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Structural and electronic instabilities in polyacenes:
Density-matrix renormalization group study of a long-range interacting model

C. Raghu,* Y. Anusooya Pati,† and S. Ramasesha‡

Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560 012, India
~Received 3 October 2001; revised manuscript received 14 December 2001; published 27 March 2002!

We have carried out density-matrix renormalization group calculations on the ground state of long polyacene
oligomers within a Pariser-Parr-Pople~PPP! Hamiltonian. The PPP model includes long-range electron corre-
lations which are required for physically realistic modeling of conjugated polymers. We have obtained the
ground-state energy as a function of the dimerizationd and various correlation functions and structure factors
for d50. From energetics, we find that the nature of the Peierls’ instability in polyacene is conditional and
strong electron correlations enhance the dimerization. Thecis form of the distortion is favored over thetrans
form. However, from the analysis of correlation functions and associated structure factors, we find that poly-
acene is not susceptible to the formation of a bond order wave, spin-density wave, or a charge-density wave in
the ground state.

DOI: 10.1103/PhysRevB.65.155204 PACS number~s!: 71.10.Fd, 31.25.Qm, 71.30.1h, 71.45.2d
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I. INTRODUCTION

The question whether an infinitely long linear polye
~polyacetylene, PA! would have equal bond lengths or n
has been debated ever since it was known that benzene
equal bond lengths while 1,3,5-hexatriene has alterna
short~double! and long~single! bonds. Addressing this issue
Lennard-Jones1 and Coulson2 predicted a ground state wit
uniform bond lengths. Later work by Labhart,3 Ooshika,4

and Longuet-Higgins and Salem5 established that the groun
state would have bond alternation, i.e., the infinite polye
would have alternate long and short bonds. Experimenta
such a dimerization would qualitatively explain the finite o
tical gap obtained by extrapolation of optical data for line
polyenes.6 Earlier, Peierls established a more general res
known as the Peierls instability or Peierls distortion,7 for a
partially filled one-dimensional band. Peierls demonstra
that lattice vibrations couple to electrons in the band lead
to the opening of a gap at the Fermi surface, making
material insulating. The Hu¨ckel model solution of Longuet
Higgins and Salem pertain to the specific case of Peie
distortions in a half filled extended system. Longuet-Higg
and Salem showed that for an infinite polyene chain, the t
electronic energy per carbon atom as a function of the
tortion d in the chain, within a Hu¨ckel model,8 is propor-
tional to d2 lnudu.5 The elastic strain energy of the system
proportional tod2, the proportionality constant dependin
directly on the lattice stiffness and inversely on the electr
phonon coupling constant. The algebraic forms of the str
and electronic energies guarantee that the gain in electr
energy always exceeds the strain energy and the ground
would correspond to nonzerod. The distortion of the poly-
ene chain is termed unconditional as the distorted stat
always more stable than the undistorted state for any valu
the lattice stiffness and the electron-lattice coupling const
In the last two to three decades, a lot of interest has b
generated by the possibility of solitonic and polaronic ex
tations in polyacetylene~PA! following the work of Pople
and Walmsley,9 and later by Rice10 and Su, Schrieffer, and
0163-1829/2002/65~15!/155204~9!/$20.00 65 1552
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Heeger.11 The latter work resulted in the Su-Schrieffe
Heeger~SSH! model for polyacetylene.

