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A 7k 7] R o Absl A S Fol7] Slsh Ahe] dEtow o bstekAs) Alsl AgalE YRR 3}l zine gluta-
rateS EHlE 310] poly(styrene carbonate)S 3A8IGATE od2] 714 B-#43F2FT-IR, 'H-NMR, “C-NMR, GC-MS) £
A wr] FFEAAe] FelE g om, MALDIYC 2J8to] EARHM,) 5.0 x 10%0]0, f2]7e] 25 88 Cola, §-§
L 240 CE iRtk o] 1EAE dFs)shd 123 J1H |0 EQl styrene carbonate”} AAEE Z % FISHITH

In order to decrease carbon dioxide, one of the green house gas, poly(styrene carbonate) has been synthesized from carbon
dioxide and styrene oxide with zinc glutarate as a catalyst. The polymer has been identified as an alternating copolymer
by spectroscopic analysis, FT-IR, 'H-NMR, and "C-NMR. The number average molecular weight (M) of the polymer is
5.0 x 10°* g/mol and the glass transition temperature (T,) is 88 C and its melting point (Tw) is 240 C. The cyclic carbo-
nate, styrene carbonate, has been obtained by thermal degradation of the polymer via the unzipping mechanism.
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1. M = poly(alkylene carbonate) (PAC)U poly urethane 5= THs = U=
NEL 28 WYE ATEHT e Fololuh
2F2 71 ol -89 oS EX Hol dar Qi o]l st o] o|atalERAS) FAEE o] g3le] PACE FAsHE H(1)S U2
HE ol FaE TheA] Fom I YR el o] n]ste] 4 o] of-f-oflell ofste] FWH G [2], o]F- 2] 7P Fufl B A
A o AR gk Rtk AT A ollA dojukar Q= o]2dt 7] of that A7 HE oIATH3-8]. 2719 7] oAzl A2
solio] ole 3l 7o FEAT AMEo R gk o]akalehro) 314 zinc glutarate®} -2 FHvll7F A= QACHI). F ol 2 A7
Z712 AEX A Sk olatale g AA wiEsy] A% ALE] - A S FHOE of] JHA] o FAIE} o|ikelekATE wkgaste] theksk
AAQ] =7} gEo, mlEHe oisleas 85 Ao &g PAC7} A H o] HtK(Table 2)[10-14]. 221} ©] Tableolld X u}e}
st g mEdh BUshA A3 Qo). 2y ofF] AT 2 7o) A7) AV R M PACE el o] 257} vo} Atz ¢l
3 FAE sdsde w5 vkt AT} ofuvzlu Azbeich ZaaEl o7 8ol ojyr) ik 71 SAVE R AE FEldoe)
O|AtElERAS o] g3te] o kA f-83 f718Ee] wHEeIA] 257F o} Yolx|7l sh, 1R EgE JEE FE35] WA
I 9t} dEYole} wkgEte] 245 AFshed 71 Wol AMEH © gt fEHolREE wol7] St 1Ed dUE YRS
I glom, WEs AZRTH(CO + 2H, — CH;0H)ol oF 5% A9 A9, A3 PE dl=2 100 T 82 fEjdol%EE 7H PACE W
olatsheATt AREE AL Qi E T AAUTE 2 AT E FEHelEE o)) Y%t E st
o @ 7hsAdo] Qi SERok: o|akatekAs) whalrAae] Bkl weko 7 WS AV R E9sieleh
= Foto] FAVIAE wHE] ofe] 71A] Alxe] AMgetE W, olab AkA 0 F PAC AL H4 FHoPdg olfsle] o] 1EAE
slekr 2 RE A4 wee-S Axe= WH(COo, + 3H, — CH;O0H + ceramic binder®} -2 Hald 1EARE F2 835t QItH15]. ©]9]
H0), 783 kst 18] SET 35 EAE v WHo] Qith F8-5 95t 4 BaldS FAlska 1Eld hno)Ee] YA E o}
oL FoA E3] oEAEL aziridineS ©JAIE}EAS o] &3] &8 dysielc
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Table 1. Industrial Use of Carbon Dioxide
=5 o]& woF e AF
o, AFEE, A A5

K2C03, Na:CO;, BaCO;

Existed Urea

application  Ethylene carbonate

Propylene carbonate

wg-E(CO + 2H, — CH;0H)°ll 4% 37}
poly(alkylene carbonate)

HEHE(CO, + 3H, — CH;0H + H.0)
CO; + CHy — 2CO + 2H,

Potential
application

Table 2. Glass Transition Temperature of CO, Copolymers of Various
Epoxides

Epoxide Tg (T)
Ethylene oxide 25
Propylene oxide 40
1-Butene oxide 16
Cyclopentene oxide 96
Cyclohexene oxide 125
1-Hexene oxide -7
1-Dodecene oxide -18
R
CH?—C‘ﬁ Iilj
\0 + 00y ———= «[»c:Hz—CHE—O—c—O—}T )
2.4 ¥

