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2 ¢ ¥ a7 F2EAPS), Eolddvela Ao lE(PMMA), ¥ FelFelAPB) 5 $EF
M (homopolymers), 2812 Z2|2el3-EelveselzYHo)E block £A4ZYME (SM block copoly-
mers) ¥ AgA-Z)relc]ol star shaped EFYAE (PS-PB star shaped copolymers)& ¥t o}
)33 Fe|2ed A A felAFE vz 2ASIAG A9 ol G HERN =2 FKTHF),
EF(TOL), ¥22 ¥ E(CHL), vdaE& | =(MC), e3¢ A F2AHCH) E34-19 57}
A A Aedoln, o] FA Hitd] u}E A)EE 9 hydrodynamic H39} o FE 23 Ape]e] FR9) o] 5o B3
Ak Ao, g 4|89 0]R-EE o237 9 o F kA AFAFEA(multiple stepwise regres-
sion analysis}® 8% As, 24 FHA 5 A% AP 27| A=Gv|HE At £, network-limited
22| wshdEel o8 GPColA Algst A Alele) A atgo| iy} FEAF K& 7 o] F4 A2l
F-3tel e, PS2} PBA K, 32 A9 14l 717H& 3H& Jehlislie PMMAQ! 795 4% Seloll e £a13e]
Z74 8 K g ohh gasiget 43 Safe e ERgkel S22l atel Kghd ¥ Soksioict
EARFFNY K3he =A 9 A el deple 4 5 AUEZ )ZFE SM block EAFHAY
el F2 4 (random phase)$ 7HAE 22 g A&k o] Kghd o83y FEFEAN % &9
263 EAZUAEY ¥R Y] A3 o]&e] AR v¥E ol (V- VKot loglnME
F32 3 A7 F2 AL Bole dhie By HAFAHE 4%

ABSTRACT. The elution behavior of polystyrenes(PS), polymethylmethacrylates (PMMA), polybuta-
dienes(PB), PS-PMMA(SM) block copolymers and PS-PB star shaped copolymers on the cross-linked
polystyrene gels was studied. An interpretation was proposed for the plots of log hydrodynamic volume
versus retention volume of solutes in the mobile phases such as tetrahydrofuran, toluene, chloroform,
methylene chloride and tetrahydrofuran-cyclohexane mixture. In order to predict the retention of solutes
from their physical properties, multiple stepwise regression analysis was applied to obtain the correlation.
The distribution coefficients (K,) of solute-gel interactions in GPC for homopolymers and PS copolymers
were also obtained in terms of network-limited separtion mechanism. In the cases of PS and PB, K,
values approach unity, while K, values for PMMA decrease as MW increase in the good solvent, but
in poor solvent, K, values increase as MW increase. K, values of PS copolymers are dependent on
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their MW and composition, therefore, morphology of SM block copolymer is predicted to be random
phase. A single universal plot of log{n3M vs. (V,—V,)/K, of homopolymers and PS copolymers is provided

for determining their molecular weight.
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A $7 22cbET YA F2EQ ERFUNES] STl FY dF 89

€ d7dA AL 22ojeadgZ(GPC)e
Waters A E2 &4 M-45 pump, U-6K Injector, R
401 RI Detector, M730 Data Module2 -#A3]4]cl.
Ao 8= Waters AE<Q p-Styragel FA(7
mm IDX30cem) 10°4, 10°4, 10°4 3718 4u=
dAAse AR of Y FAAE oA
Ze2E-uidlid FAFHA2A o QA
271 10 pme]glc). A8 F4)8 HammiltonA} Al
2] 100w opolAR X-[AF AH-3odct 2H-Y
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SPSS(statistical package for the social science)
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4oiE o 7hsled A F FEAZHE 2354,
olFA AL HIAAM 4he FEere g9
HGatAIzhe 28t 2 FEelAe] 8]l & (spe-
cific viscosity) & n,= (-}, Ao o3 T
e, Fxel 92 MALE 22 s gire
e UG F Fxl 02 AdelMe wHRE
ZRAZE Fslgdek o] o) AlERA R 2349
2T+ 25CE sy}

