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AN EXCITATION IN MX AND MXX' CHAIN SOLIDS
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(3) Code 573, Materials Research Branch, NCCOSC RD'T&E Division (NRaD), San Diego, CA 92152-
5000, USA

(M Theoretical Division and Centers for Nonlinear Studies and Materials Science, Los Alamos National
uaboratory, Los Alamos, New Mexico 87545, USA

ABSTRACT

Nonlinear adiabatic dynamics associated with nonlinear excitations in MX and MXX' chain ma-
terials are numaerically studied within a discrete, 3/4-filled, two-band, tight-binding extended Peieris-
Hubbard model. Both Hartree-Fock (HF) adiabatic molecular relaxation and molecular dynamics
techniques are employed to investigate the time uvolution of solitons, polarons, bipolarons in charge-
density-wave (CDW), bonéd-nrder-wave (BOW) and spin-density-wave (SDW) ground state materials.
Photoexcitations are performed between (i) continuum levals, (is) localised levels, (i<s) continuum and
localised levels. The subsequent formation and time evolution of excitons, defect pairs, breathers, and,
for the MXX" solids, charge separation are studied in terms of energy levels and distortion patterns.
These results are compared with the dynamics of previously studied 1/2-filled, one-band, SSH-type
electron-phonon models, used for studying polyenes sad polyynes, and experir.ntal data.

INTRODUCTION

Halogen-bridged mixed-valencs transition metal linear chaln complexes (MX chains), [MLa|[ML; X3 (Y4)
(M=Pt,Pd,Ni; X=C.,Br,[; L and Y are various lgands and counterions), are interesting not only due
to specific properties in the individual membaers of this class of materials, but, due to she wide rarge of
ground states and attendant intrinsic defects experimentally avallable within relatively easily synthe-
sised and well characterised crystals, the MX framework may be viewed as a template into which the
appropriste M, X, L, and Y are lain to produce a material with virtually arbitrary desired properties.
‘Thus we have put conaiderable effort in recent years into the theoretical modeling of the MX chain
materials based on a two-band, 3/4-filled, tight-binding, Pelerls-Hubbard Hamiltonlan with on-site and
intersite electron-phonon couplings. This effort has been recently reviewed [1), focusing on the calcu-
lation of relaxed geometries wad optital absorption spectra. More recently, infrarcd and resonance
Raman spectra ware computed and compared with axperimental data (2). Our current theoretical
studles of the electron spin resonance (ESR) spectra in pure MX materiale (3], frustration effects at
large electron-electron interaction strengths (4] and photoinduced and intrinsic electron-hole charge
separation in mixed-helide MX materials (5], potentially very useful for devica applicutions, are also
included in these proceedings. References to the literature on the synthesis, characterisation, and rele-



vant experiments may be found in the above, and in the experimental papers in these proceedings and
those of I[CSM '90 [6].

We focus here on the theoretical predictions for the dynamics of photoexcitation. [t is worth noting
that certain defect states, e.g. excitons, are inaccessible via impurity doping, but may be obtained

during photoexcitation. This is illustrated below in the case of a weak CDW (delocalized) material
Ptl.

DYNAMICS AND PHOTOEXCITATION

We have investigated the photodecay channel subsequent to photoexcitation in the ground state
as well as in the presence of nonlinear excitations and impurities using adiabatic molecular dynamics
(1,7]. In the present context adiabatic dynamics refers to the case when the energy corresponding to
the bare phonon frequency is much smaller than the Peiarls gap Fne MX matarials with heavy M
and X atoras this condition indeed holds. The numerical procedure is an iterative two-step process.
At a given time and fixed distortion pattern the electronic eigenvalue problem is solved [1i. [a :he
next step the time evolution of distortion pattern is calculated by the classical ion dynamics. With
this r-~w distortion pattern the electronic eigenvalue problem is solved again. This process is carried
out sclf-consistently and iteratively. We employed periodic boundary conditions. In a few test cases
instantazeous as well as spatially homogeneous damping was also applied.

