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Understanding the solubility of calcium carbonate (CaCOs) in water is crucial for various scientific,
environmental, and industrial applications. This includes fields such as geochemistry, water
treatment, materials science, and biological systems. The key parameter that quantifies how much of
a salt dissolves in water is called the molar solubility—the number of moles of the compound that
dissolve per liter of water to reach equilibrium. Complementing this concept is the solubility-product
constant (Ksp), which provides a numerical measure of a salt's solubility at a given temperature.

This article explores the molar solubility of calcium carbonate, the derivation, significance of the
Ksp, and how these parameters are interrelated.

Understanding Calcium Carbonate (CaCOs)

Chemical Composition and Properties

Calcium carbonate (CaCOs) is an inorganic salt composed of calcium (Ca?*) ions and carbonate
(COs?7) ions. It is a common mineral found in nature, primarily as calcite, aragonite, and vaterite,
which are crystalline forms. CaCOs is insoluble in water but can dissolve to a limited extent, leading
to a dynamic equilibrium between dissolved ions and undissolved solid.

Applications of CaCOs

- Construction Material: Used in cement and concrete.
- Industrial Uses: As a filler in plastics, paints, and paper.
- Environmental Significance: Plays a role in buffering acidity in natural waters and soil.

Solubility of Calcium Carbonate in Water

Basic Dissolution Reaction

The dissolution of calcium carbonate in water involves the following equilibrium:



\[ \text{CaCO} 3 (s) \leftrightarrow \text{Ca}"~{2+} (aq) + \text{CO} 3~{2-} (aq) \]
This equilibrium is governed by the solubility-product constant, Ksp, which is expressed as:
\[ K {sp} = [\text{Ca}"{2+}][\text{CO} 37{2-}]\]

Since CaCOs is sparingly soluble, the concentrations of Ca?* and COs?~ in solution are very low, and
the solubility equilibrium is established at a specific temperature.

What Is Molar Solubility?

The molar solubility of CaCOs is defined as the number of moles of calcium carbonate that dissolve
per liter of water to reach equilibrium. It is denoted as s. At equilibrium:

\([\text{Ca}"{2+}] = s\)
-\([\text{CO} 3~{2-}]1=5s\)

Assuming the dissolution produces a 1:1 molar ratio between calcium and carbonate ions, the molar
solubility directly relates to the Ksp value.

Relationship Between Ksp and Molar Solubility

Deriving the Relationship

For the dissolution equilibrium of CaCOa:

\[ \text{CaCO} 3 (s) \leftrightarrow \text{Ca}"~{2+} (aq) + \text{CO} 3~{2-} (aq) \]
The solubility-product constant is:

\LK_{sp} = [\text{Ca}"{2+}][\text{CO}_37{2-}]\]

Since both ions are produced in a 1:1 molar ratio at equilibrium:

\[ [\text{Ca}"~{2+}] =s\]
\[ [\text{CO} 37{2-}]1=5s\]

Therefore:

\[ K {sp} =s\timess =s"2\]
This simplifies to:

\['s =\sqrt{K_{sp}}\l

This relation is valid under ideal conditions and assumes pure water and standard temperature.



Temperature Dependence of Ksp and Molar Solubility

The value of Ksp depends on temperature; generally, for CaCOs, Ksp increases with temperature,
leading to higher molar solubility. Typical Ksp values are:

| Temperature (°C) | Ksp of CaCOs | Molar Solubility (s) (mol/L) |
I | | I
[25]3.3%x10°|=1.8x 1075 |

|37 ]14.0x 10°| = 2.0 x 1075 |

Note: These values are approximate and can vary based on experimental conditions.

Calculating the Molar Solubility of CaCOs

Using the Ksp Value
Given the typical Ksp value of 3.3 x 10-° at 25°C, the molar solubility is:

\[ s = \sqrt{3.3 \times 10"~ {-9} } \approx 1.8 \times 10"~ {-5} \, \text{mol/L} \]

This means that approximately 1.8 x 10~> moles of CaCOs dissolve per liter of water under standard
conditions.

Implications of Molar Solubility

- The molar solubility is very low, which explains why CaCOs is considered sparingly soluble.
- The low solubility helps maintain calcium and carbonate ion concentrations in natural waters,
affecting processes like scale formation and acid buffering.

Factors Affecting the Solubility of CaCOs

pH of the Solution

- Acidic conditions increase the solubility of CaCOs by shifting the equilibrium. Acid reacts with
carbonate ions to produce bicarbonate and carbon dioxide, removing carbonate from the equilibrium
and driving dissolution.

\[ \text{CO} 37{2-} + 2\text{H} "+ \rightarrow \text{H} 2\text{CO} 3 \rightarrow \text{CO} 2 +
\text{H} 2\text{O} \]

Presence of Complexing Ions

- Ions like phosphate or sulfate can complex with calcium, increasing the apparent solubility.



