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CHROML. Fbg3

The separation of cafions amdl amiems 1m gel cdiromateograplv has been the
subject of mecemtt imvestigations (s, for examplle,, tie papers: by Ecax' and UENO
et al.? amd tihe mefierences comtaimed tihereim. Felllowimg thhe symtiesis: of highly cross-
limked odimlose gels, it was off interest to compare: tihe: selectivities of such gels for
sallts wiitth tihose of other water-swoillen gels hasime @ comparablie degree of cross-
inglimy

Exporimmentol

Gdl prcparatiomn. The symtthesis of tihe cellnliose: gell (cellnlose-zo) was: carried out
as follows. Viscose (@.2%, cdluliose, 7.5%, NafOHL, 287, CS.) (reoog) was placed in a
round-bottomed fladk witlh 3 1 «off etinlemne: diciilomnidle,, 67 & of emulsitier (Cremophor
EL, BASF, Lndwigshafien) amd 1 g off sodimm berotivdmde.. The contents. were stirred
vigorounsly fior z I at moom temperzdimre to effiectt dispession into: microdrops. The
temperatune was tihen raissd to 40 amd 1835 g off epiclilorolivdirim were added! (209,
wifw hased om «elllmlose).. Sﬂmmmnggms; muaimttzimed] att 2 redinred! rate for 135 h.. Regenera-
tiom was .mxccmunmpilnsilmdl by pomimg tine: mmistore: o @ I off @ 50%, (v//v) ) mixture of
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was filltened off amd wasihed welll wiittlh watier. The: aggregated gell beads: were suspended
im weather amd dispersed wiitih a kuiboratomny hilemnder. The: headis were washed! with acetone,
then watier amnd fimally amtodiawved im 3 Il off 2z W sodiinm hvdroxide solution containing
135 g of sodiumm hordydirde at r2o® for =z . The: materal was: waslied with: acetic
acid to Thrimg the pH to 5-6. Tie ; gu!l heads were: fimally washed witlh hot water, then
oold watter amnd stomed s @ sESpemsion im G.o2%;, sodimmm azide solution. The beads
were cdlourless amd had @ qmite omiffomm,, splemicall shape witlh sizes in the range
20~70 JLm..

A ppraratus. Tive preparation of tihe: colmmms: amd! tie instrumental set-up for gel
hmomatiograply hawve Theen pprevieomsiv®.

Resulits amd. dascussion.

Elution wolumes amnd pamrtition aoefficients: flor some: simple: salts on: cellulose-zo
with deiomized water as elmemtt ame givem fim Taible 1.

Considierable diffioremaes fim elmtiom wolmme were observed! (IFig.. 1) for the chlorides
of seweral catioms. The order of elmtiom does mot bHear a simple relationship to the
hydrated radii of the iomns. Similar resaolts were: obtaimed! by Ecax? witl these salts in
Sephadex G-10 amd ]pmil\yaum\vﬂkzmmmdk‘ Pz gels asime tihe same elwent.. Separation ac-
wordimg to molecmlar Size wonld, howewer,, hamrdlh e expected! in this solute size range
amd with tie gel meed im this wonlk, hasimg: @ comparativelys open structure,, allowing
fractionation of poyetinylene oxides up toe 2 moelleculhr weight of 5000.. Instead, the
elution order agrees wilh thatt foomd for cartbosylic acid cation exchangers and is
exactly the rewerse of tihat fommnd wittlh sulipivemtic acdd catiom excliangers®.. The Iatter
Thimd the most hydrated cations tie lexst stromglhy,, ., Lit elutes first. As found by
GREGOR o @l.®, mesims witth canboesihic acid groups: prefler the larger, more strongly
hwdrated amd more polurtisable catlioms. Tins assocation betweem a cation and the
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- TABLETI

ELUTION DATA FOR SALTS ON CELLULOSE~-20 (DE-IONIZED WATER)

Blue dextran, Vo = 31.45 ml; V4 = 45.50 ml. Column loading = 0.3 mg.
Salt V, (nl) Kt Tonic radius (A)
Cation

LiC1 39.5; 0.574 0.6o

NaCl 39.0; 0.541 0.95

KCl 38.2, 0.482 1.33

MgCl, 3777 0.450 0.65

CacCl, 3774 0.447 0.99
AgNOy, 38.05 0.470 1.26
NaNO, 37.2g 0.415 0.95
TINO, 36.1, 0.336 0.95
CsNO, 35.74 0.304 1.69

. Anion

NaF : 39.19 0.551 1.36

NacCl 38.40 0.541 1.81

NaBr 36.50 0.360 1.95

NaT Adsorbed 2.20
Na,SO, 34.97 0.250 3.79

. . V'»' - Vl)
& ,\uv = -ITZ;T[T;; .

ml eluent
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Fig. 1. Cellulose gel chromatography (de-ionized water) of the chlorides of different cations. The
elution sequence is the reverse of that found with sulphonic acid cation exchangers.

fixed anion appears to be the principal effect. It can be concluded that the cellulose
gel behaves a typical weak-acid ion exchanger. It is surprising, however, that calcium
chloride and magnesium chloride are more excluded from the gel than sodium
chloride.

