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Introduction

A tale is two tales: Method as Success and Method as Distress

1. The marvel of modern science

“If worldviews interact with Being in a mutually creating fashion, we do affect and shape “reality”.

We can choose to live in a world that makes sense to us.”

One of the many marvels of the modern man? it has been argued, is his conquest of Nature. In a
different time, and in a different place, Nature’s whims were attributed to a world full of deities,
of powerful and vengeful Gods, commanding the respect and obedience of the people. A world
in which Nature was a mysterious and fearful entity; a world where the “unknown” produced
tales of the marvels of demi-gods, a world filled with oracles and prophets, a world of witchcraft.
The world before the “advent of science™ was one filled with a plethora of entities and concepts,
most of which are deemed fictional, mythological, “unreal” even, by the creatures of modernity.
But still, to those people in those eras, surely, the world which they inhibited was as “real” as our

modern-day world is to us.

In the course of many centuries, and with a myriad of changes and transformations,
Nature, and by extension our image of the world, has been transformed into something
“familiar”, something “oikeion”.* Nature isn’'t unknown to us anymore, it isn't something we are
afraid of anymore; Nature has yielded to the modern man. We now believe that we have
“rational” and “true” explanations for why thunderbolts occur, why the stars collide, we now
know that they are not a product of Zeus’ anger, or a product of a quarrel between the Gods.
Today we can even have a rational, “approximately true” prediction, or forecast, of when the

next rainfall is going to occur, and we have dismissed prophecies as acceptable ways of

' Feyerabend, Conquest of Abundance, p. xi.

2 | am employing the terms “modern” and “modernity” to refer to the time period between the 17th-century
up-to and including today.

3 By “the advent of science” | mean from the 17th century onwards.

4 | am employing the ancient greek term “oikeion” with the intended usage of H. G. Gadamer: “that in
which one feels at home and which pertains to one...", Gadamer, Dialogue and Dialectic, p. xi.



acquiring that prediction. What has changed? How did we come to acquire this certainty about
our knowledge? How do we know that we today know the “true”, the “approximately true”, the

“real”, whereas our ancestors didn’t?

The answer lies in the methodology we have endorsed. The method of acquiring true or
approximately true belief, of predicting, of knowing. Our method of inquiring about the world
changed. We have invented the “scientific method of inquiry”. By that we mean the method
which has characterized the natural sciences since the 17th century onwards and which
consists in conducting observations, measurements, experiments, and the formulation, testing,
and maodification of hypotheses.’The scientific method has been the “go-to” method to acquire
“true”, and “real” knowledge, and has established itself as the only acceptable way of
conducting scientific inquiry. And who can doubt its effectiveness, its success? After all, with
the advent of the scientific method we were able to demolish chimeras, dethrone Gods, get rid
of the fantasies of prophets and oracles alike. We were able to do that because the scientific
method did deliver us something which we didn’t have before, or rather something we didn’t find
acceptable before: criteria of “truthfulness”, criteria of “reality”, criteria of choosing between

theories, world -views, entities.

The scientific method did deliver to us an acceptable way of making choices,of
demarcating; did deliver acceptable criteria of choice. We are now able to choose between
systems of thought and hypotheses based on their simplicity, their accuracy, their consistency,
their scope, and their ability to be bearers of future research.’We paved the way to knowledge,
to understanding, to capturing the essence of Nature. We came to know the “real” as opposed
to mere “appearances”. We came to the realization that the actions of Zeus, of Athena, and of
other “divine entities”, which were treated by the ancient Greeks as “real”’, were as “real” as
dreams are when they are opposed to waking events.” In short: we were able to to choose
which entities and world-views were real and which fictitious, and replaced the fiction with the
real. We were able to establish a new way of looking at the world, a new way of interpreting the
world, a new way of reducing the Being of the world. Could it be possible though, that we

jumped on that ship a bit too hastily?

5 | am using the definition of the scientific method as provided by the Oxford Dictionary.
https://en.oxforddictionaries.com/definition/scientific_method

& Kuhn, “Objectivity, Value Judgment, and Theory Choice”, pp. 320-22.

" Feyerabend, Conquest of Abundance, p.9



1.1. A scientific realist’s guide to the way the world is (or the way the galaxy is).?

According to many firm believers in the scientific method, scientists and philosophers alike, the
only way the world is, is the world described by the scientific method. The firm believers in this
“reality” are identified, by today’s nomenclature, as scientific realists. Briefly, scientific realism “is
the positive epistemic attitude towards the content of our best theories and models
recommending belief in both observable and non-observable aspects of the world described by
the sciences.””More comprehensively, a scientific realist could subscribe to one, or a

combination of, the following dimensions of scientific realism:'

i) metaphysical realism, the belief that there is, exists, a mind-independent world best
described by the sciences,

ii) semantic realism, which entails the belief that scientific claims about the world should
be taken at face - value, should be interpreted literally, and

iii) epistemological realism, the belief that theoretical claims, taken literally, constitute

knowledge of the world.

