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1.1 General

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

for

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

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

bropd field of * bloenorgetics ¥,

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

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

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

4G40

ers*g%«‘! 8 a8 woll.

In ohe eloctron approxination, the wave functlon for a aingle

olgeivon ean ?w w.menga’ G g

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

the trancletionsl periodicity of tho erystal lattice.

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

ocpevating en & 4, =9

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

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

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

2.

¢ (k) = (%;l)?l | £2.9)

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

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

M=

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

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

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

~—3 > —
<

— D
R, kP, K C +x (1.5

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

—

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

P

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

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

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

The efgenvalue of \ 1is written™ as

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

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

A .

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

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

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

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

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

priate (., are remulred to ovnluete EGyS? €

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

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

.->->)

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

+ 28, CosW. () + K- (T-F )
' £3.34)

23 ZThe Conduetion Pmation

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

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

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

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

b axprosaed yo oo

tob '

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

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

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

vritten asB1,58 .
) (g

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

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

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

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

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

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

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

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



~ 310 -

offootive nnge sorvvesponds $o & Tow nobilitys both are dotermined

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

N 28 (R) L |
vc»«)z(af)( o ) (2,20

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

Sa?

1+t Zunneline Yedel of Derle Conduetion

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

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

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

{1.22)

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

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

(L: e V4o | £2.00)

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

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

ek@uu ( oy~ %) /u g

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

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

]

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

1.5 The Fopping Hodel for Park Conduetion

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

>L: t’\'\.e/\AiF | £1.33)

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

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

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

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

of P becones

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

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

model i.@&@

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

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

1.6 -s*ammﬂs in Heoleeuler Crystols

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

ﬁiebxmﬁﬂs’m hos congldored p molerular eryrstal with one

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

T = Z <%Z'+uivé | ,X,g > (3,28}

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

be J‘Z Z Mﬂ, Waq, (A'x_%) {3.5%)

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

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

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

then,
g $ 49

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

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

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

' po = eal/’t \QT' | {14438)

ginge . /2T = \/T 7, T'[k B € %3

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

Thio cenclusion agreos with that of Glerun™,

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



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

= * Tk £(X) |

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

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

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

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

s - Eb/*ﬁw | {1.46)

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

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

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

8 iz 5 %gmmzmg in moleculapy

tronsport in moletulay solids.

The probabiitty 3?&3 that the clectron jwaps fron o slte h to
a site j-htl 4o esiculated by timo-depondent perturiation theory aa



. . PR N 2 L | ‘
Py = L)Lkl He iy | S (/) R (2.48)

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

expliciily sa |

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

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

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

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

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

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

D ~ exb (-— Ea [ RT) {3252}
wzwm Ea s the activation @ﬁeﬁgya 4is of the cwder of it smallor
than =T,
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