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Introduction to
Monoprotic Acid-Base
Titrations




Definition of Monoprotic Acids

i Proton donation

Monoprotic acids are chemical species, such as hydrochloric acid (HCl) or acetic
acid (HOAc), that are capable of donating exactly one hydrogenion (proton) per
molecule to an aqueous solution.

2 lonization behavior

During titration, these acids undergo a single-stage ionization process where the
strength of the acid determines the extent of proton release and the resulting pH of

the initial solution.

3 Practical examples

Common laboratory titrants and analytes include strong monoprotic acids like
SHCIS and SHNO_3S, as well as weak monoprotic acids like vinegar (acetic acid),
each following a single-step neutralization curve.




Purpose of Titration Analysis

Quantitative determination
Accurately measure the concentration of an unknown acid or base solution through stoichiometric reactions.

Verify the chemical purity of raw materials or industrial products by evaluating active component content.

Reaction monitoring
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; Characterize the progress of neutralization reactions and determine the equivalence point for chemical control.
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Fundamental Stoichiometry

<

Equivalence point determination

& Calculate the precise volume of titrant required based on the molar ratio of the acid-base

reaction.

Concentration calculations

Determine the unknown concentration of a sample using the relationship between volume and

molarity at the endpoint.

Reaction stoichiometry

/ Apply the balanced chemical equation to ensure accurate quantification of proton transfer

( between reactants.

o start of titration At equivalence pc
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Fundamentals of Acid-
Base Equilibrium




The Concept of pH and pOH

Logarithmic scale

. —) The pH and pOH scales provide a convenient way to express the wide range of
T hydronium and hydroxide ion concentrations through negative base-10
logarithms.

Inverse relationship e

In any aqueous solution at a constant temperature, the sum of pH and pOH 3) 3
equals the pKw, meaning that as acidity increases, basicity must proportionately J
decrease.

Concentration determination

Measuring pH is critical for determining the chemical environment of a solution,
which influences the speciation of weak acids and bases during a titration.




Acid Dissociation Constant (Ka)

Quantitative measure

- Represents the strength of an acid in
solution by the equilibrium constant for
its dissociation.

Equilibrium expression

-

Defined by the ratio of the
concentrations of the dissociated ions

to the undissociated acid molecules. Temperatu re dependence

» Varies with temperature changes,
reflecting the thermodynamic stability
of the acid's ionized form.



lon product
constant

The equilibrium constant
SK_wS represents the product
of hydronium and hydroxide ion
concentrations at a specific
temperature.

Self-lonization of Water

Temperature
dependence

The self-ionization process is
endothermic, meaning the
degree of ionization and the
value of SK_wsS increase as
temperature rises.

Amphiprotic nature

Water molecules act as both a
Brgnsted-Lowry acid and base
by donating and accepting
protons simultaneously.
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Strong Acid - Strong
Base Titrations




Calculation of pH at Different Stages

Initial and pre-equivalence

Before the base is added, pH is determined by the concentration of the strong acid; as base is added,

the remaining concentration of hydrogen ions is calculated by subtracting the moles of hydroxide
added from initial moles of acid and dividing by the total volume.

Equivalence point

At this stage, the moles of hydronium and hydroxide are stoichiometrically equal, leading to a neutral

solution where the pH is exactly 7.00 at 25 °C.

Post-equivalence

Once the equivalence point is passed, the pH is dictated by the excess hydroxide ions; the pOH is first

calculated from the residual concentration of strong base, and then converted to pH using the
relationship pH = 14 - pOH.



Characteristics of the Titration Curve

.- 14.00 Equivalence point neutrality
-- 12.00 The pH at the equivalence point is exactly 7.00 at 25°C due to the formation of a neutral

salt and water.

10.00 —
=
ence RS,
S5 8.00 —
2 Significant pH jump
o 6.00 -
= 155 A sharp change in pH occurs near the equivalence point, allowing for precise
' determination using visual indicators or potentiometry.
2.00 ~i
0 Curve symmetry
Q'Q Q'Q
B ke The titration curve is mathematically symmetrical around the equivalence point when
led (mL) the titrant and analyte concentrations are equal.

| base (b) Weak b



Determining the Equivalence Point

Visual indicator selection

Utilize color-changing chemical indicators that shift within the
sharp pH transition range near pH 7.0.

