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POLYISOCYANATE PREPOLYMERS PREPARED FROM RIGID
POLYAROMATIC PRECURSOR MATERIALS, AND POLYURETHANES
PREPARED THEREFROM

This invention relates to polyisocyanate

prepolymers or quasi-prepolymers, and to polyurethane

and/or polyurea polymers made therefrom.

Polyurethanes, polyureas and similar polymers
are commercially prepared by reacting an active
hydrogen-containing composition with a polyisocyanate.
By varying the characteristics of the polyisoeyanate
and the active hydrogen-containing composition,
polymers having widely varying properties can be
prepared. For example, by using relatively low
equivalent weight, high functionality precursor
matebials; rigid polyurethanes are prepared.
Conversely, flexible polyurethanes are prepared by
using relatively high equivalent weight, low
functionality precursor materials. By using or
omitting'blowing agents, cellular or noncellular
polyurethanes are prepared. Accordingly, polyurethanes
can be prepared which are useful in a wide variety of
applications.
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‘It is common practlce to reinforce the
polyurethane to give it better properties. For

‘example, 1n¢prepar1ng_flex1ble polyurethane foams, it

is known to employ dispersions of reinforcing polymer

particles in a polyether polyol,in order to obtain
- higher load-bearing and good cell opening. Similarly,

the use of relnforolng fibers and fillers is common in

noncellular polyurethanes as well

Due to the hlgh cost of the relnforolng agents,
and the processing: dlffloultles lmposed by their use,
it is deszrable to ‘use the smallest amount thereof

'whloh provides adequate relnforoement, or even avold

their use altogether. 1In addition, it is always
desirable to furtherrimprOVe the properties of
polyurethanes. ' o

It would therefove be de31rable to prov1de a |

rpolyurethane and/or polyurea polymer having improved

phy51oal propertles. It would also be desirable to
prov1de a precursor materlal which, when reacted to
form a polyurethane and/or polyurea polymer, provides
1mproved properties, espe01a11y load bearlng and/or

tensile propertles. j

In one aspeot, thls lnventlon is a liquid

prepolymer composition contalnlng free isocyanate

groups and which is the reactlon product of a
st01chlometrlc excess of a polyisocyanate and an actlve

'_hydrogen—contalnlng compound whlch contains an internal -
, Plgld polyaromatlo grouplng.

' In another aSpeot ‘this invention is a

'polyurethane and/or polyurea polymer prepared in the
7 reaction of an active hyrogen-contalnlng composition
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with a liquid prepolymer composition containing free

'isocyanate groups and which comprises the reaction

product of a stoichiometric excess of a polyisocyanate
with an polyaromatic active hydrogen-containing
compound which contains an internal rigid polyaromatic
gfouping.

The applicants have found that the use of a
prepolymer composition of this invention to prepare a
polyurethane or polyurea provides substantially
improved physical properties, particularly load-bearing
and/or tensile properties in flexible polyurethane
foam.

In this invention, a polyisocyanate=-terminated
prepolymer composition is used to prepare a

polyurethane or polyurea polymer. The prepolymer

composition is the reaction product of a stoichiometric
excess of a polyisocyanate and an active hydrogen-
containing compound which contains an internal rigid
polyaromatic grouping (hereinafter "rigid precursor").
The internal rigid polyaromatic grouping advantageously
has an aspect ratio of at least 2.4. Preferably, the
internal rigid polyaromatic grouping has an aspect
ratio of at least 6.4 or can aggregate with other like
groups to form a nematic, twisted nematic
(cholesteric), or smectic ordering (i.e., liquid
Crystaliine).

, The rigid precursor compounds used herein are
polyphenylene compounds which are soluble in a
polyisocyanate. These polyphenylene compounds are
advantageously as represented by the structure 1
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,16wheraineachDisindependently an inert substituent
~ - group which, when ortho to the -A- linkage, can form a

cyclic structure with the -A- linkage and the aromatic

rings, b is a number from 1 to 10, preferably 1 to 3,

more preferably 1 to 2, each Z is independently an
active hydrogenécontaining group, preferably hydroxyl,

" primary amine or secondary amine, each R is

lndependently a divalent radical which is inert to the
reaction of therlsocyanate-neactlve polyphenylene
éompouhd with a pclyiSocyanate, and A is a covalent
bond, a~cycloa11phatlc le&dlC&l, -CH,CH2= or a rigid
llnklng group,'or forms a CYCllC structure w1th the

aromatic rings and the groups D ortho to the -A-

Iinkage. Preferably, each R is an oxyalkylene or
polyoxyalkylene dlradlcal More preferably, each R is

- an oxypropylene polyoxypropylene, oxyethylene or
—polyoxyethylene diradical. Most preferably, each R is
an oxyalkylene polyoxyalkylene group contalnlng from 1
to 4 repeatlng oxyethylene or oxypropylene units.

