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Understanding the electron configurations of ions is fundamental in chemistry, especially when

analyzing transition metals and their properties. The groundstate electron configuration describes the

arrangement of electrons in the lowest energy state for a given ion. Using the abbreviated noble gas

notation simplifies this process by referencing the electron configuration of noble gases as a starting

point, then adding or removing electrons accordingly. In this article, we will predict the groundstate

electron configurations of the ions Cr²⁺, Cu²⁺, and Co²⁺, providing detailed explanations and step-by-

step reasoning for each.

---

Understanding Electron Configurations and Noble Gas Notation

Before diving into specific ions, it’s important to understand the basics of electron configurations and

how noble gas notation is used.

Electron Configuration Basics

- Electrons occupy orbitals in a specific order, following the Aufbau principle.

- The order of orbital filling generally follows 1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, and so on.



- Transition metals have electrons in both the 3d and 4s orbitals.

Noble Gas Notation

- Noble gases have a complete outer shell, making their electron configurations a convenient reference

point.

- The notation uses the symbol of the noble gas in brackets to represent all preceding filled orbitals.

- For example, [Ar] represents the electron configuration of argon: 1s² 2s² 2p⁶ 3s² 3p⁶.

---

Predicting Electron Configurations for Transition Metal Ions

When predicting the electron configuration of an ion, follow these general steps:

1. Determine the atomic number of the neutral atom.

2. Write the ground state electron configuration of the neutral atom.

3. Remove electrons corresponding to the ion's charge, starting with the outermost electrons, following

Hund’s rule and the Aufbau principle.

4. Convert the resulting configuration into noble gas notation for simplicity.

Let’s apply this process to each ion.

---

Electron Configuration of Chromium (Cr) and Its Ion (Cr²⁺)



Atomic Number and Ground State Configuration of Chromium

- Chromium (Cr) has an atomic number of 24.

- The electron configuration for neutral chromium (Cr) is:

1s² 2s² 2p⁶ 3s² 3p⁶ 4s¹ 3d⁵

Note: Chromium is an exception to the typical filling order because it prefers a half-filled d subshell for

added stability.

Writing Cr’s Ground State Configuration in Noble Gas Notation

- The noble gas preceding chromium is argon ([Ar], atomic number 18).

- Chromium’s configuration beyond argon:

- 4s¹ 3d⁵

- Therefore, the abbreviated configuration:

- [Ar] 4s¹ 3d⁵

Predicting the Ground State Electron Configuration of Cr²⁺

- Cr²⁺ implies a loss of 2 electrons from neutral chromium.

- Electrons are removed first from the outermost shell (4s) before 3d.

- Remove 1 electron from 4s¹ → 4s⁰

- Remove 1 electron from 3d⁵ → 3d⁴

- The resulting configuration:

- [Ar] 3d⁴

Summary for Cr²⁺:

- Electron configuration: [Ar] 3d⁴

---



Electron Configuration of Copper (Cu) and Its Ion (Cu²⁺)

Atomic Number and Ground State Configuration of Copper

- Copper (Cu) has an atomic number of 29.

- The typical electron configuration:

- 1s² 2s² 2p⁶ 3s² 3p⁶ 4s¹ 3d¹⁰

Note: Copper’s configuration is notable for the filled 3d subshell, which provides extra stability.

Writing Cu’s Ground State Configuration in Noble Gas Notation

- The noble gas before copper is argon ([Ar], atomic number 18).

- After argon:

- 4s¹ 3d¹⁰

- Thus, the abbreviated configuration:

- [Ar] 4s¹ 3d¹⁰

Predicting the Ground State Electron Configuration of Cu²⁺

- Cu²⁺ indicates a loss of 2 electrons from neutral copper.

