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Understanding the crystal structure of compounds is fundamental in inorganic chemistry, as it

influences their physical properties, reactivity, and applications. When considering iron oxides such as

FeO (iron(II) oxide), analyzing the ionic radii of constituent ions provides valuable insights into the

probable crystal lattice arrangement. Specifically, the ionic radius of Fe²⁺, given as 0.077 nm, is a

critical parameter that helps predict the most stable and common crystal structure for FeO. This article

delves into the relationship between ionic radii and crystal structures, examines the specific case of

FeO, and discusses the predicted structure based on ionic size considerations.

Understanding Ionic Radii and Their Significance in Crystal

Structures

What Are Ionic Radii?

Ionic radius refers to the effective size of an ion in a crystal lattice, measured from the nucleus to the

outermost electron shell. It varies depending on:

- The element and its oxidation state

- Coordination number (number of surrounding ions)

- Electronic configuration



Ionic radii are typically expressed in nanometers (nm) or picometers (pm). They are crucial in

predicting how ions pack together in a crystal lattice, influencing the geometry and stability of the

structure.

Importance of Ionic Radii in Determining Crystal Structures

The arrangement of ions in a crystal is governed by:

- The relative sizes of the cations and anions

- The electrostatic interactions between ions

- The preferred coordination numbers

By comparing ionic radii, chemists can estimate:

- The most probable coordination number

- The geometry of the crystal (e.g., cubic, octahedral, tetrahedral)

- The type of crystal structure (e.g., rock salt, wurtzite, zinc blende)

These predictions help synthesize materials with desired properties and understand their behavior in

different environments.

Characteristics of Fe²⁺ Ion and Its Ionic Radius

Properties of Fe²⁺

- Oxidation state: +2

- Electronic configuration: [Ar] 3d⁶

- Typical coordination: 6 (octahedral coordination)



Ionic Radius of Fe²⁺

- Given radius: 0.077 nm (77 pm)

- The radius may vary slightly depending on the coordination environment, but 0.077 nm is a

representative value for octahedral coordination.

Comparison with Other Relevant Ions

| Ion | Ionic Radius (nm) | Coordination Number | Notes |

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

| Fe²⁺ | 0.077 | 6 | In octahedral coordination |

| O²⁻ | 0.140 | - | Commonly forms anions in oxides |

| Fe³⁺ | 0.064 | 6 | Higher oxidation state, smaller radius|

The size difference between Fe²⁺ and O²⁻ is significant, influencing the lattice structure.

Predicting the Crystal Structure of FeO Based on Ionic Radii

Typical Structures of Metal Oxides

Many binary metal oxides adopt certain well-known crystal structures, primarily determined by the ionic

sizes and charge balance. Some common structures include:

- Rock salt (NaCl-type)

- Zinc blende (sphalerite)

- Wurtzite

- Cesium chloride (CsCl)

- Fluorite

The choice of structure depends largely on the ratio of cation to anion radii and the coordination

number.



Applying Ionic Radii to FeO Prediction

- The ionic radius ratio (r₊/r₋): For Fe²⁺ (0.077 nm) and O²⁻ (0.140 nm), this ratio is approximately

0.55.

- According to Pauling's rules and ionic radii considerations:

- When the radius ratio is about 0.41 to 0.73, the ions tend to adopt an octahedral coordination.

- The structure is often analogous to the rock salt (NaCl) structure, which is characterized by each ion

being octahedrally coordinated.

Given that the radius ratio is approximately 0.55, which falls within the typical range for octahedral

coordination, the most probable crystal structure for FeO is the rock salt (NaCl) structure.

Supporting Evidence from Known Iron Oxides

- Fe₂O₃ (hematite): Crystallizes in the rhombohedral corundum structure.

- Fe₃O₄ (magnetite): Has an inverse spinel structure.

- FeO (wüstite): Known to adopt the rock salt structure at room temperature.

Experimental data confirms that FeO adopts the NaCl-type structure, validating the ionic radius-based

prediction.

Details of the Rock Salt Structure in FeO

Features of the Rock Salt (NaCl) Structure

- Geometry: Face-centered cubic (FCC) lattice

- Coordination Number: 6 for both cations and anions

- Lattice Parameter: Usually determined by the sum of ionic radii

- Packing Efficiency: Approximately 74%, indicating a dense packing



Implications of the Rock Salt Structure for FeO

- Stability: The structure provides electrostatic stability at ambient conditions.

- Properties: FeO with a rock salt structure exhibits characteristic magnetic, electrical, and optical

properties.

- Defects and Non-Stoichiometry: Slight deviations can lead to vacancies, affecting properties like

conductivity.

Additional Factors Influencing Crystal Structure of FeO

Temperature and Pressure Effects

- Under high pressure or temperature, FeO can undergo phase transitions.

- At high pressures, more compact structures may form, but at standard conditions, the rock salt

structure prevails.

Non-Stoichiometry and Defects

- FeO often exhibits non-stoichiometry, with oxygen vacancies.

- These defects can slightly distort the ideal crystal structure but generally do not alter the fundamental

NaCl-type arrangement.

