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UBLESHOOTING

Obtaining More
Consistent Results

he topics this month are reiated

to selecri  ng chromarographic

conditions that maximize the

response for a given compound. This will

be of particular interest for workers who

run stabiliry-indicaring or puriry assays

for pharmaceuticals, or trace analysis in

nearly any application.

Priming Injections

Q: I am running a gradient elution

method for the analysis of peptides by

LC. I find that it often takes five or more

injections ofstandards before the signal

stabilizes sufficiently so that I can run a

standard curve. The first injection gives

the smallest response, the next a little

larger, and so on until the response is the

same for multiple injections of the same

standard. The method comprises a 30-

min gradient followed by a 10-min equi-

libration, so it usually takes several hours

before I can run my samples. This obvi-

ously wastes a lot of time. Do you have

any suggestions?

JWD: The need to make several injec-

tions of sample before the signal stabi-

lizes is not uncommon, although some

workers can operate for many years with-

out encountering such a method. This

phenomenon can be attributed to the

presence of (at least) rwo rypes of active

sites on the column for interaction with

the sample molecules. One of these equi-

librates much more slowly than the

other. These slow-equil ibrat ion sites can

gradually become saturated with the ana-

lyte over severai runs, at which time

there is no net change of sample on the

column wirh each subsequent inject ion,

so the sample size stabilizes. 'i7hen the

system is shut ofi the strongly adsorbed
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sample might bleed offthe column,

requiring another round of priming the

next time the method is set up. In other

cases, it takes only a single series of prim-

ing injections to stabilize the column for

all firture runs.

As you have noted, priming injecrions

can be time-consuming, especially if the

run time is long. In my experience, the

important factor is the mass of sample

loaded onto the column, not the number

of run rycles to equilibrate the column.

This implies that there are a couple of

techniques that can be used to speed the

equilibration process. One would be to

make a single high-mass injection to

equilibrate the column. An alternative

would be to make several smaller injec-

tions in a series without running the

entire method between each run. In your

case, for example, rather than making

five runs to equilibrate, you might make

five injections consecutively, then run the

gradient just once. Try this - my guess

is that you will be able to get the column

stabilized much more quickly than your

current practice.

Variable Plate Number

Q: One of the system suitabiliry

parameters for my method is a minimum

plate number for the major peak of inter-

est. This helps ensure that small peaks

will be sufficiently narrow that they can

be detected properly. Howeve! when I

move the method from one LC system

to a second system, I can never pass sys-

tem suitability because the plate number

is too low. I have used the same mobile

phase, column, and sample in an effort

to isolate the problem, but still get the

same results. The method is a gradient

trom
the most recent courses -

vou can see that there are

no national borders for LC

problems.

lohn W. Dolan
LC Troubleshooti ng Editor
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that runs from 10% to 600/o acetonitrile

with 0.1% trifluoroacetic acid over

l5 min on a 150 mm \. 4.6 mm, 5-p"m
particle Cl8 column at a flow rate of 1.5

ml/min and a temperature of 35 'C.

The sample is prepared in 10olo acetoni-

trile and the injection volume is 10 pL. I

also see a shift in retention times of

approximately I min when I change sys-

tems. \7hat can I do to solve this prob-

lem?

JWD: I suspect that you are making the

common mistake of trying to measure

the column plate number Nfor a gradi-

ent method, but using the isocratic cal-

culation. The isocratic formula for 1\/ is

N =16 ( t , ^ /w)z  t l l

where rx is the retention time and za,is

the peak width at the baseline. In iso-

cratic separations, the peak width

increases as retention time increases and

N stays approximately constant through-

out t}re chromatogram. This same for-

mula does not work with gradient sepa-

rations, however. rVith gradients, the

peak width is more or less constant

throughout the run, so you can see that

Equation I would give larger values of ,A/

for larger retention times if the peak

width were constant. But we know that

l/should be relatively constant through-

out the run, so the values given for gradi-
ents are not correct. Thus, if the peak

that you are using for plate number

measurements has a different retention

time on the two instruments, it will have

an apparent difference in plate number,

even if the peak width is constant.
Although the plate number can be calcu-
lated for gradients, the calculation is

quite complicated, so it seldom is made.

