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The Textbook Case of a Priority
Dispute: D. I. Mendeleev, Lothar
Meyer, and the Periodic System

Michael D. Gordin

Introduction

I have no idea who discovered the periodic system of chemical elements, and
{am going to tell you why. When you open a chemistry textbook today, you
can often find, next to its periodic table, a sidebar with a grizzled bearded
man who is depicted as “the discoverer” of the periodic law, the formula-
tor of the table whose checkered countenance greets you from the wall of
every chemistry laboratory in the woild. Almost always, that bearded man
is Dmitrii Ivanovich Mendeleev (1834-1907), a chemist from St. Peterstnirg
who published his version of this system in 1869—or maybe in 1871, depend-
ing on how you figure it. Sometimes he shares the space with the grizzled
beard of Julius Lothar Meyer (1830-1893), who published his version in 1864,
or 1868," or 1870.” A hundred years ago, German textbooks might simply
have presented Meyer, and some esoteric texts would have also depicted John
Newlands, or Gustav Hinrichs, or one or two others—grizzled beards all. The
textbooks are endowed with a certainty I do not have; they know what the
pericdic table is, and therefore they know who discovered it first.

Their framework rests on a preconceived notion of what “the discovery” is,
what the fact or theory consists of in essence. The difficulty with this approach,
however, can be illustrated by drawing a lesson from philosopher Ludwig
Wittgenstein'’s conception of language as a game. That is, there are no specific
ostensive meanings to certain words, or given grammar rules written in stone,
but rather simply guidelines that only make sense within the framework of a
specific set of circumstances. Disagreement can stem from stressing either too
tew of the similarities or too many of the differences between two concepts:

If someone were to draw a sharp boundary [around a term such as “game”]
I couild not acknowiedge it as the one that I too always wanted to draw, or
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had drawn in my mind. For 1 did not want to draw one at all. His.con(l:ep.)t
can then be said to be not the same as mine, but akin to it. The 1§1n5h1p is
that of two pictures, one of which consists of colour patchles Wlth vague
contours, and the other of patches similarly shaped and distributed, baut
with clear contours. The kinship is just as undeniable as the difference.

Kicking a ball might be a solitary exercise, or a move in a game of soccer, ot
an illegal action in basketball. I could select one of these as the meanmglof
kick” and exclude all the others as “not kicks,” depending on how I am using
the concept at that moment. The surrounding context gives meaning to that
word. . . .

This might not seem to be too much of a probleH} in science if you are
talking about something like a solar eclipse. We might all agree that the
observation of the eclipse happened and give credit to the person who saw
it first—assuming our watches were synchronized and that we agr.eed on
whether credit should go to the first person who saw it, or who qute it Flown
in a notebook, or who published it, or who explained it, or who predicted it. So,
even here, in a case of an ostensibly simple observation of the natu.rall woﬂc.l,
we encounter an almost irreducible problem of how to assign credit if credit
is to be apportioned with respect to being first* o

The worries get much worse when we talk about the periodic system of
chemical elements. Just about every individual who has had‘even. the most
cursory science education can recognize a periodic table on sight; it may be,
in fact, the most widely recognized icon of science in the World. It V\..TO'l}lld be
really nice to be able to give credit to the person who “d1sc_overed it. I:Ie're
we encounter conceptual difficulties, both in terms of what it means to “dis-
cover” the system and then concerning what “it” is. . .

What is the periodic system of chemical elements? Is it the abst.ract ideaofa
system? Is it recognition of a periodic law undergirding th_e ordering of chem;
ical elements? Is it representation of that law and system in a tabular fqrn.lat.
Which tabular format? (There are roughly one hundred topologically distinct
representations of the periodic system.)® We find in the scholarly 1it§ratu.re a
number of competing definitions by chemists, philosophers, and hlstonan_s
of science as to the essence of the table and therefore who shquld get Bcredlt
for having arrived at it first. Candidates for the crucial feature include:

1. Recognition that properties of elements repeat periodically with increase

of atomic weight. . . .
2. Arranging a subset of the elements in a two-dimensional grid to present

this relation.
. Using this system to classity all known elements. .
4. Leaving gaps in the system for elements that have not yet been discovered but
whose existence can be inferred from the properties of known elements.
5. Correcting measured properties of known elements using the system (also
known as retrodiction).
6. Predicting detailed properties of new elements to fill the gaps.

J#8]
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Depending on which of these claims you take to be the essence of the peri-
odic system of chemical elements, you will end up with a different discoverer
who is assigned priority for being first.

I have two problems with this picture: the first is with the notion that
there is one law and therefore only one discoverer, and the second is with
how we as present-day observers of history detect who came first.” First to
the problem of essentializing discovery with respect to the periodic table.
The periodic table is one of the classic cases of so-called “simuitanecus dis-
covery,” with six individuals vyving for credit in the 1860s alone (bracketing
supposed “precursors”). Depending on your commitments to the six points
above, you will give the credit to Alexandre-Emile Beguyer de Chancourtois
(#1, #2),° John Newlands (#2),° William Odling (#3),1° Gustav Hinrichs (#3),11
Lothar Mever (#4 and arguably #5),'* and Dmitrii Mendeleev (#6).1% Tell me
who you think discovered the periodic system in the 1860s, and [ will tell you
what you think the periodic system is. This may be an amusing philosophi-
cal parlor game, but it is rather dubious history, because it forces us to project
back our conception of what the correct system is and look for its antecedents
among this plethora of discoverers/codiscoverers.

