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Which Solution Has The Highest pH? a. 0.10 M HBrO3 b. 0.10 M HBrO4 c. 0.10 M HCIO3 d.
0.10 M HCIO4

Understanding the pH levels of various solutions is fundamental in chemistry, especially when dealing
with acids and their strength. When comparing the solutions listed—HBrO3, HBrO4, HCIO3, and
HClO4—all at the same molarity of 0.10 M, a key question arises: which one has the highest pH?
Answering this requires a thorough understanding of acid strength, oxidation states, and the behavior
of oxoacids.

In this article, we will explore the properties of these acids, analyze their acid strengths, and
determine which solution exhibits the highest pH value. This comprehensive guide is essential for
students, educators, and anyone interested in acid chemistry.

Understanding pH and Acid Strength

What Is pH?

pH is a measure of the hydrogen ion concentration ([H*]) in a solution. It is calculated using the
formula:

\[ pH = -\log[H~+]\]

A lower pH indicates a higher concentration of hydrogen ions, meaning the solution is more acidic.
Conversely, a higher pH suggests a less acidic (or more basic) solution.

What Determines Acid Strength?

The strength of an acid depends on its ability to donate protons (H*) in agueous solution. Strong acids
dissociate completely, releasing all their H* ions, whereas weak acids only partially dissociate.

Key factors influencing acid strength include:

- Bond strength: Weaker bonds between H and other atoms tend to dissociate more easily.

- Oxidation state of the central atom: Higher oxidation states often correlate with stronger acids.
- Resonance stabilization: The ability of the conjugate base to stabilize negative charge enhances
acidity.

- Electronegativity: More electronegative atoms pull electron density away, increasing acidity.



Analyzing the Acids in Question

The acids listed are all oxoacids of halogens with the general formula HXOn, where X is a halogen (Br
or Cl) and n indicates the number of oxygen atoms.

Let's examine each:

1. HBrOs (Bromic acid)
2. HBrOa (Perbromic acid)
3. HCIOs (Chloric acid)
4. HCIOas (Perchloric acid)

Properties of the Acids

HBrO: (Bromic Acid)

- Structure: Bromine bonded to three oxygen atoms, with one hydroxyl group.

- Bromine oxidation state: +5.

- Acid strength: Moderate; it's a relatively strong acid but not as strong as the fully oxidized
counterparts.

HBrO4 (Perbromic Acid)

- Structure: Bromine bonded to four oxygen atoms, with one hydroxyl group.
- Bromine oxidation state: +7.
- Acid strength: Very strong, nearly fully dissociated in aqueous solution.

HCIO:s (Chloric Acid)

- Structure: Chlorine bonded to three oxygen atoms, with one hydroxyl group.
- Chlorine oxidation state: +5.
- Acid strength: Strong, but less than HCIOa.

HCIO4 (Perchloric Acid)

- Structure: Chlorine bonded to four oxygen atoms, with one hydroxyl group.
- Chlorine oxidation state: +7.
- Acid strength: One of the strongest mineral acids; nearly complete dissociation in water.



Comparing Acid Strengths and pH Values

Given their properties, the acids’ strengths follow a general trend:

- The higher the oxidation state of the central atom, the stronger the acid.
- The number of oxygen atoms influences the acidity; more oxygens generally increase acidity due to
increased resonance stabilization of the conjugate base.

Based on these principles:

| Acid | Oxidation State | Number of Oxygens | Relative Acid Strength |
I | | I |

| HBrOs | +5 | 3 | Moderate to strong |

| HBrO4 | +7 | 4 | Very strong |

| HCIOs | +5 | 3 | Moderate to strong |

| HCIO4 | +7 | 4 | Extremely strong |

Conclusion: HCIOa4 (perchloric acid) is the strongest among them, dissociating nearly completely in
aqueous solution.