Electronic and Magnetic Considerations

- Fe²⁺ ions contribute to magnetic ordering.

- The crystal structure influences magnetic interactions, which are critical for applications in magnetic

materials.



Summary and Conclusions

Based on the ionic radii, especially the Fe²⁺ radius of 0.077 nm, and the typical radius ratio

calculations, the predicted crystal structure for FeO is the rock salt (NaCl) structure. This structure is

characterized by:

- Octahedral coordination of both Fe²⁺ and O²⁻ ions

- A face-centered cubic lattice arrangement

- High packing efficiency and stability

The prediction aligns with experimental observations, where FeO is known to crystallize in the NaCl-

type structure under ambient conditions, confirming the validity of ionic radii as a predictive tool in

crystal chemistry.

In summary:

- Ionic radius of Fe²⁺: 0.077 nm

- Ionic radius of O²⁻: 0.140 nm

- Radius ratio: approximately 0.55

- Predicted structure: rock salt (NaCl)

Understanding this relationship helps chemists and material scientists design and manipulate materials

for various technological applications, including magnetic devices, catalysts, and electronic

components.

---
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Frequently Asked Questions

What is the significance of ionic radii in predicting crystal structures?

Ionic radii help determine how ions pack together in a crystal lattice, influencing the type of structure

formed based on size compatibility and coordination preferences.

Given the ionic radius of Fe²⁺ as 0.077 nm, which crystal structure is

most likely for FeO?

FeO is most likely to adopt a cubic rock salt (NaCl-type) structure due to the similar ionic sizes and

coordination environment.

How does the ionic radius of Fe²⁺ compare to typical radii in various

crystal structures?

The radius of 0.077 nm for Fe²⁺ fits well within the range observed in octahedral coordination

environments typical of structures like rock salt and cesium chloride.

What is the typical coordination number of Fe²⁺ in FeO?

In FeO, Fe²⁺ typically exhibits a coordination number of 6, consistent with octahedral coordination in

the rock salt structure.

Are there other possible crystal structures for FeO based on its ionic

radius?

While the rock salt structure is most common, FeO can also adopt structures like wurtzite under

specific conditions, but ionic radius favors the rock salt form.



How does the ionic radius influence the stability of FeO's crystal

structure?

The ionic radius determines how well ions fit into the lattice sites; a size matching the lattice geometry

promotes stability, making structures like the rock salt more favorable for FeO.

What role does ionic radius play in differentiating FeO from similar

oxides like Fe₂O₃?

Differences in ionic radii and oxidation states influence the crystal structure; FeO's Fe²⁺ radius

supports simpler, close-packed structures, whereas Fe₂O₃ with Fe³⁺ tends to form more complex

arrangements.

Can the ionic radius of Fe²⁺ change under different conditions,

affecting the crystal structure prediction?

Yes, factors like pressure and temperature can alter ionic radii slightly, potentially leading to different

stable crystal structures, although the typical radius favors the rock salt structure at standard

conditions.

What experimental techniques can confirm the predicted crystal

structure of FeO?

X-ray diffraction (XRD) and electron microscopy are commonly used to determine the crystal structure

and validate the prediction based on ionic radii.

Additional Resources

On The Basis Of Ionic Radii, What Crystal Structure Would You Predict For FeO? Radius Of Fe²⁺ Is

0.077 nm



---

Introduction

The determination of crystal structures in transition metal oxides remains a fundamental pursuit in

solid-state chemistry and materials science. Among these, iron(II) oxide (FeO), also known as ferrous

oxide, is a widely studied compound due to its intriguing electronic, magnetic, and structural properties.

A crucial aspect of understanding and predicting its crystal structure hinges on the ionic radii of its

constituent ions, particularly Fe²⁺ and O²⁻. In this detailed exploration, we delve into the implications

of the ionic radius of Fe²⁺—noted as 0.077 nm—and how it guides us toward predicting the most

probable crystal structure for FeO.

---

The Significance of Ionic Radii in Crystal Structure Prediction

Ionic radii serve as fundamental parameters in crystal chemistry, providing insights into how ions pack

within a lattice and what configurations are energetically favorable. These radii influence:

- Coordination number: The number of anions surrounding a cation.

- Lattice stability: The most stable arrangement minimizes electrostatic energy.

- Structural geometry: The overall symmetry and lattice parameters.

In transition metal oxides like FeO, the ionic radii are particularly crucial because the oxidation state

and coordination environment influence the size of the ions, and thus, the resulting structure.

---

Ionic Radii of Fe²⁺ and O²⁻

Ionic Radius of Fe²⁺



The ionic radius of Fe²⁺ is given as 0.077 nm (or 77 pm). This value typically corresponds to a six-

coordinate (octahedral) environment, which is common in many oxides. It is important to note that ionic

radii can vary depending on the coordination number:

| Ion | Coordination Number | Ionic Radius (nm) | Reference/Source |

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

| Fe²⁺ | 6 (octahedral) | 0.077 | Shannon (1976) |

Ionic Radius of O²⁻

The radius of oxygen in its oxide form (O²⁻) is generally accepted as approximately 0.140 nm (or 140

pm). This larger size relative to Fe²⁺ influences the coordination environment and lattice geometry.

