
in a saturated solution of cadmium
carbonate at 25c

in a saturated solution of cadmium carbonate at 25c, the chemical equilibrium and
solubility dynamics play a crucial role in understanding the behavior of this compound in
aqueous environments. Cadmium carbonate (CdCO3) is a sparingly soluble salt, and its
solubility product constant (Ksp) governs the maximum concentration of cadmium and
carbonate ions that can coexist in solution without precipitation. At 25 degrees Celsius,
temperature-dependent solubility, ionic strength, and pH significantly influence the
saturation state and chemical speciation of the solution. This article explores the
fundamental concepts related to the solubility equilibrium of cadmium carbonate, the
factors affecting its solubility at 25°C, and the practical implications for environmental
chemistry and industrial applications. Additionally, detailed discussions on the dissociation
process, equilibrium expressions, and the impact of common ions provide a comprehensive
understanding of cadmium carbonate in saturated solutions. The following sections will
guide through the essential aspects of cadmium carbonate solubility at standard laboratory
temperature conditions.
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Solubility and Equilibrium of Cadmium Carbonate

Understanding the solubility and equilibrium of cadmium carbonate in aqueous media at
25°C is fundamental to predicting its behavior in environmental and chemical systems.
Cadmium carbonate is a slightly soluble salt, and its solubility is governed by the
dissolution equilibrium:

CdCO₃(s) ⇌ Cd²⁺(aq) + CO₃²⁻(aq)

At saturation, the solution is in dynamic equilibrium with the solid phase, meaning the rate
of dissolution equals the rate of precipitation. The solubility product constant (Ksp)
quantitatively expresses this equilibrium and defines the product of the molar
concentrations of the dissolved ions raised to the power of their stoichiometric coefficients.
For cadmium carbonate at 25°C, the Ksp is typically in the range of 10⁻¹², indicating low



solubility.

Solubility Product Constant (Ksp)

The Ksp value for cadmium carbonate at 25°C is a critical parameter. It is derived from the
equilibrium concentrations of cadmium and carbonate ions in a saturated solution. The
expression is:

Ksp = [Cd²⁺][CO₃²⁻]

Due to the 1:1 dissociation ratio, the concentration of cadmium ions equals that of
carbonate ions in the saturated solution. The low Ksp reflects the limited dissolution of
CdCO₃, resulting in very low ion concentrations in equilibrium.

Dissolution Mechanism

The dissolution of cadmium carbonate involves breaking ionic bonds within the solid lattice
and hydration of ions in solution. The process is endothermic or exothermic depending on
the crystal structure and interaction with water molecules. At 25°C, the dissolution reaches
a steady state, and any changes in temperature or solution composition alter the
equilibrium position.

Factors Influencing Solubility at 25°C

Several factors impact the solubility of cadmium carbonate in water at 25°C. These include
temperature, pH, ionic strength, and the presence of common ions. Each factor can shift
the equilibrium and change the concentration of dissolved cadmium and carbonate ions.

Temperature Effects

Although the focus is at 25°C, understanding temperature influence is essential. Generally,
solubility of salts increases with temperature if the dissolution is endothermic. For cadmium
carbonate, slight variations in temperature around 25°C can affect the solubility product,
influencing the saturation concentration.

pH Influence

The pH of the solution plays a significant role because carbonate ions participate in acid-
base equilibria. In acidic conditions, carbonate ions react with H⁺ to form bicarbonate



(HCO₃⁻) or carbonic acid (H₂CO₃), reducing free CO₃²⁻ concentration and shifting the
dissolution equilibrium:

CO₃²⁻ + H⁺ ⇌ HCO₃⁻

This reaction increases the solubility of cadmium carbonate by removing carbonate ions
from the equilibrium, promoting dissolution.

Common Ion Effect

The presence of additional Cd²⁺ or CO₃²⁻ ions in solution suppresses the solubility of
cadmium carbonate due to the common ion effect. This phenomenon shifts the equilibrium
towards precipitation, decreasing solubility. For example, adding sodium carbonate
increases CO₃²⁻ concentration, reducing CdCO₃ solubility.

