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7 poly(2,6-dimethyl-1,4-phenylene ether)(PPE) &3 HE-8-& 22314 th. ©] 7} CuCl/1-methylimidazole/
ammonium hydroxide A| =8l oA 7 2 T &S YR AT 3, 2 714 & {7 &l et MEE o] &
GEuf Al 2go A &ul o] FEH S-S RSAA ulle] 24 o] Skl rIXl= TS BASFA S 2,4,6-
trimethylphenol (TMP)E AF&-3lo] TMP &&fo w2 EA18 24 315 AU S22 X E/MEHE 9/1(viv)
EHEME AR AL W MY =2 5 78 2 BAHS 2 SHA(M, 55K M, 92K, PDL: 1.7)E &
Atk T2 A7FFul CuCl 3 CulE AHE-3te] M ZTHE Fol 2, 5 ClI ot I o] o] T A mA= S
ZAVEA T Ful o] 84 v AL E 9151 AFA F4F(oxygen-uptake) S SA 31 oW, FH-S-o] FAHE<Ql 5,5-
tetramethyl-4,4’-diphenoquinone (DPQ)<] &3-S 22| A 33 7] (ultraviolet spectroscopy)E -5+ 141 3F ATt

Abstract: Poly(2,6-dimethyl-1,4-phenylene ether) (PPE) was synthesized using Cu(NO,),-3H,0 or CuCl catalyst with
various amounts of ligand and base in several different solvent systems. CuCl/1-methylimidazole/ammonium hydroxide
was found to be an effective catalyst system which showed the highest polymer yield and molecular weight. The effects
of catalyst/monomer ratio, different amine ligands, and the content of mono-functional reagent 2,4,6-trimethylphenol
(TMP) additive on the polymer yield and molecular weight were investigated. Among the co-solvent systems used in
this polymerization, chloroform/methanol 9/1(v/v) gave the highest polymer yield and molecular weight (M, 55K,
M, 92 K, PDI 1.7). The catalytic activity between CuCl and Cul was compared by oxygen-uptake experiments and
the formation of sideproduct, 5,5 -tetramethyl-4,4’-diphenoquinone (DPQ), was analyzed by ultraviolet spectroscopy.

Keywords: poly(phenylene ether), engineering plastic, oxidative coupling, oxygen-uptake, DPQ, PPE.
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Figure 1. Reaction scheme for the copper-catalyzed oxidative cou-
pling of DMP.
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Figure 2. Synthesis of TMP end-capped PPE.
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Table 1. Effect of Base/Cu Molar Ratio

Catalyst Ligand/Cu Base/Cu Yield(%)
1 80.6
3 92.0
5 80.3
CuCl 30 7 78.8
14 57.4
28 25.5
39 -

Solvent: toluene/methanol 13/2(v/v), ligand: 1-methylimidazole, base:
ammonium hydroxide.
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Figure 3. Oxygen-uptake measurement according to ligand/catalyst
ratios.

Table 2. Effect of Ligand/Cu Molar Ratio

Catalyst Base/Cu Ligand/Cu Yield(%)

40 -

30 92

20 73

CuCl 3

15 74

10 58.8

5 -

Solvent: toluene/methanol 13/2(v/v), ligand: 1-methylimidazole, base:
ammonium hydroxide.
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Table 3. Effect of Different Solvent System and Volume
Ratio

. M M, Yield
Solvent Solvent Ratio (x 1‘63) (x 1‘63) PDI* (‘1;; )

10:0 - - - -
9:1 55 92 1.7 87.3
8:2 51 86 1.7 86.3

CHCl; : MeOH

7:3 65 137 2.1 80.1
6:4 32 61 1.9 76.4
5:5 16 27 1.7 72.5

10:0 - - - -
9:1 20 43 2.2 85.9
8:2 9 14 1.6 79.7

THF : MeOH

7:3 8 13 1.6 76.3
6:4 6 9 1.6 72.3
5:5 5 9 1.7 69.7

10:0 - - - -
9:1 1.5 2.5 1.7 23.9
8:2 30 52.5 1.8 79.3

Toluene : MeOH

7:3 26 45 1.7 76.8
6:4 18 30 1.6 75.3

5:5 16.5 29 1.7 71.6
*PDI: Polydispersity index, M, /M,.
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Table 4. Effect of CuCl vs Cul Catalyst System

Solvent CHCI;/MeOH Toluene/MeOH THF/MeOH

Solvent ratio 9/1 8/2 9/1

Catalyst CuCl Cul CuCl Cul CuCl Cul
Yield(%) 873 907 793 856 859 853
M (< 10%) 55 132 30 82 20 43
M, (x 10°) 92 215 525 140 51 99
PDI 17 16 18 17 22 20

DPQ(ppm)  0.148 0.191 0250 0289 0.349 0.123
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Figure 7. TGA themograms of PPE according to the number of pre-
cipitation.
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Table 5. Effect of TMP Addition on the Oxidative
Polymerization

TMP(%) Yield(%) Ml M, *
1 87 0.56 60793
2 82 0.38 32953
3 78 0.32 26107
4 76 0.23 15511
5 72 0.24 16471

*Molecular weight was calculated according to the following MHS
equation: [M] = KM, (K=4.83x107", a=0.64).
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