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Dalton, atoms and chemical combination

Juan Segurola

Core question

How did Dalton's atomic theory turn quantitative chemical composition into a model of
matter built from countable units with characteristic relative weights?

Historical and evolutionary context

By the end of the eighteenth century, gravimetric chemistry had made composition
measurable. Lavoisier's conservation practices, improved balances and a growing language
of elements and compounds allowed chemists to compare masses before and after reactions.
Yet regular combining proportions still needed an explanatory representation that connected
macroscopic measurements to an invisible particulate order.

What could communities know before this transition?

Chemists could identify substances operationally, measure masses and recognise recurring
proportions. Ancient atomisms had proposed indivisible units philosophically, and
corpuscular models circulated in early modern natural philosophy. The limitation was not
absence of the word “atom”. It was the absence of a quantitatively productive atomic scheme
tied to chemical composition and relative weights.

What changed?

Combining proportions became evidence about particles

From about 1803, John Dalton developed the proposal that each chemical element consisted
of atoms of characteristic weight and that compounds formed from atoms in simple
numerical combinations; he published the first volume of A New System of Chemical
Philosophy in 1808. Laws of definite and multiple proportions became interpretable as
consequences of discrete combination rather than only empirical regularities.

Relative atomic weights created a new representational layer

Dalton's early atomic weights were often wrong because formulas and valences were
uncertain, but the method created a programme: infer invisible units from measured mass
ratios. Chemical symbols and tables could now represent a particulate architecture behind
bulk matter.

The model was revised rather than simply confirmed

Gay-Lussac's 1808 gas-volume relations, Avogadro's 1811 molecular hypothesis, and the
atomic-weight reform promoted by Cannizzaro at Karlsruhe in 1860 corrected important
ambiguities in Dalton's scheme. The enduring transition was not a finished set of atomic
weights but the use of discrete material units as quantitatively constrained explanatory
entities.

Why could this capability emerge?

The theory depended on the quantitative discipline of late-eighteenth-century chemistry,
increasingly standardised measurements, gas studies and debates about composition. It also
required a culture willing to use unobservable entities as disciplined models when they
generated testable numerical relations.

What later forms of knowledge did it enable?

Atomic weights, stoichiometry and particulate formulas enabled nineteenth-century chemical
classification, structural chemistry and periodic organisation. They also created a conceptual
route toward later evidence that atoms themselves possess internal structure.

New limits and risks

An atomic model can make inferred entities look more directly observed than they are. Early
atomic weights depended on uncertain formulas, and simple-ratio reasoning could be
overextended. Symbolic economy also risked hiding experimental variability and competing
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conventions. The programme advanced because errors were corrigible, not because Dalton's
first tables were final.

What changed in the architecture of knowledge?

Macroscopic chemical ratios acquired an invisible quantitative ontology. Measurements
of grams could be used to reason about relative numbers and weights of entities too small to
observe. Chemistry gained a bridge from balance readings to particulate models.

Loss, exclusion and uncertainty

Textbook accounts often compress a long collective transition into “Dalton discovered the
atom”. Ancient atomism, eighteenth-century affinity chemistry, Proust's late-eighteenth- and
early-nineteenth-century composition work, Gay-Lussac's 1808 gas-volume relations,
Avogadro's 1811 molecular distinction and later atomic-weight reforms all matter. Priority for
a modern atomic concept cannot be assigned by projecting later meanings backward.

Dependency map

e DIRECT « PIO-059 Lavoisier and quantitative chemical transformation
e INDIRECT — PIO-071 Mendeleev and periodic organisation
e INDIRECT — PIO-075 X-rays, radioactivity and the measurable atom
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