Investigation .Onl The
Spectroscopic And Semiconductive Properties
Of Some Organic Compounds

THESIS 4.
SUBMITTED FOR THE DEGREE OF " ' |
DOCTOR OF PHILOSOPHY (SCIENCE)

OF THE A
UNIVERSITY OF NORTH BENGAL

By
BISWANATH MALLIK, M. Sc.
DEPARTMENT OF OPTICS
AINDIAN ASSOCIATION FOR THE CULTIVATION OF SCIENCE

CALCUTTA-700032
1979






_ '. The pregent theals éati’tmd i Iﬂ%atﬁ.gaﬂm on the spectroscopie
and m::anﬂuetiw propertios of soue orgonte conpounds © 1g-dn Mﬁh |
‘mont of the remirmezﬁs for the degroe of Doctoy of Philosophy faclence
af the ﬁn&vﬁmaity of Hovth Domgal., I€ embodies the romults of investi.

| gatm:i on the apectrageopie and sexiconductive ‘prc,aerﬁes of some
1inear conjugated -gmlyéms;

. This theels hea two purts and sn Appendiz. The first part docly
with the imeéstigatmn on the elestronie nbasvption ond enlssion
spectfoscopy of sone poliyvenes a solvent offect and. effect of adsorption |
of woricus vYepoors on thelr solid films. In the second pert results |
fron the ctudies on the memieonductive -pmpartiea' of thoge compounds
o.3e the affoct of adsorption of vapours on the dlectrienl cordustivity,
on the senicopduction setivation energy sxd on the veriation of the
pre-cxponentiol factor (In the gterdord oxpression for specific conduce
tivmy} vith the ectivation maxgy heve been included, Thore are three
chag;tars in the first part and the second one comprises four chapters.
Chaptor 1 of both parts contains o gemersl introduction with o brief
.reviev of the tﬁlevam; parte of the exlsting ﬁx@ﬁw romired to
interpret the obgerved results, Vor collecting the gpgetroseopie ﬁat:e;
spectrophotonetar and gpectrofivaroncter heve boon usmﬂ « %he exporie
mental techniques uged for the sexiconductive investigetion are presene
ted in Chepter 2 of the sccond port. The chinptors € el 3 of Poyt ¥
ard chopters 3 ard 4 of Part II contain detells of tho resilts obtoined
in the inventigntion together with thoe dlsemanion of the vesults.
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Heost of the results have beon published in the form of papers
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Iisé of subiteations and tho svalleble reorinds are given in the
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Tectoric absorption snd mi,és&m spectra of polyenes,
2ll=trong vitanin A alecholy all=traong vitenin 4 ecotato, g ~apo-
8'wgarotensl, astacene and methyl bixin have been investigated in
the s01!d etate. On adsorptlion of cortain vepcurs on the ¢ryse
talilte surfaces of thers polyenes, a new bang aprears on the low
enorey side of the well krown Intende 3‘%——» 3%3“ tyansition, No
significant change in position of this wew band 1s obgerved with
sdsorntion of diffevont vapoura. A good mivrrer imope relationship
botweon the new sbupovption band end the woll known enddasion bond
for these nolecules indlcntes that this new sbsorption bord mey
be due to o transition from the ground state %o a low.lylng T
cleatronie gtete vherofrom the enission initimtes. The effect of
d1fferent solvents on the intense ;> 1B, trensition and on
the observed omission band of eoach polyerne under investipation is
enpreciably different. This sogeests thet Aifferont exclited stotes
ara dawlived in the ehsorption and in the emigoion ymémam; it
has been coneluded thet in these long-céhaln polvenes thore exists
a low-lying forbidden 1A state below the strongly allowes 15,

E
state.

on adsorption of some electron acceptor moleculos on the polid
f3¥ns of the polyencs, in eddition to the orlzinel berde, a new

sbgorptien band appears in oech cane on the longer vevelenglh side
of the spoctrums Thig pew band 1s energetically ruch lower then



the Imi@i@n bond of the oolecules. The posltion of thls new
band 45 dependent on the electren affinity (E,) of the acceptor
moleeules ond the intensity depends on the emount of accsptor
molecalos ednorbed, & linosy relaticnship botween the 5 max OF
tho new berd and ' ¥, has been chserveds The fonisation potentlisls
of the polyonss have boon ostimated from this 1ineay reletionship,
_ The sstinnted wolucs agroe aaftiafanmﬁw with the volues obtained
by athor -me‘!s!mésa 1t bas boen eonciuded that the mﬁymés behave
g clectron donors end An the solfd state form charge~transfer
comploxes with sultable cleotron accoptors. " | |

Papt I

‘ Boidvd

The chenge in seniconductive properties of some wl&aﬁw
after ndsorption of various vaposurs on tho cryotallite murfece hag
beon aﬁxaieﬁ at conptant smaple temporaturés. & rapid erhoncement
in the semlcondnetion current has bevn cbaorvsd. The 2ise In
conductivity has been fémé to b oxponentiel At ﬁnﬁ»@a&a‘g-mpmr
prosoure of the adeosrbod vopour. Thia adsorption procsss hns been
oboerved to be efficlontly reversible + The sdsorption and deporpe
tien Linetics have been found to follow the modified Ropinsiye
Zoldovich velation &m/dt = 2 oxp («p 0/ Ry whera, ™ 41g the
emount of vapour odzorbed a8t 2ime Y8, A ond F ors conmbants
et & perticulay pressure. The selivation enovgies of sdmorption
end desorption have beon estinoted from kinetic dete anclvais. &
tyn-stope adgorption prososs satlisfoctorily expleins the experimental
roguits,



w welt &

The chenge in -_smié&::émﬁi&z aotivation ensrgy on sdgovption
of varicus ﬁmum hos beon Investicsted. The sigorbed vepours
change the ectivatien energy by incressing or decressing it. fuch
change depends on the cheniésl noture, omount of the vopour sdsorbed
and 2lgo on tho polyang omd gm*&p; Thege sepiconductors follow the

t!:a&*mﬁeﬁst@m enuntion.

o) = ' exp (B/2k) exp (~ £ /2kT).

whevs tho sonventional nroeexpenontlisl factor ) hep been replaced
| by 5;}9::@; (2/2RT,) (the 20 colled compensntion offect). Hewe K
end ;' ore constents for o pertiouisr. substence and Ty s called

~ the charecterigtic temperatura. T, hos beon found to pley o
sigrificant role on the dovk conduction grocoss. VYarious netheds
uged for ovolusting T, end ' have ylelddeonsistent rosults.
Excellont e@émla%z&m obtained botween the relevent povranoters in
these Mimﬁﬁﬁetwa indlcetos that ¢ and 1 are physically
related, Various models for conduction mecheniss leading to
conpensation effect have been discussed,
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Puring the ‘zasf:_ two ond o helf deceden the speotra of
oronnie molecules in Aiffevont sinten heve boon extonsively
studiod tu heve o wore conplete understanding of intermoleenler
oo woll s iIntramoioenlor properties, Particulerly, spactions
- gople studios of wolecules of biclopieal intorost have beosn
avenloreted in recent yonrs 1o m&éﬁt@‘ them ond thedy intey-
petion forcos vhich exiet «Athin uod between molernlen of &
por#iculsy shepe in o given situotion favourable for a particular
biologicel ectivity. High spoed conputers hove multiplicd the
progress grently. Thelr uso hes holped to tost theorlos invols
wing complox celenin¥ions of molesuler orbitels of lovge blow
moletvions An underptonding of the cleetrenic properties of
moleevles dopends on the lorge secutmintion of oxperimental detas.
The develorment of intonse UV 1lght sourees for sbaorption and
spigsion gindies, UV and vigidle spentrophotonoterg hos nede
avellsd¥le move eomplote sote of awporimentel detn which serve
woys occurats interprotations of nany @hmm@a asgoninted with
the blomnlecules conterncd.

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



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

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

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

1.2 fhe ﬁ‘&@&eﬁ%@?@mﬁ P Theory

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

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



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

L (e )

=0 (1.3)

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

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

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

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



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

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

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

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

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

ard from (1.8}, A\« (147

At lavge U, 243 ~ Lk and honeo

N K - (1.8)

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

1.3 The 104G KO Theory

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

Vo= g eapd | £1.0)
§

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

the equilibrivn muelenr configurstion of tho moloouic oo that

HY, = Eoty (1.30)

The goeffivients which eorrvospord to stablo molconlar orbitsls



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

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

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

er—sasc&\:o- ) (2.32) -

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

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

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

fet vo write for converience

oy = Wil | (1.4}

By = Wip=Mp (i) (3414)

Here o, is the Coulemb integral of the atemie orbital 4. . This-
integrel represents the Coulemd anergy of an ¢lectyron in the atomie



nw B o

orbitel ¢ . fgﬂéﬁa tﬁg resonsnce intogrsl beotween the atemie
orbitals &, ond ) i and 4t coounts to the enerey of intersction
of the two atonic orbitals. Both those inteprals o and f
corrospord 1o negative enorey. If 1t 4o pomimed that a2l the
atonic orbitals avs normclized, the scoular omstions (1,331) can
bo writton in tome of £ ovd P as

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

L _

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

to transitions of the wecledtrons. The epprowimetiens to those

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

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

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

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

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

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

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

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

g

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

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

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

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

Ci’é‘[ - (%Q %‘m_. o ‘ o {1.30)

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

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

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

aw

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

, . W | o
AE = 4 S ) ' ’ {1.28)

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

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

3@"% The mwnmm Force "f’m

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

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

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

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

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

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

Tho rosonnnse foree approach hes been spplied with miccess in the

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

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

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

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

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



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

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

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

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

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

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

rCfﬂ >0y = ¥, (%, a)%w(a A) Leam

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

gnge in the oqu

Che

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

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

= MOK(&O) f‘&og(&) XK#(Q,A)&Q
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whers

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

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

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

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

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

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

2 4 E‘ibii"é 1981




w 30 -

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

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

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

empended ns & pover series in the pormal

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

ﬁ/
vhere Ty do the Eand)

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

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

SWK(Y’—Q) WX, 8, xwa\&

Pho ground stoto 4z osoumed not o miz with oxtited ototes since
the value of If -~ BJ 1s very large (uemelly grester then
20,000 w13,
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The transition mmt sorrected o first order in smell
a2splocenonts 4o then

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

vhére

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

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

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

Y

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

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



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

Y , v _ ) o o

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

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

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

PACY

sm@a thorolore

= Z‘% (1.38)

V=1

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

=l

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



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

1,6 The FyancheCondon Prineisic

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

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

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



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

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

pmgmssﬁmza@ﬁ”%

zﬂ"’? Intormolecular ChavpeTpsnafor Comploes

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

B4 and other worlors E-C7 hove explotngd quantum

Pulidken



o

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

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

She gréund state of the complex i deserided by

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

Tho oxeited state of the complex 1 described by

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

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

BV = Wwy | (1200



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

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

Loy this anaprgy ¢

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

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

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

epproach for the




often ohservet 57, There chould be bonds corresponding to -

trangitions botwoon any of the occupled orbitels of the doner
and the emply orbitals of the secoptor. In the 10 methed, the
intoraction botween the highest ccoupied orbital of the doned
ord the lowost aopty orbitol of tho necepter %o 4n genernl
eonaddered, Due o the interaction the donor orbitel ia
depronsed ond the empty orbital of the accoptor s ralsed and
the whelo systen bLotomes stebiiizsd vith a simultsnoous trensfer
of clectron frem the denor to the aceeptor.
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COAVIBR 2

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



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

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



w DY w

4 3% —> ', whieh 15 safd to be the strongly allowed W —TU

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

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

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

2.2 Pxperimentel ond Results

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

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



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

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

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



Toble 2.3

nffect of adsorption of varieus vapours on the intensity of the
wepk Jov energy bend systenm of allstrons vitanin A alechol

Yapour odsorbed | Felotive Intensity

waw

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

Prridine . 1




Teblo P2

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

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

Vapour adzorbed ' Teletive Intensity

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

Pyridine o .
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Table 2.2

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

Vapour adgorbed | Relative Intensity

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

Dimethyl aniline ' 1

Wothansl ' 8

Pyridtne B o 5




Teble D4 _'

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

o

Vapour odsorded Folative Intensity

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

Fyridine ' 2




Toable 2e8

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

Vapour adoorbed felative Intonaity

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

Hothanol

[ ]

Pyriéiim » 1




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

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

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

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

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

Absorption bonds of pllefrang viteoin & aleschol

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

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

rma— N

20000 (W) Tiewband

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

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

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

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

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



FIGs 243 ¢ Flcetronie ohsorption spastira of glletpans

neotate et room tempersturs (287,

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

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



. - PR ﬂ ) . vw ) .,.. - m ,JI,

!

.

| ~{suun

Q4v) ALISNILN}

ALY

310 . 270 230 . 150

35@

WAVENUMBER (e )x10° -

OEG.23



- 44 -

Toble « 2,7

Absorption bends of ell~trons vitenin A ecotate

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

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

-

28000(w) Hew bend
. gatml )
T Ay

E@fm Brood . Treed

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

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

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

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

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

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

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

W, s et _ witho,, — gt

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

21700(vs)  ©+3000
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FIG. S8 ¢ Fleotronde absorpiion speeltra of sstecene ad poonm
temperature (2500),
15 spedtrom dm O0l,s 2, epoctrum for the ooifid ©ing
B spectrum for the soldd #Aln aftor anidime wopour
edgorption, Sumlitetive resclution of tho ot}
absorption spectmn after aniling veponr sdeorstion i
&, Yand of the #0128 film; end 5, now band.
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varigup vapours the 201i¢ state cpeootrum smponrs vith & new bend
at ohout 16660 em™ with o smell chenge in position of tho band in
shé eryetalline state as shown in tablo s

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

BOG
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golution speetyum wl&.d ﬁﬁﬁ"ﬁﬂ mm “’enﬁ state i‘i&zﬁ at
in c€cl, at 25% ¢ o8 1 25% ofter sdeorption
mpw adsorpidon of eniiine vapour
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TiG. 2.8 3 Dlectronie absovption spootra of mothyl hWixin ot
voom tempopature (25907,
1, spectrum In ncetoros 2, spectrun for the selld
£40ny 3, spectrunm for tho soldd flm after methencl
wepour adcorption. Cuslitstive vegolution of the
totsl ghoorption speetrum after methemol wnpour
adsorption ¢ 4, bond of tho solid filmg end &, new



. TN - R . N - N e L. .. el e Tama L
e lm . C e e - B PR e e R s et ool K =

u_m_an_..ﬁwﬁﬁéw ” >tm ., >Fﬁ

Vi

= 120

240

280

T e

CUURIG26



o 8]l -
Table - 24,10

Lhsorption bands of methyl Wixin visible band syotem

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

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

—— o . o

175600w) Tow bond
aysten
(1% = 1, »

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

221500w) O+ x 1000 22000(wma 0+ 2x3300  23000(W) O+ 8x1900

- mediun

sirong
*zmr:r

bmm!!

o4l
'EEE K |



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

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

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

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

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

— p— T
a> M

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

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

A = kd 2 (2.2)

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

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

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

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

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

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

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

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

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

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

sbmrption and emission oselllator strergihs indicates that the

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

& stabe other then that involved in the intense abwrpﬁm bond

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

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

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

—"

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

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

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

- : ——

Solvent n“e1 Vpaxlea™h Vgpgles™D

PRI  for endasion for shsorntion

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

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

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

L]

soleent

r—

-

P {
‘>mm{‘m )
for enlsoinn

Vpyagl €™
for sbhosrntion

deotone

Bthyl scotate
Nellovwane

1 deDiosone
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Corbon tetrachieride

Bengone

"3:227

D084

Q257

0875
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FIG. 238 ¢ Plots nf smm peainst m%éléfmg%— 2 for thn
. Sowost ohergy abworpiion band amd the bighoot
cnergy exfesion bend of 2 waroeltegapntonal .
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Tablo - 2,24

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

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

n%e for eniscion for absorption

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

Dongene | 0,504 w8y 20200




FIGe 2213 ¢ Plots of (—5@&2 ﬁgeimst iﬁgni}fmﬁ-if 2} for the
lowost onerey obeorption bond end the higﬁhéﬁéﬁ
ensegy cnlasion band of astocons.
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Tablo - 2;;5 :
‘Soivent ¢2fcet on the a%warptaan and @m&ssﬁm bands of nemyl
higin at yoon te::zmm%m f%”c)

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

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

Dengene 0.204 18691 20020
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FIG. 234 & Plotg of —Smx apadnet m%x}/m% 2) for the
lewost energy absorption Lond and the highest
apergy eudssion band of methyl Bigin.
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This lovost exeltod olectronic state in polyencs is 3*&&'
stote which 45 symsotry forbidden. The lifo-time of tils state
1s long because of fto forbidden nature. Thovefore, this zaxma‘h
stata geens ts de s.m@mveﬁ in the p}mtaemicaz. ﬁmwms. )

2‘03&3 ?ﬁ#t@! ﬁsfm}p ‘3!33- 1t ﬁz}g .

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

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

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



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

8 1oy ensrgy lﬁg giote 1ios below the 31% stato in these polyenes.
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CHAPITR 3

CHARGESTRAKSFER COMPLEXEG OF COME POLYENCS



Hulidlont suggested that chorgoetronsfer (C7) eomploses
mey play en important role in blologleol systems. Some zsaw:&a,e
fopiieations have boen ddasovesed in s book by Swﬂt—ﬁymﬁ“‘ -
ﬁmy mﬂw@a@ heve produced gvidonce vhichy 1t is clalned, sipports
this propesition. The ides 1o thet the chargo-tronsfey complexes
possoss certaln provertics which ¢nddl bo mmﬁmt in malasgicsl
eystens. The mm noat mxviaus proporty 1s the tronafor c:t a%m*ga
fron one melotule to emtber. Hlootron and cherge trsnafer or
trangpord @gstms ave vammy ﬁﬁpﬂ!’tﬂ!&ﬁ in Blology.

The Mmrm of oleotron ﬁemm end secoptors of veried
Viopotentiol 45 ovw of the bagic povoneters of 14fe and 4 ugsd in
the regulotion of zotivity and the physical state of the eell®,
Heddun yange chorgoetrancfer is poscibly the most frequent and
fundenontel In bMolegics) reosctionn. The forees doveloped dus to
charge-transfeor nay bring sbout the assémiaﬁmﬂ of tuo ord aove
entitios, 1% may further influence couilibrium and rmtivitv.
She proforred conformation rasuwiting from ¢F 4n turn moy eonfar e
blolopicsl eotdvity. It hss boen mggaﬁteﬁ%’ﬁ that CF complex
forastion playe a yole in vospivatory chain of axiﬁ@tﬁ;ve vhosphorye |
mﬁmg chenical mr&imgmamm, drag éﬁt&@n and photosyntiwets, |

The prosence of corotonoids (polvenes) in 1iving systens ang
10 plents is well mamﬂwﬁ. Some cavoteonnld plgnents ars present
in cone layers of eves®, in olfectory aveons = g, in in end dn
membreones 2310 of arimsln, Premencé of czrotencids in chloroplests
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atrongly mggests fts Inwolvement in photogyntbesise. It wos P1att?

wvho muggested that donor-carotens-acecptor tﬂ&z@&@cﬁm esmplex conld
be involved in primayy photosynthosis procoss. Such a complex

wum shift the corotene ahmﬁgmm’hm to much longer wavelength
below the abgorption hende of ehlorophylls and the complex would

be the cnergy sink of the wole aystem, Simple bimoloeulay OF
complex uoy slee worl in the same wey. Charge-iransfer mechaniss
involving other polyenss may well be responsidle for many othey .
blologicel cetivition.

_ Usually €T bando are studied in eolutions. 0F the polyenes
of our interest only vitamin & 1z well smé:ladmfze mgiz!s%{im
observed & hew shaorption band of 10C ook 1n a aizture of B =carotene
and fodine &n m.c:&,.m solntion and atiributed this to o €T band
of p ~caroteme ..uI oOUPLOE. wmy’la.# on the other hend, sgrued
thet the bani observed by Tupinsid, instesd ef being a chorge-
trengfer band of donor-ccceptor typo, was & bend of p «carctene
chifted to longer wavelongth éun to cram-gaatrmsfer effect, thus
suggonting that £ -caroieme. 1 complex has seversl resonance
structures for tho B -carotens ground gtate that would emslise
‘bord longth and couwe 1ts shifting to longer wavelength, Thus it
appears that the usunl methed of obaerving the OF bends in colntion
- with guitedble accentors has m’e boen guccessful with ihe rolyenes
excopt with vitenin 5.

~ 9he important property of the charge-trensfer conplex forces
1o that thoy avrs relatively long-yenge ana eoupsred to cheniesl



forees and thoe typlesl distancos between the moleculon in these
complexos ore 8.2 o 34 2 vheress chemicnl bond lonpths ore leoss
then ebond 1.8 2, Heofore ﬁemrge-»ﬁmngfer interaction con take:
plage, the donor and the aceoplor meleculo oF perts of the melecules
mest be 4in mfficiont proxindty to cech other so that the difler.
enco in elwftz’e-mt@%ml enn bo recopgpized. In meny cages the
myma forcos (e Mm@c&-ﬁim 1w faveo, viﬁews force ate. ’)
operating betveen the mol ecazas ¢an provent such close approasch end
the foraation of the gsharga-transfor conplex 42 not favoured. In
solution, the nolecules areo not 1sclated end the dnteraction botwoen
the noleculse connot be divorced from the offects of the immpdiate
mirrounéinge. OGeneraily the poleridy and the viszconity of & medium
ora aboarved to have & strong effect on the charge~tronsfor inters
acticn,.  In thoe medle of low visconity, Browmian motion which eouses
the molecules to move about reduces the possibllity of thelr ¢lone
approsches In 5 rigid metrix, the molecules de mot oxporience sny
Brownian notion and are hold in sueh closo proximity that chorge-
fepusfer are generclly facilitnted, Thias, the bolesules which peen
rot to interact 4n solution mey do oo in the golid state, It wes,
thepeforo, thought worthuwbile to stody the charge~-tronsfeor comploxos

ary nﬁwaztaMﬂef P*swﬁ'«e@@tm@i, sutaceone o methyl
bixin m tho 2014 state, For thils purpose, wo have pllowved the
vapours of eone acceptors to be afoorbed on the trensperent selfd

i

filne of the pelvenos in quarts cells and %zave_' eolliccted tho snootroe |

geople dots 9 see 17 CT conploxes o¥e Loally formed in the solid
state. In thls chopter tho results of sueh studies are presented,



Ze8  Experiuentsl ond Hesnlts

The sample of il

ironge P ~carotenme 1ike other polyenies wos
chtained fron Hoffmens-Lashoche '{:Zaa.. Ltdey «z;m‘éaeﬂam; This was
uged vithout farther purificstion. 7he structure of this nolvene
is shown in Fig. 2.1, '

;?i;g... 2.1 Structure of plleirpnse /3 ~garotone

Thin filus of polycrystals of the polyenes were é&ﬁe on the
guarts sarface in tho ssme procedurs an mentioned dn the previeus
choptors The solid fiims thus made woro oxposcd % vapours of
mw«e acid, lodine, bromine end Lodire monochiorideo. These ehenis
cols wore of high quality. The abserpiion spectira at room tenpe-
returs (28°0) were rocorded immedintely after exposing the anlid
fiims to vapours by o spoctromen - 902 spectrophotemoter of Hungarien.
t»g?ﬁiml Yorks.

The voon-tomparatura (28%C) a’bs@mu@n spectre of sllstr
-ecarotone, B wapseBimcoratenal; estatence and methyl bixin in the
solid state and the speetra after adsorption of different acceptor
vepours ore shown in Flgs. 9.2 = 5.8. It is seon thet on sdsorption




FIG. 32 ¢ Dleetronie abeorpiion spoctra of glletran: B »earotiene
1 solS4  f1im st 2270 sftor afsorption of different

electron esceptor vapsurs 3 (1), golld film spectrus
withont woapsur asdeorptiong (8) . nltric seid vapsur
sisorntions (3}, iodine vapour sdmerpiiony f4), bronmine
vapour sdeorptions (8), fodine monochloride wvepour
adsorption. (The positions, > mog? OF the now bands
are Indicated by wertical marks. Spectra on adoorption
of dfforent vapours are not normallzed).
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PIG. 53 ¢ Mectronie abgorptlion spectrs of B =epo-0'=carctonsl
20134 Tiln at 287 after edsorotion of ¢ifferent
elsctron agceptor vepours & {1}, ooidd fiin gnectyun
without vapsus aﬁm;mﬁng {2}, 4odine vapour sisorption:
{5}, browine vapour adsorpilong (4}, fofine monscohioride
vopour adsorption, (The positions, 3@@,!; of the new
bands eye indicated Wy verticel nmarka, The opoelra on
aﬁwm&xm of wﬂémsz vapnues ore not norsaliged).



