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Peak Fronting, Column Life,
and Column Conditioning

his montht installment of 
"LC

Tioubleshooting" covers several
problems related to column per-

formance. rVe look at a problem related to
peak fronting that appears to be caused by
column degradation after several hundred
samples are analyzed. This leads to a discus-
sion of just how long a column should last.
\7e wrap up with the other end of column
life - how to get the column working
, i ^ L .  : - : , : ^ l l - ,

Peak Fronting

Thiling peaks are almost ubiquitous in liq-
uid chromatography (LC) separations. Over
the past 20 years of"LC Tioubleshooting,"

at least a dozen installments of this feature
have dealt with tailing peaks. In the days of
lower-purity silica, peak tailing often was
the result ofstrong acid-base inreractions
betr.veen basic sample functional groups,
such as amines, and acidic silanol groups
on the silica surface. One popular way to
combat such tailing was to add triethy-
lamine to the mobile phase to saturate the
stationary phaset acidic sites. Vith the
widespread use of high-puriry silica as the
backbone of most of todays reversed-phase
columns, tailing problems have been
reduced to the extent that amine mobile
phase additives are seldom used. Today,
silanol tailing remains, but is much less of a
problem. Another common cause of peak
taiiing, column overload, was discussed in
last month's "LC 

Tioubleshooting"

installment (1).

Peak fronting is much more rare than
peak tailing. There is some speculation that
complaints are low because peak fronting
merely makes a badly tailing peak look
more symmetric, but this is a viewpoint for

cynics. In our laboratory we rarely see
fronting peaks, and this is likely the prob-
Iem in most scientists' experience. One clas-
sic example of fronting in ion-pair chro-
matography showed that peak fronting
could be eliminated with a change in the
column temperature (2). A previous "LC

Tioubleshooting" column discussed another
case in which peak fronting might have
been attributable to a void in the column
or the mobile phase problems, but the
cause of the problem was not definitive (3).

A satisfactory chemical model for peak
fronting in reversed-phase LC with most
samples is difficult to postulate. However, a
problem with the physical structure ofthe
column is more reasonable. An asymmetric
void at the head of the column, channeling
within the column, or a less dense bed
structure along the walls off the column
than in the middle, each creates a model
that allows one to visualize the fronting
process. If a portion of the sample mole-
cules travel through this less dense part of
the column, they will rravel more quickly,
distorting the peak. If the bulk of the peak
is retained in the normal fashion, a fronting
peak will occur.

\7e recently observed a case of severe
peak fronting that appears to fit the
hypothesis of a column void or distortion
in the column bed. The LC-tandem mass
spectrometry (LC-MS-MS) method uses a
100 mm X 2.1 mm C18 column packed
with 5-pm diameter particles designed to
work well with 100% aqueous phases.
Mobile phase A was 10 mM ammonium
carbonate (pH 9.0), and mobile phase B
was methanol. An isocratic mobile phase of

570 B was run for 5 min at a flow rate of
0.5 ml/min, followed by an 80o/o methanol
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flush. Normally, the method produces
chromatograms with symmetric peals, such
as the one shown in Figure 1a. After
approximately 500 injections of extracted
plasma samples, the chromatograms had
deteriorated to the degree shown in Figure
1b. Column reversal was ineffective and
normal pressures were observed, suggesting
that frit blockage was not the problem
source. The column was replaced and the
chromatogram was similar to that of Figure
la. \7e have seen this failure pattern for
several columns, indicating that a column
lifetime of approximately 500 injections is
typical for this method.

Column Life Expectancy
Replacement of the column after 500 injec-
tions of the sample above might bring some
gasps ofhorror from some readers. A ques-
tion we hear frequently relates to how long
a column should last. \7e have methods in
our laboratory for which column lifetimes
of 2000 injections are common. On the
other hand, weve had users tell us of meth-
ods in which column failure is observed

Figure 1: chromatograms for an LC-MS-MS method. (a) Normal peak shape and (b) severe
fronting after approximately 500 inject ions. See text for detai ls.
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after 50 or fewer injections - and they are
not uPset.

Before going into techniques to extend
column life, we should consider the cost of
the column in the big scheme of things. 'il7e

work in a contract research organization
(CRO), so we make our living from run-
ning other peoplet samples. In the CRO
world, LC sample analysis costs generally
are $50/sample and up. For our earlier
example, the column costs about $500; at

500 samples/column, this translates to

$ l/sample or 2o/o of the cost. If we could
double the life of the column, we would
only reduce the cost to 1%o, hardly worth
the trouble. However, with a $500 column,
many people seem to treat the column as a
capital item instead of a consumable. Con-
trast this with a method that uses solid
phase extraction (SPE) for sample cleanup.
SPE cartridges or 96-well plates cost at least

$2/sample. This is rwice the cost of the
analytical column, yer we think nothing of
throwing the SPE cartridges away after a
single use - they are sold as consumable
items. Rather than trying to improve col-

umn life, a better invesrment for cost
reduction is to figure our ways to reduce
labor costs or improve throughput of
expensive LC-MS-MS detectors by the use
oftechniques such as parallel chromatogra-
phv (4).

