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his booklet commemorates the desig-

nation of the separation of rare earth

elements by Charles James as a
National Historic Chemical Landmark. The
designation was conferred by the American
Chemical Society, a nonprofit scientific and

educational organization of more than

Conant Hall.

On the cover: (clockwise)
Conant Hall; Conant Hall chemistry
laboratory, 1904; Charles James, c. 1910.

Background: Charles James’s price list for
chemical specimens.

159,000 chemists and chemical engineers. A plaque marking the
event was presented to the University of New Hampshire on

Oct. 29, 1999. The inscription reads:

“Beginning in 1906, in a laboratory in Conant Hall, Charles
James (1880-1928) devised novel fractional crystallization tech-
niques for separating rare earth elements, which were widely
adopted by other chemists. James used his method to separate
large amounts of ytterbium, hitherto considered to be a single ele-
ment, into two elements now known as ytterbium and lutetium.
When the simultaneous isolation of lutetium was published in
1907 by Georges Urbain, James made no public claim for his own
pioneering work. Despite his retiring nature, James was interna-
tionally recognized as an expert in rare earth chemistry. His
highly purified rare earth specimens were in demand by research

laboratories throughout the world.”
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DISCOVERY AND SEPARATION OF THE

RARE EARTHS

he 17 rare earth elements, or lanthanides, con-

sist of elements 21 (scandium), 39 (yttrium),
and 57 (lanthanum) to 71 (lutetium). The rare
earths were so named because of their low concen-
tration in minerals which were scarce. However,
some of the elements are not as rare as once
thought. Today, the rare earths are used in color
television picture tubes, glass polishes, ceramic
glazes, protective goggles, lasers, and superconduc-
tors. Most recently, some have been used in diagnos-
tic imaging in the field of nuclear medicine.

The story of their discovery is probably the
most confusing and complex of any of the elements.
The search for and identification of the rare earth
elements constituted an integral part of the develop-
ment of science and technology in the late 19th and
early 20th centuries. Several factors made their
identification difficult: the chemical and physical
properties of the different elements are quite similar;
the elements were isolated as “earths” or oxides of
the elements; and the methods of separation and
purification depended on laborious fractional pre-
cipitation and crystallization techniques.
Compounding the difficulties of separation were a
lack of good methods for identification and assess-
ment of purity and a lack of knowledge of the num-
ber of rare earth elements that existed.

A University of New Hampshire (UNH) pro-
fessor, Charles James (1880-1928), all but forgotten
today, was well known and highly respected by his
contemporaries for his contribution to rare earth
chemistry. The very first paper published by James in
the Journal of the American Chemical Society, “A New
Method for the Separation of the Yttrium Earths,”
indicates the direction of his research. Keenly moti-
vated to improve the methods of separation and
endowed with imagination and determination,
James experimented with the preparation of many
different salts of the rare earths derived from simple
inorganic to complex organic acids. Letters in the
UNH archives show that he supplied numerous
workers worldwide with samples of the compounds
that he had prepared, including the sample of ter-
bium that Henry Moseley, an English scientist, used
to determine its atomic number. James’s use of bro-
mates and double magnesium nitrates for fractional
crystallization became known as the “James

Method.” Developed in the early 1900s, his method
was used widely by others and remained the best for
separating rare earth elements until the advent of
ion exchange in the 1940s.

James’s work with the rare earths is part of a
long history that illuminates more areas of chemical
progress than does any other group of elements. It
stretches from the discovery of the first rare earth
mineral in 1787 by Carl Axel Arrhenius to the
unequivocal identification of the last in 1947 by
Jacob Marinsky, Lawrence Glendenin, and Charles
Coryell. The story involves the discovery of emis-
sion spectroscopy by Gustav Robert Kirchhoff and
Robert Wilhelm Bunsen, the development of the
periodic table by Dmitri Ivanovich Mendeleev and
Lothar Meyer, and the discovery of X-rays by
Wilhelm Conrad Roentgen. It includes the formula-
tion of atomic numbers by Moseley, atomic structure
by Neils Bohr and Ernest Rutherford, and work on
the atomic bomb during World War II. Over the
course of a century, two minerals—ytterbite and
cerite—were separated into eight and seven stable
elements, respectively, as shown in the diagram below.
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Chemistry laboratory, Conant Hall, 1904.

Discovery, 1794-1947

The first rare earth element, yttrium, was iso-
lated in 1794 by the Swedish chemist Johan
Gadolin from a heavy black mineral, ytterbite,
named for the village of Ytterby where it was found.
In 1803, Jons Jacob Berzelius and Wilhelm Hisinger
in Sweden and Martin Klaproth in Germany
announced almost simultaneously that they had iso-
lated a new element, cerium, from the mineral
cerite. This provoked the first of several priority dis-
putes in the pathway to the discovery of rare earth
elements.

