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LC TROUBLESHOOTING

Type Selectivity

Selectivity in Reversed-Phase
LC Separations, Part l: Solvent-

|  . ,  ,h. I970s, Rohrschneider made

I an extensive study of the proper-

I t ies of various solvents ( l) .  Among

other things, he showed that, in some

cases, when two solvents were mixed,

properties of a third solvent could be

obtained. This suggested that some

subset of all possible solvents could be

used for chemical purposes. Around

the same time, Lloyd Snyder was

interested in.the various solvent prop-

erties that were important in liquid

chromatography (LC) separations,

especially reversed-phase separations
(2,3). From other studies, he knew

that three properties were of particular

significance in terms of selectivity: the

acidic, basic, and dipolar nature of the

solvents. Snyder recalculated Rohrsch-

neider's data based on these three

properties and plotted them in what

is now known as the solvent selectiv-

ity triangle. A subset of these data is

shown in Figure l, where each solvent

is plotted according to its proportion

of acidic, basic, and dipolar properties.

The heavy dots show the central ten-

dency of several solvent classes, some

of which I have labeled.

In principle, three solvents - one

with 100% acidity, one with 100%

basicity, and one with 100o/o dipolar-

ity - would be located at the extreme

corners ofthe tr iangle. I f these sol-

vents existed, we should be able to

blend them in different proportions

and get the properties of solvents lying

within the boundries of the triangle.

Of course, such solvents do not exist.

Most solvents have a mixture of acidic,

basic, and dipolar properties, so they

lie away from the corner and usually

away from the edges ofthe triangle.

Since the desired solvents don't exist

at the corners of Figure I, we might

consider other solvents that are close

to the corners - solvents that exhib-

ited primarily acidic, basic, or dipolar

properties. For example, carboxylic

acids (RCOOH in Figure l) are quite

acidic, amines (for example triethyl-

amine) are basic, and the chlorinated

solvents (for example, dichlorometh-

ane, CHrClr) have dipole propert ies.

If we were to blend these three solvents

together, we might expect to get inter-

mediate properties. But again, we are

foiled, because the'chlorinated solvent

doesn't mix with the others and two

phases result - not a desirable mobile

phase characteristic! 
'We 

can continue

working our way toward the center of

the triangle, searching for solvents that

are miscible and have a dominance

of one of the desired properties. For

example, alcohols (such as methanol)

have some acidic properties, ethers (for

example, tetrahydrofuran) have basic

properties, and nitriles (for example,

acetonitrile) have dipole properties.

These three solvents are mutually mis-

cible and form a subset (shaded area)

of the total triangle. trt would be nice

to conclude that because of Snyder's

work, these three solvents were selected

as the solvents of choice for reversed-

phase separations, but this would be

a bit presumptuous. By the time this

work was completed, these three sol-

vents were already the most popular

solvents, but now we know why they

had been found to be most effective.

The enhanced acidic, basic, and dipo-

lar properries ofone solvent can assist

certain chemical interactions better

than another mobile phase solvent, so

that difficult-to-separate solutes can

now be seoarated.
toh,n:W. Dolatn 

'
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Figure 1: Classif icat ion of solvent propert ies according to their acidic, basic, and
dipolar nature. Adapted from references 2 and 3.
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Figure 2: The solvent-selectivi ty tr iangle approach to method development.

Practical Applications
One popular application of the solvent

selectivity triangle is based on a set

of seven experiments using various

solvent blends. This strategy formed

the basis of the Sentinal system intro-

duced by DuPont when they were in

the LC business and was adapted as

the Perkin-Elmer Solvent Optimiza-

tion System (PESOS). These products

enabled automated or semiautomated

selection of the best solvent to separate

a particular sample. The concept of

this approach is shown in Figure 2.

