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1 IntroducƟon 

The journey from alchemy to modern chemistry represents one of the most profound 

transformaƟons in the history of science. Alchemy was the prevalent from ancient Ɵmes 

through the Middle Ages and combined elements of philosophy and spiritual beliefs. 

PracƟƟoners aimed to transform base metals to noble ones and discover the elixir of life. 

Despite them relying on pracƟces oŌen regarded as mysƟcal and esoteric, alchemy laid the 

groundwork for systemaƟc experimentaƟon and the development of modern science. 

This thesis explores the evoluƟon from alchemy to modern chemistry, highlighƟng key figures 

and discoveries. AddiƟonally, a showcase has been set up to give the impression of an old 

alchemy laboratory with personal arƟsƟc influence, exhibits from the Archives of the 

Department of Chemistry at University of Zurich as well as drawings inspired by early-

chemistry literature. 
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2 Design of the Showcase  

The following chapter aims to show my though process behind the setup and delves into the 

techniques applied to produce the convincing atmosphere of an alchemisƟc laboratory.  

 

2.1 InspiraƟon 

The idea of creaƟng an alchemy themed showcase came up whilst going through various items 

in the archives of the Department of Chemistry (DoC) at the University of Zurich. Seeing all 

those flasks with tarnished parchment inscripƟons and metal devices covered in rust and 

paƟna, I immediately associated them with some kind of alchemical or even magical 

laboratory. I then asked myself where alchemy originated, how it developed and whether it 

was the predecessor of modern chemistry. The showcase should give the picture of an 

alchemical laboratory with my personal arƟsƟc interpretaƟon. As model for the design I 

immediately thought of “Harry PoƩer and the Philosopher’s Stone”[1] as well as “Der 

Zauberlehrling”[2], an illustrated book from my childhood, based on a poem of Johann Wolfgang 

von Goethe[3]. 

 

2.2 BoƩom and Background 

To catch the eye of a potenƟal spectator I wanted to create a showcase with a special 

atmosphere. So, I decided to recreate an actual alchemical laboratory by using the objects 

from the archives together with self-made notes and drawings an alchemist would have in 

their working space. Since the plain showcase was just opaque glass at the back and a white 

base, some sort of background had to be installed that would create a convincing atmosphere. 

For this purpose, plywood plates (boƩom: 1.637m* 0.79m* 8mm, background: 1.65m* 

1.15m* 8mm from Hornbach) were cut in the right shapes to be inserted at the back and the 

boƩom. On them furniture foil (from d-c-fix®) was stuck to place, which was designed in two 

different paƩerns, which are as follows: For the backside of the showcase a darker wood (d-c-

fix®: Walnuss dunkelbraun) was used, since there would later be printed text on white paper 

as well as the alchemical notes. The dark color should then produce a high contrast with them. 

I also decided to rely on a dark and wooden design to highlight the difference from modern 
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laboratories, which are mainly using white, heat resistant surfaces and to give it a more 

mysƟcal look. The boƩom furniture foil (d-c-fix®: RusƟk) was brighter and rougher, which was 

chosen to create a more worn-out workbench, which had been most likely in touch with hot 

or corrosive materials, sharp tools, and colored substances. 

Since the showcase had a lot more height than dept, I also decided to add elements that would 

fill the upper part and prevent cluƩering the boƩom. For this purpose, a wooden bench was 

custom-made with the required dimensions, where I could store vials above and under. 

 

2.3 PreparaƟon of Paper for Notes 

On the backwall as well as the leŌ part of the showcase, I wanted to include a larger number 

of notes and sketches that an alchemist would have in his workspace. Since white paper would 

not fit in the atmosphere of the exhibiƟon, the paper had to be stained to create an illusion of 

weathered and tarnished paper. To create this effect, the cut paper was coated with coffee and 

baked in the oven unƟl it dried. The result was that the paper became really dry and wrinkled 

with a brown color (Fig. 1,2) where the increasing of coaƟngs and baking Ɵme intensified the 

brown colors. Two different hues of brown tones were created to show a difference between 

papers used for notes and much older parchment papers that an alchemist would have 

gathered from different sources. 

