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Change of State Chemistry: Understanding the Transformations of Matter

change of state chemistry is a fascinating branch of science that explores
how matter transitions from one physical form to another. Whether it’s ice
melting into water, steam condensing on a cold surface, or dry ice
sublimating into carbon dioxide gas, these changes are all part of the
dynamic behavior of substances. Understanding these processes not only sheds
light on everyday phenomena but also plays a crucial role in various
scientific and industrial applications.

The Basics of Change of State Chemistry

At its core, change of state chemistry examines how substances move between
solid, liquid, and gas phases. These transitions are primarily driven by
energy changes, usually in the form of heat, which influence the arrangement
and movement of particles within a substance. When you heat a solid, its
particles vibrate more vigorously until they break free from their fixed
positions, turning into a liquid. Similarly, adding more heat can push a
liquid’s particles apart until they become a gas.

Common States of Matter

Before diving deeper, it’s important to understand the three primary states
of matter involved in most everyday changes of state:

- **Solid:** Particles are tightly packed in a fixed structure, giving solids
a definite shape and volume.
- **Liquid:** Particles are close but can slide past each other, allowing
liquids to flow and take the shape of their container while maintaining
volume.
- **Gas:** Particles are widely spaced and move freely, filling the entire
volume of their container.

Some materials also exhibit less common states, like plasma or Bose-Einstein
condensates, but the solid, liquid, and gas phases dominate most change of
state chemistry discussions.

Types of Changes of State

Change of state chemistry involves several specific processes where matter
transforms from one phase to another. Each process has unique characteristics



and energy requirements.

Melting and Freezing

- **Melting** is the transition from solid to liquid. When energy (heat) is
added, the rigid lattice of a solid breaks down, allowing particles to move
more freely.
- **Freezing** is the reverse, where a liquid loses heat and particles slow
down, forming a solid structure.

For example, ice melting into water is a classic melting process, while water
turning into ice in a freezer demonstrates freezing.

Evaporation and Condensation

- **Evaporation** occurs when particles at the surface of a liquid gain
enough energy to become gas. This process happens at temperatures below the
boiling point and is why puddles dry up.
- **Condensation** is when gas particles lose energy and transition into the
liquid phase, such as dew forming on grass in the early morning.

Boiling and Sublimation

- **Boiling** is a rapid vaporization process where a liquid turns to gas
throughout the entire volume at a specific temperature called the boiling
point.
- **Sublimation** is a unique change where a solid transforms directly into a
gas without passing through the liquid phase, like dry ice turning into
carbon dioxide gas.

Deposition

The reverse of sublimation, **deposition** occurs when a gas turns directly
into a solid. Frost forming on a cold window is an everyday example of
deposition.

The Role of Energy in Changes of State

One of the most intriguing aspects of change of state chemistry is the
involvement of energy. Understanding how energy influences the
transformations helps explain why and when these changes occur.



Latent Heat Explained

During a phase change, a substance absorbs or releases energy known as
**latent heat** without changing its temperature. This energy is used to
break or form bonds between particles rather than increasing kinetic energy.

There are two main types:

- **Latent heat of fusion:** Energy absorbed or released during melting or
freezing.
- **Latent heat of vaporization:** Energy absorbed or released during boiling
or condensation.

For instance, when ice melts, it absorbs latent heat to break the bonds
holding its crystalline structure together, but its temperature remains
constant at 0°C until fully melted.

Why Temperature Doesn’t Change During Phase Changes

It might seem counterintuitive that temperature stays the same during a phase
change, but this happens because all the energy supplied goes into altering
the internal structure of the substance rather than increasing particle
motion. This unique property is a hallmark of change of state chemistry and
is vital in processes like climate regulation and industrial cooling systems.

Applications of Change of State Chemistry

Change of state chemistry isn’t just theoretical; it has practical
applications across many fields.

Everyday Life and Nature

- **Weather patterns:** The water cycle depends heavily on evaporation,
condensation, and precipitation—processes rooted in change of state
chemistry.
- **Cooking:** Understanding how water boils or how fats melt helps improve
culinary techniques.
- **Refrigeration and air conditioning:** These systems rely on phase changes
of refrigerants to transfer heat efficiently.