Ionic Strength and Complexation

High ionic strength can influence activity coefficients of ions, modifying effective
concentrations and solubility. Additionally, cadmium ions may form complexes with ligands
such as chloride or hydroxide ions, altering free Cd²⁺ concentration and thus solubility of
the carbonate salt.

Chemical Speciation in Saturated Solutions

Chemical speciation in a saturated solution of cadmium carbonate at 25°C involves
identifying the various ionic and molecular species present. Speciation determines
bioavailability, toxicity, and reactivity of cadmium in aquatic systems.

Cadmium Ion Speciation

In aqueous solution, cadmium primarily exists as free Cd²⁺ ions but can also form
complexes with carbonate, hydroxide, and other ligands. The predominant species depend
on pH and ligand concentrations:

Cd²⁺ – free ion dominant in neutral to slightly acidic pH

CdCO₃⁰ – neutral complex formed between cadmium and carbonate ions

Cd(OH)⁺ and other hydroxide complexes at higher pH values



Carbonate System Speciation

Carbonate ions exist in equilibrium with bicarbonate and carbonic acid depending on pH:

CO₃²⁻ (carbonate ion)

HCO₃⁻ (bicarbonate ion)

H₂CO₃ (carbonic acid)

The distribution among these species influences the concentration of free carbonate ions
available to maintain equilibrium with cadmium ions.

Environmental and Industrial Relevance

The solubility characteristics of cadmium carbonate at 25°C have important implications in
both environmental science and industrial processes. Cadmium is a toxic heavy metal, and
its mobility and bioavailability depend on its chemical form and solubility.

Environmental Impact

In natural waters, cadmium carbonate can precipitate under alkaline conditions, reducing
dissolved cadmium concentrations and toxicity. Understanding the saturation and solubility
at 25°C helps predict cadmium transport in soils and aquatic systems, contributing to risk
assessment and remediation strategies.

Industrial Applications

Cadmium carbonate is utilized in pigment manufacturing, electroplating, and battery
production. Control of its solubility at standard conditions is critical to optimize processes
and minimize environmental release. The knowledge of saturation behavior at 25°C assists
in designing treatment and recovery systems.

Analytical Methods for Determining Solubility



Accurate determination of cadmium carbonate solubility in saturated solutions at 25°C
requires precise analytical techniques. These methods quantify ion concentrations and
characterize equilibrium conditions.

Gravimetric Analysis

This classical approach involves isolating and weighing the precipitate formed from
saturated solutions. It provides direct measurement of solid phase mass and indirect
estimation of solubility.

Atomic Absorption Spectroscopy (AAS)

AAS measures cadmium ion concentration in solution with high sensitivity, allowing
determination of dissolved Cd²⁺ in equilibrium with solid carbonate at 25°C.

Ion Chromatography

Chromatographic techniques separate and quantify carbonate and bicarbonate ions, aiding
in speciation analysis and solubility calculations.

pH and Conductivity Measurements

Monitoring pH and conductivity provides insight into ionic strength and acid-base equilibria
affecting cadmium carbonate solubility.

Prepare a saturated solution of cadmium carbonate at 25°C by equilibrating excess1.
solid with deionized water.

Filter the solution to remove undissolved solids.2.

Analyze the filtrate for Cd²⁺ and CO₃²⁻ concentrations using AAS and ion3.
chromatography.

Calculate the ion product and compare with known Ksp values.4.

Adjust pH and ionic strength experimentally to observe solubility changes.5.



Frequently Asked Questions

What is a saturated solution of cadmium carbonate at
25°C?
A saturated solution of cadmium carbonate at 25°C is a solution in which the maximum
amount of cadmium carbonate has dissolved in water at that temperature, and any
additional cadmium carbonate will remain undissolved in equilibrium with the dissolved
ions.

What is the solubility product constant (Ksp) of
cadmium carbonate at 25°C?
The solubility product constant (Ksp) of cadmium carbonate (CdCO3) at 25°C is
approximately 1.0 × 10^-12, indicating it is sparingly soluble in water.