All the work described above was done in the context
non-interacting quantum cell models. However, real mat
als have interacting electrons and the importance of incl
ing electron-electron interactions has been demonstr
while interpreting the ordering of excited states
polyenes.12 The correct ordering, namely the 21Ag state lying
below the optically allowed 11Bu state in long polyenes, ca
be obtained only in a correlated electronic model. The eff
on dimerization in the ground state of polyacetylene in
correlated model was unclear until the real-space, vale
bond ~VB! study by Mazumdar and Dixit13 for Hubbard
model and Soos and Ramasesha for the Pariser-Parr-P
~PPP! model.14 While mean-field and Hartree-Fock ap
proaches predicted a decrease in dimerization, Mazum
and Dixit found a clear enhancement over a fairly large ran
of correlation strength with a maximum dimerization arou
U;4t. In their study they employed a model that includ
electron correlation at a minimal level, namely the Peier
Hubbard model. This result was subsequently verified b
quantum Monte Carlo~QMC! study by Hirsch,15 variational
calculation by Baeriswyl and Maki,16 and a numerical renor
malization group study by Hayden and Mele.17 Soos and
Ramasesha14 found a similar result in case of the PPP mod
which includes extended range electron correlation. Thu
is now widely believed that electron correlations enhan
dimerization in the Peierls-Hubbard model, although the
tual functional form of the dependence of the electronic s
bilization energy as a function ofd in interacting models is
not known.

The Peierls instability is mainly a one-dimensional ph
nomenon since only in one dimension does the Peierls
open along the full Fermi surface. In higher dimensio
Peierls instability is not realized as easily as in o
dimension.7 The effect of dimensionality on the extent o
instability has been studied within the framework of t
energy-band theory, where it is held that the strength of
instability depends on the extent of nesting of the Fer
©2002 The American Physical Society04-1
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surface. The effect of dimensionality on the instability,
going from one dimension to quasi-one dimension can
explored by studying coupled chain~ladders! systems. The
realm of quasi-one dimension is interesting as it provides
interplay of strong quantum fluctuations as seen in one
mension on the one hand and the possibility of charge or
to order as seen in two dimensions on the other. Historica
ladders have been investigated within the Hubbard mo
mainly to explore instabilities like pairing instability, charg
and spin gaps,18 or charge ordering phenomenon.19 The ex-
perimental realization of these systems are the two-leg
SrCu2O3 and the three-legged Sr2Cu3O5 ladder compounds20

wherein the spin exchange or electron transfers are confi
to a pair of parallel chains.

In the realm of conjugated polymers, polyacenes@Fig.
1~a!# can be viewed as ladders with missing alternate run
These systems can be fairly easily realized experiment
Polyacene molecules with up to seven rings have alre
been synthesized in the laboratory. Recently, polyacene
ceived a lot of attention when tetracene was used as
lasing material to make an electrically pumped orga
laser.21 It was also demonstrated that one could make v
high quality field effect transistors~FET’s! based on penta
cene. These devices display exotic behavior like fractio
quantum hall effect, superconductivity, and electrical swit
ing in the FET configuration.22 Quantum chemists have bee
interested in polyacenes for a very long time. Early stud
on Peierls instability in polyacenes were carried out by
lem and Longuet-Higgins within the Hu¨ckel model.23 They
observed that unlike in the case of PA, instability in po
acene is conditional; it depends on the lattice stiffness fo
given electron-phonon coupling. In PA, the distorted state
more stable than the undistorted state for any value of
force constant and electron-phonon coupling. Salem
Longuet-Higgins considered thecis distorted form@see Figs.

FIG. 1. Structure of polyacene.~a! Undistorted or uniform,~b!
cis distorted form,~c! trans distorted form.
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1~b! and~c!# while Boon24 argued that thetrans form was the
more stable form of distortion. Subsequent studies
Whangbo, Woodward, and Hoffmann25 and Tanakaet al.26

added to this claim. Studies including electron correlatio
were initially confined to the mean-field picture. Kivelso
and Chapman27 studied bond alternation, magnetic orderin
and possible superconductivity in polyacenes. In additi
there have been various other studies on the origin of
band gap, metal-insulator transition and spin-Peie
distortions.28 The antiferromagnetic spin-1/2 Heisenberg sy
tem with nearest-neighbor exchange corresponding to p
acene geometry has been studied by Garcia-Bach, Val
and Klein to explore the possibility of spin-Peierls instabili
in the system.29

Studies of Peierls instability using quantum cell mod
with explicit electron correlations in the context of poly
acenes have been very few and these investigations
employed only the Hubbard model. A modified Gutzwill
variational study by O’Conner and Watts-Tobins30 reaffirmed
the conditional nature of the instability. The instability inve
tigated by employing the projector quantum Monte Ca
technique~PQMC! for finite oligomers of polyacenes con
cluded the same.31 This study also found that electron corr
lations enhance the susceptibility to distortion. Besides,
large interaction strength, the undistorted polyacene w
found to show a tendency for formation of a spin-dens
wave ~SDW! ground state.

