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UV detection is the most common detection principle for HPLC,
and as such users pay little attention to its physical and technical
background. This article presents the contemporary features of a

years. Recommendations concerning some téél'llln'i'c;l-getails that
may be relevant to detector purcliase aré also given.

UV detection is the most usual and-widespread detgetion
principle in high performance liquidichromitography;:(HPLC).
The instrument is simple and is available from numerous
manufacturers; many (or even most) analytes suitable for
HPLC absorb in the UV, whereas many solvents, including the
ones useful for reversed-phase separations, are transparent in
the UV. If necessary, the wavelength range can be casily
expanded to the region of visible light (vis) for the detection of
coloured analytes.

UV /vis detection is more rugged than many other detection
systems. This is why it is so popular and the technique has
come a long way since the days when chemists had to build
their own instruments, which was common practice in 1958.1
All textbooks on HPLC include a section about the various
detection principles, including UV /vis instruments, but they
often do not cover areas such as stray light or the properties of
the various light sources. One book that does is Analytical
Instrumentation by Currell, which discusses many aspects of
theory, physical background and practical realization.2

This article describes the UV detector from an engineer’s
perspective, including tips on proper care and maintenance,
and some points to consider when buying a new instrument.

Figure 1: The principle of photometry or UV/vis detection.

lo: incident light intensity, I: emergent light intensity.
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The Basics

Lambert-Beer’s law: UV /vis spectrometry is based on the
comparison of incident light intensity (I) and emergent
intensity (I) after passing through the solution of interest
(Figure 1). The ratio 1/1, is the so-called transmittance (T). A
logarithmic transformation is needed to obtain the absorbance
(A=logl/T =
¢, the concentration of the absorbing analyte in the solution_,_i_f'
the path length d of the measuring cell is held constang

proportional to d, and Beer s law says that log IO/‘ i
proportional to ¢. In combination we obtain:

A=ecd

with € is molar absorptivity (L/mol cm) if ¢ is in mok
din cm. Thc ,highcr is A, the less light is passing throtigh the
sif; only 1% o:f.IO is detected

log I/T) because A is directly proportional to

K fp:hotodlodc corresponds to 0.101 T which results in
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UV/vis detection is more rugged than many
other detection systems. This is why it is so
popular and the technique has come a long
way since the days when chemists had to
build their own instruments.

Shay llght Stray llght is (a) light of incorrect (unwantcd)

;sqtc_fncnt because it decreases the apparent concentration
hc: sa‘mple cell: If; for cxample the stray light is 0.1% of I

A =10.9957 and ¢ =99.6% of thc true value. Slmllarly, if the

rclatlvc standard dcv1at10n of a conccntratlon dctcrmlnatlon
s./¢, as follows:3

S 0.434-s1

C
— = 2
C T'|OgT [ ]

Irrespective of the value of st, the minimum of this function
is at 0.36 T, which is equivalent to 0.44 A (Figure 2). In
photometry, this is the absorbance that should be preferred. It
can often be matched by appropriate sample preparation. The
value s_/c is low between 0.2 and 1 A. In HPLC the situation
is more complicated because a peak stretches a certain range of
absorbance, namely from a theoretical A = 0 on the baseline up
to its maximum. But it is no question that a moderate range of
absorbance, for example from 0 to 1, would be best.
Bandwidth: Lambert—Beer’s law is only valid for
monochromatic light because the molar absorptivity € depends
on the wavelength (remember the shape of a typical UV
spectrum). If two wavelengths, N} and \,, are involved, then
also two absorptivities, €; and €, need to be considered as well
as the respective light intensities, I} o and I, . This leads to:*

Aobserved = IOg (|1,0 + IZ,O) - |Og <|1,O'107€1dc + |2,0'107€2dc) [3]

(simplifying to Equation 1 if €; = €,). Thus, polychromatic
light decreases the linearity of quantitative analysis and should
be avoided. Obviously the effect is less pronounced if €; and €,
are similar. For HPLC detection a compromise is used and
bandwidths are typically 10 nm because too small a bandwidth
results in low light intensity 1.
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The gcncral d651gn of a UV dctcctor is shown in 51mp11ﬁcd
form in Figure 3. The parts of most interest are the lamp, the
monochromator, the cell, the light-detecting element and the
electronics behind it.

