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Collective Excitations around Charge Ordered 
States and Coexistent States with Different 

Orders 

MICHIYASU MORT and KENJI YONEMITSU 

Institute ,for Molecular Science, Okazaki 444-8585, Japan 

We study qualitative differences of excited states between a charge ordered state and a charge 
unifom state. The excited states are calculated in the random phase approximation for the 
one-dimensional extended Huhbard model at quarter filling. In the charge ordered state, a 
dominant excitation in the current-current correlation function has no charge density modula- 
tion. A dominant excilalion in the charge uniform state originates from crossing the dimeriza- 
tion gap and modulates the charge density. 

Keywords: charge ordering: linear excitation; intersite Coulomb repulsion; Hartree-Fock 
approximation; random phase approximation 

INTRODUCTION 

Soiiie novel groriiid states have recently been studied iu molecular 
coiiductors. Oiie is t,lie coexistence of' a spin density wave (SDW) 
and a charge deiisity wa\w (CDW) in (Th/lTSF)*PFc, which is quasi- 
one-dimensional aiid is lx-lsirally a quarter-filled systeiii with dimer- 
ization. Seo aiid F~iliiiyama[l] aiitl Kobayaslii et al. [2] have used tlie 
Hartree approximat,ioii for oiie-clii~1eiisioiia11 extended HubbaId inod- 
els aid fouiid coesist,eiicc of' a 2Xp SDW with a 4 k ~  CDW aiid that 
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with a 2 k ~  CDW, respectively. They claiiii that  iiot only the on-site 
but also tlie iiearest-iieigld)or aiid the iiest-ilearest-iieiglibor repiil- 
sive interactions ai-e iinportaiit, respectively. Another iiovel state 
is the charge ordered st.at,e (COS) in 6’-(BEDT-TTF),MM1(SCN)4 
(M=Rb,Cs,Tl, M’=Zii,Co), which is rlu~i-two-diiiieiisioiial aiid is a 
quarter-filled system. Pressure cliaiiges the dihedral angle betweeii 
the  ET-molecular pl~iies aiid causes a diiiierized phase in dditioii  to 
a uiiiform phase. Seo[3] iistd the Hartree approximation agaiii for a 
two-dimensional exteiitletl Hubbard iiiodel and fouiid various charge 
ordered states depeiitliiig 011 aiiisotropy of the transfer integrals aiid 

that of the intersite Couloii~b interaction strengths. 
In this papcr, we stutly excited states of tlie COS in oiie diineii- 

sioii by using the 1t~1itloni pliase approxiiiiatioii (RPA) aid clarity 
effects of the diiiierizatioii iiiid t>he intersite Coulomb iiiteractioii on 
the  excitation slm:t,ra. First,, we obtain the ground state in tlie uiire- 
stricted Hartrec-Fock (UHF) approximation to coiifiriii the previous 
results. Next, we calculat,c rcspoiise fuiictioiis in the RPA on the ba- 
sis of the UHF states. \?‘e show that the cliaracterjstic features of the 
optical aiid iiiagiiet.ic oxcitation spectra depeiid on the diinerizatioii 
aiid the intersite Coiiloiiil) interaction. 

MODEL HAMILTONIAN AND GROUND STATES 

We adopt the one-tliiiieiisioiial exteiitlcd Hubbard iiiodel iiicludiiig 
the nearest iieiglilior iiiterac.t3ioii, 

where c!,~ (cj,,) is tlie electroil creatioii (a.iiiii1iilation) operat,or wit,li 
spin (T at site i ,  i t , ,”  is t.lie electron iiuiiiber density, and n i  = r l , T + , t t , , $ .  

The symbol ( i ,  ,j) st,aiitls for nearest neighbor sites. The transfer iiite- 
grals t;, alteriia~tivrly t,alw t,wo values, tl aiid f 2 .  The UHF calciilat,ioii 
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is carried out for the systeiii with 16 sites, quarter-filled and with the 
periodic boundary condition. We obtain different ground states, in 
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FIGURE 1 (a) Number density and (b) spin density for tl/t2=1.5, 
U=5, V=O (circle); tl/tz=1.5, U=5, V=4 (triangle); and t l / t z= l ,  
U=5, V=4 (square). 

which the repulsive interaction between nearest neighbor sites causes 
the charge ordered state and the different magnetic orders as shown 
in Fig.l.[l, 21 The different ground states have their characteristic 
excitation spectra, ns sliowii below. 

EXCITED STATES AND ABSORPTION SPECTRA 

We solve the linearized equation of motion for the particle-hole pairs 
that describe quaiiturn ff uctuations around the HF ground state. 
Details of the inethod are found in Fkfs.[4, 51. All the energies of 
the linear excitations are plotted in Fig.2 in increasing order. The 
low-lying linear exritatioiis in both Figs.S(a) and 2(b) are spin-wave 
modes that have different spin-wave velocities. In Fig.2(a), a unit of 
the localized magnetic inoment is a dimer of molecules and tlie spin- 
wave velocity is estiiiiatetl as: t ; /U = 1/5 = 0.2, while a inolecule 
is a unit in Fig.2(13) aiicl tlie spin-wave velocity is estimated as 
6t;t:/(U . V 2 )  = 6/(5 . 4*) = 0.075. Excitations modulating both 
spin and charge deusit,ies appertl. at high energies. Soine of them are 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 0
8:

58
 1

6 
A

ug
us

t 2
01

2 



224/[542] MICHIYASII MOKI and KENJl YONEMITSU 

;i 0 1 ;L 
0 1 6  32 48 64 80 96 1 1 2 1 2 8 1 4 4 1 6 0 1 7 6 1 9 2  0 1 6  32 48 64 80 96 1 1 2 1 2 8 1 4 4 1 6 0 1 7 6 1 9 2  

Excited State6 Excited States 

FIGURE 2 Energies of tlie linear excitatioils for (a) tl/t2=1.5, U=5, 
V=O (circle); tl/t2=1.5, U=5, V=4 (triangle); and (b) t l / tz=l,  
U=5, V=4 (square), in  iiicreasiiig order. 

detected by optical niensnremeiits. Then, we plot the imaginmy part 
of the current-current correhtion fuiiction in Fig.3. In Fig.S(a), the 

0.1 

0.1 

0.0 

0.0 
0 1 2 3 4 5 6 7  

Energy 
I 

FIGURE 3 Imaginary pai-t of tlie current-current correlation 
function for (a) tl/tz=1.5, u=5, v=o; (b) tl/tz=1.5, u=5, 
V=4 (solid line); aid tl/t2=1, U=5, V=4 (dashed line). 

peaks arouiid w -1.3 aiid 1.9 correspoiid to the excitation from the 
boiidiiig to the lion-boiitliiig orbitals of a clilner crossiiig the dimer- 
izatioii gap. The sn~all pedi around w -6.2 coiiies from tlie Hubbard 
gap due t o  the oil-site repulsioii. These cliaracteristic features have 
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tudes are modulated in Fig.4(a), while the charge amplitude is not 
modulated in Fig.4(b). The character of this excitation in the CUT- 

rent channel without the charge modulation is claxified by plotting 
the matrix elellleiits of j iu I t i j ( ~ ~ + ~ ~ c ; ~  - cioc;+lb) in Fig.4(c). It is 
reasonable that the charge iiiodulatioii does not occur and the spin 
modulation appears on the even sites. For example, on the second 
site, an up-spin electroii collies in and a down spin electron goes out. 
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