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A model explaining ferromagnetic ordering in organo-metallic charge-transfer molecular stack is constructed. A model Ham& 
tonian is proposed to describe a separate stack. The wave function of the ferromagnetic state of the stack is found in the UHF 
approximation. 

1. Introduction 

Recently, Miller and co-workers have reported the 
discovery of ferromagnetic order in the organometal- 
lit charge-transfer salt of decamethylferrocenium 
(DMFc) and tetracyanethylene (TCNE) at temper- 
atures below Tp~4.8 K [l-6]. 

The ferromagnetic DMFc-TCNE crystals consist 
of the one-dimensional stacks which are formed by 
the alternating molecules DMFc and TCNE (see fig. 
1) [ 61. Both the intrustack and interstack distances 
between the Fe atoms are too large [2,6] for direct 
interaction between them to take place. Therefore, in 
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Fig. 1. The structure of a separate stack in the DMFc-TCNE 
crystal. Methyl groups are not shown. 

papers [ 4,6] it was assumed that the bulk ferromag- 
netic state arises due to some effective exchange in- 
teraction between the unpaired electrons on the Fe3+ 
ions and the electrons of the TCNE’ radical-anions. 
The effective exchange interaction, as Miller and his 
co-workers stated [ 4,6 1, arose due to resonance in- 
teractions of the d-electrons of Fe3+ and the un- 
paired electrons of TCNE’. Such an approach both 
to the intrastack and the intrastack ordering is right 
only in general, since the corresponding resonance 
(hopping) integrals are extremely small because the 
distance between the Fe atom and the plane of the 
TCNE molecule is as large as 5.2 8, [ 2 1. 

Miller and Epstein (ME ) [ 4,6 ] proposed a model 
of electronic structure of the ferromagnetic crystal 
DMFc-TCNE. In the ME model the electronic struc- 
ture of the crystal is determined by unpaired elec- 
trons located on the e28 (d,,) orbitals of the Fe atoms 
and on the b, orbitals of the TCNE molecules. Inex- 
plicitly it means that the ground-state wave function 
of the crystal is the antisymmetrized product of one- 
electron functions localized on the Fe and on the 
TCNE sites. In the ME model, these localized elec 
trons interact ferromagnetically because of the con- 
figurational admixing of the triplet excited state with 
an electron transferred from the Fe site to TCNE to 
the ground state. 

This simple model seems to be acceptable at least 
in its part concerned with d-electrons. The localiza- 
tion of d-electrons is highly probable and a perturba- 
tive treatment of their resonance interactions seems 
to be valid as it will be discussed in detail below. At 
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the same time the ME model meets a severe objection. 
This objection is concerned with the very existence 

of the effective ferromagnetic exchange interaction 
between the unpaired d-electrons on the Fe3+ ions 
and the unpaired electrons on TCNE’. The corre- 
sponding constant of the kinetic exchange was esti- 
mated by ME as: 

I ferro * BLTCNEI A&T 2 

where /3re-TCNE is the resonance integral between the 
d-orbitals of the Fe atom and the orbital of TCNE’ 
occupied by the unpaired electron, and A& is the 
energy of the corresponding charge transfer state. As 
it was pointed out in ref. [ 71 this interaction is ex- 
tremely weak because the resonance integrals aeTCNE 
are very small. The authors of ref. [ 71 note that some 
alternative charge-transfer process involving the li- 
gands (the substituted cyclopentadienyl anions) 
should exist to produce the ferromagnetic state. 

In addition to the comments of ref. [ 71 we should 
note that the rt-orbitals of the molecules forming the 
stacks seem to be coupled due to the intrastack reso- 
nance interaction. The electrons which in the ME 
model are localized on the TCNE sites are on the 
contrary probably delocalized over all stack and this 
delocalization should be taken into account some- 
how. The proposed picture includes both the local- 
ized electrons placed on the d-orbitals of the DMFc 
sites and the delocalized electrons occupying the x- 
orbitals of TCNE and the ligand orbitals of DMFc. 
The d-orbitals are not mixed to the delocalized orbit- 
als by the resonance interaction, but it does not mean 
that the localized electrons do not interact with the 
delocalized ones. The perturbative treatment of the 
weak resonance interaction leads to the effective in- 
tramolecular exchange interaction of the localized d- 
electrons with electrons in ligand orbitals of the 
DMFc+ cation. (The similar picture was proposed in 
[ 8,9] to describe the interaction of local spins in the 
d-shell of the Cu atoms with itinerant electrons in the 
quasi-one-dimensional semiconductor copper 
phthalocyanine iodide). This intramolecular kinetic 
exchange is inherently antiferromagnetic. Its con- 
stant K can be estimated by the formula: 

where /3i+._o, is the resonance integral between the d- 
orbital of the Fe atom and a ligand orbital of the 

DMFc+ cation. Obviously K>> Z,,,,, because BFe_cP 

is greater than j3,+TCNE by several orders of magni- 

tude and A& and A,!& differ no more than by sev- 
eral times. 

