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Abstract. The molecular crystal with the complex lattice was
analysed at the low as well as at the high exciton conce-
ntrations.It was shown that apart from normal exciton levels
the same number of kinematical levels exist in the systenm,
and they have the same splitting.The ordering parameter of

the system at the high concentrations was determined, too.

The influence 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 é 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 Hariiltonian of the crystal (in the case of

two level exciton scheme) can be written as follows:

"~

H=H, +74,,5; Ao 8+(;7)[9)(17’) + g? 3(6(‘,(hiﬁf)@?»’;ﬁo»‘; +
ro .)gwm’-n?)/g’n:»)g)n;u@?»f; Py w0 etz 6). ()
Tﬁ:mﬁ;:rators 43753 and é?ﬂ77 create and annihilate the
excitation at the molecule placed at ﬁ’f;ﬁgﬂﬁ and they
satisfy the Pauli commutation relations.The meaning of the
other notations in the formula (1) are given in the

monosraphl).
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The system of excitons will be analysed with help of
the Green's function EA(Q-:‘ t)= ((PI 1‘)/,0/40))} According to
the general theory of two-time temperature Green‘'s functions

the equation for the function I" is the following:

de;’{ é’t)=¢'5H)d}g’5‘dP(4—gé€ld) +

+ % Zyo (@-7) [, (i7,8¢)
=2 5[ X, (@-m){ Pl coRatPiry R1E0)) -
- y (T-im) (( P (W)Efn’f)/a(ﬁl) /P/éc')}}] (2)
wnere 2, (2-0)= =Adplor X, @8 ena L, = (REHR@t) aces

not- depend on a and t x.Further analysis will be carried

out in terms of Bose operators B and B s because
kinematical effects are already and most adequately included
into calculations by the Bose representation of Pauli operators.

According to the formulae froma) we shall take approximately
= - * = - -
R@t) =B at) -By@t) B @) B (&t)

R'at)= B (a0) - BizoBao)B,ec)

Using the Wick's theorem for Bose operators the paulion

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

@/aéf) G, (TEH) -2 N, G 128 - 24 Gy (@6 +
(€31} C, (2672) + oL, @8],

Dre
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F o -5 - + -
{ By D@ty P tivd) /fj(é 9 =
= NuGu(m T2 + Mo (@) G, (61 -
- 2D (832) (BB Lo plin 8,2) +
t O[AQ;{(Z':Z’)]J ()

where DiptZE ) =¢ B 181)|B @)Y,
G (@Et) = (8, @HIB(E0)Y, Hpi&)=(B168RY),

/Vdd= \/Bd {é'i)B,,/’a""l')) ’ /"o/(l <~ iil,( .

(5)
After going over to the Fourier components
Mcz - it
A (@ u)—/];Zfo/E A F
> zé a«é”
Cip(ZE)= “‘Z (a0 et (&)
and introducing the matrlces -—” J-Z(,,H .;fd /! -ﬁ 4 Gdp H

é= E-:f and _’i\= ”O:‘P IL the system of equations (2) can

be written in the matrix form as follows:
[£-2@]70E) = j—,, ({-2N;) -
- u"’Z{ ) X1k GUEE) +[szM/«e)/;, Ete)-
- LS (V0 A D))y GRE) -[I0-7 e N ] G X +
ad 22’2?’ I dE A5 [ 615, 5)e Dy £ o] XL, £))-
-[(Sg)eD0z £)) 63,20 6z.6) },
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/‘4’(;“’5)= A e)[{-2M,-2 6"?{{) N, CEE) +
ZZ fdfdﬁz Ca E)@_)/g 5)eGEE),
Dy T
where: f3= Z',‘é:*f-_; EEZE-E:_E?,- /3._2.—_—// *J‘ 4”5
AoB=l| R B, [ABL =155 A M, [S.(F é,)]d M2 Ay Byl

and v depotesg the transpomidion of the matrix.

(?)

