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Ground-state properties of ferromagnetic metalÕconjugated polymer interfaces
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We theoretically investigate the ground-state properties of ferromagnetic metal/conjugated polymer inter-
faces. The work was partially motivated by recent experiments in which injection of spin-polarized electrons
from ferromagnetic contacts into thin films of conjugated polymers was reported. We use a one-dimensional
nondegenerate Su-Schrieffer-Heeger Hamiltonian to describe the conjugated polymer and one-dimensional
tight-binding models to describe the ferromagnetic metal. We consider both a model for a conventional
ferromagnetic metal, in which there are no explicit structural degrees of freedom, and a model for a half-
metallic ferromagnetic colossal magnetoresistance~CMR! manganite that has explicit structural degrees of
freedom. We investigate electron charge and spin transfer from the ferromagnetic metal to the organic polymer,
and structural relaxation near the interface. We find that there can be spin density polarization in the polymer
near the interface. The spin-density oscillates and decays into the polymer with a decay length of about six
times the lattice constant of the polymer. We find an expansion of the end bonds of the CMR manganite
segment and a contraction of the polymer bonds near the interface. By adjusting the relative chemical potential
of the contact and the polymer, electrons can be transferred into the polymer from the magnetic layer through
the interfacial coupling. We calculate the density of states~DOS! before and after coupling for cases in which
electrons are transferred and are not transferred to the polymer. The DOS has important consequences for spin
injection under electrical bias: polarized spin injection is possible when the Fermi level of the ferromagnet lies
below the the bipolaron level of the polymer. However, if the Fermi level of the CMR manganite lies above the
bipolaron level of the polymer, the transferred electrons form bipolarons, which have no spin, and there is no
spin density in the bulk of the polymer.

DOI: 10.1103/PhysRevB.67.125202 PACS number~s!: 72.25.2b, 73.61.Ph, 75.47.Gk, 71.38.2k
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I. INTRODUCTION

Magnetoelectronics or spintronics is a field of growi
interest. Since the discovery of giant magnetoresistan1

rapid progress has been made in this field. Electron s
injection and spin-dependent transport are essential asp
of spintronics and have been extensively studied in a num
of different contexts, including: ferromagnetic metals
superconductors,2 ferromagnetic metals to normal metals3

ferromagnetic metals to nonmagnetic semiconductors,4 and
magnetic semiconductors to nonmagnetic semiconducto5

Recently, spin-polarized injection and spin-polarized tra
port in conjugated polymers have been reported.6 Specifi-
cally, spin injection was reported into thin films of the co
jugated organic material sexithienyl from half-metal
colossal magnetoresistance~CMR! manganites~in which
electron spins at the Fermi surface are completely polariz!
at room temperature. The ease of fabrication and lo
temperature processing of conjugated organic materials o
many possibilities for application, and electronic as well
optoelectronic devices fabricated from these materials~e.g.,
organic light-emitting diodes and spin valves! are being ac-
tively pursued.6

Theoretical study of spin-polarized injection and transp
has been carried out primarily in the framework of classi
transport equations.7–9 The role of interface properties fo
spin injection in inorganic semiconductors was investiga
in this context.10–13The purpose of this paper is to study th
ground-state characteristics such as lattice displacements
charge-density and spin-density distribution of conjuga
0163-1829/2003/67~12!/125202~7!/$20.00 67 1252
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organic polymers contacted with a ferromagnetic metal.
added motivation to study this type of ‘‘active’’ interface
that because of relatively large electron-phonon coupling,
materials onboth sides of the interface can deform, whic
may facilitate spin-polarized injection. Specifically, we fin
that both the polymer and the ferromagnetic CMR manga
deform near the interface, thereby altering the charge
spin distribution in the vicinity of the interface.

The paper is organized as follows. In the following se
tion we present tight-binding models for a nondegener
conjugated polymer, a ferromagnetic~FM! metal, a half-
metallic CMR manganite, and the interface between
polymer and the two kinds of magnetic materials. Section
presents the results for a model junction between the p
mer and the FM metal, and Sec. IV describes results
CMR manganite/polymer junctions. Our main findings a
summarized in Sec. V.

