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Extracolumn Effects: Two Case Studies

JOHN W. DOLAN

Chromatographers are
becoming increasingly
aware of “‘extracolumn
effects” in HPLC as the
trend toward the use of
small-volume columns
continues. These extra-
column effects are the
added volume contribution from the injector
sample loop, the detector cell and time con-
stant, and the tubing connecting the column to
the injector and detector.

Extracolumn contributions are often ex-
pressed as

Vi=VIe VIV AV V(1

where V' is the total peak volume, V), is the
peak volume in absence of extracolumn ef-
fects, V, is the volume contribution from the
sample loop, V, is from the connecting tub-
ing, and V, is from the detector cell; V' is the
broadening contribution from the detector
time constant. Clearly, if V is much larger
than the other factors, these factors are not
very important to the overall peak volume.
When the other factors become significant,
we say that extracolumn band-broadening
has occurred or that extracolumn effects are
significant.

Most commercial LC systems are designed

so that extracolumn effects are insignificant if

tubing runs are kept short and if standard col-
umns (for example, 15 em X 4.6 mm, 5-um
particles) are used. If smaller-dimension or
smaller-particle columns are used. however,
extracolumn effects can be important, as dis-
cussed below in two case studies.
Calculation of extracolumn effects has
been thoroughly discussed in the literature
(for examples, see references 1-3), but man-
ual calculations can be tedious. For this rea-
son, commercial computer software (4) has
been used for all calculations presented here.

CASE STUDIES

Case | — A “good” system with “better” col-
umns: The first case involves workers who
were evaluating a change from 15-cm, 5-um
columns to shorter, 3-um columns so that
they could increase throughput in their quali-
ty assurance lab. The use of very short col-
umns for rapid analysis has been well docu-
mented (for example. see reference 5), so this

TABLEl: DATA FOR CASE STUDY 1

Column plate number N
Column mfg* expt®* 0/0% 25/0.1%
15em, 5 um 12657 9280 12950 8520
8.3cm, 3um 11940 6595 12073 7905
3.3cm, 3um 4201 1700 3880 1805

* mfg = manufacturer’s test data

LR

expt = experimental data, average for four columns of each size

+ 0/0 = extracolumn band-broadening = 0L, r = 0s; calculated using software

(reference 4)

+ 25/0.1 = extracolumn band broadening = 25 4L (10}, 7 = 0.1 s; calculated

using software (reference 4)

was a logical choice. Four columns of each
size were obtained, as shown in Table 1.

The columns were used for the assay of
several parabens in a hand-cream formula-
tion; average N values for onc paraben are
shown in Table I (N,,). Immediately, the ana-
lyst noticed that the plate numbers were about
half of what he expected for the 3-um col-
umns. That puzzled him because the test
chromatograms from the manufacturer indi-
cated that the small-particle columns were
good. Furthermore. the 5-um columns
functioned just as they always had, so he felt
confident that the system was working well.
He wasn’t sure what to do next.

This is a case in which extracolumn effects
should have been suspected immediately. If
columns that produce smaller peak volumes
(for example, shorter columns and/or
smaller-particle columns) perform poorly
compared with larger-peak-volume columns,
extracolumn effects are likely to be the cause.
In this case. the computer was used to calcu-
late the plate number under the assumption
that no extracolumn effects were present.
The results of these calculations are shown in
Table I (N,,). The N values agree quite well
with the manufacturer’s test chromatograms.
We concluded that the columns were good be-
cause of this agreement and that the manufac-
turer used an LC system that had been opti-
mized to eliminate extracolumn effects.
Neither conclusion is surprising; it is rare to
receive a bad column if it has been tested by
the manufacturer, and it is expected that the
manufacturer will test the columns under
conditions that allow them to perform at
their best.

Once we knew the columns were good, we
tried to find the source of the problem in the
analytical LC system. We made a series of
calculations to determine the result if extra-
column effects were added to the system. One
set of the results is shown in Table I (N, )
for an LC system with 25-uL (1 o) of extra-
column band broadening and a detector time
constant of 0. 1 s. The values are typical for an
LC system in routine usc and agree fairly well
with the experimentally determined N values,
which means that the LC system is fine for as-
says using 15-cm. 5-um columns. If the sys-
tem is to be used for smaller-peak-volume
columns. however, extracolumn effects must
be addressed. Generally. that calls foruse of a
smaller-volume detector cell and for very
short lengths of 0.007-in. or 0.005-in. i.d.
tubing if short, 3-um columns are used.

Case 2 — A "bad " system for “good " col-
umns: This example involves a lab in which
gradient elution is used for the assay of bio-
logical samples. Workers in the lab were in-
vestigating the feasibility of switching to 5-
cm, 3-pum cartridge columns from 15-cm.
5-pm columns. The column specifications in-
dicated that this would be possible. and the
cost savings would be significant if the ap-
proach were viable. Columns would be used
for the assay under gradient conditions, but
would be periodically returned to isocratic
column-test conditions to sec how they were
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holding up. When the initial isocratic runs
were made on the short columns, however,
the results were disappointing (Table II).

