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Hydrogen

Periodic Table

2 Atomic Number: |1
|Atomic Symbol: | H
|Atomic Weight: 11.0079
|[Electron Configuration: | 1sl

History

(Gr. hydro, water, and genes, forming) Hydrogen was prepared many years before it was recognized as a
distinct substance by Cavendishin 1776.

Named by Lavoisier, hydrogen is the most abundant of all elementsin the universe. The heavier elements
were originally made from Hydrogen or from other elements that were originally made from Hydrogen.

Sources

Hydrogen is estimated to make up more than 90% of all the atoms or three quarters of the mass of the
universe. This element isfound in the stars, and plays an important part in powering the universe through
both the proton-proton reaction and carbon-nitrogen cycle -- stellar hydrogen fusion processes that
release massive amounts of energy by combining Hydrogen to form Helium.

Production of hydrogen in the U.S. alone now amounts to about 3 billion cubic feet per year. Hydrogen is
prepared by

« Steam on heated carbon,

« decomposition of certain hydrocarbons with heat,

« action of sodium or potassium hydroxide on aluminum
« €lectrolysis of water, or

« displacement from acids by certain metals.

Liquid hydrogen isimportant in cryogenics and in the study of superconductivity, asits melting point is
only 20 degrees above absolute zero.

Tritiumisreadily produced in nuclear reactors and is used in the production of the hydrogen bomb.

Hydrogen is the primary component of Jupiter and the other gas giant planets. At some depth in the
planet'sinterior the pressureis so great that solid molecular hydrogen is converted to solid metallic
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Hydrogen

hydrogen.

In 1973, a group of Russian experimenters may have produced metallic hydrogen at a pressure of 2.8
Mbar. At the transition the density changed from 1.08 to 1.3 g/cns. Earlier, in 1972, at Livermore,
California, a group also reported on a similar experiment in which they observed a pressure-volume
point centered at 2 Mbar. Predictions say that metallic hydrogen may be metastable; others have
predicted it would be a superconductor at room temperature.

Compounds

Although pure Hydrogen is a gas we find very little of it in our atmosphere. Hydrogen gasis so light
that uncombined Hydrogen will gain enough velocity from collisions with other gases that they will
quickly be gected from the atmosphere. On earth, hydrogen occurs chiefly in combination with oxygen
in water, but it is also present in organic matter such as living plants, petroleum, coal, etc. It is present as
the free element in the atmosphere, but only to the extent of less than 1 ppm by volume. The lightest of
all gases, hydrogen combines with other elements -- sometimes explosively -- to form compounds.

Uses

Great quantities are required commercially for the fixation of nitrogen from the air in the Haber ammonia
process and for the hydrogenation of fats and oils. It is also used in large quantities in methanol
production, in hydrodealkylation, hydrocracking, and hydrodesulfurization. Other uses include rocket
fuel, welding, producing hydrochloric acid, reducing metallic ores, and filling balloons.

The lifting power of 1 cubic foot of hydrogen gasis about 0.07 Ib at 0C, 760 mm pressure.

The Hydrogen Fuel cell is a developing technology that will allow great amounts of electrical power to
be obtained using a source of hyrogen gas.

Consideration is being given to an entire economy based on solar- and nuclear-generated hydrogen.
Public acceptance, high capital investment, and the high cost of hydrogen with respect to today's fuels are
but afew of the problems facing such an economy. Located in remote regions, power plants would
electrolyze seawater; the hydrogen produced would travel to distant cities by pipelines. Pollution-free
hydrogen could replace natural gas, gasoline, etc., and could serve as a reducing agent in metallurgy,
chemical processing, refining, etc. It could also be used to convert trash into methane and ethylene.

Forms

Quite apart from isotopes, it has been shown that under ordinary conditions hydrogen gas is a mixture of
two kinds of molecules, known as ortho- and para-hydrogen, which differ from one another by the spins
of their electrons and nuclei.

Normal hydrogen at room temperature contains 25% of the paraform and 75% of the ortho form. The
ortho form cannot be prepared in the pure state. Since the two forms differ in energy, the physical
properties also differ. The melting and boiling points of parahydrogen are about 0.1.C lower than those
of normal hydrogen.
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Hydrogen

Isotopes

The ordinary isotope of hydrogen, H, is known as Protium, the other two isotopes are Deuterium (a
proton and a neutron) and Tritium (a protron and two neutrons). Hydrogen is the only element whose
Isotopes have been given different names. Deuterium and Tritium are both used as fuel in nuclear fusion
reactors. One atom of Deuterium is found in about 6000 ordinary hydrogen atoms.

Deuterium is used as a moderator to slow down neutrons. Tritium atoms are also present but in much
smaller proportions. Tritium isreadily produced in nuclear reactors and is used in the production of the
hydrogen (fusion) bomb. It is also used as aradioactive agent in making luminous paints, and as a tracer.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team

http://pearll.lanl.gov/periodic/elements/1.html (3 of 3) [5/17/2001 4:06:21 PM]


http://www.knovel.com/knovel/Databook/default.htm?WCI=BrowseBook&WCE=34&WCU=1&jsessionid=318889989530388234
http://www.acs.org/
mailto:cstis@lanl.gov

Helium

Periodic Table

< Helium

For blimps

|Atomic Number: | 2
|Atomic Symbol: | He
|Atomic Weight: 14.00260
[Electron Configuration: | 1s2

History

(Gr. helios, the sun). Janssen obtained the first evidence of helium during the solar eclipse of 1868 when
he detected a new line in the solar spectrum. Lockyer and Frankland suggested the name helium for the
new element. In 1895 Ramsay discovered helium in the uranium mineral clevite while it was
independently discovered in cleveite by the Swedish chemists Cleve and Langlet at about the same time.
Rutherford and Royds in 1907 demonstrated that al pha particles are helium nuclel.

Sources

Except for hydrogen, helium is the most abundant element found through out the universe. Helium is
extracted from natural gas. In fact, all natural gas contains at |east trace quantities of helium.

It has been detected spectroscopically in great abundance, especially in the hotter stars, and it isan
important component in both the proton-proton reaction and the carbon cycle, which account for the
energy of the sun and stars.

The fusion of hydrogen into helium provides the energy of the hydrogen bomb. The helium content of
the atmosphereis about 1 part in 200,000. Whileit is present in various radioactive minerals as a decay
product, the bulk of the Free World's supply is obtained from wellsin Texas, Oklahoma, and Kansas.
The only known helium extraction plants, outside the United States, in 1984 were in Eastern Europe
(Poland), the USSR, and afew in India.

Cost

The cost of helium fell from $2500/ftz in 1915 to 1.5 cents /ftz in 1940. The U.S. Bureau of Mines has set
the price of Grade A helium at $37.50/1000 ft3 in 1986.
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Helium

Properties

Helium has the lowest melting point of any element and iswidely used in cryogenic research because its
boiling point is close to absolute zero. Also, the element is vital in the study of super conductivity.

Using liquid helium, Kurti and co-workers and others, have succeeded in obtaining temperatures of afew
microkelvins by the adiabatic demagnetization of copper nuclel.

It has other peculiar properties. Helium is the only liquid that cannot be solidified by lowering the
temperature. It remains liquid down to absolute zero at ordinary pressures, but it can readily be solidified
by increasing the pressure. Solid 3He and 4He are unusual in that both can be changed in volume by
more than 30% by applying pressure.

The specific heat of helium gas is unusually high. The density of helium vapor at the normal boiling
point is aso very high, with the vapor expanding greatly when heated to room temperature. Containers
filled with helium gas at 5 to 10 K should be treated as though they contained liquid helium due to the
large increase in pressure resulting from warming the gas to room temperature.

While helium normally has a 0 valence, it seemsto have aweak tendency to combine with certain other
elements. Means of preparing helium difluoride have been studied, and species such as HeNe and the
molecular ions Het+ and Het++ have been investigated.

Isotopes

Seven isotopes of helium are known: Liquid helium (He4) existsin two forms. Hedl and Hedll, with a
sharp transition point at 2.174K. Hedl (above this temperature) isanormal liquid, but Hedll (below it) is
unlike any other known substance. It expands on cooling; its conductivity for heat is enormous; and
neither its heat conduction nor viscosity obeys normal rules.

Uses

« asaninert gasshield for arc welding;

« aprotective gasin growing silicon and germanium crystals and producing titanium and zirconium;
« asacooling medium for nuclear reactors, and

« asagasfor supersonic wind tunnels.

A mixture of helium and oxygen is used as an artificial atmosphere for divers and others working under
pressure. Different ratios of He/O2 are used for different depths at which the diver is operating.

Helium is extensively used for filling balloons asit is a much safer gas than hydrogen. One of the recent
largest uses for helium has been for pressuring liquid fuel rockets. A Saturn booster, like the type used on
the Apollo lunar missions, required about 13 million fts of helium for afiring, plus more for checkouts.

Liquid helium's use in magnetic resonance imaging (MRI) continues to increase as the medical
profession accepts and devel ops new uses for the equipment. This equipment has eliminated some need
for exploratory surgery by accurately diagnosing patients. Another medical application uses MRE to
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Helium

determine (by blood analysis) whether a patient has any form of cancer.

Helium is also being used to advertise on blimps for various companies, including Goodyear. Other
lifting gas applications are being devel oped by the Navy and Air Force to detect low-flying cruise
missiles. Additionally, the Drug Enforcement Agency is using radar-equipped blimps to detect drug
smugglers along the United States boarders. In addition, NASA is currently using helium-filled balloons
to sample the atmosphere in Antarctica to determine what is depleting the ozone layer.

Costs

Materials which become super conductive at higher temperatures than the boiling point of helium could
have a mgjor impact on the demand for helium. These less costly refrigerant materials could replace the
present need to cool superconductive materialsto the boiling point of helium.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Lithium

Periodic Table

A i@ L|th | um
; :‘}3& For pacemaker batteries

|Atomic Number: | 3
|Atomic Symbol: | Li
|Atomic Weight: | 6.941
|[Electron Configuration: |[He]2st

History

(Gr. lithos, stone) Discovered by Arfvedson in 1817. Lithium isthe lightest of all metals, with a density
only about half that of water.

Sources

It does not occur free in nature; combined it isfound in small unitsin nearly all igneous rocks and in the
waters of many mineral springs. Lepidolite, spodumeme, petalite, and amblygonite are the more
Important minerals containing it.

Lithium is presently being recovered from brines of Searles Lake, in California, and from those in
Nevada. Large deposits of quadramene are found in North Carolina. The metal is produced
electrolytically from the fused chloride. Lithium is silvery in appearance, much like Naand K, other
members of the alkali metal series. It reacts with water, but not as vigorously as sodium. Lithium imparts
abeautiful crimson color to aflame, but when the metal burns strongly, the flame is a dazzling white.

Uses

Since World War I, the production of lithium metal and its compounds has increased greatly. Because
the metal has the highest specific heat of any solid element, it has found use in heat transfer applications,
however, it is corrosive and requires special handling. The metal has been used as an aloying agent, is of
interest in synthesis of organic compounds, and has nuclear applications. It ranks as aleading contender
as a battery anode material asit has a high electrochemical potential. Lithium isused in special glasses
and ceramics. The glass for the 200-inch telescope at Mt. Palomar contains lithium as a minor ingredient.
Lithium chloride is one of the most lyproscopic materials known, and it, as well as lithium bromide, is
used in air conditioning and industrial drying systems. Lithium stearate is used as an all-purpose and
high-temperature lubricant. Other lithium compounds are used in dry cells and storage batteries.
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Lithium

Cost

The metal is priced at about $300/1b.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Beryllium

Periodic Table

Beryllium

*For watch springs

=2y |Atomic Number: | 4
|Atomic Symbol: | Be
|Atomic Weight: 19.01218
|[Electron Configuration: |[He]2s?

History

(Gr. beryllos, beryl; also called Glucinium or Glucinum, Gr. glykys, sweet) Discovered as the oxide by
Vauquelin in beryl and in emeraldsin 1798. The metal was isolated in 1828 by Wohler and by Bussy
independently by the action of potassium on beryllium chloride.

sSources

Beryllium is found in some 30 mineral species, the most important of which are bertrandite, beryl,
chrysoberyl, and phenacite. Aquamarine and emerald are precious forms of beryl. Beryl and bertrandite
are the most important commercial sources of the element and its compounds. Most of the metal is now
prepared by reducing beryllium fluoride with magnesium metal. Beryllium metal did not become readily
available to industry until 1957.

Properties

The metal, steel gray in color, has many desirable properties. As one of the lightest of all metals, it has
one of the highest melting points of the light metals. Its modulus of elasticity is about one third greater
than that of steel. It resists attack by concentrated nitric acid, has excellent thermal conductivity, and is
nonmagnetic. It has a high permeability to X-rays and when bombarded by apha particles, asfrom

radium or polonium, neutrons are produced in the amount of about 30 neutrons/million alpha particles.

At ordinary temperatures, beryllium resists oxidation in air, athough its ability to scratch glassis
probably due to the formation of athin layer of the oxide.
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Beryllium

Uses

Beryllium is used as an alloying agent in producing beryllium copper, which is extensively used for
springs, electrical contacts, spot-welding electrodes, and non-sparking tools. It is applied as a structural
material for high-speed aircraft, missiles, spacecraft, and communication satellites. Other usesinclude
windshield frame, brake discs, support beams, and other structural components of the space shuittle.

Because beryllium isrelatively transparent to X-rays, ultra-thin Be-foil isfinding usein X-ray
lithography for reproduction of micro-miniature integrated circuits.

Beryllium is used in nuclear reactors as areflector or moderator for it has alow thermal neutron
absorption cross section.

It isused in gyroscopes, computer parts, and instruments where lightness, stiffness, and dimensional
stability are required. The oxide has avery high melting point and is also used in nuclear work and
ceramic applications.

Handling

Beryllium and its salts are toxic and should be handled with the greatest of care. Beryllium and its
compounds should not be tasted to verify the sweetish nature of beryllium (as did early experimenters).
The metdl, its alloys, and its salts can be handled if certain work codes are observed, but no attempt
should be made to work with beryllium before becoming familiar with proper safeguards.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Boron

Periodic Table

=B oron

For tennis rackets

|Atomic Number: | 5
|Atomic Symbol: | B
|Atomic Weight: | 1081
|Electron Configuration: |[He]2s22pt

History

(Ar. Buraq, Pers. Burah) Boron compounds have been known for thousands of years, but the element was
not discovered until 1808 by Sir Humphry Davy and by Gay-L ussac and Thenard.

Sources

The element is not found free in nature, but occurs as orthoboric acid usually found in certain volcanic
spring waters and as borates in boron and colemantie. Ulexite, another boron mineral, isinteresting asit
IS nature's own version of "fiber optics."

Important sources of boron are ore rasorite (kernite) and tincal (borax ore). Both of these ores are found
in the Mojave Desert. Tincal isthe most important source of boron from the Mojave. Extensive borax
deposits are also found in Turkey.

Boron exists naturally as 19.78% 10B isotope and 80.22% 11B isotope. High-purity crystalline boron
may be prepared by the vapor phase reduction of boron trichloride or tribromide with hydrogen on
electrically heated filaments. The impure or amorphous, boron, a brownish-black powder, can be
obtained by heating the trioxide with magnesium powder.

Boron of 99.9999% purity has been produced and is available commercially. Elemental boron has an
energy band gap of 1.50 to 1.56 eV, which is higher than that of either silicon or germanium.

Properties

Optical characteristics include transmitting portions of the infrared. Boron is a poor conductor of
electricity at room temperature but a good conductor at high temperature.
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Boron

Uses

Amorphous boron is used in pyrotechnic flares to provide a distinctive green color, and in rockets as an
igniter.

