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1. History and uses:
As early as the 15th century, some alchemists and naturalists were aware that ant hills gave off an acidic vapor. The first person to describe the isolation of this substance (by the distillation of large numbers of dead ants) was the English naturalist John Ray, in 1671. It was first synthesized form hydrocyanic acid by the French chemist Joseph Gay-Lussac. In 1855, another French chemist, Marcellin Berthelot, developed a synthesis from carbon monoxide that is similar to that used today.
In the chemical industry, formic acid was long considered a chemical compound of only minor industrial interest. In the late 1960s, however, significant quantities of it became available as a byproduct of acetic acid production. With its growing use as a preservative and antibacterial in livestock feed, it is now produced for its own sake.

As we sayed, the principal use of formic acid is as a preservative and antibacterial agent in livestock feed. When sprayed on fresh hay or other silage, it arrests certain decay processes and causes the feed to retain its nutritive value longer, and so it is widely use to preserve winter feed for cattle. In the poultry industry, it is sometimes added to feed to kill salmonella bacteria.
Some beekeepers use formic acid as a miticide against the Varroa mite.

Formic acid is of minor importance in the textile industry and in the tanning of leather. Some formate esters are artificial flavorings or perfumes.

In synthetic organic chemistry, formic acid is often used as a source of hydride ion. The Eschweiler-Clarke reaction and the Leuckart-Wallach reaction are famous examples of this.

2. Introduction:
Formula : HCOOH

Boiling point: 101°C
Melting point: 8.4°C
Toxicity class: 3
Odor: strongly prickly
Color: colorless
pH: 2.3
Molar mass: 46
Usual name: formic acid
The vapors cause a strong irritation of the eyes and respiratory bodies. It is a very corrosive liquid even in a diluted state. 

The methanoïc acid is the simplest of the carboxylic acids. The name of a carboxylic acid is obtained by removing  the "e" ending of the alkane which has the same number of carbon atoms and by replacing it by "oic".

The first terms of the series are mainly named by their usual name which points out their natural origin (for example, the formic acid is called this way because it is found, in a natural state, in the ants).

These compounds have been the first ones to be identified by the organic chemists. They are indeed abundant in a natural state and can be easily isolated by using their salts, which are soluble in aqueous solution.
The formic acid is largely used in the chemical industry (for dyeing and tanning).
Below, the molecular structure of the methanoïc acid:
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3. Natural State:
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Methanoïc acid is present in a natural state in the nettles (it is reponsible for the burn feeling felt on contact with them), but also in the ant. Indeed, this one makes use of it as a chemical defence weapon.
When the ant contracts its poison gland, the formic acid, stored in this gland, passes in the sting  and is propelled out in jets (up to a distance of one meter in some species!) on the attackers of the ant. Those are destroyed by the acid, which has a rather low pH (2,3).
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4. Components of the methanoïc acid:
The formic acid can be synthesized from 2 reagents: carbon and sodium chloride (which is our table salt).
4-1-1. Sodium chloride:
Sodium chloride is a salt (that we use as table salt) of formula NaCl. Salts are ionic compounds whose melting point is relatively high. They are conductive in a molten state or in solution, and have a crystal structure in a solid state. White solid, water soluble at any temperature, sodium chloride is slightly soluble in alcohol and insoluble in the concentrated hydrochloric acid. The natural compound, i.e. the salt collected in the salt-water marshes, contains traces of magnesium chloride (MgC12), magnesium sulfate (MgSO4), calcium sulfate (CaSO4), potassium chloride (KCl) and magnesium bromide (MgBr2). Sodium chloride is broken down by electrolysis to give sodium (Na), which will be used to prepare another reagent (sodium hydroxide). This latter will be used for the preparation of the methanoic acid.
4-1-2. Sodium:
The sodium element (Na) is a soft metal which can be easily cut with a knife. It melts at about 98°C, boils at about 883°C, has a relative density of 0,97 and an atomic mass of 22,9898. It oxidizes spontaneously in the presence of air. Sodium is found only in a combined state in nature. It is present in the oceans and the salted lakes in the form of sodium chloride (table salt – NaCl), or, more rarely, in the form of sodium carbonate (Na2CO3) or sodium sulfate (Na2SO4). Sodium is the seventh most abundant element of the earth's crust. It is a vital constituent of animal and plant tissues. It is prepared by electrolytic decomposition (electrolysis) of sodium chloride. Sodium violently reacts with water when forming sodium hydroxide (NaOH).
4-1-3. Sodium hydroxide:
Sodium hydroxide, or caustic soda, is a white solid which melts at 318°C. It is synthesized by reaction of sodium and water. It is a strong base with the same properties as the potash, but which is less caustic. It has a lot of uses, in particular in the synthesis of certain soaps, the alumina and the papermaking pulp. 