Sultable groups A 1nclude, for example, a covalent
bond, a cycloaliphatic group, -N=N-, -C00-,
0 ' o ' -
T ) , S
-N=N-, =CzC=, =C=C-, =Nz=C-, -NHCO-, -NHCOO-, -N=C=N and
a hetérocyclic'group. In describing the groups D as

'lnert, lt is meant that the groups D do not undeSLrably ,
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react with the polyisocyanate, undesirably interfere
with the reaction of the polyisocyanate with an active

- hydrogen-containing compound, or destroy the rigid

character of the rigid precursor compound. Exemplary
such groups D include hydrogen, inertly substituted
lower alkyl or halogen. Most preferably, the groups D
are selected such that the rigid precursor compound is
symmetrical. The groﬁps D which are ortho to the =-A-
linkage can form, together with the -A- linkage, a
cyclie structure, particularly a Cs-Cg cycloaliphatic
structure. - Examples of such rigid precursor compounds
include adducts of bisphenol with from 2 to 10 moles of
pyropylene oxide and/or ethylene oxide, adducts of
3,5,3',5'~tetramethylbiphenol with from 2 to 10 moles
of propylene oxide and/or ethylene oxide and adducts of
3,5,3',5'-tetrahalobiphenol with from 2 to 10 moles of
proleene oxide and/or ethylene oxide.

The rigid precursor compound can be reacted
with a polyisocyanate to form an isocyanate-terminated
prepolymer containing an internal rigid moiety. This
is advantageously accomplished by combining a
stoichiometric excess of the polyisocyanate with the
rigid precursor compound. Advantageously from 1 to 50,
preferrably from 5 to 40, more preferably from 5 to 25
parts by weight of the rigid precursor compound are
combined with 100 parts by weight of the polyisocyanate

‘and caused to react until all of the active hydrogen-

containing groups in the rigid precursor compound have

reacted. The resulting prepolymer product is a

solution or colloidal dispersion of the prepolymer in
the polyisbcyanate. In making this prepolymer, it is
preferred to use a substantially difunctional
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In reaotlng the rigid precursor compound w1th
the polylsocyanate, it may be desired to heat the
mixture sllghtly, or to use a catalyst to speed the
reaotlon. This is part;cularly true when the rigid

~ precursor compound is hydroxyl -terminated. Mild
- temperatures, such as from 30 to 100°C, are usually

sufficient. Suitable catalysts include the usual -
urethane catalysts, 1nolud1ng tertiary amlne and

-organometalllo oatalysts desorlbed below.

The poly;sooyanate used hereln is any whlch has
propertles suitable for preparing the- desired

polyurethane., These polylsocyanates include those
haVing aromatioally'boundliSQQYanate groups as well as

“those which contain isocyanate groups bound to
‘aliphatic carbon atoms. In general, arcmatic
'polylsooyanates are preferred over the allphatlc

polylsocyanates, as the Plgld precursor materials and

,,reactlon products thereof w1th the polyisocyanate are
generally more soluble 1n the aromatlc polylsooyanates.

, Aromatlo polylsooyanates which are partlcularly
useful herein lnolude, for example, 2,4~ and/or 2,6~

'toluene ollsocyanate, dlphenylmethanedl1socyanete, p-

phenylenerdiisooyanate;;polymethylenepolyphenylpoly—
isocyanates and mixtures thereof. Also useful are

_'poIYmeric derivatives of diphenylmethanediisoeyanate as:
well aS'prepolymerS’or“Quasieprepolymers thereof

Partloularly useful aliphatic polylsooyanates
1nclude, for example, the hydrogenated derivatives of
the foreg01ng aromatlo polylsooyanates, as well as
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hexamethylene diisocyanate, isophoronediisocyanate and
1,4-cyclohexane diisocyanate.

