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Abstract. The molecular crystal with the complex lattice was 

analysed at the low as well as �t the high exciton conce­

ntrations.It was shown that apart from normal exciton levels 

the same number of kinematical levels exist in the system, 

and they have the same splitting.The ordering parameter of 

the system at the high concentrations was determined, too. 

i1he in£luence of the kinematical interaction of 

excitons on the Davydov splitting of exciton zones will be 

analysed.The analysis of the high concentration effects in 

a molecular crystal with 6 sublattices will be carried out ,

too. For this purpose the symbolical, matrix method of analy­

sis of crystals with the complex lattice will be developed. 

The Hamiltonian of the crystal (in the case of 

two level exciton scheme) can be written as follows : 

.. . + . + H = J-( + I:. L1e Pe {li) fjut; + L x{;6.Ji?-1iiJfl11YJfdliiJ) +
11 E .,,..,;, 61 � 

-,.2_ j.� (i?-n�1fl;,:,)/jotJf2;,i,) /jlii,1 £.. :...) f ( ,. 2, . .  · � ) . (1)
rmow w 

The operators lj�i?> and /j (ii) create and annihilate the
.• ) -'> 

excitation at the molecule plaeed at II + s;; /Ii) and they

satisfy the Pauli commutation relations.The meaning of the 

other notations in the formula (1)  are given in the 

monograph1) . 
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The system of excitons will be analysed with help of

the Green's function �( (rt.)= f f;ta_,t) J !Ji {o)) .According to

the general theory of two-time temperature Green' s  functione2) ,

the equation for the function r is the following:

"° ;  � ra) :t; = ;,  cfHJ J«rt,, ( -1 - 2 �,I. ) +

+ � Zotw 
(a

.,
-iH) C13 ( m� ( t )  -

� w  

- 2 � [X,;_,,, ra'-m'Ji fl(a'tJf:ra't)P.,WtJ/ !J ito) � -
- �u.Jii.,-fii) ( erntt)e(nlf )/:{it) / f;(i/o)}] , (2 )

where �oi�(if-(}:::jj��t.r+-{ja-6) and � = (J1ia7f)e{aip does

not.  depend on a and t '• Further analysis will be carried

. 
out in terms of Bose operators B and 8

+ 
, because

kinematical effects are already and most adequately included 

into calculations by the Bose representation of Pauli operators. 

According to the formulae from3 )  we shall take approximately 

8 < a, t J = BJ < <-rt; - B; r ct-t J B,J ci> t; B� r a, t J
P.1/ra.1) = B: rclt) -B-1 /ito 'B°;-

fr.to)B /a7c) I � I 7!> '/.> • ( 3 ) 

Using the Wick' s theorem for Bose operators the paulion 

Green' s  functions will be decoupled in the ·following way : 

� r a� ( -tJ = G�,!, ra; ftJ -2 �fo fi/J ra;r-1:J - 21'.c1. �� ra:(tJ +

+ 2 D1� . r l'ct 
tf G�  r,t l/tJ ·+ D [k:: ra� l,) 7 J�-� I , . .  J.p, I I i;,,r ' -
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_ NJ.J. <i,J m; ( i) + Nwr1. r m; cl; Go1.p r ci):J; t ) -

- 2. JJ°'f-' r ( a;t) 'tifo r a; z; t) r;,�,� ri;,; { t J -1-

+ Q [N);, r� fJ]J

where Dql,., r a:; .. (-t J = f B:1C1.J J Bo1.(a'<j) J
(4) 

G�fo ra;(tJ = ({ B" r(tJ /B;rt'oJ)) / i'�pJ(lJ=(B;t(tJ/3.if'P) 

N«ol = ( B/ra'i) �fa"-1:J) 
1

�,/. � �
.,!

. 

(5) 

After going over to the Fourier components 

� 1 + "'  _., . tfra
>
- lj - lEtA.,/!> I a; '/ J = _;j/, ,[:_f d E �,Jk. JJ c'

C ( -, l) = _!_ L C (i) L trra·-c)
(6) 

'ctfo a, ./JI" r -«r-, "' ,., 
and introducing the matrices : .:It. -= IJ .itot,� JI 1 ,/td = /I .,{cl G�f)/ ,

£ = E · { a nd 1 = // j�
f
) /

., 
the system of equations (2)  can

be written in the matrix form as follows : 

[ E  - irn] fir( EJ '"" }� U- 2 ii., ) -
- 2 .J11'-:1? { .A{,J{J)\k) G (( E) -,..[.Xr[,/J,i1kt f}((E} -

i . . 

- [ S1 (Yto) !lc((tJ)Jc1 Gr(i) -[Yrt- /J "/;qJJG r(E)] f

+ 4- .,,,·-� _'[ df, df2 {I G ,;;, £,)® l>rt.·.1:;J@[i1{1f 11; I::) 1_
�, Z2 -� • J 

-[(Yu:eJ ®DtlJ,J) Gr1;,�Jl ® Get. E.J  J ,  



As the first step the equation (?) �ill be solved in 

the zero order approximation, consisting in the substitution 
� A � 

r � G and omitting all terms proportional to N and

G DG 

tf : Ki Tg (a} <0) 
The zero order matrices G; · and /1/ are diagonal. 

