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Mercury, Hg, atomic number 80, atomic weight 200.59 +0.03 (9), is the only
metal that is liquid at room temperatures. Below its melting point of —38.67°Citisa
white solid and above its boiling point of 356.9°C, a colorless monatomic vapor. The
symbol Hg derives from Greek hydrargyros or Latin hydrargyrum, ‘“silver water” or
“liquid silver.” Tt is the third and last member of Group IIb of the Periodic System;
the other two are zinc and cadmium. Although zinc and cadmium show many simi-
larities and are often discussed together, mercury differs in so many aspects of its prop-
erties and behavior that it isin a class by itself.

Mercury occurs in the lithosphere to the extent of about 5 X 105, or 0.5 g/met-
ric ton; about the same as selenium and iodine and half as abundant as zinc (10).
As listed in Table 1, it possesses seven natural, and 15 radioactive isotopes (1,10).

Mercury and its most important ore, cinnabar, HgS, have been known since
antiquity. -Aristotle mentions its use in religious rites; the Almaden mine in Spain
was described by Theophrastus. It was early used in medicinal preparations; its use
in the treatment of syphilis was introduced by Paracelsus in the sixteenth century.

For details on the properties, occurrence, and manufacturing of mercury and its
compounds, the general references (1-8) should be consulted.

Sources. There are few mercury minerals, and practically the only one of com-
mercial significance is cinnabar: mercuric sulfide, HgS. Ocecasionally small amounts
of native mercury are found essociated with cinnabar and metacinnabar, a sulfide
in which some of the mercury has been replaced by iron or zinc, but there are no ex-
ploitable deposits of either native mercury or metacinnabar. There exist minor de-
posits of calomel, Hg,Cl,, and Tiemannite, HgSe; and small amounts of mercury are
recovered as a by-produet of zinc extraction.

In approximate order of importance, the world’s production of mercury comes
from Spain, Italy, the Soviet Union, United States of America, Mexico, Canada, the
People’s Republic of China, and Yugoslavia. Many other countries produce lesser
amounts. The Almaden mine in Spain has been in production continuously since
Greco-Roman times. Production figures for the years 1967-1969 are cited in Table 2
(11). The unit used, flasks, which is unique to mercury, is equivalent to 76 1b or 34.5

1
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MERCURY

Table 1. Isotopes of Mercury

Mass number Abundance, %, Half life
<192 ca 3 hr
<195 42 sec

189 25 min
190 90 min
191 57 min ;
192 6 hr
193m 12 hr
193 5 hr
194m 0.4 sec
195m 40 hr
195 9.5 hr
196 0.146

197m 25 hr
198 10.02

199m 43 min
199 16.84

200 23.13

201 13.22

202 29.80

203 48 day
204 6.85

205 5.2 min

Table 2. World Production of Mercury, by Countries, in Flaskss

Country 1967 1968 1969
Bolivia 100 134 68
Canada® 5000 20,000
Chile 184 513 275
People’s Republic of China® 20,000 20, 000 20,000
Colombia 210 362 344
Czechoslovakia 203 116 . 150
Ireland ) 420
Italy 48,066 52,215 48,733
Japan 4617 5084 5599
Mexico® 14,417 17,202 22,500
Peru 3315 3119 3360
Phillippines 2611 3544 3478
Rumania 190 203° 2000
Soviet Union® 45,000 45,000 47,000
Spain 49,227 57,262 64,406
Tunisia 292 309 320
Turkey 4147 4320 4800
United States of America 23,784 28,874 29,360
Yugoslavia 15,890 14,794 14,330
Totald 232,073 258,061 285,343

o1 flask = 76 1b = 34.5 kg.

% Estimated.

< Official figures as reported by government bureau; production believed to be much higher,
4 Total is of listed figures only, does not inelude production of other countries not listed:
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kg; this strange unit originated in the Spanish mines during workings by the Romans
who used a weight of 75 librae. One libra = 1.014 b, 50 75 librae = 76.05 Ib; by
international agreement the fraction was dropped.

