 -; 

1om 

28 10 

Cturtt$ fie. 1~ 5 ~oftei:lPOntls to tho dec!"~~dnt emount o:r .adsorbed 
ethyl oootat(f ~l*lf"~ 

• Frca Fig. 4.-14 

·.-1'11 



Zledcot¥luctton p~et~rs folt metll]il bisln on attsorpti~n ct .otlwlol 

'VtltmJJr ot aifteront ~nt·~ ~~ccrtUng 'til;) oqunUon (4 .• 3) 

(jtirve No. t;t 

Fig. 4o.1G 

-

4 

-

~':fetbyl b!d:n 
{' \_... -\ ~ ~~ ·"::t•l \.~ K ~6) = ~·<1:1 .o~ 

ao I -= l.ss .~ to~<lG ·< n. cmt)-1 ·-

c;.'llcul~Jtext 
I llo-=- 4"0 eX'p(t./'l.R~a) 

-*1 (n.. ~.l) 

...... 94 
a.a~: 10 · 

curve flo. 1~ 5 eor~qsvonds to thG deerQad.ns (1fttC.Unt (}f Mso~bed 

_ot~ol; 'fepout" ~ 

• From. li'tg. 4.-16 
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PIG,. 4.to c Plot~ ot 1&! u-- at a constant t~p~:r~tnm ( '/~=­

s.so x lt:t~S ~1 )" VD• ~ tor v1~~!n ~ Catechol 

and aoetate) .. Th0 !.eft ·and rlght sealos eorres­

poml to .... t~!n A elcohol end v1tam1n l\ ooetate 

70\'SPGCti'Vely, TI1e dnrlt circles ?eter to 

tU.ffel'snt \Tapcnrs· rmtl tho ~pen c!rcles ·tO tl!ffer­

ent e~IOUD.t$ ef .etm;l e:cota.to v~pou. n1o~s ond 
{ . ' . ·1 .. •9 •1 a-:; wl.uev ore 7 .?o ev ~m a.as x 10 (..Q. em) 

tc~ v1 tamln A alcohol' 4966 ev•1 arlf 1.-eo s 10•10 

(.n... em)•3. tcr vitamin ll. acet~te roepeettvely. 
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FIG~ 4.21 f· Plot ·Of lOQ u . At Q const~t mperatur'a 
(I 111~ 3.GO X ao•3eg•l ) VO• !l . tor f -.a1'()•81• 

e-QJ'Otmal. the dark d~e1es rot-er to d1ff"rent 

vapours and the 'Qpm eirclcs to d1tf~rent 

~te of ethyl scetata va.pour._ 
. . I -

mh _.,. ~ :'i '\t •1 · - •16( - )~~Wrl 
;$. tr v~.ue (h. S.!.Cpe = 4-.-39 oV i ~:!:.l.~Ss-10 .n.. em • 
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no. a~.ae t ~lot ot log r !lt a eon~dt temJ)eMtuh 

( \ ~ J!!i:ft · '1Ae3 &.*l \ n .ilt. • ,a, · .'11-=- ~.-~ x ~v -J'l.. · 1 v.s., u· .&~•, .as~aecme. 

The dam c!i!eloSJ J.-efer to d1fterant vapours tmt1 

tha ·open ctrales to d! t!"enat QmO\tnts of otbyl 

~cetste 1m!)OUl'. ~. vfti~t~ ot ta.cpe::. O.,SG erl; 
I ~"' ... •1G " . )•1 <T;; ::: 1.4.'21U X 10 · ''- ..fl· C'1m · • 
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l~!G. 4.S3 t Plot of los a-- &t a. eonstant t~perature 

(~::. s.~;o x 10•3 <J\•1 ) vs. E for methyl b!d.r&. 
I . 

!he dalit ot~cles refer to different vapcurs and 

c-pen cireles to <l1ftorent &-.,unta ot ~thanol 
. . . . _, 

'ra:pour-.~ tt:lte 'Value of ~love -=- a•e ev "- t 
~ 1-::: 1:t00 :g 10ilf: ':J_G { ..0... Qm) •l. 
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olol'o of the ltn~ terr o,ach polyene :ts shown 1n teblo 4•13 for emf.)a-
, 

rison ~ th ~he V'aluo of the slopec 41lq)OCtoo hom: the . equation ( ;f.,6) • 
. . 

~he Va]:Ue ot 6Q 1 obtained iTOt;l O~Ch log~ "1$4 ~ plo·t is alae ~ 
. . . 

tn tht.s tablf.! to CG'Dpnro th!s vd.ue wl.tb tbe val.uen obtcne4 ~ 
tbe log (]"' 11th ~ om log 0'(; vm·. E plots. Fro.~ the tablo 4.,13 

1 t is aeen tht\t the observed slope$ ·from log 0'"' vs. R plot• 3M f.n. 

e¥ee11cnt agroeent ·wt th the -slopes ·ospectC'S tram e~let1on ( 4.6) • A1 rJO 
I . . . . 

-+ tbe ~ valu&e obtt.d.M« f;tom loa (;'J ,.~. E plots agree eat!sfaetei'lly 

t4 th tho· ·va:tutie cbta!Ped hem the log ~ ,,.. ~ e..nd log o-v v~h ~ plots,. 

Thus tho h!gh _e15rrelation betW.e-n th<!l ·Mwmit pt;Weoeto~e in the 

$~1conductor~ ~ler ~tudy on adeorpts.on ot varteus vapottrs 1nt110&t-ea 

that cmpeneation rule !s Yaltd :ln tht'tso 0emtconductors end. thet 6Q 

and E are indeed :ph,.Vs.te.elly Pelat«t!B' 19 

trhcr.o et-e ~l,e:r ot thettes about the mechani~ of' conducti-on 

:ln organic semteonduetor~ tead:!!lg to eompalNttf.on effect:. The ea~nel' 

tn3oetion model ot Groon00 produeea t11e type oj" s.et1 vatton energ 
·' .. ' 

dapem!cnce o·f the- pr&·o~nenttal taetor ,as ebeervctl <!xpet!t!'len~lly 

but tt doe$ m.t p~ov.tde any phyt4eal.. bnds tor the :tnttWpft't.tion ot T.0 • 

ltemeny· end -noaenbcitrtl~1 observed eempen$At1on lmtt tn tum'lf.t11nt 

of sm~l polaron through lll()lOO'.:alar barl'-1ctr t~m thermallY act1 v{lt«! 
. . . . . . e-

enersr lnv&le of molecules. 'rho!r r.wae1 pt-od-icts that T 0 :::: 2: (When e 
is the Debye,..'!apornt\lro) antt thet at ! > T0 , small po1£>..ron 't~Jrmeltnc 

1s not possible end ~ponseticn effect it'l not ~ted to be obsoM'EKt• 

~ out ot thct ftvo s~icondueto::ro stud.1ed; in eaoe ot thtrse (~•apo•S*• 
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Ex!'neted (~(!ll• 4.6) ana obM4'Wd t.dcpe:s ·~m o'b~~ tr;' -~ tixe 

leg() Vth E ,,,ots for tho pol~ Ge1!il®ntiuctf>J'£l 

Vt~'E.\l'l A 
tnltoboll 

Vita..un A 
e.eotat•1 

1 •• h~ na. 4,.oo ; 

n. •J"~ :Fts: ~ 4.tea t 

~eetetl 

a-lope (cv""1)' · 
Ob$0PV08 

·mol)e (~v--1> 

"' . AA_. . . 1\ilA •16 A•'!Aif X J;.V . 

1 .• ?ilf~ ~.,..... j:rJ .... 'ltl •. -. 

~. Fr~ ~1e. 4•121 1 

· 4.. v~ rt.g. ~ ... oo ~ 

. '· 



eorotenel, e.stao9D~ ana metbJ'l b1%1n l th~ eeteonooet!ve b,ehav!our 

ot th& e.om~G h{l;tt bMn studied at ~) '1:0 " The esperi.uentel !results 

t!lhow tht¢t tbo crmpoo$a'tt.on m1o Is also "fal.Sd !n tl:l.ese cesee,., Fu7ttwr, 

Debye.- ter.Jpeft\\ture fot' these semioontttleto7s ant not ltnow., 7t ·bas 

been reported~ that the· Debye-teoperatur• fo:r a series et el"Ya.t'al, s 

ot iarcc &1"Q:lGtic .mo1~1es l:tostn tho ~g& l~lOOo.tC • Jt ~· that 

the -x0 VG!Uet~ mettsUr~ aftJ !'att too hlgh t.o j\lf~tlfY the pole,on ·tumel• 

1ng model. 
. . 

neeautsO ot v!despreed OCC*Ji're:ace23 of the compeneaUon , e..ftect 

( be~ddcs· am1eonductton _,recess, 1 t !$ o'bser•ett 1n e~tott reactions, 

catalytic I)rt)eess, themal denotnr~tion or macromolecol~s, thomal 

k1111ns of unlcellular orgtL'I'1i.sas otc) ~ Kemeny and t~tt1-hanti11 haft 

propo~ a theory of eiMtl'tmlc charco transpor-t as 1nwlvcd tn 

ldnt?t!e p1*0Ce.s$0s (also ap~,ltca'ble to e~qutlibdum pNcosoe$) hom the 

absolute rate theory •a.t!onMt26 td.tbin t-wo ~e!.el moae1s. !IW 

f!rr:;t one ( que.tlrfttte pol01'ons) tnvo:tves the eotlplitlg ot olec'bona \4th 

> e set or osc11!fttcre, Vheree.c th'0 sccont!t one (m•0tie · poleftns) 

involves the ~piing otelectrons witll a aet ¢f op!nso t-.oth the 
thQ. ' 

codelet :ollow that"activat!.cn entropy ts proport1o~a:t to the aetivatloxt 

energy tbutl provid11lg a coxs,cncat:lon effect. "ihe use Qf u ~tier of 

·OR11lators or. ,of t~JP1n$ to b:tiDg a'bout the compensat;,on ~tfeCt- H~t 
. . . 

to ap~')ear Jieasonabl0 m v!ew cr ihe tao~ that the •arteble amount ot 

adeorbed dtel.ecttt!c {vepoul') ecre..m off tho int<ifraet!on of a cber'ge 
. ' 

'With~ eoro distant parent ~~1ecuiee; t'# depend!ntJ on ·tbe number of 

· sneh moleeul~s with W!deh the ehargo etreetive'ly 1nter,aets. Eut In 

~ quadratic poleron node1, the ¢buacte:r1sttc tm:~pei\ature T0 1n alY!&Jtt 



/ 

neg~tiw 1n orxrrtr.SJdtotion to ou-r ob!O~tion. 1be spin po1~ron 

mo4ol gives a posit!:ve !.1?0 but pr.:tU,ets no aet1vat1o:n o.n&l'JW at very 
b1gh te;apez-atures~ At a temp&retu:re -ound '10 ~ the pl'Oeess 13 

., 

acti "e~ end the a.eti~t!en &neJ~f:Y b~eomes tunet!an of tem'e!'e:t.urtt 

Rer-e E(O} 1e tbe aet:tvatton enet.gy at low temperatuM amJ ri. ~~ a 

function of teope:te:tun; 

o<. ::: __ \ _ . lo<i [_ 1 + ~ )(.\? r (-L ~~a'}_ 1 ~-}] . . ka~ . l . . 

f.housh our e¥Per1menttJ Wl"O 4ene 1t'l a lbd ted :ll'ense ot tO?Jveratu·re, 

the e%Co11ent llno.or plots in tiq;e. ti.t.G • 4 .. 15 do not suac~st aucb 

t~~oftture dep~·ene•~ 

Other theeretteGd att&.'!tpt&tJ,tO 'to de~11'~ tho eompensstton rolo 

wer-Q ~estriated to the t•vemture dopend~ee of ttA nmnbttr, of· 

seti:v&tet1 cat:-l'iers ~~ -~ mot!el con~.st!l'l.i ot tw oleetrontc levels 

a:·~·~e!~too 'W1 th eaeh molecul:$!' !llte, 'tlle elec'Ucnic st~toa be!~ 

eonp:t.e~ to a at of f1 ose111,Q·tors as~ated with cacb moleeu1tU' Site. 

