
SpringerBriefs in Materials

Jean-Claude Tedenac

Thermodynamics 
of Crystalline Materials
From Nano to Macro



SpringerBriefs in Materials 

Series Editors 

Sujata K. Bhatia, University of Delaware, Newark, DE, USA 

Alain Diebold, Schenectady, NY, USA 

Juejun Hu, Department of Materials Science and Engineering, Massachusetts 
Institute of Technology, Cambridge, MA, USA 

Kannan M. Krishnan, University of Washington, Seattle, WA, USA 

Dario Narducci, Department of Materials Science, University of Milano Bicocca, 
Milano, Italy 

Suprakas Sinha Ray , Centre for Nanostructures Materials, Council for Scientific 
and Industrial Research, Brummeria, Pretoria, South Africa 

Gerhard Wilde, Altenberge, Nordrhein-Westfalen, Germany

https://orcid.org/0000-0002-0007-2595


The SpringerBriefs Series in Materials presents highly relevant, concise monographs 
on a wide range of topics covering fundamental advances and new applications 
in the field. Areas of interest include topical information on innovative, structural 
and functional materials and composites as well as fundamental principles, physical 
properties, materials theory and design. 

Indexed in Scopus (2022). 

SpringerBriefs present succinct summaries of cutting-edge research and practical 
applications across a wide spectrum of fields. Featuring compact volumes of 50 to 
125 pages, the series covers a range of content from professional to academic. Typical 
topics might include

• A timely report of state-of-the art analytical techniques
• A bridge between new research results, as published in journal articles, and a 

contextual literature review
• A snapshot of a hot or emerging topic
• An in-depth case study or clinical example
• A presentation of core concepts that students must understand in order to make 

independent contributions 

Briefs are characterized by fast, global electronic dissemination, standard publishing 
contracts, standardized manuscript preparation and formatting guidelines, and 
expedited production schedules.



Jean-Claude Tedenac 

Thermodynamics 
of Crystalline Materials 
From Nano to Macro



Jean-Claude Tedenac 
Université de Montpellier 
Montpellier, France 

ISSN 2192-1091 ISSN 2192-1105 (electronic) 
SpringerBriefs in Materials 
ISBN 978-3-030-99026-8 ISBN 978-3-030-99027-5 (eBook) 
https://doi.org/10.1007/978-3-030-99027-5 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse 
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or 
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Switzerland AG 
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-99027-5




Acknowledgments 

I would like to acknowledge some colleagues and friends with whom I had in-depth 
scientific exchanges. All of them were influencing me, each in their own way. 

Firstly, Prof. Dr. Catherine Colinet from SIMAP (INP Grenoble). For a long time, 
we had a lot of exchanges and discussions concerning the field of Thermodynamics 
of Materials and Ab initio calculations. 

Secondly, Dr. Pascal Yot (University of Montpellier) was a former student in my 
courses. He checked precisely the crystallography chapter and corrected the draft of 
all chapters of the document. 

I would not want to forget my friends who passed away prematurely, Dr. Ibrahim 
Ansara from Grenoble (Fr) and Dr. Gunter Effenberg from MSIT Stuttgart (Ge). 
They were very well versed in phase diagram studies, and we enjoyed all discussions 
we had, especially in the «Tagungsstätte Schloss Ringberg (Germany)». 

Basically, this book is based on the courses I’ve made during ten years at the 
University of Montpellier at the levels of Master and Doctorate, during which I was 
able to observe and analyze the student’s reactions to this part of science. 

Thermodynamics of materials is a particular science. It always joins strongly 
physics to chemistry. The proven bestsellers, Alan Prince (Alloy Phase Equilibria) 
and Mats Hillert (Phase Equilibria, Phase Diagrams and Phase Transformations: 
Their Thermodynamic Basis), are consistently praised as the most clearly written 
books available for improving the knowledge of materials. 

Some other references to excellent books will be cited as well in the text.

vii



General Introduction 

Basis and New Trends in Thermodynamics and Phase 
Diagrams 

The purpose of this book concerns the presentation of modern aspects of the study of 
phase diagrams and equilibria. Currently, the description of phase equilibria in the 
twenty-first century requires a multidisciplinary approach linking crystallography 
and thermodynamics and integrating quantum mechanics. 

The history of one of the most exciting sciences of material classes can be traced 
back to the nineteenth century when J. Willard Gibbs (October 1875–May 1876) (1) 
discovered the basis of «Equilibrium of Heterogeneous Substances» and published 
it in the journal: Transactions of the Connecticut Academy of Arts and Sciences. 
This remarkable first paper developed the theory of chemical thermodynamics and 
provided the basic theory for the development of this part of physical chemistry. 

In the field of metallurgy, the Gibbs theory application provided the basement of 
the knowledge in multicomponent alloy phase equilibria, and this feature entails the 
evolution of phase diagrams and applications during the twentieth century. In the 
twenty-first century, with the progress of experimental determinations and the rise 
of advanced calculation methodology, the application of the CALPHAD method is 
presently generalized in alloys and ceramics while in polymer systems the work is 
not well established. The properties of phase relationships were predicted by simple 
analysis of the thermal properties of mixtures with good accuracy. More recently, 
those properties were investigated with modern tools such as physical measurements 
(electron microscopies, Castaing microprobe and X-Ray diffraction) and quantum 
mechanics. 

The plotting of phase diagrams of two- and three-component systems is not so 
easy. In both coordinate systems (composition/temperature and/or other coordinates, 
which are thermodynamic parameters of the phases), the total pressure in the system, 
molar volume, chemical potentials of components, etc. This is the more pertinent 
approach to consider and classify.
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x General Introduction

This book does not claim a replacement for already published books (of quality!). 
Its objective is to make an analysis of this part of science at a level such that students 
or even researchers have some difficulties in approaching certain phenomena and 
experiences in phase equilibria. It is divided into five chapters. Two of them state 
what is necessary to know in crystallography and thermodynamics in order to apply 
them to the matter of phase diagrams. Two other chapters are more constructed as 
guides to the application of the CALPHAD method. They are a gateway to more 
technical works. Finally, I will present, in a fifth chapter, a small contribution to 
quantum calculations. But in such a case and to go further, it will be really necessary 
to use more specialized books.


