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SUMMARY 

The role of hydrophobic e&&s in reversed-phase liquid chromatography is 
examined. The molecular weight or structural s&ctivity reslulting from hydrophobic 
effects relative to dispersion forces is discussed, and it is shove that in general a 
selectivity up to twice as great is possible in the former rse. Hydrophobic selectivity 
can be accounted for using a new topological index, the molecular connectivity, to 
represent solute surface area. Sdectivlty as a ftiction of organic modifier type and 
composition is explored. By simultaneously varying both of the above parameters 
such that retention is normalized, it is shown that hydrophobic selectivity is ap- 
proximately independent of organic modifiers. Some diEerences in separation as a 
function of orgaGc solvent are, however, observed when mixtures cont&ing solutes 
of different fPrnctional groups are employed. Finally, hydrophobic selectivity is roughly 
constant under time normalization conditions based OQ temperature-organic phase 
composition changes. 

INTRODUCI’ION 

Recently, modern reversed-phase liquid chromatography (LC) employing 
chemically bonded stationary phases (typically n-octadecyl groups bonded to a silica 

surface) has become quite popular*. While the mechanism of retention on the hydro- 
phobic stztionary phase is still open to question, the importance of solubility in the 
mobile phase (most often consisting of water mked in some proportion with a polar 
organic solvent) on retention and selectivity is clear. Indeed, as Locke has suggested 
the re!ative retezxtion for closely rerated solutes may in certain cases be determined 
solely by the difEerence in solubiliw of the two components in the mobile phased. 
Moreover, in both column operation3 and previously in open bed operation4, it h& 
been demonstrated that the solubility of the substance in water is an important con- 
tributor to retention and hence relative retention. Thus, an understanding of reversed- 
phase LC requires an appreciation of solution phenomena in water. 

l Rezd at the E&h fnfernaticnal Symposium “Advances in Chromatomphy”, Mu&h, Novem- 
her, 1975. 

** ?hsent address: FMC Ccrpcration, ChemiczI Research and Devetopment~Center, Box 8, 
PrZnceton, NJ. 08540, U.S.A. 
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When a solute is introduced into an aqueous environment, the solution process 
is quite complex. This is especially the case.when the solute is non-polar or contains 
a non-polar segment such as an alkyl group. The solability of normal alkanes in water 
is remarkably low. Less known is the fact that the positive free energy is a result of 
a large negative entropy of solution; in fact, the solution of hydrocarbons in water 
is energetically favorable, since a small negative solution enthalpy rest&?. 

Frank and Evans6 were among the &rst to suggest that the anomalously large 
negative entropy is .a result of structural ordering around the hydrocarbon molecule. 
While details are at present uncertain, we can qualitatively visualize the formation of 
a cavity of water moIecuies surrounding the hydrocarbon’. In order to overcome this 
loss in entropy, non-polar segments of molecules will favor removal from the aqueous 
medium and/or will tend to group together. The term frequently used for cavity forma- 
tion and, where appropriate, non-polar clustering is hydrophobic effects. 

From the unusual solution behavior involved in hydrophobic effects, we can 
expect that strucrural selectivity will differ in the solution of non-polar entities in 2 

non-polar solvent relative to that in water. This difference in selectivity can be seen 
in Table I which presents hydrocarbon relative retention values in gas-liquid chro- 
matography with squalane 2s stationary phase (resulting mainly from dispersion 
forces) and relative solubiiities of the same substances in water. A much larger 
methylene group increment is found when hydrophobic effects are operative (~4.4) 
than when simple dispersion forces exist. Moreover, branched VS. straight chain 
selectivities are greater with hydrophobic interactions. Of special note are the very 
high values of cyclic vs. straight chain se1ectivitie.s and the inverse order to that re- 

TABLE 1 

COMPARISON OF SELE(=TMTIES RESULTING FROM DISPERSiON FORCES Vs. HY- 
DROPHOBIC EFFECTS 

Dispersion: GLC retention volume ratios on squdane. Temp., 77’ or 80’. Calcuf&ed from data in 
refs. 41 and 42. Hydrophobic effect: kvers, a ratio of mole frzction water sofubilities zt 25O; data 

taken from ref_ 8. 

