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Adelbert Hall in 1896. The smaller buildings 
on the right are the Adelbert dormitory and 
evmnasium. 

This booklet commemorates the designation of 

Edward W . Morley 's research on the atomic weight of 

oxygen as a Nat ional Histor ic Chemical Landmark. The 

designation was conferred by the American Chemical Society, 

a non-profit scientific and educational organization of nearly 

150,000 chemists and chemical engineers. 

A n A C S plaque marks the 19th-century site of D r . 

Morley 's laboratory i n the building now k n o w n as Adelbert 

H a l l on the campus of Case Western Reserve Univers i ty . The 

plaque was presented to the Univers i ty on September 14, 

1995. The inscription reads: " I n his laboratory in the 

basement of this building, Edward W . Morley , H u r l b u t 

Professor of Natura l His tory and Chemistry from 1868 to 

1906, carried out research on the atomic weight of oxygen 

that provided a new standard to the science of chemistry. The 

accuracy of his analyses has never been superseded by 

chemical means. H i s great w o r k , published i n 1895, also gave 

important insight in to the atomic theory of matter." 

On the Cover: Edward Williams Morley 
in 1903. 

Background: Overhead view of 
mechanical device invented by Morley 
which was used to load, unload, and 
exchange objects on weighing pans of 
balance. 
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CHEMISTRY'S QUEST 

Ever since its introduction by the English natural 
philosopher John Dal ton at the beginning of the 19th 

century, the atomic theory has been central to chemistry. 
Each known element was presumed to consist of identical 
atoms, w i t h the atoms of different elements distinguished 
by their differing weights. Since atoms were far too small 
to be measurable in absolute terms during the 19th 
century, chemists determined elemental atomic weights 
i n relative terms. That is, all atomic weights were given 
as a multiple of that of the lightest element, hydrogen. 

Atomic weight values were vi ta l for determining 
chemical composition, understanding novel reactions, 
calculating reacting quantities i n industrial processes—in 
short, for virtually all operations i n pure and applied 
chemistry. 

Today i t is hard to comprehend the degree to which 
the determination of elemental atomic weights drove the 
work of generations of scientists spanning the century. 
Almost every important 19th-century chemist became 
involved w i t h atomic weight determinations. Dalton, 
Humphry Davy, Jacob Berzelius, Joseph Gay-Lussac, 
Jean-Baptiste Dumas, Justus von Liebig, and many others 
contributed their ideas and research findings. 
Interest was intense, and not only because 
atomic weight values were embedded w i t h i n 
virtually all chemical calculations; such 
knowledge was also fundamental to 
theories of the ultimate nature of 
matter. 

THE PATIENT 
POLYMATH 

In the opinion of many knowledge
able contemporaries, Edward Morley 

(1838-1923) was the best American chemist 
and arguably the most virtuosic experimentalist 
of his generation. The son of a Congregational-
ist minister, Morley was raised in Connecticut 
and Massachusetts and graduated from W i l l 
iams College i n 1860. I t was facetiously said 
that he graduated first i n his class, and that no 
one was second. 

Despite a strong childhood interest i n the sciences, 
Morley's first career was the ministry. He attended 
Andover Theological Seminary during the C i v i l War 
years, graduating i n time to spend the last year of the war 
serving as an agent i n the U.S. Sanitary Commission, 
which promoted the health of the U n i o n army. He then 
took a teaching position at the South Berkshire Institute, 
also i n Massachusetts, where he taught 11 different 
subjects. 

Morley had developed into a polymath of the 
highest order. A gifted linguist and musician, he mastered 

Since the early twentieth century, atomic weights 
have been determined easily and precisely, using sophisti
cated instruments such as the mass spectrometer. Before 
the invent ion of such physical methods, 19th-century 
scientists used "wet chemistry"—procedures such as 
filtrations, solutions, and recrystallizations. These 
methods were more laborious and far less precise than 
physical methods. 

The most important atomic weight determination 
was that of oxygen. A tomic weights for most other 
elements were determined by synthesis or analysis of 
oxides, and the accuracy of these weights depended 
directly on that of oxygen. Moreover, a small error i n the 
value for oxygen—a relatively l ight element—would be 
magnified proportionally for the heavier elements. 

