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Electronic structures of some a-bonded purely organic oligomers have been calculated using a semi- 
empirical method. These oligomers are the precursors of organic ferromagnets, and for sufficiently high 
molecular weight are expected to take a helical polymeric form. A statistical-mechanical approach has 
been used to study the magnetic properties of some of these yet-to-be synthesized helical polymers with 
possible free radicals. The magnetic susceptibility and the specific heat have been calculated within the 
framework of the king model for a helix with number of spins ranging from 2 to 9 per loop of the 
helix, and for two sets of values of the inter-loop and intra-loop spin-spin interaction. 

INTRODUCTION 

In the search for a purely organic ferromagnet, the principal attention has rightly 
been paid to the problem of designing molecules having large numbers of unpaired 
spins. These molecules must also be such that it is energetically favorable for a 
parallel alignment of these spins to occur. 

While these requirements are certainly necessary for organic ferromagnetism, 
they are not sufficient, and other criteria must be satisfied if useful materials are 
to be obtained. Practical considerations will probably dictate that organic ferro- 
magnets be synthesized as polymers. An isolated, extended polymer chain is es- 
sentially a one-dimensional object, and it is well known that ferromagnetism cannot 
occur in one dimension. The existence of a non-zero Curie temperature thus de- 
pends on the three-dimensional structure of the material. 

In this paper we point out that some of the more promising candidates for organic 
ferromagnetism have polymer chains that are likely to arrange themselves in a 
helical structure. We examine the electronic bandstructure of one such material in 
various conformations and then calculate the magnetization and specific heat in 
the framework of the king model. We find a sharp peak in the magnetic suscep- 
tibility of these models. This suggests that an assembly of helices of this type would 
be likely to exhibit ferromagnetism. 
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88 K. NATH AND P.  L. TAYLOR 

STATEMENT OF THE PROBLEM 

Early attempts to produce a purely organic ferromagnet on a macroscopic scale 
started over two decades ago when Itoh et al. detected a quintet electronic ground 
state for an aromatic hydrocarbon, rn-phenylene-bis-phenylmethylene, using an 
electron spin resonance technique. In 1973 Takui and Itoh* observed that benzene- 
1,3,5-tris-phenylmethylene, an odd alternant hydrocarbon, was in its septet ground 
state. The group of Itoh and Iwamura3 have also been able to synthesize a longer 
oligomer containing four units of carbenes (I) in its nonet electronic ground state, 
i.e., having eight electrons unpaired. In a recent study4 (to be referred to as NT) 
we have used the ASED-M05 and ASED-band6 methods to characterize the elec- 
tronic structures of these molecules and some other possible organic ferromagnetic 
linear polymers of carbenes and carbon radicals. The attempt was made to under- 
stand the effect of electronic properties on the ferromagnetism of the systems of 
s and p electrons only. In NT we also reviewed the previous theoretical and ex- 
perimental work in this area and concluded that a narrow half-filled band of n- 
electrons lying between filled valence and empty conduction bands is essential for 
these electrons to be unpaired. Moreover, favorable topological arrangements of 
atoms, based on the */non-* criterion of Ov~hinnikov,~ are desirable for these 
electrons to have their spins aligned parallel and yield a high-multiplicity ground 
state. The */non-* condition, also known as the spin-up/spin-down criterion, is a 
simple way of expressing the idea that the exchange interaction between the spins 
of the n-electrons on nearest neighbor atoms is such as to give antiferromagnetic 
coupling between them. Odd alternant hydrocarbons with radical or diradical (car- 
bene) carbon atoms placed so as to be second-, fourth-, or sixth-nearest-neighbors 
to each other are then good candidates to be purely organic ferromagnets. In NT 
we studied rather simple structures of these hydrocarbons, where only one- or two- 
dimensional planar arrangements of atoms were considered. As mentioned there, 
these oligomers or polymers would deviate from straight-line or planar form as a 
consequence of closed-shell steric repulsion. 

We have studied some oligomers of carbon radicals (schematic chemical struc- 
tures 11, 111, and IV) in the present work and have found that these systems having 
unpaired spins will have curved shapes. Two methods, to be mentioned shortly, 
have been used to determine probable conformations, and it has been found that 
the tendency of a polymer could be to form either helical structures or, less prob- 
ably, closed rings. Defects or thermal excursions from the lowest-energy confor- 
mation could interfere with the formation of a helix in its initial stages; however, 
once the first loop of helical structure has been completed, succeeding monomers 
are likely to be readily attracted to the growing site of the helix. 

