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Abstract
This master's thesis discusses the role and functions of textbooks in knowledge
infrastructures. My thesis introduces the distinction between indicators and factors from
conceptual history to textbooks and textbook studies. It is argued that there exists a tradition
which mainly considers textbooks as indicative instead of being both.
My master's thesis has two main parts consisting of a number of subsections. The first main
part is concerned with providing an overview of previous historiography and suggesting new
approaches. I present my arguments for the existence of an indicative tradition of textbook
studies, and I present a reevaluation of textbooks in studies from the 2000s.
In order to conceive textbooks as active I employ P.N. Edwards' notion of knowledge
infrastructures. Knowledge infrastructures expand the list of elements participating in
networks beyond the social to include identities, norms, and physical elements like the
textbook. Knowledge infrastructures provide a framework for seeing textbooks as active. I
argue that textbooks may serve as infrastructural elements or actively manipulate knowledge
infrastructures. I also present some theoretical arguments for analyzing textbooks as part of
knowledge infrastructures, e.g. the concepts of gateways and entry points.
The second main part is to substantiate my theoretical argument. In three empirical analyses I
analyze textbooks written and translated by three Danish chemists during the early
establishment of chemistry at the university of Copenhagen and the Polytechnic College. I
analyze how textbooks were used to demarcate chemistry as a discipline, how textbooks
discussed atomism, and finally how textbooks could function in relation to the practical
training of chemists.
This master's thesis argues that textbooks are indicator-factors. They have been used by actors
to assert identities, form new generations of practitioners, and to standardize actions.
Furthermore, it argues that a viable way of studying this is through the vocabulary of
knowledge infrastructures.
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Textbooks and Knowledge
Infrastructures of Copenhagen
chemistry, c.1820-1850
Introduction
The textbooks will have to be rewritten! This is an eye-catching description used to invoke our
curiosity in printed and online media. Some recent examples in Denmark would be articles
from the online site for science communication Videnskab.dk, e.g. (Lauritsen, 2017; Sjøgren,
2018). Both instances tap into our common notion of textbooks as repositories of accepted
knowledge. When unexpected knowledge arrives, e.g. that our general classification of
dinosaurs into two main groups may have been wrong all along (Lauritsen, 2017), our
accepted knowledge may shift and our textbooks rewritten.
The widespread understanding of textbooks as repositories of accepted knowledge is
indicated in a recent committee report published by the Danish Ministry of Higher Education
and Science. At the same time, the committee report also challenges this common
understanding. The committee report recommends that universities should acknowledge the
value of writing textbooks and further suggests meriting textbooks as research if they include
contributions to research (Udvalg om bedre universitetsuddannelser, 2018: 10). That
universities do not acknowledge the merits of textbook writing may have various causes but a
central reason could be our understanding of textbooks as expository repositories in contrast
to the creative science pushing the frontiers of science (García-Belmar et al., 2005: 219-220).
However, the committee suggests that textbooks may actually contain contributions to
research and from a historical point of view this is almost an obvious possibility. In the
nineteenth century, for instance, it was expected that textbooks included recent discoveries
which required a lot of work from textbook writers like the Danish chemist (among other
occupations) H.C. Ørsted (1777-1851) or the Swedish chemist J.J. Berzelius (Jacobsen, 2006:
745; Lundgren, 2000: 94). The latter also included research results in his textbook which a
periodical, Poggendorff's Annalen, only subsequently asked for permission to reprint
(Blondel-Mégrelis, 2000: 238). The committee and these cursory examples suggest that
textbooks may be more than simple echoes from the frontiers of scientific research.
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Most of us have a basic impression of science textbooks similar to the one represented by
news headlines or the university's devaluation of textbook writing. This impression probably
stems from our own encounters with textbooks. Sooner or later we all encounter scientific
textbooks. Some will be intrigued and fascinated by the insights presented while others
experience the insights as incomprehensible or boring. For long I belonged to the latter
category. However, as I began my elective subject in physics at the university I read a history
of science classic: T.S. Kuhn's (1922-1996) The Structures of Scientific Revolutions (1962).
Inspired by Kuhn's descriptions of science textbooks and pedagogy, I became interested in
textbooks as historical sources and the stories they may tell. Thus, I wrote my bachelor's
thesis at the History of Ideas programme on the introduction of new knowledge about atoms
and quanta in textbooks for the the Danish "Gymnasium", i.e. the high school system,
between 1915-1954. My bachelor's thesis largely relied on Kuhn's descriptions of textbooks
but in later projects I have approached textbooks from other positions, e.g. M. Foucault's
(1926-1984) Discipline and Punish: the Birth of the Prison (1975) or actor-network theory.
In other words, textbooks may be approached from a variety of angles and in the
historiography they have been used for an equally wide spectrum studies. The following three
brief references display some of the spectrum's ranges:
1. Latour & Woolgar have suggested following the circulation of statements in the
construction of scientific facticity between different kinds of texts including textbooks
(Latour & Woolgar, 1986: 75-88).
2. Warwick has studied how audiences made sense of and taught physics using J.C.
Maxwell's (1831-1879) A Treatise of Electricity and Magnetism (1873) (Warwick,
2003).
3. Seligardi has studied how the new anti-phlogistic chemistry was incorporated in and
synthesized with the existing frameworks of chemistry in early nineteenth century
textbooks from Italy (Seligardi, 2006).
This master's thesis analyzes and discusses the content, form, and function of textbooks in
knowledge infrastructures. In analyzing textbooks I am interested in discussing the active role
of textbooks in scientific disciplines as seen from the perspective of knowledge
infrastructures. My empirical focus will be chemistry in Copenhagen from c.1820-1850. For
instance, I am interested in considering the content of textbooks and their uses for establishing
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chemistry as an academic discipline. In the remainder of this introduction, I will briefly
elaborate on my choice of actors, time span, and geography as well as provide an overview of
the thesis.

Demarcation and definition
Chemistry in Denmark has been the subject of various studies including H. Kragh & S.A.
Petersen's book on technical or industrial chemistry (Kragh & Petersen, 1995), O. Bostrup's
of the chemical revolution in Denmark (Bostrup, 1996), A. S. Jacobsen's Ph.D., and
subsequent articles, (mainly) on Ørsted (Jacobsen, 2000a; 2000b; 2006), and A. K. Nielsen's
Ph.D., and articles, on chemical periodicals and networks in Denmark (Nielsen, 1998; 2000;
2008).
In the history of science in general, including the history of chemistry, textbooks are far from
unprecedented as sources (see section (1) below). However, I draw on a different approach
than the existing studies of chemistry and textbooks in Denmark. I suggest viewing
knowledge production and identity creation as occurring within knowledge infrastructures
under the inspiration of P. Edwards (2010) and the conceptual framework of Large
Technological Systems (LTS). Central questions to my thesis are what roles or functions
textbooks may serve as elements in the infrastructures of chemistry, or how textbooks may
active attempt at manipulating the infrastructures. I develop these questions in more detail in
section (1) which places my thesis as a continuation of recent scholarship on textbooks and
outlines my theoretical framework.
My title implies a focus on chemistry in Copenhagen. I am not making a major claim of a
type of chemistry uniquely existing in Copenhagen in this particular period. Rather, I am
taking the consequence of focusing on textbooks written for the institutions in Copenhagen by
chemists residing in Copenhagen. Previous work by Kragh (and in part Jacobsen) on the
nineteenth century chemistry in Denmark has de facto focused on Copenhagen institutions
and dismissed the possible importance of the university of Kiel in Schleswig-Holstein (under
Danish administration from 1773-1864) (See Kragh, 1998a: 235-236; 2016: 25; Jacobsen,
2005: 270-273). I have not studied the relations between Copenhagen and Kiel, e.g. relations
of leading figures, exchange of personnel, or knowledge. I have focused on textbooks written
by chemists employed at institutions in Copenhagen and thus my title.
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In the four volume Dansk Naturvidenskabs Historie (History of Science in Denmark) the
period from 1800-1850 is designated "Ørsteds halve århundrede"1 and Kragh has described
the scientific environment as "marked" by the presence and "shadow" of Ørsted (Kragh, 2005:
229; 2016: 11). Ørsted was undoubtedly the central figure but I focus instead on Zeise,
Forchhammer, and Scharling (see section 2.1 for their biographical data, for Ørsted's
importance, Kragh, 2005: 239). Though less central than Ørsted, they have long been part of
the Danish historiography of science and Kragh describes Zeise as the most important chemist
of his time in Denmark (Kragh, 2005: 319) (For Danish historiography of science see
(Scharling, 1857: 71-72; Lundbye, 1925: 369-374; Veibel, 1939: 155-192; Jensen, 1983: 465480; Kragh, 2005: 317-325). However, their textbooks have received less explicit attention in
the existing historiography and I am interested in how their textbooks contributed to a
knowledge infrastructure of chemistry.
The time span from c.1820 to c.1850 is, as any historical demarcation, pragmatic and
contingent. The period is interesting because the university of Copenhagen got its first chair
in chemistry in 1822 and the Polytekniske Læreanstalt (Polytechnic College) was established
in 1829. In other words, this is a period where chemistry is being established as an academic
discipline and my thesis considers how textbooks participated in this process. The endpoint
around 1850 is defined in part by the death of Zeise, the first professor of chemistry at the
university, and partly by the establishment of a separate faculty of science (until 1850 the
sciences had resided under the faculty of philosophy) (Kragh, 2016: 25-35).

Overview
My thesis has two main parts each consisting of a number of sections. Each section is
provided with a specific number which I will use for referencing internally in my thesis.
The first part outlines the relationship between my thesis and existing scholarship on history
of chemistry and scientific textbooks. In section (1.1) and (1.2) I argue for evaluating the bulk
of earlier textbook studies as indicative studies and describe a historiographical
countermovement evaluating textbooks as active factors as well.

1

"Ørsted's half century". Throughout the thesis I quote Danish terms in the main text and provide provisory
translations in the footnotes. This is also the case for some chemical nomenclature where translations are
provided though possibly anachronistic. Also, I retain some Danish terms in the text rather than using the
translation, e.g. writing Grunddele rather than fundamental parts in the main text. When doing so the term is in
italics.

page - 10 - of 109

Marcus Lee Naldal, Matriculation nr.: 2013 07843
Master's Thesis

Centre for Science Studies, Aarhus University
June 2018

In section (1.3) I consider some earlier historiographical considerations of the infrastructure
vocabulary, and I suggest developing the infrastructural vocabulary to fulfill historiographical
aspirations of the textbook studies field. Section (1.3.1) defines my theoretical approach based
on Edwards' knowledge infrastructures. The first main part also includes biographical
sketches (2.1) and a historical overview (2.2).
The second main part of my thesis consists of 4 sections and my conclusion. I have three
sections based on analyses of textbooks by Zeise, Forchhammer, and Scharling. The fourth,
and final section of part two, is my discussion of my findings and the theoretical argument.
The second main part is built up as follows: I first focus on classifications of knowledge
(section (3)) before analyzing the discussions and role of atomic theory in the chemical
textbooks (section (4)). The third empirical analysis focuses on the function of textbooks in
practical laboratory training (section (5)). Finally, in section (6), I provide an overview of my
empirical findings and discuss the infrastructural terminology in relation to the question of
textbook agency. The second main part ends my thesis with the conclusion (section (7)).
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1 - Challenging the tradition of indicative textbooks
In the following I discuss different positions in the field of science textbook studies. I suggest
analyzing the historiography by discerning between indicative and active conceptions of
textbooks. Furthermore, I argue that historiographical ambitions of the field might be met by
analyzing textbooks in terms of knowledge infrastructures.
The distinction between indicative and active is inspired by R. Koselleck's (1923-2006)
conceptual history. Concepts, he writes, are at once indicators and factors. They are indicators
in so far as the historical context and the experiences of actors represent themselves in their
vocabulary. By studying the changing experiences and meanings embedded in concepts like
democracy, historians can map out changing, overlapping, and new meanings across time
(Koselleck, 2007: 71-72), Put differently, the words can indicate changing attitudes towards
democracy. However, concepts may also outline a potential reality and by doing so the
concept directs the attention and efforts towards a specific goal. Concepts in this sense are
factors of historical change, or they are active, when they direct actors and actions towards
specific ends (Koselleck, 2007: 52,72).
Koselleck was open to expanding parts of his conceptual history to more than concepts and
wrote that entire sources, like books or monuments, may display conceptual characteristics
(Jordheim, 2012: 166). Following a broader notion of 'concepts', textbooks may be analyzed
as indicators and factors. In the following I argue that the bulk of earlier research mainly used
textbooks as indicative sources. Sections (1.1.1 and 1.1.2) explore this distinction in the
historiographical history and from (1.2) I discuss how to strengthen the conceptualization of
textbooks as factors.

1.1 - Historiographical traditions
1.1.1 - The indicative tradition
Textbooks are far from unprecedented sources in the history of science. Already in 1948
George Sarton (1884-1956) requested a history of science based on textbooks, but often it is
Kuhn who is credited as the point of emergence for interest in textbooks in recent
historiography (For Sarton, see Simon, 2013: 653; For Kuhn, see for instance Badino &
Navarro, 2013b: 8). However, Kuhn's notion of textbooks almost renders them useless as
historiographical tools (Badino & Navarro, 2013b: 9). Textbooks, Kuhn thought, necessarily
rewrite their contents to display a narrative of continuity and thereby obscures the actual
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history (Kuhn, 2012: 135-136). According to Kuhn textbooks aim at quickly acquainting
students with the experiments, concepts, laws, and theories and to do so in the contemporary
vocabulary of a scientific community. Thus, textbooks "address themselves to an already
articulated body of problems, data, and theory" (Kuhn, 2012: 136,139). Due to their
introductive purpose textbooks were only the prerequisite for the "creative scientist", i.e.
creative science picks up where textbook science stops (Kuhn, 2012: 20). The historian
studying textbooks would thus encounter "the body of accepted theory" but not the creative
science of researchers (Kuhn, 2012: 10).
Kuhn's notion of textbooks was reiterated by David Knight (1936-2018) in his Sources for the
History of Science, 1660-1914 (1975). Here textbooks convey "normal science" from one
generation to the next. By consequence textbooks are "dull compilations" only differing in
their "up-to-dateness". The historiographical use of textbooks is their display of accepted
knowledge and indications of the progress or retardation of knowledge by studying successive
editions of the same textbook (Knight, 1975: 130, 140-141).
In 1987 H. Kragh published his Introduction to the historiography of science which supported
this conception of textbooks. In textbooks, Kragh wrote, historians would not find any
"creative research" but rather a conservative indication of what was conceived as
unproblematic and stable knowledge (Kragh, 1987: 125-126).
In a Danish context empirical studies informed by an indicative approach would be RiisLarsen (1991), Bostrup (1996), and Tapdrup (1998). The latter, for instance, studied a variety
of textbooks to assess what natural philosophers understood by the term natural philosophy in
the eighteenth century (Tapdrup, 1998: 4-7). More recently Historian of physics J. Simon has
argued that internationally historians of physics are still mainly interested in textbooks as
sources for the standard knowledge in a given period or for studying paradigm changes
(Simon, 2013: 669). In other words, they use textbooks similarly to the ways described by
Kuhn, Knight, and Kragh.
1.1.2 - STEPs challenge
Until recently textbooks arguably has a negative historiographical connotation due to a bias
towards novelty in the history of science (Secord, 2004: 662; Vicedo, 2012: 83). During the
2000s, however, a historiographical countermovement took up textbooks. One participant in
these efforts described the standard image of textbooks as opposed to novelty. Rather,
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textbooks were seen as the "last existential act of scientific creation", i.e. as far from creative
science as possible (Brooke, 2000: 1). The countermovement, as I see it, was centered around
the Science and Technology in the European Periphery-programme (STEP), publications like
Communicating Chemistry: Textbooks and Their Audiences, 1789-1939 edited by Lundgren
& Bensaude-Vincent (2000), and the special issue of Science and Education edited by GarcíaBelmar et al. (2006).
STEP formulated a positive reevaluation of textbooks (Badino & Navarro, 2013b: 8).
Historian of chemistry B. Bensaude-Vincent stated that STEP wanted to put "textbooks on the
map of science studies" (Bensaude-Vincent, 2006: 667). They were actively challenging
traditional diffusionist frameworks in the history of science, like the distinction between
centre and periphery, where scientific knowledge was fashioned in centres and then
transmitted like a "commodity" to the passive receivers in the peripheries (Gavroglu et al.,
2008: 159). Challenging these situations of knowledge exchange, STEP naturally also took up
the communication of science (e.g. teaching situations). The teaching of science had been
seen as structurally similar to the relationship between centers and peripheries: teaching was
unidirectional and students the passive receivers of knowledge. Likewise, the peripheral
teacher was merely echoing the creative science of the centre. By contrast STEP wanted to
see teachers and students as active in the creation of scientific knowledge (Gavroglu et al.,
2008: 163). This resulted in an interest in studying how recipients actively made sense of
lectures, theories, and textbooks. One recent empirical example challenging the notion of
passive reception is García-Belmar & Bertomeu-Sánchez (2015). They have studied
notebooks written by attendants at the chemist L.J. Thenard's (1777-1857) lectures at the
French Collège de France in the early nineteenth century (García-Belmar & BertomeuSánchez, 2015: 601). They argue that notebooks result from students' "creative
appropriations" and thus cannot be read as indicating what was actually said by a lecturer
(García-Belmar & Bertomeu-Sánchez, 2015: 600-601).
The indicator-factor perspective on teaching and textbooks is present in different STEPcontributions. Bensaude-Vincent may be taken as an example. She has described teaching as
central to science as it contributes to the "disciplinary partitions of scientific knowledge", i.e.
it actively shapes notions of scientific knowledge. Textbooks are read indicatively as
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important "archeological traces" of former disciplinary partitions (Bensaude-Vincent, 2006:
668). In other words, teaching is active process and here textbooks are indications.
A more empirical example of studying textbooks as factors could be Jacobsen's study of
Ørsted's didactics and textbooks (Jacobsen, 2006). According to Jacobsen the aim of Ørsted's
teaching was the establishment of a dynamical world view as the basis for research and
teaching. For this he needed his own textbooks to announce and propagate his theories
(Jacobsen, 2006: 745). Ørsted's textbooks are thus not mere indications of stable knowledge.
Within the last decade other scholars have requested textbook studies focusing more on
textbooks as factors, or active. In the next section I review these calls for active textbooks
before I propose approaching it from an infrastructural approach.

1.2 - Calls for textbook agency
In 2013 M. Badino and J. Navarro co-edited Research and Pedagogy: The history of Quantum
Physics through Its Textbooks (2013a). In their introduction they request an evaluation of
textbooks as more than the outcome of scientific change (as implied in Kuhn's body of
accepted theory). They also want to analyze textbooks as "active agents" in scientific change
(Badino & Navarro, 2013b: 14, italics in original). Their argument seems obvious: science
does not change overnight and textbooks are published before, during, and after scientific
change (Badino & Navarro, 2013b: 14). Tracking change in textbooks across some shift in the
knowledge of a scientific discipline could, however, just reiterate an indicative textbook
approach. Additional insight is gained from the anthology's epilogue written by historian of
physics D. Kaiser. Kaiser criticizes the tradition using textbooks to "reconstruct" the path of
scientific change. This tradition, Kaiser writes, believes textbooks "reflect" an almost
teleologically given path in scientific development without "affecting" the path (Kaiser, 2013:
286). Using Koselleck's distinction between indicators and factors previous textbooks studies
have read textbooks solely as indicators of scientific knowledge and forgotten their active
aspect as factors.
Kaiser states that textbooks are not passive reflections but actively contribute to the
development of scientific knowledge. In the case of the development of quantum theory,
Kaiser argues, many possible approaches presented themselves to scientists but gradually a
narrowing of approaches emerged. The question is how? Kaiser argues for studying how
textbooks contribute to "reduce the ever-multiplying possibilities" and the production of an
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apparently "recognizable conceptual path" (Kaiser, 2013: 283-284). Research and Pedagogy
is focused on textbooks as "agents of research", but I wish to take up their lead and discuss
ways of seeing textbooks as active in addition to their indicative characteristics (Badino &
Navarro, 2013b: 16).
Cultural historian A. Grafton has proposed an analytical distinction for scientific textbooks
which implies their functions as factors. Grafton states that textbooks both form and inform
their readers. In Grafton's introduction to the co-edited book Scholarly Knowledge: Textbooks
in early modern Europe (2008) he describes modern scientific textbooks as more than
formulae (Grafton 2008: 23). Textbooks also prescribe models of comportment and practice.
Reading textbooks students are not just to be informed of the status quo of a discipline but
simultaneously to be formed as scientists. Grafton exemplifies with a historical author who
wished to enhance the skills of his readers as well as transforming their values (Grafton, 2008:
23). I elaborate on how the distinction between inform and form is used in my thesis in
section (1.3.3b) below.
Grafton stresses a difficulty of placing textbooks into their "Sitz im Leben", i.e.
"reconstructing" the intentions and practices of their authors or users. The problem is placing
texts in the conflicts among authors, readers, books, and actual learning (Grafton, 2008: 26,
original emphasis). This problem, and the matter of active textbooks, is not solved once and
for all but benefits from being approached from the perspective of infrastructures and
networks as I will argue in the following section.

