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Separation Artifacts I: Sample Overload
and Injection-Solvent Problems

JOHN W. DOLAN

In a series of articles
beginning this month,
focus will be given to
the chromatogram itself.
This month the topic of
separation artifacts will
be introduced. and sam-
ple overload and prob-
lems created when the wrong injection sol-
vent is used will be addressed (1).

SEPARATION ARTIFACTS

Many LC problems are physical or mechani-
cal in nature and are fairly easy to correct.
Often, the problems can be isolated and then
instructions in the service manual can be fol-
lowed to fix them. Problems with the chro-
matogram, however, often originate in the
chemistry of the system. Because chemistry
is still largely an experimental science. these
kinds of problems are usually harder to solve.
Most chromatographers. however, have a
good background in chemistry or biochemis-
try. and all that is required in most cases is to
put this training to use.

During cither method development or rou-
tine operation, a variety ol separation arti-
facts can arise. These almost always degrade
the quality of the final separation and its use
for analysis or sample purification. For ex-
ample, bands in the chromatogram may be
asymmetric or exhibit other peculiarities in
peak shape. In other cases, the bands in the
chromatogram seem abnormally wide and
adjacent peaks may be poorly separated.
Sometimes extra peaks are present in the
chromatogram, peaks that cannot be traced to
any compound present in the sample. Occa-
sionally, negative peaks may be observed.
Retention times for a given compound also
may change from sample to sample without
there being anything wrong with the equip-
ment or the way the procedure is carried out.
Finally. the sample may react chemically dur-
ing the separation, resulting in peak distor-
tions and low recovery of eluted material.

Anyone who has injected a lot of samples
into an LC system has experienced problems
such as these. Most chromatographers will
recall cases in which they never really deter-
mined the cause of the problem. They tried a
lot of different things and eventually the diffi-
culty went away — or else they got tired of

-aiting for the results. We need to get away
from haphazard remedies and, insofar as it is
possible, develop a systematic approach to
these separation or chemical problems. For-
tunately, a lot of work has been done and
results published in recent years that can help
us in these situations.

Strange-shaped bands represent one of the
most vexing problems that can arise in the LC
laboratory, and this situation can have serious
analytical consequences. There are also
about a dozen different causes of band tailing
alone: so, discovering why bands tail — and
then fixing the problem — can be a difficult
undertaking. Fortunately, there is a system-
atic approach based on logical analysis and
practical fixes that have now been docu-
mented in numerous laboratories.

First, why are tailing or misshapen bands
bad? One reason is that such bands can be
hard to quantify. Some data systems have dif-
ficulty measuring peak size accurately when
the band tails or its shape is otherwise peculi-
ar. As aresult, the precision and/or reliability
of assay methods involving misshapen peaks
is often poor as compared to good chromatog-
raphy. A second reason for avoiding band
tailing is that resolution suffers. Good resolu-
tion is the foundation on which to build good
HPLC procedures. Anything that compro-
mises resolution will adversely affect the fi-
nal result. This is especially important when a
large band in the chromatogram tails, with re-
sulting overlap of the tail onto smaller bands
that elute later. A third negative feature of
tailing bands is that columns cannot be cou-
pled in series to give additive plate numbers.
A fourth problem with tailing bands is that
they often are a symptom of multiple contri-
butions to the retention process as opposed to
asingle retention mechanism. This in turn of-
ten means that relative retention on one col-

umn will not be the same for another. identi-
cal column. If we can eliminate tailing bands
in this situation, we will generally reduce col-
umn-to-column variability. Gaussian peak
shapes are pleasing to the eye. What detracts
from the aesthetics of liquid chromatography
should be discouraged.

‘We try to make the bands as symmetrical as
possible, but most elution bands will exhibit
some deviation from perfect Gaussian shapes.
Here it 1s helpful to use the band asymmetry
lactor As, defined as the ratio of peak half-
widths at 10% of peak height (2). Contribu-
tions to band asymmetry include the column,
the equipment, the injection procedure. and/or
the mobile phase-sample combination.