ABSORBANCE (ARBITRARY UNITS) ©
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230 . 190 B0 . o
WAVE NUMBER (e~ ) 5% -

CRean.




- 80 -

Fm* St 8 i’leetwpmbmr@ﬁm spectre of asstscono wolid filn
at o8% af%er sdsovption of 4ifferent eleotron
aceaptor wansurs ¢ {1), solid £iln smeetrum withoud
vapur efanentions (2), Sodive vopour sdesrptiong
{5, bremine vepour adsorptions {4}, lodine nonoe
chloride vapour asdsosrptlien {The poaitions, ;m \
of the now bunds are indicated by verticel =arls,
The spectre on adgorption of various vepeurs ars not
nornalinedl .
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- 9,3, -

FI0, 2.5 1 Mectronice abaorption speetrs of wethyl Bixin solid
£13m at 28°C afior slcorotion of d1fferont electyron
accoptor vopours ¢ (1), oolid f1lm spectrum wilthont
vopour sdsorptions (2), fodine vepour edsorptions
{3}, bromine wopony adsovptiong (4), ilcdine monochloride
vopour alsorption. (The positions, ... , of the new
bends are indlcated by verticsl merks. The spoctra
on sdserpiion of varisus wapours sre not pormolized) .
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of accaptor vapours, in eceh polyene & new bend appoers on the
long wavelength side of the speetrs in sddition to the originsl
bands of tho polvens oolld fMime, YWith the fnoreasing anount of
aceeptor molecules adoorbed on the filn mrfece, the intensity of
tris now bend increnses ss 1s nmelly obssrved in cose of a
aharga-—tmmai‘ar bend, This choorvetion is shown 4n Pigs. 5.6-3,8
, ’f@z- All-tronne /; ~Enretono, /B »opesBtwcarotonal , sstocene end
rnethyl bivin, roopoctively. The position of the now bend in each
| zzezmém 1s fourd to be dopondient on the accoptor vapours used and
shows appreciable redeghift with the irmcveccing clectron affindty
. of the m@m;- mmemes._ Ordy aceeptors foirly velatile et
ordinayy tonperatures ave m&tz»;m@ ;mv sueh exporinont. As the
- tmmber of sueh accaptors oy vory linited, omly o few accentors
could be uged. Tho position of the new bends in different polvenss
appearing on odsorption of various accoptor vepours are sommoydzed
In teble 2.1,

3.8 Discussion

In ench polyene the now bend eppenrs on the lower enorgy aide
af the observed eﬁisaima hand of the polyeno ond Lta smpwaﬁm is
ebout 5000 « 7000 en”) feem the P, of tho expsfon band. This
excluiles the possibility of thig bam&. t@ be the low.lying forbidden
bond as digeussed in the provious chepler. The remilts presented
in the provicus section suggest this band to be o chorge-transfer

vond.



PIG. 2.6 : Dnhoncement of the intonsity of the pew band with the
azount of adzorbed acceptor malecules on the s0lid Mo
of siletrans @ =corotone at £2%C. Fhe oolid iineifer
the neat golid £1lm spoectruw. The broken lines represent
the spectrz alftor Sodine vopour adsorptions {1-4). iIn
order of zmmasmg oryrant of iodine moleoules.
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PIG. 8.7 t Tohonesnont of the fntensity of the neovw bard with the
znount 2F adoorbed sCecaptor molecules on the s014d
£1ln of p ~apo-8'scerotanal at #8°%¢, ¥he nolid 1ine i
for the noet solid f1in speotreme The beskon lines
voprosent the apectra sfter lodine vepour edsorptisng
(1=4), in order of increasivg smcunt of fodine molecules.
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¥IG. 8.8 : Enhancement of the intensity of the mew bend with the
4 anount of adsorbed aﬁaépter“meieeulag wn the go1id film-'
of agtacene\af'ﬂaac. The 201id 1lineufor the neat solid £ilm -
speetrum,. The broken iines represent the qgertna-a‘t” '

, ioﬁine vapour edsorptions (1§4), in order of inereasing
emount of iaﬂiﬂe melecules,
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FIG. 29 ¥ Pohancesent of the intensity of the new band with the
emount of adsorbed sccentor neleovulen on the solid flm
of sethyl dMxin st 2%, the esiia :iﬁmtf for the neat
s0X18 £4%n speotrum. The Droken lines ropprosant the
spectre nftor lodine vepour adsorptiony (1=4). in ordep
of $nerpasing emount of feding moleoules.
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Tehlo = D1

Position (33 Y of tho now harnd apnoaring on adsorption of

nax |
d1fforont aconpioy vapours on the soldd fMims of some polyenes

Accoptor R nes Q } |

1letpanine ﬁ»am-%* tntaceng !#mtmrl
,ea-mmtm Gopatensd Pigin

uned

| Hitrie mold 1.59 13900 " ' i -
Todine 2,40 11550 12000 32180 18000
Sromdne 2,60 13300 11866 39800 19000

Tedine 8,70 11300 33800 12500 2700
monoehloarids
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It hog siresdy heon digeussefl in chapter 1 that Mulliken's
theory for charge-tyonafer ecoplex formation leads Yo the egquation
(from eans (1.41)) |

v v A |
hhg = Ip - B + Oy o (2.

Timg for s particuler donoy, a plot of 6&" agolinst Ez should he
lincer. Unfortunslely, relisble valuos of vortiesl electron

sffinitles are very seavee. Apart from the necessary distinetion
botwesn the verticnl aond odlabatic values, (40ferent oxporimentsl
mothode vield difforent remults end eloo cometimes the subpience of
intoreot hes not bLeen studled at all. The volue of Eéz - for nitrie
eedid 15 not svailable in the litorature. Reeently, Chen ord

';i?_amtwm*thm heve emphasized thet the corvelation of h > oy ¥ith

the sbaolute clectron affinition (B,) of acecptors 1s consistent
with the nmied ISnecar equations end thotr agpocioted assumptions.
The sdisbatie cloctron sffinitfes of Ig, Drg and ICL estimated
theoretienlly by Person’ wero 2,4+0,3, 2.650,3 ond 2.7% 0.3 o
respectively agrecing satisfectorily with the experimontal absolute
volues meagured by Hughes ot m?l o have, therefovre, used those
adiebatie clectron affinity volves as the absolute volues, The
value of By for nitric acld hes been folen from Chen ond Wontworth's
tob10d®, | |

Je—

4 plet of Pb&:@ax ('&iﬁéi} of the now band of alleiypnas- p -
corotone azsinst L, iz shown in Fig. 3,10. & satlsfsclory streight
iine is obtained., The fonisotion potentlasl of 2 ~carotene ¢an be
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estimated fron thls og;az‘g

wrve glves Ip 4+ £y = 244 aV. In $ypicel denorescooptor T

vs. B, plot. The intercept of this

complonas, = i’sl 1z umally around 2 @vm ’33«; Thle glves & vaine
of the lonigation potontisl of p ecorotone ag Se04 oV, Tho experie
nentel valuetr® of tortzation potentiol (meamured from pholtoe
euigaion threshelds) of £ wcavotome is 8.5 oV. This sgreement
leads orederce to s aw% linenr plot and dloe to the % a@mﬁpt w8
for this com 5pleR. From amﬂa@i@n {2.1}, one expects & slope of unitly
Zor Vgp vs. Ty plot, Tig. 5,30 gives a slope of 0.44. This low
voluos of zazape_ could be due to thot the cleetron affinity velues .
uged for the plot being abgelute rether thon vertlcal. Turther,
gouation (3.2 i only oprromivate aﬁﬁ thare 1o m'l Tenson to axpeet
that te lost tera in oquation ( ﬁﬁ%)‘ 15 goxligible for oll the .
gmix?a of @ms ond aempwra‘ Infoedly sueh deviation of slope ‘
fron :;mﬂy i a goneral a‘%awawaﬁmn in those typos of @mm:smgﬁ e

The mﬁaﬁmg‘m@ betiesn the fentzation potantlel s of two
fonors end the welues of > woy COTrosponding to theiy €7 complezes
with a conmon ssceptor cen be written {esumming that the 531 values
do not 4iffey mueh in the two complosesias

1 5»:3'@:3@&»%2} = I, (donor-1) + h > epl®= h D w(f}.} {2,8)

1

Trom thio eguotion (5.8), ono con cotinnte the velue of fonizotion
potentisal of donor.s if tm Adorvipation pnobtonticd of the 6@%&*’-‘1{ and
tm appocinted volues of %’ﬁa 5 gp o mem. ”n bave estinated
the value of lonization potontind of pnam-s*wem‘cem}., agtacene
onf nothyl bizin from thio oquation (5.9) aonsldering Ii} (donor - 1)



“ Bl -

ag B850 oV ﬁé.r f wearotens and faking —-Qmm of the new hand for
1odine vapour adsorption 4n oll those polyenes. The estimeted
voluas are 5.50, 5,00 and 5,70 ¢V for B wopo=Bteonrotonnl, astacene
ond mothyl Bimin veavectively. For chavgestransfor bonds, the
eotinated wolues of fonization poteontinl ahould shovw o good agroement
with the volues obtelned by other nethode. Az the velues of fonissw
tion potantiel of theso polyones are not reported, we have alter-
notively evelnsted theso volues from the I veos > o7
o large mmber of other émcmsm with iofine accentor ns shioyn in

plot for

Tig. S.11s These volues are otown in teble 5.2 for comporinon with
cuy eatinated wolues. The exeellont mgresment bBotweon those bwe
gsto of veluea confirms thet the nov bande are cherpe~transfor
bende of the polyenes. | |
The wenk lowelying lﬁg — Y g
adgorption of these acceptor vapsurs possibly due ¢o the htroadening

of tho intanse a,—> 15, vami.

Band 19 not obzerved on

Tho voometoaporature absorpticon apeétz-ez. of olletronse F -
coroteng, R ~apse8'scopotencl, astoconc ond mothyl bisin after
afisorption of I, vepour are shown in Figs. 5,22 = 5,36, Trom these
spoetrn, 1¢ in observed that 4in pddition to the now HYord in the
lomger wavelength side snother new sbsorption bard 1o also observed
at obout 27300 cn™ 4n eoch gngos Tils is the well«lnown absorption
bord of EZ; iangg.» The other obhaorntion "ﬁmﬂ_ of thigs noleculay
fon expeeted at about 35300 m‘i has poscibly boon merged with the



TIC.3.1) ¢ Plot of Do ageinst Ip for €7 eomplesos of o mumber
of donors with icdire scceptor. The donors mre : (1),
banzena; {2), tolasne; {3), mexyleney (4), mesttylene;
(8}, nophinalenay {9), Suverey {7}, pentevethyibensenss
(8Y, Sriphenyleney () hexansthylicngenes (10), chryysones
(21}, awthracensg (18}, pyrane, (Yolues of Vep and Ip
have baen foken from Defg. 27 end 19 respectively).
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- Table « 2.2

Compavieon of the velues of lonizetion potenticl of some polyanes
eotimoted frem this omperiment snd obialingd from TFig, 213

Folyensa | etinated InleV) Yelue of Iyfe¥)

eli-tyreng- £ «Carotane 5a4 | 5480

B «opoeB Oorotonnl. G868 580
Astecons : 5299 8467

Hethyl blxtn B470 870
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FI0. 3:32.3 Wloctronic alsorpiion spoetra of pdlstranse R =carotene
w0148 M3m (08%) ¢ {1}, speotyum withont adeorption
of wapoury (2} spoctron after adeovpiion of lfodine
vopour. {The positions of the now bands ave indicated

by vertlienl marlal,



ABSORBANCE ( ARBITRARY UNITS)

| o 1 ;

© 320 240 160 80

WAVENUMBER (em™) x 107

F1G. 342



FIG. 5:12 v Tlcotysnie abeorption spestra @f/g ~8p0s8i-carotensl
o014 fin (289C) 5 (1), gpeetrum without sdsorption
of vepoury (9, spectium after edsorption of ladine
vagour, (Tho positions of the new bends ave indleated

by verties: markel.
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FIG. 8,34 1 Rloctronie szba@m‘&im spectrs of astacene so11d
#83m (229} ¢ (1), spectrum vithout adsovption of
Yapourt {2)s speetrum after lodine vepour @ﬁ@?aﬁm;
(The positions of the new banda are indicated by
varticsl matis.)
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FiGe 3,18 ¢ Plectronic sbeopption spectra ef nothyl bixin solid
| £33m ¢28%) 1 (33, soeetrun witheut sizovpiion of
yepoury (2), spootium after dodine vopour sdeovption.
{%he positisns of the now bands ave indiested by
vortical maska).
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originsl bands of those polysnos in this rogion. In casze of
iodine, poscibly tineugh the reaction

Pelyone + 2, = (Polyene  .sesed) + I,

the soliyenes form {7 complexes with &:@cﬁ%&m; Tho nov hond ardises
due to trengition from the ground state (Falwm ...n& Y} ¥ the
sreited atute (P aly@ru eossst § of em eonplex,

Contrary to thot sugpested by Threy our results for the
gsa‘?yanas studied imﬁmﬁa *t?mt at least in the wolid stete sinelo
msoname sﬁwamra '

c=c—(c=¢) —e=c..oni 1
15 quite steble and umsl donor asceptor complezes are formad,

%4  Conglustop

| The polyores under investisation can forn chevge-transfor
complexos with mitable secantors An the solid atate.
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INVESTIGATION O TTF StMICORDUCTIVE PROPRRITIES
OF SOME ORGANIC COMPOUNDS
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1.1 General

. Interest in the clectrical conduction processes in erganie
conpourds hag stoedfiy inereased &n the past two decades. The omior
lines of invostigation kave folrly clonr svigline, For emwiple, studies
af the tecoperature depondence of the corduetivity of aronatie end
polymaric solida hove teen atimilated 4n part By the sugoestion of
azmmﬁrmﬁ'ﬁ that porvhaps the rotion of olectrons 4n Lving
sentens nay Yo agsociotod with sordconduetion pyocess, Dince that
tire, 6 proat nony popers hove amzﬁm Wth the gpplicotion of zolid
state concepts to biolopionl snd biloshomienl phoromena, However, Sgente
Gydrayt Leter suggested® that, es s gonoral propomition, thls 4oa
cannat Do scoopted bocmise the enorgy gop coomonly encounteved in
nroteing 4o for oo wWidey there 1o sfuply not cnough ensrgy svaliabis,
goneraliy, in ﬁioﬁ.@gsﬁm systenns to reise on ciootron across a gen
of the order of 2.8 oV, Uowever, these concepts have been applisd
miccossfully to procosses 1ilo pmm@aﬁﬁmﬂisﬁ*% and viglantom O
which velatively enargotie guonts are irdeoed availeble, Horcover,
otiite o fow Blochemieally Smportant soniconductoars heve boen found

for

whieh do have mubotentially lower values of energy gapy notebiy the
carotonen, chilovophylls and at lonst some amine ecolds. In Teet, most
signdficant contrintion wvhieh the gtudy of orgonle seniconductovs

nay bring %o the propress of selence in geneysl wmoy well be in the

bropd field of * bloenorgetics ¥,

The tiolopieal importence of vitenmin 5 snd other long cheln
nolyenos ial wall knowne These conpoundy are &h@ug‘mgg’“% to be
inwsived in pone blolopleal protozses 1ike photesynthesis, vision,

bagterinl respiration ond elfectory tronsduetion ote. 4 alpnificant
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fontuno of those compounde 1o their conjugated aééaﬁz structure of
slternoting single and double bonds, Pososibly this poy ellow them
o funttion an olcoctiron sotiators in the Blologicel pmdessop. Sugch
conjugation mey sleo mondifect 13pel? in sesliconduction and suporcon-
duetion offocts. The prosent Inveostigntion ig comeowned with the
;:mﬁwméwﬁw- properiies of soue Iineor conjugated polyvenes. There
han bedn conslderablo dntorest in the eleoctrical conductivity of
bologieally inportant senicomiuetors in recent ;mai*sm*m’ REm41,
our interost 1n centorod particularly on tue vather vemarkoble
sropertios, €;&§ affoct of aﬁmﬁﬁm of gneos oF Yapours op tho
cleptrioel conductivity and () the “ecnpensation ﬁa&mﬁ&:&zf*@*‘%
nemely o idncer rolationshin bobween the logaritin of the pros
" guponantiel s@m&- ¢ o [in the stmﬁmﬂag’% erprosgon 0 (7)=
Orexh(~E /2\0:\") for me&ﬁc eorductivity|ant the cexteonduction
sottvation emsfgy ). |

rdoguate intorprotetion of the semiconduction detn of tho pelyene
awg@ﬁmﬁa roato on modern theoricon of aolid otote physics, The band
theory of solids, the theoyy of senicorduetors, tunnoling snd hopping
nodel of charge tronsoert angd ﬁ%@ theory of poleren conduetion 4n
201165 = o1l alded to unforstond tho slectrical conduction in the
eonjugated polycns compoundz, In the following soetions of this
chepter, outlives of the rellevant parts of thoae thoories sve
A soussed, |
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The h&n& theory originslly &éwlap‘eﬁ for matals, mﬁm and
valonte crymtaia haa boeen amsuef* wﬂt%a some smecsess to mlecular

4G40

ers*g%«‘! 8 a8 woll.

In ohe eloctron approxination, the wave functlon for a aingle

olgeivon ean ?w w.menga’ G g

Y, = & (Fexh 1T N BRI
wiore K 1s the wave mmnber vestor of the electirony lTZ)\ = &—3‘; 9
whore A 4o the sssoclated wovolensth; and 7 in the position
veetor of the electron in the erystels ¢ 4o o fonciion which hag

the trancletionsl periodicity of tho erystal lattice.

It &, () is constant throughout the erystsl, then ‘I’gbscﬁms
& function widch deserites a free eleamﬁz. So this $s precisely
thco' type of funotien whieh iec apnlicoble 1n metale, The £1cld iIn
which the electrons move 45 the sum of throe conmpononts end can be
exprassed in forng of the opevators of the HartregeFock typebo o0

ocpevating en & 4, =9

! i 1t .
V=Y +v 4V 11.2)

wheye

HI

v'z| {[ }'_ ()% @; )| /Tn_‘}AV‘?_

o &
ard -. \7’“ _5([ { QF?.) 4)3 (2;"’)] qj“@ (ﬁ)/ﬂzd\g_}/ﬂ(ﬁ)
d

Q—“

t
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Hero, V' 48 the flold asting on olestron 1 thatl srisen from il
the mclei $ U7 is the eonlonb potontinl of the clectyonie ehndge
Ms‘-&iﬁmtim and ¥ plves rise to a torm Nnoun 2 the Yexzchemge™
term, In thoge emations, stonic unltp of charge eve usefs volume
flemonts insinde the sping 4}- iz n oro~gleotron function ineluding
the sping %T,) 1z the position vector of olectren 13 ), is the
d1stance botueen elestrons 1 and 2, ¥ ig alsost sane for sl
electvons, If ¥ is noavly congtant ag 4 most netols, the enorgy

) (—Q) of an olectron mm o gﬁm volve of K ia given bym

2.

¢ (k) = (%;l)?l | £2.9)

Due to the fact that the values of K ave very closely speced,

e (&) isg simost o esntimusus functicn of K and separated bands
of porniasible € (K) values sre not obperved, If ﬁFK(fF’ ) warins
grostly within o unit ¢ell and folls to zero between adjacent celly,
thon the metion obtalired is the oppoaite extrome of free-dlootron
wotion, tnown ag the *tight-inding® c@@ﬁiﬁ@ﬂ%gi‘m’% Thisg "tight-
binding® 10 o chavmetoristic of moleculer crystels. Ynder tidp o
ximation the oneeclestyen ceystal wove fmeotlons Y are -e&nsﬁms%gﬁm
fron Mnoar conbinationg of one-electren nolecnliar wave functiong . "

M=

N :
- S — —3 —_ —
G &) = N ) exb (KL wy) X, (F—%w) £1,48)
=i
Ners <, locates the geometrical contre of molecule n, and the aunm
extonds ovar the U melecules in the erystal. The molocular wave

funetion ), is ordented in the oryestal in the seme vey as oolecule
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B le9ss Y, 18 the seme funetion for all ne It 40 agsumed that
 the integrols fcht Te 2T =0 1f mofm.

 Anplving tho poerdiodic boundary mm’éimmsﬁs an elenentary
2013 in K émm enst by Sofincd whopo volume 15 given by the eondde
tiong |

~—3 > —
<

— D
R, kP, K C +x (1.5

where B, by ond € ore unit cell veotors 1n o moncclinie lattice
with two molucnlos in unit call situated st (040,0) and at {a/2, B2, 0}
Land B ore dofined by L=L1(Z4%) ama P =4 (T+E); T

—

@ end 7:? egonnoet the centovrs of nesvrocst nelphbour molecules.

P

The conditions repreosented by equation (1.5) define o zone in R space
which 15 not fdonticsl with the conventfonsl Prillowin zoneSr:FeSB,
There ig o one-to-one correspondence botusen the points in the Drille.
ovwin zone ard the points in the clecentary cell defined by equation
(157, Sinee the Drillovin sono is extronely cmgﬂéx in chnpe, the
equation (1.8} isn geﬁwﬁaiy wesd to pet the Mnltaon K

The cryetelline 3015 44 spprroxinntesd by
VF) = 5 Vy (7=F) | (1.6}
18

whove Vo 1s the Hartroe potential of on fsointod neutral nmolecule.

