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1. Introduction 

The characterization of excitons in molecular system haa been 
one of the important problema Df aolid state physica since the con
cept of molecular excitona waa introduced by Frenkel because of its 
wide applications ranging from optical properties Df molecular 

V~lcrystals to energy transfer by excitona in molecular units in tbe 
primary processes of photosyntheais. Among tbe basic problema to 
be conaidered in this connection ia the excitou - phonon inter
action influencing botb the optical and traneport propertiea of 
excitons. A fruitful approach developed for en approximate treat
ment of the exciton - pbonon interaction in the laat decade was 
tbat Df replacing thia interaction by that with a stochastic 
field originating in /1/ and being furtber developed in a number 
of papera reviewed in /2/. In this approaoh the moleoular vibra
tions are treated as a beat bath pushing the exoitonio syatem in 
a stochastic manner. 

So far, bowever, thia approaoh hBa been roetrioed to Byetema 
periodic in tbe absence of n01ae, i.e., the correapond1ng Hamil
toniana are translat10nally 1nvariant 1f the 1nteraot1oD of the 
excitona witb tbe etochaatio proces8 in ew1tohed off. In thia pa
per we conaider the case when the noiee ie perturbing the exci
tona in a dieordered molecular system, i.e.,we have two atochaa
tic sourcea in the Ham11tonian: a time indepandent part repreaen
ting the atatic dieorder and a time depedent one modelling the 
exciton - pbonon interaction. 

For the noiae we usa the Gauaaian coloured noie6 poaseasing 
an exponential correlation function. Periodic syatems perturbed 
by the C~uasian coloured noiae (or the diacreta Poiason noiae) 
we~e investigated using self· - consiatent approaches like tbe 
dynamical CPA in /3-5/ or by cumulant expansiona /6/. In our case 
the situation is more complicated because of the preaence of sta
tic dlsorder besides the noiae and we will use a aimpler decoup
ling approach when the noiae average ia performed which ia equi
valent to aecond order perturbation theory for the mssa opera
tor. Aa we will show, bowever, even thie loweat order expreasion 
for the maaa operator aenaitively dependa on the forro Df the wave 
functiona of the unperturbed ayatem and ia more complicated if a 
diaordered syatem ia perturbed by tbe noiae (section 2). 

Aa ·an explicit example for the Btatic diaorder we consider 

, '~'.{[-:-: '\'-"i~

the Lloyd model with a Lorentzian dietribution for tbe random part 
Df the sits energies•.Tbie model haa simple averaging properties 
as far as only the retarded or advanced Green funetion is ealcula
ted, what ia auffieient for the density Df states (dos) • Furt
hermore, the Fourier - transform of the exponential correlation 
function Df the noiee ia aIso of tbe Lorentzian form which makSB 
both stoehastic perturbationa formally similar resulting in a 
sbift of tbe poles Df tbe Green functions Cseetion 3). 

Finally, we eonsider the influe~ee Df both types of disor
der on the form of tho excitonie abaorption ~peetrum and the rela
tion between the dos and the abeorption. As is expeeted this re
lation ia not direct duo to the additional presence of the transi
tion matrix elements in the expression for the dielectrie function. 
We discUSB some eaaes where this relation baeornes more direet or 
indireet, respeetively (aeçtion 4). 

2. Model Hamiltonian and Approximation for the Máss Oper.tor 

We eonsider the following Hamiltonian in tbe site representation 

,," 1\ 

H =H + H. (1)exc U\t ' 
wbere 

{\ ::-t (J" T) A+ 1\Hexc :: "1 t~ ",-M.+ l-\.~ (),vt, Gl vn (2) 
and rt/Yl. 

" c-1 (),I\t" 
1\+ -\ 

H· 
In.;t=1a-tQO,.t1.. yt Y\.~ C3) 

Here &n Caro) are exiton creation (annibilation) operators at mole
eule n (m), ~ n and Tnm are tbe exeiton Bite energy and ~r.nsfer 

matrix element for tbe atatic ãisordered molecular syetem, reapec
tively, anã ~n{t} ia a stochastic prooess given .t lattice site 
n approximat1ng tbe exciton - pbonon interaction. Por a d1acuseion 
of tbe diagonsl approximation Df tbe interabtion we reter to /3/. 
We assume 

<~ (-t:)) =0,
YL N (4 ) 
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where <...) N denotes the average over the noise and 

z - \t. - t'l/loé 
<AV\..(t)Awt(e»N=J"V\;wt~oe . (5) 

Here ó,2..t and I"t' are the mean aquare and correlation time of' 
O

the noiao, respectively. 
We conaider the retarded Green function correaponding to the 

Hamiltonian (1) 

~(\It}t)' Wl){');=:-'18Ct-tl)<[&(~) â+ ({I)]>.
<1 VL ) Lo\1, (6 ) 

Here the brackets <... '> denote the average over the exo í, tonic 
variablea of the density matrix. Tbe function (6) baa to be av~r
aged over the realizationa of the stochaatic prooesses t~n(t)i ' 
<...) N • Tbie average approximates the traoe over the phonon 

variablea in a microscopic formulation of tho exoiton - phonon 
interaction. 

