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ABSTRACT | According to Lavoisier’s chemistry, nitrogen was 

the inert gas par excellence. Therefore, a strong challenge was 

the reactive visibility that the German chemist Johann Friedrich 

August Göttling (1753-1809) had ascribed to it and which was 

refuted by the Italian biologist Lazzaro Spallanzani (1729-1799). 

After the first three months of his inquiry on animal respiration 

(1795-1799), something weird drew Spallanzani’s attention: his 

eudiometric analysis forced him to deal with the enigma of an 

increase of nitrogen during the passage of the air through the 

lungs. In Lavoisier’s interpretation, this fact was impossible 

and it was at this moment that Göttling’s name appeared in 

Spallanzani’s notebook. He suspended his biological inquiry 

to work on the reactivity of the gases: his eye was dazed by 

a blurring phantasmagoria of lights, fumes, and nuances of 

colours which supported Göttling’s thesis.

Translating the “chemistry of light” into a chemistry of 

weight and volume was difficult and exhausting. In the end, 

however, Göttling’s explanations yielded one after another, and 

Spallanzani confirmed brilliantly the chimie nouvelle with his 

Chimico esame degli esperimenti del Sig. Gottling (1796).

KEYWORDS  | Spallanzani, History of chemistry, Nitrogen, 

Light, 18th century
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1. �Spallanzani and Chemistry

In the study of gases, the lack of direct observation had no conceptual visibility 
neither before, nor after the revolution of Lavoisier. Thus, this subject did not 
cause doubts about the limits and foundations of experimentalism. In fact, as 
normally invisible objects, gases became (in most of cases, at least) quite visi-
ble during reactions. Still, there was a particular kind of “chemical invisibility”: 
the one affecting those inert substances which did not modify, nor took part 
in reactions. According to the new chemistry, nitrogen was the typical inert 
gas – it did not react with any element, nor did it allow combustion.1 Hence, 
the greatest challenge was the impressive reactive visibility ascribed to it by 
the German chemist Johann Friedrich August Göttling (1753-1809), whose 
pneumatic theory and chemical terminology were alternative to those intro-
duced and upheld by Lavoisier.2 This essay aims to reconstruct the relationship 
between this chemistry of light and the work performed by the Italian biologist 
Lazzaro Spallanzani (1729-1799), who first met nitrogen while carrying out 
altogether different inquiries. Initially, he agreed with Göttling’s thesis, but 
subsequent research led him to produce the most brilliant confutation of that 
insidious attack on Lavoisier’s system.

It is quite hard to date precisely Spallanzani’s interest in chemistry.3 The 
biography written by his brother Niccolò quotes the crucial year 1791,4 when 
the Italian scientific community was struck by the translation of Lavoisier’s 

1	 On these subjects cf. Monti, L’azoto, il fosforo e la chimica nuova, 2023.
2	 Cf. Göttling, Beytrag, 1794-1798 and Göttling, “Etwas über den Stickstoff ”, 1795. On 

Göttling and the question of phosphorus cf. Abbri, “Spallanzani e la ‘chimica nuova’ ”, 1996; 
Aigner, Die Beiträge, 1995; Stolz, “Johann Friedrich August Göttling”, 1993; Ciardi, 
“La chimica pavese”, 2001, p. 714-716; Frercks, “Techniken der Vermittlung”, 2008; Seli-
gardi, Lavoisier in Italia, 2002, p. 269-285; Schmitson, Johann Friedrich August Göttling, 
1811; Monti, L’azoto, il fosforo e la chimica nuova, 2023, p. 53-90, 193-226. On the German 
context cf. Beretta, The Enlightenment of Matter, 1993, p. 300-309; Frercks, “Die Lehre 
an der Universität Jena”, 2006; Hufbauer, The Formation of the German Chemical Commu-
nity, 1982; Kahlbaum, Hoffmann, Die Einführung der Lavoisier’schen Theorie, 1897; 
Partington, Mckie, “Historical studies”, 1939; Vasconi, “Diffusione della chimica anti-
flogistica”, 1995.

3	 On Spallanzani and chemistry cf. Capuano, Manzini (eds.) La “mal-aria” di Lazzaro, 
1996; Vaccari, “I Viaggi alle due Sicilie”, 2006; Parea, “Problemi di terminologia”, 2006; 
Ciardi, “Gli ultimi anni di una straordinaria carriera”, 2005, p. 5-11; 63-77; Manzini, “La 
salsa di Querciola e i vulcani di fango”, 2009; Capuano, Cavalchi, “Chimica pneumat-
ica e fisiologica”, 2010; Taddei, “Dalla respirazione nei vermi al fuoco dei vulcani”, 2018; 
Monti, “Spallanzani e le arie infiammabili, forthcoming; Monti, L’azoto, il fosforo e la 
chimica nuova, 2023, p. 91-191; 227-260.

4	 Castellani, “Biografia inedita”, 1989, p. 42.



147

Spallanzani and the “Chemistry of Light”

Méthode de nomenclature chimique and Traité élémentaire. In fact, when Spal-
lanzani read the Traité, he expressed his full support for Lavoisier’s system. 
Although not interested in the theoretical aspects of French chemistry, he real-
ised that the chimie nouvelle was in line with the ideals of methodological and 
epistemological rigour that he had always pursued in his research work. Still, 
only in 1796 did Spallanzani express an official opinion on this topic, with the 
publication of a short contribution – the Chimico esame5 – where he contested 
Göttling, preceding the Lavoisierian coterie.6 The main subject of the querelle 
was the origin of the light emitted by phosphorus during combustion: was this 
light an epiphenomenon of oxygen uptake, as Lavoisier explained or was it the 
result of a much more complex reaction which involved nitrogen, as Göttling 
argued?

Actually, as early as the late 1770s Spallanzani had already mentioned 
chemical devices (especially eudiometers)7 in his correspondence with Jean 
Senebier (1742-1809).8 However, Spallanzani’s use of these instruments is not 
attested before 1786. His first documented eudiometric analysis dates back 
to the days following January 31, when he was travelling to Constantinople 
(1785-1786).9 In any case, two years later the chemical study of volcanic activ-
ity had already become a key component of Spallanzani’s inquiries in Southern 
Italy and the Apennine mountains,10 setting the basis for a crucial improve-
ment of his chemical knowledge in the following years.

