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Introduction to Acid-Base Titration



Definition and Purpose

Titration serves as a fundamental method in analytical chemistry to determine the
exact concentration of an unknown reagent by reacting it with a standard solution
of known molarity.

The process relies on the accurate measurement of liquid volumes using
specialized equipment, such as a burette, to ensure the calculated results are highly
reliable.

While primarily used for determining acidity or alkalinity, this technique can be

applied to any chemical reaction where the balanced equation and stoichiometry
are clearly established.



Neutralization Reaction

The process involves the quantitative reaction between hydrogen ions from an acid and
hydroxide ions from a base to form water.

The specific stage in a titration where the amount of titrant added is chemically equivalent
to the amount of analyte presentin the sample.

The exothermic nature of the process typically results in the release of thermal energy as
new chemical bonds are formed in the solvent.



Key Terminology

Equivalence point

The pointin a titration where the amount of added titrant is chemically equivalent to the

amount of analyte in the sample.

End point

The point during a titration at which a physical change, such as a color change, occurs to

signal that the equivalence point has been reached.

Standard solution

A solution of precisely known concentration used as a titrant to determine the
concentration of an unknown substance.



Objectives of the Experiment



Determining Concentration

By utilizing the titration
technique, students learn to
calculate the number of moles
of solute per liter of solution to
find the precise molarity of an
unknown sample.

The experiment involves using
a primary standard, such as
potassium hydrogen phthalate,
to determine the exact
concentration of a secondary
standard base solution.

Students apply the
stoichiometric relationship
between reacting acids and
bases to determine the volume
of solution needed for exact
neutralization within a 0.05 mL

margin of error.



Mastering Pipetting and Burette Use

Execute precise liquid measurement using volumetric pipettes to ensure
the accuracy of the titrand volume.

Practice identifying the lowest point of the liquid curve at eye level to
minimize measurement parallax errors.

Manipulate the burette stopcock to manage dropwise addition and
determine the exact equivalence point.



Understanding pH Indicators

Selection criteria

Choose indicators whose color change interval
aligns closely with the titration's equivalence

Definition

point.

Chemical substances that exhibit distinct
color changes based on the hydrogen ion

Common examples

concentration of a solution.

Utilize substances like phenolphthalein for
strong base titrations and methyl orange for
strong acid titrations.



Theoretical Background



Arrhenius and Brgnsted-Lowry Theory

This theory classifies acids as substances that increase the concentration of hydrogen ions (SHA+S) in
water, while bases are defined by their ability to produce hydroxide ions (SOHA-S) in aqueous solutions.

This broader perspective defines an acid as a proton (SH”+S) donor and a base as a proton acceptor,
allowing for the identification of conjugate acid-base pairs in a wider variety of chemical environments.

Understanding these theories is essential for predicting the direction of equilibrium in chemical
reactions and for identifying the strength of various acidic or basic reagents used in the laboratory.



The Concept of pH and pOH

Represents the negative logarithm of the Represents the negative logarithm of the
hydronium ion concentration in an aqueous hydroxide ion concentration in an aqueous
solution. solution.

Maintains a constant sum of 14 at 25
degrees Celsius, reflecting the self-ionization
equilibrium of water.



Titration Equations

Neutralization reaction
SHA+ + OHA- rightarrow H_20$

Stoichiometric relationship

$n(Acid) times Volume(Acid) times Molarity(Acid) = n(Base) times Volume(Base) times
Molarity(Base)$

Concentration calculation
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Chemical Reagents and Materials



Standard Solutions

Primary standard

Potassium Hydrogen Phthalate (KHP) is used as a high-purity primary reference standard to determine
the precise concentration of the secondary standard solution.

Standardization process

Because substances like Sodium Hydroxide are hygroscopic and react with atmospheric carbon
dioxide, they must be titrated against a known mass of KHP to establish a "gold standard"
concentration.

Quantitative accuracy

The use of a primary standard ensures that the molarity of the titrant is known with high precision,
which is critical for the reliability of all subsequent experimental calculations.




Acid and Base Samples

Utilize a standardized solution of
approximately 0.1 M as the primary strong

acid titrant.
Prepare a 0.1 M solution to serve as the Provide commercial white vinegar
strong base for neutralizing acid samples. containing acetic acid for real-world

concentration analysis.



pH Indicators Selection

Phenolphthalein

Provides a clear color change from colorless to pink in the pH range of 8.2 to 10.0, ideal for
strong base titrations.

thymol blt

Litmus

Methyl Orange

B

Exhibits a distinct transition from red to yellow between pH 3.1 and 4.4, suitable for strong
acid-weak base titrations.

- Bromphenol blue

Bromothymol Blue

Offers a neutral transition point around pH 7.0, changing from yellow to blue for strong acid-

strong base reactions.




Laboratory Apparatus



Burette and Stand

|nitial

reading

Titrant

J Analyte

The graduated glass tube
allows for the controlled,
dropwise addition of the
titrant, which is essential
for identifying the exact
moment the equivalence
point is reached.

A buret clamp and ring
stand are utilized to hold
the apparatus vertically,
ensuring stability and
accurate volume readings
at eye level during the
experiment.

The stopcock at the base
of the burette enables the
operator to adjust the
flow rate from a steady
stream to individual
drops, providing the high
resolution needed for
precise titration curves.



Volumetric Pipettes and Flasks

Precision Measurement @@

Volumetric pipettes are designed to deliver a single, highly accurate
volume of liquid at a specific temperature.

