THE ELEMENTS
C. R. Hammond

One of the most striking facts about the elements is their unequal distribution and occurrence in nature. Present knthelatgenafal
composition of the universe, obtained from the study of the spectra of stars and nebulae, indicates that hydrogen mdwst fouheant element
and may account for more than 90% of the atoms or about 75% of the mass of the universe. Helium atoms make up moshdéthélevhtie
other elements together contribute only slightly to the total mass.

The chemical composition of the universe is undergoing continuous change. Hydrogen is being converted into helium, arzkhedichanged
into heavier elements. As time goes on, the ratio of heavier elements increases relative to hydrogen. Presumably, theopresessible.

Burbidge, Burbidge, Fowler, and Hoyle, and more recently, Peebles, Penzias, and others have studied the synthesistdlmmEoesiplain
all of the features of the nuclear abundance curve — obtained by studies of the composition of the earth, meteorites;sitassnetessary to
postulate that the elements were originally formed by at least eight different processes: (1) hydrogen burning, (2) hetiuf3}upnocess, (4)
eprocess, (53 process, (6) process, (7jp process, and (8) the X process. The X process is thought to account for the existence of light nuclei such
as D, Li, Be, and B. Common metals such as Fe, Cr, Ni, Cu, Ti, Zn, etc. were likely produced early in the history ofoltrigala® probable
that most of the heavy elements on earth and elsewhere in the universe were originally formed in supernovae, or iartbedfattars.

Studies of the solar spectrum have led to the identification of 67 elements in the sun’s atmosphere; however, all el@neaideatified with
the same degree of certainty. Other elements may be presentin the sun, although they have not yet been detected dlyettesslepieat helium
was discovered on the sun before it was found on earth. Some elements such as scandium are relatively more plentifahthdteestivan here
on earth.

Minerals in lunar rocks brought back from the moon on the Apollo missions consist predominpfetiaflase{(Ca,Na)(Al,Si)O,0g} and
pyroxen€g{(Ca,Mg,Fe}Si,Og} — two minerals common in terrestrial volcanic rock. No hew elements have been found on the moon that cannot be
accounted for on earth; however, three mineaatsalcolite{(Fe,Mg)Ti,Os}, pyroxferroite{CaFe;(SiOs),}, andtranquillityite {Feg(Zr,Y)Ti;Si;0,},
are new. The oldest known terrestrial rocks are about 4 billion years old. One rock, known as the “Genesis Rock,” bréinaghthadpollo 15
Mission, is about 4.15 billion years old. This is only about one-half billion years younger than the supposed age of titesulaorsgstem. Lunar
rocks appear to be relatively enriched in refractory elements such as chromium, titanium, zirconium, and the rare eapihee@sited in volatile
elements such as the alkali metals, in chlorine, and in noble metals such as nickel, platinum, and gold.

Even older than the “Genesis Rock” aagbonaceous chondrites type of meteorite that has fallen to earth and has been studied. These are some
of the most primitive objects of the solar system yet found. The grains making up these objects probably condensed thieegdgenis nebula
from which the sun and planets were born. Most of the condensation of the grains probably was completed within 50,00@teaestbé disk
of the nebula was first formed — about 4.6 billion years ago. It is now thought that this type of meteorite may contaireecentalje of presolar
dust grains. The relative abundances of the elements of these meteorites are about the same as the abundances faucltromtbspbeiee.

The X-ray fluorescent spectrometer sent with the Viking | spacecraft to Mars shows that the Martian soil contains at8atiddhtd 2 to 15%
silicon, 3 to 8% calcium, 2 to 7% aluminum, and one-half to 2% titanium. The gas chromatograph — mass spectrometer bfouriding trace
of organic compounds that should be present if life ever existed there.

F. W. Clarke and others have carefully studied the composition of rocks making up the crust of the earth. Oxygen acbouhts/fr @f the
crust, by weight, while silicon comprises about 28% and aluminum about 8%. These elements, plus iron, calcium, sodium,gudassignesium,
account for about 99% of the composition of the crust.

Many elements such as tin, copper, zinc, lead, mercury, silver, platinum, antimony, arsenic, and gold, which are so essemtiadis and
civilization, are among some of the rarest elements in the earth’s crust. These are made available to us only by thef prowesgestion in ore
bodies. Some of the so-callete-earthelements have been found to be much more plentiful than originally thought and are about as abundant a:
uranium, mercury, lead, or bismuth. The least abundant rare-e&attir@nideelement, thulium, is now believed to be more plentiful on earth than
silver, cadmium, gold, or iodine, for example. Rubidium, the 16th most abundant element, is more plentiful than chloitteamfileunds are little
known in chemistry and commerce.

Itis now thought that at least 24 elements are essential to living matter. The four most abundant in the human bodgarexygeagcarbon,
and nitrogen. The seven next most common, in order of abundance, are calcium, phosphorus, chlorine, potassium, sulfung soa@masium.
Iron, copper, zinc, silicon, iodine, cobalt, manganese, molybdenum, fluorine, tin, chromium, selenium, and vanadium amedngegiedrole in
living matter. Boron is also thought essential for some plants, and it is possible that aluminum, nickel, and germanimnou &y e necessary.

Ninety-one elements occur naturally on earth. Minute traces of plutonium-244 have been discovered in rocks mined in SiortherTGia
discovery supports the theory that heavy elements were produced during creation of the solar system. While technetiuthiama lpremaot yet
been found naturally on earth, they have been found to be present in stars. Technetium has been identified in the dpettiatet oge stars,
and promethium lines have been identified in the spectra of a faintly visible star HR465 in Andromeda. Promethium musthaste besy recently
near the star's surface for no known isotope of this element has a half-life longer than 17.7 years.

It has been suggested that californium is present in certain stellar explosions known as supernovae; however, this pasveot Faqresent
no elements are found elsewhere in the universe that cannot be accounted for here on earth.

All atomic mass numbers from 1 to 238 are found naturally on earth except for masses 5 and 8. About 285 relatively staidtuazity 6
radioactive isotopes occur on earth totaling 352. In addition, the neutron, technetium, promethium, and the transuraslyaigmeyond uranium)
up to Element 112 have been produced artificially. Scientists at G.S.l., Darmstadt, Germany, in February, 1996, repaddduthdyekiidence of
an isotope of Element 112. Laboratory processes have now extended the radioactive element mass numbers beyond 23&ter@@t ffach
atomic numbers 1 to 108 is known to have at least one radioactive isotope. As of January 1996, 3018 isotopes and isoouepistwebe tkknown
and recognized. Many stable and radioactive isotopes are now produced and distributed by the Oak Ridge National Lakdratgey, T@an.,
U.S.A., to customers licensed by the U.S. Department of Energy.

The nucleus of an atom is characterized by the number of protons it contains, de@péeditiny the number of neutrohs)sotopes of an element
have the same value &fbut different values dfl. Themass numbe, is the sum oZ andN. For example, Uranium-238 has a mass number of 238,
and contains 92 protons and 146 neutrons.
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THE ELEMENTS (continued)

There is evidence that the definition of chemical elements must be broadened to include the electron. Several compowselsdnidesiwave
recently been made of alkaline metal elements and electrons. A relatively stable combination of a positron and electempdsitwamum has
also been studied.

In addition to the proton, neutron, and electron, there are considerably more than 100 other fundamental particles wdeatdisoaybred or
hypothesized. The majority of these fall into one of two clasgsemnsor hadrons.The leptons comprise just four known particles gleetron the
muon(p meson), and two kinds akutrinos.The muon is essentially similar to the electron and has a charge of —1, but it is 200 times heavier. The
neutrino is either of two stable particles of small (probably zero) rest mass, carrying no charge. Also thereatitefdans,identical to the
corresponding leptons in some respects, such as mass, but they have properties exactly opposite those of theeptivas,fdhexample, is an
antilepton, with a charge of +1. Leptons cannot be broken into smaller units and are considered to be elementary. Rartthdaithems are complex
and thought to have internal structure. Protons and neutrons, which make up atomic nuclei, are hadrons.

Elementary particle physics is not yet clearly understood, but groupings and arrangements of these particles have beebiimadeeqseriodic
table of chemical elements. This has led to the speculation that hadrons are composed of simpler comporprasksalledrks are presumed to
be elementary particles. Quarks come in a variety of “flavors”. Two kinds of quarks — up and down — combine to form thaenprotutsons
of ordinary matter. Three other quarks, known as {strange”, “charm”, and “bottom”, are found in particle acceleratorgfahdsamay exist in
the center of very dense, massive stars. Theorists have thought that a sixth “top” quark, much more massive than theldtnedss telcomplete
the quark family of sub-atomic particles. In 1994, scientists using Fermilab’s Tevatron accelerator may have “glimpsggitto Tdere is presently
no evidence that quarks exist in isolation. Many physicists now hold that all the matter and energy in the universeeis bpfitnalifundamental
natural forces: the electromagnetic force, gravity, a weak nuclear force, and a strong nuclear force. Each of theseasatpaldeed back and forth
among the basic particles of matter by unique force-carrying particles. The electromagnetic force is carrjgtbhynitiee weak nuclear force by
the intermediate vecttiosonand gravity by thgravitron. There is now evidence of the existence of a particle, known ghitirgthat binds quarks
together by carrying the strong nuclear fotdadronsare thought to be particles composed of quarks and gluons.

The available evidence leads to the conclusion that elements 89 (actinium) through 103 (lawrencium) are chemicallyremalaa-eatth or
lanthanide elements (elements 57 to 71, inclusive). These elements therefore have beantmadesdfter the first member of this series. Those
elements beyond uranium that have been produced artificially have the following names and symbols: neptunium, 93 (Np); pu{@hiy
americium, 95 (Am); curium, 96 (Cm); berkelium, 97 (Bk); californium, 98 (Cf); einsteinium, 99 (Es); fermium, 100 (Fm); mangddél (Md);
nobelium, 102 (No); and lawrencium, 103 (Lr). It is now claimed that Elements 104 through 112 have been produced andidantfisti1997,
the International Union of Pure and Applied Chemistry (IUPAC) gave final approval to the following names for elements20lem&at 104
— rutherfordium (Rf); element 105 — dubnium (Db); element 106 — seaborgium (Sg); element 107 — bohrium (Bh); element 108+-Hs#ss
and element 109 — meitnerium (Mt). Elements beyond this may be designated by temporary names: ununnilium (Uun) for 1€y gduayni
for 111, ununbium (Uub) for 112, etc.

Element 104 is expected to have chemical properties similar to those of hafnium and would not be a member of the astiEidenssitid 05
probably would have chemical properties similar to those of tantalum, Element 106 similar to tungsten, Element 107 lsgmilanf@nd Element
109 similar to iridium, etc.

There is still thought to be a possibility of producing elements beyond Element 112 either by bombardment of heavy getopithdreavy
ions, or by the irradiation of uranium or transuranic elements with the instantaneous high flux of neutrons produceddynthalectrar explosions.
The limit will be set by the yields of the nuclear reactions and by the half-lives of radioactive decay. It has been thajdestaents 102 and 103
have abnormally short lives only because they are in a pocket of instability, and that this region of instability mighttesjinaround Element
105. If so, it may be possible to produce heavier isotopes with longer half-lives. It has also been suggested that Eleitteatridds number of
298, and Element 126, with a mass number of 310, may be sufficiently stable to make discovery and identification poshésd&8edreen made
by workers in a number of laboratories for Element 110 and its neighboring elements in naturally occurring platinum. &esesftthieixenon
component’32Xe to136Xe) of certain carbonaceous chondritic meteorites suggest that Elements 113, 114, or 115 may have been its progenitor.

There are many claims in the literature of the existence of various allotropic modifications of the elements, some ofhakieth anedoubtful
or incomplete evidence. Also, the physical properties of an element may change drastically by the presence of smallienporities 0¥Vith new
methods of purification, which are now able to produce elements with 99.9999% purity, it has been necessary to restedyebefttopelements.
For example, the melting point of thorium changes by several hundred degrees by the presence of a small percepgariip@ity. Ordinary
commercial tungsten is brittle and can be worked only with difficulty. Pure tungsten, however, can be cut with a hackdaspdargawn, or
extruded. In general, the value of a physical property given here applies to the pure element, when it is known.

Many of the chemical elements and their compounds are toxic and should be handled with due respect and care. In rezrenhgededh a
greatly increased knowledge and awareness of the health hazards associated with chemicals, radioactive materials, rtsdAtiyenageorking
with the elements and certain of their compounds should become thoroughly familiar with the proper safeguards to bertaletion o specific
hazards and recommended exposure limits may be found in Section 16. Reference should be made to publications suchiag:the follow

1. Code of Federal RegulationEitle 29, Labor, chapter XVII, section 1910.93 of subpart G, redesignated as 1910.1000 at 40 FR (Federal Register
23072.May 28, 1975; amended at 41 FR 11505, March 19, 1976; 41 FR 35184, August 20, 1976; FR 46784, October 22, 195, 3hER@3
18, 1977 (corrections and additional amendments and corrections as issued, U.S. Government Printing Office, Supt. of Dashimgits),
D.C.
2. Code of Federal Regulationtle 10, Energy, Chapter 1, Nuclear Regulatory Commission, section 20.103 — 108; 20.201 — 207; 20.301 — 305;
20.401 — 409; 20.501 — 502; 20.601; appendices, corrections, and amendments.
3. Occupational Safety and Health Reporigatest edition with amendments and corrections), Bureau of National Affairs, Washington, D.C.
Atomic Energy Law Reporte€ommerce Clearing House, Chicago, IL.
5. Nuclear Regulation ReporteGommerce Clearing House, Chicago, IL.
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THE ELEMENTS (continued)

6. TLV< Threshold Limit Values for Chemical Substances and Physical Agésgsed annually be temerican Conference of Governmental
Industrial Hygienists, Cincinnati, Ohio.

7. The Sigma-Aldrich Library of Regulatory and Safety D¥ta. 3 by Robert E. Lenga and Kristine L. Volonpal, published by the Sigma Chemical
Co. and The Aldrich Chemical Co., Inc., 1993, (pp. 3211—3254).

Actinium — (Gr.aktis, aktinosbeam or ray), Ac; at. wt. (227); at. no. 89; m.p. 2@5b.p. 320@ 300°C (est.); sp. gr. 10.07 (calc.). Discovered
by Andre Debierne in 1899 and independently by F. Giesel in 1902. Occurs naturally in association with uranium minerais iEotdpes and
isomers are now recognized. All are radioactive. Actinium-227, a decay product of uranium-235, is an alpha and betaheartte? Witear half-
life. Its principal decay products are thorium-227 (18.72-day half-life), radium-223 (11.4-day half-life), and a numbeleédimwoducts including
radon, bismuth, polonium, and lead isotopes. In equilibrium with its decay products, it is a powerful source of alphéniaysiatal has been
prepared by the reduction of actinium fluoride with lithium vapor at about 1100 t6@.300e chemical behavior of actinium is similar to that of
the rare earths, particularly lanthanum. Purified actinium comes into equilibrium with its decay products at the end sf 488 ttesn decays
according to its 21.77-year half-life. It is about 150 times as active as radium, making it of value in the productioonsf. neutr

Aluminum — (L. alumen, alup Al; at. wt. 26.981539(5); at. no. 13; f.p. 660.323b.p. 2519C; sp. gr. 2.6989 (2C); valence 3. The ancient
Greeks and Romans usaldmin medicine as an astringent, and as a mordant in dyeing. In 1761 de Morveau proposedahemiasgfier the base
in alum, and Lavoisier, in 1787, thought this to be the oxide of a still undiscovered metal. Wohler is generally cretidgsthgiisolated the metal
in 1827, although an impure form was prepared by Oersted two years earlier. In 1807, Davy proposedafbennanier the metal, undiscovered
at that time, and later agreed to changeatiuminum Shortly thereafter, the narakiminiumwas adopted to conform with the “ium” ending of most
elements, and this spelling is now in use elsewhere in the vidulthiniumwas also the accepted spelling in the U.S. until 1925, at which time the
American Chemical Society officially decided to use the nalmminumthereafter in their publications. The method of obtaining aluminum metal
by the electrolysis of alumina dissolveamolitewas discovered in 1886 by Hall in the U.S. and at about the same time by Heroultin France. Cryolite,
a natural ore found in Greenland, is no longer widely used in commercial production, but has been replaced by an attifciaf sugium,
aluminum, and calcium fluorideBauxite,an impure hydrated oxide ore, is found in large deposits in Jamaica, Australia, Surinam, Guyana, Arkansas,
and elsewhere. The Bayer process is most commonly used today to refine bauxite so it can be accommodated in the Héfliktppoatiess, used
to make most aluminum. Aluminum can now be produced from clay, but the process is not economically feasible at present.ig\thmimost
abundant metal to be found in the earth’s crust (8.1%), but is never found free in nature. In addition to the minerald afmeneis found in
feldspars, granite, and in many other common minerals. Seventeen isotopes and isomers are known. Natural aluminum is isede e’ ah
Pure aluminum, a silvery-white metal, possesses many desirable characteristics. It is light, nontoxic, has a pleasing, @ppezasiicbe formed,
machined, or cast, has a high thermal conductivity, and has excellent corrosion resistance. It is nonmagnetic and nstasprkEcpnd among
metals in the scale of malleability, and sixth in ductility. It is extensively used for kitchen utensils, outside buildiatiotleemd in thousands of
industrial applications where a strong, light, easily constructed material is needed. Although its electrical condutinatyasics0% that of copper,
itis used in electrical transmission lines because of its light weight. Pure aluminum is soft and lacks strength, buatlibgad Wwith small amounts
of copper, magnesium, silicon, manganese, and other elements to impart a variety of useful properties. These alloylSrapodbuita in the
construction of modern aircraft and rockets. Aluminum, evaporated in a vacuum, forms a highly reflective coating for ledtghtisibd radiant
heat. These coatings soon form a thin layer of the protective oxide and do not deteriorate as do silver coatings. Tmelyadpplieédion in coatings
for telescope mirrors, in making decorative paper, packages, toys, and in many other uses. The compounds of greatestriergdartanom oxide,
the sulfate, and the soluble sulfate with potassium (alum). The oxide, alumina, occurs naturally as ruby, sapphire, awherdany, and is used
in glassmaking and refractories. Synthetic ruby and sapphire have found application in the construction of lasers focpiuetecinigght. In 1852,
the price of aluminum was about $1200/kg, and just before Hall's discovery in 1886, about $25/kg. The price rapidly ds0petitbas been
as low as 33¢/kg. The price in December 1995 was about $1.70/kg.

Americium — (the Americas), Am; at. wt. 243; at. no. 95; m.p. 2C7®.p. 2011C; sp. gr. 13.67 (2€); valence 2, 3, 4, 5, or 6. Americium
was the fourth transuranium element to be discovered; the iséigpewas identified by Seaborg, James, Morgan, and Ghiorso late in 1944 at the
wartime Metallurgical Laboratory of the University of Chicago as the result of successive neutron capture reactions loy islotimpés in a nuclear
reactor:

239 Pu(n,y) 240 Pu(n,y)-» 241p P 2 Am

Since the isotop&!Am can be prepared in relatively pure form by extraction as a decay product over a period of years from strongly neutron
bombarded plutoniun?41Pu, this isotope is used for much of the chemical investigation of this element. Better suited is th&#8ohoghee to its
longer half-life (7.3% 10 years as compared to 432.2 yeard¥#m). A mixture of the isotope4’Am, 242Am, anc?*3Am can be prepared by intense
neutron irradiation o¥*?Am according to the reactioB'Am (n,y) - 242Am (n,y) — 243Am. Nearly isotopically puré&*3Am can be prepared by a
sequence of neutron bombardments and chemical separations as follows: neutron bombatthvenyiefds242Pu by the reactior$Am (n,y)
- 242Am -, 242py, after chemical separation #éu can be transformeddAm via the reaction&2Pu (ny) — 243Pu - 23Am, and thé*3Am can
be chemically separated. Fairly pét&u can be prepared more simply by very intense neutron irradiaf®Rofs the result of successive neutron-
capture reactions. Sixteen radioactive isotopes and isomers are now recognized. Americium metal has been preparedhsytrétlieeidg tvith
barium vapor at 1000 to 1280 or the dioxide by lanthanum metal. The luster of freshly prepared americium metal is white and more silvery than
plutonium or neptunium prepared in the same manner. It appears to be more malleable than uranium or neptunium andudyrirstes aitoat
room temperature. Americium is thought to exist in two forms: an alpha form which has a double hexagonal close-packenhsteicose-packed
cubic beta form. Americium must be handled with great care to avoid personal contamination. As littie@issd?8%\m is the maximum permissible
total body burden. The alpha activity fréMAm is about three times that of radium. When gram quantiti#$4uh are handled, the intense gamma
activity makes exposure a serious problem. Americium dioxide, Am@he most important oxide. AmFAmF,, AmCl;, AmBrz, Amls, and other
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THE ELEMENTS (continued)

compounds have been prepared. The isotpen has been used as a portable source for gamma radiography. It has also been used as a radioacti\
glass thickness gage for the flat glass industry, and as a source of ionization for smoke detectors. Americum-243 fscawvdfiab@@ak Ridge
National Laboratory at a cost of $160/mg plus packing charges.

Antimony — (Gr.anti plusmonos— a metal not found alone), Sh; at. wt. 121.760(1); at. no. 51; m.p. 880k6B. 1587C; sp. gr. 6.691 (2T);
valence 0, -3, +3, or +5. Antimony was recognized in compounds by the ancients and was known as a metal at the begitftimgerfting and
possibly much earlier. It is not abundant, but is found in over 100 mineral species. It is sometimes found native, bgtierdhe &ethe sulfide,
stibnite(Sh,S;); it is also found as antimonides of the heavy metals, and as oxides. It is extracted from the sulfide by roastingeipviéchxil
reduced by salt and scrap iron; from its oxides it is also prepared by reduction with carbon. Two allotropic forms ofexiitnthieynormal stable,
metallic form, and the amorphous gray form. The so-called explosive antimony is an ill-defined material always contaipiegiable@mmount
of halogen; therefore, it no longer warrants consideration as a separate allotrope. The yellow form, obtained by osiithétie;$bf;, is probably
impure, and is not a distinct form. Natural antimony is made of two stable isd@®pesand23Sh. Forty four other radioactive isotopes and isomers
are now recognized. Metallic antimony is an extremely brittle metal of a flaky, crystalline texture. It is bluish whitecame:tadigc luster. It is not
acted on by air at room temperature, but burns brilliantly when heated with the formation of white fury€s.df Bla poor conductor of heat and
electricity, and has a hardness of 3 to 3.5. Antimony, available commercially with a purity of 99.999 + %, is findingnisemdsetor technology
for making infrared detectors, diodes, and Hall-effect devices. Commercial-grade antimony is widely used in alloys wilyeereaging from
110 20. It greatly increases the hardness and mechanical strength of lead. Batteries, antifriction alloys, type metas, andditacer bullets, cable
sheathing, and minor products use about half the metal produced. Compounds taking up the other half are oxides, sulfidatsmtte, and
antimony trichloride. These are used in manufacturing flame-proofing compounds, paints, ceramic enamels, glass, andactt@stid ghydrated
potassium antimonyl tartate) has been used in medicine. Antimony and many of its compounds are toxic. Antimony costk@l§eai1388)/and
about 75¢/g (99.999%).

Argon — (Gr.argos,inactive), Ar; at. wt. 39.948(1); at. no. 18; triple pt. —189.3442; b.p. —185;. 8@nsity 1.7837 g/l. Its presence in air was
suspected by Cavendish in 1785, discovered by Lord Rayleigh and Sir William Ramsay in 1894. The gas is prepared byrfratliguitiair,
the atmosphere containing 0.94% argon. The atmosphere of Mars contains*?4%rud 5 p.p.m. ofeAr. Argon is two and one halftimes as soluble
in water as nitrogen, having about the same solubility as oxygen. It is recognized by the characteristic lines in thiethedspedtoum. It is used
in electric light bulbs and in fluorescent tubes at a pressure of about 400 Pa, and in filling photo tubes, glow tulyes) Etel#o used as an inert
gas shield for arc welding and cutting, as a blanket for the production of titanium and other reactive elements, artias atpmrosphere for growing
silicon and germanium crystals. Argon is colorless and odorless, both as a gas and liquid. It is available in high-p@iynfoercial argon is
available at a cost of about 3¢ per cubic foot. Argon is considered to be a very inert gas and is not known to form aleochpauinds, as do krypton,
xenon, and radon. However, it does form a hydrate having a dissociation pressure of 105Gthratblecules such as (Arkr(ArXe)*, (NeAr)*
have been observed spectroscopically. Argon also forms a clathrafelwithoquinone. This clathrate is stable and can be stored for a considerable
time, but a true chemical bond does not exist. Van der Waals’ forces act to hold the argon. Naturally occurring argamasoé thmige isotopes.
Seventeen other radioactive isotopes are now known to exist. Commercial argon is priced at about $70/300 cu. ft. oreBs5 cu. met

Arsenic — (L. arsenicum@Gr.arsenikonyellow orpiment, identified witarsenikosinale, from the belief that metals were different sexes; Arabic,
Az-zernikhthe orpiment from Persiaerni-zar gold), As; at. wt. 74.92159(2); at. no. 33; valence -3, 0, +3 or +5. Elemental arsenic occurs in two
solid modifications: yellow, and gray or metallic, with specific gravities of 1.97, and 5.73, respectively. Gray arserg)dhesiable form, has
a m.p. of 817C (28 atm) and sublimes at 601 Several other allotropic forms of arsenic are reported in the literature. It is believed that Albertus
Magnus obtained the elementin 1250 A.D. In 1649 Schroeder published two methods of preparing the element. It is fanrldensaiielesealgar
andorpiment,as arsenides and sulfarsenides of heavy metals, as the oxide, and as aiepatesl,arsenopyrite, (FeSAS) is the most common
mineral, from which on heating the arsenic sublimes leaving ferrous sulfide. The element is a steel gray, very britthee,sgatahetallic solid;
it tarnishes in air, and when heated is rapidly oxidized to arsenous oxi@&)Asth the odor of garlic. Arsenic and its compounds are poisonous.
These values, however, are being studied, and may be lowered. Arsenic is also used in bronzing, pyrotechny, and fomidairdpringg the
sphericity of shot. The most important compounds are white arsen@Athe sulfide, Paris green 3Cu(Ag®- Cu(GH30,),, calcium arsenate,
and lead arsenate; the last three have been used as agricultural insecticides and poisons. Marsh'’s test makes usei@f tued foeamdy
decomposition of arsine (AsH Arsenic is available in high-purity form. It is finding increasing uses as a doping agent in solid-state devices such
as transistors. Gallium arsenide is used as a laser material to convert electricity directly into coherent light. Natlisaireardeof one isotopeAs.
Twenty-five other radioactive isotopes and isomers are known. Arsenic (99%) costs about $175/kg. Purified arsenic (99s&98b%ujt&2/gm.

Astatine — (Gr.astatosunstable), At; at. wt. (210); at. no. 85; m.p. 302b.p. 337C (est.); valence probably 1, 3, 5, or 7. Synthesized in 1940
by D.R. Corson, K. R. MacKenzie, and E. Segre at the University of California by bombarding bismuth with alpha parfiofeseStHeved isotopes,
210At, have a half-life of only 8.1 hours. Thirty-four isotopes and isomers are now known. Minute quariities 8fAt, and?1%At exist in equilibrium
in nature with naturally occurring uranium and thorium isotopes, and traé€aiodre equilibrium with?33U and23%Np resulting from interaction
of thorium and uranium with naturally produced neutrons. The total amount of astatine present in the earth’s crust, hesethamn it 0z. Astatine
can be produced by bombarding bismuth with energetic alpha particles to obtain the relatively |o#§=f#d which can be distilled from the
target by heating it in air. Only about 040& of astatine has been prepared to date. The “time of flight” mass spectrometer has been used to confirmr
that this highly radioactive halogen behaves chemically very much like other halogens, particularly iodine. The interimafmysrisd\tl, AtBr,
and AtCl are known to form, but itis not yet known if astatine forms diatomic astatine molecules. HAtAn(h@ihyl astatide) have been detected.
Astatine is said to be more metallic that iodine, and, like iodine, it probably accumulates in the thyroid gland. WoekBreaihiaven National
Laboratory have recently used reactive scattering in crossed molecular beams to identify and measure elementary reegciipastatira.

Barium — (Gr.barys,heavy), Ba; at. wt. 137.327(7), at. no. 56; m.p° @2 b.p. 1897C; sp. gr. 3.5 (2TC); valence 2. Baryta was distinguished
from lime by Scheele in 1774; the element was discovered by Sir Humphrey Davy in 1808. Itis found only in combinatiaer eiémathts, chiefly
in barite or heavy spa(sulfate) andvitherite (carbonate) and is prepared by electrolysis of the chloride. Barium is a metallic element, soft, and when
pure is silvery white like lead; it belongs to the alkaline earth group, resembling calcium chemically. The metal oxidézeslyenyd should be
kept under petroleum or other suitable oxygen-free liquids to exclude air. Itis decomposed by water or alcohol. Theadeabisgetter” in vacuum
tubes. The most important compounds are the peroxide,JBet@oride, sulfate, carbonate, nitrate, and chlorate. Lithopone, a pigment containing
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barium sulfate and zinc sulfide, has good covering power, and does not darken in the presence of sulfides. The suli@enasvbésoblanc
fixe,is also used in paint, in X-ray diagnostic work, and in glassmaRamife is extensively used as a weighting agent in oilwell drilling fluids, and
also in making rubber. The carbonate has been used as a rat poison, while the nitrate and chlorate give colors in peteghure. Julfide
phosphoresces after exposure to the light. The compounds and the metal are not expensive. Barium metal (99.7 + % mutj@osgmaldll
barium compounds that are water or acid soluble are poisonous. Naturally occurring barium is a mixture of seven stablehisytojpes other
radioactive isotopes and isomers are known to exist.

Berkelium — (Berkeleyhome of the University of California), Bk; at. wt. (247); at. no. 97; m.p. X0AG&lence 3 or 4; sp. gr. 14 (est.). Berkelium,
the eighth member of the actinide transition series, was discovered in December 1949 by Thompson, Ghiorso, and Seabdtw &ftd was
transuranium element synthesized. It was produced by cyclotron bombardment of milligram amétis afith helium ions at Berkeley,
California. The first isotope produced had a mass number of 243 and decayed with a half-life of 4.5 hours. Eleven isatapasoave and have
been synthesized. The existenc&@k, with a half-life of 320 days, makes it feasible to isolate berkelium in weighable amounts so that its properties
can be investigated with macroscopic quantities. One of the first visible amounts of a pure berkelium compound, berkilejwaklproduced
in 1962. It weighed 3 billionth of a gram. Berkelium probably has not yet been prepared in elemental form, but it is expeetsdvery metal,
easily soluble in dilute mineral acids, and readily oxidized by air or oxygen at elevated temperatures to form the oxiiféraXtray methods have
been used to identify the following compounds: BKBKO;, BkF;, BKCI, and BKOCI. As with other actinide elements, berkelium tends to accumulate
in the skeletal system. The maximum permissible body burd&fBifin the human skeleton is about 0.0Q@¢ Because of its rarity, berkelium
presently has no commercial or technological use. Berkelium-249 is available from O.R.N.L. at a cospgf@ué@acking charges.

Beryllium — (Gr. beryllos, beryl;also called Glucinium or Glucinum, Gylykys,sweet), Be; at. wt. 9.012182(3); at no. 4; m.p. 228b.p.
2477°C; sp. gr. 1.848 (2€); valence 2. Discovered as the oxide by Vauquelin in beryl and in emeralds in 1798. The metal was isolated in 1828 b
Wohler and by Bussy independently by the action of potassium on beryllium chloride. Beryllium is found in some 30 minesatispecost
important of which aréertrandite, beryl, chrysoberydndphenacite. Aquamarinendemeraldare precious forms dferyl. Beryl(3BeO - A}O; -
6Si0,) andbertrandite(4BeO - 2Si@- H,0) 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 induk®&7uiithe metal,
steel gray in color, has many desirable properties. It is one of the lightest of all metals, and has one of the highpsimteetirthe light metals.