So&e pair 
->_ 
ll-&kanS 

2,Mimethylbutane 

Dispersion Hy&ophobk effect 

2.2 4.4 

l Dat2 from ref. 9. 



sulttig ffom dispefsion forces. Finally, it can be seen that to a first approdmatiori the 
effect in water remains roughly constant when a hydrogen bonding substituent is 
added to the molecule. The larger hydrophobic selectivities shown in Table I are 
moderated somewhat in reversed-phase LC because of the use of mixed solvents. Never- 
theless, it is possible in a number of cases to operate under conditions in which 
hydrophobic effects play 2n important role in producing high structural selectivity. 

The purpose of the present paper is to explore the role of hydrophobic 
selectivity in reversed-phase LC. This selectivity will be examined as a function of a 
variety of factors such as organic modifier, temperature and solute structure. Using 
2 simple topological index, it is possible to estimate retention in reversed-phase LC. 

Consider 2 standard reversed-phase packing of n-octadecy1 groups attached to 
a silk2 surface in which unreacted silanols do not contribute to the overall retention 
of solute molecules. In such 2 case, as pointed c&t by Locke’, stationary phase inter- 
actions will tend to be weak and non-selective. Retention and relative retention, 2s 

we have already ncted, will thus be 2 stror?g function of solution phenomena in the 
mobile phase. This will be especially so if we consider the relative retention of a series 
of solutes with a common functional group. 

Consider next 2 mixed aqueous-organic mobile phase. Soczewinski et al. have 
found the following equation to be frequently obeyed in paper chromatographyroJ1: 

where k’ = capacity factor, 9 = volume fraction; the subscripts mix, H,O and org 
denote mixed solvent system, pure water and pure organic phases, respectively. 
Although this equation may not fully apply to the reversed-phase systems considered 
here, SleighP and Schmidt et aZ.13, for example, have shown linear behavior for 
similar groups of substances of log k’,r, VS. Q)H~~. Moreover, within given classes of 
substances arrd a given Q)~>~, log krmi, is formd to be proportional to log .S, o (S F 
solubility, proportional to FHZO) in both open bed’” and column2 operation. 

The group additivity approach of the Martm equatiorP has been shown to be 
a valid means of predicting retention in liquid chromatography on many occasion& 
Moreover, a good appreciation now exists as to those cases in which 2 group contribu- 
tion is not independent of the molecular environment (e.g. steric effects)“. Group 
additivity approaches have also been used to correlate water solubilities (e.g. refs. 9, 
18-25). Since in reversed-phase LC, log !?,r, has been shown to be proportional to 
log S,,,, it should therefore not be surprising that hydrophobic group constants can 
be obtained from log k'mr, (or inversely determine log k',&. This approach has been 
used successfully in determining Hansch ,Z c~n.stants~~*~~, as reviewed by TomlinsorP. 
while mostz constant determinations have beenmade with open bed chromatography, 
recent work has involved columns containing chemically bonded reversed-phase 
packingsZ6*“. 

While z constants relate to the partition of a group between water and IS- 
actanol, 2 different measure of hydrophobic&y can be obtained from the size of the 



structural groups themselves_ From the previous picture ofcav@ formation by water 
in the solution of non-polar entities, an interf’acial solution-mod& based on structural 
surf&e area has been successfully developed. Hermannz4~ WS_ BbIe to relate the 
calcrrfated surface area of the water cavity to the solubiJ.ity of hydroearbom in water. 
Hermann’s method of calculating surface area has been employed by Amidon et al. 
in rhe smcessful prediction of the solubility of alcohols and other ~on-electrolytes in 
wateP*ls. 

