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ABSTRACT : The retention behaviors of polystyrenes influenced by mixed solvents
are examined in thermal field-flow fractionation(ThFFF). Experimental data are
obtained with polystyrene samples of molecular weights of 35,000, 110,000, 200,000 and
470,000 dissolved in organic solvents. The pure and mixed solvents are tetrahydrofuran
{THF), chloroform(CHL), cyclohexane{CH), and benzene(BZ), respectively.

The values of retention ratio(R) and thermal diffusion coefficient(Dr) are measured
with change of molecular weight and composition of mixed solvents. Atempts are then
made to correlate the measured values with various physicochemical parameters of
polymers and solvents. Studies suggest that R is significantly increased with the density
of solvent and a good correlation is found between them. D+ values decreases in the mixed

solvent having has a higher concentration of poor solvent.
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Fig. 1. Schematic diagram of ThFFF.

Alolell EeldlAE BEE W 7hd £E& 2H
Jeoezy gre Ad-g nEet 25 el g F7) §
3le] $]9 Fe|Be IR rlgsta ol Felwe
TEEE o] &3l AL FAFech Ade =)=
7ol 43.5cm, & Zem, 74 0.152mme]t}.

3.2 A2 o olEA

AL2-%F Al E Waters AssociatesAle] Z-2]~Els)
FEEHEA AR 22 35,000, 110,000, 200,000,
470,0000]1 9, t}F-4k¥ = 1.1 o] stejrh

olF AL REF B olAeR HEfI=ZHF
(THF 1, 22 £ &(CHL), Al 22¥ HCH) % a4
(BZ)$ Adslgdel. A&7 ol 54 FFol del
AAstd e, Wlgle] 298E £¢ ol SN 24
F AE7IE, 2 )99 olFAlxe A FHE7
E AH-3hed el

3.3 2R Nulo} B Yujo| 3

ThFFFolA] A FA e Al 83& PA4X71 1 o F
& Yol g 2Hslr Slske o83 2ol Ay
A UAg A7 A4S YT F01~02% A8
49 10~20uL-& FY3tH ) AR EYo] Ao xF
3t9d g o 3-way WHRE o] &3l o]EAto] AU
AR A ¢ FukE AE7 2 Ve E 8o, A8 A
FAdd 548 4 JEF 187 5F Y& (stop-
flow)€- A2 F oA o]l gAE AdE &8 Fich
Alge] g Fu(Vr)e E5ele FHoa FoldA
At

S (Vo)== 54 3] AP ol &3t A

et 1.254mLeldch F, olld W& FedA1A A
2L X929 o 5§ 0 248l 2 & BN
Fo 2 Falgdch 7)1 A il L FErjgke] =)
w Folf H2) v} F-Fo] Uiz Yeria 7 st ek

3.4 IRHES &3

244 2([n])% Ubbelohde TM % A4 No. 1
£ AHg3te] 25Tl &4l WA Svlinke
3HAZH(t) & T8, F=HA7F 0.5~2.5mg/mL =
= OV F=elA A& a7kt & A4 &2
o). 7t F5(c) ol A 2] #4F HA £ (reduced viscosity),
nreas Th- Al el o] &) F3}gde

t,— t,
red = =P 9)

4 AN EE 73 oS, FE & ga A
£ =23} 9] 4H(extrapolation)3}¢dc}. o)af A 2 3t
F ¥x0 0 ufe} M4 HA EGte] AR ZHAHE
ojc},

4. A= o 2@

4. 1. 0| E4to| D{2Bulof OjxlE &
A de) arke el £EF 0T 2HAAT

. 35000
os ’-__—O_——_D_/O——-—":;:‘*—
- 200000
z 08 L 7 .
/ 470000
o /———‘——\j
02 L L 1 1 L 1 1
20 40 ] 80 100(CHL)
100 30 80 4« 20 O (THF}

Fig. 2. Effect of solvent composition on the R of
polystyrene in various THF -CHL solvents.
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Fig. 3. Effect of solvent composition on the R of
polystyrene in various CH - CHL solvents.
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Fig. 5. Effect of solvent composition on the R of
polystyrene in various THF -CH solvents.
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Fig. 6. Effect of solvent composition on the R of
polystyrene in various BZ -THF solvents.
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Tuble 1. Densities of solvent mixtures measured at 25T
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Composition(v /v, %)

Solvent

100:0 85:15 75:25 70:30 50:50 30:70 25:75 15:85 0:100

THF:CHL 089 0.97 - 1.06 118 1.29 - 137 150
CH:THF 0.78 0.79 - 0.80 0.82 0.84 - 0.86 0.89
CHL:CH 1.50 1.34 - 125 1.02 0.88 - 0.86 0.78
BZ:THF 0.87 - 0.88 - 0.89 - 0.89 - 0.89
BZ:HL 0.87 - 1.03 - 117 - 1.34 - 1.50
BZ:CH 0.78 - 0.80 - 0.82 - 0.85 - 0.87
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Fig. 7. Effect of solvent cpmposition on the R of
polystyrene in various BZ -CH solvents.

