
One Mole Of Each Of The Following
Coordination Compounds Is Dissolved In
One Liter Of Water:(a) [Co(NH)]Cl;
One Mole Of Each Of The Following Coordination Compounds Is Dissolved In One
Liter Of Water:(a) [Co(NH₃)]Cl

---

Introduction to Coordination Compounds and Their Dissolution in Water

Coordination compounds are complex chemical species formed by the
coordination of metal ions with molecules or anions called ligands. These
compounds exhibit unique properties, including color, magnetic behavior, and
reactivity, which are heavily influenced by their structure and the nature of
their ligands. When such compounds are dissolved in water, they often
dissociate or undergo hydrolysis, affecting their physical and chemical
behavior in aqueous solutions.

One mole of each specified coordination compound, when dissolved in one liter
of water, provides an excellent basis for understanding their dissociation,
ionization, and resultant solution chemistry. In this article, we focus
specifically on the compound [Co(NH₃)]Cl and explore its structure,
solubility, dissociation behavior, and related chemical phenomena.

---

Understanding the Compound [Co(NH₃)]Cl

Molecular and Structural Overview

The notation [Co(NH₃)]Cl suggests a coordination complex involving a cobalt
ion and ammonia ligands. However, the formula appears incomplete or atypical,
as standard coordination compounds involving cobalt and ammonia ligands are
often represented as [Co(NH₃)₆]Cl₃ or similar.

Assuming the intended compound is [Co(NH₃)₆]Cl₃, a common cobalt(III) complex
with six ammonia ligands, the structure comprises:

- A central Co³⁺ ion
- Six NH₃ (ammonia) ligands coordinated to cobalt via lone pair donation
- Three chloride ions (Cl⁻) balancing the charge as counterions

Note: If the compound is indeed [Co(NH₃)]Cl, it may refer to a different
structure, possibly a monodentate ligand complex with one ammonia ligand and
chloride as counterion. For clarity, this article will focus primarily on the
well-known complex [Co(NH₃)₆]Cl₃ as a representative example, but also
discuss the dissociation behavior of [Co(NH₃)]Cl.



Coordination Number and Geometry

- The coordination number of cobalt in these complexes is typically 6,
forming an octahedral geometry.
- The ligands (NH₃) are neutral molecules, donating lone pairs to the metal
center.
- The counterions (Cl⁻) balance the overall charge but are not directly
bonded to the metal in the primary structure.

---

Dissolution Behavior in Water

Dissociation of [Co(NH₃)]Cl in Water

When [Co(NH₃)]Cl dissolves in water, the process involves:

- Dissociation of the ionic compound into its constituent ions
- Possible hydrolysis reactions depending on the complex stability and the
nature of the ions

The general dissociation can be represented as:

\[ [Co(NH₃)]Cl \rightarrow [Co(NH₃)]^{2+} + Cl^- \]

Important points:

- The complex cation [Co(NH₃)]²⁺ may be stable or undergo further hydrolysis
depending on the specific conditions.
- The chloride ion Cl⁻ remains free in solution.

Factors Affecting Dissolution and Hydrolysis

- Complex stability: The stability of the complex in aqueous solution
influences whether it dissociates completely or remains intact.
- pH of the solution: Acidic or basic conditions can promote hydrolysis or
ligand exchange.
- Temperature: Higher temperatures may increase dissociation or hydrolysis
rates.
- Ligand strength: Ammonia is a relatively weak field ligand, affecting the
stability of the complex.

Dissociation of [Co(NH₃)₆]Cl₃

For the well-documented complex [Co(NH₃)₆]Cl₃, the dissolution in water
proceeds as:

\[ [Co(NH₃)_6]Cl_3 \rightarrow [Co(NH₃)_6]^{3+} + 3 Cl^- \]

The complex cation [Co(NH₃)₆]³⁺ is highly stable in water, and the chloride
ions are free to move in the solution.



---

Chemical Properties of the Resultant Ions

Cobalt Complex Cation: [Co(NH₃)]²⁺ or [Co(NH₃)₆]³⁺

- These complex cations are typically colored, often exhibiting shades of
pink, purple, or blue depending on their oxidation state.
- They are paramagnetic or diamagnetic depending on their electronic
configuration.
- The stability of these ions is characterized by their formation constants
(Kf).

Chloride Ions (Cl⁻)

- Chloride ions are monovalent anions.
- They do not undergo significant hydrolysis but can participate in ligand
exchange reactions under certain conditions.

---

Acid-Base and Hydrolysis Reactions in Water

Hydrolysis of Cobalt-Ammonia Complexes

In aqueous solution, the complex ions may undergo hydrolysis, especially if
they are in high oxidation states or unstable conditions:

\[ [Co(NH₃)_6]^{3+} + H₂O \rightleftharpoons [Co(NH₃)_5(OH)]^{2+} + H^+ \]

- Such hydrolysis can affect the pH of the solution, typically making it
slightly acidic.
- Hydrolysis reactions can lead to the formation of cobalt hydroxides
precipitates under certain conditions.