For the lighter tone (Fig. 1) the paper was coated with coffee and dried in the oven at 80 °C for 

5 minutes. This was then not repeated and retained a lighter hue. 

For the darker tone (Fig. 2) the paper was coated with coffee and dried in the oven at 100 °C 

for 10 minutes. This was repeated 3 Ɵmes in total to aƩain a darker color resembling an older 

parchment paper. 
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Figure 1. Stained paper with a single coat baked at 80 °C for 5 minutes 

 

 

 Figure 2. Stained paper with 3 coats baked at 100 °C for 10 minutes 

 

As reference to the paper notes I had some paper scrolls from the archives of the DoC with 

diverse architect schemes. The procedure of staining and drying was repeated unƟl the effect 

was strong enough and took mulƟple hours. At this stage I began experimenƟng a lot, 

switching coffee and tea, changed drying Ɵmes and amounts of applied liquid and came to the 

conclusion that I was able to produce the most convincing papers when coaƟng the paper with 

coffee directly on the hot baking sheet and only staining one side to generate an irregular, 

warped surface. AŌer this, most of the sheets had sƟll very sharp edges, so using a knife, the 

paper was scratched along the edges, tearing it in random paƩerns and crumpled some of 

them. Due to this the paper lost a lot of its surface tension and upon bending it felt almost like 

parchment paper (Fig. 2, 3). 
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Figure 3. Example of torn edges 

 

2.4 Style and Design of the Sketches 

For the notes and sketches, I decided to sƟck to black fine liners (Faber-Castell PITT arƟst pen) 

instead of actual ink, because the stained papers had a coarse surface from the coffee-staining 

which made the ink flow in all direcƟons and making it impossible to draw disƟnguished 

shapes. I also tried to print out images before staining the paper but since I wanted to draw 

my own sketches, this method was not further pursued. The sketches were inspired by images 

(Fig. 4, 5) from the Alchymia[4] by Andreas Libavius, one of the first chemistry textbooks, 

published in 1606. 

 

Figure 4. Apparatus sketches as reference, Alchymia[4] by Andreas Libavius (p. 317-323) 
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Instead of using simple hatching with just parallel lines, as it was used here (Fig. 4), I decided 

to rely on shape hatching, which is a bit more advanced and Ɵme consuming, but produces a 

lot more realisƟc and convincing 3D representaƟons of objects. Shading with shape hatching 

is done by drawing single lines in the direcƟon that follow the general shape of an object, 

which is then repeated with a second and someƟmes a third set of lines going in another 

direcƟon while sƟll following the shape of the object (Fig. 5, 6). By overlapping these sets, it is 

possible to generate a gradient and therefore a more realisƟc version of a three-dimensional 

object. 

 

 

Figure 5. Sketch of a crucible, (leŌ) Alchymia[4], p. 262, (right) showcase sketch 

 

  

Figure 6. Sketch of mortar and pestle as an example of shape hatching  
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For the goblet as showpiece and central sketch of the composiƟon, addiƟonal thought went 

into shadowing, since I wanted it to have the effect of a metallic surface and shiny gemstones. 

By working with metallic objects as references, I experimented with the placement of 

highlights and secondary highlights. ReflecƟve surfaces are different, since addiƟonally to 

reflecƟng the light source, they also reflect light that comes from the environment such as the 

ground or adjacent objects and are called secondary reflecƟons. AŌer some experimenƟng, I 

was presented with the best effect for the metal, when combining these secondary reflecƟons 

with high contrast in value. For the gemstones I took inspiraƟon from looking at marbles and 

copied the effects that the light had on glass. A part of the light passes through the gemstone 

and illuminates the lower part of it, which I represented by shading the upper part more. The 

second part of the light is reflected in a similar way as it would be on glass or metal and was 

drawn as a small, bright area at the upper part (Fig. 7). 

 

Figure 7. Goblet with sketched metallic surface and reflecƟve gemstones  
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For one of the notes, I wanted to create a journal entry with visible stains and burn marks (Fig. 

8). With watercolors a mixture was prepared that should resemble a copper sulfate soluƟon. 

