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ABSTRACT: A novel polymer (poly[2,2’-(4,4’-bithia-
zolylene)][N-(2-ethylhexyl)-3,6-carbazylene] (PBTCA) was
first synthesized from 2,2�-diamino-4,4�-bithiazole and N-(2-
ethylhexyl)-3,6-diformylcarbazole. The structure of the poly-
mer was determined with IR and 1H-NMR spectroscopy.
The PBTCA–Nd3� complex was prepared via the mixing of
neodymium trichloride hexahydrate and PBTCA in di-
methyl sulfoxide under a nitrogen atmosphere. The mag-
netic behaviors of the Nd3� complex of a poly(Schiff base)

were measured as a function of the magnetic field strength
(0–50 kOe) at 4 K and as a function of the temperature
(4–300 K). The results show that PBTCA–Nd3� is a ferro-
magnet when the temperature is below 15 K, and above that,
it is a diamagnet. © 2006 Wiley Periodicals, Inc. J Appl Polym Sci
101: 443–446, 2006
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INTRODUCTION

For several decades, aromatic heterocyclic polymers,
because they have good mechanical properties, ther-
mal stability, radio resistance, and anticorrosion prop-
erties, have been studied for broad use in electronics,
chemical engineering, mechanical engineering, and so
forth. They are used not only as structural materials
but also as functional materials.1–3

Aromatic heterocyclic polymers containing bithia-
zole rings are good ligands because the two nitrogen
atoms in the bithiazole rings are able to chelate metal
ions to form stable five-membered rings. The crystal
structure of metal complexes of the monomer 2,2�-
diamino-4,4�-bithiazole (DABT) has been character-
ized with X-ray diffraction.4,5 In recent years, our
group has been working on the synthesis and proper-
ties of bithiazole-based polymers and their metal com-
plexes for developing functional polymeric materials,
and we have reported a series of novel polymers and
their metal complexes, which display some interesting
results.6–10

In this article, we report a new bithiazole-based
polymer (Scheme 1), in which carbazole moieties are
linked together by a conjugated bithiazole segment,
and its Nd3� complex. Carbazole is a compound that
has been the subject of many studies because of its

photoconductive properties and its ability to form
charge-transfer complexes due to its inherent electron-
donating nature arising from the nitrogen atom
through the conjugated aromatic rings. It is quite
likely that carbazole-containing polymers will possess
electro- and photochemical properties as well as high
thermal stability because of the carbazole-conjugated
system.11–15 The main focus of this article is a discus-
sion of the synthesis and magnetic properties of the
complex.

EXPERIMENTAL

Materials

N-(2-Ethylhexyl)-3,6-diformylcarbazole (NDC)14,16 and
DABT17 were prepared according to the literature. Di-
methyl sulfoxide (DMSO) was handled as usual. Neody-
mium trichloride hexahydrate (NdCl3 � 6H2O)18 was pre-
pared according to the literature procedure.

Synthesis of the polymer (PBTCA) and polymeric
complex

The polymer was synthesized via a condensation
reaction as follows. An equimolar ratio of DABT to
NDC was dissolved in DMSO to obtain a 5% con-
centration. The solution was magnetically stirred
and kept at 80°C under a nitrogen atmosphere. After
24 h, a red-brown solution was obtained. The poly-
mer was precipitated by the addition of toluene,
and then the brown solid was filtered, washed with
toluene, water, methanol, and acetone, and dried
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at 60°C for 24 h in a vacuum oven. The yield was
64.2%.

IR: 3302, 3179, 2922, 2859, 1604, 1521, 1484, 1313,
1211, 1130, 805, 739 cm�1. 1H-NMR (CF3COOD-d):
0.8–1.5 (H of carbazole), 4.4, 7.3 (H of bithiazole), 7.8
(H of carbazole). Intrinsic viscosity: 0.18 dL/g (H2SO4,
30°C).

The PBTCA–Nd3� complex was prepared via the
mixing of NdCl3 � 6H2O and PBTCA (molar ratio
� 2 : 1) in DMSO and stirring at 80°C for 24 h under
a nitrogen atmosphere. The polymer complex was
precipitated as a red-brown solid of PBTCA–Nd3� by
the addition of toluene to the black solution. The pre-
cipitate was filtered and washed with water until
NdCl3 was removed and then dried at 60°C for 24 h in
a vacuum oven. The yield was 53.5%.

IR: 3293, 3168, 2955, 2922, 2866, 1622, 1522, 1484,
1310, 1211, 1015, 808, 736 cm�1. Nd content: 7.62%.

