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Introduction to Acid-Base 
Titration



Concepts of Volumetric Analysis

Concentration determination
Volumetric analysis involves measuring the exact volume of a reagent of known 

concentration required to react completely with the analyte, allowing for the 

calculation of an unknown molarity.

Precision instruments

Standardization process

The use of calibrated glassware, such as burets and volumetric pipets, is critical to 

ensure that measurements are accurate to within a fraction of a milliliter for reliable 

data.

Because certain reagents like sodium hydroxide can vary in purity or stability, they 

must be standardized against a primary standard to establish a highly accurate 

"known" concentration before further use.
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Neutralization Reactions

Proton transfer

Involves the reaction between 

an acid and a base to produce 

water and a salt through the 

exchange of hydrogen ions.

Stoichiometric 

equivalence

Occurs when the moles of acid 

and moles of base are in exact 

proportion according to the 

balanced chemical equation.

Enthalpy of 

neutralization

Characterized by the release of 

heat during the formation of 

water from hydronium and 

hydroxide ions.



Purpose of the Experiment

Master preparation techniques
Learn the precise methods for preparing standard solutions of specific molarity for 

accurate volumetric analysis.

Understand neutralization principles
Explore the chemical reactions between acids and bases to determine unknown 

concentrations through stoichiometric calculations.

Develop analytical skills
Enhance proficiency in using laboratory equipment such as burettes, pipettes, and 

volumetric flasks to minimize experimental error.
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Laboratory Safety and 
Regulations



Chemical Hazard Identification

Corrosivity

Toxicity

Reactivity

Strong acids like hydrochloric acid and bases such as sodium 

hydroxide can cause severe chemical burns upon skin contact or 

irreversible ocular damage if splashed.

Many reagents used in titrations react exothermically when mixed 

with water or other chemicals, necessitating careful handling to 

prevent sudden heat release or splattering.

Prolonged inhalation of chemical vapors or accidental ingestion 

poses significant health risks, requiring all work to be conducted in 

well-ventilated areas or under a fume hood.
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Personal Protective Equipment (PPE)

02

Lab coats

Provide a protective barrier for skin and clothing 

against accidental spills of acids or bases.

Chemical-resistant gloves

Prevent direct skin contact with concentrated reagents to 

avoid chemical burns or irritation.
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Safety goggles

Protect eyes from chemical splashes and corrosive 

vapors during the titration process.



Emergency Procedures

Neutralize acid or base spills immediately with appropriate neutralizing agents and rinse 

the area with copious amounts of water.

Chemical spill response

Flush the affected area at an emergency eyewash station or safety shower for at least 15 

minutes and seek medical attention.

Eye and skin exposure

Follow the designated exit routes to the assembly point in the event of a fire alarm or 

major hazardous release.

Evacuation protocol
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Materials and Reagents



Primary and Secondary Standards

Utilizing high-purity, stable substances like anhydrous sodium carbonate ($Na_2CO_3$) or 

potassium hydrogen phthalate (KHP) to provide a reliable reference for determining 

molarity.

Primary standards

Preparing solutions such as $HCl$ or $NaOH$ which, due to their hygroscopic nature or 

volatility, must be standardized against a primary standard to establish their exact 

concentration.

Secondary standards

Ensuring that chosen standards are non-hygroscopic and have high equivalent weights to 

minimize relative weighing errors during the preparation process.

Stability requirements



Volumetric flasks
250mL and 500mL Class A flasks for precise dilution and standard solution 

preparation.

Analytical burettes

Erlenmeyer flasks

Glassware Specifications

50mL glass-stopcock burettes for acid and alkali resistance during titration 

procedures.

250mL conical flasks used as titration vessels to ensure efficient mixing 

without splashing.



Necessary Chemical Solutions

Indicator Solutions

Phenolphthalein or methyl orange used to determine the 

equivalence point through visual color changes.

Standard Base Solution

Sodium hydroxide solution prepared and standardized for the 

titration of acidic samples.

