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Introduction

Understanding the solubility of ionic compounds in various aqueous solutions is fundamental in
chemistry, particularly in the study of solubility equilibria and precipitation reactions. Barium
phosphate (Ba3(P0O4)2) is a sparingly soluble salt whose solubility can be significantly affected by
the presence of other ions in solution. This phenomenon is primarily explained by the common ion
effect and ion interactions within the solution. This article compares the solubility of barium
phosphate in two specific aqueous solutions: 0.10 M ammonium nitrate (NH4NO3) and 0.10 M
sodium chloride (NaCl). Both solutions are neutral and do not contain phosphate ions, but their
cations and anions can influence the solubility of barium phosphate through various mechanisms.

Fundamentals of Barium Phosphate Solubility

Chemical Nature of Barium Phosphate

Barium phosphate is an insoluble salt characterized by its low solubility product constant (Ksp). Its
dissolution can be represented as:

Ba3(P0O4)2 (s) = 3 Ba?* (aq) + 2 PO43- (aq)
The solubility of Ba3(PO4)2 is governed by its Ksp value:
Ksp = [Ba?*]"3 [PO43-]"2

Because of the low Ksp, the solubility of barium phosphate is sensitive to the presence of common
ions, particularly Ba?+ and PO43-, in the solution.



Influence of Ionic Environment on Solubility

- Common Ion Effect: The addition of ions already present in the equilibrium (like Ba?* or PO43-)
shifts the equilibrium toward the solid form, decreasing solubility.

- Ionic Strength and lonic Interactions: High ionic strength can influence activity coefficients,
marginally affecting solubility.

- Complex Formation: Certain ions can form complexes with Ba?* or PO43-, increasing or decreasing
solubility depending on the nature of the complex.

Role of 0.10 M NH4NO3 in Barium Phosphate
Solubility

Composition and Characteristics of NHANO3 Solution

Ammonium nitrate is a neutral salt composed of ammonium (NH4+) and nitrate (NO3-) ions. It
dissolves fully in water, producing:

- NH4+ ions, which are weakly acidic but generally considered neutral under standard conditions
because their hydrolysis is minimal at typical pH.

- NO3- ions, which are inert and do not participate in significant hydrolysis or complexation
reactions.

Therefore, a 0.10 M NH4NO3 solution is essentially a neutral medium with ionic strength similar to
0.10 M NaCl.

Effects on Barium Phosphate Solubility

Impact of NH4NO3 on solubility can be summarized as follows:

- Ionic Strength Influence: The presence of NH4+ and NO3- at 0.10 M increases the ionic strength of
the solution, which can marginally decrease the activity coefficients of ions, potentially slightly
decreasing solubility.

- Common Ion Effect: Since neither NH4+ nor NO3- is a common ion with phosphate or barium ions,
their direct effect via the common ion mechanism is minimal.

- No Complex Formation: Neither NH4+ nor NO3- forms stable complexes with Ba?* or PO43-, so
there is no increase in solubility via complexation.

Overall, the presence of NHANO3 at 0.10 M likely causes a slight decrease in Ba3(P04)2 solubility
compared to pure water due to increased ionic strength, but the effect is minimal because of the
absence of common ions or complex formation.



Role of 0.10 M NaCl in Barium Phosphate Solubility

Composition and Characteristics of NaCl Solution

Sodium chloride is a common, neutral salt that dissociates into sodium (Na*) and chloride (Cl-) ions:

- Na*: a cation that does not form stable complexes with phosphate or barium under standard
conditions.
- Cl=: an anion with no significant interaction with phosphate or barium ions in this context.

Similar to NH4NO3, a 0.10 M NaCl solution increases ionic strength but does not introduce ions that
directly participate in equilibrium with Ba3(P0O4)2.

Effects on Barium Phosphate Solubility

Key influences include:

- Ionic Strength Effect: The elevated ionic strength diminishes activity coefficients, leading to a
slight reduction in solubility, akin to the NH4NO3 case.

- Common Ion Effect: No common ions with phosphate or barium are supplied by NaCl; thus, the
effect via the common ion mechanism is negligible.

- Complexation: Na* and Cl- do not form complexes with Ba?* or PO43-, so no enhancement in
solubility occurs through complex formation.

