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Horseradish peroxidase &4F1]E ©]-83}°] dioxane:T~8(80:20 v/v) <3+&-A] poly(p-phenylphenol) 45
8] st A ke AR A Al 837 7FEE/dS thermogravimetric analysis (TGA)2}
differential scanning calorimetry (DSC) W*H-S S84 212 A8 @4:0) Aol 0.25 mg/mLE 5718 u] 4
A19] FAAFEL FAH SISO a4l ARERe] 025 mg/mL oo R SUIIHENE A2 SAES A
Al 7V kTt B3t sodium acetate (100 mM, pH 4~6)2} sodium phosphate (100 mM, pH 7~9) o8NS =
g0z AMgE A9 pH7} SUFTE FlisA 9] o] SISt 2Ey 8919 pHYE 63 9 W, A
o] AITFEL ANEShe 95 9] Frell wbA A 9531t = pH 60114 sodium acetate T4 sodium phosphate
5 ARS8 15% A5 4SSl B8 pH 99l4] sodium phosphate T]4! sodium bicarbonates A3-3+
A5 B3 TEo] oF 20% & A 7SI 8RS pHIF 4~7 M 9]elA] 2,2-azinobis (3-ethylbenzothiazoline-
6-sulfonate) (ABTS)E AAFIGAZE ARESIAQ2 mM) T4 580] F 10% = Fd= Tt TGA AP A7 pH 92!
FEAord ABTS7} 2 mMo] H7Fg 34342212 800 °ColA 2] ZF(char yield)0] 47%=2 A8l eHgAdol 714 ¢
T3t DCS 57 Ay AMdeg-dex] 39 X2k T4 2 VA FEellA A E A0 FREAAS AR
g3t 28y BE A A A9 SAS HolFgl

Abstract — The optimum synthetic conditions of poly(p-phenylphenol) by horseradish peroxidase in dioxane:water
(80:20 v/v) mixtures were studied. The stability against thermal degradation and structural properties of the synthesized
phenolic resins were investigated by thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC),
respectively. The synthetic yield of poly(p-phenylphenol) increased upon the increase of the amount of enzyme up to
0.25 mg HRP/mL, then leveled off for further increase of the enzyme usage. When sodium acetate (100 mM, pH 4~6)
and sodium phosphate (100 mM, pH 7~9) were used as the buffering salts for the aqueous component (20% v/v), the
synthetic yield of the resin increased at higher pH of the aqueous buffer. But when the pHs of the aqueous buffer were 6
and 9, the synthetic yield strongly depended on the types of the buffering salts; if sodium phosphate was used instead of
sodium acetate at pH 6, the yield decreased by about 15% and if sodium bicarbonate was used instead of sodium phos-
phate, the yield decreased by almost 20%. When the pH range of the aqueous buffer was from 4 to 7, the addition of a
radical mediator, 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS), up to 2 mM improved the synthetic yield of
the resin by about 10%. TGA experiments revealed that the thermal stability of the resin synthesized in dioxane:water
(100 mM sodium phosphate, pH 9) (80:20 v/v) was high having the char yield of 47% upon the heating at 800 °C. DCS
results showed that the structures of the polymers synthesized in acidic aqueous buffers were different from those of the
polymers synthesized in the basic aqueous buffers. However, all the synthesized resins were found to have the property
of the thermosetting resins.
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Phenol-formaldehyde 4= %% T A|, F 24, laminates, "F2-
Al, FAA| T oheFet 524 0% AREEo] $tH1,2]. 13y o] 4]
& Axsh] f8iA AR formaldehydei= 379 ol 44|
FHRSHAl H AL FAE o] galA AE HEAFS ARSE w) AA
8] WEEE 17 9 el fafgh 54 Eolvh3). webA &
Zofli= E2 F7lof| A 7122 phenol-formaldehyde] AFE-S 145}
2 ATH4]. o]l whebA] Fel fafgh E23] formaldehydes AHE-
SHA] omA 1idstal nlgo] At HmA 9] ide] a7RE 1L
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2 28 YERITH12-14]. HRPE ©]4-3F p-phenylphenol®] 173
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Fig. 1. Reaction mechanism of p-phenylphenol oxidation by horse-
radish peroxidase. Three ions in the enzyme molecules rep-
resent the three different oxidation states of iron contained
in the active site, heme, of HRP.
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HRP el EAJ%= T3] a2k 524141 poly(p-phenylphenol)
o] FAFEE =o17] Y3t A5 A 3ISIT). Akkara 5-(1991)
HRP®] 9]t p-phenylphenol®] $+4d A&S Al gich17]. 1=+
o] Atofa] AREE 242 dioxane:water (80:20 v/v)OIA|WF AR
&N (20% viv)e] pH 73 7.5% vl AlhE RiflellA AR
AT} 1 Aol = pH 4~97k4] T B W 919] pH &5 A}
S8k, 2ol A EA|Ql 2,2'-azinobis (3-ethylbenzothiazoline-6-
sulfonate) (ABTS)E Z718to] 74 4 &5 o] f1gt A
e A