The above consideration on electronic structure of 

the separate stack can be summarized as follows. Each 

DMFc+ cation bears in its d-shell one unpaired elec- 

tron. These electrons are localized and can be char- 

acterized by their spin projection f 4. Other elec- 

trons are delocalized and can be characterized by the 

wave numbers of the orbitals spread over the entire 

stack. The localized electrons can be treated as local 

j-spins which interact with the delocalized electrons 

by some effective exchange interaction. The delocal- 

ized orbitals involve both the x-orbitals of the TCNE 

molecules and the n;-orbitals of the permethylated cy- 

clopentadienyl ligands as well. The delocalization and 

the intramolecular exchange together effectively in- 

clude in the consideration the charge-transfer states 

involving d-shell, ligands, and acceptor molecules in 

accord with suggestions of ref. [ 7 1. 
The above picture closely resembles those that arose 

in the Kondo problem [ 10 ] and in the RKKY model 

for the interaction of magnetic impurities in metals 

[ 111. For the first time such an approach was ap- 

plied to the quasi-one-dimensional crystals in refs. 

[ 8,9 1. Recently in our paper [ 12 ] the similar consid- 

erations were applied to the organic ferromagnet 

composed of polyene chains with radical substitu- 

ents. In that case 

-t=---It===--I=-= 

R’ R’ R’ R’ 

we encounter a very similar situation: The electrons 

in the rc-conjugated system are delocalized whereas 

unpaired electrons in the radical substituents are lo- 

calized and interact with delocalized ones by means 

of some effective exchange. 

In the present paper we propose a model Hamilto- 

nian for the ferromagnetic DMFc-TCNE stack which 

includes the above-mentioned effects of delocaliza- 

tion and intramolecular antiferromagnetic exchange. 
Although the proposed model does not contain the 

ferromagnetic effective exchange the variational wave 
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function with ferromagnetic order can be constructed. 

2. Theory 

As we mentioned in section 1 the electronic struc- 
ture of a separate stack of the charge-transfer ferro- 
magnet DMFc-TCNE resembles that of the polymer 
ferromagnet [ 12 1. Therefore it can be described by 
using a model analogous to the model of the polymer 
ferromagnet proposed in ref. [ 12 1. 

In the DMFc-TCNE crystal the DMFc and TCNE 
molecules alternate and form stacks (see also fig. 1): 

DMFc+ 
TCNE’ 
DMFc+ 
TCNE- 

which are aligned in the u-direction. The intermolec- 
ular separations between adjacent molecules in the 
stack are large enough to consider molecules com- 
prising the the stack separately. Therefore it would be 
natural to begin the discussion of the electronic struc- 
ture of the stack from the description of electronic 
structures of the constituting molecules. 

2.1. Electronic structure of TCNE 

TCNE is a molecule with closed electronic shell. Its 
lowest unoccupied molecular orbital (LUMO) is of 
x-character and belongs to the bS, irreducible repre- 
sentation of the DZh point group. The energy of the 
LUMO is quite low, and this molecule is a good elec- 
tron acceptor. When the radical-anion is formed an 
extra electron occupies the b,,-orbital. It changes the 
bond lengths but the molecular symmetry remains 
intact [ 2,6]. 

2.2. Electronic structure of the DMFc+ cation 

The electronic structure of the DMFc+ cation is 
relevant to the problem of the ferromagnetic order in 
the considered system. The DMFc molecule is a d6- 
complex. So six of its electrons are placed on the 
strongly localized nonbonding 3d-orbitals of the Fe 
atom. The other electrons are placed on the delocal- 
ized bonding orbitals of the C5 ( CHJ)5 (Cp*) ligands 