A II A 
Iterating (?) , i .e .  substituting matripes G; , D , N 

,1 

and £ by their zero order values ,  we obtain the following 

equation for the boson Green's  function: 
" " .1 " ' " " - "' ,\ 

J 
- I 

(e- �(KJJ &Jf�E) = f; ( 1 -t- Q.N <0
') L ,, . .,. 2.u i w cf, GJ .-,.

+- 0 (N � 3
) I 

(9) 
where : � 

�ck) ,. I/ N7JtYJK-iJt(;liJ+-�f{j0> �;1{) -v,i>�:11.J -
- -!!:!i�' 1 -{ 

- X.J<w;;_toJH ) {}�= Le 1: - 1 

v,!(� '=) _ II:£ ) fdG. dG,_ [2. X cl>-2.Yo?-{ )-E + .2. ci'i} x
J -,, �t.h-o4 'if J.i. d.d. 1 o(o( 

�ft 



(10)  

With the help of the unitary matrix Ua we diagonalize 

the matrix 

Q,�e) = C#-Rl()T'[1"-2 N••%i t 211 i W,K,liff 1
(11) 

In the case of the crystal with two sublattices , taking in 
I\ " " Ato} f 

(9) F� t ,  1/+2.N � 1 and neglecting the spatial dispersion:

X�j1 �KJ-t� ,�
f 

we obtain after cl.iagonalization

A • 1 /J /'(E) + f(li) 

O Ii� GeeJ - l c ) �, -£.u (G-JJ..1)(�-�J(E-'fc4X.�J o ;x.t:)-1.<€) 12 

where ' 

J2 = 4t+..11t+1'f,+ Xzz +/(�-� +x;,-X,a.\ � ,Y X ]1/2 
"4,tt t [ ,z. 1 -tt 2. ,  , ( 13) 

are the energies of the normal exciton levels , and 

(14) 

are the energies of the kine1118:tical ones. 

As we see the kine�atical levels are shifted with

respect to the normal levels £or ffX - ':j ) · .It means thatJ I' :Jd. •A•A 

th� Dav.,d.ov splitting between kinematical levels is .the same

•s between normal levels .

�e matrix method will be applied also to  high concentra­

tion anal1sis of the exciton srstel'll.In this case , the hi�er 

order paulion Green's .function , figuring in (2) will be 

de�oupled as tollows2 ) , ._., 

<< Pf a-1:) '11+) P<wl:) I Ptt v)>) = � 121!, ,,� (£I +)
lo ,I. Cu � / 

« etti# J e,w-1: > f ctf; I �(toyi) = :�,J;_/ a;J, t J ( 15)



So we obtain the following matriX equation which defines the 

Green's functions � (K, G) :
A A A ... A. A ) 

[E -]<kJ] r(K, E) � ,,� (1-'l ;(J (16) 
-1 

�u 
where � =ff £<>4,( �/J// 1
](K) -=- fl: (K) -?_ � X <R)+ 2f L �,<oJ ';t,,1 I/ (l?) ' Q(� olJ. elf> {' i' ,i 

Introducing the uni tacy matrix U J which diagonalizes the •

matrix JO<) i:e . Jr1<; � =  U:J J<K) 1 l(K): /1  {Jl()b�/> /J we obtab

A � 1\ !_ -1 • i\ /, I\ � '' - f  (I ,1 

r:c� ,E) =[E -1<� )] fi.(1-2 �)/ (:<t</} =V1 n,<,EJ UJ (18)
" -,  +pc, G v r" � -and ?t'c1< ) -:; 2. J JG( e-:c -1) "'e v (u_, 1;) =

-f?U - � 
. . - �Ck) _,, II

-= /I r:; - ?..  )_JI. l131
u'

J
' ]le -=r - d  ,, (19) 

d.� - :r Ji �r tft, · 
As we see the occupat�on number matrix is not diagonal, and 

the actual occupation number� are obtained by their diagona-' .  " 
lization· with the help of the unitacy matrix 

I\ .., 
" ,, ,, 7\ '"" 7',, "" . II ;, .::1 � 

;t ( (�) U,t = u C ,'�J( I< J I cM /(. ) -= II N"'1 J:.') C):;( f, II 
Ux- i . e . :

(20) 

So , the exciton energies at high concentrations are given 

by I.J�) and the corresponding oc�upati�n numbers byJJJK,T) •

It should be notticed that the· mean values £ (K) tor. "I> 
d.. j /) are different from zero • •  It means that the processes of 

simultaneous extingu.ishment and appearance of excitons of the 

differe�t kinds also contribute to the ordering parameter of 

the system _ ,:, 
M (T) ; ·1 - � 2 dJ C(T) (21).I ./1/"I -1 d../,. ' "' (1.  

and, consequently, have an influence on phase transitions4) 

in the system, but their contribution cannot be obtained 

without numerical computing. 
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