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Ultraviolet (UV) detectors
are the most common

liquid chromatography (LC)
detector, and perhaps the
most reliable ones. But they
are not without problems.

John W. Dolan
LC Troubleshooting Editor

LC TROUBLESHOOTING

www.chromatographyonline.com

¢

UV Detector Problems

recently received an e-mail ques-

tion from a reader complaining of

a leaking detector cell in the ultra-
violet (UV) detector attached to his
liquid chromatography (LC) system.
This seems like a good opportunity to
address that specific question, other
UV detector problems, and some of
the more recent advances in detector
design. Although the present discus-
sion centers on UV detectors, many
aspects will apply to other optical
detectors, such as fluorescence or
refractive index detectors.

Detector Design

First, let’s take a look at how the typi-
cal detector cell is constructed and
we’ll be able to see where leakage can
occur. After we have that informa-
tion, correcting the problem should be
straightforward.

For UV detectors designed to oper-
ate with conventional LC systems
with upper pressure limits of 6000 psi
(400 bar), the construction shown in
Figure 1 is common. The cell itself is
made by drilling a 1-mm hole through
a 10-mm-long block of stainless steel.
To contain the liquid, a quartz win-
dow is attached to each end of the cell
and a seal is formed with a polymeric
gasket. The mobile phase needs to
pass through the cell, so a provision is
made for this by drilling small-diam-
eter (for example, <0.125 mm i.d.)
holes to connect the outside world
with the cell cavity. Most commonly,
the entrance and exit holes are on
opposite sides and opposite ends of the
cell so that the flow path is Z-shaped.
This allows efficient washout and
clearance of bubbles, should they enter
the cell. UV light then passes through

the cell from one end to the other.
When sample peaks pass through the
cell, some of the UV light is absorbed,
and a photodiode measures this absor-
bance by the change in the intensity
of light passing through the cell.

The amount of light passing /
through the mobile phase at steady 4
state (no sample present) is affected
by the refractive index of the mobile
phase. Any change in refractive &
index will result in more or less k
light making it through the cell, 3
and the baseline will drift or exhibit //
other disturbances. To help mitigate ©
temperature-related refractive-index .
disturbances, a heat exchanger is usu=
ally fitted to the inlet of the cell. Mos
commonly this is a stainless steel cap-
illary wrapped around the body of the
cell and covered with a heat-conduct=
ing material so that the fluid entering
the light path is thermally stabilized;
and temperature-induced background
disturbances are minimized.

Another potential problem is the
presence of air bubbles in the flow &
cell. Even though the mobile phase
is usually degassed before use, when «
the mobile phase leaves the column, »
it moves from a high-pressure region:
to a near-atmospheric pressure region.
When this happens, any residual
air present tends to outgas from the ¢
mobile phase and form physical bub-
bles. When air bubbles enter the flow
cell, they disrupt the light path and
result in a noise spike or false peak in
the chromatogram. Usually, bubbles ¢
continue through the flow cell and ¢
clear by themselves, but tiny micro- ¢
bubbles sometimes become lodged im
the corners of the cell that are less we
swept. These bubbles can “bounce” /it
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Figure 1: Schematic of a conventional UV detector cell. See text for details.
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Figure 2: Schematic of a total internal reflectance (or light-pipe) UV detector cell, as
used in UHPLC applications. See text for details.

the flow stream and cause additional
baseline problems. To help avoid bub-
ble problems in the cell, pressure can
be applied to the cell outlet so that
the internal pressure in the cell is suf-
ficient to keep the bubbles in solution.
Restricting the flow at the outlet of
the flow cell can be somewhat delicate
— we want to have enough pressure
to keep any bubbles in solution until
they leave the cell, but we don’t want
so much pressure that the cell leaks.
The most common practice to provide
back pressure on the cell is to use a
piece of capillary tubing as the waste
line. A narrow capillary will restrict
the mobile-phase flow and create
pressure upstream. The pressure thus
created is dependent on the mobile-
phase viscosity, temperature, and flow
rate. Because pressure will increase
with flow rate, there is a risk that

increased pump flow, such as might
be used to flush a column, will create
sufficient pressure to exceed the flow-
cell pressure limits (cell pressure limits
should be listed in the “specifications”
section of the detector manual, but
typically are in the 150-psi or 10-bar
region). A better solution to provide
back pressure on the cell is to use a
back-pressure restrictor that generates
a constant pressure. These restrictors
are constructed like a spring-loaded
check valve that opens when the pres-
sure exceeds a set value less than the
detector cell maximum. Back-pressure
restrictors can be purchased from
most suppliers of LC tubing and
fittings.

