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One-half Gram Of Solid Calcium Sulfate, , CaSO(s) Is Added To 1.0 L Of Pure
Water. Immediately, The Solid begins to interact with the water, setting off
a series of physical and chemical processes. This seemingly simple event
encapsulates many fundamental principles of solubility, ionic dissociation,
and solution chemistry. Understanding what happens in this scenario requires
an exploration of calcium sulfate's properties, its behavior in water, and
the broader implications for solubility equilibria and environmental
considerations.

Introduction to Calcium Sulfate (CaSO4)

Chemical and Physical Properties
Calcium sulfate (CaSO4) is an inorganic salt that exists naturally in several
mineral forms, with the most common being gypsum (CaSO4·2H2O). The anhydrous
form, calcium sulfate anhydrite (CaSO4), is a white or colorless solid, often
used in construction, agriculture, and food industries. Its high melting
point (~1460°C) and low solubility in water are notable features.

Solubility Characteristics
Calcium sulfate’s solubility in water at room temperature is relatively low,
approximately 0.21 g per 100 mL of water at 25°C. This means that in a 1.0-
liter volume of pure water, only a limited amount of calcium sulfate can
dissolve before reaching saturation. The low solubility is primarily due to
the strong ionic bonds in the solid lattice and the lattice energy overcoming
the hydration energy of the ions.

Initial Interaction: Dissolution Process

Breaking the Solid Lattice
When calcium sulfate is introduced into water, the first step is the
absorption of energy to break the ionic bonds in the solid lattice. This
process requires overcoming lattice energy, which is the energy holding the
Ca2+ and SO42− ions together.



Hydration of Ions
Once the lattice bonds are broken, calcium and sulfate ions are surrounded by
water molecules—a process called hydration:

Calcium ions (Ca2+) are attracted to the partial negative charge on
oxygen atoms in water molecules.

Sulfate ions (SO4
2−) are similarly stabilized by interactions with

water's partial positive hydrogens.

This stabilization allows the ions to disperse uniformly throughout the
solution.

Establishment of Equilibrium
As the dissolution proceeds, a dynamic equilibrium is established between the
undissolved solid and the dissolved ions, described by the solubility product
constant, Ksp.

Solubility Equilibrium and the Solubility
Product Constant

Understanding Ksp

The solubility product constant (Ksp) for calcium sulfate at 25°C is
approximately 2.4 x 10−5. It defines the maximum ionic product of calcium and
sulfate ions in solution:
\[ \text{Ca}^{2+} (aq) + \text{SO}_4^{2−} (aq) \rightleftharpoons
\text{CaSO}_4 (s) \]
In other words, when the product of the molar concentrations of Ca2+ and
SO42− exceeds Ksp, the excess solid will precipitate out.

Calculating the Saturation Point
Given the low solubility, the maximum amount of calcium sulfate that can
dissolve in 1 liter of water is approximately 0.21 grams, corresponding to:
- Moles of CaSO4 dissolved = (0.21 g) / (136.14 g/mol) ≈ 0.00154 mol
- Concentrations at saturation:
- [Ca2+] ≈ 0.00154 mol/L
- [SO42−] ≈ 0.00154 mol/L
- The ionic product at saturation:
\[ (0.00154) \times (0.00154) = 2.37 \times 10^{-6} \]
which is below Ksp, indicating the solution is undersaturated before reaching
this concentration, and some solid remains un-dissolved.



Immediate Events Upon Addition of Calcium
Sulfate

Physical Observations
- The solid calcium sulfate will initially appear as a precipitate or
crystalline particles dispersed throughout the water.
- The mixture will be cloudy due to the suspended solid particles until they
begin dissolving.
- Over time, depending on the amount added and temperature, the dissolution
reaches equilibrium, and the solution becomes clear if fully saturated or
remains cloudy if undersaturated.

Chemical Events
- Rapid dissociation of calcium sulfate into calcium and sulfate ions.
- The establishment of a dynamic equilibrium between dissolved ions and
undissolved solid.
- No significant change in temperature is associated with dissolution because
calcium sulfate dissolves endothermically but with a small enthalpy change.

Factors Influencing Dissolution and
Precipitation

Temperature
- Increasing temperature generally increases solubility for many salts;
however, calcium sulfate’s solubility slightly decreases with rising
temperature, which can promote precipitation.
- Conversely, cooling the solution can cause dissolved calcium sulfate to
precipitate out if the solution was initially saturated.

Presence of Other Ions
- The addition of common ions such as carbonate or phosphate can influence
solubility through common ion effects.
- For example, the presence of calcium ions from other sources can reduce
calcium sulfate’s solubility, leading to precipitation.

pH of the Solution
- Since calcium sulfate is relatively insensitive to pH changes, the pH



generally does not affect its solubility significantly.
- However, extreme pH conditions can alter the solubility of related
compounds or cause secondary reactions.

Environmental and Practical Implications

Industrial and Construction Uses
- Calcium sulfate is widely used in drywall (gypsum boards), casting molds,
and as a soil conditioner.
- Understanding its dissolution behavior is essential for controlling setting
times and ensuring structural integrity.

