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L€ Troubleshooting

Problems with
Gradient Methods

John W. Dolan

Some problems have no clear solutions.

ast month, we looked at

baseline problems that can

occur when gradient elution

is used in liguid chromatog-

raphy (LC) separations (1).

Many chromatographers
shy away from using gradient LC
methods because of their poten-
tial for problems. Although many
of the instrument-related prob-
lems that gave gradient LC a bad
reputation are things of the past,
gradient separations do cause
some unique problems. This
month we look at one reader’s
problem. Unfortunately, we have
no clear answer but only can sug-
gest more experiments to help
isolate the problem.

PEAK SPLITTING

A reader described a peak-split-
ting problem that occurred when
one LC system was used but was
absent when the same analysis
was performed on another system
(sce Figures la and Ib, respec-
tively). She uses this method for
the analysis of a triazine herbi-
cide and two of its metabolites.
The peak splitting occurs only on
one system and only for the
metabolite peaks and not the par-
ent herbicide.

In both cases, the reader used
alsem X 3.9mm, 4-pmd . C18
column operated at 0.7 mL/min
and 40 °C with UV-absorbance

detection at 220 nm. The mobile
phase comprised a gradient of
walter (solvent A) and acetonitrile
(solvent B) with the following
program steps: O min, 5% B; 6
min, 50% B; 10 min, 90% B: and
11 min, 5% B. She injected 5-pL
agueous samples at micrograms-
per-milliliter levels. The first LC
system, system A, was a popular
LC model that uses low-pressure
mixing for the gradient. The sec-
ond LC system. system B, uses
low-pressure metering pumps (o
deliver the solvents to the high-
pressure delivery pump where the
solvents are mixed. This configu-
ration avoids some of the poten-
tial problems of low-pressure
mixing noted below, and, for the
present tests, it is equivalent to
changing from a low- to a high-
pressure mixing system.

When standards were run on
system A, the reader obtained
chromatograms similar to Figure
la. The two metabolite peaks at
6.2 and 7.2 min showed a small
shoulder on the tail. Her first sus-
picion was that the metabolite
standards were impure, but mix-
ing and testing fresh standards
yielded the same results. To fur-
ther test the theory that the peaks
were impure, she moved the col-
umn and mobile phase to LC sys-
tem B and repeated the analysis.
This analysis generated the chro-
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FIGURE 1:

ditions are described in the text.

Separation of herbicide metabolites (6.2 and 7.2 min) and parent
herbicide (9.8 min) using (a) low- and {b) high-pressure mixing systems. Con-
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FIGURE 2:
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Peak (a) tailing and (b) splitting resulting from a blocked column
frit or column void. {Reprinted with permission from reference 3.)

matogram in Figure Ib, which
shows no peak doubling. Further-
more, a peak-purity test result
from the diode-array detector in-
dicated that the peaks indeed
WCre pure.

For the most part, if you are
observing column-related peak-
splitting problems, all peaks in a
chromatogram are affected, such
as in Figure 2. In this case, a void
or blocked column frit caused
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splitting or severe tailing for all
peaks. Problems related to injec-
tion solvent incompatibility tend
to affect the early peaks more
than later peaks, as shown in Fig-
ure 3. Here, too much of an injec-
tion solvent that was too strong
severely distorted the first peak;
however, the second peak is
broadened only somewhat.

In an effort to isolate the prob-
lem, the reader followed the ac-
cepted practice of changing one
parameter at a time. She moved
the column back to system A and
tried to determine the source of
the problem, First, she examined
the injection effects. An injection
of standards in methanol made no
change. She diluted the sample
1000-fold in water and injected
200 p.L of diluted sample; again
she observed no difference in the
results. Next, she used a different
brand and configuration of C18
column (10 em X 2.1 mm, 5 pwm
d ) at a reduced flow rate (0.4
mL/min) without success. She in-
jected a different herbicide, and it
too showed the doubled peak (the
retention time was not reported).
However, she routinely analyzed

FIGURE 3: Distortion of an early
peak caused by an excessive vol-
ume of a strong injection solvent.
{Reprinted with permission from
reference 3.)
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FGURE 4: Overlay of chromatograms from two consecutive gradient runs

showing larger errors for peaks near the gradient midpoint (13 min).

other herbicides with an isocratic
method using the same column,
instrument, and mobile-phase
components — with no peak dou-
bling. The reader concluded that
the problem was somehow re-
lated to the instrument and not
the column. injection, or mobile
phase, but the problem source
and solution continued to elude
her.

