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For some analysts, sam-
ple injectors for liquid
chromatography  (LC)
can provide years of prob-
lem-free service. but for
others. these simple me-
chanical devices are
very failure-prone. This
month’s “LC Troubleshooting™ gives you a
basic understanding of valve design and
some guidelines for proper use and preven-
tive maintenance.

INJECTOR DESIGN

All sample-injection valves in use today are
based on the six-port valve such as that
shown in Figure 1. The valve consists of a
fixed body and a rotating seal (or rotor). In
addition, several perts arranged around the
valve connect the valve to the rest of the LC
system. The sample loop couples two of
these ports. The sample is introduced through
the injection port, and excess sample is di-
rected to waste through the waste pori; the re-
maining ports connect the valve to the pump
and column. Some valve models have a dif-
ferent number of ports (for example, Rheo-
dyne [Cotati, California] often has seven
ports) or internal bypass channels (for exam-
ple, Waters U6K [Waters Chromatography
Division of Millipore. Milford. Massachu-
setts]), and different brands look slightly dif-
ferent, but they all operate on the same
principles.

Before a sample is injected, the valve ro-
tor is moved to the load position (Figure 1a)
s0 that the sample loop connects the injection
and waste ports. Generally, a syringe is used
to dispense sample into the loop. After the
loop is filled, the valve is rotated to the inject
position (Figure 1b) and the sample is
washed onto the column. This cycle is re-
peated for each new injection.

INJECTION TECHNIQUES

Two common technigues are used to dis-
pense the proper amount of sample into the
sample loop: filled-loop and partial-loop in-
jection. These techniques have recently been
discussed in some detail (1-3), so only a
brief description will be given here.

With the filled-loop technique (illustrated
in Figure 2). the entire loop is filled with sam-
ple so that the loop volume dictates the injec-
tion volume. To change the injection size.
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FIGURE 2: Filled-loop injection. Valve in (a) load position and (b) inject position. Re-

printed from reference 6 with permission.

the loop is changed. Typical volumes for con-
ventional injection loops range from 5 plL to
2 mL; special products are available to ex-
tend this range. When the filled-loop tech-
nique is used, the key to achieving reproduc-
ible injections is to overfill the loop by at
least three loop volumes. That is, if you use
a 10-pL loop. dispense at least 30 pL of sam-
ple into the loop. This procedure ensures that
all of the previous loop contents are removed
and that the loop contains only fresh sample.
See references 1 and 4 for further discussion
of this technigue.

In the partial-loop technigue, illustrated in
Figure 3, only part of the sample loop is
filled with sample. For example, 10 pL of
sample might be placed in a 25-pl. sample
loop for injection: the remainder of the loop
is filled with the previous loop contents (typi-
cally, mobile phase or wash solvent). This
technique gives the user the flexibility to in-
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ject any sample volume desired, but the repro-
ducibility of injections depends on the user’s
ability to reproducibly dispense a specific al-
iquot from a syringe. With the partial-loop
technique, one is limited to loop volumes of
<250% of the nominal loop volume (for exam-
ple, <25 pL ina50-pLloop). When =50% of
the loop volume is used, laminar flow char-
acteristics cause the center of the sample
stream to flow out the waste end of the loop
before all the previous contents have been
washed out (1,4). Under these conditions it is
hard to predict exactly how much sample is
in the loop. One way around this problem is
to inject a tiny bubble just ahead of the sam-
ple in order to isolate the sample from the pre-
vious loop contents (5), allowing >50% of the
loop volume to be used.

When manual injections are made, gener-
ally it is preferable to use the filled-loop in-
jection technique because it easily provides re-
producible results. Partial-loop injections are
more often used for exploratory runs in
which the best sample size is not yet known,
or for autoinjectors, which rely on very pre-
cise automated syringe-filling techniques.

INJECTORS FOR AUTOSAMPLERS
Most autosamplers use mechanically driven
versions of manual-injection valves. Valve ro-
tation is controlled by pneumatic or electric
valve actuators. Although many autosam-
plers use a mechanized syringe to place the
sample in the loop, they are designed so that
the sample never contacts the syringe in or-
der to simplify syringe washing. One com-
mon design uses the syringe to draw the sam-
ple into the loop. A needle is connected to
the valve at the waste port (Figure 1). In or-
der to fill the loop, the needle is lowered into
a sample vial, and the syringe draws sample
into the loop. In an alternate design, the sy-
ringe draws sample from the vial into a hold-
ing coil, then dispenses it into the loop in the
same manner as for manual injections.

ENHANCING INJECTION

For a maximum column plate number and
minimum loss of resolution, the injected sam-
ple volume should be <20-30% of the
volume of the first peak of interest (1). For
practical purposes, this means injecting the
smallest convenient sample volume. For ex-
ample, if a 10,000-plate, 15-cm column is
used with a sample that elutes at k" = 1 (re-
tention = 2.5 min}, the bandwidth is =0.1
mL. In this case, 20-30 pL of sample would
be the upper limit for maximum system
performance.

