


KF oven

Thermal sample preparation



Determination  of water content is 

important

Two Methods

A – Drying methods (drying ovens, 

infrared lamps and infrared balances).

B –Titration methods : Specific to water 
and rapid.



KFT methods

Two Methods: based on I2-providing principles

A – Volumetric KFT: I2 required for reaction is added from a
burette and water is quantified based on volume of KFR.

B – Coulometric titration methods : I2 is produced by

electrolysis of I- ions and the quantity of electricity used in

electrolysis is measured.

Advantages: High Water content (100 ppm to 100%.)

Disadvantages: Expensive, lengthy, KFR calibration

Disadvantages: Low water content Water range 1 ppm to 5%

Advantages: Cheap, fast, absoulte method



How does a Volumetric Titrator work?

The volumetric titrator performs the following three key functions:

1) It dispenses KF titrating reagent containing iodine into the cell

using the burette

2) It detects the endpoint of the titration using the double platinum

pin indicator electrode

3) It calculates the end result based on the volume of KF reagent

dispensed using the onboard microprocessor.



How does a Coulometric Titrator work?

The Coulometric titrator performs the following three key functions:

1) It generates iodine at the anode of the titration 
cell, instead of     dispensing KF reagent as in 
volumetric titration.

2) It detects the endpoint of the titration using the           
double platinum pin indicator electrode.

3) It calculates the end result based on the  total 
charge passed (Q), in Coulombs, using the  on-
board microprocessor.



Volumetric KFT

Principle-The titrimetric determination of water is

based upon the quantitative reaction of water with an a

solution of excess sulfur dioxide and known iodine

concentration (mg H2O/mL KFR) in a suitable medium

(methanol) in the presence of a base (buffering agent)

that reacts with hydrogen ions. The water content is

determined by measuring the amount of iodine

consumed as a result of reaction with water in a sample.





The Story of KFT Reaction

Bunson Reaction:

This reaction can be used to determine H2O if SO2 is in excess 
and H2SO4 is neutralized by a base. Karl Fisher did that.

Karl Fischer , Angew. Chem. 48 (1935) 394 – 396.



Smith, Bryant and Mitchell Showed that:

The molar ratios were:

In a first partial reaction water forms the (hypothetical) pyridine

sulfur trioxide, which then further reacts with methanol



Verhoef and Barendrecht noted that in the KF reagent it is 

not the SO2 that  functions as the reactive component, but rather 

the intermediate monomethyl sulfite ion that is formed from SO2

and   methanol:

this  intermediate alkylsulfite salt is then oxidized by iodine to an 

alkylsulfate salt. The reaction consumes H2O.

hydroiodic acid salt

alkylsulfite salt 

alkylsulfate saltalkylsulfite salt 

buffer

Verhoef, J. C. and Barendrecht, E. Mechanism and Reaction Rate of the 
Karl-Fischer Titration Reaction. J. Electroanal. Chem. 1976, 71, 305-315



Karl Fischer , Angew. Chem. 48 (1935) 394 – 396.

KF Reagent

A solution of iodine and sulfur dioxide 

in a mixture of pyridine and methanol.



hydroiodic acid salt

alkylsulfite salt 

alkylsulfate salt

alkylsulfite salt 

this  intermediate alkylsulfite salt is then oxidized by iodine to an alkylsulfate salt. 

The reaction consumes H2O.





HOW to perform

a KF Titration ? ? ?

Volumetric KFT









Homogenization of the KFR



















Coulometric KFT

In coulometric Karl Fischer, iodine is generated

electrochemically in situ during the titration. Water is

quantified on the basis of the total charge passed (Q), as

measured by current (amperes) and time (seconds),

according to the following relationship:

Q = 1C (coulomb) = 1A x 1S

Where 1mg H2O= 10.72 C



Additional Details of the Technique

Effect of pH 

Influence of  Water Content 

Influence of the organic solvent

Kinetics of KF reaction

Sample Size
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Influence  of  Water content

The water content of the working medium

influences the stoichiometry of the KF reaction.

High water content (aqueous media):

If H2O content > 1mol/L (18 g/L) then the reaction

behavior changes to favour the Bunsen reaction for

aqueous solutions. This means that two H2O are

consumed for one I2 or one SO2.



