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In Karl Fischer analysis, sulfur trioxide can react with DMSO, invalidating test results. The authors evaluated different
instruments and methods, described in this article, to minimize the impact on results.
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Abstract

Karl Fischer (KF) analysis is a fast and effective way to determine the water content in many excipients and APls.
Dimethyl sulfoxide (DMSO0) is a hygroscopic pharmaceutical ingredient. For many years, its water content has been
tested using the volumetric KF method, even though the accuracy of results using this method can be affected by
reaction between the KF reagent and the DMSO analyte.
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Spiking experiments that assessed water recovery were used to evaluate the interference for several reagent and
technique combinations. Finally, method linearity, precision, and accuracy were assessed for each reagent and
technique. This work resulted in developing a new technique and analytical instrumentation that would produce water
standards in DMSO that were suitable for method development.

In Karl Fischer analysis, sulfur trioxide can react with DMSO, invalidating test results. The authors evaluated different
instruments and methods, described in this article, to minimize the impact on results.

The use of United States Pharmacopeia and European

Pharmacopoeia (USP and Ph Eur)-grade dimethyl sulfoxide (DMS0) has become
increasingly common in topical and parenteral drug delivery systems as a way to
make APls more soluble. A wide variety of applications are currently on the
market with multiple routes of administration (1,2). Some of its other
applications include acting as a reaction solvent for the synthesis of APls and

intermediates as well as use as an API itself.
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The US and European compendial methods both specify that volumetric Karl
Fischer (KF) be used for water determination in DMSO (3,4). Unfortunately, there are many drawbacks to using volumetric
KF with DMSQ. For one thing, an intermediate product, sulfur trioxide, reacts with DMSO in the presence of iodide. This
redox reaction reduces DMSO to dimethyl sulfide (DMS), generating iodine in the process. This iodine then titrates water
in the sample, which results in low recovery. This particular interference has been observed by a number of device
manufacturers and has been further discussed in technical papers (5,6). Some manufacturers have also observed the
same interference when using coulometric KF (7).

Other issues have also become apparent when analyzing anhydrous DMSO samples. Due to the hygroscopic nature of
DMSOQ, exposure to environmental moisture results in an uptake of water. This interference can lead to skewed results
when calculating the recovery factor that is necessary for volumetric KF. The burette for volumetric KF is designed to
titrate samples with a water content greater than 1% w/w. Device manufacturers for volumetric KF suggest that 10-90%
of the burette volume be used for optimal usage. For anhydrous DMSO samples, the amount of burette volume used can
be as low as 0.3%, leading to accuracy and precision errors.

Approach

Each analytical method was evaluated over a wide range of concentrations. Because of the extremely hygroscopic nature
of DMSO0, special techniques were developed to prepare and handle DMSO standards that contained less than 50 ppm
water.

Septum-lined sample bottles were used to allow for the addition of water spikes and subsequent withdrawal of material
without having to remove the container cap. Activated molecular sieves (8) were then used to dry down the DMSO
samples to help achieve a lower initial water content.Once dried, the DMS0 was transferred to a thoroughly dried sample
bottle. To prevent exposure to environmental moisture during transfer, an apparatus was set up to transfer the dry
material. It consisted of a stainless-steel cannula and a nitrogen purge, as shown in Figure 1. All water and stock spikes
were prepared using a gas-tight syringe (9) in the same bottle to control the risk of environmental moisture associated
with transferring the dry DMSO into multiple bottles. A 1% w/w water stock solution was also used to control the error
inherent to weighing small volumes of water.

Figure 1: Sample preparation apparatus [ALL FIGURES COURTESY OF THE AUTHORS].

To perform recovery calculations, an initial water assay of the DMS0 sample was required. This calculation was
accomplished using the method of standard addition (10).

The volumetric KF method (11) was then assessed using data from validation exercises that had been performed in 2016
and 2018. Low recovery was exhibited in both validations but could be corrected with the use of a recovery factor. Tests
were run using different commercially available Karl Fischer reagents (12) and results were compared. These
experiments showed that the use of methanol-based reagents improved both accuracy and precision.

