


fhe elec:t'rie&l condt~et:tvi ty. of conjugatetl 11 -e:tectronie 

o:rs~Dtc compotlnd$ fol'l~tt1 tbe or.;woti~ tlcf!nit·ion tJ.t: a sem1eon• 

dueter 

--+- vim:r~ u- (\) is tho t~J~ifte ecntruct:t'V! ty tlt «ny absolute. tmpe?Gture 

T '· (fQ is a pro-e~poncnti.al f:ti~tor~ E tho een!comuetton a.et1vattcu 
l 

$n&mnt £!nd R ts Doltemann eon,tant (~/a is oftM written eG. F1' t 

ho~v~~, Vlll ebt!ll ueo tho to~aer tbrGt\gbout tbls ehe.pter}. rxPflf'i• 

msntally, ~ in obteimtl frc.t"rl tho .~o,e or the it'r.ear plot ot log cr {~), 

. [or log ·, · 1., (1'i'J ~rsus -i- ~ the extrapoleted t'fltsreept Gf tht! 

11~ on the orditJat~ at rr•1== o y!elth~ tho ftlue of 00 • ftecently, 

th0 go called pr&toe~nenttfld faetor Cf(; b~.s been tho ~bjoet ot 
1•6 ' . . 

much d:! ~eu~tJ.on as o:cper!montal .Qt71tieneo aceumul~tcd shows tbat 

o-c; eontei·ne· ~spon~ntial tunet4()_ns,. Gutmrom en{t. t~yon$? thewed t,At 

a l!n~sr ftl~t!ong.Ap of the to~ 

iG(\ 00 == o( E + F 
holdo gcoo for one anttlte ela.~e or organic comp,l,)l.m~s. l~e cZ e,til 

f> ~..re cond.tnt3• Rosenberg ot ~ 2 show00 G'rid«mce that if !:i t:J 

\'tn"i~.t~~ ·b~~- bYt-ltation o~ ~~ ec1~ptex tomat:!.on l'f}latton {41.,2) ts vatic 

tor 1:4. $1ng1~ oqan!c eubstanee a$ well on-1 thftY ~ggostoo M 

espJ'(Hlsion to't tbc ~'PCCific eonducttvi ty of tho term 

0"('1') :::: cr;; 1 ex{> ( t.j2. R To) ~xp (- E-/2. ~ T) (4t3) 

(4.4) 



nero tho Q;$dlt1ont4 constant T0 1s edled t'be ebal'e.ctertnt1c t•par-a­

turo of the matefl.~ll. <ro' a~d lf0 to~ the o~o compoo~ rmad.n l:nYA!'itli,nt. 

The l!tu~ar .f'ft1:at1cll$blp betw~n th~ log$rltbn of tha pre-eltponenttel 

faetor end tho eeUvm.tton et)0J"Clf ts cal:t-ett tlw comptJnr.ntlon effoct., 

<r-- end· !?. Chang~ ift SUCh G ~el* ·t~t toot~ offtH~t on aa ato ·I!Utuelly 

c~pens&tedfl Jotmoto1r1 end 1iyoru!l~ believe tt~t tb~ 1in«ar 't'tlle.tlon-
, 

sb!p beh"tlen loa ao ~ E m~y. ol"leina.t& so1eiy ~ the ealenletton 

-cf tmso pa'l" .. tors m'ld tlUl ~ompe,~tten ettoct f\{?l'f-l!rcs no pbfetcal 

intC!'P'ete.tlcn.- fiowevtlr, t- have eug~e8ted that f.f ~ and ~ ~~ 

pb)"slcel1Y r~l~~a, =e ;boule 1st -a ltneatt rel$t!<msbtp .'b~t•n 

log·(!'-- ·ud · E ytet<f:tn~ the ~tcomltlct!ve par .. toflc b agN_.nt 

vttb the values· obtn!DG'd ~om othe~ eounes~ ~rB also h!ls ~ted 
out that, tn certtd.n ·Hid ted eont1i Uena, o. ecmpensat!on law mGY oecttr 

. I ' ·' . • , 

aceltlently, and he tte.~ r~rodded a set of ~11M en t~ria tor· 3tttlslna 
th(r V~!!ll<Jtty. t:Sf the mlo. 

From ~qu~tlon (4.3), _for nny p~leu1er te~~atur0 fl'1 , the 

sp~clfle ecmdu,t!"l4t:v !9 Q!.vtm 1>1 

, loa U" (Tr) =. lCICf CfO' I+ [~a- ~~] ~~ 

-!tms. tho plot cf lo~ (J'- (ii) ;;o. E 11 Orit:J~-.et~ to be ::U.near \11th 

. a slope , [ 1
16- ~ ,] .;_ R.. ml4 an t11t~ept of ios ~ 1 * The veltm· of 

~-' obte~ ~om tbls :J)lOt S~ld also BboW' _a. good esre~Gnt trlth 

the Yeluee obttdn.())d from. tbo log <TO Vth E end :to!! a- V$. ~ plotl• 

ln tho <Jx.pd!mtmt ot lohnston uno t;yon!l' in ono component m'YtlW 

Qt ant'ht-taf%Ulrto tt Mn botm cb~..el'ir~d bJ eha:ngles.; its pU.Jt1ty e.nB doping 

tilth t$Vabene that los ~ vs. B :plots ere Une~-t-. A Vet'Y poor 
6 

I· 



.. '!ll!l!t\ .- ;p;w ,.,.. 

eorraletioD bet11em log rr- tmd E vas, lowever, obfifptveil\ ncae 
9·11 recent tlleol'otted \JO:rk smggeat that 1n Molog!eal semleen• 

ductore tbe eomplr!satlcn e:tf'eot ar!sat due to: tJu; dark ~&.tctlOD 

procesfJ• Xa view ot tho !Ctmtf nper!mmtf!i '-"'~lt ~~~bl• on 

thte Qttect, it vas thousbt wo¥'tb'Wbi.1e to tnwst!aato thb cr.mdw~· 

tton Pl'OCess in t;rore ld.ologteal ·semtf!~dnctor3• ~o test the 

ftl!d!tr ot tht• eom~ttation effect,. n i~t CClftallt \l'adett by 
. . .$ G 12 . · .. . . 

various 'WlttJ's ' ' and log ~ te plotttft astdnet n. 

tn the ~uou1 ehapte:t v• hQve ~n tbtdJ tho. mlsotpMoa of 

v~rl.cus Yepeurs chmtl& the ®Hlt1~ eon4uct1'fl t)" ot tho polymoa. 

mtch · ctt~ 1G gmtn't\\JllU a~soc:latea 'Wltb ~ ehm.gt of the smlcon• 

dueticn o.etlvation GQI1• As· f.o.~· e~elnr>le, 5\setrpttm of motQ~fJ 

~n 617 protf11ns33 anti VtU'iOt.lS: Wpo'U~ts on ~ • earotene14 tncre•ses 
the $d~u~tioo. euf-rOI'lt ~ l'iem.o-eaGos tbl eett•attM .energy. 

Ep$tG1n end ft1d.t16 Ita- Hpor.-td tlult the JleO'I&l of OS13ett fi-om 

vo:t,-mtm.e cop~- pbthatceym!ne easos- $ sbnl'p drop tn the ~tsloti• 

.S.t$t- vttb a cou~tmt drop ot the ·t'..Ctl'Vatton o.ne~mr. !t.t this 

ehapt&r we p~esent the Ht'Atl.te of atJ:r .!nvest1Qtttt!.~e on· t..i).e effect 
ot t¥t90rt>t.ten ot vartotts ftpours on tbe semtcon&tetion ~tivat!co 

enetgy va1ue9 of $0.tle po1yenes~ · U$1n~ t!teso _,banged -t! vatteD 

encr§ valuce we turtbor show tho vattd!ty or· the Ctl!l.Vensst!OD 

rt~lo !n theae ,oases., ffbe !'a$tl1lts ere 11-'1 eontom!'tY with the !de., 

t11et ~ and :s are tndeed pb.vstco.1.1y Mlattd. 



I ' 

4.~ ID&l~aJ, ~ BQrml*i • 
4.rt~t -r.u.:.al QS_ !BQOR. m\>ausssm tm. rc-ti-D.Utm a:a • 

-rbe ~conduetlM aeUvotlo.n eorgy ot or,etdline ~OJ:l$ 

of ~tmlin tA ~eobo1 1 v!tmn A ncetatow p • apo .. e•- carotc~L."'i!, 

t"tatse«ie end methylfotxm ws mee.surett $eV&rn1 tioos in dry n1t1ogen 

=tt:f.',m~l'!,hore ·and ~.t.'fe! tn ~. ~11 mnf'.~Unments gave e®sisttnt 

. values. AlmoGt oame '\taluoe Yai!O obttlitl~ in dey nitrogen ~d t.n 
vaeuu:n. The obsenat · wl.uoo. uo· e,oo, a., so,. 1.00 ~ 1.30 end t.sra eV 

(a'9vroz.) tor the. a.teoho11 ecetato, ·r -~pc.;.a• .. carot~al, nstMGOe. 

and methy~tid.n ~e~t!vctr. Ttl$ oo~~t!on ot v~r.~~m;rs <!htmces . 

the .eet1'Wtt1.on ener~J &Pl:l,~1ably. 

tt~o dotem:tno thG ettoet of ·ad$01;1b~ Vt\PO'ltr on · th• ~~eoo&lct1(!ft 

ect1vat1on otteJ'&'f; tho aeaple was ellowotl to ofl sorb the vnpouv at a 

fixed pressure snd ecme to a. st•d;t -statG at 8 eoostant !!tCp1e Oell 

tempe1'a.tur• tn the. chamb~J¥ ai'4osphe~e eontatntng the vapour 1n 

n:t trosen. ~he _presst.tre or tho tctal gas. mixture 1n tbfl ehmbor wei~ 

o~oaphe:r.lc .and tlle r;ortlal p~eesure of tho ftJ)OUr \tc"afJ ·tho ea~a:Um 

vapmw pre~!Plre of the JtOasent i.tq,Uid rst tbe tQC!lpersture ot ~ch 

1 t w.e !iept. Doth tniet md the outlet f!>t tbo eh~bG~ ~s theit 

sem1aa _crXI the Yal.ue ·Of ibe eeturatiaJl current watt notmt ,4 tb ttae. 