2.1. A2 H 77

| A Zol] AFEE AR w]= Aldrich Chemical Co.2] Glutaric
acid 99%+, Y¥-2] Shino Pure Chemical®] zinc oxideS 2+ HAZXA|A
ARSI FERESol AR styrene oxide$t GEAIAR AME-SH
diethylzinc (1.0 M solution in hexane)= "] Aldrich Chemical Co.E,
A7 E4712410] 99.99%+ T E oAkstekAa g, YARRET A543
AF] methylene chloride (MC)E % 7132 molecular sieve (4A)°] &
HAIA FHEo] AAE AE ARESIITE T8l FERESel ARS-St
181871 ParrA k2] Medium Pressure ReactorS ©]-8-3131ch

A4S 9I8k9] Perkin ElmerAle] FT-IRS AME-3Ie] S48k 0m,
NMR-Z Varian Unity-Inova 300 MHz, Bruker 200 MHzE ©]-8-3131.2
w BalE E-A o= SHIMDZU. CO. Japan2] GCMS-QP50505 A&
slo] Atk AEA1S 98 TGAE TA instrumentA} TGA 2050,
DSCi= TA instrumentA} DSC 29105 ARE-8te] #4319t A%
2R THRY| 2 54 ¢rof GPCHoll 2t 2415 7] o)
MALDI] ©. & 2519t}

2.2. E042| M=

zinc oxide 0.25 mole (20.34 g)¥} glutaric acid 0.5 mole (33.03 g}
S} YAl barrett distilling receivers ]850 2F 140 CZ %
FAIZIEA o] 24 ] 90% o) -2 AT olF ek dx

3sEh "M 193 ® 1=, 2008

- fxlo]

712 &7 140 C, 50 mmHgol| A oF 72 h = x2S & tA] 14327]
Z %A 120 CollA 104 A% HAFZAA ARSISITE

2.3. Poly(styrene carbonate) (PSC)2| &S

CaHh3loll A F73to] o] ¢hH3kA A AR styrene oxide (SO)
75 mL, zinc glutarate 10 g, methylene chloride 100 mLE 24 #9]7]
Stell A BEg71e] Wil WAtk vV A Aol diethyl zincE 1
~3 mL AE Yo 93] dof] A8k s ¢ds] AAA AT
EE 1-37] Yol oaksleAE 500 psi FHAIZ1A ©F 10 min 4
T WA o AbEtERAT) RO o7 Fo7b FTh o]F A
Al A AE gHEske] o &of o|akslRkAT) F728] Fol 507
gk iRl gkell= oF 600 psi =R FAS F 75 TR 7kdste] 12
h o] WE&A1ZInk ol Wh3-7] wie] &3 800~1000 psi HEE
FABHA et vkgo] kA=W oF 50~70 psi =7t AhHE S
e S Qi

Hhgo] AW w718 WZA71aL RESY] Ule] 7EAE vlEA
71 &, X E-S methylene chlorided]] o] 33t 3 & o33}
of AATTE Holle Sule 0.1 M HCIE Ao A7 3t} oo
methylene chloride® ZH45771E ©l&3to] #AAT F #22] meth-
anol®ll ©]& FFAIA FFHAE 3|5sith oA dolxl niAE
40 Ce] A3 Ax7elA & 49 5 B4k

PSC

FT-IR : 1750 (C = O), 1250(0 = C-O) cm’

'H-NMR : & = 4.2 (methylene (CHy)), & = 5.8 (methine (CH)),
6 = 7.3 (Aromatic-H) ppm

BC-NMR : 6 = 70 (methylene (CHy)), 6 = 78 (methine (CH)),
6 = 120~140 (Aromatic-C), 6 = 160 (Carbonyl C)

ppm
MALDI : M, =50 x 10
DSC : T, = 88 C, T = 240 C

2.4. PSC2| ¥ 25l Hr22 0|2 12| styrene carbonate
(sC)2| &

WAE TR PSCE ZF Aol 5 g AL U, AAS AL B
o] Wolzn 220 T2 7Fdstelth e AREL W72 B3l
ZH3t0] 30 T olakel WzkzelA s)5stel dal WYES dol
GC-MassZ o]g3slo] 2AIs1gic)

SC
GC-MS : e/z = 164 (SC2] A} o) , e/z = 105 (Ph-C-0),
e/z = 90 (Ph-CH), e/z = 78, 65, 51 (‘W= wh3lAa 0] Haff vla)

3. 21 & nE

olg] 7k« B38AQ ZAE(FT-IR, 'H-NMR, “C-NMR, MALDI,
DSO)Z Ko} PSC7} A2l HaA ud] TZTAS ol F95S &
918 4= Itk FT-IRC] 3000 cm o)A 2] HA= C-HS UER)H,
1750 em™ el Q] B2 € = 05 YERH I, 1250 em' oA Q] T+
O = C-0Z Yehdt}. FT-IRY) 1100 cm™ ol|A] polyether”]7} A 2] X
o]4] %1, 'H-NMR, "C-NMReIA ether7] o sl $au) &
A27F ERIEA] k2 A0R wFo] & wf Al ebHeh wrl FE A
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Figure 1. FT-IR spectrum of Poly(styrene carbonate).

