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ABSTRACT. It was observed that the magnetic moment for iron in [ (DPGH),FeO,Fe(DPGH),],
the oxygenation product of a octahedral iron({I) complex, [Fe(DPGH), (NHj),], decreases with
dereasing temperature from p=3.60 B.M(Bohr Magneton) per iron at 298°K down to g=1.65
B.M per iron at 4.2°K. This observation may be explained by a weak antiferromagnetic coupl-
ing between two iron(III) atoms of intermediate spin state ($=3/2) in the molecule with the

coupling constant J=—1cm™.

INTRODUCTION

Magnetic property measurements of a transi-
tion metal complex could frequently provide
very important, somtimes decisive, information
on the oxidation states of the metal and sur-
rounding ligands, and on ligand fileld splitt-
ing. They could also be very helpful for the
discussion on the molecular structure of the
metal complex.!

Magnetic properties have been rather tho-
roughly studied for iron complexes probably
because iron is one of the most abundant tran-
sition metals. A study of iron complexes in

biological systems also finds the magnetic
properties being very useful for the information
on those mentioned above. ? Significant changes
in magnetic properties are usually seen in oxi-
dation of iron(Il) to iron(III) complexes. Iron
(I) in complexes can be in one of three spin
states, S=0, 1, or 2, while iron(IIl) in one of
§=1/2, 3/2, or 5/2. Intermediate spin states,
S=1 for iron(II)* and $=3/2 for iron(III).*
have been frequently reported although high-
spin and low-spin states are more common
for both of iron(II) (S=0 or 2) and iron(III)
(S=1/2 or 5/2).

Antiferromagnetic coupling is one of the
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magnetic properties shown by binuclear metal
complexes where two paramagnetic metal ions
are separated by one or more bridging atoms. ¢
For the species which show the coupling, the
magnetic

moment values measured at rcom

are usually much [ower than the
theoretical spin-oniy values at the same tem-
perature. It has been found that ferric dimers
with various bridging groups show antiferro-
magnetic coupling. ©

Reactions of iron(II} complexes with mole-
cular oxygen yield various products. Of those

products, iron complexes are of

temperature,

dioxygen

particular interest, since iron plays a key role

in oxygen transoortation into biological systems.

Iron dioxygen complexes may be divided into
two groups by their structures: (I) monomeric
dioxygen complexes, Fe-0;, 7 (2) dimeric dioxy-
gen bridged complexes, Fe-Oy~Fe. 78 Magnetic
coupling between two paramagnetic iron atoms
can be expected from the group (2) complexes
while it is not likely for the group (1) com-
plexes.

It has been reported that the octahedral iron
(II}) complexes, [Fe(DPGH):L,] {((DPGH),=
bis(diphenylglyoximato) bivalent
NH;, pyrdine,

anion, L=
imidazole), reacts with mole-
cular oxygen to give a g-percxo ferric dimer
[(DPGH),FeO.Fe(DPGH);] (see EXPERIMEN-
TAL). Maugnetic susceptibility measurement on
solid samples of the oxygenation product at
room #=3.60B.M per

iron.® The ohserved magnetic moment is some-

temperature  gives

what lower than the theoretical spin-only value
(#=3.87 B.M per iron) for an intermediate
spin state (§=3/2) for iron(III). This observa-
tion led us to the investigation for temperature
dependence of magnetic property of the oxy-
genation product, [{DPGH).FeO,Fe(DPGH),..

EXPERIMENT

Physical Measurements. Magetic suscepti-
bility measurements(130~298 °K) were made
on a Cahn-Ventron Model 7600 Faraday Mag-
netic Balance in our laboratory and in the
range of 4. 2~270°K at the University of Illinois
where Mosshauer spectrum was obtained. 10
Hg[Co(SCN),] (x,=16.44 X 10° cgs unit at 298
°K) was used as a standard, Diamagnetic cor-
rections were made using Pascal’s constants. !
Infrared spectra were obtained on a Perkin-
Elmer 283 spectrophotometer, Elemental analy-
ses and molecular weight measurements were
carried out by Schwartzkopf Microanalytical
lab., Woodside, N.Y.

Preparation. "Fe(DPGH),L,](L=NH;, py-
ridine, imidazole): prepared by the method
described [(DPGH)sFeO,Fe
(DPGH),] was prepared in the following
manner, [Fe(DPGH),(NH3),](0. 50g) was stirr-
ed in CHCl; (50ml) in air at 25°. The
purple suspensionsion turned into a brown-
yellow solution in 14hours. Addition of hexane
{250 m?) resulted in precipitation of a brown
product which was filtered, washed with
CH;OH(50ml) and dried in vacuum (vield,
0.379).

Anal. Caled for Fe,CseHyNgOyo: Fe 10.15:
C, 61.10; H,4.04; N, 10.18; MW, 1101
Found: Fe, 10.42; C, 61.45; H, 4.03; N,
10.15; MW, 1117 (measured in CHCl,).

The following observations agree with the
identity of this compound:

elsewhere. 12

(1) infrared spec-
trum of the compound did not show NH; bands,
(2) O, uptake measurements showed that two
moles of [Fe(DPGH),(NH;),] reacts with one
mole of Q.. (3) one mole of this compound
reacts with pyridine to give ome mole of O,
and two moles of [Fe(DPGH).(pyridine),],

{4) Mdssbauer spectrum showed that two irons
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in the compound are identical, ¥

RESULTS AND DISCUSSION

Fig. 1 shows the magnetic moment, g, for
iron in [ (DPGH) ;FeO,Fe (DPGH),] in the range
of 4.2~298 °K. It is seen that the magnetic
moment decreases with decreasing temperature
from #=3.60B.M at 208°K down to u=
1.65B.M at 4.2°C per iron. This strongly
suggests an antiferromagnetic between two iron

atoms in a moleeule of the oxygenation product.

