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The states of water incorporated in a crosslinked dextran (Sephadex G-10, G-15), polyacry-
lamide (Bio-Gel P-2, P-4), a polyethylene glycol (TSKgel Ether-250), cross-linked poly(vinyl alco-
hol) (Toyopearl HW-40S, 508, 558, and 75S), and polystyrene-divinylbenzene copolymer gel
packings (TSKgel Styrene-60 and Styrene-250) were investigated by means of differential scan-
ning calorimetry. It was found that there were three types of water in these gels; non-freezing
water, intermediate or freezable bound water and free or bulk water. The amount of water that
functions as the stationary phase in the column packed with the each gel was also estimated by a
liquid chromatographic method. The estimated amount of the stationary phase water is in
good agreement with the sum of the amount of non-freezing water and that of intermediate
water for Sephadex G-10, G-15, Bio-Gel P-2, P-4, and Toyopearl HW-408S, 508, 55S, while it agrees
with the amount of only non-freezing water for TSKgel Ether-250 and Toyopearl HW-75S. This
means that the stationary phase water consists of non-freezing water and freezable bound water
for the former hydrophilic polymer gels, while only non-freezing water functions as the station-
ary phase in the latter two gels. On the other hand, no water in the polystyrene-divinylbenzene
copolymer gels functioned as the stationary phase. This result can be attributed to the differ-
ences in the affinity of the polymer matrix for water molecules and in the structure of the gels;
the hydrophilic polymer gels containing a polymer matrix at relatively high concentrations have
a homogeneous gel phase, whereas the others have a heterogeneous gel phase consisting of
hydrated polymer domains and macropores with a relatively hydrophobic surface. The freez-
able bound water in Toyopearl HW-75S and TSKgel Ether-250 as well as that in TSKgel Styrene-
250 may be water isolated in pores of the hydrophobic domains.

Keywords : states of water; liquid chromatography; differential scanning calorimetry; polymer
gel packings ; separation selectivity.
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Fig. 1 Schematic representation of some adsorption and partition models in water incorporated polymer gels

(a) adsorption, (b) partition into the water phase in gel pores, (c) partition into the gel phase
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Fig. 2 Structures of polymer gel packings used in this study
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Table 1 Vi, Vi, Vsand Vo values (ml) for the columns packed with various polymer gel packings
Polymer gel Vi Vin Vs Vo
Bio-Gel P-2 3.94 1.97 = 0.09 1.97 = 0.09 1.44
P-4 4.50 2.87 +0.44 1.63 £ 0.44 1.88
Sephadex G-10 3.88 229 £0.13 1.59 = 0.13 1.90
G-15 4.01 2.33 £ 0.05 1.68 = 0.05 1.87
Toyopearl HW-40S 3.79 2.01 £0.11 1.78 £ 0.11 1.35
HW-50S 4.20 2.90 £ 0.09 1.30 = 0.09 1.43
HW-558 441 3.42 £ 0.06 0.99 = 0.06 1.44
HW-758 12.50 11.62 = 0.05 0.79 £ 0.05 5.58
TSKgel Ether-250 1.88 1.43 = 0.02 0.45 +0.02 0.61
TSKgel Styrene-60 1.32 1.25 £ 0.05 0.06 = 0.05 1.34
Styrene-250 2.39 2.42 £ 0.09 —0.03 +0.09 1.23
&, TSKgel Styrene-60 K U8 250 MM v. >V, TH 5 =
LA, SNETEARFHBOKDO—E (V.- V)
PVEEMAE LTHILTWS 2L, Thbbalidge L
THEELTWAZ LERL TS, ZRIIH LT, TSKgel
cooling Styrene-60 Ti& V. = Vi, = V,, %72 TSKgel Styrene-250 T
BV =Va>Vobhol, ThODWEE, HEDOHS
g AZOWTETHEANICKAPFEL 2T L, 2584
: J D7 T K TRFEAOMILNIZKESFET 2%, Zhas
2 Bty LCTRABBEL TV AW 2R LTV A,
{

~.