A ebsns•, in the electronic state (duo. tf) vaP.Qur e.dsorptitm) give$ 

:r1~e· to an act:l:vat!on ,entropy because of a chonse :!n V!br"ti®a1 

treqnene!:e~!rt It one 'al!:ltlm~s t'OO tSern!eonduetion equation as 



)· 

~et!vatt.oll en.tJ.topy (S) ea:n aceotmt for ccmpen:$tlt!on etf.et tf the 

chtmsoe in t'ttAlse p~~- ee stven b1 

E =· E.o + rn £.1 
~ : So + "n S, 

&l"e ~e tor all the $7Gtems., In this e~ tbe cbee.ctc"iftlC: 

te•re;~ !s d1tert by r 0 = n1 /~1 

/ 

Unfortunately due to tho tact that tbiJJ ilature of tho a.ctl:VQted 

c~plex (du$ to vapour adeo:tptton) is aot pi-eeiselY' knotmt t® a.etl!llf 

1ta.tton .antrew $ ( hence s1 ) Ss a re1atlvo1y ob~cure quantity and 

any ~~ntltattve est!mt\te of ! 0 to not poo~blc., 

?.?l'"lft esp01'1men'b1 r.esulta presetm tn tilts ebnpte~ sJW tbtat 

the ~etilttl!llt of co:atuot1'1! ey is a.soootnted vi th n chenge to at)tl• 

vntton .et1~V ot tho 'S~Aconaucttws • ~uv atteorptitm• !hts ebanp· 

ln eettvat!on enex-gy· depMd$: or. the ohe:Ueal mtit,Ire ~fl t'.l.tlt'l on th«! 

emounte of t'apova ooso•bGt1. ln. ease of v! ta~n A elcoho1 M6 

neotate tile e.orih.tcttv1ty tncreasos '\dth tbe t1eer.fJas~ ot t!!etlvatton 
I 

~IY wlwi'oes !n ~ <-apo•91.-carotone1• D~staceno and metbJ'l b!dn ·tho 

ee~ve.tton ene-rgy l~aees with the !J'lcr.ease of c»ntluctt"fity,.. This 

'bellaft.ou~, mwwr, is QUito ~~et~a.blc ~tho eonaueu~tr 

ez~es!dtm (4.a).. It ! 0 > tt t wlie~e ~ ls tmY· tompera.ture In the 

w~d,n,g te:nveratute ~ge, then < ~ - ~ ) be~omeo n~gattve .tm<i the 

t!lena• bl a---- Qt a pN'tleulml" tempei'a~e T ts suggest- w!tl~ the 

d•ehast) in the ~aluf! of B. Thus to'l' a t.lemteonductor ha\11.ng thO 

eb~teritatlc tet'l'ip,J~etul'e <"ol at a M~r v~uo tbafi tho ~ktns 
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t~,~~ture•,, et4~Jlcemmt ot l ts eon&u:ttnty ls ftP.$Ctctl v1 tb the 

·dtCf'illt.ee ot 1ts aettvatton eneg,-,. fh!s f.s wJ:•t we ha1:t .. ob_.ltl lit 

ce$e ot V! t~ A elcobo1 am acet~te. Aidn, lt 5:0 1... ~ ~ then 

( ~o - ~) ~Otlec e pQdt1\fe (!Utmti ty e.mJ so fne:roese in ~ at a 

tempel'at'tlre l.f ts as~c!ntdl mth ~ increase in at!ve:tton aeqg~. 

ThUs c st\r!tconductov bavlng th~ ehuactox-t~tto tenpera~ (T0 ) e.t 

a. 1ot1er va!t.to than t:be oorktnat tcmpotratures tlhoultl ohGW ~ ~n&dc~ent 

ot tts- eon4uet!vttv d.tb the !htereeMt ot tta e.citvati()ft energy. t$• 

baw obsm.n:ot1 snob beb&.vtcur 1n oase el p ~~e••e~ot$M1, aate.ceno 

end tt_(;:Jthyl bld1h Now tt !tO eleu hom ov e:lpetiment tbat tlltl 

chavacterlsttc teGpeH.~re (T0 ) ot a ~Semic:t:ollWttor pleye. an !:mpot'taflt 

t>o1~ ~ft. tbe dmtk coi'Kluett~ ptoces~. 

. ~~~ ·ehar~tcr!$tle tf.fnpe·J~ntul-0 (-Eol• bowover-, ha$ baon _tt~pt. 

. tt> . b.e a molecular prope:vtYa~. . e_ul' ·r.~~ts ~$0 ~w df.f}t!net ! 0 
.vt!if:uen { tebles 4.1 m1tt 4.2 ) for each ()1 tho polytnt:Jth It 1D~ 

howe'lor ~ net m~eatoott why -J0 baD o. bi&h •lue fo~ '!f/ltnm!D 4 mlfl· 

also 'f~r .P _ .. earo~t$t 'Whe-roas fo~ f •apo-S*•eUGt•n~l, ast-a<;.O!l·e and 

tnf)thyi bidn '10 l$ em~1 'tlltlllP t41 tb&M r.t01ee't.l1Cs tte1eDB. to the tong 

. cbEd.n cen3usat~ po1vmo group with dtomatittg s1n«1G md tloul>le 

'boD4f'l• A1so tho- mmter . of 4cub1~ boMc o.t the Meond ~.:tp of polyenes, 

lle tn betwl)a 111~1n A end f .OQI'otene sustesttng that tbitl taua• 
mote:r i~ not ~elated. to ~0• Poostbl.y 1t 1!! ttw f3lld ~P of ttl• 

pol.JOft4!UJ \lltb wte.b ,.., to somemv ·~l~ted. It is to be or !ntGrcst 

· to note tL~t ·tM two ~ps: at tho po1~es Sr;:veat!ea.t«t are 41stlnet 

tn that tho oo~eule,$ of 'tb.(f s~ond ~p, f3 •a:p~at.c.-otend, 
' .. 

atJt•cme aml methyl b1stn, bav~ a> c ;::.() gmJl) '\4hieb ls eoujugetea 
--i 
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-~ .. 
... it;$. 

with the ~tuenG Cbdn 1th~reo• the ) C= 0 ~!' !n Vltemia ,~,, · 
' - . 

ae()tttte 1• set eonjUgatGI wlth tbo mein carbon eha!n rmd 1f.t:tamlft A 
' ' . ~ . . . ' . ' . ' . ' .. 

rueohol has m eu~l. ooa ilWO'UP __ <Shown in r.ar~ ..-_ t ~ ctmpt•r a, __ 
pqe - 33). -~t~ lt .sed!s that the p~Gsence of tho COD~caW _ . . . . ., . . . 

carbo!'lYi ol!l Sl'WPt: In the ~a1 ~~" of the pot,enes $tudl·ed !o 
'' • ' ' • o • ' ' 'I 

~· ·eap~mantd rcuNlto tM!e~te tht.t thft eo~p~tlcm rule 
ls vattd- t'ota the pe1y~ae -$~ndUct01t'$ $tud1_, ·end tl~ ~otivatl<m 

eM'f87 ( ~) 15 phu-"Ql; relatct! witii a; • l'ho dlstiMt vat!attcrt 

ta tti!O ebs~ vtduee of .,.,_ ct ttl&~ ~eo-naucto!'9 eu{€gostd ·the 

F#Q$s\li!Uty of do~mce-·of !f0 on tbc mclecut~ ~pGrty of tbe­

eed.ecn&lctbg .m.at-edet. ~ilt':t cberaeqrietf.c teml)e•atun (~0) ot em­

oraento s~leomnc~J' plnws en· ~~t31J~t · ro:le tn the d• oondu.ct1on 

pro.c•st!h-



-+ 

/ .. 

)-

netenncea. 

1. D.». mev., J. Ptll)'Dler act.. Pt. c ••. u, 73 (1967). 

e. n. nosenberth n.. Dlowmtk; u.c. uerder and E. Postow, 1. ott•• 
Pbye •.• :11• 4108 (1968). 

s. D.D. m.ey, A.s. Fewaett md r-t.n. Willis,, Trans. FePeday. soc •• 

4• 

s. 
a. 

M• 1513 C19S8l. 

o.n. Johnston an(! X,..g~ lqonat Aust. J, Chem • .- SJ, gla? (1970)• 

K• Ulb&.rt, .Aust. J. ~ •• 2at 134? (1970). 

M·· Masul, n. Wegasaka end .!t. tahagt, Jpn. J. Appl. PllJS•• lit 
177 (1977). 

7. ~"'• Gutmann end t.E. l'qons, 0J-gan1e S~deonduet"'rs (Jolln•W1ley ana 

son• • Inc., Rew York, Lon« on and Syt!nfiy • 1961) p 428-436, 

S, o. Bxoe:l'• Ueture, m, 4!8,, 19M. 

9e G. Kemeny Mt1 l.M. C~leny, J'. !rbeot• Mol., :;,Q, 107 (1973)• 

T.a. Kaplan and s.D. Mtbantl. J. ,Cbem. PbJs., !Ul, 100 (19isl. 

u. c. lte,l!l-.tnY and s.n. Mahentl, P.reo• Nelt• lct:ul. sot..; USA1 m, 999(1t75). 

:te. 

13. 

G. 

.n. 
Be••• lta. Kf.tegawa mld M •. teae, Jpo. J. l.r;pl• Phys., l.lt 416(197~). 
nosenbttr'h J. · Chtm. Ph?••• 12• 81G (1001!). 

14• T.ti. Misra, n,. Rosenberg ttnd n. Sw1tger, J. Chem • .Phys., At 2096 

(leGS). 

15• A• Epst1:11n and n.s. W11d1• J• Chem. Pbye.,. alt SM (1'960)• 

lG.. :a. ilosenberg1 No.ture, 193~, SG4 (19G2) • 

17 • n. noseobt!J~g, Pll131c~l Ptooes8es · in Red1atloo ntology ed1 bt1 bJ' 

L.. Aus~nsto!n, n., ~Muon end n. Rosenbttl"g (Aea4•lc 

PreatJ, New York and Loaidon1 1964) p 1ao. 
18. o. Mttl\1ke A. Ohosb and r.u. Mlt~n, a.t11.Che:lt•Soc. Jap., !n pr••• 

~ (1~). 



+ 

19• D. Mt\llltk, At~ Cbosb and T"lii• Mi$1'&, Jpn. il. Appl. Pll)t$• ,_ lit 
331 (19?9). 

ao, ~t.E •. GHent J. Chem. Pbyl.•t §1, 3219 (1969) .. 

21• 0• ~ny ta\'16 B• ilosenber3t J. Chetn• Pl\YG•t 1St 3549 (1970)• 
. . . 

22. E.t, Mukbterov• A.A. Mclttlftn• A.t. Itttatgorot!skii, Gov. !lbyth . . . 
Solt4 state (U.s-.A•>• l.L 19?1 (1975). 

~3. a. ~eny· and. n. Rosenbe.rg, N'a:tuM• am. 400 (197S). 

e4. s. Gluateme. K.:.. water' me n. ~or. - !i'h&ol'¥ ot !ktte 
. . . 

Ptoceaaes (McGl'a_wefiilt, !few Yort, 1941) • 
. . 

25. il•E• Westoot Jr. end tt.A. Sobw&rtt, Cbem1ca1 it!.Mtloa · (Prenttce-

ffaUt lol-1glnet>4 Clttto, N.J., 1912). 



. 
G• 

-+ 



1. 'B. !-ta1.11t~, i.M. lain, r.~o. t;f&ndel antl 7 .v. ~~~s, fla®tron!e 

t~pceba tJf Polye:nee 1 E\dtlono cf • l~1II!ns torW.tlti$1 

t!-:(!nf!tl~ !.c ~ 11!!eaJS ~$Ul!at«t po1yon.ee~, 

l\!14 • :J •· ~e ArJPl• Phvt'l• t lat. 6~ (197S) • 

. ' 

a. n. t-rett!k, t.lf• JlltiC, :1.-G.- ~and~! ~ Y ,.u. f~!sra, ·~ on th.e· 

e'V!tkmef.l ot a tov-:tytng foJ~htdtten 11 -el.~ctwonte dato !n 

lletll1i b!=in •! 
!~. :. PtWe ttpp1,. 1'h7~•• las, mt (:ttm. 

s. n~ tfa!Ukli K.tt,. J'd:D ~oo f.tt. M1eta, ~ Cbi11'£t-tran$l\tl~ eompl:aett 

of Jth~DP..s• p -c~te..~~ ~ 
lrad ~ J .• •~b~ ~ l].lophys-.-, J§, ~m) ( 19?6) • 

4-. :» •. Mdltk ~ T-•»·• MS$rilkt ft ehog.,.tr'~nste ocmplues of -~ 

po1yees1;. 

- lttt1-. J • Moe~~ Blev.b?s-.., ( eommum~ate.dl 

l'h i1-~ Mdltk. a. Gl:tOsb ~ ~.tl. us.~, ~a~tecneuctlve prope~tlt!H!I 

ot b!e.l~!lcdlt im":t~t \Wllpou.Jlds • Gas d!br!)tlcn ettect en 

'f:!tam!n Jl (geoboi a'lit ac&t.a,te) * 
vroe. t~sen ~e~. net. A, JDi, as (29?9). 

G. ii. MBlltk, !\• ~tth e.M 'T ~'t1,. t4l~.. -~ Co=pentmtion etrcot tn 

s~,eattauctt~g vttmtn .A (dCGhol M\1 ne0tate> u 

JJn• :. Appl, •. PhY~'h·t J11 001 (!9W) • 



'1·;; 'r 
. 1 

+ 

•• 1l 

?o n. J~Gll!'k., A• Ghosh ·and ~,.!J• Mteat u Pl"e•OJX!'Onent1nl f&etot' 

I'D st't!dconduettng V!.t@!mift A (a1eobo1 ~d acetate)~ 

1m11. Cbea., s.oe. 3 6lh, .ea.,. 0000 ( 1979) • 

-~ ;tOlvcno· scnieontluctors n 

1~11. Cbem.. eoe~ JaP•t <e~teated). 

9~ :a. nat.l!k, E.i:t." Jet~ t;tm ! .n. Jlf!.era,. "Eleotron!e .spoctre. of 

-~ •!~~ t~o ~at!tbr~eene t sol~nt effect en iA. ~ lt._ end. l_t ~ ~b 
trand.ttons ff 

· taa.- J• fUM ,\P.!'lt PhYS•'J J:lt 53 (l!l'?G) • 

10: tl. !·-!alltk, lt•r7h 'J.d.n e..nd ll,.n. t~ist'a, ~ l?!ect~tonte aboor-ptton 

eveetrm. of allif'l!t tr,cn.uoronet a. eo1vont ett'eet on 1~ ___,. l:r.$6 

t-rmsttlon n,. 

x·nd • J • .FUre ~Jtd • PhVS• t lJ},- ~7 ( 19"17) • 

ft 
11·· -s., t-!clltk, tl.D. ttftl.Qpetra· antl~_.n. Ntsra, · • neat c:r,sW fteld 

.,rtect on tho f)loetrontc absorption specv~ o:t tGtr~~eto goeet 

li! mlxed cr1t9talth , 

:tml. J. Phye •• IJih CO (19'19). 

