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For 6 Points, A 0.50 Liter Solution Of 0.10 M HF Titrated To The Half Way Point
With A 0.10 M Solution presents an intriguing scenario in acid-base chemistry,
specifically involving the titration of a weak acid—hydrofluoric acid (HF)—with a strong
base, such as sodium hydroxide (NaOH). This setup is commonly used in laboratory
experiments to determine the properties of weak acids, analyze their dissociation, and
understand concepts like pKa, equivalence points, and buffer regions. In this
comprehensive article, we will explore the fundamental principles underlying this
titration, analyze the calculations involved, and discuss the significance of reaching the
halfway point in titration, along with practical implications and applications.

---

Understanding the Titration of Hydrofluoric Acid
(HF)

What Is Hydrofluoric Acid?
Hydrofluoric acid (HF) is a weak, polar acid known for its ability to penetrate tissues and
react with calcium in bones, making it both a useful industrial chemical and a hazardous
substance. Unlike strong acids like hydrochloric acid (HCl) or sulfuric acid (H₂SO₄), HF
does not dissociate completely in aqueous solution. Its dissociation can be represented as:

\[ HF \leftrightarrow H^+ + F^- \]

The equilibrium constant, known as the acid dissociation constant (Ka), for HF is
approximately 6.6 x 10⁻⁴ at 25°C, indicating its weak acid nature.

The Concept of Titration
Titration involves the gradual addition of a titrant (a solution of known concentration) to a
measured volume of analyte until the reaction reaches a specific point, often indicated by
a color change or an electrical measurement. In this scenario, a 0.10 M NaOH solution is
used to titrate the HF solution.

The key points in a titration of a weak acid with a strong base include:
- The initial pH of the acid solution
- The pH at the half-equivalence point
- The pH at the equivalence point
- The buffer region during titration



---

Initial Conditions and Setup

Given Data
- Volume of HF solution: 0.50 liters (L)
- Concentration of HF: 0.10 M
- Concentration of NaOH titrant: 0.10 M
- Titrant volume required to reach the halfway point: To be calculated based on the data

Calculating the Moles of HF Initially Present
The initial moles of HF can be calculated using:

\[ \text{Moles of HF} = Molarity \times Volume \]

\[ = 0.10\, \text{mol/L} \times 0.50\, \text{L} = 0.05\, \text{mol} \]

This represents the total amount of HF initially present in the solution.

---

The Halfway Point in Titration: Significance and
Calculations

What Is the Halfway Point?
The halfway point in a titration of a weak acid with a strong base is when exactly half of
the acid has been neutralized. At this stage:
- The moles of base added equal half of the initial moles of acid.
- The concentrations of the weak acid (HF) and its conjugate base (F⁻) are equal.

Calculating the Volume of Titrant at the Halfway Point
Since the initial moles of HF are 0.05 mol, half of this amount is:

\[ \frac{0.05\, \text{mol}}{2} = 0.025\, \text{mol} \]

The volume of NaOH needed to reach this point is:

\[ V_{half} = \frac{\text{moles of base}}{\text{concentration of base}} = \frac{0.025\,



\text{mol}}{0.10\, \text{mol/L}} = 0.25\, \text{L} \]

or 250 milliliters (mL).

Thus, when 250 mL of 0.10 M NaOH is added, the titration reaches the halfway point, and
the solution contains equal concentrations of HF and F⁻.

pH at the Halfway Point
At the halfway point, the pH is determined directly by the acid dissociation constant (Ka)
and the concentrations of the weak acid and its conjugate base.

The relation is:

\[ pH = pK_a + \log \left( \frac{[\text{A}^-]}{[\text{HA}]} \right) \]

Since at the halfway point:

\[ [\text{A}^-] = [\text{HA}] \]

the log term becomes zero, and:

\[ pH = pK_a \]

The pKa of HF is:

\[ pK_a = -\log(Ka) = -\log(6.6 \times 10^{-4}) \approx 3.18 \]

Therefore, the pH at the halfway point is approximately 3.18.

---

Analyzing the Titration Curve and Buffer Region

The Titration Curve
A titration curve plots pH against the volume of titrant added. For weak acid-strong base
titrations, the curve typically features:
- An initial pH below 3
- A gradual rise in pH as base is added
- The steep equivalence point near pH 7
- A buffering region around the halfway point
- The final steep increase near the equivalence point



Buffer Region at Halfway Point
The mixture of HF and F⁻ acts as a buffer, resisting pH changes. The buffer capacity is
maximized at this point, and the pH is directly related to pKa.

---

Implications and Applications

Understanding Acid-Base Equilibria
This titration exemplifies the principles of weak acid dissociation, conjugate base
formation, and buffer action. It allows students and chemists to:
- Determine the pKa of HF
- Understand the relationship between pH and species concentrations
- Visualize the titration process and buffer regions

Practical Applications
Knowledge gained from such titrations is applied in:
- Industrial processes involving hydrofluoric acid
- Environmental monitoring of fluoride levels
- Medical treatments involving fluoride compounds
- Calibration of pH meters and analytical techniques

Safety Considerations
Due to HF's hazardous nature, proper safety protocols, including the use of gloves,
goggles, and fume hoods, are essential during titration experiments.

