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Understanding the coordination number of a complex compound like [Co(en)s]Cls requires a grasp of
key concepts in coordination chemistry, including ligand types, their denticity, and the overall
structure of the complex. This article delves into these aspects to clarify how to determine the
coordination number of [Co(en)s]Cls, providing a comprehensive understanding suitable for students,
chemists, and enthusiasts interested in inorganic chemistry.

Introduction to Coordination Chemistry

Coordination chemistry is a branch of inorganic chemistry focused on the study of compounds formed
between metal ions and surrounding molecules or ions known as ligands. These complexes are
characterized by the coordination number, which signifies the number of ligand donor atoms directly
bonded to the central metal atom or ion.

Understanding the coordination number is essential because it influences the geometry, reactivity,
stability, and properties of the complex. Typically, the coordination number ranges from 2 to 12, with
common values being 4 and 6, corresponding to geometries such as tetrahedral, square planar, or
octahedral.

Components of the Complex [Co(en)s3]Cls

The given compound, [Co(en)s]Cls, comprises:

- A central cobalt (Co) ion
- Three ethylenediamine (en) ligands
- Three chloride (CI-) ions as counterions

To determine the coordination number, focus primarily on the complex ion [Co(en)s], as the chloride
ions serve as counterions balancing the charge rather than directly bonding to the metal.

Understanding Ethylenediamine (en) as a Ligand

Ethylenediamine (en) is a bidentate ligand, meaning it can coordinate to a metal ion through two
donor atoms simultaneously. Its chemical formula is NH2CH2CHz2NH2, with two amino groups attached
to a two-carbon chain.



Key features of en as a ligand:
- Denticity: Bidentate (two donor atoms)
- Donor atoms: The two nitrogen atoms in the amino groups

- Coordination mode: Both nitrogen atoms coordinate to the metal ion, forming a chelate ring

Because each en ligand has two donor atoms, it can bind to the metal at two sites, effectively
increasing the overall coordination number when multiple en ligands are involved.

Determining the Coordination Number in [Co(en)s]

Given that each en ligand is bidentate, and there are three such ligands, the total number of donor
atoms coordinating to the cobalt ion can be calculated as:

- Number of en ligands: 3
- Donor atoms per ligand: 2 (the nitrogen atoms)

Total donor atoms (and thus the coordination number):
\[ \text{Coordination number} = 3 \text{ ligands} \times 2 \text{ donor atoms per ligand} = 6]
Therefore, the coordination number of cobalt in [Co(en)s] is 6.

This indicates that the cobalt center is bonded to six nitrogen atoms, forming an octahedral geometry,
which is common for coordination complexes with a coordination number of 6.

Structural Features and Geometry

The octahedral configuration results from the six donor atoms symmetrically arranged around the
central metal ion. In [Co(en)s], each chelating en ligand wraps around the cobalt ion, forming stable
five-membered rings. The chelate effect enhances the stability of the complex due to the entropy gain
from binding multiple sites on the same ligand.

Visualizing the structure:

- The three en ligands coordinate to the cobalt ion via their nitrogen atoms

- The complex geometry resembles an octahedral shape, with the ligands occupying six positions
around the metal

- The three chloride ions are outside the coordination sphere, balancing the overall charge but not
directly bonded to the cobalt

Charge Considerations and Overall Composition

The charge on the complex cation [Co(en)s] depends on the oxidation state of cobalt:



- Since each chloride ion is Cl- and there are three of them, the total negative charge from
counterions is 3~

- The overall complex is neutral if the complex cation's charge balances the chloride ions
Assuming the complex is neutral, the oxidation state of cobalt can be calculated as:

\[ \text{Charge on complex} + 3 \times (-1) = 0]

Let \( x \) be the oxidation state of cobalt:

\[ x + 3 \times (0) = \text{charge of complex} \]

But since the chloride ions are outside the coordination sphere, and the complex cation is [Co(en)s],
the charge on the complex cation is:

- En ligands are neutral (they do not contribute to the charge)
- Therefore, the oxidation state of Co must balance the overall charge:

\[ \text{Charge of complex} = +3\]

because the complex cation is [Co(en)s]**, and the three chloride ions are Cl- each, total 3-,
balancing the +3 charge of the complex cation.

Summary:
- Complex cation: [Co(en)s]?*

- Counterions: 3 CI-
- Overall compound: electrically neutral

Significance of Coordination Number in Chemistry

The coordination number is vital in understanding the properties and reactivity of metal complexes:

- Determines the geometry: Octahedral for coordination number 6, tetrahedral for 4, square planar for
4, etc.