By far the most commercialy important boron compound in terms of dollar salesis Na2B4O7.5H20. This
pentahydrate is used in very large quantities in the manufacture of insulation fiberglass and sodium
perborate bleach.

Boric acid is aso an important boron compound with major markets in textile products. Use of borax asa
mild antiseptic is minor in terms of dollars and tons. Boron compounds are also extensively used in the
manufacture of borosilicate glasses. Other boron compounds show promise in treating arthritis.

The isotope boron-10 is used as a control for nuclear reactors, as a shield for nuclear radiation, and in
instruments used for detecting neutrons. Boron nitride has remarkable properties and can be used to make
amaterial as hard as diamond. The nitride also behaves like an electrical insulator but conducts heat like
ametal.

It also has lubricating properties ssimilar to graphite. The hydrides are easily oxidized with considerable
energy liberation, and have been studied for use as rocket fuels. Demand isincreasing for boron
filaments, a high-strength, lightweight material chiefly employed for advanced aerospace structures.

Boronissimilar to carbon in that it has a capacity to form stable covalently bonded molecular networks.
Carbonates, metalloboranes, phosphacarboranes, and other families comprise thousands of compounds.

Costs

Crystalline boron (99%) costs about $5/g. Amorphous boron costs about $2/g.

Handling

Elemental boron and the borates are not considered to be toxic, and they do not require specia carein
handling. However, some of the more exotic boron hydrogen compounds are definitely toxic and do
require care.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Carbon

Periodic Table

a
=

| ‘ Carbon

‘I . For pencils

"I; |Atomic Number: | 6

| ||Atomic Symbol: | C

| l[Atomic Weight: 12011
v|EIectron Configuration: [[He] 2s22p2

History

(Latin: carbo, charcoal) Carbon, an element of prehistoric discovery, is very widely distributed in nature.
It isfound in abundance in the sun, stars, comets, and atmospheres of most planets. Carbon in the form of
microscopic diamonds is found in some meteorites.

Natural diamonds are found in kimberlite of ancient volcanic "pipes,” found in South Africa, Arkansas,
and elsewhere. Diamonds are now also being recovered from the ocean floor off the Cape of Good Hope.
About 30% of all industrial diamonds used in the U.S. are now made synthetically.

The energy of the sun and stars can be attributed at least in part to the well-known carbon-nitrogen cycle.

Forms

Carbon isfound free in nature in three alotropic forms. amorphous, graphite, and diamond. A fourth
form, known as "white" carbon, is now thought to exist. Ceraphite is one of the softest known materials
while diamond is one of the hardest.

Graphite exists in two forms: alpha and beta. These have identical physical properties, except for their
crystal structure. Naturally occurring graphites are reported to contain as much as 30% of the
rhombohedral (beta) form, whereas synthetic materials contain only the alpha form. The hexagonal alpha
type can be converted to the beta by mechanical treatment, and the beta form revertsto the aphaon
heating it above 1000.C.

In 1969 a new allotropic form of carbon was produced during the sublimation of pyrolytic graphite at
low pressures. Under free-vaporization conditions above ~25500K, "white" carbon forms as small
transparent crystals on the edges of the planes of graphite. The interplanar spacings of "white" carbon are
identical to those of carbon form noted in the graphite gneiss from the Ries (meteroritic) Crater of
Germany. "White" carbon is atransparent birefringent material. Little information is presently available
about this allotrope.
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Carbon

Compounds

In combination, carbon is found as carbon dioxide in the atmosphere of the earth and dissolved in all
natural waters. It isacomponent of great rock masses in the form of carbonates of calcium (limestone),
magnesium, and iron. Coal, petroleum, and natural gas are chiefly hydrocarbons.

Carbon is unique among the elements in the vast number and variety of compounds it can form. With
hydrogen, oxygen, nitrogen, and other elements, it forms a very large number of compounds, carbon
atom often being linked to carbon atom. There are close to ten million known carbon compounds, many
thousands of which are vital to organic and life processes.

Without carbon, the basis for life would be impossible. While it has been thought that silicon might take
the place of carbon in forming a host of similar compounds, it is now not possible to form stable
compounds with very long chains of silicon atoms. The atmosphere of Mars contains 96.2% CO2. Some
of the most important compounds of carbon are carbon dioxide (COz2), carbon monoxide (CO), carbon
disulfide (CS2), chloroform (CHCIs), carbon tetrachloride (CCl4), methane (CHa4), ethylene (C2Ha),
acetylene (C2H2), benzene (CsHs), acetic acid (CHsCOOH), and their derivatives.

Isotopes

Carbon has seven isotopes. In 1961 the International Union of Pure and Applied Chemistry adopted the
Isotope carbon-12 as the basis for atomic weights. Carbon-14, an isotope with a half-life of 5715 years,
has been widely used to date such materials as wood, archaeological specimens, etc.

Costs

As of 1990 carbon-13 was commercially available at a cost of about $700/g.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Nitrogen

Periodic Table

JNitrogen

' Nitrogen compounds for rocket fuels.

8 |Atomic Number : 7
|Atomic Symbol: | N
|Atomic Weight: 114.00674
|Electron Configuration: |[He]2s22p3

History

(L. nitrum, Gr. Nitron, native soda; genes, forming) Nitrogen was discovered by
chemist and physician Daniel Rutherford in 1772. He removed oxygen and
carbon dioxide from air and showed that the residual gas would not support
combustion or living organisms. At the same time there were other noted
scientists working on the problem of nitrogen. These included Scheele,
Cavendish, Priestley, and others. They called it “burnt or dephlogisticated air,”
which meant air without oxygen.

Sour ces

Nitrogen gas (N,) makes up 78.1% of the Earth’s air, by volume. The atmosphere

of Mars, by comparison, isonly 2.6% nitrogen. From an exhaustible source in our
atmosphere, nitrogen gas can be obtained by liquefaction and fractional
distillation. Nitrogen isfound in all living systems as part of the makeup of
biological compounds.
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Nitrogen

The Element

The French chemist Antoine Laurent Lavoisier named nitrogen azote, meaning
without life. However, nitrogen compounds are found in foods, fertilizers,
poisons, and explosives. Nitrogen, as agasis colorless, odorless, and generally
considered an inert element. Asaliquid (boiling point = minus 195.8°C), it isaso
colorless and odorless, and is similar in appearance to water. Nitrogen gas can be
prepared by heating awater solution of ammonium nitrite (NH4NO3).

Nitrogen Compounds and Nitrogen in Nature

Sodium nitrate (NaNOs3) and potassium nitrate (KNOs) are formed by the

decomposition of organic matter with compounds of these metals present. In
certain dry areas of the world these saltpeters are found in quantity and are used
as fertilizers. Other inorganic nitrogen compounds are nitric acid (HNO3),

ammonia (NHy), the oxides (NO, NO,, N,O,4, N,0), cyanides (CN-), etc.

The nitrogen cycle is one of the most important processes in nature for living
organisms. Although nitrogen gasisrelatively inert, bacteriain the soil are
capable of “fixing” the nitrogen into a usable form (as afertilizer) for plants. In
other words, Nature has provided a method to produce nitrogen for plants to
grow. Animals eat the plant material where the nitrogen has been incorporated
Into their system, primarily as protein. The cycle is completed when other
bacterial convert the waste nitrogen compounds back to nitrogen gas. Nitrogen
has become crucial to life being a component of all proteins.
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Ammonia

Ammonia (NH3) is the most important commercial compound of nitrogen. Itis
produced by the Haber Process. Natural gas (methane, CH,) is reacted with steam
to produce carbon dioxide and hydrogen gas (H,) in atwo step process.

Hydrogen gas and nitrogen gas are then reacted in the Haber Process to produce
ammonia. This colorless gas with a pungent odor is easily liquefied. In fact, the
liquid is used as a nitrogen fertilizer. Ammoniais also used in the production of
urea, NH,CONH,, which is used as afertilizer, in the plastic industry, and in the

livestock industry as a feed supplement. Ammoniais often the starting compound
for many other nitrogen compounds.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Oxygen

Periodic Table

\1-. Oxygen

For combustion

IAtomic Number: | 8
|Atomic Symbol: O
|Atomic Weight: 115.9994
[Electron Configuration: [[He]2s22p4

History

(Gr. oxys, sharp, acid, and genes, forming; acid former) For many centuries, workers occasionally
realized air was composed of more than one component. The behavior of oxygen and nitrogen as
components of air led to the advancement of the phlogiston theory of combustion, which captured the
minds of chemists for a century. Oxygen was prepared by several workers, including Bayen and Borch,
but they did not know how to collect it, did not study its properties, and did not recognize it as an
elementary substance.

Priestley is generally credited with its discovery, although Scheele also discovered it independently.

Its atomic weight was used as a standard of comparison for each of the other elements until 1961 when
the International Union of Pure and Applied Chemistry adopted carbon 12 as the new basis.

Sources

Oxygen is the third most abundant element found in the sun, and it plays a part in the carbon-nitrogen
cycle, the process once thought to give the sun and stars their energy. Oxygen under excited conditionsis
responsible for the bright red and yellow-green colors of the Aurora.

A gaseous element, oxygen forms 21% of the atmosphere by volume and is obtained by liquefaction and
fractional distillation. The atmosphere of Mars contains about 0.15% oxygen. The element and its
compounds make up 49.2%, by weight, of the earth's crust. About two thirds of the human body and nine
tenths of water is oxygen.

In the laboratory it can be prepared by the electrolysis of water or by heating potassium chlorate with
manganese dioxide as a catalyst.
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Properties

The gasis colorless, odorless, and tasteless. The liquid and solid forms are a pale blue color and are
strongly paramagnetic.

Forms

Ozone (Os3), a highly active compound, is formed by the action of an electrical discharge or ultraviolet
light on oxygen.

Ozone's presence in the atmosphere (amounting to the equivalent of alayer 3 mm thick under ordinary
pressures and temperatures) helps prevent harmful ultraviolet rays of the sun from reaching the earth's
surface. Pollutants in the atmosphere may have a detrimental effect on this ozone layer. Ozone istoxic
and exposure should not exceed 0.2 mg/m# (8-hour time-weighted average - 40-hour work week).
Undiluted ozone has a bluish color. Liquid ozone is bluish black and solid ozone is violet-black.

Compounds

Oxygen, which is very reactive, is a component of hundreds of thousands of organic compounds and
combines with most elements.

Uses

Plants and animals rely on oxygen for respiration. Hospitals frequently prescribe oxygen for patients with
respiratory aillments.

Isotopes

Oxygen has nine isotopes. Natural oxygen isamixture of three isotopes.

Natural occurring oxygen 18 is stable and available commercially, asiswater (H20 with 15% 180).
Commercia oxygen consumption in the U.S. is estimated at 20 million short tons per year and the
demand is expected to increase substantially.

Oxygen enrichment of steel blast furnaces accounts for the greatest use of the gas. Large quantities are
also used in making synthesis gas for ammonia and methanol, ethylene oxide, and for oxy-acetylene
welding.

Air separation plants produce about 99% of the gas, while electrolysis plants produce about 1%.
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Costs

The gas costs 5 cents/ ftz in small quantities, and about $15/ton in large quantities.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Fluorine

Periodic Table

Fluorine

} For toothpaste
|Atomic Number: | 9
|Atomic Symbol: | F
|Atomic Weight: 118.998403
|Electron Configuration: |[He]2s22p5

History

(L. and F. fluere, flow or flux) In 1529, Georigius Agricola described the use of fluorspar as aflux, and
as early as 1670 Schwandhard found that glass was etched when exposed to fluorspar treated with acid.
Scheele and many later investigators, including Davy, Gay-Lussac, Lavoisier, and Thenard,
experimented with hydrofluoric acid, some experiments ending in tragedy.

The element was finally isolated in 1866 by Moissan after nearly 74 years of continuous effort.

Properties

Fluorine is the most electronegative and reactive of all elements. It isapale yellow, corrosive gas, which
reacts with most organic and inorganic substances. Finely divided metals, glass, ceramics, carbon, and
even water burn in fluorine with a bright flame.

Until World War I1, there was no commercial production of elemental fluorine. The nuclear bomb
project and nuclear energy applications, however, made it necessary to produce large quantities,

Uses

Fluorine and its compounds are used in producing uranium (from the hexafluoride) and more than 100
commercial fluorochemicals, including many well known high-temperature plastics. Hydrofluoric acid
etches the glass of light bulbs, etc. Fluorochlorohydrocarbons are extensively used in air conditioning
and refrigeration.

The presence of fluorine as a soluble fluoride in drinking water to the extent of 2 ppm may cause mottled
enamel in teeth, when used by children acquiring permanent teeth; in smaller amounts, however,
fluorides are added to water supplies to prevent dental cavities.

Elemental fluorine has been studied as arocket propellant asit has an exceptionally high specific impulse
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value.

Compounds

One hypothesis says that fluorine can be substituted for hydrogen wherever it occursin organic
compounds, which could lead to an astronomical number of new fluorine compounds. Compounds of
fluorine with rare gases have now been confirmed in fluorides of xenon, radon, and krypton.

Handling

Elemental fluorine and the fluoride ion are highly toxic. The free element has a characteristic pungent
odor, detectable in concentrations as low as 20 ppb, which is below the safe working level. The
recommended maximum allowable concentration for adaily 8-hour time-weighted exposureis 1 ppm.

Safe handling techniques enabl e the transport liquid fluorine by the ton.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Neon

Periodic Table

Neon

For lights

\./ [Atomic Number: |10
|Atomic Symbol: | Ne
|Atomic Weight: | 20.179
|[Electron Configuration: |[He] 2s22p6

History

(Gr. neos, new) Discovered by Ramsay and Traversin 1898. Neon is arare gaseous element present in
the atmosphere to the extent of 1 part in 65,000 of air. It is obtained by liquefaction of air and separated
from the other gases by fractional distillation.

Isotopes

Natural neon isamixture of three isotopes. Six other unstable isotopes are known.

Compounds

Neon, avery inert element, is however said to form a compound with fluorine. It is still questionable if
true compounds of neon exist, but evidence is mounting in favor of their existence. Theions, Ne+,
(NeAr)+, (NeH)+, and (HeNet) are known from optical and mass spectrometric studies. Neon also forms
an unstable hydrate.

Properties

In avacuum discharge tube, neon glows reddish orange.

It has over 40 times more refrigerating capacity per unit volume than liquid helium and more than three
times that of liquid hydrogen. It is compact, inert, and is less expensive than helium when it meets
refrigeration requirements.

Of all the rare gases, the discharge of neon is the most intense at ordinary voltages and currents.
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Uses

Although neon advertising signs account for the bulk of its use, neon also functionsin high-voltage
indicators, lightning arrestors, wave meter tubes, and TV tubes. Neon and helium are used in making gas
lasers. Liquid neon is now commercialy available and is finding important application as an economical
cryogenic refrigerant.

Costs

Neon costs about $2.00/1.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Sodium

Periodic Table

'Sodium

5 For salt (sodium chloride)

;3; |Atomic Number: | 11

| |Atomic Symbol: | Na
~—" [Atomic Weight: [22.98977
|Electron Configuration: | [Ne]3st

History

(English, soda; Medieval Latin, sodanum, headache remedy) L ong recognized in compounds, sodium
was first isolated by Davy in 1807 by electrolysis of caustic soda

Sources

Sodium is present in fair abundance in the sun and stars. The D lines of sodium are among the most
prominent in the solar spectrum. Sodium is the fourth most abundant element on earth, comprising about
2.6% of the earth's crugt; it is the most abundant of the alkali group of metals.

