Kant, Richter and the a priori of Anfangsgründe der Stöchyometrie
 
In 1783, Jeremias Benjamin Richter (1762–1807) left the engineering corps of the Prussian army and enrolled at the University of Konigsberg. The university faculty at Konigsberg during this time included the significant presence of Immanuel Kant (1724–1804), whose teaching duties over the years had covered the diverse subjects of mathematics, physics, logic, metaphysics, moral philosophy and other topics. Having studied Macquer's Dictionnaire de chymie (1766) during his service in the military, Richter had come with a background in chemistry, but according to his personal notes, he did not study much chemistry, if any, during his time at Konigsberg. While it is possible that he encountered some science lectures under Karl Gottfried Hagen (1749–1829), who was extraordinary professor in the medical faculty and had authored a textbook Grundriß der Experimentalpharmacie (a text which Richter referenced in his later publications), his main studies appear to have been mathematics and the philosophy courses taught by Kant. So much was Richter influenced by this philosophical coursework, in fact, that when he submitted in 1789 his dissertation on chemistry, “De Usu Matheseos in Chymie,” he concluded with six Kantian philosophical propositions: (1) that there is no universal criterion of truth for matter, but only for form; (2) that we have knowledge of phenomena but not noumena; (3) that the substance of the mind can be demonstrated to be actual but not eternal; (4) that the beginning and the eternity of the world cannot be demonstrated; (5) that the freedom of mind is to be assumed but not shown; (6) that physico-theological evidence to prove the existence of God is sought. Given these somewhat oblique propositions, he endeavored to show the significance of his empirical research, i.e. that two neutral salts mutually decompose in a dissolution and reform as neutral compounds, as an illustration of the Book of Wisdom 11:20 that God "created all things in measure, and number and weight."
Science historians have tended to view these philosophical propositions as in opposition to Kant. For example, Strömdahl, Lagerkvist and Gregory have all suggested that Richter wrote his thesis against the Kantian conception that chemistry could not be classified as a proper science. Kant's Metaphysische Anfangsgründe der Naturwissenschaft, written in 1786 while Richter was a student at Konigsberg, outlined this categorization of chemistry somewhat at length. Since chemical laws could not be formulated in the pure intution of space-time, as Kant had reasoned, chemistry would always remain an empirical science whose diverse results lacked any a priori necessity.

What can be called proper science is only that whose certainty is apodictic; cognition that can contain mere empirical certainty is only knowledge improperly so-called. Any whole of cognition that is systematic can, for this reason, already be called science, and, if the connection of cognition in this system is an interconnection of grounds and consequences, even rational science. If, however, the grounds of principles themselves are still in the end merely empirical, as in chemistry, for example, and the laws from which the given facts are explained through reason are mere laws of experience, then they carry with them no consciousness of their necessity (they are not apodictically certain), and thus the whole of cognition does not deserve the name of science in the strict sense; chemistry should therefore be called a systematic art rather than a science (MAN 4:468)

It thus appears highly probable that Richter had directly encountered this Kantian view of chemistry in his coursework and was writing his thesis in an effort to salvage chemistry's status as a true science. Given this, nonetheless, it would be a mistake to overlook that underlying Richter's thesis remains an essential scientific outlook that is rooted in Kantian philosophy. 
Arguably, the first two propositions from his dissertation are simply a restatement of the monadology of transcendental philosophy; specifically, (1) there is no universal criterion of truth for matter, but only for form; (2) we have knowledge of phenomena but not noumena. Why then didn't Richter simply buttress these first propositions with a discussion of monads? Recent scholarship by De Boer (2014) on Kant's Kritik der reinen Vernunft might help to further elucidate Richter's reasoning in these passages. Noting that "Kant did not completely reject Leibniz’ monadology and his own early sketch of a physical monadology," De Boer argues that he nonetheless moved beyond his earlier writings by “shifting the perspective to [his] second-order reflection on the condition of possibility of metaphysics.” By relegating objects to an unknowable transcendental status, according to De Boer, Kant was enabled “to account for the possibility of human freedom and morality” and worked “to establish a metaphysics that treats appearances as such in light of a dimension that itself cannot be grasped in materialistic or deterministic terms.” Richter thus in all likelihood inherited from his teacher both the first and second order analysis of the monadology. Interestingly, his dissertation had also made mention that (3) the substance of the mind cannot be demonstrated to be actual or eternal; (4) the beginning and the eternity of the world cannot be demonstrated; and (5) the freedom of mind is to be assumed but not shown. These statements parallel De Boer's analysis and confirm this second-order analysis of transcendental metaphysics. Richter’s dissertation could therefore be interpreted as a radical attempt to root chemistry in the tradition of Kantian philosophy.
Years ago, Snelders (1978) had written an interesting speculative paper suggesting that Kant was directly responsible for Richter's habilitation thesis being approved. The University of Konigsberg's degree system, like other German universities at the time, included both the inaugural thesis (Inauguraldissertation), to signify the completion of a course of study, and the habilitation thesis (Habilitationsschrift), to initiate a professorship. Richter's thesis had combined the inaugural thesis with the habilitation thesis. The respondent to his thesis was Wilhelm Lucas Goy, a candidate in philosophy, and the opponents were Samuel Groening, a candidate in theology, Johann Hermes, a candidate in philosophy, and Friedrich Anschitzky, a candidate in mathematics. The thesis was submitted on 30 April 1789 and was approved approximately a month later. Moreover, as Snelders found by a reading of Kant's Stammbuchblatter stored in the library of Tubingen University, there is clear evidence that Kant was aware of Richter's thesis. In a memorandum recorded two weeks after his promotion, Kant wrote the following:
 