While Hem-mm’s approach could be used to obtain hydrophobic group con- 
stants for- prediction of log k' in reversed-phase IX, a new topological index, called 
the molecular connectivity x, has been introduced and shown to be proportional to 
the cavity surface areaz8-. This index has the advantage of being quite simple to 
calculate and has successfully been related to the water solubility of non-electrolytes. 
The molecular connectivity is deGned as 

where 8 = I, 2, 3 or 4, corresponding to the number of atoms attached to atoms i 
and j, respectively, and k = number of bonds in the group or molecule. In this cal- 
culation only the skeleton is important; the hydrogen atoms are neglected. As an 
example of the index calculation, consider rerr.-butyl alcohol 

H3C ;4 
/ 5 

x=2 

C 

$1 

L QH 

1/4 

CH, 

For saturated cyclic structures (e.g. cyclohexyl), the index involves a decrease of 0.5 
to account for ring closure. Corrections for aromatic&y and unsaturation can also be 
madem. As can be seen 2 OF degree of branching is quite sjmple to calcuJ.ate and 
should find use in accounting for hydrophobic e&cts in reveked-phase LC. We shall 
examine this index in a later section. 

EXPJXIMENTAL 

The liquid chromatograph was constructed in our laboratory and consisted of 
a Waters Assoc. (Milford, Mass., U.S.A.) M6ClClO pump, U6K injector and R401 dif- 
ferentiai refractometer detector. A Pye Uticam LCM2 moving wire detector and a 
Laboratory Data Control UV monitor (2.54 nm) were also used during part of this 
work. A commercial reversed-phase column @ondapak Cl8 (Waters Assoc.) was 
employed for all separations. Column temperature was controlled with a circulatory 
constant temperature bath, Lauda K4R (Brinkmann). 

Methanol, acetonitrile and acetone were obtained from &~rdick & Jackson 
Labs. The a-tone was f&her purified by distillation from potassium permanganate. 
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Mobile phase mixtures were made up by volume using deionized, activated charcoal 
pu&ed water, MI solutes were reagent grade and used without fbrtker puri&&ion. 

AIf samples were made up as soMions in either the organic modSer or the 
mobile ph.zse zmd consisted of roughly I-tOpg for each solute. Ezck data point was 
obtained from at least two injections. -4 careful reproducibility study involving seven 
injections revealed a relative standard deviation in retention of less than 2 %_ Agrie- 
ment of retention between two columns was 5 Ok_ The cohnnn volume was measured 
using uraacil (with the moving wire detector) or water-organic modiGer solution, 
having a slight& different composition ratio from the mobile phase (with the dif- 
ferential refractometer). 

RESULTS AND DISCUSSION 

In order to iliustrate the ue of the above topological index in estimating non- 
polar group contributions to retention in reversed-phase LC, we have examined relative 
retention for mixtures of substances with a common functional group with the water - 
organic solvent composition maintained constant_ En such cases, if log k’ is propor- 
tionai to log SHzo, we might expect log k’ to be also proportional to x. 

We tist tested this relationship in the prediction of RAf values for the open bed 
reversed-phase chromatographic retention of a series of para-substituted phenols31-‘2. 
The proportionality of RM to xs (group contribution) was obtained from p-n-propyl, 
and this proportionality constant was assumed to be the same throughout the series 
of substances. The results are shown in Table II for 2.5% ethanol and 75% ethanol 
in water. The aseement between predicted and experimental retention is quite good, 
considering the approximatioas being made. 

A second example of the quantitative estimate of hydrophobic selectivity in 

TAJ3LE II 

PRJZDICTLON OF R,, VALUES FOR VARIOUS SUBSTFIWTED PHENOLS 

X, = group camedivity index. 

Reference Substituent & 25% Erhanol 37.5% Etkanol 70% ErhanoJ 

Pred. Exp. Preh Exp. Pred. Erp. 

