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A Solution Contains 0.0400 M Ca2+ And 0.0990 M Ag+. If Solid Na3PO4 Is Added To This Mixture, Which
Of the following precipitates will form? This question delves into the principles of solubility, ionic
equilibria, and precipitation reactions in aqueous solutions. Understanding these concepts is essential in
predicting which compounds will precipitate when certain salts are added to a solution containing specific
ions. This article explores the chemistry behind such reactions, focusing on the interactions between
calcium ions (Ca2+), silver ions (Ag+), and phosphate ions (PO43−) introduced from solid sodium phosphate
(Na3PO4).

Understanding the Components of the Mixture

Before analyzing the precipitation reactions, it's important to understand the initial conditions and the
substances involved.

Initial Solution Composition
- Calcium ions (Ca2+): 0.0400 M
- Silver ions (Ag+): 0.0990 M

These ions are present in the solution, likely from previous dissolved salts or other sources.

Sodium Phosphate (Na3PO4):
- When solid Na3PO4 dissolves, it dissociates completely into sodium (Na+)
and phosphate (PO4

3−) ions:

Na3PO4 → 3 Na+ + PO4
3−

- The addition of Na3PO4 introduces phosphate ions into the solution,
which can interact with calcium and silver ions to form insoluble salts.



Solubility Principles and Precipitation

The formation of precipitates depends on the solubility products (Ksp) of
potential salts and the ionic product (Q) in the solution.

What is the Solubility Product (Ksp)?

- Ksp is an equilibrium constant representing the maximum product of ion
concentrations in a saturated solution.
- When the ionic product exceeds the Ksp, a precipitate forms.

Potential Precipitates

- Calcium phosphate (Ca3(PO4)2)
- Silver phosphate (Ag3PO4)

Each has its own solubility product, with typical values:
- Ksp(Ca3(PO4)2) ≈ 2.07 × 10−33

- Ksp(Ag3PO4) ≈ 1.0 × 10−22

These values suggest that silver phosphate is less soluble than calcium
phosphate, although precise thresholds depend on ion concentrations.

Predicting Precipitation Reactions



When solid Na3PO4 is added, phosphate ions are introduced, which may
precipitate with calcium and silver ions if the ionic product exceeds the
respective Ksp.

Calculating Ionic Products

To determine which precipitate forms, we calculate the ionic product (Q):

- For silver phosphate:

QAg3PO4
 = [Ag+]3 × [PO4

3−]

- For calcium phosphate:

QCa3(PO4)2
 = [Ca2+]3 × [PO4

3−]2

Assuming complete dissociation of Na3PO4 and that the added phosphate
ions dominate the phosphate concentration:

- [PO4
3−] ≈ the concentration of phosphate introduced, which depends on

the amount of solid Na3PO4 added.

Since the initial concentrations of Ca2+ and Ag+ are known, the key is to
compare Q with the Ksp for each salt at various phosphate concentrations.

Thresholds for Precipitation



Given the initial concentrations and the solubility products, the following
can be deduced:

- Silver phosphate (Ag3PO4) tends to precipitate at lower phosphate
concentrations because of its relatively low Ksp.
- Calcium phosphate (Ca3(PO4)2) requires higher phosphate concentrations
to precipitate due to its even lower solubility.

Implication: As Na3PO4 is added, silver phosphate is likely to precipitate
first, followed by calcium phosphate if enough phosphate is added.

Practical Considerations and Experimental Predictions

In laboratory settings, gradual addition of Na3PO4 allows observation of
sequential precipitation:

- Step 1: Initial addition causes formation of Ag3PO4 precipitate, visible as a
cloudy or solid deposit due to the low solubility.
- Step 2: Continued addition may lead to calcium phosphate precipitating
if phosphate concentration becomes sufficiently high.

Note: The precise concentration thresholds depend on the volume of
solution, the amount of Na3PO4 added, and temperature, which affects
solubility.



