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L€ Troubleshooting—————

Using a Gradient
Scouting Run to Get Started

John W. Dolan

Sometimes knowing where to start

is half the battle.

here do you start when
it is time to develop a
new liquid chromatog-
raphy (LC) separa-
tion? For simplicity
and reliability, the pre-
ferred method usually
will be based on an isocratic sep-
aration. Analysts generally per-
form one of two common steps 10
find approximate starting condi-
tions: They either check the liter-
ature or make stepwise mobile-
phase adjustments.

LITERATURE METHODS

In the first procedure. a literature
search may locate an existing
separation for a similar sample.
Although this technique often
will reveal a set of conditions that
someone else has found useful,
the method can be loaded with
problems. (A previous “LC Trou-
bleshooting”™ column covered
some of the pitfalls associated
with using published methods
[11.) In my experience, many of
these methods are incomplete be-
cause they omit critical informa-
tion such as the system dwell
volume. Further problems can
arise from what I refer to as ge-
netic drift, which can happen
something like this: A successful
separation for Sample A uses an
acetonitrile—phosphate buffer (pH
6) mobile phase. Someone uses
this method for Sample B but has

to add a little tetrahydrofuran to
get the necessary selectivity.
Someone else adjusts the pH to 3
and adds some triethylamine to
reduce tailing for Sample C. Fi-
nally, you use this method to start
with an unknown sample of sim-
ilar structure to Sample C. Which
of the mobile-phase ingredients is
important? You really don't
know. and as a result, you may
have a much more complicated,
and thus more error-prone, mo-
bile phase than is required. We
should all apply the KISS princi-
ple (Keep It Simple. Stupid)
when designing mobile phases
the fewer the ingredients, the
fewer the variables that can cause
problems. Usually, we are better
off starting a new method from
scratch rather than relying on a
literature method. I find that a lit-
erature method may be helpful in
selecting the organic solvent or
the approximate organic solvent
concentration, but it is not much
more useful than that.

STEPWISE CHANGES

A second way to find the approx-
imate starting conditions for a
separation is to adjust the solvent
composition systematically to ob-
tain reasonable retention times.
Choose a 15 or 25 em X 4.6 mm
C8 or CI8 reversed-phase col-
umn and make runs with succes-
sively weaker solvents until the

desired retention is obtained. For
example, start at 100% organic,
then run 90%, 80%, and so forth.
A couple of guidelines are help-
ful here. First, remember that the
retention factor, k, should be in
the range of 1-20 for all com-
pounds of interest. Better yet, use
retention factors between 2 and
10 for the best chromatographic
behavior. The retention factor is
calculated as

k=g — 1y, 1]

where tj, and 1, are the retention
time and the column dead time,
respectively. A second useful tool
is the Rule of Three, which states
that k changes by approximately
three times for a 10% change in
the organic solvent concentration.
So an analyte that is eluted at a
retention factor of approximately
1 by 80% acetonitrile—water will
be eluted at a retention factor of
approximately 3 by a 70% ace-
tonitrile-water mobile phase. By
using the Rule of Three, you
guickly can find conditions that
give retention factors within the
target region. With thoughtful se-
lection of conditions, you can
find near-optimum conditions in a
few hours of laboratory work —
if you are using an isocratic
method. What happens if an iso-
cratic method is not possible?
Most of the work you've done to
this point won’t help you select
conditions for a gradient method,
However, there is an alternative,

GRADIENT V8. ISOCRATIC

A somewhat arbitrary dividing
line exists between separations
that require gradient elution and
those that can be accommodated
with an isocratic LC method. You
can use an isocratic method when
the ratio of k values for the first
and last peaks is less than 25-30.
IT the range is larger than 30, the
separation generally will be un-
satisfactory under isocratic con-
ditions. A simple example il-
lustrates this point. Consider a
separation for which the first
peak is eluted with a & value of |
and the last peak has a k value of
20. This gives a ratio of 20 for
this separation. If the column is a
25 em X 4.6 mm column oper-

ated at 1 mL/min, 7, will be 2.5
min, so the retention time will be
5.0 min for the first analyte: de-
termine the retention time by re-
arranging equation 1:

tp = kty + 1, [2]

The last analyte will be eluted at
52.5 min. This is about the maxi-
mum run time we would like for
an isocratic separation, in terms
of both convenience and band-
broadening.

A GRADIENT SCOUTING RUN
Rather than start with a series of
isocratic runs, I prefer to use a
gradient scouting run as the first
run for an unknown because it of-
fers three distinct advantages.
First, we know that all analytes
will be eluted in a reasonable pe-
riod. By starting our isocratic
search pattern at 100% organic,
we assure ourselves that every-
thing will come off the column
fairly quickly. but this solvent
likely will be too strong for most
separations. With a gradient, on
the other hand, we have the assur-
ance of some level of separation
coupled with the knowledge that
nothing is likely to remain on the
column, because the run ends
with a strong solvent.

