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Introduction to Ascorbic Acid



Chemical Structure and Properties

L-ascorbic acid ($C_6H_80_69) is a six-carbon lactone characterized by an enediol group, which imparts
its acidic properties despite the absence of a traditional carboxylic acid group.

The presence of the enediol system makes ascorbic acid a powerful reducing agent, as it easily undergoes
reversible oxidation to dehydroascorbic acid by donating two electrons and two protons.

Due to its polar nature and multiple hydroxyl groups, it is highly soluble in water but insoluble in organic
solvents, influencing its behavior in biological systems and laboratory assays.



Biological Functions and Sources

Acts as a powerful reducing agent to protect cells from oxidative stress
and free radical damage.

= j:“f\H Functions as a vital co-enzyme for the hydroxylation of proline and
= lysine during the formation of connective tissues.

Primarily obtained through the consumption of citrus fruits, leafy green
vegetables, and fortified nutritional supplements.



Stability and Degradation

Ascorbic acid is most stable under slightly acidic conditions but degrades rapidly in
alkaline environments.

High temperatures accelerate the oxidative breakdown of the molecule into
dehydroascorbic acid and subsequent inactive products.

Exposure to ultraviolet light catalyzes the oxidation process, necessitating storage in
light-resistant or amber containers.
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Principles of lodimetric
Titration



Redox Reaction Theory

Electron transfer

Ascorbic acid acts as a mild reducing agent that undergoes oxidation to dehydroascorbic acid
by donating electrons to the triiodide ion.

lodine reduction

The triiodide ion (S1_37-$) serves as the oxidizing agent in this system, accepting electrons from
the vitamin C molecule to be reduced back into iodide ions (SI*-§).

Half-reactions

Understanding the specific half-reactions is critical for identifying how the chemical potential
changes throughout the procedure, ensuring the reaction proceeds rapidly and completely.




Direct vs. Indirect Titration

Direct titration e
Utilizing a standard iodine solution to directly titrate

reducing agents like ascorbic acid under acidic conditions.

Indirect titration Q

Adding excess iodine to a sample and back-titrating the

remaining amount with a sodium thiosulfate standard
solution.

Reaction specificity e

Ensuring the quantitative relationship between the analyte
and the iodine molecules to achieve accurate stoichiometric
calculations.



Stoichiometry of the Reaction

Reaction completeness

Maintain optimal pH conditions to ensure the chemical
reaction reaches completion without secondary side

reactions.

Electron transfer process

Account for the two-electron oxidation of ascorbic acid to

dehydroascorbic acid for accurate quantitative calculation.

Molar ratio determination

Ensure a precise 1:1 stoichiometric relationship between ascorbic acid and

iodine molecules during the redox process.
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Reagents and Chemicals



lodine Solution Preparation

The iodine solution is prepared by dissolving
elemental iodine in a potassium iodide (SKIS)
matrix to form a stable triiodide complex,
ensuring the reagent remains in the aqueous
phase for consistent titration.

Since iodine can be volatile and its
concentration may change over time, the
solution must be standardized against a primary
standard like potassium iodate (SKIO_39) to
ensure precise stoichiometric calculations.



Starch Indicator Solution

Composition

Soluble starch powder dissolved in boiling distilled water to create
a 0.5% to 1% concentration.

Function

Acts as a sensitive visual indicator by forming a deep blue complex
with triiodide ions at the equivalence point.

Preparation

Must be freshly prepared or properly stabilized to prevent microbial
degradation and maintain sensitivity.




Standard Ascorbic Acid Solution

Dissolving a precisely weighed amount of high-purity ascorbic acid powder in
deionized water.

Standardizing the solution against a primary standard to ensure accurate molarity for
titration.

Maintaining the solution in a dark, cool environment to prevent atmospheric oxidation
and degradation.



