
PREFACE 

Modern glass science and technology is no longer restricted to traditional 

glasses based on silica as the glassforming oxide and a limited number of other 

oxides as property modifiers, colorants, and fining agents. The rapid expansion of 

glasses as the materials of choice for optical, electronic, and other applications has 

led to a radical expansion in the use of the 75 or so elements not extensively 

employed in traditional glasses, i.e. the "rare elements in glasses" indicated by the 

title of this volume. Although some of these elements are not " rare" in the sense of 

availability, they are indeed rarely used historically in inorganic glasses. Many of 

these elements are becoming much more commonly used as a result of either special 

properties which they impart to glasses, the discovery of new phenomena, or as a 

result of decreases in cost which now permits the wider use of elements which were 

formerly known to be desirable, but were simply too expensive for extensive use. 

While no single book can possibly consider all of these elements, the present volume 

is intended to summarize recent studies of glasses containing a number of the more 

important of these elements and hopefully to inspire further research and devel

opment of glasses so that some day these elements will no longer be considered 

"rare." 
This volume can be divided into three sections on the basis of the elements 

considered. The first, and largest, section deals with the use of lanthanides and 

actinides in glasses. The fi rst three chapters deal specifically with the formation, 

properties, and structure of glasses containing lanthanides in either oxide or sulfide 

glasses. In particular, chapters 1 and 3 present reviews of recent advances in 

forming glasses containing significantly higher concentrations of lanthanides than are 

present in traditional glasses. Chapters 4 and 5 discuss the unique optical and mag

netic properties imparted to glasses by lanthanides, whereas chapters 6 and 9 discuss 

studies of the structural role of lanthanides in glassses and chapter 10 presents the 

results of spectroscopic studies of the related actinides in glasses. 

Through discussions of applications of lanthanides in modem glass technology 

are presented in chapters 7 and 8. Each of these chapters presents a broad review of 

the application of lanthanides in an important area of modern glass technology. The 

review of lasers based on glasses containing lanthanides (Chapter 7) is particularly 

useful to those interested in laser technology beyond the traditional neodymium glass 

lasers. The discussion of the use of glasses in the treatment of cancer and other 

diseases presented in chapter 8 is the first such broad presentation to the materials 

community. This application of glasses may someday prove to represent a major 

breakthrough in the treatment of many diseases which are virtually incurable at this 

time. 
The second section of this volume consists of three chapters emphasizing the 

potential role of gallium in optical glass technology (chapters 11 and 13) and as an 

aid in understanding the role of the more common aluminum in glass structures. 

Glasses based on gallium oxide transmit further into the infrared than any other 
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oxide based glasses. The lead-bismuth-gallium oxide system offers great potential for 
the development of new infrared transmitting glasses which may replace many of the 
single crystal materials currently in use. The alkaline earth galliogermanate glasses 
(chapter 13) offer similar potential for the development of new optical fibers which 
have lower optical losses than the current silica-based materials. Study of glasses in 
which gallium oxide is substituted for alumina (chapter 12) has provided considerabe 
insight into the structural role of the class of elements commonly referred to as 
"intermediates" by glass scientists. 

The final section of this book presents three reviews of a variety of "rare 
elements" which are finding wider application in glasses due to the discovery of new 
applications (chapters 15 and 16) or to decreases in cost which allows them to 
replace less effective elements in existing applications. In particular, the development 
of new glasses and glass-ceramics based on niobium and/or tantalum offers potential 
for new products in the areas of non-linear optic and electronic materials. Decreases 
in cost should allow broader usage of yttrium, indium, and scandium in high 
technology applications. The potential for the formation of new optical devices based 
on colloid formation offered by arsenic and antimony doped glasses (along with 
other elements not discussed here due to space limitations) is also attractive. 

As is always appropriate, I would like to express my sincere gratitude to a 
number of people who made this book possible. First, I am deeply indebted to Alex 
Clare and Jeff Kohli, who each provided three chapters for this volume. I am also, 
of course, sincerely grateful to the authors of the other chapters, i.e. Bob Condrate, 
Jim White, Dick Brundage, Joe Lapp, Bill Dumbaugh, John Jewell, and Dean 
Vernacotola. Del Day, who also served, many years ago, as my Ph.D. advisor, 
merits a special thanks, not only for his direct contribution to this volume, but also 
for his encouragement, support, and friendship throughout my career. It is also 
important to note that much of the material I personally presented here is, in fact, 
the result of the thesis studies of a number of the best graduate students an advisor 
could ever hope to encounter. Finally, I certainly wish to thank my family for their 
support throughout this project, with special thanks to my mother, Jessie M. Shelby, 
and to my daughter, Stephanie Rachel Shelby, for their moral support whenever I 
began to doubt that this project would ever be completed. I also wish to acknowledge 
the financial support of the Center for Advanced Ceramic Technology at the New 
York State College of Ceramics at Alfred University. 
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