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Abstract : Behavior of the intrinsic viscosity [n] of monodisperse polystyrene(PS) samples above ©-
condition was investigated carefully in order to examine Dondos type transition of [n]. Dondos type
transition of [1] was not observed in these experimental systems. On the contrary to Dondos’ obser-
vation, the intrinsic viscosity data of low molecular weight PS samples showed constant values against
solution temperature or the solvent composition in mixture solvents. Such results could be interpre-
ted as a typical behavior at theta region in the phase diagram of polymer solution. In high molecular
weight PS/cyclohexane system, temperature dependence of [n](T) near @ temperature could be es-
timated easily through a couple of corrections from viscosity data of only one dilute polymer solution.
Expansion factor a®(=[nJ(T)/[(nJ(®)) of single polymer chain versus solution temperature agreed
well with Flory theory.
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Ak, 286 197097 F8 #H27HA Dondos, Ka-
time, Tsitsilianis $-& &vje] &&= (solvent qua-
lity) & Florye] ©-&wjzzelA F& £vl(good
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vent) o] & &rl(good solvent) & AGZ 7}3te
24 dojxith o]E 93] #FH HolHdL ho-
"mopolymer¢l polystyrene(PS)2] ¢ £ 21
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Ho &<l wiztg B3 gk (Fig. 1D 2
AN E Fe EAe(~10* g/mo) ol A whg ¥
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<— Dondos type
transition

Intrinsic viscosity

© solvent—>good solvent

Fig. 1. Dondos type transition in the plot of the intrin-
sic viscosity versus solvent quality. Dondos et al. re-
ported that discontinuous variation of intrinsic visco-
sity had occured while solvent quality changed from
0-solvent to good solvent.
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& 89 25l gAo HAYE n7}t Eed
FE Col AEA gEHerte 983 & Hug
gins? 2(1D)# Kraemer4] 2(2)2 & Jefz
1=

(N=1)/MC=Neq =[]+, [nI*C+k,[n°C? (1)
In(n/m)/C=npn=[n]—ky[n1PC+k[nI°C% (2)

714 ne 8 HAxE, [nle ZeFN=
(intrinsic viscosity), N, VA= (reduced
viscosity), N S A E(inherent viscosity)
k; & k= 247 Huggins A9} Kraemer AlGE
olulglt}, EAFE (polydispersity) 7} wj-$ o mi
2+ Alg9 79 Huggins Al4¢ Kraemer #A$<]
Fe FEHozE 4 1/20] H[A(3)], =3
Huggins Al 8vie] 8318 9] Jrte whe} 74
slhH] APAA Sakaizd] 2(4)el 9] BHA G
Frzd 1 wge 7 4 ok B0

k+k,/=1/2 (3)
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4714 BEAZ A(=[n)(T)/[1(O)) & Fol
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TEAAE (@9 HIge snlth. 53] 2
¥ Ae & 4¥sl T AT A2 polystyrene
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2874 A8 Aok

B ARAA AFEE Baest o9 @& PS Al
E.2 Pressure ChemicalA}2} Toyo Sodarlz #¥
TFYstd AHgEled ol Alge V1EA EAE
& Table 10 BA3tch &2 ARGE AFELS
BE AR Junsei 3JALY HF AGEEN FES
AA37 98t F4 MgSO,u molecular sieve
(3A) EA 3ol A 3ol WX H 0.2 um teflon
membrane filter 2 Z&| A AH&314ch. &AL £
L2 %4} 0.45um filter2 2E 3 J=A 0 g o
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Table. 1 Charaterization Table of Polystyrene Samples
used in This Experiment

M

(lodg/:nol) M./M, maker
1.36 1.06 Pressure Chemical Co.
4.77 1.06 %
10.8 1.04 %
145 1.12 2
348 1.04 Toyo Soda Co.
546 1.15 z

oju FF9| F9 &£xE £0.02C W Fe &
AXNAoH HEAE A2 FX ] 240 wAt 31
= BAFd A 2= ZEAHflow time) o] i 23}
= £0.03% oY 2M ~100 & o]A sl |uf
2 goAo] sEAZ HlE) L JFe FAY 7 &
Aok, AA g2z % 24E Jeio Tech 3|49
Z(2d MC 11D, =+ MC31) o2 slgon o] o
F2xo 2w 44 9F 100QAFE o] g3y
Philipsed] TAg HER|E(Zd PM2534) 24
0.001Q7H4 FAHE F Yo} B d o=
0.010(=0.025C) 717 glemg B A¥dE =
7 AL x4 dilez A-Egch

