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    On a poised balance, where flame, air, and matter meet, Lavoisier wagers that clear names and measured weights can transform an art of mysteries into a science of causes.

This book is a classic because it marks a decisive turning point in scientific literature: it converts inherited confusion into structured knowledge through language, logic, and experiment. By organizing chemical facts into a coherent architecture, it forged a model for textbooks and treatises that persists today. Its classic status also rests on its audacity: it challenges entrenched doctrines, rebuilds terminology from the ground up, and invites readers to reason alongside carefully designed experiments. Generations have returned to it not merely for historical interest, but to witness how a disciplined style of thinking can refashion an entire field.

Elements of Chemistry, In a New Systematic Order, Containing all the Modern Discoveries was written by Antoine Laurent Lavoisier and first published in 1789, in the late eighteenth-century Enlightenment. Presented in English under the title given here, it distills the author’s program to reorder chemical knowledge according to definition, measurement, and experiment. Lavoisier, a leading figure of the Paris Academy of Sciences, sought to unite scattered observations under a precise vocabulary and a quantitative method. Without rehearsing every conclusion, this volume lays out the premises and aims of a new chemistry, setting a careful path from first principles to practice.

The content moves deliberately from foundational definitions to the operations and instruments of the laboratory, then to the classification and study of substances and their transformations. It emphasizes weighing, careful notation, and reproducible procedures, presenting chemical change as something to be traced and accounted for rather than merely described. The book proposes a list of simple substances as a working framework, introduces a standardized nomenclature, and shows how to use experimental balances to follow processes that earlier writers treated rhetorically. It provides readers with a method as much as a body of knowledge, instructing them how to see and record chemical phenomena.

Lavoisier’s purpose is reform: he aims to replace authorities and inherited names with a transparent language grounded in operations and results. He insists that chemistry must be an exact science, not a compilation of recipes or a cabinet of curiosities. By teaching how to design experiments that answer specific questions, he cultivates a habit of skepticism disciplined by evidence. His systematic order is both pedagogical and philosophical, guiding learners from definitions to measurements, and from measurements to general principles. The intention is to make disputes resolvable by appeal to shared methods and terms, thereby elevating chemistry into a model of public, testable knowledge.

As a foundation for later work, the treatise influenced the development of chemical theory and pedagogy across the nineteenth century. Its insistence on mass balance and standardized naming shaped the practices of chemists who followed, including figures associated with early atomic theory and the refinement of chemical analysis. It also helped establish a common language that enabled communication across laboratories and nations. By showing how sustained measurement can arbitrate between competing explanations, the book prepared the ground for advances in stoichiometry, analytical chemistry, and industrial processes, proving that a firm methodological base could accelerate discovery.

Beyond its scientific achievements, the book changed the style and purpose of scientific prose. Lavoisier writes with deliberate clarity, making argument and experiment reinforce each other in a cadence that became exemplary for textbooks and handbooks. He stages experiments as reasoning in action, inviting readers to inhabit the investigator’s decisions rather than admire results from afar. This rhetorical framing helped inaugurate a modern ideal of technical writing: lucidity over ornament, definition before debate, and stable terms in place of shifting metaphors. As a result, the book belongs to the canon of scientific literature not only for what it says, but for how it teaches readers to think.

The historical moment of 1789 intensifies the book’s meaning. Composed at the cusp of political upheaval, it presents an intellectual revolution grounded in order and evidence rather than in polemic. The Enlightenment’s commitments to public reason, institutional scrutiny, and the usefulness of knowledge suffuse its pages. Instruments, balances, and carefully designed apparatus appear as agents of reform; reproducibility becomes a civic virtue. Even as circumstances around its author would soon change drastically, the treatise offers a durable architecture for inquiry, capable of surviving and guiding a rapidly industrializing world. It exemplifies a transformation that is methodological before it is ideological.

Certain themes give the work its lasting charge. Naming as knowing: the conviction that a precise vocabulary yields sharper insights. Measurement as conscience: the balance does not flatter preferences but reports what occurs. Method as community: shared procedures enable shared judgments. Clarity as courage: difficult changes in doctrine are undertaken openly and explained step by step. These themes animate the book’s pages and readers’ imaginations, making it more than an archive of experiments. It is a study in intellectual ethics, where rigor disciplines creativity and where explanations stand or fall with their capacity to be tested.

For contemporary audiences, its relevance lies in the continuity of its ideals with modern scientific practice. Students and researchers recognize the imperative to define terms, to quantify carefully, and to communicate plainly. Its structured progress from concepts to applications models how curricula can be built, how laboratories can be run, and how arguments can be evaluated. In an age of vast data and complex instrumentation, the book’s emphasis on method remains a compass. It reminds us that even the most advanced tools serve a logic of inquiry that must be explicit, teachable, and accountable to a community of readers and experimenters.

Reading the treatise today is to enter a workshop of disciplined attention. The sequence of topics guides the eye from the meaning of fundamental terms to the interpretation of experiments, integrating apparatus, observation, and inference. Rather than drowning the reader in particulars, it curates examples that illuminate general rules, offering a navigable map of a large terrain. Its systematic order gives beginners a scaffold and gives experts a vocabulary for refinement. The experience is both historical and immediate: the pastness of certain theories is secondary to the freshness of the method that integrates phenomena into intelligible patterns.

Elements of Chemistry endures because it marries an ideal of precision with a humane pedagogy, turning a scattered art into a discipline that can be taught, shared, and advanced. Its central ideas—measurement, clear language, empirical accountability, and systematic presentation—remain the engine of reliable knowledge. As a work of scientific literature, it shapes how we write and judge arguments; as a guide to practice, it helps us design experiments that answer to reality. The book invites each new reader to enter a tradition of careful inquiry, and in doing so, it retains a vitality that is unmistakably contemporary.
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    Antoine Laurent Lavoisier’s Elements of Chemistry presents a comprehensive reorganization of chemical knowledge, arranged to reflect a new systematic order and the latest discoveries of his time. The work opens by stating its aim: to replace speculative doctrines with a coherent, quantitative science grounded in experiment. Lavoisier defines the scope of chemistry, distinguishes it from physics, and introduces the principle of basing theory on carefully measured operations. He sets aside traditional terms he views as imprecise and proposes a framework built on clear definitions, consistent language, and replicable procedures. The introduction outlines the plan of the book and prepares the reader for a reform in both substance and method.