Cellulose gels certainly contain small quantities of carboxyl groups as the
result of oxidative degradation of the polysaccharide chains. These may be non-
terminal or terminal, depending on the oxidative mechanism. It has long been re-
cognized that both dextran and polyacrylamide gels also possess such fixed charged
groups. Their presence is observed in gel chromatography by the partial exclusion of,
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TABIE [T

ELTTION WOLIEMES. AND FPARTITION COEFFICIENTS FOR SOME SIMPLE COMPOUNDS

@ T (wml)) Rax

Glimcose: $3-40 -85,
Glmcuroniic acid) 335-83 .32
Formic: ashidl 4O.T5 0.61,,
Fommmuammiidie: 4403 .30,
Mietthamol 43-44 .85,

k<) 36 37 38 39
Fiigr. ». Cellnliose gel chromatoegraphy (de-iomized water) of the nitrates of different cations.

for examyple, acidic solutes from the gel phase; compare glucose and glucuronic acid
amnd methanol and formic acid in Table 1I.

Wit the nitrates of Ag*, Na+, Tl+ and Cs*, the order of elution is no longer
a sinmplle reversal of that observed with sulphonic acid resins (Fig. 2). In the latter,
tom binding increases in the sequence Nat+ < Cs+ < Agt < TI+. Clearly, electrostatic
florces are not the only operative factors, as a heavy metal cation such as Ag+ binds
moere tightly than the Na* cation which is smaller in size. This was anticipated, since.
siltver mitrate has been used as a stain for cellulosic materials. Cation adsorption is
thws of importance.

It is observed that sodium nitrate, for example, elutes in a smaller volume than

st o A
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Fig. 3. Celluliose gel chromatography of the sodinm salts of different anions. The elution order is
tie reverse off that found: with sulphomic actd catiom exchangers.

mi eluent
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sodium chloride, indicating that the degree of exdmsion of tix co-liom from the gel
matrix must be taken into consideration ; «f. tie elution sequemce of amboms im Fig. 3.
This may reflect the greater tendency of sodium dhlloride to migrate as am iom pair
owing to the higher charge: radius ratio of tixe dhloride fom commpamred witlh that of tihe:
nitrate ion.

Data for the elution of the sodium salts of variows amnioms are givem im Taible: I
and Fig. 3. As with the alkaline earth dations, the order is agaim the reverse: of that
for sulphonic acid cation exchangers: F~ < Cl~ < NOy~ < Br—, aswould be espected!
for a carboxylic acid exchanger. The S0,%~ fom, im accordamoe with tie: Dommam
potential, is the most exdluded from the gel. Tine I iiom, omn tie otler hamd, is stromgl
adsorbed, indicating a specific imteraction between tie gel amd this co-bom.

Tt is concluded that the partition coefficients of simple salts are tie result of
several interacting factors. These indunde the diange om the fom,, its hyvdrated radias,, tie
nature of the co-ion, the specific interaction of the counterion or co-iom wittdh tihe: gel
matrix and fixed charges. Although an inverse relationship was moted between tie: elu-
tion order in the present work amd that fomnd for sulphomnic acid cation exchangers,,
this does not appear to be generally walid for gels that have a low comtent of carboxyl
groups. There is, unexpectedly, no obvions melatiomship hetween the presemt elwtbom
orders and those reported! for dextran :and polyacrylamide gels witlh de-iomized water
as eluent. It appears that the mature of the gel mattrix, as distimct firom the: idemtits
of the fixed charges, is of importance im determining elutiomn order.

Also noteworthy are the gemerally low walmes of tihe partition coefficients:
(< 0.6), reflecting substantial exdlusion of all the salts from the gel bed. These
observations exemplify the unsuitability of simple salts fior the detemmimatiom of
internal solvent volumes of gels when water is wsed as the elmxemnt.

This work forms part of 2 research programme fimamcially supported by tie:
Swedish Forest Products Reseanch Laboratory, Billermds A, Mo oclh Domsie AlB,,
Stora Kopparbergs Bergslags AB, Swvenska Cellulosa AB and Uddeholms: ABR. Tihis
support is gratefully acknowledged.

Institute of Physical Chewmistry, W. Brosrs
University of Uppsala,

K. CErmtNBo)
Box 532, 751 21 Uppsala 1 (Swaden)

1 B. Z. EcaN, J. Chromatogr., 34 (1968) 382,

2 Y. Ueno, N. Yoaa aAND S. Qroesm, [. Chromatagr., 52 (1g70) 320.

3 W. Brown, J. Clwomatogr., 32 (1970) 273.

4 J. A. KiTcHENER, Modern Aspects of Eloctrodhemistry, Buttersortih, Lomdom., rogm. Cl. 2.

5 H. P. GREGOR, M. J. HammwronN, R. Jl. Oza axo F. Berssrwrs, J. Phys. Cheosn..,, 60 (n@5H6) 263

Received September 6th, 1971

g Cllovewnadiog-..,, 3 (vayn)) 475480