To derive an approximate equation for the funotion (6) avera
ged over the noiaea, we paaa to tho ~-repreeent&tion where tbe 
Hamiltonian (2) ie diagonal. Thia repreaentation la reallzed on 
the eigenfunctions SÃ,(n) of H aatietyingexo 

~(tKet~m + T...J f~) =: ~À-iÀ-(I1.). 
(7 ) 

where E À/ are tbe corresponding eigenvaluea. In a diaordered 
eyetem the explicit form of the syetem t SÀ.,(n) '1 ia u8ually 
unknown, However, the baeie{~::t,(n)1 is useful for conaidering 
general propertiee ae well approximations, ae ie tho oase in the 
electronic problem /7/. 

Averaging the iterated Dyeon equation for the Grecn functi 
on (6) and ueing (4) we get in tbe 'À, -repreaentation 

<~(Â)*-jíl!}})'>N =~í\! GCtjt-i') + 

+ 2:. )J't: )ch;'GCI.}-"C) (tt;\.0) G('lj 'r-ti Hl,'1;"t')!1J;'t;i}t!)~. 
~J" (8) 
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Here G(~,t} ie the Green function Df the eyetem witbout noiee 
correepcnding to H and h~v(t) are tbe transformed noias funoexJ 
tions 

ki\-'lÜ) =~ g:(...)c. ,,(i) ~/v.). 
In (8) we choose the decoupling correBpo~lng to ,second orde~9) 
perturbation theory for the mass operator ( M IV A;J., )o 

<SLi\--'/Ic) hyJ"h ') ~Cd;it;'j ;.1, t,l)~N ~ 

<etl\./'t:) ~y,rL"r1)N <~(d';'l::I)Â.I}tl) >N . 
(10 ) 

Pasaing to the Pourier repreeentation 

I . \ ( . 1 -:-1 (Á) Li--tI )
<~Q):.>í\:}::)N=: )Jw~0.);':jw)e 

(we include the <...) n operation into the defini tion of ~ ()../~.I; (.J), 
for Q' atationary process the average dependa on t - tI) we get 

~ ~)ij0J) = c\.x GC;.)w) +L; G~)w) M" ~) tl(d;Jl) co )-,
4 &v I1\. ~ (11) 

whera tbe msas operator t'1Â,ÃW) ia given by 

MJ\.ó'"~)~ (llI)~}clLl'J G<f}.<l..J)~r(wl) . (12) 

Here ~jl.r((..») i. th. Pourier transform of 

\.( cr(-t-i') == <k ({) tt ~(-tl) ') .
 
>...ri" ~ /: N (13)
 

With
 

~ A 
GCtjW)=ZIi ~+-<eN 

(14 ) 

(we use units where 11 -1) and eqa. (5), (9), (13) in (12) we 
find tbe following explioit f'orm cf tt~) 

<.....~ ~ ~ l~ -)tv\.p) =LC(60J ~~)..~)gJI-\)~I~I-t) G0j(.V+~ .(15) 

s 



It is instructive to consider tbe limiting case wben tbe eys
tem in' tbe absence of the noise ià periodic. 1bén t n and T in nm 
(7) correspond to a molecular crrstal and we bave 

'1 r:- O í.-) 1 I K~ c 
r-: ~ ~ ) ;);L.U1. ~ -(t:f e ), ~.À. ---7 c...'K , 

k, e k &nd N being tbe exciton wave vector, dispe~Bion relation and 
number of lattice aites. reepectively. Tben, we get from (15) a dia
gonal rosas operator 

M--lLu) = J"~-I m0),
.KK lÃ\( (16 ) 

where 

W\,(W) =: ?:t ~R., i I: ~ =(2n~0)~G(c:)+ k). 
O N k GJ+~ - ~,i< (17) 

