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In a marketplace dominated by hyper-
hyphenated integrated instrument
systems, the one-application instru-

ment still occupies its niche on the lab
bench. Descendants of the trusty pH meter
and the colorimeter, these instruments
perform their one analysis day in and day
out, requiring only a small fraction of the
capital outlay and maintenance time of,
say, an NMR unit or a spectrometer. If
one measurement is all you need, the one-
application instrument is the way to go.

A Warm Glow
High-throughput screening applications
are a natural for the one-app instru-
ments. Some degree of sophistication can
be achieved by using fluorescent tags in
various colors, or by measuring the extent
of the reaction using a scalable parame-
ter, but the question tends to be simple:
Did the reaction go or didn’t it?

The most fundamental thing you can
say about most chemical reactions is
that they either consume or release heat.
Thus, thermal detectors can spot a reac-
tion in a 96-well plate without using
tags or other indicators that could inter-
fere with the reaction of interest. Ther-
mogenic Imaging, Inc. (Billerica, MA)
has adapted gallium arsenide quantum
array sensors, originally designed for long-
range night vision applications, to moni-
tor endothermic and exothermic biologi-
cal processes, both in silico and in vivo,
to a precision of ±0.005 °C. For example,
glucose metabolism, receptor activation,
and tissue inflammation all generate heat
in proportion to the number and activity
of the affected cells. Thermal imaging
has been used to study glucose metabo-
lism in the brain, inflammation caused by
arthritis, and vascular endothelial growth
factor in cancer patients. Obesity research
benefits as well, because heat-generating
β3-adrenoreceptor agonists mediate increas-
es in lipolysis, the first step in convert-
ing stored fat to ATP.

Radical Ideas 
Some reactions emit energy in the form
of light, a phenomenon known as chemi-
luminescence. Chemiluminescence is a
staple in the world of nitrogen and sulfur
analysis, and specialized instruments are
available for determining concentrations
of a variety of compounds that form free

radicals. Several types of one-application
instruments can verify concentrations of
these compounds for the purpose of certi-
fying products, detecting pollutants, or
meeting regulatory standards. 

One example is Analytik Jena’s (Jena,
Germany) Photochem instrument, which
uses free-radical suppression to measure
the concentrations of antioxidants in water-
and lipid-soluble materials, including food
products and additives. Free-radical species
are known to disrupt cellular processes, and
they can originate inside the body as prod-
ucts of normal metabolic processes or be
introduced from the outside via pollutants,
pesticides, UV radiation, or even certain
food additives. Thus, non-enzymatic antiox-
idants such as vitamins C and E, flavonoids,
carotenoids, and amino acids such as taurine
are much in demand in the health food
industry. Tracking their concentrations and
activities is essential not only for truth-
in-labeling requirements but also to verify
the research behind health effect claims.

The Photochem instrument generates super-
oxide anion radicals using a photosensi-
tizing dye, then measures the light emit-
ted by the reaction of the radicals with a
chemiluminogenic substance such as lumi-
nol. When antioxidants are present in the
sample, they act as “radical traps” and
reduce the intensity of the chemilumines-
cence in proportion to their concentration.
The instrument is capable of determining
nanomolar concentrations of the non-enzy-
matic antioxidants and tenths of micro-
grams of the enzyme superoxide dismutase
in <3 min. The results are expressed as inte-
gral antioxidative capacity of the analyte
within the sample matrix.

Sulfur analysis is required for regula-
tory compliance for everything from petro-
leum fuels to beverage-grade CO2. Fluo-
rescence analysis is an accepted method
for establishing sulfur levels in liquids and
gases (e.g., see ASTM method D 5453).
When SO2 is exposed to UV light, it fluo-
resces with an intensity proportional to
the sulfur concentration in the sample.
Antek Instruments (Houston) markets a
series of instruments for sulfur and nitro-
gen analysis that use the company’s trade-
marked Pyro-fluorescent quantitation tech-
nology. Sulfur-containing compounds are
combusted at 1000 °C to form SO2 and
combustion products. The SO2 is then
analyzed using UV fluorescence. The
same instrument can include an optional
module for Antek’s Pyro-chemiluminescent
nitrogen analysis method (ASTM D 4629).
This works in a similar manner to the sulfur
analysis—nitrogen-containing samples are
combusted to form NO, which reacts with
ozone to form NO2 radicals and O2. The NO2
radicals release light when they revert to
the neutral species. Ionics Instruments
(Boulder, CO) and Galvanic Applied Sciences
(Calgary, Alberta) also make instruments
for sulfur analysis by chemiluminescence.
Ionics Instruments’ product can distinguish
among several sulfur species, and Galvan-
ic’s instrument can be used to analyze
the output stream from a GC.

One inventive group has adapted chemi-
luminescence to a clinical setting (1). NO,
a messenger molecule in several biologi-
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cal processes, is also a diagnostic mole-
cule for detecting pulmonary diseases,
including asthma. Asthmatic individuals
exhale a greater than normal amount of
NO, but steroid treatment lowers this level. 

