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Introduction

The methods used to analyze moisture content in substances range from
the loss-on-drying method to physical, electrical and optical systems.
Moisture content measurement by means of Karl Fischer reagents is now
widely employed as the only reliable chemical method.

Today the method is widely accepted as a moisture content measurement
system for both chemicals and manufactured products. It has been
adopted as an international standard by the International Standards
Organization (ISO), as an American Standard Testing Method (ASTM) in the
United States, and is also included in the German DIN standards and the
British BS system. The method has also been incorporated into Japanese
standards, including the Japanese Industrial Standards (JIS) and Japanese
Agricultural Standards (JAS). It is also included in Japanese pharmaceutical
practice, the official food additive manual, and the Japan Petroleum Institute
Standards.

Development of Karl Fischer Reagents

The German scientist Karl Fischer (1901-1958) first revealed his new
reagent to the world in a paper [NOTE 1] published in 1935. A mixture of
iodine, sulfur dioxide, pyridine and methanol, it was named after its inventor.
As shown in the following formula, Karl Fischer reagents react selectively to
water in specific amounts. Mitchell & Smith subsequently carried out a
detailed study of the reaction [NOTE 2] and published findings that
indicated a reaction of 1 mole of iodine to 1 mole of water. This basic
reaction formula remains in use today.

H20+12+S02+3Py — 2Py .HI+Py . SOs
Py.S0O3+CHsOH — Py.HSO.CHs

In recent years, however, the Karl Fischer reaction mechanism has been
studied on a more theoretical level. A published paper [NOTE 3] shows that
the pyridine acts simply as a buffer and that it is not essential to the
reaction. The following reaction formula, in which pyridine is expressed as a
base, has been put forward.



H20+12+S02+3Base+CHs:OH — 2Base. Hl+Base.HSO4CHs

Note: Base = Amin. "Base" is sometimes shown as RN.

Characteristics of the Karl Fischer Titration Method

The measurement of moisture content using Karl Fischer reagents is
superior to other methods such as loss-on-drying, distillation and infrared
absorption, or to electrolysis and other electrical methods, for the following
reasons:
(1) The absolute amount of moisture can be determined without a

working curve (in the case of coulometric titration). Moisture

content can be determined accurately, even where moisture is

present at levels of only a few ppm.
(2) Measurements can be taken over short periods of time.
(3) Measurements can be taken using small samples (from a few

mg to a few gm).
(4) The method can be used with liquid, solid and gaseous

samples.
(5) The method is suitable for unstable substances that can alter

when heated.

Mitsubishi Chemical Corporation and Karl Fischer Reagents

Mitsubishi Chemical Corporation recognized early on the advantages of the
Karl Fischer reagent, when it was introduced into Japan in the postwar era.
The company began to investigate this in 1950. It subsequently developed
Karl Fischer reagent SS, a single solution with stable titer that could be used
by anyone in factory research or analytical laboratories. It also developed
and supplied a variety of dehydrating solvents for use with various types of
samples. In addition, Mitsubishi Chemical Corporation developed simple
methods for measuring the moisture content of various substances and
manufactured products. With each new methodology, the company
endeavored to promote the use of the Karl Fischer titration method through
papers for scientific symposiums and society journals (about 60 to date).

In 1985, Mitsubishi Chemical Corporation developed a new Karl Fischer
reagent without the pyridine odor. The new pyridine-free products were
named the "S-Series". The company continues to respond to the needs of its
customers. In 1992, it added the X-Series products, which do not contain
carbon tetrachloride or chloroform, to its range of coulometric reagents.

This manual has been written to provide basic information on Karl Fischer



reagents and analytical methods. As we want this manual to have
immediate application, we have used the Q&A approach to make it easy to
find needed information. We hope that this manual will become a useful
reference guide and one that will serve to build and improve knowledge of
our range of Karl Fischer reagent products.

(1) Fischer, K.; Angew. Chem., 48,394 (1935).

(2) Smith, D.M., Bryant. W.M.D., Mitschell; J.; J.Am.Chem.Soc., 61,2407
(1939).

(3) Verhoef, J.C.; J. Electroanal.Chem., 71,305 (1976), 75,705 (1977).
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Chapter |: Basic Knowledge

Chapter I: Basic Knowledge
I-1. Questions & Answers about Karl Fischer Reagents

1. Karl Fischer Titration

01

There are many ways of measuring moisture content. Methods based on
new principles are still being announced. The following table lists the
primary methods in current use. Karl Fischer titration is regarded as the
most useful of these methods by virtue of its wide applicability and its
capacity to measure absolute values. It is the focus of continuing research.

What are the other methods currently available for the measurement of
moisture content? Please explain how these differ from Karl Fischer
titration?

Measurement method

Measuring range

Applications

Interfering substances

Karl Fischer titration

Afew ppm - 100%

gases,liquids, solids

Oxidizing,reducing substances

Drying 0.01% solids Volatile substances, unstable substances
Azeotropic distillation 0.05% liquids Volatile water-soluble substances
Colorimetric method 0.1-afew % solids, liquids Colored substances

Infrared absorption 0.01-a few % gases, liquids, solids | Alcohol,amine, etc.

Gas chromatography ppm-a few % gases, liquids Substances with the same retention capacity
Dew point method ppm-a few % gases Condensable substances
Electrolysis 1-1000ppm gases ROH, RCHO, NHs, HF

Electric resistance 0.3%-a few % gases, liquids Conductive substances
(Conductimetric method)

Dielectric constant method | 1-a few % gases, liquids Substances with high dielectric ratios
Neutron scattering method | a few % solids Substances containing hydrogen
Quartz oscillation method| 1-1000ppm gases Substances that

react with sensing membranes

Q2

1. Methods

Please explain briefly how moisture content is measured
using Karl Fischer reagents?

There are two methods based on the use of Karl Fischer reagents, or Karl
Fischer titration, to measure moisture content.

11




I-1. Questions & Answers about Karl Fischer Reagents

(1) Volumetric titration

(2) Coulometric titration
Your choice should reflect a proper understanding of each method. It is also
essential to use the appropriate reagent in each case. The following table
compares the characteristics of each method.

Item Volumetric titration Coulometric titration
Principle A method of volumetric analysis used to | lodine produced through electrolytic
determine moisture content from the oxidation undergoes a KF reaction with

titrated amount of Karl Fischer reagent | water. Moisture content is determined by
measuring the amount of electricity
required to the point where excess
iodine is produced.

Titration reagents | Karl Fischer reagent and titration solvent | Anolyte and catholyte

(dehydrated solvent)

Characteristics 1) Since a Karl Fischer reagent is used as | 1) The factors measured are current and
the titration agent, the titer must be time. Since electrons act as the titration
known in advance. agent, a standard solution is not

2) A wide range of reagents can be used required. The method allows
as various dehydrating agents are measurement of absolute quantities
available. based on the Faraday constant.

3) The method can be used to measure | 2) The same anolyte can be used
moisture content across a wide range. repeatedly.
However, it is not suitable at the 3) The method is effective for measuring
microgram level. minute amounts of water. Electricity
can be measured in tiny increments,
so it is possible to measure water in
quantities of a ug

2. Titration Equipment

With Karl Fischer titration, electrical detection methods are used to
determine the end point. It is important to use the following types of titration
equipment.

Volumetric titration : Automatic volumetric moisture meter

Coulometric titration : Automatic coulometric moisture meter

There are now convenient automatic moisture measurement systems
designed for ease of operation.

As Karl Fischer reagents are affected by atmospheric moisture, an airtight
titration cell must be used.

For your information

1. Unlike standard volumetric analysis, it is not possible with Karl Fischer
titration simply to fill a buret with Karl Fischer reagent and add it one drop

12



Chapter |: Basic Knowledge

at a time to a flask or beaker that is exposed to the air. Since Karl Fischer
instantly reacts with atmospheric moisture, the end-point would never be
reached.

2. At present there is no method that allows the color change at the end-
point of Karl Fischer titration to be detected visually. The only method is
to detect minute amounts of surplus iodine electrically.

[Helpful hint -1

How is the end-point detected electrically?

The volumetric and coulometric titration systems currently on the market
employ controlled current voltage detection (constant-current polarization
voltage detection). A constant current of 1-30uA is applied to two platinum
electrodes, and the end-point is detected by measuring the voltage
(polarization voltage) between the electrodes. If the titration solution has a
relatively high water content, a polarization voltage of 300-500mV will be
produced. The voltage varies according to the type of solvent used and the
sample. In general, high voltages are produced in the case of substances
with low conductivity, such as hydrocarbons.