Indeed, in the mid-1770s Spallanzani had already concluded a (fairly unin-
spiring) incursion in the pre-Lavoisierian chemistry of respiration.11 Later, 
Senebier tried to persuade him to join a debate on phlogistic topics, but Spal-
lanzani dashed Senebier’s hopes by defining phlogiston as “a Protean entity, 
not different from Descartes’ subtle matter.”12 In accordance with this opinion, 
he did not consider chemistry to be adequate to his ideal of science, thus he 
lost interest in the subject. Spallanzani would focus once more on respiration 

5	 Spallanzani, Chimico esame, 1796.
6	 Cf. Fourcroy, Vauquelin, “Examen des expériences”, 1797.
7	 On eudiometry cf. Grapì, Inspiring air, 2019.
8	 Spallanzani, Carteggi, 1984-1990, vol. viii.
9	 Spallanzani, Viaggio a Costantinopoli, 2012, p. 179-180; 184; 208-211.
10	 Spallanzani, Viaggi alle Due Sicilie, 2006. The notes written by Spallanzani during these 

explorations are published in Spallanzani, Miscellanea di viaggi, 2009, p. 79-194 and 
Spallanzani, I ristretti, 2018, p. 277-360.

11	 Cf. Monti, Storie di animali chiusi nell’aria, 2017, p. 55-99.
12	 Spallanzani to Senebier, Februar 10, 1777 (Spallanzani, Carteggi, 1984-1990, vol. viii, 

p. 41)
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about twenty years later (years which would prove revolutionary for chemis-
try and, more specifically, for pneumatic chemistry). Therefore, while he did 
not witness the storm which swept away many classic theories of respiration, 
he reached the turn of the century carrying absolute novelties by which he 
himself was overwhelmed. For, no other inquiry performed by him like the 
last one on animal respiration was concentrated in such a short amount of 
time ( January 6, 1795-February 4, 1799) and with such imposing production 
of notes, summaries and drafts, and in no other moment were Spallanzani’s 
experimental results so far beyond the average level of the scholarly commu-
nity of his time.13 Actually, these results were intriguing and intricate to the 
point that they blocked the preparation and publication of the treatise on the 
respiration of animals and plants that he had been planning and announcing in 
those years.14 

2. The “Increased” Nitrogen

Spallanzani’s latter inquiry on respiration stemmed as a secondary branch from 
a study on bats and lethargy which he had been carrying out between 1793 
and 1794.15 In fact, in January 1795 his laboratory notebook (which until that 
moment had been entirely devoted to chiropters) began to host entries on 
lethargic beasts. These were alive, but had not modified the air of the spaces 
where they had been confined: therefore, they seemed to have suspended 
what was considered as the vital function par excellence. Scarcely a month later, 
Spallanzani was totally absorbed by this new research subject. Yet, another fact 
drew his attention on April 1. After the death of some animals which he had 
sealed in a rudimental hydro-pneumatic device (“il tinozzo”), the water level 
did not stay at the same height, but rather it decreased. Therefore, new gas had 
entered the container: it was much probably nitrogen (Spallanzani thought), 
as fixed air (i.e. carbon dioxide) was known to be water-soluble. A pause of 
a few days provided him with the critical detachment to examine more care-
fully the air where some frogs had died. On April 9, Spallanzani attributed the 
decrease of the liquid to carbon dioxide produced by animal respiration, but 
also – and “surely” – to the nitrogen which had “increased”.16 Thus, Spallan-

13	 Cf. Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019.
14	 Cf. monti, Storie di animali chiusi nell’aria, 2017, p. 131-245.
15	 The notes are published in Spallanzani, I giornali delle sperienze, 1994, vol. iii; V, t. i.
16	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p 116.
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zani’s eudiometric analysis forced him to deal with the enigma of an increase 
of nitrogen during the passage of air through the lungs. According to the new 
chemistry, such an event was impossible.

The production of nitrogen (which would become Spallanzani’s obsessive 
problem) was set aside for the moment. But, almost at the same time, his labora-
tory witnessed the appearance of devices (the mercury pneumatic instrument 
and the phosphorus eudiometer) which he, quite curiously, knew quite well, 
but he had disregarded until that moment. The mercury bath and the eudiom-
eter had to be coordinated in order to measure, by difference, both the carbon 
dioxide (produced by respiration, not taken up by mercury and eliminated by 
lime water) and the remaining vital air (i.e. oxygen – taken up by phosphorus 
in combustion). Therefore, what remained must necessarily be nitrogen. Actu-
ally, phosphorus could not absorb all of the oxygen, and even after repeated 
ignitions six or seven percent of it remained. Spallanzani took into account this 
imprecision: still, the procedure repeatedly confirmed the inexplicable surplus 
of nitrogen which seemed to be produced with respiration.

At this point ( June 13, 1795), the name Göttling first appeared in Spal-
lanzani’s notebook. With regard to what, at that moment, appeared crucial to 
Spallanzani, the new chemistry was disappointing. Therefore, he decided to 
confront a “colleague” who had made of nitrogen the central topic of his latest 
book. Relying on a complex molecular theory (which Spallanzani had certainly 
found of little or no interest), Göttling had in fact developed a pneumatic doc-
trine with a truly remarkable experimental apparatus: “a good deal of brilliant 
experiments” – Spallanzani would write later –17 which was the ideal “fuel” to 
get things moving. Spallanzani drew up a summary of Göttling’s essay18 and, at 
the same time, began his chemical experiments. Actually, his first reference was 
only a reminder to watch over the purity of the vital air where (instead of the 
common air) he confined animals, in order to exclude any problems coming 
from atmospheric nitrogen. Shortly after, however, Spallanzani analysed the air 
bubbles emitted by some bivalve molluscs, and he seemed to accept Göttling’s 
thesis:

Since Göttling observed that phosphorus lights up in nitrogen, I trans-
ferred this gas in an eudiometer where there was phosphorus. I closed 
the windows (7 a.m.), and I did not see any light, but perhaps it wasn’t 

17	 Spallanzani, Chimico esame, 2007, p. 160.
18	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 152-158. For the dating 

of this and the other mentioned manuscripts, see my historical notes to this edition.
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dark enough. However, I saw phosphorus releasing visible steams. This 
evening I am going to perform new tests.19

Actually, the “new tests” were performed the day after ( June 17) at 9.30 
p.m., and in the dark, so that even the faintest light could be seen. No glow was 
visible in the eudiometer where Spallanzani had put expired air, but it appeared 
once the gas passed to another device with a new piece of phosphorus in it. The 
following day, Spallanzani tested with nitrous air (i.e. nitrogen oxide, which 
reveals the presence of vital air with a macroscopic reaction) if there was a pos-
sible residue of oxygen. This would have explained the flashes; but the outcome 
was negative, and the tests of flame and of lime water were negative as well. 
Nevertheless, when the gas was transferred from one eudiometer to another, it 
aroused light in phosphorus. On June 20, Spallanzani concluded: “this is a new 
evidence”20 of what Göttling had demonstrated. Thus, the extra gas (neither 
oxygen, nor carbon dioxide) which made phosphorus glow could effectively 
be nitrogen, assuming that nitrogen made phosphorus glow. The circle risked 
being a vicious one: in fact, Spallanzani could not decide on the reactivity of 
nitrogen in respiration, if he did not prove first the nature of the enigmatic sur-
plus. But he could not do that without jumping into the debate between Göt-
tling and the Lavoisierians and, moreover, without settling it experimentally. 
Not by chance, shortly later the analysis of gases would become a dominant 
activity in Spallanzani’s laboratory, and imposed on the rest of his research a 
break that endured until late December 1796.