Lavoisier begins by proposing working definitions of elements and compounds. Elements are substances that cannot yet be decomposed by known means; compounds are formed by their union. He emphasizes the balance as chemistry’s central instrument, describing how precise weighing before and after reactions ensures reliable conclusions. From these practices, he articulates the conservation of mass as a governing principle. The early chapters detail essential apparatus, including furnaces, bell jars, pneumatic troughs, thermometers, and eudiometers, and explain standard operations such as calcination, distillation, solution, and crystallization. This methodological foundation underpins the subsequent theoretical sections and establishes a disciplined approach to chemical analysis and synthesis.

The treatise then examines the nature of airs, or gases, beginning with atmospheric air. Lavoisier presents the atmosphere as a mixture chiefly of two elastic fluids: oxygen and azote, the latter later called nitrogen. He describes methods for isolating these constituents and characterizes their properties and roles in combustion, respiration, and calcination. Oxygen is identified as the active principle supporting combustion and acid formation, while azote is described as comparatively inert. Lavoisier reports experimental procedures for obtaining oxygen from red oxide of mercury and from nitrous salts, and for recognizing carbonic acid gas. This analysis of gaseous substances reframes air as a set of distinguishable, measurable components rather than a single, uniform entity.

Building on these findings, Lavoisier outlines a new theory of combustion, calcination, and respiration. He argues that combustion involves the chemical combination of a combustible body with oxygen, producing heat and light. Calcination of metals is explained as the formation of metallic calces, or oxides, by union with oxygen, reversing when oxygen is removed. The discussion extends to respiration, presented as a slow form of combustion occurring in living beings, with consumption of oxygen and production of carbonic acid. He contrasts these explanations with earlier phlogistic views, offering experimental evidence that fixation of oxygen accounts for observed mass increases. This systematic treatment unifies a broad range of phenomena under a single principle.

The book next addresses inflammable air, which Lavoisier names hydrogen, and its relation to water. Through analytical and synthetic experiments, he presents water as a compound formed from hydrogen and oxygen in definite proportions. He reports the production of water by burning hydrogen in oxygen and its decomposition by passing steam over heated metals or through other procedures. These studies exemplify his methodological insistence on closing the evidential loop by demonstrating both analysis and synthesis. By assigning distinct roles to hydrogen and oxygen, Lavoisier reinterprets processes formerly attributed to vague principles and establishes water not as an element, but as a definitive chemical compound.

Lavoisier turns to simple non-metallic substances such as sulfur, phosphorus, and carbon, and to the acids derived from their combinations with oxygen. He describes the formation and properties of sulfuric and phosphoric acids, and treats carbonic acid as a notable product of combustion and respiration. The discussion includes observed reactions with bases, the volatility or fixity of acids, and their affinities for different substances. He also considers muriatic and nitrous acids within the same systematic framework, accounting for their preparation and characteristic behaviors. Throughout, the text emphasizes classification by composition and reaction, linking the nature of acids to their oxygen content and to the measurable proportions in which they combine.

From acids, Lavoisier proceeds to alkalis, earths, metals, and their combinations. He describes fixed alkalis such as potash and soda, volatile alkali or ammoniac, and the earths including lime, magnesia, barytes, and alumina. Metals are treated with attention to their oxides, formed by calcination, and to processes of reduction. Neutral salts arise from the union of acids and bases, and the treatise classifies them by their constituent principles. Crystallization, solubility, and decomposition by double affinity are presented as regular, predictable processes. This portion assembles a systematic view of inorganic compounds, connecting their preparation and properties to the general principles established earlier in the work.

A substantial section is devoted to heat, treated as the fluid principle caloric. Lavoisier explains sensible and latent heat, relating them to changes of temperature and state in bodies. He analyzes fusion and vaporization, introduces ideas about specific heat, and describes how caloric distributes among substances and affects chemical reactivity. Measurements using thermometers and calorimetric methods support the discussion. The treatment integrates thermal effects with chemical change, emphasizing that heat must be accounted for alongside matter in experimental interpretation. Although theoretical in tone, the section remains anchored to observable phenomena, bridging chemical combinations with broader physical behavior and reinforcing the quantitative program of the treatise.

The work culminates in a reformed chemical language and a table of simple substances consistent with the preceding analyses. Lavoisier and collaborators propose names that reflect composition and oxidation state, standardizing terms for oxides, acids, and salts and adopting consistent endings to denote degrees of oxygenation. The nomenclature’s purpose is clarity: to let names convey the nature of substances and reactions. A catalog of elements is presented as the set of substances not yet decomposed by available means, including light and caloric as imponderables. The book’s overall message is the consolidation of chemistry as a quantitative, experimentally grounded science, organized by composition, reaction, and clear, uniform terminology.





Historical Context




Table of Contents




    Antoine Laurent Lavoisier’s Elements of Chemistry appeared in Paris in 1789, at the end of the French Ancien Régime and at the crest of the European Enlightenment. The city hosted the Académie Royale des Sciences, the Jardin du Roi, and thriving salons that linked science, state administration, and print culture. Laboratories at the Paris Arsenal and private townhouses were supplied by a network of artisans, instrument makers, and printers located along the Seine. Across the Channel, British pneumatic chemists and in German lands mining academies formed an international scientific republic. The treatise crystallized this Atlantic-European environment just as political institutions were beginning to crumble.

Lavoisier, born in Paris in 1743, entered the Académie Royale des Sciences as an adjoint in 1768 and worked from 1776 in a laboratory installed at the Paris Arsenal, where he served as a commissioner of the Régie des poudres et salpêtres. He married Marie-Anne Pierrette Paulze in 1771; she translated, edited, and illustrated his experiments. Elements of Chemistry systematized a decade of work conducted amid the capital’s fiscal crisis and debates over administrative reform. Published the same year the Estates-General convened, the book emerged from a place—Paris—where the material culture of balances, eudiometers, and furnaces met the intellectual pressures of state, market, and learned society.

The Enlightenment’s program of reason, quantification, and public utility provided the broad movement that framed Lavoisier’s enterprise. In the 1760s–1780s, French administrators and savants collaborated to improve manufacturing, mining, public health, and taxation, with the Académie vetting projects by figures such as Condorcet, Monge, and Borda. Salons hosted by Madame Geoffrin or Madame Lavoisier linked philosophes and experimenters. The book reflects this climate by replacing authority with reproducible experiment, by integrating mathematics into chemistry, and by organizing knowledge in clear definitions and tables. Its lucid prose and didactic plates mirror an Enlightenment conviction that nature’s order, rightly measured and named, could reform society’s practices.

