
Avoiding Common Pitfalls in Karl Fischer AnalysisAvoiding Common Pitfalls in Karl Fischer Analysis
10 November 200910 November 2009

Michael SternMichael Stern
EMD Chemicals Inc.EMD Chemicals Inc.



10 NOV 09 Page 2Michael Stern – AQUASTAR FELMC-2009

OutlineOutline

•• What in Karl Fischer Analysis?What in Karl Fischer Analysis?

•• Overview of Karl Fischer AnalysisOverview of Karl Fischer Analysis
–– Volumetric Volumetric 

–– CoulometricCoulometric

–– Water standardsWater standards

•• Common Pitfalls in Karl Fischer AnalysisCommon Pitfalls in Karl Fischer Analysis
–– What they are What they are 

–– How to avoid or over come themHow to avoid or over come them

•• SummarySummary

•• ConclusionConclusion
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•• Karl Fischer analysis (KF) is Karl Fischer analysis (KF) is 
a popular titrationa popular titration--based based 
analytical technique used in analytical technique used in 
R&D, QC, and R&D, QC, and 
Manufacturing to quantify Manufacturing to quantify 
water content in a variety of water content in a variety of 
productsproducts

•• Named after the German Named after the German 
petroleum chemist who petroleum chemist who 
discovered it in the 1930discovered it in the 1930’’ss

•• Basic principle:  a Basic principle:  a 
1:1 reaction between 1:1 reaction between 
water and an Iodinewater and an Iodine--
containing reagentcontaining reagent

What is Karl Fischer Analysis?What is Karl Fischer Analysis?
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Where is Karl Fischer Analysis Used?Where is Karl Fischer Analysis Used?
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Are There Alternatives to KF?Are There Alternatives to KF?

Method Advantage Disadvantage 

Loss on Drying (LOD) Less expensive Not specific for water 

Gas Chromatography 
(GC) None 

Expensive 
Time consuming 
Low water content only 

Distillation None 
Lower accuracy 
Time consuming 
Need large samples sizes 

Nuclear Magnetic 
Resonance (NMR) None Expensive 

Time consuming 

Infrared Spectroscopy 
(IR) None 

Expensive 
Lower accuracy 
Interpretation issues 
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Comparative Advantages of KFComparative Advantages of KF

•• Selective for waterSelective for water

•• High accuracy and precisionHigh accuracy and precision

•• Small sample quantitiesSmall sample quantities

•• Easy sample preparationEasy sample preparation

•• Short analysis durationShort analysis duration

•• Nearly unlimited measuring rangeNearly unlimited measuring range

•• Independent of sampleIndependent of sample’’s state of matters state of matter

•• Independent of presence of other volatilesIndependent of presence of other volatiles

•• Suitable for automationSuitable for automation
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Overview of Karl Fischer AnalysisOverview of Karl Fischer Analysis
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Basic Principles of KF Basic Principles of KF 

•• KF reaction proceeds according to the following 2KF reaction proceeds according to the following 2--step step 
mechanism:mechanism:
–– CHCH33OH OH ++ SOSO22 ++ RN RN →→ [RNH]SO[RNH]SO33CHCH33

–– [RNH]SO[RNH]SO33CHCH33 ++ II22 ++ HH22O O ++ 2 RN 2 RN →→ [RNH]SO[RNH]SO44CHCH33 ++ 2 [RNH]I2 [RNH]I

•• Or in English:Or in English:
–– Sulfur dioxide reacts with an alcohol (in this case, Methanol) tSulfur dioxide reacts with an alcohol (in this case, Methanol) to o 

form an ester intermediate which is neutralized, or buffered, byform an ester intermediate which is neutralized, or buffered, by
the base (RN)the base (RN)

–– The subsequent oxidation of the The subsequent oxidation of the alkylsulfitealkylsulfite salt to an salt to an alkylsulfatealkylsulfate
salt by Iodine consumes Water in a 1:1 ratio to Iodinesalt by Iodine consumes Water in a 1:1 ratio to Iodine
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Required Components of KF ReagentRequired Components of KF Reagent

•• Based on the KF reaction mechanism, the reagent Based on the KF reaction mechanism, the reagent 
needs to contain the following:needs to contain the following:
–– Alcohol Alcohol 

• Originally used: Methanol

• Now used: Methanol, Ethanol, 2-MEO, DEGME, DEGEE, etc.