• • 1a. n. Mall!k! R.t1;., tatn, -~l!)ana Ghosb Mit !.r~. l-1!-a, u.sem!cortduet!"fo 

!)'IOperttes of organ1~ e~~s t nas ad~ptloll ef.t'C!!Ct tm 

9-itn! tronntlll'acene. !':. 

!nd • J • PhYSo t J58, 543 (3.978) • 

~Ul. 1.· 4 •• 



• 

Proc. Indian Acad. Sci., Vol. 88 A, Part 1, Number 1, February 1979, ·pp. 25-32, 
© printed in India, 

Semiconductive properties of biologically important compounds: 
Gas adsorption effect on vitamin A (alcohol and acetate) · 
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Abstract. The change in semiconductive properties of vitamin A (alcohol and 
acetate) after adsorption of various vapours on its crystallite surface has been 
studied at a constant sample temperature. 1\ rapid enhancement in the semi­
conductivity bas been observed. The rise in conductivity has been found to. be 
exponential with increasing vapour pressure of the adsorbed gas. It has been 
suggested that charge transfer (CT) interaction may be responsible for such conc!ucti­
vity change. The adsorption process being efficiently reversible this cr complex is 
weakly bound. 
The biological implication of these observations is discussed. 

' Keywords. Organic semiconductors; gas adsorption effect; gas adsorption kinetics; 
semiconductive study. 

1. Introduction · 

The biological importance of vitamin A and other conjugated long chain 
polyenes is well known. . These are known to have an important role in the 
primary mechanism of olfactory transduction (Misra et al 1968; Rosenberg et al 
1968). The carotenoids present in the olfactory organ can form wealdy-bound 
reversible complexes with adsorbed odourous gas molecules which increase the 
conductivHy of the olfactory membrane leading.to the electrical event of olfaction. 
Selectivity of smell comes from the interaction of the odourous molecules with 
one or the other carotenoid present in the olfactory epithelium. It has been 
shown that all-trans fi-carotene is a poor receptor for the methyl acetate mole­
cules but vitamin A alcohol responds very well with these molecules and the 
conduction properties of vitamin A change significantly on adsorption of tbe 
acetate molecules. The limited experiment done earlier with vitamin A alcohol 
showed the effect of adsorption of methyl acetate molecules only. We have 
now systematically studied the effect of adsorption of various gases on the semi­
conductive properties of vitamin A (alcohol and acetate) and have examined the 
kinetics of such adsorption. In this paper we present Otlr results. 
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2. Experimental 

The sample of vitamin A (alcohol and acetate) was obtained from Hoffman La­
Roche, Bombay. We have used these compounds without further purification. 
Organic solvents used in this investigation were of high purity. The experimental 
set-up is shown in figure 1. The fine powder of the compounds was presSed in a 

- · sandwich cell between a conducting glass and a stainless steel electrode. The 
separation between the electrodes was maintained. by a 2· mil. thick teflon spacer. 
A d.c. voltage of 22 · 5 V was applied across the cell which was phced on a thermal 
bar platform in a suitably' designed conductivity chamber made of brass and 
fashioned with teflon. The temperature of the sandwich cell could be contr.olled 
from outside. There was a gas inlet and an outlet in the chamber for gas adsorp­
tion study. Temperature measurements were made by using a copper-constantan 
thermocouple attached at the top of the metal electrode and a m!llivolt potentio­
meter. All the conductivity measurements were made in dry nitrogen/vacuum 
atmosphere with an electrometer amplifier EA 815 of the Electronic Corporation 
of India Limited. To pass various vapours inside the chamber,· dry nitrogen 
was used as a carrier which was passed through the bubbler containing the solvent 
kept at a required temperature to maintain a fixed partial vapour pressure less 
than the saturation vapour pressure at sample cell temperature. The pressure 
inside the conductivity chamber was kept constant by carefully controlling the 
inlet and the outlet flow. The sample cell was. maintained at a constant tempe­
rature throughout each set of experiment. 

1 B -brass 
CB ·-~cooling bath 

CCT- calcium chloride trap 

CG - conductivi~y glass_ 

FM,- flow meter 

H T - heating tape 

R J B- reference junction F M 
bath 

SC - samP.Ie cerrll ==:i==='l\ 

Nitrogen 
gas 

SS- stainless steel 

T - teflon 
TB- thermal bar 
TC- thermocouple 

Conductivity chamber 
I -

CG,~~~~ 
sc, 
SS-

Electrometer 
Battery 

RJB 

Figure 1. A schematic diagram of the apparatus used to test Jhe effects of the 
adsorbed gases on the_ conductivity of vitamin A (alcohol and acetate). 
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3. Results 

On adsorption of vapours on the crystallite surface of the compounds studied a 
rapid enhancement in the conductivity is observed. The adsorption process is 
fast and almost completely reversible. The initial value of the- dark current is 
reached quickly simply by flushing the chamber with dry nitrogen (figure 2). 
Adsorption and desorption behaviour with vitamin A acetate is similar. The 
rise in the conductivity depends on the vapour pressure (figure 3). Different 
vapours at the same vapour pressure show different extents of enhancement of 
conductivity. The results are presented in table 1. 

4. Discussion and conclusions 

4.1. Dependence .of the conductivity on vapour pressure 

The rise in conductivity was studied at a constant temperature (2~0 C) as a func­
tion of partial pressure of ethyl acetate. The total gas mixture inside the chamber 
was at atmospheric pressure and the partial pressure of the vapour was the vapour 
pressure of the solvent used at the temperature of the experiment. For low amount 
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Figure 3. The change in dark current after adsorption of ethyl acetate vapour at 
different vapour pressure on vitamin A alcohol. 

of vapour adsorption the conductivity after adsorption (j" (m) follows the relation 
(Misra et al 1968) . 

rJ"A (m) = r7v exp (am) (1) 

where r7v is the conductivity before adsorption of any vapour. 
a is a constant and m is the amount of the vapour adsorbed. m depends on the 

partial pressure (p) of the reagent chemical. In the initial period, m depends 
also on the time of expo·sure. After some time, however, an equilibrium is 
established. Thus we assume that in the initial region 

m (t) = Q (t) . p (2a) 

Table 1. Rise in the dark current in vitamin A (alcohol and acetate) powder cells 
at 12·5° C due to adsorption of various vapours at the same pressure of 40 mm 

Vapour 

Toluene 
Benzene 
Ethylacetate 
n-heptane 
Ethanol 
Methanol 

Dielectric 
constant 
at 25° C 

2·38 
2·28 (20° C) 
6·(0 
1·93 (20° C) 
24·30 
32·60 

Ionisation 
potential 

(eV) 

8·81 
9·24 

10·11 
10·35 
10·50 
10·85 . 

rJ"A/rJ"v 

Vitamin A Vitamin A 
(alcohol) (acetate) 

2 · 3 X 104 5·0 X 10~ 
·6·7 X 103 1·7 X 104 

6·5xl03 1· 3 X 104 

4·0 X 103 3·8 X ]03 
3·0 X 102 2·0 X ]03 
4·5 X -10 3·2 X 102 

-l 
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where Q (t) is a function of time. At equilibrium, 

lllo = Qo · P (2b) 

where Q0 now beco.mes independent of time. This is expected from Langmuir's 
adsorption isotherm,· when a small fraction ·of the ~urface is covered by gas 
molecules. Hence, 

uA {m (t)} = uv exp {a. 'Q (t). p} (3a) 

and at equilibrium 

(3b) 

A plot of· log aA(m0) versus vapour pressure (p) at equilibrium is expected to 
be linear. Our experimental result in figure 4 shows a good agreemetl.t with this. 

4. 2. Change in conductivity in different vapours 

When the powdered semiconductor is exposed to some vapour, the vapour mole­
cules may enter the inter-space between the crystallites and form a dielectric 
medium different from the original ~me. .If the conductivity change on adsorption 
of vapours is due to such physical mixing,. a relationship between the conductivity 
enhancement and the dielectric constant of the vapours used is expected. But 
our experimental results for the conductivity rise at the same vapour pressure for 
different vapours (table 1) do not suggest this. The static dielectric constant 
(Treiber and Koren 1951) of the vapours used are in the order n-heptane < 
benzene < toluene < ethyl-acetate < ethanol < methanol which is not in agree­
ment with the semiconduction current enhancemment (ta:ble .1). It has been 
reported (Pullman and Pullman 1963; Platt 1959; Mairanovsky et al 1975) th:ft 
polyenes can act ·both as electron acceptors and electron donors. The adsorbed 
molecules may . form a weak (D+ A-) . charge transfer complex with vitamin A 

' 
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;f 

168 '' / 
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Figure 4. Change in the dark current of vitamin A (alcohol and acetate) powder 
cell as a function of the vapour pressure of ethyl acetate. 
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resulting in a change in the conductivity. In ·such a case, the current enhancement 
should show a relationship with the ionisation potential or the electron affinity 
of the reagent molecules. The reagent molecules used are generally electron 
donors (Foster 1969). Table 1 shows 'that in general as the ionisation potential 
(Gutmann and Lyons 1967; Lorquet 1965) of the vapour molecules decreases, 
semiconduction current enhances. These results show that the enhancement of 
conductivity is possibly due to the formation of donor-acceptor (D+ A-) complexes 
of these compounds with the vapour molecules adsorbed. The fact that the 
conductivity change is efficiently reversible shows that any C-T complexes formed 
are 'weakly bound. 

4. 3. Kinetics 
- ' 

The adsorption kinetics follows Roginsky-Zeldovich equation in a modified form 
(Rosenberg et al 1968; Eley and Leslie 1964). It was assumed that there is an 
activation energy associated with the adsorption rate, which increases· linearly 
with the amount of adsorbed gas. Thus, the rate of adsorption (dmfdt) will be 

dm/ dt = A exp(- Pm/ kT), . (4) 

' where f3 is a constant. Integrating (4), we get 

kT 
m (t) = 7f log (t + t0) + constant (5) 

From (1) and (5) we get, 

akT 
logO" A= T log (t + t0) +constant. (6) 

Thus, a linear plot of log O"A versus log (t + t0) is suggested from (6) and our 
experimental results in figure '5 are in good agreement with this. In the initial 
region, different slopes observed at different vapour pressures show the vapour 
pressure-dependence of p (since a is pressure-independent). The higher the 
partial vapour pressure, the larger is the slope. This justifies the assumption 
made in expression (2) and shows an inverse relationship between p and f3 (table 2). 

Table 2. Vapour pressure dependence of the factor P' = (/1/a) for ethyl acetate 
vapour adsorption kinetics. · 

Vitamin A (alcohol) Vitamin A (acetate) 

Vapour P' Vapour P' 
pressure (eV) pressure (eV) 

(mm) (mm) 

31·0 T;2Q2 x 10-2 . 31·0 0·819 X 10-2 

35·0 1·005 X 10-'2 35-7 0·753 X 10-2 
37·5 0·930 X 10-2 4i·7 0·660 X 10-2 

43·5 0·759 X 10-2 48·2 0·601 X 10-2 

50·5 0·643 X 10-2 ·55·2 0·518 X 10-2 
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Figure 5. Adsorption kinetics data plotted according to Roginsky-Zeldovich 
equation for vitamin A alcohol. 

The change in conductivity of P-carotene with repeated injection of odourous 
gas molecules in the chamber was found to decrease with the number of repetition 
of the exposure. This was related to fatigue effect in olfaction (Rosenberg et al 
1968). In the present investigation, we have studied the change in conductivity 
of vitamin A with injection of ethyl acetate vapour in the chamber and have 
observed similar effect. · This is shown in figUre 2. However, our observed 
change is not large . enough in comparison with that of P-carotene (Rosenberg 
et al 1968). This is possibly due to the fact that the present experiment was 
performed at a low vapour pressure and also at higher temperature of the sample. 
From the desorption curves in figure 2 it is observed that after a number of exposures 

-to ethyl acetate vapour, a longer time is required to bring the current back to the 
original value on nitrogen flushing. This may be due to. the fact that for long and 
repeated exposures strongly bound complexes are formed and such complexes 
unlike the weakly-bound CT type complexes, do not affect the conductivity 
change significantly. 
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Electronic absorption and emission. spectra of all-trans vitamin A alcohol, al/.frans vitamin A acetate, 
~-apo-8'-carotenal and astacene have been investigated. The effects of different solvents on the absorption and 
emission bands of these polyenes are appreciably different. This in~icates that different excited states.are involved 
in absorption and emission. Effect of adsorption of certain gases on the crystallite surf..tce of B-apo-8~ carotenal 
and a~tacene has been discussed. On adsorption· of certairi. gases, a new band appears on .the low-energy side of 
the strongly allowed IB,. state. It has been concluded that in these long-chaip polyenes the're exists. a low-lying-
forbidden lAg state below the strongly allowed 1B,. state. ' 

I. Introduction 
IN RECENT YEARS, interest in the electronic spectra 

of linear conjugated polyenesl-S has been revived. 
Little experimental work has been done in this class 
of molecules in comparison to the effort expenqed in 
aromatic-molecules. The strongly allowed transition 
in the visible and near UV region of the spectrum in 
the linear polyenes has beeJ1 known so far to be the 
lowest excited singlet state, 1 B,.. The absorption and 
emission spectra of these molecules show very little 
or no overlap3•6• Some workers have tried to explain 
it on the basis of "Franck-Condon forbiddenness". 