It is now obtained commercially by the electrolysis of absolutely dry fused sodium chloride. This method
Is much cheaper than that of electrolyzing sodium hydroxide, as was used several years ago.

Compounds

The most common compound is sodium chloride, but it occurs in many other minerals, such as soda
niter, cryolite, amphibole, zeolite, etc.

Properties

Sodium, like every reactive element, is never found free in nature. Sodium is a soft, bright, silvery metal
which floats on water, decomposing it with the evolution of hydrogen and the formation of the
hydroxide. It may or may not ignite spontaneously on water, depending on the amount of oxide and
metal exposed to the water. It normally does not ignitein air at temperatures below 115.C.
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Uses

Metallic sodium isvital in the manufacture of esters and in the preparation of organic compounds. The
metal may be used to improve the structure of certain aloys, to descale metal, and to purify molten
metals.

An aloy of sodium with potassium, NaK, is also an important heat transfer agent.

Compounds

Sodium compounds are important to the paper, glass, soap, textile, petroleum, chemical, and metal
industries. Soap is generally a sodium salt of certain fatty acids. The importance of common salt to
animal nutrition has been recognized since prehistoric times.

Among the many compounds that are of the greatest industrial importance are common salt (NaCl), soda
ash (NaCOQs), baking soda (NaHCOs), caustic soda (NaOH), Chile saltpeter (NaNOs), di- and tri-sodium
phosphates, sodium thiosulfate (hypo, NaeS0s . 5H20), and borax (NaB4O7 . 10H20).

Isotopes

Thirteen isotopes of sodium are recognized.

Cost

Metallic sodium is priced at about 15 to 20 cents/Ib in quantity. Reagent grade (ACS) sodium in January
1990 cost about $35/Ib. On avolume basis, it is the cheapest of all metals.

Handling

Sodium metal should be handled with great care. It cannot be maintained in an inert atmosphere and
contact with water and other substances with which sodium reacts should be avoided.

Isotopes available at Los Alamos National
Laboratory

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Magnesium

Periodic Table

Magnesium

For racing bikes

|Atomic Number: | 12
|Atomic Symbol: | Mg
|Atomic Weight: | 24.305
|[Electron Configuration: |[Ne]3s2

History

(Magnesia, district in Thessaly) Compounds of magnesium have long been known. Black recognized
magnesium as an element in 1755. Davy isolated it in 1808 and Bussy prepared it in coherent form in
1831. Magnesium is the eighth most abundant element in the earth's crust. It does not occur uncombined,
but isfound in large deposits in the form of magnesite, dolomite, and other minerals.

Sources

The metal is now principally obtained in the U.S. by electrolysis of fused magnesium chloride derived
from brines, wells, and sea water.

Properties

Magnesium isalight, silvery-white, and fairly tough metal. It tarnishes dightly in air, and finely divided
magnesium readily ignites upon heating in air and burns with a dazzling white flame.

Uses

Uses include flashlight photography, flares, and pyrotechnics, including incendiary bombs. It is one third
lighter than aluminum, and in alloysis essential for airplane and missile construction. The metal
improves the mechanical, fabrication, and welding characteristics of aluminum when used as an aloying
agent. Magnesium is used in producing nodular graphite in cast iron, and is used as an additive to
conventional propellants.

It is also used as areducing agent in the production of pure uranium and other metals from their salts.
The hydroxide (milk of magnesia), chloride, sulfate (Epsom salts), and citrate are used in medicine.
Dead-burned magnesite is employed for refractory purposes such as brick and linersin furnaces and
converters.
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Compounds

Organic magnesium is important in both plant and animal life. Chlorophylls are magnesium-centered
perphyrins.

The adult daily nutritional requirement, which is affected by various factorsinclude weight and size, is
about 300 mg/day.

Handling

Because serious fires can occur, great care should be taken in handling magnesium metal, especialy in
the finely divided state. Water should not be used on burning magnesium or on magnesium fires.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Aluminum

Periodic Table

S -or soda cans.

|Atomic Number: | 13
|Atomic Symbol: | Al
|Atomic Weight: 26.98154
[Electron Configuration: | 2-8-3

History

(L. alumen, alum) The ancient Greeks and Romans used alum as an astringent and as a mordant in
dyeing. In 1761 de Morveau proposed the name alumine for the base in alum, and Lavoisier, in 1787,
thought this to be the oxide of a still undiscovered metal.

Wohler is generally credited with having isolated the metal in 1827, although an impure form was
prepared by Oersted two years earlier. In 1807, Davy proposed the name aluminum for the metal,
undiscovered at that time, and later agreed to change it to aluminum. Shortly thereafter, the name
aluminum was adopted to conform with the "ium" ending of most elements, and this spelling isnow in
use elsewhere in the world.

Aluminium was also the accepted spelling in the U.S. until 1925, at which time the American Chemical
Society officially decided to use the name aluminum thereafter in their publications.

Sources

The method of obtaining aluminum metal by the electrolysis of alumina dissolved in cryolite was
discovered in 1886 by Hall in the U.S. and at about the same time by Heroult in France. Cryalite, a
natural ore found in Greenland, is no longer widely used in commercial production, but has been
replaced by an artificial mixture of sodium, aluminum, and calcium fluorides.

Aluminum can now be produced from clay, but the processis not economically feasible at present.
Aluminum is the most abundant metal to be found in the earth's crust (8.1%), but is never found freein
nature. In addition to the minerals mentioned above, it isfound in granite and in many other common
minerals.
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Aluminum

Properties

Pure aluminum, a silvery-white metal, possesses many desirable characteristics. Itislight, it is
nonmagnetic and nonsparking, stands second among metals in the scale of malleability, and sixthin
ductility.

Uses

It is extensively used for kitchen utensils, outside building decoration, and in thousands of industrial
applications where a strong, light, easily constructed material is needed.

Although its electrical conductivity is only about 60% that of copper, it isused in electrical transmission
lines because of its light weight. Pure aluminum is soft and lacks strength, but it can be alloyed with
small amounts of copper, magnesium, silicon, manganese, and other elements to impart a variety of
useful properties.

These alloys are of vital importance in the construction of modern aircraft and rockets. Aluminum,
evaporated in a vacuum, forms a highly reflective coating for both visible light and radiant heat. These
coatings soon form athin layer of the protective oxide and do not deteriorate as do silver coatings. They
are used to coat telescope mirrors and to make decorative paper, packages, toys.

Compounds

The compounds of greatest importance are aluminum oxide, the sulfate, and the soluble sulfate with
potassium (alum). The oxide, alumina, occurs naturally as ruby, sapphire, corundum, and emery, and is
used in glassmaking and refractories. Synthetic ruby and sapphire are used in lasers for producing
coherent light.

Isotopes

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Silicon

Periodic Table

il |Atomic Number: | 14
.......... :|Atomic Symbol: B
|Atomic Weight: | 28.086
S8 Electron Configuration: |[Ne]3s?3p2

History

(L. silex, silicis, flint) Davy in 1800 thought silica to be a compound and not an element; later in 1811,
Gay Lussac and Thenard probably prepared impure amorphous silicon by heating potassium with silicon
tetrafluoride.

In 1824 Berzelius, generally credited with the discovery, prepared amorphous silicon by the same genera
method and purified the product by removing the fluosilicates by repeated washings. Deville in 1854 first
prepared crystalline silicon, the second allotropic form of the element.

Sources

Silicon is present in the sun and stars and is a principal component of a class of meteorites known as
aerolites. It is also a component of tektites, anatural glass of uncertain origin.

Silicon makes up 25.7% of the earth's crust, by weight, and is the second most abundant element, being
exceeded only by oxygen. Silicon is not found free in nature, but occurs chiefly as the oxide and as

silicates. Sand, quartz, rock crystal, amethyst, agate, flint, jasper, and opal are some of the formsin
which the oxide appears. Granite, hornblende, asbestos, feldspar, clay, mica, etc. are but afew of the
numerous silicate minerals.

Silicon is prepared commercially by heating silica and carbon in an electric furnace, using carbon
electrodes. Several other methods can be used for preparing the element. Amorphous silicon can be
prepared as a brown powder, which can be easily melted or vaporized. The Czochralski processis
commonly used to produce single crystals of silicon used for solid-state or semiconductor devices.
Hyperpure silicon can be prepared by the thermal decomposition of ultra-pure trichlorosilanein a
hydrogen atmosphere, and by a vacuum float zone process.
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Uses

Silicon is one of man's most useful elements. In the form of sand and clay it is used to make concrete and
brick; it isauseful refractory material for high-temperature work, and in the form of silicatesit isused in
making enamels, pottery, etc. Silica, as sand, isaprincipal ingredient of glass, one of the most
inexpensive of materials with excellent mechanical, optical, thermal, and electrical properties. Glass can
be made in avery great variety of shapes, and is used as containers, window glass, insulators, and
thousands of other uses. Silicon tetrachloride can be used asiridize glass.

Hyperpure silicon can be doped with boron, gallium, phosphorus, or arsenic to produce silicon for usein
transistors, solar cells, rectifiers, and other solid-state devices which are used extensively in the
el ectronics and space-age industries.

Hydrogenated amorphous silicon has shown promise in producing economical cells for converting solar
energy into electricity.

Silicon isimportant to plant and animal life. Diatoms in both fresh and salt water extract Silica from the
water to build their cell walls. Silicais present in the ashes of plants and in the human skeleton. Siliconis
an important ingredient in steel; silicon carbide is one of the most important abrasives and has been used
in lasers to produce coherent light of 4560 A.

Silcones are important products of silicon. They may be prepared by hydrolyzing a silicon organic
chloride, such as dimethyl silicon chloride. Hydrolysis and condensation of various substituted
chlorosilanes can be used to produce a very great number of polymeric products, or silicones, ranging
from liquids to hard, glasslike solids with many useful properties.

Properties

Crystalline silicon has ametallic luster and grayish color. Silicon is arelatively inert element, but it is
attacked by halogens and dilute alkali. Most acids, except hydrofluoric, do not affect it. Elemental silicon
transmits more than 95% of all wavelengths of infrared, from 1.3 to 6.y micro-m.

Costs

Regular grade silicon (99%) costs about $0.50/g. Silicon 99.9% pure costs about $50/1b; hyperpure
silicon may cost as much as $100/0z.

Handling

Miners, stonecutters, and others engaged in work where siliceous dust is breathed into large quantities
often develop a serious lung disease known as silicosis.

http://pearll.lanl.gov/periodic/elements/14.html (2 of 3) [5/17/2001 4:06:25 PM]



Silicon

Isotopes

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Phosphorus

Periodic Table

it
;- Phosphorus

For matches
|Atomic Number: | 15
|Atomic Symbol: | P
|Atomic Weight: | 30.97376
|Electron Configuration: |[Ne]3s23p3

History

(Gr. phosphoros, light bearing; ancient name for the planet Venus when appearing before sunrise) Brand
discovered phosphorusin 1669 by preparing it from urine.

Properties

Phosphorus exists in four or more alotropic forms. white (or yellow), red, and black (or violet). Ordinary
phosphorus is a waxy white solid; when pureit is colorless and transparent. White phosphorus has two
modifications: aphaand beta with atransition temperature at -3.8.C.

It isinsoluble in water, but soluble in carbon disulfide. It takes fire spontaneoudly in air, burning to the
pentoxide.

sSources

Never found free in nature, it iswidely distributed in combination with minerals. Phosphate rock, which
contains the mineral apatite, an impure tri-calcium phosphate, is an important source of the element.
Large deposits are found in Russia, in Morocco, and in Florida, Tennessee, Utah, Idaho, and elsewhere.

Handling

It is very poisonous, 50 mg constituting an approximate fatal dose. Exposure to white phosphorus should
not exceed 0.1 mg/ms (8-hour time-weighted average - 40-hour work week). White phosphorus should be
kept under water, asit is dangerously reactive in air, and it should be handled with forceps, as contact
with the skin may cause severe burns.

When exposed to sunlight or when heated in its own vapor to 2500C, it is converted to the red variety,
which does not phosphoresce in air as does the white variety. This form does not ignite spontaneously
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and is not as dangerous as white phosphorus. It should, however, be handled with care as it does convert
to the white form at some temperatures and it emits highly toxic fumes of the oxides of phosphorus when
heated. The red modification isfairly stable, sublimes with avapor pressure of 1 atm at 17C, and is used
in the manufacture of safety matches, pyrotechnics, pesticides, incendiary shells, smoke bombs, tracer
bullets, etc.

Production

White phosphorus may be made by several methods. By one process, tri-calcium phosphate, the essential
ingredient of phosphate rock, is heated in the presence of carbon and silicain an electric furnace or
fuel-fired furnace. Elementary phosphorusis liberated as vapor and may be collected under phosphoric
acid, an important compound in making super-phosphate fertilizers.

Uses

In recent years, concentrated phosphoric acids, which may contain as much as 70% to 75% P20s content,
have become of great importance to agriculture and farm production. World-wide demand for fertilizers
has caused record phosphate production. Phosphates are used in the production of special glasses, such as
those used for sodium lamps.

Bone-ash, calcium phosphate, is used to create fine chinaware and to produce mono-cal cium phosphate,
used in baking powder.

Phosphorus is also important in the production of steels, phosphor bronze, and many other products.
Trisodium phosphate is important as a cleaning agent, as a water softener, and for preventing boiler scale
and corrosion of pipes and boiler tubes.

Phosphorusis aso an essential ingredient of al cell protoplasm, nervous tissue, and bones.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Sulfur

Periodic Table

<5%3’Sulfur

For fire works.

|Atomic Number: | 16
|Atomic Symbol: | S
|Atomic Weight: | 32.06
|Electron Configuration: |[Ne]3s23p?

History

(Sanskrit, sulvere; L. sulpur) Known to the ancients; referred to in Genesis as brimstone.

Sources
Sulfur isfound in meteorites. R.W. Wood suggests that the dark area near the crater Aristarchusisa
sulfur deposit.

Sulfur occurs native in the vicinity of volcanos and hot springs. It iswidely distributed in nature asiron
pyrites, galena, sphalerite, cinnabar, stibnite, gypsum, epsom salts, celestite, barite, etc.

Production

Sulfur is commercially recovered from wells sunk into the salt domes along the Gulf Coast of the U.S.
Using the Frasch process heated water is forced into the wells to melt the sulfur, which is then brought to
the surface.

Sulfur also occursin natural gas and petroleum crudes and must be removed from these products.
Formerly this was done chemically, which wasted the sulfur; new processes now permit recovery. Large
amounts of sulfur are being recovered from Alberta gasfields.

Properties

Sulfur is pale yellow, odorless, brittle solid, which isinsoluble in water but soluble in carbon disulfide. In
every state, whether gas, liquid or solid, elemental sulfur occursin more than one allotropic form or
modification; these present a confusing multitude of forms whose relations are not yet fully understood.

In 1975, University of Pennsylvania scientists reported synthesis of polymeric sulfur nitride, which has
the properties of ametal, although it contains no metal atoms. The material has unusual optical and
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electrical properties.
High-purity sulfur is commercially available in purities of 99.999+%.

Amorphous or "plastic" sulfur is obtained by fast cooling of the crystalline form. X-ray studies indicate
that amorphous sulfur may have a helical structure with eight atoms per spiral. Crystalline sulfur seems
to be made of rings, each containing eight sulfur atoms, which fit together to give anormal X-ray pattern.

Isotopes

Eleven isotopes of sulfur exist. None of the four isotopes that in nature are radioactive. A finely divided
form of sulfur, known as flowers of sulfur, is obtained by sublimation.

