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IODINE-FREE KARL FISCHER REAGENTS

Description

Field of the Invention

This invention relates to one-component iodine-free reagents for water de-
termination using the Karl Fischer reaction, and more particularly to
volumetric one-component, pyridine-frec reagents which are iodine-free
and contain triiodide as an oxidizing agent, a reducing agent such as SO,
a buffer such as an amine, and a solvent.

Background Art

The determination of moisture in materials such as liquids and solids by
the Karl Fischer reaction is well known and widely used since it was first
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described by Karl Fischer in Angewandte Chemie 48, pages 394-396
(1935). Numerous publications have also described this technique for
water determination, and reference is made to a general text by J.
Mitchell, Jr. and D.M. Smith, entitled “Aquametry”, published by John
Wiley and Sons, 1980. Reference is also made to a publication by E.
Scholz entitled “Karl Fischer Titration”, published by Springer Verlag in
1984.

In a Karl Fischer reaction, the water to be determined reacts with iodine
on a quantitative basis and consequently, the amount of reacted iodine is
a measure of the amount of water present in the sample.. The reaction
proceeds according to the following expression:
n H,0 + SO, + I, =2H* 4 2I- + SO;

KF reagents are used in several types of analysis. A volumetric analysis
using a volumetric reagent dctermines moisture by measuring the volume
of the Karl Fischer reagent consumed during thc analysis. A coulometric
analysis using a coulometric reagent gencrates iodine by passing a current
through the reagent and determines the moisture from the amount of cur-
rent.

Volumetric Karl Fischer reagents arc divided into two groups, one-
component and two-component systems. In the one-component systems,
all ingredients (iodine, buffer, SO, and solvent) are in one solution. In the
two-component systems, the “vessel” solution contains the buffer, $O,, and
a solvent, while the “titrant” solution contains iodine in a suitable solvent.
Many differences exist between one component and two component rea-
gents, and the teachings with respect to each cannot be directly applied to
the other.

Both types of systems, onc-component and two-component, have their
advantages. The one-componcnt reagents arc more economical for users
becausc they have to buy only one solution. However, there are disad-
vantages, particularly with respect to stability and shelf life. As soon as
iodine, SO, and amine buffers are combined in the same solution they
slowly react with each other. This reaction decreases the iodine level and
therefore reduces the titer strength. This in turn limits the stability and
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shelf life of the reagent. This complication (v{/hich does not exist in two-
component reagents) requires that the type of amine and the ratio of amine
to SO, have to be carefully controlled to furnish good one-component rea-
gents. This stability problem has been recognized by Blomgren et al in
US patents 2,780,601 and 2,967,155, both of which describe pyridine
based reagents. In the former, a suitable concentration of iodide ions was
added as a stabilizing agent to reduce the speed of the spontaneous titer
decrease so that the titer of the reagent will be less affected by the afore-
mentioned spontaneous side reactions. However, it was found that the
problem persisted even in the reagents containing iodide ions as stabilizing
agents. Therefore, the invention of US 2,967,155 was directed to the use
of a stabilizing base in the reagent, where the base strength of the stabi-
lizing additive was chosen to be greater than that of the accelerating base
(pyridine) used in these reagents. Generally, the use of pyridine is to be

" avoided due to odor and health problems, as well as its inferior perform-
ance characteristics.

US 5,102,804 describes a modified Karl Fischer reagent for the determi-
nation of water which contains another oxidizing source instead of iodine.
This source is an iodine halide or a mixture of halide and salt of an
aromatic nitrogen containing heterocyclic compound. Advantages are
stated to be that of increased stability and quicker reaction times.

US patents 4,378,972 and 4,740,471 describe Karl Fischer reagents con-
sisting of iodine, SO, and amines. UK patent application GB 2 234 066A
describes a two-component reagent in which the titrant can include
triiodide.

While the prior art has provided some solutions to the problem of shelf life
in one-component Karl Fischer reactions, it is desirable to provide onc-
component volumetric reagents which exhibit high titer strength and im-
proved accuracy in addition to enhanced shelf life. This has been
accomplished in the present invention wherein iodine-free volumetric one-
component reagents are described where the oxidizing species is triiodide
that is present in the reagent as the triiodide ion J; or undissociated
triiodide species.
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In the course of Applicant’s experiments it was discovered that methods
for making one-component iodine-free reagents in which all of the triiodide
was not formed prior to establishing the final amine/ SO, ratio in the final
reagent mixture often produced reagents that were inferior to reagents
made by the inventive methods to be described hereinafter. It was also
found that the aforementioned inferior methods for making these reagents
have other disadvantages in comparison to the inventive methods herein.
Some of these disadvantages include the following:

1. More iodine is required than would be theoretically expected to yield
a reagent having a given titer strength.

2. When multiple batches of reagent are made using these disadvanta-
geous methods, the reproducibility from batch to batch is not good.
This lack of reproducibility is a significant factor in commercial pro-
duction requirements.