Environmental Considerations
- When calcium sulfate dissolves in natural waters, it can contribute to
sulfate levels, which impact aquatic life.
- Excessive precipitation or dissolution can influence soil chemistry and
water quality.

Health and Safety
- Calcium sulfate is generally considered non-toxic, but handling large
amounts requires caution to prevent inhalation of dust and contact with eyes.

Summary and Conclusions

- The addition of half a gram of calcium sulfate to a liter of pure water
initiates a complex interplay of physical and chemical processes centered
around solubility, dissociation, and equilibrium.
- The low solubility of calcium sulfate means only a small amount dissolves
before reaching saturation, with excess remaining as solid.
- Factors such as temperature, presence of other ions, and solution pH
influence the extent of dissolution and potential precipitation.
- Understanding these processes is vital in fields ranging from construction
to environmental science, illustrating the importance of solubility
principles in practical applications.

Final Remarks
This simple scenario of adding a small amount of calcium sulfate to water
exemplifies fundamental concepts in solution chemistry. It highlights how
ionic compounds behave in aqueous environments, the significance of



solubility products, and the impact of environmental factors. Recognizing
these principles allows scientists and engineers to manipulate and control
such systems effectively, ensuring optimal outcomes in various industrial and
environmental contexts.

Frequently Asked Questions

What happens when one-half gram of solid calcium
sulfate (CaSO₄) is added to 1.0 L of pure water?
The solid calcium sulfate begins to dissolve in the water, forming a
saturated solution, but only a limited amount will dissolve due to its
solubility limit.

Will the calcium sulfate completely dissolve in 1.0
L of water?
No, calcium sulfate has limited solubility in water (~2.4 g per liter at room
temperature), so only a portion of the 0.5 g added will dissolve, and the
rest will remain solid.

What factors influence the solubility of calcium
sulfate in water?
Temperature and the presence of other ions in solution influence calcium
sulfate's solubility; generally, its solubility slightly increases with
temperature.

Does adding 0.5 g of calcium sulfate to water cause
any temperature change?
The dissolution process can be endothermic or exothermic depending on
conditions, but for calcium sulfate, the temperature change is typically
negligible at this amount.

What is the saturated concentration of calcium
sulfate in water at room temperature?
Approximately 2.4 g per liter at room temperature, meaning 0.5 g is well
below saturation, allowing partial dissolution.

What ions are produced when calcium sulfate



dissolves in water?
Calcium sulfate dissociates into calcium ions (Ca²⁺) and sulfate ions (SO₄²⁻)
in solution.

What precautions should be taken when handling
calcium sulfate in laboratory settings?
Wear appropriate gloves and eye protection to avoid skin or eye irritation,
and handle the solid in a well-ventilated area.

What applications use calcium sulfate solutions or
powders?
Calcium sulfate is used in construction (as drywall or plaster), agriculture
(soil amendment), and in medical settings (as a setting agent in cast
materials).

Additional Resources
One-half Gram of Solid Calcium Sulfate (CaSO₄ (s)) Added to 1.0 L of Pure
Water: An In-Depth Analysis

---

Introduction

Calcium sulfate (CaSO₄) is a widely encountered inorganic compound with
significant applications spanning construction, agriculture, medical fields,
and chemical industries. When a small quantity—specifically, one-half gram—is
introduced into a liter of pure water, various physical and chemical
phenomena ensue. Understanding these processes involves exploring solubility,
dissociation, solution behavior, and potential reactions. This comprehensive
review aims to elucidate what occurs immediately after adding solid calcium
sulfate to water, the factors influencing its behavior, and the implications
of these interactions.

---

Physical and Chemical Properties of Calcium Sulfate

Composition and Structure

- Chemical Formula: CaSO₄
- Molecular Weight: Approximately 136.14 g/mol
- Physical State: Typically exists as a white, crystalline solid
- Polymorphs:
- Anhydrous form (CaSO₄)



- Hydrated form (gypsum, CaSO₄·2H₂O)
- Solubility in Water:
- At 20°C, about 0.24 grams per liter (g/L)
- Relatively low solubility, classifying it as a sparingly soluble salt

Solubility Characteristics

Calcium sulfate's limited solubility stems from its ionic lattice and the
energy balance involved in dissolving the solid into water. Its solubility
product (Ksp) at 25°C is approximately 2.4 × 10⁻⁵, indicating that only a
small amount dissolves under standard conditions.

---

Immediate Physical Changes upon Addition

Step 1: Contact with Water

When the one-half gram of calcium sulfate is introduced into 1.0 liter of
pure water, several immediate physical phenomena occur:

- Dispersal: The solid particles initially disperse throughout the water,
forming a suspension or slurry depending on the particle size.
- Surface Contact: The surface of the solid comes into contact with water
molecules, initiating the dissolution process.
- Temperature Effects: Due to the dissolution process, there may be a slight
temperature change, typically endothermic for calcium sulfate, leading to a
minor cooling of the solution.