For Jeremias Benjamin Richter. 13 June 1789,
Go, my dear, where your courage calls you, with happy feet 
(I bone, qua tua te virtus vocet, I pede fausto!)
In Memoriam scripsit, Immanuel Kant

This convocation, quoted from the Latin poet Horace (65–8 BCE), was interpreted by Snelders to indicate the possibility of Kant having promoted Richter to his habilitation. While no definitive answer to this can be stated, Snelders further argued that "the entire oeuvre of Richter clearly demonstrates his Kantianism," though he and other writers have never clearly explicated specifically how this is the case. Thus, the assessment of Richter's philosophical formation under Kant lies open before us.

Kantian chemistry in the Anfangsgründe der Stöchyometrie

Upon reading Anfangsgründe der Stöchyometrie, Richter's discussion of "monads," as alluded to above, immediately alerts readers of his philosophical background. Kant's unsuccessful 1756 habilitation thesis had been entitled Monadologiam Physicam and had attempted to bridge the divide between the geometrical continuum and the metaphysical existence of matter. Proposition VI of this thesis states: "The monad does not determine the little space of its presence by the plurality of its substantial parts, but by the sphere of activity, by means of which it hinders the things which are external to it and which are present to it on both sides from drawing any closer to each other." Kant then further clarified that because monads have no plurality in their substance, their filling of space cannot be attributed to a part of its substance but rather is to be found in its relation to substances external to it. Along the same lines, Richter begins Anfangsgründe der Stöchyometrie with a description of monads as knowable only through their external relations:

Further on, I will speak of elements, but as primordial substances or the most distant constituent parts, about which we know nothing or which we cannot put in an empirical view, run under the company of the monads [Monadem] or some other name [...] No element of any kind is a constituent part until it is thought of with another in connection [Verbindung] with a body of which it is a constituent part. Vitriol and salt, for example, as is known, in their free state [Zustande] have properties which they do not have if they are combined [verbunden] with volatile alkali, that is, they are part of ammonium chlorides. The concept of an unexperienced component belongs to the concept of the element; it is not coordinated but subordinated to it, namely an element is a component in so far as it forms a body with another.

Interestingly, this language employed by Richter here closely parallels Kant's description from Kritik der reinen Vernunft, published in 1781:


The simple, therefore, or uncompounded, is the foundation of the internal of things by themselves [...] This is the history of the monads [Monadem], which were to form the elements of the whole universe, and the energy of which consists in representations only, so that properly they can be active within themselves only [...] For, as everything is actively occupied internally only, that is, with its own representations, the state [Zustand] of representations in one substance could not be in active connection [Verbindung] with that of another; [...] What things may be by themselves we know not, nor need we care to know, because, after all, a thing can never come before me otherwise than as a phenomenon.