With the supposition that these large helical polymers can be formed, it is natural 
to ask how large their magnetizability will be. In particular, is an assembly of such 
helices likely to exhibit a macroscopic ferromagnetic phase transition? We have 
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ORGANIC FERROMAGNETIC POLYMERS 89 
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clQ qc 
tried to answer this question within the framework of an king model,8 in which 
the interactions are assumed to be only between the nearest neighbor spins on 
these radicals or diradicals, and the values these spins can take are either + 1 or 
- 1 in units of h/2. The weak (but long-range) dipole-dipole interactions between 
spins on different loops of the helix have been approximated by the nearest-neigh- 
bor inter-loop interactions in the Ising-model framework. 

STRUCTURE OPTlMtZATlON 

We have used two different methods to achieve a rough optimization of the structure 
of the (C,H,),CH radical structure as presented in Figure 1. First we have used 
the ASED-MO method5 for which the parameters for the ionization potentials and 
the Slater exponents for the carbon and hydrogen atoms are taken to be the ones 
reported in NT. The minimum in the total energy, which is the sum of the two- 
body repulsion energy and the MO energy, corresponds to equal torsional angles 
a and p of 28", and a C 4 - C  bond angle q of 124". The C-C bond length has 

FIGURE 1 The (C,H,),CH radical structure. For the ASED-optimized geometry a = p = 28", q 
= 124" and the C - C  bond length is 1.43 A.  For the Sybyl-optimized geometry a = p = 29", q = 
123" and the C< distance is 1.51 A. 
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90 K. NATH AND P. L. TAYLOR 

been found in this method to be 1.43 A. The C-C partial double bond lengths 
within the phenyl rings and the C-H bond lengths were fixed at 1.40 A and 1.08 
A respectively, as was done in NT. 

In a second independent approach we have used the Maximin2 energy minimizer 
of the SybylR molecular modeling software from Tripos Associates, Inc. The nature 
of the carbon atoms in a phenyl ring was chosen to be aromatic and that of the 
bridging carbon radicals to be of the sp2 type. The total energy is the sum of the 
van der Waals and Coulomb energies, plus the energy contribuiton due to chemical 
bonding. The parameters for the stretching, bending, and torsional force constants 
in the program are obtained from various ab initio and semi-empirical calculations 
on small molecules. The charges on the atoms within the molecule have been 
calculated using the Gasteiger-Huckel option. The minimum in the total energy 
was found to correspond to equal torsional angles a and p of 29", and a C-&C 
bond angle q of 123". These numbers are within a few per cent of those obtained 
by the ASED-MO method. The optimized C-C bond length was found to be 1.51 
A, which is 0.08 A larger than the one obtained using the ASED-MO method. 
Thus we see that these two methods give more or less the same structure for the 
diphenylcarbon radical. We do note, however, the limitations of the Sybyl method, 
which must be considered as only qualitative. The parameters are based on study 
of much smaller molecules, as mentioned earlier, and refer primarily to the ground 
state and to closed-shell systems. The method was used in order to build a basic 
structure which had a reasonable geometry with which to check the conjecture 
about the magnetic properties. 

Of the various structures that can be formed under these constraints on lengths 
and bond angles, those having a helical form appear to be energetically favored. 
A 3, helix built out of the chemical structure scheme 11, and 61 helices from the 
chemical structures I11 and IV (four loops each), were optimized using the Maximin2 
energy optimizer of Sybyl, with the charges from the Gasteiger-Huckel option. The 
optimized helical structure corresponding to the chemical structure I11 was found 
to be the most stable of the three considered. The optimised helices corresponding 
to the chemical structure schemes I1 & I11 are presented in Figure 2. The inter- 
loop distances vary from 3 A to 4 A. It is interesting to note that not all of the 
torsions are in the same sense, although it is essential for both a and p between 
two consecutive phenyl rings to be either left-handed or right-handed to keep the 
steric hindrance to its minimum. Next we used the ASED-MO method to calculate 
the energies of these Sybyl-optimized structures (the two 61 helices were truncated 
to two loops or to only twelve phenyl rings to facilitate comparisons with the 31 
helical structure of Figure 2a). No attempt was made this time to optimize the 
helices using ASED-MO. The total energy of the helix corresponding to the chem- 
ical structure I11 (Figure 2b) was again found to be the lowest in comparison to 
the two others, in agreement with the Sybyl results. The energies of the rest of the 
two helices are more or less the same, with the helix of the chemical structure IV 
slightly more stable than the helix of the chemical structure 11. It should be noted 
that chemical schemes I1 to IV are only a few of the many possible schemes that 
could lead to helical structures. For example the next helix would be a 9,, the 
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ORGANIC FERROMAGNETIC POLYMERS 91 

