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Understanding the pH of solutions is fundamental in chemistry, especially
when dealing with acids and bases. The pH scale measures the acidity or
alkalinity of a solution, ranging from 0@ (most acidic) to 14 (most alkaline).
Accurately determining the pH involves understanding the nature of the
solutes involved, their concentrations, and their dissociation
characteristics. In this guide, we will analyze how to determine the pH of
two specific solutions: a strong acid, HI (hydroiodic acid), and a weak acid,
HC10s (chloric acid). We will explore the principles, calculations, and
considerations necessary to find their pH values.

Understanding pH and Its Calculation

The pH of a solution is defined as the negative logarithm (base 10) of the
hydrogen ion concentration:

pH = -log [H*]

To determine the pH, you need to know the concentration of hydrogen ions
([H*]1) in the solution. The approach varies depending on whether the acid is
strong or weak:

1. Strong acids dissociate completely in water, so their [H*] is equivalent
to their initial concentration.

2. Weak acids dissociate partially, requiring equilibrium calculations
based on their dissociation constants (Ka).



Analyzing the First Solution: 4.5 10™-2 M HI

1. Nature of HI (Hydroiodic Acid)

HI is classified as a strong acid, meaning it fully dissociates in aqueous
solution:

HI - H* + I-

Therefore, the concentration of H* ions in the solution is equal to the
initial concentration of HI.

2. Calculating the pH of the HI Solution

1. Initial concentration of HI: 4.5 x 10-2 M
2. Since HI is strong, [H*] = 4.5 x 102 M
3. Calculate the pH:

opH = -log [H*] = -log (4.5 x 10-2)

3. Step-by-step Calculation

e Calculate the logarithm:

olog (4.5 x 10-%2) = log 4.5 + log 10-2 = log 4.5 - 2

e Estimate log 4.5:

o log 4.5 = 0.653

e Thus,

o log (4.5 x 10-%2) = 0.653 - 2 = -1.347



e Finally,

opH = -(-1.347) = 1.347

4. Conclusion for Solution 1

The pH of a 0.045 M HI solution is approximately 1.35, indicating a strongly
acidic solution.

Analyzing the Second Solution: 8.77 10°-2 M
HC10s

1. Nature of HCL0z (Chloric Acid)

HC1l0s is considered a strong acid, similar to other halogen oxyacids like
HCl, HBr, and HCl04, which dissociate completely in water:

HC103 - H* + Cl0s3-

2. Calculating the pH of the HC103 Solution

1. Initial concentration of HCl0s3: 8.77 x 10-2 M
2. Since HC10s is strong, [H*] = 8.77 x 10-2 M
3. Calculate the pH:

opH = -log [H*] = -log (8.77 x 10-2)



3. Step-by-step Calculation

e Calculate the logarithm:

o log (8.77 x 10-%2) = log 8.77 + log 10-2 = log 8.77 - 2

e Estimate log 8.77:

o log 8.77 = 0.943

e Thus,

o log (8.77 x 10-2) = 0.943 - 2 = -1.057

e Finally,

opH = -(-1.057) = 1.057

4. Conclusion for Solution 2

The pH of an 0.0877 M HClOs solution is approximately 1.06, also indicating a
strongly acidic solution.

Discussion on Weak Acids and Their pH
Calculations

While both solutions discussed are strong acids, understanding weak acids 1is
essential for comprehensive pH determination. Weak acids do not dissociate
completely, and their pH calculation involves:

1. Using the acid dissociation constant (Ka) for the weak acid.

2. Applying an equilibrium expression to find [H*].



3. Using the quadratic or approximation methods depending on
concentrations.

Example: Calculating pH of a Weak Acid

e Given a weak acid with initial concentration C and dissociation constant
Ka.

e Set up the equilibrium expression:

[H*] = x, where x is the concentration of dissociated H* ions.

e Use the formula:

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

e Approximate [H*] if necessary, then calculate pH as before.

Additional Tips for Accurate pH Measurement

Always consider the strength of the acid-strong acids dissociate
completely, while weak acids require equilibrium calculations.

Use precise logarithmic calculations or calculator functions for better
accuracy.

Be aware of dilution effects—adding water can change concentration and
pH.

Remember that temperature can influence dissociation constants and pH.



Summary

Determining the pH of solutions involves understanding acid strength,
concentration, and dissociation behavior. For strong acids like HI and HC10s,
the pH can be directly calculated from their molar concentrations, assuming
complete dissociation. The pH values for the given solutions are
approximately 1.35 for HI and 1.06 for HClOs, both indicating highly acidic
solutions. For weak acids, more complex equilibrium calculations are
necessary, but the fundamental approach remains rooted in the relation
between hydrogen ion concentration and pH.