It has been shown by Schulten and Karplus4 that 
when double excited configurational- interaction is 
taken into account, a singlet.(1 Ag) state appears below 
the strongly allowed 1 B,. state in some polyenes like 
butadiene, ·hexatrjene and o.ctatetraene. Hudson 
and Ke>.hler5.have presented some experimental. evid­
ence that there exists a low-lying forbidden state 
below the well-defined lowest 7T-electron state in()(, c:u­

diphenyl octatetraene. Recently, Mandai and Misra7 

have shown that adsorption of certain gas molecules 
on the solid film makes this transition allowed. We 
have extended such .investigations to some more poly­
enes. · In addition, the effect of different solvents on 
absorption and emission spectra of these polyenes 
has been studied, and the results are presented in this 
paper. 

_,. -- ···. --··· 

grade quality. The absorptimi spectra were recorded 
by a Perkin-Elmer recording Spectrophotometer-202 
and Spectromom-202. The emission spectra were recor­
ded by Aminoco Bowman spectrophoto.fluorometer. 

Thin films of polycrystals of the polyenes -were 
made on the quartz surface by gently rubbing the 
material. Solid films thus made were exposed to 
vapours of various solvents. The exposure was made 
by holding the films for about 5 min o,ver a beaker 
containing the chemicals. The films were thus exposed 
at the saturated vapour pressure of various chemicals 
at room temperature (25.°C). 

3. Results 
In the polyen~s studied, a very broad absorption 

band is g.enerally observed. The absorption spectrum 
of ~-apo-8'-carotenal in non-polar solvents, however,. 
consists of three vibronic _bands with the central one 
most intense. This structure represents an upper 
state fundamental of about 1000 cm-1 . In common 
polar solvents, this vibrational structure is comple~ely 
lost a~d only a very broad absorption band is observ­
ed. It has been observed that the absorption bands 
are strongly solvent-dependent. In all the polyenes 
studied, the emission spectra do not show any vibra­
tional structure and no mirror image relationship is 
observed with the intense absorption band. The ro.om 
temperature absorption and · emission spectra of diff­
erent polyenes in ethyl acetate are shown in Fig. 1. 

2. Experimental Procedure Though the absorption and emission spectra of ~-apo-
The polyenes employed in the present study are, 8'-carotenal show some overlap, such overlaps very 

all-trans . vitamin A alcohol, all-trans vitamin A small for astacene and in case of a/1-trarzs Vitamin A 
acetate, ~-apo-8'-carotenal and astacene. Compounds (alcohol . and acetate) practically no overlap is 
of high quality obtained from_Hoffman-La Roche Co., observed. c 

Switzerland were used without further purification. . The effect of different solvents on the absorption 
Solvents used in this investigation were of the spectra- and emissjon spectra of all-trans vitamin A alcohol is 

. ' .: :.:.. ., •• :: ; .... ,.:, ·. :·· •. > • .: ' . - ·_ ':·: '·. - .. •• 699 
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Fig. !-Absorption and emission spectra of different polyenes in ethyl acetate af room temperature, 
[1, All-trans vitamin f!\ alcohol; 2, all-trans vitamin A acetate; 3, ~-apo-8'-carotenal; and 4, astacene] 
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shQWn in Fig. ~-.. The absorption sp~ctra sho"{ Ja,rge· 
sQlvertt s.\J,ift;_· bu~ for emission spectra such sh~ft is 
sptall. · 

The room temperature . absorption spectra of 
~-apo-8' -carotenal and astacene in the solid state and 
after vapour adsorption are shown in Figs. 3 (a) and 
(b) respectively. To see the effect of the adsorption 
o{ gases on the solid film, various vapours were used. 
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Fig. 3-(a): Absorption spectra of [3-apo-8'-carotenal [I, Ab­
sorption . spectrum for the solid film; and -2, absorption 
spe~trum for the solid film after pyridine vapour. adsorption. 
Resolt:tion cf the total adsorption; specrrrm for the solid 
film after pyridine vapour adsorption ; 3, band of the solid 

film; and 4, new band] 

(b) : Absorption spectra of astacene [l, Absorption spectrum 
for the solid film; and 2, absox:ption spectrum for the solid 
film after aniline vapour adsorption. Resolut'ion of the,total 
absorption spectrum for the solid film after aniline vapour 

adsorption; 3, band of the solid film; and 4, new band] 

WW1. ~ll the, vap_Qprs. studied, the effect · is similar 
except, that with certain of these the effect is more 

I 
pronounced th<~.n with others. :ryridine v~pour adsorp-
tfon on ~-apo-8'-carot~nal affects the absorption 
spectra i~tep,sely wher~~s. aniline vapour shows a 
sirong effect on astacene spectrum. ' . 

-·The ~b~orptiQp. spectrum of f.-apo-8' -carotenal in 
qw ·solid. state, as shown in Fig. 3 (a), i~ ~ broad 
b,and. After exposure to various vapours, the solid 
s~ate spectrum shows a marked chang_e in which a new 

• qand appears at about 1-6666 c~-1 . The other band 
r~mains unchanged. l'b'2..00 

The absorption sp~c.~rum of astacene in t!J.e solid 
state is also a br9-ild "band. ·when solid film of ~his 
pplyene is ·e~po.sed 1t~"gifferent vapours, a -11ew ~and 
appear§ at about ~ <:rr.-1 <!lOll~ witl1 the qand 
opserved·before y~pom iJ~~fJrption. 

4: Discussion 
For strong absorp!ion band of linear polyenes, the 

solvent shift8 can be 'expressed in the form 

- • 112 - I 
l!w = k.f. - 2-? 

11 +-
where k is <~ p~r~IUeter whicp is constant for <l given 
lllolecule, f is the oscillator strength for a particular 
transition and n is' the refractive index of the solvent. 

I • ' ' ' 

Tpe absorrtion band of the polyenes under jnvestiga-
tion shows a large red shift with the increase of the 
refractive index of the solvents. But ir ~~se pf emis­
r,ion, thi~ ~nift is very small compared to that for 
a~so.rpti~n .. In Table I, vaJurs of .;;,ax for the absorp­
tiqn and emissipn of some pp!yenes in v~~jous sol­
vents are given. Opr cx.perimentid resu.!_ts show that 
in all the polyenes stud1~d, the plot of vmax for both 
absorption and emission against (n2

- l)/(n2+2) is a 
. strqight lme. In Fig. 4, such plots are shown. The 
slope of the plot for absorptioi1 (which is a measure 
of the oscillator strength involved) is about seven 
times larger than that for emission. This difference in 

Table 1-Solvent Effect on the Absorption and Emission Bands of Some Polyenes 
(~ax in cm-1) 

Vit. A alcohol Vit. A acetate [3-apo-8'-carotenal Astacene 

Solvent (n3 -1)/(n'+2) (~max)E (;;"max)A (~max)£ (Y'max)A (-max)£ (-;max)A 

Methariol 0:203 21008 30864 20833 30614 

Acetone 0·219 -'- 19157 21880 18018 20746 

Ethanol 0·221 2Q964 39769 20~33 30581 

Ethyl. acetate. .0"227 20942 30722 20730 30534 19_!57 2!739 1-7857 20661 

n-Hexane 0•228 1901I 21790 

I, 4~Dioxane 0•254 2.0942 30534 20790 3C487 19083 .21459 17921 20408 

Cy~lohexane 0·257 19120 21500 

Carbon tetrachlo.ride 0"275 20964 30303 . 20876 30030 19047 21270 17889 20242. 

Benzene 0•294 2092.0 30303 20790 30030 199~3 21220 17889 .202Q~ 

7!}1 



. I 

INDIAN J, PURE APP~. PHYS,; VOL. lJ, OCTOBER 1975 

218 

21L 
7 

9 
X 

-,-210 --- - 2 
E • ·-----.---.a-
u 4 --·-----;. r --~-.& ----.--- ~ --~----. 
Cl 

E2Q6 
I'> 

202 

-- -o-O- . . 
0 ----dJ.--o- 0 6 

- ----190 
1 

186 

ISO---·----- l • -.----+--...__a __ . 
176 • I 

20Q. zlo 280 320 
l 
~x103 

!'2+2 

Fig. 4-PJots of Vinax against (n2 -l)/(n2 +2) for the lowest 
energy absorption band and the highest energy emission band 

of the polyenes studied 
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solvent behaviour and the small overlap of the 
absorption and emission bands indicate that the 
absorbing and ''eihitting states of these 'polyenes are· 
different. The existence of a low-lying 11-electronic 
state bel9W the strongly ·allowed 1Bu state in these· 
polyen~s is thus indicated>by such .solvent behaviour. 

We'·have observ-ed that" when_certain vapours are 
absorbed on the surface of crystals, a new band 
appears in ~-apo-8'-carotenal and. astacene. There is 
a large. overlap between the new hand· and the. usuaiiy 
observedinterise band. In order to get the longest 

·702 

-wavelength band contour out of the total spectrum 
·we have resolved qualitatively the. whole spectrum 
into two parts-one corresponding to the new band 
and the other to the solid film spectrum befo.re vapour 
adsorption. The resolved spectra arc shown in Figs. 
3 (a) and 3 (b). 

· We have studied the emission spectra of the poly­
enes in s<1lution only. These . emission bands in case , 
of Vitamin A (alcohol and acetate) show good over­
lap and mirror image relationship with the new band7

; 

In ~-apo-8'-carotenal and astacerie, the emission. 
b1mcis are slightly on the high energy side of the new 
band in the crystal film. In view of the fact that 

- free molecular electronic energy states are generally 
lo':Vered in the state of aggregation, the emission of 
these crystal film polyenes is expected .to be on the 
lower energy side of that in solution, and one can 
then reasonably expect to get good overlap between the 
·new absorption bands and the emission bimds of these 
polyenes in the crystallme · state. Unfortunately, the 
em.ission from the crystalline film of these oolyenes 
could not be recorded. We conclude that the new 
absorption band which appears as a tesult of-adso;·p-

. _tion of gas molecules .on the solid film of polyenes, 
corresponds to transition to the lowest excited state 
v.. hich is possibly a 1Ag state. The adsorbed gas mole­
cttles introduce the perturbation required 'for the 
enhancement of the lo_w-lying forbidden transition. 
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NOTES 

;/. 

()n the Evid~nce of a Low-lying- Forbidden_ 
· ·. , IT-Electronic State in Methyibixl~ . · · 

El~tronic absorptlqrt and' emission speCtra of 'meth~ilbixin 
· . have been siild'ied. ·The solvent behavi.our of absorption and 

.Cn'iisslon bands is di-fferent.. A larg~ solvent shift llppears 
In absot·ption ~vhen!as in ~!mission s.u~h shift is very·'sn1att' .. 
No rttiri:or Image relation between.alisorptiori and emlss~on' 

. spectra eltists. It has been suggested t~at in .this· polyene 
thcre·edsts a low-lying forbidden ~~electronic state (IA11) 

below the stroagly allowed IlJu stat~e. · 

.... 
polyeiles hil'v~' shp~n 'that tlre~e': cxfsts a 'id,~~lybi~' 
·forbidden t1-electronic :state .< 1A;)' below ·tii~,: -:W~lV:; 
studied Jo')Vc'st U-e!e'ctronic state .'tO, .. It is:: the~ef~~~/ .. 
expeqted_ that in polyepe_s the' .energy of absorption ~t~'::. 
*81, state and of emission. from 1A~ · state · will .'sho'\V . 
different sQivent effepts.- I~ this.note, )Ve ~reselif()Jf-

. r.eslilts ·on the .effect . of different solvents . oti~ th.b: 
absorption and emissioil' sp;ctra 'or methylbixih, '.\ -~·.·' , .. 

- .. l:he. compound under. in:vestigatibn _.is 'obhiihea· : 
from Hoffm·~n-La Roche Co:.• Switzerl~d an(f :u-s·ed 
with.out further 'plitifi~ation. · Solvents us¢d · atd '~of 
specti:bgrade quality:.' th'e abs'orpti.on ai?d erii!ssidn. 
spectra are recorded at rpom :temperntur'e by $pcci:-' 

· romom~202 spectrophotoinetet: arid )uilinco B~wll'!ati 
spe~tro.fiuorometer, respectiveJy.·. . - ·. '. <, f; 

The absorption and em.ission sp~ctra of this poiyM 
ene in·bcnze:ne kj.re :'shown hi Fig. ·L .1t is obser1/ea 
that th~. ~bsorptiori· sp~ct~um- consis,ts of three. vibro~ 
nicban9s w#h the ceiltt:al one :most intense. 'This 

· structure is the . Uppe~ s.tate . fundamental . oL ab<;>tlt 
IOOO:cm-1: Due t'o the solv~nt•.sol~te. interaction this 
structure becon;es blurred in 'some solvents. :·the 
eff~ct ofdiffereiit soiveilts ori the spectra results 'in· .a 
shift:oftlie posi.tioji of ~he baliq: it is found 'that 

. the absorptiona~d emission spectra shift diffetelli:ly 
wpeh the solvent lS . c.hangcd:: Also . the. absorptioti 
spectrilln is mu~limore: solvent~9ependen~ ,tlib.n'.the 
tllnJSSi(Hl spectrum, th'e ·httter does· not resemble the 
former and no mirror: image r¢1ation·betwee~1absorp­
tiori and emission exists. . . ' . 

:Th~ absorptiott band.of the ·polyei1e ·shifts n'lore 
. io\var<ls. red with the: increase of the refractive index 

of the 's6tvents whereas this shift :'i~. comp~tl+tively 
very ·small in .e~lissiori." · ',rhis:solvept sliift is expres-

. sed ,in theformM'u · • ·. : , · . . · : . ~ ·.. .. . ·, · 
· At';=:= k/(;12 -l)i(n2 ~-)~ · · .. ,.: . , ••.. ,i 

ISO ' '• 
.. ,., 

According to ~emi-empirical :a11d· a· priori calcuia­
tionsi the exCited electronic states of linear p(}lyen'es 
ire iB;;, lAg, i_A,, and 1B.;'in otder ofincreasing energy.-~ 

.. 
'!. 