Hera G (GJ) ie the diagonal element of the Green function of tbe 
cryatal in. sita representation. Eq. (17) givee the first order term 
of a continued fraction representation of the eelf-energy of the 
dynam1cal CPA 13/. In thia caa e m( (4) ) ia independent of k (or n 
in sita representation) Df the state perturbed by tbe noiae. A 
diagonal masa operator multiplied by a etate independent factor 
ae in (16) resulte alao for a weakly diaordered eyatem. To deri!e 
tbie property WI9 represent tbe j-L-eUDl in eq , (14) by G(n,n; v.J+t) , 
i. e., 

· Mil<ri(W) ~ (?fiA/i: 5'~c..) ~JL1) G(11;l1jL.)+V· 
11I (18) 

If the syetem ia weakly disordered in the aense that the local den
sity of atatea (Ç> (n; LV ) IV Im G(n,n; t.::J ) ia approximately inde
pendent of tbe site n. the n dependence of the diagonal elemente 
becomea negligible, G(n,n; t» +~) G(O ,O; L:H-i):' G(CD-+1..). Then,1:1 ..
(18) reduces to .cc: 

.~ ~ (

M,,-~(w) -= 0Àd"("l1i~o) G(Lu+~) 
(19 )

Â. and d" now being eigenBtatee of' the "weakly dieordered" 
Hamil:onian Hexc• 

In the general case of arbitrary disorder it is, however, im
posaible to reduce (15) to a form with a Btate independent aite 
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energy (which is the uaual assumption for improving (16) along the 
line of the aelf-consistent CPA procedure 13,4,6/}. In thia caae the 
system of funotions' t ~)l(n)~ c.n display tbe transition from 10
calized to extended atates and a rather complioated behaviour of 
~Â~can be expec~ed. Without explicitly Bolving tbe localiza

tion problem we consider a aimple case by putting 10ca11zation "by 
hands" into (15). To tbis end we assume tbat tbe localized atates 
are rougbly of tbe minimal poesible extent of order of the spacings 
between the moleoulea. Tben, a nonvaniabing overlap resulta if 

2: e~(",HIf"C",) Ig".J"') \'L~ ~& J';u.Â
\I\" . (20 ) 

and (15) reducee to 

{; A( )- J: êlíA -.M J\; W - Àd" O Cv+.!.. _ ~.Ã.- (21 ) íto ~ 

In tbia 'Case tv1.À.d""(t..:l) ia diagonal, but contrary to'(19) it 
dependa explicitly on tbe state À through t À., i. e., the aelf
energy deacribing the noise action becomeB state dependent. Furtber
more (21) ia tbe firet term of a continued fraction representation of 
the Anderaon/Kubo tbeory for the lineahape ,of a looalized electron 
tbe energy of whicb fluctuateB obeying the Gausaian-Harkoff procea8 
(compare the derivation of formula (3.25) of ref. 131). TbiB exam~ 

la demonstrates tbe importance of tbe bebaviour of tbe wave functiona 
in (15) in determining the form of MÂd" • There ia, however, a 
apecial esse in which tbe behaviour of tbe ayatem {~(n) ~ does not 
matter at alI. Tbis ia the "bite neãae limit 1: -4 O A.2,.,--:!lo 00 and , ) ) O~ 

r:: Ll~ 't == CO\.1S+, 

(22 ) 

wban. 8a ia well known 18-101, tbe docoupling (10) and bance (15) 

become axact. In tbia limit A ~G().ll (.Q+i.) ~ -1r;r and one gata
O /). "'t

from (15) 

M~;(w) = -2:li: d1...tr 
(23 )
 

i.e., the mOSB operetor ie diagonal, im_ginary and oonatant. The
 
Green tunction iB given by
 

"1 



WN I d;.i ~ 
~ (À.).Â.j UJ) == lJí úl+í r - E)., (24 ) 

Eq. (23) inc'ludes the result for a periodie system perturbed by
 
white noise /10/ as a speeial case and generalizes ~t to that of an
 
arbitrary system Df eigenfunctions t ~~(n)~ eorreaponding to a
 
disordered Hamiltonian H (2). This reault shows that the white no
exe
 
ise is not seleetive to the kind of system whieh is perturbed: For
 
an ordered as well as a disordered system the msss operator reduees
 
to the diagonal eonstant imaginary forme Hence, ~ > 0, i.e.9
 
"coloured" ~oise is required to establish the differenee between
 
different forms of eigenfunetions in the speetrurn.
 