Correcting Problems
Now that we know how the UV detec-
tor cell is constructed, let’s look at
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why problems with cell leakage occur,
where they can occur, and how to cor-
rect them. The simplest case of leak-
age is a problem with the tube fitting
connecting the column to the detector
or detector to waste. The location of
leaks at the fittings should be obvious,
with fluid dripping from the fitting,
although leaks elsewhere in the detec-
tor can drain to the fitting before
dripping off. Because replacement of
the tubing attached to the detector
may be difficult or impossible, be very
careful when correcting suspected fit-
tings leaks. Support the fitting so that
the tubing isn’t bent during tighten-
ing. Simply tighten the connecting
fitting with a wrench or with your fin-
gers, as appropriate. If the leak is nog
stopped with one-half turn tightening
of the fitting, there may be additional
problems, so don’t continue tightening
or you may cause permanent damage.
At this point loosen the fitting, rinse
it with clean solvent, and try again, ”
or simply replace the fitting with a
new one. If the connections are made
with finger-tightened fittings, I sug-
gest that you set the flow rate to zero,
loosen the nut, push the tubing firmly
into the connection, and re-tighten it.
If you try to tighten finger-tightened
fittings with the flow on, the tubing
can slip in the fitting, creating a small
gap that can cause unwanted peak
broadening.

If attempts to correct leaks by tight-
ening the connecting fittings are not
successful, it is likely that the gasket
forming a seal between the quartz
window and the cell body is leaking.
Sometimes gasket leaks will occur if

the cell is accidently over-pressured,
then will correct themselves when
the system returns to acceptable pres
sures. More commonly, however, once |
the gasket leaks, it continues to leak. |
Replacement of the cell gaskets may ,
or may not be a user-serviceable opera-
tion. Consult the detector operator’s
manual to see if this is possible. If the
cell is user-serviceable, you should be
able to buy a repair kit from the detec-|
tor manufacturer. Instructions on seal |
replacement should be included with
the repair kit or listed in the opera-

i

tor’s manual. I recommend replacing
both the gaskets and the quartz win-
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at any given time. Reducing the diam-
eter from 1 mm to 0.5 or 0.25 mm
i.d. would reduce the volume from

8 uL to 2 pL or 0.5 pL, respectively.
At first glance this seems like a good
idea, but there are other problems that
are encountered. Any light that enters
the flow cell that is not parallel to the
cell walls will strike the walls of the
cell and tend to be scattered, chang-
ing the amount of light that makes it
through the cell to the light-sensing
photodiode. This can happen if the
light is not perfectly collimated or

if the refractive index of the mobile
phase changes, such as during a gradi-
ent or because of temperature or pres-
sure changes. With flow cell diameters
of <1 mm, it is difficult to avoid
unwanted light scattering within the
cell. The net effect is that narrowing
a conventional flow cell will not give
adequate detector performance.

The innovation that allows UV
detection to work with UHPLC is the
total internal reflectance, or light-
pipe, design shown in Figure 2. In
this design, the inside of the flow cell
is coated with a reflective material,
such as Teflon TF, that efficiently
reflects any light rays that contace it.
An alternative design uses an uncoated
fused-silica capillary, which reflects
light from the external surface of the
capillary. In either case, the result is
that rather than scattering the light, as
with a conventional stainless-steel sur-
face, the light bounces off the reflec-
tive surface as it goes through the cell
and all the light makes it to the other
end where it can be measured with the
photodiode. Now the cell diameter is
no longer a limitation in design, so a
0.25-mm i.d. cell is practical. Thus,
commercial instruments now offer
flow cells of <0.5 pL in volume that
will work with UHPLC. Because all
the incident light makes it through
the flow cell, the refractive index—
related problems of conventional cells
are mitigated. A reduced sensitivity
to temperature effects means that the
UHPLC flow cell can have a smaller
heat exchanger (or none at all), elimi-
nating another potential source of
band broadening.

The only complaint I've heard
about the light-pipe detector cell

design is that the internal coating is
somewhat fragile. I've heard reports of
damage to the coating when the cell
was allowed to dry out and heat up
with exposure to the UV lamp. Then
when the flow is turned back on, the
coating can be washed off, blocking
or otherwise ruining the flow cell.
Some instruments protect against

this by automatically putting a shut-
ter between the lamp and the cell
when a run is not underway. If your
system uses an internally coated cell
and is not protected in this manner,
when you turn off the instrument you
should make sure the detector lamp
also is turned off.

Conclusions

We've looked at the design of the UV
detector cell for both conventional
and UHPLC applications. With care,
both designs can be operated with
few problems. With conventional LC
systems, the advances in column tech-
nology, such as the increasing depen-
dence on 3-um 4 particles and now
the growing popularity of core—shell
particles, mean that the conventional
1 mm i.d. X 10 mm, 8-pL flow cell
is marginal, at best, in terms of extra-
column band broadening effects. For
this reason, I predict that the next
generation of conventional LC systems
designed to operate up to 6000 psi
(400 bar) will incorporate light-pipe
flow cell designs.
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