Measurements

IR spectra were taken with KBr pellets with a Bruker
Fourier transform infrared (FTIR) spectrometer (Ger-
many). NMR spectra were recorded on a Bruker
Avance DMX-500 spectrometer. The content of metal
(Nd) was obtained by complexometry.19 The intrinsic
viscosity was measured with an Ubbelohde viscome-
ter at 30°C with concentrated H2SO4 as a solvent. The
magnetic measurements were carried out with a mag-
netometer (Physical property measurement system
(PPMS-9T)). The magnetization with an applied mag-
netic field was measured at 4 K, and the temperature
dependence of the magnetization was measured from
4 to 300 K at an applied magnetic field of 30 kOe.

RESULTS AND DISCUSSION

Synthesis of the polymer and its complex

The structure of PBTCA was characterized with IR
and 1H-NMR spectra. Figure 1 shows the FTIR spectra
of DABT, NDC, and PBTCA. A comparison of the
FTIR spectra of the carbazole dialdehyde monomer
and DABT with that of PBTCA shows that 1687 and
1597 cm�1, which correspond to the strong aldehyde
carbonyl absorption peaks of the dialdehyde mono-
mer and the NOH bending vibration of DABT, re-
spectively, disappear in the IR spectrum of PBTCA,
and a new band appears at about 1604 cm�1, which
indicates the CAN bond of the polymer. The bonds in
the region of 1521–1022 cm�1 reflect the skeletal oscil-
lation of bithiazole rings, and those from 2922 to 2859
cm�1 indicate the long-chain alkyl in the carbazole
monomer.

Scheme 1 Synthetic route of PBTCA and suggested structure for the corresponding Nd3� complex (PBTCA–Nd3�).

Figure 1 FTIR spectra of DABT, NDC, and PBTCA.
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With the two nitrogen atoms in the bithiazole rings,
the polymer can chelate various metal ions by forming
steady five-membered rings. The PBTCA–Nd3� com-
plex was synthesized and characterized with IR spec-
troscopy (Fig. 2). The IR spectrum of PBTCA–Nd3�

shows a slight difference from that of PBTCA, which is
caused by chelation. The CAN bond, which appears
at about 1604 cm�1 in the spectrum of PBTCA, shifts to
1622 cm�1 in that of PBTCA–Nd3�, and the shifts of
bonds in the region of 1521–1015 cm�1 may all be
attributed to the skeletal vibrations of bithiazole rings,
which become less flexible because of chelation.

As for the 1H-NMR (CF3COOD) spectrum, the poly-
mer shows signals in the range of 0.8–1.5 due to the
hydrogens of the alkyl of NDC and � � � 7.3 and �
� 7.8, which can be attributed to the hydrogens of
bithiazole rings and carbazole rings, respectively.
Therefore, we insist that the structures of the polymer
and its metal complex that we suggest in Scheme 1 are
in accordance with the IR and 1H-NMR spectra.

Magnetic properties of the complex PBTCA–Nd3�

The curve of the magnetization versus the applied
magnetic field at 4 K for PBTCA–Nd3� is shown in
Figure 3. The magnetization increases sharply when
the applied field is less than 20 kOe, and then the
increasing trend slows down; this is typical of a fer-
romagnet. The magnetization approaches saturation
at about 40 kOe, and the relative saturation magneti-
zation is about 0.2 emu/g.

Figure 4 shows the temperature dependence of the
magnetization of PBTCA–Nd3� at an applied mag-
netic field of 30 kOe from 4 to 300 K. The magnetiza-
tion increases sharply with decreasing temperature
below 50 K. The magnetization of PBTCA–Nd3� has
negative values above 15 K; this does not follow tra-

ditional ferromagnetism. A similar phenomenon was
discovered by our group.20

The temperature-dependent curve of the reciprocal
of the susceptibility for PBTCA–Nd3� (Fig. 5) shows
more obviously that a significant transition like a
switch appears at about 15 K. When the temperature is
less than 15 K, the PBTCA–Nd3� complex is a ferro-
magnet, and above that temperature, it is a diamagnet.
It is very favorable in the microwave and microelec-
tronics industry as a magnetism switch because we
can shift the magnetism of the complexes by changing
the conditions, such as the temperature. Further inves-
tigation is in progress in our group.