~lle eettJrct!on (rorrunt ,_-at toum ·to ·fie most constant •von after 

tour ~r~ tnt1te~tirlg that the eot\dtlct1on in tbe ey~ ws ~1Pl.¥ 

e1C!et:;ontc.10tl?., Tho cel:t wa" til~ -~!\!:)idly coolf!d to t\\bout • 40r.t-. 

The Ch~b&r 1ms· then nu.shoo .. et'>.ntly with dry nitrogetl gas. Tile 

outlet of thg chaaber we.$ kept open rmd thQ atmospheric pressure 



wes malntdnett trudde· tb:J chamber• file tenpol'atut'c wa then d..O'ttlY 

1ncJteaood ~ tbo semteonduct!an eur~ent W(as n1eltstx.t'~ 1d. th the 

· 1ncreas1ng tamf)eratu!'~ ot the tU!&~ple cell~> Tbe hSUlt ot one such 

typleal o~pcr.!~nt tor etb)·:l ne&tate \'l'npcur a4fKl~,pt1nn oD vite..."'dn A 

ae•t~te are shown !n fts• 4.1. For tho toston upto the point 11, 
' ' 

th& current tnerease1 nnttomlJ' mth to))!lporat.ur~ ~ the eu~ bu 

a straight line pertton. Af'; tbe tempmnt\U'e tncl'easat! further, there 

·-+- !• fta\!U&l elO'\dng down of the rate of ~nt l'!.se-wlth tiJttpGrattlre. 

At the ·vo1nt n, the mt~~ont dJ'to~t oft$ ftrst td!owly, tl:len very tast 

unt11 tho potnt c ts P&t\cbod vl'len tho etlJ~rent grnttu~111 ~S.see l!!S:d.n. 

At ·the point n, tbe eunent t!se baco•s unttotm end th~ etll''ftt ta 

egal.tl a s~alsbt 11M. nv!.dentl?, tho . &tl'a.tght ltnr.l po:rt!on tn the low 

teP.Jperatttro -r~g:lon sl~e the t'l&miconduoti 'Vo pft)!)'lert1es or 'Y1 trotn 
" 

~J, ~aoetate ,cw~h:w v.tth a·d£f0l"betl ethyl acetate "Vapour M"Kl the elope 

o-r this l.f:ne pv~o tbe nct1'Y~tton ~ntnwmt (0 .• 62 eV) of the $Yat~,. 

At e<mddere.ble hlshe:r tcmpar~~en, ·tbt;: nclsor'bed 11tll1)0Ul' s-tarts 
. . 

de~Mr~ ~ the J\'a•e of demc'fl)tl¢n tnc:rea:"t~ w! th tnenasins d . r. 
. . 

~perature ~d too <m1'!'ent begin~ to ttlmtntsh. At tm J?(d.nt c t 

tho daaorp~lon ts ne~lY ~PlG\o ena the· en~nt ret1n1u~ to the 

tnl t1al 'Yal.ue before vapour easclJpti.on. 'rho $bdgbt line portton 

of tho ,curve at ~'ie higher t<lm\~ratut-e nston ehove the r)o1nt e, 
stoves t:h& actlvatton energy ot Vitam!~ A ·QCet~'t$ l)o~el' tn d" 
nitrogen atmos~hero. *'.rbe ob~ v«due (3.43 eV) 1<S td!ebtly 

lower posd.b~v dUe to lnealapl-ettit doso;,ptton of aldsorbed 'M.pOU""' 

:st·m:llnr c~v.a3 were also obtt.lned with ot~ '1!e,POurs. V!tnmln 

A eleoool tt~bovs s1~1er 'bohav!O'.U'· en "''~pour a:clt!JOrpt1on. The etteet 

of a"cl:~rpt!on of ethYl eef!tote vapour f!)n tllt:t •cttvat:ton energy of 



;;, 

FlOjJ 4.1 t f~cand~._,, Ill a ~~ ~e-to e.d~rbed 

v.tt~rdn It ••tat. l')GvdeJ c.e11 ttf • ~tl~ of 

< t~mpttr$tu-. 

~blet -~ ~es•tt 60 • ~~n«t at 
~1• "e~l t.,.a .. y.~. 
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e vitamin !J. alcohol 0011 1s $hMn'l in na. 4 .• e~ In tb1~ OlJ'UW tM 

straight line !n the low tem~ratlu.'o reston givto the aet!ve.tlon 

enaw of o.ss eV wtdoh is ml·.~ lesa than the value ·obsened in 

aw nt trosetA:~~ Tl'w act1 -va:tto.n .,.r~S" ( 1•7 eV) obtained fto-m the 

strc1Sht lina at hlgller tapoMtul'e· l"tmi~ is altghtly lower tluln 

tbe vat.ue at -nttrogen Q.tmospho1'0 cs.oo e\0 •. ~hls is· v1lnt <We have 

sotl.v.a tn case .or. ~1tmtn A a.e(!tete fd,eo •. ~tm1et curv~ls !Wore ob.telMtl 

with to1uen~t banz~no, n~he,tene~ etbe.no1 end metha.f.lol vapm1rs •. 

e.«:tivotlon 4)norgy ot other fl01Y"ono oemtcontlucto~s 1 s dhot-;n 1n 

P!l~h 4rt3 • 4~5 tor. p ··a~o.-e•-.earotenel.t as*cno tmtJ· aethyi. 

b!x.tn powGcra r. ~ectl YC17. Q~om the tiguroo 1 t 1 s StJ:en that !ft 

t:bo3e en~$ alec tbece p*ots CS• tto10 poJ!tiot.ls of good sth1~t 

1inoa ..... one tn ~o low tom~r·ature ~nd tbfi other tn the bt;her 
' . 

te~peraturo region. 'rbo _activ.atlon energy a~tor ad~l'pt1on ct 

'tapouro 1n these polye.nes ere, mvover, 0pprec1sbly td§110 thtm that 

~n <l:ry- nitrogen atmospbon jti Tbe value ot the aettvat.1an e!lflrBY 

obtained i'Jtom the sttaight line e.t btth'!r temperature regton ln an 
. tb.,Gb plot$ et;~Jeo eat:tmfaetor.l.ly to th~ value tn nitrogen 8tmosphflre 

thoutch in case of methyl bldn {Fig,.. 4,.&) tht$ ve1ue ·ls sl1Bhtly 

hlS}leX' posdbly duo to 1M~plete de~p~on.-

In th.e t>l"e\"lous chapter w bt:t:ve shr.¥Wn tl'l•t the ¢~nb~ncem0nt ot 

conduet1v1ty depends on th-o chmncal nature of tlle Gdsorbed ftpout"~. 

vle ha~e studied t.t:te. &tfect ot dttt~rent \'npours QD tho -activatto.c 

energy e.t these· f.."'ly~no $(fm!con4uctoro and t-~~ me;:i,SUred the 

~tivation energy ot each se:nt.eonauctar after oosorMne d1ff~ent 
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Firt. 4.a a tttlro.i¢01id:ucttvtty 1n &"'i «~t:~yl r..ct;~tu.to ~'hw~~~ 

~t~n ~\ .al«>Mi ~let eeU r.te • trutc·tton •Qt 

tomp.e-t~tur~. 

~.mbtet ~r rtftlsute «t = atls&#b«l at 

~plot ce11 ton"n.d~ure ts.sOe. 
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FIG~ 4.s : e~~onttufltiW.ty tn en eth)?l ecot~te adsorbtd 

· p •&~.e•·-earotena1 ~eJt 0$11 ns a ttmr:tton ot 

tmperatul*•\f 

·-btent va~r pr·essu.~ 40 a Gt't-~~ at 
eap1c eQt. ~poratute iS,st'e.,. 
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V'lO. <d.4 ~ !l~~~at-~ti'rity in nn trtbyl. aet1t~w aS~.rlm4 

·atitAc~n~ ~'~• <:&11 a.s e fw1Cit1on ·('tl t~E!tl'•:tnr'Eh 

Mnbt®t ~tW Pl1h1$Uh 45 a 'ad-bed at 

~pte ee11 tempetalutte l~.l.~Pe. 
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mO>tiwl bldn tw~eJ! eon ea £A ttmet!m <.Jt t~~etu%'o •. 

