baseline background
can compromise the
results of gradient liquid
chromatography (LC)
separations.
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Readers’ Questions:
Gradient Ghost Peaks

regularly receive questions via
e-mail from readers of “LC
Troubleshooting” (to send me a
question, contact me at the e-mail
shown below with my biographi-
cal summary). I try to answer these
questions at the time I receive them,
or if I cannot answer the question
I try to send the reader to another
source, such as a written reference, a
web source, or another expert. From
time to time, as I purge my mailbox,
I pick several of these questions that
are likely to be of general interest
to the readership of LCGC. For this
month’s discussion, I've chosen two
questions, centered around unwanted
peaks in gradient methods.

Those Elusive Ghost

Peaks in Gradients

Two readers had problems which
require similar troubleshooting
strategies. The first (R.H.) was run-
ning a reversed-phase gradient liquid
chromatography (LC) method. He
observed a peak that was eluted at a
retention time that interfered with
the active ingredient of a drug formu-
lation being investigated. The peak
was present in injections of blank
sample diluent when no reference
standard or sample was present. He
also observed that the peak intensity
varied between batches of mobile
phase or when different grades of
reagent were used. The second ques-
tion (from S.K.) also involved a gra-
dient LC method and was run at a
detector wavelength of 210 nm. The
mobile phase contained sodium lau-
ryl sulfate (SLS), for which a solution
was prepared, then filtered through a
0.2-um porosity nylon-66 membrane

filter before use. The SLS was “extra
pure,” with a stated purity of >99.0%.
When a blank gradient was run, the
baseline was not sufficiently stable

at the retention time of interest to
allow analysis. It was not clear in the
e-mail interaction if the blank gradi-
ent was with or without injection of
sample. Unfortunately, as is often the
case for e-mail communications, after
a few interactions with each reader,

I never heard if my advice helped
them identify the definitive problem
source so that the problem could be
eliminated. (Note to readers: Please
“complete the loop” with me—after
’ve invested my time in such trouble-
shooting activities, I would really like
to know the final outcome of a prob-
lem I've helped with.)

Divide and Conquer

As with most troubleshooting activities,
I find that the “divide-and-conquer”
strategy is a very useful approach to
isolating the problem source for situa-
tions like these. This strategy is quite
simple—just do a mental or physical
experiment designed to eliminate as
many potential problem sources as
possible, thus reducing the number of
possibilities that need more attention.
In the present examples, I notice a few
common threads. First, the problem
peak or noisy baseline occurs when no
sample or standard is injected. This
allows me to eliminate the analyte or
sample matrix as the likely problem
source. Also, I know that both methods
are gradients. In my experience, prob-
lems with extra peaks (“ghost peaks”)
in blank gradients usually are related
to contaminants in the mobile phase or
injection solvent.
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Figure 1: Comparison of gradient background peaks in no-injection blank gradients using

the three-gradient test (runs 2 and 3 shown): (a) 10-min equilibration; (b) 30-min equilibra-

tion. Column: 150 mm X 4.6 mm C18; A-solvent: 0.1% trifluoroacetic acid in water; B-solvent:

0.1% trifuoroacetic acid in acetonitrile; gradient: equilibration followed by blank gradient of
5-83% B in 13 min plus a 5-min hold at 83% B; flow rate: 1.5 mL/min; column temperature:

35 °C; detection: UV absorbance at 255 nm. Adapted from Figure 1 in reference 1.
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A few more mental experiments
will help me save time and perhaps
refine my approach. The first reader
(R.H.) made blank injections in sam-
ple diluent. This means that the dilu-
ent could be the source of the prob-
lems, so it might be fruitful to run a
no-injection, blank gradient just to
verify that the problem still exists. If
the problem disappeared, the dilu-
ent or injection process would be the
source of the problem—it would be
silly to go to the work of the gradient
tests discussed below if the problem
could be isolated so easily to another
source.