The efgenvalue of \ 1is written™ as

! — .—/ -—)'—\
£ (&) = 60 + EI + 2 ZS_ESCOSK."S‘S 1.7
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vhere, € = fx%[—( WA fam) Vo | K AT (1.8
d 2

=) (1Ko | Vo 2T, 3 #0 (189

A .

end tho lettice veetors ~, and —T, ore counted es onc in the wm .
(oqn. 2.7}. The prize eign on 5  indlcates thet the term with 7 =o
is onmittod fronm the suwmetion. The sligenfunotions obtitained Tyonm
eqetion (1.4) sre for s flotionel trielinde lotilee. Theoe are single
volued ﬁmc%&@s of —l? in o Drillovin sone defined by the conditions
in gmaction (1.8) and can be tranasforzed o the propar notation for
the moncelinie speee group by ehwosing a Drilisuln zovo holf og bie ¢
e R, BE, T & 4w

{1203
and t&iﬂg two eige;s functions per K
o
\bk —(N) Z[ enb LKA )5

| ('QXF K. mz)xm] o (1.5

wheve ny 2 B, 6re the twn moloeules 4n undit eoll n. Tho sigen weluves
in thio notation are '

/
i a —3 D — —
e (K) =€ + g‘*1253(293K-T;j_‘QZESHCos[K).('T‘S-Jr;?é:' 1,35
S g
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The intorualoculay venonaneo inteprele & é’!gémmim tho structure
ef the bond. The rosonmnce integrsls foll off vopldiy with intors
mologuier dlatence snd only & fov nenrest reighbour interactlons
oye found to be tmportant. Functional forms for Vy end the aprvoe

priate (., are remulred to ovnluete EGyS? €

The band atruetuve
depends on the structure of the orystal lattice. In aéw of anthraeeno,
‘the intogrel botween moleocules comnected by o 48 the seno as that
betwoen nologules comneated by B end we call then both €. » The
other gignificant terme mre £, (% =0) and (W =T+x  and

W = T-F ) + The fntegrel botwsen ncleeulos comnectsd by ¢ is
neglipgttle, as is that betweon molecules cormceted by @. . The onve
electron energy for eoth bend, then,neglectine the conatant | onorgy
terns ¢, end ¢ 4 1z given by

.->->)

L e@) =ag e Rl & CosRP ] 4 2, Cos Ko (TP

+ 28, CosW. () + K- (T-F )
' £3.34)

23 ZThe Conduetion Pmation

If n; &» the concentration of the ith spocles of charge carriers
having aobility /L,‘L Ct%‘lﬂ total eharge 7, times the electronie %zi*nag*gesﬂ
e 3, the net confuctivity of the madiun for 1 difforont spatles of
carrlors 42 glven by \

0-\. }; [% emL/,L ] - O (3418)
I% 15 asgumed theh ﬂwm 45 nogllieidblo interection mm@ aifferont
carrior speelos,
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| In eace of senfvonductors where theo oharke carriors swo
oloctrons and holas; the countion (1.13) conbo written ao

Hows v, 48 the consentration of elecirons in the conduetion bond W,
15 the concentration of holes in the volonee band, U, £a the mobility
of clectrons end ., 1s the mebility of holss. |

- The eobcsniration of elsstrong 4n tho conducticn dand, m, een

b axprosaed yo oo

tob '

m, :f P (E) ¥(E) dE (337)
: ' Ee : o , -
vhore %o reprgomwnta the hobdton of the condnetion bendy, (%) dis the
dengity of glales and TN L1z the Permi-idgtplintion function. Inte-
gration of pxovension (1.37) with a:smapﬁmm ( Eo— EF) 2, HRT % gives
* 3/2 ' ; .
%C:Z(z"rrrmekfr/}{’-) ex},(EF—EC)/\qT - €1,38)

whers my 4 the offective mass of the eleetron near ¥, and % 1is
the Toral-Tnergy. | |

The eongentration of holes, M, » &n the wolonce hand nav be

vritten asB1,58 .
) (g

=) -] (2019
beltom |
vhere the intogration extends over the walcnce bandy By 15 the energy
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corrospording to the %op of the volence bards I 1% 1 esmumed 8

that the Perni«level lies move thon sbout LRT abeve £, s then
1-F(e) x oxb(E-Ef) /RT and Integration of (1,18} gives

’ 3/ :
* -
my = 2(25{.‘ rm—kalq/}\l> :;x\o(F_ﬁ-—EFB [T £ 1:20)
where ™y reprezonis the offective masa of a hole nesr the ton of
the velerge bond. Dmploying the fact that - m . = m, one can get
fron (1.32) and (3,20} '

=( B+ E@)/l A % leT Koz ( ﬂffk/nniy | | {2,213

fubgtitotion of thls value of Up in (1,38}, vields
| . |
=y = (2T |o\~r/h1)3/2(““i ) /ua%‘) (_E/ZK—,—) {1.82)

whepo B reprosents the energy gep botwoen the valonce end tho esmiuce
tion bants. Thes 4e soplioshle only to an intrinsie sonlesndustor in
thormal equilibriwm, Tius, from oquation (1.3.&:9 e corductivity of
en intringie mmwnﬁuewr io given by

= o exp (—8/2RT) ¢1.28)
3o 3/H
w?:\e«e, S = QQ(SZTC RT/h ) (:fm{'mk) (/‘”e,‘\’/“’g 13,04}

The effective mase n* of on oleetyon or » hole 43 a concept which
1e mueh vsad in band thoory, ‘H’: 19 SefincaslrT5 by the eqiation
W= &/ 5 (e
whéve € ip tho encrgy of en @lmﬁmrx with vavenumber K (K= om/x,
where A 45 the de Brogile wavelengthls & large waiue of thir
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offootive nnge sorvvesponds $o & Tow nobilitys both are dotermined

by the width of the band. The nebidity Ao in goneral 4s & tonsor iy
ard 1o tius anisotrople™, The veleclity T(X) mssocioted with an
gloetron in o lovel chersctorized by the wawerumber vectar K ,
which has the energy ¢ (IZ) im giveriﬁ’s‘g by

N 28 (R) L |
vc»«)z(af)( o ) (2,20

The mobility can be omrecsed in torna of the compononte of the
volocity anf of a funetion wideh dopands on the scettering of the
sletivons sz they move through the lsttice. ‘

Sa?

1+t Zunneline Yedel of Derle Conduetion

Tonnddng 12 o ouaotun pochonies) phenomenen IR wvhich & perticle
guch an an oloptron nesses thyough o potentist enerey heprior vwithout
aequiring enough onergy to psos over tho top of the barrier.

The tunneling mechenisn generally considered was proposed by
Tley ond 111116° 15 $23ustreted 1n Pig. 1.1, Vere three cdfecent
siriisr molocoles ave chown ¢ () in the abaones of an apnlied
voltage gradiont ¥ (volts ém™i); andt (1) after application of V¥
and after tho exsitation of o8 clectron in the centrzl melecale. The
ddegron 15 schetotio ond the enexgy levels in & moletule sve shown
68 ogrally spaced whdch s not obosrved in resi molecules. After
excitation of the electron from the (N)th lovel to the(J+) th
level both the elsetreon and the hole can tunnel ae shown in Yig. 3.100
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- i}
Fite 102 ¢ Tunmel wodel of an ofgonic semiconductor
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Thoe totel energy change for tyonsferring the dlectron is |
e = T Re — @V (%) (1.27)
whewe I | &g ove the sonization @mrgv ond eloctron affindty of
the argonie moletules; *n' the !a:w“iez* width; aeV, the energy change
couned by the applied fioid 1? “indieoated in Fig. 141 f’fﬁ W e
vortical ﬁisg&lmmmﬁt of o potential well relatlve to lic nedghbauy,
The tern€ /c—:r ez:g:wa,ﬂms the eoulonbic intoraction of the opposite
charges sopaveted by s distonce . The effettive parodttivity <
for tho regien botwsen the charges 45 genernlly high beomuse of the
polarisability of smaprounding - «clectreng. Oince the ion polr
will polerize the surrcunding nedlum, o correction topm  shouid be
appliod to the formula (2.27).

The mumboy of times sn ¢lectron penetrates an intermoleoonley
beyricr glves o moasurs of i%s dvift velocity. It is propertional
to the profuct of the mumbey of tinop 4t styilkes the barpier ond the
probability of penctration. The olectron in the (Y +\)  th level
is regarded ag movirg botucen the potentisl wolls with 2 velecity
vy givon by | D

{1.22)

C %o+ \) oo
shore | 1g the distonce soyoss the well and m; y the effcotive
mros of the et-zmtmﬁ; If Pg and Pp Toprosent: the probabdlity
ef gma%aﬁng the mr:ler of width ‘ot in the directicn of the field
and in the reverse direcetion Pespeotively, the drift voloelty Vide |
of the olsgtron in ¢tho £1ld is



- 136 -

t

V4o = [ 2)(oxk) (R )
-:\_( \+\](h/q g (a%)(P& P) (2,50
and the current denglty iz piven by

(L: e V4o | £2.00)

In the eqotion (1.82) 4% 45 asconcd that the net Gleplacezont of
the olectron upon going through the berrier ds (O +JL)<..

Phus considering the valuo of n as 5, obteined from equetion
{1.22), the eguetion for 11" con be given by
lbv-[?..(?.f‘rm*h—r)’S/?./ksj ]—QX*)C—-E-/‘Z\QT ] ( .\-\)

ek@uu ( oy~ %) /u g

{1.32)
which 45 an ecuation of the form
A= o vexP(-e/ak—.—) | | (1.30)

Ar evsluatlon of Py and Py now onobles () to bo eslenlated, Here

]

Pe omd P, dopond on the shape of the berrier.

1.5 The Fopping Hodel for Park Conduetion

1 two molocules are scparated by a potentisl barrder,
a enrrier on one 2an move to the other by moving over the barrier
via an sotivated state - the procese s eellod hopring.
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A simple hopping model has been cppifed by ol end By poma
and Opp o2 to tho motion of carriers 4n on organic oolid., The corriers
are considered %o movs by hopping %o nelzhbeuring solocules in »
nenner vhich is pendem exsept for the enfsotropy enused by the
opplied fAcld (V). I the carriors ave electrons, then '

>L: t’\'\.e/\AiF | £1.33)

whare n 4o tho concontyation of oleootrons.
Tt ean Yo chown that

. ' . Z 3. 2 . ,
po =[ fae Ng (k) /(W >) [ exp (~ s g—«) €1.24)

where £ 4g the amrage mma of hopping with ‘mgam vta the ﬁi#m%i&n
of T3 m the intemaaemlmv dlstances B the muber @if neighbouring
aitoss > s the frequoney of vibration in the two dyections rormsl

to the divection of carrier motion scross the barrier; B 4 the
heloht of the harriem. The 4nteraction of the carrier with vibration
in the lattice®™ moy oleo give hopping of charge earviors witheut
having thege to croas & potentisl barrler. Censidering zuch clectrons
lattlice intoraction using the locelized reprasentetion 2 the value

of P becones

= (M/«k)[ar \5u/<\°~T‘k030)] ex’?[— w 15*‘)]
logl\}“[“sm] } €3.435)

whels ‘a denoten tho matelx etemnh emmectmg malemam' mmzta a!w
on cltes geoporated by & distance W § O, is Dolye fmqucmay Yor
aconatic wavess “? i 2 &inonsionloss paremster ard  sccounts for
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the olectron-iattiee dinteraction: & 4o given by
= i/[ exp (‘kwo‘/k’r)_' \] ; _ o 51*5553
andl T, denotes - 'Sﬁs-ssal funotion. Por the hopring model %o be wlld
not afly Rw, 1s o be mueh greater than P oo ut the corrier mugt
else ronsin on o latilco slte such Jenger thonthe period of &
witeationy thet s, the rolazation time ¢ T, Y in shich the gleotron
hong from o oits ) % 2 olte }—eu mst be puch grestey thon 2T/,
| Then the couetion Yopresenting the moldlity 4n cone of hopping

model i.@&@

(ea”) [T (1/7) (1,37
pugpagts thet - L ('-eqz/f\) (“k coo/ kT) | e olt ™ e

Thuy 'a‘m@ eritorion vhich arisen for the vellddty z-st the
&a@gag;zng mﬁa& 1s et the nebility shonld be loss then abmt
1 en¥ voit™ goc”l, fhe other criterion widch hes seactimes mm
quoted 1a that a wsitiw mmmmm fependentée of m‘!ﬂmw |
indicates that o hopping model mgmsg i’iamr, Glerom % timp
sghown thak, oithengh the nobility m@ms@@ with temporature vhen
the intoraciion betuvoen the enrrier and the lstilec i large, vhen
Y10 the mebility eithor dues not shange or it decreascs with
inceoscing teaperatura,

1.6 -s*ammﬂs in Heoleeuler Crystols

in sone eircumstances the interaction of cleotrons and phonons
eon lead to the olestronn being trappod in selfsinduced potentisl
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wellio. The ontity which thon moves through the erystsl 48 not an
cloetron by 1tself, Dut sn cloctron ascompanicd by & lotaliged
vibration, o combinetion which &s colied o polare n°5,

ﬁiebxmﬁﬂs’m hos congldored p molerular eryrstal with one

excess olectron. The halfewidth of the oneegisctiron band in the
41ght pinding spproximation 18 given by

T = Z <%Z'+uivé | ,X,g > (3,28}

where |°X, > iz o woleculey donie funcetion conitored gt the lptilce
podnt 3 sm& unperturbed by ruclomr motions Iutem&mlw Fihre~
tions of the lotiics which Interact only weskly with carriers et
ieh have o low veﬁ@éﬁty ore neplected, Wt molectlar vidrations,
tolen to be harsonie. eve vogarded op contributing to the formaetion
of polovons, Considoring thoze aasuiptlons ond writing the oloetron.
phonon interection as 1lvear in the vibrotionn) co-ardinates one
finds that the binding enovpy of t,.‘::a pelaron 45 of tho ordey |

be J‘Z Z Mﬂ, Waq, (A'x_%) {3.5%)

: seiam % in the mﬁu@eﬂ soss of the gth oselllstors wﬁ, js;m froquicneyy
A%g, tho difference Botuarn the suuilidrium datercos of msletnle
and don.,

The formation of Slochetype bends froo the polevons. by treating
the olcctronic overiep ss & perturbation, now bDecomes possible. Such
bands sre nurrower then the correspending electran band by & vibres
tiennl overlap fatter. Thelr width, vhen the phonon velocity s
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gnall gampared with that of the goleron, m given by
T (P +9) = Ty (9 \'\33> S (2460)

whore o and Y ave vilrstional cosntus nuimbers of the neuntral
eoleenle end the dony | vy 8nd |v) avo the cerreeponding lon
and moleculsy vwibrationol wave functions st eenter . Lnproximately

then,
g $ 49

T ('+0) x TK( Eb/hw.) I?—"H" b/tw)] (2.42)

Thue thevo éxisty, below the clgetvom bend, a serics of polaren hends
vith widths
tUhen the mlmm nro s@&'@m&y batmdy $ucey E V7 oKane By Ry
@ m}mr of zmmrtaza% mmmmgns canbe erms A% vory lov tempe- ’
rotuyes, the emiars will ocsupy the 2%@&1;-!-131:5? polaron berd,
They u&i:& Lave m mmmtwa viieh are mited ay 1&%1% ;:s!mma
saattarimg, in %&eﬁ ense fr 0 'r%' L T - . At Mgﬁar *mgemmmg,
the highor energy bands will Be populated, and the effective bund
width will 4ncreass exponentlally with tenperature, T4 follows that
;&7 A1 graduslly chenge sign. As T apirosches E, [k » the
mobility is governed by the disteitution butweon peleron tends and
the oloetron band, » that transport botoros on astivated hopping
process. As T ewcceds £, [k s the dlgtritmtion over the bends 1p
epproxinately i&éé@@ﬂﬂmﬁ of ¥ mnd agein s e —r”%/ 4 ﬁr—'
 Another fmteresting concluglen rogevdins the effecta of
tomporature srises froo the condition thet
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Ko >> 2T Tn (1442

which is 1¥501f 2 Sonsoguence of the wcertointy prinsliple, I%
mosns that for polaven formotden the time en clectron veneins on
2 lottice site should be long conpaved with the period of 2 vibration,
2% [n o This i the possen why letiice phonens in moloculesr erystols
genorally are not espected & prrtisinate dn the fomption of
polavons. How 1s¢ us consider the temperature v, equed %o Fof
fers the polorzon will dissosiete thormally, s the slectren wdld
© movd withont on ascempenying woloeuiey vitration, then the width
of & poleron band 1g sueh thet Ko~ or 7,8 the nolston gon bo asdd
to ddpsoediate Minotieslly, the electron not vernining on the lattice
site longer thun tho period of o vilvsiion, fMobrond epplics this
notion %6 the scase in whish the earrier moves vy activated hopping
from o polavon band to the olectron bend and bos on offective bend
wiath 7/ at T=7T4 For sn sobivetod hoping rrocéss,

' po = eal/’t \QT' | {14438)

ginge . /2T = \/T 7, T'[k B € %3

alsos 3¢ follows thet p C lodwort™ goe™, 47 a=8% amd hwo=kT!

Thio cenclusion agreos with that of Glerun™,

The polovon bond stroetuve, couetion {31.431) s howing beoh
 detersined, trensport Lo discugsed by assuming thet the polevons
interect woakly with lottles vibrations. The polovons s nbe
stattered in 24 vy which gives vige to & relaxation tine *z(—lé«)a



Xhen the band structure mmé corrler wmobility ere connested by
vellsknown formlas R ‘

= * Tk £(X) |

Py = 0i(R) vy (k) (WD) (1448)

/‘*L& = e 'Di,} / kT
whore V(E) L the velselty of o carricr in state [¥)y e(\i’) iz the
enezgy of (K) 3D, j # %y #7e components of the &1ffusivity end
novility tensavs. |

Vhen the oarriers Intercet strengly wvith moleculsy vibrations,
thig intersction should be included in the zeroth evder corrier vave
function, This 1mplics thet the complote wave function for the
eryatal mémgar separates inte elecetrenle and wibrational parts,
The olcotronevibration intercetion romults in & narrower bsnd widthe.

The coupliing eriteris has boen disougsed By Yelae snd Slebrena®?,
These critoria ¢an be generalized 4o thyoo dinmengions, as is done by
Ma’bmm%i He uveug the dimensionloss parasetors

s - Eb/*ﬁw | {1.46)

for a oneedimensionsl array of oné dimensionsz) oscillotors. ,Eﬁzenv}

19 largo, the egrriers are eoffoctively locelized, This theory
aneumes & simple form vhon the internolecular eoupling 4s olthew
stvong or wesk, tut 4o more conpiicated when coupling 45 intermediate,
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1.6+1 The Tunneiing end Hopping of iﬁezax*am;

then on elettron is surreunded by 2 cloud of phenong, 2 trane
cition from glte § to site ' remulle in the destruction of
the eloud at 3 ond the creation of & now ¢loud ot ' There 42
thus s large nunber of phonon exigcions ond sboorptions geemgmymg
the tronsition, snd the clootron s oootiersd mony tizes during
o ginglo jump to o nolghbouring site. The cleetyon on o oito 48
trapped An o mtmﬁai woll and has to pans o Vayrler of = height
equsl to the binding enorey of the poleren In opder to meve to the
noighbenring aite, This ;}assagéﬁ
golidas Tumeling, which 4s anclogous te o waveslilie motion, applides
when the vibrationel stetes involvs only a fev guanta ond are woll
seporateods hopping epplies when a large number of highly exeited
vibrational lovels ere epovded togother and c@nﬂaﬁs of rondomly
perforned Jumps. The trensletional symuetey of the 1&%?:&@ necogaerily
i@gﬁiéﬁﬁg waveslike motion. Hovever, transiations) gyomotry mey be
dectyoyad by thermal motion, I? the phonon bhand width enceeds that
of tho poleren bend, the dlspersisn of the Isttice freqiencies
intreducos cnough yondommess o oonibliate the polaron band strueture.
The crystal mey then, bebove Jike n 1iquid with respect to carrier
tranoport (hopping baing the mochanis) ond the motility cheuld not
ohemge nuch upon nmeliing eontrary to thet gemerclly cbsewezd?ﬁim
Polaron tubneling 1s therefore thought to be the mechanign of cavrier

8 iz 5 %gmmzmg in moleculapy

tronsport in moletulay solids.

The probabiitty 3?&3 that the clectron jwaps fron o slte h to
a site j-htl 4o esiculated by timo-depondent perturiation theory aa
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Py = L)Lkl He iy | S (/) R (2.48)

whore %k = £;-F, end H . Tofers to that pert of the Henlltonian
of which the cigenfunctions doseribe the motlen ef the clectron
between the moletules. In the motris dlement (hihelf) o B and
rafor to moloculay yove Tunctliens. --%m %ﬁ*m eof be oxpressed moro

expliciily sa |

By = (/A POk -sls: 2xp|-4 ebzﬁa\(\- Cos) [NRea (03 | (1.49)
whete U 4 the numbeor of lattlice aitesnt o 4 the vibraticnnl orguler
froguencys £ 4, the time; 0-5 27 times the phonon weve mmber; (o),
o dopeity of states st L =0; 3 , the intermpleculsr cloetronie
coupling betucon nonfost nolphbours; S o the vibrationel overlap
inkograld fov sove values of the vibrotfona) @mﬁfm nunbers U .

4 Getolled trontment of oqation {1.49) 1 given by Holstein' o,

The diffusivity U iz givon by
. L _ |
D= ‘Ph’&. /}{'. iluﬁ@}
where a 42 the Inttice speclng end ?5.&2 3 is the themnl averege of

Paj obtained by sabstituting in ogquotion (1.40) the thersmnl averanes
of v, denoted by U, where

F_= N /{eb[hotodf k] -} f (1.5

For tomparatures T )) LYEYA" , mobility Ls oxpected to Incrence
asponentially os 7 inevonson. 1¢ TY Rwf Rk , folstelin hos ghoem
thot

D ~ exb (-— Ea [ RT) {3252}
wzwm Ea s the activation @ﬁeﬁgya 4is of the cwder of it smallor
than =T,
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The gmeiv& ﬁésﬁ:&i@ﬁmé o€ the experinentsl techmigues used
in this reseereh ave given below. Dotalls of a pepticular experis
mentol method 421 be deseribed in confunctien with the diseussion
of the results therely cbisined,

3@2 Ghmiea};g

The polyenc seniconivetors uased in thio work ave vitenin 2
sleohol (zll=trepoad, viteuin & ecetete (all-irons)s @ -2po-8'e
earotonnl, actacens and methyl biamin. Chemical structures of these
mlyama hnve slveady Lo shoam in cheptor 2, part T, The orgonic
Jicuids need in this Ivwestigetion are toluens, bengeneo, ethyl
ecotote, ne-heptano, othansl an? methonol, These ligqids were of
spectrograde or equi#aimts quadity of Bh.H  (Englon) and ru Yerek
{Cermony)s Tho teflon specers ardl sheets, end the condueting gless
olectrodes roouired for this work wore obtained from Dislectriz
Goppoeation CXE'@E@,&;,\B ardl Tlgher: Sclontife Cos (UeBaAe) respoctively,

2,3 Proparation of the # fandwich * Comduwetivity Cell

&@p&ying the ususl rgameeéutem the econfuctivity colls wore
zade in air by placing abonk & mgs of the ssniconductive matoriels -
on ﬁ clean steiniess steal electride (plate) in safe idght 1ilund.
nation. Two teflon spacers, 2 nils (0,006 es) thdelk, were positioned
near the adpes. of the clectrofe, ard the powdered crystals werve



flattoned by contly votaling s nicee of condueting lass electyode
on the top with ma eﬂmgeting side melking contect with the speelmen.
. Tl t@ﬂm spaser m&nﬁéﬁmﬁ the separation ‘botween the éz;mﬁmﬁemw
To mointeln tm:a sm@wie&x poll, tuo asf}rir'g elips were ﬁmé ot & o
modérate s;rmmre to the esnﬁg ‘of the clectrades,

ot

ed i?xz}erimmtaﬂ. Arrssgenents o

4 sehomotic dlegron of the m&mrimmtaﬁ peteup for the ghudies
of gemicenductivity presented in Pig. 2.1 is sinilar %o tmt @f
fFogenborg of a1™%, om swawvien cells were placed in o m@eﬁiﬁfy
chanbér nade of brasn and msmmaﬁ mtimz:g with tofim - 231 the
eleetricnl murfece leskeno parts were of teﬂm. The stoinlogss stesl
slectrode wap pleead on o thornel copper bar platfors in good thermal
a@f&ﬁm;‘: through thornnl pé.:;.w@ ot thus the temporature of the sendwieh
ealf;!; could b m&rﬁﬁéﬁ from mﬁsﬁi&e;' b Aty valt@e of ﬂ?.ﬁ volés
Lyem dry hotbevies wm a;mmﬁt‘* %quss: the szel?i B Thels was 4 £35S
inlet and an eutlob n the eﬁzmb@? for ros ofsorption sm-w and on
-&rmgw@nﬁ for conricoting the outlet with o mat&m pumps The
chombes stooophore conld elpeulete froely Shrough the sprositn amn
sides of the confwich cells Semperaturs mmwmarta were mﬁe ma&!*.g
e coprov-constonten thermecouslo adtached at the top of the metel
eleetrode and o nil2ivelt potentisomotor of ,Ei*ﬂé’:m&mﬂ Rrothers Pvl,
Ptdes Indln, The seniconduction curvent neoasorements were mpde with
an eloctronetor onplificy, 74 218, of the Rlootrenic Corporaticn of
Indic L:‘:a -~ In orfer to climinate the offcet of oxygen, water vapour

or any othor vapours of gaces sdsorbed by the semplo befove
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PG, 241 1 A schematie disgven of the faigzpamtum used to test the
affocts of the sdgorbed wapours {or geses) on the
‘conductivity of the polyene senfeonductors.
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Potentic -
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Const. femp.
bath

1!
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itrogen : )
ngog - tiectrometer
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experizent, the chomber was thovoughly fushed with dry nitrogen
gas end the sonple wos then piven ropeated hoating snd ecoling “
treotments In ,ni%mgm atnogphere over the tezperature renge to be
usel. To pres varioug vapours inside the chamber. dry niltrsgen
o wos veef as o carrior which was possed through the bubbler
containing the orpanic Iiguid kept at o roguired temporaturs o
mﬁ,ﬁtaﬁn g fixed garticl wvorour prossure logsa than the gaturatien
vanouyr pressuve ot connle noll fenpoyatures, Por desorption
sm&iés; dry mtmg;énl ges was allowed to pass diveotly through the
ehanter. The maﬁwmwm of dark currente at o ecnstont or
Jifforent ecll tenpereturves wove carried out modpteining the
eonfuetivity colls ot nltrogen, vecuun or different siblont atmoge
phores accoxiing to ouy .ex;mx»immmi roquirenent.
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COAYIER 3

EFFECT OF ADRORFTION OF VAPOURS OF 7MW TLECTRICAL
CORDUCTIVITY OF SOME POLVINE STMICONDUCTORG ¢
APSORPTION AUD DESORPTION RINTTICS
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::’3;1 Intretuction

idzopption of gases changes the seniepnduetive propartion of
Both organie™® ang tnovgentc 10 golids, Adsorption of exygen
profuces & pmm%zmeé inoronan of senlconduction current &n phtho.

lmvmima& ﬁsm%zmc@m? 11,12 and c‘?ﬂ@m;)hyuam

Tunber of othor
gagas alsoy affect e mrmrt\. Mgom%ima of warious ganes ard
vopours cnhancss the ggme:iﬁa euntuetivity of p =enrotene 96 It
has boog @?ssaam that the conduetividy change 4 genevrplly rever-
asm@s* - one ean roturn to the initisl volue of conduetivity

stoply by desovbing the gasos o vaponrs.