Soe) 3EAI7e] A4

/A % (intrinsic viscosity, [n])E Aoz
o8] FxoA E4E Y d=(reduced visco-
Sity, Nrea=MNsp/C=(/M,—1/0), EBE ERANE
(inherent viscosity, Ny,,=In(n/m,)/C)E % 07}
2] 4t AlACk shadl, o] Ao g E o9
2EdA AEHo g FojF AlxHe THFAHE
H3LE FH3N= Aol S HAFE & ¥ 49
ZEH MES Fae e vy 3x £,
webA] B Ao 2R 204 £uje] 58
AZbE Folx AuAR s 233 7 22
Az 95 A g, R e 5847 |,
Atole] 3 BAAE do] d 4 Uk [Fig. 2
Fzx] 3 o g 2 HxAe 7t SA3
e Eoln §4E ¥ g 2 d&5HoR

AN AZPEA §49 BEAIE FHHAT. &
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In fo(sec)
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8.2 8.4 86 88 80 9.2

1000/R(ghm™)
Fig. 2. Plot of logarithm of solvent flow time(ln f;)
versus resistance(R) of Pt 100 ohm wire.
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o fHo| FEW3LE /M. A 24 cyclohe-
xane?] 74 40CHLX 10417 A= APed
~0.2g8% F¥std JUFoz FErt g
~2%4% 1 [sAA gk olHF Fdol it
T WwEE 23] Yt g e A W
Hol AHgHTh AR FH 27 §o] F=A
Hito] opyH Fke dg x4 e &Y &
7143 1 &Eo A FRIE AlZke] Foll vl ghohal
73 sta ). weld d@e) AE dnith FAE S
A A &Ae] FA 9} g oA FAo] B
5 gde TAE Lo} HEF F FLE 4 o
ermth 2 2xolA AT A1 71EEYH, 2
s £ S2E 42 vl 209 Sid 4 §
o8 Bl v 2xoAie dA FEd F2E AMNT
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Table. 2 Comparison between Original Flow Time of
Polymer Solution and Calculated Flow Time After
Correction of Evaporation by Eqn(6)

flow time(sec)

solvent
original after eva- aﬁe{
7o) poration corr'ectlon (A-B)
fmea fcal(B)
cyclo- 206.05 206.67 205.90 +0.15
hexane 207.50 208.15 207.55 —0.05
cyclo- 119.05 119.96 119.12 —0.06
pentane 107.18 107.93 107.25 —-0.07
A7) (e Futo] A YIda 7HPstAE wel
AREE B Aol H oo Zuo] WS A9
Axg ZHE AP o|v ol i freAsf@lo] g
thoE fi 259 §ule SEAZIN AC/CE
0ol e AU S wsgos Rasod,
22 o)y 24 BA F o] =R E cyclohexane

% cyclopentane Sl Mz dFog #HFs) 2
AE Table 2 4ich. Table 2014 Ki= upojzt
| Zdbol) W3 AT 0.6~0.9% AE LA &
AlZrol Hojg ot 2(6)o] 28 HAH= 0.1
oz Belo) ghat RolAS B 4 glemz B
YolHe) mE Gole] EBATRS Sjojgro] BH
o & 7 B8 E(reduced viscosity), Mgt