HEE AIRKY.), B2 Ru(v,) X KA 81}
o HY. A B9 olFA Hslo) & o F-E Ly
(V)= GPCe| #8] dYo2¥E Q& agvuey
Fe] 2 gyelollre] o f-8 H2]E 2ol
AV & APolld Addgt Gy viA)
A (exclusion limit)oll4] £e)lg)oz)l= 2524
EApge] 3,800,000¢1 PS XEEAUE Ad9Yste o)
Re] P8 29 F V.24 sigden, S 25(V)
= ANREE ¢ 49 & THF o|%-& ¥4
3 F9E W jloz ZAAsgr)

i o af

olE 4 Wl WE TeME s £
GPColl Al ¥-2] w7l i3e F2 278 vjdlo|ng
P Yo LMy Ar ¥31e =719
2 el Aok SQulexe) AR LA}
A7l€ hydrodynamic $3|(V,) & F€s]0 uk3]
28 ¥HAA FAAY BAlE Vol vlAsks (q]
Mo g 5e Jojalc) [(IME A3 3 7}x)7) &=l
(branched) ¥FF YAt EALAFLHNE wis) &
HAQ A sepelelolct. GPCo p|F& R
Y%L olNE ¥ 1Y & d¥He Wl
AR FE, AY L, 7Y ¥4, 42 £5 Fo
WUek B AP AME o) FPHde) gE FEAE
PFE §9E gotpualt vjRE Ruo] e
v A g8 AzEE 2R & A8 FEe
0.1~02%(w/fv), Y X 25+ 5C, F4¢ Hd+e
SOWE ez 48 £Ex AYe Hold Wi
HEE Pul§ sty 10 mi/mine 2 2jgict. o
A BZA e EA A 3le)7} = PS, PMMA,
PB R#FEAEL Ad3inn olg4ozx THF,
TOL, CHL, MC, THF-CH %9 5 7Ix& 193}
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Fig. 1. A plot of log{nIM ws. V, of PS.
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A CHLe) 0.75, THF7} 0.72, TOLe] 0.70, MC7}
070 223t CHe| 050216} o] azte] &4t A9
4Rz} B F Ak F afte]l F4F AEs
ol A AZAge) ANEE F AEY V& 3
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TOL £47} vidle A#-& vehlledl ol TOL)
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Fig. 2. A plot of log[nIM vs. V, of PMMA.
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Fig. 3. A plot of log[nIM us. V, of PB.
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PBA i3t Iwama¥ s 47 APst dAHEe 7
¥ vehdch

SDME) 07 R oS0l cieh OfF MR
4. GPCelA A&F9] ¥e d7iEH oiFF
d&3g 437 A3 FEMEY T7) HAolH
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% 7}2) (number of arms) E3} Vo 9iQ o}F
oA AR E 3t o) Sl W3l A3 HH
u}3 Al (regression equation) & 4.2} slgch £
£2pdE AP Ao E Yz sided
Z olgAh Alasdol w2t selulElr Add SR
sjeole]§ wid ek 947)4 MRS obF AaA
G0, Fe F $A%22 4 H5d 223 HEy
NS ofmdt). =y e AYY A58 Ape]n,
()9 e 2F 3ok & AYelAe A77)
Bl go] o]Fi3 FFFUAE AN T4
F3Ael st ARHE ek FALHA-

Fepiidolgj g aele A4S A 5 7R
ol 5 Aol Aol AYANE AN Tadle 1). THF,
TOL, CHL 3 MC?! Z%9l+= Rg7t k8 $4%
steialelgde Wten 2 oge EleeR A
THF, TOL, CHL Al="d4e £33 [q)e) &
A2 delelez) AgE]e] 099 o449 F& A4
BAE Jepligich. MC 7A$= Rg ¢ Vi)
A€ x)e] 0.992] MR vehgigich 282 THF-
CH A& ME o8 o]l 54 Atshe &2 [n]o)
W A% AEelEjo) 1 thio] PSY 2A,
Rg7l #3422 Adege 24 MRte] 1008 1}t
ehiisict. Table 20 Fe)2e)l-ZeRefr]al star-
shaped EAFLM N 48233 Jehide
ql [nlel 713 - sfelrjejo] T o] 9o 7}x)
23 P=E Jepdle 712 F(number of arms) &
A sl A+ F olFY AladA MR
gtol 095~0999) F& APWAE Jehich &

Table 1. Regression analysis of PS-PMMA block copolymers in various solvent systems