Gray and "}arhym

have stufied In detail the ﬁeﬁ»ﬁmﬁueﬁivﬁ.ﬁy
chonpos durdng the adeorntion ond dosovrplion of osygen gas on axides
af eopper., nickel, nengonese and gine of extremely hipgh purity. They
have considered the firgt order, sectond.ordeor end oxpononiial
relotionsidps (dn/dt)=En, (Sn/dt)=En? and (dn/0t)=E oxp (wecm)
rospectively where m o the mupbor of adsorbod atoms ot time €y

% and € ave constants. Thess relationships have been dorived by
zony osuthors naiing direct moomrenents of the snount of gascs ndsorbod
Groy ob ez‘s.m hewe ghown thet the exponential plot 1n o bhobtiar ovoresl]
-&p@m&iﬁaﬁi@ for tho compiex order yrocops than for ong obeyling the
first order Lineticn, or o conbimotion of the sccond and first order
sroesnsos ot the initinl ond finel poriod of cdoprpiion rogpoctivaly.
Tr wsebing out the hineties, Gvey oné Dordy have asoused that the
messured condvetivity i elther proporitionsl to (m or to o,
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In eape of hydration of g:«mtzamsag et adenrption of goases
on B sce-meezm@g, it neo been observed thot the adgorption-tima
eurvon foliow the Foginshky-taldovichat 16427
5 #2lightly weiified forn. The derivetion of thin couation nogumes

ornonentlial ecustion in

that the rate of adsorplion (dn/d%) poscecases an activellon enerey
vhigh ineronsos linensly vith the somsunt () of the edeoorbed gas

or wopous

where for o particulaer ..gmaswe Aooxd ( ove constento. These
workers, uniiko that of Groy of @1%9 have shown with o good depvee

of zertainty that &t o conptant temporatare ond for lover porcontage
of gas or vopour adgorption, the roloflionghin Dotweon the conductivity

£~} gnd tho emount of gos or vapour odsorbed 4o given by"& 16,18

g () = 0y exp(km) - e

whove Oy ani 0 oro the speedfic conductivities before and efter
adgorption of m percent of gos or vepours £ is o eongtent,

However, sxperiments olanrly chow that there s o dirent
eorvelation batween the rete of adsorption of gsgos o vapours snd

the change in ssrlconducetion current. T4 is thorefore; necegunyy

to egenine this dorrelation 3&5 dateil Lo determine the nnst roascnable
and accurate correlation. A5 ithe rate of sdsorption of gegos or
vapours deponds on 1is prossure, the considerstion of foruel adnorp-

tion kinotles 15 incomplete without an oxanination of thoe preasure



dependence of the adsorption procens ord honce of tho conductivity

changgs

in tids chopters ve firot discuss how the conduetivity of
polyene seniconducters dopends on the preasure of thoe edsorbed
vepeurs and then orsoine tho volidity of the Dogingky - Zeldovieh

rolntion.

3.2 [Izpovinentel ond Tesults

8,842 gmim;ﬁéucﬁm of some polycnes ond the offect of sdsovpiien

of vapours on the sonleonduction curreni.

The offects of edzorption of mome vepours were stodied in the
ngusl oenner ag decerided dn the provious chopbor. The sendwich eell
vag tomperature eyeled ond in addition to that dry sitrogen gas was
sllowed to pons through the chomber o dosord any vopeuy of gan |
pigorbed by the somple pried to the experdoent, The eell vas then
kept at reom temperature (257%0) endl the cavrler gpos, G2y nitrogen,
wns pasoed through the voagent liquid which wes kept ot o cobotant
tamperoture to molniain o requived vepouy presmure. After a fow
monents ao the powder smmple started to adgerdb the wvapour from the
chambor-atnosphera, the current began to increase and atteined s
saturetion value after holf on hour opsroxtmetely. The enrrent
onhanconant imn by soveral ordors of mognitude in sonie cames. The
roesult of much o messupenont for othyl ccoeteto vepour wmdcerntlon in
vitenin A clcohol ia shown in Pig. 3.0. The curve {(b) of Fig. 3.1



FIg, 3,3 3 The change in dark current in o vitenin & elcohol
| powder coll hopt at 25°C with () edsorption and
(1) desorption of ethyl coetato wepouy et €35 m
prossure.
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s!mig the detrease in conductivity beek ¢o $ts Initial volus when
the chanber is flushed with dry nitrogen gas snd the vepour is
dosorbod from the eryotellilte surfaces. The arrow indlcstos the
tize whon ﬁa@r@tﬂ.@n w‘tarﬁs.. tueh adsorptiosn and ﬁes@?pﬁ@a kinetic
curves Tor vﬁ*‘é@m‘m & sootate, £ &@M’ﬁ.ear@tmnﬁlg nstacene and
mothiyl bixin for othyl acotate vepsur sdoorption are shown in

Piga. 3.@» Se8y respeetivelys 211 thogo eurves ghow eg@@ﬁ.@n’&
revorsibility of current on desorption of vopours. &Sizdlor curven
are ahtéimﬁ for toluene; bongone, ne-hoptane, othanol ond methanol
vepour adgorption elso. The maximel value of vurrent reached under
Mémzmiar experimontol eonditions, depends on the vapour progsure
of the reagent 14quld et 1ts tenneraturs srd 2los on the temporeluve
of the semple cell: time to posch this value dopends clwd on the
flow rate. Yo f:’es;{; the conpitivity of o partienlosr polyenc seni-
eonfuctor for different vapours. saturation currant volues webs tsa*zs:é
after sfsorption of vorious vapeurs at o fized particl vepcur prossure
with o constant flov rate and o conatent semple coll-temporature. The -
senoltivity as measured by 67; joy velues of the different polyene
somiconductors 4n sonduich eclls for edsorption of various vspours
are gommnrdzed In teblos 8.1 and 2.8, Appovently, the sonsitivity
depends on the chenicol noture of the cdsorbed soleculics.

Se2e2 Senieopduction as o function of vepour pressure

ve have studied iHo magnitude of the current inereaze at o
conobant smanle coll temporsture ns o fopelion of the perdiel
prosours of the vopours in tho chenber, %he temporeture of the

voogent 1iouid threugh which dry nitrogen goe was paoged and fed



-»1&1'- |

PiG. %.eu : The ohonge in éw& currant sm 143 VMM:; & xwe@ﬁate
O powler wall lmgﬁ*: 8t 2596 vAth (e) risorntion aord

{H) degorption of othyl acetate voptur at 42,0 o
Progonys.
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FIO. 3.8t The chmnge i davl current in o g -epo-8fecarotensl
powder coll kept at 95°%0 with (a) cdsorption snd (%)
desorption of othyl aeototes vapour ot 52,8 mn pressure.



55;@55 ‘ -

nFETA

b
K

,w);;‘

e
Pded

IR B RN N N SN SR N N

Q
]
O

Q%ﬁ LNIHEND MHY

(P



VIO, 3.@ t am chonige in ém&f mwmt in en astecene gmaﬁer
@w kept at 260 mm (s} odsorption end @:m
ﬁ@@mﬁaﬁ gthy:z, mat@m vapouy Mﬁ 7040 £
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FI0, 2.5 ¢ The change in dark cugdert in o methyl Mxin pouder
eell fent at 2870 with {a) eddorpiion and (B) desorption
of othyl asetete vepour at 86,0 tm-pressure.
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Table » 3.1

Tige in the dork current in viteniyn & (slochel ond seetate) powdoy

2alls et 12.6% due @ sdsorption of various vopsurs st the seme

nyegoure of @ ™.

Bialectrie
constand
ot 2%

Vogoup
ed sorbod

Iordrotion

potential®

{eV)

Tx

vﬁ,tmﬁn @‘

eicohol

O eitomin A

eeobate

Tolwens 2,99

Bengane

nthyl G000
- peotata -

- mﬁszgzﬁm :
Ethanol 04,80

Hothonol B8,E0

B85 (20%)

1423 (20°C)

B.04
10423
10,96
10,50

10,88

e 3 1@‘%
87 % 16°
845 x 107

*ﬁem@ ® »1@3

0 5 0%

4.8 x 10

4 .

1.5 % 1@@

2,2 2 0%

' 3«. ﬁﬁgcaﬁ _
Ee  Bof: 20 and )
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Toble « D2

Fise 4n the dovk current in the powder colis of soze polyenes

#t 18,5 due to adeorption of varioue vapours ot the game pressure

{p) for o mﬁﬁﬂmﬁm polyene

Capouy DoXostrie
o eorbed conatont

Tonirstion

notentinl
{eV)

fov

g n&gﬁfugg
eavotensl
b= L2 mm

éﬁﬁ&ﬁﬁﬁ& M‘aﬁhﬁ
p=60 s Mxin
p= 60 mm

Toluone .88
Bengone 2,28 (20Y)

hyl Go00
acstate :

neHeptene 1,95 (20°0)

Ethenol B30

Mothonol 2880

‘ﬁ:sﬁi
10,13
s
10,50

10,88

743
448
5402107
LW
5,0m10°

@nﬁxg.ﬂ@

1.8

a8

 2.8310°

2,0%10°

B.0110%

- -_-m

2,8

102307

1§Qﬁ3§ﬁ

82307
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into the conductivity chenbor was varied. At a constont flew vato,
the partiel preomupe of the resgent 1iguid wopour in the chanber
atmosphere was -gwmmmmi to the vapour preasare of the 1iquid
.at the tennevatore 4t wes kent. Tho stoady stote current (104
gaturation éurrent) was noted for diffevent vapour pressures. The
kinotics for the derk current enhanccouent fer different periisl
prassuresol othyl costate enblient vapour for witanin & alechol,
vitemin A seotato, P wano=RY «osrotonal , sotnoone snd nmothyl bixin
sorieonduetors ore shoun &n Figs, 9.6 -« 3:30 vespectively.

3.3 0e ":ag”-k?;&?;@

33+ gonsitivity of the semiconductors for various vopours

It £g scen fyom the tablos 3.1 end 2.2 that thore mey be e
rouph corrolation of the sansitieity of a gonicondueior with thw
tenization potential of the sdanrbed melecules tut none with their
ptatie dlelectric conatont, As regopds the correlation of conducs
tivity enhancenent with the ionization potential, the polyencs ean
bo divided ints two groups. In ono, nomely vitenin & almh@l and
aoetate Yho sonsitivity io woves the lower ig tho iopizatien noten-
tisl (Table 3.31) vwhile in the other, nsaely B =opo-Btecorobonaly
agtocene and nethyl bMxin, the sensitivity 4o nore the higher 4o
the ionization potential (teble 3,2). Indeod, charge-trensfer tyre
&2 interaction hes often heen %Mughﬁm’m to bo recponsilie for
the corduotlivity onhoneenont on gas o vepour adsorption.
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FIC: 8.6 ¢ Tho change in dark current in o 9iteain & aleohel
poster esll hept ab 26%C aftor ofecrption of ethnyl
seetats vanour ob Gifferont prossaros. '



DARK CURRENT. Camp)

e

-%86

~-12
{0

-13
10

. umi

B EIIE O

i ﬂ-nm*i

IR KRR

i

L]

H

. ,,,_..:r, L s S T, ﬁ@ ag e

- gy ‘;f«"" 21 ;,.».an ,‘\. s q305 mm

g £ i 2 ! 1 : ;
24 - 36 48

- TIME (min)

FIG. 36



w 40 -

Tho changs 4n dapl corrent in o vitomin A acotade
nonder coll kopt af 259 after zdsorption of ethyl
secotnte vaponr at A Llevont nPssaures.
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FIG. 348 ¢ Tho chaoge in dark eurrent in s g wnposdteoarotenst
| powdor cell kopt ot 265 nfter adsorption of othyl
atetate vapour at ALflcvent oroscurom.
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Pil. 848 § Zhe chonge in darh current n &b sstocone powder egll
kopt ot 259 after adserption of othyl acetatc wapour
ot A1fferont prossutens. |
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FIG. 2,20 @ The chenge in davk curvent in o pothyl bixin powder
eell kept at 95°C after sdporption of cthyl ocotate
vapour at difforont nresmures,
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243.2 Depondence of the conductivity on vepouy nressurg

The rise in comduotivity of the polyene gozlcontuetors wag
stufiled at » constant sanple temperature ( 257 as & funetion of
partfel pressure of othyl ecetote vapsur, |

It is gesumed that 'm' deponds on the pertial prosmive (p) of
the resgent 1iaquid end in the initial ported, olse on the time of
exposuro. After come time, hovever, an equilibdum fs mobabliched.
Thus we aseume®® thet 4n the fhiticl region

-ty = 4Oy o
vhere 0C(4) 4o o fonction of time, | -
M equilibeiun,

o = Qop | {88

where @, row becones independant of time. This 19 expectod from
Langnuist s’gﬁ adoorption 4sotherm, vhen & omall fraction of the enrface -
is eoversd by the gas o ¥Yapour aclecules. Cenbining (2.2) and (2,2 o

wo got , -
prd ot souilibriun for ‘(:’5\.#33 . | |
A ) = 0y ep (% Qob) S ¢S

A plot of log o (my) o logerithns of paturation enrrent woe  the



wapour pressire (b ) ab equilibriun £g expected from (5.0} to ke
1linoar,

73::3 Tigs. S.13 ond 5.32 we show gorh g&éw of loporithn of

tho z;éimmi:i@ current versus vapour pressure (b)) at enuillibrion
for othyl acetate adsorption on the varisus polyene semicenductevs.
Pairly good strelght lines ave obteived (Figs. 2,11 and 3,12 The
slopa of these curves { o(€, § 19 o meamure of the strength of
intersetion between the vapony molecnles and the 5@3&@@&&%&3;
Thesa 14near plots prove the applieability of the Lanpmulr sdsorption

1 cothorn for snell fraction of surface eoversge in thess cases of
| vagaam adnorption on polyene erysteiliten,

2.2.2 pdgorption kinetles

- ¥e have ezonined 4f the sdsovrption kineties follow the RBopingdiy-
7cldavieh countion. '

Intograting couation {3.1), we gob,

™) = EPI Lg (b +ko) + Comsbaat | (3.7

Fron equations (3,2) and (3.7) ,
boy o5 = i{—-\%l— e (% +%o) + Comskamb £5.8)
J G/* P 3 _
Thus, fronm any empirfesliy chosen Y, » o 1incar plot of elther Yog 0}
vo. log { L 4%, ) or logaritim of current wvo. Jogeriths of tme
15 suggested from equation (3,2). Fesults in Pigs. 3,18 = 3,17 for
vitanin A sleohol, vitavin 4 acetate, P -apoeSt-cerotensl, estacene
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FIG. D631 & Change dn the dsyk oouvrent of vitenin A folcehol and
stetate) powder colls st 25°C ns a funetion of the
veponr pregmre of othyl avetate.

The 14nes (1) end (2) correspond to vitemin A alcohol
(lef% scale) and vitardn A peotale {»izht soele)
respectively. | |
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FIG.2.12 5 Chonge in the darhk gurrent of /3 =anosRteparetonnl ,
aatocone and pethyl bigin powder eolls kept at 25°%
an o funetion of the vapeur prossure of othyl sccotate.
The ines X, P and 8 uet@émsgvmﬁ t0 I ~tino=5t «corotensy ,
astocene ord pethyl bdn vespsetively.
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FIG.5.38 ¢ Adoorption &zimtﬁ;&& date plotted according %o

NogindiyeZeldovieh omuation for vitenin A oleshol.
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Fi0.5:.34 1 pdporption Iinetics datn plotted acoording to
Roginalys-Zaldovich equation for vitenin & aselrte.
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FIC.2:18 1 Adzorptior Minctios dets plotted according to
Roginaky-Yaldovich emuation for /5 «apoeSleparatenal .
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. TIG.3.16 : Adsorption kinetics dats plotted mocording %o
Roginabyv-Zoldovich equation for aatacens,
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FI0,.8:37 @+ Admorption Hinetids data plotted secording o
Hoglosity-Zaldovich couation far snethyl bixtn,
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and pothyl bzin respestively ave 4n good egrocment with this. In

tho 1nitlal region, different slopes cbaerved ot different vapour
pressures ghow the vapour presstresdependence of p {einee L i
PIESIULD mﬂag)@m@th The higher the partial vopour progeure, the
larger 45 the slope. Thisg Justificos the assunption nade in mmmim
(3:.3) end shown an inverse yolationghiy tefwesn t:a B e A5 we
ore um‘!ﬁ,e to sgtinmets 2 mmeriesl volue of « fmm this ﬁzgzﬁﬁ&mt,
wo eon nol evaluate the mumeriesdl walue of B fren the mensured clopes.
Lowever, we have ostincted the wvalues of P/« (z (s’ ) from the .mtttxms
to cee 1ts presware dependence. .m ta¥le -3*;3' vabiation of (%' with
vapoupr pressure 1o zhouni.

Z+8+4 Derporption Idneties

Eeuation (3,1} ls valld for the rate of sdsorption, Olince
dasoTption 1s & reverase process of adsovption, cxproscion for the
rote of degorption cen be weitten in o similor form with o posttive
sign in the exponent L.0., by .

- dm = ‘“") (8,97
= = A ax‘;( | -

Bers ,%*rm 15 tho netivation energy for desorption. In the measure-
ment of doserption, the esperinental condition ic oo arrenged thad
there 49 no re-pdsodption. The plots of logaritin of current vga
2opsrithn of tiue for e’%esﬁrmgm of othyl acotete vopour fron vitondin 2
aleéhmz, vitenin & avetate, p ~apmﬁ'»emt@mﬁ.g notacene and mﬁ,y?
bixin crrstelliites ere shown in Figeo. ﬁgla - 308 reazxeetively.,
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Pable « 3.3

, ' / | .
Vepour prassurs dependence of the factor B for sthyl acetate

vapour adsorption kinetlics.

Polyenas Vepour pressure (am) }5' {av}
31,0 1,202 x 10°F
Vitemtn A 8540 1,005 x 107
alechol 3745 0,830 = 10°°
| 4%.8 0,759 x 1072

805 0,648 x 10°2

5140 0,819 x 1O™C
Vitaain 4 8547 09,758 x 302
. neetate 417 0,650 x 1077
48,2 04601 x 1072
552 0,518 x 202

econtd.
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Table = 3.3 (Gmtﬂn)

Polyenes Vépour pressure (mm) [5/.(@‘?)
5005 1,626 x 1072
b =aposdte 5442 1.246 % 1072
Carotenal 5740 04954 x 1072
5945 0,718 x 20™°
62.8 0565 x 10°¢
5.8 8,973 x 107
fotacene 4G40 2,562 x 10°°
610 14482 x 1072
7040 1.168 x 10°°
4.0 0,951 x 10°%
8440 5:734 x 1077
Methyl 5240 4,231 x 107
bizin 610 2,526 x 10°2
700 1,638 x 1070
86,0 1.099 x 10°%




FIGs 938 ¢ Desorpiion inotics duta plotted according Lo
Bogingky « Zeldavich equation for vitesin & sloohol.
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¥i.2.32 3 Dossopbtlon inetios dste plotied aceording o

-

Hogingiy-Zeltoiicn anuation for vitenin & apstete,
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TiG. 220 8 i&&mmﬁim 351::»@@@_@» data plotted ancording o
Roginsky-Toldovich omeation for P ~epo-Btmcarotensl,
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PIG.3.81 1 Desorption kinetics dste pletted ascording to
' Rogingly « Zoldovich emuation for astacene.
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FiG.3.28 @ Dogorption kinctics datn plotted accarding to
Bopindsy-Zfoldovich cqustion for methyl dizin.
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In teble 34, we presont the ewperimentel volues of [.5*, (= P*/ °<)
ohiained fron thene pilots for othyl acetate wapour éémrptzm fron
d1ffovent polveno cryotellites. As ke thatp , £ also decreoses
with increasing vapouy pressure., 7For any particuiar pressure of
aoblont wapsur, (a" ig lerger then p .

Thoro are number of difforent '{maﬁmﬁ%@? for the Bogingkys
Zoldovich equetion. 2 sinple tm stacoenrocess pfter Tley and :&arslmm
op chown in Fig. 2.827% soons ooite catipfmetory to sccount for the
experimental obzorvations. In the Pirst stage, o mobile van doy
Yarls adesorption on the orystsl asurface gives s Lennaml-Jenow notentis)
onorgy curve vhilech 4 asswned to depend on thoe fraction of murfoce
covorane. Thic stage 1o folloved by o yatosdetercining transition
over o potontial oncrgy barrier to the final stage of afmorption
forning weskly bound somplezes botween the vapour nmolecules and the
yslyons eryotalidites. The barrier is forned by the intorsection of
the two potential curves. Az more Vapsur molecules got phypieally
edsorbed (van der Waesls), a repulpive interaction between the dipoles
will roise the potontic) energy curve for the first stape theraby
lovering the barrier hoight piving decrensing activotion encrgy
of adgorption with incressing vapour prassurs, As the surface
eovarepe of the sccond stage riges, this potenticl eurve slso
rises resnlting irn lowering of dasorption sotivetion energy with
incrensing procoure, Tha rdee 6f the seoond elegs curve is such %ﬂz&
the nindmum of this enpve 45 elusys at lovey onergy than the minimum
of the first atego, the enerpy differconce btotwaon these Hwo nminine
decranging vith increcsing vapour pressure.,
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: %
Vapour presszure dependence of the footor (3 / oy
ethyl acetate vapour desorption kinetios.

Polyenes Vapour pressuve {mm) f (a7

3149 ‘ 2,304 % 102
Vitemin & 5640 1,847 x 1078
‘eleohol . 875 1,492 x 1072
43.5 24201 x 20°F
5045 0,798 x 10°2
5L 1468 x 3070
Vitentn & 5.7 24151 x 107
ecetate L 4ke? 1,028 x 1072
48,2  0.892 z 207°
552 0.648 x 102

eontd,



v

- Table » Bgd {oontd aﬁ

Folyenes Vapour prescure (zm) A (e

i

80,8 B.021 % 1072
5442 1,910 = 10°°
p ~apo-Elecarotenal 5740 | 1.322 x 1@"‘"?
5.8 o 1,015 = 3072
62,8 0.808 x 10~7

8.8 ﬁa?ﬁﬁ z 0™

46,0 4,591 % 3077

Astezene 6140 1700 = 102
0.0 1,280 % 1077

84,0 0,962 ¥ "7

4.0 | 8,912 x 107"
52.0 5,57 x 1077
Hothyl Main | 62.0 4,322 x 1072
7040 2236 x 1070
86,0 10421 x 2077
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TIGs 223 1 Potontial enorgy curvos for vapour admarption in

two stages in polyenes, oxpleining medified
foginshy«Zoldovich plats. E’g ¢ ”’*‘g and 2?2 ara

antivation ensrglies of desorption in order of
increseing pressave. Similavly B 5 ore aetivation
onergles for adsorption.
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Hore p'*m s the activetion snergy for ﬁamrptién should,
apart from a mell entropy foolor, be gounl o the vapsur-ourfece
moloculay gbmélem In table 3.4, we heve shown the szperisental
valuss of _/5*’ . mfe?-maﬁﬂ? noither onr experinents give any
mrerical value of « 4 nor wo have besn able o mensure n, the
- amount of vapouy aﬁeﬁr‘%ﬁrg Any yeliablo ostinnte of the binding
energy of varicun vepours with different polyenes has therefove,
z‘s@t’ boon masibie. In case of hydration of profolng, m:smhargﬁg
estinated « ~ £:6. & siniler valne of « for these cases aof vapoup
decorption fron polyens orystallites, the veiun of binding oncrgy
sre ~ 10°T oV per umit of 'n’ desorbed. This low value of the
binding energy acecunte for cacy snd efficient dosorption of thase
vopours fyom the polyene erystala, '

S:4 Conelusion

The adsorption of ¥spours enhonces the sexdeonduotivity of
tho pelyenes appreciabily, This enhanessent depends on ihe cheniesl
neture snd nlso on the pressure of the adsorbed vapsurs The sdsorption
and Jesorption kinotics follow the modificd Ropinsky-Zeldovich reletion.
A tuyo stege adsorption procoss, the first stege of which gives a
Lornard - Jones zz&tani;iai enorgy curve and ia folloved by o rotow
datepnining transition over a polentinl ouargy berrier to the pecond
state of adeorption forning weakly bound eomplomes betwoen the vapour
nologules ond the g@i&ymg éryatalliten, con explein satisfectorily
the éﬁpeﬁmmmﬂ;l? oboerved kinetics Gata. |



1)
o)
k)]

8)
6}

7)
2)
2)
19)
1)
12)
13)
14)
15)

16)
17

18)

19)

- 375 -

Eaferengan

LeTe Vartonvan, Zhure Flz, ¥him., £2, 769 {1943),

A+Te Vertonyen, Tolledy Akod, Umwlte Ge8.0.Ray 7Le 641 (1950).
Aels Chynoweth, J. Chems Physe, 22, 1029 (1964).
B, Rosenherg, I, Chene Phys., 34, 212 (1981),
XM JTaln, A, Ghosh, B, Mellil and T.He Meors, Tndion J. ThySe,
524, 843 (1978),
Tels Misrn, B Rossnberp and R, mmer. Je Theme Thyse, 48,
' 2096 {1568).

