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he composition and volume of an

injection solvent can affect peak

shape and retention in liquid chro-

matography (L.C) separations. This

month, we will look at some of the
injection problems that can occur and consider
some guidelines that can help minimize these
problems.

Under ideal conditions, the injection sol-
vent would make no difference to the results
of a chromatographic experiment because the
solvent would be diluted instantly to the same
composition as the mobile phase. In practical
terms, however, it takes a finite amount of time
for the injection solvent to become diluted
with mobile phase. Until this happens, the
sample molecules in the injection solvent be-
have as if the injection solvent were the mo-
bile phase.

If the volume and strength of the injection
solvent are high enough, the peak shape can
be affected, as in Figure la. Here we see re-
duced peak heights and increased tailing when
compared with Figure 1b. In Figure la, the
mobile phase is 18% acetonitrile in water, and
30 pL of sample in acetonitrile was injected
onto a reversed-phase column,

We can understand what is happening here
by visualizing the chromatography on a mo-
lecular scale. When sample molecules are in
the mobile phase, they move at a fixed velocity
through the column, When they are in a
stronger solvent such as the pure acetonitrile
used here, they move more quickly. So as long
as the samples are in the presence of pure ace-
tonitrile, they will travel as if the acetonitrile
was the mobile phase. Gradually the injection
solvent will become diluted with mobile
phase. If we think of the injection solvent en-
tering the column as a sphere, the outside
edges of this solvent ball will get diluted first.
As this happens, the sample molecules in this
region will be in mobile phase while other
sample molecules will remain inside the undi-
luted injection solvent. Thus, some of the sam-
ple molecules will travel at the velocity they
would in the mobile phase, and others will
travel at the velocity determined by the injec-
tion solvent. This difference in migration rates
creates a split or distorted injection profile.
After this distortion occurs under isocratic
conditions, the normal peak shape cannot be
restored, so the final peak shape also will be
distorted. as we see in Figure la.
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FIGURE 1: Chromatograms from a reversed-
phase method using o mobile phase of 18% ace-
tonitrile—water and 30-p.L injections of sample
dissolved in {a) acefonitrile and (b) mobile phase.
(Reprinted from reference 1 with permission.)

TABLE I: C

sidelines for Injectior

P

100% strong solvent =10 pL
Stronger than =25l
mobile phase
Mobile phase =15% of peak
volume
Weaker than Large (see text)
mobile phase

It is the combination of injection solvent
volume and strength that is important. As
we will see, at one extreme we can inject
small volumes of pure strong solvent without
deleterious effects, whereas we can inject very
large volumes if the solvent is weak enough.
Table 1 summarizes the guidelines for injec-
tion solvent volume and strength. We will look
at each of these recommendations below. Re-
member that these are only guidelines — the
demands of your separations may allow you to
get by with somewhat different conditions.
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PURE B SOLVENT

The most demanding situation occurs when
the injection solvent is as much stronger than
the mobile phase as possible. In this case, you
should keep the injection volume as small

as possible; 1 suggest injecting no more than
10 L when pure strong solvent is the injec-
tion solvent. When the mobile phase is greater
than 80% B solvent, you may be able to
inject larger volumes, because the difference
between the injection solvent and mobile
phase is smaller. Figure 1a shows what can
happen if you use too much strong solvent for
injection.

AN INJECTION SOLVENT

STRONGER THAN THE MOBILE PHASE
When the injection solvent is no more than
approximately 25% stronger than the mobile
phase, injection volumes of as much as 25 pL.
should create no problems. For example, when
using 70% methanol as the injection solvent in
a 509 methanol mobile phase, you could in-
ject 25 pL of the injection solvent without
compromising the peak shape. Obviously, this
rule and the preceding one are related. When-
ever injecting solvents stronger than the mo-
bile phase, you should examine the chromato-
gram carefully for possible peak distortion.

