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PREFACE
“~75th Anniversary Edltlon

Seventy-five years ago a young engineer, Mr. Arthur Friedman, who had been rather recently graduated
from Case School of Applied Science followed through with his idea of there being need for a single-
- volume reference book containing data for chemistry, physics, and other closely allied sciences. At the
time Mr. Friedman brought his idea to fruition he owned a company named the Chemical Rubber Company.
This company sold rubber tubing, rubber aprons, rubber stoppers, and miscellaneous laboratory’ suppliés
and chemicals. These were sold primarily to high schools and colleges since there were very few industrial
chemical laboratories prior to World War I. A reference book as the Handbook of Chemistry and Physics
was a natural complement to those products being sold by the Chemical Rubber Company. The first edition
was published and copyrighted in 1913.

In view of 1988 being the 75th Anniversary of the Handbook of Chemistry and Physics the current editor
believes users of this book will appreciate inclusion in the present preface repetmon of the 1913 Preface,
which stated:

In compliance with the requests of hundreds of our friends for a small but comprehensive book of reference on chemical and
physical topics, we have designed and compiled this Pocket Manual of Chemistry and Physics.

We shall feel amply rewarded for our effort and expense if this volume proves to be of use and convenience to the professmn
whose support has been a conspicuous factor in the growth of our establishment. The material here included has been carefully
selected by W. R. Veazey, Ph.D., Chemistry Department, Case School of Applied Science. The compilér Has been guided in his
selection by suggestions of more than a thousand members of high standing in the Chemical and Physncal pmfessnon We desire to
express our appreciation and thanks to the many persons who have co-operated with us in the preparation of this. book.

Professor Veazey discontinued his editorship of the Handbook of Chemistry and Physics in 1914 and
after several years became an officer and leader in the growth of the Dow Chemical Company. The second
editor of the Handbook was Professor Charles D. Hodgman of the Department of Physics at Case School
of Applied Science, an engineering college which was later to become Case Institute of Technology, and
still later Case-Western Reserve University. Professor Hodgman continued to edit the Handbook until his
retirement from Case in 1951. He was succeeded by the present editor who was a professor of chemistry
at Case when he first became involved with the Handbook. Both Professor Hodgman and Professor Weast
continued to develop a reference book along the general guidelines put forth by Mr. Friedman and in
keeping with the statement prepared by Professor Veazey in the Preface of the 1st Edition of the Handbook
of Chemistry and Physics.

The physical size of the Handbook has increased greatly since the first edition was published. The 1st
[Edition had 116 pages, each with an area of 187 square centimeters. The present edition has more than
2400 pages each with an area of 485 square centimeters. The index to the first edition was 3'/, pages in
length with two columns of entries on each page. The current edition has 38 pages of index with three
columns of entries per page. Even though the more recent editions of the Handbook contain extensive
indices, suggestions continue to be received from users of the book that the index be enlarged sull further
on specified subjects. We strive to follow through with these suggestions.

When the first edition was published there were 81 known elements: Today nearly 30% more elements
have been identified. In 1913 there was very little known of the fundamental constituefits .(elementary -
particles) of all matter. The electron had been discovered by J. J. Thomson only 15 years earlier. The
proton would not be identified by Rutherford until the year following publication of the 1st Edition of the
Handbook of Chemistry and Physics, and the neutron would not be discovered by Chadwick until 1932.

~ By contrast, for the past several years the Handbook has contained morg than 30 pages.of up-to-date data
on the properties of fundamental particles. This has been possible due to the cooperation of the Particle
Data Group at the University of California (Berkeley). Undoubtedly there will continue to be still more
information and data on fundamental particles and their properties after more powerful accelerators and
colliders are constructed and put into operation. ]

This cooperation from the Particle Data Group is one example of the cooperation and help received from
many scientists and groups of scientists from many countries. Without such help there would be no possibility



of annually revising the Handbook to provide data which are currently important. For example, supercon-
ductivity is an area of science now receiving a great amount of intense research. The rare earth elements

~and compounds are some of the constituents of these superconductors. For that reason this 69th Edition -

of the Handbook of Chemistry and Physics contains updated data on the rare earths. These were provided
by Dr. Karl A. Gschneidner, Jr. of the Rare Earth Information Center at Iowa State University.

For the Rare Earths the following new or revised data are in this 69th Edition: (1) data for the trivalent
ions, (2) data for the rare earth metals at 24°C or below, (3) transition temperatures and melting points,
(4) heat capacities, standard entropies, heats of formation, and heats of fusion, (5) vapor pressures, boiling
points, and heats of sublimation, (6) magnetic properties, (7) thermal expansions, thermal conductivities,
electrical resistances, and Hall coefficients, (8) electronic specific heat constants, electron-electron (Cou-
lomb) coupling constants, Debye temperatures at 0 K, and superconducting transition temperatures, (9)
room temperature elastic modulii and mechanical properties, (10) liquid metal properties near the melting
point, (11) ionization potentials, and (12) effective ionic radii.

Other new, revised and updated information and data in this 69th Edition include:

1. Heat of fusion data for polychlorinated biphenyls.

2. Dipole moments of alpha-amino acids, polypeptides and some protems in water at
25°C.

3. The relative permitivity and conductivity for various biological tissues at 37°C at
frequencies commonly used for therapeutic purposes.

4 General properties of semi-conductors (listed by crystal structure).

5 Letter designation for bands of wavelengths in the electromagnetic spectrum.

6. Classification of electromagnetic radiation (waves).’

7 Viscosity conversion formulae.

8.  Electrical resistivity of the elements and some alloys.

9.  Conversion factors for units of electrical resistivity.

10. Summary of 1986 Recommended Values of the Fundamental Physical Constants.

11. Table of the 1986 Recommended Values of the Fundamental Physical Constants.

12. Energy conversion factors. =

13.  Expanded covariance and correlation coefficient matrix for 1986 Recommended Set
of Fundamental Physical Constants.

'14.  Symbols, Units, and Nomenclature in Physics.

15. NBS Standard Reference Data System Publications, 1976 — 1986.

SI units are becoming nearly standard in books and articles on engineering and science throughout the
world. Work was initiated this year to convert all pertinent data in the Handbook of Chemistry and Physics
into SI units. Considerable progress was made toward achieving this. Although the conversion was not
fully completed, the editor is confident the small portion of the book not yet converted to SI units will be
converted in the next edition. Inputs which permitted most of this 69th Edition of the Handbook to be
converted into SI units were made by Drs. Frank Stein and Peter Ratcliffe. Their assistance is sincerely
acknowledged. Special thanks are due to Drs. E. Richard Cohen and B. N. Taylor who continue to make
certain the most recent and .authoritative data on the Fundamental Physical Constants appear in the Hand-
book, and to Dr. Lev Berger for his updating and extensive table on semiconductors. Again I wish to
acknowledge the continuing outstanding help of Mr. Paul Gottehrer of CRC Press for his making certain

_ the book is completed on schedule and in an orderly manner. The Editor is most appreciative to all persons
‘who wrote to him pointing out typographical errors. Such errors are corrected immediately. upon receiving
notice so they will not be perpetuated from edition to edition.

Input and suggestions for improvement of the Handbook are earnestly solicited. Please directall cor-
respondence to CRC Press, Inc., 2000 Corporate Blvd., N.W., Boca Raton, FL 33431. Such help and
guidance is truly welcome.

" Robert C. Weast

March 20, 1988

“
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