At first glance, the dimensions of scientific realism, appear to be innocent enough. But upon
careful reflection, an inescapable observation is being made, and a disturbing question
emerges. At the heart of the web of beliefs of the scientific realist lies one thing and one thing
only: Reality. Reality as opposed to appearance. Reality as opposed to fiction. That’'s the
observation. And now the question: Does the notion of “reality” which the scientific realists hold
onto so dearly, settle the issue of what’s real and what’s not? Again, did we jump on this ship

too hastily?
One of the most prominent supporters of scientific realism, Max Planck observed:
“The two statements, “There exists a real external world which is independent of us” and

“This world cannot be known immediately” together form the basis of all physics.

However, they are in conflict to a certain extent and thereby reveal the irrational element

8 This is a word-play on the radio comedy series The Hitchhiker’s Guide to the Galaxy (1978) created by
Douglas Adams.

® Chakravartty, Anjan, http://plato.stanford.edu/archives/fall2015/entries/scientific-realism/

° Feyerabend, Conquest of Abundance, p. 62.



inherent in physics and in every other science, which is responsible for the fact that a

science can never solve its task completely.”"’

Planck’s observation has a very disturbing element in it. It seems that there is something more
to the scientific realist’s notion of reality than meets the eye. It seems as if the scientific realist is
on a quest, on a search for reality. As Feyerabend notes, in our modern day notion of “reality”
there lies a hidden assumption, a prejudice if you may, shared by physicists and philosophers
alike. The assumption is that what is “real”, is assumed to be something hidden, something not
manifest in what we experience.'? It's as if there’s something in the way of “truth”. As if we have
established a grand dichotomy between a solid, trustworthy and genuine reality on the one

hand, and the deceiving appearances on the other."™

We, the author, have a quarrel, if you may call it that, with scientific realism, and not with
the scientific method per se. Our falling-out does not simply rest on the notion of reality which it
embraces, although that is an enormous concern of ours. Our disagreement rather rests on a
deeper and more profound problem which scientific realism potentially presents us with. That
problem is none other than the problem of theoretical monism. In our view, the notion of reality
which the scientific realist embraces, runs the risk of leading to theoretical monism. But before
we proceed with providing an argument for why that is the case, a few words on our definition of
theoretical monism are due. Our definition of theoretical monism runs as follows: Theoretical
monism is the belief that there is such a thing as Truth™, and a theory, or a set of theories, can
attain or encapsulate this Truth. In addition, according to our definition of theoretical monism,
theoretical monism is the belief that some theories are closer to being true, closer to attaining
this Truth, than others, therefore, we should narrow down the set of theories which we are
working with, discard those further removed from this Truth, and keep working only on those

deemed closer to attaining this Truth.™

" lbid, p. 62.

2 |bid. p. 10.

'3 |bid, pp. 9-10.

* The capitalization is purposeful. We use it to denote “Truth” as in one single, objective and
unobjectionable Truth, in contradistinction to “truth”, which we will use to employ as a subjective,
contingent truth. Similarly we will use “Real” to denote “objectively and unquestionably “Real” from “real”
which we use to employ a subjective, human dependent, real fact.

'® Feyerabend, Knowledge, Science and Relativism, pp. 4-5.



1.2. The problems with theoretical monism: The metaphysical problem.

A pair of problems presents itself; the first one is of a metaphysical nature, the second is
methodological in kind. Let's examine the metaphysical problem. It appears that a theoretical
monist believes in a single, coherent, unified picture of the world. He believes in a “correct”, or
“real” picture of the world, as opposed to a “false” or a “manifested” one. This is troublesome for
the single fact that the belief that there is a distinction between the “Real” from the “subjectively
real” is, we will argue, an assumption. It's not something which has, or possibly can, be proven
by empirical observation, unless in such cases as a “dream state” and in a lucid state. That
there is a distinction between something “objectively Real” and something “merely real” and the
consequent classification of something as “True” as opposed to “false” or “true” holds true only if
we accept the assumption that there is such a thing as an “objective reality” which can be
distinguished from a “subjective” one. This assumption we, the author, denote as the “staged

dichotomy of the real’.

The “staged dichotomy of the real’ is the assumption that there are objective, real, facts
about the world, which we can hold onto and label as “Real” or “True”, and discern them from
“subjectively true” or “merely real”. But why is this an assumption? To show why this is an
assumption we employ Feyerabend’s “concept of the stage”.'®The “concept of the stage”
denotes the following: In any scientific experiment, the human subject relies on a set of rules,
processes, methodologies, which he or she employs to bring to the fore the desired or intended
result. The intended result is, possibly, the discovery of a “new objective fact” about nature, the
demarcation or testing of a theory against the backdrop of nature. Here is the problem
however: whatever the result, that result is not, and cannot be, an “objectively Real” or “True”
result or fact of or about nature. This is the case for the simple reason that nature, is not faced
“directly”. Rather, what is faced and tested is a set of theories, measuring devices, and
methodologies compared with projected images of nature, which in turn produce another or
other image(s) of nature. In short, depending on the way we choose to approach nature, which
set of theories and/or methodologies we endorse, we have the ability to make nature fit to our
“‘projected image” of it. Human beings are endowed after all, with the unique ability of

“world-making”.""What this means is that the “reality” which we choose to believe in, or the

'® Feyerabend, The Conquest of Abundance, pp. 89-128.
7 Goodman, Ways of Worldmaking, pp. 2-3.