- Influences stability: Chelate ligands like en increase stability due to the chelate effect.

- Affects reactivity: The coordination environment influences how the complex interacts with other
molecules.

In [Co(en)s]Cls, the coordination number of 6 and octahedral geometry confer specific physical and
chemical properties, such as color, magnetic properties, and reactivity patterns.

Applications and Importance of [Co(en)3]Cls

Understanding the structure and coordination number of complexes like [Co(en)s]Cls is essential in
various fields:



- Biomedical applications: Some cobalt complexes are explored for their potential in medicine, such as
in cancer therapy.

- Catalysis: Metal complexes with defined coordination environments serve as catalysts in organic
reactions.

- Material science: These complexes are used in designing new materials with specific magnetic or
electronic properties.

The chelating nature of en ligands makes such complexes more stable and selective, which is
advantageous in these applications.

Summary

To summarize:

- The compound [Co(en)s]Cls features a cobalt ion coordinated by three ethylenediamine ligands.

- Each en ligand is bidentate, donating two nitrogen atoms to the metal.

- The total number of donor atoms involved in coordination is 6, making the coordination number 6.
- The structure adopts an octahedral geometry, which is typical for complexes with a coordination
number of 6.

- The three chloride ions are counterions, balancing the charge of the complex cation.

In conclusion, the coordination number of [Co(en)s]Cls is 6, a fundamental aspect that defines its
geometry, stability, and properties in coordination chemistry.

Meta Description: Discover the coordination number of [Co(en)s]Cls, where en is ethylenediamine.
Learn how ligand denticity influences complex geometry and stability in this comprehensive inorganic
chemistry guide.

Frequently Asked Questions

What is the coordination number of the compound
[Co(en)3]CI3?

The coordination number of [Co(en)3]CI3 is 6 because each ethylenediamine (en) ligand is bidentate,
coordinating through two nitrogen atoms, resulting in 3 en ligands contributing 6 coordination sites
around the cobalt ion.

How does the chelating nature of ethylenediamine influence
the coordination number?

Ethylenediamine is a bidentate ligand that forms two bonds with the metal ion, increasing the overall
coordination number to 6 when three en molecules coordinate with the metal center.



What role do chloride ions play in the structure of
[Co(en)3]CI3?

In [Co(en)3]CI3, the chloride ions are counterions balancing the charge of the complex cation; they
are not directly bonded to the cobalt center but help maintain charge neutrality.

Why is ethylenediamine considered a chelating ligand in this
compound?

Ethylenediamine is considered a chelating ligand because it has two nitrogen donor atoms that can
simultaneously bind to a single metal ion, forming a ring structure and stabilizing the complex.

What is the significance of the ligand's denticity in
determining the coordination number?

The ligand's denticity indicates the number of donor atoms that bind to the metal ion; in the case of
en (denticity 2), three such ligands produce a total coordination number of 6.

Can the coordination number of [Co(en)3]CI3 change under
different conditions?

Typically, the coordination number remains 6 for this complex, but under certain conditions or with
different ligands, the coordination number can vary; however, in this compound, it is consistently 6.

How does the structure of [Co(en)3]CI3 reflect common
coordination geometries?

The complex adopts an octahedral geometry, which is common for coordination compounds with a
coordination number of 6, with three bidentate en ligands occupying six positions around cobalt.

What is the importance of understanding the coordination
number in coordination chemistry?

Knowing the coordination number helps in determining the geometry, stability, reactivity, and overall
properties of the complex, which are crucial for applications in catalysis, medicine, and materials
science.

Is the coordination number of [Co(en)3]CI3 affected by the
presence of chloride ions?

No, the chloride ions in [Co(en)3]CI3 are counterions and do not affect the coordination number of the
cobalt center; the coordination number is determined solely by the ligands directly bonded to the
metal, which is 6 in this case.



Additional Resources

What Is The Coordination Number Of The Compound [Co(en)s]Cls, Where En Is Ethylenediamine,
NH2CH2CH2NH2?

Understanding the coordination number of a complex compound like [Co(en)s]Cls is fundamental in
inorganic chemistry, as it provides insight into the structure, bonding, and properties of the molecule.
The coordination number essentially indicates how many ligand atoms are directly bonded to the
central metal ion. In this case, the compound features a cobalt ion coordinated with three
ethylenediamine (en) ligands and is associated with three chloride ions. But how do we determine its
coordination number? Let’s explore this question in detail.

