
SUMMARY 

The @nount of internal solven’. in Merckogel OR-zo3G has been determined 
for ten diRerent solventi using polystyrene (mol. wk, 10,000) as the excluded solute. 
In this method, dry gel is equilibrated with an organic solution containing a kgwn 
concen~tion of a solute which is excluded by &e gel. The internal solvent volume 
of the swollen gel is calcuWed from the concen&aGon change due to mixing. There 
are distinct reMions be&veen the amount of inter&- solvent, a soiubility parameter 
and Ebe molar volume df the soivenf. 

During the cotme of a study relating to the gel chromatography of metal 
compfexes witfr t3_diketoneszJ, we developed an increasing interest in the influence of 
the solvent on elution behaviour. In an earlier paper on the elution behaviour of some 
acetylacetonafe complekes of metals(E,m) and n-a&anes ic tE=e Merckogel OR-2OCKL 
tetrzhydrofuran system’, it was pointed out that the metal complexes and alkanes 
possess cUEirene elution characteristics. It was suggested that these are to some extent 
due to solute-gel interactions. fn an attempt to elucidate these effects, the elution 
behaviour of n-alkanes was investigated in Herent organic. solvents3. It was ob- 
served ;tJ3it the distribution coefficients of the n-afkanes were dependent on the sol- 
vent,which suggeststh3tdiSerences in solvent-gelinteractions are responsible. 

The solvent is an essential component in a gei chromatographic system and 
interacts with both the ge1 and fhe solute. Some interesting studies have been re- 
poked- of the solvent effects in gel chromatography with organiic solvents, but, in 

-general, Ii-tie &entiorr has been paid to this problem. Systematic studies of solvent 
effects are required. 

’ ‘3%; di%tibution coeEcient of 2 solute is dependent on both the solvent regain 
of a gel9 and on the comzentrafion of ehe gel matrix in tie swoHen gel phaseLo:Sw@ing 
can be regarded as the rcsu& of a solvent-gel interaction, and tile degree of swelling 
or the solvent regain is -& importzmt variable in the chromatographic process. Data 



on solvent resin shouid therefore give inform&on .ab&t solvent-gel interactions 
and the present work was undertaken in order .to obtak such -d&a. A co-on 
method of detemiining solvent regain is tom measure thy amount -of solvent ~EI a 
swoEen gel ma& after removing interstitial sokent by centrifuga‘fon. This m&i&& 
however, is liable to inaccuracy due to a dependence 03 the centrifugal for& usedPI, 
and also to the retention of solvent on the surface of the gel beads=_ Further, it is 
not an easy me+%od to apply to highly volatile solvents. 

The volume of the solvent absorbed by the gel can be estimated by rkans of 
a column methtid if~two soiute mole&es are used as the reference species : one-sofute 
molecule is sufficiently large as to be completely excluded bye the gel network, and the 
o&her solute is small enough to penetrate completely all of the pores of the gel. Thus, 
Sephadex with- water as the solvent and Blue. Dextrane and Iabelled water, e.g., 
tritiakd waterL3e14 and rsO]water15, have been used. However, it is-not eacy to select 
a small reference material which is soluble in various organic solvents. 

In the present work, solvent regains of Merckogel OR-Zt300 have been deter- 
mined in various or-&c solvents by means of an equilibration m&hod using a reI’ere nce 
material which is large enough to be excluded, Gel bed volumes, the convenient and 
practical measure of the degree of gel swelling, have also been measured for compari- 
son with the solvent-regain data. The organic solvents chloroform, benzene, toluene, 

l -% I*-dioxane, te,,,y drofuran, ethyl acetate, n-butyl acetate, acetone, methyl ethyl 
ketone and acztytacetone were studied. All of these solvents, except the last which 
had been used as c solute2, had been used previously as eluting solver& in our study 
program. 

In order to clarify the solvent-gel interaction, Se correlation between the swel- 
ling of Merckogel OR-20 and some physical properties of the solvents is discussed. 