John Birks (University of Colorado, Boul-
der) and colleagues developed an instru-
ment for measuring NO in clinical settings
that does not require the ozone supply,
high voltages, or cooled red-sensitive photo-
multiplier tubes typical of existing commer-
cial instruments. Their instrument oxidizes
NO to NO2 by passing it over glass beads
coated with CrO3. The resulting NO2 reacts
with an alkaline solution of luminol and
H2O2, producing light in the process. 

They were able to measure NO concen-
trations in the 10 parts per billion by
volume (ppbv) range with a precision of
5%, and they established a detection limit
of 0.3 ppbv. CO2 was found to interfere
with the NO measurements: although CO2
produces a much weaker signal, it is pres-
ent in greater abundance in exhaled breath.
Installing an ascarite trap effectively
removed the CO2 from the input stream,
eliminating the interference effect.

Colorful Solutions 
Chemiluminescent reactions generate their
own light, but a far greater number of reac-
tions generate chemical species that absorb
certain wavelengths of light selectively.
Colorimeters and spectrophotometers, those
venerable laboratory mainstays, function
today in much the same way that they
always have—the user selects a wavelength,
puts a sample in the beam, and measures
the absorbance. However, today’s instru-
ments are capable of storing specific meth-
ods (wavelength settings, calculations,
and conversions), retrievable with one
keystroke. 

On-line colorimeters and spectropho-
tometers provide continuous monitoring
of raw materials, production operations,
and effluent streams; portable instruments
provide on-site spot-checking ability in
real time. Colorimeters and spectropho-
tometers are still used for monitoring pollu-
tants such as PCBs in water samples. The
specificity of the instrument reduces the
training necessary to operate it, because
the calibration and calculation capabilities
are built in. Pocket colorimeters perform

a single analysis method, and handheld
models can perform several analysis meth-
ods using programmable keys (Hach Co.,
Loveland, CO, makes an extensive variety
of these). 

For colorimetric tests, various color-
generating reagents are added to the sample
solution, generating a concentration-specif-
ic color change for (among other things)
metals, halogens, surfactants, total organ-
ic carbon, pH, tannin, and lignin. 

Spectrophotometers can perform single-
wavelength absorbance measurements for
quantitative measurements or wavelength
scans for qualitative and quantitative analy-
ses, without the use of coloring agents.
Companies such as Varian, Inc. (Palo Alto,
CA) and Brinkmann Instruments (West-
bury, NY) have targeted the biotech
community with routine-analysis UV–vis 
spectrophotometers that perform single-
wavelength measurements. Analysts can
measure bacterial cell densities and deter-
mine concentrations of nucleic acids and
proteins directly; alternatively, the species
of interest can be analyzed colorimetrically
for greater selectivity.
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Pause to Refract
Most substances can refract light, even if
they don’t emit or absorb light. Refrac-
tometers are commonly used as detectors
for HPLC, especially for samples that either
do not absorb significant UV radiation or
absorb so strongly that UV detection is not
feasible. However, refractometers can stand
alone as well. 

Several types of refractometers are avail-
able for quality control applications and
routine testing. They help keep automo-
tive fluids, perfumes and fragrances, and
sugar-containing fruit juices and soft drinks
on-spec, providing rapid feedback on
production conditions. Several companies
including Reichert (formerly Leica Microsys-
tems; Depew, NY) and Mettler Toledo
(Columbus, OH) make handheld refrac-
tometers that can estimate refractive indices
over a small range, but these measurements
are operator-dependent, and the instru-
ments are not typically thermostated.
Benchtop instruments routinely feature
internal thermostats, often a Peltier (ther-
moelectric) device, or they provide a math-
ematical temperature correction as a part
of their internal programming. Some instru-
ments can be programmed (either at the
factory or by the user) to calculate and
display concentrations of a specific analyte
directly, and computer input/output ports
are common.

At the high end of the scale are the
interferometric refractometers (such as the
Optilab DSP made by Wyatt Technology,
Santa Barbara, CA). These sensitive instru-
ments measure refractive index as a func-
tion of concentration, a technique known
as differential refractive index (DRI) meas-
urement, by detecting differences in refrac-
tive index between samples of a pure
solvent and an analyte solution in an adja-
cent cell (2). 

Because these differences are very small,
great care must be taken in calibrating the
instrument and maintaining the cleanli-
ness and optically smooth surfaces of the
sample cells. Thermal calibration is impor-
tant, but not as critical as might be imag-
ined, since both the sample and reference
cells experience the same thermal envi-
ronment. Laser light sources provide a single
precise incident wavelength as well as a
highly focused, coherent beam. Tracking
concentration fluctuations in polymer and
colloidal systems using DRI measure-
ments provides thermodynamic informa-
tion similar to that obtained using osmo-
sis studies, but on a much smaller scale.

Do-everything instruments have their
place (and it’s usually in the headlines).
The flexibility to analyze complete
unknowns is essential to cutting-edge
research. But just as important is the
ability to answer one specific question reli-
ably and repeatably. Single-application
instruments hold up their end of the
bargain, dependably serving their one
purpose. 
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