To get more detailed information on the magnetic
properties of the PBTCA–Nd3� complex, it was nec-
essary to detect the hysteresis loops. Figure 6 shows
the hysteresis loops of the PBTCA–Nd3� complex at 4
K, and Figure 7 shows an expanded view of the region
from �500 to 500 Oe of the hysteresis loop of the

Figure 2 FTIR spectra of PBTCA and PBTCA–Nd3�. Figure 3 Magnetization (M) versus the applied magnetic
field (H) at 4 K for PBTCA–Nd3�.

Figure 4 Magnetization (M) as a function of temperature
(T) at an applied magnetic field of 30 kOe for PBTCA–Nd3�.
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PBTCA–Nd3� complex. From them, we determined
that the observed coercive field was 184.85 Oe (4 K),
and the remaining magnetization was 0.010 emu/g (4
K). The typical S shape of the hysteresis loop indicates
that PBTCA–Nd3� is a soft ferromagnet.

CONCLUSIONS

A poly(Schiff base) containing bithiazole rings and
carbazole and its rare-earth complex were synthesized
and characterized. The magnetic properties of the
PBTCA–Nd3� complex were studied. From the tem-
perature and field dependence of the magnetization
and hysteresis loop, we have concluded that PBTCA–

Nd3� is a soft ferromagnet with unusual temperature-
and field-dependent magnetic behaviors.

References

1. Ogata, N. Pure Appl Chem 1991, 63, 951.
2. Sun, W. L.; Gao, X. S.; Lu, F. C. J Appl Polym Sci 1997, 64, 2309.
3. McClain, M. D.; Dudis, D. S. Synth Met 2001, 116, 199.
4. Liu, J. G.; Xu, D. J.; Sun, W. L. Acta Crystallogr E 2003, 59, 812.
5. Liu, J. G.; Xu, D. J.; Sun, W. L.; Wu, Z. Y.; Xu, Y. Z.; Wu, J. Y.;

Ching, M. Y. J Coord Chem 2003, 56, 71.
6. Weng, J.; Sun, W. L.; Jiang, L. M.; Shen, Z. Q. Macromol Rapid

Commun 2000, 21, 1099.
7. Weng, J.; Jiang, L. M.; Sun, W. L.; Shen, Z. Q. Polymer 2001, 42,

5491.
8. Jiang, L. M.; Sun, W. L.; Weng, J.; Shen, Z. Q. Polymer 2002, 43,

1563.
9. Sun, W. L.; Jiang, L. M.; Weng, J.; Shen, Z. Q. React Funct Polym

2003, 55, 249.
10. Tang, J. B.; Jiang, L. M.; Sun, W. L.; Shen, Z. Q. React Funct

Polym 2004, 61, 405.
11. Zhang, Y. D.; Wang, L. M.; Wada, T.; Sasabe, H. Macromole-

cules 1996, 29, 1569.
12. Song, S. Y.; Jang, M. S.; Shim, H. K. Macromolecules 1999, 32,

1482.
13. Meng, H.; Chen, Z. K.; Yu, W. L.; Pei, J.; Liu, X. L.; Lai, Y. H.;

Huang, W. Synth Met 1999, 100, 297.
14. Ahn, T.; Song, S. Y.; Shim, H. K. Macromolecules 2000, 33, 6764.
15. Jin, S. H.; Jung, J. E.; Park, D. K.; Jean, B. C.; Kwon, S. K.; Kim,

Y. H.; Moon, D. K.; Kim, S. H.; Gal, Y. S. Eur Polym J 2001, 37,
921.

16. Lee, J. H.; Park, J. W.; Choi, S. K. Synth Met 1997, 88, 31.
17. Erlenmeyer, H.; Menzi, K. Helv Chim Acta 1948, 31, 2065.
18. Zhang, R. Y. Rare Earth Elemental Chemistry; Science and Tech-

nology: Tianjin, China, 1987; p 100.
19. Ou, Y. J.; Shen, Z. Q. Collection of Synthetic Rubber Catalyzed

by Rare-Earth Catalysts; Science: Beijing, 1980; p 389.
20. Sun, W. L.; Liu, S.; He, B. J.; Tang, J. B.; Shen, Z. Q. Phys Lett A

2004, 328, 463.

Figure 5 Reciprocal of the magnetic susceptibility (��1) as
a function of temperature (T) for PBTCA–Nd3� at an applied
magnetic field of 30 kOe.

Figure 6 Hysteresis loop [the magnetization (M) vs the
applied magnetic field (H)] at 4 K for the PBTCA–Nd3�

complex.

Figure 7 Expanded view of the region from �500 to 500 Oe
of the hysteresis loop [the magnetization (M) versus the
applied magnetic field (H)] at 4 K for the PBTCA–Nd3�

complex.
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