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Theoretical model of an organic ferrimagnetic state for a bipartite lozenge chain
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A model for one-dimensional bipartite lozenge chain is proposed. By unrestricted Hartree-Fock approxima-
tion, we find that the system should exhibit ferrimagnetic ordering for a half filled band. In the ground state, the
energy levels of electrons will split off with respect to different spins and the electrons along the chain will
form an antiferromagnetic spin-density wave. The ground state of the system will be more stable with increas-
ing of the on-site Hubbard term.
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[. INTRODUCTION sublatticesA andB, the siteA being connected by hoppirig
to four sites ofB, whereas the sites d8 have only two
Low-dimensional materials have long been of interest tg1earest-neighbor sites @. An on-site Hubbard-Coulomb
chemists and physicists because of their distinctive physicdepulsion U is assumed on every site. Considering the
properties. Recently, quasi-one-dimensional organic ferro€/€ctron-phonon interaction and the antiferromagnetic spin
magnetic systems have attracted considerable attention sin@élation between the itinerant electrons, we propose a the-
several kinds of organic ferromagnéts,such asm-PDPC oretical model for the bipartite lozenge chain, which consists
(Ref. 1 and p-NPNN (Ref. 2, have been discovered. In of the Su-Schrieffer-Heegger Hamiltonian describing the

organic polymer molecular ferromagnets, there are no ions ?Iectron-phonon interaction on the chain and the Hubbard
9 poty 9 ! . Yerm describing the on-site electron-electron interactions.
the type which are usually magnefie.g., iron, nickel, etg.

Ol der to obtai ic f ts. MceCof IIWithin the mean-field theory and the Hartree-Fock approxi-
present. in order to obtain organic ferromagnets, MCLONNellyation | 5 set of self-consistent equations are established. Us-
proposed intermolecular ferromagnetic interactions in the Ofing these equations, we numerically studied the system. In
ganic molecules. Then Matageeported another strategy 0 gec. |, we will give the model and the method. Results and
prepare organic ferromagnets based on intermolecular ferr@iscussions will be given in Sec. III.

magnetic interactions in very large molecules. The basic idea

of this proposal is the synthesis of alternate hydrocarbon inl. THEORETICAL MODEL AND NUMERICAL METHOD

the high-spin ground state. . I
Theg bipgrti?e lozenge chain structures leading to highly Thg generalized qun'toman that has been employed for

degenerate one-particle states are depicted in Fay. The modeling the system is given by

model polymer of Fig. (a) is a well-known structure in in-

organic chemistry,where M and L represent a metal atom H=— > [to+y(Ua—Ug)(C4,Cq,+H.C)

and a suitable ligand, respectively. This structure is experi- (AB).c

mentally similar to that studied in Ref. 4. In a series K

paper’~!! Yao et al. proposed a theoretical model for the T3 > (Ua—Ug)2+U X (Na,—ngp), (1)

guasi-one-dimensional organic ferromagnet. They studied AB) AB)

the structure opoly-BIPO. In their model, ther electrons Wheret, is the transfer or overlap integray, is the rate of

along the main carbon chain are considered to be itinerarthange of the overlap integral with distance between nearest

while the unpaired electrons at the side radicals are regardé#ghbors,K is the effective spring constant between the

to have no freedom except their spins. The antiferromagnetiddjacent unitsC, ,(Ca ,) denotes the creatiofannihila-

exchange interaction between these electrons was imposein) operator of an electron with spin on the sublatticé,

Consequently, the ground state of this model is a ferrimagandUa(Usg) is the displacement of the carbon atom on the

net. In other words, although the spin correlation of electrons

in the ground state is antiferromagnetic, the system has also M >M<I>M<L>M<>M
an unsaturated ferromagnetism. By means of the exact diago- @ - L

nalization of finite clusters and Monte Carlo simulation, ' ' ) '
Macedo et al. studied the model shown in Fig(d). At half B B B
filling, the ground state of this model exhibits also ferrimag- (b) 'i\<:>':‘< >€‘<B>/:< >¢
netic long-range orderintf. The theory of Macdo et al. was 7 ? ¥ ?
further improved by Tian and Lilt