. 'Po. 
X 
-~ 
'ffi·IOO 

·.~ • .- ' I ' .· -~ .. I:' 
-~ ', ' 

· The loW!!St singlet-sinl:Mt transitlqri_ of polycnes·. is 
• 14~·-::- 1 B., and is ~trpngly . allowed •. ·-There is expei-i~ 
' mental· evidence' that there is no ·.or little overlap 
· J>t:<tWeC.Il the·' oriSins , of absorption arid :emission.I'S 
At!elnpts,liave.be~n·made1 to expJainit .i~ .terpis o~ 
Franck-Coudon ·rorbiddenness. · A .recent theoretical 

· work' has shown ihaf inclusion ·pr double-excitation 
. ~on figuration· interaction· for the excited state's. in. ' 
.Mdition:..·tO siilgie-ex~itation Cbnfiguratio~ in semi• 

·. -enipiric;d-and a-jMqri calculations towers sjgilificim­
:- ~Y the Jo\\•er}Aj state in the energy .so that 'a .forbid.,. 
~en .1 Ao' state .appears. below thc,.strongly allowed 1 B.,· 

:::~>tate, ' ~ecenf experimel}Ui} . i~vestigatioils''' . of 
' ··~ 

,·~. 
u. 

"" w 
.Q 
.(j, 

I . 

I·, 
I ,, ,. 

-· ,,. ·.-. ~ I, 

·<~~' ' . ·, 
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Fig.' !·-Absorption (- '\"" -J il~d emi~lon (__:_:,:) t~pectra'.ol' · •.. 
· . . , . me,thylbl;dn tn benzene . : . _,_. . :.:, , , 
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· ·. Tnbl~ i~solvent ~ffcct on the .Absorption and Emission 
· ·. , . . .. · Bands o.f ·Methylbixin ·. 

( . '· 
n2 -:-l · · 

:n2+2 
: •,C:-' ,: j 

.··--Solvent 
Tran~ition Energy 

f:mJSsion . Absorpuon 
(iri em-.') ·- ···: .. (in cm-1) · 

,, 

. ,_. 
··'Acetone· 

~thanol 

0-'219~ . 
. 0"2217 

Ethyl acetate 0'2272 

l, 4-Dioxane 0'2546 · 
: \ t 

-Cy~lohexan~ 0.2578 

Carbon. 
letrnchlori'de W2754 
. iJ.e.nzenc · ·' 

·7 •. 

: '.:· 

l 

TE 
. '-!. 210 .N .. 

'S! 
X 

. .. l 

'; ~ 

0 • A ' o o 

18796 . ·2164S 
._, ,' 

18761 21598 

18726 .21SOS · 

"18691 . 21220 
. ·-.. : 

18796 . ·. 21186 
; '. 

18726 ; ·29920' 

18691 29920 

- ~-~.'b-o-·- _.,__._or;!~-- q.- ~ ·-o- -~ - :. 
196

200 · 24o · 2so . 320 

{n2-J) XI03. 
\n2+2 

·. ~ig.-2:....Plot· ~lvmax. versus~{n2 --:-1)/(n2. + 2) forL ab-sOrption 
(-· -.-·· -·-) ~nd emissi~n (- - -) 

Here k ·is a parameter ·constant .for a giv~n molecule, . 
f the 9scillator stte~gth fcir a particular transition:­

. ·. and n the refractive index of the solvent. ·.the posi; 
' . tio:ns (;max) of .the low~st energy absorptio~. and . ih~ 

highest energy emission bands iii different sqlvents 
.. are shown in ·Table I. Our experimental- results · 
· show that the plot of; · versus the solvent pol ariz- · . . . . · ma~ .. , . . 
' ability (n2 :...,.1 )/(n~ + 2) for both absorption and em is-: 
.~iori is a str.aight line as shown in Fig~- 2': _The slope 

·'' '· of.this plot"giv·e~ a measure pf the. oscilJator strength· 
;'· 'of the electronic transition and it is found· that the , 
!, ' ·, oscillator ~tl:ength. for the trE!ilsition involved -in a_b­
}: ··sorption is· much great~t; than· that for .emission. This 
"'d· . . . . . 

... ' · difference in solvent behaviour and the absence. of 
..; ''mirror h~age ·relationship· between absorption ~and · 
',\, j emission lead to· the sugg~stion thai. tile . ?lectronic 

states involved in:absorptiol) and emission a.re diffe­
-rent. Thus the solvent behaviour of aqsorption .. and 

.. : ~mission. indicates the preseMe of a iow•lyirtg foroid-
' .. qen· n-el~ctronic state below~ the, stronily allowc~ 1 B,. · 
-' state :in. t~is polyene.. · · · ' · : , . 
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Otarge-transfer Complexes of all-trans-~-C~rotene 
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On adsorption of some electron acceptor molecules on the 
solid films of a//-trans-1'>-carotene, a new absorption band appears 
on the longer wavelength side of the spectrum in addition the 
original bands of all-trans-1'>-carotene. The position of this new 
band is dependent -on· the-tllectron- effinity (EA) of the acceptor 
molecules. A linear relationship between the of ~max the new band 
and EA has abee observed. The ionization potential of. all-trans-r:>­
carotene has been estimated from the intercept of this plot. The 
value 5.44 ev obtained agrees satisfactorily with the experimental 
value. It has been concluded that a//-trans-1'>-carotene behaves 
as an electron donor and forms charge-transfer complexes with 
suitable electron acceptors. 

THE observation that (3-carotene may form charge-
transfer (CT) complexes was made by Pl~tt1 who 

suggested that donor-caroten~-accepto: tnmolecu­
lar complex could be involved m the pnmary photo­
synthesis process. In a mixture of ~-carotene and 
iodine in ClCH2Cl solution Lupinski2 observed a new 
absorption band at 10000 A proposed as charge-trans­
fer band of ~-carotene .... I+ complex. 

Ebrey3, on the other hand, believed that the band 
observed by Lupinski, instead of being a charge­
transfer band of donor-acceptor type, was a band of 
(3-carotene shifted to longer wavelength due to charge­
transfer effect, thus suggesting that ~-carotene-!+. 
complex has several resonance structures for the (3-
carotene ground state that would equalise bond 
length and cause its s_hifting_ to long~r wavelength. 

Significant change m semiconduc:;twn current and 
activation energy of ~-carotene powder cell on 
adsorption of certain gases an~ vapours on th~ crystal­
line · surface has been attnbuted to possible CT 
complex formation between ~-carotene and the adsor­
bed vapour molecules4• We have studied spectro­
scopically the effect of adsorption of a_cceptor vapours 
on the solid film of ~-carotene to see If CT complexes 
are really formed in the s~lid s_tate. The results of 
such studies are presented m this paper. -

The sample of all-trans-~-carotene of high quality 
has been obtained from Roffman-La-Roche Co, 
Switzerland. We have used this compound without 
further purification. Thin films of polycrystals of 
this polyene have been ma4e on ~he quartz . surface 
by gently rubbing the matenal on It. The solid films 
thus made have been exposed to nitric acid, iodine, 
bromine and iodine monochloride vapours. These 
chemicals are of high quality. T,he absorptio_n spec~ra 
at room temperature (28°C) were recorded Immedia­
tely after exposing the solid films to vapours. Spectro­
mom-202 spectrophotometer of ~ungarian Optical 
Works was used. 

•Present Address: :Physics Department, Govt. P. G. College 
Durg (M.P.) 
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Fig. 1-Electronic absorption. spectra of a/1-trans-{3-carotene 
solid film after adsorption of different electron acceptor vapours. 
[(1), all-trans-~-carotene solid film; (2), nitric acid vapour 
adsorption; (3), iodine vapour adsorption; (4), bromine vapour 
adsorption; (5), iodine monochloride vapour adsorption]. 
(The position ~max of the new bands is indicated by a vertical 

· mark)] 
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Fig. 2-Enhancement of the intensity of the new band with the 
amount of adsorbed acceptor molecules. [(-), no adsorption; 
(. ... ). on adsorption ofl9 vapour; (l-4), in order of increasing 

amount o( acceptor molecules)] 

The room temperature absorption spectrum of all· 
trans-(3-carotene in the solid state and the spectra 
after adsorption of different accept~r vapours are 
shown in Fig. I. In the latter case, a new band 
appeas on the longer wavelength side of the spectra in 
addition to the original bands of ~-carotene solid 
film. With the increasing amount of acceptor mole­
cules adsorbed on the film surface, the intensity of 
this new band increases as is usually observed in the 
case of a charge-transfer band (Fig. 2). The position 
of this new band is found to be dependent on the 
acceptor vapours used and sho"ws large red shift 
with increasing electron affinity of the acceptor 
molecules. Only acceptors fairly volatile at ordinary 
temperature are suitable for such experiment. As 
number of such acceptors are very limited, only a 
few acceptors could be used. The position of the new 
band appearing due to the adsorption of different 
acceptor vapours on the solid film of all-trans-~­
carotene are summarized in Table 1. 

1 



TABLE !-POSITION (v'max) OF TilE NEW BAND APPEARING ON 

ADSORPTION OF DIFIERENT ACCEPTOR V APOURS ON TilE SOLID 

FILM OF a/1-t~alls-r>-CAROTENE 

Acceptor used EA (ev) Ref. Vmox (cm-l) 

Nitric acid 1.83 5 13900 

Iodine 2.4 6 11550 

Bromine 2.6 6 . 11300 

ICl 2.7 6 11100 

The Mulliken theory for charge-tra11sfer complex. 
formation leads to the equation5• 

(1) 

where hvcT is the energy of the lowest energy inter­
molecular CT band, Ii; is the vertical ionization 
potential of the donor, EX is the vert_ical electron 
affinity of the acceptor and C1 and ~2 are . co_nstants. 
The last term is often small, so that tts vanatton can 
be neglected, giving the equation 

v v 
~1VcT = ID -EA + cl .. (2) 

Thus for. a particular donor, a plot of hvcT against 
E'i should be linear. Unfortunately, reliable values 
of vertical electron-affinities are very scare. The verti­
cal electron affinity of nitric acid is not avaiable in 
the literature. Recently, Chen and Wentworth­
have emphasised that the correlation of hvcT _with 
the absolute electron affinities (EA) . of acceptors is 
consistent with the usual linear equations and their 
associated assumptions. The adiabatic electron 

. affinities of I2, Br2 and ICl, estimated theoretically by 
Person6 were 2.4 ± 0.3, 2.6 ± 0.3 and 2.7 ± 0.3 ev 
respecti~ely, agreeing satisfactorily with the experi­
mental absolute values measured by Hughes et af.7 
We have, therefore, used these adiabatic electron 
affinity values a.s the absolute values. The value 
of EA for nitric acid has been taken from Chen and 
Wentworth's table5• 

A plot of vmax ( cm-1). of the nev: ?an~ against 
EA gives a linear curve (Ftgs. 3~. The wmzat10n. poten­
ial of ~-carotene can be estimated from thrs Vmax 
versus EA plot. The intercept of this curve gives 
Io + C1 = 2.44 ev. In typical donor-acceptor CT 
complexes, -C1 is usually around 3 ev5•8• This gives 
a value of the ionization potential of ~-carotene as 
5.44 ev. The experimental9' 10 value of the ionization 
potential of ~-carotene is 5.5 ev. This agreement 
leads credence to the above linear plot and also to 
the CT concept for this complex. From Eq. 2, one· . v 
expects a slope of· unity for _veT versus EA . plot. 
Fig. 3 gives a slope. of 0.44. This low value of slope 
could be due to that the electron affinity values used 
for the plot being absolute rather than vertical. 
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Fig. 3- Plot of vmax (cm-t) against- EA 
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Fig. 4-Electronic absorption spectrum of a/1-trans-~-carotene 
solid film after adsorption of Ia vapour. [The position of the 

new. bands is indicated by a vertical mark] 

Further, Eq. 2 is only approximate and there is no 
reason to expect that the last term in Eq. 1 is negligible 
for all the pairs of donors and acceptors. Indeed, 
such deviation of slope· from unity is a general observa-
tion in these types of experiments11•12• · 

The room-temperature absorption spectrum of all­
trans-~-carotene in the regioJ?. 40000-_9000. cm·1 

after adsorption of I2 vapour ts shown tn Ftg. 4. 
From the spectrum, it is observed that in ~ddition to 
the new band in the longer wavelengt~ srd! another 
weak new band is also observed at about 27200 cm·1• 

This band is possibly the absorption band of I3" ion., 
The other absorption .band of this mole~ular ion 
expected at about 33900 cm· 1 has possibly been· 
merged with the original band of all-trans~~~carotene 
a~ 35400 em·\ In the case ofl2, possibly through the 
reaction ~ · 

~-carotene + 2I2 ~ ( ~-carotene I)+ + 1
3 

~-carotene forms CT complex with iodine. The 
observed new band on tlie longer wavelength side. 
arises from the transition between the complex in its 
ground state (~-carotene .... I+) and the excited 
state of the complex (~-carotene+ .... I) 

Contrary to that suggested by Ebrey, our results 
indicate that at least in the solid state single resonance 
structure 

C= C-(C= C)n-C= C ..... I+ ~ 
is quite stable and usual donor-acceptor complexes 
are formed. 