Potentiometric monitoring

Track the change in electromotive force using a pH electrode to
identify the point of maximum slope on the titration curve.

Stoichiometric calculation

Ensure the moles of hydronium ions from the titrant precisely

equal the moles of hydroxide ions in the analyte.
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eak Acid - Strong Base
Titrations




Initial pH of Weak Acid Solutions

01 02

Dissociation equilibrium Concentration dependency
Before any titrant is added, the pH is The starting pH depends on both the strength
determined solely by the partial ionization of of the acid and its initial molarity; higher
the weak acid, where the hydronium ion concentrations or larger Ka values resultin a
concentration is calculated using the acid lower initial pH, though it remains significantly
dissociation constant (Ka). higher than that of a strong acid at the same

concentration.



The Buffer Region

Resistance to pH change

Maintains a relatively stable pH level upon the addition of small amounts
of strong acid or base through the conjugate acid-base pair.

Henderson-Hasselbalch equation application

Utilizes the ratio of salt to residual weak acid concentrations to calculate
the precise pH during the titration process.

Maximum buffer capacity

Occurs when the concentration of the weak acid equals its conjugate base,
typically at the half-equivalence point where pH equals pKa.



pH at the Equivalence Point

4 N ( N
Conjugate base Basic nature - Concentration
hydrolysis dependence
The pH is determined by the The solution at the The exact pH value depends
hydrolysis of the conjugate equivalence pointis on the dissociation constant of
base formed during the consistently basic, typically the weak acid and the
neutralization reaction. with a pH greaterthan 7.0 at analytical concentration of the

25°C. salt produced.
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eak Base - Strong Acid
Titrations




Dissociation of Weak Bases (Kb)

Equilibrium Constant

Burette
The strength of a weak base is quantified by its base dissociation constant (Kb), which
represents the extent to which the base reacts with water to produce hydroxide ions. tle’;ig:lg
Calculation Method
Determining the pOH and subsequent pH requires the use of an ICE (Initial, Change,
Equilibrium) chart to track molarity, followed by solving the equilibrium expression —
.l . proT. Hold

based on the base's initial concentration.

[ndicator

Conjugate Relationship

The concentration of hydroxide ions produced is inversely related to the strength of the
conjugate acid (Ka), governed by the relationship Kw = Ka X Kb. '



Acidic Equivalence Point

pH value calculation

The pH at the equivalence point is determined by the salt resulting from the
reaction, typically resulting in an acidic solution (pH < 7).

Indicator selection

Indicators with a transition range in the acidic region, such as methyl orange or

methyl red, must be utilized for accurate detection.

Proton balance equation
The concentration of hydrogen ions at the equivalence point is derived from

the hydrolysis of the conjugate acid formed during titration.



Selection of Titrants

Purity and stability

Utilize high-purity strong acid standards, such as hydrochloric acid, to ensure accurate

concentration and long-term stability.

Reaction completeness

Select strong acids that react completely with weak bases to ensure a sharp and distinct

equivalence point.

Concentration optimization

Adjust titrant molarity to match the analyte concentration, minimizing dilution errors
and volume measurement inaccuracies.
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cid-Base Indicators




Theory of Indicator Action

f‘i:

Chemical equilibrium

Indicators are typically weak organic acids or bases (HIn) where the protonated form and
the conjugate base form exhibit distinctly different colors due to structural
rearrangements.

pH dependency

The ratio of the two colored forms is governed by the hydronium ion concentration of the
solution, following the Henderson-Hasselbalch relationship, which dictates the dominant
species at a given pH.

Visual perception

The human eye perceives a color change when the concentration of one form exceeds the
other by approximately tenfold, marking the shift from the acid-color to the base-color.



The Transition Range

®
¢
.

Visual determination

The interval of pH over which the human eye can detect a distinct
change in the color of an indicator.

Mathematical definition

The range typically spans approximately pKa £ 1, representing
the concentration ratio change of the indicator's conjugate forms.

Selection criteria

The indicator's range must overlap with the steepest portion of
the titration curve to ensure precise endpoint detection.




Relationship Between pKa and Endpoint

8 Color change sharpness
A smaller difference between the pKa and the solution pH

at the equivalence point results in a more distinct and

accurate endpoint detection.

3 Selection criteria
The pKa of the chosen indicator must closely align with the pH

at the titration equivalence point to minimize titration error.