Compounds

Organic compounds containing sulfur are very important. Calcium sulfur, ammonium sulfate, carbon
disulfide, sulfur dioxide, and hydrogen sulfide are but a few of the many important compounds of sulfur.

Uses

Sulfur is acomponent of black gunpowder, and is used in the vulcanization of natural rubber and a
fungicide. It is aso used extensively in making phosphatic fertilizers. A tremendous tonnage is used to
produce sulfuric acid, the most important manufactured chemical.

It is used to make sulfite paper and other papers, to fumigate fumigant, and to bleach dried fruits. The
element is a good insulator.

Sulfur isessential to life. It isaminor constituent of fats, body fluids, and skeletal minerals.

Handling

Carbon disulfide, hydrogen sulfide, and sulfur dioxide should be handled carefully. Hydrogen sulfidein
small concentrations can be metabolized, but in higher concentrations it quickly can cause death by
respiratory paraysis.

It quickly deadens the sense of smell. Sulfur dioxide is a dangerous component in atmospheric air
pollution.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Chlorine

Periodic Table

<5%3’Chlorine

For water purification.

|Atomic Number: |17
|Atomic Symbol: | Cl
|Atomic Weight: | 35.453
|Electron Configuration: |[Ne]3s23p®

History

(Gr. chloros, greenish yellow) Discovered in 1774 by Scheele, who thought it contained oxygen.
Chlorine was named in 1810 by Davy, who insisted it was an element.

Sources

In nature it is found in the combined state only, chiefly with sodium as common salt (NaCl), carnallite,
and sylvite.

Properties

It isamember of the halogen (salt-forming) group of elements and is obtained from chlorides by the
action of oxidizing agents and more often by electrolysis; it is a greenish-yellow gas, combining directly
with nearly all elements. At 10.C one volume of water dissolves 3.10 volumes of chlorine, at 30.C only
1.77 volumes.

Uses

Chlorine iswidely used in making many everyday products. It is used for producing safe drinking water
the world over. Even the smallest water supplies are now usually chlorinated.

It is also extensively used in the production of paper products, dyestuffs, textiles, petroleum products,
medicines, antiseptics, insecticides, food, solvents, paints, plastics, and many other consumer products.

Most of the chlorine produced is used in the manufacture of chlorinated compounds for sanitation, pulp
bleaching, disinfectants, and textile processing. Further use is in the manufacture of chlorates,
chloroform, carbon tetrachloride, and in the extraction of bromine.

Organic chemistry demands much from chlorine, both as an oxidizing agent and in substitution, since it
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often brings many desired propertiesin an organic compound when substituted for hydrogen, asin one
form of synthetic rubber.

Handling

Chlorineis arespiratory irritant. The gasirritates the mucus membranes and the liquid burns the skin. As
little as 3.5 ppm can be detected as an odor, and 1000 ppm islikely to be fatal after afew deep breaths. In
fact, chlorine was used asawar gasin 1915.

Exposure to chlorine should not exceed 0.5 ppm (8-hour time-weighted average - 40 hour week.)

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Argon

Periodic Table

Argon

For light bulbs.

IAtomic Number: | 18
""'&"-. [Atomic Symbol: [ Ar

|Atomic Weight: | 39.948

|[Electron Configuration: |[Ne]3s?3p6

History

(Gr. argos, inactive) Its presencein air was suspected by Cavendish in 1785, discovered by Lord
Rayleigh and Sir William Ramsay in 1894.

Sources

The gasis prepared by fractionation of liquid air because the atmosphere contains 0.94% argon. The
atmosphere of Mars contains 1.6% of 40Ar and 5 p.p.m. of 36Ar.

Properties

Argon istwo and one half times as soluble in water as nitrogen, having about the same solubility as
oxygen. Argon is colorless and odorless, both as agas and liquid. Argon is considered to be avery inert
gas and is not known to form true chemical compounds, as do krypton, xenon, and radon.

Isotopes

Naturally occurring argon is a mixture of three isotopes. Twelve other radioactive isotopes are known to
exist.

Uses

It isused in electric light bulbs and in fluorescent tubes at a pressure of about 400 Pa. and in filling photo
tubes, glow tubes, etc. Argon isalso used as an inert gas shield for arc welding and cutting, as blanket for
the production of titanium and other reactive elements, and as a protective atmosphere for growing
silicon and germanium crystals.
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Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Potassium

Periodic Table

<5%3’Potassium

For fertilizer.

|Atomic Number: | 19
|Atomic Symbol: | K
|Atomic Weight: 139.098
|[Electron Configuration: |[Ar]4st

History

(English, potash - pot ashes; L.. kalium, Arab gali, alkali) Discovered in 1807 by Davy, who obtained it
from caustic potash (KOH); this was the first metal isolated by electrolysis.

Sources

The metal is the seventh most abundant and makes up about 2.4% by weight of the earth's crust. Most
potassium minerals are insoluble and the metal is obtained from them only with great difficulty.

Certain minerals, however, such as sylvite, carnallite, langbeinite, and polyhalite are found in ancientlake
and sea beds and form rather extensive deposits from which potassium and its salts can readily be
obtained. Potash is mined in Germany, New Mexico, California, Utah, and elsewhere. Large deposits of
potash, found at a depth of some 3000 ft in Saskatchewan, promise to be important in coming years.

Potassium is also found in the ocean, but is present only in relatively small amounts, compared to
sodium.

Production

Potassium is never found free in nature, but is obtained by electrolysis of the hydroxide, much in the
same manner as prepared by Davy. Therma methods also are commonly used to produce potassium
(such as by reduction of potassium compounds with CaCz, C, Si, or Na).

Uses

The greatest demand for potash has been in its use for fertilizers. Potassium is an essential constituent for
plant growth and is found in most sails.

An aloy of sodium and potassium (NaK) is used as a heat-transfer medium. Many potassium salts are of
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utmost importance, including the hydroxide, nitrate, carbonate, chloride, chlorate, bromide, iodide,
cyanide, sulfate, chromate, and dichromate.

Properties

It is one of the most reactive and electropositive of metals. Except for lithium, it is the lightest known
metal. It is soft, easily cut with aknife, and is silvery in appearance immediately after afresh surfaceis
exposed. It rapidly oxidizesin air and must be preserved in amineral oil such as kerosene.

Aswith other metals of the alkali group, it decomposes in water with the evolution of hydrogen. It
catches fire spontaneously on water. Potassium and its salts impart a violet color to flames.

Isotopes

Seventeen isotopes of potassium are known. Ordinary potassium is composed of three isotopes, one of
which is 400K (0.0118%), aradioactive isotope with a half-life of 1.28 x 109 years.

Handling

The radioactivity presents no appreciable hazard.

Cost

Metallic potassium is available commercially for about $40/1b in small quantities.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Calcium

Periodic Table

s Calcium

§ For cement and plaster of paris.

~ [Atomic Number: | 20
|Atomic Symbol: | Ca
|Atomic Weight: | 40.08
[Electron Configuration: [[Ar]4s?

History

(L. calx, lime) Though lime was prepared by the Romans in the first century under the name calx, the
metal was not discovered until 1808. After learning that Berzelius and Pontin prepared calcium amalgam
by electrolyzing lime in mercury, Davy was able to isolate the impure metal.

sSources

Calcium isametalic e ement, fifth in abundance in the earth's crust, of which if forms more than 3%. It
IS an essential constituent of leaves, bones, teeth, and shells. Never found in nature uncombined, it occurs
abundantly as limestone, gypsum, and fluorite. Apatite is the fluorophosphate or chlorophosphate of
calcium.

Properties

The metal has a silvery color, israther hard, and is prepared by electrolysis of the fused chloride to which
calcium fluoride is added to lower the melting point.

Chemically it isone of the alkaline earth elements; it readily forms awhite coating of nitride in air, reacts
with water, burns with a yellow-red flame, forming largely the nitride.

Uses

The metal is used as areducing agent in preparing other metals such as thorium, uranium, zirconium,
etc., and is used as a deoxidizer, desulfurizer, or decarburizer for various ferrous and nonferrous alloys. It
Is also used as an alloying agent for aluminum, beryllium, copper, lead, and magnesium alloys, and
serves as a"getter” for residual gasesin vacuum tubes, etc.
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Compounds

Its natural and prepared compounds are widely used. Quicklime (CaO), which is made by heating
limestone that is changed into slaked lime by carefully adding water, is the great base of chemical
refinery with countless uses.

Mixed with sand it hardens as mortar and plaster by taking up carbon dioxide from the air. Calcium from
limestone is an important element in Portland cement.

The solubility of the carbonate in water containing carbon dioxide causes the formation of caves with
stalagtites and stalagmites and is responsible for hardness in water. Other important compounds are the
carbide, chloride, cyanamide, hypochlorite, nitrate, and sulfide.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Scandium

Periodic Table

<5%3’Scandium

For stadium lighting.

|Atomic Number: |21
|Atomic Symbol: | Sc
|Atomic Weight: | 44.9559
|Electron Configuration: |[Ar]4s23d!

History

(L. Scandia, Scandinavia) On the basis of the Periodic System, Mendeleev predicted the existence of
ekaboron, which would have an atomic weight between 40 of calcium and 48 of titanium.

The element was discovered by Nilson in 1878 in the minerals euxenite and gadolinite, which had not yet
been found anywhere except in Scandinavia. By processing 10 kg of euxenite and other residues of
rare-earth minerals, Nilson was able to prepare about 2g of highly pure scandium oxide. L ater scientists
pointed out that Nilson's scandium was identical with Mendeleev's ekaboron.

Sources

Scandium is apparently much more abundant (the 23rd most) in the sun and certain stars than on earth
(the 50th most abundant). It iswidely distributed on earth, occurring in very minute quantitiesin over
800 mineral species. The blue color of beryl (aguamarine variety) is said to be due to scandium. It occurs
asaprincipal component in the rare mineral thortveitite, found in Scandinavia and Malagasy. It isalso
found in the residues remaining after the extraction of tungsten from Zinnwald wolframite, and in wiikite
and bazzite.

Most scandium is presently being recovered from thortveitite or is extracted as a by-product from
uranium mill tailings. Metallic scandium was first prepared in 1937 by Fischer, Brunger, and Grienelaus
who electrolyzed a eutectic melt of potassium, lithium, and scandium chlorides at 700 to 800.C.

Tungsten wire and a pool of molten zinc served as the electrodes in a graphite crucible. Pure scandium is
now produced by reducing scandium fluoride with calcium metal.

The production of the first pound of 99% pure scandium metal was announced in 1960.
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Properties

Scandium is a silver-white metal which develops a dlightly yellowish or pinkish cast upon exposure to
air. A relatively soft element, scandium resembles yttrium and the rare-earth metals more than it

resembles aluminum or titanium.

It isavery light metal and has a much higher melting point than aluminum, making it of interest to
designers of spacecraft. Scandium is not attacked by a 1:1 mixture of HNOs and 48% HF.

Costs

Scandium oxide costs about $75/g.

Uses

About 20 kg of scandium (as Sc203) are now being used yearly in the U.S. to produce high-intensity
lights, and the radioactive isotope 46Sc is used as a tracing agent in refinery crackers for crude oil, etc.

Scandium iodide added to mercury vapor lamps produces a highly efficient light source resembling
sunlight, which isimportant for indoor or night-time color TV.

Handling

Little is yet known about the toxicity of scandium; therefore it should be handled with care.

Isotopes available at Los Alamos National
Laboratory

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Tungsten

Periodic Table

<5%?Tungsten

For lamp filaments.

|Atomic Number: | 74
IAtomic Symbol: | w
I/Atomic Weight: | 183.5
[Electron Configuration: |[Xe]6s24f145d4

History

(Swedish, tung sten, heavy stone) In 1779 Peter Woulfe examined the mineral now known as
wolframite and concluded it must contain a new substance. Scheele, in 1781, found that a new
acid could be made from tungsten (a name first applied about 1758 to a mineral now known as
scheelite). Scheele and Berman suggested the possibility of obtaining a new metal by reducing
this acid. The de Elhuyar brothers found acid in wolframite in 1783 that was identical to the acid
of tungsten (tungstic acid) of Scheele, and in that year they succeeded in obtaining the element
by reduction of this acid with charcoal. Tungsten occurs in wolframite, scheelite, huebnertie, and
ferberite. Important deposits of tungsten occur in California, Colorado, South Korea, Bolivia,
Russia, and Portugal. China is reported to have about 75% of the world's tungsten resources.
Natural tungsten contains five stable isotopes. Twenty one other unstable isotopes are
recognized. The metal is obtained commercially be recucing tungsten oxide with hydrogen or
carbon. Pure tungsten is a stelel-gray to tin-white metal. Very pure tungsten can be cut with a
hacksaw, and can be forged, spun, drawn, and extruded. The impure metal is brittle and can be
worked only with difficulty. Tungsten has the highest melting point of all metals, and at
temperatures over 16500C has the highest tensile strength. The metal oxidizes in air and must be
protected at elevated temperatures. It has excellent corrosion resistance and is attacked only
slightly by most mineral acids. The thermal expansion is about the same as borosilicate glass,
which makes the metal useful for glass-to-metal seals. tungsten and its alloys are used
extensively for filaments for electric lamps, electron and television tubes, and for metal
evaporation work; for electrical contact points for automobile distributors; X-ray targets;
windings and heating elements for electrical furnaces; and for numerous spacecraft and
high-temperature applications. High-speed tool steels, Hastelloy(R), Stellite(R), and many other
alloys contain tungsten. Tungsten carbide is of great importance to the metal-working, mining,
and petroleum industries. Calcium and magnesium tungstates are widely used in fluorescent
lighting; other salts of tungsten are used in the chemical and tanning industries. Tungsten
disulfide is a dry, high-temperature lubricant, stable to 500C. Tungsten bronzes and other
tungsten compounds are used in paints. Tungsten powder (99.9%) costs about $50/1b.
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Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Zinc

Periodic Table

<5%3’Zinc

For gutters.

|Atomic Number: |30
|Atomic Symbol: | Zn
|Atomic Weight: | 65.38
|Electron Configuration: |[Ar]4s23010

History

(German Zink, of obscure origin) Centuries before zinc was recognized as a distinct element, zinc ores
were used for making brass. Tubal-Cain, seven generations from Adam, is mentioned as being an
"instructor in every artificer in brass and iron." An alloy containing 87 percent zinc has been found in
prehistoric ruinsin Transylvania.

Metallic zinc was produced in the 13th century A.D. in India by reducing calamine with organic
substances such as wool. The metal was rediscovered in Europe by Marggraf in 1746, who showed that it
could be obtained by reducing calamine with charcoal.

Sources

The principal ores of zinc are sphalerite (sulfide), smithsonite (carbonate), calamine (silicate), and
franklinite (zine, manganese, iron oxide). One method of zinc extraction involves roasting its ores to
form the oxide and reducing the oxide with coal or carbon, with subsequent distillation of the metal.

Isotopes

Naturally occurring zinc contains five stable isotopes. Sixteen other unstable isotopes are recognized.

Properties

Zinc is abluish-white, lustrous metal. It is brittle at ordinary temperatures but malleable at 100 to 150.C.
It isafair conductor of electricity, and burnsin air at high red heat with evolution of white clouds of the
oxide.

It exhibits superplasticity. Neither zinc nor zirconium is ferromagnetic; but ZrZnz exhibits
ferromagnetism at temperatures below 350K . It has unusual electrical, thermal, optical, and solid-state
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properties that have not been fully investigated.

Uses

The metal is employed to form numerous alloys with other metals. Brass, nickel silver, typewriter metal,
commercial bronze, spring bronze, German silver, soft solder, and aluminum solder are some of the more
important aloys.