Applications and Significance of Precipitation Reactions

Precipitation reactions are fundamental in various fields:

- Analytical Chemistry: Used for qualitative and quantitative analysis of
ions.
- Water Treatment: Removal of undesired ions via precipitation.
- Material Science: Synthesis of specific compounds with controlled
properties.
- Biochemical Processes: Protein and enzyme precipitation for
purification.

Understanding which salts precipitate under specific conditions enables
chemists to control these processes effectively.

Summary and Conclusion

Adding solid Na3PO4 to a solution containing 0.0400 M Ca2+ and 0.0990 M
Ag+ will primarily lead to the formation of silver phosphate precipitate
initially because of its low solubility. As more phosphate ions are
introduced, calcium phosphate may also precipitate if the ionic product
exceeds its Ksp. Recognizing the relative solubilities and applying ionic
equilibrium principles allows chemists to predict these outcomes
accurately.



In essence, the addition of sodium phosphate results in:

- First: Precipitation of silver phosphate (Ag3PO4)
- Potentially: Subsequent formation of calcium phosphate (Ca3(PO4)2) if
phosphate concentration increases further

This knowledge is crucial in designing processes for water purification,
chemical synthesis, and analytical testing.

---

By understanding the interplay of solubility products and ion
concentrations, chemists can predict and control precipitation reactions,
which are essential in both laboratory and industrial applications.

Frequently Asked Questions

What happens when solid Na₃PO₄ is added to a solution containing 0.0400
M Ca²⁺ and 0.0990 M Ag⁺?

Na₃PO₄ introduces PO₄³⁻ ions, which can precipitate Ca²⁺ as Ca₃(PO₄)₂ and
Ag⁺ as Ag₃PO₄, depending on solubility product constants.

Will calcium phosphate (Ca₃(PO₄)₂) precipitate upon adding Na₃PO₄?

Yes, if the concentration of Ca²⁺ exceeds the solubility product (Ksp),



calcium phosphate will precipitate.

Will silver phosphate (Ag₃PO₄) precipitate in this mixture?

Yes, since the concentrations of Ag⁺ and PO₄³⁻ are sufficient to exceed the
Ksp of Ag₃PO₄, it will precipitate.

Which ion is more likely to precipitate first: Ca₃(PO₄)₂ or Ag₃PO₄?

Based on their solubility products, Ag₃PO₄ is more likely to precipitate
first because its Ksp is lower, leading to earlier precipitation at the given
concentrations.

How does the common ion effect influence the precipitation of phosphates
in this mixture?

The presence of existing ions reduces the solubility of new precipitates
via the common ion effect, potentially affecting which phosphate
compounds precipitate.

What is the role of solubility product constants (Ksp) in predicting
precipitation in this scenario?

Ksp values determine whether the ionic concentrations in solution will
lead to precipitation; lower Ksp indicates less soluble compounds more



likely to precipitate.

If additional Na₃PO₄ is added, how will it affect the precipitation of
Ag₃PO₄ and Ca₃(PO₄)₂?

Adding more Na₃PO₄ increases PO₄³⁻ ions, promoting the precipitation of
Ag₃PO₄ and possibly Ca₃(PO₄)₂ once their ion concentrations exceed their
respective Ksp values.

Could the addition of Na₃PO₄ selectively precipitate one of the cations
over the other?

Yes, since Ag₃PO₄ generally has a lower Ksp than Ca₃(PO₄)₂, adding
Na₃PO₄ can selectively precipitate Ag₃PO₄ before calcium phosphate
begins to precipitate.