Secondary mercury, recovered from primary uses, is an important factor in the
United States supply, representing about 209, of domestic requirements. If properly
purified it is equal in every respect to primary metal.

As shown in Table 2, total world production in 1969 was about 21.5 million Ib, or
10,000 short tons of mercury.

Properties

Some physical and electrochemical properties of mercury are listed in Table 3 (1).
The metal owes its scientific and industrial importance to some of these properties:
it has a uniform volume expansion over its entire liquid range, which, taken together
with its high surface tension and its consequent inability to wet and cling to glass,
makes it useful in barometers, thermometers, manometers, and other measuring de-
vices. The liquidity of mercury at ordinary temperatures enhances its usefulness for
these purposes. The low electrical resistivity is made use of in many electrical con-
tact applications. Mercury has the high thermal neutron cross section of 369 barns,
enabling it to absorb neutrons and act as a shield for atomic devices, while its high
thermal conductivity permits it to act as a coolant and makes it useful in boilers.

Mercury is the most fusible of all metals and its volatility is unparalielled among
metals. The only others that boil below 1000°C are the alkali metals, cadmium, and
zinc. The comparison shown in Table 4 emphasizes its uniqueness.

One m? of air saturated at 20°C contains 14 mg, and at 100°C 2.4 g, of mercury.
The vapor is practically entirely monatomic; thus, except for the inert gases, mercury
is the only element that gives a significant concentration of a monatomic vapor at

Table 3. Properties of Mercury

melting point, °C —38.87
boiling point, °C 356.9
atomic distance, A 3.05
thermal conductivity, (cal)/(sec)(cm?)(°C/cm) 0.022
critical pressure, atm 732
critical temperature, °C 1677
density, g/cm?, at 20°C 13.546
at mp 14.43
st —38.8°C (solid)" 14.193
electrode potentials, normal, V
Hg*+ 4 2¢~ = Hg 0.851
Hge** + 2¢~ = 2 Hg 0.7961
2 Hg!t 4+ 2~ = Hgt* 0.905
expansion coefficient (vol) liquid, 20°C, per °C 182 X 10-¢
latent heat of fusion, cal/g 2.82
latent heat of vaporization, cal/g 65
hydrogen overvoltage, V 1.06
ionization potentials, V
first 10.43
second 18.75
third 34.30
resistivity, ohm-cm, at 20°C 95.8 X 10-¢

solubility in water, ug/liter 20- 30
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Table 4. Vapor Pressure of Some Group II Elements

Vapor pressure, torr

Element 200°C 600°C
magnesium ca 107 ' 7
zine 2 X 108 12
cadmium 3 X 10~ 80
mereury 18 16,500 (=22 atm)

moderate temperatures (5). It resembles the inert gases in some other respects, such
as its solubility in water. Its electronic configuration is 4f*5d6s?, and the resem-
blance.to an inert gas is in part attributed to the phenomenon of the “inert pair” of
electrons, in which the two outer electrons—the 6s in the case of mercury—behave as
if they formed a complete shell instead of as valency electrons. Examples of this be-
havior, in addition to mercury, include many of the heavier elements. For example,
indium and thallium may have a valence of 1 as well as of 3; tin and lead may have a
valence of 2 as well as 4.  On the other hand, if the two valency electrons of mercury
become “‘inert” the element is left with zero valency, like an inert gas.

Electrochemically, megeury is relatively noble, as indicated by the electrode po-
tentials in Table 3; this property distinguishes it sharply from the other two members
of Group IIb, zinc and cadmium. Its propensity to form alloys, the so-called amal-
gams, with almost all metals, coupled with its high hydrogen overvoltage of over 1 V,
make possible the electrodeposition on a mercury cathode of many metals which would
not otherwise be depositable from aqueous solution; this accounts for its major in-
dustrial use in the production of caustic soda and potash, as well as the analytical tech-
nique of polarography, the ‘“dropping mercury electrode” (see Vol. 1, pp. 161-199).