Determining Which Solution Has the Highest pH

Since all solutions are at 0.10 M concentration, the one with the strongest acid will have the highest
concentration of H* ions, leading to the lowest pH. Conversely, the weakest acid will have the lowest
H* concentration and thus the highest pH.

Expected trend:

- HCIO4 (perchloric acid): Almost complete dissociation - lowest pH

- HBrO4 (perbromic acid): Complete dissociation, but slightly less than HCIO4 - slightly higher pH
- HBrOs (bromic acid): Partial dissociation = higher pH

- HCIOs (chloric acid): Partial dissociation, similar to bromic acid but slightly weaker - highest pH
among the four

Therefore, the solution with the highest pH is likely to be HCIOs (chloric acid), followed by HBrOs, then
HBrO4, and finally HCIO4 with the lowest pH.



Calculating Approximate pH Values

While precise calculations require dissociation constants (Ka), approximate pH values can be inferred:
- For perchloric acid (HCIO4): Dissociates completely, so:

\[ [H~+]\approx 0.10\, M \]

\[ pH \approx -\log(0.10) = 1.00 \]

- For HBrOa: Also very strong, similar pH to HCIOa:

\[ pH \approx 1.00 \]

- For HBrOs and HCIOs: We assume partial dissociation, with Ka values less than 1. But since they are
weaker, their pH will be higher (less acidic):

\[ pH \approx 2.0 \text{ to } 2.5\]
Summary:

| Solution | Approximate pH | Relative acidity |
I | | |

| HCIO4 | ~1.00 | Most acidic |

| HBrO4 | ~1.00 | Equally strong as HCIO4 |

| HBrOs | ~2.0-2.5 | Less acidic |

| HCIOs | ~2.0-2.5 | Less acidic |

Final Conclusion: Which Solution Has The Highest pH?

Based on the analysis, HCIOs (chloric acid) has the highest pH among the four solutions at the same
molarity because it is the weakest acid among them, with the least degree of dissociation. Its pH is
expected to be around 2.0-2.5, higher than the nearly 1.0 pH of the strong acids.

In summary:
- The solution with the highest pH is HCIOs (chloric acid).

- The strongest acids (HCIO4 and HBrQ4) have the lowest pH, close to 1.00.
- The weaker acids (HBrOs and HCIOs) have higher pH values, indicating they are less acidic.



Additional Tips for Understanding Acid Strength and
pH

- Always consider the oxidation state of the central atom in oxoacids; higher oxidation states
generally mean stronger acids.

- Remember that the number of oxygen atoms influences acidity due to resonance stabilization.
- Complete dissociation results in the lowest pH; partial dissociation results in higher pH.

- When comparing acids at the same molarity, the strongest acid will have the lowest pH.

Conclusion

In conclusion, when comparing 0.10 M solutions of HBrOs, HBrO4, HCIOs, and HCIO4, the acid with the
highest pH is HCIOs (chloric acid) because it is a weaker acid compared to the others with higher
oxidation states and more oxygen atoms. Understanding the relationship between oxidation states,
resonance, and acid strength is essential in predicting pH levels and acidity.

This knowledge is vital for chemists, students, and educators aiming to grasp the fundamentals of
acid strength and aqueous solution chemistry. Whether you are preparing solutions, conducting
experiments, or studying for exams, recognizing these trends will enhance your understanding of
acid-base chemistry and pH

Frequently Asked Questions

Which solution has the highest pH among 0.10 M HBrO3,
HBrO4, HCIO3, and HCIO4?

The solution with the highest pH is 0.10 M HBrO3 because it is the least strong acid among the
options, resulting in the highest pH.

Why does HCIO4 have the lowest pH among the given
solutions?

HCIO4 is a strong acid, completely dissociating in solution, which results in a very low pH.

How does acid strength relate to pH in these solutions?

Stronger acids have lower pH values because they release more hydrogen ions into solution,
increasing acidity.



Which of the given solutions is the strongest acid?

HCIO4 is the strongest acid among the options because it is a strong acid that dissociates completely.

