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---

Focusing on the metal d:z and halogen p: orbitals and including only near neighbor interac-

tions, ww usc the f~ilowing twohand model for the isolated NIX chain [3]:
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\Vhile Pcierls” theorem guarantees that a commensurat~ distortion

110 distortion in one-dimensional e-p coupled systems, it does not rule

is lower in energy than

out the possibility that

anothrr distortion will he even iovwr in cmcrgy, The J term [!rivos a long period phzu+e at ~actlv

commensurate filling [i]. Consider the trivial zero-hopping limit (t. = n = O) where the electronic

Itamiltonian is site-diagonal and the eigenstates are fully described by their site occupancy. ‘rhe

period -t phase is then:

. . m.t.lf.\ M .YM.Y .11 .’. = ,.2022 ?02 2 ...

Iirst consikr (’ = 1’ = 0. It is easily seen that the lowest cmergy state for small P. phase separatm

into two regions, one of which has all the sites fully occupied and one of which has all the site+

(Wlpty:

222. ”. ’.”. ,” 2220.,,0.

The hopping drivm the rornpcting period -1 phase. A roughly period ltl distortion, loww in (’nergy

Ihall the pcrim! 4 phase. is shown in Fig. 2, Long range Cmdomb effects clearly also disfavor such

Itmg period ph~scs. ‘III Ref. 4 wc investigate this phue using an unscr~-ncd Coulomb interaction

plIIs an on.site CX( hulgc, trcatlngthehopping~0irl perturbation tllcory, f.)[~filling at :]/.~-fi]]ing

I III*lwri~d .10 statvs f“,, and ( “,,:
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222 .. ,’,.... 2220,.()—.—

h sites
,

(t ,qilr,q

( ./ , ’22 “,.,’2’211,,...1I
,* .

“2(1,qit~,q %i sitm ‘

WOIIilld t hat f[]r rtIIIRJl t(l and fix~d ~trrll~tll of IIIP rloctroll.clcrtr[)ll rorrolationn thrro is a WVl IIOIIW

* .fl~f lrillls~ti{]lls through thostatmf ’l. (”~,f I., ....{ ,1, ~,}
,,+1, ... . (“., M i~ is incrwu+wl, l{ocI~Ill S’l”\f

il:Ita in(licalwi t hat t hi~ lt)ng p(~ri{}tlphiuw ltI*my h rvalizwi t~xl~(trittlt~lltally [?)]. \\’IBNporlll;lto I Ilat I IIIS

lIIIIIli~tIcy l{Nvikrll (’]liir~i~-(.]ll[li~)illg IIIAy 110 platp(] to twinning (sllp{~rlattir(~ ~lisr(ttll lllt~llsll r;Lti{lllq),

Ijr rc’a,l •I~acv I l)il~l~l;lr{lllic ) pairin~ in lhv 2 II oxlvnsilm I)f tmr IINJIIVI, I:iw (ho rlwt (J thv {Iiscllhsi(m

\VIIr[”~lri{t 1110py{llll~~l•lalt~ III 1111ill III(* ljori{)~l .1 phaw.
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In the ground state in the absence of e-e correlations, this problem can be analvzwl analytically.

The result ing phase diagram is rather feat urcless: for positive 3 the lowest energv period -i phase

;s nearly always a charge-density-wave on the il siles (C”DJV) [3]. ( \Ve Iat.d the states by the \l

hchavior in analogy with the one-band model notation [2], ) This is in agreerncut with the fact

that all known \lS rnatc-ials with structural distortion Me in the C’DW phase, and demonstrates

one important difference between the two-band model and one-band models [~], where the II(IIV

phase is found f(x a suhtantial range of parameter values. It also implies there can never Iw an

tIxact nlapping to a onc hand model.

\\se have mapped out the phase diagram as a function of [1 and L’ numerically. \Ve find [:]] (fur

K.\/ #\f = 0) for small 1: that the system has a CLIW with decreasing magnitude as U is increased,

but for intermediate L- the system switches over to a BOW, again with decreasing magnitude. and

finally a SDW phase develops. The Hubbard V term lowers the transition from CIIW to SDW [3;.