Os Feitooh, 2on. Fhysik, 29, 5375 (1935).
¥, fmptwenn, 7. Physik, 102, 708 (1986), -
¥e Mayor and W, Neldel, Thysik, 2,38, 1014 (1937),
Tads Cray ond DY, Barhy;. Js Chame Thyee, 80 21 63,@-!563.
Ae Tree and LeBs Iyons, J. Chem, Boes, 5 179 (zgéz».
Av Breo end L.B. Tyous, 25, 284 (1956).
By Rosenborg and J,7, Crmlseolly Js Cheme Physey 25, 932 (1"63.)m
Yale Schnolder ond TeC, ¥addingtons I« Chems Thye,, 25, 258 4’1%6).
m T, Fley and H.B. Toslie, Adveness in Chemfeal Phystas (New York:

Interscience Publishers) 2, 228 Q%é).
Yo, Zeldsvich, fote Phyalsochim TNSR, ), 449 (1934),
B« Roginsky oand Ya, Zaldovioh, Acta Physicochim TREE, ), 554,

| 595 (1994).

Be Toasnberg, Physicel Prosesses in Rodietion Bilolopy 2dited by

T» Augenstesin, N, Moson ond T, Rosenbare (fendente
Presa, Pew York ond Tondon, 1964) p 11l. \
§e Trother ond ¥, Foren, Nette Pur. Stends Cires, 514 (1961).



o)

21)
22)
23)

- 94)

27)

- 178 »

¥y Cutmann and %.E. Iyons, Orgenie Semiconduotors (John
| vilay ond Sonp, Yew York, Londen snd Swdnew,

1987) p 689,

J+Cs Lorquets Mnle Thys., Q. 10 (1565), | _

HeMe Labas ond G.F. Mmdvi, Je fm. Chem, Sone, 85, 1985 (19;5:«!)q

PaJe Reucroft, V. Rudyd and YM, Tobas, Ju Ame Cheme S0t

g, 2059 (1963).

PeJs Ranorofty Coffs Budyls ReFe Snlomon ond MM, Tabes, J,

Thyse Chemss G8, 779 (A9862),

- Be Mallil, A, Chosh and TuK. Hlcee, Prose. Indisn Aesde Tel,,

fie Glaostons, Text Dook of Phystiesl Chemistry (Maomillien and

Cos Ltds, Tondon, 1951) p 1200,
Poils Btone, Chenisiyy of the so0lid miste adited by ¥,%. Cornep
{Dutterworths, Tondon, Y955) » 367,



- 177 =

CHAPTUR 4

COMPITIBATION RYPRCT IH SOMY FOLYIND SINICORDUCTORS



w T -

441 Intvoduction

The electrical conductivity of conjfugated r ~clectronic
orgonle compounds Tollows the operaticonl dofinition of o semicon«
- ducter

~(7) = 5 exp (R/2kT) (4.2)

vbere 0 (T) is the gpevific conductivity ot eny sbaoiuts tompergture
T. 0; %o a pre-cxzponontial foctor, R the semicorduction sotivation
snevpy endé R 1s R@i;.:@am constant {B/2 iz often sritten s ¥,
howover, we ghall uge the fopmer throughout this chepter). Ixperie
mentally, F io obteined from the olopo of the ldrear plot of log o {7).
E:{sr log 1. (Tﬂ Yeraus -ﬁ’: ard the extrapslasted intorespt of the |
1ive on the ordimate ot T"3- 0 yields the value of 03 « Recently,
the 90 enlled pro-exponential enetor G; hes beon tho gubject of

such 44 ﬁcﬁ&?aﬁ;@n&*@ o8 exporimontal evidence mecumulsiod shows thet
gy eonteing exponential functions. Guimann ond &y@mﬁ showedl that

2 Yinear relotionghlp of the forn

Qacﬁ 3 = < E .;P : | {248}
holds pood for one entire ¢lnen of organic compounds, Heve L and
(5 ore congtents. hogenberg of m:s,g phiowed ovidence thet 40 € 48

. wvarded By hydvation or by complew forsotlon relation (4,2) 45 valdd
for o single organic substance on well ord they suggested am
sxprooeion for the opocific comductivity of the form

o~ (1) = Gg'ex#(&/z\m—o) Qx}:(~—E/?-lQT) ' (4,3
- where g o= gx}:( E/2RTy) | {44}



w TS .

Here tho siditionsl congbant T, 1s ¢nliled the @%&stmtemaﬁc ﬁ&mmm«
ture of the netertel. ¢ and % for the gsamo compsund remsdn invariant.
The Itnoay Mmtimzng: botwesn the logeriths of the pre-exponentiel
festor et the cctivetion cnorey i5 calied the compengation offect,

o~ ond ¥ change 4n such o menver thet theis effect on 05 ere mtusily
‘c@mwﬂs&t@ég Jokngton end '&ymmg boliteve that the linear rolotions
'véhip between log oz mnd ¥ may oripinate sololy frem the celovlation
 of those pevapetorn ard tho conpengation effest romires ne physicsl
intorprototion, Yowever, they have suggested that 4€¢ and ¢ arve
g:a’hyﬁmﬁm? rolated, one shovld got o 1tnear rolotionship betwsen
dog o end T vielding the seoteonductive yﬁax“m%é?ﬁ in agreensnt
with the values obtained fron other govrees. Fxnerd olgo has rolinted
out that, in certein limited eonditions, o compensation low mey ccour
accidently, ond ho hae provided n set of similer criterio for jusging
ﬁm vnlid1ty of the wule.

From equatisn {(4.5), for ony pwﬁwiw t@mm'&mﬂ@ Tyy tho
spneific gmz&mtsﬁw 42 piwon by

'Qoaﬁ"('n‘) = {oa, a;/—{-[,_l‘:o_”-‘_ﬁ] _5—_\?{ (4.5

- Thus, the plot of log ¢ (m) Vo« 8 42 cupoeted €o be Mmm‘ with

A - l—r‘] Ty and an intorcopt of log 63’ The velue of
frﬁm this plot should alse show o good meemm vith

t:hea valoee a‘t«ﬂaﬁmﬁ from tho 10g 03 ¥se ¥ end Jog o~ vs. = plots.

In the oxpariment of Johnston and Emfﬁ in sno conponont oryelsd

of anthraoons % hag bosn sbperved by changling ite purity ond doping

with Seotracene that log 6-vs. T plots are ldnesr. 4 very poor




corraletion betuwen log o and B wag, howsver, @bmv&ég... Dome
recont theorstical mﬁ:gﬁn’ mugrest that in Biologlenl aemteone
duetérs the conpmsation effept orisas due to the dark eonduction
g;méésm In view of the seanty experimentsl worlk gvailable on
this offect,; 1t was thought worthwhile o investigate the condues
twn zzmceaﬁ in more Ylelogieal mgmﬁummm To tent the
velidity of thia compenpation effecty T is gensrally varled by
various way e 32 end log o 48 plotted ageinst .,

In the previous chaptor we have seen that the adsorption of
vmimg vapeuPs chongesthé goecifie conductivity of tha polyenes,
tueh ehange 15 penevelly ogscedeted with o chanpe of the acicone
- Auction activation emerpye Ao foy exanple, sdsorptien of moloture
on dvy proteins™ end various vopours ofi pe carotene®® Ineresses
the senfeondtuction current o decresses the activation energy.
Bpotetn and v41042° rave reported that the removel of oxygen from
polgmerie cooper phtholeeyanine estzes & shayp drop in the vosistie.
vity vith o concomitont drop of the scbtivation enorgys In thls
chaptor wo present the roasulte of oup m%stig@ﬁ:ms on the effeet
of sdaorption of varions vapours on the semiconduction estivetion
energy values of gome polyenoss Using these changed sotivation
énargy Yalues v mwmiv shoy the vwalidity of the compensation
rule 4n theos cages. The results ore in eonformity with the Ades
thet r; eand © are indeed physiesily related,
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The senfeonduction sotivation enersy of crystalline powders

of vitmmin 4 cleshely vitemin 4 acetatey p= apo - 8% ‘carotonsl,
agtotene ond mﬁhgz/ﬁaixm wag nersured seversl tinos in dry nltrogen
atmoaphore and oJoe in voovnme 411 ponmmronents gave conslotent
. valucg, Almcot sane valves wore mzé;m@a in dry nitrogon ond In
vacuun, The observed woiueg sre 2,085 3.50, 1636, 1.20 ond 3,92 6V
{approz.) for the aleshol, peetato, P ~8po«B*wcarotenal y astecene
end mothylbixin respoctivelys The ndsorption of vapoure chenges
‘the cotlvation energy sppreciobly.

To deternine the effect of sdsorbed vapour on the geniecnduction
 ectivation energy, the saaple was eliowed to ofleerd the vapour at a
fixed prepare ond come to o stesdy state ot o constent samplo esll
temporeture in the chonbor stmouphere contalning the vapour in
nitrogen, The sressure of tho total gas mixture in the chenbor was
ptooasheric and the pertisl pressure of the vepour wag the saturation
vapouy pressure of the veagent 1iquid ot the tonperature ot which

1% wes hepts Doth nlet ond the outlet of tho chamber wns then
zoslod and the waluo of the goturaiion current wop noted with ¢ime,.
The seturstien currant wag fourd o be almost eonstont even ofior
four bours indicating thet the conduction in the oystoem wes mainly
e?:eemmm*wg Tho 81l wag then rapldly cooled to sbeut 400,
The chomber wng then flughed gently with dry nitrogen gas. The
cutlet of the chunber was kept open emd the atmospheric pressure



wog naintained inside the chamber, The temporature was then slowly
mwiéawi‘ and tho semieenduction curpent wes mepmeured with the
increansing tesperaturs of the gemple cell. The Pesult of one wueh
tzm&éa‘i expovizent for ethyl acetote vopoupr aﬁ@mtmﬁ on vitesdn &
aeatate are ghown in Figs 4.1s For the reglon upto the point A,

the current ineresses mmmy vith ¢temgerntuye and the oirve has

& gtralght 1ine portion. 4= the tenporature ireresses further, there
1s grodusl slowing doun of the yate of cuprent vige with temparature.
At the polnt 8, thé current drops off, Tivet ;siemﬁy; then very fast
until the point € 1s Posched when the eurrent produslly ¥ses ngain.
At the peint D, the eurront Pse bevomes unifors awl the curve is
agoin n steaipht Tea, tridentliyy the straight 1ing portion in the iow
tenporoture Pogion shavg the womicorduetive properties of vitanin

4 aseotate powdey with pdacrbed othyl ateltnte vapcur and the &31;:3!%&

of this line gives the cetivotion opergy (C.02 oV) of the mystenm,

At congddershle higher temparetures. the adsorbed vapour starts
dosorbing end the rate of desorption incresses vith incressing
tenperature and the eurrent bepins o dindniahe 4% the point C,

the dagorpiion 4o neorly compleote and tho cnyrent roturas to the
initial welue bLefore vapour adsorption. The strsipght line portion
of tho eurve st the highor tomporature region shows the point C,
glves the activetion eneorgy of Witandn A atetals powder in dry

value {2.43 V) 1= slightly

lower popsibly due to incomplets dosorption of adsorbed vapours.
Binmilar ourvoes wore alse obtained vith other véapa:zm, Vitenin

£ sleshol ohovws siniler behavieur on vepour adscrption. The effect
of odusrption of othyl acetnte vopour on the esctivation energy of

nitrogen atmospheres The observe
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TI0, 4.1 ¢ Senfconduetivity in on othyl asetate cdsorbed
witandn 4 sootste gmﬁw eoll s o famt&m of
" Eempereturs,

mﬁi&m v&m W@&M@ 50 om «ﬁamzme oh




ee

- bp9oid

: =y

+.€

O

€

(dwo) LNIWYND Meva



a}.ﬂéb

& vitanin A oleohol cell i3 shown &n Fig, 4.2 In this cnse the
atratizht 14ne in the low tempereturc repion gives the sotivation
enavgy of 0.58 oV which 45 elos less than the velue observed in

ﬁw mitrogen, The petivetion gnergy (1.7 &V) obtained from the
straight line at higher tenporature region is olightly lower than

the wolue ot rdtrogen stoogpheve (2,06 aV).  This 19 whot we heve
sosn 4n case of titenmln & acoteote elge.  Similer curves werg nbtained
with toluenvs benzene, feheplane, othensl and methanol vapours,

The @i‘f:‘e‘h of afzorption of sthyl ocetato vepour on the

| mmwtien @nergy of other polvene seniconductors is skovn 4n
¥igs. 4;3 o 4.5 for p n&p@»ﬁ*ucamtamz, astacono and sethyl
i:ix:m gmaﬁaw mmmﬁvelys From the figures 1% 1o seen that in
thone cases alsa oo aats: give tvo portions of goot atratent
3.1:1@5 -~ one in the low temperature and the other 4n the higher
tmgaratﬁre réglons The é@‘ﬁimﬁén onergy after adsorption of
vapours in %ﬁg:;e polvenss ape, hovever, approciably bigher then thet
in éry mtmgen atnogphere, The voive of the activation energy
obtadnad from the strofegbt line st higher temperaturs region in s11
.t&wm plota apree mmmemmzy to the value in nitrogen atmosphave
thngh in come of m%iayl bixin (Pig. 4.8) '!:hia vaiue 1g sdightly
hzg%_wr poseibly dus te incomplote dpsorption, -

In the previous chaplter wo hove shown that the ahencenont of
eonductivity depends on tho chomiesl nature of the sdgorbed wanoura,
%Yo heve studied the effect of Sifforent vapours on the sctivaiion
anervgy of thest polyene aenieorductors and have measursd the
potivation enorgy of emch gemiconductor of'ter a&éorm;ﬁg A LLorent
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FIG. 442 ¢ Senfconductivivy 4n &n olhyl noslote sdourbod
vitemin 4 slcohol powder coll as & fmotton of
penperatore . | |
smbient ¥Yapour progsure B0 me cdsovbed of
ssople oell tenporature 12.8%C.



“DARK CURRENT (@mp) -

-5
5x10




e 386 -

FIC. 4,3 5 cepfcontuotivity in en oyl stotate sdsorbed
B =spo-2fecarotensl powler oell oo & function of
tomperature.
fmblent vapour pressure 40 s afoorbed at
sampie eell temporatura 38,552,






FI6. 48 ¢ Dondoorductivily In ok othyl acetate adeorbed
| notacene powier ¢ell ac o funetion of tomporsture.
Ambient vapour pressure 45 mm odgorbed at
sample ocil tenpevoture 18.5%C.
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| FIG. 4.5 3 fenicenductivity in un othyl scetate adsorbed

| mothyl Mxin powler coll ame o function of tempersture.
toblent wepour pPessure 685 rm adeorbed ab

semplo eell tempessture 35.58%C.
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vopours at a fixed partisl pressure and maintsining the ssmple eell
at & constent temperature., In Figs 4.6, we show the straight line
portion in the low temporature rogion for toluene, ethyl acelote,
‘n=hepteneg, ethanol snd methancl vapours sdsorption in vitzmin 4
aleohol, It 45 observed that with the ofsorption of different
vapours at the some pressure, the setivetion enorgy voluen sre
aifferent for different vapurs. In ?3’1@; Be7 » 4410 we shov slmilar

. leg o Vs, "-F' lots for vitomin & acelabe, B apo = BY & cgmtem.,
npatacens and ncthylblzin roopectively, Ve seu that the decreass

[mv Vitanin 5 oleohol snd sectate in Figs, 4.6 ond mﬂ end incrense
[ for p « epowgtecarctenal, estecons ond methyl Bixin in Tigss 4.8-4410)
in setivation emergy depends on the nsture of the vapourss '

o study the dependence of the netivation energy change on the
saount ’af s perticulsr vapour adsorbed in a sample celly measuroments
were done by repested hoating, voitially desorbing and coling eyeles.
4 set of gtroight Iines in the low temporature reglon for 1o o vs. &
plots is shown In Figse 4,11 ond 4.19 for adsorption of different
omounts of ethyl acetote vepour in Yitemin & eleohol ond Vitomin 4 - |
scotote Tespectively, The slopos of these lines depend on the anount
of ethyl ccetote sdsorbeds It &3 seen thet the velue of activation
aviebgy Incresses in o regular monotonie faoshion as nmore othyl acetote
vapouy desorbses The other vapours show a sinilar chonge In setivation
| encrgy walue with the a;aguzit of vapour sdgorbeds The dopendence of the
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Pit, 4.0 3 femleonduetivity dn o vitonls 2 sleohol powder cell
| {atosdy stets monditiem) with the ofsorption of

A3 {forent wanonre o the sute pragsurn (40 pml %ra% at
& gample ocll tempepature nf 12.8%. 20144 lnes
roprogent the Lmmpevetuve region of messurements,
broken lives eve sytrapoletlons. Bach iins refors %o
o speedfic vapour afnorbed shate ¢ (1), tOlueme (E=-0.80
Vis {23, ethyl. acotote (1=1.06 ¢¥)s (2}, meheptene
€8 = 2,30 o0}y (43, othonol (B= 3.068 oVl (8)y methoen)(E
1,82 o). (0 sveld overlopping with (2) the Yime
gcoyrouncnding to bensene | vopour (€= .84 o¥) 1s not
chown) » Bre vilue of Tooa08%s 075 2,68 x 20°%a. o™
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P16, 4,7 ¢ Comlcondnetivity in & vitein 2 scetatoe powler aell
{standy state &tmﬁitiéﬁ} with the ndsorption of
difforent vopours nt the smme pressure {40 mm) mnd ot
5 sauple eoll tespersture of 32,670, 50124 limos
represent the temperelure reglon of nwaneurenentey
broken lines are oxtropolations. Tach 2ine yefers to
& spacific vapour sdsovbefl state @ (1), telvers |
{ E= 04,048 o7)5 (D), bondéne (B= 0,801 oV} (20 othyd
asotale t‘? = 04850 7)1 (4) 4 neheptene (%= 1,210 V)3
(8)y ethanod (8= 1.570 oTiy (6)y mothans) (D= 2,070 &V),
The valie of T,~ 338%s = 1,89 = 10°%° (a.em)™?,
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PiG.4.8 ¢ Cesteonductivity dn & B -npow8tecavobensl powder eell
{ stoady state condition) with tho sdsorption of
difforont vapnurs st the somo progsure (489 om) ond at
& seople coll temperature of 18.5°C). £olsd lines |
renvesent the témperature region of msammwtv
beokon Moes ave oxtrapelstions. Faeh ilne refovs o
& spoeific vag;mﬁ adsorbed state ¢ {1}, othanol (E- 4.506V)¢
{2} y mothensl {B= 5,88 a¥)g (3), othyl scotate (C=8.58 oVig
{4}y toluene (¥ =187 o¥)y (8} nehoplene (2= 180 oV,
The velue of T~ BHE7K; 0= 0,00 x 107 (0. emF,
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FIG. 4.9 3 Seniconfuetivity 4n sn sotacene pouder cell (stesdy
mtato eondition) with the sdsorption of differant
wonours a% the sane svoogure { B0 s} end ot & sonpie
coll tempersture of 18,5°%C. ©olid lines vopresent the
tempereture region of menmurenents, broken linea m

$ .04 *s}aga@aw

gairapolotions, Unch 1ine refers to o oped
adgorbed state s (1), othanol (B=7.14 oVig (D),
mothans)l (0= 6,83 oVl {3, othyl aeetate (B=£5.28 eV)¢
{4}y Dbenzomo (B- 5,73 OVt (8), toluéne (B=1.67 ¢,
The veluo of Ty= 27873 0;= 2.36 = 10" (0. em™3,
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PIC. 4,10 ¢ cenfconductivity 4n o mothyl Maln powler cell (steody
state oondition) with U ofsorplion of &ifforont
vepsuvs ot the smee presmurs (60 mp) and o amma ,
sell-tonperature of 18,5%0. foll4 ldves yeprosent
temperature reglon of menguroments, brolon 1ines are

extrapolations. Fach line vefers to o sposlflc wopouy
ndsnrbol state ¢ (2} othanel (8= 4.42 87)1 {2), mothonol
(T= 2,80 V) (2), othyl occotats (0= 0.056 oVig
{4), bonzema (B = 1,52 oVi3 (5}, toluohe (¥= 1.44 oV,

S30

The velue of T,=251%; o= 0,88 ¥ 10 (a.ew*,
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PI8. 4,31 @ Fonfconductivity dote for vitenin 4 sleohol powiar
esll (oteady state dondition) wﬁ.% the adsorption of
g1fforent smounts of ethyl sootate vapour, So1id Yines
roprosent the teaperatore reglon of neesupenents,
broken lines are extropsletions, The lines (1) —(8)
refor to the stotes with the decrasging coount of
asdonrbed vapour. The T values ave (1) 004 oV ()
108 oy (3) L.30 oy (4) 2,43 oWy (8) 2.62 oV, The
value of T, = a05%s a;.'= 320 = 1072 (o em™2,
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PIG. 4,12 1 Serdconiuetivity data for vitomin 2 asotete powler
cell (stesdy state conditfon) with the adsorption .
of diffarent oueunts of ethyl osetate vepour. felid
Inos roprosent the t}@gwmtam rogion of m@agarwsﬁ:tzta,
rrolkon lines ave @:xtmmxmienm The 2immg (3} —((8)
rofer to the stetes with the decreaving amount of
adoorbed vepetiy, The B 'vameé srve (1) 062 eV (D)
08D oF5 () 1420 oVy £4) 2,82 oVp (5) 1.80 oV,
Tho velue of T, = 334%s 0= 1,66 x 107 (. e,
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chmge in szaﬁwmmn mrgv on !:!m anount ai‘ vanmr aﬂmﬂwﬁ m pwéer
colla m £ uamaﬁh—mmma@l,, antaeem azri methyl blxin eon b@ undor-
atood imm the og o~ Yo. —_—r- gﬁ@‘!&s in Piga. 4,13 « 4,15 ras;acti’%lym
In case of mathyl bixin tho sdeorbed vapsur is "éthaﬁ‘al and m the other
two s@mﬁe@m&mﬁm‘s athyl acetate vapour has Emeﬁ umed. However, in all
thnso cases 16 hng been oboobved that the slope @i’ thg stz*:zzight ums
in tho Yow tomperaturs mgicn decrenses with the aecmmirzg wmﬁt of
the afigorbod vepour. Thus, these remlta inddcate that the velus of
the activation energy af theoe thrm s@ﬁcﬁnﬂmmrs decroases im o
rogular m@mﬁmuc fashion oo Bove vszgmzm daserhs from the amyzm
similar change in activation energy with the a&aﬁmnt of vamaur aﬁmrbad

é

was elud obporved 'ﬂi‘hh othay x*amurs‘

44243 The choracteristic temperature 1‘;3;? the polvenc semicordueters

rcording to equation (4.1), the oxtrapolated interdept of the
log o 3. = plot on the ordinele at | /v -0 yields the value of oy
go fron this emuatlon (4.1), 4% 15 expected that the straight lines
in the lov tezperature Pegion in each of the log o vse L plots should
moet ot a single polnt on the ordinate ab -‘T_: O vlelding a single value
of 07 Af the conductivity change 1 solely due to the change in
sctivation epergy © as in coge of 2 »‘mmi‘cmm. Fat frem the
leog o~ ve. % plots (Figss 4,6 « 4.18) 1% 1is cbaervea thet no single
velue of 4 S 1o obtained 1f elthor To0 o B 0., The cxtrapoloted
lines i!.mez-’mgt the ordincote of o wide varieties of poesitions, but
fhey' az.a. pass approximately through ﬁ single point at e tenporsture T, \
@héraetaﬂatiea of the senicondustor. This 1o oxactly vhet 1s expectad