Polyacenes, being semiconducting, have electron-elec
interactions that are long ranged. The QMC technique is
ficult to implement for quantum cell models with long-rang
interactions. The Hubbard-Stratanovich transformation
each interaction term leads to a Bosonic variable in QM
Thus, even for small quantum cell systems, the numbe
Bosonic variables become prohibitively large. Besides,
QMC method is also restricted to intermediate correlat
strengths. In our present study of instability in polyacene,
have used a Pariser-Parr-Pople~PPP! model and have em
ployed the density-matrix renormalization group~DMRG!
method32 to solve the model. The PPP model includes lon
range Coulomb interactions and appears unsuitable fo
DMRG study as it apparently spoils the quasi-on
dimensional topology of the system. However, earlier stud
on PA have shown that the DMRG method is quite accur
for the PPP model35 and it appears that the DMRG metho
retains its accuracy if the long-range interaction part is di
onal, as is indeed the case in the PPP model. In this pape
first review the results obtained from a noninteracting mod
then present our results and discussion on polyacene,
finally a summary of the results.

II. NONINTERACTING PICTURE

The analysis by Salem and Longuet-Higgins23 was based
on a Hückel model study of polyacene. They considered
infinitely long chain of polyacene as made of two infini
polyenes joined together by cross links~rungs!, as shown in
Fig. 1~a!. The molecular orbitals~MO’s! of each unit cell of
polyacene may be classified as symmetric or antisymme
according to their symmetry with respect to reflection ab
4-2
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STRUCTURAL AND ELECTRONIC INSTABILITIES IN . . . PHYSICAL REVIEW B65 155204
the plane bisecting the rung bonds, indicated in the figure
a dashed line. There are in all four bands, arising from
four p MO’s in each unit cell, two of each symmetry type
shown in Fig. 2. In the undistorted form of polyacene, the
is no band gap between the occupied and empty bands, w
in both thecis and trans distorted forms@Figs. 1~b! and~c!#
there is gap between the occupied and empty bands. In
undistorted case, since the lower two bands are comple
filled and the upper two bands are empty, we expect
system to be insulating. However, the absence of a band
between the filled lower band and the empty higher ba
due to accidental degeneracy, makes uniform polyacen
rather unconventional metal. If a symmetrical distortion p
tential is imposed by way of a dimerization one might exp
this degeneracy to be lifted. However, the matrix elemen
the perturbation between the symmetrical and antisymm
cal states at the band edge vanish by symmetry. Thus
case of polyacene, even in the noninteracting limit, is diff
ent from PA and we cannot conclude if we will observe
dimerization of the chain. Salem and Longuet-Higgins23 con-
jectured that the polyacene would show only a conditio
instability. Kivelson and Chapman,27 based on their study o
polyacene by a nearest-neighbor tight-binding model, ar
that since the energy of the states near the Fermi energy
quadratic function of the wave vectork ~rather than linear as
in PA! the density of states diverge near the Fermi ene
enhancing the possibility of instabilities in polyacene. Th
study arrives at the conclusion that there is no structural
stability of the two kinds depicted in Figs. 1~a! and~b!. They
speculate on the possibility of a superconducting or a m
netically ordered ground state, although ignoring electr
electron interactions by considering them as ‘‘proba
weak.’’