29.30 pn-butyl 1.71 0.55 0.56 -0.61: -0.62 
pkopropyl 1.15 0.04 0.01 - - 

pert.-butyl 1.50 0.34 0.17 - \ - 
p-3-methylbutyl 2.06 0.84 1.00 - - 
wdohexyl 2.32 1.06 1.23 - - 
~-cyc!opentyl 1.82 0.63 0.72 - - 

p-feff.-amyi 1.85 0.66 0.86 -0.59 -0.48 
p-I%p.Zdyl 221 1.04 1.01 -0.48 -o&3 

31 p-n-butyl 1.71 0.91 0.91 0.22 0.22 
p-ispropy! 1.15 0.43 O-48 -0.12 -0.15 
pTsec_-butyl 1.56 0.78 0.79 0.13 0.11 
p-tert.-butyl 1 so 0.7.? 0.87 o.a9 0.w 
psecdrnyl 2X-6 1.21 1.23 0.43 0.66 
pIz-_mntyl 2.21 1.34 1.20 0.52 0.55 



open bed chromatography comes from the work of Bark and Graham, who also 
examined variorrs aikyi phenols in cellulose impregnated with ethyl ofeatei3. Using 
p-rr-propyi again as the standard, the results at 25 % ethanoi and 37.5 yO ethanol are 
shown in Tabie II. Again, reasonabiy good fit is found, illustrating the useftiess of 
the molecular t3onnectivity in prediction of retention in reversed-phase LC. 

A third and final exampie is taken from our own work using .a psBondap& 
reversed-phase column. Table III presents predicted and experimental log k’ vaiues 
for a series of acyclic and cyclic aicohois with a mobile phase composition of water- 
methanol (60:40). Three predictors of RM are employed: x; x9; and the weighted 
group connectivity, xWBS. The latter is obtained from an empiriml correlation of log 
Suzo for a series of 51 aIcohols (eqn. A2 in ref. 29). For each topoiogical index, the 
experimentai log k’ values of n-butAn and n-pentanol were used to obtain the slope 
and intercept of the linear equation of log k’ vs. index. Hence, perfect agreement be- 
tween predicted and experimental log k’ resuits for these two alcohols. 

TABLE III 

LOG k’ DATA FOR NORMAL, BRANCHED AND CYCLIC ALCOHOLS 

Stationary phase, microparticle reversed-phase C Ia; mobile phase, water-methanol (60:40). x = 
to”L molecular connectivity; xg = group molecular connectivity; and x,,.~ = weighted group rnokc- 
ular connectivity (see text). 

Akohol Experimental Predicted 

x %g XP.0 

n--3ut2nol ’ -0.01 -0.01 -0.01 -0.01 
3-Methyl-1-butznol 0.30 0.29 0.29 0.27 
n-Pen-01 0.36 0.36 0.36 0.36 
3,3-Dimethyl-1-butanol 0.54 0.47 0.47 0.44 
ZHexanol 0.62 0.63 0.72 0.47 
3-Methyl-I-pentanol 0.61 0.67 0.67 0.64 
2-Methyl-1-pentanol 0.65 0.67 0.67 0.64 
4-Methyl-I-pen-01 0.66 0.63 0.63 0.61 
n-Hexanol 0.71 0.73 0.73 072 
Cyclopent~nol -004 0 13 022 -0.02 
Cyclohexanol 0.25 0.35 0.44 0.19 
cyc1ooctan01 0.81 1.09 1.1s 0.92 

Examination of Table Iii reveals that the best agreement to the experimental 
data is obtained with the x_, which is as expected. However, we Cabot reasonably 
anticipate avaiiab’fity of such weighted group empirical indices for aii classes of sub- 
stances of interest. 

if we examine closely the prediction of retention from the index Xs~in Table 
III, we find excellent agreement among primary alcohols, with the secondary aicobois 
uniformiy hi&r. This result is undoubtedly a reflection of the fact that the steric en+ 
ronment of the secondary alcohoi is different from that of the primary aicuhoi and 
that Primary aIcohoIs were sekcted for standards. Thus, as with other soup correla- 

tion?‘, xp should only be used as a predictor of reiative retention if the functional 
group is not titered. Firi&&* tie to-W x is seen to give a ieasonabie Grst order predic- 
tion of & for both the prii and secondary alcohols together. Thus, the di&rence 



in the two classes of alcohols is in part being accounted for in the connectivity of the 
C-OH bond. 