Accordingly, it is a primary object of this invention to provide advanta-
geous methods for making volumetric one-component, iodine-frece Karl
Fischer reagents.

It is another object of this invention to provide an iodine-free  one-
component volumetric reagent for the Karl Fischer determination of water
content, where the dominant oxidizing spccics is triiodide.

It is another object of this invention to provide an improved pyridine-free,
iodinc-free one-component volumetric rcagent, mcthods for making this
reagent, and a method for using this rcagent to determine water content,
wherein improved accuracy results.

It is another object of this invention to provide improved methods for
making iodine-free one-component volumetric Karl Fischer reagents con-
taining triiodide, a reducing agent such as SO,, a buffér, and a solvent
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wherein any iodine present in said reagents is present in an amount fess
than 1% of the amount of triiodide.

It is another object of this invention to provide inexpensive methods for
making iodine-free one-component Karl Fischer reagents, where the
methods provide reagents whose properties are recproducible over many
production runs.

It is another object of this invention to provide a process for water deter-
mination using the methods and reagents described in the preceding ob-
jects.

Brief Summary Of The Invention

.This invention relates to improved one-component volumetric reagents for
use in determining the water content of a sample using the Karl Fischer
reaction, methods for making the reagents, and their use. These new rea-
gents are pyridine-free, and iodine-free and contain triiodide (present in
the reagent as triiodide ions J5 or undissociated triiodide species) as an
oxidizing agent, a reducing agent such as $0O,, a buffer such as an amine
to maintain a constant pH, and a suitable solvent. The molar amount of
the reducing agent (such as S0, ) is greater than the molar amount of
triiodide in these new reagents. In these rcagents, the dominant oxidizing
agent is trilodide, and any iodine which may be present is present in an
amount less than 1% of the amount of triiodide. As used herein, the term
"iodine-frece” means that there is no iodinc in these reagents or, if iodine is
present, it is present in only tracc amounts, i.c., less than 0.01 moles per
liter.

In one embodiment of reagent preparation all of the triiodide is formed in
a first solution (that optimally can contain a fraction of the final amine
and/or SO, content) prior to cstablishing the final amine/ SO, ratio. The
first solution is iodine-free or essentially iodine-free, and the triiodide is
preferably formed from iodine by reaction with water via the Karl
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Fischer reaction. After this, the final amine/ SO, ratio is established by
adding amine and/or SO, to produce a sccond solution (reagent) in which
the molar amount of SO, is greater than the molar amount of triiodide,
and in which the triiodide concentration is preferably in the range of about
0.05 - 0.6 moles per liter.

By following this procedure, the amount of iodine (or iodide) that is used
to make a reagent having a fixed titer is less than that necded using
methods of preparation in which the triiodide is not formed prior to es-
tablishing the final amine/ SO, mixture. This iodine saving feature be-
comes significant as the number of production runs increases in view of the
expensive nature of iodine.

Another advantage of the method: of this embodiment is that the quality
and uniformity of the reagents from batch to batch when made by these
inventive methods are better than those made by a method in which the
triiodide is not formed prior to establishing the final amine/ SO, mixture.
This good reproducibility is also a production advantage.

In another embodiment, amine and SO, arc present in a first solution
containing a small amount of water. The amount of water in molar terms
is greater than the total amount (in molar terms) of the iodine to be added.
A solid source (such as a powdecr) of iodine is then placed in this solution.
At the moment it dissolves it is converted to iodide ions J- and all of the
water is consumed. As more iodinc is dissolved, it immediately combines
with the iodide ions to form triiodide. In this process iodine is never dis-
solved in the solution in an amount 0.01 moles or greater. Thus, even
though no further amounts of amine and SO, need to be addcd, the prob-
lems mentioned above are avoided, and the final one-component reagent
is iodine-free.

