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Abstract

Luminescent substances, whether organic or inorganic, have played a 
significant role in the history of science. Their role is here considered 
mainly within a Danish context relating to the period ca. 1640-1755. 
Thomas Bartholin’s De luce animalium of 1647 was the standard work 
of naturally occurring luminescent bodies in the early modem period. 
The discovery of elemental phosphorus in 1669 ushered in a new era, in 
the early phase of which Boyle and Leibniz were among the main 
investigators. Phosphoms came to Denmark through Leibniz and in 
early 1682 the substance was demonstrated before the king. The prepa
ration of phosphorus, and scientific life in Copenhagen in general, can 
be followed through the Leibniz correspondence. A hitherto ignored 
work of Ole Borch of 1683, in which he describes the formation of 
phosphoms, is analysed and partially translated. Finally, attention is 
called to an essay on phosphorescence that Christian G. Kratzenstein 
wrote in 1754, the first of his many contributions to the proceedings of 
the Royal Danish Academy of Sciences and Letters.
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Full many a glorious morning have I seen 
Flatter the mountain-tops with sovereign eye, 
Kissing with golden face the meadows green, 
Gilding pale streams with heavenly alchemy.

(Shakespeare, Sonnet 33)

Verschwind in Flammen,
Salamander!

Rauschend fließe zusammen,
Undene!

Leucht in Meteoren-Schöne,
Sylphe!

(Goethe, Faust, part I)



1. Introduction

Each of the 100 or so chemical elements has its own interesting history, 
which in many cases has been of profound importance to the economic 
and cultural developments that have shaped world history or national 
histories. Denmark, or before 1814 Denmark-Norway, has only a small 
share in this branch of chemical history, most notably in connection 
with the metallic elements of atomic numbers 13 (aluminium) og 72 
(hafnium). Whereas impure aluminium was first isolated from alumi
nous earth by H. C. Ørsted in 1825,1 the element hafnium was discov
ered in Copenhagen as late as 1923, at Niels Bohr’s institute of theoret
ical physics. However, in the latter case none of the discoverers, George 
Hevesy and Dirk Coster, were Danes.2 Hafnium was the first element 
ever which was identified by its atomic number, a defining property of 
a chemical element that had been discovered only a decade earlier.

The subject of the present communication is phosphorescent sub
stances, and more specifically the early history of phosphorus. This ele
ment, number 15 in the periodic system, belongs to the seventeenth 
century, hence to a time when the modem notion of a chemical element 
(not to mention the atomic number) had no meaning. Although no Dane 
contributed to the process that led to the recognition of elemental phos
phorus in the 1670s, it is worthwhile to trace how the history and pre
history of phosphorus have interacted with Danish natural philosophy 
during the century. The period from about 1640 to 1680 has often been 
described as the first golden age of Danish natural philosophy, and so it 
should be no surprise that Danish scientists and philosophers took an 
early and active interest in the remarkable properties of phosphorescent 
substances. Among other things, the account that follows illuminates 
how international developments in natural philosophy were received 
and absorbed in a national context during the period of the Scientific 
Revolution. Although the paper is basically limited to the sevententh

1 J. Fogh, “Über die Entdeckung des Aluminium durch Oersted im Jahre 1825,” Det kgl. 
Danske Vidensk. Selsk., Mat.-Fys. Medd. Ill, 14 (1920), 1-17. Hans H. Kjølsen, Fra Ski
denstræde til H. C. Ørsted Institutet (Copenhagen: Gjellerup, 1965), pp. 102-121.
2 Hevesy was Hungarian, and Coster was Dutch. A detailed account of the discovery of 
hafnium is given in H. Kragh, “Niels Bohr’s second atomic theory,” Historical Studies in 
the Physical Sciences 10 (1979), 123-186. See also H. Kragh, “Anatomy of a priority con
flict: The case of element 72,” Centaurus 23 (1980), 275-301.
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century, in the final section I briefly discuss a somewhat forgotten trea
tise from the following century, written by the German-Danish experi
mental philosopher and medical doctor C. G. Kratzenstein. This work, 
an attempt to systematize the knowledge of phosphorescent bodies 
within the framework of phlogiston-based chemistry, is of interest in 
itself but also illustrates how little progress had been made in the field 
of phosphors after a century of research.

It may be useful to mention the modem meanings of what in the sev
enteenth century was often referred to collectively as “phosphores
cence”. Fluorescence, a name coined by George Gabriel Stokes in the 
mid-nineteenth century,3 denotes a process whereby absorption of opti
cal energy is followed by an emission of light at longer wavelengths, 
hence smaller frequencies (Stoke’s law). Atomic electrons are excited 
from the ground state to a higher level, but decay to an energy level 
above the ground state. What were called phosphors in the seventeenth 
century were often fluorescent minerals which absorb the ultraviolet 
parts of sunlight and emit them in the visible spectrum. In its modem 
meaning, phosphorescence is closely related to fluorescence and 
mainly differs from it by the way in which the photonically excited 
electrons decay. Whereas in fluorescence the excited atom almost 
immediately decays to a lower energy state, in phosphorescence in can 
remain in the excited state for some period of time.

Luminescence generally means just emission of light. The name is 
fairly recent, used for the first time in 1888 by the German experimen
tal physicist Eilhardt Wiedemann.4 In chemiluminescence, the process 
occurs when reaction products of a material and its surroundings are 
formed in excited states. As the energy derives from a chemical reac
tion, the phenomenon does not require any previous exposure to radia
tion or mechanical action. Neither fluorescence nor phosphorescence 
are chemical processes, properly speaking, and so they can appear in 
vacuum as well as in air. The effect of phosphorus, on the other hand, is 
a chemiluminescent property that depends essentially on the presence 
of oxygen and water molecules. In a perfect vacuum, a piece of phos
phorus will remain optically inactive. From a chemical point of view, 
bioluminescence is not a separate process, but merely denotes the emis-

3 G. G. Stokes, “On the change of refrangibility of light,” Philosophical Transactions 
143 (1853), 385-396.
4 E. Wiedemann, “Über Fluoroscenz und Phosporoscenz,” Annalen der Physik 34 
(1888), 446-449.
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sion of light in living organisms. Although the involved biochemical 
processes differ, in all cases chemical energy is transformed to light 
with practically no waste in form of heat. Many, but not all cases of bio
luminescence have a bacterial origin and are rooted in enzymatic pro
cesses involving luciferase, an enzyme.

In addition to these types of luminescence, a variety of other names 
have been used in connection with more special phenomena. Thus ther
moluminescence denotes the liberation of light energy, previously 
stored in a mineral, by means of heating it to relative low temperatures. 
Triboluminescence is low-energy emission of light caused by rubbing 
or pressing a material. In the latter case, it is sometimes called piezolu
minescence. In crystalloluminescence, the light appears when solutions 
form crystals, and in lyoluminescence when crystals are dissolved in a 
liquid. Finally, electroluminescence, of which northern light is an 
example, denotes light resulting from natural electrical discharges.



2. Historiographical considerations

First a note on terminology. It is largely accepted today that in English 
writing one should avoid, or at least be very careful with using, terms 
such as “scientist” and “physicist” when it comes to the period of the 
Scientific Revolution. The problem is not only that the word “scientist” 
did not exist at the time, but that use of it too easily brings associations 
to a concept that does not cover the reality of the period.5 The people 
who pioneered the study of phosphorus and luminous stones, from 
Bartholin to Leibniz, cannot adequately be characterized as scientists. 
They were natural philosophers, or perhaps savants or virtuosi. Like
wise, although “physics” existed on the Continent, and “physick” can 
be met in England, it was with a very different meaning than the word 
has today; and to call a seventeenth-century natural philosopher a 
“physicist” makes little sense. It is generally agreed that it is better to 
speak of “experimental philosophy”, a term which is preferable up to 
about 1800, when the modem meaning af “physics” slowly began to 
emerge.

In this essay, I distinguish between the frequently used terms “phos
phor” and “phosphorus”. A phosphor is what in the period typically was 
called a shining or phosphorescent substance, that is, a body that emits 
light by itself. Phosphorus, on the other hand, refers specifically to what 
came to be recognized as the chemical element of that name. Thus, 
whereas phosphorus is a phosphor, most phosphors are not phosphorus. 
I sometimes use the term “elemental phoshor(us)” to distinguish the 
chemical element from other types of phosphors, but it should be clear 
that this is, strictly speaking, an anachronism insofar that no-one in the 
seventeenth century thought of phosphorus as an elementary substance 
in the sense that we today associate with the name.

In writing the history of a chemical element it is tempting to start 
with modern knowledge and then go back in time to see when the ele
ment was first discovered, which in he present case would bring us back 
to the year 1669, or perhaps a few years later. However, such a presen- 
tist approach is clearly unreasonable as it disregards the context of the

5 “Scientist” was invented in the 1830s by William Whewell. See Sidney Ross, “Scien
tist: The story of a word,” Annals of Science 18 (1962), 65-86.
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past. When Hennig Brand made his chance discovery, phosphors were 
well known and the new phosphor(us) considered to belong to the same 
class of substances as shining stones or plants. In order to understand 
how phosphorus was received and thought of, it is necessary to include 
in the discovery history also the organic and inorganic phosphors which 
at the time attracted so much attention.6 From a contextualist point of 
view, until the 1680s these cannot be sharply separated from the true 
phosphorus and therefore belongs to the element’s natural history.

Whereas the substance phosphorus was discovered by Brand in 
1669, this was not the case with the chemical element phosphorus. Only 
with the recognition that phosphorus is indeed an element, namely in 
the sense of being non-decomposable by chemical means, could it be 
argued that Brand had unknowingly made a discovery of an element. In 
general, a person makes a discovery of X if he or she finds that X exists 
or is the case, and if the finding is made publicly known (or is known to 
the relevant scientific community). But to discover X involves more 
than merely observing X in a neutral sense, it also includes that it must 
be identified as X, and consequently discoveries cannot be fully sepa
rated from theoretical or interpretive views.7 Had Brand not recognized 
that he had produced something new and exciting, although he did not 
know what, he would not qualify as a discoverer.

The chemist Edmond Rancke-Madsen has specifically discussed the 
discovery of chemical elements and argued that two conditions must be 
fulfilled if a person shall be credited as the discoverer of an element.8 
First, he must have observed the existence of a new substance, which 
he, or later scientists, recognize to be elemental. Second, he must have 
published the discovery or otherwise made it known to his professional 
colleagues. The first condition, reasonable as it is, not only means that a 
certain event may acquire the status of discovery only long time after it 
occurred, but also that a discovery one day may be dediscovered, that 
is, turned into a non-discovery. There are many examples in the history

6 Standard histories of the chemical elements rarely give this context, but only briefly 
mention luminous stones as introduction to the true phosphorus. See, for example, Mary 
E. Weeks, Discovery of the Elements (Easton, Pa.: Journal of Chemical Education, 1968) 
and N. Figurowski, Die Entdeckung der Chemischen Elemente und der Ursprung ihrer 
Namen (Cologne: Aulis Verlag, 1981).
7 A fuller discussion can be found in Thomas Nickles, ed., Scientific Discovery, Logic 
and Rationality (Dordrecht: Kluwer, 1980).
8 E. Rancke-Madsen, “The discovery of an element,” Centaurus 19 (1976), 299-313.
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of science of both phenomena, reflecting that the notion of a chemical 
element has been subject of several changes, even in modem times.9

Although Brand did not publish his discovery, and the second condi
tion thus is not fulfilled, Rancke-Madsen admits that it would be artifi
cial for this reason to deny Brand the credit of discoverer. Phosphorus is 
the first element to which a discoverer’s name and an approximate date 
can be attached, and the “effective discoverer” was Brand. It has been 
suggested that a certain recipe given by Paracelsus in his Archidoxo- 
rum, starting with distillation of urine and ending with “icicles which 
are the element of fire,” may possibly have resulted in elemental phos
phorus.10 But, even if it could be proved that Paracelsus had known how 
to make phosphorus -  unlikely as it seems -  still he would not count as 
a discoverer. The same holds for other early and even less likely candi
dates, such as Roger Bacon, who according to Herman Boerhaave 
“mentions a sort of inextinguishable fire, prepared by art; which shews, 
he was not unacquainted with phosphorus.”11

If the word “physicist” is inappropriate in the context of the seven
teenth century, what about “chemist” and “chemistry”? Here the situa
tion is different, for both words were in use in the period. On the other 
hand, “alchemist” and “alchemy” were also used, and these are gener
ally taken to have very different connotations. The discovery of phos
phorus is traditionally taken to be the result of an alchemist’s misguided 
search for the philosopher’s stone, whereas much of the later research, 
and that of Robert Boyle in particular, belongs to chemistry proper. The 
question of whether the people who were involved in producing and 
investigating phosphorus and other phosphors should be called che
mists or alchemists is just one aspect of the more general discussion 
about the historiography of alchemy, which has recently taken a new 
turn. Lawrence Principe and William Newman, in particular, have 
argued that the field needs to be reconsidered and that much of the older 
historiography is based on mistaken assumptions.12 It may be useful to

9 H. Kragh, “Conceptual changes in chemistry: The notion of a chemical element, ca. 
1900-1925,” Studies in the History and Philosophy of Modem Physics 31 (2000), 435- 
450. See also Fritz A. Paneth, “The epistemological status of the chemical concept of ele
ment,” British Journal for the Philosophy o f Science 13 (1962), 1-14, 144-160.
10 F. M. Crass, “A history of the match industry,” Journal of Chemical Education 18 
(1941), 116-119.
11 H. Boerhaave, A New Method of Chemistry (London, 1727), vol. 1, p. 17.
12 William R. Newman and Lawrence M. Principe, “Alchemy vs. chemistry: The etymo
logical origins of a historiographical mistake,” Early Science and Medicine 3 (1998), 32-65.
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give a summary account of some of the key problems in the historiog
raphy of seventeenth-century alchemy and chemistry.

Until fairly recently it has been generally been taken for granted that 
chemistry and alchemy before the eighteenth century were separate and 
even incompatible activities. Whereas the latter was considered occult 
and either non- or prescientific, the former was an experimental sci
ence. Moreover, it has been assumed that such a distinction was 
accepted also by natural philosophers and laboratory practitioners in the 
seventeenth century, and that a revolt against alchemy was an important 
feature of the Scientific Revolution. The presentist-coloured view that 
the change from alchemy to chemistry marks a discontinuity in the 
development of science is an invention of the age of enlightenment, but 
it is still broadly accepted. George Sarton, often called the founding 
father of modem history of science, flatly denied that alchemy could be 
of any scientific worth. As he wrote in 1950, “The alchemists began 
with self-deception and ... piled up new fantasies upon the old ones; 
they were fools or knaves or more often a combination of both in vari
ous proportions.”13 And Marco Beretta, writing in 1993, recommends 
“to stop regarding alchemy as a scientific or experimental endeavour.”14 
But what is alchemy and in which ways is it supposed to contrast with 
chemistry? Here are some of the standard answers that, explicitly or 
implicitly, can be found in much of the historical literature (note that 
they do not form a coherent whole; thus (ii) and (v) are not easily re
concilable):

(i) Alchemy was organic and vitalistic, contrary to the new, Cartesian- 
inspired chemistry with its mechanistic and corpuscularian basis.

(ii) The true objective of alchemy was not to gain insight in the struc
ture of matter or the laws of nature, but was man himself and his 
relation to God. It was basically self-illuminating, a spiritual and 
psychic quest.

(iii) On the sociological level, alchemy was an arcane activity deliber
ately formulated in a language of secrecy that would allow only 
adepts to enter it. Contrarywise, the new chemistry followed Baco
nian ideals of openness and public communication.

13 G. Sarton, “Boyle and Bayle: The sceptical chemist and the sceptical historian,” 
Chymia 3 (1950), 153-189, on p. 162.
14 M. Beretta, The Enlightenment o f  Matter: The Definition o f  Chemistry from  Agricola 
to Lavoisier (Canton: Science History Publications, 1993), p. 331.
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(iv) Alchemy was admittedly experimental, but its practitioners had no 
clear idea what they did in their laboratories and their results were 
rarely reproducible. They mixed things together, heated them and 
observed what happened. Alchemical experiments were neither 
controllable nor guided by testable hypotheses.

(v) Alchemy was primarily concerned with metallic transformations, 
particular the art of gold making, chrysopoeia (but also the elixir of 
life was an important goal). Latest by 1750 it had become common 
to equate alchemy with attempts, often fraudulent, to transmute 
base metals into silver or gold. The new generation of seventeenth- 
century chemists, such as Nicolas Lemery in the later editions of 
his Cours de Chymie, denied the possibility of gold making.

Principe and Newman, to my mind convincingly, criticize most of these 
claims. Thus, alchemical theories were frequently corpuscularian and 
did not necessarily clash with the mechanistic ideal. They often had a 
vitalistic flavour, but there are enough of exceptions to prove that the 
loose concept of “vitalism” cannot serve as a defining feature of 
alchemy. With regard to (ii), a view which has been influentially cham
pioned by the psychologist Carl Jung, it is a gross distortion.15 The 
majority of alchemists manipulated material objects, apparatus and 
chemicals in their laboratories, and they did so to reach material goals 
or to gain insight in nature. This is not to deny that there was a spiritual 
(and religious) component in alchemy, which there clearly was, but 
such a component can be found all over in early modern natural philos
ophy and not exclusively in “pseudosciences” such as alchemy and 
astrology. The point is that alchemy was not essentially esoteric, not a 
spiritual activity where chemical manipulations were merely covers or 
symbols of psychic processes. The esoteric view of alchemy is a later 
invention that cannot be found significantly in the seventeenth century.

As far as experiments are concerned, alchemists did use hypotheses 
as guides in their works and they were deeply interested in particular 
facts, objects and processes, not only in nature’s regular patterns such 
as emphasized by traditional Aristotelianism.16 They actively and sys-

15 L. M. Principe and W. R. Newman, “Some problems with the historiography of alche
my,” pp. 385-431 in William R. Newman and Anthony Grafton, eds., Secrets o f  Nature: A s
trology and Alchemy in Early Modem Europe (Cambridge, Mass.: MIT Press, 2001).
16 W. Newman, “The place of alchemy in the current literature on experiment,” pp. 9-33 
in Michael Heidelberger and Friedrich Steinle, eds., Experimental Essays -  Versuche zum 
Experiment (Baden-Baden: Nomos, 1998).
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tematically meddled with natural processes, much in the way recom
mended by Francis Bacon and other heralds of experimental natural 
philosophy. Moreover, they were not unconcerned with accuracy and 
reproducibility, which is underscored by the fact that many of their 
experiments can be reproduced in the laboratory even today.17

Just as little as it is justified to restrict alchemy to spirituality can it be 
restricted to gold making. Chrysopoeia occupied an important position 
in alchemy, but making of gold was far from the only goal and it cannot 
be applied as a criterion of demarcation. Transmutation of metals was 
an art that was eagerly cultivated by chemists and alchemists alike. 
There are many “chemical” texts on the making of gold, and conversely 
there are “alchemical” works that disregard the art (Libavius’ Alchemia 
of 1597 is a well known example). Only in the eighteenth century did 
alchemy begin to be identified with dubious attempts to make gold and 
in this way to be separated from chemistry.