;.mblent trtt~ ohl•e $5 • f!tlsol:'b(ld at 
-Jlt) C:e.11 tep~w& _JB,.e0c., 
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Yepours ·at .e. tim paritel presGUN ·and maintaining the ~trmp1e C011 

at a constant temperature.. In no. 4.6. w ol:tOW the otratght liM 

po!tt!on !n the low tetntJf)rature region fo"t to1uMe, ethyl -acetnte,. 

n .. hept®Gt etlttVtol t!nd •theme! vapours .ad sorption 1D v1 tamtn A 

aleom1. !t is obeerYd tb~t td th tho ~ttsorpt!on of d:!t.feent 

vapQtU-tt at the ~,me Ptessure, the aet1'ft:ttt.on em:rgy veluss &re 

dtftel'ent teir t1lf'terent ve.purs. tn Fil!ht 4.? • 4.1o we sttov tdml1ar 

1og cr- 'V s. .Jr- plcttJ tor vtt~n A nceto.te; ~ • epo .. a• • er,;l'otenat, 

n~ene end meth11M!Ilft ~spect:l ve1y. t?e sao tbat the decr•aee 

[to~ 1'!ta'ain tt. sleohol ·au.t aeetato ln Piss • .t.G ~ 4•1] om tno••• 
[ tor p ~ apo.e• •Carotenal, a$tl$eeno and methyl Mdn 1n Pigs. 4.8.4.10] 

. ' 

in ecttvattoll or»rs:t dep«tds on the tmture ot the ..apourt:• 
·.' 

4.a.a klSG'I!lmbliSIRLdnt~w;"mttiSZ~IP. a IPDI&lQ112£ llilsr81.S 

gf ..tN;'JAU£, :at~.t 

To stu<lY the depondence or ·the ttct!vat1on energy Change oa tb.• 

amount of a pert:teuler vepour ~morbed in n ~plo cell, moamurements 

vere done by repeated hee.t!ng t part1a1.l,y c1esorb!ns tmd ec~>11ns oycltht• 

A set ot utr~1sht lines !n the low temvcratu:re reston tor 1o! a--- ••• ~ 

plote 1s shown sn· Figs-. 4.11 tmd 4:e.l2 f"r adsorption ot ditt.erent 

emmmts ot eth'Yl acetate vapour 1n ·~1 tan A (!leohol ~ W!tt!l'dn A. -

accto.te -resp.tCt!valy~ Tbe ~opee of theoo lims depent1 on the ~t 

ot ethyl ceeta;te adetOl"be!o :rt !s $8Gn t!lat the velue ot act!Tatlon 

enet-cY !ncreaoc$ t.b e. regula%' monotonic fashion ns oore etl~yi aeate.te 

'Yapoul' desoJ-bS• ~- other' V~9QU~6 show· $ tdmUn~ oh~e 1n activation 

enermr •3l'Uo wtth the eount of vapeur edfJOrma. The C!ependenee ot tho 



PJG~ 4,.G ~ ~-elt)rAuctt~ tl; ~~b tt vlt~i.~ !. ~Ct)f·Wl pe.\.tl!iJ!l t.if£111 

/' 

. l-$ta~v ~-•~ tat.md!ttton) . fid.tb th+) ~ABQ.~tioa of. · 

•U.fto"nt ·\~pf>1'_.Utt~ .at the. •!!le PJ-•s~t~ {40 ,..!!) ~· ~t 

m· s~ple co11. t•r~~attlwe ;rJt lartaoc~ ac1ttt :ttn~r: 

~ep-re~.t tm tt~mp:tra:ttu:s• "don ot moaStJI'~ts~ 
'bl'okt'Jn l!•t:J ~e ~l'a:polet.io'Oth leob 1t:n() ft!G'r~ tQ 

t& .gpod;tle t;.~t'CU!' ~ntii~~ ~,tnttl t1 (1), 'tOlUmlu (-g =().SO 

()V); <a>, ethyl. t1ee~t$ · (lt = 1.·oe. ~V)·t (3) 't ~btil!)tmle 

(E::: 1.10 eV} ; (~,) ; ctheno1 (~ = '#•6.5 o:V.) t. f 5) , taQ-th~-.01 (E. 

~ :t.aa eV) • (!6 &"-"'ld ~~lf.tpp!ntJ With (9) tt$t lJ:M 

co~~$~41tatt to t-Jenw~ \rapoUr' (~ = i.,C4 eV) 1$ tlt>.t 
+, et.. · i1t :m ·..til'\ tk 1 ~ -n.t11:. · A•9.# ··. ,•1 lhO"WnJ •· ;!h;Q ·-ovtil~~o ·e.~ .,::o~ "'J\vl~t1< t a;;:.= ~.wu x :tv· \Jl··•~ 
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1?1'6. 4•·' : t}le-mi~cttvltv in a 'V!.ta.~1n h ~cetate ~~er ceU 

( $te~y ·ot•t• ~·i. tion) wltb tho adsorptt;cn ot 
. ' dtfteJ?Qt ·1;,npour:J ·at ill:!~ ·~•• pres~o (Jie" m) ana .tilt 

a sample . OQ1l tomt~-tWatutte of 12.d'e. .~o11d Uncu~ 
Jl'e,rf!sm.t the t•pe:rature rer.ton ot oeasur~.ts1 
brok·tm lines «te at~la.tions.. R~h 3.1~ 'tet~s to 

a spedt!e vapo\U!I· e!t'()l''bed tttate t ( 1) • tclncntl 

( ;e :::: o.44e ov) ·l (a> , b:n;~zfule f~ = o .• aat -eV) t (a) •· ~thY1 
acetate (£· =- o .• s9G eV) t (4) + n•hepter~ .C~-= ltt!l.O ~V); . 

( 6) , ethanoi . en= 1.6?& eVl t (G) ·• acytheDQl (ta = ra.o?o eV) • 
m~- -....4tr' - s;. m .10..o.~.- 1 'lt: li'll~ ... 0•10 , ,•1 ... tm ,~ .. ~.lt.e o~ ~0 -z odti"'" 'i a;;-= ~-0",;1. g ...: - . ~ . .n.. em, -~ 



. • 

i~ : ~.; . 

:, .; 

.. ,·-,. 

··":.-~14. 
r.-· .. lv .... _ 

. ; 
!· . 

·-' 

. -:• ··.· ., .~, . 

'• '. 
··- ~· . 

.; ,._· • '. -~- J' 

·,;'. 

. ~ -

·1 .. 

i,. !• 'I '• t , ~ i 
~''• '},,I ."' 

I; ,._ ~;" ' 
_,_,­

.• - .. , 
·I . ···: 

. •' 

• :1 ~' . . ~-' 