As an alternative to using watcr to convert iodine to triiodide in the for-
mation of iodine-free one-component Karl Fischer reagents, heat can be
applied for a limited time to a solution containing an amine, SO, and
iodine and having a desired amine/ SO, ratio. In this embodiment, how-
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ever, it may be that not all of the triiodide is formed in the solution prior
to establishing the final amine/ SO, ratio.

In use, a known amount of this reagent is added to a reaction cell con-
taining a solvent in order to titrate to a first endpoint (thereby removing
any water from the solvent). The sample is then dissolved in the solvent
and the reagent is again added, to have titration to the same endpoint.
The endpoihts are typically indicated visually or through electronic circui-
try. Since the titer of the reagent had been previously determined by
means of a known quantity of water and since the volume of the added
reagent is known, the water content of the sample can be calculated.

Thesc and other objects, features, and advantages will be apparent from
the following more particular description of the preferred embodiments.

Detailed Description Of The Preferred Embodiments

The reagents of this invention are pyridine-free one-component volumetric
reagents that are iodine-free and contain triiodide as an oxidizing agent.
The reagents also contain a reducing agent such as S0,, a buffer such as
an amine, and a solvent.

In addition to the basic Karl Fischer reaction described above as equation
1, it is known that iodide ions can bc added to a Karl Fischer reagent
containing SO,, a buffer such as an amine, and a solvent by adding water
to the Karl Fischer reagent. The iodide ions combine with iodine accord-
ing to the following expression:

The species I5 is the trijodide ion. Reaction 2 can occur in aqueous and
in alcoholic solutions, as well as in other solutions.
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The reaction given by Equation 2 can be used in certain, special ways to
make the improved one-component reagents of this invention since the re-
action is driven predominantly to the right hand side of the equation, i.e.,
to I5. The methods of this invention using equations (1) and (2) establish
a first solution having a first amine/ SO, ratio and then establish a second
solution that’s jodine-free and contains triiodide, the second solution hav-
ing an amine/ SO, ratio that is different than the first amine/ SO, ratio.
Following these general guidelines provides the advantages listed
hereinabove.

Several different methods can be employed to achieve the general guide-
lines of the previous paragraph. Four such approaches are the following:

Method 1

A first solution is made containing a solvent in which the desired final
amount of amine is present. Slightly more than 1/3 of what will be
the total addition of iodine is then added to this solution. After this,
water is added in a sufficient amount to convert the iodine to iodide
when SO, is later added. At this time, SO, is slowly added in an
amount just enough to convert all of the iodine to iodide. This point
in the process is easily noticed since the solution will turn from a
brown color (indicative of iodine) to a clear solution (indicative of
iodide). Then the balance of the iodine is added to the solution, all
of the iodine being converted to triiodide due to reactions given by
cquations 1 and 2. As a final step, SO, is bubbled into the solution
in an amount necessary to provide a second solution (reagent) having
the desired final amine/ SO, ratio.

Method 2

The desired final amount of §0, is dissolved in a suitable solvent to
which is added a small amount of amine (preferably less than 0.3
times the amount of SO, in molar terms) to produce a first solution.
After this iodine is added to this solution in an amount that is slightly
more than 1/3 the total amount of iodine that will be added to the
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solution. Water is then slowly added to the solution in the amount
needed to convert the iodine to iodide in accordance with equation 1
above. This will be evidenced by the changing of color of the solution
from brown (indicative of iodine) to colorless (indicative of iodide).
After this, more iodine is added. The amount of the added iodine is
the balance of the total amount required to produce the desired
amount of triiodide. The balance of the amine needed for the finished
product is then added to produce a sccond solution (reagent), the
amount of amine being added being the amount necessary to have the
desired, final amine/ SO, ratio.

In methods 1 and 2, there were no additional amounts of either amine
(method 1) or SO, (method 2) added after the start of the process.
It will be appreciated, however, that both amine and SO, can be
present at the start of the process, in amounts that do not yield the
desired final amine/ SO, ratio.

When weakl amines (those that are not strongly basic) such as
imidazole and its derivatives are used, the first solution has an amine/
SO, ratio outside the range 0.4/1 - 8/1. The second solution (the final
one-component Karl Fischer rcagent) is prepared by adjusting the
relative amounts of amine and SO, to have a desired final amine/
S$0, ratio within the range of about 0.3/1 - 12/1.