Now to the problem of how historians measure “Firstness.” Why were there
so many different systems emerging in the 1860s? The 1860s proved a tumul-
tuous period in the history of chemistry—when almost every concept and the-
ory was up for redefinition, rearticulation, or rejection.’* In September 1860,
attendees of the International Congress of Chemists at Karlsruhe witnessed a
seminal speech by the Italian chemist Stanislao Cannizzaro, who argued for
a revitalization of Amedeo Avogadro’s {or Charles Gerhardt’s—another prior-
ity mess!) hypothesis to provide for standardized atomic weights. By apply-
ing Avogadro’s rules consistently, it was possible to reconcile many seeming
anomalies among atomic-weight determinations (from C = 6 to C = 12, for
example) and thus be in a position to compare the corrected weights to each
other and seek relationships among them. Two attendees at this Congress,
Meyer and Mendeleev, later cited Cannizzaro’s influence as crucial in their
individual paths to the periodic system.!® By the late 1860s, only 63 ele-
ments had been discovered (very few of them rare earths), so classification
of the substances in a two-dimensional grid was simpler than it might have
appeared later. Six periodic systems within the decade; none earlier.

So how do we know who came first? Because most scholars who have exam-
ined this question are in thrall to a pre-Wittgensteinian notion of essences of
theories, they have searched among scientific articles published in the spe-
cialized chemical press. If you believe in individualized nuggets of discovery,
this is the perfect place to stalk your quarry, since scientific articles focus on
specific claims and they cite predecessors. In this way, you can make a claim
that someone did not (or did) know about someone else’s work and look for
which of our six features was affirmed by the author.

My approach is different. I contend that the genre of the scientific article
has often structured how we look at the history of science, a bias that is par-
ticularly harmful to understanding episodes in the middle of the nineteenth
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century when that genre was just beginning to congeal. Instead, I take
Wittgenstein’s concept of a game seriously. In many of the claims to discov-
ering periodicity, one finds that the periodic system emerged in the context
of the writing of a chemistry textbook. Yet the histories of periodicity are
written mostly or entirely from journal articles, with scant attention to the
textbooks. Here I consider Mendeleev’s Principles of Chemistry and Meyer's
Modern Theories of Chemistry as loci of the creation of each individual’s peri-
odic system.’® By exploring how the periodic system fits in the composition
and then revision of each of their textbooks, I hope to recrient the discus-
sion a smidgen away from who-found-what-first to what-did-each-want-to-
do-with-it. In the context of the systems’ deployment in the textbooks, we
see that both Mendeleev's and Meyer's systems encoded a picture of what
chemistry as a whole was about, and as a result we grasp a crucial difference
between these two major claimants—specifically, why Lothar Meyer did not
predict the properties of any new elements to fill the gaps in his system, while
Mendeleev did. | defer here the interesting history of how these two systems
got ripped out of their textbooks and placed in the agonistic field of journal
disputation, or the importance of scientific priority over Germans for Russian
nationalist politics in this period, as well as an extension of this analysis to
the other four contenders for priority. The priority dispute proper took place
among the scientific community writ large; the systems, however, were born
with the classroom in mind.

Mendeleev's Principles of Chemistry

If you recognize the name Dmitrii Ivanovich Mendeleev, you probably
heard of him in school—for it is in current chemistry textbooks that he is
introduced as the discoverer of the periodic law, full stop. I will not adjudi-
cate claims of priority here; T only wish to demonstrate what it means when
someone gives sole credit to Mendeleev—which features of the periodic sys-
tem are emphasized and which features are elided. This section will sum-
marize the process by which Mendeleev came to his formulation of the
periodic law in the course of writing his textbook, Principles of Chemistry
(Osnovy khimii) in 18691871, and then point to how the pedagogical origins
of “Mendeleev’s periodic law” stresses particular features as the essernce of the
periodic system.

Mendeleev was born in Tobol’sk, Siberia, in 1834, the last child of a school
inspector and the daughter of a factory owner who had fallen on hard times.'”
After his strong (but not exceptional) performance in school, his recently-
widowed mother decided to enroll her son in university and conveyed him
first to Moscow (where he was turned down by Russia’s oldest university) and
then to St. Petersburg (where he failed to gain admission to St. Petersburg
University but eventually matriculated in 1851 at his father’s alma mater, the
Chief Pedagogical Institute).

Mendeleev graduated with an emphasis in the natural sciences, especially
physics and chemistry, and then undertook study for a master’s degree in
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chemistry at $t. Petersburg University. After a number of travails—including
a stint teaching at a high school in the Crimea, which he detested—he was
sent abroad to Heidelberg University for additional postgraduate study.'® He
returned to St. Petersburg in early 1861, two weeks before Tsar Alexander 11
abolished serfdom, and took on several adjunct positions—including one at
St. Petersburg University for a few months before it was closed for two years
due to student unrest—until settling into an extraordinary professorship at
the St. Petersburg Technological Institute. In this period of relative penury,
he first tried his hand at textbook composition to earn some extra money,
penned Organic Chemistry very rapidly, and received the additional boon of
the Demidov Prize of the Academy of Sciences for the final product in 1862.1°
This textbook, composed around the central concept of Charles Gerhardt’s
and Auguste Laurent’s type theory, was soon eclipsed by the structural
framewoik of Aleksandr M. Butlerov, chemistry professor at Kazan (and soon
St. Petersburg), whose textbook, Introduction to the Complete Study of Organic
Chemistry (Vvedenie k polnomu izucheniiu organicheskol khimii), soon became a
classic of Russian chemical pedagogy.®®

Mendeleev was promoted to professor of chemistry at St. Petersburg
University in October 1867. This new position demanded that he teach the
introductory inorganic chemistry lecture course, a requirement for all stu-
dents in the rapidly expanding natural sciences faculty. To do this, he needed
to assign a textbook. Unfortunately, Russian-language chemistry textbooks
did not exactly grow on trees, especially in the late 1860s, when all prior
textbooks quickly became superannuated by the rapid developments in con-
femporary chemistry. A Russian professor had two choices: pick an up-to-date
textbook in French, German, or English and translate it (amending it in the
process); or write one from scratch.?’ Mendeleev, concluding that scientific
developments would likely eclipse the first option by the time the translation
was completed and that he was more likely to turn a self-composed textbook
into a lucrative financial venture, opted for the second. The idea to write
Principles of Chemistry was born.