“truthfulness” of a fact, depends on the methodologies, stages, theories, and systems of
thought, we embrace. Does this make the result of an experiment “less real”, or “less true™?
Does this fact invalidate our most well-corroborated scientific theories? It does, only if we still
hold on to the ideal of the “Real” or the “True” in the sense in which some scientific realists, and

most scientific monists employ the term.

With what we’ve been discussing so far it seems that the existence of the “Real’
depends upon its assumption. And that's the metaphysical problem with theoretical monism.
That there is something “Real” is something which can be proven only if we assume that it
exists. It's this assumption which causes the problem: Essentially the theoretical monist’'s way of
holding onto his notion of the “Real” as something which can be distinguished from the “real”, is
another version of “the myth the given”. “The myth of the given”, a familiar episode in the
literature of the philosophy of mind serves to highlight our point about the worrying aspects
involved into the monist’s conception of the “Real”. According to Sellars, the originator of “the
doctrine” or “the myth of the given”, the doctrine of the given is that any empirical knowledge
that p requires some (or is itself) basic, that is, epistemically independent knowledge (that g, h,
i,...) which is epistemically efficacious with respect to p."®'® With respect to Sellas’ observation, a
question arises: how can we can verify that the statement “There is a dark-red vase in the ledge
of my window containing dried flowers” is a True and Real statement about the world? If we
follow the monist’s line of thought the idea seems to be that this statement about an object of
our experience can be verified simply by pointing out to what is given to us in perception. But
this “pointing-out” already implies the assumption from which we started, namely, that there is a
“fixed” notion of “Reality” already in place when making this judgment. And it’s at this point that
this “Real” becomes a metaphysical idea: when the monist “imposes on the real”. It does not
take into consideration that the judgement itself is a product of a world-view, of an interpretation,
of one amongst a myriad of ways of approaching Being. Different stages, world-views, ways of
Being, will produce different images of nature and therefore different “truths” and different
‘reals”. The “reality” of these images of nature, depends upon the given framework we have

chosen to embrace.

'8 deVries, Willem, "Wilfrid Sellars", The Stanford Encyclopedia of Philosophy (Winter 2016 Edition),
Edward N. Zalta (ed.)

' For more details on Sellar’s “doctrine of the Given” see: Sellars, “Empiricism and the Philosophy of
Mind”, pp. 127-196.



The question of “Reality” cannot be settled by its very assumption. And assuming that
there is something “Real” which can be readily distinguished from something “real”, is a
metaphysical notion, one which cannot be sustained because its very apodicticity relies on its
assumption. Our proposal is to treat questions and issues pertaining to “reality” as
framework-dependent; realities and images of nature are construed out of the ways in which we

have chosen to embrace nature.

1.3. Intermission I: The conceptual framework of “Being”.

It has been brought to our attention that the concept of “Being” which we employed earlier, and
we have been employing throughout this paper, could be understood as something “mystical”;
as if we are “conjuring up” a metaphysical concept with excess conceptual and ontological
baggage.?® Because the employment of the concept of “Being” is crucial in the broader context
of this present discussion, we intend to specify exactly what we mean with that; we shall try to
“‘demystify” it and make clear to the reader the intended usage of the concept. We employ the
word “Being”, in the intended usage of the word by P. K. Feyerabend throughout his The
Conquest of Abundance to denote nature; but this conception has deeper philosophical
underpinnings. The nature we speak of, and is encapsulated by the concept we have chosen to
employ, following Feyerabend, is of a nature which reacts to different ways of being
approached. As Preston argues, nature, or Being, reacts to different enquiries in different ways.
21 According to Feyerabend, scientific realists assume that the reactions observed depend only
on “Being”, and not on the way it is approached; which is an objectionable assumption as

Feyerabend’s body of philosophical work tried to show. As Preston put it:

“...Feyerabend suggests, we ought to consider the possibility that Being is more yielding,
more multi-faceted, more responsive and altogether more cuddly than contemporary
materialists concede. Perhaps the things prescientific people found were the way in
which Being “received” their approach, so that these things are as real, relative to their

approach, as electrons are “for us”? Instead of thinking that the procedures of a research

20 | would like to thank my supervisor Guido Bacciagaluppi for bringing this matter to my attention; | hope
that my treatment of the issue here is satisfactory, and makes things on the part of the reader, clear.
2! Preston, “Feyerabend’s Retreat from Realism”, p. 427.



programme reveal how nature is independently of the interference, we are to think of

them as revealing how nature responds to them.”?

