1.2 Tecnologie per I'analisi dell'umidita

Esistono quattro tipi di metodi per I'analisi dell'umidita:

«I'analisi termogravimetrica (essiccamento in forno, alogeno/IR, a microonde, ecc.)

«analisi chimica (titolazione Karl Fischer, verifica a carburo di calcio)

«analisi spettroscopica (spettroscopia IR, a microonde, H-NMR)

«alte tipologie di analisi (gascromatografia, determinazione della densita, rifrattometria, ecc.)

Nel selezionare un metodo di analisi & necessario valutare una serie di fattori, come il volume di campione disponibile, il numero di campioni, la velocita di
misura, la praticabilita dell'automazione, I'accuratezza o persino le proprieta chimico-fisiche del campione: tutti svolgono un ruolo fondamentale nel
processo decisionale.

Campioni e sostanze liquidi o sensibili alla temperatura, che comprendono molti alimenti, devono essere analizzati con attenzione impiegando metodi
termogravimetrici. Nel caso della maggior parte delle vitamine, degli enzimi o degli agenti aromatizzanti, i metodi termogravimetrici non possono essere
utilizzati.

| solidi insolubili con acqua chimicamente combinata o sistemi di pori distinti, tuttavia, possono essere titolati con il metodo Karl Fischer laddove I'acqua
venga resa accessibile, ad esempio utilizzando un omogeneizzatore o un forno per I'evaporazione dell'acqua stessa dal campione.

METTLER TOLEDO offre diverse soluzioni per I'analisi dell'umidita. Sono qui descritti in dettaglio due metodi termogravimetrici e il metodo di titolazione
Karl Fischer.
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The USP may direct you to cne of several chapters.
USP<731> Method for loss on drying
+ USP<561> articles of Botanical Origin

« USP <921> offers several alternatives for moisture determination

Metodo analitico convenzionalmente usato nella determinazione della proprieta di interesse (es. titolazione
di Karl Fisher nella determinazione della water content)




Moisture Determination of Regulated Compounds

When searching for guidance, go to the USP Monograph(s) for individual item.
Water determination if required will be listed under the heading Specific Tests

SPLCIFIC TESTS

® WATER DETERMINATION, (ethiod fofd21: NMT 2.0% for the anhydrous form; 6.04%-10.0% for the hydrate form.
[NoTE—"Hydrata" refers to a mixture of dihydrate and trihydrate forms of [ETIEEE hydrochlcrida.)

Thls example is from the meunldlno I-Iydruhlorldo maonograph,

tracted from the current US e edition (USP40-NF35),



USP <921> Water Determination
Chapter <921> provides the choice of three techniques/methods:
+ Method I (Titrimetric)

*+ Method II  (Azeotropic)
« Method III (Gravimetric)

Chapter <921> also mentions loss on drying and refers to USP chapter <731>




USP <921> Method II

Method IT is the azeotropic distillation of water by toluene

The Dean and Stark receiver 5 mL capacity and graduated 0.1 mL subdivisions i
Error is approximately 0.05 mL, dependent on glassware ‘?
Test substance is weighed such that 2-4 mL of water will be yielded

« This is a % level determination H




USP <921> Method III

Method III is a Gravimetric

« Typically performed on a moisture balance

» For Chemicals see individual Monograph and Loss on Drying <731>
For Biologics see the individual monograph



USP <921> Method I

Method T means titrimetric determination of water

« Karl Fischer is a titration method.

+ The chemistry is specific for water,
other volatile components are not measured.




USP <921> Method I

» Method I titrimetric has 3 sub headings

+ Method la - Direct Titration

- Test specimen is added to the titrator and moisture is directly titrated.

+ Method Ib - Residual Titration (back titration)
- Test specimen Is added to KF reagent uncensumed reagent
is titrated with a standard solution of water In selvent.

+ Method Ic - Coulometric Titration
- lodine Is generated In solution,



Who and What is a Karl Fischer?

« Karl Fischer (24 March 1901 - 16 April 1958)

- German chemist who published a method
to determine trace amounts cof water (1935).

+«  The method is now called Karl Fischer titration
= It was. orlglnally rmadr m_anuglly,

d through instrumentation.




Sample Requirements

Samples must be soluble in the solution

+ May need a co-solvent to increase solubility.

+ Or a speclalty solvent like CombiSolvent olls or CombiSolvent fats.

Sample should not react with the components of the reagent
« May need a special buffer for strongly acidic or basic samples.
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Chemistry of the Karl Fischer Titration

The KF reaction needs to the following:

* Alcohol

Originally used: Methanol
- Now used: Methanol, Ethanol, 2-MEQ, DEGME, DEGEE, etc.



Chemistry of the Karl Fischer Titration

(1) R-OH + SO2+ R’N 2 [RN]SO3CHs
Reaction 1 occurs when the reagents are made.