---

Structural Types in Transition Metal Oxides

Transition metal oxides exhibit a variety of crystal structures, predominantly influenced by ionic sizes,

oxidation states, and electronic configurations. The most common structures include:

- Rock Salt (NaCl) structure: Face-centered cubic (FCC) lattice with octahedral coordination.

- Wurtzite (ZnS) structure: Hexagonal, tetrahedral coordination.

- Zinc Blende (Sphalerite): Cubic, tetrahedral arrangement.

- Perovskite: A more complex structure with 12-coordinate sites.

Among these, the rock salt structure (NaCl-type) is especially prevalent for binary metal oxides where

the cation and anion sizes favor octahedral coordination.

---

Ionic Radii Ratios and Structural Preferences



A key factor in predicting crystal structures is the radius ratio:

\[

\text{Radius Ratio} = \frac{\text{Radius of cation}}{\text{Radius of anion}}

\]

This ratio helps determine the preferred coordination:

| Radius Ratio Range | Coordination Number | Typical Structure |

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

| 0.155 – 0.225 | 6 (octahedral) | Rock salt (NaCl) |

| 0.225 – 0.414 | 4 (tetrahedral) | Zinc blende, Wurtzite |

| 0.414 – 0.732 | 8 (cubic) | Fluorite |

Applying this to FeO:

\[

\frac{0.077\, \text{nm}}{0.140\, \text{nm}} \approx 0.55

\]

This ratio (~0.55) exceeds 0.414 but remains below 0.732, suggesting that Fe²⁺ can comfortably adopt

an octahedral coordination environment, consistent with the rock salt structure.

---

Electronic and Structural Considerations for FeO

Oxidation State and Electron Configuration

Fe²⁺ has an electron configuration of [Ar] 3d⁶. The compound FeO is known to be predominantly in

the Fe²⁺ oxidation state, which favors high-spin configurations due to weak crystal fields in oxide



lattices. This electronic configuration favors structures with octahedral coordination, which stabilize the

high-spin state.

Magnetic and Electronic Properties

FeO exhibits antiferromagnetic ordering below its Néel temperature (~198 K). Its magnetic behavior is

consistent with an octahedral coordination environment, further supporting the likelihood of a rock salt

structure.

---

Predicted Crystal Structure of FeO

Based on the ionic radius of Fe²⁺ (0.077 nm) and the radius ratio considerations, the most probable

crystal structure for FeO is the rock salt (NaCl) structure.

Justification:

- Size compatibility: The radius ratio (~0.55) aligns well with octahedral coordination, typical of rock

salt.

- Coordination number: Fe²⁺ in FeO is six-coordinate, matching the octahedral coordination of the rock

salt structure.

- Historical and experimental evidence: Empirical data confirms that FeO adopts the NaCl-type

structure at ambient conditions.

- Electronic and magnetic properties: The antiferromagnetic ordering observed in FeO is characteristic

of the rock salt lattice.

---

Structural Variants and Conditions



While the rock salt structure is predominant under ambient conditions, it is essential to acknowledge

that:

- High-pressure phases: Under extreme pressures, FeO can undergo phase transitions to more

densely packed structures.

- Defect structures: Non-stoichiometry and vacancies can distort the ideal lattice but generally preserve

the fundamental octahedral coordination.

---

Comparative Analysis with Similar Compounds

Examining similar transition metal oxides further supports the prediction:

- MnO: Ionic radius of Mn²⁺ (~0.083 nm), adopts rock salt structure.

- CoO: Ionic radius of Co²⁺ (~0.079 nm), also crystallizes in the NaCl structure.

- NiO: Ionic radius of Ni²⁺ (~0.069 nm), yet still adopts rock salt structure due to comparable size and

electronic factors.

This consistency across similar compounds confirms the reliability of ionic radii-based predictions.

---

Limitations and Considerations

While ionic radii provide a robust framework for predicting crystal structures, several factors can

influence the actual structure:

- Electronic correlations: Strong electron-electron interactions can induce distortions or phase

transitions.

- Temperature and pressure effects: These can modify lattice parameters and favor different phases.



- Defects and non-stoichiometry: Vacancies or excess oxygen can distort the ideal lattice.

Hence, while the ionic radii strongly suggest a rock salt structure for FeO, experimental validation

remains essential.

---

Conclusion

Integrating ionic radii data, electrostatic considerations, and empirical evidence leads to a confident

prediction: _FeO, with Fe²⁺ ionic radius of 0.077 nm, adopts a cubic rock salt (NaCl) crystal

structure._ This structure features octahedral coordination, consistent with the size ratio (~0.55),

electronic configuration, and observed magnetic properties. Understanding this relationship

underscores the vital role of ionic radii in deciphering the fundamental architecture of transition metal

oxides and informs future synthesis and application endeavors in materials science.

---
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Note: The prediction aligns with classical crystal chemistry principles and corroborated by experimental

data, confirming the robustness of ionic radii as a predictive tool for crystal structures in transition

metal oxides.
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