A more practical parameter for system

suitabiliry would be to use rhe peak

width for a reference peak - this should
stay relatively constant even when the

retention time changes, as is the case in

your method.

The shift in retention times that you

observe is likely due to a difference in
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Figure 1: Simulated chromatograms for LC
systems with (a) 1.5-mL and (b) 3.5-mL dwell
volumes. Column: 150 mm x 4.6 mm, 5-p,m
do; gradient: 50-90% B in 14 min; f low rate:
2 .0  mUmin .

system dwell volume between the two
LC systems. The dwell volume is the vol-
ume from the point the solvents are

mixed until they reach the head of the
column. This includes the mixer, transfer
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Figure 2z Mass chromatograms:
(a) unsmoothed and (b) smoothed.

tubing, pulse damper (if used), and injec-

tor loop for high-pressure-mixing sys-
tems, plus the volume of the pump heads
for low-pressure-mixing systems. Typical

dwell volumes range from 1.5 to 3 mL
for high-pressure-mixing sysrems ro
2.54 mL for low-pressure mixing sys-
tems for general-purpose LC systems cur-
rently in production. Systems designed
or modified for use with mass spectrome-
qy (MS) detection usually have smaller

dwell volumes - in the range of 0.1*0.5
mL, and some older systems can have

dwell volumes as large as 5-8 mL. The
impact of a change in dwell volume is
illustrated in Figure l. In these simulated
runs, everything is the same except the
system for Figure la has a dwell volume
of 1.5 mL and that for Figure lb has 3.5
mL of dwell volume. The gradient, as it
appears at the head of the column, is
overlaid on the chromatogram. The iso-
cratic hold at the beginning of the gradi-
ent is a result of the delay caused by the

dwell volume. Three general observations
can be made when the same method is
run on systems with different dwell vol-

umes. First, the time at which the gradi-
ent reaches the column differs by the dif-
ference in dwell volume divided by the

flow rate (called the dwell time). In the
present case, the difference is 2.0 mL

3.5-1.5 mL) and the flow rate is 2.0
ml/min, so there is a l-min difference in
the time the gradient reaches the column
(arrows in Figure 1). Second, because
most gradient conditions are designed so
that little or no peak migration takes
place under initial gradient conditions,
retention times obtained on the two sys-
tems will differ by approximateiy the dif-
ference in dwell time. This can be seen
by comparing the retention of later peaks
in the two runs of Figure l. For example,
the last peak in Figure 1a comes off the
column at approximately 14 min,

whereas the retention time for the same
peak in Figure 1b is approximately 13
min. Final ly, peaks elured early in the
chromatogram often show some degree
of migration under the starting gradient
conditions, so differences in resoiution
(or relative retention) might appear when
changing systems, especially for the first

few peaks in the run. This can be seen
with the first two peaks of Figure 1. The
resolut ion, as measured by rhe val ley

between the two peaks, can be seen to

deteriorate slightly for the system wirh

3.5-mL dwell volume.

So how does all this dwell volume

business impact practical separations?
Because changes in retention, and some-
times resolution, occur when different
dwell volume systems are used, the
method should be designed with this in
mind. For example, system suitabiliry
requirements should be sufficiently flexi
ble so that system suitabiliry will pass on
different systems that are capable of pro-
ducing val id results. For Figure I,  one
might specify that the first rwo peaks be
eluted beween 3 and 5 min and that the
resolution must be a specified minimum.
This would allow some shift in retenrion

due to dwell volume differences, yet

ensure conditions that would produce
reliable data. Because dwell volume is

such an important parameter in gradient
methods, it should be measured for each
system and stated in the method. This

should allow adjustment of the method
from one system to another so that the
same results could be obtained. Some of
the newer LC systems allow delayed
injections, so that the injection can be
made after the gradient starts. If this
were the case for the system of Figure 1b,
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the method program could be set such
that the sample was injected 1.0 min
after the run was started, and the gradi-
ent profile and resulting chromatogram
would be identical to that of Figure 1a.
Another alternative would be to design
the method of Figure 1a so that it
included 1.0 min of isocratic hold in the
program - now the gradient profile and
resulting chromatogram would be identi-
cal to that of Figure 1b. The method
would be written to adjust the starting

conditions so that the dwell volume plus
any programmed hold were a consranr
value for the method.