Solution Preparation e

Volumetric flasks are calibrated to contain a precise volume, essential
for preparing standard solutions of known molarity.

Proper Maintenance K

Apparatus must be chemically cleaned and rinsed with deionized water
to prevent contamination and ensure volumetric accuracy.



Erlenmeyer Flasks and Beakers

B Erlenmeyer Flasks

Used for holding the titrant during the reaction to minimize
splashing while swirling.

8 Graduated Beakers

Employed for bulk reagent storage and preliminary
measurement of non-critical solutions.

B Material Integrity

Constructed from high-quality borosilicate glass to ensure
resistance to thermal shock and chemical corrosion.
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Safety Procedures and Precautions



Personal Protective Equipment (PPE)

Safety glasses or a full-face
shield must be worn at all times
to protect against accidental
splashes of corrosive HCl or
NaOH.

Chemical-resistant gloves and
a complete lab suit or lab coat
are required to prevent severe
skin burns and irritation from
chemical contact.

Proper exhaust ventilation
should be utilized in the lab to
avoid the inhalation of harmful
mists or aerosols generated
during the titration process.



Chemical Handling and Disposal

Wear laboratory goggles and chemical-resistant gloves at all times to prevent skin contact and ocular injuries
from corrosive reagents.

Collect acidic and basic waste in designated containers and neutralize to a safe pH range before disposal
according to institutional protocols.

Utilize sodium bicarbonate or citric acid for immediate containment and neutralization of localized spills to

minimize environmental contamination.



Emergency Protocols
S

Chemical spill
response

Immediately neutralize acid or
base spills with appropriate
buffering agents and rinse the

area with copious amounts of
water.

Eye exposure
procedure

Flush eyes at the emergency
eyewash station for at least 15
minutes and seek immediate
medical attention.

~
Skin contact

protocol

Remove contaminated
clothing and wash the affected
skin area thoroughly with
running water and mild soap.




Experimental Procedure



Cleaning and Priming Glassware

Deionized rinsing Reagent priming

All glassware must first be cleaned The burette and pipette should be
with deionized water to remove rinsed with small volumes of the
residual impurities that could interfere specific titrant or aliquot they will hold
with the chemical reaction. to ensure that any remaining water

does not dilute the concentration of
the reagents.

Contaminant prevention

Proper cleaning prevents systematic
errors and ensures that the volume
measurements reflect the actual
quantity of the active chemical species.



Performing the Titration

Rinse the burette

Cleanse the burette with distilled water and a small amount of the titrant to ensure purity
and accuracy.

A
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: Introduce a specific amount of suitable pH indicator into the analyte solution to observe
U the color change at the endpoint.
—> _) ——
(=) \ Control flow rate

Slowly release the titrant into the flask while continuously swirling the mixture until a
permanent color change occurs.

o
+ Add indicator
.



Recording the End Point

Observation

Note the exact moment the indicator undergoes a permanent
color change.

Volumetric measurement
@ """ ¢ Read the final burette volume at the bottom of the meniscus to the

nearest 0.01 mL.

Data verification
e “““““““ o Perform triplicate titrations to ensure the precision and

reproducibility of the recorded values.




Data Collection and Calculation



Observation Tables

1 Systematic Recording

Documenting the initial and final burette readings for at least three trials ensures a
high degree of precision and allows for the detection of inconsistencies during the
titration process.

2 Volume Determination

Calculating the volume of titrant added by subtracting the initial reading from the
final reading provides the raw data necessary for all subsequent stoichiometric
calculations.

3 Consistency Monitoring

Tracking the color change at the endpoint for each trial helps verify that the
titration was stopped at the same chemical stage across different runs.




Error and Average Volume

n Calculation of average volume

Determine the mean value of multiple titration trials to ensure statistical reliability of the
data.

Identification of systematic error a

Analyze potential biases arising from equipment calibration or indicator endpoint
sensitivity.

n Precision evaluation via deviation

Measure the difference between individual measurements and the mean to assess
experimental consistency.



Molarity Calculations

Calculate the exact molarity of the standard solution based on the mass of the primary

° Titrant concentration determination

standard and the volume of the volumetric flask.

Use the balanced chemical equation to establish the molar relationship between the

Stoichiometric ratio application G

analyte and the titrant.

Analyte concentration derivation

Determine the unknown molarity by dividing the moles of the analyte by the measured
volume of the sample aliquot.



Discussion and Conclusion



Analysis of Results

Experimental concentrations of acidic compounds, such as (2-benzimidazolylthio)-acetic acid, are compared against
theoretical values to calculate the percentage error and determine the precision of the trial.

The relationship between the observed color change of the indicator and the stoichiometric equivalence point is
analyzed to verify if the chemical reaction reached completion as intended.

Multiple trials are reviewed to distinguish between systematic errors, which are consistent and reproducible across
samples, and random errors that vary unpredictably between individual measurements.



Sources of Experimental Error

Human error in observing the exact color change of the indicator leading to over-
titration or under-titration.

Systematic errors arising from improperly calibrated burettes or analytical balances
used during the procedure.

Presence of impurities in the standard solution or the sample which alters the
stoichiometric reaction results.




Final Summary

Error source analysis

|dentify potential deviations caused by indicator endpoint
sensitivity, parallax error in burette readings, or impurities

in the primary standards.

3 Evaluation of precision
Analyze the relative standard deviation of multiple titration

trials to ensure the consistency and reliability of the

experimental results.

Determination of concentration

Calculate the precise molarity of the unknown acid or base solution based on

the stoichiometric point and volume of titrant consumed.
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