P2aT = A

SIMICOTRUCTIVE INVIETIOATIONS



{;ﬂ*ﬁm e 1

ORITRAL INTROBICEION

Thero have boen o congiderablo mﬁﬁmﬁgﬂm in tho steotrtest
comtuetivity of organte seniconductovs 4n Fecent yeors o uafold
thotr vorfous propertiss both theoretically ond eupérimentally.
Pue t6 4bs wide vange of eppilcability 4n o nunber of ficlds,
ovgande senicondustor Toseaveh hos opehed & hew frontier in gol2d
et ﬁm&ﬁggaﬁﬂ%‘ the formbion of chorge earriors and tho
mofte af trapsportetion oven in highly dissvdersd solids pose
continutng chullonges Be fho very fundonental coneapts oFf charge
transport meshanien, The most dnpovtant famature of the orpunis
solid stoato i the persiatonce of molooulay identibty which distine
gaishoy £t from tho lmvgenie soldd state,’The molesular Mentity
depivas foom tho wooknoss of the tnterac e vrtes s setacsten.
‘The troditioral enevgy bond sodel, theugh applicd i some nases,
45 omly partinily successiul in the cose of orgatiie molesuiay

~erystale

Gag or vapsty adsorptlon effect on the biologieally importent
serisonductors wag used @ oxplain the slfuctory tennsduotion by
Rosenbergy Misrs ad Suitoer's, o or vapour odserption 4s hnows

 ¢o emntics the conductivity with coneomitont chonge 4n the senicofie
 duction netivation vaergy anl fhe pre-suponsntial fuctor in the



conductivity equation, At prosent, howover, there does ot soen
to be any cotivinging evidence in foveur of any partioular ossumps
tion ag to the type of irteraetion of the gos with the substrate,
Sohough, o wotk chopge transfor complex formation has often been
snppested o B, | |

sompensubion ‘f‘ﬁmfwﬁmmf%% in dork conduotion processes of
tho opganic seniechiuctors is amohy tho central probicss in the
Fleld, Zocont Inbevost yiolded mony mow obssrvabions along with
some thavrotiesl dovelopuents,

The present nvestigation is conpernod with the senicentuetive
properilos, An particvaley the gag or vapour sdaorpbion effaet and
ho conpensation sffoct, of some nitrosrormotie semiconductors,

in tho sobgsquent seghions of this chapler we will briefly

raview the thoobebionl busk-ground.

'

The bond theery, origlnslly doveleoped for mebtalg, londe and
yalence cryetals has boon sppiied with sope suceeys to nolosular

aeystale s *ﬁ:@l:ém ' Jﬁg

in ope eleocteon approxinmution, the wave funstion for g
gingle slectron oan be wrliten ag ,
\PKCTL) = CPKCIL) exp( 1k %) { 3330



where the vevemusber veotor R = 5_1_;1 3 D iz tho associoted

ﬁz‘w@s lengtly CPK is the fanebion wirieh has the transiotionst
poriodislty of the cryatel luttive, If R (%) is constant
thpougaout tho cvystely taon W %o applicable to the netals,

tut 4 &, (X)) wveries greatly within o uait cell and faile to
zero botvoen adjocent colisy then the motisn of the clectron ia
pasteicted and wo geb o Mtight bonding sorgition®,"T% mis et
bording 4z n chavscteristic of moleculay ooystals. Upler this

: ;ﬁi&i‘%@mﬁﬁ&wg the ono olostron grystal vevefunstions Wi ave
eonatrunted from 1
functlons W%

neas sonidmtlons of ofw alectyon molesular

4N -
VR = N7 2 exp ik 2a)%y (R -%n)

&, (1. 32)

1loPdy, 2., lotatos the geonotriesl centre of 0 th molecule and §
iz the total mubey of molecules in the orystal. It i aseumed
B (o[ Xy > &0 AE B By

The aryostal Pield 4z soprosimated by s

=TGRy

shore V, is the Herteo Pook type of w@gmé&i of an isolated
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nentral molocules Eﬁzia eontatsts of three eomponents - V'r £1eld

- seting on the slectvon thet arises from all the 'f'mcla:!.,. v's the.

coulomb potentiul of the eleetronic charge distribution ani ¥
the exchango bewn, |

The agen value of Y, i wiitten as ¢
E(rR) =&, + &, 'I—L%/ EgCos(Ro%s ) ( 1.3 )
vheve e |
E = Sfxn L~ Qh A/;»_m> -~ &V“:\ >Xn 43
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anl the loliice veotors ( 725 'y ang { = ko ) are counted as onae
in tho sguation { 1.1¢ 1, Ths peime on 2 4indicates that tho torm
with %, = 0 is onitted from the summation, |

Tho mﬁmwmﬂw rosonance integrals Es detereing the
structupe of the bonritl. Tho Pesonance integrals £01l off
rapidly with intermolecular distoncd and only nearest noigabour
intercctions ave found to bo dmportant, Tanetioml forma of Vg and
the apprapriste Xnaro wégum to gvalucte & o+ he bard gtructure
deponds on the ovyeial lattice stractnre.



I the Sntoraction bebtwaen Aifferent corrior apeclies is
noglected, then for senleoniuctor, where the charge cardiers
ave olectrons ( o ) abd holes (& ), the conductien equatdon ds ¢

vhare n is the denzity of the chargs cavriers in theiy vospaotive
bardsy ¢ 4z tae oleubronic charge uwnd U is the rwbllity of the

The dangities of tho olectvons 4n the conduction bhatl amd

VAR - 1V
that of holss 4n the valencs band erg given by }

| «  3h A
Ng = 22T Mg RT /) exp[CE-B AT Y ¢ 1.0

: 3/2.' ﬁ = ‘
wot M= 2CUIRT/RD) T exp[(Bo B Y]y any

raspactively, Here o reprogants the offective nass neay tﬁze
eobduction band L, for clectrons aond near the top of the valence
band B, for holes, By is the Pernd » cnergy. Pron { 2.22 ) amd

{ 2.3 ) ond toking By = Iy, one gobs &

S
Ec = CEHELY Y+ kT 1"% th/mé ) ¢ 224 )



gubstitution of tho value of B, from { 1484 ) dnto { 1,82 ) ar
{ 1,28 ) yields »

' 3/2- *3/4 ~-E
Ne=N, =2C2TRT/Z) memh) e AKT(&;%}

wiaere B roprosents the ohergy gap betweah the valance arnd condilce
“Ed6n bands,.

Bquation { .25 ) 4o applicable to an intringic. somicone
ductor in thermal equiitbaiun and henco the conduction equatisn
{ 3,21 ) bocomes ¢

i
AN

¢ = o exp (~E/pT) { 3.88 )

waere 6, = 2 (2TRT/¥) CmMe My ) (Met M)

The tutneling, on oul comg of the quaniun oochunidal conoepis,
is o mochuanisn in which o partilele without oven acniring enough
GROTEY can Snas Shrough o potential barrius. ey odd &siani@am
have ordginglly ppoposed thut the dopk eonfvation 18 poscidle
through this wmochandsm,



in durk conduction, the chatpge corviops penetyato an
intermolocular potontial burrdor, The rumber of Himgs sh elestron
pénotrates this barrfer givesz n weasure of 48s dpift velosily
{ Vae Ie If tho not displecensnt of the slectron upon going
through the bareder 45 ( o+ 1 ) then the drift volocisy is piven
by ¢

9 ' .
’\ﬁde:(-;t—> (a+l) (PR = P) et )

yhers Pa and Py, am the mmm penotration senstestdsi probabis.
1itieg 4 tho Adveetion of the field and In the Psverse directisn
respectivoly: ) 45 the distanse acrogs the potontial well of

width o and \J, is tho velocity of the elsctron in the (—’;l_ + 1 JEh
level moving botwesn the rotantiol wells and is equal %o [C_‘;l +1)
Ch/arm& ) |, the currsnt density wileh iz oqual to { heWag )
thug deoomes

: 3y
L=[2C2mmE =T l/y? JLexp-E/amr )] CE +1)-

eh Catt) CR -P )/ Ly & )™ ( 1.312 )
which 4s of the form of the conluctivity oquation s

Lm0, ¥ ooy ( »1/2RT ) ¢ 1.318)



Hopping 1s o priécons in which g charge coreder on o rmlecular
sito can move to the othey by moving over the bopricy botwoonn
the sites vin an avtivotod atute,

A siople hopping model for ‘thy darkt emﬁaetim in organic
gzolids bos Yoen napplicd by 9432}15@ ant by Pohl and @mﬁg, In the
hopping progess, thoe motisn of the currlers b0 the noighbouring |
gites 1o Pobpdon aﬁaa;{z}%} for theo abigotropy causod by thoe appijed
fi0ld ¥, Hepplng of the carplers doponds upon the followilng

Faators ¢

1} The average angle of hopping with the field Girevtion,

2Y Ths intepuolesylar dletnnes, '

8) Tumber 6f the noighbourling sitos,

&) i?reqmamy of yikrotion in the tue diveetlons worml to the
carricr motionts direotion aoroas the barrlaer, and

§) Tha bovpder height,

1 '

The interasction of the corrlers with vibration in the latilce
iy nlso give i‘z@mﬁzﬁg of charge carriors without hoving these to
oroas the %;g;rg@@gre‘gf,. tor hopping. 46 1 emsantiold thot the
relazation time 45 ¢hich tho oleetrons bops frot & site o the
another saet bo vueh greater than the peried of o vibratlon,
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A xmz‘i;amsa 15 on enbity of clectron sccompenicd by o localised 2
- yvibration vhich woves theough the orystal under gomo elroumstances
when electzon = phonon intorection leads to the slestrons belng
trapped in » geli-induced potential wel m‘ﬁ%& 4 Dajor conteibution
to the polaron formatisn comes {ron the noleculur vibrations.
Slow iotermologuler vibwablons of the latbles wealkly satopact with
the carplers sod ean be Bogleated, @ﬁ.@mﬂﬁﬁﬁ hag é’iﬁ@ag}i.&ﬁ?ﬂs’? = h
@z&ég&;ﬁ@& the

moloculor w;ﬁm& with ons excogs elesteon

(1)

whers 'E“‘f@ 453 the refused bass of the o ﬁs@i}i&@%ﬁ; w 48 the
fregueney a8 A :za is the difference botugen the ﬁigmlmﬁm
Adstances of the mmﬁz@l@:. G the dom,

By tveabing olactron @varmg 08 ?%‘%ﬁ%‘f&&ﬁﬁ@ﬁ, the fornation
of 2loch=bypo M&J fron polorons are shiained, Those bonds are
mrmww than tho corresponding oleotron bands By o vﬁ:«mti&ml
,vwmmg‘ faotor, Tholr width ago sporoxinabely gival by 4

VERVIN
. (o+v)e  (Bokw)  [expCErhmw)] (4,
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whers U and Y are vibrational guantum mnbers of the neutval
modecule snd the lon respoctively and Iy 4s the half width of

one slectron bond in tho tightebinding approximation, ﬁ?&ﬁa; thore
axists o geries of polaron ?ﬁamii:s below the electron band.

at a very low temperature, corrlers will oceupy the lowest -
 lydng poloron bard and will have very low mobiliby restrioted

by the lettlce phopon scattering, In this case UL ¥ ~3/2 £ T
Higher poloron bands will be populatod wdth the rize in tsﬁ;ﬁ}z@a@m
ture (T} and the effective band = width will sxponentially
incrensge with T, no T approchas B, /g 5 the mobllity is governed
by the &i@tﬁ:ﬁ%ﬁi@ﬁ betwoosn poloron hands snd the olestrom daid
and tho t;rfmsg,aézft of -ewﬁéxfa bosonss on activated hoping process,
{ drL 7 47 ) geodually chongos Yho sign, As T dzuesis Eo /R s the
distribvution over the burds is apyroximntaely m:ieagmmea?' of ¥

tompepature,

For the strongly bound polavons, we bave 8y, 4§, o
B >>HhWw >> 2T d o o 4 clestron should then rezain on a
lattice site for o mich longer porded than the peviod of vibra-
tion 4n order to got poluron formed. At bempersture Ev/k  the
polaron will Aissociote tharmally, “hen the width of the polaron
bard 1o approgicotely sgusl to ‘%w ¢ tho eleetron will nob ramaln
on the Isttlco gite mng@ﬁ than the porisd of vibration and go it



ke

 con be gadd to ddssoclate "v-ii;._u;at‘ieéﬂ&?@ Slebvond applled ihis | .
notion to tie case in shlch the corsder moves by uctivated hopping )
process from o mzmmn band to the electron band and showed that
M < 3 em™d yo1e™ 1 g0,

~ vhen the eawﬁﬁrs ‘interact strongly with soleculer vibrae
ﬁ.ﬁo@a, this miw:a@%im whould be Included in sorsth order carrier
wave fuvetions and so the seperation ints slostrontc and vibra=
- tional parts of the total wave fabotion Lop the epystal s no
ionger possible, The elestron vibration mis:aéaﬁfgﬁm pesults in e
naprowss bund - widths, Tho soupling oriteric hes boen disenssed
by Ho Hao am $£@¥amm&m and are g@ﬂ@mﬁiﬁé& by z}mbramﬁ? in
. thrse 53&'{%&@?}5&

?"mszg wo wim digouss tunneling and h@g@pﬁm of pulorcns
ﬁzieﬂy. vhen an electren is surrounded by ¢ clond of phononay
transition from site § Yo J'results in the «@aa‘i;mm&m; a0l
ereation of the elowd at 5 and 3 respactivelys Tae elestron s
seattarsd many Simep during the Jump due to z loygsd mizber of
gmissiong und abgopptions secompanying the teansition, - ihen
slactron on 5 aite in trapped in o pobonbisl well; 4% 13 ¢o pass

