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INTRODUCTION

In organic chemistry, carbonyl compounds are a functional group of compounds that
contain a carbon atom with a double bond to an oxygen atom. Many different kinds of
carbonylcompounds are present in nature, some of them being illustrated in Fig. 1.

While the Karl Fischer (KF) titration of amides, esters, and most carboxylic acids can be
performed without any issues, the titration of aldehydes and ketones can be challenging.
Forexample, in the presence of alcohols, the later form acetals (Fig. 2-1) and ketals

(Fig. 2-2), which is accompanied by the formation of water, resulting in vanishing

or no endpoints, and erroneously large water amounts. Furthermore, aldehydes

undergo an additional side reaction [the bisulfite addition reaction (Fig. 2-3)], which
consumes water and leads to erroneously low water content. Finally, the lodoform
reaction (Fig. 2-4) can disturb the KF analysis of ketones, whereby iodine is consumed,
resulting in unstable titration endpoints and incorrect, large water results.

In the Hydranal laboratory report L676, we show that the reactivity of aliphatic
ketones decreases with increasing chain length. Aromatic ketones are less reactive
than aliphatic ketones. Aldehydes are much more reactive than ketones, due to their
smaller steric hindrance, and their tendency to undergo the bisulfite addition.

The formation of acetals and ketals can be suppressed by replacing methanolin the
titrating reagent with other solvents, such as chloroform and sterically hindered alcohols.
The bisulfite reaction can be reduced by decreasing the amount of SO,, and the iodoform
reaction can be delayed, for example, by lowering the amount of base in the KF reagent.

Since most of the shown side reactions exist as an equilibrium, it is not possible to stop all
of the undesirable side reactions completely. However, by choosing the

right reagent composition, side reactions can be suppressed as best

as possible and reaching the KF titration endpoint is feasible.

With increasing sample load, the reagent becomes more and more inaccurate. That is
especially true for the coulometric KF methodology, and therefore, there is always a
compromise between “accepting errors”, or not being able to titrate a ketone sample
by coulometric KF titration at all.
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Fig. 1. Common carbonyl compounds
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Fig. 2. Different types of side reactions in KF titration medium
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COULOMETRIC WATER
DETERMINATION IN
KETONE SAMPLES
USING THE NOVEL
HYDRANAL FA
REAGENTS

Until now, Hydranal offered the Coulomat-AK reagent as anolyte and the Coulomat
CG-Kreagent as catholyte for the coulometric titration of ketones. AK/CG-K are
methanol-free reagents that make it possible to analyze approximately 20 mL of
ketone samples (e.g. 40x 0.5 mL). The accuracy decreases with increasing start
drift values. Generally, the highest accuracy is obtained when the start drift is below
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Recovery of 1000 ppm
water standard drops to 93%

N
a

t

After 40 mL acetone: Recovery

—
o

-
o

Start drift [pg/min]
N
o

20 ug/min. After the introduction of a certain amount of ketone sample into the Z e A
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performance after one or two days. To overcome this, Honeywell has developed the AFA/C.FA AK/COK

Hydranal NEXTGEN Coulomat A-FA and Coulomat C-FA products, which are the

world’s first alcohol-free KF titration reagents. These FA reagents — which stands Fig. 3. Titration of “pure” acetone (1 mL portion)
for “free of alcohol” — have the advantage that alcohol-related side reactions, such in Hydranal NEXTGEN Coulomat A-FA/C-FA
as ketal formation do not occur. That is why Coulomat A-FA/C-FA enables the and Coulomat AK/CG-K, respectively.

analysis of more ketone samples with lower start drift values and higher accuracy.
Furthermore, one vesselfilling FA reagents can be used over a longer period.

After 20 mL “impure” acetone:
Recovery of 1000 ppm water

Figure 3 illustrates the superior performance of the new Hydranal NEXTGEN standard drops to 90%
Coulomat FA reagents in the titration of “pure™ acetone, in comparison to that of
Hydranal Coulomat AK/CG-K reagents. When using Coulomat AK/CG-K, the start
drift increases above 20 ug/min after the titration of approx. 8 mL of “pure” acetone.
However, when Hydranal NEXTGEN Coulomat FA reagents are used, the start drift 10
keeps below 20 ug/min even after the titration of 40 mL of “pure” acetone. Also, 0 5 10 15 20 25
the recovery of 1000 ppm water stays at 98%, whereas the recovery of Coulomat Tlated acetone (mt]

AK/CG-K already drops to 93% after the titration of 18 mL of “pure” acetone.
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Fig. 4 Titration of “impure” acetone (1 mL
portion) in Hydranal NEXTGEN Coulomat A-FA/
C-FA and Coulomat AK/CG-K, respectively.