heating

_—
253 263 273 283
Temperature /K

Fig. 3 DSC curves of water incorporated in
Toyopearl HW-40S

Broken line denotes the DSC curve for pure water.
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Fig. 3 IZK T L 72 Toyopearl HW-40S iE O ¥ I K
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BELIILD, BAVEEY —27 2R L7, BioGel P2,
Sephadex G-10, Toyopearl HW-758, TSKgel Ether-250,
TSKgel Styrene-60 & Styrene-250 {22V T D H-IR AR %
Fig. 4 27”79, Toyopearl HW-50S, 55S, Bio-Gel P2, P-4,
Sephadex G-10, G-15 I& Toyopearl HW-40S & [A]#:D Rfig
R EZ R LD L, TSKgel Styrene-60 Tl HH
KDY —27 DHM, ¥ 72 Styrene-250 TIEHEIZHH L 72
HHEAKEHHADOY — 27 28l S vz, T, Toyopearl
HW-75S & TSKgel Ether-250 B Cld HHIAKD ¥ — 27 (12
MARDY =2 3E % - - HOF RSB LNz, Thic
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WRLAEEIZHw 1 Ko Bl sh/. Zhig,
WG HBHRIT &) FEAHE B E FRICEET 5720 L
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=
2
]
=
=R
J Sephadex G-10 TSKgel Ether-250 TSKgel Styrene-60
253 263 273 283253 263 273 283 253 263 273 283
Temperature/ K
Fig. 4 DSC heating curves of water incorporated in various polymer gel packings
Z 2T, QI3 DSC MDY — 2 mkEHSEHE SRl
i RBETHY, AH) & AH IZZNZN 273K R 273 K BA
§ 2. TO/REICEITS 1 g OKOBMTY 5 VE—Th 5.
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<
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E
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£y -
o o Wo = Wi ™ Wine ™ Wy (13)
~
o
Fig. 5 {2, Toyopearl HW-50S FHAEHI DV TH L N7z wy,
0 o b2 : , Winy wa D w AT 2EFEEZRY. HHKEZEKS
0 1 2 3 BORBAL EBIZHAT Y, BRHAPEELTWLHE

wy/g gl dry gel
Fig. 5 Dependence of wi, win and w, on w, for
Toyopearl HW-508
Symbols: &, we; O, win; O, wa.
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B LD 5. RCTHEIKDTHET 5 & RBKDS
WA LCTwb. Toyopearl HW-40S, 558, 75S, TSKgel
Ether-250, Bio-Gel P-2, P-4, € L T Sephadex G-10, G-
15122V Th, w & w, DEZENENELDL DD,
RO RIEF LN, Thid, ThdOFEANCIRY A
Fh7zKD, PR LDIODRLLZRETHEL T
H5ZLERLTWVS.

—7, TSKgel Styrene250 R TIZ TN LIZE B% b
MRPME SN, Fig. 4 \RL72 & D12, TSKgel Styrene-
250 FEHI HHAK E FHAKICHIET 2 2 DORBY — 2 %
ALY, ZThe 200 —-7ERIBEZERL L
2L L7z, Fig. 6 (K - Bz SRV EL72L & D
TSKgel Styrene-250 K H DK D FHIRMB L RS, ZOK
25, WEEZHEYET L ICHEAIRATEDIHLT
HEHAKDSEMLTWS Z EH095. ZOBKRE, oK
Fhrh O eh 7K A% TSKgel Styrene-250 FEIEAMIFLAICEL Y &
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3rd step
2nd step

E

E

2

53]

! 1st step

253 263 273 273 283 293
T/K

Fig. 6 DSC heating curves of water incorporated in
TSKgel Styrene-250

w,=0.60gg 'drygel. [Reprinted from J. Chromatogr.
4, 1010, 177 (2003), T. Baba, M. Shibukawa, T. Heya,
S. Abe, K. Oguma, “Liquid Chromatography and
Differential Scanning Calorimetry Studies on the States of
Water in Polystyrene-Divinylbenzene Copolymer Gels’,
Copyright (2003), with permission from Elsevier]

Table 2 wi+ win values (g g ' dry gel) for TSKgel
Styrene-250 samples obtained in three con-
secutive measurements

wr t Win
W

Ist 2nd 3rd
2.46 2.37 2.38 2.37
2.38 2.25 2.25 2.30
2.01 1.89 1.94 1.95
1.71 1.57 1.59 1.56
1.50 1.22 1.26 : 1.30
1.15 0.93 0.96 0.98
0.60 0.48 0.52 0.55
0.39 0.33 0.34 0.35

[Reprinted from J. Chromatogr. A, 1010, 177 (2003), T. Baba,
M. Shibukawa, T. Heya, S. Abe, K. Oguma, “Liquid
Chromatography and Differential Scanning Calorimetry Studies on
the States of Water in Polystyrene-Divinylbenzene Copolymer Gels”,
Copyright (2003), with permission from Elsevier]

