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Abstract 

When carrying out HPLC method development, it is often necessary to vary the relative retention of the sample (values of 
a) by changing some experimental variable, e.g., solvent type, pH, etc. The choice of which variable will be most suitable 
for a change in selectivity depends on two conflicting goals: (a) the attainment of maximum changes in o~ for the better 
control of resolution and (b) the avoidance of practical problems associated with the use of a given variable to optimize 
selectivity. This study provides a quantitative evaluation of different variables for their effect on selectivity (o~). Various 
practical problems which must be balanced against this ability of a variable to change values of o~ are also discussed. The 
selection of any two variables for their simultaneous use in controlling tr is also examined. 
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I.  Introduct ion 

The reversed-phase HPLC separation of  some 
samples can be achieved by adjusting solvent 
strength (%B) for acceptable sample retention; e.g., 
so that l < k < 1 0 .  More often, a change in band 
spacing is required, in which case conditions must be 
changed so as to create large enough values of  c~ 
(e.g., a >  I. 1 ) for all band-pairs in the chromatogram. 
Because of  the power  of  selectivity control in 
achieving separation, this forms the basis of  most 
published procedures for HPLC method development  
[1-4] .  Changes in selectivity can be based on 
different variables, as summarized in Table 1 for 
neutral and ionic samples. In the past, those variables 
(e.g., solvent type, pH) which were bel ieved to have 
the largest effect on selectivity, were usually chosen 
for selectivity optimization. This has led to two 
widely used method-development  approaches: (a) 

variation of  solvent type (acetonitrile, methanol, 
tetrahydrofuran [THF]) for the separation of  neutral 
samples [5] and (b) variation of  pH and ion-pair- 
reagent concentration (IPR) for ionic or ionizable 
samples [6]. In each case, various computer pro- 
grams are able to minimize the number of  experi- 
ments required to find the best mobile phase com- 
position [1-3,5,6].  

Factors other than maximum changes in a need to 
be considered, however,  when creating a HPLC 
method-development  strategy [7-9]:  (a) practical 
problems and /o r  a lack of method ruggedness asso- 
ciated with the use of  certain variables, (b) the ease 
and applicabil i ty of  computer simulation for optimiz- 
ing some variables and (c) the applicabil i ty of a 
given variable for both neutral and ionic samples, 
especially when the sample composit ion is unknown 
at the start of  method development.  Table 2 summa- 
rizes a number of  these considerations that either 
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Table 1 
Variables for changing reversed-phase selectivity 

Neutral samples ~ Ionic or ionizable samples 

Solvent type (ACN, MeOH, THF) (St) 
Column type (C8 or Cts, phenyl, cyano) (C) 
Solvent strength (%B) ~ (b) 
Temperature (T) 

pH 
Ion-pair-reagent concentration 
Temperature 
Solvent type 
Column type 
Solvent strength (%B) 

ACN: acetonitrile; MeOH: methanol; THF: tetrahydrofuran. 
b A change in isocratic %B is equivalent to a change in gradient steepness b; see discussion of Ref. [15] 
Abbreviations in parentheses (St, C, b, T) are used to identify selectivity effects in the discussion of selectivity (Alog a) values. Arranged in 
approximate order of decreasing effectiveness as a means for changing oL. 

Table 2 
Practical limitations in the use of different variables for changing selectivity [7,8] 

Variable Limitation 

Solvent strength (%B) 

Temperature 

Solvent type 
Acetonitrile 
Methanol 
Tetrahydrofuran 

Column type (C X or C~,  phenyl, cyano) 

pH 

Ion-pair-reagent concentration 

None 

Equipment: thermostating of the mobile 
phase and column required 

None 
UV detection (>220  nm) 
UV detection (>240  nm) 
Slow column equilibration 
Unstable; oxidized by air 
Requires additional runs for computer 
simulation 

Manual intervention (change of column) 
required 
Slow equilibration of new column 
Impractical to blend packings of 
different type 
Selectivity cannot be varied 
continuously 
Computer simulation less useful 