& barrder of height sgual & the polavon bAnding energy. The
'. _ passage may ba tﬁmﬁ.iﬁg oz hepplng. mnm&%ﬂg appiies whon the
vibrationol sites involve only o fou quantc and gre well soperated
- ghile hopping apriles when a lorgo aﬁmb@r of oxcitad vibrational
states ape crovded Logother and eonsists of randomly performed




jumps, IF the phonon bandewidth excasds that of the. polaron band,
the dlspersion of the lottico froquencies inteoduces emvugh
poamlonneas to anndhilate tho pelaron bend sthuctare, Tho crystal
ey, thehy bohave 1ike a liquid dvop 4n this eircumgtonce with
‘reopect to the cargior x‘:mmxm*i; { tarough hopping J and the
nobility ghonia m:s!; ehmg@ ruxch tpon malting eontrary to thst
generally mbgm .@ Thus, the mechahist aﬁ carplar Uiansport
in molscular erysiols &s thought to be mmmzs mmzmmg, Tunne-
1ing ts unalogous to wave 1iko motien and the transiotionsl
pynmstey of %‘h@ lottise mooossarily imzzlmm o M@gﬁ* Thé
thormal. motlon uay hovevary deslroy the translotionel gyonotey.

whon o gas & allowed to coms to equilitvdum with a solid op
ifquid surface, the concontyation of the gas wolecules is slvays
found to be gwwwr in the Mﬁasa vmmw of the surface than
in the free gas 4059, mgammsa off the mture of the gas or
amxrfaca,. The mmaas by vhich thie surfoce sxcdse is foundt s
terned o ﬁ}%ﬂwmﬁﬁ%" ‘@, There ¥ tud types of sdsorption §
Phyaien) and L&zmﬁal, dnponding m’z tho mature of the foroes
involved, Fhysical adsorption; aim termed Tonder waals adssrption
( binding energy of the order of 10 %er 0™ 14 cogsed by
molosular internction forses whm*aas chemieal adsorption (binding
' onorgy of tho opder of sevaral W?@”%} fnwnlves tranefepr of




e

olestrons f.9,- & gtate of é&%m&m% binding /%ﬁﬁ%@ﬁ the solid
ahl tho pea. Tho ghapes of the adavrptien imﬁmﬁmﬁﬁ%ﬁ&@ which
ope the plots @ﬁ’ frao enersy dhshge ag o function of the amount
of vapouy adporbel, ¢an also yicld quelitative information about
the odeorption procass, %;«m&w&;&%&m i5 of intovast in 1&s
suggosted role ag o pravursor glage of chemisorption snd &6 the

avaluatdon of the adsorption mmﬁmg‘eﬁ%‘

vardous agtompts have beon rede to uhlerstand the natuss of
the vaplopr wanls feﬂ:@mﬁ‘?‘“‘95 Tosulting 45 poveral fovrulations
of tho Intewaetions, The method pregented by fiﬁimz%‘éﬁg uges

clnssiesl dipole = dipole latepsction @

botween e gog wolooula
and the so1id substrate 1o the ovoluation of the vanler wasls!
mﬁazmﬁim and Heitliaepwordon ooupling scheme §n the satimation
of the repulsive térn, The ealwulstion of ?mmgamﬁ%sg on the
ather hand is bogdd on tho work of &ifﬁi@ﬁ%ﬁm and boyaloshinskil
2% %‘?ﬁ; wiers o unlfoin continuons vodel of the surfade is emploe
yed und dgoores tho presohese of the repilsive forces entively,
The neglect of repalsive contribution o the energy of physisore
iption of an enuilibsdun position for the physi-

tlons intvoducedl 4n the exprossion

gorbed otouy ood the approxins
25, vor atenie vapour

For the onergy couse serious difficuivle

phion, the assy

sdgorption on Mol gurface, e ettredtive and gopulsivo contris
butions o the physisorption intoraction enarpy are dorivel fron
the nsawoption of wealk coupling botwoen an shon and o pelal

B

guvfaca
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The effect of adeorption upd dosorption of oxyeon ob the
ozidas of coppor, niokely mopgonsese and sine of extremely high

@m;iﬁylw phows thot the vate of odsorption of oxypen is o function

of the puwber of veoapt pitos prosent in the surface. They have

considered the firs: ordery seoohd exder and exponentisl miamcm- -
2: .

&‘Mp& B ddt *”E@t, OﬁI— = Bl mﬁ dN¢ wqe ~(Ne T POphte

dt
tively, where Iy ¢ the minber of gfons adedrbed ol time g Hy

a a0d o ove conghunts, Devivation of these relatiosehips were
perforned by tuny suthors by neasuring &wmtiy the anount of
58838 &ﬁa@rbe%m*ﬁw&}’im « Bray at _& hove shoun that the
gxponential Apim in & betbop overall &pmmﬁmaﬁi&n for the
comploz oper procogs than for one obeying the fivst arder
tinsties or u corbination of the sseend ard first order processes
&t the initial ond Final poricd of adsorption regpectively. In
-- working m&ﬁ. the kinotice, the cssunption mde by Gray gk 21 fs
that the zzmmwﬁ somductivity e oither proportiomil to \ﬁ% ar
te e In 20mY cugen of vapour adeorption, sdserption tinme
eRTVEs 2@12..@@‘ the ﬁagﬁa&w « HelGovich eguetion in o 9lightly
modified form,
.ﬁ@sw;séim of woter on gine proteins Followed the

m?%mauar - Troobt < Tellor { D&% ) isothorn equation

[(B7vea-x)]elagye] [to-2dp] 2 ¢ 152)

vhere ¥ ig the rolative pressure, ¥V ls the adsorbed wapour

1533 § o0y
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wrpresgel. 46 goe pop m g of the pdeovbate, By plotting tho
data aceording tn €ute equationy ¥y, ond C con be dorived fron
slope and inbovecpt. Herg Vg 1o the cgaantiw of gfdgorbed vapour -
correspenddng to the ponolayer snd © 1s a constant roluted to
the hest of edeorpbion, Heats of ontroples of M%ﬂﬁtﬁw o be
sveluated by thersodynande bethodg, A% low enveragosy the |
strovgly nogutive gubroplcs of adsorption in mony protedns indie
sated by localimation of watser molasules on polar groups. Fositive
gntropize of a&s@z*g;tim at lov covérages were obsepved fop
arysballing albumin which ig attzibuled 4o tha e@m‘ﬁgwaﬁﬁ;ami
shahges induced 45 the protein choins, The subject of adsurption
thermodynanics hoe bosn developed by MH:&%(MBCM;

The coupstisntion rule or Weyer-Heldel rule, o linsar
roalutionshipy botuden tho logapithn of the prosoxponential
fagtor { ¢ ) opd the asctivation energy (), hos been a gublect
of great mt@msﬁﬁ@“&}’ 96=09
vours, It was first noted by Wany &t __; that fﬁ? a vapicty of
- polymolear hyirscarbons obd phthslocysainsgy the valge of

varied over & rungoe of 2670

and mm‘z;rwm‘syw@ m"" for many

ard honea & roush corrsiation exlatad

betweah the D4 and o . @z&tmm :&;ﬁ ‘fﬂy@es&@ ghoved o linsar

ralationship of the form e e
lrg o, 2 XE + P ' : £ 1,61 1
for an ontirs class of substances vhers « akd B are
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gonstantoe Cardoy and | lﬁy% bhave fourd o simdiny typo of

gorrelabion to hﬁazf‘i for o soviop of aoino aolds and protelns,
Rosorbory of g@ Y ehoved evidense thot this formuls is valid
for o single orpunin substonce vhen © 3o voriod by hpirabion
and somplex forpabion,

Sevorsl pechaniong, napely, the chorge carrier injection

méglmgﬁ tho tunneling of olostvons from thermally activeted

- onergy levels thuough intermolesular potontial :wm?s%;
theraaily ngodeted tunneline ( TaT ) asd pochdefinteinsic comdugs
ﬁi@ﬁm@ vare disengsed by o Dunbor of authors 3345y 105, 106 for
the interpretotion of theo componsation affeet, A simple quantum
nochanicsl mdel Hamiltondan which deseribed the physiesl ploturs
£ the *Conformont setinfring both the offects was wam&é&@’%

f‘immy and %?a&mnm&' abiampted o derive the ﬂ%g:*"%iﬁﬂ mle

in the thoeory of rabte processes within $he guadeatic polavon

an Spis polaron modsles

A mﬁe& for the ponopatisn of the charge cavrievs in

307

- organic substances wasn proposed by Green” @ whieh cssumos

injestion of charpge corrdors at the surfoce of the vrystal dna
nodificotion of o fors of supfade bharrler ;}wwﬁwﬁ &y Earﬁeenm’%

secording to ¥his model, the proesxponsnbial factor @

o Mg CRT/h) Ko { 1.838 )




vhers T, 3o the cavrler donsity of tho electrode, R 4o
Boltepannts econstanty T 45 the a beslube Lumparatures 8 5

- PlantkVs eonstnnt and X deo the tronsmisgion eoselfialent gor
tunneling '@ﬁwam%ﬁ the mwm glvren ﬁym?

bk = -4 (37 my (&)
. 3/?_ 3/_,_
[Qx‘ EarT Za) = (3%, = Eat) J

{ 1.538 )

- Here ‘ot poeproaonbd the olecliroh rass, Xy and Ly o8 the vork
funebiong of the olectrads and seniconductor m@@* sivalyy B
ig the onergy obluined fron the slope of & In v ve. Yoy plot,

tat s the bavrler width and 2 & { X, ~ %y Yae Aseuning By <
3@.25 o the pight hanl glide of aquabion { 2613 } fan bo appros
#imated $o

2
anlﬁ: A"‘BE([;-—{_CE&\LI: o
| ) { 1.634 )

whene »

’A_::—ancsz) sz/h"') [G“ tza) lx J ¢ 1.638)

S Y, hro o
B = am(z) /)" [Carzad =%y ] ¢ 1.615")

' -1 Y. | -y A
C =-4m(32) (2") L[(X,+Zﬂ)/—x|/?] { 161"

&at ,
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For reagonsble walucs of the parancters involved, the term in
Q Baot cOntributes spproximetely 307 - 207 of the 1inear term,

if this guadratic torm g neglectod, eimez‘%iﬁa' { 3.-.;:&1&?& 1 poduces

to squation { 1,81 o Por the validity of this model, X, mist

be greateor than 3&3 whlen is getogally fuifilled in piactics,

The organic molecular solids congist of molocules with
potantial barriers surronsding thon. For sleciricel copduction
the olectrons have to pass over of thvouigh these barriers, The
firpt popsibility roguives hiph oobd m‘!‘;mn anerglios where 4
the latter rojulvses o long tdme. If thoe effsctive wnll holght
8, 1s swaller than the total holght ¥y, the clections can %ﬂﬂé@&
fron activated lovels of energy T thursugh the pobemtis) Bovrier
ﬁﬁiﬁh@ﬁzﬂ roquirsing O = Ai‘?a Then the confuctivity o7 0) oop-
sists of thwee parte 3 (1) the teporaturs dopordent  exponertial
| part (2) the exponesntisl part of the baprier trangnissivity aml
(8) a factor o conslsting of the ‘mﬁ#&xpﬁﬁﬁﬁéiﬁi part of tha
varrier transmissivity and of the propagatlon charadterdstica
f}f the olectrofs within the nolesulss, Supleying thes berrier

tpanstiscivity caloniations of Wott and mﬂ,ﬁmx 208

oy

Y
"(T) = o QfP[ ) (2m"E )l] m,@mz



Por the stuars borrior angd
- ' > W 3/2’ | .
P(r) = 0% exp [~@%4y) (2m™ ) (Ew /E1)]

exp CE/2RT) (16218 )
for the triangalnr bBareier, |
f’s’e“xﬁa t5f 1p the bovrder width .am m 4is tho offcotive negs of "
%;m elostron 4n the mf}&%ﬁ%eﬁ mfm’* involved 4n the tunnsling,
2he barriey holsht By 45 equal to or less thaw the fonisation
potentiol of the polosule for the sguare and the teiangulsy
barrier peopechively, The tuaneiing electron will axperisnce a
potentisl valdh is the sun of the sppronimate eoulont potential
abtroacting the clectroll %o o positive fon ahd the potential of
plactron affinity of the @fﬁgi@mﬁ? m&mi nolosuley both
pupying smoothly belng approximatod botler by the tricngalse
thon by tho sguare baprler, For tumnelisg wodel to be satiefied,
z < ? miat bo soblsficd, othervise therd wonid he v tunvoling
ani a},wtf@m would poge ovey %&m '&ii&?f‘i%%i‘, Therofore; substitus

ting

in aguation ¢ 1.88%1 ) and @gg‘};ﬁmﬁw the fractional powers of
}S in a sovies stoppine af the tess linvar in § gives
o%T) = e%p [c2a/5) C&m E+D ~ IR

exp | [a/,ﬁ)(zm/ET) E:l e »p (— E/2rT)
{ 1,688 8 )
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and
(T) = oo @xp [~ 44/5%) (am” By 3 "]

QxP[CZQ/_h>(2_m /ET)/L ] pr(— EART)

{ 1,628 b )
for the square ardl trianguler barrder respectively. If B B,
but cloge to ity n be%tér approxivation is reguired,

For tho maberiols abeying componsation rale leads to
B, 2 Bev ond € ev for the sguare and trilabpulaf barrioss

gy
respectively, Only the last walue X,¢, 6 ov is rogsonable so that
é@,

the aativation ffmwsﬁ@ are well baloew the top of the
barrier in m&e%z casd only the tuungilng model ix;’éaeca@tzaﬁm
amd is ngxlaiﬂ@fﬁ subigfaetorily hy the $risnguler bdavrior, If
= 300 By, the intermoloculor sepwaﬁi@a & 2 3% :10"3’%
which % quite Justiflied. 6o the effective muss of the aleatrm

in the acttvebed lovel i of the order of 100 slectdon Buszes,

At effestive mane of 100 myy considersd in the clectvon
tunneling model, 1s mach lvger than thoss predicted” 3305333
in the narvow shorgy bands of organice senlconductors, tunneling
of small polarons ir thermally activated onargy lovels iz

possible, Holstein' - defnced the mobility s

P
= (el /a7)(Tpot) {1881



where 1 o the periodicity length, T 1s the life-bime of the
polavon in & band state and Jo~ 4s the smell poloron bandewidth,
Banstion { 1.651 ) iz valid for ¥ < Or4, vhore O ic tho Debye
tmpwawzﬁaimg atd alsd satigfies the condition

so that 211 staotes in the poloron Laod are egually poraloted,
Tua cadvg of small polaron fhoory may arise, The porture
bation esse for wileh 3 < b @, |
30 =Bl exp (=Y ) { 1.633 2 )
cand the adiabeatie case for wileh § > kW,
J, =2Fw, QXPC—{) ' { 1\.633?}}
1Y Y =B, & w ity )

z?,b 49 the polaron bindiny shergyy O, is the optical vibration
Crequeney ofd 3 %8 the bopping inbspral. Tho polavons vhich
oxist in a poleewlar lotiice may bove strons fonic propertics
upoh cotvlex forpation, In ap jfonfc aystem the coupling ean ba
azpressed using the effsctive dicloctrice cotistant ag

zlg = 3«!» el 3/ s ( 1;63’% }
% hm E

whore ¥ anl K_ are the stetic and high froquensy dielectrle conshnk



3 .