FIGURE 2 (a) A 3, helix with four loops, made out of the chemical structure scheme 11. (b) A 6,  
helix corresponding to the chemical structure scheme 111. Hydrogen atoms and the dots representing 
the radical nature of the bridging carbon atoms between the phenyl groups have been omitted for 
clarity. 

simplest extension of the scheme IV. The larger the number of phenyl rings in a 
loop, however, the lower will be the probability for its formation. 

ELECTRONIC STRUCTURE CALCULATIONS 

In this section we present the electronic structure results, using the ASED-MO 
method, of the diphenylcarbon radical (Figure 1) and of the Sybyl-optimized helical 
structures of the chemical schemes 11, 111 and IV (two of which are presented in 
Figure 2). For the diphenylcarbon radical the n-orbital is located at - 10.93 eV. 
This orbital is singly occupied. The lowest unoccupied molecular orbital (LUMO) 
is at -8.78 eV, while the highest occupied molecular orbital (HOMO), which is 
doubly occupied, is at - 12.66 eV. 

In Figure 3 we have presented the electronic density of states for the helical 
system of Figure 2b. Twelve phenyl rings and eleven bridging carbon radicals have 
been considered for this purpose. We have replaced the 6-function energy levels 
by Gaussian functions of FWHM 0.25 eV. This was done to simulate a larger 
polymer where the n-, the conduction-, and the valence-bands will form and to 
take into account the broadening of the lines due to vibrations and other pertur- 
bations. The eleven n-orbitals forming the n-band are centered around - 10.99 
eV and have a combined width of 0.15 eV; they are thus essentially degenerate. 
Experimental observations3 of the nonet multiplicity of the chemical structure I 
lend credence to the idea that the narrowness of the n-and n-bands (see NT) may 
permit the n- and the n-electrons in these bands to be unpaired. Based on this idea 
the n-band has been singly occupied with unpaired electrons. We stress here that 
we have performed no direct calculation of spin-dependent interactions that in- 
dicates that the high-spin state is more favorable than the low-spin one. The elec- 
tronic structure calculations suggest only that the electronic states of the welectrons 
form a very narrow band. In addition we expect the electrons to be localized. We 
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92 K. NATH AND P. L. TAYLOR 
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FIGURE 3 The electronic density of states in arbitrary units based on the helical structure of Figure 
2(b) with two loops. The &function energy levels have been convoluted with Gaussian envelopes of 
FWHM 0.25 eV to simulate the density of states of a larger polymer and also to take into account the 
broadening of the lines due to vibrations and other perturbations. 

can then argue that the cost in band energy of placing the electrons with parallel 
spins, and thus completely filling the band, will only be of the order of half the 
bandwidth, or about 0.1 eV. On the other hand, the lowering in energy due to the 
exchange contribution obtained by maintaining this parallel spin alignment will be 
of the order of the Coulomb energy of interaction, which we expect to be appre- 
ciably greater. We thus have no complete theoretical justification (but only the 
*/now* criterion of Ovchinnikov) for expecting parallel spin alignment, but con- 
sider the plausibility of such an arrangement to give sufficient motivation for ex- 
ploring its consequences. The .ir-band then lies between the bottom of the empty 
conduction band at -8.82 eV and the top of the completely filled valence band 
at - 12.59 eV. 

The electronic density of states for the other two helical structures are very 
similar. For the structure of Figure 2a, the singly occupied .rr-band is centered at 
- 10.98 eV with a bandwidth of 0.18 eV. The bottom of the conduction band is 
at -8.81 eV and the top of the completely filled valence band is at - 12.59 eV. 
The helical structure formed according to the chemical structure scheme IV has 
the .ir-band at - 10.99 eV with a width of 0.08 eV. The bottom of the conduction 
band and the top of the completely filled valence band are at - 8.85 eV and - 12.55 
eV, respectively. 