(2) H,0 + I,+ [RN]SO,CH,+ 2 RN = [RN]SO,CH,+ 2 [RNH]I
Reaction 2 occurs during the titration,

- Water and iodine are consumed in equimaolar amounts in the reaction.

- Potentiometric titration measures the change in electrical conductivity
of the solution to determine end point.

So, if you know the amount of I, consumed,
you can calculate the amount of water that was present in the sample.



USP <921> Method Ia

Direct Volumetric Karl Fischer titration
For samples with water > 1 %

* Common method for analysis

= Dosage of iodine containing titrant 'I

= Potentiometric endpoint indication




USP <921> Method 1b //

Indirect Volumetric Karl Fischer titration

= This method less commonly used in KF titration )
» Dosage of an XS of iodine containing reagent il

= Titrant is a water solution in a solvent for example methanol




USP <921> Method 1b

Indirect Volumetric Karl Fischer titration

= This method less commonly used in KF titration

» Dosage of an XS of iodine containing reagent

« Titrant is a water solution in a solvent for example methanol

= Excess KF reagent is titrated with the water solution

* Potentiometric endpoint indication

The residual titration procedure avoids difficulties that may be encountered in the direct
titration of substances from which the bound water is released slowly



USP <921> Method 1b - disadvantages

+ Indirect method requires additional steps to perform

+ KF titrators are not normally operated in this manner

+ This method is not usually supported by common KF titration instruments
* Manual calculations may be requred leading to possible errors

+ Because of this result tracability may be impacted



USP <921> Method Ic

Coulometric Karl Fischer Titration
For samples with water < 1 %

= Jodine generation by anodic oxidation at generator electrode 3

= Potentiometric endpoint indication b




Karl Fischer Titration - Coulometric Titration <1% H,0

(1) R-OH + SO,+ RN = [RN]SO,CH,

(2) H,0 + L+ [RN]SO,CH,+ 2 RN 2 [RN]SO,CH,+ 2 [RNHII

The reaction is the same, the difference is the iodine source.



Karl Fischer Titration - Coulometric Titration <1% H,0

(1) R-OH + SO,+ RN = [RN]SO,CH,

(2) H;0 + I,+ [RN]SO4;CH,+ 2 RN < [RN]SO,CH;+ 2 [RNH]I
The reaction is the same, the difference is the iodine source.

In coulometric KF, T, is generated from the reagent at the anode
2I- > I, + 2e-
The cathode reaction produces H, fram imidazole

2 RNH + 2e- - H, + 2 RN



Karl Fischer (KF) Titration — Coulometric

Two types of Coulometric KF

Cell with Diaphragm (Fritted Cell)

« The cell with the diaphragm uses two solutions,
one in the cathode chamber the other in the anode chamber,

« A diaphragm (or frit) separates the anode from the cathode
that form the electrolytic cell known as the generator electrode.

+ The purpose of the frit is to prevent the iodine generated at the anode
from being reduced back to iodide at the cathode instead of reacting with water.

Cell without Diaphragm (Fritless Cell)
« Uses one solution that has all the components needed for the reaction



Example 1 Esomeprazole

Esomeprazole is a proton pump inhibitor and it is the S-enantiomer of omeprazole.
It is used in the treatment of dyspepsia, peptic ulcer disease, etc.
Common commercial brand names: Nexium, Essocam, Esomezol

The USP-NF Monograph for Esomeprazole indicates Method <921> |
® WATER DETERMINATION (921), Methad [: 6.0%-8.0% *for the trihydrate formes 1 ss2016)

h=10.0% 0 (=8 3-a0r-2016




Example 2 - Olmesartan Medoxomil

Olmesartan Medoxomil is an angiotensin II receptor antagonist.
It is an ester prodrug that is hydrolyzed to the active acid form, Olmesartan.

It is used to treat high blood pressure.
Common commercial brand name: Benicar, Olmetec, WIinBP, Olsar, Golmeetc.

The USP-NF Monograph for Olmesartan indicates Method <921> Ic

: NMT 0.5%




Example 2 - Olmesartan Medoxomil

Note that in the monograph for Olmesartan there is a limit for acetone

* LINIT OF ACLTONE (1F PRUSENT)
Internal standard solution: 1% solution of 1-Lutanl in cimethyl sufcadde, (NoTE-This sohtion s stable for 1 month ak rooen temperature, )
Standard sobution: 0.37 pl/mL of acetone and 2 pL/mL of 1-butanol from tha intarnay standard saluhan In dimethylsuloxide, [Nore—This sokrion is stable for 8 h at recom
temperature. |
Sample solution: 25 mg/mi of [EITESNEIN Medacomil and 2 pl/mL of 1-butanel frem the nternal standard sofution in dimethylsulloxide. [NoTE=Tris solution is stable
for 8 h st room temperature. |

If presen:, acetone will interfere wll:h KF tltratlons and lead to erroneously high results

||||_'"n"l||'-i 1t with l|n t (dia phra:




