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I remember reading a study on

I learning in rhe al l-day short-

I course format. Because teaching

liquid chromatography (LC) classes is

a significant part of my work, my

attention was captured. The writers

claimed that in a 6-8 h class, only

three points would be remembered.

One of my LC troubleshooting classes

has approximately 200 slides - what

does this say about how effective a

short course is at conveying critical

knowledge? As the saying goes, I have

tried to make lemonade out of these

lemons, and use the "only three

things" concept to help reinforce what

I think are the key points. So, this

month's "LC Troubleshooting" install-

ment will use these points to form the

core of a preventive maintenance pro-

gram for your LC system.

Degassing

Mobile phase degassing is the single

most effective way to avoid problems

with an LC system. Liquid chro-

matographs and air just weren't meant

to be together! LC pumps are very

effective at pumping liquids, but

introduce an air bubble and in the

best circumstances you will observe a

momentary reduction in the flow rate

and a drop in the system back pres-

sure. If the bubble is large enough, the

pump will not deliver any solvent, and

if the pressure drops below a preset

low-pressure limit, the pump will

stop. Some pump designs will pass

bubbles fairly well, whereas other

designs will fail to operate when a

bubble is present.

Once a bubble passes through the
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pump, it usually will stay in solution

due to the system pressure as it passes

through the column. But on arrival at

the detector, the system pressure

returns to atmospheric pressure and

the bubble might reappear in the

detector flow cell, causing spikes in

the chromatogram. This problem can

be minimized by the use of a back-

pressure restrictor on the detector out-

let to provide sufficient pressure to

keep bubbles in solution until they

exit the detector. Of course, care needs

to be taken not to exceed the pressure

limits of the flow cell, or detector

damage can occur.

Although noise spikes are the most

common symptom of bubbles going

through the flow cell, such as with W

detection, some detectors can be very

sensitive to the presence of air. For

example, dissolved oxygen has been

reported to quench the fluorescence of

some compounds when the fluores-

cence detector is used (1). In the reduc-

tive mode, the electrochemical detector

is extremely sensitive to dissolved oxy-

gen. Care must be taken to eliminate

oxygen from the mobile phase and

avoid oxygen-permeable tubing (such

as PTFE) in the flow stream.

All of these problems related to dis-

solved air in the mobile phase can be

avoided if proper care is taken to

degas the mobile phase before it is

used. For many years, the gold stan-

dard for degassing has been helium

sparging. This simply involves bub-

bling helium through a frit placed in

the mobile phase reservoir. Helium

sparging is rhe most effective way to

remove dissolved air from the mobile
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phase, removing approximately 80%

of the oxygen (2). \fith a well-distrib-

uted sparging stream, one volume of

helium will remove almost all the gas

that can be displaced from an equal

volume of mobile phase (3). This

means that I L of helium bubbled

through 1 L of mobile phase will do

the job.
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Helium is the only effective way to

remove sufficient oxygen from the

mobile phase to avoid problems spe-

cific to dissolved oxygen, such as the

fluorescence quenching or electro-

chemical detector problems men-

tioned earlier. However, if the main

objective is to remove sufficient dis-

solved air so that bubble formation is

not a problem, vacuum degassing is

also effective as a degassing technique.

Most of today's LC systems come with

an inline vacuum degasser either as a

standard feature or an optional one.

In-line degassing is simple to use,

trouble-free, and effective. I give it

credit for the huge reduction in bub-

ble-related complaints that I have

heard in the last few years.

Filter
Unless special precautions are taken,

any particulate matter that enters the

LC system will end up on the inlet frit

of the column, eventually blocking the

column, increasing the system back

pr€ssure, and distorting peaks in the

chromatogram. As a consequence, any

effort made to reduce the particulate

load of the system will pay back in

reliability. There are rhree major

sources of particulate matter in the

LC: the mobile phase, the sample, and

the wear of internal components.

If the mobile phase comprises only

high performance liquid chromatogra-

phy (HPLC)-grade solvents, there is

no need to filter the mobile phase.

This is because organic solvents, such
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tered through 0.2-pm porosity filters

during the manufacturing process.

Similarly, whether you buy HPLC-

grade water or generate it in the labo-

ratory with a purification system, the

last step is filtration through a0.2-p.m

filter. However, if there are any addi-

tives that were once solids, such as

phosphate buffer, filtration ofthe

mobile phase is a wise step to take.

Although a buffer salt might be of

high purity, it can contain particulate

matter, such as bits of plastic gener-

ated when the lid of the bottle rubs

on the edge of the bottle. In some

cases, a solid additive might not dis-

solve completely, leaving bits of debris
in the mobile phase. Any particulate

matter from the mobile phase also can

cause check valve leakage if it gets

trapped in the check valves. Filtration

of the mobile phase through a 0.5-pm

porosiry filter is an effective way to

remove any particles from the mobile

phase. 0.2-pm filters can be used, but

they are not much more effective than

0.5 pm ones for this application and

they filter much more slowly. Some

laboratories write their mobile phase

preparation standard operating proce-

dures (SOPs) so that mobile phases

prepared only from HPLC-grade liq-

uids do not need to be filtered,

whereas all other mobile phase com-

positions require filtration before use.

It also is important to use a sinker frit

at the inlet end of the tubing connect-

ing the reservoir and pump. This frit

typically is > 10 pm porosiry so it is

not a substitute for a mobile phase fil-

tration step, but it does keep dust out

ofthe system and it holds the tubing

in the bottom of the reservoir for

operational reliability.

The sample is a second source of

particulate matter in the LC system.

Some liboratories filter all their sam-

ples through a 0.5-pm filter before

loading them in the autosampler tray.