To sum up, it seems extremely difficult to establish a firm boundary 
between seventeenth-century chemistry and alchemy based on internal 
criteria, and it becomes even more difficult when it is realized that the 
actors themselves did not consistently differentiate between the terms. 
By and large, “alchemy” and “chemistry” were used synonymously 
until the end of the century. This does not mean that alchemy was a sci
ence in our sense of the term, but by the standards of the seventeenth 
century it cannot be easily separated from the puportedly more scien
tific chemistry. This has caused Principe and Newman to suggest not to 
refer to either “chemistry” or “alchemy” but to return to the older name 
chymistry (and chymist) as a more inclusive and helpful term. Although 
I have sympathy for the suggestion, in this essay I shall mostly refer to 
“chemistry”, although in most cases it should be taken in the meaning 
of chymistry. What matters in the present context is that the people who 
investigated the manufacture and properties of the new phosphors in the 
latter half of the seventeenth century were alchemists and chemists, 
chymists indeed. There were differences in their attitudes, of course, but 
the early history of phosphorus is not a story of how the obscure 
alchemist Brand happened to find a shining substance which then was 
investigated scientifically by chemists such as Kunckel and Boyle.

17 L. M. Principe, “Apparatus and reproducibility in alchemy,” pp. 55-74 in Frederic L. 
Holmes and Trevor H. Levere, eds., Instruments and Experimentation in the History of 
Chemistry (Cambridge, Mass.: MIT Press, 2000).



3. Lapis solaris and other 
luminescent bodies

In 1602, an obscure shoemaker and part-time alchemist of Bologna, 
Vincenzo Casciarolo, found during a trip to the nearby Monte Pademo 
a stone that exhibited most remarkable properties. The stone, after 
being prepared by strong heating, turned out to be a lapis Solaris that 
stored sunlight and later emitted it in the dark.18 Because it absorbed 
light, much like a sponge absorbs water, Casciarolo reportedly named it 
spongia solis. Later authors in the seventeenth century suggested many 
other names, including lapis lucifer, lapis Bononensis, spongia lucis, 
and -  in honour of its discoverer -  lapis casciarolanus. Whatever its 
name, the stone from Bologna caused a sensation, not only because it 
was widely believed that it had alchemical powers but also because the 
stone’s light was “cold” and thus contradicted the customary associa
tion between light and heat. In modern terms, the Bononian stone was 
the first recorded example of inorganic phosphorescence proper.

Knowledge of the stone, if not always of its preparation, spread 
rapidly, first and foremost in Italy. In a book published in 1612, Cesare 
La Galla, a professor at the Collegio Romano, mentioned its properties, 
and in 1625 a detailed account of methods of preparation was given by 
the French paracelsian physician Petrus Poterius (Pierre Potier) in his 
Pharmacopea spagyrica. The fullest, if by no means clearest, account 
was provided in a monograph of 1640 written by Fortunio Liceti, who 
at the time served as professor in Bologna. His Litheosphorous sive de 
lapide Bononensis quickly became recognized as the authoritative book 
on the subject, although many of his claims were disputed, some of 
them heatedly.19 Numerous other authors followed in the wake of

18 For comprehensive historical accounts of the Bologna stone and related luminescent 
phenomena, including references to the primary sources, see Susana Gomez, “The 
Bologna stone and the nature of light,” Nuncius 6 , no. 2 (1991), 1-32 and E. Newton Har
vey, A History o f Luminescence: From the Earliest Times Until 1900 (Philadelphia: 
American Philosophical Society, 1957), pp. 94-95, 306-320. See also the survey in Odin 
T. Christensen, “Fosforescerende stoffer, lysfarver og lysstene,” Fysisk Tidsskrift 5 (1906- 
07), 157-171, and www.levity.com/alchemy/luminous.html.
19 Galileo was among those who did not accept Liceti’s claims. As an old man he got 
involved in a controversy with the Aristotelian Liceti, who claimed that the light of the 
moon belonged to the same class as that emitted from the Bologna stone, that is, was due

http://www.levity.com/alchemy/luminous.html
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Licetis’ book, several of them offering speculative theories concerning 
the origin and nature of the mysterious light. For example, in 1641 the 
Jesuit scholar Athanasius Kircher published his Magues sive de arte 
magnética in which he suggested that the stone was a kind of magnet, 
acting on light in about the same way as an ordinary magnet acted on 
pieces of iron.

Latest by the time of publication of Kircher’s book, the Bononian 
stone was known also among Danish scholars, many of whom had stud
ied in Northern Italy and maintained correspondence with Italian natu
ral philosophers after they returned to Denmark. We may get an indica
tion of the dissemination of knowledge of the luminous stone from the 
Chaos manuscript, the detailed study diary that young Steno (Niels 
Stensen) kept during the spring and early summer of 1659.20 His 
sources were the books of Kircher, Poterius and Liceti, although he 
only refers directly to the latter. In accordance with Kircher, he writes 
that the Bologna stone is “a certain gypso-sulphuroselenetic mass 
mixed with much arsenic, antimony and blue vitriol.” As to the prepara
tion of the active substance, he follows Poterius. If the stone is pure, he 
says, it just needs to be calcined in an oven, but if it is impure its pow
der should be repeatedly “mixed with white of egg or plain water or 
flax oil.” As Steno continues, “Thus prepared it should be laid in certain 
small cases or boxes and with the box exposed to sunlight or daylight or 
also to twilight or to strong fire with lighted torches during a quarter of 
an hour, then brought into the dark. When the case has been opened, it 
will shine like a live coal though not more than an hour ...” With regard 
to the explanation of the phenomenon he quotes from Kircher’s Magnes 
sive de arte magnética, including its analogy between magnetism and 
luminescence.

Although by the early 1640s knowledge of the Bononian stone was 
widespread, samples of the coveted stone were rarely found in the 
museums and cabinets of Northern Europe. As late as 1666 no samples

to phosphorescence. Galileo of course believed that the moon reflected sunlight from the 
earth. For the controversy, which concerned the question of the traditional worldview and 
in which the Bologna stone played only a minor role, see, e.g., Stillman Drake, Galileo at 
Work: His Scientific Biography (Chicago: University of Chicago Press, 1978), pp. 405- 
412.
20 Chaos. Niels Stensen’s Chaos-Manuscript, Copenhagen 1659, translated and anno
tated by August Ziggelaar (Copenhagen: The Danish National Library of Science and 
Medicine, 1997), pp. 133-134.
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of the prepared stone existed in England. An anonymous note in Philo
sophical Transactions, possibly written by Boyle, complained that the 
secret of preparing the stone was known only to “an Ecclesiastick who 
is now dead, without having left that skill of his to any one.”21 No won
der that the polymath and avid collector Ole Worm in Copenhagen took 
an interest in the subject and wanted to secure a sample of the Bologna 
stone for his museum. For this purpose, and also to obtain a copy of 
Liceti’s book, he mobilized his young relatives who were on extended 
study tours abroad, namely, Henrik Fuiren and his two cousins Bertel 
and Thomas Bartholin. On November 13, 1644, he wrote to Fuiren, 
who at the time stayed in Padua, that he knew about the Bologna stone 
from Poterius and Kircher but had not yet seen Liceti’s work: “In the 
third book, chapter 4, of his investigation on the magnet, Kircher calls it 
‘phosphor’ or ‘luminaris’ and quotes Liceti’s little book Litheosphorus: 
He offers an excellent account of it, which has made my mouth water, 
so I have an immense desire to own it as a superb adornment for my 
museum -  which I trust I can achieve through you. But I yearn even 
more to obtain it in an unprepared state, as I believe that it is also to be 
found in our Norwegian mines, which I cannot be sure of before I have 
compared it with ours.”22

Worm seems to have received his Bononian stone and Kircher’s book 
through Bertel Bartholin, who brought them with him when in 1645 he 
returned from Amsterdam to Copenhagen. In 1647 Worm reported to 
his compatriot, the physician Henrik Kpster, then staying in Venice, 
about his “shining stone [which] is quite the same as Poterius describes, 
and it has the very same properties. I have a raw one as well as one 
which is prepared; the latter has now weakened and no longer attracts 
the light. For it does not keep its powers for more than two years.”23 
Worm described his sample of the Bologna stone in his posthumously

21 Philosophical Transactions 2, no. 21 (1666), 375. Given that several detailed recipes 
existed at the time, and that Worm apparently had no problems in preparing the stone, the 
complaint is somewhat surprising. The “Ecclesiastick” may have been La Galla.
22 Breve fra og til Ole Worm, translated by H. D. Schepelem (Copenhagen: Munksgaard, 
1965-68), vol. 3, pp. 60-61. Liceti’s “little book” covered 280 pages. The Norwegian 
mines referred to by Worm was undoubtedly the Kongsberg silver mines, founded in 
1623 on the initiative of the king, Christian IV. Worm’s museum included several miner
als from Kongsberg.
23 Ibid., p. 283.
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published Museum Wormianum, where he also announced a recipe for 
eye drops partially based on the stone.24

Ole Worm’s interest in the rare phosphoric stone was undoubtedly 
indebted to his protegé Thomas Bartholin, who by 1641 had begun 
preparing a treatise on the luminescent properties of living bodies. 
Young Bartholin, bom in 1616 as the son of the medical professor Cas
par Bartholin, would soon make his name as one of Europe’s most dis
tinguished anatomists, but at the time he was still learning and eager to 
absorb all kinds of knowledge, whether anatomical or not.25 His educa
tional travel lasted nearly ten years and brought him to all the major 
centres of learning, including Leiden, Padua, Paris, Basle, Montpellier, 
and Rome. Bartholin, who in 1643 had met with Liceti in Padua, was 
well acquainted with the stone, but his main interest was the light that 
sometimes emanated from organic substances, including humans. In the 
book on the subject that he published in Leiden in 1647, De luce ani- 
malium libri III, he only mentioned the Bologna stone rather casually.

When young Bartholin took up the matter, knowledge of the lumi
nescence of living substances was far from new. Thus, in 1555 the 
Swiss physician and naturalist Conrad Gessner published the first book 
ever devoted to luminous stones, animals and, in particular, plants. A 
second edition of Gessner’s book, often referred to by its abbreviated 
title De lunariis, appeared in 1669, published in Copenhagen by 
Thomas Bartholin and bound with a new edition of his own book, now 
retitled De luce hominum et brutorum. Whereas Bartholin covered all 
forms of luminiscent phenomena, Gessner’s work focused on plants, 
such as indicated by its full title, which in translation reads, A short 
treatise on rare and marvelous plants that are called lunar because they 
shine at night and incidentally on other things which shine in darkness.

24 Ole Worm, Museum Wormianum seu historia rerum rariorum (Leiden, 1655), p. 47 
and p. 88. H. D. Schepelem, Museum Wormianum (Copenhagen: Wormianum, 1971), p. 
225 and p. 238. On Worm and his museum, see also Jole Shackelford, “Documenting the 
factual and the artifactual: Ole Worm and public knowledge,” Endeavour 23, no. 2 
(1999), 65-71 and H. D. Schepelem, “Natural philosophers and princely collectors: 
Worm, Paludanus, and the Gottorp and Copenhagen collections,” pp. 167-176 in Oliver 
Impey and Arthur MacGregor, eds., The Origins of Museums: The Cabinet o f Curiosities 
in Sixteenth- and Seventeenth-Century Europe (New York: House of Stratus, 1985). 
According to Newton Harvey, History o f Luminescence, p. 313, except for its generally 
admitted ability to remove hair, the Bononian phosphor was not much used in medicine.
25 Valdemar Meisen, Prominent Danish Scientists Through the Ages (Copenhagen: 
Levin & Munksgaard, 1932), pp. 25-28. Dictionary of Scientific Biography, vol. 1 (1970), 
pp. 482-483.
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Figure 1. Thomas Bartholin at age 35.

Bartholin’s interest in the subject was spurred by an observation he 
made in Montpellier in 1641 of a piece of lamb’s meat from which a 
white light emanated, a phenomenon that fascinated him and made him 
decide to write a small treatise on it.26 However, the project was greatly

26 Axel Garboe, Thomas Bartholin. Et Bidrag til Natur- og Lægevidenskabens Historie i 
det 17. Aarhundrede (Copenhagen: The Danish National Library of Science and 
Medicine, 1949), vol. 1, pp. 41-43. Christian C. A. Gosch, Udsigt over Danmarks Zoolo
giske Literatur, vol. 1.2 (Copenhagen: Otto Schwartz’s Efterfølger, 1873), pp. 54-55. 
Bartholin wanted to dedicate the work to his grandfather Thomas Fincke, see Breve til og 
fra Ole Worm, vol. 2, p. 298.
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delayed, mainly because he became engaged in preparing a new and 
extended edition of his father’s widely used textbook in anatomy, Insti- 
tutiones anatomicee . On the other hand, the delay also allowed Bar
tholin to greatly expand and broaden the scope of his work, which, 
when it finally appeared, had become a comprehensive book consisting 
of more than 400 pages that covered all aspects of luminescence known 
at the time. For half a century, De luce animalium was a much read and 
quoted work, not because of new important insights (of which there 
were none) but rather because of its erudition, comprehensiveness and 
massive compilation of material. According to E. Newton Harvey, “it 
describes every luminescent phenomenon known at that time whether 
real or imagined, organic or inorganic.”27 And, indeed, many of the phe
nomena that Bartholin referred to were imagined rather than real. Sev
eral of them were based on accounts in the Bible, whose literal author
ity he considered to be beyond question.

Bartholin gave a detailed account of luminous insects, known collec
tively as noctilucae, and made experiments with glow-worms. Earlier 
natural philosophers, including Julius Caesar Scaliger, had claimed that 
glow-worms could only shine while alive, and Bartholin wanted to 
check if this was correct. But his experiment was unsuccessful: “I tried 
to check on the truthfulness of this experiment [of Scaliger’s] and set 
aside a wingless noctiluca. But while I was waiting for the result it clev
erly escaped and with itself took away its light.” A few years later, sim
ilar experiments were also reported by the English spagyrical chemist 
John French, who in his The Art o f Distillation offered a recipe of how 
to make luminous water: “Take the tailes of Glo-wormes,” French 
wrote, “distill them in Balneo, pour the said water upon more fresh 
tailes of Glo-worms, do this foure or five times, and thou shalt have a 
most Luminous Water, by which thou maist see to read in the darkest 
night.” He continued, again in the style of Bartholin: “Some say this 
Water may be made of the Skins of Herring; and for ought I know it 
may be profitable enough: for I have heard that a shole of Herrings 
comming by a ship in the night have given a great light to all the 
ship.”28 Interest in luminous insects continued over the following

27 Newton Harvey, History o f Luminescence, p. 108, which includes on pp. 107-116 a 
detailed account of Bartholin’s book. Newton Harvey’s work is a goldmine of informa
tion on every aspect of luminescence, and I have made extensive use of it.
28 J. French, The Art o f Distillation (London, 1651), book 5, p. 133. This work can be 
found on the website mentioned in note 17.
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M turphm Jcu lp .

Figure 2. A flying glow-worm, reproduced as a plate to Richard Waller, “Obser
vations on the Cicindela Volans,” Philosophical Transactions 15, no. 167 
(1685), 841-845.

decades. For example, in 1685 Richard Waller, a Fellow of the Royal 
Society, examined flying glow-worms, referring to the views of both 
Scaliger and Bartholin (see figure 2).

At a few later ocassions, Bartholin would return to his youthful inter
est in luminous organic materials. In volume 2 of his Historiarum ana-
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tomicarum rariorum centuria, a collection of anatomical works pub
lished in six volumes 1654-1661, he pointed out that although putrefac
tion might be a necessary cause why flesh sometimes shine, it cannot be 
a necessary cause. In the tract De flammula cordis of 1667, where he 
discussed the structure and function of the heart, he resumed his study 
of luminous insects, fire-flies or what he called lampyrides. Also in his 
later collection of works in biblical medicine, De morbis Biblicis of 
1672, he would briefly return to some of the themes discussed in De 
luce animalium.29

Naturally, in connection with his attempt to explain the luminous 
phenomena, Bartholin, like other natural philosophers dealing with the 
subject, had to address the old question of the origin and nature of light 
itself. He concluded that light resides in all things and that it is a fifth 
element associated with matter in general and not merely with fire and 
its associated quality heat. We can follow some of his thoughts on the 
subject through his correspondence with Worm, his mentor and relative. 
For example, in 1643 he writes from Padua that light is a principle that 
is grafted in all humans and, like the soul, is transferred from parents to 
their descendants. Ultimately, he says, it has its origin in God’s creation 
of the world, when “the Creator made the light simultaneously with the 
composition of the other elements and grafted it in the bodies of the 
compositions made by them.”30

Worm did not deny the existence of shining animals, for he had him
self observed the luminous head of a dead fish, but he found Thomas 
Bartholin’s explanation to be unsatisfactory. After all, as he pointed out, 
if light is an element inherent in all matter, organic and inorganic, why 
does it only manifest itself so rarely and capriciously? In reply Bar
tholin offered various possibilities, including the suggestion that it 
might be due to differences in the surrounding air, in the intensity of 
light or in the composition of the bodies. If light was not created plenti
fully, it could not be everywhere but had to coalesce in certain parts. 
“Thus, not all parts of the heavens shine, but only those which kan be 
condensed into stars and comets. Neither does the Bologna stone 
always absorb the light and retain it, but only when it is prepared by 
comminution.”31

29 Thomas Bartholin, On Diseases in the Bible. A Medical Miscellany, 1672, edited by 
Johan Schioldann-Nielsen and Kurt Sørensen (Copenhagen: The Danish National Library 
of Science and Medicine, 1994), p. 42 and p. 48.
30 Breve til ogfra Ole Worm, vol. 2, p. 451.
31 Ibid., pp. 458-59, 469. Worm’s account of the shining fish appears in vol. 3, p. 173.
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In 1669, the same year that Gessner’s De lunarii and Bartholin’s De 
luce animalium appeared together in their second editions, the history 
of luminescence experienced an important change with the discovery of 
an entirely new kind of phosphor. Whereas Thomas Bartholin con
tributed prominently to the earlier history, when the focus was on natu
ral substances, no Danish natural philosopher was active in the change 
from phoshorous substances to the chemical element phosphorus.