3. Lloyd 'model for Hexe 

A 
Now we speeify tbe ,disorder parameters in H by using the exe 

Lloyd model /11/. In this model the site energy é in (2) pas a n 
random part ~E~ , ~ = ~ +CI:É with a Lorentzian distribution 

·V ~ O ~ 

P(~~ ) =1.. ~- (2~ ) 
w.. 11 

The ~ n at different lattice sites are uncorrelated Bnd T nm 
js translationally invariante Rewriting (11) and (15) in tbe 
site representation we get for ~(n,n'; CW) the eq~ation 

i.(vt vtl, LU) =- G(ltt \.1,1, Lu) +"4 ) ) ") ) 

+ (l:11'LliL:G(iIt)'Il1' W)(;(j".. IM)' L0+t) ec~vt)W) 
~ ) ) 1 (26) 

or after iteration 

~(\1.)\.1.) c.:» = GC'J"'} W) -+ (Z1í6o)Z,~ Gú.-try.v)GúM/I.<jjw+t). 

•G(w)I4')'~) + (1lfA )lt-Z GCw)iM)'W~}Ll.4.)'w+k)~tM!, JG[~~Jwrk)C(~0~)+mo v;.~t ) '} (27) 

Eq. (27) haa to be Bveraged over the etatic disorder with the dist 

ribution P( d€ ) for different lattice sitea. We denote thia avera

ge by ( ••• ;>n. ~veraging (21) we use the f~llowing properties Df
 
the Lloyd mcd eI (sl!'Je, e. g.t /12/ ):
 
i) the· average of the product Df an arbitr.ry number Df matrix
 

elements Df Green's functions faetorizea, if ~ll the func
tions are of one typa (retarded or'advanced), i.e., 

.(G(1.1)'"j W) GCIM)lMj <:0 +{). ,.(Ó a')",'jLü):Y 

=(GC4 ~'W)'~ <C;C~ lM' LO+xb y;~ .. "<~(2~, Ul)
)} 1) r:: '" J> )) 1> (28) 

and ii) 

<GÚ"/,,Y.J)>J) = GO(lo)""'}.o-+i~.) , 
(29 ) 

where tha Green funotion aO corresponds to H (2) w1th E. n repexo
 
Lac ed by ~
 

o 

With (28), (29) one 'gata from (27) 

<~I.t)",-jw) >J> = G; °6")IA'p+~) +lzube)~~ GO("'JIM) lll-+ i~) • 

• G0614fMiw+j(~+~))6(~VLJW+I)() +L2!Ao)42; G°6t)~jW~'i)" 
) Q ~L 

•GY~J~jL;)-t,~~)) G; tJ(""t)ijLO+I~) CO(Q) ejLJ-t~ ~+~~bre}vt j ~-ti~) 
(0) .
 

The adding of the static diaorder parameter t t~ the naise '
 
parameter 1/~ in the diagon~l matrix elemento Df tbe Green
 
functionB G (m,m; (.::J +i(~+ ~) ia the conaequence of tbe similar
 
propertiea Df (5) and (25): tbe Fourier transform of (5) ia of
 
the Lorentzian form as tbe diotribution (25) _nd the eorreaponding
 
integrals in energy representation reBult in a ehift of the poles
 

PaBaing to the Fourier transform 

A -, \ kL~-~'). _ 
·<~C"C1 ~"lJJ») =-2J e ~á<IW)4. )) J> N -

K 
) (31 ) 

8 
9 



and uaing 

A ~ 
GO(k jUl) =~ lu+ I ~  2.i( 

one obtaine from (30) 

~ 
4 '_.1. +i _ E. _ Ao ::I /l

~Õ<)l.J) :l::Ji t(.) ~ K ~ w+i~+~) N 
Introducing the dos Df tbe periodic eystem 

o . I{:-t (V/ _ )o CtN) =-2.., d LW-cg,
U N ~ R 

one finde w1th J'C:W) = -'2'1IM'S'r~0 ') from ()3) 

~G.J) =-:li 'JW\ )d(.:)~O&'ll Co _Wl -\- i ~ 

~t(JLJII fO(lIJll) }-A;
c>} (..J+i(~+14c)-w\l 

O 

(J2 ) 
I 

~-4 . 
E- (3) 1. 
~ 

(J4 ) 

05 ) 
z,.For (35) reducee to the doa Df tbe Lloyd modelAO= 

( I °G l) ~ ~ -. 
(J6 ).~S"') = llJ> J W 'Ji (t.Il-WI)Z,+~.z, 

From (35) several limiting cases can be considered. Here we are 
mainly intereated in the influence Df the static disorder where 

g ehould not be negLigiple compared to the other parametera. 
In the opposite caae Df Bma~l ~ the eituation effectively 
reduc8B to that coneidered in /3/ 

i) small banmddth Df the periodio syatem: ~O(~) = ~(lO-LQo)' 
In thie case the bandwidtb given by J?C(~) ie emall com
pared to ~ (the effective bandwidth). Then (35) reduoea to 

