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For Each Of The Following Compounds, Decide Whether The Compound's Solubility In
Aqueous Solution Changes — understanding the factors that influence solubility is fundamental in
chemistry, especially when predicting how substances behave in biological, environmental, and
industrial contexts. Solubility, the maximum amount of a substance that can dissolve in a solvent at a
specified temperature and pressure, is not a fixed property; it can vary based on several factors,
including the nature of the compound, the solvent, temperature, pH, and the presence of other ions or
molecules. In this comprehensive guide, we will analyze various compounds and determine whether
their solubility in aqueous solutions changes under different conditions, providing insights into the
underlying principles that govern these phenomena.

Understanding Solubility and Its Influencing Factors

Before diving into specific compounds, it's essential to grasp the fundamental concepts that influence
solubility:

1. Nature of the Compound

- lonic Compounds: Usually more soluble if they form favorable interactions with water molecules due
to ion-dipole interactions.

- Molecular Compounds: Generally less soluble unless they can form hydrogen bonds or have polar
functional groups.

2. Temperature

- For many solids, solubility increases with temperature.
- For gases, solubility typically decreases as temperature rises.

3. pH of the Solution

- Acidic or basic conditions can alter the ionization state of compounds, affecting their solubility.

4. Presence of Common lons (Common lon Effect)

- The addition of ions already present in the solute can shift equilibrium and reduce solubility.



5. Complex Formation

- The formation of complexes with other ions or molecules can enhance solubility.

Analyzing Specific Compounds and Their Solubility
Behavior

Below are various classes of compounds, each evaluated for whether their solubility in aqueous
solutions changes under different conditions.

1. Sodium Chloride (NaCl)

Overview: Sodium chloride is a classic example of an ionic compound that dissolves well in water.

Solubility Behavior:

- Increases with temperature: As temperature rises, the kinetic energy of molecules increases,
facilitating dissolution.

- Effect of pH: Neutral pH has minimal impact; however, extreme pH conditions can influence
solubility indirectly through ion interactions.

- Presence of common ions: Adding more Na+ or Cl— ions decreases solubility due to the common ion
effect.

Conclusion: The solubility of NaCl in aqueous solutions changes with temperature and the ionic
environment.

2. Silver Chloride (AgCl)

Overview: AgCl is an insoluble salt with low solubility in water.

Solubility Behavior:

- Increases in presence of complexing agents: Ligands like NHs can form complexes with Ag+,
increasing solubility.

- Effect of pH: Slightly affected; overly acidic or basic conditions can alter complex formation.
- Common ion effect: Presence of Cl— ions in solution reduces AgCl solubility.

Conclusion: The solubility of AgCl changes notably when complexing agents are present or under
varying ionic conditions.



3. Calcium Carbonate (CaCO:)

Overview: CaCOs is relatively insoluble in pure water.

Solubility Behavior:
- pH dependence: Solubility increases in acidic solutions due to reaction with H+ ions:

CaCOs + 2H+ - Ca?+ + CO:2 + H20

- Temperature effect: Slight increase with temperature.
- Presence of carbonate ions: Excess carbonate can shift equilibrium, affecting solubility.

Conclusion: The solubility of CaCOs changes significantly with pH, especially in acidic conditions.

4. Acetic Acid (CH3COOH)

Overview: Acetic acid is a weak acid with moderate solubility in water.

Solubility Behavior:

- pH and ionization: The extent of ionization depends on pH; in neutral or basic solutions, more acetic
acid remains undissociated, but in acidic solutions, it remains mostly in molecular form.

- Temperature: Solubility increases with temperature.

- Presence of salts: Can influence equilibrium via salt effects.

Conclusion: The solubility of acetic acid changes with pH, temperature, and the ionic environment.

5. Benzene (CesHs)

Overview: Benzene is a nonpolar molecular compound with very low solubility in water.

Solubility Behavior:

- Temperature: Slight increase with temperature.

- Effect of pH: No significant effect, as benzene does not ionize.

- Presence of other organics: Solubility can be affected by the presence of other nonpolar compounds.