This is an effective way to remove

sample-related particles, but I have

several concerns about this procedure

that cause me to avoid sample filtra-

tion in most cases. First, it is expen-

sive - $l or more per filter - which

can add a significant amount to sam-

ple processing costs. Also, for a vali-
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dated method, you need to validate
the filtration process and use filters
for every sample, not jusr the ones
you think need filtration. You never
get l00o/o of the sample through the
filter - there are always a few micro-
liters left behind. Is there any adsorp-
tive loss on the filter or contaminants
leached from the filter? If there is loss,
is it the same ar all sample concentra-
tions? Iffiltration is to be used. all of
these issues must be addressed in the
validation process, which can add
work and expense to the validation

procedure. I have found that an
equally effective procedure for most
samples is to centrifuge the sample in
a bench-top centrifuge for a few min-
utes to settle out any particles, then
transfer the supernatanr to the
autosampler tray.

The final major source of particu-
late matter in the LC system is wear
of pump seals and injection valve
rotors. Pump seals generally will last
six months to a year in a normal labo-
ratory. I recommend replacing these
on a semiannual or annual basis as
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part of a preventive maintenance ses-
sion. The cosr is low compared with
the expense of a column blocked by
pump seal particles. Some pumps have
frits or screens in the flow parh to rrap
wear debris from the pump seals
before it works its way further down-
stream. Consult your pump operation
manual to find the recommended
cleaning or replacement intervals for
such filters. Autosampler rotor seals
also wear over time, but in my experi-
ence, it takes several years of intense
use before the rotor seals wear out. If
your system has a function that counts
injection valve cycles, you might be
able to set an alarm to notiry you
when a specific number of valve cycles
have occurred. I have heard quotes
that the injector should last for
20,000 cycles, but this is only 10,000
injections - nor much of a lifetime
for a laboratory involved in regular
sample analysis. I think they last
much longer - several years in my
experience. Of course, pump seal and
rotor seal wear will increase in the
presence of more abrasive mobile
phases. Thus, if you routinely run
ion-exchange gradients, such as 0-l
M sodium chloride, I would expect
the seals to wear more quickly than if
you use reversed-phase conditions
with 10 mM phosphate buffer.

No matter what source of particulate
matter I am trying to eliminate, I always
use an in-line 0.5-pm porosity filter
benveen the autosampler and the col-
umn on every system, even if a guard
column is in use. This inline filter will
become blocked instead of rhe 2-pm fil-
ter at the head of the column, and it
can be replaced in a few minutes with
an inexpensive replacemenr frit. Just
check the system pressure at the begin-
ning of each batch of samples. When
the pressure rises to a trigger point, such
x a 25o/o or 500-psi increase, just

replace the frit and you should be back
in service in a few minutes.

Flush
My third key practice for reliable LC
system operation is to keep it clean. If
you follow the flow path through the
system, you will notice several areas
that can benefit from regular flushing.
First, the mobile phase reservoirs

We've combined innovation,

quality and expertise into each

step of our vast array of Chiral

chromatography products.

Add value to your next step

and turn to Regis for your

analytical and preparative

Chiral separation needs.



should be washed or replaced with
each new batch of mobile phase. A
dirty reservoir can contaminare an
otherwise pure mobile phase. I don't
like to use buffers longer than about a
week and organic solvents for more
than a month. Rather than refilling a
reservoir, get in the habit of filling the
reservoir, using the solvent, then
replacing the reservoir when a new

batch of solvent is made rarher rhan
topping it off.

Next in line is the pump. I don't
like to shut off a pump for more than
a few minutes if it contains a non-
volatile buffer, such as phosphate.
\(hen mobile phase evaporates, such
as on the back side of the piston seal,
nonvolatile materials will leave a solid
deposit. This is one of the major

causes of pump seal wear. If buffered
mobile phases are left in the system
for extended periods, especially if ace-
tonitrile is used, they can form precip-
itates, which can cause seal wear and
check-valve leakage. So flush the
pump with nonbuffered mobile phase
before shutting it offfor any extended
period.

The autosampler should be cleaned
on a regular basis, too. I've never seen
an autosampler that was not subject to
leaks and drips. These can leave

deposits of buffer or sample, conrami-
nating the system. The wash solvenr
in the autosampler should be treated
in the same manner as the mobile
phase in terms of expiration dates and
regular washing or replacement of the
wash reservoir.

Contaminants build up on the col-
umn over time, often being eluted as
additional background noise in future
chromatograms. This problem can be
minimized by flushing the column

with the strong solvent of the mobile
phase (for example, merhanol or ace-
tonitrile) at the end of each batch of
samples or whenever the column is
removed from the system.

In my experience. i t  is easier to
damage the detector than to improve
it with routine cleaning efforts. For
this reason, I rely on the column and
syst€m flushing procedures to remove
contaminants from the detector flow
cell. Only if there is some compelling
reason do I rake specific acrion ro
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operate in the liquid state, such as UV
or fluorescence detectors. Evaporative

detectors, such as evaporarive lighr
scattering detectors or mass spectrom-
eters are a different story. These detec-
tors eventually build up a film of non-
volatile contaminants and require

cleaning on a regular basis.

Summary
So there it is - degas, filter, and
flush. Now you've received all the
knowledge that you would have
acquired in a one-day short course on
preventive maintenance. Of course, it
isn't quite that simple, but these three
practic€s will go a long way toward
more reliable LC system operarion.
Good luck!
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For an ongoing discussion of LC trouble-
shooting with lohn Dolan and other chro-
matographers, visit the Chromatography
Forum discussion group at http:llwww.
chromforum.com.