Although other phosphorescent bodies were soon to catch the atten
tion of the natural philosophers, for a long time the Bononian stone con
tinued to fascinate scientists as well as poets. Authors of a romantic 
inclination, such as Goethe, Coleridge, and Keats, sang its praise. In his 
account of his visit to Bologna in October 1786, Goethe wrote that he 
“ritt nach Paderno, wo der sogenannte Bologneser Schwerspat gefun
den wird, woraus man die kleinen Kuchen bereitet, welche kalziniert im 
Dunkel leuchten, wenn sie vorher dem Lichte ausgesetzt gewesen, und 
man hier kurz und gut Fosfori nennt.... [Ich] fand zu meiner Freude den 
gesuchten Schwerspat häufig, meist in unvolkommener Eiform ... Das 
schwerste Stück, welches ich gefunden, wiegt siebzehn Lot.”32 In 
Goethe’s attempt to create an alternative to Newton’s theory of colours, 
as formulated most fully in his Farbenlehre, phosphorescent substances 
played an important role. For example, the poet included the observa
tion first made by Thomas Seebeck, that the phosphorescent properties 
of the Bologna stone and other phosphors depend on the colour of the 
light with which they are irradiated. Seebeck and Goethe effectively 
discovered the quenching effect of infrared and other long-wave radia
tion, a phenomenon which would only be understood much later.

32 Goethe, Italienische Reise, as quoted in Otto Kratz, Goethe und die Naturwis
senschaften (Munich: Callway, 1998), p. 61.



4. The discovery of a new phosphor

The discovery and earliest history of the element phosphorus -  the first 
example of artificial chemiluminescence -  is an exceedingly complex 
story that involved many actors and in which secrets, jealousies and 
greed were clearly of more importance than scientific curiosity.33 It is a 
history that defies most philosophical accounts of how discoveries are 
or ought to be made. Philosophy apart, the chance discovery was made 
by Hennig Brand (or Brandt), a Hamburg merchant and alchemist who 
in or about 1669 produced a white, waxy substance by distilling large 
amounts of male urine and heating the remaining paste. His product 
was even more remarkable than the stone from Bologna, for it shone 
constantly and did not need to be exposed to sunlight to exhibit its 
power. Hence it was sometimes known as the “constant phosphor”.

At the time Brand made his discovery, there was a long tradition for 
using urine in alchemical preparations. For example, urine was the 
basis for the preparation of several ammonium compounds (including 
sal ammoniac, NH4C1) and the “spirit of urine” was used as a solvent 
for copper.34 The strong volatility of ammonium carbonate, a compound 
that dissociates at room temperature according to (NH4)2C 03 —> NH3 + 
NH4HC03, was of particular interest to the alchemists. In his list of 
alchemical substances in Lexicon alchemice of 1612, the German iatro- 
chemist Martin Ruland included urina puerorum as the mercurial spirit 
derived from metals.35 The American-English alchemist George Star- 
key, who greatly influenced Boyle and also Newton, performed elabo
rate experiments with strong spirit of urine. He believed that the ammo
nium carbonate derived therefrom was an essential first step to the alka-

33 Newton Harvey, History o f Luminescence, pp. 119-121, 424-433. James R. Parting
ton, ‘The early history of phosphorus,” Science Progress 30 (1936), 402-412; J. R. Part
ington, A History o f Chemistry, vol. 2 (London: Macmillan, 1961), pp. 370-374, 542-545. 
Weeks, Discovery of the Elements, pp. 110-120. Claus Priesner, “Der Stein des Lichtes,” 
Spektrum der Wissenschaft, no. 3 (1995), 78-89. John Emsley, The Shocking History of 
Phosphorus (London: Pan Books, 2001).
34 Hermann Kopp, Geschichte der Chemie, part III (Braunschweig: Vieweg und Sohn, 
1845), pp. 236-246. In modem terminology, spirit of urine is a mixture of aqueous ammo
nia and ammonium carbonate.
35 M. Ruland, Lexicon alchemice sive dictionarium alchemisticum, reprint of 1612 edi
tion (Hildesheim: Georg Olms Verlagsbuchhandlung, 1964), p. 483.
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hest, the supposed universal solvent that would dissolve all bodies in 
their constituent parts.36 Given this interest in urine, it is unsurprising 
that Brand started with the waste liquid in his search for a metal-trans
muting substance.

Brand did not describe his discovery publicly and it only became 
known several years later, after he had shown the luminous substance to 
Johann Kunckel, a chemist employed at the laboratory of the Saxon 
court in Dresden.37 Kunckel, whose meeting with Brand was accidental, 
had recently learnt the secret of another artificial phosphor which was 
similar to the one prepared from the Bologna stone. In 1673, Christoph 
Adolph Baldewein (Baldouin) had prepared from chalk and nitric acid, 
and possibly also sulphur, a phosphorus hermeticus which emitted a 
light as bright and beautiful as that produced by the Bologna phosphor. 
He found his luminous substance serendipitously, while trying to pre
pare the alkahest. He believed that the moon was essentially of the same 
nature as his stone, namely, a huge phosphor that absorbed sunlight dur
ing the day and emitted it during the night.

Baldewein sent a sample of his hermetic phosphor to the Royal Soci
ety, where it was successfully tested in the presence of Charles II and 
made the German chemist a member of the learned society. As to the 
nature of the phosphor, Baldewein explained it to Henry Oldenburg, the 
secretary of Royal Society, in a language that reveals his roots in 
alchemy and Rosicrucian speculations: “There resides in this phospho
rus a real spark, indeed the inmost soul, of the fire and light of Nature 
and consequently of the innate and invisible philosophical fire, attract
ing by magnetic means the visible fire of the sun and emitting and 
throwing out in the dark its splendour in return.”38

Oldenburg passed on the information of Baldewein’s phosphor to

36 W. R. Newman, Gehennical Fire: The Lives of George Starkey, an American 
Alchemist in the Scientific Revolution (Cambridge, Mass.: Harvard University Press, 
1994), pp. 182-187. See also W. R. Newman and L. M. Principe, Alchemy Tried in the 
Fire: Starkey, Boyle, and the Fate of Helmontian Chymistry (Chicago: University of 
Chicago Press, 2003).
37 T. L. Davis, “Kunckel and the early history of phosphorus,” Journal of Chemical 
Education 4 (1927), 1105-1113. In 1693, at a time when he had stopped working with 
phosphorus, Kunckel was called to Stockholm to serve as counselor of metals under the 
king, Karl XI. While in Sweden, he was conferred the title Baron von Lowenstem.
38 A. Rupert Hall and Marie Boas Hall, eds., The Correspondence of Henry Oldenburg 
(London: Taylor & Francis, 1965-1986), vol. 13, p. 66.
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Newton, describing it as “a Factitious stony matter (not at all of ye lapis 
Bononiensis) wch, being for a litle while exposed to ye Day, or ye flame 
of a Candle, so imbibes ye light as to shine in the dark.” Newton 
politely expressed his interest in this “very extraordinary thing”, but 
had to admit that he was unable to provide a rational explanation of the 
phenomenon, such as Oldenburg had called for.39 Newton does not 
seem to have had much interest in phosphorus and did not return to the 
matter. In his extensive alchemical works phosphorus and phosphores
cent bodies played no role. Only in his Opticks did he refer to “the vul
gar Phosphorus agitated by the attrition of any Body, or by the acid Par
ticles of the Air” and also to other phosphorescent phenomena such as 
putrifying flesh, glow-worms and mercury agitated in the empty space 
of a barometer.40

Yet another phosphor was discovered by the German physician Jo
hann Sigismund Elsholtz, who in 1676 published an account of the then 
known four phosphors, De phosphoris quatuor observation.es. Apart 
from the Bologna phosphor, Baldewein’s phosphor and the Brand- 
Kunckel constant phosphor, Elsholtz reported the existence of a fluor
spar that shone when heated mildly. The new thermoluminescent min
eral was also known as the phosphorus smaragdinus.

Baldewein’s phosphor, which chemically was an impure calcium 
nitrate, attracted attention throughout Europe. Holger Jacobæus, a 
grandchild of Caspar Bartholin and a former student of Steno, was 
among those fascinated by the substance. Jacobæus had a doctoral 
degree from Leiden and in 1681 he was appointed professor of 
medicine at Copenhagen University, in which position he served until 
his death in 1701. In Denmark, he is perhaps best known for his prepa
ration of Museum regium, a splendid catalogue of the royal Kunstkam- 
mer that appeared in 1696. In volume 5 of Thomas Bartholin’s Acta 
medica et philosophia Hafniensia, he wrote an article on the new her
metic phosphor in which he referred to a series of experiments per
formed by Frederic Slare, a chemist associated with the Royal Society. 
Slare had prepared a phosphor of his own, possibly similar to 
Baldewein’s, and in the spring of 1679 it was examined by Robert

39 Oldenburg to Newton, January 2, 1677 and Newton to Oldenburg, February 19, 1677, 
in H. W. Turnbull, ed., The Correspondence of Isaac Newton, vol. 2 (Cambridge: Cam
bridge University Press, 1960), p. 189 and p. 194.
40 I. Newton, Opticks, 4th edn. of 1730 (New York: Dover Publications, 1952), p. 340.
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Hooke for the Royal Society.41 Marie Boas Hall assumes that Slare’s 
phosphor was the same as the German constant phosphorus, but the 
assumption seems unwarranted. The records merely state that the phos
phor was of Slare’s “own making ... a compound substance, and not like 
the Bononian stone.” 42 Although it worked well when exposed to sun
light, Hooke was perplexed that the light of the moon had no effect.

Jacobaeus was acquainted with Slare from his stay in London in 
1679, and there is little doubt that he related what Slare had shown or 
told him.43 As he recorded, Slare had found that the new phosphor, 
when placed in the void produced by Boyle’s air pump, did not lose its 
luminosity; on the contrary, it shone even more brightly.44 Jacobaeus 
also described that he had himself found and dissected an octopus that 
was unusually luminous. The more putrid, the more luminous it grew. 
And a black liquid that he extracted from the animal was luminous as 
well. Jacobaeus’ observation was one of the first records of a luminous 
cephalopod since antiquity, when Aristotle had mentioned a shining 
squid in his discussion of sensation, De sensu. Nearly a century later, 
the great natural philosopher Joseph Priestley considered the observa
tion important enough to include an account of it in his massive work 
on light and colours. In Priestley’s words: “Olig. Jacobaeus observes, 
that, upon opening a sea polypus, it was so luminous, as to startle sev
eral persons who saw it . ... The nails also, and the fingers of the persons 
who touched it became luminous, and the black liquor which issued

41 Thomas Birch, The History of the Royal Society o f London (London, 1756-57), vol. 3, 
pp. 481 and 485. On some of Slare’s chemical experiments, see F. Slare, “An account of 
some experiments made at several meetings at the Royal Society,” Philosophical Trans
actions 13, no. 150 (1683), 289-302.
42 Birch, History of the Royal Society, vol. 3, p. 475. M. B. Hall, “Frederick Slare, F.R.S. 
(1648-1727),” Notes and Records o f the Royal Society of London 46 (1992), 23-41.
43 Holger Jacobaeus, “De phosphore hermetico et sepiae luce,” Acta medica et philo- 
sophica Hafniensis 5 (1680), 282-283, with French translation in Collection Academique, 
Partie Étrangère 6 (1761), 433-434. For Jacobaeus’ acquaintance with Slare, see Vilhelm 
Maar, ed., Holger Jacobœus’ Rejsebog 1671-1692 (Copenhagen: Gyldendal, 1910), p. 
161.
44 In their experiments with the constant, urine-based phosphorus, both Boyle and Slare 
found that it shone brightly in the absence of air. However, other experiments indicated 
the necessity of air for luminescence. The question continued to occupy chemists for 
nearly two centuries (see Newton Harvey, A History of Luminescence, pp. 433-442). 
Although the luminescence of phosphorus is an oxidation process, hence impossible in a 
true vacuum, it depends on several other factors that make the interpretation of experi
mental results very difficult.
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from the animal, and which is its bile shone also, but with a very faint 
light.”45 Contrary to what has been stated in the historical literature,46 
Jacobaeus did not refer in his paper in Acta medica to the elemental or 
constant phosphor that Brand had discovered.

During his stay in London, Jacobaeus also met with the eminent com
parative anatomist Edward Tyson, with whom he had already commu
nicated by letter. An early member of the Royal Society, Tyson was 
among the first to systematically apply the medical tradition of dissec
tion to natural history, and was a pioneer in the study of marsupials. He 
was known in particular for his monograph Orang-Utan from 1669 in 
which he reported his dissection of a young chimpanzee. Tyson was at 
the time interested in pulmonary conditions in lower animals and in 
man, and Jacobaeus persuaded him to write an account of his observa
tions on the subject. As a result, Tyson wrote an account of five differ
ent cases which Jacobaeus brought with him back to Copenhagen, 
where he promptly communicated them to Thomas Bartholin, his uncle 
and founding editor of Acta medica. Tyson’s contributions appeared in 
the journal early in 1680, in the same volume where Jacobaeus had 
given his report on the hermetic phosphor.47

For a short period, Acta medica et philosophica Hafniensa played a 
significant role in Danish natural philosophy. It was the invention of 
Thomas Bartholin, who in the 1670s was the domineering figure in 
Danish natural philosophy and occupied a local position which, if on a 
smaller scale, can be compared with that of Oldenburg in England or 
Mersenne in France. Acta medica was not only one of the first scientific 
journals ever, and the first in Scandinavia, it was also distinguished 
because of its clear focus on medical, chemical and farmaceutical sub
jects. For these reasons it figures importantly in the history of early sci
entific communications.48

The first volume appeared in 1673, the second in 1675, the third and

45 Joseph Priestley, The History and Present State of Discoveries Relating to Vision, 
Light and Colours (London, 1772), p. 565.
46 Newton Harvey, History of Luminescence, p. 425 and p. 582.
47 Acta medica et philosophica Hafniensia 5 (1680), 88-95. On Jacobaeus and his friend
ship with Tyson, see M. F. Ashley Montagu, Edward Tyson, M.D., F.R.S., 1650-1708 
(Philadelphia: American Philosophical Society, 1943), pp. 69-70.
48 David A. Kronick, A History of Scientific and Technical Periodicals (New York: 
Scarecrow Press, 1962). A. J. Meadows, ed., Development o f  Science Publishing in 
Europe (Amsterdam: Elsevier, 1980). Marina Frasca-Spada and Nick Jardine, eds., Books 
and the Sciences in History (Cambridge: Cambridge University Press, 2000).
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fourth in 1677, and the fifth and last one in 1680, the year of Bartholin’s 
death. Written in Latin, it had a good international reputation and was 
known by scholars throughout learned Europe. For example, it was reg
ularly reviewed in Philosophical Transactions, Journal des Sçavans 
and other journals, and in the 1770s it was translated into French in the 
series Collection Académique. When the English diplomat Thomas 
Henshaw stayed in Copenhagen 1672-75, he received copies of the 
journal for the library of Royal Society, of which he was a member. “Yu 
will find some things will please yu, for it is a collection of severall new 
observations,” he told Oldenburg; “and yu will meet wth other other 
things [which] will move yr pitty for theyr insipidnesse.”49 Incidentally, 
Henshaw was not impressed with intellecual life in Copenhagen, a city 
which he described to Oldenburg as a “tedious place where I at least can 
fasten uppon no ingenious conversation.”

During its short period of existence, Acta medica served as an impor
tant vehicle of publication for Danish physicians and natural philoso
phers, including notabilities such as Steno, Borch, Simon Paulli and the 
Bartholin family. Altogether, 48 authors from the Danish-Norwegian 
twin monarchy published in the journal. Its focus was on medical and 
anatomical subjects, Thomas Bartholin’s main interests, but it also 
included many articles on chemical and pharmaceutical topics. A few of 
the contributions were travel reports or meteorological observations, 
whereas it did not include mathematics and astronomy. About half of its 
content was written by the ever-industrious Thomas Bartholin, and also 
Ole Borch contributed with a large number of articles, typically in the 
form of brief reports or “observations”. However, with the death of 
Bartholin the journal ceased to exist. Contrary to the situation in Lon
don and elsewhere in Europe, there was no scientific academy in Den
mark that could serve as foundation of ajournai (only in 1742 was the 
Royal Danish Academy established). An attempt to revive Acta medica 
was made in 1753, but only a single volume appeared.

After this digression, back to Kunckel, who after his meeting with 
Brand in Hamburg realized that the situation had changed. Brand’s sub
stance was even more spectacular, and might bring more economic 
reward, than Baldewein’s and Kunckel therefore sought to obtain from 
Brand his method of preparation. He either got the information from
Brand or independently found out how to make the new phosphor from

49 Hans H. Fussing and Mogens Pihl, “Breve fra Thomas Henshaw og Rasmus Bartholin 
til Royal Society i London 1672-75,” Danske Magazin 6, 7. rk (1955), 82-106.
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urine. At any rate, in March 1676 he made his first small amount of 
phosphorus by employing a modification of Brand’s method: by mixing 
the urine paste with fine sand before the final heating, he secured an 
increased yield. On Kunckel’s instigation, the Wittenberg professor 
Georg Caspar Kirchmeier published in the fall of the same year a brief 
account of the new substance, although Noctiluca constans et per vices 
fulgurans (as the title read) did not disclose how it was prepared. Two 
years later, in 1678, Kunckel gave a fuller account which was subse
quently included in his posthumously published Laboratorium chy- 
micum of 1716. In another dissertation on phosphorescent substances 
and the nature of light and fire, De phosphoris et natura lucis necnon de 
igne of 1680, Kirchmeier distinguished between Kunckel’s phosphorus 
and other phosphorescent bodies, such as the Bononian stone, Els- 
holtz’s emeraldine phosphor, and Baldewein’s phosphor. According to 
Kirchmeier, Baldewein’s phosphorescent mineral could be prepared 
also from nitre or sugar.

A third major actor in the discovery process, besides Brand and 
Kunckel, was Johan Daniel Krafft (or Kraft), who learned the secret of 
phosphorus either from Kunckel or possibly directly from Brand. 
Krafft, a chemist and commercial agent, eagerly advertised the “cold 
fire” which he demonstrated to the Elector of Brandenburg, Friedrich 
Wilhelm, in the spring of 1676 and later, in a series of startling experi
ments, to courts throughout Europe. In addition to Baldewein’s phos
phor, two more types of luminescence were recognized in 1675-76. As 
mentioned, Elsholtz discovered that a variety of fluorspar (an impure 
calcium fluoride) exhibited thermoluminescence; and the astronomer 
Jean Picard, one of the founding members of the Académie Royale des 
Sciences, recorded what was later recognized to be a case of electrolu
minescence, namely, that light was emitted above the mercury in his 
barometer when shaken. Incidentally, this was the same Picard who in 
1671 visited Hven, Tycho Brahe’s island, in order to determine its lon
gitude relative to Paris. As a result of Picard’s visit, young Ole Rømer 
left for Paris the following year and thus started the career that would 
make him one of Europe’s distinguished natural philosophers.