By mastering these concepts and calculations, you can accurately determine
the pH of various solutions, an essential skill in chemistry labs,
environmental studies, and industrial applications.

Frequently Asked Questions

How do you determine the pH of a solution with a
known concentration of HI, such as 4.5 x 10"°-2 M?

Since HI is a strong acid, it completely dissociates in water. Therefore, the
pH can be calculated using pH = -log[HI] = -log(4.5 x 107-2) = 1.35.

What is the pH of a 8.77 x 107-2 M HC103 solution?

HC103 is a strong acid and dissociates completely. The pH is calculated as pH
= -1log(8.77 x 10"-2) = 1.06.

How does the concentration of a strong acid like HI
or HC103 affect the pH of the solution?

The higher the concentration of a strong acid, the lower the pH value,
indicating increased acidity. Conversely, lower concentrations result in
higher pH values.

Are there any differences in calculating pH for
strong acids like HI and HC103 versus weak acids?

Yes. For strong acids like HI and HCl03, which dissociate completely, pH can
be directly calculated from their concentrations. For weak acids, you need to
consider their dissociation equilibrium and use the acid dissociation
constant (Ka).



Given a solution labeled simply as 'A Solution', how
can you determine its pH if the solution's
composition is unknown?

You would need to measure its pH directly using a pH meter or analyze its
chemical composition to identify if it’s acidic, neutral, or basic to
estimate the pH.

What are the general steps to determine the pH of
any solution?

Identify if the solution contains strong or weak acids or bases, determine
their concentrations, and then apply the appropriate formulas or equilibrium
calculations to find the pH.

Why is it important to know the pH of solutions like
those containing HI and HC103?

Knowing the pH helps assess the solution’s acidity, which is crucial in
chemical reactions, biological processes, and industrial applications where
specific pH levels are required for optimal performance.

Additional Resources

Determine The pH Of Each Of The Following Solutions. 1. 4.5 10™-2 M HI 2.
8.77 10™~-2 M HC10s 3. A Solution

Understanding the acidity or alkalinity of a solution is fundamental in
chemistry. The pH scale, which ranges from 0 to 14, provides a quantitative
measure of hydrogen ion concentration ([H*]) in a solution. A pH below 7
indicates acidity, exactly 7 is neutral, and above 7 signifies alkalinity. In
this article, we will explore how to determine the pH of three different
solutions: a strong acid (hydroiodic acid, HI), a weak acid (chlorous acid,
HC10:2), and a generic solution, applying foundational principles of chemistry
to accurately calculate their pH levels.

Understanding pH and Its Calculation

Before delving into specific solutions, it is crucial to understand the
basics of pH calculation.

What Is pH?

pH is defined as the negative logarithm (base 10) of the hydrogen ion
concentration:

pH = -log [H*]



How To Calculate pH:

- For strong acids, which dissociate completely in water, [H*] is equal to
the molarity of the acid.

- For weak acids, which do not dissociate fully, an equilibrium calculation
is necessary considering their acid dissociation constant (Ka).

- For solutions with unknown composition, additional information or
assumptions are needed.

Key Concepts:

- Strong acids such as HI and HCl0s dissociate completely:

HA - H* + A-

- Weak acids have a specific Ka value indicating their degree of ionization.
- Concentration (Molarity) signifies moles of solute per liter of solution.

Now, equipped with this knowledge, let's analyze each solution individually.

Analyzing Solution 1: 4.5 10™-2 M HI

Nature of Hydroiodic Acid (HI):
HI is classified as a strong acid. It dissociates entirely in aqueous
solution, releasing H* ions in proportion to its molarity.

Step-by-Step Calculation:

1. Determine [H*]:

Since HI is a strong acid, the concentration of hydrogen ions is
approximately equal to the initial concentration of HI:

[H*] = 4.5 10"-2 M

2. Calculate pH:
pH = -log [H*]
pH -log (4.5 10™-2)

3. Perform the logarithmic calculation:
log (4.5 10™-2) = log 4.5 + log 10"-2
log 4.5 = 0.6532

log 10™-2 = -2

Therefore,
pH = - (0.6532 - 2) = 2 - 0.6532 = 1.3468

Result:
The pH of the 4.5 10™-2 M HI solution is approximately 1.35.

Implications:
This low pH indicates a strongly acidic solution, as expected for a strong
acid at this concentration.