Lamps: Instruments with fixed-wavelength lamps have almost
completely disappeared from the market. Most were equipped
with a mercury vapour lamp emitting at 254 nm (probably also
at some other wavelengths, depending on the design of the
lamp). Zinc (214 nm) and cadmium lamps (229 nm) added
favourable extension to the wavelength range as did the
phosphor screens used in some instruments. Nevertheless, the
choice of wavelengths was very restricted even considering the
fact that the UV spectra of most analytes in solution show
broad maxima instead of sharp peaks.

Deuterium lamps have a continuous spectrum from less than
190 nm up to approximately 360 nm.5 Their radiation even
stretches up to 600 nm but the energy is low and
discontinuous in the visible range (Figure 4). There are some
instruments on the market that also use the deuterium lamp for
detection in the visible light but this approach cannot be
recommended for high demands. A deuterium lamp has a
lifetime of 2000 to 5000 hours and a price of e 500 to 800.

The completion in the vis range, if needed, is made by
tungsten-halogen lamps. They emit continuously from around
340 nm up to the near infrared region (around 2000 nm). The
lower limit comes from the UV blocking filter usually built in
to such lamps because they are also used in home lighting.
Tungsten-halogen lamps have a lifetime of 800 to 2000 hours
and a price of e 20 to 80.

Monochromators: The common monochromator of earlier days
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was the prism. It is rather cheap, it covers the whole
wavelength range from UV to near IR and is not a source of
stray light. Its main drawback is the non-linear dispersion
resulting in much poorer wavelength resolution in the visible
than in the low UV visible range.6 Therefore, the mechanical
construction of a photometer was complicated. Moreover, the
dispersion depends on temperature.

Prisms have been replaced by gratings. Today it is possible to
manufacture high-quality gratings at a moderate price. Their
dispersion is linear and independent of temperature, and
wavelength resolution is higher than with prisms. Their main
disadvantage is the fact that not only the desired wavelength )\
is reflected in a well-defined direction (where it is allowed to i
pass through a slit) but also the higher orders /2, \/3: cand s__
on, (i.e., stray light). This is not a problem with deuterl.um ;
lamps bccausc the higher order wavelengths are absorh 1]
oxygen and all quartz parts in the instruments. Iffa (:xampi_t’
a deuterium lamp is used at 340 nm, \/2 is 170 fim; ¢
below the range that can be used for detection. The'situities
different in the visible region. If a tungsten-halogen im
used it does not emlt below 340 nm, as described abovn

Figure 2: The relative standard deviation (RSD) of
concentration determination as a function of absorbance.

The y axis scale depends on the standard deviation of the
transmittance measurement s; but the shape of the curve does
0.002 (0.2 %).
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Figure 3: Contemporary design of a UV detector (simplified).
If a vis lamp is also built in, a selector mirror is necessary.
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that the higher orders are as weak as possible. In these
instances, the 300 nm emission must be removed by
appropriate filters. Another drawback of a prism is that it
reflects high energy light only within a limited range of
wavelengths from 2/3 to 7 /4 of the blazing wavelength (e.g.,
200 nm to 525 nm if constructed for 300 nm)”

Detector cell: The cell should be as long as possible because the
absorbance is proportional to the optical path length. (An
exception are cells for preparative chromatography with short
length.) But its volume should be small, preferably one half of
the maximum allowed injection volume, which itself depends
on the elution volume of the peak of interest and the permitted

_degree of band broadening.8 In practice, the cell construction
“tepresents a compromise with typical dimensions of 10 mm
. lengt’n and 8 pL volume in a Z-shape dcmgn although 8 nL

00 large for an early eluted peak.?