I n 1895, Edward Wil l iams Morley provided scientists 
w i t h a priceless tool that made all subsequent atomic 
weight calculations more accurate. I n a publication of the 
Smithsonian Inst i tut ion, he introduced a new value for 
the atomic weight ratio of oxygen to hydrogen, providing 
the most precise determination of the atomic weight of 
oxygen ever. 

T o this day, Morley's investigation is 
regarded as the pinnacle of "wet-chemical" 

atomic weight measurements. This contr i
but ion to our fundamental knowledge of 

matter has been designated a Nat ional 
Historic Chemical Landmark. 

Edward Williams 
Morley at graduation 

from Williams College, 
1860. 

mathematics and al l the principal sciences 
sufficiently to teach them at the college 

level. His M . D . and Ph.D. were honorary 
degrees (from Cleveland Medical College and 
Wooster College, respectively), but they 
accurately reflected the breadth and depth of 
his studies. He was also, from childhood, an 
ingenious and meticulous craftsman, develop
ing skills which he later put to continual use as 

an experimental scientist. 
I n 1868 Morley was invited to lead a Congregation-

alist church i n Twinsburg, Ohio , i n the northeastern part 
of the state known as the Western Reserve of Connecti
cut. But he could not resist his second and truer calling. 
Shortly after his arrival, he accepted a position as 
Instructor of Chemistry, Geology, Natural History and 
Mathematics at Western Reserve College in nearby 
Hudson. I n 1882 the school moved thir ty miles nor th to 
Cleveland, from which time i t was known as Adelbert 
College of Western Reserve University. (After merging 
w i t h the Case Institute of Technology i n 1967, the 



inst i tut ion assumed its present name, Case Western 
Reserve University.) Morley remained there un t i l he 
retired as professor emeritus i n 1906, when he moved 
back to Connecticut w i t h his wife, Isabella Birdsall 
Morley. The couple was childless. 

By the last decades of the 19th century, Cleveland 
had become a center of industry and manufacturing. 
Despite the city's growing prosperity and sophistication, 
however, i t could boast no successful general college or 
university un t i l the Case School of Appl ied Science 
began operations i n 1880 w i t h one professor and sixteen 
students. W i t h i n a half-dozen years, world-class scientific 
research was being conducted at the Case and neighbor
ing Western Reserve campuses on the eastern edge of the 
city, even i n the face of inadequate material support. 

Edward Morley is best known for his work w i t h 
Alber t Michelson (1852-1931), a professor at Case, i n 
1885-1889. The collaboration produced three major 
projects during those years: a repetition of the experi-

Morley's laboratory in Adelbert Hall. 

ments of Hippolyte Fizeau (1819-1896) on the velocity of 
light through a moving medium; an investigation on the 
use of the wavelength of sodium vapor l ight as an 
absolute standard of length; and the classic ether drift 
experiment of 1887. 

The last of these is often regarded as the most 
significant single experiment i n the history of physics. 
Michelson and Morley attempted to detect the earth's 
motion through the "etherial medium," a hypothetical 
substance that was thought to pervade all space. They 
did this by measuring the velocity of light i n different 
directions w i t h hitherto unimaginable precision. Thei r 
famous nu l l result was later used to justify Alber t 
Einstein's theory of relativity. For his studies on the 
velocity of light, Michelson won the Nobel Prize for 

physics in 1907, becoming the first American to w i n a 
Nobel i n science. 

But Morley never regarded the Michelson collabora
t ion as his lifework. By the time Michelson arrived at 
Case, Morley already was nationally known for his studies 
on gas analysis, and he continued to work toward mea
surements of various natural constants—chemical 
compositions, densities, weights, lengths—with ever 
greater precision. He developed increasingly more 
elaborate apparatus and methods to eliminate impurities 
such as water vapor, mercury vapor and carbon dioxide 
from gas samples, and to weigh them more precisely. 
These methods were deployed in masterly fashion during 
his extended investigation into the atomic weight of 
oxygen. 

I n 1895 Morley calculated his value for the relative 
atomic weight of oxygen (on the scale hydrogen = 1 
exactly) as 15.879. He published this value in his 
magnum opus, "On the Densities of Hydrogen and 

Oxygen and on the Ratio of their A tomic 
Weights," which appeared in Smithsonian 
Institution Contributions to Knowledge, no. 
980. Briefer versions were published in 
the American Chemical Journal, the 
Zeitschrift fiir physikalische Chemie, and the 
Proceedings of the American Association for 
the Advancement of Science. 