Fig. 8. Plots of R vs. density for MW 200,000 poly-

styrene in all solvents.
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Table 2. Mark - Houwink constants(a) and retention
ratios(R) of polystyrene

Solvent (vol. %) a R
BZ(100) 0.744 0.308
CHL(100) 0.730 0.491
THF (100) 0.725 0.306
THF / CH{(50:50) 0.619 0.305
CH(100) 0.500 0.327
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Tuble 3. Retention data in various pure solvents

O

g
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Dx 10 Drx10°
Solvent MW R* Y 2 N
(ecm'/s) (em”/s - K)
BZ 35,000 0.835 0.278 7.12 7.31
110,000 0.598 0.137 3.37 7.63
200,000 (.466 0.0962 2.59 7.69
470,000 0.308 0.0581 1.57 7.75
CHL 35,000 0.520 0.430 7.45 4.95
110,000 0.758 0.213 3.85 5.16
200,000 0.649 0.157 2.73 4.98
470,000 .491 0.103 1.67 4.63
THF 35,000 0.822 0.264 9.45 10.0
110,000 0.584 0.132 4.90 10.6
200,000 0.463 0.0948 3.45 104
470,000 0.306 0.0581 2.13 10.5
CH 35,000 0.775 0.225 5.32 6.76
110,000 0.633 0.150 3.01 5.76
200,000 0.467 0.0951 2.25 6.71
470,000 0.327 0.0618 1.48 6.80

*the average of three runs
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Tuble 4. Retention data in various THF -CH solvent mixtures

Dx10 Drx10*
Mw THF(v/v, %) R* A 2 5
{ecm/s) (em /s - K)
35,000 100 0.822 0.264 945 10.0
85 0.790 0.235 7.08 9.33
70 0.787 0.234 7.23 8.83
50 0.773 0.224 6.47 8.38
30 0.783 0.231 6.53 8.08
15 0.771 0.222 6.27 8.07
0 0.775 0.225 5.32 6.76
110,000 100 0.584 0.132 4.90 10.6
85 0.585 0.132 3.98 8.61
70 0.589 0.134 3.75 7.99
50 0.556 0.123 341 791
30 0.573 0.128 371 8.29
15 0.569 0.127 3.56 8.02
0 0.663 0.150 3.03 5.76
230,000 100 0.463 0.0951 3.11 10.4
85 0.456 0.0929 2.82 8.67
70 0.457 0.0938 2.66 8.08
50 0.455 0.0928 2.42 7.42
30 0.445 0.0910 2.62 8.24
15 0.427 0.0860 2.65 8.80
0 0.467 0.0961 2.25 6.71
470,000 100 0.306 0.0581 2.13 105
85 0.311 0.0592 1.73 10.5
70 0.311 0.0592 1.63 7.88
50 0.305 0.0570 1.48 7.41
30 0.312 0.0580 1.72 8.64
15 0.303 0.0570 1.74 8.74
0 0.327 0.0618 1.48 6.80

* the average of three runs

Aol o8 &S el B4, 4uie] YEr} AR
o) duwwe}l & 4%, D 4o HE, £y AR
IHHERC) $ol o] Wxo) o) of 3G =t}
g, CHe Ze|2:e]dlof 8 poor &vil 2 2-4-3]
=9 good 4-viql THF$} BZ=}te] E5H8vd e o
A 5342 212} Tuble 4, 59F Z2th. ofu] CHE 24
o] olalell atel o AA 7} HA 2 it dl,

o)7L g3l e W2 A} X|BEe #Ate
Histel] 7]91gk 7122 poor §uli7} F71jkel whet A
R2| gibo] zhansto] 4] (7)e] Dol haslr] &
oletsl #t}. &, ThFFFl 4 |29} §vl o] F5 =g
& A8 F-E Aol AHH 22 d¥e v|AA =
WAR dgike] 22 E sl WA e
& 7 ek
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Table 5. Retention data in various BZ -CH solvent mixtures
Dx10' Drx 10
MW BZ{v/v, %) R* i . ,
(cm’/s) (cm’s - K)
35,000 100 0.835 0.278 7.12 7.31
75 0.814 0.257 6.26 7.00
50 0.812 0.255 591 7.50
25 0.808 0.252 5.19 7.01
0 0.775 0.225 532 6.76
110,000 100 (.598 0.137 3.37 7.63
75 0.605 0.140 3.21 6.56
50 0.571 0.128 3.04 6.78
25 0.591 0.135 3.52 7.44
0 0.633 0.150 3.01 0,76
200,000 100 0.466 0.0960 2.59 7.69
75 0.462 0.0951 2.27 6.83
50 0.432 0.0871 2.14 7.04
25 (.435 0.0880 2.62 8.51
0 0.467 0.0949 2.25 6.71
470,000 100 0.308 0.0581 1.57 7.75
75 0.342 0.0661 1.38 5.99
50 0.289 0.0539 1.31 6.91
25 (0.287 0.0542 1.72 9.10
0 0.327 0.0621 1.48 6.80
* the average of three runs
- Ale] 2
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ashd o, golel Wl adE Fg
T ek
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