Less rugged methods, due to change of a 
for random variations in pH (+-0.05 units) 
Requires additional runs for computer 
simulation 
Difficult peak tracking 
UV detection ( > 215 nm for some buffers) 
Less convenient due to need to adjust 
buffer pH 
Not effective for neutral compounds 

Slow column equilibration 
Less rugged methods, baseline problems 
Less convenient, due to more complex 
mobile phase 
Not effective for neutral compounds 

Arranged in approximate order of decreasing convenience and desirability. 
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make method development more difficult or result in 
unsatisfactory final methods, with emphasis on 
"practical" problems (a). Computer simulation (b) is 
increasingly preferred for its ability to facilitate 
HPLC method development [3,4,9]. However, its use 
with some variables requires additional experiments 
and/or is less reliable. For example, optimizing pH 
or blending THF with other solvents requires more 
experimental runs, and peak tracking can be difficult 
when pH is varied (because the UV spectrum of an 
ionizable compound is often pH-dependent). Finally 
(c), pH and ion-pair-reagent concentration have little 
affect on band spacing for non-ionizable samples. 
The use of the latter variables to vary selectivity 
assumes that some of the sample constituents are 
ionized or ionizable. 

When choosing among different variables for the 
purpose of optimizing selectivity, it is useful to know 
the relative ability of each variable to change ce. 
Practising chromatographers have opinions con- 
cerning the effectiveness of different selectivity- 
changing variables, but little in the way of general 
quantitative knowledge (except for ionizable sam- 
ples). A few prior comparisons have been reported in 
this connection; e.g., changes in solvent-strength 
(%B) plus solvent type vs. the use of mixtures of 
ACN, MeOH and THF [10,11]. In the latter exam- 
ples, these two ways of manipulating selectivity gave 
comparable results in terms of final sample res- 
olution. A second study compared changes in %B vs. 
temperature [12,13] and found that %B was some- 
what more effective than temperature as a means of 
changing selectivity. 

The trade-off between selectivity control (Table 1) 
and experimental convenience (Table 2) needs to be 
assessed for the different variables used to control 
values of a. For "easy"  separations, experimental 
convenience should be of greater importance. For 
difficult separations, selectivity will be the major 
concern. This choice between selectivity and con- 
venience will be facilitated if the qualitative in- 
formation of Table 1 can be replaced with a more 
precise measure of the relative ability of each 
variable to change selectivity. That is one goal of the 
present study. Because two or more variables can be 
changed simultaneously for enhanced control over 
selectivity (as in the procedures of Ref. [5,6]), we 
also need to know whether or not the selectivity 

effects for any two variables are independent of each 
other. When selectivity effects are not independent 
(i.e. are "correlated"), the second variable will add 
little to the ability of the first variable to cause 
changes in a. Thus, a pair of bands that remain 
unseparated as either variable-1 or -2 is changed, is 
unlikely to be separated by the simultaneous change 
of both variables. 

The present paper represents a preliminary attempt 
at addressing these and other issues which relate to 
the choice of one or more variables for changing 
selectivity. 

2. Background and theory 

If a typical column plate number N is assumed 
(N= 10 000), and baseline separation is desired (R~> 
1.5), a 12% change in ce is required for the sepa- 
ration of a totally overlapped band-pair (see related 
discussion of [14]; assumes k = l ) .  Often the initial 
band-pair is not totally overlapped, k is usually> 1, 
and N can be >10 000. Consequently, changes in tr 
of 5% or more (corresponding to Alog a>0 .02)  are 
often sufficient to achieve adequate separation of an 
incompletely resolved band-pair. The question then 
is: is it possible to anticipate whether a given 
variable (e.g., %B, temperature, change of solvent) is 
likely to provide the required change in selectivity 
for a given sample? When this is the case for 
different variables, the final choice of variable can be 
decided with reference to Table 2. 