MOBILE PHASE AS

THE INJECTION SOLVENT

The best case occurs when the injection sol-
vent and the mobile phase are matched. You

don’t have to worry about dilution, so solvent
inhomogeneity is no longer a concern. The in-
jection volume is limited, however. Consider
an extreme scenario in which 500 L of sam-
ple would be injected onto a conventional 15
cm X 4.6 mm column. The column volume
would be approximately 1.5 mL, so during the
injection, the first sample molecules injected
would travel almost a third of the way through
the column before the last molecules were in-
jected. This large sample injection would
cause tremendously broad peaks, it any sepa-
ration was observable.

The contribution of the injection volume
to the peak width can be determined by equa-
tion 1:
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where Wy, W, and W, are the widths of
the final peak, the contribution by the injection
and the contribution by the column, respec-
tively. ij simply is the volume of the in-
jected sample. Peak widths are measured at
the baseline, which allows us to calculate that
an injection volume of 15% of the peak vol-
ume would broaden the final peak by approxi-
mately 1%. This calculation is the basis of
Table I's recommendation for using mobile
phase as the injection solvent.

We can see in Figure 1b that the peak dis-
tortion problem of Figure la is corrected when
30 pL of sample is injected in mobile phase.

[ measure the peak width as approximately 0.5

min; assuming a flow rate of | mL/min, this
volume would be equivalent to approximately
500 p.L. Table I suggests that we could inject
as much as 75 pL of sample in mobile phase
without problems. This amount wogld yield2 an
overall peak variance of 5007 + 757 = 505
|.u.L2 or an increase of only 1% in peak width.
A 30-pL injection volume should not cause
noticeable band broadening for this peak. Be
sure to use the width of the first (narrowest)
peak of interest for this calculation — the
broadening of this peak represents the worst-
case scenario for your sample.

WEAKER INJECTION SOLVENT
When you use a solvent that is weaker than the
mobile phase, you can inject much larger vol-
umes than when you select stronger solvents.
We can get a feeling of the effect of the mo-
bile-phase strength by considering the Rule of
Three, which states that a 10% change in the
strong solvent (B solvent) will result in ap-
proximately a threefold change in retention
factor (k) or retention time (ry,). For example,
if the mobile phase were 55% acetonitrile—
water and a peak had a retention time of 5
min, a 35% acetonitrile—water mobile phase
would increase t,, to approximately 45 min (3
X 3 X 5 min). If we used 35% acetonitrile—
water instead as the injection solvent in the
559 acetonitrile-water mobile phase, the sam-
ple molecules would migrate much more
slowly through the column until the injection
solvent gets fully diluted with mobile phase.
Analytes that travel faster than the mobile
phase (as when a strong injection solvent is
used) tend to produce distorted peaks, but
bands that move more slowly than the mobile
phase tend to compress. You can visualize this
effect by thinking of the molecules spread out
on top of the column in the injection solvent
where they are being diluted with mobile
phase that is traveling through the column af-
ter the solvent. As mobile phase reaches the
sample molecules, they will begin to move
down the column, catching up with those far-
ther down the column that are in a weaker sol-
vent. (This band compression is one factor that
contributes to the narrowness of peaks in gra-
dient runs as compared with isocratic ones.)
As the difference between the solvent
strength of the injection solvent and the mo-
bile phase increases, you can use larger injec-
tion volumes. In the extreme, samples in pure
water can be pumped onto the column, and
they become concentrated at the head of the
column before elution with a stronger mobile
phase. This technique is used in environmental
analysis for large volumes of dilute samples
(for example, pumping 1 L or more of river
water onto a C18 column for the measurement
of trace quantities of pesticides). Biochemists
use on-column concentration with dilute pro-
tein and peptide solutions before chromato-
graphic analysis. This method is not always
advantageous, however. Problems can arise in
gradient elution when impurities in the A sol-
vent get concentrated during equilibration and
then are released as interfering peaks during
the gradient.
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EXCEPTIONS

The guidelines for selecting injection solvents
and volumes summarized in Table [ may need
to be modified for specific cases or even com-
bined to get the result you want. For example,
a client once came to my company with a
method used in a cleaning validation that had
started to produce split peaks.