When strong amines (those that are strongly basic) such as primary
and secondary acyclic amines are used, the first solution is prepared
to have an amine/ SO, ratio outside the range 0.6/1 - 1.2/1. The sec-
ond solution (the one-component Karl Fischer reagent) is preparcd
by adjusting the relative amounts of amine and SO, to have a desired
final amine/ SO, ratio within the range of about 0.4/1 - 1.5/1.

Method 3

Iodine and iodide (such as an iodide salt) are mixed in a solvent to
form triiodide, the solution being iodine-free. The final SO, and
amine concentrations are then established by adding these ingredients
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or by adding another solution containing amine and SO, in the de-
sired final amine/ SO, ratio. This method may be the least preferred
because it requires the use of jodide as an initial ingredient and the
iodide is expensive.

Method 4

This method starts with a solution containing a solvent, an amine, a re-
ducing agent such as SO, and water. lodine is then added but is converted
into triiodide before it can dissolve in the solution. Thus, at no time will
there be iodine dissolved in the solution in anlounts"equal to or greater
than 0.01 mole.

The following examples 1, 3, 5, 9 and 10 illustrate the aforementioned
methods in accordance with the present invention, while examples 2, 4 and
6 illustrate the inferior results that are obtained when the necessary
triiodide concentration is not formed prior to establishing the final amine/
SO, ratio.

Examples 7 and 8 illustrate the variations that can result when different
amines arc used.

Example 1
This example illustrates Method 1, above.

2 moles of imidazole arc dissolved in 1 liter of ethylene
glycolmonomethylether. Now 0.2 mole of iodine is also dissolved. 0.1 mole
of water is added. Now, 0.25 mole of SO, is bubbled into the solution.
This results in a solution having only 0.15 moles of SO, since the SO, rec-
acts with the iodine and water. Small amounts of water are then added
until the brown solution turns clear, indicating that all iodine has been
converted to 0.4 mole of iodide. Then 0.35 mole of iodine is added to the
solution, and is converted to triiodide by reaction with the 0.4 moles of

-10-
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iodide present in the solution. Finally, 1.6 more moles of SO, are added
while cooling the solution.

This solution was tested in a commercial titration apparatus and per-
formed very well.

Example 2.

This example illustrates a method wherein the triiodide is not formed prior
to establishing the desired, final amine/ SO, ratio.

The process of Example 1 was repeated with the same ingredients and the
same amounts of ingredients, except that the sequence of adding the in-
gredients was changed to the following:

dissolve all the imidazole
dissolve all the sulfur dioxide
dissolve all the iodine

add all the water

While it would be expected that the reagents made by the methods of ex-
amples 1 and 2 would be similar, it turns out that they were not. The titer
strength of the reagent in Example 2 was lower than that of the reagent
of Example [. Also, by repcating the methods of examples | and 2 several
times it was found that reagents made by the method of Example 1 were
more consistent than those made by the method of Example 2, with regard
to performance and titer strength. The inferior results obtained using the

method of example 2 clearly demonstrate the superiority of the method of
example 1.

Example 3
This example illustrates Method 2, above.

2 moles of SO, were dissolved in 1 liter of ethyleneglycolmonomethylether.
0.3 moles imidazole and 0.5 moles diethanolamine were then dissolved.

-11-
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Now, 0.2 moles of iodine were added and dissolved by stirring. Water was
then added slowly until the solution turned from brown to clear, indicating
that all iodine was converted to 0.4 mole of iodide. Now, 0.35 mole of
iodine was added and dissolved by stirring, thereby converting all iodine
to triiodide. Then 1.4 moles of imidazole was added to make the finished
reagent.

The reagent was tested in a Karl Fischer water determination and yielded
good results.

Example 4

This example illustrates a method in which the triiodide is not formed prior
to establishing the desired, final amine/ SO, ratio.

The experiment of Example 3 was repecated, using the same amounts of
ingredients except that they were added in the following sequence: all
imidazole and diethanolamine, all sulfur dioxide, all iodine, all water. The
titer of this reagent was lower than that of the reagents made using the
methods of Example 3, thereby demonstrating the superiority of the
method of example 3.

Example 5

This example also illustrates Method 2, above. Here, the method of prep-
aration in example 3 was repcated, except that in the last step instead of
1.4 moles imidazole, 1.4 moles of diethanolamine were added to make the
finished reagent.

The reagent exhibited good titer strength when tested in a Karl Fischer
water determination; it also yiclded good results.