3. Full-time Chemistry

“Since this morning I was not busy with my experiments, I wanted to repeat 
some experiments of Göttling”.21 So wrote Spallanzani in his notebook on June 
25. From this day on, he devoted all of his working time to the study of gas 
reactivity. The analysis of the gaseous by-products of respiration was at first 
contextual and quickly it was set aside.

Spallanzani quantified only three variables: the reaction time, the ambient 
temperature, and the level of the liquid in the eudiometer. What really engaged 
him was the “narration of visibility”, that is, the description of the blurring 

19	 Ibid., p. 159.
20	 Ibid., p. 162.
21	 Ibid., p. 167.
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phantasmagoria caused by the reaction.22 Spallanzani’s eye was dazed by a 
quantity of ambiguous signs: tonalities of light, intensities of fumes, coloured 
nuances in the pieces of phosphorus and the “humid crust” which covered 
it and extinguished its flashes. The results were doubtful, perhaps misunder-
stood, and always inconstant.

Soon, Spallanzani faced also the most controversial aspect of Göttling’s doc-
trine: the metamorphosis of oxygen into nitrogen as a consequence of the pro-
longed exposure to light. This alleged phenomenon was the greatest challenge 
to the chimie nouvelle, according to which the substances could combine in dif-
ferent ways and could be composed and decomposed, but could not turn into 
something else following the action of the agents of mutation. On June 29, after 
a few unsuccessful attempts, Spallanzani was able to shield his vessels from the 
sun-rays. Thus, light and heat effects were separated (what Göttling had never 
carried out) and in this way Spallanzani was certain he had obtained a “demon-
strative proof ”23 of the German thesis. But the collected data quickly went back 
to uncertainty and confusion, and he could not discriminate between what was 
“accidental” (“l’accidentale”) and what was “constant” (“il costante”).24 Any-
thing was possible: even that the inflammable air (i.e. hydrogen) acidified the 
phosphorus, and that, in oxygen, combustion caused the rise of the eudiomet-
ric fluid without neither fumes, nor light.

Spallanzani decanted and poured: after every operation, nitrogen made 
phosphorus smoke and glow, but the water level did not rise in the device. 
He replaced nitrogen with common air and, after every replacement, the light 
brightened, and the thermometer indicated a generation of heat. He fought 
against the “acidic humidity,” which during the reaction covered the pieces of 
phosphorus and which, at times, turned off the flashes (in nitrogen), or had no 
influence (in atmospheric air), or was not acidic at all (in nitrogen). The solu-
tion seemed to be at Spallanzani’s fingertips, but he got lost in the suggestive 
distinctions between shiny and wandering fumes (growing up in nitrogen), 
and the bright and fixed light (produced in oxygen).

22	 The relation (and the opposition) between quantification and qualitative appraisal of phe-
nomena are key-points in current historiography of chemistry: cf., e.g., Roberts, “The 
Death of the Sensuous Chemist”, 2005 and the more recent Roberts, Werrett (eds.), 
Compound Histories, 2018.

23	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 176.
24	 About these two categories, and how they operated in Spallanzani’s scientific work, cf. 

Monti, “L’opuscolo di Spallanzani”, 2017.



152

Maria Teresa Monti

Spallanzani did not diverge from Göttling’s procedures. In fact, now he 
lacked the (material and conceptual) tools which later would support his bril-
liant refutation. Something, however, was changing. The turning point arrived 
on August 6, when he switched his research focus from what “always” hap-
pened (and that was not achievable) to what “regularly” happened. The inquiry 
remained sui generis, but it was led back to the method that Spallanzani had 
always used to dominate his natural inclination to “intellectual bulimia”.25 
Nonetheless, controversial (and quite frustrating) cases persisted. There were, 
for example, a lot of inexplicable anomalies in the behaviour of oxygen, and 
some regularity in the light produced by nitrogen, especially if the distinction 
between the two gases was stubbornly sought in what stroke the eye: fumes, 
vapours, and colours.

Still, a second breakthrough came shortly afterwards: Spallanzani, finally, 
linked the phenomena of phosphorus to the contamination of the gases, which 
was a well-known and almost inevitable fact at that time. Thus, he began to 
knowingly use this “imperfection.” The common air represented the classic 
case of “natural” imperfection, where dimension and visibility of reaction 
depended on the reaction itself, which in fact changed the proportions of 
oxygen to nitrogen. The next step was the “artificial” imperfection, which was 
produced by the scientist’s manoeuvres. At times they modified the usual per-
centage in gas mixtures, at times they allowed different gases to penetrate into 
the eudiometer (or they were not able to hinder gas contamination). At the 
end of August, Spallanzani seemed convinced to have obtained good experi-
mental evidence of inverse proportionality between nitrogen and intensity of 
reaction. During the following month, he travelled between various towns in 
the Po Plain, performing eudiometric analysis: but he did not stop searching 
for the best gas combination to obtain light in phosphorus.

Everything restarted fulltime in Pavia, where Spallanzani went back in 
mid-November, for the beginning of the new academic year. His activity was 
increasingly intense, and he wrote to Senebier about his experiences, which he 
was repeating and varying “with greater rigour” than Göttling’s experiments 
– some of which “did not stand the proofs”.26 However, he could not deny the 
impurity in the nitrogen obtained by burning phosphorus in atmospheric air, 
even with his phosphorus eudiometer. In fact, between November 22 and 24, 
he carried out tests with nitrous gas which confirmed the contamination and, 

25	 For this definition cf. Grmek, “La théorie et la pratique”, 1982, p. 340.
26	 Spallanzani to Senebier, November 16, 1795 (Spallanzani, Carteggi, 1984-1990, 

vol. viii, p. 368).
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therefore, seemed to nullify all the previous results. In the following, traces of 
nitrogen in oxygen and of oxygen in nitrogen were quantified, and the aware-
ness of these parasitic variables allowed Spallanzani to frame persistent anom-
alies and to point his attention to real variables, namely, ambient temperature 
and precise gas percentage in the mixtures. Nevertheless, important causes of 
distraction still endured: first of all, what in the reaction “stuck to phosphorus” 
(phosphoric/phosphorous acid?). It acted in an inconstant way and, starting 
from December, it engaged the scientist in a gruelling series of manoeuvres on 
the reactive. The “costante” faded away.

