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(1] wosewagrcamicsx k. (40 1)

About three-fourths of the elements are metals. All metals are alike in some important ways.
They are good conductors of both electricity and heat. “They can be formed into different
shapes by using a hammer or pressure. Aluminum, for example, can be rolled into very thin
foil without breaking. Most metals can also reflect light. Reflected light makes metals shiny.
Some metals, like aluminum and silver, reflect a white, silvery light. Other metals, such as
gold and copper, reflect colored light. However, metals often have a coating that hides their
brilliance. Iron is often covered with rust and silver can become tarnished.

Similarity of properties suggests a similarity of structure in the atoms of metals. Close
examination of these atoms shows that the similarity is in the outer or valence electrons.
Metals have only a few valence electrons for forming bonds. ?Aluminum, for example, has
three valence electrons. In aluminum metals, these electrons are shared equally by
neighboring atoms. This sharing of electrons results in a kind of bond. The aluminum atoms
are held together by the electrons that are free to move between all neighboring atoms. This
kind of bond is called a metallic bond.

Nonmetals are poor conductors of heat and electricity. ®Most nonmetals are brittle and
cannot be easily formed into sheets or other shapes. Some nonmetals, such as carbon and
sulfur, are solids at ordinary temperatures. Oxygen, nitrogen, and chlorine, on the other hand,
are_nonmetals that are gases. Bromine is the only nonmetal that is a liquid at room
temperature.

“Nitrogen and phosphorus are two nonmetallic elements that are very important to living
things. Plants require compounds of both of these elements in order to grow. Chemical
compounds containing nitrogen and phosphorus are the most important kinds of fertilizers
used in farming. If farmers did not use these chemical fertilizers, much less food could be

grown on the world’s croplands. Nitrogen and phosphorus are also essential to humans. The
proteins that are essential in our diet are compounds containing nitrogen. Phosphorus
compounds are needed for normal bone growth.

[W. L. Ramsey et. al., Holt Physical Science, Holt, Rinnehart and Winston, Publishers
(1982) £ v 5]
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Magnetic resonance is a phenomenon found in magnetic systems that possess both magnetic
moments and angular momentum. The advantage of the resonance method is that it enables
one to select out of the total magnetic susceptibility, a particular contribution of interest — one
that may, for example, be relatively very weak. The most spectacular example is, no doubt,
the observation of the feeble nuclear paramagnetism of iron against a background of the
electronic ferromagnetism. Resonance also permits the gathering of precise, highly detailed
magnetic information of a type not obtainable in other ways.

As we remarked above, we are concerned with magnetic systems that possess angular
momentum. As examples, we have electron spins, or the nuclei of atoms. 2A system such as a
nucleus may consist of many particles coupled together so that in any given state, the nucleus
posses at total magnetic moment p and a total angular momentum J. In fact the two vectors
may be taken as parallel, so that we can write

=yl (1.1)
where y is a scalar called the “gyromagnetic ratio”. For any given state of a nucleus,
knowledge of the wave function would in principle enable us to compute both u and J.
Hence we should find that the quantity y would vary with the state.

Of course, in the quantum theory, u and J are treated as (vector) operators. The meaning
of the concept of two operators being “parallel” is found by considering the matrix elements
of the operators. Suppose we define a dimensionless angular momentum operator I by the
equation:

J=nl . (1.2)
912 then has eigenvalues I(I + 1) where [ is either integer or half-integer. Any component
of I (for example I,) commutes with I?, so that we may specify simultaneously eigenvalues
of both I? and I,. Let us call the eigenvalues I(I + 1) and m, respectively. Of course m
may be any of the 27 + 1 values I,I —1,...,—1. The meaning of (1.1) is then that

(Im|u, |Im") = y(Im|L,|Im") (1.3)
where u.,and I, are components of the operators w and I along the (arbitrary)
x'-direction. The validity of this equation is based on the Wigner-Eckart theorem.

[C. P. Slichiter, “Principles of Magnetic Resonance”, 3rd edition, Springer-Verlag, Berlin
(1989) £ v 51 H]



magnetic moment(s): f45E— A > I, angular momentum: £ EE) &,

magnetic susceptibility: f#{L=8, ofinterest: BkDOH 5, FH L7z, fH L Lz,
feeble: 551>, paramagnetism: F R4, ferromagnetism: B&EfEM:, nuclear: £,
nucleus: BZ(HER), nuclei: B (BEI¥), gyromagnetic ratio: a5mlEs L,
operator(s): {#% -, eigenvalues: [ .
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(1) [EOEREIX, WELE &b bT 5, ZOERBOE(IL, ST oDEHITED
S5, OOEANL, RALOEHIE LTabhTn5, BEE2—EICLT, JE
NEWMEE 2 L, [EROEREIIRD T 5, ZoElcxd 5%, PV =PV'T
b5, TIT, PIIEMDOIET), VIIEVOEHE, PIIRICHEORET], VIIRIGHE
DIEFETH D,

RA /VDIEH] : Boyle’s law.

(2 T NE, WIKERENETDHZ LI > THEHENICAERESNDS, ZORBET
Honternrasiz ifﬁ%ﬂaiﬂfwé TR RSP AWk [ R i cpl Rt A IR N
ST, WMEOBENRY BRI, BIIKTEA MR T VIR EEIND, TV
T TR, BRLKIKTH D, WF¢ 1%, H X TH 14,000 ppm, AFE TR 1%
BREOT LI NFET S,

5784« fractional distillation, 7389 % : fractionally distill, 7" /L- =T~ : argon,
WA 5 : passover, MEEL : odorless.



