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Baseline Problems — A Case Study

Kelly L. Christianson and John W. Dolan

Sometimes the solution creates new problems.

his month’s “LC Troubleshooting™
describes a problem we encountered
recently in our laboratory. It is an ex-
ample of the difficulties of isolating a
liquid chromatography (LC) problem.
We'll also use this example as an op-
portunity to emphasize the impor-
tance of the five Rules of Thumb (see sidebar)
for troubleshooting and problem isolation.

THE PROBLEM

We first observed the baseline problem illus-
trated in Figure 1 when we examined the
chromatograms from an overnight run series.
Figure 1b shows an oscillating baseline with a
frequency of approximately 8 cycles/0.1 min.
This pattern was consistent throughout the
chromatogram and was present in all chro-
matograms of the series, including standards,
controls, samples, and blanks.

The high-pressure mixing LC system in-
cluded two pumps, an autosampler, and a UV
detector set at 230 nm. Mobile-phase A was
0.1% trifluoroacetic acid in water, and mobile-
phase B was 0.1% trifluoroacetic acid in ace-
tonitrile. A 15 cm X 4.6 mm, 5-pum dp phenyl
column was operated at 1.5 mL/min at room
temperature. The sample was a 200-p.L injec-
tion of a proprietary compound extracted from
plasma. We obtained the separation using a
40-65% B gradient in 9.4 min followed by a
5-min hold at 40% B

THE SEARCH BEGINS

Almost subconsciously, we should practice
the first two rules of thumb: the Rule of One
{change just one thing at a time) and the Rule
of Two (make sure the problem is repro-
ducible). The noisy baseline was present in

every chromatogram, so we were sure it was
reproducible. This fact made it much easier to
determine when we solved the problem. By
changing one thing at a time, we could isolate
the true cause of the problem.

Before we get into the problem-solving
procedure, we should acknowledge that more
than one way exists to solve LC problems, so
your approach may be somewhat different.
Each of us tends to approach a problem biased
by our experiences with other problems that
have similar symptoms.

A cycling baseline can result from a small
bubble trapped in the detector flow cell. The
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bubble can bounce back and forth, causing a
regular disturbance in the light passing
through the cell. Using degassed solvents and
a back-pressure regulator on the cell mini-
mizes bubbles in the detector cell. The back-
pressure regulator keeps sufficient pressure on
the cell to keep the bubble in solution until af-
ter it leaves the cell. We verified that these two
practices were used.

We tried two techniques that often remove
bubbles from detector cells. The first tech-
nique is to increase the mobile phase flow
rate, which subsequently increases the system
pressure. This step may force the bubble back
into solution. Doubling the flow rate did not
correct the problem. Another technigue that
often works is flushing the system with freshly
degassed methanol. The pure organic solvent
generally has lower viscosity than an aqueous
solvent, and the additional degassing increases
the capacity of the solvent to dissolve any air
trapped in the system. Flushing with degassed
methanol did not correct the problem either.

Still convinced that the problem was related
to air in the flow cell, we removed the cell
from the detector and examined it under mag-
nification. We observed no bubbles in the cell,
and the problem persisted when the cell was
reinstalled.

Detector lamp failure can generate various
baseline problems, although neither of us had
seen 4 correlation of lamp failure with this
type of baseline pattern. We checked the inter-
nal lamp monitor and found that the lamp had
been operated for 995 h. Normally, a detector
lamp is useful for 1000-2000 h, so the lamp
was entering its caution zone. It was easier to

Rule of One: Change one thing at a time so you are sure of the correlation between the change
and correction of the problem.

Rule of Two: Make sure the problem occurs at least twice. It is very difficult to prove you fixed a

problem that is not reproducible.

Put it Back: When module substitution is used to help isolate a problem source, put back the
good original parts when you are finished, Otherwise, you end up with a lot of used parts that are

unlikely to be installed in the future,

Crystal Ball: Try to anticipate what will go wrong next. Use the knawledge of a successful traubi&
shooting session to modify your preventive maintenance program to mm;mlze the reoccurrence of the

present problem.

Write it Down: Good record ‘keeping is key to successful tmubleshuolmg In the future you can

- use these records to find failure patterns and strengthm your preventive mamtenance program.:

Regulatory agencies may require that you keep mamtenance and repalr recnrds‘ S
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swap detectors than to install a new lamp, so
we replaced the detector with an equivalent
detector from another system. (This process,
module substitution, is one of the most power-
ful troubleshooting tools available — just re-

place the questionable module or part with
one known to be good.) Unfortunately, the
new detector exhibited the same cycling base-
line. At least we eliminated the detector as the
problem source.

a
(a) 60
= 50
E w
E 0
s 20
g 10 o
£ 0
S 10 . i . . -
o 1 2 3 4 5 6 7 & 9 10 11 12 13 14
b
(b} 8.5'|1
EB.O'_
= T.5'_
2 707
& 6.5 -
3 ]
5 6.0
55 e

7.0 7.2 7.4 7.6 7.8

T ¥ T T T T T T 1

8.0 8.2 8.4 8.6 8.8 9.0

Time (min)

FIGURE 1: Example of the baseline problem's cyclic nature. The chromatogram in (b) is an exparn

sion of a 2-min section of (a).