In a pharmaceutical environment wherein accurate water measurements are needed as a means of process control, it is
beneficial to be able to make multiple injections without having to change out the solution. An experiment was carried out
in which numerous injections of DMSO were made into a titration vessel without emptying the titration cell and filling with
fresh solution. When comparing the cumulative volume of DMSO0 in the titration vessel against water concentration
values returned by the instrument, two trends became apparent: A downward trend in the results was seen when using
higher concentration material (Figure 2B) and an upward trend for lower concentration material (Figure 2A).
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Figure 2: Trend in results after multiple injections based on the concentration of water in dimethyl sulfoxide (DMSQ) for volumetric
andcoulometric titrators. ppm is parts per million.

The method works relatively well for DMSO that contains higher concentrations of water. However, using a recovery
factor is not sufficient when using KF analysis on extremely dry product samples. The authors had considered using a
Karl Fischer oven module to assess water in DMS0 samples, while preventing DMSO from entering the titration cell.
Instrument manufacturers suggested, instead, that using an oven would result in the same problems, so the decision was
made to consider using a gas chromatograph (GC) equipped with a thermal conductivity detector (GC-TCD) and an ionic
liquid-based GC column (13, 14, and 15) as an alternative to volumetric KF.

A GC-based method offered an attractive alternative to a KF titrator for several reasons. First, if it worked, the GC-TCD
analysis would avoid the complicated interferences observed between DMSO and components of the KF reagent. In
addition, a GC is generally a more robust instrument than a KF titrator. It requires less maintenance and fewer
consumables and can be used to analyze for more than one impurity at a time. GC analysis is also less technique
dependent, making it ideal for in-process testing.

The authors found that the GC-TCD method worked relatively well at higher water concentrations, as shown in Table 1. At
concentrations lower than 300 ppm, however, the GC-TCD signal was not intense encugh to generate the area counts that
were required to reproduce data precisely, which led to linearity problems. However, percent recovery values were deemed
suitable across the testing range, based on an assessment of triplicate injections. Using fewer injections resulted in low
precision at concentrations less than 300 ppm, causing recovery to vary widely. However, the need for triplicate injections
resulted in a significant runtime for each sample analysis.
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Table 1. Accuracy and precision data for the gas chromatography-thermal conductivity detector (GC-TCD) method.

The authors then considered the coulometric KF (15) method for this application, especially after learning that the
approach had been mentioned in a 2018 petition to the Ph Eurto change the DMSO testing monograph. Spiking
experiments (16) were used to assess the method's capabilities (17).

Excellent recovery and precision were observed, even for concentrations as low as 35 ppm up to around 100 ppm,
without the use of a recovery factor. They were also seen for concentrations of up to 1000 ppm with the use of a recovery
factor ( shown in Tables Il and Ill). Manufacturer reviews suggested that a side reaction would occur, but using the
recovery factor prevented this problem from taking place. However, coulometric KF does not seem to have the same
precision issues that volumetric KF has at lower concentrations.
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Table Il. Accuracy and precision data for the coulometric Karl Fischer method (~30 ppm to ~100 ppm).
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Table Ill. Accuracy and precision data for the coulometric Karl Fischer method (~40 ppm to ~1000 ppm).

When numerous injections of DMS0 were made into the titration vessel without emptying the titration cell and filling it
with fresh solution, there were no significant differences in the results (Figures 2C-D). This was observed at both low and
high concentrations. It seems that the DMSO/KF reagent interference has no effect on the trend in results after numerous
injections for coulometric KF. In fact, the only potential downside of using coulometric KF is that it is not designed to
titrate greater than 1 % w/w water. For DMS0 samples with a water content greater than 1% w/w, volumetric KF can
instead be used with a recovery factor. When a recovery factor is used at a concentration > 1 % w/w, results show a high
degree of accuracy and precision.

Conclusion

Of the three methods that were evaluated for water determination in DMSQ, the coulometric KF method proved to be the
most effective at analyzing samples that contained less than 1% w/w water. Even though the DMSO/KF reagent
interference is still present, improved recovery, precision, and a significantly lower limit of quantitation is observed when a
recovery factor is applied. Its short run time, as well as the ability to support numerous injections of DMSO0 without
significant differences in results, makes this method ideal for in-process testing.

Volumetric KF and GC-TCD are both suitable methods for DMS0O samples that contain a water concentration greater than
1% w/w. A recovery factor should be applied when using volumetric KF due to the DMSO/KF reagent interference. Making
numerous DMSO injections into a volumetric KF titration vessel is not recommended due to a decrease in recovery at
high concentrations and an increase at low concentrations. In addition, the need for triplicate injections when using the
GC-TCD method causes an increase in run time and makes it less ideal for in-process testing.
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