Despite the language, which might seem a bit poetic at times, we would like to make
clear that our employment of the word Being, and our conception of it, is not of a metaphysical
entity, of a mystical entity. It is not a conception of Being with a special ontological status; we
are not talking about a “substance” here. We are still talking about nature. The reason why we
prefer to employ the term Being is because it highlights the dynamic character of our interaction
with nature; a nature which reacts to the ways we approach it, a nature which reveals its
aspects through the stage(s) we have chosen to project it. Being is meant to highlight just this
dynamic character of our interference with nature, not a “sterilized” objective nature as some
theoretical monists have chosen to treat it, a nature which “is there” without interference, but
rather a nature in which the interference itself, the ways it is projected, the stage upon which
our approaches are set-up, is embraced. We think that this is the reasoning for which
Feyerabend himself chose to employ the term Being interchangeably with nature, and this is the
reason for which we have elected to do so as well. The concept of Being will be discussed
extensively in the following sections as it is of paramount importance in understand

Feyerabend’s philosophical positions which largely inform our own.

1.4. The problems with theoretical monism: The methodological problem.

The “imposition on the real” brings us to the second problem with theoretical monism, which is
methodological in kind. The insistence on a single, uniform Truth, or Reality, becomes an ideal
to be attained. This by itself is not a problem. It becomes a problem however, when the belief in
the existence of a single Truth overwhelms the theorist and excludes the possibility of
entertaining other alternatives. Following Kant's observation that the theories we subscribe to
influence our language, our thought, our perception, it becomes evident that if we follow only
one theory in the way we approach Being, no matter how empirically adequate that theory may
be, we will end up with only one way of interpreting reality, interpreting the world, approaching
and reducing Being, to the exclusion of any other alternative. Truth runs the risk of becoming a
dogma. Again, following the line of reasoning produced so far, it's hard to see how something

can be labeled as “True” in direct opposition with something “merely, or subjectively true”. The

22 |bid. p. 428.
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fact that | am now counting three objects contained in my office as | am typing this paper, my
notebook, my desk and my chair, might be a true fact for me, but according to a mereologist
who follows Lezniwski’s work, the truth of the matter would be that my office contains seven
objects. #’ls one version of the “reality” and the “truthfulness” of the world in this particular
instance more or less “real” or “true” than the other? Or maybe the very reality of the situation,
the “truth of the matter”, depends on the framework we choose, on the way we approach and
reduce Being? We believe that the latter is indeed the case and a look at different research
traditions and scientific practices, supports our view. Take “the Aristotelian tradition” for
example. The scientists embracing this way of reducing Being try to be as close to experience
as possible, they try to avoid big cosmological questions, and favor predictions which are
strongly supported by clear-cut experiments. On the other hand however, lies “the Platonic
tradition” which advises to follow every plausible idea, follow every truth to its utmost, and which
informs us that experience could be illusory and even superficial.?*Aren’t the findings, theories,
versions of the world, or worlds, of the scientists of the Aristotelian traditions equally real, or

equally true, compared to those in the Platonic camp and vice-versa? We think that they are.

Let’'s take a step back and review our progress. It seems that the the scientific monist’s
conceptions of “Truth” and the “Real” have some disturbing metaphysical underpinnings. It's as
if the “Truth” and the “Real” are metaphysical ideas, which have to be assumed in order to be
“proven”; this we coined as the “staged dichotomy of the real”, and demonstrated the circular
reasoning involved in that line of thought. The situation is only worsened if we add to the
equation the fact that theories which are after this attainment of Truth or Reality run the risk of
becoming metaphysical systems. Finally, as we saw in our mereological example, it's hard to
see how we can still insist on a single Truth, on a single way the world is. It seems that nature is
multi-faceted, and the more alternative viewpoints, interpretations, world-views, we allow, the
more interesting nature becomes and more images of nature are produced. But that’s the case
only if we allow for alternatives. If we don’t grant alternatives then Truth becomes a dogma, and
at that point, the whole idea of Truth becomes a myth.*This is the problem with theoretical
monism, and these are the dangers which scientific realism potentially faces. Scientific realists

need to be cautious to avoid the dogmatism inherent in theoretical monism. They need to avoid

2 Putnam, ed. McCormick, “Is There Still Anything to Say about Reality and Truth”, pp. 24-25.
2 Preston, “Feyerabend’s Retreat from Realism”, p. 5.
% |bid. pp.3-4.
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the pitfall of reducing the abundance of Being, its richness, and its plurality to one single way.
That’s our quarrel with theoretical monism: How can the science envisioned by the theoretical
monist differ from a myth, when it imposes a dogmatism based on a metaphysical system, on a
metaphysics of Reality and Truth? The scientific method, a tale of success, becomes a tale of

great distress in the face of theoretical monism. A tale, after all , can be two tales.