1.3 - Actualizing a Potential Tradition for Textbook Agency
In this section I wish to address some potential formulations of a network informed approach
to textbooks predominately made by later STEP-contributors or uttered as part of the STEPprogramme. In other words, the vocabulary of knowledge infrastructures to which I turn in the
subsequent section (1.3.1) is not completely alien to the STEP-community who are central in
the recent positive historiographical reevaluation of textbooks. However, the positions I
outline before turning to Edwards' knowledge infrastructures have mainly been focusing on
social networks, i.e. on humans and their interactions. By including Edwards I suggest
expanding the list of network participants beyond humans in order to see textbooks as active.
In 1995 F. Abbri and later STEP-contributor Bensaude-Vincent co-edited Lavoisier in
European context: negotiating a new language for chemistry based on attempts at remapping
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the chemical revolution through a "decentralized approach of localities" (Bensaude-Vincent,
1995: 6). The book shares aspirations with the later STEP-programme as seen in the
contribution by historian of chemistry Anders Lundgren. Lundgren reflects on how novel
questions may be posed if the chemical revolution was watched from the "fringes" rather than
the centre (Lundgren, 1995: 19). This of course easily translates into STEP's focus on
peripheries.
Of more significance to the potential formulations of network approaches is BensaudeVincent's network-inspired model of knowledge circulation put forth in her introductory
essay. She suggests challenging a simple diffusion model of scientific knowledge from a
"stable nucleus" by conceptualizing "diffusion" as occurring within a "polymorphous and
multipolar network" (Bensaude-Vincent, 1995: 9, 13). From this vantage point, the success of
theories or practices could be seen as the successful "reshaping of a pre-existing network".
Actors, e.g. chemists, working in these networks could be seen as local network controllers
capable of altering portions of the network according to their social prestige and institutional
affiliation (Bensaude-Vincent, 1995: 12). An empirical example of this local network control
could be Thenard's central position in the French educational system. Due to his "prestige and
authority" Thenard's textbook became a reference in the French system, and the Ministry of
Public Instruction officially presented it as a model for all teachers. Consequently, most
French textbooks adopted Thenard's mode of classifying chemical elements though many
other possible classifications existed (Bertomeu-Sánchez et al., 2002: 236-237).
Bensaude-Vincent's multipolar networks are social networks. A similar focus may be seen in
the book Travels of Learning: A Geography of Science in Europe (2003) co-edited by Simões,
Carneiro, and Diogo on the basis of a project started by STEP (Simões et al., 2003a: xiii). In
one line at the end of their introduction Simões et al. suggest developing "the notion of a
network of practitioners" for use in historical analysis, i.e. a social network of humans
(Simões et al., 2003b: 14). The contribution by García-Belmar & Bertomeu-Sánchez may
serve as a brief example of this social network focus. García-Belmar & Bertomeu-Sánchez are
describing "pensionados", i.e. young students travelling abroad to centres like France from
Spain (García-Belmar & Bertomeu-Sánchez, 2003: 144). In France a (social) network of
veteran pensionados facilitated the new student's admission to teaching, accommodation, and
general guidance (García-Belmar & Bertomeu-Sánchez, 2003: 164).
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In a Danish context, and independently of STEP, chemistry has been linked with a network
terminology by A.K. Nielsen. However, with her focus on the use of periodicals and societies
in creating identities she has, understandably, focused on human interactions or social
networks (e.g., Nielsen, 1998: 180; Nielsen, 2007: 199-202). Before my elaboration of
Edwards' knowledge infrastructures I return to another STEP-contribution which actually
noted the possibility of non-human elements in networks.
The contribution is Gavroglu et al.'s (2008) historiographical considerations. In their attempt
at describing knowledge circulation Gavroglu et al. discuss the importance of scientific "sites"
and the travels between them. Sites and people are described as "specific nodes" in networks.
Depending on the case the networks may be fluid or hierarchical, and more or less extended
structures representing the "mediation of ideas, practices and instruments" in different nodes
(Gavroglu et al., 2008: 161-162). The important novelty in Gavrolgu et al.'s conceptualization
of networks is that individuals, instruments, or structures like institutions may function as
nodes (Gavroglu et al., 2008: 162). In this broadening of the possible cast of nodes suggested
by Gavroglu et al. I will include textbooks. I will elaborate on this inclusion in the following
section. In the following section I elaborate on Edwards' knowledge infrastructures and on
ways of thinking about textbooks as infrastructural elements.
1.3.1 - Knowledge infrastructures
The network approach sketched by Bensaude-Vincent (1995) or Gavroglu et al. (2008) has
not been sufficiently elaborated and I suggest doing so by drawing on Edwards (2010).
Edwards has elaborated on how to apply LTS-informed theory to the matter of knowledge
construction. It is his thoughts on knowledge infrastructures which provide the basis for my
continuation of the network approaches described above.
Edwards' knowledge infrastructures are comprised by "robust networks of people, artifacts,
and institutions" which are orchestrated as to contribute to the generation, sharing, and
maintenance of knowledge (Edwards, 2010: 17, italics in original). Edwards defines the
systems and infrastructures as socio-technical because they require the cooperation of people,
technology, and natural objects to construct the knowledge of any given discipline (Edwards,
2010: 8, 17). For instance, a scientific community must share standards and norms to ensure
the compatibility of their actors, theories, and models. On a material side the community
needs research objects and facilities like classrooms or laboratories (Edwards, 2010: 17).
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Edwards is not explicit on what actually constitutes a scientific community's or discipline's
network. Of course, no ahistorical blueprint for such a network exists but as a practical,
heuristic definition I use is M.J. Nye's "disciplinary identity" (Nye, 1993: 274). At one point
she describes a disciplinary identity as "a network of elements", e.g. common idols, classic
literature, common practices, formal insitutions, and shared values (Nye,1993: 19-31, 274).
The classic literature explicates common vocabularies and theories sometimes attributed to
historical heroes, e.g. Newton, though their works may not be read. For laboratory sciences
common practices and norms will often be learned in the laboratory, e.g. by introduction to
instruments and experimental practices (Nye, 1993: 24-25). Thus, this more physical aspect is
also included in the network of disciplinary identities.
1.3.2 - Systems, networks, infrastructures

Before explaining the place of textbook in infrastructures, a precision of terminology is of
use. In his exposition of LTS Edwards describes how system builders orchestrate "linked sets"
of entities in order to fulfill a functional need. Setting up systems, however, is more than
inventing or collecting objects and instruments. It requires the linking of skills, knowledge,
people as well (Edwards, 2010: 10). Education may serve as an example: the educational
system requires the organization of teachers, students, institutions, and objects needed for
their studies (like educational and instructional texts) to satisfy its function of training
students. Again, systems are socio-technical.
If system builders wish to connect their local system with outside systems to strengthen them
or to integrate other systems (to resolve tensions between competing systems) gateway
technologies are introduced. These gateways allow for the connection of previously
incompatible systems and vice versa: the non-existence of gateways demarcate systems
(Edwards, 2010: 10-11). Edwards does not explicitly define gateways. He provides a few
examples of which electrical converters between alternating and direct current circuits are the
most self-evident. However, gateways need not be technological. Trading unions are political
gateways allowing the passage of goods between otherwise closed national systems (Edwards,
2010: 10-11). Below I describe how textbooks can be considered a concrete example of
gateways.
Establishing gateways between heterogeneous systems results in a change of level. Linked
heterogeneous systems are "networks or, at a higher level, webs". The former "links stand-
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alone systems" and the latter different networks. In general, Edwards adds, infrastructures are
networks or webs rather than systems (Edwards, 2010: 11-12). Thus infrastructures can be
taken as synonymous with networks and in the remainder of the thesis I describe disciplines
like chemistry as knowledge infrastructures.
A knowledge infrastructure of chemistry with its theories, norms, and facilities may be
described more accurately by distinguishing analytically an immaterial and a material portion
of the infrastructure. The immaterial are the norms, theories, or rules while the material aspect
could be laboratories, instruments, and things.
Proceeding from this general overview of the infrastructural terminology I begin my
interpretation of Edwards' theory in conjunction with textbooks. Edwards' infrastructural
theory of knowledge has interesting perspectives in which I want to place the textbook as an
important element.
1.3.3 - Textbooks and infrastructures2
Infrastructures require a range of participants and a standardization of practices or actions to
fulfill its functional need. In other words, infrastructures favor or enforce certain actions
whereby participants are suggested or required to act in specific ways. In this sense
infrastructures and their elements actively change or affect actions. Edwards has provided the
example of the car-road-infrastructure. This infrastructure allows for great mobility but partly
defines where it is possible to go (Edwards, 2003: 191). Our cars are not geared for driving
off-road and thus drivers are more inclined to follow the roads. The freedom of the open
highway is, in this sense, limited.
Continuing this line of thought- applying the infrastructures to knowledge, and by including
textbooks as elements - Edwards' theory opens for seeing textbooks as active, rather than
mere passive vehicles of knowledge. Textbooks as infrastructural elements may contribute
actively to the correction, inspiration, or enforcement of possible actions by infrastructures
(Edwards, 2010: 12). In order for an infrastructure to work it requires that participants act and
think in a specific way, they must be standardized. The standardized ways of thinking or
acting may be verbally prescribed or the infrastructure may simply render certain actions
2

I should note here that I have previously handed in a portfolio exam on the subject of textbooks and networks
at the History of Ideas Programme, Aarhus University (December, 2017). However, in the portfolio I argued for
textbook agency from the perspective of actor-network theory.
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impossible (Edwards, 2010: 12). My thesis defines textbooks as active when they play a
central role in an infrastructure or tries to alter the constitution of the infrastructure
(alternatively, in networks).
The question of altering infrastructures brings forth a defining characteristic of infrastructures.
Edwards employs the concept of inertia to describe the tension between existing
infrastructures and attempts at remodeling or restructuring them (Edwards, 2010: 9).
Infrastructures are complex and are therefore never changed "from above" (Edwards, 2010:
9). Changing complex infrastructures takes time and local adjustments which cannot be
controlled from one central point in the infrastructure.
In the following I present two ways textbooks may be active infrastructural elements. These
ways form the basis for my empirical analysis of Danish chemical textbooks. Firstly,
textbooks can be used to demarcate a discipline by erecting or dismantling gateways to other
knowledge infrastructures like physics. Secondly, while serving as entry points into the
chemical infrastructure textbooks present students with the results and norms of chemistry,
i.e. textbooks actively inform and form aspiring chemists.
1.3.3a - Gateways

Textbooks can act as, or manipulate, gateways to other knowledge infrastructures.
Consequently textbooks can contribute to the integration or separation of knowledge
infrastructures. The early days of quantum chemistry may serve as an empirical example of
textbooks as gateways. Here a gateway had to be made between quantum theories and
chemistry as a discipline. Gavroglu & Simões have argued certain textbooks established these
and tried to consolidate a consensus on terminology and practice between these two
infrastructures of knowledge (Gavroglu & Simões, 2000: 415-416). Similarly, explicitly
discussing the gateways between chemistry and other knowledge infrastructures is a way of
discursively demarcating oneself and legitimizing certain theories or practices.
In both instances of gateway-textbooks I would describe the textbooks as manipulating
gateways in chemistry's immaterial infrastructures. The former by establishing gateways
between disciplines and theories. The latter by discussing what may be classified as chemical
knowledge, i.e. by dismantling or erecting gateways between different theories, observations,
or knowledge infrastructures.
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1.3.3b - Form and inform

In time infrastructures become naturalized, invisible, in their everyday familiarity of its users.
In successful infrastructures objects, e.g. instruments, "blend seamlessly with thinking,
talking, and writing" (Edwards, 2010: 9,18).
This familiarity, the seamless cooperation, requires initiation and will appear unnatural to the
uninitiated. Infrastructures are learned via membership and the initiation may be by
apprenticeship or formal education. Regardless of the structure of the initiation textbooks may
contribute as they instruct and stipulate required forms of action for students. Textbooks, then,
constitute entry points through which students are introduced to a specific organization of the
elements constituting the infrastructure of chemistry.
Kaiser has dubbed this initiation purpose of textbooks "generational reproduction" (Kaiser,
2005b, 6). Textbooks reproduce communities by passing down skills and knowledge to a new
generation of practitioners. Textbooks also aim at inculcating norms of scientific practice and
a specific organization of the disciplinary landscape (Kaiser, 2005b: 6; Bensaude-Vincent,
2006: 668). By developing norms and organizing the disciplinary landscape textbooks are
intended to actively form students and introduce them to the knowledge infrastructure. For
instance, by answering the question, how is our own infrastructure organized and how does it
relate to other disciplines? This exemplifies the formative aspect of Grafton's distinction
between textbooks as formative and informative.
Grafton's general distinction is strengthened analytically by including insights on norms and
textbooks from an article by Bensaude-Vincent (2007). Textbooks, she writes, communicate
norms on three levels: practical rules, requirements, and obligations. Practical rules are
simple rules of thumb with no ethical meaning, i.e. they focus on practicality rather than
goodness. Requirements are widely accepted rules or ideals, e.g. empiricist notions that facts
have absolute priority or 'the scientific method' in general. Finally, obligations are
prescriptions of what 'chemists do' and how to deal properly with nature (Bensaude-Vincent,
2007: 141). Bensaude-Vincent's levels of norm communication suggests ways of studying
textbooks and how textbooks tries to standardize the actions or norms of readers.
In terms of my distinction between immaterial and material infrastructures textbooks may
interact with the infrastructure in different ways. For example, a textbook trying to alter or
establish norms in the infrastructure is interacting with the immaterial portion of the
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knowledge infrastructure. By contrast, a textbook providing practical instructions, rules of
thumb, is interacting with the material portion of the knowledge infrastructure.

1.4 - Conclusion
On the basis of these historiographical considerations I suggest analyzing textbooks as
infrastructural elements to emphasize the factor-aspect of the indicator-factor duality. It is a
duality and thus textbooks are indicators as well. However, as I have argued textbook studies
have been inclined towards the indicative tradition of Kuhn, Knight, and Kragh. A critique
noted by Simon (2013) and Kaiser (2013) as well.
To provide concrete, analytical tools I suggest analyzing textbooks in relation to
infrastructural elements. Textbooks can either act as an important element, or they can
manipulate existing infrastructures. In the former case they contribute to the standardization
of norms and actions demanded by the infrastructure. In the latter, textbooks have to wrestle
with the inertia of infrastructures.
The section (3), (4), and (5) aim at empirically substantiating my theoretical argument. The
first two primarily focus on the immaterial portion of infrastructures. Section (5) suggests
functions of textbooks in a more material portion of the knowledge infrastructure: the training
laboratory. Before engaging in these empirical sections I provide, in section (2), a
biographical sketch of Zeise, Forchhammer, and Scharling, and I give a general outline of
chemistry from c.1800-1840.
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2 - Biographies and historical developments
The first subsection here, (2.1), provides biographies of authors whose textbooks I analyze in
depth in the subsequent sections. The biographies also describe what books I have analyzed.
In the part (2.1.4) I reflect on my definition of textbooks. The second subsection (2.2) is a
more general outline of the historical developments in chemistry.

2.1 - Biographies
2.1.1 - W. C. Zeise (1789-1847)
Zeise was an apothecary's son, and from 1806 he was housed by and under the guidance of
Ørsted. He assisted Ørsted and attended lectures in chemistry while preparing for university
enrolment. In 1815 he passed the pharmaceutical examination and by 1818 he became a
doctor of philosophy (Ørsted, 1920: 555-558)
In nineteenth century Europe it was customary for intellectuals or "men of science" to travel
from peripheries to centres of science (Simões et al., 2003: 2-4). Zeise was no exception to
this custom and in 1818-1819 went on a Wanderjahre (Ørsted, 1920: 558). He visited the
chemist Chr.H. Pfaff (1773-1852) in Kiel before visiting the chemist F. Stromeyer's (17761835) Göttingen as he had been recommended (Kragh et al., 2008: 195). Zeise described his
travels in a report written for the fund covering most of his travel expenses. There he
described how he keenly observed the practical instruction of students in order to be
acquainted with the details of Stromeyer's teaching method. He attended Stromeyer's lectures
on analytical chemistry and trained analytical chemistry. In his recollection for the fund Zeise
describes how this kind of chemistry did not demand the most inventive chemist but
numerous "Smaaerfaringer"3 which can hardly be taught in any other way than learning by
doing. A competent teacher would only be able to convey his insights on a continuous basis
as the student encountered novel phenomena (Sylvest, 1972: 66, I-II4).

3

"minor experiences" (literally translated)
C. Sylvest's thesis features transcriptions of archival material as appendices. The first page of each appendix
continues the pagination of his thesis. If, however, the appendix spans multiple pages he uses a sub-system of
roman numerals for these. Thus, (Sylvest, 1972: 66,I-II) reads as page 66, marking the beginning of an appendix,
and the pages in this appendix I-II.
4
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Zeise was influenced by Ørsted's anti-atomism but in Paris Zeise's ideas were challenged. In
his travel report Zeise described how atomism was an absurdity in German natural
philosophy. However, in Paris atomism was the only certain hypothesis. Gradually Zeise
acknowledged atomism's merits: it supplied facts, and with clarity ordered and presented the
explanations of these facts (Sylvest, 1972: 66,V-VI)
Upon returning home Zeise needed financial support from his travel fund again. Papers
reveal that by 1819 he was intent on writing a textbook in chemistry which, according to
Sylvest, was his 1829 textbook: Udførlig Fremstilling af Chemiens Hovedlærdomme saavel i
theoretisk som i pracktisk Henseende [A comprehensive exposition of the main doctrines of
chemistry with regards to both the theoretical and practical part] (Sylvest, 1972: 16).
Zeise's main teaching activities were between 1820 and his death in 1847 with periodic leave
due to illness (Sylvest, 1972: 23-24). In 1822 he was appointed as professor in chemistry at
Copenhagen university and was in charge of the practical chemical instruction. Zeise also
taught chemistry at the Polytechnic Collece when is was established in 1829. As a result Zeise
lectured on many different subjects, e.g. inorganic, organic, and technical chemistry (Sylvest,
1972: 21-22). Ørsted's memorial volume on Zeise includes remarks on his teaching. Zeise's
lectures were uninspiring but marked by thoroughness and order. Thoroughness and order
were ideals Zeise sought to convey to aspiring chemists. Accordingly Zeise is noted for
having required strict "Nøiagtighed, Orden og Flid"5 (Ørsted, 1920: 561, 564)
My study of Zeise draws on a variety of sources. I have studied his 1829 textbook and his
handbook on organic chemistry, Haandbog i Organiske Stoffers almindelige Chemie
[Handbook on the General Chemistry of Organic Substances] (1847). I will refer to the latter
as Zeise's Haandbog in the remainder of the thesis. In addition to these works, Zeise was
working on a textbook in the 1840s entitled Anvisning i praktisk Chemie eller Konsten at
indsamle og anvende chemiske Erfaringer [Instructions in Practical Chemistry, or the Art of
Collecting and Applying chemical Experiences]. Only the introduction was printed in article
form (from here on referred to as the Anvisning) (Zeise, 1844). I have also studied an undated
manuscript discovered in 1997 and published by chemist-historian H.T. Nielsen as
Maximilian Bruhns Zeise-bog (1999). The manuscript is titled Nærmere Anviisning i
analytiske Undersøgelser over et Udvalg af organiske Stoffer [A more specific Instruction in
5

"accuracy, order, and diligence"
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analytical investigations on a selection of organic substances]. Nielsen dates it to around 1835
and it provides information on what a practical course in chemistry encompassed under Zeise
(Nielsen, 1999: 10, 15). I have supplemented these publications with some of Zeise's lecture
notes kept at the Royal Danish Library.
2.1.2 - J. G. Forchhammer (1794-1865)
Forchhammer was born in Husum, present day Schleswig-Holstein, and became an
apothecary's apprentice. In 1815 he enrolled the University of Kiel to study chemistry and
pharmacy under Pfaff, and eventually he became Pfaff's laboratory assistant (Johnstrup, 1869:
xi-xiii). In 1818 Forchhammer arrived in Copenhagen and was introduced to Ørsted. Only
speaking German he spent some years learning Danish while working with Ørsted in the
laboratory. Forchhammer acquired the title doctor of philosophy on his dissertation De
Mangano (elaborating on studies by Pfaff) in 1820 (Johnstrup, 1869: xv; Nielsen, 1994: 20).
During his Wanderjahre from 1820 Forchhammer went to England and encountered some of
the great English chemists, e.g. J. Dalton (1766-1844) and W. Prout (1785-1850) (Johnstrup,
1869: xix-xxii). Forchhammer returned to Denmark and was hired as a laboratory technician
for the Royal Porcelain Factory in 1822. The salary was insufficient and thus Forchhammer
was ready to leave Denmark. However, Ørsted arranged for him to become an associate
professor in chemistry and mineralogy at the university in 1823 (Johnstrup, 1869: xxiii;
Nielsen, 1994: 21). Forchhammer also taught at the Polytechnic College when it was
established and from 1831 he was made professor of mineralogy at the university (Nielsen,
1994: 21). In the early 1830s he also lectured chemistry at Royal Military Academy and Sorø
Academy (Johnstrup, 1869: xxxv).
Though it is possibly a bit celebratory a memorial volume on Forchhammer describes his
teaching in a manner quite different from Zeise's. Forchhammer was gifted with an ability of
engaging the interest of the audience. His lectures were systematic and marked by his
enthusiasm for science. Forchhammer was one of the most popular lecturers and his lectures
were "klare og indholdsrige"6 (Johnstrup, 1869: xxxv).
My study of Forchhammer is based on multiple textbooks. During 1830-1831 he published a
three volume Ledetraad ved Forelæsningerne over Chemi ved den Kgl. Militaire Høiskole
6