Large quantities of zinc are used to produce die castings, which are used extensively by the automotive,
electrical, and hardware industries. An alloy called Prestal(R), consisting of 78 percent zinc and 22
percent aluminum, is reported to be almost as strong as steel and as easy to mold as plastic. The alloy

said to be so moldable that it can be molded into form using inexpensive ceramics or cement die casts.

Zinc is also used extensively to galvanize other metals such asiron to prevent corrosion. Zinc oxideisa
unigue and very useful material for modern civilization. It iswidely used in the manufacture of paints,
rubber products, cosmetics, pharmaceuticals, floor coverings, plastics, printing inks, soap, storage
batteries, textiles, electrical equipment, and other products. Lithopone, a mixture of zinc sulfide and
barium sulfate, is an important pigment.

Zinc sulfideis used in making luminous dials, X-ray and TV screens, and fluorescent lights.

The chloride and chromate are also important compounds. Zinc is an essential el ement in the growth of
human beings and animals. Tests show that zinc-deficient animals require 50 percent more food to gain
the same weight as an animal supplied with sufficient zinc.

Handling

Zinc is not considered to be toxic, but when freshly formed ZnO isinhaed a disorder known as the oxide
shakes or zinc chills sometimes occurs. Where zinc oxide is encountered, recommendations include
providing good ventilation to avoid concentration exceeding 5 mg/ms, (time-weighted over an 8-hour
exposure, 40-hour work week).

Costs

The price of zinc was roughly $0.70/lb in January 1990.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Zirconium

Periodic Table

~ Zirconium

v For zircon gemstone.

|Atomic Number: | 40
|Atomic Symbol: | Zr
|Atomic Weight: | 91.22
|Electron Configuration: |[Kr]5s24d?

History

(Persian zargun, gold like) The name zircon probably originated from the Persion word zargun, which
describes the color of the gemstone now known as zircon, jargon, hyacinth, jacinth, or ligure. This
mineral, or its variations, is mentioned in biblical writings. The mineral was not known to contain a new
element until Klaproth, in 1789, analyzed ajargon from from Ceylon and found a new earth, which
Werner named zircon (silex circonius), and Klaproth called Zirkonertz (zirconia). The impure metal was
first isolated by Berzeliusin 1824 by heating a mixture of potassium and potassium zirconium fluoride in
asmall decomposition process they developed.

Sources

Zirconium is found in abundance in S-type stars, and has been identified in the sun and meteorites.
Analysis of lunar rock samples obtained during the various Apollo missions to the moon show a
surprisingly high zirconium oxide content, compared with terrestrial rocks.

Isotopes

Naturally occurring zirconium contains five isotopes. Fifteen other isotopes are known to exist. Zircon,
ZrSiOa, the principal ore, is pure ZrOz in crystalline form having a hafnium content of about 1%.
Zirconium also occurs in some 30 other recognized mineral species. Zirconium is produced
commercially by reduction of chloride with magnesium (the Kroll Process), and by other methods. It isa
grayish-white lustrous metal. When finely divided, the metal may ignite spontaneously in air, especially
at elevated temperatures. The solid metal is much more difficult to ignite. The inherent toxicity of
zirconium compoundsislow. Hafnium isinvariably found in zirconium ores, and the separation is
difficult.

Commercial-grade zirconium contains from 1 to 3% hafnium. Zirconium has a low absorption cross
section for neutrons, and is therefore used for nuclear energy applications, such as for cladding fuel
elements. Commercial nuclear power generation now takes more than 90% of zirconium metal
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production. Reactors of the commercial size, now being made, may use as much as a half-million linear
feet of zirconium alloy tubing.

Properties

Reactor-grade zirconium is essentially free of hafnium. Zircaloy(R) is an important alloy developed
specifically for nuclear applications. Zirconium is exceptionally resistant to corrosion by many common
acids and alkalis, by seawater, and by other agents. Alloyed with zinc, zirconium becomes magnetic at
temperatures below 350K.

Uses

It is used extensively by the chemical industry where corrosive agents are employed. Zirconium is used
as a getter in vacuum tubes, as an alloying agent in steel, in surgical appliances, photoflash bulbs,
explosive primers, rayon spinnerets, lamp filaments, etc. It isused in poison ivy lotionsin the form of the
carbonate as it combines with urushiol. With niobium, zirconium is superconductive at low temperatures
and is used to make superconductive magnets, which offer hope of direct large-scale generation of
electric power. Zirconium oxide (zircon) has a high index of refraction and is used as a gem material.
The impure oxide, zirconia, is used for laboratory crucibles that will withstand heat shock, for linings of
metallurgical furnaces, and by the glass and ceramic industries as arefractory material. Itsuse asa
refractory material accounts for alarge share of all zirconium consumed.

Cost

Zirconium of about 99.6% purity is available at a cost of about $150/kg.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Iron

Periodic Table

A
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”“; Iron

! For tools.
I;"I |Atomic Number: 26
F [Atomic Symbol:  Fe
| |Atomic Weight: [ 55.847
;" / |Electron Configuration: l[Ar]4323d6

History

(Anglo-Saxon, iron; L. ferrum) Iron was used prehistorically:

« Genesis mentions that Tubal-Cain, seven generations from Adam, was "an instructor of every
artificer in brassand iron."

« A remarkableiron pillar, dating to about A.D. 400, remains standing today in Delhi, India. This
solid shaft of wrought iron is about 7 1/4 m high by 40 cm in diameter. Corrosion to the pillar has
been minimal although it has been exposed to the weather since its erection.

Sources

Iron isarelatively abundant element in the universe. It isfound in the sun and many types of starsin
considerable quantity. Its nuclei are very stable. Iron isaprincipal component of a meteorite class known
as siderites and isaminor constituent of the other two meteorite classes. The core of the earth -- 2150
milesin radius -- is thought to be largely composed of iron with about 10 percent occluded hydrogen.
The metal isthe fourth most abundant element, by weight that makes up the crust of the earth.

The most common ore is hematite, which is frequently seen as black sands along beaches and banks of
streams.

Isotopes

Common ironsis a mixture of four isotopes. Ten other isotopes are known to exist.

Uses

Ironisavital constituent of plant and animal life and appears in hemoglobin.

Taconite is becoming increasingly important as a commercial ore. The pure metal is not often
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encountered in commerce, but is usually alloyed with carbon or other metals.

Properties

The pure metal is very reactive chemically and rapidly corrodes, especially in moist air or at elevated
temperatures. It has four allotropic forms or ferrites, known as apha, beta, gamma, and omega, with
transition points at 700, 928, and 1530C. The alphaform is magnetic, but when transformed into the beta
form, the magnetism disappears although the lattice remains unchanged. The relations of these forms are
peculiar. Pig ironisan aloy containing about 3 percent carbon with varying amounts of Sulfur, Silicon,

Manganese, and Phosphorus.

Ironis hard, brittle, fairly fusible, and is used to produce other aloys, including steel. Wrought iron
contains only afew tenths of a percent of carbon, istough, malleable, lessfusible, and has usualy a
“fibrous" structure.

Carbon steel isan alloy of iron with small amounts of Mn, S, P, and Si. Alloy steels are carbon steels
with other additives such as nickel, chromium, vanadium, etc. Iron is a cheap, abundant, useful, and

important metal.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Manganese

Periodic Table

<5%3’I\/Ianganese

For plows.

|Atomic Number: | 25
|Atomic Symbol: | Mn
|Atomic Weight: | 54.9380
|Electron Configuration: |[Ar]4s23d®

History

(L. magnes, magnet, from magnetic properties of pyrolusite; It. manganese, corrupt form of magnesia)

Recognized by Scheele, Bergman, and others as an element and isolated by Gahn in 1774 by reduction of
the dioxide with carbon.

sSources

Manganese minerals are widely distributed; oxides, silicates, and carbonates are the most common. The
discovery of large quantities of manganese nodules on the floor of the oceans may become a source of
manganese. These nodules contain about 24% manganese together with many other elements in lesser
abundance.

Most manganese today is obtained from ores found in Russia, Brazil, Australia, Republic of S. Africa,
Gabon, and India. Pyrolusite and rhodochrosite are among the most common manganese minerals. The
metal is obtained by reduction of the oxide with sodium, magnesium, aluminum, or by elctrolysis.

Properties

It is gray-white, resembling iron, but is harder and very brittle. The metal isreactive chemically, and

decomposes cold water slowly. Manganese is used to form many important aloys. In steel, manganese
improves the rolling and forging qualities, strength, toughness, stiffness, wear resistance, hardness, and
hardenability.

With aluminum and antimony, especially with small amounts of copper, it forms highly ferromagnetic
aloys.

Manganese metal is ferromagnetic only after special treatment. The pure metal existsin four allotropic
forms. The alphaform is stable at ordinary temperature; gamma manganese, which changesto alpha at
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ordinary temperatures, is said to be flexible, soft, easily cut, and capable of being bent.

Uses

The dioxide (pyrolusite) is used as a depolarizer in dry cells, and is used to "decolorize" glassthat is
colored green by impurities of iron. Manganese by itself colors glass an amethyst color, and is
responsible for the color of true amethyst. The dioxide is also used in the preparation of oxygen and
chlorine, and in drying black paints. The permanganate is a powerful oxidizing agent and isused in
guantitative analysis and in medicine.

Manganese is widely distributed throughout the animal kingdom. It is an important trace element and
may be essential for utilization of vitamin B1.

Handling

Exposure to manganese dusts, fume, and compounds should not exceed the ceiling value of 5 mg/ms for
even short periods because of the element'stoxicity level.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Antimony

Periodic Table

<5%3’Antimony

For ceramic glazes.

|Atomic Number: | 51
|Atomic Symbol: | Sb
|Atomic Weight: | 12175
|Electron Configuration: |[Kr]5s?4d105p3

History

(Gr. anti plus monos - ametal not found alone) Antimony was recognized in compounds by the ancients
and was known as a metal at the beginning of the 17th century and possibly much earlier.

Sources

It is not abundant, but isfound in over 100 mineral species. It is sometimes found native, but more
frequently as the sulfide stibnite.

Properties

It isapoor conductor of heat and electricity. Antimony and many of its compounds are toxic.

Uses

Antimony isfinding use in semiconductor technology for making infrared detectors, diodes and
Hall-effect devices. It greatly increases the hardness and mechanical strength of lead. Betteries,
antifriction alloys, type metal, small arms and tracer bullets, cable sheathing, and minor products use
about half the metal produced. Compounds taking up the other half are oxides, sulfides, sodium
antimonate, and antimony trichloride. These are used in manufacturing flame-proofing compounds,
paints ceramic enamels, glass, and pottery.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Copper

Periodic Table

@Copper

For pennies.

|Atomic Number: 29
|Atomic Symbol: | Cu
|Atomic Weight: | 63546
|Electron Configuration: |[Ar]4sl3d10

History

(Latin cuprum, from theisland of Cyprus) It is believed that copper has been mined for 5,000 years.

Properties

Copper isreddish and takes on a bright metallic luster. It is malleable, ductile, and a good conductor of
heat and electricity (second only to silver in electrical conductivity).

sSources

Copper occasionally occurs native, and isfound in many minerals such as cuprite, malachite, azurite,
chalcopyrite, and bornite.

Large copper ore deposits are found in the U.S., Chile, Zambia, Zaire, Peru, and Canada. The most
important copper ores are the sulfides, the oxides, and carbonates. From these, copper is obtained by
smelting, leaching, and by electrolysis.

Uses

The electrical industry is one of the greatest users of copper. Iron's aloys -- brass and bronze -- are very
important: all American coins are copper aloys and gun metals also contain copper.

Copper has wide use as an agricultural poison and as an algicide in water purification. Copper
compounds, such as Fehling's solution, are widely used in analytical chemistry tests for sugar.
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Availability

High-purity copper (99.999+ percent) is available commercially.

Isotopes available at Los Alamos National
Laboratory

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Silver

Periodic Table

<5%3’Silver

For silverware.

|Atomic Number: | 47
|Atomic Symbol: | Ag
|Atomic Weight: | 107.868
|Electron Configuration: |[Kr]5sl4d10

History

(Anglo-Saxon, Seolfor siolfur; L. argentum) Silver has been known since ancient times. It is mentioned
in Genesis. Slag dumpsin Asia Minor and on islands in the Aegean Seaindicate that man learned to
separate silver from lead as earl as 3000 B.C.

sSources

Silver occurs native and in ores such as argentite (Ag2S) and horn silver (AgCl); lead, lead-zinc, copper,
gold, and copper-nickel ores are principal sources. Mexico, Canada, Peru, and the U.S. are the principal
silver producers in the western hemisphere.

Production

Silver is aso recovered during electrolytic refining of copper. Commercial fine silver contains at |east
99.9% silver. Purities of 99.999+% are available commercially.

Properties

Pure silver has a brilliant white metallic luster. It isalittle harder than gold and is very ductile and
malleable, being exceeded only by gold and perhaps palladium. Pure silver has the highest electrical and
thermal conductivity of all metals, and possesses the lowest contact resistance. It is stablein pure air and
water, but tarnishes when exposed to ozone, hydrogen sulfide, or air containing sulfur. The alloys of
silver are important.
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Uses

Sterling silver is used for jewelry, silverware, etc. where appearance is paramount. This alloy contains
92.5% silver, the remainder being copper or some other metal. Silver is of the utmost importance in
photography, about 30% of the U.S. industrial consumption going into this application. It is used for
dental alloys. Silver is used in making solder and brazing alloys, electrical contacts, and high capacity
silver-zinc and silver-cadmium batteries. Silver paints are used for making printed circuits. It isused in
mirror production and may be deposited on glass or metals by chemical deposition, electrode position, or
by evaporation. When freshly deposited, it is the best reflector of visible light known, but is rapidly
tarnished and loses much of its reflectance. It is a poor reflector of ultraviolet. Silver fulminate, a
powerful explosive, is sometimes formed during the silvering process. Silver iodideis used in seeding
cloudsto produce rain. Silver chloride has interesting optical properties asit can be made transparent; it
alsoisacement for glass. Silver nitrate, or lunar caustic, the most important silver compound, is used
extensively in photography. Silver for centuries has been used traditionally for coinage by many
countries of the world. In recent times, however, consumption of silver has greatly exceeded the outpui.

Handling

While silver itself is not considered to be toxic, most of its salts are poisonous. Exposure to silver (metal
and soluble compounds, as Ag) in air should not exceed 0.01 mg/ms, (8-hour time-weighted average - 40
hour week). Silver compounds can be absorbed in the circulatory system and reduced silver deposited in
the various tissues of the body. A condition, known as argyria, results with a grayish pigmentation of the
skin and mucous membranes. Silver has germicidal effects and kills many lower organisms effectively
without harm to higher animals.

Cost

In 1939, the price of silver was fixed by the U.S. Treasury at 71 cents/troy oz., and at 90.5 cents/troy oz.
in 1946. In November 1961 the U.S. Treasury suspended sales of nonmonetized silver, and the price
stabilized for atime at about $1.29, the melt-down value of silver U.S. coins. The coinage act of 1965
authorized a change in the metallic composition of the three U.S. subsidiary denominations to clad or
composite type coins. Thiswasthe first change in U.S. coinage since the monetary system was
established in 1792. Clad dimes and quarters are made of an outer layer of 75% Cu and 25% Ni bonded
to acentral core of pure Cu. The composition of the one- and five-cent pieces remains unchanged.
One-cent coins are 95% Cu and 5% Zn. Five-cent coins are 75% Cu and 25% Ni. Old silver dollars are
90% Ag and 10% Cu. Earlier subsidiary coins of 90% Ag and 10% Cu officially wereto circulate
alongside the old coins, however, in practice they have largely disappeared (Gresham's Law), as the
value of the silver is now greater than their exchange value. Silver coins of other countries have largely
been replaced with coins made of other metals. On June 24, 1968, the U.S. Government ceased to redeem
U.S. Silver Certificates with silver. Since that time, the price of silver has fluctuated widely. As of
January 1990, the price of silver was about $5.25/troy oz.; however, the price has fluctuated considerably
due to market instability.
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Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Nickel

Periodic Table

£ Nickel

For coins.

|Atomic Number: | 28
|Atomic Symbol: | Ni
|Atomic Weight: | 58.70
|Electron Configuration: |[Ar]4s23d8

History

(German Nickel, Satan or Old Nick's and from kupfernickel, Old Nick's copper) Cronstedt discovered
nickel in 1751 in kupfernickel (niccolite).