rospoctively, The coupling :m a pelecular lattico can also be
im in tamme of EC « Ssainilating both effecks lato the
offective dicloctrle ﬁﬂﬁﬁ:ﬁt&ﬁtg the binding energy of small

polaron beeonos

::-:h‘m%é:m /?ﬁ'ﬁ { 1.6385 )

yhore *rp' 1g the rodions of fiw il m,"i,amm pid may bo losg
thsh nif tho ;?-@:%x;‘isé;,cﬁ.’w length *1', The change in the poluron

binding energy duc to cotplex folpntion is then given by ¢
Cor 25 v [y (o)
By ’-Eu ; { &= /. X‘I} b [’: 1.3‘;{:2} ) 1/ 5‘5* }] {1.033)

ﬁii@&"& the supersspipt (o) sigrdfios the original oeniconduotor.
Koy amd 1*:{ %) arg volated to the refractive Index, whieh is
- probebly invanient, so thak

{0}

A A KA ™y m () (1837 )
sinilarly

pact® s (- [c.%;{@?a - M {l ( 1,832 )
where :gfm} ond U are the activation onevgy heforg snd afber
gemplex formatien, cubstituting smuotion ¢ 1,638 ) in



equotion ( 3.637 ), ono gets ¢

By = '«;;ém + & (B 5% - 1) B {3,898 )

o)

oSy B4 8 %, = EAL By S dmvariont { 1.6330 )

ﬁw, the conducbivity ean be writien as
N ot = ne.pL = N QXP C_E/Q_\QT ) e (3@6313 3

whers ¥ s the mnbor of elsetrons per unl% volute availsble
for sotivation, Ysking use of the squntiens { %631 ) and
{2,833 ) ond { 3,080 )y eguation { 1.6831 ) fmf. ’i-;@ written as ¢

V—CNQQ\CJQ BQXPl F o -

o
exp{EKtwo) —(2rTY ]} |
s ‘ | € 3,8813 & )

[o]

l f«w the. parbarbation mar Gl co) .
(2 =
= (MELT ) ) exp [ .b i

Wﬁﬁfﬁwd—%ﬁhﬂ }] |
{ 1.6312 b )

for the sdiababls oo, 4
 Foz the g;ﬁfgtuﬂha@i@n ease, 4 and thus the rigld ia‘%tiw



bandeyldth ﬁa@m&%‘g afn the dopth of the activatod ehergy level
belov the top of the twnnoling baryier and on tho shape amd
width of the bavrier, Fpon ooucbion { 1.883 )y the formmls for J

is glven bg%

y .
7= resp[as) G E]
| { 1.6218 }

xezhéw ‘ )7
_ bR
= Io’lexp [(-4a/h)(3m ELD T |

d, balng the hopping intesral for ¥ = O, ‘
cubstituting equation { 1.6213 ) 40 eguation { 1.02:12 &}

we ped 3 D)
‘ + E )

& (2K,
- NRL\C’ (_) exPQ _hwo

exb EESLC“RQJO) + ‘{;)C"E? CQRT) %:l

{ 1.,68318 )

Tharefare equations { 1.8012 b Y and € 1.8815 ) ave in the
forn of the congensation low, |

Remony and Ooklany 2 moted that b avperinenial Tomporae
tu awres, aell polaren tunned 1@3 is rot poosibley so thal within



the sasopbion that conduekivity is Qﬂ@;ta'saalz gml&xﬁn
notiony hopping rothor than tuonoling rust bo the domdnant
sonduction nochardsn, Bus polofon hopplny esn not lead ¢o the
esonpenestion effoet via the mobility alone, Thus both the
eloctron gecupancy marber o' and wobliity t A Y are thought

to ho the ‘soursen for the compsnsation low, The mochanisw
postuisted by Boneny and Goldand is an igteraeﬁiﬂﬂ batyoen the
olactrons and the vibroational motion which is able €o explain
both the epormons eshubdstont in the conductivity and the
ehmpansation @ﬁﬁéﬁﬁﬁ & chanps 4n aleeﬁgaﬁie.statﬁ»givag Pise to
al activation entropy A & beoause of a chango in vibiutional
feapmencias probably aﬁmémmﬁ with the conformtional ﬁh&ﬁg&a
and this wmm sontritate 0 the prefoector, giving its peguired

erfiancenent,

Raplan ond Hohantd®® consilered only dho conteibution of
tnf to euplain the conluctividy enhancenent sbl the cospabyae
tion effect, Consider o golid mdesup of Y, larger organic
molecules, Duch molesule has only two elestronic states with
ancvgies £, < €, plus vibrobiomsl levels, and the total
- mumbor of oloetyons is 1 por molosules The vibeaobional frequens
elos are supposed te be difforent depundihg on tho ocoupansy
of these sleotronie statos, Alsd, electron spin is nhoglected
for gimplicity, Then the thysichl ploture of Yeonformont is
slenrly stbodied in the Hanlltondan s



Be % €> Miy + g;-w&(“i\,”il? (Nik+ 2 ) ¢ 12.0821)

whore 4 & 1,2y -~ - -+ - - B, lebols tho moloculosy V = 1,8 labels
the cticealoctron stotes with energles €, L€, 5 (M) Ny,

is the wibrefioml frequoncy for mode K (with K = 1 )y and,
a8 the notation indleatey, Oy depoids ob the elactyon occls
paney fanbers N;, which have the possible valnes My = Tyle
By lobels the statos of czeftution of the & th vibrational
mede on the 1 th molesule and takes on the valdes O 1y By
Oy Bo { €,-€, ) 4s the clastoonic envrgy gop, I2E = 3 ov
amd the tomperature is arousd roon tomporaturs and below, the
pugber of eléctrens pop molscuie to the 'ﬁpﬁ@r oi anniustion
botd is |

M= exp [- B (B +a50) o)

where A%, 4is the chavge 2r vibrational free onergy in
eresting ugbound elcchron-hiole palr. In the low abnd high
tumparature ragion

n = Mo exp C‘Eeﬁ-/ZKT ) { 1.643 )

where G,pp iz the modifed netivation enorgy. O which
sontributes meinly to the froe snorgy choasges 48 o
For RT > <,
_ o |
Ce = B, | | |
a A
No = exp ( & ) ( 3,644 )



and for RE <o 4
b = B+ T [ 0L 40 o0 ~2 0, (0]
M, 2 ‘ ' { 2.948 )

) D, 1) w2 0,0 ¢ 1,646 )
® Tz (ke

Thugy 20 sctivebed bohaviour with an embabced 0, 1g obtained
for nigh tempersturs vange. Agadn &, 5 €, L.9. there is
entpopy evhanvenent if {60 KL W Lo, 0] [cow 1, 0)]) }<3 whieh

s Ehot AT thigre 1o on avergpe softonisg of the wibrational

Pofps UooR the crostind of the supvriers, in the lov benperatupa
robgye, thoe enbpopic erhonsonent disabpoars, and the activation
ehergy fs mdifisd by the sércepoind onergy. ‘

in order o obtodn conpensstion buhovionr fren this nodely
the vibeatlons 3B both the electronic ehargy goy T and the
activation ontrepy 5, in going from one wembor to nothor withdn
& glvon eloge de considered,

& theopy for eolectyonie charpe teansport ag imvelved in
kinokic procosses bos beon dbvived by Hemeny and %%a&zaa%ﬁ,% for
qusdratic goneralisation of Holsteintz one disensional linear

22

poloron theory™ ~ e To doduce the eguetion for the tpanslition



yate per wolt tlme they considerel a system cousisting of oho
ploctron anf two possible sltes { 4 = 1,82 ) 4n vhich the
giectonn oahi mgum, There are B @miim@@m sorepsporiinge to
sach site and & 1o the &32%‘&'&% pie tranefor modedy olenont
batwosh twe sites, Thusy do shsence of the fa‘% cotron the potential

‘Jﬁm, ‘%g is piven m:sr

Kz XL},L

1 ' ' { 3,683 )

H

uhars Xy L 15 The dieplasapent of the Ltk sgedliator from
its sguilibeiun vesition and E 4o the force constant,

uhen the olestren ds present ab the L th site it couples
with the ¥ ozeillstors aosooiasted with that 2i%e apd thevs 1s
an ofkra Sherey q;, whitich %o glven by ¢
'L .

N b
—8) X A2 X,
CP:L — RAVI T
W= | M= ( 1.852 )
wirich 3z o gonoralisation of Holuleints linenr polszon podel
in which D o= O and § w 1, The probability thet the olestron

dnitially ot Yho pite 3 goos to tho site € io given by 3

.2 a,(E)
1 2E = J.4, e+ CP‘CC) O\"Ct)z

P 2% a,(Ct)+ CPLL‘C) a,Ct) j{ 1.862 )

ok



where ag (8D 15 the slestronle smpiitude ngsoclated with the

1 th aite at time ¢ and q> (£} 4e o fanction of time thyough
Ty o e T Nguation ( 1.863 ) 4s valld orly in the pevturtotion
1imit, L.9., for small & In this limit, the electronic 4ran-
sition rate is obtalined after carrylng out the thermal avercge
over all possible oselllator co=opdingbes and veloclitles, ot

b

tine b = 4., whore b, is the colncldence pointy
t — > (£ .
arl can bo mr:;t%e&n 5%

DCEIZ (o X uEDd )= d>( Aol D=

{ 1.685 )
which peprasents & £ 89 » 1 ) dlmenglionnl surfance of statfonzey
ghasa { 0P ) in the space of osgedllator evordimates (X" »
ve e X « .0 Je The linsar tern 46 aguobion { 1.682 ) can

2 M
‘bo pepleced by & simple transformation ¢

T T T 2 YT ¢ 2,656 )

----- Haking use of egaation { 1,886 }, the aguation for BSP may be
denoted by '

2 -
Pt Hy=B[L(ED-sC)]=0 { 1,657 )
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| o Vo
2 Y and S — v ‘ |
e _Z; LU Z: =H ¢ 108 )
fie pariadions m 7 (t) apd & (m are linouy é.ﬂ ey m the
fielghbourhond of &, and
pe)= Pl )+ Plt) C -t -
. { 1.650 )

The probability of & sito Jums par mmi&m@&hﬁ Wy 28 givon

by
. . 1" N
WC — 2wy / fay th_) | :
' { 3.8630 )
For lovpe Jy tha giwmw@%im aag:gzmxma%m £or W, bl‘@slkﬁ
dewn and the adiubutie xmmt}zﬁ,m%@ngg“ is uzsd,

it Gupotds Wpon the positions ord veloelitlos of the & ‘
osoillatiors associated vith the two sitos, The transitisn vate
per undt timeé io obdained feom the probability that o codocidew
neg pocors 40 the dntorval € end § » 46 for o gpeeific positdon
vologity sonfigueation of the 2F ogeillistors otd then corry

B
ot o thermal avevaging over all possible configirations wileh
s valld in tho partusbotion Limit,

Por & portisnlar configapation ¥,y (81, X, (O )V, Mﬁt))
: ' : = : . the probability P, that &
AT DI = LN s 7 Ve |

S
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coinoidenco will ocour during the time intesval © amd (% 4 db)
ia piven by the proportionslity @

Pe oC SCCP.-*C.PQCG'% -, € oo )
Tha ﬁmng;iﬁizim rate por unit time R,4s \»&i’@f?f&? by
R = B’z | | o ¢ 3,553@)
ad  F = zTr J (ﬂ/?—) [ F(K-i— [3/13]
exp ﬁNA [ (vvom)" (5~ ;'>:)

{ 1.6513 )

vhore = 1 49 5 32 cvol ol & = O AL B 45 odd, Thaa

z= (KF”> <(3(K+B>> e Pl; K+ B)

116,116

I the Ttheory of pabts procosses the tram&%;im vata

per ualt time, 2 %o given by . /
=Ky ©0x [— AET + ASP]
R= PL=P R { 1.6815 )

whare K is a teansnicsion cosfficiandy AR 7 ema &F ave the
aetivation enorpy and enbropy respectively, and the freguoeney V) is



gaven By h~> = R 7. Considering squatdons { 1.6512 35 { 3,0838 )
and { 2,854 § ond comparing with eimation { 1.80515 ) one gots 3

_ARQP = N chra,[,ﬁf;c K B)/QK+ B/:_)]

P "7__,"—‘—-4'“”’]“
AE ’——‘—;};NA {\L—\—B 2%+ B ,

ond t s3> L
J =
ko =2 (L) L8
iz ' { 1.6636 )

From cquatdon ¢ 1.65616 ) 1% is evident that 1F B 0y it da
Aoportant to have o nonzers value of A { llsesy coupling ) to
get an netivation energy which ie aluays positive vhether B is
positive o pogalive, For B L ¥y the activotion energy le

N AT 6B :
o |
Ea = TK [ . < | { 1.6837 )

For pogitive B { hardening ), E, Georeases, vheress fo¥ fogative
B { Softening }, E, insrosaes,. The astivation 'm‘&@%&;}? Eu
nepative bath for R > 0 .m?:i B < G The linear tars does not
sonbribute to the activation entropy, Thuss the guadratic polarsh
modol hints out o %&ﬁ@iﬁ&ﬁ:ﬁﬂ rate which iz always desresiod by
the entropy effect, foth A &° amdt A P are proportional ‘E;@‘

¥ which provides the compensotion rule and 7iclds o fegetive
AEF
A sP

- gompensstion touperature T, =



Sedn polavon o megnobie polovon model fmvelves the

psoupline of olectrons with o a6b of epins.