–– Base Base 
• Originally used: Pyridine

• Now used: Imidazole

–– Iodine Iodine 

–– Sulfur dioxideSulfur dioxide
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Karl Fischer Karl Fischer 
TitrationTitration

VolumetricVolumetric CoulometricCoulometric

OneOne--componentcomponent

TwoTwo--componentcomponent

Fritted CellFritted Cell

Fritless CellFritless Cell

Karl Fischer Titration TypesKarl Fischer Titration Types

Water StandardsWater Standards
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•• Volumetric KFVolumetric KF
–– For high water content samplesFor high water content samples

•• Coulometric KFCoulometric KF
–– For low water content samplesFor low water content samples

•• Indirect KFIndirect KF
–– Uses an evaporator in conjunction with Uses an evaporator in conjunction with eithereither a a 

volumetric or a coulometric titrator when certain sample volumetric or a coulometric titrator when certain sample 
solubility or reactivity issues prevent direct analysissolubility or reactivity issues prevent direct analysis

Types of KF AnalysisTypes of KF Analysis
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•• IodineIodine--containing containing titranttitrant is is 
added mechanically by the added mechanically by the 
titratortitrator’’ss burette during burette during 
titrationtitration

•• Water is quantified on the Water is quantified on the 
basis of the basis of the volumevolume of KF of KF 
reagent consumedreagent consumed

•• Best suited for water Best suited for water 
content range of:            content range of:            
100 100 ppmppm to 100%to 100%

Volumetric KF AnalysisVolumetric KF Analysis
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OneOne--Component vs. TwoComponent vs. Two--Component Component 
Volumetric ReagentsVolumetric Reagents

OneOne--Component SystemComponent System

•• Titrating ReagentTitrating Reagent
((CombiTitrantCombiTitrant, Composite), Composite)
–– IodineIodine
–– Sulfur dioxideSulfur dioxide
–– ImidazoleImidazole
–– Suitable alcoholSuitable alcohol

•• SolventSolvent
–– Methanol (typically)Methanol (typically)
–– Special formulations for challenging Special formulations for challenging 

sample matricessample matrices
• Oils, Fats, Ketones, etc.

TwoTwo--Component SystemComponent System

•• Titrating ReagentTitrating Reagent
((TitrantTitrant))
–– IodineIodine
–– MethanolMethanol

•• SolventSolvent
–– Sulfur dioxideSulfur dioxide
–– ImidazoleImidazole
–– Methanol (typically)Methanol (typically)
–– Special formulations for challenging Special formulations for challenging 

sample matricessample matrices
• Oils, Fats, etc.



10 NOV 09 Page 14Michael Stern – AQUASTAR FELMC-2009

OneOne--Component vs. TwoComponent vs. Two--Component Component 
Volumetric ReagentsVolumetric Reagents

•• OneOne--Component System (B)Component System (B)
ex: ex: CombiTitrantCombiTitrant 5  + 5  + CombiMethanolCombiMethanol

–– High accuracyHigh accuracy
–– Simpler to useSimpler to use
–– Fewer working medium changesFewer working medium changes
–– LESS EXPENSIVELESS EXPENSIVE

•• TwoTwo--Component System (A)Component System (A)
ex: ex: TitrantTitrant 5 + Solvent 5 + Solvent 

–– Highest accuracyHighest accuracy
–– Faster titration timeFaster titration time
–– Sharper endpointSharper endpoint
–– More stable titerMore stable titer
–– MORE EXPENSIVEMORE EXPENSIVE

•• Karl FischerKarl Fischer’’s Original System (C)s Original System (C)
ex: Pyridineex: Pyridine--based KF Reagent  + Methanolbased KF Reagent  + Methanol

–– SlowSlow
–– Sluggish endpointSluggish endpoint
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Titration Speed vs. PrecisionTitration Speed vs. Precision

SPEEDSPEED
•• The larger the burette, the The larger the burette, the 

faster the titrationfaster the titration
–– Titer (mg/Titer (mg/mLmL) ) 

xx burette volume (burette volume (mLmL))

•• Example for Example for CombiTitrantCombiTitrant 55
–– 5 5 mLmL burette = 25 mg/minburette = 25 mg/min

–– 10 10 mLmL burette = 50 mg/minburette = 50 mg/min

–– 20 20 mLmL burette = 100 mg/minburette = 100 mg/min

PRECISIONPRECISION
•• Smallest increment as a Smallest increment as a 

function of burette resolution function of burette resolution 
(1/10,000th of burette volume)(1/10,000th of burette volume)