Solvent Regression equation MR F ”n
THF V.= —0.03 Rg+2.81 log MW —0.90[n] + 14.25 0.9999 7768 5
©.01) 0.09) (0.12) {0.37)
TOL V,=—0.03Rg+2.14 log MW—1.28[n]+ 1755 0.9999 3972
0.01) 0.12) 0.17) (0.53)
CHL V,=—003Rg+ 123 log MW of PS+1.12log Vi+16.49 0.999% 9314
001)  (0.02) 0.06) (0.20)
MC V.= -0.02 Rg—1.54 log V,+ 32.75 0.9930 71 5
0.0 (1.33) (4.38)
THF:CH V,=-1096[n]+1.68logMW of PS+0.02 Rg+ 1666 1.0000 77280 5

60 : 40) 0.11) 0.003)

(0.00)

0.16)

( ): standard error.

Table 2. Regression analysis of PS-PB star shaped copolymers in various solvent systems

Solvent Regression equation MR F ”

THF V,=—6.03[n]+0.13N*+25.75 0.9560 5 4
(2.46) ©.13) (1.94)

TOL V,= —5.11nJ+0.1IN*+ 2441 0.9699 8 4
(168 (009 (132

CHL V.= —5.74[n]+0.13N*+24.14 09766 10 4
(1.65) 009 (130

MC V,=~595[n]+0.11N*+ 25,58 0.9922 32 4
(105 {005 (0.83)

THF : CH V,=—5.23[n]+0.11N*+24.49 0.9765 10 4
(60 : 40) (1.52) (008 (L20)

( ): standard error, *N: number of arms.

Vol. 36, No. 1, 1992



92 FAZ - e

o)2} zte] 7}z @A EAFEHAQ A<= [nldd
7 2 AEF zeol PATHL BEed
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Ol &4 el ol ESBRSTMES 2EAS.
£ dAydAe foisel og FHAES] WT-§
YAE FeMer AN A3 Y net-
work-limited M7h]g&5%) Az 7143 A
etz sheic). akebd GPCAlM FiAsl Ao
AL AT g AP o 2 ofolB v} Dawkins7}
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Kt U442 Asztged g £X A Pelct
K,3kol 130 & A% 2714 oA A7 9ol
F3 9 B vlsh)Bo] AR Bl F-E-2 Az
ULE e} o] 7%= =Z7E WA WFhE
A QRARY VR 2 VelA AR} fejsle §
Aol doluyi, 2 o)EAo] Me}l Sofo} FAY

S Atella] o)e} e WAle] YolndrPt ey
K3t°] 18} 22 A% 4739 Ve 32 V,
A4 U4 fesfe A8 vehlied ol A}
F YA 2te) APk (incompativility) 2] A2 Y
ehdeiz B 4 V0, Table 39 5 7R o) EA
Az="e)4 PS, PMMA 3 PB E¥Z3YANEY
K& 7% 235 Jehdvk. Table 3914 PSell
d# R SelE 243k THF, TOL, MC <154
Aagdet e Kgte]l 47k ol glont A
19 7\7H8 38 Jel 12 Alel 259l CHY)
% 42)94 THF-CHOlME v}l3714] €44 B
ol slc} R Bxjgf wWislel Wi K32 A9
wstr) glxl et Hgaefql CHL o)1 §A49) 7%
A5 EAge] FINAGE Kool g pazhe
AL vieplich o) & AN E A PS A A
dlx 2] PSe K,gke AEufd e vy Bk

Table 3. Distribution coefficients {(K,) of homopolymers in various solvent systems