Consider two extremes in band asymmetry.
First, the case of a new column plus the man-
ufacturer’s test system represents an ideal sit-
uation. Good columns (plus good equipment)
should result in bands with As values between
0.9 and 1.1. Some commercial columns may
show As values as large as 1.2 in this situa-
tion, but the closer the As value is to 1.00, the
better. This is particularly important in avoid-
ing problems that arise when connecting col-
umns is series (3).

A second situation is the assay procedure
for actual samples. Here it is often necessary
to relax the tolerances on band symmetry. For
real samples, as opposed to test compounds.
we often must accept As values of 1.3 or even
greater. We are asking for trouble, however,
when bands show asymmetry factors greater
than 1.5. A serious effort at reducing band
tailing is called for in this case hefore pro-
ceeding with routine analyses.

How do we solve the problem of tailing or
distorted bands? The remainder of this col-
umn, as well as others in this series, cover
different aspects of this problem.

SAMPLE OVERLOAD

When one or more bands within the chro-
matogram tail, and these bands are larger
than normal, the column may be overloaded.
In other words, if the total mass of solute is
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FIGURE 1: Sample overload and

band tailing for hypothetical sample.
(a) Normal sample, (b) tailing sam-
ple, and (c) sample of (b) diluted
fourfold and rerun with detector at-
tenuation decreased fourfold.

large enough, the linear capacity of the col-
umn is exceeded. The result is a decrease in
retention time and a change in band shape.
This means that at any given point in the col-
umn, the stationary phase has only a certain
capacity for sample. When this capacity is ex-
ceeded, excess sample flows through the col-
umn (without interacting with the stationary
phase) until it finds stationary phase that is
not overloaded. The net result is that part of
the sample travels through the column in the
normal manner, but excess sample travels ata
faster rate, and thus the center of mass of the
peak comes out earlier than it should. There-
fore, the peak maximum is pushed ahead, and
the normally retained portion appears as a
tail. This situation is illustrated by the hypo-
thetical example of Figure b, which can be
compared with a normal chromatogram
shown in Figure la. In this case. the simplest
check for sample overload is to dilute the
sample fourfold and reinject it — after the de-
tector attenuation is decreased fourfold. The
result is illustrated in Figure lc. Now the
originally tailing peaks of run (b) are more
symmetrical, and their retention times have
increased to the values observed in the chro-
matogram of normal sample presented
in Figure la. We have confirmed that the
chromatogram of Figure 1b involves sample
overload.

Normally, sample overload should not be a
problem in a routine LC method because an
important part of method development is to
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FIGURE?2: Examplesof combinationsof sample and solvent in which the sol-

vent is too strong. (a) A 30-ulL injection of caffeine (peak A) and salicylamide
(peak B) in pure acetonitrile with reversed-phase separation using an 18%
acetonitrile—~water mobile phase. (b) Same as (a), but the sample was dis-
solved in mobile phase when injected. (c¢) A 30-uL injection of decamethrin
(peak B) in methylene chloride with normal-phase separation on a silica col-
umn using an 8% methylene chloride—hexane mobile phase. (d) Same as (¢},
but the sample was dissolved in mobile phase when injected.

test for the effects of increasing sample size
or concentration. When sample overload 1s
scen (broader and/or tailing bands), maxi-
mum limits can be set on reported concentra-
tion values. For example, it might be found
that for a 50-uL sample. concentrations of
compound X that are greater than | mg/mL
cause the band for X to broaden, tail, and/or
change its retention time significantly. The
method should therefore specify that any
samples having apparent concentrations of X
greater than 0.5 mg/mL must be diluted and
rerun.

Just as the column can be overloaded, it is
also possible to overload the detector. UV de-
tectors should be linear to ~1 AU, but this is
not always the case — particularly when mea-
suring on the side of an absorption band and
at lower wavelengths. Then, the nonlinear re-
sponse of the detector can lead to band distor-
tion (usually a “*fat™ peak) and to other prob-
lems. When detector overloading is
suspected, a calibration curve should be plot-
ted for a range of sample concentrations that
overlaps that of the problem sample. Detec-
tor overloading will then be evident as non-
linearity of the peak height/concentration
plot in the concentration region of the prob-
lem sample.