Understandably, for a period there was among natural philosophers a 
great deal of confusion with regard to the new substances and phenom
ena. In an attempt to keep track of the development, Oldenburg wrote in 
the March 1677 issue of Philosophical Transactions a brief account 
which included the reports he had received from his foreign correspon
dents. Phosphorus smaragdinus, he wrote, “collects its light not so
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much from the Sun-beams, or the illuminated Air, as from the Fire it 
self;” and phosphorus fulgurans, also known as the mercurial phosphor, 
“not only shineth in the dark, and communicates a sudden light to such 
bodies as ‘tis rubbed upon; but, being included in a Glass-wessel well 
closed, doth now and then fulgurate.”50

Confusing as the situation was, within a few weeks it became even 
more confusing. “There are many extravagant rumours now being cir
culated of some other discovery made in our Germany, which they 
qualify with the appellation of ‘unfailing noctiluca’,” Oldenburg wrote 
to Baldewein in April 1677, adding that he had no doubt that his corre
spondent was the inventor of “the genuine phosphorus.”51 Also Journal 
des Sçavans, in its issue of February 1682, attributed the discovery of 
phosphorus to Baldewein, wrongly claiming that he had communicated 
it in his Aurum superius et inferius aurae superioris et inférions Her- 
meticum of 1675.52 That the rumours from Germany were not, in fact, 
extravagant became clear in September 1677, when Krafft demon
strated the properties of his phosphorus before Robert Boyle and other 
members of the Royal Society. Boyle, who had earlier investigated nat
ural luminescence such as glow-worms and shining flesh, was much 
fascinated and immediately set to work himself.

In Germany, Gottfried Wilhelm Leibniz was no less infected by the 
phosphorus fever than Boyle was.53 Employed as historian and librarian 
to the Duke of Saxony, the philosopher had witnessed Krafft’s demon
stration in the spring of 1677 before the court of Hanover. As a conse
quence, he made contact with Brand in Hamburg and in 1678 brought 
him to Hanover to work as a ducal chemist. Here Brand prepared sup
plies of phosphorus and initiated Leibniz into the secrets of preparation. 
After 1682, Brand faded into obscurity, although Leibniz defended his

50 H. Oldenburg, “An account of four sorts of factitious shining substances,” Philosoph
ical Transactions 12, no. 133 (1677), 867.
51 Correspondence of Henry Oldenburg, vol. 13, p. 258. The phrase “our Germany” 
relates to Oldenburg’s native country. He was bom in Bremen and mainly stayed in Ger
many until he settled in England in 1653, at the age of 35.
52 Lynn Thorndike, History of Magic and Experimental Science, vol. 8 (New York: 
Columbia University Press, 1958), pp. 378-381.
53 Leibniz’s enduring occupation with phosphorus is fully documented in his correspon
dence with Brand, Krafft, Tschimhaus, Brandshagen and Huygens, appearing in Leibniz. 
Mathematischer, Naturwissenschaftlicher und Technischer Briefwechsel, vols. 2, 3 and 4 
(Berlin: Akademie-Verlag, 1987, 1991 and 1994). See also Hermann Peters, “Leibniz als 
Chemiker,” Archiv für die Geschichte der Naturwissenschaften und der Technik 7(1916), 
85-108, 220-235, 275-287.
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priority against the claims of Kunckel, Krafft and others. Leibniz com
municated the method of making phosphorus to his friend Count Ehren- 
fried Walter von Tschimhaus, whose account of the Brand-Leibniz pro
cess appeared in the 1683 edition of Nicolas Lemery’s important text
book Cours de Chymie, first published in 1675. An account of Kun- 
ckel’s method of making phosphorus appeared in 1692, written by the 
German-French natural philosopher Wilhelm Homberg, who had 
learned about the new phosphorus from Kunckel himself. Homberg had 
also seen the substance prepared by Boyle and made similar experi
ments before the Paris academy.54

According to the account of Leibniz, as he told it in his “Historia 
inventionis phosphori” appearing in Miscellanea Berolinensia in 1710 
(part 2, pp. 91-98), Brand was originally looking for a substance that 
would make it possible to transform base metals into silver. Leibniz 
seems to have been primarily interested in this process and initially to 
have considered the preparation of phosphorus less important. Only 
after Brand failed in producing his silver-making catalyst, did phospho
rus occupy centre stage.

Most later chemists ignored Brand’s role in the discovery process, or 
referred only anonymously to him, for example as “a crazy headed 
Alchemist, that was hunting after the Philosopher's Stone in Urine,” as 
Herman Boerhaave wrote.55 In a letter to Oldenburg, Leibniz gave a 
summary account of the history of phosphorus, discovered by “a certain 
German, a friend of Kraft’s, who communicated the matter on his 
behalf to Kunckel.” Leibniz stressed that the new substance was quite 
different from Baldewein’s phosphor: “It is certain that some [phospho
rus] stored away for two whole years had not yet lost the power to 
shine. Nor can it be doubted that if a sufficiently large mass were pre
pared it could afford an everlasting or at any rate extremely long lasting 
light for any use.”56

From a modem point of view, the interest that distinguished mathe
maticians and natural philosophers such as Leibniz, Boyle and Tschim
haus took in the manufacture of phosphorus may appear surprising. The 
Leibniz who eagerly sought the secret of how to make phosphorus from 
vast amounts of evil-smelling urine is not easily identifiable with the

54 W. Homberg, “Maniéré de faire le phosphore brûlant de Kunkel,” Mémoire de l ’A
cademie Royale de Sciences 10 (1692), 84-90.
55 H. Boerhaave, Elements o f Chemistry (London, 1735), vol. 1, p. 220.
56 Correspondence o f Henry Oldenburg, vol. 13, p. 271.
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canonical picture of the learned philosopher and mathematician. And 
yet, from a proper historical perspective there is no contradiction. This 
is seen even more clearly in the case of Tschimhaus, whose chemico- 
technical interests included not only phosphorus but also the manufac
ture of porcelain. Both substances were eagerly sought arcana. In fact, 
the histories of phosphorus and porcelain share some common ground. 
It was through Tschirnhaus that the alchemist Johann Friedrich Bottger 
was brought to the court in Dresden and subsequently to Albrechtsburg 
in Meissen, where he was put to work for Tschimhaus in his endeavours 
to manufacture the much coveted pure or hard porcelain. As a young 
man, Bottger had been introduced to the art of glass-making by none 
other than Johann Kunckel. The practical knowledge he obtained from 
Kunckel about high-temperature solid-state chemistry proved impor
tant in 1708, when he and Tschirnhaus finally succeeded in producing 
the first samples ever of European porcelain.57

57 August M. Engelhardt, J. F. Böttger, Erfinder des Sächsischen Porzellans (Leipzig: 
Barth, 1837). Klaus Hoffmann, Johann Friedrich Böttger: Von Alchemistengold zu Weis- 
sen Porzellan (Berlin: Verlag Neues Leben, 1985).



5. The English phosphor

While the process that led to the discovery of phosphorus was exclu
sively a German affair, from 1680 onward much of the development 
took place on British soil.58 This was primarily due to the work of 
Boyle, whose efforts to produce the luminous element were finally 
crowned with success on 30 September 1680. However, rather than 
communicating his method of preparation, he deposited it with the sec
retary of the Royal Society, and it was only published in 1693, after his 
death. After having distilled a large amount of urine, turned it into a 
thick paste, mixed it with white sand, and heated it in several stages, 
Boyle finally observed the desired substance to materialize in the 
receiver: “Last of all, the Fire being very vehement, there pass’d over 
another Substance ... whence being taken out, (and partly even whilst it 
stay’d there, it) appeared by several Effects, and other Phenomena, to 
be such a kind of Substance as we desired and expected.”59

The success was indebted to information that his German apprentice 
Ambrose Godfrey Hanckwitz -  who a few years later would pioneer the 
first ever commercial manufacture of phosphorus -  had obtained from 
Brand in Hamburg. Contrary to earlier workers, whose approach had 
largely been in the arcane, alchemical tradition, Boyle investigated 
phosphorus in the spirit of the new experimental philosophy and 
reported in plain language his series of experiments in two important 
monographs. The Aerial Noctiluca of 1681 and Observations Made 
Upon the Icy Noctiluca of 1682 were exhaustive accounts of the lumi
nescent substance and added much knowledge of its properties. As 
Boyle made clear, phosphorus could be prepared in three luminous 
states, gaseous or “aerial”, solid or “icy”, and as a liquid, mixed with 
oil. Boyle’s empiricist, non-alchemical rhetoric and style of writing, as 
exhibited in these works and also in his famous The Sceptical Chymist,

58 On the introduction and cultural meaning of phosphorus in England, see Jan V. Golin- 
ski, “A noble spectacle: Phosphorus and the public culture of science in the early Royal 
Society,” Isis 80 (1989), 11-39.
59 “A paper of the honourable Robert Boyl’s ... being an account of his making the phos
phorus, &c„” Philosophical Transactions 17, no. 196 (1693), 583-584.
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does not imply that he was foreign to alchemy. Quite the contrary, he 
was a lifelong alchemical devotee.60

Much of Boyle’s interest in phosphorus was related to his attempt to 
understand the nature of light, such as God had created it before he cre
ated the matter of the universe. He thought that the light from phosho- 
rus derived from some kind of agitation of fine matter particles, and that 
their trembling motions were transferred to the eye, possibly by the air. 
In The Aerial Noctiluca, he wrote: “The light of our noctilucas depends 
upon a peculiar and very brisk agitation of some minute particles of the 
shining matter, in point of bulk, shape, and contexture, peculiarly fitted 
to impel the contiguous aether to the bottom of our eyes; [I] think it not 
improbable, that the contact of fresh external air might contribute to this 
peculiar kind of agitation in the gummous noctiluca, as an helpful thing, 
and in the aerial noctiluca, as an almost necessary concurrent.” These 
were speculations, of course, and Boyle was eager to protect his self- 
fashioned image as an empiricist. He therefore added, “I forget, that my 
intention was to set down observations, not hypotheses.”61

The German-born Slare was an important if now somewhat forgotten 
figure in the experiments of the early Royal Society, where he worked 
as Boyle’s assistant and in 1680 was admitted Fellow. It is believed that 
most of the experiments on phosphorus that Boyle reported in his two 
books were actually made by Slare, who first presented his own experi
ments with the new urine-based phosphorus in December 1681. Hanck- 
witz and Slare were two of the better known “operators” that Boyle 
continually employed, and it were these assistants, rather than Boyle 
himself, who made the actual experiments.62 We are not to suppose that 
Boyle, or Leibniz for that matter, was physically involved in the manu
facture of the phosphorus that interested him so much.

Slare was particularly interested in the medical properties of the shin
ing substance. As he wrote in Hooke’s Philosophical Collections, the 
substitute for Philosophical Transactions during the years 1679-1682, 
“the Learned Willis (were he alive) would rejoice to see such a Product 
out of our Bodies, who was very confident of something Igneous or

60 As convincingly argued in L. M. Principe, The Aspiring Adept: Robert Boyle and his 
Alchemical Quest (Princeton: Princeton University Press, 1998). See also L. M. Principe, 
“Robert Boyle’s alchemical secrecy: Codes, ciphers and concealments,” Ambix 39 
(1992), 63-74.
61 The Works o f the Honourable Robert Boyle (London, 1772), vol. 4, p. 389.
62 On the role of laboratory assistants, see Steven Shapin, “The house of experiment in 
seventeenth-century England,” Isis 79 (1988), 373-404.



HfM 88 37

Flammeous, or very analogous to Fire, that did kindle and impregnate 
our blood.”63 Leibniz corresponded with Slare, who kept him informed 
of what occurred in London. In February 1681, Slare reported: “The 
Phosphorus liquidus has been made here by two of us, Mr. Boyle calls 
it the Noctiluca, he has writt several observations on his, we can only 
make them of Urina inspissata, Kunckle pretends he makes it ex re 
Minerali Metallica et vegetabili quocunque.”64 A few days earlier, an 
account had been given to the Royal Society of Brand’s phosphorus, 
“called Brande Brant, because first invented by Dr. Brant, though 
claimed by Kunkell and Kraft.” In agreement with what Slare told Leib
niz, it was further reported that Kunckel “knew how to prepare a shin
ing substance as well out of vegetable as out of animal or mineral sub
stances, particularly wine, urine and mercury,” but that he did reveal his 
method.65

The original belief that phosphorus was a substance specifically 
related to the human body was first questioned by Bernhard Albinus (or 
Weiss), a German who served as court physician for Friedrich Wilhelm. 
In a dissertation of 1688, De phosphoro solido et liquido, Albinus 
detected the presence of phosphorus in the ash of mustard and cress. At 
first the discovery did not attract much attention, but eventually it led to 
Andreas Sigismund Marggraf’s important insight of 1746 that many 
plants are able to concentrate phosphorus in their tissues. Marggraf did 
important work on the chemistry of phosphorus, including an improve
ment of Hanckwitz’s method of manufacture.66 In 1740 he obtained 
phosphorus oxide and showed that it produced an oily acid with water 
vapour (that is, P20 5 + 3 H20  —> 2 H3P04).

Still at the time of Marggraf it was universally believed that phos
phorus was contained in organic sources only. That the substance can

63 F. Slare, “An account of several experiments,” Philosophical Collections, no. 3 
(1681), 48-50. The reference to “the Learned Willis” is to the famous anatomist Thomas 
Willis (1621-1675), one of the founding fathers of the Royal Society. See also F. Slare, 
“An account concerning a further prosecution of experiments with the Phosphorus,” 
Philosophical Collections, no. 4 (1682), 84-86. Leibniz had Slare’s papers translated as 
“Relatio diversorum experimentorum factorum cum phosphoro, tarn liqvido, qvam 
solido,” Acta Eruditorum 1 (1682), 282-287.
64 Leibniz Briefwechsel, vol. 3, p. 349.
65 Birch, History of Royal Society, vol. 4, p. 69. Birch’s report refers to Brand, rather 
than Kunckel, which is obviously an error.
66 Max Speter, “Zur Geschichte des Marggrafschen Urin-Phosphors,” Chemish-Techni- 
sche Rundschau 44 (1929), 1049-1051.
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be found also in minerals was first shown by the Swedish chemist 
Johan Gottlieb Gahn in 1780 and a few years later substantiated by 
Martin Heinrich Klaproth in Germany. The sequence of detection -  first 
in humans, then in plants, and finally in minerals -  is unique in the dis
covery history of the chemical elements. In almost all other cases, it has 
been opposite: first the element was found in the mineral kingdom, then 
in the organic and finally it has been detected in humans as well.

Still, in the seventeenth century human urine was the only source of 
phosphorus. How was it prepared? In 1726 the British theologian and 
natural philosopher William Derham, better known as the author of 
Physico-Theology, published a book in which he included a detailed 
description of a modification of the Brand-Leibniz process of making 
phosphorus. The main steps in the elaborate process were, he wrote:

Take a Quantity of Urine (not less for one Experiment than 50 or 
60 Pails full); let it lie steeping in one or more Tubs, ... till it 
putrify and breed Worms, as it will do in 14 or 15 days. Then, in a 
large Kettle, set some of it to boil on a strong Fire, and, as it con
sumes and evaporates, pour in more, and so on, till, at last, the 
whole Quantity be reduced to a Paste .... Then take the said Paste, 
or Coal; powder it, and add thereto some fair Water ... . And then 
for 24 Hours steep’d in the most rectify’d Spirit of Wine, two or 
three Fingers high, so as it will become a Kind of Pap.

Then evaporate all in warm sand, and there will remain a red, or 
reddish Salt. Take this Salt, put it into a Retort, and, for the first 
Hour, begin with a small Fire, ... and then continue it, as high as 
you can, for 24 Hours. Sometimes, by the Force of the Fire, 24 
Hours proves enough; for when you see the Recipient white, and 
shining with Fire, and that there are no more Flashes, or, as it 
were, Blasts of Wind, coming from Time to Time from the Retort, 
then the Work is finished. And you may, with Feather, gather the 
Fire together, or scrape it off with a Knife, where it sticks.67

But there were many other recipes, some clear and detailed, others 
more arcane and some again hardly understandable. Whatever their 
flavour, they were often followed by instructions of how to use phos-

67 The book was Philosophical Experiments and Observations of the Late Eminent 
Robert Hooke, F.R.S., and other Eminent Virtuoso in his Time. Quoted in Weeks, Dis
covery o f the Elements, p. 114.
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phorus and avoid the damages that the substance might cause. Thus, 
Derham reported that Kunckel had once put a small piece of phospho
rus in his pocket, and as he stood near the fire, “the very Heat set it in 
Flame, and bum’d all his Cloaths, and his Fingers also; for though he 
rubbed them in the Dirt, nothing would quench it, unless he had had 
Water; he was ill for 15 Days, and the Skin came off.”

To mention an earlier example, in 1692 the Dutch-bom physician and 
spagyrical chemist William Y-Worth published in London a book, 
Chymicus rationalis, which he dedicated to Boyle.68 Y-Worth cautioned 
not to use sand “or any thing that will vitrifie” in the preparation of 
phosphorus, but in other respects he followed the standard procedure: 
“Take urine well putrefied in a Tub, exposed to Air for seven Weeks,... 
the Spirit being drawn, or rather the whole of it being evaporated to the 
consistance of Honey, in which lies the Fosperus. ... Take the Sap of 
Urine, as before ‘tis said, or that of Dung and Urine putrified together, 
and incorporate it with Charcoal-dust, and put it into a German Retort, 
and lute on a Receiver, that is filled half full with Water, that when the 
Fosperus comes over, it may immediately drop into the Water and be 
preserved thereby.” As to the use of phosphorus, Chymicus rationalis 
included the standard recipe that if phosphorus was “rubbed upon the 
Hands, Cloaths, or Hair, they will appear in the dark, as if all in Fire, but 
will not bum.” But Y-Worth also included the caution that, “If the Privy 
Parts be therewith rubb’d, they will be inflamed and burning for a good 
while after.”69 Perhaps he knew by experience.