FIG. 2. Dispersion of thep bands in polyacene for the thre
forms. Thecis and trans forms correspond to dimerization ofd
50.2. E(k) is in eV.
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To obtain the functional form of the electronic energ
stabilization upon dimerization in the Hu¨ckel model, we
have computed the ground-state energy of polyacenes
up to 100 rings for various values of the dimerizationd. We
have then extrapolated these results to obtain the grou
state energy per unit cell in the thermodynamic limit f
these values ofd. The stabilization energy per unit cel
DE(`,d)5E(`,d)2E(`,0), is found to have a quadrati
dependence ond to a very high accuracy for bothcis and
trans dimerizations. Thus, within the Hu¨ckel model, the
dimerization instability in polyacenes is conditional.

III. PPP MODEL AND COMPUTATIONAL SCHEME

The PPP model has been widely studied in the contex
conjugated polymers and molecules.36 The PPP model
Hamiltonian is given by

ĤPPP5Ĥ01Ĥ int. ,

Ĥ05(
l 51

2

(
i ,s

t0@11h l~21! id#~ âi ,ls
† âi 11,ls1H.c.!

1(
i ,s

t0~ â2i 21,1s
† â2i 21,2s1H.c.!,

Ĥ int.5(
i

(
l

Uil

2
n̂i ,l~ n̂i ,l21!

1(
i , j

(
l ,m

Vil , jm~ n̂i ,l21!~ n̂ j ,m21!, ~1!

where l ,m are the chain index, andi , j refer to sites on a
chain,âi ,ls

† (âi ,ls) creates~annihilates! an electron of spins
at sitei on chainl, t0 is the transfer integral, which alternate
betweent0(11d) and t0(12d) for adjacent bonds on the
same chain,d being the dimensionless dimerization para
eter,h15h251 if the dimerization of the top (l 51) chain is
in phase with the dimerization of the bottom chain (l 52)
~cis configuration! andh151,h2521 if the dimerization of
the top chain is out of phase with the dimerization of t
bottom chain~trans configuration!. Uil is the on-site Hub-
bard interaction andVil , jm is the intersite Coulomb interac
tion, interpolated betweenUi ,l and e2/r , r→`, using the
Ohno interpolation scheme,37

Vil , jm514.397F 28.794

~Uil 1U jm!2
1r il , jm

2 G21/2

~2!

~the distances are in Å and the energies in eV!, widely used
for conjugated polymers. In all our computations, we ha
used the standard PPP parameters for carbon, whichU
511.26 eV,t052.4 eV for bond lengthr 51.397 Å which
corresponds tod50. In computing distances we have a
sumed that all bond angles are 120° and that bond len
scale asr (12d) for a bond with transfer integralt5t0
(11d).
4-3
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The DMRG method, invented by White32 is the most ac-
curate numerical method yet for calculating the ground a
low-lying states of interacting quasi-one-dimensional s
tems. In our application of this technique to polyacen
within the PPP model, there are two crucial differences fr
all the earlier implementations of the technique for low
mensional systems. These are~i! the interaction part, al-
though diagonal in the real-space representation, is truly l
ranged, and~ii ! the topology of the system being construct
does not have structures corresponding to oligomers of p
acene at every stage of the DMRG iteration. Incorporat
long-ranged interaction implies that we need to renorma
and store the matrices corresponding to the number oper
of all the sites at each iteration. While this is quite straig
forward, it takes up large storage and for efficiency of co
putations we have stored them in sparse form. Typically o
about 5% of the matrix elements of the site number opera
are nonzero.

The nonlinear topology of polyacenes implies that
should find an efficient and accurate way of building t
oligomers. We should avoid using cyclic boundary con
tions or long-range transfer operators in building the fi
system. In Fig. 3 we show schematically the way the po
acene oligomers are constructed in the DMRG scheme.
begin with a ring of four sites and systematically add n
sites in the middle of the system building up the molecule
such a way that we avoid~i! long-range transfers betwee
new and old sites, and~ii ! transfers between old sites that a

FIG. 3. Inside-out scheme for building polyacene oligome
adding two sites at a time in the DMRG procedure, starting from
four-site system. The primed sites correspond to the right block
the unprimed sites correspond to the left block.
15520
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far apart. We have extensively checked this procedure
carrying out calculations on large oligomers in the nonint
acting limit and comparing them with exact numerical r
sults.

