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electronic processes in non crystalline materials by nevill francis mott has significantly contributed to our
understanding of how electrons behave in disordered solids. Unlike crystalline materials, where periodic atomic
arrangements facilitate well-understood conduction mechanisms, non-crystalline (amorphous) materials exhibit
complex electronic behaviors due to their structural disorder. This article delves into the core concepts, theories,
and applications presented by N. F. Mott regarding electronic processes in non-crystalline materials, offering a
comprehensive overview suitable for students, researchers, and professionals interested in condensed matter
physics and materials science.

Introduction to Non-Crystalline Materials
Non-crystalline or amorphous materials lack the long-range order characteristic of crystalline solids. Examples
include glasses, amorphous semiconductors like amorphous silicon, and certain polymers. These materials are vital
in modern technology, especially in electronics, optoelectronics, and photovoltaics, owing to their unique properties
such as ease of fabrication, flexibility, and optical transparency. Despite their advantages, the electronic conduction
mechanisms in amorphous materials are less straightforward compared to crystalline counterparts. The absence of
a periodic lattice leads to localized states and complex charge transport phenomena. Understanding these
processes is essential for optimizing device performance.

Fundamental Concepts in Electronic Processes in
Amorphous Materials

Localized and Extended States
In amorphous materials, the electronic energy states are categorized mainly into:

Localized States: Electrons are confined to a small region, often due to structural disorder, defects, or impurity1.
states. These states dominate near the Fermi level in disordered systems.
Extended States: Electrons can move freely across the material, resembling conduction in crystalline metals or2.
semiconductors. These are less prevalent in highly disordered systems.

The distribution and density of these states crucially influence electrical conductivity and optical properties.

The Mobility Edge Concept
Mott introduced the concept of a mobility edge, which demarcates localized states from extended states within the
energy spectrum. Electrons in states below the mobility edge tend to be localized, while those above are
delocalized and contribute to conduction. Understanding the position of the mobility edge is key to analyzing
conduction mechanisms: - When the Fermi level lies below the mobility edge, the material behaves as an insulator.



- If the Fermi level crosses the mobility edge, the material exhibits semiconducting or metallic behavior.

Mott’s Model of Electronic Conduction in Amorphous
Semiconductors

Hopping Conduction Mechanism
One of Mott's primary contributions is explaining conduction via hopping, where electrons move between localized
states through thermally activated tunneling. This process is predominant in highly disordered systems at lower
temperatures. Key features of hopping conduction: - Electrons jump between localized states separated by an
energy barrier. - The probability depends on the distance and energy difference between states. - Temperature
influences the hopping frequency, with higher temperatures facilitating easier hopping. Mott’s Variable Range
Hopping (VRH): Mott extended the hopping model to include variable range hopping, where electrons hop over
variable distances to states with similar energies, optimizing the conduction process. The VRH conductivity in three
dimensions is expressed as: \[ \sigma(T) = \sigma_0 \exp\left[ - \left( \frac{T_0}{T} \right)^{1/4} \right] \] where: -
\(\sigma_0\) is a pre-exponential factor, - \(T_0\) is a characteristic temperature related to the density of states and
localization length. This relation describes how conductivity decreases exponentially with decreasing temperature,
characteristic of hopping conduction.

Density of States and Fermi Level Position
The density of localized states near the Fermi level determines the ease of hopping conduction. The distribution
often exhibits an exponential tail extending into the bandgap, which is a hallmark of amorphous materials. The
position of the Fermi level relative to the mobility edge influences the dominant conduction mechanism: - Near the
mobility edge: conduction may involve thermal excitation into extended states. - Deep within localized states:
hopping dominates.

Electronic Processes and Optical Properties

Absorption and Transition Processes
In amorphous materials, optical absorption occurs via electronic transitions between localized and extended states
or within localized states themselves. Types of optical transitions: - Localized-to-Localized: Transitions between
localized states. - Localized-to-Extended: Transitions that promote electrons into extended states, contributing to
absorption in the visible and near-infrared regions. - Band Tail Transitions: Due to the exponential tail states,
absorption extends into the forbidden gap, affecting optical transparency. The Urbach tail describes the exponential
absorption edge, linked to the disorder within the material: \[ \alpha(\hbar \omega) \propto \exp \left( \frac{\hbar
\omega - E_g}{E_U} \right) \] where: - \(\alpha\) is the absorption coefficient, - \(E_g\) is the bandgap, - \(E_U\) is the
Urbach energy, quantifying disorder.