Through this experiment, we were also able to show that “pure” acetone exhibits

a different titration behavior than “impure” acetone.! In the case of “impure”
acetone samples, the drift value increases much more than in that of “pure”
acetone samples. Also, the recovery values decrease significantly faster in the case
of “impure” acetone samples.

Figure 4 illustrates the fact that, when using Hydranal Coulomat AK/CG-K, the
start driftincreases above 20 ug/min after the titration of approx. 3 mL of “impure”
acetone, while when Hydranal NEXTGEN Coulomat FA reagents are used, the start
drift stays below 20 ug/min, even after the titration of 20 mL of “impure” acetone.

1. “Pure” acetone is free of decomposition products, while “impure’acetone is mostly
contaminated with methyl ethyl ketone, methylisobutyl ketone, and higher
acetone condensation products (self-decomposition of acetone).
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EXAMPLE TITRATION
RESULTS

One of the main advantages of the new Hydranal NEXTGEN Coulomat A-FAand C-FA
reagents is the potential to successfully measure many different ketone samples in one
vesselfilling. To check the accuracy of obtained results, water standard samples were
tested for water recovery before each series of the same samples. Additionally, the drift
value was monitored before each titration. The results of such measurement series are
shownin Tables 1 and 2. In all cases, the obtained water results provided high accuracy,

and water recovery for the 1002 ppm water standard was in the range of 97-99%. ?

NO SAMPLE TYPE ;’;’I‘E"[F:""E] RESULT RESULT R '[(s)]N f).g}?}- RECOVERY
[ppm] [ugl [ug/min] [%]

2 Methyl levulinate 1 72 709 60 14

3 Methyl levulinate 1 725 76.1 58 17

4 Methyl levulinate 1 723 75.1 60 2.1

5 Methyl levulinate 1 724 75.7 62 21

6 Methyl levulinate 1 716 753 60 26

7 Methyl levulinate 1 722 759 61 2.1

8 Methyl levulinate 1 715 734 62 2.7

9 Methyl levulinate 1 709 76.6 60 33

10  Methyllevulinate 1 714 706 61 3

11 Methyllevulinate 1 709 68.7 62 34

12 WeterStendard1002ppm 1 9898 10038 120 29 99

13 Methyl acetoacetate 1 272 30 48 2.7

14 Methylacetoacetate 1 276 299 54 34

15  Methylacetoacetate 1 26.8 29.7 49 45

16 Methylacetoacetate 1 27.7 29.7 45 39

17 Methylacetoacetate 1 27.2 296 45 45

18  Methylacetoacetate 1 27 286 47 51

19  Methyl acetoacetate 1 276 296 46 45

20  Methylacetoacetate 1 274 29.7 47 4.7

21 Methyl acetoacetate 1 286 294 44 48

22 Methylacetoacetate 1 28 281 45 53

24 2-Butanone 1 4.4 37 40 52
25  2-Butanone 1 36 29 34 58
26 2-Butanone 1 55 4.4 37 58
27  2-Butanone 1 36 35 39 6.1
28  2-Butanone 1 33 21 32 72
29  2-Butanone 1 36 27 33 T4
30  2-Butanone 1 25 21 34 8.1
31  2-Butanone 1 32 26 &8 82
32  2-Butanone 1 3 23 33 88
33  2-Butanone 1 33 25 28 86

Table 1. Successive titrations of reactive ketone samples in one vesselfilling using 100 mL Hydranal NEXTGEN Coulomat A-FA and 5 mL
Hydranal NEXTGEN Coulomat C-FA.