The procedure called for washing a produc-
tion reactor with methanol and then injecting
a 50-pL aliquot of the wash solvent onto a
C18 column with a 50:50 (v/v) methanol-
buffer mobile phase. The method had been
used for several years with no problems, but
suddenly the client observed split peaks. The
peak-shape problem was not cured with nor-
mal corrective measures such as making a
new batch of mobile phase or replacing the
column.

One look at the method should show us
that the analyst was injecting too large a vol-
ume (50 pL) of a solvent that was too strong
(1005 methanol). A smaller injection volume
or a diluted solvent would solve the problem,
but the analyst relied on the injection volume
to place a large enough mass of sample on the
column to accommodate minimum levels of
quantitation.

The solution to this problem was simple.

I advised her to dilute the sample fourfold
with buffer to 25% methanol-buffer and to in-
crease the injection volume fourfold to 200
pL. Then the same mass was injected in a
larger volume of a significantly weaker sol-

vent. The result was a separation with well-
shaped peaks and satisfactory detection limits.
In many cases, you can correct injection prob-
lems by injecting a larger volume of a diluted
sample.

ION PAIRING — A SPECIAL CASE
When performing an ion-pairing method,
you should use mobile phase as the injection
solvent to avoid the appearance of ghost
peaks and baseline disturbances. A delicate
equilibrium between the ion-pairing reagent
in the mobile phase and the stationary phase
exists in ion pairing. When you make an in-
jection in a solvent that lacks the ion-pairing
reagent, the equilibrium shifts momentarily
toward the mobile phase, depleting the col-
umn of reagent; eventually fresh mobile phase
reaches the column, and the equilibrium must
be reestablished. This process can cause
positive—negative peak pairs.

The retention of these peaks depends on
the chromatographic conditions, but the dis-
turbance can occur early, late, or in the middle
of the chromatogram. To avoid equilibrium-
shift problems, inject the sample in mobile
phase. Because the sample initially may not
dissolve in mobile phase, you may need to be
creative in formulating the injection matrix.
One trick is to make a double-strength mobile
phase to use for dilution. For example, if you
are using 43% methanol-water with an over-
all concentration of 50 mM ion-pairing
reagent, instead make a solution of 86%

methanol-water with 100 mM ion-pairing
reagent. Then use this double-strength mobile
phase to dilute an aqueous sample 1:1, which
leaves the sample in an injection solvent that
is equivalent to the mobile phase.

Although the problem of disturbed equilib-
ria is common with ion-pairing methods, it is
by no means peculiar to ion-pairing methods.
Whenever the mobile phase contains trace ad-
ditives, a mismatch of the injection solvent
has the potential for problems. For example,
normal-phase separations on bare silica tend
to be very sensitive o trace levels of water in
the mobile phase. Injecting sample in dry sol-
vent or in solvent with excess water can upset
the water balance on the column and cause re-
tention shifts or peak-shape problems.

CONCLUSION

You will minimize the risk of encountering
peak-distortion problems if you inject small
volumes of samples that are diluted in injec-
tion solvent that is the same as the mobile
phase. When these limitations are not practi-
cal, the guidelines of Table I can help you
choose alternative conditions. These guide-
lines are general in nature, and as such need
to be tested to verify that they will give satis-
factory results for your samples. In chro-
matograms with injection-related problems,
the peaks eluted early usually are compro-
mised most readily, so compare the shapes of
peaks eluted early and late.

When you have the option, it is best to err
on the conservative side when choosing injec-
tion solvents and volumes. Otherwise, you
may develop a marginal method such as in the
cleaning validation example in which the
chromatography appears to be normal until
some unknown stress creates unexpected
problems.
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