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SYNTHESIS AND CHARACTERIZATION OF POLYMERS BEARING
AZOBENZENE AND CARBAZOLE GROUPS VIA POST-AZO-COUPLING
REACTION

Jun Shi, Zhi-wei Jiang, Li Zhang and Shao-kui Cao™
College of Materials Engineering, Zhengzhou University, Zhengzhou 450052, China

Abstract A series of polymers bearing azobenzene and carbazole groups for photorefractive purpose were prepared via
post-azo-coupling  reaction. The successful reaction was identified by spectroscopic analysis and gel permeation
chromatography. This approach s more facile compared with the direct polymerization of corresponding functional
monomer. The polymers prepared have weight average molecular weight of higher than 1.5 x 10" and are easily soluble in
common organic solvents like chloroform and tetrahydrofuran, polymer tilms with high optical quality could be easily
fabricated through solution casting. Glass transition temperature (7,) of the polymers ranges from 60°C to 182C. depending
on the alkylene spacer length between the functional side group and the polymer backbone. and the polymers are relatively
stable under 3007C.
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INTRODUCTION

Polymers with both photoconductive and electrooptic functionalities can be regarded as suitable materials for a
wide range of optical and electrooptic applications. There has been much interest in these multifunctional
materials that combine the photoconductive and electrooptic components into polymer backbone'"*'. One of the
present challenges is to fully exploit the tailorability of polymers so as to design novel electrooptic materials with
optimized properties, and to find facile preparation method.

Carbazole-based azo-containing polymers are especially attractive because of their unique electrooptic
properties” . Conventional synthesis of these polymers, the polymerization of the intrinsic monomers
containing both azo and carbazole groups'™ ®, makes it difficult to obtain a polymer with high molecular weight
owing to the bulky volume of the monomers'®. In addition, the synthesis of monomer itself is basically
complicated and the yield is very low. A noticeable trend for the preparation of electrooptic polymers in the past
few years is the post-functionalization approach'’ ", The azo coupling reaction was first used to functionalize a
copolymer of methyl methacrylate and methacrylate ester of N-ethyl-N-(hydroxyethylaniline in acetic acid
medium by Katz er al.""' Wang and coworkers found that the azo coupling reaction between a polymer and the
diazonium salt could be carried out in a polar organic solvent with high product yield"”), while most post-azo-
coupling reaction reported was used in the functionalization on benzene rings.

The present paper presents our recent results using the azo coupling reaction to prepare a series of potential
photorefractive polymers. Such an azo coupling reaction enabled us to introduce an nonlinear optical (NLO)
chromophore to the polymer bearing carbazole group, and at the same time, the conjugation length of the
chromophore was extended as a result. Compared with the conventional direct polymerization, the post-azo-
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coupling reaction gave polymers with much higher molecular weight, and the chromophore content could be
easily adjusted. In addition, the result is more facile for the polymeric product purification. Based on this two-
step approach, a series of polymers bearing azobenzene and carbazole groups for photorefractive purpose were
prepared. The characterization and the thermal properties of these polymers are also discussed.

EXPERIMENTAL

Material

Methacryloyl chloride was prepared from methacrylic acid. Chemicals like carbazole, 4-nitroaniline, 2-
chloroethanol and 2.4-dinitroaniline were commercially supplied and used as received. Tetrahydrofuran (THF)
and N,N-dimethyl formamide (DMF) were dehydrated over calcium hydride and molecular sieves. respectively.
Dry pyridine was obtained by refluxing commercial pyridine over potassium hydroxide pellets tor 3 h under
nitrogen and subsequent distillation.

Measurements

FTIR spectra were recorded on a Nicolet-460 FTIR spectrometer. 'H-NMR spectra were obtained by a Bruker
DRX-400 NMR spectrometer using CDCl; as solvent. UV/vis spectra were recorded with a Shimadzu
3010 UV/vis spectrometer using DMF as solvent. Gel permeation chromatography (GPC) analysis was carried
out on Waters 515 chromatograph equipped with a refractive index detector: THF was used as the eluent and the
calibration was performed with polystyrene standards. Elemental analysis was measured with an MOD-1106
elemental analysis system. Differential scanning calorimetry (DSC) analysis were performed on TA DSC-2920
differential scanning calorimeter at a heating rate of 10 K/min. Thermogravimetric analysis (TGA) was carried
out on a Netzsch TGA systems at a heating rate of 10 K/min.

