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LNNA~Ics AN17 PHC)T OEXCITATION IN MX ANi7 MXX’ CHAIN SOLIDS

J. Tiake GAMMEL,(”J A. SAXENA,[J) ud A,R. BISHOP(L)

(’) Code 573, lvhteride Rmeuch Branch, NCCOSC RDT&E Division (NRAD), San Diego, CA 92152-

5000, USA

(b)Th~reticd I)ivition ~d Centern for Noni.inaU Stud.iee and Materials Science, LoI PJamoc National

mborato~, Loe Alunoq New Mexico 87545, USA

ABSTRACT

Nonlinear adihbatic dymm.ics usocisted with nonlinear excitstione in MX sad MXX’ chin m-

teriti tie numerically ~tudied within ● diecrete, 3/4-tUled, twctband, tight-binding extended Peierie.

Hubbard model. Both E~-Fock (HF) ndkbatic molecular reimstion ud molecuk dynamics

tecimiqnee ue ●mployed to invostigmte the ti.mc tivolution of soiitorm, pol~ons, bipoluona in charge-

denoity-wwe (CDW), bond. nrdcr.wwe (BOW) ud cpin.dea.city.wwe (SDW) ground state materiti.

Photoexcitationa ue performed between (i) continuum hale, (ii) Iodized hels, (i{i) continuum and

Iocaiiaed lode. The aubquant fotmstion and tima evolution of ucitons, defect purB, brest her-, and,

for the MXX’ did, chugs separation ue strdiedin terme of ●wrgy lade ud distortion patterna,

Theee reeu.h ue compared with tha dynamics of pmvioudy studJd l/2. fUled, one-bud, SSH-type

elect ron. phonon models, ued for ctudying polyenm and polyyna, and exprimzntal dats.

INTRODUCTION

Haiogen.bridged mixed-vaknce trueition motai UtIeU chdn complexee (MX Chahs), [M LI][MLaXa](Y4 )

(M= Pt,Pd,Ni; X= C2,BrJ; L and Y am vmrious Ugandm utd counterionr), - intoreating not only due

to spedlc proputia in the individual msmbere of tth due of mstahls, but, dua to the wide rug~ of

ground ct~ta snd ●ttmdaat hide dofatt exparimeataily maihbie within ralstiveiy edly cynt he.

shod md well chuuterised cr@A, th~ MX fruncwork msy be viwexi ee a tampiate into which the

●ppropristo M, X, L, aad Y are id.nto produa ● material with virtually ubitruy deeired properties.

Thus w hsve put conddembie etTort in recent years into the theoretical modoiing of tha MX chwn

matcriaie bseed on s tweband, 3/4-fUld, tl~ht.bindhgl Pelde-Hubbard Hamiitoalan with on.site ud

intaeite ektron.phmon coupihge, Tbie effort hu hem recantiy reviewwi [1], focusing on the calcu.

lstlon of raked geomdrh md optlmJ sbeorptlon opectrs. Mom wentiy, infrarud ud resonance

IbmuI opectm WQre computed snd compared with experhmutai data [2]. Our current thmreticai

atudiee of ths akron Ipln ~neaco (ESR) qectra in pum MX materlti [3], fructrstion effects ●t

lsrga eiectron.eiectron intwutlon atrengtho [4] ud photolnduced ud lntrlndc ektron.hole chuge

a.epmatlon in m.lxed.halide MX msterieh [6], potentldiy very ueeftd for davice appiicktions, Me also

Included la thwe procedlngo, Refuencti to tha IJtersture on tho tyntheela, chu~tdsstlon, and rele.



,

vant experiments may be found in the above, and in the experiment~ papers in these proceedings and

thOM of ICSM ’90 [6],

We focus here on the theoretical predictions for the dynamics of photoexcitation. It is worth notir.g

that certain defect states, ●.g. excitons, are inaccessible via impurity doping, but may be obt~ned

during photoexcitation. This is illustrated below in the case O{ a weak CDW (deloc~zed) ma:erl~

PtI,

DYNAMICS AND PHOTOEXCITATION

We have investig~ted the photodecay channel subsequent to photoexcitation in the ground state

aJ well aa in the presence of non.line~ excitations and impurities using adiabatic molecuhu dynamics

[1 ,7]. b the present context adiabatic dynamics refers to the cue when the ●nergy corresponding to

!he bare phonon frequency is much smd.ler th~ the P-krl~ gap l%r MY rnatpfi~la with heavy \f

and X atoms this condition indeed hold-. The numerical procedure i- an iterative twmstep process.

At a given time and fixed distortion pattern the ●lectronic ●igenvalue problem ia solved [ 1~. [n :he

next step the time evolution of distortion pattern is calculated by the classical irm dynamics. JVith

this r-w distortion pattern the ●lectronic ●igenvalue problem i- solved again. This process is carried

out d.f-consistently and iteratively. We ●mployed periodic boundary conditions. Ln a few test cases

instantaneous as well as spatially homogeneous damping wu also ●pplied.