1.5. Reality: Fake Sparkle or Golden Dust?®

The present paper attempts to tell a different tale. A tale in which Being isn’t reduced to a single
uniform thing. A tale in which there is no “right” or “wrong” way of looking at the world. A tale in
which the richness of Being, and the ways of reducing it, is embraced. Our thesis is that there is
no singular way the world is, nor is there any singular world to begin with. Rather, the world is
many worlds. The way the world is, its reality, is directly related to the way we choose to
approach it, to interpret, to understand it, but most importantly of all, experience it and live it.
The world is our interpretation of it. This is as much an epistemological thesis as a
meta-theoretical one. A plurality of interpretations of the world generates a plurality of worlds. A
plurality of ways of living in the world embraces the richness of Being. This is the thesis we want

to advocate:

the way the world is, is the way we choose to live in it. A plurality of alternatives presents us with
different ways of how to live in the world and therefore it presents us with different ways the

world is; the world is our interpretation of it.

If science, and the scientific method, is to be of any value to the growth of knowledge,
and by that we mean to provide us with a plethora of ways and of systems to embrace the
richness of Being, then science should work in a pluralistic way. Knowledge is best attained by
working with a plethora of hypotheses, a plethora of systems. And contrary to the theoretical
monist's grand vision of science, science has worked in this exact manner, and scientific

progress has been achieved in this precise way.

The tale we are going to tell starts with our examination of the history of the discovery of

water, and the ways in which water came to be known as H,O. Our aim with examining this

% After Peter Murphy’s song “Fake Sparkle or Golden Dust”, from his album Dust (2002).



12

history is to show the ways in which a plurality of systems of thought, of competing hypotheses,
of competing metaphysical ideas, can be achieved. In short, we want to show that science can,
and has, worked in a pluralistic fashion. In addition, we want to show how a pluralistic
framework can produce knowledge and expand our knowledge. By “expansion of knowledge”
we mean the production of alternative ways of seeing, of conceiving, of thinking, and
fundamentally, of Being in the world. More precisely in the next section, we will follow Hasok
Chang’s historiography on the issue as it appeared in his Is Water H,0? We will examine the
different systems of thought, and scientific standards, operating at the time the discovery took
place, and how this discovery was achieved. In the subsequent sections, we will offer our
reflections on the issue, and showcase the benefits of pluralism in opposition to scientific
monism. We will further develop and advance our thesis, which is heavily influenced and
informed by the philosophy of P. K. Feyerabend, to the kind of pluralism we advocate, a
pluralism of the normative kind but with an existential component; an ontological pluralist

position or as Brown put it an “abundant realist” position, and present what this position entails.
27

As Boris Yellnikoff put it:

“That's why | can't say enough times, whatever love you can get and give, whatever

happiness you can filch or provide, every temporary measure of grace, whatever works”.?®

27 Brown, “The abundant world: Paul Feyerabend’s metaphysics of science”, p. 142.
2 Boris Yellnikoff is a fictional character created by Woody Allen and appears in his film Whatever Works
(2009).
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The History of the Discovery of Water

2. The discovery of Oxygen (or Dephlogisticated air)

The statement: “water is a compound, consisting of two atoms of hydrogen and one of oxygen”
seems to be a an objectively True and Real fact of nature today. However, up to the first half of
the eighteenth century, people held to the notion, that water was an element. This True and
Real fact about nature dated back to the ancient Greeks and the early atomists, in this case
Aristotle, who held that water was one of the four elements, along with fire, earth and air, which
constituted the world. That water is a compound, consisting of hydrogen and oxygen, came to
be a Real and True fact about nature only with the advent of the Chemical Revolution. The
present section attempts to tell the story of how water came to be universally known as a
compound with the constitution H,O, and what this discovery means for our discussion of issues
pertaining to Truth, Reality, and the ways we project or approach nature. In this section we will
attempt to tell the story of this discovery, only briefly mentioning or commenting on the
philosophical implications of the history of the discovery of water. A more extensive treatment of

those implications will be offered on the subsequent sections.

Our inquiry into the history of the discovery of water begins with Joseph Priestley
(1733-1804) and his work in “pneumatic chemistry”, the chemistry that is of gases and airs.?
Priestley’s work is fundamental in our discussion for two reasons: one, because he is the
“father” of the theory of phlogiston, which we will examine shortly, and two, because his work on
pneumatic chemistry changed the Reality and Truth of how we consider air and through this
work oxygen was born. Air, like water, was believed to be a pure element before Priestley.
Priestley however showed that air wasn't a pure element, that it in fact had at least two
components, and that different types of air could be produced as a result of different chemical

reactions. It was Priestley’s work on the chemistry of gases and airs that the world came to learn

2 Chang, Is Water H,0?, pp. 2-3.
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of oxygen, and Priestley to be credited for its discovery.*® Funnily enough, Priestley did not
name his new element oxygen, and according to Chang his element being given the name

“oxygen” would have been something which would have annoyed him.*'