We have performed both infinite and finite DMRG calc
lations on polyacene chains with up to 24 monomer un
We have done DMRG calculation with 128 density-mat
eigenvectors after making sure that the energies converg
this truncation, by calculating for a few oligomers with larg
cutoffs. Besides, the ground-state energy for napthalene
anthracene obtained from DMRG with a cutoff of 128 com
pare very well with model exact calculations in a valen
bond ~VB! basis.33,34 Symmetries like conservation o
z-component of total spinSz and total number of electron
Ntot have been exploited in our implementation. Since
left block–right block reflection symmetry commonly see
in DMRG calculations is broken due to the bond alternat
in each chain, we have to store relevant operators for ev
site on both the left and right blocks. This doubles the st
age but can be easily handled as all the site operators
highly sparse. Properties like expectation value of obse
ables or correlation functions can be evaluated with gr
accuracy after a few iterations of finite system DMRG alg
rithm.

FIG. 4. Convergence of energy~in eV! per unit cell for poly-
acene oligomers, in the DMRG calculation, for~a! cis, d50.01,~b!
trans, d50.01, ~c! cis, d50.1, ~d! trans, d50.1.

,
a
d
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IV. RESULTS AND DISCUSSION

Our studies are divided into two parts:~i! study of the
dependence of the energy of the system ond, and~ii ! study
of susceptibility of the ground state to instabilities ford50
as seen from appropriate structure factors. We approach
question of Peierls distortion first on the basis of energet
We have calculated the total energy of the system as a f
tion of the system sizeN and dimerizationd, up to a maxi-
mum system size of 24 monomer units ford values ranging
from 0.01 to 0.1 by employing the infinite system DMR

FIG. 5. Stabilization energy for dimerization in eV, as a functi
of the distortiond, for ~a! cis form and~b! trans form of polyacene.
Circles are for PPP and squares are for Hu¨ckel calculations, respec
tively. The inset figures show the linear dependence of the sta
zation energy againstd2.
15520
he
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algorithm. The DMRG studies provide reliable accuracy
stabilization energies for this range ofd and as has been see
in spin chains, this covers the range of interest ind relevant
to Peierls instability.38 In Fig. 4 we show the dependence
the energy per unit cell on the inverse system size, 1/N. We
note that this dependence is linear in 1/N. In the case of the
trans polyacene, oligomers with even and odd number
unit cells fall on two different straight lines for larged. The
smooth behavior of the energy per unit cell vs 1/N gives
confidence in extrapolation of the energies to the thermo
namic limit.

In order to study the nature of the structural instability,
any, in the polyacenes, we study the stabilization energy
the distorted structure,DEA(N,d)5E(N,0)2EA(N,d),
whereA5C or T corresponding tocis or trans form of poly-
acene, for variousd and number of rings,N in the polyacene.
By definition, positive values ofDEA would indicate that the
distorted structure is stabilized. We obtain the stabilizat
energy in the thermodynamic limit,DEA(`,d), for each
value of d from d50.01 to 0.1 by extrapolation o
DEA(N,d)/N vs 1/N. In Fig. 5 we present the variation o
DEA(`,d) with d. Also shown for comparison are th
Hückel results for this system. We note that the stabilizat
of the dimerized state in the interacting system is larger t
the stabilization of the same in the noninteracting model
bothcis andtransdistortions. This shows that dimerization
favored in the interacting models more than in the nonint
acting models, just as in the case of polyenes. From the
ture of the curve in Fig. 5, the stabilization energy appear
be quadratic ind, for bothcis and trans form of polyacene.
The plot of DEA(`,d) vs d2 shown in the inset, in fact
shows that the stabilization is quadratic ind to a very good
approximation. It is indeed surprising that the functional d
pendence of the stabilization energyDE(`,d) in the inter-
acting model is the same as in the noninteracting model