Lot us conglder two electromie sites oach coupled ﬁax g
gl W, p{isLBand Py - ¥ ) each of which cad
toke twe wgﬁi‘ﬁsm opiontationg, f.eqy Mip =g I In the
abgeney of ﬁm slestron the ebargy of *:ém miﬂa agsoniatied with |
the i th sits, ¥, 43 given by o

V“L ’—-B Z M’LP

P=) { 1,963 )

wﬁ@m is somo sort of magneblce £iold vhileh tends &0 order all
the szg%iia:fs i ono specific direction. If an olestvon la prosent
at the & &b sibey then 4% couples to the ¥ apins asseclated
with that site and the additionsl interaction enurgy betusen
the eleetron and the sping, . 4 is glven by

Cbi': 2 R Z M'LP
p= { 1,868 )

Thernfure, the ebsenco op prosence of an electron losds o
agually ,@t rong Bud oppositely oplentsd mugnetle fields on the '
apdis,



go the transition rate por unit time,n,is propovtionsl
to T /o ond i3 gi?eﬁ by

- N
— g~ e FB ~B

£ 1,863 )

Bauatdon ( 1,660 ) ﬁ&ﬁh% that, 1ﬁ syiﬂ polereon models the ,
transition rate B ig getivated @ﬁl? for temperaﬁuﬁaw RT <<By
wheress for RT 5> 1, thero is ho astivotion enoygy. 1% is due
to i fact thet ot hish temperaturs, both sitos ays es ngeneially
disordared and appenr Identical from gqn e&estram!@ podnt of

view, ot low 9 and 1&?@@ Hy e
£8%/0 _ AE/RT
R=Kv € e

{ 1,664 )

conparing equatlions ( 3,800 ) ond { 1,684 ) we bave,
K9 = T37/ne,
ééﬁz 2N In2

LS ( 1.665 )

and AE = 2NB | |

Here, both A amg AP ape positive and propogtionsl to ¥

foliowing a positive sompensation bempergbure ? = jgéqi » The

artivation enargy 8 19 sorrespords to £14pping of half the total

nunber of spins at both sitas.



CHADRUR » & ,
CEPERDIEHIAL e SU0WUP we PROCEIURE

In this daapter, wo dogeribe the gonesal orperisental
technigues ueed i e prosent iovostigation on the #ﬁﬁaﬁﬁeﬁi
proporticg of oeganic seplconductoig, Dotalls of suy pupbleulor
axporinantyl proeciure will be deseribed 1 conjunction with the
disetssions of the reeults thereby obtained in chaplers O apd 4,

Fhe Castean Opgonie Cheslealsy, vibrosovorutic semiuonductors
uyed An tuis topestipntion are O-ndtvonntbrocens, Renitrofinorons
344 dinitronaphihalenny 1,8.0-trinitesbonnent, Owy 0= aad
penibrsbonnole aclde daloh hove bost rosrystaliiced gevirsl times
from pasified wolvents befors -mm; The orgonie 1louids uzed eféﬁ*ﬁ‘i of
spoctpoprade qualilby of BuDeil, aii 2, Vereh. The toflon spacors
and the coniucting gluss elestrodes were obtudned foom Diglactrie
Copporation { U. 8. As ) and Plcsher Solentifis Cow ( Ua 8 4e )
reopectivaly, -

@:3,3%’11?,&3&@ the eonductivity

Applydng the usuel proccdures

sondwich celly wers prepared 4n ade by putting about § mgs of the



a7

rdcorduating noterdals ob o ¢loan stainiess steol ﬁﬁﬁ- eleotrode

surface i safe Ligut illmmirotion. Two tefion spacorss @ mils

{ Q005 on ) thidky vere positioned noar the eiges of the
glectrefey abd the povdered erystels were flattoned by gently
potating the coplucting glass slestrode with the conducting side
in contact with the speoimen, Yhe toflon gpacors maintained the

poncrabion bebuend the ol m‘:ﬁmﬁam Tus spping clips were fixed
ab o modorate pessurs m tha m'm« 6F the olsatrodes in ovdor to
mointalin the ganduich ooll. '

21 gebeup ( Pig, 2.1 ) for the studies of
36238

The experinent
ammﬁ%ﬁm%&ﬁw % @mgzmr o m%& of fogarberg @%: a1”
' fw mx&%@sﬂi@m @z@%ﬁ wore g:‘! aned in 2 eststaetivity chambey made of
‘brass and fashioned enSively with tefion, ( ali tho olectsieal
& yarts wepe also of taflon ). The stalaless ateol

surfoes LTealag
sloctrade vas placed on o thémmel coppor har plabfors in m@d
thermal contact m%msa@u thermal puste and thus the temporoture
5% the esll could he controlied from oub side, 4 des. voltoge |
of 22,5 volls fren dry Botteries vas applied asross the cells,
There vis o zos inlet and an out~1 &t o the chomber for gas
sdsorpbion study ard an mmﬁg@ﬁm% i‘w «a@mzaamﬁg- tho oub-let

with a gietion pump. The obhauwbep stmosphore sould cdronl i&f‘;ﬁ
freoly through the spposite epon sides of the sanduich cell,



FIGTHE & 2,4

i 8 ‘ - Gross 5% ~ stoinless steel .
Cg -coobngboth T - leflon T b
CCT- colowm chioride trap TB - thermal bor

- conductivity aloss - TC - thermocouple
e Y S . Conductivity chomber

F M - flow meter
. MY - heahng tape
", RJB-referencejunction FMm

C'G\ qugmtg%’z o .

SC i -
. cweth . S - 554 .
; 5¢C - somple celf -
SC - somple ce e
o b
i t
RolenhiG ~ .
mefer
Const. ie‘mp.- .
beth - "
. A
) L T
: ' /- T 225V
Nitrogen ) _ ) " £a
) gos _ . - Electrometer . gotiery

4 schepatic diagren of the sppabatus uoed to gtudy the
sftects of the adscrdbed vapours on the confuctivity of thé
nitposromtie semiconductors,



Sorperaturs measuronents vers made using o cuppor-constanbas
thormosaple atiached ob the top of the metal clostrede and o
udlivoit potenticnetor of Toghniwsl Brothers Peb, T, & Ex&m,
The senientduction cureents wars monstred with an @&e@%ﬂ%@tw
asplifist ¢4 G158 of the Tisclronic Corporaidon of Indis Il In
opdey to olinisabo the effucte of oxygeny wster vapour or any
othey vepours or giscs adesrbod by the sample befove eeperimont,
the chmiber wap heroighly fiuehed with dry nitropsn gas oid the
sumblo was thoa &i;@fa fopeateld bepbing apd cooiing troeutoents in
‘nitrogon stoospliord over the tempersture rohige %o be studied.

To puss variows vepours inslde tho chanmbor, 4y nitrogen gas

yas used as o caprior whieh wos Passod throngh o LURLer contaie
ning tho orgonle 1iuid heph nt o ponived tempovsture to medntain
s fized purblel vapour prossuve less than the gatuwratien wapour
pressure ab swnple coll bemparatures. For desorstion ﬁﬁﬁ&mﬁ &y
mitrogen gas wis allowed $o pase divestly theough the chaber, The
measarensnt of dark cwrrants ot o constant op AAffarent coll
temperatures was cavriel out miintoining the celle in ndfrogen;
vaouum oy diffevent aonbienk uﬁwmmwm wﬁsﬁwﬁi% t6 the enpers

mantal ’mcmimmt&



CHAPIER » 3

ADIORPEION AND DESORSTION PROGEOSES IN SOMB

MITADAROMATIC STMICONDICRORSVAPOUR SYSTINS s

VAPODR PAEISURS DIPLEDIMGE 4Wb KINERIC
ATALYSLS

1w

u&mx@;ﬂ,m?z of chomical vapours oF guses produces 2 protounded

inevease in the genleonfuchlion surcents of hoth mwmaﬁm +119-126

and %w‘mﬁ%ﬁéwwmg golfdee T4 has boon chamree §6+307, 119 382
that the sordoetivity change is generally voversidlo f.e. the
origiosl voous or sitrogen atmosphere valuus are obtsinsd by
gently pumping tho condustivity chhubor o2 cirply ﬁsr‘ flashing the
chatbor by dry nitvogen, Ihis inplies that the gas or vapour
molocules are Dhund $o the suelfaesd of senlconductor moleculaes by
weak c¢otpling é’ﬁgm@gﬁ%
. efficlently reversible or the originel value fs not even regalned,
gtyong hound complowos oo ﬁ@ﬂﬁﬁﬁg, in mzy&%ﬁﬁ‘%’? 128 GABOPDw
tion ol dogorption hinotie w&aly@%w ghowe that the weskly hound

. In some onses, when the process i rot

é@?.aplwfm ave Porned and the cdsorption and dogorplion is &

touoestage provess!
N

toginshy - feidovich ( B - & ) equation P77 in @ moddfled
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form wou applied $o interproto the mém data 4% coges of
L : - 1197 .
hydration of i@ﬁ*ﬁ%ﬁ%ﬁﬁsmﬁ adsorption of guges on [5 - @wmﬁmﬁw

13443088

apd sope linesr long oheln polyetos, which may be vritten

Wiy, = A em [~pw/RY] €22

vhers 4 abd (3 ave constusts at o perticulor pressure. The
dovivation of & » 3 couation assimes thal the vote of odsarption
possesess an soblvation snergy whiah ineposses Linecrly willh the
grotnt of tho adaorbed gop o vapour. It has alse boon shown with
n good deogrer of covteinby ¥hast ob o constont tepporaturs and
fop lower peroanbuge of gas ﬁé%ﬁ‘g}ﬁ%ﬁﬁy confuctivity lncrogses
exponentislily with the auaunt adsorbod,

1t appoars Hhat the hipptie gtudion eon throu much Light on
the naturs of mﬁ@mﬁﬁﬁw and also on the %ﬁﬁﬁ@aﬁ involved durdng
sAsorption snd desorption of vapours on the senicondnctor, We
have exanined the adsorption and desorptlon hinetfes in o mamber
of nitronramatie sesdcondustor-vepoan syetomng and Pound that
along with o gencpal twe sbago procoss 4n o
adesrpidon a differont thyree stogs procoss Lg aled operative,

ne eadts of Yapour

in this chapber, ve prosent our rogulis followed by dis-
encolons on how the conduetivity deperdo oh the prossars of the
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aflgorbod wmw; the valldity of R » 4 ogustion amd Pinglly

on tho poesible models for adsorptioh proconses.

Tho offects of odoovpiion of & sorion of vapouwrs vers aﬁtmicﬁ
in the Gpual tabhel ag Qesordbed in the provious chapber, The
ﬁammc& eell vag tenperature-cyelod and dey nilvopsh gas wos
allowod Lo pasg through the chanber %o deporh ahy vanour oF gas
adaorbed by the savple prior to the eyperiment. The cell wes then
tapt b o constand temperature and the flow of the carrier gngy
dry nitrogen, wss maladnined through the bubbler containing the
reagent 1iguld at o constant tefpovasinre to attain o reguived
vapour pressuro, aftor a chort pulee, whon the povdersd somple
storted sdaorbine the vapsuy £ron ‘%.%:a@ chabbor atmbaphers, the
current inoresges am £imnily attalng o saturstion value ofter
pone time in most of the vapour « sewiconduetor systens, In some
aegog, tho suprent ethansomont wisg by sevoeral ordeprs of mugnitude,
- The vesalt of such o memwe%mm for vapour sdsorption in
fenttroanthracopey lyd-dindtronphithalone, 1,3,5-teinltrobonzenes
Zenitrofiuopanyy Q=g Be and pe pitvsbonsoie seids ds ahoun in
i?':%-g; 8.1 & 8,7, whon the chunber wvap flushed with doy mitrogon gos,
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PIGURE & 3,1

5

TIME <mm> |
a:zhanm :w Aok cursrant 1n o gnn&tmamhm&eam Mw
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earlzan%etmmlwm vapour ol T2.5 03 FreBSUrS.
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DARK CURRENT@m)

| o
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o o TIME (mm) ) '
he u..x;mg;a A dowl oupy *mi; :‘;ﬁ 3 ly amﬁ%z&%%ﬁmﬁ%m@m
povder eoll kept ob £8°% with (o) adgorption and (b)) desovption

of metharol vepour ot 71,0 mn pPescuTe,
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The ehones in dsek current dn o Cenitpobebsoic sefd powder
ool kop at 26°C vith {a) adsorpbion und (b) desorption of sthyl-
acetate vapour ot 18,2 WD Prossure.
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The chantge &n depk amxm% in & mnitmhmm anid mﬂdw

cell kept ab 25% with f&) adsorpbion end (b) desorptisn of
~ sthylacatate vapour at | 85,3 om pressure,
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the vepous damﬁ%‘gﬂ fyom tho azrystfzfui%a surfnees ard the current
poncs back to the 1sitisl value, Thagse wre ﬁxwﬁ by the portion (b)
of the curves, The arrow inticstes the timo when desorption starts,
gnch odsorption and desofption curves weore obtuined with other
 yapours also, adg6rption and desorption of vapours h-Boxansy
eyclohemne; envbontotyachloride, mothamsly benzone, othyl acebate
and ethonol of and frenm BnitPoanthracene; Senitrofinorene; O,

B ow and p o nitvobenzole az«cs%e:i’zzsg v&muw 5% gthatel, nethsml and
ﬁzfmmm}mm ob ak fron Tyt dinstyshophthalene opd of ethanol,
wothansly # -~ bowane sod cyelonesans on ond fpon 138, 8=trinitro-

bonsene shiow piodlae bohavicuy ag shown In Fig: 3.1 « 3%

Put with corbalin vapour on 1,48 adnityomphthalens and

igagﬁwf}m@i@wﬁmﬁmrzﬁ such & saturabion value was not Zooched

- ahd only 4 ﬁw‘m o veach 2 suburabion wolue was obgorved in o
long-tims region as ghown 31 Pigs 3.8 ol 5.8. phen the chember
was flushod with dey sdbvopen the inltiad velue wae nob attained
aven aftor jﬁ@jmifz‘{i%s@ &&m@yﬁm’ and desorpbion #&&wss gindlar
to that shown 1o Plgurs 2,8 and 3,0 ave obiained for ethylasetate,
bonzengy carbontebrachlovide and tehorane adsorption on 3, ¢ =
dinttrsnapnthalons and for othylacetabs, bencens, curbonteirachlow
#dde, toluene, nehoptane und methyl-cyolohémsne sdsorption on
153, 8=trinitrobonenc, |
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saturstion derk eurrent velue 45 seon at long time reglon J.
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PICHRE = 3,0

g,w;

0.