Example 6

-12-
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This example illustrates a variation of the method of example 5 in which
the triiodide is not formed prior to establishing the desired, final amine/
SO, ratio.

The method of preparation in example 5 was repeated, using the same in-
gredients in the same amounts, except that the ingredients were added in
the sequence indicated in example 4. The titer of the reagent of example
6 was lower than that of example 5. This demonstrates the superiority of
the method of example 5.

Example 7

This example indicates the need for some variation when strongly basic
amines are used.

Here, it was attempted to repeat the method of preparation in example 1
using diethanolamine instead of imidazole. A useful reagent could not be
made this way because when all of the iodine was added to the
diethanolamine solution the solution lost most of its brown color, thereby
indicating that the iodine was lost in side reactions.

Example 7 shows that not all possible sequences are successful.

It should also be mentioned that a possible but less preferred way of
making these triiodide reagents is to dissolve iodine, add more than an
equimolar amount of an iodide such as sodium iodide, and then add sulfur
dioxide and amine in amounts which yield the desired, final amine/ SO,
ratio.

Example 8

This example is a variation of example 5, and also illustrates a suitable
sequence of steps in accordance with Method 2, above.

-13-
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Here, example 5 is repeated except that instead of initially dissolving 0.3
mole imidazole and 0.5 mole diethanolamine, 0.8 mole diethanolamine is
dissolved (i.e., no imidazole is used).

Example 9
This example illustrates Method 3, above.

0.4 mole iodine and 0.45 mole of an iodide salt (such as Nal) are dissolved
in a solvent, such as ethyleneglycolmonomethylether, to produce triiodide
and a possible excess (0.05m) of iodide salt. Then 2 moles of imidazole are
added, and 2 moles of SO, are bubbled in to produce the reagent having
the desired, final amine/ SO, ratio.

Example 10

Another preferred method is to first cstablish a mixture of the amine,
sulfur dioxide and water in the solvent and then to add the iodine after-
wards. The sequence in which these first three ingredients are added does
not matter. The important feature is that they are all present before the
iodine is added. In this way the jodine is converted to triiodide before it
can dissolve in the solution. " The following example illustrates this pre-
ferred method.

2 moles of imidazole and 0.19 mole of water were dissolved in onec liter of
ethyleneglycolmonomethylether. After this, 1.5 moles of sulfur dioxide
were dissolved in the solution. Then 0.445 mole of iodine was dissolved
by stirring. This results in a final solution containing 0.255 mole of
triiodide, 0.125 mole of iodide and essentially no iodine.

For all of these examples the usual laboratory practices were followed,
such as the exclusion of atmospheric moisture.

Laboratory experiments have led to the discovery that water is not needed

to convert an iodine containing one-component solution to an iodine-free
triiodide one-component Karl Fischer reagent. A preferred method for

-14-
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doing this is to expose the iodine reagent for a certain time to elevated
temperatures. The clevated temperature is in the range from about 40°C
to the boiling point of the solvent. The time period required for complete
conversion to triiodide will decrease as the temperature increases and may
be as short as about one minute at temperatures close to the boiling point
of the solvent. At a temperature of about 100°C, complete conversion will
occur in less than about one hour. The clevated temperature may be ap-
plied to the finished product (i.e., the solution containing S$Q,, amine and
iodine) or during preparation of the solution. The chemical reaction that
occurs to effect this transformation (iodine to triiodide) is unknown. For
example, if a solution containing 2 moles of imidazole, 2 moles of sulfur
dioxide and 0.5 mole of iodine in one liter of
ethyleneglycolmonomethylether is exposed to a temperature of 75°C for a
period of 24 hours the solution will be converted to an iodine-free solution
containing mostly triiodide as the oxidizing species. While in this example
a time period of 24 hours was used, complete conversion may have oc-
curred significantly prior to the end of the 24 hour period. This temper-
ature treatment is widely applicable to solutions with the different amines
mentioned in-this specification.

This reagent was tested in a Karl Fischer water determination and yielded
good results.

Application of Reagents

The reagents prepared in examples 1, 3, 5, 9 and 10 (as well as those pre-
pared by using heat to convert iodine to triiodide) were used as volumetric
reagents in a commercial titration apparatus (Ericsen Instruments Corp.
Cat. No. AQ100). Each moisture analysis used 50ml of methanol in the
titration vessel. The methanol was pretitrated to a first endpoint. Then
50mgs. of water were added to the vessel and a sccond titration under-
taken to an identical endpoint. Accurate reproducible results were ob-
tained.