Associated with a dimerization is an elastic energy c
which scales asd2. For unconditional dimerization of the
system, it is therefore essential that the functionDE(`,d)
has a dependence of the formdx, wherex,2, for smalld.

li-

FIG. 6. ~a! Unit cell of polyacene showing the different bond
~b! numbering of bonds in polyacene chain. The new right bo
indicated by a thick line is the reference bond for bond-bond c
relation. The new sites are indicated by filled squares. The sq
brackets indicate the part of the system over which periodic bou
ary conditions are applied to calculate bond structure factors.
4-5
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FIG. 7. Bond-bond correlation as a function of the seperat
between bonds, between the bond shown in bold in Fig. 6~b! and
the bonds in~a! the upper chain and~b! the lower chain of the left
block.

FIG. 8. Bond structure factor corresponding to the bond-bo
correlations shown in Fig. 7.
15520
However, the quadratic form of the electronic stabilization
the dimerization implies that the instability in polyacenes
indeed conditional for both thecis and thetrans forms. This
is in contrast to the unconditional dimerization seen in P
Furthermore, it is also seen that for the same distortiond, the

n

d

FIG. 9. ~a! Unit cell of polyacene showing the different sites,~b!
numbering of sites in polyacene chain. The new sites are indic
by filled squares. The square brackets indicate the part of the sy
over which periodic boundary conditions are applied to calcul
spin and charge structure factors.

FIG. 10. Spin-spin correlation as a function of the seperat
between the new site in the right block and sites on~a! the upper
chain and~b! the lower chain of the left block.
4-6
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FIG. 11. Charge-charge correlation as a function of the sep
tion between the new site in the right block and sites on~a! the
upper chain and~b! the lower chain of the left block.

FIG. 12. Spin structure factor obtained from the spin-spin c
relation function shown in Fig. 10.
15520
cis form is more susceptible than thetrans form to dimeriza-
tion. Earlier work31 within a Hubbard model also found tha
the cis form is stabilized more than thetrans form in the
presence of electron-electron interactions. The long-ra
nature of interactions considered here does not seem to a
this result. Indeed, even the Hu¨ckel model also shows tha
the cis form is stabilized more than thetrans form.

To get a physical picture of the ground state, we ha
studied many different types of correlation functions. In t
context of a structural instability like the formation of a bon
order wave~BOW!, the bond bond correlation function o
the undistorted system gives information about the type
BOW instability that may occur in the system. The Four
transform of the bond bond correlation function, the bo
structure factor, gives the amplitude for various BOW ins
bilities that may be present in the ground state. Similarly,
structure factors associated with charge-charge and spin-
correlation functions provide information on the susceptib
ity of the system towards charge-density wave~CDW! and
SDW instabilities. We have calculated bond-bond, spin-sp
and charge-charge correlation functions in the ground s
for a 24-ring polyacene system which is the largest sys
size that we have been able to study. A unit cell of polyace
has five bonds as shown in Fig. 6~a!; of these the bonds 1, 2
4, and 5 are important to characterize a distortion as ei
cis or trans. It is possible to construct five different types o
bond-bond correlation functions with respect to a refere
bond. From our view point, the important correlation fun
tions involve bond 1 with bonds 1 and 2 in each unit cell
well as bond 1 with bonds 4 and 5 in each unit cell. The fi
type of correlation function is useful in understanding if t
polyacenes indeed distort while the second type are usef
identifying the type of distortion if it is present.