Protic Solvent (methanol or ethanol):     H2O : I2 =  1:1

Reason: reactivity of alcohols plays a role— In methanol about 

100%, in propanol approx. 80% and in butanol only approx. 50% 

is present as sulfite ester.

Influence  of  Organic Solvent

Aprotic Solvent  (DMF):   H2O : I2 = 2:1 

Long chain alcohols:  intermediate values (fractional values) 



Choice  of  Organic Solvent

A best solvent is one that assures Stoichiometry of KF reaction

and dissolve both Reactant and product of the reaction.

Methanol-the first natural choice:
Known stoichiometry, rapid reaction, Good solubilty of most samples but side reactions may occur

2-methoxyethanol (ethylene glycol monomethyl ether):
Suitbale for aldehydes and Ketones samples little side reactions (esterification, acetal/ketal formation) occur

Long-chain alcohols (ethanol, propanol)
Better solubilizing agents than methanol for lipophilic molecules

Chloroform :
good solvent for solubilizing fats and can be used with methanol. The methanol content should comprise at
least 25 % of the total volume, preferably 50 %. 100 chloroform changes the stoichiometry of KF Reaction.

Formamide (for Proteins):
improves the solubility of polar substances and can be mixed with methanol (70% methanol) for the
determination of water in proteins.



Kinetics of the KF reaction

Cedergren investigated the KF reaction sequence and establish that 

 the reaction rate increases as the concentrations of SO2, I2

and  H2O increase. 
 The reaction is first order referring to each individual 

component. 
 For the rate constant K he used the equation :

And obtained the values 



Verhoef and Barendrecht confirmed the results of Cedergren but at

the same time found that the reaction constant K depends on the pH

of the solution:

pH < 5 log K increases linearly with the pH.

pH = 5.5 -8 the reaction rate is constant

pH > 8 the reaction rate again increases slightly

(side reactions probably occur).

Important:

From the increases in K under acidic conditions the authors conclude

that it is not SO2, but the sulfite base that is the reactive component.

Kinetics of the KF reaction…



The rate of the reaction depends on the pH value of the solvent, or working 

medium.

at pH = 5-8  the titration proceeds normally (OPTIMAL) 

at pH< 5     the titration speed is very slow

at pH> 8     the titration speed is fast (side reaction-esterification-

produces water, diffuse end point.

Comments: 

Highly acidic or basic samples need to be buffered to bring the overall 

pH into that optimal (5-8) range.

Effect of  pH



What sample size should be used?



What sample size should be used?



How can Titrator performance be monitored?



General Considerations

 Changing the molecular sieves every 6 weeks is appropriate

in the presence of medium humidity.

 Molecular sieve can be regenerated at 300 degree C for 24h.

 Clean the platinum pins on the indicator electrode with a soft

paper tissue, scrub softly with toothpaste. Afterwards, flush it

with ethanol or methanol.

 If drift vlaues is very high during pre-titration (conditioning),

change the molecualr sives, check leakge, ensure no side reaction

or pH change has occured and the sample is soluble in solvent.

 The cell solution should be replaced after approximately 30 mL of

titrant have been used in the case of cell solutions with 20...25

mL of solvent



How to recognize a side reaction?

The following characteristics indicate the presence of a side reaction:
 High drift after the titration has been completed, slow 

endpoint recognition or no endpoint found at all
 The water contents determined are not independent of the 

sample weight
 The results are (depending on the type of side reaction) too 

high or too low
 The water recovery rate found when spiking samples is not 

within 100 ±3%



The Possibilities of side reaction?



Detection of END POINT in KFT



The Titration termination/control parametrs

• The Change in Potential (E)

• The Drift Criterion

• Rate of reagent  addition

• Delay time



1-Change in Potential Criterion





fundamentals_of_kfvolbrochuree.pdf



In addition to a predefined voltage (or current), a certain drift value must also be
achieved. The drift is the amount of KF reagent per unit time that is consumed to keep
the titration cell dry. In general, the drift value for titration cells titrated to dryness is in
the order of a few μL/min.
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3. Rate of Reagent additon

The Titrant additon rate depends on

 the distance from the end point―the
closer the End Point, the slower the
addition rate

 the Potential change with each additon



The Delay time

The Titraion is terminated when E remains below the end point for 

a defined time (e.g 15 seconds) following the addition of a titrant 

increment



Titration Termination

The titration is terminated when the conditions of the Termination Criteria have 
been met. The default Termination Criterion is mV value, in which the titration is 
terminated after the mV value remains below the end point potential for the 
selected stability time.
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Influence  of  Water content

The water content of the working medium

influences the stoichiometry of the KF reaction.