As the Karl Fischer titration continues and the end-point approaches, the
voltage will suddenly drop to 10-50mV. With volumetric analysis, the end-
point is deemed to have been reached after the voltage has remains at this
level for a specific period of time. With commercially available titration
systems, the period is 30-60 seconds. With coulometric analysis, an end-
point voltage is specified, and the end-point is reached when the voltage
falls below that level.

13



I-1. Questions & Answers about Karl Fischer Reagents

Q3

[Principle]

Could you outline the principle and procedures involved in
volumetric titration?

Karl Fischer titration is a volumetric analysis method that takes advantage of
the fact that iodine contained in Karl Fischer reagents reacts quantitatively
and selectively with water, as shown in the following formula.

l2 + SO2 + H20 + 3Base + CHs:OH — 2Base.HI + Base.HSO:CHs

The quantification is based on the stoichiometrical principle that 1 mole of
iodine (2549) reacts with 1 mole of water (189). In practice, the titer of a Karl
Fischer reagent is expressed as a water equivalent. Unlike normal
volumetric analysis methods, the concentration of iodine is not shown. For
example, Mitsubishi Chemical's SS-X Karl Fischer reagent is adjusted so
that 1ml will react with approximately 3mg of water, which means that the
solution contains approximately 42mg of iodine and has a 3mg titer. Once
the water equivalent of a Karl Fischer reagent is known, it is possible to
determine moisture content from the amount used (titrated).

Memo "Titer"

This value is used to determine the quantity of a substance from the amount of
reagent titrated. It shows the equivalent amount of water per unit of volume and
is usually expressed as mgH.0/ml.

[Procedures]

a) A dehydrated solvent suitable for the sample is placed in a flask attached
to an automatic volumetric moisture meter (Figure 1).

b) The Karl Fischer reagent is titrated until all water has been eliminated
from the titration flask. (It is not necessary at this time to read the amount
titrated.) The titer of the Karl Fischer reagent is determined using water,
etc.

¢) The sample is added.

d) The Karl Fischer reagent, the titer of which (mgH20/ml) has now been
determined, is titrated until the end-point is reached. The end-point is
detected electrically by means of a detection circuit built into the titration
system.

e) Moisture content is determined from the amount titrated according to the

14



following formula:

Moisture content (%)=

Titration quantity (ml) x titer (mgH20/ml)

Chapter |: Basic Knowledge

x 100

Sample quantity (g) x 1000

®._ Drying tube

E Measurement system
| 3 Buret
|
|
) |
Drying tube |
.
|
| =
Sample 1
injection port i
| ‘
]'- Automatic
Detection | swiching valve
electrode 4 Titration
Titration 1 . nozzle
bath flask |4 ;
o
Rotor == T s s
T | *Magnetic stirrer

Detection Control
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Control system’ |

et e

i R e —
Display/recording system | [ Recording Display
|

Karl Fischer reagent

Figure 1: Automatic Volumetric Moisture Titration System

15



I-1. Questions & Answers about Karl Fischer Reagents

Q4

[Principle]

Please outline the principles and procedures involved in
coulometric titration.

With coulometric titration, electrolytic oxidation is achieved by adding the
sample to an iodide ion solution, instead of the iodine contained in the Karl
Fischer reagent and used as the titration agent for volumetric titration. As
shown in the following formula, electrolytic oxidation produces iodine at the
anode. The electrolytic solution immediately begins to act as a Karl Fischer
reagent and reacts with the water in the sample. At the end of the process,
the excess iodine can be detected electrically.

20 -2e— 12

According to Faraday's laws, the iodine is produced in proportion to the
quantity of electricity. This means that the water content can immediately be
determined from the Coulombs required for electrolysis. To produce 1 mole
of iodine requires 96485 x 2 Coulomb {current (amperes) x time (seconds)}.
Since 1 mole of iodine reacts with 1 mole of water, the amount of electricity
required to cause a reaction with 1mg of water will be as follows.

96485 x 2/18020 = 10.71 Coulombs

This means that if electrolysis takes 1 second with a current of 107mA, the
amount of water can be quantified as 10ug. Normally, titration systems sold
over the counter carry out electrolysis at 300-400mA. This design allows
titration at the rate of about 30ug per second.

-
Memo " Faraday's Laws"

The laws relate to electrolysis.

(1) The mass of an electrolyzed substance deposited on an electrode is
proportionate to the amount of electricity.

(2) The quantity of a substance deposited by a given amount of
electricity is proportionate to its chemical equivalent weight.

Faraday constant = 96485 C/mol

16
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[Procedures]

a) Electrolyte solutions (Aquamicron AX and CXU) are introduced into the
anode and cathode chambers of an electrolysis cell (Figure 3) attached
to an automatic coulometric moisture meter (Figure 2).

b) An electrolytic current is passed through the anolyte as it is stirred in the
anode chamber. All water is removed from the electrolysis cell by
producing iodine until the end-point is reached. (It is hot necessary at this
time to read the amount titrated.)

c) The sample is then introduced, and the electrolysis process is started
again.Coulometric titration is continued until the end-point is reached.
The end-point is detected electrically by means of a detection circuit built
into the titration system.

d) Moisture content is automatically calculated from the amount of electricity
required for electrolysis in the automatic coulometric moisture meter. The
amount of water is expressed in ug units.

Measured value (ug)

Moisture content (ppm) = Quantity of sample ()

Measurement IDrying tube
system
[
Titration bath Electrolysis |— — ] |
cell
m—
Sample
injection port Nt ]
Cathode Catholyte
chamber
Detection_ H‘M Anode
electrode chamber | Cathode
= | [ b |
—— ower source .
for electrolysis Deﬁﬁg'on
M = current
¥k v
N Anode Diaphragm g
T [ J

Yol r——
Anolyte |_ Display |
- I:?ontrol unit I—
Rotor | : |
— = Recordin
_Magnetic stirrer 9

Figure 2: Automatic Coulometric Moisture Meter
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I-1. Questions & Answers about Karl Fischer Reagents

(1) Anode chamber

(2) Cathode chamber |
(3) Anode @
(4) Cathode

(5) Diaphragm

(6) Rotor
(7) Drying tube for anode chamber @) -f =
(8) Drying tube for cathode chamber 5

P
(9) Stopper
(10) Sample injection port = W=
(11) Drain cock @)1=

(12) Detection electrode

®)

Figure 3: Electrolysis Cell

@ Helpful hint - 2

Are there any criteria to guide the choice between volumetric and
coulometric titration?

The following factors should be taken into account when making this
decision.

(1) Using the characteristics of coulometric titration
The need to check titer is eliminated, since it is not necessary to
standardize the Karl Fischer reagent. This feature is very useful for
reducing the work involved in everyday analysis tasks.

(2) Moisture content as a criterion

Coulometric titration should be used if the moisture content is 1% or
lower. It is especially useful for measuring moisture content at the ppm
level within tolerances of a few ppm.

Coulometric titration can still be used if the moisture content is higher
than about 1%, but it is necessary to use small samples, and analysis
results will be influenced by weighing error. Normally volumetric titration
is used in such cases.

(3) Electrode reactions
Coulometric titration is not used for substances that react with

18
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electrodes, such as anilines, diamines and some phenols. Volumetric
titration is carried out using a suitable dehydrated solvent.

(4) Solids that do not dissolve in electrolyte
Solids that do not dissolve in organic solvents can reduce current
efficiency by obstructing electrodes and diaphragms. In principle,
coulometric titration should be avoided in such cases. Use volumetric
titration with a suitable dehydrated solvent, or the moisture vaporization
method.

Q5

[Outline]

What is the moisture vaporization method, and when is it
used?

The moisture vaporization method is used to measure samples of solids that
cannot be dissolved in dehydrated solvents or electrolytes, or samples that
include interfering substances. The moisture content is vaporized by
heating the sample in a flow of dried nitrogen gas. It is then captured in a
dehydrated solvent or electrolyte and subjected to Karl Fischer titration.
Either coulometric or volumetric titration is used.