Thanks are due to the Council of Scientific & 
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·. : • · · . I · · · · · · . : · compounds j}reSllCd·ln a sand:wieh ¢ell b~ctween·;, 
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. (Received September 12/1978) . · · -· · spacer. A -d~c. voltage of 22._5 _volts from a. dry ·. 
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. 'o( t)le. pr~-exp<menti~l factoi'in the 'expression !lfl in,iet .an<i ~~outlet fo~ 'gas in- the :chamber.'' . 
:.: _. f9r .. s~cific ·conductivity and the semicohduc- The t~mperature of the cell ·which- could be 
· : : . doli act ivai ion e~ergy, has been a subject of controlled. from outside' wa~ ·measured·. by a 

.- ·-. tr!eat. iTHer.est ip. the recetlt years.-'-=_.). The pre- copper ~constantan. tlierinoeiJuplc ·.nwi-~hed ·to ·. 
·.' . ~xpon'Cotla1 fa~torcr0 is. generally assumed to . the me~~~ electrode. The ·<.~nrk_.curreitt ._was . .'. 
. )e a Cl~mst~udn ll1e equation ' . . m~nsuted, with Electrometer Amplifier 'EA815 

· -• · . ~(T)~ti~ e~p·( -Ei2kr); _:.· fl) · ·of Electr:~.riic, Cqrporatioo of India· limited. 
···· .·· · · · · : Chtmicals used in this experiment. \vetc ·or 
}.' : where, 'o(T) i!i"the specific conductivity a~ any spectrograd?- (E. Merck, s:O.fL) _or equivalent . 
:· . · n_bsolut.~ temperature _T, -E is the semicon(hJc• ·. quality.: Th~ semieo~<f'uctiori acti~aticm energy . 
. . ~ion ac.tivatiori energy ~!ld. k. is :~he Boltzmann. of Vitam. in A (alcoho) and acet!ltc) \v.ith toluene 
.. j:dristaht; .Bitt expe~ime11tal. evi~ence shows· . (l), bct)zene (2); ethylacetate (3);· n~heptane (4}, 
.::·,_,that-a!>. conJa_i'tls e~ponential' .f~~ctions~·~> .-To._.: ethan()l _(5) a:nd· metl).llnol (6) vapour and also· 
... ~tudy the compensa:tion rule in a semiconductor · with different amounts of ethyl ucetide \'apoui' 

·'.j:; :_is' generally Varie4 by different ways and a~sorptiOil h!lVe been 'd~terl!lined. from. the 
IQg tr~ is plotted against £;. Recently, Masui Arrhenious.plots· of'e'q;(l). · . · .. · · 

''et 'ttl. I·) have r~ported that this compensation - At a' constant temperature .. Ti, Jog frfor 
.. rule is valid for unia,.;ial!y dra\vn low density · (1/T~)=iJ.80x 10- 3 k_- 1) is-plotted !;\gains the. 

· .. Polyethylene; Experimental · results of Sawa . measured' values ·of. ~ctivation . energy· ('E). 
et a/.21 :show that in case·of·h_igh:-energy.i_r- Linear plots aSshow'n in:Fig. I are obtained • 

. . radi:lted polyethylene Willi diff~r.~rit radiati6n . The observed s!Qpe~ In F(g . .J nnn:7o aod 4 . .SS . 
· dil5e~ also this' rulir is villid; However,· adsorp~ f;v- 1 ·.ror .Vitamin A alcohol and ·acetate-
; ·uo~ of ga5es 'is ~no~n to change the serriicon- r~specti~ely~ The 'expected slope according to · 
, d.uction activation :energies. of many organic eq: (I) is 22.18 eY~ 1 for both ·the compoi.mds. · 
· .senlicorjdur;tors.6 ' 1) Such change depends on. These low values oftne observed slope~ hidieate , 

·the. c~emi'cal"n:ature and also· on the amount of: that eq. (I) is n<;)t vaJi~· i~ these C:~.ses. ·To test 
.vapour adsotbed~ ·We have U$l!d. this method· .. the validity of the c9m.pen~ncion rule log t1o .. 

. :of ynrying the·: ~ctiyation _energy. of sem.ico~-' ' is. p1_oiied' against ~· rile plots are .line!}r (fig. 
· ducthlg Vitamin A by adsorbing various 2). ·Rosenberg et· a! .... have suggested the 
·•; _ ·"apour!i a_nd . dilferent a~ount~ of the same . following equation f(Jr: t!)e specific conductivity.·_· 
:· .. - 'll!lJ'IOllr on the ccysJallire surf~ce. In this' note .. \.vhich takes accoun( of th(compensati.Qn elfeca 
'·_-we _present our e.xp:rimenlal':rcsul~~ and sho~v _ . · .. .,.i/~x-(E'/l~T.) c)( (.;;.·Eflk1') . (2)' 
· . that .the compc:nsnuon rule as vaii<Lfor semi·· · 6 

· (I P 0 P · 
' ~ conduction. if_ solid Vitamin A . (alcohol and So Ut11t ·. ' · 

.·acetate). · · · ._c_o:""a~ e~p (E(2kT0), . : '· (3) 
::"::::The tamplei ofVita~in A~lccbol aryd acetate 

.. powder were.' obtained .from Hoffrt1ann·la . _ wh·ere 1'0 is tho:. chntacter~stk ~em~ratl?re o( 
· , &to-:he lri'Co. · L~f.t, Switierland. ·The. txpefi• . the !-emiconducung mattnaf. ~I;- o:md TQ ·for 
.. mental. p;-~ur~. for the ~suremetta of . tht: s.ame oo~poum.l rema.in invari"'nt. -~fbo 
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c.w: 10/T,)=l.so~.to-' K:-'l for Vitamin A· · - . _.~:(.v) I .. 
(AIOQhol and.l.!cctalc). Fig.~. Pl~t of the lo:g o-o values wr~usE(frbm eq._ 
Vltnmln A akohol: lower line .~fi ~ale); . . . (l)j for Vitamin A (nli:oholan<t"~lato) at n COilstQ.'1t . ; 
Vitamin· A ~cetate: top lint {rlthl SCillc).' temperature [(l/1'\)~3.80x w-ll K-IJ, •' . 

- · .-~- diiTen:nl vapours (the rmmbers lndic:;lc lhc . Vitamin A alcohol: lower line (rfgh_t scale); : 
'pecific va{Xlur as ~tated in the text}; Vitamin A I!Cf;la!e: top line (left scale). . · · .. 

' .:-o- ~iffo:rim~ nmo~ts or ethyl acelate vapour The clo~ and open i:lrcl6'1ndkatc S-3111!' as Itt, Fig..,·: 
. (~liVdtion enerJY . dcerea~t~S vlith t"o I; . ' . . . . . . .. ·. ~· .. ·:.~ 

incri:aslnf{ SIOO\I.Ill Of tlte \'IJPoUf adsorbed). , · . · . . . . · --~ 
... __ _:._ .... ..,~ ... -. :- _. _ ... ~.,. --·-·:-----:--~~dicy-af1flC'compensatioilruTe· jfi"~olid . 
viillie of the slope i.e. (2k T0 )- 1 .obtained front · Vitamin· A semiconductor. · .. : 
fig. 2 is 14.45 and i7.S2 ev- 1 for Vitamin· A· . We· thank the Council of Scientific ·anti 

. alrohol nnd acetate respeetively.- · Industrial Rcs~rch,lndia for a. Senior Restl!U"(;h 
f'rom eq. (2) it is seen· that for any parti~uln~ Fellow!'h~p (to B.M;) and Prof. G. S. Kastba.. 

temperature · ·T, the specific. conductivity · iil for his kil1d interest' in this problent• Thanks 
e1rpressed by · · _:, nre. also due. to M/s. Hoffmann~ La Roc~e l!i. 

·. . . [.l t l E Co .•. Switzerla~d for J! kind gift of. the V..itnmin 
los a(T1)= log o-'0 + ";:""--r .;L (~) ~~- fU1mples. 

~-o t.J"'• · .. 
giving a slope eq'lwt to [(I/T0)-(I{T1)}(i-{2k) • ReY~~ 

·and an intcrecept of log o-0#-for the linear plot I) 'M. Masui, H.· Nng11salul and K. Yalulgl: lp."l. 1. 
fog o( "(1). :vs E . . The . crilctiiated. slopes with . Appl. Pnys. · t6 (1971) I 17. · • "' 
.. ,. 1 · 2) G. Sllwe, r<.. r<Hal;awa and M •. t~a: ipri. 1. Apr;l. 
«~T0l-_,as «>bta_intd. from Fig. 2 are 7.73 and . Pnrs .. u <1972) 4!6. , 
4.66 eV · for 'Vttamm A aicohol n_nd acetate_ :n -p, o. Elcy, A. s. F.:w.:eu and M. R. Wills: Tnm1. 
re~pcctively.11le tnpcrimeniaJiy observed alopes ·- · Faraday Soc. 04 u96t}}.J$iJ, . . 
(f'ig. I) Sire ir. e.1icel!enl agreement \~ith ·thi9. · 4) D.· Ro)!enbers; It Bhov,mlk, H~ C. Hnrdt'i' attd 
The Vl.d"'e'of-.'!tobtained from Fig. 2 [~.BOx· E.Postow:J.Cbtm.Plly~.49(~%f))tllo;!. . 
so-*.and 1.$0x 10-to (Q·cm)-1 for Vitan'lin A S). F. Gulm;tnn and L. E. Lyona. Oroatl/( s~mlron-

. · . · • - tluuor. (Wiley, ·New York, 19(!7) p. 428. · 
nlcohol and acetate respeclively} and Ftg .. 1. 6) n. R~nber;:·J. Chcm. i'h~'S. u (1962) ~il6. 
(2.1:15 x ~~~.' and 1.60 X w-•o (Q•cm)- 1 for 7) T, N, Misra, 1'1. Ro-..cnbers and R. Swlb.er: 1 • . 

. Vit11min A .akohol sn~ acetate resp«tive!y] Chern. E''nye. 43 {1961H 21J%. ._,;. 

, ~-are;: 'fi.S.ltisfoctoril;;. Thuil·. o~r rc•ulu. co~firm. 
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-~~~l~tlrc qi- . 't,js ·:~~~~tok. so~~~-~~< ~~:ti~t:, '~~t. 5~ (!3); -~~btl (t979}' 

_. __ : .. _ .- -~- · .... >\- ._·· : .·. '_·' -,:~·: .. ~::- _·_: ·_:·~::-:~.!-. _·,·;·,· ,:. ~--_;_/ : ?- <_-~·- __ ·:_.· __ 

r·r~~tf~i~o!le~~~al :Fac~ij.f Jn·.~ffi:ieri'n.d:ueti~tg'·.:vt#.h'hbi A, 
.. , ;.:,' ... ·· ~- , ~A',:- {4,it?li~~~-;~~i~. :~~9~.t~) ,: .''·'i: / · ·. , : ::· .. ~· 

.. . . . . .. .. . Biswa~aw.r.:~A4trJt\;~:tp:iria gitos;1~L~n~ T.' N.:rvns.~A-~. . · ·· .· · . 
· ppt!cs. J)(paiJinelll, 'lM~IiiJ )1s:wjci.1tioi! Jdr :'ilitt.:·(Miiviilioi,l 9! '9cfe,tu:e; Jadt,Wp!Jr1 'Calciitt(!. tdt)i/!d1 lri<lia 

.. ~~ ~~~~;;§,,::,~ "'"""!i<i ~,.:;,:Z~~~lt~J,"Ca~~;,:~"d~~,.',\1~.· orvad9~i~w\; ~:,, .~• 
stucl~ed,_ . The ~dsor:~t~d v;tpors_t~~-t;_ea~e t.n,c.s~Jn~t;Q,t1~71ur.;tlor~. current~ by.~eyc~~l,o~d~,;of tl'!agpttud~.~t!l}cl. dccreas~ •. 
. the -~~~i~n~u~iiq.tfaj:tiY;ttion cttergle~:! · ~uch'd!ii!'l_g¢A~.r;mnds o.ii.;!lrF,- _tl,,ern.kai: h1~f~irc·and ;,:tJsq· 9n Hie amotil,~t :o~· 
va})()r· a~tbed. -~eD:ilcondtie_Hng vit~lni!l·.~follo\v:Hl]2:ttJr:ce"coh~l~tit cqui(io~. . . · · , · . · ~: · . 