COULD IT BE THE PUMPS?

With the detector eliminated, we turned our
attention to the pumps, which were the next
most likely problem area. The pressure read-
ing on the two pumps was almost the same —
89 bar for one and 91 bar for the other. We ob-
served no pressure fluctuation.

E ach of us tends to
approach a problem biased by our
experiences with other problems
that have similar symptoms.

If the problem was related to mobile-phase
mixing, we should be able to change the mag-
nitude of the problem by changing the mixture
ratio. We switched from 40:60 to 10:90 and
then to 90:10 0.1% triflucroacetic acid—
acetonitrile, and we observed no change in the
baseline. This observation indicated to us that
the mobile-phase mixing process probably
was not the source of the problem.

At this point, we were running low on
ideas. A malfunctioning check valve or faulty
pump seal should generate unstable pressure.
The steady pressure we observed made us
skeptical that the check valves or seals were at
fault. However, it is easy to isolate a pump
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FIGURE 2: Chromatograms from two consecutive runs in a sample sequence. Data-collection rate:

and its components. We shut off the flow from
one pump at a time. Pumping 100% mobile-
phase A or B gave the same cyclic baseline we
observed throughout our troubleshooting
efforts,

As a final pump isolation technique, we
shut off both pumps — surely this step would
eliminate the problem. But the problem
persisted.

ELECTRONICS?
With the major LC components eliminated,
we knew that the mobile phase, pumps, mix-
ing, and detector were not responsible for the
problem. We now suspected an electrical in-
terference or electronic failure of some sort.
In an earlier “LC Troubleshooting” column
(1), the use of a resistor—capacitor (R/C) filter
minimized baseline noise. In that example., we
observed high-frequency baseline noise, as il-

lustrated in Figure 2. Figure 3a shows a more
severe case of the same type. The noise in this
case comprises many sharp spikes superim-
posed on the normal baseline. This problem
was corrected as illustrated in Figure 3b by
the installation of the R/C filter shown in Fig-
ure 4. Because of the dramatic improvement
in the baseline and the recurring nature of this
problem in our laboratory, we operate all our
LC systems with an R/C filter.

Notice, however, that the noise problems il-
lustrated in Figures 2 and 3 are exhibited as
spikes, whereas the noise in Figure 1 is cyclic
for the present problem. Our next step was to
¢xamine the filter to ensure all the connections
were correct. Upon close examination, we ob-
served that the two capacitors in the filter
were bent, and the leads were touching. When
this unintentional connection was removed,
the baseline problem went away. Remaking
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FIGURE 3: Baseline plots generated (a) before and (b) after installation of the R/C filter shown in
Figure 4, Note that the y-axes are different in (a) and (b).

this unintentional connection recreated the
problem. The baseline of Figure 5 shows this
situation.

CLEANING UP

Now that we had solved the problem, we
needed to review the remaining rules of thumb
to ensure that we covered all the bases. The
Put it Back rule tells us to reinstall any good
original parts that we replaced during module
substitution. In the present case, the substi-
tuted detector was still in place, so we rein-
stalled the original detector and replaced the
borrowed one.

The Write it Down rule reminds us to up-
date our system records to record the trouble-
shooting incident, its symptoms, and the solu-
tion. We maintain a system logbook for each

LC system, so we filled in the appropriate
form for our records.

Finally, we must consult the Crystal Ball to
anticipate how we can use what we learned
from this problem to prevent similar problems
in the future. We learned that the way we con-
structed our R/C filters made them susceptible
to similar problems when analysts brushed
against the filters during servicing. A slight re-
configuration of the system should eliminate
the possibility of this problem’s reoccurrence.

CONCLUSIONS

So what did we learn from this case study?
Our first, often unstated, assumption was that
the problem resulted from a single source,
This assumption was valid in the present case
and is likely to be true in most cases. This ap-
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FIGURE 4: Schematic of an R/C filter for the re-
maval of noise spikes.
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FIGURE 5: The effect of shorted capacitor

leads on the cyclic baseline problem. The
leads were shorted from 7.4 to 8.0 min.

proach makes troubleshooting much easier.
By using the five Rules of Thumb either con-
sciously or subconsciously, we take advantage
of a framework for problem solving that en-
sures we don’t overlook any important areas.
Finally, by approaching the problem in a logi-
cal, step-by-step manner, the solution came
quickly — the entire troubleshooting session
took roughly 30 min. We now can add this
problem to our “T"ll never do that again™ list.
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