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Abstract—An alternative approach to the synthesis of poly(naphthoylenebenzimidazole)s in supercritical car-
bon dioxide has been accomplished without use of hazardous chemical solvents, which resulted in prepara-
tion of high-purity polymers by a more efficient contemporary method. A series of poly(naphthoyleneben-
zimidazole)s has been obtained at 90°С and 15 MPa for 8 h with the use of a mixture of benzoic acid and ben-
zimidazole as a catalyst. Certain properties of the synthesized polymers have been studied.
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In the series of completely or partially ladder poly-
heteroarylenes (PHAs), poly(naphthoylenebenzimid-
azole)s (PNBIs) are of the most practical interest [1].
These polymers exhibit high thermal, heat, fire, and
chemical resistance and can be used as materials for
new equipment [2, 3].

However, in most cases, PNBI synthesis is carried
out in hazardous solvents, such as polyphosphoric
acid, phenolic solvents, and nitrobenzene.

PNBI preparation in a green supercritical medium,
which is used for the synthesis of other classes of
PHAs, seems to be more promising [4, 5].

In this work, we used an approach to the synthesis
of PNBIs in a medium containing supercritical carbon
dioxide (sc-CO2), which allowed preparation of high-
purity polymers.

Polyheterocyclization reaction in sc-CO2 (Scheme 1)
was carried out by reacting bis(o-phenylenediamine)s
and bis(naphthalic anhydride)s taken in equimolar
ratios at 90°С and 15 MPa for 8 h. The catalyst used
was a 1 : 1 mixture of benzoic acid and benzimidaz-
ole [6], which are used in food industry and phar-
macology.

Under these conditions, we obtained a series of
PNBIs, including those previously unknown, whose
characteristics are presented in Table 1.

All the polymers are soluble in sulfuric acid. Poly-
mers 2, 3, 5–7 are soluble in a phenol–TCE mixture
(1 : 3). Polymers 2, 3, 6, and 7 are also soluble in N-
methyl-2-pyrrolidone (N-MP).

We confirmed the PNBI structure by IR spectros-
copy. The IR spectra of the prepared polymers showed
absorption maxima in the range 1550–1560 cm–1 typ-
ical for the absorption of 1',8'-naphthoylene-1,2-ben-
zimidazole. Maxima at 1620, 1590, and 1450 cm–1

were assigned to the benzimidazole ring [7].

The effect of the introduction of different groups
into the main chain on the thermal-oxidative stability
of the polymers was studied by thermogravimetric
analysis (TGA). Figure 1 displays comparison of TGA
curves for PNBIs 1, 2, and 4 (Table 1) prepared in sc-
CO2 (curves 1–3) and for PNBI obtained by high-
temperature polycondensation [8] in solution (curve 4).
In the latter case, PNBIs had a structure identical to
PNBI 1 (Table 1).

Degradation onset temperatures in air for PNBIs
prepared under different reaction conditions virtually
coincide, being about 470°C and little dependent on
their structure, which agrees well with data in [8, 9].

The softening temperatures for the polymers deter-
mined from thermomechanical curves were in the
range 250–365°C depending on the chemical struc-
ture of amine and anhydride components (Table 1).
PNBI 4 has the softening temperature higher than the
degradation temperature.

The introduction of f luorine in polymers is known
to impart them solubility, fire resistance, improved
electrophysical characteristics, etc. [10, 11].
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nescence curves are presented in Fig. 2. We observed
the maxima of luminescence spectra for the polymer
depending on excitation wavelength at 558, 440, and
561 nm.

We also studied the optical properties of PNBIs 6
and 7 (Table 1) by UV spectroscopy and photolumi-
nescence in an N-MP solution. The UV spectra of
PNBIs 6 and 7 displayed two absorption peaks (Table 2).
The photoluminescence spectra of the PNBIs at an

excitation wavelength of 400 nm exhibit light emission

with one strong maximum. In other words, the study

of PNBI polymers 6 and 7 revealed yellow-orange

emission with a f luorescence maximum at 530 nm.

These polymers are of interest for organic light-emit-

ting diodes similarly to other polyheteroarylenes [12].

Thus, the alternative approach to the synthesis of

PNBIs by polycyclocondensation in sc-CO2 allowed

us to exclude the use of environmentally hazardous

strong mineral acids or organic high-boiling solvents,

decrease the reaction temperature from 160 to 90оC,

and obtain high-purity thermally stable polymers by a

more efficient contemporary method.
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Table 1. Selected characteristics of PNBIs of general formula 

PNBI 

no.
–Х– Yield, %

ηred,

(25°C,

Н2SO4)

Тdec, °C

1 –О– 95 0.50 365

2 93 0.36 250

3 94 0.38 315

4 –О– 94 0.59 –

5 93 0.33 290

6 –О– 87 0.30 270

7 – 91 0.35 290
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Table 2. Optical properties of PNBIs

λabs is wavelength of absorption maximum, λem is wavelength of
photoluminescence (PL) maximum.

Polymer

–Х–

UV absorption,

λabs, nm

PL after exposure

to UV,

λem, nm

–О– 310, 404 530

– 300, 400 530
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