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Other compounds are of industrial value; lead chromate is chrome yellow, a valued pigment. Chromium compounds are used in the textile industry
as mordants, and by the aircraft and other industries for anodizing aluminim. The refractory industry has fourid chromite useful for forming bricks
and shapes, as it has a high melting point, moderate thcrmal-‘expansioxi,zérid'_stabili_i& of ciystalline structure. Chromium is an essential trace element
for human health. Many chromium compounds; however, are acutely toxic, clironically toxic, and may be carcinogenic. They should be handled with
proper safeguards. Natural chromium confains four isotopes. Twenty other isotopes are’ knowin. Chromium metal (99.95%) costs ‘about $600/kg.
Commercial grade chromium (99%) costs about $75/kg. ) A o » o : B

Cobalt — (Kobald, from the German, goblin ot evil spirit, cobalos, Greek, mine), Co; at. wt.’S8.93320(1); at. ho. 27, m.p. 1495°C; b.p. 2927°C;

sp. g1-8.9(20°C); valence 2 or 3. Discovered by Brandtabout 1735. Cobaltoccurs in the minéral cobaltite, smaltite, and erythrite, andis often associated
-with nickel, silver, lead, copper; and iron ores, from which it is most frequently obtained as-a by§pfodiict. It is also ‘preserit in meteorites. Important
ore deposits are found in Congo-Kinshasa, Australia, Zambia, Russia, Canada, and elsewhere. The U.S. Geological Survey has announced that the
bottom of the north central Pacific Ocean may have cobalt-rich deposits at réiativély shallow depths in waters close to thie Hawaiian Tslands and other
U.S. Pacific territories. Cobalt is a brittle, hard metal, closely resembling iron and nickél'in appearance. It haé a magnetic permeability of about two
thirds that of iron. Cobalt tends to exist as & mixtire of two allotropes over a wide teipefatitre rangé; the B-form predominates below 400°C, and the
o.above that temperature. The tiansformation is sluggish and dcéounts in part for the widc variation in reported data on pliysical propeities of cobalt.