At the end of that month, Spallanzani explicitly criticised Göttling’s protocol 
for its weakness. The nitrogen which had been produced in that way contained 
a volume of residual oxygen which was (quite often) even greater than that 
produced with the eudiometer Spallanzani favoured, that is the device illus-
trated by his friend Giovanni Antonio Giobert (1761-1834).27 The German 
“brass cucurbit” failed,28 and Spallanzani failed as well, even if he used grad-
uated glass tubes, which brought together the rule of quantification and the 
anxiety of seeing. But if imperfection was inevitable, it also had to be accepted 
and dominated. Spallanzani’s aim was to obtain nitrogen “which was pure, or 
at least less impure”.29

At the same time, hydrogen was the protagonist of exploits which were just 
as apparent as transient. Finally, adding 12 degrees of oxygen was enough to 
distinguish the provoked clearer and more constant light: the experiment was 
“most important”.30 Thus, vital air was not an “enemy” of the light, but of low 
temperature, which could not trigger the gleams. On December 29, the reac-
tion (in common air) was explicitly called an oxidation and was not tested by 
colour nuances of heliotrope (which were as apparent as ambiguous), but by 
the weight variation of the reactive. The scene was a triumph of quantification 
– and quantity was impossible to be seen and touched: it was not linked to the 
restraints of concreteness.

27	 Cf. Giobert, Des eaux sulfureuses, 1793, p. 57-68.
28	 The production of nitrogen by combustion of phosphorus in a brass cucurbit was not, of 

course, the only procedure which Göttling described in his Beytrag. Still, this device was 
the only one depicted in the only one plate of his essay and the only one explicitly criticised 
by Spallanzani because of its “opacity” (Spallanzani, Chimico esame, 1796, p. 176). The 
symbolic meaning of that instrument is all too obvious.

29	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 185 – my italics.
30	 Ibid., p. 188.



154

Maria Teresa Monti

Actually, the various levels of research did not exclude each other: rather, 
they overlapped. The year ended, and nothing was univocally defined. The risk 
of getting lost in the proliferation of variables was evident, and, on December 
31, Spallanzani decided for a clear selection. Experiments on light and fumes 
would not be multiplied. Only two factors would be carefully detected: the 
weight of phosphorus and the level of the liquid in the eudiometer. Unfortu-
nately, on January 1, 1796, Spallanzani’s device broke. But he did not give up 
and, four days later, his main purpose was to weigh and weigh again the reac-
tive. After steaming nine times in nitrogen, the piece of phosphorus did not 
mutate its weight. Yet, once more, it was impossible to resist the temptation 
of the suggestive narration of light – which now increased sparklingly, now 
decreased to disappear, now was wandering, then remained steady in the phos-
phorus. Translating the “chemistry of light” into a chemistry of weight and vol-
ume was difficult and exhausting.

Unexpectedly, a change in technology in the production of hydrogen 
opened up new perspectives. On January 7, 1796, in fact, the chemical labo-
ratory of Pavia University provided Spallanzani with inflammable air. This was 
obtained by decomposition of water, instead of by reaction of iron or zinc in 
vitriolic acid, as Spallanzani had read in Göttling and had himself done thus 
far. The gas had to be purer, he was persuaded. Four big containers were filled 
up and tested with the eudiometer, but the light in the reaction was as bril-
liant as in common air. Something, therefore, did not work. The following 
day, Spallanzani performed the test with nitrous air. He did not use the “old 
nitrous air” which he had kept in a vessel for some days, but prepared “some 
new one”.31 He discarded the hydrogen obtained at first (as it was easy to image 
residual atmospheric air) and used the inflammable air produced an hour and 
a half after the beginning of the test. Spallanzani diligently repeated the proof, 
but the outcome was clear: hydrogen was contaminated, and contamination 
“might had been”32 the reason of light and fumes. Then, Spallanzani’s exact-
ness in manoeuvres and his certainty of the result did not remove the doubt 
(“might had been…”) which linked symptoms and cause. He repeated the test 
with gas generated in the old way, and he received the same confirmation of 
impurity. His bafflement was great: thoroughness did not make the difference. 
He defined the ultimately produced inflammable air as “nearly pure”33 and, at 

31	 Ibid., p. 199.
32	 Ibid., p. 200.
33	 Ibid., p. 201 – Spallanzani’s italics.
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last, escaped the deadlock of pursuing the “greatest rigour”.34 The awareness of 
imperfection framed the resistant irregularities. Flashes and light nuances, far 
from undermining the French theories, gave “most conclusive”35 evidence of 
the proportion between the reaction and the impurity of the gas (which was 
reducible, but de facto unavoidable).

A decisive step occurred on January 12. Spallanzani mixed nitrogen and 
hydrogen: no reaction happened. On the contrary, a minimum quantity of vital 
air was enough to spark flashes. When the eudiometric fluids were shaken, or 
when the gas was transferred, light reappeared because new (though minimal) 
amounts of oxygen were introduced. They “corrected” the extreme “rarefac-
tion” of the residue, which was “too enveloped by nitrogen” to be “attracted” 
by phosphorus.36 Everything became clear: and when anything unclear still 
occurred, the replication of the experiments was enough to make sense of the 
remaining contradictions. Thus, contrasting data were only “apparently” con-
trasting.37

Now, the challenge was to find the smallest amount of oxygen still able to 
activate phosphorus in nitrogen. But the computation was never reliable, even 
considering the percentage of vital air which the phosphorus in the eudiom-
eter could not take off. Impurities had been useful to explain light where this 
was not supposed to exist, but now the highest precision was required. Spal-
lanzani was going to face a new hurdle. Actually, he placed deep trust in the 
method devised by Claude-Louis Berthollet (1748-1822), who had produced 
pure nitrogen by treating with nitric acid the “fibrous part” of blood.38 Accord-
ing to Spallanzani’s tests, the gas seemed pure: still, his old habit to embark 
on terra incognita before reading basic bibliography betrayed him. In fact, he 
was working and, at the same time, studying the fundamental Éléments of 
Antoine-François de Fourcroy (1755-1809). During his manoeuvres, and to 
his great dismay, he discovered in the book an important procedural clarifi-
cation that he had not followed.39 Indeed, the resulting nitrogen was far from 
being free from nitrous gas (whose scent, however, had already raised some 
suspicion). Spallanzani tried to fix this problem by following the directions 