=5 H A% (inherent viscosity), & AR

[*2

PN

o

Jm

*

Azst 2@

AEA G PSe] AR A3

Dondos5-¢ PS B2} 6X10* /molE ¢ &)
cyclohexane® Z3HRv] cyclohexane(99% ) +ben-
zene(1%), cyclohexane(99% )+ methanol(1% )¢l
5o %A% o PSe 3§ AE(intrinsic visco-
sity), [n]7} £52(~350) Kt} 4~5C $13 2%
B X FHAAE B ~5% AT wrorHTh
7t 2% A5 g4 oA SEvke Holddg B
aslgeng, B Agorz Dondos 5o A&3
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Edviet 22 BAF 4 PSe] Eajaro] 1,36X
10* g/mol, 4.77X10* ¢/mol, 1,08X10° g/mol A
79 E29E 2% cyclohexanedl] %9 § 1 1
FEAz WsE BZ3PT. HA 0L RolA o]
222 & Huggins Al4* k;=0.50]8}4 Kraemer A
T ky® ‘00 Jug EgHAE(inherent visco-
sity, My 7t M2 TRHHNER Holw olRy ¥
AZE & Folth, T Fig, 304 2 § 5o
SE 34~42C BN A = A7le ol
HEZ 58 71€71Q) Kraemerd] A58 R3] 7

e Ae We 94 Fustd BiseA ma,

081 (5 temp.=34.5C 4
= 104} :
5 T
E 100} .
5 — ¢
g 9B .
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Fig. 3. Plot of the reduced viscosity and the inherent
viscosity versus polymer concentration in polystyrene
(M,,=1.35X10* g/mol)/cyclohexane system at (a) te-
mperature 34.5C and (b) 41.8C. Filled circles and
triangles denote inherent viscosity and reduced visco-
sity, respectively. Error bar means + 1% experimen-
tal error.
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Fig. 4. Plot of the inherent viscosity of PS versus te-
mperature in single solvent or mixture solvent. Hol-
low circle ; M, =1.36X10g/mol C=191X10%g/g in
cyclohexane(CgHy,), hollow triangle ; M, =4.77 X 10%g
/mol C=1.01X10g/g in cyclohexane, filled triangle :
M, =4.77 X 10°g/mol C=1.00 X 10°g/g in 99wt % CeHy,
+1 wt% benzene, hollow square ; M, = 1.08X10°g/
mol C=4.29%X10%/g in CeHp, filled square ;
M., =1.08X105g/mol C=1.74X107g/g in CeH,..

Table. 3 Apparent Huggins Coefficients and Corrected
Huggins Coefficients at Various PS Samples in the ©
Condition

10°M. 100C L P
@mob (g/mp LN Ten gy KT K

136 146 0143 979 105 0525 0502
477 0772 0137 177 190 0524 0502
108 0.330 0.0925 28.0 293 0516 0501
108 133 0375 281 341 0568 0.508
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7] Huggins A5 (k,*®) & Cln]d tisle] 23}
B Aol Fig. 50lth, xFo 2 AHEd Clnlwse]
AR B4 onls ZEv gAe) H3F = (overlap
concentration, C*)dl] th3k Ao AHE-3 2 vl
&g gulsith, qustd AAEEE sl ¥
£%9) shirt Cr=[n]le]7] WEolc}, o)Fe]
doz¥E Clnldtel 242 Z57] Huggins A
(k) 7} AR SAU ol A Expgte] F35 2Hgd
o3 Aojug 2% HIME 5o AFo 9&
SHE ko[nI°C? &8 43) el A A & girke A
< 9ugith, Aq71M k@ kAtole] AyPae
ko,=k,>—0.0902} 1 ¥ By u} glong!d s
o] 2o 2HE O &% B k,=0,160] €},
TbA g9 A ko [nTPCPHE-2 W 5 o} A] AaE
Huggin #4(k,°ME AHEH Cn]=0.375°14
ok 0.5082 o7 AA vt BE AlAEe] 0,500
+0,00551 22 9HA k=0022E =3 k, 3t
0.5¢F & 4X3& & & AUk (Table 3 F=x)
%3} Dondos 52 cyclohexane £uljo]] PS¢} £.&

g T | | l
0 58 | .‘
5 F . o . ........‘.N
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052 | §r£ ]
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Fig. 5. Plot of apparent Huggins coefficient k,*® ver-
sus the scaled polymer concentration c[n]. The dot-
ted line was obtained by fitting some simulated data