"clear and informative"
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[Guide for the chemical lectures at the Royal Military Academy] (from here on simply the
Ledetraad). In 1834-35 he published an incomplete textbook entitled Lærebog i Stoffernes
Almindelige Chemie [Textbook on the General Chemistry of Substances] which seems to be
the foundation for his 1842 textbook with the same title. The 1842 textbook is complete but
the preface announces the publication of additional volumes which never appeared
(Forchhammer, 1842: iii).
2.1.3 - E. A. Scharling (1807-1866)
The last textbook receiving in depth attention in my thesis was translated by Scharling. Like
Zeise and Forchhammer, he was an apothecary's apprentice and eventually passed the
pharmaceutical examinations. Following his examination he continued his chemical studies
and worked in Zeise's laboratory. In 1829 Scharling was hired as Ørsted's assistant in physics
at the Polytechnic College with recommendations from Zeise (Veibel, 1939: 188).
In 1834 Scharling graduated the polytechnic examination in applied science - which in
practice meant chemistry (Kragh, 2016: 17) - and undertook his Wanderjahre. Scharling
studied analytical chemistry in J. Liebig's (1803-1873) Giessen but returned to Denmark in
1836 as he was asked to substitute as associate professor in chemistry at Kirurgisk Akademi
(the Academy of Surgery). When in Denmark he was asked to substitute for Zeise as well
(Veibel, 1939: 188-189).
At the end of the 1830s Scharling obtained various teaching positions: he lectured physics and
chemistry at the Veterinary School from 1837-1845 and as the Academy of Surgery was
closed its teaching was transferred to the university with Scharling as its teacher. After 1839
he was permanently hired as associate professor in chemistry at the technical college
eventually taking over from Zeise (Veibel, 1939: 188-189; Kragh, 2005: 318).
My study of Scharling is more limited than those of Zeise and Forchhammer as I have mainly
read his translations of German textbooks. The books were F. Wöhler's (1800-1882)
Grundriss der Chemie translated as Wöhlers Grundrids af Chemien in two books, one
inorganic (Scharling, 1837) and one organic (Scharling, 1841).
2.1.4 - Defining textbooks
Textbooks are difficult to define historically and have a variety of names in different
languages. The English term textbook can hardly cover all the meanings of educational
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material, e.g. "Lehrbuch" (German)¸ "manual" (Spanish, Catalan, Portuguese). Furthermore,
instructional books may be designated "Introduction", "Guide", or "Grundriss" like Wöhler's
(Bertomeu-Sánchez et al., 2006: 657-658). For the period studied here, one working definition
is to approach textbooks as defined by use or purpose (García-Belmar et al., 2005: 223). The
former denotes any text used as a didactic tool while the latter means texts explicitly
"designed to be used as a didactic instrument" (García-Belmar et al., 2005: 223). One example
of the former could be N. Copernicus' (1473-1543) De revolutionibus orbium coelestium
which was used as a textbook in Paris and Wittenberg (Grafton, 2008: 26). I have chosen the
latter definition. Chemistry textbooks defined by purpose are texts that by indication in titles
or prefaces were written specifically for the teaching of chemistry, e.g. by being named
"lærebog". The textbooks chosen are written by some of the first teachers of chemistry as an
academic discipline at institutions in Copenhagen. The only textbooks not written solely by
one of the actors were Scharling's translations. However, I will briefly argue these textbooks
can be considered as expressing Scharling's views.
First of all, Scharling's preface to the translation states his adherence to the purpose intended
by Wöhler (Scharling, 1837: vii). Secondly, Scharling retains Wöhler's original preface in the
inorganic textbook. This is important as this is where authors describe the purpose of their
work. Historian of science G. Petrou has shown that prefaces and contents were not always
retained. Translations were not necessarily "faithful" and translators would omit or add
sections to adapt the text to its intended audience (Petrou, 2006: 830-832). In other words
Scharling could have omitted the introduction all together had he disagreed. Scharling states
that his translation is not literal. He allowed himself "smaa Afvigelser [og] smaa
Tilsætninger"7. For instance, he substitutes atomic numbers, atomic weights, atoms etc. with
"Værdital"8 (Scharling, 1837: vii).
Before proceeding to the general outline of chemistry there are some methodological
problems which needs addressing. First of all, it is difficult to know which textbooks were
used as university catalogues only state the subjects of lectures but not the books used
(Lundgren, 2000: 92). Here I assume that the teachers employed their own textbooks, though
not claiming that they exclusively used their own material.

7
8

"minor deviations [and] minor additions"
"numbers of value"
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Edwards' infrastructure vocabulary also naturally includes a distinction between system
builders and users (Edwards, 2010: 11). The authors of textbooks, chemists or teachers in
institutions, may be regarded as system builders trying to organize systems fulfilling different
needs. However, on the recipient side we have system users who do not passively adjust
themselves to the systems encountered. For instance, Scharling was not a passive receiver of
Wöhler's Grundriss but adapted the terminology. My thesis focuses exclusively on system
builders and their textbooks as I have not accessed source material meriting claims on the
behalf of users.

2.2 - Chemistry c.1800-1840
The nineteenth century was a century of chemistry (Nielsen, 2006: 119). Elongating the
century it could begin with the new chemistry of the 1790s (Kragh, 2005: 316) and end in
World War I, sometimes dubbed the chemists' war (Misa, 2004: 195). In the following I
outline some of the general developments in chemistry during the first half of the nineteenth
century. These developments fill large sections in monographs, e.g. Bensaude-Vincent &
Stengers (1996: 92-159), Nye (1993: 1-105) and Klein (2003), so the following will of course
not be exhaustive. Still, I include it to provide an overview of the intellectual horizon in which
the instances I analyze in greater detail were formulated. This period saw a new emergence of
atomic hypotheses (Bensaude-Vincent & Stengers, 1996: 113), novel symbolism, new
knowledge in organic chemistry (Klein, 1999: 146), and a general professionalization and
institutionalization (Kragh, 1998b: 340). Below I describe changes in chemical theories;
atoms and the organic chemistry in subsections (2.2.2) and (2.2.3). In subsection (2.2.4) I turn
to institutional developments.
2.2.1 - Organic chemistry and atomic theory
The history of early nineteenth century chemistry may be structured in many ways. Both
Bensaude-Vincent & Stengers' history of chemistry and historian of chemistry U. Klein
observe a shift in chemical knowledge around 1840. For the purpose of my thesis I focus on
the period between 1800-1840, which Bensaude-Vincent & Stengers call "analysis"
(Bensaude-Vincent & Stengers, 1996: 103-104; Klein, 2003: 65).
After the chemical revolution chemistry began focusing on simple substances, elements,
investigated by analysis and with the precision balance as the instrument of choice. The early
nineteenth century was also heavily influenced by Berzelius. Based on experiments with
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newly invented voltaic pile, i.e. the battery, Berzelius formulated an electrochemical dualist
theory of combination around 1810. For instance, salts were unions of two bodies of opposite
electrical charge in Berzelius' theory and this was the international definition until around
1840 (Bensaude-Vincent & Stengers, 1996: 104, 109-110).
The dualist theory and precision balance in combination may be exemplified by the
"traditional method" of analysis as dubbed by Klein (1999: 152). It assumed the existence of
pure chemical substances behaving as relatively stable entities in chemical reactions, i.e. it
modeled substances as building blocks (Klein, 1999: 151). For instance, a compound ab
reacting with cd could recombine as:

. Chemists studying reactions had to

isolate and analyze all the reaction's products. The analysis, and ultimately the understanding
of the reaction, was complete if the analyzed reaction products could be resynthesized on the
basis of the products found when analyzing the substances. The "paradigmatic" case was salts.
Their analysis normally resulted in few, often two, reaction products which were easily
isolated (Klein, 1999: 153-154).
However, this method was challenged in the emerging organic chemistry (Klein, 1999: 154).
Challenges arose when analyzing in order to calculate chemical formulae, a novelty stemming
from atomic theory and Berzelius.
2.2.2 - Atoms and formulae
During the two first decades of the nineteenth century "leading European chemists were
fascinated with the idea of mathematizing chemistry" and one could fit J. Dalton (1766-1844)
and Berzelius into this description (Klein, 2003: 15). In Denmark Ørsted also described
Berzelius and Dalton as attempts at mathematizing chemistry (Ørsted, 1820: 37-38).
Dalton formulated a conception of chemical elements in atomistic terms in 1804. It elaborated
on the law of definite proportions (Bensaude-Vincent & Stengers, 1996: 112-113). Dalton
added a law of multiple proportions which, in combination with J.L. Guy-Lussac's (17781850) law of combining volumes of gasses, was the empirical precondition for Berzelius' new
formalism proposed in 1813 (Bensaude-Vincent & Stengers, 1996: 113; Klein, 2003: 12).
Berzelius' formalism is basically the one used today. Combining letters and numbers it
eventually represented water as H2O (From 1814 as 2H+O and by the late 1820s H2O) (Klein,
1999; 149 incl. note 6). Berzelius' formalism represented his theory of proportions which
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differed from Dalton's atomic theory. Dalton attributed mechanical properties to his entities,
e.g. size, shape, and arrangement in space, but Berzelius only attributed weights to his
proportions (Klein, 1999: 148-149). Klein has argued that this ontological vagueness was
crucial in the "uncontroversial" status and success of Berzelian formulae (Klein, 1999: 149).
This lineage of atomistic theory appears rather straightforward but was, of course, much more
complicated. Historian of chemistry A. J. Rocke has described Dalton as "opening the
floodgates" because no less than nine different forms of chemical atomism were formulated
between 1810-1816 (Rocke, 2001b: 2). Also, after the formulation of Berzelius' formalism
chemists used a variety of terms, e.g. equivalents or combining weights, some of them eager
to distance chemical atomism from atomism in the philosophical tradition (Klein, 2003: 20).
Common for the different concepts of chemical atomism is the notion of a chemically
indivisible unit which enters into combination with units of other elements. Put differently,
chemical atomism, as coined by Rocke, is "something plus something", i.e. discontinuous
entities not explainable by the "mass, motion, and gravitational forces of the physical atom"
(Schütt, 2003: 238-239).
Following Dalton's hypothesis discrete units were made "indisputable" and focus shifted
towards finding the correct formula (Bensaude-Vincent & Stengers, 1996: 114). However,
theories, formalism, and the traditional analytical method originated in inorganic chemistry.
Their application to the organic chemistry was problematic due to experimental and
theoretical obstacles.
2.2.3 - From inorganic to organic
Organic chemistry emerged and changed fundamentally during the eighteenth and nineteenth
centuries. By early nineteenth century chemists recognized organic chemistry as a specific
part of chemistry dealing with substances obtained from animals and plants through various
extraction techniques. Animal and plant chemistry was concerned with substances found
outside the laboratory and 'organic substance' referred to the source of origin: organized
bodies of nature. Accordingly organic chemistry and its classifications was placed in a field
between natural history and chemistry (Bensaude-Vincent & Stengers, 1996: 43-58; Klein,
2005: 262-263).
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Contemporary chemists could also recognize organic chemistry as the traditional method of
studying chemical reactions was "extremely rare in organic chemistry" (Klein, 2003: 43). This
partly followed from experimental difficulties. Organic analysis was technically difficult as
organic substances decomposes easily. In many experiments it was impossible to isolate and
identify all the reaction products as demanded by the traditional analytical method (Klein,
1999: 154). Thus chemists like Berzelius doubted the applicability of his formalism to organic
compounds. The absence of the traditional method was also based on a theoretical
incongruence between organic compounds and the theories of inorganic chemistry. The law
of multiple proportions stipulated proportions in small integers but organic formulae required
large integers (Klein, 2003: 20-22). Despite the challenges Berzelian formulae became
important in organic chemistry from the 1820s (Klein, 1999: 150, 154).
Regarding the developments taking place after 1830 I will only address a few relevant
developments. According to Berzelius organic chemistry was centered on studying life
processes, and occasionally referred to a "life force" (Klein, 2003: 48-49). By 1828 Wöhler
artificially prepared ammonium cyanate which transformed into urea, i.e. he synthesized in
the laboratory a substance hitherto only known from living organisms (Rocke, 1984: 173;
Bensaude-Vincent & Stengers, 1996: 145). Retrospectively this has been made the death blow
to vitalism though it was not perceived like that by chemists like Wöhler, Berzelius, or Liebig
(Bensaude-Vincent & Stengers 1996: 146; Ramberg, 2000; 173-174).
The event and its use in constructions of a historical myth may indicate a time where organic
chemistry could be (re)defined: what belonged to (organic) chemistry? In the 1830s French
chemists tried to demarcate their discipline by excluding physiology and anatomy. The
French chemist J.-B. Dumas (1800-1884) defined the object of organic chemistry as materials
from the "organic kingdom" and its derivatives (Klein, 2003: 67). In order to understand these
organic substances European chemists tried to extend the dualist ideas from inorganic
chemistry to the organic realm per analogy (Klein, 1999: 159). This was the theory of organic
radicals. The radical concept had been in use since the late eighteenth century but instead of
simple substances organic radicals were 'compound radicals' and organic compounds were
then characterized according to their radical part (Klein, 1999: 159; Partington, 1964: 252).
Towards the 1840s electrochemistry was challenged and ultimately abandoned which marks
the transition to the second period of chemistry as divided by Bensaude-Vincent & Stengers
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(Bensaude-Vincent & Stengers, 1996: 127). In brief the challenge arose from reactions where
electronegative elements like chlorine could substitute for electropositive substances like
hydrogen (Rocke, 1984: 195). I now turn to some institutional developments occurring
alongside the developments I have just sketched out.
2.2.3 - A national science?
In a brief outline like the one provided here adding nationalities might strengthen the
acknowledgement of geographies. However, it might also strengthen a simplified diffusionist
view where knowledge emanates from scientific centres like France, Germany, and Sweden.
The outline is only intended to provide an overview and for this reason the story is told as if
all chemists in Europe was working in unison - as if chemistry was a science detached from
geography.
Even though nineteenth century chemistry might undoubtedly be European it was not as
uniform as European chemistry implies. Chemistry was European due to the circulation of
chemists and theories. Still, it was also "profoundly influenced by national styles" (For
European chemistry, see Kragh, 1998b: 329; challenging the 'European' Bensaude-Vincent &
Stengers, 1996: 96, the quotation on national styles is on this page).
Zeise's encounter with Parisian chemistry mentioned in (2.1.1) might exemplify both
characteristics of nineteenth century chemistry. During his Wanderjahre he travelled to
Germany and France. However, the trip displayed the quite different stances taken towards
atomism in Denmark, Germany and France (Jacobsen, 2006: 752). Likewise, atomic theory
was not a singular theoretical system and after the 1830s the three largest European countries
adopted different atomic systems (Rocke, 2001b: 3).
The national differences can also be seen in the educational systems. The German system of
education was like a counter-model of the French system. The latter was centralized and
oriented towards Paris while pre-Bismarck Germany developed in regional, decentralized
networks. Still, it generally holds that chemistry experienced a change in status and was
increasingly seen as an independent scientific discipline (Bensaude-Vincent & Stengers,
1996: 98, 95).
Until the nineteenth century chemistry had been an auxiliary science to medicine, pharmacy,
or geology. In eighteenth century Germany pharmacists acquired chemical knowledge
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training in shops - textbooks were only read as self-study (Homburg, 1998: 46). During the
nineteenth century chemistry became an end in itself and towards the middle of the century it
was practiced by hundreds of well educated chemists (Bensaude-Vincent & Stengers, 1996:
95-99).
Chemistry in Copenhagen experienced similar developments. Prior to and in the early
nineteenth century chemical training was obtained by apprenticeship in pharmacies before
taking pharmaceutical examinations as seen in the biographies of Zeise, Forchhammer, and
Scharling. From 1805-22 chemistry was placed under Ørsted's university professorship in
physics and in general chemistry lagged behind physics. This was partly due to an "ideology
of supremacy of spiritual over manual work" (Kragh, 1998a: 239). Similar discontents
towards the mangle of laboratory practice existed in Germany. This changed gradually
because of societal demands and from 1810 Stromeyer organized regular laboratory training
in analytical chemistry in Göttingen (Homburg, 1998: 58, 53-54). In Denmark laboratory
training was established in 1820 (Sylvest, 1972: 17). Both the German and the Danish case of
practical laboratory training counters the older standard story naming Liebig's Giessen as the
pioneering site of practical university instruction in chemistry (For a newer example of giving
Liebig priority, see Rocke, 2001a: 85; countering it Lockemann & Oesper, 1953: 202;
Homburg, 1998: 54).
In the biographical sections above I described in the biographies above that Zeise was
appointed as the first professor in chemistry at the university of Copenhagen in 1822 and from
1823 Forchhammer joined as associate professor in chemistry (and mineralogy) (see (2.1)).
As chemistry was now taught by teachers with chemistry as their sole or main vocation it
achieved autonomy from physics. Zeise also took care of the "Övelseslaboratorium"9 where
chemists and other interested in acquiring chemical knowledge could train practical skills.
However, the university's laboratories (additional were built and locations changed) were not
necessarily used to a large degree. If we are to believe Scharling's short history of chemistry
in Denmark, Scharling was often to have been the only one using the facilities in the late
1820s (Scharling, 1857: 76). This changed as practical training in chemistry became a
compulsory part of the pharmaceutical education in 1828 - something which Kragh also

9

"Training laboratory"
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describes as an indication of the newly won status of chemistry at the university (Scharling,
1857: 76; Kragh, 1998a: 239).
A final comment regards the Polytechnic college inaugurated in 1829 and the educations
related to chemistry. The new Polytechnic College owed much to Ørsted's efforts at
establishing it and he became its first director (Kragh et al., 2008: 158). The university of
Copenhagen and the Polytechnic college were closely affiliated as science teachers from the
university were obliged to lecture at the Polytechnic as well (Nielsen, 2007: 205). Nielsen has
described the result of this joint teaching as a unique chemical community in Denmark with
an "extremely close" relationship between academic chemists and polytechnical graduates.
Also, pharmaceutical students also joined the same lectures and likewise the laboratory
(Nielsen, 2007: 205). The lectures intended for polytechnic students and for university
students were "practically one and the same" and oriented towards "scientific, pure chemistry"
(Nielsen, 2007: 205). The close relationship between pharmacists and chemists may be
exemplified by the periodical Archiv for Pharmacie10 launched, edited, and published by S.
M. Trier (1804-1894). Though intended for owners of pharmacies it included a "substantial
amount of chemistry" as Danish pharmacists were interested in such matters due to their
educational background (Nielsen, 2007: 208). As an example it may be noted that Zeise
published the introduction for his Anvisning in Trier's Archiv.

10

"Archive for Pharmacy"
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3 - Textbooks and classifications
In the nineteenth century the quantity of known substances rose significantly. Between 18001850 24 new elements were added to the 34 elements known by the time of A.-L. de
Lavoisier (1743-1794). This posed a challenge to the system building teachers in chemistry:
How to assemble all these elements in textbooks without merely listing them alphabetically
(Bertomeu-Sánchez et al., 2002: 228)? In other words, chemists were concerned with
assembling the most efficient entry points into an infrastructure in continuous expansion.
In France chemists discussed natural and artificial classifications as a possible solution. The
former were "based on all the characters of the substances to be classified" whereas artificial
classification focused on single characters (Bertomeu-Sánchez et al., 2002: 236). The periodic
table was perceived within these debates as an artificial system as it organized elements by
atomic weights (Bensaude-Vincent & García-Belmar, 2015: 106). Before proceeding to the
Danish textbooks I formulate some general points on the connection between textbooks and
classifications based on research by Bertomeu-Sánchez et al. (2002) and Garciá-Belmar et al.
(2005).
Bertomeu-Sánchez et al. describe two functions system builders wanted their textbooks to
fulfill as entry points:
i)

Textbooks were to provide an overview of the "material world of chemical
substances" as objectively and faithfully as possible.

ii)

They must facilitate the learning of their audience.

In France this resulted in discussions of the "order of things", i.e. how to order things taking
into account both the knowledge of the elements and the didactically most suitable
presentation (Bertomeu-Sánchez, 2002: 229, 243). Again, the periodic table may exemplify
classification based on knowledge. The most common example of didactic classification is
progression from known to unknown. This was an ideal since before Lavoisier and often in
combination with the ideal of simple to complex. The ideal textbooks progressed from simple,
known elements to the more complex, unknown compounds (García-Belmar et al., 2005:
233).
Inspired by the French cases I analyze the discussions of classifications in textbooks. I show
that both Zeise and Forchhammer were concerned with establishing the best entry points via
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the ideal of simple to complex. Subsequently, I analyze how textbooks were used to
manipulate the gateways between different knowledge infrastructures. I analyze the case of
imponderables (heat, light, electricity, and magnetism), and the distinction between organic
and inorganic chemistry. Both instances are examples of how textbooks aim at rearranging
immaterial aspects of a chemical infrastructure. Either by debating what objects belong to
chemistry or the gateways between chemistry and other knowledge infrastructures.