In conclusion, NaCl at 0.10 M marginally reduces the solubility of barium phosphate due to
increased ionic strength, but the impact is minor because of the lack of specific ion interactions.

Comparison of the Effects of 0.10 M NH4NO3 and 0.10
M NaCl

Similarities

- Ionic Strength Impact: Both solutions increase ionic strength, leading to slight decreases in the
activity coefficients of ions, thus marginally reducing the solubility of Ba3(P04)2.

- Absence of Complex Formation: Neither solution promotes complexation with barium or phosphate
ions, so no solubility enhancement occurs via complexation.



- Neutral pH: Both solutions are neutral, so pH effects are minimal and consistent.

Differences

- Presence of Potentially Reactive Ions: NH4+ can undergo hydrolysis to produce H*, slightly
lowering the pH in some cases, but under standard conditions, this effect is minimal and the solution
remains approximately neutral.

- Common Ion Effects: Neither solution contains barium or phosphate ions, so the common ion effect
is negligible in both cases.

- Ion-Specific Interactions: NaCl’s ions (Na* and Cl1-) are largely inert with respect to Ba?* and
PO43-, while NH4+* can, in some contexts, participate in minor hydrolysis reactions, but not enough
to significantly alter solubility here.

Implications and Practical Considerations

- Precipitation and Separation: Understanding how these solutions influence Ba3(P0O4) solubility is
critical in processes such as wastewater treatment, where control over precipitation is necessary.
- Analytical Chemistry: Accurate solubility data in different ionic media allows for precise
calculations in titrations and analytical determinations.

- Material Synthesis: Controlling ionic environments can influence the formation and stability of
barium phosphate-based materials.

Conclusion

The solubility of barium phosphate in 0.10 M NH4NO3 and 0.10 M NaCl solutions is primarily
affected by ionic strength and the absence of direct complexation or common ion effects. Both
solutions cause a slight decrease in solubility relative to pure water, with the effect being marginal
due to the lack of ions that directly participate in the equilibrium. The key differences stem from the
subtle chemical behaviors of the ions involved; NH4*'s potential hydrolysis introduces a minor pH
shift, while NaCl's ions are inert. Overall, the solubility of Ba3(P0O4)2 is slightly reduced in both
media, illustrating how ionic environment influences the dissolution of sparingly soluble salts, an
essential concept in various chemical, environmental, and industrial processes.

Frequently Asked Questions

How does the solubility of barium phosphate change in 0.10 M



NH4NO3 solution compared to pure water?

The solubility of barium phosphate decreases in 0.10 M NH4NO3 due to common ion effects and
increased ionic strength, which suppresses its dissolution compared to pure water.

What role does the ammonium ion (NH4+) play in the
solubility of barium phosphate in 0.10 M NH4NO3?

The ammonium ion can slightly affect the ionic equilibrium, but since it does not share a common ion
with barium phosphate, its impact on solubility is primarily through ionic strength rather than direct
common ion effects.

Why is the solubility of barium phosphate generally low in
aqueous solutions?

Barium phosphate is sparingly soluble because of the strong ionic lattice and the low solubility
product (Ksp), which limits the amount that dissolves in water.

How does ionic strength influence the solubility of barium
phosphate in 0.10 M NH4NO3?

Increased ionic strength from the 0.10 M NH4NO3 solution reduces the activity of ions in solution,
thereby decreasing the solubility of barium phosphate due to activity coefficient effects.

Would the solubility of barium phosphate increase or decrease
in 0.10 M NH4NO3 compared to pure water?

It would decrease because the additional ions in the solution increase ionic strength and reduce
solubility via activity effects.

Can the common ion effect be significant for barium
phosphate in 0.10 M NH4NO3?

No, because neither ammonium (NH4+) nor nitrate (NO3-) ions are common to barium phosphate’s
dissolution equilibrium, so the common ion effect is minimal.

How would increasing the concentration of NH4ANO3 affect the
solubility of barium phosphate?

Increasing the concentration would further increase ionic strength, thus decreasing the solubility of
barium phosphate due to greater activity coefficient effects.

Is the solubility of barium phosphate in 0.10 M NH4NO3 likely
to be higher or lower than in 0.10 M NaNO3?