::-tole 
~~~~~~~~--~~~~---+~~~~~~--~~~~~ 

.}~.> .... , . ·2·&: . . . ·, .-'. . . :~.4. "·' . -- ,._. 4"2.. __ :::::;.:,:.; 

,. 
-·;. 

. >· J9_3 (b~:::l): , .... :: 
. r:.--. _.. -··:._ ·'· ... ··. 

FIG/~4·7 .. - '_, . 
. , ' 

,, 
' 



+ 

v.tG"4.8 # Soo!~~'Ynth:tct!~ty· -:tn. ·a· p ... o.p-~.a•-etn•otmol pO~ctt eell 

($teatty state ~mdition) ~th tho :8.l\sorpt:Um of 

dlft0~ont ve~~$ at -~ ·sam~ PF-O$SUJ'e t 41;1 ~.tt!l) ~ at· 

tt samp1• cell t-pel"&ture ct ts-..s0c) ~ soltd 11fi0S 

~ep~ecmt th~ tempf&ratul'e -r.e~~on of' mt1a~reme'lt~h 

b?oltotJ: llno$ ~ttc 6)tt~m.po1at1.en~.. Eael' line reter~ to 

a ~~f:!e Vta!)ou• ad$0~btta $'t~to ~ ( 1) , otbtano1 tB= 4.iioeV} ; 

(2), .m~tbmol (t:!= ~.oo fi!ff) i (3) t; otbyl moetf!te (tz:~~m OV}; 

(4) t toluene (n = li.-57 eV);, (5) 9, rtwhept•e (13= "•"iO ~V'). 
· · . t · · .. r~ / - ~ · q,l6 ) .. 1 'the vrdue (f.' '-o ~ ~~-~· a:; := o.~y -~· 1\1 ... (_cl.. • ~ • 
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FIG. tl,t t $d®l'l(lt1Ctl~!tu ·tn Sl qtOGMt ~ler: ctU (ltead)T 

. state eondtt!on) ·v!th ti'ie ·adsolrpt!on ot d!ttOMnt 

<¥apcttlr.s Qt the Jao tns~e (50 •l .~d et a. ~'}\\p1.e 

cell 1l01$pel'GWM of ts,.s'Je. Sol!4 linn$ ~pre~ent tbc 

temperattt~tllt l'$g1on of me~sur .. ts, brok® l.tnc.o ~ 

ilistrapelat!Oiae. ~~cb. line ret•$ to fj, fl~tic vnpoll:r 

ad~l'bett state 1 (!0 ,. ethanol (l'!= 7.14 oVlt (2), 

.J!Jeth~1 Cn= s.ss oVlt tr~)·, ethYl ~cet«tte (n-= s.~ ~l'Vl; 

(4), bm~no (B = l;/?1 oV) t (8)-1. to1u«te (i$·= :t.s? eli. 
~ m -A.. I e: · •"G , . ...•1 'lbe v3llue 0:-i -~;-~ m~-:~~J ~= 2.1.,, lt l.O - "..n.. Cim,t ·• 
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ro:o. 4•10 ~ t1emtot~nt1ucttv.t~ in n ,~~~ btdn ~'der cell CsttJillF 

et~.t~ contl~.tt~nl ~-tb tb~ ad~pt!~& et ttlf:t~tit~~t 
Val!)OU!'S Qt _l;oo ~-.e f;NfllrJUt& (GO •l Go-00 ~t t,tMt)lO 

c~ll•~mw:re. of 16fi~• solt¢1 :tt~es .. epra$EM~ 
tompertJ.tt.lre J>o;!en ot mea--omenta. 'b"N!tcn 1tua aH 

Gr'4n~!b~1;tone. i1Ieeb 11ae J.t~tePs to ~ ~1emtto "~J>Our 

attaorbGtt rstate t ·(1) t etl*mol (B= 4 .• 43 ttV)t (g) t Nthmio1 

(;s = a.eo dl); ( !) ., e~ta~~~ a.eeta.w (E-= ~.!& eV) t 

(4), bcnt=mo tn = 1.,,Ge ov>; ( 5), to1uen~ cs = 1.44 eV) i 

~ va1uo ot ~0 <;:::_ ~51~t ~ ~ o .. as : 1~oji.~~ (.n.. a)•l. 



l . i 
. \ 



FIG. ;;1},.3,1 t t.'!~eondttotlv.lt, dQta for V!tatJ1~_ A aloot~1 peoo.tr 

eel.l ( etoetl:V state condition) w1 tb tlw ad10rpt! on of 

~lft~.t;nt -O'!ll)t$ of '0thwi aqetata vapou:r~, fiotta· 1!mo 

r~r.tu.nt t:tte te~pEWatul'e 11eg!on t)f msatl\!~~ntst 

trck$D1i~o .e ~a~1etions. !roo 1tnes {1)~(5) 

roto:r to ttt~ t.\tates. With tbo cJ~re~td~ t'~mt -~~ 

~$ol'Mif varmur. The-n value~ ere (ll-6~94 •v; (9) 

t.os ev; (3) 1•2.!) ~v,, (4) 1.43 eVt (5) t.Gt? ev. !be 

v13due if!f ! 0 ~ 4oaOg, u;'- s.to x: ta•O (.R. •l·1 .• 
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Fl:€h 4~ta .~ eet~!~muctt'VltY data fer' vtte.m!n t tle~tnte f'Owdtr 

cell ( f!.\te~? etatf!t eontlJ+·t!'on) 1\il tb the .e(!~~ptton . 

ot fttterent amounts ot· ethlrl aeetat!ll vo.~~. solid 

1lnf}s fO.pr-esent the tcmper..~turf} 1'0810n ot m•surm~tr,, 
broken U.tW$ El'i'G oxtrApo~at!onrg* The li-nes (3.) ~ {I.S) 

rete to tba 1ltetes wtth tbo dec~ea$1ng emcunt ot 
·' 

aoiOr~ vapcu,. 'he m values M-e (i) o.ea eVJ (a) 
-o.aa c'tt·; U~l a.ae eV1· (4) :t.,ea eVt (Sl 1.eo ov. 
. ~· . . ..,. m ~ft.... I .. L!~ . •10 ( . )•l 
~~· Y$1Ue 0"" ~o ~ ~-r...J a;;::= 1•9g X 10 ·ll.. ••. - · • 
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• 197 .. 

ehange !n e.etl~at1on energy ~··tho' amount of ovapoua- Q.dfrorbOO in pcvd~r 

cell:J oi f •apo .. a•:.e~:r4ten~, astneene· mtl aothyl b1nn can b$. und.,s.-... 

·!Jtood· fl'O~ ttw leg cr-- V!'Ja ~ plots in F!t;~h .. 4.13 ~ ·4.1S res~ct!vety. 
. ' . . 

In easo ot m0thYl b!nn tho adoottbod Vt!!'JOU 1 o ·etllanol and in the other 

ttJO oozatcondt'iCtora etb!/1 aeetato ,-,apour has boen utrod. !fowever, tn all 

th~so eages l t has been obs~rved that tbo slopo of the str.Jtt.!ght 11nos 

1n tho 1~. temperature •qton deere~sos With. tbE) decreRstnr sount or 

~ ·· the. 0dsorbed v~pour... Thus, theaereeults tndtoatfi ·that t&o· va1:t.te of' 

the act1vtJt1on 0norgy of thftoe three e(!!!l!conductors deeroeses in n 
. ' •'·.•' ·. 

regular monotonic te.shfion a~ iMJfe VQPouits -de sorbs tram· the sampie·. 

Similar chango ln . aot!.\7at1on etlO'fmf w1 tb tbe alllOUnt of vapour' a.d$or~ed 
. . 

•s alt'JO ObD&l'Ved With ot.bor \'eJ)OUI"$• 

. . . 

4.2.3 ·!1;.! ~~!\o~en~~t~~ ... ~P..R.!!!.~~ ... ~2~ th;*!, R21t,cme .emd~P~.!l~~l'$ 

loa· cr- vs. ~ . plot on tibf!! Oi'd!nete ·at 1 1 T ::- o 'Yieltlo tt.:~ "~duo .. of ~ • 

.:-i ·SO t.rem thto ~a.tiofl (4.l.),. it is ·expe.ett)d that the straight llnea 

tn the low ttnperature l.'egion tn eacb ot· :the l.og ~ ve. ~ · plots !i!'heuld 

me$t l\t a a!n.gle point . on. the o~tlin~te at-\-= o yielding a $1ngle Value 

ot ~ t! the eonduct!Vity ehan$e .in .solely .duo. to the change · :1n. 

acti va.tion energy E. as tn ee.me · ot (3 .-eo.Totano14 !J nu.t ·:r~ tho 

log fJ. ve. ~ plote (Figs, 4.6 • 4~16) 1t 1s obser\"ed that no stn!le 

-vel~o of a-c; !s obtained 1f either T~<P <lt:tt n ~ Qq. ~he o1::tre.p()'loted 

lines tntereept the ort.U.n~te ·at e v.te::to ~~i~t1es or positions, bUt 

they aU. puss ap~o7.dmeto1y ·through a single po1_nt at a t~pcrnturo To 

' che:~o.etortsttcs ot tho sem.loonauetol'. Tb!s 1o oxQCtlv \<Jllat 1~ ~eotocl 



FIG~· 4.13 t Semtcon<.1ucts:dty dft.te fot' /3 -ape.S~•cuotent\1 

powtjeJt t0'-1. ("stce.Qy etftte eondttton) with the 

ad~~lcn~f attterunt ~lnts or ethYl e~etate 
vavour.. scUd 11nes ttepJft'u~ent the teopa:ratu~ i'eglon 

ot meaeuremt1mtdt 'broltt'in litloa era att?<apolations. T~ 