•• For exampleFor example
–– 5 5 mLmL burette = 0.5 burette = 0.5 μμLL

–– 10 10 mLmL burette = 1.0 burette = 1.0 μμLL

–– 20 20 mLmL burette = 2.0 burette = 2.0 μμLL
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More About Titration PrecisionMore About Titration Precision

•• If a 1 g sample is titrated using a If a 1 g sample is titrated using a titranttitrant with a titer of 5 with a titer of 5 
mg/mg/mLmL on a 5 on a 5 mLmL burette, 1.0 burette, 1.0 μμLL represents 5 represents 5 μμg of waterg of water
–– 5 5 μμg of water in 1 g sample = 5 g of water in 1 g sample = 5 ppmppm = 0.0005%= 0.0005%

•• Reproducibility is affected by the drift, sample type, Reproducibility is affected by the drift, sample type, 
availability of water, KF reaction kinetics, and endpoint availability of water, KF reaction kinetics, and endpoint 
determination method useddetermination method used

•• Contributing factorsContributing factors
–– Atmospheric water contamination during sample introductionAtmospheric water contamination during sample introduction

–– Absorption of water by sample during handlingAbsorption of water by sample during handling

–– Sample losses during handlingSample losses during handling

–– Reliability of balance used for sample weighingReliability of balance used for sample weighing
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•• Iodine is generated Iodine is generated 
electrochemically in the KF electrochemically in the KF 
reagent during titrationreagent during titration

•• Water is quantified on the Water is quantified on the 
basis of measuring current basis of measuring current 
and timeand time

•• Best suited for water Best suited for water 
content range of:                content range of:                
1 1 ppmppm to 8%to 8%

Coulometric KF AnalysisCoulometric KF Analysis
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AnolyteAnolyte

•• AnolyteAnolyte::
Sulfur dioxide, Sulfur dioxide, ImidazoleImidazole, , 
Iodide, Methanol, coIodide, Methanol, co--solvents solvents 
(as needed)(as needed)

Indicator electrodeIndicator electrode
(double platinum pin electrode)(double platinum pin electrode)

•• CatholyteCatholyte::
similar (or modified) solutionsimilar (or modified) solution

CatholyteCatholyte

AnodeAnodeCathodeCathode
+–

Generator electrodeGenerator electrode

DiaphragmDiaphragm
((““fritfrit””))

Conventional Coulometric CellConventional Coulometric Cell
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What is a Frit?What is a Frit?

•• A diaphragm A diaphragm –– or frit or frit –– separates the anode from the separates the anode from the 
cathode that form the electrolytic cell known as the cathode that form the electrolytic cell known as the 
generator electrodegenerator electrode

•• The purpose of the frit is to prevent the Iodine generated The purpose of the frit is to prevent the Iodine generated 
at the anode from being reduced back to Iodide at the at the anode from being reduced back to Iodide at the 
cathodecathode
–– Instead of reacting with WaterInstead of reacting with Water

•• At one time all coulometric cells were frittedAt one time all coulometric cells were fritted
•• In 1989 an innovative cell was developed that through a In 1989 an innovative cell was developed that through a 

combination of factors, but without a frit, made it nearly combination of factors, but without a frit, made it nearly 
impossible for Iodine to reach the cathode and get impossible for Iodine to reach the cathode and get 
reduced to Iodide reduced to Iodide 
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Fritted vs. Fritless CellsFritted vs. Fritless Cells

The fritless cell has different electrode geometryThe fritless cell has different electrode geometry
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Advantages of a Fritless CellAdvantages of a Fritless Cell

•• Uses only one reagentUses only one reagent
–– Lower costLower cost

•• Titration cell much easier to cleanTitration cell much easier to clean
–– Reduced downtimeReduced downtime

•• LongLong--term drift (background) value more stableterm drift (background) value more stable
–– Use reagent longer without refillingUse reagent longer without refilling

•• Refilling of electrolyte suitable for automationRefilling of electrolyte suitable for automation
–– Reduced downtimeReduced downtime

–– Increased lab safetyIncreased lab safety
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Volumetric vs. Coulometric  KFVolumetric vs. Coulometric  KF

Volumetric KFVolumetric KF Coulometric KFCoulometric KF

•• Practical range of water Practical range of water 
contentcontent
–– 100 100 ppmppm to 100%to 100%