[Bcald El.‘.é.qmrements are poor carryover (or good flow
ifgcteristics), no bubble trapping effect (therefore the eluate
st flow from bottom to top), a pressure resistance of at least
ibar, and low refractive index dependency. The latter is more

fessitulfilled if the cell is not a straight cylinder but is

':‘ whigred” (Figure 5).10 In a straight cell some light may get

lost B'ccause of the refraction of light rays towards the cell walls;

seen as drift. Dcspltc a tapercd design, thc rcfractlvc index
d_ependency of the. detecto{ 1ncre_ase,s withi 1nc_reas1ng cell

Light-detecting element Photocclls and photomultlphers were
rather large component parts, namely vacuum tubes under high
voltage. They are replaced now by photodiodes (semi-
conductors with light-depending resistance) because they are
small and cheap. Their other favourable properties are high
quantum vyield, fast response, good linearity, low noise and
drift, a well-matching wavelength range from about 190 nm to
1100 nm and mechanical robustness. Two photodiodes are
necessary, one for the light coming from the cell and the other
responding to a small fraction of the lamp light, thus
compensating for possible fluctuations of its radiation

(Figure 3). A diode array detector has a multitude of
photodiodes (up to 1000), all of them positioned side by side
on a single chip.

Logarithmic conversion: Because of Lambert—Beer’s law, the
linear signal from the comparison of the photodiodes must be
transformed into a logarithmic one. This is done the same way
as in a pocket calculator, (i.c., by binary calculation in a
microprocessor). Decades ago, the transformation was
performed with electronic logarithmic operational amplifiers.!1
They were prone to ageing and low stability, therefore it was
necessary to calibrate them from time to time. The usable span
of such amplifiers is limited to two decades, resulting in the fact
that the absorbance range above 2 A was problematic. In
addition, their accuracy was poor.

Over all, today’s UV detectors are simpler and more rugged
than their ancestors. The noise of the photometric system
could be decreased by two orders of magnitude (typical values
are 2 X 10~ and 3 X 1076 absorption units, respectively).
The old instruments were equipped with a reference cell which
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was perhaps even filled with mobile phase. A design from the
carly 1970s is shown in Figure 6.

The Usable Wavelength Range
The lower wavelength range of a UV detector is limited by the
UV cut-off of the mobile phase, usually defined as the
wavelength where the absorbance is 1.0 in a cell of 10 mm
length, with air as the reference. A cut-off below 190 nm is
only possible with water or acetonitrile of highest purity. It is
difficult to work below 200 nm and ghost peaks may appear in
the chromatogram because the eluate has a certain absorbance
even under the best possible circumstances. The oxygen
present in air also absorbs below 197 nm (or 195 nm
depending on the tolerated absorbance). A possible loophole
involves flushing the detector with nitrogen. The ultimdte link
is given by the absorbance of the quartz lens and windows
again depending on quartz quality and tolerated"a.:’ﬂs_qr_b_gggg
coming into play at 180 nm or so. B
The reasons for the upper wavelength limits have bec'
mentioned above. The upper UV range is set by the é&ne
the deuterium lamp which drops markedly at 360 nm.

after the 1ntcrval recommended by the manufacturcr in many
instruments, the lamp hours are counted and a replacement
demand appears on the display when the time has come. If
detection is performed in the low UV region an earlier lamp
replacement may be necessary. The replacement is usually easy
and no adjustment is needed; however, it is good advice to
check this before buying an instrument.

Cell windows can become dirty, especially when analytes with
poor solubility in the mobile phase are injected at high
concentration. Even under normal working conditions their
transparency will decrease with time. Cleaning should be done
by pumping through pure solvents (water and/or organic
solvents depending on the suspected kind of contamination)
after the column has been removed. Rinsing with
semi-concentrated nitric acid is a last resort.12.13 Tt can be very
effective but afterwards plenty of water (or hours of pumping)
is needed to remove the last traces of this UV-absorbing
compound.

Irrespective of any contamination problems, it is
recommended to remove the cell windows every two years or
so in order to clean or to replace them. Again, it is best to look
for an instrument with easy handling and no need for cell
adjustment when it is built in again.

It should be well-known that buffer solutions must not
remain in the HPLC system, including the detector, when the
instrument is not in use. Otherwise the salts could crystallize,
leading to clogging, high pressure and destruction of the cell.