In addition, prepolymers and quasi-prepolymers
of the foregoing polyisocyanates having an -NCO content
of 0.5 to 30 percent by weight are useful herein.

A polyufethane is prepared from the

- polyisocyanate composition of this invention by

reacting it with at least one active hydrogen-

~containing compound. The polyisocyanate is

adVantageously present in an amount sufficient to
provide'in the reaction mixture from 70 to 500,
preferably from 80 to 150, and more preferably from 95
to 120 isocyanate groups per 100 active hydrogen-
containing groups. Higher amounts of the
polyisocyanate can be used when the formation of an

isocyanurate-containing polymer is desired.

In general, noncellular polyurethane and/or

- polyurea elastomers (those having an unfilled density

of at least 0.8 g/cc) are prepared by reacting a
relatively highrequivalént weight active hydrogen-
containing compound (preferably 800 to 3000 molecular
weight) and a chain extender compound with a
polyisocyanate. The chain extender compound
advantageously has an equivalent weight of from 31 to
250 and a functionality of form 2 to 4, preferably 2.
The chain extender is preferably a glycol or a diamine,
with C5-Cq alkylene giycols and stearically hindered
aromatic diamines being preferred. In preparing
noncellular or microcellular elastomers, a conventional
casting process, particularly a solventless casting
process, or a reaction injection molding process can be
employed. Suitable casting techniques are described,
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~for example, ih-U{S.iPaﬁent'No. 4,556,703. Reaction

- injection molding techniques are described, for

710 7crystalline polyol or a liquid ecrystal dispersion
'hav1ng a szmllar equlvalent welght functlonallty and
Jreact1v1ty is made.

-15 ?polyurea polymers, either a one-shot or two- shot (i.e.

-prepolymer) process can be employed. 'In the two- shot
process, all or most of the relatively high equivalent -
;welght actlve hydrogen-containing compound is reacted
‘with an excess of a polylsocyanate to form an
ilsocyanate terminated prepolymer, which is then reacted
‘with the chain extender and any remaining high

- ?0

25

30

35

‘,example, in Sweeney, F. M., Introductlon to Reactlon
Injection Moldlng, Technomlcs, Inc., 1979 Suitable

formulations for use in RIM processes are. deScribed,
for example in U.S. Patent Nos. 4,269,945, 4,218, 610,

- 4,297,444 and 4,530, 941. In these formulations
_eubstltutlon of all or a portion of one or more of the

active hydrogen-containing compounds with a liquid

In preparlng elastomeric polyurethane and/or

eqUivalent weight material. 1In the one-shot process,

: most or all of the relatlvely hlgh equivalent weight -
,materlal is mlxed with the chain extender and- the
-mixture lS reacted with the polylsocyanate. However,

certaln prepolymers and quasi-prepolymers may be

remployed as the polylsocyanate component even in a one-
'shot process. ,Preferably, the polyurethane and/or
Vpolyurea,pqumer_is cellular, i.e. has an unfilled-

density of less than 0.8 g/cc. More preferably, the

epolyurethane and/or polyurea is a flexible polyurethane
r“foam._ Such flexible ‘polyurethane foam is '

edvantageously‘preparedrby reacting a relatively high

',requivalent weight'polyol”with,the polyisdcyanete

dig
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composition of this invention in the presence of a
blowing agent. In preparing flexible polyurethane
foams, it is adVantageously to also employ a surfactant
to stabilize the foaming reaction mass and to
compatibilize the various components of the reaction
mixture, and to employ various catalysts for both the
urethane forming and blowing reactions. In addition, a

 crosslinker such as diethanolamine is often employed to

promote rapid initial curing.

In preparing flexible polyurethane foam, the
ma jor component of the active hydrogen-containing
compound(s) used advantageously has an equivalent
weight of from 800 to 3000 and an average functionality
(defined herein as the number of acti}e hydrogen-
containing groups per molecule) of from 2 to 4, more

preferably from to 2 to 3.