To recreate the accident, which lead to this stain of the journal, a vial with the prepared color 

was purposely spilled. As for the burn marks, the parchment was simply held over a lighter 

unƟl the edges ignited. 

 

Figure 8. Laboratory note with stains and burn marks  

 

The showcase was then divided in two, where the leŌ side is a study environment and the right 

side more of an actual experiment environment. Some of the before menƟoned architecture 

scrolls as well as a massive book with fabric samples were placed at the very leŌ end. More 

towards the middle an open book was placed which was half covered by a paper with sketches 

to show a report in the process of being wriƩen.  
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2.5 Chemicals on Display 

For the chemicals and flasks with natural fibers I was able to completely rely on those provided 

by the archive of the DoC. The chosen exhibits fall in one of the following three categories: 

seeds/plants, oils, and colorful solids. And they were placed roughly in these categories (see 

Fig. 9 and Tab. 1). Right in front a mortar and pestle on a mat were placed and filled with a 

potato seasoning, which was chosen due to different sized and colored grains. Some of the 

seasoning was scaƩered around the mortar to enhance the illusion of a laboratory space that 

is in use and not very clean. 

Since the showcase was sƟll very empty in the upper part, I decided to hang rubber plants  

(UncleSummer Store: air grass lv) and (UncleSummer Store: you jiali) from the grid at the 

ceiling aŌer the placement of informaƟon signs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Showcase sketch with organizaƟon of chemicals: (1) seeds/plants, (2) oils, (3) solids 

 

  

1 2 3 
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Table 1. List of chemicals in the showcase organized into: 1) seeds/plants, 2) oils, 3) solids

English name LaƟn name original inscripƟon 
 

1) Seeds/Plants: 
Iceland moss (Cetraria islandica)   Isländisches Moss 
Catechubay  (Acacia)    Catechubay 
Jaborandi leaves  (Pilocarpus pennaƟfolus)  JaborindabläƩer 
Quice kernel  (Colonia oblonga)   QuiƩenkerne 
Oak Moss  (Evernia vulpina)   Evernia vulpine 
Castor bean seeds  (Ricinus communis)   Rhizinussamen 
Cocca leave  (Erythroxylon novogranatense)  Cocca BlaƩ 
Beard lichen  (Usnea barbata)   Usnea barbata 
Water nut   (Trapa natans)    Wassernuss 
Valonea acorn  (Quercus ithaburensis)   Valonea Eicheln 
Divi-divi   (Caesalpina bonduc)   Divi-divi 
Hop   (Humulus)    Hopfen 
Tree Moss  (Parmelia furfuracea)   Parmelia furfuracea 
Deadly nightshade  (Atropa belladonna)   Krähenaugen 
 
2) Liquids and Oils: 
Lemongrass resin  (Cymbopogon citratus)   Lemongrasharz 
Badian oil   (Illicium verum)    Badianoel 
β-Jonon       β-Jonon 
Isocapronacid  (4-Methylpentane acid)   Isocaponsäure 
Crude oil       Rohpetroleum 
 
3) Salts and Solids: 
Sulfur        
Lead       Pb 
Copper tartrate      Kupfertartrat 
Aethanoic acid calcium copper    Aethanosaures Calcium Kupfer 
Violus acid potassium     Violussaures Kalium 
Phosphoric Codein      Codein. Phosphoric. 
Hydrobromic Codein     Codein. Hydrobromic. 
Varacine       Varcein 
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3 Origins of Alchemy 

It is difficult to precisely determine the origins of alchemy since it was pracƟced in different 

civilizaƟons and Ɵme periods. These different civilizaƟons and their cultures influenced and 

inspired each other but also had their very own development. Some decisive cultures for the 

development of alchemy include Egypt, Greece, and the Islamic world as well as Asia, and went 

through mulƟple changes and developments over Ɵme.[5] The following chapters explore the 

different cultural beliefs and approaches to alchemy. 

