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Understanding conjugate acid-base pairs is a fundamental concept in acid-base
chemistry. This concept helps chemists predict the direction of acid-base
reactions, determine the strength of acids and bases, and understand buffer
systems. In the provided chemical equation:

HNO2 (aq) + HS-(aq) - NO2-(aq) + H2S(g)

our goal is to identify the conjugate acid-base pairs involved in this
reaction. Proper identification provides insight into how acids and bases
interact, transfer protons, and reach equilibrium. This article offers a
comprehensive guide to recognizing conjugate pairs, analyzing the given
equation, and understanding the underlying acid-base principles.

Understanding Conjugate Acid-Base Pairs

What Are Conjugate Acid-Base Pairs?

Conjugate acid-base pairs consist of two species related by the transfer of a
proton (H*). When an acid donates a proton, it forms its conjugate base;
conversely, when a base accepts a proton, it forms its conjugate acid.

Key points:

- An acid and its conjugate base differ by one proton.

- A base and its conjugate acid differ by one proton.

- The strength of an acid or base is related to the stability of its
conjugate pair.

General Acid-Base Reaction Framework

The typical acid-base reaction can be summarized as:
- Acid (proton donor) + Base (proton acceptor) - Conjugate base + Conjugate
acid



Example:
\[ \mathrm{HA} + \mathrm{B} \rightarrow \mathrm{A}"~{-} + \mathrm{HB}~{+} \I

In this case, HA is the acid, and A- is its conjugate base. B is the base,
and HB* is its conjugate acid.

Analyzing the Given Chemical Equation

The chemical equation under review is:

\[ \mathrm{HNO} 2(aq) + \mathrm{HS}"~{-}(aq) \rightarrow \mathrm{NO} 2~-(aq) +
\mathrm{H} 2\mathrm{S}(g) \]

To identify the conjugate pairs, we need to:

1. Determine which species act as acids and bases.
2. Recognize the transfer of protons.
3. Match each species with its conjugate partner based on proton transfer.

Key Species in the Equation

- HNO2 (Nitrous acid): A weak acid capable of donating a proton.

- HS- (Hydrogen sulfide ion): Acts as a base, capable of accepting a proton.
- NO2- (Nitrite ion): The conjugate base of HNO:.

- H2S (Hydrogen sulfide): The conjugate acid of HS-.

Step-by-Step Identification of Conjugate Acid-
Base Pairs

Step 1: Examine Reactants for Acid-Base Behavior

- HNO2: Known as nitrous acid, it can donate a proton to become NO:-.
- HS-: Can accept a proton to become H:S.

Step 2: Identify Proton Transfers

- HNO2 can donate a proton (H*) to HS-.
- When HNO: donates a proton, it forms NO:-.
- When HS- accepts a proton, it forms H=S.



Step 3: Map the Conjugate Pairs

- First pair: HNO:2 and NO:z-

- HNO2 is the acid donating H*.

- NO2- is the conjugate base formed after HNO: loses a proton.
- Second pair: HS- and H2S

- HS- accepts H*, acting as a base.

- H2S is the conjugate acid formed after accepting the proton.

Summary of Conjugate Pairs:

- HNOz2 / NOz2-
- HS- / H=2S

Understanding the Role of Each Species

HNO2> (Nitrous Acid)

- Acts as an acid in this reaction.
- Donates a proton to HS-.
- Conjugate base: NO2- (Nitrite ion).

HS- (Hydrogen Sulfide Ion)

- Acts as a base.
- Accepts a proton from HNO:.
- Conjugate acid: H2S (Hydrogen sulfide gas or aqueous form).

NO>- (Nitrite Ion)

- Conjugate base of HNO: after proton donation.
- Can act as a weak base in other contexts.

H2S (Hydrogen Sulfide)

- Conjugate acid of HS-.
- Can act as an acid in further reactions.



Implications of the Conjugate Acid-Base Pairs

Understanding these pairs helps predict the behavior of the reaction:

- The proton transfer from HNO2 to HS- indicates a proton donation.

- The equilibrium position depends on the acid strengths of HNO2 and H-:S.
- Knowing the conjugate pairs allows chemists to anticipate reaction
direction, equilibrium constant, and pH changes.

Additional Considerations in Acid-Base
Reactions

Strengths of the Acids and Bases

- HNO: is a weak acid; it does not fully dissociate in solution.

- H2S is also a weak acid, but its conjugate base HS- is relatively stronger
compared to other bases.

- The relative strengths influence the direction and extent of the reaction.

Equilibrium Dynamics

- The reaction tends to proceed toward the formation of weaker acids and
bases.