_ T!ME ( fmn) _ ‘
¥ha ghange in fark am&n& m o 1,35wﬁmn§,ﬁmm@amm g@e&w
el kopt ot &2 2% with (&) am@wfmy%m otd (D) ﬁ@sﬁzpﬁim z»i’
sihiglacetate vapouy ah égé{é 21 prgesire { o fpend to vonsh &
saturation duyk cursent volue in gien ob long tlme Togisn Y.

v



The saburction walue of curront in a vapouregeniconduchos
asyaton ubfey puvrtioular umpovimental condition deponds on the
yapusr pregmrs of the roagest Mgeld snd ob the coll tesperatirey
the tive o aftoln this sbeady siste valus belng depondaent on
thn fiow fobe, /

T gebsitividy ap mam@éz oy :: /04' b welines for addopps
tion of various vapoirs on She surfaces of 43 éfewm nitvoararstio
mepdcondustors oy simmarlaed In teblos 8.1 (2} and (b}, where

c-/?i‘a
sdeorpbion and 07 s that bofors adgorptlon. Yho stmeitivity

is thae 5@@@%‘%@ ponientivity &t soburation afoer vapour

danovds on the ohendsal sabuve of the adsorhed palostlosg,

Tha magndtede of the curront ephanconent ab a conotant cell
Cupporature vea studlod ag o funcifon of partial progeure of the

Y,

41T e vartizl pressuve of the %'@m&‘" :m

e

ﬂf{%ﬁﬁﬁm in the ok
the charbéy was vwaricd Es*sf sonnping the temperaturs: of %ﬁm

Poagent cheodesl 40 the bubbler theroush which ths aw nikrogen

gog was pagesd and ol ints the sonduetivity chanbef, st g conetant
oy retop the portial pressure of the resgond mmm PapoIr

in the chavher shvopphore vag peoportionel Yo the vepolr prossufe
of the iiculd ab tho tevpopsture 1% wos RHepb. The 53%%@3? stabe



Rise in the derk current in the povler cells of

soma nitrosremstie senteonductors st 0270 on
afisorpbion of voprions vapours ot the same prassure (p)
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suveent { L0, the gaturation cuprant ) wos noted for diffevent
VOROUY pressures, The Kineotic dota for thoe datk courrenit erhunog-
nent for othyl-asotate vapour sdaorption ot different vapour

prassuTes wore algy recorded,

19 Senduetiviiy on yariour prassirs

. Tho vige in aonduelivitr of the ndtroavopatic gemicontuastors
i

vee stiied o8 o funebion of the pordial pressure of a vepsur at

g donstant saplo teamporabuls.

A% eongtant flov ool ¢onglant vapour prossire, the comductivity
aftor adsorption 6‘“ﬁ£ff:) £allowe a rolation

i

o7 (@) = o7, eEp L X m ) ( 3411 )

wherg ' ' is g donstant sid mt iz the cuount of vapour

It ig sosused that ot depoids on the pebtlal pressure (P)
of the rosgent chemiesl and in tho duitial périod, ales.on the
tine of eupomure, After some bLime, howevor, an oguilibeiun ig
@m%ami:s&m&@ This, ve agaum 1395283-135y 347 4104 tn the ingtind



reglon
wm { g; 3 L {t)ep ¢ 512 )

- wheve ¢ (4 is o funchion of bime,
A% ogudlibvium,

Qg:, W éﬁ%& » P ' £ 8,18 )

\ |

whers §, Bow bocones fndepondent of tive, Thie i expocted from
y N yary o .

tangraicte adporption immwﬁ % when o shall frastion of

the garfoce i coveved by the gos o vapour moleoules. Substifute

dng eguation ( 8,328 % 4o egualfon { S.11 3, we got s

o [me] = o3 exple. RUE-PT (5,59

and ot eguilibrium,

e (M) = o exp (X- R P) (3,19

4 plot of Jog o, { 8, ) or logarithm of the snturablon aureent

ves D ot eguilibrdes is sxpectel o bo iineny from equation (3,187,
I Plgie 3430 aml 3,11, ve show guch plate of thé logupithm

of the saturation duvlk current egainat the vapser pressuze (D )

st ogalifbedun 4f the adsorpbion kimetice are of the fype shown
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e ¢hange in dail ourrent of (1) "%Mﬂnmmm* thalono,
wi‘e b PX: ,@«-&rmﬁm&&mw& and {3} Bunids »}mmaam mﬁ@m eells
at & congtant es1% ﬁmmmm at @% 58.2 mmms of the vapour

W@aaw;‘a o maﬁmzwi.




FIGUEE » 2,32

| DARK CURRENT (ampy - *

g

~ %he fﬁ‘mng& An maturation furd ame% of c&‘,& ﬁ«zmmzmuzme,
| {2) x--;‘_“mmm@w sedds (33 m%ﬁmmg&m 2edd uid ié%} Bendtooe
baﬁg&iﬁ acdd powder ¢ollin gt & mmhm o1l %mmm%aw f:w
a ;ﬁ?&m@;‘sm of the vapour penssure of ﬁﬁhﬁ acetate,




An Flgss Q1 « 8,7, Folrly good %m;&giz% Yines ape obbained,

the slopes of theps lnes { < %, } is the meucare of the

strongth of intdraction botwosn the vapour moleeglos am e
gondconduslors, The values of o< §, for different vapour -
soniosnioctsr paire are m?%zmi;@% in table 8.8 to pauge the
ralative strength of interoscbion, The linosy plobts { Pigsy 3420
and 3,11 3 suggest the zpplleability of tho Langruists adsorption
Lastherin for smalil frackion of surfous mvmcwe in these wsses of

vapour adoorplion,

o apder o test vheterthe cdeorption obl desorption kinsticy
follov the Roginghy 2oldovich cquabion, lob me integrate oguation
{ 3.3 } glving &

m{e) = iog ( £ t, } ¢ eonsty, (3.21)

&

prom equutions { 3,31 ) and ( 3,23 ), vwe gob ¢

log o, *® XBT 20 ¢ &+ by 3 + consty 3,82 )

e

ginilarlys & suftadle oguation for degorsiien hinetios may

o glven by 3 , _
T . w
log OJ;&'&? £ wdk* LO0g {t = ﬁbﬁ} } @+ pongt, { D50 3
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4

Thuipy for ohy mm%mmy chisgen b, or tf, Lincay ploba &f
1@5;" o-“ vas 0 { B+ By } for odsorption and log 6"& Ve
iog € s + ¢ ) for dogorption ars suggestsd in the fnitial roglon
of adgorplion and dosorption Poupuetivoly,

Figares .18 = 3,20 chow suchi  » ¢ plots for ﬁ%%%@?}gﬁ@ﬁ%ﬁ
wherean rigs 3.0 = 3,00 poprogzent the gote plots for desvrption
Einstie dete, The time drddeited in the abgodsen is the tine
moamired fyom the .iﬁ;’;ﬁ stion of aiigoppbion or degsrpbion.

& = % plota xaaff the kinetic duta ghow thabt im tho initial
Peplon of aﬁmmﬁm and degorption the glopas of tho ourveg ot
d4fferent vanour wé&é‘&%@ avy diffevent, Tals shove the gwasmm
depetddnes of @ Gagl p + The hicher the partial CGapour ﬁ%@ssag%
the bigher is the glope, The valusg of BA L =P ¥ amd {év/o( {&= (3 }
have boon gatinetdd from the amg&mi The wariation e&%’ " and [A
maty 4 bable 8,8. nike @ [5 ' also
 decvenses with incressing vapour wwmﬁm Fop aby perticuiny

#ith VvopolEr prossline od

progours of aublent vapour, @*‘ in lavgor thah p’

Tt i&aﬁ‘&@ﬁz of Digdhe 3,19, 580, 9.20 and 2,89 irdicotes
 that 4o the Yomp Bime vegion the -g&mﬁrmmﬂmz poinkn 40 8 = 3

plots siow oxcollent libearlity with s 4ifferent slopo thuah tho ots i
in the ghovt tive reglon, This is ﬂ&fmﬁmﬁ feom that @hﬁ@wﬁ

in Fioe, 8.32 » S18 and 8,81 -~ 3,87 vhers in the long time replion,

i
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Tao 1 = % plot of the kintis data o difgerent vapour
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fhe 8 & 0 plot of degovpbion inatie dots at dirfevent
Yapour propsures for mothsnel vepour descppbion from
1y4-a4nitronaphthalena, '
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Tho &t = 2 plot of desorption kinetic deta at different
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vapour presstres for othyl scetste vaw’sﬁ: &@sﬁr@ﬁmm Cron
penibrohonzolo seld,
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The B = B plot of desorpticn kinetde dabts ot Jifferent
Yapolty preusires for &thyl acetate ﬁagxmy @aéavp‘ﬁimn from
lyGedinitronsphithalens, { Showlng two roglon Lingority belove
rasching indtdnl wmucﬁiv&w vgzim 3
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:igqswmwzv‘ﬁ%.'We:za:;fw@m, (ohiowing tws region linserlty beofore
peaching initial couductivity value )



Yopour presours dependence of the factors {b' ead (3*'
for @ifferent nitvouaromatie soniconductors on adsolpe
tion anml desoepiion of Pesppotive vapours.
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soturation Lo ropshed soon afbor $ho chort $4me roglon lingasity
is comploted, This suggests thot B » 4 sguatilons s

/g, = A- esp (= M/ RT ) and
_ — = Ko
gy =-3° e (» LW Ry

%éit«%z g differant activation anorgy and pre-ouponential constant
are alss applicable in fho long tins roglon, Such lineswity in
the 8 = % plots dn ths lotlg %ioe popisn have besh obiaisncd fou
adsoyption anl dagerption of othilacotate, bonnene aund sarbontotine
enlovide vaponr on and ool 3,8,0-trinitvobonzans and 1,4 dinitros
sophthaleng, The sotivation sngrplics of adgorption { (5" } and
dgogorption { " ¥ hove been evalusted frow the slopes of

seeh iinsg in the long time voglon; In table 3.2, the valves of o
amd g, e" am p*" arw presentes for ethyloestats vapour
adeorption at difforont vepsiy prossurs, It is poted et for ony
particular prossure of ambiont vapsur (5*' > p and (3* N (3 "

,. o L 3a0
There are numboy of differsnt troatmentes e

for the R » 2
aguation, 4 siaple two stage process alfbter Wioy and Lesile ag
shoun. in Pig. 8,50 seans quito setinfactory £OU vapour-gemieolie

duetor palr vhers the vopsiw sdsarption spiuretion ig guiekiy



vapsur presgure depemience of the factors p | B

ard p*' | o*'" gor adgorption and desorption kinsties
raspectivaly in cuse of ethyl accotote vapour adsorption

e

o' % m?* @*x:&;“‘ fa zmg

- Harviconductor @&ﬁw (3 ( fes
vl

prasoue (WB
{r)

| 70 BeB0 6412 2385 0 23.064
1yd=dinitpos 42,1 | LOT® 618 2,009 18.52
naphthalens 0.0 1,668 BT3¢ LTI 18.87
60,8 2,082 56,206 L3111 13,76

HRE LTI 5,410 1418 6,451
49,8 0071 B.277 L3869 5.808
BRSO e, 5.8 Geon Guddo
86,6 0,612 5.191 0,780

- benzens -
Gi.4 0485 2,088  0.600 6,812




TIGUEE = 8,50

| o m‘-—-m-- Ads{)rpt;oﬂ
. . ——> Desorption

 POTENTIAL ENERGY (eV) -

.. Second ‘sta_g?é;e.e ) f?s*st stagﬁé

- REACTION PATH -

. The potentisl energy curves for "two stage™ vapour ndsoyption
explalndag the & = & plots ( Pigas 3,12 < 8418 and 383 » 3487 da
Eiég "3 and ﬁfi are activation srergles of desorption in order of

ireyersing pressurey 51%3511;93,? E*aa are aaﬁivatzw amrgzaf *m*
aﬁ%ﬁmﬁwxx,



«@m@h@ﬁ m tha ﬁm}ﬁ%‘p@i@ﬁ is qmi@k snd @mgam% { ﬁﬁg?&; B 127 }s
R L3 pints In %ﬁ’ﬁi LRSOH o not f&w smy mepsureble slagw in the

- long time *gig:wm In the fivat stage, o m;ﬁsﬁm vunior Haalst
ﬁﬁ%ﬁ@%ﬁﬁﬁz on tha @%ﬂ?@tﬁ» 1 mzﬂ’* e¢ pives o Leomnard-Jones mﬁérmmz
‘anerey curdd waieh ie aesamed to doperd on the frogbion of surfoce
4 awwagm This sbope 35 m&iﬁm:afi by & Rate &@E@mﬁiﬁﬁﬁg trangition

| over u pote sxﬁ.’szﬁ shovgy @ﬁwz@r &6 the Piml stapé of adsoyption
Porning ‘&W&i@? Botingd a@ﬁf@mx% batuesn tho! %};mw prlegiles and
the nitvearoratie gﬁ;&ﬁ@mm%* the bagrier. i;a- Poriwd by the
%ﬁ%ﬁ?maﬁéﬁ of the tuo w&m&iﬁ% éﬁ@?ﬁ*’? curves, ad woPe molemales
got physiesily sfsorbed ( vonder wnalet )y o mpa sive irteraotion
Hetvesh the dipoles will ratss the potential enorgy curve for the
fivst stago thercby lovering the barider helght giving deeressing
aetivation saergy of sdoorption with ircreasing vopoupy prossura,
A8 the gurface covarage of the mooond stage Tises, this potestial
4&&?—1@3}@? ourve alss rioes m&&x%mﬁ in 2oweping of @m@wﬁi@%
-@%ﬁ&aﬁmﬁ anerny with ineressing pressures The r&é@&%‘i i;:;-&égs second
gtage curve ds such thut s oiodons of this curve fa aimﬁ?@r ab -
lowar enerpy thon the sialmn of the firat gshagiay the onurgy.
ﬁii‘ﬁ'ﬁi‘@ﬁ@ﬁ betuesn these two nintma d@smmmﬁ with %tm@am in

s - vwm‘a‘ @?Pﬁ‘%x&?ﬁg

:m other cases of vapour ﬁﬁﬁmﬁ@ti@ﬂ { 1tLe %@m. 3.2‘1 ol
1’5,@ 3 an z;;ﬁ&i%&mi shags af‘ &&s&mtﬁm L émg&a mﬁ by the gsecond
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idnocar R « 4 plot fu the long time mgi@m { Pigss 23104 828,