Analyzing Solution 2: 8.77 107-2 M HC10:

Understanding Chlorous Acid (HC10:):
HCl0: is a weak acid, meaning it does not fully dissociate in water. To
determine its pH, we need to understand its acid dissociation constant (Ka).

Available Data:

- Molarity of HCl0: = 8.77 10™-2 M

- Ka of HCl02 = 2.5 107-2 (value approximate; actual values can vary slightly
depending on sources)

Step-by-Step Calculation:

1. Set up the dissociation equilibrium:
HC102 = H* + Cl02-

2. Define variables:
Let x = [H*] at equilibrium, which is also the amount of HCl0:2 that
dissociates.

3. Initial concentrations:
- [HC10:2] = 8.77 10™-2 M

- [H*] = 0 (initially)

- [Cl02-] =0

4. Equilibrium concentrations:

- [HC102] = 8.77 10™-2 - x = 8.77 10™-2 - X
- [H*] = x

- [Cl02-] = X

5. Write the expression for Ka:
Ka = [H*][CLO2-] / [HC10:]
2.5 107-2 = (x)(x) / (8.77 10™-2 - Xx)

6. Assumption for simplification:
Because Ka is small relative to initial concentration, x <8.77 10™-2 - x =
8.77 10~-2

7. Solve for x:
x2 = Ka initial concentration
X2 (2.5 10~-2) (8.77 10~-2) = 2.5 8.77 10™-4 = 21.925 10™-4 = 2.1925 10"-3

X = V(2.1925 10"-3) = 0.0468 M

8. Calculate pH:
pH = -log [H*] = -log 0.0468 = 1.33

Result:
The pH of the 8.77 107-2 M HC102 solution is approximately 1.33.



Observation:

Despite being a weak acid, the relatively high concentration results in a low
pH similar to that of a strong acid at comparable molarity, due to its Ka
value.

Analyzing Solution 3: A Generic Solution
(Details Not Specified)

In the third case, the solution is unspecified, which limits direct
calculation. However, in practice, determining the pH involves several steps,
depending on the solution’s composition.

Possible Scenarios and Approaches:

- If the solution is an acid or base with known concentration and
dissociation constants, apply the relevant equilibrium principles.

- If the solution is neutral (pure water), the pH is 7.

- If the solution contains buffers, acids, or bases, specialized calculations
involving Henderson-Hasselbalch or equilibrium expressions are necessary.

General Approach to Determine Unknown pH:

1. Identify the main components:
Determine whether the solution is acidic, basic, or neutral.

2. Gather data:
Obtain concentrations, Ka or Kb values, and any other relevant information.

3. Set up equilibrium expressions:
Write dissociation equations and equilibrium constants.

4. Solve for [H*] or [OH-]:
Use algebraic or approximation methods to find the ion concentrations.

5. Calculate pH or pOH:

pH = -log [H*], pOH = -log [OH-], and use pH + pOH = 14 for aqueous
solutions.

Summary and Practical Implications

The precise determination of pH is essential across numerous fields, from
clinical diagnostics to environmental monitoring and industrial processes.



The calculations for the provided solutions exemplify core principles:

- Strong acids, like HI, dissociate completely, making pH calculation
straightforward.

- Weak acids, like HC10:2, require equilibrium considerations and knowledge of
Ka.

- Unknown solutions necessitate analysis based on composition, dissociation
constants, and initial concentrations.

Real-World Applications:
Understanding and calculating pH helps in:

- Designing chemical reactions with desired acidity or alkalinity.
- Formulating pharmaceuticals and food products.

- Monitoring environmental water quality.

- Managing industrial processes involving acids and bases.

Final Thoughts:

Accurately determining pH involves more than just plugging numbers into
formulas; it requires a solid grasp of chemical principles, equilibrium
dynamics, and the properties of acids and bases. Whether dealing with strong
or weak acids, chemists must consider dissociation behaviors and constants to
arrive at precise pH values, ultimately enabling better control and
understanding of chemical systems in various practical contexts.

In conclusion, the pH of the given solutions can be effectively calculated by
understanding their acid strength and applying appropriate formulas. The
strong acid HI at 4.5 107-2 M exhibits a pH around 1.35, whereas the weak
acid HC10: at 8.77 10™-2 M shows a similar pH of approximately 1.33 due to
its dissociation characteristics. For other solutions, tailored equilibrium
analysis is necessary. Mastery of these principles empowers chemists and
students alike to navigate the complexities of solution chemistry
confidently.
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