Thus, the monadology which Kant developed in response to Leibniz was directly imported by Richter into his studies. Moreover, considered historically, it is significant to note that Leibniz in the original monad concept had been influenced in part due to the ideas of chemists J. B. van Helmont (1580–1644) and Robert Boyle (1627–1691), yet in subsequent years, most chemists followed the atomism of John Dalton (1766–1844).  Richter’s chemistry of monads thus distinguishes him from many of his peers and offers an important avenue for assessing the applicability of the monad in chemical philosophy.
Escribano-Cabeza, Miguel. "Chemistry and dynamics in the thought of GW Leibniz I." Foundations of Chemistry (2020): 1-17.
The next aspect of Richter's chemistry that immediately bears the hallmark of Kant's influence is his conception of chemistry as an "applied science" or "mixed science." It should be emphasized that, while Kant believed that the chemistry of his time was an improper science and that much of it was only a systematic art, he was not content to entirely leave chemistry on that level. Van Brakel has contended that chemistry played a double role in Kant's philosophy, as both an empirical art and as a "paradigm for the method of critical philosophy," with the possibility of further extension by the application of a priori principles. Along these lines, Richter outlined his research method in terms of an applied science in his introductory remarks of Anfangsgründe der Stöchyometrie:
"Mathematics counts all those sciences in its field where there are only magnitudes, and a science consequently lies more or less in the circle of the art of measurement, the more or less numerical things are to be determined in it. Because of this truth, I have often been left to the question of whether and how far chemistry is a part of applied mathematics in chemical experiments; My hopes were particularly excited by the ordinary experience: that two neutral salts, when they break down one another, make neutral compounds again. The immediate conclusion, as I determined from this, could not be anything else than that there must be certain proportions between the components of the neutral salt. At that time I was thinking about how this relationship could not be found partly by [theils durch] carefully carried out experiments, partly by [theils durch] linking the chemical analysis with the mathematical one [...]"
 
Richter's language again parallels Kant's published writings, specifically a passage from Kritik der Urteilskraft, published in 1790:
"So far as Reason has to do with nature, as the complex of objects of external sense, it can base itself partly [theils] upon laws which the Understanding itself prescribes a priori to nature, partly upon [theils durch] laws which it can extend indefinitely by means of the empirical determinations occuring in experience. To apply the former kind of laws, i.e. the universal laws of material nature in general, the Judgment needs no special principle of reflection, since it is there determinant because an objective principle is given to it through Understanding. But as regards the particular laws that can only be made known to us through experience, there can be under them such great manifoldness and diversity, that the Judgment must serve as its own principle in order to investigate and search into the phenomena of nature in accordance with a law."
 
These examples further illustrate that Kant's influence did not merely stir opposition in Richter but rather positively shaped his chemical philosophy. They also demonstrate the applicability of Kant’s scientific methodology with regard to his interest in advancing chemistry. 
Notably, in the second edition of Kritik der reinen Vernunft, published in 1787, Kant had asserted that the chemical experiments of George E. Stahl (1659–1734) were in a sense on the same level as the physical experiments of Galileo Galilei (1564–1642) and Evangelista Torricelli (1608–1647). "All these experimenters, Kant argue[d], exemplarily realized one salient aspect of scientific method, namely, the requirement to pose questions to nature actively, framed by reason according to the principles of judgment, rather than passively following nature's lead.” By applying a priori mental constructs to natural processes, the scientific investigator studies nature according to the categories of the mind in which an applied science approach is enabled to go beyond mere empirical observation. Richter similarly posed active questions in his study of chemical processes, and moreover, his a priori mental constructs were clearly rooted in Kantian philosophy, specifically, the categories of quantity and quality, or, as outlined in Metaphysische Anfangsgründe der Naturwissenschaft, the ideas of mathematics and dynamics. Quoted here are some introductory remarks from Anfangsgründe der Stöchyometrie:
A science must be based on principles as regards its a priori knowledge and on general experience as regards its empirical part. The basic vessels of stoichiometry are partly borrowed from dynamism [Dynamis] and partly from pure mathematics. What is true of a force in general also applies to all forces, however different their appearances may be, and what is true of space also applies to matter. Incidentally, one has not given in this treatise all and every axioms on which the truths presented are based, but only those whose connection with truths built upon them deserves to be discussed in an excellent manner, because here mathematics is only applied. Experiences are generally valid chemical truths. Various experiences, which do not apply to all chemical matters, must meanwhile also be cited in pure stoichiometry in order to derive general precautionary rules from them, and about this because they cannot be so carefully applied in the part used.
Elsewhere, Richter re-iterates these ideas:
Every science has its peculiar doctrines, which are based either on doctrines borrowed from other doctrines or on principles and experiences. It is the same with stoichiometry. In addition, there are also some teaching vessels in this science, which are actually a property of hydrostatics and consequent teaching. But since they are used in particular ways in stoichiometry, it is of course not possible to present them simply as teaching vessels without proof, but to demonstrate them in particular, and to incorporate them into this science as their own teaching vessels.
 