- Electrons are removed from the outermost shell:

- First from 4s¹ → 4s⁰

- Then from 3d¹⁰ → 3d⁹

- The resulting configuration:

- [Ar] 3d⁹

Summary for Cu²⁺:

- Electron configuration: [Ar] 3d⁹



---

Electron Configuration of Cobalt (Co) and Its Ion (Co²⁺)

Atomic Number and Ground State Configuration of Cobalt

- Cobalt (Co) has an atomic number of 27.

- The electron configuration:

- 1s² 2s² 2p⁶ 3s² 3p⁶ 4s² 3d⁷

Note: Cobalt’s configuration reflects filled 3d subshells with electrons in 4s and 3d.

Writing Co’s Ground State Configuration in Noble Gas Notation

- The noble gas before cobalt is argon ([Ar], atomic number 18).

- After argon:

- 4s² 3d⁷

- The abbreviated configuration:

- [Ar] 4s² 3d⁷

Predicting the Ground State Electron Configuration of Co²⁺

- Co²⁺ indicates a loss of 2 electrons.

- Electrons are removed from the outermost shell:

- First from 4s² → 4s⁰

- The 3d electrons remain unchanged initially, but since electrons are removed, the two are taken from

4s.

- The resulting configuration:

- [Ar] 3d⁷



Summary for Co²⁺:

- Electron configuration: [Ar] 3d⁷

---

Summary Table of Electron Configurations for the Ions

| Ion | Noble Gas Notation | Electron Configuration |

|---------|---------------------|-----------------------------------|

| Cr²⁺ | [Ar] | 3d⁴ |

| Cu²⁺ | [Ar] | 3d⁹ |

| Co²⁺ | [Ar] | 3d⁷ |

---

Additional Insights and Applications

Understanding the electron configurations of transition metal ions like Cr²⁺, Cu²⁺, and Co²⁺ is

essential in various chemistry fields, including:

- Coordination Chemistry: The electron configuration influences how these ions form complexes with

ligands.

- Magnetic Properties: Unpaired electrons in the d orbitals determine magnetic behavior.

- Spectroscopy: Electron arrangements affect absorption spectra and transition energies.

- Oxidation-Reduction Reactions: The ease of gaining or losing electrons depends on the ion’s electron

configuration.

Practical Example:



- Cu²⁺ ions are commonly encountered in copper sulfate (CuSO₄), known for their vibrant blue color,

attributable to d-d electronic transitions involving the 3d⁹ configuration.

---

Conclusion

Predicting the groundstate electron configuration of transition metal ions is an essential skill in

chemistry, providing insights into their chemical behavior and properties. By starting with the noble gas

notation of the neutral atom and systematically removing electrons based on the ion's charge, one can

accurately determine the electron configurations of ions like Cr²⁺, Cu²⁺, and Co²⁺. These

configurations reveal the number of unpaired electrons, the potential for magnetism, and the typical

chemical reactivity of the ions, making this knowledge invaluable for students and professionals alike.

---

Remember: Always consider the order of orbital filling, the stability of half-filled and fully filled d

subshells, and the common patterns of electron removal when working with transition metal ions.

Frequently Asked Questions

What is the ground state electron configuration of Cr²⁺ using noble

gas notation?

[Ar] 3d⁴



How do you determine the electron configuration for Cu²⁺ in

abbreviated noble gas notation?

[Ar] 3d⁹

What is the ground state electron configuration of Co²⁺ in noble gas

notation?

[Ar] 3d⁷

Why do transition metal ions like Cr²⁺, Cu²⁺, and Co²⁺ have different

electron configurations than their neutral atoms?

Because they lose electrons from their outermost s and d orbitals during ion formation, leading to

configurations that reflect the removal of electrons to achieve stability.

How can you verify the electron configurations of transition metal ions

using noble gas notation?

By starting with the noble gas core that corresponds to the previous noble gas, then adding or

subtracting electrons from the outer orbitals as dictated by the ion's charge, following the Aufbau

principle.