WRONG SOLVENT FOR SAMPLE

Good chromatographic results require that
the volume and kind of solvent used to dis-
solve the sample (before injection) fall within
certain limits. Ideally, a small volume of sam-
ple solution (dissolved in the mobile phase) is
injected. In many cases, a larger volume of
sample dissolved in a weaker solvent can be
used. Hence, 100-500 pL. of sample dissolved
in water is often injected for reversed-phase
sepdrations. When injecting a relatively large
volume of a solvent that is stronger than the
mobile phase, however, usually you will ob-
serve severe degradation in the quality of the
chromatogram. This is illustrated in the chro-
matograms of Figure 2 (4). In Figures 2a and
2b, 30 L of the same sample (caffeine and
salicylamide) was injected onto a reversed-
phase column. In Figure 2a, the sample was
dissolved in a strong solvent (pure acetoni-
trile). Figure 2b illustrates a case in which the
sample was injected as a solution in the mo-
bile phase. Peak distortion and increased
band broadening are evident in Figure 2a.
whereas the peaks in Figure 2b are quite nor-
mal. Figures 2c and 2d show a normal-phase
separation of a single compound (deca-
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TABLE!: CHQOSING A
SOLVENT FOR DISSOLVING
SAMPLE

Idwal:

The best option is to dissolve the
sample in the mobile phase and
inject 10-50 4L,

Prectical:

Alternatively, o larger volume of
waker solvent con be Injected —
such oz 100-500 uL [or more) of
sample disselved in water
|reversed-phase chromate-
graphy). The moin disodvantage
isgreater bossline upsel af the
beginning of the chromatogram,
but this eccurs anly In some coses,
It is neceptable practice to
dissolve larger volumes (100-
500 uL) of sample in the mohile
phose, but resalution moy suffer
for warly-aluting bands and/er

smaller-wolume columns.

When necessary:

When convanient of required,
10-25 L of a stronger solvent
con be injectod, such oo 2540
methanol solution for reversed-

phase ehramatagraphy.
e T o AR A

metliin: 30wl of the sample is ipected o
seision af srang selvenr [methvlene chii
vide Chupure 2000 o Fieure 2d the sample is
cissalved in the mobile phase, Peak spliting
15 aeen e Figure 2e for the inection of the
stmamg solvent solution.,

Inpection - solvent prablems should be sus-
pected whenever & large volume af a solvent
oiber than the mobile phase is injected — in
particatar, when the ipeetion solvent s obyi-
outsly stronger than the mohile phase. You
showld question. Tor example, the tnjzetion of
W00l oof sample dissolved in methanal For a
reversed-phase sepasation on o CB column
with 3070 methannl-waler as mokale phase
The general rule D thit wp 2o 23 pl. of speong
weabvenst o fae Bggected withouwt peotdemy o
CoREE s ke s oize 15 25 om & L6
eany, sralles-valume columas require pro-
portionally smaller sample velimes, Whea
ever  stronees solvent is wsed v dissalve the
sarple, howeser, the eflect ol sample vl
v cnthe cheomatogram should be tested . [2
s suspected that o 235-cl volume af metha-
niel ds cavsing prablems, 1y ane of the Bl
lovweng allernatives.

fednpect v amolier wlnme: Reinject 510
fl ol sampie ad ook Tor changes in the
chramatoeram inke sare vou chiange detee

or arcnuation o maintain similar peak
Aeiphibs 1 Jos esarmple. U twa chromnsata-

grams (of S and 23ul infectionsy are simi-
lar, then impectaen - solvent ellects aie absont.

Difate the sample witk o wesker salvess:
Dilue the sample talready disselved in siong

silventy Mparfshi with o weaker solvent, then
inject o fivefald greater sample volome.
Agaan, esanune the chrsmatogram for any
ditferences that cowld be attributed o injec-
von - salvent ellects. For the preceding exam-
ple £30: 70 meshanal -water mobile phnse and
25-ul. methanol solution of sampley, this
wonld requive smjecting 125 41, ol o sample
dissolved in 20% methaool-water Cinstesd of
25 ploof surmple in pure methanel).

Digpending upon the outcome of the abave
expefiients, an allernative mears ol mygect-
ing the saeaple cor usnally e found, and you
can therefore avoid inpection-solvem prob-
lems. Tanle 1 summarizes the preferred ap
proach 1o selecting the kind and volume of
sulvent ased For imectad smmples
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