The Chemical Revolution that displaced the phlogiston theory stands as the decisive event shaping the treatise. Since Georg Ernst Stahl’s early eighteenth-century synthesis, chemists had explained combustion, calcination, and respiration by invoking the escape of a principle called phlogiston. By the 1760s–1770s, pneumatic experimentation destabilized this framework. Joseph Black in Edinburgh distinguished “fixed air” (carbon dioxide) in the 1750s; Henry Cavendish in London isolated “inflammable air” (hydrogen) in 1766; and Joseph Priestley at Bowood and Birmingham produced “dephlogisticated air” (oxygen) on 1 August 1774 by heating mercuric calx. Carl Wilhelm Scheele in Uppsala had independently generated oxygen earlier (circa 1772–1773), publishing in 1777. Lavoisier, informed by these results and his own careful gravimetric work beginning in 1772, argued from 1777 onward that combustion and calcination are unions with a constituent of air, which he later named oxygen. His closed-vessel, balance-centered experiments showed that metals gain weight when calcined because they combine with part of the air, and that the apparent loss in another part of the system preserves mass. Between 1777 and 1783 he linked respiration to combustion and reinterpreted acids as containing oxygen, a generalization only partly correct but programmatically powerful. He disputed phlogiston’s explanatory value, noting it had no measurable properties and varied ad hoc to save appearances. The spectacular synthesis of water—by detonating hydrogen and oxygen to produce liquid—confirmed to him and collaborators that water is compound, not elemental, undercutting a pillar of traditional doctrines. Between 1783 and 1787, with Guyton de Morveau, Berthollet, and Fourcroy, he wove a coherent oxygen-based chemistry and a new nomenclature. Elements of Chemistry (1789) codified this revolution: it began with definitions, a list of “simple substances,” and stoichiometric tables, taught the use of the balance as arbiter, and reinterpreted familiar operations—burning, rusting, breathing—within a new causal scheme, closing the era of phlogiston while inaugurating modern chemistry.

Quantification and the conservation of mass, pursued between 1772 and 1789, constitute a historical transformation that the book enshrines. Using sealed vessels, precision balances by Fortin and others, and carefully dried reagents, Lavoisier demonstrated that in chemical reactions the total mass of reactants equals the total mass of products. He applied this across calcination of tin and lead, reduction of metallic calxes, and gas absorption by alkalis. This methodological event—elevating weight as the decisive variable—changed chemical reasoning from qualitative to stoichiometric. Elements of Chemistry opens with axioms on mass constancy and provides tables of composition that train readers to think in balances, making metrology a civic and scientific virtue.

The reform of chemical nomenclature in 1787 was a coordinated event bridging language and politics. Louis-Bernard Guyton de Morveau convened a committee—Lavoisier, Claude-Louis Berthollet, and Antoine-François Fourcroy—to replace traditional, artisanal names with systemized terms formed from composition and function. Méthode de nomenclature chimique (Paris, 1787) introduced oxygen, hydrogen, azote (nitrogen), oxide, sulphate, nitrate, and a grammar of prefixes and suffixes. This linguistic engineering paralleled contemporary administrative rationalization. Elements of Chemistry adopted and disseminated the new vocabulary, aligning language with analysis and enabling international teaching. The book thereby became both a chemical manual and a public act of classification, a reform analogous to fiscal and legal codifications.

Pneumatic chemistry—study of airs—advanced through the work of Black, Cavendish, Priestley, and Scheele between 1750 and 1780, and it undergirds Lavoisier’s treatise. Cavendish showed hydrogen’s extreme lightness and combustibility; Priestley cataloged gases with ingenious apparatus; Scheele described oxygen’s vigor. The composition of water became a focal controversy: Cavendish reported in 1784 experiments forming water by exploding hydrogen with oxygen; James Watt suggested oxygen combined with “phlogiston” to form water; Lavoisier repeated and reframed the results to argue that water is a compound of oxygen and hydrogen. Elements of Chemistry consolidates these findings into a coherent taxonomy of gases, their weights, and reactions, redefining air as a mixture rather than an element.

State-directed industrial chemistry, especially gunpowder reform, formed a concrete historical setting for Lavoisier’s methods. Appointed to the Régie des poudres et salpêtres in 1775 by Jean-Baptiste de Gribeauval’s circle, he improved saltpeter (potassium nitrate) production by rationalizing nitre-bed maintenance, drainage, and leaching, and by standardizing charcoal and sulphur quality. France’s war needs—heightened after entry into the American War of Independence in 1778—required reliable powder. Work at the Arsenal equipped his laboratory with steady supplies, skilled technicians, and industrial-scale problems. Elements of Chemistry mirrors this by emphasizing purity, assay, and reproducibility, translating state material demands into scientific procedures and teaching chemists to serve public production.

The fiscal crisis of the Ancien Régime in the 1770s–1780s created social tensions that intersected with Lavoisier’s career. War debts, regressive taxation, and failed reforms by Controller-Generals like Anne Robert Jacques Turgot (1774–1776) and Jacques Necker (1777–1781, 1788–1789) destabilized finances. The Ferme générale, a powerful tax-farming consortium to which Lavoisier belonged from 1768, symbolized privilege and opacity. Petitions and cahiers de doléances of 1789 denounced tax farming. While not political, Elements of Chemistry’s methodological transparency—explicit apparatus, measured inputs, named substances—offered an implicit countermodel to fiscal secrecy. The author’s administrative detail work shaped the book’s clarity, even as his social position foreshadowed later peril.

The outbreak of the French Revolution in 1789 altered the institutions that sustained science. The Estates-General met in May; the Third Estate proclaimed itself the National Assembly in June; the Bastille fell on 14 July. Corporate privileges were abolished in August. Printing boomed, but patronage patterns shifted. Elements of Chemistry, issued in this turbulent year, circulated to an audience eager for systematic knowledge and reform. Its preface and organization reflect a conviction that the sciences could be rebuilt on public, verifiable grounds. The Revolution’s early reforms of education and industry opened classrooms and workshops where the text’s new language and balances could be adopted.

