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INTRODUCTION 

The role of the eluent in adsorption chromatographic separation has been discussed 
in previous papers1-5. For linear isotherm separation (linear elution adsorption 
chromatography, LEAC), solute equivalent retention volume X0 (ml/g) .varies with 
eluent strength (adsorption energy per unit area) e” according to eqn. (I) : 

log a0 = log _Rp - oei?OA* (1) 

Here, & is the value of B” for elution by the standard weak eluent pentane 

:01u:e ,’ 
so e ua o.oo), cc is an adsorbent activity function, and As is the “effective surface 

of the solute. As is normally proportional to the surface area required by 
the solute upon adsorption (almost all solutes for adsorption on alumina19 3, weakly 
adsorbed solutes on silica3 and FlorisiP). For certain strongly adsorbing solutes on 
silica” and FlorisiP, A, is larger than predicted because of the localization of strongly 
adsorbed solutes on strong adsorbent sites5. 

With few exceptions, previous studies of the eluent role in LEAC separation 
have been restricted to weak eluents or eluents of intermediate strength. The behavior 
of very strong eluents might be expected to differ in some fundamental respects. 
First, the validity of eqn.’ (I) requires that the solution forces between non-adsorbed 
solute and eluent molecules be weak, so that the net loss in solution energy upon 
adsorption for these molecules will be small 1~ 5. Strong eluents are for the most part 
highly polar solvents, for which this assumption would seem less applicable than 
in the case of previously studied weaker eluents. Similarly, the accuracy of eqn. (I) 
in previously studied chromatographic systems is believed to reflect relatively weak, 
non-specific (non-bonding) interactions between adsorbed eluent, solute, and ad- 
sorbent. As the strength of the eluent is increased, however, these interactions must 
eventually take on the character of strong chemical bonds, again with a breakdown 
in the reliability of eqn. (I:). 

A second complication in very strong eluent systems concerns solute configu- 
ration, Most chromatographic separations so far studied by ~99~9 6*0 find the solute 
adsorbing parallel to the adsorbent surface (Rat) rather than in a perpendicular 
(vertical) or intermediate configuration. For elution by very strong eluents, however, 
certain solute types might be excepted to adopt a vertical configuration because of 
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PROPERTIES OF THE ELUENT: ELUTION BRORl ALUMINA 

+2-Pentanc 0.00 0.00 0.00 

Xsooctane 0.01 -0.01 -0.01 

st-Hcxane 0‘01 0.00 0.00 

W-OCtELllC? 0‘01 0.01 0.01 

5.3 
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210 

210 

210 

210 

0.03 6.0 210 

0.01 S.8 210 

0.03 5.0 210 
- 4.4 260 

- 

o-33 
0.?8 

0.33 

380 

;g 

225 

Benzene 0.32 0.32 0.31 
Isopropyl ether 0.28 0.43 0.32 
Ethyl sulfide 0.38 0.42 0.31 
Phenetolc 0.40 0.41 0.41 

280 

235 c 

290 

300 

245 

Cyclohcsane 0.04 
n-Dccane 0.04 
Cyclopentane 0.05 
Carbon tetrachloride 0.18 

0.03 
0.01 
0.03 

Carbon disulfide 0.26 
Isopropyl chloride 0.29 

Toluene 0.29 

rL-Propyl chloride 0.32 

- 
O*Lb.$ 

0.28 

0.44 

Chloroform 0.40 
Methylene chloride 0.42 
Ethyl ether 0.3s 
Ethyl benzoate 0.48 

- 
- 

0.49 
0.4f 

0.3s 
0.50 

Acetone 0.56 0*55 0*55 
Ethyl acetate 0.58 0.41 0‘50 
Methyl acetate 0.60 0.44 0.53 
Dioxanc 0.63 0.73 0.62 

Dietl~ylamine 0.63 - - 
Nitromcthane 0.64 0.08 0.77 
Pyridine 0.71 0.73 0.73 
IsoproIxmol 0.82 0.85 0.74 

235 
210 c 

300 

330 
250 

255 
250 

275 d 

380 
300 d 
210 0 

210 0 Methanol 

- 
;:2 
8.Of 

I.05 8.Of 0.94 0.95 

a Using eqns. (64 or (6b). 
b Corrected for further localization or delocalization of large groups or small aliphatic groups. 
C dea values tend to be negative for solutes with strongly adsorbing groups (see Table IV). 
d de8 values tend to be positive for solutes with potentially acidic groups (see Table XI). 
0 A,, values tend to be variable, amino groups showing generally large positive values. 
f Value is larger than predicted from area of eluent and used in calculating so values. 

calculated as described in a following section. As seen from Table II, by comparison 
of experimental and calculated (b) a0 values, it is possible to predict 8’ in most cases 
with a precision (& 0.03 units, average) approaching the experimental accuracy of 
the measured value. Together, the data of Tables II and III summarize the elution 
properties of more than 50 pure solvents, for ready application to experimental 
separation probiems involving alumina as adsorbent. Snce the eluent properties 
of any binary” or ternary 12 eluent mixture can in turn be calculated from the data 
of Tables IT and III for the pure constituent solvents, the elution characteristics 
of a vast array of widely differing eluents can be easily obtained, 
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alcohols, pyridine) exhibit unique elution characteristics, leading to a number of new 
separation possibilities. A quantitative theory has been developed for the relationship 
between elution strength and eluent constitution. For elution from alumina, the 
eluent properties of almost any common solvent or solvent misture can now be ac- 
curately predicted. Whereas most solutes adsorb parallel to the adsorbent surface 
(flat), it is shown that the phenols adsorb in a perpendicular comfiguration (vertical) 
from strong eluents. 
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