Cc.:» = ~ )((c.e-wo)'t+:x(~+~i:~"+ L>~C){+ ~) sr : 

S :n [(4)-W )Z_ y (y+1t) -AZ1~+[~.v+~)({.)-Wo)] fl 
O O .~ o (j 07 ) 

For the Gauseian procese ae an approximation Df the exciton phonon J
interaction, the integral in the denominator Df (35) should be a 

amall correction. In thie case it i8 convenient to repreeent the 
pbonQn influence in (~7) in tbe following form 

_ ..i... j{ + ((+ ~ )g6v). ,


gJ-o) - -r (tc-""o)~[4-gG.,)1Z.+ «:l,[J1+ J!;f" g'(<.>W·
 Os) 

"here 

~ 

110 ~ 
~Cú:» = (~-._-tJ1»)<"-+(~+~) (J9 ) 

is a correction function réaulting in an additional broadening of 
the Lorenzian. 
The Dyeon equation (26) can alao be used to conaider the dichotomic 
prooese /4/ jumping between + A o and -.ó. ' and poasessing aso 
tbe Gausaian an exponential correlation function. For the dichotomic 
proceae we can find the diaorder influence epecified by ~ on 
the ~ransition between bimodal and monomodal sbape Df the doa and 
compare thia transition wi th that ooourring in a periodic ayetem 
perturbed by dicbotomic noia8. For the oritioal value Df the noiae 
ampli tude A oc dividing bimodal (~o '> 6 ec ) from monomodal 
( L:l 0< 6. oc ) shape in the doe. one obtaina from (7) 

"\ _ .CX+ -Y1t:) 
3~ 

z, 
Aoc(~J- (3~+ ;;z./~Y9~ 

(40) 

One easily verifiea ~ oc (I{) - 6 0c ( ~ .0) '> o, i.e., 
in the preeence of etatic disorder the critical value for the "bi
furcation" from monomodal to bimodal shape of tbe dos abifta to 
bigher energiee. 

ii) white noise limit 
Taking tbe corresponding limi t in the L.;)\\ integral in (J5) and . 

using ~clwJ °éw) = J( one finde 

WN/"\ '& I 06 ')i . ~+ r ~ , (41)SI. I.J",j=:"j' to ~ !..> .'li ((,)-!..>l)'l..+c~+r) 

10 11 



where ~ is given by (22). In (41) the ~tatic dieorder and noise 
parametera add in a convolution of a Lorentzian with tbe dos of 
the periodic eystem. We note that (41) ia &TI exact expression, be
cause the rosas operator in (15) becomes eXBct in tbe white noiso 

limit. 

iii) Fast motion limit ~
 

In tbis' limit 1;'~ 0, Da 0= c one t , and ,(35) reduces to (6), La.,
 
the noise ia ineffective Bnd tbe dos tends to tbewPerturbed ex

pression of tbe Lloyd model (motional narrowing).
 

4. AbsorptioIl 

A consequenoe Df tbe statio and temporal disorder in the 
Hamiltonian (1) i6 tbe broadening of tbo optioal abaorption spect
rum. Generally the form of tbe apeotrum is determined by the oom
bined action of the Grecn function and the transition matrix cle
ments into tbe exoitonio statoe. In tbe case of periodio systems 
theae matrix elemente are singular in k-representation resulting 
in the k-selection rule/1)/(for simplicity we neglect the photon 
wave vector).In disordered eystems tbere ia Q breaking of this 
selection ruls, as was intensively diecuBsed for electronic eys
tems, soe,e.g.,/7/. Here -o examine this point oloser for tbe oa
se of excitonio systems. We oonsider two types of approximatione: 
oomplete breaking of seleotion ~les (4.1) and energetio fluo
tuations in tbe transition matrix elementa of the mDlecules (4.2). 
We oonolude that the latter oase oorresponds to a weak breaking 
of seleotion rules. 

4.1. Complete breaking of sel.otion rules/ Approximation 

\ -~ l2. c ona t , / .,d:a 12 • oonat , 
~	 ,...,.