•• Titration rateTitration rate
–– Up to 50 mg/min Up to 50 mg/min 

•• Suitable sample typesSuitable sample types
–– Solids, liquids, gasesSolids, liquids, gases

•• Less sensitive to Less sensitive to 
interfering side reactionsinterfering side reactions

•• Practical range of water Practical range of water 
contentcontent
–– 1 1 ppmppm to 8%to 8%

•• Titration rateTitration rate
–– Up to 2 mg/min Up to 2 mg/min 

•• Suitable sample typesSuitable sample types
–– Liquids, gasesLiquids, gases

–– Direct addition of solids to Direct addition of solids to 
coulometric cell not coulometric cell not 
recommendedrecommended
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Water Content and KF ReproducibilityWater Content and KF Reproducibility

srel > 5 %

srel 5 - 0.5 %

srel < 0.5 %

Not suitable 
for coulometry

coulometrycoulometry

Not suitable 
for volumetry

srel > 5 %

srel 5 - 0.5 %

srel < 0.5 %

volumetryvolumetry

1 1 ppmppm

10 10 ppmppm

100 100 ppmppm

1000 1000 ppmppm

1 %1 %

10 %10 %

100 %100 %
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Control & Validation Procedures in KFControl & Validation Procedures in KF

•• Volumetric KFVolumetric KF
–– Titer (Titer (““factorfactor””) determination) determination

–– Performance control (titer check)Performance control (titer check)

–– Result verificationResult verification

•• CoulometricCoulometric KFKF
–– Performance controlPerformance control

–– Result verificationResult verification
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Karl Fischer Karl Fischer 
TitrationTitration

VolumetricVolumetric CoulometricCoulometric

OneOne--componentcomponent

TwoTwo--componentcomponent

Fritted CellFritted Cell

Fritless CellFritless Cell

Standards for Karl Fischer TitrationStandards for Karl Fischer Titration

Water StandardsWater Standards
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Standards Applicable to Volumetric KFStandards Applicable to Volumetric KF

•• Solid standards:Solid standards:
–– Sodium Sodium TartateTartate DihydrateDihydrate

• form: powder for enhanced solubility

• expiration dated: 48 months

• water content: 15.66%

• sample size: 0.05-0.15 g (max. solubility in 50 mL Methanol)

–– Lactose MonohydrateLactose Monohydrate
• form: powder for enhanced solubility

• expiration dated: 24 months

• water content: 5.0%

• sample size: 0.30-0.60 g
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Standards Applicable to Volumetric KFStandards Applicable to Volumetric KF

•• Liquid standards:Liquid standards:
–– Water Standard 1% NISTWater Standard 1% NIST

• traceable to NIST SRM 2890

• form: 10 x 8 mL sealed ampoules

• expiration dated: 60 months

• water content: 1.0% (10,000 ppm)

• sample size: 2.0-3.0 g

–– 100% Water100% Water
• not recommended:

– must use extremely small sample size (10-50 μL)

– high sampling error

– variable quality, no traceability
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Accuracy and Precision of Volumetric  Accuracy and Precision of Volumetric  
KF StandardsKF Standards

Material Nominal 
Water 

Mean 
Water 

Relative 
Std Dev 

Water 100% 100.04% 1.05% 

Sodium Tartrate 
Dihydrate Solid Standard 15.66% 15.51% 0.78% 

Ampoulized Liquid 
Standard 1% 1.00% 1.00% 0.09% 

Ampoulized Liquid 
Standard 0.1% 1000 ppm 997 ppm 0.58% 
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Standards Applicable to Coulometric KFStandards Applicable to Coulometric KF

•• Liquid standards only:Liquid standards only:
–– Water Standard 0.1% NIST Water Standard 0.1% NIST 

• traceable to NIST SRM 2890

• form: 10 x 8 mL sealed ampoules

• expiration dated: 60 months

• water content: 0.1% (1000 ppm)

• sample size: 1.0-2.0 g

–– Water Standard 0.01% NIST Water Standard 0.01% NIST 
• traceable to NIST SRM 2890

• form: 10 x 8 mL sealed ampoules

• expiration dated: 60 months

• water content: 0.01% (100 ppm)

• sample size: 2.0-5.0 g
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Accuracy and Precision of Coulometric  Accuracy and Precision of Coulometric  
KF StandardsKF Standards

