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TSK-GEL MultiporeH Series for Gel Permeation Chromatography
— Evaluation and Application —

Kuniyuki TOKUNAGA
Hiroyuki MORIYAMA

Size—exclusion chromatography (SEC) has been used widely and routinely for determining molecular
mass distribution and mass average of polymers. Commonly used SEC columns are packed with a
mixture of packing materials of different pore size distribution, so the chromatograms of polymers
obtained on these columns often show inflectional patterns, making it difficult to determine molecular
mass distribution with good reproducibility.

SEC analysis of cationic polymers using tetrahydrofuran (THF) or chloroform as the eluent is
infeasible due to the interaction between the packing materials and the polymers. Now, we have
developed three new types of columns packed with porous polystyrene gels of a broad pore size
TSKgel MultiporeHxr—-M, TSKgel MultiporeHuyg—M HT and TSKgel
MultiporeHx:-M C. TSK-GEL MultiporeH series show excellent linearity in calibration and no

distribution, i.e.,
inflection is observed on the SEC chromatograms obtained. Separation of cationic polymers has been
effected successfully by SEC on the column of TSKgel MultiporeHyx —M C using THF as the solvent. In
this paper, the characteristics as well as several SEC applications of these new types of packing

materials, TSK-GEL MultiporeH series, have been presented.
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Fig. 1 Schematic representation of calibration curves of conventional SEC packings.

(A) Large pore size packings
(B) Middle pore size packings
(C) Small pore size packings
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Fig. 2 Schematic representation of TSK-GEL MultiporeH packings

(A) Large pore size packings
(B) Middle pore size packings
(C) Small pore size packings
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Fig. 3 SEM Photographs of TSKgel MultiporeHy —M.
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(B)

(C)

Fig. 4 SEM Photographs of TSKgel MultiporeHx—M, TSKgel GMHmz-M and commercial
MIX column.

(A) TSKgel MultiporeHy —M
(B) TSKgel GMH;g-M
(C) Commercial MIX column
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Fig. 5 Pore size distribution of TSKgel
MultiporeHyx:—M and TSKgel GMHug—M.
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Table 1 Characteristics of TSK-GEL MultiporeH series

Exclusion Theoretical*!  Particle  Shipping
Grade Limit Plate Size Solvent
(Polystyrene) (TP/30cm) (pm)
TSKgel MultiporeHy —M 2 X10° 16,000 5 THF*?
TSKgel MultiporeHyz—M HT 2 X10° 16,000 5 ODCB*?
TSKgel MultiporeHx-M C 2 X108 16,000 5 THF*?

%k 1 : Conditions
Column size ! 7.8mmlID3* 30cm
Eluent : THF
Flow rate : 1.0ml/min
Temperature : 25T
Detection : UV 254nm
Sample : Dicyclohexyl Phthalate
%k 2 : Tetrahydrofuran
%k 3 : o-Dichlorobenzene