 

3.1 Egypt 
Alchemy and its origin is oŌen associated with Egypt. The EgypƟan civilizaƟon is known to have 

had an advanced knowledge of metallurgy, mainly relying on copper and bronze which they 

used on a daily basis. Metal tools such as knives, swords, spears, helmets as well as mirrors of 

polished metal or tweezers made out of bronze are common to be found in funerary 

collecƟons and depicted in EgypƟan Art.[6] EgypƟan inscripƟons reveal the desire to convert 

base metals into noble metals like gold, which laid groundwork for later alchemical pursuits.[7] 

The word “alchemy” itself could be derived from the EgypƟan “khame” or “khmi” meaning 

“blackness” or “dark soil”. The resulƟng term Alchemy would then be translated as “the black 

art”. Since Egypt is oŌen referred to as the “black land”, alchemy could therefore also be 

translated to “the EgypƟan art”.[8] 

 

3.2 China[5] 
Following a similar etymological approach, we find the word’s origin in kim or chim meaning 

‘aurificaƟon’. This refers to the creaƟon of gold by applicaƟon of various laboratory techniques 

to natural metals or minerals. However, Chinese’s alchemy differs from other more Western 

counterparts since the study on gold was only one aim of the alchemists. Far more important 

were studies on the producƟon of an ‘elixir of immortality’ which should have the ability to 

alter the organs of a human being in a way that he could potenƟally reach immortality. Also, 

the meaning of gold was a different one in China, since they did not refer to “gold” as in the 

modern definiƟon of Au in the periodic table, but rather to all kinds of golden and silver 

materials including cuprous and brassy alloys. It was more the concept of a highly purified 
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metal that does not rust or lose its color that was important. The preparaƟons and procedures 

tended to be very complex, since apparently astrology, absƟnence of certain food and drink – 

to purify the alchemists body – and the balance between male and female played a major role. 

Due to this balance female alchemists, assistants, or someƟmes even the alchemist’s wife 

worked in the laboratories. 

 

3.3 India[5] 
In India the theories about the roots of alchemy differ as well. Some state that China was 

greatly influenced by India due to many transcripts translated into Chinese and reported visits 

by Indian scholars. However the same goes the other way as well and alchemists of both 

naƟons were cited in the respecƟve research. The Indian approach to alchemy – like the 

Chinese – has different focal points. One is the belief that [5] “[…] one metal can be changed 

into another, up and down the scale of nobility, by the use of alchemical substances”, which is 

ulƟmately the possibility to produce gold as a metal in its highest possible nobility. Like China, 

India also performed intensive research on the human body. One of them was to achieve 

longevity and immortality, but they also tried to produce substances that were able to have 

remarkable effects on the human body to create the perfect immortal being. This turned out 

to be rather dangerous and oŌen lead to unintended consequences, such as illness and death 

from mercury poisoning. The research therefore moved away from such pracƟces in the 13th 

century to a more therapeuƟc use of elixirs as a form of medicine and was heavily Ɵed to 

religious pracƟces, breath control, and hatha yoga. The alchemy that spread from India to 

other countries – such as Tibet – was therefore also less focused on the producƟon of gold and 

elixirs of immortality. 
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3.4 Medieval Europe 

Alchemy developed in Europe around 1000 AD and originated from Spain, where the 

translaƟon of Arabic manuscripts into LaƟn was encouraged and guided by the authoriƟes and 

the church. Therefore, there were similariƟes in their beliefs. Alchemist thought that if they 

were skillful enough and worked under favorable astrological condiƟons, they would be “able 

to produce a form of metal which was an improvement on an earlier stage of its existence”[5]. 

According to Roger Bacon, an English natural philosopher and one of the first proponents of 

empirical research methods[9], it was possible to completely comprehend nature’s processes 

of producing various materials to a degree, where they can be improved and nature changed 

or even created.[10] As for the life-prolonging elixir, it was believed that, in the same way as 

impuriƟes are removed from metals to make it pure, alchemists were “able to remove the 

corrupƟons of the human body to such an extent that it will prolong life for many centuries”[11]. 

Some alchemists therefore believed in these similariƟes between metal and human purity, 

some suggested that the digesƟon of alchemical gold will help to prolong human life, due to 

its pure and incorrupƟble nature.[5] 

Due to the impossibility of the task to create gold or an elixir of prolonged life, most alchemists 

became beggars in the end. By relying on trickery, they had to convince people that they could 

mulƟply their money if they would borrow them a certain amount. And even if the money 

went into the funding of their experiments they were not able to repay their debts[5]. The way 

this is portrayed for example in The Canon’s Yeoman’s Tale[12], a story from an alchemist’s 

assistant that describes his master’s fraudulent business, wriƩen by Geoffrey Chaucer, reminds 

of modern day gambling addicƟons. 