68 The subtitle of Y-Worth’s book was The Fundamental Grounds o f the Chymical Art 
Rationally Stated and Demostrated by Various Examples ... in Which is Contained A 
Philosophical Description of the Astrum Lunare Microcosmicum, or Phospheros. On Y- 
Worth, who also wrote anonymously under the name Cleidophorus Mystagogus, see 
Karin Figala, “Zwei Londoner Alchemisten um 1700: Sir Isaac Newton und Cleidophorus 
Mystagogus,” Physis 18 (1976), 245-273.
69 Quotations are from the excerpt in www.levity.com/alchemy/phosphor.html.

http://www.levity.com/alchemy/phosphor.html


6. Some later perspectives

From a modern point of view, the element phosphorus is not really a 
phosphorescent body. It is chemiluminescent, as its luminosity is due to 
a surface reaction with atmospheric oxygen and water vapour that pro
duces highly unstable and luminescent molecules such as P20 2 and 
HPO. The breakthrough in a detailed understanding of the chemilumi
nescence of phosphorus came as late as 1974, with the work by Richard 
van Zee and Ahsan Khan, two American chemists.70 By substituting 
deuterium oxide (D20) for ordinary water in the reaction of phospho
rus, molecular oxygen, and water, they found a marked change in the 
chemiluminescent spectrum that allowed them to identify the major 
emitters in the visible region as HPO and the excited state (PO)2*. The 
latter compound is an excimer, that is, an excited bimolecular com
pound formed by an electronically excited molecule and a similar one 
in its ground state; when the excimer decays, light will be emitted:

PO* + PO ^  (PO)2* -» 2 PO + hv

Van Zee and Khan concluded their paper by noting that it was now pos
sible to “understand the detailed nature of the oldest known chemilumi
nescent system.”

The substance made by Brand and his contemporaries was white 
phosphorus (P4), whereas other allotropic modifications (red, black and 
violet) were not known at the time. The white phosphorus was pro
duced from the small amounts of phosphates contained in urine, mostly 
NaH2P04. Heating with sand (mainly quartz, Si02) and coal results in 
the following process,

4 NaH2P04 + 2 Si02 + 10 C -> P4 + 2 Na2Si03 + 10 CO + 4 H20

The net process is almost the same as in the later methods of manufac
ture, based on heating of either bone-ash or mineral phosphates:

70 R. J. van Zee and A. U. Khan, “A striking deuterium effect in phosphorus chemilumi
nescence. Identification of the emitting species,” Journal o f the American Chemical Soci
ety 96 (1974), 6805-6806.
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2 Ca3(P04)2 + 6 Si02 + 10 C -> P4 + 6 CaSi03 + 10 CO

The carbon in the urine-based process does not need to be added, as it 
will be formed abundantly by the organic substances in urine when 
decomposed under the intense heating. One litre of urine from an adult 
male contains about 52 grams of creatine (C4N30 2H7) and 21 grams of 
urea (CON2H4), and from both compounds carbon will be formed.

Marggraf’s improvement of the phosphorus manufacture from urine, 
developed in various stages from 1734 to about 1745, consisted in addi
tion of lead compounds to the urinous paste. He first used minium 
(Pb30 4) and powdered sal ammoniac, later lead chloride and potash. 
The process was as technologically elaborate as it was chemically com
plex, but it did lead to a better yield. According to Max Speter, at the 
high temperature NaNH4HP04 will produce the metaphosphate NaPCb, 
and the following processes occur:71

2 PbCl2 + 2 K2C 03 + C -» 2 Pb + 3 C 02 + 4 KC1 
8 NaP03 + 10 C -> P4 + 2 Na4P20 7 + 10 CO 
8 NaP03 + 10 Pb -» P4 + 2 Na4P20 7 + 10 PbO 
2 PbO + C —» 2 Pb + C 02

Most of the early chemists started the process with leaving the urine to 
putrify, such as emphasized in Derham’s recipe and also in Hankwitz’s 
given below, but it will be clear that this stage is unnecessary. It does 
nothing to increase the amount of phosphorus to make the urine putrify, 
not even till it “breed worms.” All it does is to extend the time of the 
process and greatly increase the foul odour. The belief that putrefaction 
was necessary for the formation of phosphorus probably reflected the 
more general view, going back to Johannes Baptista van Helmont, that 
ferments are a prerequisite for transmutations. Phosphorus was clearly 
a result of a transmutation, and putrefaction was considered a kind of 
fermentation. In the case of Van Helmont, the ferments were associated 
with his theory of vitalistic corpuscularism, which again relied on the 
medieval notion of minima naturalia, but the general idea did not 
depend on acceptance of Helmontian theory.

Now a human’s daily secretion of urine, roughly one litre, amounts to 
only 0.8-2.0 grams of phosphorus. For that reason alone, the process

71 M. Speter, “Marggraf,” pp. 228-239 in Günther Bugge, Das Buch der Grossen 
Chemiker (Weinheim: Verlag Chemie, 1961; reprint of 1929 edition), p. 233.
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was exceedingly inefficient and required enormous amounts of urine 
and fuel. The body also loses phosphorus through the faeces, for an 
average adult about 0.8 grams per day, and in some of the later manu
factures human faeces were added to the urine (see below). In one of his 
letters to Hennig Brand of 1679, Leibniz asked how long it would take 
him to prepare phosphorus from 110 tons of urine, that is, from more 
than 100,000 litres. Brand answered that he would need four to five 
weeks and that he could produce 240 grams of solid phosphorus from 
5,500 litres of urine.72 The yield was thus 0.044 g/1, corresponding to an 
efficiency of only 3%. A later source of 1759 tells that from 60 gallons 
of urine about one ounce of phosphorus could be produced.73 This cor
responds to a somewhat better yield, but still with an efficiency of only 
7-8%.

72 Leibniz Briefwechsel, vol. 2 , pp. 597, 603 and 650. The measures used were tuns and 
loths (1 tun = 1,100 litre; 1 loth = 60 grams).
73 Emsley, The Shocking History of Phosphorus, p. 19. The source is The Chemical 
Works o f Caspar Neumann (London, 1759), translated and abridged by William Lewis. 
Neumann (1683-1737) was a German apothecary who resided in England for five years 
and became a member of the Royal Society. His lectures were only published posthu
mously. Apart from the English translation of 1759, they also appeared in Dutch and 
French translations (in 1766 and 1781, respectively).
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7. A sketch of chemistry in Denmark 
until 1660

Phosphorus made its entry in Denmark in 1682, and the following year 
Ole Borch wrote an account of the subject, to be considered in detail 
below. Before proceeding with these developments, a brief review of 
the earlier period may be in place. Borch, undoubtedly the leading Dan
ish chemist of the seventeenth century, was influenced by a tradition 
with roots in the earlier century, when for a period Hermetic views 
played an important part in Danish natural philosophy. Tycho Brahe 
was from his youth greatly interested in “terrestrial astronomy” and 
Uraniborg housed a large laboratory, which he referred to as the labora
torium chymicum or pyronomicum. There he made chemical experi
ments and prepared medical remedies, although the precise nature of 
these remain elusive.74 However, there is little doubt that he was influ
enced by Paracelsus and the Hermetic tradition. He was careful not to 
publish his chemical work or describe it in clear words, for, as he wrote 
in Astronomiae instauratae mechanica, “it is not expedient or fitting 
that such things become common knowledge.”

Paracelsian ideas were brought to Denmark by Petrus Severinus, one 
of Tycho’s friends, who became internationally recognized as an 
authority in Hermetic chemistry and medicine.7̂ In his Idea medicinæ 
philosophicæ of 1571 he presented a modified version of Paracelsian- 
ism, which he sought to integrate with Hippocratic and Aristotelian 
ideas, and this eclectic system was considered more acceptable than the

74 Owen Hannaway, “Laboratory design and the aim of science: Andreas Libavius ver
sus Tycho Brahe,” Isis 77(1986), 585-610. Karin Figala, “Tycho Brahes Elixier,” Annals 
of Science 28 (1972), 139-176.
75 Hans Skov and Eyvind Bastholm, eds., Petrus Severinus og hans Idea Medicine? 
Philosophicce: En Dansk Paracelsist (Odense: Odense Universitetsforlag, 1979). The lit
erature on Severinus and Danish Paracelsianism is extensive. See, for example, Jole 
Shackelford, “Early reception of Paracelsian theory: Severinus and Erastus,” Sixteenth 
Century Journal 26 (1995), 123-135; J. Shackelford, “Seeds with a mechanical purpose: 
Severinus’ semina and seventeenth-century matter theory,” pp. 15-44 in Allen G. Debus 
and Michael T. Walton, eds., Reading the Book of Nature: The Other Side o f the Scientific 
Revolution (Ann Arbor: Thomas Jefferson University Press, 1998); and Ole Peter Grell, 
“The reception of Paracelsianism in early modem Lutheran Denmark: From Peter Sever
inus, the Dane, to Ole Worm,” Medical History 39 (1995), 78-94.
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purer and theologically more problematic forms of Paracelsianism. 
Idea medicines exerted great influence both at home and abroad, and it 
was respectfully cited by Danish natural philosophers from Cort Aslak- 
sen (a former pupil of Tycho) to Borch. Although by the early years of 
the seventeenth century Paracelsian and Hermetic views were no longer 
welcome at the University of Copenhagen, where they were increas
ingly considered theologically suspect, they continued to play a consid
erable role. For example, the revised apothecaries’ tariffs of 1647 and 
1672 included several chemical preparations which in their names 
referred to Paracelsian practise, such as chymicorum alcohost Paracelsi 
and galbanum Paracelsi. As late as 1663, Mourits Kpning, who four 
years later was appointed professor of theology, wrote a dissertation, 
Dissertation de rerum principiis et mechanica semina liturgia, which 
was indebted to Severinus’ system of ideas.

Chemistry was also cultivated by alchemists at the courts of the 
kings, Christian IV and Frederik III. One of these court chemists was 
Peter Payngk, who came to Copenhagen from Prague and was installed 
in a new laboratory at Rosenborg castle.76 Payngk was primarily a prac
tical chemist, a “philosopher of fire”, and in his laboratory he prepared 
a variety of substances based on recipes that were either his own or 
based on Libavius’ Alchemia. Although he was not in the king’s service 
to make gold, he was convinced that chrysopoeia was possible. Among 
his numerous recipes was “Ein grosse Geheimnus”, how to transmute 
copper to silver, and also a method of making gold from mercury. In the 
first case, he treated copper with a solution made of nitric acid and real
gar (arsenic disulphide, which often includes silver). Payngk was 
strongly influenced by Paracelsus and, following the great master, he 
gave a detailed account of how to produce the philosophical stone, 
materia lapidis. His successor, Caspar Herbach, was chiefly occupied 
with analysing and refining minerals from the Norwegian mines, but he 
also looked for ways to produce gold alchemically.77 In 1656 he was 
sent to Amsterdam to learn from Johan Rudolph Glauber his alchemical 
secrets, which included a way to make gold ducats multiply. Also his

76 August Fjelstrup, Dr. Peter Payngk, Kong Kristian IV’s Hofkemiker (Copenhagen: H. 
Meyers Bogtrykkeri, 1911). A. Fjelstrup, “Dr. Peter Payngk, Hofchymicus des dänischen 
Königs Knstian IV,” Archiv für die Geschichte der Naturwissenschaften und der Technik 
3(1910), 140-154. A. Fjelstrup, “Alchymisten in Dänemark,” ibid., 196-213.
77 Adolphe Clément, “Ein besuch bei J. R. Glauber 1656,” Janus 31 (1927), 1-22.
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contemporary, the chemist and botanist Otto Sperling, was interested in 
Glauber’s recipes. In the 1650’s, the two entered a correspondence, part 
of which concerned metallic transmutation.78

78 A. Clement and J. W. S. Johnsson, “Briefwechsel zwischen J. R. Glauber und Otto 
Sperling,” Janus 29 (1925), 210-233. Stig Veibel, Kemien i Danmark, /  (Copenhagen: 
Nyt Nordisk Forlag, 1939), 63-76.



8. How phosphorus came to Denmark

The first Dane who witnessed the properties of Brand’s new phospho
rus may have been prince Jørgen (George), the brother of Christian V 
and the later Duke of Cumberland. As a young man, he had among his 
teachers the distinguished mathematician and natural philosopher Eras
mus Bartholin, the brother of Thomas Bartholin, and may in this way 
have been exposed to recent developments in natural philosophy. It was 
expected that a young man of such noble birth was exposed to small 
doses of natural philosophy, as happened, for instance, during his 
travels abroad 1668-1670. While in London in 1669, he met with 
Robert Boyle, who most likely showed him his much-discussed 
mechanical invention, the air pump.

In 1678, during a stay in Hanover, Leibniz had Brand’s shining sub
stance demonstrated before the prince and his suite.79 Upon the return 
of prince Jørgen to Denmark, the king wanted to share the experience of 
his brother. J. G. Hermann, a Hanoverian soldier and surveyor who 
stayed in Copenhagen, where he made windmills and other machines, 
became engaged in the matter. In a letter to Leibniz of March 1681, he 
confirmed the king’s interest in “des pyropi oder sogenannten neuen 
feuers,” and suggested to have some phosphorus brought to Copen
hagen.80 As a result, Leibniz sent his assistant Jobst Dietrich Brandsha
gen to the Danish capital, armed with samples of phosphorus and 
instructions of how to prepare it. In Leibniz’s words, in a letter to 
Tschimhaus nearly a year after Brandshagen had arrived in Copen
hagen: “Was ich vor einem halben jahr vom phosphoro noch übrig hatte 
habe ich meinem diener geben, welcher in Dennemarck geraffen wor
den den phosphorum alda zu zeigen und zu machen, denn Prinz George 
der die materi alhier gesehen seinem bruder, dem Könige, davon 
referiret gehabt. Wie ihn denn der König aniezo nachdem er solchen 
phosphorum in ziemlicher copia gemacht in dienste genommen; und 
habe ich ihm geschrieben mir ein stücklein zu schicken.”81

79 A. Clément, “Den første fosforfremstilling i København,” Ingeniøren 33, no. 2 
(1924), 16-19.
80 Leibniz Briefwechsel, vol. 3, p. 384.
81 Ibid., p. 654. In Veibel, Kemien i Danmark, p. 83 it is incorrectly stated that Leibniz 
performed the demonstration in Copenhagen.
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In mid-January 1682, Brandshagen reported to Leibniz about his suc
cessful demonstration before the king and his court, a performance that 
earned him a gratuity of 30 rix-dollars. The king, he wrote, “hat er sich 
sehr darüber belüstiget, vndt das gantze werck in einen abent ver
schmieret.” Moreover, since Brandshagen had enough supplies of phos
phorus,

habe ich ein groß stück holtz damit zu asche gebrant, ich be
schmierte das gantze holtz erst mit dem öhl hernach rieb ich an 
dem einen ende starck mit dem steine bis es anzündete vndt weil 
es gantz mit dem u  Phosphori beschmieret, ist das gantze holtz 
wie ein blitz in lauter flammen geschlagen, ich habe auch das 
gantze gesichte sehr stärck mit dem u  bestrichen, welches mir 
aber sehr übel bekam, ich fühlete gantz nichts als ichs unterm ge
sichte hatte, aber des andern morgens war mein gesichte über vndt 
über lauter eiterblattem das ich auch kaum mit einer spendel spit
ze hette hinstechen können da es nicht versehret, gleich als hette 
ich die frantzosen gehabt, ist aber den vierdten tag alles trucken 
wieder gewesen, ich habe auch bey hellen tage 2 feltstücke damit 
losgebrennet, vndt hat mir der König befohlen keinen Menschen 
etwas davon zugeben.82

Brandshagen, who in Copenhagen started making more phosphorus and 
also to study the art of fireworks, told Leibniz that he had become 
acquainted with Ole Rømer, who had recently returned from Paris. 
“[E]r hat alle curieuse Sachen mit gebracht, als die kleinen mycro- 
scopia, horizontall wage vom glase, vndt woll fünfterley art Barrome- 
tre, vndt viel andere Sachen mehr, welche wir alle füllen werden vndt 
den König praesentiren, den der König ist zimlich curios, vndt sehr 
familiar mit jedermann.”83 Brandshagen also met with Georg Mohr, the 
Danish mathematician and author of Euclides Danicus, who stayed in 
Copenhagen 1681-1683 but for the last twenty years had mostly lived 
in the Netherlands. Leibniz had known about Mohr since 1675, but at 
that time without being aware of his nationality. In a letter to Olden-

82 Leibniz Briefwechsel, vol. 3, p. 540. The symbol u  stands for oil.
83 Ibid. The correspondence between Leibniz and Rømer does not include any reference 
to either phosphorus or Brandshagen’s demonstrations. Contrary to Leibniz, Rømer had 
no interest in chemical or alchemical matters. See Per Friedrichsen and Christian Gorm 
Tortzen, eds., Ole Rømer. Korrespondance og Afhandlinger samt et Udvalg af Doku
menter (Copenhagen: Reitzel, 2001).
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burg, he referred to “a certain Fleming, named Georg Mohr, very 
skilled in algebra and mechanics.”84 Only later would he enter into a 
correspondence with the Danish mathematician, which was resumed as 
a result of Brandshagen’s presence in Copenhagen. After his departure 
from Denmark, Mohr became the scientific collaborator of Tschim- 
haus, at whose estate in Kieslingswalde he died in 1697.

Until the fall of 1683, Brandshagen spent most of his time in Copen
hagen, occupied with chemical and technical work. He formally served 
as a standard bearer (faenrik) in the army and seems to have worked as a 
kind of technical consultant for the artillery. One of his duties was to 
develop fireworks, a dangerous work which in the summer of 1683 
caused his laboratory to be destructed by an explosion. By that time he 
had become dissatisfied with his situation and wanted to resign. After 
his service for the king had terminated in the fall of 1683, Brandshagen 
returned to work for Leibniz. He later took on a position as mining 
engineer in the Harz, and spent his last years in London, where he died 
in 1716.