It is likely to be similar, as both solutions provide similar ionic strength and do not introduce



common ions that affect solubility; however, specific ion interactions might cause slight differences.

Additional Resources

Compare the Solubility of Barium Phosphate in Aqueous Solutions of 0.10 M NH4NOs and 0.10 M
NaNO:s

Introduction

Solubility, a fundamental concept in chemistry, describes how much of a substance (the solute) can
dissolve in a solvent (usually water) to form a saturated solution. Understanding the solubility
behavior of salts like barium phosphate (\( \text{Ba} 3(\text{PO} 4) 2)) in different aqueous
environments is essential in fields ranging from inorganic chemistry to environmental science and
industrial processes.

This review explores how the solubility of barium phosphate varies when dissolved in two different
aqueous solutions: 0.10 M ammonium nitrate (NHsNOs) and 0.10 M sodium nitrate (NaNOs). The
core focus is to compare these conditions, analyze the underlying reasons for any differences
observed, and understand how ionic interactions influence solubility.

Fundamental Concepts Involved

Solubility Product Constant (\(K {sp}\))

- Defines the equilibrium between a solid salt and its ions in solution.

- For barium phosphate:

\[

\text{Ba} 3(\text{PO} 4) 2 (s) \leftrightarrow 3 \text{Ba}"~{2+} (aq) + 2 \text{PO} 4™{3-} (aq)

\]

-\(K_{sp}\) reflects the maximum product of ion concentrations at equilibrium, indicating solubility.

Ionic Strength
- A measure of the total concentration of ions in solution, affecting activity coefficients.
- Higher ionic strength typically decreases the activity of ions, influencing solubility.

Common Ion Effect

- The presence of ions already in solution can suppress the dissolution of a salt due to Le Chatelier's
principle.

- For example, increased \(\text{Ba} "~ {2+}\) or \(\text{PO} 4~ {3-}\) ions from added salts can
reduce solubility.

Composition and Characteristics of the Solutions

1.0.10 M NH4NO3s Solution
- Contains ammonium (\(\text{NH} 4~ +\)) and nitrate (\(\text{NO} 37-\)) ions.



- Both ions are generally considered weakly interacting with the common ions of barium phosphate.
- The ammonium ion can act as a weak acid, but in dilute solutions like 0.10 M, its impact on ionic
activity is minimal.

- The solution is considered to have moderate ionic strength due to the presence of these ions.

2.0.10 M NaNOs Solution

- Contains sodium (\(\text{Na} ~+\)) and nitrate (\(\text{NO} 37-\)) ions.

- Sodium is a highly soluble, monovalent cation with minimal complexation tendencies.

- Similar to ammonium nitrate, the ionic strength is moderate, but the specific ion interactions differ.

Theoretical Framework for Solubility Comparison

Effect of lonic Strength on Solubility

- As ionic strength increases, activity coefficients decrease, which can either increase or decrease
apparent solubility depending on the specific ions involved.

- Both NH4«NOs and NaNOs contribute to ionic strength, but their influence on the activity
coefficients of \(\text{Ba}~{2+}\) and \(\text{PO} 4~{3-}\) differs due to ion-specific effects.

Common Ion Effect and Its Role

- Since both solutions already contain nitrate ions, which are common to potential complex ions or
equilibria involving phosphate, the nitrate ions might influence solubility less directly than other
ions.

- The presence of \(\text{NH} 4~ +\) versus \(\text{Na} " +\) could have different effects on
equilibrium, especially if any complexation or interaction occurs.

How Barium Phosphate Dissolves

The dissolution equilibrium for barium phosphate in water is:

\[
\text{Ba} 3(\text{PO} 4) 2 (s) \leftrightarrow 3 \text{Ba} "~ {2+} (aq) + 2 \text{PO} 4" {3-} (aq)

\]

The solubility product expression:

\[
K {sp} = [\text{Ba}"~{2+}]"3 [\text{PO} 4~{3-}]~2
\]

Given the stoichiometry, if the solubility of barium phosphate in pure water is \(s\), then:

\[
[\text{Ba}"{2+}] = 3s, \quad [\text{PO} 4~{3-}] = 2s
\]

and



\[
K {sp} = (3s)"3 (2s)"2 = 27s"3 \times 45s~2 = 108 s™5
\]

Thus, the solubility \(s\) can be theoretically derived once \(K {sp}\) is known.