Quantitative assessments of selectivity as a func- 
tion of sample type have been discussed previously 
for solvent strength (%B) [11,15] and temperature 
[15]. For a given sample, an average value of 
selectivity can be determined: Alog a, which repre- 
sents the average (1 S.D.) change in log te for each 
band-pair in the sample, as a result of a maximum 
change in either temperature (by 60°C) or gradient 
steepness (by a factor of 10). In this paper, we will 
designate different kinds of selectivity according to 
the abbreviations of Table 1. For example, tem- 
perature-selectivity will be referred to as T-selectivi- 
ty and defined as Alog ce(T), solvent-strength selec- 
tivity is b-selectivity and is defined as Alog o~(b), etc. 
In the present paper, this analysis of selectivity is 
extended to the additional variables in Table 1 for 
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neutral samples (which should apply also to ionized 
samples). 

2.1. Solvent-strength (b) selectivity 

For a binary-solvent mobile phase A/B ,  retention 
is related to the volume-fraction ~b of  B in the 
mobile phase as [16] 

log k = log k w - S~b ( 1 ) 

where kw and S are constants for a given solute and 
~b=0.01%B. A value of  c~ for two adjacent bands 1 
and 2 will change for a change in ~b (A~b), provided 
that the S-values (S~, $2) are different: 

log c~(b) = log (k2/k I ) 

= log (kw2/kwl) - (S 2 - S I )A  ~ 

= (constant) - AS A~b (2) 

Solvent-strength selectivity (change in a )  is therefore 
determined by the change in ~b (A~b) and the 
difference in solute S-values (A~b). 

If  a plot of  S for the components of a sample vs. 
retention time (for some value of ~ and other 
conditions the same) yields no deviations 5S of data 
points from a best-fit curve through the data, then 
Alog ce=0  and a change in ~b will be unable to 
change c~ for two bands that initially overlap com- 
pletely ( ~ =  1.00 for some value of  %B). This is 
usually the case for a sample composed of  com- 
pounds formed from identical repeating units 
(homologs, benzologs, oligomers, etc.), as illustrated 
in Fig. la for eight 1-nitroalkane homologs. Behavior 
as in Fig. la is usually not the case for other 
samples; e.g., Fig. lb for a mixture of  six steroids. 
For samples where 5S is not zero and for a maximum 
change in %B (such that values of  k change by 
10-fold), the average change in ~ for a given sample 
is [15] 

Alog tr(b) = AS A~b = 1.4C~S/S* (3) 

S* is the average value of  S for the entire sample. It 
should be noted that the average change in ce due to 
a change in ~b can be greater than predicted by Eq. 
(3), because Eq. (3) is corrected for any overall trend 
of  ce vs. ~b as ~b increases (see discussion of  [15]). 
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Fig. 1. Determination of solvent-strength (b) selectivity. Plots of S 
[Eq. (1)] vs. retention time. (a) 1-Nitroalkane solutes, ACN/water  
gradient, C,8 column [15]; (b) steroid solutes (Table 4), 56% 
methanol/water, C 8 column. See text and Refs. [11,15] for details. 

Values of S for two sample compounds can differ 
as a result of differences in their molecular structure 
[16]. It can be expected that a change in %B (or any 
variable known to affect selectivity) will have a 
smaller effect on ce when the two compounds are 
more similar in terms of  molecular structure. A 
corollary conclusion is that the more similar two 
molecules are, the more difficult will be their sepa- 
ration, and the more important the use of  a variable 
that is capable of  larger changes in t~. As an 
example, a homologous series has a value of 
Alog tr(b)=0.  Likewise, samples whose compounds 
differ only in the degree or type of  alkyl substitution, 
or in the presence of  other nonpolar groups in the 
sample molecules, are expected to have small values 
of  Alog a(b).  
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2.2. Temperature selectivity 

lsocratic retention varies with absolute tempera- 
ture T as 

log k = A - B / T  (5) 

where A and B are constants for a given compound, 
other conditions constant. Temperature-selectivity 
Alog a(T) can be determined for a given sample in 
the same way [15] as for Alog a(b): 

Alog a(T) = 0.0007 8B. (6) 

Values of 8B, analogous to ~,S, can be determined in 
similar fashion (from plots of B vs. retention time). 

