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3. CHEMICAL AND PHYSICAL INFORMATION

There are many compounds, complexes, and alloys of antimony that occur
naturally or are man-made. The chemical identity and physical chemical
properties of all of these forms of antimony cannot be discussed in detail.

3.1   CHEMICAL IDENTITY

Antimony is in the fourth row of group 5A in the periodic table,
residing between arsenic and bismuth. It displays four oxidation states: Sb(-
3), Sb(0), Sb(+3), and Sb(+5). The +3 state is the most common and stable.
Antimony is sometimes referred to as a metalloid, indicating that it displays
both metallic and nonmetallic characteristics.

Metallic antimony is the only allotropic form of antimony that is stable
under normal conditions. Two unstable allotropes exist: yellow and black
amorphous forms (Herbst et al. 1985). Metallic antimony is a very brittle,
moderately hard metal (Herbst et al. 1985). It is occasionally found
uncombined in nature (Carapella 1978). Antimony has two stable isotopes with
mass numbers 121 and 123, with natural abundances of 57.25% and 42.75%,
respectively (Carapella 1978). One radioactive isotope, Sb125, is a fission
product released in nuclear explosions or nuclear fuel reprocessing plants and
has a half-life of 2.7 years (Weast 1988). Data on the chemical identity of
antimony, antimony pentasulfide, antimony pentoxide, antimony potassium
tartrate, antimony trichloride, antimony trioxide, antimony trisulfide, and
stibine are shown in Table 3-1.

3.2   PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical properties of antimony, antimony pentasulfide,
antimony pentoxide, antimony potassium tartrate, antimony trichloride,
antimony trioxide, antimony trisulfide, and stibine are given in Table 3-2.
Antimony metal is stable under ordinary conditions and is not readily attacked
by air or water (Herbst et al. 1985). It is a poor conductor of heat and
electricity (Weast 1988). Antimony is positioned after hydrogen in the
electrochemical series and therefore will not displace hydrogen ions from
dilute acids. It is not affected by cold, dilute acids (Windholz 1983). Simple
antimony cations (i.e., Sb

+3
 and Sb

+5
) do not occur in solution, but hydrolyzed

forms (e.g., Sb(OH)6

¯ ) are found. The dominant species in the pH range typical
of natural environments are Sb(OH)3 , in the case of trivalent antimony, and
Sb(OH)6

¯  for pentavalent antimony (Bodek et al. 1988). In oxidizing
environments, Sb(OH)6

¯, is the dominant species for pH greater than 3, whereas
Sb(OH)3 is dominant under relatively reducing conditions. The concentration of
antimony is too low in natural water for Sb2O3 or Sb2O5 to precipitate out.

Antimony trioxide is dimorphic, existing as a cubic form, senarmontite,
and an orthorhombic form, valentinite. The cubic form is stable at
temperatures below 570°C (Freedman et al. 1978). Antimony trioxide is
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amphoteric; it is soluble in bases and hydrochloric and some organic acids,
but not dilute sulfuric or nitric acids (Cotton and Wilkinson 1966). Nitric
acid and other strong oxidizing agents convert antimony trioxide to antimony
pentoxide, Sb2O5, which is acidic (Carapella 1978; Cotton and Wilkinson 1966).

Antimony forms complex ions with organic and inorganic acids; one of the
best known is the tartrate. In the presence of sulfur, stable complexes such
as Sb2S4

2-
 may form (Bodek et al. 1988).

Stibine, SbH3, is a gaseous antimony compound in which antimony is in
the -3 valence state. It is formed by the action of acids on metal antimonides
or antimony alloys, reduction of antimony compounds, or the electrolysis of
acidic or basic solutions where antimony is present in the cathode. As such,
there is a danger of stibine being liberated from overcharged lead storage
batteries in which antimony is alloyed into the lead. Stibine slowly
decomposes into metallic antimony and hydrogen. It is readily, and sometimes
violently, oxidized by air to form antimony trioxide and water (Freedman et
al. 1978).