Photoexcitation was simulated numerically by manually removing an electron from an occupied
state and instantaneously placiag it in an unoccupied state. The system wes allowed to evolve adia.
batically with no further changes in electronic occupations. Fig. 1 shows the evolution on a Pt chain
with 96 sites (48 Pt atoms and 48 [ atoms) after s single electron is photoexcited across the Peierls gap,
with the addition of the gap energy (E, ~1.2 eV) to the system. Periodic boundary conditions were
employed. As is clear from Fig. 1(a), initially an exciton is formed within a phonon period. However,
thie exciton s unstable and, in principle, can decay into either (i) an electron polaron-hole polaron pair
or (i) » charged kink (i.e. electron and hole soliton) pair or (iii) a neutral kink-antikink pair. Based
on the ¢lectronic occupancies of the excited state, the analysis of fully relaxed electronic states at later
time and the energetics we find that the initially formed exciton evolves into a slowly separating neutral
kink-antikink pair. Since the creation energy of the kink-antikink pair is smaller than the gap energy,
the remaining energy goes partly into the kinetic energy of the kinks, partly into the acoustic phonons
and partly in the {orm of & small amplitude localized “bresther” (phonon bound state) between the
kinks. Such a breather, a temporally and spatially coherent state of opiical phonons [7], is clearly
visible in Fig. 1(s). Alternatively, s breather is a charge-neutral, spatially localizsed, time-periodic,
in general persistent, nonlinear lattice excitailon which has important implications for subpicosecond
time-recolved absorption experiments. It has distinct signatures in the intragap absorption. Since Ptl
is & deloculised system the initially formed exciton is extended over about 40 sites. Similarly, the
breather is also quite extended.

Fig. 1(b) shows the time evolution of associated energy lavals, in particular the characteristic gap
states of & kink pair. Within ~200 femtoseconds two continuum states are pulled into one (almost)
degenerate midgap state indicating that the initial bound electron hole pair (exciton) quickly evolves
iato s kink-antikink pair. At the same time s breather level oscillates about the conductioa band edge
into the gap and persists with a time period larger than the phonon periud.

We have also studied dynamics of photoexcitation in PtTl and PtBr. Unlike Ptl, at later times
lattice discretanetn effects hinder complete separation of the kink-antikink pair in PtCl which is a very
localised CDW system [1]. Results for a photoexcitation across the Peierls gap in a PtBr chain are
shown in Fig. 2. The photodecay channel is found to be the s.ume as in Ptlexcept that the kink-antikink
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Fig. 1. Dynamics of photoexcitation in Ptl: () CDW distortion ss & function of time in uaits of 10~
seconds. For clarity the nsgative of CDW distortion Is plotted. (b) Energy levals as a function of time
for photoaxcitation of the ground state.
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Fig. 2. Dynamics of photoexcitation in PtBr: (1) CDW dlstortion as a function of time in units of
10~'% seconds. (b) Energy levels as a function of time for photoexcitation of the ground state.



pair is formed faster than in PtI and ia less extended. A breather between the kink-antikink pair can
also be seen.

Apart from a photoexcitation acroes the Peierls gap ia the CDW ground state, we have also studied
photoexcitations in the presence of polarons, kinks, etc., between intragap levels as well as between a
localized level and a continuum (band) state. We find interesting photodecay channels other thau the
kink-antikink pair discussed above.

CONCLUSIONS

We have presented an illustrative example of a theoretically calculated photodecay channel. A more
detailed report of the dynamics of pure MX chain materials with weak electron-electron interactions
will appear shortly [8]. Investigations of the influence of Coulomb interactions (boch on-site Hubbard
and longer-range terms) and site and bond impurities on the photodecay channel, in addition to
dynamics studies for mized-haiide MX (MXX') materiais, are in progress. These studies, combined
with those mentioued in the introduction, will help both to further elucidate the experimental behavior
of specific MX materials, as well as increase our general understanding of the role of competing electron-
electron/electron-phonon interactions in all low-dimensional materials.

Acknoyledgementy. This work was supported by the US DOE. While this work was done JTG
neld & Natiozal Research Council - NRaD Fellowship supported through a grant from the Office of
Naval Research.

REFERENCES

1 J.T. Gammel et al., Phys. Rev. B 48 (1992) 6408; S.M. Weber-Milbrodt et al., Pkys. Rev. B 45
(1992) 6358.

2 1. Batistic and A.R. Bishop, Phys. Rev. B 45 (1992) 5282;

3 A. Saxenas, I. Batistié, M. Alouani, and A.R. Blishop, thess proceedings.

4 ].T. Gammel et al, these proceedings.

5 A. Saxena et al., Proceedings of the Spring 1992 Meeting of the European Materials Research
Society, Strasbourg, France, Synth. Mctals, in nress; A. Saxens et al., these proceedings.

6 See the several papers on MX chains in the Proceeding of the ICSM '90, Tibingen, Germany,
Synth. Met. 41-43 (1991).

7 S.R. Phillpot, A.R. Bishop aad B. Horowita, Phys. Rev. B 40 (1989) 1839.

8 A. Saxena, J.T. Gammadl, and A.R. Biehop, prapriat.