“ I8 -

FiGs 4213 ¢ Semicondnetivity date for B ~aposBfecerotonal
pewior coll {(stondy siete condition) with the
adgorption of different suounts of ethyl acetats
vapour, Selid iines represent the temperature region
of moasurenents, broken lines ove extrapolations. The
lines (1) — (8) vofer to tho statos with the decreasing
st of odsorbed vepour. The ¥ wvelues are (3) 5,26 eV
(2) 3,90 6Vy (3) B,28 aV¢ (4) 2,10 V5 (B) 1.58 oV,

. o 3 l - -
The velue of Ta~ 261 %y 6= 270 = 10 ¥ a. e} x
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FIG. 4,34 & ceniconductivily data for astncone powder call

 (stezdy otete condition) with the sdeorption of
d1fferent smounts of ethyl eeotste vapour. folid
lines -m:mamt the tenperatare rvegion of nmepcurgs
nents, broken Iines ove extrepolations. The lines
(1) — (8} rofer to the siates with the deeressing
anount of adeorbed vapour. The ¥ velues are (1)
4,93 vy 1§23 4:28 oV (3) 5,38 oV (@ ‘3..563 ovy
(8) 1.3 0‘3. The velue of T, = m"g; < =
12,80 x 16°° 0. e
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PIG. 4,15 1 Semiconductivity dota fo7 methyl bizim powder cell
© {stesdy stabe condition) with the sesrntion of
difforent omounts of othans) vapour, Soli Yines
reprarent the tamporatwre repion of messurisents,
broken lincs wre extrepolations. . The lines (D - ()
rofer 10 thy stotos with the deorssuing swount of
adgorbed vepeur, The T volues sre (1) 4,98 oV
(2) 2,04 eVs (D) 202 0¥ (4) 192 4% (5 L1 eV,
 The value of Ty x | o5 s a;':—. g.@é@ % 30736 ¢ o. m}%_
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from equetion (4.3}, At these choracteristie tenperatures (T,).
the volue of 6~ (%, gives the q'vamea. The wvalugs of Tp's and
o' *s obteired from different log ¢~ ¥s. L plots for the senie
confuetors studied are shown in table 4.1, From table 4,1 1t is
cbserved thet thotwo gsots @t values of Tp's and. *ss are in

good mgreenont,

The plots of Jog o vs. U are linesr ag expeoted fron
aguntion (4.4) [“ime,» 1@@ 0= 8/ 2k, + log o3 ’] and are shown 41n
Figse 4436 « 4,29 for vitemin £ (olcshol and scetate), /amagg-—a‘: ;
carotenal, asteccene and methyl bixin yespectively., The velues of
To and 0 "ean be obtatned from the slopss and 'intemepm respactively
of tho loggy vs. [ plots. The values of T, end Q’I obtained from
the loz o vo. % plots for dlfferent polyenss are chown in
teble 4,2, Thus the values of T, and ¢ ( tableos 4.1 and 4.2}
obtained from various log o v __‘r and 1@5 6 Vvs. B plots ave
congistent and show excellent agrecuenti®, Using tho volues of
| Taln and o*g' 's obtalned fron the log 03 vd. T plots we have
coloulated the oxpected ¢ velues end eomperve these vith experis
mentally measured Volues, Those sre shown in the tables 4.3 - 4,12
for the vorious polyene gexfeonductors. The date precented in the
- tablos 448 - 4,12 confirm the walidity of eqﬁmﬁon {4.3) for the
polyencs sthulled, |

The plets of log r'(»-q egeinst £ are shoun in Figs. 4.20-4,23
for vitomin 4 (pleohol end agetate), [;--amoﬁ"wcmtenalg aatmme'
and nothyl bixin re n%etivalsr. In eaeh case & good giroaight ldne
iz obteined as expooted from mmmmn. {4,8) s The value of the observed
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Table - 4,2

The values of T,'s and ¢ 's obtained from aiffevent

(o]

108 — V0. %f

plots of sone volyene sendleondnctors

Vsiue of T, (%3 ab&a&mﬁ
from the ‘mgav va,.'_galeta
f‘m A

senicone
ductor

Value of ¢ in zn-m"‘i obtained
from the logr ws. L
fop

- plots

aﬁsm*mim

of
ﬁiffemm
smounts of o
nartienlnr
vonnuy

adl m!‘zé%i@ﬁ
aifferant
vapoirs

aﬂ mx?g%ﬁen

#if%eront
vapeurs

~ wigorption

of
giftorent snount
of » mumlar
Yapouy

8

Vitomin 4 402 403 3
a!.eczmﬂ,

Vitanin & 2388 ok
acotete® |

p »apadte 268 281
:esamﬁmala

Aatacone® o878 a90

0,00 % 1071°

2:35 % 3.&‘33*56

Hothyl blxn 251 258 0,85 x 10718

1.80 x 1{}”1@ |

3,90 % za‘*9

2,65 = 307 =30
1,70 2 10° 36
1,20 x 10°3°

1,96 x 16735

1+ TFrom Fige. 4.0 and 4,133 2,
8¢ Trom Figs. 4,8 ond 4,15; 4,
8, TFrom Flgs. 4.30 and 4,28,

Fron Flgn.

Trom Fige. 4.7 and 4,18
4,0 and "5:24%



FIG. 4436 & Plobs of the log ) weluos agalnat the cetivetion
| snergies () for witemin 24 {alcchol and acetatel.
The dopk oireles pofor to diffeorent vopours ond the
open eircles to different avounts of «thyl scotste
 vepsurs Slopes and a;;' values aro 14.49 @%f"‘: and
2480 x 30™ (0- em)™ for vitemin A aleohol and
27,52 oL and 1,50 % 30" (2 em)™Y for vitemin A
ceetnte Yomseotively. %he right snd left senles
rofor to vitsaln & clcohnl and vitouin 4 pootete
yaspectively.
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PIG. 4,17 3 Plot of the log q; velues ageinst the ectivation
onorgies {2) for B wopo-B'-carotensl. The dark
edreleos refor to different vepourp and the osen
eirclos to d8TTopront gnounts of othyl seotate
vopour, The volue of clope — 20,44 eV %y
&'= 147 x 20°%° (2. o™,
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FIG. 4438 1 Plot of Jog ¢ values egainet the activetion energiop (B}
| for astesenc, The dark elvcles vofer to difforant
vopours and the open clrveles 45 dAfforent srounts of
oyl acotobe vopour, The value of glépo — £1,04 @y“%
'= 2,00 x 267% ¢q. ™2,
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PIG. 4,39 ¥ Plot of logg: walucs agednst the activetton
cnovgles () for nothyl Bixin, The dark elrcles
 pofer to different wopoury and ﬁ!ﬂe open eivélos
to diffovent mounts of othanol wapour, The
velue of slope = £3.31 a?”gs a;'= 1.58 x m"iﬁ( DF m}"i;
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D Tablo « 4.2

Values of ¥, and (7 obtained from varfous log(; ve. 2 plots

| .-Se:zaimnﬂua%@r' Voalue of Ty %) . Y¥Yolue of e’ ,
in (a.cm)"1

Vitamin A oleohorl a0a | 2480 1::.:. 109

Vitentn 1 ecetate’ 238 1.50 % 3020

P aama@'wamtemmz 263 ) 1.47 ?x*l@*w

Aotacene” 290 ' 2400 x 10~ 16

Hethyl Mst 4 251 1.88 % ;'i@dﬁ

1. Trom Flg. 4,103 2. From Figs 44173
3s FProm Fig. 4,183 4s Trom Plg. 4,33,




Tablo - 4.3

somiconfuction persucters for vitasin 4 a2lcohol on mﬁiﬁax’pt&aﬁ
of various vopours sccording to aquotion (4,3) '

Vapoura _Vitazimv & pleohol

[ ' ‘-3.
adgorbed (2RT ) = 14445 oV
L o r 0,80 = 2@.9 (. m}nl

tev) Calenlnted Heasuped
05 = OB’IQX“)( r‘-/‘?-]QTu) ’ 0y £ gm}ql
(2 cm)™d

Poluene 0.80 2,08 x 1072 4.30 x 10°4

3 i3

Penzenie 1,04 D41 x 107 708 x 310

netieptene 120 2,26 x 10"7 260 = 1077

3

nthanol 1,58 1.49 x 10 1,390 % 10°

Methanol 1,82 780 x mﬁ 1.26 = 108

& Pron F&E: 4,8
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Table - 4.4

Semiconduction parameters for vitamin A acetate on adsorption

of various vapours according to equation (4.3) .

Vapours Vitamin A acetate
-
adsorbed (2kT) = 17,62 V™t
5/ = 1.50 x 10730 (4. em)~t

E(eV) Calculated Measnred” Q}
GZ: GZIQX\?(E/‘Z\QTQ) - (o cm)-al
(. em)”
Toluene 0.448 3,84 % 1077 6.1 x 1077
-l wd
Benzene 0.821 2.65 x 10 3.8 x 10
‘ ‘ w4 -3
Ethyl acetate 0.806 9.85 x 10 1.7 x© 10
' cam - a4 e o 0 o o a0
n-Heptane 1.310 ° 1,32 x 10 1.2 x 10
o | 2 ' 1
Ethanol 1.570 1.32 x 10 7.0 x 10
o 5 B
Methanol 2,070 8.44 x 10 8,0 x 10

* Trom Flg. 4.7
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Tabla = 4.8

Semiconfuction paremeters for p waposBlecorotenal on afsorption
of various vepours cceording %o ecuation {(4.3)

Vapours p =apo-2t=carotenal
adsorbed - (2R '1;,)"l — on.44 vl
o' = 147 % 20°30 (o emy®2

B{ev) Cstenlated Besmred® Gy
. 05 = 6 exb(E£/2RT) to. em~1
{ o :m}”z

Ethanol 4.80 8.83 % i{}m 2.8 = 1{;@@

22

Hothanol .04 2,67 z 10 0 % m%

. Bthyl acotate 2.68 1.13 % mm 28 = ) 19

voluohe 1.57 2,08 % 10°% 2.9 % 10

nwleptans 140 T G447 = 3.9*3 NG u 3.9*3

® From Pigs 4.8
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Taltlo - @iﬁ

Semiconmetion parssoters for ngtacens om adsorption of verious

vepours according to equation (4.3)

Vapotfs
adcorbed

Agkacene
- .
(2k7T) = D164 V70

g = .00 x 30738 ro eyt
' /

et} Caleninted Neagupred” d?;

s = Q"QXP( E/p_kq-é) ' {o. @}“l
(o eyt D

Mothanol
iyl acetate
Denzeone

Tolveng

5468 1,83 x 56°°

7,34 2.59 5 2053 0.7 z 20°%

7 ae ox 10°T

ey | o
5.56 5.45 x 1000 5.5 % 000

1.71 2,85 = 10° 4.5 x 20°

157 S LM R g0

% From Figs 469



semiconduction porcmeters for methyl bladn on adoorption of

Tabie « 4,7

varimﬁ; v:agmum pceopding tce @m&%&ﬁn m,si

Vapotits
adoorbod

Hethyl bisin

- o -’
( 2 k,T‘c) = ?3;31 117 3. | |
0y = 2488 5 30" (0. em”?

wleV)

" Coleulated
G = @Gl expCE/2RTy)

{0 eyt

Heemped™ 6
Co. ey

Ethanel
| %eﬂ}%@%
Bthyl woetate

Toluene

«3#&3
2,80
'afﬁ%’ﬁ?

1444

3.80 & 1077
547 x 1};@3

360 = 1@3‘

5*9’3 = 1@

4.8

2.8

4.6

4.0

26

10°

20°7

36

¥ Trem Plg. 4.10
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Table » 4.8

Benfesnduction pavematers for vitanin 4 cloohel on adsorption of
ethyl scetate vopour of different amevnts peocording %o m@m%iw {443)

Surve Noe Vitemin A elcohol
of Pigs 4412 (2Rw)'= 13,85 av~2
0l = 28 x 1070 (aem*t

neeV) Caleulatod tHeasared” 0y
05 = Gz’exloCE/zm;,)

(a em)t
ta. ‘mj‘“i ~

1 . 004 2a88 % 10°° 20 x 1070

.08 .8z wW? 20 x 20°7

™

-3

@ 1.8 =z 10

3 % 1 B.20 % 1‘
4 1edts 2,66 x 107 2.8 x 10°

& | 1,68 4,21 x 208 2.0 = 100

Curve foe 15 correcponins to the deereccing suount of sdsorbed
, ethyl reetate. vapour,
¢ Frem Pig. 4.1



Table « 4,9

@mﬁcs}ﬁﬂuggm@n vovaretors for vitenmin A cecotate on :ﬁmmtim ni‘

ethya. :'aiefezatg 'vsspmr of different mounts according %o nguaﬁiﬁzé {4.3)

curve Hos Yitemin A atetate
QZk{To’)—l' ol

0! = 2,80 2 0720 (. em*?

of Tig. 4,12 37,82 eyt

rleV) Erleulsted

G5 =63/ ex To s
o= e ?@(‘;Iwﬂ (o em)”?
{Q. em}

Heasuwed 05

@:33 0,38 % 19-§ 1.6 x 3.9“5

03

0,82 S.87 x aﬁff’é 1.9 = ‘1@“3

&3

236 1.00 & 1@'1 1.8 x 3,0)”1

.52 §,51 % 1‘31 3.6 = 3@:&

5 180 T8 x E@s 342 % ma

Surva Us. 1 — 8 corrosponds to tho dooronsing mmount of pdeorbed
‘ othyl ascotate vapouy.
*  Fpoz Tige 4612 |
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Taltle » 4.10

semtcorduction pevameters for p =EPo-Bleearotensl on sdsorption of

ethyl a@mm wapour of §4fferent mnounts ascording to eguation (4.2

Curve fo. of B wonpg=2tecnrotenal

FAg. 4413 O (2RkT) ' = 224 ovd o
! = 1247 2307 o et

PR

BlaV) Saleulated Honmred” G '_
6= Q".o_xb(\a/zh’ro)v . |

¢a.emy*d

(0. o)

b
gg

526 288310 34 x 10
o 800 140 2 622 2.5 = 207
) 3,28 Cnasxi10® 0 41 x ow
4 X g2 x30® 0 e x 105

1,62 | 2,68 % 1071 5.1 x 107

o

CCurve Ho. 2o 5 copvasponds o tho doovensing amount of ofizorbed
attyl avetals vapour.
* From Fip. 4,318 '
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Table « 4,13

Sepiconduotion peraseters for astecons on sdscrption of ethyl ssotate
vaponr of differont ewunts sceording to pquation (4,5)

Fige 4.28 (2k7)' = 21,64 ev™d
“;/ = Qam % 107 =16 { Q. g&g)"l

eV} caeﬁlmea Heagured® (3
= 6 QXb(E./').k 3 {a- @3‘”3

fn ma?

1 4,03 4450 % mm 21 x W0

4,50 2,01 x 307 2,7 x 10°0

63

3 3,18 521 x 20 24z 2%
4 188 6,04 x 0% 87 x 100

5 1,81 4.30 x 1072 2,1 x 107

Curve No. 31— § corrasponds to the desrossing emount of adsorbed
, othyl zeetats wpour,
* From Fig. 4.14
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Table » 4,12

temicopduetion peremotors for #mti‘:zsz Pixin on adscrption »f ethanol
vapour of Giffcrent smounts sceovding ¥o onuation (4.3}

Curfve o, of Hethyl Dizin
Pig. 4,35 (2km)" = 28,93 ov*?
' = 188 23070 (oem™

BleV) Caleulateod Moasured €5
= 0 exp(e/iRTy) (oo™

1 4,08 4,10 1077 2,1 = 10

® 5,94 1,52 x 307 18 % 100

8 2,88 BB m ﬁ.ﬁw 5.0 = ¥

4 .92 g2z 46z 30°

5 161 2,34 x 20° 55 x 16°

Curve o, 1—> § corresponds to the detvensing mcant of ad sorbed
ethenol vepeur. ‘
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FIGe 4,20 ¢ Plote of log i~ at s constant tomperstuve (/1=
2,80 % 103 "1 ) vo, © for vitanin a (sleohel
and scetate), The loft and »ight scoles corrose
ponil to witenin & elcohol end witemin 2 sectate
respectively. The dorh clrecles refer to |
i fferont vonours ord tho opon circles to dlffere
ent amounts of otiwl cootate vapour. OSlongs ond

6};' veluep ove 7,70 a‘i?“i ond 2,88 x m""" {2 m)ﬁx
for vitanin A slepholg 4,55 o™t ard 2,60 x 20720
{o. m}'3 for vitemin & acotate respectively.
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FIG. 4421 t Plot of log ¢ at & constont temparéamre
| o {T= 360 = 3@“%‘“3 ) use for Pgamwﬁ*w
corotenel. The dark eircles rofor to different
vapours and the open ﬁi!‘ﬁi(?ﬂ to aitferent
snounts of ethyl seelate vapour.
The valve of slopo-31.29 ;a‘fﬁl 3 d;; 1.@5::1{5“25‘;11- w‘}”‘i

o
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TFIG. 4482 ¢ ‘%o‘t of log — a8t o constent Tempernture
= 3488 % 107 =3 op~ < ¥ ¥ps B for sslacone.
ma s%’a:%z eircleos refer to difforent vapours ond
the open cireies to 41 f*emm smounts of othyld
occtate vapoup, The vslue csﬁ‘ shope = 0,80 ey
o= 1.80 x 10 (o et

o
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FIG. 4,83 3 Plot of lop .~ at 2 constant tenperature
(:}-‘: 3.7 x 1072 %2~ ) ws, B for methyl bixin.
The fapk circles vefor é@ dieferent vepours end
asgéﬂ cireles to difforent omounts of ethonol
vapouw, The *ea;ué of slope = 1.60 ov? 3

0= 2400 ® 3677 (o em)™T,
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slope of the Ilne *‘ar oonh polyvene 1o e;%*m m table 3.3.'% for cmgzaa
rison with the value of the slope @mmﬁm from the et;uaa’cs.en (e}ﬁﬁ}.
The value of 0\5’ obtained from eaeh log o~ vss E plot 1o alse ﬁnmm
in this table %o ceampm thic value vith the velnes a‘bﬁzaﬂmﬂ fron

the log ¢ va. — — oard log 07 vs. B plots, i‘rm tho ﬁabla 4,33

it 1o scen thet the ohaerved sgl:;;zas from log o~ ves B plots are in
oxcellont apresment with the slopes oxpoetod from ecnation (4,8). slmso
the 3 : vzlusy obtained from log ¢ vs. E plots sproe catisfhctortiy
with the valnes eblalned from the logey wvo. % end logo- vs. L plots.
Thus the high correlation between the relevent paremetors in the
seaiconductors wiler study on adsorption of various vapsurs intidetes
thot compensation Tule s velid in these gemiconfveters end thet )

and ¥ are indesd physically m;atﬁﬁ?’?m

Thoys are mmber of theses about the mechanicm of conduction
in orgenic seniconduetsrs loading to compansation afswﬁg The asrrier
izasmisien\aoém of Gr@n@ produces the type of setivation snergy
daperdonce of the pre-csponcstisl foctor oo observed cxperimentally

but 4t does not provide sny physical basls for the interpretation of 7,.

Femony god fmmﬁmgﬂ obperved conpensation low in tunneling
of =211 polaron through moleculsr barrier from thermally aetimtaé
anergy lovels of molecules. Their aodel prodiets that v, = (?‘%ihem e
1ia the Debys<Tamporature) snd that at 7 > Tos mal) polovon mmeling
is not possible snd compongation effect 1y not grpected to bo obaerved.
put of the five senleonductors studied, in cmge of three { peapo=Cte
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Table « 4:13

Expocted (Bgns 4.6) and ohoerved clopes ond observed a;;’ oo the
log ¢ vs. ¥ plote for the polyene seniconductors

&%

fentoontustoy Eapegted Observaes ‘ Suporved

. T o wl / e
slape {eV b slope {aV ks C Q. emd 3

Vitaain A 2,73 IR XY 9,86 x 10”7
alechor® IR

Vitonin 4 2466 4,58 1460 = 30”10

ssotatpd | '

B ~0p0=8"= 11 1,39 2,85 x 070
earoteonsi®

2

Aptaoend 25

.‘ G803 0,56 1,80 = mﬂ
Hethyl Mgin 1,70 1,80 1,00 x 107 1%

1o Frenm Fig. 4480 § 2, TFrom Fig. 4,81 3
Ts From Fig. 4422 ¢ . 4. From Fig. 4,99
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corotenal, sotacens and methyl bxin ) the semfconduetive behsviour
of the compeunds hog boen studied st ¥ 9,. The experinontal vomults
show thet the compensation le 1s alse valid in these coses. Further,
| Detye- tenporature for these secicontuctors ere not knowns It has
heen mmrtaﬁ% that the Debye~tenpeyrature for o series of ervotals
af lorge sromctie molecules losin the rangs 10-320%, It secns that
. the ﬁ?@ values measured ave far too nigh %o Justify the polsron Gurnels
ing nodel, '

23 4f the conpensation effect

Pecause of meésﬁrm& ceourrence
(besidos semiconduction procoss, 1t s observed in chemied reactions,
catalytic process, thermal donaturation of matromoleculess thermed
1i1ing of unicelluler orpanions ote) s Xemeny and z&zmtﬁn have
propoged a theory of tglﬁatmm charge trangport as inmiwﬂ' in
kingtic processes (alzo appliceble o equilibrim procegses) from the
ebeslute rete theory equation™28 (ienin two weetol models. The
first one (quedredice polarons) invelves the coupling of olectraons with
& got of osclllistors, whsreas the socond one (magnetic polevons)
involves the coupling of dlectrons with o get of ﬁpinsa Toth tho
nodely show thaﬁiﬁc&imﬁnn entyopy is proportional to the activation
energy iz providing » componnstion e;fi‘mt. “he use of ¥ musber of
oseillators or of spins to bring sbout the ccmpensation effect spoms
to oppeer reasonable In view of the feet that tho varieble anount of
sdzorbed dielecteie {vapour) ascreen off .'%:he intorzction of o ehérae
vith ¢ 2ore dﬁatmﬁ parent molecules; U depending on the pumber of
 sueh molecules with which the charge effoctively intoracts. Tut in
quedivatic poleron nodel, the characteristic temperature Ty 4n sluays

\



negative in contrediction to onur obgervetion. The spin polaron
nodel gives a positive T, tut predicts no sativation onergy at very
high temperatures. At a temperature armumnd T,. the process ﬁ:s |
activatod and the setivation energy becomes funciion of témgmmmr@

1.0

ﬁ(—-—) € (0) [‘+ | | (4.6)

Tera 2(0} 1o the sctivation snerpy st low tenperature end £ 1s o
mmtifm of te:xpemmmg

= Loav_ .%8 [-1+ 2xb {(.-2%3‘)_) }l a7y

’x’."mugh our egperiments were dune in o Yinited pmnge of tenporature,
the excollent linesr plots in Tigs. 2.6 » 4,15 do not muggest such
tesarature deopendence,

other theoreticsl &ttmgxﬁég‘i@ to derive ﬂm' compenssticn rule
were yestrioted to the tempereture dopendence of the mumbey of
activated carviers in o model consdsting of tw ¢lectronic lewln
arooedatod with each molecular site, the electrenic states being
couple? to & set of ¥ osolllintors asooelated with each malecular site.
A ehonge An the clectronic state {(due to vapour edsorption) gives
rizse to an activation m‘l‘mmﬂ béeause of a chenge in vibrations)
MQ‘;&GT‘QQ;.QM It one asmcm the gemieonfuction eqmation as

6V(T) = -q\;)/ ex}a( —E) QKF(" m) | N {r'%,ﬁ)

then the variastion b toth the electronie energy gap (&) and the



. setivstion entropy (8) ean sccount for cempensation offect 4f the
¢hengos in these poremoters are given by