3.1 - Textbooks as entry points
Zeise's 1829 textbook features the most elaborate considerations of chemical classifications.
Zeise mentions a variety of classifications, such as metals and metalloids or according to the
acidity and alkalinity of substances. He elaborates the most on electrochemistry and it is also
the classification he chose for the textbook (Zeise, 1829: 280-294).
Zeise's explanation of electrochemistry proceeds from the empirical electrolysis of water to
the general remark that elements have electrical characteristics. Zeise exemplifies with a table
listing all the elements by their electrical relations from oxygen to potassium: the former is
electropositive in relation to all other elements and the latter electronegative (Zeise, 1829:
282-291). Zeise finds the electrochemical classification the most convenient and the 1829
textbook is organized in two main sections, one for the chemically negative and positive
elements respectively. However, Zeise's didactic concerns interferes with this plan for the
book from the beginning (Zeise, 1829: 293). I will argue here that his didactic classification is
the common simple to complex, or known to unknown.
His textbook didactic is considered in the preface of the 1829 textbook. Textbooks ought to
progress so that "det forudgaaende baner Vei for det efterfølgende [...]"11 (Zeise, 1829: 293,
viii-ix). Thus, the first subsection of his textbook deviates from a chemically "rigtigere
inddeling"12 to fulfill his didactic principle and to benefit his teaching (Zeise, 1829: 293).
The advantage of this didactic exposition is that the knowledge presented about elements is
brought into use as soon as possible (Zeise, 1829: 293-294). For instance, his first subsection
deals with all the constituents of atmospheric air and immediately following the first
subsection comes an entry on atmospheric air. This implies that Zeise wanted to proceed from
simple elements to complex compounds (Zeise, 1829: 420-429).
11

"the preceding paves the way for the subsequent"
"more correct classification"

12
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The classificatory criteria informing the sequence of substances his 1829 textbook is
explained by supplementing the textbook with his notes for a lecture held in 1843-44.
According to a list presented in his lecture the textbook's first four subsections primarily deal
with metalloids (Zeise, 1829: xviii; Zeise, 1843-44: 12)13. This sequence is employed in the
lecture as well. This was a didactic choice as the metal-metalloid-distinction had no
"videnskabelig Værd14" but was useful to present chemical knowledge (Zeise, 1843-44: 1112). In other words, the sequence in both his lecture and the 1829 textbook is dictated in part
by didactical concerns.
Seemingly Forchhammer also subscribes to an ideal of simple to complex, or rather known to
unknown (though it should be remembered that only the Ledetraad was published in its
entirety). He describes the order in his 1842 textbook as not being a "streng systematisk
Orden"15. Instead elements are listed as to illuminate each other in the best way possible
(Forchhammer, 1842: iii). The best way possible seems to be known to unknown as he
introduces water immediately following the two first elements (Forchhammer, 1842: 1-18).
This shows how different strategies were made to fulfill similar didactic ideals as
Forchhammer's sequence of substances differed from Zeise's. Forchhammer starts by oxygen
and hydrogen, and then immediately introduces water. Likewise, atmospheric air is discussed
as soon as its constituents have been presented (Forchhammer, 1842: 1-18, 235). In this sense
both authors seem intent on proceeding from simple to more complex, and known to
unknown.
To remedy the lack of systematic order in his 1842 textbook Forchhammer includes a
systematic table of elements and compounds before his text begins. Elements are classified by
whether their hydrogen or oxygen compounds are predominately acids or alkalis. Interestingly
he systematically orders compounds using radicals as a shorthand. For instance, he lists
various compounds by their "atomistiske Sammensætning"16 using R2O, i.e. two parts of
compound substance R to one part oxygen (Forchhammer, 1842: viii).

13

(Zeise, 1843-44) is a reference to lecture notes kept at the Royal Danish Library in Copenhagen. Generally, I
have referenced all Zeise's archival material like this particular instance. The pagination and dating are stated in
the original documents. See the bibliography for full references with box numbers.
14
"scientific merit"
15
"strict systematic order"
16
"atomistic constitution"
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Forchhammer's Ledetraad includes a minor remark on electrochemical classification.
Forchhammer proceeds from electrolysis, like Zeise, to introduce the concepts of
electropositive and -negative substances (Forchhammer, 1830-31b: 195-202). He concludes,
however, that the electrical relation between substances does not depend on "nogen absolut
Egenskab"17.

Thus,

one

cannot

classify substances

by electrochemical

relations

(Forchhammer, 1830-31b: 198). In other words, as an artificial classification electrochemistry
is insufficient.

3.2 - Organizing gateways
I now turn to the question of gateways between chemistry and other knowledge
infrastructures. I described in section (1.3.1) how disciplines may be understood as networks
based on Nye's definitions. I follow this here and analyze how textbooks manipulate the
gateways of chemistry with respect to imponderabilia and organic chemistry.
3.2.1 - Imponderables
The question of imponderables showcases possible inclusions or exclusions of observations
into chemistry: did chemistry engage in the study of imponderables or did these phenomena
belong to physics?
Ørsted had included these phenomena in courses on chemical physics and chemistry, though
not conceiving them as imponderables (Kragh, 2005: 321; Jacobsen, 2006: 753). Zeise
considered them to be imponderables and included them in his 1829 textbook. However, he
questioned their inclusion and claimed to include them only to raise the knowledge of physics
in the audience of pharmacists (Zeise, 1829: x). In other words, imponderables was a matter
for physics. His inclusion might also be informed by the works he read writing the textbook.
Zeise mentions Berzelius' Lehrbuch and L. Gmelin's (1788-1853) Handbuch der
Theoretischen Chemie (1817). The latter organized chemical knowledge according to
imponderable (light, heat, electricity) and ponderable (inorganic, organic) substances (Zeise,
1829: xv; Habashi, 2009: 31)18.
Imponderables are also excluded from chemistry in the books by Scharling and
Forchhammer. In Scharling's translations they are simply passed in silence (Scharling, 1837;

17

"any absolute property"
The third edition published in 1827 also distinguished chemistry of the "wägbaren" and "unwägbaren"
substances, i.e. ponderable and imponderable substances (Gmelin, 1827: xi).
18
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1841). Likewise, Forchhammer does not include them apart from minor general remarks on
the nature of the flame (where the question of imponderabilia is not brought up) (on flames
see Forchhammer, 1830-31b: 17; 1842: 166-168; otherwise Forchhammer, 1830-31a; 183031b; 1831a; 1831b; 1834-35; 1842).
Silently ignoring imponderables may be read as active attempts at reconsidering the
immaterial infrastructure of chemistry, how to demarcate it, and what phenomena to include. I
interpret the textbooks to be active factors attempting to shift the infrastructure because later
editions of Wöhler's Grundriss were translated into Danish (Groth 1854; 1855). Wöhler's new
preface for the inorganic textbook is translated and it explicitly excluded imponderables from
the chemistry of substances (Groth, 1854: 1). In other words, the 1830s-40s textbooks are not
only indicating a body of accepted theory, they are factors trying to (re)construct it by
dismantling gateways to other knowledge infrastructures.
3.2.2 - Organic Chemistry
Organic chemistry is, as noted in the historical overview, the origin of a great disciplinary
myth. According to legend Wöhler refuted the existence of a life force in 1828. Accordingly
the classificatory divide between organic and inorganic is interesting as it is ontological.
However, the divide is also interesting as Zeise explicitly debates the relation of chemistry to
physiology.
By the 1830s distinguishing organic and inorganic was not a given in textbooks. Wöhler had
tried to integrate organic chemistry into his inorganic textbook - and found it theoretically
possible. However, in an instructional system such a theoretical approach is "unyttig og selv
skadelig"19 to the student. Scharling's translation thus divides chemistry into organic and
inorganic (Scharling, 1837: iv-v).
The organic substances are defined as the result of the life processes of animals and plants.
Substances are divided into plant and animal substances by importing classifications from
natural history and physiology. Generally, organic bodies are defined as made from carbon,
hydrogen, oxygen, and nitrogen. However, they are under the influence of a "livskraft"20
(Scharling, 1841: 1).

19

"futile and even harmful"
"life force"

20
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Forchhammer's Ledetraad features the most explicit discussion of a life force. Rhetorically he
questions the divide between organic and inorganic substances by reference to the general
laws of nature. If they govern the substances they must rule in the volcano as well as in the
oak. But anyone who studies nature "uden forudfattet Mening"21 will perceive the forces of
animals and plants which are different from those found in a laboratory and mineral chemistry
(Forchhammer, 1831a: 3-4). Due to an "organisk Kraft"22 elements combine in compounds
chemists cannot produce and which naturally only occurs in organisms. These are the
compounds with which organic chemistry is concerned (Forchhammer, 1831a: 4).
Forchhammer also imports classifications from natural history and organizes his section on
animal chemistry by physiological principles. The reason was didactical because the
physiological principles provided the "letteste Overblik"23 (Forchhammer, 1831a: 43).
Forchhammer's and Scharling's textbooks indicate that the notion of a life force was still
present in Danish chemistry after Wöhler's synthesis. But by the 1840s Zeise's Haandbog on
organic chemistry would challenge both the life force and the gateway between physiology
and chemistry.
Zeise's 1847 Haandbog does not discuss life forces. Zeise describes how natural organic
substances are almost exclusively known from the activity in "de levende organiske Legemer,
som medføre at de leve"24 (Zeise, 1847: 1, 17). He briefly notes how organic substances
cannot be synthesized from their constituents and describes the object of organic chemistry as
compounds from the animal and plant kingdom. These compounds, he defines, are
predominately carbon compounds (Zeise, 1847: 1). In other words, Zeise's reference to living
organisms seems less like an ontological claim of a life force than information on the
substance's origin.
The Haandbog's introduction also manipulates the gateway between organic chemistry and
physiology. Proper organic chemistry is not concerned with the function of organic
substances in living organisms - this belongs to physiology (Zeise, 1847: 36). In other words,
only the chemical constituents of organisms are allowed passage through the gateway
between physiology and chemistry. Furthermore, the physiological distinction between
21

"without preconceptions"
"organic force"
23
"most convenient overview"
24
"the living, organic bodies causing them to live"
22
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animals and plants is of no use in organic chemistry (in contrast to its use by Forchhammer
and Scharling). To Zeise there is no evidence that organic substances isolated from their
organism are fundamentally different from mineral substances. Thus, chemists ought to
explain organic substances following the idea that organic substances are chemically
analogous to the mineral compounds (Zeise, 1847: 5).
Not only did the Haandbog try to define what substances where allowed to pass between
knowledge infrastructures. Zeise also tried to install a hierarchy between them with a
unidirectional gateway for theories or knowledge: from chemistry to physiology. The
Haandbog claims that organic chemistry can be studied without being connected to
physiology. Physiology, however, cannot be studied thoroughly without insights from organic
chemistry (Zeise, 1847: 36). Put differently, Zeise claims that physiology is depending on
knowledge imported from chemistry but not vice versa.

3.3 - Conclusion: Classifications and textbooks
The analysis above presents different relations between classifications and textbooks in two
ways.
i) I have described how the classifications in textbooks was not solely a scientific matter.
Classifications and textbooks included didactical concerns.
ii) I have analyzed the attempted manipulations of gateways.

I have showed that both Zeise and Forchhammer, as system builders, adhered to a didactic
ideal of progression from known to unknown or from simple to complex. Both authors
encountered difficulties because the more familiar substances, e.g. atmospheric air and water,
are not chemically simple. Of course, these difficulties were not only encountered by Danish
chemists (for other instances, see Bertomeu-Sánchez et al., 2002: 232). Thus, the different
sequences employed by Forchhammer and Zeise can be considered solutions to the same
classificatory ideal. They simply introduced the known substances as soon as possible.
Analyzed as system builders, they were concerned with establishing the most useful entry
point into chemistry. Establishing entry points, of course, included organic chemistry. Wöhler
retained a distinction between organic and inorganic (as did Scharling) and Forchhammer
explicitly based his use of physiological classifications on the didactical benefits it provided.
Even though both Scharling and Forchhammer introduced the concept of a life force neither
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discussed it in any of their entries on organic substances. This suggests that in fact the notion
of a life force was not central to the knowledge available of these substances.
In contrast to Forchhammer and Scharling, Zeise explicitly questioned the relevance of
physiology to organic chemistry in his Haandbog. I interpret Zeise's rejection as arguing for
the independence and autonomy of chemistry. In the local infrastructure of chemistry at the
institutions in Copenhagen this meant questioning the relevance of imponderables to the
teaching of chemistry and cutting the links to physiological principles to gain independence.
Infrastructures develop and change gradually as they are not controlled from one centre.
Edwards dubs this the inertia of infrastructures. In the analysis provided above inertia helps
explain why Zeise's rearrangement of the immaterial infrastructure, i.e. his gateway
manipulation, could not be instantaneously successful. He was not the only teacher of
chemistry or the only textbook author, and accordingly he was not in full control of the
infrastructure. The same goes for the case of imponderabilia: the exclusion of these
phenomena from chemistry was gradual and textbooks was put to action in the reworking of
gateways during the 1830s-50s.
This section (3) has displayed instances where textbooks actively renegotiated the
infrastructure, e.g. by reworking existing gateways. Furthermore, the presentations of the
relations to other knowledge infrastructures could also form or inform the audiences
understanding of the disciplinary landscape. In this sense Zeise's discussion of priority with
regards to physiology is not unimportant. The next section (4) is more concerned with the
organization of the chemical infrastructure itself.
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4 - Textbooks and theories
Textbooks are the entry points into knowledge infrastructures like chemistry. Remembering
Bertomeu-Sánchez et al.'s remarks in section (3) textbooks have two fundamental functions:
providing an overview of chemistry and the way chemistry sees the world, and facilitating the
learning process of the intended audience (Bertomeu-Sánchez et al., 2002: 229). My
theoretical framework describes scientific disciplines as knowledge infrastructures comprised
of specific theories, standardized vocabulary, and shared ideals (when focusing on immaterial
aspects of the infrastructure) (Edwards, 2010: 17-18; Nye, 1993: 274). Textbooks, then, are
interesting as texts where authors try to assemble and organize a specific presentation of the
chemical knowledge infrastructure. Textbooks and their presentations of chemistry are
intended to inform students with knowledge and practical rules of chemistry, e.g. vocabulary.
However, they are also to form students to comply with norms of the knowledge
infrastructure.
This section analyzes how centrally atomism as a theory was placed in the infrastructure of
chemistry and what knowledge, or norms, were presented as central junctions in the network
based on the textbooks by Zeise, Forchhammer, and Scharling.
In one sense this section reads textbooks as indicating the organization of knowledge
infrastructures. What was considered the central junctions which other parts of the network
oriented itself towards? However, the textbooks are arguably also active in a twofold sense.
Firstly, they are formative entry points requiring aspiring chemists to behave in a specific way
or adhere to standardized ideals of practice. Secondly, being written in the early years of
chemistry as an autonomous university discipline the ideals and theories presented in
textbooks also serve to establish or consolidate an infrastructure for academic chemistry.
Thus, the following analysis also considers how textbook contributes to a self-image of
chemistry.
In a Swedish context Lundgren has shown how atomism was not delegated a central position
in nineteenth century chemistry as presented by textbooks. Rather, textbooks established knowingly or not - empirical work with an instrumental approach to theory as the central
junction of chemistry. Instrumentalism was not a "conscious philosophical standpoint" but the
opinion expressed in textbooks that theories "had to follow from facts" and the chemists' most
important task was searching for facts (Lundgren, 2000: 93, 96, 108). Theories of atomism
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were not presented as required for the practice of chemistry but most of the books practiced a
"common-sense" atomism similar to chemical atomism. Atoms were simply definite
proportions of combining substances (Lundgren, 2000: 96).
In order to analyze the infrastructure of chemistry, and atomism's place in it, I follow
Lundgren who suggests focusing on the sequence of arguments in textbooks. In general
Swedish textbooks on chemistry would open with a theoretical chapter discussing atomism
before the "sometimes overwhelmingly descriptive sections" where atomism did not play a
central role. Technically oriented books, by contrast, would only include theory after specific
instructions, i.e. theory was not necessary for the practical advice given (Lundgren, 2006:
767). This shows the importance of textbooks' structural features in both indicate and actively
present the infrastructure of chemistry as oriented towards empiricism rather than theories of
atoms.
Below I describe similarities between Lundgren's findings and the Danish textbooks. Most of
the textbooks have a common-sense atomism in descriptions of chemical reactions. That is,
they describe reactions in terms of "Dele", "Grunddele", "Maal", or "Værdier"25 of given
elements that combine like building blocks. However, all the textbooks emphasizes
experience and empirical observation as the central junction, whereas theoretical
considerations on atomicity is placed at the outskirts of the immaterial infrastructure of
chemistry.

4.1 - Symbolism as a shorthand
Atomism is the one instance where Scharling explicitly states a deviation from Wöhler's
original. Where the original uses atomic numbers, weights, atoms, or similar terms Scharling
substitutes with "Værdital og Værdier"26 for didactic reasons (Scharling, 1837: vii). These
terms are more comprehendible to the beginner in chemistry in terms of meaning and use, and
Scharling added a small section to elaborate on the meaning of the more common notions of
equivalents and atoms (Scharling, 1837: vii-viii).
The inorganic textbook indicates a stance towards atoms as peripheral to chemistry. It opens
with an empirical definition of "Grundstoffer"27 as substances which by no means can be split
25

"Parts", "fundamental parts", "Measures", or "Amounts"
"numbers of amounts and amounts", bold letters indicate spacing as emphasis in the original text.
27
"Elements"
26
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into other constituents. Curiously the definition of atoms - given on the same page - is not the
same as the elements. Atoms are the innumerable, miniscule Dele that "man tænke sig"28
constituting the mass of bodies (Scharling, 1837: 1). In other words, atoms are hypothetical
and not central to the concept of elements. This is evident as the entire group of metalloids
(counting 12 elements) is explained without atoms using Dele or Maal instead (Scharling,
1837: 2-23).
When the textbook elaborates on atomism it is derived empirically and represented as a
convenient way of expressing elements and compounds in a "kort og simpel Maade"29
(Scharling, 1837: 24-26). The argument starts with the empirical observation that weights of
elements in reactions display fixed proportions (if one substance, in this case oxygen, is taken
as unity). A table of Værdital is provided and an example in deciphering it: if silver unites
with sulphur, then exactly 201 Dele sulphur combine with 1351 Dele silver (see appendix A
for the table). The weight relations are fixed and any superfluous silver or sulphur will not
take part in the combination (Scharling, 1837: 25). Now, the numbers in the table may be
called atoms, equivalents, proportionate numbers or Værdital. This vocabulary is convenient
as one is free from stating 1351 Dele silver and can simply state one "Atom, Æqvivalent, eller
Værdi"30 of the element in question (Scharling, 1837: 26). Despite this pragmatic approach to
vocabulary Scharling refused to retain the concept of atoms as used in the German original of
his textbook.
Without mentioning Berzelius his symbolism is introduced and described terms of
functionality. In order to present the composition of compounds in a "kort og overskuelig
Maade"31 each element is attributed a sign which merely expresses its Værdi (Scharling, 1837:
26-31). Whereas the sections on individual elements and their compounds in both the
inorganic and organic textbooks does not use the terminology of atoms (instead they use Dele
or Værdier), Berzelian symbolism is used (see, e.g. Scharling, 1837: 209-207; Scharling,
1841: 39). Berzelius is mentioned both in Wöhler's preface and in Scharling's added section.
Wöhler describes the textbook as an excerpt of Berzelius' Lehrbuch which Wöhler translated
into German (Scharling, 1837: iv; Blondel-Mégrelis, 2000: 233-234). Scharling's added

28

"one imagines"
"short and simple way"
30
"Atom, Equivalent or amount"
31
"short and comprehensible manner"
29
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section just mentions that the textbook follows the assumptions of Berzelius in how to
calculate and understand the Værdital (Scharling, 1837: 34).
In general Scharling's added section to the translation states nothing novel but stresses
empirical experience more than Wöhler's description of atomism. In the added section the
definite proportions have been shown by "Erfaringen"32 and the proportions in chemical
combinations are simply the atomic numbers, equivalents, etc. (Scharling, 1837: 32-33).
In the chemical infrastructure sketched by Scharling's translation empirical observation is the
central junction. The simple elements are defined as the empirically indivisible substances
and Erfaring forms the basis of the theoretical considerations. The inorganic textbook does
not imply the terminology of atoms to be central in the study of chemistry. Rather, Scharling
substituted the occurrences of atoms from the body of the text and as a result atoms are
discussed primarily in the short 11 page chapter introducing Værdital and definite proportions
(compared to the total 207 pages in the inorganic textbook and 163 pages in the organic
(Scharling, 1837; 1841)). The structure of the inorganic textbook does not fit perfectly with
Lundgren's generalization that textbooks would open with remarks on atomism and then not
use it in their main text. The latter holds true, but the introduction of atomism is postponed
until after the section on metalloids which, however, allows Wöhler to define them as the
outcome of empirical observations.
The next section is on Forchhammer. I show that he initially distanced himself more explicitly
from the concept of atoms and generally stressed the importance of empirical observation.