It is alloyed with iron, nickél and other fhetals to make Alnico; ‘an alloy of inustal magnetic stréngth with'méany important uses. Stéllite atloys,
conitaining cobalt, chromiuin, aiid tungsten; are used for high-speed; heavy-duty, high temperatiire cutting tools, and for dies” Cobalt s also used in
other magriet steels and stainless steels; and in alloys uséd in jet trbines and gas Hiitbine génerators. The miétal is aséd in'electroplating because of
its appearance, hardness, and resistance tb oxidation: The'salts have been tised for centiifics for the production of brilliant and permancnt bliié colors
in porcelain, glass, pottery, tiles, and'enamels. It i the piricipal ingrediéat in Sevre’s dnd Thenird’s blue: A'solution of thie, chloride (CoCl, - 6H,0)
isused assympathetic ink. The cobalt ammines até of interest; the oxide and the nitrate ai¢ iriportant, Cobalt carefully used iithe forrh of the chloride,
sulfate, acctate, of nitrate has been fouind effective in cofrectirig a'certain minéral deficiency-disease ih animals. Soils should contain 0.13 t6 0.30 ppm
. of cobalt for proper animal nutrition Cobalt is fourid in Vitamir B:12; which is esseiiti: uman ntrition. Cobalt'of 99:9+% putityis priced at
- about$500/kg. Cobalt-60, an attificial isotope, is ar importaiit garima fay sotirce, Andis exténsively used sa tracefand aradiothérapeuticagent. Single
compact sources of Cobalt-60 vary from about $1 to $10/curie, dépefiding on quantity and specific actiyity, Thirty isotopes and isomers of cobalt are
kIlown‘.‘ N . . - PR A N R "-“- i o :.-\~ Pr A MR {‘«1. - ° T e . . N
. Columbium -— See Niobjum. = ST e oo e |
Copper — (L. cuprum, from thé island of Cyprus), Cuyat. wi. 63.546(3); at’no. 29; fp 1084.62 °C; b.p. 2562°C; sp. gr: 8:96 (20°C); valence 1
or 2. The discovery of copper dates from prehistoric times. It is said to have beéh miricd for fridre thari 5000 years. It is ong of man’s Tost important
metals. Copper is reddish colored; takés ona bright metallic usier, and is ‘malleable, diigiils; and 3 'good conductor of heit and eléctricity (sécond only
tosilver in electrical conductivity). The'electrical industry is one of the' gréatest users'of éoppét: Coppér océasionally ocirs native, and is found in
- many minerals such as cuprite, malachite, azurite, chalcopyrite, and bornité: Laige copper ore deposits are found in the U:S., Chile, Zanibia, Zaire,
Peru; and Canada. The most important copper otes are thie'sulfides, okides, dnd carbites. Eo:ﬂ‘;'ﬁéséﬁicgfbpef is obtaitied by smiclting, ledt hing, and
by electrolysis. Its alloys;biass aid brorize; long used, are still very iportant! all Amieric Coitis afe iow, copper alloys; mohel and guri metals also
contain copper. The mdst important compounds aré thé oxide and thie'shifate, blue vittiol: the Tatter Ris wide use as 4n agricultural poisofi and ds an
algicide in water purification. Copper compounds-such as Fehling’s solution are widely used in analytical chemistry in 'tes'fs"fdfgtfgﬁrl_ High-putity
copper (99.999 + %) is readily available commercially. The price of commercial copper has fluctuated widely. The price 6f copper in Decembir 1999
 was about $1.75/kg. Natural copper contains two isotopes. Twenty-six other radioactive isotopes and isomers areknowi. © T T
Curium — (Pierre and Marie Curic), Cm; at. wt. (247); at. no. 96; m.p. 1345°C; sp. gr. 13.51 (calc.); valendé 3 and 4. Altiough curium follows
americium in the periodic system, it was actually known before americium and was the third transuranium element t8'be discovered. It was idérntified
by Seaborg, James, and Ghiorso in 1944 at the wartime Metallurgical Laboratory in Chicago as a result of helig;xﬂ—‘i_q;i,_bo:inbéfdxﬁér}i?ti ;oif 239Pu inthe
Berkeley, California, 60-inch cyclotron. Visible amounts (30 pig) of 22Cm, in the form of the hydroxide, were first isolated by Weritér and Periman
of the University of California in 1947. In 1950, Crane, Wallmann, and Cunningham found that the magnetic suscept ility of microgeam’s atiples of
- CmFj3 was of the same magnitude as that of GdF,. This provided-direct experimental evidence for dssigning dn electronic configuration (6 Cm*3. In
1951, the same workers prepared curium in its elemental form for the first time: Sixteen isotopes 6f 1 are now known: The mojt stable, #7Cm,
witha half-life of 16 million yeass, is so short compared to the earth’s age that any primordial curium st have disappéared long ago fion the natural
scene. Minute amounts of curium probably exist in natural deposits of uranium, as a result of a séquence Of nieufr turésand B’ SUstA
by the very low flux of neutrons naturally present in uranium ores. The presence of natural cudiufin; iow er, has'ne in dete “Crm and %
are available in multigram quantities. 8Cm has been produced only in milligram amounts. Curivmnis similar in 'sor'r"xé’iié'g'airds"’t;o gadoliniuf, its rare-
carth homolog, but it has a more complex crystal structure. Curiumis silver in color, is chemically réactivé, arid is moré electropositive than aluminum.
CmO;, Cm;03, CmF;, CmF,, CmCl;, CmBry, and Cmly have been prepared. Most compounds of frivalent curiur ate faindly yellow in'color. 22Cm
+ generates about three Wwatts of thermal energy per gram. This compares to one-half watt per gram'of 238py Th'ii_s': suggests 'usg"’t'dr cutium as & power
source. #4Cm is now offered for sale by the O.R.N.L. at $185/mg plus packing charges. %Cm is availablé 4t @ Cost of $160/}ig;, plus packiing charges,
from the O:R.N.L: Curium absorbéd into the body accumalates in thé bones; and i§ therefore very toxic as its radiation destroys the red-cell forming

e e e

mechanism. The maximiirh permissible total body-burden of ?“Crﬁ“(ébldﬁe) in ahaman being is 0.3 uCi (microcurie).
Deuterium, an isotope of hydrogen — see Hydvogen, ~~ -~ & 7 N Lo :

 Dubriium — (namied after the Joint Institute of Nuclear Research in Dubiia; Russia)- Db; at.wt, [262]; atxo. 105. In 1967 G: N Flerov reported
that a Soviet team working at the Joint Institute for Nuclear Research at Dubna may have produced & few atoris of 260105 and 261105 by bombarding
>3Am with 22Ne. Their evidence was based on time-coincidence measttemerits of alphia energies, More recently, it was reported that early in 1970
Dubna scientists synthesized Element 105 and that by the end of April 1970 “Had investigated all the types of décay of the new element and had
determined its chemical properties.” In fate April 1970, it was announced-that Ghiorso, Nurmia, Harris, K. A. Y. Eskola; and P. L. Eskola, working
at the University of California at Berkeley, had positively identified Element 105. The discovery was miade by bombarding a target of 49Cf witha
beam of 84 MeV nitrogen nuclei in the Heavy Ion Linear Accelerator (HILAC), When 2N nuglear s absdrbed bya #9Cf nucleus, four neutrons are
emitted and a new atom of 260105 with'a half-life of 1.6 s is formed. While the first atomis of Element 105 are said to lave heen detécied canchisively
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