This method is commonly used with natural substances, such as minerals
and rocks, and with macromolecules such as polymers and rubber. New
areas of use include electronic materials, including printed circuit boards
and wafers, and printing materials, such as toners. This method is also
useful for petroleum products containing additives, such as lubricants.
Convenient moisture vaporization systems are available commercially to suit
various purposes. They can be connected to either volumetric or
coulometric titration systems and used to measure moisture content.
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I-1. Questions & Answers about Karl Fischer Reagents

[Procedures]

a)
i)

ii)
iii)
iv)

v)

b)
D)

i)

i)

Solid samples

Nitrogen gas (or air) is first passed through a drying tube (filled with
silica gel or phosphorus pentoxide, etc.) and then supplied at a rate of
approximately 300ml/min. to an oven that is maintained at a suitable
temperature for vaporization.

The sample boat is placed in the heating tube and exposed to the flow of
nitrogen gas to ensure that the heating system is free of moisture.

The sample is immediately placed in the sample boat and inserted into
an oven that is maintained at the required temperature.

The vaporized moisture is absorbed into a dehydrated solvent in a
titration flask (or into an electrolyte in an electrolysis cell).

The absorbed water is subjected to Karl Fischer titration.
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Figure 4: A Moisture Vaporization System (for Solid Samples)

Liquid samples, such as lubricating oils

Approximately 20ml of a base oil (mineral oil, vacuum pump oil, etc.) is
placed in the heating unit of a moisture vaporization system and heated
to 100-150°C.

The moisture content of the base ail is totally removed by introducing a
flow of dried nitrogen gas into the moisture vaporization system at the
rate of approximately 300ml/min.

1-10g of the sample is added to the base oil, which is now free of
moisture.

iv) The vaporized moisture is absorbed into a dehydrated solvent in a

v)
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Figure 5: A Moisture Vaporization System (for Lubricating Oils)

@ Helpful hint - 3

How can we check for accuracy when a moisture vaporization apparatus is
added to the system?

The accuracy of capture is an important concern, since moisture vaporized
in the moisture vaporization apparatus is carried through the heating tube
and blowing tube by means of dried nitrogen gas before being absorbed
into a dehydrated solvent (or into an electrolyte in an electrolysis cell). The
capture ratio (recovery ratio) can be checked using the following three
methods.

(1) Using water
With the water method, which is usually the simplest, 5 or 10ul (5 or
10mg) of water is placed directly into the sample boat using a
microsyringe (capacity: 10ul).

(2) Sodium tartrate dihydrate method (theoretical moisture content:
15.66%)
When using this method, the sodium tartrate dihydrate must first be dried
at 105°C.

(3) Glass capillary pipette method
The glass capillary pipette method is simple and is suitable for checking
amounts in the order of 1,000ug. Glass capillary pipettes are commonly
used in biotechnology fields, and their capacities are extremely precise.
They provide an easy way to obtain a required volume of water by
means of the capillary phenomenon.

Reference:Bunseki, p587, 1995
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2. Karl Fischer Reagent Products

Q6

Mitsubishi Chemical Corporation has a range of products to suit every
purpose. Its products can be broadly divided into the following four
categories.

What volumetric titration reagents are available? Please explain
the types of reagents and their uses, and the methods employed.

OMitsubishi Karl Fischer Reagents
Titrant
Can be used in various titer according to anticipated
moisture content

OMitsubishi Dehydrated Solvents
They are suitable as titration solvents for the Karl Fischer
reaction, to dissolve or disperse a sample in order to extract
water.

OMitsubishi Standard Water Methanol
This is used to determine the titer of a Karl Fischer reagent.
The type used depends on the titer. Water methanol can also
be used a titration agent for back titration.

OMitsubishi Standard Liquid
This is used to determine the titer of a Karl Fischer reagent.

Karl Fischer reagents and dehydrated solvents have traditionally been
available in both pyridine types and pyridine-free types, which do not have
the pyridine odor. There is no significant difference in performance between
the two types, and they can be used interchangeably.
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1. Karl Fischer Reagent SS-Z, SS

Initially the titer of Karl Fischer reagents was unstable, and it was necessary
to use them in the extremely inconvenient form of binary solutions.
Mitsubishi Chemical was the first manufacturer in the world to perfect a
single solution version, which it called "Karl Fischer Reagent SS". In the 50
years since that time, Mitsubishi Chemical has continued to enhance and
expand its technology, and today enjoys an excellent reputation for its
superior products.

Mitsubishi Chemical has also developed Karl Fischer Reagent SS-Z, which
is pyridine-free and does not contain chloroform or methyl cellosolve. Users
can choose from an extensive product range, as listed below.

Product Purpose Titer Applications Packaging
Samples with high maisture Foodstuffs, Cosmetics
SS 10mg content (40% or higher) 8-12mg/ml Detergents, etc 500ml bottles
SS-7 5mg General normal 4.5-5.5mg/ml General samples, Organic 500ml, 1L
samples solvents bottles

SS-Z 3mg | Generalnormal 2.5-3.5mg/ml General samples, Organic 500m! bottles
SS 3mg samples solvents
SS-Z 1mg | Sampleswith low moisture Organic solvents, Petroleum
SS 1mg content (0.1% or lower) 0.7-1.2mg/m products, Gas products 500ml bottles

Karl Fischer Reagent SS-Z:

Pyridine-Free and Methyl Cellosolve-Free Types

Instead of pyridine, Karl Fischer SS-Z contains a solid amine. As a result,
the product is free of the pyridine odor. All the ingredients required to
implement Karl Fischer reactions stoichiometrically are included in a single
solution. The product is available in either 5mg/ml, 3mg/ml or Img/ml titer.
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[Characteristics]

a) The titer is stable.Even when stored properly under air-tight conditions,
Karl Fischer reagents tend to lose titer due to self-reaction. With SS-Z,
the titer remains extremely stable and changes at less than 0.05% per
day even when stored at room temperature.

b) SS-Z is suitable even for moisture titration of ketones, which have an
interfering effect.SS-Z does not contain methanol, which reacts with
ketones. The moisture content of ketones can be measured easily by
using SS-Z in combination with the Dehydrated Solvent KTX. (For
aldehydes, use SS in combination with CP or PP Dehydrated Solvent).

c) SS-Z Karl Fischer reagent is available in three titers to suit samples with
different moisture contents. The 3mg/ml product is generally regarded
as a standard type and should be used first.

KarFischer Reagent SS: Pyridine Type

Karl Fischer Reagent SS is the traditional product containing pyridine. Its
performance is similar to that of Karl Fischer Reagent SS-Z. It is available in
a titer of 10mg/ml, making it suitable for samples with a high moisture
content.

For Your Information

Mitsubishi Chemical's series of Karl Fischer reagents are supplied in brown
glass bottles sealed with lids containing packing. Provided that the bottles
are sealed, they can be stored for long periods with only a minimal decline
in titer due to moisture absorption. Once the seal is broken, however,
moisture absorption could cause titer to decline unless storage conditions
are optimal. Care should be taken to close caps tightly.

Karl Fischer Reagent SS is a high-titer product and maintains a stable titer
over long periods. Depending on the storage environment, however, minute
amounts of sediment may be observed. This has no effect on the
effectiveness of the reagent, which can be still used.
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[Helpful hint - 4

What is the difference between traditional pyridine products and non-
pyridine products?

Pyridine-free types use another amine in place of pyridine as the base.
Pyridine requires special handling because of its strange odor. Pyridine-free
products use a liquid or solid amine with a high boiling point in place of
pyridine.

Apart from the base, the composition of pyridine-free types is virtually the
same as traditional products, and safety requirements are identical.
Furthermore, it has been confirmed that the performance of pyridine-free
types is not significantly different from that of traditional types.

The speed of the Karl Fischer reaction varies according to the pH of the
titration liquid, the concentration of sulfur dioxide, the type of organic
solvent used, the amount of sample added, and changes in the matrix. It is
not possible to generalize about the relative speeds of traditional and
pyridine-free products, which should be considered on a case-by-case
basis.

2. Mitsubishi Dehydrated Solvents

Moisture content measurement using Karl Fischer Reagent SS or SS-X
involves the extraction of moisture from a liquid, solid or gaseous sample
into a dehydrated solvent from which all moisture has been removed,
followed by titration. Ideally, titration solvents should have low moisture
content and contain no impurities. However, it is extremely troublesome and
time-consuming to refine solvents through distillation and dry them before
each use. Mitsubishi Chemical has solved this problem by developing a
range of dehydrated solvents so that a solvent suitable for each type of
sample will always be available.