Extending Column Life
AJthough this discussion should convince
us that we do not want to spend too much
time trying to extend column life, there are
some simple techniques that will extend the
useful life of a column. The mosr common
mode of failure of columns today is exces-
sive pressure resulting from buildup ofpar-
ticulate matrer ar the head of the column.
Make sure that your samples are free of par-
ticulates. Filtration of each sample or cen-
trifugation of samples to eliminate particles
will go a long way toward this goal.
Another inexpensive, but very efFective tool
is a 0.5-pm porosiry inline filter mounted
just downstream from the autosampler.
This will catch the particles that make it
past your filtration or centrifugation efforts
so that they do not block the column inlet

natographyonline com

frit. \When the system pressure rises to an
unacceptable level, simply replace the frit in
the filter and you should be back in busi-
ness. Many workers find that guard
columns are beneficial to improving col-
umn life. These small columns upsrream
from the analytical column catch both par-
ticulate matter and strongly retained mate-
rials that might foul the column packing on
the analytical column. If you use guard
columns, be sure to discard them before the
contaminants break through onto the main
column. Also, when flushing the system
with strong solvent, be sure to flush the
guard column to waste, not onto the ana-
Iltical column, or you might defeat the
purpose of the guard column.

Sample cleanup is another technique to
extend column usefulness. You need to
remember that there is an economic bal-
ance in sample cleanup versus column
costs. Does it make sense to spend

$ l0/sample for cleanup to reduce the per-
sample cost of the columnt contribution
from $2/sample to $l/sample? In our opin-
ion, one major goal of sample cleanup
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should be to improve method ruggedness

so that you are assured of collecting mean-

ingful data from your samples. Some work-

ers perform the absolute minimum of

cleanup, expect their columns to do the

cleanup work, and ar€ satisfied if the col-

umn lasts for 100 samples. In other cases,

extensive sample cleanup can lower the

background noise and allow a l0-fold lower

limit of quantification; longer column life

is only a peripheral benefit. You have to

work out the economics on a case-by-case

basis.

Column Condit ioning

You might have noticed that some LC

methods take a while before they 
"settle

down' and give consistent results. For

example. ir may take five or six injections

before the retention time, peak height, or

peak area stabilizes to a satisftctory level of

variabiliry. til/hat is going on? Many work-

ers think ofa reversed-phase separation as

simple partition-like separation between the

mobile phase and a homogeneous station-

ary phase surface. Unfortunately, this is not

the case. The closer you look, the less

homogeneous the stationary phase appears.

In some cases, there are slow and fast equi-
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libria going on at the same time. Some-

times the analyte molecules are retained by

more than one mechanism. Loading sample
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onto the column might allow the slow-

equilibrium mechanism to saturate so con-

sistent results are seen. In other cases, it

might be proteins, polymers, or other ana-

ll.tically unimportant matrix materials that

must be loaded onto the column before the

method behaves well. Injection of severa.l

mock samples usually will suffice. \7e have

several methods that include five to 10 con-

ditioning injections before injecting the

standard curve. This is alright if the run-

time is short, but if the method is a con-

ventional LC*LIV method, the runtime

may be 20-30 min, so extensive condition-

ing might be unacceptable from a sample-

throughput standpoint. Because the condi-

tioning process often is related to the mass

of sample (or matrix) loaded on the col-

umnr one might be able to shorten the con-

ditioning cycle by making the conditioning

injections one after the other without wait-

ing for elution to occur. For example, if the

merhod has a 20-min runrime. just start

the method, and then make five injections

at 30-s intervals rather than waiting for 20

min for each one. An alternative is to make
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a single large-mass injection. Try one or

more of these techniques and see if it will

help your m€thod settle down quickly for

normal operation.

Summary
This month, we considered the source of

peak fronting problems. Peak fronting is a

much less common occurrence than peak

tailing. Although there are other possible

causes, the most common source of

fronting peals is a disturbance in the col-

umn packing bed. The fix is straight-

forward: replace the column. Columns

should not be expected to last forever. \flith

low-volume assays, a column might last for

a year or more, but with high-throughput

methods, dirty samples, and harsh mobile

phases, column lifetimes can be reduced to

50-100 samples. Remember that the col-

umn is a consumable item, so consider

carefully how much time and resource to

spend in efforts to extend column useful-

ness. \7e listed some of the more common

techniques to help extend column life: sam-

ple filtration, inline filters, guard columns,

and sample cleanup. Some of these, such as

inline filters, are so simple and inexpensive

to use, we recommend that they be used on

every LC system regardless of other precau-

tionary measures. Finally, we looked at the

use ofconditioning injections to stabilize

the column so that reproducible results can

be obtained.
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For an ongoing discussion of LC trouble-
shooting with John Dolan and other chro-
matog ra p he rs, v is it th e Ch ro matog ra phy
Forum discussion group at http:llwww.
chromforum.com.