Material Nominal
Water

Mean
Water

Relative
Std Dev

Ampoulized Liquid
Standard 0.1% 1000 ppm 1003 ppm 0.6%

Ampoulized Liquid
Standard 0.01%  100 ppm 105 ppm 1.1%
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Water Standards Usage TipsWater Standards Usage Tips

•• When using solid standards, make sure that they are fine When using solid standards, make sure that they are fine 
powderspowders
–– Cheaper, coarsely ground materials will not dissolve completelyCheaper, coarsely ground materials will not dissolve completely

•• When using lowWhen using low--moisture liquid standards premoisture liquid standards pre--dry glass dry glass 
syringes in a syringes in a desiccatordesiccator
–– Never use plastic syringes with 1000 Never use plastic syringes with 1000 ppmppm and 100 and 100 ppmppm standardsstandards

•• Determine all sample sizes by weight rather than volumeDetermine all sample sizes by weight rather than volume

–– Use four or fiveUse four or five--decimal place analytical balancesdecimal place analytical balances

•• In volumetry, use sufficient sample to have the burette In volumetry, use sufficient sample to have the burette 
dispense 1/3 to 1/2 of its volumedispense 1/3 to 1/2 of its volume
–– Minimizes any errors due to poor burette resolutionMinimizes any errors due to poor burette resolution
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Common Pitfalls in Karl Fischer AnalysisCommon Pitfalls in Karl Fischer Analysis
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““Potential PitfallsPotential Pitfalls”” = Sources of Error= Sources of Error

•• Choice of equipmentChoice of equipment

•• Sample size Sample size 

•• Preparation of titration cellPreparation of titration cell

•• Sample weighing technique/equipmentSample weighing technique/equipment

•• Sample transfer techniqueSample transfer technique

•• Sample introduction into titration cellSample introduction into titration cell

•• SampleSample--reagent issuesreagent issues
–– Sample reactivitySample reactivity

–– Sample solubilitySample solubility

–– Sample pH issuesSample pH issues
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Choice of EquipmentChoice of Equipment

•• Potential pitfalls, such as Potential pitfalls, such as ……

–– Volumetric instruments have poor reproducibility in the very lowVolumetric instruments have poor reproducibility in the very low
water content rangewater content range

–– Coulometric instruments have poor reproducibility in the very hiCoulometric instruments have poor reproducibility in the very high gh 
water content rangewater content range

–– Reactive or hardReactive or hard--toto--dissolve samples may not provide accurate dissolve samples may not provide accurate 
results using direct analysisresults using direct analysis
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Choice of EquipmentChoice of Equipment

•• For high water content (1000ppm For high water content (1000ppm -- 100%)100%)

–– Use a Use a volumetricvolumetric titratortitrator

•• For low water content (0.5ppm [10For low water content (0.5ppm [10µµg] g] -- 8%)8%)

–– Use a Use a coulometriccoulometric titratortitrator

•• If sample dissolves poorly and/or gives side reactions If sample dissolves poorly and/or gives side reactions 
which cannot be overcome by specialized reagentswhich cannot be overcome by specialized reagents

–– Use an Use an Oil EvaporatorOil Evaporator in conjunction with in conjunction with 
titratortitrator
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Water Content and KF ReproducibilityWater Content and KF Reproducibility

RSD > 5 %

RSD 5 - 0.5 %

RSD < 0.5 %

Not suitable 
for coulometry

coulometrycoulometry

Not suitable 
for volumetry

RSD > 5 %

RSD 5 - 0.5 %

RSD < 0.5 %

volumetryvolumetry

1 1 ppmppm

10 10 ppmppm

100 100 ppmppm

1000 1000 ppmppm

1 %1 %

10 %10 %

100 %100 %
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Sample SizeSample Size

•• Potential pitfalls, such as Potential pitfalls, such as ……

–– Sample size required for reproducible volumetric analysis of Sample size required for reproducible volumetric analysis of 
samples with very low water content is often unrealistically higsamples with very low water content is often unrealistically highh

• Leads to solubility issues and waste of reagent

–– Sample size required for reproducible coulometric analysis of Sample size required for reproducible coulometric analysis of 
samples with very high water content is often unmanageably lowsamples with very high water content is often unmanageably low