In the second case, S.K. was using
SLS. I'm not sure why it was added,
but SLS can act as an ion-pairing
reagent. lon pairing and gradient
elution generally are not a good com-
bination because the slow equilibra-
tion of the ion-pairing reagent and
the column means that the system is
never fully equilibrated. I also note
that the SLS is not 100% pure, so
impurities from the SLS are possible
sources of the observed problems. If
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Figure 2: Comparison of gradient background peaks in no-injection gradients for different
sources of buffer using the three-gradient test (run three of each sequence shown): (a—d)
gradients with four different sources of phosphate reagents; (€) same as a-d, with no buf-
fer, only HPLC-grade water as “buffer.” A pH 7.0 10 mM phosphate buffer was prepared by
blending 10 mM monobasic potassium phosphate with 10 mM dibasic potassium phosphate.
Column: 150 mm X 4.6 mm C18 column; A-solvent: 5:95 (v/v) acetonitrile-buffer; B-solvent:
80:20 (v/v) acetonitrile-buffer: gradient: 30-min equilibration followed by blank gradient of
0-100% B in 15 min plus a 5-min hold at 100% B; flow rate: 1.5 mL/min; column temperature:
30 °C; detection: UV absorbance at 215 nm. Adapted from Figure 2 in reference 2.
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it were my problem, I would keep
this possibility in mind throughout
the troubleshooting process.

Three-Gradient Test

The first step in the isolation of

the source of ghost peaks in gradi-
ents is to run a series of three blank
gradients using what my business
partner, Tom Jupille, refers to as

the three-gradient test. This test
takes advantage of the tendency of
reversed-phase gradients to concen-
trate nonpolar contaminants during
the equilibration phase of a gradient
and then release them during the
actual gradient. An oversimplified
description of gradient elution is that
sample components stick at the inlet
of the column until a strong enough
solvent comes along to wash them
through the column. This means that
the column can concentrate impuri-
ties from the initial mobile phase
during equilibration; these impurities
will be released during the gradient
and appear as peaks in the gradient.

LC|GCs GHROMacademy

powered by crawford solentlflc

We have 1000’s of eLearning topics

CHROMacademy is the world’s largest eLearning website
for analytical scientists, containing 1000’s of interactive
learning topics.

Lite members have access to less than 5% of our content.
Premier members get so much more!

S

Find out more about CHROMacademy Premier membership contact:
Glen Murry on +1 732.346.3056 | e-mail: Glen.Murry@ubm.com
Peter Romillo: +1 732.346.3074 | e-mail: Peter.Romillo@ubm.com

www.chromacademy.com



782 LCGC NORTH AMERICA VOLUME 34 NUMBER 10 OCTOBER 2016

Get to Know
Metrohm

lon Chromatography

Electrochemistry

Spectroscopy

Process

Laboratory

Find out more at
www.metrohmusa.com/technology

£ Metrohm

www.metrohm.com

www.chromatographyonline.com

20
=
3
<
E
Y
c 10
©
2
2
2
5_
(a)
(b)
el T T T T T T T T T T LT T T T T1
0 5 10 15 20
Time (min)

Figure 3: Comparison of chromatograms (general conditions as in Figures 2a-d) of
(a) contaminated buffer; (b) buffer prepared in extra-clean glassware and without
contacting the pH meter probe. Adapted from Figure 4 in reference 2.
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Figure 4: Comparison of gradient background peaks in no-injection gradients for differ-
ent sources of water using the three-gradient test (run three of each sequence shown):
(a) gradient using laboratory-prepared, contaminated HPLC-grade water; (b) steam-iron
grade distilled water. A-solvent: water; B-solvent: HPLC-grade acetonitrile; gradient: 30-
min equilibration followed by blank gradient of 0-83% B in 13 min plus 5-min hold at
83% B. Other conditions were as in Figure 1. Adapted from Figure 3 in reference 1.