What Is a Coordination Number?

Before delving into the specifics of [Co(en)s]Cls, it’s essential to understand what a coordination
number is. The coordination number of a central metal ion in a complex refers to the total number of
ligand donor atoms that are directly bonded to the metal. It is a key factor influencing the geometry
and stability of coordination compounds.

- Ligand Donor Atoms: The atoms within a ligand that donate electron pairs to form coordinate
covalent bonds with the metal.

- Coordination Sphere: The central metal atom or ion and all the ligands attached to it.

For example, if a metal ion is bonded to six donor atoms, its coordination number is 6, often resulting
in an octahedral structure.

Structural Components of [Co(en)s]Cls

To understand the coordination number of [Co(en)s]Cls, we need to analyze the structure:

- Central Metal lon: Cobalt (Co), which can have multiple oxidation states, but in this complex, it is
typically in +3 oxidation state.

- Ligands: Three ethylenediamine (en) molecules.

- Counter lons: Three chloride ions (Cl~), which are not directly bonded to the cobalt but balance the
charge in the compound.

Step-by-Step Breakdown of [Co(en)s]Cls
1. Identify the Ligands
Ethylenediamine (en) is a bidentate ligand, meaning it can coordinate to the metal at two donor sites:

- The two nitrogen atoms in the molecule each possess a lone pair that can coordinate to the metal.
- Each en ligand, therefore, attaches to the metal ion through two sites.



2. Determine the Number of Donor Atoms
Since each en ligand is bidentate:

- Number of ligands = 3
- Donor atoms per ligand = 2 (the two nitrogen atoms)

Total number of donor atoms bonding to cobalt:

- 3 ligands x 2 donor atoms per ligand = 6 donor atoms

3. Assess the Metal’s Coordination Sphere

The coordination sphere includes all ligand atoms directly bonded to the metal:
- Six nitrogen atoms from the three en ligands coordinate to cobalt.

- The chloride ions are counter ions, which are not directly bonded in the coordination sphere; they
balance the charge outside this sphere.

Determining the Coordination Number
Based on the above, the coordination number of cobalt in [Co(en)s]Cls is:
- 6 (from six nitrogen donor atoms)

This is characteristic of an octahedral geometry, which is common for six-coordinate complexes.

Geometry of [Co(en)s]Cls
Given the coordination number:

- The complex adopts an octahedral geometry.
- The three bidentate en ligands wrap around the cobalt center, forming a stable octahedral structure.

This geometry influences the complex’s properties, such as its magnetic behavior, optical absorption,
and reactivity.

Clarifying the Role of Chloride lons

While the chloride ions are essential for balancing charge, they are not part of the coordination
sphere in this complex:

- The complex cation: [Co(en)s]3*
- The counter ions: 3 Cl-



The overall formula reflects this ionic pairing, with the coordination number focusing solely on the
ligands attached to the metal.

Summary of Key Points

- The coordination number of [Co(en)s]Cls is 6.

- It results from six nitrogen donor atoms provided by three bidentate ethylenediamine ligands.
- The complex has an octahedral geometry.

- Chloride ions serve as counter ions, not directly bonded to cobalt.

Additional Insights
Factors Affecting Coordination Number
While in this case, the coordination number is 6, other factors can influence it:

- Ligand Type: Bidentate ligands like en tend to increase the coordination number.

- Metal lon Size and Oxidation State: Larger or higher oxidation state ions can accommodate more
ligands.

- Steric and Electronic Factors: Bulky ligands or electronic considerations can limit ligand attachment.

Significance in Chemistry
Understanding the coordination number helps:

- Predict the structure of the complex.
- Determine reactivity and stability.
- Infer magnetic and spectroscopic properties.

Concluding Remarks

In summary, the coordination number of [Co(en)3]Cls is 6, owing to the six nitrogen donor atoms from
three ethylenediamine ligands coordinating to the cobalt center. Recognizing how to decipher the
coordination number from the structure and ligand characteristics is fundamental in inorganic
chemistry, aiding in the prediction of complex geometries and properties. Whether analyzing new
compounds or studying existing ones, this concept remains a cornerstone of understanding
coordination chemistry.

By mastering the principles outlined in this guide, you can confidently determine coordination
numbers for a variety of complexes and appreciate the intricate bonding that defines their chemistry.
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