In terms of applications, dehydrated solvents can be broadly categorized
into those used to dissolve samples and those used to prevent interference
reactions. These are shown in the following table. Users should select a
solvent that is suitable for the samples.
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(1) Mitsubishi Dehydrated Solvents for Use in Dissolving Specimens

A commonly used titration solvent is methanol, which has a large polarity
and considerable capacity to extract water. However, a titration solvent
to which other solvents have been added is desirable for substances
that do not readily dissolve in methanol. Mitsubishi Chemical offers a
range of blended solvents to suit user requirements. Please choose the
type that is suitable for the characteristics of the sample. With some

exceptions, most of the products are blended at 0.2mg/ml or lower.

Principal ingredients

Name

Use

Packaging

Ethylene glycol

Inorganic salts

Methanol GEX (pyridine-free) | General samples 500ml bottles
MS
ML
Methanol OL Il (pyridine-free) | Petroleum products | 500ml bottles
Chloroform CM Oils and fats
Methanol SU (pyridine-free) | Sugars, proteins 500ml bottles
Formamide FM Food additives
Methanol ME Gases 500ml bottles

Dehydrated Solvents GEX and MS

The solvent most commonly used to extract water from samples is methanol.
The main ingredients of Dehydrated Solvents GEX and MS is methanol that
has been thoroughly dehydrated. In general, these products can be used
immediately to measure moisture content. In addition, a reaction accelerator
has been added to make the reaction between Karl Fischer reagent and
water occur more rapidly than with ordinary methanol. This allows

measurements to be taken quickly and with a clear titration end-point.

[Uses]

Organic solvents (n-heptane, cyclohexane, xylene, toluene, benzene, ethyl
acetate, N,N-dimethylformamide, etc.), inorganic chemicals, pesticides,
pharmaceutical products, fertilizers, synthetic detergents, refrigerants,

foodstuffs, etc.
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[Characteristics]

a) Minute amounts of water can be measured accurately.

b) The reaction between water and the Karl Fischer reagent occurs rapidly.

c) The end-point can be readily determined and measured over a short
period of time.

d) By first adding salicylic acid, it is possible to measure the moisture
content of amines (strong basicity).

Reference: Muroi, K., Ono, M., Bunseki Kagaku 20, 975 (1971).

Dehydrated Solvents OL |l and CM

Dehydrated Solvents OLIl and CM are mixtures of dehydrated chloroform
and dehydrated methanol, to which a reaction accelerant has been added.
Applications include petroleum-related JIS and ASTM tests. These
dehydrated solvents are ideal as solvents for petroleum products. They can
also be used to dissolve resins, pharmaceutical products, rubber and other
substances and can sometimes be used as titration solvents for these items.

[Characteristics]

a) Petroleum products, resins and adhesives dissolve well in these products.

b) The reaction between water and the Karl Fischer reagent occurs faster
than with ordinary solvent mixtures.

c) The end-point can be readily determined and measured over a short
period of time.

[Applications]

Crude oil, electrical insulating oil, refrigerator oil, diesel oil, naphtha,
gasoline, resins, adhesives, pharmaceutical products (caffeine, lecithin,
ointments), printing inks, etc.

Dehydrated Solvents SU and FM

In the past the moisture content of sugars and foodstuffs was measured
through drying at normal or low pressures. Measurement required long
periods of time with these methods, however, and samples were frequently
affected by heat decomposition. These drawbacks meant that the results did
not always reflect the true moisture content. Measurements could not easily
be taken even with the Karl Fischer method, since there was no suitable
extraction solvent. Dehydrated Solvents SU and FM developed by Mitsubishi
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Chemical are mixtures of dehydrated formamide and dehydrated methanol,
to which a reaction accelerant has been added. Substances that dissolve
well in the main ingredient, formamide, include casein, glucose, starch and
lignin. These solvents are therefore ideal for use in the extraction of moisture
from sugars and foodstuffs.

[Characteristics]

a) Sugars and protein dissolve well in these products.

b) The reaction between water and the Karl Fischer reagent occurs rapidly.

c) The end-point can be readily determined and measured over a short
period of time.

[Applications]

Sugars (sugar, drops, caramel, butter sweets, black sugar sweets, malt
syrup, syrup), gelatin (medical capsules, etc.), nucleic acid food additives,
pharmaceutical products, dried vegetables, cereals, animal feeds, wool, etc.

Reference: Muroi, K., Tsutsui, C., Koizumi, H., Nihon Shokuhin Kogyo
Gakkaishi 16, 39 (1969).

Dehydrated Solvent ME

The moisture content of gases can be measured indirectly using the
physical or physical-chemical characteristics of water (see Q1), or by means
of the Karl Fischer method, which involves a direct reaction with the water.
The Karl Fischer method is the more reliable, since the water is captured
directly. It is widely used as the standard method and has been included in
the JIS system and other systems.

Dehydrated Solvent was created as a moisture capturing solvent for use with
gases. It is a mixture of dehydrated methanol and dehydrated ethylene
glycol, to which a reaction accelerant has been added. Moisture content can
be measured easily and accurately by passing a certain amount of gas
through about 100ml of Dehydrated Solvent ME, followed by immediate
titration using a Karl Fischer reagent.

Similar measurements can be obtained with a solvent prepared simply by
mixing Dehydrated Solvent GEX or MS with propylene glycol in the ratio of
3:1 (by volume).
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[Characteristics]

a) The moisture content in gases can be captured completely, and there is
minimal vaporization of the solvent even when large volumes of gas are
passed through it.

b) The reaction between water and the Karl Fischer reagent occurs rapidly.

c) The end-point can be readily determined and measured over a short
period of time.

[Applications]

Inorganic gases (hydrogen, nitrogen, oxygen, argon, helium, etc.)
hydrocarbons (ethylene, acetylene, propylene, propane, butane, etc.)
Vaporization solvent for plastics, minerals, greases, lubricants, etc. Also
excellent for use with inorganic salts, which dissolve readily in this product.

Reference: Muroi, K., Ono, M., Sekiyu Gakkaishi [Journal of Japan
Petroleum Society] 11 (No. 6), 440 (1968).
K. Muroi, Bunseki Kagaku 20, 975 (1971).

(2) Dehydrated Solvents used to Prevent Interference Reactions

Aldehydes or ketones that include active carbonyls cause interference
reactions by reacting with methanol to produce water (see Q8). To
prevent such reactions and measure moisture content accurately, it is
necessary to use a dehydrated solvent designed for use with ketones.
The same dehydrated solvent can be used with lower carboxylic acid,
which causes a similar reaction. Reactivity varies according to the
specific substance and users should be aware that there are limitations
on the size of the samples that can be measured.

Principal ingredients of solvent Name Use Packaging
Propylene carbonate KTX(pyridine-free)| Ketones 500ml bottles
Diethylene glycol monoethyl ether Lower carboxylic acid
Chloroform CP Ketones 500ml bottles
Propylene carbonate Lower carboxylic acid

Silicone oils
Pyridine PE Special-purpose 500ml bottles
Ethylene glycol paints and varnishes
Pyridine PP Aldehydes 500ml bottles
Propylene glycol
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Dehydrated Solvents KTX and CP

The method usually employed to measure the moisture content of
substances that react with alcohol, such as ketones and silicon oils, involves
the use of glycolic solvents which show relatively low reactivity, where
generally used, at low temperatures. Dehydrated Solvent KTX is a pyridine-
free titration solvent produced by mixing dehydrated propylene carbonate
and diethylene glycol monoethyl ether. It should always be used in
conjunction with Karl Fischer Reagent SS-Z. It cannot be used with
aldehydes.

The main ingredients of Dehydrated Solvent CP are chloroform and
propylene carbonate. With this blended solvent, the moisture content of
substances such as ketones, aldehydes (except acetaldehydes) and
silicone oils can be measured easily at room temperature.

[Characteristics]

a) These solvents limit interference reactions with methanol, allowing
ketones, aldehydes (except acetaldehydes), carboxylic acid, etc., to be
measured at room temperature.

b) These products can be used with aminobenzene group and are
especially suitable for direct titration of aniline.

c) These products can be used to measure trace moisture in silicone oils.

[Applications]

Acetone, methyl ethyl ketone, methyl isobutyl ketone, etc.
Propionaldehyde, butyraldehyde, crotonaldehyde, etc.
Aniline, cresidine, toluidine, anisidine, etc.