FNKRTHY, HEED L ATRFOBFE THILA D 5K
HENRTHEKE LS 2DIRI - DEEZ NS,
CNERGET 572012, @KTEDORL 5 4 D TSKgel
Styrene-250 AF ZAMHEL, ThENIZOVWTHEKE L
AHEARZHMELT, ZOEFMEL 3 BIOERT 5 A ik
HMEPSBONZLDICODVTHRELZ. 20KE%
Table 2 (Z7R¥. Fig. 6 [IRL72L 9IS, WELHEYET

KAGAKU Vol. 55  (2006)
3
[eXe
[o]
- (o]
%
15' 27 o0
1) (o]
Ry
£ 0"
g o
=
+ 14
s (o]
(o]
(o]
° [
o] [ ] ( 3PS ® 1
) L o9 [}
018e @ ® : o
0 1 2 3

wi/g g1 dry gel
Fig. 7 Dependence of w, and the sum of wr and wiy,
on w, for TSKgel Styrene-250

Symbols: O, we+ win; @, wn. [Reprinted from J.
Chromatogr. A, 1010, 177 (2003), T. Baba, M.
Shibukawa, T. Heya, S. Abe, K. Oguma, “Liquid
Chromatography and Differential Scanning Calorimetry
Studies on the States of Water in Polystyrene-Divinylbenzene
Copolymer Gels”, Copyright (2003), with permission
from Elsevier]

ERHKBRIR A AT 5 CHEAKRYSHEMT 5.
L2L, MEOMIZ1IMEE, 2HE, sHEOMEIZHSW
TIELALRUMEZR L. ZOMEIE, FRORGEX
Hy55DTHY, TSKgel Styrene-250 MFLN DK 23,
DSC HIE DA D 5 VISR BE THEICHB SR T
WBHZEZRLTWS, wy R wine + we DEKGEIIH
THMAEME Fig. 7TI2RT. ZOR»SLRHARITH
01gg 'BELEFBICHAEVETHLI LRGP 5.
TSKgel Styrene-60 Tid P HAKDEW S g, REKEIT
TSKgel Styrene-250 & [lkk, FEEI/PIIWETH 72, =
DFERIZ, Table 11278 L7z TSKgel Styrene-60 7 7 AT
BVi=Va=VoTHdEW) LC XV HBLNLHR, T4
bbb T ANDOTCORPTEARFIRICHEEL, B
BHELTHRRETLIEVIFBREICHBELTY .
TSKgel Styrene-60 T MIFLES AR BHE CORBERE T
60A L ENTVEAS, KTOFREDBRE TN L
7bnEEZHNB. F72, TSKgel Styrene-250 DHFLIE
WREBEDEMHET 250 A TH Y, ML THIFHR-72bD
ERbID., ZOREBTEE S N2 EAD S BEHAND
RRBST, FTEANF OIS EISES 5722 & H7—0
OEREFEMENDD, Zhd XY KD WEEATS
% Sephadex ® Bio-Gel TR Z D L) ZHR{E RS
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Table 3  win, wn and w, values (g g ' dry gel) for water incorporated polymer gel packings
Polymer gel Wint Wn ws

Bio-Gel P-2 0.60 = 0.01 0.64 £ 0.01 1.13 £0.05
P-4 1.15+0.03 0.52 £ 0.06 1.67 £ 0.46
Sephadex G-10 0.49'+0.02 0.43 £ 0.01 0.83 £0.07
G-15 0.71 = 0.01 0.47 £ 0.02 1.05 +0.03
Toyopearl HW-40S 0.61 =0.01 0.40 = 0.02 1.02 = 0.06
HW-508 0.61 = 0.02 0.40 * 0.03 1.06 = 0.07

HW-558 0.56 £ 0.01 0.37 £ 0.00 0.96 + 0.06

HW-75S 0.07 £ 0.02 0.31 £0.10 0.30 £ 0.05

TSKgel Ether-250 0.59 £ 0.05 0.44 = 0.05 0.49 £ 0.02
TSKgel Styrene-60 0.13 £ 0.05 0.05 = 0.05
Styrene-250 0.15 % 0.07 —0.04 £0.03

V., ZOMIERE, BUKEED PSDVB FVTIdK E ORI ELE
HAREFIDZ VDI LT, AL EOBKEE LD
BTV TIREH - AFBREE R TL ZORREHEREL
TWBILNERTHS ) LR Eh 5.

