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Abstract—A p-isopropenylphenol synthesized by cracking of bisphenol-A was used in the preparation of molecular-
weight-controlled polycarbonate(PC). PC containing a vinyl moiety in the terminal group was synthesized by interfacial po-
lymerization of bisphenol-A and triphosgene using p-isopropenylphenol as a chain terminator. PC with the number average
molecular weight of 2,000-44,000 can be obtained depending on the weight fractions of p-isopropenylphenol. PC-PMMA
copolymers with varying block lengths were prepared by addition copolymerization of the PC and MMA monomer. The
structure and block ratios of the copolymers were investigated through the measurements of FT-IR, elemental analysis and
'H-NMR. The block ratios of the copolymers are mainly controlled by the weight ratios of PC and MMA. Observations of
PC/SAN blends containing these copolymers via optical microscopy indicated that the copolymers improved the com-
patibility of PC/SAN blends.
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2-1. A9}

Methylmethacrylate(MMA) tHekAl= Tokyo Kasei Co.9] 15 A2
< ZAd3tlA FRAA FF FAAE AAY F A3, bis-
phenol-A ©HFAl= toluene-2- AF3-3}ed A s}gic}. Triphosgene,
AHde] Zvllg A2} triethylamines} 2,2'-azobisisobutyronitrile(AIBN)
7R A1 A= Aldrich Chem. Co.8] EF A|oke t}2 x]gle] A28l
}. £314v]2 ARS8 dichloromethane, toluene 52 53 AJ|F2
AHE3E7] Aell FR3ksdch. PC-PMMA ¥7} 35312 of22 7t~
E471e14 it

2-2. p-Isopropenylphenol?| &4

2t XA 2 ALE-%F p-isopropenylphenol®] 342 Scheme 16
Ubehd slst ol ¥ @Ale] 2ao 2 Wshalrh. BAL bisphenok
A(50 )% NaOH(0.5 2)& 52 Eebrzo] Y& F 2.5 Tonha) 7
A AT HEE-E 45417 F 250 'C7FR) 41433 71 A)7]H bis-
phenol-AZ ;WA ). o)FA M A& vk EFES AFE
F2 #2jAA A% x249) p-isopropenylphenol-2 2 ¢lchbp 110
°C, 1-2 Torr). o] E-A-& n-hexane & 2 N AAAA 155 BHE
£ & < Ukmp 80 °C, yield: 20-30 %).

Anal. Calcd. for CH,,0: C, 80.60 %; H, 7.40 %

Found : C, 80.55%; H, 7.68 %

p-Isopropenylphenol®] gk % AAEA-& HPLC, Y4EA, FT-
IR, NMR 33 322 #sisich. 9484 % HPLCS] Aol @
2} $JellA] 3HAIRE p-isopropenylphenol-&- 99 % o]Ake] 4431 24
EY9< Fa¥ 4 ). Fig. 160l p-isopropenylphenol®] 'H-NMR
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Scheme 1. Synthetic route of p-isopropenylphenol.
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Fig. 1. A "H-NMR spectrum of p-isopropenylphenol.
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2-3. QT HIE7 1@ = #27I=H0IE®POS S8

2t vdr| & 2= PCx @ A XA (p-isopropenylphenol)$} tri-
phosgene-& A}£-3}%] bisphenol-A %k o] AlHE3le] 23] Agl
o AFAH T £AE T Zok A Fehamed] Eolgle 7
ml®] NaOH 4890l bisphenol-A(0.81 g)2} Na,S,0,(0.004 g)= 2
3 s8R Zc}. p-Isopropenylphencl(0.023 g, 6 mol%)e] 450 )
+ dichloromethane -§-2§(4.7 ml)3} triphosgene(0.35 gy& ¢ &) 3
7kete] bl FAZ T 2417 Bt whSAIA] F AFRlo] Eo)
2 triethylamine(1 mol%)& A7}sle] 4X)7F St 3L A4 s}
At o] FHEAE FFHFZ AASIx dikoz F3A F §71
Ag A $EE 18A {71898 ek wukge) A
AlFck AlA 2 o7} A4S Y3 F AFoA 24417 AT A RAA
A 2 YPeo] PCE I xAcH0.932 g, yield: 80.8 %).

2-4. PC-PMMA Z=EHQ| M=

AollA] 3 gk vd)e] PC2F MMA kA5 AIBNO.Z &
7t 3F8AA PC-PMMA 3530415 A9l 2 4/ o83t
%} PC(2g)9} chloroform 4.4 mlE A4 ¥-9)7] }ell4] Schlenk flask
o ¥ kAl AT}, o] L Nol] MMA(4.67 g)9} toluene 6.75 ml-E
H7}sti AIBN(0.034 )2 2 70 ‘Cell 4] E§A1 7t} 2147 St 8
FA1719 wkgA171 & 3}ake] isopropyl alcohold ARS-dhe] 22y}
AE AAAZE A3 2 Al F AFolA] 2447 Bk AFAE
AlA 2] PC-PMMA £2-& A4th3.71 g, yield: 55.6 %).