34	 Ibid., p. 200.
35	 Ibid., p. 201.
36	 Ibid., p 207.
37	 Ibid., p 204.
38	 Berthollet, Précis d’observations, 1786; Berthollet, Suite des recherches, 1788.
39	 Fourcroy, Éléments d’histoire naturelle, 1789, vol. iv, p. 299.
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that he found, shortly later, in Fourcroy,40 but he was unable to produce the 
degrees of temperature that he read in the French work. He experienced the 
limits of his own chemical knowledge and know-how, and tried again with one 
of the methods mentioned by Göttling. In fact, he attempted to generate pure 
nitrogen in common air with the liver of sulphur (i.e. potassium sulfide). But, 
once more, he discovered Fourcroy’s further doubts,41 performed with phos-
phorus and nitrous air. With stubborn perseverance, Spallanzani stressed the 
procedure to the extremes: a sample of nitrogen obtained from atmospheric air 
with repeated combustion of phosphorus (and notoriously impure) was kept 
for days over potassium sulphide and tested every day. The vital air decreased, 
but it was never completely eliminated.

At this point, a contrasting and unexpected outcome intrigued Spallanzani’s 
experimental creativity, beyond and against Göttling. On January 20, the litmus 
paper revealed that in a tube with nitrogen (obtained from common air by liver 
of sulphur) a suspended piece of phosphorus acidified. What was the cause of 
this acidity? Nitrogen itself (according to the German chemist)? Or perhaps 
the well-known residual oxygen? “I intend to clarify this point tomorrow in 
the morning” – Spallanzani claimed – and the “point” was in fact resumed on 
January 22, but with nitrogen that the scientist had begun to prepare three days 
before with the “valve little bottle” (“boccetta del galletto”).42 This container 
was equipped with a tap which, after repeated combustions of phosphorus, 
was opened under water until the liquid could hardly any more penetrate the 
device. This meant that the phosphorus had absorbed all the oxygen it could 
absorb. This “almost nothing” was replaced with the nitrogen produced before. 
The result was impressive: neither fumes, nor light appeared, not even after 
melting the piece of phosphorus. Nothing was absorbed by the reagents.

Having reached a truce on the front of gas contamination, Spallanzani 
shifted his attention on the acidification of phosphorus and mercury, which he 
often used in alternative to water. The reason – he reflected – might have been 
the atmospheric air (that entered the containers in the few seconds it took to 
pour the liquid) or, and perhaps much more, the acidic residue of previous 
preparations. Whatever the cause, Spallanzani realised (again, and with hor-
ror) that the parasite variable could have affected all the experiments he had 
done thus far and could have nullified the results he had obtained. During the 

40	 Fourcroy, “Extrait d’un mémoire”, 1789, p. 41.
41	 Fourcroy, “Observations sur le gaz azote”, 1789, p. 48.
42	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 208.
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last days of January, mercury and water (as well as light, dark, and heat) were 
tirelessly screened.

On January 27, Spallanzani reprised torturing himself with his work on 
fumes, clouding, and flashes which disappeared in nitrogen. Perhaps, the 
reason was not the lack of oxygen, but the action of phosphorous particles, 
adhering to nitrogen – parasite variables, in sum, which the water removed 
(thus triggering the reaction again). Mercury, on the contrary, was unable to 
take away the “infection” which nitrogen had contracted with “phosphoric 
fumes”.43 Again, Göttling’s view seemed reasonable, especially his theory of 
“phosphorische Stickluft”.44 The reversal of the outcome of the last months 
was amazing. Through magnifying glasses – and in a real triumph of visibil-
ity – Spallanzani observed the hollow cavity which the repeated combustions 
had dug in the pieces of phosphorus. The cavity was full of round droplets and 
these were what made light impossible. But Spallanzani’s resettlement was very 
fast. He thought back to his experiments on temperature and the percentage of 
gases, and, in just a few lines, he denied the last agreement with Göttling. Con-
sequently, he established the inverse proportionality between temperature and 
the amount of nitrogen necessary to trigger the reaction in oxygen. Actually, 
from that moment onwards, there would be still quite a few agreements with 
Göttling, regularly caused by (very understandable) doubts about the relia-
bility of procedures and on the right application of the experimental method.

A few days later, the mentioned “boccetta del galletto” had become “the 
usual bottle”, which in fact did not prevent fumes and flashes from being where 
they were not supposed to be. The scientist’s dismay was evident. But what 
would cause a new turning point was not the laboratory.

4. “The magic of writing”

Between the end of January and the first days of the following month, Spal-
lanzani resumed the notes he had written since June 25 of the previous year 
(about a hundred in total) and summarised them.45 In light of this rereading 

43	 Ibid., p. 216.
44	 In Göttling’s opinion, a protracted combustion of phosphorus determined the combina-

tion of phosphorus and nitrogen in “phosphorische Stickluft” (Göttling, “Etwas über 
den Stickstoff ”, 1795, p. 9), that is, a gas which took the smell of phosphorus, but lost the 
power of making it shine.

45	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p 227-248.
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and rewriting, the mystery began to unravel: from the disordered mass of data, 
the “magic of writing”46 produced regular facts. A determinable fact was the 
(complex) proportional relationship between the factors that made possi-
ble the reaction in oxygen (time, temperature, and percentage of nitrogen); 
accordingly, the inverse proportionality between purity and reactivity of nitro-
gen was a determinate fact. In a cascade effect, Spallanzani could now explain 
what he had seen every time he added or shook nitrogen, and he stated what 
he had never seen: the inability of pure nitrogen to make phosphorus burn and 
gleam.

The hard part of the undertaking seemed to be over. On the evening of Janu-
ary 31, Spallanzani produced, by decomposition of water, a sample of hydrogen 
which was perfectly free from oxygen (accordingly to the test with nitrous air). 
The conclusion was triumphant: “evidence shows that pure inflammable air 
does not make phosphorus emit fumes or light.”47 On February 1, both events 
were obtained with an intensity which was proportionate to the addition of 
oxygen. On the contrary, the addition of nitrogen produced no fumes, no light, 
and not even more acidity, whatever the temperature. At a low temperature, 
though, the multiplied additions of oxygen to atmospheric air decreased the 
combustion, and eventually blew it out. A few days earlier, this occurrence 
would have supported Göttling’s theory: now, Spallanzani’s theoretical frame-
work was firm enough to “absorb” this event and transform it in a new direction 
of research.