3:3 BEFEMEEL TREET 2 FEHK & PREKDEHRN

3.1 TRz & 91, EH SIS L -BEMEENE
BICLD, MEMICEEME LTRIEET2KOEZRD 5
TENTESL., ZZTRAICEY, BT & PEEH KR
V. REBRIV1g %) OFEHER v IREL TAK
KEFBAKDEL DILE AT 7207,

ws, = pVi/ Wy(c) (14)

Z O # R % Table 312 /8§ . TSKgel Ether-250 &
Toyopearl HW-75S Tld, w, & w, DEDSIZIFHEL W &
a5, ZOKRIE, INOOFTEHTIEIAFEKDOHAD
BEME LTBELTWAZ EERLTED, READA
PHEECES L, PHEAKIZERIET 280 (E#E)
AHBEKE REMICED SRV LT 5 Higuchi bE &
ZLOMRBEOHREL B LTS, LarLIhical
T, Toyopearl HW-40S, 50S, 558, Bio-Gel P-2, P-4, Z
LT Sephadex G-10, G-15 iEWVIhd w, L wot win D
BEA—B LTS, 2O kiF, ThoHDFTHEFTIEAR
KOOI STHEAKLEEHE LTHBELTWEZLEE
RLTWA, ZDXHIZ, ELoEAEEST7F VTER
HK & PRI EERAAR S UTRRES 5285, —8or
WTIRHPEAPEEME LTEBELTWRWI EXFHL R
2ol ZOHKRE, PEAFETTFIVIEI) 7R
HBVIZEOWEICL o THBEREEKIIREHEL20%
WEERDLZEERL TV,

—7, TSKgel Styrene-60 & 250 TIXEEM & L CTHERE
FTHRKMAPIZLEAEFELTEST, TRITHIELTAKE
KEDDLTNTHLI PGP 5. 3.2 TR LHIC,

BHEDE S % w72 ® TSKgel Styrene-250 D wi,, %
Table 8 1Z/R L CWARWAS, Table 1ITRLALHIZ, &
7 AN D TSKgel Styrene-250 1340 & DK & MIFLAIZ & A
TEY (Vo= V), L2bEDS b00% ) 0EEG%PH
ABEDTVS., Tabb, WHIINTABMEL VI X
T, PSDVB S IVAOHHKIZEHBALFE L TH o 7.
Ishikiriyama 5*”1 DSC Z W THRIY A F VA ¥ 2 ) L —
MEVOBREREWEL, SRR GKOMHRE I H HK
IV HIERTHBDS, EFHITIIEAEEDLLENWI LR
oLz, %51, EEEEKORMBREDKT IS
GFI NI v I RAEKGTFOMEAERTIEZL, MO
AWK DEALAD LN Z EICX B RERDO O TH
B Loz, ThEFBRIC Murase 5™, BHF5
VHOXERE VI ZERZFEZREL, YVORBIZLBK
DXEALD 720 [ZHEBREVR T 5 L HHBA L 7.
WODHWIZEGTrIVEBAEDLOTHY, LTLD
AEOMHELIET—FLTwiw, LaL, DSCE
HPLC IZ & - T## 5 172 TSKgel Styrene-250 O FEE&k#E R
&, ZOFTEFPOKIEBEKL D DBESEND, S
< by 2 ZLOMEMERIZE > THRIHEER TS D
DTERVWZEERLTWA. F72, TSKgel Styrene-250
DML DOKITE M E LTHEEL Ty, BEoZ k
# 5, TSKgel Styrene-250 F OMFLHF DK OB H O T I
ML DKM HILD 5V IZKEfL S TS Z LR
T5LDTHLH LEZOLND.

34 FIFERIOBERFRRE L KOREE
BESTFOREERME L P VNOKRDIREE L OB1E %
LT B 7012, FHESVFEEANII OV TR LRSS
THBILEYORREE LT LA™, R 72—
% — & LTI, TSKgel Styrene-60 K& T 250 77 5 LD
TIRERREE ZHY, TOMROAH T LIV TIRFE
BE Ky W k& K ZERERRRTEZONRS.
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log k (Styrene-250)

-1 | T
-1 0 1

log k (Styrene-60)

Fig. 8 Values of log k for TSKgel Styrene-250 plotted
against log & for Styrene-60