The only metals having little tendency to alloy, or amalgamate, with mercury are
iron, niobium, vanadium, molybdenum, tantalum, and tungsten. The inertness of
iron is utilized in the packaging of mercury commercially in iron flasks; but even iron
reacts at high temperatures.

At ordinary temperatures mercury is stable and does not react with air, ammonia,
carbon dioxide, nitrous oxide, or oxygen. At somewhat elevated temperatures it re-
acts with air or oxygen to form mercuric oxide, which decomposes back to the element
if the temperature is raised still further. It combines readily with the halogens and
sulfur; it is little affected by hydrochloric and dilute sulfuric acid, but is attacked by
concentrated sulfuric acid. Dilute or concentrated nitric acid reacts with mercury,
forming mercurous salts when the mercury is in excess in the cold, and mercuric salts
when the acid is in excess or the temperature is raised.

The tendency of many metals to amalgamate with mercury has been mentioned;
that at least some of these amalgams consist of actual compounds rather than simply

Table 5. Melting Points of Alkali Metals and Their Amalgams

mp of Formula of ~ mpof
Metal pure metal, °C amalgam amalgam, °C ¢
sodium 98 Hg:Na 346
potassium 64 Hg.K 270

mercury -39
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solutions is shown by their melting points, which may be much higher than those of the
components. Table 5 (5) illustrates this for the sodium and potassium aimalgams.

Mercury is divalent in virually all of its compounds. Its monovalency in the

" mercurous compounds is only apparent, because the evidence is overwhelming that

mercurous chloride, eg, is not HgCl but Hg.Cls, formulated as Cl-Hg-Hg-Cl (4,5).
It seems preferable, therefore, to retain the nomenclature mercurous/mereuric rather
than mercury(I) and mercury(II). This tendency of mercury to form links with it-
self serves further to distinguish it from the other metals of Group II, although cad-
mium shows some slight evidence of such behavior. 8till further manifestations of the
uniqueness of mercury are provided by the coordinate rather than ionic nature of many
of the mercuric salts: = mercuric chlonde, HgCly, is practically nonionised in aqueous
solution.

The relationships between mercury metal, mercurous compounds, and mercurie
compounds have important bearing on the analytical chemistry of the element. The
relevant thermadynamic values are listed in Table 6 (4).

. Table 6. Equilibrium Potentials of the Oxidation States of Mercury

C Reaction B v
Hgs** + 2 = 2Hg () 0.789
2 Hg'* + 2 = Hgs'* 0.920
‘Hg** + 2 = Hz () 0.8%4
Hg,** = Hg (/) + Hg** -0.131

As given in the last equation in Table 6, E® for the disproportionation equilibrium

is —0.131 V; for the same equation

[Hg+] s
K= (Hg*] =6.0X 0

The potentials show that only oxidising agents with potentials in the range —0.79 to
—0.85 V will oxidize mercury to Hgs'+ but not to Hg*+. Few oxidiging agents meet
this requirement, so that when mercury is treated with an excess of oxidizing agent it
is converted entirely to Hg*+. When, however, mercury is in at least 509, excess only
Hg,** is obtained because, as given by the last equation of Table 6, Hg (1) easily re-
duces Hg?+ to Hg,?+.

The equilibrium constant K = 6 X 10-3, shows that although Hg,?* is stable
with respect to disproportionation, it is so only by a small margin. Thus any reagent
that reduces the activity, by precipitation or complexation, of Hg?* to a significantly
greater extent than it lowers the activity of Hg,?+ will cause the Hg,** to disproportion-
ate. Since there are many such reagents, the number of stable mercurous compounds
is rather small. Thus on adding OH~ to a mercurous solution a dark precipitate con-
sisting of mercury and HgO is formed. Similarly, addition of sulfide ions to a mer-
curous solution gives a mixture of mercury and the extremely insoluble HgS. Mer-
curous cyanide does not exist because although Hg(CN), is soluble it is very slightly
dissociated (4).

For analogous reasons, although mercurie ion is easily reduced to merecurous, mosi.
reagents cause reduction all the way to metal. With phosphorous acid the reduction
can be terminated at the mercurous stage if the temperature is kept below 60°C and