Institutional upheaval reached science directly with the suppression of the Académie Royale des Sciences by decree of the National Convention on 8 August 1793. Lavoisier, arrested in November 1793 with twenty-seven former members of the Ferme générale, was tried by the Revolutionary Tribunal and guillotined on 8 May 1794. The oft-quoted remark that “the Republic has no need of savants” is apocryphal but expresses the collision of politics and expertise. With the Academy dissolved and its archives scattered, Elements of Chemistry became a durable anchor for chemical instruction. Its authority outlived its author, guiding students in the Écoles centrales and, after 1794, the École Polytechnique.

The Revolutionary reform of weights and measures, launched by the National Assembly in 1790, exemplified the alliance of metrology and citizenship that the book champions. A commission including Jean-Charles de Borda, Joseph-Louis Lagrange, Pierre-Simon Laplace, Gaspard Monge, and the Marquis de Condorcet proposed a metric system based on the meridian. Lavoisier participated in Academy committees on weights and measures and contributed to reports in 1791 advocating standardization. The metric law of 1795 institutionalized decimal measures. Elements of Chemistry’s insistence on precise, comparable measurements dovetailed with this civic project, embedding gravimetry and clear units into chemical practice and aligning laboratory order with republican administration.

International exchange and conflict shaped the book’s diffusion. Robert Kerr’s English translation, Elements of Chemistry (Edinburgh, 1790), introduced the new system to Britain and America. German chemists debated Lavoisier’s proposals amid mining schools in Freiberg and Swedish traditions. Political turmoil forced Joseph Priestley to emigrate to the United States in 1794 after the Birmingham riots of 1791, carrying the controversy across the Atlantic. Despite war between France and Britain after 1793, the new nomenclature and oxygen theory spread through journals, correspondence, and teaching. Elements of Chemistry served as a common reference point for laboratories attempting to reconcile local practices with an emerging international standard.

Public demonstration and pedagogy formed a social event around the treatise. At the Arsenal, Lavoisier staged experiments before visitors, officials, and colleagues including Laplace and Berthollet. Marie-Anne Lavoisier prepared meticulous engravings—by artists such as Madame Lavoisier herself and drawing masters—that illustrated apparatus: gasometers, eudiometers, bell jars, and balances. Fourcroy and others integrated the new chemistry into lecture courses in Paris during the early 1790s, standardizing curricula. Elements of Chemistry, with its didactic structure of definitions, experiments, and tables, functioned as a textbook for this emergent public of engineers, physicians, and manufacturers, uniting laboratory craft with classroom instruction.

Research on respiration and heat linked chemistry to physiology and public health, themes echoed in the treatise. Between 1780 and 1784, Lavoisier and Pierre-Simon Laplace built an ice calorimeter to measure heat produced by animals and chemical reactions, connecting metabolism to combustion. Studies at the Menagerie of the Jardin du Roi and in controlled chambers quantified oxygen consumption and carbon dioxide emission. Urban concerns about miasmas and ventilation gave these findings social urgency. Elements of Chemistry incorporates respiration within its general theory of oxidation, illustrating how bodily processes obey the same laws as furnaces, and proposing measurement as a tool for medicine, agriculture, and hygiene.

As a social and political critique, the book rejects authority grounded in secrecy, privilege, or tradition by demanding public, quantitative proof. Its nomenclature abolishes arcane, guild-derived labels in favor of transparent, rule-based names, a linguistic leveling akin to abolishing feudal titles. By placing the balance at the center, it asserts that justice in knowledge comes from weighing evidence, not reputation. The text demonstrates that complex operations can be decomposed and taught, valorizing competence over birth. This epistemic stance challenges hierarchical cultures of craft secrecy and courtly patronage, proposing that clarity and universal standards are instruments of civic equality.

The treatise also exposes material injustices of the era by implication. It documents adulteration, impurity, and inefficiency in substances critical to public welfare—air, water, saltpeter—and prescribes methods to remedy them through oversight and technique. In a society riven by tax exemptions and opaque monopolies, its insistence on explicit procedures, open publication, and replicable results critiques closed corporations. By linking chemistry to agriculture, medicine, and industry, it argues that state and science owe practical benefits to citizens. While authored by a tax farmer entangled in privilege, the book’s program nonetheless models a republican ethic: transparent rules, measured accountability, and knowledge organized for collective use.
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    Antoine-Laurent de Lavoisier (1743–1794) was a French chemist whose quantitative experiments transformed chemistry from a craft into a modern science. Working in the late Enlightenment and amid the political upheavals of the French Revolution, he helped replace the phlogiston theory with an oxygen-based understanding of combustion and respiration. His insistence on careful measurement, clear definitions, and standardized language reshaped laboratory practice and chemical pedagogy. Often called the “father of modern chemistry,” he emphasized conservation of mass and the analysis of gases, building a coherent framework for elements and compounds. His books and public service connected scientific inquiry with state needs and broader intellectual reform.

Educated in Paris, Lavoisier received legal training while pursuing science through public lectures and research. He studied chemistry in the tradition of the Jardin du Roi, attending demonstrations that emphasized hands-on experiments and the use of the balance. Early work with naturalists on geology and minerals, and a prize-winning essay on urban lighting, brought him to the attention of the Acade9mie des sciences, which he joined in the 1770s. His intellectual climate was the Enlightenment, and he drew on pneumatic chemistry developed by figures such as Joseph Black, Henry Cavendish, and Joseph Priestley. Above all, his methods reflected a commitment to quantification and replicable procedures.

Lavoisiere28099s career combined laboratory research with public administration. By investing in the Ferme Ge9ne9rale, he secured resources for a well-equipped laboratory and the means to support large-scale experiments. He served on royal commissions, notably the Gunpowder Administration in the late 1770s, where he applied chemical expertise to improve saltpeter production and munitions quality. He also participated in efforts to standardize weights and measures, contributing to the movement that led to the metric system. These roles reflected his conviction that chemistry could serve the public good, aligning experimental rigor with institutional reform, and placing him at the center of Francee28099s scientific and governmental networks.

In the 1770s and 1780s, Lavoisier conducted decisive experiments on combustion, calcination, and respiration. He showed that combustion and metal oxidation involve combination with a component of air, later named oxygen, and argued against phlogiston. He helped establish that water is a compound formed from hydrogen and oxygen, and, with collaborators such as Pierre-Simon Laplace, used an ice calorimeter to study heat and animal respiration as a form of slow combustion. Through meticulous weighing, he advanced the principle that in chemical reactions the total mass remains constant, giving conservation of mass experimental authority. These results reorganized chemical explanation around composition and measurable change.