In this paper, we focus our attention on the bipartite loz- FIG. 1. (a) Bipartite inorganic meta{M) ligand (L) chain; (b)
enge chain shown in Fig.(8), the unit cell contains two Bipartite AB, chain and spin configuration for a half filled band.
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sublatticeA(B). U describes the Hubbard on-site electron- 3
electron repulsion on the chain, anth,=Cx ,Ca, (o
=a,f), wherea and 8 denote up spin and down spin, re- 2r
spectively. -
It is convenient to cast all quantities into dimensionless 5= 1f
forms as 5
8 0r o
H U 292 2 _
h=—, u=—, )\=—K, wof s down-spin
to to sy . up-spin
’y -2 L 1 L 1 . 1
Yas =i (Ua=Us). 2 0 100 200 300
0

The energy level number i

Then the Hamiltonian is transferred as follows:
FIG. 2. The energy levels of the electrons for-1.0 and\

=0.3. The dashed line and the solid line correspond to down spin

h= _<A% [1+y<A’B>](CX’(,CB’,,+ H.c) and up spin, respectively.
1 From Egs.(4)—(6), we can obtain the optimized configu-
+u 2 (nAanBB)Jr)\— E y<2A,B>. 3 ration and energy levels of the system self-consistently. We
(AB) T (AB) can also obtain the spin density and the charge density of

. . . . electrons at every site as
By treating the electron-electron interaction in the y

Hartree-Fock approximation, we can obtain the eigenener- 1 1

giese!,, the expansion coefficien’], , g, of the molecular Sa=5[(Maw) —(Mag)],  Se=5[(Nea) —(Nep)], (1)
orbital, and the optimized geomety, g, from the follow

self-consistent iterative equation:

(Naa)= EA Z0 A(Z5 )%, (Nea)= 2:43 VAR VARINE

—[1+yaslZy ap+1[1+Yar-1125 (am)-1 (060 (0¢0 @
+U( 2 ZZ’(A,B)(ZZ’<A,B>*)> ZZ,<A,B>:SZZZ,<A,B>' The starting geometry in the iterative optimization pro-
(é‘cc) cess is usually the one with zero dimerization. A set of so-
) lutions are reached, independent of the starting configuration.
The criterion for terminating the optimization is that between
two successive iterations, the difference is less tharf f6r
— o o the displacement order parameter and spin density.
YA By = 777\( % Z, AL (AB)Y+1
(00 IIl. NUMERICAL RESULTS AND DISCUSSIONS
_ i E 2 b vl (5) We consider a system which consists of a periodic conju-
N W By o HABITANBD L] gated chain shown in Fig.(8). The chain contains 300 sites
(0cq) (A= 100 andB=200) and 300 electrons, each on every site.

Here the periodic boundary condition has been employed foFrom Egs.(4), we know that the eigenvalue equation is un-
the chain.N is the number of sites on the chain, arat() symmetrical about spin owing to the on-séee interaction.
refers to those states occupied by electrons. The values of ti§g we must solve the given equations with different spins. In
dimerization order parameter are calculated by minimizingorder to study the ground state, we always fill thelectrons

the total energyE(y(ag) of the system with respect to in the possible lowest levels in every iterative step. In our
Y(AB) - calculations, the energy and the on-site Hubbard repulsion

are measured in the unit &f. Since the chain of this system
” ” . is the same as that of polyacetylene, we can choose com-
E(yap)=— AE (1+Yapy) ME” [Za8)(Z0aBy+1) monly used parameterg;=2.5 eV for the hopping integral

B .
A8 (occ) on the chain and.=0.1~0.5 for the electron-phonon cou-
1 pling. The on-site Hubbard repulsianat every site varies
+2° (Z% ap)*]|+— > V2 from O to 4.
w(AB) 1 TudAB) T\ (AB) (A8 First, we discuss electron energy levels and the stability of

ferromagnetic ground state of the system. Figure 2 shows the
®) energy levels of the system whanr=0.3, andu=1.0, where
' ith indicates the level, and the energy levetjdependent.