Temperature

- As noted, higher temperatures generally increase Ksp and, consequently, molar solubility.

Common lIon Effect

- The presence of additional calcium or carbonate ions from other sources can suppress the
dissolution of CaCOs due to Le Chatelier's principle.

Practical Applications and Significance

Environmental and Geological Significance

- The solubility of CaCOs influences sediment formation, limestone formation, and the buffering of
ocean and freshwater pH.
- It plays a role in karst landscapes, where dissolution of limestone shapes caves and sinkholes.

Industrial and Engineering Applications

- Managing scale formation in boilers and pipelines relies on understanding CaCOs solubility.
- In water treatment, adjusting pH and ionic composition can control CaCOs precipitation.

Biological Systems

- Marine organisms rely on calcium carbonate for shell and skeleton formation, with solubility
affecting growth conditions.

Conclusion

The molar solubility of calcium carbonate in water is a fundamental parameter quantified by the
solubility-product constant (Ksp). At 25°C, with a typical Ksp value of approximately 3.3 x 10-°, the
molar solubility is around 1.8 x 10~ mol/L, illustrating its sparing solubility. This low solubility is
vital in natural processes like limestone formation, ocean buffering capacity, and biological
mineralization, as well as industrial applications such as scaling control and water chemistry
management. Understanding the relationship between Ksp and molar solubility enables scientists
and engineers to predict and manipulate calcium carbonate behavior in various contexts, ensuring
optimal outcomes in environmental preservation, industrial processes, and biological systems.
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Frequently Asked Questions

What is the molar solubility of calcium carbonate (CaCOs) in
water?

The molar solubility of calcium carbonate in water is approximately 1.3 x 10-* mol/L at 25°C, based
on its solubility-product constant.

How is the solubility-product constant (Ksp) related to the
molar solubility of CaCQOs?

The Ksp of CaCOs is directly related to its molar solubility (s) by the equation Ksp = s? x [Ca?*],
which allows calculation of molar solubility from the Ksp value.

What is the typical value of the solubility-product constant
(Ksp) for calcium carbonate at 25°C?

The Ksp for calcium carbonate at 25°C is approximately 4.8 x 10-°.

How do temperature changes affect the molar solubility of
CaCO03?

Increasing temperature generally decreases the molar solubility of CaCOs because its dissolution is
exothermic, leading to a lower solubility at higher temperatures.

Why is calcium carbonate considered sparingly soluble in
water?

Because its solubility-product constant (Ksp) is very low (~10-9), indicating only a small amount
dissolves in water to reach equilibrium.

How can you calculate the molar solubility of CaCOs from its
Ksp?

By setting up the solubility equilibrium, where s is the molar solubility: Ksp = [Ca?*][CO3?*"] =s X s
= s2. Therefore, s = VKsp, which for CaCOs gives s = V(4.8 x 107°) = 6.9 x 10~° mol/L.



What role does the molar solubility of CaCOs play in geological
processes?

It influences processes like shell formation, mineral deposition, and limestone weathering, where
calcium carbonate's solubility affects mineral stability and solution chemistry.

Can the molar solubility of CaCOs be increased? If so, how?

Yes, by increasing the temperature (though solubility decreases for CaCOs), or by adding acids that
react with carbonate ions, shifting equilibrium and increasing dissolution.

How does the common ion effect influence the molar solubility
of calcium carbonate?

The presence of additional calcium or carbonate ions in solution reduces the solubility of CaCOs due
to Le Chatelier's principle, decreasing its molar solubility.

Additional Resources

What Is The Molar Solubility Of Calcium Carbonate (CaCOs) In Water? The Solubility-product
Constant

Calcium carbonate (CaCOs) is among the most abundant inorganic compounds on Earth, playing a
critical role in natural processes and industrial applications. Its significance stretches across
geology, biology, environmental science, and manufacturing sectors. A fundamental aspect of
understanding calcium carbonate’s behavior in aqueous environments is examining its solubility and
the related thermodynamic parameters, notably the solubility-product constant (Ksp). This article
delves into the concept of molar solubility of calcium carbonate in water, elucidates the significance
of the solubility-product constant, and explores the factors influencing solubility.

Understanding Calcium Carbonate and Its Importance

Calcium carbonate (CaCOs) is a chemical compound composed of calcium (Ca?*) ions and carbonate
(COs?7) ions. It occurs naturally as minerals such as calcite, aragonite, and vaterite, which constitute
significant parts of limestone, marble, and chalk.

Key Roles of CaCOs Include:

- Geological Formation: Constitutes sedimentary rocks and cave formations.

- Biological Functions: Essential in the formation of shells, coral reefs, and bones.

- Industrial Uses: Used in construction, paper production, plastics, and as a dietary supplement.