This was a fortunate decision for us, since Mendeleev’s formulation of the
periodic system of elements grew directly out of the process of composition
of this text.** Principles of Chemistry consisted of two volumes. Volume 1 was
largely written in 1868 and concluded in the first month of 1869. The idea for
a periodic arrangement of elements was introduced as Mendeleev attempted
to map out an outline for volume 2. Volume 1 consisted of a largely empirical
introduction to the practices of being a chemist—providing multilayered and
detailed introductions to hydrogen, carbon, oxygen, and nitrogen, as well as
the halogen family. This left just under seven-eighths of the 63 known ele-
ments for volume 2. Mendeleev needed to come up with an organizational
system that would compress themn into the same span with which he had dealt
with only eight elements. What began as an outline for grouping elements
together to ease their exposition scon developed, by late February 1869, into
a suggestion for an underlying pattern that united all elements into a natural
system (figures 3.1 and 3.2).
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Figure 3.1 The first published version of Mendeleev’s Qeriodic system, dated February
17, 1869, produced while composing Principles of Chernistry.

Source: D. 1. Mendeleev, Periodicheskii Zakon. Klassiki Nowki, ed. B, M. Kedrov (Moscow: Izd.
AN SSSR, 1958), 9.
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article by Mendeleev, is virtually identical to one which appeared in the first edition

of the Principles.
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Understandably, Mendeleev did not fully grasp in February 1869 the impli-
cations of the periodic system, but certain features of the incomplete first
system (such as the question marks embedded in figure 3.1) indicate that
he was well on the way to thinking them through. He continued to develop
the system for the next two years, during which time he revised the sec-
ond volume of his textbook, and he completed both the research cycle and
the textbook in late 1871. Although Mendeleev would of course tinker with
the system throughout his life-—even adding a whole group of noble gases
for the seventh and eighth editions—he insisted that the essence of the law
could be found in the first edition. For example, consider this statement from
Mendeleev's fifth (1889) edition: “Twould like to show in an elementary expo-
sition of chemistry the tangible utility of the application of the periodic law,
which appeared before me in its entirety precisely in 1869, when I wrote this
composition . . . In this, 5th, edition I did not change a single essential feature
of the original work, but only supplemented it.”?* (This notwithstanding the
fact that Mendeleev continued to work on the periodic system, and in each of
the eight editions of the Principles of Chemistry he elevated its significance and
its status to a periodic law.?* Shortly after the publication of the first edition,
Mendeleev claimed in a letter to Emil Erlenmeyer—at that moment editor of
Liebigs Annalen—that even the 95-page research article he had submitted was
inferior in detail to the textbook itself: “Despite its size, the present article
does not go over the course of my ideas in all the details, which are developed
more completely and fully in my Russian articles and in my ‘Principles of
Chemistry,” and which I would happily acquaint the German public with.”25

Mendeleev always stressed not only the periodic system’s pedagogic origins
but aiso its continued pedagogic utility (a feature of the system appreciated
by chemistry teachess to the present day). Statements on this were so impor-
tant that he preserved them in numerous translations of his original Russian
articles: “T will add still another remark: it is that the use of the periodic law
facilitates the learning of chemical facts by beginners. I have come to this
conclusion during the courses of lectures that I have given for two years, and
during the preparation of my ‘Traité de Chemie Inorganic,’ now published (in
Russian), which treatise is based on the periodic law.”?® For however flighty
and mercurial Mendeleev might have been as a natural scientist and a profes-
sional colleague, he was deeply committed to undergraduate pedagogy and
left a lasting impression on generations of students (he retired from the uni-
versity, although not from lecturing at various other institutions, in 1890).%7
For Mendeleev, the periodic system was pedagogically inflected into its core
because it represented a hypothesis-free (to his lights) means of conveying
chemistry. He emphasized this in the same letter to Erlenmeyer quoted above:
“I want only that you will pay attention to the fact that I do not set up any
hypotheses, because in my view these often seduce students as faise keys and
thus tend to slow down the [ree development [of] science.”?8

The pedagogic core of the periodic law reflected Mendeleev’s deep com-
mitments as to what were admissible and inadmissible hypotheses in chem-
istry, such as his skepticism about both atomism and valency. It may appear
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somewhat counterintuitive that Mendeleev remained for most of his life (he
recanted somewhat in his final decade) hostile to the very two concepts—the
existence of atoms and the integral units of chemical bonding—that seem to
many today to be the central features of the periodic system. In 1877, British
chemist William Crookes, in an evaluation of the periodic system, observed
that “M. Mendeleeff himself declares that the Periodic Law cannot be harmo-
nised with the Atomic theory without inverting known facts.”?® Mendeleev
insisted that the periodic systern did not provide any evidence either way on
the existence or nonexistence of atoms, and he professed himself happier as
an agnostic about their ultimate reality. He was deeply suspicious of Prout’s
hypothesis, which in its earliest form proposed that all atoms were glommed-
together compounds of hydrogen atoms; since this original formulation was
clearly ruled out by fractional atomic weights, such as chlorine’s 35.5, it was
1ater modified as an umbrella term for any belief that atoms were composite
in nature. For Mendeleev, Prout’s hypothesis was an instance of unwarranted
hypothesizing along the same lines as traditional atomism.*” His suspicion of
valency deepened his general hostility toward ovetly microscopic interpreta-
tions of atomic behavior with a competitive defense of his older type-theoretic
organic chemistry in juxtaposition to the Kekulé-Butlerov structure theory.*