Priestley’s annoyance at the nomenclature “oxygen” would not have stemmed from his
whims or quirks. He would in fact have had very important metaphysical and methodological
reasons for why his element being called “oxygen” wouldn’t have satisfied him. Priestley in fact
called his new element “dephlogisticated air”. Phlogiston was a fundamental substance which
combined with other substances and gave them its characteristic properties. In addition,
phlogiston was the substance which bestowed the ability to a substance to become
combustible; to those (substances) that could be combustible at all. A combustible substance
was a substance which was rich in phlogiston, and when it burned out, it released its phlogiston,
the phlogiston then manifesting itself in the flame which ensued.*The discovery of oxygen took
place while Priestley was working with mercury calx. Priestley thought that mercury calx could
be revived into its metallic form by absorbing phlogiston from air. That air would have been
dephlogisticated, and it would be a prime candidate for combustion since it could readily
re-absorb phlogiston.** And so, Priestley’s “dephlogisticated air”, or Oxygen for the rest of the
world, came to be. Phlogiston, a “bogus” notion, a scientific chimera, by today’s standards, led

to the discovery of oxygen.

The name oxygen to the element which Priestley discovered was given by another
important scientific figure in our story, Antoine-Laurent Lavoisier (1743-1794). Lavoisier gave
Priestley’s element the name oxygen because he had a different way of reducing Being, he had
a different interpretation of the world, he held different metaphysical and methodological
convictions. The name oxygen stems from Lavoisier’s interpretation of Priestley’s experiments.
According to Lavoisier’s interpretation, combustion was combination with oxygen (Priestley’s
dephlogisticated air), and the same held true for calcination. According to Priestley’s
interpretation, dephlogistication occurred, according to Lavoisier, oxidation. Eventually, the

scientific community agreed with the latter, and hence, Priestley’s “dephlogisticated air” became

known as oxygen.

% |bid. p.3.

31 |bid.

32 |bid.

3 |bid. pp. 4-5.
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2.1. Two images of water: Water as an element and water as a compound

The reasons which led to the the “victory” of the oxidation theory are very important in our
discussion of the history of the discovery of water.** So far, we've seen two competing world-
views, two images of nature, two ways of reducing Being, two scientists trying to give their
interpretation of the occurrence of a certain phenomenon. Since the name oxygen is used to
refer to Priestley’s element, it's safe to assume that Lavoisier’s oxidation theory prevailed over

Priestley’s, but why is this the case?

The decisive moment which led to the dominance of Lavoisier's “oxygen” and his
oxidation world-view as opposed to Priestley’s “dephlogisticated air” and phlogiston theory, was
Lavoisier's argument that water was not an element, but was in fact a compound.*Priestley,
along with his fellow countryman and natural philosopher Henry Cavendish (1731-1810), who is
known as the “discoverer” of hydrogen (inflammable air) which took place in 1766 while he was
also working on pneumatic chemistry, had formulated their own hypothesis on the formation of
water. According to the Cavendish-Priestley hypothesis (henceforth “CP hypothesis” for reasons
of economy and ease on the part of the reader), hydrogen, or “inflammable air” as they called it,
was phlogiston which was driven off metals via acidation. Based on the theory of calcination
developed by Georg Stahl (1659-1734) this meant that the metal turned into calx and dissolved
into the acid which led to the formation of some kind of salt-based chemical substances. If a
calx was put into the acid, it dissolved without producing “inflammable air” since the calx did not
contain any phlogiston. This “pneumo-chemical” observation, served as the basis upon which
Priestley and Cavendish formulated their hypothesis on the formation of water. According to the

“CP Hypothesis” inflammable air was “phlogisticated water”, which meant water in excess of

34 The debate between phlogiston and oxygen based viewpoints and its importance for the discovery of
water is also at the forefront of a recent paper by Blumenthal. J., Ladyman. J. “Theory comparison and
choice in chemistry, 17766—1791”. The authors highlight how the debate between the two viewpoints
accorded a plurality of interpretations and theory choice which led to the consensus of 1860. For more
see: Blumenthal. J., Ladyman. J. “Theory comparison and choice in chemistry, 1766—-1791” in
Foundations of Chemistry: pp. 1-21 (forthcoming)

% Chang, Is Water H,0? p.6.
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phlogiston. Oxygen, or dephlogisticated air, was “dephlogisticated water”, which made sense
given Priestley’s views on oxygen. Cavendish and Priestley’s observation was that when
phlogisticated water, hydrogen, and dephlogisticated water, oxygen, were combined with one
another, they canceled each other out; the excessive phlogiston of inflammable air, canceled
with the deficit of phlogiston in dephlogisticated air, and this led to the production of “pure™®

water. ¥’