As the first step the equation (7) w;l.ll be solved in
the zero order approximation, consisting in the substitution
A A A

2~ (G eand omitting all terms proportional to A and
A
Dé +As the rasult we cbiain:

A

G

C%a = [E-GERUTEE | 6%e-0'6EaV,

‘o, QeC(kEJ oup fi A1, Y 2

Ncp}:gids——e%_i ”e‘:’i i”’ U, &) &—//Sl @S
T=KT

(o) )
The zero order matrices C7 and N are d1agona1
A
Iterating (7), i.e. substituting matriges C' ’ D » NV
and o\f by their zero order values, we obtain the following

equation for the boson Green's runct:.on

Eé—ffi‘)]élk‘é)- (4+9_N‘°’) L/I-f?ch(k E)] +
+0W€) | 9
where
M) = | 4 Z[S z;z#)y‘°’g)+5 ZZ}‘O)/\}}(Z) §PX‘5 Y L?’g*)-
-1
itall, oole ],

W(l?e):l—z— f déf,_[zX CZ,)—Z)’(/(-Z) E+.Q(/<)])\
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G().. )C—}(%EJG ?E)I/ £ =E-E4E,

n
With the help of the unitary matrix U@_ we diagonalize
the matrix

A ) < A -1

~A A ~f~a A A -
Qie)=[E-Fw)] [4_24/“”][4 20 W(E,E)J an
In tho case of the erystal with two sublattices, taking in

9) F«.Z /1+2” P f and neglecting the spatial dispersion:
XJ{’(IC) )’(K)_)X y we obtain after diagonalization

| P(EJ +Z(E) ¢} //
5 (5‘-91,)(5 31)(5-‘?4)(5"’ ) /J 0 mergeE (12)

(10)

C €)=

whers

9 - Ardet Xyt Xap l(éz_i&)ﬁr__zz)f- XZJ/Z

K7 2
are the energies of the normal exciton levels, and
7
= + = - =
L £ lLY,), deht

are the energies of the kinematical ones.

(13)

As we see the kinematical levels are shifted with
redpect to the normal levels for ;(){JA— Z‘) oIt meatfiz that
the Davydov splitting between kinematical levels is the same
ag between normal leévels,

The matrix method will be applied also to high c¢oncentra-
tion analysis of the excitoh system.In this case, the higher
order paulion Green‘s function, figuring in (2) will be
docouplod as followsa)

«P@oRie Pavl PHlop =%, [, 5, 44D,
(EEyPabPab| PR )))-:{MF’( &dt) 15

448



So we obtain the following matrix equation which defines the
]
Green‘s functions / «, E):

LE J(k)]/’(«,g) =5 (/1 23&) (16)
where XJ=//X,« 2

\i,?)://Zﬁ‘)—Q{x)f,@H Zg( Z:Z(/rmﬁ(ﬂ- | (17)

Introduc:.ng the unltary matrlx U which diagonalizes the

matrix j(K) ie0s j/K)U U T(‘?) i{K) /“-,4!‘()61/5] we obtain

F(K €)= [’: f_(K)J 2—2-, /i .lpd l—'(lZ'E'):UJ ‘[_(’R',E)UJ (18)
and ;F(K>=2_de (eF-1)Re az e)

Ty

As we see the occupation number matrix is not diagonal, and

M5 20%, oy ]ze ST -

the actual occupat:.on numbers are obtained by the:.r diagona-

llzatlon with the help of the um.tary matrix Ux i.0,.:

91’(«)(/ U;@(K) Da(“)=//0<2}‘*/ il (20)

So, the exciton energies at high concentrations are given
by I *&‘Z‘) and the corresponding oc_cupatit;n numbers byo@a(/? ;T) .
It should be notticed that the mean valges o\(:( /’(R) for

,;(:f/) are different from zero..It means that the processes of
simultaneous extinguishment and appearance of excitons of the
different kinds also contribute to the ordering parameter of
the system y = ,7,0 "

ﬂ(T):{_JF [\% 'K;(Ckl‘) l(jl)
and, consequently, have an influence on phase transitions

in the system, but their contribution cannot be obtained

without numerical computing.
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