Antiferromagnetic coupling between two
ferric atoms in a binuclear metal complex has
been found for numerous compounds such as u-
oxo dimers, %1% p-hydroxo dimers, 5131 and
others. 5218 The coupling has been observed to
occur between two high-spin (S=5/2) iron
(I11)3s:58:13~15 3nd  between two low-spin (S=
1/2) iron(IID). %t [t has not been reported,
however, for two iron(III) of intermediate spin
(S=3/2) although the antiferromagnetic coupl-
ing between two transition metal atoms of S=
3/2 has been found for dimeric Cr(III)! and
Mn(IV)!'S complexes, respectively.
Antiferromagnetic coupling has been usually
found for two paramagnetic metal ions separated
by one bridging atom and explained by the

mechanisi of super-exchange wvia bridging
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Fig.1. A plot of magnetic moment, g, of iron in
[(DPGH) ;FeQ,Fe(DPGH) ;] versus absolute temperature,
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atom. The coupling has been also found to
occur between two metal ions separated two or
more atoms,® although such a coupling is
usually very weak, as expectfd from the super-
exchange wvi¢ intervening atoms. For such
weakly antiferromagnetic substances, Neel's
point has frequently not heen seen.

Fig. 2 shows a plot of magnetic susceptibility
of iron in [(DPGH),FeQ,Fe(DPGH),] versus
absolute temperature. No Nee’s point is evident,
which suggests that any magnetic exchange
present is very weak. This observation rules
out the presence of two high-spin (S=5/2)
iron{IIl) atoms in [(DPGH),FeQ.Fe(DPGH),]
since the magnetic momentic moment of high-
spin iron(II) with very weak antiferromagnetic

>
= ]
c o
3
w
o
<
R
.Nv 4 =
©]
.
e
=< \
2 I'J\“fh B
N
\&M
‘ |
100 200
Eepacs
T(K}

Fig. 2. Temperature depedence of magnetic suscep-
tibility of iron in [ (DPGH)sFeQ.Fe(DPGH);). The
experimental data are shown as circles and the best fit
for antiferromagnetic coupling is displayed as the solid
line (see text).
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coupling should be close to 5.92 B.M (thore-
tical spin-only value for S=5/2) at room tem-
perature. Therefore, the only probable spin
state of iron (III) in [(DPGH)FeO,Fe(DPGH),]
appears to be intermediate, $=3/2.

For s binuclear molecule with identical metal
ions of S=3/2, the theoretical susceptility may
be cblculated by the following equation,1?

64 10
x= (zg-{{a) (o s ) + N
where y=magnetic susceptibility, K=N,?%/
3k=0.1251g%; N=Avogadro’s number; g="g”
factor, the ratio of magnetic moment to orbital

angular momentum; S=Bohr Magneton; %=
Boltzman constant; x=exp{J/KT);
ing constant; T=temperature (°K); #=Weiss

=coupl-
constant; N,=small diamagnetism and also
temperature independent paramagnetic contri-
bution to susceptibility.

With no magnetic coupling (J=0), substitu-
tions of J=0, N,=0 and g=2 into the ahove
equation give y=1.8765/7 and £=3.87 B.M
at 298°K, the spin-only value for $=3/2.

The best fit of our experimental susceptibility
data into the equation can be obtained with
N,=0, g=197, 08=47°
shown in Fig. 2. A very weak antiferromag-

and J=—cm™! as

netic couping with J=—1em™ may be explained
by the diffculty of super-exchange via two
bridging oxygen atoms of a non-linear peroxo

unit (/O\O/) 2= The g=1. 97 value is close

to the value (g=1.99) found in the EPR spec-
trum of the oxygenation product. 1® The §=47°
can also be obtained by extrapolation of the
plot, 1/y versus temperature as shown in Fig. 3.

For some binuclear OH~brdged Cr(II) com-
plexes with §=3/2, it has been found that the
deviation of experimental data from the theo-
retical values is significant especially at lower
temperatures although good agreement is ob-

tained at high temperatures.!® To explain this
deviation, the biquadratic exchange term (higher
order in spin coupling) has been intreduced, 1
resulting in satisfactory agreement with experi-
mental data. We have not attempted to fit out
data into the equation derived with the bi-
quadratic term, since our data are reasonably
good in agreement with the above equation.
In order to explain the observed magnetic
data which are in between the values for high
spin (#=5.92B.M per iron) and low spin
(¢=1.73B.M per iron) iron(IIl}, a thermal
equilibrium hetween the spin states (high spin
low spin)} has been proposed. 81820 Analogous
thermal equilibrium has been suggested to
interpret the magnetic data for iron(II}. # Some
of these supported by
Mbsshauer Qur obseved
magnetic data at various temperatues may not

suggestions were

spectral data. 82
be explained by a thermal equilibrium
between the spin states of high-and low spin,
since the lowest observed value (¢=1.65 B.M

per iron at 4.2°K) is somewhat ower than the
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Fig. 3. A plot of 1/¢r. of [ (DPGH) FeQ,Fe
(DPGH)2] versus temperture.
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theoretical ipin-only value for low spin iron
(III}. The observed magnetic magnetic moments

for Jow spin iron(III) are usually close to
2.0 B.M.
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