Rep 8senting tbe dielectric function by the exciton Gr~en
 

function we find for the imaginary part inlrepresentation
 

G J ~ ( e. )~n:-l ) * I" I )-= -	 ~f.l, oLn. (..:)
} r 

\IV(,. \M.W ',r IlPOOÂJr~Â.\ Q, Vl)À) LV + 
JL./J r <!

jc "} 

+ p r~ I~. 6. &t\, -WJt ~ 
O(À, ~~ }) J (42) 

! 

·1 

Here P~)l are the matrix elemente corresponding to tbe excitati 
on of excitons in ?L states 

pOC~ -= ~ ~A,(V\) Pc{.(\1.) f 

(43 ) 
r ~. . where ~~C~) are the eigenfunotions of Rexc (7) and 

tI\
p0(.61):::: <gvtl p~l oK)! 

(44 ) 
ia the standard momentum transition matrix element of exc1tation 
of the nth moleoule from its ground (O) into the excited state 
(f). For a molecuíar cryatal-;t-) r, ~(I..t)~t~\<k and PoLi{<t- "iNbecomes singular, p ock IV k,o resulting in tbe k selection role. 
For a dieordered syetem the aimpleet situation is that of "maxi
mal" disorder where the ~ -dependence in p~~ is smooth enough 
to be neglected at all. We 

i) No noise 

Neglecting the second non 
of (42) one obtains 

consider tbe special cases: 

resonant Green function in the r.h.s. 

t.:J-0) =l'pl~(IM:' 1~:;'-2:. (-J1MGO'JW)) ' 
À.	 (45) 

i. e., wi th (14) the, abeorption is proportional to the excitonic dos 

'i?"ÚiJ)"'e(w) =~"f d"(Í..:J-..:>...). (46) 

In (45) we substituted \ Fkl~by 11pl~ (d is the dimeneion of the 
system) assuming an isotropic syatem. Tbe parallel approximation

I 
I	 neglecting tbe JL dependence of tbe transition matrix elements 

for diaordered electron systems resulta in a c~nvolution of the
l doe functiona for the i~itial and final states /7/. The "contrac

I tion"into one doe function for exciton systems is a.result of tbe 
structure of the exoiton operators belng composed of two electron 
operators. An expr.ssion analogous to (45) results for ~ in
dependent dipole transition Qatrix elements. Using the relation

1. ~ Pod.. ='j ~.'\.... d ôL À,." where d.. &->v are the dipole moments for 

13
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i. 

transition into 1-.. sta~s 2and tbe approxü~~.t~on \ d.<XA.,'t ';;; I 01.",.1 ~ • 
one obtaina (45) "ith I p I replllced by \ d I and "ithout the Qz, 
dependence in the denominator. 
ii) White noise limit 
Ind.pendent of tne type of etatic diaorder the Green function ia 
diagonal in the ~ repreeentation and given by (24). One obtaina 

_(~\""'J...I-\Z.\etwl~ r ((.VI)
tl,lW) -\Vt-tú.») ol r Y tJi (lJ.)-(,,)l}Z'+ rz,t 

(47 ) 

where the unperturbed doe ~Cw) is given by (46). 
iii) Coloured noiae, strong localization 
For the app~oximate masa operator (21) the Green function ia 

~CJ. )Â)(.J) = J'M1 .IÍ 
• .z. -1(\ ?li ~ ---.

(;:)- ~Â-- O W+~ - ~À 
(48) 

and obtaina 

(W) (e )~ J1 l-l~{ 0t I ~ l)oif r
f,~ := ~ d: r J Lup (,;) :r. fe.v_W1).tr-1-(t'Ayt+ 'r fe.u-u')~ +

à JI \.: ~ '(J (49) 

~ Z,/)~
For tr small the quantitiea (t4coD) and 1:' LW-W

l are correc

tions ~o tbe wbite noiBe limit (47). 

4.2. Fluctuatione of the excitation energies of the molecues 

To take into acoount apatial fluotuationa in the tranaition 
matrix ~lements explicitly "e paaB to 'the n repr~sentation 

t (Ú)) =-~m(~ \~~ <~ \p* ~ º,(l,f \.11 4 (») + 
<,~ VYt.ú:J) V 1tt)V1.,L ~"1.rcXkl~ J ) 

+ poll1.r:"" fC"'Jl.1 l j -w)}>j) · 
(50) 

Por .. periodic syatem with one molecule in the unit cell we wou~d 

h.v. Po(n- Pc( and (50) reduces to 

t:l ~iw) = \PQ/~ Vi. (':w)<- «:2:li 1"IM Q,(\,<:O ;W)).} <l (51) 
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i.e.,in this case the ebapa of the absorption band ia given by the 
imaginary part of tbe ~oise broadened k=O Green function, n=N!V 1a 
the concentration of moleculee. For a dieordered eystem the rela
tion 

