What Is The Ph Of A 0.460 M Solution
Of Hf (ka = 6.8 10)°?

What Is The pH Of A 0.460 M Solution Of Hf (Ka = 6.8 x 107 %)?

Understanding the pH of a solution containing hafnium (Hf) requires a grasp
of acid-base chemistry, dissociation constants, and equilibrium principles.
Hafnium is a transition metal, and its aqueous solutions often involve
complex equilibria due to hydrolysis and its amphoteric nature. In this
article, we will explore how to determine the pH of a 0.460 M Hf solution
given its acid dissociation constant (Ka), which is 6.8 x 107 %. We will delve
into the concepts of acid dissociation, hydrolysis reactions, and equilibrium
calculations to arrive at an accurate pH wvalue.

Understanding the Basics: Acid Dissociation and
PH

What Is pH?

PH is a measure of the hydrogen ion concentration in a solution, defined as:
pPH = -log[H"]

where [H'] is the molar concentration of hydrogen ions. For acids, the degree
of dissociation influences [H'], which in turn determines the pH.

Role of Ka in Acid Strength

The acid dissociation constant (Ka) quantifies the strength of an acid in
aqueous solution. It is expressed as:

Ka = [H'][A"] / [HA]

where [HA] is the concentration of the undissociated acid, and [A"] is the
concentration of the conjugate base.

A smaller Ka indicates a weaker acid, which dissociates less in solution,
resulting in a higher pH. Conversely, a larger Ka indicates a stronger acid
with more dissociation.

Hafnium in Aqueous Solution: Nature and
Behavior



Hf as an Acidic Metal Ion

Hafnium typically exists as Hf*®' in aqueous solutions. It is amphoteric,
meaning it can act as an acid or base depending on the conditions. When
dissolved, hafnium ions tend to undergo hydrolysis, reacting with water to
form hydroxo complexes:

e HF*® + H,0 = Hf(OH)*" + H"

e and similar equilibria involving various hydroxo species.

These hydrolysis reactions can influence the pH significantly, often leading
to slightly acidic solutions.

Hydrolysis and Its Effect on pH

The hydrolysis of Hf*"' can be described by equilibrium reactions with known
constants. The extent of hydrolysis depends on the concentration of hafnium
and the equilibrium constants involved. Since the problem states a specific
Ka value, it suggests that the solution's acidity is related to the
dissociation of hafnium species.

Interpreting the Ka Value for Hafnium

Clarifying the Ka Value

The given Ka of 6.8 x 10~ % likely refers to the hydrolysis equilibrium of
Hf*" or a related species. In many cases, transition metals like hafnium have
their hydrolysis constants tabulated, and the given Ka is associated with the
first hydrolysis step:

Hf*® + H,0 = Hf(OH)®® + H'

This equilibrium can be used to determine the concentration of H' released
into solution, which directly relates to pH.

Implications of the Ka Value

A Ka of 6.8 x 10° % indicates a relatively weak acid. For comparison:
- Strong acids have Ka values close to 1 or higher.
— Weak acids have Ka values much less than 1.

Thus, the hydrolysis reaction will proceed to a limited extent, but enough to
produce measurable [H'] and influence pH.



Calculating the pH of the Hafnium Solution

Step 1: Setting Up the Equilibrium Expression

Assume that the initial concentration of hafnium ions is 0.460 M. When
hydrolysis occurs:

Hf** + H,O0 = HEf(OH)*" + H'

Let x be the concentration of H' produced at equilibrium.

The equilibrium expression based on Ka:

Ka = [HE(OH)®"][H"] / [Hf*"]

Assuming that the change in the concentration of Hf*®® is negligible compared
to initial concentration (since Ka is small), the initial concentration
remains approximately 0.460 M, and the concentrations of hydrolyzed species

are approximately x.

Thus:

Ka ~ x? / 0.460

Step 2: Solving for [H"]

Rearranged:

x? = Ka x 0.460

x = VY (Ka x 0.460)

Plugging in the known values:

x = /(6.8 x 10°% x 0.460)
Calculating:

- First, multiply:

6.8 x 10°®% x 0.460 ~ 3.128 x 107 %

— Then, take the square root:

x ~ ¥ (3.128 x 107%) ~ 5.59 x 10°° M

This [H'] concentration is approximately 5.59 x 107 ° M.

Step 3: Calculating the pH

Using the definition:

pPH = -log[H"]



PH ~ -10g(5.59 x 107 °)

Calculating:

log(5.59 x 10°°) »~ log(5.59) + log(10°°) ~ 0.747 — 5 = —4.253
Therefore:

PpH ~ —(-4.253) = 4.253

Interpreting the Result and Additional
Considerations

Final pH Value

Based on the calculations, the pH of the 0.460 M hafnium solution is
approximately 4.25. This indicates a mildly acidic solution, consistent with
the weak hydrolysis of hafnium ions in aqueous solution.

Factors Affecting the pH

Several factors could influence the actual pH beyond the simplified
calculation:

— Hydrolysis Equilibria: Multiple hydrolysis steps can further lower the pH.
- Complex Formation: Hafnium can form complexes with hydroxide or other
ligands, affecting free H' concentration.