To today’s chemists, Mendeleev’s views seem rather bewildering—and they
seemed so to his contemporaries as well. While he was not the only chemist
who resisted atomism and valency, he was one of a dwindling number, and
most of his coskeptics were theoretical reactionaries who resisted even the
periodic systern. With one exception, on every major theoretical speculation
in late nineteenth-century chemistry—atomism, substructure to atoms, the
existence of the electron, the existence of noble gases, valency, radioactivity—
Mendeleev was on the conservative, incorrect side.?? The exception, of course,
was the use of the periodic system to predict the properties of unknown ele-
ments. Mendeleev was almost alone in advocating this as a feasible use of
the system in the early 1870s, and he was spectacularly right three times—
correctly foreseeing the properties of elements eventually discovered as gal-
lium (1875), scandium (1879), and germanium (1886). And these successful
predictions are the sole reason we now see Mendeleev as a chemical visionary
instead of a chemical reactionary. In the textbook context, we very clearly
observe Mendeleev’s essential conservatism on the chemical-theoretic issues
of the day and notice how the periodic system fits this frame beautifully—an
organization of the elements that does not require presumptions about

Proutian “primary matter” (“protyles”), or adherence to a specific theory of -

valency. Tt was supposed to teach students how to reason chemically with a
knowledge of the substances and a resistance to fancy speculation.

In the context of scientific journal articles, however, prediction was quickly
elevated not only as the major differentiating point between his claim to
priority and Lothar Meyer’s (which is true enough), but also as the essential
feature of the periodic system. The fact that most historians have assiduously
analyzed only these journal articles has resulted in an overweening emphasis
on prediction in accounts of Mendeleev’s formulation of the system.
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Mendeleev’s system was announced in foreign chemical journals in basi-
cally two ways. First, it was reported in the proceedings of the Russian
Chemical Society’s meetings, a standard informational bulletin.** Second, it
emerged in Mendeleev's own translated articles. The {irst of these pieces, in
the Zeitschrift fiir Chemie in 1869, contained a translation error that in itself
was the source of much dispute between Mendeleev and Mever.** It is fairly
clear from archival sources that Mendeleev had previously been unaware
of alternative periodic systems that had appeared either in textbooks or in
journals. Now that others were laying claim to having provided the founda-
tion for Mendeleev’s obviously more comprehensive and refined system, he
became both more defensive and aggressive in his priority claims. He soon
declared himself “an enemy of all questions of priority,” which is a good
indication that the speaker is anything but.**® But how could he defend him-
self when he was manifestly the last person to publish a periodic system in
the 1860s?

He opted for two main points of attack: independence of his system, and
its greater completeness. Both came together under a theory of credit-distri-
bution in the sciences. First, independence:

I consider it necessary to impart, that during the formulation of the peri-
odic systermn of elements [ used the earlier works of Dumas, Gladstone,
Pettenkofer, Kremers, and Lenssen on the atomic weight of similar ele-
ments, but that T was unaware of the apparently preceding works of de
Chancourtois in France (Vis tellurique or the spiral of elements based on
their properties and equivalences) and of J. Newlands in England (Law of
octaves, according to which e.g. H, F, Cl, Cy, Br, Pd, ], Pt form the first and
0, §, Fe, Se, Ru, Fe, Au, Th form the second octave), in which some embryos
of the periodic law are to be seen. 36

Leaving Lothar Meyer, of course, unmentioned, the man he accused of
having stolen periodicity. He only ceded Meyer some credit after the Royal
Scciety awarded the Davy Medal for the periodic system jointly to both men
in 1882.% (After Mever's death, Mendeleev started to be positively cordial to
the man—but only as a precursor, not as the initiator of a full-fledged com-
peting system )

Once he had established his independence, Mendeleev made a virtue of
coming last, arguing that even though others had found germs of the idea,
historical exemplars indicated that true credit should only go to the one
who fully realized all the system’s traplications (in analogy to oxygen being
attributed to Antoine Lavoisier as opposed to Joseph Priestley): “It is right
to consider as the creator (Schipfer) of a scientific idea he who not only rec-
ognized the philosophical concern but also the real side of a matter, who
knows how to so illuminate the issue that anyone could be convinced of its
truth and it becomes general. Only then would the idea, like matter, become
indestructible.”* This naturally implied that the correct parameter to judge
credit was who drew out the furthest correct implications. Once one frames
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the field in this way, the answer becomes obvious: e who correctly predicted
the properties of unknown elements. And we all know who that was—not
Lothar Meyer.

