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Synopsis. Tetramers consisting of two coupled dimers

were classified as (a) linear, (b) cyclic, (c) rhombic, or (d)
tetrahedral. The magnetic susceptibility for each tetramer
model consisting of S=1/2 spins was obtained as an analytical
equation. For the linear tetramer, the susceptibility equation
was calculated numerically and compared with the observed
values.

It has been found that many compounds have spin-
spin interactions among their magnetic ions, so they
may be regarded magnetically as composed of clusters
such as a dimer and a trimer. Some of them may also
have interactions among such clusters.l=® These inter-
actions increasing to a certain extent, the compounds
may be regarded as composed of larger complicated
clusters. While such interactions are weak, the effects
can be taken into consideration approximately by modi-
fying the equation of the original cluster—for example,
as the magnetic susceptibility of the modified dimer
model.” Hatficld and Inman, Jr., tried to obtain an
exact expression® of a tetramer consisting of two coupled
dimers, the Hamiltonian of which was:

o = —2J(S,S;+S354) —2.J'S;S,
—2J"(S185+854S4)—~2J""’5,5, (1

where the S;’s are spin operators, J is the exchange
integral of intradimer interaction, and J’, J”, and J'’
are the exchange integrals of the interdimer interactions.
The magnetic expression thus obtained, however, was
not completely an analytical equation because of the
complexity of the problem.

For a tetramer which has interaction between only
the adjacent ends of two dimer units, the problem has
been simplified; the Hamiltonian appropriate for this
problem (Fig. la) is:

# = —2J(5:83+ 8354+ 75;S,) @)

Here y is the ratio of the exchange integrals of the inter-
dimer to the intradimer interactions. This Hamiltonian
is, of course. a special case of the first (Eq. 1). Using

o
\‘ ’ \ ’!\
s‘o—os, §30°---308;

(c) (d)
Fig. 1. Schematic representation of the two coupled
dimers.
(a): Linear tetramer, (b): cyclic tetramer, (c): rhombic
tetramer, (d): tetrahedral tetramer.

TABLE 1. NON-ZERO MATRIX ELEMENTS

($15£61) = ($10#620) = — J(1+ 7 )

(PattPs) = ($sHP3) = ($1P7) = (s Ps) = (oA Py)
(¢12W ¢12) = (¢13% ¢13) = (¢1ee7f ¢1s)
—Jy/2

(Gube) = ($s25) = J(1_%’_)

(PectP6) = ($125011) = (P14 P10) = ($155P15)
=3]Jy/2

(Pe#0s) = (Padt$q) = ($5P7) = (D7) = (P D)
= (p11#P12) = (P13HD1a) = (P15H#P16) = —J

(Pas#de) = (PsPs) = J

the same spin functions (products of the eigenfunctions
of a dimer system consisting of S=1/2 spins) as in the
literature,® the elements of an energy matrix are found
to be as in Table 1. Diagonalizing this matrix, 6 kinds
of eigenvalues (1 quintet, 3 triplets, and 2 singlets) are
obtained as:

-3

I(1=3) (G

J<1+ +A/ =2y + 72 J( % L= 2y+7>
forS=0

forS =2

+4/1+ ) (_Zy_ q/l+y) forS_l

The Van Vleck susceptibility expression yields:
5exp{J(2+7)/kT}+exp (Jy/kT)

+exp {J(1+4/T+9®)/kT}
_ Ng%p® +exp{J(1—=+/T+?)/kT} (3)
T 2%T Sexp{J2+y)/kT}+3exp (Jy/kT)
+3exp{J(1+/T5 ) /kT}

+3exp {J(1—A/T+92)/kT}
+2 cosh (Jo/4=2y+ p?/kT)

where differences in g-value among the 4 spins are
neglected.

Figure 2 shows the results of the numerical calcula-
tions of the susceptibility for an antiferromagnetically
interacting tetramer with y=0—2. In the case of y=
0, this model represents a dimer model. If y increases
infinitely, the model tends to indicate an admixture of a
dimer and two monomers. Some of the copper(1I)
alkanoate complexes with N-alkylsalicylideneimines
(HSal=N-R) have been postulated to have such a linear
tetramer structure.®) The observed susceptibility for
the Cu,(Sal=-N-CH,)(OH) (C,H;COO), compound does
not show a maximum; perhaps it appears at lower tem-
peratures. However, the differences among various
models are already sufficiently clear in the lower part of
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Fig. 2. Magnetic susceptibility of a linear tetramer with
y=0—-2.
Broken curve is drawn for a one-dimensional Heisenberg
model. The observed values of Cu,(Sal=N-CHj,) (OH)
(C,H;COO), are plotted for the choice of the para-
meters J(14-y/2)/k=—100 K, g=2.17, and Na=60X
10-¢ emu/mol.

this experimental temperature range (77—300 K). The
observed values agree well with the equation of a linear
tetramer model, but not with that of a dimer model
(y=0) or a one-dimensional Heisenberg model, the
curve of which is extrapolated to a higher temperature
than in the literature.®

If a linear tetramer has an interaction between the
remaining ends as well, a cyclic tetramer (Fig. 1b) will
be formed. The Hamiltonian for this problem is:

2

The equation of the magnetic susceptibility can be
obtained in a similar manner as for a linear tetramer:

5exp{J(2+7)/kT}+1
+exp (Jy/kT) +exp (2J/kT) 5)
2kT Bexp{J@+7)/kT}+3
+3exp (Jy/kT)+3exp 2J/kT)
+2 cosh (Jo/3—2y+y*/kT)
Considering a diagonal interaction also in a cyclic
tetramer, the problem varies to that of a pseudo-
rhombic tetramer (Fig. lc), the Hamiltonian of which
is:

w= 2] (SStSSH S8 SS) @

2
y = NP

w#=—2] (slsg+ sss4+%szs3 +%sgs4+%sls4,) (6)
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The susceptibility equation obtained in a manner

similar to that above is:

5exp{J(2+7)/kT}+exp (Jy/3kT)
+2 exp {j(1+%)/kT}
N Xeosh (JJI——%;H—%y“/kT)
T T%T Sexp{J@+)/kT}+3exp (Jy/3kT)
oo s 3) )
X cosh (le——g—y+%y‘/kT)
+2 cosh (jJ4—2y+%—y’/kT)

If the ends of a dimer unit interact with either end
of the other dimer, the resulting molecule is a pseudo-
tetrahedral tetramer (Fig. 1d) with this Hamiltonian:

7

= —2J(slsz+sas4+%s,sa+%szs4+%s1s4+%szss)
®)

The susceptibility equation thus obtained is:
5exp{J<1+%)/kT}
L N +2exp (——J/kT)+exp{J(l—%)/kT}
2kT 5exp{j(l+%)/kT}
+6 exp (— J/kT)+3 exp {J(l—%’)/kT}
+exp{J(1—7)/kT}+exp (—3J/kT)
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