The invention of the spectroscope by
Kirchhoff and Bunsen in 1859 and the development
of spectral analysis, along with the development of
the periodic table by Mendeleev and Meyer in 1869,
provided valuable tools for the study of rare earths.
The impact of these advances is clear. In the 60 or
so years before their introduction, only six rare
earths had been identified, one of them erroneously.
In the following 50 years, the number jumped to 15.
However, problems remained. The rare earths
severely challenged Mendeleev’s periodic system,
because he did not know where to place them in the
table. He made many modifications simply to
accommodate them. Meanwhile, spectroscopic
analysis was causing difficulties.

Because of the complexity of the spectra of the
rare earths and the questionable purity of the samples,
many claims were being made for new elements that
proved false. Despite these difficulties, by 1901 only
two rare earths were still undiscovered.

In 1907, almost simultaneously, Georges
Urbain in France, Carl Auer von Welsbach in
Austria, and Charles James in the United States
separated ytterbium into two fractions. Urbain’s des-
ignation of the new element as lutetium, after the
Roman name for his native city, Paris, was accepted
by most, although von Welsbach’s name cassiopium
was used in German-speaking countries for many
years. Von Welsbach contested Urbain’s priority for
the discovery of lutetium. James, although he had
accumulated a substantial amount of highly purified
lutetium oxide, withdrew a paper he had submitted
for publication and made no public claim for his
own work.

Lutetium was the 16th of the rare earths to be
identified. Using X-ray spectroscopy, Moseley
demonstrated that only one rare earth element
remained to be discovered: element 61. He deter-
mined the atomic numbers of the elements and
showed that they were arranged in the periodic
table in order of atomic number, not atomic weight,
as Mendeleev had thought. In the 1920s, James, B.
Smith Hopkins, and Luigi Rolla each thought he
had isolated element 61. Hopkins’s
publication preceded that of
James, and so Hopkins’s desig-
nation of the element as
illinium was accepted tem-
porarily. The last of the pri-
ority disputes over discovery
of a rare earth element
ended inconclusively, how-
ever, when none of the claims
could be substantiated. The
authentic discovery of ele-
ment 61 had to await the
development of a new sepa-
ration technique, ion- ocf"t‘;;“;}ég“ﬁ"gz tlhgeolé"::iﬂ
exchange chromatography, 1911.
and work on the atomic
bomb during World War II. Finally, in 1947,
Marinsky, Glendenin, and Coryell announced the
discovery of the unstable element 61, which they
named promethium after the Titan who stole fire
from the gods.

Charles L. Parsons, c. 1910.
Parsons was Secretary of the
American Chemical Society
from 1907 until 1945.



CHEMISTRY AT THE UNIVERSITY
OF NEW HAMPSHIRE, 1866-1928

Few contributions to the understanding of the rare
earths could overshadow the achievements
accomplished in the chemistry laboratories at UNH.
Chemistry has been a part of the university from its
beginning. UNH traces its origins to the acceptance
of the Morrill Act by the New Hampshire
Legislature in June 1866, which led to the establish-
ment of the New Hampshire College of Agriculture
and Mechanic Arts in Hanover, in association with
Dartmouth College. The first faculty member of the
college in 1868 was Ezekiel W. Dimond, who was
appointed professor of general and applied chem-
istry. An 1865 graduate of Middlebury College,
Dimond was synonymous with the institution in its
early days. Not only was he professor of chemistry, he
was also the president, business manager, architect,
supervisor of construction, and lobbyist in the state
legislature. His efforts led to the construction of
Culver Hall, which contained a chemistry laboratory,
described in 1874 as the only one in the state. Thus
the Department of Chemistry is the only department
that has existed for the entire history of the univer-
sity. Dimond served as professor of chemistry until his
untimely death, at the age of 40, in 1876.

Succeeding Dimond as head of chemistry were
Benjamin T. Blanpied (1877-1889), Fred W. Morse
(1889-1909), and Charles L. Parsons (1909-1911).
When Parsons resigned in 1911 to become chief
chemist of the U.S. Bureau of Mines, James suc-
ceeded him and served as professor and head of the
Department of Chemistry from 1912 until his death
in 1928. For the most part, the department focused
on the inorganic and analytical disciplines under his
leadership.

Conant Hall

While the New Hampshire College of
Agriculture and Mechanic Arts was still located on
the campus of Dartmouth College at Hanover, the
State of New Hampshire was bequeathed the entire
fortune of a Durham farmer, Benjamin Thompson.
He specified that an agricultural college be founded
on his property in Durham. In 1891, preparations
began for the college to move to Durham. Charles
Parsons designed the new chemistry laboratories in
Conant Hall, which was constructed during

1892-1893 at a cost of $40,000 to house the
Department of Chemistry and other science depart-
ments. From 1906 to 1928, Conant Hall also housed

the offices and laboratories of James. By the late
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Mu Chapter of the chemistry fraternity, Alpha Chi Sigma. Both Charles James

(3rd from 1., back row) and Charles Parsons were charter members. Many of the
student members co-authored papers with James.

