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LC TROUBLESHOOTING

Making the Most of a
Gradient Scouting Run

John W. Dolan
LC Troubleshooting Editor

ose of us involved in the develop-

ment of liquid chromatography

(LC) methods are under constant
pressure from our clients to spend less
time in the development process — they’d
like the method yesterday! One of the
challenges when we face such require-
ments is how to make the most of each
LC run. The use of a gradient scouting
run can be a very efficient way to get
to the fine-tuning stage of development
faster. We'll see that even if our goal is an
isocratic run, starting with a gradient can
be a faster way to that goal than starting
with an isocratic separation. Another fac-
tor that often confuses the process today
is the large choice of column and particle
sizes available. Are we using a conven-
tional 150 or 250 mm X 4.6 mm, 5-pm
particle column, or an ultrahigh-pressure
LC (UHPLC) system with a 50 mm X
2.1 mm, <2-pm column? How do we start
with any of these and still get acceptable
results? For the present discussion, we’ll
assume that a reversed-phase column
will be used This is a good assumption,
because somewhere around 70-80% of
all methods are developed on a C8 or
C18 reversed-phase column. These, and
some related topics, will be covered in this
month’s “LC Troubleshooting.”

The Isocratic Way

Isocratic methods, where the mobile-
phase concentration is constant through-
out the run, are the technique of choice
for most chromatographers. This is
because such methods tend to be more
intuitive to develop and adjust, they don’t
require waiting for the column to equili-
brate between runs, and artifact peaks
from the mobile phase are less of a prob-
lem than in gradient elution. The age-old
technique to develop isocratic methods is
quite simple. Just start at a high percent-
age of the B, or organic, solvent (usu-

ally acetonitrile or methanol), step back
in 10% increments until you obtain a
promising chromatogram, and then fine-
tune it. So, 90% B, 80%, 70%, and so -
forth. This tried-and-true technique has
been in use as long as modern LC has,
but even under the best circumstances,
it may take half a day or more before
you have a glimpse of potential isocratic
conditions, and you may be thoroughly
disappointed when the polarity range of
your samples is so large that a single iso-
cratic run may not be possible.

The Gradient Scouting Run

With isocratic runs, it is desirable to
have the peaks contained in a retention
factor, 4, window of 1 < £ < 20, or better
yet, 2 < k < 10. When peaks are eluted
within this range, the retention time of
the first peak isn’t so short that it runs
into the garbage at the solvent front, and
the last peak is not retained so strongly
that it seems to take forever to come off
the column, and is broad and hard to
distinguish from the baseline.

When gradient elution is used, iso-
cratic k values cannot be used. Instead
a gradient retention factor, £*, describes
retention, and often is described as an
average retention factor. The following
relationship can be used to approxi-
mate £*:

B = (tg X PIA%B X V. X 5) 1]

where 7, is the gradient time in min-
utes, F is the flow rate in milliliters per
minute, A%B is the gradient range as

a decimal (for example, 5-95% B gives
A%B = 0.90), and V_ is the column vol-
ume in milliliters. The factor 5 is used
for small-molecule samples (for example,
molecular weights <1000 Da). Notice
that a single value of £#* is assigned for
the gradient, rather than a range of 4
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Table I: Column volumes for various column configurations and recom-
mended scouting gradient times
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Figure 1: Simulated chromatograms for gradient scouting runs using a 150 mm X 4.6 mm
column run at 2 mL/min with a 5-95% B gradient over 20 min.

values, as in isocratic. Again, this is an
approximation — although #* values
differ somewhat for different analytes, a
single value of £* is sufficiently accurate
for the present purposes.

We can rearrange equation 1 to make
it more useful for our current purpose of
designing scouting gradients:

e E X VX A%BIE . 2]
Equation 2 allows us to find scouting
gradient conditions for an unknown
sample and a specific experimental
setup. All we need to do is fill in the
unknown quantities on the right side of
equation 2 and we will know the gradi-
ent time to use. As mentioned above,
the gradient £#* value will be approxi-
mately the same for all peaks in a sepa-
ration. The same general rules apply for
E* as for £ — that is, we’d like £* in the

2 < k* < 10 range, just like isocratic .

A value in the middle of the range is a

good place to start, so we’ll use £* = 5.

