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Dielectric constants for different fragments of polymers calculated by Prof. A.A.Askadskiy.
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Decreased dielectric constants of phenylated
polyphenylenes are due to:

-absence of polar groups;

-large free volume;

-hydrophobisity of the polymers.

Dielectric measurements were performed on 1 ml thick
films. The gigahertz dielectric constant measurements were
N
obtained using a Hewlett Packard 8510 Automated Network
Analyzer over a frequency range of 8-12 GHz. The films
were desiccated overnight prior to measurement and were
run at room temperaﬁure at 25-35% RH. The reported

dielectric constants are quoted at 10GHz and are accurate to

+0.03.
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Table. Molecular-weight characteristics of the

phenylated polyphenylenes of general formula:

P
¢S, X
é@@ o
-X- -Ar- N red., GPC
dl/g
M, M, M,
e
|(|) —©— 0.82 59200 | 207600 | 480100
« \© 0.52 27100 78200 | 145000
« @ﬁ@- 0.48 48300 | 258600 | 310000
(0]
® O~ | 019 7300 | 15600 | 30500
« ©/ 0.18 6400 15300 | 31500
« @ﬁ@— 0.29 8800 38400 | 125300




Table. Some properties of chloral-based phenylated
polyphenylenes of general formula:

z
Oé

Q

Ar

O

-X- -Ar- Ty Tiow* (TGA, Films properties
. AT=4.5 °/min, (25°C)
air), °C
o, MPa g, %
0SS
ﬂ, —©O— | 306 |610 (649)| 80.4 8.3
« @ 282 1635  (666)| 70.7 6.0
« |OpO-| 303 |643 (658)| 74.2 49
O

/ O | 315 =625 - (639 . :

« @ 308 628  (650) : -

« |OO-| 301 |630 (641)| - :

* —in parentheses are given Ty, in argon.










Some properties of phenylated polyphenylenes of general .

formula -

r‘ —
.
33 Nred. Mechanical
-Ar- (m- T, | Properties of | Dielectric constants
cresol, | °C Films
25°C)
dl/g o,% | g % | Cale. | RH=| RH=
0% | 50%
|: :| < 0.47 247 - - 2.63 - -
_©_ 0.80 | 260 | 50.0 | 3.2 | 2.63 | 2.55 | 2.56
@ @ 0.89 254 | 78.0 6.6 2.67 | 2.65 | 2.56
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Reactions were carried out in 1,2,4-trichlorobenzene at 22(° C for 40 hrs.



Table . Some properties of phenylated polyphenylenes of general formula
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-Ar- Nred., Tg, T 10%., (TGA, Films properties ,

dl/g bl & AT=4.5 °C/min,), 25°C

5, 8
air Ar o, MPa g, %
: : : 0.62 345 590 645 6.50 5.0
0.41 328 570 615 - o
@C 0.51 330 591 630 6.80 6.5
O

All polymers are soluble in N-MP, DMSO, DMA, DMF.
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All polymers are soluble in N-MP, DMF and (except of the polymer
based on 4,4’-diethynyltolane) in DMSO, m-cresol, THF, CHCI;,

O

toluene.



Properties of the polyphenyleneetahynyienes of general formuia
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Table

films

Absorption (A,) and fluorescence (A¢) spectra for

polyphenyleneethynylenes

re—— g = @ orEREE

s
[ M—c=c 440 580

438 562




‘Polyphenyleneethynylenes and polyheteroaryleneethynylenes
- polymers with promising electrooptical properties - usually are ’
prepared by the interaction of dihaloaromatic and
diethynylaromatic compounds catalyzed with transition metals

( first of all - Pd) derivatives.

Pd
n Hal-Ar-Hal + n HC==C-Ar'-C=CH e -Ar-C=C-Ar-C==(C-
; n

. Because of the side reactions these procedures often lead to
the formation of relatively low molecular weight polymers; in
addition, preparation of organo-soluble polyphenyleneethynylenes
and polyheteroaryleneethynylenes seems to be rather problematic.

In the frames of present'investigation we have developed a
‘new . synthetic  approach to  the  preparation  of
polyphenyleneethynylenes and polyheteroaryleneethynylenes. This
approach is based on the utilization of acetylene-containing
monomers - e.g. bis-a-diketones aﬁd bis-cyclopentadienones - 1z
smoothl)}'proceeding polymers - forming reactions - formation of

polyphenylquinoxalines and phenylated polyphenylenes.
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M,, M, | M, A, IIOTEPU MaccChl,
U -Ar- -R x10? | x107 M 125°C5 |- °C 2
%),
Mep - i/t
BO3IAYX | aproH
xa| O H | 6370 |2430|2.62| 044 |365| 565 | 642
xs | O @ 114.10 | 1630 | 7.00| 0.50 |328| 592 | 639
xg| O | O | 3470 | 920 |376| 051 |276 | 613 | 629
xr| O —s—(0)| 4030 [13.10(3.08| 043 |229 | 530 | 581
xn | Q10 | 7070 |2260312| 051 |315| 558 | 628
xe | O TO —O) |20130|3280]613| 053 [313] 601 | 633
xk | O TC o« | 11080 |23.80 | 4.65| 048 |235| 590 | 615
x3 | "OTC <O | 4670 | 760 [6.15| 041 |233| 536 | sss