On February 10, Spallanzani went back to the German’s theory of the 
alleged action of light on oxygen. He analysed the gas which he had left eleven 
days on the stove, in the dark, and without any trace of dampness. The heat did 
not affect the reactivity, which was the same as verified in control experiments 
in the cold and on water. His conclusion was clear: corruption was not trig-
gered by water or solar heat, but by light. On this point, at least, Göttling was 
right. Actually, according to Göttling’s chemical theory, the metamorphosis of 
oxygen into nitrogen was revealed by the greater reactivity that the vital air had 
acquired thanks to light. Spallanzani, on the contrary, deduced the transfor-
mation of oxygen into nitrogen just because of the inertness which the vital 
air showed after a prolonged exposition to solar rays. Thus, his agreement with 
Göttling was only partial and quite ambiguous.

46	 The relationship between “empirical experience” and “writing experience” played a very 
complex role in Spallanzani’s theory and practice of science. On this topic cf. Monti, Spal-
lanzani e le rigenerazioni animali, 2005; Monti, Storie di animali, 2017.

47	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 222.



159

Spallanzani and the “Chemistry of Light”

As if Spallanzani had thought to be at the end of his inquiry, from February 
12 to April 13 protocols on animal respiration reappeared in his laboratory 
notebook. The intensity and continuity of chemical research were negatively 
affected, and in most cases the experiments were a repetition of what had been 
already done. In this period, he was writing a short article: a sort of prologue 
of the announced Chimico esame. Obviously, it is hard to say why Spallanzani 
accepted the risks of disclosing this preview. Perhaps he wanted to precede 
the (expected) French refutation of Göttling. Perhaps he really considered as 
solidly established the outcome of the 130 protocols he had collected thus far. 
Anyway, he composed a draft which was quite chaotic and featured numerous 
formal variants, if compared with the forthcoming published text.48 But the 
narration of the results was already clear, and the refutation of Göttling was res-
olute. The only point on which he agreed with the German scientist – the cor-
ruption of oxygen due to light – was the only one that revealed the long shot. 
Clearly, in this case, Spallanzani’s rush had affected the experimental founda-
tion of “costante”. Spallanzani built his theory too quickly and, therefore, on 
the basis of undue generalisations – which was exactly what he was criticising 
of Göttling’s work.

From April 17, the chemical research regained its daily frequency, but after 
seven days of work, Spallanzani started to compile a second summary of his 
notes.49 Possibly, he was convinced that experiments could no longer reserve 
important news and that the redaction of the major essay was close. Actually, 
Spallanzani did not summarize, but rather interpreted his notes: thus, he did 
not hesitate to exclude what agreed with Göttling’s thesis. Still, he did not fake 
data. He “constructed” facts by progressively pushing aside what he had known 
to be irregular and contingent. In some cases, he overturned his first interpreta-
tion of events (when in favour of the German system). He framed them in the 
“right” way to convey the idea of a slow, but inexorable and perfect, progres-
sion. In the previous summary, rereading the notes had allowed him to remove 
the doubts and build certainty. Now, instead, this operation made explicit the 
“eulogy of imperfection.” And imperfection was the impurity of gases – which 
was constant, unavoidable, yet ruled.

The experiments started again on April 30 1796, but Spallanzani’s inquiry 
regained its previous intensity only in early June. He spent entire days testing 
the weirdest combinations of nitrogen and oxygen. For example, he increased 

48	 The manuscript of Spallanzani, Lettera intorno alle riflessioni, 2007, is published in Spal-
lanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 271-279.

49	 Ibid., p. 393-396.
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the normal presence of oxygen in common air up to 448 times. Clearly, his 
eagerness to bring the reactions to the limit came close to experimental 
bulimia. And, just like with any bulimia, the compulsory and frenzied search 
for extreme was without a project and it did not produce usable data. The situ-
ation had to be taken again under control. In fact, at the right temperature, with 
sustainable percentages of gases, adequate space, and due diligence in adding 
and transferring them, Spallanzani could finally discriminate contingency and 
rule. Old and new pieces of the puzzle came together: at this point, the myste-
rious efficacy of light remained on the scene and demanded attention.

Spallanzani used a sample of oxygen obtained from red precipitate of mer-
cury (which, in his opinion, was the best one), and left it 93 hours over the 
water of a sealed vessel in the sun. He transferred the gas to the eudiometer and 
ignited the piece of phosphorus. The reaction left a residue (about 20 degrees) 
which was not absorbed by water (it was not carbon dioxide) and which extin-
guished the flame (it was not oxygen). Spallanzani’s conclusion was trenchant: 
“vital air has been converted into nitrogen”.50 In his following notes, adjectives 
recurred in the typical Italian superlative form and related to “most important” 
(“importantissime”) observations and “most exact” (“esattissimi”) experi-
ments which confirmed the action of the light. The volume of the gas did not 
change: what had happened, therefore, was not an uptake of oxygen (by water, 
for example), but only a mutation of oxygen into nitrogen. Moreover, the purer 
was the gas, the faster seemed the metamorphosis.

Between the end of June and July 6, Spallanzani returned to his writing desk 
and wrote down “Things to be changed and to be added to my Memory on 
light of phosphorus in different permanent aeriform fluids”.51 Evidently, some 
doubts on the correctness of his procedures had assailed him. Perhaps, these 
doubts emerged during his recent meetings with the scientists of a French 
delegation which was visiting Italy.52 Anyway, the doubts became a detailed 
research programme. What he had imputed to light could be due to something 
else: to mercury (which could combine with oxygen), to water (which could 

50	 Ibid., p. 320.
51	 Ibid., p. 321-323.
52	 Ibid., p. 322. About his meeting with the four members of the “Commission des Sciences 

et Arts” (among them was Berthollet), Spallanzani wrote to Senebier on January 21, 
1797 (Spallanzani, Carteggi, 1984-1990, vol. viii, p. 376). Berthollet, in particular, had 
rejected Göttling’s theory, but he had recognised the validity of some of his experiences, 
since he had personally observed light released from phosphorus in nitrogen (Berthol-
let, “Observations sur les propriétés eudiométriques”, 1796). According to him, nitrogen 
could “dissolve” phosphorus, allowing oxygen to combine with it and acidify it in the slow 
combustion. Without nitrogen, oxygen could react, but it demanded higher temperatures 
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both decompose and absorb), or to atmospheric nitrogen (which could enter 
the vessels during the manoeuvres). As it usually happened when events tended 
to corner him, Spallanzani gave his best and produced what made the differ-
ence. His new experimental protocol, actually, was not at all new, but it was 
as simple as it was genial. For each type of gas to test, sets of two little bottles 
were prepared and they were closed by ground-glass stoppers. In this manner, 
they prevented any access to air and water, and finally, they were respectively 
exposed to sunlight and placed in the dark at the same temperature.