Impact of 0.10 M NH4NOs on Barium Phosphate Solubility

Ionic Interactions and Effects

- Ionic Strength: NHaNOs contributes to ionic strength, which can modify activity coefficients.

- Common Ion Effects:

- The solution contains nitrate ions, but these are not part of the dissolution equilibrium for barium
phosphate.

- However, the ammonium ion (\(\text{NH} 4~ +\)) does not directly participate in the phosphate or
barium ion equilibria.

- Potential Complexation:

-\(\text{NH} 4~+)\) has minimal tendency to complex with \(\text{PO} 4~{3-}\) or
\(\text{Ba}"~{2+}\).

- Therefore, the primary influence is through ionic strength and activity coefficients.

Expected Effect on Solubility

- Slight decrease or increase in solubility may occur depending on how activity coefficients are
affected.

- Generally, an increase in ionic strength tends to decrease activity coefficients, which could slightly
increase the solubility of the salt.

- But the effect is typically modest at 0.10 M concentrations.

Impact of 0.10 M NaNOs on Barium Phosphate Solubility

Ionic Environment
- Sodium ions (\(\text{Na}"+\)) are inert in terms of complex formation with phosphate or barium.
- The nitrate ions are the same as in the ammonium nitrate solution.

Ionic Strength and Activity Coefficients

- Similar to NH4NOs, NaNOs increases ionic strength.

- The effect on activity coefficients is comparable, but sodium’s larger ionic radius and non-hydrogen
bonding nature may influence the activity coefficients slightly differently.

Common Ion and Complexation Considerations
- The absence of ammonium means fewer potential weak interactions.
- No significant complex formation with \(\text{Na}~+\) or \(\text{NO} 37-\).

Expected Impact

- The solubility in NaNOs solution would be expected to be similar to, or slightly different from, that
in NH4NOs solution depending on activity coefficient effects.

- Slightly higher or lower solubility could occur, but both solutions are expected to have a similar
overall impact.



Comparative Analysis and Expected Outcomes

| Aspect | 0.10 M NH4NOs Solution | 0.10 M NaNOs Solution | Expected Difference |

I | | | |

| Ionic Strength | Moderate, influences activity coefficients | Similar, influences activity coefficients |
Similar impact on solubility |

| Common Ion Effect | Nitrate ions common; minimal impact | Same as above | Minimal difference |

| Complexation Potential | Minimal with \(\text{NH} 4~ +\) | Minimal with \(\text{Na}~+\) | No
significant difference |

| Activity Coefficients | Slight decrease due to ionic strength | Slight decrease, similar | Slightly
comparable effects |

| Overall Effect on Solubility | Slight increase or decrease depending on activity coefficients | Similar
trend | Likely similar solubility behavior |

Summary of the Solubility Comparison

The solubility of barium phosphate in both 0.10 M NH4NOs and 0.10 M NaNOs solutions is primarily
governed by ionic strength and activity coefficient effects rather than specific ion interactions or
complexation. Since both solutions contribute similar ionic strengths and nitrate ions that do not
directly influence the dissolution equilibrium, their effect on solubility is expected to be quite
comparable.

However, subtle differences could arise from:

- The specific nature of ionic interactions, with \(\text{NH} 4~ +\) potentially engaging in weak
hydrogen bonding or minor interactions, slightly influencing activity coefficients differently than
\(\text{Na}"+\).

- The influence of pH, as ammonium can act as a weak acid, potentially affecting phosphate
speciation slightly, although at dilute conditions, this effect is minimal.

Practical Implications and Experimental Considerations

- Measuring Solubility: To empirically compare the solubilities, one would perform saturation
experiments by adding barium phosphate to each solution, equilibrating, and then measuring the ion
concentrations.

- Temperature Dependence: Solubility varies with temperature; hence, all experiments should be
conducted at consistent temperatures.

- Activity Coefficients: Accurate predictions require considering activity coefficients, often calculated
or estimated via Deb
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