All the structures I-IV satisfy Ovchinnikov’s */now* criterion for the topological 
arrangement of atoms required in order to have the spins on the radical/diradical 
carbon atoms aligned parallel, and hence to be in a high-multiplet ground state. 
Because the net angle of bend in structures 11, 111, and IV is not equal to 2drn 
with m an integer, and also because of the tendency to non-planarity, a large 
molecule or  a polymer will most probably not form a closed ring, but rather will 
form a helical structure. The dipole interactions, to be discussed shortly, between 
the spins of different loops of this helical polymer will tend to adjust the structure 
to cause the spins to be aligned with each other. While the possibility does remain 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
38

 1
9 

Fe
br

ua
ry

 2
01

3 



ORGANIC FERROMAGNETIC POLYMERS 93 

that these materials may form non-helical structures it seems worthwhile to explore 
the possible ferromagnetism of such a helical structure. 

MAGNETIC STRUCTURE CALCULATIONS 

The next task is to study whether a tendency to parallel alignment of the spins on 
this helix will be likely to yield macroscopic ferromagnetism. If so, what would be 
the ferromagnetic transition temperature, and how is this Curie temperature af- 
fected by the physical and chemical properties of this helix? In Figure 4 we show 
a schematic diagram of a helix with interacting spins. In addition to the exchange 
interactions between nearest neighbor spins in a loop of the helix there will also 
be magnetic dipole-dipole interactions between spins on adjacent loops. We model 
these interactions in terms of the king model8 for which the Hamiltonian is 

where ui and a, take values + 1 or - 1 corresponding to spins up or down on sites 
i and j respectively, Jij is the coupling between this pair of spins, and h is an applied 
magnetic field. In 1944 Onsagerg solved this model for an infinite two-dimensional 
array of spins. With Jj, = E for nearest neighbors he found that a phase transition 
occurs at the temperature T for which PE = 0.4407, where P = l/kT and the 
exchange energy E is assumed to be the same between the spins in a row or in a 
column of the array. 

We have used this Hamiltonian to study the magnetic susceptibility of an array 
of spins on radical atoms of a helical polymer, as shown in Figure 4. When one 
turn of this helix contains only a finite number, m, of spins, no true phase transition 
will occur, as the system is essentially one dimensional. We do  expect to find that 
the peak in the specific heat as a function of temperature will become sharper with 
increasing m, finally becoming a phase-transition singularity in the limit m + m. 

The problem is solved with help of the transfer-matrix approach, which generates 3 n+l -m 

FIGURE 4 Schematic diagram of a helical polymer. The black dots denote radical atoms with unpaired 
electrons. The quantities E and E’  are the intra-loop and inter-loop interactions between the spins on 
these atoms. There are m such atoms per turn of the helix. 
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94 K .  NATH AND P.  L. TAYLOR 

the partition function for n + 1 spins from the partition function for II spins. For 
the current problem we have introduced the (n  + l),, spin on a helix of n spins 
with rn spins per turn of the helix (see Figure 4). 

The exchange interaction is significant only between the nearest spins on the 
same loop. Thus the value of Jij is assumed to be non-zero, say E ,  for i and j nearest- 
neighbor sites on the same loop, and zero otherwise. Besides the exchange inter- 
action there would be a relatively weaker long-range dipole-dipole interaction 
among the spins from the different loops. 

At this point it is necessary to discuss the relative orientation of the spins and 
the helical chain. The intra-loop terms in the Ising Hamiltonian (1) are in reality 
only an approximation to thos? in-the Heisenberg Hamiltonian, in which the spin- 
spin interaction is of the form s, * Sz. This Hamiltonian does not favor any absolute 
direction in space, but only requires the magnetic moments to be pointing parallel 
to each other. The energy contributed by these terms is thus the same for a mag- 
netization along the helical axis as it would be for a magnetization perpendicular 
to the axis. 

The inter-loop terms in (l), on the other hand, are considered not to arise from 
exchange interactions but from magnetic dipole-dipole forces. These terms are 
dependent on the orientation in space of the spins relative to the vectors linking 
near-neighbor spins on adjacent loops of the helix. Because of the low atomic 
numbers of the atoms constituting this purely organic helix, one would expect 
negligible anisotropy energy to arise from spin-orbit coupling. The relative strengths 
of intra-loop and inter-loop dipole-dipole forces will thus be the sole determinant 
of the direction of magnetization. 