Mevyer’s Modern Theories of Chemistry

Based on his background, it is somewhat odd that Lothar Meyer became a
chemist at all.* He was born in Varel, Oldenburg, on August 19, 1830, the
fourth of seven children of a local physician and the daughter of a physician.
With this pedigree, his father wanted his sons to become doctors, and Meyer
was happy to acquiesce, even more definitively so after his father’s death in
1850. Although Meyer was five years clder than Mendeleev, the two were
exact contemporaries in terms of their careers, since Meyer's father was forced
to withdraw his son from school at the age of 14 because of the boy’s intense
headaches. Meyer was apprenticed for a few years to a gardener (which appar-
ently helped with the migraines), and he reenrolled in school and gradu-
ated from the gymnasium in Oldenburg in 1851 (a year after Mendeleev).
He matriculated from Ziirich University in medicine in May 1851, stud-
ied under Carl Jakob Lowig and Carl Friedrich Wilhelm Ludwig, moved to
Wiirzburg (and Rudolf Virchow) after two years, and completed his training
on February 25, 1854.

That year he moved to Heidelberg—yet another parallel with Mendeleev—to
study with Robert Wilhelm Bunsen, whom he adored. Here the divergences
with Mendeleev become clearer, for Meyer loved his time in Heidelberg and
continually referred back to it. As one of his obituaries put it: “The years spent
at Heidelberg were times of great moment, and their influence is to be dis-
tinctly traced in the subsequent work of his life.”* The work performed there
went into his dissertation concerning gases in the blood, published in 1857
in Konigsberg, which included the first correct analysis of the mechanism of
carbon monoxide poisoning: the displacement of oxygen molecule for mol-
ecule in the blood. To develop his growing interest in physical chemistry as
he moved further away from medicine, in 1856 Meyer moved to Konigsberg
to study physics with Franz Ernst Neumann, joining his elder brother Oskar
Emil Mevyer. He left to take a Privatdozent position in physics and chemistry
at Breslau in February 1859. There he displayed a sharp talent for chemical
theory in his critical work: “On the Chemical Doctrines of Berthollet and
Berzelius.” He also attended the Karlsruhe Congress.

He was called to his first independent position at the School of Forestry at
Neustadt-Eberswalde in 1866. In 1868 he succeeded Carl Weltzien as a profes-
sor of chemistry and the director of the chemical laboratory at the Karlsruhe
Polytechnic Institute, and settled in 1876 in Tiibingen, where he taught until
his death on April 11, 1895, His biographers always point to his commit-
ment to pedagogy—he trained over 60 doctoral candidates in chernistry at
Tithingen (another contrast to Mendeleev, who trained very few). He taught
inorganic chemistry during the winter semester and organic chemistry duz-
ing the summer, and supplemented the latter with a special lecture course
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on an advanced topic, often having to do with chemical theory. He served
twice as dean and was rector the year before his death. (His last documented
official action as rector was awarding Otto von Bismarck an honorary doctor-
ate from the Natural Sciences Faculty in honor of his eightieth birthday.)#
Running like a scarlet thread through this biography, from Virchow to Bunsen
to Neumann to Tiibingen, is the importance of pedagogy.

As committed as Meyer was to teaching, he was even more passionate about
the proper construction of textbooks so that they included a prominent role
for chemical theory, which he felt was underemphasized in most classrooms
of the day.*® Like Mendeleev’s, Meyer’s periodic system emerged during the
composition {and revision} of his textbook, Modern Theories of Chemistry and
Their Significance for Chemical Statics (Die modernen Theorien der Chemie und
ihre Bedeutung fiir die chemische Statik), and throughout his life he continued
to develop methods by which the system could be used in the classroom.**
Unlike Mendeleev, however, Meyer drew a direct line from Cannizarro’s devel-
opment of the theory of atomic-weight determination to his own system, thus
placing himself within a continuous development: “After Cannizzaro had
established the correct principles for the determination of atomic weights,
the regularities which had been observed up to that time tock shape in the
first edition of my ‘Modern Theories,’ in 1864.,"%

This book was published while Meyer was still in Breslau and comprised a
slim :147 pages. It occupied a liminal space between theoretical treatise and
textbook, and was intended as a survey of relevant theories in chemistry,
especially atomism and valency. Both of these, he emphasized early in the
text, were chemical theories, and the purpose of this book was to differentiate
the domains of theory in chemistry from those theories that were proper to
physics:

It is undeniable that through the adoption and development of the atomic
theory chemistry becomes more and more alienated from its near relation
physics. The areas became more sharply differentiated; each discipline
went on its own path; the common border districts remained in many
cases undeveloped when chemistry has not alone seized them, as more
often seems to be the case. Yet almost daily new relations were being dis-
covered between chemical and physical phenomena; but even the greatest
discoveries produced by the application of physical methods to the area
of chemistry could not establish stronger ties across the loose rift between
both disciplines, because the goals of both had become different.
Chemists were concerned, first and foremost, with the countless com-
pounds whose possibility atomic theory allowed one to predict, to produce
the laigest possible number of them, to study them and to order them sys-
tematically. Thus chemistry became more and more a descriptive natural
science, in which general theoretical speculations, such as those Berthollet
had set in the foreground, only occupied a background significance.
This change was necessary . . . [A] theoretical chemistry was demanded
for an exact knowledge of an extraordinarily large number of chemical
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compounds, without which there was a very near danger that it would run
aground . . . [Plerhaps only in the coming century can one build a theory
of chemistry that, as now the theory of light or electricity |in physics], can
teach us to calculate the phenomena from given conditions in advance,
From this goal that Berthollet had in mind, chemistry i3 even today stili
endlessly far away . . . Today's chemistry resembles a plant which has its
roots spread out in the soil and gathers nutrients for the later sudden flour-
ishing of stalks, flowers, and fruits. The rich material that the rapid devel-
opment of atomic theory has enabled guarantees for chemistry its lasting
autonomy; it will never again be a dependence, a subdivision of physics.*®