and on 4s and 4p orbitals of Fe. The main question is 
the nature of the highest occupied MO in DMFc and 
of the singly occupied MO in the DMFc+ cation. In 
the literature two viewpoints on this subject are pre- 
sented [ 13- 19 1. The first one, adopted by Miller and 
Epstein [ 4,6], is that the highest occupied orbital of 
ferrocene (Fc) and also of DMFc is doubly degener- 
ate. This viewpoint is supported by MO-LCAO cal- 
culations both on ab initio and semiempirical levels 
[ 13,15,16,18]. However, it contradicts to that aris- 
ing from analysis of the (d-d)-excitation spectra of 
metallocenes and decamethylmetallocenes. The ex- 
perimental data both on Fc [20] and on DMFc 
[ 19,201 unequivocally suggest that the highest occu- 
pied d level is nondegenerate. This viewpoint is also 
supported by an X, calculation [ 17 1. The experi- 
ments carried out to find the singly occupied orbital 
in the Fc+ cation did not clarify the situation. Indeed 
both the photoelectron spectra of Fc [ 14 ] and ab in- 
itio calculation [ 151 suggest that the ground state of 
the ferricinium cation is the ‘E2, state and that the 
unpaired electron occupies the degenerate ezg orbital 
(d,,,). The more recent calculations [ 17,18 ] suggest 
that the ground state of the cation is the ‘A,, state 
and the singly occupied orbital is the a,,-orbital 
( dr2) (Here we use the symmetry notation adopted 
in ref. [ 2 1 ] ). Moreover the relative level positions in 
the gas phase are not relevant because in the crystal 
they can be changed due to surrounding effects (see 
also ref. [ 7 ] ) . At any rate it is known that one elec- 
tron from the nonbonding 3d-orbital of each DMFc 
molecule is removed and the d’-complex DMFc+ 
having total spin $ is formed. 

However, the calculations [ 18 ] revealed some in- 
teresting features of the electronic structure of Fc+. 
It turns out that an unpaired electron occupies a 
strongly localized MO. In ref. [ 18 ] it was shown that 
the d-orbital gives 86% contribution to the singly oc- 
cupied orbital whereas other orbitals are delocalized 
over the molecule in a greater extent. Indeed d-or- 
bital is even more localized because the Hat-tree-Fock 
approximation usually overestimates delocalization. 
Therefore we consider the singly occupied d-orbital 
to be perfectly local. 

Now we can distinguish two systems of orbitals in 
DMFc+. The first one, consisting of the localized d- 
orbitals of the Fe’+ ion is analogous to the system of 
the side group orbitals of the polymer ferromagnet 
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[ 12 1. The second one is composed of the delocalized 
x-orbitals of the Cp* ligands and the overlapping 4s 
and 4p orbitals of Fe. Hereinafter the second set of 
orbitals will be referred to as the ligand orbitals (LO) 
of DMFc. 

2.3. A model for the electronic structure of the stack 

The above discussion suggests some important fea- 
tures for the adequate model for the electronic struc- 
ture of the DMFc-TCNE stack which seem to be 
missed in the ME model [ 4,6 ] (see section 1). 

One of the characteristic features of the electronic 
structure of the stack in the ME model is that the 
electrons are perfectly localized. The localized struc- 
ture is visualized in the ME model by ferromagneti- 
tally interacting local spins with S= 4 placed on the 
DMFc and TCNE sites, which represent unpaired 
electrons in the d-shells of the Fe atoms or on the LU- 
MOs of the TCNE molecules respectively. Although 
for d-electrons this picture is acceptable (d-electrons 
are indeed localized) it may be inappropriate for 
electrons in TCNE hecause of the resonance interac- 
tion between rr-orbitals of TCNE and x-orbitals of the 
Cp* rings. 

As in the case of the polymer ferromagnet [ 12 ] (see 
also section 1) we encounter the situation when some 
electrons (namely d-electrons) are localized whereas 
the others are delocalized. Therefore we adopt the 
following model to describe the electronic structure 
of the stack. 

To describe d-electrons (d-system) it suffices to 
take into account one 3d-orbital per Fe atom occu- 
pied by a single electron each. According to ref. [ 71 
(see also section 1) we will consider only one non- 
degenerate d-orbital per Fe atom regardless of its 
origin. 

To describe delocalized electrons (organic sys- 
tem) in the stack it is necessary to take into account 
both the LO of DMFc+ and n-orbitals of TCNE. The 
simplest model of the delocalized system should in- 
volve at least one orbital of TCNE and one LO of 
DMFc+. For TCNE it is reasonable to choose the bsg 
orbital. The proper choice of the DMFc+ orbital is 
determined by the contributions of different elec- 
tronic configurations to the ground state of the or- 
ganic system (OS) of the stack. Obviously only the 
contributions of the configurations with an elec- 

tronic back transferred from the TCNE site to an un- 
occupied LO of DMFc+ are significant. Thus in the 
proposed model some unoccupied LO of DMFc+ is 
assumed to take part in the formation of the delocal- 
ized OS. Here we do not include explicitly the contri- 
bution of the back transfer of an electron from the 
TCNE site into the d-shell. These configurations are 
effectively taken into account by the exchange term 
ineq. (1). 