Suitable blowing agent for preparing foams are
well known and include, for example, water, low boiling

,halogénated'alkanes such as methylene chloride;

monochlorodifluoromethane, dichlorodifluoromethane and
dichloromonofluoromethane, the so-called "azo" blowing
agénts, finely divided solids, as well as other
materials which generate a gas under the conditions of
the foaming reaction. Water, the halogenated methanes
or mixtures thereof are preferred. When water is used
as the blowing agent, 0.5 to 10, preferably from 1 to
5 parts by weight are used per 100 parts of active
hydrogen-containing combound(s). The halogenated
alkanes are typically used in an amount of from 5 to 75
parts pér 100 parts by weight of active hydrogen-
containing compound(s). However, the use of varying
amounts of blowing agents to achieve a desired density
is well known in the art, and it may in some instances
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',be adwantageous to use amount of blow1ng agents outside

of the ranges- mentloned before.

Sultable surfactants 1nolude the dlverse

.szlloone surfactants, preferably those whlch are block
,copolymers of a poly81loxane and a poly(alkylene
‘oxide). Suitable such surfactants inelude, for

example, Y- 10184 surfactant, available from Union ,
Carbide Corporatlone Surfactants are used in an amount
sufficient to stabilize the foaming reaction mixture -

- against collapse until the foam is cured, and to

~ promote the formationlof a somewhat uniform cell
_structure. Typieally, from 0.1 to 5, preferably from
'0.3;to 3 parts by weight of surfactant are employed per
100 parts of active hydrogen-oontaining compoond(s)°

'Crosslinkers which are commonly employed in
preparing flexible polyurethane foams include; for -

, example, low equlvalent weight alkanolamines such as

ethanolamlne, dlethanolamlne, triethanolamine, 7
propanolamlne, dlpropanolamlne, tripropanolamine,
methyldiethanol aminerandumethyl dripopanol amine.

Also useful are the alkylene glycols and low equivalent
'welght hydroxyl term;nated polyols such as glycerlne
“and trimethylol propane. Such crosslinkers are

generally used in minor amounts, preferably from 0.2 to
10,. more preferably from 0.5 to 5 parts per 100 parts
of relatlvely high equlvalent weight active hydrogen-
containing compounds. Catalysts for prepared
polyurethane and/or polyurea foams include organo-
metalllc catalysts and tertlary'amlne compoundso. of . -
therorganometalllc catalysts, organotin catalysts are

,generally preferred. Suitable catalysts are- desorlbed,'
- for example, in U.S. Patent No. U, 495,081. When using

such catalysts, an amount sufficient to-lnorease'the,'

ki3 :
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rate of the urethane-forming (and foaming reactions,
when a cellular polymer is formed) is used. Typically,
from 0.001 to 0.5 part of an organometallic catalyst is

- used per 100 parts'of active hydrogen-containing

compound(s). Tertiary amine-containing compounds are
used in an amount ranging from 0.1 to 3 parts per 100
parts of active hydrogen-éontaining material. When
polyisocyanurate foams are produced, alkali metal
cdmpounds are useful trimerization catalysts.

' The foam can be prepared in any convenient
manner. The foam can be prepared by reacting the
components in a closed mold, or by permitting the
reacting components to freely rise. Processes for
preparing polyurethane foams are described, for

example, in U.S. Patent No. 4,451,588.

In addition to preparing flexible foams and
noncellular elastdmers, the polyisocyanate composition
of this invention is useful in preparing rigid cellular
add noncellular polyurethane and/or polyurea polymers
methods for making such materials are described, for
example, in U.S. Patent Nos. 4,579,844 and 4,569,951.
Rigid polyurethane foams are advantageously prepared
using active hydrogen-containing compounds having an

~equivalent weight of from 31 to 400 and an average

funetionality of from 3 to 16, preferably from 3 to 8.

'The polyurethane and/or polyurea polymers of this
‘invention are useful, for example, as seating,

cushioning, industrial elastomers, automobile fascia

and bumers and thermal insulation.

The following examples are provided to
illustrate the invention, but are not intended to limit
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'the'scope'thereof. A1l parts and percentages are by
~weight unless otherWLSe lndlcated.

22l

¢}

A TDI prepolymer was prepared.by adding to 100

' :parts TDI 10 parts of a rlgld monomer hav1ng the i

10

15

20

structure

OCH,CH,0H

* HOCH,CH,0 — —

‘and heating mildly uﬁtil all of the hydroxyl groﬁps

have reacted. The resultlng prepolymer was clear,
1ndlcat1ng that the reaction product of this monomer
and DI 1s soluble in TDI. This prepolymer was then
used as the sole polylsocyanate in the formation of a

" molded polyurethane foam (Sample No. 2). The foam was
' prepared by reactlng the prepolymer at a 103 index with

an aetlve hydrogenmeontalnlng composition having a

 composition as indieated Lanable 1 following.