Lavoisier communicated his program through influential publications. Me9thode de nomenclature chimique, produced with Louis-Bernard Guyton de Morveau, Claude-Louis Berthollet, and Antoine-Frane7ois Fourcroy, proposed a systematic vocabulary grounded in composition. His Traite9 e9le9mentaire de chimie presented clear definitions of element, compound, and analysis, catalogued substances accordingly, and explained combustion and respiration without phlogiston. Earlier, in Opuscules physiques et chimiques, he outlined quantitative approaches to physical and chemical problems. The new nomenclature and textbook quickly shaped teaching and research across Europe. Reception was mixed at firste28094especially among adherents of phlogistone28094but the clarity and predictive power of the oxygen theory helped persuade practitioners.

A distinctive feature of Lavoisiere28099s practice was the integration of instruments, illustration, and communication. His laboratory employed precision balances, gasometers, and calorimeters, and he documented procedures in carefully kept notebooks. Marie-Anne Paulze Lavoisier collaborated as translator, editor, and illustrator, notably rendering English reports by Priestley and others into French and preparing plates for the Traite9. Their salon gathered scientists, officials, and visitors to witness experiments and discuss results, facilitating rapid dissemination and critique. Lavoisier also mentored younger chemists and worked collegially with contemporaries, even amid theoretical disputes, reinforcing a culture in which transparency and shared standards advanced the field.

The French Revolution transformed Lavoisiere28099s circumstances. His role in tax collection implicated him during the Reign of Terror, and he was arrested, tried, and executed in 1794. Despite this abrupt end, his scientific legacy endured. Nineteenth-century chemists consolidated his reforms in measurement, stoichiometry, and nomenclature, while the conservation of mass and the elemente28093compound distinction underpinned later atomic theory. His Traite9 remains a landmark in the history of science, read for its lucid method as much as its content. Today, Lavoisiere28099s name evokes the transition to modern chemistry and the ideal of an empirically grounded, mathematically precise experimental discipline.
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ELEMENTS



CHEMISTRY.



PART I.



CHAP. I.



Of the Combinations of Caloric, and the Formation of Elastic Aëriform Fluids.



CHAP. II.



General Views relative to the Formation and Composition of our Atmosphere.



CHAP. III.



Analysis of Atmospheric Air, and its Division into two Elastic Fluids; the one fit for Respiration, the other incapable of being respired.



CHAP. IV.



Nomenclature of the several Constituent Parts of Atmospheric Air.



CHAP. V.



Of the Decomposition of Oxygen Gas by Sulphur, Phosphorus, and Charcoal—and of the Formation of Acids in general.



CHAP. VI.



Of the Nomenclature of Acids in general, and particularly of those drawn from Nitre and Sea-Salt.



CHAP. VII.



Of the Decomposition of Oxygen Gas by means of Metals, and the Formation of Metallic Oxyds.



CHAP. VIII.



Of the Radical Principle of Water, and of its Decomposition by Charcoal and Iron.



Experiment First.



Experiment Second.



Experiment Third.



Experiment Fourth.



CHAP. IX.



Of the quantities of Caloric disengaged from different species of Combustion.



CHAP. X.



Of the Combination of Combustible Substances with each other.



CHAP. XI.



Observations upon Oxyds and Acids with several Bases—and upon the Composition of Animal and Vegetable Substances.



CHAP. XII.



Of the Decomposition of Vegetable and Animal Substances by the Action of Fire.



CHAP. XIII.



Of the Decomposition of Vegetable Oxyds by the Vinous Fermentation.



CHAP. XIV.



Of the Putrefactive Fermentation.



CHAP. XV.



Of the Acetous Fermentation.



CHAP. XVI.



Of the Formation of Neutral Salts, and of their different Bases.



CHAP. XVII.



Continuation of the Observations upon Salifiable Bases, and the Formation of Neutral Salts.



PART II.



Of the Combination of Acids with Salifiable Bases, and of the Formation of Neutral Salts.



INTRODUCTION.



TABLE OF SIMPLE SUBSTANCES.



Oxydable and Acidifiable simple Substance not Metallic.



Oxydable and Acidifiable simple Metallic Bodies



Salifiable simple Earthy Substances.



Table of compound oxydable and acidifiable bases.



Sect. II. — Observations upon the Table of Compound Radicals.



Sect. III. — Observations upon the Combinations of Light and Caloric with different Substances.



TABLE of the binary Combinations of Oxygen with simple Substances



Sect. IV. — Observations upon the Combinations of Oxygen with the simple Substances.



Table of the combinations of Oxygen with the compound radicals.



Sect. V. — Observations upon the Combinations of Oxygen with the Compound Radicals.



Table of the Binary Combinations of Azote with the Simple Substances.



Sect. VI.— Observations upon the Combinations of Azote with the Simple Substances.



Table of the Binary Combinations of Hydrogen with Simple Substances.



Sect. VII. — Observations upon Hydrogen, and its Combinations with Simple Substances.



Table of the Binary Combinations of Sulphur with Simple Substances.



Sect. VIII. — Observations on Sulphur, and its Combinations.



Table of the Binary Combinations of Phosphorus with the Simple Substances.



Sect. IX. — Observations upon Phosphorus, and its Combinations.



Table of the Binary Combinations of Charcoal.



Sect. X. — Observations upon Charcoal, and its Combinations with Simple Substances.



Sect. XI. — Observations upon the Muriatic, Fluoric, and Boracic Radicals, and their Combinations.



Sect. XII. — Observations upon the Combinations of Metals with each other.



Table of the Combinations of Azote in the state of Nitrous Acid with the Salifiable Bases, arranged according to the affinities of these Bases with the Acid .



Table of the Combinations of Azote, completely saturated with Oxygen, in the state of Nitric Acid, with the Salifiable Bases, in the order of the affinity with the Acid .



Sect. XIII. — Observations upon the Nitrous and Nitric Acids, and their Combinations.