In a letter of 24 March 1683, Brandshagen provided Leibniz with 
details about his chemical experiments in Copenhagen, including the 
preparation of phosphorus. The report is of considerable interest from 
the perspective of history of chemistry. Brandshagen told that he had 
recently begun a new preparation,

da ich dann nach selbiger überdistillirung an stadts des rohten -  so 
sehr flüßig übergehet, einen (so zunennen) dicken Balsam, der so 
zäg gewesen da ich ihne müßen continuirlich aus dem halse der 
retorten mit einen stocke außnehmen damit er den hinter kommen
den lufft mache, wie es kalt worden hat es gestanden wie eine 
Braune butter weil es so hart worden was alß selbige ist, es läst 
sich auch mit keiner zimblich starcken wärme wieder weichen 
gleich andere butyra thun, sondern es bleibt wie es ist, ich habe 
das hinterbliebene caput mortuum alles in V gethan vndt das 0  da
von geschieden, habe von 65 loth capitis mortui, 27 loth der lucke
ren materie bekommen. Wie ich aber selbige durch starckes A in 
einer steinern retorte will übertreiben, wirfft die Unvorsichtigkeit 
meines handtlangers einen Maurstein auf die retorten das selbige

84 Correspondence o f Henry Oldenburg, vol. 11, p. 519. On Mohr, see Johannes Hjelm
slev, “Beiträge zur Lebensbeschreibung von Georg Mohr (1640-1697),” Det kgl. Danske 
Vidensk. Selsk. Skrifter, 7. rk., Nat.-Mat. Afd. IV. 11 (1931).
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in viel stücken zerspringet zu meinen großen verdrus, weil mir 
sehr verlangete was ich würde auß solcher materie bekommen, ich 
werde wofern ich gelegenheit habe gegen künftigen Winter es 
also wieder machen, unterdeßen laße noch einige fäßer urin sam- 
len welche so halt müglich wieder verarbeiten werde den der Kö
nig wird nach den feÿertagen nach Holstein gehen, da einige von 
unsem leuten werden mit hinaus müßen nach Glückstadt, ob ich 
nun damit auch benennet werde kan nicht wißen.85

Apart from Hermann and Brandshagen, Leibniz’ contacts in Copen
hagen also included Martin Elers, a German chemist and merchant. 
Elers reported to Leibniz about his attempt to establish what he called 
an “eternal saltpeter factory”, apparently a way to produce nitric acid.86 
Although Leibniz did never himself visit Copenhagen, he was keenly 
interested in the city’s scientific life and had a high opinion of Danish 
natural philosophers. In the fall of 1683, he requested Christian Al
brecht Walter, a Holstein nobleman living in Copenhagen, to inform 
him about the situation. Among other things, he wanted to know what 
had happened with Steno’s geological and anatomical manuscripts. 
Were they now in the possession of Holger Jacobæus and Caspar 
Bartholin, respectively? Leibniz continued:

Je vous supplie aussi de vous informer des etudes de Messieurs 
Erasmus Bartholinus et Römer, excellens Mathématiciens. Mais 
particulièrement de ce que fait Mons. Borrichius, qui est asseure- 
ment très habile en chymie. On m’a dit qu’il a un secret, de faire 
des creusets, que des sels, et meme le verre de plomb, ne percent 
point, ce seroit de consequence dans les operations chymiques. Il a 
dit à un de mes amis, qu’il les composait d’une matière assez 
simple, mais il ne les monstra pas, il faudrait user de quelque 
adresse pour l’apprendre.87

85 Leibniz Briefwechsel, vol. 3, pp. 783-784. 0  = salt, V = water, A = fire. Caput mor- 
tuum is the residue in a distillation. Brandshagen’s method of preparation was essentially 
the same as the one that Leibniz used in Hanover and which he reported to Tschimhausen 
in June 1682. See ibid., pp. 661-662.
86 Letter of 22 July 1684. Ibid., vol. 4, p. 135. Elers’ attempt seems not to have suc
ceeded. For the first Danish manufacture of nitric acid, dating from 1776, see H. Kragh 
and H. J. Styhr Petersen, En Nyttig Videnskab. Episoder fra den Tekniske Kemis Historié 
i Danmark (Copenhagen: Gyldendal, 1995), pp. 52-55.
87 Leibniz Briefwechsel, vol. 4, p. 66.
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It is well known that Leibniz held Steno’s geological and mineralogical 
works in great respect. He had recently begun developing a grand the
ory of the earth, what would eventually be published posthumously as 
Protogcea, and in this book he mentioned favourably Steno’s contribu
tions. Moreover, in a letter to Christian Philipp of 1681, he praised 
Steno in high tunes: “One has to admit that all what Nicolai Steno has 
given to science is of the highest quality, yet what deserves most atten
tion is the treatise on fossils. I have often encouraged him to continue 
this scientific work and draw the consequences of it, thus to clarify the 
origin of the human race, the great deluge and other beautiful truths 
which could confirm what the holy Bible teaches us.”88

Experiments with phosphorus were also made at the Christian- 
Albrecht university in Kiel, founded in 1665 and later (from 1773 to 
1864) a part of the Danish kingdom. The professor of physics and 
medicine, Johan Ludwig Hannemann, received his doctorate from the 
University of Copenhagen, corresponded with Thomas Bartholin, and 
frequently published in Acta medica. In 1696 he reported how he had 
rubbed phosphorus on the face of a colleague, thereby making it look 
like a multitude of glow-worms. Unfortunately, one bit of the substance 
caught fire and burned his hair. This, Hannemann wrote in what was 
undoubtedly an understatement, “caused him some sentiment of 
pain.”89

In Sweden, the first publication on phosphorus may have been a dis
sertation of 1691, De phosphoris, written by Andreas Drossander, pro
fessor of physics at the university of Uppsala. Drossander discussed 
phosphorescent bodies, such as the Bononian stone and Baldewein’s 
phosphor, as well as the constant phosphorus prepared by Krafft, Kun- 
ckel and others. Like most other authors on the subject, he did not men
tion Brand. Although Drossander described the properties of phospho
rus and reported that he had demonstrated the substance before a group 
of students, most likely he had not prepared it himself but obtained it 
from abroad.90 Already by that time, phosphorus was commercially

88 Quoted from Hans Kermit, Niels Stensen: Naturforsker og Helgen (Troms0: 
Ravnetrykk, 1998), p. 114.
89 J. L. Hannemann, “Sur le phosphore d’urine,” Collections Académique, Partie Étran
gère 6 (1761), 336. Originally published in Éphémérides in 1696. On Hannemann, see 
Heinrich Schipperges, Geschichte der Christian-Albrechts-Universität Kiel, vol. 4, part 1: 
Geschichte der Medizinischen Fakultät (Kiel: Wachholtz Verlag, 1967), pp. 46-50.
90 Hugo Olsson, Kemiens Historia i Sverige Intill Ar 1800 (Stockholm: Almqvist &
Wiksell, 1971), pp. 39-40.
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available and there was little point in going through the trouble of mak
ing small amounts of the substance locally. As early as 1685, Hanck- 
witz (or Godfrey, as he preferred to be called in England) advertised 
solid phosphorus from his laboratory behind his house in Southampton 
Street, and he soon held a virtual monopoly on its sale.91 Most likely, 
the phosphorus used by Drossander and Hannemann came from Hanck- 
witz’s shop. Until the nineteenth century, when large amounts of phos
phorus was produced for the match industry, the substance was mainly 
used for medical purposes.

91 R. E. W. Maddison, “Studies in the Life of Robert Boyle, F.R.S.: Part IV, Boyle’s 
operator: Ambrose Godfrey Hanckwitz, F.R.S.,” Notes and Records o f the Royal Society 
11 (1955), 159-188.



9. Ole Borch on phosphorus

The polymath Ole Borch, or Olaus Borrichius, was indeed (as Leibniz 
wrote) an accomplished and highly respected chemist.92 He was known 
in particular for his historically oriented works, De ortu et progressu 
chemice dissertatio of 1668 and Hermetis, Ægyptiorum, et chemicorum 
sapienta of 1674, but was also a skilled experimentalist. These works 
were followed in 1697 by the posthumously published Conspectus 
scriptorum chemicorum, in which Borch dealt with and evaluated a 
large number of alchemical authors. Because of his early works on the 
history of alchemy, he has been called the first historian of chemistry 
ever.93 Among his many short communications was a report of 1678, 
Nitrum non inflammari, in which he showed that saltpeter is not 
inflammable. He argued that the substance, when heated, gave off a gas, 
later to be identified as oxygen.94 In another of his numerous communi
cations to Acta medica, Borch proved experimentally that the blue 
colour that silver gives with ammonia is due to impurities of copper, 
while it does not occur in carefully refined silver.95 And in yet another 
experiment he demonstrated that two cold liquids, namely turpentine 
oil and concentrated nitric acid, will cause a fire when mixed. The 
phenomenon was considered extraordinary and Borch’s observation 
often quoted in later works on chemical demonstration experiments.96

De ortu et progressu received an extensive review in Philosophical

92 On Borch as a chemist, see H. D. Schepelem, ed., Olai Borrichii Itinerarium 1660-65. 
The Journal o f the Danish Polyhistor Ole Borch, 4 vols. (Copenhagen: Reitzel, 1983), 
and Morten Fink-Jensen, “Ole Borch mellem naturlig magi og moderne naturvidenskab,” 
Historisk Tidsskrift 100 (2000), 35-68. See also www.borchskollegium.dk/ob-main.html.
93 Hans Toftlund Nielsen, “Hvem skrev den første kemihistorie?” Dansk Kemi 82, no. 9 
(2001), 40-43.
94 Acta medica et philosophica Hafniensa 5 (1677-79), 213-216. French and Danish 
translations in Vilhelm Maar, ed., Mindeskrift for Oluf Borch (Copenhagen: Nyt Nordisk 
Forlag, 1926), pp. 19-26. See also Sophus Mads Jørgensen, “Om Iltens Opdagelse,” Det 
kgl. Danske Vidensk. Selsk. Skrifter, 7. rk., Nat.-Mat. Afd. IV, 3 (1907).
95 O. Borch, “Vera lunae tinctura non est cærulea,” Acta medica et philosophica Haf
niensa 1 (1673), 128-129. See L. Vinther Kristensen, “Copper-free silver,” Centaurus 13 
(1968), 224-227.
96 O. Borch, “Efficere, ut duo spiritus tactu frigidi, invicem confusi flamman edant,” 
Acta medica et philosophica Hafniensa 1 (1673), 133-135. Cp. H. Toftlund Nielsen, 
“Bidrag til demonstrationsforsøgets historie,” Dansk Kemi 63, no. 12 (1982), 336-340.

http://www.borchskollegium.dk/ob-main.html
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Ole Borch. Copper from 1754.
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Transcations of 1668, in which the reviewer paid more attention to 
Borch’s chemical observations than to his more controversial historical 
account. One of these observations, as recorded by the anonymous 
reviewer, may give an impression of Borch as a practical chemist. 
Athanasius Kircher, among others, had claimed that common salt could 
under certain circumstances be converted into nitre, vitriol and alum,

But our Author finds not this in Laboratory’s, but that Niter by a 
flaming fire degenerateth into an acid liquor; being burnt by coals, 
into a Lixiviat Salt highly different from the nature of Common 
Salt; if heated with Sulphur by an intense Fire, blown with Bel
lows in a close Vessel, into Stone; but hitherto by no art into com
mon salt. He thinks, Kircher has been deceived by this, that the 
Spirit of Niter being poured on Salt, maketh Crystals again in the 
appearance of recover’d Niter. But he saith, that this esculent Salt 
seems to be Niter, but is not.

Yet Borch agreed with Kircher that the transformation of nitre might 
take place “when it hath changed its particles by the motion of subterra
neous Fires, and so being comminuted into small particles hath con
verted its former Salt-taste into a present acid one, yet so as that for the 
composition of Niter there must be mixt some ramenta [scrapings] of 
Lixiviat Salt; for that of Alum, some ramenta of Lead; for that of Vitriol 
or Copperas, some of Iron or Copper.”97

Borch was professor of philology, but his chair included also teach
ing of botany and chemistry. He was strongly influenced by Paracelsian 
ideas and shared the belief in metal transmutation that was commonly 
accepted at the time. Although he did not himself try to turn base metals 
into silver or gold, he had no doubt about the possibility of such pro
cesses and in general held beliefs that can only be characterized as 
alchemical. He either had or had access to a chemical laboratory, but it 
is unknown where it was located, except that it was not part of Copen
hagen University.98 As a young man, he served in house of the noble
man Joachim Gersdorff, who owned a magnificent library and also a

97 Philosophical Transactions 3, no. 39 (1668), 779-784, on p. 781.
98 Edward A. Scharling, “Bidrag til at oplyse de Forhold, under hvilke Chemien har 
været dyrket i Danmark,” Indbydelsesskrift, Københavns Universitets Aarsfest (Copen
hagen: Schultz, 1857), pp. 25, 31-32. Among Holger Jacobæus’ manuscripts kept at the 
Royal Library in Copenhagen there is a charming drawing of Borch in his laboratory, 
apparently from 1670 or 1671. See Maar, Mindeskrift, p. 139.
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chemical laboratory. During the years 1667-1670 he may have worked 
in the two laboratories that were established to the court alchemist, the 
Italian Giuseppe Borri whom Borch greatly admired. It is also possible 
that he made use of the laboratory of the royal apothecary Johann Got
tfried Becker, who is known to have made chemical experiments with 
Thomas Bartholin. But the most likely possibility is perhaps that he 
performed his experiments in his private lodgings.

Borch was familiar with some of Starkey’s works already while stay
ing in Holland 1660-61, and he may later have met him during his stay 
in London. In his travel diary of 1 June 1663, he noted that Starkey was 
“a good [chemical] practitioner, but a liar and given to wine.”99 More 
important to Borch was his acquaintance with Boyle, with whom he had 
discussions on chemical and alchemical matters and later some corre
spondence. During their conversations in London, Borch affirmed that 
he had witnessed in Amsterdam an adept who used a powder of his own 
making to transmute a silver coin into pure gold.

In a long and interesting letter of 30 March 1664, written from Paris, 
he mostly dealt with phenomena of cold -  a subject of common interest 
to the two natural philosophers -  but also touched matters of alchemy. 
Borch, writing in Latin, was neither a man of few words nor one who 
reserved praise. “Whenever I look back upon the conversation with 
which, when I was in London about seven months ago,” he started, 
“you once and again honoured me, sprinkled as it was with evidence of 
your deep erudition and solid practical experience, I not only acknowl
edge my respect for your great public reputation ... , but I also declare 
myself personally bound to such a sacred individual as yourself.” Later 
in the letter, he turned to matters of a more scientific nature: “I would 
like to know what happens to quicksilver in the Boylean pneumatic 
machine;... If by means of that machine the intrinsic watery liquid can 
be drawn out by force, I do not doubt that some significant mutation 
would follow.”100

In accordance with Helmontian views, Borch suggested that quick
silver was composed of minute globules with a centre of water covered

99 Schepelem, Olai Borrichii Itinerarium, vol. 3, p. 22. See also vol. 1, p. 31 and vol. 2, 
p. 20. In his Conspectus, Borch was full of praise of the alchemical author Eirenaeus Phi- 
lalethes, not knowing that he was a fictional figure invented by Starkey. Newman, Ghen- 
nical Fire, p. 210.
100 Michael Hunter et al., eds., The Correspondence o f Robert Boyle (London: Pickering 
& Chatto, 2001), vol. 2, pp. 254-266. On Borch and Boyle, see further Principe, The 
Aspiring Adept, pp. 98,167-168, 259-260.
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by a solid metallic shell. If the water could somehow be drawn out, only 
the metallic shell would remain and then appear in the form of gold. In 
other words, Borch suggested that Boyle’s pneumatic machine might 
function as an alchemical apparatus, be a veritable philosopher’s stone. 
He further reported that he had met a chemist in Paris who had made an 
alkahest, which “is praiseworthy for the sole reason that its force is not 
weakened in dissolving metals, but remains intact.” Yet he found it not 
to be comparable with the more powerful alkahest that Van Helmont 
was assumed to have prepared.

A further impression of Danish-British scientific connections in the 
early 1660s can be gained from an anonymous ballad, possibly com
posed in 1663 by Joseph Glanvill, one of the earliest members of the 
Royal Society. The ballad deals with the new learned society and one of 
the verses refers to the asphyxiating properties of Boyle’s recently dis
covered vacuum. The air pump was demonstrated before a visitor from 
Denmark in a rather gruesome way:

To the Danish Agent late was showne 
That where noe Ayre is, there’s noe breath.
A glasse this secret did make knowne 
Where [in] a Catt was put to death.
Out of the glasse for Ayre being screwed,
Pusse dyed and ne’re so much as mewed.101

It might be tempting to think that the “Agent” was Borch, but it is per
haps more likely that it was the Danish ambassador, who is known to 
have paid a visit to the Royal Society on 13 February 1661. The entry in 
Thomas Birch’s history tells us that on this day, “The Danish ambas
sador visited the society, being introduced by Mr. Evelyn and was 
entertained with experiments on Mr. Boyle’s air-pump, &c.”102

However, it would take us too far away from our main theme to pro
ceed with Borch's stay in London. The connection between Borch and 
the English virtuosi, interesting as it is, did not extend to the years when 
phosphorus became an issue and hence it is of no direct relevance in the 
present context. It has been suggested103 that Borch was among the

101 Dorothy Stimson, “Ballad of Gresham College,” Isis 18 (1932), 103-117, on p. 110.
102 Birch, History of Royal Society, vol. 1, p. 16. If, as Stimson suspects, the ballad was 
written in 1662, it would of course rule out Borch.
103 Clément, “Den første fosforfremstilling”.
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audience who witnessed Brandshagen’s demonstration of phosphorus 
in early 1682. This is very plausible, but lacks documentation. In gen
eral, Brandshagen’s presence in Copenhagen does not seem to have 
made much of an impact on the city’s scientific life. On the other hand, 
although there is no direct evidence that Borch interacted with Brand
shagen, it is hard to imagine that he did not.

Whether or not Borch attended the demonstration of early 1682, he 
was from an early date interested in the new phosphorus. This is most 
clearly demonstrated in a university speech that he gave to the new bac
calaureates on 18 May 1683, De variis excitandi ignis modis, et phos- 
phoro.m  The only of the baccalaureates that Borch mentioned by name 
was Severinus Gludius or Søren Sørensen Glud, a 21 -year-old student 
who later was appointed professor designatus of mathematics at Copen
hagen University and from 1692 to his death in 1696 served as priest at 
Bergen cathedral in Norway. Among the subjects of Glud’s student dis
sertations were the principles of Descartes and the nature of water, and 
in 1691 he published a dissertation on trigonometry. Borch probably 
chose to mention Glud not because he was a particularly brilliant stu
dent, but simply as a representative of the group of baccalaureates.

Borch began his speech with a lengthy and learned account of the 
nature of fire and ways to produce it. With pretended astonishment he 
noted that in clear weather heat could be produced even on the coldest 
day of the winter, namely, by means of a parabolic mirror. Placed in its 
focal point, he said, any kind of matter will be destroyed, even metals 
such as silver, gold and iron will melt. Precious stones will either melt 
or scintillate, which in the case of diamond will take some half an hour. 
Even more surprisingly -  “incredible, but proven by the most certain 
experiments” -  ice can produce the most intense heat if only shaped in 
the form of a parabolic mirror. But of course, as he reminded his listen
ers, this remarkable effect was not really due to the ice, but to the shape 
of the mirror, that is, an optical effect. And yet he found it worthwhile to 
emphasize that the rays from the sun do not attenuate while passing 
through the cold ice. Borch, like most natural philosophers of his time, 
had difficulties in distinguishing light from heat.