30 '

35
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Table 1
Parts by |
5 Component weight
Polyol A | 60
Copolymer Polyol A2 u0
Water 3.8
10 Silicone Surfactant3 1.6 ce
: Catalyst'Au : , 0.3 ce
Diethanolamine 1.7 ce
Tertiary Amine Catalyst? 0.1 ce
5 Dimethyltindiaurate 0.005 cc
1 A 4800 molecular weight ethylene oxide-
capped poly(propylene oxide triol).
2 See note 1 of Table 1.
3 DC-5043, available from Dow Corning
- Corporation
20 LY 33 weight percent solution of
5 triethylenediamine in dipropylene glycol

bis(N,N-dimethylaminoethyl)amine

, _ The resulting foam Sample No. 1 a contained
25 3.27 weight percent of the rigid monomer and had
properties as indicated in Table 2 following.

: An additional foam was made in like manner,
except the prepolymer was prepared using one-half the
30 amount of the rigid monomer (Sample No. 2). Its
properties are as indicated in Table 2. For
comparison, a foam (comparative Sample No. A) was made
using unmodified TDI as the polyisocyanate. Its

~ properties are also as indicated in Table 2.
- 35
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The data in Table 2 shows that significant
- improvements in load bearing, tear strength and tensile
strength were achieved. 1In Sample No. 1, a substantial
- improvement in both tensile and elongation were
5 obtained. Other properties were also very good.

Example 2

| Three TDI polymers (sample Nos. 3 to 5) were
prepared according to the procedure described in

10
Example 1 by reacting 100 parts by weight TDI with 10
"parts of rigid monomers represented by the structures:
15
HOCH,CH,0 OCH,CHR0H
- Sample No. 3
20
HOCH,CH,0 - OCH,CH,0H
25
Sample No. 4
30  HOCH,CH,0 OCH,CH,0H
Sample No. 5
35 Polyurethane foams were prepared each of these

prepolymers acéording'to the procedure described in
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EXample:1.rrThe foéms had properties as indicated in
“ Table 3 following. = For comparison, a foam was prepared.

using unmodlfled TDI as the polylsocyanate (comparative

: Sample B) Its propertles are indicated in Table 3.

Substantlal 1mprovement ln load bearlng, tear strength
and ten81le strength are seen with this invention.
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'Examgle”i

A TDI prepolymer Sample No. 6 was prepared
accordlng to the procedure described in Example 1 by

reaetlng 100 parts by weight TDI w1th 10 parts of a

rigid monomer- :epresented by the structure°

~— OCHpCH(CH3)OH

The prepolymer was used to prepare a

polyurethane foam accordlng to the procedure descrlbed
- in Example 1. The foam had properties as 1ndlcated in
- Table 4 follow1ng., For comparlson, a foam was prepared

, 2077u51ng unmodlfled TDI as the polylsocyante (Comparative

Sample C) Its propertles are Lndlcated in Table 4

'Substantlal 1mprovement in load bearlng and tenSLIe

- Vstrength are seen w1th thls anentlcn.
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15

Sample

Density, lb/ft3 (kg/m3)

Tensile Strength, psi
(upa)? '

Elongation, %1
Tear Strength, pli (N/m)2

Resiliency, %(DB)3

1wpd

25%
65%
return to 25%

% Hysteresis return®

Moduiu55

 Air Flow, £t3/min (n3/s)?
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Table 4
6 C*
2.3 (36.8) 2.11 (33.8)
28.5 (0.19) 21.7 (0.15)
117 117
2.10 (368) 2.10 (368)
42 51
38 24
113 71
25 19
66 79
2.97 2.96

1.3 (6.1x107%)

'*Not an exmaple of this inveniton.

20 1-7-Same as notes 1-T7 in Table 2.
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1. A liquid prepolymer composxtlon contalnlng
free isocyanate groups which comprises: the reaction
produet of a stoichiometric excess of a polylsocyanate

and a- polyaromatlc aetive hydrogen-contalnlng compound
,'whlch contaxns an internal Plgld polyavomatlc grouplng.