Next, we need an estimate of the
column volume. This is the volume of
mobile phase within the column and
usually is 60-70% of the volume of the
empty column. A good estimate (x10%)
can be made as follows:

V. = (0.5 X L X 42)/1000 3]
where L is the column length and 4_is
the column internal diameter, both in
millimeters. If we use the most popular
column size, 150 mm X 4.6 mm, we get
a value of V. = 1.6 from equation 3.-In
Table I, I’ve shown the volumes of some
other popular column sizes.

Because we generally don’t know the
polarity range of an unknown sample,
it is a good idea to use a wide gradient
range. Also, to avoid column dewet-
ting, it is best to start the gradient at
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25% B. We can end the gradient at
90-100% B. For the present example,
we’ll run 5-95% B, so A%B = 0.9.
With a 150 mm X 4.6 mm column
packed with 5-um diameter particles,
we can use flow rates of 1-2 mL/min
without excessive pressure. 'm impa-
tient, so let’s use 2 mL/min.

The conditions chosen above give 7. =
17.9 ~ 20 min. So a full-range, 5-95% B
gradient of 20 min on a 150 mm X 4.6
mm, 5-pm column operated at 2 mL/min
should give £*~ 5. This isn’t excessively
long to wait to get “good” chromatogra-
phy on the first injection of an unknown
sample. From this we’ll get an idea of how
complex the sample is, and, as we'll see
below, we can use this information to take
the next step in method development.

If other sizes of columns are used, and
at other flow rates, the recommended gra-
dient times will be different. I have shown
estimates of the gradient times for several
typical run conditions in Table I (as usual
in such presentations, the values have been
rounded for display purposes, so your
calculations will vary slightly from those
in Table I). Just a warning here — the
estimation of #* in equation 1 is just that,
an estimation. Some assumptions and
simplifications have been made to make it
easy to use, yet still give reasonable results.
As a consequence, don’t get tied up in too
many decimal places — a rounded, whole-
number value for the gradient time is rec-
ommended. If you want more details and
more exact values, consult reference 1.

Gradient or Isocratic?

Where to from here? The first use of the
results of our scouting run can be to help
make a decision about whether or not an
isocratic run can be used. Lets look at a
couple of possible chromatograms from our
scouting runs. One technique to help make
the isocratic or gradient choice is what I
call the 25/40% rule. This states that if

the peaks of a full-range gradient scouting
run occupy <25% of the total run time,

an isocratic method can be generated. Or
if the peaks occupy >40% of the run time,
a gradient will be necessary. Between 25%
and 40%, either type of run may be appro-
priate, with the decision influenced by the
complexity of the sample. The 25/40% rule
is not hard-and-fast, but it gives us a simple
guideline that is useful for evaluating
scouting gradients. Let’s look at a couple
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Figure 3: Gradient Scouting Run Evaluation (2) results for the scouting gradient of Figure 1b.

of examples of this in the simulated chro-
matograms of Figure 1.

In Figure 1, both chromatograms are
based on the 150 mm X 4.6 mm column
discussed above, operated with a gradient
of 5-95% B over 20 min at a flow rate
of 2 mL/min. To determine the percent-
range of the peaks, note the retention
times of the first and last peaks and divide
by the run time. For Figure 1a, the first
peak has a retention time of 13 min and
the last peak comes off at 17 min. So (17—
13)/20 = 20%. This is less than the 25%
cutoff for our 25/40% rule, so an isocratic
method should be possible. We'll discuss
how to move to isocratic conditions a little
later. For the chromatogram of Figure 1b,
the first peak comes off at 7 min and the
last at 16 min. So (16-7)/20 = 45%. This
is more than the 40% cutoff, so a gradient
method would be the best choice here.

What Next?
Next, let’s see how to convert the gra-
dient scouting run into a more useful

chromatogram. First, let’s consider the
isocratic case of Figure la. One popular
technique is to estimate the mobile-phase
composition at the midpoint of the eluted
peaks and use it for the next isocratic step.
In the example of Figure la, the midpoint
between the first and last peaks is 15 min.
If we assume a 0—100% gradient over

20 min, this is 2 5%/min gradient. This
means that a 15-min peak would be eluted
at 15 X 5 = 75% B. You could fine-tune
this estimate if you wanted by using the
actual gradient (90%/20 min), and cor-
recting for the fact that the gradient starts
at 5% B. Also, the peak is eluted at the
mobile-phase composition at the end of -
the column, not that at the inlet, so this is
another adjustment to make. You can read
about such adjustments in reference 1 if
you want more information.