— Ionic Strength: High ionic strength can influence activity coefficients,
slightly altering the pH.

— Temperature: The dissociation constants are temperature-dependent;
calculations assume room temperature.

Limitations and Assumptions

The calculation assumes:

- The hydrolysis reaction is the primary source of H' ions.

— The change in concentration of hafnium ions is negligible.

— The solution behaves ideally, with activity coefficients close to 1.

For a more precise pH determination, advanced methods such as activity
corrections, multiple hydrolysis equilibria, and complexation studies would

be necessary. Nonetheless, the approximate pH value offers valuable insight
into the acidity of hafnium solutions.

Summary and Conclusion

To determine the pH of a 0.460 M Hf solution with a given Ka of 6.8 x 1078,



we considered the hydrolysis equilibrium of hafnium ions in water. By setting
up the equilibrium expression and solving for the hydrogen ion concentration,
we found that the solution's pH is approximately 4.25. This mildly acidic pH
reflects the weak hydrolysis of Hf*®® ions, consistent with expectations for
transition metal cations with small but non-negligible Ka values.

Understanding such calculations is vital in fields like inorganic chemistry,
environmental science, and industrial processes, where metal ion solutions
are common. While this simplified model provides a good approximation, real-
world systems may involve additional complexities, emphasizing the importance
of comprehensive analytical techniques for precise pH measurements.

In conclusion, the pH of a 0.460 M solution of hafnium with a Ka of 6.8 x
107 % is approximately 4.25, indicating a slightly acidic environment
primarily due to hydrolysis reactions of hafnium ions in water.

Frequently Asked Questions

What is the pH of a 0.460 M Hf solution with a Ka of
6.8 x 10782

To find the pH, first determine the hydrolysis of Hf. Set up the expression
for Ka: Ka = [H'][F ]/[HF]. Assuming x is the concentration of H' ions
produced, Ka ~ x? / (0.460 - x). Since Ka is small, approximate as x? /
0.460. Then, x = v (Ka x 0.460) ~ ¥ (6.8 x 107 % x 0.460) =~ v (3.128 x 10" %) =~

5.59 x 107° M. Therefore, pH ~ -log(5.59 x 107°) =~ 4.25,

How does the Ka value of Hf influence the pH of its
0.460 M solution?

The Ka value indicates the acid strength; a smaller Ka (6.8 x 10 %) means Hf
is a weak acid, resulting in a relatively high pH. In this case, the pH is
approximately 4.25, reflecting mild acidity due to partial hydrolysis.

Why is the pH of a 0.460 M Hf solution not neutral?

Because Hf is a weak acid, it partially dissociates in water, releasing H'
ions. This increases the acidity, leading to a pH below 7—specifically around
4.25-making the solution mildly acidic rather than neutral.

How can I calculate the pH of other concentrations of
Hf solution using its Ka?

Use the approximation: x = v (Ka x initial concentration). Then, calculate pH
as —-log(x). For different concentrations, substitute the new value into the
formula to find the corresponding pH.

What assumptions are made when calculating the pH of



this Hf solution?

The main assumptions are that x (the concentration of H' ions) is small
compared to the initial concentration, allowing the simplification of the
expression by neglecting x in the denominator, and that the dissociation of
Hf is at equilibrium with negligible reverse reactions affecting the
calculation.

Additional Resources

What Is The pH Of A 0.460 M Solution Of Hf (Ka = 6.8 x 107 %)?

Understanding the pH of a solution is fundamental in chemistry, especially
for solutions involving acids and bases. When dealing with metal oxides,
salts, or complex compounds like hafnium fluoride (Hf), calculating the pH
can be intricate due to their unique dissociation behaviors. Today, we delve
into the specifics of determining the pH of a 0.460 M solution of hafnium
fluoride (Hf), given its acid dissociation constant (Ka) of 6.8 x 10~ *. This
exploration combines chemical principles with precise calculations to provide
a comprehensive understanding suitable for students, educators, and
professionals alike.

Understanding Hafnium Fluoride (Hf) and Its
Acidic Nature

Before embarking on pH calculations, it is essential to understand what Hf is
and why its solution exhibits acidity.

What Is Hafnium Fluoride?

Hafnium fluoride (HfF,), a compound comprising hafnium and fluorine, 1is
typically encountered as a salt or an acid derivative in aqueous solutions.
Hafnium itself is a transition metal, chemically similar to zirconium, and
often forms compounds that can act as weak acids or bases.

In aqueous solutions, Hf-based compounds can hydrolyze or dissociate,
releasing ions that influence the pH. The given Ka wvalue suggests that Hf
forms an acidic species in water, capable of donating protons or undergoing
hydrolysis, establishing an equilibrium that defines the solution’s acidity.

Why Is Hf Considered Acidic?

The acidity of hafnium compounds stems from their ability to undergo
hydrolysis. When dissolved, hafnium ions (Hf*®*) can interact with water
molecules, generating hydronium ions (H,0"):

Hf** + H,O0 = Hf(OH)®*" + H'
The equilibrium lies to some extent towards the right, releasing H' ions into

the solution, which lowers the pH. The magnitude of this dissociation is
characterized by the acid dissociation constant, Ka.