Industrial Uses



- **Material processing:** Metallurgy involves melting metals to shape and
alloy them.
- **Pharmaceuticals:** Sublimation is used to purify compounds without
exposing them to high temperatures.
- **Energy systems:** Steam turbines harness energy through the vaporization
of water, showcasing change of state chemistry at work in power generation.

Exploring Phase Diagrams

Phase diagrams are graphical representations that map the states of matter
under varying temperatures and pressures. They are essential tools for
visualizing change of state chemistry.

Understanding the Diagram

A typical phase diagram shows:

- Regions where solid, liquid, and gas phases are stable.
- Lines representing equilibrium between phases, where two states coexist.
- Critical points beyond which distinct liquid and gas phases cease to exist.

By studying phase diagrams, scientists can predict the behavior of substances
under different environmental conditions, crucial in fields like materials
science and chemical engineering.

Tips for Studying Change of State Chemistry

If you’re diving into this topic, here are some pointers to deepen your
understanding:

- **Visualize particle movement:** Imagine how particles behave differently
in solids, liquids, and gases to grasp phase changes better.
- **Relate to real-world examples:** Observing everyday phenomena, like
boiling water or ice melting, can reinforce concepts.
- **Practice with phase diagrams:** Learn to interpret these charts to
connect temperature, pressure, and state changes.
- **Explore energy concepts:** Focus on latent heat and energy transfer to
understand why temperature remains constant during phase changes.

Engaging with experiments, such as heating and cooling water or observing
sublimation in dry ice, can make the learning experience more tangible and
enjoyable.

Change of state chemistry opens a window into the dynamic nature of matter,
showing how subtle shifts in energy can drive dramatic transformations.



Whether in natural cycles or technological innovations, these phase changes
are fundamental to the world around us.

Frequently Asked Questions

What is meant by change of state in chemistry?
Change of state refers to the physical transformation of a substance from one
state of matter (solid, liquid, gas) to another without altering its chemical
composition.

What are the common types of changes of state?
The common changes of state include melting (solid to liquid), freezing
(liquid to solid), vaporization (liquid to gas), condensation (gas to
liquid), sublimation (solid to gas), and deposition (gas to solid).

How does temperature affect the change of state?
Temperature affects the kinetic energy of particles; when a substance reaches
its melting or boiling point, the energy causes particles to overcome
intermolecular forces, leading to a change of state.

What is the difference between evaporation and
boiling?
Evaporation occurs at the surface of a liquid at any temperature below its
boiling point, while boiling happens throughout the liquid at a specific
temperature called the boiling point.

Why does water expand when it freezes?
Water expands upon freezing because its molecules form a crystalline
structure maintained by hydrogen bonds, which occupies more space than in the
liquid state.

What role does pressure play in changes of state?
Pressure influences the temperature at which a substance changes state;
increasing pressure generally raises the boiling and melting points by
forcing particles closer together.

Can a substance skip the liquid state during a
change of state?
Yes, through sublimation, a substance can change directly from a solid to a



gas without passing through the liquid state, as seen with dry ice (solid
carbon dioxide).

Additional Resources
Change of State Chemistry: Understanding Phase Transitions and Their
Implications

Change of state chemistry delves into the fundamental transformations that
matter undergoes as it shifts between solid, liquid, gas, and plasma phases.
This area of study is crucial across various scientific disciplines,
including physical chemistry, materials science, and environmental studies,
due to its direct impact on understanding natural phenomena and industrial
processes. Exploring the mechanisms, energy dynamics, and molecular
interactions involved in phase transitions enhances our ability to manipulate
materials and predict their behavior under different conditions.

The Fundamentals of Change of State Chemistry

At its core, change of state chemistry examines how substances transition
from one phase to another, primarily driven by variations in temperature and
pressure. These phase changes include melting, freezing, vaporization,
condensation, sublimation, and deposition. Each transition involves a
delicate balance between intermolecular forces and kinetic energy within the
material’s molecules.

When heat energy is added or removed, the particles in a substance either
gain or lose kinetic energy, altering their movement and the attractive
forces between them. For example, during melting, a solid absorbs heat,
increasing molecular motion until the rigid structure breaks down into a
liquid. Conversely, freezing releases heat as molecules slow and organize
into a crystal lattice. The energy associated with these transitions is known
as latent heat, a critical parameter in thermodynamic calculations and
engineering applications.