That is, the gradient doesn’t “know” three gradient programs is run. The

if the peaks originate in the sample first two programs are identical—for
or in the weak mobile phase. example, a 10-min equilibration fol-

To perform this test, a series of lowed by the normal gradient ramp.
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For the third gradient program,
increase the equilibration time by
threefold—for example, to 30 min—
followed by the normal gradient
ramp. Run these three programs con-
secutively without injecting anything
(zero-volume injection) and record
the baselines. It is very difficult to
control the true equilibration of the
first run, because it includes the pro-
grammed equilibration time plus any
time the system was running before
starting the program. So discard the
first run and compare the second
two. If the background or problem
peak in the chromatograms increases
from the second to third blank run in
the same proportion as the increase
in equilibration, the source of the
problem is the A-solvent.

An example of the three-gradient
test is shown in Figure 1 (only the
second two chromatograms are
shown). The standard method com-
prises a 10 min equilibration at 5%
B followed by injection and the start
of a gradient of 5-83% B gradient

in 13 min followed by a 5-min hold.
The A-solvent is 0.1% trifluoroace-
tic acid; 0.1% trifluoroacetic acid in
acetonitrile is the B-solvent. So the
first two runs were programmed as

a 10-min equilibration followed by a
13-min gradient and a 5-min hold.
The third run was identical except
that the equilibration between the
second and third run was increased
by threefold to 30 min. As you can
see, the background peaks increase
approximately threefold between the
10-min (Figure 1a) and 30-min (Fig-
ure 1b) runs. This increase tells us
that the problem peaks are associated
with the A-solvent.

Because the source of the ghost
peaks as described by the two readers
is almost always in the mobile-phase
reagents, ['ve assumed that this is
true in the present cases. The next
step, then, is to further apply the
divide-and-conquer strategy to fur-
ther isolate the problem source. In
the first case, R.H. indicated that the
problem peak changed intensity with

OCTOBER 2016 LCGC NORTH AMERICA VOLUME 34 NUMBER 10 783

different batches of mobile phase and
different sources of reagents. In the
second case, S.K. indicated that he
suspected the nylon mobile-phase fil-
ter, but also indicated that the mobile
phase contained SLS with a purity of
>99.0%. Note, however, that >99.0%
impurity implies that the impurities
can amount to up to 1%—plenty
to cause chromatographic problems.
Next, we have to systematically
eliminate one potential source of the
problem at the time. One approach
would be to compare mobile phase
prepared from different buffer
sources. Or compare a SLS source of
higher purity with the >99.0% one.
Or we could eliminate a reagent or a
process step, such as skipping filtra-
tion of the mobile phase through the
nylon filter to eliminate the filter
(and associated glassware). Be sure
to follow the “Rule of One,” which
guides us to change just one thing
at a time so that it is easy to identify
the real problem source.

Often the source of ghost peaks
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is one of the reagents, such as the
buffer. This could be the result of
contamination of a reagent in the
laboratory because of a poor labora-
tory practice, such as dipping into a
reagent container instead of pouring
from it or using glassware that is

not properly cleaned. In other cases,
there may be inherent contamina-
tion in the buffer, such as the pos-
sible 1% contamination of the SLS
mentioned above. An example of
differences between buffer sources is
shown in Figure 2 (1). The top four
chromatograms (Figures 2a—d) show
identical conditions (for example, run
2 or 3 of the three-gradient test) for
four different sources of phosphate
buffer. The bottom chromatogram
(Figure 2e) is a modified mobile
phase in which no buffer is used.
Two observations are apparent in the
data of Figure 2. First, all the buffers
generate peaks that are not present
in the buffer-free method. Second,
all buffers show some common peaks

(for example, at ~13 and ~17 min),
although with different intensity, and
some buffers contain peaks that are
absent in other buffers.