Table 2 Solvent exchangeability of TSK-GEL MultiporeH series

Grade

Solvent

TSKgel MultiporeHyx—-M

TSKgel MultiporeHyg—M HT
TSKgel MultiporeHx—M C

Toluene, Xylene, Chloroform, Benzene

Dichloromethane, Dichloroethane

Chlorobenzene, Trichlorobenzene

Toluene, Xylene, Chloroform, Benzene

Dichloromethane, Dichloroethane

(71)
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Fig. 6 Calibration curves of TSK-GEL MultiporeH series.
Conditions
Column : (A) TSKgel MultiporeHy~M
(B) TSKgel MultiporeHyzg-M HT
(C) TSKegel MultiporeHx:—M C
Column size : 7.8mmID* 30cm
Eluent : (A)&(C) THF (B) ODCB
Flow rate: 1.0ml/min
Temperature : (A)&(C) 25C (B) 135TC
Detection : (A)&(C) UV 254nm (B) RI
Sample : Polystyrene standards
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¢ @ TSKgel MultiporeHy-M W HEBI NS h-oTes WTFROEMAETTH B
TSKgel GMHyp-M N N N N
2 Comrf:rcial MHI"X column }Lﬁ}ﬁﬂ#ﬁ%‘:%x % @T?ﬁu%mﬁﬁﬁﬁﬁ*ﬂ:b‘ cL b&ﬁ%
1000 g?t?\ 3 hﬁ:o
TSKgel MultiporeHx —M & TSKgel MultiporeHy;
gm_ M COIER#R % . THFEEEW & CHCL, IWEER T 0
= AERR % Fig. 8 WiRT, MEHER & b iC RAFe#IE
E HRTH %,
S0 (2) #mFLaF
TSK-GEL MultiporeH> V) — X KD I » 7 =
‘ T AOBEERY ZAF L VIELBEIEHELSRD S
108 [~
Rl LR B O FEE % Table 3 128 Uico
ZDF I b, TSK-GEL MultiporeH> V) — Xk,
TS S R (r?) 2& 0 1<, £k (b) ofink
Elution Volume (ml) T L ﬁ)ﬂﬁé’ f?‘ﬁ@ﬁ‘(@ BT ERDbID, ﬁflﬁ
DIy I AR T LCH~RENICEBMES & O RSB
Fig. 7 Calibration curves of TSKgel . - .
MultiporeHyx —M and  commercial AR LIch T £ TH 5o
MIXED columns. (2) SyBEvEaE
Conditions

Column size : TSK-GEL (7.8mmID 3% 30cm)
Commercial column (7.5mmIDk30cm)

Eluent : THF

Flow rate :1.0ml/min

Temperature : 25C

Detection : UV 254nm

Sample : Polystyrene standards
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Fig. 8 Calibration curves of TSKgel MultiporeHx-M and TSKgel MultiporeHx-M C with

polystyrene in THF and CHCl,.

Conditions

Column : (A) TSKgel MultiporeHy M
(B) TSKgel MultiporeHy~M C

Column size :

Eluent : THF&CHC,
Flow rate: 1.0ml/min

Temperature : 25°C

Detection : UV 254nm
Sample : Polystyrene standards
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Table 3 Properties of TSK-GEL MultiporeH series and commercial columns

Exclusion Mean Porosity Calibration Slope
Column designation Limit Pore size (e)*2 Linearity (b)*3
(Polystyrene) ®m(A)*! (r2)#*s

TSKgel MultiporeHxx—M 2 X106 135 0.70 0.9993 -0.701

TSKgel MultiporeHig=M HT 2 x10°8 135 0.70 0.9992 —0.753

TSKgel MultiporeHx—M C 2 X10° 135 0.70 0.9993 —0.730
MIX-BED Columns

TSKgel GMHix—M 2.5%10°¢ 140 0.64 0.9991 —0.839

Commercial column (A) 4 xX10° 160 0.60 0.9990 -0.932

Commercial column (B) 3 x10° 190 0.64 0.9981 —0.746

* 1 : The diameter of the probe molecules (®, in A) was calculated from the equation given
by Halasz and Martin®"
Om(A) = 0.62(Mwy) "%
Where Mwy; is the gram—molecular weight of the probe
*2: e=Vt— Vo, Vcol — Vo
Where Vt is the total permeation volume, Vo is the void volume and Vcol is the empty
column volume
* 3 : Linearity(r?) and slope(b) of calibration were calculated from the following equations

a*2Y+bEXY—1/n(2Y)?
2Y?2—1/n(2Y)?

2

a = 1/n(ZY—bZX)

IXY—1/nZX-3Y
2X%*—1/n(xY)?

b =

Y @ logiw(Mw), X : Elution volume(ml)

vy = a+ bx
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Fig. 9 The effect of flow rate on theoretical
plate on TSKgel MultiporeHxx-M and
TSngl GMHHR‘M .

Conditions

Column size : 7.8mmIDk 30cm

Eluent : THF

Flow rate :0.2~1.8ml/min

Temperature : 25C

Detection : UV 254nm

Sample : Dicyclohexyl Phthalate 20 £1(0.1%)

O (F- 10/F- 2)
5 - B (F-128/F-40)
§ 47
£
Fi
@«
~ 3
=
1 [ 1 _J.
0 1.0 2.0

Flow rate(ml/min)

Fig.10 Relationship between resolution and
flow rate on TSKgel MultiporeHxi—M.

Conditions

Column size : 7.8mmIDk30cm

Eluent : THF

Flow rate :0.2~1.8ml/min

Temperature : 25C

Detection : UV 254nm

Sample @ Polystyrene standards mixture 20 g1

Sample concentration : F-128(0.02%) /F-40(0.05%)
F- 10(0.05%)/F- 2(0.1%)

(75)

Injection Volume (u1)

Fig.11 Relationship between resolution and injection
volume on TSKgel MultiporeHx;—M.