Silicone oils

Dehydrated Solvent PE

Dehydrated Solvent PE is a mixture of dehydrated pyridine and dehydrated
ethylene glycol, to which a reaction accelerator has been added. It is used
at the amount of no more than 15ml of sample to 30ml of PE, accompanied
by direct titration using Karl Fischer Reagent SS. With this product it is
possible to suppress the interference reaction that is caused by ketones and
to measure moisture content accurately. The solubility of piridine, which is
one of the main ingredients, also allows the product to be used for special
applications, such as paints.
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[Characteristics]

a) This solvent allows direct titration of ketones and lower carboxylic acid.

b) PE can be used as a titration solvent for paints, varnishes, etc.

¢) With this product the reaction between water and the Karl Fischer reagent
occurs rapidly.

d) The end-point can be readily determined and measured over a short
period of time.

[Applications]

Acetone, cyclohexanone, methyl ethyl ketone, methyl isobutyl ketone, acetic
acid, paints, varnishes, etc.

Reference: Muroi, K., Ogawa, K, Bunseki Kagaku 12, 963 (1963).

Dehydrated Solvent PP

Dehydrated Solvent PP is a mixture of dehydrated pyridine and dehydrated
propylene glycol. As a result of work carried out by Mitsubishi Chemical in
relation to active aldehydes, which present the greatest problem in terms of
accurate measurement of moisture content, it is now possible to suppress
two interference reactions (see Q9) and achieve precise measurement
through direct titration with Karl Fischer Reagent SS, simply by adding no
more than approximately 1ml of sample to 25ml of Dehydrated Solvent PP.
In the case of acetaldehydes, which are the most active, about 5ml of
sample is added to 25ml Dehydrated Solvent PP. The resulting mixture is
then expelled with dried nitrogen and titrated.

[Characteristics]

This solvent allows direct titration of active aldehydes.

[Applications]

Acetaldehydes, n-butyraldehyde, iso-butyraldehyde, propionaldehyde,
crotonaldehyde, other higher aldehydes

Reference: Muroi, K., Bunseki Kiki 3 (No.11), 40 (1965).
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3. Standardization Reagents of Karl Fischer reagents

The titer of Karl Fischer Reagent SS-Z and SS can be standardized using
water, standard water-methanol, standard water solution and sodium tatrate
dihydrate. The most commonly used methods are those involving water,
standard water-methanol and standard water solution. Standard water-
methanol is also used as a titration agent for back titration. The following
three standard water-methanol and standard water solution products are
available.

Product Application Packaging
Standard water-methanol | Standardization of Karl 250ml bottles
2.0mg/ml Fischer reagents with titer

of 3~10mg/ml, reverse

titration
Standard water-methanol | Standardization of Karl 250ml bottles
0.5mg/ml Fischer reagents with

potency of 1mg/ml
Aquamicron standard Standardization of Karl 10-ampoule cases
water 10mg Fischer reagents with titer

of 1~10mg/ml

a) Standard water-methanol must be stored in such a way that it cannot
absorb moisture from the atmosphere.

b) Once the seal is broken the moisture content may change because of
atmospheric humidity.
The product should be re-standardized before use as a back titration.

@ Helpful hint -5

Why is salicylic acid used to suppress the interference reaction caused by
amines with strong basicity (pKa9 or higher)?

Interference reactions are observed when amines with strong basicity (pKa9
or higher) undergo direct Karl Fischer titration. Consequences of these
reactions can include unstable end points and higher than normal analytical
readings. To suppress these reactions, samples are first treated with acids
to reduce the basicity. Traditionally, acetic acid was used, but this tended to
trigger a reaction producing esters. Other problems include the fact that
acetic acid itself has a high moisture content. Studies concerning the use of
salicylic acid yielded promising results and the following advantages were
identified.
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a) No esterification reaction during normal titration.

b) Since methanol can be used as the titration solvent, Karl Fischer titration
yields good results.

c) Salicylic acid has a low moisture content.

The fact that salicylic acid is a solid, is a drawback. However, preparation
simply involves the measurement of about 10g of salicylic acid into a titration
flask and the addition of 50ml of Dehydrated Solvent GEX (or MS), then
stirring until dissolved. Up to 70mmol of amines can be measured with 10g
of salicylic acid.

Q7

Mitsubishi Chemical Corporation offers a range of coulometric titration
reagents to suit user requirements. These products can be broadly
categorized into the following four types.

What coulometric titration reagents are there? Please explain the
types of reagents and their uses, and the methods employed.

OGeneral-purpose electrolytes (two types)
These are general-purpose reagents for use with normal
samples.
OKetone electrolyte (one type)
This is used with ketones and lower carboxylic acid, etc.
OCheck solution (one type)
This product is used for end point checking.
OStandard liquid (two types)
This reagent is used to check the moisture meters used in
coulometric titration.

Advice to Users

Electrolytes are of two types; anolyte, which is placed in the anode chamber
of the electrolysis cell, and catholyte, which is placed in the cathode
chamber. Both these products form one pair.
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Characteristics of the Aquamicron Series

When using the Aquamicron Series of electrolytes it is important to
understand the following characteristics of the products.
a) Very small quantities of water (about 10ug) can be measured
accurately.
b) Titration procedures are very simple.
c) Measurements can be carried out quickly (1-10 minutes).
d) It is not necessary to assess the titer of the reagent.
e) The reagent can be used repeatedly.
f) The composition of the solvents has been enhanced to make them
suitable for immediate use with various samples. This eliminates the
troublesome task of adding other solvents.

1. General-Purpose Electrolytes

The general-purpose Aquamicron Series of products are ideally constituted
to facilitate Karl Fischer reactions with solvents, including methanol and
propylene carbonate. Sample solubility is excellent, and even trace amounts
of moisture can be extracted and titrated coulometrically with ease. These
products also offer superior reagent stability, which is the most important
requirement when measuring minute amounts of water. This means that
measurements can be taken with good reproducibility.

The Aquamicron Series is suitable for a wide range of products including
aromatics and other organic solvents, petroleum products, inorganic
products and gas products.

They are also the ideal reagents for the water vaporization method. A
particularly convenient feature is the fact that they can be used immediately
without the need to add other solvents. Aquamicron products have an
excellent reputation for use in day-to-day moisture measurement for plastics
and other solid samples.

Product Type Packaging
Pyridine-free, chloroform-free
Aquamicron AX Anolyte 500ml glass bottles
Aquamicron CXU Catholyle 5ml ampoules (10 per case)
Pyridine-free
Aquamicron AS Anolyte 500ml glass bottles
Aquamicron CXU Catholyle 5ml ampoules (10 per case)
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2. Electrolytes for use with Ketones

Ketones are used as industrial solvents and for many other purposes.
Specially prepared Aquamicron products that do not contain methanol must
be used for ketones because they trigger an interference reaction with the
methanol in general-purpose Aquamicron products. The same specially
prepared products are also excellent for use with lower carboxylic acid,
which causes an esterification reaction with methanol.

Aquamicron products prepared for use with ketones can also be used with
usual chemical substances such as alcohols. They should not be used with
non-polar hydrocarbons or halogenated hydrocarbons which have low
permittivity.

Product Type Packaging
Pyridine-free, Anolyte 500ml glass bottles
chloroform-free Catholyle 5ml ampoules (10 per case)

Aquamicron AKX
Aquamicron CXU

[Applications]

Acetone, methyl isobutyl ketone, methyl ethyl ketone, cyclohexanone, silicon
oils, acetic acid, dichloroacetic acid, etc.

Reference: Muroi, K., Fujino, H., Sekiyu Gakkaishi [Journal of Japan
Petroleum Society] 26, 97 (1983).
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3. Check Solution P

Check Solution P is a solution of organic solvent containing a trace amount
of water (approximately 4mg/ml). It is used to adjust the end point of
coulometric titration by providing surplus water when free iodine is produced
in the electrolytes. It can also be used for day-to-day inspections of
coulometric titration systems. Since methanol is not used as the organic
solvent, this product can also be used with both general-purpose
Aquamicron products and products prepared for use with ketones.

Moisture Content Packaging

3.8-4.2mgH20/ml 100ml glass bottles with septum caps

[Method of Use]

A red tinge in the anolyte solution indicates the presence of free iodine.
Normally, the measurement of moisture content cannot be initiated. In such
cases, Check Solution P is added to the anolyte as required (until the red
tinge disappears) to supply surplus water and turn all of the iodine into
iodide ions. The end point for the anolyte solution can be fine-tuned by
adding Check Solution P in 100ul increments until the red tinge disappears.
Titration is then started.