Conclusion: Benzene's solubility remains essentially unchanged in aqueous solutions under varying
pH but can vary slightly with temperature.



6. Sodium Bicarbonate (NaHCO:s)

Overview: Sodium bicarbonate dissolves readily in water.

Solubility Behavior:

- pH dependence: Acts as a buffer; its solubility can be influenced by the pH due to equilibrium with
CO2 and carbonate ions.

- Temperature: Slightly increases with temperature.

- Presence of other ions: Can influence the equilibrium, but overall solubility remains relatively stable.

Conclusion: The solubility of NaHCOs changes with pH and temperature.

7. Potassium Ferrocyanide (Ks«[Fe(CN)s])

Overview: This complex salt is soluble in water.

Solubility Behavior:

- Effect of pH: Generally stable over a range of pH values.

- Presence of other ions: Can influence solubility via ion interactions.
- Temperature: Slight increase with temperature.

Conclusion: Its solubility can change marginally with temperature and ionic interactions but is
relatively stable across pH ranges.

8. Lead lodide (Pbl2)

Overview: Pblz is poorly soluble but can form colloids.

Solubility Behavior:

- Effect of pH: Slightly affected; in strongly basic solutions, solubility can increase due to
complexation.

- Presence of excess iodide: Increases solubility via formation of complex ions like Pbla2—.
- Temperature: Solubility typically increases with temperature.

Conclusion: The solubility of Pbl> changes with pH, iodide concentration, and temperature.

Summary Table of Compounds and Solubility Changes



| Compound | Solubility Changes in Aqueous Solution |

I | |
| Sodium Chloride (NaCl) | Yes — with temperature, ionic environment |

| Silver Chloride (AgCl) | Yes — with complexing agents, ionic environment |

| Calcium Carbonate (CaCO0s)| Yes — significantly with pH (acidic conditions) |

| Acetic Acid (CHsCOOH) | Yes — with pH and temperature |

| Benzene (CeHe) | Slight — mainly temperature |

| Sodium Bicarbonate (NaHCOs)| Yes — with pH and temperature |

| Potassium Ferrocyanide | Slight — with temperature and ionic strength |

| Lead lodide (Pbl2) | Yes — with pH, iodide concentration, temperature |

Conclusion

Understanding whether a compound’s solubility changes in aqueous solutions is crucial for
applications ranging from pharmaceuticals to environmental science. lonic compounds tend to show
more significant changes in solubility based on pH, temperature, and complexation, while molecular
compounds like benzene are relatively unaffected by pH but sensitive to temperature. Recognizing
these patterns enables chemists to manipulate conditions to optimize solubility for desired outcomes,
such as drug formulation, mineral extraction, or environmental remediation.

In summary, most compounds' solubility in water does change under different conditions, driven by

factors such as pH, temperature, ionic strength, and complex formation. Careful consideration of
these variables allows for better prediction and control of solubility behavior in practical applications.
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If you need further assistance or specific examples, feel free to ask!

Frequently Asked Questions

Does the solubility of sodium chloride (NaCl) increase,
decrease, or stay the same in water when temperature rises?

The solubility of sodium chloride generally increases as the temperature rises.



How does the presence of common ions affect the solubility of
calcium carbonate (CaCOs) in water?

The presence of common ions like carbonate or calcium ions decreases the solubility of calcium
carbonate due to the common ion effect.

Will potassium sulfate (K2S04) be more soluble in hot or cold
water?

Potassium sulfate is more soluble in hot water, so its solubility increases with temperature.

Does the solubility of silver chloride (AgCl) change
significantly in aqueous solution with changes in pH?

Yes, the solubility of AgCl can increase in more acidic solutions due to the formation of soluble
complexes or dissolution of AgCl.

How does adding common ions like chloride ions (Cl-) affect
the solubility of lead(ll) chloride (PbCl2)?

Adding chloride ions decreases the solubility of PbCl. because of the common ion effect.

Is the solubility of potassium nitrate (KNOs) affected by
changes in solution pH?

No, potassium nitrate's solubility is generally unaffected by pH changes in aqueous solutions.