The model Hamiltonian of the DMFc-TCNE stack 
has the following form: 

H= - 1 ((Y1C:,,c,no+(Y2C2+naCZno) 

--II C (c:,,cZn~+cZ+noc,n+la+h.c.) 
n,0 

+YI c c:,J,nac:nBcln&?+Y* 2 &Xc2,&&nJ9 
n n 

-WC A,+,A,,+KC C mc:noc,nJAn+TA,r . (1) 
n,r n o,= 

Here CT,, is the creation operator of an electron on 
the LO of DMFc, c2+,, is the creation operator of an 
electron on TCNE, A&. is the creation operator of an 
electron on the 3d DMFc orbital; n is the DMFc- 
TCNE unit number in the stack. In eq. ( 1) the first 
term is the attraction energy of an electron in the OS 
to the cores of DMFc+ and TCNE, which are propor- 
tional to (Y, and a!*, respectively. The second term 
describes the electron hopping in the OS. The third 
and the fourth terms describe the Coulomb repulsion 
of the electrons with opposite spin projections occu- 
pying the same orbital: on DMFc and on TCNE, re- 
spectively. The fifth term describes the attraction of 
d-electrons to core. The sixth term describes the ef- 
fective intramolecular exchange interaction of un- 
paired d-electrons in the OS (on the LO). 

We have not yet specified the unoccupied LO in- 
volved in the OS of the stack. As it was mentioned in 
section 1 the effective exchange integral is propor- 
tional to the squared resonance integral between the 
singly occupied d-orbital and corresponding LO. Due 
to uncertainties of the symmetry assignment of the 
singly occupied d-orbital and to effects of the local 
symmetry breaking in the crystal (see section 2.2) the 
symmetry of the LO remains uncertain. The LO 
should be vacant and have at least small overlap with 
the singly occupied d-orbital for the kinetic intramo- 
lecular exchange to exist. 
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The Hamiltonian ( 1) is very similar to that of the 
polymer ferromagnet [ 12 1. Thus the procedure pro- 
posed in ref. [ 121 to find the approximate ground 
state of the polymer ferromagnet can be applied as 
well to the Hamiltonian ( 1) . 

As in ref. [ 12 ] we use the UHF approximation to 
calculate the ground state of the stack. With use of 
the equation of motion method in ref. [ 121 it was 
shown that the ground State wave function can be 
taken in the form of an antisymmetrized product of 
the wave function 0, of localized electrons which all 
have the same spin projection -S/2 (d-system) and 
of the wave function of delocalized electrons in the 
organic system ( o2 ) : 

ako- + - &T exp(ikn)cL, , 

b,$= 1 C exp(ikn)&, 
fin 

(2) 

where g,$,, is the creation operator of an electron with 
spin projection 0 on the occupied molecular orbital 
with wave number k. The parameters f&,(S) are de- 
termined by the self-consistency conditions for the 
one-dimensional donor-acceptor crystal provided 
that the wave function G2 of delocalized electrons has 
the zero projection of its total spin: 

2t,, ( 1 + cos k) 
tan2eku(S)= Acr+Ay/2-&,(S)y-tKaS’ 

cos2&(S)dk, kF=jn, (3) 
0 

whereAa=a,-a2,AY=~2--,,~=Y,+Y2.Thequan- 
tities S,(S) and dP(S) determine the electron spin 
densities in the OS. The spin density on the DMFc 
site is 

Qspin=s(scl(s)-s/3(s)) . 

The spin density on TCNE is -Qspin. The charge 

densities on the sites are 

Q TCNE=I+&a(S)+&3w 9 

Q DMl=C = t -4xw --4&v . 

The electronic structure of the OS of the stack has, 
in accord with eqs. (2) and (3), the following fea- 
tures. Due to nonzero total spin of the stack some 
nonvanishing spin density arises on the orbitals of 
DMFc + and TCNE which are involved in the OS. 
The spin density in the OS alternates on the neigh- 
boring molecules. Analogous result on the alternating 
spin density of delocalized n-electrons in the polymer 
ferromagnet was obtained in ref. [ 12 1. 