The methanol-acetonitrile-tetrahy-

drofuran solvent triangle of Figure I

is adjusted to an equilateral triangle

for convenience. One solvent is chosen

ro start with and i ts concentrat ion in

water or buffer is adjusted to get reten-

tion in the desired range in an effort

to achieve a separation, for example,

50:50 methanol-buffer. Next, a sec-

ond solvent is adjusted to give similar

overall retention, for example, a 40:60

acetonitrile-buffer mixture sives simi-
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lar retention. Then the third solvent

is blended with buffer to get similar

retention - for example, a 30:70

tetrahydrofuran-buffer mixture in

the present situation. By appropri-

ate adjustment of the organic-buffer

ratio, the three mobile phases should

give very similar retention t imes

when the entire separation is consid-

ered - individual retention t imes

are expected to vary between solvent

systems. These are experiments l, 2,

and 3 at the corners of the triangle in

Figure 2. Next, 1: l  blends are made of

the mobile phases from each corner to

generate the runs 4,5, and 6 on the

edges ofthe tr iangle. Final ly a 1: l : l

blend formed the central experiment,

7, to complete the seven-experiment

set. Retention data from each of these

experiments could be entered into the

optimization program and resuks for

conditions between the experimental

points could be calculated to find the

best possible separation, often a qua-

ternary blend of methanol, acetoni-

trile, tetrahydrofuran, and buffer.

Alternatively, the seven chromato-

grams could be printed and set out in

the same triangle pattern with visual

interpolation to identify the best

separation conditions. An example of

this approach is shown with the simu-

lated chromatograms of Figure 3. The

methanol-buffer run (run l) separates

only four peaks of the five-component

mixture - the last two peaks are

merged. The acetonitrile-buffer

run (run 2) nearly separates the last

two peaks, but the second two have

merged and reversed. The tetrahydro-

furan-buffer run (run 3) has its prob-

lems, too - the last two peaks are

nicely ieparated, but the second two

are still a problem. It is reasonable

to assume that intermediate mobile

phase conditions will give intermedi-

ate separations when a mobile phase

condition is varied. So, if we were

making these runs one at a t ime and

examining the results before proceed-

ing, we might skip run 5, because i t

is obvious from runs 1 and 2 that an

intermediate separation of the last

two peaks will be no better than for

the binary mobile phases. The same

prediction could be made for the

second two peaks in run 6 based on "
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Figure  3 :  S imu la ted  par t ia l  chromatograms fo r  var ious  mix tu res  o f  methano l ,
ace ton i t r i le ,  and te t rahydro furan  w i th  bu f fe r .  Chromatograms pos i t ioned to
correspond to Figure 2.

runs 2 and 3. In run 4, a 50:50 blend

of the mobile phases used in runs I

and 3 is able to separate all five peaks

to baseline by giving up part ofthe

excess separation of the first three

peaks observed in run I and part of

the excess separation of the last two

peaks from run 3. The quat€rnary

blend of l :1:1 of runs l ,  2, and 3 tc;

form run T is unsatisfactory too.

This solvent triangle approach of

method development was quite popu-

lar in the 1970s and 1980s. I t  was

fairly intuitive to use and generated

useful methods. It was equally good

for developing isocratic and gradi-

ent methods. However, because the

mobile phases often comprised all

three solvents plus water, they tended

to be complex and the more compo-

nents contained in a mobile phase,

the more things can go wrong. This,

coupled with the less reproducible

nature of the columns of the day,

resulted in methods that often needed

constant tweaking to keep running.

As we'll see in next month's "LC

Troubleshooting, " further understand-

ing of reversed-phase ret€ntion behav-

ior introduced the solvent-strength

optimization technique that largely

supplanted the solvent selectivity tri-

angle as the most popular approach to

method development. But just because

it isn't as popular today doesn't mean

that we should discard the solvent

triangle approach - it is a powerful

tool that can help to solve difficult

problems, especially after simpler

techniques have failed.