Effect of pH on Complex Stability

- Alkaline conditions tend to stabilize the complex and prevent hydrolysis.
- Acidic conditions promote hydrolysis and decomposition of the complex,
releasing free cobalt ions.

---

Practical Aspects of Dissolving [Co(NH₃)]Cl in Water

Preparation and Conductivity

- Dissolving 1 mol of [Co(NH₃)]Cl in 1 liter of water results in a solution
with a molar concentration of ions corresponding to dissociation.
- The solution's electrical conductivity depends on the extent of ionization
and the mobility of the ions.



Calculating Ion Concentrations

Assuming complete dissociation:

- [Co(NH₃)]²⁺: 1 mol/L
- Cl⁻: 1 mol/L

In reality, partial dissociation or hydrolysis may occur, affecting the
actual concentrations.

Applications and Significance

- Such solutions are used in coordination chemistry experiments, catalysis,
and electrochemical studies.
- Understanding their behavior helps in designing complexes with desired
stability and reactivity.

---

Conclusion

Dissolving one mole of coordination compounds such as [Co(NH₃)]Cl in water
reveals essential insights into their structure, dissociation, and behavior
in aqueous environments. While the exact dissociation pathways depend on the
complex's stability, conditions such as pH, temperature, and ligand strength
significantly influence the resultant ions and their properties. Recognizing
these factors is fundamental for chemists working with coordination complexes
in synthesis, analysis, and industrial applications.
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Note: For specific details on the exact compound structure and behavior,
always refer to experimental data or authoritative chemical databases.

Frequently Asked Questions

What is the dissociation behavior of [Co(NH3)6]Cl3
when dissolved in water?
[Co(NH3)6]Cl3 dissociates in water to produce one [Co(NH3)6]^{3+} cation and
three Cl^- anions per formula unit.

What ions are present in solution after dissolving
one mole of [Co(NH3)6]Cl3 in water?
The solution contains one mole of [Co(NH3)6]^{3+} ions and three moles of
Cl^- ions.

How does the presence of chloride ions affect the
stability of the complex in aqueous solution?
Chloride ions can participate in ligand exchange reactions, but in this case,
they primarily serve as counterions, and the complex remains stable unless
additional chloride ions are present to form secondary complexes.

What is the overall charge on the complex ion in
[Co(NH3)6]Cl3, and how does it influence the
solution's pH?
The complex ion [Co(NH3)6]^{3+} carries a +3 charge, and since ammonia is a
weak base, the solution may be slightly basic due to hydrolysis of the
complex ion.

How would the solubility of [Co(NH3)6]Cl3 be
affected if additional chloride ions are added to
the solution?
Adding extra chloride ions could lead to the formation of insoluble or less
soluble complexes or precipitates, potentially reducing free ion



concentrations and affecting solubility equilibrium.

Additional Resources
Comprehensive Review of the Dissolution of One Mole of [Co(NH₃)₅Cl]Cl in
Water
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Introduction

Coordination compounds, also known as coordination complexes, are a
fascinating class of compounds characterized by the central metal atom or ion
bonded to surrounding molecules or ions called ligands. Their diverse
structures, bonding modes, and properties make them a significant subject in
inorganic chemistry. Among these, the compound [Co(NH₃)₅Cl]Cl serves as an
intriguing example due to its mixed ligand environment and ionic nature.
Understanding its behavior upon dissolution in water involves examining
ionization, complex stability, and resultant solution chemistry.

This review provides a detailed analysis of one mole of [Co(NH₃)₅Cl]Cl
dissolved in one liter of water. We explore its structure, dissociation
process, resultant ions, and implications for solution properties, all while
emphasizing core concepts such as ligand field theory, ionic dissociation,
and aqueous speciation.
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Structural Overview of [Co(NH₃)₅Cl]Cl

Coordination Sphere and Ligand Environment

- Central Metal Ion: Cobalt is in the +3 oxidation state in this complex,
indicated by the overall charge and ligand charges. The notation suggests a
cationic complex ion.
- Ligands:
- Five Ammonia (NH₃) molecules: Neutral ligands coordinating via lone pair
donation.
- One Chloride (Cl⁻): Coordinated to cobalt, forming a coordinate bond.
- Counter Ion: An external chloride ion (Cl⁻) balances the charge of the
complex cation.



Charge Calculation and Overall Formula

- Complex cation: [Co(NH₃)₅Cl]⁺
- Cobalt (Co): +3 oxidation state
- Each NH₃: neutral, total contribution 0
- Coordinated Cl⁻: contributes -1
- Total charge: +3 (from Co) + (-1) (from bound Cl) = +2, but combined with
ligands, the complex is +1 overall, implying that the sum of ligand charges
and oxidation state results in a net +1 charge.
- Counter ion: Cl⁻ (external chloride ion)
- Full formula: [Co(NH₃)₅Cl]Cl

This complex is classified as a pseudo-octahedral coordination complex, with
an octahedral geometry typical for six-coordinate complexes involving
Co(III).