A second advantage of a gra-
dient scouting run is that gradi-
ent theory allows us to calculate a
set of gradient conditions that
will give us reasonable chro-
matography for any sample. With
an isocratic separation, we get the
best chromatography in the 2 <
k << 10 region, with an ideal value
of approximately 5. With gradient
separations, we are concerned
with the average k value. k¥, de-
fined as the instantaneous k value
for a compound when it has trav-
eled halfway through the column.
For a scouting run, a k* value of
approximately 2 will be adequate
to give a reasonable separation.
These conditions can be obtained
with a full-range gradient run on
a25cm X 4.6 mm column run at
1 mL/min over 20 min. It is best
to avoid 100% water (or buffer)
with reversed-phase columns, so
for most purposes consider a
5-100% gradient a full-range
gradient.
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Based on information obtained
from this standard scouting gradi-
ent, we can determine if an iso-
cratic or gradient method is
needed. We also can estimate the
best isocratic mobile-phase com-
position or gradient range. Refer-
ence 2 distills the use of the
scouting run into a simple proce-

dure. We can use the results of

the scouting gradient run shown
in Figure | to illustrate an appli-
cation of this technique.

GRADIENT OR ISOCRATIC?
The first decision we need to
make from the scouting run is
whether to proceed with an iso-
cratic or a gradient method. We
do this by determining what por-
tion of the chromatogram is occu-
pied by eluted peaks (refer to
Figure 1). First, find the retention
range, Af . in this case 18.0 min
— 9.5 min = 8.5 min. Then di-
vide this result by the gradient
time, i;, to get 0.425. Finally, ap-
ply these guidelines:
o if At /1 is less than 0.25, use an
isocratic run, and
oif .-'.‘.rgirG is greater than 0.25,
use a gradient run.

This means that if the peak en-
velope occupies more than 25%
of the scouting gradient, a gradi-
ent method is needed; otherwise,
an isocratic method will work.
For the example in Figure I, the
peak envelope occupies more
than 40% of the gradient, so a
gradient method will be required.

DETERMINE

THE GRADIENT CONDITIONS
Once we have decided that a gra-
dient is necessary, we can use the
information from the scouting
run to determine the gradient
range for the next gradient exper-
iment. The chromatogram in Fig-
ure | shows that roughly 8 min is
wasted at the beginning of the
gradient. Another 1-2 min is
wasted after the last analvte is
eluted. We could make more-
efficient use of the separation
time by starting the separation at
a higher percentage of organic
solvent and ending the run a lit-
tle faster. The chart in Figure 2
can help us determine the start-
ing and ending points of the gra-
dient. To use the chart, first
determine the type of LC system
being used. In the present case.
we used a 25-cm column, and
let’s assume the system used a
single pump in a low-pressure
mixing mode. The fifth column in

the chart corresponds to this sys-
tem. Use this column to find the
retention time of the first peak
(9.5 min). Trace this location to
the left-hand column to deter-
mine the starting solvent strength
— approximately 15%. in this
case. Similarly, find the final re-
tention time (18 min) in the 25-
cm, one-pump column and trace
right to find the final mobile-
phase strength of approximately
67%. This finding means that
subsequent optimization of gradi-
ent steepness should be based on
a 15-67% organic gradient.

DETERMINE

THE ISOCRATIC CONDITIONS

If the scouting run indicates that
an isocratic method is possible,
we perform a similar exercise
to find the isocratic conditions
for the next separation. For this
purpose, let’s assume that the
separation in Figure | contains
only the first five peaks. The re-
tention range is 13.5 min — 9.5
min = 4 min, which is less than
25% of the gradient range. This
means that an isocratic method is
possible. Next, refer to Figure 3
and find the appropriate column
in the chart to determine the time
corresponding to the midpoint of
the gradient elution profile (11.5
min for the present example).
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FIBURE 1: Chromatogram for a gradient scouting run. See text for details.

(Reprinted from reference 2 with permission.)

Then trace to the left column to
find the suggested isocratic mo-
bile phase, which is approxi-
mately 10% organic solvent in
the current example.

FURTHER ADJUSTMENTS

Figures 2 and 3 assume acetoni-
trile as the mobile phase. If
methanol or tetrahydrofuran is
used, you will need to make some

minor adjustments with the help
of the solvent nomograph shown
in Figure 4. For example, if the
scouting run used methanol in-
stead of acetonitrile, you would
need to adjust each of the values
according to the nomograph. In
the situation described above, this
means a gradient of 20-75%
methanol or an isocratic mobile
phase of 17% methanol.

ence 2 with permission.)
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FAGURE 2: Chart for converting scouting run results to gradient run conditions. See text for details. (Reprinted from refer-
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FGURE 3:  Chart for converting scouting run results to isocratic conditions. See text for details. (Reprinted from reference
2 with permission.)
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FIGURE 4: Nomograph for determining equivalent solvent strengths. (Reprinted from reference 2 with permission.)

Once you have determined the
appropriate gradient or isocratic
conditions from the scouting run,
yvou will need to fine-tune the
separation in the normal manner.
For a gradient run, this means ad-
justing the gradient steepness (by
adjusting the gradient time), with
shallower gradients generally im-
proving resolution. For isocratic
conditions, vary the percent or-
ganic solvent within a few per-
cent, with weaker mobile phases
generally improving resolution,

FOR MORE HELP

The current discussion was based
on a strategy outlined in reference
2, a book that should be one of
the standard reference volumes in
every LC laboratory. This refer-
ence contains many other practi-
cal suggestions and other ex-
amples of the present strategy.
Alternatively, you can use one of
the popular LC computer simula-
tion programs to help you find the
hest isocratic or gradient condi-
tions based on one or more gra-
dient scouting runs,
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