So far we've seen the “pneumo-chemical” account on how water is produced. According
to the CP hypothesis, water is an element which is produced by the combination of
phlogisticated water and dephlogisticated water, one is in excess of phlogiston, the other in
deficit, and via their combination they cancel each other out and “pure” water is produced. As
we've been discussing however, this world-view did not prevail. In fact, the dominant
interpretation on the nature and composition of water was the Lavoisierian one. As we briefly
mentioned, according to Lavoisier, water was not an element after all, but was in fact a
compound, and it was brought about by the combination of hydrogen and oxygen. Lavoisier’s
interpretation was based on three fundamental pillars of his system, his theory of acids, his
theory of combustion, and his caloric theory, which had their own metaphysical implications.
While Priestley named the element we now know of as Oxygen “dephlogisticated air” because
of his phlogistonist based image of the world, Lavoisier named it Oxygen based on his theory of
acids. According to Lavoisier, all acids contained Oxygen and the name Oxygen was employed
to denote “acid-generator”.®® According to Lavoisier's theory of combustion, combustion is
combination with Oxygen, which causes the emission of heat and light. Lavoisier’s theory of
combustion brings us to the third pillar of his system and that's none other than his caloric
theory. This is the case because according to Lavoisier, the production of heat in combustion
stems from the release of caloric fluid from oxygen gas, and it’s the caloric which is responsible
for oxygen's gaseous state.*In fact, Lavoisier's views on caloric, similar to Priestley’s on
phlogiston, could be considered as the “the building blocks” upon which their entire systems
were built. Caloric was not just an explanatory vehicle for Lavoisier's theory of heat, it was well

embedded in his cosmology as his list of chemical element testifies.*’Of course, the caloric, just

3% Pure is employed here to denote “plain”, “simple” water; water as we commonly refer to it.
37 Ibid. pp. 6-7.

% |bid. pp.8-9.

% Ibid. pp. 9-10.

40 |bid. p. 10.
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like the phlogiston, is deemed a scientific chimera today, a mythological concept, but Lavoisier’s

oxidation theory still prevailed.

While there are important reasons for why one world-view prevailed over another, which
we will discuss in the next sections, it's important to make the following two observations: one,
both world-views had different images of nature which contained different entities. Metaphysics,
according to our interpretation of the literature,informed those systems of scientific practice and
the ways in which their hypotheses were formulated. The history of the discovery of water has
afforded us with the opportunity to see two different worlds, one with phlogiston in it, the other
with caloric. A world in which water is an element, one in which water is a compound. And while
both entities, (caloric and phlogiston), are deemed as non-existent today, for both Lavoisier and
Priestley they were as real as the acknowledgment of their non-existence is for us today. This is
even more interesting if we add to that the fact that the name Oxygen prevailed, whose
discovery and name stems from working on what a theoretical monist would today classify as a
chimeric, false, “unreal”’, scientific system of practice. The same holds true for water’s
classification as a compound substance, which brings us to our second observation. The issue
on whether or not water was a compound, was not settled. And while the scientific community
was heavily in favor of the Lavoisierian world-view, the question still remained open. In the next
sub-section we will examine how that issue was eventually settled, and we will see a plethora of

different systems of practice, methodologies, and world-views colliding.

2.2. Electrolysis: Every cure is someone else’s disease*'

The issue on whether water was a compound substance or an element was not entirely settled
during the Chemical Revolution. And while most granted Lavoisier’s hypothesis its truthfulness,
unequivocal agreement had not yet been reached. The situation started to change during the
year 1800; the time had come to test Lavoisier's account on the composition of water. This year
was marked by the invention of the “Voltaic Pile” named after its inventor, the italian physicist
Alessandro Volta (1745-1827), and it's partly due to this invention and the ongoing, at the time,

research on the growing field of electro-chemistry that the testing of Lavoisier's hypothesis in a

41 Part of the title pays homage to IAMX’s song “White Suburb Impressionism”, from the album Kiss +
Shallow (2004).
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more extensive manner was possible. Lavoisier had already “demonstrated the truth of his
decomposition of water hypothesis” by conducting an experiment in which he passed steam
through a hot gun-barrel and “showed” that hydrogen gas, inflammable air for the phlogistonists,
was produced while the metal in the gun-barrel was oxidized.*However, Lavoisier’'s experiment,
suffered from a major problem, similar in kind with the theoretical monist’s “proof of the real”;
Lavoisier's proof required the assumption of a substance whose very constitution was that
which he tried to prove. Similar to the monist’s proof therefore, Lavoisier's experiment employed

circular reasoning, and for that very reason the issue was not settled.

Lavoisier's hypothesis of the compound nature of water was put to the test by William
Nicholson (1753-1815) and Anthony Carlisle (1769-1840).** They employed Volta’s device with
the intended goal of decomposing water into hydrogen and oxygen gases. This process hitherto
became known to the world to as electrolysis, and gave birth to a new and exciting scientific
field. Returning to our story, the findings of the experiment conducted by Nicholson and Carlisle,
did not settle the truth of the Lavoisierian hypothesis. In fact, the results of the experiment
produced a major problem for his hypothesis. If, based on electro-chemical theories, the action
of electricity is to decompose each molecule of water into one particle of oxygen and one of
hydrogen*, why were the two gases released from different places at visible distance from each
other, instead of being released from the same place as one would expect given the theoretical
framework of the time? And why was oxygen released from the wire which was connected to
the positive pole of the battery, while hydrogen from the negative one?**This gave rise to what

Chang denotes as the “distance problem”.*

The “distance problem” became a “universal sensation”. Most scientists invested in the
field tried to replicate the results of Nicholson and Carlisle, which they did, and tried to find a
solution out of the problem. A solution to the problem was not found for more than fourteen
years, and the nature and composition of water still remained elusive. George Singer
(1768-1817), the tutor of Michael Faraday, observed:

2 |bid. 74.