 

Lines: 721-723[12] 

“And as to his science I am never the nearer (to success). 

All that I had, I have lost thereby 

and, God knows, so have many more than I” 
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Lines: 734-736[12] 

“And by this I am so indebted 

for gold that I have borrowed, truly, 

that while I live I shall never repay it” 

 

Lines: 879-883[12] 

“For had they nothing but a sheet 

which they might wrap themselves in at night, 

and a rough cloak to walk in by daylight, 

they would sell them and spent it on this craŌ. 

They can not stop unƟl nothing is leŌ.” 

 

AddiƟonally, since the art was not widely pracƟced and well understood it opened a new field 

for fraud. With more and more experiments, a lot of different compounds were discovered 

that looked like real gold to the naked eye but were mere alloys of various metals with various 

impuriƟes that resulted in a golden shimmer. Even though alchemists were able to disƟnguish 

them from real gold, they oŌen sold them as real to gain presƟge and wealth. One of the 

reasons why there are stories about alchemists that were able to actually perform 

transmutaƟon into gold could therefore be, that they were simply mistaken to be successful. 

These frauds went so far that some Alchemists even worked together with goldsmiths that 

verified that the gold was indeed real in return for a bribe.[5] 

To sum up, the alchemy in Medieval Europe was as much researching and experimenƟng as it 

was a combinaƟon of trickery, counterfeiƟng, and an addicƟon to those pracƟcing it. 
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4 Development to Modern Chemistry 

Alchemy is oŌen viewed as a progenitor of modern-day chemistry that is not pracƟced 

anymore. The performed reacƟons and processes, however, are based on the same laws of 

nature since the beginning. The change to modern chemistry happened when scienƟsts 

embraced more empirical methods of discovery and understanding[13]. This chapter breaks 

down important discoveries that lead to modern-day nomenclature and experimentaƟon. 

  

4.1 StarƟng Point of Development 

Before alchemy started to develop into more modern chemistry it encompassed a much larger 

field of nowadays more separated areas of study including philosophical, religious, and 

astronomical approaches. A lot of Ɵmes these experiments included using animals or humans 

as well as their natural products such as milk or blood. When looking at one of these recipes 

it becomes clear that alchemists had an enƟrely different approach to their experiments since 

they – most likely – experimented without understanding what they were doing from a 

chemical point of view which shows in very vague descripƟons of the procedure[5,14,15]: 

 

The following recipe describes an alchemical procedure for soŌening the surfaces of solids: 

For making crystal soŌ, take a goat buck and keep him without food for 3 days, and the next 

day feed him on ivy leaves, and all the three days keep his urine in a vessel and then let him 

bleed out of the vein in the side of his neck, and then mix the urine with the blood – of each [of 

the urine and blood] the same amount – and see that they are both warm when you mix them 

together, and almost just as warm lay your crystal or what other stone you want therein, and 

it shall grow soŌ such that you can engrave therein what you want.[14,15] 

 

The following recipe describes a transmutaƟon process of copper into gold: 

To change copper into very good gold: take hens and keep them cooped up so that they are 

unable to eat anything except pulse, i.e. lenƟls. Then take a small, trough-like vessel with a big 

lip to it, and put in fiŌeen of their eggs unƟl they have formed liƩle eddies. Then take them and 
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put them in a separate, secluded place and let them stand unƟl they reduce to ashes with heat 

sufficient for this purpose. From this powder you will make very good gold, if you know how to 

conduct the operaƟon with a true understanding.[5] 

 

4.2 Influence of Robert Boyle 

When alchemy gained popularity during the Renaissance in Europe it influenced many modern 

scienƟsts such as Issac Newton (1642-1726) and Robert Boyle (1626-1691) - “The father of 

modern chemistry” - who were both alchemists[16]. Even though Robert Boyle discovered the 

fundamentals of gas physics in 1662, formulated in his Boyle’s Law (staƟng a direct relaƟonship 

between volume and pressure of a gas), he was far from a scienƟst in the modern sense but 

rather a “natural philosopher”. Natural philosophers were convinced that magneƟc, electrical, 

chemical, and biological phenomena required a new concepƟon of nature in which nature 

must be understood as a whole rather than parts[17]. 