The results in Tabies 11 and III clearly show the validity of the x as a means of 
predicting hydrophobic selectivity in reversed-phase LC. The topological index can 
be hand-cahmlated and thus has the advantage of simplicity over the cavity surface 
area approach of Hermann. Further studies of the role of this index in reversed-phase 
LC are warranted. 

influence of organic solvent ruzd composition 
The results of the previous section were obtained at a given water-organic 

solvent composition. It is worthwhile to explore the change in hydrophobic selectivity 
as a function of composition and organic soiveuts. We have done this by first measuring 
the retention of a series of n-alcohols on the ,&ondapak column using three solvent 
mixtures as mobile phases: water-methanol, water-acetonitrile, and water-acetone. 

Log k’ vs. carbon number plots were constructed for each set of n-alcohols 
eluted with a given mobile phase composition. Linear plots were obtained, with all 
data points on the lines with the exception of the lowest k’ values in most cases. 
Alcohols of different chain-lengths were used for the various mobile phase composi- 
tions, with good overlap at two successive compositions. Complete overlap of all 
alcohols could not be achieved; with mobile phases containing ca. 20% (v/v) water, 
the lowest alcohols that could be eluted with measurable k’ values were in the C,- 
Cs range; with ca. 80% (v/v) water, the highest alcohols that could be eluted in 
reasonable time (k’ less than 30) were in the CCC, range. 

Extrapolation to zero carbon number gave k’,, vaiues in the range of 0.02-0.05 
for ail mobile phase compositions. The small values of the intercepts suggest that 
unreacted residual SiOH groups on the silica surface do not contribute significantly 
to retention. 

Log k’ values for n-hexanol and rz-ostanol over the whole range of solvent 
composition were obtained from the log k’ vs. carbon number plots and are shown in 
Fig. 1 for the acetonitrile-water and methanol-water systems, plotted vs. volume 
fraction of organic component. For the methanol-water system the plots are linear 
over the whole range of composition. Extrapolation of the line to lOCloT water gives 
log k’ values of 3.05 and 1.85 for n-octanol aud n-hexanol, and a corresponding methy- 
lene increment in k’ of 4.0. This latter value is in good agreement with the methylene 
increment for the solubility in water of the n-alcohols, which ranges between 3.8 (ref. 
34) and 4.2 (ref. 19). This extrapolated result for the 100% water mobile phase, 
combined with the linear relationship between log k' and volume fraction indicates 
agreement with eqn. 1 (see Fig. 2 as well). 

The log k’ W. volume fraction plot for acetonitrile-water mixtures is curved 
indicating that eqn. 1 is not followed over the whole composition range in this case. 
Extrapolation of the straight line portion of the plot to 100% water gives log k 
values of 2.90 and L-70, again corresponding to a methylene increment of k’ of 4.0. 
In the high water region the log of selectivity of acetonitrile-water mobile phases can 
then be linearly related to the log of selectivity in pure water. The behavior of log k’ 
vs. percent composition for acetone is found to be intermediate of that for methanol 
and acetonitrile. 

Fig. 2 shows plots of log acHZ (methylene group increments) vs. volume percent 
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Fig. 1. Log K vs. volume percent orgzmic component for n-hexanol (0) and n-octanol (A) in water- 
acstonitie znd water-methanoi mobile phases, on a chemiczily bol;ded octzdecyi sihne stationary 
phase at ambient temperature. k’ values greater than CQ. 20 and less than CQ. 0.2 were obtained by 
extrapolation of log k’ vs_ czrboil number pIots for lower or higher zkohols. 

. 

