4.  Discovery
The Belgian chemist and physician, Jan Baptista van Helmont, was likely the first to recognize that air was not the only gaseous substance in existence.  At the end of the sixteenth century and for yet another hundred and fifty years, the term air meant gas.  Van Helmont, who lived from about 1580 to 1644, recognized that the substance given off by burning charcoal was identical to that yielded by fermentation of grapes.  He invented the word "gas" to describe the spiritus sylvestre (spirit of wood) emanating from the burning charcoal.  The word derives from the Greek word "chaos" ((((() although alternative, but erroneous, philologies suggest the word derives from the Dutch word geest akin to the German geist meaning "spirit".  The Oxford English Dictionary has a 1662 quote which reads as follows:

"Because the water which is brought into a vapour by cold, is of another condition, than a vapour raised by heat: therefore...for want of a name, I have called that vapour, Gas, being not far severed from the Chaos of the Auntients..Gas is a far more subtile or fine thing than a vapour, mist, or distilled Oylinesses, although as yet, in be many times thicker than Air.  But Gas it self, materially taken, is water as yet masked with the Ferment of composed Bodies."

That is, Van Helmont regarded a gas to be contained in all bodies as an ultra-rarefied condition of water.  Helmont was a believer in water as the basic element of the universe.  Quantitative experiments were relatively new in his time, but he recognized their utility.  His most noteworthy quantitative measurement was growing a tree in a weighed amount of soil, nurturing it with weighed quantities of water and noting that the increased weight of the tree, taking into account fallen leaves, did not come from the soil but rather, in his view, from the added water.  Carbon dioxide, as yet unknown, was overlooked as a required nutrient.
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After van Helmont, the English botanist and physiologist Stephen Hales advanced methods for studying different gases by having invented a device to collect gases over water.  Hales originally studied theology at Cambridge but was active in science on the side.  Among his other accomplishments was measurements on the growth of plants, the pressure of sap, and, he was the first to measure blood pressure.  Hales became aware that some air contributed to the growth of plants, thus modifying van Helmont's misinterpreted experiments from the previous century.  Hales also made a significant contribution to public health with studies on the beneficial effects of ventilation.
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Joseph Black, one of fifteen children, was born in Bordeaux, France on April 16, 1728.  His father was a wine merchant of Scottish descent and his mother was from a Scottish wine trade family.  He was sent by his parents first to Belfast and subsequently to Glasgow to study arts.  A few years later, he was convinced to take up a more marketable venture and chose medicine.  At Glasgow University, his professor of medicine had just established lectures in the field of chemistry and was noted for encouraging students to engage in independent experiments.   The professor, William Cullen, hired the twenty-year old Black as an assistant in the laboratory.  Black pursued further medical studies in Edinburgh and returned to Glasgow as Lecturer in Chemistry.  During the early Glasgow years, he began research for his M. D. thesis on the chemistry of magnesia alba, which means "white magnesia".  This is a form of hydrated magnesium carbonate sometimes called mild magnesian earth.   Named after the ancient city in Asia Minor, Magnesia in western Turkey (southwest of Smyrna), it has the formula 4MgCO3.Mg(OH)2.5H2O and suspensions of it are still used as milk of magnesia.  Black's dissertation was titled "On the Acid Humour Arising from Food, and Magnesia Alba" (De humore acido a cibis orto, et magnesia alba).  The medical dissertation, written in Latin as was the tradition at the time, dealt mostly with the use of magnesia as an antacid.  An English translation was not made available for over one hundred and fifty years despite the important role his included discovery of carbon dioxide had on the field of chemistry.

"I have made no few experiments: many of them were new, and some even worthy enough of record:  I therefore thought that it would not be unpleasing to those of my fellow students who are fond of chemical philosophy if I were to publish the more remarkable of them: and so I hope that they will be favourably received by such.  For the result, whatever it be, of a new experiment is not to be neglected; since the foundation of chemical science, so useful to medicine, and yet still so very imperfect, rests on experiments alone."

The experiments, which lead to the discovery of what Joseph Black termed "fixed air", involved for the first time very careful weight measurements on magnesia alba as it was heated (to release carbon dioxide).  He followed the reactions of the products with acids or alkalis.  Black observed that magnesia "is dissolved quickly and completely by vitriolic acid, and in their union a great abundance of air is expelled from them".  Vitriolic acid is the old name for sulfuric acid.  The same occurred with acid of nitre (nitric acid) and distilled vinegar (acetic acid).