Table of the Combinations of Sulphuric Acid with the Salifiable Bases, in the order of affinity.
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That every body, whether solid or fluid, is augmented in all its dimensions by any increase of its sensible heat, was long ago fully established as a physical axiom, or universal proposition, by the celebrated Boerhaave[1]. Such facts as have been adduced for controverting the generality of this principle offer only fallacious results, or, at least, such as are so complicated with foreign circumstances as to mislead the judgment: But, when we separately consider the effects, so as to deduce each from the cause to which they separately belong, it is easy to perceive that the separation of particles by heat is a constant and general law of nature.[1q]

When we have heated a solid body to a certain degree, and have thereby caused its particles to separate from each other, if we allow the body to cool, its particles again approach each other in the same proportion in which they were separated by the increased temperature; the body returns through the same degrees of expansion which it before extended through; and, if it be brought back to the same temperature from which we set out at the commencement of the experiment, it recovers exactly the same dimensions which it formerly occupied. But, as we are still very far from being able to arrive at the degree of absolute cold, or deprivation of all heat, being unacquainted with any degree of coldness which we cannot suppose capable of still farther augmentation, it follows, that we are still incapable of causing the ultimate particles of bodies to approach each other as near as is possible; and, consequently, that the particles of all bodies do not touch each other in any state hitherto known, which, tho' a very singular conclusion, is yet impossible to be denied.

It is supposed, that, since the particles of bodies are thus continually impelled by heat to separate from each other, they would have no connection between themselves; and, of consequence, that there could be no solidity in nature, unless they were held together by some other power which tends to unite them, and, so to speak, to chain them together; which power, whatever be its cause, or manner of operation, we name Attraction.

Thus the particles of all bodies may be considered as subjected to the action of two opposite powers, the one repulsive, the other attractive, between which they remain in equilibrio. So long as the attractive force remains stronger, the body must continue in a state of solidity; but if, on the contrary, heat has so far removed these particles from each other, as to place them beyond the sphere of attraction, they lose the adhesion they before had with each other, and the body ceases to be solid.

Water gives us a regular and constant example of these facts; whilst below Zero[2] of the French thermometer, or 32° of Fahrenheit, it remains solid, and is called ice. Above that degree of temperature, its particles being no longer held together by reciprocal attraction, it becomes liquid; and, when we raise its temperature above 80°, (212°) its particles, giving way to the repulsion caused by the heat, assume the state of vapour or gas, and the water is changed into an aëriform fluid.

The same may be affirmed of all bodies in nature: They are either solid or liquid, or in the state of elastic aëriform vapour, according to the proportion which takes place between the attractive force inherent in their particles, and the repulsive power of the heat acting upon these; or, what amounts to the same thing, in proportion to the degree of heat to which they are exposed.

It is difficult to comprehend these phenomena, without admitting them as the effects of a real and material substance, or very subtile fluid, which, insinuating itself between the particles of bodies, separates them from each other; and, even allowing the existence of this fluid to be hypothetical, we shall see in the sequel, that it explains the phenomena of nature in a very satisfactory manner.

This substance, whatever it is, being the cause of heat, or, in other words, the sensation which we call warmth being caused by the accumulation of this substance, we cannot, in strict language, distinguish it by the term heat; because the same name would then very improperly express both cause and effect. For this reason, in the memoir which I published in 1777[3], I gave it the names of igneous fluid and matter of heat. And, since that time, in the work[4] published by Mr. de Morveau, Mr. Berthollet, Mr. de Fourcroy, and myself, upon the reformation of chemical nomenclature, we thought it necessary to banish all periphrastic expressions, which both lengthen physical language, and render it more tedious and less distinct, and which even frequently does not convey sufficiently just ideas of the subject intended. Wherefore, we have distinguished the cause of heat, or that exquisitely elastic fluid which produces it, by the term of caloric[2]. Besides, that this expression fulfils our object in the system which we have adopted, it possesses this farther advantage, that it accords with every species of opinion, since, strictly speaking, we are not obliged to suppose this to be a real substance; it being sufficient, as will more clearly appear in the sequel of this work, that it be considered as the repulsive cause, whatever that may be, which separates the particles of matter from each other; so that we are still at liberty to investigate its effects in an abstract and mathematical manner.

In the present state of our knowledge, we are unable to determine whether light be a modification of caloric, or if caloric be, on the contrary, a modification of light. This, however, is indisputable, that, in a system where only decided facts are admissible, and where we avoid, as far as possible, to suppose any thing to be that is not really known to exist, we ought provisionally to distinguish, by distinct terms, such things as are known to produce different effects. We therefore distinguish light from caloric; though we do not therefore deny that these have certain qualities in common, and that, in certain circumstances, they combine with other bodies almost in the same manner, and produce, in part, the same effects.

What I have already said may suffice to determine the idea affixed to the word caloric; but there remains a more difficult attempt, which is, to give a just conception of the manner in which caloric acts upon other bodies. Since this subtile matter penetrates through the pores of all known substances; since there are no vessels through which it cannot escape, and, consequently, as there are none which are capable of retaining it, we can only come at the knowledge of its properties by effects which are fleeting, and difficultly ascertainable. It is in these things which we neither see nor feel, that it is especially necessary to guard against the extravagancy of our imagination, which forever inclines to step beyond the bounds of truth, and is very difficultly restrained within the narrow line of facts.

We have already seen, that the same body becomes solid, or fluid, or aëriform, according to the quantity of caloric by which it is penetrated; or, to speak more strictly, according as the repulsive force exerted by the caloric is equal to, stronger, or weaker, than the attraction of the particles of the body it acts upon.

But, if these two powers only existed, bodies would become liquid at an indivisible degree of the thermometer, and would almost instantaneously pass from the solid state of aggregation to that of aëriform elasticity[6]. Thus water, for instance, at the very moment when it ceases to be ice, would begin to boil, and would be transformed into an aëriform fluid, having its particles scattered indefinitely through the surrounding space. That this does not happen, must depend upon the action of some third power. The pressure of the atmosphere prevents this separation, and causes the water to remain in the liquid state till it be raised to 80° of temperature (212°) above zero of the French thermometer, the quantity of caloric which it receives in the lowest temperature being insufficient to overcome the pressure of the atmosphere.

Whence it appears that, without this atmospheric pressure, we should not have any permanent liquid, and should only be able to see bodies in that state of existence in the very instant of melting, as the smallest additional caloric would instantly separate their particles, and dissipate them through the surrounding medium. Besides, without this atmospheric pressure, we should not even have any aëriform fluids, strictly speaking, because the moment the force of attraction is overcome by the repulsive power of the caloric, the particles would separate themselves indefinitely, having nothing to give limits to their expansion, unless their own gravity might collect them together, so as to form an atmosphere.