lf:n~~ ( 1), ~ Us) roter to tho states 'ld th tho dec~cmt'lng 

. ~lrtt :Cf ad$01'bed Vt~Ptmt• Too E veluoe art (1) s,iiG eV; 

<~) a.oo, ev; (3) a.2e tNt (4) ~.19 ev; ftl) a.sa ()V. 

?:he YPJ.ue ef T0 -::::: SG!I. ~f ~~ 2:70 ~ lO..:l.G ( JL. a)·1• 
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F%0. 4.14 #. Gemicon6uct1Yity data f.-Qr astaeGilt.l .pov.ler cell 

( sttmd1 tl!tnte eond£ t1on) 'W1 tb ·the ~!iO:rpt!on ot 

cU.Itereut =nc:Qtrte of e.th~ ~tate 'ftpour& so11d 

:u.nes ~Ot~f!t:J.ent the temf)Or&t-iJ!'Ie Hgion of meartt~ 

!!f.lllte~ b~ken Unea Ql'• ~rspo1:at1ons. Th~. 11ne~ 

( 1) ~ (e) l'$fl~ to tbt!t fJbt.tes wJ;th t'b.o ete~r.tasln~ 

amount of acltm'beif ft.tlOtU"•· The E ova1ues ~r• ( 1} 

4.93. eVt (e) 4•00 t)VJ . (S) 3~13 eVt (4) 3:.-66 9VJ 
' • • • J 

( S) 1. 31 eV. ,.~11~ velua of T,0 ~ .f!!IO~ l ~ ' = . · 
. •IG , ~1 a.so : m ·~ ...a.. em> • 
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no~ 4.,15 i :~em!condU~t1vtty ticta ft>r ttethyl. bldn pct\.'dtJ'f cell 

(stc:MY state condition) ~tb tM· fadsorr>t.i<.m ot 

dt·fter-t ~ounttJ of etb~~i vanet.u.•. sol!tl ltncs 

ret).r-esent the ·tem,ora~ :rqian of l'eeeur-ents9 

~m ltnee •~ elttttepoletlontlh· . ~ho 1tn~o ( 1.) ~ (G) · 

-r~te to t..)te states ""tb tbo d•~r&a.dne; saunt ot · 

adoorbed ~-P-OU~'~ l:lle 'B ~.l~1~s e:re (l) 4~98 eVJ 

(a) 3.M. eV; ($) ~~82 .,Vt. (4) .1t9a 9V; ($) t~tsi eV. 

Tbe va1u~ ~t ~0 ~ 2530g; ~~~ 1.95 1t 10~16 ( .n.. ~)•1. 
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trom equation (4~3). !t these ehora.etenet:l.e tG.'lp(tre.ture.o f'1'0 ', 

tlte 'Value of If"" (f£0 ) g1ves tllo 6'0'
1 
valuea. ext~ vtllues of ~!'0 " s and 

rro' 's obtd~rul fit~ different log· (]" vs. -1;: plots tor the ~t­

corJBuetors studl$1 ue· shown ln table· 4.1. Fl"'om tab!G 4_ •. 1 tt 1.0 

obeervoo tl~&t thetf"W sotB of ve:t:ues ot 'Xo' o ~ · ~'• s aro 1n 

good asretmant. 

!!w plottJ of log o;- vs. ;z ~e l!ne~r " e-xPected from 

e(!Ut'1.tlon C 4.4) [fl!nee loa a-;;= rl 2. k ~o + lo& ~ 1 J and- ue s~ tn 
Figs~ 4.16 ~ 4.13 t'or vitamtn t. (a1coho1 and ~cotate) ~ f -apo·S'., 

c~tetJal., astacene Q'Dd methyl bixin respect!<vcl;r. !he. v~l.ue$ of 
I • . . I 

'1:0 and a; oe be obtained from the slopes ·ana· intercepts tte.speet!ve1y 
. . . I 

ot the log 00 vs. n plott;.. fJ?ho values of T0 antl <f6 obt31rted from 

the log ()'(; vs. rz. plots tor \1ltte.rent polyencs -~ shown in 

tebie 4.2. ~bus tbe values ot T0 and 00 ' <tables 4~1 t11n1 4.~, 

obtd.ned troa verlouc ton ct"' ... ,. j_ a~ log 00 1rs. ~~ plots ~ 
. T . 

conststmt and show ezcelldlt agro~<mtl6 ., Us1rig tho vctues ot 

T0 ' s rmd 00 1 
• s obtain-' horJ tht'l tog ()(; v$. E plot~ wt9 have 

eeleulat~ ti-ut osp(t-et«t O?; values etld compare th(tse w1 th e~~n­

mentelly measu1'$1 values. 'l!bose 2re show tn tho tabloe 4_.3 • 4.Ia 

for tho ver1oue polyrme ~~teon&Jeto:rs. Tl"iO date pra$entctt !n tho 

tabiGs 4.3 .,. 4.,is confirm the V:111di tv of equation (4.3) tor the 

polyen~o stud10{f. 

flhe ploto tJ'i log a- ( 11) ~gn!nt1t n rnaa shotm tn Figs. 4.2().o.4.23 

for vit0m1~ A (dco1~1 me ac~to.ta) ~ ~ .. e_po.e•.-eerotenalt ast•cme 

M-xi oethy1 b!x1!l re spootivel!f,. ln each ease a good stroi.Ght line 
, 

$e obtained as expc:;!etGd from· oqua;ticn (4.5). The ~ue of tho observed. 



I 

Ttm va1ue11 of r0• e ~.rut u;,' • s obt~-ed trom dift()rtJnt 

los o- '\18. l ;plot$ ct ~-.e po1refte, semieot\ductol-s 
'i: 

S:emlcon­
dueto~ 

Vi to1n1n A 
a1ccho11 

V1temtn A 
aeetsto2 

~ -~apce.S' • 
oalfotend.3 

. . . 4 
AS~~ 

a4MPption 
cr 

ffittorent 
'Va~'$ 

B4Mrptlon 
ot 

d!ffer-cnt 
MOUnts of a 
psrtleul~ 
~pOUJi' 

403 

1• V~m F!gs. 4.-G _eml 4•11, 

s. l?~om ftgs. 4.s ~ 4,.1:3; 

s. From FJ_g:a. 4t~3.0 ·$ll\1 4.15.-

V~ue · of q-;' ir.t (..a· trm)•l obtd:ne<t 
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FIG. 4elG 4 Plots of tbe log Go •luof!l egtdnet the· cettvo,tton 

•n&q!es (15} to:r \fitaatn A (elcohol a.,_t1 ~eet&te). 

tlh-o da!'tt mCleB '11/!ffl!l.t to 41tterent Va,OU:!'S am the 

spe-'U ei~lcs to d!ft$%'ent a.tuount$- of· Gthl4 aoctstQ 
I . .·· 

. v~rpeur. ~lopeff1 ~..nd <r;; valttol uo 14.45 ev""l arJd 

a.ao ~ 10•9 ·(.n_. a)""'1 tor 'd.tae--4n A atcohot' Qtk1 

17.52 e~1 end 1.50 x. 1o•lO ( ..n.... era)•l for v!tcmln A 

e..cotnte »o$ect!Vet,.~ lflte ri!bt emt left $Coles 

refer to 't:lt~tn A eleo.1»1 end vtt~1n .B ecotl'lte 

•ospoot!:vetv. 
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FlO •. 4.17 t Plot of the log ~ ValUtlC agtdn~t 'the ®tivat1on 

·otl&t·,~u f~) tor fo 'IP.apo..-a•~¢nrotcne.l. ·!lhe €.lark 

e1reles retor ·to <ltfte?Ent vapouru a.nd the open 

etl.lel~~ to dliffe.rMt Emountn of ethYl aeotata 

"fQJ)oor. ~o ~1JI$ of slo~ == ~.44 erl~ 
~ 1=- lo47 X 10•lJl, (...a..em,)•J.. 
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FI'O •. 4.1S t Plot of 101 cr;; 'Qlue~ egatt1lct tbf!l acttvat1all enert1af (B} 

foJ" a$t~~euo~ t.fhe dU'k ,c!Rles r(tte to (Jf!tf.~nt 

vapc\U's ana tllc c~m clRles to d!ft~erat amounts ot 
othylt!tOttdo ,npemt. The value of sl.opo = ~1.04 ov·1, 

~'= a.oo s to•16 ( n. cmf"'1~ 



1000r---------~------~------------------

-
.10 0 1·0 2-0, 3·o . 4·o s·o G·o 7·0, a·o 

E (eV) 

FIG. 4•18 



---+-
t'I(h 4.19 • Plc·t of log~ v~uee q!dnet the aot1va:tton _ 

~nct~81e• (E) for methyl bbdn. ?!u:; dark . .,:1:rc1e~ 

_ roter to dif-ferent ~r>Ott:rs a~ the ope%! circle~ 

to dtffe'#ont etYJtult-a of ethanol vapour. The 

v~lue of elope : aa.ai ov•1; <ro'=t.ss x 1o~16c .n.. em) • 1• 
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remtcone!uctton paraoters for vtt~tn A e~Ct')bol on oc.lsorptiott 
. . 

or va!i.ous '\fa~S· nceonl1!11· to •quntl.on ( 4.3) 

vo.wur~ 

oosorbeli 

'l'olueno 

Methanol 

~·~•·•-~·•·•~---·-·-~-··--~~H-·-·-·•·----·•••·---»•••a-•-•-•••-·-·-·--·----~----~~ 