The principze of the eqdibrafion merhod 
When N grams of dry gel are equilibrated with V millilitres of solution con- 

taining a solute, the relationship between the solute concentration in the initial solu- 
tion, C,,, and that in the final solution, C,,, is represented by 

c,v=C,(V-v*ct’+KJJV) (11 

where & is the distribution coe5cient of the solute and V, is +he internal solvent 
volume of the swollen gel defined as the n-aber of millilitres of solvent taken up by 
one gram of dry gel. When the solute molecule is large enough to be completely 
excluded by the gel (& = O), eqn. 1 can be mod5ed to give: 

v, = V(1 - CIY/C,J/ w (2) 

Thus, VL can be calculated from thz ratio of the initial and Enal solute concentrations 

in the solution equilibrated with the-gel beads. 
When the density of the gel matrix, d,, is known, the degree of swelling, Q, 

decked as the reciprocal of the volume faction, qG. of the gel matrix in the si+en 
gel, Canbe estimated as 



rfllere V, is t&e speciik volume fmE[g) of the dry gel; The molar solvent regain, S,,, 
mde&xd as the numb&- of moles of Solvent taken up by one gram of dry gel, can be 
obtaina from the following zzlationship : 

where & M, and Y, are the density, molecular weight and molar volume of the sol- 
vent, respectively. 

Merckogel OR-200;) (E. Merck, Darmstadt, G.F.R.) was washed with redis- 
tilled water, then acetone and methanol, and freed from these solvents in VQCUO. After 
drying for 3 days over silica gel at normal pressure, the resulting bulky mass of the 
gel was finely ground, sieved tiG obtain 2QO-3OO-mesh factions and then dried over 
silica gel for 3 days. 

Solvents, except for chloroform, were used after purification of the respective 
commercial materials by appropriate chemical treatments, drying and distillation. 
Chloroform was of reagent grade and was used without further purification; it con- 
tained l.OS”~ (mole/m4e) of ethano! as a stabilizer. Polystyrene (standard grade; 
mol. wt., 10,000, M,,/M, < 1.06) was obtained from Pressure Chemical Co., 
Pittsburgh, Pa., U.S.A. 

Measurements of internal solvent volume 

Sample soWions were prepared by dissolving 35 mg of polystyrene in 50 ml 
of each solvent. An S-ml portion of a sample solution was placed in a Pyrex vessel 
(inner volume, ca. 15 ml) containing i.5 g of dry gel; the vessel was then sealed with 
a screw-cap. In the case of the system with chloroform, 10.0 ml of a sample solution 
were used. The contents of the vessel were mixed for 5 h with the aid of a magnetic 
stirrer in order to attain equilibrium. Preliminary experiments had shown that the 
system came to equilibrium after stir&, m for 3 h. After standing for 30 min, 1 ml of 
the solution phase was removed in a syringe fitted with a fil:er*and subjected to analysis. 

The solute concentrations in both the initial and final solutions were determirql 
by a gel chromatographic method using a Merckogel OR-2CUO column (30 cm x 8 

mm I.D.) and p-dioxane as the eluting solvent. A 4%~1 portion of each solution was 
injected on ttre column, and the concentration of polystyrene in the solution was 
evaluated from the sea or height of its elution peak as recorded by a UV absorptivity 
detector at 254 nm. 

The experiments were carried out at 35O, and each experimerzt was done in 
triplicate. 

Measzuerrients of the bed volume, V, 
Gel beads which‘ had been allowed to swell in a solvent were placed in a 

* The filter was hand-made and consisted of a glass syringe and PTFE filter; the ia%er was manu- 
factured co~ercialiy as 2 bed support for chmmatographic co!-. 