with Huggins equation without the 3rd term of k.[n1°
C.
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£ (good solvent)$] benzeneS 1% AL Yow
Dondos 3 ¢] Holexrt Be exz 27y B
£4 29 (none solvent)?) methanolg 1% A %= 7}
A Hol2rrl & 2EF OB o)Fdtiy LR
k. 2eEfA B AFAME ol EF-EH) Al
29| 1% A = (intrinsic viscosity) 2] AEL ZA}
Atk AR E, cyclohexane(wt 99% )+ benzene
(wt 1%) EFguhAIA PS(M,=4.77x10* g/
mol) o] AFHAN =] AP E Fig. 4o AYA 4t
7} ¥ (filled triangle) o] AE-2% velgon, o]
= @d8n) cyclohexaneo] 5gS e} 7o} Don-
dos &¢] Holg}e A3 Fo} & 4 Q. =&
benzene PSo| £& &ujo]7] 3t 1 wt% FXE
Aot giMe Eeu Atge RES AUt o]
EAFU Y AlgdMe Ay Qitke AMEE 9 &
Wy EFErjolu BE T IRFPYEE B
F1 e ZoezRH #A¥ = AUth (Fig. 4 3
Z) Babgo] tha & 1,08X10° g/mol A|EAAE
23 &x7) 34.6CA 42.3C2 wslgol uje} 2
FHAET}3.7% 453t o)A 22 2%
9] Adgolel X A4 ZTo AlEe BFL
Flory o]&¢] 93l t(M,)?=[=(T-0)/0
M, 2]ol ol&stog Bajgo] e AlgRohe o
A A FEEE BAF AY GFold. M.
Daoud o] o] 2H3IF F93 Al&(flexible
chain) ¢} 1182} €9 A}2¥(phase diagram)2 X
W0 2xdA 9 olHR(0-T)FHNFE theta
o o (theta region)o]g} PR3} o] £ G4
© Z29 Algo] A9l gaussian coil FE|E {23}
2 ok HEsHch? Florye] 9A €3 &%
(critical solution temperature) ol th3l o]&2]¢] 4
(& o1 %3tH AP AH8-3 PS HE 9] theta G
A9 (O-T)E &47 AXE & U ®

YT.=1/@ - (1+b/\/M,) )

PS/CH system® A% (7)) bel did &
Chu %2 14,62 % Kuwahara & 13.72 4 H3}
Aok, BTFA b=14.28 o] &3t M, =1.36x10*
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g/mol, 4.77X10* g/mol, 1.08X10° g/mole] 74<
theta g9 =& (O-TO S Allsld B
747} 33.4T, 18.8C, 12.7Co] H1, & AFoA
AMEE A3 LE 4TE © 259 35CEHE 9C
AT $1%o] Qou} oAm BRF 1.08X10°g/
mol?] PS/CH & Ao x]Z2} theta F <tof] &
SlE 2 scalingo) &2 A A Holx Ao 183
Axe] Wi} glge Fasith

gl gaHg S oA () A3
UAAl &3l 2%(upper critical solution tempera-
ture) FZoME £99 258 %3 FAY &
(ii) ¥-& 8vh(good solvent) E 313 © &jjo) 7}8H
F< Byl Y3t Dondos 5& F 3¢ BF I
TN B4 Holdde gy vy
dpeng B HAYPJiE PSS methanol®} 1,4-
dioxane Eg-gullol]l WA %) ¥, o] &0 T
Bl F3h= 1,4-dioxaneS A% 7ha] A
FolA Al2E 9] o] W3S $H 8o Bl o]
E3Henle) AFelNE WA TgLohe (S,
g Bl BA Bg)ol @2 Eg2uje} ZEAIT0)
o8A WIA=AE wlE] A, 2F A
dioxane®] F-A £&, wt% <} ZEAIZ [ Alo]oll=
Fig. 604 B ube} o] Wl F2 HY AN
Aol d A, o] AN g RE 9l Ao
E3rgrle) TEALE 23} 0.05% oA ALre

118 T T T LI T T

temp.=35C

p—

—_

-~
T

Flow time(sec)