Its modulus of elasticity is about one third greater than that of steel. It resists attack by concentrated nitric acadlenashexmal conductivity,

and is nonmagnetic. It has a high permeability to X-rays, and when bombarded by alpha particles, as from radium or potmmsrar@produced
in the ratio of about 30 neutrons/million alpha particles. At ordinary temperatures beryllium resists oxidation in aih, igdthbility to scratch glass
is probably due to the formation of a thin layer of the oxide. Beryllium is used as an alloying agent in producing bepgdkumiuch is extensively
used for springs, electrical contacts, spot-welding electrodes, and nonsparking tools. It has found application as materaufat high-speed
aircraft, missiles, spacecraft, and communication satellites. It is being used in the windshield frame, brake discs gsuppamtether structural
components of the space shuttle. Because beryllium is relatively transparent to X-rays, ultra-thin Be-foil is finding ragelithography for

reproduction of microminiature integrated circuits. Natural beryllium is maeofnd is stable. Eight other radioactive isotopes are known.

Beryllium is used in nuclear reactors as a reflector or moderator for it has a low thermal neutron absorption crosssesédrinltjyroscopes,
computer parts, and instruments where lightness, stiffness, and dimensional stability are required. The oxide has asleénglgmband is also
used in nuclear work and ceramic applications. Beryllium and its salts are toxic and should be handled with the great&srgflican and its
compounds should not be tasted to verify the sweetish nature of beryllium (as did early experimenters). The metaditsitdlogkts can be handled
safely if certain work codes are observed, but no attempt should be made to work with beryllium before becoming famib@ewstafpguards.
Beryllium metal is available at a cost of about $2.50/g (99.5% pure).

Bismuth — (Ger.Weisse Masseyhite mass; lateWisuthandBisemuturjy Bi; at. wt. 208.98037(3); at. no. 83; m.p. 27C4b.p. 1564t 5°C;
sp. gr. 9.747 (2TC); valence 3 or 5. In early times bismuth was confused with tin and lead. Claude Geoffroy the Younger showed it tofoerdistinct
lead in 1753. It is a white crystalline, brittle metal with a pinkish tinge. It occurs native. The most importantmissswgheniteor bismuth glance
(Bi,S;) andbismite(Bi,O3). Peru, Japan, Mexico, Bolivia, and Canada are major bismuth producers. Much of the bismuth produced in the U.S. i
obtained as a by-product in refining lead, copper, tin, silver, and gold ores. Bismuth is the most diamagnetic of afichtle¢etlseemal conductivity
is lower than any metal, except mercury. It has a high electrical resistance, and has the highest Hall effect of anygrestst.micrease in electrical
resistance when placed in a magnetic field). “Bismanol” is a permanent magnet of high coercive force, made of MnBi, biMalal\$@face
Weapons Center. Bismuth expands 3.32% on solidification. This property makes bismuth alloys particularly suited to theshakpncastings
of objects subject to damage by high temperatures. With other metals such as tin, cadmium, etc., bismuth forms low-yelvhickalre
extensively used for safety devices in fire detection and extinguishing systems. Bismuth is used in producing malleablésifintirey use as a
catalyst for making acrylic fibers. When bismuth is heated in air it burns with a blue flame, forming yellow fumes of tighexiuetal is also used
as a thermocouple material, and has found application as a carriét¥or U?33fuel in atomic reactors. Its soluble salts are characterized by forming
insoluble basic salts on the addition of water, a property sometimes used in detection work. Bismuth oxychloride is ugelg éxtomnetics.
Bismuth subnitrate and subcarbonate are used in medicine. Natural bismuth contains only o#&°Biofeméy one isotopes and isomers of bismuth
are known. Bismuth metal costs about $90/kg (99.999%).

Bohrium — See Element 107.

Boron — (Ar. Burag,PersBurah), B; at. wt. 10.81(5); at. no. 5; m.p. 2075 b.p. 4000C; sp. gr. of crystals 2.34, of amorphous variety 2.37;
valence 3. Boron compounds have been known for thousands of years, but the element was not discovered until 1808 by Siatduamnuhby
Gay-Lussac and Thenard. The element is not found free in nature, but occurs as orthoboric acid usually in certain vidoaaterspaind as borates
in boraxandcolemanite. Ulexiteanother boron mineral, is interesting as it is nature’s own version of “fiber optics.” Important sources of boron are
the oregasorite (kernitelandtincal (borax ore) Both of these ores are found in the Mojave DeS$ertalis the most important source of boron from
the Mojave. Extensivboraxdeposits are also found in Turkey. Boron exists naturally as 19Botope and 80.194B isotope. Eleven isotopes
of boron are known. High-purity crystalline boron may be prepared by the vapor phase reduction of boron trichloride detrilittolmidrogen on
electrically heated filaments. The impure, or amorphous, boron, a brownish-black powder, can be obtained by heating tvéhrinaghesium
powder. Boron of 99.9999% purity has been produced and is available commercially. Elemental boron has an energy bariitgdp5ef é\h
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which is higher than that of either silicon or germanium. It has interesting optical characteristics, transmitting ptiednfrafed, and is a poor
conductor of electricity at room temperature, but a good conductor at high temperature. Amorphous boron is used in giaats¢bmumovide a
distinctive green color, and in rockets as an igniter. By far the most commercially important boron compound in termsadéd @lbigB ,0; - 5SHO.
This pentahydrate is used in very large quantities in the manufacture of insulation fiberglass and sodium perborateibkezdlis Bisio an important
boron compound with major markets in textile fiberglass and in cellulose insulation as a flame retardant. Next in oratamdérgioorax (N80,

- 10H,0) which is used principally in laundry products. Use of borax as a mild antiseptic is minor in terms of dollars and toesnBmwonds are
also extensively used in the manufacture of borosilicate glasses. Other boron compounds show promise in treating aigbtdjse Bbeon-10 is
used as a control for nuclear reactors, as a shield for nuclear radiation, and in instruments used for detecting nentnitnisleBaas remarkable
properties and can be used to make a material as hard as diamond. The nitride also behaves like an electrical insulatts hetictike a metal.
It also has lubricating properties similar to graphite. The hydrides are easily oxidized with considerable energy lineratwa,lzeen studied for
use asrocket fuels. Demand is increasing for boron filaments, a high-strength, lightweight material chiefly employedéoraetespace structures.
Boronis similar to carbonin that it has a capacity to form stable covalently bonded molecular networks. Carboranesanemligtmsphacarboranes,
and other families comprise thousands of compounds. Crystalline boron (99%) costs about $8/g. Amorphous boron cost&idmetrtd/goron
and the borates are not considered to be toxic, and they do not require special care in handling. However, some of ticcboore bydrogen
compounds are definitely toxic and do require care.

Bromine — (Gr.bromos stench), Br; at. wt. 79.904(1); at. no. 35; m.p. 2C;2.p. 58.78C; density of gas 7.59 g/l, liquid 3.12 (Z); valence
1, 3,5, or 7. Discovered by Balard in 1826, but not prepared in quantity until 1860. A member of the halogen group qfieieietaised from
natural brines from wells in Michigan and Arkansas. Little bromine is extracted today from seawater, which contains dBypginouBromine
is the only liquid nonmetallic element. Itis a heavy, mobile, reddish-brown liquid, volatilizing readily at room tempeeataceviapor with a strong
disagreeable odor, resembling chlorine, and having a very irritating effect on the eyes and throat; it is readily soleblericaxaon disulfide,
forming a red solution, is less active than chlorine but more so than iodine; it unites readily with many elements arathamaltion; when spilled
on the skin it produces painful sores. It presents a serious health hazard, and maximum safety precautions should hentidimg/iteMuch
of the bromine output in the U.S. was used in the production of ethylene dibromide, a lead scavenger used in makingigasckearpounds.
Lead in gasoline, however, has been drastically reduced, due to environmental considerations. This will greatly affestifietiva pf bromine.
Bromine is also used in making fumigants, flameproofing agents, water purification compounds, dyes, medicinals, sanga@cshinmides for
photography, etc. Organic bromides are also important. Natural bromine is made of two i$tBopesl®Br. Thirty three isotopes and isomers are
known. Bromine costs about $100/kg.

Cadmium — (L.cadmia;Gr.kadmeia— ancient name for calamine, zinc carbonate), Cd; at. wt. 112.411(8); at. no. 48; m.g G210 767C;
sp. gr. 8.65 (2C); valence 2. Discovered by Stromeyer in 1817 from an impurity in zinc carbonate. Cadmium most often occurs in small quantitie
associated with zinc ores, suctsphalerite(ZnS).GreenockitdCdS) is the only mineral of any consequence bearing cadmium. Almost all cadmium
is obtained as a by-product in the treatment of zinc, copper, and lead ores. It is a soft, bluish-white metal whiclutsietisdykaife. It is similar
in many respects to zinc. It is a component of some of the lowest melting alloys; it is used in bearing alloys with Ieentoefficction and great
resistance to fatigue; itis used extensively in electroplating, which accounts for about 60% of its use. It is alsomgggrsnésolder, for standard
E.M.F. cells, for Ni-Cd batteries, and as a barrier to control atomic fission. Cadmium compounds are used in black aledigibitepteosphors
and in blue and green phosphors for color TV tubes. It forms a number of salts, of which the sulfate is most commorg thesedfids a yellow
pigment. Cadmium and solutions of its compounds are toxic. Failure to appreciate the toxic properties of cadmium mayeausdearwittingly
exposed to dangerous fumes. Some silver solders, for example, contain cadmium and should be handled with care. Sepimizdoxsdigve been
found from long-term exposure and work with cadmium plating baths. In 1927 the International Conference on Weights andédeéiseckthe
meter in terms of the wavelength of the red cadmium spectral line (i.e. 1 m = 1,553,164.13 wavelengths). This defintiocleasges (see under
Krypton). The current price of cadmium is about $100/kg (99.5%). It is available in high purity form for about $300/kg chdtniwah is made
of eight isotopes. Thirty four other isotopes and isomers are now known and recognized.

Calcium — (L. calx,lime), Ca; at. wt. 40.078(4); at. no. 20; m.p. 842C; b.p. 1484C; sp. gr. 1.55 (ZTC); valence 2. Though lime was prepared
by the Romans in the first century under the name calx, the metal was not discovered until 1808. After learning thaaBeR2elits prepared
calcium amalgam by electrolyzing lime in mercury, Davy was able to isolate the impure metal. Calcium is a metallic etanreahdifdance in
the earth’s crust, of which it forms more than 3%. It is an essential constituent of leaves, bones, teeth, and shellsmdNavetfoe uncombined,
it occurs abundantly éisnestongCaCQ), gypsun{CaSQ - 2H,0), andluorite (CaR); apatiteis the fluorophosphate or chlorophosphate of calcium.
The metal has a silvery color, is rather hard, and is prepared by electrolysis of the fused chloride to which calciusdhieitit lower the melting
point. Chemically it is one of the alkaline earth elements; it readily forms a white coating of oxide in air, reacts withumwsterith a yellow-red
flame, forming largely the oxide. The metal is used as a reducing agent in preparing other metals such as thorium, cosmium gta., and is used
as a deoxidizer, desulfurizer, and inclusion modifier for various ferrous and nonferrous alloys. It is also used as aagaiftyfimgaluminum,
beryllium, copper, lead, and magnesium alloys, and serves as a “getter” for residual gases in vacuum tubes, etc. ispnapaadcdinompounds
are widely used. Quicklime (CaO), made by heating limestone and changed into slaked lime by the careful addition dfievgteatistieap base
of chemical industry with countless uses. Mixed with sand it hardens as mortar and plaster by taking up carbon dioxidarfrQal¢hen from
limestone is an important element in Portland cement. The solubility of the carbonate in water containing carbon dioxitefecansgon of caves
with stalactites and stalagmites and is responsible for hardness in water. Other important compounds are the cgrbatiéo(idaGCaC)),
cyanamide (CaC}, hypochlorite (Ca(OC}), nitrate (Ca(NG@),), and sulfide (CaS). Natural calcium contains six isotopes. Thirteen other radioactive
isotopes are known. Metallic calcium (99.5%) costs about $200/kg.

Californium — (State and University of California), Cf; at. wt. (251); m.p. (estf@0at. no. 98. Californium, the sixth transuranium element
to be discovered, was produced by Thompson, Street, Ghioirso, and Seaborg in 1950 by bombarding microgram cf{a@titiestbf35 MeV
heliumions in the Berkeley 60-inch cyclotron. Californium (lll) is the only ion stable in aqueous solutions, all atteedptsetoroxidize californium
(1) having failed. The isotop&°Cf results from the beta decay?8?Bk while the heavier isotopes are produced by intense neutron irradiation by
the reactions:
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249 Bk(n,y) N ZSDBk D]:F N ZSOCf and 2490f(n,y) . ZSOCf
followed by
ZSOCf(n’ y) N 251Cf(n, y) N 252Cf

The existence of the isotop®aCf, 250Cf, 251Cf, and?52Cf makes it feasible to isolate californium in weighable amounts so that its properties can be
investigated with macroscopic quantities. Californium-252 is a very strong neutron emitter. One microgram releases hi&utrolisper minute,

which presents biological hazards. Proper safeguards should be used in handling californium. Eighteen isotopes of cadiftoniuetagnized.

249Cf and252Cf have half-lives of 351 years and 900 years, respectively. In 1960 a few tenths of a microgram of californium trich@jde, Cf
californium oxychloride, CfOCI, and californium oxide,,Of, were first prepared. Reduction of californium to its metallic state has not yet been
accomplished. Because californiumis a very efficient source of neutrons, many new uses are expected for it. It hasaltessdy feeutron moisture
gages and in well-logging (the determination of water and oil-bearing layers). It is also being used as a portable neifoyrEmavery of metals

such as gold or silver by on-the-spot activation anak?3sf is now being offered for sale by the Oak Ridge National Laboratory (O.R.N.L.) at a cost
of $50{1g and?*°Cf at a cost of $1604 plus packing charges. It has been suggested that californium may be produced in certain stellar explosions
calledsupernovaefor the radioactive decay &fCf (55-day half-life) agrees with the characteristics of the light curves of such explosions observed
through telescopes. This suggestion, however, is questioned.

Carbon — (L. carbo,charcoal), C; at. wt. 12.011(1); at. no. 6; m.p. ~385@raphite sublimes at 38Z5; triple point; (graphite-liquid-gas),
4492C at a pressure of 10.3 MPa and (graphite-diamond-liquid), 3830—=a9a@ressure of 12—13 GPa; sp. gr. amorphous 1.8 to 2.1, graphite
1.91t0 2.3, diamond 3.15 to 3.53 (depending on variety); gem diamond 3.83C3; (2&ence 2, 3, or 4. Carbon, an element of prehistoric discovery,
is very widely distributed in nature. It is found in abundance in the sun, stars, comets, and atmospheres of most plamétsth@adrm of
microscopic diamonds is found in some meteorites. Natural diamonds are fhimioiérliteof ancient volcanic “pipes,” such as found in South Africa,
Arkansas, and elsewhere. Diamonds are now also being recovered from the ocean floor off the Cape of Good Hope. Abouirgiral all
diamonds usedinthe U.S. are now made synthetically. The energy of the sun and stars can be attributed at leastieiparivsthearbon-nitrogen
cycle. Carbon is found free in nature in three allotropic forms: amorphous, graphite, and diamond. A fourth form, knover @sfiadn, is now
thought to exist. Graphite is one of the softest known materials while diamond is one of the hardest. Graphite existas aghtoand beta. These
have identical physical properties, except for their crystal structure. Naturally occurring graphites are reported te conthiras 30% of the
rhombohedral (beta) form, whereas synthetic materials contain only the alpha form. The hexagonal alpha type can be cihrevertzl lip
mechanical treatment, and the beta form reverts to the alpha on heating it ab8@e 00869 a new allotropic form of carbon was produced during
the sublimation of pyrolytic graphite at low pressures. Under free-vaporization conditions above ~2550 K, “white” cartamdoratigransparent
crystals on the edges of the basal planes of graphite. The interplanar spacings of “white” carbon are identical to ttmséoofnicaoted in the
graphitic gneiss from the Ries (meteoritic) Crater of Germany. “White” carbon is a transparent birefringent materialotritdéiom is presently
available about this allotrope. Of recent interest is the discovery of all-carbon molecules, known as “buckyballs” osfulleidnkave a number
of unusual properties. These interesting molecules, consisting of 60 or 70 carbon atoms linked together, seem capabidiofyvgtbat pressure
and trapping foreign atoms inside their network of carbon. They are said to be capable of magnetism and superconduatieifyoaectial as a
nonlinear optical material. Buckyball films are reported to remain superconductive at temperatures as high as 45 K. lioicorabaat is found
as carbon dioxide in the atmosphere of the earth and dissolved in all natural waters. It is a component of great rocthmfmseofrcarbonates
of calcium (limestone), magnesium, and iron. Coal, petroleum, and natural gas are chiefly hydrocarbons. Carbon is unifeestenungs in the
vast number and variety of compounds it can form. With hydrogen, oxygen, nitrogen, and other elements, it forms a vempéarglecompounds,
carbon atom often being linked to carbon atom. There are close to ten million known carbon compounds, many thousanas weitalhichr@anic
and life processes. Without carbon, the basis for life would be impossible. While it has been thought that silicon migplaa&et carbon in forming
a host of similar compounds, it is now not possible to form stable compounds with very long chains of silicon atoms. Thexawhbrs contains
96.2% CQ. Some of the most important compounds of carbon are carbon dioxigle §&®on monoxide (CO), carbon disulfide ¢ 8hloroform
(CHCly), carbon tetrachloride (Cgl methane (Ch), ethylene (GH,), acetylene (§H,), benzene (§Hg), ethyl alcohol (GHsOH), acetic acid
(CH;COOH), and their derivatives. Carbon has thirteen isotopes. Natural carbon consists o}4Ba&8%4.11%°C. In 1961 the International Union
of Pure and Applied Chemistry adopted the isotope carbon-12 as the basis for atomic weights. Carbon-14, an isotopdifeithf & THifyears,
has been widely used to date such materials as wood, archeological specimens, etc.

Cerium — (named for the asteroftkereswhich was discovered in 1801 only 2 years before the element), Ce; at. wt. 140.115(4); at. no. 58; m.p.
798C; b.p. 3424C; sp. gr. 6.770 (Z%); valence 3 or 4. Discovered in 1803 by Klaproth and by Berzelius and Hisinger; metal prepared by Hillebrand
and Norton in 1875. Cerium is the most abundant of the metals of the so-called rare earths. It is found in a number ioichitiegddanite (also
known arthite), monazite, bastnasite, cerismdsamarskiteMonazite and bastnasite are presently the two most important sources of cerium. Large
deposits of monazite found on the beaches of Travancore, India, in river sands in Brazil, and deplasiite @i the western United States, and
bastnasiten Southern California will supply cerium, thorium, and the other rare-earth metals for many years to come. Metallic pezpareis
by metallothermic reduction techniques, such as by reducing cerous fluoride with calcium, or by electrolysis of moltériarétews other cerous
halides. The metallothermic technique is used to produce high-purity cerium. Cerium is especially interesting becausalié iedecronic
structure. The energy of the inner 4f level is nearly the same as that of the outer or valence electrons, and only seafl @ameogyare required
to change the relative occupancy of these electronic levels. This gives rise to dual valency states. For example, a gelofrebciai 0% occurs
when cerium is subjected to high pressures or low temperatures. It appears that the valence changes from about 3stocblgueoricompressed.

The low temperature behavior of cerium is complex. Four allotropic modifications are thought to exist: cerium at room tte igupe eitatmospheric
pressure is known ggerium. Upon cooling to —2€,y cerium changes @cerium. The remainingcerium starts to changedaerium when cooled
to—172C, and the transformation is complete at 6@ Cerium has a density of 8.X&¢erium exists above 726. At atmospheric pressure, liquid
cerium is more dense than its solid form at the melting point. Cerium is an iron-gray lustrous metal. It is malleablezesderyideadily at room
temperature, especially in moist air. Except for europium, cerium is the most reactive of the “rare-earth” metals. licalowlysgs in cold water,
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and rapidly in hot water. Alkali solutions and dilute and concentrated acids attack the metal rapidly. The pure meta igtikelif scratched with
a knife. Ceric salts are orange red or yellowish; cerous salts are usually white. Cerium is a component of misch met@xighmkiely used in
the manufacture of pyrophoric alloys for cigarette lighters, etc. Natural cerium is stable and contains four isotope® dthietyrdioactive isotopes
and isomers are known. While cerium is not radioactive, the impure commercial grade may contain traces of thorium, udachive ratie oxide
is an important constituent of incandescent gas mantles and it is emerging as a hydrocarbon catalyst in “self-clearimgiiowgmication it can
be incorporated into oven walls to prevent the collection of cooking residues. As ceric sulfate it finds extensive usmatria waldizing agent
in gquantitative analysis. Cerium compounds are used in the manufacture of glass, both as a component and as a decokidizés. fiffteng
increased use as a glass polishing agent instead of rouge, for it is much faster than rouge in polishing glass surfaceith Grarmare earths,
is used in carbon-arc lighting, especially in the motion picture industry. It is also finding use as an important cagatgigumprefining and in
metallurgical and nuclear applications. In small lots, 99.9% cerium costs about $4/g (99.9%).

Cesium— (L. caesiussky blue), Cs; at. wt. 132.90543(5); at. no. 55; m.p. 28@401°C; b.p. 672C; sp. gr. 1.873 (2€); valence 1. Cesium
was discovered spectroscopically by Bunsen and Kirchhoff in 1860 in mineral water from Durkheim. Cesium, an alkali mstial|epidolite,
pollucite (a hydrated silicate of aluminum and cesium), and in other sources. One of the world’s richest sources of cesium iBlroatddke,
Manitoba. The deposits are estimated to contain 300,000 tons of pollucite, averaging 20% cesium. It can be isolateydiy eléoerised cyanide
and by a number of other methods. Very pure, gas-free cesium can be prepared by thermal decomposition of cesium azldechheactetized
by a spectrum containing two bright lines in the blue along with several others in the red, yellow, and green. It is &dyegftwvand ductile. It
is the most electropositive and most alkaline element. Cesium, gallium, and mercury are the only three metals thattaw@oliotésigperature.
Cesium reacts explosively with cold water, and reacts with ice at temperatures abd@ €esum hydroxide, the strongest base known, attacks
glass. Because of its great affinity for oxygen the metal is used as a “getter” in electron tubes. It is also used itrigrestelas well as a catalyst
in the hydrogenation of certain organic compounds. The metal has recently found application in ion propulsion systems.uSediimatomic
clocks, which are accurate to 5 s in 300 years. Its chief compounds are the chloride and the nitrate. Cesium has 52 isotopes &ith masses
ranging from 112 to 148. The present price of cesium is about $40/g (99.98%).

Chlorine — (Gr. chloros,greenish yellow), Cl; at. wt. 35.4527(9); at. no. 17; m.p. —2@%.6.p. —34.04C; density 3.214 g/I; sp. gr. 1.56 (-
33.6°C); valence 1, 3, 5, or 7. Discovered in 1774 by Scheele, who thought it contained oxygen; named in 1810 by Davy, wiwassistetement.
In nature it is found in the combined state only, chiefly with sodium as common salt (B&68ljite (KMgCl; - 6H,0), andsylvite(KCI). It is a
member of the halogen (salt-forming) group of elements and is obtained from chlorides by the action of oxidizing agetstied byalectrolysis;
itis a greenish-yellow gas, combining directly with nearly all elements.& @fe volume of water dissolves 3.10 volumes of chlorine °& 80ly
1.77 volumes. Chlorine is widely used in making many everyday products. Itis used for producing safe drinking wateptrer vigor&h the smallest
water supplies are now usually chlorinated. It is also extensively used in the production of paper products, dyestaffpetestiem products,
medicines, antiseptics, insecticides, foodstuffs, solvents, paints, plastics, and many other consumer products. Mastioé twedhted is used
in the manufacture of chlorinated compounds for sanitation, pulp bleaching, disinfectants, and textile processing. Fsiiththreusenufacture
of chlorates, chloroform, carbon tetrachloride, and in the extraction of bromine. Organic chemistry demands much frorbathiasres oxidizing
agent and in substitution, since it often brings desired properties in an organic compound when substituted for hydrogefpes of synthetic
rubber. Chlorine is a respiratory irritant. The gas irritates the mucous membranes and the liquid burns the skin. 2§ lijenasan be detected
as an odor, and 1000 ppm is likely to be fatal after a few deep breaths. It was used as a war gas in 1915. Naturaltelmerin® ¢estopes. Sixteen
other isotopes and isomers are known.

Chromium — (Gr.chroma,color), Cr; at. wt. 51.9961(6); at. no. 24; m.p. 19D7b.p. 2671C; sp. gr. 7.18 to 7.20 (20); valence chiefly 2,
3, or 6. Discovered in 1797 by Vauquelin, who prepared the metal the next year, chromium is a steel-gray, lustrous thartakesal high polish.
The principal ore ishromite(FeCpO,), which is found in Zimbabwe, Russia, Transvaal, Turkey, Iran, Albania, Finland, Democratic Republic of
Madagascar, and the Philippines. The metal is usually produced by reducing the oxide with aluminum. Chromium is usedsteehatalen
manufacture stainless steel, and to form many useful alloys. Much is used in plating to produce a hard, beautiful sorfaesentccorrosion.
Chromium is used to give glass an emerald green color. It finds wide use as a catalyst. All compounds of chromium areeqoloseninportant
are the chromates of sodium and potassiug(R,) and the dichromates {Kr,O;) and the potassium and ammonium chrome alums, as Kgs(SO
- 12H,0. The dichromates are used as oxidizing agents in quantitative analysis, also in tanning leather. Other compound<réabvafirejlsad
chromate is chrome yellow, a valued pigment. Chromium compounds are used in the textile industry as mordants, andfbgtidetirerandustries
for anodizing aluminum. The refractory industry has found chromite useful for forming bricks and shapes, as it has artgiglomglthoderate
thermal expansion, and stability of crystalline structure. Many chromium compounds are toxic and should be handled witfegiares. Natural
chromium contains four isotopes. Sixteen other isotopes are known. Chromium metal (99.99%) costs about $200/kg. Commehriadniuau
(99%) costs about $75/kg.

Cobalt — (Kobald,from the German, goblin or evil spirttpbalos Greek, mine), Co; at. wt. 58.93320(1); at. no. 27; m.p. 1@9%.p. 2927C;
sp.gr. 8.9 (28C); valence 2 or 3. Discovered by Brandt about 1735. Cobalt occurs in the midaitite, smaltiteanderythrite,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 alsio pneseottites. Important
ore deposits are found in Zaire, Morocco, and Canada. The U.S. Geological Survey has announced that the bottom of the Raudtiic&rtean
may have cobalt-rich deposits at relatively shallow depths in waters close to the Hawaiian Islands and other U.S. feaigfc@arialt is a brittle,
hard metal, closely resembling iron and nickel in appearance. It has a magnetic permeability of about two thirds tiGalmdlirtends to exist as
amixture of two allotropes over a wide temperature rangg:fiien predominates below 400, and the above that temperature. The transformation
is sluggish and accounts in part for the wide variation in reported data on physical properties of cobalt. It is alloped midkel and other metals
to make Alnico, an alloy of unusual magnetic strength with many important uses. Stellite alloys, containing cobalt, chndrhingstan, are used
for high-speed, heavy-duty, high temperature cutting tools, and for dies. Cobalt is also used in other magnet steetsarstestisinand in alloys
used in jet turbines and gas turbine generators. The metal is used in electroplating because of its appearance, haslsess;atalaxidation.
The salts have been used for centuries for the production of brilliant and permanent blue colors in porcelain, glasiteqatahenamels. It is
the principal ingredient in Sevre’s and Thenard’s blue. A solution of the chloride(C&60) is used as sympathetic ink. The cobalt ammines are
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THE ELEMENTS (continued)

of interest; the oxide and the nitrate are important. Cobalt carefully used in the form of the chloride, sulfate, adetaéchas been found effective
in correcting a certain mineral deficiency disease in animals. Soils should contain 0.13 to 0.30 ppm of cobalt for propetrdgimm&obalt is found
in Vitamin B-12, which is essential for human nutrition. Cobalt-60, an artificial isotope, is an important gamma ray sbis@xtansively used
as a tracer and a radiotherapeutic agent. Single compact sources of Cobalt-60 vary from about $1 to $10/curie, depentlipgod specific
activity. Twenty six isotopes and isomers of cobalt are known.

Columbium — See Niobium.

Copper — (L. cuprum,from the island of Cyprus), Cu; at. wt. 63.546(3); at. no. 29; f.p. 108€.82p. 2562C; sp. gr. 8.96 (2); valence 1
or 2. The discovery of copper dates from prehistoric times. It is said to have been mined for more than 5000 year$ nitzin’emaast important
metals. Copper is reddish colored, takes on a bright metallic luster, and is malleable, ductile, and a good conduatdredébtatity (second only
to silver in electrical conductivity). The electrical industry is one of the greatest users of copper. Copper occasiasatigtoegand is found in
many minerals such asiprite, malachite, azurite, chalcopyri@ndbornite.Large copper ore deposits are found in the U.S., Chile, Zambia, Zaire,
Peru, and Canada. The most important copper ores are the sulfides, oxides, and carbonates. From these, copper is @itiaigdedgrsng, and
by electrolysis. Its alloys, brass and bronze, long used, are still very important; all American coins are now coppesralaysd gun metals also
contain copper. The most important compounds are the oxide and the sulfate, blue vitriol; the latter has wide use asrah@gjgonland as an
algicide in water purification. Copper compounds such as Fehling’s solution are widely used in analytical chemistryrisugsis Figh-purity
copper (99.999 + %) is available commercially. Natural copper contains two isotopes. Twenty five other radioactive isisopesramde known.

Curium — (Pierre and Marie Curie), Cm; at. wt. (247); at. no. 96; m.p. 2348C; sp. gr. 13.51 (calc.); valence 3 and 4. Although curium follows
americium in the periodic system, it was actually known before americium and was the third transuranium element to be. discas étentified
by Seaborg, James, and Ghiorso in 1944 at the wartime Metallurgical Laboratory in Chicago as a result of helium-ion bowi¥gf8manthe
Berkeley, California, 60-inch cyclotron. Visible amounts |@0) of 242Cm, in the form of the hydroxide, were first isolated by Werner and Periman
of the University of California in 1947. In 1950, Crane, Wallmann, and Cunningham found that the magnetic susceptibildgmafimsamples of
CmF; was of the same magnitude as that of Gd@iRis provided direct experimental evidence for assigning an electronic configuratioritdrCm
1951, the same workers prepared curium in its elemental form for the first time. Sixteen isotopes of curium are now knmmshsEide?4’Cm,
with a half-life of 16 million years, is so short compared to the earth’s age that any primordial curium must have disappegeefiom the natural
scene. Minute amounts of curium probably exist in natural deposits of uranium, as a result of a sequence of neutrorddapaeagsasustained
by the very low flux of neutrons naturally presentin uranium ores. The presence of natural curium, however, has neeetbagdCietanc44Cm
are available in multigram quantiti@4$8Cm has been produced only in milligram amounts. Curium is similar in some regards to gadolinium, its rare-
earth homolog, butithas a more complex crystal structure. Curium s silver in color, is chemically reactive, and igroposigiee than aluminum.
CmO,, Cmy03, Cmk;, CmF,, CmCk, CmBgr;, and Cmy have been prepared. Most compounds of trivalent curium are faintly yellow in%&lon
generates about three watts of thermal energy per gram. This compares to one-half watt pef@ranTbfs suggests use for curium as a power
source?44Cm is now offered for sale at $160/mg plus packing chattfésn is available at a cost of $1A0/ plus packing charges, from the O.R.N.L.
Curium absorbed into the body accumulates in the bones, and is therefore very toxic as its radiation destroys the redyce#édbemism. The
maximum permissible total body burder?iCm (soluble) in a human being is @i (microcurie).

Deuterium, an isotope of hydrogen — see Hydrogen.

Dubnium — see Element 105.