- The conjugate pairs are in dynamic equilibrium, with proton transfer
occurring in both directions depending on conditions.

Reversibility of the Reaction

- Since both reactions involve weak acids and bases, the process 1is
reversible.
- The position of equilibrium depends on concentration, temperature, and pH.

Practical Applications of Conjugate Acid-Base
Pair Identification

Properly identifying conjugate pairs is vital in various chemical contexts:
- Buffer solutions: Maintaining pH by leveraging conjugate acid-base pairs.
- Analytical chemistry: Determining species in solution based on known
conjugate pairs.



- Biochemistry: Enzyme activity often depends on proton transfer involving
conjugate pairs.

- Industrial processes: Designing reactions with predictable acid-base
behavior.

Summary and Final Thoughts

In the given reaction:

\[ \mathrm{HNO} 2(aq) + \mathrm{HS}"~{-}(aq) \rightarrow \mathrm{NO} 2~-(aq) +
\mathrm{H} 2\mathrm{S}(g) \]

the conjugate acid-base pairs are clearly identified as:
- HNO2 / NO=2-
- HS- / H=2S

Recognizing these pairs enhances understanding of proton transfer mechanisms,
reaction directionality, and equilibrium states. Mastery of conjugate acid-
base pairs is essential for analyzing acid-base reactions, predicting
chemical behavior, and designing experiments in chemistry and related fields.
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Frequently Asked Questions

What are the conjugate acid-base pairs in the
equation HNO2(aq) + HS(aq) = NO2(aq) + H2S(g)?

The conjugate acid-base pairs are HNO2 / NO2- and HS / H2S.

Which species in the equation act as acids and which
as bases?

HNO2 and HS act as acids, donating protons, while NO2- and H2S act as bases,
accepting protons.

How do you identify conjugate acid-base pairs in



this reaction?

Conjugate pairs differ by a single proton; here, HNO2 and NO2- differ by one
H+, as do HS and H2S.

Why is HNO2 considered an acid in this reaction?

HNO2 is an acid because it can donate a proton to form its conjugate base
NO2-.

What role does H2S play in the conjugate acid-base
pairing?

H2S acts as a conjugate acid, donating a proton to form its conjugate base,
HS.

Is the equilibrium favoring the formation of NO2-
and H2S? How do you know?

The direction depends on the acid-base strengths; knowing the pKa values can
determine the equilibrium favorability.

Can you write the proton transfer steps to show the
conjugate pairs in this reaction?

Yes; HNO2 donates a proton to become NO2-, and HS donates a proton to become
H2S, illustrating the conjugate pairs.

How does understanding conjugate acid-base pairs
help predict reaction direction?

It helps by comparing the strengths of acids and bases; the reaction favors
the formation of weaker acids and bases, guiding the direction of
equilibrium.

Additional Resources

Identify The Conjugate Acid-base Pairs In Each Of The Following Equations:
HNO:2(aq) + HS-(aq) = NO2-(aq) + H2S(g) — A Detailed Analysis

Introduction to Acid-Base Conjugate Pairs

Understanding conjugate acid-base pairs is fundamental in acid-base
chemistry, providing insight into how proton transfer reactions occur and how



equilibrium is established. The concept hinges on the idea that every acid
has a corresponding conjugate base formed after it donates a proton, and
similarly, every base has a conjugate acid formed after it accepts a proton.
Basics of Conjugate Acid-Base Pairs

- Conjugate Acid: The species formed when a base gains a proton (H*).

- Conjugate Base: The species formed when an acid loses a proton.

- Key Principle: Acid-base reactions involve the transfer of protons, with
the conjugate pairs differing by exactly one proton.

Analyzing the Given Reaction

Equation:

HNO:2 (aq) + HS-(aq) = NOz2-(aq) + H2S(g)

This reaction involves nitrogen and sulfur species, with proton transfers

underpinning their interconversion. To identify conjugate pairs, we need to
analyze the proton transfer steps within this equation.

Step-by-Step Breakdown of the Reaction

1. Recognizing the Species and Their Acid-Base Nature

- HNO2 (Nitrous acid): A weak acid capable of donating a proton.

- HS- (Hydrogen sulfide ion): Acts as a base, capable of accepting a proton.
- NOz2- (Nitrite ion): The conjugate base of HNO-:.

- H2S (Hydrogen sulfide): The conjugate acid of HS-.

2. Proton Transfer Considerations

The reaction suggests a proton transfer between HNO: and HS-:

- HNO: (acid) may donate a proton to HS- (base), forming NOz2- (conjugate
base) and H2S (conjugate acid).

- Conversely, the reverse reaction involves H:S donating a proton to NO:-.