E =g +mE, N Y
S = S + M S,
viere n 1s & definite mmbor for each pystem and Poy Fys fp ond By
are same for all the systeus. In thip cese tho cherecteristic g
touperature i given by To= Dy /28,

tnfortunately due to the fect that tho noture of the cotivated
ficwns the aotie
vation entrepy & { hence G, ) 45 & velatively cbscure quantlty and
any guentitotive estimate of €, is pot possidble,

coxplex (due to vapour efgorption) is mot precizely

The exporizental results presented 4n this chopter chow thet
the crhenceonsnt of confuetivity is associsted with o change in ootie
wotion enevrgy of the sendeonfiuctors on vapour sdgorption. Tils chonge
in sctivation energy depends on the chemicol maturc and else on the
emeunts of vepours sdsorbed. In case of vitesdn A sleohsl end
eeotote the conductivity ineresses with the deerense of activetion
anergy whevoers in p «aposBi-torotonsl, agtatono and mothyl bixin the
getivation energy incresses with the increase of conduetivity. This
bohaviour, however, is quite undorstandeble fyonm the eondnctivity
exprossion (442 If To> T § viere T 1s sny temporature in the
vorking tempsrature penge, then ( L - L ) becomes negative end the
ineyense in (~ ot o perticuley temperature T 4o copgested with the
dovrsase in the value of BE. Thus fo¥ & seviconductor having the
chavacteristic texporaturs {(Ta) at o hiphey valus then the vorking




tenparaturen, enbuncenant of Ite eonduetivity 15 expocted with the
decronse of 4o ectivetion cnergy. This 1o vhet we heve shaocrvad in
¢age of vitanin 3 sleohol end acotete. Again, 1€ T, %, then

L - %) becones e positive quentity end co dncrease In o~ ot s
temporature T 13 assooianted with an inorease in cetivation energy,
Thus s senlconductor having the charectoristic ﬁmgéwam {(Ty) at
2 lower value than the working feopepatures should show en e&ﬁm&mﬁn@
of {te conductivity with the fncrecen of 1%z setivalion enorgy, Ve
have obsarved sach %ﬁ&ﬁwﬁ* in ooee @f ;3 «ant-Blecaratonsl, astacene
and eothyl bixin, How 1t 49 oloor fyom Gur experisent that the
charetteristic tenpersture (T,) of n samiem@wtar playa sn inmportant
role in the dark conduction progens, ‘

_ 's*ha am:mterwma mﬁmmﬁwa {Zply bowever, heg beon thought
_'m te o molecular gmgamgﬁ v Our vemlts sleo chow distinet %,
volnes { toblos 4.1 and 4.2 ) _?@ ¢seh of the polyenes. It is,
however, not understesd why 7, bas o high velue Tor vitondn A o
oley for g = ;earat@wg whereas for P =apo-Btetarotondl, nstocons end
mothiyl bixin T, 10 smsll though all these uslecules belong to the long
~chatn conjugated polyone group with clternating single and doudle
bonds. Algo the mumber of double bonds of the gecond greup of polyenes
1%e in botweon vitenin & and p -covolene suggesting thet this pore.
moter 1s not related to T, ‘%usii“&y 4% &5 the ond gyonp of the
polyones with which T4 4o somchow Pelated. It ia to be of interest

" tp mote thot the two groups of the polyenes inveotigated sre Glgtinet
in that tho molecules of tho spcond group, p =aposBYecarctonnl s
astatene snd methyl bizin, have a 6:@ grony which 4o eenjuzated



wim the mﬁyme @h&n viémmm the > €= 0 W? ﬁ!% vitenin &
aﬁetﬁ%a iz ma% e@n:;ﬁmkaﬁ ﬁim mé masn %rhm ehein ond viﬁm a
mw@ml haa no carbenyl end gm'@ f shown m i’ert - I Chepter 2,
page - 82}, Tima 3:&: Seuss that tzze gsmaerce of the wﬁmg&@
earmmz em‘t SYCUD in the mms gmmy of i:im p&wmw studled 48
- somohow mlm@ﬁ te the low valne of %‘

fur *eszgmﬁizﬁsnﬁai romits indteate thet the eonpencation yule
19 valid foy the polyene menieonductors studled end the activetion
enorgy (8) io physicelly relsted with 4 . Tho distinct variotion
in tho observed voluos of T, of these senlconductors suggests €he
posslbility of dependence of Ty on the ncleculay preperty of the
senieonfunting motorisl, %ho chersctoristic tempeseture (T o) of gn
orgenic senicopductor plovs eun imm@aza* mz;e; in the ﬂm cﬁm}%ﬁm
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Semiconductive properties of biologically important compounds:
Gas adsorption effect on vitamin A (alcohol and acetate)

. BISWANATH MALLIK, ALPANA GHOSH and T N MISRA
Optics Department, Indian Association for the Cultivation of Science, Jadavpur,

Calcutta 700 032
MS received 1 September 1978; revised 27 November 1978

Abstract. The change in semiconductive properties of vitamin A (alcohol and
acetate) after adsorption of various vapours om its crystallite surface has been
studied at a constant sample temperature. A rapid enhancement in the semi-
conductivity bas been obscrved. The rise in conductivity has been found to be
exponential with increasing vapour presswre of the adsorbed gas. It has been
suggested that charge transfer (CT) interaction may be responsible for such conducti-
vity change. The adsorption process being efficiently reversible this CT 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 ef al
1968). The carotenoids present in the olfactory organ can form weakly-bound
reversible complexes with adsorbed odourous gas molecules which increase the
conductivity 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 fS-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 the
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 our results.
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26 B Mallik, A Ghosh and T N Misra

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 finec 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 placed 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 controlled
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 millivolt 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.

[

it B -~brass SS — stainless steel

CB .~ cooling bath T = teflon :
CCT- calcium chloride trap TB - thermal bar
CG - conductivity glass . TC ~ thermocoupte

- Conductivity chamber
FM- flow meter ) ¥ ¢he

HT - heating tape
RJB-reference junction FM

bath
SC - sample cell —
L
Potentio - !
meter RJB
Const. temp.
bath
1
: , —i|I-
Nitrogen - - trometer T 225V
gas ec ¢ Battery

Figure 1. A schematic diagram of the apparatus used to test the 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 aimost 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 (25° 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

--o0— Adsorption
~--0-= Desorption

Dork current ( A)

15" R N

0 8 16 24 32 40
T " Time (min)

Figure 2. The change in dark currentin a vigamin A alcohol powder cell kept at 25°C
with repeated injection of ethyl acetate vapour (40-0 mm).
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Dark current (A}

107 | ] [
0] 12 24 36 48
Time (min)

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 o, (in) follows the relation
(Misra et al 1968)

04 (1) == oy exp (am) 0y

where o, is the conductivity before adserption of any vapour.

o 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 exposure. After some time, however, an equilibrinm is
established. Thus we assume that in the initial region

m@)=0Q().p (2a)

N

Table 1. Rise in the dark current in vitamin A (alcchol and acetate) powder cells
at 12-5° C due to adsorption of various vapours at the same pressure of 40 mm

oszloy

Vapour Dielectric Tonisation

constant potential Vitamin A Vitamin A

at25° C V) (alcohol) ' (acetate)
Toluene 2-38 8-81 2-3 x 104 5-0 x 104
Benzene 2:28 (20° C) 9:24 67 x 103 1:7 x 104
Ethylacetate 6:CO 10-11 6-5 x 103 1-3 x 104
n-heptane 1-93 (20° C) 10-35 4.0 x 108 3-8 x 103
Ethanol 24-30 10-50 3.0 x 102 2:0 x 103
Methanol 32-60 - - 10-85 - 4.5 x 10 3-2 x 102
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where Q(2) is a function of time. At equilibrium, ,
my==0Q,.p . ) o (2b)

where Q, now becomes independent of time. This is expected from Langmuir’s
adsorption isotherm, when a small fraction of the surface is covered by gas
molecules. Hence,

oa{m @} =0y expla. Q). p} A ' (3a)
and at equilibrium -
Gq(my) =cpexp(a. Qg.p). - . (3b)

A plot of" log o,4(my) versus vapour pressure (p) at equilibrium is expected to
be linear. Our experimental result in figure 4 shows a good agreement 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 one. 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 wused 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 (table -1). It has been
reported (Pullman and Pullman 1963; Platt 1959; Mairanovsky et al 1975) thdt
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

~N

— =7
198 110
/
. A 58
10° Vitamin 10
;I:, A alcohol A
T -
I 160 - p/d ~ 16°
) ’ Vitamin
= . A acetate
o -
SRTR —116°
~ . e [
102 | TSN R BN SN B

20 30 40 50 60 70
Vapour -pressure:{mm)

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 enhancetent
should show a relationship with the jonisation 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*+ 4~) 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 ef al 1968 ; Eley and Leslic 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 (dm/dt) will be

dmjdt = A exp(— SmfkT), @
where f is a constant. Integrating (4), we get

m() = I%T log (¢ - #,) + constant | (5)
From ( Ij and (5 we get,

logo, = iﬂT— log (¢ + ¢,) - constant. i ©6)

Thus, a linear plot.of log o, versus log (¢t 4+ ¢,) 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 f (since « 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 f (table 2).

Table 2. Vapour pressure dependence of the factor f' = (B/a) for ethyl acetate
vapour adsorption kinetics.

Vitamin A (alcohol) Vitamin A (acctate)
Vapour B’ Vapour B’
pressure V) pressure V)

(mm) (mm)

31-0 T1h202 X°10-27 7703140 : 0-8V19— X 10~2

35-0 1-005 x 10-2 35-7 0-753 x 10-2

37-5 0-930 x 10-* 417 0-660 x 10-2

43-5 0-759 x 102 48-2 0-601 x 10-2

50-5 0-643 x 10-2 -55-2 “0-518 x 102 .
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Figure 5. Adsorption kinetics data plotted according to Rogmsky-Zeldowch
equation for v1tamm A alcohol.

The change in conductivity of f-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 f-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, a/l-trans vitamin A acetate,
B-apo-8‘-carotenal and astacene have been investigated. The effects of different solvents on the absorptxon and
emission bands of these polyenes are appreciably different. This indicates that different excited states.are involved
in absorption and emission. Effect of adsorption of certain gases on the crystallite surface of B-apo-8’ carotenal
and astacene has been discussed. On adsorption of certain gases, a new band appears on the low-energy side of
the strongly allowed 1B, state. It has been concluded that in these long-chain polyenes there exists, a low-lying-

forbidden 14, state below the strongly allowed 1B, state.

1. Introduction

IN RECENT YEARS, interest in the electronic spectra
of linear conjugated polyenes'-5 has been revived.
Little experimental work has been done in this class
of molecules in comparison to the effort expended in
aromatic-molecules. The strongly allowed transition
in the visible and near UV region of the spectrum in
the linear polyenes has been known so far to be the
lowest excited singlet state, 1B,. The absorption and
emission spectra of these molecules show very little
or no overlap®®. Some workers have tried to explain
it on the basis of “Franck-Condon forbiddenness’.

It has been shown by Schulten and Karplus* that
when double excited configurational interaction is
taken into account, a singlet.(*4,) state appears below
the strongly allowed 1B, state in some polyenes like
butadiene, ‘hexatriene and octatetraene. Hudson
and Kohler® have presented some experimental evid-
ence that there exists a low-lying forbidden state
below the well-defined lowest w-electron state in «, w-
diphenyl octatetraene. Recently, Mandal and Misra’
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.

[

2. Expenmental Procedure

The polyenes employed in the present study are.
all-trans - vitamin A alcohol, all-trans vitamin A
acetate, B-apo-8'-carotenal and astacene. Compounds
of high quality obtained from Hoffman-La Roche Co.,
Switzerland were used without further purification.

Solvents used in this investigation were of the spectro-
o . R R R

grade quality. The absorption 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 over 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 polyenes studied, a very broad absorption
band is generally observed. The absorption spectrum
of B-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~. In common
polar solvents, this vibrational structure is completely
lost and 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 room
temperature absorption and " emission spectra of diff-
erent polyenes in ethyl acetate are shown in Fig. 1.
Though the absorption and emission spectra of B-apo-
8'-carotenal show some overlap, such overlaps very
small for astacene and in case of all-frans Vitamin A
(alcohol ~and acetate) practically no overlap is
observed. .
. The effect of different solvents on the absorption
and emission spectra of all-trans vitamin A alcohol ig

s e ase [ 1
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Fig. 1—Absorption and emission spectra of different polyenes in ethyl acetate at room tempcrature,
[1, All-trans vitamin A alcohol; 2, all-frans vitamin A acetate; 3, 8-apo-8’-carotenal; and 4, astacene]
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Fig. 2— Absorption and emission spectra of all-trans vitamin]A alcohol in different solvents at room temperature. 1,
Methanol; 2, ethanol; 3, ethyl acetate; 4, 1, 4-dioxane; 5, carbon tetrachloride; and 6, benzene)



f

MALLIK ef @l ; LOW-LYING FORBIDDEN TRANSITION IN POLYENES

shown in Fig. 2.- The absorption spectra show. large
solverit shift, but for .emission spectra such shift is
small. '

The room temperature . absorption spectra of
B-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

of gases on the solid film, various vapours were used.

{a)

RELATIVE INTENSITY —>

230
WAVENUMBER (cm X102

270

Fig. 3—(a): Absorption spectra of B-apo-8'-carotenal (1, Ab-
sorption spectrum for the solid film; and 2, absorption
- spectrum for the solid film after pyridine vapour. adsorption.
Resolution of the total adsorption; spectrum for the solid
film after pyridine vapour adsorption ; 3, band of the solid
film; and 4, new band]
(b) : Absorption spectra of astacene [1, Absorption spectrum
for the solid film; and 2, absorption spectrum for the solid
film after aniline vapour adsorption. Resolution of the total
absorption spectrum for the solid film after aniline vapour
adsorption: 3, band of the solid film; and 4, new band]

With all the vapours studied, the effect - is similar
except that with certain of these the effect is more
pronounced than with others. Pyridine vapour adsorp-
t{on on B-apo-8'-carotenal affects the absorption
spectra intensely whereas aniline -vapour shows a
strong effect on astacene spectrum.

The absorptlon spectrum of B-apo-8'-carotenal in
the solid state, as shown in Fig. 3 (a), is a broad
band. After exposure to various vapours, the solid
state spectrum shows a marked change in which a new
band appears at about 16660 cm™. The other band
remains unchanged.  '#2°°

The absorption spectrum of astacene in the solid
state is also a broad "band. ‘When solid film of this
ponene is exposed tosgxﬁ‘erent vapours, a new band
appears at about cm™ along with the band

observed before vapoilr adsorption.

S

-

4, Discussion
For strong absorption band of linear polyenes, the
solvent shift® can be expresscd in the form

-1

1z +2
where k is a parameter which is constant for a given
molecule, ['is the oscillator strength for a Parncular
transition and n is “the refractive index of the solvent.
The absorption band of the polyenes under jnvestiga-
tion shows a large red shift with the increase of the
refractive index of the solvents. Butin case of emis-
sion, this shift is very small compared to that for
’ absorptlon In Table 1, valurs of vmax for the absorp-
tion and emission of some polyenes in- various sol-
vents are given. Our experimental results show that
in all the polyenes studied, the plot of v vmax for both
absorption and emission against (n*—1)/(n?+2)is a
_straight Ime. In Fig. 4, such plots are shown. The
slope of the plot for absorption (which is a measure
of the oscillator strength involved) is about seven
times larger than that for emission. This difference in

AV = k.f.

Table I —Solvent Effect on the Absorption and Emission Bands of Some Polyenes
(vmax in cm~1)

30303

Vit. A alcohol Vit. A acetate B-apo-8’-carotenal Astacene
Solvent (P =D(*+2)  (Smax)E Gmada GmaE  (Fmax)a ("max)E (Gmax)4  (Smax)E (Smax)a
Methariol 0:203 21008 30864 20833 30614 - - ==
Acetone 0-219 - - - - 19157 21880 18018 20746
Ethanol 0-221 20964 30769 20833 30581 — - - -
Ethyl acetate, 0227 20942 30722 20730 30534 19157 21739 17857 20661
n-Hexane 0-228 - - - - 19011 21790 T — -
1, 4-Dioxane 0-254 20042 30534 20790 30487 19083 21459 17921 20408
Cyclohexane 0257 - - - — 19120 21500 - -
Carbon tetrachlonde 0275 20964 30303 20876 30030 19047 21270 17889 20242 .
Benzene 0294 20920 20790 30030 19083 21220 17889 20202




- INDIAN 1. PURE APPL PHYS;; VOL. 13, OCTOBER 1975

310
306

302

227F
218

214

=2

axfem’ x10

210

¥m
~N
[=]
[=2]

202

190

186}
b4 -_-%
180 ~ ~@~ — _ _ _
» 1--".—"-‘-—8_,_‘
176L__ e )
200 240 ’ 280 320
l .
n‘-) 3
X10
n?s2

Fig. 4—Plots of ymax against (n®*—1)/(r>+2) for the lowest
energy absorption band and the highest energy emission band
of the polyenes studied '
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solvénf behavio{lr and the small overlap of the

absorption and emission bands indicate that the
absorbing and ‘emitting states of these polyenes are

different. The existence of a low-lying n-electronic

staté below the strongly -allowed B, state in these -

polyenes is thus indicated. by such solvent behaviour.

Weliave observed that' when certain vapours are

absorbed on the surface of crystals, a new band

appears in f~ apo-8'-carotenal and astacene. There is .

a large overlap between the new band and the usually
observed intense band. In order to get the longest

b

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 before vapour
adsorption. The resolved spectra are shown in Figs.
3 (a) and 3 (b).

- We have studied the emission spectra of the poly-
enes in solution only. These emission bands in case
of Vitamin A (alcohol and acetate) show good over-
lap and mirror image relationship with the new band’.
In B-apo-8'-carotenal and astacene, the emission
bands 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

lowered 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 omne can
then reasonably expect to get good overlap between the

new absorption bands and the emission bands of these

polyenes in the crystallme’ state. ‘Unfortunately, the
emission from the crystalline film of these polyenes
could not be recorded. We conclude that the new
absorption band which appears as a 1esult of-adsoip-

“tion of gas molecules  on the solid film of polyenes,

corresponds to transition {o the lowest excited state
which is possibly a *4, state. The adsorbed gas mole-
cules introduce the perturbation required for the
enhancement of the low-lying forbidden transition.
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On the Evndcnce of a Low—lyin" Forbidden ‘
-Eleciromc State in Mefhyl!nxm :

E!ccuomc absorption and ermission spectr'\ of methylbnxm
- have been studied. “Thie solvent behaviour of absorption and
-cnnssion bands is dlﬁ‘ercnt A large solverit shift appears
in '\bsmptlon whereus in emlssmn stchshift s very“small, .
No mirfor image relation between. nbsorptmn and “emission’
.pectra exists.
there ‘exists a low—lymg forbidden lLelcctromc statc {14g)
'below !he stron;,ly a!lowud lB,_, smte ’

Accordmg to semi- empmcal and a prxorx ca.lcula-

txon31 the excited electronic states of linear polycnes

are 1By, % 4,, YA, and 1B, in order of increasing eénergy. - -

- The lowest singlet-singlet transmon of polyencs is
i A’
- mental-evidence’ ‘that there is no -or little overlap
- between the origins of absorptxon arid emission.*
Attempts have been’ made? to explain it in’ fernis of
Franck-Condon forbiddenness. - A recent theoret:cal
erk‘ has shown that inclusion of . double-excxtanon

conﬁguranon mteractlon for the excitéd ‘statés. in

-addition. to single-excitation conﬁguratnon in semi-
- empirical-and g Priori calculatmns fowers s:gmﬁcan—

Uy the lower 14, state in the energy so that & forbid- - '
~den 340 state appears below the strongly allowed 1B,
mvesuganom‘ 1 of -

"smte Rccenr expenmcmal

forbidden Hl-clectronic . state (‘A,,.) below ‘the' e

.expected thatin polyenes the enérgy of absorptxon

".resiilts on the effect of different solvents on:
_ absorptxon and cmtssaon speetra of methylbixm.‘.

: from ‘Hoflman-La Roche- Co.;

: structure becomeés blurted in . ‘some solvents. -
effect of different solvcnts o the spectra results | i a

it has beeri suggested that in this' polycnc o

1By and is strongly’ a!lowad There is experi~

s

polyenes have shown thut there cxxsts a Iuw-lymg

studu.d fowest [T-glectronic: state. ‘B,. It is; therefore,

*B, state and of entission - from 14, " state wm,showf
différent solvent effects. - In this note, we preseit -

théf;

' The compound under inyestigationis obtaifiéd *
Switzerland ‘and use.d‘
wnthout further punﬁcatxon Solivents used are of
spectrograde quality. ' The absorphon and Lmlssmn“
spectra are recorded at room temperaturé by Spca-‘

‘romom-202 spectrophotometer and ‘Aritinco Bowm'm
..specuoﬂuoromcter respectwely RN

The absorptxon and ‘emission spuctra of this poly~
ene in’ benzepe are - shown in Fxg 1. It is observed
that the absorptxon spectrum cOnsxsts of three: bero-"
nic bzmds with thie central- one ‘most mtense. * This

* structure is the . upper. state fundamenta) of .. abouit

1000- «:m“1 Due to the solvent: solutc interaction this
"The

shxft of the position of the band. It is found thar

_the absorption and emission spectra shift dxﬂ’emnly

when the solvent 1s chianged:’ Also the. absorption

: spectrum is much “more; solvent—depcndent than' the

emissjon spectrum, the Tatter does” not resemble the
-former and no mlrror xmage re]atxon bctween abcorp-
tion-and emission exxsts . .

The absorption band of the po!ycne shlfts morc

" towards red thh the. iticrease of the refractive mdex
of the so]vents whereas this~ shift -is. comparatwely

very ‘$mall in emnssxon. Thxs solvent shxft is expres«

<sed in the form®® = R
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" Here k'is a parameter ‘constant for a given molecule, .
f the oscillator strength for a parncu]ar transmon

and n the refractive index of the solvent. The pom-
txons (Vmax) Of the lowest energy absorptlon and the
hlghest energy emission bands in different ' solvents
are shown. in Table I.
show that the plot of y in

- versus (n®= DR+ 2) for absorpnon B

Our experimental - results
. versus the solvent po!anz— ’
abxhty (n“-—-l)/(n2 -+ 2) for both absorptxon and emis-:
sion is a straight liné as “shown in Fig. 2, _The slope
Qf this plot gives a measure of the- oscillator strength -
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“of the electromc transjtion and it is found- that the Lo
", oscillator strength for the transition involved in ab- i

i ‘sorption is much greater than' that for emission. This
- difference in solvent behaviour and the absence oi‘ )
“Imirror image ‘relationship- between qbsorpnon ‘and

cmlssmn lead to-the suggestion that - the - electronic

© states mvolved - absorptxon and emission are diffe-
~-rent Thus the solvent behaviour of _absorption_and

_ cmission indicates the presence of a low- slying forbid-

den II- elcctromc state below’ the strongly allowcd 1B,, ‘
: statc in thls polyene :
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On adsorption of some electron acceptor molecules on the
solid films of all-trans-B-carotene, a new absorption band appears
on the longer wavelength side of the spectrum in addition the
original bands of all-frans--carotene. The position of this mew
band is dependent -on- the-electron. effinity (EA) of the acceptor
molecules, A linear relationship between the of vmax the new band
and Ea has abee observed. The ionization potential of all-frans-B-
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 all-frans-B-carotene behaves
as an electron donor and forms charge-transfer complexes with
suitable electron acceptors.

THE observation that g-carotene may form charge-

transfer (CT) complexes was made by Platt' who
suggested that donor-carotene-acceptor trimolecu-
lar complex could be involved in the primary photo-
synthesis process.
iodine in CICH,CI solution Lupinski? observed a new
absorption band at 10000 A proposed as charge-trans-
fer band of @-carotene....I* complex.

Ebrey®, 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
B-carotene shifted to longer wavelength due to charge-
transfer effect, thus suggesting that B-carotene-1t.
complex has several resonance structures for the g-
carotene ground state that would equalise bond
length and cause its shifting to longer wavelength.