2-5. oSt 53

2 ¥'d7)E Z= PC2) 73+ NMR(Varian Gemin 300 spec-
trometer) £33} 43| & AMg3t zAlsglch. 'HNMR 2H 23
TMS7} 1vol% E¢18l+ CDCLE 492 AMgsled dgc). PCY)
F-A12kE GPC(JASCO Model 2350, VY& A}&sle] Fsielz, FaF
" FET BAERE el TS B ARl
PC-PMMA 35349 8= 7o) ¥ v GPC, FT-IR(MIDAC Co.
2] Model PRS), ¥44¥4, 'H-NMR 59| £33t 2o ols] 9%
th. FEgA 2] UV-Visible 242 JASCO V-550 spectrometerS- A}
43t galodct. Exlrxrt 288" PC-PMMA F241E PC/
SAN Eal=829] 443142 A8t A=3}F PC/SAN 80(3 : 7)/PC-
PMMA(1 wi%) £= Fg2| v] Al 25 33 Yv) 4 (Nikon HFX-
DX)o.2 A2ex FAF F F43AE M| @& WEF v
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et HR| A2 A5 ALg-skn deFAe] ik AL °l 3ol (trie-
thylamine)®] 2882 H}—:’f’-oi bisphenol-AS F3A|7] ¥ WAIY &
IR S| E(PC)Y] #3213 @ 4§ 5-& &3l PCY ARSFH
ol eiA Aol Fof7} vl <G8 ARt Table 16 1
A5 et o] FulE AHE-ElR] 9 ASolle 4T
EAo) 7,000 WES) F& $AFE 2 PO} 46 %) e 4

2 AAEAAD, 2 AP 1 59 F7ld wet A"
EAL] EAEF 2 -go) FUsiAc) I Ao Euje) B g
o] 1mol% oAk o2 A Ux|A 3 1EAFe] Exlek 9 48] &
38 2t Fashed oot 2 A= PCY FF wypEoR
AR 5 glck PCY AR F353tel QlolA] o] 2ol & AL
She A4 THeT 2 T A2 W02 AETH10) 3 Al
4= mono-, dichloroformate2h= 7+l 9} bisphenol-A disodium salt
Uk o wFA} Algo] AAbEl=d] AF-o| e} glowd §7]
Absk S4) 732 Wbg-#HEo]| Wolx] A EAlake] 30} HAE 3,
Zul7l A58 F HA AR f7]4bel] 203 dichloroformate
2] Z7kA|9} triethylamineo] 3-§ #AJsled fr)1AbolA] Apo 29
Aol gol WE S FEEEo] Folx]7] el TEA} Al&e] 71
FEA7L A"k AlsFc) o7]6] 2eke] Abdoe] Zu)7) My}
= uhg siter} 23]8 Holx] Exlgko] <zt 14" PCrF A4S
= 7% 4 4 Uk .

o] A& EHE U u]'dr)E ZH= PCY| Stoll Abde] &
v| 2 triethylamineg 1 mol% AH&3}¢ic}. Table 2= bisphenol-A T+
2k of] t¥}F p-isopropenylphenol(Z st A=) A)2] E-2-8-8 ¥3lA]7)
WA FYY PCY Al B S8 F3 Aol}. PC Filel| o)
¢]A] p-isopropenylphenole] 782} Al& wetr)ol Hrislwd 34
o AAkge] & $A= 2 aelby 2ok AR A glo] F¢H ¥Rt
9] #2FF(Mn=44,000)0 v]&j 2 gH-3koll wet 4-20m) 2he Bz}
%S zhs PCoF AAA = ST} Fig. 20l vtehdl ule} o) 2t A=) 4)
2] oo wolx|w PC Ak& webr|ell p-isopropenylphenole] H7}s)
< WhAe]l AX L A2 FiAle] Agukgo) 2749 &g
o] Eobx AT 2EA}L] RS 2,000-10,000 Alo] 2 7Hax|o]
FAe] 2 2 vdr|E 2+ PCE UL 4 et o9
PCO| g-& Uk AAA9] ofo) B H$ ¥R} wedkrle] Hr}
¥ p-isopropenylphenolol] siw=le Fako] ti#fix|7] wj&ol 2fzh
& 3 el

el Azgt F3HA9] FT-IR3} 'H, *C-NMR 233 o 2 Bg]
ZEA} et ol vinyl moiety S ZH= PCE AHAH o2 gelsleict