Simple reflection upon the most common experiments is sufficient to evince the truth of these positions. They are more particularly proved by the following experiment, which I published in the Memoirs of the French Academy for 1777, p. 426.

Having filled with sulphuric ether[5] a small narrow glass vessel, A, (Plate VII. Fig. 17.), standing upon its stalk P, the vessel, which is from twelve to fifteen lines diameter, is to be covered by a wet bladder, tied round its neck with several turns of strong thread; for greater security, fix a second bladder over the first. The vessel should be filled in such a manner with the ether, as not to leave the smallest portion of air between the liquor and the bladder. It is now to be placed under the recipient BCD of an air-pump, of which the upper part B ought to be fitted with a leathern lid, through which passes a wire EF, having its point F very sharp; and in the same receiver there ought to be placed the barometer GH. The whole being thus disposed, let the recipient be exhausted, and then, by pushing down the wire EF, we make a hole in the bladder. Immediately the ether begins to boil with great violence, and is changed into an elastic aëriform fluid, which fills the receiver. If the quantity of ether be sufficient to leave a few drops in the phial after the evaporation is finished, the elastic fluid produced will sustain the mercury in the barometer attached to the air-pump, at eight or ten inches in winter, and from twenty to twenty-five in summer[6]. To render this experiment more complete, we may introduce a small thermometer into the phial A, containing the ether, which will descend considerably during the evaporation.

The only effect produced in this experiment is, the taking away the weight of the atmosphere, which, in its ordinary state, presses on the surface of the ether; and the effects resulting from this removal evidently prove, that, in the ordinary temperature of the earth, ether would always exist in an aëriform state, but for the pressure of the atmosphere, and that the passing of the ether from the liquid to the aëriform state is accompanied by a considerable lessening of heat; because, during the evaporation, a part of the caloric, which was before in a free state, or at least in equilibrio in the surrounding bodies, combines with the ether, and causes it to assume the aëriform state.

The same experiment succeeds with all evaporable fluids, such as alkohol, water, and even mercury; with this difference, that the atmosphere formed in the receiver by alkohol only supports the attached barometer about one inch in winter, and about four or five inches in summer; that formed by water, in the same situation, raises the mercury only a few lines, and that by quicksilver but a few fractions of a line. There is therefore less fluid evaporated from alkohol than from ether, less from water than from alkohol, and still less from mercury than from either; consequently there is less caloric employed, and less cold produced, which quadrates exactly with the results of these experiments.

Another species of experiment proves very evidently that the aëriform state is a modification of bodies dependent on the degree of temperature, and on the pressure which these bodies undergo. In a Memoir read by Mr. de la Place and me to the Academy in 1777, which has not been printed, we have shown, that, when ether is subjected to a pressure equal to twenty-eight inches of the barometer, or about the medium pressure of the atmosphere, it boils at the temperature of about 32° (104°), or 33° (106.25°), of the thermometer. Mr. de Luc, who has made similar experiments with spirit of wine, finds it boils at 67° (182.75°). And all the world knows that water boils at 80° (212°). Now, boiling being only the evaporation of a liquid, or the moment of its passing from the fluid to the aëriform state, it is evident that, if we keep ether continually at the temperature of 33° (106.25°), and under the common pressure of the atmosphere, we shall have it always in an elastic aëriform state; and that the same thing will happen with alkohol when above 67° (182.75°), and with water when above 80° (212°); all which are perfectly conformable to the following experiment[7].

I filled a large vessel ABCD (Plate VII. Fig. 16.) with water, at 35° (110.75°), or 36° (113°); I suppose the vessel transparent, that we may see what takes place in the experiment; and we can easily hold the hands in water at that temperature without inconvenience. Into it I plunged some narrow necked bottles F, G, which were filled with the water, after which they were turned up, so as to rest on their mouths on the bottom of the vessel. Having next put some ether into a very small matrass, with its neck a b c, twice bent as in the Plate, I plunged this matrass into the water, so as to have its neck inserted into the mouth of one of the bottles F. Immediately upon feeling the effects of the heat communicated to it by the water in the vessel ABCD it began to boil; and the caloric entering into combination with it, changed it into elastic aëriform fluid, with which I filled several bottles successively, F, G, &c.


This is not the place to enter upon the examination of the nature and properties of this aëriform fluid, which is extremely inflammable; but, confining myself to the object at present in view, without anticipating circumstances, which I am not to suppose the reader to know, I shall only observe, that the ether, from this experiment, is almost only capable of existing in the aëriform state in our world; for, if the weight of our atmosphere was only equal to between 20 and 24 inches of the barometer, instead of 28 inches, we should never be able to obtain ether in the liquid state, at least in summer; and the formation of ether would consequently be impossible upon mountains of a moderate degree of elevation, as it would be converted into gas immediately upon being produced, unless we employed recipients of extraordinary strength, together with refrigeration and compression. And, lastly, the temperature of the blood being nearly that at which ether passes from the liquid to the aëriform state, it must evaporate in the primae viae, and consequently it is very probable the medical properties of this fluid depend chiefly upon its mechanical effect.

These experiments succeed better with nitrous ether, because it evaporates in a lower temperature than sulphuric ether. It is more difficult to obtain alkohol in the aëriform state; because, as it requires 67° (182.75°) to reduce it to vapour, the water of the bath must be almost boiling, and consequently it is impossible to plunge the hands into it at that temperature.

It is evident that, if water were used in the foregoing experiment, it would be changed into gas, when exposed to a temperature superior to that at which it boils. Although thoroughly convinced of this, Mr. de la Place and myself judged it necessary to confirm it by the following direct experiment. We filled a glass jar A, (Plate VII. Fig. 5.) with mercury, and placed it with its mouth downwards in a dish B, likewise filled with mercury, and having introduced about two gross of water into the jar, which rose to the top of the mercury at CD; we then plunged the whole apparatus into an iron boiler EFGH, full of boiling sea-water of the temperature of 85° (123.25°), placed upon the furnace GHIK. Immediately upon the water over the mercury attaining the temperature of 80° (212°), it began to boil; and, instead of only filling the small space ACD, it was converted into an aëriform fluid, which filled the whole jar; the mercury even descended below the surface of that in the dish B; and the jar must have been overturned, if it had not been very thick and heavy, and fixed to the dish by means of iron-wire. Immediately after withdrawing the apparatus from the boiler, the vapour in the jar began to condense, and the mercury rose to its former station; but it returned again to the aëriform state a few seconds after replacing the apparatus in the boiler.