Significant change in semiconduction current and
activation energy of g-carotene powder cell on
adsorption of certain gases and vapours on the crystal-
line ' surface has been attributed to possible CT
complex formation between 8-carotene and the adsor-
bed vapour moleculess, We have studied spectro-
scopically the effect of adsorption of acceptor vapours
on the solid film of B-carotene to'see if CT complexes
are really formed in the solid state. The results of
such studies are presented in this paper. -

The sample of all-trans-f-carotene of high quality
has been obtained from Hoffman-La-Roche Co,
Switzerland. We have used this compound without
further purification. Thin films of polycrystals of
this polyene have been made on the quartz surface
by gently rubbing the material 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. The absorption spectra
at room temperature (28°C) were recorded immedia-
tely after exposing the solid films to vapours. Spectro-
mom-202 spectrophotometer of Hungarian Optical
Works was used. ‘

*Present Address: : Physics Department, Govt. P. G. College
Durg (M.P.) }

In a mixture of B-carotene and -
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Flg. 1—Electronic absorption. spectra of all-trans-g-carotene
solid film after adsorption of different electron acceptor vapours.
[(1), all-trans-B-carotene solid film; (2), nitric acid vapour
adsorption; (3), iodine vapour adsorption; (4), bromine vapour
adsorption; (5), iodine monochloride vapour adsorption].
(The position vmax 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 of I; vapour; (1-4), in order of increasing
amount of acceptor molecules)]

The room temperature absorption spectrum of all-
trans-g-carotene in the solid state and the spectra
after adsorption of different acceptor vapours are
shown in Fig. 1. In the latter case, a new band
appeas on the longer wavelength side of the spectra in
addition to the original bands of B-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 shows 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-p-
carotene are summarized in Table 1.



TABLE 1—DPOSITION (Vmsx) OF THE NEW BAND APPEARING ON
ADSORPTION OF DIFIERENT ACCEPTOR VAPOURS ON THE SOLID
FiLM oF all-trans-B-CAROTENE

Acceptor used Ea (ev) Ref. " vmox (cm™?)
Nitric acid 1.83 5 13900
Todine 2.4 6 11550
Bromine 2.6 6 ' 11300
ICI 2.7 6 11100

The Mulliken theory for charge-transfer complex.
formation leads to the equation®.

c
b= I'—E 4+ ¢+ —C
TP A r'—e +¢ W

where Avcr is the energy of the lowest energy inter-
molecular CT band, I} is the vertical ionization
potential of the donor, E) is the vertical electron
affinity of the acceptor and C; and C, are constants,
The last term is often small, so that its variation can
be neglected, giving the equation

her=1I, —E +C ..Q)

Thus for.a particular donor, a plot of Avcy against
EY 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 Aver —with
the absolute electron affinities (E4).of acceptors is
consistent with the usual linear equations and their

associated assumptions. The adiabatic electron

. affinities of I,, Br, and ICl, estimated theoretically by
Person®, were 2.4 -+ 0.3, 2.6 + 0.3 and 2.7 + 0.3 ev
respectively, agreeing satisfactorily with the experi-
mental absolute values measured by Hughes et al.’
We have, therefore, used these adiabatic electron
affinity -values as the absolute values. The value
of E4 for nitric acid has been taken from Chen and
Wentworth’s tabled.

A plot of vpax (cm™) of the new band against
Ea gives a linear curve (Figs. 3). Theionization poten-
ial of B-carotene can be estimated from this vmax
versus Ea plot. The intercept of this curve gives
Ip + C, =244 ev. In typical donor-acceptor CT
complexes, —C; is usually around 3 ev®8. This gives
a value of the ionization potential of B-carotene as
5.44 ev. The experimental®1® value of the ionization
potential of B-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
expects a slope of - unity for vcr versus Ex 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™Y) against 5
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Fig. 4—Electronic absorption spectrum of all-trans-3-carotene
solid film after adsorption of I, 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 experiments*'»12,

The room-temperature absorption spectrum of all-
trans-B-carotene in the region 40000—%000 cm-!
after adsorption of I, vapour is shown in Fig. 4.
From the spectrum, it is observed that in addition to
the new band in the longer wavelength sid: another
weak new band is also observed at about 27200 cm-..
This band is possibly the absorption band of I~ ion.
The other absorption band of- this molecular ion
expected at about 33900 cm~! has possibly been’
merged with the original band of all-trans-3-carotene
at 35400 cm™. In the case of I,, possibly through the
reaction ‘ ‘ - : .

g-carotene + 2I, == ( B-carotene * + 1,

B-carotene forms CT complex with iodine. The
observed new band on the longer wavelength side.
arises from the transition between the complex in its
ground state (B-carotene.... I*) and the excited
state of the complex (B-carotenet....I) ~

Contrary to that suggested by Ebrey, our results
indicate that at least in the solid state single resonance
structure .

C=C—(C=Cp—C=C..... I+ .
is quite stable and usual donor-acceptor complexes
are formed.

Thanks are due to~the Council of Scientific &
Industrial Research, New Delhi for financial support



and to the Hoffman & La-Roche Co., Switzerland for
a generous gift of the sample. Thanks are also due to
Prof. G. S. Kastha for his kind interest.
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Campenmmm Effect in Senlmnducting
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ln organic semiconduclor thc compenaahon
ruic. a linear relahonslnp between; the logarithm.
of' the prc-exponcnual factor in the expression
Tor specnﬁc conductivity and -the semiconduc-
-tion activation energy, has been a ‘subject of.
g_zrcat interest in the recent years. 14 The pre-

exponemmi factor g 18, gencrany assumcd to

be a ccns!am in !flc equanon

o‘(T):neoeXp( E/2kT), ' ‘_-'f'(.lf)'

where, o(T) i§"the specvﬁc conductlvily at any

- absoluté temperature T, -E is the semicondug:
. ‘tion activdtion energy and k is the Bolizmana.
. Constant. But expenmcmal évidence shows’

.. that o, contains exponential functions.” To

study the compensation rulein a semiconductor

T E-is general!y varied by ‘different ways and

iog g, is plotted against E: . Recently, Masm‘

et -al.” have reparted that this compensation

- fule. is valid for uniaxidlly drawn low density”

polyethylene ‘Experimental " results of Sawa

f ‘et al.® .show that.in case’ of high energy ir-.
mdeated polyethylene- with - different radiation

dnscs also. thns rule'is valid. However, adsorp-
“tion of gascs i known to change the semicon-
- duction activation -eriergies .of many organic

se:mnconducmrs6 W Such ‘change depends on.
the ¢hemical nature gnd also on the amount of .
_vapour adsorbed.” We have used this method -
.. of varying the: activation encrgy .of semjcon--

ducung Vitaimin A by adsorbmg various

: ‘vapours. and . different amounis of the same
" vapour on ihe crystaliite surface. In this noté -
e presem our expcnmenml “tesults and show.'
ahat the compensation rufe is “valid .for semi- -
© V< conduction § _?_ solid Vitamin A (alcohol and - So that "

v aocm(e) y . ,
7 - The samples of Vitamin A &ﬂwhol and acetaic' .

mwdcr weré obtaincd - from - Hofimann-La . -
", Rothe & Co.. ‘Lid., Switzerland.-The experls

menmi p*om:dure i‘or ibe ‘micasurement oa" B

".‘. semiconducnon activation” cnerg) M‘ G‘iesé
. compounils on vapour adsorption is simnjiad w

-the metal electrode.”

. ‘(l/T,)z:J 8051073 K~} is plotied agains
;measured vaiues oi‘ activation -energy” {E).

LY

Shon Notcs . - A - m

that” of Misra e/ al.” The fincly powdmeé
compounds pressed-in @ sandwich cell between'-

" weonducting glass and 4 stainless steel electrodé |
was -miintnined at & moderate . prassure by
spring chps The separation between the élec- -
- trodes was miaintained by.a 2mil thick tefoa’
spacer, A d.c. voltage-of 22.5 volts from a diy
"battery pack was apphcd across the cell which

was ‘placed on ‘a-thermal bar. platform’ in a
suitably desngned conducuwty chamber made
of brass and. fashnoned with teflon. There was

an inlet.and agoutlet for gas in the chamber. . -

The temperature of the cell which could be

_ controlled from outside was ‘measured. by &
copper’ cofistantan thermocouple nttached to
'The -dark clrrent . was,. -

measured with Electrometet Amphﬁer EAB1S

of Eiectromc Corporation of India- Lifnited.
1Chem|cals used in ‘this experiment . weie of
' spectrograde (E. Merck, B.D.H.) or equivalest .

quality. The semiconduction activation _energy
of Vitamin A {alcohal and acetate) with toluene

. (1), benzene (2), ethyl acetate {3); n—hepiane (4},
. ethanol (5) and meéthanol {6) vapour and elso’
“with diflererit amounts of ethyl acetite vapout -

adsorpuon have been determined from. the

Arrhcmous plots of'eq: (1).. S

“At- &" constant tempcra!ure T,, iog §{for
the

Linear plots as shown in Fig: 't arc obtained.

The observed stopes it Fig. 1 aré 7.70 and 4.55

eV-! for Vitamin Al alcohol ‘and - acetate
rcspectwely The expcctcd stope according to

eq. (1) is 22.18 eV =1 'for both-the compounds. -
. These low values of the observed slopes indicate |

that eq. {1) is not valid in these cases.- “To test
the vahdﬂy of the -compensation. rule log o,

s p]ot.ed against E, ‘The plots are linéar (Fig.
© 2). Rosenberg el- al® have supgested the
following equiition for the specific conductivity -

whnch aakts accoum of the compemauon effect

& muo exp (E/l’c?‘o) exp (=~ E/.’Zk?‘) ' {2)

aoﬁ'aofxp(fllk!'o). _"'-(SY
whcm T, is the charactcmuc zempcmmre of

the sem:conductmg ‘material. 85 b~ and- Ta for
‘the same compound’ mmm im'amnt .ﬁw

)

v
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E(aV)

X-’*ia, g, FPloTof !oa 7 verans £ ot P cpnstant mm;em-

qure {{(YF)=3.80x10"Y K~} for Vitamin A

" (atcohol and kcctate)..

Yitamin A aicohol: lower line (felt s.cale).
“Yitamin A scetate: top line {right scale),

" —@— different vapours (the rumbers Indicaie the

specific vapour as stated in the text):

¢+ =0 different amounts of sthyl doetate vapour ‘

{activation  energy -decieases  with (ke -
. increasing amount of the vapouc adcorbed)

Short Notes

EX Y
)
4 &
o -0 |
; i
~3 v
T‘E“ \Gh 41 (] .
g b
i & 4
0 v
<0 a4 ] . ¥
o b iy ]
i -8 -8
[ 4] 0
- .
' . N
- el . : wo
10 A L 4 — 1 i
-0 120 - 240 20 |-
= E(uV) f

Fig. 2, Plot or the log vo valucs versus & {f’r(vm eq.
4} for Vitamin A (itobol and ncotato) ata consmat "y
tempersfure {(1/7)=3.80 < 16-2 31, o

iy

- Vitamin A alcohol: lower line {right sca!e). ;o
Vitamino A ecslater tap ine (feft seale). - .
: 'E‘hc c!osed and apﬂn élrcles’ indrcate same &g ln Flg.

B R T

‘vér e of the qlope e (2}' Tyt obtmned from'
Fig. 2 is 14.45 and 17.52eV "% for Vitamin A .

-aleohol and soetate respectively.

From eq. (2) it is seen' that for any pamcumr
temperature 7T, the specific conducuvuy 18
expressed by ' -

o 1 1E '
' fog o 7)) =log 64+ {-?,;—E}E—k RS
giving a slope equal to [(1/To) —(1/TI(1/2K).

“and an intefecept of log o4 for the linear plot

. The value of o

Yog o{T,)- v8 E. The. calculated slopes with
{2kTo) "

reapectively, The eaperimentally observed slopes

{Fig. 1y are in eicellent agreement with “this.
v, obitained from Fig. 2 {2.80x ~

0™ %and 1.50 x lG‘“’ (§2-em)~! for Vitamin A
glcohol and acetate respectively) and Fig i
{I 5% 10°°% and 160107 (§-em)~! for
Wamm A aleohol and acetste respeczwe!y}

agrw mtisfncwn!y. Thus. our rmuhs cOnﬁrm..‘

:

as obtained from Fig. 2 are 7.73 and .
4.66eV~! for Vitamin A zicohel and acetate .
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i plmted against K.
lhc adsorption 0( gas_s ;sv- W tg change the
" activation energms oforgafic s fuctors; Recemly,
bung miotivated ta examirie thie hypolhcsm that vitambn .
A i invelved in olf-mtury transdugtion mcchamsm.“)
we have studied the effect’ of ddsor n of. gasc«. ‘!ohd

v

encrgy and enbances the conductivit In thn paper Wc[ 'i
- present cxpenm(.mal evidence ~to 'mdlcau, _ihat ths‘ ;_*

B compeﬁsanon rule is va! id for- sphd @ﬂ‘&?nm A and timt !

74 and: B are indecd ph;sxmlly rélated.; Fmt?wr, '‘the -

. formation-of - dOnOrchCCPtor complc*; etween vitamia
- & anid thie adsorbed gas,1 molecule is ko
?-:‘mble ‘for thc obser- cd actnv uon enc“gy chan«e. o
from, the ~ caleulation” of ‘these  pafameters and the S S

to b respons

I: H:gh pu ty. vitamin: 1& a!cnhol and vimmm A - doetite -
were” uummed ﬁmmﬂ}iummnn-ua Reshe und-LCoy- | n‘.d,.w :
vzerkand,. Fhese werd Tsed without any fusther pusificas
miwwrch celt :echmque msh geonducting glusandie



b J‘&

_staml:ns stccl ck:ctrodc was s ed ’I‘ hcrc wzs a ga'; mk:t ’_nd

K

,

- g outlet in the conductx\-ny chambcr “miade "of brass ’ahd
fashioned w:th Tefton, for gas adsorpucn \tudy The temperas
ture of the sandwich-cell tould: be cc-ﬂtrollcd fromn ouitside:
“Temperature’- measummmts were made ising & copper-con-
‘danian ther m(x,oup.c attached dt the top:of. the mrml ‘ele’
lmdc. i‘he,{ mxconducmm currcms were: mc’nurcd w:th an
Indxa Ltd Vapom of rmthanol clhanol, hcpumc, clhyl
accvtr, bcmcne, and toluendiwvere allowed 10 ;b adsorbcd on
the semicondiictors. The seagent chemicals of «zpcc(ro 3
(B, Merck; B D, H) q\mhty were used. withont. f‘
putification olherwise repeated fractional ¢ s,(m'mon was dong.
-before use, To pass varfous vaporr. inside’ tHe chambcr, dry
nitfpgen gas was used s carrier which was passed throughi a
bubblcr ccmtammg the reagent chemical. I‘hc pamai préssure -

* of the reagent vapor i thc conductivity, chamber was kept
constant durmg adsoiption” at a pressure less- tlmn thie saturd--

tion vapor Preseurg at the scxmplc ‘celt tcmpe;raturc by cdrcfully
adjusting (hé: lcmpcmmrc of the bubbler. The partial y £5 ire’

“of the vapor was thc ﬁatur'mon vapor prccuuru of- thc reagcm ‘

chemical ai the temperatupé, of the. bubbler.. The same partial |
pressure (40 Fitn) was -maintained msxdc the . chamber for
various va pors. Under this condition it is.a' valid. assumpuon
that the saiic: amoant of various vapors aré adsorbcd on thc
scxmconducloxﬁ. chcatcd hcatmg and. ccolmg of the sampic
iuitially in; vacuum ‘and ﬁnally in dry pitrogen atmosphcre

ensured d orphon of water vapot or dny-other adsorbed gases. -
'icmpcraiurt’ (12,5:9C) of the. ‘samiple célls dnd the. inlet ﬂow

.were kept.constant during” adsmpnon.

To dc%crmmt the effect.of" ‘adsorbed vapos- on: thé semicon-
diction activation energy, the saraple was. allowcd tQ coineta .
a stcady state inthe chambcr -atmospheré. contammg thc vapor

“syith niteogen., The prcssurc of the total gas soixture in’ “the

izambcr Was &imosphcric pressuré, - The saturatwn current,
aﬁcr VAPOS Adsorption was found to be almos‘t cohstant gved
af:cr four hours indicating that the. canducnon in the. system
18 mamly electronic. 1 The sample’ cell awas then x‘apxd!y
Cf)oicd ‘to. abom 40 °C and then the chamhcr wis ﬂushcd
gcndy with. dry nitrogen gas.
meagured with increazing. temperature of ihe sample cell. The
oitlet of thé chamber was kept- open to mamtam aimosphcnc
pmssux.c msxde the chambcr. :
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~ineasuired, several tiries in diy nitbogen atmosphcrc.»‘..

. of vitamint A dcetate ‘iiv nitrogeni atmosphere, .

Scmxcondmictxon curreiit was -

Cegum Tttty T . st - N

asuitst ami msczmmns
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© Thie. snmlcondnctxon dctivation cnergy of cryatallmc ¢
powders of vitamin: A (aleohol And acet am) hisis bedit -

Thie observed: values “are 2,06 -and 3. 50 &V {appr

P

for Lhe aleohol and acctjuc lc‘ipt,ctlvcl) T!w adsorpuon; .
Jof gases cnlmnccs thi¢:semiconduiction ¢urrént (by several -
orders of - magh

iitudé-in some cages)-and decreases the
activation cnergy. app réciably. Thie results of ong-siich

_‘typu;al c‘cperxmcm i slmwn in Fig. 1. The str aight ling
,poruqn m the

i

: low tcmpcramrc rﬁqzon shows the §.cml-.:_
conductmg pmpertms of vnamm A acétate powde'*

with adsarbcd cthyl acetatc vapot and the slope-of this .
line gives the actxvatgon encrgy (0, 62 V) of this semi-

conductmg system, The: slrugh’ fine". pomon in tie:
Ligh' lcmperature x,w__gmn ngeq ‘thie activation mcrgv‘
The ”
obe-rVed valde (3.43€V) is shghtly lower- pq,sszb!y diie
o mwmpletc dcsorptxon of. .wsorbf-d NapOTRY The.

: mtcrmedxaic portion: shows the semlconductmn bchavxm

t
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l”‘lg. ( N ucmmonducuvxty in vlmtmn A aleghel

potwder cell {steady state condltmn) with the sdsorp=-
tiofy ol same amouit of dxf&-rcm vnpon.. Selid lines .
’ i—nprcwnt tcmp-rature region of me'ﬁuwmcms, dashed
fines are. extrapolations. .Each dine vefers 1o a spreific
vapor adsorbed state. " Vapors are {, §) toluene; (2) ethyl
“ acetate; (3) hepwu i {4} Gthdni)!" dnd- (5) n.erhiuw! i
S vvr.-rlﬂppmgr with (2) (hc line corresponding
--}. o benzens vagor is notshown; , Th o valye of Tomdlill
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, ‘TabLe 2. SEMICONDUCTION PARAMETERS POR VITAMIN A (ALCOHOL AND ACETATE) ON ADSORPTION

658

. OR ETHYL-ACETATE VAPOR OF DIFFERENT AMOUNTS

Vitamin A alcohol |
*(Sulid state crystalline powder)
(2kTy) 3 =1445 eV 1y .
Py =2.8x 10-*{}-! cm -2

- Vitamin A acetate .
(Solid state crystalline powder) -~ .
kT 1=17.52 eV-1; .
0 ad=15%x10-W Q-1 cm-~t

Curve No. E g, exp [E/{(2kTy)} . 2 Curve No, E / ex :
from Fig. 3@} eV ¢ Qp-lr cix(r‘ a)] X cum-l frox;lx F‘i:gl.\IS(b) eV’ = c-?f_x[i‘:,?iT")} Q-xac"m ]
1 0.94 2.22%10-3 2.0x 10 1 0.63 9.32% 10 [ 10X 10V —§
2 1.08 1.68x 10-3 2.3 10-* 2- 0,89  B8.87x104  1.7%x102 ..
3 1.19 - 8.22x10-8 1.8x10-1: - 3 1.1 1.00% 10~ t.6x 10~
4 1.43 2.54x 10° 3.5x10° 4 .52 5.5Ix100 . L.5x108
S5 1.62 4. 11100 3.0x 100 5 1.80 - 7.43x10° 1.2% 103

Curve No. 155 corresponds to the decreasing amount of adsorbed ethyl acctate vapor.

4.55 eV for these two compounds respectively.” The
agreemens is excellent.  Also the intercepts glve oj/me
2.85x 10~ -1 cm~? for vitamin A alcohol and oy~
1.6x10-19 (3~ ecm~! for vitamin A acetate.
vatues agree well with. the values obtained from .the
log oy rs. £ and log o vs. }{T plots. Thus the high

correlation between the relevant parameters in semi-
~-conducting vitamin A powder an adsorption of varicus -

vapors indicates that Compensation rule is valid in
these biological semiconductors and that ¢, and E are
indecd physically related.

Type of Interaction betweent the Adsorbed Gus and the

Sericondncting. Muterial . It needs to be pointed out
* that the reason for tlie semiconduction activation encrgy
change is not quite settled, 81 However, donor-acceptor
complex formation has been widely held responsible
for the inciease of current in some semiconductors!®-17)
due to gas adsorption. As the vapors used in this present
investigation are good electron donors and polyenes are
known ta act both as electron donor and electron
 nceeptor, 1818 formation of charge-transfer complexes of
vitamin A (alcohol and acetate) with the adsorbed
vapars may be possible. * It had generally been
.cobserved®2! that in solid charge-transfer complexes
-with a particular acceptor and  a number of similar
type of donors, the semiconduction activation energy

as obtained froim relation (1) and the. energy (hvor) of.
band are linearly related by .

the lowest charge/transfer
- the expression

,Eaﬁ”cr“.’d_ R
u[p"‘EA'l’C!*&,

where, 7, is the vertical ionization potential of the donor,
E, is the vertical electron affinity of the acceptor,. G, is a
constant®® and 9§ is also apother constant of very low

value.® In Fig, 6, we show a plot of £ es. Ip. A linear .

relationship is obained as expected frorh Eq. 4. The
alope of the line (0.6) however, is much less than unity.
Such a value for the slope is a rather general observa-
tion* 8 in Moy s, Iy plots.; The intercept of this plot
v —~3.8eV, Tle value of —~C, is usually®®.®% around
- 3eV. The clectron affinity of anhydro vitamin A
which is expected to be ‘close to that of vitamin A

(nlcohol and acetate) lias been reporied 1o bet® 0.7 eV,
- This gives a valuc of 0.1 ¢V for § which is a very reason-
“able. value,8u2®  This adds further credence to the

These

@
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Tig. 6. Semiconductive -activation ehergy (E) ps. joniza-
tion potential ({p) of the adsorbed vapor molecules.

—~: Vitamin A aleohol. 4 - .
——g—#—: Vitamin A acetate, \ ()'\40*/ L e
proposed charge-transfer concépt. :

There are number of theses about the mechanism of

conduction in organic semiconductors leading to’

compensation effect. The carrier injection madel of
Green® produces the type of activation energy depend-
ence of the pre-exponential factor as observed experi-
mentally, but does not provide any physical basis for
the interpretation of T,.. Significant difference in T,

values for these two compounds suggests that Ty is a-

* molecular characteristic of these organic semiconductors.
Kemeny and Rosenberg?) observed compensation law
in tunneling of small polaron through molecular barrier
from thermally activated energy levels of molecules:
Their model predicts that T,==86/2 (where 8 is the

. Debye temperature) and that at 7> Ty, small polaron
tunneling is not possible and compensation” eflect is
not expected to be observed, No experimental study
seems to have been reported on thé semiconductive
bebavior of organic compounds at T>7,.  Debye
temperature for vitamin'. A alcohol and acetate are
not known. It has been reported® that the Debye
temperature for a series of crystals of large aromatic’
molecules Lies,in- the range 100~-130 K. [t seems that
the 7, valuéd measured are far too high to justify the
polaron turnineling model, S

An interaction between the electrons and the vibra-
tional motion has been thought®19 te be the mechanisin
behind compensation effect. A change in the electronic
state (due to complex formation) gives rise to an activa-
tion entropy because of a change in-vibrational frequens
cies.. The variation in both the clectronic energy gap



(E % and ,‘ é acuvauon entropy (S) éan account ‘for
cﬂ'cct 1f thc changes in; thcse pammetcrs T

compcnsatl
are ngcn by

E E + HEE' and S S(; + "st

L

vhcrc Risad
Eg,, Sy and-.S,' are saine. for all thc systems
*“case thc characlenstxc tempcrature xs gwen by’

.:.I‘;;",:. ' "-:' ESII(ZS',).

: ‘v-Unfortunately due to ‘the: fact that thc natm‘e of the o h) M M Labcs an d O. N Ru dy_;, RN "

N -2055 6
‘is ‘a rclatwely obscurc quantxﬁy e (19 3)

! aetivated complcx is not precxsely kiowh, the' actwatxon'
cntropy N (hencc 8D
and any, quanmanve,csumate of Tous not poss:ble
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