4.2 - Atomism as derived from experience
Forchhammer's three textbooks largely overlap each other in terms of elaborations on
atomism and likewise the organization of the chemical network presented: empirical
observations are the central junction of the chemical infrastructure. Theory, like atomism, is
derived from the available observations. Forchhamer's Ledetraad, written for the Military
Academy, resembles Lundgren's characterization of technical textbooks providing practical
advice rather than theory. The Ledetraad specified its audience in its title but Forchhammer's
later textbooks do not. Interestingly, the Ledetraad's section on atomism is reprinted in the
later 1834-35 and 1842 textbooks though in a rewritten form with changes in argumentation
32

"experience"
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indicating that changing audiences caused a revision of the theoretical considerations. In
general, however, chemistry is still represented as an infrastructure centred around empirical
observations.
In the following I elaborate more in depth on the argument presented in the Ledetraad and
then analyze the changes made in the 1834-35 and 1842 textbook.
4.2.1 - Theory as a guiding principle
In congruence with Lundgren's description of technically oriented textbooks the Ledetraad
does not open with a section on atomism. Such a section is postponed until the opening of the
first volume's second part, i.e. more than 100 pages into the development of inorganic
chemistry (Forchhammer, 1830-31b: 7-14).
Atomism is derived as a purely empirical observation on the basis of oxalic acid.
Forchhammer starts by introducing a concept of equivalents in neutral solutions. He describes
how experiments show that fixed amounts of different acids may substitute each other in
neutral solutions without affecting the neutrality (Forchhammer, 1830-31b: 9-10). The
argument continues that these observations of equivalents could be expanded to encompass
the elements. Taking oxygen as 100 it is possible to calculate numbers of proportions for all
the elements. The proportions, Forchhammer stresses, are contingent as they are found by
experiment. Thus, they are open to change due to precise experiments or if something other
than oxygen was chosen as unity. Choosing oxygen as unity is motivated by convenience
because oxygen often participates in reactions: it is more convenient to calculate with 100
than a more irregular value (Forchhammer, 1830-31b: 11). In other words, proportions are
introduced as empirical facts and the theoretical descriptions are pragmatically based on
convenience. Forchhammer mentions that some chemists have been led by the approximate
relation of 1:8 between hydrogen and oxygen to assume that all the numbers of elements are
products hydrogen's number multiplied with integers. But Forchhammer dismisses this
assumption as insufficiently substantiated by experience (Forchhammer, 1830-31b: 11).
Forchhammer continues the introduction of atomism stating that so far his "Resultater [er]
ligefrem udlede af Erfaringen"33. However, to ease the presentation one seeks "Tilflugt"34 in
theoretical assumptions. These assumptions are the existence of indivisible, small Dele called
33
34

"results [are] directly deduced from experience"
"refuge"
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"Grunddele" or with a "fremme[d], mindre rigtigt Udtryk, Atomer"35 (Forchhammer, 183031b: 11). Forchhammer introduces theoretical assumptions as a convenient tool for the
exposition of knowledge and clearly distances himself from the concept of atoms.
Forchhammer states that these theoretical assumptions are something chemists "forestiller
sig"36, i.e. atoms or Grunddele are hypothetical concepts (Forchhammer, 1830-31b: 11)
Berzelian symbolism is introduced without mentioning Berzelius and Forchhammer provides
a rhetorical defense of what he characterizes as the hypothetical and cumbersome way of
describing chemical composition following from atomic theory and symbolism. The answer is
worth quoting at length:
thi denne Betragtning og dens Resultater ere Ledetraadene, der føre igiennem de
utallige mange chemiske Forbindelser; det er denne Betragtning , som leder os lige til
Maalet, hvilket man ellers ikkun var i Stand til at naae ved møisommelige Forsøg. 37
(Forchhammer, 1830-31b: 14)

In the quotation Forchhammer describes theory as a heuristic device for the chemist.
Furthermore, atomism and its related symbolism is a matter of efficiency and avoiding
laborious experiments. The latter is substantiated by an example from gunpowder production.
Forchhammer describes how huge amounts of gunpowder could have been saved using the
new theories to determine the best mixture instead of discovering it empirically
(Forchhammer, 1830-31a: 14). In other words, theories may be very useful but regarding the
question of atoms it is the empirical foundation which is considered central to the chemical
infrastructure.
The last point to be made with regards to the Ledetraad is the didactic use of chemical
atomism. While distancing himself from the concept of atoms the Ledetraad does employ
Berzelian symbolism and its didactical schemata explaining reaction processes can be
interpreted as founded on chemical atomism. These schemata are interesting as
Forchhammer's textbooks are the only studied here using them. I have no evidence of their
origin though the historian of chemistry B. Haupt has described similar schemata in the 1830s
Germany. In the German instance the schemata continue an older tradition of affinity tables
(Haupt, 1987: 237).
35

"Fundamental parts" and "foreign and less correct expression, atoms"
"imagines"
37
"this view and its results are the guiding principles leading through the innumerable chemical combinations;
it is this view which guides us straight to the goal otherwise only attainable through laborious experiments"
36
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The Ledetraad is the only textbook analyzed for this thesis describing gunpowder at length
and the description may exemplify Forchhammer's didactic use of chemical atomism. His
description of gunpowder is aided by a sort of flowchart schemata of the reaction processes
(see appendix B and Forchhammer, 1830-31b: 181). Such a schemata presents the reader with
the elements reacting and employs lines and brackets to indicate what substances recombine
like building blocks in terms of Grunddele.
These schemata are employed in all Forchhammer's textbooks and provide overview of
reactions in varying detail. Some simply state names like oxygen and chloride while others
specify the weights of substances in the reaction (compare appendix C, illustration 1, 2, and
3). This also shows that he did not utilize the full potential of Berzelian formulae. If
Forchhammer had done so, he could merely have stated the Berzelian symbol of substances
implying both name and weight. Nonetheless, Forchhammer's textbooks describe reactions in
a way which may be subsumed under chemical atomism: observing discrete units which enter
into combination with each other (see section (2.2.2)).
In the unfinished textbook from 1834-35 Forchhammer describes an important feature of
these didactic schemata: they are not exhaustive. In the case of oxalic acid he describes how
the schemata does not display all the products occurring in the reaction but only the ones
present in the largest quantities (Forchhammer, 1834-35: 127). In other words, the didactic
schemata are representations aiding the comprehension of reactions by simplifying them.
4.2.2 - The textbooks from 1834-35 and 1842
The unfinished 1834-35 textbook reprints most of the Ledetraad's section on atomism
(Forchhammer, 1834-35: 126-139). In this unfinished textbook atomism is introduced 130
pages into the 192 page book. Before introducing atomism the textbook already describes
elements and compounds using Berzelian symbolism and the vocabulary of Dele (e.g.
Forchhammer, 1834-35: 76). The outline of the argument for atomism is practically the same
as in the Ledetraad. The only noticeable definition added is the atomistic nature of the
Grunddele-concept. Forchhammer discusses two possible formulae of a chrome-compound:
either 1 Grunddel metal and 1½ Grunddel oxygen or 2 metal to 3 oxygen. The former
hypothesis, he concludes, cannot be made since one cannot assume half Grunddele
(Forchhammer, 1834-35: 137). The 1834-35 textbook retains the rhetorical defense of
atomism with its symbolism as a guiding principle including the argument on the basis of
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gunpowder production (Forchhammer, 1834-35: 138). Since the 1834-35 textbook does not
otherwise discuss gunpowder this example appears to be a textual remain of the Ledetraad.
Forchhammer's 1842 textbook omits the rhetorical defense of atomism but otherwise reprints
most of the section on atomism though with some changes (Forchhammer, 1842: 171-192). In
this sense the 1842 textbook indicates some significant changes in Forchhammer's
presentation of atomism. First of all, atoms are no longer presented as less correct than
Grunddele though the term atom is still not used generally in the work (Forchhammer, 1842:
180). Secondly, the vocabulary and theory was no longer in need of a practical application to
defend its inclusion in a chemical textbook.
Furthermore, the definite proportions of oxygen and hydrogen in water are now phrased as
Æqvivalenter and the numbers describing these are "Æqvivalenttallene"38 (Forchhammer
1842: 178). This is important as Forchhammer distinguishes equivalents and atomic weights.
He exemplifies with hydrogen where it takes two Maal to give one equivalent of hydrogen,
i.e. when hydrogen combines with substances like oxygen it requires two Maal equal to 6,24
to give one Æqvivalent of 12,48 (Forchhammer, 1842: 180-181).
One last significant change is the status of hydrogen as unity for calculating proportions. In
the former two textbooks it has been an insufficiently substantiated hypothesis but in the 1842
textbook the hypothesis is noted for having gained recognition (Forchhammer, 1842: 179). At
the end of the 1842 textbook Forchhammer discusses atomism again and argues for taking
hydrogen as unity in calculations of proportions rather than oxygen (Forchahmmer, 1842:
452).
Once again empirical observations take the role of central junctions in Forchhammer's
presentation of chemistry. He gives priority to empirical observations over theory as empirical
results should be the judge of theory choice. Considering hydrogen = 1, he claims, has been
rejected by chemists due to a lack of agreement with the results of immediate experience.
Furthermore, chemists have argued that there is no "theoretisk Grund"39 for using hydrogen as
a common divisor. Forchhammer refutes this by addressing a similar lack of theoretical
explanation for the necessity of definite proportions. Atomic theory does not explain this
necessity because atomic theory is "hverken [...] mere eller mindre end et almindeligt Udtryk
38
39

"Equivalent numbers"
"Theoretical reason"
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for Erfaringen"40. Thus, Forchhammer concludes, everything must follow from the verdict of
empirical observations. These favour considering the weight of hydrogen as the "communis
divisor"41 for the weight of other elements (Forchhammer, 1842: 452). This part of the 1842
textbook is interesting because it communicates a norm of evaluating theory entirely on the
basis of empirical observations. In addition, it shows how textbooks not only indicates
accepted knowledge but take part in discussions of theories and results, e.g. whether oxygen
or hydrogen is the best unity in calculations.
Summing up, Forchhammer's textbooks derive definite proportions empirically before
introducing atomism as a theoretical assumption. Theories, in the rhetorical defense, are
guiding principles for the chemists and a way of avoiding laborious experiments. Despite this
instrumental understanding of theories it was important initially that Grunddele was used
rather than Atomer.
Considering the textbooks by both Forchhammer and Schaling as entry points into the
chemical infrastructure two things may be observed. First of all, empirical observations are
beyond doubt the central junction seen both from the many facts listed on substances in the
descriptive sections and in the derivations of atomism. Though not completely like
Lundgren's generalizations I still interpret the structures foud in the Danish textbooks as
supporting empirical ideals as the central junction. For instance, both derive atomism
empirically and keeps it in confined sections of their textbooks. Secondly, Atoms as such are
generally dismissed but Berzelian symbolism and the definite proportions are obligatory
passage points in the infrastructure for the aspiring chemist, i.e. this symbolism had to be
learned to become a chemist but atoms were less inevitable.

4.3 - Zeise's idealized chemist
Zeise's textbooks fit rather well into the picture of the chemical infrastructure and the role of
atomic theory presented by Forchhammer and Scharling. Zeise's textbooks focus on empirical
observations and despite introducing the idea of atomism it is not employed to a large extent.
Thus, I focus more on the self-image of the eminent chemist Zeise is assembling. I conclude
this section on textbooks and theories by briefly considering the compatibility of Zeise's ideal
with the way Forchhammer and Scharling presents chemistry, i.e. to suggest if their textbooks
40
41

"Neither more nor less than a general expression for the experience"
"Common divisor"
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contributed to the inertia of the same infrastructure of chemistry or whether their textbooks
were made to shift the infrastructure in different directions.
4.3.1 - Atoms and Fundamental Atoms
Zeise, like the other chemists, stresses empiricism and the hypothetical nature of atomism in
his 1829 textbook. For instance, the "forestilling"42 of simple elements is based on our
inability to subdivide them further. This is of course contingent and Zeise concludes with a
general requirement: "Our" ideas must comply with the available Erfaringer and this is a
general rule in "Naturlæren"43(Zeise, 1829: 281). The use of "our" is a discursive tool for
including the audience in the group of scientists, that is, we are the sort of people who comply
to these specific norms.
To return to the matter of atoms, Zeise's definition of simple elements is not linked by
necessity to that of atoms (they are separated by eight paragraphs) similarly to Scharling
(Zeise, 1829: 291-292). Atomism is discussed in merely one page of the +860 page textbook.
Zeise explains that various Erfaringer have led to the idea of indivisible units which cannot
be sensed dubbed "Atomer eller Grunddele"44. Also, that individual elements have definite
weights and chemical combinations are formed from Grunddele (Zeise, 1829: 291). Zeise
exemplifies with combinations of oxygen and sulphur. However, in the body of his text, i.e.
the sections actually describing the properties of individual elements, the description of
sulphuric oxides is provided without using the vocabulary of Grunddele or atoms all together
(Zeise, 1829: 292, 358-375). This implies that atoms was not to be regarded central to the
chemical knowledge provided.
Zeise's 1847 Haandbog on organic chemistry is a fine example of how the mere use of the
concept of atom does not entail atomicity in the sense we presently understand it. The
Haandbog describes substances with "Grundatomer" and "Atomer"45. The former designates
singular elements and the latter compounds like cane sugar. That is, one atom of cane sugar is
and consists of 42 Grundatomer (Zeise, 1847: 4). The Haandbog does not
elaborate on what atoms are and the vocabulary seems to represent the radical theory.
Radicals are introduced after listing compound substances which behaves like singular units
42

"idea"
"Natural philosophy"
44
"Atoms or Fundamental parts". Bold letters signify spacing in the printed text.
45
"Fundamental atoms" and "Atoms"
43
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in forming chlorides or oxides. Zeise concludes that chemists are "beføiede"46 in assuming the
existence of compound radicals (Zeise, 1847: 5). This again shows, how priority is placed on
empirical observations. Experience is the actual judge deciding what theoretical choices are
allowed.
4.3.2 - The eminent chemist
Zeise definitely tried to center the chemical infrastructure around empirical observations and
practical, concrete work. In the notes for a lecture he declares that "Al ægte Chemie"47 is, in a
certain sense, practical. Chemistry is built upon the art of obtaining chemical experiences, i.e.
experiments (Zeise, 1843-44: 9). In other words, all of chemistry is centered around the
acquisition of empirical facts by experiments and - as noted above - the general rule of natural
philosophy was for our ideas to comply with the empirical experience.
Similar ideals oriented towards empirical work are central to Zeise's characterization of the
"fortrinlige chemiske Forsker"48 given in the Anvisning, his unfinished 1840s textbook project
(Zeise, 1844: 5). Theorizing are not among the eminent chemist's skills. Rather, chemistry
requires gifts and abilities like sharp and well trained senses, "behændighed"49, and a suited
"Aand og Sind"50 (Zeise, 1844: 5). The chemist approaches the empirical work without any
preconceptions and with a meticulous awareness towards the relevant phenomena. Endowed
with these the chemist is able to chose the shortest and most certain route to improving
chemistry (Zeise, 1844: 5). Zeise actively tried to establish these norms or requirements
centrally in the chemical infrastructure during the early 1840s. He presented the norms in his
textbook project and likewise in his lectures from the 1840s (see Zeise, 1841-42b, 5-7; 1843,
12).
Zeise was also using his textbooks to legitimize chemistry as an independent science. The
Anvisning describes the eminent chemist as spurred on and guided by the desire of "forøget,
selverhvervet indsigt"51 and the delight which accompanies such efforts (Zeise, 1844: 5).
Chemistry is studied for its own sake, for the acquisition of knowledge and to a lesser extent
for the benefits of its application (Zeise, 1844: 3-4). The chemist was presented as a rather
46

"justified"
" all proper chemistry"
48
"the eminent chemical researcher"
49
"agility"
50
"spirit and mind"
51
"increased self-acquired knowledge"
47
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marvelous figure. Besides the many traits just listed, the chemist revealed, through
experiments, a world which greatly surpassed the one provided by our senses in diversity.
Furthermore, chemists would encounter a variety of difficulties and even "Farer for Liv og
Sundhed"52 in their work (Zeise, 1844: 3-4). Again, Zeise had lectured the same celebration of
the chemist. One lecture even added that chemists probably struggles with more threats to
their life and well-being than any other "Naturforsker"53 (Zeise, 1841-42b: 2-4)
Returning to the legitimization strategy, it is elaborated in the Haandbog. Here chemistry is
linked to science more generally as both are driven by the "aandelige Trang til og Glæde
over"54 new knowledge (Zeise, 1847: 36-37). In the attempts at legitimizing chemistry by
demarcating it from more application oriented disciplines Zeise's textbooks are also indicators
of a broader change in the history of Danish science. In the first fifty years of the nineteenth
century the focus on application faded in favor of a new "empirical ideal" where scientific
knowledge was considered as intrinsically valuable (Kragh, 2005: 450). This shift in
legitimization is seen in Zeise's lectures and his textbooks. Chemistry is presented as a true
science requiring not only gifts and skills but courage!

4.4 - Conclusion: Empirical observation at the center
Zeise's elaborate description of the eminent chemist contains a variety of ideals and
considerations not present in Forchhammer's and Scharling's textbooks. Zeise's didactic
activities, i.e. his lectures and textbooks, ought not to be read merely as indications on what
the norm was. His work likewise appear as assertions regarding what they should be. I noted
how the (re)definition of chemistry as a science whose knowledge had intrinsic value was part
of a broader shift of legitimization. Actually the same shift is hinted at by Forchhammer and
Scharling. Forchhammer's 1842 textbook states a primary focus on "Naturens store
Huusholdning"55 in the substances discussed. Likewise, Wöhler's preface to the inorganic
textbook describes how the teaching of chemistry must not solely have a practical agenda.

52

"Threats to one's life and well-being".
"natural scientist"
54
"spiritual need for and delight in"
55
"The great economy of Nature". Economy here taken in its etymological sense of Oikonomia.
53
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Chemistry must also be considered a "Dannelsesmiddel for Tænkeevnen"56. In this sense,
Forchhammer's and Scharling's textbook also add to this (re)definition of chemistry's purpose.
All their textbooks agree that chemistry is a discipline whose infrastructure has empirical
observations and work as the central junction. Thus, they seem to be adding to the same
infrastructure centered on Erfaringer. Erfaringer are what chemists ought to seek and
erfaringer are the actual basis for the atomism and vocabulary introduced.
Atomism as a ontological question was delegated a peripheral position in comparison to the
centrality of chemical atomism and Berzelian symbolism. The latter two are generally
included in the books and not questioned as they represented empirical observations and
practical, convenient tools for describing compounds or didactically representing chemical
knowledge. The textbooks may thus be read as informative and formative entry points. They
informed readers on the known substances, their definite proportions, and the vocabulary used
by chemists to describe these. Likewise, they sought to form readers by presenting them with
requirements and ideals, e.g. the centrality of empiricism.
However, in the words of Lundgren, there was more to teaching chemistry than "consulting
and studying textbooks" (Lundgren, 2000: 93). There is a practical dimension of laboratory
training to which I turn in the final empirical section.

56

"Means for educating the faculty of thought". Though, "dannelse-" is probably closer related to the German
notion Bildung.
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5.Textbooks and laboratories
Laboratories are central to our present day understanding of chemistry and chemical work.
Within science studies laboratories have for long been analyzed as the coordinated work of
heterogeneous elements like humans, instruments, and texts (Law, 1986; Callon et al., 2011).
As such, laboratories may be analyzed as networks. Keeping my theoretical approach of
infrastructures in mind I emphasize here that the following analysis focuses on a specific level
of the infrastructure of chemistry. Infrastructures consists of linked, heterogeneous networks
of theories, people, physical facilities etc. (see section (1.3)) Here, I analyze how textbooks
may function in the specific material network of a training laboratory.
We would probably take for granted that teaching institutions have training laboratories, i.e.
laboratories where students acquire the necessary laboratory skills. However, in the
eighteenth and nineteenth centuries natural philosophy was mainly taught through lectures
accompanied by lecture demonstrations (García-Belmar & Bertomeu-Sánchez, 2015: 599).
When laboratories intended for training emerged, actors, e.g. teachers or mentors, had to
organize and coordinate these new networks of students, objects, and instructions as to
facilitate student's learning. Eventually, as described by Knight, laboratories provided the
apparatus, equipment, and "the controlled environment in which to use it" (Knight, 2009:
149). This section analyzes how the Danish textbooks could serve as integrated elements of
training laboratories, i.e. how textbooks were to form part of and support the training of new
chemists.
Historians of science have shown how textbooks and practical training in chemistry are
compatible in a number of ways. In France, for instance, Thenard's ideal was that all of his
students should be able to replicate all his demonstrations and thus he wrote extensive
descriptions of these in his textbook (García-Belmar, 2006: 38). The textbook had a central
function as it organized different elements (e.g. retorts, substances, and people) and
prescribed necessary actions for experiments to work. I will elaborate here a bit more on the
case of Britain as described by Brian Dolan as some of his analytical points guides my
analysis.
Dolan has studied descriptions of experiments in British nineteenth century chemical
textbooks (Dolan, 2000). One of Dolan's central conclusions makes his ideas compatible with
the infrastructure vocabulary. Dolan concludes that none of the textbooks he studied - if taken
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in isolation - featured descriptions with the intention of training experimentalists. Rather,
textbooks have to be analyzed in their "pedagogical context", i.e. placed in the network of
skills, instruments, institutions, etc. which have to be linked in order to work (Dolan, 2000:
159).
One goal of textbooks was to ensure that readers would obtain the correct result by providing
concise descriptions. Anyone who have read a recipe knows that ensuring the intended
performance of readers is difficult solely via concise instructions (Dolan, 2000: 143, 156).
One way of ensuring consistent results and the success of experimental instruction was to link
textbooks assuming specific skills with training kits including standardized samples for
experiments. Ultimately, Dolan writes, the linking of textbooks and training kits contributed
to presenting chemistry and its experimental techniques as a "coherent" and "reliable"
endeavour (Dolan, 2000: 143, 148) Put differently, the chemical substances entering a
training situation were standardized to be compatible with the goal of the network (training
practical skills in chemistry and introducing students to chemical phenomena).
My analysis starts by describing differences in the experimental descriptions in
Forchhammer's and Zeise's textbooks in comparison to Scharling's in section (5.1). I argue
that the difference follows from the different ways the textbooks were to participate in
teaching situations. I then focus on the textbooks by Forchammer and Zeise in sub-sections
(5.2.1) and (5.2.2). I conclude, that Zeise tried to inculcate an ideal of strict order through
descriptions of the ideal laboratory and was concerned with presenting chemistry as coherent
and rule bound. Finally, I turn to Forchhammer who intended his Ledetraad a different
function in practical training. In other words, there are different possibilities for textbooks in
laboratory networks.