04

Laboratory Apparatus and
Equipment



Volumetric Glassware

Precision delivery

Graduated burettes are utilized to deliver the iodine or iodate titrant dropwise, allowing
for the exact determination of the volume required to reach the stoichiometric endpoint.

Accurate dilution

Volumetric flasks and pipettes ensure that both the standard solutions and the
dissolved Vitamin C samples are maintained at precise concentrations for consistent
molarity calculations.

Visual clarity

High-quality borosilicate glass containers are essential for observing the subtle color
change of the starch indicator, which signals the completion of the ascorbic acid
oxidation.




Analytical Balance Usage

B

"'#.\u-
¥

01 | Zero-point calibration

Ensure the balance is leveled and tared to zero before starting any

weighing procedures.

-y

02 | Sample containment

Use weighing paper or a clean watch glass to prevent direct

contact between the chemicals and the balance pan.

03 Precision measurement

Record the mass to the nearest 0.1 mg and ensure the draft shield

is closed during the final reading.



Safety Equipment

Nitrile gloves

Protect skin from chemical irritation and prevent contamination

of samples.

Safety goggles

Ensure eye protection against potential chemical splashes during
titration and solution preparation.

Lab coat

Provide a protective barrier for clothing and skin against corrosive

reagents and stains.
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Sample Preparation
Procedure



Precise weighing

Accurately weigh each
individual Vitamin C tablet
using an analytical balance to
establish a baseline for the
final content calculation.

~

Grinding and Mass Measurement

Pulverization
technique

Wrap each tablet in weighing
paper and use a hammer to
gently crush it on a concrete
surface to prevent loss of
material and ensure a fine,
uniform powder.

Homogeneity

Thoroughly grinding the
sample increases the surface
area for the solvent, ensuring
that the ascorbic acid is
released consistently from the
tablet matrix.




Dissolution and Filtration

Tablet Pulverization

Crush a specific number of Vitamin C tablets into a fine, uniform powder using a mortar
and pestle to ensure maximum surface area for dissolution.

Transfer the weighed powder into a volumetric flask and add metered distilled water or
dilute acid to fully extract the ascorbic acid content.

Gravity Filtration

Pass the resulting solution through high-quality filter paper to remove insoluble excipients
and ensure a clear liquid sample for accurate titration.

.
® (Quantitative Dissolution
.




Dilution to Volume

Quantitatively transfer the filtered solution into a 100mL Add 250 mL H.0
volumetric flask using a glass funnel. —
Contains
0.10 mol of
NaCl
nL of 500 r
Carefully add deionized water until the liquid level approaches the ition Solu
graduation mark on the flask neck. 0.10 mol
— [NaCI] =7
0.250 L
0.40 M [NaCl] = (
n
M=

Use a dropper to add water dropwise until the bottom of the -

meniscus aligns precisely with the calibration line.
, Big M VS. Big V, :



06

Experimental Procedure



Standardization of lodine Solution

Titrant
Preparation

Potassium iodate is reacted with
excess potassium iodide in an acidic
medium, such as sulfuric acid, to
generate a known concentration of
iodine in situ.

Thiosulfate
Calibration

The generated iodine is titrated
against a primary standard of
sodium thiosulfate using a starch
indicator to determine the exact
molarity of the solution.

Accuracy
Control

This step is critical because iodine
solutions can be unstable due to
evaporation or oxidation, and
precise molarity is essential for
stoichiometric calculations.



Titration of the Sample

@ Preparation of solution

Dissolve the crushed Vitamin C tablet in deionized water and add dilute
sulfuric acid to maintain acidity.

. Indicator addition

Add a small amount of starch solution to the sample flask to serve as an
endpointindicator.

@ Burette operation

Titrate the sample solution with standardized iodine solution until a
persistent blue-black color appears.




Replicate Trials

Standardized Titration

- Perform three independent titrations
for each sample to ensure statistical
reliability and minimize random errors.