Additional Resources

Predict the Ground State Electron Configuration of Each Ion Using the Abbreviated Noble Gas

Notation: Cr²⁺, Cu²⁺, Co²⁺

---



Introduction

Understanding the electron configurations of ions is fundamental in chemistry, especially in the context

of transition metals, where the d-orbitals play a pivotal role in determining their chemical and physical

properties. Accurate prediction of ground state electron configurations allows chemists to infer

reactivity, magnetic properties, and spectral behavior, which are critical in fields ranging from materials

science to bioinorganic chemistry.

In this discussion, we will focus on three transition metal ions: Chromium(II) (Cr²⁺), Copper(II) (Cu²⁺),

and Cobalt(II) (Co²⁺). For each, we will determine their electron configurations using the abbreviated

noble gas notation, which simplifies electron configurations by replacing core electrons with the noble

gas symbol, highlighting only the valence electrons and the electrons in the outer shells.

---

Fundamental Concepts for Electron Configurations of Ions

Before delving into each ion, it’s crucial to understand some foundational principles:

- Neutral Atom Electron Configuration: The distribution of electrons in an atom's orbitals in its ground

state, following the Aufbau principle, Hund’s rule, and Pauli exclusion principle.

- Ion Formation: When atoms form ions, they tend to lose or gain electrons to achieve a more stable

electron configuration, often approaching noble gas configurations.

- Transition Metals and the d-Block: These elements have valence electrons in the (n-1)d and ns

orbitals. For ions, electrons are removed or added primarily from the outermost s and d orbitals,

following specific rules.

- Noble Gas Notation: The core electrons are replaced by the noble gas symbol to simplify the

configuration:



Example: For calcium (Z=20), the configuration is [Ar]4s².

---

Electron Configuration of Neutral Elements

Let’s briefly review the ground state electron configurations of the neutral elements:

| Element | Atomic Number | Configuration (Full) | Noble Gas Notation |

|------------|----------------|------------------------|--------------------|

| Cr | 24 | [Ar] 3d⁵ 4s¹ | [Ar] 3d⁵ 4s¹ |

| Cu | 29 | [Ar] 3d¹⁰ 4s¹ | [Ar] 3d¹⁰ 4s¹ |

| Co | 27 | [Ar] 3d⁷ 4s² | [Ar] 3d⁷ 4s² |

---

1. Predicting the Ground State Electron Configuration of Cr²⁺

a. Neutral Chromium (Cr)

Chromium, with atomic number 24, has the configuration:

- Full configuration: [Ar] 3d⁵ 4s¹

This unusual configuration (half-filled d subshell) is stabilized due to electron exchange energy, making

it more stable than a configuration with paired electrons.

b. Formation of Cr²⁺

- Ion charge: +2 indicates the loss of 2 electrons.

- Electrons lost: Electrons are typically removed from the outermost shell first, which for transition



metals is the 4s orbital, followed by the 3d if necessary.

Step-by-step process:

1. Start with the neutral atom configuration: [Ar] 3d⁵ 4s¹

2. Remove two electrons:

- The 4s electron is lost first: [Ar] 3d⁵

- Since only one electron remains in 4s, the second electron is removed from the 3d subshell:

- The 3d electrons are generally lower in energy once the 4s is vacated, but in transition metals, 4s

electrons are removed first in ionization.

3. Final configuration:

- [Ar] 3d⁴

Conclusion:

> Cr²⁺ has an electron configuration of [Ar] 3d⁴.

c. Ground State and Properties

- The 3d⁴ configuration indicates four electrons in the d orbital.

- The magnetic properties can be inferred: with four unpaired electrons (assuming Hund's rule), Cr²⁺ is

paramagnetic.

- Electron arrangement influences its chemical reactivity and spectral characteristics.

---

2. Predicting the Ground State Electron Configuration of Cu²⁺

a. Neutral Copper (Cu)



- Configuration: [Ar] 3d¹⁰ 4s¹

- Copper is notable for its filled d-shell, which imparts unique stability.

b. Formation of Cu²⁺

- Ion charge: +2, indicating the loss of two electrons.

