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Effect of Operating Conditions on Measurement Accuracy
in Size Exclusion Chromatography (SEC)

Hiroyuki YAMASAKI
Kenichi SAKANE
Koji NAKAMURA

Size exclusion chromatography (SEC) has been employed widely as a means of determining the
molecular weight and molecular weight distribution of polymers. The accuracy of molecular weight
determination in SEC is affected by measurement conditions such as sample concentration, injection
volume of sample, and measurement temperature. Based on the results from the round robin tests
performed several times, the factors affecting on the molecular weight determination have been
specified. The packing materials for the column used for the round robin test were obtained by mixing
several kinds of packing materials of different pore size distribution in order to make the calibration

curves straight. When polymers are analyzed on the present column, distortion may sometimes be

observed on the chromatograms depending on the test samples. Such distortion seems to arise from the
inflection point of calibration curves caused by mixing packing materials of different pore size
distribution. In order to solve this, TSKgel MultiporeHy;—M has been developed and commercialized,
which possesses a broad distribution of particle pore sizes and gives more straight calibration curves as
compared with conventional packing materials. The measurement conditions on TSKgel
MultiporeHx ~M have been optimized and the accuracy of molecular weight determination of polymers
has been checked against polymer samples from ten laboratories, which has resulted in considerable
improvement of both RSD of Mn and Mw of measured polymers over those obtained by conventional

columns.
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Fig. 1 Chromatograms of epoxyresin on
TSKgel MultiporeHx —M and
conventional columns.

Conditions

Column : (A)TSKgel MultiporeHyx—M
(B)TSKgel GMHur—M
(C)TSKgel G4000Hx +G3000Hx +G2500Hxe

+G2000Hx.,

Column size : 7.8mmID X 30cm X 4

Eluent : THF

Flow rate : 1.0ml/min

Temperature : 40°C

Detection : RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Epoxyresin (Epikote 1009)
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Table1 The effect of sample concentration on the elution volume
Elution volume (ml)

Ps.(Mp)

0.002%  0.005%  0.01% 0.02% 0.05% 0.10%
1.13E+06 10.27 10.27 10.29 10.30 10.38 10.44
7.24E+05 10.81 10.81 10.82 10.84 10.87 10.95
4.31E+05 11.45 11.46 11.47 11.47 11.53 11.76
1.93E+05 12.42 12.43 12.43 12.44 12.46 12.48
9.54E+04 13.28 13.27 13.28 13.28 13.30 13.30
3.90E+04 14.35 14.35 14.35 14.35 14.36 14.38
1.86E+04 15.24 15.24 15.25 15.24 15.25 15.25
1.09E+04 15.89 15.90 15.90 15.90 15.90 15.91
6.36E4+03 16.55 16.54 16.55 16.55 16.56 15.56
2.66E+03 17.60 17.61 17.61 17.61 17.61 17.61
1.02E+03 18.72 18.73 18.73 18.72 18.71 18.71
4.74E+02 19.77 19.77 19.78 19.78 19.78 19.78
2.66E+02 20.67 20.66 20.65 20.64 20.64 20.64
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Table2 Mp of Polystyrene standards for calibration curve
Ps.Std. A Ps.Std.B
No.
Ps.Std. Mp Ps.Std. Mp
1 F—128 1.13E+06 F —80 7.24E405
2 F—40 4.31E4-05 F—20 1.93E+05
3 F—-10 9.54E4-04 F—4 3.90E4-04
4 F-—-2 1.86E+04 F—1 1.09E+04
5 A —5000 6.36E+03 A —2500 2.66E+-03
6 A —1000 1.02E+03 A—500 *)
*) separates to oligomerpeak
16.0 1.0E+06 ]
14.0 F -
B
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Fig. 2 The effect of sample concentration on elution volume and Mw.

Conditions

Column : TSKgel MultiporeHy; -M X 2
Column size : 7.8mmI.D. X 30cm X 2

Eluent : THF

Flow rate : 1.0ml/min
Inj. Volume : 100 1

Temp. : 40C
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Table 3 The effect of injection volume on the calibration curve

Inj.volume Slope Intercept r?