2.3. Solvent-type selectivity 

A change of one B-solvent for another leads to 
changes in selectivity that will be referred to as 
St-selectivity and defined as Alog (St): the average 
change in log a for each pair of adjacent bands in 

the sample (1 S.D.) when one B-solvent is substi- 
tuted for another (while keeping average sample 
retention approximately the same by adjusting %B). 
Values of Alog a(St) can be obtained from a plot of 
log k for one B-solvent vs. log k for a second B- 
solvent, as illustrated in Fig. 2 from a study reported 
in 1978 [17]. The deviation of values of log k 
(8log k) from a best-fit curve through plots such as 
this (not shown in Fig. 2) are analogous to deviations 
of S or B from plots vs. retention time. In similar 
fashion (cf. treatment of [15]), a value of Alog a(St) 
can be derived: 

Alog a(St) = 1.4 ~log k (7) 

The value of 8log k from plots as in Fig. 2, is the 
average of the standard error in values of x and y. 

2.4. Column-type selectivity 

If retention data are obtained for two different 
columns (e.g., C 8 vs. cyano) and plotted as in Fig. 2, 
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Fig. 2. Determination of solvent type selectivity (Alog a) from plots of log k for two separations with different B-solvents. (a) ACN vs. 
MeOH; (b) THF vs. MeOH. Substituted benzenes as sample. Reprinted from Ref. [17] with permission. 
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a value  o f  co lumn- type  select ivi ty  can be obtained in 

s imilar  fashion [cf. Eq. (7)]: 

Alog a(C)  = 1.4 5log k (8) 

2.5. Selectivity arising f rom a change in p H  or 
ion-pair-reagent concentration 

These  select ivi ty  effects  are different  in two 

regards.  First, they apply only to ionized  or  ionizable  

analytes.  Second,  i f  the nature of  two adjacent  bands 

is known (neutral, acidic or  basic), predictable  

changes  in select ivi ty  can be ach ieved  by a change  in 

pH a n d / o r  ion-pai r - reagent  concentra t ion  [18]. These  

changes  in select ivi ty  are often quite large, so that a 

quant i ta t ive  assessment  o f  values o f  Alog ce is less 

useful.  

3. Results and discussion 

Data reported e l sewhere  (see Tables  3 - 6 )  a l low us 

to calculate  values  o f  Alog a for the same samples  

and two different  variables,  thereby provid ing  a 

direct  compar i son  of  the ef fec t iveness  of  different  

variables  in changing  values  of  a.  These  data also 

provide  some insight  into the the role of  the sample  

in de te rmin ing  values  o f  Alog a for a g iven  sample.  

3.1. Solvent strength vs. temperature selectivity 

Data reported in Refs.  [12,13] a l low this com-  

par ison for several  different  samples.  These  data are 
summar ized  in Table  3 with two sample  characteris-  

tics that relate to the " d i f f e r e n c e "  be tween  sample  

compounds :  (a) the range in the number  o f  polar  

substi tuents for molecu les  in each sample  (x~) and 

(b) the number  o f  different  polar  substituents in the 

sample  (x2) (cf. d iscussion of  [17]). As  an example ,  

cons ider  the " p h a r m a c e u t i c a l s "  sample  of  Table  3. 
These  compounds  have ei ther one or  two polar  

substi tuents in the molecule ,  so x ~ = ( 2 - 1 ) = l .  
There  are four  different  polar  substi tuent groups 

represented in the sample,  and no one o f  these 

groups is found in every  compound ,  so x 2 = 4 .  I f  one 

polar  group is present  in all the sample  compounds ,  

Table 3 
Relative ability of different variables to change selectivity: solvent 
strength (b) vs. temperature (T) 

Sample ALog o~ Sample 
type" 

b T x I x 2 

Aromatic hydrocarbons [13] 0.05 0.02 0 0 

Fatty acid methyl esters [13] 
ACN as B-solvent 0.02 0.01 0 0 
MeOH as B-solvent 0.04 0.01 0 0 

Carotenoids" [13] 0.04 0.13 3 3 
Pharmaceuticals [ 13] 0.17 0.03 1 4 
Nonbasic drugs [13] 0.24 0.10 3 5 