‘Rx bed volume is the sum of&he internal solvent volume, the interstitial sol- 
vent volume, and the speciiic vohume of gel matrix, thus: 

If the solvent dependence of V, is assumed to be negligibie, a graph of Vi verszs V, 
should be Sinear with a slope ofunity, and tLen V, may be easily evaluated by measw- 
ing the value of VS. As seen from Table I, it is diEcult to correlate thz experimental 
data with respect to a graph of V, II~PSW V,_ Hence, it would also be difEcuft to evaluate 
a value of V, from VS. It is sugested that the above assumptibn is inadequate. Bow- 
ever, it has not yet bee& clarii?ed whetkr the variation of Vi or the uncetinties ik 
V, and V, values shouid be taken into account as the most important factor; 

On lhe b&s of these finding, it seems reasonable to my that ihe bed Ckge- 

VAUJES OF :-AL SOLVENT VOLUME, ~D%GREE OF S WELUNG- MOLAR 
SOLVENT REGAiN AND BP VOLUME FOR MJZRCKOGEL OR-2BW IN VARXOUS 
SOLVENTS AT 25” 
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solutions is convenient for predicting the degree of mutti interaction between tie 
soIufe atid ;oIvenP. The .sofubiXty parameter is defined as the square root of the 
cohesive energy density, Le., of the ener_q of vaporizzttion, A!?, per unit volume, and 
is designated by the symbol 6. Thus, 6 = (dE*/V)*. By use of this parameter, one can 
express the heat of dissolution of a solute, d H,, as 

dB-, = ?/3tpL*(I. - &)= (6) 

The subscripts 1 and 2 distinguish the components of&e binary mixture, and subscript 
2 is cu.stomarSly reserved for the component which is regxded as the solute. This 
equation indicates that a decrease either in the value of V, or in the difference between 
6, and 6, should lead to a decrease in dtf,, that is, to an increase in the solubility of 
the solute or in the degree of mutual interaction between the sol&e and solvent. 
We assume here that the concepr of regular solntions cm be adopted to explain the 
efkct of the solvent on gel .sweUing_ 

In a system of a soIvent and a polymer compound, it is reasonable to resard 
the solvent as the solute species dissolving in the polymer. Therefore, an equation for 
the solvent-gel system similar to eqn. 6 can be written by the conversion of subscripts 
L‘and 2 in this equation into g and s, respectively, for the geel matrix and the solvent. 

(7) 
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Fig. 2. Relatior? of the molar solvent regain, S rEl, and the molar volume of the sokrrt, V,. Other de- 
taiXsssinFig.1. 

This equation predicts that the mole fraction of the solvent in the swollen gel increases 
as the v&~e of the sohrbility parameter of the solvent becomes close to that of the gel 
matrix a~ ? also as the molar volume of the solvent decreases. An inc,mase in the mole 
fraction of t-he solvent effects an increase in the vahre of the solvent regain,. S,,. 
Graphs of S,, against -3, and V, sho\m in Figs. I and 2, respectively, lend some sup 
port to the above argument. The peak v&e in Fig. I suggests the value for the 
solubility parameter of Merckog&OR-2000 is ~a. 9.7. This value is, in fact, nti to 
the sohtbihty parameter of poiyvinyl acetate (9.4)“. Fig. 2 shows that the smaller the 
mclar volume the more solvent is preferred to the gel, just as occurs when the solvent 
itself is gel chromatographed. 

Et is evident from Tab!e T that the degree of swelI&g of the gel in chloroform is 
particularly high, suggest&g that hydrogen bondmg between chloroform and the basic 
furictional groups in polyvinyl acetate constituting the gel matrix may be r&ponsible. 

Tn view of the above fitidings. the most reasonable conchtsion to be &awn is 
that fhe de&z of swelhng of Merckogei O~-@OO is strongly dependent on the- sol- 
ve+, and may be expected to be hi& in a sdEvent with a 6 v&_ue of tz 9.7 and~with a 
small Vi value, or in -2 so!v&kt w-hich ca~z titzract spe&&Ey tith t&i ~I-_JEE&.x. 1~ 

crder to elucidate solve& ~efl in gel chromatographic bthatiour, sohzte-solv&t 
&nd get-s&vent interac~ons must be stud@%3 sy&ematicaHy, The-present data relatirzg 

. to &A& latter interaction wili be useful in further studies which are pIarmed for- our 
pro_mam dealing with the gel chrtimato,mphy of m&.&complexes. -- 
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