Peak Height or Peak Area?

Q: \fill I get better results from my
data ifI use peak height or peak area for
quantification? It seems like everyone I
ask has a different opinion. Can you help
me?

JWD: The height versus area discussion
has gone on for years, and I doubt that it
will go away soon. lJnfortunately, the
answer to your question is, "it depends."
Ifthe peak is large enough that the noise
is not significant (for example 100:1 sig-
nal-to-noise ratio [S/N]), the peak usu-
ally wili have a smooth transition from
one data point to the next. This more
often than not is the case for the output
of LIV detectors. However, as S/N drops,
the importance of noise increases. A1so,

some detectors give more "ragged" peaks
than others. This commonly is the case
for LC-MS-MS peals, as shown for the
peak of Figure 2a. 'When I first began to
work with LC-MS-MS data, I wondered
if there was something wrong when I saw
chromatograms like this one, but this is
normal. Often, the peak can be
smoothed by processing it through an
electronic smoothing algorithm or noise
filter. The result will be a peak, such as
the one shown in Figure 2b, that looks

much more like that we commonly see
with W detection.

Now lett consider the precision and
accuracy of data for multiple injections
of the two samples of Figure 2 when
measured by peak height and area. The
data system measures the peak height at
each point across the peak. V4ren peak
height is reported, it is the value ofthe
largest height measuremenr as a default,
but can be the height at a specific reten-
tion time. The reported peak area is just
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the sum of the heights of all the points

across the peak, not an area determined

from a height and width measurement as

one would calculate manually. It should

not take much argument to convince you

that the area of the peak in Figure 2a

would give better precision and accuracy

than the height. The presence of a single

spike in this peak could erroneously

repoft the "true" peak height by 20o/o or

more. The area, or sum of all heights,

would average this one spike in with

other normal data points, reducing the

impact of noise. On the other hand, it is

difficult to predict if height or area is

better for measurement of the peak in

Figure 2b. Because both height and area

are obtained easily from the data system

output, I recommend obtaining both

height and area values during method

development and validation so that the

two types of data can be compared.

Select the technique that gives the best

results and then you will have confidence

that you are getting the most out of the

Summary
'We 

have examined three problems

related to peak size. LC methods might

require several priming injections during

method setup so that the peak response

stabilizes. Often this is related to the

total mass of sample, so you might be

able to speed up the process by making

one or more large injections rather than

making time-consuming runs with a

smaller sample load. Be sure to use

appropriate system suitabiliry measure-

ments. In the case of gradient elution,

column plate number is difficult to

measure, so the use of peak width as a

system suitabiliry parameter is both

appropriate and convenient. 'When using

an LC method for quantitative analysis,

especially at trace levels, you can obtain

more consistent results if you use either

peak height or peak area. The practical

way to make the choice is to make both

measurements for a set of data and then
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select the technique that gives the best

results.

John W Dolan
"LC Troubleshoot-
ing" Editor John
W. Dolan is Vice-
President of LC
Resources, Walnut
Creek, California;
and a member of
LCGC's editorial
advisory board.
Direct correspondence about this column to
" LC Trou b I esh o oti ng, " LCGC" Wood b ri d ge
Corporate Plaza,485 Route 1 South, Build-
ing E First Floor lselin, Nl 08830, e-mail
I oh n. D ol a n@ LCRe sou rces. co m.

For an ongoing discussion of LC trouble-
shooting with lohn Dolan and other chro'
m atog raph e rs, v isit th e Ch rom atog ra p hy
Forum discussion group at http:llvw'tw.
chromforum.com.