II. MODEL

Organic polymers currently used for electronic and op
electronic devices typically have a nondegenerate gro
state. The first experimental evidence of spin-polarized e
trical injection and transport in conjugated organic materi
was carried out using sexithienyl (T6), a p-conjugated
oligomer.6,14 The underlying physics of spin injection an
transport is of particular interest for conjugated organic m
terials, where strong electron-phonon coupling leads to
laronic ~or bipolaronic! charged states.15 These polymers or
oligomers have chain structures that can be described us
©2003 The American Physical Society02-1
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nondegenerate version of the one-dimensional Su-Schrie
Heeger model, the Brazovskii-Kirova~BK! model,16,17

HP52(
i ,s

ePai ,s
1 ai ,s2(

i ,s
@ tP2t1~21! i2aP~ui 112ui !#

3~ai ,s
1 ai 11,s1ai 11,s

1 ai ,s!1(
i

1

2
KP~ui 112ui !

2. ~1!

Here ai ,s
1 (ai ,s) denotes the electron creation~annihilation!

operator at sitei with spin s, eP is the on-site electron en
ergy of an atom,tP is the transfer integral in a uniform~un-
dimerized! lattice,aP the electron-phonon interaction param
eter,t1 introduces nondegeneracy into the polymer,ui is the
lattice displacement at sitei, andKP denotes a spring con
stant.

To describe a conventional ferromagnetic metal, we us
one-dimensional tight-binding model with kinetic ener
Hke and spin splittingHHund terms:

HFM5Hke1HHund , ~2!

Hke52(
i ,s

tF~ai ,s
1 ai 11,s1ai 11,s

1 ai ,s!, ~3!

HHund52(
i

Ji~ai ,↑
1 ai ,↑2ai ,↓

1 ai ,↓!, ~4!

where tF is the transfer integral for a ferromagnetic me
andHHund describes the spin splitting of the magnetic ato
with site-dependent strengthJi . We take an occupation o
one electron per atom andJi5JM with parameterstF
50.622 eV andJM50.625 eV for the conventional ferro
magnetic metal.

CMR manganites can form half-metallic ferromagne
and are very interesting materials as spin-polarized elec
injecting contacts. CMR manganites have a chemical co
position such as Re12xAkxMnO3, where Re represents a ra
earth atom, e.g., La and Nd, and Ak represents an alkal
earth metal such as Ca, Sr, and Ba. In these materials,
has a valence of (31x), which depends on the doping con
centrationx. Depending on doping, the material can be eith
a metal or an insulator, and either ferromagnetic
antiferromagnetic.18 In particular, Re12xAkxMnO3 can be a
half-metallic ferromagnet when 0.2,x,0.5, for example,
with Re5La and Ak5Ca. In this state, all the electrons at th
Fermi surface have the same spin orientation. The isola
Mn atom has five electrons in its 3d orbitals. These electron
have a parallel spin alignment due to a strong Hund’s r
splitting. Because of crystal-field splitting in a solid, three
the orbitals form the low-energyt2g states~of the symmetry
form xy,yz, and zx), and the other two form the highe
energy eg states~of the symmetry formx22y2 and 3z2

2r 2). In the ground state, the electrons int2g are localized
and constitute core spins. Theeg states are extended and th
electrons in these states can be delocalized. In cubic sym
try, the twoeg levels are degenerate. However, in lower sy
metry tetragonal or orthorhombic structures, the degene
of the eg states is broken. In CMR manganites, a structu
12520
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transition due to a Jahn-Teller coupling causes movemen
oxygen ions with respect to the manganese ions, which
duces the symmetry on the Mn ions and breaks theeg-state
degeneracy.

Here, we consider a polymer or an oligomer chain co
nected at the ends of a CMR manganite lattice in thez di-
rection. We establish a one-dimensional model which c
tains the basic properties of a half-metallic CMR mangan
a ferromagnetic metal with electron-lattice coupling. The f
lowing one-dimensional model captures these essential
tures:

HCMR5Hke1HHund1Hel2 lat1Helastic, ~5!

whereHke andHHund are given in Eqs.~3! and ~4!, and

Hel-lat52(
i ,s

lF~ui 112ui !ai ,s
1 ai ,s , ~6!

Helastic5(
i

1

2
KF@~d i2ui !

21~ui 112d i !
2#. ~7!