Impact on Device Performance
Understanding these optical processes is vital for devices such as thin-film solar cells, photodetectors, and light-
emitting devices, where absorption characteristics directly influence efficiency.
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Experimental Techniques to Study Electronic Processes
Mott’s theories are supported by various experimental methods:

Electrical Conductivity Measurements: Assess temperature dependence to distinguish hopping from band1.
conduction.
Optical Absorption Spectroscopy: Analyze tail states and transition mechanisms.2.
Electron Spin Resonance (ESR): Detect localized unpaired electrons, providing insights into localized states.3.
Photo-conductivity and Photoluminescence: Study charge carrier dynamics and recombination processes.4.

These techniques help interpret the nature of electronic states and validate theoretical models.

Applications and Technological Significance
Understanding electronic processes in non-crystalline materials, as elucidated by Nevill Francis Mott, has led to
advancements in various technologies: - Amorphous Silicon in Solar Cells: Hopping conduction influences charge
transport efficiency. - Thin-Film Transistors (TFTs): Control of localized states affects switching behavior. - Optical
Coatings and Displays: Tailoring tail states impacts transparency and color properties. - Memory Devices: Charge
trapping in localized states underpins non-volatile memory functionality. These applications underscore the
importance of Mott’s theories in designing and improving amorphous electronic materials.

Conclusion
Nevill Francis Mott's work on electronic processes in non-crystalline materials provides a fundamental framework for
understanding how disorder influences charge transport and optical phenomena. By introducing concepts such as
localized states, the mobility edge, and variable range hopping, Mott's theories have become cornerstones in
condensed matter physics and materials engineering. As technology continues to evolve toward flexible,
transparent, and lightweight electronic devices, the insights from Mott’s research remain critically relevant for
developing new amorphous materials with optimized electronic properties. In summary: - The conduction in
amorphous materials is predominantly governed by hopping between localized states. - The position of the Fermi
level relative to the mobility edge determines the conduction mechanism. - Optical processes are influenced by
localized states, tail states, and transition mechanisms. - Experimental techniques validate theoretical models and
guide material optimization. Understanding these processes enables scientists and engineers to harness the unique
properties of non-crystalline materials for innovative applications across electronics, optoelectronics, and energy
harvesting technologies.

Electronic Processes in Non-Crystalline Materials by Nevill Francis Mott: An Expert Review In the realm of condensed
matter physics and materials science, understanding the behavior of electrons in various materials is fundamental
for advancing technology and developing innovative applications. Among the pioneering works that have shaped
this understanding is Nevill Francis Mott’s seminal book, "Electronic Processes in Non-Crystalline Materials." First
published in 1979, this comprehensive treatise offers an in-depth exploration of the complex electronic phenomena
occurring in amorphous and disordered systems, often contrasting them with their crystalline counterparts. As an
expert review, this article aims to dissect and elucidate the core concepts, theories, and implications of Mott’s work,
emphasizing its enduring significance in the scientific community.



Introduction to Non-Crystalline Materials and Their
Significance
Non-crystalline materials, or amorphous solids, differ fundamentally from crystalline materials due to their lack of
long-range order. Common examples include glass, amorphous semiconductors, and certain polymers. Their unique
structure results in distinctive electronic properties, which are crucial for various technological applications such as
thin-film transistors, solar cells, and optical fibers. Why focus on non-crystalline materials? Their advantages include
ease of fabrication, flexibility, and cost-effectiveness. However, their disordered nature introduces complexity in
understanding their electronic behavior, requiring specialized theoretical frameworks—precisely what Mott's work
addresses.

Fundamental Challenges in Understanding Electronic
Processes
The core difficulty in analyzing non-crystalline materials lies in their lack of periodicity, which precludes the
straightforward application of band theory, the cornerstone for understanding electrons in crystalline solids.
Instead, electrons in amorphous materials experience a disordered potential landscape, leading to phenomena such
as localization, variable-range hopping, and altered conduction mechanisms. Key challenges include: - Absence of
translational symmetry: Making Bloch wave solutions inapplicable. - Localized states: Electrons can become trapped
in potential wells created by disorder. - Electronic localization: The transition between localized and extended states
defines conduction regimes. - Disorder-induced states: Presence of mid-gap states affecting optical and electronic
properties. Mott's book systematically approaches these challenges, providing models and theories that extend our
comprehension of electron behavior in disordered systems.