Dysprosium — (Gr. dysprositoshard to get at), Dy; at. wt. 162.50(3); at. no. 66; m.p. 1@1B.p. 2567C; sp. gr. 8.551 (Z&); valence 3.
Dysprosium was discovered in 1886 by Lecoq de Boisbaudran, but not isolated. Neither the oxide nor the metal was aslati@blg jpure form
until the development of ion-exchange separation and metallographic reduction techniques by Spedding and associate ®gbputdidfoccurs
along with other so-called rare-earth or lanthanide elements in a variety of minerals@uaitia®e, fergusonite, gadolinite, euxenite, polycrase,
blomstrandineThe most important sources, however, are froonaziteandbastnasiteDysprosium can be prepared by reduction of the trifluoride
with calcium. The element has a metallic, bright silver luster. It is relatively stable in air at room temperature, ahdattaekeld and dissolved,
with the evolution of hydrogen, by dilute and concentrated mineral acids. The metal is soft enough to be cut with a &nifeandahined without
sparking if overheating is avoided. Small amounts of impurities can greatly affect its physical properties. While dyspostyehiound many
applications, its thermal neutron absorption cross-section and high melting point suggest metallurgical uses in nuclepplcatiosis and for
alloying with special stainless steels. A dysprosium oxide-nickel cermet has found use in cooling nuclear reactor radse{léisoebs neutrons
readily without swelling or contracting under prolonged neutron bombardment. In combination with vanadium and other rayespesttism has
been used in making laser materials. Dysprosium-cadmium chalcogenides, as sources of infrared radiation, have beenlyisgdcfoeratoal
reactions. The cost of dysprosium metal has dropped in recent years since the development of ion-exchange and solvetgobxtiquotis, and
the discovery of large ore bodies. Thirty two isotopes and isomers are now known. The metal costs about $4/g (99.9% purity).

Einsteinium — (Albert Einstein), Es; at. wt. (252); m.p. 8&)est.); at. no. 99. Einsteinium, the seventh transuranic element of the actinide series
to be discovered, was identified by Ghiorso and co-workers at Berkeley in December 1952 in debris from the first largeltraarexphesion, which
took place in the Pacific in November 1952. The isotope produced was the Z8ksaigotope. In 1961, a sufficient amount of einsteinium was
produced to permit separation of a macroscopic amoudftEs. This sample weighed about O(@L A special magnetic-type balance was used in
making this determinatio>3Es so produced was used to produce mendelevium (Element 101). Atgpoft@nsteinium has been produced at Oak
Ridge National Laboratories by irradiating for several years kilogram quantifi&®ofin a reactor to produé&Pu. This was then fabricated into
pellets of plutonium oxide and aluminum powder, and loaded into target rods for an initial 1-year irradiation at the Saxariplaimtkfollowed
by irradiation in a HFIR (High Flux Isotopic Reactor). After 4 months in the HFIR the targets were removed for chemicialrsefidi@einsteinium
from californium. Seventeen isotopes and isomers of einsteinium are now recotfdE=etas the longest half-life (276 days). Tracer studies using
25%s show that einsteinium has chemical properties typical of a heavy trivalent, actinide element.

Element 104— (at. wt. 261). In 1964, workers of the Joint Nuclear Research Institute at Dubna (U.S.S.R.) bombarded plutonium veitedacceler
113to 115 MeV neonions. By measuring fission tracks in a special glass with a microscope, they detected an isotopdihapdetayeous fission.
They suggested that this isotope, which had a half-life of 0.3 s might b&%104, produced by the following reaction:
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THE ELEMENTS (continued)

242 22 260
o Pu+10Neﬁ 104 +4n

Element 104, the firstansactinideslement, is expected to have chemical properties similar to those of hafnium. It would, for example, form arelatively
volatile compound with chlorine (a tetrachloride). The Soviet scientists have performed experiments aimed at chemicatidtherstifit have
attempted to show that the 0.3-s activity is more volatile than that of the relatively nonvolatile actinide trichlorideqeriment does not fulfill
the test of chemically separating the new element from all others, but it provides important evidence for evaluation. féparttly, issued by
Soviet scientists, have reduced the half-life of the isotope they worked with from 0.3 to 0.15 s. The Dubna scientisteesumygdsirchatovium
and symboKu for Element 104, in honor of Igor Vasilevich Kurchatov (1903—1960), late Head of Soviet Nuclear Research. The Dubna Group alst
has proposed the namdebniumfor Element 104. In 1969, Ghiorso, Nurmia, Harris, K. A. Y. Eskola, and P. L. Eskola of the University of California
at Berkeley reported they had positively identified two, and possibly three, isotopes of Element 104. The group alsdhatiatitzdepeated
attempts so far they have been unable to produce is&i0& reported by the Dubna groups in 1964. The discoveries at Berkeley were made by
bombarding a target 8#°Cf with 12C nuclei of 71 MeV, anéfC nuclei of 69 MeV. The combination ¥ with 24°Cf followed by instant emission
of four neutrons produced EleméhtL04. This isotope has a half-life of 4 to 5 s, decaying by emitting an alpha partid@ttpwith a half-life
of 105 s. The same reaction, except with the emission of three neutrons, was thought to have?p¥baiveth a half-life of about 1/100 s. Element
259104 is formed by the merging of3C nuclei with?4°Cf, followed by emission of three neutrons. This isotope has a half-life of 3 to 4 s, and decays
by emitting an alpha particle int8™No, which has a half-life of 185 s. Thousands of aton¥8’d04 anc?>9104 have been detected. The Berkeley
group believe their identification 8$8104 was correct. As of January 1995 it was thought that eleven isotopes of Element 104 have been identified
The Berkeley group proposed for the new element the natmerfordium(symbol Rf), in honor of Ernest Rutherford, New Zealand physicist. This
name was formally adapted by IUPAC in 1997.

Element 105— In 1967 G. N. Flerov reported that a Soviet team working at the Joint Institute for Nuclear Research at Dubna may¢ed/e produ
a few atoms 0#6%105 anc?61105 by bombarding*3Am with 22Ne. Their evidence was based on time-coincidence measurements of alpha energies.
More recently, it was reported that early in 1970 Dubna scientists synthesized Element 105 and that by the end of Apdlia9&&titrated all the
types of decay of the new element and had determined its chemical properties.” The Soviet group proposegbtingiumarfe Element 105. In
late April 1970, it was announced that Ghiorso, Nurmia, Harris, K. A. Y. Eskola, and P. L. Eskola, working at the Unizabfyroia at Berkeley,
had positively identified Element 105. The discovery was made by bombarding a taf#etwith a beam of 84 MeV nitrogen nuclei in the Heavy
lon Linear Accelerator (HILAC). When!8N nuclear is absorbed by#Cf nucleus, four neutrons are emitted and a new at@fi1@fs with a half-
life of 1.6 sis formed. While the first atoms of Element 105 are said to have been detected conclusively on March $e 19&@dbece that Element
105 had been formed in Berkeley experiments a year earlier by the method described. Ghiorso and his associates hawecattdinmptSditiet
findings by more sophisticated methods without success.

In October 1971, it was announced that two new isotopes of Element 105 were synthesized with the heavy ion linear acéel&faimnsb
and co-workers at Berkeley. Elemé##.05 was produced both by bombard?BCf with 15N and by bombardingf*Bk with 160. The isotope emits
8.93-MeVa particles and decays #'Lr with a half-life of about 1.8 s. Eleme#£105 was produced by bombard#f@Bk with 180. It emits 8.45
MeV a particles and decays4ei_r with a half-life of about 40 s. Eight isotopes of Element 105 are now recognized. In 1997, the International Union
of Pure and Applied Chemistry adopted the nauteniumfor Element 105.

Element 106 —The discovery of Element 106 took place in 1974 almost simultaneously at the Lawrence-Berkeley Laboratory and at the Joir
Institute for Nuclear Research at Dubna (near Moscow). The Berkeley Group, under direction of Ghiorso, used the Supet-ideavjtmelerator
(Super HILAC) as a source of hea¥ ions to bombard a 2583 target of4SCf. This resulted in the production and positive identificatic§406,
which decayed with a half-life of 000.2 s by the emission of alpha particles as follows:

23106 L1 - 2104 1F - **No [If - .

The Dubna Team, directed by Flerov and Organessian, produced heavy{@nswith their 310-cm heavy-ion cyclotron to bomb#Pb and%Pb
and found a product that decayed with a half-life of 7 ms. They as$f§he6 to this isotope. Itis now thought six isotopes of Element 106 have been
identified. Two of the isotopes are believed to have half-lives of about 30 s. In 1997, IUPAC adopted theahanggunfor Element 106.

Element 107 —This element, expected to have chemical properties similar to rhenium, was synthesized and unambiguously identified in 198:
using the Universal Linear Accelerator (UNILAC) at the Gesellschaft fiir Schwerionenforschung (G.S.1.) in Darmstadt, Geendaopvity team
was led by Armbruster and Miinzenberg. The reaction producing the element was proposed and applied earlier by a Dubry G@apdssian
in 1976. A target of%Bi was bombarded by a beam®é€r ions. In 1983 experiments at Dubna using the 157 -inch cyclotron, protei@d by
the reactior?%Bi + 54Cr. The alpha decay 6f¢Cf, the sixth member in the decay chaif®107, served to establish a 1-neutron reaction channel.

The IUPAC has recently adopted the nasnariumwith symbol Bh for Element 107. Three isotopes of 107 are now recognized.

Element 108 —This element was first synthesized and identified in 1984 by the same G.S.l. Darmstadt group who first identified Elements 10
and 109. Presumably this element will have chemical properties similar to osmium. Bétdpevas produced using a bean¥&e projectiles,
produced by the Universal Linear Accelerator (UNILAC) to bomb&@8Rb target. Discovery of Elements 107 and 109 was made using detection
of isotopes with odd proton and neutron numbers. Elements having even atomic numbers are thought to be less stabldagzoust S@ion than
odd elements. The production?%108 in the same reaction as was used at G.S.I. was confirmed at Dubna with detection of the 7th member of th
decay chaif®3Es. Isotopes of Element 108 were believed to decay by spontaneous fission, explaining why 109 was produced beforeZ8B&otope
and266108 are thought to decay 484106, which in turn decays #7104 anc®>No. The IUPAC adopted the narhassium after the German state
of Hesse, in 1997.

Element 109 —On August 29, 1992, Element 109 was made and identified by physicists at the Heavy lon Research Laboratory (G.S.1.), Darmsta
Germany, by bombarding a targe2efBi with accelerated nuclei 6fFe. The production of Element 109 has been extremely small. It took a week
of target bombardment (¥nuclear encounters) to produce a single atom of 109. Oganessian and his team at Dubna in 1994 repeated the Darmst
experiment using a 10-fold irradiation dose. One fission event from seven alpha decays of 109 was observed, thus ifiireattle@existence
of isotope?%6109. The IUPAC has adopted the namgitnerium(Mt) for this element, honoring L. Meitner, in 1997.
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Element 110 —In 1987 Oganessian, et al., at Dubna, claimed discovery of this element. Their experiments indicated the spontanegus fissioni
nuclide?72110 with a half-life of 10 ms. More recently a group led by Armbruster at G.S.1. in Darmstadt, Germany, reported evfenogwhich
was produced by bombarding lead for many days with more tR&nitRel atoms. A detector searched each collision for Element 110’s distinct decay
sequence. On November 9, 1994, evidence of 110 was detected. Berkeley scientists, in 1991, performed similar experiptetdd andlemnce
of 110, but this was not confirmed. Workers at Dubna have experiments underway to pféidiicby bombarding plutonium with sulfur atoms.
Other experiments at G.S.l. are now searching for heavier isotopes. Several years ago the IUPAC suggested the useasftharemmomilium
for Element 110 when it was found.

Element 111 —On December 20, 1994, scientists at GS| Darmstadt, Germany announced they had detected three atoms of a new element v
111 protons and 161 neutrons. This element was made by bomiF&Riingth 28Ni. Signals of Element 111 appeared for less than 0.002 sec, then
decayed into lighter elements including Elen¥ft09 and Elemerf64107. These isotopes had not previously been observed. A name for Element
111 has not been suggested although IUPAC has suggested a temporary name of Unununium.

Element 112 —n late February 1996, Siguard Hofmann and his collaborators at GSI Darmstadt announced their discovery of Element 112, havir
112 protons and 165 neutrons, with an atomic mass of 277. This element was made by bombarding a lead target with highienergysimgle
nucleus of Element 112 was detected, which decayed after less than 0.001 sec by emitisngiele, consisting of two protons and two neutrons.

This created Element 13, which in turn decayed by emitting arparticle to form a new isotope of Element 108 and so on. Evidence indicates that
nuclei with 162 neutrons are held together more strongly than nuclei with a smaller or larger number of neutrons. Thssaiggestgeninsula”

of relatively stable isotopes around Element 114. GSI scientists are experimenting to bombard targets with ions heacies iradzce Elements

113 and 114. A name has not yet been suggested for Element 112, although the IUPAC suggested the temproary name of untireb@lemehée

was discovered.

Erbium — (Ytterby a town in Sweden), Er; at. wt. 167.26(3); at. no. 68; m.p.°1528p. 2868C; sp. gr. 9.066 (Z&); valence 3, Erbium, one
of the so-called rare-earth elements of the lanthanide series, is found in the minerals mentioned under dysprosium 4bMesamd8r separated
“yttria,” found in the mineragadolinite,into three fractions which he callgtiria, erbia,andterbia. The namegrbia andterbia became confused
in this early period. After 1860, Mosandeesbiawas known aerbia,and after 1877, the earlier knoerbiabecameerbia. Theerbiaof this period
was later shown to consist of five oxides, now knowerbis, scandia, holmia, thuliandytterbia.By 1905 Urbain and James independently succeeded
in isolating fairly pure EiO;. Klemm and Bommer first produced reasonably pure erbium metal in 1934 by reducing the anhydrous chloride with
potassium vapor. The pure metal is soft and malleable and has a bright, silvery, metallic luster. As with other rarelgdtthpmgtearties depend
to a certain extent on the impurities present. The metal is fairly stable in air and does not oxidize as rapidly as sotherofitieeearth metals.
Naturally occurring erbium is a mixture of six isotopes, all of which are stable. Twenty four radioactive isotopes of ediaomecognized. Recent
production techniques, using ion-exchange reactions, have resulted in much lower prices of the rare-earth metals arulihésriogagent years.

The cost of 99.9% erbium metal is about $4/gm. Erbium is finding nuclear and metallurgical uses. Added to vanadium, foeesampéevers
the hardness and improves workability. Most of the rare-earth oxides have sharp absorption bands in the visible, uidavealeinfared. This
property, associated with the electronic structure, gives beautiful pastel colors to many of the rare-earth salts. Ergives@xuiek color and has
been used as a colorant in glasses and porcelain enamel glazes.

Europium — (Europe), Eu; at. wt. 151.965(9); at. no. 63; m.p°82d.p. 1529C; sp. gr. 5.244 (2%); valence 2 or 3. In 1890 Boisbaudran
obtained basic fractions from samarium-gadolinium concentrates which had spark spectral lines not accounted for by sgadafinmaror These
lines subsequently have been shown to belong to europium. The discovery of europium is generally credited to Demarcagtedtbsepae earth
in reasonably pure form in 1901. The pure metal was not isolated until recent years. Europium is now prepared by,@yxiith Bd0%-excess
of lanthanum metal and heating the mixture in a tantalum crucible under high vacuum. The element is collected as a silvatafihideposit
on the walls of the crucible. As with other rare-earth metals, except for lanthanum, europium ignites in air at abou@kG0Eard®ium is about
as hard as lead and is quite ductile. It is the most reactive of the rare-earth metals, quickly oxidizing in air. It ieseiniviés its reaction with
water.Bastnasitendmonaziteare the principal ores containing europium. Europium has been identified spectroscopically in the sun and certain star:
Europium isotopes are good neutron absorbers and are being studied for use in nuclear control applications. Europiuswaxidelysused as
a phosphor activator and europium-activated yttrium vanadate is in commercial use as the red phosphor in color TV tulresdépedmplastic
has been used as a laser material. With the development of ion-exchange techniques and special processes, the cés®btmTgetaltly reduced
in recent years. Natural europium contains two stable isotopes. Thirty five other radioactive isotopes and isomers aregdiownistbne of the
rarest and most costly of the rare-earth metals. It is priced at about $50/g (99.9% pure).

Fermium — (Enrico Fermi), Fm; at. wt. (257); at. no. 100; m.p. P&2Fermium, the eighth transuranium element of the actinide series to be
discovered, was identified by Ghiorso and co-workers in 1952 in the debris from a thermonuclear explosion in the Padifinvalviog the
University of California Radiation Laboratory, the Argonne National Laboratory, and the Los Alamos Scientific Laborat@ytopeeproduced
was the 20-hou®5Fm. During 1953 and early 1954, while discovery of elements 99 and 100 was withheld from publication for security reasons, :
group from the Nobel Institute of Physics in Stockholm bomba@edvith 160 ions, and isolated a 30-ndremitter, which they ascribed4e100,
without claiming discovery of the element. This isotope has since been identified positively, and the 30-min half-lifeccoRfienolemical
properties of fermium have been studied solely with tracer amounts, and in normal aqueous media only the (Ill) oxidappeastate exist. The
isotope?>¥m and heavier isotopes can be produced by intense neutron irradiation of lower elements such as plutonium by a presssseof succ
neutron capture interspersed with beta decays until these mass numbers and atomic numbers are reached. Twenty isotepeefdachisom
are known to exis#’Fm, with a half-life of about 100.5 days, is the longest lig&&m, with a half-life of 30 min, has been shown to be a product
of decay of Elemer®4102. It was by chemical identification 89Fm that production of Element 102 (nobelium) was confirmed.

Fluorine — (L. and Ffluere,flow, or flux), F; at. wt. 18.9984032(9); at. no. 9; m.p. —219%¢L atm); b.p. —188.2C (1 atm); density 1.696
g/L (0°C, 1 atm); lig. den. at b.p. 1.50 g malence 1. In 1529, Georigius Agricola described the use of fluorspar as a flux, and as early as 1670
Schwandhard found that glass was etched when exposed to fluorspar treated with acid. Scheele and many later investiipgoBanpcGay-

Lussac, Lavoisier, and Thenard, experimented with hydrofluoric acid, some experiments ending in tragedy. The elementinclatéakith 1886

4-11


huffman
110

huffman
Element

huffman
111

huffman
Element

huffman
112

huffman
Element

huffman
Erbium

huffman
Europium

huffman
Fermium

huffman
Fluorine
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by Moisson after nearly 74 years of continuous effort. Fluorine occurs chigéigispar(Cak,) andcryolite(Na,AlFg), butis rather widely distributed
in other minerals. It is a member of the halogen family of elements, and is obtained by electrolyzing a solution of pgthegiamfluoride in
anhydrous hydrogen fluoride in a vessel of metal or transparent fluorspar. Modern commercial production methods arevesisitialpn the
procedures first used by Moisson. Fluorine is the most electronegative and reactive of all elements. It is a pale ysilos\gasywhich reacts with
practically all organic and inorganic substances. Finely divided metals, glass, ceramics, carbon, and even water bnenwitliladsright flame.
Until World War 11, there was no commercial production of elemental fluorine. The atom bomb project and nuclear energyrep plavagver, made
it necessary to produce large quantities. Safe handling techniques have now been developed and it is possible at pspsenliqoittdluorine
by the ton. Fluorine and its compounds are used in producing uranium (from the hexafluoride) and more than 100 comnusrtoéshitads,
including many well-known high-temperature plastics. Hydrofluoric acid is extensively used for etching the glass of lightcb&h®rochloro
hydrocarbons are extensively used in air conditioning and refrigeration. It has been suggested that fluorine can befeubgtinagen wherever
itoccurs in organic compounds, which could lead to an astronomical number of new fluorine compounds. The presencesisatibée fluoride
in drinking water to the extent of 2 ppm may cause mottled enamel in teeth, when used by children acquiring permanesmédiethaimounts,
however, fluorides are said to be beneficial and used in water supplies to prevent dental cavities. Elemental fluorinsthdiethe@sna rocket
propellant as it has an exceptionally high specific impulse value. Compounds of fluorine with rare gases have now bedn€anfiisies of xenon,
radon, and krypton are among those known. Elemental fluorine and the fluoride ion are highly toxic. The free elementbteriatzhpungent
odor, detectable in concentrations as low as 20 ppb, which is below the safe working level. The recommended maximumosltemailgon for
a daily 8-hour time-weighted exposure is 1 ppm. Fluorine is known to have thirteen isotopes.

Francium — (France), Fr; at. no. 87; at. wt. (223); m.p’@b.p. 677C; valence 1. Discovered in 1939 by Mile. Marguerite Perey of the Curie
Institute, Paris. Francium, the heaviest known member of the alkali metal series, occurs as a result of an alpha disihgagirgition It can also
be made artificially by bombarding thorium with protons. While it occurs naturally in uranium minerals, there is prolthialy é8ssunce of francium
at any time in the total crust of the earth. It has the highest equivalent weight of any element, and is the most urestabtel6fitelements of the
periodic system. Thirty-five isotopes and isomers of francium are recognized. The longe3#fiN@a, K), a daughter 6R7Ac, has a half-life of
21.8 min. This is the only isotope of francium occurring in nature. Because all known isotopes of francium are highly kntstdédige of the
chemical properties of this element comes from radiochemical techniques. No weighable quantity of the element has beenipotgtaedrhe
chemical properties of francium most closely resemble cesium.

Gadolinium — (gadolinite,a mineral named for Gadolin, a Finnish chemist), Gd; at. wt. 157.25(3); at. no. 64; m&;18(#33273C; sp. gr.
7.901 (28C); valence 3. Gadolinia, the oxide of gadolinium, was separated by Marignac in 1880 and Lecoq de Boisbaudran indepktedntly iso
the element from Mosander’s “yttria” in 1886. The element was named for the ngiaéodihitefrom which this rare earth was originally obtained.
Gadolinium is found in several other minerals, inclugimanaziteandbastnasitewhich are of commercial importance. The element has been isolated
only in recent years. With the development of ion-exchange and solvent extraction technigues, the availability and miicéuoh gad the other
rare-earth metals have greatly improved. Thirty isotopes and isomers of gadolinium are now recognized; seven are stabiammdllycd he metal
can be prepared by the reduction of the anhydrous fluoride with metallic calcium. As with other related rare-earth sngta&yitnhite, has a
metallic luster, and is malleable and ductile. At room temperature, gadolinium crystallizes in the hexagonal, closefpankétbon heating to
1235C, a gadolinium transforms into thgform, which has a body-centered cubic structure. The metal is relatively stable in dry air, but in moist air
it tarnishes with the formation of a loosely adhering oxide film which spalls off and exposes more surface to oxidatical Téecieeslowly with
water and is soluble in dilute acid. Gadolinium has the highest thermal neutron capture cross-section of any known €}éteatit4®, Natural
gadolinium is a mixture of seven isotopes. Two of th¥86d and'>’Gd, have excellent capture characteristics, but they are present naturally in low
concentrations. As a result, gadolinium has a very fast burnout rate and has limited use as a nuclear control rodrasteei@h ltsed in making
gadolinium yttrium garnets, which have microwave applications. Compounds of gadolinium are used in making phosphors\dubetarThe
metal has unusual superconductive properties. As little as 1% gadolinium has been found to improve the workability aedfésistachromium,
and related alloys to high temperatures and oxidation. Gadolinium ethyl sulfate has extremely low noise characteristitscnsiemaguplicating
the performance of amplifiers, such as the maser. The metal is ferromagnetic. Gadolinium is unique for its high magnetodfomenspecial
Curie temperature (above which ferromagnetism vanishes) lying just at room temperature. This suggests uses as a mageetithabsgwes
hot and cold. The price of the metal is $2/g (99.9% purity).

Gallium — (L. Gallia, France; also from Latigallus,a translation of Lecoq, a cock), Ga; at. wt. 69.723(1); at. no. 31; m.p. 29C, &46. 2204C;
sp. gr. 5.904 (29°€) solid; sp. gr. 6.095 (296) liquid; valence 2 or 3. Predicted and described by Mendeleev as ekaaluminum, and discovered
spectroscopically by Lecog de Boisbaudranin 1875, who in the same year obtained the free metal by electrolysis offédrehyttboxide in KOH.
Gallium is often found as a trace elemerdiespore, sphalerite, germanite, bauxaaedcoal. Some flue dusts from burning coal have been shown
to contain as much as 1.5% gallium. It is the only metal, except for mercury, cesium, and rubidium, which can be liqaid tesapesatures; this
makes possible its use in high-temperature thermometers. It has one of the longest liquid ranges of any metal and lvapeeesurapven at high
temperatures. There is a strong tendency for gallium to supercool below its freezing point. Therefore, seeding may beistassaofidification.
Ultra-pure gallium has a beautiful, silvery appearance, and the solid metal exhibits a conchoidal fracture similar te gletsl. &pands 3.1% on
solidifying; therefore, it should not be stored in glass or metal containers, as they may break as the metal solidiffeae@adjlass or porcelain,
and forms a brilliant mirror when it is painted on glass. Itis widely used in doping semiconductors and producing sigidegtagaich as transistors.
High-purity gallium is attacked only slowly by mineral acids. Magnesium gallate containing divalent impurities suct? asfidding use in
commercial ultraviolet activated powder phosphors. Gallium arsenide is capable of converting electricity directly intdighte@ilium readily
alloys with most metals, and has been used as a component in low-melting alloys. Its toxicity appears to be of a lovsloodét Hauhandled with
care until more data are forthcoming. Natural gallium contains two stable isotopes. Twenty three other isotopes, one af veloicter, are known.
The metal can be supplied in ultrapure form (99.99999+%). The cost is about $4/g.

Germanium — (L. Germania,Germany), Ge; at. wt. 72.61(2); at. no. 32; m.p. 93&€25.p. 2833C; sp. gr. 5.323 (2&); valence 2 and 4.
Predicted by Mendeleev in 1871 as ekasilicon, and discovered by Winkler in 1886. The metal issiaymddiite a sulfide of germanium and silver;
in germanitewhich contains 8% of the element; in zinc ores; in coal; and in other minerals. The element is frequently obtained corfrorarcially
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THE ELEMENTS (continued)

flue dusts of smelters processing zinc ores, and has been recovered from the by-products of combustion of certairesealse lits goal insures
alarge reserve of the element in the years to come. Germanium can be separated from other metals by fractional distiEttledétrachloride.
The tetrachloride may then be hydrolyzed to give G#@ dioxide can be reduced with hydrogen to give the metal. Recently developed zone-refining
techniques permit the production of germanium of ultra-high purity. The element is a gray-white metalloid, and in its [suzgystatline and brittle,
retaining its luster in air at room temperature. It is a very important semiconductor material. Zone-refining techniqeeésttigreduction of
crystalline germanium for semiconductor use with an impurity of only one partdrDidped with arsenic, gallium, or other elements, it is used as
a transistor element in thousands of electronic applications. Its application as a semiconductor element now provideasefargermanium.
Germaniumi is also finding many other applications including use as an alloying agent, as a phosphor in fluorescent Rengestayst aGermanium
and germanium oxide are transparent to the infrared and are used in infrared spectroscopes and other optical equipngenttrieciatyi sensitive
infrared detectors. Germanium oxide’s high index of refraction and dispersion has made it useful as a component of glassgs-asete camera
lenses and microscope objectives. The field of organogermanium chemistry is becoming increasingly important. Certain gempeninds have

a low mammalian toxicity, but a marked activity against certain bacteria, which makes them of interest as chemotheratze (flweacrest of
germanium is about $3/g (99.999% purity). Twenty nine isotopes and isomers are known, five of which occur naturally.

Gold — (Sanskritlval; Anglo-Saxongold), Au (L. aurum,gold); at. wt. 196.96654(3); at. no. 79; m.p. 10624Ct&.p. 2856C; sp. gr. ~19.3
(20°C); valence 1 or 3. Known and highly valued from earliest times, gold is found in nature as the free metal and in telkideswidely
distributed and is almost always associated with quartz or pyrite. It occurs in veins and alluvial deposits, and is afeshfsspaiocks and other
minerals by sluicing and panning operations. About two thirds of the world’s gold output comes from South Africa, and #ficds tfiche total
U.S. production comes from South Dakota and Nevada. The metal is recovered from its ores by cyaniding, amalgamatingigaprbsessés.
Refining is also frequently done by electrolysis. Gold occurs in sea water to the extent of 0.1 to 2 mg/ton, dependingtortékre the sample
is taken. As yet, no method has been found for recovering gold from sea water profitably. It is estimated that all the gadddh so far refined,
could be placed in a single cube 60 ft on a side. Of all the elements, gold in its pure state is undoubtedly the mostiseaatiilic, having a yellow
color when in a mass, but when finely divided it may be black, ruby, or purple. The Purple of Cassius is a delicateriesfoldr. s the most
malleable and ductile metal; 1 0z. of gold can be beaten out t& 3018 f soft metal and is usually alloyed to give it more strength. Itis a good conductor
of heat and electricity, and is unaffected by air and most reagents. It is used in coinage and is a standard for mametaryrsysyecountries. It
is also extensively used for jewelry, decoration, dental work, and for plating. It is used for coating certain spaceasteltitagood reflector of
infrared and is inert. Gold, like other precious metals, is measured in troy weight; when alloyed with other metals;dhat ternsed to express
the amount of gold present, 24 carats being pure gold. For many years the value of gold was set by the U.S. at $20.67itra93dutitis value
was fixed by law at $35.00/troy ounce, 9/10th fine. On March 17, 1968, because of a gold crisis, a two-tiered pricingsegsteatvlislzed whereby
gold was still used to settle international accounts at the old $35.00/troy ounce price while the price of gold on thepketat®uld be allowed
to fluctuate. Since this time, the price of gold on the free market has fluctuated widely. The price of gold on the freeatizekiet price of $620/
troy oz. in January 1980. The most common gold compounds are auric chloridg) (@uCthlorauric acid (HAug), the latter being used in
photography for toning the silver image. Gold has forty six recognized isotopes and idétharsyith a half-life of 2.7 days, is used for treating
cancer and other diseases. Disodium aurothiomalate is administered intramuscularly as a treatment for arthritis. A mexpare mifric acid with
three of hydrochloric acid is calletjua regia(because it dissolved gold, the King of Metals). Gold is available commercially with a purity of
99.999+%. For many years the temperature assigned to the freezing point of gold has be®®; 1b&3@s served as a calibration point for the
International Temperature Scales (ITS-27 and ITS-48) and the International Practical Temperature Scale (IPTS-48). In1B6&;reatienal
Practical Temperature Scale (IPTS-68) was adopted, which demanded that the freezing point of gold be changed@ I0&93Ba new
International Temperature Scale (ITS-90) was adopted bringing the t.p. (triple poin€ ¢g4{°C)) to 0.02C and the freezing point of gold to
1064.18C.The specific gravity of gold has been found to vary considerably depending on temperature, how the metal is precipitédedoaket.
As of January 1996, gold was priced at about $390/troy oz. ($12.50/g).