Hereui andd i are the displacements of thei th oxygen atom
and manganese atom, respectively.Hke describes electron
hopping between two nearest manganese atoms.HHund de-
scribes the spin splitting of a magnetic manganese at
which results from interaction with the core spins. We ha
Ji5JM for the ferromagnetic state~core spins aligned!, and
Ji5(21)iJM for the antiferromagnetic state.Hel-lat gives
the on-site energy of the manganese atoms, which dep
on the displacement of the nearest-neighbor oxygen ato
and lF denotes the electron-lattice coupling strength. T
last termHelastic represents the elastic energy and includ
nearest-neighbor interactions.

There are two main differences between the conventio
ferromagnetic metal and the ferromagnetic CMR mangan
One is due to the presence of electron-phonon coupling
the latter case, as is evident from Eqs.~2! and ~5!. The sec-
ond difference arises from a combination of the spin splitt
Hund’s rule term and the electron-phonon interaction in
CMR manganites, which can, for specific alloy compo
tions, result in the material being half-metallic. Thus,
electrons on the Fermi surface of the CMR manganite
have the same spin orientation. It is clear that both
electron-phonon coupling and this electronic contribution
fect the difference in the qualitative behavior in the tw
cases.

Coupling at the interface between the conjugated polym
and the ferromagnetic metal is described by the hopping
tegral

tF-P5b~ tF1tP!/2, ~8!

whereb is a weighting parameter. In principle, this couplin
could be spin dependent, but here we taketF-P

↑ 5tF-P
↓ 5tF-P

for simplicity. Periodic boundary conditions are adopted.
The parameters used for the CMR mangan

Re12xAkxMnO3 are tF50.622 eV, JM51.25 eV, KF
57.4 eV/Å2 ~Ref. 19!, andlF52.0 eV/Å. For the organic
polymer, we take representative parameters astP52.5 eV,
2-2
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GROUND-STATE PROPERTIES OF FERROMAGNETIC . . . PHYSICAL REVIEW B67, 125202 ~2003!
aP54.2 eV/Å, KP521.0 eV/Å2.20 We set the degenerac
breaking parametert150.04 eV so that the energy differenc
per carbon atom between the two dimerized phases is 0
eV. The relative chemical potentialeP was used to adjust th
electron transfer between the ferromagnet and the polym
Segment lengths were taken so that Re12xAkxMnO3 consists
of 100 MnO units and the polymer of 100 CH units, that
NM5NP5100. For most of the properties, the results do
depend on the lengths of the segments if they are not
short. The interfacial coupling parameter was taken asb
51. If b.1, the interface acts as a potential well and ten
to confine electrons, whereas ifb,1 the interface acts as
potential barrier and tends to exclude electrons.

We first study an isolated Re12xAkxMnO3 chain to test
the effectiveness of this model for the CMR manganite. T
electronic eigenstates

ucms&5(
i

Zi ,m,sai ,s
1 u0& ~9!

corresponding to the eigenvalue«m,s are solved from the
equation

2tFZi 11,m,s2tFZi 21,m,s2JisZi ,m,s2lF~ui 112ui !Zi ,m,s

5«m,sZi ,m,s , ~10!

wheres511 for spin up and21 for spin down. The dis-
placements$d i% and$ui% in the ground state are determine
from the eigenstates self-consistently:

d i5
1

2
~ui1ui 11!, ~11!

ui5
1

2 Fd i 211d i2
lF

KF
(
m,s

~Zi ,m,sZi ,m,s2Zi 21,m,sZi 21,m,s!G .
~12!

If lF50, the stable configuration has a uniform structu
i.e., d i50 and ui50, without distortion. Otherwise, som
distortion will occur. From Eqs.~11! and~12! we see that the
displacements of both oxygen and manganese atoms de
on the electronic density at the manganese atoms.

The structure and magnetism of Re12xAkxMnO3 depend
on the doping concentrationx that determines the electro
number per manganese atom. The orbitals of each ma
nese atom have been renormalized to a single orbital in
present model, and the electron number per manganese
is denoted byy (<1). Figure 1~a! shows the dependence o
the energy difference per site between the FM and antife
magnetic~AFM! states ony. For an electronic doping con
centrationy50 ~no electrons!, the FM and AFM states hav
the same energy, and the equilibrium conditions gived i
5ui50. Fory51 ~that is, each manganese atom having o
electron!, the AFM state is lower in energy than the F
state. An energy gap of 2.5 eV appears in the AFM state
both the spin up and down energy levels. The lower subb
levels are occupied and the system is an insulator. Ay
50.5, the FM state is lower in energy than the AFM state.
this electron concentration, the energy difference betw
12520
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FM and AFM states is 0.127 eV per manganese atom. In
case, as shown in Fig. 1~b!, the energy bands of the FM sta
are totally spin split. There is a gap of 0.26 eV at the wa
vectork5p/2a (a is the lattice constant between two nea
est Mn sites!, and the system is an insulator. This gap can
adjusted by changinglF . WhenlF<1.4 eV/Å, the gap is
close to zero. All the spin-down levels are empty, and o
the lower sublevels of the spin-up band are occupied. Ay
50.5, the charge density has an oscillatory distribution. F
example, atlF52.0 eV/Å, the densities on two adjace
manganese atoms are about 0.621e and 0.379e ~at y50.5).
Away from y50.5, the energy gap disappears and the sys
becomes a ferromagnetic half-metal. In the ferromagn
state, the sites displace in the approximate pattern,