'I ~ PCiV\; =. '\ ~ K, c1.()l V\.i, 
(52 ) 

111 implies that Po(n conta1ns the fluctuating excitation energias 
of the molecules, b co: E. o + d'z. n • Now we consider the influenn 
ce of such fluctuations on the apectral dependences. Inserting (52) 

into (50) and SSBuming n independent dipole momente1 ) , dOln=d~ , 
we get 

. \dO(. l~ (-71i)q / -, f. t-: . t-- \~. \ -,
8 Cw) -::: -T" V --rv~" 2..J ~íoteJ~)L-~+d'fVtd C\tt)Vt

I
}, UJ) ~D 

~ 6J Vl}liI' 

(53 ) 
(here ~ ie left 8e a tensor including poeeible anisotropies). 
To perform the average over the static disorder in (53) we uae the 
Lloyd model. 

1) No noiee 
The aver8ges in (53) are ea8ily calculateu uaing the Lorentz dietri
but10n 

<d~~ ~(II1)~j w)'>]) -= [-i~) <0Cl-r) Vt ) W»]> (54) 

<~P1d''E111G(l.1)\Aj LV) IJ)I = - ~"<GC4} VII) W»J) 
k.l-1' (55) 

~ ~ Ú z. .
<CJ~11 G l-1)V1)WJ> -= -X <G(4}VtjLv})D-~· 

D ".\ ,cr (56) 

In the last average (56) • diverging real contribution (due to the 
slow convergence of the Lorentzian distribution) wae omitted becau
se it drops out wben the imaginary part ie taken in (53).Ueing 

1 )By an expane í.on poae í.bâ,e fluctuatione in d OL\I\, due to cK:l.4 are e8ei
ly included. For terme up to the eecond order in ~2~ thie changee 
bowever only the prefaotor in (57) leaving the eame apectral depen
de nc e , 
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, ~ 

where al1 the Green functions are of one type .. Using (59) and (60)
(54) - (56) in (53) and passing to the Fourier transforma with (29), one finda tbat eqs .. (54) - (56) remain va1id with G(n,n'; W ) rep
(31), one obtains" 1aeed by fi.., (n,n'; W ), La., 

. G) Id~\~( {(.z. ~)("( 0;;f.	 w = Vt- -:lJi) 'Z -)( ..\'AAG Ü<=o w) 
J.)fXÃ W ~ o l\ }
 

- Z~;;~\2QG"Ct<"O)W) -:- ii1· 
(57 ) 

With the exp1icit 'forro of GO (k.O,~ ) given by (32) one finda from 

(57 ) 

t (W) =Vlld 1t.(WHo- ~I<~O f'. ~ 1.
J.)~d.. oL Cw-:z, e.v-~\.(:::o )~+-K 

(58) 

i. e., the abaorption is a Lorentzian centered at t li< = O ' modified 
by the prefactor introducing an asymmetry into the ahape of the 
abaorption band. Thia aaymmetry due to the mixing of the rea1.and 
imaginary parts in (57) io, bowever, sma11 in the optica1 region 
(CiJ» ~o -- ~ \;(:0)" We note an important difference to the ana
logoue case i) of 4.1: In (45) the abeorption ia proportiona1 to 
the dos, i ..e.,tbe 1inewidth ia proportiona1 to tbe ful1 bandwidth, 
whereas in (58) the disorder parameter ~ contributes to tbe 

width on1y. 
i1) Coloured noise
 
In tbio case we have to use the expanaion (27) in (53) and to
 
caloulate averages over producte Qf Greens functions times Ô"'~ Y\"
 

faotora .. For Lorentzian diaorder (25) one easi1y verifies the fo110

'Ning modifioatione Df the equationa .(28), (29 ~
 

<d""E}t,GC\lt.A)~l~ )w~)GC"tl)~~)W2) ~ , oGCV(\,(J\tt~)Wl.(»D = 
11 

~ -iy C;°C~ \.11, LO +ix-)G0(4 111, W +'l}() , O:) CC\.t ~ I, W -t ív)
Cj 1) A) A G 2) 2.) 2 ~ l{)~) lo< ~
 

and (59)
 

<S~V11 d2\-1LGÚ11)\I1~jW-1)G(l,(2)V1~I.)'.v~) .... 9 G(l-1l.()Y1~)Wl.t)'>.D: 