High water content (aqueous media):

If H2O content > 1mol/L (18 g/L) then the reaction

behavior changes to favour the Bunsen reaction for

aqueous solutions. This means that two H2O are

consumed for one I2 or one SO2.



Protic Solvent (methanol or ethanol):     H2O : I2 =  1:1

Reason: reactivity of alcohols plays a role— In methanol about 

100%, in propanol approx. 80% and in butanol only approx. 50% 

is present as sulfite ester.

Influence  of  Organic Solvent

Aprotic Solvent  (DMF):   H2O : I2 = 2:1 

Long chain alcohols:  intermediate values (fractional values) 



Choice  of  Organic Solvent

A best solvent is one that assures Stoichiometry of KF reaction

and dissolve both Reactant and product of the reaction.

Methanol-the first natural choice:
Known stoichiometry, rapid reaction, Good solubilty of most samples but side reactions may occur

2-methoxyethanol (ethylene glycol monomethyl ether):
Suitbale for aldehydes and Ketones samples little side reactions (esterification, acetal/ketal formation) occur

Long-chain alcohols (ethanol, propanol)
Better solubilizing agents than methanol for lipophilic molecules

Chloroform :
good solvent for solubilizing fats and can be used with methanol. The methanol content should comprise at least 25 % of the total
volume, preferably 50 %. 100 chloroform changes the stoichiometry of KF Reaction.

Formamide (for Proteins):
improves the solubility of polar substances and can be mixed with methanol (70% methanol) for the determination of water in
proteins.



Kinetics of the KF reaction

Cedergren investigated the KF reaction sequence and establish that 

 the reaction rate increases as the concentrations of SO2, I2

and  H2O increase. 
 The reaction is first order referring to each individual 

component. 
 For the rate constant K he used the equation :

And obtained the values 



Verhoef and Barendrecht confirmed the results of Cedergren but at

the same time found that the reaction constant K depends on the pH

of the solution:

pH < 5 log K increases linearly with the pH.

pH = 5.5 -8 the reaction rate is constant

pH > 8 the reaction rate again increases slightly

(side reactions probably occur).

Important:

From the increases in K under acidic conditions the authors conclude

that it is not SO2, but the sulfite base that is the reactive component.

Kinetics of the KF reaction…

Verhoef, J. C. and Barendrecht, E. Mechanism and Reaction Rate of the Karl-Fischer 
Titration Reaction. J. Electroanal. Chem. 1976, 71, 305-315



The rate of the reaction depends on the pH value of the solvent, or working 

medium.

at pH = 5-8  the titration proceeds normally (OPTIMAL) 

at pH< 5     the titration speed is very slow

at pH> 8     the titration speed is fast (side reaction-esterification-

produces water, diffuse end point.

Comments: 

Highly acidic or basic samples need to be buffered to bring the overall 

pH into that optimal (5-8) range.

Effect of  pH

Verhoef, J. C. and Barendrecht, E. Mechanism and Reaction Rate of the Karl-Fischer 
Titration Reaction. J. Electroanal. Chem. 1976, 71, 305-315



What sample size should be used?



What sample size should be used?



How can Titrator performance be monitored?



General Considerations

 Changing the molecular sieves every 6 weeks is appropriate

in the presence of medium humidity.

 Molecular sieve can be regenerated at 300 degree C for 24h.

 Clean the platinum pins on the indicator electrode with a soft

paper tissue, scrub softly with toothpaste. Afterwards, flush it

with ethanol or methanol.

 If drift vlaues is very high during pre-titration (conditioning),

change the molecualr sives, check leakge, ensure no side reaction

or pH change has occured and the sample is soluble in solvent.

 The cell solution should be replaced after approximately 30 mL of

titrant have been used in the case of cell solutions with 20...25

mL of solvent



How to recognize a side reaction?

The following characteristics indicate the presence of a side reaction:
 High drift after the titration has been completed, slow endpoint 
recognition or no endpoint found at all
 The water contents determined are not independent of the 

sample weight
 The results are (depending on the type of side reaction) too 

high or too low
 The water recovery rate found when spiking samples is not 

within 100 ±3%



The Possibilities of side reaction?