This lengthy extract highlights several crucial points: that chemistry and
physics occupied very different domains, and that this difference stemmed
from the different role of theory in each; that chemistry was not yet endowed
with overarching predictive theories like those in physics; and that the pur-
pose of theoretical developments was to order empirical data into broad
schemes. Yet Meyer noted that chemists tended to be skeptical of overhasty
generalizations based on theory: “There thus emerged a feeling of uncer-
tainty or doubt about the value of theoretical efforts in general, that specula-
tions about causes and the essence of phenomena were usually hurried and
suggestive, often even not directly stated, leaving the reader to abstract them
himself.”’ If Meyer wanted to defend the utility of chemical theory in this
textbook—and particularly the importance of atomism--he would have to
calm this concern of his peers and show how theory could be useful without
necessitating leaps to unfounded conclusions,
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Figure 3.3 Lothar Meyer’s table of elements from the first edition of Modern Theories
of Chernistry {1864},

Source: Lothar Meyer, Die modernen Theorien der Chemie und ifire Bedeutung filr die chemische Statik
{Breslau: Maruschke & Berendt, 1864), 137,
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An excellent llustration of this point was his system for organizing the ele-
ments on the twin axes of atomism and valency, often called (anachronisti-
cally) his first periodic table (figure 3.3). The image appears late in the book
and is meant to show the regularities of the amount of increase of atomic
weight within groups of similar valency (Werthigkeif), the differences being
indicated by the calculations between the rows. The point here was to solid-
ify and emphasize the conceptual utility of both atomic weights and valency
theories by showing that they, heretofore treated independently in the book,
seemed connected by deeper regularities. This link was mostly implicit in
Meyer's account. He introduced the table thus: “The following table gives
such relations [between the atomic We1ghts] for six related well characterized
groups of elements.”®

This partial table is pretty impressive; one might think that one could use it
as a springboard for evaluating empirical results. But Meyer was very careful
to exclude precisely this use of the system:

It is surely not to be doubted, that a definite regularity (Gesetzmdssigkeif)
prevails in the numerical values of atomic weights. It is rather improbable
that it 1s as simple as it appears, if one leaves aside the relatively small
deviations in the values of the evident differences. In part indeed these
deviations can justifiably be seen as brought about through incorrectly
determined values of atomic weights. But this can hardly be the case for all
of them; and entirely certainly one is not justified, as is seen all too often,
to want to arbitrarily correct and change the empirically determined
atomic weights due to a suspected regularity, before experiment has set a
more exact determined value in its place.®

Thus, immediately after introducing a system of elements, Meyer turned its
suggestiveness into an object lesson in theoretical humility. The purpose of
this system, and the whole book, was to provide a middle ground in defend-
ing the restrained utility of theory as opposed to unrestrained empiricism. As
he commented in his conclusion: “The more science progresses, the more it
will be possible to keep in abeyance the damaging influence of hypotheses
and theories. Also in chemistry one will more and more be in the position,
as is now the case in physics, to always keep in view the dependence between
each hypothesis and the results of observation compared with theoretical
consequences,”>’

The second edition of Modern Theories, published in 1872, and at 364 pages
now ballooned to over double its original size, further developed his table
of elements into a “true” periodic system and insisted even more forcefully
on restraint in using it for prediction. Meyer expanded the work to make
it more useful as a textbook: “Through this expansion of observational
material the book has come to approach more closely the form of a
textbook or handbook.”* Emphasizing his pedagogical intent, he dedicated
it to his mentor, Bunsen. There were many interesting features in this new
edition-—including a mention of Prout’s hypothesis, absent from the first
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edition—but perhaps none more striking than how he now treated the peri-
odic system.>

The two most salient aspects of Meyer’s development of the periodic system
in this second edition were his handling of priority claims and his attitude to
prediction. As a rule, both in the textbook and in his journal articles about
periodicity, Lothar Meyer was scrupulous about acknowledging both “pre-
cursors” and giving lavish attention to Mendeleev (although the latter felt
the attenrtion was not lavish enough).>® Given Meyer’s goal of enhancing the
status of theoretical developments in chemistry, this distribution of credit
made a great deal of sense; by showing a continuous development of atomism
through Cannizzaro and to the periodic system, he could demonstrate the
utility of continuous attention to theory.

With respect to the possibility—and the desirability-—of prediction, he
was much more circumspect. After displaying a modified periodic table
(figure 3.4) and his famous curve of increasing atomic volumes (figure 3.5},
Meyer noted:

As one runs through the row of elements by magnitude of atomic weight,
omne sees the periedicity of properties in their dependence upon the mag-
nitude of atomic weight very clearly. While the differences of the atomic
weights that immediately follow each other seem to pertain to no simple
law, one sees between the atomic weights of members of one and the same
family entirely regular relations.*

This is hardly a ringing endorsement for reformulating chemistry around
the periodic system. (Recall, however, that Mendeleev also proposed noth-
ing of the sort; he did not enhance the structural centrality of the system as a
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Figure 3.4 One of Lothar Meyer’s 1872 periodic tables.

Source: Lothar Meyer, Die modernen Theorien der Chemie und ihre Bedeutung fiir die chemische Statik,
2d. ed. {(Breslau: Maruschke & Berendt, 1872), 301.
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Figure 3.5 Lothar Meyer's atomic-volume curve, also published in the 1872 textbook
on the inside cover. This more complete version comes from his 1870 journal article.