Photoexcitation wu ~imu.lated numerically by manually removing an ●lactron from an occupied

state md instantaneously placiag it in an unoccupied state. The system WM allowed to evolve adia.

batically with no further changes in ●lectronic occupations. Fig, 1 showt the ●volution on a PtI chain

with 96 sites (48 Pt ●toms and 48 I stoma) after a ain~c electron is photoexcited across the Peierls gap,

with the addition of the gsp energy (E, =1.2 eV) to the syetem. Periodic boundmy conc!itions were

employed, As is clear from Fig. l(a), initially an exciton is formed within s phonon period. However,

thioexciton ;s unotable and, in principle, can decay into either (i) an electron polaron-hole polaron pair

or (ii) ● charged kink (i.., ektron and hole aoliton) pair or (iii) a neutral kink. antifink ptir, Based

on the electronic occupancies of the excited state, the analyoio of fully relaxed ●lectronic states at later

time ma the ●norgetic~ we find that the initially formed exciton evolver into a slowly sepuating neutral

kink-antikittk pair. Sinco the crestion ettergy of the kink. antikink pair ia smaller than the gap energy,

the remaining energy goes partly into the kinetic ●nergy of the tink~, partly into the ●couttic phonons

and putly in the form of s [mall amplitudo localized “bre~thern (phonon bound state) between the

kinks. Such ● br~th~r, h temporally and spstially coh~rent state of opticaJ phonont [7], is clearly

vifiible in Fig, 1(s). Alternstivdy, s breather is ● chug~neutrd, spatially Iocaliaed, time. periodic,

in general p~rsiotcnt, nonlinear lattico excita~lon which h~ importult implications for au bpicocecond

timo.recolved ●bsorption upetimonto, It has dhtinct tignaturea In the intragap absorption. Since Ptl

is a dalocdzvd tyttem ths inItMly formed exciton ia extended over ●bout 40 mites. Similarly, the

breathm ii dao quite extended.

Fig. l(b) Ihowo tha time evolution of usoclatecl wtergy levds, in puticular the chuacteris~ic gap

~tshs of ● kink pair, WitMn *21)(1 feuttoaecondc two continuum ttateo MO pulled into one (almost)

dagmeratc midgsp state indicating that the in.itlal bound electron hole pur (exciton) quickly ev{)lves

into \ kink. mtikink pair. At the same time u breather level occill-tea shout the conductio~ band ●dge

into the gap and persists with h time period luger than tho phonon period,

Wa hava also ~tudled dynamics of photoexcitstlon in PtCl and PtBr, fJnUke PtI, at l~ter times

lattice dkreteneto efhctt hlndar camplete tep~rutlon of the Unk.antiklnk pair in PtCl which is a ‘:rry

Iocalhd CDW #yatem [1], R.asulta for ● photoexcitation across the Peierls gsp in ● PtBr chun tr~

chown in Fig. 2, ‘rh~ photodecsy chaunel ic found to ba the t.,me u in PtI except that the kink-allt:klllk
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Fl~, 1. Dyamlcs Of photoudtatioa in pt~:(a)CDW dbtortlon U ● fuoc!lon of tlmo In unito of 10- ‘s
mconds, Fbr c.kity th~ n~stlva of CDW &tortIon h plottad, (b) Energy Icti u ● function of time
for photouchtion of th~ ground wsto.
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Fig, 2. DynMuIcI of photwxchtlon in PtBr:
1)

1 CDW dhtortlon u ● function of tlms in ua.itI of
10- ‘“ wondt. (b) En.r~ lwah u ● function o tlmo for photooxcitatlon of th, ground Itat..



pair is formed faater than in PtI and is less extended. A breather between the kink- antikink pair can

dao be mu.

Apti from a photoexcitation across the Peierla gap iti the CDW ground state, we have also studied

photoexcit-tions in the presence of polaronc, kink-, etc., between intrag-p levels u well aJ between a

localized level and a continuum (band) state. We find interesting photodecay channels other tha~ the

kink-utikink pair di-cussed above.

CONCLUSIONS

We have presented an illustrative u~ple ofa theoretically calculated photodecsy channel. A more

detsi.led report of the dynuo.ics of pure MX chain materials with weti electron-electron interactions

will ●ppear shortly [8]. Investigations of the influence of Coulomb interactions (both on-site Hubbard

ad longer-range terms) and site and bond impuntim on the photodecay channel, in ad~tion to

dynamics mtudiea for mtihaiide XX (hiXX’j matarieis, are in progreao. These studies, combined

with th~ mentioued in the introduction, will help both to further alucidate the experimental behavior

of cptific MX materials, u well M incre~ our general understanding of the role of competing ●lectron-

electron/aIectron- phonon inter= tions in all low-dimensional mstenala.
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