The lab results for each of two cartridge
columns (A and B, Table II) showed that the
columns had about one-third the plate num-
ber that they had at the factory and that the
bands tailed severely (As = 1.4). Tailing
bands and poor performance suggested that
extracolumn effects might be involved, so the
columns were connected in series and the ex-
periment rerun. (A longer column has a larg-
er V,, but other factors in Equation I should
remain constant so extracolumn effects
should be less significant.) Now, with two
columns in series (70% methanol, A + B, Ta-
ble II), the plate number increased to about
half the factory value, and the asymmetry
dropped. This prompted the analyst to run the
column test with a weaker mobile phase. A
larger retention volume would be expected to
reduce extracolumn cffects because V, in
Equation | increases while other factors re-
main constant. Under those conditions (60 %
methanol, Table I1), the band shape is satis-
factory (As = 1.0), and the agreement be-
tween experimental and factory plate num-
bers is better.

At this point, the computer was used to
quantify the magnitude of the extracolumn ef-
fects (although time would have been saved
had this been done before additional experi-
ments were run). When an extracolumn vol-
ume of 110 pl. was used, the calculations
agreed quite well with the experiment results

TABLEIl: DATA FOR CASESTUDY 2
Column plate number N {As)
Column . 70% methanol 60% methanol
mfg* expt*?* calet expt**® calet
A 4500 1700(1.4) 1700 2700(1.0) 2700
B 4400 1700(1.4) 1700 2900 (1.0) 2700
A+B 8700 4700 (1.2) 1700 5700(1.0) 6600

conditions: columns A and B = 5 ¢cm, 3 um; 60% or 70% MeOH-water mobile

phase; flow rate = 1 mL/min

* mfg = from manufacturer’s test chromatogram
** expt = experimental N values (As values)
+ cale = calculated N values using software (reference 4); extracolumn
band-broadening (10) = 110uL; 1 = 0.5

in Table II. This volume is five to ten times as
large as typical (for example, 10-25 uL) val-
ues for well-plumbed LC systems.

An inspection of the plumbing of the LC
system revealed two major problems. First, a
column-switching valve was being used, a
valve not designed for use with small-volume
peaks. Second, the autosampler was connect-
ed to the column with an excessive length of
0.020-in. i.d. tubing.

CONCLUSIONS

These case studies illustrate several impor-
tant points that should be considered when-
ever a new method is developed or an old

method is significantly altered. These points
are summarized in Table 111 and below.
First, in both cases the LC systems worked
well under normal operating conditions —
that is, neither system was inherently “bad.”
The first system worked well with a 15-cm.
5-pm column. The second system, although it
had excessive extracolumn volume for iso-
cratic assays, worked well under gradient
conditions. With gradient runs, large vol-
umes of dilute sample can be injected without
adverse effects because the sample is concen-
trated at the head of the column before the
gradient begins. That is the reason the second
(gradient) system worked well — the sample



TABLEIll: INDICATIONS OF
POTENTIAL EXTRACOLUMN
EFFECTS

* System yields smaller plate
numbers than expected; worse
with early peaks

Coupled columns give higher
plate numbers than the sum of
the individual columns

Short, small-particle coelumns
give more band-broadening
problems than larger columns
Tailing bands are present under
column test conditions

LC system gives poor plate
numbers and/or band shape if
converted from gradient to
isocratic operation

was diluted in the large transfer tube, but on-
column concentration masked this effect.

Second, in both cases the column plate
number became worse with smaller-peak-
volume columns. The chromatograms also
show that later peaks were less affected than
carly peaks. Lower plate numbers with
smaller-volume peaks indicate that extra-
column effects may be important. Be aware,
however, that low-k " peaks often have lower
N values than later-eluting peaks when every-
thing is normal.

Third, when bands tail badly under “ideal
column-test conditions, something is wrong.
Once again, extracolumn effects are a prime
suspect in this case.

Finally, extracolumn effects can be verified
in one of two ways. If vou increase the peak
volume by coupling columns or decreasing
the mobile phase strength (as in Case 2), you
can empirically check for extracolumn ef-
fects. If plate numbers are larger and As val-
ues closer to 1.0 under these conditions,
extracolumn effects are likely. Alternatively,
the influence of extracolumn effects can be
calculated using well-established techniques
(1-4).

These two examples demonstrate that
extracolumn effects create real problems in
typical applications. Although short, small-
particle columns can improve assays in many
ways, special precautions must be taken to
keep extracolumn effects to a minimum with
such columns.
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