43 Ibid. 73.

4 Please note that the truth of the statement “Water is H,O” has not yet been established, and water was
considered to be HO. An extensive treatment on this will be provided on 2.3.

4 Ibid. 74.

“8 |bid. 75.
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“The most difficult feature of all the voltaic decompositions, is the invisible form, in which
the separated elements of various compounds appear to traverse the fluid, and arrange
themselves at the opposite wires....without any apparent alteration of the interposed
fluid. On the hypothesis of electric energy, the hydrogen is said to be attracted by the
negative wire, because it is naturally positive; and the oxygen by the positive wire,
because it is naturally negative; this does not explain how the same particle of water can

have its elements liberated at so great distance from each other...."*

The “distance problem” started to threaten the entirety of Lavoisier's chemical system, and
electrolysis, which was supposed to confirm it, started to become its most cunning adversary. It
was on the basis of the “distance problem” produced by the electrolysis of water that Johann
Wilhelm Ritter (1776-1810) challenged the Lavoisierians’ views on the decomposition of water
when electricity ran through it. According to Ritter, whose own metaphysical and ontological
commitments informed his world-view, when electricity ran through water there was no
decomposition occurring. Rather, it was synthesis taking place. At the positive pole of the
battery, positive electricity was combined with water to create oxygen and similarly, at the
negative pole, negative electricity was combined with water and created hydrogen. That the two
gases were released into different places under Ritter's account, was only logical, since the two
places were the locations for the different types of electricity. Water, under Ritter’'s account, is
seen once again as an element, while hydrogen and oxygen this time, are seen as compounds,

and electrolysis instead of decomposing water, is seen as synthesis!*®

The synthesis view of electrolysis had a very appealing part to it; that of being aligned
with the ontological conceptions of the time, a fact which made it somewhat intuitive to grasp. At
the time of Ritter's writings, electricity was considered to be matter, and the outcomes of its
contact with water were considered to be electrical compounds. Another appealing aspect which
the synthesis view had in its favor was that it also aligned with the CP hypothesis pertaining to
the constitution of water.*®As was natural therefore, the synthesists and the phlogistonists

marched closely together in their attempts to overthrow the Lavoiserian “orthodoxy” of the time,

47 Singer, Elements of Electricity and Electro-Chemistry, pp. 378-379.
48 Chang, Is Water H20?, p. 79.
% |bid. pp.79-80.
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by highlighting the problems it faced, and by presenting their own respective accounts as

potential candidates for the “True” or “Real” interpretation in regards to the constitution of water.

So far we've seen three interpretations or world-views pertaining to the constitution of

water:

1. The account of Lavoisier, accepted at the time, : hydrogen and oxygen combine to

produce water, H-O, which is a compound.

2. The CP hypothesis: Phlogisticated water and dephlogisticated water combine and

cancel each other out to produce pure water, which is an element.

3. The synthesis view: Negatively electrified water and positively electrified water are

combined and produce water, which is again an element.

In the face of the “distance problem”, the “dying” CP hypothesis, and the synthesis view started
to gather some support from the scientific community. Being unsatisfied with this fact, as the
Lavoisierians acknowledged the implications of the “distance problem” but could not accept
either the CP hypothesis or Ritter's views, which they did not consider as proper science, many
prominent supporters of Lavoisier started to develop solutions to the “distance problem”. The
competition between these three alternatives soon gave birth to three hypotheses which were
offered to those who accepted the “water as a compound” hypothesis. The first one, developed
by Georges Cuvier (1769-1832) but originated by the mathematician Gaspard Monge
(1746-1818) was the imbalance hypothesis. According to Monge, electrolysis resulted in an
imbalance of substances around each electrode; electrolysis is taken to abstract in each of the
waters one of its constituent parts, leaving it in excess of the other constituent part.*°The
imbalance hypothesis faced the problem that the said imbalance was not observable, and it was
difficult to show how such an imbalance of hydrogen or oxygen in water would have no visible

effects.’’

%0 Wilkinson, Elements of galvanism, in theory and practice, with a comprehensive view of its history, from
the first experiments of Galvani to the present time, etc., p.150.
1 Chang, Is Water H,0?, p. 83.
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Another solution to the “distance problem” was offered by Cuvier, and this time he was
the originator of this hypothesis; this is the invisible transport hypothesis. According to this
hypothesis, the electricity running through the water gets hold of one part of a water molecule,
which enables the other part to be released then and there. Then, the electricity alongside the
captured molecule, runs to the other electrode and releases the captured molecule there. After
electricity has transported the water molecule to the electrode, it retu