-:: -lG O(1.f1111~)L0li~ )G0(4,)ltll)W~ -ti~) • • o G(11~)I-I~j ~-t i(~j/ 
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'é ~):= vt.~ (-~1f) rc:~z_ v=tY~~Ck~OI W]

é). o/.. t:J... ({) ~ ~ o (j )
) 

- 'Z-ro )( ~~~(k~o 'w) - K].
<,J <\ ) 2(j	 (61)Cl 

In (61) as in (57) a mixing of the real and imaginary parte of the 
Green funetion oecura. 

iii) White noiae limit 
Thia is the eimplest eaae to compare tbe influence of tbe noise 
on the optieal apectrum with that in 4.1, formula (47) .. Using for 
~ (k=O, ~ ) the white noise limit of (33) in (61) one obtains 

~ [	 ~ fi :ZJ ~ Z1 (w):VLlcLJ i., 4-rCw-~./-+ezo)+-r~o+vrJ· 
ot.)O/..cx..	 to> ~+ "'~o ~+ GlA. 

X"+ r• 
(co -~I.(~O )4-+ (~+ r) z, (62 ) 

Comparing (62") .with (47) we find that in (47) the absorption is pro
portional to the ful1 noise broadened dos, i.e ..,inc1udea the band
width of tbe periodic syatem, whereas in (62) the atatic Qnd tempo
ral disorder param,etere ~ and r contribute to the bandwi th on1y .. 
Furthermore in (45) and (47) the absorption peak i8 centered in the 
midd1e of the exciton band, whersae in eqs. (58) and (62) the cen
ter ia approximately a t '2l,.< ..... 0 •.C1ear1y the 1atter ai tuation i8 

c Los er to tbe periodic case where a noiae broadened peak at ~ l.( ......O 

fo11ow8 from (51). Hence the f1uctuationa of the excitation ener
gias but eonatant dipole moments correapondB in a certain Benee 
to a weak breaking of aeleetion ru1ea aa contraated to the complete 
breaking. 
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3ccep B., MapJlOB e , E 17-86-180 
K BJIlHIH:HIO UIYMa na nJlOTHOCTh COCT05lHllH li nor'noureaae 
B HeynO~f1p;O'tIeHHbIX MOJIeKYJ1HpHblX cac-rexax 

PaccMaTpHBaeTcH HeynopHp;O'tIeHHaH 3KCHTOHHaH clicTeMa, B KOTO
poli 3I<CHTOH-cPoHoHHoe B3aHMO,IJ;eftcTBHe armpoxcnxapye-rca CJ1y'tIaHHhIM 
raYCC-MapI<:OBCI<HM IllYMOBbIM rrpoue ccora.Hccrrerryercrr CTpYKTypa' Mac
COBoro orrepaTopa ,IJ;J1H npOH3BOJlbHOrO 3KCHTOHHoro raMHJlbTOHHaHa 
B 3aBHCHMOCTH OT napasre-rpon CJlYt.IaHHOrO npoue c ca .51BHble Bb!l·lH:crre
HliH nnOTHOCTH COCTOHHHH H K03~H~lieHTa rrOrJIO~eHHH npOH3BOP;HT
CH AJIn cnyxaa c r ar-avecxor-o õe crroparnca C rtopemteasn-r pacrrperrene
HlieM. PaCCMaTpHBaeTCH BJIllHHlie HapyrneHHH rrpaB:HJla OTõopa no KBa
3liliMilY!IbCY Ha BliA t.IaCTOTHoH 3aBHCliMOCTli K03cPcPH~HeHTa norJIOll\e
HHH. 

Paõo tn asmonaena B Jlaõoparopaa TeOpeTHt.IeCKOH cPH3liKH OIDUI. 

Ilpcnpmrr OfS1JC,lU-IHeHHOrO HHcTHryr3 snepHblx HCCJIeAOB3HHH• Ilyõaa 1986 

Esser n., Marlow F. EI7-86-180 
On the lnfluence of Noise on the Density of States 
and Abaorption in Disordered Molecular Systems 

A diBordered excitonic system perturbed by Gauss - Markov 
noisQ npproximating the exciton~phonon interaction is conside
red. The structure of the mass operator in case of an arbitra
ry exciton Hamiltonian is investigated in dependence on the 
paromaters of the noise processo Explicit calculations for the 
density of states and the absorption coefficient are perfor
med for Lorentzian static disorder. The influence of the brea
king of the momentum selection rule on the frequency dependen
ce of the absorption coefficient is considered. 

The investigation has been performed at the Laborato~y 
of Theoretical Physics, JINR. 
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