Does the solubility of barium sulfate (BaS0.) increase or
decrease with the presence of sulfate ions in solution?

The presence of additional sulfate ions can decrease the solubility of BaSO4 due to the common ion
effect.

How does temperature influence the solubility of gases like
carbon dioxide (COz) in water?

The solubility of gases like CO2 decreases as temperature increases because gases are less soluble at
higher temperatures.

Additional Resources

Solubility in Aqueous Solutions: An In-Depth Analysis of Compound Behavior

Understanding whether a compound's solubility in water changes under various conditions is
fundamental in chemistry, especially in fields like pharmaceuticals, environmental science, and



chemical engineering. Different compounds possess different intrinsic properties that influence their
interaction with water, and these interactions can be affected by multiple factors such as pH,
temperature, the presence of other ions, and the compound's chemical structure. This comprehensive
review explores the solubility behavior of various classes of compounds, highlighting whether their
solubility in aqueous solutions is likely to change and detailing the underlying mechanisms.

Fundamentals of Solubility and Factors Influencing It

Before delving into specific compounds, it is essential to understand what influences solubility in
water:

- Chemical Nature of the Compound: lonic versus covalent compounds exhibit different solubility
behaviors.

- Temperature: Generally, increasing temperature increases the solubility of solids but decreases that
of gases.

- pH of the Solution: Acidic or basic environments can alter the ionization state of compounds,
affecting their solubility.

- Presence of Common lons: The common ion effect can suppress solubility.

- Complex Formation: Formation of complexes or chelates can enhance solubility.

- Polarity and Hydrogen Bonding: The capacity of a compound to hydrogen bond impacts solubility.

Inorganic Salts

Inorganic salts are ionic compounds composed of cations and anions. Their solubility behavior in
water is well-studied and predictable based on lattice energies and hydration energies.

1. Sodium Chloride (NaCl)

- Solubility Characteristics: NaCl is highly soluble in water (~36 g/100 mL at 25°C).

- Effect of Water Conditions: Its solubility is largely unaffected by pH or the presence of other ions
because it dissociates completely into Na+ and Cl—, which are stable in aqueous solution.

- Temperature Dependence: Solubility increases with temperature, but the change is modest.

- Conclusion: NaCl's solubility remains relatively constant across different aqueous conditions, though
temperature can cause slight variations.

2. Calcium Carbonate (CaCOs)

- Solubility Characteristics: CaCOs is poorly soluble (~0.013 g/100 mL at 25°C).
- Effect of pH: Significantly affected by pH; it is more soluble in acidic solutions because H+ ions react



with carbonate to produce CO:2 and water, shifting the equilibrium:

\[

\mathrm{CaCO_3 (s)} + 2\mathrm{H"+ (aq)} \rightarrow \mathrm{Ca”~{2+} (aq)} +
\mathrm{CO_2 (g)} + \mathrm{H_20}

\]

- Presence of Complexing lons: The addition of ions such as phosphate or sulfate can influence
solubility via common ion effects or complex formation.

- Conclusion: CaCOs's solubility markedly increases in acidic conditions and can be altered by other
ions present.

3. Silver Nitrate (AgNOs)

- Solubility Characteristics: Very soluble (~62 g/100 mL at 20°C).

- Effect of Water Conditions: Its solubility is unaffected by pH but can be influenced by the formation
of insoluble silver halides (e.g., AgCl), which precipitate out in the presence of chloride ions.

- Conclusion: AgNOs remains soluble unless in the presence of halide ions that form insoluble
precipitates.

Organic Compounds

Organic compounds can be polar or nonpolar, and their solubility is largely dictated by hydrogen
bonding, polarity, and molecular size.

1. Alcohols (e.g., Ethanol)

- Solubility Characteristics: Ethanol is fully miscible with water across all proportions.

- Effect of Conditions: Changes in temperature slightly affect its solubility, but it remains soluble under
all typical aqueous conditions.

- pH Effect: Generally unaffected by pH because ethanol does not ionize significantly.

- Conclusion: Ethanol’s solubility in water does not change appreciably with pH, temperature, or ionic
strength.