50 —0.3548 9.6662 0.9996

100 —0.3555 9.6869 1.0000

200 —0.3562 9.7119 0.9999

300 —0.3582 9.7577 0.9999

500 —0.3593 9.7913 0.9999

Ave —0.3568 9.7228 0.9999
(113000 —266)

RSD% 0.53 0.53 0.014

Ave —0.3614 9.7832 1.0000
(113000—1000)

RSDY% 0.25 0.23 0.001

r : coefficient of correlation
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{ - I ©MN—D—D———A
@ -
1 D
g -3
=12 F 5 1.0E+05 | —O— MN
s : —t—
< B
11.5 . ! 4 ! L L.OE+04 | ! \ 1 )
0 200 400 600 0 200 400 600
Injection volume [ #1] Injection volume [ #1]
| Fig. 3 The effect of injection volume on elution volume and molecular weight.
Conditions
Column : TSKgel MultiporeHxi—-M X 2
Column size : 7.8mmI.D. X30cm X 2
Eluent : THF
Flow rate : 1.0ml/min
Temp. : 40T
Sample : Polystyrene SRM706
Table4 The effect of the measurement temperature on Mn and Mw
PS SRM706 PS SRM705 PC PB PMMA
Temperature Mn Mw Mn Mw Mn Mw Mn Mw Mn Mw
[T] [x10°4] [x107%] [x1075] [x1075] [x107*] [x10~4] [x10 4] [x1075] [x1074] [x107*]
35 2.99 2.44 1.56 1.73 1.47 4.12 3.76 1.95 1.59 3.13
40 2.64 2.41 1.55 1.74 1.33 4.05 3.77 1.93 1.60 3.13
45 3.07 2.47 1.55 1.74 1.36 4.08 3.75 1.95 1.64 3.18
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Table 5 The effect of sample concentration in reproducibility
of molecular weight measurement

C.V.[%T®
PS SRM706 PC
C[Oo/r:ﬁ' Mn Mw C[‘)O/I:‘j Mn Mw
0.043 18.1 0.6 0.031 21.6 2.3
0.086 11.1 1.1 0.063 15.7 1.5
0.129 10.9 0.7 0.094 3.0 0.3
0.170 8.7 0.5 0.125 2.8 0.1

* 1 C.V. was obtained with n=6.

Table 6 Results of repeatability and reproducibility for PS SRM706 on
TSKgel MultiporeHy—M

Repeatability Reproducibility
Mn Mw Mn Mw
Average 5.23E+04 2.45E+05  5.79E+404 2.45E+05
Standard deviation 5366 1633 8305 1663
C.V.% 10.3 0.7 14.4 0.7
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Table 7 Results of molecular weight averages and relative standard deviations for five kinds of

polymers on TSKgel MultiporeHx ~M

PS SRM706 PS SRM705 PC PB PMMA
Labo. Mn Mw Mn Mw Mn Mw Mn Mw Mn Mw
[x107*] [x107°] [x107°] [x107°] [x107*] [x107*] [x107%] [x10°5] [x107*] [x1074]