Latent Heat and Energy Considerations

Latent heat is a cornerstone concept within change of state chemistry,
representing the energy absorbed or released during a phase transition
without changing the substance’s temperature. This phenomenon underscores
why, for instance, ice remains at 0°C while melting despite continuous heat
input. The energy goes into breaking molecular bonds rather than raising
temperature.

Two principal types of latent heat are recognized:



Latent heat of fusion: Energy involved in the solid-liquid transition.

Latent heat of vaporization: Energy required for liquid-gas phase
changes.

These quantities vary significantly among substances, reflecting differences
in molecular structure and bonding. Water, for example, exhibits a high
latent heat of vaporization (approximately 2260 kJ/kg), making it an
efficient medium for heat transfer and a key player in climate regulation and
industrial cooling systems.

Molecular Dynamics and Intermolecular Forces

Understanding the molecular basis of phase changes requires analyzing the
interplay between kinetic energy and intermolecular forces such as hydrogen
bonding, van der Waals forces, and ionic interactions. In solids, strong
intermolecular attractions create ordered structures, whereas in gases,
particles move freely with negligible intermolecular forces.

Different substances exhibit unique patterns of phase behavior due to these
molecular characteristics. For example, noble gases like helium and neon have
weak van der Waals forces, resulting in low melting and boiling points. In
contrast, substances with stronger hydrogen bonds, like water, demonstrate
anomalous behaviors such as higher melting points and density anomalies in
the solid phase.

Phase Diagrams: Mapping State Changes

Phase diagrams serve as essential tools in change of state chemistry by
visually representing the stability regions of different phases under varying
temperature and pressure conditions. These diagrams include critical points
such as:

Triple point: The unique set of conditions where solid, liquid, and gas
phases coexist in equilibrium.

Critical point: The temperature and pressure beyond which distinct
liquid and gas phases cease to exist, merging into a supercritical
fluid.

Industrial applications rely heavily on phase diagrams to optimize processes
like distillation, crystallization, and material synthesis. For instance,



supercritical CO2 extraction exploits the unique solvating properties of CO2
above its critical point to selectively remove compounds in pharmaceuticals
and food industries.

Applications and Implications in Science and
Industry

The principles underlying change of state chemistry extend into numerous
practical arenas. In environmental science, understanding phase transitions
of water is vital for modeling weather patterns, cloud formation, and the
hydrological cycle. Ice melting rates influence sea-level rise, while
evaporation impacts humidity and temperature regulation.

In materials science, controlling phase changes allows for the design of
alloys, polymers, and ceramics with tailored properties. For example, shape-
memory alloys utilize solid-state transitions to restore original shapes
after deformation. Similarly, phase change materials (PCMs) are engineered to
store and release thermal energy efficiently, enhancing energy conservation
technologies in building design and electronics.

Pros and Cons of Phase Change Materials

Advantages:

High energy storage density due to latent heat.

Ability to maintain constant temperature during phase transition.

Potential to reduce energy consumption in heating and cooling
systems.

Limitations:

Possible material degradation over repeated cycles.

Limited thermal conductivity, requiring additives or composites.

Cost and scalability challenges for widespread adoption.



Advanced Perspectives: Supercooling and Non-
Equilibrium States

Beyond classical phase changes, change of state chemistry encompasses complex
phenomena such as supercooling and metastable states. Supercooling occurs
when a liquid is cooled below its freezing point without crystallizing, often
requiring nucleation sites to initiate solidification. This behavior is
significant in cryopreservation, meteorology, and food science.

Non-equilibrium phase transitions, including glass formation and amorphous
solids, challenge conventional understandings of state changes. These states
possess disordered molecular arrangements akin to liquids but with solid-like
mechanical properties. Investigating these materials opens avenues for novel
applications in optics, electronics, and pharmaceuticals.

Comparative Analysis: Crystalline vs. Amorphous
Solids

Crystalline solids: Exhibit long-range order with defined melting points
and sharp phase transitions.

Amorphous solids: Lack ordered structures, display gradual softening
over a temperature range rather than a clear melting point.

These distinctions influence material behavior, processing techniques, and
application suitability, underscoring the importance of comprehensive phase
understanding.