A detector test should be performed at regular intervals.14

Frequently Asked Questions
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Lendi and Meyer

Figure 4: Spectra of deuterium and tungsten—halogen lamps
(simplified). The relative position of the spectrum lines

depends on the lamp power (wattage), (i.e., the form of the
spectra is more important than its position in relation to the y
axis). Note that the y axis has a logarithmic scale.
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dcutcrlum lamp in the visible reglon and thc posmble stray light
problem. Therefore it is necessary to buy a detector with both
a deuterium and a tungsten—halogen lamp.

Detection in the low UV (< 220 nm): You need an excellent
detector, high-quality solvents and reagents and the best
possible working techniques and cleanliness. Note also the
remarks given above under “usable wavelength range.”

Trace analysis: Only the best instrument is good enough. What
is needed is electronics with low noise, a data processing unit
with modern algorithms that can suppress noise without
eliminating the peaks, and a small-volume cell with as high a
length as possible. Note that such a cell may be the cause of a
distinct baseline drift in gradient elution. If the sample amount
is limited, it is necessary to work with capillary HPLC and the
appropriate micro detectors, maybe even with on-column
detection.15

No trace analysis: Look for a simple but easy-to-handle
detector. Lamp and cell exchange should be possible without
higher-than-average manual skills and special instruments.
Capillary HPLC: Depending on the capillary diameter, it may be
possible to use a common detector, equipped with a low-
volume flow-cell. The considerations of Martin et al.8 allow the
maximum permitted cell volume to be calculated. In most
instances it will become obvious that a special detector
constructed for capillary chromatography is necessary,
furnished with a carefully designed capillary flow cell. The
smallest volume available is approximately 3 nL.

Occasional UV spectra: A diode-array detector is not needed but
many UV /vis detectors offer the possibility to register spectra
without a need to stop the flow. Note that the bandwidth of a



Lendi and Meyer

detector is larger than the one of a spectrophotometer, so the
spectral resolution is poorer (in many instances this is a minor
drawback because the spectra of analytes in solution are broad).
In addition, a peak cannot be used for quantitative analysis
when its spectrum is registered.

Gradient separations: A flow-cell with low refractive index
dependency is needed. This is easier to realize the shorter the
cell is, which means that it is less suited for trace analysis. It
must be of tapered shape.

Only isocratic separations: Even in this instance it is
advantageous to use a cell with low refractive index dependency
in order to keep the possible “injection peaks” small (signals at
to which do not represent an analyte). g
Indirect UV detectlon When workmg in this mode, the moblle

must be able to handle positive and negative signiak
system with high energy and a large dynamic meafsul_'ci:h
range are necessary. :

chromitography itye d pressure Lijsit o£:300 b__i' or Mot buit

Figure 5: (a) Straight detector cell with the risk of light
intensity loss. (b) Tapered cell, guiding most of the incident
light to the photodiode.

(a)

\ J

they are expensive because their design and manufacture is
much more demanding.

No money: There are many detectors on the market with
similar specifications and price. Therefore, it is more important
to check the prices of the accessories and the consumables.
Your own work is perhaps cheaper than the one of a service
engineer, therefore it is best to buy an instrument which allows
an easy exchange of the lamp, cell and/or cell windows. If a
detector is to be purchased that must fit into existing
instrumentation, its compatibility (mainly of the signal ports) is
of utmost importance.

Old detector, is there a need for a new one? It is possible that

_ the technical support for an old instrument is no longer
“&iraranteed and that the consumables are out of stock. The

o"pt.ié'al. system of the dctcctor can be contaminatcd resulting in
_nt has a real added Value thanks to 1ts improved
ifizations.

orking:under EN 17025 or GLP: It is up to the instrument
nufacturers to guarantee the performance and reliability of a
dﬁxécfor (and of all other parts of the HPLC system including
_@ata processing). You as a user need to act your part in
undéstanding both the analytical method and the instrument,
there.by ensumng proy i

Evcry part of the instrument has better pcrformancc smaller
size (e.g., the monochromator) and/or higher reliability. This
results in less noise (thanks to better lamps, improved flow-cell
design, better photodiodes), thus lower detection limits; better
linearity (thanks to improved cell design and less stray light);
and higher accuracy (thanks to the digital lin-log signal
conversion and generally better electronics).
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Figure 6: Design of a Chromatronix detector with mercury
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Berkeley, USA (without date).
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