H
|9

ELSEVIER

Journal of Luminescence 768 77 (1998) 470--473

JOURNAL OF

LUMINESCENCE

Density of states and localization properties of a one-dimensional
Frenkel Hamiltonian with off-diagonal disorder

A. Rodriguez**, F. Dominguez-Adame®, G.G. Kozlov, V.A. Malyshev®

*Departamento de Matematica Aplicada v Estadistica, Universidad Politéenica, E-28040 Madrid, Spain
7 f It . !
® Departamento de Fisica de Materiales, Unitersidad Complutense. E-28040 Madrid, Spain

“ All-Russian Research Center “Vavilor State Optical Institute”,

Bircherava Liniva 12, 199034 Suaint-Petershurg, Russian Federation

Abstract

We study a one-dimensional Frenkel Hamiltonian with ofl-diagonal disorder, focusing our attention on the physical
nature of the zero-energy peak of the density of states. The character of excitonic states (localized or delocalized) is also

examined in the vicinity of this peak. It is shown that the st
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ate being responsible for the peak is localized. ¢ 1998

1. Introduction

Two decades ago, Theodorou and Cohen estab-
lished [ 1] that the density of states (DOS) of a one-
dimensional (1D) tight-binding Hamiltonian with
nearest-neighbor (NN) interaction and random ofl-
diagonal elements presents a singularity at the
center of the band. In Ref. [ 17 it was also stated that
the corresponding state is delocalized. This contra-
dicts the theorem of Mott and Twose [2] that all
states in one dimension are localized in the pres-
ence of disorder. Adding some amount of diagonal
disorder (in the presence of ofl-diagonal random-
ness) makes all states to be localized [3]. Remark-
ably, calculations done for 1D tight-binding
Hamiltonians with only diagonal disorder do not
reveal any singularity in the DOS [4].

Recently, Fidder et al. have found by numerical
diagonalization of the 1D Frenkel Hamiltonian
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with off-diagonal disorder that, notwithstanding
the singularity of the DOS, the corresponding state
is localized when one includes the long-range (LR)
interaction due to dipolar coupling between differ-
ent sites [5]. This finding seems to be in contradic-
tion with the point of view raised in Rel. [1]
suggesting that the state corresponding to the sin-
gularity of the DOS is delocalized. In this paper, we
examine the conclusions of Ref. [1]. We present
arguments demonstrating that the zero-energy
state is localized even in the nearest-neighbor prob-
lem. This conclusion, based on analytical consider-
ations, is then confirmed by numerical simulations
of systems with different sizes and degrees of dis-
order.

2. Is the zero-energy state delocalized?

In this section we briefly restore the arguments of
Rel. [1] leading to the conclusion that the state at
center of the band is delocalized. We present other
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