Given this reading, we can clearly see the profound influence of Metaphysische Anfangsgründe der Naturwissenschaft on his thinking. Moreover, Richter suggested that there might be a qualitative aspect of chemical laws, thus in consequence making chemistry consist of not only mathematical and dynamical a priori laws, but also the possibility of qualitative a priori laws:
 
It is true, however, that the necessity of the connection between the quality and quantity of chemical components cannot be ascertained a priori, and experience teaches us no necessity as to whether the latter can be found immediately. If it could prove a priori that the phenomena depend on the quantitative conditions or vice versa, one would have a very abundant source of knowledge that not only spares us many troublesome visits to empirical perception, but also saves some of them to attain a very high degree of probability only through experience, with which absolute certainty would also give the highest evidence at the same time. 
 
Despite his failure to discover this qualitative aspect, he was yet still hopeful: "It has been retained for the present century to present chemistry not only as art, but also as science."
 
Though unable to find such a connection between qualitative and quantitative aspects, he did succeed in determining a number of geometric and arithmetical series relating the mass of a reagent to its neutralizing capacity. Where gaps in these mathematical series were detected, it led him to consider possible existence of new elements:
 
From the mentioned possibility of these three dronuns it does not yet follow that they really exist, because experience has to decide whether one, two or all three orders besides their subordinate ones are present
 
Necessary terms for unknown or missing elements are available
 
? Of course, the very possibility of a thing does not entitle us to believe its existence. In the meantime it is probable that there are still several elements present which belong in the series of dimensions of alkaline salts. 
 
Again, this aspect of Richter’s chemical theory has been informed by transcendental philosophy. In his Critique of Pure Reason, Kant had observed that “possibility of experience,” as the foundation of the transcendental deductions, had demonstrated that the space-time continuum was an a priori mode of representation. Here Richter appears to have detected another application of a these philosophical deductions, viz., that the possibility of a complete series of geometrical and arithmetic terms (which can be determined within the manifold of a priori mathematical properties) could be seen as an avenue for making the transition from transcendental philosophy to phenomenal physics
 
Fries' criticism of Richter's chemistry
In 1801, an article by the philosopher and mathematician Jakob Friedrich Fries (1773–1843) appeared in Scherer's journal, entitled "Attempt at a Critique of Richter's Stoichiometry" (Versuch einer Kritik der Richterischen Stochyometrie). While Fries acknowledged the extensive efforts of Richter to find mathematical relationships between chemical constituents, he nonetheless faulted Richter for not asking fundamentally how mathematics could be applied to chemistry. To Fries, the arithmetical and geometrical series discovered by Richter were only practical solutions and did not address the pure theory necessary to suppose such relations. Fries continued, along similar lines to Richter noted above, by outlining the mathematical and dynamical aspects of chemical interactions. The mathematical part must be able to quantify mass, volume and density in every chemical reaction, he reasoned, and the dynamical part would include the units of intensity and magnitude for forces. Fries then delineated detailed algebraic proofs of how researchers are mentally constituted to conceive the fundamental parameters of volume, mass, density and force. 
 
 
Not entirely fair. As noted above Richter also considered applying both mathematics and dynamics.
 
There must now be a reason why the latter prefers to tear itself in aluminum with the mineral Altali, and this reason is presented to me in a greater attractive force, with which the acid throws against the mineral alfali, and we call rolechen the greater chymic relationship, from which it follows that the force of the acid against the lime earth is less. The chemical relationship is very different from the phyfic attractive force, the latter does not always bring about a dissolution, whereas men who are right to use their frame must always produce a stimulation.
 
Da muß nun ein Grund vorhanden renn , warum sich leztere lieber mit dem ineraliſchen Altali in AlufeIsſung reßt, und dieſen Grund ſtellet man ſich in einer großern anziehenden Kraft vor, womit die Säure gegen das mineraliſche Alfali wirft , und nennet rolechen die großere chymiſche Verwandſchaft, woraus denn folgt, daß eben dieſe Kraft der Säure gegen die Kalcherde geringer ren . Die chymiſche Verwandschaft iſt von der phyfifchen anziehenden Kraft fehr unterſchieden , durch leztere wird nicht immer eine Auflöſung bewirkt , dahingegen erſtere menn ſie ihren Ramen mit Recht fübren rod , jederzeit eine Auflefung hervorbringen muß.
 