Source: Lothar Meyer, “Die Natur der chemischen Elemente als Function ihrer Atomgewichte,”
Annalen der Chemie und Pharmacie, Supp. VII (1870): 354--364, insert.

pedagogical tool in later editions of his Principles, although he did accentuate
the powers of the periodic law for conceptual understanding.) The impor-
tance of Meyer’s claim that the periodic system reflected “no simple law”
was to exclude the possibility of making predictions based on the system—in
a textbook published the year after Mendeleev had done just that. “We are
however conscious of the weakness of our weapons,” he continued, “so it is
as always allowed for us to test our powers through this, that we can predict
the properties of still undiscovered elements with the greatest possible prob-
ability, in order to later perhaps compare them with the actually observed
ones and then be able to judge the value or lack of value of our theoretical
speculations.”>® To clinch the point:

If chemistry is to be spared new deeply distressing catastrophes, one must
before all else strive for a correct valuation of hypotheses and theories,
that, as we hope, will soon become a general resource for all researchers.
As we have happily overcome the false disdain for hypotheses and theories
and the overweening fear of their dangerousness, so we must also take care
to avoid the opposite extreme in chemistry, the simplistic erection, over-
valuation and degmatization of hypothetical assumptions.*¢
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Thus, from the textbook context, we can clearly see that Meyer refrained
from making detailed predictions of undiscovered elements—although he
left gaps in his table and engaged in some interpolations—not because of
timidity or fear of hypotheses but to prove a point about the conjunction of
observation and theory.%” This was a pedagogical point, a point to be drilled
into students. {(Mever's extensive experimental work on the accurate determi-
nation of atomic weights offered a complementary research agenda to exem-
plify his pedagogical stance.)*

Each further edition of Modern Theories, even after he expanded it from
chemical “statics” to chemical “mechanics” (the change took place in the
fourth edition), continued to downplay prediction, denying that it formed
any part of chemistry’s dornain (at least at present) and assigning it to physics.
This was true even in his third lightly-revised edition of 1876, published after
the discovery of gallivm and the first successful confirmation of Mendeleev’s
predictions.®® The fourth edition expanded to 607 pages and included a great
deal about atomic dynamics (derived from innovations from organic chemis-
try), and began ever more to resemble a textbook organized around the twin
principles of atomism and valency.®® His revisions continued to be minor and
in the direction of comprehensiveness rather than transformation until the
sixth edition, which was published posthumeously by his brother. While pre-
paring this version (it had, after all, been thirty years since the first), Meyer
decided to split the book into three separate volumes—as it had indeed been
split internally since the fourth edition. He had finished the first third and
sent it off to the publisher on the morning of April 11, 1895; that afternoon
he suffered the stroke that killed him by evening.®

Modern Theories was not Meyer’s only textbook venture. He also published
a more traditional textbook, Essentials of Theoretical Chemistry (Grundziige der
theoretischen Chemie) in 1890, dedicated to his other pedagogical idol, Franz
Neumann.®® Even though this textbook came after all three of Mendeleev’s
successful predictions, and was even more emphatically in favor of Prout’s
hypothesis and other controversial theories, Meyer still urged caution to
students in thinking about the reliability of theory: “Never however are we
allowed to take even the best established theory for absolute truth; high prob-
ability is the highest that we attain.”®® This avowal of a healthy skepticism
continued into the multiple revised editions produced posthamously by his
students.®*

Thus we find a striking divergence between Mendeleev and Meyer in terms
of their stances on the controversial issues of the day. On every contemporary
theoretical issue of consequence—the existence of atoms, their substructure,
the validity of Prout’s hypothesis, the centrality of valency—Meyer not only
stood clearly in their favor but also gave answers that are now considered by
chemists to be right on each point, while Mendeleev’s are not.> We are thus
faced with an intriguing contrast: Mendeleev was hostile to most forms of
speculative chemistry, was fundamentally conservative on theory, and still
made astonishingly accurate predictions of the properties of vet-undiscovered
elements; on the other hand, Lothar Meyer felt a strong affinity to theories
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in chemistry and asserted their validity but refused to consider the periodic
system a stable enough platform from which to speculate. What are we to
make of this difference?

Conclusion: A question of “boldness”?

Russian (and especially Soviet) authors typically surmounted the impasse by
endorsing Mendeleev's scheme for giving credit to the most “developed” sys-
tem and systematically ignoring his puzzling theoretical myopia. Western
scholars have mostly shied away from this approach, but several efforts have
harnessed prediction to resolve the strange antisymmetry between Meyer and
Mendeleev. In this framework, what is to be explained is not why Mendeleev
was inconsistent on the issue of theoretical speculation but assumed that
prediction was the natural end result of the periodic system, and frame the
question instead as: Why didn’t Meyer make any predictions? The answers
boil down to an issue of personality—declaring Mendeleev a more “bold”
{(kiihn in the German) chemist in hazarding predictions and faulting Meyer
for an implied timidity:

But it is especially in the deductive application of the systern, that we find
the Russian scientist much in advance of the German; the scope of the
phenomena encompassed, the definiteness and lucidity of the reasons
adduced for the conclusions arrived at, the number and importance of the
predictions made together the marvelous way in which these have been
verified, have combined to make this part of Mendeleeff’s work one of the
greatest scientific achievements of the century, one of the most striking
confirmations of the modern method.®

Even Meyer ascribed “boldness” to Mendeleev in the third edition of Modern
Theories.5