-3 THF: CH
Sample MW.X10 THF TOL CHL MC (60 : 40)
PS 1 150 1.00 1.08 1.04 113 108
PS 2 19.8 1.00 101 0.92 0.96 1.00
PS 3 350 1.00 093 0.82 0.95 0.90
PS5 4 510 1.00 101 0.90 1.03 0.98
PS 5 97.2 100 103 091 0.98 1.05
PS 6 1100 L.00 106 0.95 103 1.00
PS 7 200.0 1.00 0.94 0.77 0.94 0.89
PS 8 470.0 1.00 115 103 128 115
PS 9 860.0 1.00 129 0.73 121 1.05
PMMA 1 30 0.96 1.0 0.88 098 100
PMMA 2 10.3 0.96 1.02 0.87 097 1.04
PMMA 3 270 0.95 1.0¢ 0.85 097 1.02
PMMA 4 60.0 0.96 101 0.82 095 105
PMMA 5 107.0 0.94 099 0.80 0.94 L10
PMMA 6 185.0 0.94 102 0.78 0.90 118
PMMA 7 240.0 0.91 1.00 0.75 0.94 1.00
PMMA 38 330.0 0.94 115 0.80 0.96 125
PMMA 9 443.0 0.92 1 0.57 0.92 158
PMMA 10 590.0 1.00 131 0.69 0.89 1.31
PMMA 11 8450 1.00 140 0.54 051 145
PMMA 12 1300.0 0.81 1.51 0.30 081 161
PB 1 220 101 105 108 1.07 1.02
PB 2 1820 1.02 110 113 127 1.04
PB 3 2330 0.39 0.99 1.27 124 102
PB 4 4230 0.90 1.69 0.95 1.05 0.90

Journal of the Korean Chemical Society
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R 80 Bxe) A3E ALY A gucly ¥ $)
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ool e Blmy Bl 3l fe) 7pre] oy
79 2 Rtz B 971 A4
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€ 22 %A ded 32 ¥ 97 F2 block &
AZEAS Heel st B2 =97} Uk =
s AHE-@l(phase separation) e)E FAse=
Relx k& A& FAY A (randomphase) e)|7}
EMZche Aolek. 2ot EAFHA Sl S
o) o7l E 3ol Relgicke s P &

AR A So) ol A K, gkl Ry R e dejal
o gick & AdgelMde 49 PS, PMMA ¥ PB
FEFLAE A4 23191 network-limited
e vlshige) 2132 Feield.Ze)vedole}
Z Q4 o) E(SM) block R Za]Ae]all-Zg] Lelr]q)
(SB) star shaped TAFHRAEY K,31& T3k
AEAA Bokel HLAH 9L AY HzHE Table
4off vepdi ek, SM EAES A Y ZAoE AR A
B 2464 2A o}zl vz SM 13 SM 49
3% SM 19 E=xieke 228X 10%]0 PSube] 1
e 196X 10°0]tk. SM 490 79 PMMAxRe)
TAFE 265X10°8 Yrhed) Solg Apgle
PS7} @& SM 12 7% THF 4 K7} 0988 4
713 zE e Jehiz Qe vk PMMAYE
B2 SM 4ol 4= PMMAe) dis] A 8]80)je) CH7}
E¢¥ THF-CH A&"a4 74 & 1469 zte
el 2 glck Block &4 F§H71 A4 22 o))
Yol s Seigicin o) FAtel whe} LA A
o K,gt& viehlolo} gk B Aol €
block EAFEAQ 35 4 2ol 93 Yeuches
TS HeE ke Ao 92k g8z
ZAe] ¥]%% PS-PB star shaped EAZ§H3S9
FEALEE A4 2 £3¢ %S JehyAe
okAlt bl & SB 371 wlEd & K,ite
HellldE 2A4¢) ch23 Ralgle| thaoy ghe)
2 SB 40 397 wlmy 13v) & Kk v
ehfgich o) 72 AY ARz B o K,he )
R EA o= Aes AYzhsle)

Table 4. Distribution coefficients (X,)} of copolymers in various solvent systems

Sample  M.W.X 10~ ﬁ;’“;,';("%‘ THF TOL CHL MC '1;1;01?: : 4‘;)*'
SM 1 228.0 87 0.98 1.06 1.21 093 1.01
SM 2 700 79 1.06 1.12 1.02 1.08 1.09
SM 3 110.0 46 1.18 1.23 1.06 1.18 121
SM4 2370 2 138 143 128 1.02 146
SM 5 148.0 14 1.02 1.10 0.85 1.02 1.17
SB1 4008 30 104 088 052 085 085
SB2 5000100 30 092 088 052 1,00 088
SB 3 12000(24)* 30 2.04 1.86 0.98 151 1.77
SB 4 165(4)* 40 1.35 1.16 1.03 1.29 1.16

*( ). number of arms.
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Fig. 4. A universal GPC calibration curve in five sol-
vent systems. Each point represents average va-

lue.
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