+U<AEB> ( 2, |Zz,<A,B>|2|Zi’(A,B>|2
' (oc We can see clearly that energy levels belonging to different

(oco)
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FIG. 3. The energy gap versus thee interaction. Curves a, b, FIG. 5. The spin-density of sitB versus thee-e interaction.
and ¢ correspond th=0.1,\=0.3, and\ = 0.5, respectively. The CUrves a, b, and c correspond Xe=0.1,A=0.3, and\ =0.5, re-
gap increases with increasing of the Hubbard term spectively.

spins split off. The energy spectra contain three up-spias been found at every site. It is shown that the electrons at
bands and three down-spin bands, each of which contairgite A and siteB along the chain is antiferromagnetically
100 energy levels. The up-spin bands have lower energy thegprrelated. A salient feature here is that the spin magnitudes
the down-spin bands. The middle two bands are highly deon site A and B are unequal, indicating ferrimagnetic
generate. The energy spectra are half filled since there is or$dering® Figures 4 and 5 show spin densities at different
electron on every site. So the ground state of the system is $ites as a function of the on-site Hubbard ternCurves a, b,
high-spin ferromagnetic state. We must notice that the enand ¢ correspond ta =0.1, A=0.3, and\=0.5, respec-
ergy gapA=g,— ¢, between the middle localized up-spin tively. We find an average total spin per unit c8t|S|
and down-spin bands is a very important parameter. The-2Sg=3, as required by Lieb’s theorefflWe can see that
larger the gap is, the more stable the high-spin state is. Owvith increasing of Hubbard constamtthe spin densitiefSy|
calculation shows that the degree of splitting is proportionand|Sg| increase continually. This means that the antiferro-
to u. Figure 3 shows the gap varies with We can see that magnetic exchange interaction between electrons atAsite
the gap increases continually with increasing of the Hubbar@nd siteB will be stronger with the increasing of
termu. This means that the ferromagnetic ground state of the In the system\ is the electron-phonon coupling param-
system will be more stable with increasing of tine eter. The larger th&, the stronger the electron-phonon cou-
Now we turn to study the spin-density wave and thepling. At half filling, the density of state®©OS) is shown in
charge-density wave of the system. We find that the chargkig. 6 for u=2. Figures 6a), 6(b), and &c) correspond to
density at every site is equal to 1, but the spin density at sita =0, A =0.3, and\ = 0.5, respectively. Here, Fig(® is the
Ais S,<0, and the spin density at sifgis Sg>0. This is  result studied in Ref. 12 when=0. Owing to Peierls dis-
owing to the charge density with up spin at skehas been tortion, it is found that an energy gap appears between the
transferred to siteB, meanwhile the charge density with top of the lower up-spin ban@he upper localized down-spin
down spin at siteB transferred onto the sitd (e.g.,n,, band and the lower localized up-spin barithe bottom of
=0.32, naz=0.68, ng,=0.84, andngz=0.16, whenu

=2.0 and\=0.3). As a consequence, the net spin density
0.0 (a)
A
\‘\i% :@
; 0.1 a \\\‘\ g
5 N g
‘S (3]
> N > (b)
g '02 B a—s— o
3 b—e— b N a - -
z .
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® -03F
2 (c)
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The on-site e-e repulsion u Energy e (unit: t,)
FIG. 4. The spin density of sitd versus thee-e interaction. FIG. 6. Density of statéDOS) for AB, chain at half filling.(a)
Curves a, b, and c correspond xe=0.1, A=0.3, and\=0.5, re- u=2,\=0, (b) u=2, A=0.3, and(c) u=2, A=0.5. Vertical ar-
spectively. rows indicate localized bands.
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the upper down-spin bandWe can see that the stronger the filling as a result of the on-site Hubbard interactions between
electron-phonon coupling, the larger the dape Figs. @) electrons. In the ferromagnetic ground state, the energy lev-
and &c)]. But, the up-spin band is always lower than theels of electrons will split off with respect to different spins
down-spin band for the middle two localized levels. So, inand the electrons at sitk and siteB along the main chain
the ground state, one-third of valence band is always occuwill form an antiferromagnetic spin-density wave. The in-
pied by down-spin electrons, and the two-thirds of valence igreasing of the on-site Hubbard term makes the ground state
occupied by up-spin electrons. The ground state of the sy®f the system more stable.

tem is a high-spin ferromagnetic state.

In summary, we have numerically investigated the elec-
tronic and magnetic properties of quasi-one-dimensional bi-
partite lozenge organic polymer chain, whose topology pro- This work was supported by the National Natural Science
duces flat bands in the electronic spectrum. It has been foureoundation of China under Grant Nos. 19745705 and
that this system should exhibit ferrimagnetic ordering at halfl9774023.
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