Another technique that effectively mini-
mizes sample volume is using an injection sol-
vent that is weaker than the mobile phase.
When the injection solvent is less than ~50%
of the mobile phase strength (for example,
30% methanol/water with a 60% methanol/
water mobile phase), the band gets com-
pressed at the head of the column. This re-
duces band broadening — much as a small in-
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FIGURE 3: Partial-loop injection. Valve in (a) load position and (b) inject position. Re-

printed from reference 6 with permission.
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TABLE I: VALVE-BLOCKAGE ISOLATION
TR A
Position Loosen Port*
Condition Inject Load 2 3 6 Blockage Location
Pressure +** - 0 -+ —-¥ Port 6
high + - 0 - + Port 3 or loop
- + 0 0 0 Misaligned rotor
+ + 0 -1 -+ Port 5
+ + 0 +1 +F Port 4
Hard to fill + + +% 0 +1 Port 1 or syringe
loop§ + + +1i 0 - Port 2
+ + - 0 0 Waste line
- + 0 0 + Port 6
- + 0 + - Loop

* based on Figure 1; other valve configurations may require some adjustment to

table

** (+) condition true in this position; (—) condition absent in this position; (0) not

applicable
+ test in inject position
i test in load position

& hard to push sample through loop in foad position or to waste in inject position
Reprinted from reference 7 with permission.

jection would — yet allows larger injections
than do the guidelines given above.

When partial-loop injections are made, it
is important that the valve is plumbed as il-
lustrated in Figures 1-3 so that the sample
reaches the column before the previous loop
contents. This prevents dilution of the sam-
ple, which would cause band broadening at
the head of the column.

PREVENTING VALVE PROBLEMS

Most injection-valve problems are prevent-
able, as is demonstrated by analysts who get
years of trouble-free use from an injector.
The primary cause of problems is dirt. Par-
ticulate matter entering the valve can lodge in
the moving parts, causing scratches and leak-
age, or can block the connecting tubing or
sample loop. The simplest preventive mea-
sure for valve contamination is to keep par-
ticulate matter from entering the valve in the
first place. Some LC systems require that a
5-wm in-line filter be placed between the
pump and the valve; the filter prevents
contaminants originating in the pump or a

saturator column from reaching the valve.
Filtration of all samples will keep sample con-
taminants from getting to the valve, but this
remedy is both inconvenient and expensive.
Instead, filter any samples that have vis-
ible particulate matter or are cloudy or
opalescent.

If you encounter valve blockage, you can
use the troubleshooting chart in Table I to
help determine where the blockage is lo-
cated. For example, if you observe that the
pressure is high in both the load and inject po-
sitions, try loosening the loop at ports 3 and
6 (Figure 1). If the pressure drops when
either port is loosened, the problem is in port
5 or in the line leading from it. If the pressure
stays high, however, port 4 or the line from
the pump is blocked. Once the blockage is
found, first try to backflush the blocked pas-
sage. If this is unsuccessful, replace blocked
tubing. You can often clear a blocked valve
port by disassembling the valve and soni-
cating the problem part in soapy water. Rinse
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the valve with clear water and try blowing the
passage clear with compressed air. It is not
wise to use a syringe-cleaning wire or other
mechanical probe to try to clear a blocked
valve because the probe can cause permanent
damage. It is better to return a blocked valve
to the manufacturer for reconditioning (this
will cost much less than a new valve).

A second cause of valve problems is wear
of the rotor seal. Although all seals wear out
eventually, the wear can be greatly reduced
by a few simple preventive maintenance tech-
niques. First, prevent abrasive particulates
from entering the system, as discussed
above. Second. avoid letting buffered or cor-
rosive mobile phases stand in the valve for ex-
tended periods. Instead, flush the valve (and
the entire system) with unbuffered mobile
phase at the end of each day’s use. Third,
you can adjust the pressure limit on some
valves to reduce the wear rate. Most valves
are designed to work at pressures as high as
6000 psi, but in practice most workers oper-
ate their systems at <-2500-3000 psi. If the ro-
tor pressure is reduced so that the pressure
limit is 3500 instead of 6000 psi, the valve
will work perfectly well. yet the rotor wear
rate will be reduced.

Finally, some valve problems result from
incompatibility of the sample or mobile
phase with the valve materials. Most com-
monly. injection valves are constructed of
stainless steel with a polymeric rotor. Valves
are available made of ceramic, special alloys,
and plastics. If you suspect that chemical in-

teractions are causing problems with your LC
system or assay, consult the valve manufac-
turer for specialty valves.

ISOLATING PRECISION PROBLEMS
Precision or reproducibility problems show
up as irreproducible peak heights (or areas) in
the chromatogram. Before you can correct
the problem. you must isolate its source.
Often the injection valve is suspect, although
the chances are good that the problem is else-
where. If you suspect that the valve is the
problem, it is best to test the valve in the
most reliable injection mode — filled loop —
with a small sample that you know is stable
(for example, a toluene sample with a metha-
nol/water mobile phase for reversed-phase
L.C). Use a 10- or 20-p.L loop and overfill it
by loading at least 60 pL of sample. Leave
the syringe in the loop while rotating the loop
to the inject position, and leave the loop in
the inject position until the sample elutes. If
the reproducibility problem remains after sev-
eral such injections of sample from the same
vial, you have determined that the injection
technique and sample are not at fault. (If the
problem disappears. check for sample stabil-
ity problems.) If the problem persists, and
you still suspect the injector, it is helpful to
substitute a known good injector in order to
confirm your suspicions. More likely causes,
however, are system problems such as mo-
bile phase, column, or hardware malfunc-
tion. A detailed discussion of the isolation of
problems can be found in reference 1.

SUMMARY

L.C sample-injection valves are simple me-
chanical devices that should perform reliably
for a long time if they are cared for properly.
The best preventive maintenance techniques
are to keep contaminants from reaching the
valve (by using the proper mobile phase and
by sample filtration) and to flush the entire
LC system at the end of each day’s work in
order to remove buffers. The use of proper in-
jection techniques will assure reproducible
performance from sample to sample and day
to day.
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