• Leads to difficulties with accurate sample weighing, handling, and 
transfer



10 NOV 09 Page 38Michael Stern – AQUASTAR FELMC-2009

Recommended Sample Size for KFRecommended Sample Size for KF

Remember: sampling error is inversely proportional to sample sizRemember: sampling error is inversely proportional to sample sizee

10.0 g OR MORENOT RECOMMENDED0.0001%              (1 PPM)

5.00 to 10.0 g15.0 to 20.0 g0.001%              (10 PPM)

2.00 to 5.00 g10.0 to 15.0 g0.01%              (100 PPM)

1.00 to 2.00 g7.50 to 10.0 g0.1%             (1,000 PPM)

0.20 to 1.00 g5.00 to 7.50 g0.5%             (5,000 PPM)

0.10 to 0.50 g2.50 to 5.00 g1%              (10,000 PPM)

0.05 to 0.10 g0.50 to 2.50 g5%              (50,000 PPM)

0.01 to 0.05 g0.25 to 0.50 g10%          (100,000 PPM)

0.01 g0.05 to 0.25 g50%

NOT RECOMMENDED0.02 to 0.05 g100%

COULOMETRIC
SAMPLE SIZE

VOLUMETRIC
SAMPLE SIZE

SAMPLE WATER
CONTENT
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Effect of Sample Size on RSDEffect of Sample Size on RSD

RSD (%)

Sample size (g)
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Preparation of Titration CellPreparation of Titration Cell

•• Potential pitfalls, such as Potential pitfalls, such as ……

–– Dirty titration cell glass from accumulated sample residueDirty titration cell glass from accumulated sample residue
• Leads to contamination of subsequent samples

–– Accumulated sample residue on indicator/generator electrodesAccumulated sample residue on indicator/generator electrodes
• Leads to low accuracy due to insulation of electrodes

–– Septa with many or large puncture holes Septa with many or large puncture holes 
• Lead to contamination of titration cell with atmospheric moisture 

resulting in high and/or drift (background) values

–– Old, saturated desiccants in drying tubesOld, saturated desiccants in drying tubes
• Lead to contamination of titration cell with atmospheric moisture 

resulting in high and/or drift (background) values
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Preparation of Titration CellPreparation of Titration Cell

•• Clean cell and electrodes using hot waterClean cell and electrodes using hot water
–– Rinse with methanol when using methanolRinse with methanol when using methanol--containing reagentscontaining reagents

–– Rinse with acetone when using methanolRinse with acetone when using methanol--free reagentsfree reagents

•• Use septa free of holesUse septa free of holes

•• Use fresh desiccant in drying tubesUse fresh desiccant in drying tubes

•• Make sure cell is dry by rinsing interior of cell with dry Make sure cell is dry by rinsing interior of cell with dry 
reagentreagent

•• Make sure background is low and solvent is at a stable Make sure background is low and solvent is at a stable 
endpointendpoint
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Desiccants for KF Drying TubesDesiccants for KF Drying Tubes
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Sample WeighingSample Weighing

•• Potential pitfalls, such as Potential pitfalls, such as ……

–– Use of nonUse of non--analytical balances analytical balances 
• Leads to inconsistent results

–– Improper sample transfer devices can result in sample mass loss Improper sample transfer devices can result in sample mass loss 
between balance and titrator and splatter in the titration cellbetween balance and titrator and splatter in the titration cell

• Leads to inaccurately high results

–– Moisture may condense on balances in labs without humidity Moisture may condense on balances in labs without humidity 
controlscontrols

• Leads to inaccurately high results
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Sample WeighingSample Weighing

•• Use a four or five point analytical balanceUse a four or five point analytical balance

•• Choose a weighing vessel with a small Choose a weighing vessel with a small 
openingopening

•• For liquid samplesFor liquid samples
–– Use syringes for most liquidsUse syringes for most liquids

–– Disposable transfer pipettesDisposable transfer pipettes

•• For powder samplesFor powder samples
–– Manufacturer supplied samplersManufacturer supplied samplers

–– CutCut--off disposable 3ml plastic syringesoff disposable 3ml plastic syringes

–– CutCut--off transfer pipette bulbsoff transfer pipette bulbs
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Sample WeighingSample Weighing

•• Place the syringe in the middle of the weighing panPlace the syringe in the middle of the weighing pan

•• Wait until balance is stabilized before recording weightsWait until balance is stabilized before recording weights

•• Choose an optimum sample sizeChoose an optimum sample size
–– For volumetric titration, use 1/3 to 3/4 volume of buretteFor volumetric titration, use 1/3 to 3/4 volume of burette