A RELATED PROBLEM?

[ don’t have a simple solution to
this problem — the reader ap-
pears to have been very thorough
about testing the relevant vari-
ables. However, this problem re-
minds me of another problem I
saw recently when the gradient
mixer was unreliable. The ob-
served retention shifts were more
significant for analytes eluted in
the middle of the gradient than at
the end.

Figure 4, which overlays the
middle part of two consecutive
gradient runs, illustrates this
problem. It is obvious that the re-
tention difference for the peak at
about 13.5 min is much larger
than for the peaks near 11 min or
16 min. The problem system used
low-pressure mixing. When the
same separation was performed
on a high-pressure-mixing LC

system, the chromatograms over-
laid perfectly. I suspected a prob-
lem with the mixing system, so I
ran a gradient-step test to deter-
mine the mixing accuracy (2).
This test involves replacing the
column with a short piece of tub-
ing and making gradient steps be-
tween a UV-transparent A solvent
(for example, water) and a UV-
absorbing B solvent (for exam-
ple, water spiked with 0.1%
acetone). The proportioning at
the midpoint of the gradient was
very bad, as shown in Figure 5.
The 45% B step delivered 43.2%
(1.8% low), and the 50% step de-
livered 51.6% (1.6% high). A fur-
ther problem appeared with the
poor step shape for the 45-50%
step, which was irreproducible
from one run to the next. The
remaining steps were off some-
what, but the error was consis-

% B

38.2% (40%)

56.7% (55%)

51.6% (50%)

43.2% (45%)

Time

FIBURE5:  Results of proportioning step test performed near the midpoint of the
gradient used for Figure 4. Theoretical values are shown in parentheses.
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tent. The net result of this propor-
tioning problem was that the
composition of the gradient near
50% B was unreliable.

A similar problem with pro-
portioning errors in the middle of
the gradient could be causing the
reader’s problem. Because peaks
at the ends of the gradient are
normal, we can assume that the
proportioning is good there. De-
pending on the nature of the
midgradient error, she could ob-
serve retention time changes and
split peaks. This example is not a
definite cause of the current prob-
lem, but it deserves exploration.

What elements of a low-pres-
sure-mixing LC system can fail
and cause proportioning errors?
The solvents generally are mixed
in a proportioning manifold with
computer-controlled proportion-
ing valves. The valve seals can
leak because of wear or the pres-
ence of particulate matter, and
this leakage can create propor-
tioning errors. With some sys-
tems, the open—close cycle of the
valves can be fine-tuned by ad-
justing the controlling software.

The LC system used for Figures 4
and 5 uses different algorithms to
proportion solvents in the 0-50%
and 50-100% B ranges. Adjust-
ing control parameters can cor-
rect changeover problems, such
as those illustrated in Figure 5.
Excessive resistance in the tub-
ing feeding solvents into the
mixer is another source of pro-
portioning errors. If the sinker
frits in the solvent reservoirs are
partially blocked, the flow of sol-
vent to the mixer can be re-
stricted. Insufficient delivery
from a restricted line followed by
a surge of solvent from the less-
restricted line can distort solvent
proportioning. You can check for
blockages by disconnecting the
feed lines at the proportioning
manifold — the solvent should
siphon freely through these lines
at several times the required flow
rate. If the flow is restricted, re-
move the sinker frit and repeat
the experiment. If solvent flows
freely. the frit needs to be re-
placed. Replace the frit with a 10-
pm or larger porosity frit.
Smaller frits become blocked

more quickly and are no more ef-
fective than larger porosity frits
for this application.

A similar symptom of unequal
solvent delivery can occur if he-
lium-pressurized solvent reser-
voirs are used. If you are using
this kind of degassing, be sure
you have a mechanism to equal-
ize the pressure between reser-
voirs, or you could get distorted
proportioning.

CONCLUSION

I don’t have a definitive solution
to the problem of doubled peaks
in the middle of the gradient. The
reader seems to have been very
thorough about eliminating prob-
lems that could be caused by the
column, solvents, and sample.
Because the problems occur with
an LC system that uses low-pres-
sure mixing and disappear when
she uses a high-pressure-mixing
system, I suggest that the prob-
lem could be related to mobile-
phase mixing. Errors in solvent
proportioning could explain the
problem, but this hypothesis
needs to be tested. Running the

step test and linear gradient with
a UV-absorbing marker will de-
termine if the proportioning sys-
tem is operating correctly. As
always, I welcome suggestions
from other readers who may have
encountered (and solved) similar
problems.
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