2. For best results, the water recovery of a 1000 ppm water standard should be in the range of 97-103%.
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WATER WATER
RESULT RESULT

[ugl

START
DRIFT
[wg/min]

WATER
RECOVERY
[%e]

SAMPLE
SIZE [mL]

TITRATION

NO SAMPLETYPE TIME[s]

[ppm]

2 4-Methyl-2-pentanone 1 1973 157 93 28
3 4-Methyl-2-pentanone 1 2005 160 92 14
4 4-Methyl-2-pentanone 1 1888 1506 92 2

5 4-Methyl-2-pentanone 1 1891 1506 93 19
6 4-Methyl-2-pentanone 1 1892 1442 92 2.1
7 4-Methyl-2-pentanone 1 1888 153 95 18
8 4-Methyl-2-pentanone 1 1887 1511 97 2

10 Acetylacetone 1 5638 568.1 85 4.2
11 Acetylacetone 1 562 5419 82 6.5
12 Acetylacetone 1 561.7 5527 79 86
13 Acetylacetone 1 561 5522 75 102
14 Acetylacetone 1 5612 5213 75 118

16 Cyclohexanone 05 939 46.7 61 126
17  Cyclohexanone 05 933 448 59 154
18  Cyclohexanone 1 92.3 88.1 73 172
19  Cyclohexanone 05 95 445 58 224
20  Cyclohexanone 05 946 44.7 61 246

Table 2. Successive titrations of highly reactive ketone samples in one vessel filling using 100 mL Hydranal NEXTGEN Coulomat A-FA and 5 mL

Hydranal NEXTGEN Coulomat C-FA.

TEST METHODOLOGY

Reagents Polarization current 10pA

Tests were performed using 100 mL 34471 Hydranal NEXTGEN Coulomat Gen. current auto

A-FA as anolyte and 5 mL 34470 Hydranal NEXTGEN Coulomat C-FA as catholyte. End point 50 mvV

At the beginning, in between, and after each series of titrations, 1 mL of Dynamics 70mv

34828 Hydranal-Water Standard 1.0 was titrated to confirm the recovery Max. rate max. ug/min

and reliability of results. Min. rate 15 ug/min
Extraction time 25s

The titration tests were performed with sample sizes in a range of 0.5-1 mL. (min. titration time)

All calculations were based on differential weighing on analytical balance. Rel. stop drift 5 ug/min

Titration device S| 8

Titration device was performed on Metrohm 852 Titrando titrator with a generator Start drift 30ug/min

electrode with diaphragm. Prior to the test, all titration cell parts including generator Drift correction auto

electrode, stirring bar and glass stopper, were dried in the oven at 50°C for two Stop time off

hours. The fresh titration vessel was pre-conditioned for one hour to a stable and Stability time 70s

low drift below 10 ng/min. Afterwards, the drift was stabilized between each titration Pause Os

for 70-100 s. Drift correction was turned on. Minimum titration time was 25 s.

The titration parameters used for these tests are shown in Table 3.

Table 3. Titration parameters
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CONCLUSION

The new Hydranal NEXTGEN Coulomat THE HYDRANAL
A-FA and C-FA reagents enable the ADVANTAGE: DEDICATED

TECHNICAL SUPPORT
accurate measurement of water content With 40years of experience, Hydranal

in many different types of ketone samples offers unparalleled global technical
with high accuracy and lower starting drifts. /°PortnhenedortarFischer

titration. Our team of experts is happy
to address your questions and can

Until now, in standard alcoholic KF reagents, ketone samples caused significant be contacted directly via email at
side effects, leading to an increase in drift and lower accuracy of measurement. hydranal@honeywell.com or atany
The new alcohol-free formulation of Hydranal NEXTGEN Coulomat A-FA of our live seminars and webinars.

and C-FA reagents suppresses alcohol-related side effects and allows for
accurate water determination, even in difficult samples. Additionally, the new
formulation does not contain CMR (carcinogenic, mutagenic and reprotoxic)
substances or halogenated hydrocarbons, making them safer for users.
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Although Honeywell International Inc. believes that the information contained herein is accurate and reliable, it is presented without
guarantee or responsibility of any kind and does not constitute any representation or warranty of Honeywell International Inc., either
expressed or implied. A number of factors may affect the performance of any products used in conjunction with user’s materials,
such as other raw materials, application, formulation, environmental factors and manufacturing conditions among others, all of
which must be taken into account by the user in producing or using the products. The user should not assume that all necessary
data for the proper evaluation of these products are contained herein. Information provided herein does not relieve the user from
the responsibility of carrying out its own tests and experiments, and the user assumes all risks and liabilities (including, but not
limited to, risks relating to results, patent infringement, regulatory compliance and health, safety and environment) related to the
use of the products and/or information contained herein.
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