VOLtBE % ORGANIC COMPONENT 

Fig. 2. SemiIogarithmk plots of a2 (obtained from: log k’ XT_ carbon number plots for _tixe. zz- 
alcohols) vs. volume penznt organic component -for water--tons, water-acetonitrife and water- 
mShanoi mobile phzses, 011 a chemicsrty bonded oc-tadecyl sihe st;tionzry phase & ambient tcm- 
peratllre. 



or_&c component for all three organic phases. Ah plots extrapolate to cz = 4.0 at 
100% water, in agreement with Fig. 2. At the XoO% organic solvent end, CC!,, is much 
lower and approtimatefy the same for all three modifiers: ca. I. 1. This shows the low 
non-polar strnct~al selectivity to he expected in reversed-phase LC on chemically 
bonded stationary phases, when high concentrations of the organic component are 
used in the mobile phase. 

For both the water-methanol and water-acetone plots, the points at organic 
component con&ntrations less than 10% lie below the extrapolated line, most 
probably became the mobile phase is not completely wetting the stationary phase in 
this concentration region. (Peak symmetry was much worse with Iow organic compo- 
nent concentrations in the mobile phase.) It is expected that water-ace5onitriIe com- 
positions of less than SO % acetonitrtie would show the same behavior. The net result 
of this effect is to complicate the retention mechanism in this region. 

Leaving aside the region of 47 Hto > 0.90, the shapes of the plots in Fig. 2 are 
most probably due to structurai variations in the solvent systems as the concentration 
of the organic modifier is changed. Qualitatively, the addition of an organic modifier 
such as acetone, acetonitrile, or methanol to water should initially result in only minor 
perturbation of the water structure, since these small hydrophilic molecules should 
be relatively easily accommodated in the water structure. As the concentration of or- 
ganic component in the water is increased a point must be reached when at least soLme 
of the structural aspects of the bulk water begin to disappear, and one or more inter- 
mediate structures OCCI.U?_ The concentration (or range of concentration) at which 
this takes place will vary with the nature of the modifier. Finally, at very high organic 
componentconcentrationstheliq~dstnrctureofthepureorganicbeginstopredominate. 

The fact that methanol-water mixtures follow eqn. 1 over almost the whole 
composition range is undoubtedly tied up with the fact that methanol can act as both 
a proton donor and acceptor”*35. Thus, methanol appears to provide simply a dilution 
medium for the water, at least untl very large amounts of the alcohol are present. 

Acetone-water and especially acetonitrile-water mixtures exhibit linear be- 
havior of log czerr, with mobile phase composition over a significantly lower organic 
modiEer composition range than methanol. Moreover, the slope of log *ha vs. qors 
in the linear region is more negative for the former two solvents. Since both acetone 
and acetoniftiie provide only proton accepting abiiity, we might expect that they 
might car.r.se changes in the hydrogen bonded network of water molecules more 
readily than low molectdar weight a$cohold5_ 

From the chromatographic point of view, the plots in Fig. 2 can be useful in 
predicting hydrophobic selectivity from one water-organic phase composition to 
another. Table EE has already shown that from the molecular connectivity it is pos- 
sible to obtain a reasonable prediction of hydrophobic selectivity for a given composi- 
tion. Fig. 2 affows us to change from one composition to another. As an illustration 
of this approach consider acetonitrile-water as mobile phase. Over the linear portion 
of the~pfot in Fig. 2 we can write the following empirical relationship 

The molecular connectivity for a methylene group is OS. We can therefore write that 

log -2. mix = 0-W 
. . 

(4) 
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where p is a proportionality constant relating xcr.rz to log *Z,otfr; Substitution of 
eqn. 3 into 2 results for acetdnitri‘re-water mixtures in 

#? = 1.90 r&o - 0.7 (5) 

At water-acetonitrile (80:20), p - 0.82, and this 1s tke factor by which tke hydro- 
phobic selectivity is reduced from pure water. FOF example, the difference in molecular 
co~ectivity, 4x, between hexanol and 2-kexanol is 0.14, so that the predicted 4log 
k’ for these two substances is 0.148 or 0.12, whereas the experimental value is 0.16, 
As a second example, 4~ between butanol and 4-methyl-I-pentanol is 0.86. The 
predicted dlog k’ is then 0.71 vs. an experimental value of 9.75. Thus, a good predic- 
tion of relative retention can be made over the whole composition range in which 
log %iZ vs. Q)_ in Fig. 2 is linear. Of course, knowledge of tke retention of one 
substance at a particular mobile phase composition permits the prediction of alf otker 
substances within the class at that composition. 