All polyimides syntheses were carried out in m-
cresol using benzoic acid as catalyst at 180 °C for 10 hrs.
Syntheses of polynaphthylimides and
polynaphthoylenebenzimidazoles were carried out in m-
cresol using benzoic acid + benzimidazole as catalyst at
180°C for 10 hrs.

All  polycondensation  reactions  proceeded
homogeneosly and led to the formation of high molecular

weight polymers in almost quantitative yields.



Table. Solubilities and viscosities of the polyimides of general formula:

+0Q 0
+0—0—0rs
;o8

O
O—O—O

Nred,, Solubility
-Ar- DMF, m-
25°C, | NMP | cresol| DMSO| THF| DMAA| CHCIl; | CgHs-
dlf& CH3
O 0.76 + + + + |+ + ++
. . 0.71 + - + + |+ - e
‘©EN\\ C T e + £y - -
C
NH
FaC
Q . 0.52 + + + + |+ + ++
CF3
D % O .. N I I T A + ++
<D CH, <:> 0.71 + + + + |+ + +4
(;JFa ; 0.73 + + + + |+ + ++
=0
CF;

+ Soluble; ++ soluble on heating; - insoluble




Table. Mechanical and electrical properties of the films based on polyimides of
general formula:
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Mechanical properies Dielectric Constants, &'
-Ar- at 25°C
o,MPa | &% E, Calc. | RHO0 % RH
GPa 50%
_©_ 79.5 60 l:255 | 287 .295 3.17
83.0 30 | 1.80 | 2.86 | 2.89 3.19
@N\\ 66.1 60 | 2471297 1300 3.25
C
FsC
. . 82.0 9.0 1.55 2.81 2.85 2.91
CF,4
@O D 690 | 40 | 176 | 2.88 | 3.00 | 3.8
4@% @_ 700 | 80 | 1.60 | 286 | 291 3.30
CFs 65.0 &5 110128 | 286 2.95
C
C éFac




Table. Thermal properties of the polyimides of general formula:
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-Ar- Tg, °C | Tion, °C (TGA) | Tio%- | Tiow-
Ty Ty
Air Ar Air Ar
O 375 613 680 | 238 | 305
398 588 | 663 | 190 | 265
‘@N\\ 389 614 629 | 225 | 240
c—<: \>—
NH
FaC 385 605 662 | 220 | ‘271
CF,
O & C 370 589 669 | 219 | 299
_@_ cHe @_ 340 583 647 | 243 307
OFs 380 595 626 | 215 | 246
@ ‘f@
CF;
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Table. Photoabsorption and fluorescent characteristics of the polynaphthylimides of
general formula:
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Relative
-Ar- Aa, Max, nm Ag Max, nm quantum
yield
_©_ 408 550 6.1
400 540 3.8
_@N\\ 431 580 1.0
~O—
NH
FaC :
. . 410 530 5.6
CF,
_@_O_Q_ 415 510,548 7.3
4@% @_ 421 510,550 73
CFs 399 510 4.1
—©“?“©_
CFs




Fluorescense infensity, rel. units

Wave length, nm

" Fluorescence spectra for polynaphthylimides of general formula




Table. Solubility and viscosities of polynaphthoylenebenzimidazoles of

general formula:

v O O @@ e
P i 2N /
& % Ar
0P Q<K
/
O—-O—O+O—0O—0O<
0 (0]
i -n
=y Need Solubility
25°C), m-
dl/g DMF | DMSO | cresol | THF | CsHsN | CHCIl;
0.80 + + ¥ + a +
:©704©( 0.72 + - + 3 % &
e~ S e
7
:@7ﬁ‘@ 0.69 + + + + + #
o)

+ soluble; + partially soluble; - insoluble



Table. Mechanical and electrical properties of the films prepared from
polynaphthoylenebenzimidazoles of general formula:
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N Mechanical properties Dielectric constants,
Ar
At e
o, Mpa | E, GPa g, % | RH=0% | RH=50%
68.8 2.9 5. 3.10 393
@ 0 @ 61.7 2.10 5.0 343 3.54
j@—cw@ 62.4 2.21 4.8 3.16 3.58
2.00 4.5 3.20 3.61

:@E_@ 61.0




Table. Maximums of absorption and fluorescence spectra for
polynaphthoylenebenzimidazoles of general formula:
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TGA curves for polynaphthoylenebenzimidazole

in air (a) and in argon (b)
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