1920s, Conant Hall was no longer adequate to
accommodate chemistry; James designed a new
building for chemistry and agricultural chemistry.
Completed after James’s death, the Charles James
Hall was dedicated at the 1929 fall meeting of the
Northeastern Section of the American Chemical
Society (ACS). Conant Hall is now one of the
three surviving original buildings of UNH at
Durham. The interior has been completely altered
since its use by the Department of Chemistry, and
today it serves as a classroom and office building.
The exterior, however, is remarkably unchanged
from its appearance in 1893, when the Department
of Chemistry first occupied Conant Hall and when,
in subsequent years, James and his students con-
ducted the thousands of manipulations needed to
complete rare earth separations. Conant Hall and
Durham became known worldwide among chemists
as a center of rare earth research.




CHARLES JAMES (1880-1928)

harles James was born in Earls Barton, near

Northampton, England, on April 27, 1880. He
received his primary and secondary education in the
nearby town of Wellingborough where, at 15, his
interest in chemistry was aroused. His interest was

Charles James in 1927.

intensified by the discovery of several of his father’s
old chemistry books, and he set up a laboratory in
the family home. In 1899, he entered the Institute
of Chemistry, University College, London, where he
studied under Sir William Ramsay and John
Norman Collie. In 1900, he was awarded the
Ramsay Silver Medal for his work. Ramsay wrote,
“James is certainly able to take his place with any of
the [American chemists], allowing for his age, in
originality and power for work. He was always origi-
nal ever since he came as a youngster to my labora-
tory; he did not tire of his work in our college, but
carried out work at his home in Kettering, about 50
miles from London, where he had a small laboratory
of his own.” He passed the examinations for associ-
ate in 1904 and for fellow in 1907 at the Institute of
Chemistry. He also supplemented his study of chem-
istry with industrial experience at the New Carnsley
Iron and Steel Co. in Kettering, England. In 1906,

he accepted a position at the National Refining
Company in Westchester, NY, and in February of
that year, he was called to the New Hampshire
College of Agriculture and Mechanic Arts by
Charles Parsons to become assistant professor of
chemistry.

While in Durham, James conducted his exten-
sive investigations of the chemistry of the rare earths.
The results were described in more than 60 papers
published primarily in the Jowrnal of the American
Chemical Society between 1907 and 1931. He sepa-
rated and characterized large quantities of pure rare
earths, frequently at the kilogram level. He discov-
ered new compounds of neodymium, samarium, and
europium and determined the atomic weights of
samarium, thulium, and yttrium. More than 200
specimens of his rare earth compounds still remain in
the James Collection at UNH. His students and con-
temporaries knew James as a dedicated and meticu-
lous chemist and a sympathetic mentor. Much of his
rare earth work was carried out with the help of
undergraduates whom he patiently developed into
accomplished researchers. He was known by all as
“King” James, a tribute to his English heritage.

The New York Section of ACS awarded James
the Nichols Medal in 1911 for his research in the
chemistry of the rare earth elements. In 1927, James
received an honorary doctor of science degree from
UNH.

In 1915, he married Marion E. Templeton, a
member of the faculty of the Department of Botany.
Their common interest in floriculture made their
residence with its wide variety of flowers a show-
place of Durham. He was especially interested in the
propagation of rare plants, which he collected, along
with rare minerals, during summer vacations. James

died on Dec. 10, 1928.
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THE NATIONAL HISTORIC CHEMICAL LANDMARKS
PROGRAM OF THE AMERICAN CHEMICAL SOCIETY

The ACS National Historic Chemical Landmarks Program recog-
nizes our scientific and technical heritage and encourages the preserva-
tion of historically important achievements and artifacts in chemistry,
chemical engineering, and the chemical process industries. It provides
an annotated roster to remind chemists, chemical engineers, students,
educators, historians, and travelers of an inspiring heritage that illumi-
nates where we have been and where we might go when traveling the

diverse paths to discovery.

An ACS historic chemical landmark represents a distinctive step
in the evolution of the chemical sciences and technologies.
Designations of sites and artifacts note events or developments of clear
historical importance to chemists and chemical engineers. Collections
mark the contributions of a number of objects with special significance
to the historical development of chemistry and chemical engineering.

This program began in 1992, when the Division of the History of
Chemistry of the ACS formed an international Advisory Committee.
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The committee, composed of chemists, chemical engineers, and histo-

rians of science and technology, works with the ACS Office of Communications and is assisted by the
Chemical Heritage Foundation. Together, these organizations provide a public service by examining, noting,
recording, and acknowledging particularly significant achievements in chemistry and chemical engineering.
For further information, please contact the ACS Office of Communications, 1155 Sixteenth Street, NW,
Washington, DC 20036; telephone: 800-227-5558, ext. 6274; e-mail: nhclp@acs.org.
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