"'2,, The prepolymer comp081tlon of Claim 1
wherein said active polyaromatic hydrogen«contalnlng
compound is represented by the structure '

,wherein'each,D is independently an inert substituent
- group whiceh, when ortho to the -A- linkage, can form a

cyclie structure with the -A- linkage and the aromatic

- rings, b is a number ffdm-1 to 10, each Z is 7
" independently an active hydrogen-containing group, each
‘R is independently a divalent radical which is inert to

the reaction of the isocVanatenreactiverpoiyphenylene

e

- compound with a polyisocyanate, and A is a covalent
bond, a cycloaliphatic diradieal, ~CHCHy=- or a rigid

124

linking group, orrfcrms a cyclic structure with the
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aromatic rings and the groups D ortho to the -A-
linkage.

3. The prepolymer composition of Claim 2
wherein from 1 to 50 parts of said polyaromatic active
hydrogen-containing compound are used per 100 parts by
weight polyisocyanate in preparing said composition.

y, The prepolymer composition of Claim 3
10 wherein said polyisocyanate is an aromatic
polyisocyanate or an aliphatic polyisocyanate.

5. The prepolymer composition of Claim 4
‘wherein each D is hydrogen, lower alkyl or halogen, b
15 is a number from 1 to 2, each Z is a hydroxyl, primary
amine or secondary amine group, and each R is an
oxyalkylene or polyoxyalkylene diradical.

6. The prepolymer composition of Claim 5
20 wherein the groups D are chosen such that the
polyaromatic active hydrogen-containing compound is
symmetrical, and each R is an oxyalkylene or
polyoxyalkylene group containing from 1 to 4 repeating
oxyethylene or oxypropylene units.

257 7. The prepolymer composition of Claim 6
wherein the polyisocyanate comprises (1) 2,4- and/or
2,6~toluene diisocyanate; or (2) 2,4'- and/or 4,4'-
diphenylmethyanediisocyanate, or a derivative thereof.

30

8. A polyurethane and/or polyurea’polymer
prepared in the reaction of an active hydrogen-
containing composition with a liquid prepolymer
composition containing free isocyanate groups which

35 comprises the reaction product of a stoichiometric
excess of a polyisocyanate and a polyaromatic active
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Vof Claim 8 wherein the active polyaromatlc aotlve
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'hydrogen contalnlng compound whlch contalns an internal
Vrlgld polyaromatlo grouplng

!9,”' The polyurethane and/or polyurea polymer

hydrogen=conta1n1ng compound is represented by the

fstruoture

Dy

15

20'

whereiﬁ each D is indepehdently'an inert substituent

-group which, when ortho to the -A- linkage, can form a
cyollc structure with the -A- llnkage and the aromatic

rings, b is a number from 1 to 10, each Z is
lndependently an actlve hydrogen-contalnlng group, each.

R-is 1ndependently a divalent radical which is inert to
Vthe,reactlonrof the lsocyanate-reaotlve polyphenylene

- compound with a polyisooyanate, and A is a covalent

25

30

35

Vbond, a cyoloallphatlo diradical, =CH5CHy= or a rlgld
linking group, or forms a cyeclic structure with the

'Varomatlc rings and the groups D ortho to the -A=-
, llnkage. '

0. The polyurethane and/or polyurea polymer
of Claim 9 whereln the active hydrogen-oontalnlng
composition comprlses (1) a hydroxyl or primary or.
secondary amlne-termlnated polyether and the , ,
polyisocyanate is an aromatic polyisocyanate; s or (2) a

fy

,relatlvely hlgh equivalent weight active hydrogen- . z
: contalnlng oompound and a blow1ng agent.
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11. The polyurethane and/or polyurea polymer
of Claim 8, 9 or 10 which is a flexible foam or a rigid
foam. '

12. A process for preparing a liquid
prepolymer composition containing free isocyanate
groups which comprises reacting a stoichiometric excess
of a polyisocyanate and a polyaromatic active hydrogen-

~containing compound which contains an internal rigid

polyaromatic grouping.

13. A process for preparing a polyurethane
and/or,polyurea polymer which comprises reacting an
active hydrogen-containing composition with a liquid
prepolymer composition containing free isocyanate
groups which comprises the reaction product of a
stoichiometric excess of a polyisocyanate and a
polyaromatic active hydrogen-containing compound which
contains an internal rigid polyaromatic grouping.
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