Spallanzani wrote the programme and, at the same time, he set up the sam-
ples during the holiday he spent in Scandiano, his hometown. In fact, the note 
of July 7 reported that carbon dioxide (which he closed for days in the bot-
tles) appeared perfectly preserved in the dark as well as in light. The case of 
atmospheric oxygen, instead, was more uncertain. Oddly enough, it was not 
immediately tested with the new procedure. Spallanzani still kept it over water, 
exposing the gas to well-known risks of contamination. But finally, on July 19, 
two sets (that is, four bottles with ground-glass stoppers) were prepared and 
filled, respectively, with oxygen and atmospheric air. Two uncovered and two 
shielded bottles were placed on the window. Unexpectedly, three days later 
Spallanzani had to go back to Pavia. In the diary, he noted scrupulously that 
he had entrusted his brother Niccolò with the care of the bottles, which he was 
determined to test on his return. Instead, the first protocol he wrote anew in 
Scandiano, on July 27, did not mention a single word about the experimental 
series that he had so promisingly launched. Rather, it mentioned vessels set up 
according the traditional way. Spallanzani’s laboratory kept silent until August 
17.

During those two weeks, Spallanzani drafted the first version of his Chimico 
esame53 and, in one of his typical foreruns, he did so on the basis of broken-off 
experiments and inconclusive results which related to his last agreement with 
Göttling’s theory. The writing of the manuscript was very troubled, discontinu-
ous and marked by gaps, cross-references, and parts written on pieces of paper, 
glued to cover previous and now illegible outlines. Compared to the printed 
version, the variants in form and content were many. But the most important 
difference concerned the action of light. As a matter of fact, the draft still sup-
ported the thesis which Spallanzani would later refute radically. In the chapter 

to undermine the cohesion among the molecules of phosphorus. Possibly, Berthollet dis-
cussed his “discovery” with Spallanzani, who was not at all “persuaded of his arguments” 
(Spallanzani, Carteggi, 1984-1990, vol. viii, p. 392).

53	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. i, p. 334-388.
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devoted to this question, he summarised the experiments carried out with the 
tapped bottles in the sunny days of winter 1795 and in the summer months of 
the following year. Nothing was said of the recent doubts on the possible con-
tamination from water, and nothing was said of the hermetically-sealed little 
bottles (but he had not been writing anything about them in the notebook for 
more than a month).

What happened in the laboratory between August 17 (when the experi-
ments restarted) and the delivery to the printer of the Chimico esame, which 
featured Göttling’s complete refutation? Between August 17 and 18, Spallan-
zani tested the oxygen that he had left 204 hours in hermetically-sealed little 
bottles. He ignited many times the sample of phosphorus, took into account 
the well-known first impurity of the gaseous residue, put it back in the device, 
compared the figures of the residual nitrogen and, with great amazement, he 
found a very slight difference, obtained – which was more – in the summer 
light. The experiment was described as “most significant” (“significantissimo”), 
and it demonstrated “with total accurateness” that light was far from metamor-
phosing the vital air into nitrogen, “as Göttling claimed”.54

The samples were left in place because the protocol had to be pushed to the 
limit. From this moment, it is hard for us to follow Spallanzani’s computation 
of the hours of exposure to light, since they did not match the days of work 
and, moreover, the scientist considered in his calculation even the “presumed” 
hours – that is, the period when the bottles had been left into his brother’s 
care. On August 20, the exposure reached a remarkable hour count of 432: this 
corresponded, with good approximation, with the 36 days between the current 
date and the compilation of the programme “Things to be changed”. On Sep-
tember 2, Spallanzani assumed that neither light nor heat had corrupted oxy-
gen, and two days later he repeated the tests on a gas which had been exposed 
to the sunlight for 513 hours. Between September 4 and 6, the test results did 
not exclude some contrasting data, which were yet to refer – Spallanzani wrote 
– to “some heterogeneity” impossible to eliminate.55 That evident hypertrophy 
of the protocol might have put an end to Spallanzani’s inquiry. But it did not.

On the morning of September 7, the oxygen that had been shielded from 
light and the oxygen that had been left under the sun for 307 hours (a quite 
remarkable hour count, but not comparable with the previous one) were 
transferred in two eudiometers, and their water levels finally reached the same 

54	 Ibid., p. 388.
55	 Ibid., p. 392.
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height (96/100 parts). Then, in both cases, the outcome was identical (and 
perfect). Spallanzani tested the four remaining gaseous degrees in other eud-
iometers, and they did not trigger any reaction. Therefore, they were the min-
imal nitrogen residue which always remained combined with oxygen. Thus, 
additional manoeuvres (which in the other cases had probably introduced 
parasite variables) were no more necessary, thanks to the hermetically-sealed 
little bottles. Now Spallanzani mentioned them explicitly for the first time after 
their first use at the end of August. They had never been mentioned in the pre-
vious notes, where – as a matter of fact – the novelty of the procedure had 
not to stand out: in fact, it had not yet met the expectations. The results were 
right, hence the method had been impeccable and the conclusion was beyond 
doubt:

This experiment is the most effective […] and I just stick to this one, 
which indisputably demonstrates that, when vital air has been exposed 
to sun rays in summer (namely, when the light is most bright and pure) 
for 307 hours, it does not remain corrupted, and the same happens to 
this air if it is exposed for 307 hours to solar heat alone […]. Then, it is 
incontestably decided that the sun light (even prolonged for a very long 
time) does not at all pollute the vital air, and this [fact] stands against 
what Göttling (as well as myself) had said. The experiment of vital air 
closed in little bottles with ground-glass stopper does not admit excep-
tions [...]. It cannot be done with greater rigour.56

Finally, Spallanzani dismissed every previous trouble and effort in a very 
radical way: “All, and I say all, those arguments were not worth anything, and I 
consider them as if they have not been done”.57 

5. (Instead of a) conclusion

In light of what we have seen thus far, what was decisive in Spallanzani’s 
research was not his observational bulimia, nor his “hypertrophy” in the use of 
other scientists’ procedures. As a matter of fact, Spallanzani remained distant 
from the variety of experimental protocols adopted by Göttling (and which, in 
fact, did not protect him from error). What was decisive was the right use he 

56	 Ibid., p. 392-393.
57	 Ibid., p. 392.
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made of novelty: this allowed him to build “the constant fact” and, eventually, 
to describe contrary data as an “accidental combination”.58