EX(’lT..fTI0XS ,IND .4SSO(’1.4TF, f) OPTIC.4L ABSORPTIO?IS

\f”e have studied polarons, bipolarona, kinks, and po!arexcitorts in the CDW phase numcricallv

[3]. W’e focus hereon the results for static polarono. We etresa that this model haa no electron. hole

symmetry even in the absence of correlations, and this is rettected in the fact that the electron and

11010d~ferts have slightly different absorption, This aaymmctry is not present in ttw onwhand

ImJdIi [2], again mnphasizing the necessity of using the full two-band modol. U’P hav~ invcstigatml

thv paramctrr dvpondrncc of the optical absorption spectra for pdarons at L’ = O. ‘1’hree distinct

int ragap Amrptions are otmervml, which are historically labeled aa the (’, ~t, iLud ‘) hands (in

i}r[l(-r of iilcreasing rnrrgy ), For SI1ld] ~ the (’ peak in at lower energy and has largvr arnplitu(lp

than al large J. The 11 peak is lost at nmall -1, The electron polaron is inrwnsitivc to r. MId iitf,

Rh~r~as Ihe hole polaron absorption are quite sensitive,

\V~_havp irtvmtigatwl the dcprn(ienr~ O( the opt!cal almr)rpti{m spmtra (m K,if,tfXII(I I” if,

\\”~*h;iv~’ sr;dod thr paranwtors whvn inrluding (’,tf,.v t!) Iwvp tho uniform strurturo IMIIIIS an(l

~li~[ljrt ion rtmst ant; in krwping with thp intorpr~!t ation of thv / ‘,$f,.K = () paranlotors as t II(I ofrvct ivo

Illvall Iivll! Valllos, l)ccr~~ing K,jf,~~ i’rom ill flnily t:~ndn to lnt}v~ t ho 1! iilmorl)ti~m If) Ihv gall vcl~(l

,IIltl lhII ~\ ;IIIII ( “ ;ilmwpti(mm 10 tlw gal) rrntor, an:l a llo W roughlv ffdh~willg I III* dvrivalivo of

I ho ( “ll\V alllplitu[lv (Iovclop. I’,y has Iittlpdkt. and (~,~dhtiv~dy inrrrwwh tho p(Jar(m ;\

gtll} ●liltf* iil~w~rl)liim onvrgy, [’11(’Iluhtmr(l }’ Iirst {lt’1[1(’illil(’~ tho IIf’[w”t in 1110( ‘l)\Y ~lh,lsv, t 111111

tlrlvt’s t III*Sl )\\’ l~li;wo whorv tlw (Ivfvrt is ;LgaiIl I(waliml.

l’ho ~l~ortrlllll in I“igl # aKrmw fairly WV*IIwith thv (’xl]t’ritll{’lll;tlly ttlwLsllrml ~pvrl rlllli l~~r

:1’1(0’II)J] jl’1(~’11)~(’1~]((’104 )4 (IBtI.-~Sli~(”li J(’lli TillJ) [T)].‘1’110p~ramf’li’r~ worv ,11’rivl’,1I)v lilllll~



the known uniform structural and band structure data: .3 = .3R.~, EII,rT = 2.5- 3.0e V, L“P,IV -

Ec, = 4.7eV; yielding for the dimensionless parameters modeling PtCl to = .5, n = .5, P. = .:],

J.\, = .03, h’ = .5-I. and A = ..5S. ,\s we expect the Iigands to strongly corwtrai,. the metal -recta]

distance. we used h-.if,lf = x. Th~ defect peak locations were then calculated and compared with

experiment: yielding good agreement. Experimentally observeci Ra.man resonances are observml

at 1.3- 1.4 and 1.9-2.1 CJ: enhancing a ’263 cm-’ mode, 1. 1-1.7 and 2.2-’2.~) ~~f enhancing a ‘2x7

cm-’ mode, and 1.7-1.9 eV enhancing a 272 cm-’ mode, with a peak at .4 el’ observed in infrarw-1

absorption [5]. The IJ.CT edge is at ‘2..5eV, \f’e identify these peaks as the A and B peaks of the

~’lcctron poliiron; the .-1 and II peaks O( the hole polaron; a bi polaron absorption: and a polaron

(. absorption, rmpcctiveiy, \Ve stress that this identification means that the ~ adsorptions

for the rlcctron and hole polaron ar~ seen in the resonance Raman studies [5]. The iISS charge

density for these def~ts is shown in Fig 4. Note that the hole defect is more delocalized.

\\’e would like to thank D. 13aeriswyl, D. Ii. Campbell. R, Donohoe, R. Martin, S.R. Phillpot,

J. Roichl. U. Swanson, and S.\I. \f’cber. MilbrocIt for uGeful discussions. This work WM supported

hy [he US DOE.
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FIGURES

Fig. 1: (a) Schematic of the MX chain showing the model parameters and a CDW distortion: (b)

the corresponding to = a = O energy levels.

Fig. 2: A long period distortion of roughly period lti. Shown are the lattice distortion (soiid) and

charge density (dotted). Parameter values are to = 1., a = O, e. = .5, d,tf,4Y = .7’, and A = .“.

Fig. 3: The optical absorption spectra, with the IVCT scaled to 1, for the hole (solid) and electron

(dotted) polaron and bipolaron with PtCl parameters, Note the electron-hole asymmetry.

Fig. 4: The lattice positions of the metal (circle) and halogen (diamond), excess charge density

(solid ), and excess spin density (dotted) for the defects of Fig. 3, stressing the electron-hale

asymmetry.
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