Hafnium — (Hafnia, Latin name for Copenhagen), Hf; at. wt. 178.49(2); at. no. 72; m.p2228%; b.p. 4603C; sp. gr. 13.31 (2€); valence
4. Hafnium was thought to be present in various minerals and concentrations many years prior to its discovery, in 1828, Bréttister and G.
von Hevesey. On the basis of the Bohr theory, the new element was expected to be associated with zirconium. It wasifiedliy Kieonfrom
Norway, by means of X-ray spectroscopic analysis. It was named in honor of the city in which the discovery was madenMostzingsals contain
1 to 5% hafnium. It was originally separated from zirconium by repeated recrystallization of the double ammonium or phtasdesbfy von
Hevesey and Jantzen. Metallic hafnium was first prepared by van Arkel and deBoer by passing the vapor of the tetraiodeaeul/arrgsten
filament. Almost all hafnium metal now produced is made by reducing the tetrachloride with magnesium or with sodium (Kss). Ptafnium
is a ductile metal with a brilliant silver luster. Its properties are considerably influenced by the impurities of zircesamh @f all the elements,
zirconium and hafnium are two of the most difficult to separate. Their chemistry is almost identical, however, the deosityuof s about half
that of hafnium. Very pure hafnium has been produced, with zirconium being the major impurity. Natural hafnium contdingesxas@ of which
is slightly radioactive. Hafnium has a total of 40 recognized isotopes and isomers. Because hafnium has a good absasgtitorcfosthermal
neutrons (almost 600 times that of zirconium), has excellent mechanical properties, and is extremely corrosion resiséahfpitrisactor control
rods. Such rods are used in nuclear submarines. Hafnium has been successfully alloyed with iron, titanium, niobium, idrdéthemmetals.
Hafnium carbide is the most refractory binary composition known, and the nitride is the most refractory of all known itesamip. 331TC).
Hafnium is used in gas-filled and incandescent lamps, and is an efficient “getter” for scavenging oxygen and nitrogeividédehafthium is
pyrophoric and can ignite spontaneously in air. Care should be taken when machining the metal or when handling hot spondé Ra6C
hafnium rapidly absorbs hydrogen to form the composition, §fHHafnium is resistant to concentrated alkalis, but at elevated temperatures reacts
with oxygen, nitrogen, carbon, boron, sulfur, and silicon. Halogens react directly to form tetrahalides. The price ofithim tietéroad range of
$1/g to $3/g, depending on purity and quantity. The yearly demand for hafnium in the U.S. is now in excess of 50,000 kg.

Hahnium — A name previously used for Element 105, now nathdzhium

Hassium— see Element 108.

Helium — (Gr. helios the sun), He; at. wt. 4.002602(2); at. no. 2; m.p. below — 22226 atm); b.p. — 268.98; density 0.1785 g/l (T,
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1 atm); liquid density 7.62 IbAat. b.p.; valence usually 0. Evidence of the existence of helium was first obtained by Janssen during the solar eclips
of 1868 when he detected a new line in the solar spectrum; Lockyer and Frankland suggestediblanaiorethe new element; in 1895, Ramsay
discovered helium in the uranium mineckdvite and it was independently discovered in cleveite by the Swedish chemists Cleve and Langlet about
the same time. Rutherford and Royds in 1907 demonstrateddheticles are helium nuclei. Except for hydrogen, helium is the most abundant element
found throughout the universe. Helium is extracted from natural gas; all natural gas contains at least trace quantitiesiofiaelbeen detected
spectroscopically in great abundance, especially in the hotter stars, and it is an important component in both the pro¢actpotand the carbon
cycle, which account for the energy of the sun and stars. The fusion of hydrogen into helium provides the energy of thébiydroglee helium
content of the atmosphere is about 1 partin 200,000. While itis present in various radioactive minerals as a deca pna#wétie Free World's
supply is obtained from wells in Texas, Oklahoma, and Kansas. The only known helium extraction plants, outside the United Sé&te/ere in
Eastern Europe (Poland), the Russia, China, and India. The cost of helium fell from $a50045 to 1.5¢/fin 1940. Commercial helium in 1996

was priced at about $70/300 cu. ft. (8.5 cu. meters). Helium has the lowest melting point of any element and has foeimlevjaeganic research,

as its boiling point is close to absolute zero. Its use in the study of superconductivity is vital. Using liquid heliummdkaativorkers, and others,
have succeeded in obtaining temperatures of a few microkelvins by the adiabatic demagnetization of copper nuclei, s&songdroinK. Seven
isotopes of helium are known. Liquid helium @exists in two forms: H&and Héll, with a sharp transition point at 2.174 K (3.83 cm Hg)4IHe
(above this temperature) is a normal liquid, butiHeelow 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. It has other peculiar properties. Haignliguttethat cannot

be solidified by lowering the temperature. It remains liquid down to absolute zero at ordinary pressures, but it cangebdifigéy increasing

the pressure. SolfHe and*He are unusual in that both can readily be changed in volume by more than 30% by application of pressure. The specifi
heat of helium gas is unusually high. The density of helium vapor at the normal boiling point is also very high, with thepaagorg greatly when
heated to room temperature. Containers filled with helium gas at 5 to 10 K should be treated as though they containadniguiel foethe large
increase in pressure resulting from warming the gas to room temperature. While helium normally has a 0 valence, it seemecaktandency

to combine with certain other elements. Means of preparing helium diflouride have been studied, and species such as éleiééeanthtions

He* and He* have been investigated. Helium is widely used as an inert gas shield for arc welding; as a protective gas in growimntygdiotersum
crystals, and in titanium and zirconium production; as a cooling medium for nuclear reactors, and as a gas for supetsanglsviAdnixture of
helium and oxygen is used as an artificial atmosphere for divers and others working under pressure. Different raticarefudefCfor different
depths at which the diver is operating. Helium is extensively used for filling balloons as it is a much safer gas than @ydrogtre recent largest
uses for helium has been for pressuring liquid fuel rockets. A Saturn booster such as used on the Apollo lunar missitaisoetl@ enillion flof

helium for a firing, plus more for checkouts. Liquid helium’s use in magnetic resonance imaging (MRI) continues to inbeassdisal profession
accepts and develops new uses for the equipment. This equipment is providing accurate diagnoses of problems where esgdoyatay s
previously been required to determine problems. Another medical application thatis being developed uses MRI to detemdinaaly bis whether

a patient has any form of cancer. Lifting gas applications are increasing. Various companies in addition to Goodyearsiage“bbmps” for
advertising. The Navy and the Air Force are investigating the use of airships to provide early warning systems to dgtegtdavisé missiles.

The Drug Enforcement Agency has used radar-equipped blimps to detect drug smugglers along the southern border of td@ithSNIASA

is currently using helium-filled balloons to sample the atmosphere in Antarctica to determine what is depleting the otatelayects Earth from
harmful U.V. radiation. Research on and development of materials which become superconductive at temperatures well abayedive bbd
helium could have amajorimpact on the demand for helium. Less costly refrigerants having boiling points consideralolyldigdace the present
need to cool such superconductive materials to the boiling point of helium.

Holmium — (L. Holmia, for Stockholm), Ho; at. wt. 164.93032(3); at. no 67; m.p. 1@7B.p. 2700C; sp. gr. 8.795 (2&); valence + 3. The
spectral absorption bands of holmium were noticed in 1878 by the Swiss chemists Delafontaine and Soret, who annourereckthéaaxiglement
X". Cleve, of Sweden, later independently discovered the element while working on erbia earth. The element is named sifiatiGeity. Pure
holmia, the yellow oxide, was prepared by Homberg in 1911. Holmium occgadlinite, monaziteand in other rare-earth minerals. It is
commercially obtained from monazite, occurring in that mineral to the extent of about 0.05%. It has been isolated byidheofétdumbhhydrous
chloride or fluoride with calcium metal. Pure holmium has a metallic to bright silver luster. It is relatively soft andleyaltehis stable in dry air
atroom temperature, but rapidly oxidizes in moist air and at elevated temperatures. The metal has unusual magnetiEgnopsetdrave yet been
found for the element. The element, as with other rare earths, seems to have a low acute toxic rating. Natural holn@dinasti. tHolmium
has 46 other isotopes known, all of which are radioactive. The price of 99.9% holmium metal is about $15/g.

Hydrogen — (Gr.hydrg water, ang@ienesforming), H; at. wt. 1.00794(7); at. no. 1; m.p. —25934.p. —252.87C; density 0.08988 g/I; density
(liquid) 70.8 g/l (—253C); density (solid) 70.6 g/l (-26€); valence 1. Hydrogen was prepared many years before it was recognized as a distinct
substance by Cavendish in 1766. It was named by Lavoisier. Hydrogen is the most abundant of all elements in the urtiveteeughtithat the
heavier elements were, and still are, being built from hydrogen and helium. It has been estimated that hydrogen makbaupGfo all the
atoms or three quarters of the mass of the universe. It is found in the sun and most stars, and plays an importapti@m-ipriten reaction and
carbon-nitrogen cycle, which accounts for the energy of the sun and stars. It is thought that hydrogen is a major cothpgrienebfupiter and
that at some depth in the planet’s interior the pressure is so great that solid molecular hydrogen is converted intdisdiidingen. In 1973, it
was reported that a group of Russian experimenters may have produced metallic hydrogen at a pressure of 2.8 Mbar.tibnttiectderssity
changed from 1.08 to 1.3 g/énkarlier, in 1972, a Livermore (California) group also reported on a similar experiment in which they observed a
pressure-volume point centered at 2 Mbar. It has been predicted that metallic hydrogen may be metastable; others haiteyoédidiech
superconductor at room temperature. On earth, hydrogen occurs chiefly in combination with oxygen in water, but it iméiscopgeskgc matter
such as living plants, petroleum, coal, etc. It is present as the free element in the atmosphere, but only to the exteart afpesn by volume. It
is the lightest of all gases, and combines with other elements, sometimes explosively, to form compounds. Great qualtigEsairie required
commercially for the fixation of nitrogen from the air in the Haber ammonia process and for the hydrogenation of fatdtasdledsused in large
quantities in methanol production, in hydrodealkylation, hydrocracking, and hydrodesulfurization. It is also used asuelidoketélding, for
production of hydrochloric acid, for the reduction of metallic ores, and for filling balloons. The lifting powe? of hyftirogen gas is about 0.076
Ib at ®C, 760 mm pressure. Production of hydrogen in the U.S. alone now amounts to about 3 billion cubic feet per year. It isypitepactin
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of steam on heated carbon, by decomposition of certain hydrocarbons with heat, by the electrolysis of water, or by themlifjglacacids by certain
metals. Itis also produced by the action of sodium or potassium hydroxide on aluminum. Liquid hydrogen is important icscapolgarihe study
of superconductivity, as its melting point is only a 20 degrees above absolute zero. The ordinary isotope of hydrogemntagsdtium In 1932,
Urey announced the discovery of a stable isotope, deutetitior ©) with an atomic weight of 2. Deuterium is present in natural hydrogen to the
extent of 0.015%. Two years later an unstable isotope, tritium (H), with an atomic weight of 3 was discovered. Tritiutf+ffesoh dlaout 12.5
years. Tritium atoms are also present in hydrogen but in much smaller proportion. Tritium is readily produced in nucisam@#iesed in the
production of the hydrogen bomb. Itis also used as a radioactive agent in making luminous paints, and as a tracer. &eistezahi\gavailable,
without permit, at about $1/I. Heavy water, deuterium oxid®{Dwhich is used as a moderator to slow down neutrons, is available without permit
at a cost of 6¢ to $1/g, depending on quantity and purity. Quite apart from isotopes, it has been shown that hydrogeordasamndenditions
is a mixture of two kinds of molecules, knowroatho- andpara-hydrogen, which differ from one another by the spins of their electrons and nuclei.
Normal hydrogen at room temperature contains 25% qfaheform and 75% of therthoform. Theorthoform cannot be prepared in the pure state.
Since the two forms differ in energy, the physical properties also differ. The melting and boiling pparthgéirogen are about 0Q lower than
those of normal hydrogen. Consideration is being given to an entire economy based on solar- and nuclear-generated hgatiedgenehuate
regions, power plants would electrolyze sea water; the hydrogen produced would travel to distant cities by pipelinestrelhytirogen could
replace natural gas, gasoline, etc., and could serve as a reducing agent in metallurgy, chemical processing, refinirig,ad$n bie used to convert
trash into methane and ethylene. Public acceptance, high capital investment, and the high present cost of hydrogenwipiresspefiels are
but a few of the problems facing establishment of such an economy.

Indium — (from the brilliantindigo line in its spectrum),In; at. wt. 114.818(3); at. no. 49; f.p. 156 G638%H. 2072C; sp. gr. 7.31 (AT); valence
1, 2, or 3. Discovered by Reich and Richter, who later isolated the metal. Indium is most frequently associated withiziscandtiérs from these
that most commercial indium is now obtained; however, it is also found iniron, lead, and copper ores. Until 1924, a goanstibutesl the world’'s
supply of this element in isolated form. It is probably about as abundant as silver. About 4 million troy ounces of inthunperéuced annually
inthe Free World. Canada is presently producing more than 1,000,000 troy ounces annually. The present cost of indfastddgyitdepending
on quantity and purity. It is available in ultrapure form. Indium is a very soft, silvery-white metal with a brilliantlhstpure metal gives a high-
pitched “cry” when bent. It wets glass, as does gallium. It has found application in making low-melting alloys; an alloindfugi986% gallium
is liquid at room temperature. It is used in making bearing alloys, germanium transistors, rectifiers, thermistors, andpttorscdt can be plated
onto metal and evaporated onto glass, forming a mirror as good as that made with silver but with more resistance to atonaspberiChere is
evidence that indium has a low order of toxicity; however, care should be taken until further information is availabdveBiigp®pes and isomers
are now recognized (more than any other element). Natural indium contains two isotopes. One is stable *Fe, athraprising 95.71% of natural
indium is slightly radioactive with a very long half-life.

lodine — (Gr.iodes violet), I; at. wt. 126.90447(3); at. no. 53; m.p. 12@,7.p. 184.4C; density of the gas 11.27 g/l; sp. gr. solid 4.93@0
valence 1, 3, 5, or 7. Discovered by Courtois in 1811. lodine, a halogen, occurs sparingly in the form of iodides irfroen wiieh it is assimilated
by seaweeds, in Chilean saltpeter and nitrate-bearing earth, knoalithsin brines from old sea deposits, and in brackish waters from oil and salt
wells. Ultrapure iodine can be obtained from the reaction of potassium iodide with copper sulfate. Several other methtidg tiféselement are
known. lodine is a bluish-black, lustrous solid, volatilizing at ordinary temperatures into a blue-violet gas with ag odtatiit forms compounds
with many elements, but is less active than the other halogens, which displace it from iodides. lodine exhibits somikenatafleries. It dissolves
readily in chloroform, carbon tetrachloride, or carbon disulfide to form beautiful purple solutions. Itis only slightlyisokdier. lodine compounds
are important in organic chemistry and very useful in medicine. Forty two isotopes and isomers are recognized. OnlyisotestdBleis found
in nature. The artificial radioisotop&t, with a half-life of 8 days, has been used in treating the thyroid gland. The most common compounds are the
iodides of sodium and potassium (KI) and the iodates {KIGck of iodine is the cause of goiter. lodides, and thyroxin which contains iodine, are
used internally in medicine, and a solution of KI and iodine in alcohol is used for external wounds. Potassium iodiderfiptistaggaphy. The
deep blue color with starch solution is characteristic of the free element. Care should be taken in handling and usisg@daet,with the skin
can cause lesions; iodine vapor is intensely irritating to the eyes and mucous membranes. Elemental iodine costs aboud@aodibg on purity
and quantity.

Iridium — (L. iris, rainbow), Ir; at. wt. 192.217(3); at. no. 77; m.p. 2426.p. 4428C; sp. gr. 22.42 (IC); valence 3 or 4. Discovered in 1803
by Tennant in the residue left when crude platinum is dissolved by aqua regia. The name iridium is appropriate, foe itsgiditalored. Iridium,
a metal of the platinum family, is white, similar to platinum, but with a slight yellowish cast. It is very hard and takife invery hard to machine,
form, or work. It is the most corrosion-resistant metal known, and was used in making the standard meter bar of Par&s9@¥igiiainum-10%
iridium alloy. This meter bar was replaced in 1960 as a fundamental unit of length (see under Krypton). Iridium is nobgttenketithe acids
nor by aqua regia, but is attacked by molten salts, such as NaCl and NaCN. Iridium occurs uncombined in nature with glatimemmaitals of
this family in alluvial deposits. It is recovered as a by-product from the nickel mining industry. The presence of iridegartigsbeen used in
examining the Cretaceous-Tertiary (K-T) boundary. Meteorites contain small amounts of iridium. Because iridium is foudistsitolelgd at the
K-T boundary, it has been suggested that a large meteorite or asteroid collided with the earth, killing the dinosautsygaadasgEadust cloud
and crater. Searches for such a crater point to one in the Yucatan, known as Chicxulub. Iridium has found use in magsngnetagphratus for
use at high temperatures. It is also used for electrical contacts. Its principal use is as a hardening agent for platismium/ithforms an alloy
which is used for tipping pens and compass bearings. The specific gravity of iridium is only very slightly lower thasmhiathofwhich has been
generally credited as being the heaviest known element. Calculations of the densities of iridium and osmium from thespgoeskitalues of
22.65 and 22.61 g/chrespectively. These values may be more reliable than actual physical measurements. Natural iridium contains two isotope
Forty two other isotopes, all radioactive, are now recognized. At present, therefore, we know that either iridium or demidemsest known
element, but the data do not yet allow selection between the two. Iridium costs about $50/g.

Iron — (Anglo-Saxonjron), Fe (L.ferrum); at. wt. 55.845(2); at. no. 26; m.p. 1888b.p. 2861C; sp. gr. 7.874 (2C); valence 2, 3, 4, or 6.
The use of iron is prehistoric. Genesis mentions that Tubal-Cain, seven generations from Adam, was “an instructor éiteverpeats and iron.”
A remarkable iron pillar, dating to about A.D. 400, remains standing today in Delhi, India. This solid shaft of wroughbioah #, m high by 40
cm in diameter. Corrosion to the pillar has been minimal although it has been exposed to the weather since its erectiopldtively abundant
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elementinthe universe. Itis found in the sun and many types of stars in considerable quantity. Its nuclei are veoy itétmlmd native as a principal
component of a class of meteorites known as “siderites, and is a minor constituent of the other two classes. The cohe 21 B@ereides in radius,
is thought to be largely composed of iron with about 10% occluded hydrogen. The metal is the fourth most abundant elengémt nigiing up
the crust of the earth. The most common oheisatite(Fe,03), which is frequently seen Black sandsilong beaches and banks of strearasonite
is becoming increasingly important as a commercial ore. Common iron is a mixture of four isotopes. Ten other isotopestarexXisowon is
a vital constituent of plant and animal life, and appears in hemoglobin. The pure metal is not often encountered in coimestally alloyed
with carbon or other metals. The pure metal is very reactive chemically, and rapidly corrodes, especially in moistantedteshperatures. It
has four allotropic forms, or ferrites, known@s, y, andd, with transition points at 700, 928, and 1530Thea form is magnetic, but when
transformed into th@ form, the magnetism disappears although the lattice remains unchanged. The relations of these forms are peculiar. Pig iron
an alloy containing about 3% carbon with varying amounts of S, Si, Mn, and P. It is hard, brittle, fairly fusible, antbipragskte other alloys,
including steel. Wrought iron contains only a few tenths of a percent of carbon, is tough, malleable, less fusible, aily bafilumus” structure.
Carbon steel is an alloy of iron with carbon, with small amounts of Mn, S, P, and Si. Alloy steels are carbon steelsadtlitathesuch as nickel,
chromium, vanadium, etc. Iron is the cheapest and most abundant, useful, and important of all metals. Natural iron costtopefoand isomers.
Twenty one other isotopes and isomers, all radioactive, are now recognized.

Krypton — (Gr.kryptos hidden), Kr; at. wt. 83.80(1); at. no. 36; m.p. -157G3®.p. —153.22 0.1C°C; density 3.733 g/l (IC); valence usually
0. Discovered in 1898 by Ramsay and Travers in the residue left after liquid air had nearly boiled away. Krypton is {hresértoithe extent of
about 1 ppm. The atmosphere of Mars has been found to contain 0.3 ppm of krypton. It is one of the “noble” gases. érizazhbhyeits brilliant
green and orange spectral lines. Naturally occurring krypton contains six stable isotopes. Twenty four other unstabéedstomess are now
recognized. The spectral lines of krypton are easily produced and some are very sharp. In 1960 it was internationady thgreettimental unit
of length, the meter, should be defined in terms of the orange-red spectraPfite dhis replaced the standard meter of Paris, which was defined
in terms of a bar made of a platinum-iridium alloy. In October 1983 the meter, which originally was defined as being diomterofi@ quadrant
of the earth’s polar circumference, was again redefined by the International Bureau of Weights and Measures as beingftpattetrgiteled by
lightin a vacuum during a time interval of 1/299,792,458 of a second. Solid krypton is a white crystalline substancewignégieed cubic structure
which is common to all the “rare gases”. While krypton is generally thought of as a rare gas that normally does not cbrotiiee @éments to
form compounds, it now appears that the existence of some krypton compounds is established. Krypton difluoride has ltBergprepquantities
and can be made by several methods. A higher fluoride of krypton and a salt of an oxyacid of krypton also have beenckpotedns of Arkr
and KrH" have been identified and investigated, and evidence is provided for the formation of KrXe bi€y}éeon clathrates have been prepared
with hydroquinone and phendPKr has found recent application in chemical analysis. By imbedding the isotope in variouksgiidsatesare
formed. The activity of these kryptonates is sensitive to chemical reactions at the surface. Estimates of the conceratatints@ire therefore made
possible. Krypton is used in certain photographic flash lamps for high-speed photography. Uses thus far have been liggtetlitseloigin cost.
Krypton gas presently costs about $690/100 .

Lanthanum — (Gr. lanthanein to lie hidden), La; at. wt. 138.9055(2); at. no. 57; m.p°@18®.p. 3464C; sp. gr. 6.145 (2%); valence 3.
Mosander in 1839 extracted a new edatithang from impure cerium nitrate, and recognized the new element. Lanthanum is found in rare-earth
minerals such aserite, monazite, allanit@ndbastnasiteMonazite and bastnasite are principal ores in which lanthanum occurs in percentages up
to 25 and 38%, respectively. Misch metal, used in making lighter flints, contains about 25% lanthanum. Lanthanum was lieta&tedyi pure
formin 1923. Iron-exchange and solvent extraction techniques have led to much easier isolation of the so-called “regmeatshTae availability
of lanthanum and other rare earths has improved greatly in recent years. The metal can be produced by reducing theuamitgnotisdalcium.
Lanthanum is silvery white, malleable, ductile, and soft enough to be cut with a knife. It is one of the most reacteefdndmetals. It oxidizes
rapidly when exposed to air. Cold water attacks lanthanum slowly, and hot water attacks it much more rapidly. The noétattiyaeith elemental
carbon, nitrogen, boron, selenium, silicon, phosphorus, sulfur, and with halogens®@tlabthanum changes from a hexagonal to a face-centered
cubic structure, and at 885 it again transforms into a body-centered cubic structure. Natural lanthanum is mixture of two isotopes, one of which is
stable and one of which is radioactive with a very long half-life. Twenty nine other radioactive isotopes are recognieagthRaneypounds
containing lanthanum are extensively used in carbon lighting applications, especially by the motion picture industrylfohshgdmd projection.
This application consumes about 25% of the rare-earth compounds produtednifroves the alkali resistance of glass, and is used in making
special optical glasses. Small amounts of lanthanum, as an additive, can be used to produce nodular cast iron. Theérngédeestiinehydrogen
sponge alloys containing lanthanum. These alloys take up to 400 times their own volume of hydrogen gas, and the prosibs. ideavenergy
is released every time they do so; therefore these alloys have possibilities in energy conservation systems. Lanthammpanddishave a low
to moderate acute toxicity rating; therefore, care should be taken in handling them. The metal costs about $2/g (99.9%).

Lawrencium — (Ernest O. Lawrence, inventor of the cyclotron), Lr; at. no. 103; at. mass no. (262); valence + 3(?). This member oéttierbf tra
elements (actinide series) was discovered in March 1961 by A. Ghiorso, T. Sikkeland, A. E. Larsh, and R. M. Latimeak{@nium target,
consisting of a mixture of isotopes of mass number 249, 250, 251, and 252, was bombarded Wihaith@r The electrically charged transmutation
nuclei recoiled with an atmosphere of helium and were collected on a thin copper conveyor tape which was then movedi¢ztelde@taros in
front of a series of solid-state detectors. The isotope of element 103 produced in this way decayed by emitting an 8.6-péeticphith a half-
life of 8 s. In 1967, Flerov and associates of the Dubna Laboratory reported their inability to detect an alpha emittalf\iéhcd 8 s which was
assigned by the Berkeley group?f8103. This assignment has been changé88o or 259r. In 1965, the Dubna workers found a longer-lived
lawrencium isotop€3tLr, with a half-life of 35 s. In 1968, Ghiorso and associates at Berkeley were able to use a few atoms of this isotope to stud
the oxidation behavior of lawrencium. Using solvent extraction techniques and working very rapidly, they extracted lavaresfriom & buffered
aqueous solution into an organic solvent, completing each extraction in about 30 s. It was found that lawrencium bebatigSrdiffiedipositive
nobelium and more like the tripositive elements earlier in the actinide series. Ten isotopes of lawrencium are now recognized.

Lead — (Anglo-Saxoriead), Pb (L.plumbun); at. wt. 207.2(1); at. no. 82; m.p. 327°@6b.p. 1749C; sp. gr. 11.35 (2C); valence 2 or 4. Long
known, mentioned in Exodus. The alchemists believed lead to be the oldest metal and associated it with the planet Sdead.ddativs in nature,
but it is rare. Lead is obtained chiefly fragalena(PbS) by a roasting procegsglesite(PbSQ), cerussitgPbCQ), andminim (Pk,O,) are other
common lead minerals. Lead is a bluish-white metal of bright luster, is very soft, highly malleable, ductile, and a pdor chebeatricity. It is
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very resistant to corrosion; lead pipes bearing the insignia of Roman emperors, used as drains from the baths, aiesstill iss®ed in containers
for corrosive liquids (such as sulfuric acid) and may be toughened by the addition of a small percentage of antimonyetalsiidmtoral lead is
a mixture of four stable isotope84Pb (1.4%)2%Pb (24.1%)297Pb (22.1%), and®®b (52.4%). Lead isotopes are the end products of each of the
three series of naturally occurring radioactive elem@#b for the uranium serie¥/Pb for the actinium series, affPb for the thorium series.
Forty other isotopes of lead, all of which are radioactive, are recognized. Its alloys include solder, type metal, andtifacbos metals. Great
quantities of lead, both as the metal and as the dioxide, are used in storage batteries. Much metal also goes intoygapleieg, ammunition,
and in the manufacture of lead tetraethyl. The metal is very effective as a sound absorber, is used as a radiationagbelayaequipment and
nuclear reactors, and is used to absorb vibration. White lead, the basic carbonate, sublimed white IgachfBb&Qellow (PbCrg), red lead
(P0O,), and other lead compounds are used extensively in paints, although in recent years the use of lead in paints haslheenrtadsticto
eliminate or reduce health hazards. Lead oxide is used in producing fine “crystal glass” and “flint glass” of a highefidetiaf for achromatic
lenses. The nitrate and the acetate are soluble salts. Lead salts such as lead arsenate have been used as inseiticseds, fecethteyears has
been practically eliminated in favor of less harmful organic compounds. Care must be used in handling lead as it is @ pomsaratinvironmental
concern with lead poisoning has resulted in a national program to eliminate the lead in gasoline. Lead is priced at a[90u®%)/kg

Lithium — (Gr.lithos, stone), Li; at. wt. 6.941(2); at. no. 3; m.p. 18Q.5.p. 1342C; sp. gr. 0.534 (2€); valence 1. Discovered by Arfvedson
in 1817. Lithium is the lightest of all metals, with a density only about half that of water. It does not occur free inorahired it is found in small
amounts in nearly all igneous rocks and in the waters of many mineral spepglite, spodumene, petalismdamblygonitere the more important
minerals containing it. Lithium is presently being recovered from brines of Searles Lake, in California, and from Nevadagd@gentina. Large
deposits of spodumene are found in North Carolina. The metal is produced electrolytically from the fused chloride. Liitrégyrinsappearance,
much like Na and K, other members of the alkali metal series. It reacts with water, but not as vigorously as sodium. pétiatieautiful crimson
colorto aflame, but when the metal burns strongly the flame is a dazzling white. Since World War Il, the production ofdithiand its compounds
has increased greatly. Because the metal has the highest specific heat of any solid element, it has found use in &ppli¢etitsiey however, it
is corrosive and requires special handling. The metal has been used as an alloying agent, is of interest in synthessoflmogads, and has nuclear
applications. It ranks as a leading contender as a battery anode material as it has a high electrochemical potentmudséthinrspecial glasses
and ceramics. The glass for the 200-inch telescope at Mt. Palomar contains lithium as a minor ingredient. Lithium chieriofetli® anost
hygroscopic materials known, and it, as well as lithium bromide, is used in air conditioning and industrial drying sysiemsstegrate is used
as an all-purpose and high-temperature lubricant. Other lithium compounds are used in dry cells and storage battersp8swétitisium are
recognized. Natural lithium contains two isotopes. The metal is priced at about $500/kg (99.9%).

Lutetium — (Lutetia, ancient name for Paris, sometimes caliediopeiuny the Germans), Lu; at. wt. 174.967(1); at. no. 71; m.p. 1863
b.p. 3402C; sp. gr. 9.841 (2&); valence 3. In 1907, Urbain described a process by which Marignac’s ytterbium (1879) could be separated into the
two elements, ytterbium (neoytterbium)and lutetium. These elements were identical with “aldebaranium” and “cassiopeiumdeimbyepe
discovered by von Welsbach about the same time. Charles James of the University of New Hampshire also independentlg peepared thxide,
lutecia, at this time. The spelling of the element was changedlfr@oiumto lutetiumin 1949. Lutetium occurs in very small amounts in nearly all
minerals containing yttrium, and is presentionaziteo the extent of about 0.003%, which is a commercial source. The pure metal has been isolated
only in recent years and is one of the most difficult to prepare. It can be prepared by the reduction of anhydrousufy6y an alkali or alkaline
earth metal. The metal is silvery white and relatively stable in air. While new techniques, including ion-exchange reaetioesntdeveloped to
separate the various rare-earth elements, lutetium is still the most costly of all rare earths. Itis priced at abdtA.$106grs naturally (97.41%)
with 173_u (2.59%), which is radioactive with a very long half-life. It is radioactive with a half-life of abod0®years. Lutetium has 49 isotopes
and isomers that are now recognized. Stable lutetium nuclides, which emit pure beta radiation after thermal neutrorcactivaticed as catalysts
in cracking, alkylation, hydrogenation, and polymerization. Virtually no other commercial uses have been found yet foAiégdatetium, like
other rare-earth metals, is thought to have a low toxicity rating, it should be handled with care until more informatiahles ava

Magnesium— (Magnesiadistrict in Thessaly) Mg; at. wt. 24.3050(6); at. no. 12; m.p°,650.p. 1090C; sp. gr. 1.738 (2); valence 2.
Compounds of magnesium have long been known. Black recognized magnesium as an elementin 1755. It was isolated by Ceng/pnef 208
in coherent form by Bussy in 1831. Magnesium is the eighth most abundant element in the earth’s crust. It does not odoedyubabdmbfound
in large deposits in the form afagnesite, dolomiteand other minerals. The metal is now principally obtained in the U.S. by electrolysis of fused
magnesium chloride derived from brines, wells, and sea water. Magnesium is a light, silvery-white, and fairly toughammsalest slightly in air,
and finely divided magnesium readily ignites upon heating in air and burns with a dazzling white flame. It is used iri flashdigiaphy, flares,
and pyrotechnics, including incendiary bombs. It is one third lighter than aluminium, and in alloys is essential for adptassila contruction.
The metal improves the mechanical, fabrication, and welding characteristics of aluminum when used as an alloying agemtn fMagsesbin
producing nodular graphite in cast iron,and is used as an additive to conventional propellants. It is also used as gertlincihg production of
pure uranium and other metals from their salts. The hydromidk ¢f magnesig chloride, sulfateEpsom salfs and citrate are used in medicine.
Dead-burned magnesite is employed for refractory purposes such as brick and liners in furnaces and converters. Organiccoragoesids
(Grignard’s reagents) are important. Magnesium is an important element in both plant and animal life. Chlorophylls arerezgresd
porphyrins. The adult daily requirement of magnesium is about 300 mg/day, but this is affected by various factors. Grealddaeetaken in
handling magnesium metal, especially in the finely divided state, as serious fires can occur. Water should not be usefroagnesium or on
magnesium fires. Natural magnesium contains three isotopes. Twelve other isotopes are recognized. Magnesium metal Li3tssp(32ud9%).

