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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}
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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
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& 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.
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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.




DARK CURRENT (amp)

~13
28

10

E=157eV

31 33 38 37

L FIG.4°5




w D -

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™



- . — —_—

T

i e L . ! ! ] 1

-
10 °

= : 0N o

el
105

A
R

(w0-u0) >

42

“
-~
nﬁ.
<,
®
L8
©
e

-8

FIG-46



391 .

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
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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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