Which ions are present in a saturated solution of
cadmium carbonate at 25°C?
In a saturated solution of cadmium carbonate at 25°C, the primary ions present are
cadmium ions (Cd²⁺) and carbonate ions (CO3²⁻) in equilibrium with undissolved cadmium
carbonate solid.

How does temperature affect the solubility of cadmium
carbonate?
Generally, the solubility of cadmium carbonate increases slightly with temperature, but
since it is sparingly soluble, the change is minimal around 25°C.

What is the pH of a saturated solution of cadmium
carbonate at 25°C?
The pH of a saturated solution of cadmium carbonate at 25°C is typically slightly basic due
to the presence of carbonate ions, usually around 8 to 9.

How can the solubility of cadmium carbonate be
increased in solution?
The solubility of cadmium carbonate can be increased by lowering the pH (adding acid),
which reacts with carbonate ions to form carbonic acid, shifting equilibrium and dissolving
more CdCO3.

What is the effect of common ions on the solubility of



cadmium carbonate at 25°C?
The presence of common ions such as Cd²⁺ or CO3²⁻ decreases the solubility of cadmium
carbonate due to the common ion effect, which shifts the equilibrium toward the solid
phase.

How is the solubility of cadmium carbonate related to
its environmental impact?
Because cadmium carbonate is sparingly soluble, its limited solubility controls the mobility
of toxic cadmium ions in the environment, influencing cadmium bioavailability and
contamination risks.

Additional Resources
1. Solubility and Saturation: The Chemistry of Cadmium Carbonate
This book explores the fundamental principles of solubility, focusing specifically on
cadmium carbonate in aqueous solutions. It delves into thermodynamic factors affecting
saturation at 25°C and explains how equilibrium is established in such systems. The text
also covers practical applications in environmental and industrial chemistry.

2. Cadmium Compounds in Aqueous Environments: Behavior and Analysis
Providing a comprehensive overview of cadmium compounds, this book examines their
behavior in water, with a special emphasis on cadmium carbonate saturation at ambient
temperatures. It discusses analytical techniques used to measure solubility and
concentration, and the environmental implications of cadmium mobility.

3. Thermodynamics of Metal Carbonates: Cadmium Carbonate Case Study
This text offers an in-depth look at the thermodynamic properties governing metal
carbonate solubility, using cadmium carbonate as a primary example. Readers will find
detailed explanations of Gibbs free energy, enthalpy, and entropy changes at 25°C, as well
as solubility product constants.

4. Environmental Impact of Cadmium: From Soil to Solution Saturation
Focusing on the environmental aspects, this book discusses how cadmium carbonate
saturation in natural waters influences cadmium bioavailability and toxicity. It presents
case studies on contamination and remediation strategies, highlighting the role of solution
chemistry at 25°C.

5. Analytical Methods for Studying Saturated Solutions of Cadmium Carbonate
This guide covers various laboratory techniques and instrumentation used to analyze
saturated solutions of cadmium carbonate. It includes protocols for preparing saturated
solutions at 25°C, measuring concentration, and interpreting results relevant to research
and industry.

6. Inorganic Chemistry of Cadmium: Solubility and Complexation
This book provides a detailed account of cadmium’s inorganic chemistry, with a focus on
solubility equilibria and complex formation in aqueous solutions. It addresses how cadmium
carbonate behaves in saturated solutions at 25°C and the influence of pH and ionic



strength.

7. Cadmium Carbonate: Crystallography, Solubility, and Applications
Offering insights into the crystal structure of cadmium carbonate, this book also examines
how crystallography affects its solubility in water at 25°C. It explores industrial applications
where saturated cadmium carbonate solutions play a critical role.

8. Equilibrium Chemistry of Cadmium in Saturated Carbonate Solutions
This publication focuses on the equilibrium chemistry aspects of cadmium carbonate in
saturated solutions. It explains the dynamic balance between dissolved ions and solid
phases at 25°C, supported by mathematical models and experimental data.

9. Heavy Metal Carbonates in Water: Case Study of Cadmium Carbonate Saturation
This book investigates the behavior of heavy metal carbonates in aquatic systems, with a
detailed case study on cadmium carbonate. It discusses saturation limits, precipitation
kinetics, and environmental factors influencing solubility at standard room temperature.
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