Manganese— (L. magnesmagnet, from magnetic properties of pyrolusitenidnganesecorrupt form ofnagnesiy Mn; at. wt. 54.93805(1);
at. no. 25; m.p. 12463°C; b.p. 2061C; sp. gr. 7.21 to 7.44, depending on allotropic form; valence 1, 2, 3, 4, 6, or 7. Recognized by Scheele, Bergman
and others as an element and isolated by Gahn in 1774 by reduction of the dioxide with carbon. Manganese minerals atebwigelyaides,
silicates, and carbonates are the most common. The discovery of large quantities of manganese nodules on the floosdidlus grearnise as
a source of manganese. These nodules contain about 24% manganese together with many other elements in lesser abunadgacedd ostiaya
is obtained from ores found in the Ukraine, Brazil, Australia, Republic of So. Africa, Gabon, China, aryradiissite(MnO,) andrhodochrosite
(MnCQs) are among the most common manganese minerals. The metal is obtained by reduction of the oxide with sodium, magnesiam, alumint
or by electrolysis. Itis gray-white, resembling iron, but is harder and very brittle. The metal is reactive chemicaliyprapdsies cold water slowly.
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Manganese is used to form many important alloys. In steel, manganese improves the rolling and forging qualities, streregh, stiffgess, wear
resistance, hardness, and hardenability. With aluminum and antimony, especially with small amounts of copper, it forensdmgigpétic alloys.
Manganese metal is ferromagnetic only after special treatment. The pure metal exists in four allotropic forms. The apsiatiteratiordinary
temperature; gamma manganese, which changes to alpha at ordinary temperatures, is said to be flexible, soft, easibable, airzbazy bent.
The dioxide (pyrolusite) is used as a depolarizer in dry cells, and is used to “decolorize” glass that is colored gregtidsyafiippn. Manganese
by itself colors glass an amethyst color, and is responsible for the color of true amethyst. The dioxide is also usefaratienpf oxygen and
chlorine, and in drying black paints. The permanganate is a powerful oxidizing agent and is used in quantitative analysdiaimeti Manganese
is widely distributed throughout the animal kingdom. It is an important trace element and may be essential for utilitation & vTwenty three
isotopes and isomers are known. Manganese metal (99.95%) is priced at about $400/kg. Metal of 99.6% purity is price@0dkgbout $

Meitnerium — See Element 109.

Mendelevium— (Dmitri Mendeleev), Md; at. wt. (258); at. no. 101; m.p. €2 #%alence +2, +3. Mendelevium, the ninth transuranium element
of the actinide series to be discovered, was first identified by Ghiorso, Harvey, Choppin, Thompson, and Seaborg easly inr&86b of the
bombardment of the isotogeEs with helium ions in the Berkeley 60-inch cyclotron. The isotope produce®®umk which has a half-life of 78
min. This firstidentification was notable in tR&Vid was synthesized on a one-atom-at-a-time basis. Sixteen isotopes and isomers are now recognized
258\d has a half-life of 51.5 days. This isotope has been produced by the bombardment of an isotope of einsteinium withiionk abveappears
possible that eventually enougfiiMd can be made so that some of its physical properties can be detef#eddas been used to elucidate some
of the chemical properties of mendelevium in aqueous solution. Experiments seem to show that the element possesses stahteldipbsiyive
(Il) oxidation state in addition to the tripositive (lll) oxidation state,which is characteristic of actinide elements.

Mercury — (PlaneMercury), Hg (hydrargyrumliquid silver); at. wt. 200.59(2); at. no. 80; t.p. —38.8%82%4.p. 356.73C; sp. gr. 13.546 (2C);
valence 1 or 2. Known to ancient Chinese and Hindus; found in Egyptian tombs of 1500 B.C. Mercury is the only commonidregtatdiopary
temperatures. It only rarely occurs free in nature. The chief eheriabar(HgS). 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 (34.46 kg) and is priced at about $2&€allibebtained by
heating cinnabar in a current of air and by condensing the vapor. It is a heavy, silvery-white metal; a rather poor ddrehicts compared with
other metals, and a fair conductor of electricity. It easily forms alloys with many metals, such as gold, silver, anti tinewhleamalgamslts
ease in amalgamating with gold is made use of in the recovery of gold from its ores. The metal is widely used in labdcdtorynaking
thermometers, barometers, diffusion pumps, and many other instruments. It is used in making mercury-vapor lamps andsigiveresmand
is used in mercury switches and other electrical apparatus. Other uses are in making pesticides, mercury cells for aadstideade production,
dental preparations, antifouling paint, batteries, and catalysts. The most important salts are mercuric chlg(iclErteg®e sublimate — a violent
poison), mercurous chloride bfgl,(calomel, occasionally still used in medicine), mercury fulminate (Hg(@QIN@)detonator widely used in
explosives, and mercuric sulfide (HgS, vermillion, a high-grade paint pigment). Organic mercury compounds are importae¢nfoasd that
an electrical discharge causes mercury vapor to combine with neon, argon, krypton, and xenon. These products, heldhtegetder Waals’
forces, correspond to HgNe, HgAr, HgKr, and HgXe. Mercury is a virulent poison and is readily absorbed through the résmtatos/
gastrointestinal tract, or through unbroken skin. It acts as a cumulative poison and dangerous levels are readilyiattsirsstimated with mercury
vapor at 20C contains a concentration that exceeds the toxic limit many times. The danger increases at higher tenfpsthienefere important
that mercury be handled with caf@ontainers of mercury should be securely covered and spillage should be avoided. If itis necessary to heat mercur
or mercury compounds, it should be done in a well-ventilated hood. Methyl mercury is a dangerous pollutant and is nownddelydter and
streams. The triple point of mercury, —38.8334is a fixed point on the International Temperature Scale (ITS-90). Native mercury contains seven
isotopes. Thirty five other isotopes and isomers are known.

Molybdenum — (Gr.molybdoslead), Mo; at. wt. 95.94(1); at. no. 42; m.p. 2823b.p. 4638C; sp. gr. 10.22 (2C); valence 2, 3, 4?, 5?, or
6. Before Scheele recognized molybdenite as a distinct ore of anew elementin 1778, it was confused with graphite arttd @eaetale/as prepared
in an impure form in 1782 by Hjelm. Molybdenum does not occur native, but is obtained principaligdtgindenitdMoS,). Wulfenite(PbMoQOy)
andPowellite(Ca(MoW)Q,) are also minor commercial ores. Molybdenum is also recovered as a by-product of copper and tungsten mining operation:
The metal is prepared from the powder made by the hydrogen reduction of purified molybdic trioxide or ammonium molybdeta!. i§ts#wvary
white, very hard, butis softer and more ductile than tungsten. It has a high elastic modulus, and only tungsten araf taetaiare,readily available
metals, have higher melting points. Itis a valuable alloying agent, as it contributes to the hardenability and tougknebsdtoa tempered steels.
It also improves the strength of steel at high temperatures. It is used in certain nickel-based alloys, such as the@Masteloge heat-resistant
and corrosion-resistant to chemical solutions. Molybdenum oxidizes at elevated temperatures. The metal has found reé@enbamhicaodes
for electrically heated glass furnaces and forehearths. The metal is also used in nuclear energy applications and futt mifssilé parts.
Molybdenumis valuable as a catalystin the refining of petroleum. It has found application as a filament material in efetélecirical applications.
Molybdenum is an essential trace element in plant nutrition. Some lands are barren for lack of this element in the seitukhodyltitte is useful
as a lubricant, especially at high temperatures where oils would decompose. Almost all ultra-high strength steels wittyieidipaints up to
300,000 psi(lb/irt) contain molybdenum in amounts from 0.25 to 8%. Natural molybdenum contains seven isotopes. Twenty three other isotopes al
isomers are known, all of which are radioactive. Molybdenum metal costs about $1/g (99.999% purity). Commercial molybd&@9n9#gtnsts
about $200/kg.

Neodymium— (Gr.neos new, andlidymostwin), Nd; at. wt. 144.24(3); at. no. 60; m.p. 1021b.p. 3074C; sp. gr. 7.008 (Z%&); valence 3.
In 1841, Mosander, extracted frararitea new rose-colored oxide, which he believed contained a new element. He named thedalgmant
as it wasan inseparable twin brother of lanthanum 1885 von Welsbach separated didymium into two new elemental compoeentgmisand
praseodymiaby repeated fractionation of ammonium didymium nitrate. While the free metatisah metgllong known and used as a pyrophoric
alloy for light flints, the element was not isolated in relatively pure form until 1925. Neodymium is present in mischtime&adtent of about 18%.
It is present in the minerafeonaziteandbastnasitewhich are principal sources of rare-earth metals. The element may be obtained by separating
neodymium salts from other rare earths by ion-exchange or solvent extraction techniques, and by reducing anhydrous aahtt#gwiibicalcium
metal. Other separation techniques are possible. The metal has a bright silvery metallic luster. Neodymium is one efdbeévaoaes-earth metals
and quickly tarnishes in air, forming an oxide that spalls off and exposes metal to oxidation. The metal, therefore kelppuidds light mineral
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oil or sealed in a plastic material. Neodymium exists in two allotropic forms, with a transformation from a double hexadpa-tentered cubic
structure taking place at 883. Natural neodymium is a mixture of seven isotopes, one of which has a very long half-life. Twenty seven other
radioactive isotopes and isomers are recognized. Didymium, of which neodymium is a component, is used for coloring glasslttersgoggles.

By itself, neodymium colors glass delicate shades ranging from pure violet through wine-red and warm gray. Light tramsogtieslith glass

shows unusually sharp absorption bands. The glass has been used in astronomical work to produce sharp bands by winels spagtba |
calibrated. Glass containing neodymium can be used as a laser material to produce coherent light. Neodymium salts aae alsolassut for
enamels. The element is also being used with iron and boron to produce extremely strong magnets having energy denaiieg &s B&gmillion

gauss oersteds. These are the most compact magnets commercially available. The price of the metal is about $2/g. Neadywitoinizderate

acute toxic rating. As with other rare earths, neodymium should be handled with care.

Neon— (Gr.neos new), Ne; at. wt. 20.1797(6); at. no. 10; t.p. —248.3G38.p. —246.08C (1 atm); density of gas 0.89990 g/l (1 atfiC)
density of liquid at b.p. 1.207 g/@nvalence 0. Discovered by Ramsay and Travers in 1898. Neon is a rare gaseous element present in the atmosphe
to the extent of 1 part in 65,000 of air. It is obtained by liquefaction of air and separated from the other gases bydisdittidioa. Natural neon
is a mixture of three isotopes. Six other unstable isotopes are known. It is very inert element; however, it is saidtorfpouna with fluorine.

Itis still questionable if true compounds of neon exist, but evidence is mounting in favor of their existence. The folhewiregkinown from optical

and mass spectrometric studies* NdleAr)*, (NeH), and (HeN#&). Neon also forms an unstable hydrate. In a vacuum discharge tube, neon glows
reddish orange. Of all the rare gases, the discharge of neon is the most intense at ordinary voltages and currentsl iNenakigsee common

neon advertising signs, which accounts for its largest use. It is also used to make high-voltage indicators, lightnsmgravestoeter tubes, and

TV tubes. Neon and helium are used in making gas lasers. Liquid neon is now commercially available and is finding imfiostaon agpan
economical cryogenic refrigerant. It has over 40 times more refrigerating capacity per unit volume than liquid heliumthad thoee times that

of liquid hydrogen. It is compact, inert, and is less expensive than helium when it meets refrigeration requirementssiabontcd800/80 cu. ft.
(2265 ).

Neptunium — (PlanefNeptung, Np; at. wt. (237); at. no. 93; m.p. 644 b.p. 3902C (est.); sp. gr. 20.25 (20); valence 3, 4, 5, and 6. Neptunium
was the first synthetic transuranium element of the actinide series discovered; the?®nmwas produced by McMillan and Abelson in 1940 at
Berkeley, California, as the result of bombarding uranium with cyclotron-produced neutrons. TheZ&blpfhalf-life of 2.14x 10F years) is
currently obtained in gram quantities as a by-product from nuclear reactors in the production of plutonium. Twenty isasopesramd neptunium
are now recognized. Trace quantities of the element are actually found in nature due to transmutation reactions in upaniuoext&y the neutrons
which are present. Neptunium is prepared by the reduction of Wigi-barium or lithium vapor at about 12@ Neptunium metal has a silvery
appearance, is chemically reactive, and exists in at least three structural modifigatiep&inium, orthorhombic, density 20.25 gfcfaneptunium
(above 286C), tetragonal, density (318) 19.36 g/crf y-neptunium (above 57T), cubic, density (60€) 18.0 g/crd. Neptunium has four ionic
oxidation states in solution: Nf(pale purple), analogous to the rare earth iohPNp* (yellow green); Np®(green blue); and Np® (pale pink).

These latter oxygenated species are in contrast to the rare earths which exhibit only simple ions of the (ll), (I1)oxiddt{tr) states in aqueous
solution. The element forms tri- and tetrahalides such ag, Mg, NpCl,, NpBr3, Npl;, and oxides of various compositions such as are found in
the uranium-oxygen system, including4®g and NpQ. Fifteen isotopes of neptunium are now recognized. The O.R.N.E’Npsavailable for sale

to its licensees and for export. This isotope can be used as a component in neutron detection instruments. It is oiferefi%&60py plus packing
costs.

Nickel — (Ger.Nickel,Satan or Old Nick’s and froRupfernickel Old Nick’s copper), Ni; at. wt. 58.6934(2); at. no. 28; m.p. 2€55.p. 2913C;
sp. gr. 8.902 (2X); valence 0, 1, 2, 3. Discovered by Cronstedtin 1751 in kupfernigkeblite). Nickel is found as a constituent in most meteorites
and often serves as one of the criteria for distinguishing a meteorite from other minerals. Iron metesidég&egmay contain iron alloyed with
from 5 to nearly 20% nickel. Nickel is obtained commercially fpantlanditeandpyrrhotiteof the Sudbury region of Ontario, a district that produces
much of the world’s nickel. It is now thought that the Sudbury deposit is the result of an ancient meteorite impact. Qitseofd@pkel are found
in Russia, New Caledonia, Australia, Cuba, Indonesia, and elsewhere. Nickel is silvery white and takes on a high paldjhmiaieable, ductile,
somewhat ferromagnetic, and a fair conductor of heat and electricity. It belongs to the iron-cobalt group of metalsfgnebisiabie for the alloys
it forms. It is extensively used for making stainless steel and other corrosion-resistant alloys such as Invar®, Mond® dnddne Hastelloys®.
Tubing made of a copper-nickel alloy is extensively used in making desalination plants for converting sea water intorfrbistkedatealso now
used extensively in coinage and in making nickel steel for armor plate and burglar-proof vaults, and is a component i®NRemaioy®, and
constantan. Nickel added to glass gives a green color. Nickel plating is often used to provide a protective coatingdtalstlzdinely divided
nickel is a catalyst for hydrogenating vegetable oils. It is also used in ceramics, in the manufacture of Alnico magméts, Bdon® storage
battery. The sulfate and the oxides are important compounds. Natural nickel is a mixture of five stable isotopes; ninetestalithisotopes are
known. Nickel sulfide fume and dust is recognized as having carcinogenic potential. Nickel metal (99.9%) is priced atCdkgot $i<k in larger
quantities.

Niobium — (Niobe daughter of Tantalus), Nb; or Columbiu@o{umbia name for America); at. wt. 92.90638(2); at. no. 41; m.p. 24I¥C;

b.p. 4744C, sp. gr. 8.57 (ZT); valence 2, 3, 47, 5. Discovered in 1801 by Hatchett in an ore sent to England more that a century before by Joh
Winthrop the Younger, first governor of Connecticut. The metal was first prepared in 1864 by Blomstrand, who reducedithbychéating it in

a hydrogen atmosphere. The nanebiumwas adopted by the International Union of Pure and Applied Chemistry in 1950 after 100 years of
controversy. Many leading chemical societies and government organizations refer to it by this name. Most metallurgistsetebshicgties, and

all but one of the leading U.S. commercial producers, however, still refer to the metal as “columbium”. The element isithitgbincolumbite),
niobite-tantalite, pyrochloreandeuxenite Large deposits of niobium have been found associatedcasiionatites(carbon-silicate rocks), as a
constituent opyrochlore Extensive ore reserves are found in Canada, Brazil, Nigeria, Zaire, and in Russia. The metal can be isolated from tantalur
and prepared in several ways. It is a shiny, white, soft, and ductile metal, and takes on a bluish cast when exposeahtaein@ératures for a

long time. The metal starts to oxidize in air at Z0D0and when processed at even moderate temperatures must be placed in a protective atmosphere
It is used in arc-welding rods for stabilized grades of stainless steel. Thousands of pounds of niobium have been usedin fdrEnsystems

such as were used in the Gemini space program. The element has superconductive properties; superconductive magnetsieavittobérzna

wire, which retains its superconductivity in strong magnetic fields. This type of application offers hope of direct largenscat®on of electric
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power. Natural niobium is composed of only one isot®idl. Forty one other isotopes and isomers of niobium are now recognized. Niobium metal
(99.9% pure) is priced at about $400/kg.

Nitrogen — (L. nitrum, Gr.nitron, native soda; gene®rming,N; at. wt. 14.00674(7); at. no. 7; m.p. —21000b.p. —195.8C; density 1.2506
o/l; sp. gr. liquid 0.808 (-195°8), solid 1.026 (—25Z); valence 3 or 5. Discovered by Daniel Rutherford in 1772, but Scheele, Cavendish,Priestley,
and others about the same time studied “burnt or dephlogisticated air,” as air without oxygen was then called. Nitroge7 &alashe air, by
volume. The atmosphere of Mars, by comparison, is 2.6% nitrogen. The estimated amount of this element in our atmospltiear #00tellion
tons. From this inexhaustible source it can be obtained by liquefaction and fractional distillation. Nitrogen molecutesmgingétred, blue-green,
blue-violet, and deep violet shades to the aurora.The element is so inert that Lavoisier aantedieéaning without life, yet its compounds are so
active as to be most important in foods, poisons, fertilizers, and explosives. Nitrogen can be also easily prepared whtatisgjution of
ammonium nitrite. Nitrogen, as a gas, is colorless, odorless, and a generally inert element. As a liquid it is alsormbloiledsss, and is similar
in appearance to water. Two allotropic forms of solid nitrogen exist, with the transition frarottree3 form taking place at —23Z. When nitrogen
is heated, it combines directly with magnesium, lithium, or calcium; when mixed with oxygen and subjected to electridfepagdist nitric oxide
(NO) and then the dioxide (N when heated under pressure with a catalyst with hydrogen, ammonia is formed (Haber process). The ammonia thi
formed is of the utmostimportance as itis used in fertilizers, and it can be oxidized to nitric acid (Ostwald process)omtaaadustryis the largest
consumer of nitrogen. Large amounts of gas are also used by the electronics industry, which uses the gas as a blanketumingedidguction
of such components as transistors, diodes, etc. Large quantities of nitrogen are used in annealing stainless steelemadilbfitedsicts. The drug
industry also uses large quantities. Nitrogen is used as a refrigerant both for the immersion freezing of food producénapdriation of foods.
Liquid nitrogen is also used in missile work as a purge for components, insulators for space chambers, etc., and bysitng wilbndd up great
pressures in wells to force crude oil upward. Sodium and potassium nitrates are formed by the decomposition of orgaiitic coatigounds of
the metals present. In certain dry areas of the world these saltpeters are found in quantity. Ammonia, nitric acids tteerfiratexides (pO, NO,

N,Os;, NO,, and NOs), TNT, the cyanides, etc. are but a few of the important compounds. Nitrogen gas prices vary from 2¢ to $2.75 (#8300 ft
cu. meters), depending on purity, etc. Production of elemental nitrogen in the U.S. is more than 9 million short tonklagmgéaitrogen contains
two isotopes!N and>N. Ten other isotopes are known.

Nobelium — (Alfred Nobel, discoverer of dynamite), No; at. wt. (259); at. no. 102; valence +2, +3. Nobelium was unambiguously discovered
and identified in April 1958 at Berkeley by A. Ghiorso, T. Sikkeland, J. R. Walton, and G. T. Seaborg, who used a newcddubtneue. A
heavy-ion linear accelerator (HILAC) was used to bombard a thin target of curiun?{4&%and 4.5%46Cm) with 12C ions to produce 162*
according to thé*Cm (2C, 4n) reaction. Earlier in 1957 workers of the U.S., Britain, and Sweden announced the discovery of an isotope of Elemen
102 with a 10-min half-life at 8.5 MeV, as a result of bombar#fifgm with13C nuclei. On the basis of this experiment the naohbeliumvas assigned
and accepted by the Commission on Atomic Weights of the International Union of Pure and Applied Chemistry. The accegtaracecivisis
premature, for both Russian and American efforts now completely rule out the possibility of any isotope of Element 10Rdiélifegpd 10 min
in the vicinity of 8.5 MeV. Early work in 1957 on the search for this element, in Russia at the Kurchatov Institute, wasyntiagragdsignment of
8.9+ 0.4 MeV alpha radiation with a half-life of 2 to 40 sec, which was too indefinite to support claim to discovery. Confiempadrgents at
Berkeley in 1966 have shown the existenc@402 with a 55-s half-ife2>2102 with a 2.3-s half-life, arf§7102 with a 25-s half-life. Twelve isotopes
are now recognized, one of which221 02has a half-life of 3.1 min. In view of the discover’s traditional right to name an element, the Berkeley group,
in 1967, suggested that the hastily given naotgelium,along with the symbol No, be retained.

Osmium — (Gr.osmea smell), Os; at. wt. 190.23(3); at. no. 76; m.p. 303@C; b.p. 5012 100°C; sp. gr. 22.57; valence 0 to +8, more usually
+3, +4, +6, and +8. Discovered in 1803 by Tennant in the residue left when crude platinum is dissaduedrbgia. Osmium occurs iiridosmine
and in platinum-bearing river sands of the Urals, North America, and South America. It is also found in the nickel-beafiSgdibesy, Ontario,
region along with other platinum metals. While the quantity of platinum metals in these ores is very small, the largefaridegleses processed
make commercial recovery possible. The metal is lustrous, bluish white, extremely hard, and brittle even at high tentpemthedsighest melting
point and the lowest vapor pressure of the platinum group. The metal is very difficult to fabricate, but the powder @rdamsinhydrogen
atmosphere at a temperature of Z@0The solid metal is not affected by air at room temperature, but the powdered or spongy metal slowly gives
off osmium tetroxide, which is a powerful oxidizing agent and has a strong smell. The tetroxide is highly toxic, and 3@&iG 66D mm).
Concentrations in air as low as-1g/m? can cause lung congestion, skin damage, or eye damage. The tetroxide has been used to detect fingerprin
and to stain fatty tissue for microscope slides. The metal is almost entirely used to produce very hard alloys, withlsthietheptatinum group,
for fountain pen tips, instrument pivots, phonograph needles, and electrical contacts. The price of 99.9% pure osmiumtpevaten usually
supplied commercially — is about $100/g, depending on quantity and supplier. Natural osmium contains seven isotopeschnétfsyis
radioactive with a very long half-life. Thirty four other isotopes and isomers are known, all of which are radioactivestiedhdeasities of iridium
and osmium seem to indicate that osmium is slightly more dense than iridium, so osmium has generally been creditedheitidagiegttknown
element. Calculations of the density from the space lattice, which may be more reliable for these elements than actuaintssasuvewer, give
a density of 22.65 for iridium compared to 226.61 for osmium. At present, therefore, we know either iridium or osmiuravéetsteelement, but
the data do not allow selection between the two.

Oxygen— (Gr.oxys sharp, acid, angenesforming; acid former), O; at. wt. 15.9994(3); at. no. 8; t.p. —218 @16 p. —182.9%C; valence
2. For many centuries, workers occasionally realized air was composed of more than one component. The behavior of oxyogenaasl ni
components of air led to the advancement of the phlogiston theory of combustion, which captured the minds of chemistsyoOxygen was
prepared by several workers, including Bayen and Borch, but they did not know how to collect it, did not study its paopledittesapt recognize
it as an elementary substance. Priestley is generally credited with its discovery, although Scheele also discovereeittigdepggdn is the third
most abundant element found in the sun, and it plays a part in the carbon-nitrogen cycle, one process thought to gha steestimea energy.
Oxygen under excited conditions is responsible for the bright red and yellow-green colors of the aurora. Oxygen, as legestofassras 21%
of the atmosphere by volume from which it can be obtained by liquefaction and fractional distillation. The atmospherenfaitersibout 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 e trainsl ofl water
is oxygen. In the laboratory it can be prepared by the electrolysis of water or by heating potassium chlorate with mani@measeadiatalyst. The
gas is colorless, odorless, and tasteless. The liquid and solid forms are a pale blue color and are strongly paramagi(@g)c.adughly active

4-20


huffman
Nitrogen

huffman
Nobelium

huffman
Osmium

huffman
Oxygen


THE ELEMENTS (continued)

compound, is formed by the action of an electrical discharge or ultraviolet light on oxygen. Ozone’s presence in the atamspheng to the
equivalent of a layer 3 mm thick at ordinary pressures and temperatures) is of vital importance in preventing harmfet tdtya\abthe sun from
reaching the earth’s surface. There has been recent concern that pollutants in the atmosphere may have a detrimethialeftens aryer. Ozone
is toxic and exposure should not exceed 0.2 rA(frhour time-weighted average — 40-hour work week). Undiluted ozone has a bluish color. Liquid
ozone is bluish black, and solid ozone is violet-black. Oxygen is very reactive and capable of combining with most elsnaectspionent of
hundreds of thousands of organic compounds. It is essential for respiration of all plants and animals and for praaiméllsadre In hospitals
it is frequently used to aid respiration of patients. Its atomic weight was used as a standard of comparison for eduér @l¢neeotts until 1961
when the International Union of Pure and Applied Chemistry adopted carbon 12 as the new basis. Oxygen has thirteen setougszéthiural
oxygen is a mixture of three isotopes. Oxygen 18 occurs naturally, is stable, and is available commercially,OMaitr [1596-20) is also available.
Commercial oxygen consumption in the U.S. is estimated to be 20 million short tons per year and the demand is expeeatszisobetastially
in the next few years. Oxygen enrichment of steel blast furnaces accounts for the greatest use of the gas. Large qabsatitisschie making
synthesis gas for ammonia and methanol, ethylene oxide, and for oxy-acetylene welding. Air separation plants produce afbihet §285
electrolysis plants about 1%. The gas costs 5@/t 75/cu. meters) in small quantities.

Palladium — (named after the asterdidllas discovered about the same time; Pallas, goddess of wisdom), Pd. at. wt. 106.42(1) at. no. 46;
m.p. 1554.9C; b.p. 2963C; sp. gr. 1202 (ZAC); valence 2, 3, or 4. Discovered in 1803 by Wollaston. Palladium is found along with platinum and
other metals of the platinum group in placer deposits of Russia, South and North America, Ethiopia, and Australia. Mdturalquaitains six stable
isotopes. Twenty five other isotopes are recognized, all of which are radioactive. It is also found associated with ¢cbppecidgposits of South
Africa and Ontario. Its separation from the platinum metals depends upon the type of ore in which it is found. It is esteetalyldoes not tarnish
in air, and is the least dense and lowest melting of the platinum group of metals. When annealed, it is soft and dwctilengadeatly increases
its strength and hardness. Palladium is attacked by nitric and sulfuric acid. At room temperatures the metal has thepsrtysoébsorbing up
to 900 times its own volume of hydrogen, possibly formingPtt is not yet clear if this a true compound. Hydrogen readily diffuses through heated
palladium and this provides a means of purifying the gas. Finely divided palladium is a good catalyst and is used fotioytaogetehnydrogenation
reactions. It is alloyed and used in jewelry trades. White gold is an alloy of gold decolorized by the addition of paileeligmid Lpalladium can
be beaten into leaf as thin as 1/250,000 in. The metal is used in dentistry, watchmaking, and in making surgical insttateetrisarcontacts.

The metal sells for about $140/troy oz. ($4.50/g).

Phosphorus— (Gr.phosphorogslight bearing; ancient name for the planet Venus when appearing before sunrise), P; at. wt. 30.973762(4); at. no
15; m.p. (white) 44.1%; b.p. 280.8C; sp. gr. (white) 1.82 (red) 2.20, (black) 2.25 to 2.69; valence 3 or 5. Discovered in 1669 by Brand, who prepared
itfrom urine. Phosphorus exists in four or more allotropic forms: white (or yellow), red, and black (or violet). White predspditwo modifications:

a andp with a transition temperature at —328 Never found free in nature, it is widely distributed in combination with minerals. Seventeen isotopes
of phosphorus are recognizéthosphateock, which contains the minempatite an impure tri-calcium phosphate, is an important source of the
element. Large deposits are found in the U.S.S.R., in Morocco, and in Florida, Tennessee, Utah, Idaho, and elsewhers.iRlaospseential
ingredient of all cell protoplasm, nervous tissue, and bones. Ordinary phosphorus is a waxy white solid; when pureegssacoldrbnsparent. It
isinsoluble in water, but soluble in carbon disulfide. It takes fire spontaneously in air, burning to the pentoxidgplvisa@sus, 50 mg constituting

an approximate fatal dose. Exposure to white phosphorus should not exceed @(Brhglmtime-weighted average — 40-hour work week). White
phosphorus should be kept under water, as it is dangerously reactive in air, and it should be handled with forcepsyil twntkih may cause
severe burns. When exposed to sunlight or when heated in its own vapot@oi2BE0converted to the red variety, which does not phosphoresce in
air as does the white variety. This form does not ignite spontaneously and it is not as dangerous as white phosphafusoWtehenbe handled
with care as it does convert to the white form at some temperatures and it emits highly toxic fumes of the oxides of plbephwated. The red
modification is fairly stable, sublimes with a vapor pressure of 1 atm #E4drid is used in the manufacture of safety matches, pyrotechnics, pesticides,
incendiary shells, smoke bombs, tracer bullets, etc. White phosphorus may be made by several methods. By one procesgttasgdate, the
essential ingredient of phosphate rock, is heated in the presence of carbon and silica in an electric furnace or fnetéir&domrentary phosphorus

is liberated as vapor and may be collected under water. If desired, the phosphorus vapor and carbon monoxide prodaazidby trelye oxidized

at once in the presence of moisture to produce phosphoric acid, an important compound in making super-phosphate feeta@ryears,
concentrated phosphoric acids, which may contain as much as 70 to,@5%etent, 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 pspduoitigiesies, such

as those used for sodium lamps. Bone-ash, calcium phosphate, is also used to produce fine chinaware and to produce npbosatztéused

in baking powder. Phosphorus is also important in the production of steels, phosphor bronze, and many other productspfidsplaienis
important as a cleaning agent, as a water softener, and for preventing boiler scale and corrosion of pipes and boigarithesmpounds of
phosphorus are important. Amorphous (red) phosphorus costs about $60/kg (99.5%).