Synthesis
The synthetic procedures for all the polymers are summarized in Scheme 1. Compounds 1 and 2 and polymers
Pm were synthesized following literature procedures'™ i Polymers P1-P5 were prepared as follows.
G
¢=CH,
H ((i'Hgl,,,X (%‘Hgl,,,OO(‘

/l\é
ﬁ
,:Z

¢t ) CH;
[
w (i—CHﬂT «E({ ~CHy
((I H;),00¢ (CH2),,00C
N N
AIBN = NaDBS
Benzene . Nitrobenzene
R
Pm P1-P5

m=2_4.6.10: X =0OH or Br Chromophore At __N=N
P1. m=2_R =Chromophore A

P2. m =2 R = Chromophore B .
P3. m1 =4, R = Chromophaore B Chromophore B: —N=N NO,
P4, m =6, R = Chromophore B

P5. m=10.R = Chromophore B 0-N

Scheme 1 Synthesis route of polymers

Preparation of polymer PI

4-Nitroaniline (5 mmol) was dissolved in a solution of concentrated HCI (2.5 mL) in water (75 mL). The mixture
was cooled with an ice bath to lower than 4°C, then an aqueous solution containing sodium nitrite (0.06 g)
was slowly added. the mixture was kept stirring for further 30 min. Sodium dodecyl benzenesulfonate
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(NaDBS) (1 g) and a solution of polymer Pm (1.4 g) in nitrobenzene (50 mL) were successively added. The
resultant mixture was vigorously stirred at room temperature for 30 h, another part of diazonium salt. which was
prepared from 5 mmol of 4-nitroaniline and 0.06 g of sodium nitrite, was added. After being vigorously stirred at
room temperature for another 30 h, polymer P1 was isolated by precipitation from methanol as an orange
precipitate. 'H-NMR (400 MHz, CDCl;, §): 0.2-1.8 (o-methyl and CH, in main chain). 3.7-4.9 (NCH-CH-O0).
6.8-9.0 (aromatic protons).

Prepuration of polvmers P2, P3, P4, P5

Sulphuric acid (10.5 mL) was cooled with an ice bath to below 4°C. sodium nitrite (0.3 g) was added. The
mixture was stirred under cooling with an ice bath cooling for a while. then warmed up to 70°C' and kept for
3 min. Upon being cooled down again to room temperature, 2.4-dinitroaniline (0.69 g) was added. When a
bright yellow clear diazonium salt solution was observed. ice (22.5 g). NaDBS (0.6 g) and a solution of polymer
Pm (1.05 g) in nitrobenzene (50 mL) were successively added. The resultant mixture was vigorously stirred at
room temperature for 24 h. and the polymer was isolated by precipitation from methanol as a dark red
precipitate. 'H-NMR (400 MHz, CDCl,, 8): 0.6-2.1 (a-methyl. CH, in main chain and (CH>), in side chain),
3.7-14.8 (NCH- and CH-0). 6.9-8.9 (aromatic protons).

RESULTS AND DISCUSSION

Polymer Synthesis and Characterization

The precursor polymers Pm were obtained by radical polymerization of carbazole group bearing methacrylate
monomer with different alkylene chain length. The precursor polymers were then functionalized to mtroduce the
chromophore in the second stage of the reaction. The bulkiness of the introduced functional group and steric
hindrance of the resulting product would control the electrophilic substitution to take place exclusively at the
third position of carbazole. After several experiments, nitrobenzene was selected as the reaction medium in the
preparation of the five polymers because of its excellent solubilizability to the precursor polymers. An interesting
phenomenon was found: another part of diazonium salt could be added to the system when the diazonium salt in
the system was exhausted. A series of polymers Pl with different chromophore contents were prepared using
such a method.

The post-azo-coupling reaction was monitored through FTIR measurement. The representative FTIR
spectra of polymer P1 and its precursor are showed in Fig. 1. Polymer P1 shows the absorption of N=N band a
1596 c¢m ', and the absorptions of nitro group ( — NO-) appeared around 1522 and 1341 em'. Special
absorptions for phenyl ring appeared at 820 and 860 cm™ . These evidences indicated the successtul introduction
of chromophores onto the backbone of the precursor polymer. Similar IR spectral change can also be found for
the rest polymers and their precursors.
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Fig. 2 UV-Vis spectra of polymers
In DMF solution with the concentration of
0.1 umol/L.

Fig. 1 IR spectra of Pm and polymer 1
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After the post-azo-coupling reaction, a new broad absorbance in the range of 430-470 nm (in DMF
solution with the concentration of 0.1 pmol/L) can be observed in the UV-vis spectra of polymers showed in
Fig. 2, which could not be observed in the corresponding precursor polymer. The absorbance extension to fonger
wavelength indicated the enlargement of conjugated structure in the resultant polymers. The data listed in Table 1
also indicated that the A, of polymers P2 to PS5 have little difference, which suggests that there is no
appreciable variation in the electronic environment of the chromophores in this series of polymers. While the
A OF polymer P1 has been obviously blue-shifted compared to other polymers owing to the less content in the
nitro group.

Table 1. Properties of the resultant polymers

Polymer M,* M,* MM, " NLO (mol% + 10%)" A (0I)
P1 13000 25000 2.10 80 434
Pl 3300 4700 1.42 100 434
P2 13000 27000 2.10 77 168
P2’ 3300 4800 1.43 100 468
P3 9900 15569 1.57 70 469
P4 23700 37700 1.59 30 471
P5 12500 21000 1.68 103 470

“Measured by GPC: ® Calculated from elemental analysis: © Measured by UV/vis spectroscopy in
DMF solution with the concentration of 0.1 pmol/L. * Direct polymerization related to Ref. [6].

