
current flow that is required to reach 
the endpoint. According to Faraday’s 
law, the product of time and current 
is directly proportional to the amount of 
iondine generated and therefore to the 
amount of water determined.

Is a titer Determination Required?

Volumetric Karl Fischer titration being 
a classical titration, a titrant is added to 
the titration cell using a buret. Since the 
titer (or water equivalent) of a Karl Fisch-
er titrant is subject to changes (it gradu-
ally decreases), the titer needs to be de-
termined regularly, using pure water or a 
water standard with known water con-
tent. A titer determination is indispens-
able to guarantee correct results. By con-
trast, the coulometric technique does not 
require a titer determination because it is 
an absolute method and the iodine is 
generated electrolytically from iodide in 
the Karl Fischer reagent.

Drift and drift Compensation

The drift serves several important 
functions in Karl Fischer titration.

First off all, it makes visible the 
permanent consumption of iodine 
during the conditioning phase 
(drying of titration cell before 
sample determination), but also 
during the titration. The higher 
the drift value, the more water is 
present in the titration cell.

Secondly, the drift value is used 
to define the start conditions. As 
soon as a predefined value is un-
dercut, a message informs the user 
that the system is ready for sample 
addition. An essential part of a titration 
is the detection of the endpoint. In addi-
tion to the voltage, which is measured 
with a double Pt-wire electrode, the drift is 
used to define the end of a titration.

The longer the titration takes, the big-
ger is the influence of the drift (consump-
tion of iodine per time) on the result. To 
minimize the influence, the drift value at 
the start of the titration is multiplied with 
the determination time. The resulting 
amount of water is subtracted from the 
water content of the sample..

Karl Fischer titration is one of the world’s 
most frequently applied laboratory meth-
ods. It is used to determine the water 
content not only of liquids, but also of 
gases and solids. Water determination 
by Karl Fischer titration is specific, rapid, 
and requires very little apparatus. 

Why Karl Fischer Titration?

Probably the biggest advantage of Karl 
Fischer titration is its selectivity. In con-
trast to other water determination meth-
ods, e.g., loss on drying, Karl Fischer ti-
tration determines water – and only 
water. No other volatile components are 
included in the determination. Addition-
ally, Karl Fischer titration covers a large 
measuring range starting at ppm levels 
and ending at 100% water. The obtained 
results are highly accurate and reprodu-
cible. Last but not least, the results are 
usually available within 2 to 3 minutes.

Volumetry or Coulometry?

Volumetric Karl Fischer titration is used 
for the determination of water contents in 
the range of 0.1 to 100%. It is a classical 
titration, where an iodine-containing ti-
trant is added to react with the water of 
the dissolved sample. Based on the stoi-
chiometry of the Karl Fischer reaction 
(see equation below), the volume of ti-
trant dosed allows the calculation of the 
water content of the sample.

CH3OH + SO2 + RN → [RNH]SO3CH3

H2O + I2 + [RNH]SO3CH3 + 2 RN → 
[RNH]SO4CH3 + 2 [RNH]I 
(RN = Base)

Coulometric Karl Fischer titrators allow a 
much more sensitive water determination 
than volumetric titrators and are therefore 
used to determine water contents in the 
range of 0.001 to 1%. While the chemical 
processes underlying coulometry and vol-
umetry are the same, the iodine required 
for coulometric titration is not added by a 
buret and a titrant, but is electrochemical-
ly generated in the titration cell. An elec-
tric current releases iodine from an iod-
ide-containing reagent by electrolysis. The 
coulometer measures the time and the 
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Nevertheless, some questions regarding 
operation, handling, and maintenance of 
KF equipment arise from time to time. 
Following, you find some of these ques-
tions answered. The webinars will an-
swer all remaining questions.

Conditioning OK?

Before an analysis is started, the titration 
cell needs to be absolutely dry, otherwise 
water in the titration cell is included in the 
determination. Therefore, the titration cell 
is dried and kept dry by conditioning, i.e., 
by adding or generating iodine..

How is an Electrode  
Cleaned and Stored?

Karl Fischer indicator electrodes are virtu-
ally maintenance-free. However, from time 
to time, they should be cleaned. In most 
cases, it is sufficient to wipe the Pt pins 
with a methanol-moist paper tissue. Take 
extra care not to bend the Pt pins, as this 
could lead to permanent damage of the 
sensor. Generator electrodes without 
diaphragm are rinsed with or im-
mersed in a suitable solvent to remove 
sample residues. To clean a generator 
electrode with diaphragm, it is filled 
with nitric acid. The acid is allowed 
to flow through the diaphragm, thus 
cleaning it. Afterwards, the dia-
phragm is rinsed several times with 
water and finally the water is rinsed 
off with methanol. An important 
point to consider when cleaning Karl 
Fischer electrodes and equipment is 

the solvent used. Never use ketones, 
because ketones undergo a reaction 

with Karl Fischer reagents which releas-
es water and falsifies the results. Karl 
Fischer electrodes can be stored dry. 

Titer Determination

In contrast to coulometric Karl Fischer ti-
tration, which is an absolute method, the 
volumetric technique requires titer deter-
minations on a regular basis. Sodium tar-
trate dihydrate is commonly used as stand-
ard, although its handling can be quite 
tricky. The solubility of sodium tartrate in 
Karl Fischer reagent is limited; therefore, 

Karl Fischer titrations are easy to carry 
out. The titration is started and the sam-
ple added to the titration cell. All subse-
quent steps like the addition of the ti-
trant, the evaluation, and the calculation 
of the result are done by the KF titrator 
and the software.

the reagent needs to be exchanged after a 
few determinations. To avoid this, the use 
of liquid water standards is recommended.

Is the Sample completely dis-
solved? How much Sample should 
be added to the Titration Cell? 

To determine the water content, the sam-
ple has to be fully dissolved. Various sam-
ple preparation techniques can improve 
the solubility of samples. Very simple and 
effective is the addition of a solubility pro-
moter. Solubility promoters, e.g., for-
mamide for sugar-containing samples, can 
be added to the Karl Fischer reagent to im-
prove dissolution of the sample. But what if 
a sample persistently refuses to dissolve? 
Try extracting the water, either with a sol-
vent or with a gas. The water in samples 
that are not soluble in organic solvents can 
be extracted with, e.g., methanol. To deter-
mine the water content, an aliquot of the 
methanol is injected into the titration cell. 
The oven method (gas extraction) is the 
ideal technique for insoluble samples or 
samples causing side reactions. The sam-
ple is weighed into a headspace vial which 
is tightly closed with a septum cap. The vial 
is then placed in an oven and heated. Via a 
needle system which is pierced through 
the septum, a dry carrier gas flows through 
the sample vial and transports the evapo-
rated water into the titration cell, where 
the water content is determined. This way, 
water and sample matrix are separated. 
Side reactions, matrix effects, and contami-
nations are avoided and thus a lot of re-
agent is saved.

Our webinars will enable you to perform 
better, more effective and faster analyses 
and to avoid errors. We look forward to 
your participation! 

Webinar 2: Karl Fischer Titration –  
Troubleshooting, tips, and tricks
 ▪ Michael Margreth
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