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Ferromagnetic Behavior of Pyrolyzed Organic Compounds Containing Nitrogen and Oxygen
Hisashi Araki, Young Bae Roh and Katsumi Yoshino
Department of Electronics, Faculty.of Engineering, Osaka University
2-1 Yamada-Oka, Suita, Osaka 565

Organic magneto-active material containing nitrogen and oxygen was found in the products
prepared by pyrolysis of guanine (G) or the mixture of 2,4,6-triphenoxy-1,3,5-triazine (TPTA)
and o,m,p-phenylenediamine (PDA), benzoguanamine (BG) or melamine (M) . The content of
magneto-active components was largest in the samples pyrolyzed at a relatively low temperature
600~700°C. Magnetization-magnetic field curves in those components exhibited hysteresis at room
temperature, confirming an inclusion of ferromagnetic components. The largest value of satura-
tion magnetization (2.3 emu « G/g) has been obtained in the sample of pyrolyzed G. Fraction of
ferromagnetic spin in those components, however, is relatively low compared to that of par-
amagnetic or ferrimagnetic spin., The origin of ferromagnetism in those molecular structures is
tentatively interpreted in terms of parrallel spin orientation of nitrogen or oxygen radicals.
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Fig. 1. Molecular structures of 2,4,6- triphenoxy-
1,3,5-triazine (TPTA), guanine (G) ,
phenylenediamine (PDA) , ben-
zoguanamine (BG) and melamine (M).
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Fig. 2. The change of molar fraction of elements C,

H, N and O in the products prepared by
pyrolysis of the mixture of TPTA and PDA
(mixture molar ratio 1:1), as a function of
the pyrolyzing temperature,
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Fig. 3. Pyrolyzing temperature dependence of spin
concentration in the products prepared by
pyrolysis of the mixture of TPTA and p-
PDA (mixture molar ratio 1:1).
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Tablel. Spin concentration of the products prepared

by pyrolysis of the mixture of TPTA and o
-PDA, m-PDA or p-PDA at 600°C.

Sample Ns
(spins/g)
TPTA/0o-PDA 6.7,10"
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Fig. 4. Temperature dependence of inverse magnetic

susceptibility in the mixture of TPTA and o

-PDA, m-PDA, or p-PDA at 600°C, in

which xd denotes diamagnetic components

in magnetic susceptibility x of those sam-

ples. The values of x ; were determined to

be -0.7, -8.4 or -3.0 107° emu/g for the
samples of 0-PDA, m-PDA or p-PDA.
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Fig. 5. Magnetization curve, measured at room
temperature, of the products obtained by
pyrolysis of the mixture of TPTA and o-
PDA or m-PDA at 600°C.
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Table2. The values of saturation magnetization Mj,

residual magnetization M, and coercive
force H. measured at room temperature, of
the products obtained by pyrolysis of the
mixture of TPTA and o-PDA, m-PDA or p
-PDA at 600°C.

Sample Ms M, H.
(emu-G/g) (emu-G/g)  (Oe)

TPTA/o-PDA 2.7:107% 3.0.107° 121
TPTA/m-PDA 6.2:107 6.7,107" 125
TPTA/p-PDA 5.2:107" 3.7:107? 98
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Fig. 6. Models for molecular structure of products
obtained by pyrolytic reaction of TPTA and
0-PDA or m-PDA or p-PDA,
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Fig. 7. The change of molar fraction of elements C,

H, N and O in the mixture of TPTA and BG
(mixture molar ratio 1:1), as a function of
the pyrolyzing temperature .
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Fig. 8. Models for molecular structure of the prod-
ucts obtained by pyrolytic reaction of TPTA
and BG at (1) 233~300°C, (2) 350°C and (3)
600°C.
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Fig. 11. Magnetization curves, measured at room
temperature, of the products obtained by

pyrolysis of the mixture of TPTA and BG or
M at 600°C.
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Table3. The values of saturation magnetization M,
residual magnetization M, and coercive
force H, measured at room temperature, of

the products obtained by pyrolysis of the
mixture of TPTA and BG or. M and G.

Sample Ns Ms M- He
(spins/g)  (emu-G/g) (emu-G/g)  (Oe)

TPTA/BG  5.2,10" 0.87 0.069 124
TPTA/M 5.6x10" 0.30 0.044 200
G 4.3,10" 2.25 0.42 110
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