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Variable Retention Times —

A Case Study

hree readers from Central Europe

sent me an e-mail inquiry regard-

ing a problem of retention time
variation that was in excess of the
system suitability requirement for the
method, 2% relative standard devia-
tion (%RSD). Although the speculated
source of the problem has not been
proven by replacing a suspected faulty
part, enough data were presented to
make this a good example of how to
track down the problem source and to
speculate on the probable cause, so we
joined forces for this installment of “LC
Troubleshooting.”

Go to Trusted

Standard Conditions

After finding that system suitability
didn’t pass, the conditions were changed
to standardized column test conditions.
The goal is to be able to test the liquid
chromatography (LC) system indepen-
dent of the method. A new 150 mm X
4.6 mm C18 column packed with

5-um diameter particles was installed in
the system. The test conditions for this
column were a mobile phase of 60:40
methanol—water at a flow rate of 1 mL/
min and a column oven temperature

of 25 °C. The test sample comprised

a mixture of analytes that included
methyl benzoate. The LC system was a
four-solvent system that uses low-pres-
sure mixing. In this design, the mixture
of the four solvents (A, B, C, and D) is
controlled by proportioning valves that
feed the solvents in pulses into a mixer
(a diagram of this is shown in Figure 1b
of reference 1). For the present experi-
ments, the solvent inlet tubing for the A
and C channels was placed in a bottle
of high performance liquid chroma-
tography (HPLC)-grade water, and the

solvent inlet tubing for B and D was
placed in a container of HPLC-grade
methanol.

To test within-day and between-day
variability, runs were made over three
days, as summarized in the top sec-
tion of Table I; runs were made with
the A and B solvents or with C and D
solvents. Injections of the test mixture
resulted in a peak in every run at 1.25
min, corresponding to uracil. Addition-
ally, a peak was seen at ~10.1 min for
methyl benzoate, but the %RSD of
the retention time for the four runs of
Table I varied from 0.30% to 2.49%; all
combinations of between-day variability
ranged from 0.79% to 1.87%. From
a pass—fail standpoint, only the C/D
run on day 2 failed the system suitabil-
ity requirement of 2%. However, the
method historically had performed with
<0.5% RSD for these tests.

What is most worrisome here is the
inconsistency of the results. For exam-
ple, the A/B test on day 1 passed, but
the RSD was approximately threefold
larger than on day 2. Similarly, RSD for
the C/D test on day 2 was more than
eightfold larger than that on day 3. You
might justify rejecting the first run on
day 1 (10.36 min) because of insuf-
ficient equilibration, although it doesn’t
qualify as an outlier using Dixon’s Q
test. With this point dropped, the RSD
is reduced to 0.29%. However, you can’t
apply the same logic to the C/D test on
day 2, where the high and low values are"
approximately duplicated.

Before calling for additional help,

a mobile phase of 60:40 methanol—
water was hand-mixed and the reten-
tion checks for 7 = 6 injections were
repeated twice. In both cases, the
maximum difference between retention
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Table I: Retention times for methyl benzoate (in minutes)

0%
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acetone absorbs strongly. A method
is programmed with a gradient of
0-100% of the acetone solvent in 15
min at 1 mL/min, followed by 5-min

10.36 10.07 9.79 10.10 steps at 100%, 80%, 60%, 40%, 20%,
10.10 10.07 9.87 10.06 and 0% using either channels A and B
10.08 10.09 10.14 10.09 or C and D. This method generates the
10.07 10.09 10.36 10.06 profile shown in Figure 1. The gradient
10.07 10.13 10.40 10.10 is used to test mixing linearity and the
’ 10.02 10.17 10.23 10.14 steps are used to check proportioning
Average 10.12 10.10 10.13 10.09 accuracy. The manufacturer’s accep-
%RSD 1.21% 0.39% 2.49% 0.30% tance criteria are that each step must

be within +2% of the set point; other
sources often recommend using +1%
for this test, but in the present case
either acceptance limit passes.