d i5d0sin@2i ~y20.5!p#, ~13!

ui5u0cos@2i ~y20.5!p#. ~14!

With electron concentration 0.2<y<0.45, the displacement
of both Mn and O atoms become very small (d0<0.005 Å
andu0<0.01 Å), and decrease to zero when the chain len
becomes arbitrarily long. That is, the system becomes
form in this doping region, and correspondingly, the cha

FIG. 1. ~a! Dependence of energy difference per site betwee
one-dimensional ferromagnetic chain and an antiferromagn
Re12xAkxMnO chain with doping concentrationy. ~b! Energy lev-
els of Re12xAkxMnO in the ferromagnetic state:y50.5 ~thick line!
and y50.32 ~thin line!. The upper curve in panel~b! is for spin-
down electrons and the lower curve is for spin-up electrons. A
of 0.26 eV appears atk5p/2a in the case of half doping (y
50.5).
2-3
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XIE, AHN, SMITH, BISHOP, AND SAXENA PHYSICAL REVIEW B67, 125202 ~2003!
density is also uniform with a half-metallic property. The
results are consistent with the basic properties of the C
manganites18 and show that the one-dimensional model giv
a reasonable description of them.

III. FERROMAGNETIC METAL ÕPOLYMER JUNCTION

We first consider a polymer chain contacted by a conv
tional rigid ferromagnetic metal. In the case of half fillin
and for the parameters used, the spin polarization for
ferromagnet isr5(N↑2N↓)/(N↑1N↓)50.34. The polymer
has a one-dimensional chain structure with a strong elect
lattice interaction that will cause localized charged exc
tions. When the polymer is connected with a ferromagne
metal, both the lattice configuration and charge distribut
of the polymer are affected. By adjusting the relative che
cal potential, electrons~or holes! are transferred into the
polymer and cause the displacement of the lattice sites.
sults are shown in Figs. 2 and 3 foreP50 and eP
51.0 eV, respectively. Following the usual convention, t
displacement is plotted with a multiplying factor (21)i ,
where i is the site index. The ferromagnetic metal is to t
left and the polymer is to the right of the interface, which
between sitesn5100 and 101. In Fig. 2, there is no electro
transfer between the segments, and the charge density is
form within the whole system. But the charges near the
terface can be spin polarized. The polarization oscillates

FIG. 2. For a simple ferromagnetic metal~FMM!/polymer
chain,~a! site displacements,~b! charge~dotted line! and spin~solid
line! density distributions are shown. There is no electron tran
between the FMM and the polymer. The interface is between s
100 and 101, andeP50. All the site displacements are plotted aft
multiplying with a factor (21)i , wherei is the site index.
12520
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decays into the polymer segment. The decay length of
spin polarization is about 6b, whereb is the lattice constan
in the polymer. If the chemical potential of the ferromagn
is higher than the bipolaron level in the polymer, as in Fig.
electrons are transferred into the polymer segment and re
a new equilibrium for the system. Instead of forming e
tended electronic waves, the extra electrons in the poly
form localized charged bipolarons. Figure 3~a! shows the
displacements of lattice sites, from which we see that, in
case, three complete bipolarons are formed within the po
mer together with some local distortions at the interface. T
corresponding charge and spin distributions are shown
Fig. 3~b!. In the present BK model for the nondegenera
polymer,16,17 bipolarons are energetically lower than p
larons. Since each bipolaron has two confined electro
charges with opposite spins, a bipolaron has no spin. The
neither localized nor extended spin distribution within t
polymer layer. Because the polymer is nonmagnetic in
ground state, or more generally at thermal equilibrium, th
is no spin distribution far from the interface.