Rather than go to all the work of
refining the estimates of the appropri-
ate isocratic conditions, I prefer to take
advantage of a free calculator that you
can access from the LC Resources website
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(2). I've filled in the blanks for the pres-
ent example in Figure 2. The column
dimensions (in centimeters, not millime-
ters), flow rate, gradient range, gradient
time, and retention times of the first and
last peaks are obvious. The dwell volume,
sometimes called the gradient delay or
mixing volume, is a characteristic of each
LC system and should be measured at
some point for best results.

But for the present discussion, we
can estimate the dwell volume as
~1.5 mL for a conventional high-
pressure mixing system, 2.5 mL for a
conventional low-pressure mixing sys-
tem, 0.4 mL for a high-pressure mix-
ing UHPLC system or one tuned for
use with a mass spectrometric detector
(LC-MS), or 1.0 mL for a low-pressure
mixing UHPLC or LC-MS system.
I’'ve used 1.5 mL in the current exam-
ple, assuming a conventional high-
pressure mixing system was used for
the initial scouting gradient.

The results of calculations based on
the input values (yellow) are shown in
blue. You can see that an isocratic run
is recommended, so our choice was cor-
rect. However, it recommends 60% as
the target %B for the first isocratic run.
This is quite a bit less than the 75%
we guessed at above. This is because
the calculator takes dwell volume, the
gradient lag, and column volume into
account. I suggest rounding the %B
recommendation to the nearest 5% and
trying it. Because the calculator bases its
predictions on an “average” compound,
it is not likely that it will be perfect
on the first try. However, it is easy to
inspect the actual 60% B run and make
adjustments. Usually, you will be within
5% B or so of the necessary mobile
phase to give retention in the 1 < £ < 20
region. If peaks come out a bit early, add
5% more of the aqueous phase; if reten-
tion is a bit late, add 5% more organic.
You can see that just two runs — one
gradient and one isocratic — will get
you to the fine-tuning stage of isocratic
method development. This is likely to
be much faster than the 90%, 80%,
70% . . . technique.

What about the example of Figure 1b?
The results from the calculator are shown
in Figure 3. As expected, a gradient is
recommended, but notice that the sug-
gested gradient conditions for the next
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run are different than the originals. The
original run was 5-95% B in 20 min, but
the calculator suggests 25-70% B in 10
min. This is because it has automatically
trimmed off some of the wasted time in
the scouting run. It recognized that noth-
ing was happening until the first peak
came out at 7 min and that there wasn’t
much point in continuing the gradient
after the last peak was eluted. Therefore,
it suggested to increase the starting con-
ditions from 5% to 25% B and to stop
the gradient at 70% rather than 95%.

But that is all that should be changed

at this point — we would like the chro-
matogram to look the same in all other -
ways. To have this happen, the £* values
for the new gradient should match those
for the original gradient. This is simple
to do based on equation 1. We changed
A%B from 0.95-0.05 = 0.9 to 0.70-0.25
= 0.45. To keep k* constant, some other
factor must be adjusted by the same
0.45/0.9 = 0.5 ratio. The gradient range is
in the denominator, so we could change
cither the flow rate or the gradient time
in the numerator of equation 1 to com-
pensate. You can see that changing from

a 20-min gradient to a 10-min gradient
will do this, and £* will remain constant.
The new gradient should have the same
peak spacing as the original, because £*
is constant, but should not have as much
wasted time at the beginning or end.
Make the next run under the recom-
mended conditions, then you can make
further adjustments in the conditions to
continue method development.

Summary
We have seen that whether you desire

* a final isocratic method or a gradient,

starting with a simple scouting gradient
can be the fastest way to get to your goal.
The scouting run will give you an idea of
the complexity of the sample, it will take
a predetermined time, and the results
will help you decide if an isocratic run is
possible or if a gradient will be required.
Finally, you can use the results of the
scouting gradient to help determine the
isocratic or gradient conditions for the
next method development run. This can
be based on manual calculations, or more
easily on a simple calculator that can be
downloaded for free (2).
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