Check Solution P can also be used for day-to-day verification of moisture
meter. This is done by precisely measuring the moisture content of the
Check Solution P itself.

4. \Water Standard Solution

Aquamicron Water Standard Solution is a water solution containing a
standard amount of water. It is used to verify coulometric moisture meters
and to determine the titer of KF reagents when used in volumetric moisture
meters. The following products are available.

Product Application Packaging

Aquamicron Water Standard 0.2mg| Verification of moisture meters| 5ml ampoules (10 per case)
(coulometric titration)
Aquamicron Water Standard 1mg | Verification of moisture meters| 5ml ampoules (10 per case)
(coulometric titration)
Aquamicron Water Standard 10mg| Determination of titer of KF reagents| 8ml ampoules (10 per case)
(volumetric titration)
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3. Applicability of Karl Fischer Titration

Q 8| What substances is Karl Fischer titration suitable for?

One of the most useful characteristics of Karl Fischer titration is its extremely
wide range of applications.

OOrganic compounds:
Karl Fischer titration can be used with almost all compounds.
Olnorganic compounds:
The scope of application is limited for a number of reasons,
including the fact that inorganic compounds are generally
difficult to dissolve in organic solvents and the fact that many
react with Karl Fischer reagents. For this reason, the
measurement of moisture content in inorganic compounds is
commonly carried out using either the drying method or
other procedures. However, the Karl Fischer method is
useful for compounds that contain volatile substances and
for compounds that are amenable to thermal decomposition.

The following are typical compounds that can be measured directly.

1. Organic compounds

(1) Hydrocarbons
Saturated hydrocarbons, unsaturated hydrocarbons, aromatic
hydrocarbons
(2) Alcohols
Monohydric alcohols, polyhydric alcohols, phenols
(3) Ethers
(4) Acids
Monobasic acids, polybasic acids, sulfonic acids, hydroxy acids, amino
acids
(5) Esters
Organic acid esters, inorganic acid esters, carbamate esters
(6) Aldehydes
Formaldehyde, chloral
(7) Ketones
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Normal ketones, diisopropyl ketone, benzophenone, benzoin, alizarin,
quinalization, dibenzalacetone, camphor, etc.
(8) Acetals RCH(OR'):
(9) Acid anhydrides (RC=0).0
(10) Peroxides
Dialkyl peroxide
(11) Nitrogen compounds
Amines (pKa9 or lower)
Aminoalcohols
Amides RCONH:
Nitriles RCN
Azo compounds RN=NR'
Imines RCHNR' Cyanhydrine RCH(OH)CN
Oximes R2C=N'OH
Lactam NH(CH2)nCO
Isocyanide compounds
Nitroso compounds R:N-N=O, nitro compounds RNO2
Cyanic acid derivatives HOC=N
Hydroxamic acid RCII‘—II\IH
O OH
Anilides CéHsNHCOR
Purines, proteins
(12Halogenated hydrocarbons
(13)Halogenated acyls
(14)Sulfur compounds
Thioether RSR, disulfides RSSR, thiocyanate compounds RSCN,
isothiocyanates RNCS, thioesters RCOSR

2. Inorganic compounds

(1) Organic salts and their hydrates
Sodium acetate, potassium oxalate, sodium tartrate, Ammonium acetate,
barium acetate, lead acetate, ammonium oxalate, etc.

(2) Inorganic salts and their hydrates
Alkaline salts of strong acids, sulfates, acidic sulfates, disulphates,
dithionates, phosphates (1), phosphates (II)

(3) Acids
Sulfur dioxide, hydriodic acid, hydrochloric acid, hydrofluoric acid,
nitric acid, sulfuric acid (92% or lower), phosphoric acid

(4) Chelate compounds
Cobalt complexes

(5) Polytungsten salts
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What is interference in the context of the Karl Fischer titration?
Please explain what is meant by interference reactions.

Q9

Karl Fischer reagent reacts selectively with water, but its other constituents
may react with substances other than water. In such cases, titration may fail
to reach an end point, or an abnormal amount of Karl Fischer reagent may
be consumed, leading to negative or positive errors in the analysis values.
This type of phenomenon is called an interference reaction. It is necessary
to be aware of this problem when using Karl Fischer titration.

Interference reactions can be broadly divided into the following two types.

"
! eReactions with iodine (or iodide ions) !
i *Reactions with other ingredients of Karl Fischer reaction (mainly
: methanol, sulfur dioxide) :

-

The following are examples of substances that cause interference, and
descriptions of the reactions that occur.

1. Reactions with iodine (or iodide ions)

The Karl Fischer method is a form of non-aqueous oxidation-reduction
titration. Since the reaction betwen Karl Fischer reagent and water is a kind
of iodometry, it is subject to interference by substances that trigger an
oxidation-reduction reaction with iodine and iodide ions. Samples containing
substances that react with iodine and iodide ions will therefore produce
positive errors in measurements, while those that contain iodine produced
through the oxidation of hydriodic acid, which is a reactive substance, will
produce a negative error.

(1) Substances that consume iodine (reduction reaction) and

cause a positive error
These are substances that react directly with free iodine in the Karl Fischer
reagent. Because they consume iodine, they have the same effect as water,
which means that the analysis results will be correspondingly higher.

1.1 Organic compounds
(a) Thiol (mercaptan), thiourea and their nitrogen substitutes
2RSH+l2 — RSSR+2HI
(b) Hydrazine hydrochloride
Hydrazine hydrochloride reacts on a mole by mole basis
with iodine.
(c) Thio acid
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2RCSSH+l2 — RCSSSSCR+2HI
(d) Vinyl ether and 2,3-dihydofurane, dihydroprane
ROCH=CH2+l2+R'OH — ROCH(OR")CHal+HI
(e) Ascorbic acid (Vitamin C)
(f) Amines and aminoalcohols (pKa9 or higher)
These consume iodine gradually.

1.2 Inorganic compounds
(2) Ammonia
This reacts with iodine to produce nitrogen iodide
NH3+3l2 — NIs+3HI
(b) Hydroxylamines
2NH20H+312+2S02+2CH30H — 6HI+2HSO4CHs+N2
(c) Ferric chloride
Iron(lll) salt causes the following reaction, with the result
that only 5.5 molecules of water are titrated.
FeCls.6H20+5.512+6S02+6CHsOH —
Fel2+9HI+3HCI+6HSO4CHs
(d) Metal oxides
Manganese dioxide, ferric oxide and lead dioxide react with
Karl Fischer reagent. However, the reaction is not
quantitatively constant, since these substances do not
dissolve readily in the reagent.
MnO2+12+2S02+2CH30H — Mnl2+2HSO4CHs
However, interference does not occur with hydrogen
peroxide, sodium peroxide, barium peroxide, pottasium
persulfate or ammonium persulfate, since these substances
react selectively with sulfur dioxide.
H202+S02 — H2S04
Na202+S02 — Na2S0a4
(e) Weak acids and oxides
Boric acid, metaboric acid, boron oxide and arsenic trioxide
all react with Karl Fischer reagent.
H3BO3+312+3S02+6CH3OH — 6HI+3HSO4CHs+B(OCHs)
HBO2+212+2S02+5CH3OH — 4HI+2HSO4CHs+B(OCHs)
As203+312+3S02+3CH30OH — 2Asl3+3HSOsCHs
(f) Salts
In general, the weakly acidic salts of alkaline metals react
with Karl Fischer reagent in the same way as oxides.
Carbonates, bicarbonates, sulfites and pyrosulfites react in
approximately constant amounts.
K2COs3+12+S02+CH30H — 2KI+CO2+HSO4CHs
KHCO3+l2+S02+CH30H — Kl+HI+S02+HSO4CHs
NazSOs+l2+CHsOH — 2Nal+HSO4CHs
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Na2S20s5+12+CH3sOH — 2Nal+S0O2+HSO4CHs
Sodium tetraborate (Na:B.O7) and sodium metaarsenite
react in approximately the same quantities as shown in (d).
The following are examples of salts that cause non-
quantitative reactions with Karl Fischer reagent, and salts
for which the reaction mechanism is not fully understood.
Naz2CrOas - H20, Mg(NHa4)2(CrO4)2 - 6H20, (NH4)2Cr207, NazS -
9H20, 20M00Os - 2H3P04.48H20, ZrOCl2 - 8H20, ZrO(NOs) -
2H20, Al20(OOCCHzs)2 - 4H20
(g) Reducing agents
When strong reducing agents are titrated, the amount of
moisture will be higher. Stannous chloride and sodium
thiosulfate react with Karl Fischer in approximately constant
quantities.
SnClz « 2H20+312+2S02+2CHsOH —
Snlsa+2HCI+2HI+2HSO4CHs
2Na2S203 - 5H20+1112+10S02+10CHsOH —
2Nal+Na2S406+20HI+10HSO4CHs
Sodium sulfide also reacts with iodine.
Na2S+l2 — 2Nal+S