·o.ao · 

Caleulo.teci 
U0:::: V0 1Q.~p ( l=-/2.RTa) 

(R· em)•·l 

• ~!easuJ!ed · 

~ ( SL· em) •l 

r ... r .... ••• • ·•ru•f _wrv : tr li ,-, •• 

. . . ""1 1.49 x lv 

t JJ i d .. )I fFrip 1 li.l 



Table - 4.4 

Semiconduction parameters for vitamin A acetate on adsorption 
. . . ~ - ~ 

of various vapours according to equation (4.3) -.· 

Vapours Vitamin A acetate 
-I 

17.52 ev-1 
-+-- adsorbed ( 2. R 1'o) ::: 

(;:' I -
0 - 1.50 X 10.,.1() ( .. ,-1 .n.. em . 

;.,. ~ . 

E(eV) Calculated . * 
~ easured . cr;; 

~= ~~~xp(E./'2~'\'o) (.n.. em) .. 1 
-1 

(n.. em) 

Toluene 0~448 
. . -7 

3.84 X 10 6 •. 1 X o-7 l• . 

0.821 
·-4 

3w8 10~4 Benzene 2e65 X 10 X 

)- Ethyl acetate 0.896 9.85 X 10•4 1.7 X 10 ... 3 

n-Heptane 1.310 1.39 X 10° 1.2 X 10° 

Eth~ol 1.570 1.32 X 102 7.,0 X 101 

Methanol 2.,070 8.44 X 105 
8~0 X . 105 

* From Fig. 4.7 



s~ieont!uotlon :pM'cater-s tor fO <!!it&po~43'•carr.>tenaJ: on atiso•ption­

of VM'!ou' ftpours nccor~U:ng to o~at!<m (4.3) 

VaJ'O\lrS 

11u.tsorbed 

r.;(eV) 

fo •liJ,'.!O•~•·carotenei. 

( 2 R >r;, f 1 ~.44 ev-t 
r.r-:_ ' - 1.47 x to•.lG c .n.. anl'~1 

c 

Cele.ut&tett 
C10-::: at e}Cp( t../2.R To) 

•1 ( ..o.. • em) 

l-~easnretJ• (fO' 

(n.. cm)""1 

-t ·11 II iii It 

·at t~'!:IUill •n ,- ,· 



Bem!conductlon J)~te:rs tor ast9eene on ndoo~pt!on ot ~rioue 
va~rs ,ae~J.ng to equa,t!on (4.3) 

Va~:a 

adsorbed 

.... ... 

fitJ ·~n 

E(OV) 

•. !II .. 

5 ' I l.P CiP_ lit . ,- - . r:hU 

Astacen.o 

( 2 N_,-.0)
1 = t?l.fY! &~i 

~' -= a.co s 10""'16 c . .n.. eml~1 
0 

Celculatea 
lf'O= 4'0 1 exp ( _t /2 R"Pa) 

{.n. .• ,-·1 

Ji: -•• IS 

1tr4 

3e9 

i:f 

• 1037 

X 1033 

·l·;· ... , 
a 10 

---·:J:---,··~, ... ...,..,..-....... t: t ..... ~-0-'t?-P:IJII-1 ---· -d --·-··-ffdJ&Oill ...... iii'IWI-lO-P -~ ------( '-0-A ."J'-Iiii--·-IOilllli<,'i · 



sem!ecnduct*on par~et.ePo to~ utbpl 'b!dn on adsorpt!t)h of' 

v•le\.'S vapoul's aeoo•iJlB to ~oqu..etlon C4.s) 

· a t a.i&! u ._ 

~tetbr1 M,'3dtt 
-1 ' •. ... 

( 2. k 'T'o) = · t?S.at ov·-.. 
a-o' = 1.6a : 1o•ll c .n.. ~>·1 

t.l·) ll ._,. Q . 61£ 1 .. ~It ti. 4. ·11 t.'MUI81t 

·. 'fl!:A · <tAla 3•vv X ~~ 

.. 1 t.eo 1r 10 · 

l-1 I! sitWl! 3 C'f RLJ_W.,., .. 1. UJ ;ssi;l-· 

-A liiAu .. · 
a.~ s .~:.v 



Smtcomluet!on paramoteJ?s f(jg vi~1n ,A ~.cobol o'n edscr.pt!Qn of 

ethyl acetato 'Mpour ot d!tter«At ~nt!l $ccordln~ to ~<auatlon (4.3) 

t:urve t~o~ 

ot n~. 4•11 

3 

'11te.~1n A aleohoi 

(
<l \... -)\ ~ "'.A. Ae .· :T:~-1 
L.. tc.. 'r6 - ;~..-..;~•~ ·Ch 

cr-:' =- e.so ·x t\f"9 ( ..n... cm>·t· 
' 0 

-.. fi ·' Q .L- _.,.- I 1ili .. , ~ 9 btF 1 

• -

~ il"!ft . •""""'a o.~~ z ~v 

·s Ci11*1"1iJ"I .. ·;olN ·.W!PW¥181 

c~ Nth 1~ s eone$~0 to tbe- a~rr~~e!ng ~~nt of adeorbed 
etbri aceta.te.1ta:pC\UI. 

.• 'i:t• fr!g. 4~11 



tlemiconduct!on tH:1ramot.-m for vl:tmn A ~otate on ad$0:rption ot 
ethyl acet&t~ V&t)Ottl" ot differ~nt emcunts aecordi!ll tQ equet!oti (4.~) 

Cur'V'e t:XC·• 

ot Pic·. 4'.ta 

ts(eV) 

Vlt~tn 1 Q.Cote.tt 

\_7-Ft'To)' ::.· a?.s2 e'f>t•l 

ac ' = l~so ¥ 3J)•:to c..r{. ~l •1 
...... 

ceteu1at0d 
G;;" :: dO 1 e)( 'p ( E.../2.. ~ lo) 

•1 
(.n.. em) 

·. ~ - · !" J :1:!1-·:Jfi'r' t ...... f"Hf _ itt't'r'!! ... 

t~~e...,• fO 

(J1.. ~)·1 

..,..,. ___ ,_li!i"""c •"""'·•-'·"...,...,....,_. __ ,,....,, •• ,..,,.._""""_ . .,_,... • ._...,.oo-...,~•"*"••..,.'~•t~,.,.-"""_r,&::_'i.r_,...,._._t l'I-:ISSA-""'-•-• •-• ,_ ... ---·-v ld_..,_;._;,.._. -•••u-•ll....,.,!'>lr!. t¥.J.! !'i• .,,...,... 1.._• · 

eurvo ~!o, '1 ~ 5 e.oncs~s to tho do(!ttaa$!rig amount ot edeorb$4 

et}Wl aeetntG v~~. 
•· F-rom FS.s~ <&.,:m 



!lemteor.i'luetton pnr-amete!"s tor p •at'C .. S'-eml'Otenal on edeo!'!'tlon of 

ethyl a.eotQ.te ftpe'Ur of \11ffc~tnt amounts according ·~ e~aticn (4.,3) 

wrntM: l_..•••taadli&ar•t -· 11.rr ua ·_;·;;zti ..,n:ti«J81'r:·.!Wf'\I'Adf _- f J1j ._. l ... 

(3 •tl!!p0.91·•caroten~l 

( 'l ~To')\ = ~.44 ev-l 

~ ' - 1 4? 11: ,o•te c· .rL· et'l)•t \10 - • . .. ...... 

Caleulat.«l 
U'Q:: 6";;- '-C!..)(p(£../2..~To}. 

( .n._. eml•·1 

~ ~ ·"'~s "'•~'"' 'Jt 4-V 

M~osuretl* tfO 
(...Q. cm)•1 

·- .... ,., •.. tit ill! 

cu.-ve I~o. l..., 5 eowe51)0nda -w tho aaereos!:ng ~ount ot ~mrbed 
otbyl aaotnte·vap~.;, 

* r~ P!g. 441'1a 



'· 
~ ~16. 

Gemteon®ct1~n pe•ewi'~ ~or ~eJttaCo»o -en ad soJ!ipt!&n of eth71 acetate 

Vttt>Qlll" of attter~t ~ts .seeortling to eqt.:tat!M !4.:1) 

.. - ... htA!J Jnll~rJlMf.f"'ilMI.Vl. P ~-IM'P*""" ta'I''C··J i alli:~-c.-.... tlip.-;cFif<-lfit-l'dfl ___ ,..._ I,_LIO:!I:,..,;tn·----·-11-JbiOdl -!il' ..... li,k-.1ti.,....;W·--........ -----··~~~~~&P-Il 

e~o ~o. ot 

Ftr~. 4~14 

a 

E(eV) 

AettJC&De 

L ~RTa)1 =- f11.G4 ev .. 1 

cro' - 2.00 7: 10,...16 ( n. em)"'1 

Celcu1atn~a 

<T;; = tlo /.Q.xp(E./2~ '~o) 

(.Q .• ,-1 

. - ,.as 
~•91 ·~: lv 

~ AA -- •nl 
""·"'~· :.I ""'"" 

1e· • •••• ·a r . n. 

a.1 X 

2.7 ~ 

I QIZi!MI:#4 -; 

1om 

28 10 

Cturtt$ fie. 1~ 5 ~oftei:lPOntls to tho dec!"~~dnt emount o:r .adsorbed 
ethyl oootat(f ~l*lf"~ 

• Frca Fig. 4.-14 

·.-1'11 



Zledcot¥luctton p~et~rs folt metll]il bisln on attsorpti~n ct .otlwlol 

'VtltmJJr ot aifteront ~nt·~ ~~ccrtUng 'til;) oqunUon (4 .• 3) 

(jtirve No. t;t 

Fig. 4o.1G 

-

4 

-

~':fetbyl b!d:n 
{' \_... -\ ~ ~~ ·"::t•l \.~ K ~6) = ~·<1:1 .o~ 

ao I -= l.ss .~ to~<lG ·< n. cmt)-1 ·-

c;.'llcul~Jtext 
I llo-=- 4"0 eX'p(t./'l.R~a) 

-*1 (n.. ~.l) 

...... 94 
a.a~: 10 · 

curve flo. 1~ 5 eor~qsvonds to thG deerQad.ns (1fttC.Unt (}f Mso~bed 

_ot~ol; 'fepout" ~ 

• From. li'tg. 4.-16 
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PIG,. 4.to c Plot~ ot 1&! u-- at a constant t~p~:r~tnm ( '/~=­

s.so x lt:t~S ~1 )" VD• ~ tor v1~~!n ~ Catechol 

and aoetate) .. Th0 !.eft ·and rlght sealos eorres­

