
AUGUST 2004 TODAY’S CHEMIST AT WORK 47©2004 AMERICAN CHEMICAL SOCIETY

PRODUCT
PROFILE

Titration is a staple of general
chemistry courses for good
reason: It is an extremely
versatile and robust tech-
nique for determining the
concentration of a
compound in question, and
it can be conducted with
simple glassware and widely
accessible chemicals. With
manual titration, a carefully
chosen solution (titrant) with
a known concentration is
titrated, or added, to the
sample that has a known
volume but an unknown
concentration of a specific
analyte. A particular titrant is
chosen, of course, because it
reacts, directly or indirectly,
with the chemical of interest
in the unknown. Titrant is
added, drop by drop, to find
the point at which one more
drop of titrant would make
the titrant in excess. This
point is called the equiva-
lence or end point. The
volume of solution required
to reach this point, the stoi-

chiometry of the reac-
tion that took place,
and the original
volume of the sample
are used to calculate
the concentration of
the chemical of inter-
est in the sample.

The benefit of
titration is that
because it is based on
a chemical reaction,
there is an infinite
pool of possible
titrants, which allows
an astounding array
of determinations to be
conducted. Titration can
exploit acid–base chemistry,
redox reactions, complexo-
metric reactions, and precipi-
tation reactions to determine
anything from the acidity,
and therefore the freshness, 
of milk, to making sure
chemical baths are free of
contaminants in metal finish-
ing. It is even used in phar-
maceutical manufacturing
quality control to determine

moisture content,
the concentration
of active ingredi-
ents, and contam-
inant levels.

Although
manual titration
has been a chem-
istry tool for more
than a century, its
reliance on dye
indicators and
humans to
control the titra-
tion made it
tedious and labor-
intensive for
routine industrial
use. Automatic
titrators have

made titration an everyday
analytical process in indus-
tries, from mining to food
processing.

Automatic Titrators
To automate the titration
process, chemists have
turned to electrochemical
detection, rather than dyes,
to find the end point of a
titration. Starting in the
1930s, instruments based on
potentiometric titration have
been developed. These
instruments compare the
potential between the elec-
trodes to the potential, if it is
known, at the equivalence
point. When the equivalence
point potential is reached, no
more titrant is added to the
sample. A benefit of auto-
mated titration is that the
potential at the equivalence
point does not have to be
known. If the titration
continues until there is a
clear excess of titrant, the
equivalence point can be
deduced by plotting the
potential versus titration
volume, and because the
precise titration volume at

each point is
known, unlike
hand titration,
the equivalence
point can be
found easily.

There are also
different electro-
chemical tech-
niques available.
Imposed current
potentiometry
uses two identical
electrodes with a
dc or ac current

passing through the
electrodes and records the
change in potential. This
method is used for redox
measurements, especially in
iodometry, and it gives sharp-
er resolution near the equiva-
lence point. For detection of
impurities in water, be it
wastewater, drinking water,
or ultrapure water, ampero-
metric titration is often used.
In this case, a current is
applied at constant voltage,
and the amount of current
flowing between the elec-
trodes measures changes in
concentration during a titra-
tion. According to Hanna
Instruments, amperometric
titration can be conducted
rapidly in conditions that
would negatively affect
potentiometric or visual indi-
cators. These include situa-
tions in which the sample has
been diluted, foreign salts are
present, or solubility is an
issue with potentiometric
titration or dyes.

K E Y T E R M S : biotech, data
handling, environmental, phar-
maceutical, sample prep

Titrators

Man-Tech Associates’ PC-Titrate System with TitraSip
Autosampler.

Brinkmann’s Metrohm Titrando with keypad.
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One of the most impor-
tant uses of automatic titra-
tors is in determining the
amount of water, or mois-
ture, in a sample. Determin-
ing moisture content by titra-
tion exploits a procedure
developed by Karl Fischer in
1935 that has since been
refined and improved. In the
process, iodine oxidizes sulfur
dioxide in water, producing
hydrogen iodide and sulfuric
acid. Although the method
was effective, end points were
difficult to determine, and
pyridine, which was used as a
buffer, had a terrible odor.

In the 1980s, new
reagents were developed that
relied on imidazole buffers
rather than pyridine. One-
and two-component titra-
tions were developed with
these new titrations. In addi-

tion, many Karl Fischer titra-
tors take advantage of a tech-
nique called coulometric
titration. In coulometric Karl
Fischer titrators, reactive
chemicals are created by 
passing current through the
sample, instead of adding
them as in traditional titra-
tion. One of the advantages
of this technique is that
reagent preparation time and
consumption can be reduced,
while the current used can 
be easily measured and
controlled even more accu-
rately than liquid addition.
Carbon tetrachloride was
used in these coulometric
titrations until the late 1980s,
when it was banned and
replaced by ammonium salts.