The variable S determines both the sign of the spin 
densities in the OS and the orientation of the local d- 
electron spins and it can be either + 1 or - 1. The 
total spin of the stack is proportional to its length and 
amounts 4 per formula unit. Thus the ground state of 
the stack exhibits ferromagnetic order. 

2.4 Model calculation on the separate stack 

We used the self-consistency eq. (3 ) to calculate 
the electronic structure of a separate DMFc-TCNE 
stack. So we encountered the problem of parameter- 
ization of the model. As can be easily seen the results 
of the calculations are only dependent on the differ- 
ence Aa = (Y , - a2 and not on the values of (Y , and a2 
themselves. We adopt the energy gauge LY, = 0 and Aa 
becomes 

Aa=AE+A+E, -I, 

where Z is the ionization potential of d-electron (the 
first ionization potential of DMFc ) , AE is the energy 
of the excitation of d-electron to LO, A is the electron 
affinity of the TCNE molecule, and EM is the Made- 
lung energy per formula unit. According to ref. [ 7 ] 
the parameters of the ionic crystals are lying close to 
the neutral-ionic interface where the Madelung en- 
ergy EM coincides with the I- A energy. Therefore Acy 
is about ti which amounts several electronvolts 
[ 7,18,19]. These Act! are obviously very large. This 
result indicates on very large difference between one- 
electron energies of the sites. 

The most difficult problem is to estimate the in- 
trastack resonance parameter t,, coupling the b,,-or- 
bital of TCNE and the LO of DMFc. The crystal 
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structure of the ferromagnetic phase is not known for 
certain. The TCNE moieties are disordered [ 2,6] and 
therefore the exact values of t,, are unknown. More- 
over, for the higher orbitals with multiple nodes the 
intermolecular resonance integrals are very sensitive 
to the geometry variations [ 221. Existing experimen- 
tal data on the charge distribution in the DMFc- 
TCNE salt [ 2,6] suggest it to be strongly inhomoge- 
neous which is characteristic for narrow band solids. 
At any rate the resonance integrals cannot be large. 
The characteristic values oft,, in the narrow and solid 
should satisfy the conditions [ 231: 

Aalt,, xy,/t,, xy,/t,, >3+5. 

In this limit the solution of the self-consistency 
equations (eq. ( 3 ) ) has the following features. The 
absolute values of&(S) and 6,(S) are close to their 
limiting value 4. They are positive and therefore the 
electron density on the TCNE site is close to unity. 
The values of 8, (S) and 6,(S) slightly differ because 
of the exchange interaction of delocalized electrons 
with the local spins and therefore the alternating spin 
densities arise in the OS. For example, for the param- 
eter values 

Aall,, =3, y,lt,, =yzlt,, =5, Wt,, =2.5 , 

we obtain the spin density Qspin on the LO of DMFc 
to be about 0.20 and the charge density QrCNE to be 
about 0.7. 

3. Discussion 

The UHF method was previously applied to the 
hypothetical polymer ferromagnet composed of the 
polyene chains with radical substituents (see ref. [ 12 ] 
and references therein). The main result of ref. [ 12 ] 
is that the exchange interaction between delocalized 
electrons in the conjugated x-system and local spins 
in the radical substituents aligns the latter in the same 
direction, and therefore gives the high spin ground 
state. The UHF result of ref. [ 12 ] is consistent with 
the exact topological considerations based upon the 
Ovchinnikov theorem on the total spin of altemant 
conjugated hydrocarbons [ 241. 

The Miller ferromagnet considered in the present 
paper to some extent resembles the polymer ferrom- 
agnet. As in the polymer ferromagnet one part of 

electrons in the Miller ferromagnet can be described 
with use of local spins, but the other part remains de- 
localized as electrons in the conjugated rr-system do. 
The UHF method was successful in the case of the 
polymer ferromagnet and it was a heuristic sugges- 
tion to apply the same method to the Miller 
ferromagnet. 

Let us discuss the relations of our model with that 
of ME. First of all we note a correlation between the 
two approaches. Indeed in both the models d-elec- 
trons are treated as local spins. The difference arises 
when the electrons in the organic system (OS) are 
described. The ME model describes these electrons 
as local spins as well. In our model electrons in the 
OS are described as delocalized ones. Electron den- 
sity, however, is distributed very inhomogeneously, 
and it is mainly concentrated on the TCNE sites. This 
result is in accordance with observed bond lengths in 
the TCNE moiety in the crystal which coincide with 
those in the TCNE’ radical-anion [ 2,6]. The strong 
inhomogeneity of the calculated charge distribution 
in the OS fairly corresponds with the experimental 
observations and supports the idea of the narrow 
electronic bands in the DMFc-TCNE ferromagnet. 