The ongoing exploration of change of state chemistry continues to unravel
intricate molecular dynamics and thermodynamic principles that govern the
behavior of matter. By integrating experimental observations with theoretical
models, scientists and engineers can harness phase transitions to innovate
across diverse sectors, from environmental management to advanced
manufacturing.
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  change of state chemistry: Treatise on Solid State Chemistry N. Hannay, 2012-12-06 The last
quarter-century has been marked by the extremely rapid growth of the solid-state sciences. They
include what is now the largest subfield of physics, and the materials engineering sciences have
likewise flourished. And, playing an active role throughout this vast area of science and engineer ing
have been very large numbers of chemists. Yet, even though the role of chemistry in the solid-state
sciences has been a vital one and the solid-state sciences have, in turn, made enormous
contributions to chemical thought, solid-state chemistry has not been recognized by the general
body of chemists as a major subfield of chemistry. Solid-state chemistry is not even well defined as
to content. Some, for example, would have it include only the quantum chemistry of solids and would
reject thermodynamics and phase equilibria; this is nonsense. Solid-state chemistry has many facets,
and one of the purposes of this Treatise is to help define the field. Perhaps the most general
characteristic of solid-state chemistry, and one which helps differentiate it from solid-state physics,
is its focus on the chemical composition and atomic configuration of real solids and on the
relationship of composition and structure to the chemical and physical properties of the solid. Real
solids are usually extremely complex and exhibit almost infinite variety in their compositional and
structural features.
  change of state chemistry: Chemistry John Olmsted, Gregory M. Williams, 1997 Textbook
outling concepts of molecular science.
  change of state chemistry: Handbook of Solid State Chemistry, 6 Volume Set Richard
Dronskowski, Shinichi Kikkawa, Andreas Stein, 2017-10-23 This most comprehensive and unrivaled
compendium in the field provides an up-to-date account of the chemistry of solids, nanoparticles and
hybrid materials. Following a valuable introductory chapter reviewing important synthesis
techniques, the handbook presents a series of contributions by about 150 international leading
experts -- the Who's Who of solid state science. Clearly structured, in six volumes it collates the
knowledge available on solid state chemistry, starting from the synthesis, and modern methods of
structure determination. Understanding and measuring the physical properties of bulk solids and the
theoretical basis of modern computational treatments of solids are given ample space, as are such
modern trends as nanoparticles, surface properties and heterogeneous catalysis. Emphasis is placed
throughout not only on the design and structure of solids but also on practical applications of these
novel materials in real chemical situations.
  change of state chemistry: The Role of Degenerate States in Chemistry, Volume 124 Michael
Baer, Gert Due Billing, 2003-03-31 Edited by Nobel Prize-winner Ilya Prigogine and renowned
authority Stuart A. Rice, the Advances in Chemical Physics series provides a forum for critical,
authoritative evaluations in every area of the discipline. In a format that encourages the expression
of individual points of view, experts in the field present comprehensive analyses of subjects of
interest. This stand-alone, special topics volume, edited by Gert D. Billing of the University of
Copenhagen and Michael Baer of the Soreq Nuclear Research Center in Yavne, Israel, reports recent
advances on the role of degenerate states in chemistry. Volume 124 collects innovative papers on
Complex States of Simple Molecular Systems, Electron Nuclear Dynamics, Conical Intersections and
the Spin-Orbit Interaction, and many more related topics. Advances in Chemical Physics remains the
premier venue for presentations of new findings in its field.
  change of state chemistry: Chemistry for the IB MYP 4 & 5 Annie Termaat, Christopher
Talbot, 2016-08-22 The only series for MYP 4 and 5 developed in cooperation with the International
Baccalaureate (IB) Develop your skills to become an inquiring learner; ensure you navigate the MYP
framework with confidence using a concept-driven and assessment-focused approach presented in
global contexts. - Develop conceptual understanding with key MYP concepts and related concepts at
the heart of each chapter. - Learn by asking questions with a statement of inquiry in each chapter. -
Prepare for every aspect of assessment using support and tasks designed by experienced educators.
- Understand how to extend your learning through research projects and interdisciplinary
opportunities. This title is also available in two digital formats via Dynamic Learning. Find out more