The bond-bond correlation function is defined as

a-

-

FIG. 13. Charge structure factor obtained from the char
charge correlation function shown in Fig. 11.
4-7
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^b̂i ,l b̂ j ,l 8&5K S (
s

âi ,ls
† âi 11,ls1H.c.D

3S (
t

â j ,l 8t
† â j 11,l 8t1H.c.D L , ~3!

where l ,l 8 denote the chain. In the DMRG method, the e
pectation value of the product of two operators is very ac
rate, if they belong to different blocks. Thus the bond-bo
correlations are calculated between the bond on one half
all the bonds on the other half. The bond operator is itse
product of two operators in the same block. We have co
puted the matrix of this product explicitly when it is firs
encountered and have renormalized the product matrix th
after. The correlation functions are calculated for open po
acene chain. However, the resulting correlation function c
not be Fourier transformed since the system is not stri
periodic. To overcome this difficulty, we have assumed t
the correlations involving the interior rings are identical wi
those computed for a periodic system@Fig. 6~b!#. This is
reasonable, if we neglect sites belonging to the two rings
each of the ends. Then the correlations corresponding to
properties of the interior 20 rings are taken to be the sam
those in a 20-ring system with periodic boundary conditio
This allows obtaining structure factors from the correspo
ing correlation functions. To enhance the accuracy of
calculations, we have carried outfinite DMRG calculations
for the 24-ring polyacene system. We have kept the DMR
cutoff at 150 density matrix eigenvectors and have used f
finite DMRG sweeps.

We show the plot of bond-bond correlations for the bo
in the bottom chain@shown in bold in Fig. 6~b!# with all the
chain bonds on the top and bottom left half of the system
Figs. 7~a! and ~b!. We note that except at the ends of th
chain, the correlations are almost identical. The bond-b
correlation shows a slight short-range oscillation which d
off rapidly. Eliminating the end bonds and imposing perio
icity as discussed earlier, we have obtained the structure
tor corresponding to the bond-bond correlations. This
shown in Fig. 8. We note that the structure factor has
peaks anywhere away fromq50. This clearly implies that
the system is not susceptible to any bond order wave. S
a single chain remains uniform, the question ofcis or trans
type of distortion does not arise. We have also confirmed
e
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the bond-bond correlation for the rung bonds shows a sim
behavior, implying that the rung bonds are uniform.

The spin-spin correlation functions^si ,l
z sj ,l 8

z & and charge-
charge correlation functionŝni ,lnj ,l 8& have also been com
puted to see if the system has a tendency for formation
either a SDW or CDW. According to Fig. 9~a!, there are four
sites in a unit cell of undistorted polyacene. We have cal
lated these correlations between the new right site@Fig. 9~b!#
and all the sites in the left block. The real space spin-s
correlations, displayed in Figs. 10~a! and ~b! show short-
range antiferromagnetic fluctuations expected from a non
generate correlated model.39 The spin-spin correlation decay
exponentially which is consistent with a spin gap in the s
tem. The charge-charge correlations, Figs. 11~a! and ~b!,
show very slight short-range oscillation, extending ove
couple of sites. They also decay rapidly. The structure fac
for spin-spin and charge-charge correlations are shown
Figs. 12 and 13. They clearly show that the system fav
uniform charge distribution and no spin-density oscillatio
This rules out any possibility of CDW or SDW ground sta
in polyacenes.

V. SUMMARY

We have studied polyacenes up to 24 rings with lon
range Coulomb interactions within a PPP model, by
DMRG method. From energetics, we conclude that the st
tural instability in polyacene is only conditional, unlike th
in the case of PA. We find that thecis form of distorted
polyacene is more stable than thetrans form. This is contrary
to earlier predictions based on noninteracting models wh
the trans form was predicted to be more favorable. We ha
used the finite DMRG algorithm to calculate correlati
functions like bond-bond, spin-spin, and charge-charge in
undistorted ground state. Analysis of these correlation fu
tions and their associated structure factors leads to the
clusion that the polyacene ground state does not have
tendency to show BOW, SDW, or CDW instability.
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