---

Summary and Key Takeaways
- The initial moles of HF in 0.50 L of 0.10 M solution are 0.05 mol.
- The halfway point in titration occurs after adding 0.025 mol of NaOH, which requires 250
mL of 0.10 M NaOH.
- At this point, the pH equals the pKa of HF (~3.18), and the solution acts as a buffer.
- The titration curve illustrates the transition from weak acid to conjugate base
dominance, with a buffering region centered at the halfway point.
- Understanding this process enhances knowledge of acid-base chemistry, pKa
determination, and buffer systems.

---



By mastering the principles outlined above, students and professionals can accurately
interpret titration data, evaluate weak acid strengths, and apply these concepts to real-
world chemical analyses and industrial applications. The detailed calculations and
explanations provided serve as a comprehensive guide to understanding the significance
of reaching the halfway point in the titration of HF with a strong base.

Frequently Asked Questions

What is the pH at the halfway point of titrating 0.10 M
HF with 0.10 M NaOH?
At the halfway point, half of the HF has been neutralized, so the pH equals the pKa of HF,
which is approximately 3.17.

How much volume of NaOH solution is required to reach
the halfway point in this titration?
Since the initial HF concentration is 0.10 M and the volume is 0.50 L, the moles of HF are
0.05 mol. The halfway point occurs when 0.025 mol of NaOH has been added, requiring
0.25 L (250 mL) of 0.10 M NaOH.

What is the significance of the halfway point in a weak
acid-strong base titration?
The halfway point is where half of the weak acid has been neutralized, and the pH equals
the pKa, providing a key point for determining the acid's strength.

What is the pH at the start of the titration with 0.10 M
HF?
The initial pH can be calculated using the expression for a weak acid: pH ≈ 0.5(pKa - log
C), which for HF is approximately 2.98.

After reaching the halfway point, what does the pH
indicate about the remaining HF and formed ions?
At the halfway point, the pH reflects the pKa, indicating equal concentrations of HF and
F− ions, and the solution acts as a buffer.

How is the equivalence point different from the halfway
point in this titration?
The equivalence point occurs when all the HF has been neutralized, typically at a volume
of 0.50 L of NaOH, whereas the halfway point is at 0.25 L, where half the HF is



neutralized.

What is the expected pH at the equivalence point in this
titration?
Since HF is a weak acid and the titrant is a strong base, the equivalence point pH will be
above 7, approximately 8.2, due to the hydrolysis of F− ions.

How does the buffering capacity change at the halfway
point compared to the start and the equivalence point?
Buffering capacity is greatest at the halfway point because the concentrations of weak
acid and its conjugate base are equal, providing maximum resistance to pH changes.

If 0.10 M NaOH is used for titration, what is the
titration curve expected to look like around the halfway
point?
The titration curve will show a gradual slope initially, a sharp rise at the equivalence
point, and a relatively flat region at the halfway point where pH remains stable around
pKa, indicating buffering capacity.

Additional Resources
For 6 Points, A 0.50 Liter Solution Of 0.10 M HF Titrated To The Half Way Point With A
0.10 M Solution

In the realm of acid-base chemistry, titration stands as a fundamental technique that
allows chemists to determine the concentration of unknown solutions with precision.
Among the myriad titration scenarios, the titration of a weak acid like hydrofluoric acid
(HF) with a strong base such as sodium hydroxide (NaOH) offers insightful considerations
into acid dissociation, equivalence points, and buffer systems. This article delves into a
specific titration problem: a 0.50-liter solution of 0.10 M HF being titrated with a 0.10 M
NaOH solution until reaching the halfway point. This scenario not only exemplifies core
titration principles but also illuminates the intricate behavior of weak acids during
neutralization, especially when considering their dissociation equilibria. Through detailed
exploration of mole calculations, pH determination, and the nature of the buffer system at
the halfway point, readers will gain a comprehensive understanding of this classic titration
process.

Understanding the Basics: The Nature of
Hydrofluoric Acid and Its Titration



Hydrofluoric Acid (HF): A Weak Acid with Unique
Properties

Hydrofluoric acid is a weak, yet highly hazardous, acid commonly used in industrial
applications and laboratory settings. Unlike strong acids such as hydrochloric or sulfuric
acid, HF does not fully dissociate in aqueous solution. Instead, it exhibits an equilibrium
characterized by the dissociation constant (Ka), which for HF is approximately 6.6 x 10⁻⁴
at 25°C. This partial dissociation means that, even in dilute solutions, HF maintains a
significant proportion of undissociated molecules, influencing how it reacts during
titration.

The dissociation can be represented as:

HF (aq) ⇌ H⁺ (aq) + F⁻ (aq)

The extent of this dissociation is governed by Ka, which, in turn, determines the pH of the
solution at various stages of titration.