Boyle constructed the “corpuscularian hypothesis”, staƟng that all maƩer consists of varied 

arrangements of idenƟcal “corpuscules” – minute (but not indivisible) parƟcles of a single 

universal maƩer – only differenƟable by shape and moƟon[13,16]. By wriƟng “The ScepƟcal 

Chymist”[18] he promotes his hypothesis that alchemical transmutaƟon was just a maƩer of 

rearrangement of those “corpuscules” which marked “an official separaƟon of modern 

chemistry from the mysƟcal qualiƟes of alchemy”[13].  

As Ɵme progresses alchemist were discovering the fundamental principles of chemistry 

consisƟng of breaking down ores, precipitaƟng metals out of soluƟon and dissolving metals 

with acids. Alchemy separated more and more from this new form of science which was named 

“Chymistry” as a way of differenƟaƟng approaches and ideas[19]. 

Boyle also discovered that certain substances decompose into other substances, which led to 

the concept of chemical elements as “states of maƩer that cannot be further decomposed”[13]. 

He therefore rejected the theory of Aristotelian elements (earth, water, fire, and air) even 

though he stated that he did not believe any true elements had yet been discovered, which 

would only then be discovered later by Antoine Lavoisier[20,21].  
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4.3 Influence of Phillipus Paracelsus 

Theophrastus Bombast von Hohenheim, commonly referred to as Paracelsus was a Swiss 

doctor and natural philosopher (1493-1541). Although he considered himself an alchemist, his 

ideas and discoveries about poison led to the introducƟon of chemistry into medicine in the 

sixteenth century and later developed into toxicology[13,22]. As an alchemist he held strongly 

onto the belief of transmutaƟon and applied it mostly on the human body, where he wanted 

to transform organs from sick to healthy. Following his studies he declared what later became 

his most famous quote: “If given in small doses, what makes a man ill also cures him”[22]. 

This opened the field for usage of inorganic materials in medicine such as mercury to treat 

syphilis[13,23]. This developed further to modern chemistry where the usage of inorganic 

compounds in pharmacology encompasses a wide range of different applicaƟons including 

such as using metal based reagents as therapeuƟc and diagnosƟc agents[24]. 

 

4.4 Influence of Antoine Lavoisier 

Antoine-Laurent de Lavoisier was a French nobleman and chemist (1743-1794). As he finished 

his college degree in Paris in 1761, the science of chemistry was sƟll very much connected to 

alchemical beliefs with arcane language and symbolism. With his research he was a central 

piece in the chemical revoluƟon with large influence onto modern chemistry and biology[21,25]. 

 

4.4.1 Concept of Phlogiston 

In addiƟon to the influences of medieval alchemy a new concept called “phlogiston” emerged 

in the 18th century which could explain a lot of chemistry in a simple fashion. The concept was 

developed by Georg Ernst Stahl, who believed that every combusƟble substance (such as 

charcoal) contained a universal common component of “fire” which he named “phlogiston” 

from Greek inflammable. Because a substance once combusted lost weight, Stahl 

hypothesized that this change was due to the loss of the phlogiston component which went 

into the air and leŌ a residue referred to as calx. Intrigued by this branch of chemistry, Lavoisier 

turned his aƩenƟon to the study of combusƟon[25,26]. 
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4.4.2 Lavoisier’s ExplanaƟon for CombusƟon 

As he began experimenƟng with combusƟon of phosphorus and sulfur, Lavoisier showed that 

they gained weight by combining with air which were results he could not explain with Stahl’s 

theory of phlogiston[25,27,28]. He also discovered that he was able to capture large amounts of 

air with lead calx which would be liberated when the calx was heated. Even though he now 

knew that combusƟon actually involved air, its exact composiƟon was not known. In 1774 

Lavoisier met an English natural philosopher, Joseph Priestley, who was able to collect a gas in 

which a candle burned more vigorously. Priestley believed that this gas (“pure air”) was free 

of phlogiston and the candle therefore able to burn longer[25]. 