Benzoic acids [12] 
Un-ionized 0.21 0.07 0 5 
Ionized 0.13 0.11 0 5 

Anilines [12] 
Un-ionized 0.12 0.09 0 5 
Ionized 0.25 0.07 0 5 

Basic drugs [12] 0.36 0.11 3 5 
Herbicides [12] 0.21 0.14 5 3 
rhGH peptides [12] 0.31 0.35 30 d 5 
rt-PA peptides [12] 0.30 0.32 30 d 5 
Chlorophylls b [12] 0.17 0.21 1 3 

Average 0.17 0.12 

Alkylbenzenes" [11] 0.00 0 0 
Chlorobenzenes [11] 0.01 0 0 
Chlorotoluenes [ 11 ] 0.00 0 0 
Chloronaphthalenes [ 11 ] 0.02 0 0 
Chlorobiphenyls [111 0.01 0 0 
o-Phthaldehyde amino acids [ 11] 0.02 1 5 

Steroids [ 11 ] 0.03 1 1 

Substituted aromatics 
Ref. [7] 0.03 0 5 
Ref. [19] 0.13 2 5 

x,, range in number of polar groups among different compounds; 
x2, number of different polar groups in the sample; maximum 
value of x 2 arbitrarily set equal to 5. 
hA more complex mobile phase was used for these samples 
containing methanol and methyl-tert.-butylether. 
" Data from cited references used to determine Alog or(b) from Eq. 
(3). 

Estimated value. 
Data of Refs. [7,11-13,19]. Acetonitrile (ACN) or methanol 
(MeOH) as B-solvent except where noted. 

as in the fatty acid methyl  ester sample  o f  Table  2, 
this group is not  counted,  because it does  not 
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Table 4 

Relative ability of different variables to change selectivity: solvent strength (b) vs. solvent type (St) 

111 

Sample ALog a" 

b St 

ACN MeOH THF A / M A / T M / T 

Substituted benzenes [7] 0.07 0.08 
Herbicides [11] 0.11 0.14 
Substituted aromatics [ 191 0.19 0.10 
Steroids [11] 0.03 0.03 

Average 0.10 0.09 

Nitro compounds [11] 0.10 0.12 
Substituted benzenes [17] - -  - -  
Substituted benzenes [20] - -  - -  

0.12 0.08 0.14 0.13 
0.19 0.20 0.24 0.31 
0.11 0.15 0.20 0.22 
0.05 0.06 0.18 0.14 

0.12 0.12 0.19 0.20 

0.05 
0.15 - -  0.20 
0.16 0.15 0.19 

Data of Refs. [7,11,17,19,20]. 
ACN, MeOH and THF refer to different solvents for a change in %B; A/M, A/T and M/T refer to comparisons of different solvents for a 

similar range in values of k; A is ACN, M is MeOH and T is THF. 

Table 5 
Relative ability of different variables to change selectivity: column type (C) vs. solvent strength (b) 

Sample Alog a~ 

C b 

C , /Ph  C 8/CN Ph/CN C8 Phenyl Cyano 

Substituted benzoic acid 0.05 0.08 0.08 0.07 0.06 0.05 
Herbicides 0.07 0.05 0.04 - -  - -  - -  

Data of Ref. [21]. 
B-solvent is MeOH for benzoic acid sample and ACN for herbicide sample; Cs/Ph refers to a change from a C8 to a phenyl column; 

C J C N  refers to a change from a C s to a cyano column; Ph/CN refers to a change from a phenyl to a cyano column. 

