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Abstract

Three new aromatic polyazomethines have been synthesized by solution polycondensation reactions of terephthalic dialdehyde with
fluorine containing aromatic diamines. The polymers were obtained in high yields. The investigation of these polymers by means of matrix-
assisted laser desorption ionization—time-of-flight-mass spectrometry (MALDI-TOF-MS) proved the initial members of the four
theoretical possible series of the corresponding oligomers with 2—10 repeating units per molecule. © 2002 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Aromatic polyazomethines or poly(Schiff base)s are an
attractive class of high performance polymers due to their
high thermal stability, mechanical strength, environmental
stability and good optoelectronic properties [1-3]. Several
approaches have been undertaken to improve the processa-
bility of conjugated polyazomethines by introducing various
substituted benzene rings in the main chain [4,5], by using
monomers containing certain heterocyclic units such as
thiophene [6], oxadiazole, thiadiazole [7-9], pyridine
[10], diphenylfluorene [11], and others. Copolymers with
phenyl-substituted quinoxaline rings proved to be very
beneficial [12,13]. Such copolymers exhibited improved
solubility in organic solvents and some applications in
microelectronic or in optoelectronic devices have been
reported [14]. Recently, vacuum deposited aromatic poly-
azomethines were described for the preparation of organic
light emitting devices (LEDs) [15,16]. Therefore, we con-
sidered polyazomethines for their possible use to play an
important role for the development of highly ordered thin
films for LED applications.

* Corresponding author. Tel.: +49-306392-4268;
fax: +49-306392-3520.
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New materials suitable for the process of vacuum deposi-
tion polymerization (VDP) of polyazomethines are investi-
gated in the present paper. The synthesis of three
polyazomethines by solution polycondensation reaction of
terephthalic dialdehyde with fluorine containing aromatic
diamines is described. These polyazomethines serve as
model compounds for the investigation by means of
matrix-assisted laser desorption ionization—time-of-flight—
mass spectrometry (MALDI-TOF-MS) to clarify the dif-
ferent molecular structures of the corresponding oligomers.

2. Results and discussion

The polyazomethines II, IV and VI were synthesized by
solution polycondensation reactions of equimolar amounts
of the aromatic diamines I, IIl or V with terephthalic
dialdehyde, in toluene as a solvent (Scheme 1).

For the reaction products from aromatic diamines with
terephthalic dialdehyde four different series of oligomers are
possible according to their different end caps (Scheme 2).

The calculated repeating unit in the four series of the
polymers is 274.2 g mol ' for polyazomethine II, 426.3 g
mol ! for polyazomethine IV and 418.3 g mol ™" for poly-
azomethine VI.

In Figs. 1-3 sectors of the MALDI-TOF-MS of the three
polyazomethines are shown. For the three polyazomethines

0022-1139/02/$ — see front matter © 2002 Elsevier Science B.V. All rights reserved.

PII: S0022-1139(01)00498-5



CF, CF,
H (o)
N— N/_© + 2nH. O
nHN NH, + D - 2
o H n
| I
F F F F . F F F F
H o] /
AP O — Q)
(o] n
F ¢ F F F FF
] v
CF, CF,
H (o] /
A QO L O QI e
[o] H n
CF, CF,
v \/]

Scheme 1. Synthesis of azomethine polymers.
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Scheme 2. Series of azomethine oligomers II, IV, VI (n = number of repeating units). Series 1: reaction products from dialdehyde (n + 1) and diamine
(n 4 1). Series 2: reaction products from dialdehyde (n + 1) and diamine (n 4 2). Series 3: reaction products from dialdehyde (n + 2) and diamine (n + 1).

Series 4: cyclic reaction products from dialdehyde (n + 1) and diamine (n + 1).

II, IV and VI we found the four theoretical possible
series.

We calculated the theoretical values of the different series
of the oligomers and compared them with the experimental
data. For polyazomethine II the peaks with the highest
intensities correspond to series 1 and 2, respectively. These
results are given in Table 1.

For polyazomethine IV we found similar results. The
peaks with the highest intensities correspond to series 1

and 2, respectively, but for VI the peaks with the highest
intensities correspond to series 4, the cyclic reaction pro-
ducts.