Between HBrO3 and HBrO4, which has a higher pH?

HBrO3 has a higher pH than HBrO4 because HBrO3 is a weaker acid than HBrO4.

What is the general trend in pH for oxoacids like these?

Oxoacids with more oxygen atoms tend to be stronger acids, resulting in lower pH values.

Is HCIO3 or HBrO4 a stronger acid, and how does that reflect
in pH?

HCIO3 is a stronger acid than HBrO4, so it has a lower pH value among the two.

If all solutions are 0.10 M, how does acid strength affect their
pH?

Even at the same concentration, stronger acids have lower pH values due to greater hydrogen ion
concentration.

What is the approximate pH of 0.10 M HCIO4?

Since HCIO4 is a strong acid, its pH is approximately 1.0.

Which solution should you choose if you need the least acidic
solution?

You should choose 0.10 M HBrO3, as it is the weakest acid among the options, thus having the
highest pH.

Additional Resources
Which Solution Has The Highest pH? a. 0.10 M HBrOs b. 0.10 M HBrOa4 c. 0.10 M HCIOs d. 0.10 M HCIOa4

Understanding the pH levels of various solutions is fundamental in chemistry, especially when dealing
with acids and their strength. The question of which solution among these four has the highest pH is
intriguing because it involves comparing the acid strengths of different oxyacids, each with the same
molarity but potentially varying degrees of ionization. This article aims to explore this comparison in
depth, providing a clear, detailed explanation suitable for students, educators, and enthusiasts alike.

Introduction: Which Solution Has The Highest pH?



The question posed—Which solution has the highest pH?—immediately invites us to consider the
nature of the acids involved: HBrOs, HBrO4, HCIOs, and HCIOa, all at a concentration of 0.10 M. Since
pH is a measure of hydrogen ion concentration ([H*]) in a solution, and acids release H* ions upon
dissociation, the strength of each acid determines the pH value: the stronger the acid, the lower its
pH, and vice versa.

In this context, understanding the acid strength of each oxyacid—and how their structures influence
their ionization—is key. While all solutions are at the same molarity, their ability to donate protons
varies significantly, leading to differences in pH. The goal is to analyze their structures and acid
dissociation constants (Ka) to identify which solution is least acidic and therefore has the highest pH.

The Fundamentals of pH and Acid Strength

pH Defined

pH is the negative logarithm of the hydrogen ion concentration:

\[ pH = -\log[H"+]\]

A lower pH indicates higher acidity (more H* ions), whereas a higher pH suggests a more basic
solution.

Acid Strength and Ka

The strength of an acid is quantitatively expressed by its acid dissociation constant, Ka:

\[ HA \leftrightarrow H™+ + A™-\]

\[ Ka = \frac{[H™+][A~-]}{[HA]} \]

A larger Ka indicates a stronger acid, which dissociates more in solution, producing more H* ions and
resulting in a lower pH.

Structural Factors Influencing Acid Strength

The acids in question are oxyacids, which contain hydrogen, oxygen, and another element (here,
halogens and oxygen). Their acid strength depends on several factors:

- Electronegativity of the central atom: More electronegative atoms stabilize the conjugate base
better, increasing acid strength.

- Number of oxygen atoms: More oxygen atoms, which are highly electronegative, tend to increase
acidity.

- Resonance stabilization: The ability of the conjugate base to delocalize negative charge enhances
acidity.

Understanding these factors allows us to predict and compare the acid strengths of HBrOs, HBrOa,
HCIOs, and HCIQOa.

Analyzing the Acids: Structural and Chemical Insights

Let's examine each acid:



1. Hydrogen Bromite (HBrOs)

- Structure: Bromine bonded to three oxygen atoms, with one hydrogen attached to an oxygen
(hydroxy group).

- Number of oxygens: 3

- Acid strength considerations: Moderate; fewer oxygen atoms mean less stabilization of the
conjugate base compared to more oxygen-rich acids.