8,58 ofd D2 ). A tronsition dvor thic second potontial bavpler
ogenrs and the vapour molooulos peb stwongly bouwd to the surfuce
mméﬂm of the nitroavemalic evyotallites, The messured values

of " sud "' are silghtly largor then p’ and e . 1t gs

Dot possible o gupgest 4F this meogns a hlgher potential enepay
barrior in the third stege adsorplion than the secord stage |
adgorpiion se thave cfe no informgtions abogt the values of o and
<’ ¢ < Beirg the value é&‘é? 4 goverd slage é‘&*ﬁwm%@ﬁ hotiesh
vpponr abd the sorfosce woletules of the semloonduetor ). The thipd
gtage of pdacrption gﬁaﬁmﬁﬁ;&i 48 poosibly sller g o<’ i expected
to have o Eller voluc, H0eR 48 o 2 o s Boltsoaun feotopr fop
 erosaing the barrior on the left of the socond stage potentlal well
wiil o spproximately sydal to that ob 4hoe pight oo the diffsrence
in e bureier heights 1s inslgnifiecont. Hoyever,; cobplderlng the
fact that the sbtrouply bound ecopleses are mot cozily Jdoszorbed as
are the veplkly bound complexvy in the tuo staege processy it seos |
ied gtoge 46 doops 4 rdel diagram »

that the potontiol well in the
Por three stage sdeopptlion procsss iy shown in Pig. 381, The
dosorptisn sctivation enesgy from the thind stage, as shown 4n
table 8,4y sooms o M@ymﬁmﬁ of TApOUY DPGOEUTe, SSrODLLY
bound eonplexes bBohave nove 1ike & chowisal ;amﬁm { though the
pinding @ﬁ@ﬁg’? i w*fy mueh less ) and o corbaln anount of obergy
iz roguived to Lroal the bond, 0" @y the activetion eaopgy for



FICORE « 831

<t Adsorpt o.n
> Desorpion

N
\ . ?ﬁ;
51

V)

| Potential energy eV )

g U,
Taird stage Second stage  First stage

Reaction path

The potential enorgy eurves for "threo stage® wvapour aﬁﬁmvgﬁi@ﬁ explaiaing tho two vegion
linosrity in the R«3 plots (Pigs. 3.19, 5.20 and 3,83, 8.20). Bye @,%3, E§ atd Edy . B2y o Boy are
_th;e- activation energles of adsorption in erdep of inereaging preseure In the ond ém& 3rd sbags

Tespeetively. Ez's ave the activation ensrgles of decorption.
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ﬂmm@mmﬁ fyon thivd stege shonld, apardt foonm a ﬁm}.i gxﬁ;mp&
Tactor be equal o tho binding onsrgy of the v@mmﬁ surfano
molecular comploz. It hos oot beeh pogsible 4o ostimabe the binding
anergy Yecause tho experinentsz do ot provide any mperics) volaeg
wf o< amd </,

\

The adgorpiion of vapdurs iﬂ@&méﬁ the ssnlconduchion
surront of the stbrossostubic semicomduotols, Tha :xﬁ;%@rg%i@é and
dugoeption kingtics follou the wmodifled doglinsky « éﬁgmﬂ«;ic%x
asquation, 4 tws stopge sdgsorption process 4o appliceble for suoh
%gzw«aﬁa@mm@mﬂzﬁ% vy systens uﬁmm the vapour zdsorpbion saturas~
tion 45 oulckly reached sed o desorption o guich and conplote,
In gone cegon, howvever, on additional stago of cdsorption iz
sugpoested by the sovond linear 3 = % plot in the long time
rogion. 4 Sransition ovey uhle socond potontisl barrier cceurs
sl the wagour polstulas pet strongly bound 4o the surface

moloeonles of the pitrosyromstiec srpyatallites,
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The pre-amponenticl fastor ( o) ) in the speyetional

definition of senieonductors has besn o @*mﬁsﬁ%‘: of mach dfscie
suions S0, 40 87 4 80,09 300

+ Rogonbave ab _,g, z:y’*ﬂ; yroposed 6, &
an i%mmﬁéaa?; fanction m thetn thyres mmg&m& corductivity

gruntion

oy B G, wmp e RT, Yo ("B RT Y ( 2.1)

tE.¢ iz the drestorietic Cenporatuie offen kuown as Yoomponsne
tion vempapsturet, o' and T, vemin Loverdent for the saes

gopotnd, The componsabion 6ffest fs Jdofingd by &w 1inoay 33@1%
tionghip of log o, ond ,.-«»-xm asckivation oanergy (8. The values

of 6y and ¥ change dn ich o pamer thed thelr effests on e
aps mut 1*;&;11%# souponsateds Joungbon and pzr@my@@ 01 weliave that
eospotnabion offent woy opigimate solaly fron the mmﬂaﬁims
ord 3t veguires o ghysieel Anberprotabion, Howevary they have
suggosted %}ﬁ@t it 6, and U ave Mﬁ’sie&my m.;,aﬁﬁfﬁg one should
got o linoar peistionshiy betueon log 0‘“ ad 8§ yielding the
aonicondective purapotors &N ngrednent wii:%a the valnes ohtained
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\
from otherd ¥OUTTHH, . f:;fr‘% fapparentt componpution gifoct, for sach
mﬁ?ﬂ;ﬁﬁuﬁm* B « wnitie, unioue volues of S5 oml 6“@ doas not
oxist and the gysban ﬁaﬁ not bo precisely definsd. In w%@
componsation effect excellent norrelatisn betveon ieg o | and o
‘ani also between Log 6T and B ave obtained, Thus, both *touet
erd tapparentt compensetion offests follow the linear log &, v8s

B relctiongaip.

1% hao boon vstablished that when § 44 changed by chenlesl
vapour of gup adserptiong *triieY compensabion effect is indead
ohoerved 4t gome polyens geniconductors und the offuct has o

payaical Boalde

| In the provisus chapbery wo ngve ghoun that dwo distiuct
sdsorpilon provssscs « one foming waakly bourd and the other
forning skrongly ‘émmxi eonplencs ehiaractovlsed by tuo crd thvee
gtage adesrption processes Tespocbively are operstdve in nilyos
spometic sendcondiuctory, In this cheptey, we present ouy rosults
and disciseiong ob the volidity of true compongution effect, its
phygical busis s its rolebionship with the adpopption and

desorption processes n nitroarstutic senisonductor-vapour gystems.

e
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The sandestduetion sotivation éﬁ@giw of tha wysﬁaﬁm@
powders of the nitvoavorniic compounds in o sandwich -e.ai.i ware
nenaured several timos 4n tho dey nitrogen atmogphere and also
Ap vacunn. 411 the measurencnts gave congistent values, The
ohaerved valilen are 2.00, 137y 1,798, 298 ond 2,53 ov (approx.)
for Snitrounthracong, l.4-dindteonaphibalone, I,3,5«tvinitro-
bonpong, S-aitvoficorens and Ce-pdtvobenesic wodd respoctively,
4n &dsﬁmﬁmﬁ of variots vapours o8 the opystallite ﬁ&ﬁ‘m@s, the
sendoonduoting corvent ia @mwﬂeﬁﬁ gyl the sotivatifon enorgy is
approciably fncressod, :

The powdered seniesudactors wore uzed in form of a sundwich

eoll to dotornine the effoct of udeorbed vapours on the sonical-

dustion gobivation eusrpy. The guiple was Piret allioued to adgord

the vapour ot o fized progoure ond come fo o stesdy stote at a
eonpbnnt souple sell tenpersture in the dhombor atnogphers
sontainibg the vapstr in altrogen, The pressure of the Yotal gas
mizture 4n the chatbor wne stmogpberic and the partlsl pressuce of

the vapour waa the saturstion vapour pressuro of the reagent

1iauld ot the taproture ot which 1B wes hepl. Doth inlet and

outiet of the churber weve thon esaied and tho value of the
satupration ecurrett wos noted with tims. The satarstisn ciryent wag
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fourd to be alrost constant for o long time indicating thet the

341,342

corduction in tho systen was ralnly oleetronic . Tae caell

was then papldly csoled to ahout « 30°%C. The chambor was then
figshed gently with doy nﬁﬁmg@ gnge The out-let of the chanker
vas kept opon ani the stuomspherie prossure vas wointpined inside
the dumnber, fhe teoperature was then slowly incresscd and the
soniconiuction cu¥rent was messursd with the incressing tmp&mfﬁum
of the aotple ¢all, The resulbs of sduorpiion of a vepour on
difforaent nltroaronatis sonlesniuctors ore ahcwn in Plos. 4. iw%e&.
m shradeht 1ine portion in the low sz‘a@amﬁﬁm repion shows the
ponteorduetive properiios of the mitroavonntics with adsorbed
vapour and tho slopes of these lines give the activation snerglos
of the vespective systems, At congidergble higher tevperaturas,
the adsorbad vapouy éﬁaﬁ:,@» ﬁ.@mrbmg and the rate of desorption
incronses with inerensing tempereture snd the aurrent boegius o
Ginindsh, Tho sbraight lias portions of the curves ab the hisher
tenperature region above the point ¢, elve the astivution enevpglies
af the 'seﬁﬁiwzﬁm@%ws' approximately the same ag that o dry
nitvogen atiosphere, The obsorved values { 1.98, 1,33, 1,78, 2.2
and 8.8 ev ) ere silghtly lousr possibly dus to iﬂa@ﬁ@mﬁa danor
péion of slaorbold vupourse Hziley curves vore also ohtadned with
portoin other vapours foroing very wexlk revesible somplexss with
thaoge oltroaromatic seplconiuctore, For the yenaiunlng vapours



Semfeonductivity 4n o methanol adsorbed Denitrosnthrscens
powler ael

1 oz o functism of tanpereture, (Anblent Yopour proseure
BD pey adsorbed af sanple Yy

4013 tonperative H20
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- Semtconduotivity in a methanol sdeorbed lyd-dinitromaphthalens
_ powller coll as a funstion of tesporstore, (smbient vapour préssure
| 80 ta, afiporbed ut wample coll tempearstive 22°¢ )



5 ondactivity in o pethensl adsorlied 1,0,8etrinitsobenzens
. pouder Soil es o fanciion of terporature, (amblent vay
6D mmy 6dgorbed at swople coll temperstare 22 ) , -
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Semteonductivity 40 o carbonteirastloride adgorbed pouder
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sendcontuctivity in o methanol adsorbed Osnitvobsnsole seld
powder o801 oz  fonehlon of terpevsture.(imbient vepouy preswars

50 oy pdsorhed ot ssmple osll tomperatuse 2% 5




thnt are found to forn some sopt of ateong ovmplexes { as deseribed
in tho previous chapter ), the current does net return to the |
inltial value at the point € apd the aotivation enhergy in the
higher temperature rogion is not equal to tho vacuum / dry nitrogen
sotivation anergy value m?ﬁmwﬁ in Plgs, 4.6 and 4,7 for ethyl
acetote vapour adgorption on 1,4-dinilronaphthalone and 1,3,5-tvi-
nitrobonrenc, Por %niﬁmaﬂfsﬁwmam; 2 - pitvofitorens and O-nitzo-
bengole géidy vapours of eothunol, methanol, ethylacetates curbon
tetoachloride, benzene and nehexane; fov lyd-dinitronaputhalone
that of othnnol, methensl and cyclohoxane and £o7 1;38-trinttroe
benmens vapours of othanoly nethansl, cyelohessne ynfd h-hegans
were found to form youk reversible comploxes apd the eurves are
sintiar o that I Pigs. 4ol » 4.5

The effect of adsorptioh of different vepouzs on the
sosdeonduetion sebivation aporpy oF these pitroarorsbic coppoubds
has Desk made in the Geial menter afbar afgorbing diffarert vapours
at o £ixed partdsl vopour pressure maintaining the satwmle ooll ot
a ponstant teupevalure, In Figﬁ; 8,8 » 4 My plots of log )
va, /T for differont nitvoavomallic sericonductors are showh 4in
the low tomporature reglon fop éiﬁ:‘g&‘@m vapsur sdgopption, It is
abgerved that the -mi%ivm;im grorgy values ave aifferont for
difforent wapour odsgorption, siam?&mm yapours forning weak reveps
M,’iéfm complores chabge the setivotion energles of the nitrospomatiles
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semiconductivity in a 1,4-dinitronaphthalene powder cell s

{steady state condition) with the adsorption of different vapours )
at the camy wvapour pressure {( 30 qn ) and abt a sample cell tempela-
ture of 22°2, Zolid lines represent tempszrature rsglon of mesgurs-
ments, broazien llpes are eitrapolations. Hach line corvesponds to [/
a specific vapour adsorbed state 3 1, athancl, 2. methanol and ;
3. cyeclohexane, ( refer table 4.1, 4.4 ) /e
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Semiconductivity iu a 1,3,%-trinitrobenzene powder cell
{ steady stats condition)with the adscrption of different vapours
at the sams vapour pressure { 60 mn ) and at a gample cell tompes
. rature of 23%C. Folid lines rapresent temperature region of -
measurements, broaken lines are extrapolstions, Each line corres-
; ponds to a spscific vapour adsorbed state : Vapours ars 1. athanol
2+ Dehexans 3, cyclohesans and 4. methancl. ( Refer Table 4.1, 4.5 )
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%{mﬁmzﬁm‘ei@& :&si m&mﬁ&@wm mwﬁez* asll maay‘
ptate cordition } wi%& the sdgopstion of the some amonnt of
difreront vapsurs { solid lines vepresent tww&%ﬁm ragion
of moamupenent and brosken 1ines ave eztrapolalisons ) Such line
pefars 6 o 8 @@@iﬁ& Vs m? adsorbed state ¢ Vapours are
1, athotinly S, ﬁ%agzae@ % b wmmé 4, caphontstyschloride

and 5, m@mm, mfaxs Rms %1, p-X
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{steady stale condition) with the aﬂmrwatm of the gane anount
8¢ different vapours {golld linos mp%sm& tompereture region.
of measurenent ond broalien lines are exbre polstions ) Bach iine
rofers to o amifits vabohr adeosrbed state 3 Vapours ore