2. Carboxylic Acids (e.g., Acetic Acid)

- Solubility Characteristics: Acetic acid is highly soluble in water (~100 g/100 mL at 20°C).
- Effect of pH: The degree of ionization depends on pH; at higher pH (alkaline), acetic acid is
deprotonated to acetate ion, which is more soluble.

\[



\mathrm{CH_3COOH} \leftrightarrow \mathrm{CH_3COO"-} + \mathrm{H"+}
\]

- Temperature Dependence: Solubility slightly increases with temperature.
- Conclusion: The solubility of acetic acid increases with pH due to ionization, making it pH-dependent.

3. Nonpolar Hydrocarbons (e.g., Benzene)

- Solubility Characteristics: Benzene is only sparingly soluble (~0.18 g/100 mL at 20°C).

- Effect of Water Conditions: Its solubility remains essentially unaffected by pH or ionic strength; it is
hydrophobic.

- Temperature Effect: Slight increase with temperature, but overall minimal.

- Conclusion: Hydrocarbons like benzene are insoluble in water and remain unaffected by aqueous
environment changes.

Complex and Amphoteric Compounds

Certain compounds can change solubility dramatically depending on the environment due to their
ability to form complexes or ionize.

1. Amphoteric Compounds (e.g., Aluminum Hydroxide,
AlI(OH)s)

- Solubility Characteristics: Aluminum hydroxide is sparingly soluble (~0.03 g/100 mL at 25°C).
- Effect of pH: Exhibits an amphoteric nature; its solubility varies with pH:

- At low pH (acidic): Solubility increases due to protonation and formation of soluble Al3* ions.

- At high pH (alkaline): It dissolves as aluminate ions (\(\mathrm{AI(OH) 4~-}\)).

pH-dependent solubility profile:

| pH Range | Solubility Behavior |

| | |

| < 4| Increased due to acid dissolution |

| 4-8 | Minimal solubility (precipitate) |

| > 8| Increased due to formation of aluminate ions|

- Conclusion: Aluminum hydroxide's solubility is highly pH-dependent.

2. Metal-Organic Complexes (e.g., EDTA complexes with metal



ions)

- Solubility Characteristics: Usually insoluble or sparingly soluble in water in free form.

- Effect of Complexation: When chelating agents like EDTA are present, they form soluble complexes
with metal ions (e.g., \(\mathrm{[Fe(EDTA)]~{2-}}\)), significantly increasing solubility.

- Conditions Affecting Solubility: pH influences the formation and stability of complexes; optimal pH
ranges depend on the metal and ligand.

- Conclusion: Complexation can dramatically change the solubility profile of certain metal compounds.

Gases Dissolved in Water

Gases exhibit a different behavior compared to solids and liquids, with solubility generally decreasing
with increasing temperature.

1. Carbon Dioxide (CO-z)

- Solubility Characteristics: COz is soluble in water (~1.7 g/L at 25°C) and forms carbonic acid.

- Effect of Temperature: Solubility decreases as temperature increases.

- Effect of pH: The formation of carbonic acid slightly acidifies the solution; pH can influence the
extent of CO:z dissolution.

- Presence of Bases: Adding bases shifts equilibrium towards bicarbonate or carbonate ions, changing
the chemical composition but not necessarily the total amount of dissolved CO..

- Conclusion: CO2's solubility is temperature-dependent and can be influenced by pH and other
dissolved species.

2. Oxygen (02)

- Solubility Characteristics: Oz has limited solubility (~8 mg/L at 25°C).

- Effect of Temperature: Solubility decreases with rising temperature.

- pH Effect: Minimal direct effect, but biological activity influenced by pH can alter oxygen demand.
- Conclusion: Oxygen solubility decreases with temperature and can be affected indirectly by
biological and chemical processes.

Special Cases and Additional Considerations

Some compounds exhibit complex behaviors where their solubility changes dramatically depending
on subtle environmental variations:



- Polymorphic Forms: Different crystalline forms can have different solubilities.
- Hydrate Formation: Some compounds form hydrates whose solubility depends on water activity.
- Precipitation and Dissolution Equilibr
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