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L C

T R OUBLEZSHOOTTING

Isolating and Correcting LC System Problems

JOHN W. DOLAN

“LC Troubleshooting”
usually covers specific
problems that are com-
mon to liquid chromato-
graphic (LC) systems,
but in response to read-
ers’ questions, this install-
ment reviews general
troubleshooting techniques.

ON THE LOOKOUT
LC system problems result in downtime,
which means that you get behind in your
work. Using good preventive maintenance
practices will go a long way toward avoiding
LC problems. But no matter how well you
maintain your LC system, unexpected prob-
lems occur. For this reason, you always
should be on the lookout for problems or
potential problems. The system readouts
(including the pressure and lamp meters), the
system’s outward appearance, and the chro-
matogram are the key indicators of problems.
If you take a moment a couple of times a
day to make a quick visual inspection of the
system, you may be able to spot leaks before
they cause many problems. This visual check
is especially important when you make plumb-
ing changes or swap columns regularly. Just
follow the mobile phase flow path from the
reservoir to the pump, autosampler, column,
and detector. Take extra care inspecting fit-
tings that have recently been changed. Also
look for moisture underneath the pump
heads, an indication of pump seal failure. Gen-
erally, leaky fittings can be fixed by tighten-
ing them slightly. During your inspection,
make sure that there is sufficient solvent in
the mobile phase reservoir(s) for the samples
that you plan to analyze, and that the waste
container has room for the used mobile
phase. If you make regular inspections so
that you spot a leaking pump seal early, you
can usually continue running the system un-
til the end of the shift before replacing the
seal. If it takes a big puddle on the bench for
you to notice that the pump seal is leaking,
you may have to abort your present analyses
to replace the seal.

SYSTEM READOUTS

Most LC systems have analog or digital
readouts indicating the system pressure and
the condition of the detector lamp. Many lig-

uid chromatographs have sophisticated elec-

tronic monitoring systems that can warn you
of failure of the internal components. The
pressure monitor is the most useful system
readout for diagnosis of system problems.
Each day you should make a note of the
system operating pressure for reference
purposes.

Changes in the back pressure indicate prob-
lems or potential problems. A gradual, day-
by-day increase in pressure is common
during routine operation and tells us that some-
thing is restricting the flow of mobile phase
through the system. The most likely cause of
a gradual pressure increase is blockage of the
first frit after the sample injector — that is,
blockage of an in-line filter or guard column,
if you use one. Otherwise, the blockage is at
the head of the analytical column. Replace-
ment of the problem frit usually corrects the
problem. If such pressure increases occur
regularly, you should consider additional pre-
ventive measures such as using sample filtra-
tion or adding in-line filters.

When the pressure drops but then remains
steady, usually a leak exists somewhere in
the system. By carefully tracing the plumb-
ing — paying special attention to the connect-
ing fittings — you should quickly find the
leak. Correct the problem by tightening, re-
assembling, or replacing the fitting.

Fluctuating pressures suggest problems
with the pump. An air bubble in the pump
head, a check-valve malfunction, or pump
seal failure are the most probable causes, in
descending order of likelihood. Use degassed
mobile phase to prevent air bubble problems.
To remove bubbles from the pump, you may
need to bleed the check valves by loosening
them slightly while pumping mobile phase.
Sometimes you can remove bubbles by open-
ing the purge valve and increasing the flow
rate, allowing several milliliters of solvent to
flush the bubbles from the pump heads. If de-
gassing and flushing do not solve the prob-
lem, check-valve failure is likely. Clean or re-
place any suspect check valves. Finally, if
degassing and check valve replacement are in-
effective, replace the pump seals to correct
the fluctuating pressure.

The UV lamp meter can help you isolate de-
tector problems. Again, if you note the lamp
readout when the system is operating cor-
rectly, you can quickly spot problems when
they occur. The most obvious indicator — no
energy on the lamp meter — tells us that the
lamp is not on, because of either operator over-

sight or total lamp failure. Correct this prob-
lem by turning on or replacing the lamp. Low
lamp energy often is a precursor of lamp fail-
ure. The detector operation manual should
give the range of energy over which you can
expect good lamp performance. When you ob-
serve low lamp energy, be especially watch-
ful for other indications of lamp failure, such
as changes in the chromatographic signal or
in the lamp readout. Finally, erratic lamp me-
ter readings, which may be accompanied by
sharp noise spikes in the chromatogram, in-
dicate lamp failure. Replace the lamp.

CLUES FROM THE
CHROMATOGRAM

The chromatogram often gives us the first evi-
dence of a problem with the LC system; it
also can give us many clues to help pinpoint
the source of the problem. As with other as-
pects of the system, you should have a refer-
ence chromatogram from a run made under
controlled conditions, most commonly an as-
say of a standard, control, or calibrator that
is analyzed each day before samples are run.
Some of the diagnostic characteristics of
the reference chromatogram are discussed
below.

Retention shifts result from a change in the
column, the mobile phase, or the flow rate.
If the capacity factors [k = (1g — t,)/t,,
where tp = retention time and f, = column
dead time] of all peaks stay constant. but the
retention time shifts, a change in the flow
rate has occurred. Check the pump flow set-
ting and make sure that the pump is deliver-
ing properly (no bubbles or check-valve
problems). You can verify the flow rate by
making a timed collection of mobile phase at
the detector outlet. If the capacity factors for
one or more peaks shift, problems with the
mobile phase or coiumn are likely. Pin down
the cause by using a new batch of mobile
phase or a new column. Don’t confuse a grad-
ual deterioration of the column with a prob-
lem of sudden onset caused by a bad batch of
mobile phase or a contaminated sample.
Checking the chromatograms for several
days or weeks should help you establish
which changes are to be expected because of
normal column aging.

Peak shape changes are another symptom
of problems that need corrective action.
When shoulders or double peaks are ob-
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