Mott’s Theoretical Frameworks and Contributions
Nevill F. Mott’s work is distinguished by its rigorous theoretical approach, blending quantum mechanics, statistical
physics, and solid-state theory. His contributions can be broadly categorized into the following areas:

1. Electronic Localization and the Mott Transition
One of Mott’s most influential concepts is the phenomenon of electronic localization. In disordered systems,
electrons can become confined to localized states due to interference effects, leading to insulating behavior even
when there are available electronic states nearby. Mott Transition (Metal-Insulator Transition): This transition
describes how a material can switch from an insulating to a metallic state (or vice versa) based on parameters such
as disorder, doping, or pressure. - Critical parameters: - Disorder strength: Increased disorder enhances localization.
- Carrier concentration: Doping can induce delocalization. - Electron-electron interactions: Coulomb repulsion
influences the transition. Mott proposed that this transition is driven by the interplay between disorder and electron
correlation, which can be characterized by the Mott criterion: \[ n_c^{1/3}a_B \approx 0.25 \] where \( n_c \) is the
critical carrier concentration and \( a_B \) is the effective Bohr radius. Implication: Understanding this transition is
vital for designing amorphous semiconductors with desired electrical properties.

2. Variable-Range Hopping (VRH) Conduction
In highly disordered materials at low temperatures, conduction does not proceed through extended Bloch states but
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via thermally assisted hopping between localized states. Mott’s theory of variable-range hopping provides a
quantitative description of this process. Core principles of VRH: - Electrons hop between localized states with
varying distances and energies. - The hopping probability depends on both the spatial separation and energy
difference. - At low temperatures, electrons tend to hop over longer distances to states closer in energy, optimizing
the hopping probability. Mott’s VRH formula (3D): \[ \sigma(T) = \sigma_0 \exp \left[ - \left( \frac{T_0}{T}
\right)^{1/4} \right] \] where: - \( \sigma(T) \): conductivity at temperature \( T \), - \( \sigma_0 \): a pre-factor, - \(
T_0 \): a characteristic temperature related to the density of states and localization length. This model has been
extensively validated and remains fundamental in understanding low-temperature conduction in amorphous
semiconductors and doped insulators.

3. Density of States and Tail States
Disorder induces an exponential tail of localized states extending into the band gap, significantly affecting optical
absorption and electrical conductivity. Mott’s analysis of the density of states (DOS) in non-crystalline materials
emphasizes the importance of these tail states. Key points: - Tail states originate from structural disorder and bond
variations. - They contribute to sub-gap absorption and variable-range hopping conduction. - The DOS near the
Fermi level determines the transport properties. Mott detailed how the distribution of localized states influences
electronic processes and how this can be modeled statistically.

4. Electron-Electron Interactions and Coulomb Gap
While early models considered non-interacting electrons, Mott extended the theory to include Coulomb interactions,
which lead to a soft gap—known as the Coulomb gap—at the Fermi level. Features of the Coulomb gap: -
Suppresses the DOS near the Fermi level. - Alters the temperature dependence of conductivity. - Is crucial for
understanding the low-temperature electrical behavior of disordered insulators. The Coulomb gap modifies the VRH
conduction law, leading to the Efros-Shklovskii law: \[ \sigma(T) \propto \exp \left[ - \left( \frac{T_1}{T}
\right)^{1/2} \right] \] where \( T_1 \) reflects the Coulomb interactions.

Experimental Techniques and Observations
Mott’s theories are not merely abstract; they are grounded in extensive experimental validation. Techniques that
have been instrumental in studying electronic processes in non-crystalline materials include: - Conductivity
measurements: Temperature-dependent studies reveal VRH behavior and the Mott transition. - Optical absorption
spectroscopy: Detects tail states and mid-gap states. - Electron spin resonance (ESR): Identifies localized magnetic
moments associated with tail states. - Scanning tunneling microscopy (STM): Visualizes localized states and
electronic inhomogeneity. These experimental approaches have confirmed many of Mott’s predictions, establishing
a robust framework for understanding amorphous and disordered systems.