Sources

Nickel isfound as a constitutent in most meteorites and often serves as one of the criteriafor
distinguishing a meteorite from other minerals. Iron meteorites, or siderites, may contain iron alloyed

with from 5 percent to nearly 20 percent nickel. Nickel is obtained commercially from pentlandite and
pyrrhotite of the Sudbury region of Ontario, adistrict that produces about 30 percent of the world's
supply of nicke.

Other deposits are found in New Caledonia, Australia, Cuba, Indonesia, and elsewhere.

Properties

Nickel is silvery white and takes on ahigh polish. It is hard, malleable, ductile, somewhat ferromagnetic,
and afair conductor of heat and electricity. It belongsto the iron-cobalt group of metals and is chiefly
valuable for the alloys it forms.

Uses

It is extensively used for making stainless steel and other corrosion-resistant alloys such as Invar(R),
Monel(R), Inconel(R), and the Hastelloys(R). Tubing made of copper-nickel alloy is extensively used in
making desalination plants for converting sea water into fresh water.

Nickel, used extensively to make coins and nickel steel for armor plates and burglar-proof vaults, and is
also acomponent in Nichrome(R), Permalloy(R), and constantan.
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Nickel gives glass a greenish color. Nickel plating is often used to provide a protective coating for other
metals, and finely divided nickel is a catalyst for hydrogenating vegetable oils. It isalso used in ceramics,
in the manufacture of Alnico magnets, and in the Edison(R) storage battery.

Isotopes

The sulfate and the oxides are important compounds. Natural nickel isamixture of five stable isotopes,
nine other unstable isotopes are known.

Handling

Exposure to nickel metal and soluble compounds (as Ni) should not exceed 0.05 mg/cms (8-hour
time-weighted average - 40-hour work week). Nickel sulfide fume and dust is recognized as being
potentially carcinogenic.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Chromium

Periodic Table

<5%3’Chromium

For plating for cars.

|Atomic Number: | 24
|Atomic Symbol: | Cr
|Atomic Weight: | 51.99
|Electron Configuration: |[Ar]4sL3d®

History

(Gr. chroma, color) Discovered in 1797 by Vauquelin, who prepared the metal the next year, chromium
Is asteel-gray, lustrous, hard metal that takes a high polish.

Sources

The principal oreis chromite, which isfound in Zimbabwe, Russia, Transvaal, Turkey, Iran, Albania,
Finland, Democratic Republic of Madagascar, and the Phillippines. The metal is usually produced by
reducing the oxide with aluminum.

Uses

Chromium is used to harden steel, to manufacture stainless steel, and to form many useful aloys. Much
Isused in plating to produce a hard, beautiful surface and to prevent corrosion. Chromium gives glass an
emerald green color and iswidely used as a catalyst.

The refractory industry has found chromite useful for forming bricks and shapes, asit has a high melting
point, moderate thermal expansion, and stability of crystalline structure.

Compounds

All compounds of chromium are colored; the most important are the chromates of sodium and potassium
and the dichromates and the potassium and ammonium chrome alums. The dichromates are used as
oxidizing agents in quantitative analysis, also in tanning leather.

Other compounds are of industrial value; lead chromate is chrome yellow, avalued pigment. Chromium
compounds are used in the textile industry as mordants, and by the aircraft and other industries for
anodizing auminum.

http://pearll.lanl.gov/periodic/elements/24.html (1 of 2) [5/17/2001 4:06:29 PM]



Chromium

Handling

Chromium compounds are toxic and should be handled with proper safeguards.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Vanadium

Periodic Table

%anadium

... For tools

=

|Atomic Number : | 23
|Atomic Symbol: Y
|Atomic Weight: | 50.9414
|Electron Configuration: |[Ar]4s23d3

History

(Scandinavian goddess, Vanadis) Vanadium was first discovered by del Rio in 1801. Unfortunately, a
French chemist incorrectly declared that del Rio's new element was only impure chromium. Del Rio

thought himself to be mistaken and accepted the French chemists's statement.

The element was rediscovered in 1830 by Sefstrom, who named the element in honor of the
Scandinavian goddess, Vanadis, because of its beautiful multicolored compounds. It was isolated in
nearly pure form by Roscoe, in 1867, who reduced the chloride with hydrogen.

Vanadium of 99.3 to 99.8% purity was not produced until 1922,

Sources

Vanadium is found in about 65 different minerals among which are carnotite, roscoelite, vanadinite, and
patronite, important sources of the metal. Vanadium is also found in phosphate rock and certain iron
ores, and is present in some crude oilsin the form of organic complexes. It is aso found in small
percentages in meteorites.

Commercia production from petroleum ash holds promise as an important source of the element.
High-purity ductile vanadium can be obtained by reduction of vanadium trichloride with magnesium or

with magnesium-sodium mixtures.

Much of the vanadium metal being produced is now made by calcium reduction of V20s in a pressure
vessel, an adaption of a process developed by McKechnie and Seybair.

Isotopes

Natural vanadium is a mixture of two isotopes, 50V (0.24%) and 51V (99.76%). 50V is dlightly
radioactive, having a half-life of > 3.9 x 1017 years. Nine other unstable isotopes are recognized.
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Vanadium

Properties

Pure vanadium is a bright white metal, and is soft and ductile. It has good corrosion resistance to akalis,
sulfuric and hydrochloric acid, and salt water, but the metal oxidizes readily above 660.C.

The metal has good structural strength and alow fission neutron cross section, making it useful in
nuclear applications.

Uses

Vanadium is used in producing rust resistant and high speed tools steels. It is an important carbide
stabilizer in making steels.

About 80% of the vanadium now produced is used as ferrovanadium or as a steel additive. Vanadium foil
Is used as a bonding agent in cladding titanium to steel. Vanadium pentoxide is used in ceramicsand as a
catalyst.

It is aso used to produce a superconductive magnet with afield of 175,000 gauss.

Handling

Vanadium and its compounds are toxic and should be handled with care. The maximum allowable
concentration of V20s dust in air is about 0.05 (8-hour time-weighted average - 40-hour week).

Costs

Ductile vanadium is commercially available. Commercial vanadium metal, of about 95% purity, costs
about $20/1b. Vanadium (99.9%) costs about $100/0z.

Isotopes

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Yttrium

Periodic Table

Yttrium

For color TV screens.

|Atomic Number: | 39
|Atomic Symbol: Y
|Atomic Weight: | 88.9059
|Electron Configuration: |[Kr]5sL4d!

History

(Ytterby, avillage in Sweden near Vauxholm) Yttria, which is an earth containing yttrium, was
discovered by Gadolinin 1794. Ytterby isthe site of a quarry which yielded many unusual minerals
containing rare earths and other elements. This small town, near Stockholm, bears the honor of giving
names to erbium, terbium, and ytterbium as well as yttrium.

In 1843 Mosander showed that yttira could be resolved into the oxides (or earths) of three elements. The
name yttria was reserved for the most basic one; the others were named erbia and terbia.

Sources

Yttrium occursin nearly all of the rare-earth minerals. Analysis of lunar rock samples obtained during
the Apollo missions show arelatively high yttrium content.

It is recovered commercially from monazite sand, which contains about 3%, and from bastnasite, which
contains about 0.2%. Wohler obtained the impure element in 1828 by reduction of the anhydrous
chloride with potassium. The metal is now produced commercially by reduction of the fluoride with
calcium metal. It can also be prepared by other techniques.

Properties

Yttrium has asilver-metallic luster and isrelatively stablein air. Turnings of the metal, however, ignite
inair if their temperature exceeds 400.C. Finely divided yttrium isvery unstablein air.

Uses

Yttrium oxide is one of the most important compounds of yttrium and accounts for the largest use. It is
widely used in making YV Os europium, and Y 203 europium phosphors to give the red color in color
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television tubes. Many hundreds of thousands of pounds are now used in this application.
Yttrium oxide also is used to produce yttrium-iron-garnets, which are very effective microwave filters.

Yttrium iron, aluminum, and gadolinium garnets, with formulas such as Y sFesO12 and Y 3AlsO12, have
interesting magnetic properties. Yttrium iron garnet is also exceptionally efficient as both a transmitter
and transducer of acoustic energy. Y ttrium aluminum garnet, with a hardness of 8.5, isalso finding use
as a gemstone (simulated diamond).

Small amounts of yttrium (0.1 to 0.2%) can be used to reduce the grain size in chromium, molybdenum,
zirconium, and titanium, and to increase strength of aluminum and magnesium alloys.

Alloys with other useful properties can be obtained by using yttrium as an additive. The metal can be
used as a deoxidizer for vanadium and other nonferrous metals. The metal has alow cross section for
nuclear capture. 90Y, one of the isotopes of yttrium, existsin equilibrium with its parent 90Sr, a product
of nuclear explosions. Y ttrium has been considered for use as a nodulizer for producing nodular cast iron,
in which the graphite forms compact nodules instead of the usual flakes. Such iron has increased
ductility.

Yttrium is aso finding application in laser systems and as a catalyst for ethylene polymerization.

It also has potential use in ceramic and glass formulas, as the oxide has a high melting point and imparts
shock resistance and low expansion characteristics to glass.

Isotopes

Natural yttrium contains but one isotope, 89Y . Nineteen other unstable isotopes have been characterized.

Costs

Yttrium metal of 99.9% purity is commercially available at a cost of about $75/0z.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Titanium

Periodic Table

m?%Titanium

. For expensive tools

=

|Atomic Number : I
|Atomic Symbol: | Ti
|Atomic Weight: | 47.90
|Electron Configuration: |[Ar]4s23d?

History

(L. titans, the first sons of the Earth, mythology)

Discovered by Gregor in 1791; named by Klaproth in 1795. Impure titanium was prepared by Nilson and
Pettersson in 1887; however, the pure metal (99.9%) was not made until 1910 by Hunter by heating
TiCla with sodium in a steel bomb.

Sources

Titanium is present in meteorites and in the sun. Rocks obtained during the Apollo 17 lunar mission
showed presence of 12.1% TiO2 and rocks obtained during earlier Apollo missions show lower
percentages.

Titanium oxide bands are prominent in the spectra of M-type stars. The element is the ninth most
abundant in the crust of the earth. Titanium is almost always present in igneous rocks and in the
sediments derived from them.

It occurs in the minerals rutile, ilmenite, and sphene, and is present in titanates and in many iron ores.
Titanium is present in the ash of coal, in plants, and in the human body.

The metal was alaboratory curiosity until Kroll, in 1946, showed that titanium could be produced
commercialy by reducing titanium tetrachloride with magnesium. This method is largely used for

producing the metal today. The metal can be purified by decomposing the iodide.

Properties

Titanium, when pure, is alustrous, white metal. It has alow density, good strength, is easily fabricated,
and has excellent corrosion resistance. It is ductile only when it is free of oxygen. The metal, which

burnsin air, isthe only element that burnsin nitrogen.
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Titanium

Titanium is resistant to dilute sulfuric and hydrochloric acid, most organic acids, most chlorine gas, and
chloride solutions.

Natural titanium is reported to become very radioactive after bombardment with deuterons. The emitted
radiations are mostly positrons and hard gammarays. The metal is dimorphic. The hexagonal alphaform
changes to the cubic betaform very slowly at about 880.C. The metal combines with oxygen at red heat,
and with chlorine at 5500C.

Titanium metal is considered to be physiologically inert. When pure, titanium dioxide isrelatively clear
and has an extremely high index of refraction with an optical dispersion higher than diamond.

Isotopes

Natural titanium consists of five isotopes with atomic masses from 46 to 50. All are stable. Eight other
unstable isotopes are known.

Uses

Titanium isimportant as an alloying agent with aluminum, molybdenum, manganese, iron, and other

metals. Alloys of titanium are principally used for aircraft and missiles where lightweight strength and
ability to withstand extremes of temperature are important.

Titanium is as strong as steel, but 45% lighter. It is 60% heavier than aluminum, but twice as strong.

Titanium has potential use in desalination plants for converting sea water into fresh water. The metal has
excellent resistance to sea water and is used for propeller shafts, rigging, and other parts of ships exposed
to salt water. A titanium anode coated with platinum has been used to provide cathodic protection from
corrosion by salt water.

It is produced artificially for use as agemstone, but it isrelatively soft. Star sapphires and rubies exhibit
their asterism as aresult of the presence of TiO2.

Titanium dioxide is extensively used for both house paint and artist's paint, because it is permanent and
has good covering power. Titanium oxide pigment accounts for the largest use of the element. Titanium
paint is an excellent reflector of infrared, and is extensively used in solar observatories where heat causes
poor seeing conditions.

Titanium tetrachloride is used to iridize glass. This compound fumes strongly in air and has been used to
produce smoke screens.

Costs

The price of titanium metal powder (99.95%) is about $100/Ib.
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Titanium

Isotopes available at Los Alamos National
Laboratory

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Molybdenum

Periodic Table

<5%3’Molybdenum

For filament in electric heaters.

|Atomic Number: | 42
|Atomic Symbol: | Mo
|Atomic Weight: | 95.94
|Electron Configuration: |[Kr]5sL4d®

History

(Gr. molybdos, lead) Before Scheele recognized molybdenite as a distinct ore of anew element in 1778,
it was confused with graphite and lead ore. The metal was prepared as an impure form in 1782 by Hjelm.
Molybdenum does not occur native, but is obtained principally from molybdenite. Wulfenite, and
Powellite are a'so minor commercia ores.

Sources

Molybdenum is also recovered as a by-product of copper and tungsten mining operations. The metal is
prepared from the powder made by the hydrogen reduction of purified molybdic trioxide or ammonium
molybdate.

Properties

The metal is silvery white, very hard, but is softer and more ductile than tungsten. It has a high elastic
modulus, and only tungsten and tantalum, of the more readily available metals, have higher melting
points. It isavaluable alloying agent, as it contributes to the hardenability and toughness of quenched
and tempered steels. It a'so improves the strength of steel at high temperatures.

Uses

It isused in certain nickel-based alloys, such as the "Hastelloys(R)" which are heat-resistant and
corrosion-resistant to chemical solutions. Molybdenum oxidizes at €l evated temperatures. The metal has
found recent application as electrodes for electrically heated glass furnaces and foreheaths. The metal is
also used in nuclear energy applications and for missile and aircraft parts. Molybdenum isvaluable as a
catalyst in the refining of petroleum. It has found applications as a filament material in electronic and
electrical applications. Molybdenum is an essentia trace element in plant nutrition. Some lands are
barren for lack of this element in the soil. Molybdenum sulfide is useful as a lubricant, especialy at high
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Molybdenum

temperatures where oils would decompose. Almost al ultra-high strength steels with minimum yield
points up to 300,000 psi(lb/in.2) contain molybdenum in amounts from 0.25 to 8%.