2. Hydrogen Perbromate (HBrOa4)

- Structure: Bromine bonded to four oxygen atoms, with the hydrogen attached to an oxygen.

- Number of oxygens: 4

- Acid strength considerations: Stronger than HBrOs due to increased oxygen atoms, leading to better
stabilization of the conjugate base via resonance.

3. Chloric Acid (HCIOs)

- Structure: Chlorine with three oxygen atoms, with the hydrogen on an oxygen atom.

- Number of oxygens: 3

- Acid strength considerations: Similar to HBrOs but generally less acidic than HCIOs relative to its per-
analog due to differences in electronegativity and resonance stabilization.

4. Perchloric Acid (HCIOa4)

- Structure: Chlorine bonded to four oxygen atoms, with the hydrogen attached to an oxygen.

- Number of oxygens: 4

- Acid strength considerations: Among the strongest acids; the extensive resonance stabilization of its
conjugate base makes it fully dissociated in aqueous solution.

Comparing Acid Strengths Through Known Data
Based on established chemical data and trends:

- Perchloric acid (HCIOa) is known as a superacid—completely dissociates in water, resulting in a very
low pH (~1).

- Hydrogen perbromate (HBrOa) is also a strong acid but slightly less than HCIOa, given the lower
electronegativity of bromine compared to chlorine.

- Chloric acid (HCIOs) and hydrogen bromite (HBrOs) are weaker acids relative to their per-
counterparts, with HCIOs generally being stronger than HBrOs owing to chlorine's higher
electronegativity and better resonance stabilization.

Expected pH Values at 0.10 M Concentration
Given the acid dissociation tendencies:
| Acid | Relative Strength | Approximate pH (at 0.10 M) |

I | | |
| HCIO4 | Very strong | ~1 |

| HBrOa4 | Strong | ~1.2-1.3 |




| HCIOs | Moderate to strong | ~1.4-1.5 |
| HBrOs | Weaker | ~1.6-1.7 |

Thus, although all solutions are highly acidic, HCIO4 has the lowest pH, and HBrOs the highest. The
key question is: which solution has the highest pH? Since higher pH correlates with lower acidity, the
answer is HBrO:s.

Deep Dive: Why Does HBrOs Have the Highest pH?
The core reason lies in the relative acid strengths:

- HBrO:s is less dissociated than the others, releasing fewer H* ions into solution.

- The per-oxy acids (HCIO4 and HBrO4) are fully dissociative, producing the highest concentration of H*
ions and thus the lowest pH.

- The less oxygenated acids (HBrOs and HCIOs) are weaker acids and produce fewer H* ions, leading
to higher pH values within this set.

Given the same molar concentration (0.10 M), the solution with the least dissociation—and hence the
highest pH—is HBrO:s.

Practical Implications and Summary
For chemists, understanding these differences is vital when selecting acids for various applications:

- Perchloric acid: used in rocket propellants and analytical chemistry due to its strong acid properties.
- Chloric and bromic acids: serve in specialized synthesis and analytical contexts but are less
aggressive.

In summary:

- HBrOs (Hydrogen bromite) has the highest pH among the listed solutions at 0.10 M.

- HCIOa4 (Perchloric acid) has the lowest pH (most acidic).

- The trend correlates with the number of oxygen atoms and the resonance stabilization of the
conjugate base.

Final Thoughts

The comparison of these acids underscores the importance of molecular structure in determining
acidity. While all are strong acids in their respective categories, subtle differences in their composition
and resonance stabilization significantly influence their dissociation behavior and, consequently, their
pH levels. Recognizing these differences enhances our ability to predict solution behaviors, tailor
chemical reactions, and understand the fundamental principles shaping acid strength.

Understanding the nuances of oxyacid strength not only deepens our grasp of chemistry but also
equips us with the knowledge to manipulate solutions effectively in both laboratory and industrial



settings.
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