poml to .... t~!n A elcohol end v1tam1n l\ ooetate 

70\'SPGCti'Vely, TI1e dnrlt circles ?eter to 

tU.ffel'snt \Tapcnrs· rmtl tho ~pen c!rcles ·tO tl!ffer­

ent e~IOUD.t$ ef .etm;l e:cota.to v~pou. n1o~s ond 
{ . ' . ·1 .. •9 •1 a-:; wl.uev ore 7 .?o ev ~m a.as x 10 (..Q. em) 

tc~ v1 tamln A alcohol' 4966 ev•1 arlf 1.-eo s 10•10 

(.n... em)•3. tcr vitamin ll. acet~te roepeettvely. 
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FIG~ 4.21 f· Plot ·Of lOQ u . At Q const~t mperatur'a 
(I 111~ 3.GO X ao•3eg•l ) VO• !l . tor f -.a1'()•81• 

e-QJ'Otmal. the dark d~e1es rot-er to d1ff"rent 

vapours and the 'Qpm eirclcs to d1tf~rent 

~te of ethyl scetata va.pour._ 
. . I -

mh _.,. ~ :'i '\t •1 · - •16( - )~~Wrl 
;$. tr v~.ue (h. S.!.Cpe = 4-.-39 oV i ~:!:.l.~Ss-10 .n.. em • 
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no. a~.ae t ~lot ot log r !lt a eon~dt temJ)eMtuh 

( \ ~ J!!i:ft · '1Ae3 &.*l \ n .ilt. • ,a, · .'11-=- ~.-~ x ~v -J'l.. · 1 v.s., u· .&~•, .as~aecme. 

The dam c!i!eloSJ J.-efer to d1fterant vapours tmt1 

tha ·open ctrales to d! t!"enat QmO\tnts of otbyl 

~cetste 1m!)OUl'. ~. vfti~t~ ot ta.cpe::. O.,SG erl; 
I ~"' ... •1G " . )•1 <T;; ::: 1.4.'21U X 10 · ''- ..fl· C'1m · • 
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l~!G. 4.S3 t Plot of los a-- &t a. eonstant t~perature 

(~::. s.~;o x 10•3 <J\•1 ) vs. E for methyl b!d.r&. 
I . 

!he dalit ot~cles refer to different vapcurs and 

c-pen cireles to <l1ftorent &-.,unta ot ~thanol 
. . . . _, 

'ra:pour-.~ tt:lte 'Value of ~love -=- a•e ev "- t 
~ 1-::: 1:t00 :g 10ilf: ':J_G { ..0... Qm) •l. 
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olol'o of the ltn~ terr o,ach polyene :ts shown 1n teblo 4•13 for emf.)a-
, 

rison ~ th ~he V'aluo of the slopec 41lq)OCtoo hom: the . equation ( ;f.,6) • 
. . 

~he Va]:Ue ot 6Q 1 obtained iTOt;l O~Ch log~ "1$4 ~ plo·t is alae ~ 
. . . 

tn tht.s tablf.! to CG'Dpnro th!s vd.ue wl.tb tbe val.uen obtcne4 ~ 
tbe log (]"' 11th ~ om log 0'(; vm·. E plots. Fro.~ the tablo 4.,13 

1 t is aeen tht\t the observed slope$ ·from log 0'"' vs. R plot• 3M f.n. 

e¥ee11cnt agroeent ·wt th the -slopes ·ospectC'S tram e~let1on ( 4.6) • A1 rJO 
I . . . . 

-+ tbe ~ valu&e obtt.d.M« f;tom loa (;'J ,.~. E plots agree eat!sfaetei'lly 

t4 th tho· ·va:tutie cbta!Ped hem the log ~ ,,.. ~ e..nd log o-v v~h ~ plots,. 

Thus tho h!gh _e15rrelation betW.e-n th<!l ·Mwmit pt;Weoeto~e in the 

$~1conductor~ ~ler ~tudy on adeorpts.on ot varteus vapottrs 1nt110&t-ea 

that cmpeneation rule !s Yaltd :ln tht'tso 0emtconductors end. thet 6Q 

and E are indeed :ph,.Vs.te.elly Pelat«t!B' 19 

trhcr.o et-e ~l,e:r ot thettes about the mechani~ of' conducti-on 

:ln organic semteonduetor~ tead:!!lg to eompalNttf.on effect:. The ea~nel' 

tn3oetion model ot Groon00 produeea t11e type oj" s.et1 vatton energ 
·' .. ' 

dapem!cnce o·f the- pr&·o~nenttal taetor ,as ebeervctl <!xpet!t!'len~lly 

but tt doe$ m.t p~ov.tde any phyt4eal.. bnds tor the :tnttWpft't.tion ot T.0 • 

ltemeny· end -noaenbcitrtl~1 observed eempen$At1on lmtt tn tum'lf.t11nt 

of sm~l polaron through lll()lOO'.:alar barl'-1ctr t~m thermallY act1 v{lt«! 
. . . . . . e-

enersr lnv&le of molecules. 'rho!r r.wae1 pt-od-icts that T 0 :::: 2: (When e 
is the Debye,..'!apornt\lro) antt thet at ! > T0 , small po1£>..ron 't~Jrmeltnc 

1s not possible end ~ponseticn effect it'l not ~ted to be obsoM'EKt• 

~ out ot thct ftvo s~icondueto::ro stud.1ed; in eaoe ot thtrse (~•apo•S*• 



)-

Ex!'neted (~(!ll• 4.6) ana obM4'Wd t.dcpe:s ·~m o'b~~ tr;' -~ tixe 

leg() Vth E ,,,ots for tho pol~ Ge1!il®ntiuctf>J'£l 

Vt~'E.\l'l A 
tnltoboll 

Vita..un A 
e.eotat•1 

1 •• h~ na. 4,.oo ; 

n. •J"~ :Fts: ~ 4.tea t 

~eetetl 

a-lope (cv""1)' · 
Ob$0PV08 

·mol)e (~v--1> 

"' . AA_. . . 1\ilA •16 A•'!Aif X J;.V . 

1 .• ?ilf~ ~.,..... j:rJ .... 'ltl •. -. 

~. Fr~ ~1e. 4•121 1 
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eorotenel, e.stao9D~ ana metbJ'l b1%1n l th~ eeteonooet!ve b,ehav!our 

ot th& e.om~G h{l;tt bMn studied at ~) '1:0 " The esperi.uentel !results 

t!lhow tht¢t tbo crmpoo$a'tt.on m1o Is also "fal.Sd !n tl:l.ese cesee,., Fu7ttwr, 

Debye.- ter.Jpeft\\ture fot' these semioontttleto7s ant not ltnow., 7t ·bas 

been reported~ that the· Debye-teoperatur• fo:r a series et el"Ya.t'al, s 

ot iarcc &1"Q:lGtic .mo1~1es l:tostn tho ~g& l~lOOo.tC • Jt ~· that 

the -x0 VG!Uet~ mettsUr~ aftJ !'att too hlgh t.o j\lf~tlfY the pole,on ·tumel• 

1ng model. 
. . 

neeautsO ot v!despreed OCC*Ji're:ace23 of the compeneaUon , e..ftect 

( be~ddcs· am1eonductton _,recess, 1 t !$ o'bser•ett 1n e~tott reactions, 

catalytic I)rt)eess, themal denotnr~tion or macromolecol~s, thomal 

k1111ns of unlcellular orgtL'I'1i.sas otc) ~ Kemeny and t~tt1-hanti11 haft 

propo~ a theory of eiMtl'tmlc charco transpor-t as 1nwlvcd tn 

ldnt?t!e p1*0Ce.s$0s (also ap~,ltca'ble to e~qutlibdum pNcosoe$) hom the 

absolute rate theory •a.t!onMt26 td.tbin t-wo ~e!.el moae1s. !IW 

f!rr:;t one ( que.tlrfttte pol01'ons) tnvo:tves the eotlplitlg ot olec'bona \4th 

> e set or osc11!fttcre, Vheree.c th'0 sccont!t one (m•0tie · poleftns) 

involves the ~piing otelectrons witll a aet ¢f op!nso t-.oth the 
thQ. ' 

codelet :ollow that"activat!.cn entropy ts proport1o~a:t to the aetivatloxt 

energy tbutl provid11lg a coxs,cncat:lon effect. "ihe use Qf u ~tier of 

·OR11lators or. ,of t~JP1n$ to b:tiDg a'bout the compensat;,on ~tfeCt- H~t 
. . . 

to ap~')ear Jieasonabl0 m v!ew cr ihe tao~ that the •arteble amount ot 

adeorbed dtel.ecttt!c {vepoul') ecre..m off tho int<ifraet!on of a cber'ge 
. ' 

'With~ eoro distant parent ~~1ecuiee; t'# depend!ntJ on ·tbe number of 

· sneh moleeul~s with W!deh the ehargo etreetive'ly 1nter,aets. Eut In 