Platinum — (Sp.platina, silver), Pt; at. wt. 195.08(3); at. no. 78; m.p. 1788;4.p. 382% 100°C; sp. gr. 21.45 (2C); valence 1?, 2, 3, or 4.
Discovered in South America by Ulloa in 1735 and by Wood in 1741. The metal was used by pre-Columbian Indians. Platinoatieecurs
accompanied by small quantities of iridium, osmium, palladium, ruthenium, and rhodium, all belonging to the same grosp Biiesetalre found
inthe alluvial deposits of the Ural mountains, of Columbia, and of certain western AmericaSpeigtite(PtAs,), occurring with the nickel-bearing
deposits of Sudbury, Ontario, is the source of a considerable amount of metal. The large production of nickel offsetg thielyedres part of the
platinum metals in two million parts of ore. Platinum is a beautiful silvery-white metal, when pure, and is malleablelantt tasta coefficient
of expansion almost equal to that of soda-lime-silica glass, and is therefore used to make sealed electrodes in glake systahtmes not oxidize
in air at any temperature, but is corroded by halogens, cyanides, sulfur, and caustic alkalis. It is insoluble in hydnachitbidcacid, but dissolves
when they are mixed @gjua regia forming chloroplatinic acid (KPtClk), an important compound. Natural platinum contains six isotopes, one of
which,199%Pt, is radioactive with a long half-life. Thirty five other radioactive isotopes and isomers are recognized. The metsiMslgxteed in
jewelry, wire, and vessels for laboratory use, and in many valuable instruments including thermocouple elements. idifoaksectsieal contacts,
corrosion-resistant apparatus, and in dentistry. Platinum-cobalt alloys have magnetic properties. One such alloy maék ahd@3%% Co, by
weight, is an extremely powerful magnet that offers a B-H (max) almost twice that of Alnico V. Platinum resistance wieelsfareasstructing
high-temperature electric furnaces. The metal is used for coating missile nose cones, jet engine fuel nozzles, etc. penicmmmesiably for long
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periods of time at high temperatures. The metal, like palladium, absorbs large volumes, of hydrogen, retaining it atongénatyres but giving
it up at red heat. In the finely divided state platinum is an excellent catalyst, having long been used in the contdiot prodesg sulfuric acid.
Itis also used as a catalyst in cracking petroleum products. There is also much current interest in the use of platitalystds fuel cells and in
its use as antipollution devices for automobiles. Platinum anodes are extensively used in cathodic protection systestspsrdatgecean-going
vessels, pipelines, steel piers, etc. Pure platinum wire will glow red hot when placed in the vapor of methyl alcohetdeecascatalyst, converting
the alcohol to formaldehyde. This phenomenon has been used commercially to produce cigarette lighters and hand warmesnéigelyompe
explode in the presence of platinum. The price of platinum has varied widely; more than a century ago it was used tqyattllteveds nearly
eight times as valuable as gold in 1920. The price in January 1996 was about $400/troy oz. ($13/g), about the samedprice as gol
Plutonium — (Planetpluto), Pu; at. wt. (244); at. no. 94; sp. gr.roodification) 19.84 (28C); m.p. 640C; b.p. 3228C; valence 3, 4, 5, or 6.
Plutonium was the second transuranium element of the actinide series to be discovered. Th&Rotaeproduced in 1940 by Seaborg, McMillan,
Kennedy, and Wahl by deuteron bombardment of uranium in the 60-inch cyclotron at Berkeley, California. Plutonium alstracestgiantities
in naturally occurring uranium ores. It is formed in much the same manner as neptunium, by irradiation of natural uratiemewitions which
are present. By far of greatest importance is the isotc{3& Rith a half-life of 24,100 years, produced in extensive quantities in nuclear reactors from
natural uranium:

238U(n,y)—> 239UD]:F—> 239Np[[?—> 239Pu

Eighteen isotopes of plutonium are now known. Plutonium has assumed the position of dominant importance among the tralesnesmium
because of its successful use as an explosive ingredient in nuclear weapons and the place which it holds as a kelyateeiapment of industrial
use of nuclear power. One kilogram is equivalent to about 22 million kilowatt hours of heat energy. The complete detkitignaof of plutonium
produces an explosion equal to about 20,000 tons of chemical explosive. Its importance depends on the nuclear propeegdilffesipnable
with neutrons and its availability in quantity. The world’s nuclear-power reactors are now producing about 20,000 kguhput@yi 1982 it was
estimated that about 300,000 kg had accumulated. The various nuclear applications of plutonium are wétRaodvas.been used in the Apollo
lunar missions to power seismic and other equipment on the lunar surface. As with neptunium and uranium, plutonium mptepeasdoiey
reduction of the trifluoride with alkaline-earth metals. The metal has a silvery appearance and takes on a yellow tastightlytexidized. It is
chemically reactive. Arelatively large piece of plutonium is warm to the touch because of the energy given off in algtergercpigces will produce
enough heat to boil water. The metal readily dissolves in concentrated hydrochloric acid, hydroiodic acid, or perchlithiécaaidtion of the Pt#
ion. The metal exhibits six allotropic modifications having various crystalline structures. The densities of these van0@dm1B686 g/cih
Plutonium also exhibits four ionic valence states in aqueous solutiof¥blBe lavender), P4 (yellow brown), Pu® (pink?), and Pu® (pink
orange). The ion PuQs unstable in agueous solutions, disproportionating intb Bod Pu®?. The Pa“thus formed, however, oxidizes the PuO
into Pud?, itself being reduced to P4 giving finally Pu3 and Pu®? Plutonium forms binary compounds with oxygen: PuO, Raf intermediate
oxides of variable composition; with the halides: P #uF,, PuCk, PuBg, Puk; with carbon, nitrogen, and silicon: PuC, PuN, BuSkyhalides are
also well known: PUOCI, PuOBr, PuOl. Because of the high rate of emission of alpha particles and the element being sihscifloadiyoy bone
marrow, plutonium, as well as all of the other transuranium elements except neptunium, are radiological poisons and dhectithhaay special
equipment and precautions. Plutonium is a very dangerous radiological hazard. Precautions must also be taken to pretesnicthel tmimation
of a critical mass. Plutonium in liquid solution is more likely to become critical than solid plutonium. The shape of theshals® be considered
where criticality is concerned. Plutonium-238 is available to authorized users from the O.R.N.L. at a cost of about $7%Pfrhes (Sacking costs
of $1250 per package.

Polonium— (Poland, native country of Mme. Curie), Po; at. wt. (209); at. no. 84; m.fC264. 962C; sp. gr. (alpha modification) 9.32; valence
-2,0,+2,+3(?), +4, and +6. Polonium was the first element discovered by Mme. Curie in 1898, while seeking the caaséwfyadimtchblende
from Joachimsthal, Bohemia. The electroscope showed it separating with bismuth. Polonium is also called Radium F. Palenjuarésratural
element. Uranium ores contain only about ug0f the element per ton. Its abundance is only about 0.2% of that of radium. In 1934, it was found
that when natural bismutffBi) was bombarded by neutroR&Bi, the parent of polonium, was obtained. Milligram amounts of polonium may now
be prepared this way, by using the high neutron fluxes of nuclear reactors. Polonium-210 is a low-melting, fairly volatd@%nefavhich is
vaporized in air in 45 hours at85. It is an alpha emitter with a half-life of 138.39 days. A milligram emits as many alpha particles as 5 g of radium.
The energy released by its decay is so large (140 W/g) that a capsule containing about half a gram reaches a temp&@@®Ee aheveapsule
also presents a contact gamma-ray dose rate of 0.012 Gy/h. A few curies (1 cuxi@@%B31) of polonium exhibit a blue glow, caused by excitation
of the surrounding gas. Because almost all alpha radiation is stopped within the solid source and its container, gseggyp fielonium has
attracted attention for uses as a lightweight heat source for thermoelectric power in space satellites. Thirty six istopessaofipolonium are
known, with atomic masses ranging from 192 to 218. All are radioactive. Polonium-210 is the most readily available. |s0&sse206f (half-life
102 years) and mass 208 (half-life 2.9 years) can be prepared by alpha, proton, or deuteron bombardment of lead or bystotritminbat these
are expensive to produce. Metallic polonium has been prepared from polonium hydroxide and some other polonium compqredsriceha
concentrated aqueous or anhydrous liquid ammonia. Two allotropic modifications are known to exist. Polonium is readityididg8oteeacids,
but is only slightly soluble in alkalis. Polonium salts of organic acids char rapidly; halide amines are reduced to thelonatah.can be mixed or
alloyed with beryllium to provide a source of neutrons. It has been used in devices for eliminating static charges iitisegtite imowever, beta
sources are more commonly used and are less dangerous. Itis also used on brushes for removing dust from photogragpicltimsnTbor these
is carefully sealed and controlled, minimizing hazards to the user. Polonium-210 is very dangerous to handle in eveonnillgocgram amounts,
and special equipment and strict control is necessary. Damage arises from the complete absorption of the energy ofticteaigbdigsue. The
maximum permissible body burden for ingested polonium is onlyBCQ3vhich represents a particle weighing only618-12g. Weight for weight
it is about 2.5¢ 101times as toxic as hydrocyanic acid. The maximum allowable concentration for soluble polonium compounds in air is about 2
10 puCi/cme. Polonium-209 is available commercially on special order from the Oak Ridge National Laboratory at a cost @g€$3195/

Potassium— (English potash— pot ashes; Lkalium, Arab.qgali, alkali), K; at. wt. 39.0983(1); at. no. 19; m.p. 63Q8b.p. 759C; sp. gr. 0.862
(20°C); valence 1. Discovered in 1807 by Davy, who obtained it from caustic potash (KOH); this was the first metal isolatedlysigldtie metal
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is the seventh most abundant and makes up about 2.4% by weight of the earth’s crust. Most potassium minerals are itteoloblalasdbtained
from them only with great difficulty. Certain minerals, however, sugdyhsite, carnallite, langbeinit@ndpolyhaliteare found in ancient lake and
sea beds and form rather extensive deposits from which potassium and its salts can readily be obtained. Potash is méamgd Ne@evtaxico,
California, Utah, and elsewhere. Large deposits of potash, found at a depth of some 1000 m in Saskatchewan, promisiiix imeciompioig years.
Potassium is also found in the ocean, but is present only in relatively small amounts, compared to sodium. The greafestpdeasaricas been
in its use for fertilizers. Potassium is an essential constituent for plant growth and it is found in most soils. Potessaurfoisd free in nature,
but is obtained by electrolysis of the hydroxide, much in the same manner as prepared by Davy. Thermal methods also gressmhtoyordduce
potassium (such as by reduction of potassium compounds with CaSl, or Na). 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 a knife, and is silvery in appearance immediatelfreste surface is exposed.
It rapidly oxidizes in air and should be preserved in a mineral oil. As with other metals of the alkali group, it decorm@deesvith the evolution
of hydrogen. It catches fire spontaneously on water. Potassium and its salts impart a violet color to flames. Twentyesnensoddpvhich is an
isomer, of potassium are known. Ordinary potassium is composed of three isotopes, one of h(0I0ik17%), a radioactive isotope with a half-
life of 1.28x 1(° years. The radioactivity presents no appreciable hazard. An alloy of sodium and potassium (NaK) is used as a heat-imamsfer med
Many potassium salts are of utmost importance, including the hydroxide, nitrate, carbonate, chloride, chlorate, bromidgandalesulfate,
chromate, and dichromate. Metallic potassium is available commercially for about $650/kg (98% purity) or $10/g (99.95% purity).

Praseodymium— (Gr.prasios,green, andlidymos twin), Pr; at. wt. 140.90765(3); at. no. 59; m.p.“@31b.p. 3520C; sp. gr. 6.773; valence
3. In 1841 Mosander extracted the rare edidgmiafrom lanthang in 1879, Lecoq de Boisbaudran isolated a new esatharig from didymia
obtained from the minerabmarskiteSix years later, in 1885, von Welsbach separated didymia into two g@itsesodymiandneodymiawhich
gave salts of different colors. As with other rare earths, compounds of these elements in solution have distinctive itiaipsspptibn bands or
lines, some of which are only a few Angstroms wide. The element occurs along with other rare-earth elements in a vagiets Moniaziteand
bastnasitere the two principal commercial sources of the rare-earth metals. lon-exchange and solvent extraction techniques haledadity m
isolation of the rare earths and the cost has dropped greatly in the past few years. Thirty six isotopes and isomegrazenlvPeaseodymium
can be prepared by several methods, such as by calcium reduction of the anhydrous chloride of fluoride. Misch metakingesiganeite lighters,
contains about 5% praseodymium metal. Praseodymium is soft, silvery, malleable, and ductile. It was prepared in reldtivelyrpL831. It is
somewhat more resistant to corrosion in air than europium, lanthanum, cerium, or neodymium, but it does develop a gasmgstit spalls
off when exposed to air. As with other rare-earth metals it should be kept under a light mineral oil or sealed in plasgeedtik oxides, including
Pr,05, are among the most refractory substances known. Along with other rare earths, it is widely used as a core materishfos caeabhy the
motion picture industry for studio lighting and projection. Salts of praseodymium are used to color glasses and enamiaepwhtna@artain other
materials, praseodymium produces an intense and unusually clean yellow color in glass. Didymium glass, of which praseadyoniponient,
is a colorant for welder's goggles. The metal (99.9% pure) is priced at about $2/g.

Promethium — (Prometheuswho, according to mythology, stole fire from heaven), Pm; at. no. 61; at. wt. (145); m.fC 1842 3000C (est.);
Sp. gr. 7.264 (2%); valence 3. In 1902 Branner predicted the existence of an element between neodymium and samarium, and this was confirm
by Moseley in 1914. Unsuccessful searches were made for this predicted element over two decades, and various invesiggatdie prames
“illinium”, “florentium”, and “cyclonium” for this element. In 1941, workers at Ohio State University irradiated neodymiypresseddymium with
neutrons, deuterons, and alpha patrticles, resp., and produced several new radioactivities, which most likely were tleos&bdf @lerand Segre,
and Bethe, in 1942, confirmed the formation; however, chemical proof of the production of element 61 was lacking becadiffecokyhia
separating the rare earths from each other at that time. In 1945, Marinsky, Glendenin, and Coryell made the first chifirnatamdenuse of ion-
exchange chromatography. Their work was done by fission of uranium and by neutron bombardment of neodymium. These imzstgddtoes
newly discovered element. Searches for the element on earth have been fruitless, and it now appears that promethiuty imissingl&tem the
earth’s crust. Promethium, however, has been reported to be in the spectrum of théSstarAsi@romeda. This element is being formed recently
near the star’s surface, for no known isotope of promethium has a half-life longer than 17.7 years. Thirty five isotapaeranaf jgromethium,
with atomic masses from 130 to 158 are now known. Promethium-145,with a half-life of 17.7 years, is the most useful. Profadthsimspecific
activity of 940 Ci/g. Itis a soft beta emitter; although no gamma rays are emitted, X-radiation can be generated whistdsdtagage on elements
of a high atomic number, and great care must be taken in handling it. Promethium salts luminesce in the dark with ar gméehisk glow, due
to their high radioactivity. lon-exchange methods led to the preparation of about 10 g of promethium from atomic reactoesagigpwastes in
early 1963. Little is yet generally known about the properties of metallic promethium. Two allotropic modifications egistméhéehas applications
as a beta source for thickness gages, and it can be absorbed by a phosphor to produce light. Light produced in thisengsewefarasigns or signals
that require dependable operation; it can be used as a nuclear-powered battery by capturing light in photocells whicimimelestric current.
Such a battery, usifdg’Pm, would have a useful life of about 5 years. It is being used for fluorescent lighting starter sand coatings for sedf-luminou
watch dials. Promethium shows promise as a portable X-ray source, and it may become useful as a heat source to prgvidsveutdiaspace
probes and satellites. More than 30 promethium compounds have been prepared. Most are colored. Promethium-147 is asuikdite opkar
from the Idaho National Engineering Laboratory, Idaho Falls, ID, or from the Westinghouse Hanford Co., Richland, WA.

Protactinium — (Gr.protos first), Pa; at. wt. 231.03588(2); at. no. 91; m.p. 2&78p. gr. 15.37 (calc.); valence 4 or 5. The firstisotope of element
91 to be discovered wa%Pa, also known as UXa short-lived member of the naturally occurid®) decay series. It was identified by K. Fajans
and O. H. Gohring in 1913 and they named the new eldmevitm When the longer-lived isotop&Pa was identified by Hahn and Meitner in 1918,
the name protoactinium was adopted as being more consistent with the characteristics of the most abundant isotope. Sodalyd Etack were
also active in this work. The narpeotoactiniumwas shortened torotactiniumin 1949. In 1927, Grosse prepared 2 mg of a white powder, which
was shown to be R@s. Later, in 1934, from 0.1 g of pure @3 he isolated the element by two methods, one of which was by converting the oxide
to an iodide and “cracking” it in a high vacuum by an electrically heated filament by the reaction

2Pal, - 2Pa+5l,

Protactinium has a bright metallic luster which it retains for some time in air. The element opétetbiendeo the extent of about 1 p&Pa to
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10 million of ore. Ores from Zaire have about 3 ppm. Protactinium has twenty four isotopes and isomers, the most comrhaaZ3#Rvhidth a
half-life of 32,500 years. A number of protactinium compounds are known, some of which are colored. The element is superbelmiudt4 K.
The element is a dangerous toxic material and requires precautions similar to those used when handling plutonium. Ia@B58veasidnnounced
that the Great Britain Atomic Energy Authority extracted by a 12-stage process 125 g of 99.9% protactinium, the worldtk afiffhetmetal for
many years to come. The extraction was made from 60 tons of waste material at a cost of about $500,000. Protactinitime imcest ahd most
expensive naturally occurring elements.

Radium — (L. radius, ray), Ra; at. wt. (226); at. no. 88; m.p. 700b.p. 1140C; sp. gr. 5; valence 2. Radium was discovered in 1898 by M. and
Mme. Curie in th@itchblendeor uraniniteof North Bohemia, where it occurs. There is about 1 g of radium in 7 tons of pitchblende. The element was
isolated in 1911 by Mme. Curie and Debierne by the electrolysis of a solution of pure radium chloride, employing a merderynatistillation
in an atmosphere of hydrogen this amalgam yielded the pure metal. Originally, radium was obtained from the rich pitchbtmnt aire
Joachimsthal, Bohemia. Tlearnotitesands of Colorado furnish some radium, but richer ores are found in the Republic of Zaire and the Great Bear
Lake region of Canada. Radium is present in all uranium minerals, and could be extracted, if desired, from the extensfugavasteprocessing.
Large uranium deposits are located in Ontario, New Mexico, Utah, Australia, and elsewhere. Radium is obtained commbectaityrade or
chloride; it is doubtful if any appreciable stock of the isolated element now exists. The pure metal is brilliant whiteshilygorépared, but blackens
on exposure to air, probably due to formation of the nitride. It exhibits luminescence, as do its salts; it decomposesthis/atenewhat more
volatile than barium. It is a member of the alkaline-earth group of metals. Radium imparts a carmine red color to a flameniadilpha, beta,
and gamma rays and when mixed with beryllium produce neutrons. One ¢f#Raotindergoes 3 100 disintegrations per s. Thairie (Ci)is
defined as that amount of radioactivity which has the same disintegration rate &2%Rg.cfwenty nine isotopes and one isomer are now known;
radium 226, the common isotope, has a half-life of 1599 years. One gram of radium produces about 0.0001 ml (stp) of @madatiaras, per
day. This is pumped from the radium and sealed in minute tubes, which are used in the treatment of cancer and otheneligeanes. r@dium
yields about 4186 kJ per year. Radium is used in producing self-luminous paints, neutron sources, and in medicinerfertheftdéstase. Some
of the more recently discovered radioisotopes, suéfCas are now being used in place of radium. Some of these sources are much more powerful,
and others are safer to use. Radium loses about 1% of its activity in 25 years, being transformed into elements of lome&ghtob@ad is a final
product of disintegration. Stored radium should be ventilated to prevent build-up of radon. Inhalation, injection, or lsody exalium can cause
cancer and other body disorders. The maximum permissible burden in the total B88aas 7400 becquerel.

Radon— (fromradiuny calledniton at first, L.nitens shining), Rn; at. wt. (222); at. no. 86; m.p. 2@1b.p. —-61.7C; density of gas 9.73 g/I;
sp. gr. liquid 4.4 at —6Z, solid 4; valence usually 0. The element was discovered in 1900 by Dorn, who catléchitemanationn 1908 Ramsay
and Gray, who namedhitton, isolated the element and determined its density, finding it to be the heaviest known gas. Itis essentially inert and occupie
the last place in the zero group of gases in the Periodic Table. Since 1923, it has been called radon. Thirty nine isziops arelknown. Radon-
222, coming from radium, has a half-life of 3.823 days and is an alpha emitter; Radon-220, emanating naturally from thzailedtaocbn has
a half-life of 55.6 s and is also an alpha emitter. Radon-219 emanates from actinium andkistoadiedt has a half-life of 3.96 s and is also on alpha
emitter. It is estimated that every square mile of soil to a depth of 6 inch contains about 1 g of radium, which releasemyaalmounts to the
atmosphere. Radon is present in some spring waters, such as those at Hot Springs, Arkansas. On the average, oneppresénado il ?1
part of air. At ordinary temperatures radon is a colorless gas; when cooled below the freezing point, radon exhibitphdsplemescence which
becomes yellow as the temperature is lowered and orange-red at the temperature of liquid air. It has been reportee ttesiclisiovith radon,
forming radon fluoride. Radon clathrates have also been reported. Radon is still produced for therapeutic use by a felytmspipatg it from
a radium source and sealing it in minute tubes, called seeds or needles, for application to patients. This practice hdangely béontinued
as hospitals can order the seeds directly from suppliers, who make up the seeds with the desired activity for the dajoofissdiable at a cost
of about $4/m Ci. Care must be taken in handling radon, as with other radioactive materials. The main hazard is fromohthelaiement and
its solid daughters, which are collected on dust in the air. Good ventilation should be provided where radium, thoriniommisattired to prevent
build-up of this element. Radon build-up is a health consideration in uranium mines. Recently radon build-up in homesdmaxkeerMany deaths
from lung cancer are caused by radon exposure. In the U.S. it is recommended that remedial action be taken if the @xdeddsnepCi/l.

Rhenium — (L. RhenusRhine), Re; at. wt. 186.207(1); at. no. 75; m.p. 3C8®.p. 5596C; sp. gr. 21.02 (2C); valence -1, +1, 2, 3, 4, 5, 6,

7. Discovery of rhenium is generally attributed to Noddack, Tacke, and Berg, who announced in 1925 they had detected iheletamenores
andcolumbite They also found the elementgadoliniteandmolybdenite By working up 660 kg of molybdenite they were able in 1928 to extract
1 g of rhenium. The price in 1928 was $10,000/g. Rhenium does not occur free in nature or as a compound in a distinetcigaeltasshowever,
widely spread throughout the earth’s crust to the extent of about 0.001 ppm. Commercial rhenium in the U.S. today isahtaiogdenite
roaster-flue dusts obtained from copper-sulfide ores mined in the vicinity of Miami, Arizona, and elsewhere in Arizona Suwtridtatolybdenites
contain from 0.002 to 0.2% rhenium. More than 150,000 troy ounces of rhenium are now being produced yearly in the Unithd Statiesstimated
Free World reserve of rhenium metal is 3500 tons. Natural rhenium is a mixture of two isotopes, one of which has a viéyféoridninty nine
other unstable isotopes are recognized. Rhenium metal is prepared by reducing ammonium perrhenate with hydrogen atpeeatatess tdne
element is silvery white with a metallic luster; its density is exceeded only by that of platinum, iridium, and osmiurmeltidgtpoint is exceeded
only by that of tungsten and carbon. It has other useful properties. The usual commercial form of the element is a ppbeaiebebcnsolidated

by pressing and resistance-sintering in a vacuum or hydrogen atmosphere. This produces a compact shape in excessisipaffttieemetal.
Annealed rhenium is very ductile, and can be bent, coiled, or rolled. Rhenium is used as an additive to tungsten and rrudgedisadloys to impart
useful properties. It is widely used for filaments for mass spectrographs and ion gages. Rhenium-molybdenum alloys adeciyeeatdd K.
Rhenium is also used as an electrical contact material as it has good wear resistance and withstands arc corrosion. @heraueofiBle-W are
used for measuring temperatures up to 220@nd rhenium wire has been used in photoflash lamps for photography. Rhenium catalysts are
exceptionally resistant to poisoning from nitrogen, sulfur, and phosphorus, and are used for hydrogenation of fine chéméralsking, reforming,
and disproportionation of olefins. Rhenium costs about $12/g (99.99% pure). Little is known of its toxicity; thereforle, litsshandled with care
until more data are available.

Rhodium — (Gr.rhodon rose), Rh; at. wt. 102.90550(3); at. no. 45; m.p. H984C; b.p. 369% 100°C; sp. gr. 12.41 (2€); valence 2, 3, 4,

5, and 6. Wollaston discovered rhodium in 1803-4 in crude platinum ore he presumably obtained from South America. Rhoslinativeeetith
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other platinum metals in river sands of the Urals and in North and South America. Itis also found with other platinumtineetafsger-nickel sulfide
ores of the Sudbury, Ontario region. Although the quantity occurring here is very small, the large tonnages of nickel macegsedecovery
commercially feasible. The annual world production of rhodium is only 7 or 8 tons. The metal is silvery white and atl®eyhehasages in air
to the sesquioxide. At higher temperatures it converts back to the element. Rhodium has a higher melting point and pthendgasitum. Its
major use is as an alloying agent to harden platinum and palladium. Such alloys are used for furnace windings, thernmoentgpleledkings for
glass fiber production, electrodes for aircraft spark plugs, and laboratory crucibles. It is useful as an electrical taabasitaas a low electrical
resistance, a low and stable contact resistance, and is highly resistant to corrosion. Plated rhodium, produced bynglectesalptiration, is
exceptionally hard and is used for optical instruments. It has a high reflectance and is hard and durable. Rhodiumfisrgésealsgdor decoration,
and as a catalyst. Forty four isotopes and isomers are now known. Soluble salts should not exceed®0Rhadiyim metal (powder) costs about
$300/g (99.9% pure).

Rubidium — (L. rubidus deepest red), Rb; at. wt. 85.4678(3); at. no. 37; m.p. 39;&lp. 688C; sp. gr. (solid) 1.532 (2Q), (liquid) 1.475
(39°C); valence 1, 2, 3, 4. Discovered in 1861 by Bunsen and Kirchoff in the mgmdalliteby use of the spectroscope. 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 eartfickucnustcBrs in
pollucite, carnallite, leuciteandzinnwaldite which contains traces up to 1%, in the form of the oxide. It is found 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, Cahiftassiyandhloride
recovered from brines in Michigan also contain the element and are commercial sources. It is also found along with eeekiensith deposits
of polluciteat Bernic Lake, Manitoba. Rubidium can be liquid at room temperature. It is a soft, silvery-white metallic element of ¢hewgikahd
isthe second most electropositive and alkaline element. It ignites spontaneously in air and reacts violently in wétes te¢hteliberated hydrogen.
As with other alkali metals, it forms amalgams with mercury and it alloys with gold, cesium, sodium, and potassium. flacuyedowish violet.
Rubidium metal can be prepared by reducing rubidium chloride with calcium, and by a number of other methods. It mustiee &ejoy unineral
oil or in a vacuum or inert atmosphere. Thirty five isotopes and isomers of rubidium are known. Naturally occurring rutnddeofgwo isotopes,
85Rb and®’Rb. Rubidium-87 is present to the extent of 27.83% in natural rubidium and is a beta emitter with a half-lfel6¥%8ars. Ordinary
rubidium is sufficiently radioactive to expose a photographic film in about 30 to 60 days. Rubidium forms four oxideRED,, Rb,03, Rb,0,.
Because rubidium can be easily ionized, it has been considered for use in “ion engines” for space vehicles; howeveQoesilratimore efficient
for this purpose. It is also proposed for use as a working fluid for vapor turbines and for use in a thermoelectric gémgta®magnetohydro-
dynamic principle where rubidium ions are formed by heat at high temperature and passed through a magnetic field. Theltwiguand act
like an armature of a generator thereby generating an electric current. Rubidium is used as a getter in vacuum tubkstandlbscaponent. It
has been used in making special glasses. RbAgimportant, as it has the highest room conductivity of any known ionic crystal.°&ti20
conductivity is about the same as dilute sulfuric acid. This suggests use in thin film batteries and other applicatieasnTbegtin small quantities
is about $20/g (99.8% pure).

Ruthenium — (L. Ruthenia Russia), Ru; at. wt. 101.07(2); at. no. 44, m.p. 2838.p. 4150C; sp. gr. 12.41 (2€); valence 0, 1, 2, 3, 4,5, 6,
7, 8. Berzelius and Osann in 1827 examined the residues left after dissolving crude platinum from the Ural magquainsgia While Berzelius
found no unusual metals, Osann thought he found three new metals, one of which he named ruthenium. In 1844 Klaus, ggnérataethe
discoverer, showed that Osann’s ruthenium oxide was very impure and that it contained a new metal. Klaus obtained tugdfomitbe portion
of crude platinum that is insolubleagua regia A member of the platinum group, ruthenium occurs native with other members of the group in ores
found in the Ural mountains and in North and South America. It is also found along with other platinum metals in small exdiaioguantities
in pentlanditeof the Sudbury, Ontario, nickel-mining region, angynoxinitedeposits of South Africa. Natural ruthenium contains seven isotopes.
Twenty one other isotopes and isomers are known, all of which are radioactive. The metal is isolated commercially bycheomgakgrocess,
the final stage of which is the hydrogen reduction of ammonium ruthenium chloride, which yields a powder. The powdedmstedrsofiowder
metallurgy techniques or by argon-arc welding. Ruthenium is a hard, white metal and has four crystal modifications. Itatoish radtroom
temperatures, but oxidizes in air at about’®0( he metal is not attacked by hot or cold acidsgura regia but when potassium chlorate is added
to the solution, it oxidizes explosively. It is attacked by halogens, hydroxides, etc. Ruthenium can be plated by elgimirodejbysthermal
decomposition methods. The metal is one of the most effective hardeners for platinum and palladium, and is alloyed withi$tieseake electrical
contacts for severe wear resistance. A ruthenium-molybdenum alloy is said to be superconductive at 10.6 K. The coressierofesatium is
improved a hundredfold by addition of 0.1% ruthenium. It is a versatile catalyst. Hydrogen sulfide can be split cataptgtatlyding an aqueous
suspension of CdS particles loaded with ruthenium dioxide. It is thought this may have application to remg&tahidil refining and other
industrial processes. Compounds in at least eight oxidation states have been found, but of these, the +2. +3. and tdestatess eoenmon.
Ruthenium tetroxide, like osmium tetroxide, is highly toxic. In addition, it may explode. Ruthenium compounds show a neankéghesto those
of osmium. The metal is priced at about $30/g (99.95% pure).

Rutherfordium — See Element 104.

Samarium — (Samarskitea mineral), Sm; at. wt. 150.36(3); at. no. 62; m.p. 1G74.p. 1794C; sp. gr ¢) 7.520 (28C); valence 2 or 3.
Discovered spectroscopically by its sharp absorption lines in 1879 by Lecoq de Boisbaudran in theamiaesaltenamed in honor of a Russian
mine official, Col. Samarski. Samarium is found along with other members of the rare-earth elements in many minerals noclaziiiegnd
bastnasitewhich are commercial sources. It occurs in monazite to the extent of 2.8% .nidulemetatontaining about 1% of samarium metal,
has long been used, samarium has not been isolated in relatively pure form until recent years. lon-exchange and sobreteéa@xiiqoes have
recently simplified separation of the rare earths from one another; more recently, electrochemical deposition, usintyto sbéutian of lithium
citrate and a mercury electrode, is said to be a simple, fast, and highly specific way to separate the rare earths. Safreaiubempeduced by
reducing the oxide with barium or lanthanum. Samarium has a bright silver luster and is reasonably stable in air. Thmesddiyatains of the
metal exist, with transformations at 734 and“@2The metal ignites in air at about 260 Thirty two isotopes and isomers of samarium are now
recognized. Natural samarium is a mixture of seven isotopes, three of which are unstable but have long half-lives. Santaviitinpéther rare
earths, is used for carbon-arc lighting for the motion picture industry. The sulfide has excellent high-temperaturenstajuibty dnermoelectric
efficiencies up to 110€. SmCaghas been used in making a new permanent magnet material with the highest resistance to demagnetization of ar
known material. Itis said to have an intrinsic coercive force as high as 2200 kA/m. Samarium oxide has been usedassiiabbgirb the infrared.
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Samarium is used to dope calcium fluoride crystals for use in optical masers or lasers. Compounds of the metal actafosghgispbors excited
in the infrared; the oxide exhibits catalytic properties in the dehydration and dehydrogenation of ethyl alcohol. It isfusestlinbsorbing glass
and as a neutron absorber in nuclear reactors. The metal is priced at about $2/g (99.9%). Little is known of the toxazitynof geerefore, it should
be handled carefully.