1. othyl acatate, &, athanol i Ze amtizamxs e mrmm%rachiarma

- and 8, nnhmm‘ { Rofer Tablep “ﬁaig 27
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semjeonductivity in o 3 Aéﬁm@mmghmﬂm&m; ¥ ool
{steady state condition) %95 the adsarption of 4ifferent vapours
at the sape premsire ( £0 mn ) and ot sanple coll temperaturs of -
22°C. Bach line vefevs to o speelfic vepcur sdeorbed stote : :
Bthyl acotate (sewy 0 = 1,67 o 3§ - S
Carbolibotvacnlioride («xwy T w 1,25 o )y
hefloxnng {=owy B & 8,00 ¢ )} |
Daneoie { wA=y B = 1,80 v ) "
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o8 shown 40 Plgoe 6.8 = 4,18 vheross those gliving slrong compicses
pradues the type of astivotion onovgy chahge oo ghoun in Ples 4.1

et iced LLP AP

DeB

To study the Qependenes of tha aetivation SHEYRY changs o
the apount of o parkienloey vopsur adsorbed in o sample colly
mosgurosents wers done by repented haating, partislily desorbing
and cooling cyoleg, In Figse: €.15 » 4+19 plots of log 6 ov log I,
vie 1/T for sdsoppiion of different avounts of o wepour on
Denitrounthracene, ly4-Ginitronsphiiialensy 1y3,0-trinitrobohrens,
Denttrofinerons ond O-nitrobeneois nedd ave shewn, The zlopes of
the stralghd lines decronse with decressing amounts of the adsorbed
vupour, Thusy the valte of the activotion onergy decrsases in o
pogulary ﬁzﬂmﬁ‘hﬂiﬁ faghlon ng Lord %m&m dagovbe from the ganpla.
Alsoy uober of other vapours thot are found %o form weslk eouploxss
with thess sitposroradic sedoopduckars produes o similor chuenge
in activation eheyey value with Yo -aa;&ﬁ@m; of those vapouss
adsorbed, 4 set of srprozimately pavallel straight lines iz obagre
wed 4n tas loy tooperature reglon for log 6~ vEs 1/ plots for
| d4ffervent amourts of athylocetate adsorption on 144 diniironaphe

thalene and 1,3,8=trindtrobonsain as shows in Figs. 4.20 and 4,21
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i:sta&éi? state coniition) with the adgovption of Qifferent amounta
M‘ mmzml gafm Zolid Jines veprogent the temporatups @mﬁm

broaken 1inow ové sxivapoiubions; The 1ibes

@)w(ﬁ)w ?réza Bl atama with the ﬁwrmsms amsund fﬂﬁ‘ &ﬁa@hwl
%géaﬁra { Refer fffgmea 4«% 48 ) _ |
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, serdesndaetivity date for 1gdedinitvonaphtnalone powder call
{ateadly sbate condition) with the adsorption of different amounts
of sthanol vapous, Uolid lines seprossnt the tomporaturd reglon
of measuvemetts, brogken lines are artrapoistions, The lines -

£33 => {4) refer 4o the stales with the decreusing amoant 04
sdenthed vopamy, { Befar Tables 4.1y 4.9 )
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- seofconductivity dats for 3,8,8«trinitrobonzone powder eell
{atoady state condition) with the sdgorption of difToront ansunts
nf ethano) vapour, Yolid lines repyesent tho teuperatuye region
of fneasurementy brosken lines aye ezbrapolations. The iines :
{13 {S) pefor to the states with the decressing awount of
zdzorbed waponry ( Befsr Tablos 4.1 ani 4410 )
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. Sesiconduetivity dats for Zwnltvofiupdens powder cell
(gtosdy shate corditlon) with adsorption of different amount of
ethylncetate vapsur, Solld linse veprasent the temperaturs veglon
- of menguprdnent, broawsn lines ers exbrapolstionsy The lings
- (1) =>£4) vefer 5 the states with decrossing smouat of sdzsorbed
vapour, ( Refer Tables 4.1y 4e21 ) - ;
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senleonductivity date fop Cunitrshenzole acid povder eell
{stendy state cobdition) vith sdoorption of difforent amousih
af ethylncetate vgpour, 56184 Lines veprssent the temperoburs
roglion of voosiravent, broslen lines are extrapolatinns. The
iings (1) (4) velnr Yo the astates wilh decreasing apoont of
nicorbed vapour, { Defer Tables 4,71 and 4,18 ) ‘
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- Bemdconduchtivity dota fop Jyd-Ginitvonsphthalens powder cell
{atoady stote condition) wlth the adgorption of difleront swounts
af othyl acetabe vapour, The Llingg (1) (6) rofer Lo the gtutes
- with the decrsasing amount of adgorbe@ vapour. The T - valuss are
1) .87 ovy (2) 3,08 avs (B) 1.67 avy (4) 170 ovy (8} 1.8 wev,
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- genboonductivity dota fov Jel.b-trinitrobonsene powier cell
{atondy atate conditlon) with the adzorption of differant atounte
of ethyl aeetols vayour, The Zlkes (1) - {f) refor to the slatog
with the decpansing amount of adeorbed vspour, The U « values are
11) 4.83 oy (2) 400 syy (37 G080 evy {4) 4,99 gy {8) 4.9 ov,




a

sogpackively, oy in this onse of shrobg oovplevss approzinately
the gums velue of aebivatinon spevgy 4o shininagd with decreasing
wmount of ﬁz:ﬁ‘i,sz:fz"mﬁa TEPOUY, The othol vapours .8 oarboli-totrs.
citloride, bohoeng, i:mwmne@ pethyleyeloherane, n-hamsne and
nefieplane on z,wzzmﬁvam;mwamm ard capbonsbatynchlorida,
bensana, Soluensy pethyloyel chiogang abd nleplang on q,,%.mwm»
tzohennens py aﬁzﬁc@ the oame tyre of Pestilts, The shifting of
siraieht 1 "’f:?ﬁ ﬁ.ﬂ the log 0 Ve 147 plots d.0. the desreass in
the m’%@mw@ﬁ' cardnetivity values vith lssz atonnt of adsorbed
_%z@mr may he due ;m variation in the eguivalent hinkmoon of the

ghrongly bound Yapour - %m%mzsﬁamtw oaonnlan,

49 zhown in Plpo, 4,8 « «:é.g.iii‘; el 4,38 » 4,10, the exbropsla~

ted lines Lo log G- V8. /2 plots of Benltwmoanthracens, 1y4 dinde
mmmﬁmmm}g 1y38strinitrobensonoy Zenitrofinorens ond Oenitroe
benzode aeld intorcopt the ordinmato ab a wide varicties of pasitions
and they all poss thvough o single polnt of intersestion at a
tolperature YT ¢ o aepacted fron ejuation ! 1.3 7 which can alzo

he written ag
log o (2} = 2og ) + [24 = 3/7] Blge (231

&b this cowpongsabion z»&’ﬂ?@» nbure Thy the valus of 07 {8y} gives



s

volug. The values of T,0c and 67’ f5 obtolned from difforent

S log oo vg. 3P plots for the semieondneclorg studicd epre shoup

in Table 443 It ds obasrved thet the two sets of T, and o2/ g
are in good ogreoment, Dubt In cose of Pigd. 4,18, 4,14, .00 and
4.83y theo axtrapslated 1ines 4o log o va, 3T plots do not
intersest at o single point sbd thug eospensatlion beupersture T,
ig not obtained in caso of stiylscebate, bonseng, carbontetrachlo-
pide, n-homabe, tolvete and nothyleyeichexals vopour adgorption on
Lyt=linttrongphthalene and gWliylacobate, %}*ﬁ_;ﬁgf‘am, curbshitabon-
chloride, tolusho and pothyleyoloboxones vopour sdsspption on

1§3§5“ﬁ?ﬁﬁ£@@bﬁﬁﬁ%§@g
From fanetiongl dofindtion of sonicondnetor g
Dy = 6, exp { =B/ERT ) . { 2.82 )

and squatdon { 2,91 ), 4t le oxpocted that the plots of log o

m T shouid be lincer, In Plgs, 4.50 « 4,88, such plots for
Sm~pdérounthracsne, 1gd-dinitropsphthalensy 1,340-trinitrobensens,
fepitrofivorens and Cenitrobonaoic aeld ave shown, The vwalies of
T,t6 ad 63 tg ohfeined from tha slopes and inberecpts reapeow
'%iv@iy of thosoe plots for Qiffcrent nitronronstics are prosented
In Pablo 4,2 For comparison with the values obiained from different
tog 67 wva, 1T plobe, To and Ob/ mm@s‘ shbained fyom vaviouns

plats show omevllent &gmm@%i &3* Usdng the vaiues of Ty%e and o) ¥n
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The values of T,'s aml o *g obteined fropm
difforent log o Ve, 372 plots of some
pitposronatie semiconductors,

Yolus of B, (CK} obtained valuo ofe (St em )"

from the 188 o ve A obtained from the

| plots for o %65 o ¥8¢ /T plobs
- o+ ' o

genicsrdustor ;

e

sdenyption  sdsoeption odgopption  odsorption
of different of diffor~- of differ- of d4ifferant
Tapoury ot apounts  ant vaponrs omounteof a
: Cof B partls pertieniar
ouiay CEIOUY
yapous ' o

ki

;3K 1

Oepitroe L L o m
anthyracene~ 246,4 TG 1448 8 30
nAphthalene? 2854 285, 1 2,46 = 0% 199 » 1BM
altfovonmen 289.7 2890 2,64 = 8% 181210

Fiuorene

3—

L

or A | DN . - I =15
2570 sy ] 380 % AG 2,318 z 10

Genitpoe

ey 290,27 05a.8 2.6 z B° 0,87 x 105

ie Trom Flzures «,8 and 4,15 2, Urom Plgures 4,0 abd 4,16
3, Foom Plgudos 4,10 and 4,37 4. Frobm Pigures 4,33 and 4438
B, From Figutes 4,12 and 4,19
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PIOUAE « 4482 ¢ The plote of the log o, at o constaent temperalure
va, the B - valtey for (1) lyd-dinttwonaphithalens (pight and lower
geale), (2) 1,3,E-trinitrobonzenc (left and upgor sealed amwl (3)
B-nitvonnthracens (eizht apd upper seale). Tho open circleés refer
tn different vapours and tho dazi elreles to diffevent amounts of
o porbleonlar vopoulr ( 0.8 othanol ). ( Reloy Table 4,2 )



FIGUAE » 4,23

, Ihe plot of the log o, ot a congtant tedpersture vs., the ‘
L e yalueg for 2eniteofinersng, The open cirsles refer to diffovent
vapoiurs and the solid clivelos to different giwant of the sams
wapsur ( abhyl cedtote ) { Zefer Table 4.2 )



PIGURE » 4,84

The plot of log o, values voe € ab & constant temperatuze
for O-nitrobenzolc acid, The open circles reler Lo diffevent
vapours ol the golid clrelss to differvent amount of the same
vapour { othyl aestate ) { Refer Table 4.2 )




Yalues of T, and o, obteined from various log o
va, T plots of some pitroapometic semiconductors,

‘Senicoductor A Value of &7’
T, OR) (5 s em)™

i N

Pendtroanthracones £49,8 1,41 z 3078

1,4-04nityonaphthalone  956,3 1,51 x 1078
1,8s5-trinityobongenes 2618 2.51 x 20710
Ponitrofluorensss 57,6 7 x 0"

Senitpohensclc acddees A2, B 2 x @“’15

@ Prom Flgure 482
e Prom Tigare 4,88
ssr  Drom Piguro 4,24



&0 obtadnel, we huve cal mmw@ the expocted o) 'v;f@;?,ﬁ%?&éﬁ&
ﬁ@}ﬁ*@w@ﬁ thege values z:‘ﬁ*m zrporinentolly poosured valves, These
are shown in the Tobles 4,3 » 4,18 for varions pibroaromntic

seniconduobors. Thoso regiulis show that 'truet compongation offect
iz certoinly cbasyveld 3o thoeso seslcomductors wWion ¥ is chavgod
by certaln vapouy sdsoppting,

tTraet govpansablion offest ls thought to srlse from s
sxistonce of o Yimear relationship botuoen the activation enorgy

it the asbivatisn entropy of the nysben, Tt has besn pointed out
by Johnohon ond isgmﬁ,ﬁw@ that 1:&’ & trae Linesy frew shovey

éﬁ@mﬁﬁm { LWWIin ) doos hold for dark eondustion ndlcating o
physiesl relstionghiy boluson o, and By 10g o { 0y ) vée B past
also be linmeows vhers Ty ds o specifie teomperatuve. In Figs. BuZ5 =
$.87y vuch plots Qo wz?ﬁema mitroaronadic -@%&ﬁéﬁf‘iﬁtxﬁ%@?ﬁ are |
noun, The observed siope of the 1ins for esch ssniconiucter $o
ohoun in Pable 4,13 for comparision uith the clope ezpected from
enuation { 2,93 )y L. ¥ith [3/9, - 3/2] 32K, Tho veluse

of o2 ' ap obtained from the intercspt of cach log o (§) ve. B
plob :as éﬁm diown An his toblo for conpeplgion with tho valucs
ohtained fyom the Isg o we, 3T and log of v, ¥ ploty, &1L
those values chou oxecllent consistoncy. Those resulis show that
tha o) ond B ave ddsed pbysieslly peluded ond thus conflrm

the wvolidity of the compensation vale i cssoe of sdsorption of



semieorduotion soaronebors for O-nitfoanthvecsns on

sdsorption of verious vopoups nceording to sguation

¢ 2491 )

Vapouy
' &ﬁ%ﬁ,’ hﬂfi

?.3 m&*mﬁﬂmmwm
(2 k .v,@“} 3 = 2849 o™ =
= 141 2 10 =38 (R om )" “1

(o)

caloulated

oI o i RO

oy & o, eup { BA2RT, )

Bthonol 5,86
‘Bthylacetabe 4,72
Bengena D BE

Sarbontetius
shioride 3,59

Wathanol i)

8,89 1 10°7

ECEE 8o27 x 30%°

2,31 % 3092 641 x 30%

8,21 % 1048 ’ 2,08 x 10°0

* From Plgure 4.8
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semlcondugtion parapetors for 1,4-dinitronaphthalensy
on adgorption of verisug vapours cecordivg te eguation
{881 )

iﬁﬁéﬁ‘mg?‘mﬂﬁhﬁmiﬁﬁg

{ ﬁi‘?}i‘@}mi g T80 ot
Yapour : w183 % 102 ¢ ohne o 372
sdgorbed S —— iR

. ealemloted : BEaSureds
o = o' oxp (B/MT,) Y "
IR, { v~ cn )

B
tov)

Bthanel - £.92 1L.8% 2 1@3’5 ‘ T .8 x 335
Hethanod 2,59 1,90 % 303 2,86 x ot

Cyvlohezane B8 0 8860 m iﬁ? ' 5,24 ® 3»@?