Today, several proprietary
Karl Fischer reagents are
more environmentally friend-

ly than previous generations
of reagents. Companies such
as Sigma-Aldrich make
special series of products
especially for Karl Fischer
titration, while almost all the
makers of automatic titrators
make automated Karl Fischer
titrators, and some of these
are coulometric titrators.

Recent Developments
Automatic titrator systems
have benefited greatly from
the introduction of comput-
ers and software control.
According to Robert Mene-
gotto, business development
manager at Man-Tech Asso-
ciates, software-based systems
are becoming the norm,
especially because of the need
to connect titrators to labora-
tory information manage-
ment systems (LIMS) and to

provide traceable results for
regulatory requirements such
as 21 CFR Part 11. Mettler-
Toledo is making specialized
software packages to provide
21 CFR Part 11 compliance.
Some new titrators aim to do
more and more functions by
performing multiparameter
analysis on a single sample,
thus reducing the need for
other instruments. Computer
data handling has allowed
new techniques to be used.
For instance, Radiometer
Analytical, a Hach Co.
brand, has introduced
continuous addition of
titrant instead of step addi-
tions. This can benefit the
determination of complexo-
metric titrations (e.g.,
EDTA), titration peaks that
are asymmetrical, and asym-
metrical electrode response.

In addition to computer
control, some manufacturers
are focusing on usability. 
For example, Brinkmann
offers titrators that can be
controlled via PC or by a
liquid-crystal display touch
panel that also contains a
memory card for flexibility.
More parts of the titrator are
becoming intelligent as well,
and items like burette
systems that store titrant can
contain electronics that
report to the titrator serial
numbers, what the titrant is,
and its standardization
history. 

Automation capabilities
are going to be continually
added to titration systems,
suggests Menegotto. For
instance, several manufactur-
ers like Man-Tech and
Mettler-Toledo make
autosample equipment for
titrators, and continued inte-
gration with robotics and
information management
systems will most likely
continue.

Michael J. Felton and 
Felicia M. Willis ◆
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Company

Analytik Jena AG

Brinkmann Instruments

Chemtrac Systems

Cosa Instrument Corp.

CSC Scientific

Denver Instrument Co.

Hanna Instruments

Koehler Instrument Co.

LabSynergy

Man-Tech Associates

Mettler-Toledo

Radiometer Analytical

Sanda Corp.

Schott Instruments

Thermo Electron,
Water Analysis/Orion

Website

www.analytik-jena.de

www.brinkmann.com,
www.metrohm.com

www.chemtrac.com

www.cosa-instrument.com

www.cscscientific.com,
www.kyoto-kem.com

www.denverinstrument.com

www.hannainst.com

www.koehlerinstrument.com

www.labsynergy.com

www.titrationplus.com

www.mt.com

www.radiometer-analytical.com

www.sanda.com

www.schott-instruments.com

www.thermo.com

Products

Karl Fischer titrator AQUA 40.00

Metrohm titrators: 841 Titrando (KF) and Titrino 
series

ECT9800

GT100 general titrator, CA-100 Karl Fischer, CA-21
portable Karl Fischer, KF-21 volumetric Karl Fischer

Kyoto-KEM titrators: AT-510 and AT-500N titrators;
MKS, MKA, and MKC series single, double, and
coulometric KF titrators

Model 260, 270, and 275 coulometric Karl 
Fischer titrators

HI3500 mini, PL100 and PL101 amperometric 
titrators for chlorine

K90340, K90350, and K90200 KF titrators

Volumetric and coulometric Karl Fischer, Titroline
Alpha Plus, basic titrators, multiple titrator software

PC-TitratIon Plus family of titration products

DL7x family, DL5x family, Lab X titration software,
KF titrators

Titralab models 880 KF, 870 conductivity and 
potentiometric, 865, 860, 856, 854, 855, 850, 55 KF,
and 90

F.A.C.T.S. Ce2010, FloTrol

TitroLine alpha plus and TitroLine KF titrators;
Titronic 110 plus, basic, and universal; and 
Titronic easy

Orion 925 Flash Titrator, 930 Ionalyzer,
950 FastQC, 960 Titrator Plus, AF7 and AF7LC coulo-
metric, and AF8 Karl Fischer

Table 1. Selected Titration Instrument Manufacturers

For a more extensive list,visit www.labguide.com.
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