5.1 - Describing experiments
I start my analysis of experimental descriptions with Zeise. Immediately below I show how
Zeise included rather precise experimental descriptions while Scharling at times even
refrained from mentioning how elements may be obtained.
Zeise's 1829 textbook was a "comprehensive exposition" of pure chemistry. Accordingly it
featured some long and precise descriptions of how to obtain substances (Zeise, 1829: viiviii). Zeise's entry on oxygen may serve as an example. The reader is presented with a rather
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precise description of how to separate oxygen from "Quægsøloxid"57 aided by a figure placed
at the end of the work as a table (Zeise, 1829: 295, table IV) (reproduced in appendix D). The
reader is informed of practical information like actions and suggested instruments: "Man
bringe noget af [Quægsølvoxidet] i Bugen af en lille Glasretort [...]"58 (Zeise, 1829: 295). The
reader is instructed on how to set up the equipment and practical rules like using a cork for
airtight closure. Then follows information on what happens during the experiment, why, and
what to observe. For instance, "[...] Naar Bunden af Retorten begynder at gløde, fremkommer
[Ilt] [...]"59 (Zeise, 1829: 295). Finally the reader is informed on how to test the substance
produced by the experimental setup, including the byproduct of mercury in the retort, and on
how practically to end the experiment (Zeise, 1829: 295-296). In Zeise's 1829 textbook the
aspiring chemist is presented with practical rules but also guided in organizing elements of the
laboratory network and observing the actual process.
A similar level of detail is found in Zeise's section on platinum and its related metals.
Berzelius' method for obtaining pure platinum, palladium, rhodium, iridium and osmium is
explained in detail (Zeise, 1829: 856-864). It is explained as a multi-step thought experiment.
One step reads: "den i Kongevand uopløselige Masse tænke vi os hensat indtil videre med
Mærket J.O.60" (Zeise, 1829: 857). After steps obtaining platinum and palladium the mass
dubbed J.O. is reintroduced in the experimental narrative as the final compound to be handled
(Zeise, 1829: 859, 861, 861).
These precise descriptions had didactic functions to Zeise. He explicitly argued for the use of
experimental descriptions when lecturing as the audience was relieved from note taking. Also,
time is saved as some things are learned equally well from print (Zeise, 1829: ix-x).
Furthermore, learning chemistry competently required "eksperimental og mundtlig
Veiledning"61 (Zeise, 1829: ix). Thus, the descriptions might be intended for supporting the
performing of experiments. I return to this point in sub-section (5.2.1a) below.
Scharling's translation of Wöhler is almost an exact opposite to Zeise's descriptions and there
is not a single illustration in the translations (Scharling, 1837; 1841). The production of
57

"mercuric oxide"
"One brings some [mercuric oxide] into the vessel of a small glass retort"
59
"when the bottom of the retort starts glowing [oxygen] is produced"
60
"For the time being we imagine the in aqua regia insoluble mass set aside labeled J.O."
61
"experimental and oral guidance"
58
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oxygen reads: "Fremstilling. Ved Glødning af nogle af dens Forbindelser med Metaller
(Metalilter); f. Ex. rødt Quiksølvilte, Bruunsten"62 (Scharling, 1837: 3, bold letters in
original). The process described is the same as Zeise's (For Bruunsteen, Zeise, 1829: 301-303)
but without a good amount of knowledge of how to set up chemical experiments much is
implicit in

this description. Similarly, the entry on platinum and its related metals is

extremely brief. Scharling's inorganic textbook describes all substances in a systematic order
going through: occurrence, production, properties, and combinations.

He does so for

platinum but for the related metals he only states occurrence and properties in brief omitting
both production and combinations without an explanation (Scharling, 1837: 174-178).
The general brevity in descriptions stems from the intention of the textbook. Wöhler's preface
describes the textbook as a compendium which should be brief. Accordingly detailed
descriptions of apparatus and experiments displaying chemical phenomena are omitted.
Instead students needed to experience the apparatus, experiments, and the most important
chemical substances during lectures as this would encourage the audience's independent
thought (Scharling, 1837: iii-iv). So despite similar intentions of accompanying lectures
Scharling's translation and Zeise's textbook were intended to be integrated differently in
teaching situations.
The level of descriptive detail in Forchhammer's 1842 textbook is somewhere between Zeise's
and Scharling's. In the conclusion of section (4) I mentioned that the contents of the 1842
textbook has been chosen by their function in "Naturens store Huusholdning"63. Secondarily,
Forchhammer adds, the selection is based on our benefit from them (Forchhammer, 1842: iii).
In other words, besides more pure chemistry his textbook contains information on applied
chemistry. Here I will outline his description of oxygen (for comparison with Zeise and
Scharling) and then briefly sketch parts of the entry on sulphuric acid as an example of the
applied chemistry. Forchhammer's more technically oriented Ledetraad and its explicit stepby-step instruction of experiments are dealt with in section (5.2.2) below.
Forchhammer's 1842 entry on oxygen is more similar to Zeise's than to Scharling's. Due to an
advancement in printing technology the figure representing the experimental setup is now

62

"Production. By making some of its [oxygen's] combinations with metals (metallic oxides) red-hot; e.g. red
mercuric oxide, pyrolusite"
63
"The great economy of nature"
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printed in the text alongside the description. Forchhammer describes how to obtain oxygen
from Bruunsteen but Forchhammer's text reads a bit more like a description of the apparatus
than on how to perform the experiment. He states that oxygen may be obtained from
Bruunsteen by glowing it red hot and then introduces the apparatus on the figure (reproduced
in appendix D). Forchhammer writes that "Figuren viser Indretningen af Apparatet"64 and his
description explains the elements on the figure, e.g. that element a is a retort made of iron, b
is a barrel connected to a etc., and provides some information on what happens during the
process though not as elaborate as Zeise's descriptions (Forchhammer, 1842: 2-3).
Sulphuric acid is described at some length. The value of the sulphuric acid production in
relation to chemical factories

is compared to the importance of steam engines to the

mechanical manufactures (Forchhammer, 1842: 70). Initially the principle of fabrication is
outlined using a figure with simple explanations of steps (like the case of oxygen)
(represented in appendix E). Then follows some theoretical remarks before introducing a
rather complex flowchart overview of the reaction processes (see appendix E). In section
(4.2.1) I noted how Forchhammer's flowcharts did not necessarily include all the substances
present in the reactions but only the ones needed for describing the reaction. Similarly,
Forchhammer state that the flowchart representing the fabrication of sulphuric acid
analytically displays a two-stage process indistinguishable in reality (Forchhammer, 1842:
72). The description is accompanied by advice on how factories has brought down costs
elsewhere and a table used for estimating the percentage of acid produced. This description
with its figures and flowcharts exemplifies how the 1842 textbook includes aspects of applied
chemistry. It also shows how the same didactic tools are used for describing pure chemistry
and the more applied productions, like the use of flowcharts also seen in the Ledetraad.
From the descriptions in the prefaces of textbooks and the actual descriptions found in the
textbooks it is clear that Scharling's, Zeise's, and Forchhammer's textbooks were written with
a wider network of teaching, substances, and physical objects in mind. It is also evident that
textbooks may be network elements in different ways. Scharling's translation was intended to
accompany lectures but not to describe the actual experiments. By contrast, both Zeise's and
Forchhammer's textbooks assume the availability of apparatus and substances in their more
thorough descriptions of experiments. Their textbooks seem more like actual guides for
64

"the figure displays the setup of apparatus"
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working inside a laboratory with their illustrations, practical tips, and observational guides. In
the next section I focus on how Zeise's and Forchhammer's textbooks could participate in and
support the practical training of chemists.

5.2 - Laboratory Training
That textbooks could actually be intended to support or encourage practical chemical training
is not self-evident. Textbooks from France and Sweden may serve as cursory examples:
Bensaude-Vincent has remarked how most French textbooks in the first half of the nineteenth
century did not "encourage experimental practices" (Bensaude-Vincent, 2000: 281, 292). A
complete opposite is found in Swedish textbooks which, according to Lundgren, continuously
stressed the need for practical training in order to become a better chemist (Lundgren, 2000:
106, 108).
I will argue in the next two sub-sections that both Zeise and Forchhammer stressed the need
for practical training and that their textbooks may be interpreted as active elements in a
training laboratory's network. Forchhammer's Ledetraad through step-by-step instructions for
analytical work and Zeise through practical training in combination with textbooks. Zeise
wanted textbooks to convey knowledge of practical chemistry which was central to the
learning chemist. I start by focusing on Zeise and his considerations of laboratory practice.
5.2.1 - Strict Order
First of all it is worth considering the architecture of the laboratory. During the nineteenth
century designing these to ensure effective ventilation and illumination was "a great
difficulty" (Jackson, 2011: 57) but, as other historians have described, the design of training
facilities also embodied pedagogical or scientific ideals. For instance, W.H. Brock has
described how the architecture of a training laboratory in England at once secured identical
working facilities for the students but also arranged the tables to allow constant surveillance
by a teacher (Brock, 2017: 52). Or, B. Gee has described how plans for training laboratories
were made to such detail that it was required to feature a notebook and pen (Gee, 1989: 54).
Implying that chemists are to keep notes during experiments. For the present purposes the
specificities around Gee's and Brock's studies are less important than the analytical point that
pedagogic ideals or approaches may materialize in the physical facilities surrounding us.
Zeise is no exception to this focus on laboratory design. In the published introduction of his
1840s textbook project, the Anvisning, and in lectures held in the early 1840s he presented the
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ideal laboratory. The lectures and the Anvisning have overlaps in content which show that
Zeise had introduced his audiences to the ideas for years (Regarding overlaps, compare
(Zeise, 1844: 6-8) and (Zeise, 1841-42a: 7-10)). The laboratory described was not in existence
and thus the descriptions are idealizations. Nonetheless they are important because they were
lectured and published by Zeise as ideals of chemistry.
Zeise discerns two types of laboratory in the description: one for teaching and one which is
not for teaching. Both these may again be divided into those meant for "Tilvirkning" or
"Undersøgelser"65 (Zeise, 1844: 6). He describes the need for a well illuminated and
ventilated laboratory space (Zeise: 1844: 7). But more emphasis is put on communicating an
economy of time as a norm. This ideal of efficiency has practical consequences for the
laboratory layout. Not only must oft needed materials and tools be easily and quickly
available, but a "stræng Orden" must be mirrored in the laboratory design. This was to ensure
that the strict order could easily "iagttages og paasees"66 (Zeise, 1844: 8; 1841-42a, 10). In his
notes the strict order takes the form of a general requirement for the practice of chemistry.
Other than time efficiency, his notes state, strict order is the prerequisite for "Nøiagtighed
med Arbeiderne" and a "Grundbetingelse for frugtbar chemisk Virksomhed"67 (Zeise, 184142a, 10, original emphasis). From these quotations it is evident that Zeise tried to develop
certain ideals in his audience by communicating the norms as requirements for the chemist
and by presenting the ideal work space as molded by the same ideals. The economy of time
and the demand of strict order is of course linked to his eminent chemist who was able to
focus on the relevant phenomena and find the shortest and most certain path to improving the
knowledge of chemistry (see section (4.3.2)). In other words, the eminent chemist was
required to work under strict order and the economy of time. That Zeise's texts focus on these
ideals also indicate that Ørsted's memorial volume is not just celebratory when noting Zeise's
demands for accuracy, order, and diligence (see section (2.1.1)).
In the analysis of textbooks and theories I quoted Zeise for describing all proper chemistry as
practical. In agreement with this conception of chemistry he did not believe that a fruitful
insight in chemistry could be taught through lectures alone. It required participation in the

65

"Production" and "investigation"
"Strict order" and "[be] observed and surveyed"
67
"Accuracy in the work" and "Fundamental condition for fruitful chemical work"
66
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"udøvelse" of chemistry as well as long-term "øvelse"68 (Zeise, 1841-42a: 3; 1844: 5). I now
discuss how the textbooks by Zeise and Forchhammer could be active elements of a
laboratory network. I start by analyzing Zeise's description of the Övelseslaboratorium.
5.2.1a - Övelseslaboratorium

In section (3) I described how system builders wanted textbooks to fulfill two functions:
textbooks should provide an overview of the knowledge infrastructure and facilitate an entry
into the knowledge infrastructure. Both these functions are in some sense oriented towards the
reader's benefits. However, instruction might yield benefits for others than the students. In his
study of Thenard's teaching at the French École Polytechnique García-Belmar (2006) have
observed "a dual purpose" of the practical instruction. On the one hand, experiments
performed trained students in experimental practice. On the other, their experiments supplied
the laboratory with skilled personnel (García-Belmar, 2006: 31). A similar multi-purpose of
practical instruction may be seen from Zeise's description of the Övelseslaboratorium.
Generally, the Övelseslaboratorium was intended to allow for certain people to obtain skills
in any type of chemical work and specialize in any part of chemistry. It was not for complete
beginners but had knowledge of "Chemiens Grundsætninger"69 as a prerequisite (Zeise, 1822:
57, 59, 61). Part of the training focused on the production of chemical substances, in so far as
possible, by the students under the guidance of teachers (Zeise, 1822: 57). Zeise describes a
multi-purpose of this teacher guided training. First of all, students of course acquired practical
experience with experimental chemical work. But, Zeise adds, the training also resulted in a
collection of substances needed for chemical operations and a group of "övede Laboranter"70
for any chemical operation (Zeise, 1822: 57-58). Practical instruction thus benefitted the
Övelseslaboratorium materially and in terms of available skills.
That it was students who were engaged with the production of substances was important to
Zeise and his pedagogy of chemistry. Zeise explicitly describes this practical training as an
advantage over Stromeyer's training laboratory in Göttingen, which Zeise knew from his
Wanderjahre (see section (2.1.1)). In Göttingen, Zeise wrote, students were only allowed to
experiment on premade substances. Consequently students in Göttingen were inexperienced
with the production of substances (Zeise, 1822: 58). But Zeise wanted chemists to learn this.
68

"practice" and "training"
"Foundation of chemistry"
70
"Trained laboratory technicians"
69
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Besides the benefits for the laboratory I interpret Zeise's emphasis of training in the
productive chemistry as a didactic choice. This I base on Zeise's understanding of productive
chemistry as more rule-bound. This understanding is evident from his recollections of his
Wanderjahre, mentioned in the biographical section, where analytical chemistry was
described as difficult to teach in any other way than learning by doing. Likewise, his notes for
a lecture on chemical instruments and operations state that the lecture focuses on the
productive side of chemistry as it "langt lettere bibringes ved regler"71 (Zeise, 1841-42a: 5, 7).
Zeise therefore introduced students to a more rule bound chemistry from the outset of their
training.
The question remains how textbooks were supposed to participate in purpose of the laboratory
network. In the introduction for the Anvisning Zeise describes how textbooks might assist
aspiring chemists. He was convinced that the otherwise long-term practice time could be
shortened by studying the principles of chemistry and experimental practice in textbooks.
These textbook studies were to be paralleled by a careful selection of well prepared and well
performed experiments (Zeise, 1844: 6). Thus, the more elaborate descriptions of various
experimental setups - and guides as how to observe various chemical phenomena described in
section (5.1) - might have been intended for providing the student with the principles of
chemistry in order to shorten the time needed to obtain proficiency in chemistry. Likewise
with the principles of experimental practice.
Zeise's thoughts on practical training and textbooks can be interpreted as if textbooks were
entry points to and organizers of the laboratory network. Textbooks should support and
shorten the process of knowledge acquisition by introducing students to the theoretical
insights of chemistry as well as the practical tips. The practical tips include advice on types of
glassware necessary for a given experiment and how to link the experimental elements. Zeise
also seems concerned with ensuring that students encountered coherent chemical phenomena
and successful experiments. This is seen from the idea of selecting experiments
accompanying the textbook studies as stated in the Anvisning. Also, it is seen in the
supervision of teachers in the Övelseslaboratorium.

71

"[is] by far easier to convey by rules"
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5.2.1b - Organic analysis
Though not an actual textbook I would like to mention the undated manuscript Nærmere
Anviisning i analytiske Undersøgelse over et Udvalg af organiske Stoffer published by H.T.
Nielsen in 1999. There is no guarantee that what teachers wrote in their textbooks was also
practiced in their lectures or let alone in the laboratory instruction. Thus, the manuscript on
laboratory instruction is interesting as it provides a glimpse into Zeise's practical teaching and
how texts aided this.
In relation to Zeise's pedagogic approach the instructional text embodies two of the points
outlined above. The first being the careful selection of experiments, and the second the
difficulties of providing rules in analytical chemistry.
Regarding the first, the instructional text is a selection of specific substances and some related
exercises introduced to the students. For instance, after listing some substances and how they
react with other substances Zeise posed the first exercise. It is an analysis of a solution "med
Hensyn til Oxalsyre, Viinsyre, Citronsyre, [og] Æblesyre"72. It is based on substances recently
introduced in the text and will introduce students to the work of analyzing an unknown
solution (Nielsen, 1999: 26-31). The substances also seem to be carefully chosen as oxalic
acid served as an important indicator in the analytical work of chemists and the others were
among the more common acids found in fruits (On the widespread occurrence of the acids,
Zeise: 1847: 133; regarding oxalic acid's analytical importance, Zeise 1847: 109;
Forchhammer 1830-31b: 8). Didactically the instructional text proceeds in a similar way in its
entire first section: introducing substances and then performing experimental analyses on
substances just introduced (Nielsen, 1999: 31-50). The structure explicitly tests and applies
the substances introduced in practice. This may seem obvious to a present day reader
accustomed to "end-of-chapter" problems in textbooks. However, this didactic structure is not
found in any of the other texts studied here. In other words, this text represents a unique
didactic strategy of the texts studied for my thesis.
The second point, providing rules, is explicated in the second section of the instructional text
with general remarks on analysis. At the general level chemical analysis is described as
starting with some sort of "Formodning"73 on the constitution of the analytical object and this
72
73

"with respect to oxalic acid, tartaric acid, citric acid, [and] malic acid"
"presumption"
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determines how the analysis begins (Nielsen, 1999: 51). If one does not have a presumption
Zeise notes some things to observe, e.g. smell, taste, and colour, but if this does not help he
provides a general procedure of 7 steps. Zeise writes that "[...] almindeligviis [er det]
raadeligt, at indlede [analysen] med omtrent følgende Fremgangsmaade"74 (Nielsen, 1999: 51,
original emphasis). After the first 6 steps Zeise again emphasizes that the procedure cannot be
obeyed blindly because results during the preceding steps may render other operations
superfluous (Nielsen, 1999: 52). Despite this rather cautionary introduction of the analytical
procedure the manuscript represents an attempt made by Zeise for standardizing laboratory
procedures. However, his emphasis on the contingent nature of the procedure's order also
indicate his conviction that analytical procedures were difficult to standardize.
To conclude Zeise's considerations of textbooks and laboratories it can be said that textbooks
were to assist the laboratory network. Textbooks could present readers with explanations of
experimental setups, practical tips for their functioning, guides for observation, and the
chemical principles behind. Chemistry was practical and thus required practical training
which could be time consuming. This could be shortened by the aid of textbooks and by
selecting specific experiments. The instructional text on organic analysis may exemplify this
latter point of selection. Also, it represents a didactic novelty in its interactive sequence of
information on substances and exercises on the same substances.
I now proceed to Forchhammer and specifically the third volume of his Ledetraad on
analytical chemistry. I will argue that Forchhammer's Ledetraad would be able to participate
more actively in a laboratory setting in comparison with Zeise's 1829 textbook because
Forchhammer wrote rather explicit practical instructions in the Ledetraad.
5.2.2 - Step by step
Whereas Zeise apparently tried to ensure coherency and success in the practical training of
chemists by combining teacher instructions, textbooks, and training the rule-bound production
of substances, Forchhammer actually wrote a textbook on chemical analysis. In the following
I analyze how Forchhammer's Ledetraad includes a detailed step-by-step guides for chemical
analysis. The point of interest is how the Ledetraad was written as to standardize operations
performed in a laboratory network.