---

Dissolution Process in Water

Initial Dissolution and Ionization

When one mole of [Co(NH₃)₅Cl]Cl is introduced into water:

1. Dissociation of Ionic Components:
- The compound dissociates into its constituent ions:

\[
[Co(NH₃)_5Cl]^+ + Cl^-
\]

2. Nature of Dissociation:
- The process is mainly ionic, driven by electrostatic interactions.
- The complex cation remains intact initially due to covalent bonding with
ligands.
- The external chloride ion (counter ion) dissociates freely into the
solution.

3. Extent of Dissociation:
- Since the complex is a salt, it dissociates completely into ions in aqueous
solution, assuming ideal conditions and high solubility.

Ion Species Present in Solution:

- [Co(NH₃)₅Cl]⁺ (cation)
- Cl⁻ (anion)
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Nature and Behavior of the Ions in Solution

[Co(NH₃)₅Cl]⁺ Complex Ion

- Structure in Solution:
- Likely retains its octahedral geometry.
- The ligand Cl is coordinated, and the five NH₃ ligands are also attached.
- Stability:
- The complex is relatively stable in aqueous solution due to the strong
field ligands (NH₃) and the inert nature of Co(III).
- Ligand exchange reactions are slow at room temperature, indicating kinetic
inertness.

Chloride Ion (Cl⁻)

- Present both as a counter ion and as a free ion in solution.
- Contributes to the ionic strength and conductivity of the solution.
- Can participate in ligand exchange or equilibrium reactions depending on
conditions.

---

Solution Chemistry and Speciation

Hydrolysis and pH Considerations

- Hydrolysis of Co(III) complexes:
- Co(III) complexes are typically acidic in aqueous solution due to
hydrolysis.
- The complex can undergo partial hydrolysis, releasing H⁺ ions:

\[
[Co(NH_3)_5Cl]^+ + H_2O \rightleftharpoons [Co(NH_3)_5(OH)]^{2+} + H^+ + Cl^-
\]

- This process results in a slightly acidic solution, with pH potentially
below neutral (~6–7), depending on concentration and conditions.

- Implication:



- The solution's acidity influences ligand stability and possible further
hydrolysis.

Coordination Equilibrium Dynamics

- Ligand exchange:
- The chloride ligand can be replaced by water or other ligands under certain
conditions.
- The complex is inert, meaning ligand exchange is slow at room temperature.

- Potential for further hydrolysis:
- The positive charge on the complex cation can lead to interactions with
water molecules, forming inner-sphere or outer-sphere complexes.

---

Physical Properties of the Solution

Electrical Conductivity

- Due to the presence of free ions ([Co(NH₃)₅Cl]⁺ and Cl⁻), the solution
conducts electricity.
- The molar conductivity depends on ionic mobility, concentration, and ion
charge.

Color and Spectroscopy

- Color:
- Co(III) complexes are typically colored—often yellow or pink—due to d-d
transitions.
- Spectroscopic features:
- UV-Vis spectra can reveal ligand field transitions.
- Ligand field splitting energy (Δ₀) influences the observed absorption
bands.

Reactivity and Stability

- The complex's inertness confers stability in solution.
- Hydrolysis and ligand exchange are slow, but under certain conditions
(acidic, heated), transformations can occur.



---

Implications for Analytical and Practical
Applications

- Analytical detection:
- The presence of Co(III) can be confirmed via spectrophotometry.
- Chloride ions can be determined through titration or ion-selective
electrodes.
- Use in research:
- Understanding its dissolution behavior aids in designing cobalt-based
catalysts or pharmaceuticals.
- Environmental considerations:
- Co complexes can be toxic; understanding their aqueous chemistry is vital
for environmental impact assessments.

---

Summary of Key Points

- Dissolving [Co(NH₃)₅Cl]Cl in water results in complete ionic dissociation
into [Co(NH₃)₅Cl]⁺ and Cl⁻.
- The complex cation remains largely intact, exhibiting inertness and
stability due to strong ligand coordination.
- Hydrolysis can occur, leading to slight acidity in solution.
- Physical properties such as conductivity and color are influenced by the
ions present.
- Ligand exchange and hydrolysis reactions are slow at room temperature but
can be accelerated under specific conditions.
- Understanding the solution chemistry informs applications in catalysis,
material synthesis, and environmental science.

---

Concluding Remarks

The dissolution of one mole of [Co(NH₃)₅Cl]Cl exemplifies the complex
interplay between ionic dissociation, ligand stability, and solution
chemistry in coordination complexes. Its inert nature, stability, and
characteristic spectral features make it an essential subject of study in
inorganic chemistry. Appreciating these detailed aspects aids chemists in
harnessing such compounds for various technological and scientific purposes,
from catalysis to materials science and beyond.



---

This comprehensive analysis underscores the importance of coordination
chemistry principles in understanding the behavior of complex salts in
aqueous environments.
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