The constancy of non-polar increments, suck as metkylene groups, witkin dif- 
ferent classes of substances has been illustrated many times in the past”, We may 
therefore expect the hydrophobic selectivities exhibited for the alcohols to be valid 
for other functional groups. In other work not reported he&‘, we have found this 
non-polar selectivity behavior holds well for aliphatic ketones and diols, for exmple. 

Fig. 2 provides one way in wkick hydrophobic selectivity as a function of 
organic modifer type and composition can be compared. A _eond approach, which 
is also chromatographically meaningful, is to compare the selectivities of tke various 
mobile- phases under normalized time conditions. In.this metkod, both the organic 
modifier and its composition are simultaneously varied such that k’ for a given solute 
is maintained constant. Table IV shows the results of the influence of organic rnoditIer 
on aCHr for n-alcohols under normalized time conditions. We have included II- 
propanol along with the other thre& modifiers previously presented. 

The value of amr under normalized time conditions is found to be approxi- 
mately constant, even though there are large composition variations among the four 
organic modifiers. Hydrophobic selectivity-within a class of substances (i.e. constant 
functional group) is expected to be roughly similar under normalized time conditions 
because of the opposing effects of the simultaneous ckange in two parameters. As 
seen from Figs. L and 2, at a given water-organic modifier ccmposition a&or&rile 
leads to a lower k’ and caZ relative to methanol. Time normalization requires a larger 
water content for acstonitde because of the lower retention (see Table IV). The 
greater water content compensates for the lower a,, at a given composition, leading 
to roughly equal *= values for methanol and acetonitrile at constant time condi- 
tions. Similar arguments ko!d for acetone and n-propan& 

The next question is whether this similarity in selectivity under normalized 
time conditions holds when one considers mixtures of different classes of substances. 
Fig. 3 shows the separation of a series of six compounds with differing functional 
group (i.e. ketone, ester, primary and_secondary alcchol), using three orgaticmo&iers 
and ncrmakzing to n-perrtanol. In agreemem with Table ZV, tke rek&ive retention of 3- 
methyl-l-butanol to n-pcntanol is constant in the three systems. On the otker hand, 
large changes in retention are observed for cyclopentanone and methyl butyrate 
relative to n-pentanol Most inter~ting in tkis regard is the reversal in ekttion order 



METHyLEN? GROUP KNCREMENT UNDER ORGANXC SOLVENT-VOLUME PERCENT 
NORMALIZATKBN. 

I w. = voiume fraction of org2nic s&vent. 
- 

Ivhl&z&ilR organic sdvtvir rpors *Hz 

n-Pentanal (k’ = 6.55) rretknol 0.20 3.03 
propznol 0.13 3.05 
acetonitie 0.10 3.22 
acetone 0.07 3.10 

n-Hexand (k’ = 3.00) methanol 0.50 211 
propand 0.25 2.13 
acetonitrile 0.31 2.17 
acetone 0.36 2.21 

n-Kex2nol (k’ = 7.00) methanol 0.37 2.48 
propanoi 0.20 2.67 
acetonitrile 0.21 2.63 
acetone 0.23 2.64 