Additional Resources

A Solution Contains 0.0400 M Ca²⁺ And 0.0990 M Ag⁺. If Solid Na₃PO₄ Is
Added To This Mixture, Which Of

In the world of aqueous chemistry, understanding how different ions
interact in solution is fundamental to predicting the formation of
precipitates, the stability of complexes, and the overall chemistry of the



system. Imagine a scenario where a solution contains calcium ions (Ca²⁺) at
a concentration of 0.0400 M and silver ions (Ag⁺) at 0.0990 M. Now,
suppose solid sodium phosphate (Na₃PO₄) is introduced into this mixture.
What will happen next? Will new precipitates form? Which ions are
likely to be removed from the solution? These questions are central to
fields ranging from environmental chemistry to industrial processes and
even biological systems. In this article, we will explore the underlying
principles to answer this question, delving into solubility equilibria, ion
interactions, and the role of phosphate ions in precipitate formation.

---

Understanding the Components of the System

Before analyzing the reactions, it’s crucial to understand the individual
components involved:

The Ionic Solution

- Calcium ions (Ca²⁺): These are common alkaline earth metal cations
found in natural waters and biological systems. Their concentration here
is 0.0400 M, which is significant enough to influence the chemistry of
phosphate ions.

- Silver ions (Ag⁺): Known for their high affinity to halide and other
anions, silver ions are often involved in forming insoluble salts like silver
chloride (AgCl). The concentration of 0.0990 M indicates a relatively high
availability for precipitation reactions.



The Solid Sodium Phosphate (Na₃PO₄)

- Na₃PO₄: An ionic compound that dissociates completely in aqueous
solutions into three Na⁺ ions and one phosphate ion (PO₄³⁻). The phosphate
ion is the key player here, capable of forming insoluble precipitates with
certain cations.

---

The Chemistry of Phosphate Ions and Precipitation

The Role of Phosphate in Precipitation

Phosphate ions (PO₄³⁻) are multivalent anions that can form insoluble salts
with various metal cations. The solubility of these salts is characterized by
their solubility product constants (Ksp). When the ionic product (the
product of ion concentrations in solution) exceeds the Ksp, a precipitate
forms.

Relevant Metal Phosphate Precipitates

- Calcium phosphate (Ca₃(PO₄)₂): Has a very low Ksp (~2.07 × 10⁻³³),
indicating it is highly insoluble and readily precipitates when calcium
and phosphate ions are present at sufficient concentrations.

- Silver phosphate (Ag₃PO₄): Also has a low Ksp (~8.1 × 10⁻¹⁷), making it
insoluble and prone to formation in the presence of Ag⁺ and phosphate
ions.



Understanding these solubility products allows us to predict which
precipitates are likely to form when phosphate ions are introduced into
the solution containing Ca²⁺ and Ag⁺.

---

Step 1: Dissociation of Na₃PO₄ and Establishing Phosphate Concentration

When Na₃PO₄ dissolves, it fully dissociates:

Na₃PO₄ → 3 Na⁺ + PO₄³⁻

Assuming complete dissociation and no initial change in the
concentrations of other ions, the phosphate ion concentration depends on
the amount of solid Na₃PO₄ added. For simplicity, suppose enough solid
Na₃PO₄ is added to create a phosphate ion concentration (initially) of
approximately 0.010 M. This is a typical assumption for such a problem;
the actual amount added can vary, but the key is to understand the effect
of increasing phosphate concentration.

---

Step 2: Calculating the Ion Products for Potential Precipitates

To determine whether precipitates will form, calculate the ionic products
for calcium phosphate and silver phosphate:

For Calcium Phosphate (Ca₃(PO₄)₂):



The solubility equilibrium is:

Ca₃(PO₄)₂ (s) ⇌ 3 Ca²⁺ (aq) + 2 PO₄³⁻ (aq)

The solubility product expression:

Ksp = [Ca²⁺]³ [PO₄³⁻]²

Substituting known concentrations:

- [Ca²⁺] = 0.0400 M
- [PO₄³⁻] = 0.010 M (assuming this concentration after addition)

Calculate the ionic product:

IP_Ca = (0.0400)³ × (0.010)²
IP_Ca = (6.4 × 10⁻⁵) × (1.0 × 10⁻⁴)
IP_Ca = 6.4 × 10⁻⁹

Compare this with the Ksp (~2.07 × 10⁻³³). Since the ionic product (6.4 ×
10⁻⁹) is vastly greater than the Ksp, calcium phosphate will precipitate
immediately upon phosphate addition.