To further isolate the source of the
extra peaks in the buffers of Figure
2, we first had to determine what
they had in common: all had been
filtered, all had the pH adjusted,
and all had been degassed by helium
sparging. Each of these steps was
eliminated or changed (divide-and-
conquer) in a one-at-a-time process
(rule of one). In this case, the extra
peaks were present only when the
pH meter probe was dipped in the
buffer during pH adjustment. Figure
3a (1) shows the baseline when the
pH meter was allowed to contact
the bulk buffer. Notice the differ-
ence when this run is compared to
the same conditions, except that an
aliquot of the buffer was poured off
to check the pH and then discarded,
so the pH probe never contacted

the buffer that would be used in the

www.chromatographyonline.com

LC system (Figure 3b). This rather
involved (and expensive) trouble-
shooting process caused us to change
our laboratory practice to eliminate
contact of the pH probe with any
buffer to be used as mobile phase.

In my experience, gradient ghost
peaks most commonly arise from
contaminated reagents, either created
(or not eliminated) during manufac-
turing or inadvertently added in the
laboratory, as was the case for the
problem shown in Figures 2 and 3.
Usually we trust high performance
LC grade (HPLC-grade) reagents
because of the high standard of
purity ascribed to such reagents. It
is rare today to have HPLC-grade
acetonitrile or methanol be the
source of extra peaks, but small peaks
occasionally originate from these
reagents. However, it is more com-
mon that HPLC-grade water can be
the problem source, especially if it is
generated in the laboratory, as is the
usual practice. A well-maintained
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HPLC-grade water purification unit
rarely fails, but problems can arise
if the filter cartridges are installed
in the wrong order or if the feed
water is not of sufficient quality.
Some laboratories use distilled or
reverse-osmosis (RO) water or water
from other sources as mobile phase
water. This may not cause problems
for isocratic methods or even gradi-
ent methods where detection limits
are not of concern, such as content
uniformity methods, but HPLC-
grade water generally gives superior
results for gradients. The simple way
to check for potential water problems
is to substitute one water source for
another and compare them using the
three-gradient test. For the problem
in Figure 1, in a stepwise fashion we
carefully eliminated the potential
contributors to extra peaks. These
included filtration, degassing, the
column, the instrument, the operator,
and glassware cleanliness (which was
a minor source of ghost peaks, eas-
ily corrected by adding an additional
solvent rinse before use). Finally,
we tried a different water source—
distilled water purchased at a local
convenience store. In Figure 4, it is
easy to sce that the steam-iron grade
distilled water (Figure 4b) was not
perfect, but it was superior to the
HPLC-grade water generated in the
laboratory (Figure 4a)! This actually
was not a surprise, because we knew
we had a corroded pipe in our water
supply system and suspected that it
was the source of the ghost peaks.
We did devise a work-around for the
problem, but we ended up moving to
a new laboratory building before the
water problem was completely solved.
One final comment here is that we
shouldn’t automatically dismiss a par-
ticular reagent quality as unsuitable. I
remember visiting China a few years
ago and being startled that several
laboratories we visited used bottled
drinking water as their water source.
I commented about this to my host
from one of the instrument companies.
He said this was a common practice
and pulled out his laptop and showed
me a comparison of blank gradients
with several different brands of bottled
water compared to one manufacturer’s

HPLC-grade water—several of the
drinking water sources were better than
the HPLC-grade water!

Conclusions

The three-gradient test is a power-
ful tool that can help to identify the
source of ghost peaks in gradient LC
methods. As LC methods continue
to move to lower and lower detection
limits, problems with ghost peaks

in gradients will only become more
common. Be sure to consider the
absolute peak response of the blank
gradient in the context of the solvent
specifications. For example, a com-
mon specification for HPLC-grade
acetonitrile is that a water—acetoni-
trile blank gradient monitored at 254
nm can have no peaks larger than 0.5
mAU, and at no larger than 1 mAU
at 205 nm. Note that even through
the problem baseline of Figure 4a
looks very bad by visual examination,
there are only three peaks (at -9,
~10.5, and ~12.5 min) that exceed the
0.5 mAU at 254 nm specification.
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