I . _ . . . . . * ‘ 
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Fig. 3. (a) Reversed-phase sepaation of se&ted G camp&m& normdized to k’ ofn-pentanol. Cd- 
umn, 30 cm x 4.5 mm f_D. ,&on&p& Cla. Temperature, 25”. Mobile phase, methanol-water 
(3050, v/v). V&city, 0.33 em;sec. 1 = cyclopentanone, 2 = 3-pentio~, 3 = 2-pentanol, 4 = 3- 
methyl-I-butanol, 5 = methyl butyrate, 6 = n-pentand. Detection, dBerentiaI rehctometer at 8 x _ 
(b) Same conditions as in (a) except mob& P&.$X n-propanol-water (15:85, v/v)_ (c). Same condi- 
tions as above e~ept mobile phase: acetoniflife-water (16:&S, v/v). 
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Fig. 4. (a) Reversed-phase seperation of selected poIynudesr vomatic hyckocarboons at norm 
k’ for pyrene. Cohxnn, same as Fig. 3..-Fmpeizture, 25”. Mobile phase;acetonitrile-water (6&40). 
Detector, UV at 254 m. Attequaeion, 0.16 a.u.f.s. ~ekity, 0.33 cinisec 1 =- benze-ae, 2 = Foluene, 
3 = naphthafene, 4 = biphenyl, 5 = acemphthenc, 6 = phenarithrene, 7 = ulthmcene, 8 = pyrene 
(b) Same conditions as in (a) except tempenture, 60” and mobile pk, acetonitrik-water (53:47, 
vk). 
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for ~mcthyl butyrate and n-pcntanol in Fig. 3b (propanol) and 3c (acetonitrile) in 
which the water content is roughly the same. As expected, the changes in retention 
for the secondary alcohols relative to n-pentanol in the three systems is much smaller 
(e.g. the maximum ch2nge is 30 “A_ The results in Fig. 3 suggest that functional group 
selectivity in reversed-phase LC is dependent to som eextent on the organic modifier 
of the mobile phase. 

Effect of temperature 

Temperatures above 25” have been employed in the past in reversed-phase LC 
for improved performance 13*38Ao. We decided to examine briefly the role of tempera- 
ture on hydrophobic selectivity using chemically bonded reversed-phase packings. In 
agreement with other workers13 we found a factor of roughly 2 decrease in absolute 
retention for alcohols with a 30” increase in temperature (mobile phase composition 
maintained constant). In addition, hydrophobic selectivity decreased to a small extent 
(10-25 %) from 25” to 60”, independent of the organic modifier selected. 

Hydrophobic selectivity was next compared under normalized time conditions, 
in which temperature and mobile phase composition were simultaneously varied. As 
previously, similar sdectivities were obtained, in which the lower selectivity of the 
higher temperature was compensated by the use of a mobile phase of higher water 
composition. A particularly good example of this result is shown in Fig. 4 which 
illustrates the separation of 2 set of polynuclear aromatic hydrocarbons at 25” and 
60” under normalized conditions. Almost identical chromatograms are obtained. 

From our results it would appear that from a selectivity point of view, opera- 
tion at 25” is equally as good as at 60”. Obviously, if the mass transfer is markedly 
improved at 60”, then the higher temperature ought to be used_ However, if the changes 
in efiiciency are not great, then room temperature might be preferred, 

CONCIUSI(SN 

In this paper we have explored the role of hydrophobic efEcts in reversed- 
phase LC using chemically bonded C:, stationary phases. The use of a topological 
index to represent the surface area of a molecule (or a group) has been shown to be a 
useful method to estimate hydrophobic selectivity. The simplicity in calculating this 
index ought to prove valuable in predicting relative retention in reversed-phase LC. 

Hydrophobic selectivity 2s a function of organic modifier types and composi- 
tion has also been examined. Differences in the loss of selectivity with added modifier 
have been observed, depending on the type of organic solvent selected_ However, 
when normalized time conditions are employed, roughly equivalent selectivities are 
obtained, as a result of the compensation caused by the simultaneous change in two 
variables. Such compensation is also observed in temperature-organic phase composi- 
tion time normalization studies. 

While most of our eEorts have dealt with atkyl and cycloalkyl alcohols, it is 
expected that similar behavior would be observed for other classes of substances (e.g. 
acids, ketones, etc.)_ Moreover, the use of the topological index for aromatic 
groupings has already been demonstrated in predicting water solubiliw. It is likely 
that the treatment can be extended to aromatic substances in reversed-phase LC. 
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