Step 2: Dissolution Dynamics

Given the low solubility, only a small fraction of the solid will dissolve:

- Maximum Dissolved Amount:
- 0.24 g in 1 L at 20°C
- Since only 0.5 g is added, the maximum dissolved is less than the total
added, potentially around 0.24 g, with the remainder remaining as solid
particles.

- Saturation Point:
- Once the solution reaches saturation, no further calcium sulfate will
dissolve unless other conditions change (temperature, pressure, or the
presence of complexing agents).

---

Chemical Dissociation and Solution Chemistry

Dissolution Equation

The process of calcium sulfate dissolving in water can be represented as:



\[ \mathrm{CaSO_4 (s)} \leftrightarrow \mathrm{Ca^{2+} (aq)} +
\mathrm{SO_4^{2-} (aq)} \]

- Dissociation: Calcium sulfate separates into calcium ions and sulfate ions
in aqueous solution.
- Equilibrium: The process quickly reaches an equilibrium dictated by the
solubility product (Ksp).

Ion Concentrations at Equilibrium

Given the solubility (S) of calcium sulfate is about 0.024 mol/L at 25°C:

- \[
\left[\mathrm{Ca^{2+}}\right] \approx 0.024\, \text{mol/L}
\]
- \[
\left[\mathrm{SO_4^{2-}}\right] \approx 0.024\, \text{mol/L}
\]

- Corresponding concentrations in grams per liter:

- \[
\text{Mass of Ca}^{2+} \text{ per liter} = 0.024 \times 40.08\, \text{g/mol}
\approx 0.96\, \text{g}
\]
- \[
\text{Mass of SO}_4^{2-} \text{ per liter} = 0.024 \times 96.06\,
\text{g/mol} \approx 2.30\, \text{g}
\]

Since only 0.5 g of CaSO₄ is added, the actual dissolved amount is less than
the maximum capacity, and the solution remains undersaturated.

---

Physical and Chemical Observations Post Addition

Immediate Observations

- Precipitate Formation: Since the added amount (0.5 g) exceeds the
solubility limit of 0.24 g/L, the excess calcium sulfate will not dissolve,
resulting in a suspension of undissolved crystals.
- Suspension Behavior: The solid particles may settle over time due to
gravity unless stirred or agitated.
- Temperature Fluctuations: Slight endothermic dissolution may cause a minor
decrease in the temperature of the solution, measurable with sensitive
equipment.

Long-Term Behavior

- Equilibrium State: The solution reaches a dynamic equilibrium with



dissolved ions and undissolved solids.
- Potential for Crystallization: If conditions change (e.g., temperature
increase), some undissolved calcium sulfate may partially dissolve or
precipitate.

---

Factors Influencing Dissolution and Solution Behavior

Temperature

- Increasing temperature generally increases the solubility of calcium
sulfate slightly.
- Lower temperatures favor the formation of precipitates.

Purity of Water

- Pure water ensures minimal interference from other ions or compounds.
- The presence of other ions can influence solubility via common ion effects.

Particle Size and Surface Area

- Finely powdered calcium sulfate dissolves faster due to increased surface
area.
- Larger crystals dissolve more slowly, prolonging the duration before
equilibrium.

Agitation and Stirring

- Stirring enhances dissolution rate by continuously exposing fresh solid
surfaces to water.
- Without agitation, the undissolved solid may remain suspended for longer.

---

Practical Implications and Applications

Construction and Gypsum Industry

- Calcium sulfate is the primary component of drywall and plaster.
- Understanding its solubility helps in formulation, setting times, and
durability.

Agriculture

- Calcium sulfate is used to supplement calcium and sulfur in soils.
- Its low solubility means it provides nutrients slowly over time.

Medical and Dental Use

- Gypsum (CaSO₄·2H₂O) forms casts and molds, relying on controlled setting



reactions.

Chemical Reactions and Precipitation

- Calcium sulfate can precipitate out of solution under specific conditions,
useful in water treatment for removing sulfate ions.

---

Environmental and Safety Considerations

- Generally regarded as non-toxic.
- Excess calcium sulfate in water can lead to scaling issues in pipes and
equipment.
- Disposal should be managed to prevent clogging or buildup.

---

Conclusion

Adding one-half gram of solid calcium sulfate to one liter of pure water
triggers a series of immediate physical and chemical events rooted in its
limited solubility. The process is characterized by rapid initial contact,
partial dissolution, and the formation of a saturated or undersaturated
solution depending on conditions. The undissolved crystals coexist with the
aqueous ions, reaching a dynamic equilibrium governed by the solubility
product.

This seemingly simple interaction encapsulates core principles of inorganic
chemistry—dissolution, solubility equilibria, and ionic
dissociation—highlighting calcium sulfate's practical significance across
various industries. Understanding these processes enhances our ability to
manipulate and utilize calcium sulfate effectively, whether in construction,
agriculture, or environmental management.

---
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This detailed exploration of calcium sulfate's behavior upon addition to
water aims to provide clarity on the physical and chemical phenomena
involved, fostering a deeper understanding of its properties and
applications.
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