Understanding this hydrolysis process is crucial because it directly
influences the pH calculation for the solution.

Fundamentals of pH Calculation for Weak Acid
Solutions

Calculating pH for weak acids involves understanding their equilibrium
dissociation in water and applying the principles of chemical equilibrium.

Key Concepts and Definitions

- Concentration (M): Molarity of the initial acid solution, here 0.460 M.
- Ka (Acid Dissociation Constant): Reflects the strength of the acid; Ka =
6.8 x 10°* indicates a weak acid.

- pKa: The negative logarithm of Ka, providing an intuitive measure of
acidity.

- Hydronium Ion Concentration ([H;0%]): The primary determinant of pH.

The overarching goal is to determine [H,;0°], then compute pH using:

pH = -log [H;0"]

Assumptions in pH Calculations

— The initial concentration of Hf is 0.460 M.

- Hydrolysis is the primary source of H® ions.

— The system reaches equilibrium.

— The change in concentration due to dissociation is small relative to
initial concentration (valid for weak acids).

Step-by—-Step Calculation of the pH of 0.460 M
Hf Solution

The calculation involves setting up an equilibrium expression based on the
dissociation of hafnium ions.

1. Recognize the Equilibrium Reaction

Given the nature of hafnium fluoride, we assume it dissociates or hydrolyzes
as:

Hf (ag) + H,0 = HE(OH)®" + H'

However, since the problem provides a Ka, it’s more straightforward to treat
Hf as an acid with the dissociation:

Hf = H' + Hf~

But in practice, hafnium compounds hydrolyze to produce H' ions, and for
simplicity, we can model the dissociation as:



Hf (initial) = H' 4+ Hf (dissociated)
The Ka expression becomes:
Ka = [H'][Hf (dissociated)] / [Hf (initial)]

Given the initial concentration (C) of 0.460 M, and assuming x mol/L
dissociates, we get:

Ka = x? / (C - x)

Since Ka is small, x is much less than C, so (C - x) = C.

2. Set Up the Approximate Equation

Using the approximation:

Ka ~ x* / C

Rearranged to solve for x:

x = vV (Ka x C)

Plugging in the known values:

x = /(6.8 x 10°* x 0.460)
Calculate:

6.8 x 10°* x 0.460 = 3.128 x 107 *
Then,

x ~ V/(3.128 x 107%) ~ 0.01768 M

This x represents the concentration of H' ions produced by hydrolysis.

3. Calculate pH

Now, compute the pH:
pH = -log [H'] = -log 0.01768 ~ 1.75

This indicates that the solution is acidic, as expected given the weak acid
behavior.

Refining the Calculation: Considering
Hydrolysis Equilibria



While the approximation provides a good
estimate, more precise calculations consider
the actual hydrolysis equilibria, especially
when the dissociation is more significant, or
when high accuracy is required.

Advanced Equilibrium Approach

The hydrolysis of hafnium ions can be
represented as:

Hf** + nH,0 = hydrolyzed species + H'

The equilibrium constants for successive
hydrolysis steps are typically smaller, but the
first dissociation dominates the pH behavior.
In literature, the hydrolysis of Hf** is
characterized by hydrolysis constants, but
these are complex and often tabulated.

Given the provided Ka value (which likely
refers to the first dissociation step), the
approximate pH derived from the simplified
model is sufficiently reliable for most
purposes.

Practical Implications and Applications

Understanding the pH of hafnium fluoride
solutions has several practical implications:

— Industrial Processing: Knowledge of acidity



helps optimize conditions for manufacturing
hafnium-based materials.

— Chemical Stability: pH influences the
stability and solubility of hafnium compounds.
— Environmental Impact: The acidity of waste
solutions containing hafnium can affect
disposal strategies.

— Analytical Chemistry: Accurate pH
measurements are crucial in titrations and
qualitative analysis involving hafnium.

Summary and Key Takeaways

— The pH of a 0.460 M Hf solution is
approximately 1.75, based on the assumption of
weak acid dissociation.

— The calculation hinges on the Ka value and
initial concentration, with the approximation
that dissociation is small relative to initial
concentration.

— More refined calculations would involve
detailed hydrolysis constants and multiple
equilibria but are often unnecessary for
initial estimates.

— Hafnium fluoride exhibits acidity primarily
through hydrolysis of hafnium ions, releasing
H* into solution.

Final Thoughts

Calculating the pH of solutions involving



transition metals like hafnium requires a solid
grasp of chemical equilibria, hydrolysis
processes, and approximation techniques. While
the simplified approach provides a quick
estimate, more detailed analysis may be
necessary for high-precision applications. Such
understanding underscores the importance of
fundamental chemistry principles in real-world
scenarios, from materials science to
environmental chemistry.

In conclusion, a 0.460 M solution of hafnium
fluoride with a Ka of 6.8 x 10 * exhibits
notable acidity, with a pH around 1.75. This
knowledge equips chemists and engineers to
better manage and utilize hafnium compounds
across various domains.
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