Table 6 
Relative ability of different variables to change selectivity: column type (C) vs. solvent type (St) 

Alog ot a 

C St 

Cs/Ph Cs/CN Ph/CN C 8 Phenyl Cyano 

A/M A/T  M/T A/M A/T  M/T A/M A/T  M/T 

0+05 0.15 0.12 0.05 0.19 0.21 0.05 0.18 0+21 0.05 0.12 0.13 

PTH amino acid sample, data of Ref. [22]. 
" ACN as B-solvent/'or column comparisons; C J P h  refers to a change from a C s to a phenyl column; Cs/CN refers to a change from a C8 
to a cyano column; Ph/CN refers to a change from a phenyl to a cyano column; A/M, A/T  and M/T refer to comparisons of different 
solvents for a similar range in values of k; A is ACN, M is MeOH and T is THF. 
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comprise a "difference" among various sample 
solutes. Chloro (and other halogen) substituents, 
because of  their hydrophobicity and retention similar 
to methylene groups [ 17], are not counted as "polar" 
groups in determining values of  x~ or x 2. The 
compounds of  Table 3, for a given sample, may also 
differ in their carbon skeletons, but these differences 
are ignored here. 

Values of  Alog a appear to correlate with sample 
characteristics x~ and x2, as expected. For the first set 
of  samples of  Table 3 (from Refs. [12] and [13]), 

Alog a(b) = 0.045 + 0.0035(-0.0029)x~ 

+ 0.034(-+0.016)x 2 (9) 

with r 2 =0.54, and a standard deviation of  Y=0.09 
(0 .02< Y<0.36).  Similarly, 

AIog a(T)  = 0.025 + 0.0073(_+0.0015)x~ 

+ 0.0188(-+0.0081)x 2 (10) 

with r2=0 .85  and a standard deviation of  Y=0.05 
(0 .01<Y<0 .36) .  It appears that differences in the 
kinds of  polar substituents (x2) are more important 
than differences in the number of  polar substituents 
(x~) in affecting selectivity [Eq. (9)]. 

Table 3 lists several additional samples (from 
Refs. [7,11,19]) for which only values of  Alog ce(b) 
are available. Application of  Eq. (9) to the prediction 
of  these values gives a standard deviation of _+0.03 
units, which is comparable to the error in Y for the 
original data set [-+0.07 for a wider range in 
Alog a(b)]. 

For the same set of  samples in Table 3 (from Refs. 
[12,13]), the average values of Alog a are 0.17(b) 
and 0.12(T). Thus, on average, a change in %B will 
produce a 1.4-fold greater change in selectivity 
(Alog a)  than will a change in temperature. How- 
ever, individual samples can differ markedly from 
this average. 

It has been shown previously [12,13] that there is 
little correlation between b- and T-selectivities, so 
these two variables can be used together for a more 
effective optimization of  selectivity. 

3.2. Solvent-strength vs. solvent-type selectivity 

Data from the literature can be used to compare 
values of  Alog a(b) and Alog tr(St) for the same 

samples. In each case, retention values (k or retention 
time) are reported as a function of  %B for the three 
common B-solvents: ACN, MeOH and THF. The 
application of  Eq. (3) and Eq. (7) to these data is 
summarized in Table 4. Not enough different sam- 
ples were used to justify correlations with sample 
characteristics x~ and x 2, as for the samples of Table 
3 and Eqs. (9,10). However, it is reasonable to 
assume that samples with larger values of  x~ and/or  
x 2 will yield larger values of  Alog a for any variable 
used to change selectivity (as noted in [17]). Average 
values of  Alog a(b) in Table 4 are similar for ACN 
and MeOH as B-solvent (0.10, 0.09), but are slightly 
greater for THF (0.12). Therefore, the use of  THF 
instead of  these other solvents may yield somewhat 
larger changes in a for a change in %B. St-selectivi- 
ty is greater for a change from either ACN or MeOH 
to THF (avg. values: 0.19, 0.20) than for a change 
from ACN to MeOH (0.12), by a factor of 1.6. The 
special advantage of THF for a change in selectivity 
was noted as early as 1978 [17], and is today widely 
appreciated by practical workers. 

The correlation of S vs. Alog k for a change in 
solvent type was tested for several samples. Values of  

2 r ranged from 0.0 to 0.2, suggesting little correla- 
tion of  the selectivity effects for these two variables. 