. . ·. · : · , ·. ·. ·. . . •·'iJ(~) <=a ,·c~'p"· (·EH;'kT.) exp:'.(;._E/2k1')· ·I .. · .": .' . . ., · .. · .· '."' ·:.: · · 
', , ",·: , , i , ·; :·,.. .o.,, ,

1
·; .1~ ,~, •'·• .~·,!; ., ·.-~.,.:~ ',;,.' I• ,· ', '•' ,·., i ! _tl,' 

wil~e th~' CQnV¢ntioi)nl. pr~;cxpoiierlthiH<tdor q~ Jlliil·l:>e~fi··t~plat¢~·.1.'iy ·rr o'·t:~XP (li/;2k'Co) (~lie so' qli,iicl:J: <;qinpdnsrti\c;n' ·:' 
e!l~ct}; · :tiet;e T0.~m:hti( i\r~ t(n\~tf\nt~ 1i'6~-\~e ~u~~t~·?~~ nn~ ·To ·b,~ahe~ 'the t;hii~~ctefis'fic;tl':nip'e't.~tui'¢, :vailou~ ~L· 

. ·m~Hio~s ~~s~d ror evalua• ing _til~~- :con~t:ii\i.ts :~a~~ y(~lded;:consisi~~t: ~ej\ll.t~· \vi th '(Td~'10.i K and (/0'•~;~J3 x c ~ o-~. q7:i:· ;~ 
qr\"ir .lbf. vittlnti~·.A alqopql,aii~ . T~~3~5 K at~d -'~o' ""'l.5'x-!(}:-t~ 0~1 <':rrF-1 r6r' 'vibin:tirt· f\ 'a<;etate .. E!<.-tdlM.t. \: 
.cq~rdhtioil'~?btalricd:.:hi!hve~i:i ·ih~ ·rCie·~·aht ~pahm~fef:s ht -~emiciJii(.l4'<tii1~ Vitd~:h,iii. k ihdicatc~ ~~~~:i (t~ and.·Ka~d. ·: 
phy$ici!1l}:, rel~.t~d.: . v~.~·~!>tis itioJ~Is,(,or fii,~d&d~on.,fiieFhal)lsi1't;:i~aq,inri to i;ori1pe!~~ati~n· citc~t ·hav~: ~~;en l:iiscu~~::q: j: 
The· mcas~tt:Q · :ir:Pv~'l.t~<~n· e~e~gic!!· on. aq~or,ptiol:l, ~f.,_same a:tno4nf ~r v~rlo~~~~ vapgts; show: tt 'li~Mr, rcl€l~~()ns~ip · 
,vi tli; tt1e '·lt?rifz~(ign :ppi~lltia:r (;if, tli~ '~i.isorbed m~leli~l~s ?ilg~estm~: t!i.~t· chafgtl•tt_a~l~fcr' j~~~ta~iori,' is tbpoit$l.lji~ -~ 

• c ('Of: the ~erilicoird,}~'ti;;ity. criHil!lcctfle~t .. , ' · · .' ... , . : . '. _: . 'i. ·. . . . . ·; · ·: · .. , .· . ·. · ·. ~- ;• 1: 
•• ' • 1 1 ~ > 0 

"• • ~· ' ' ' •' 

0 

f • 0 j ' : o 
0 

' " ~ - • ' ~ ) F 

. : .. · -~e elccttkai c?fi~ .. ~-t~ivith~r c9~.~~~?~.t~<f~~~~e~c~r9;rtk .· _tt~petatH.r:i! T1i, th~ }pe~Hic co;i?u~tivi'tY; is. ~i,~~~-·-~; .. 
_organ.!c:C(?'.~P_ .~unds !op~'Y.s qte_operaq~_nal ~cfinH1prl of· . ·: .. _: .. '· .· . •· ':'· _. 

1 
:·'( 1:. :-j '\_: ___ E .. , , _:·.:~_;:-: 

·.a:~tf!1t<;011~Uctor. ·.· .···: ·_· .. , · · .· .... _. . .... ·:logtt(7;'t)·=f<:l.og"~"l;;iJ'"'T:.,..T.f2C ·:-:··:: .. _ .. ::,· 
:.: , . : · ...... : ' ·· ·q( T) ._;_ ·rf<ex.'(..-BJ2ffr); · :'(l'' · . : ~, ·. · ; ·.:-. /\!?Ji;v~ · '_ , ~:: ·: · 1 

.' ' • .. ~ ·,.. ~ P'· '.' · 

:,-<'_ : __ ... _- . -:: · .. '."· :._ ~~-~ . P : ·· ,' ;.:: : .. · ;-,; : : .. . :/ .. · .. ,T~1it~1_'t~·cJA.ot:?C:i9~.u{:r;1 ). t:!· . .e:J.s.~·~xi?ected:t?::~~ ~,~!'~•t; .. 
. ~1\ere ~.C:t) lS. the sr:ecJ~~ ·,c.onth.~-c~w~ty f!t l:!!JY. .a bsol.tiJ~ wt!>h ,a. slope.( 11 Ttf.,....,..l/ Tr) /Zii:<tfi~, ~~:rin~crcept ~t·log ~~ v ~ 
.. 'temperain1'e: 1~. '&(l-,is <J •pi;e•exponet4lr~~di:iC\~r, }t th& ·the .. value of u(lif obhhn~d; :fr6in· this. ~id' shdiit~ al~i? ·: I 

/ 
·. ~cmi<!.M\Hit't'.ion .ac:tivation ~ef!ergy: 'ahs:t )?is 1391\i!thl;lii~~ .. : .show a.'. good. ·a'rii-ceh{dit *·Uh :di~ VA-lues. :obtaincJ. th)iri~··· 

. \:;oh~t~n~ ( lff2 fs ?ftc~ .wi-'1tte1}: as c E', 'ho~'ever;:w~< sl~~Jr the.fog :11~ vs. i.~tld-t9g'q,_ll.r. 111: t?fdt';;; -tti t!Je ,txppfit~)et,~ 
: : . ~~c t_he.fori~cr ~hr?i1~ht?.ttf·th-is paper) •. ':E*perirrleq_iaiJy;. ·of Jo~ns~?ti amJ -Ly()qs41. .the ·tog-')r11 ' vs: ~ · p16ts: .\yero:,:" 
.:.e is'O.b~tn~4,:f•:om the slope of.rl.ielip.e;;tr:p~{)t.of.log_u~.1) Hnear; :Buta. yer-r l?O.(:)f'coudaHon:~:etwech log .. ftc~ild lj': 
: i~J:: lfT. :~e.<:e;ntly,. the s.p c.~llef.i pr¢,e~poricrHi.al ~~c,(lir ·w~s Qbs~rved4' ir1.·qn~ cqmpo_n~11t_cr.ysltJ.l-Ci(antnJ'~'t~e:--
. .!'!~:Ji<Is l)~e\). ~hesubje·et (?hnuch' qis.~u~sion 1~e> a~ exp¢ti~ ·.by. changihg.,i~s purhy ,E\ft.d dQp,lng :w'iih tethtcene. SO,;Hi(, 
: m~!n~a) ,cv19P~~-b _a(;Cu~ ula~ed 's}Jow_s. )lJ~t ·& o po~Ha'in: :recent .. thGor<ith;:al \yon~9,,• !01' ,1!ti&!£cllf · t'lu~t. in -biolpgoital 
hJlQIJCrttiAL't\inctiops. 'CNth'llll111 antl ·Lyons 'I) ·s·howed_ a . ~sen1icondt:tctohi the: ~61n'peri4atidt) .e(leC.t arise~ '(!tic. to.:: 
lltiehr,'rd4f!~r'~:h~p ot.tht!,fcir,iJ·. . · ,' .. ,. . · . . ttie· Jiti~ .tor~~bti<J!i :pl:&,t~ss.:, ~n· vJc.;\· or th~: }c~t'\ltY::·:" 

.. 1 . : ·: ..... , . . liii &.o>~· .. ~S + p . (2f ·.- txpotiKh<:n0l 'wor.k& ·1lx<ill~ble ~bh j~iil.'. dfe¢t; )t Y'~s 
•, .1 · ·: .• :' '··· .. · .. ·:'. ·. , . . ·., ; > . , . · · . thoiigl~t,. wor~hv;hil!!, .~o. _jtwe~~ig<J.tC:: ·the. co!ld:U_ct'l~ll'l 

htM1s .go_oa, for one·e_nt_lre·dass -of org_ann:: ... ompouhds; · . ·· .' . · · ... ·b·.····H.·_· · 1·. · ·.•···. ··•;, t.·. ·· -r.;,. ··...,~-... · . · · · :~ ~ . . . -- · · · · · ·· . .. : .. ·. ,. . · .· '· :, · ro:c~ss m more . Wl.vg.tq:L. s(';_rnJ~:oqn .. c .ors: .. .~c .• J .t_ •• ., •• , 
. tt. and p be.mg. c.onstants •.. R;psenJ,erg~·~.> ,et at. s:tlc)\yed, -~.: _· t·ait f h ,! , , ~ ·, y . ·"effc·f .£H. o-cnerai\y 

ev,i'di!nce ~f~~~-.'.if 1i is varie4·-~):'-·hyor~tioil or._ co~lif!~~X.· .t lC)'~, k .Y.; 0; -~. !!W~or~~~~~ .10
·: ,,~-;16rted n~;dnst· '[£ .. .. 

·.J<:it'?l;lad(ln' ~el~do~ · (2)-' h •valid.· lor,' (_ ~i':igle org~t'!ic. :1"'~h· ;t~ ·d .. , Y.~fltip~~s f' a :~_,':ln;s· k'?g 1.\n:_\'it) t·o ·ch' a:
1
Je· tl1~ ) 

·· ··i. · ·' ·. .. · '·1·,· .- d' ·h·.·· . ·. 1 • ··' -• ·· fi'·· e a-sorp·on o. gas"'j; t. · npw_ ·'. .· . •o. , 
, tm,Jstancc as. ·we , an t ~:y !!Qsgesrcc a~~ ex,press10n '10r · ·. '· .. · ;,, · .. ·. · .. · .... ~- . (' · · !.. . · \·(hth.ictt1rn· R~t:i!ntly · . 
. . the spccillc_ ·t_,oitduci'ivity of the fo'nh' _: ' ... · .', . ,ab· c_. ~1\l:a .. t-~oil.ener5~clso .• org.~~~~lis'cmhl :O,oih' cs;s. tha't vitatni~ 
,·,.·. ::_.·: . .... , .•. <·. ''· · .•. ·•.. -cmg-n:to1.lv.a~c'-~.oe~~m,me·<e .YP, ,I," .. • '···' ... · 

: . ·. .: ,: ' ·. . ' i7(.1}) .d;,qo'' t:~f! C'flfk T_o) cxp'(.L$('J;k !'t ' .J~) . A is: '(i1v1Iv~ci ~n-' ol'far:tQfY ~rahScl':1Gi:iqt1 fnetha.~isrn.?~l · .• 
. ~bus iilh:orJ_udiig ·. ari.• ~qdidon~l;. constatft . T0 . . called w~ have studieq th¢ ~ffccfofadsili;flq,~n pfgases.oJ1 ~qli(l .·i 
. :_ .. clin'ract!;'r·i~t{t t,~tt1pt;r~t.ure: u/, ?11d :To- for. 'tne' siil'n.t( . viiamin' ·:A. ·. Such ad~otptkin. cJi~·ri~e( _t~~ activl).ti.On ·: 
-~-~lmpotittd,: reorai~ invaria~r. ·The Jii1ear rc;iati .. dnsh~j:i c1itrgy ahd erth'anccs ,,q1e.c6t1cliJctiyhji.' lry ~his paper ·w~ ·: ,: 

:·.;·t~w~~~- !~:~;~;~~~~it!~r:J: i~~a~:~et~:o~~~%~~nf:fi~~ .:. ·' ~~~;~~s~~~~r~i~nit;~:~~~;-~~~~~~-~~~~~ii~~~~~~~ ~~r-~ 
\ ~ffed, . ~ .A~td <B chat~!;!'!)n :such ~ m~ittper thtH' (heir :. ;,6 a,nl) :·.Fl .ate jnd,ecd. physi'¢1ljly, r:dat~<L, · _Fqrth;~•: ti!e · 
~ifec~ on',70: are rpotua!ly :co1nJk~i:~ate\). · jt h?s ,b.*cn: • fo~ril,atid~cbf·d~nor"o!l~tt;p.tot. c!Jtr;plex.:b~tvJeeny!t~~Hl ; 

. .'-poi~t~d i<hit_ ~Y. Johns~bri .. :and ~ypn~'.> · that· tlH~ lii!~~r . A.and- (Jl~.' "!gsor9es! g~~(!m>~ec_LJF~ Is·_sJlS)~h _to~ ·b.·c r~spon_~ ·.' 
. , .retationsli;p:i~tt;Wt'~ti log 00'!1'11~' e :~ay· origirJafe ~s"oi~J}~ ,: , sibl~ :for ~he' obs_er.Je~l ';lt'tiva~ion' ~ne~~y chang~: ; : _., 
: ·:frt~~, the .calcu!atiosf-'6C,'th~se para~m;~crs and th~. ·'· .. ·.' ,' .. ---~-:,._,:_ -.---c-· -f.l ' 

.. ·: ~~~ptnsl:ttic;_~l s:ft~tt:require&':n.O. phy~.ical 'iqterptetatio.,t, · ... -·· .·:.;/;· · ... · ~~p:erhn~~tt~J .. · · · - · 
, ,Hqwe\'~i;"they- have s~gg~sted ·tha~ .. if 416 urtd )~_.(!'.f~ ,.' · . .. . . · ··~.: .··. · • ... ,· · .' : ' .. ·• . . 
·.: phy~icaUy·rdated, one :>~IOi.ild i,ret a !ineat relatiooiihlp ·>:: .. High ,fiutity. vitamit~- A- alcobol.'IHIG vltumm A :tGt!U!e :· 

,,i-.,,-~Jll:c~og-:--d·-~nd--fi';"Y:t~l~in~rjlre:'~~ffije.oacltt~~~~;,~...rw~~-.ui$titine~·:-fn:~m--::_J~~~~~~~!.~:~·J~~~t>--&md-Co.~ .t..;d•:~" 
·' · f;•rtramcters in·· ag~mem;· )\'.tlh , the values. obtat.p~ >·~ Sw1~~~JtH~d~,· -f.h..-.~ -were. ~1sca ~~.~_~pcn~f :arw f~rdler JM Hlt:a . . 
'~;':.,fb:~n1: oth~~- ~_urc_e~. _:- -}!~ro~k" -~~: S/ ·~or~ _aJAy_ p£l.rJ ktda'r'~~. r~{in: -~sa~dv~!~~ c;t;>lJ te~Junque wnh ~5~11lglli;IJJ_~-i~~nd/~,--. .,. 
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!::;:tt:aitiless s~ect cl~ctrode wa.s ti~e~.· T~ere ·,~aS .a gas inlet ~~d 
' all outiet ih the conductl\•ity .clinmi?Cr," made of brass ;ahfl ·. 

lnshirncd wlth.Teflon, for gas adsorption ~tudy. The lc.mpcra­
hm'. of the ~andwlch- ctll' b~uid· be. contro.i!c.d 'rrorh ~:nitilidc; 
'I't:'ntpci·a·tur~··mcfisl.lreinc~is.,v,cte made ·i!si11,g :i coppcr-i:~n-
~tani11n thcnriocoiip!t ~trite he~ at the top;9f .tlw tnetrti cleq" · 