Described some of the unusual properties of this chemical force: "consequently fire matter does much on the one hand than its lack on the other; since if a positive force is to become negative, an opposing force is required" Difficult to account for...  But Richter does not propose to determine the difference in this force. He merely:
 
It is easy to see that all brief manifestations, as well as their deficiencies, are in part to be regarded as manifestations of double kinship, even though one cannot immediately think of neutrality (R. Stoch, introductory explanation 10), and the same can also be counted under the simple relationship. There are also cases of simple relationships very few, and perhaps none, ſ as soon as one thinks of fine neutrality (R. Sródy. Introductory explanation 16), yes, who knows whether the simple clergy is not one thing, what must go ahead as the reason for the double relationship (R. Stschyom. Lehrſ.a), but this can only be presented in a pure intuition, but not in an empirical way. 
 
Es ſind auch der Fålle der einfachen Verwandſchaft ſehr tvenige, und vielleicht gat keine, ſo bald man an feine Neutralitåt denkt (R. Sródy. Einleit. Erkl. 16) , ja wer weiß , ob nicht die einfache Berwandſchaft ſo ein Ding iſt, was zwar als Grund der doppelten Verwandſchaft voran gehen muß ( R. Stschyom . Lehrſ.a) , was aber nur in reiner Anſchauung, aber nicht in empyriſcher dargeſtellet werden kann , wie z. B. der Shwer. 
 
Here, De Vries innovation over Richter is obvious in that he suggested 4 types of forces, attractive action at a distance; 2) repulsive action at a distance; 3) attractive contact forces; 4) repulsive contact forces. Richter only considered:
"This over-mathematization of his findings was generally disbelieved and contributed to skepticism about the accuracy of his experimental results, as well as to the suspicion that numbers had been adjusted to fit his theory." 
 
https://books.google.com/books?id=WU417l2ePWQC&pg=PA47&lpg=PA47&dq=%22De+Usu+Matheseos+in+Chymia%22+richter&source=bl&ots=4O2PwHuile&sig=ACfU3U3DaAIYbF4qklyLZrNP0-Ee7niwzg&hl=en&sa=X&ved=2ahUKEwiK4em224PxAhUWV80KHbKxB7YQ6AEwBnoECAYQAw#v=onepage&q=%22De%20Usu%20Matheseos%20in%20Chymia%22%20richter&f=false
 
 
The Opus Postumum and the Anti-Phlogistic theory
Timeline of Transition theories:
 
Friedmann - lectures of new material from chemistry by Lichtenberg-Erxleben --- year 1787-88,
Forster - Kiesewetter's letter shows Transition planned --- year by fall of 1790 if not previous year (Critique of Judgment draft in 1789-1790)  
Matthieu - started project after realizing failure of Critique of Judgment --- year: soon after 1790 publication
Tuschling - Kant aware of circularity of attractive force started a revision of matter in mid 1790s, drafts concept, then invents Transition project for this
 
Good reference: https://www.google.com/books/edition/Kant_s_Transcendental_Deductions/55mdP0_rF84C?hl=en&gbpv=1
 
Chemical force differs from physical force: "The world-attraction is impartial (gravitation), extends to all distances, and is generic. Chemical attraction (in contact or striving thereto in solidifi cation) is specific and has partiality."  (Friedman p. 239)
 
 
 
Conclusion: The relevance of Kantian chemistry 
---- Whewell's statement is untrue
----G. E. Fischer of Berlin recalculated Richter’s data on pure sulfuric acid (which Richter not calculated) and combined them in a table (Laitinen and Ewing, 1977). This table was included
in the German translation of Berthollet’s “Essai d’une statistique chimique” of 1803 and Thomas Thompson incorporated it into the 1807 edition of his System of Chemistry (Snelders,
1975). These texts probably had some influence upon John Dalton, author of the atomic theory
 
“However, Mendeleev's prophecies turned out to be correct, but Richter's predictions proved to be wrong”
 
Szabadvary, Ferenc. "The birth of stoichiometry." Journal of Chemical Education 39.5 (1962): 267.
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