Isotope

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Common Isotopes

Common Isotopes

: Ci/L to ppm|ppm to Ci/L
|Ac-227  [72.9 I1L37E+01  [7.29E-02
|Ac-228  [2.24E+06 |[4.46E-04  [2.24E+03
|/Am-241 |3.24E+00 [3.09E+02  [3.24E-03
|/Am-242m|[9.72E+00 [1.03E+02  |9.72E-03
|/Am-242 [8.09E+05 [1.24E-03  [8.09E+02
|/Am-243 |1.85E-01 [5.41E+03  |1.85E-04
|/Am-244 |1.27E+06 [7.87E-04  |1.27E+03
Ba-131  [8.31E+04 [1.20E-02  [8.31E+01
Ba-140  [7.29E+04>[1.37E-02  [7.29E+01
ICd-109  [2.64E+03 [3.79E-01  |2.64E+00
/Cd-115m [2.60E+04 [3.85E-02  [2.60E+01
ICd-115 [5.09E+05 [1.96E-03  [5.09E+02
ICs-137 |87 I1.156E+01  [8.70E-02
ICs-138  [4.20E+07 [2.38E-05  |4.20E+04
ICo-157 (8480 I1.18E-01  |8.48E+00
ICo-60  [1133 18.83E-01  |1.13E+00
IM0-99  |4.75E+05 [2.11E-03  [4.75E+02
INp-237  [7.05E-04 |1.42E+06  |7.05E-07
INp-239  [2.33E+05 [4.29E-03  [2.33E+02
IPu-238  [17.4 5.75E+01  [1.74E-02
IPu-239  [0.0614  [1.63E+04  |6.14E-05
IPu-240  |0.226 [4.42E+03  |2.26E-04
Pu-241  |112 18.93E+00  [1.12E-01
IPu-242  [3.90E-03 [2.56E+05  |3.90E-06
IPu-243  [2.59E+06 [3.86E-04  [2.59E+03
IPu-244  |1.90E-05 |[5.26E+07  |1.90E-08
ISr-89  |2.78E+04 [3.60E-02  [2.78E+01
ISr-90  [143 6.99E+0  |1.4E-01
|U-235  |2.10E-06 |[4.76E+08  |2.10E-09
|U-238  [3.33E-07 [3.00E+09  |3.33E-10
— e i e — i — e — — i —

Last Updated: 8/5/99

http://pearll.lanl.gov/periodic/commonis.html [5/17/2001 4:06:31 PM]



Mercury

Periodic Table

>

Mercury

For thermometers.

IAtomic Number: | 80

|Atomic Symbol: | Hg
\/ |Atomic Weight: | 200.59

|[Electron Configuration: |[X €] 62414510

History

(Planet Mercury) Known to ancient Chinese and Hindus; found in Egyptian tombs of 1500 B.C. Mercury
isthe only common metal liquid at ordinary temperatures. It only rarely occurs free in nature. The chief
oreiscinnabar, Spain and Italy produce about 50% of the world's supply of the metal. The commercial
unit for handling mercury is the "flask,” which weighs 76 Ib. The metal is obtained by heating cinnabar
inacurrent of air and by condensing the vapor. It is a heavy, silvery-white metal; a rather poor conductor
of heat, as compared with other metals, and a fair conductor of electricity. It easily forms alloys with
many metals, such as gold, silver, and tin, which are called amagams. Its ease in amalgamating with
gold is made use of in the recovery of gold from its ores. The most important salts are mercury chloride
(corrosive sublimate - aviolent poison), mercurous chloride (calomel, occasionally still used in
medicine), mercury fulminate, a detonator widely used in explosives, and mercuric sulfide (vermilion, a
high-grade paint pigment). Organic mercury compounds are important. It has been found that an
electrical discharge causes mercury vapor to combine with neon, argon, krypton, and xenon. These
products, held together with van der Waals forces, correspond to HgNe, HgAr, HgKr, and HgXe.
Mercury isavirulent poison and is readily absorbed through the respiratory tract, the gastrointestinal
tract, or through unbroken skin. It acts as a cumulative poison and dangerous levels are readily attained
inair. Air saturated with mercury vapor at 20C contains a concentration that exceeds the toxic limit many
times. The danger increases at higher temperatures. It is therefore important that mercury be handled
with care. Containers of mercury should be securely covered and spillage should be avoided. If itis
necessary to heat mercury or mercury compounds, it should be done in a well-ventilated hood. Methyl
mercury is a dangerous pollutant and is now widely found in water and streams. The triple point of
mercury, -38.8344C, is afixed point on the International Temperature Scale (1TS-90).

Uses

The metal iswidely used in laboratory work for making thermometers, barometers, diffusion pumps, and
many other instruments. It is used in making mercury-vapor lamps and advertising signs, etc. and is used
in mercury switches and other electronic apparatus. Other uses are in making pesticides, cercury cells for
caustic soda and chlorine production, dental preparations, anti-fouling paint, batteries, and catalysts.
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Mercury

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Cobalt

Periodic Table

@ Cobalt
G

%  For permanent magnets.

|Atomic Number: |27
|Atomic Symbol: | Co
|Atomic Weight: | 58.9332
|Electron Configuration: [[Ar]4s23d’

History

(Kobald, from the German, goblin or evil spirit, cobalos, Greek, mine) Brandt discovered cobalt in about
1735.

Sources

Cobalt occursin the minerals cobaltite, smaltite, and erythrite, and is often associated with nickel , silver
, lead , copper , and iron ores, from which it is most frequently obtained as a by-product. It is also present
In meteorites.

Important ore deposits are found in Zaire, Morocco, and Canada. The U.S. Geological Survey has
announced that the bottom of the north central Pacific Ocean may have cobalt-rich deposits at relatively
shallow depths in water close to the the Hawaiian Ilands and other U.S. Pacific territories.

Properties

Cobalt is a brittle, hard metal, resembling iron and nickel in appearance. It has a metallic permeability of
about two thirds that of iron. Cobalt tends to exist as a mixture of two allotropes over a wide temperature
range. The transformation is sluggish and accountsin part for the wide variation in reported data on
physical properties of cobalt.

Uses

It is alloyed with iron, nickel and other metals to make Alnico, an alloy of unusual magnetic strength
with many important uses. Stellite alloys, containing cobalt, chromium , and tungsten , are used for

high-speed, heavy-duty, high temperature cutting tools, and for dies.
Cobalt is also used in other magnetic steels and stainless steels, and in alloys used in jet turbines and gas
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Cobalt
turbine generators. The metal is used in electroplating because of its appearance, hardness, and resistance
to oxidation.

The salts have been used for centuries to produce brilliant and permanent blue colors in porcelain, glass,
pottery, tiles, and enamels. It is the principal ingredient in Sevre's and Thenard's blue. A solution of the
chloride is used as a sympathetic ink. Cobalt carefully used in the form of the chloride, sulfate, acetate, or
nitrate has been found effective in correcting a certain mineral deficiency disease in animals.

Soils should contain 0.13 to 0.30 ppm of cobalt for proper animal nutrition.

Isotope

Cobalt-60, an artificial isotope, is an important gamma ray source, and is extensively used as atracer and
a radiotherapeutic agent.

Costs

Single compact sources of Cobalt-60 vary from about $1 to $10/curie, depending on quantity and specific
activity.

Handling

Exposure to cobalt (metal fumes and dust) should be limited to 0.05 mg/msz (8-hour time-weighted
average 40-hour week).

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Lead

Periodic Table

<5%3’Lead

For batteries.

|Atomic Number: | 82
|Atomic Symbol: | Pb
|Atomic Weight: | 207.2
|Electron Configuration: |[X ] 6s?4f1450106p2

History

(Anglo-Saxon lead; L. plumbum) Long known, mentioned in Exodus. The alchemists believed lead to be
the oldest metal and associated with the planet Saturn. Native lead occursin nature, but it israre.

Sources

Lead is obtained chiefly from galena (PbS) by aroasting process. Anglesite, cerussite, and minim are
other common lead minerals.

Properties

Lead isabluish-white metal of bright luster, is very soft, highly malleable, ductile, and a poor conductor
of electricity. It isvery resistant to corrosion; lead pipes bearing the insignia of Roman emperors, used as
drains from the baths, are still in service. It is used in containers for corrosive liquids (such as sulfuric
acid) and may be toughened by the addition of a small percentage of antimony or other metals.

Forms

Natural lead isamixture of four stable isotopes: 204Pb (1.48%), 206Pb (23.6%), 207Pb (22.6%), and
208Pb (52.3%). Lead isotopes are the end products of each of the three series of naturally occurring
radioactive elements. 206Pb for the uranium series, 207Pb for the actinium series, and 208Pb for the
thorium series. Twenty seven other isotopes of lead, al of which are radioactive, are recognized.

Its aloys include solder, type metal, and various antifriction metals. Great quantities of lead, both as the
metal and as the dioxide, are used in storage batteries. Much metal also goes into cable covering,
plumbing, ammunition, and in the manufacture of lead tetraethyl.
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Lead

Uses

The metal is very effective as a sound absorber, is used as a radiation shield around X-ray equipment and
nuclear reactors, and is used to absorb vibration. White lead, the basic carbonate, sublimed white lead,
chrome yellow, and other lead compounds are used extensively in paints, although in recent years the use
of lead in paints has been drastically curtailed to eliminate or reduce health hazards.

Lead oxideis used in producing fine "crystal glass' and "flint glass" of a high index of refraction for
achromatic lenses. The nitrate and the acetate are soluble salts. L ead salts such as |ead arsenate have been
used as insecticides, but their use in recent years has been practically eliminated in favor of less harmful
organic compounds.

Handling

Care must be used in handling lead asit is a cumulative poison. Environmental concerns with lead
poisoning has resulted in anational program to eliminate the lead in gasoline.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Gallium

Periodic Table

S Gallium

sFor computer memory.

b |Atomic Number: | 31
.......... :|Atomic Symbol: | Ga
|Atomic Weight: | 69.72
88 Electron Configuration: |[Ar]4s?3d104pl

History

(L. Gallia, France; dso from Latin, gallus, atransation of Lecoq, a cock) Predicted and described by
Mendeleev as ekaaluminum, and discovered spectroscopically by Lecoq de Boisbaudran in 1875, who in
the same year obtained the free metal by electrolysis of a solution of the hydroxide in KOH.

sSources

Gallium is often found as a trace element in diaspore, sphalerite, germanite, bauxite, and coal. Some flue
dusts from burning coal have been shown to contain as much 1.5 percent gallium.

Properties

It is one of four metals -- mercury , cesium , and rubidium -- which can be liquid near room temperature

and, thus, can be used in high-temperature thermometers. It has one of the longest liquid ranges of any
metal and has alow vapor pressure even at high temperatures.

There isastrong tendency for gallium to supercool below its freezing point. Therefore, seeding may be
necessary to initiate solidification.

Ultra-pure gallium has a beautiful, silvery appearance, and the solid metal exhibits a conchoidal fracture
similar to glass. The metal expands 3.1 percent on solidifying; therefore, it should not be stored in glass
or metal containers, because they may break as the metal solidifies.

High-purity gallium is attacked only slowly by mineral acids.
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Uses

Gallium wets glass or porcelain and forms a brilliant mirror when it is painted on glass. It iswidely used
in doping semiconductors and producing solid-state devices such as transistors.

Magnesium gallate containing divalent impurities, such as Mn+2, isfinding use in commercial
ultraviolet-activated powder phosphors. Gallium arsenide is capable of converting electricity directly into
coherent light. Gallium readily alloys with most metals, and has been used as a component in
low-melting aloys.

Handling

Its toxicity appears to be of alow order, but should be handled with care until more datais available.

Costs

The metal can be supplied in ultra pure form (99.99999+%). The cost is about $3/g.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Cesium

Periodic Table

<5%?Cesium

For photoelectric cells.

|Atomic Number: | 55
|Atomic Symbol: | Cs
|Atomic Weight: 1132.9054
|Electron Configuration: | [Xe]6st

History

(L. caesius, sky blue) Cesium was discovered spectroscopically by Bunsen and Kirchhoff in 1860 in
mineral water from Durkheim.

Sources

Cesium, an akali metal, occursin lepidolite, pollucte (a hydrated silicate of aluminum and cesium), and
in other sources. One of the world's richest sources of cesium islocated at Bernic Lake, Manitoba. The
deposits are estimated to contain 300,000 tons of pollucite, averaging 20% cesium.

It can be isolated by elecytrolysis of the fused cyanide and by a number of other methods. Very pure,
gas-free cesium can be prepared by thermal decomposition of cesium azide.

Properties

The metal is characterized by a spectrum containing two bright lines in the blue along with several others
in the red, yellow, and green. It is silvery white, soft, and ductile. It is the most electropositive and most
alkaline element.

Cesium, gallium, and mercury are the only three metals that are liquid at room temperature. Cesium

reacts explosively with cold water, and reacts with ice at temperatures above -116C. Cesium hydroxide,
the strongest base known, attacks glass.

Uses

Because of it has great affinity for oxygen, the metal is used as a"getter" in electron tubes. It is also used
in photoelectric cells, aswell as a catalyst in the hydrogenation of certain organic compounds.

The metal has recently found application in ion propulsion systems. Cesium is used in atomic clocks,
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which are accurate to 5 sin 300 years. Its chief compounds are the chloride and the nitrate.

Isotope

Cesium has more isotopes than any element--32--with masses ranging from 114 to 145.

Costs

The present price of cesium is about $30/g.

Sources:. CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Rubidium

Periodic Table

‘, Rubidium

>
:& “% For heart muscle research.

|Atomic Number: | 37
|Atomic Symbol: | Rb
|Atomic Weight: 85.4678
|Electron Configuration: |[Kr]5st

History

(L. rubidus, deepest red) Discovered in 1861 by Bunsen and Kirchoff in the mineral lepidolite by use of
the spectroscope.

Sources

The element is much more abundant than was thought several years ago. It is now considered to be the
16th most abundant element in the earth's crust. Rubidium occurs in pollucite, leucite, and zinnwal dite,
which contains traces up to 1%, in the form of the oxide. It isfound in lepidolite to the extent of about
1.5%, and is recovered commercially from this source. Potassium minerals, such as those found at
Searles Lake, California, and potassium chloride recovered from the brines in Michigan also contain the
element and are commercial sources. It is also found along with cesium in the extensive deposits of
pollucite at Bernic Lake, Manitoba.

Properties

Rubidium can be liquid at room temperature. It is a soft, silvery-white metallic element of the alkali
group and is the second most electropositive and alkaline element. It ignites spontaneously in air and
reacts violently in water, setting fire to the liberated hydrogen. Aswith other akali metals, it forms
amalgams with mercury and it alloys with gold, cesium, sodium, and potassium. It colors aflame
yellowish violet. Rubidium metal can be prepared by reducing rubidium chloride with calcium, and by a
number of other methods. It must be kept under adry mineral oil or in avacuum or inert atmosphere.

Isotopes

Twenty four isotopes of rubidium are known. Naturally occurring rubidium is made of two isotopes,
85Rb and 87Rb. Rubidium-87 is present to the extent of 27.85% in natural rubidium and is a beta emitter
with a half-life of 4.9 x 1010 years. Ordinary rubidium is sufficiently radioactive to expose a photographic
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film in about 30 to 60 days. Rubidium forms four oxides. Rb20, Rb202, Rb203, Rb20a.