Table 1. The results of polymerization of bisphenol-A polycarbo-
nate at different triethylamine mole fractions

Triethylamine Yield

mole fraction (%) Mn Mw Mw/Mn
0 458 7,000 12,300 1.78
0.001 74.9 10,600 20,100 1.89
0.005 87.5 20,300 40,700 2.00
0.010 87.0 20,000 39,100 1.96
0.050 78.0 14,100 26,200 1.87
0.100 79.4 12,900 23,600 1.83

Polymerized for 6h at room temperature. [bisphenol-A}/[triphosgene]=3.
[phenol}/[bisphenol-A]=0.06.
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Table 2. The results of polymerization of bisphenol-A polycarbo-
nate at different p-isopropenylphenol

p-Isopropenylphenol Yield —_

mole fraction (%) Mn Mw  MwMn
0 716 43900 93500 21
0.001 723 32600 66400 23
0.010 7.1 10,400 46300 45
0.020 73 6,500 34300 53
0.060 80.8 5500 25000 4.5
0.120 86.1 3600 14400 4.1
0.180 89.6 3200 13,700 43
0.300 95.0 2,200 8,200 3.7

Polymerized for 6 h at room temperature. [bisphenol-A]/[triphosgene]=3.
[triethylamine]/[bisphenol-A]=0.01.

[11]. FT-IR 2 E3ojlA dagAQ] ¢ vehtA] 9wl sl dy)
9] C=0 A &35l sidslE g=27} 1,780 cm ‘o) 4] AJFA el
€ 7122 Ro} bisphenol-A7} F3E 2 #AT 4 Yz, °C-
NMR 28 E& ol 4= vinyl moietyol] #|F=]E M2 9] =] &qls
%ch E3] 'H-NMR A9 286 4= p-isopropenylphenol] =€)
ol AP $4 39} PC AR = T2 Pedr]9] OH $4 1
298] HE3E F3l PC A AMS-R p-isopropenylphenol®] 23
&l ®& vinyl moiety §-f-32] AtoiuliL} 7V58)c). Fig. 3ol p-
isopropenylphenol®] <}2- 30 mol%<} 6 mol%2 ARE3} o] A= PC
F3Ae] 'HNMR 28238 Jehligich 25 AR A2 AHSRH
p-isopropenylphenol®] <Fol] Ataglo] PC Ak Wdr)o] &A]3l=
OHs$} vinyl moiety®] k& v]&:3F 2 Eghe 7Hxlcky Azt=]=)5t
Fig. 3¢l Y}ehdl ule} 7o} p-isopropenylphenol-2- 30 mol% AR5}
3 PCY| vinyl moietyl]l 3= W] 54 w=9] Hugt
°] 6 mol%E M- 79-Hc} o7t A Yehted, o2l As
= FHA PC Al k7] 2] 3 Zof| p-isopropenylphenolo] 371
Fgo] =] wWEelzta ALgdr}. ]9} 22 A= p-isopropenyl-
phenole] PC Azl 37l gfdko] 713kl mel YAE PC

Z3ha 2] $go] o7t Z7lshe Ao} v A AFSch
Aol 249 o8] FR ot u]ds|E 2= PC(p-isopro-

penylphenol®] §f-3Fo] 6, 18, 30 mol%2] PC)} v vl e}z #)o)
5 .

3

0 005 010 015 020 025 030 035
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Fig. 2. Effects of the p-isopropenylphenol mole fractions on production
molecular weight for the polymerization of bisphenol-A.
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Fig. 3. "H-NMR spectra of PC containing a terminal vinyl group.
[(a) 6 mol% p-isopropenylphenol, (b) 30 mol%; Parenthesis is in-
tegrated value].
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E(MMA)®] Feh|E uj3e] AIBN 7JAJA2 PCe} MMAE #7571
TEFHAZ AFE Table 3o Yehigict. AT PC-PMMA 35
A 2] 482 isopropyl alcoholdl] 53] ¢ AEute 2 AlArslA
Lm, 1 k& PCet MMAS] Fa wle} 54-71 %5 ehlisich
T FTFHANA FFHe] AY=HA| 3 dFo2 EAF=
PMMA F8A19) $3E HESP] 8l FFEAE Solx) ¢x
PMMAS=HE ol ol AlES AMG-3te] Alzd F5Aet 29 4
S5 AE-E £33l 9l PC/PMMA HAlE9] 35498 35}
Act. EAlE2] 79 PMMA F3HA7}F A9] eldl ubdel 3534
(Table 3 run No. 1, 4)ollx+= 5% AF(FFESA 2 IR 21 A3}H)9)
AL ko] PMMAYL Rel=glct. aheba] $jellA] A 23 PC-PMMA
FTEFHANA FTFH] A=A ¢da dFo2 Exsl= PMMA
FEA 2] ofo] HE oz ol vlwd FEie] A YR AL
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moiety 2] <}o] run No. 1, 4¢] AFnr} Z7] ol F53}o) A3
7] 91 @502 Exske PMMAS] o] 15% AFE ofzt @
& 3& Vet o123 A= run No. 5 AJ&9] 3% PC Ak&
2d7] FFo| OHE FAE A7} 2t EA8l7] wFelztn
AEEH, oA o] 'H-NMR] A# E] 2] A&} uhe} 7o peiso-
propenylphenol-S- 6 mol% A3l 3% PC AlE 2d7]|ol|A] vi-
nyl moiety 2] §-f2ke] %7t HA et Azje} of$ A AFeHc}
I Azbsc}
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A 2R 93] Aasldc g9 vdr|E e PCe o9 &
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EA 937 & 1,7803} 1,735 cm ™ '9] = =3 242 PCe} PMMAS]
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ule} 7o) o] S-S 7|E 02 3o A|EF PC-PMMA 2Z3})9)
£E ¥ & FT-IR &3 B3] 0 2 Y] 4H&3151c}[9]. PC-PMMA T3
Ao £2 u]= PCe MMA ekA|o] Faku)o) oz} 1:0.32-1:
0.72F el o] 3 AAEA A (Table 3)9} dA3+= A
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Fig. 4. A FT-IR spectrum of PC-PMMA block copolymer.