After winning his battle with nitrogen and light, Spallanzani wrote a last 
summary.59 This time he organised the material focusing on the systematic 
refutation of Göttling’s theory, as he would do in the Chimico esame. He also 
prepared a new draft of the only chapter where he originally agreed with Göt-
tling,60 but that in the printed essay would contest the alleged metamorpho-
sis of oxygen into nitrogen. Arguably, Spallanzani spent the autumn working 
on the final version of his Chimico esame, which in fact came out early in the 
next year. The essay concluded an undertaking which built and ruled facts very 
effectively and which represented, even beyond Spallanzani’s first intentions, 
the most radical endorsement of the new chemistry: a stance which the author 
would also uphold when presenting his book to the General Administration 
of Lombardy.61 Göttling’s present was Spallanzani’s past – that of experimen-
tal inadequacy, which Spallanzani had dismissed thanks to his “good method”, 
and his “good method” was “the best, and in fact, the only one.”62

On December 20, 1796, the inquiry on animal respiration restarted as if 
there had been no interruptions. It continued until February 4, 1799, Spallan-
zani’s last day in laboratory, on the eve of the deadly disease that would kill him 
after just one week. In this last period, he focused again on the surplus of nitro-
gen produced during respiration. Actually, all the hard (chemical) work on 
gases had not provided the expected results on the (biological) problem which 
generated it. Moreover, after destroying Göttling’s doctrine and confirming 
Lavoisier’s theory, it was impossible to suspend the judgement on the inertia 
of nitrogen, as Spallanzani had done in 1795. The fact remained inexplicable. 
“In the immense series of my experiences, I am not sure of the production of 
nitrogen” – he wrote.63 Indeed, the surplus of nitrogen measured in laboratory 
refused stubbornly to be regulated (and the same can be said for Spallanzani’s 
general inquiry on respiration, which in fact remained unfinished).

Life, death, destructuration and decomposition did not correspond to a 
fixed rule in the composition and decomposition of gases. A mathematical 

58	 Ibid., p. 390.
59	 Ibid., p. 393-396.
60	 Ibid., p. 396-406.
61	 Spallanzani to the General Administration of Lombardy, January 16, 1797 (Spallanzani, 

Carteggi, 1984-1990, vol. i, p. 83).
62	 Spallanzani, Chimico esame, 1796, p. 197.
63	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. ii, p. 602.
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function connecting all the data remained unattainable. Spallanzani always 
seemed on the verge of determining the relation between nitrogen and the 
many managed variables, but every time he had to go back and start again. He 
looked for processes which could be considered as universal (even if modu-
lated according to the animal species), but in laboratory never provided the 
uniformity he was looking for. Sometimes these results were different in iden-
tical conditions, sometimes they were identical in different conditions.

A solution to the chemical problem could not be found, but developing (if 
not solving) the biological problem made solving the chemical enigma less and 
less urgent. The situation seems paradoxical, but the paradox is only apparent: 
Spallanzani’s achievements in his inquiry on respiration had in fact turned a 
physiological process into a gaseous exchange that went beyond lungs, life, 
and the intact body, and expanded to parts, fragments, and tissues. In Spallan-
zani’s hands, the (dis)organised body had become a sort of warehouse where 
different gases were “stored” and combined in ways that were not necessarily 
contextual and proportional to the respiratory act stricto sensu. Spallanzani was 
largely ahead of Lavoisier.64 If every part of the body was in fact a depot of sev-
eral elastic fluids, the emission of nitrogen left the rank of the impossible facts 
to join the category of events to frame, but without more urgency than others.

In the autumn of 1797 the inquiry changed its focus. Spallanzani’s engage-
ment shifted from the battle with nitrogen to the major novelty of his research, 
that is the uptake of oxygen and the production of carbon dioxide in each frag-
ments of organic matter. Consequently, and despite the numerous available 
data, in many cases variations in the volume of nitrogen were not calculated 
any more (or were not reported in the laboratory notebook). Engaged as he 
was on many fronts, Spallanzani claimed that he had left gladly the fight with 
nitrogen, which was not “his main purpose” anymore and where it was “impos-
sible to establish a fixed rule”.65 But he did not abandon the game.

Spallanzani continued to work on his interpretation of the “acceptable var-
iation”,66 that is he was trying to determine when the amount of nitrogen pro-
duced or consumed by animals ceased to be a mere contingency and disproved 
the idea of nitrogen as an inert gas. An exemplary case study was that of two 
identical samples of human skin which he sealed in a vessel and which – from 
time to time – produced or consumed nitrogen, or left the amount of this gas 

64	 On Lavoisier’s biochemical research cf. Holmes, Lavoisier and the Chemistry of Life, 1985.
65	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. ii, p. 709.
66	 Cf. Davoli, “Il metodo scientifico di L. Spallanzani”, 1996, p. 79.
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unchanged. “It is necessary to reflect on this apparent contradiction” – wrote 
Spallanzani on June 15, 1797.67 If the experimental conditions were the same, 
the “contradiction” could not be but “apparent” and therefore the variation, 
which seemed to make the difference, was automatically to be considered “very 
very small”.68 Spallanzani concluded: “perhaps it would be wiser to dismiss it”.69 
The variation did not violate the rule.

Coping with the case of a bat which took up two degrees of the 80 % of 
nitrogen, Spallanzani noted: “I repeat, two degrees higher than 20 or lower 
than 20 do not decide.”70 They could be ignored. But they existed and, because 
of these “trifles”, it seemed that “nothing could be decided with confidence” – 
added Spallanzani,71 while testing some frogs and salamanders. The semantic 
ambiguity of the verb “to decide” (“decidere”) was evident and it summarised 
the ambiguity – and the discomfort – of Spallanzani’s predicament.

Indeed, in this fight with nitrogen many factors conflicted with the main 
features of the experimental good method Spallanzani had practised for a long 
time. Moreover, he was realising that the good method was not what estab-
lished the (un)acceptability of variations. Rather, the limits of procedures and 
technical devices came into play and determined what “does not decide” (i.e., 
up to what extent nitrogen could increase or diminish without undermining 
the rule). It was quite a dilemma for a scientist who had refined his criteria of 
accuracy and precision far beyond what his contemporaries could conceive. 
And in fact, after the exploits of the Chimico esame, Spallanzani’s contemporar-
ies knew nothing of the battle he had fought until his last breath – and this is 
not a metaphor. On February 3, 1799 he sealed in nitrogen two eggshells and 
the day after he could only note that they “have produced no fixed air”.72 He 
died seven days after this last passage in laboratory and left these two speci-
mina sealed in nitrogen – as if they were a symbol of the time he no longer had 
and of the rule he had failed to grasp.

67	 Spallanzani, I manoscritti sul “chiuso” e le “arie”, 2017-2019, t. ii, p. 619.
68	 Ibid.
69	 Ibid.
70	 Ibid., p. 620 – my italics.
71	 Ibid., p. 627 – my italics.
72	 Ibid., t. iv, p. 1265.
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