Value in parentheses gives the slope of the plots.
Symbols: &, methanol, ethanol, 1-propanol, and 1-
butanol; [ ], acetone and 2-butanone; O, acetonitrile
and phenylacetonitrile ; <, nitro-methane, nitroethane,
and nitropropane. [Reprinted from J. Chromatogr. A,
1010, 177 (2003), T. Baba, M. Shibukawa, T. Heya, S.
Abe, K. Oguma, “Liguid Chromatography and Differential
Scanning Calorimetry Studies on the States of Water in
Polystyrene-Divinylbenzene Copolymer Gels”, Copyright
(2003), with permission from Elsevier]

(14)
(15)

k = (VR_ Vm)/Vm
Ky = (Vg = Vu)/V;

T, VRIZBEORFEMTHS. BiB35L918,
BAFrVhOBRERIES T EKOBREEBRME R T
CZENTELRVELAT S, EEME LTHRIET 255
T M)y 7 20K REL AL dREELZOT, K
(15) KBV TIEEEME LTHIET 2 KEBEME LT
Ko #RtB L7, %72, TSKgel Styrene-60 & 250 Tl %
HMRDTEAE Ll hr o 727230, BRFHREE HIV 72,

£7, log k Xid log Ko Z AEABERIH THEL, BH
PRFHBIME % ME L7, Fig. 8%, TSKgel Styrene-60 7
7 5 TH LNz log k123 LT Styrene-250 T? log k % [
—OBHEICOWTTa Y FLZBDTHS. TRTCOBE
ZowTo7ray ME—EREICED, LrbZFOER
DEEIF1.09T, ZZ1 LAZELENELN. O
KA1, TSKgel Styrene-60 & Styrene-250 (Z331) 5 RIFHE
BRFA—TH 0y, BERFEREICES 2NV EZRLT
Vw5, 31705 33 THBRHERAD S, TSKgel Styrene-60
BRU250 2B L7:h 7 ANICITEEMHE LTHIET S
KBPFLELGZWIEDBHOLPTH S, LizhoT, Thbd

KAGAKU Vol. 55 (2006)
OFEBHITE, B TREALBEEOEZOMEER (&
B Lo TREFEIsTwabnEEZLRS, LT
Mo T, HRFREIITEDO SRR K &5 T 2HDOF
HAOEREHE A 2HOWTRRD L HIIZHE 2615,

k= KA/ Vin (16)

B> & 912, TSKgel Styrene-60 & Styrene-250 Tl
KaPELWEEZOLNBZDT, A—OBEIZOoWTDE
ﬂ%ﬂ@%%ﬁ‘:ﬁ kStyrenc—ﬁO 2: kSLyrene-250 & 0) ﬁfﬂ c: Li D\—FO) Igg
5w A A Rl N s

log & siyrenc2so = 108 k sigrene-60
+ 108 (Vin, suyrenc-60/ Vin, styrenc-250)
+ log(A S[yrcnc-?f')()/ A Styrene-ﬁ()) (17)

Z 2T, Fig. 8568 1E-0.25 F721og(Vim, syrene
60/ Vins syrenc2s0) 1% Table 1925 —0.29 £RDOLNE. Th
O OfED 5, TSKgel Styrene-60 & U b Styrene-250 535
M2 (L1 4) EREEPIRECZ EPFH95E. T2, 4
7 LIZFEE & L7z Styrene-60 K U Styrene-250 % H 1) H
LCEONEBRERYHELZEZA, ThEh1235g &
0780 g Tho7z. ZOMHERIE, Styrene-250 7% Styrene-60
DL EORKREREZA L TVWLILEZRLTWS, Zh
13 Styrene-60 234 7 AN TIZIZER2IIIGHE L TH D, ¥
RTOMILE2FENTVBELEDTHSI. hbHDREHE
b, TSKgel Styrene-60 & Styrene-250 M 71 7 AN DKITEE
BEDOBMME V) BTV HBEAKER—R]TES2 &
ERLTWS,