Uses

Because rubidium can be easily ionized, it has been considered for usein "ion engines' for space
vehicles; however, cesium is somewhat more efficient for this purpose. It is also proposed for use asa
working fluid for vapor turbines and for use in a thermoel ectric generator using the
magnetohydrodynamic principle where rubidium ions are formed by heat at high temperature and passed
through a magnetic field. These conduct electricity and act like an amature of a generator thereby
generating an electric current. Rubidium is used as a getter in vacuum tubes and as a photocell
component. It has been used in making special glasses. RbAgals isimportant, as it has the highest room
conductivity of any known ionic crystal. At 200C its conductivity is about the same as dilute sulfuric
acid. This suggests use in thin film batteries and other applications.

Cost

The present cost in small quantitiesis about $25/g.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.

Last Updated: 12/19/97, CST Information Services Team
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Germanium

Periodic Table

<5%?(39rmanium

For wide-angle lenses.

|Atomic Number: | 32
|Atomic Symbol: | Ge
|Atomic Weight: | 72.59
|Electron Configuration: [[Ar]4s?3d104p2

History

(Latin Germania, Germany) Mendeleev predicted the existence of Germanium in 1871 as ekasilicon, and
the element was discovered by Winkler in 1886.

Sources

The metal isfound in
« argyrodite, asulfide of germanium and silver ;

« germanite, which contains 8 percent of the element;
e ZiNC Ores;
 coal; and
« Other minerals.
The element is commercially obtained from the dusts of smelters processing zinc ores, aswell as

recovered from combustion by-products of certain coals. A large reserve of the elements for future uses
ininsured in coal sources.

Germanium can be separated from other metals by fractional distillation of its volatile tetrachloride. The
techniques permit the production of germanium of ultra-high purity.

Properties

The element is a gray-white metalloid. In its pure state, the element is crystalline and brittle, retaining its
luster in air at room temperature. It is avery important semiconductor material. Zone-refining techniques
have led to production of crystalline germanium for semiconductor use with an impurity of only one part
in 10ao0.
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Germanium

Uses

When germanium is doped with arsenic , gallium , or other elements, it is used as atransistor element in
thousands of electronic applications. The most common use of germanium is as a semiconductor.
Germanium is also finding many other applications including use as an aloying agent, as a phosphor in
fluorescent lamps, and as a catalyst.

Germanium and germanium oxide are transparent to the infrared and are used in infrared spectroscopes
and other optical equipment, including extremely sensitive infrared detectors.

The high index of refraction and dispersion properties of its oxide's have made germanium useful asa
component of wide-angle camera lenses and microscope objectives.

Thefield of organogermanium chemistry is becoming increasingly important. Certain germanium
compounds have alow mammalian toxicity, but a marked activity against certain bacteria, which makes
them useful as chemotherapeutic agents.

Costs

The cost of germanium is about $3/g.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Arsenic

Periodic Table

<% Arsenic

e

& oo

' 1"“?%;” For LEDSs.
IAtomic Number: | 33
|Atomic Symbol: | As
|Atomic Weight: | 749216
|[Electron Configuration: |[Ar]4s?3d104p3

History

(L. arsenicum, Gr. arsenikon, yellow orpiment, identified with arenikos, male, from the belief that metals
were different sexes; Arabic, Az-zernikh, the orpiment from Persian zerni-zar, gold) Elemental arsenic
occursin two solid modifications: yellow, and gray or metallic, with specific gravities of 1.97, and 5.73,
respectively. It is believed that Albertus Magnus obtained the element in 1250 A.D. In 1649 Schroeder
published two methods of preparing the element. Mispickel, arsenopyrite, (FESAS) is the most common
mineral from which, on heating, the arsenic sublimes |eaving ferrous sulfide.

Properties

The element is asteel gray, very brittle, crystalline, semimetallic solid; it tarnishesin air, and when
heated is rapidly oxidized to arsenous oxide with the odor of garlic. Arsenic and its compounds are
]pOi SONOUS.

Uses

Arsenicis used in bronzing, pyrotechny, and for hardening and improving the sphericity of shot. The
most important compounds are white arsenic, the sulfide, Paris green, calcium arsenate, and lead
arsenate; the last three have been used as agricultural insecticides and poisons. Marsh's test makes use of
the formation and ready decomposition of arsine. Arsenic isfinding increasing uses as a doping agent in
solid-state devices such as transistors. Gallium arsenide is used as alaser material to convert electricity
directly into coherent light.

Sources. CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Selenium

Periodic Table

.. .Selenium

-
1 -

For copy machines.

- IAtomic Number: | 34
|Atomic Symbol: | Se
|Atomic Weight: | 78.96
[Electron Configuration: |[Ar]4s23d104p4

History

(Gr. Selene, moon) Discovered by Berzeliusin 1817, who found it associated with tellurium, named for
the earth.

Production

Selenium isfound in afew rare minerals such as crooksite and clausthalite. In years past it has been
obtained from flue dusts remaining from processing copper sulfide ores, but the anode metal from
electrolytic copper refineries now provide the source of most of the world's selenium. Selenium is
recovered by roasting the muds with soda or sulfuric acid, or by smelting them with soda and niter.

Properties

Selenium existsin severa alotropic forms. Three are generally recognized, but as many as that have
been claimed. Selenium can be prepared with either an amorphous or crystalline structure. The color of
amorphous selenium is either red, in powder form, or black, in vitreous form. Crystalline monoclinic
selenium is a deep red; crystalline hexagonal selenium, the most stable variety, isametallic gray.

Selenium exhibits both photovoltaic action, where light is converted directly into electricity, and
photoconductive action, where the electrical resistance decreases with increased illumination. These
properties make selenium useful in the production of photocells and exposure meters for photographic
use, aswell as solar cells. Selenium is also able to convert a.c. electricity to d.c., and is extensively used
in rectifiers. Below its melting point selenium is a p-type semiconductor and is finding many usesin
electronic and solid-state applications.

Elemental selenium has been said to be practically nontoxic and is considered to be an essential trace
element; however, hydrogen selenide and other selenium compounds are extremely toxic, and resemble
arsenic in their physiological reactions.
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Selenium

Isotopes

Naturally selenium contains six stable isotopes. Fifteen other isotopes have been characterized. The
element is amember of the sulfur family and resembles sulfur both inits variousforms and in its
compounds.

Uses

Selenium is used in Xerography for reproducing and copying documents, letters, etc. It is used by the
glass industry to decolorize glass and to make ruby-colored glasses and enamels. It isalso used asa
photographic toner, and as an additive to stainless steel.

Handling

Hydrogen selenide in a concentration of 1.5 ppm isintolerable to man. Selenium occurs in some solid in
amounts sufficient to produce serious effects on animals feeding on plants, such as locoweed, grownin
such soils. Exposure to selenium compounds (as Se) in air should not exceed 0.2 mg/ms (8-hour
time-weighted average - 40-hour week).

Cost

Selenium is priced at about $300/1b. It is also available in high-purity form at a somewhat higher cost.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Bromine

Periodic Table

Bromine

For photographic film.

|Atomic Number: | 35
|Atomic Symbol: | Br
|Atomic Weight: | 79.904
|Electron Configuration: [[Ar]4s?3d104p5

History

(Gr. bromos, stench) Discovered by Balard in 1826, but not prepared in quantity until 1860.

Sources

A member of the halogen group of elements, it is obtained from natural brines from wellsin Michigan
and Arkansas. Little bromine is extracted today from seawater, which contains only about 85 ppm.

Properties

Bromineisthe only liquid nonmetallic element. It is aheavy, mobile, reddish-brown liquid, volatilizing
readily at room temperature to ared vapor with a strong disagreeable odor, resembling chlorine, and
having avery irritating effect on the eyes and throat; it isreadily soluble in water or carbon disulfide,
forming ared solution, isless active than chlorine but more so than iodine; it unites readily with many
elements and has a bleaching action; when spilled on the skin it produces painful sores. It presents a
serious health hazard, and maximum safety precautions should be taken when handling it.

Production

Much of the bromine output in the U.S. was used in the production of ethylene dibromide, alead
scavenger used in making gasoline antiknock compounds. Lead in gasoline, however, has been
drastically reduced, due to environmental considerations. Thiswill greatly affect future production of
bromine.
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Bromine

Uses

Bromine is used in making fumigants, flameproofing agents, water purification compounds, dyes,
medicinals, sanitizers, inorganic bromides for photography, etc. Organic bromides are aso important.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Krypton

Periodic Table

<5%?Krypton

For fluorescent bulbs.

|Atomic Number: | 36
|Atomic Symbol: | Kr
|Atomic Weight: | 8380
|Electron Configuration: [[Ar]4s?3d104p5

History

(Gr. kryptos, hidden) Discovered in 1898 by Ramsay and Traversin the residue left after liquid air had
nearly boiled away. In 1960 it was internationally agreed that the fundamental unit of length, the meter,
should be defined in terms of the orange-red spectral line of 86Kr. This replaced the standard meter of
Paris, which was defined in terms of abar made of a platinum-iridium alloy. In October 1983 the meter,
which originally was defined as being one ten millionth of a quadrant of the earth's polar circumference,
was again redefined by the International Bureau of Weights and Measures as being the length of a path
traveled by light in a vacuum during atime interval of 1/299,792,458 of a second.

Sources

Krypton is present in the air to the extent of about 1 ppm. The atmosphere of Mars has been found to
contain 0.3 ppm of krypton. Solid krypton is awhite crystalline substance with a face-centered cubic
structure which is common to all the "rare gases."

Properties

It isone of the "noble" gases. It is characterized by its brilliant green and orange spectral lines.

Isotopes

Naturally occurring krypton contains six stable isotopes. Seventeen other unstable isotopes are now
recognized. The spectral lines of krypton are easily produced and some are very sharp. While krypton is
generally thought of as arare gas that normally does not combine with other elements to form
compounds, it now appears that the existence of some krypton compounds is established. Krypton
difluoride has been prepared in gram quantities and can be made by several methods. A higher fluoride
of krypton and a salt of an oxyacid of krypton also have been reported. Molecule-ions of ArKr+ and
KrH+ have been identified and investigated, and evidence is provided for the formation of KrXe or

http://pearll.lanl.gov/periodic/elements/36.html (1 of 2) [5/17/2001 4:06:33 PM]



Krypton

KrXe+.

Uses

Krypton clathrates have been prepared with hydroquinone and phenol. 85Kr has found recent application
in chemical analysis. By imbedding the isotope in various solids, kryptonates are formed. The activity of
these kryptonates is sensitive to chemical reactions at the surface. Estimates of the concentration of
reactants are therefore made possible. Krypton is used in certain photographic flash lamps for high-speed
photography. Uses thus far have been limited because of its high cost. Krypton gas presently costs about
$30/1.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Strontium

Periodic Table

<5%3’Strontium

For nuclear batteriesin buoys.

|Atomic Number: | 38
|Atomic Symbol: | S
|Atomic Weight: | 87.62
|[Electron Configuration: |[Kr]5s2

History

(Strontian, town in Scotland) Isolated by Davey by electrolysisin 1808; however, Adair Crawford in
1790 recognized a new mineral (strontianite) as differing from other barium minerals.

Forms

Strontium is found chiefly as celestite and strontianite. The metal can be prepared by electrolysis of the
fused chloride mixed with potassium chloride, or is made by reducing strontium oxide with aluminum in
avacuum at atemperature at which strontium distills off. Three allotropic forms of the metal exist, with
transition points at 235 and 540.C.

Properties

Strontium is softer than calcium and decomposes in water more vigorously. It does not absorb nitrogen
below 3800C. It should be kept under kerosene to prevent oxidation. Freshly cut strontium has asilvery
appearance, but rapidly turns a yellowish color with the formation of the oxide. The finely divided metal
ignites spontaneoudly in air. Volatile strontium salts impart a beautiful crimson color to flames, and these
salts are used in pyrotechnics and in the production of flares. Natural strontium is amixture of four stable
I sotopes.

Isotopes

Sixteen other unstable isotopes are known to exist. Of greatest importance is 90Sr with a half-life of 29
years. It isaproduct of nuclear fallout and presents a health problem. Thisisotope is one of the best
long-lived high-energy beta emitters known, and is used in SNAP (Systems for Nuclear Auxilliary
Power) devices. These devices hold promise for use in space vehicles, remote weather stations,
navigational buoys, etc., where alightweight, long-lived, nuclear-electric power source is needed.
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Strontium

Uses

The major use for strontium at present isin producing glass for color television picture tubes. It has also
found use in producing ferrite magnets and in refining zinc. Strontium titanate is an interesting optical
material asit has an extremely high refractive index and an optical dispersion greater than that of
diamond. It has been used as a gemstone, but is very soft. It does not occur naturally.

Cost

Strontium metal (98% pure) in January 1990 cost about $5/0z.

Isotope

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Niobium

Periodic Table

> Niobium

For welding rods.

|Atomic Number: | 41
|Atomic Symbol: | Nb
|Atomic Weight: | 92.9064
|Electron Configuration: |[Kr]5sl4d4

History

(Niobe, daughter of Tantalus) Discovered in 1801 by Hatchett in an ore sent to England more than a
century before by John Winthrop the Y ounger, first governor of Connecticut. The metal wasfirst
prepared in 1864 by Blomstrand, who reduced the chloride by heating it in a hydrogen atmosphere. The
name niobium was adopted by the International Union of Pur and Applied Chemicstry in 1950 after 100
years of controversy. Many leading chemical societies and government organizations refer to it by this
name. Most metallurgists, leading metal societies, and all but one of the leading U.S. commercial
producers, however, still refer to the metal as " columbium.”

Sources

The element isfound in niobite (or columbite), niobite-tantalite, parochlore, and euxenite. Large deposits
of niobium have been found associated with carbonatites (carbon-silicate rocks), as a constituent of
parochlore. Extensive ore reserves are found in Canada, Brazil, Nigeria, Zaire, and in Russia.

Properties

It isashiny, white, soft, and ductile metal, and takes on a bluish cast when exposed to air at room
temperatures for along time. The metal startsto oxidize in air at 200.C, and when processed at even
moderate temperatures must be placed in a protective atmosphere.

Uses

It isused in arc-welding rods for stabilized grades of stainless steel. Thousands of pounds of niobium
have been used in advanced air frame systems such as were used in the Gemini space program. The
element has superconductive properties; superconductive magnets have been made with Nb-Zr wire,
which retains its superconductivity in strong magnetic fields. This type of application offers hope of
direct large-scale generation of electric power.
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Niobium

Isotopes

Eighteen isotopes of niobium are known. The metal can be isolated from tantalum, and prepared in
severa ways.

Cost

Niobium metal (99.5% pure) is priced at about $75/1b.

Sources: CRC Handbook of Chemistry and Physics and the American Chemical Society.
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Technetium

Periodic Table

<5%3’Technetium

For radiation source for medical research.

|Atomic Number: | 43
|Atomic Symbol: | Tc
|Atomic Weight: |97
|Electron Configuration: |[Kr]5s24d®

History

(Gr. technetos, artificial) Element 43 was predicted on the basis of the periodic table, and was
erroneously reported as having been discovered in 1925, at which time it was named masurium. The
element was actually discovered by Perrier and Segrein Italy in 1937. It was found in a sample of
molybdenum, which was bombarded by deuterons in the Berkeley cyclotron, and which E. Lawrence
sent to these investigators. Technetium was the first element to be produced artificialy. Sinceits
discovery, searches for the element in terrestrial material have been made. Finally in 1962,
technetium-99 was isolated and identified in African pitchblende (a uranium rich ore) in extremely
minute quantities as a spontaneous fission product of uranium-238 by B.T. Kennaand P.K. Kuroda. If it
does exist, the concentration must be very small. Technetium has been found in the spectrum of S-, M-,
and N-type stars, and its presence in stellar matter is leading to new theories of the production of heavy
elementsin the stars.

Isotopes

Twenty-two isotopes of technetium with masses ranging from 90 to 111 are reported. All t