–– For coulometric titration, sample should contain ~1000 For coulometric titration, sample should contain ~1000 µµg Hg H22OO
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Weighing by DifferenceWeighing by Difference
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Sample TransferSample Transfer

•• Potential pitfalls, such as Potential pitfalls, such as ……

–– NonNon--homogenous and nonhomogenous and non--representative samples do not provide representative samples do not provide 
meaningful or consistent resultsmeaningful or consistent results

• Leads to low accuracy and reproducibility

–– Poor transfer techniques can result in sample contamination withPoor transfer techniques can result in sample contamination with
atmospheric moistureatmospheric moisture

• Leads to inaccurately high results

–– Improper sample transfer devices can result in sample mass loss Improper sample transfer devices can result in sample mass loss 
between balance and titrator and splatter in the titration cellbetween balance and titrator and splatter in the titration cell

• Leads to inaccurately high results
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Sample TransferSample Transfer

•• Use a homogenous sampleUse a homogenous sample

•• Use a representative sampleUse a representative sample

•• Avoid contact with ambient moistureAvoid contact with ambient moisture
–– at STP, 1ftat STP, 1ft33 of air contains 20 mg Hof air contains 20 mg H22OO

•• Use a glove box for hygroscopic samplesUse a glove box for hygroscopic samples
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Transfer of Problematic SamplesTransfer of Problematic Samples

•• Highly Viscous SamplesHighly Viscous Samples
–– Heavy oils, greases, etc.Heavy oils, greases, etc.

–– Difficult to push through syringe Difficult to push through syringe 
needlesneedles

•• Fine Powder SamplesFine Powder Samples
–– Minerals, freeMinerals, free--flowing salts, etc.flowing salts, etc.

–– Tend to stick to sample port, Tend to stick to sample port, 
electrodes, titration cell wallselectrodes, titration cell walls
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Sample Introduction to the Titration CellSample Introduction to the Titration Cell

•• Use a fresh septum for the injection portUse a fresh septum for the injection port

•• Dry syringes in a Dry syringes in a desiccatordesiccator

•• Rinse the syringe with the sampleRinse the syringe with the sample

•• Add sample above liquid level in cellAdd sample above liquid level in cell

•• Seal the needle tip with a silicone rubber blockSeal the needle tip with a silicone rubber block

•• Avoid sample sticking to the inner vessel wallsAvoid sample sticking to the inner vessel walls

•• Pull back last drop at needle tipPull back last drop at needle tip
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•• Certain fuel additives are reactive and are known to Certain fuel additives are reactive and are known to 
interfere with KF titrationinterfere with KF titration

–– Modified Modified mercaptansmercaptans

–– Higher phenolsHigher phenols

–– KetoacidsKetoacids

–– PolysiloxanesPolysiloxanes

–– Metal oxidesMetal oxides

Sample Reactivity Issues with FuelsSample Reactivity Issues with Fuels
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•• Contaminants and byContaminants and by--products in fuels, especially spent products in fuels, especially spent 
fuels, can interfere with KF titrationfuels, can interfere with KF titration

–– ByBy--products of incomplete combustionproducts of incomplete combustion

–– PCBsPCBs

–– Trace metalsTrace metals

–– PAHsPAHs

–– GasolineGasoline

Sample Reactivity Issues with FuelsSample Reactivity Issues with Fuels
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Compounds Reactive with IodineCompounds Reactive with Iodine

•• Ascorbic acidAscorbic acid

•• ArsenitesArsenites [AsO[AsO22]]--

•• Arsenates [AsOArsenates [AsO44]]33--

•• Boric acidBoric acid

•• TetraboratesTetraborates [B[B44OO77]]22--

•• Carbonates [COCarbonates [CO33]]22--

•• DisulfitesDisulfites [S[S22OO55]]22--

•• Iron (III) saltsIron (III) salts

•• Hydrazine + derivativesHydrazine + derivatives

•• Hydroxides [OH]Hydroxides [OH]--

•• Hydrogen carbonates [HCOHydrogen carbonates [HCO33]]--

•• Copper (I) saltsCopper (I) salts

•• Mercaptans/thiolsMercaptans/thiols [RSH][RSH]

•• Nitrites [NONitrites [NO22]]--

•• Oxides: Oxides: CaOCaO, , MgOMgO, MnO, MnO22

•• Peroxides [ROOR]Peroxides [ROOR]