Fig. 9 1%, Toyopearl HW-40S {ZXf§ % 508, 558 R O°
75SICBI B log Ko D7y FERLAEDDTH S,
Toyopearl HW-508 & 558 {Z oW TH 7Ty MivniThd
FRz@BLEECRFR 1 AOBEREICES>TVEZ L
Do H 5. FEIZ Toyopearl HW-40S 1233 % Toyopearl
HW-50S & 6558 D71 v MIMEERENZEN 1.08 & 1.11
THY, b 3EOFTEAOBEERFFRINEIITIZN
LTHBHIEERLTWAS. —7, Sephadex G-10 IZxF3
% G-15 J. U Bio-Gel P2 IZ/f§ 5 P4 D7y b b, R
CERZELIERE o728, BEROBEEIELEN
0.73 £ 0.74 Tho7:. TNi%, Sephadex G-10 [ZHT
G-15 %%, E72 Bio-Gel P2 & 0§ b P4 7%, ZhENEEH
DFBERBDEI/NE WV, TobboERIREI /NS W
E&RLTWA, Table 3ITRLZE DI, w fHEHET
5E Toyopearl HW-40S, 508, 558 IZOWTIHIZIFEH LW
T BDITH L, Sephadex G-10 D w, flil G-15 & H /)
&<, ¥/ BioGel P2D w, fHIZ P4 D w, fHL ) H/HE
V. 202 EIZEEMKREIVNS WFEANT &R R RE
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HW-758 (1.61)

HW-558 (1.11)

HW-508 (1.03)

0 T T

0 0.5 1 1.5
log Kp (HW-40S)

Fig. 9 Values of log Kp for Toyopearl HW-50S, HW-
558 and HW-758 plotted against log Kp for Toyopearl
HW-408

Values in paretheses give the slopes of the plots.
Symbols: 2, methanol, ethanol, 1-propanol, I-
butanol,1-hexanol, benzyl alcohol and phenethyl alco-
hol; [, acetone, 2-butanone,3-methyl-2-butanone, 3,3-
dimethyl-2-butaone, 2-penta-none, 4-methyl-2-pen-
taone, 3-pentanone and 2,4-dimethyl-3-petanone; O,
acetonitrile,propionitrile, butyronitrile, benzonitrile
and phenylacetonitrile ; <, nitro-methane, nitroethane,
nitropropane and nitrobenzene. [Reprinted from J.
Chromatogr. A, 1040, 45 (2004), T. Baba, R. Sakamoto,
M. Shibukawa, K. Oguma, “Solute Retention and the States
of Water in Polyethylene glycol and Poly(vinyl alcohol) Gels”,
Copyright (2004), with permission from Elsevier]

FREARENWZEZRLTWVS

KM T & EAREMIR O L 2 S MR S 5 ATk
THBBRICBWTIE, BRLAZAKHEBOES TIBE
(EREDE) DE, Acpoyme VEED log Kp & HEIBFR
WZHBHZEFAMSENT WSRO,
log Kp = @ Acpoiymer (18)
ZZT, « 3EHT, ERERERVCBEEOERIKESR
THRBIERTH S, LEOBAEESFZ IVTHEH O E
EHPESFI M) v 7 R & GBIk L DBABRER
EBOOLEWETSHE, BATFRER1/(1+w) THZ
bhb. Fig 9ICRL70y FOBESRERZNOH T L
THREON log Kn DIERTDT, ZOMHEIZ1/(1+ w,)
DWICHELL B EHFEINE. BONLENFNORKE
HOMAEDLEIZOVWTHDTOy FOEE L 1/(1+ w,)
D% B LT Table 4 1ZR L7z, HTOENIH 5725,
MEDEGBEN L B LTnEI L5505, 2O

— S HE BT B K DIREE & 5 EERIRE 159

Table 4 Comparison of the slope of the log Kp vs.
log Kp plot with the ratio of 1/(1 + w,) for
each pair of the polymer gel packings

Slope  Ratio of 1/(1+w)
Sephadex G-15 vs. G-10 0.73 0.89
Bio-Gel P-4 vs, P-2 0.74 0.80
Toyopearl HW-50S vs. HW-40S 1.03 0.98
Toyopear]l HW-55S vs. HW-40S 1.11 1.03
Toyopearl HW-75S vs. HW-408 1.61 1.55
1.0

o~

€ Icohol

F o0s- alcohols

E ketones

g 0.6-

2

©

E

)

£ 044

~ nitriles

g

= 0.2

nitro compounds
0
-0.2 -0.1 0 0.1

log Ky, (Bio-Gel P-2)
Fig. 10 Values of log Kp for Toyopearl HW-40S plot-
ted against log Kp for Bio-Gel P-2
See Fig. 9 for details.

BiZ, £-0BE LT, IS0 VEEAOBEERIIE
ST EROBEBHMEREELZLERLTVS. HiR
TRIREBHEMATOESTHIET Y F2IZa# L, H—4H
ERLZTIENTELY, BEREFTINVOHEED VI
B OBRICIBVTES THOBKELBIEE LK
AEARE LT, FohoKighlke: LTHUINSLD
LHRINS.