The content of NLO chromophore in polymers was calculated based on elemental analysis measurements,
and the results are also listed in Table 1. Polymer PS has relatively higher chromophore contents. A possible
reason for the high content is comparatively far distance between the polymer backbone and the attaching
functional group (m = 10). The less steric hindrance resulted in the easier attack for the azo group to the
carbazole group. All the polymers with ditferent alkylene spacers (m = 2—10) between the polymer backbone
and the functional attacking group exhibits good solubility in common organic solvents. such as chloroform,
THF and DMF as illustrated in Table 2. Polymer films with high optical quality could be easily fabricated
through solution casting.

Table 2. Solubility of the polymers

Polymer n Solubility”
CHCl; THF DMF
P1 2 + ++ ++
p2 2 + + ++
P3 4 + + ++
P4 6 + + ++
P5 10 + ++ ++

*** Soluble at room temperature: ~ Soluble on warming

From the molecular weight comparison of the polymers shown in Table 1. it can be realized that the
polymers obtained by post-azo-coupling reaction have obviously higher molecular weight than that of the
polymers obtained by conventional direct polymerization. The carbazole monomer bearing the chromophore
contains azobenzene and nitro- group that may act as an inhibitor for the free radical polymerization.

Thermal Properties

The DSC curves of polymers P1-PS are shown in Fig. 3, the T, of the polymers was depressed with the increase
in the alkylene chain length. This suggests that there is a substantial increase in the segmental mobility from
shorter to longer spacer length. The tendency in T, changes is in agreement with the characterization results of a
similar series of poly(n-methlenecarbazole) photorefractive polymers'®. It can also be observed that the 7, of the
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polymer containing one nitro group in the chromophore (P1) is lower than that of the corresponding polymer
containing two nitro groups in the chromophore (P2). The thermal stability of the polymers was characterized by
thermogravimetric analysis (TGA) as showed in Fig. 4. It can be observed that all the polymers started to lose
weight in the temperature range of 285-300°C. Different shapes of the TGA curves exhibited the difference in
the mechanism of decomposition process according to different chromophore and spacer length.
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Detailed examination on NLO and photorefractive properties of these carbazole-based polymers will be
carried out in fuure work.

CONCLUSION

A series of new carbazole-based azo group containing polymers with high molecular weight have been prepared
by post-azo-coupling reaction. The preparation of these polymers via post-azo-coupling reaction is more facile
and gave higher molecular weight than conventional direct polymerization. Chromophore content in these
polymers changes from 30 mol% to 103 mol% (x 10%). All these polymers are soluble in common organic
solvents and relatively stable under 300°C.

REFERENCES

1 Dong, W.K., Hyunsik, M., Soo, Y.P. and Sung. 1I H.. Reactive & Functional Polymers. 1999, 42: 73-86

2 Ho. M., Barrett, C.. Paterson. J., Esteghamatian, M., Natansohn, A. and Rochon. P.. Macromolecules. 1996, 29:
4613-46138

3 Chang, C.. Whang, W., Hsu, C.. Ding. Z.. Hsu, K. and Lin, S.. Macromolecules., 1999, 32: 5637-56446

4 Chen. Y., He, Y., Wang, F., Chen, H. and Gong. Q.. Polymer, 2001, 42: 1101-1107

5 Wang. M., Shen. J. L., Rong. Y. and Yang, S.L., Acta Polymerica Sinica (in Chinese), 1996. (3): 318-322

6 Christopher, B., Biswajit, C.. Almeria, N. and Paul. R., Macromolecules. 1998, 31: 4845-4851

7 Luo, J.D., Qin. J.G.. Kang, H. and Ye, C., Chem. Mater., 2001, 13(3): 927-931

8 Li,Z..Zhao. Y., Zhou, J. and Shen. Y.. Eur. Polym. J., 2000, 36: 2417-2421

9 Liu, Y., Sui, Y., Yin, J.. Gao. ], Zhu, Z., Huang, D. and Wang. Z., J. Appl. Polym. Sci.. 2000, 76: 290-295

10 Hattemer, E.. Zentel, R.. Mecher. E. and Meerholz. K.. Macromolecules, 2000, 33: 1972-1977

11 Schilling, M., Katz, H. and Cox. D.. J. Org. Chem.. 1988, 53: 5538-5540

12 Wang. X.. Kumar, J., Tripathy. S.. Li, L., Chen, J.I. and Marturunkakul, S., Macromolecules, 1997, 30: 219-225

13 Hu, C., Oshima, R., Sato, S. and Seno, M., I. Polym. Sci. Part C. 1988, 26: 441-446