Lavoisier repeated the experiments performed by Priestley and eventually concluded that air 

was not a simple substance but rather a mixture of two components. One of them combined 

with the metal and supported respiraƟon and another one that did not support either 

combusƟon or respiraƟon. He therefore stated that combusƟon was the reacƟon of a metal or 

organic substance with that part of common air he called breathable air[25]. As he discovered 

later, that most acids contained this breathable air, Lavoisier called it oxygène from Greed for 

“acid generator”[25,29]. 

 

4.4.3 The ComposiƟon of Water 

In 1766 Henry Cavendish from England was able to collect a gas he called “inflammable air”. 

When inflammable air and common air were ignited in a closed vessel, a small amount of 

water could be observed on the sides of the vessel. Cavendish explained, following the 

hypothesis of phlogiston at the Ɵme, that water must have been present in each of the two 

airs before igniƟon[25,30]. In 1783 Lavoisier reacted oxygen with “inflammable air” (hydrogen) 

obtaining water and concluded that water was in fact not an element on its own but a 

compound combining oxygen and hydrogen. 
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4.4.4 Development of a ScienƟfic Language 

Together with Louis Bernard Guyton de Morveau, Claude Louis Berthollet, and Antoine 

Fourcroy, all successful chemists at the Ɵme, Lavoisier reformed chemistry by including a new 

language[25] in 1787. For Lavoisier this was necessary to on one hand promote the idea of 

chemistry in a new way rather than just a variaƟon of similar pracƟces with less scienƟfic 

methods and on the other hand to replace a nomenclature that had developed over the 

centuries without rules and oŌen even contradicƟng meanings[31]. 

They used the idea of an element in the way Robert Boyle proposed it a century ago and kept 

many of names for more simple substances. However, when elements were combined, the 

new compounds received names Ɵed to their chemical composiƟon (for example zinc oxide). 

This very basic system of nomenclature adapted naturally with more complex compounds 

being discovered and analyzed and is sƟll in use today[25]. 
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5 Alchemical Language and WriƟng 

Unlike in modern chemistry, alchemist did not have a standardized system of nomenclature. 

They used a language of analogy and more appropriate to poetry. The effect was, that it was 

possible to not even recognize an alchemical manuscript since reacƟons and elements were 

not stated in a clear and direct way. Another possibility was that an alchemical manuscript 

could be read and interpretated in a way the author did not intend, therefore leading to a 

completely different experimental set up or result. Different alchemists oŌen used the same 

symbol or analogy for different substances and processes and someƟmes the meaning of a 

symbol changed even within the same work, making it nearly impossible to copy or even 

understand the work of other alchemists[32,33]. However, some concepts were more widely 

spread, leading to some symbols being used more than others with meanings that did not 

differ that much. Some of them are even known and used in modern science. The following 

chapter gives an overview of the most common symbols and the concepts behind them. 

 

5.1 The Classical Elements 

The classical elements were a concept first introduced by the Greek philosopher Empedocles 

(c. 450 BC), studying the composiƟon of maƩer. His cosmogenic theory of the four classical 

elements states that all structures in the world are made from the four ulƟmate elements: fire, 

air, water, earth. In his teachings he referred to them as “roots” and made connecƟons to the 

Greek gods Zeus, Hera, NesƟs, and Hades, where Zeus stood for fire, Hera for air, NesƟs for 

water, and Hades for earth. Depending on the combinaƟon and raƟo of these roots, different 

structures are produced. An example would be the combusƟon of a log which then 

differenƟates into the elements: The visible fire, the produced smoke represenƟng air, the 

remaining ashes as earth, and water bubbles produced during the combusƟon[34,35]. 
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Later his studies were conƟnued by Aristotle (384-322 BC) who assigned each element two 

qualiƟes. These qualiƟes are key for their transformaƟon but also for how we experience them. 

Fire is hot and dry 

Air is hot and wet 

Earth is cold and dry 

Water is cold and wet 

 

By turning the wetness of water into dryness, water is then transformed into dry cold earth. 

