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ABSTRACT

The linear chain in molecular crystal with local struc-

tural defect (dislocation) has been considered. By applying a

particular theoretical approach the energies of localized

excitations appearing in the system are determined and the

dependence of these energies on the perturbation parameters

is discussed. The theoretical approach is formulated in such a

way to reduce the problem to the analysis of an ideal molecu-

lar chain with some extre off-diagonal terms in the Hamiltonian,

These extra terms are considered as perturbation caused by the

nonideality of the molecular chain.

The results of the present study provide the first

step towards the quantitative understanding of the effects

of structural disorder on exciton dynamics, energy transfer

processes and absorption line shapes in quasi-one-dimensional

molecular crystals [l].

-1-



I. OBJECT AND IDEA

We shall consider a polymer chain (one-dimensional molec-

ular crystal) with a point structural defect. The point defect

is molecule translationally or orientationally disordered. It

is assumed that disordered molecule causes no change in the local

chain structure. However, such a system is not translationally

invariant and, strictly speaking, it could not be considered by

the method of analysis in the inverse (Fourier) space. This leads

to mathematical difficulties because the calculation in the di-

rect space gives difference equations which are less convenient

than the integral equations resulting from the analysis in the

inverse space [2j. Our aim is to avoid the analysis in the di-

rect space and to formulate the problem in the inverse space.

This ie possible by the redefinition of the system Hani it onion [2].

The idea is to add and subtract some new terms to the

starting system Hamiltonian in order to obtain the Hamiltonian

of the ideal polymer chain, of course a6 a part of the total

redefined Hamiltonian. So, the total redefined Hamiltonian

contains the translationally invariant Hamiltonian of the ideal

polymer chain and the translationally non-invariant part which

can be considered as a perturbation.
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II. THE SYSTEM HAMILTONIAN

In order to simplify the calculation procedure we

shall uee the two-level approximation. We must therefore con-

sider the ground state and first excited state of molecules.

Under the influence of light (transverse photon field) in the

considered system collective and localized excitations arise.

The collective excitations are Frenkel excitofls [2]. We con-

sider singlet excitons, i.e. molecule excitation processes with

no change of spin. The Hamiltonian of this polymer chain system,

can be written as

n>o

n<o

of,

- + B , B % ]
fl n f ofl

(1)

where A^ is the excitation energy of molecule, B % the Bose

operator of creation of an exciton on the molecule on lattice

site m; f and fx denote the excited state of ardsred and dislocated

molecule, <Of|Vnm|fO> is the matrix element of the dipole-dipole

interaction between molecules on lattice sites n and m ,

<0f'Von 'f0> i s t h e 1 M t r i* element of the dipole-dipole inter-

action between dislocated molecule (on lattice site n=o) and

molecule on lattice site n.
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In order to obtain the Hamiltonian of the ideal polymer

chain, as a part of the Hamiltonian (1), we add and subtract

the following term r <0f|VnQ|fO>|B*fBof +BnfB*f|. Taking this

into account the Fourier transform of the Hamiltonian (1) in

the nearest neighbour approximation becomes E DCkn

. -ikn ik,
[Af+Vlk>] SC^) + gfVj^e

 x • V2e
 x] E D(k)

E GOO - n I V(k) G(k)
k " k

Z D(k) +
k *" K

+ V, eik]G(k) C3)

where

(Bqf V

" 4f Bqf Bkf " V(«>tBqf Bkf + Bqf

where

vl = <of!vo,l|fl0>

V2 " < 0 fl V-l,ol fl 0 >

V(q) = 2<0f|Vn n+1|fO>cOB(qa) = 2V cos (qa)

a_ is the lattice constant.

III. THE ENERGIES OF LOCALIZED EXCITATIONS

The energies of the localized excitations of the system

described by the Hamiltonian (2) have been found using the Green

function method. The closed system evolution equations of Green's

functions are

where

klf* • Ocki) s * V i 1 B*if

After integrating over k ^ equation (3) becomes

CJ11 " X ) Cl + J12C2 + J13C3 ' °

J21C1 + <J22 ~ 1 } C2 + J23C3 = °

J32C2 + CJ33 ~ 1} C3 = °

J U = "Afjl " 2Vj2 J J21

J12 = -2VJ1 J22

= (v1+v2) j 3

(t)

J32=
VV2

(n - Vn 2 - l) 2 E - A,
t n =
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Taking into account (3) and (t) one can see that

the energies of the localized excitations are determined by

the following nontriviality condition:

D =

U12 J13

J21 (J

32
<J 33

= 0 (5)

where D is the determinant of the system of algebraic Eq. C O ,

Starting from (5) it is easy to obtain the algebraic

equation which determines the energies of the localized exci-

tations. It is possible to carry out the complete numerical

analysis of this equation, and this is the main advantage of

this approach compared to the approaches presented in a previ-

ous paper [2].

IV. NUMERICAL EXAMPLE

Of particular interest is the situation in which

Af = A- and V, i V2 i V, correspond to a localized strain.

Figure 1 shows the dependence of the energy of bound state

(the trap depth} on the change of lattice spacing, on the as- .

sumption that [3]

= V x (-£> V2 '- v

where aQ and a are the normal and perturbed spacing (distance).
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it is seen that1 for reasonable degrees of

strain these traps are quite shallow compared to the exciton

bandwith, so that they should be experimentally important only

at low temperatures where they can be significantly populated.

Figure 2 shows the dependence of the energy of bound

state on the change of orientation of disordered molecule. It

was taken that [<t]

COS (f. j_ - 3 cos cos (*fo>

1 - 3 cos2 Pf^

where ̂ fQ ^ is the angle between the dipole moments of the

molecule on lattice «ites £ and 1, whereas '"f̂  and ^f are

the angles between the direction of energy transfer and the

dipole moments of the molecule on lattice sites 1 and £, re-

spectively. Comparing Figs. 1 and 2 one can see that the

change in the distance between molecules gives a greater trap

depth than the change in the angle.
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FIGURE CAPTIONS

fig, li Energy of bound state at a site of localized strain

as function of the change in lattice spacing (Aa), for normal

spacing aQ = 0,7 nm, V = -7 cm, Af = 20192 cm (data for 1,4-

-dibromonaphthalene).

Fig.2. Energy of bound state as function of the change the

angle orientationally disordered molecule (Â f), for normal

angle fQ = 60°, V = -7 cm, Af = 20192 cm.
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