Table 3. The results of copolymerization of PC-PMMA block copolymer

-Isopropenylphenol PC-PMMA(PMMA PC-PMMA PC-PMMA PC-PMMA
Run no.  PC/MMA 7 p(nr:ol‘;w)p yield(‘a%:) : Mn block length block ratio
1 3.7 30 54.0(35.0) 6,600 1:2.0 1:0.72°(1:0.67)
2 4:6 30 63.2(38.7) 7,480 1:24 1:0.61 (1:0.56)
3 6:4 30 71.0(27.0) 6,600 1:2.0 1:0.32 (1:0.33)
4 3:7 18 55.6(36.6) 6,400 1:1.0 1:0.59 (1:0.61)
5 3:7 6 56.0(37.8) 8,800 1:0.6 1:0.54 (1:0.54)

Polymerized for 21 h at 70 °C. [AIBN]=1.8x 10> mol/l. “block ratio is obtained from the measurement of FT-IR. *block ratio is obtained from the meas

- urement of elemental analysis.
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Fig. 5. Dependence of transmittance ratios of carbonyl group on the
PMMA weight fraction in the PC/PMMA blends.
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Fig. 6. A 'H-NMR spectrum of PC-PMMA block copolymer(run No. 3).
(The integrated values are shown in the parenthese.)

< o & 9l%ic}. Fig. 60l vrehdl PCPMMA %3+l (run No. 1, PC/
MMA=3/7)%] 'H-NMR 23 E&ojl4] 3.6 ppme] PMMA COOCH,%|
== 4 =329 7.4 ppme] PC WA w2 sdss 54 3
A9 A v e FEYAY B2 uE 78 4 9]
o] A A 7 PMMAS] 43R 43.9%(1:0.78)2 423
FT-IR 2" e o 2 ] 73 gh5} 7of Ax|she 7L gelst
At =3 FE3A2) 'H-NMR 23 o4 PC Zutr]of] Zx)
3} p-isopropenylphenol moietyol| S|F= &= 937} FA P48t
COOCH,2] wi"7]dll sid=e F=27} Jehd Ao vol T3
o] A AYH Ag FAF 5 et

2 A7l FAA o8 Expapo] 2WW Bk )y g 7
+ PCE Axd F 0171& 0|83l MMAS} Z+-& vinylA|2] wheks)
o} ¥t IFEAA £ ujg} o] E9] x5} Aoj= PC-PMMA
FTEHAE NLsigdch. Fig. 72 ole} e Alshde] ZEghae
PC/SAN Bl = 5-2] A431A| 2 ALgsle] 33l gn)gdoz Are A
¢ W3S A9 Aot PC/SAN B =2-2 Fig.79) (a)ll v+
Bt wio} o] F mRA1e] FEels) s s sy s
2 PC-PMMA FEHAE H7IRE A $olle AR Eojele) 5
717} % el [Fig. 79] (b)] F A7}e] Aldgo) axygo g =
l=& Z1¢ ¢ § UHTH PCPMMA 3839 B2 o] g n)
o mE PC/SAN B2 FzxMs}l 9 AWEAH g 245

HEZat H3sH M4E 19974 8@l

(a)

Fig. 7. Optical micrographs of PC/SAN80(3 : 7) blend. Magnification
X 100.
[(2) PC/SAN80, (b) PC/SANSO containing 1 wt% PC-PMMA
(run No. 5))
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