~ quadratic poleron node1, the ¢buacte:r1sttc tm:~pei\ature T0 1n alY!&Jtt 



/ 

neg~tiw 1n orxrrtr.SJdtotion to ou-r ob!O~tion. 1be spin po1~ron 

mo4ol gives a posit!:ve !.1?0 but pr.:tU,ets no aet1vat1o:n o.n&l'JW at very 
b1gh te;apez-atures~ At a temp&retu:re -ound '10 ~ the pl'Oeess 13 

., 

acti "e~ end the a.eti~t!en &neJ~f:Y b~eomes tunet!an of tem'e!'e:t.urtt 

Rer-e E(O} 1e tbe aet:tvatton enet.gy at low temperatuM amJ ri. ~~ a 

function of teope:te:tun; 

o<. ::: __ \ _ . lo<i [_ 1 + ~ )(.\? r (-L ~~a'}_ 1 ~-}] . . ka~ . l . . 

f.housh our e¥Per1menttJ Wl"O 4ene 1t'l a lbd ted :ll'ense ot tO?Jveratu·re, 

the e%Co11ent llno.or plots in tiq;e. ti.t.G • 4 .. 15 do not suac~st aucb 

t~~oftture dep~·ene•~ 

Other theeretteGd att&.'!tpt&tJ,tO 'to de~11'~ tho eompensstton rolo 

wer-Q ~estriated to the t•vemture dopend~ee of ttA nmnbttr, of· 

seti:v&tet1 cat:-l'iers ~~ -~ mot!el con~.st!l'l.i ot tw oleetrontc levels 

a:·~·~e!~too 'W1 th eaeh molecul:$!' !llte, 'tlle elec'Ucnic st~toa be!~ 

eonp:t.e~ to a at of f1 ose111,Q·tors as~ated with cacb moleeu1tU' Site. 

A ebsns•, in the electronic state (duo. tf) vaP.Qur e.dsorptitm) give$ 

:r1~e· to an act:l:vat!on ,entropy because of a chonse :!n V!br"ti®a1 

treqnene!:e~!rt It one 'al!:ltlm~s t'OO tSern!eonduetion equation as 



)· 

~et!vatt.oll en.tJ.topy (S) ea:n aceotmt for ccmpen:$tlt!on etf.et tf the 

chtmsoe in t'ttAlse p~~- ee stven b1 

E =· E.o + rn £.1 
~ : So + "n S, 

&l"e ~e tor all the $7Gtems., In this e~ tbe cbee.ctc"iftlC: 

te•re;~ !s d1tert by r 0 = n1 /~1 

/ 

Unfortunately due to tho tact that tbiJJ ilature of tho a.ctl:VQted 

c~plex (du$ to vapour adeo:tptton) is aot pi-eeiselY' knotmt t® a.etl!llf 

1ta.tton .antrew $ ( hence s1 ) Ss a re1atlvo1y ob~cure quantity and 

any ~~ntltattve est!mt\te of ! 0 to not poo~blc., 

?.?l'"lft esp01'1men'b1 r.esulta presetm tn tilts ebnpte~ sJW tbtat 

the ~etilttl!llt of co:atuot1'1! ey is a.soootnted vi th n chenge to at)tl• 

vntton .et1~V ot tho 'S~Aconaucttws • ~uv atteorptitm• !hts ebanp· 

ln eettvat!on enex-gy· depMd$: or. the ohe:Ueal mtit,Ire ~fl t'.l.tlt'l on th«! 

emounte of t'apova ooso•bGt1. ln. ease of v! ta~n A elcoho1 M6 

neotate tile e.orih.tcttv1ty tncreasos '\dth tbe t1eer.fJas~ ot t!!etlvatton 
I 

~IY wlwi'oes !n ~ <-apo•91.-carotone1• D~staceno and metbJ'l b!dn ·tho 

ee~ve.tton ene-rgy l~aees with the !J'lcr.ease of c»ntluctt"fity,.. This 

'bellaft.ou~, mwwr, is QUito ~~et~a.blc ~tho eonaueu~tr 

ez~es!dtm (4.a).. It ! 0 > tt t wlie~e ~ ls tmY· tompera.ture In the 

w~d,n,g te:nveratute ~ge, then < ~ - ~ ) be~omeo n~gattve .tm<i the 

t!lena• bl a---- Qt a pN'tleulml" tempei'a~e T ts suggest- w!tl~ the 

d•ehast) in the ~aluf! of B. Thus to'l' a t.lemteonductor ha\11.ng thO 

eb~teritatlc tet'l'ip,J~etul'e <"ol at a M~r v~uo tbafi tho ~ktns 



) 

t~,~~ture•,, et4~Jlcemmt ot l ts eon&u:ttnty ls ftP.$Ctctl v1 tb the 

·dtCf'illt.ee ot 1ts aettvatton eneg,-,. fh!s f.s wJ:•t we ha1:t .. ob_.ltl lit 

ce$e ot V! t~ A elcobo1 am acet~te. Aidn, lt 5:0 1... ~ ~ then 

( ~o - ~) ~Otlec e pQdt1\fe (!Utmti ty e.mJ so fne:roese in ~ at a 

tempel'at'tlre l.f ts as~c!ntdl mth ~ increase in at!ve:tton aeqg~. 

ThUs c st\r!tconductov bavlng th~ ehuactox-t~tto tenpera~ (T0 ) e.t 

a. 1ot1er va!t.to than t:be oorktnat tcmpotratures tlhoultl ohGW ~ ~n&dc~ent 

ot tts- eon4uet!vttv d.tb the !htereeMt ot tta e.citvati()ft energy. t$• 

baw obsm.n:ot1 snob beb&.vtcur 1n oase el p ~~e••e~ot$M1, aate.ceno 

end tt_(;:Jthyl bld1h Now tt !tO eleu hom ov e:lpetiment tbat tlltl 

chavacterlsttc teGpeH.~re (T0 ) ot a ~Semic:t:ollWttor pleye. an !:mpot'taflt 

t>o1~ ~ft. tbe dmtk coi'Kluett~ ptoces~. 

. ~~~ ·ehar~tcr!$tle tf.fnpe·J~ntul-0 (-Eol• bowover-, ha$ baon _tt~pt. 

. tt> . b.e a molecular prope:vtYa~. . e_ul' ·r.~~ts ~$0 ~w df.f}t!net ! 0 
.vt!if:uen { tebles 4.1 m1tt 4.2 ) for each ()1 tho polytnt:Jth It 1D~ 

howe'lor ~ net m~eatoott why -J0 baD o. bi&h •lue fo~ '!f/ltnm!D 4 mlfl· 

also 'f~r .P _ .. earo~t$t 'Whe-roas fo~ f •apo-S*•eUGt•n~l, ast-a<;.O!l·e and 

tnf)thyi bidn '10 l$ em~1 'tlltlllP t41 tb&M r.t01ee't.l1Cs tte1eDB. to the tong 

. cbEd.n cen3usat~ po1vmo group with dtomatittg s1n«1G md tloul>le 

'boD4f'l• A1so tho- mmter . of 4cub1~ boMc o.t the Meond ~.:tp of polyenes, 

lle tn betwl)a 111~1n A end f .OQI'otene sustesttng that tbitl taua• 
mote:r i~ not ~elated. to ~0• Poostbl.y 1t 1!! ttw f3lld ~P of ttl• 

pol.JOft4!UJ \lltb wte.b ,.., to somemv ·~l~ted. It is to be or !ntGrcst 

· to note tL~t ·tM two ~ps: at tho po1~es Sr;:veat!ea.t«t are 41stlnet 

tn that tho oo~eule,$ of 'tb.(f s~ond ~p, f3 •a:p~at.c.-otend, 
' .. 

atJt•cme aml methyl b1stn, bav~ a> c ;::.() gmJl) '\4hieb ls eoujugetea 
--i 
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-~ .. 
... it;$. 

with the ~tuenG Cbdn 1th~reo• the ) C= 0 ~!' !n Vltemia ,~,, · 
' - . 

ae()tttte 1• set eonjUgatGI wlth tbo mein carbon eha!n rmd 1f.t:tamlft A 
' ' . ~ . . . ' . ' . ' . ' .. 

rueohol has m eu~l. ooa ilWO'UP __ <Shown in r.ar~ ..-_ t ~ ctmpt•r a, __ 
pqe - 33). -~t~ lt .sed!s that the p~Gsence of tho COD~caW _ . . . . ., . . . 

carbo!'lYi ol!l Sl'WPt: In the ~a1 ~~" of the pot,enes $tudl·ed !o 
'' • ' ' • o • ' ' 'I 

~· ·eap~mantd rcuNlto tM!e~te tht.t thft eo~p~tlcm rule 
ls vattd- t'ota the pe1y~ae -$~ndUct01t'$ $tud1_, ·end tl~ ~otivatl<m 

eM'f87 ( ~) 15 phu-"Ql; relatct! witii a; • l'ho dlstiMt vat!attcrt 

ta tti!O ebs~ vtduee of .,.,_ ct ttl&~ ~eo-naucto!'9 eu{€gostd ·the 

F#Q$s\li!Uty of do~mce-·of !f0 on tbc mclecut~ ~pGrty of tbe­

eed.ecn&lctbg .m.at-edet. ~ilt':t cberaeqrietf.c teml)e•atun (~0) ot em­

oraento s~leomnc~J' plnws en· ~~t31J~t · ro:le tn the d• oondu.ct1on 

pro.c•st!h-
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