(2) Substances that produce iodine (oxidation reactions) and cause a
negative error
(2.1) Organic compounds
(a) Dichloroisocyanuric acid
lodine is freed through the oxidation of hydriodic acid.
(b) Quinone
lodine is freed through the oxidation of hydriodic acid.
(c) Peroxy acid
lodine is freed through the oxidation of hydriodic acid.
RC(O)OOH+2HI — l2+H20+CH:COOH
(d) Peroxides (diasyl)
lodine is freed through the oxidation of hydriodic acid
(CeHsCOO0)2+2HI — 12+2CsHsCOOH

(2.2) Inorganic compounds
(a) Chlorine
lodine is freed through the oxidation of hydriodic acid
Cl2+2HI — [2+2HCI
(b) Oxidizing agents
Moisture content appears lower when strong oxidizing are
measured.
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®)

Substances that react with hydriodic acid and produce water
Metal oxides and hydroxides.
Oxides and hydroxides of alkaline metals and alkaline earth metals react
in approximately constant quantities with the hydriodic acid in Karl
Fischer reagent.
MO+2HI — Ml2+H20
M(OH)2+2HI — MI2+2H20
NaOH+HI — Nal+H20
CaO+HI — Calz2+H20
e.g. MgO, Zn0O, Ag:0, HgO, Cu:0, LiOH, KOH, Ba(OH), etc.
However, weakly acidic oxides react much less.
Substances that do not react at all include Alz20s, CuO, NiO
and PbO.
Oxides that react in constant amounts dissolve completely in the Karl
Fischer at the titration end point, but Ni and Al compounds do not
dissolve.

. Other Substances that react with ingredients of Karl

Fischer Reagents

If methanol is used as the solvent for Karl Fischer reagent and the titration
solvent, the following interference reactions will occur. In the case of
aldehydes, there will be interference resulting from reactions with both sulfur
dioxide and water.

(1) Carbonyl compounds

The following reactions with alcohol cause interference by producing
water, leading to high analysis results. Frequently, the end point will
never be reached.

R2CO+2ROH — R2C(OR)2+H20

RCHO+2ROH — RCH(OR)2+H20
In addition to these reactions, aldehydes also capture water through the
following interference reaction. This results in low analysis results.

CéHsN - SO2+RCHO+H20 — CsHsNHSOsCH(OH)R

(2) Lower carboxylic acids and their derivatives
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Formic acid, acetic acid, monochloroacetic acid and dichloroacetic acid
trigger an esterification reaction with methanol at room temperature (20
°C) or higher. This reaction causes interference by gradually producing
water.

CHsCOOH+CH3OH — CH3COOCHs+H20
Formic acid in particular is not suitable for Karl Fischer titration.
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(3) Silanol and silanol derivatives
If methanol is present during Karl Fischer titration, the silanol in silicon
oils will trigger the following interference reaction.
R3SiOH+12+S02+2CH30H —R3SiOCH3+2HI+CH3SO4H

010

The countermeasures used to suppress interference depend on the type of
interference reaction.

Please outline any methods that can be used to suppress
interference reactions so that Karl Fischer titration can be employed.

OBasically, Karl Fischer titration cannot be used with substances that
cause oxidation/reduction reactions. Special preliminary processes
must therefore be used to convert these substances into other
substances before titration.

OWhere substances react with methanol, Karl Fischer titration is carried

out under conditions that do not involve the use of methanol.
With Karl Fischer Reagent SS-Z and SS, methanol is not used as the
solvent, so it is possible to measure the water content in carbonyl
compounds and other substances simply by using the reagent in
conjunction with a dehydrated solvent formulated for use with
ketones. These expanded range of uses greatly enhances the value
of these products.

Oln the case of interference substances that do not change when
heated, it is possible to carry out Karl Fischer titration by using a water
vaporization system.

OWith substances that have strong basicity, such as amines, it is
possible to use Karl Fischer titration if the substances are first
neutralized by adding acid.

Specific examples are shown in the following tables. Individual researchers
should optimize their approaches on the basis of these examples.
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1. Substances requiring special treatment

Hydrazine derivatives
Hydroxylamine salts

Compound Treatment
Ammonia Add acetic acid.
Ferric salts Add 8-Hydroxyquinoline.

Add acetic acid.

Add sulfur dioxide:pyridine solution (1:1).

Thiol (mercaptan)
Sulfuric acid

Thio acid
Thiourea

Prevent interference by adding olefins (octene, etc.).
If the sulfuric acid is 92% pure or higher, add a large
surplus of pyridine and titrate it as a salt.

Prevent interference by adding olefins (octene, etc.).
Prevent interference by adding olefins (octene, etc.).

2. Using Karl Fischer reagents with interference substances

With ketones, aldehydes, lower carboxylic acid and amines with strong
basicity, titration should be carried out using the Karl Fischer reagent in
conjunction with the reagents shown below.

Reagent Used

Substance Volumetric titration Coulometric titration
Ketones Karl Fischer Dehydrated Solvent KTX | Agquamicron AKX
Reagent SS-Z Aquamicron CXU
Karl Fischer Dehydrated Solvent CP
Reagent SS
Aldehydes Karl Fischer Dehydrated Solvent KTX | Aquamicron AKX
Reagent SS-Z Aquamicron CXU
Karl Fischer Dehydrated Solvent CP | (suitable only for
Reagent SS Dehydrated Solvent PP | certain aromatic
aldehydes)
Low-grade Karl Fischer Dehydrated Solvent KTX | Aquamicron AKX
carboxylic acid Reagent SS-Z AquamicronCXU
Karl Fischer Dehydrated Solvent CP
Reagent SS
Strong-base amines | Karl Fischer Dehydrated Solvent GEX | Agquamicron AX
(pKa9 and above)| Reagent SS-Z + salicylic acid + salicylic acid
Karl Fischer Dehydrated Solvent MS | Aquamicron CXU
Reagent SS + salicylic acid

Note:Do not use Karl Fischer SS with Dehydrated Solvent KTX.
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Measuring Moisture Content of Strong-Base Amines

Put 10g of salicylic acid into a titration flask (electrolysis cell).
Add 50ml of Dehydrated Solvent GEX or MS (100ml in the case
of Aquamicron AX) and mix together. Add the sample (amine)
after dehydrating it with Karl Fischer reagent. Then initiate Karl
Fischer titration. The amount of sample that can be measured
will vary according to the type of amine.

4. Procedures for Karl Fischer Titration

011

To measure moisture content by means of volumetric titration, you will first
need to prepare the following items.

How should we actually carry out volumetric titration?
Please describe the preparations and procedures involved.

OfTitration agent: Karl Fischer Reagent SS-Z (or SS)
(It is necessary to assess the titer before use.)

OfTitration solvent: Select the dehydrated solvent to suit the samples.

OA Karl Fischer volumetric titration system
(Reagents manufactured by Mitsubishi Chemical can be used with
any commercially available system.)

Next, the amount of the sample is determined according to the anticipated
moisture content.

In general, one of the following three methods of titration are used. The
procedures for each are explained below.

(1) Direct titration

(2) Back titration

(3) Water vaporization

1. Sample Size

It is important to determine the size of the sample according to the moisture
content. If there is excessive moisture, Karl Fischer reagent will be wasted,
and if there is too little, there will be significant effect on titration error and
the results will lack precision. The following table can be used as a guide
when determining the appropriate amount of sample in relation to
anticipated moisture content. The figures shown here assume that the Karl
Fischer reagent has a titer of 3mg/ml. If the titer is different, it will be
necessary to adjust the figures accordingly.
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Anticipated moisture content (%) Amount of Sample (g)
0.1 or lower 10-20
0.1-0.5 5
0.5-1 2
1-5 0.5
5-10 0.3
10-50 0.1
50 or higher 0.03

2. Direct titration (standard method)

This is the standard and most commonly used method of volumetric titration.
The sample is dissolved in a dehydrated solvent and titrated with Karl
Fischer reagent. Titration is carried out in a sealed system isolated from the
atmosphere.