The two models differ in the spin density. In the 
ME model the spin density on the TCNE site is strictly 
1 whereas in our model it is about 0.2 (see section 
2.4). 

The value of the projection of the total spin (and 
correspondingly the saturation magnetization) of the 
stack turns out to be incorrect in our method. It was 
shown [ 2,6] that the experimental value of the satu- 
ration magnetization can be reproduced if the spin 
projection is ? 1 per formula unit, whereas in our 
model the spin projection per formula unit equals to 
k 4. Nevertheless the ME model of the ground state 
fails to explain the origin of the ferromagnetic order 
in the separate stack without invoking the kinetic fer- 
romagnetic exchange based upon the direct reso- 
nance interaction between d-electrons and electrons 
in TCNE. However such an interaction seems to be 
ruled out by the analysis of ref. [ 7 1. 

On the other hand the suggestion of ref. [ 7 ] on the 
important role of the charge-transfer states involving 
n-orbitals of the Cp* ligands turned out to be very 
useful. However, the authors of ref. [ 71 oversimpli- 
fied the picture of the ligand orbitals. They restricted 
themselves to the x-orbitals of the Cp’ rings and did 
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not take into account diffuse 4s- and 4p-orbitals on 
the Fe atoms. The latter, however, are known to give 
an important contribution to the ligand orbitals and 
are always considered in the framework of any stan- 
dard quantum chemical calculation (see in particu- 
lar refs. [ 13- 19 ] ) . The diffuse Fe orbitals drastically 
change all of the picture of the ligand orbitals of the 
DMFc+ cation as compared to that of ref. [ 7 ] pro- 
ducing additional ligand levels which can overlap with 
orbitals of TCNE. For example in the idealized ge- 
ometry adopted in ref. [ 71 only the occupied e,-or- 
bital of Cp* overlaps with the TCNE b,-orbital which 
we included in the organic system. If 4s- and 4por- 
bitals are added the e,-orbital also gives contribution 
(due to mixing with diffuse orbitals of the metal) to 
some vacant orbital which thus will overlap with the 
TCNE b,,-orbital. 

In the present paper we stress the role of delocali- 
zation of organic electrons (i.e. of the charge-transfer 
configurations) in the formation of the ferromag- 
netic ground state of the separate stack. It would be 
interesting to discuss different classes of conligura- 
tions with charge-transfer contributing to the ground 
state. Any admixture of configurations with direct 
charge transfer between d-system and TCNE is ruled 
out, but the role of the charge-transfer configurations 
involving the Cp* ligands is stressed by the analysis 
given in paper [ 7 1. Assuming the ligand orbital to be 
empty we include inexplicitly (in the framework of 
the UHF procedure) the configurations with an elec- 
tron back transferred from the b,,-orbital of TCNE 
to the DMFc ligand orbital. These configurations were 
absent in ref. [ 7 ] but as we managed to show this 
process plays a decisive role in the formation of the 
ferromagnetic ground state. 

The mechanism of effective interaction between the 
local spins used in the present theory resembles the 
RKKY mechanism, which is well known in the the- 
ory of magnetic impurities [ 111. Both in the RKKY 
theory and in the theory proposed the key role is 
played by the exchange interaction of the local spins 
with the delocalized electrons (band electrons). The 
effective interaction of the regularly displaced local 
spins with the system of the delocalized electrons 
causes the ground state of the stack to have ferromag- 
netic order in the system of the local spins. This in- 
teraction also results in the alternation of the spin 
density in the OS of the stack. 

4. Conclusion 

In this paper the important role of delocalization 
of electrons in the stacks is shown. The ordering in 
the charge-transfer ferromagnets arises because of 
both delocalization of electrons in the organic system 
and antiferromagnetic exchange interaction between 
delocalized electrons in the OS and localized ones in 
the d-system. This viewpoint strongly differs from the 
heuristic model [ l-61 for the mechanism of the or- 
dering in Miller ferromagnets. Because the main pur- 
pose of the present paper was to provide a framework 
for discussion of the ferromagnetism in the charge- 
transfer crystals, the calculations performed are mere 
illustrations since the parameterization problem re- 
mains unsolved and shall demand much work. 
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