T S N SN o S Ry AT KA R N O A O P
/

» Prom Pigure 4.9



&m&mz’&w&mn paranators for 1,3,9-trinitrchensone
on adgorpting of vardous vepours adeording to oguation

£ B33 3

| ()™ = 22,80 ov™
'(Ji‘éﬁﬁmﬁ‘g . 6\}'0 / . mﬁl @ 1{}“‘“1 { '@im.@m )“}. -

' palonlabod mansurads

o oy exp(T/ElE,) 5o

tev)
¢ ohmeen) ™ { ohgeen )™

s Ll R E T T

Bthanol 5,82 8,87 x 1% g0z w0
neflexune 2,32 4,39 x 109 7,37 & 1938
gyclohemme 2,88 1,00 % 0% 8635 x 1018

Hothanel 208 3,04 % 16° 2,86 1 w8

# Fyom Flpurs 4,30



Serdenuduction poronctors fof Sendtvoflusyrens on
sdaorption of varions vapsory scoording to egution

{ 2481 ) k

genitrofinorans
(255} = 22,677 ev™?

o oy w@x zﬁ“m { clmeen )™
Vapours |

adgorbed

o eateulated massureds
(&) o~ = o amn(s BI0RE ) s

[o]

(Gmaga)™ ¢ obteen y=2

S A S AN e Ao Sl " N S S T R
mthenol 0 7,80 1,02 x 30°° | 2,38 ® 10°°

Bthylacetate 4,08 50 x 1050 | 1,18 = 165

Bensene 9,78 8,60 x 00 8,00 x 0%

Corbontobrne 18

chioride 3,86 2.6 x ¥ 1,80 x 10%°

- neenone 2,84 - 2,07 x 307 1,85 = 30°

® Pron Piguve 4,11
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Senfconduction peramsters fop Ownilrebenzeie seld on
adoorption of vorions vapours asconding to eguation

¢ 2.33)

Ow=nitrobatisols asifd
(o)™t = 21,664 evd
Yapours . o 2! = oz 10" ( ohmesn )

/4

B ecalonlated Beagurods
tov) o = v, exp(a/anm,) B
{ ohmagm 3 { ohmeen 3™

Bthanol 206w 1050 - 1,43 x W05

o N - -
wethanol 401 4,00 x 100 3.1 & 20

Copbontetyas | - a8 o A6
chloride 3.3 336 & 310° 1,00 & 19

Beloxans 2,00 10108 2 3w0° 3,00 = 108

6 Poom Plpive 4,18



Semiconduction puroneters for S-nitrounthracens of
adgorption of sthonol vapour of different amounts
aecording to sguation §.21

- Benjtrosnthrasens
(‘33{?§}”1 £a, *ﬁﬁ wﬁ.}

#

A

Tigure 4,318

B saloniotod o meuFuredgs
(v} oy = o) | exp(/Rig,) o
{ ohoeen )™ { ohmecn )%

536 4,90 z 30°° 2,94 % 3697
476 8,06 x 10 1,67 x 3109
me3  3.32 % 0% S.08 x 1071
2,96 LWz p® 8455 = 10°°
Be 02 2,07 ® 1032 108 % 1033

T e

o o O

curve Ei'f;,, 1> 5 corresponds o tho decreasing amopat of
adsoitod otlinnsl vapour.
% Fiom Figite 4,15



131

semieonduction purameters for ly2-linitronsphthalshe on
adsoyption of ethannl vapour of Gifferent amonnbs according "
to aguation { £,91 3

Iydediniteonaphthalons
(2T, = 22,80 ev-i |
e = 151 3073 chmeea )™

Y]

Curve Do of

Flpure 4,16 o | ' _,
‘ ” B caleulated weasureds

(ev) O = 0, Coxp(n/2T,) ) &

2.87 9,08 x 10 . 8,09 x 10%%

2 2.8 657 % 30°  g.oe x 207
3 2,313 188 2 gﬂ? BE7 = 2(‘;?

A 1,86 9,98 % 10° 5,96 x 1%

CUrve B, 1 —»>4 corromponds b the decroaging avount of
sdgoreal athonol vepsuw,

& Tyom Tigure 4,1
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Semiconduction pavanebers for 1y3,8-trinlivobenvene on
\ﬁﬁ’ggr?tﬁ@ﬂ mg’ Q’Eiﬁs’i}mg. V&?fﬁ‘a&? f}f éifﬁ’m@ﬂt m&mg aﬁa@ﬁ.@i&g
to pyuation { 8,51 )

133 Hetriniérobonzone
(a1t = 2me0 et
R - 21075 ?m%ﬁm )3

Surve Jos of
figure G Y7

enlonlabed - @ﬁésumﬁ@
(ev) o =0 eupln/okD,) S5
{ chieom 373 { chiean )3

e |

793 3.8 2 1090 .78 x 3051
7: 1B 2,64 ¥ W05 8,90 g 10°%
@w% ‘@w&@ ® '2&3% 4 6,60 % m@ﬁ
3,85 561 m el %m 10
241 8,50 x 307 6,65 % 107

Curye To, 1 = 5 corvosponds o the decreaging avsunt of
sdgorbed othonol vapouw,

® Prom Digurs 4,17



Semiconduchbion puvameters for S-nlitreflucrens on
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9. Diseussin

”‘Wé& are rmb@r of 'ﬁw g aboul the ‘mochanien of eordaction
m srganic stolooxivetors lecding to @m%gzmgzaﬁmz& offact, The
gavpier indoction wodel \,-@f‘ wmmmﬁ oroduces the type of adfives
Slon T ﬁ&pa@@%m@% af the ure-cxpoasntinl foctor oy ohaerved
caperinontsily Wt 4% does met provide any physieal basis for the
intovpretation of T,, | ‘

Ropoty and %%@s@a;mﬁ*@%} wheerved eonponsution lae in tunneling
of sumall poluvon through woleeuley barpier fron thermelly aotivas
- tud anovey levels of solomiles, Thoir sodel prodiets that T, = 05
( wsere O io tho Debye temporature ) and that ob T T, ewail
polaton tunnailng ds nob possidie opd conpansabien afPect 4x nod
oupected Yo be sboeyved, In the present fnvestigabion, the
ﬁ%ﬁ%ﬁf&mm@ wohaviour hos Beoon ,@%ﬂéiéﬁ_m T The The eaptrde
mental Pesulte dhow that the compensation pule is velid in these
cases 2160, Porthory Debye - Lotpevature for MM& seniooniuetors
ave not knoun presisely, It hus been reported  tush the esloulas
tod voluss of tho Debye - teperatare tor o serdon of crystale of
eronatic compounds iie molinly in the yango 6f 100 « 3007R. Thus,
i1 seowmg thet ¥, voluep mcssured ars fay too :z:%gaz tr Jugtily the
prall polaron fumneling model,
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Bevause of the vidsspread @aeﬂrﬁﬁnﬁﬁzgﬁ'@f

| the compensation
sffent { bosddes souiconduction provess, it de observed 1o
chemical rosetiong, cndalytic prodesses, th@w@a& Genaturation of
macrondlesniog, thafual Eili&ﬂg-af unicoliular organisms &te, 1,
lemony a*mi"’%&hamﬁg have @ﬁ’ﬁiﬁﬁaiﬂ g theory of clectronic chavge
traneport oo lavolved in kinetic processts ( also epplicgble to
equilibriun proccosys } from the shsolute rote theory aquﬁt£§§§’}lg
within two special models, The first one { quodratic polarons )
invoives ths coupling of vlectrons with a met of ogelllators,
w&arsas-téa second ons { wagnetlc polarons )} inwolves the eoupling
af elsctrong with o sot of gping, Doth the models show that the
activation aitzopy 15 propsvbional €o the activation etavgy thug
providing @,aégp@nsatiaﬁ éff@@ﬁe Tag use of N onmber of ssoillsbors
oy of gping % beihs about the componeation offect sevins to sppour
roasemable i vicw of the £acd thab the variable aneunt of
alaorbel diclantyrie { vapour ) sevooh off the interagtion of a
'mhawgﬁ with move Qistant parent noléculess % depending on the
oamber of pueh toloculas with whieh ﬁﬁé’&hﬂ?@ﬁf@f{ﬁ@@iﬁ@%?
interasts, Pub in guadratic ?@3&?@&'&@&@1; the characberistic
tomperature T, is ai@ﬁyauﬁﬁgaﬁivg in contradiction to the espsris
nental obgervation, The spin polaron wodel glves s positive T, but
vredicts Do activebion shergy at vedy hlgh teuperatarese ab a

tenperatise around T, the process de activatsd snd the sctivation



eporgy hecones o funcbion of temperature L.e,
BLR3mBOO) {1+ X2A,] {81}

Bors B {U) $5 the sctivation enprgy uh lou tempersture and o<
i3 a fanedion of Gerpotatuze ¢

e[/ reg Frop {1 v e SCe2log ) T | (32D

Though the cxporiaonts wers dove 4n & Limited taperoturs Pngdy
the exsellent iinsar plobs 4o hol sugrost ouch o bobperatuve

- dependonte,

othey thewretiesl attopbs®™ ™ 4o gorive the conpensation

pule were restoicted to the tenperature depobdonse of the micher
ef acbivated sorrleors Ao 4 wodel sonsisbing of %wo olectncnie
levsls apeociated with each wolosuler site, ths clestronis sbates
baing ovupled €5 a set r;ﬁ” ¥ oseillators guoosiated with sach
rolocelar sites 4 éﬁa‘a@g@ in the oluetvonic stots { Sue to vapouy
sdgoppbion ) gives rice %o on sobivation snbipopy bassine of &
change in vidratiomal Croqueteles, If ota nozonmes the pemiconduce

tdon savation as 2
/(%) = aylmp ( G/R) emp (= B/ERE ) (33 )

then the varisfion in both e oleotronis cwarey gup {(8) ond the
aotivation entopy {8} can scesund o componsabion offect 4F the



. dhanges 4n those purpmotars ere given by s
BeTy by oud & R RERS

' mﬁr@‘a g n aaﬁmm mm‘hm for oach sy'stm awl Ty Bye Sgy
and &y are sume for 2l ‘the sysbeny, In %shm cosa the e&mmetﬁw
| Astie tomperatare ie given by % & ['%: Z &511

tmfa*t:ﬁumf:s&y ﬁga 6 the fuct thet the hoture of ﬁw s:ac*ehraﬁea :
. @szm { duo ¥ vapeuy ﬂﬁﬁf}ﬁgmiaﬁ 3 is nm; phecisaly knsuiy the |

avtivetion entropy & ( hones 5, ) %z a feletively obscare quantity

snd eny guentitative estimnte of T ;g;;ﬁ rot pogaidle,

- %he ezporiméntel resualts presented here show that the
wmmmeﬁﬁ ﬁ.ﬁ e@n&uwmvmy i& mmmﬁs@ with o ohange 1n achbivas
@tm*s on vapour adsorption. Thils

tion snovgy of the ‘sonieor
e&aﬁge in sotivation enavsy ﬁ-@ﬁaﬁ&ﬁ o the chemieal nuture and

algo on the et of the ‘gapour adgarbed, Iu all tho %éﬁé ptudied
the activation ahergy immases vith the incvense 1n confucbivity,

. This behoviour, howsvory i quite undérstandablo frots the conduc-
'm’?ﬁty oxpPamsion { 2.81 ), IT 7, <By whers ¢ s anyﬁmp@m%m

1n the working rabpt, then (' /25 = 3/f ) becomes pooitive ard

the inoresse in o at a ﬁﬁmwmmm T La aém%&mﬁ with an

| inerease in sotivation enepgy, Thus, & seraiwmtmwﬁ' hovlng T, e
& lower side than the working ge@y.ﬁmﬁm 3%1@51:" a&mw ah sihsteesent
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in itp confuctivity with the incronse in 4%s entivation sncrgy.
Guelr behaviour bog been obgerved In case of nitrvoovosetic semicon~
ductore. How, it do clear fron the exporinanbe thsd the charses
toristic bemporsture { T4 ) of o genisonductor plays an infortant
role in the dork gonduction process.

The results of the nitrogronctle semiecsnductors studled show
that vhon oomponsation rolablon is sutisfied, the * T, bas ¢
Loy value gindliar $o the mwm&s*‘% with g eonjogebed eﬁﬁmﬂyi
pratp, Xt i¢ $nterecting ap 'iﬂ these dtrsarvonaiics, the nitroproup,
14ké that in cavborly grouny 48 alse hevisg s tonbouling slectron,
Thng it peens thoi the prosence of o bonbonding electyon, in the
soioonle of o sexicordeeting moberisl, 1s somehow rdsponsible for

. the low compengation Lenperature.

“he validity of the cowpensablon rale in eleetriesd confuction
procoss has beon sxanined in caso of some niticagomatis penioons
ductors by varying the acbivavion endrgy by vapour adeorpiion, Tho
ralddity or iack of At hove besh shown o Be ﬁ?&gﬁnﬁ&%ﬁ@zﬁ.zﬁﬁfﬁﬁﬁtﬁr
paiy depondent, The m;ma for which vary wiak roversible wonplazes
are formefly true coppansation effant 4s obaevved. The other wapsars
vhich forp gbvong conpleres huvd basn founi not Yo swbisly ths

companantion velabioushly, Obeatved 7, value ig Adsbinetly



gifterent for difforent nitropvomatice vhich mupports the view
about the denendence of Tp o8 %;m molegiler propevty of thiey
periconducting vaborial. Uur prosent shsarvation of low valug of
Ty 10 interesting onl 4 soamg thot the prosenes of nonbording
glectrang play an Inporbtant 2ole. \
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