To further estimate the distance between consecutive loops of the helix we have 
computed the energy of interaction of two adjacent layers of structures similar to 
the ones represented by the chemical structures I to IV. Two methods were used. 
In the first calculation the ASED-MO energy was computed as a function of the 
interplanar distance in steps of 0.1 A, and a minimum found at a separation of 4.2 
A. Because this distance represents an absence of bonding, we also calculated the 
energy as a sum of van der Waals and Coulomb contributions using the Lennard- 
Jones parameters suggested by Hopfinger. lo Now the minimum energy was found 
at 2.7 A. Because corrections for finite temperature will increase this value, and 
because it is known1' that both graphite and TMPD-PCCp have separations around 
3.5 8, we consider a realistic number for the nonbonded interloop separation would 
be about 3.5 A. The distance between neighboring spins on  the same loop of the 
helix is about 4.8 A. The fact that dipole-dipole interaction energies decay as the 
cube of the distance implies that inter-loop dipole-dipole energies will be stronger 
than those within the same loop. Although the exchange forces within the loop 
may be much larger than these dipole forces, the isotropy of the exchange inter- 
action makes these terms irrelevant to a determination of the absolute orientation 
in space of the magnetic moment. The dipole-dipole forces alone determine the 
direction of magnetization, and the comparative strength of the inter-loop terms 
will cause the magnetization to lie parallel to the axis of the helix. 

The nature of the dipole-dipole interaction between the neighboring spins on 
the same loop will be such as to align these spins antiparallel; in other words this 
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ORGANIC FERROMAGNETIC POLYMERS 95 

effect is antiferromagnetic. However, a much stronger ferromagnetic exchange 
coupling between these spins will dominate. The dipole-dipole interaction between 
the next-nearest-neighbor spins on the same loop is lower by a factor of -1/8 than 
that between the nearest-neighbor spins. Thus the effect of dipole-dipole interaction 
within the loop is to reduce the relatively much stronger ferromagnetic exchange 
interaction. The dipole-dipole interaction between the nearest spins on the neigh- 
boring loops is such as to align these spins parallel. In other words, the nature of 
this interaction is ferromagnetic. Again the magnitude of this interaction is lower 
by a factor of -1/8 for the nearest spins on next-neighboring loops and lower by 
a factor of - l / 8 e  for the next-nearest spins on the neighboring loop. Thus, in 
order to understand the phase transition qualitatively, it should be permissible to 
simplify the problem to an Ising model in which the interactions Jij are non-zero 
only for the nearest-neighbor spins. We define J,, = E for the nearest-neighbor 
spins on the same loop, and .Iij = E'  for the nearest-neighbor spins on neighboring 
loops. The quantity E' is expected to be weaker than E by some factor that will be 
a sensitive function of the geometry of the helix. In the limit of infinitely large m 
and n ( n  is total number of spins and m is the number of spins per turn of the 
helix), one should find the Onsager result for the critical temperature of a two- 
dimensional square lattice of Ising spins. 

The change in energy of the system of n spins due t o  the addition of the (n  + 
l)st spin is 

For a given configuration of (n + 1 - m)th through nth spins, the partition function 
for (n  + 1) spins can be written as: 

Z ( n  + lSt spin t ) = Z(n  spins) exp( - PAH(a, + t )) 

and 

Z(n + lst spin 4 ) = Z(n  spins) exp( - PAH(a,, + 4 )) (3) 

where the values of AH can be calculated from Equation (2) and depend only on 
the orientations of (n + 1 - m)th and nth spins. The (m - 1) spins from (n  + 1 
- m )  to n can have 2"-' possible configurations according to whether each spin 
is up or down. Thus we see that we have a matrix equation 

~ ( n  + 1 spins) = T ~ ( n  spins) (4) 

where T is the transfer matrix and is of order 2" x 2" with every row and every 
column having only two non-zero matrix elements exp( - PAH) corresponding to 
the two nearest neighbors n and n + 1 - m of the spin n + 1. Now the problem 
is reduced to finding the eigenvalues of this transfer matrix ?. In the thermodynamic 
limit, when n + w, 

In Zn+l  = (n + 1)ln A,,, 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

9:
38

 1
9 

Fe
br

ua
ry

 2
01

3 



96 K. NATH AND P. L. TAYLOR 

where A,,, is the largest eigenvalue of the matrix T. Thus the Helmholtz free 
energy per spin is 

F = -kT In A,,, (6) 

from which the other thermodynamic functions are readily evaluated. These are 
calculated either at constant temperature, T, or at constant external magnetic field, 
h. The magnetization is given as 