The Titration Setup and Reagents

In this scenario, the titrant is a 0.10 M NaOH solution, a strong base that completely
dissociates in water:

NaOH (aq) → Na⁺ (aq) + OH⁻ (aq)

The titration involves gradually adding this base to the HF solution until reaching the
halfway point—an important milestone that offers insights into the acid's properties and
the resulting buffer system.

Calculating the Initial Moles of HF and NaOH

Initial Moles of HF in the Solution

The first step is to determine the amount of HF present in the initial solution:

- Volume of HF solution = 0.50 liters
- Concentration of HF = 0.10 mol/L

Using the formula:

Moles of HF = concentration × volume

Moles of HF = 0.10 mol/L × 0.50 L = 0.05 mol



This 0.05 mol of HF is initially present in the solution, and it provides a baseline for the
titration process.

NaOH Required to Reach the Halfway Point

Since the titrant concentration is also 0.10 mol/L, the amount of NaOH needed to reach
the halfway point is calculated based on the equivalence of moles:

- At the halfway point, half of the initial HF has been neutralized.
- Therefore, moles of NaOH added = half of initial moles of HF = 0.025 mol

Calculating the volume of NaOH solution needed:

Volume of NaOH = moles / concentration

Volume of NaOH = 0.025 mol / 0.10 mol/L = 0.25 L

Thus, adding 0.25 liters (or 250 milliliters) of NaOH solution will reach the halfway point
in this titration.

What Happens at the Halfway Point?

Understanding the Buffer System

The halfway point in a weak acid-strong base titration is a critical concept. At this
juncture:

- Exactly half of the initial HF has been neutralized.
- The amount of unreacted HF remaining in solution is equal to the amount of F⁻ ions
produced from the neutralization.

Mathematically:

- Moles of HF remaining = 0.025 mol
- Moles of F⁻ formed = 0.025 mol

This equal molar relationship means that the solution contains a mixture of the weak acid
(HF) and its conjugate base (F⁻), creating a buffer solution capable of resisting significant
changes in pH.

The Significance of the Halfway Point

At this point:



- The pH equals the pKa of HF, as per the Henderson-Hasselbalch equation (discussed
further below).
- The solution exhibits optimal buffering capacity, stabilizing pH despite subsequent
additions of acid or base.
- The pH can be directly related to the acid dissociation constant, simplifying calculations.

Calculating the pH at the Halfway Point

Applying the Henderson-Hasselbalch Equation

The Henderson-Hasselbalch equation provides a straightforward way to determine the pH
in buffer solutions:

pH = pKa + log([A⁻]/[HA])

Where:

- pKa is the negative base-10 logarithm of the acid dissociation constant (Ka).
- [A⁻] is the concentration of the conjugate base (F⁻).
- [HA] is the concentration of the weak acid (HF).

Determining pKa of HF

Given:

Ka for HF ≈ 6.6 x 10⁻⁴

Calculating pKa:

pKa = -log(Ka) = -log(6.6 x 10⁻⁴) ≈ 3.18

This value indicates that at the halfway point, the pH should be approximately 3.18.

Calculating Buffer Concentrations at the Halfway Point

- Moles of HF remaining: 0.025 mol
- Moles of F⁻ formed: 0.025 mol
- Total volume of solution at this point:

Volume of HF solution = 0.50 L

Volume of NaOH added = 0.25 L



Total volume = 0.50 L + 0.25 L = 0.75 L

- Concentrations:

[HF] = 0.025 mol / 0.75 L ≈ 0.0333 M

[F⁻] = 0.025 mol / 0.75 L ≈ 0.0333 M

Since [HA] and [A⁻] are equal at the halfway point, their ratio is 1, and thus:

pH = pKa + log(1) = pKa ≈ 3.18

This confirms that the pH at the halfway point directly reflects the weak acid's pKa.

Implications and Broader Significance

Understanding Buffer Capacity and Titration Dynamics

The halfway point exemplifies the core principle of buffer systems: their ability to maintain
a relatively stable pH despite the addition of acids or bases. This property is crucial in
many biological and industrial contexts. Recognizing that the pH at this point equals the
pKa provides a practical tool for chemists to identify the strength of weak acids and their
conjugates.

Practical Applications and Safety Considerations

While the calculations demonstrate theoretical principles, actual laboratory work demands
safety precautions, especially when handling HF due to its corrosive nature and toxicity.
Proper protective equipment and protocols are essential. Additionally, understanding the
titration curve and the pH changes at each stage aids in designing titrations with precision
and safety.

Conclusion: The Educational and Practical Value
of the Halfway Point

This titration scenario—of a 0.50-liter, 0.10 M HF solution titrated with 0.10 M
NaOH—serves as an instructive example of fundamental chemical principles. From
calculating initial moles to understanding buffer behavior at the halfway point, the process
underscores the importance of equilibrium chemistry, the utility of the Henderson-
Hasselbalch equation, and the significance of pKa. Whether for academic purposes,
industrial applications, or laboratory safety, mastering these concepts enhances one's
ability to analyze, predict, and control acid-base reactions with confidence and precision.



By thoroughly exploring each step, from initial mole calculations to pH determination, this
article provides a comprehensive guide to understanding weak acid titrations—an
essential skill for chemists and students alike.
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