-15-
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The Karl Fischer reaction given by Equation 1 and the reaction given by
Equation 2 will occur in the preparation of these reagents by methods I,
2 and 4. This will convert iodine into triiodide so that the finished sol-
utions are iodine-free, the oxidizing agent being triiodide. The reagent may
also contain a possible excess of I-.

As soon as the ratio of iodine/iodide is equal to I, practicaliy all of the
oxidizing species becomes I5 (triiodide) because of the reaction in Equation
2. The best results are obtained as soon as the iodide amount is at least
equal to the iodine amount, i.e., J-/I, > 1. If this is so, the resulting sol-
ution will be iodine-free.

As the iodide concentration is further increased, at a constant iodine con-
centration, it has been found that the best results are obtained when the
iodide/iodine ratio is in the range of about 1-2.5. However, superior rea-
gents are still obtained when this ratio is above 2.5.

It is recognized that some presently used Karl Fischer reagents of the sin-
gle component type may contain limited amounts of triiodide in addition
to some iodide. This occurs because solvents may contain small amounts
of water. Due to this, the reactions given in Equations 1 and 2 may occur
to a limited extent and therefore presently used reagents may contain some
triiodide in addition to iodinc. The rclative amounts of triiodide and
iodine in those prior art reagents are significantly different than those in
the improved one-component reagents of the present invention, however.

Several electrochemical experiments have been conducted to show that the
KF reagents of this invention contain essentially only triiodide and no
iodine. These experiments involved thc measurement of the oxidation-
reduction potential of the rcagents. A platinum wire was inserted into the
solutions and its voltage was measured against a reference cell. The sol-
ution contained a known amount of iodine but no iodide. Then iodide was
added in known amounts while the voltage was measured. At the point
where the amount of iodide added was equal to the amount of iodine

-16-
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(I, + I- = I5) the redox potential of the platinum wire dropped suddenly
by about 200 millivolt. These results prove to an electrochemist skilled in
the art that triiodide was formed because the voltage drop occurred at an
iodine to iodide ratio of 1. The large size of the drop (200 millivolts) shows
that the amount of iodine left after the reaction is much less than 1% of
the original amount of iodine.

As noted, very small amounts of iodine possibly may be present in the re-
agents of this invention, as is apparent from a review of Equation 2. If
present, the amount of iodine will be so small that the iodine is immaterial
as a titration agent. The equilibrium constant K of Equation 2 is given
by the following expression:

Typically, K is in the order of 10¢ — 10%(moles' -liter) in these new KF re-
agents and at a minimum is at least 103(moles—'liter). It can be easily
shown that under these conditions there is very little iodine present as soon
as more iodide than iodine is added to the reagent. For example, if 1 mole
iodine per liter is combined with 1.01 moles of iodide per liter, I mole of
triiodide is formed and 0.01 mole of iodide is left over. Even if a low K
of 104 is assumed, when these number are put into Equation 3 it yields
I, = 10-2 moles per liter. In this example, worst case assumptions were
made, ie., K=10* and I-=0.01.. In the more realistic case where
K =105, even for I- = 0.01, I, is present in an amount 10-3 molcs per liter.

These iodine concentrations of 0.01 and 0.001 moles per liter, respectively,
are so low that they are far outside the range of present conventional single
component volumetric reagents in which iodinc is in the range of 0.05-0.33
moles per liter. As noted previously, “iodine-free” as used herein means
an iodine concentration less than 0.01 moles per liter. A reagent using
iodine as the sole oxidizing specics, where the iodine concentration is less
than 0.01 moles per liter, cannot be used commercially because of its ex-
tremely low titer strength. When exposed to small amounts of atmospheric
moisture any such reagent would rapidly lose all its titer strength and
therefore would be useless.
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For commercial and technical reasons these new reagents contain triiodide
in a most preferred range of 0.05-0.33 moles of triiodide per liter. How-
ever, since the new reagents can also be prepared somewhat stronger, a
preferred triiodide range is 0.05-0.6 moles of triiodide per liter.

The buffers used in these new reagents are non-pyridine buffers and pref-
erably are numerous types of amines. It has been found that imidazole
and its derivatives give the best results. These derivatives are compounds
that contain the imidazole ring and wherein the hydrogen of the imidazole
is substituted by one or more aliphatic or aromatic groups. Good results
have also been obtained with diethanolamine or other aliphatic amines
such as diethylamine - in general, aliphatic amines can be used.