---

For Silver Phosphate (Ag₃PO₄):

The dissolution equilibrium:



Ag₃PO₄ (s) ⇌ 3 Ag⁺ (aq) + PO₄³⁻ (aq)

The solubility product expression:

Ksp = [Ag⁺]³ [PO₄³⁻]

Substituting known concentrations:

- [Ag⁺] = 0.0990 M
- [PO₄³⁻] = 0.010 M

Calculate the ionic product:

IP_Ag = (0.0990)³ × (0.010)
IP_Ag ≈ (0.000970) × 0.010
IP_Ag ≈ 9.70 × 10⁻⁶

Compare this with Ksp (~8.1 × 10⁻¹⁷). The ionic product is much greater
than the Ksp, indicating that silver phosphate will also precipitate
immediately upon phosphate addition.

---

Step 3: Which Precipitate Forms First?

Both calcium phosphate and silver phosphate will tend to precipitate
because their ionic products exceed their respective Ksp values by large
margins. However, the question is not only about whether these



precipitates form but also about which one forms preferentially.

Comparing the Ionic Products to Ksp:

- Calcium phosphate: IP ≫ Ksp
- Silver phosphate: IP ≫ Ksp

Since the ionic product for calcium phosphate is roughly 10⁻⁹, and for
silver phosphate about 10⁻⁶, calcium phosphate's formation is
thermodynamically more favored because it exceeds its Ksp by a larger
margin. This suggests calcium phosphate would precipitate more readily
or at lower phosphate concentrations.

Practical Implication:

In a mixture containing both Ca²⁺ and Ag⁺, upon adding phosphate ions,
calcium phosphate is likely to form first because of its much lower
solubility (lower Ksp). Silver phosphate will also precipitate but may do
so at higher phosphate concentrations or under different conditions.

---

Step 4: Considerations of Complexation and Competition

While the above calculations assume straightforward precipitation based
solely on solubility products, real systems can be more complex due to
factors like:



- Complex formation: Silver ions can form complexes with other ligands,
potentially affecting free Ag⁺ concentrations.
- Common ion effects: Existing ions may suppress or enhance
precipitation.
- pH dependence: The solubility of phosphate salts can vary with pH,
affecting which precipitate forms.

In this scenario, the dominant process remains the formation of insoluble
phosphate salts, with calcium phosphate likely precipitating first, followed
by silver phosphate if phosphate concentration increases further.

---

Final Outlook: Which Precipitate Will Form?

Based on the calculated ionic products and their comparison to known
solubility products:

- Calcium phosphate (Ca₃(PO₄)₂): Will precipitate rapidly due to high ionic
product relative to Ksp.
- Silver phosphate (Ag₃PO₄): Also precipitates readily but slightly less
favored compared to calcium phosphate under these conditions.

In practical terms, upon adding solid Na₃PO₄ to the mixture, calcium
phosphate is expected to form first, potentially removing calcium ions
from the solution. Silver phosphate will also form, especially if phosphate
concentration is increased or if conditions favor its formation.



---

Broader Implications and Applications

This analysis is not just academic; it echoes through various real-world
contexts:

- Water Treatment: Understanding which metal phosphates precipitate
helps in designing processes to remove unwanted ions.
- Biological Systems: Phosphate precipitation can influence mineralization
in bones and teeth.
- Industrial Chemistry: Precipitation reactions are integral in
manufacturing, purification, and material synthesis.

In conclusion, when a mixture containing calcium and silver ions is
exposed to phosphate ions from solid Na₃PO₄, both calcium phosphate and
silver phosphate are likely to precipitate. The initial formation of calcium
phosphate is favored due to its lower solubility, which can influence
subsequent reactions and the composition of the residual solution.

---

Understanding these principles provides a window into the elegant
balance of chemistry that governs both natural phenomena and
technological applications.
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