3.3. Column-type vs. solvent-strength and solvent- 
type selectivity 

Tables 5 and 6 summarize values of  Alog a for 
C-, b- and/or  St-selectivities. These data show an 
average larger value of  Alog a for a change from a 
C 8 (or presumably C~8 [23]) to a cyano column 
(0.09), vs. a change from a C s (or CI8) to a phenyl 
column (0.06). Values of  Alog a for a change in 
column type are similar to values for a change in 
solvent-strength and smaller than a change in sol- 
vent-type. Solvent-strength or solvent-type selectivi- 
ty is reduced by about 1/3 when a cyano column is 
used, vs. the use of  either a C 8 or a phenyl column. 
The columns compared in these studies are all from 
the same manufacturer, and it is possible that com- 
parisons among columns from different manufactur- 
ers (involving differences in bonded-phase concen- 
tration and other characteristics) would give different 
results. 
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These conclusions agree with those of  Ref. [23], 
which also found that column-type selectivity tends 
to correlate with solvent-strength selectivity. In view 
of  this correlation, simultaneous changes of  column 
type and %B are predicted to be less useful. How- 
ever, in one case [21] the variation of  %B for 
different column types did result in a substantial 
improvement  in separation. 

3.4. Relat ive selectivity f o r  different variables 

Table 7 is an approximate attempt to combine the 
data of  Tables 3 - 6  in order to arrive at the relative 
effectiveness of  different ways of  changing selectivi- 
ty. It is assumed that a value of  Alog ce is the product 
of  some intrinsic characteristic of  the variable and 
some property of  the sample (e.g., values of  x~, x : ) .  
This implies that the ratio R of  Alog t~ values for two 
variables (e.g., T and b) will be roughly constant for 
the same sample. Values of  R for different pairs of  
variables can then be compared. While  very different 
values of  R are found in Table 3 for individual 

Table 7 
Summary of relative ability of different variables to change 
selectivity 

Variable ~ Relative value of Alog ce 

Temperature 
ACN, C 8 or C~8 0.5 

Solvent strength (~B) 
ACN, C a or C~a 0.7 
MeOH, C a or C~8 0.8 
THF, C a or Cta 1.0 

Column type (A, M, or T) 
C a/phenyl 0.6 
Ca/cyano 1.0 
Phenyl/cyano 1.0 

Solvent type 
A/M, C a, C~8, phenyl (1.0) b 
A/T, C a, Cia, phenyl 1.7 
M/T, C a, C~a, phenyl 1.8 
A/M, cyano 1.0 
A/T, cyano 1.0 
M/T, cyano 1.1 

Approximate ranking based on data of Tables 3-6. 
aFor each variable, the B-solvent (A=ACN, M=MeOH, T= 
THF) or column type (C8, C~8, phenyl, cyano) is specified. 
b Reference value; all values calculated relative to this. 

samples, the large number of  samples should tend to 
average out these variations for comparisons of  b- 
vs. T-selectivity. A smaller number of  samples 
comprise the comparisons of  Tables 4 - 6 ,  and aver- 
age values of  R from these samples must be consid- 
ered less reliable. 

With the latter caveat, what does Table 7 tell us? 
If  an initial chromatogram contains two overlapping 
bands and our goal is to increase the resolution of  
these two bands as much as possible, a single 
variable used to change selectivity should have as 
large a value of  R = Alog c~ (relative) as possible. The 
best choice from Table 7 is a change from either 
ACN or MeOH to THF as B-solvent (relative 
Alog ce= 1.7-1.8).  However,  in many cases a small- 
er change in a will suffice, and a more favorable 
variable according to Table 2 might then be consid- 
ered. When beginning method development,  it is 
preferable to choose variables that are free from 
practical or other problems, as summarized in Table 
2. The preferred choices in this case are solvent 
strength, temperature or a B-solvent composed of  
varying proportions of  ACN and MeOH [7,8]. 
Selectivity based on changes in these variables can 
be further increased by changing two or three of  
these variables simultaneously. There is also the 
possibil i ty that, for a given separation, some or all of  
these latter variables will prove more effective, 
despite their usual lesser effect on selectivity. 