Suitable amine buffers, besides the most preferred imidazole, include
acyclic primary, secondary, or tertiary amines optionally containing zero
to three oxygen atoms. Examples include aliphatic amines such as
diethanolamine, ethanolamine, tricthanolamine, diethylamine,
triethylamine, diisopropylamine, tri-n-butylamine, ethylenediamine,
guanidine and the like. Mixtures of such amines can also be used. In ad-
dition to the above-mentioned types of amines, other suitable amines in-
clude dimethylanlline, diphenylamine and other equivalent amines.
Diethanolamine is a preferrcd amine. Other amines known in the art can
also be used.

The desired final range of the amine:SO, ratio in the triiodide reagents of
this invention depends on the kind of amine used. For weak amines such
as imidaque, a preferred range is 0.4/1 - 8/1 and up to about 0.2/1 - 12/1.
For strong amines such as the aliphatic amines (e.g., diethanolamine), a
preferred range is 0.4/1 - 1.5/1 and up to about 0.3/1 - 1.6/I.

The solvents used for thesc improved reagents can be chosen from those
customarily used. For example, an anhydrous low molecular weight alco-
hol can be used, such as ethylene glycol-monomethyl ether. Other suitable
solvents include alcohols having from 2-6 carbon atoms and other solvents
currently used in the art to make one-component reagents.
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By far the most preferred reducing agent is $O,. Other reducing agents
are described by Delmonte in US 3,656,907. An example is
dimethylsulfoxide. SO, may alternatively be used in an admixture with
an acid such as an oxalic, sulfuric, hydroiodic, or hydrochloric.

In practice, these improved pyridine-free, iodine-free one-component
volumetric reagents are used in the same manner as are other one-
component reagents. That is, the reagent is added in measured amounts
to titrate to an endpoint identical to the beginning endpoint.

The improved reagents of this invention have surprisingly shown increased
accuracy in comparison to reagents wherein the titration agent is iodine.
A comparison experiment was carricd out to compare the performance of
the triiodide titration reagents of this invention with that of a conventional
iodine reagent (made by dissolving 136 grams of imidazole in one liter of
ethylene glycol monomethyl ether, followed by the dissolution of 96 grams
of §0,, and then the addition of 113 grams of iodine). Both solutions were
used as titrants irn a manual conventional titration apparatus to titrate a
known amount of 50 milligrams of water in methanol. Ten titrations were
performed with each solution, the accuracy being found as follows:

New reagent: 50mg+ 0.9mg. Accuracy 1.8%.
Old reagent: 50mg+ 2.1mg. Accuracy 4.2%.

Other experiments relating to accuracy were carried out, yielding the same
result: namely, that the new iodine-frec reagents containing triiodide were
more accurate. This is a very desirable fcature which can, for example,
provide increased efficiency in a manufacturing process where the degrec
of accuracy is critical.

In these improved, iodine-frec reagents, a range of triiodide of 0.03 - 0.7
mole per liter is useful. However, the preferred range of triiodide is 0.05 -
0.6 moles per liter. In order to convert substantially all of the iodine into
triiodide during formulation of the reagent in accordance with equation
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(2), the water that is present prior to adding iodine should be present in
an amount at least 1/3 of the amount of iodine on a molar basis.

These new reagents can be employed in Kits that are sold to users for the
detecrmination of water content. An example is a sealed vial containing
these new reagents, where the unknown sample can be introduced into the
vial (as by breaking a seal), in the manner taught by US patent 5,179,024.

While this invention has been described with respect to particular embod-
iments thereof, including novel methods for making iodine-free reagents,
it will be apparent to those of skill in the art that variations may be made
therein without departing from the spirit and scope of the present in-
vention. These inventive methods of preparation require only small
amounts of iodine and provide reagents having good titer strength and re-
producible properties when analyzed on a batch-to-batch basis during
multiple production runs.

The scope of this invention is intended to be limited only by the issued
claims thereof.
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CLAIMS

I claim:

1.

6.

A single component volumetric iodine-free Karl Fischer reagent for
determining water content in a sample, said reagent containing a
buffer, a reducing agent, triiodide as an oxidizing agent and a solvent,
where the molar amount of said reducing agent in said reagent is
greater than the molar amount of triiodide in said reagent.

The reagent of claim I, where said reducing agent is SO;.

