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SUMMARY 

The polarity and selectivity of several mobile phases used with reversed-phase 
high-pressure liquid chromatography columns were studied. Binary and ternary 
solvent mixtures were examined, using conventional isocratic and gradient elution, 
as well as two-variable ternary programs where solvent strength and selectivity are 
independently varied. Emphasis was on water, methanol, acetonitrile and tetra- 
hydrofuran, but some experiments included dichloromethane, ethyl ether, dimethyl 
sulfoxide and dimethylformamide. Selectivity differences are shown to be enough to 
provide an important and easy-to-use means of improving resolution and controlling 
the separation. 

Selectivity was studied for eleven functional groups: chloro, methoxy, 
ketone, aldehyde, phenol, carboxyl, methyl ester, amide, amine, nitro and nitrile. 
These groups were monosubstituted on benzene and two C1, homologs, butyl- 
benzene and naphthalene. 

Solvents are classified in terms of polarity and functional group selectivity. 
The classification is compared to that predicted by both classical solubility parameters 
and modem solubility concepts_ The practical significance of reversed-phase. solvent 
selectivity is discussed and compared with the wide use of stationary phase selectivity 
in gas chromatography. 

INTRODUmION 

Liquid chromatography with the mobile phase more polar than the stationary 
phase has been termed “reversed-phase” (RP) chromatography since early in its use’.‘. 
Although often employed for biochemically oriented open-column separations, it 
was not until the advent of packings with covalently bonded functional moieties in 
pellicular/superficially porous3 and microparticulate/totally porous4 particles that 
RP chromato@aphy became significant in the practice of modern high-pressure liquid 
chromatography (HPLC). The popularity of RP, especially where the stationary 
phase is 2 hydrocarbon, has recently grown dramatically. 
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It is estimated that 60-80x of HPLC separations are accomplished using RP 
packings5s6, a figure supported by our own survey of several laboratories using 
HPLC. It is interesting that different workers perceive the inherent advantages of the 
technique in entirely different ways. Thus Horvath et al. consider most workers as 
initially thinking of RP as primarily a tool for non-polar substance9, whereas Karch 
er al. believe the main advantages lie in the separation of polar samples that are not 
eluted from silica columns’. The current literature testifies that RP HPLC is in fact 
used throughout a broad polarity range and in diverse applications_ A notable example 
is the work of Twitchett and Moffat, who, as a result of an investigation of 30 com- 
pounds selected as representative of a wide variety of drug substances, claimed that 
drugs of any lipid solubility, molecular weight, chemical structure and aciditylbasicity 
can be chromatographed using RP if an appropriate eluent (solvent composition and 
pH) is chosens. 

The point is not that RP columns are always better than more polar packings, 
silica for example, but that the extent of their use and inherent advantages in many 
circumstances suggest the importance of understanding how best to use them. The 
reversed phases referred to in this paper comprise linear 8carbon and 18-carbon 
hydrocarbon chemically bonded to silica particles. 

Definitions of terms 
The primary topic of this paper is solvent selectivity. Since the term has 

various meanings, we will do well to carefully define its use here. In the first definition, 
selectivity refers to one of the three fundamental chromatography parameters as 
described in the resolution expressiong: 

Rs = f (selectivity) (retention) (efficiency) (1) 

c-9 

Selectivity is expressed in terms of relative retention, a, the net retention time ratio 
for two components: 

a = trr - to k; =- t ri - t 0 k: 

In this sense selectivity simply refers to the ability of the column to retain different 
solutes for different times, and thus make separation possible”‘*“. 

In this paper, however, the term selectivity primarily refers to the ability of a 
solvent to exhibit specific solute interactions which another solvent of approximately 
similar strength or polarity does not have. Solvent strength means the degree to which 
a solvent causes faster zone migration; the stronger the solvent the less the retention 
(smaller capacity factor, k’). Strength is often used synonymously with polarity. But 
whereas greater strength always decreases retention, greater polarity can have two 
opposite effects: decreasing retention in normal phase systems and increasing it in 

FW chromatography. In this paper we often use the terms interchangeably, but it is 
helpful to keep the distinction in mind. 
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TABLE V 

COMPARISON OF INTERACTIVE PROFILES 

Refer- Formulae Interaction Symbol Methanol Aceto- THP 
ences nitrile 

15-18 
21,22 

24 I” = log &i, amethrne I 
(extension f lo.2 &,ornnc A- log K&.lOl 
of 43) %n = log Knitrom~th.nelp’ 

Ed = log &io=anciP 

s 

n 
= l/log X.hirrobenzcne 

S 
s = l/logk’an,,o,c 

I 

S 
s 

D 

= 1bgk’~txmr 
s 

Cohesive energy density 

Total solubility parameter 
Orientation (dipole) 
Acid (proton donor) 
Base (proton acceptor) 

Total solubility parameter 
Orientation (dipole) 
Acid (proton donor) 
Base (proton acceptor) 

Total polarity index 
Solubility for nitromethane 
(“dipole”) 
Solubility for dioxane 
(“proton donor”) 
Solubility for ethanol 
(“proton acceptor“) 

Total solvent strength s 7.7 10.0 6.4 

Strength for nitrobenzene S. 0.15 0.18 0.30 

Strength for anisole S, 0.21 0.16 

Strength for phenol SD 0.64 0.66 

6 14.5 12.1 

& 14.5 12.1 
fi,o 8 4.9 8.3 - s-2 

6, 8.3 3.8 

8, 15.9 13.2 
6, 6.7 10.3 
6, 7.2 0.4 
&+ 12.9 17.6 

P’ 6.6 6.2 

%n 0.3 0.4 

%d 0.2 0.3 

%e 0.5 0.3 

9.1 

9.1 
3.5 

- 
3.7 

9.9 
3.0 
0.8 

16.3 

4.2 

0.4 

0.2 

0.4 

0.30 

0.44 

stationary phase is relatively passive. We have, then, the situation in HPLC where 
selectivity can be manipulated by mobile phase changes as well as stationary phase 
changes. It may well be that the standard column becomes a hydrocarbon bonded 
phase (analogous to the nitrogen gas mobile phase of gas chromatography), and that 
selectivity is adjusted by changing the mobile phase only (analogous to the column 
in GC). 

The increasing ease with which HPLC methods can be developed, and in 
par&Jar the availabiIity of instrumentation with the capability of programmed 
automatic operation as well as three-solvent (ternary) operations, should encourage 
the chemist to take advantage of selectivity effects. 
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