by clicking on the links at the top of the page.
  change of state chemistry: Oxford Smart Activate Chemistry Teacher Handbook (Ebook)
Alyssa Fox-Charles, 2025-06-05 Oxford Smart Activate Chemistry Teacher Handbook (Ebook) has
high aspirations for all budding chemists at KS3. Building on what has been learned at KS2, this
handbook helps teachers to plan and deliver lessons that immerse learners in the world of
chemistry, while developing key knowledge and skills towards GCSE. Providing support for all
teachers, specialists and non-subject-specialists, this handbook contains practical suggestions to
reactivate prior knowledge, trigger student interest and reflect on learning and progress. Links
between topics, sciences and the wider KS3 curriculum are clearly identified. Informed by up-to-date
educational research and tried and tested by Pioneer Schools (UK) to ensure that the teacher
guidance is relevant, impactful and promoting current pedagogical practice. Oxford Smart Activate
is the next evolution of the best-selling Activate series from editor and curriculum expert, Andrew
Chandler-Grevatt.
  change of state chemistry: Chemistry for CSEC® Anne Tindale, Jennifer Murray, 2014-11-13
Newly revised in line with the latest syllabus and with a modernised, student-friendly design, which
provides additional practice for students and brings lab work to life with exciting activities and
simulations.
  change of state chemistry: Chemistry For Middle Class-8 (Book-III) R.P. Rana, The
multi-coloured edition of the books has been revised and updated in a lucid language. Project work
at the end of each chapter lays emphasis on the learning by doing methodology. Unit Test Paper and
Model Test Paper have been included.
  change of state chemistry: 2025-26 Assistant Professor All States Chemistry Solved Papers
YCT Expert Team , 2025-26 Assistant Professor All States Chemistry Solved Papers 416 795 E . This
book contains 18 sets of the previous year solved papers.
  change of state chemistry: SELF-HELP TO I.C.S.E. NEW APPROACH TO CHEMISTRY 9
(FOR 2022-23 EXAMINATIONS) Amar Bhutani, This book is written strictly in accordance with
the latest syllabus prescribed by the Council for the I.C.S.E. Examinations in and after 2023. This
book includes the Answers to the Questions given in the Textbook New Approach to Chemistry Class
9 published by Goyal Prakshan Pvt. Ltd. This book is written by Amar Bhutani.
  change of state chemistry: Solid State Chemistry R. A. Mashelkar, 1995 Solid State
Chemistry today is a frontier area of mainstream chemistry, and plays a vital role in the development
of materials. The present work, consisting of a selection of Prof. C N R Rao's papers, covers most of
the important aspects of solid state chemistry and provides the flavour of the subject, showing how
the subject has evolved over the years. The book is up-to-date, and will be useful to students,
teachers, beginning researchers and practitioners in solid state chemistry as well as in the broader
area of materials science.
  change of state chemistry: Ebook: Chemistry: The Molecular Nature of Matter and
Change Silberberg, 2015-01-16 Ebook: Chemistry: The Molecular Nature of Matter and Change
  change of state chemistry: Solid State Chemistry Elaine A. Moore, Jennifer Readman,
2025-05-22 Solid State Chemistry: An Introduction 6th Edition is a fully revised edition of one of our
most successful textbooks with at least 20% new information and new images of crystal structures.
Solid-state chemistry is still a rapidly advancing field, contributing to areas such as batteries for
transport and energy storage, nanostructured materials and porous materials for the capture of
carbon dioxide and other pollutants. This edition aims, as previously, not only to teach the basic
science that underpins the subject but also to direct the reader to the most modern techniques and
to expanding and new areas of research. The user-friendly style takes a largely non-mathematical
approach and gives practical examples of applications of solid-state materials and concepts. The
chapter on sustainability written by an expert in the field has been updated, and examples of the
relevance of solid-state chemistry to sustainability are used throughout. The chapter on batteries has
been extended to include fuel cells. Other new topics in this edition include X-ray-free electron laser
crystallography and thermal properties of materials. A companion website offering accessible