These publications revealed to the 
scientific community an elegant and 
highly significant body of work. Morley's 
peers hailed his achievement by bestowing 
upon h i m the most prestigious awards i n 
the profession. He was named to the 
Nat ional Academy of Sciences and the 
American Academy of Arts and Sciences, 
and elected to the presidencies of the 
American Association for the Advance
ment of Science (1895-96) and the 
American Chemical Society (1899-1900). 
Morley also was made an honorary 
member of several international societies, 
including the Royal Inst i tut ion, the 

Chemical Society of London, and the British Association 
for the Advancement of Science. I n 1907 he received 
another mark of distinction—the Davy Medal of the 
Royal Society. 

In all , Morley published 55 scientific papers. The 
Harvard chemist O. Wolco t t Gibbs wrote Morley about 
his atomic weight measurements: "... your work is by far 
the finest piece of exact chemical investigation w i t h 
which I am acquainted....There is no man l iv ing who can 
handle such questions as you can..." Frank Wigglesworth 
Clarke, chief chemist of the U.S. Geological Survey, 
averred: " I t is hard to express an opinion concerning this 
investigation, wi thout seeming to be extravagant. I n 
thoroughness, foresight, and manipulative skil l , i t stands 
in the very front rank of chemical investigations....The 
paper may at once take its place among the 'classics of the 
exact sciences'." 



GETTING TO 15.879 

Edward Morley went beyond all of his contemporaries 
i n employing a complete analysis and synthesis i n all 

of his chemical determinations. Most notably, he 
determined the relative atomic weight of oxygen to be 
15.879 by three distinct methods, which allowed h i m to 
avoid any systematic error and to check and cross-check 
his results. 

Many late 19th-century chemists sought to deter
mine the atomic weight of oxygen. Like most of them, 
Morley focused on the reaction through which water is 
synthesized from hydrogen and oxygen, the two elements 
whose atomic weights he was comparing. 

Because of the extreme technical difficulties of the 
required procedures, all other experimenters weighed only 
two of the three quantities involved i n this reaction. 
Edward Keiser, professor of chemistry at Bryn Mawr 
College, based his determinations on the weight of the 
hydrogen consumed and the water generated, whereas the 
distinguished British physicist, Lord Rayleigh, weighed 
only the two gases and ignored the weight of the water. 
The two researchers obtained the weight of the th i rd 
quantity by simple subtraction. They justified this 
procedure by assuming the conservation of matter, and, 
more importantly in this case, the absolute purity of al l 
reactants and products. 

Barometer and reading microscopes. 

Morley avoided 
such assumptions. 
Though his technical 
innovations allowed 
h i m to obtain oxygen 
and hydrogen i n purer 
states than had previ
ously been possible, he 
correctly believed i t 
necessary to weigh all 
three quantities i n order 
to achieve the highest 
accuracy. His thorough

ness provided two direct comparisons from which the 
atomic weight of oxygen could be calculated: hydrogen 
and water, and hydrogen and oxygen. A n d while Morley 
could not calculate atomic weights 
directly from the ratio of his measure
ments of oxygen and water—neither 
referred directly to hydrogen, his 
standard—he could, and did, use 
these numbers to check his other 
measurements. 

I n addition, Morley never 
l imited himself to chemical methods; 
he introduced physical techniques 
that allowed h i m to evaluate his 
chemical determinations as none of 
his colleagues could. For example, he 
measured precisely the volumes and 
densities of pure hydrogen and oxygen and, from these 
data, obtained an independent calculation of their 
relative atomic weights. The results of this method 
differed only i n the fourth decimal place from those 
Morley obtained using his chemical methods. This 
remarkable consistency testifies to Morley's experimental 
skil l and to the strength of his belief i n the importance of 
natural constants. 