74

"Generally it is advisable to start [the analysis] with approximately the following procedure"
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The Ledetraad, like Zeise's Anvisning, explicitly argues by communicating norms and
requirements for the chemist. Chemical analysts had to work "hurtigt og med Nøiagtighed"75.
Also, they are advised to follow Forchhammer's step-wise instructions for analysis as the
alternative is to waste "Tid og Umage, uden at faa nogen Sikkerhed i Resultatet"76
(Forchhammer, 1831b: 35). That is, chemists and chemistry are required to be accurate,
efficient, and methodical to ensure confident results.
Continuing to his step-by-step-guide, Forchhammer notes how solutions with few or possibly
singular, pure substances present simple situations. Here working with "tilstrækkelig
sikkerhed"77 will result in an identification of the substance(s) in question. However, such
conditions are not met with unknown substances, and under such conditions it is "særdeles
vigtigt"78 to follow a specific method (Forchhammer, 1831b: 35). He then introduces his stepby-step methods for analysis which is presented without the amount of cautions made by
Zeise.
Forchhammer presents the reader with a general plan of analyzing substances qualitatively.
With solids one is to start with a blowpipe analysis and solutions are studied by the wet way
of analysis until singular substances are separated. Then the separated substances are to be
tested using the blowpipe (Forchhammer, 1831b: 35). Then follows nine pages of minute
step-by-step instructions where the reader is provided with explicit instructions on what to do
and things to observe. However, there is little information on why things happen or the
principle behind the procedure provided. For instance, when discussing solids, the book
simply goes through what reagents could be added, how the blowpipe flame is to be used, and
lists a series of outcomes depending on the observed reactions (Forchhammer, 1831b: 35-38).
The instructions reference each other, that is, reading one instruction the reader might be
asked to 'take substance x and proceed to step c' in a completely different instruction
(Forchhammer, 1831b: 39). The brevity of descriptions, e.g. the lack of instructions on
blowpipe analysis, indicates how the Ledetraad was, of course, embedded in a network where
other skills were trained independently from the textbook. B. Dolan has described the
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difficulties of teaching and using blowpipes which indicates that these skills must have been
either prerequisite or trained alongside the Ledetraad (Dolan, 2003: 120)
Quantitative analysis is described as the important part of chemistry in which one must have
Erfaring (Forchhammer, 1831b: 45). Forchhammer initially goes through some short
definitions of operations like weighing and precipitation. To these he adds some practical tips,
e.g. that precipitation is much easier when the solution is heated (Forchhammer, 1831b: 4547). The remainder of the quantitative instructions consist of step-by-step "Schemata", i.e.
actual flowcharts, accompanied by rules and tips placed as comments on adjacent pages
(Forchhammer, 1831b: 47-70). The provided flowcharts show the rather applied focus of the
Ledetraad as they include analytical flowcharts for silver used for coins, metal for canons,
different types of iron, or gunpowder among others (Forchhammer, 1831b: 50-53, 56-59, 6465). The guide for analyzing gunpowder is reproduced as appendix F. It is a flowchart
comprised by three steps (A, B, and C) accompanied by tips on duration of heating and what
to be cautious about as to avoid wasting resources (Forchhammer, 1831b: 64-65).
The instructions for chemical analysis presented in Forchhammer's Ledetraad represents
another way textbooks could participate in the network of a training laboratory.
Forchhammer's textbook seems intent on being brought into the laboratory given its recipelike instructions with regards to experimental procedures. However, describing its actual use
is beyond the reach of my sources. First of all, because the Ledetraad is unlikely to have
unaided by other instructions or prerequisite skills. For instance, Forchhammer's instructions
on the analyses of solids require use of the blowpipe and making qualitative estimates of the
colour of the blowpipe flame (Forchhammer, 1831b: 36). Secondly, Forchhammer was
(probably) not responsible for the actual practical instructions at the Military Academy where
the Danish officer J.C. Hoffmann (1799-1874) also taught chemistry and physics, and was in
charge of the academy's chemical laboratory (Kragh, 2005: 286; Scharling, 1857: 79).

5.3 - Conclusion: Textbooks and Laboratories
The analysis provided above shows rather different ways of delegating textbooks a role in
teaching and a laboratory network. In general I have focused on Zeise and Forchhammer as
Scharling's translation was written as a compendium assisting oral lectures. Accordingly it did
not include any experimental descriptions. Zeise and Forchhammer, by contrast, included
more elaborate descriptions of chemical phenomena, production, and experiments.
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In the case of Zeise proficiency in chemistry could not be obtained without practical
experience. This could be time consuming and his textbooks in combination with the
instructional manuscript may have been intended for actively facilitating or supporting this
acquisition of experience. I argued that Zeize's more elaborate descriptions in the 1829
textbook complemented his didactic plan of paralleling selected chemical experiments with
the study of experimental and chemical principles. For instance, the precise description
including practical tips in his 1829 textbook might be understood as familiarizing the student
with some of the practical rules and experimental principles of the laboratory network.
In the Övelseslaboratorium Zeise emphasized how students were to produce substances
themselves under the guidance of teachers. Possibly, this choice was also influenced by his
conviction that this was a more rule-bound chemical procedure. Zeise emphasized order and
the economy of time as norms for chemical practice. The order was a prerequisite for
chemistry but also one which should be mirrored in the setup of an ideal laboratory ensuring
the control and surveillance of teachers.
The fewer norms communicated by Forchhammer resonate with Zeise's norms. Chemists are
required to work efficiently and accurately. In order to satisfy these norms Forchhammer
proposes an analytical procedure in his Ledetraad. The Ledetraad shows another way of
implementing textbooks in the laboratory network in comparison to Zeise's. Forchhammer's
step-wise instructions are presented with less reservations regarding their functionality than
Zeise's instructional text. By featuring a step-by-step instruction for the procedure of
analytical chemistry the Ledetraad seems like a companion in a laboratory or at least so when
practicing the skills of analytical chemistry, e.g. blowpipe analysis and evaluating the
chemical phenomena.
This concludes my sections of empirical analyses. I have analyzed a selection of Danish
chemical textbooks written by Zeise, Scharling, and Forchhammer. Generally my analysis
shows a variety in the possible forms, contents, and functions delegated to the textbooks by
their authors. However, a more general outline of my findings and a discussion of my
theoretical approach to textbooks will be provided in the following section (6).
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6 - Discussion
In the following I would like to discuss my theoretical argument of analyzing textbooks as
active elements in knowledge infrastructures. However, before turning to this discussion I will
provide an overview of some general findings in the preceding three empirical sections. I
outline how my results provide additional nuance to the well established historiography of
nineteenth century chemistry (primarily in comparison to work by A.S. Jacobsen and H.
Kragh). I divide my general findings into two:
a) didactic strategies (section (6.1a))
b) chemistry as a discipline (section (6.1b)

6.1 - General findings
Jacobsen has argued that Ørsted attempted to establish an infrastructure of dynamical
chemical philosophy in Copenhagen through textbooks and teaching, and in the introduction I
have noted how Ørsted is described as the central scientist in Denmark in the period 18001850 (Jacobsen, 2006: 745). Instead of focusing on Ørsted, my study of chemistry textbooks
has focused on textbooks by other chemists employed at the university and Polytechnic
college in Copenhagen. In the infrastructural vocabulary the chemists can be dubbed system
builders, i.e. actors concerned with establishing and organizing elements in an infrastructure.
In addition to the students, teachers, and institutions my empirical analyses show how the
textbook production contributed to the organization and construction of a chemical
infrastructure comprised by ideals, theories, and laboratory instructions communicated via
textbooks.
However, in the existing historiography the textbooks have not been a central concern. To
provide a few examples the old history of Danish chemistry by Veibel merely calls
Scharling's translation of Wöhler's Grundriss a much needed "modern" textbook in chemistry
(Veibel, 1939: 189). Sylvest's thesis on Zeise focused on his general biography and a
discussion of parts of his chemical research. Thus, Zeise's textbooks are only mentioned in
passing (Sylvest, 1972: 16). Likewise, in the second volume of Dansk Naturvidenskabs
Historie, mainly by Kragh, both Zeise's and Forchhamer's textbooks are only mentioned
briefly. Regarding Zeise he describes Zeise's precautions towards atomism in the 1829
textbook and the existence of the Haandbog from 1847. The only textbook by Forchhammer
mentioned is the 1842 textbook. It is described as in widespread use, descriptive,
experimental, and possibly the first defense of Prout's hypothesis in Denmark (Kragh, 2005:
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321, 323-324). Kragh's brevity regarding these textbooks of course have to be considered in
light of the limitations of space in a work describing Danish science from 1730-1850 in one
volume. I now turn to the matter didactic strategies employed in the textbooks.
6.1a - Didactics
Textbooks as the entry points of infrastructures naturally implies either explicit or implicit
didactical considerations. My study of textbooks shows that the chemists, as system builders,
were concerned with providing the best possible structure facilitating the teaching of
chemistry. This information adds to the knowledge of didactics in chemistry already provided
by Jacobsen in the case of Ørsted. For instance, I have shown how textbooks are compatible
with educational networks in different ways. These differences followed from the different
uses of textbooks in teaching situations. Scharling wanted students to pay close attention to
the details of experimental demonstrations and thus omitted detailed descriptions of apparatus
and experiments. By contrast, Zeise used his 1829 textbook to provide the audience with
elaborate descriptions in order to save time during lectures.
When studying textbooks written purposely as textbooks didactical concerns of course matter.
Thus, such textbooks cannot be read merely as a scientific work or a work containing
scientific information. It should also be considered how the information is presented and why
it is presented as it is. Generally there are two points I would like to emphasize concerning
didactics. Firstly, the simple-to-complex ideal, or known-to-unknown, and secondly the
standardization of laboratory work.
Forchhamer and Zeise both described how their textbooks were written to ensure a
progression in the substances discussed. In other words, their chosen sequences are far from
arbitrary. Zeise required his textbook to proceed in a manner where the preceding paved the
way for subsequent substances. Judging from his 1829 textbook this took the form of simple
to complex as he introduced a number of elements before adding a section on atmospheric air.
Forchhammer's 1842 textbook wanted to group elements to illuminate each other in the best
way possible. His chosen sequence indicates that the ideal was from known to unknown or
simple to complex as he introduced the familiar substance of water as soon as possible in the
textbook.
Besides structuring the chemical knowledge, textbooks and instructional texts were also
employed to assist and standardize the laboratory instruction. The most explicit examples
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were Forchhammer's Ledetraad, with its step-by-step instructions on analytical chemistry, and
Zeise's instructional text on organic analysis. Other than these explicit attempts at prescribing
specific actions to their audiences the textbooks by Zeise and Forchhammer included
descriptions of experimental setups. These descriptions included practical tips whereby they
assisted the organization of the laboratory network.
Textbooks were not the only elements assisting a standardization of the training laboratory.
Zeise chose to let students procure substances under the surveillance of a teacher whereas
students in Stromeyer's Göttingen had been presented with ready-made substances.
The control of laboratory networks and these more material functions of textbooks are not
something I will elaborate on in general as I have not studied these in depth. In fact, it is only
recently that the history of science has turned to the more material cultures of practical
instruction like in the book Learning by Doing (2011) co-edited by P. Heering and R. Wittje
(regarding the recent turn of focus, García-Belmar & Bertomeu-Sánchez, 2015: 599).
However, these material functions of textbooks do deserve more attention due to the glimpses
they provide into the practical instruction which was a prerequisite for learning chemistry in
the nineteenth century and still is today.
6.1b - Chemistry as a discipline
In section (1.3.1) I described Nye's definition of a disciplinary identity as a network
comprised of different elements. In the following I want to focus on norms, theory, and
vocabulary as they are organized and presented in the textbooks studied for this thesis. I start
with norms as Nye considers these the most important and the foundation for negotiating the
other elements of disciplinary identities (Nye, 1993: 29).
Norms
Textbooks communicate and stipulate norms of proper practice within a knowledge
infrastructure like chemistry. The most explicit remarks on norms was made by Zeise in both
his textbooks and his lectures. These were the norms of his eminent chemist and the
requirements of accuracy, order, and diligence as described in Ørsted's memorial volume on
Zeise.
The eminent chemist was the almost celebratory description of the talents and skills required
by the courageous chemical researcher. Chemists were described as working in the laboratory
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under the ideals of accuracy and certainty. They were meticulous, accurate, and efficient. The
question of efficiency is what I dubbed Zeise's economy of time, i.e. his ideal which
demanded chemists to practice their science in a strictly ordered manner: order was the
prerequisite for accurate and certain results.
Forchhammer also provided requirements to the chemist, though to a lesser extent than Zeise.
Forchhammer's instructions for analytical chemistry prescribed accuracy and efficiency as
norms when performing laboratory work. In order to meet these ideals Forchhamer's
Ledetraad provided readers with a specific method, the step-wise instructions, for analytical
chemistry. Forchhammer introduced this procedure implying its ability to save time and
ensure certainty in the results. Differently put, accuracy in the results and an economy of time
may also be described in Forchhammer's norms of the knowledge infrastructure.
Scharling was less explicit in this regard. However, his translation and the changes he
introduced can be taken as indications of what I have described as the central junction of the
chemical infrastructure: empirical observations. Empirical observations are presented by the
Danish textbooks as the centre of chemistry. Scharling added a small section to his 1837
translation of Wöhler. It focused more on definite proportions and atomism as derived from
empirical results, the Erfaring, than Wöhler's original had.
The centrality of empirical observations is a more general point regarding all the textbooks.
Starting from empirical observations textbooks derived concepts of definite proportions and
atomism. By extension they often introduced Berzelian formulae but mainly as a functional
tool for describing empirical observations. Similarly, the general norms communicated never
included an ability to provide theoretical conjectures. By contrast, Zeise described it as a
general rule in Naturlæren that all ideas must comply with the presently available experience.
Though not explicated, a belief is conveyed that simple, empirical facts of nature could
present themselves. For instance, both Zeise and Forchhammer describe the chemist as
approaching nature without any preconceptions. Furthermore, that these empirical facts
should guide our theory.
Theory and atomism
To a certain extent my analyses show that the heading "Chemistry without atoms" used by
Kragh et al. (2008) to describe Ørsted's anti-atomism and Zeise's encounter with Parisian
chemistry could be extended to most of the textbooks analyzed in this thesis (Kragh et al.,
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2008: 191-196). None of the textbooks embraced atomism or placed it as the central junction
of the chemical infrastructure. Atomism, or other theoretical definitions, were generally
confined to specific sections and the bulk of the textbooks were descriptive sections listing a
wealth of information. The majority of the textbooks presented atoms in a hypothetical
manner deriving it from empirical observations. In the descriptive sections on substances the
concept of atoms rarely played any role and more often textbooks were written in an
alternative terminology, e.g. Grunddele. It should be noted, however, that despite these doubts
on the ontological question of atoms a common-sense atomism is present in the majority of
the works. For instance, Forchhammer described it as an empirical fact beyond any theoretical
speculation that 12,48 hydrogen combines with 100 oxygen (Forchhammer, 1842: 180). In
other words, the definite proportions were indisputable but whether one was to assume the
existence of miniscule, indivisible parts was another matter.
Vocabulary
In terms of a standardized vocabulary all the textbooks, apart from Zeise's 1829 textbook,
introduced or used Berzelian formulae (though none of them credited Berzelius). Thus, I have
described this vocabulary as an obligatory passage point for new chemists, i.e. this vocabulary
was simply considered a general requirement to learn chemistry. The textbooks introduced the
symbolism by arguing for their convenience and without discussing the theoretical or
ontological questions of the vocabulary. However, as described in the historical overview, the
formulae probably gained widespread use due to their inherent ontological vagueness. This
allowed chemists to attribute different assumptions to the same symbolic representations.
Scharling's translation of Wöhler is an apt example of this possibility of using Berzelian
formulae with different ontological commitments. The German original had described
chemical reactions in terms of atoms combining, but Scharling chose to erase all the instances
of atoms and substitute them with Værdital. Lundgren has actually described how a Swedish
translator of Wöhler made a similar substitution of atoms with a more neutral concept
(Lundgren, 2000: 98). In other words, atomism and Berzelian formulae were not considered
inseparable.
I now turn to a possible critique of my thesis' general approach and focus which may be
formulated based on J. Secord's classic article Knowledge in Transit (2004) (for its classic
status, see Alfonso-Goldfarb et al., 2015: 306). I will show that his critique is not necessarily
difficult to satisfy but conclude that my focus has been different from what his ideals concern.
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Following this discussion of Secord I proceed to my discussion of the infrastructural
approach's merits.

6.2 - Knowledge in Transit
Secord's article is a broad critique of a variety of positions, and here I will focus on some
critiques relevant for my thesis and its basic demarcations. Generally Secord suggests
focusing on knowledge as communication in order to resolve the historiographical issues he
addresses. One central critique he raises regards the use of "unconceptualized geographical
and disciplinary boundaries", e.g. the specialization in eighteenth-century French philosophy
without knowing "enough" about what occurs beyond these spatial, temporal, or disciplinary
limits (Secord, 2004: 656).
Secord criticised a tendency "to see the localizing of a piece of scientific work as a
worthwhile end in itself". He warned that the prerequisite for studying knowledge, i.e.
contextualizing it, has been mistaken "for actual history" (Secord, 2004: 659). In other words,
that the situating of knowledge in a relevant context has been the conclusion rather than the
method of historical analysis. Thus, the conclusion remained the same: knowledge is local
and variable. In addition, Secord argued, historians risked focusing on practitioners belonging
to an esoteric group whose "wider importance is assumed rather than demonstrated" (Secord,
2004: 659).
Secord's critique is easily applied to my thesis. Have I not simply chosen a geographical
boundary which we recognize today as Denmark? Chosen a discipline which we recognize as
chemistry? Or, chosen three less influential chemists than the main node, namely Ørsted?
Before answering the critique it may be useful to outline what Secord suggests as a viable
way of studying knowledge in transit.
Secord generally argues for transcending the focus on national states. Even if this is not done,
he provides some suggestions for the study of knowledge in transit. The key is considering
knowledge as communication. Thus, every time we study what is being said we should
consider how, where, when, and for whom (Secord, 2004: 663-664). The problem is not
understanding how knowledge "transcends the local circumstances" but seeing how each local
situation has its own "connections with and possibilities for interactions with other settings",
and then the studies would be of knowledge in transit rather than in context (Secord, 2004:
664).
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My main response is that by insisting on the indicator-factor duality in textbooks, I address
that textbooks cannot be studied merely for what they are saying. In addition to what one has
to consider how it is being presented and why. To provide a brief empirical example from my
analyses, one has to consider how atomism is being presented and why it may be so. The
study of textbooks in the indicative tradition would fall for Secord's critique. However, by
acknowledging their active functions textbooks can be considered an obvious source for
studying knowledge in transit. This has been argued recently by Simon (2016). Textbooks, he
claims, are well fit for producing cross-national histories, and they have an "obvious
potential" for connecting research in local, transnational, and global contexts (Simon, 2016:
409-410).
In the following I would like to consider some points from my analysis regarding Secord's
suggested focus on potential, and actual, connections or interactions. Though focusing
specifically on textbooks written for audiences in Copenhagen, I have actually included
observations where the textbooks indicate interactions with chemical knowledge in other parts
of Europe. The following section (6.2.1) briefly sketches two examples.
6.2.1 - European interactions
In the second volume of the Dansk Naturvidenskabs Historie Kragh describes the almost nonexisting contact between Danish and Swedish scientists. This can be considered odd due to
our geographical proximity and linguistic similarity. The Danish scientists were oriented
towards Germany rather than Sweden. To the extent they were updated on Swedish science it
was often mediated through Germany or France (Kragh, 2005: 446-448). This same relation is
indicated in the textbooks studied here. All the works used Berzelian symbolism, and most
textbooks mention Berzelius by name as a chemist whose results are used and trusted. This
could indicate an orientation towards Swedish chemistry. However, the information on
Swedish chemistry was mediated via Germany: Scharling translates Wöhler's work based on
Berzelius, and Zeise's reference to Berzelius in the opening of his 1829 textbook is to the
Lehrbuch, i.e. Wöhler's German translation (Zeise, 1829: xv).
Not all the textbooks imply interactions and connections with German chemistry. I mentioned
in the biographical section that Forchhammer encountered W. Prout during his Wanderjahre.
Kragh et al. seem only mention Forchhammer's 1842 textbook to detect the first defense in
Danish of "the so-called Proutian hypothesis" (Kragh et al., 2008: 216). In short, Prout's
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hypothesis stated that "all atomic weights could be expressed as multiples of the weight of
hydrogen" as Prout assumed all elemental atoms to consist of a "primordial substance" in
form of hydrogen (Kragh et al., 2008: 216).
Now, Forchhammer may of course have been informed of this hypothesis in other ways than
his travels to England. But I want to address another aspect of Forchhammer's considerations
over hydrogen as unity in calculations. My analysis of Forchhammer's changing attitude
towards this question shows that he did indeed argue that all weights could be calculated as
multiples of hydrogen's. However, this does not necessarily entail arguing for hydrogen as an
primordial substance. Given his emphasis of empirical observations in determining theory it
seems less evident that his textbooks argues in favour of Prout's hypothesis, though
substantiating this claim would require studies beyond his textbooks. Nonetheless, this case
indicates how Forchhammer formed a connection with English chemistry though not simply
echoing Prout's hypothesis but only taking certain parts of it.
The two examples provided indicate how textbooks are also influenced by the interactions
between geographically different knowledge infrastructures. It is hardly enough to satisfy
Secord's demands. This was, however, not my initial point of interest. I was interested in the
form, content, and function of textbooks in infrastructures in addition to discussing and
analyzing ways to conceive of textbooks as active-indicative sources. Still, the example of
Forchhammer's hydrogen discussion suggests that textbooks could be studied as active in the
appropriation of theories.
The following section (6.3) will be less concerned with my general, empirical findings
regarding nineteenth century chemistry and textbooks. In the following I will offer a
discussion of textbooks and their relation to the theoretical approach of

knowledge

infrastructures.