Conditions

Column size : 7.8mmID* 30cm

Eluent : THF

Flow rate :1.0ml/min

Temperature : 25T

Detection : UV 254nm

Sample : Polystyrene standards mixture 2~100 z1

Sample concentration : F-~128(0.02%)/F-40(0.05%)
F- 10(0.05%)/F- 2(0.1%)

<= Inflections of the chromatograms
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\ ¥
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Fig.12 Chromatograms of epoxy resin on TSKgel
MultiporeHx—M and conventional columns.

Conditions

Column : (A)TSKgel MultiporeHyx-M
(B)TSKgel GMH;z—M
(C)TSKgel G4000Hxr+G3000Hx:,

+G2500Hx. +G2000Hx:

Column size : 7.8mmlID % 30cmx4

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40C

Detection :RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Epoxy resin (Epikote 1009)
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Fig.13 Chromatograms of epoxy resin on
TSK-GEL MultiporeH series.

Conditions

Column : (A)TSKgel MultiporeHy M
(B)TSKgel MultiporeHug~M HT
(C)TSKgel MultiporeHy,~M C

Column size : 7.8mmID* 30cmx2

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40°C

Detection : RI

Instrument : HLC-8120GPC(TQOSOH)

Sample : Epoxy resin (Epikote 1009)
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200.00 (B)
(c)
100.00 -
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Fig.14 Comparison of chromatograms of cationic
acrylic resin on TSKgel MultiporeHy~M
C and commercial columns.

Conditions

Column : (A)TSKgel MultiporeHy~-M C
(B)TSKgel MultiporeHy—M
(C)TSKgel G4000Hx,
(D)Commercial column A
(E)Commercial column B

Column size : TSK-GEL(7.8mmID* 30cm)

Commercial columns(7.5&8.0mmIDsk 30cm)

Eluent : CHCly

Flow rate :1.0ml/min

Temperature : 40C

Detection : RI

Instrument : HLC-8120GPC(TOSOH)
Sample : Cationic acrylic resin
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100.00
\,—
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0.00 f———— ’\ — —
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Fig.15 Comparison of chromatograms of phenolic
resin on TSKgel MultiporeHyx—M and
TSK-GEL Hyx columns.

Conditions

Column @ (A)TSKgel MultiporeHy,—M
(B)TSKgel G4000Hx, +G3000Hy,.

+G2500Hxr. +G2000Hx,.

Column size : 7.8mmlID % 30cmx4

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40C

Detection : RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Phenolic resin

[mV]
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50.00-

(B) ,/‘!\EJ,__H\\A
N Il

20.00 ISO.OO 40.00 SO.U

[min]

Fig.16 Comparison of chromatograms of alkyd
resin on TSKgel MultiporeHy~M and
TSK-GEL Hx: columns.

Conditions

Column : (A)TSKgel MultiporeHyx—M
(B)TSKgel G4000Hx, +G3000Hy,

+G2500Hx, +G2000Hx:,

Column size ! 7.8mmID % 30cmx4

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40C

Detection : RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Alkyd resin
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Fig.17 Comparison  of
acrylic resin on
MultiporeHx —M, TSKgel
and commercial column.

Conditions

Column : (A)TSKgel MultiporeHyx M
(B)TSKgel GMHix—M
(C)Commercial column

Column size : TSK-GEL(7.8mmlD*k 30cmx2)

Commercial column(8.0mmID* 30cmx2)

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40T

Detection : RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Acrylic resin
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Fig.18 Comparison of chromatograms of acrylic
resin on TSKgel MultiporeHx—M and
commercial columns.

Conditions

Column : (A)TSKgel MultiporeHy—M
(B)Commercial column A
(C)Commercial column B

Column size : TSK-GEL (7.8mmID3* 30cmx2)

Commercial columns
(7.5&8.0mmID* 30cmx2)

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40T

Detection : RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Acrylic resin
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Fig.19 Chromatograms of styrene oligomer on
TSKgel MultiporeHx—M.