- Electron removal:

1. Start with [Ar] 3d¹⁰ 4s¹.

2. Remove electrons:

- The 4s electron is lost first: [Ar] 3d¹⁰.

- The second electron is typically removed from the 3d orbital.

3. However, in transition metals, the removal of electrons from the d-orbital can be influenced by

energetic considerations. But generally, the 4s electron is lost first, and the remaining electrons in the

d-shell stay intact unless further ionization occurs.

4. Final configuration:

- [Ar] 3d⁹

Note: The electron configuration for Cu²⁺ is [Ar] 3d⁹.

c. Ground State and Properties

- With 9 electrons in the 3d subshell, Cu²⁺ has one unpaired electron, making it paramagnetic.

- The stability of the 3d⁹ configuration is less than that of 3d¹⁰, so Cu²⁺ is somewhat reactive.

- Its magnetic moment can be predicted based on the number of unpaired electrons.



---

3. Predicting the Ground State Electron Configuration of Co²⁺

a. Neutral Cobalt (Co)

- Configuration: [Ar] 3d⁷ 4s²

- The presence of two electrons in 4s and seven in 3d.

b. Formation of Co²⁺

- Ion charge: +2, indicating the removal of two electrons.

1. The electrons are removed from the outermost shell:

- First, the 4s electrons are lost: [Ar] 3d⁷

- Since only two electrons are removed, both from 4s, the remaining electron configuration is [Ar] 3d⁷.

2. Final configuration:

- [Ar] 3d⁷

c. Ground State and Magnetic Properties

- The 3d⁷ configuration suggests five unpaired electrons (depending on the distribution), which

contributes to its magnetic behavior.

- According to Hund’s rule, the electrons tend to maximize unpaired electrons in degenerate orbitals,

so Co²⁺ is typically paramagnetic.

---

Summary Table of Ground State Electron Configurations



| Ion | Electron Configuration in Noble Gas Notation | Number of Unpaired Electrons | Magnetic

Properties |

|------------|----------------------------------------------|------------------------------|----------------------------|

| Cr²⁺ | [Ar] 3d⁴ | 4 | Paramagnetic |

| Cu²⁺ | [Ar] 3d⁹ | 1 | Paramagnetic |

| Co²⁺ | [Ar] 3d⁷ | 3 or 4 (depending on spin states) | Paramagnetic |

---

Deeper Insights into Electron Configurations

a. Transition Metal Electron Filling and Stability

Transition metals tend to exhibit variable oxidation states due to the relatively low energy difference

between their s and d electrons. This allows for multiple stable electron configurations, which influence

their chemical behavior.

For example:

- Chromium's half-filled d subshell (3d⁵) is particularly stable, hence Cr²⁺ retains four d-electrons.

- Copper's filled d shell (3d¹⁰) imparts exceptional stability, but ionization to Cu²⁺ results in a 3d⁹

configuration, which is less stable but common.

b. Electron Removal Sequence and Ion Stability

Generally, electrons are removed from the outermost s orbital before the d orbitals during ionization.

However, in some cases, the energy differences are small enough that specific electron removal

patterns can vary, especially in complex ions or in the presence of ligands.

c. Magnetic and Spectroscopic Implications



- The number of unpaired electrons relates directly to magnetic moments. For transition metal ions,

magnetic measurements can confirm electron configurations.

- Electron configurations influence absorption spectra, especially in d-d transitions, which are sensitive

to the number of unpaired electrons.

---

Practical Applications and Significance

Understanding the ground state electron configurations of these ions is crucial in multiple domains:

- Coordination Chemistry: The electron configuration affects ligand binding, geometry, and stability of

complexes.

- Magnetism: The number of unpaired electrons dictates magnetic properties, relevant in magnetic

materials and sensors.

- Spectroscopy: Electron configurations influence absorption spectra, aiding in identification and

analysis.

- Reactivity and Catalysis: The valence electron count impacts oxidation-reduction behavior and

catalytic activity.

---

Conclusion
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