6.3 - Infrastructures and textbook agency
I have applied Koselleck's indicator-factor distinction to textbooks in order to distinguish
more clearly this duality of textbooks. The indicator aspect of textbooks is readily seen from
the historiographical history where textbooks were conceived as repositories of accepted
knowledge. This conception enabled historians to use them as a checklist of what was known
at a given point in time. However, this tradition has been challenged by scholars within STEP
or the arguments made by Grafton (2008), Kaiser (2013), or Simon (2013). In the following I
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discuss the arguments regarding textbook agency and consider how the terminology imported
from the perspective of knowledge infrastructures contributes to this.
Generally, I have suggested expanding the list of possible participants in networks beyond the
social - which has been the usual network conception. I have suggested using Edwards'
infrastructural approach to expand the networks to include not only humans but also norms,
laboratories, and objects like textbooks. In doing so, textbooks can be seen as actively
contributing to the standardization of vocabulary, theory, norms, and actions to the extent
infrastructures limit and enable certain actions.
Providing a rather concrete example, I have discussed the use of textbooks and texts for
standardizing actions performed in the laboratory (given that readers followed the instructions
as intended). Forchhammer, for instance, wrote minute instructions on what to do in the
laboratory in order to assure accurate results. Zeise wanted textbooks to prepare the student
for the immersion into the laboratory network via principles and rules. In his instructional text
Zeise stipulated analytical challenges on the basis of recently introduced substances requiring
the readers to perform specific tasks in the laboratory. In this sense, textbooks may actively
participate in the material infrastructure surrounding the chemist in training.
Textbooks may also actively contribute to the fashioning of a self-image or an identity of the
academic chemist. One way this happens is through norm communication. The
communication of norms is not merely indicatively telling us what the norms of chemists
were but are likewise assertions of what the norms of chemists should be, exemplified in
Zeise's eminent chemist. Textbooks can contribute to the establishment of a self-image by
communicating and constructing shared norms. Included in the self-image is also an
understanding of relations to other knowledge infrastructures. Textbooks can actively
participate in the assembly or dismantling of pathways, or borders, between disciplines by
organizing the gateways between scientific fields like chemistry and physics.
On the basis of these considerations I would argue for viewing textbooks as indicator-factors,
i.e. for acknowledging textbooks as active sources in addition to their more passive, indicative
functions. I now turn to the pros and cons of the vocabulary I have formulated under
inspiration of knowledge infrastructures. Specifically I discuss the concepts of gateways,
entry points, inertia, and junctions
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6.3.1 - Pros and cons of an Infrastructural terminology
In the context of an infrastructural vocabulary gateways have an analytical advantage over
links or connections. Gateways intuitively focuses on the circulation or passage of objects,
theories, skills, or similar things. Zeise's Haandbog on organic chemistry may serve as an
example here. Zeise was not only removing or inserting links between physiology and organic
chemistry. He was actually prescribing rules for what things were allowed passage between
the two knowledge infrastructures. In other words, gateways not only bring attention to the
sharing of theories, objects, and skills, but also how actors try to control the flow through
such gateways and demarcate infrastructures from one another.
Whereas gateways may primarily describe connections between different infrastructures the
notion of entry points describe the facilities provided for initiation into a specific knowledge
infrastructure. This initiation is needed to familiarize uninitiated with the gateways, internal
connections, and customs of an infrastructure. The notion of entry point is more metaphorical
than the gateway. By proceeding via a given entry point a reader is provided with certain
practical tips, theories, and norms required to act within the chemical infrastructure. In other
words, depending on how the infrastructure of chemistry is presented new practitioners are
actively formed and informed by textbooks.
I mentioned two functions of textbooks, described by Bertomeu-Sánchez et al. (2002), when
analyzed as entry points. According to Bertomeu-Sánchez et al., textbooks had to facilitate the
learning process of a target audience, and provide an overview of how the knowledge
infrastructure conceives the material world. This meant focusing on the didactic tools used by
system builders and the way textbooks organized the knowledge infrastructure to provide an
overview.
Now, this description of textbooks as entry points focus on how they actively contribute to the
initiation of new practitioners. However, textbooks can also actively erect elements in an
immaterial infrastructure. Textbooks can, as noted above, contribute to the fashioning of a
self-image by presenting ideals, theories, or practices not yet considered standard in the
knowledge infrastructure. For instance, Bensaude-Vincent has argued that Lavoisier's
nomenclature reform had major consequences for the self-image of chemists (BensaudeVincent, 1996: 496). Lavoisier presented chemistry using a new theory and a new
nomenclature without providing a phrase book for translating between the chemical
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languages. Consequently, the nomenclature reform deprived chemists their historical sense of
continuity. Thus, when the new nomenclature became common throughout Europe, it became
hard for chemists brought up entirely within the new chemistry to understand their own past.
This resulted in a "persistent" belief emerged that chemistry had been "prescientific and
obscure knowledge" until the advent of Lavoisier and the chemical revolution (BensaudeVincent, 1996: 496).
Knowledge infrastructures are built, maintained, and developed. Textbooks authors can be
described as system builders who build and organize knowledge infrastructures using - among
other things - textbooks. However, gateways and entry points are insufficient for describing
the more general behaviour of knowledge infrastructures. For this purpose Edwards
appropriates inertia from the LTS-terminology.
Inertia, in one sense, is the rigidity of existing knowledge infrastructures and part of the
reason for the incremental change of knowledge infrastructures. If a system builder is trying
to continue an existing system inertia provides a strong basis for doing so, whereas
manipulating existing infrastructures requires wrestling with their inertia. My empirical work
mainly provides examples of the wrestling with existing knowledge infrastructures. However,
historian of science K. Olesko has provided arguments in favour of understanding textbooks
actively contributing to the inertia of existing knowledge infrastructures. Her article was
published as part of the special issue in Science and Education edited by STEP-participants
(Bertomeu-Sánchez et al., 2006). Olesko discusses science pedagogy as an category of
historical analysis and thus touches upon textbooks (Olesko, 2006: 873-876). Olesko
describes how any acknowledged publication made within a knowledge infrastructure affects
or determines the allowed style of thought, e.g. what may be stated and how it is to be
expressed (Olesko, 2006: 874). Publications, including textbooks, collectively become a
"physical constraint" supporting the way a given knowledge infrastructure conceives the
natural world (Olesko, 2006: 874). When Olesko describes textbooks as physical constraints,
her terminology is perfectly compatible with Edwards' terminology of infrastructures which
mentions inertia and the standardization of actions. Textbooks and inertia can in this case be
seen in two ways. Firstly, they reproduce practitioners and thus prolong the existence of
theories, vocabularies, and norms. Secondly, and more materially, one could consider the
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long-term use of textbooks, their continuous publication in different editions, and possibly
large print runs making them difficult to replace over night.
To conceive textbooks as wrestling with the inertia of knowledge infrastructures is rather
straightforward. Textbooks actively challenging knowledge infrastructures face the only
gradual and local change of such complex conglomerates. Looking to my own analyses,
imponderables could be an example. I have showed how Zeise questioned their status in
chemistry and defined them as a part of physics in his 1829 textbook. However, it seems like
more explicit remarks were needed and by 1854 a new translation of Wöhler's Grundriss was
made which included an explicit rejection of imponderables from the infrastructure of
chemistry.
The last infrastructural term I would like to consider is junction. Again, the notions of
gateways and entry points are not exhaustive in describing the dynamics and geographies of
infrastructures. The argument in favour of active textbooks using the notions of entry points
and gateways is a bit weaker in my analysis of atomic theory in the textbooks (section (4)). To
a large extent this section conceives textbooks as indicators providing information on what
stances were taken towards atomism and its vocabulary. However, textbooks can have active
functions in terms of junctions as textbooks either support or relocate (central) junctions of
the knowledge infrastructure.
That textbooks actually contribute in the establishment a junction may be seen in the
textbooks by Zeise, Forchhammer, and Scharling. Ørsted had tried to establish a dynamical as
the basis for science, i.e. he had tried to provide theoretical foundations under chemistry
based on Naturphilosphie (Jacobsen, 2006: 745-746). By contrast, the three chemists studied
here explicitly make empirical observations the central junction of chemistry: this was how
they derived atomism, argued for theory choices, and for instance Zeise represented empirical
experience as a requirement for the chemist in training.
Knowledge infrastructures and the vocabulary of entry points, gateways, junctions, and inertia
has strengths and weaknesses - as does any analytical framework. A central reason for
applying the infrastructural perspective in this thesis has been the possibility of enlarging the
list of network participants actively contributing to the knowledge infrastructure. Depending
on the local network, e.g. the laboratory, the infrastructural perspective is good heuristic
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device for considering the wide range of elements which have to be orchestrated in order to
perform in a certain way. I have focused on textbooks and have sketched out ways in which
textbooks may act as elements in knowledge infrastructures or manipulate and establish such
elements.
Before turning to my conclusion, I will add one argument for developing and using
knowledge infrastructural perspectives. The argument regards the possibility of knowledge
infrastructures as a more general framework encompassing different approaches to textbooks
and pedagogy.
6.3.2 - Infrastructures as a general framework
Knowledge infrastructures provides a convenient way of thinking about textbooks as active.
However, I also see a possibility of considering knowledge infrastructures as a more general
framework of textbook and pedagogy studies. The reason being that central concerns from
STEP, and other studies of textbooks, can be phrased naturally within the vocabulary of
knowledge infrastructures. These central concerns regard knowledge circulation and
appropriation.
In terms of knowledge circulation, I have already quoted Bensaude-Vincent - in section (1.3) for suggesting network analysis as an approach to knowledge circulation (Bensaude-Vincent,
1995: 14). Following her argument, infrastructures allow one to see the gradual diffusion of
knowledge, practices, and ideals as a natural consequence of the incremental change and
inertia of infrastructures. There is no central node which can enforce changes throughout an
infrastructure. It requires, as described by Edwards, negotiation, time, and adjustments to
provoke changes across complex infrastructures (Edwards, 2010: 9).
The STEP-programme and other scholars have focused a lot on studying how local actors
have appropriated knowledge, i.e. local actors do not simply import knowledge as a
commodity. In some instances knowledge is "reinvented" when appropriated (Gavroglu et al.,
2008: 163). The core issue is that recipients, whether they are local scholars, teachers,
students, or something fourth, never merely receive passively. This perspective follows
naturally from knowledge infrastructures. LTS-terminology describes the existence of
"technological styles" to describe adaptations of 'the same' system in different local or
national contexts (Edwards, 2010: 10). In other words, when entire infrastructures, or simply
constitutive elements, travel they do not move as a fixed commodity. In order to adapt to the
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existing local base variations are introduced by local actors (which Edwards would describe
as "developers") (Edwards, 2010: 10). To provide an empirical example the Danish chemists
made different adaptations to theories of atomism in order to incorporate such theories in their
infrastructural elements, e.g. theories or textbooks. For instance, Ørsted coined the term
"chemical numbers"79 to describe the law of multiple proportions in his dynamical chemical
philosophy (Jacobsen, 2006: 747, italics in original). Likewise, Scharling substituted most
instances of atoms in the translation of Wöhler's textbook.
Already in 1995 Bensaude-Vincent declared that the history of science might benefit from
insights made by technology studies (Bensaude-Vincent, 1995: 14). Technology studies, she
wrote, have noticed how technological items are rarely used exactly as intended by their
inventors, "because it is adapted by the users to their own purposes without regard for the
[original intention]" (Bensaude-Vincent, 1995: 14). The historiographical interest in
knowledge circulation and appropriation performed by students, teachers, or scholars can be
phrased in terms of the inherent tension between system builders, who organize certain
infrastructures, and the users who do not comply with all the rules stipulated.
In this sense, I see knowledge infrastructures as a possible overarching framework. Besides
providing my thesis with the needed expansion of network participants, and a way of
describing textbooks as active, its vocabulary can describe and analyze a lot of historical
phenomena of interest.

79

"chemical numbers"
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7. Conclusion: Textbooks and Knowledge Infrastructures
In this master's thesis I have been interested in discussing historiographical questions relating
to scientific textbooks. At the general level, I have been interested in arguing in favour of
textbooks as sources in the historiography of science and especially in emphasizing their
active functions. In this conclusion I will summarize the general arguments made in three
steps:
I.
II.
III.

The indicator-factor distinction
Textbooks and identity
The vocabulary of knowledge infrastructures

I. The indicator-factor Distinction
In order to describe the history of the textbook historiography I applied Koselleck's distinction
between concepts as indicators and factors to textbooks. In the historiography there exists a
tradition of indicative textbook studies. This tradition sees textbooks as mere approximations
of what the body of accepted knowledge is at any given point in time. I traced a genealogy
from Kuhn (1962) over Knight (1975) and through Kragh (1987) before noting that historians
of physics still practice this type of textbook history. During the 2000s different scholars have
reevaluated this understanding of textbooks and a lot of the research referenced in this thesis
stems from their reevaluation.
A central conclusion of my thesis is that textbooks are active as well as indicative. Textbooks
are not to be seen as indicators only but as indicator-factors. An important corollary to this
conclusion is that textbooks must be read as more than just scientific utterances. In other
words, textbooks should not only be analyzed as pure content which tells us something about
the state of knowledge. This conclusion follows readily from my empirical analyses where the
authors communicate norms, describe theory in specific ways, and make didactic
considerations.
Thus, in addition to studying what textbooks state we have to consider who wrote the
textbook, how textbooks are (re)presenting the contents and consider why authors chose this
exposition. Throughout my empirical analyses I have shown how such questions may be
answered. For instance, it is not enough to study what is written explicitly of atoms, one also
has to take into consideration the structure of the textbook. In addition to this, textbooks are of
course shaped by didactical considerations and pedagogic ideals which also have to be taken
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into consideration instead of merely demonstrating the discussion of a given scientific
question in a textbook. Finally, as noted in the discussion of Secord's critique, considering
these overall questions in relation to textbooks can also form the basis of interesting studies of
knowledge in transit.
In order to conceptualize my focus on textbooks as active, I have suggested considering
textbook authors as system builders who build or manipulate knowledge infrastructures using
textbooks. In the second step of my conclusion I will reiterate one of my empirical examples
of textbooks as indicator-factors. The example also shows how textbooks have been used in
identity creation.

II. Textbooks and identity
In the introduction I described that I wanted to consider the role of textbooks in the
establishing of chemistry as an academic discipline. Therefore, I chose to study a selection of
textbooks written in the period immediately following the establishment of chemistry at the
university of Copenhagen and the establishment of the Polytechnic College. The textbooks
were written by three chemists who taught at both institutions. I have already noted some of
my general findings in section (6.1) above. Generally, I have conceived identities as networks
comprised by different elements, e.g. shared norms, theories, standardized vocabularies, and
common practices. In my empirical sections I have shown how textbooks contribute to inform
and form audiences to comply with the standards of the knowledge infrastructure.
I have also been interested in the active roles of textbooks in establishing identities. I will
provide one example here which also showcases how textbooks as indicator-factors not only
reflect changes in the sciences but were arguably used to assert new ideals by presenting the
chemist and chemistry in a specific manner.
All three authors made remarks which presented chemistry and the chemist in a rather specific
manner. Scharling's translation described chemistry as a means for educating the faculty of
thought. Approximately at the same time, Forchhammer described chemical knowledge as
providing insights into the great economy of nature while also having applied purposes. In
other words, both chemists noted chemistry as a pure science. Zeise and his eminent chemist
represents the most elaborate attempt at presenting chemistry as a pure science. One studied
chemistry first and foremost for the insights it provided and secondarily for its applied
purposes.
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This is not only indications of an identity in existence. First of all, as described by Kragh, it
was part of a broader shift in legitimization strategies of Danish science. Science was no
longer defended on the basis of the benefits of its applications but acknowledged as an end in
itself. However, it may also be a way of demarcating chemistry from its past as the servant of
medicine or other sciences.
It is important to note here that these assertions of chemistry as a pure, independent science
are also made in textbooks and lectures. Today textbooks are seen as fossilized knowledge
and a boring genre of text. However, historically they have been used to form the new
generations of scientists and have been used to reshape our understanding of specific
disciplines like chemistry.
I now return to the more historiographical considerations of textbooks and specifically to the
vocabulary of knowledge infrastructures.

III. The vocabulary of Knowledge Infrastructures
Textbooks were reevaluated during the 2000s. However, despite making a number of
historiographical considerations about networks only few STEP-contributions considered
broadening the networks beyond the social, human networks.
To develop a framework for studying textbooks as active I have used Edwards' concept of
knowledge infrastructures. At a very foundational level, knowledge infrastructures address a
materiality and a broadening of elements in the scientific disciplines. Besides the teachers,
researchers, and students, knowledge infrastructures consider identities, vocabulary, practices,
institutions, and instruments (to name a few elements). In this broadening I have included
textbooks using the terminology entry points, gateways, junctions, and inertia.
Knowledge infrastructures describe how different elements contribute to the initiation of new
scientists, the negotiation of identities, and the standardization of practices. I have shown that
textbooks actively engage with infrastructures by providing the needed initiation, by
contributing to the manipulation of gateways, and by defining shared norms and vocabularies.
My analyses arguably have a bias towards the immaterial aspect of infrastructures. This
follows from the nature of textbooks as texts. It is simply much more convenient to analyze
their connections with other texts, theories, norms, or ideals of science and textbook writing.
The immaterial sense can be put briefly by reference to Olesko and the concept of inertia.
page - 87 - of 109

Marcus Lee Naldal, Matriculation nr.: 2013 07843
Master's Thesis

Centre for Science Studies, Aarhus University
June 2018

Textbooks contributes to the consolidation of standardized norms or ways of using theory in a
knowledge infrastructure. It contributes to the "physical constraints" of viable modes of
thought, descriptions of the world, or norms of scientific practice. If enough publications,
including textbooks, describe the same phenomena, identities, or practices they contribute to
giving the infrastructures comprised by these more inertia - which in turn makes them more
difficult to alter.
However, knowledge infrastructures also provide a way of analyzing textbooks as active
elements of material networks. Practices and actions have to be standardized in order for
infrastructures to work. I have shown how textbooks presented experimental descriptions and
described how system builders may have intended for their practical functions in laboratories.
Textbooks can stipulate actions, or standardize analytical procedures, which of course is no
guarantee of success. The material interactions and the user perspective of textbooks are
difficult to study. The perspective of knowledge infrastructures suggests one way of focusing
more on the role of non-human entities like textbooks in the laboratory. Still, this is a
perspective of textbooks which deserves further attention.
In conclusion textbooks are much more than simple echoes from the frontiers of research.
They are indicator-factors forming part of and actively interacting with the knowledge
infrastructures.
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Appendix A
Scharling's table of Værdital

Source: Scharling, E.A. 1837, F. Wöhler's Grundrids af Chemien: Uorganisk Chemie, Reitzel, Kbh. p.25
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Appendix B
Forchhammer on gunpowder

Source: Forchhammer, J.G. 1830-31b, Ledetraad ved Forelæsningerne over Chemie ved
den kongelige militaire Høiskole, 1830-31:2nden Deel (den bogtrykte Part) af I Hæfte.
Den Uorganisk Chemie, , Kbh. p.181
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Appendix C
Forchhammer's didactic schemata
Illustration 1

Source: Forchhammer, J.G. 1834-35, Lærebog i Stoffernes almindelige Chemie : 1-2. H. (1 Vol.), , Kbh.
p.89

Illustration 2

Source: Forchhammer, J.G. 1834-35, Lærebog i Stoffernes almindelige Chemie : 1-2. H. (1 Vol.), , Kbh.
p.98
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Illustration 3

Source: Forchhammer, J.G. 1834-35, Lærebog i Stoffernes almindelige Chemie : 1-2. H. (1 Vol.), , Kbh.
p.127
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Appendix D
Zeise's illustration for acquiring oxygen

Source: Zeise, W.C. 1829, Udførlig Fremstilling af Chemiens Hovedlærdomme saavel i
theoretisk som practisk Henseende, Fr. Brummer, Kbh. Table IV (at the back of the
work)

Forchhammer's illustration for acquiring oxygen

Source: Forchhammer, J.G. 1842, Lærebog i Stoffernes almindelige Chemie : D. 1. De enkelte
Radikalers almindelige Chemie, C. A. Reitzel, Kbh. p.2
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Appendix E
Forchhammer's description of sulphuric acid
Illustration 1

Source: Forchhammer, J.G. 1842, Lærebog i Stoffernes almindelige Chemie : D. 1. De enkelte
Radikalers almindelige Chemie, C. A. Reitzel, Kbh. p.71
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Illustration 2

Source: Forchhammer, J.G. 1842, Lærebog i Stoffernes almindelige Chemie : D. 1. De enkelte
Radikalers almindelige Chemie, C. A. Reitzel, Kbh. p.72
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Appendix F
Forchhammer's instructions for the quantitative analysis of gunpowder
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Source: Forchhammer, J.G. 1831b, Ledetraad ved Forelæsningerne over Chemie ved den
kongelige militaire Høiskole, 1831: III Hefte, Den analytiske Chemie, , Kbh. pp.64-65
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