Despite its widespread presence, calcium carbonate exhibits remarkably low solubility in water, a
trait that influences its environmental and industrial behavior.



Solubility of Calcium Carbonate in Water

The solubility of calcium carbonate in water is characterized by its molar solubility — the number of
moles of CaCOs that dissolve per liter of water to reach equilibrium. Due to its limited solubility,
CaCOs is often considered a sparingly soluble salt.

Quantitative Perspective:

- Typical molar solubility of CaCOs at room temperature (~25°C) is approximately 1.3 x 10~* mol/L.
- Correspondingly, the solubility in grams per liter is about 0.013 g/L.

This low solubility results from the insolubility product (Ksp), which quantifies how much of the salt
can dissolve before the solution reaches saturation.

The Solubility-Product Constant (Ksp): A
Thermodynamic Parameter

The solubility-product constant (Ksp) is a fundamental equilibrium constant representing the
maximum product of the molar concentrations of ions in a saturated solution at a specific
temperature.

For calcium carbonate:

CaCOs (s) = Ca?* (aq) + CO3%~ (aq)

The equilibrium expression for this dissociation is:

Ksp = [Ca?*][CO327]

Significance of Ksp:

- Indicates the degree of solubility.

- A smaller Ksp value signifies lower solubility.

- Used to predict whether a precipitate will form when solutions are mixed.

Typical Ksp Value for CaCOs:

At 25°C, the Ksp of calcium carbonate is approximately 3.3 x 10-°.



Calculating Molar Solubility from Ksp

Given the Ksp, molar solubility (denoted as s) can be derived for calcium carbonate assuming ideal
conditions.

Step-by-step Calculation:

1. Define molar solubility:

Let s be the molar concentration of Ca?* ions (and likewise COs?~ ions) at equilibrium.
2. Express ionic concentrations:

Since the dissociation of CaCOs produces equal molar amounts of Ca?* and COs?-,
[Ca2*] = [CO32"] =5

3. Set up Ksp expression:

Ksp=sxs=s2

4. Solve for s:

s = VKsp

Applying the known Ksp:

s =V(3.3x 107 = 5.7 x 10~° mol/L

This calculated molar solubility aligns well with experimental data, confirming that at 25°C,
approximately 5.7 x 10~°> mol/L of calcium carbonate dissolves in water.

Factors Influencing the Solubility of CaCOs

While the inherent solubility is low, various environmental and chemical factors can influence
calcium carbonate's solubility:

1. Temperature

- Effect: Generally, the solubility of CaCOs increases slightly with temperature.

- Implication: Warm water can dissolve marginally more calcium carbonate, affecting processes like
mineral scaling.

2. pH of the Solution

- Effect: Higher pH (more alkaline conditions) decreases solubility due to the shift in carbonate



equilibrium toward insoluble forms.
- pH Equilibrium:

CO32~ + H* = HCO3~ = H2CO0s3

- Implication: In oceanic and freshwater systems, pH variations significantly influence calcium
carbonate precipitation and dissolution.

3. Presence of Complexing lons

- Effect: Ions such as phosphate, sulfate, or organic acids can complex with calcium or carbonate
ions, altering solubility.
- Example: The formation of calcium bicarbonate in solution enhances dissolution.

4. Supersaturation and Nucleation Dynamics

- Effect: Existing mineral surfaces or nucleation sites can facilitate or hinder the formation of CaCOs
crystals, influencing apparent solubility.

Environmental and Industrial Implications

Understanding the molar solubility and Ksp of calcium carbonate is essential in several contexts:

- Geological Processes: Formation and dissolution of limestone caves, sedimentation, and karst
development.

- Marine Chemistry: Ocean acidification impacts carbonate chemistry, influencing coral reefs and
shell formation.

- Scaling and Corrosion: In industrial systems, calcium carbonate precipitates cause scaling in pipes
and boilers.

- Water Treatment: Managing hardness and preventing mineral deposits involves controlling calcium
carbonate solubility.

- Carbon Capture: Mineral carbonation techniques rely on manipulating solubility parameters to
sequester COx.

Conclusion

The molar solubility of calcium carbonate in water is a critical parameter that reflects its limited
solubility, governed by the solubility-product constant (Ksp). At 25°C, this value is approximately 3.3
x 1079, corresponding to a molar solubility of around 5.7 x 10~° mol/L. This low solubility influences
a broad spectrum of natural and industrial processes, from the formation of geological structures to
the management of water systems and environmental concerns.



Understanding the thermodynamics behind calcium carbonate’s solubility enables scientists and
engineers to predict its behavior under various conditions and develop strategies to control its
precipitation and dissolution in different environments. As research advances, refining these
parameters and comprehending their environmental dependencies remain vital for sustainable
management of calcium carbonate-related processes.
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