IV. FERROMAGNETIC CMR MANGANITE ÕPOLYMER
JUNCTION

Here, we consider the polymer chain in contact with
half-metallic ferromagnetic Re12xAkxMnO3 chain with elec-
tron concentrationy50.32. By adjusting the relative chem
cal potential, electrons are transferred between the C
manganite and polymer. AteP52.15 eV, there is essentiall

r
s

FIG. 3. Same as in Fig. 2, but foreP51.0 eV. Electrons are
transferred from the FMM to the polymer through the interface
increasing the chemical potential of the FMM, resulting in bip
larons forming in the polymer.
2-4
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GROUND-STATE PROPERTIES OF FERROMAGNETIC . . . PHYSICAL REVIEW B67, 125202 ~2003!
no electron transfer between the segments. Figure 4~a! shows
the displacements of the atoms~Mn, O, and C! compared to
their uniform bulk positions. Within the CMR mangani
segment, both the manganese and oxygen atoms are
slightly displaced. The small displacements are due to
finite length of the segment and disappear as the segm
length is increased. The carbon atoms have a displaceme
0.05 Å, corresponding to the bulk dimerization of the po
mer chain. The interfacial atoms have a deviation from
bulk dimerization, which results in a small expansion of t
end bonds of the CMR manganite segment and a contrac
of the first few polymer bonds. The charge and spin densi
are shown in Fig. 4~b!. Because the CMR material is com
pletely spin polarized at the Fermi surface, the charge
spin densities coincide in this segment. The distributions
charge and spin density in each segment are uniform, ex
for a small modulation near the interface. The modulation
the CMR manganite is a finite-size effect as discussed pr
ously. There is neither a net charge nor spin distribut
within the bulk polymer. When we increase the chemi
potential of the CMR manganite, electrons are transfer
into the polymer. The results foreP52.90 eV are shown in
Fig. 5. At this value for the chemical potential, 6.11 electro
transfer to the polymer segment. The CMR manganite s
ment keeps a nearly uniform lattice structure except fo
small deviation at the interface. In the polymer, bipolar

FIG. 4. For a ferromagnetic Re12xAkxMnO ~FM CMR
manganite!/polymer chain,~a! site displacements of Mn~left dot-
ted!, O ~left solid!, and C~right solid! atoms, and~b! charge~dotted
line! and spin ~solid line! density distributions are shown. Th
charge and spin densities coincide in the CMR manganite. The
no electron transfer between the FMM and the polymer. The in
face is between sites 100 and 101.
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states form, as seen from the displacements shown in
5~a!. The localized electronic density is shown in Fig. 5~b!.
The transferred electrons form spinless bipolarons, and th
is no spin amplitude within the polymer segment.

These results become more apparent if we examine
change in electronic density of states~DOS! defined by the
Lorentz line shape formula

gs~«!5(
m

1

p

l

~«2«ms!21l2
, ~15!

where«ms is a one-electron energy eigenvalue andl a phe-
nomenological Lorentz linewidth, which we choose asl
50.15 eV. Figure 6~a! shows the DOS for the CMR
manganite/polymer chain before coupling of the two se
ments~that is, for the two separate material segments!, and
Fig. 6~b! shows the DOS after coupling. The relative chem
cal potential was adjusted to beeP52.15 eV as in Fig. 4, so
that there is no electron transfer between the CMR mang
ite and polymer after coupling. From the figure we see t
there is still a large gap for the spin-down states, but the
for spin-up states decreases after coupling. All the occup
states near the Fermi level have spins up, and these state
confined in the segment of the CMR manganite. Increas
the relative chemical potentialeP52.90 eV as in Fig. 5, we
plot the DOS before and after coupling in Figs. 7~a! and 7~b!,
respectively. Because the Fermi level of the CMR manga
is above the bipolaron level of the polymer, electrons trans
to the polymer after coupling. They form double-charged

is
r-

FIG. 5. Same as in Fig. 4 but with some electrons transfer
from the FM CMR manganite segment to the polymer through
interface by increasing the chemical potential of the FM CMR m
ganite, resulting in bipolarons forming in the polymer.
2-5
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XIE, AHN, SMITH, BISHOP, AND SAXENA PHYSICAL REVIEW B67, 125202 ~2003!
polarons. The bipolaron levels are indicated in Fig. 7~b!,
where the levels of spin-up and -down states overlap.~The
spin-up states of the bipolaron near22.5 eV cannot be see
easily due to the large DOS caused by the CMR mangan!
The difference in DOS of spin up and down at the bipolar
states arises from the effect of the CMR manganite at
interface.