A 3.30 2.52 1.55 1.77 1.49 4.19 5.14 2.00 1.73 3.26

B 6.11 2.562 1.56 1.75 1.67 4.13 5.39 1.98 1.69 3.20

C 9.96 2.82 1.75 1.97 2.43 4.77 10.30 2.20 2.08 3.60

D 8.12 2.58 1.52 1.78 1.66 4,22 9.16 2.00 1.77 3.23

E 0.98 2.49 1.56 1.75 2.00 4.24 3.32 1.91 0.70 3.12

F 9.73 2.62 1.54 1.74 1.59 4.19 4.36 1.98 1.74 3.24

G 8.42 2.57 1.48 1.7 1.57 4.06 8.97 1.97 1.71 3.12

H 11.9 2.65 1.54 1.74 1.24 3.15 1.01 2.29 1.70 3.27

% 11.4 2.65 1.62 1.8 1.54 4.11 9.12 2.02 1.70 3.09

J 10.2 2.63 1.53 1.77 2.07 4.27 9.03 2.02 1.75 3.28
Over-all average

8.01 2.61 1.57 1.78 1.73 4.13 6.58 2.04 1.66 3.24

RSD% 44.4 3.6 4.7 4.1 19.9 9.6 47.7 5.7 21.4 4.4

Ave Excluded Labo.C Excluded Labo.C  Excluded Labo.Cand H Excluded Labo.Cand H  Excluded Labo.C

7.80 2.58 1.54 1.76 1.70 4.18 6.81 1.99 1.61 3.20

RSDY% 47.4 2.3 2.4 1.6 12.7 1.7 36.6 1.8 21.3 2.3

*) The calibration curve was approximated by a cubic equation.
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Table 8 Recalculated molecular weight averages and relative standard deviations for five kinds of
polymers on TSKgel MultiporeHy—M
PS SRM706 PS SRM705 PC
La Type 1 Type 2 Type 1 Type 2 Type 1 Type 2
Mn Mw Mn Mw Mn Mw Mn Mw Mn Mw Mn Mw
[X10’4:|[><10_5][Xlo_“][X10‘5][><10’5][><10‘5]|:><10‘5][X10‘5:|[><10“‘][><10‘4][XlO“‘:I|:><10’4]
A 3.30 2.52 8.00 2.55 1.55 1.77 1.49 4.19 2.23 4.29
B 5.31 2.52 9.80 2.53 1.54 1.75 1.66 4.14 2.22 4.21
C 3.40 2.73 9.37 2.77 1.68 1.92 1.55 4.45 2.34 4.55
D 2.65 2.51 8.89 2.55 1.48 1.77 1.45 4.18 2.22 4.27
E 3.26 2.51 8.17 2.55 1.49 1.75 1.59 4.12 2.19 4.20
F 5.15 2.58 10.60 2.60 1.39 1.73 1.48 4.17 2.16 4.25
G 5.03 2.59 9.23 2.61 1.41 1.74 1.55 4.10 2.12- 4.18
H 3.38 2.56 8.89 2.60 1.56 1.79 1.20 3.13 1.74 3.21
I 3.57 2.49 8.40 2.53 1.49 1.77 1.57 4.17 2.16 4.25
J
Ave Excluded Labo.C Excluded Labo.C Excluded Labo.C and H
3.96 2.54 9.00 2.57 1.49 1.76 1.54 4.15 2.19 4.24
RSDY% 26.2 1.5 9.7 1.3 4.2 1.1 4.7 0.8 1.9 0.9
PB PMMA
Labo. Type 1 Type 2 Type 1 Type 2
Mn Mw Mn Mw Mn Mw Mn Mw
[x10*4][x10*5][x]0‘4][x10*5][x10*4][x10—4][x10*4][x10*4]
A 5.14 2.00 9.34 2.01 1.73 3.26 1.92 3.27
B 5.67 1.99 9.16 2.00 1.66 3.20 1.88 3.22
C 4.49 2.14 9.72 2.15 1.61 3.42 1.98 3.45
D 4.92 1.99 9.00 2.00 1.51 3.21 1.88 3.24
E 4.35 1.92 8.43 1.93 1.65 3.14 1.82 3.16
F 3.52 1.97 8.96 2.00 1.51 3.23 1.88 3.27
G 7.53 2.00 8.90 2.01 1.66 3.19 1.85 3.21
H 3.40 2.25 9.45 2.28 1.33 3.21 1.86 3.27
I 4.72 1.97 9.51 1.98 1.57 3.15 1.82 3.18
J
Ave Excluded Labo.C and H Excluded Labo.C
5.12 1.98 9.04 1.99 1.58 3.20 1.86 3.23
RSDY% 24.5 1.4 3.8 1.4 8.0 1.2 1.8 1.3
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