The reagents of claims 1 and 2, where the concentration of triiodide in
said reagent is greater than 0.03 moles per liter.

The reagents of claims | and 2 where the concentration of triiodide in
said reagent is in the range of about 0.05 moles per liter to about 0.6
moles per liter.

The reagents of claims | and 2, where the amount of said reducing
agent in the reagent is at least three times the amount of triiodide in
said reagent.

The reagents of claims 1 and 2, where said buffer is an amine.

The reagent of claim 6, where said amine is selected from the group
consisting essentially of imidazole and its derivatives.
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8.

10.

11.

12.

13.

14.

15.
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The reagent of claim 7, where the ratio of amine/reducing agent is in
the range 0.3/1 - 12/1.

The rcagent of claim 6, where said aminc is sclected from the group
consisting essentially of primary and secondary acyclic amines.

The reagent of claim 9, where the ratio of amine/reducing agent is in
the range 0.4/1 - 1.5/1.

The reagent of claim I, where said buffer is imidazole and said reduc-
ing agent is SO, and wherein said triiodide is present in an amount
greater than 0.03 moles per liter.

The rcagent of claim 11, where the amount of SO, in the reagent is at
least three times the amount of triiodide in said reagent.

The reagents of claims | and 2, where said solvent contains two or
more carbon atoms.

A Karl Fischer reagent kit comprising a sealed vial containing the re-
agents of either claim 1 or claim 2.

In a method for determining the watcr content of a sample using a
volumetric Karl Fischer water analysis, the improvement including ei-
ther the step of using the reagents of either claim 1 or claim 2 or the

- step of using the kit of claim 14.

16.

A method for making a one-component iodine-free volumetric Karl
Fischer reagent having triiodide as the oxidizing agent, said method
including the steps of:

combining in a first solution an amine, SO, and iodine therein, said
amine and SO, being present in a first amine/ SO, ratio,

converting said first solution to an iodine-free second solution having
triiodide therein in an amount greater than 0.03 moles per liter and
having a second amine/ SO, ratio that is different than said first amine
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18.

19.

20.

21.

22.

23.

24,

25.

26.
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S0, ratio, the molar amount of SO, in said reagent being greater than
the molar amount of triiodide in said reagent.

The method of claim 16, where said converting step is done by adding
water to said first solution.

The method of claim 16, where said converting step is done by expos-
ing said first solution to a temperature in excess of about 40° for a time
period sufficient to produce said iodine-free second solution containing
triiodide as an oxidizing species.

The method of claim 16, where said converting step includes reacting
iodine with iodide.

The method of claim 16, where said amine is selected from the group
consisting essentially of imidazole and its derivatives.

The method of claim 20, where said second amine/ SO, ratio is in the
range 0.3/1 - 12/1.

The method of claim 20, where said first amine/ SO, ratio is outside the
range 0.4/1 - 8/1. '

The method of claim 16, where'said amine is selected from the group
consisting essentially of primary and secondary acyclic amines.

The method of claim 23, where said second amine/ SO, ratio is in the
range 0.4/1 - 1.5/1.

The method of claim 23, where said first amine/ SO, ratio is outside the
range 0.6/1 - 1.2/1.

The method of claim 16, where said triiodide is present in said reagent
in an amount between about 0.05 - 0.6 moles per liter.
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The method of claim 16, where said combining step includes the steps
of dissolving SO, and aminc in a solvent to produce a solution having
water therein, and adding a solid iodine source to said solution to
produce iodine ions and to deplete all of the water in said solution, and
said converting step includes reacting further amounts of iodine with
iodide to produce said triiodide.

A method for preparing a one-component iodine-free volumetric Karl
Fischer reagent containing an amine, SO, and triiodide as an oxidizing
agent and having a final amine/ SO, ratio, said method including the
steps of:

forming an iodine-free triiodide solution, said triiodide being present
in an amount between about 0.05 moles per liter and 0.6 moles per li-
ter,

establishing a first amine/ SO, ratio in said solution, and
cstablishing a final amine/ SO, ratio in said solution which is different
than said first amine/ SO, ratio to produce a one-component iodine-

free Karl Fischer reagent in which the molar amount of SO, is greater
than the molar amount of triiodide.

The method of claim 28, where said aminc is sclected from the group
consisting essentially of imidazole and its dcrivatives.

The method of claim 28, where said amine is selected from the group
consisting of primary and secondary acyclic amines.
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