In addition, the spectra show that obviously these oligo-
mers under the chosen measurement conditions the species
exist predominantly with an attached proton. Further we
found, for II the peaks with lower intensities of another six
series with a monomer mass difference of about 274.2 g
mol . These series correspond to species which either exist
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Fig. 1. MALDI-TOF-MS of II (sector): (x, y), species which exist with an attached proton; x = number of the series, y = n = number of repeating units.

with an attached sodium ion or species with a missing CF3-
group. No other peaks were found. These results are shown
in Fig. 4.

For the polyazomethines IV and VI similar results were
obtained. Besides the species of series 1-4 which exist with
an attached proton we found for IV another five series with a
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monomer mass difference of about 426.3 g mol " and for VI
another seven series with a monomer mass difference of
about 418.3 g mol~'. These series possess peaks of lower
intensity and correspond to species which either exist with
an attached sodium ion or species with a missing F-atom
(IV) or a missing CF3-group (VI), respectively.
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Fig. 2. MALDI-TOF-MS of IV (sector): (x, y), species which exist with an attached proton; x = number of the series, y = n = number of repeating units.
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Fig. 3. MALDI-TOF-MS of VI (sector): (x, y), species which exist with an attached proton; x = number of the series, y = n = number of repeating units.

Table 1
Calculated mass of II and experimental results of MALDI-TOF-MS for peaks with the highest intensities®
n Series 1 Series 2

M + H (calculated) M* (found) A M + H (calculated) M* (found) A
0 293.4 - 451.4 452.2
1 567.5 567.9 725.6 726.2 274.0
2 841.7 8424 274.5 999.9 1000.9 274.7
3 1116.0 1116.8 274.4 1274.1 1275.4 274.5
4 1390.2 1390.9 274.1 1548.3 1549.4 274.0
5 1664.5 1665.4 274.5 1822.6 1824.0 274.6
6 1938.7 1939.8 274.4 2096.8 2097.5 273.5
7 2212.9 2213.4 273.6 2371.1 -
Average 274.2 274.2

M = molecular mass (g mol™!), A = found mass difference between the oligomers (g mol™!), M* = found mass by MALDI-TOF-MS (g mol ™),

n = number of repeating units. Calculated monomer mass is 274.2 g mol™

It is a remarkable and unusual fact for MALDI-TOF-MS
investigations of synthetic polymers that the species predo-
minantly exist with an attached proton. Also after doping the
polymers with LiCl no lithium adducts were observed. We
got the same values, no changes in the spectra were detected.

3. Experimental details
3.1. Synthesis of the polymers
The following example of polyazomethine II illustrates

the general procedure (all diamines were obtained from
ABCR, Karlsruhe):

Polyazomethine II: Diamine I 2.5 g (14.2 mmol), ter-
ephthalic dialdehyde 1.9 g (14.2 mmol) (Aldrich, Stein-
heim), 50 ml toluene and 50 mg p-toluenesulfonic acid as
a catalyst were placed in a 100 ml three-necked flask
equipped with a mechanical stirrer and a reflux condenser.
The mixture was heated to reflux under stirring for 4 h.
The precipitated polymer was collected by suction filtra-
tion, washed with 100 ml of methanol in four portions
and extracted twice with 50 ml boiling methanol. The
remaining solid was dried for 2 h at 60 °C. After drying
3.35 g of the bright yellow polymer II were obtained
(81% yield). This polymer shows a poor solubility in
pyridine, hexamethylphosphoric triamide and 1-methyl-
2-pyrrolidinone.
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Fig. 4. MALDI-TOF-MS of II (sector): (x, y), species which exist with an attached proton; x = number of the series, y = n = number of repeating
units; +H®, species which exist with an attached proton; +Na®, species which exist with an attached sodium ion; —CF3, a CF5-group is substituted by a

H-atom.

Analysis calculated for n — oo:! F, 20.78%, found:
F, 20.38%; IR (KBr): 1046, 1132, 1190 (C-F); 1318
(~C¢H3(CF5)-); 1485, 1584 (C—H)arom; 1622 cm™' (C=N).

Polyazomethine 1V: Yield: 75%; pale yellow powder;
insoluble in organic solvents.

Analysis calculated for n — oo (see footnote 1): F,
35.66%, found: F, 33.36%; IR (KBr): 970, 1002, 1042,
1051 (C-F); 1478 (CF in —CgF4;—); 1560 (C—H)arom;
1624 cm™ ' (C=N).