Standard Acid Solution

Hydrochloric acid of known concentration used as the 

primary titrant for basic analytes.
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Calculation for Solution 
Preparation



Molarity and Normality

Molarity measures the number of 

moles of solute per liter of solution, 

serving as the standard for 

stoichiometric calculations in chemical 

reactions.

Concentration units

Normality accounts for the equivalents 

of reactive species per liter, specifically 

considering the number of hydrogen 

ions or hydroxide ions a substance can 

donate or accept.

Reactive capacity

For monoprotic substances, molarity 

and normality are equal, whereas for 

diprotic or triprotic species, normality 

is a multiple of molarity based on the 

acid or base coefficient.

Conversion principles



Dilution Formula (C1V1 = C2V2)

Conservation Principle

The total amount of solute remains constant throughout the dilution process despite the 

change in solvent volume.

03
Practical Application

Calculate the precise volume of concentrated acid or base required to achieve a specific 

molarity for accurate titration analysis.
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Variable Definition

C1 and V1 represent the concentration and volume of the stock solution, while C2 and V2 

represent the target concentration and final volume.



Gravimetric Calculations

01 Identify the precise molecular weight of the solute to establish the stoichiometric relationship for mass 

calculation.

Molar mass determination

02 Define the target molarity and final volume of the solution to calculate the required mass of the solid 

reagent.

Desired concentration specification

03 Account for the chemical purity percentage of the reagent to ensure the actual mass of the active 

substance is accurate.

Purity factor adjustment
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Preparation of Standard 
Acid Solution



Always add the calculated volume of concentrated hydrochloric acid to a portion of 

distilled water rather than adding water to acid, which prevents dangerous splashing or 

exothermic reactions.

Step-by-Step Dilution Process

Safety protocol

Use a graduated pipette or burette to measure the exact volume of concentrated HCl 

required to achieve the target 0.1 N concentration based on the stock bottle's specific 

gravity and purity.

Precise measurement

Transfer the measured acid slowly into a volumetric flask already containing a small 

amount of solvent, swirling gently to dissipate any heat generated during the mixing 

process.

Initial dilution



Homogenization Techniques

Diffusion TimeVolumetric InversionAgitation Method

Utilize a magnetic stirrer or glass rod to 

ensure the solute is uniformly distributed 

throughout the solvent.

Secure the stopper of the volumetric 

flask and invert repeatedly to eliminate 

concentration gradients via gravity and 

motion.

Allow sufficient time for molecular 

diffusion to stabilize the solution 

concentration before proceeding with 

standardization.



Store the prepared acid solution in a chemically resistant borosilicate glass or 

high-density polyethylene bottle.

Storage and Labeling

Container selection

Affix a clear label indicating the chemical name, exact molar concentration, date 

of preparation, and the name of the analyst.

Labeling requirements

Seal the container tightly to prevent evaporation or contamination and store it in 

a cool, ventilated safety cabinet.

Preservation conditions
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Preparation of Standard 
Base Solution



Weighing Sodium Hydroxide Pellets

Rapid weighing

Approximate massing

Protective handling

Because sodium hydroxide is highly hygroscopic and absorbs 

moisture from the air quickly, pellets must be weighed rapidly in a 

covered container to ensure mass accuracy.

Proper safety gear and plastic spatulas should be used to prevent 

skin burns and to avoid the corrosive effects of the pellets on metal 

lab equipment.

Since NaOH is not a primary standard, the weighing process 

focuses on achieving an approximate target mass, as the exact 

concentration will be determined later via standardization.



Dissolve the solid solute in a beaker with 

CO2-free distilled water while stirring 

continuously.

Dissolution method

Allow the solution to cool to room 

temperature before transferring it to a 

volumetric flask.

Temperature adjustment

Accurately weigh the required mass of 

sodium hydroxide using an analytical 

balance.

Weighing process

Dissolution and Cooling



Preventing Carbonate Contamination

Prepares a concentrated stock where sodium carbonate is insoluble and can be removed by filtration or 

decantation.

Saturated NaOH solution method

Eliminates dissolved carbon dioxide to prevent the formation of carbonic acid in the solution.

Use of boiled distilled water

Stores the final solution in airtight polyethylene bottles to minimize atmospheric CO2 absorption 

during use.