3.5. S imul taneous  use o f  two variables 

Changes in two variables at the same time can be 
used to increase control over selectivity, providing 
that selectivity effects for the two variables are 
uncorrelated. Table 8 summarizes what is known 
about the correlation of  selectivity effects for differ- 
ent pairs of  variables. The possible correlation of  
temperature and %B (or b) has been examined in 
detail [12,13] and found to be unimportant, as has 
the correlation of  %B and solvent type (this paper). 
Data for other pairs of  variables are less compelling. 
Column type selectivity is most pronounced for 
columns of  different "s t rength"  [23], e.g., Cl8 
(strong) vs. cyano (weak). As a result, the use of  
columns of  different strength necessarily involves a 
change in %B to maintain l < k < 1 0 .  It has been 
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Table 8 
Correlation of selectivity effects for different variables 

Variables Comment 

%B-temperature 
%B-solvent type 
%B-column type 
%B-pH 
%B-ion-pair-reagent 
concentration 

Temperature-solvent type 
Temperature-column type 
Temperature-pH 
Temperature-ion-pair- 
reagent concentration 

Solvent type-column type 
Solvent type-pH 
Solvent type-ion-pair- 
reagent concentration 

Column type-pH 
Column type-ion-pair- 
reagent concentration 

pH-ion-pair-reagent 
concentration 

Effects appear to be uncorrelated [12,13] 
Effects appear to be uncorrelated (this paper) 
Effects appear to be correlated [23] 
Effects appear to be correlated for basic samples [24] 
Effects are correlated (see text) 

Correlation not expected 
Correlation not expected 
Correlation not expected 
Correlation expected 

Possible correlation 
Correlation not expected 
Correlation not expected 

Correlation not expected 
Correlation not expected 

Correlation expected 

estimated [23] that about 75% of  column-type selec- 
tivity can be attributed to this change in %B, i.e. %B 
and column-type selectivity are definitely correlated. 
For ionic samples, a change in ion-pair-reagent 
concentration should lead to changes in selectivity 
similar to those produced by a change in %B or 
temperature, because the uptake of  the reagent by the 
column will depend on %B [25]. Because selectivity 
effects for two variables are correlated to some 
degree, this does not mean that their combined use in 
method development  will never be worthwhile. 
Selectivity effects arising from changes in pH and 
ion-pair-reagent concentration are generally similar 
for ionic samples, yet these two variables are often 
varied together for improved control over selectivity. 
In this case, selectivity effects are large and additive 
for each variable, and the use of  pH and reagent 
concentration together provides more control over 
band spacing. For the case of  other pairs of  variables, 
values of  Alog t~ do not correlate exactly, so there 
will always be some incremental advantage in the 
use of  the second variable. 

4. Conclusions 

A HPLC method development strategy for all but 
" ea sy"  samples will require changes in selectivity. 
Different variables can be used for this purpose, 
either alone or in combination. Those variables that 
are convenient to use and which do not cause 
problems during method development  or subsequent 
use of  a routine procedure (%B, A C N / M e O H  mix- 
tures and temperature), tend to be less effective for 
effecting changes in band spacing. Thus, a com- 
promise is necessary when choosing variables for 
HPLC method development.  The relative ability of 
different variables to achieve changes in a was 
determined in this study. 

For most samples, achieving an adequate HPLC 
separation is not difficult, and it is therefore rec- 
ommended to first vary such conditions as %B, 
temperature and solvent type (MeOH or ACN) either 
alone or in combination. If this strategy is unsuccess- 
ful, variables such as solvent type (MeOH, ACN and 
THF),  column type, pH and /o r  ion-pair-reagent 
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c o n c e n t r a t i o n  can  be  c o n s i d e r e d  next .  W h e n  us ing  

two  or  more  va r i ab le s  for  the s i m u l t a n e o u s  con t ro l  o f  

se lec t iv i ty ,  it is p re fe rab le  to se lec t  va r i ab les  w h o s e  

se lec t iv i ty  ef fec ts  are uncor re la ted .  T he  re la t ive  

co r re l a t ion  o f  d i f fe ren t  pai rs  o f  va r i ab le s  has  b e e n  

rev iewed .  
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