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Understanding the acidity of a solution is a fundamental concept in chemistry, especially when
dealing with acids and their strengths. When given the acid dissociation constant (Ka) value, such as
1.6 x 10™-10, it becomes important to interpret what this means in terms of the solution’s acidity.
This article delves into the meaning of Ka, how it relates to the strength of an acid, and how to
calculate the acidity of a solution based on the provided Ka value.

What Is Ka and Why Is It Important?

Definition of Ka

The acid dissociation constant, Ka, is a quantitative measure of the strength of an acid in solution. It
is derived from the equilibrium expression of the dissociation of an acid (HA) in water:

\[ \mathrm{HA} + \mathrm{H 20} \leftrightarrow \mathrm{H 30" +} + \mathrm{A"-} \]
The equilibrium constant expression for this reaction is:
\[ K a = \frac{[\mathrm{H 30" +}][\mathrm{A"-}]} {[\mathrm{HA}1} \]

where:

-\(\mathrm{H 30~ +}]\) is the concentration of hydronium ions,
-\([\mathrm{A~-}]\) is the concentration of the conjugate base,
-\(\mathrm{HA}]\) is the concentration of un-ionized acid.

A higher Ka indicates a stronger acid that dissociates more in solution, whereas a lower Ka signifies
a weaker acid.

Significance of Ka in Acid Strength

Ka values help chemists compare the relative strength of different acids. For example:

- Strong acids like hydrochloric acid (HCI) have very high Ka values (approaching 1).

- Weak acids, such as acetic acid, have low Ka values (around 107-5).

- Very weak acids, like the one in our example with a Ka of 1.6 x 10™-10, dissociate very minimally in
solution.

Understanding these values enables chemists to predict pH levels, buffer capacities, and reaction
behaviors.



Calculating the Acidity of the Solution

Given the Ka value of 1.6 x 10™-10, we can determine the acidity of the solution by calculating the
concentration of hydronium ions \([\mathrm{H 30~ +}]\), which directly relates to the solution’s pH.

Determining the Hydronium Ion Concentration

To calculate \([\mathrm{H 30" +}]\), assumptions are made based on the initial concentration of
the acid. Typically, for weak acids:

- The initial concentration of the acid is known (say, \(C\) mol/L),

- The degree of dissociation is small enough that the change in concentration can be approximated.

However, if the initial concentration is unknown, we can still analyze the relationship between Ka
and \([\mathrm{H 30" +}]\) to understand the acid’s strength.

Assuming the acid is very dilute and weak, the dissociation can be approximated by:
\[ \mathrm{HA} \leftrightarrow \mathrm{H"+} + \mathrm{A"-} \]

with the initial concentration \(C\). The equilibrium concentration of \([\mathrm{H"+}]\) (or
\([\mathrm{H 30~ +}]\)) can be found using the quadratic formula:

\[ K a =\frac{x"2}{C - x} \]

where \(x = [\mathrm{H 307~ +}]\).

In cases where \(K a\) is very small, \(x\) is much less than \(C\), and the approximation simplifies to:
\[ K a\approx \frac{x"~2}{C} \]

which leads to:

\[ x \approx \sqrt{K a \times C} \]

This relation allows us to estimate \([\mathrm{H 30~ +}]\) when the initial concentration \(C\) is
known.

Calculating pH from \([\mathrm{H 30" +}]\)

The pH of the solution, a measure of acidity, is directly related to the hydronium ion concentration:
\[ \mathrm{pH} = -\log {10} [\mathrm{H 307~ +}]\]

Once \([\mathrm{H 30~ +}]\) is known, calculating pH is straightforward. Lower pH values indicate
more acidic solutions, whereas higher pH values indicate basic solutions.



Example Calculation: Estimating Acidic Strength

Suppose we have an initial acid concentration \(C = 0.01\, \mathrm{M}\). Using the approximation:
\[ \mathrm{H 30" +}] \approx \sqrt{K a \times C} \]

\[ \mathrm{H 30" +}] \approx \sqrt{1.6 \times 10~ {-10} \times 0.01} \]

\[ \mathrm{H 30" +}] \approx \sqrt{1.6 \times 10"~ {-12}} \]

\[ [\mathrm{H 30" +}] \approx 1.26 \times 10"~ {-6}\, \mathrm{M} \]

Calculating pH:

\[ \mathrm{pH} = -\log {10} (1.26 \times 10™{-6}) \]

\[ \mathrm{pH} \approx 5.90 \]

This pH indicates a very weak acid, consistent with the low Ka value.

