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Polyacrylate having tetraphenylporphinatocupper(II) and
tetraphenylporphinatovanadyl(II) in its side chains (Cu : V = 1
: 1.2) has been prepared by the radical copolymerization of the
corresponding acrylates. The temperature dependence of its
magnetic susceptibility indicates the existence of ferromagnetic

interaction.

Recently, we prepared polyacrylate having tetraphenylporphin(TPP) by the
radical polymerization of 5-(4-acryloyloxyphenyl)-10,15,20-triphenylporphin
(AOTPP),1'2) and then obtained polyacrylates containing

ceeveroeommm CHy = CH seeeeee
paramagnetic metalloporphins (TPPM) by the polymer reac- 2 ‘=°

tions with the metal salts.3'5)

In the course of study
on magnetic behavior of the polymers, we found that poly-
acrylate having tetraphenylporphinatosilver(II) in the
side chains indicated the occurrence of antiferromagnetic
interaction between TPPAG(II) moieties in the side chains.
Since TPPAg(II) and 5-(4-propyloyloxyphenyl)-10,15,20-tri-
phenylporphinatosilver(II) (POTPPAg(II)) showed only a

small antiferromagnetic interaction, polymer chains seem
to play an important role in the occurrence of the PolyAOTPPM
magnetic interaction. Accordingly, polymers having M: Metal ion
paramagnetic metalloporphyrins are expected to provide a new class of magnetic
properties owing to the magnetically long-range ordering of unpaired electrons
through spin-spin interactions. We have expanded this study to polymers having
other paramagnetic ions. Ferromagnetic behavior was found in the polymers
obtained by the radical copolymerization of AOTPPCu(II) and AOTPPVO(II).
Poly[AOTPPCu(II)-co-AOTPPVO(II)] was prepared as follows: AOTPPCu(II)!) (0.5
g), AOTPPVO(II)G) (0.5 g) and AIBN (3 mg) were put into an ampoule, and then
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dissolved in benzonitrile(3 ml). The solution was degassed under high vacuum, and
the copolymerization was carried out at 60 °C for 50 h. The copolymer was isolated
and purified by three dissolution-precipitation-separation steps from chloroform-
methanol and then three dissolution-precipitation-separation steps from chloroform-
hexane (yield 67%). The molecular weight of the copolymer was estimated to be
8000-40000 by the GPC measurement calibrated by standard polystyrenes. According
to the elemental analysis, the content of Cu(II) and VO(II) ions in the copolymer
was 3.1% and 3.1%, respectively. The content of both metal ions was a little
smaller than that calculated on the assumption that all porphyrin moieties have
Cu(II) or VO(II) ions. This fact suggests that Cu(II) ions and VO(II) ions partly
were lost during the copolymerization. The elemental analysis is consistent with
the copolymer whose component are AOTPP, AOTPPCu(II), and AOTPPVO(II).

Found: C, 75.57%; H, 4.70%; N, 7.79%; Cu, 3.1%; V, 3.1%. Calcd. for
(AOTPP)y g : (AOTPPCu(II))g 3g : (AOTPPVO(II))y 44: C, 76.08%, H, 4.38%; N, 7.58%;
Cu, 3.1%; Vv, 3.1%

Magnetic susceptibility (X,) at room temperature was determined by the Gouy
method. The temperature dependence of X, was determined by the Faraday method,
using a Cahn 1000 electric balance in the temperature range from 4 to 300 K.

The IR spectra
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bands due to por-  fpig |, IR spectra of poly(AOTPPCu(I)-co-AOTPPVO(II)) and
phyrin ring did not monomers.,

change before and

after the copolymerization. These results show that the copolymerization takes
place through the C=C bond of the monomers.

The visible spectra of the copolymer, AOTPPCu(II), AOTPPVO(II), and a 1:1
mixture of AOTPPCu(II) and AOTPPVO(II) are shown in Fig. 2. The Soret band of
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the copolymer is much weaker and broader than those of monomers and their mixture.

Since the molecular extinction coefficient (€) of the Soret band of AOTPP (4.0

x10%)2) is about the
same as those of AO-
TPPCu(II) and AO-
TPPVO(II), the value
of ¢ for the Soret
band of the copolymer
is considered to be
almost the same
that of the mixture

of the monomers, even

as

if the copolymer con-
tains a considerable
amount of AOTPP unit.
This consideration is
not the case. Ac-
the de-
crease in the value
of € of the Soret
band of the copolymer

cordingly,

is ascribable to the
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Fig, 2. Visible spectra of poly(AOTPPCu(Il)-co-AQTPPVO(II)),
monomers, and a 1:1 mixture of the monomers.

hypochromism which is caused by electronic interaction between the porphyrin moie-

ties.
observed in the copolymer.
with an electronic interac-
tion between porphyrin moie-
ties, because these bulky
moieties bound to a polymer
chain are probably forced to
make some electronic inter-
actions due to their close
approach.

The temperature depend-
ence of X, of the copolymer
3. The
value of X, obeys the Curie-
Weiss law (X = c/(T-9))
with 6 =50 k, which indicates
the existence of a ferromag-

is shown in Fig.

netic interaction between
paramagnetic metal ions in
the copolymer.
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Fig. 3. Temperature dependence of magnetic suscepti-

The field dependence of magnetization is given in Fig. 4.

bility of poly(AOTPPCu(1)-co-AOTPPVO(II)),

The

saturation magnetization observed shows that there are ferromagnetically ordered

sites in the copolymer.

Since no ferromagnetic interaction occurs in AOTPPCu(II),
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AOTPPVO(II), and their homopolymers, the apparent ferromagnetic interaction in the
copolymer is probably ascribed to an ferromagnetic interaction between the
TPPCu(II) and TPPVO(II) moieties. Re-
cently, Kahn7) demonstrated the occur-

rence of ferromagnetic intraction
between the Cu(II) and VO(II) ions in
the binuclear complex. A ferromag-
netic interaction between the
TPPVO(II) and TPPCu(II) moieties is
possible, if TPPCu(II) and TPPVO(II)
moieties are located in the position
suitable for the occurrence of ferro-
magnetic interaction. The ESR spec-
trum(not shown) of the copolymer
suggests that the TPPCu(II) and
TPPVO(II) moieties are mostly para-

Magnetization/ Arbit., unit

magnetic and that ferromagnetically- 0

5000 10000
Magnetic field/ Qe

amorphous patterns due to the co- Fig. 4, Fie¥d dependence of magnetic suscep-
polymer, and no inorganic moiety could tibility of DOIV(AOTPPCU(H)“CO-AO-
be detected by the X-ray analysis. TPPVO(II)) at room temperature,

Since the TPPCu(II) and TPPVO(II) moieties are not always regularly bound to the

interacting moieties are not predomi-
nant. The X ray diffraction shows

side chains of the copolymer, the ferromagnetic interaction in the copolymer is
probably ascribable to the result of an exchange interaction between the TPPCu(II)
and TPPVO(II) moieties located casually in the position suitable for the occurrence
of ferromagnetic interaction.
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