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Abstract

Oxidative polymerization of thymol was carried out at 40 °C for 40 h using bulky 2-(p-
tolyl)pyridine as a ligand for copper(I) chloride. A high molecular weight polymer with selective
1,4-coupling was obtained when five equivalents of the ligand were added to copper(I) chloride.
The resulting poly(thymol) showed a thermal decomposition temperature above 380 °C, a glass
transition temperature of about 170 °C, and a relative dielectric constant (Dx) of 2.28. The
thermosetting thymol and 2,6-dimethylphenol (DMP) showed high gel fractions, and the
thermosetting PPE»s was comparable Dy of 2.46 at 10 GHz of commercial PPE .
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Scheme 1. Polymerization of thymol with CuCl(I)-2-(p-tolyl)pyridine and film fabrication by hot-press method
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Molar ratio Yield” GPC ¥

a@ﬁifi%(ﬁ%j}ﬂﬂgf Cheb 'Eib  Run Polymer CuCl(l): 2-(p-tolylypyridine (%) M, (kDa) My (kDa) My/M,
73 B (M= 22.7 kDa) DRV ] | 1 350 43 6.1 4
-7»_75)1%5“71(% 1o F 7. 2 1 2 252 4.6 7.1 1.5
FLIR, 'H,"CNMR 525, & | i ©a e e ss
DOESED 1,407V v~ 5 1 5 590 227 211 9.3
T T A
HHZENHLMNER ST 8 PPEw 1 30 50.1 10.1 439 44
( 1 )O :2/[/ ’5 @71—\9 U Vb‘ﬂi\ 9 1 40 46.0 13.0 49.1 3.8
A 10 1 50 49.1 1.1 354 32
420 °C fHFlizB W T —EpET T I 60 54.4 7.7 25.0 33
HERDLTWAI b, 12 1 70 43.8 8.8 21.9 25
o . 13 I 80 428 73 215 3.0
AV TREN AT IVERE 14 1 90 414 158 46.4 2.9
DSR2 5. 2 TV 15 1 100 462 135 29.8 22

I/ A : ) e — \_. ays
-\ & iﬁﬁ” GRS ° =T a) Conditions : O, atmosphere, 40 °C, toluene, CuCl(I) 3 mol%, b) Methanol-
S /ﬁﬂ{y_% Z 1 é =5 100 insoluble part, c) Determined by GPC (THF, PSt standard).
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Figure 2. Film images of PPExy, where x and y denote the weight% of PPEw and PPE2sand cured film

qu{ﬁﬁ % ﬁi 7 (43% 5)0 40% Table 3. X-linked fraction of PPEw and PPE2¢
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Table 4. Thermal properties of PPEw and PPE2s (E’ : Storage modulus, E*” : Loss modulus, tan § : Loss tangent)
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Run Mass ratio N L lgl)\iA ] CTE ;) Thickness| Run Polymer Wt ‘ . T( Ig;leM CTE :) Thickness
PPEw PPExs TMA [ (Pa) £ (Pa) tand (ppm /°C) (mm) CYMEL Acid TMA m(ppm: C) (mm)
1 0 10 2222 2024 2082 2155 112 0.562 | 13 PPE, 25 1.5 - 1792 1803  199.0 - 0.214
2 1 9 2188 2003 208.0 2147 82 0.221 16 - 10 3 - 166.9 1747 2054 - 0.227
3 2 8 2120 1975 2052 217.1 92 0.147 | 17 1 0.3 2152 1965 2022 2189 83 0.304
4 3 7 197.2 1809 188.9 207.6 90 0.160 | 18 25 1.5 2188 2044 2095 2204 81 0.301
5 4 6 1922 180.6  185.0 200.6 107 0.101 19 PPEx 5 1.5 2128 1949 1932 2172 84 0.295
6 5 5 190.2 179.2 183.0 199.1 88 0.103 | 20 B 7.5 225 2123 201.8 2064 2189 74 0.289
7 6 4 1844 178.8 181.2 1933 130 0.111 | 21 10 0.3 2151 1909 193.2 2145 94 0.284
22 10 3 2202 2132 2259 2192 84 0.343

a) Obtained by TMA at a heating rate of 10 °C/min, b) Obtained by DMA at a heating rate of 2 °C /min, c) Measured from 100 °C
to 150°C by TMA.

Table 5. Dielectric constant and dissipation factor (Dk = dielectric constant, D= dissipation factor)

Mass ratio 10 GHz ® 20 GHz ® Wit% 10 GHz ®

Run Run Polymer -
PPE,, PPE,; D, Dy D, Dy CYMEL Acid Dy Dy
1 0 10 2.46 0.00173 2.42 0.00208 17 1 0.3 2.34 0.00322
2 1 9 2.44 0.00291 2.20 0.00300 18 2.5 1.5 2.44 0.00334
3 2 8 2.39 0.00300 2.40 0.00325 19 PPE,, 5 1.5 2.45 0.00282
4 3 7 2.36 0.00425 2.49 0.00490 | 20 N 7.5 2.25 228 0.00325
5 4 6 237 0.00436 2.38 0.00470 | 21 10 0.3 2.40 0.00392
6 5 5 233 0.00495 237 0.00511 22 10 3 2.45 0.00282
7 6 4 2.28 0.00466 2.30 0.00542

a) Measured by cavity resonator (TE : in-plane refractive index (10 GHz, 20GHz).
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