ﬁ Theoretical transition range

The pH range over which an indicator changes color is approximately defined

aspKa £ 1.
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The Titration Curve and
the Equivalence Point




Plotting pH vs. Titrant Volume

Sigmoidal profile

The curve typically exhibits a
characteristic "S" shape, where the pH
changes slowly in the initial and post-
equivalence buffer regions but rises or
falls sharply near the stoichiometric point.

Titration Cury

Buffer region : pH = pK, + log
e

A7
[FAT

Strategic regions

Key sections of the plot include the initial
pH of the analyte, the half-equivalence point
where pH equals pKa for weak species, and
the vertical jump that defines the
neutralization threshold.

Data visualization

Mapping pH against the volume of added
titrant allows for the visual determination of
the titration's progress and helps in
selecting an appropriate chemical indicator
based on its transition range.



Inflection Point Analysis

B Mathematical Definition

Identification of the point where the second derivative of the

titration curve equals zero.

B pH Shift Significance
Determination of the maximum rate of change in pH relative to
the volume of titrant added.

B Indicator Selection

Correlation of the inflection point with the pKa of an indicator to

ensure minimal titration error.




Comparing Different Acid Strengths

Initial pH levels
Stronger acids exhibit lower starting pH values compared to weaker acids at

equivalent concentrations.

Buffer region characteristics

Weak acids demonstrate a distinct buffering zone with a gradual pH rise, whereas

strong acids show a rapid initial increase.

Inflection point magnitude

The vertical section of the titration curve near the equivalence point is significantly

steeper and larger for stronger acids.



...,? A
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Buffer Solutions in
Titration




The Henderson-Hasselbalch Equation

Logarithmic Relationship

The equation SpH = pK_a + log([A”-]/[HA])S allows for the direct calculation of pH by relating the acid
dissociation constant to the ratio of the conjugate base and weak acid concentrations.

Titration Application

During the titration of a weak acid with a strong base, this formula is essential for determining the pH in
the "buffer region," which exists before the equivalence point is reached.

Ratio Sensitivity

The equation demonstrates that the pH of a buffer is determined primarily by the pKa of the acid and
the relative proportions of the buffering species rather than their absolute concentrations.




Maximum Buffer Capacity

01

02

03

Definition
The point at which a buffer solution resists pH changes most
effectively, occurring when pH equals pKa.

Concentration Influence

Directly proportional to the total concentration of the conjugate
acid-base pair in the system.

Titration Significance

Represents the region near the half-equivalence point where the
slope of the titration curve is minimized.

/33

Volumatric Plak




Biological Significance of Buffers

Blood pH maintenance

Ensuring the human circulatory system remains within a narrow range of 7.35 to 7.45 through

bicarbonate and phosphate systems.

Enzymatic activity optimization

Providing a stable chemical environment necessary for metabolic enzymes to function
efficiently within cellular compartments.

Cellular homeostasis

Protecting intracellular structures from abrupt acidity changes during metabolic processes and
ion exchange.
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Practical Applications
and Errors




Standardization of Titrants

1 Primary standards

Utilizing highly pure, stable compounds like potassium hydrogen phthalate (KHP)
allows for the precise determination of a titrant's molarity through a known
stoichiometric reaction.

2  Carbonate-free preparation

Ensuring sodium hydroxide solutions are free from dissolved carbon dioxide
prevents the formation of carbonates, which can alter the effective concentration
and lead to inaccurate equivalence point detections.

3 Quantitative volumetric analysis

Systematic standardization is a prerequisite for any quantitative analysis to ensure
that the volumes recorded during the titration of an unknown mixture yield reliable

and reproducible data.



Visual vs. Potentiometric Endpoints

Indicator selection criteria

Choose chemical indicators with a transition range that closely matches the theoretical equivalence point pH.

Precision of measurement

Utilize pH electrodes to monitor real-time potential changes for more accurate detection of the inflection point.

Determination of systematic error

Analyze the discrepancy between the observed color change and the true stoichiometric point to apply necessary
titration corrections.



Common Experimental Errors

Volumetric inaccuracies
Errors arising from improper calibration of burettes or pipettes and parallax errors during volume readings.

Discrepancies between the theoretical equivalence point and the visual end point due to an inappropriate pH
range of the indicator.

Impurity interference
Systematic errors caused by the presence of carbon dioxide or other contaminants in the titrant or sample
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