[Procedures]

a) Place 25-50ml of dehydrated solvent in a thoroughly dried flask.

b) Titrate the Karl Fischer reagent SS-Z to the end point to remove all
moisture.(This procedure is known as "pre-titration". It is not necessary to
read the titration volume at this stage.)

c) Measure out the sample (A, g) according to the anticipated moisture
content and immediately place it in a titration flask.

d) Titrate to the end point (B, ml) using Karl Fischer SS-Z for which the titer
(F, mg/ml) is known, stirring continuously.

e) Calculate the moisture content (W, %) according to the following formula.

BxF

=————x 100
A x 1000

3. Back Titration

In the case of solid samples that cannot readily be dissolved in dehydrated
solvents, moisture is extracted by stirring for a specific period. An excess of
Karl Fischer reagent is then added and the sample is left for a specific
period to allow the moisture to react thoroughly with the reagent. The excess
Karl Fischer reagent is then subjected to back titration using standard
water/methanol solution.
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[Procedures]

a) All moisture is removed from the dehydrated solvent using the procedures
described in the previous section.

b) The sample (A', g) is immediately placed in a titration flask.

c) A specific amount (C, ml) of excess Karl Fischer reagent SS-Z (titer
F'mg/ml) is then added and the sample is stirred for the required period of
time.

d) The sample is then titrated to the end point (D, ml) using a standard
water/methanol solution (titer f, mg/mg).

e) Moisture content (W', %) is calculated according to the following formula.

W' = (CxF)-(Dxf)
A' x 1000

x 100

4. Moisture Vaporization Method

The moisture vaporization method is used with solid samples that do not
readily dissolve in dehydrated solvents, or for samples that cause
interference reactions. Moisture vaporization is carried out using a
commercially available moisture vaporization system in combination with a
volumetric titration system.

[Procedures]

a) An oven is maintained at a temperature suitable for vaporizing the
moisture content of the sample. Nitrogen gas, which has previously been
passed through a drying tube, is passed through the moisture
vaporization system at the rate of approximately 300ml/min.

b) The titration system is dehydrated by means of pre-titration in the titration
system in a flow of nitrogen gas.

c) The sample is then quickly transferred to a sample boat and placed in an
oven that has been maintained at the required temperature.

d) The vaporized water is absorbed into a dehydrated solvent (GEX, MS or
ME).

e) Karl Fischer titration is then carried out according to the direct titration
method.

Note:Dehydrated solvent GEX or MS should be used in a mixture
consisting of one part of propylene glycol to three parts of
dehydrated solvent by volume.
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5. Determining Titer

The titer of the Karl Fischer reagent SS-Z (or SS) that is placed in the titration
system must always be determined before use. Karl Fischer reagent SS-Z
(or SS) is very stable and needs to be tested only once a week, provided
that the bottle is kept airtight. Where particularly high accuracy is required,
titer should be checked daily. Titer can be determined using one of the
following four methods.

OUsing pure water

OUsing standard water solution

OUsing standard water/methanol solution

OUsing sodium tartrate dihydrate
The characteristics of these methods and the procedures for using them are
described below.

(1) Using pure water

This method is the most accurate, since the standard for determining titer is
water itself. The drawback with this method is the difficulty of measuring
small amounts of water accurately. A microsyringe is used for conveying the
water. It is convenient to use a commercially available dropping bottle with a
small dripping pipette. Each drop from the pipette is 20-30mg.

[Procedures]

The amount of water obtained should be 10-30mg. The procedures are the
same as for direct titration. The following calculation formula is used.
F=SIT
Where F: Titer (mgH-0/ml)
S: Amount of water obtained (mg)
T: Amount of Karl Fischer reagent required for titration (ml)

(2) Using standard water solution
With this method, a standard water solution with a guaranteed value is used
in place of water. Where the value of the standard water solution is around
10mg/g, approximately 1g is obtained. The following calculation formula is
used.

F=S x KIT

Where F: Titer (mgH20/ml)

S: Amount of standard water solution obtained (g)

K: Guaranteed value of standard water solution (mgH20/qg)

T: Amount of Karl Fischer reagent required for titration (ml)
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(3) Using standard water/methanol solution

Standard water/methanol solution is a standard water solution for which the
moisture content has been accurately determined. It is especially suitable
for determining the titer of Karl Fischer Reagent SS-Z (or SS). The moisture
content is shown in the label (e.g. 2.02mgH.O/ml).

[Procedures]

a) 25-50ml of dehydrated solvent GEX (or MS) is placed in a titration flask.

b) Karl Fischer Reagent SS-Z (or SS) is titrated to the end point to remove all
moisture content. (It is not necessary to read the titration value at this
stage.)

c) 5-10ml of standard water/methanol solution is taken and added to the
dehydrated solvent in the titration flask.

d) The Karl Fischer Reagent SS-Z (or SS) that is to be assessed is titrated.

e) Titer is calculated from the titration volume according to the following
formula.

F=A x /B
Where F: Titer of Karl Fischer Reagent SS-Z (or SS) (mgH=0/ml)
A: Amount of standard water/methanol solution obtained (ml)
f : Titer of standard water/methanol solution (mgH-O/ml)
B: Amount of Karl Fischer Reagent SS-Z (or SS) titrated (ml)

Note:Standard water/methanol solution has the same expansion
coefficient as methanol. If it is used at a temperature that is
significantly different from the assessment temperature shown
on the label (20°C), it will be necessary to correct the volume
(ml) of standard water/methanol solution used.

(4) Using sodium tartrate dihydrate

Sodium tartrate dihydrate is the most stable of the hydrate standard
substances in relation to changes in atmospheric humidity. It has a
theoretical moisture content of 15.66%. The low solubility of commercially
available sodium tartrate dihydrate means that large amounts cannot be
obtained. The amount for 50ml of methanol would be about 200mg or less.
Users should be aware that the crystal size of commercially available
products may vary. If the crystals are too small they may scatter when
added, leading to errors.
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[Procedures]

The amount of sodium tartrate dihydrate obtained should be around 150mg.
The procedures are the same as for direct titration.
The following calculation formula is used.
F=m x 0.1566/V
Where F: Titer (mgH20/ml)
m: Amount of sodium tartrate dihydrate obtained (mg)
V: Amount of Karl Fischer reagent required for titration (ml)

[Helpful hint -6

Why does a solution that reached the titration end point change color if it is
left standing?

If a solution is left standing for a period after it has reached the titration end
point, it will turn yellow and will start to consume Karl Fischer reagent again.
Conversely, it may turn the reddish brown color associated with over-
titration.

This phenomenon results from contamination by external moisture, and from
the free iodine from the iodide in the solution through the action of ultraviolet
rays and oxygen.
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How can we actually measure moisture content using coulometric
titration? Please describe the preparations and procedures involved.

012

To measure moisture content by means of coulometric titration, you will first
need to prepare the following items.

OElectrolytes: Aquamicron series
To ensure proper functioning, it is essential to use the correct
anolyte-catholyte combination.

OA Karl Fischer coulometric titration system
(Aquamicron series products manufactured by Mitsubishi
Chemicals can be used with most commercially available
systems.)

B s |

Next, the size of the sample is determined according to the anticipated
moisture content.
There are actually two coulometric titration methods.

(1) Direct titration (2) Moisture vaporization
1. Sampling amounts
Coulometric titration is suitable for the measurement of trace quantities of
moisture. Sample size is an important consideration as excessive quantities
will extend the time required for analysis.
Normally a sample containing 0.1-5mg of water is used. The guidelines in
the following table assume that the appropriate moisture content range for
coulometric titration is 1% or lower. This is not to say that coulometric
titration cannot be used for samples with a moisture content above 1%. In
such cases, however, the need to obtain samples in extremely small
quantities will increase measurement errors, leading to problems with
accuracy. If possible, volumetric titration should be used in such cases.

Anticipated moisture content (%) Sample quantity (g)
0-0.05 5-10
0.05-0.1 2
0.1-0.2 1
0.2-0.5 0.5
0.5-2.0 0.1

2. Obtaining a Sample

A carefully dried syringe (1-10ml) should be used. First, flush the syringe 2-3
times with the sample substance. Next, the amount required for the sample
should be taken. A piece of silicon rubber should 