. irodt-. "ine. ieini~oriduct!i?n curtc11t~ were·h1ca~urcd \\•llh' an 
det;.troine!cr. an1plifiGr EA$l5 .o(t}Je Electl'<?~ic Cor'j>Qr~itipt\ of; 
India· Lu:h .Vapors of ·i-t1cthan·ol, cthat\ol,. ·hcptl\!1~, :e~hxl . 
, acdatc, OCiizcnr:i,,liild. t6lucr1t'·\\•cre <;~lJo\Vcd to ;bi1 a(isorbd m·; 

.< the ~cmicondlictcir~. The ,-~~~-\gctlt c.he~niGals ofspttt~ogr.~~t.t~ 
, '(Jt. Merck,· :i}; p; Jf.) qlibiity. wr.re :tiStd.' withtm( fu,:thh~, 
puti~catll)n: otherwh~ rq:>r.:'ated fr~ction:~l ·<1\~tUhi.tion was d()pc 
before u~e .. · 'fo pa~ varipu~ v~pors iilsii:ll')' ~nc ch!lmber/dry 
nittpg~n gas ~·a'~ us~il as r.i).rricr ·wh\dl 'W.as p<,lssed througJ'i a, 

. bubbler contal~ing ihc ~agctH· chemical. 'the parti~l pressure · 
or' the ,-c~gtiit '\·apor ih the corJduct\vitY. d1arpbcr ~1:1s kept 
ronst~.ttr during ~·qsorptioil· at .. a~ pressure' le~s ·t~i<in tne s~tunt· 
tiqn vapur'rhcssur¢ at thc.sA.hiplc:cc!l tcinp?ratul-c by t;a,r~f4l,ly 

I. adjus(ing ih~HC:Inperaiure of the bubbler .. The parti<ih i':ssure' 
()f the Vapor v(as t!ie sa't~r':Hion·vapol' presstjre of the h':agcnt 
tht:mical at ·th~·tdni>erfitul·~-of the-bubblhr. The S.l\mC. partla) 
prcssti~c · (40mtfil \\·as -·h.iai~ta,in~d 'inside 'tp:~ .. chamber for 
vp.rious vapors. · Onder thi~ conditiordt is a valid-assuniption 
that-: the same: 3.mbimt o(various vapbrs ar.e adsbrbed :on ,'the 
seu1iconci~~t~;'5; .Repeatccl:·h~~ting ~nci coolihg of th~ Sl\hlpie. 
iuitii-illy id:. ,;~~'uuin ~!id fi'~;llly }r, dcy ~it~dgcn atin(!sph<!re 
ensure-d l;l_esorptiolionv~~ef~·vapot'dl' <l~y other ad~oi:bed gas~s .. · 
T~nipc:r!lfure Lf2.5~~c)"C!f the·saniple cellS and the. inlet ,flow , 
.were kcP,r.cJ?ri$tapt durin~·aflsprptiot.l. . · 

To d!!~crn'li.tie, tHe efte'Ct.q(a~sorbcd v,a~r on lhe semiCon· 
du,:ti~n ·~6ti~1atioti'ener~w' the Satnple w.iis 'ali<:iw~d tq come:to .. 
a iteady state in the eharpber·atJrtosphere.containlng ihc v~por 

·· · -\'<ilh ·nitrogen ... The p~;e!!sur~' of the, tot<il.gas wixturc· b): '·~he · 
·ch.an1bcr \il(l.s atinospherlc jkesstire. T!le·'sattirath;ln currel}t, 
. 'lirier vapor ~,c!sory;t_ion w~s found to be ~i]il'ost .constant }::veri 
. tif~cr fo\ir ho.ul'il .indicating that the cond4ctit;il1 in· the. sy~i:ein. 
h · ina1nly.' eicdtoniC.1~.ur The. s"mple<tetLwas ~hen tapidly · 
cllOkd ·tq li~cittt ;_40 60 anu U)en the ch~miier wlu flushed 

.. tt\!n.tly tvith. dry nitrogen ga~. .SemiCond4~tloh. ciu:rerlt w~s 
oieatiured wit~ intre3:3ing t~rn:pcrature of-tire ~ample cell. The 
i:iilllCl or th¢' th:i.rnber wa~ kept·ope'l to maintain atmospheric 

' :pre8su:;e iriside.'ih~ Cham~r.. '· · · · 

... 

•.:.' 

':'. 

.· 
'R.e~U:l.tii . und IH·~~·I"lsto~ .. 

Tllc ·5~m~t~ot1d~~t.lor,· a~ti-~ati~n t~~rgy ~~ ~~~tkii~~~- r 
po\vpers .?f. vilal_llhi: A· (a\poh(;l ·and. rr2etate)· hM Reet.: -· 

· tneaSiite:tJ, sevei·al thi_1es iri .c:l.i'y nih:ogcn ·· attnosplicte;:' 
The Q,ps'crvdl: v~l:1cs ·:u·e ·2:_06 :a~d· :3.!?q e\t: (~hf.lro~.). 

·for J-he .a!c9hol· <~lid.<~!.;(i~a:t~~ rc~pc<;twdy;_ The. adsorptio~i: .. 
'o'fga,scs chl)ancCs. tli¢,se~nkon~.hktioh curreht (hy !invcral ,' . 
·~Jrdc~s·bf'-inag·i)itudc hi .some .cascs)··and .dccte;;~d .the·· 
nd!vat,ioi-1 enct'gy: •WP~.'c,r.i.ahl'y .. the resuHs ·of OQc-~'i,ich·: 
_lypi~at ~ip~rimcnt is sl~bwn in· Fig: .1. Ti\e sti·aight- \'ine 
_potl:iQQ i.~ Jh¢ lo~ ·~~ntperature n:gion sl}ows .tht~ sciiik.; 
oonthicting .p~'op6:Hes;- Of: vii<!t~in ·.A acetatc_.·po\:v~et 
.with .~~rciorbed c_t!iyl: aci!ta~c vapor. f,lnd the slope <ifdH~ . 
'linc.; _ _giv,c:S._ the. ;1¢li~.at·i.tn energy (0&2 ey) of .this seJnl,d ·. 
tonqueting ·aysfcm. ::'fhc ·straight-line .port\<:m iri. the: 
higlf tbinr:>erature i:~gio,Q ·gives ·tfio adiVa:ti6n , ¢n~m-v· 
qr:.v·itiuni'n· 1\ acetate iil. ;nitrog~t~ ·atrnosphcre.: Tii~ ., 

. 9l;sei_ved .v~hie (3:4~·:&v) i~. slightly ~owci"'p<;s$ibl.y ~,U~ 
to · inc~mpli~e· qesorption of. :i:dsprbcd :vaporn:· . T~te. 

. intermediate portio!). s~o\y~ tbe' semicoridudion bd1~ivior . . . ' .. . . . . ~ 
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'tABLE~. S&MICONDUCTION t>ARAME'tl!.Rs I'OR vtr'M.!JN A (ALCOHoL AND ACJ!TA'I'E) ON .ADSOkPTION 

_OF E'l'J-IYL•ACETATE VAPOR OF DIFFERENT AMOUNTS - .• 

Vitamin A alcohof -Vitamin A acetate 
'(SO.lid state crystalline powder)· (Solid state crystalline powder) 
.(2kTo)-1 = 14.45 eV-1 ; ' (2kT0) • 1 = 17.52 eV-1; 

,_, =2·. 8 X 10-• 0-1 cin -1 · u0'= 1. 5 x IO-U Q-l em -t 
---~ ir ' •• 

Cun·e· No. E -------l1!1 Curve No. E 170' cxp fE/(2kT0)] oq
1 e_:p [E/(2kTfl)} qn 

frotn Fig. 3(a) ·CV 0-1 cm-1 n~t cm-1 from Fig. 3(b) eV ·Q-1 cm-1 Q-l cm·::t 

l 0.94 2:22x 104 2.0x 104 I 0.63 9.32x w-r& ·~-I.ox tO~y--o 
2 1.08 t.68x 10-1 2.3x 10-* 2. o:sg 8.87x J0-4 I.7x10-3.··• 

3 1.19 -· 8.22x to-• l.Sx IO.-i. .3 1.16 l.OOx 10-1 i.6 X I(J-t 

·~ 1.43 2.64-x 10° 3.5x 10° 4 1.52 ·5.51 X }Ot i.5x tot 
5 1.62 4.ll x'101 3.0.x 101 5 l.BO 7 .4~x IQ3 1.2 >< 10' 

Cun·e No. t~5 corresponds to the_ decreasing amount of adsorbed _ethyl acetate vapor. 

4.55 eV-1 f?r these two compounds respcc'dvely. · The 
agreement is excellt'nt. Also the. intercepts give q0~,., 
2Jl5 X 10~~ n.-1 cm-i fot· vitamin A alcohol and qo'""" 
1.6 x I0-10 !l-1 cm.-t for vitamin .A acetate. These 
values agree well -with- tl\e \'alues obtalned from .the . 
~og u11 1·s. Ea11d log u tiS. J/T plots. Thus the high 
correlation ·between the relevant parameters ir1, semi-. 

-conducting vitamin A powder on adsorption of various 
v~pors indicates that Compensation rule is valid in 
these biological semiconductors a11cl that !10 and E are 
indeed physically related. . 

Typt of. lniqaclio_n between the Adsorbed Gas and the 
Semiconducting- Material. It needs to be pointed out 
th~l the reason for tlie semiconductiofi activation energy 
change is not quite settled,8·11l H:owevcr, donor-acceptor 
complex formation has been widely held responsible 
for the increase of current in some semiconductorst5-17l. 
due to gas_adsorption. As the vapors used in this present 
lnvest.igadon are goo.d electron donors and polyenes are 
known to act both as elect_ron donor and electron 
acceptor,1a,to) formation of charge·tran~f~r complexes of 
vitamin A (alcohol and acetate) . with the adsorbed 

. vapors may Le pos&ibte. · ~t h~d generally bee:n 
.observed~"·21 1 that in solid charge-transfer complexes 

. with a particular acceptor ·and a number of similar 
ty1)e of donors, the seriliconduction activation energy 
as obtaiped frotn r.elation (l) and thc.energy (Jw0 r) of 
the IQwest cliarge.:transfcr band 'are lineatly related by . 

- the cxp~·ession · 

.E c:: iiiJc'l' ":- ($ 

::::: In - E~~. + C1 - o, (4) 

where, fo is th~ vertical ioniZation potential of the donor, 
EA is the vertical electron affinity of the acceptor, c1 is a 
eonstant:2> and (S is aho apother constant of very low 
,v.alue.JIIIl h1 Fig. 6, we show a plot of E us. ! 0 • A linear­
relationship is obtained as expecttd from Eq. ~. Thf' 
lllope of the llne (0.6) lwwe\'t"r, is much le~s than unity. 
Such a value for the slope is a ratber general observa­
tiontil.~'> jn ltllc>r l•.r. /p plots. The intercept of this plot 
1~- -3.8 eV. )'1ie value of -C\ is usuaJly22,26) around 
3 eV. The electron aHinily of anhydro vitamin A 
whkh is C'!xpected to be ·dose to that of vitamin A 
(nl(ohol and acetate) has been reponed lO be2•J 0. 7 eV, 

· '1ni• g~veil·a value ofO.l.~:V for 6 which is. a V(:ry reason· 
_a_gk. value.i).~Uj This iidds furthc.i· aedence to the 
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-J·ca I I I 
·O 6·8 9·& 10·4 - 11·2 J::j·O 

1_0 /eV 
Fig. 6. Scm.iconductlve .-activatioq ehergy (E)_ vs. ioniza. 

tio1i potential (/0 ) .ofthe adsorbed vapor molecule~. 

-!:::.-: Vitamin A ace~ate. ~ll rrt"-" a !.-
· -0--:--: Vitamin A alcohol. '\ · J\ _ /.:.. 

-. .. . . c..t.A.~,p~. 
proposed ch.arge-transfer concept. . · 

There are number of theses about the mechanism of 
conduction · in organic .semicondu·et~rs Ieadi~g to · 
compensatioq. effect. The carrier .injection model of 
_Green27) produces the type of activation energy depend­
ence of the pre~exp<?riential factor as observed expet·i­
mentally, but does noi: provide any physical basis for 
the interpretation of T0 •. Significant difference in 1~ 
values for these two compounds suggests that T0 1s a . 
molecular charactcristkoftbese organ,ic semiconductors. 
Kemeny and Rosenberg'!s) observed. ~ompensation iaw 
in tunneling of small pola~on through molecular barrier 
from thermally activated energy levels of molecules. 
Their model predicts that T0=0/2 (\vhere 0 is the 
De bye temperature) an,d that at T> T0; smt~ll polaron 
tunnelh1g i~ not possib1e ,and compensation effect b 
not expected to be observed. No experimental study 
seems to .have been reported on thq semiconducdve 
behavior of organic compounds at T> 1~. Debya 
temperature for v-itamin-_ A alcohol and acetate are 
not known. It has_ been rep<>r~cd2G) that the Debye 
temperature· for a s~ries· of crystals of large aromatic'.; 
molecules lit•yin the- range 100,......130 K. It seems that' 
the T0 values measuted are far too high to justify the 
polaron tunneling model. . · ' 

An interaction between the electrons' nnd the vibra~ 
tiona! t~otion f!as been thoiightQ,Jt!) to be the· mechanism 
behind compensation .effect. A change in the decttonic: 
state. {due to complex formation) gives rise to nn activa­
tion entropy because of a change in vibrational frequen~ 
d~.- The variation in both the electronic energy gap 
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