Applications and Implications of Mott’s Work
The insights from Mott’s "Electronic Processes in Non-Crystalline Materials" have profound implications across
various fields: - Amorphous semiconductors: Used in thin-film transistors, solar cells, and sensors. - Glass
electronics: Understanding conduction in insulating glasses and dielectrics. - Disordered systems: Including organic
electronics, where disorder dominates charge transport. - Quantum computing: Insights into localization
phenomena inform qubit design and decoherence management. Moreover, Mott’s principles have guided the
development of models that optimize material properties for electronic devices, influencing both academic research
and industrial innovation.



Critical Evaluation and Legacy
Nevill F. Mott’s comprehensive treatment of electronic processes in non-crystalline materials remains a cornerstone
in condensed matter physics. Its strengths include: - Rigorous theoretical models that are widely applicable. - Clear
connection between theory and experimental validation. - Insights into fundamental phenomena such as
localization, hopping conduction, and metal-insulator transitions. However, challenges remain, especially in
modeling strongly correlated disordered systems and understanding new classes of amorphous materials with
complex compositions. Legacy: Mott’s work laid the groundwork for modern studies into disordered systems,
influencing subsequent research in nanoscale materials, organic electronics, and quantum phenomena.

Conclusion
"Electronic Processes in Non-Crystalline Materials" by Nevill Francis Mott is an indispensable resource that combines
theoretical depth with experimental relevance. Its exploration of localization, hopping conduction, density of states,
and electron-electron interactions provides a comprehensive framework for understanding the complex electronic
behavior of amorphous and disordered materials. For researchers and practitioners in materials science and
condensed matter physics, Mott’s insights continue to inform innovative approaches and inspire ongoing inquiry
into the fascinating world of non-crystalline systems. In summary: Nevill F. Mott’s pioneering work offers a detailed,
nuanced view of the electronic phenomena that define non-crystalline materials. Its enduring relevance
underscores the importance of disorder, localization, and electron correlations in shaping the electronic landscape
of amorphous systems, paving the way for technological advancements and deeper scientific understanding.

Questions & Answers About electronic processes in non
crystalline materials by nevill francis mott

No Question Answer

1 What are the key electronic processes
in non-crystalline materials as
described by Nevill Francis Mott?

Nevill Francis Mott explained that electronic processes in non-
crystalline materials primarily involve localized states, hopping
conduction, and the lack of long-range order, leading to unique
electrical properties such as variable-range hopping and the
absence of well-defined band gaps.

2 How does Mott's theory describe
charge transport in amorphous
semiconductors?

Mott's theory suggests that charge transport in amorphous
semiconductors occurs via hopping between localized states near
the Fermi level, with conduction influenced by temperature-
dependent hopping mechanisms rather than band conduction seen
in crystalline materials.

3 What is Mott's variable-range
hopping, and why is it significant in
non-crystalline materials?

Mott's variable-range hopping describes a conduction mechanism
where charge carriers hop between localized states over varying
distances depending on temperature, which explains the
temperature dependence of conductivity in disordered systems
and is fundamental to understanding electronic behavior in non-
crystalline materials.

4 According to Mott, how does the lack
of periodicity affect the electronic
energy levels in non-crystalline
materials?

Mott indicated that the absence of long-range periodicity leads to
broadened and localized energy states rather than sharp energy
bands, resulting in a distribution of localized states that influence
electronic conduction and optical properties.
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5 What experimental evidence supports
Mott's models of electronic processes
in non-crystalline materials?

Experimental evidence such as temperature-dependent
conductivity measurements, tunneling spectroscopy, and optical
absorption studies support Mott's models by revealing hopping
conduction, localized states, and the absence of a clear band gap
in amorphous and other non-crystalline materials.

6 How did Mott's work influence modern
applications of non-crystalline
materials in electronics?

Mott's insights into hopping conduction and localized states have
been fundamental in developing amorphous semiconductors for
thin-film transistors, solar cells, and electronic displays, enabling
their use in flexible, lightweight, and cost-effective electronic
devices.

7 What are the limitations of Mott's
theories when applied to complex or
highly disordered non-crystalline
systems?

While Mott's theories provide a foundational understanding, they
may oversimplify complex interactions in highly disordered
systems or materials with strong electron-electron interactions,
necessitating more advanced models to accurately describe
electronic processes in such cases.

electronic processes, non-crystalline materials, amorphous semiconductors, electron transport, optical properties,
density of states, localized states, band tail states, photoconductivity, Nevill Francis Mott
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