Morley's study may instructively be compared w i t h 
the early work of T . W . Richards, whose first (and highly 
celebrated) atomic weight determination, published in 
1887 w i t h his teacher, J. P. Cooke, when Richards was 
sti l l a student, was that of oxygen. I n contrast to Morley 
a few years later, Richards directly weighed only the 
hydrogen and water, not the oxygen. Moreover, Morley 
performed several times more experiments than Richards 
did, and commonly produced for weighing about ten 
times the quantities of hydrogen and water. Through such 
meticulousness Morley was able to achieve results w i t h 
much lower probable error, on the order of one part i n 
10,000. I t is a tribute to the skills of both scientists that 
their results are entirely comparable, and extraordinarily 
close to the accepted modern value of 15.8729. This 
number (not technically the modern atomic weight of 
oxygen, but rather the modern value for the oxygen-
hydrogen atomic weight ratio), is determined today by 
physical and instrumental rather than by chemical means. 

Apparatus for 
measuring 
compression of 
globes on 
exhaustion. 

Apparatus for burning hydrogen to form water, the 
product of the reaction. 



MORLEY SETTLES THE DEBATE 

• 

Morley with students and instructors, ca. 1893. 

Morley's work on the atomic weight of oxygen had 
much greater significance than simply a more 

precise determination of a constant of nature; i t was of 
fundamental importance to the science of chemistry. 
W h e n Morley determined the atomic weight of oxygen, 
he also settled a controversy that had gone on through
out his century. Many early atomic weight tables 
expressed all values as integers: carbon =12, nitrogen = 
14, i ron = 56, and so on. Were all atomic weights really 
integral multiples of that of the lightest element, 
hydrogen? I f so, i t would be reasonable to suppose that 
al l elements are composed of hydrogen, more or less 
condensed to form atoms of the heavier elements—a 
suggestion first made by the English chemist W i l l i a m 
Prout i n 1815. 

Some of Morley's contemporaries and immediate 
predecessors suggested that most elements have atomic 
weights that are close to, but by no means precisely, 
integral values. The issue was sti l l a lively one at the 
end of the century. Morley's 1895 study definitively 
disproved the hypothesis of integral atomic weight 
values. He was well aware of this consequence, and 
discussed the subject i n an address given as retiring 
president of the A A A S . 

Morley's "wet-chemical" methods were l i t t le 
different i n principle from chemistry of the 18th century. 
Such procedures are subject to many sources of error that 
are exceedingly difficult to eliminate. The accuracy 
achieved by Morley is directly attributable to his many 
scientific and human virtues: manipulational skil l , wide 
understanding of physics and chemistry, methodological 
inventiveness, painstaking attention to detail, intellectual 
honesty, and extraordinary patience. Morley's great work 
marks the grand culmination of an important age i n the 
history of chemistry. I t was a milestone i n our understand 
ing of the nature of matter. 
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THE NATIONAL HISTORIC CHEMICAL LANDMARKS 
PROGRAM OF THE AMERICAN CHEMICAL SOCIETY 

The A C S National Historic Chemical Landmarks Program recognizes our 
scientific and technical heritage and encourages the preservation of historically 
important achievements and artifacts i n chemistry, chemical engineering, and the 
chemical process industries. I t provides an annotated roster to remind chemists, 
chemical engineers, students, educators, historians, and travelers of an inspiring 
heritage that illuminates both where we have been and where we might go when 
travelling the diverse paths to discovery. 

Edward Morley's determination of the atomic weight of oxygen is the fourth 
Nat ional Historic Chemical Landmark to be designated under this program. 

A n A C S Historic Chemical Milestone designation marks a landmark step i n 
the evolution of the chemical sciences and technologies. A Site designation marks 
the location of an artifact, event, or other development of clear historical impor
tance to chemists and chemical engineers. A n Historic Col lect ion designation 
marks the contributions of a number of objects w i t h special significance to the 
historical development of chemistry and chemical engineering. 

This program began i n 1992, when the Division of the History of Chemistry of the A C S formed an international 
Advisory Committee. The Committee, composed of chemists, chemical engineers, and historians of science and technol
ogy, works w i t h the A C S Office of Public Outreach and is assisted by the Chemical Heritage Foundation. Together, these 
organizations provide a public service by examining, noting, recording, and acknowledging particularly significant 
achievements i n chemistry and chemical engineering. For further information, please contact the A C S Public Outreach 
Office, 1155 Sixteenth Street, N . W . , Washington, D.C. 20036, 800-ACS-5558, Press 954-
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