The DOS~in Figs. 6 and 7! has important consequence
for spin injection under bias. In Fig. 6, the Fermi level in t
CMR manganite lies below the bipolaron level of the po
mer and bipolarons are not formed. There is a gap in
spin-down states at the Fermi energy, and the occupied s
near the Fermi surface are strongly spin-polarized. Polar
spin injection is possible in this case because a bias vol
will draw spin-polarized electrons from the spin polariz
Fermi level of the CMR manganite. By contrast in Fig. 7, t
Fermi level in the CMR manganite lies above the bipolar
level of the polymer and a high density of bipolarons
formed in the polymer near the interface. The gap in sp
down states at the Fermi energy is filled because of the
polaron states. Polarized spin injection is unlikely in th

FIG. 6. Density of states of the FM CMR manganite and
polymer,~a! before coupling and~b! after coupling. The thick solid
line in ~a! is for both spin-up and spin-down electrons in the po
mer, the thin solid~dashed! line in ~a! is for spin-up~spin down!
electrons in the CMR manganite. The solid~dashed! line in ~b! is
for spin-up ~spin down! electrons. The phenomenological Loren
width is l50.15. The Fermi level of the CMR manganite lies b
low the bipolaron energy of the polymer, so that there is no sign
cant electron transfer.
12520
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case because a bias voltage will draw electrons from
spin-unpolarized source.

V. CONCLUSIONS

Organic (p-conjugated! polymers differ from traditional
inorganic semiconductors due to their strong electron-lat
interactions. Carriers in~nondegenerate! polymers are
charged polarons or bipolarons. In this paper we have stu
the ground-state properties of a ferromagnetic metal/orga
polymer junction. Two kinds of magnetic contacts were co
sidered, a conventional ferromagnetic metal and a CM
manganite ferromagnet with a half-metallic ground state.
presented an effective one-dimensional tight-binding mo
for both the simple ferromagnetic metal and the half-meta
ferromagnet and explicitly verified that these effective on
dimensional models correctly include the physics of the m
terials. We found that polarized spin density can occur in
polymer near the interface. The spin density oscillates
decays into the polymer with a decay length of about
times the lattice constant of the polymer. We found an
pansion of the end bonds of the CMR manganite segm
and a contraction of the polymer bonds near the interfa
The calculated density of states indicates that the gap
spin-up states decreases after coupling of polymer and
CMR manganite. The difference in DOS of spin up a

-

FIG. 7. Same as in Fig. 6, but with the Fermi level of the CM
manganite higher than the bipolaron energy of the polymer, so
electrons transfer from the CMR manganite segment to the poly
after coupling.
2-6
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GROUND-STATE PROPERTIES OF FERROMAGNETIC . . . PHYSICAL REVIEW B67, 125202 ~2003!
down at the bipolaron states arises from the effect of
CMR manganite at the interface. By adjusting the relat
chemical potential, electrons can be transferred into the p
mer from the magnetic layer through the interfacial couplin
The DOS has important consequences for spin injection
der bias: polarized spin injection is possible when the Fe
level of the CMR manganite lies below the bipolaron level
the polymer. However, if the Fermi level of the CMR ma
ganite lies above the bipolaron level of the polymer, t
transferred electrons form bipolarons that have no spin
that there is no spin density in the bulk of the polymer. Und
this condition, the polymer is nonmagnetic, and in t
ground state~or more generally at thermal equilibrium!, the
spin polarization in this material will not be far from th
interface.

Static characteristics of the ferromagnetic met
conjugated polymer interface were investigated in
present model. But major factors have been included, suc
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lattice relaxation and interfacial coupling. The main motiv
tion for this model came from recent polarized spin injecti
~and spin-coherent transfer! experiments on the conjugate
organic oligomer sexithienyl~thin film! in which a half-
metallic ferromagnetic CMR manganite contact was use6

This oligomer can serve as an active transport material
potential organic optoelectronic and spintronic devices. D
namics under external bias will be studied to describe s
injection and polarized spin transport in conjugated orga
materials, but an understanding of ground-state proper
presented here is required to initiate a study of such dyn
ics.
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