Control Group

-

Conduct blank titrations using distilled
water to calibrate the endpoint and

account for indicator consumption. Data Consistency

» Calculate the relative standard
deviation among replicates to verify the
precision of the experimental results.
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Data Collection and
Observation



Volume Measurement Recording

Accurate readings must be taken at the bottom of the liquid meniscus at eye level to
avoid parallax errors, ensuring the volume of the iodine titrant is precise.

Initial and final volumes should be recorded to two decimal places (e.g., =0.01 mL),

reflecting the sensitivity of the burette and allowing for the calculation of the exact
titrant used.

Performing multiple trials and recording the volume for each allows for the calculation
of an average titer, which minimizes the impact of random measurement errors.



Endpoint Color Change

Transition point

The appearance of a persistent

faint blue-black color signifies
Initial state the completion of the titration. Final observation

The solution remains colorless The color must persist for at
or pale yellow after the least 30 seconds to ensure the
addition of the starch

indicator.

stoichiometric endpointis
reached.



Data Tabulation

Standard solution concentration

Record the precise molarity of the iodine solution used for titration.

Burette readings

Document the initial and final volume readings for each titration trial conducted.

Sample weight measurement

List the exact mass of each Vitamin C tablet sample used in the analysis.
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Calculations and Results



Molarity and Normality Calculations

The exact molarity of the iodine or DCPIP solution is determined by titrating it against a known primary
standard, ensuring that the volume-to-concentration ratio is precise for subsequent calculations.

Using the balanced chemical equation, the mole-to-mole ratio between the ascorbic acid and the oxidant is

applied to convert the volume of titrant used at the equivalence point into the number of moles of Vitamin C
presentin the aliquot.

Normality is calculated by considering the number of electrons transferred in the redox reaction, allowing for a
direct correlation between the oxidizing agent's strength and the milliequivalents of the acid analyzed.



Mass of Ascorbic Acid per Tablet

1 Average mass determination

Calculate the mean weight of the tablets to establish a baseline for individual
dosage consistency.

2 Stoichiometric calculation

Derive the mass of ascorbic acid using the titration volume and the molarity of the
standardized titrant.

3 Percentage pu rity assessment

Compare the calculated mass against the label claim to determine the relative
error and product quality.




Error and Percentage Purity

Determine the numerical difference between the experimentally measured ascorbic acid
content and the theoretical value specified by the manufacturer.

Express the measurement error as a percentage of the true value to evaluate the
precision and accuracy of the titration process.

Calculate the mass fraction of pure ascorbic acid within the tablet to verify compliance
with pharmaceutical standards.
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Conclusion and Discussion



Summary of Findings

The experiment successfully determined the mass of ascorbic acid by titrating the dissolved
Vitamin C solution with N-bromosuccinimide (NBS) using a starch indicator.

The calculated mass percentage of ascorbic acid allows for a direct comparison between the
experimental value and the dosage labeled by the manufacturer on the commercial tablet.

The titration process validated that the oxidation-reduction reaction between NBS and

ascorbic acid reaches a clear endpoint, signaled by the persistent blue-black color of the starch-
iodine complex.




Analysis of Experimental Errors

Clam
stanﬁ

Dropping bottle
& pipette
(for indicator)

/

Clamp

Solution B

Burette

e

——

Potential subjective judgment errors in identifying the exact color
change of the indicator during the titration process.

Possible degradation of ascorbic acid due to prolonged exposure to air
or light before the completion of the experiment.

Systematic errors arising from minor inaccuracies in the calibration of
volumetric flasks or burettes used for measurement.



Suggestions for Improvement

Standardize titration speed

Maintain a consistent drop rate to minimize human error and ensure more accurate detection of the
color change endpoint.

Enhance sample homogenization

Utilize specialized grinding equipment to ensure the Vitamin C tablets are fully powdered, improving
the dissolution rate of ascorbic acid.

Implement blank controls

Conduct parallel experiments with distilled water to account for potential impurities in reagents and
improve the precision of the final concentration calculations.




Thank you



