Branches of Chemistry

Analytical chemists explore the types and proportions of substances in a sample.

Astrochemists identify substances found in stars and other bodies in space.

Biochemists study the compounds and chemical reactions in living organisms.

Electrochemists investigate the relationship between the flow of electricity and chemical reactions.

Environmental chemists study how changes in the natural environment affect living organisms.

Geochemists analyze the chemical composition of the Earth.

Inorganic chemists study the chemistry of all the elements and their compounds, except for those compounds that contain mainly carbon and hydrogen.

Nuclear chemists investigate changes that happen in atomic nuclei.

Organic chemists study hydrocarbons – compounds of carbon and hydrogen – and other related compounds.

Photochemists investigate the relationship between light and chemical reactions.

Physical chemists use the principles of physics to explain observations about chemical substances and their reactions.

Radiochemists study the radioactive isotopes of the chemical elements.

The Elements

Elements are substances that ordinary chemical reactions cannot break down into simpler substances.

An element is a substance that consists of atoms that all have the same number of protons.  There are 90 naturally occurring elements and 21 artificial elements.

There are 16 nonmetals, 5 metalloids, and 90 metals.  Under normal conditions of room temperature and pressure, 11 elements are gases, and 98 are solids.  Only two elements – bromine and mercury – are liquids under normal conditions.

An atom is the smallest part of an element that can exist separately.  An atom consists of electrons orbiting around a nucleus.  The nucleus contains two kinds of nucleons: protons and neutrons.  The number of protons equals the number of electrons in a neutral atom.

The atomic number of an element is equal to the number of protons in its nucleus.  The atomic number is sometimes called the proton number.

The mass number of an element is the sum of the numbers of protons and neutrons.  An atom of iron, for example, consists of 26 protons, 26 electrons, and 30 neutrons.  The atomic number of iron is 26, and the mass number is 56.

Laws and Principles of Chemistry

Avogadro’s Law – At the same temperature and pressure, equal volumes of different gases contain the same number of molecules.

[Amedeo Avogadro, 1811]

By this law, a cubic foot of hydrogen contains the same number of molecules as a cubic foot of carbon dioxide.

Law of conservation of mass – During a chemical reaction, matter is neither created nor destroyed.

[Antoine Lavoisier, 1774]

According to this law, the total mass of the products of a chemical reaction is equal to the total mass of the substances that react together.

Law of constant composition – No matter how a substance is made, it will always contain the same elements in the same proportions.

[Joseph Proust, 1779]

By Proust’s law, carbon dioxide exhaled in breath and carbon dioxide from a car exhaust both consist of molecules that contain one atom of carbon and two atoms of oxygen.

Heisenberg’s uncertainty principle – It is impossible to specify both the precise position and the momentum of a particle at the same time.

[Werner Heisenberg, 1927]

The more accurately the position of a particle is measured, the less accurate the knowledge of its momentum becomes, and vice versa.  The effect only becomes noticeable for subatomic particles, such as electrons and protons.

Key Dates of Chemistry

B.C.

c.450
Leucippus of Miletus introduces the idea of atoms.  Empedocles of Akraga introduces the four elements: earth, air, water, and fire.

430
Democritus of Abdera develops the idea of atoms and suggests they explain the properties of matter.

340
Greek philosopher Aristotle proposes that substances are all combinations of the four elements.

A.D.

750

Arabian alchemist Geber describes how to prepare acids and their salts.

1473
Democritus’s theory of atoms becomes known to alchemists in Europe through its Latin version.

1597
German chemist Andreas Libavius writes Alchemia, the first important chemistry textbook.

1610
French chemist Jean Béguin publishes the first chemistry book not based on alchemy.

1661
Irish chemist and physicist Robert Boyle publishes The Sceptical Chymist, introducing the concept of chemical elements.

1766
British chemist Henry Cavendish discovers hydrogen, which he names “inflammable air.”

1777
French chemist Antoine Lavoisier suggests air consists of two gases.

1781
British chemist and clergyman Joseph Priestley makes water by burning hydrogen in oxygen.

1803
British chemist and physicist John Dalton formulates atomic theory.

1807
British chemist Humphry Davy uses the recently invented electric battery to isolate the elements sodium and potassium.

1811
Italian chemist and physicist Amedeo Avogadro proposes that equal volumes of different gases contain the same number of molecules.

1828
German chemist Friedrich Wöhler makes urea, an organic compound, from inorganic ammonium cyanate.

1833
French chemist Anselme Payen discovers diastase, an enzyme.

1856
British chemist William Perkin makes the first synthetic dye.

1869
Russian chemist Dmitri Mendeleyev publishes the first form of the periodic table.

1893
German chemist Felix Hoffman synthesizes aspirin.

1911
British physicist Ernest Rutherford discovers the proton.

1913
Danish physicist Niels Bohr proposes a theory of atomic structure based on electron orbits.

1926
Austrian physicist Erwin Schrödinger develops a wave equation of atomic structure.

1932
British physicist John Cockcroft and Irish physicist Ernest Walton build the first particle accelerator to change one element into another.

1935
US chemist Wallace Carothers develops nylon, the polymer of the first totally synthetic fiber.

1938
German chemist Otto Hahn splits atoms of uranium.

1942
Italian-born US physicist Enrico Fermi creates the first controlled nuclear chain reaction.

1971
US company DuPont begins production of Kevlar, a polymer that is stronger than steel.

1985
Ball-shaped carbon molecules are discovered and named fullerenes.

