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Separation Mechanism of Gel Permeation Chromatography

Toshiharu Takagi
Tsutomu Hashimoto

Shiro Kido

The separation mechanism of the GPC method was investigated by the authors using fractionated linear

polyethylene and polystyrene as samples. Several empirical and theoretical equations have been proposed for

the relationship between elution volume (Ve) and molecular weight (M) or moeclular dimension.  These

equations which have been reported to date were classified, and discussed for the column packed with

polystyrene gel.

Separation was carried out under equilibrium or pseudo-equilibrium conditions by steric exclusion of the

solvents from the gel.

The authors defined elution volume at the deflection point in Moore’s calibration curves as the corrected

void volume, Vocor..

When the void volume (Vo) determined from the elution diagrams of high molecular weight polymers,

was used, Porath’s and Laurent’s theoretical equations became linear only up to molecular weight of 3x104.

However, very good linearlity was obtained when the corrected void volume (Vocor.) was used in place

of Vo.
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Table 1. Maximum pore size of each column and

plates number per foot

Column System 1 Column Syst;m 2

Maximum pore|
size

Plate ft |Maximum pore| py . ¢

size
— J f ;
| 10A | 980 | 105A 500
LA | 720 j 104A | 830
10°A | 500 i 1A 600
4X102A { 530 } 103 A i 420

BHEHRBHE L LT ) 7o~V E Vi 0.1 %o
TAFE = VEHEIMLI-dO% AV, W 1ml/min,
WREESARE N D BWIREE, 130°C SRZEMITEHEE, 130°C,
Bl 160° CIC e Lico BREHEE R ZRFhic o

Table 2. The Comparison between the inherent
viscosity [nJ)=[(nny)/c) ¢=0.1g/100ml
and the intrinsic viscosity [ 7]

[(m]) Tetralin [lnnr/_c] Difference
Lo ~c=0.1 o
o | F-19 1.42 1.41 —0.01
2 24 1.38 1.37 —0.01
g 28 1.83 1.82 ~0.01
S 30 2.81 2.87 40.06
- 35 3.85 3.66 —0.09
g | G- 2.42 2.42 | 0
= 88 1.98 1.94 —0.04
[a W
2 89 a 1.92 1.92 0
e
= 90 1.83 1.80 —0.03
i a
[(n] o ‘ Mg Mw
F-6 0.192 ‘ 3.700 3.200
F-28 0.998 |  99.700 96.400
Whole | 0.924 85.500 108.300
Polymer |
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Fig. 1 Calibration Curves
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Table 3.  Fractionated linear polyethylenes used as sample material.
G. P. C conditions : column system 2. Vo cor=25.2
Vi=16.3 and Vt=46.2 counts.
|
Fragtion | Nayitn | O0=(me/) | Fuxio- ve | | ke |
2 1.08 0.164 ' 0.330 30.4 0.319 0.247
3 1.10 0.255 ‘ 0.606 29.8 0.282 0.219
4 1.11 0.312 | 0.802 29.6 0.270 0.210
5 1.10 0.381 ‘ 1.06 29.4 | 0.258 0.200
6 1.12 0.387 1.08 29.1 | 0.239 0.186
7 1.09 0.459 1.37 28.7 0.214 0.167
8 1.02 0.526 1.65 28.5 0.202 0.157
9 1.07 0.543 1.72 28.2 0.184 0.143
10 1.08 0.652 2.21 28.1 0.178 0.138
11 1.08 0.607 2.01 27.9 0.166 0.129
12 1.10 0.677 2.33 27.8 0.159 0.124
13 1.10 0.685 2.37 27.6 0.147 0.114
14 1.10 0.747 2.67 27.4 0.135 0.105
15 1.10 0.835 3.12 27.3 0.129 0.100
16 1.10 0.888 3.39 27.2 0.123 0.095
20 1.17 1.28 5.64 26.4 0.074 0.057
21 1.22 1.41 6.41 26.1 0.055 0.043
22 1.23 1.64 7.88 26.0 0.049 0.038
23 1.30 1.88 9.54 25.7 0.031 0.024
24 1.41 2.17 11.6 25.3 0.006 0.005
(11)
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Table 4. Fractionated polystylenes used as sample
material.
G. P. C conditions : column system 2.
Vo cor=25.2 Vi=16.3 and Vt=46.2 counts

Frzli\cI;c)lon Mw X (7] Ve Kd Kav

10—4
1 38.2 1.070 | 25.3 | 0.00
3 25.5 0.833 [ 26.1 | 0.0489] 0.0429

o

17.9 0.669 | 26.9 | 0.0924] 0.0810

7 12.2 0.526 | 27.7 | 0.136 | 0.119
9 7.79 0.899 | 28.6 | 0.185 | 0.162
10 4.58 0.287 | 20.8 | 0.250 | 0.219
11 2.90 0.216 | 31.5 | 0.342 | 0.300
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Fig. 4 Plot of M vs. log Vc for fractionated
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