resources for students and instructors alike, featuring topics and tools such as quizzes, videos, web
links and more has been provided for this edition.
  change of state chemistry: A Level Chemistry for OCR A: Year 2 Dave Gent, 2016-05-05 Please
note this title is suitable for any student studying: Exam Board: OCR Level: A Level Year 2 Subject:
Chemistry First teaching: September 2015 First exams: June 2017 Written by curriculum and
specification experts in partnership with OCR, this Student Book supports and extends students
through the new course while delivering the breadth, depth, and skills needed to succeed in the new
A Level and beyond. It develops true subject knowledge while also developing essential exam skills.
Covers the second year worth of content required for the new OCR Chemistry A A Level
specification.
  change of state chemistry: Oxford Smart Activate Chemistry Student eBook Philippa
Gardom Hulme, 2024-09-12 The Oxford Smart Activate Chemistry Student ebook motivates and
inspires students to think like a scientist and see themselves as future scientists. This book builds
from KS2 and prepares students for GCSE and beyond. Tried and tested by (UK) Pioneer schools to
ensure that every aspect works for all students, all teachers, and in all secondary science
classrooms, Oxford Smart Activate is the next evolution of the best-selling Activate series from series
editor and curriculum expert, Andrew Chandler-Grevatt. For schools following a separate sciences
route, core Chemistry topics and skills are introduced to students using real-world contexts to create
connections between their learning and the world beyond, encouraging students to recognise the
impact that they have in this fast-changing world. Informed by up-to-date educational research, this
evidence-based student book has been developed to support independent learning, embed
metacognitive strategies, and inspire student curiosity in the awe and wonder of science.
  change of state chemistry: Trends in Chemistry of Materials C. N. R. Rao, 2008 In this
collection, the author has compiled a set of his papers representing some of the highlights of
materials chemistry. It features a section on oxidic materials, which includes high-temperature
superconductivity, colossal magnetoresistance, electronic phase separation and multiferroics. The
author has also included novel methods for making gallium nitride, boron nitride and such materials,
by using precursors and the urea decomposition route. Moreover, there is a section dealing with
open-framework and hybrid materials of which the latter has a great future since one can make use
of the rigidity of inorganic structures and the functionality and flexibility of the organic residues to
design materials with novel properties.
  change of state chemistry: SELF-HELP TO ICSE NEW APPROACH TO CHEMISTRY 9 Amar
Bhutani, Solutions of New Approach to Chemistry 9 (Goyal Brothers) for 2021 Examinations
  change of state chemistry: Solid State Chemistry Lesley E. Smart, Elaine A. Moore,
2016-04-19 Building a foundation with a thorough description of crystalline structures, Solid State
Chemistry: An Introduction, Fourth Edition presents a wide range of the synthetic and physical
techniques used to prepare and characterize solids. Going beyond basic science, the book explains
and analyzes modern techniques and areas of research. The book covers: A range of synthetic and
physical techniques used to prepare and characterize solids Bonding, superconductivity, and
electrochemical, magnetic, optical, and conductive properties STEM, ionic conductivity, nanotubes
and related structures such as graphene, metal organic frameworks, and FeAs superconductors
Biological systems in synthesis, solid state modeling, and metamaterials This largely
nonmathematical introduction to solid state chemistry includes basic crystallography and structure
determination, as well as practical examples of applications and modern developments to offer
students the opportunity to apply their knowledge in real-life situations and serve them well
throughout their degree course. New in the Fourth Edition Coverage of multiferroics, graphene, and
iron-based high temperature superconductors, the techniques available with synchrotron radiation,
and metal organic frameworks (MOFs) More space devoted to electron microscopy and preparative
methods New discussion of conducting polymers in the expanded section on carbon nanoscience
  change of state chemistry: Air, Earth, Fire, and Water David Elliott, 2025-07-17 We celebrate
distinctive attributes of Creation – its orderly structure, measurable processes – using an elementary



analysis of the precision of Earth’s systems. Scriptural principle and scientific knowledge are
compared at an uncomplicated level to guide the learner to greater knowledge of the Creator. The
character of God is seen in the Air (the heavens and atmosphere), the Earth (the geosphere), Fire
(energy), and Water (the hydrosphere). A fifth element, Ether, proclaims the grace of nature,
evidence of God’s providence and Earth’s resilience. The five elements, borrowed from Greek
philosophy, track the divinely ordered Creation account. These spheres work in tandem to
collectively sustain life on Earth, converging at the soil, from which God made living beings (the
biosphere), notably humans. We survey these domains, review man’s connection and their
interdependence, and guide the reader to see that the visible Creation was placed before us to help
us perceive the invisible Kingdom of God; we call this the Romans 1:20 Principle. His truth, seen in
its order, and His grace, seen in its providence and resilience, make Creation a suitable home for us.
  change of state chemistry: Solid State Chemistry Robert Sidney Roth, Samuel J. Schneider,
1972
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