Understanding the Significance of Low Ka Values

A Kaof 1.6 x 107-10 is indicative of a very weak acid. Such acids:

- Partially dissociate in water,

- Have minimal effect on the pH of the solution,

- Are often used in buffer systems where stability over a range of pH values is necessary.

This weak acidity can be contrasted with strong acids, which have Ka values close to 1, dissociate
completely, and produce much lower pH values even at low concentrations.

Additional Factors Affecting Acidity

While Ka provides a fundamental measure of acid strength, several other factors influence acidity in
real-world scenarios:

e Concentration of the acid: Higher initial concentrations lead to higher
\([\mathrm{H 30" +}]\), thus lower pH, even for weak acids.

e Temperature: An increase in temperature can shift the dissociation equilibrium, affecting Ka
and pH.

e Presence of other ions: Ionic interactions in solution can influence dissociation and acidity.



Summary and Final Thoughts

In conclusion, given an acid with a Ka of 1.6 x 10”-10, the solution is classified as a very weak acid.
Its acidity, quantified by the \([\mathrm{H 30~ +}]\) concentration and pH, depends on its initial
concentration in solution. Using the approximation \([\mathrm{H 30" +}] \approx \sqrt{K a \times
C}\), chemists can estimate the pH, which typically falls in the neutral to slightly acidic range for
such weak acids.

Understanding how to interpret Ka values and calculate acidity is essential for various applications
in chemistry, from designing buffers to predicting reaction outcomes. Whether you're a student or a
professional chemist, mastering these concepts enhances your ability to analyze and manipulate
chemical systems effectively.

In essence: An acid with a Ka of 1.6 x 10”-10 exhibits extremely weak acidity, resulting in a
relatively high pH when dissolved in water, unless concentrated at high levels. This knowledge
enables precise control and prediction of chemical behaviors in both laboratory and industrial
settings.

Frequently Asked Questions

What does the value of Ka indicate about an acid's strength?

Ka, the acid dissociation constant, indicates how completely an acid dissociates in solution. A higher
Ka means a stronger acid, while a lower Ka indicates a weaker acid.

Given Ka = 1.6 x 10"-10, is the acid considered strong or
weak?

With a Ka of 1.6 x 10”-10, the acid is very weak because its dissociation in water is minimal.

How do you calculate the pH of a solution with a weak acid
using Ka?

First, determine the concentration of hydrogen ions (H+) using the expression Ka = [H+][A-]/[HA],
then calculate pH as -log[H+].

What is the approximate acidity of the solution if the acid
concentration is 0.01 M?

Assuming the initial concentration is 0.01 M, the [H+] can be approximated as v(Ka concentration)
=v(1.6 x107-10 0.01) = 1.26 x 10™-6 M, so the pH is about 5.9.

Can the acidity be directly determined from Ka alone?

No, Ka alone indicates the strength of the acid but the actual acidity (pH) depends on both Ka and



the initial concentration of the acid.

What is the pKa value for an acid with Ka = 1.6 x 10"-10?
pKa = -log(Ka) = -log(1.6 x 10™-10) = 9.80, indicating a very weak acid.

How does the pKa relate to the acidity of the solution?

A higher pKa indicates a weaker acid, meaning lower acidity; conversely, a lower pKa indicates a
stronger acid.

What practical applications are affected by knowing the Ka of
an acid?

Knowing Ka helps in predicting acid behavior in chemical reactions, biological systems, and
industrial processes, including buffer solutions and pH adjustments.

Additional Resources
Understanding the Acidity of a Solution with Ka = 1.6 x 10-1°

When delving into acid-base chemistry, one of the fundamental concepts is the acid dissociation
constant, denoted as Ka. This value provides insight into the strength of an acid, indicating how well
it donates protons (H*) in aqueous solutions. In this detailed review, we will explore what it means
when an acid has a Ka of 1.6 x 10719, how this relates to the acidity of the solution, and the broader
implications for chemical behavior and calculations.

Fundamentals of Acid Dissociation Constant (Ka)

What is Ka?

- The acid dissociation constant (Ka) quantifies the extent to which an acid dissociates into its ions in
water.

- For a generic weak acid, HA, dissociation can be represented as:

HA = H* + A-

- The equilibrium expression for Ka is:

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

- Here, [H*] is the concentration of hydrogen ions, [A~] is the concentration of conjugate base, and
[HA] is the concentration of undissociated acid at equilibrium.



Significance of Ka Values

- Strong acids have large Ka values (typically > 1), indicating significant ionization.
- Weak acids have small Ka values (< 1), reflecting limited dissociation.
- The smaller the Ka, the weaker the acid, and vice versa.