There is some justification in the historical record for this emphasis on
prediction as the relevant axis for differentiating the two chemists. The
idea of prediction excited quite a few chemists from the beginning, how-
ever skeptical they were toward the correctness of Mendeleev’s claims.
In one of the first characterizations of Mendeleev’s predictions to the
German Chemical Society on December 18, 1870, for example, V. von Richter
atypically waxed emphatic about the possibility of predicting the properties
of yet-undiscovered elements: “Interesting predictions, if some of these ele-
ments are eventually really discovered!”®® In the fifth edition of Principles
of Chemistry, Mendeleev himself mocked Meyer for not “rushing” to make
predictions.®

Yet this explanation is unsatisfying, for several reasons. First, it fails to
explain why Mendeleev refused to be bold about other “speculations” in
chemistty that were rather less radical than his predictions—such as, say, the
existentce of atoms. Mendeleev’s clearly conservative stance on many politi-
cal and social matters seems to indicate that his caution was more typical
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than his “boldness,” which should suggest that his willingness to predict
needs to be explained, not presumed.”™ Further, this interpretation ignores the
clear evidence of Meyer’s enthusiasm for theoretical elaborations in many
instances (which, to be Whiggish again for a moment, one might reiterate
happened to be correct). Finally, this metric of audacity naturalizes and fixes
certain features of chemistry—that it is supposed to be a predictive natural
science—that were openly disputed at the time.”* Reduction to a matter of
personal courage obscures much more than it reveals in what should be, at
least in part, a story about chemistry's disciplinary boundaries.

Much more appropriate is a consideration of the pedagogical motivations
for each chemist and the context of textbook-writing in the development
of each of their systems. Both systems emerged as solutions to problems of
textbook composition (Mendeleev) and pedagogical presentation of theories
{(Meyer). In the textbook context, both scientists refused to draw extensive
implications from their systems: Meyer quite explicitly and Mendeleev by
leaving extensive discussion of predictions out of his Principles. The differ-
ence stems from what happened once the periodic systemn moved into the
journal lterature: there, Mendeleev began to expand on speculative predic-
tions, while Meyer held his system much closer to its original pedagogic con-
text. Recall that there are two questions that need to be explained: why did
Meyer refuse to predict, and why did Mendeleev fee] comfortable predicting?
The textbook origins of the periodic system provide an answer to the first
question. The second question still remains to be answered-—indeed, remains
to be asked--by philosophers and historians of chemistry.

The purpose of this essay was to clarify and reframe some assumptions
of present-day observers as they think about the periodic-table priority dis-
pute. My goal is not to allocate credit differently—or to attribute credit at all,
for that matter. Late-nineteenth-century contemporaries already solved that
problem to their satisfaction by assigning both men the 1882 Davy Medal for
their work on the pericdic system, seclomonically splitting credit down the
middle. Yet even this compromise did not last very long. At a meeting of the
British Association for the Advancement of Science in Manchester in 1887,
both Mendeleev and Meyer were in attendance at an awards banguet, and
already then one could observe Meyer being eclipsed by Mendeleev’s shadow.
According to an eyewitness:

[W]hen, at the conclusion of Dr. Schunk’s address, there was a call for
a speech from Mendeléefff], he declined to make an attempt to address
the section in English, and simply rose in his place to bow his acknowl-
edgments, an acticn followed by the rising of Mever from his seat next
to Mendeléeff, and who, as if 0 prevent any misconception, prefaced his
speech with the declaration, “I am not Mendeléeff,” a statement which
may, perhaps, have disappeinted some of his hearers, but the round of
applause which greeted his further remark, “I am Lothar Meyer,” proved
that the feeling, if it existed at all, was more than counterbalanced by the
anticipation of the pleasure of listening to the words of one whose name
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will ever in the annals of cur science be justly associated with that of the
great Russian chemist.”?

The audience that day knew something that the textbooks relating the dis-
covery of the periodic system have forgotten—that Meyer was not a usurper,
a false claimant to the title of discoverer. He was not simply “not Mendeléeff”;
he was a chemist with his own approach to the periodic system, a differ-
ent but related system that was enmeshed in a complex of other pedagogical
goals. Yet simultanecusly, that audience signaled something else—that after
the dust settled, Mendeleev structured the storyline of the periodic law, and
Meyer's importance, such as it was, came from being “justly associated” with
his Russian counterpart.

Mendeleev’'s shadow in the story of chemistry has swallowed up any
number of cthers. In 1974, at the beginning of his first published book,
H. G. J. Moseley: The Life and Letters of an English Physicist, 1887-1915, histo-
rian of science John Heilbron found the same effect. Moseley was a striking
character for a number of reasons—not least his death at Gallipoli, a siz-
able blow to British science—but his scientific reputation rests primarily
on his use of x-rays to establish that the elements in the periodic system
were arranged not by increasing atomic weight (for there were excep-
tions, such as heavier tellurium preceding lighter iodine) but by the rising
quantity of nuclear charge, what came to be known as atomic number. If
we were playing the “who discovered the periodic table” parlor game, we
could add a seventh point to our earlier list: “Explained the ordering of the
elements and the repetition of their properties.” Credit under that defini-
tion would probably fall to Harry Moseley. Heilbron, as one might expect,
knew better than to embark down that path. The closest he came was in
his second epigraph, quoted in French from the noted experimental physi-
cist Maurice de Broglie: “Moseley’s law justifies Mendeleev’s classification;
it justifies even the liftle tweaks that one has been obliged to give to this
classification.””® He, too, was not Mendeleev, and his law mostly survives
as an adjunct to a discovery that had been credited to the Russian before
Moseley was born. Ask not who discovered the periodic system; ask why you
want to know the answer.
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