4-2-1. Carbon:
The three carbon (C) allotropic forms found in natural state - diamond, graphite and amorphous carbon - are solids with extremely high melting points. They can not be dissolved in any solvent at ambient temperature. The physical properties of the three forms strongly differ because of the differences in their crystal structure. In diamond, the hardest known material, each carbon atom is related to four other ones in a regular 3D structure, while graphite consists of plane and parallel layers of atoms slightly connected. Amorphous carbon is characterized by a very small degree of crystallinity. 
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4-2-2. Carbon monoxide:
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By making carbon burn in an insufficient quantity of dioxygen (incomplete combustion), carbon monoxide is produced. It is a colorless, odorless and very toxic gas (formula: CO). It melts at -205°C, boils at about -190°C. It is lighter than the air and has a 0,97 density. It was discovered in 1977 by the chemist Joseph Priestley. The carbon monoxide is a poison for all the warm-blooded animals: when inhaled, it combines, instead of the carbon dioxide, in an almost irreversible way with the hemoglobin of blood,  thus causing an anoxia and leading to asphyxiation (in the air, a proportion of 0.001% of carbon monoxide causes poisoning symptoms, and a quantity of 0.2% can result in death in less than half an hour).
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5. Preparation of the methanoïc acid:
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The methanoïc acid is prepared by reaction between soda and carbon monoxide under heat according to the following equation:
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The sodium formate obtained is treated with sulphuric acid according to the following equation: 
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Formic acid is then obtained.




Modeling of a methanoic acide molecule (hydrogen, carbon and oxygen). ↑
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6. Other carboxylic acids:
The group of carboxylic acids comprises, in addition to the formic acid:
- Ethanoic acid (acetic acid)
- Propanoic acid (propionic acid)
- Butanoic acid (butyric)
- 2-Methylpropanoic acid (isobutyric)
- Pentanoic acid (valeric)
- 3-Methylbutanoic acid (isovaleric)
- 2,2-Dimethylpropanic acid (pivalic)
- Dodecanoic acid (lauric)
- Tetradecanoic acid (myristic)
- Hexadecanoic acid (palmitic)
- Octadecanoic acid (stearic)
- Ethanedioic acid (oxalic)
- Propanedioic acid (malonic)
- Butanedioic acid (succinic)
- Pentanedioic acid (glutaric)
- Hexanedioic acid (adipic)
- Heptanedioic acid (pimelic)
- Octanedioic acid (suberic)
- Nonanedioic acid (azelaic)
- Decanedioic acid (sebacic)
And others …




Above, a molecule of hexanedioic acid, acid fatty (hydrogen, carbon and oxygen)
7. What is a carboxylic acid?
A carboxylic acid is an organic acid which has several groupings – COOH. The simplest carboxylic acid is the methanoic (or formic) acid (HCOOH). The oldest known is the ethanoic (or acetic) acid (CH3COOH). This latter, which  is familiar to us in a diluted form (vinegar), is produced by enzymatic oxidation of the diluted ethilic alocohol (ethanol) solutions, like wine for example. 
Many carboxylic acids exist either in a free state, or generally in the form of esters in many natural products (greasy substance of vegetable oils and animal greases, lipids of the cellular structures, etc).

These pages have been written by Mathieu LAFFITTE.
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