Analyzing the Given Ka: 1.6 x 10-1°

What Does a Ka of 1.6 x 10-1° Imply?

- This is a very small number, indicating that the acid dissociates very minimally in solution.
- The acid is weak, with negligible ionization compared to strong acids like HCI or H2SOa.

- The extent of dissociation (a) can be estimated, revealing that most of the acid remains
undissociated.

Comparison with Other Acids

- For perspective:

- Acetic acid (vinegar) hasa Ka = 1.8 x 10>

- Hydrofluoric acid (weak acid) has a Ka = 6 x 10~
- Nitrous acid hasa Ka = 4.5x 10~*

- The given Ka (1.6 x 10-19) is several orders of magnitude smaller, indicating an extremely weak
acid.

Calculating the pH of the Solution

Understanding the acidity involves calculating the pH, which directly relates to the concentration of
hydrogen ions ([H*]) in the solution.

Step-by-Step Calculation

Suppose we have a 1 M solution of this weak acid (a typical starting point for calculations).
1. Set Up the Dissociation Expression:
Let the initial concentration of HAbe C =1 M.

At equilibrium:



-[HA]=C-x

-[H*] = x

-[A]=x

2. Express Ka in terms of x:

Ka=x%/(C-x)

Since Ka is very small, x (the amount dissociated) is expected to be much smaller than C, so:
Ka=x2/C

3. Solve for x:

x = V(Ka x C)

Plugging in the values:

x=V(1.6x107°x 1) =v(1.6x107°) = 1.26x10°M
4. Calculate pH:

pH = -log [H*] = -log (1.26 x 107%) = 4.90

Result:
- The pH of a 1 M solution of this acid is approximately 4.9, indicating a very weak acidity.

Note:
- If the initial concentration differs, the pH calculation would need to be adjusted accordingly.

- For dilute solutions, the calculation remains similar, but activity coefficients and other factors may
slightly influence the results.

Understanding the Relationship Between Ka and pKa

Definition of pKa
- pKa is the negative base-10 logarithm of Ka:

pKa = -log Ka

- It provides a more convenient scale for comparing acid strengths.



Calculating pKa for Ka = 1.6 x 10-*°

- pKa = -log (1.6 x 10-19)
-pKa = - (log 1.6 + log 10-19)
-pKa = - (0.2041 - 10)

- pKa = 9.796

Interpretation:
- A pKa of approximately 9.8 suggests the acid is very weak, nearly neutral in terms of acidity.

Implications of Such a Small Ka in Practical Contexts

Acid Strength and Behavior

- Acids with such low Ka values are often weak organic acids or weak inorganic acids.

- They tend to have limited applications in processes requiring strong acidity.

- Their dissociation in water is minimal, so their influence on pH is subtle unless used in high
concentrations.

Buffer Capacity and Applications

- Weak acids with small Ka can serve as buffers in biochemical systems, maintaining pH stability.
- For instance, amino acids or organic acids with similar Ka values are common in biological
buffering.

Environmental and Biological Significance

- Many natural acids, such as those derived from organic matter, have small Ka values.
- Understanding their acidity helps in assessing soil chemistry, water quality, and biological
processes.

Broader Concepts and Related Calculations

Degree of Dissociation (a)

- The fraction of the original acid molecules that dissociate.
- For small Ka and high initial concentration, a can be approximated as:

a=vV(Ka/C)



- Using the previous example, a = 1.26 x 10>/ 1 = 1.26 x 105, or about 0.00126%.

Calculating Hydrogen Ion Concentration in Different
Concentrations

- For dilute solutions, the same approach applies.
- For highly dilute solutions, the assumption x <

Limitations of the Approximation

- The assumption x <- For precise work, solving the quadratic form:
Ka=x*/(C-x)

is recommended.

Conclusion and Summary

- The given Ka of 1.6 x 10~° indicates an extremely weak acid with negligible dissociation in
aqueous solution.

- The approximate pH of a 1 M solution is around 4.9, reflecting weak acidity.

- The pKa value (~9.8) further confirms the acid's weak nature.

- Such acids are relevant in biological systems, environmental chemistry, and specialized industrial
applications where subtle pH adjustments are needed.

- Understanding the relationship between Ka, pKa, and pH allows chemists to predict solution
behavior, design buffers, and comprehend chemical equilibria with high precision.

Final Thoughts

Grasping the significance of a Ka value as small as 1.6 x 10-!° requires integrating concepts of
chemical equilibrium, acidity, and solution chemistry. While such acids are weak, their behavior and
implications are profound in various scientific contexts, emphasizing the importance of precise
calculations and thorough understanding in chemistry.
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