We have thus a certain number of substances, which are convertible into elastic aëriform fluids by degrees of temperature, not much superior to that of our atmosphere. We shall afterwards find that there are several others which undergo the same change in similar circumstances, such as muriatic or marine acid, ammoniac or volatile alkali, the carbonic acid or fixed air, the sulphurous acid, &c. All of these are permanently elastic in or about the mean temperature of the atmosphere, and under its common pressure.

All these facts, which could be easily multiplied if necessary, give me full right to assume, as a general principle, that almost every body in nature is susceptible of three several states of existence,[2q] solid, liquid, and aëriform, and that these three states of existence depend upon the quantity of caloric combined with the body. Henceforwards I shall express these elastic aëriform fluids by the generic term gas; and in each species of gas I shall distinguish between the caloric, which in some measure serves the purpose of a solvent, and the substance, which in combination with the caloric, forms the base of the gas.

To these bases of the different gases, which are hitherto but little known, we have been obliged to assign names; these I shall point out in Chap. IV. of this work, when I have previously given an account of the phenomena attendant upon the heating and cooling of bodies, and when I have established precise ideas concerning the composition of our atmosphere.

We have already shown, that the particles of every substance in nature exist in a certain state of equilibrium, between that attraction which tends to unite and keep the particles together, and the effects of the caloric which tends to separate them. Hence the caloric not only surrounds the particles of all bodies on every side, but fills up every interval which the particles of bodies leave between each other. We may form an idea of this, by supposing a vessel filled with small spherical leaden bullets, into which a quantity of fine sand is poured, which, insinuating into the intervals between the bullets, will fill up every void. The balls, in this comparison, are to the sand which surrounds them exactly in the same situation as the particles of bodies are with respect to the caloric; with this difference only, that the balls are supposed to touch each other, whereas the particles of bodies are not in contact, being retained at a small distance from each other, by the caloric.

If, instead of spherical balls, we substitute solid bodies of a hexahedral, octohedral, or any other regular figure, the capacity of the intervals between them will be lessened, and consequently will no longer contain the same quantity of sand. The same thing takes place, with respect to natural bodies; the intervals left between their particles are not of equal capacity, but vary in consequence of the different figures and magnitude of their particles, and of the distance at which these particles are maintained, according to the existing proportion between their inherent attraction, and the repulsive force exerted upon them by the caloric.

In this manner we must understand the following expression, introduced by the English philosophers, who have given us the first precise ideas upon this subject; the capacity of bodies for containing the matter of heat. As comparisons with sensible objects are of great use in assisting us to form distinct notions of abstract ideas, we shall endeavour to illustrate this, by instancing the phenomena which take place between water and bodies which are wetted and penetrated by it, with a few reflections.

If we immerge equal pieces of different kinds of wood, suppose cubes of one foot each, into water, the fluid gradually insinuates itself into their pores, and the pieces of wood are augmented both in weight and magnitude: But each species of wood will imbibe a different quantity of water; the lighter and more porous woods will admit a larger, the compact and closer grained will admit of a lesser quantity; for the proportional quantities of water imbibed by the pieces will depend upon the nature of the constituent particles of the wood, and upon the greater or lesser affinity subsisting between them and water. Very resinous wood, for instance, though it may be at the same time very porous, will admit but little water. We may therefore say, that the different kinds of wood possess different capacities for receiving water; we may even determine, by means of the augmentation of their weights, what quantity of water they have actually absorbed; but, as we are ignorant how much water they contained, previous to immersion, we cannot determine the absolute quantity they contain, after being taken out of the water.

The same circumstances undoubtedly take place, with bodies that are immersed in caloric; taking into consideration, however, that water is an incompressible fluid, whereas caloric is, on the contrary, endowed with very great elasticity; or, in other words, the particles of caloric have a great tendency to separate from each other, when forced by any other power to approach; this difference must of necessity occasion very considerable diversities in the results of experiments made upon these two substances.

Having established these clear and simple propositions, it will be very easy to explain the ideas which ought to be affixed to the following expressions, which are by no means synonimous, but possess each a strict and determinate meaning, as in the following definitions:

Free caloric, is that which is not combined in any manner with any other body. But, as we live in a system to which caloric has a very strong adhesion, it follows that we are never able to obtain it in the state of absolute freedom.

Combined caloric, is that which is fixed in bodies by affinity or elective attraction, so as to form part of the substance of the body, even part of its solidity.

By the expression specific caloric of bodies, we understand the respective quantities of caloric requisite for raising a number of bodies of the same weight to an equal degree of temperature. This proportional quantity of caloric depends upon the distance between the constituent particles of bodies, and their greater or lesser degrees of cohesion; and this distance, or rather the space or void resulting from it, is, as I have already observed, called the capacity of bodies for containing caloric.

Heat, considered as a sensation, or, in other words, sensible heat, is only the effect produced upon our sentient organs, by the motion or passage of caloric, disengaged from the surrounding bodies. In general, we receive impressions only in consequence of motion, and we might establish it as an axiom, That, without motion, there is no sensation. This general principle applies very accurately to the sensations of heat and cold: When we touch a cold body, the caloric which always tends to become in equilibrio in all bodies, passes from our hand into the body we touch, which gives us the feeling or sensation of cold. The direct contrary happens, when we touch a warm body, the caloric then passing from the body into our hand, produces the sensation of heat. If the hand and the body touched be of the same temperature, or very nearly so, we receive no impression, either of heat or cold, because there is no motion or passage of caloric; and thus no sensation can take place, without some correspondent motion to occasion it.

When the thermometer rises, it shows, that free caloric is entering into the surrounding bodies: The thermometer, which is one of these, receives its share in proportion to its mass, and to the capacity which it possesses for containing caloric. The change therefore which takes place upon the thermometer, only announces a change of place of the caloric in those bodies, of which the thermometer forms one part; it only indicates the portion of caloric received, without being a measure of the whole
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CHAP. II.


General Views relative to the Formation and Composition of our Atmosphere.
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CHAP. III.



Analysis of Atmospheric Air, and its Division into two Elastic Fluids; the one fit for Respiration, the other incapable of being respired.
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