Other Information
'We've 

seen how the solvent selectivity

triangle helps us understand why aceto-

nitrile, methanol, and tetrahydrofuran

have become complementary and pre-

ferred solvents for reversed-phase LC

mobile phases and how the triangle can

serve as an organizational tool for using

solvent type to adjust peak spacing in a

chromatogram. There are other uses for

the solvent triangle as well.
'We 

can use the solvent tr iangle

to help us make wise choices for the

selection of addit ionai solvents to

rest. For example, i f  we f ind that

methanol in the mobile phase does

nor  g ive  us  the  peak  spac ing  we

need, we might be tempted to try

another alcohol - perhaps ethanol

or propanol. But the propert ies of

al l  of these alcohols cause them to

be located in the lower left corner of

the tr iangle. This suggests that i t  is

unl ikely that we' l l  f ind dramatical ly

different chromatographic properties

by changing to a different alcohol.
' !7e'd 

be much better moving ro an
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entirely different part of the triangle

if our goal is to use solvent selectivity

to move peaks around in the chro-

matogram. On the other hand, there

may be other reasons why we might

switch from one alcohol to another.

For example, larger alcohols, such as

propanol, tend to be less denaturing

to biomolecules than methanol - i t

would be reasonable to expect similar,

but not identical, chromatographic

propert ies when making this change.

As another example, we might find

that the basic properties of tetrahy-

drofuran are favorable for a particular

separation, but i ts other propert ies,

such as relat ive instabi l i ty and high

UV absorbance, make i t  less than

ideal for some applications. I t  is pos-

sible to successful ly substi tute another

ether, such as methyl tert-butyl ether

(MTBE), for tetrahydrofuran in some

cases. (MTBE, however, is not fully

miscible with water, so it may require

a cosolvent in the mobile phase.)

Still another application ofthe solvent

triangle is to identify alternate mobile

phase solvents ifthe supply ofsolvent

is limited. In the alcohol example

above, we saw that the properties of

the different alcohols were sufficiently

similar that a change in alcohol type is

unlikely to be an advantage when try-

ing to change selectivity. Conversely,

this suggests that we could change from

one alcohol to another if necessary

for other reasons. For example, if the

availability of high performance liquid

chromatography (HPLC)-grade metha-

nol became scarce for some reason, we

might reasonably switch to ethanol with

the hope of obtaining a similar separa-

tion. For various economic, political,

and praitical reasons (see reference 4)

HPLC-grade acetonitrile has become

quite expensive in the last few years. It

would be nice to find another solvent

that had similar properties to use as an

alternative. Unfortunately, there aren't

any readily available solvents in the

dipole corner of the triangle that fulfill

this requirement, so we are stuck with

acetonitrile. If acetonitrile is necessary

to get the desired separation and no

alternative solvents are available, we

have to approach the problem from a

different angle. 
'We 

could change from

using a 150 mm X. 4.6 mm column to i
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150 mm \.2.1 mm column. The reduc-

tion in column diameter will allow us

to lower the flow rate by a factor of 5
and get the same retention time - for

example, from I ml/min to 0.2 mL/

min. This would reduce the acetonitrile

consumption by fivefold, as well. Or we

could switch from a 150 mm X 4.6 mm

column packed with 5-pm particles to a

100 mm X 4.6 mm column filled with

3-pm particles. Both of these columns

will generate approximately 10,000

plates with real samples, so the 100-mm

column should reduce the run time by

one third - a 15-min run would drop

to 10 min, with a corresponding sav-
ing of solvent. Or we could combine

the two changes and switch from the
150 mm X 4.6 mm, 5-pm column to a

100 mm X 2.1 mm, 3-pm column and

reduce the solvent consumption by 5 X

3 : l5-fold. Of course, if these changes

were made, we might have to make

some other adjustments, such as reduc-

ing the amount of injected sample or

adjusting the system plumbing to reduce

extracolumn volume.

Conclusions

The solvent select ivi ty tr iangle helps

to simpli fy the number of solvent

choice.s that are likely to be benefi-

cial to explore during LC method

development. I t  also gives us an orga-

nizational framework when explor-

ing solvent select ivi ty as a means of
resolving dif f icult-to-separate peaks.

Final ly, we can get some insight into

the pros and cons of alternate sol-

vents i f  we want to make a change.

Next month's "LC Troubleshooting"

wil l  consider an alternative to sol-

vent-type selectivi ty: solvent-strength

selectivi ty.
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