The step-test results were calculated
by manually measuring the step heights
in Figure 1 and normalizing these
between the 0% and 100% values;
these agree within 0.1% of the manu-
facturer’s test measurements using the
data system. You can see that all the
steps pass within the +2% (or +1%)
criteria. However, a visual examination
of the data of Table II shows that the
results for the intermediate steps using
C/D are consistently lower than the
A/B steps by 0.2% to 0.5%; you can see

Figure 1: Gradient step test. Gradient ramp from 0% to 100% followed by steps
back to 80%, 60%, 40%, 20%, and 0%, run on channels A/B and C/D. Mobile-phases
A and C are water, B and D are 0.1% acetone in water, run at 1 mL/min. Red dashed
lines added to highlight step size differences (horizontal) and gradient nonlinearity

this highlighted by comparing the step
heights to the horizontal dashed lines
in Figure 1 (offset from the tracing for

(diagonal). See text for details.

Table II: Step-test results from Figure 1

Targe
100.0% 100.0% 100.0%
 80.0% 80.8% 80.5%
60.0% 60.8% 60.3%
40.0% 41.0% 40.6%
20.0% 20.7% 20.5%
0.0% 0.0% 0.0%

times was 0.04 min. This indicates that
the pump is operating properly and the
retention times are stable when a fixed
mobile phase composition is used. A
problem with the on-line mixing system
is the most likely cause, so at this point,
the instrument manufacturer was con-
tacted for some help, as described in the
next section.

Gradient Step Test

The manufacturer’s service techni-
cian ran the gradient step test shown
in Figure 1. This is slightly different

from the 10% steps that normally are
recommended in “LC Troubleshoot-
ing,” but there is nothing wrong with
this approach. The column is removed
and replaced with a piece of capil-
lary tubing — approximately 1 m of
0.125-mm i.d. tubing works well. The
A-reservoir is filled with HPLC-grade
water and the A and C solvent inlet
lines are placed in it. The B-reservoir
is filled with HPLC-grade water con-
taining 0.1% acetone and the B and D
lines are placed in it. The ultraviolet
(UV) detector is set to 265 nm, where

clarity). This variation may or may not
have any significance.

Gradient Linearity

The test results of Figure 1 also allow
us to examine the gradient for linear-
ity. A diagonal dashed line parallel to
the gradient has been added for both
the A/B and C/D gradients in Figure
1. With this reference, it is easy to see
that there is distortion in both gradi-
ents in the 0-30% region, and worse
for the A/B trace. This kind of perfor-
mance is reminiscent of an earlier case
study (2), in which a malfunctioning
proportioning valve caused ripples in
an otherwise straight gradient trace. In
that case, an additional test, the gradi-
ent proportioning valve (GPV) test
illuminated the problem.

Gradient

Proportioning Valve Test

The GPV test is easy to run and can be
performed with the same instrument
setup as the step and linearity tests run
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Figure 2: Gradient proportioning valve (GPV test) run at 1 mL/min. Baseline is 50:50
A/C, where A and C are 100% water. Steps are 90% water blended with 10% of
a water-acetone mixture with the various proportioning valve combinations listed.
Dashed red lines added to allow comparison of step heights. See text for details.

100.0%

Normalized

95.4%

100.0%

Difference 0.0%

4.6%

0.0%

for Figure 1. In this case, the A and

C solvent lines are placed in the water
reservoir; the B and D lines are in the
acetone-water reservoir and the flow is
set to 1 mL/min. The program cycles
between 50:50 A/C (which is 100%
water) and the various combinations of
90% water and 10% of the water-acetone
mixture, as shown by the labels in Figure
2. Because the baseline is always A/C,