Scandium— (L. Scandia Scandinavia), Sc; at. wt. 44.955910(9); at. no. 21; m.p.°C34ilp. 2838C; sp. gr. 2.989 (2&); valence 3. On the
basis of the Periodic System, Mendeleev predicted the existeakalmfron which would have an atomic weight between 40 of calcium and 48 of
titanium. The element was discovered by Nilson in 1878 in the mirenasriteandgadolinite 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 abandi2m okide of
high purity. Cleve later pointed out that Nilson’s scandium was identical with Mendeleev’s ekaboron. Scandium is appa@nihoaeabundant
element in the sun and certain stars than here on earth. It is about the 23rd most abundant element in the sun, corfftreaast tieundant on
earth. Itis widely distributed on earth, occurring in very minute quantities in over 800 mineral species. The blue e¢gldaqtibmarine variety)
is said to be due to scandium. It occurs as a principal component in the rare théreraitite found in Scandinavia and Malagasy. It is also found
in the residues remaining after the extraction of tungsten from Zinwadfthmite and inwiikite andbazzite Most scandium is presently being
recovered fronthortveititeor is extracted as a by-product from uranium mill tailings. Metallic scandium was first prepared in 1937 by Fischer, Brunger,
and Grieneisen, who electrolyzed a eutectic melt of potassium, lithium, and scandium chlorides at 7@0 fw8@8ten wire and a pool of molten
zinc served as the electrodes in a graphite crucible. Pure scandium is now produced by reducing scandium fluoride wiitbtealTtoeproduction
of the first pound of 99% pure scandium metal was announced in 1960. Scandium is a silver-white metal which developeiahigttlgr pinkish
cast upon exposure to air. It is relatively soft, and resembles yttrium and the rare-earth metals more than it resembtesraitaminm. It is a very
light metal and has a much higher melting point than aluminum, making it of interest to designers of spacecraft. Scanditackeady a 1:1
mixture of conc. HN@and 48% HF. Scandium reacts rapidly with many acids. Nineteen isotopes and isomers of scandium are recognized. The me
is expensive, costing about $120/g with a purity of about 99.9%. Scandium oxide costs about $40/g. About 20 kg of scagigmi@sow being
used yearly in the U.S. to produce high-intensity lights, and the radioactive i$8ops 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, whicnisfanipaidor or night-
time color TV. Little is yet known about the toxicity of scandium; therefore, it should be handled with care.

Seaborgium— See Element 106.

Selenium— (Gr.Selenemoon), Se; at. wt. 78.96(3); at. no. 34; m.p. (grayy@2l.p. (gray) 68%5C; sp. gr. (gray) 4.79, (vitreous) 4.28; valence
-2, +4, or +6. Discovered by Berzelius in 1817, who found it associated with tellurium, named for the earth. Selenium & fiewrrdre minerals,
such agrooksiteandclausthalite In years past it has been obtained from flue dusts remaining from processing copper sulfide ores, but the anode muc
from electrolytic copper refineries now provide the source of most of the world’s selenium. Selenium is recovered byheoastagwith soda or
sulfuric acid, or by smelting them with soda and niter. Selenium exists in several allotropic forms. Three are gener@bd,dnags many as six
have been claimed. Selenium can be prepared with either an amorphous or crystalline structure. The color of amorphoigsestsienieah, in
powder form, or black, in vitreous form. Crystalline monoclinic selenium is a deep red; crystalline hexagonal seleniurhstablencariety, is a
metallic gray. Natural selenium contains six stable isotopes. Twenty four other isotopes and isomers have been chahestéeinedt s a member
of the sulfur family and resembles sulfur both in its various forms and in its compounds. Selenium exhibits both phottiesifaihare light is
converted directly into electricity, and photoconductive action, where the electrical resistance decreases with incressahilllinese properties
make selenium useful in the production of photocells and exposure meters for photographic use, as well as solar celis.8stesilerto convert
a.c. electricity to d.c., and is extensively used in rectifiers. Below its melting point selenium is a p-type semicondiscliodargimany uses in
electronic and solid-state applications. It is used in Xerography for reproducing and copying documents, letters, etcbyt isauglass industry
to decolorize glass and to make ruby-colored glasses and enamels. Itis also used as a photographic toner, and asstniatiit\stdel. Elemental
selenium has been said to be practically nontoxic and is considered to be an essential trace element; however, hydeoged stf@tidelenium
compounds are extremely toxic, and resemble arsenic in their physiological reactions. Hydrogen selenide in a concerggpiorioirtolerable
to man. Selenium occurs in some soils in amounts sufficient to produce serious effects on animals feeding on plantspsegtagriown in such
soils. Selenium is priced at about $150/kg. It is also available in high-purity form at a cost of about $250/kg (99.999%).

Silicon — (L. silex, silicis flint), Si; at. wt. 28.0855(3); at. no. 14; m.p. 14Q@4b.p. 3268C; sp. gr. 2.33 (ZX); valence 4. Davy in 1800 thought
silica to be a compound and not an element; later in 1811, Gay Lussac and Thenard probably prepared impure amorphdwessitigqrotgssium
with silicon tetrafluoride. Berzelius, generally credited with the discovery, in 1824 succeeded in preparing amorpholog tikceame general
method as used earlier, but he purified the product by removing the fluosilicates by repeated washings. Deville in fegft éidstiystalline silicon,
the second allotropic form of the element. Silicon is present in the sun and stars and is a principal component of @t#asisesfknown as
“aerolites”. It is also a component t@ktites a natural glass of uncertain origin. Natural silicon contains three isotopes. Fourteen other radioactive
isotopes are recognized. Silicon makes up 25.7% of the earth’s crust, by weight, and is the second most abundant elexestdeeingly by
oxygen. Silicon is not found free in nature, but occurs chiefly as the oxide and as stiaatbquartz, rock crystal, amethyst, agate, flint, jasper,
andopalare some of the forms in which the oxide app&anamnite, hornblende, asbestos, feldspar, clay n@ta,are but a few of the numerous silicate
minerals. Silicon is prepared commercially by heating silica and carbon in an electric furnace, using carbon electrotlethe3enethods can be
used for preparing the element. Amorphous silicon can be prepared as a brown powder, which can be easily melted or megtaliinedcsilion
has a metallic luster and grayish color. The Czochralski process is commonly used to produce single crystals of silicosolidesiate or
semiconductor devices. Hyperpure silicon can be prepared by the thermal decomposition of ultra-pure trichlorosilane ém atmgdspdere, and
by a vacuum float zone process. This product can be doped with boron, gallium, phosphorus, or arsenic to produce slindreiosig®ors, solar
cells, rectifiers, and other solid-state devices which are used extensively in the electronics and space-age industeratédiainog phous silicon
has shown promise in producing economical cells for converting solar energy into electricity. Silicon is a relativelyriest lele it is attacked
by halogens and dilute alkali. Most acids except hydrofluoric, do not affect it. Silicones are important products ofts#ljcoraylbe prepared by
hydrolyzing a silicon organic chloride, such as dimethyl silicon chloride. Hydrolysis and condensation of various subgtitosdedrees can be used
to produce a very great number of polymeric products, or silicones, ranging from liquids to hard, glasslike solids witfuhprypesties. Elemental
silicon transmits more than 95% of all wavelengths of infrared, from 1.3 6. 3ilicon is one of man’s most useful elements. In the form of sand
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and clay itis used to make concrete and brick; itis a useful refractory material for high-temperature work, and infthiédatesdt is used in making
enamels, pottery, etc. Silica, as sand, is a principal ingredient of glass, one of the most inexpensive of material$enitmerbahical, optical,
thermal, and electrical properties. Glass can be made in a very great variety of shapes, and is used as containerssywrsttatagasand thousands
of other uses. Silicon tetrachloride can be used to iridize glass. Silicon is important in plant and animal life. Diatbrfreshlamd salt water extract
silica from the water to build up their cell walls. Silica is present in ashes of plants and in the human skeleton.&iliogpoigant ingredient in
steel; silicon carbide is one of the most important abrasives and has been used in lasers to produce coherent lighRefia&g@ade silicon
(99.5%) costs about $140/kg. Silicon 99.96% pure costs about $250/kg; hyperpure silicon may cost as much as $400/lapétingess sand other
engaged in work where siliceous dust is breathed in large quantities often develop a serious lung diseassikoosi® as

Silver — (Anglo-SaxonSeolfor siolfu}, Ag (L. argentum), at. wt. 107.8682(2); at. no. 47;f.p. 96L7B.p. 2162C; sp. gr. 10.50 (2€); valence
1, 2. Silver has been known since ancient times. It is mentioned in Genesis. Slag dumps in Asia Minor and on islandeam tBeadedicate that
man learned to separate silver from lead as early as 3000 B.C. Silver occurs native and in orasgarifte(#\g,S) andhorn silver(AgCl); lead,
lead-zinc, copper, gold, and copper-nickel ores are principal sources. Mexico, Canada, Peru, and the U.S. are theverneipdusdrs in the
western hemisphere. Silver is also recovered during electrolytic refining of copper. Commercial fine silver contain® 8%estér. Purities of
99.999+% are available commercially. Pure silver has a brilliant white metallic luster. It is a little harder than goldrgrmtlictile and malleable,
being exceeded only by gold and perhaps palladium. Pure silver has the highest electrical and thermal conductivity faidnpetsdesses the
lowest contact resistance. It is stable in pure air and water, but tarnishes when exposed to ozone, hydrogen sulfideirongiswéur. The alloys
of silver are important. Sterling silver is used for jewelry, silverware, etc. where appearance is paramount. This afleyo2dsfaisilver, the
remainder being copper or some other metal. Silver is of utmost importance in photography, about 30% of the U.S. industptiboagoing into
this application. It is used for dental alloys. Silver is used in making solder and brazing alloys, electrical contagts capddity silver-zinc and
silver-cadmium batteries. Silver paints are used for making printed circuits. It is used in mirror production and maytbe degass or metals
by chemical deposition, electrodeposition, or by evaporation. When freshly deposited, it is the best reflector of visibighiut is rapidly
tarnishes and loses much of its reflectance. Itis a poor reflector of ultraviolet. Silver fulmin@gNAdp), a powerful explosive, is sometimes formed
during the silvering process. Silver iodide is used in seeding clouds to produce rain. Silver chloride has interestprgugtiies as it can be made
transparent; it also is a cement for glass. Silver nitrabenar causti¢the most important silver compound, is used extensively in photography. While
silver itself is not considered to be toxic, most of its salts are poisonous. Natural silver contains two stable isoyopee.dtber radioactive isotopes
and isomers are known. Silver compounds can be absorbed in the circulatory system and reduced silver deposited itiskaesmdbtie body.
A condition, known aargyria, results, with a greyish pigmentation of the skin and mucous membranes. Silver has germicidal effects and kills many
lower organisms effectively without harm to higher animals. Silver for centuries has been used traditionally for coinageduyntnizs of the world.

In recent times, however, consumption of silver has at times greatly exceeded the output. In 1939, the price of silviebwtsefideS. Treasury
at 71¢/troy oz., and at 90.5¢/troy 0z. in 1946. In November 1961 the U.S. Treasury suspended sales of nonmonetizethsilpgcesstabilized
for a time at about $1.29, the melt-down value of silver U.S. coins. The Coinage Act of 1965 authorized a change incloemgdsilion of the
three U.S. subsidiary denominations to clad or composite type coins. This was the first change in U.S. coinage sinceryheystenetaas
established in 1792. Clad dimes and quarters are made of an outer layer of 75% Cu and 25% Ni bonded to a central cord@ lo¢ poreisition
of the one- and five-cent pieces remains unchanged. One-cent coins are 95% Cu and 5% Zn. Five-cent coins are 75% ClulddiP&ESnddillars
are 90% Ag and 10% Cu. Earlier subsidiary coins of 90% Ag and 10% Cu officially were to circulate alongside the clad eviers;in@ractice
they have largely disappeared (Gresham’s Law), as the value of the silver is now greater than their exchange value Sibtrec@ountries have
largely been replaced with coins made of other metals. On June 24, 1968, the U.S. Government ceased to redeem U.ScSibendeilver.
Since that time, the price of silver has fluctuated widely. As of January 1996, the price of silver was about $5.30/li'ghdWever the price
has fluctuated considerably due to market instability.

Sodium— (English,sodg Medieval Latinsodanumheadache remedy), Na ¢hatrium); at. wt. 22.989768(6); at. no. 11; m.p. 972 03C;
b.p. 883C; sp. gr. 0.971 (2€); valence 1. Long recognized in compounds, sodium was first isolated by Davy in 1807 by electrolysis of caustic soda
Sodium is present in fair abundance in the sun and stars. The D lines of sodium are among the most prominent in theisol&osjbet is the
sixth most abundant element on earth, comprising about 2.6% of the earth’s crust; it is the most abundant of the alkaliegataipfavhich it is
a member. The most common compound is sodium chloride, but it occurs in many other mineralssaleiniger, cryolite, amphibole, zeolite,
sodaliteetc. It is a very reactive element and is never found free in nature. It is now obtained commercially by the electralghisety dby fused
sodium chloride. This method is much cheaper than that of electrolyzing sodium hydroxide, as was used several years aga. Sdilionyht,
silvery metal which floats on water, decomposing it with the evolution of hydrogen and the formation of the hydroxider henapat ignite
spontaneously on water, depending on the amount of oxide and metal exposed to the water. It normally does not igtéte e eitaes below
115°C. Sodium should be handled with respect, as it can be dangerous when improperly handled. Metallic sodium is vital iratterenahuf
sodamide and esters, and in the preparation of organic compounds. The metal may be used to improve the structureogbctstdagsaille metal,
to purify molten metals, and as a heat transfer agent. An alloy of sodium with potassium, Nak, is also an important éreagérsnSodium
compounds are important to the paper, glass, soap, textile, petroleum, chemical, and metal industries. Soap is genenaleofadirtain fatty
acids. The importance of common salt to animal nutrition has been recognized since prehistoric times. Among the many twhpoeiofithe
greatest industrial importance are common salt (NaCl), soda agb@yabaking soda (NaHCg, caustic soda (NaOH), Chile saltpeter (NaNO
di- and tri-sodium phosphates, sodium thiosulfate (hypesS)@g - 5H,0), and borax (N8,0; - 10H0O). Seventeen isotopes of sodium are
recognized. Metallic sodium is priced at about $250/kg (99.95%). On a volume basis, it is the cheapest of all metalsetabshoulthbe handled
with great care. It should be kept in an inert atmosphere and contact with water and other substances with which soslomulddaetsvoided.

Strontium — (Strontian town in Scotland), Sr; at. wt. 87.62(1); at. no. 38; m.p°C7B.p. 1382C; sp. gr. 2.54; valence 2. Isolated by Davey
by electrolysis in 1808; however, Adair Crawford in 1790 recognized a new mineral (strontianite) as differing from otheninarials (baryta).
Strontium is found chiefly aselestite(SrSQ) andstrontianite(SrCQ;). 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 a vacuum at a temperature at which strolstofin Tistle allotropic
forms of the metal exist, with transition points at 235 andG48trontium is softer than calcium and decomposes water more vigorously. It does not
absorb nitrogen below 380. It should be kept under mineral oil to prevent oxidation. Freshly cut strontium has a silvery appearance, but rapidly turns
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a yellowish color with the formation of the oxide. The finely divided metal ignites spontaneously in air. Volatile strolsiimpseat a beautiful
crimson color to flames, and these salts are used in pyrotechnics and in the production of flares. Natural strontiumeiefdonixstable isotopes.
Twenty six other unstable isotopes and isomers are known to exist. Of greatest impot¥8neetis a half-life of 29 years. It is a product of nuclear
fallout and presents a health problem. This isotope is one of the best long-lived high-energy beta emitters known, en8NsAsE8lystems for
Nuclear Auxiliary Power) devices. These devices hold promise for use in space vehicles, remote weather stations, nawgatiet@| wvhere a
lightweight, long-lived, nuclear-electric power source is needed. The major use for strontium at present is in proddoirapipassievision picture
tubes. It has also found use in producing ferrite magnets and in refining zinc. Strontium titanate is an interestingteptitasnb&as an extremely
high refractive index and an optical dispersion greater than that of diamond. It has been used as a gemstone, bt ittidoesynsw occur naturally.
Strontium metal (99% pure) costs about $1/g while the metal, 99.95% pure, sells for about $10/g.

Sulfur — (Sanskritsulvere L. sulphuriun), S; at. wt. 32.066(6); at. no. 16; m.p. 1183@71b.p. 444.6€C; sp. gr. (rhombic) 2.07, (monoclinic)
1.957 (20C); valence 2, 4, or 6. Known to the ancients; referred to in Gendsisnasone Sulfur is found in meteorites. A dark area near the crater
Aristarchus on the moon has been studied by R. W. Wood with ultraviolet light. This study suggests strongly that it ¢epasitfiuBulfur occurs
native in the vicinity of volcanoes and hot springs. Itis widely distributed in natvoa ggrites, galena, sphalerite, cinnabar, stibnite, gypsum, Epsom
salts, celestite, baritetc. Sulfur is commercially recovered from wells sunk into the salt domes along the Gulf Coast of the U.S. It is obtained from
these wells by the Frasch process, which forces heated water into the wells to melt the sulfur, which is then brougfside. tBalfur also occurs
in natural gas and petroleum crudes and must be removed from these products. Formerly this was done chemically, whiersuiasteldatv
processes now permit recovery, and these sources promise to be very important. Large amounts of sulfur are being reberéal gastiields.
Sulfur is a pale yellow, odorless, brittle solid, which is insoluble in water but soluble in carbon disulfide. In evemnsthe,gas, liquid or solid,
elemental sulfur occurs in more than one allotropic form or modification; these present a confusing multitude of formktidrusanenot yet fully
understood. Amorphous or “plastic” sulfur is obtained by fast cooling of the crystalline form. X-ray studies indicate fftai@srsuifur may have
a helical structure with eight atoms per spiral. Crystalline sulfur seems to be made of rings, each containing eighnhsulfrieldit together to
give anormal X-ray pattern. Seventeen isotopes of sulfur are now recognized. Four occur in natural sulfur, none otidzictine ra finely divided
form of sulfur, known aBowers of sulfuris obtained by sublimation. Sulfur readily forms sulfides with many elements. Sulfur is a component of black
gunpowder, and is used in the vulcanization of natural rubber and a fungicide. Itis also used extensively is making feintkpdratiés tremendous
tonnage is used to produce sulfuric acid, the most important manufactured chemical. It is used in making sulfite paperegredstas a fumigant,
and in the bleaching of dried fruits. The elementis a good electrical insulator. Organic compounds containing sulfumpogteetyCalcium sulfate,
ammonium sulfate, carbon disulfide, sulfur dioxide, and hydrogen sulfide are but a few of the many other important compdfindSoffur is
essential to life. It is a minor constituent of fats, body fluids, and skeletal minerals. Carbon disulfide, hydrogenreltfidiiralioxide should be
handled carefully. Hydrogen sulfide in small concentrations can be metabolized, but in higher concentrations it quickly daatbaay respiratory
paralysis. It is insidious in that it quickly deadens the sense of smell. Sulfur dioxide is a dangerous component in ataiogphetion. In 1975,
University of Pennsylvania scientists reported synthesis of polymeric sulfur nitride, which has the properties of a meghlitaltmtains no metal
atoms. The material has unusual optical and electrical properties. High-purity sulfur is commercially available in [29i8896%, at a cost of
about $50/100 g.

Tantalum — (Gr.Tantalos mythological character, fatherfobg), Ta; at. wt. 180.9479(1); at. no. 73; m.p. 3WLhb.p. 5458 10C°C; sp. gr.
16.654; valence 2?, 3, 4?, or 5. Discovered in 1802 by Ekeberg, but many chemists thought niobium and tantalum welerndentscahtl Rose,
in 1844, and Marignac, in1866, showed that niobic and tantalic acids were two different acids. The early investigatdasanhilgésmpure metal.
The first relatively pure ductile tantalum was produced by von Bolton in 1903. Tantalum occurs principally in thecolumataite-tantalitgFe,
Mn)(Nb, Ta)Og. Tantalum ores are found in Australia, Brazil, Mozambique, Thailand, Portugal, Nigeria, Zaire, and Canada. Separatiom of tanta
from niobium requires several complicated steps. Several methods are used to commercially produce the element, inchiyig) aflenbditen
potassium fluorotantalate, reduction of potassium fluorotantalate with sodium, or reacting tantalum carbide with tantallinirgxider isotopes
and isomers of tantalum are known to exist. Natural tantalum contains two isotopes, one of which is radioactive wittgehedfrjifieriTantalum
is a gray, heavy, and very hard metal. When pure, it is ductile and can be drawn into fine wire, which is used as arféaaparating metals such
as aluminum. Tantalum is almost completely immune to chemical attack at temperatures b¥lpwaridid attacked only by hydrofluoric acid, acidic
solutions containing the fluoride ion, and free sulfur trioxide. Alkalis attack it only slowly. At high temperatures, thetalores much more reactive.
The element has a melting point exceeded only by tungsten and rhenium. Tantalum is used to make a variety of alloybMithafasities such
as high melting point, high strength, good ductility, etc. Scientists at Los Alamos have produced a tantalum carbidegnagsiteernaterial, which
is said to be one of the hardest materials ever made. The compound has a melting poiiCofTar&8lum has good “gettering” ability at high
temperatures, and tantalum oxide films are stable and have good rectifying and dielectric properties. Tantalum is usgeldinatydikecapacitors
and vacuum furnace parts, which account for about 60% of its use. The metal is also widely used to fabricate chemiogliiproeessraiclear
reactors, and aircraft and missile parts. Tantalum is completely immune to body liquids and is a nonirritating metaéréfoees, found wide use
in making surgical appliances. Tantalum oxide is used to make special glass with high index of refraction for cameraleretash@ih many other
uses. The price of (99.9%) tantalum is about $900/kg. The metal of 99.995% purity sells for about $2/g.

Technetium — (Gr.technetosartificial), Tc; at. wt. (98); at. no. 43; m.p. 2E&7 b.p. 4265C; sp. gr. 11.50 (calc.); valence 0, +2, +4, +5, +6,
and +7. Element 43 was predicted on the basis of the periodic table, and was erroneously reported as having been diSeéyetasliich time
it was namednasurium The element was actually discovered by Perrier and Segre in Italy in 1937. It was found in a sample of molybdenum, whicl
was bombarded by deuterons in the Berkeley cyclotron, and which E. Lawrence sent to these investigators. Technetiurst whsrtbatfio be
produced artificially. Since its discovery, searches for the element in terrestrial materials have been made withouf EudoesseXist, the
concentration must be very small. Technetium has been found in the spectrum of S-, M-, and N-type stars, and its pedisemeatirisis leading
to new theories of the production of heavy elements in the stars. Thirty one isotopes and isomers of technetium, witlss¢smangiag from 86
to 113, are knowr?’Tc has a half-life of 2.8 1(f yearsTc has a half-life of 4.2 10° years. The isomeric isotop@Tc, with a half-life of 61 days,
is useful for tracer work, as it produces energetic gammarays. Technetium metal has been produced in kilogram quandigés.adfast prepared
by passing hydrogen gas at 1100over TgS;. It is now conveniently prepared by the reduction of ammonium pertechnetate with hydrogen.
Technetium is a silvery-gray metal that tarnishes slowly in moist air. Until 1960, technetium was available only in smisllaarddha price was
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as high as $2800/g. It is now commercially available to holders of O.R.N.L. permits at a price of $74/g plus packing tleacgemistry of
technetium is said to be similar to that of rhenium. Technetium dissolves in nitric acid, aqua regia, and conc. sulfuridsacidt, soluble in
hydrochloric acid of any strength. The element is a remarkable corrosion inhibitor for steel. It is reported that milteedsboaysbe effectively
protected by as little as 55 ppm of KTg@aerated distilled water at temperatures up t6@50his corrosion protection is limited to closed systems,
since technetium is radioactive and must be confff&d.has a specific activity of 6:210° Bg/g. Activity of this level must not be allowed to spread.
99Tc is a contamination hazard and should be handled in a glove box. The metal is an excellent superconductor at 11 K and below.

Tellurium — (L. tellus,earth), Te; at. wt. 127.60(3); at. no. 52; m.p. 442.61°C; b.p. 988C; sp. gr. 6.24 (Z); valence 2, 4, or 6. Discovered
by Muller von Reichenstein in 1782; named by Klaproth, who isolated it in 1798. Tellurium is occasionally found nativeotmibften found as
the telluride of golddalaverit§, and combined with other metals. Itis recovered commercially from the anode muds produced during the electrolytic
refining of blister copper. The U.S., Canada, Peru, and Japan are the largest Free World producers of the elementeQuyatailimes a silvery-
white appearance, and when pure exhibits a metallic luster. Itis brittle and easily pulverized. Amorphous telluriumbay foeuigitating tellurium
from a solution of telluric or tellurous acid. Whether this form is truly amorphous, or made of minute crystals, is opsioto Gedurium is a p-
type semiconductor, and shows greater conductivity in certain directions, depending on alignment of the atoms. Its coraaeseisyslightly with
exposure to light. It can be doped with silver, copper, gold, tin, or other elements. In air, tellurium burns with a duedftasiebforming the dioxide.
Molten tellurium corrodes iron, copper, and stainless steel. Tellurium and its compounds are probably toxic and sho@d ithaadt. Workmen
exposed to as little as 0.01 m@/aif air, or less, develop “tellurium breath,” which has a garlic-like odor. Forty two isotopes and isomers of tellurium
are known, with atomic masses ranging from 106 to 138. Natural tellurium consists of eight isotopes, two of which aneeradtibaetiy long half-
lives. Tellurium improves the machinability of copper and stainless steel, and its addition to lead decreases the ciomadisaléwtic acid on lead
and improves its strength and hardness. Tellurium is used as a basic ingredient in blasting caps, and is added toct@Btdomrédr Tellurium
is used in ceramics. Bismuth telluride has been used in thermoelectric devices. Tellurium costs about 20¢/g, with Hpuri®@dE%. The metal
with a purity of 99.9999% costs about $2/g.

Terbium — (Ytterby village in Sweden), Tb; at. wt. 158.92534(3); at. no. 65; m.p.°C3%6p. 3230C; sp. gr. 8.230; valence 3, 4. Discovered
by Mosander in 1843. Terbium is a member of the lanthanide or “rare earth” group of elements. It isdetite] gadolinite and other minerals
along with other rare earths. Itis recovered commercially fnomazitén which it is present to the extent of 0.03%, feaeenotimeand fromreuxenite
a complex oxide containing 1% of more of terbia. Terbium has been isolated only in recent years with the developmenhahgmtezbniques
for separating the rare-earth elements. As with other rare earths, it can be produced by reducing the anhydrous cbludielevith fbalcium metal
in a tantalum crucible. Calcium and tantalum impurities can be removed by vacuum remelting. Other methods of isolatidiearégubaan is
reasonably stable in air. Itis a silver-gray metal, and is malleable, ductile, and soft enough to be cut with a knifstalwmdifycations exist, with
atransformation temperature of 1289Forty one isotopes and isomers are recognized. The oxide is a chocolate or dark maroon color. Sodium terbiun
borate is used as a laser material and emits coherent light ap@n54@rbium is used to dope calcium fluoride, calcium tungstate, and strontium
molybdate, used in solid-state devices. The oxide has potential application as an activator for green phosphors us¥duesldr dan be used
with ZrO, as a crystal stabilizer of fuel cells which operate at elevated temperature. Few other uses have been found. The elethahalsopti
$30/g (99.9%). Little is known of the toxicity of terbium. It should be handled with care as with other lanthanide elements.

Thallium — (Gr.thallos, a green shoot or twig), Tl; at. wt. 204.3833(2); at. no. 81; m.pCG3®p. 1473 10°C; sp. gr. 11.85 (2€); valence
1, or 3. Thallium was discovered spectroscopically in 1861 by Crookes. The element was named after the beautiful gréea,speicindatientified
the element. The metal was isolated both by Crookes and Lamy in 1862 about the same time. Thalliunsmatwisaénloranditeandhutchinsonite
It is also present ipyritesand is recovered from the roasting of this ore in connection with the production of sulfuric acid. It is also obtained from
the smelting of lead and zinc ores. Extraction is somewhat complex and depends on the source of the thallium. Manganfsewazutee ocean
floor, contain thallium. When freshly exposed to air, thallium exhibits a metallic luster, but soon develops a bluishegnssémbling lead in
appearance. A heavy oxide builds up on thallium if leftin air, and in the presence of water the hydroxide is formed.i$hemstdt and malleable.

It can be cut with a knife. forty seven isotopic forms of thallium, with atomic masses ranging from 179 to 210 are reblzgoizéthallium is a
mixture of two isotopes. The element and its compounds are toxic and should be handled carefully. Contact of the meté déthgedous, and
when melting the metal adequate ventilation should be provided. Thallium is suspected of carcinogenic potential for mnarsifaéihas been
widely employed as a rodenticide and ant killer. It is odorless and tasteless, giving no warning of its presence. ltvesé)doiagen prohibited
in the U.S. since 1975 as a household insecticide and rodenticide. The electrical conductivity of thallium sulfide chagessui¢hto infrared
light, and this compound is used in photocells. Thallium bromide-iodide crystals have been used as infrared opticallinatermalbas been used,
with sulfur or selenium and arsenic, to produce low melting glasses which become fluid between 12856 glasses have properties at room
temperatures similar to ordinary glasses and are said to be durable and insoluble in water. Thallium oxide has beedursedlaspes with a high
index of refraction. Thallium has been used in treating ringworm and other skin infections; however, its use has beechmstedftthe narrow
margin between toxicity and therapeutic benefits. A mercury-thallium alloy, which forms a eutectic at 8.5% thallium, dsteefreeee at —6C,
some 20 below the freezing point of mercury. Thallium metal (99.999%) costs about $1/g.

Thorium — (Thor, Scandinavian god of war), Th; at. wt. 232.0381(1); at. no. 90; m.p°Q@7b@. 4788C; sp. gr. 11.72; valence +2(?), +3(?),
+4. Discovered by Berzelius in 1828. Thorium occurthartite (ThSiQ,) and inthorianite (ThG, + UG,). Large deposits of thorium minerals have
been reported in New England and elsewhere, but these have not yet been exploited. Thorium is how thought to be abesibthedmitidant as
uranium and about as abundant as lead or molybdenum. The metal is a source of nuclear power. There is probably morekeledayyuaedrom
thorium in the minerals of the earth’s crust than from both uranium and fossil fuels. Any sizable demand for thoriumasfaahiskill several
years in the future. Work has been done in developing thorium cycle converter-reactor systems. Several prototypes, i@y (tiigh-
temperature gas-cooled reactor) and MSRE (molten salt converter reactor experiment), have operated. While the HTGR effatéos trey
are not expected to become important commercially for many years because of certain operating difficulties. Thoriumdsamoovereally from
the mineraimonazitewhich contains from 3 to 9% Th@long with rare-earth minerals. Much of the internal heat the earth produces has been attributed
to thorium and uranium. Several methods are available for producing thorium metal: it can be obtained by reducing thoviitim ediciem, by
electrolysis of anhydrous thorium chloride in a fused mixture of sodium and potassium chlorides, by calcium reductiom ¢étreailoride mixed
with anhydrous zinc chloride, and by reduction of thorium tetrachloride with an alkali metal. Thorium was originally agsigitezhan Group IV
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of the periodic table. Because of its atomic weight, valence, etc., it is now considered to be the second meadigndésiegies of elements. When
pure, thorium is a silvery-white metal which is air-stable and retains its luster for several months. When contaminateukidi¢h thorium slowly
tarnishes in air, becoming gray and finally black. The physical properties of thorium are greatly influenced by the dagerrin&tion with the
oxide. The purest specimens often contain several tenths of a percent of the oxide. High-purity thorium has been manlenfasefthaery ductile,
and can be cold-rolled, swaged, and drawn. Thorium is dimorphic, changing & 00 a cubic to a body-centered cubic structure. Thorium oxide
has a melting point of 330G, which is the highest of all oxides. Only a few elements, such as tungsten, and a few compounds, such as tantalum carbic
have higher melting points. Thorium is slowly attacked by water, but does not dissolve readily in most common acids, exagptibyBowdered
thorium metal is often pyrophoric and should be carefully handled. When heated in air, thorium turnings ignite and ltiywititlia white light.
The principal use of thorium has been in the preparation of the Welsbach mantle, used for portable gas lights. Thesensiatitigsyfahorium
oxide with about 1% cerium oxide and other ingredients, glow with a dazzling light when heated in a gas flame. Thoriupoitaah affoying
element in magnesium, imparting high strength and creep resistance at elevated temperatures. Because thorium has adtanveod-figh
electron emission, it is used to coat tungsten wire used in electronic equipment. The oxide is also used to controlzéhefgraigsten used for
electric lamps; it is also used for high-temperature laboratory crucibles. Glasses containing thorium oxide have a hghimdéracnd low
dispersion. Consequently, they find application in high quality lenses for cameras and scientific instruments. Thoriusagméhbad use as a
catalyst in the conversion of ammonia to nitric acid, in petroleum cracking, and in producing sulfuric acid. Twenty smesoigbbrium are known
with atomic masses ranging from 212 to 237. All are unst&léh occurs naturally and has a half-life of £.#0'0years. It is an alpha emitté#2Th
goes through six alpha and four beta decay steps before becoming the stabl@%&ici3erh is sufficiently radioactive to expose a photographic
plate in a few hours. Thorium disintegrates with the production of “thof8#Rrf), which is an alpha emitter and presents a radiation hazard. Good
ventilation of areas where thorium is stored or handled is therefore essential. Thorium metal (99.8%) costs about $15/g.