3kH polyethylene¥} polypropylene?} -2 7191 A& o] &35=
AlFe] S7Htel webA WdAle] Fe/do] TS AR A7
AbEE o] o YAA= A7 halogen AlE WA Qb
phosphorous A4 2] FAAZ Lo ATH 18] 23 HAllE= °l&
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2.4 H
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sulfonate) (ABTS), 1213 77|22 dioxane Sigma-Aldrich Co.
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2-2. Peroxidased]| 2|5t p-phenylphenol TIEA|2| EHAJHItH

p-Phenylphenol 4= TR} 22 WS o] §8llA] FAJ= STk A
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phenylphenols #F-55%7} 100 mMe] HES galr71t) 18] 1
LA S84 9589 4 mL (100 mM sodium acetate, pH 4~6; 100 mM
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2-3. Poly(p-phenylphenol)2| FZoHEM ¥ AESHEM

AE HE 1A FAE A3 AL thermogravimetric
analysis (TGA) 4] (TGA Q50, TA instruments)E- ©]-8-3l14 &7J3}
Atk TGA AEeM = 138 AR oF 10 mgs Aa9]7]elA
50~850 °CZ 10 °C/min®] &1 7FA3HAA 5%} 10% AR A
5= 2 800 °CollA] 77 (char yieldye Z7d3I3ich T4 E 42412]
T-ZEA)2 differential scanning calorimetry (DSC)J*| (Q20, TA
Instruments)= ARE3IA S7431590) DSC AEHPH O 2= oF 4-6
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mg®] AIEE 30 °CellM FAI3 F Aarkae] 38 50 mL/min &
FAIBFAA 2EE 10 °C/ming] $E2 300 °C7HA] =t} 3t
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3. du} ¥ oF
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[18]. TZAIQ] p-phenylphenol®] 3l EE Fol1 540] S
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S5 28N (100 mM sodium acetate, pH 5)2} HRPS] &/Jo] £
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T(20% viv)CE ARGE o] 540 ARSERS 0.05~0.5 mg/mL ]
2 WI3IA7]HA] poly(p-phenylphenol) 4] TAdF&-8 7451
Fig. 20l YERSITE. 1iAke] 3382 a0 ARGo] 5718
5 7kl 56 m40] AREREC] 0.05~0.25 mg/mL Ato]d
739 IRAS FATES T3] SO G40 ARl
0.25 mg/mL ©1d 739 tAke] FIT8e] ST FolESlt)
A0 ARgEo] HI]l 0.5 mg/mLY w aEAle] FAES SF
4(20% viv)el pH7F 59U 73 oF 56.9%C13 0Lt ¢45-8-42] pH
7} 7Y 739 65.1%% 78I

AL AMERFO] 0.5 mg/mLY A5 2 pHollA] Ve ke
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Fig. 2. Effects of the amount of HRP on the synthetic yield of poly
(p-phenylphenol) in 80% (v/v) dioxane with two different
aqueous buffers; sodium acetate (100 mM, pH 5) and sodium
phosphate (100 mM, pH 7).
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Fig. 3. Thermal properties of poly(p-phenylphenol) synthesized in
80% (v/v) dioxane with 20% (v/v) of two different aqueous
buffers; sodium acetate (100 mM, pH 5) and sodium phos-
phate (100 mM, pH 7). HRP=10 mg/20 mL. A: Thermogravi-
metric analysis, B: Differential scanning calorimetry.
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Table 1. Thermal degradation properties of poly(p-phenylphenol) synthesized by horseradish peroxidase (10 mg) in 20 mL of 80% (v/v) dioxane
mixed with two different buffers at pH S (100 mM sodium acetate) and 7 (100 mM sodium phosphate), respectively

Aqueous buffer Synthetic yield 5% weight-loss temperature 10% weight-loss temperature Residue at 800 °C
pHS 56.9% 280.8 °C 366.1°C 45.9%
pH7 65.1% 259.6 °C 350.5°C 45.8%
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Fig. 4. Effects of ABTS on the synthetic yield of poly(p-phenylphe-
nol) in 80% (v/v) dioxane. Aqueous buffers (100 mM) are
sodium acetate for pH 4~6 and sodium phosphate for pH 7~9.
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Fig. 5. Thermal properties of poly(p-phenylphenol) synthesized in
80% (v/v) dioxane with 20% (v/v) of two differential aque-
ous buffers; sodium acetate (100 mM, pH 4) and sodium
phosphate (100 mM, pH 9) in the presence of 2 mM ABTS.
HRP=2.5 mg/20 mL. A: Thermogravimetric analysis, B: Dif-
ferential scanning calorimetry.
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Table 2. Thermal degradation properties of poly(p-phenylphenol) synthesized by horseradish peroxidase (2.5 mg) in the presence of 2 mM ABTS
as a redox mediator in 20 mL of 80% (v/v) dioxane mixed with two different buffers at pH 4 (100 mM sodium acetate) and 9 (100 mM

sodium phosphate), respectively

Aqueous buffer Synthetic yield 5% weight-loss temperature 10% weight-loss temperature Residue at 800 °C
pH 4 44% 270.0°C 349.6°C 44.7%
pH9 59% 291.1°C 357.5°C 47.5%
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