it should be level (see dashed red line
added for reference). Similarly, because
each step is 90:10 water—water-acetone,
all the steps should be the same height.
An acceptance criteria often used allows
the maximum difference in step heights
of no more than 5%, but usually some-
thing isn’t right if anything more than
~3% is observed. A summary of the
results obtained from the GPV test of
Figure 2 is contained in Table III. You
can see that the A/B and C/B steps have
the identical maximum value with refer-
ence to the red dashed line added at the
top of Figure 2. If we use this as 100%,
the A/D step is 4.6% low and the C/D

step is 3.4% low. When evaluating the
GPV test, usually two steps are off. In
the example in reference 2, the A/B step
was low and the A/C step was high. In
the present case, the A/D and C/D steps
are low. Most likely, the problem source
is associated with the solvent line that is
common between the two problem steps
— D in the present example.

In addition to the I-mL/min GPV
test detailed above, the GPV test was
repeated at 0.5, 1.0, and 2.0 mL/min.
The results were not consistent with
those of Figure 2. In the worst case, the
A/D and C/D steps were 12—-13% low
and in the best case, only the A/D step
was low by 3%, whereas the remaining
steps were identical. All these data point
to a problem with the solvent propor-
tioning system.

As a final check before making any
hardware changes, a siphon test was run.
In this test, each solvent line is removed
from the proportioning manifold and
allowed to flow freely by siphon action
(the reservoirs must be mounted above

www.chromatographyonline.com

the tube outlet). A good acceptance cri-
teria is to see a siphon flow of at least 10
times the maximum desired flow rate.
For example, most LC systems are oper-
ated at 2 mL/min or less, so 20 mL/min
should be flowing through by siphon
action. If the flow is less than this, check
for restrictions or a blocked frit in the
reservoir; correct this and repeat the
GPV test. In the present case, all four
solvent lines delivered 21-24 mL/min
under these conditions, so there was no
indication of restrictions in the lines.

Interpreting the Results
Although the step test passes acceptance
criteria, all the other data point to a
problem with the mobile-phase prepara-
tion system. Retention time changes are
erratic, the gradient is visibly nonlinear,
and the GPV test marginally passes in
only three of four tries. Because the GPV
test most commonly gives low results for
both of the combinations involving the
D solvent, the D proportioning valve is
likely to be defective. The only failure of
the A/B combination was in the reten-
tion checks and if the very first injection
was dropped, the rest of the results would
pass. However, the initial retention
problem with system suitability failure
for the analytical method used the A/B
channels, so this implies that failure isn’t
a one-time factor for A/B, either.

The proportioning valves are magneti-
cally controlled solenoid valves that open
and close a flexible polymer membrane to
allow solvent to flow to the proportion-
ing manifold. The “rise time” — that
is, the time for the valve to open — is
very carefully matched between the four
valves so that the system works properly.
This makes it difficult to change just one
proportioning valve, so a factory rebuild
or replacement is the best choice. It is
possible that one or more of the valve
seals could be leaking. If you are handy
at repairs, you could take the proportion-
ing manifold apart and clean the seals
and reassemble it to see if it fixed things.
There is little risk with this if the only
other option is to replace the manifold
— if you fix it, you're in luck; if you
break something, you had to replace it
anyway. But before doing that, it would
be prudent to check the warranty on the
LC system and see if you could get the
manifold replaced under warranty.
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Conclusions

This case study was a very specific prob-
lem, but it makes a good platform for
applying general troubleshooting prin-
ciples. First, the problem was confirmed
as happening more than once before
further investigation was done. Next, the
LC system was isolated from the method
conditions by running standard column
test conditions on a known good col-
umn. Different combinations of solvent
mixtures were used to see if failed results
pointed to one or more solvent lines, with
enough replicates made that statistical
variation could be measured.

After the problem was confirmed to
occur fairly regularly, a standard gradient
step test was performed to check the solvent
proportioning system for proper operation.
Although the step test passed, the gradients
were distinctly nonlinear. This prompted
a more detailed test of proportioning, the
GPV test was run several times. With these
results in hand, it is time either to call a
service technician for repairs or to order a
replacement proportioning manifold.
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