Thulium — (Thule the earliest name for Scandinavia), Tm; at. wt. 168.93421(3); at. no. 69; m$C 15451950C; sp. gr. 9.321 (2&); valence
3. Discovered in 1879 by Cleve. Thulium occurs in small quantities along with other rare earths in a number of mingvgsmédsommercially
from monazite which contains about 0.007% of the element. Thulium is the least abundant of the rare earth elements, but with newestliyrces re
discovered, itis now considered to be about as rare as silver, gold, or cadmium. lon-exchange and solvent extractisrntaehreqastly permitted
much easier separation of the rare earths, with much lower costs. Only a few years ago, thulium metal was not obtainastigatl&96 the oxide
cost $20/g. Thulium metal powder now costs $60/g (99.9%). Thulium can be isolated by reduction of the oxide with lanthhoubyroefzum
reduction of the anhydrous fluoride. The pure metal has a bright, silvery luster. It is reasonably stable in air, butstheuhddial protected from
moisture in a closed container. The element is silver-gray, soft, malleable, and ductile, and can be cut with a kniighflibotgges and isomers
are known, with atomic masses ranging from 146 to 176. Natural thulium, which is'4008sis stable. Because of the relatively high price of the
metal, thulium has not yet found many practical applicati#fBm bombarded in a nuclear reactor can be used as a radiation source in portable X-
ray equipment!’ITm is potentially useful as an energy source. Natural thulium also has possibléeustes(ceramic magnetic materials) used
in microwave equipment. As with other lanthanides, thulium has a low-to-moderate acute toxic rating. It should be hawcdied with

Tin — (anglo-Saxortin), Sn (L.stannuny; at. wt. 118.710(7); at. no. 50; f.p. 231.928b.p. 2602C; sp. gr. (gray) 5.75, (white) 7.31; valence
2, 4. Known to the ancients. Tin is found chieflycassiterite(SnQ,). Most of the world’s supply comes from Malaysia, Bolivia, China, Indonesia,
Russia, Zaire, Thailand, and Nigeria. The U.S. produces almost none, although occurrences have been found in AlaskdcafiihGslastained
by reducing the ore with coal in a reverberatory furnace. Ordinary tin is composed of ten stable isotopes; thirty fivesattgtebland isomers are
also known. Ordinary tin is a silver-white metal, is malleable, somewhat ductile, and has a highly crystalline structutbebueaking of these
crystals, a “tin cry” is heard when a bar is bent. The element has two allotropic forms at normal pressure. On warming tigrayitb a cubic
structure, changes at 13Qinto white, of3 tin, the ordinary form of the metal. White tin has a tetragonal structure. When tin is cooled bet@y 13.2
it changes slowly from white to gray. This change is affected by impurities such as aluminum and zinc, and can be preveiteddiyions of
antimony or bismuth. This change from theo [3 form is called the tin pest. There are few if any uses for gray tin. Tin takes a high polish and is used
to coat other metals to prevent corrosion or other chemical action. Such tin plate over steel is used in the so-cdte@tesearing food. Alloys
of tin are very important. Soft solder, type metal, fusible metal, pewter, bronze, bell metal, Babbitt metal, White wetthgialoy, and phosphor
bronze are some of the important alloys using tin. Tin resists distilled sea and soft tap water, but is attacked byss@tkadiacaahd acid salts. Oxygen
in solution accelerates the attack. When heated in air, tin forms 8hioh is feebly acid, forming stannate salts with basic oxides. The mostimportant
saltis the chloride (Sngl H,0), which is used as a reducing agent and as a mordant in calico printing. Tin salts sprayed onto glass are used to produ
electrically conductive coatings. These have been used for panel lighting and for frost-free windshields. Most windawglasade by floating
molten glass on molten tin (float glass) to produce a flat surface (Pilkington process). Of recent interest is a cnystalmenti alloy that is
superconductive at very low temperatures. This promises to be important in the construction of superconductive mageetddteataemous field
strengths but use practically no power. Such magnets, made of tin-niobium wire, weigh but a few pounds and produce fdagmetiofien started
with a small battery, are comparable to that of a 100 ton electromagnet operated continuously with a large power suglpmbersrof tin found
in canned foods is quite harmless. The agreed limit of tin contentin U.S. foods is 300 mg/kg. The trialkyl and triaggbtindsare used as biocides
and must be handled carefully. Over the past 25 years the price of commercial tin has varied from 50¢/Ib ($1.10/kgrtoptsgeresabout $4.30/
Ib ($9.50/kg) as of January 1996. Tin with a purity of 99.9999% is available at a price of about $4/g.

Titanium — (L. Titans the first sons of the Earth, myth.), Ti; at. wt. 47.867(1); at. no. 22; m.p£166&; b.p. 3287C; sp. gr. 4.54; valence
2, 3, or 4. Discovered by Gregor in 1791; named by Klaproth in 1795. Impure titanium was prepared by Nilson and Pet&83sboweler, the
pure metal (99.9%) was not made until 1910 by Hunter by heatingWiiGlsodium in a steel bomb. Titanium is present in meteorites and in the sun.
Rocks obtained during the Apollo 17 lunar mission showed presence of 12.39Af&yses of 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 tiewrrdanofithe earth.
Titanium is almost always present in igneous rocks and in the sediments derived from them. It occurs in theutilmehalenite andspheneand
is present in titanates and in many iron ores. Deposits of iimenite and rutile are found in Florida, California, Tenne¥sw&, Aledvelsewhere.
Titanium is present in the ash of coal, in plants, and in the human body. The metal was a laboratory curiosity untiiddi|krowed that titanium
could be produced commercially by reducing titanium tetrachloride with magnesium. This method is largely used for procuetaigddey. The
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metal can be purified by decomposing the iodide. Titanium, when pure, is a lustrous, white metal. It has a low densipngibod sasily fabricated,
and has excellent corrosion resistance. It is ductile only when it is free of oxygen. The metal burns in air and isg¢heeanthat burns in nitrogen.
Titanium is resistant to dilute sulfuric and hydrochloric acid, most organic acids, moist chlorine gas, and chloride Blturahstanium consists
of five isotopes with atomic masses from 46 to 50. All are stable. Fifteen other unstable isotopes are known. The mathids Ghmadexagonal
a form changes to the culficform very slowly at about 88C. The metal combines with oxygen at red heat, and with chlorine & 5biBanium
is important as an alloying agent with aluminum, molybdenum, manganese, iron, and other metals. Alloys of titanium dte psiedifos aircraft
and missiles where lightweight strength and ability to withstand extremes of temperature are important. Titanium issastsgbhge45% lighter.
Itis 60% heavier than aluminum, but twice as strong. Titanium has potential use in desalination plants for convertingraedneshewvater. The
metal has excellent resistance to sea water and is used for propeller shafts, rigging, and other parts of ships expaed th 8&lhium anode
coated with platinum has been used to provide cathodic protection from corrosion by salt water. Titanium metal is cortmdargsiatogically
inert; however, titanium powder may be a carcinogenic hazard. When pure, titanium dioxide is relatively clear and hasinhigirerdex of
refraction with an optical dispersion higher than diamond. It is produced artificially for use as a gemstone, but ielg sefati8tar sapphires and
rubies exhibit their asterism as a result of the presence ¢f Titanium dioxide is extensively used for both house paint and artist’s paint, as it is
permanent and has good covering power. Titanium oxide pigment accounts for the largest use of the element. Titaniurexyeteis asflector
of infrared, and is extensively used in solar observatories where heat causes poor seeing conditions. Titanium tetizsdndidodedsze glass. This
compound fumes strongly in air and has been used to produce smoke screens. The price of titanium metal (99.8%) is about $550/kg

Tungsten— (Swedishtung stenheavy stone); also knownwselfram(fromwolframitg said to be named frowolf rahmor spumi lupj because
the ore interfered with the smelting of tin and was supposed to devour the tin), W; at. wt. 183.84(1); at. no. 74; tn39°@42&2p. 5555C; sp.
gr. 19.3 (20C); valence 2, 3, 4, 5, or 6. In 1779 Peter Woulfe examined the mineral now knawtiramiteand concluded it must contain a new
substance. Scheele, in 1781, found that a new acid could be maderfgster(a name first applied about 1758 to a mineral now knowolzeselit.
Scheele and Berman suggested the possibility of obtaining a new metal by reducing this acid. The de Elhuyar brothersifbinrvwiodineenite
in 1783 that was identical to the acidt@hgstelitungstic acid) of Scheele, and in that year they succeeded in obtaining the element by reduction of
this acid with charcoal. Tungsten occursvalframite (Fe, Mn)WQ; scheelite CaWQ; huebnerite MNnWQO,; andferberite FeWQ,. Important
deposits of tungsten occur in California, Colorado, South Korea, Bolivia, Russia, and Portugal. China is reported to T&% abthé world’'s
tungsten resources. Natural tungsten contains five stable isotopes. Thirty two other unstable isotopes and isomersaat €liee oggtial is obtained
commercially by reducing tungsten oxide with hydrogen or carbon. Pure tungsten is a steel-gray to tin-white metal. Vieggteuredn be cut with
a hacksaw, and can be forged, spun, drawn, and extruded. The impure metal is brittle and can be worked only with diffjstdtyh#is the highest
melting point of all metals, and at temperatures over k65@s 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 thermalseapansibie same as
borosilicate glass, which makes the metal useful for glass-to-metal seals. Tungsten and its alloys are used exteramivehtddofielectric lamps,
electron and television tubes, and for metal evaporation work; for electrical contact points for automobile distributdesg&tsayindings and
heating elements for electrical furnaces; and for numerous spacecraft and high-temperature applications. High-speeH éstéfeds Stellite®,
and many other alloys contain tungsten. Tungsten carbide is of great importance to the metal-working, mining, and patsitesrdattium and
magnesium tungstates are widely used in fluorescent lighting; other salts of tungsten are used in the chemical and sanesng umdysten disulfide
is a dry, high-temperature lubricant, stable to®80@’ungsten bronzes and other tungsten compounds are used in paints. Tungsten powder (99.95%
costs about $325/kg.

Uranium — (PlaneUranusg, U; at. wt. 238.0289(1); at. no. 92; m.p. 11@5h.p. 4131C; sp. gr. ~18.95; valence 2, 3, 4, 5, or 6. Yellow-colored
glass, containing more than 1% uranium oxide and dating back to 79 A.D., has been found near Naples, Italy. Klaprothaacotkmizech element
in pitchblendeand attempted to isolate the metalin 1789. The metal apparently was firstisolated in 1841 by Peligot, who reduced tisehtdridizo
with potassium. Uranium is not as rare as it was once thought. It is now considered to be more plentiful than mercury séimémongadmium,
and is about as abundant as molybdenum or arsenic. It occurs in numerous mineralgisiniieasle, uraninite, carnotite, autunite, uranophane,
davidite,andtobernite It is also found irphosphate rock, lignite, monazite sandsd can be recovered commercially from these sources. Large
deposits of uranium ore occur in Utah, Colorado, New Mexico, Canada, and elsewhere. The U.S.D.O.E. purchases uraniomofratioe faable
UzOgconcentrates. This incentive program has greatly increased the known uranium reserves. Uranium can be made by redubalgiesanitm
alkali or alkaline earth metals or by reducing uranium oxides by calcium, aluminum, or carbon at high temperatures. Bmeatsetbbgroduced
by electrolysis of KUEor UF,, dissolved in a molten mixture of Cag@hdNacCl. High-purity uranium can be prepared by the thermal decomposition
of uranium halides on a hot filament. Uranium exhibits three crystallographic modifications as follows:

aDBfF.pOF-y

Uranium is a heavy, silvery-white metal which is pyrophoric when finely divided. It is a little softer than steel, ankied bit@old water in a finely
divided state. It is malleable, ductile, and slightly paramagnetic. In air, the metal becomes coated with a layer ofdxitiesdlee the metal, but
itis unaffected by alkalis. Uranium has twenty three isotopes, one of which is an isomer and all of which are radioatieoblairring uranium
contains 99.2745% by weigh®U, 0.720%23%U, and 0.0055%34U. Studies show that the percentage weigh8%f in natural uranium varies by
as much as 0.1%, depending on the source. The U.S.D.O.E. has adopted the value of 0.711 as being their “official” péitsintagésl uranium.
Natural uranium is sufficiently radioactive to expose a photographic plate in an hour or so. Much of the internal heattlofishb@ight to be
attributable to the presence of uranium and thorfdfy. with a half-life of 4.46< 1(Pyears, has been used to estimate the age of igneous rocks. The
origin of uranium, the highest member of the naturally occurring elements — except perhaps for traces of neptunium or-plusamiaiciearly
understood, although it may be presumed that uranium is a decay product of elements of higher atomic weight, which maybanepoesent
on earth or elsewhere in the universe. These original elements may have been formed as a result of a primordial “creatas’;thenbig bang,”
in a supernova, or in some other stellar processes. Uranium is of great importance as a nué¢i8achebe converted into fissionable plutonium
by the following reactions:

4-31


huffman
Tungsten

huffman
Uranium


THE ELEMENTS (continued)
238U(n y)_> 239U D]:F—» 239 Np[[?—» 239Pu

This nuclear conversion can be brought about in “breeder” reactors where it is possible to produce more new fissionabiamthtfiasionable
material used in maintaining the chain reactf8®J is of even greater importance, for it is the key to the utilization of uraf#id) while occurring

in natural uranium to the extent of only 0.71%, is so fissionable with slow neutrons that a self-sustaining fission ¢baicaredet made to occur

in a reactor constructed from natural uranium and a suitable moderator, such as heavy water or grapR#&] efonke concentrated by gaseous
diffusion and other physical processes, if desired, and used directly as a nuclear fuel, instead of natural uranium aorexqedsage. Natural
uranium, slightly enriched witt?U by a small percentage, is used to fuel nuclear power reactors for the generation of electricity. Natural thorium
can be irradiated with neutrons as follows to produce the important iggtope

#2Th(n,y) - **Thf - **Pamf . **u

While thorium itself is not fissionabl&33U is, and in this way may be used as a nuclear fuel. One pound of completely fissioned uranium has the fuel
value of over 1500 tons of coal. The uses of nuclear fuels to generate electrical power, to make isotopes for peacefahplipossse explosives
are well known. The estimated world-wide production of the 430 nuclear power reactors in operation in January 1994 amoout&38000
megawatts. Uranium in the U.S.A. is controlled by the U.S. Nuclear Regulatory Commission. New uses are being found fiit Udaplete i.e.,
uranium with the percentage®3fU lowered to about 0.2%. It has found use in inertial guidance devices, gyro compasses, counterweights for aircraf
control surfaces, as ballast for missile reentry vehicles, and as a shielding material. Uranium metal is used for X-faypgesdatgion of high-
energy X-rays; the nitrate has been used as photographic toner, and the acetate is used in analytical chemistry. Guystaisndfaie are
triboluminescent. Uranium salts have also been used for producing yellow “vaseline” glass and glazes. Uranium and its eoenipighhd®xic,
both from a chemical and radiological standpoint. Finely divided uranium metal, being pyrophoric, presents a fire hazaxintheparmissible
total body burden of natural uranium (based on radiotoxicity) ig©i2or soluble compounds. Recently, the natural presence of uranium in many
soils has become of concern to homeowners because of the generation of radon and its daughters (see under Radon). Usaauaitabietal
commercially at a cost of about $200/kg (99.7%) in air-tight glass under argon.

Unnilguadium, etc. — See under Elements 104 to 112.

Vanadium — (Scandinavian goddesdganadi3, V; at. wt. 50.9415(1); at. no. 23; m.p. 19.00°C; b.p. 3407C; sp. gr. 6.11 (18°C); valence
2, 3,4, or 5. Vanadium was first discovered by del Rio in 1801. Unfortunately, a French chemist incorrectly declaredédel Riersent was only
impure chromium; del Rio thought himself to be mistaken and accepted the French chemist's statement. The element wasdredikt20 &y
Sefstrom, who named the element in honor of the Scandinavian gdtdthegtisbecause 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 nouptddigzd
Vanadium is found in about 65 different minerals among whicleargotite, roscoelite, vanadinitendpatroniteimportant sources of the metal.
Vanadium is also found in phosphate rock and certain iron ores, and is present in some crude oils in the form of orgaei. ¢oisiplso found
in small percentages in meteorites. Commercial production from petroleum ash holds promise as an important source of. tHegblpunery
ductile vanadium can be obtained by reduction of vanadium trichloride with magnesium or with magnesium-sodium mixturethéAuateafium
metal being produced is now made by calcium reduction®f \h a pressure vessel, an adaption of a process developed by McKechnie and Seybolt.
Natural vanadium is a mixture of two isotop®¥, (0.25%) andlV (99.75%).5% is slightly radioactive, having a long half-life. Seventeen other
unstable isotopes are recognized. Pure vanadium is a bright white metal, and is soft and ductile. It has good corrosienoradistss, sulfuric
and hydrochloric acid, and salt water, but the metal oxidizes readily abov@. @8 metal has good structural strength and a low fission neutron
cross section, making it useful in nuclear applications. Vanadium is used in producing rust resistant, spring, and haystgeleditds an important
carbide stabilizer in making steels. About 80% of the vanadium now produced is used as ferrovanadium or as a steel raldiitivefoilas used
as abonding agent in cladding titanium to steel. Vanadium pentoxide is used in ceramics and as a catalyst. It ispiedursied emsuperconductive
magnet with a field of 175,000 gauss. Vanadium and its compounds are toxic and should be handled with care. Ductile veoradiencialy
available. Commercial vanadium metal, of about 95% purity, costs about $50kg. Vanadium metal (99.7%) costs about $1®@(y or $70

Wolfram — see Tungsten.

Xenon— (Gr.xenon stranger), Xe; at. wt. 131.29(2); at. no. 54; m.p. —12C7b.p. —108.2C; density (gas) 5.88% 0.009 g/l, sp. gr (liquid)
3.52 (-109C); valence usually 0. Discovered by Ramsay and Travers in 1898 in the residue left after evaporating liquid air compwreigs. Xe
a member of the so-called noble or “inert” gases. It is present in the atmosphere to the extent of about one part iticweKnar is present in
the Martian atmosphere to the extent of 0.08 ppm. The element is found in the gases evolved from certain mineral spaagsn@ncially obtained
by extraction from liquid air. Natural xenon is composed of nine stable isotopes. In addition to these, thirty five ustsjaddesisd isomers have
been characterized. Before 1962, it had generally been assumed that xenon and other noble gases were unable to forri cioiepoeihds.been
mounting in the past few years that xenon, as well as other members of the zero valence elements, do form compoundscAmpagritis” of
xenon now reported are xenon hydrate, sodium perxenate, xenon deuterate, difluoride, tetrafluoride, hexafluoride ; amdl XefRR§. Xenon
trioxide, which is highly explosive, has been prepared. More than 80 xenon compounds have been made with xenon chenddallfjuzvirce
and oxygen. Some xenon compounds are colored. Metallic xenon has been produced, using several hundred kilobars of pressaneac(em
tube produces a beautiful blue glow when excited by an electrical discharge. The gas is used in making electron tutmscdtmoipssbactericidal
lamps, and lamps used to excite ruby lasers for generating coherent light. Xenon is used in the atomic energy fieldharbbetdeprobes, and
other applications where its high molecular weight is of value. The perxenates are used in analytical chemistry as @itz agnd'3Xe
are produced by neutron irradiation in air cooled nuclear reati®¢s.has useful applications as a radioisotope. The element is available in sealed
glass containers for about $20/I of gas at standard pressure. Xenon is not toxic, but its compounds are highly toxictbeiraisengfoxidizing
characteristics.
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THE ELEMENTS (continued)

Ytterbium — (Ytterby, village in Sweden), Yb; at. wt. 173.04(3); at. no. 70; m.p>@18.p. 1196C; sp. gr ¢) 6.903 ) 6.966; valence 2, 3.
Marignac in 1878 discovered a new component, which he catlerbia in the earth then known asbia. In 1907, Urbain separated ytterbia into
two components, which he calledoytterbizandlutecia The elements in these earths are now knowitedbiumandlutetium respectively. These
elements are identical witldebaraniumandcassiopeiundiscovered independently and at about the same time by von Welsbach. Ytterbium occurs
along with other rare earths in a number of rare minerals. It is commercially recovered principathofrarite sandvhich contains about 0.03%.
lon-exchange and solvent extraction techniques developed in recent years have greatly simplified the separation offiedraareceer another.

The element was first prepared by Klemm and Bonner in 1937 by reducing ytterbium trichloride with potassium. Their metatiwvlasweiver,
with KCI. Daane, Dennison, and Spedding prepared a much purer form in 1953 from which the chemical and physical propetiesaitcould
be determined. Ytterbium has a bright silvery luster, is soft, malleable, and quite ductile. While the element is faiityshtalitbbe kept in closed
containers to protect it from air and moisture. Ytterbium is readily attacked and dissolved by dilute and concentratedidsreardireacts slowly
with water. Ytterbium has three allotropic forms with transformation points atariB795C. The beta form is a room-temperature, face-centered,
cubic modification, while the high-temperature gamma form is a body-centered cubic form. Another body-centered cubicrpbaséyhbsen
found to be stable at high pressures at room temperatures. The beta form ordinarily has metallic-type conductivity, batescmoreductor when
the pressure is increased above 16,000 atm. The electrical resistance increases tenfold as the pressure is increasind am@2@YPS to about
80% of its standard temperature-pressure resistivity at a pressure of 40,000 atm. Natural ytterbium is a mixture ofes@aanstabllwenty six
other unstable isotopes and isomers are known. Ytterbium metal has possible use in improving the grain refinement,sttregtimechanical
properties of stainless steel. One isotope is reported to have been used as a radiation source as a substitute ferapueeabieeivhere electricity
is unavailable. Few other uses have been found. Ytterbium metal is commercially available with a purity of about 99.9%%fggalsdarbium
has a low acute toxic rating, but may present a carcinogenic hazard.

Yttrium — (Ytterby village in Sweden near Vauxholm), Y; at. wt. 88.90585(2); at. no. 39; m.f2Q32p. 3345C; sp. gr. 4.469 (Z%&); valence
3.Yttria, which is an earth containing yttrium, was discovered by Gadolin in Y@t@4byis the site of a quarry which yielded many unusually minerals
containing rare earths and other elements. This small town, near Stockholm, bears the honor of givingraomesterbiumandytterbiumas well
asyttrium. In 1843 Mosander showed that yttria could be resolved into the oxides (or earths) of three elements. The name ytinadvas thee
most basic one; the others were naerbihandterbia. Yttrium occurs in nearly all of the rare-earth minerals. Analysis of lunar rock samples obtained
during the Apollo missions show a relatively high yttrium content. It is recovered commerciallsnoazite sandvhich contains about 3%, and
from bastnasitewhich contains about 0.2%. Wohler obtained the impure element in 1828 by reduction of the anhydrous chloride with poessium.
metal is now produced commercially by reduction of the fluoride with calcium metal. It can also be prepared by other tetiwiiopéss a silver-
metallic luster and is relatively stable in air. Turnings of the metal, however, ignite in air if their temperature ex¢€edad@idely divided yttrium
is very unstable in air. Yttrium oxide is one of the most important compounds of yttrium and accounts for the largesiigelyltised in making
YVO, europium, and YOz europium phosphors to give the red color in color television tubes. Many hundreds of thousands of pounds are now use
in this application. Yttrium oxide also is used to produce yttrium-iron-garnets, which are very effective microwave filtens.irén, aluminum,
and gadolinium garnets, with formulas such gBe¥O,, and Y;Al0;,, have interesting magnetic properties. Yttrium iron garnetis also exceptionally
efficient as both a transmitter and transducer of acoustic energy. Yttrium aluminum garnet, with a hardness of 8.5iisgals® fas a gemstone
(simulated diamond). Small amounts of yttrium (0.1 to 0.2%) can be used to reduce the grain size in chromium, molybdenum,aictttanium,
and to increase strength of aluminum and magnesium alloys. Alloys with other useful properties can be obtained by usasgytaiuitive. The
metal can be used as a deoxidizer for vanadium and other nonferrous metals. The metal has a low cross section for neé®grarapaf the
isotopes of yttrium, exists in equilibrium with its par@@r, a product of atomic explosions. Yttrium has been considered for use as a nodulizer for
producing nodular castiron, in which the graphite forms compact nodules instead of the usual flakes. Such iron hasliotiligasétrdim is also
finding application in laser systems and as a catalyst for ethylene polymerization.It has also potential use in cerassiécantitga, as the oxide
has a high melting point and imparts shock resistance and low expansion characteristics to glass. Natural yttrium cordagusdpe®Y . Thirty
seven other unstable isotopes and isomers have been characterized. Yttrium metal of 99.9% purity is commercially acailoteaditcat $4/g.

Zinc — (Ger.Zink, of obscure origin), Zn; at. wt. 65.39(2); at. no. 30; f.p. 41962G.p. 907C; sp. gr. 7.133 (2&); valence 2. Centuries before
zinc was recognized as a distinct element, zinc ores were used for making brass. Tubal-Cain, seven generations from miereg iastiEing
an “instructor in every artificer in brass and iron.” An alloy containing 87% zinc has been found in prehistoric ruing/laahian$/etallic zinc
was produced in the 13th century A.D. in India by reducing calamine with organic substances such as wool. The metal veasdeédiEtmope
by Marggraf in 1746, who showed that it could be obtained by redualagiinewith charcoal. The principal ores of zinc apghaleriteor blende
(sulfide),smithsonitgcarbonate);alamine(silicate), andranklinite (zinc, manganese, iron oxide). Zinc can be obtained by roasting its ores to form
the oxide and by reduction of the oxide with coal or carbon, with subsequent distillation of the metal. Other methodmofanaaassible. Naturally
occurring zinc contains five stable isotopes. Twenty three other unstable isotopes and isomers are recognized. Zinwlste Husstous metal.

Itis brittle at ordinary temperatures but malleable at 100 t&CL30is a fair conductor of electricity, and burns in air at high red heat with evolution
of white clouds of the oxide. The metal is employed to form numerous alloys with other metals. Brass, nickel silver, typetaliitsmmercial
bronze, spring brass, German silver, soft solder, and aluminum solder are some of the more important alloys. Large qunarditeassed to produce
die castings, used extensively by the automotive, electrical, and hardware industries. An alld3resi®l, consisting of 78% zinc and 22%
aluminum is reported to be almost as strong as steel but as easy to mold as plastic. It is said to be so plastic thatdtechimtzeform by relatively
inexpensive die casts made of ceramics and cement. It exhibits superplasticity. Zinc is also extensively used to gaivaeizésatheh as iron to
prevent corrosion. Neither zinc nor zirconium is ferromagnetic; butZnbits ferromagnetism at temperatures below 35 K. Zinc oxide is a unique
and very useful material to modern civilization. It is widely used in the manufacture of paints, rubber products, cosaratmseyticals, floor
coverings, plastics, printing inks, soap, storage batteries, textiles, electrical equipment, and other products. It helectmnigayyahermal, optical,
and solid-state properties that have not yet been fully investigated. Lithopone, a mixture of zinc sulfide and bariusaulfafggrtant pigment.
Zinc sulfide is used in making luminous dials, X-ray and TV screens, and fluorescent lights. The chloride and chromategoeatscompounds.
Zinc is an essential element in the growth of human beings and animals. Tests show that zinc-deficient animals requirtobd%maiethe same
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THE ELEMENTS (continued)

weight as an animal supplied with sufficient zinc. Zinc is not considered to be toxic, but when freshly formed ZnO isdiidwiger known as the
oxide shakeerzinc chillssometimes occurs. It is recommended that where zinc oxide is encountered good ventilation be provided. The commerci
price of zinc was roughly 50¢/Ib ($1.10 kg) in January 1996. Zinc metal with a purity of 99.9999% is priced at about 50¢/g.

Zirconium — (Syriac,zargun color of gold), Zr; at. wt. 91.224(2); at. no. 40; m.p. 1858C; b.p. 4409C; sp. gr. 6.506 (2€); valence +2,
+3, and +4. The nanerconmay have originated from the Syriac waedgonowhich describes the color of certain gemstones now knowircas,
jargon, hyacinth, jacinthor ligure.This mineral, or its variations, is mentioned in biblical writings. These minerals were not known to contain this
element until Klaproth, in 1789, analyzed a jargon from Ceylon and found a new earth, which Werner namesilexrcocgniu$, and Klaproth
calledZirkonerde (zirconia)The impure metal was first isolated by Berzelius in 1824 by heating a mixture of potassium and potassium zirconium
fluoride in a small iron tube. Pure zirconium was first prepared in 1914. Very pure zirconium was first produced in 1926ksl aad de Boer
by an iodide decomposition process they developed. Zirconium is found in abundance in S-type stars, and has beenttuestifieshcthmeteorites.
Analyses of lunar rock samples obtained during the various Apollo missions to the moon show a surprisingly high zircoréantenigeompared
with terrestial rocks. Naturally occurring zirconium contains five isotopes. Twenty six other radioactive isotopes andisdmersn to exist.
Zircon, ZrSiQy, the principal ore, is found in deposits in Florida, South Carolina, Australia, and Beafdeleyitefound in Brazil, is an important
zirconium mineral. It is principally pure Zgih 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 the chloride with magnesium (the Kroll &#rddessther
methods. Itis a grayish-white lustrous metal. When finely divided, the metal may ignite spontaneously in air, espesiatiyciteashperatures. The
solid metal is much more difficult to ignite. The inherent toxicity of zirconium compounds is low. Hafnium is invariablinfainodnium ores, and
the separation is difficult. Commercial-grade zirconium contains from 1 to 3% hafnium. Zirconium has a low absorptiortiorofs sestitrons,
and is therefore used for nuclear energy applications, such as for cladding fuel elements. Commercial nuclear powengen@iemmore than
90% of zirconium metal production. Reactors of the size now being made may use as much as a half-million lineal feairofaimohibing.
Reactor-grade zirconium is essentially free of hafnizimtaloy® is an important alloy developed specifically for nuclear applications. Zirconium
is exceptionally resistant to corrosion by many common acids and alkalis, by sea water, and by other agents. It is weddmxtbrsihemical
industry where corrosive agents are employed. Zirconium is used as a getter in vacuum tubes, as an alloying agergungsteéhppliances,
photoflash bulbs, explosive primers, rayon spinnerets, lamp filaments, etc. It is used in poison ivy lotions in the faanbafrtate as it combines
with urushiol With niobium, zirconium is superconductive at low temperatures and is used to make superconductive magnets, whictobffer hope
direct large-scale generation of electric power. Alloyed with zinc, zirconium becomes magnetic at temperatures belovoB8kik @kide (zircon)
has a high index of refraction and is used as a gem material. The impure oxide, zirconia, is used for laboratory crudibléthstand heat shock,
for linings of metallurgical furnaces, and by the glass and ceramic industries as a refractory material. Its use ay an&feael@ccounts for a large
share of all zirconium consumed. Zirconium of about 99.8% purity is available at a cost of about $170/kg.
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