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THE INFLUENCE OF EXCITON CONCENTRATIONS
ON THE DIELECTRIC PROPERTIES
OF MOLECULAR CRYSTALS

MIRJANIC, D. Lj,"” Banja Luka
SETRAIJCIC, J. P.» TOSIC, B. S.,» Novi Sad

The refraction and absorption properties of molecular crystals for low as well as
for high exciton concentrations were analysed in the present paper. It was shown that
high exciton concentrations cause high absorption in long-wave range while in short-
-wave range they lead to high transparency of the crystal.

I. INTRODUCTION

The object of this paper are the investigations of dielectric properties of
molecular crystals at low as well as at high concentrations of excitons. Such
analyses are very complicated mathematically, lengthy and time consuming,
Fortunately, there exist three papers [1—3] where the problems of low as well
as high concentrations were analysed with all necessary details. The methodolo-
gies of these papers will be used here without quoting the details since the reader
can find them in the mentioned papers.

Using the mentioned procedures we shall demonstrate here that the increase
of exciton concentration drastically changes the refraction index and absorption
coefficient of molecular crystals.

1. Low Exciton Concentrations

In this Section we shall follow the methodology of paper [1]. The dielectric
permeability tensor will be analysed in the isotropic approximation. The spatial
dispersion will be neglected. In this case the general formula from [4] reduces to
the following one:
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In this formula £is the dielectric constant, 1, is the elementary cel] vol
simple lattice, £, is electrical field per elementary cell and I3 (@) is th
component of Green’s exciton function

Lan(t) = (B P2 (0)), (1.2)

with neglected dependence on the wave vector k. In the formula (1.2) P(¢) are
the Pauli operators annihilating excitons. It means that the two-leve] €xciton
scheme is considered here.

The Hamiltonian of the system is given by [5, 6]:

ume in g
¢ Fourier

H=A4Y P'P+ Y XomPa Py + 3. Y, PYBPIP. (1.3)

In this expression for H, the excitation energy of an isolated molecule is denoted
by 4, while X and y Tepresent the matrix elements of dipole-dipole interaction.

The higher order Green’s functions of a type §P*PP|P*Y appear in the
equation for the Green’s function {P| Py, Following the approach from [1] we

substitute in the higher order Green’s functions Paulj operators by Bose opera-
tor forms (see [7D:

are neglected, so that this procedure schematically can be expressed as follows:
CEIPRAPEY ~ (B B.B. 15y - (88,5, |BIBBY ~
~ = 20B] 1B.Y(B,IB;Y (B.1B}).

Using the mentioned approximations in finding I" and formula (1.1) we
obtain the expression for &(w). The refraction index n, and absorption coef-
ficient K, are connected with ¢ by the well-known relation »n + ; K = £ We
quote here the fina] expressions for n and K, only. These expressions are:
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It should be noticed here that in (1.6) the frequences 2, = m. and Q, = Y/h were
neglected with respect to £2, because they are for two orders of magnitude less
than £,. . o
The wam:: (1.6) for %, =0.5; 1 and 2 are graphically expressed in Fig. 1.
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Fig. 1.

2. The high exciton concentration

The evaluation of the refraction index as well as the mcmo:uaom coefficient at
high exciton concentrations require an essentially new approach in the calcula-
tion of Green’s function I'. In this case the exact formulae from 7] rm<n.8 be
used, i.e. the Pauli operators are expressed in terms of the Bose operators in the
following way:

- —2y +vpv
P=prp, pr—_p+pr fo xmo AA_+<vz B*'B", Q.1

The coefficients of the operator function fare very ooE.v:omﬁm.a so that Hro. direct
evaluation of Green’s function {P|P*)is practically _Evomm.&_n. Following the
ideas from [3] we shall calculate the auxiliary Green’s function of the form

Lonlt) = N1+ B (1) B,(t) P,(2) | P2(0) 1+ B2(0) B, (0) (2
179



expression for L in a finite form (for details see [2, 3.
The functions I'and [, can be described by the following relation:

Lm@®) = (1 +20)"' L, (1). (2.3)
The relation is approximate but can be considered as satisfactory at high exciton

concentrations,

The amﬁ.m:m of the calculations wil] not be quoted here because the reader can
find them in [2, 3]. Here the expression for I'(w) will be given by the use of the
exposed approach as follows:

P I ,MTA@L%@
(@) N\NQ+N=V w—0, |

AD=lH 4R st sa s Lo s
B@=0 4 27).
Ir

Introducing (2.4) into (1.1) and calculating the refraction index n, as well as
the absorption coefficient K, we obtain the following result:

1 Tm@ + 019 + w@ﬁ.

V2 P& + Q%9 ,

_ 1 [P+ 079 - pey]”

K& =— : .
V2 PO + 0y

% 3z .
209 & — 1321 + 25)

PO =14+2_N _A@
E—1[1+ 22y

Taking extremely high exciton concentrations for the values % =0.5;1and

2 (the same as in the previous Section) we obtain the following curves for n, and
K, (see Fig. 2).
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Comparing Fig. 1 with Fig. 2 we immediately conclude that the increase of
exciton concentration drastically changes the refraction and the absorption
properties of the exciton system.

It is seen from Fig. 2 that in the long wavelength region (0 < 2)n, ~ 0 since
K, has relatively high values. It means that all the electromagnetic energy is
practically absorbed in this region. On the other hand for @ > £2, the absorption
coefficient is negligible while the refraction index has relatively high values. It
means that in the short wave region the molecular crystal is practically trans-
parent.

3. CONCLUSION

The results of this paper can be summarized as follows: a) At low exciton
concentrations the absorption as well as the refraction phenomena are present
for all wavelengths. It is interesting to note that the exciton-exciton interaction
causes the appearance of a wide peak in the absorption coefficient in the
long-wave region. b) At high concentrations the absorption phenomena are
dominant in the long-wave region while the refraction is practically negligible.
In the short-wave region absorption practically dissappears and the molecular
crystal becomes transparent for light beams.
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BIAMAHUE ILJIOTHOCTEN IKCUTOHOB HA hS@bH—ﬁHHSJMOZSM CBOMICTRA
MOJEKYJISPHBIX KPUCTAJLIOB

B pa6ore TIpUBeSieH aHanus croiicra MOJEKYIAPHBIX ki
JICHHIO U Mornowenuo CBETA [UId Mansix u 6onbumx TUIOTHOCTEH 3KcHTOROR, MNoxasano, yrg
Gonbmme TIOTHOCTH 3KCHTOHOR ABJISIFOTCA NpHYMHOH} MHTCHCHBHOTO MOrMomenns 5 JJIMHOBO JI-

HOBO# o6nactu, B 1o BpeMs kak B KOpOTKOBOMHOBOIH obaactu 6onpume IUIOTH
MPHBOAAT X BRICOKOI] TPO3paYHOCTH kprcTamna.

PHCTAJIOB nio OTHOWICHHIO K npenom-
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