•• SelenitesSelenites [SeO[SeO33]]22--

•• SilanolSilanol [R[R33SiOH]SiOH]

•• Sulfites  [SOSulfites  [SO33]]22--

•• TelluritesTellurites [TeO[TeO33]]22--

•• ThiosulfatesThiosulfates [S[S22OO33]]22--

•• Tin (II) saltsTin (II) salts
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Testing for Reactivity with IodineTesting for Reactivity with Iodine

•• Simple procedureSimple procedure
–– Dissolve 1 to 2 crystals of Iodine in Methanol to produce a darkDissolve 1 to 2 crystals of Iodine in Methanol to produce a dark

brown solutionbrown solution

–– Inject sample in question directly into this solutionInject sample in question directly into this solution

–– Observe resultant coloration:Observe resultant coloration:
• If no color change occurs, sample is not reactive with Iodine

• If a color change occurs, sample is reactive with Iodine

•• If sample is reactive with Iodine, direct titration is not If sample is reactive with Iodine, direct titration is not 
possiblepossible
–– Use of Oil Evaporator is recommendedUse of Oil Evaporator is recommended

–– External extraction is an alternative if no evaporator availableExternal extraction is an alternative if no evaporator available
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KF of Acidic and Basic SamplesKF of Acidic and Basic Samples

•• pH between 5 and 8pH between 5 and 8
–– Titration proceeds normallyTitration proceeds normally

•• pH lower than 5pH lower than 5
–– Titration speed is very slowTitration speed is very slow

•• pH higher than 8pH higher than 8
–– Titration rate is fast due to Titration rate is fast due to 

interfering interfering esterificationesterification side side 
reaction which produces Water reaction which produces Water 
(vanishing endpoint)(vanishing endpoint)

•• Highly acidic or basic samples Highly acidic or basic samples 
need to be buffered to bring the need to be buffered to bring the 
overall pH in the range of 5 to 8overall pH in the range of 5 to 8
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Buffering Acidic SamplesBuffering Acidic Samples

•• Strong acids reduce the pH of the volumetric solvent or Strong acids reduce the pH of the volumetric solvent or 
the coulometric the coulometric anolyteanolyte leading to very sluggish titrationsleading to very sluggish titrations

•• Acids can be neutralized  by use of a weak baseAcids can be neutralized  by use of a weak base
–– Optimum weak base:   Optimum weak base:   ImidazoleImidazole

• Imidazole is already in the KF reagent -- here excess of it is added to 
buffer acidic samples

• Can be used with both volumetric and coulometric KF titration
• Volumetric: use up to 12 g of Imidazole per 50 mL solvent
• Coulometric: use up to 20 g of Imidazole per 100 mL anolyte
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Buffering Basic SamplesBuffering Basic Samples

•• Strong bases increase the pH of the volumetric solvent or Strong bases increase the pH of the volumetric solvent or 
the coulometric the coulometric anolyteanolyte leading to vanishing endpointsleading to vanishing endpoints

•• Bases can be neutralized  by use of weak acidsBases can be neutralized  by use of weak acids
–– Use either:   Use either:   Benzoic AcidBenzoic Acid

Salicylic AcidSalicylic Acid

• Can be used with both volumetric and coulometric KF titration

• Volumetric: use up to 8 g of acid per 50 mL solvent

• Coulometric: use up to 20 g of acid per 100 mL anolyte
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Summary: Sources of ErrorSummary: Sources of Error

•• Choice of equipmentChoice of equipment

•• Sample size Sample size 

•• Preparation of titration cellPreparation of titration cell

•• Sample weighing technique/equipmentSample weighing technique/equipment

•• Sample transfer techniqueSample transfer technique

•• Sample introduction into titration cellSample introduction into titration cell

•• SampleSample--reagent issuesreagent issues
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ConclusionConclusion

•• Karl Fischer analysis is a widely accepted automated Karl Fischer analysis is a widely accepted automated 
method for quantifying water routinely used in many method for quantifying water routinely used in many 
industriesindustries

•• Errors in KF analysis may arise from a variety of Errors in KF analysis may arise from a variety of 
sourcessources

•• This presentation reviewed strategies and  practical This presentation reviewed strategies and  practical 
tips to minimize analysis errorstips to minimize analysis errors

Thank you for your attention!Thank you for your attention!
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Questions Questions ……