1‘"] 1 . 1 i | 1 1

10 M 72 713 74 15 16 7171 18
Dioxane wt %

Fig. 6. Plot of the flow time of mixture solvent({dio-
xane + methanol) versus dioxane wt % at 35C.
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T UM HAE PS/EF-Lu) system(2F ~28 g)
of & &2 dioxaned A& 7hsbAX(Ht 1~2

g/13] A=A 713 g HARE 23y
ol2igt W& T3] Lo A Mmutoh]a}
el o] Frx A%Hor WiAFng B
ARANME dioxaneg 71 w viot AeAs 23}
FAE FH do] o FAZ 0.005g7t2 &3]
A F A ZHol g9 ZA4ePa 1
drl o F= HEE B & £ ok 99
HRHOR Ao Ny o nee® Fig. 7014 B F
Atk A7) 2ol Heol Fi= uhe} o) 27) FE7}

EEATE

22 T T T T T T
(a)
AN temp.=35C 1
0l R
Q
19 + e 1
= o °
E o1t . 1oL ﬁ
I ¥ S L, O :
16 | 1
]5 1 L I L 1 L
66 68 70 72 74 76 18 80
Dioxane wt %
20 T T T T T T
b
() temp.=35C
19F v A
v
18 w y
v
A
Y =
E
3 6L v i
IS5 v v
v
15} .
14 1 1 1 1 1
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Fig. 7. Plot of (a) the reduced viscosity and (b) the
inherent viscosity of PS(M, = 1.08 X 10°g/mol) versus
dioxane wt% in mixture solvent(1,4-dioxane + metha-
nol). Hollow square and triangle : initial concentra-
tion C,=8.23X10%g/ml, filled square and triangle :
initial concentration C,=1.55X10%g/ml.
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Axg TR § &% W & g, 233
Ak ExFo] 2 ME9 Foole $29 3 &
T 97} theta 99 & €4 Hoj} gJou 2 Krae-
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2ol Zorgde] LaPHE AL AT

=1/2—k;=(3/4) (¢*—1)/a* (8)

(@) Bag nadEe] BAS B 15
CAPELE @ 2EAM Y ny, gkl A Foil &
T Tol A9 nyy, &9 ¥l Hsith o] 2AHA o9

< 7}A 3 Kraemer A4 k'S &8 § o] gt
Ninn S 7HAIL ZARN(DE o] &3t Astd 143
AE (1€ doldS At olm 1212 AN 1
FRAEE 231 9] AHE 5Foldl HYoy
g o)de] ol gldlemz ¢ 3hHe] Yo
SHE IFHAAEE 958 & Ay

J=ni/ A=k’ [1C) =g/ A=Ky, ©) (9

AAE 9 BA FHA ALRE Kraemer A
k= AEAA 2 (8) oA Al4+¥ Huggins Al k&
%—%ﬂ d&stAedl, °oEF dEo] REAE APA
2 733t Etal 11 A2HE Table 49 At
Table 494 & 4= 2l=o] UntH oz H4) Aoz
274 ¥ Huggins A7} 2(4) o) )4 A4te Hu-
ggins AlFH T ohh AA Usiod, oleid xlo)dlA
Q& o8 A BY o*=1.369] S k-
k= Ak,'=0.06 A =7} =9 AHEE F%7} Cln]
=0.1589 Wby 23R= Aky[n]C=0.06X0.15
=0.0092% 1% uvgto|t}, a®=1.609 ¢ 1 2
A= 0.5% AEo] HTHDE 1% Lol 9)9
e By #3E wol =Y 4 gk
Flory o|2¢] 9j3}n Yutzoz u¥a AlE A
719} BAAFE ofelet 2o] ™M, 29 F5E Fof
2y, 18

o’ —a=2C, ¢otM, 12 (10)

Table. 4 Comparison between Experimental Huggins
Coefficients and Calculated Huggins Coefficients.
(Sample : Polystyrene M, =3.84 X 10°g/mol)

a k™ ki Aky
136 045%002 039 0.06
161 038%+002 035 003
160 0.38+002 035 0.03

solvent  temp.

cyclohexane 45.0C
cyclohexane 55.0C
t-decalin 43.6C
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Fig. 8. Plot of the estimated expansion factor o® ver-
sus the reduced temperature (t) in PS/cyclohexane
system. Circle : 145X 10°%/mol C=1.30X10%g/g,
triangle(up) : 3.84X10°%/mol C=7.54X10"g/g, tria-
ngle(down) ; 3.84X 10°g/mol C=106X10g/g,
square : 5.48 X 10°%g/mol C=1.05X107g/g.
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Fig. 9. Plot of the estimated expansion factor a® ver-

sus the scaled reduced temperature(tM,'?) in PS/cy-
clohexane system. Symbols have the same significa-
nce as those used in Fig. 8. The scaled reduced tem-
perature could play as a universal parameter with re-
spect to different molecular weight samples in PS/cy-
clohexane system.