When three ounces of magnesia were heated to very high temperatures — a process called calcining — so that the solid became red hot and then allowed to cool, the solid residue lost more than half its weight, measuring "an ounce, three drams, and thirty grains".  A dram is one-eighth of an ounce and there are 60 grains to a dram.  Only a small portion of the volatiles driven off were water, collected and weighed as five drams.  Black observed that "Chemists have often observed, in their distillations, that part of a body has vanished from their senses, notwithstanding the utmost care to retain it: and they have always found, upon further inquiry, that subtile part to be air, which having been imprisoned in the body, under a solid form, was set free, and rendered fluid and elastic by the fire."  In modern terms, 7.8 grams of magnesium carbonate (MgCO3, magnesia) upon heating to high temperature yielded 3.4 grams of product  magnesium oxide (MgO) in comparison to an anticipated 3.7 grams if both starting material and product were pure, if the decomposition reaction were complete, and if the measurements were accurate.  In a separate experiment, Black dissolved a weighed amount of calcined in spirit of vitriol (sulfuric acid).  This would produce soluble magnesium sulfate (MgSO4).  He then added large amounts of a mild alkali, either sodium carbonate (Na2CO3) or potassium carbonate (K2CO3), which re-separated the magnesia.  The re-generated magnesia weighed more than 90% of the original amount, essentially showing almost complete recovery of the original material.  The recovered magnesia  again effervesced with acids, giving off "gas" just as readily as did the original material.  Black concluded that the "air" given off in acids is "fixed" in the magnesia, released upon strong heating, and returned by combining with something in the alkali.  Hales had previously shown that gas could be released from the mild alkalis upon the addition of acid.  Black's careful quantitative measurements demonstrated that the "air" or "gas" is fixed in the solid magnesia and lost upon heating, justifying the label "fixed air" for the fluid substance.  Among the many other experiments on fixed air performed by Black was one in which he demonstrated that a candle would not burn in it.

In 1766, Henry Cavendish, a British scientist born in Nice, France, publishes his first article with the Royal Society on “Factitious Airs”, detailing a series of experiments.  Amongst many of his discoveries, the one for which he is most known, is the discovery of hydrogen gas.  In later years, he also was the first to determine that oxygen was 20% of air.  But as far as we’re considering right now, his experiments to determine the density of carbon dioxide gas and that the gas could extinguish flames are noteworthy.
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Sir William Hamilton, an architect and British envoy to the court of Naples, became an expert in the actions of earthquakes and volcanoes while living in Italy.  In 1770, he wrote to the Royal Society and had published in the proceedings  some “Remarks upon the Nature of the Soil of Naples, and its Neighborhood”.  In referring at first to records of the eruption of Vesuvius in 1631, Hamilton writes

“The nature of the noxious vapours, called here mofete, that are usually let in motion by an eruption of the volcano, and are than manifest in the wells and subterraneous parts of its neighbourhood, seem likewise to be little understood.  From some experiments very lately made, by the ingenious Dr. Nuth, on the mofete of the Grotto del Cane, it appears that all its known qualities and effects correspond with those attributed to fixed air.  Just before the eruption of 1767, a vapour of this kind broke into the king’s chapel at Portici, by which a servant, opening the door of it was struck down.  About the same time, as his Sicilian majesty was shooting in a paddock near the palace, a dog dropped down, as was supposed, in a fit; a boy going to take him up dropped likewise; a person present, suspecting the accident to have proceeded from a mofete, immediately dragged them both from the spot where they lay, in doing which, he was himself sensible to the vapour; the boy and the dog soon recovered.”

Hamilton recognizes the intimate relationship between fixed air – our carbon dioxide – and volcanic eruptions.

Joseph Priestley, born near Leeds, England in 1733, trained for the ministry and became ordained before his thirtieth birthday.  He had no formal training in science, but was self-taught.  On a trip to London, he met Benjamin Franklin and was enticed into a deep interest in electricity.  Priestley publishes his first scientific paper “The History of Electricity” in 1767.  Very soon, he began a prolific career studying gases commencing with experiments on carbon dioxide.  This departure from his interest in electricity was due to his observations of the brewery neighboring his living quarters in Leeds.  Priestley recognized that the brewery offered an abundant supply of fixed air and began his studies by trying to collect it using the device originally designed by Stephen Hales.  The problem, though, was that fixed air was rather soluble in the water over which it was supposed to be collected.  Priestley’s first publication in chemistry was on how to carbonate water, mimicking sparkling mineral waters and restorative spas.  For this precursor to the carbonated beverage industry, the Royal Society awarded him the prestigious Copley Medal.  The title page of his publication is shown below.
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Priestley, despite his lack of formal scientific education, was exceedingly clever.  To circumvent the solution of carbon dioxide while being collected over water, he devised a variant apparatus using liquid mercury in place of water.
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In 1774, Priestley heated a sample of red calx and “discovered an air five or six times as good as common air”.  Red calx is mercuric oxide, HgO, one atom of mercury combined with one atom of oxygen.  Its decomposition allowed Priestley to collect the nearly pure oxygen gas which was insoluble in water, enhanced the burning of a candle and supported a mouse sealed within an airtight chamber as shown in the illustration above.  It is for the discovery of oxygen that Priestley is most widely known, although he didn’t recognize its role in chemistry at the time, a gap that the Frenchman Antoine Lavoisier filled in at about the same time.
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