—7i, Fig. 954595 £ 912, Toyopearl HW-75S uvs.
HW-40S 70 v M, FOEL2&p o 20070y
MCHSRTRE V., 2BORLZFEAID log Ko I L
DFay belolkli, 1 ROERBHKRERT OEIFE
OFRBEHOHAEGHLRIZOVWTOATHS. —HE LT,
Bio-Gel P-2 2%} 9 % Toyopearl HW-40S D 71 v + %
Fig. 10 127”3, T Z kid, Toyopearl HW-758 %% U
PVA 284 & L2 KREHITH ) 2485 HW40S 2 & L i
B bEERH->TWwWAZEERBLTWS

PVA i%, KEBELZNLTHTHND B IIHTHEAER
EEBET A ERHLNTNSEY™D), Takigawa 553
AZ )=V EORERBERTPVAYVERBET S L,
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PVA BREFER L B ICELHEHBO 2 MR INE L
ERWAELA L 2 MIdEE 2 ZARRE S 398K
TT7 ==Y rr3a2bickoTHENESR, ZhzKp
WANB L, KEHETEREL PVA OB FEIR L K2
GARZR 7Ol ENS. DI L H, Toyopearl
HW-40S, 508, 55S BN —LEBR 2 HOS5 V%
R LTwB0Icxt L, HW-75S id PVA 2954 L 72005
BIRE, TR L - TRE LS~ 2 aflRcAMEE
LAY —BEE R L TWA LD LN XS,

Table 3127 L 72 & 9 12, Toyopearl HW-75S T,
HW-40S, 508, 55S & #£74 1, WK EEME LTk
LTwiz\vy, £Z T, Toyopearl HW-75S & FIBRIZ A K
AEEMI R 5 T\ TSKgel Ether-250 & @ log Kp

(1.23)

log K}, (Ether-250)

0 ] T I
0 1 2

log Kp (HW-758S)

Fig. 11 Values of log Kp for TSKgel Ether-250 plot-
ted against log Ky, for Toyopearl HW-75S

See Fig. 9 for details. [Reprinted from J. Chromatogr.
A, 1040, 45 (2004), T. Baba, R. Sakamoto, M.
Shibukawa, K. Oguma, “Solute Retention and the States of
Water in Polyethylene glycol and Poly(vinyl alcohol) Gels”,
Copyright (2004), with permission from Elsevier]
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Ty bk oTHhiz, ZOKEE Fig. 111IRY. FFE
[ZBBRIRVC L IZ, PVA L PEG L W) REOEMEST
THhY DS, BLAXOTuy PP 1 EROERICES
Twb. PEG b KBRPTARSTFEBERTICLTRER
BREBEZEDLZEFHAONTVSEO7® . Graham 5°°
X PEG r NV EKDEEREEMEL, =—TIVEER 1D
LTRSS T 3ONKMLABEZHET LI L E2H
HL7 o, KCTBHELAZPEG X VOEEIZ 720
IFVLYFF Y FOBEYRLICE o TAY v 7 ZHEEDTE
WEINBEFHLZ, ThoDOMERKEDL S, TSKgel
Ether-250 D& i3 Toyopearl HW-75S & [FI#%iZ, PEG &
A THMLAEE L TRK LERE, 2N > TED
H & M7z -CHo.CHy DBUKIA L 2 RO ML S - T
20t sNG, MILPICHEET 2 AMTHRAE L
THH X N3, PSDVBFIVOBEAERBICEEMEE L
TR LEZVIDEEZ ONS.

Toyopearl HW ¥ V) — X3 KRY A4 AP u< 75
74 —RFREH & LCHRE TV 525, HW-75S OHEER
BASFREIIRDRE S, HEHIEL T A (Table 5).
U LT, TSKgel Ether-250 DML 25 nm TH
5206, BERBERSTFRICHEE T L 1 TRELHEES
%%, Toyopearl HW-75S8 @ w;,, fli#% TSKgel Ether-250
CHARTIEEINEL, TP EKOBBIREI SN
i, YA XORELR 7 OIPHRINTEY, MERET
DBINENWTZDTHA ).