7h e AeS ER1E 5 ATk

HhEAdo] tha wobxl 712 wkgo] 218%= #HJol|A] phenylethoxyl
719] CO, FAA #Hd71e] At Fof wel] ke M7 ST}
aste] tha okl AaEw Ao A7k 'HANMROIAM 642
ppm-> methylene (CHz), &5.8 ppm<> methine (CH), §7.3 ppm==
Aromatic-HZ WFERA I, "C-NMR] 670 ppm-S methylene (CHy), 6
78 ppm<= methine (CH), &120~140 ppm+> Aromatic-C, & 160 ppm
2 Carbonyl CE YERA O 24 poly(styrene carbonate)®] 725 2l
=g

AP tE fEjdoleEs 4ds] Eobxlth 12y 18d +
Z 182 T30l 714 AL 81 poly(cyclohexene carbonate) (PCHC)
1} poly(cyclopentene carbonate) (PCPC)ell B3t kgt ke ghs
HolFa Qlvk eyt o] Frd e R ZERAE Y] Hgeln
Ve Aoz Uk

AR EEl ARl 5442 Al YAt Ate]e] YRt A E ARGl o3
Al GRS WA Ee 2R A 5, 25 A fad,
a1 54 2FY AAE sl a8tk

Table 2¢]4] H.320], PCPC, PCHCS} 7ol Ak Yol 1e72E 7}

R
= 135,483

i
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Figure 3. BC-NMR spectrum of Poly(styrene carbonate).
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Figure 4. GC-Mass spectrum of cyclic styrene carbonate.

A =¥ feldol 7t @A &2F71al, Poly(dodecene carbo-
nate) (PDC), Poly(hexene carbonate) (PHC)} 7o) 71 &4 Al&S 7t
= Afelle ol Tt Holx= A& & 5 Qi) o]k & A
AR B oo, 711 ¢ AES 7 E 38ES] 79l thermoplastic
elastomer® AME71s3h A 02 o E )

Jelv PDCOA] B A} o] ol 11 ARES 7H A -$-4el
=78t fEldolREE I9A dASH HolA A= dsith &
Aol &7t wolA]= ol 11 ARES 7H A o] AREe] /194
izell A= A §-9]9] 7t wihitol#tal Azto] Hrk o] gt o
2 PEZ} 1), o B 7HAE AL e AR S Tnol 20~
25 C AL sk 2E & F Ak

W E, 388 T8 AR 7L Qg Af-ole feixde]
7t dAH molAed ol ARES FAd9] AR AS ¥
wlZolgta Zet 4= Qlek o]el st o= methylenel] 739~ YA 3
A 520 AFZRI X 3ke] laiA A T,
& Q) ol AP ER B o, Adst #xb
AA Y| ZekAE o] Ny 8ol o] §sh=
oF Btk T3 7hask pACe] A9
ol oEE& Atels, ol A ¥
E7t oAl BAE o] &3to] 7He] of
Zlo|tt,
k7] Zsto] GPCH el olste] 45HA] &
ol g3l A3k} 5.0 x 10" (My) BEDE <l
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gl o), & FAE AlagstelAE oHE PACSH 2ol AH
TAEES @A 3Tk

UHHA] © 2 Poly(alkylene carbonate)= Aol o} ksl BalAd 11
F= delA] Qlo] Gidlld AR ] Ego] HESH I gk &
T-oflA] Hol= nle} 70| poly(styrene carbonate)= W] £HHE}HA|
Hawfo] 123 ROl Ert FAHE S RISt o] 22 T
@ -OH717}F THARIA A1 C = 07]9] &g F4ste] 127 &
AEEA AEZR D] -OHE W=olulaL, o]3lo] AlEA o7 vk
sto] X o7t Eele A 22 49 unzippingell ok 8|k A7k

Hh2).

2L e
2 Mo

o2

o —_— +
ot M
=Gy ? 4 p— CH—CH,—OH C"Sz— { H
0
% b
Hz o @
4.4 =

ol aksteks o] AAH ] SR A3 CO,9) of| EA] =(styrene ox-
ide)E LEE7]oll A WEE-3ko] Poly(styrene carbonate)s 3 3H3
11, ©]=2 FT-IR¥} 'H-NMR, "C-NMRZ #2119} Poly(styrene carbo-
nate)3-S &l&kit}, BEAH(M )& MALDIE 48] ¢k 50 x 10
el AE FRISIITE Feldol 5 Uik PACKHT) 2 88 Col1L
5 H(Tw) H3F 240 CTE FS4TE F4llo] 1 7] B4Rk w
SO Phenyl’| 5 E7HAE 7HALL QL 7IQ)ekRe AoR A7y
St o]& mlFo] 5 AHe 2 AAE Este] o]E dAYoH
ZekAEO Ay 85 A8l 71A1A - EEE] 5SS s A7t
Hast Zlolg} Azte a1, T8k thE Poly(alkylene carbonate) 2} 720]

3sEh "M 193 ® 1=, 2008

- fxlo]

1.

GESE 55197 cyclic carbonate FE|Q! styrene carbonate ™ T3}
of a7t A Aok AE FRlskith
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