After these preliminaries, Borch invited the candidates, armed with 
their “blazing knowledge”, to consider the new phosphors associated 
with the names af Baldewein, Kunckel, Elsholtz, and Boyle (he did not

104 Ole Borch, Dissertationes, seu orationes academicce selections argumenti, volume
1 (Copenhagen, 1715), pp. 489-524.
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mention Brand). Borch admitted that heat and fire were different phe
nomena, but he argued that essentially they were manifestations of the 
same underlying cause. He described several exothermic processes, 
including the reaction between antimonii regulus105 and sublimated 
mercury, the dissolution of iron in nitric acid, the combination of water 
and unslashed lime, and ice mixed with oleo vitrioli recenti -  concen
trated sulphuric acid. As to Baldewein’s phosphor, he offered a recipe 
for its manufacture out of cretœ anglicana (gypsum) and spiritus nitri 
optimi (concentrated nitric acid): The two substances were to be mixed 
and mildly heated in a sand bath for two days; then the mixture was to 
be repeatedly distilled until a honey-like substance was formed. After 
the substance had been placed in a hot oven and subsequently left to 
cool in a shadowy place, the phosphorescent body had been made.

Yet, although Borch found the Baldeweinian mineral to be interest
ing, he gave priority to Kunckel’s remarkable phosphorus whose shin- 
ings powers survived even if placed in cold water. Its capacity of burn
ing was latent, which reminded Borch of a passage in the holy book (the 
apocryphal The Maccabees, chapter 1, verses 19-22):

For when our fathers were led into Persia, the priests that were 
then devout took the fire of the altar privily, and hid it in an hollow 
place of a pit without water, where they kept it sure, so that the 
place was unknown to all men. Now after many years, when it 
pleased God, Neemias, being sent from the king of Persia, did 
send of the posterity of those priests that had hid it to the fire: but 
when they told us they found no fire, but thivk water; then com
manded he them to draw it up, and bring it; and when the sacri
fices were laid on, Neemias commanded the prisets to sprinkle the 
wood and the things laid thereupon with the water. When this was 
done, and the time came that the sun shone, which afore was hid in 
the cloud, there was a great fire kindled, so that every man mar
velled.

Borch was happy to observe that, to his satisfaction, the passage agreed 
with what known about phosphorus, but avoided going into details with 
the claimed agreement.

The origin of the new phoshor, this “ blazing spirit”, fascinated him

105 A form of antimony obtained by fusion of antimony sulphide, potassium tartrate and 
potassium nitrate.
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greatly -  “this wonderful master resides in the humane urine,” he wrote 
and referred to Thomas Bartholin’s De luce animalium for further 
details about the marvelous connection between the micro- and the 
macroworld. Borch was clearly familiar with the preparation of phos
phorus, which he had either made himself or knew from Brandshagen’s 
manufacture. His description leaves little doubt that he had witnessed 
the preparation in a laboratory, and not merely read about it:106

Collect 200 pounds of urine from a healthy person, in his vigorous 
age and neither feeble nor childlike, which is easily done in wine 
casks. By slow evaporation in glass vessels with a wide mouth, the 
urine turns into a residuum which is viscid like glue or honney. 
This lump now has to be driven out of a glass retort with a bended 
neck by means of gradually increased heating until all the volatile 
salt together with the evil-smelling oil have been transferred to the 
receptacle. Then the heat must be turned off, the vessel broken, 
and from the darkly coloured plug (popularly known as the skull) 
you have to select the upper part, which is more black than the 
lower ash-coloured part. Upon this [upper part] you pour all the oil 
previously gained by distillation. Once more, drive off this extract 
in a Valdenburg metal retort with a bended neck for at least ten 
hours and, during the last phase, apply a very strong fire. During 
this process you will observe a great many sparks being trans
ferred to the receptacle, together with some aqueous liquid. As 
long as these sparks emerge, heating has to be continued in order 
that the sparks gradually increase by new additions and form a 
nucleus that, if only kept in a carefully closed vessel, shine in the 
dark even after a period of several months. If the sparkling grains 
are now exposed to air, they gradually melt into a sort of oil. If this 
oil is dripped upon some flesh, it devours it by burning, like the 
sun does. But if the oil is slightly diluted, it does not really devour 
the piece of flesh by contact; rather, it can be rubbed into the skin 
and will then penetrate it with a marvelous light in the darkness. 
If, in a dark night, you meet someone with his face rubbed in this 
manner, you may become scared and believe to have met a ghost 
which, like an apparition, threatens with all kinds of misfortunes.

Sometimes the blazing grains in their closed vessels are sub-

106 Borch, Dissertationes, pp. 503-504. The translation from Latin has kindly been pro
vided by Kristian Peder Moesgaard, for which I wish to express my gratitude.
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jects to change, and after some time they will lighten in such a 
way that it frightens those present. In order to keep them [the 
grains] for longer periods of time and to maintain their sparkling 
power, they may be shaped into pills of the size of peas and 
immersed into cold water. Herein, they can remain intact for a 
very long time, until they, upon the order of the owner, are called 
into service for combustion. It is strange that water protects fire 
and makes it remain fire. When this active fire is removed from 
the water, it becomes so perturbed by its agitations that it soon 
stops being fire. The flame disappears in an acidic liquid, which in 
its taste is not unlike the spirit of sulphur. Yet, not to emphasize 
water as the only protector of this fire, it should be remarked that 
these fire-emitting pills can as easily be kept for a long time in oil, 
in the spirit of turpentine and even in the spirit of highly purified 
wine, from where they do not at all start to break into flames. All 
these phenomena connected with this remarkable subject surely 
make it desirable to embark upon a more thorough examination of 
the causes of the various extraordinary relationships.

It is to be noticed that in Borch’s recipe there is no mention of addition 
of either faeces or carbon, and neither does it refer to any initial stage of 
putrefaction. Given that the same is the case with Brandshagen’s pro
cess, this may indicate that what Borch describes is really what he had 
seen Leibniz’s assistant do. Whereas Boyle in his memorandum of 1680 
recommended that the urine should be “for a pretty while digested 
before it was used,” and Derham’s recipe included putrefaction for two 
weeks, Leibniz saw no need to extend the process with this first step. In 
his letter of Tschirnhaus of June 1682, he explicitly called attention to 
Brandshagen’s more speedy way of producing phosphorus: “I doubt if 
such fermentation or putrefaction is necessary, for my servant in Co
penhagen made the phosphorus even the same week as he arrived.”107 

As to the nature of the fire to be found in phosphorus, Borch sug
gested that it could only be produced from a subtle matter, a sulphuric 
oil and a nitrous air. He briefly discussed if fire also needed a fine 
Cartesian matter, but argued from reasons of economy (Occam’s razor) 
that this was probably not the case. However, fire or light could not be 
produced simply by mixing the three components, a process which 
Borch apparently had attempted to make in his laboratory: “Even if

107 Leibniz Briefwechsel, vol. 3, p. 661.



HfM 88 61

someone has mixed the three components in a sufficiently purified form 
-  such as a volatile salt like hartshorn, oil of citrus bark, and acidic 
clysso antimonii -  certainly no flame will be produced for this rea
son.”108 The missing factor, he suggested, was a catalyst or primary 
agent, namely, a volatile mercurial salt. That this sal volatilis was in 
fact part of phosphorus, he established by referring to the taste of the 
shining substance. From this reasoning, one would expect fire to be 
produced from a combination of the mentioned substances.

Borch had evidently sought to synthesize in this way phosphorus in 
his laboratory. Although he was unsuccessful, his attempt is worth men
tion as it may have been the first time a chemist tried to make phospho
rus synthetically. Borch explained his lack of success as a result of his 
ignorance of the proper mixing ratio of the substances: “Who knows 
precisely how much sulphur, how much salt and how much acidic liq
uid the master of Nature has mixed together in this substance? There is 
no reason to wonder that, without such knowledge, the experiments of 
others have been in vain.”

108 Borch, Dissertationes, p. 508. A clyssus was normally a preparation of recombined 
extracts of a plant. It is uncertain what antimony compound Borch refers to.



10. A contribution 
from the eighteenth century

Two generations after Borch, there appeared in Copenhagen a major 
work on phosphorescence that has been overlooked by Newton Harvey 
and other historians of the subject. The reason is undoubtedly that it 
was published in Danish only, and that in spite of the fact that its author 
was a German with no knowledge of the Danish tongue. Christian Gott
lieb Kratzenstein, a product of the Halle school of natural philosophy, 
had come to Copenhagen in 1753 to occupy a new university chair in 
experimental philosophy.109 He had established his scientific reputation 
with works on electricity and its medical uses, and in Copenhagen he 
initially was involved in the electrotherapeutic cures that for a short 
period caused a sensation in the city.

Kratzenstein was not primarily a chemist, but he lectured on the sub
ject and wrote several papers on chemical topics, which he also 
included in his textbooks in experimental natural philosophy. A spokes
man for enlightenment science, he nonetheless was strongly influenced 
by the more occult and spiritual views represented by the Rosicrucians, 
an interest he shared with his friend Joachim Dietrich Cappel, a phar
macist and chemist.110 When R. Schmidt, a German physician and 
prominent member of the Rosicrucian brotherhood, visited Copen
hagen in 1754, Cappel witnessed how he converted water to a crys
talline substance. Although Kratzenstein had not himself observed the 
spectacular transmutation, he saw no reason to doubt CappeFs report on 
the “metamorphic water”, which he in 1781 communicated to Lorenz 
Crell’s Die Neuesten Entdeckungen in der Chemie. In another note to 
Crell he described an even more remarkable experiment, namely, how 
Cappel had succeeded in making gold from pure silver and arsenic.111

Apparently Kratzenstein was convinced that a metallic transmutation 
had really taken place, and Crell published the note without adding any

109 See Egil Snorrason, C. G. Kratzenstein and his Studies on Electricity during the 
Eighteenth Century (Odense: Odense University Press, 1974).
110 Camillus A. Nyrop, Det Kongelige Frederiks Hospitals Apotekere. Historiske Med
delelser (Copenhagen: Kgl. Frederiks Hospital, 1917), pp. 32-37. Ole Bostrup, Dansk 
Kemi 1770-1807: Den Kemiske Revolution (Copenhagen: Teknisk Forlag, 1996), 43-47.
111 C. G. Kratzenstein, “Brief,” Die Neuesten Entdeckungen in der Chemie 10 (1783), 
136. The note on the water-to-crystal transmutation appeared in vol. 2 (1781), 59.
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comments of his own. Chrysopoeia was still alive, at least in Copen
hagen.112 But of course the affair did not increase Kratzenstein’s reputa
tion among European chemists. In his Geschichte des Wachsthums und

112 Another example of eighteenth-century alchemy occurred as far away as Greenland, 
where in the 1720s the missionary Hans Egede attempted to make gold. See H. Kragh, 
“Hans Egede -  apostel og alkymist,” Dansk Kemi 83, no. 12 (2002), 32-33.
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der Erfindungen in der Chemie der neueren Zeit, the pharmacist and 
chemist Johann Christian Wiegleb ridiculed the reports from Copen
hagen, dismissing them as Rosicrucian nonsense. Wiegleb found no 
excuse for Kratzenstein’s behaviour and concluded that he must possess 
a “particular strong credulity.” As to the alleged making of gold, he 
pointed out that the arsenic used had contained small amounts of gold, 
whereas the experiment would fail if pure arsenic was used. “Sic transit 
gloria alchemistarum,” Wiegleb ended his assault.

Immediately after his arrival in Copenhagen in 1753, Kratzenstein 
was elected a member of the Royal Danish Academy of Sciences. 
Shortly after its foundation in 1742, the Academy had created a pro
ceedings journal for its members, abbreviated Skrifter. Until 1748 it 
appeared in both a Danish and a Latin edition (Scriptorum), but there
after it was resolved to publish it in Danish only and that all contribu
tions had to be in this language. For this reason, Kratzenstein had his 
articles translated from German to Danish, as was the case with his very 
first contribution from 1754, a survey of phosphoric bodies and the 
nature of phosphorescence.113 It was a subject that he had earlier dealt 
with in the context of his favourite field of electrical science, first in 
Theoria electricitatis more geométrico from 1746.

Kratzenstein’s aim was not to report new experiments, nor to survey 
those of other researchers, but to offer a systematic theory of phospho
rescence within the framework of the Stahlian system of chemistry 
established by Georg Stahl, the famous professor at the university of 
Halle. According to Kratzenstein’s version of Stahl’s chemistry, all mat
ter consisted of seven elementary substances, namely: (1) A subtle, all- 
pervading aether; (2) a universal acid salt or acidum\ (3) water; (4) air; 
and three kinds of earths, (5) a calciferous earth, terra calcaría or vit- 
rescibilis; (6) a carbonaceous and igneous earth, terra inflammabilis’, 
and (7) a metallic earth. Sulphur was not considered an elementary sub
stance, but a mixture of the universal acid salt and the terra inflamma
bilis. The notion of three forms of earth went back to Johann Becher, 
who in his Physica subterránea of 1667 had introduced a terra lapídea,

113 C. G. Kratzenstein, “Afhandling om adskillige Legemers Phosphorescentz, samt 
Aasageme til samme udleedet af nyeste Erfaring,” Skrifter, som udi Det Kiøbenhavnske 
Selskab a f Lærdoms og Videnskabers Elskere ere Fremlagte og Oplæste 6 (1754), 153- 
172. It received a brief review in Anton Friedrich Büsching’s Nachrichten von den 
Zustände die Wissenschaften und Künste in den Königlichen Dänischen Reichen und 
Ländern 3 (1755), 104.
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a terra pinguis and a terra fluida, corresponding to Kratzenstein’s 
groups (5), (6) and (7). In 1718, Stahl redesignated Becher’s terra pin
guis as “phlogiston”, which appears in Kratzenstein’s list as terra in- 
flammabilis.n4 However, in his work of 1754, Kratzenstein did not use 
the term phlogiston. The concept of phlogiston and the associated the
ory of combustion had only recently been introduced in Denmark, first 
in a dissertation of 1750 written by Christian Friis Rottbpll, who later 
became professor of medicine and a leading botanist.115

Apart from offering an explanation of the light and fire associated 
with phosphoric bodies, another aim of Kratzenstein’s treatise was to 
present a classification of types of phosphorescence. He believed that 
all kinds of phosphorescent phenomena could be represented by the fol
lowing scheme, which is here reproduced in translation:

Class I.

Class II.

Class III.

Class IV. 

Class V.

Phosphors, which ignite by air
1. Pyrophorus aluminosus
2. Pyrophorus martialis
3. Pyrophorus arsenicalis Meuderi 
Phosphors, which ignite by heat or friction
1. Phosphorus urince or Anglicanus
2. Aurum fulm inans
3. Pyrophorus martialis 
Phosphors, which luminate in darkness
1. Phosphorus animalis naturalis, seen in glow-worms, the lamp- 

bearer from Surinam
2. Phosphorus putrescentium , in putrifying wood, putrifying flesh 

and wood
3. Phosphorus meteoricus, such as the will-o’-the-wisp, the flying 

dragon, shooting stars
4. Phosphorus urince solidus, when it is placed in the free without 

water or as is used for writing
5. Phosphorus liqvidus, the phosphorous pomade
6. Phosphorus fabilosus oculorum, so-called, in some people 
Phosphors, which shine by artificial addition of air
1. Artifical northern lights 
Phosphors, which shine by friction or knocking
1. Phosphorus cethereus and Machina phosphorescens Hauks- 

bejiana

114 David R. Oldroyd, “An examination of G. E. Stahl’s philosophical principles of uni
versal chemistry,” Ambix 20 (1973), 36-52.
115 C. F. Rottbpll, Dissertationem de igne et materia ignis (Copenhagen, 1750).
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2. Phosphorus mercurialis, such as Barometrum, Globus and Clep
sydra phosphorescens

3. Phosphorus scintillons, by brushing hair, by breaking sugar, by 
rubbing warm silk clothes

4. Phosphorus Hombergi
5. Spiritus viniphosphoratus, by mixture with water
6. Phosphorus electricus
7. Phosphorus aqvce marince

Class VI. Phosphors, which become luminous by exposure to the sun or day
light
1. Phosphorus Bononiensis
2. Phosphorus Balduini
3. Carbuncle-like precious stones

Class VII. Phosphors, which become luminous by heat
1. Spatum phosphorescens
2. Carbuncle-like precious stones

Altogether, Kratzenstein’s list included 21 types arranged in 23 groups. 
As he admitted, the list included many phenomena so diverse that they 
would seem to have little in common. And yet he insisted that the diver
sity was only apparent, for all the phenomena could be explained 
according to the same mechanisms of Stahlian chemistry. To put it 
briefly, he suggested that when acidum and carbonaceous earth com
bined under suitable conditions, the earth would be dissolved in the acid 
and produce a trembling motion in the surrounding aether. After being 
propagated through the aether, the oscillatory motions would cause in 
the observer’s eye a sense of light or fire.

A look at Kratzenstein’s table reveals that not much progress had 
occurred in the scientific study of phosphorescence since the days of 
Boyle and Leibniz. A few new forms had been added to the list, such as 
V.l, the luminous phenomena associated with the friction-electrical 
machine invented by Francis Hauksbee in 1706.116 The class V.4 is a 
reference to the afore-mentioned Wilhelm Homberg, who in 1693 pro
duced a chemical phosphor by fusion of sal ammoniac and slaked lime. 
Homberg’s work was however only published in 1730.117 I have not

116 F. Hauksbee, “An account of an experiment... touching the production of a consid
erable light upon a slight attrition of the hands on a glass globe exhausted of its air,” 
Philosophical Transactions 25, no. 307 (1706-07), 2277-2282.
117 W. Homberg, “Nouveau phosphore,” Mémoire de l'Academie Royale des Sciences 
10 (1730), 445-448.
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been able to identify Kratzenstein’s pyrophorus arsenicalis Meuderi 
(class 1.3), except that he states it to be made of red arsenic (the tetra- 
sulphide realgar, As4S4) sublimated together with chips of iron, the sub
limate subsequently being rubbed with crystals of silver. According to 
Kratzenstein, if the powder is placed upon a piece of blotting paper, it 
will burst into fire.