3714 C,# ¢ ztzt Flory2lell vetde &<
%3} Flory entropy parameter24 3ht}e] Folzl
Zaoy/guAldl e A4 988 ok wEbA
PS/CHAN A de nhdd=e] BAF ’S &
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Ao $2 &5 (reduced temperature) t[=(T-©)
/019 tia &% o] Fig. 8olth. ©]AE oAl
2A19E 342 x (scaled reduced temperature) ¢l
™, %o el ERele]l & Ao] Fig. 9ot} &

< L o Uiste] ExpaFel AW F45 PS
B2 Aleg o WAAA o] & e BdF ) x
Fozt M’ AEehd e A BE Y
Hlole}7} dhte] wheZ M (universal curve) 9ol 4]
MEZ BEE BY FE Ao o|2FH F YANES &
g sdddoh sANE o] WFY) g ey o &
g Al2E Yo RHeAle B A agd
2 ZEu/8 A" 8T F e 2R
s e E Al a7t A 38 Fold.

4 &
1. 89 &% wshi 8ujo] 24 Wizl o

DEA X8 RRHAEY uAF JulF st
A B2 £ JYxE, ATl ., AE
[«

Bl oox m

A A=A A FAE Ao, FHiA
Bl go4e] A4 grfo] Zdte] WE TEAIT B
1 2% W3lo| wE Kraemer A3 24 v
S gYslo, & §71x) LEA fA9 FEE 2
AR @ &5 RIqME nHHAEY x4 w
Wsts Aastn folsk FAHY & e 43
H4& AR d71A 7R AFeor & AL
QA 0 & one-point method 24 &7l Solomon-
Ciuta 21 0|88 [n]e] A2bE ([(n]=2"(ny-
Inn,.)2/C)-& YukH o = Huggins Ho] M¥o=
Uehts £ 81 92l (good solvent region) ol A
24 9o}, ¥ @ &x B2 T Kraemers] A7}
‘0ol AL 29 B 2E wols W 3~6% A=
2] @aKC[n] ~0.158] FHE HIsl= o=
B30 g

2. ARApeEe] PS/CH Al2~®l 5 A 8o Fabago]
1.36X10*~10.8X 10* g/mol 44 ¢tell %39, PS
9] AFHMNEE 2% 34T~42C AlojolA] A &
A3 vgtorm 2 Dondos &e] Holdde 73

o oX

fu koot
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Appendix

D82 FANM G Fuo) BE goe) 5
At B B4 e olds 2k,

fo &4 8vle) BEAL

f @38d 328 89 F= CoA Fa*l{

frl3EFE 2EA &Y $= CoA ZEATL
(C'>0)

ofzte] o7t Sl F HAF2] inheren
viscosity W= 719 FAIE £71 Urh. whebA,

In(f/fp) In(f/f))
C C’
In{fr/fy) = (C'/C) In(f/fy) (A-1)
% 2] logarithmS glofd,
fr/fy= (f/,)*"C (A-2)

Z2|H A6 65 1992 11€

71M ol e F Tt WA Eg,

C'/C=1+4C/C (A-3)

2 (A-3)& 21(A-2) 9 YE H logarithm-E 3}
o

e

In f=In f—AC/C - In(f/fy) (A-4)

Swle] RGOl { Al £
e PAE felone,

=3 E 1 2

In f=In f—AC/C - In(f'/fy) (A-5)

geb FEel B2 WsEA AC/CY &5 &
e BEA 2 HH Fdol g W) nEA

fNo] EEAZ S A(A-5)Z BE 44 A &
Ak,
B =Re 199095 wS
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