Conditions

Column size @ 7.8mmlID* 30cmx4

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40°C

Detection :@ RI

Instrument : HLC-8120GPC(TOSOH)

Sample : (A)Styrene oligomer(TOSOH) A-1000
(B)Styrene oligomer(TOSOH) A— 500
(C)Styrene oligomer(TOSOH) A— 300
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Fig.20 Chromatograms
TSKgel MultiporeHx—M.
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of epoxy resin on Fig.22 Chromatogram of styrene-acryl-maleic acid

copolymer on TSKgel MultiporeHx—M.

Conditions Conditions
Column size : 7.8mmID3* 30cmx4 Column size : 7.8mmID* 30cmx4
Eluent : Eluent : THF
Flow rate :1.0ml/min Flow rate :1.0ml/min
Temperature Temperature : 40C
Detection : Detection @RI
Instrument : HLC-8120GPC(TOSOH) Instrument : HLC-8120GPC(TOSOH)
Sample : (A)Epoxy resin (Epikote 1009) Sample : Styrene—acryl-maleic acid copolymer
(B)Epoxy resin (Epikote 1004)
(C)Epoxy resin (Epikote 1001)
[mV]
(mV]
200.00
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Fig.23 Chromatograms of poly(2-vinylpyridine)
Fig.21 Chromatogram of styrene—ester acrylate on TSKgel MultiporeHx -M C.
copolymer on TSKgel MultiporeHx~M. Conditions
ior Column size @ 7.8mmID* 30cmx2
Conditions Eluent : THE
Column size : 7.8mmlID%* 30cmx4 uent - . .
Eluent : Flow rate :1.0ml/min
Flow rate :1.0ml/min Tempe'rature F40C
. Detection : RI
Temperature : .
Detection : Instrument : HLC-8120GPC(TOSOH)
Instrument : HLC-8120GPC(TOSOH) Sample © (A)Poly (Z-vinylpyridine) Mw350,000
(B)Poly(2-vinylpyridine) Mw200,000

Sample : Styrene-ester acrylate copolymer

()
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Poly (2—vinylpyridine) Mw 50,000
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Fig.24 Chromatograms of cationic acrylic resin
on TSKgel MultiporeHy,—M C.

Conditions

Column size @ 7.8mmID* 30cmx2

Eluent : THF

Flow rate :1.0ml/min

Temperature : 40T

Detection : RI

Instrument : HLC-8120GPC(TOSOH)

Sample : (A)Cationic acrylic resin Mw 18,000
(B )Cationic acrylic resin Mw120,000
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10.00 i
o0 f L )
= —  — T \ - |("n
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Fig.25 Chromatogram of amine adduct
chlorosulfonated polyethylene  on
TSKgel MultiporeHx—M C.
Conditions
Column size : 7.8mmlID% 30cmx2
Eluent : THF

Flow rate :1.0ml/min

Temperature : 40C

Detection @ RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Amine adduct chlorosulfonated polyethylene
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80,00
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Fig.26 Chromatograms of cationic epoxy resin
on TSKgel MultiporeHxi—M C.

Conditions

Column size : 7.8mmID* 30cmx3
Eluent : THF

Flow rate :1.0ml/min

Temperature : 40C

Detection @RI

Instrument : HLC-8120GPC(TOSOH)
Sample : Cationic epoxy resin
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Table 4 Molecular weight averages (Mw) and relative standard

deviations (RSD) for

acrylic resin on TSKgel

MultiporeHx:—M and conventional columns

Mw (Acrylic resin)

Grade
Mean RSD(%)
TSKgel MultiporeHg —M 87,100 0.28
TSKgel GMHyg—M 80,200 0.94
TSK-GEL Hyg 83,400 1.53
(TSKgel G4000Hy, + G3000Hx
+G2500Hxe +G2000Hx..)
Commercial column 58,600 3.91

Conditions

Column : TSKgel MultiporeHy—M(7.8mmID3k30cmx2)
TSKgel GMHur-M(7.8mmID %k 30cmx2)
TSK-GEL Hyx.(7.8mmIDk 30cmx4)
Commercial column(7.5mmID* 30cmx2)

Eluent : THF

Flow rate : 1.0ml/min
Temperature : 40C
Detection @ RI

Instrument : HLC-8120GPC(TOSOH)

Sample : Acrylic resin

Data processor @ SC-8020(TOSOH)
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