As to what came to be recognized as the chemical element phospho
rus, it appears in Kratzenstein’s list as III. 1, the “English phosphor”. In 
the mid-eighteenth century, most chemists considered it to be a com
pound body, say of an acid and phlogiston. For example, according to 
Boerhaave, phosphorus consisted of sulphuric acid with a high concen
tration of phlogiston.118 Stahl held that the acid was hydrochloric acid 
(“acid of sea salt”), which caused Marggraf to attempt to produce phos
phorus from the acid. He failed, of course. Kratzenstein suggested that 
the phosphorus urinœ consisted of an acid from common salt and a veg
etative spirit from the food; as a result of the digestion, the acid would 
turn into a subtle matter and combine with oily parts in a way “that can
not be reproduced by any known chemical art.” In his authorative and 
much used Dictionnaire de Chymie from 1766, Pierre Joseph Macquer 
defined phosphorus as “a kind of sulphur composed of a particular acid 
united with phlogiston,” and noted that it “resembles vitriolic sulphur 
also in this point, that all its phlogiston may be burnt, even with rapid
ity, without any decomposition of its acid.”119

Kratzenstein’s class II.2, aurum fulminons, deserves special atten
tion. Being neither phosphorescent nor luminescent, and having almost 
nothing in common with the urinous phosphorus, Kratzenstein’s classi
fication is clearly unfortunate. The history of fulminate of gold goes 
back to the late sixteenth century and it was alledgedly known to the 
legendary alchemist Basilius Valentinus, who reportedly prepared it 
from gold dissolved into a mixture of sal ammoniac and aqua regia 
(forming gold chloride, AuC13) and then precipitating with potash 
(potassium carbonate, K2C 03).120 During the seventeenth century, the 
gold chloride was usually turned into the fulminate by addition of aque
ous ammonia. Whatever the process, in modem terminology it is a 
coordinate compound whose formula can be written Au(NH)(NH2),

118 H. Boerhaave, A New Method of Chemistry (London, 1727), vol. 1, pp. 353-357.
119 P. J. Macquer, A Dictionary of Chemistry (London, 1771), vol. 2, p. 531.
120 Hans Toftlund Nielsen, “Opdagelsen af knaldguldet,” Dansk Kemi 71, no. 12(1990), 
434-435. Partington, History of Chemistry, vol. 2, pp. 176, 197, 278-279, 330.
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3H20. What caused the attention of natural philosophers was that the 
dry substance would explode by heating or even by a slight knocking or 
friction. For this reason, it was seen as a possible analogue to gunpow
der and eagerly examined by English and other natural philosophers.

Boyle, Hooke, Willis and John Mayow were among those who made 
experiments with the exploding gold.121 For example, Boyle conducted 
a series of experiments in which he attempted to set off gunpowder in a 
vacuum, but all failed. When he tried to ignite the fulminate of gold in 
his pneumatic machine by means of a burning glass, he succeeded, 
which made him conclude that the two processes, although analogous, 
were different.122 Nearly a century later, Kratzenstein explained that 
aurum fulminons consists of gold particles, an imperfect saltpeter, and 
an acid of saltpeter. As soon as the dry acid of saltpeter was agitated, 
either mechanically or thermally, it would combine with the alkaline 
parts and thereby drive off its air. The result would be an explosion. In 
general, the fulminate of gold played an important part in the early stud
ies of combustion processes, or what anachronistically may be called 
the prehistory of oxygen, but this is an issue that would take us too far 
to deal with.

Schemes and classifications of the type offered by Kratzenstein can 
be found elsewhere in the chemical literature of the second half of the 
eighteenth century, if usually in less details. For example, the Ency
clopédie of 1780 included a long article on phosphors, divided in six 
groups: (I) animals, plants and other bioluminescent phenomena; (II) 
electrical phosphors, including Hauksbee’s; (III) stones and crystals 
that shine by friction; (IV) the Bologna stone and other materials that 
acquire their luminescent properties after calcination; (V) phosphors 
produced by fermentation, distillation or chemical processes; (VI) the 
English or true phosphorus, or what was named Kunckel’s phosphor.123 
Macquer’s division was much simpler. The entry on phosphors, cover
ing 14 pages, focused on the constant phosphorus, and among the phos
phoric stones he included only the Bologna stone and the phosphors of 
Baldewein and Homberg. Not unlike Kratzenstein, Macquer believed

121 Robert G. Frank, Jr., “John Aubrey, F.R.S., John Lydall, and science at Common
wealth Oxford,” Notes and Records of the Royal Society 27 (1973), 193-217.
122 R. Boyle, Tracts Containing New Experiments Touching the Relations betwixt Flame 
and Air (London, 1672), in Works, vol. 3, pp. 562-589, on p. 572.
123 Encyclopédie, ou Dictionnaire Raisonné des Sciences, des Arts et des Métiers, vol. 
25 (Lausanne, 1780), pp. 672-681.
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that all phosphors have in common that they consist of an acid, an earth, 
and phlogiston. “The Bolognian stone and other phosphoric stones con
tain a selenites, or a calcareous earth united with vitriolic acid, and ... 
the phlogiston is given to them during calcination.”124 Whereas the acid 
in Homberg’s phosphor was marine (hydrochloric) acid, that in Balde- 
wein’s was nitrous acid.

The strange phosphorescence of the sea that in Scandinavian lan
guages are known as “morild” attracted the interest of numerous natural 
philosophers, including celebrities such as Descartes, Boyle and Ben
jamin Franklin. Kratzenstein, who included it as class V.7, phosphorus 
aqvœ marince, was uncertain about the cause, but inclined to believe 
that the phenomenon was due to putrefying fish. His contemporary, the 
bishop Erik Pontoppidan, discussed the topic in his Første Forsøg paa 
Norges Naturlige Historie125 (1752-53) and mentioned various ideas 
held by Scandinavian natural philosophers, including that the sea’s 
phosphorescence belonged to the same class as the lapis Bononiensis.

That the phenomenon is organic i nature, an example of bioluminis- 
cence, was gradually recognized during the period 1820-1840. One of 
the pioneering contributions was made by the German-Danish chemist, 
physicist and medical doctor Christoph Heinrich Pfaff, professor at the 
university of Kiel.126 In a paper of 1828, Pfaff suggested that the sea 
light was due to the “infusoria” (i.e., ciliates) earlier studied by the Dan
ish amateur naturalist Otto Friederich Midler. Pfaff demonstrated as the 
first that microscopic organisms, later identified as dinoflagelates, 
could be stimulated to luminate, either chemically, by adding ammonia, 
or electrically, by passing a current from a voltaic cell through the sea 
water. Pfaff was, like Kratzenstein, primarily concerned with the sci
ence of electricity. In both cases, their interest in phosphorescence 
derived from their electrical studies.

To return to Kratzenstein, it is, finally, worth to point out how rela
tively close his table is to the attempts of the seventeenth century to 
classify luminescent phenomena, such as Thomas Bartholin’s. Still in 
1754, Kratzenstein included many of the same organic phenomena that

124 Macquer, Dictionary o f Chemistry, p. 539.
125 English translation of 1775 as The Natural History o f Norway.
126 C. H. Pfaff, “Bemerkungen iiber das Leuchten des Meeres,” [Schweigger’s] Journal 
fur Chemie und Physik 22 (1828), 311-318. At the time, Kiel was part of the Danish king
dom. On Pfaff, see H. Kragh and Malene M. Bak, “Christoph H. Pfaff and the controversy 
over voltaic electricity,” Bulletin for the History of Chemistry 25 (2000), 83-90.
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had made so strong an impression upon Bartholin and his contempo
raries. Luminous insects, putrifying flesh and wood, and shooting stars 
appear in his list, as does sea light (under V.7). He even considered the 
cat’s eye, if only to conclude that it cannot shine in complete darkness. 
And he, a representative of the age of enlightenment, felt obliged to dis
miss stories about people who, after having consumed large amounts of 
strong wine, would go into their dark bedroom and still be able to see 
well enough to read a book. This he dismissed as “the imagination of a 
drunkard rather than a certain experience.”

Kratzenstein’s treatise on phosphorescence was a serious attempt to 
understand light phenomena theoretically and, and the same time, to 
classify all kinds of such phenomena within the general framework that 
he had learned from Stahl. At the time it was a valuable contribution to 
a subject that continued to attract attention from many of the period’s 
most distinguished natural philosophers. On the other hand, Kratzen
stein’s Stahlian speculations concerning the chemical nature of phos
phorus were by no means original. To illustrate the current way of 
thinking, consider a paper of 1733 written by Hanckwitz, Boyle’s for
mer assistant. In connection with a series of experiments made before 
the Royal Society, Hanckwitz argued that, in his opinion, “Phosphorus 
doth not naturally exist in Animals by itself; but when formed out of 
Urine, by the means of Putrefaction and Fire, its principal Contexture is 
found to consist of a subtile Acid concentrated by the Salt of Urine, and 
of a fat depurated Oil.” He went on to offer an explanation of the chem
istry of phosphorus:

The Phlogistic Part is so slightly connected with the other Princi
ples, that the least Motion, Friction or Warmth, sets it on fire. The 
fixed Part seems to consist chiefly in the acid Salt of the Urine, 
which is at first so intimately concentrated with the Phlogistick 
Part, as in Deflagration to be hurried up or sublimed along with it; 
... Phosphorus may be called an urinous Sapo, or Soap, as it con
sists of the saline and oleaginous Parts of the Urine: But Phospho
rus is not to be got in so great Plenty out of Urine alone, as when 
the Fceces Alvince are elixirated along with i t ... In Regard of the 
Parts whereof Phosphorus consists, it may be considered as the
Soot of a deflagrated Oil; and so may every combustible Sub
stance be look’d upon as a kind of Phosphorus, as consisting of 
inflamable Materials. Phosphorus is more immediately com
pounded of a Salt tending to the Nature of Sal Ammoniac, of an
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urinous Salt, of an Acid, and an oily Phlogiston with a subtile 
Earth; by the Means of these Salts existing in the Urine, the Fceces 
Alvinœ are the better elixirated, and those Particles extracted 
which contribute to the forming of the Phosphorus.127

However, the view of nature that formed the basis of the works of natu
ral philosophers such as Hanckwitz and Kratzenstein was not destined 
to last long. Thirty years after Kratzenstein’s communication to the 
Royal Danish Academy, Stahl’s doctrines were crumbling under the 
attack of Lavoisier’s new and fruitful ideas. Kratzenstein was well 
aware of the French chemistry, but remained a Stahlian throughout his 
life. In the 1791 edition of his textbook in experimental philosophy, 
appearing four years before his death, he included a brief account of 
phosphorescence that did not differ drastically from what he had writ
ten nearly forty years earlier.128

It is well known that phosphorus played a most crucial role in the 
long and complex process that eventually led Lavoisier to his new, oxy
gen-based theory of combustion.129 The process started in early 
September 1772, when he purchased a sample of phosphorus from a 
Parisian pharmacist, Pierre-François Mitouard, with whom he was 
acquainted. He began, for the first time, to make experiments with 
phosphorus and measure its weight gain after combustion. Already in 
his draft memoir of 20 October, he stressed the importance of this “sin
gular phenomenon” that the acid product weighed more than the phos
phorus consumed. This came as no surprise to him, but he wanted to 
demonstrate that the weight gain came from the air, and not from the 
humidity of the atmosphere, and for this purpose he designed a simple 
experiment that eliminated the second possibility. Only after having 
made experiments with phosphorus, and subsequently with sulphur, did 
he turn to metals, first the reduction of litharge in a closed vessel.

127 A. G. Hanckwitz, “An account of some experiments upon the Phosphorus Urinæ,” 
Philosophical Transactions 38, no. 428 (1733), 58-70, on pp. 63-64.
128 C. G. Kratzenstein, Forelæsninger over Experimental-Physiken (Copenhagen: 
Schulz, 1791), pp. 118-120, which was a Danish translation of Vorlesungen über die 
Experimental-Physik, a work that appeared in six editions between 1758 and 1787.
129 Henry Guerlac, Lavoisier -  The Crucial Year. The Background and Origin o f His 
First Experiments on Combustion in 1772 (Ithaca: Cornell University Press, 1961), pp. 
172-182, 187-196. C. E. Perrin, “Lavoisier’s thoughts on calcination and combustion, 
1772-1773,” Isis 77 (1986), 647-666. See also Frederic L. Holmes, Antoine Lavoisier -  
The Next Crucial Year (Princeton: Princeton University Press, 1998), pp. 82-86, 121-124.
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A couple of months later, Mitouard submitted to the Academy of 
Sciences a paper in which he noted, if only in passing, that the weight of 
the phosphoric acid (i.e., oxide) produced was greater than that of the 
phosphorus from which it was prepared. The report on the paper, made 
on behalf of the Academy, was written by Lavoisier. Henry Guerlac has 
argued that Lavoisier might have known about Mitouard’s paper before 
it was submitted, and that his knowledge of it was a contributing reason 
for his own experiments with phosphorus.130 Whatever the truth of the 
matter, there is no doubt that Mitouard’s paper was important for La
voisier.

Lavoisier was not the first to note the weight gain in “calcined” phos
phorus, but neither was Mitouard. Already Marggraf had noted in 1741 
that phosphorus, when burned in air, turned into a considerably heavier 
substance, what he called “flowers of phosphorus.” Even earlier, 
Hanckwitz had observed and quantitatively measured the weight gain, 
both for the oxide (as it would later be called) and the acid. In his afore
mentioned paper of 1733, he reported: “I took one Ounce of Phospho
rus, which I deflagrated ... and obtained of the white sublimed Flowers 
ten Drachms, that is two Drachms more than the Weight of the Phos
phorus before Deflagration.... The ten Drachms of Flowers being set in 
a cool moist Place, exposed to the Air, did resolve into a Liquamen, 
weighing four Ounces and two Drachms, which Liquamen much 
resembles Ol. Sulph. per Campanam.”131

Yet, neither Hanckwitz, Marggraf nor Mitouard considered the 
weight gain to be important, and they did not think of it as due to a reac
tion with air. It was only Lavoisier who emphasized the observation and 
made it the starting point of a research programme with momenteous, if 
at the time unforeseeable consequences. Of course, his interest was not 
primarily in phosphorus, but in the nature of the air that combined with 
it. It must be considered a coincidence that he started with phosphorus, 
rather than sulphur. In his notes on the combustion of phosphorus from 
September and October 1772, Lavoisier did not comment on whether it 
was a simple or composite substance. But he was eventually led to

130 Guerlac, The Crucial Year, pp. 173-191. Max Speter first called attention to the role
of the somewhat obscure Mitouard, arguing more or less directly that Lavoisier had taken 
unfair advantage of Mitouard’s still unpublished memoir. See M. Speter, “Lavoisier,” pp. 
304-333 in Bugge, Das Buch der Grossen Chemike, especially pp. 313-316.
131 Hankwitz, “An account of some experiments,” p. 59. 1 ounce = 8 drachms = 31.1 g. 
Ol. sulph. p er campanum  = concentrated sulphuric acid.
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address this question and argue that phosphorus was just a chemical 
element, a simple combustible substance. For, as he tersely stated in his 
path-breaking textbook Traité Elémentaire de Chimie, “no experiment 
has hitherto given reason to suspect that phosphorus is a compound 
body.”132

Lavoisier’s conclusion followed from his famous redefinition of a 
chemical element, in which he, adopting a pragmatic and cautious view, 
characterized an element as any substance that could not be analysed by 
chemical means. Important and fruitful as Lavoisier’s definition was, it 
was not without predecessors. To give but two examples, according to 
the Encyclopédie, chemical elements were the “simplest, indestructible 
bodies persisting in their compounds,” and in 1780 Johann Friedrich 
Gmelin defined simple bodies as “those which can be no further 
decomposed into unlike particles by chemical artifices.”133 Yet, and in 
gross contrast to Lavoisier, in both cases the four Aristotelian elements 
were accepted as simple substances. For, as Gmelin argued, we have 
“very good reason to allow the name of elements to fire, air, water, and 
earth, if we imagine them in their greatest purity.”

132 Antoine-Laurent Lavoisier, Elements of Chemistry (New York: Dover Publications, 
1965), p. 207. Reprint of the English translation of 1790.
133 J. F. Gmelin, Einleitung in die Chemie (Nürnberg, 1780), p. 36.



11. Conclusion and summary

This essay has drawn attention to the role played by luminescent sub
stances in Danish natural philosophy from Thomas Bartholin in the 
1640s to Christian G. Kratzenstein in the 1750s. Bartholin’s De luce 
animalium of 1647, a compilation of knowledge concerning naturally 
occurring luminescent bodies, was considered an important contribu
tion to a subject that attracted a great deal of interest among natural 
philosophers in the early modem period. However, it was closer to the 
tradition of renaissance humanism than the new experimental philoso
phy, which by the mid-seventeenth century had not yet gained a sure 
foothold among Danish natural philosophers. Bartholin’s book should 
be viewed as a stage in the metamorphosis of the old science into the 
new.

The discovery of new luminescent materials in the 1670s and 1680s, 
and in particular the “constant” or elemental phosphorus, was a triumph 
for the experimental approach to investigate nature’s secrets. But it was 
hardly a triumph for experimental science in the sense we understand it 
today, for the approach was basically alchemical rather than what later 
scientists would call chemical. Chemists of the age of reason would 
often cite the discovery of phosphorus as an illustration of Francis 
Bacon’s fable about the father, who on his death-bed informed his lazy 
sons of a treasure he had hid underground his garden -  his sons, hoping 
to find the treasure, went digging, and although they found no treasure, 
“by turning up the mould about the roots of the vines, [they] procured a 
plentiful vintage.”

The story of the discovery of phosphorus, involving shadowy figures 
like Brand as well as scientific giants like Boyle and Leibniz, is well 
known and is here presented in a summary version. No Danes made 
important contributions to the new urine-based phosphorus, but Jobst 
Brandshagen demonstrated it before the king as early as January 1682. 
Brandshagen’s reports to Leibniz, his master, are valuable sources to 
the scientific life in Copenhagen at a time when the “first golden age” 
of Danish natural philosophy was beginning to decline.

About a year after Brandshagen’s demonstration, Ole Borch took up 
the subject, which he described in some detail in a university speech of 
May 1683. To my knowledge, this is the first account of phosphorus 
given by a Scandinavian natural philosopher, and central parts of it is
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here translated for the first time. I also call attention to a much later 
paper, written by Kratzenstein in 1754, in which the German-bom pro
fessor offered a comprehensive classification and survey of phospho
rescent substances. This work gives a good impression of how phos
phorescence and phosphorus were conceived within the tradition of 
Stahlian chemistry, when phosphorus was viewed as a compound of an 
acid and phlogiston. Needless to say, perhaps, the present study is far 
from exhaustive. A more thorough study of the Danish scientific litera
ture in the period would undoubtedly uncover more sources related to 
the subject here examined.
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