Polyazomethine VI: Yield: 92%; bright yellow powder;
poor solubility in 1-methyl-2-pyrrolidinone.

Analysis calculated for n — oo (see footnote 1): F,
27.25%; found: F, 25.15%; IR (KBr): 1047, 1054, 1137,
1199 (C-F); 1340 (—-C¢H,(CF3),-); 1483, 1560 (C—H)arom;
1628 cm™' (C=N).

Because of the poor solubility of the polymers no NMR-
investigations were possible.

3.2. Measurements

MALDI-TOF-MS were recorded with a Kratos Kom-
pact MALDI III (Shimadzu Europa GmbH, Duisburg,
Germany) using a nitrogen laser source (4 = 337 nm), a
positive polarity and 20 kV acceleration voltage. The sam-
ples were suspended in THF (1 mg ml™") and mixed with
the matrix of 2,4,6-trihydroxyacetophenone (25 mg ml™'
THF) before drying. The solid mixture was impressed on
the slide with a spatula. The equipment was calibrated with
bovine insulin.

' Lower F-value results for the oligomers or when series 3 is preferred.

4. Conclusions

New aromatic polyazomethine model compounds have
been prepared by solution polycondensation of terephthalic
dialdehyde with fluorine containing aromatic diamines in
high yields. According to the possible different end caps four
series with different molecular structures are possible. A
proof of all these theoretical possible series was furnished by
means of the MALDI-TOF-MS technique. The initial
members of the corresponding oligomers with 2—10 repeat-
ing units per molecule were found. Further investigations on
vacuum deposited polyazomethines are provided.

References

[1] J. Preston, Angew. Makromol. Chem. 109 (1982) 1.

[2] P.W. Morgan, T.C. Pletcher, S.L. Kwolek, Macromolecules 20 (1987)
729.

[3] J. Mc Elvain, S. Tatsuura, F. Wudl, A.J. Heeger, Synth. Metals 95
(1998) 101.

[4] K.S. Lee, J.C. Won, J.C. Jung, Macromol. Chem. 190 (1989) 1547.

[5] S.B. Park, H. Kim, W.C. Zin, J.C. Jung, Macromolecules 26 (1993)
1627.

[6] C. Wang, S. Shieh, E. LeGoff, M.G. Kanatzidis, Macromolecules 29
(1996) 3147.

[7] Y. Saegusa, K. Sekiba, S. Nakamura, J. Polym. Sci. Part A: Polym.
Chem. 28 (1990) 3647.

[8] Y. Saegusa, T. Takashima, S. Nakamura, J. Polym. Sci. Part A:
Polym. Chem. 30 (1992) 1369.

[9] Y. Saegusa, T. Koshikawa, S. Nakamura, J. Polym. Sci. Part A:
Polym. Chem. 30 (1992) 1375.

[10] M. Misra, D. Das, K.B. Padhi, A.K. Panigrahi, A.K. Mohanty, J.

Macromol. Sci. Pure Appl. Chem. A35 (1998) 867.



B. Grimm et al./Journal of Fluorine Chemistry 113 (2002) 85-91 91

[11] K.H. Park, T. Tani, M. Kakimoto, Y. Imai, Macromol. Chem. Phys. [14] K. Suruga, F. Takahashi, K. Ishikawa, H. Takezoe, T. Kanbara, T.
199 (1998) 1029. Yamamoto, Synth. Metals 79 (1996) 149.

[12] C. Hamciuc, E. Hamciuc, I. Ronova, M. Bruma, High Perform. [15] W. Fischer, F. Stelzer, F. Meghdadi, G. Leising, Synth. Metals 76
Polym. 9 (1997) 177. (1996) 201.

[13] M. Bruma, B. Schulz, T. Kopnick, R. Dietel, B. Stiller, F. Mercer, [16] M.S. Weaver, D.D.C. Bradley, Synth. Metals 81 (1996) 61.

V.N. Reddy, High Perform. Polym. 10 (1998) 207.



	Molecular structure investigations on fluorine containing polyazomethines by means of the MALDI-TOF-MS technique
	Introduction
	Results and discussion
	Experimental details
	Synthesis of the polymers
	Measurements

	Conclusions
	References