M = -($) T , 

the isothermal susceptibility is 

the entropy is 

s = -($), h 

and the specific heat at constant magnetic field is 

The susceptibility, xT, and the specific heat, C,, can both be calculated by 
evaluating the second derivative of the free energy, one with respect to the magnetic 
field, h, and the other with respect to the temperature, T. For an infinite system, 
i.e. for both n and m approaching infinity, XT(lim h + 0) and Cdlim h + 0) both 
diverge at the critical temperature T,, with xT then varying as (IT - T,(/T,)-7’4 
while the divergence in the specific heat, C,, is only logarithrnic.I2 Our numerical 
results for finite m reflect this difference, the peak found for xT being sharper than 
that found for C,. 

It is convenient to work with the dimensionless temperature, T ( = ~ T / E ) ,  and 
with the dimensionless field, hlE. For zero external field (h = 0), we define T, as 
the dimensionless temperature at which C, is a maximum and have evaluated 
C,(T,) and the width AT of CH(T) at half height for E’  = E and for E’ = ~ / 5  for 
values of m ranging from 2 to 9. These results are presented in Figures 5 and 6. 
For E‘ = E and for m + 00, the helix would be equivalent to a 2-dimensional square 
lattice and as such T,(m -+ m) should approach the Onsager value of T: = 2.2692. 
From Figure 5 it is clear that for large m, the numerically obtained T,  seems to be 
approaching 7;. The half width of the C, becomes smaller as m increases, as 
expected. The temperatures T~ and 72 at which C, has half its maximum height 
converge on T,  as m is increased, and appear to extrapolate to give a vanishing 
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FIGURE 6 Same as Figure 5, but for E' = ~1.5 

value of AT as m +- m. For E' = ~ / 5 ,  i.e. when the inter-loop dipole-dipole inter- 
action is weaker than the intra-loop exchange interaction one finds a reduction in 
T, by about a factor of two. In this case T: is 1.1416, a result obtained by equating 
s inh2p~ x s inh2p~ '  to unity.I3 

In order to examine the magnetic properties, we now apply an external magnetic 
field and study the magnetization and susceptibility as functions of magnetic field 
and temperature. The results for magnetization of a helix with m = 6 are presented 
in Figures 7 and 8 for E '  = E and E'  = ~ / 5  respectively. Similar results are obtained 
for other values of m in the range 3 5 rn 5 9, at which the structures of type I1 
to IV are expected to form. 
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98 K. NATH AND P. L. TAYLOR 

FIGURE 7 Magnetization of the helix with rn = 6 for E ’  = E as a function of dimensionless tem- 
perature and dimensionless magnetic field. 

FIGURE 8 Same as Figure 7, but for E ’  = ~ / 5 .  

The cooperative effect of the spins in the helical structure is readily apparent in 
Figures 7 and 8. As the temperature is lowered below the range at which the 
specific-heat-maximum temperature T, occurs, one observes a rapid rise in the 
magnetization at weak applied fields. Comparison of these two figures shows that 
a lowering of the inter-loop interaction E’ by a factor of five causes a reduction of 
T, by a factor of about two. 

Because the helix is essentially a one-dimensional entity, the magnetization re- 
mains zero when the applied field h is identically zero; however, a field h of 
magnitude less than E is sufficient to saturate the magnetization at all tem- 
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peratures appreciably below T,. The giant susceptibility will have the consequence 
that only very weak inter-helix interactions will be required in order for spontaneous 
ferromagnetism to occur. 

SUMMARY 

The electronic structure of certain compounds indicates the possibility of purely 
organic polymer ferromagnets. Some n-bonded hydrocarbons have their radical/ 
diradical orbitals lying between a filled valence band and an empty conduction 
band. These orbitals form a very narrow half-filled band where electrons are ex- 
pected to be unpaired. The topological arrangement of atoms is important in these 
materials if the spins of these electrons are to be aligned parallel. We have studied 
the magnetization of a helical polymer within the framework of the Ising model. 
The magnetization, the critical temperature and the specific heat have been cal- 
culated for helices having various numbers of spins per loop for two values of the 
ratio of inter-loop to intra-loop interaction. A peak in the zero-field specific heat 
and saturation in the low-temperature magnetization in the presence of small but 
non-zero magnetic fields suggest that macroscopic ferromagnetism might occur in 
a bulk sample of these materials. 
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