These combinaƟons and possible ways of transformaƟon are oŌen shown in a diagram (Fig. 

10)[34,36]. 

 

Figure 10. Aristotle’s classical elements with assigned qualiƟes[34]. 

 

For the use in alchemy, these four classical elements oŌen adopted the same symbols even 

though they could be used with different interpretaƟons or as meanings (Fig. 11)[34,36]. 
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Figure 11. Commonly used symbols for the four classical elements[37]. 

 

Aristotle argued that there had to be a fiŌh element which he called “ether”. Since the four 

classical elements on Earth were all subject to change and therefore corrupƟble, the stars 

could not possibly be made of the same material. According to him they consisted of the 

unchangeable, heavenly substance ether which was neither hot nor cold, neither wet, nor 

dry[38]. This concept of ether was used in several theories to explain natural phenomena such 

as the propagaƟon of light through vacuum, where ether was thought to be the medium 

through which light travels. The presence of ether was disproved as Albert Michelson and 

Edward Morley performed the Michelson-Morley experiment in 1887 not finding the presence 

of such a medium[39,40]. 

 

5.1.1 The Michelson-Morley Experiment 

As ether is at rest in the universe, Earth would be moving with respect to it. At some point of 

the year the ether driŌ would be exactly along the axis of an installed apparatus. The 

experiment would measure the Ɵme, light would need to travel with and against the ether 

driŌ. As they did not detect any moƟon of the Earth in the ether, Michelson and Morley 

interpreted those results in the statement that there is no ether[39]. 
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5.2 The Three Primes 

According to Paracelsus (1493-1541) all metal consisted of the three primes or tria prima. 

Those three are sulfur, mercury and salt (Fig. 12, with salt on top, sulfur on the leŌ, and 

mercury on the right). 

 

Figure 12. Tria Prima (leŌ), combined representaƟon (right) 

 

He believed that each metal consisted of a very specific raƟo of sulfur and mercury. Following 

this explanaƟon it was only logic, that – knowing the correct procedure and raƟos – it was 

possible to perform a transmutaƟon of lead into gold by adjusƟng the amount of sulfur in the 

metal[36,41]. 

 

5.3 Seven Planetary Metals 

In Egypt, the seven classical planets were oŌen worshipped as gods and due to specific 

observaƟons and aƩributes they shared with the seven commonly known metals that were 

well known in the classical anƟquity (500 BCE to 500 CE). Even though the planets were not 

worshipped as divine beings later in the west, the associaƟon of the planets with the metals 

and their shared symbol remained widely used unƟl Lavoisier’s reformaƟon of nomenclature 

in science. Mercury, even though someƟmes referred to as quicksilver, is sƟll naming both the 

celesƟal body and the chemical element prevailing through history as a clear remnant of 

alchemy[36]. 

The planetary metals were associated with symbols, which were as follows[33,36]: 

 



26 
 

Gold ☉ was associated with the sun due to the color and the sun being the most important 

and life sustaining celesƟal body, which was reflected in the incorrupƟbility and purity of gold. 

Silver ☽ was associated with the moon due to its color and reflecƟvity, since the moon itself 

reflects the sunlight and silver’s reflecƟve surface was oŌen used in mirrors. 

Mercury ☿ (or quicksilver) was associated and named aŌer the planet Mercury. Since Mercury 

moves across Earth’s sky faster than any other planet it was given the name of the Roman 

messenger god Mercury (Mercurius)[42]. 

Copper ♀ was associated with Venus due to the reddish hue making it a fiƫng representaƟon 

for the goddess of love and beauty. 

Iron ♂ was associated with Mars due to the metal being known for its strength and durability 

in weapons and tools. This paired well with the marƟal qualiƟes of Mars, the Roman god of 

war. 

Tin ♃ was associated with Jupiter, the king of gods in Roman religion because it was important 

in creaƟng useful alloys such as bronze symbolizing the spreading of a king’s wisdom. 

Lead ♄ was associated with Saturn, named aŌer the Roman god of Ɵme and endurance, due 

to the heavy and dense nature of lead. 
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