Identification of Conjugate Acid-Base Pairs

Based on the reaction, the conjugate pairs are:



Pair 1: HNO2 and NO:2-

- HNO2 (Nitrous acid): Acts as an acid donating a proton.

- NO2- (Nitrite ion): The conjugate base formed after HNO: loses a proton.
Reaction:

HNO2> = NO2- + H*

This is the core acid-base pair in the forward reaction.

Pair 2: HS- and H:S
- HS- (Hydrogen sulfide ion): Acts as a base accepting a proton.

- H2S (Hydrogen sulfide): The conjugate acid formed after HS- accepts a
proton.

Reaction:
H2S = H* + HS-

In the context of the reaction, HS- accepts a proton to form H-:S.

Visual Representation of Conjugate Pairs
| Acid/Base Species | Conjugate Partner | Proton Transfer Direction |

| HNO2 | NO2- | HNO2 - NOz2- + H* |
| H2S | HS- | H2S + H* - HS- |

Deep Dive into Proton Transfer Dynamics

Understanding the proton transfer mechanisms helps clarify the roles of each
species:

- In the forward reaction:
- HNO:2 donates a proton to HS-, forming NO:- and H-:S.
- In the reverse reaction:

- H2S donates a proton to NOz2-, reverting to HNO2 and HS-.



This dynamic equilibrium hinges on the relative acid strengths (acid
dissociation constants, pKa values) of HNO:> and H:S, influencing the
directionality and position of equilibrium.

Acid and Base Strengths: pKa Values and Implications

Understanding the relative strengths of these acids and bases helps predict
the reaction's favorability:

- pKa of HNO:: Approximately 3.37
- pKa of H2S: Approximately 7.0
Implications:

- Since HNO2 has a lower pKa (stronger acid) than H2S, the proton transfer
from HNO2 to HS- (forming NO:- and H:S) is favored under standard conditions.

- The equilibrium tends to shift toward the formation of NO:2- and H:S because
of the relative acid strengths.

Practical Applications of Conjugate Pair Identification
Recognizing conjugate pairs is crucial in:

- Buffer Solution Design: Knowing which pairs can accept or donate protons to
resist pH changes.

- Titration Calculations: Calculating equivalence points based on conjugate
pairs.

- Predicting Reaction Direction: Using acid strengths to foresee whether
reactions favor products or reactants.

Additional Considerations

1. Role of Gaseous H:S:

- The reaction produces H2S gas, which is a weak acid in aqueous solution and
has a distinct smell, indicating the practical relevance of this reaction in
biological and environmental contexts.

2. Equilibrium Dynamics:

- The position of equilibrium depends on concentrations and pKa values, with



the reaction favoring the formation of products (NOz2- and H2S) when
conditions favor the weaker acid or base.

3. Environmental and Biological Contexts:

- Such reactions are relevant in biochemical pathways where sulfur and
nitrogen compounds interact, affecting processes like nitrogen cycling and
sulfur metabolism.

Summary of Conjugate Acid-Base Pairs in the Given Equation

- First pair:
HNO2 (acid) and NOz2- (conjugate base)

- Second pair:
H2S (acid) and HS- (conjugate base)

These pairs are fundamental in understanding the proton transfer mechanisms
underlying the overall reaction, and their identification allows chemists to
predict reaction behavior, equilibrium positions, and pH-related phenomena.

Final Reflection

Understanding the conjugate acid-base pairs in complex reactions like this
not only deepens comprehension of fundamental acid-base principles but also
enhances practical skills in chemical analysis, environmental science, and
biochemistry. Recognizing how species interconvert through proton transfer
and how their relative strengths influence the direction of reactions is
essential for chemists working in research, industry, or environmental
management.

Additional Resources for Deepening Knowledge

- Textbooks:

- General Chemistry by Raymond Chang — chapters on acid-base equilibria.
- Chemistry: The Central Science by Brown, LeMay, Bursten — sections on
conjugate acid-base pairs.

- Online Tools:
- pKa databases for specific acids and bases.
- Acid-base calculators for equilibrium predictions.

- Laboratory Practice:
- Titration experiments to observe conjugate pairs in action.
- Buffer preparation using conjugate acid-base pairs.



Concluding Remarks

The identification of conjugate acid-base pairs in complex reactions like
HNO2 + HS- = NO2- + H2S provides a window into the elegant dance of protons
in aqueous chemistry. Recognizing these pairs enables prediction of reaction
directions, understanding of pH changes, and application to real-world
problems ranging from environmental chemistry to biological systems. Mastery
of these concepts is essential for any chemist aiming to manipulate or
interpret chemical equilibria effectively.
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