Proper storage techniques
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Standardization 
Procedures



Selection of Primary Standards

Material Stability

High-purity substances like Potassium Hydrogen Phthalate (KHP) or Sodium Carbonate are 

chosen because they are non-hygroscopic and stable under ambient conditions, ensuring the 

mass weighed is accurate and representative.

03

02

01

Equivalent Weight

Selecting standards with high molar masses reduces the relative impact of weighing errors, 

thereby increasing the precision of the calculated molarity for the secondary standard solution.

Reaction Specificity

The primary standard must react completely and stoichiometrically with the titrant, providing 

a clear and predictable chemical equation necessary for precise volumetric calculations.



Titration Technique

End-Point Determination

Observe the first permanent color change of the indicator that 

persists for at least 30 seconds under consistent lighting.

Volume Measurement Accuracy

Read the liquid level at the bottom of the meniscus at eye level to 

minimize parallax error during volume recording.

Proper Burette Handling

Control the stopcock with the left hand to allow drop-wise 

addition while continuously swirling the flask with the right hand.
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Replicate Trials

Perform a minimum of three parallel titrations to ensure the reliability and 

reproducibility of the analytical data.

Statistical significance

Calculate the relative standard deviation (RSD) among trials to verify that results 

fall within the acceptable analytical margin of error.

Precision control

Utilize the mean volume of titrant consumed from concordant runs to calculate 

the final molarity of the solution.

Averaging process



08

Indicators and End Point 
Detection



Theory of Acid-Base Indicators

Selection Criteria

An indicator must be chosen such that its color change range 

overlaps with the steepest part of the titration curve to ensure 

accuracy.

pH Sensitivity

Indicators are weak organic acids or bases that exist in 

different colored conjugate forms depending on the 

hydrogen ion concentration of the solution.

Visual Transition

The color change occurs within a specific "transition 

interval" as the molecule structurally rearranges in response 

to the surrounding pH environment.



Phenolphthalein and Methyl Orange

Transition ranges
Phenolphthalein changes from colorless to pink between pH 8.2 and 10.0, while 

methyl orange shifts from red to yellow between pH 3.1 and 4.4.

Selection criteria

Observation techniques

Choose indicators based on the equivalence point pH to ensure the color change 

coincides with the stoichiometric point of the reaction.

Utilize a white background for consistent detection of subtle color transitions at 

the titration end point.
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01 Stoichiometric calculation
Calculate the exact volume of titrant required based on the molar ratios of the 

chemical equation.

Potentiometric monitoring
Utilize a pH meter to identify the inflection point where the rate of change in pH is 

maximal.

Theoretical pH evaluation
Determine the expected pH at the equivalence point based on the dissociation 

constants of the participating species.

Determining the Equivalence Point
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Data Analysis and Results



Recording Titration Volumes

Precision measurement

Trial consistency

Volume calculation

Recording initial and final burette readings to the nearest 0.01 mL is essential for determining the exact volume 

of sodium hydroxide (NaOH) or hydrochloric acid (HCl) delivered.

The net volume used in each trial is calculated by subtracting the initial reading from the final reading, ensuring 

that only the reagent consumed in the reaction is accounted for.

Tabulating data from multiple trials, such as the titration of Potassium Acid Phthalate (KHP), allows for the 

identification of outliers and ensures the reliability of the titration endpoint.



Systematic error

Inaccurate calibration of 

volumetric flasks or pipettes 

leading to constant deviations in 

concentration.

Random error

Fluctuations in visual endpoint 

determination during titration 

causing variations in the 

calculated molarity.

Operational error

Incomplete transfer of solutes or 

parallax errors when reading the 

meniscus level on the burette.

Error Analysis



Conclusion of Concentration

Calculated molarity of NaOH

Error margin assessment

Calculated molarity of HCl

Determine the precise concentration of the sodium hydroxide 

solution using the titration volume and KHP mass.

Establish the exact concentration of the hydrochloric acid solution 

through standardization against the prepared base.

Evaluate the relative standard deviation and percentage error to 

ensure the reliability of the titration results.



Thank 
you