4 ¥ & ®

LCHA I AFKEHE LTHE SN TV EERESTTY
VHOKDREE, 7 ILVORORESHRNGE L BRI
ZHLTLC & DSCIZL WRET 24T 7. FIVFHANC
ByRAEhsKiZ, DSCHIEDRKR, AaHK, HEK,
BHAKD 3 >OREIZHEEN/Z, —FH, LCH T LA
BEVHAREREEIC L D EEMEE U TRIET 2 KOEE R
O, INLDOREORLZLKOBEWRB LA, #HK
7V (DEX, PAA, PVA, PEG) i3, A#Eik & ks
FICEEMHE LTHBEEL TV S b O L READ A EEH

Table 5 Some physical properties of Toyopearl HW-40S, 508, 55 S, 75S and TSKgel Ether-250 gel beads*

Polymer gel beads Particle size/

Exclusion limits/ Pore diameter/

Hm MW nm
Toyopearl HW-40S 10-40 2.10 X 10°- 3.90 x 10°
HW-508 20 - 40 1.26 X 10"-2.34 x 10°
HW-558 20- 40 1.05 X 10°- 1.95 X 10°
HW-75S 20 - 40 5.00 X 10°-11.5 x 10°
TSKgel Ether-250 5 — 25

a) Manufacturer’s data.

[Reprinted from J. Chromatogr. A, 1040, 45 (2004), T. Baba, R. Sakamoto, M. Shibukawa, K.

Oguma, “Solute Retention and the States of Water in Polyethylene glycol and Poly(vinyl alcohol) Gels”, Copyright (2004), with per-

mission from Elsevier]
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polymer solution phase

Fig. 12 Schematic representation of a partition
model in water-swollen hydrophilic polymer gels

ELTHRBLTVWELDD 2DIZKHTESZ EHSL
Pl ol, EERIZZIRASDX VORBRERIESF~ b
Dy 7 ALKEDREGBEWER LTI EHTE, BEEMIC
B ABTTRENSVECBEROSRERDOE, T4
bHOMHRIREFRE VI EBWS IR o, —RITE
KEDOBWE T LRFNFRE VY, BEESF»O R 5THE
FE) LEET 2 L EREICL > THRBREICENED
5. ThbbINsOREHZHCLROFRREEZ, %
AR Fig. 1 (¢) DEFNTERHATES., LL, ¥
WFABICIBHHERIEEL TSI 25, Fig.
120%) REETHA) LBISNE.

R LT, BKES IV (PS-DVB) TiXEEMHE L
THRETAKIFLEET, B TRENOEREICL > TH
BORBIRI-TWAE I EMNRBENS. T,
Fig. 1 (a) DEFNVIEKYT S, PSDVB X VIZBWTH
WEhPEAKE, BoF< b))y 2 A LOMEERICE
STELADDTIER L, MILAICKHEIIGLD 5 Wiz
B LS N LICLBREBETICERT230THS L
L. Toyopearl HW-758 RO TSKgel Ether-250 AR
DO EAS, PSDVB & FABICEHEHE LTOBEZ
Ve, ABROBRICL-TELZ DTHELLE
Zohb, BEERBREOREZ L0 6, ThoDFHE
#|iZ Sephadex G-10 2 &D 7 ¥ ¥ ARFHETIE L L,
RIVKR—FAEEEF LTSI ARSI,

KIZ#RE - SRR L L CEBEM L TR ZBR LT
By, BANTOKOHEED 2 VIZIREBIZUZTEROD
D HERIRYE L BELRBRNH L. BESGTETE—-T L
THHMETH S LCIZ, DSC M5 as:z e T
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Wz a<w 7574 — (LO) MH T AKEAME LTHER ST 5H 2 OBAMER OCBUAES ST 5
NERGE L, ZVCIDRATN7ROKESR, #VOBOBRES RN OBRICEE LTLC &RE
EEBBHEE (DSC) 12X VKA L7, DSCHEDRERE, Y UhoKIERHK, HHA, HEAD 3D
ORI SN —F, MEICHRE L LCBBEARAEEICL Y, FUhCEEME LTREET 2
K, FhbbaBEAL LTRIET2KOBZRD, CRODOREORLLZKOREERELEZS, Bk
PEZ WV IGARBK & RIS CE A E LTBEEL TV b O EREKDADEERE LTEELTYL S
DD 2DIEKUTEDLZEDNW LD R, THISHLT, BAES Y (FYRAFLY-YEDARE
YEBEAESV) TREEME LCRETAASEEL RV L8507, s bews 7a—7
ELTENEND LC RO BRIE 2R, FYVHNOKDREE S VOREGEE 2 EE L.
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