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and ytterbium appear to have a 6s band rl'l,nt:1ini n!; ;.:·:'.:t 1. 5 
electrons) which overlaps the 5d band ( .. ",,!:lining a!:':_: 0, 5 
electron), A yinual 4f bound state mo,\I·1 \\'hich ha,- :··,·<'n 
proposed for cC'rium and ytterbium dol':: liCIt :lppea:' :: '~e ap 
plicable to ,'-Ce and ytterbium, but may I ... valid fo;' ,:-Ce. 

1. INTRV-UCTION 

A number of the physical propcrtil's fron~ '. ·· .. :h we can 
ol.lt1in both direct and indirect infol'lll,t t ion cC~.:' :"'ing the 
band structures of mctals, have been 1l1 1':1<;urc,.' :::. most of 
the rare earth metals. It was thnw;l!I tll;ll 't ' ..... ' be deSir -
able to rcvic'.': and e.· .• ", inc these d .. l!.' .i".: oJ. .: ::2 them 
togethe r , For this purpose the '.'(,I·Y 1: 11'.' :1nd :: :::: ~empera-
ture 1, .tt C"l" e ili,s, n ,11 ..:o'f1i,;, ;:1 . . :, . . ,:. ' 5~c:pti~)il-

ities, "jJ<'l!lral data :U\d , 'i t ' · l'h.:tl , , , '. ~ .. :., 

and some of their alloys \"(:1 ' ''' exam l l!"" . 

2. MAGNETIC ME.'.SUREl\lENTS 

The magnetic susceptibility mC;I~;lIt'omen'~ :: (he rare 
earth metals indicate directly the nllillher of ~: '·.:,cirons a 
padicular element may have , By sul)t I'acting :_':' number 
of 4f electrons from the number of ekdl'ons ll .. :..::'.de of the 
xenon rare gas core, one arr ives at tltl' numb( :' :: electrons 
available for bonding, i. e . the n1..lI11I)('1' uf \'alc '.::· electrons . 
Examination of the magnetic sus cop ttl Ii I i ty da ,_'. .': the rare 
earth metals, as summarized by Ar:lJs ;1Ilc! C::', ,~ [1 ] and 
Gschneiclner [2], shows that all of tlte rare f.:.:':> metals 
are lrivalent, except for curopium :ll1d yUerL _" ~·.vhich are 
divalent), and possibly cerium and S:lllIll'iUJ;- ~. critical 
analysis of the magnetic behavior and .Jlher ':·:',:d·ties (me
tallic radii, diffuse neutron scatterillf: \ .llues .:. ',: Hall co-

, efficients) of the cerium allotropes by C~chn( .. '. '.,'1' and 
Smoluchowski [3] led them to cOl1clud.' thai :.L,,: ·.:.i.lence for 
both the normal face-centered cubit' (,,'1'1\111' h, ,:."d hexa-
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gonal cerium (,3) is 3. 05. For the collapsed face- centered 
cubic cerium (Q) they found that the valence varies from 3. 54 
to 3. 67 depending on the pressure and temrl'l'ature. The room 
temperature magnetic susceptibility for samarium is in rea
sonable agreement with a 4f~ 5d 1 6s2 configuration (where 
the 5d and 6s electrons are the valence electrons), but the 
behaviors at both low and high temperatures carulOt be ex
plained by any simple model. r 1, 4, 5, 6] 

It should be noted ~hat recent positron annihilation studies 
by Gustafson and l\Iackintosh [7] also confirm the trivalency 
of normal cerium (y) and gadolinium, and the divalen<.:y of 
ytterbium. 

3. V}~RY LOW TE),lP£RAIURE SPECIFIC HEAT D \'TA 

The "pecific !1n3,t )! :' ::1·,:>1.:11 in general is giyf.' -

where C p is the heat capacity at constant pressure:. ,~ub

script v designates the heat capacity at constant volu , ':', the 
superscript I refers to the lattice, e the electronic, 11 the 
nuclear and m the magnetic contributions to the specific heat 

T ABLE I. Electronic Specific Heat Constants [91 

y x 10' y x 10' 
R:u'e Earth (cal/g-at.~ Rare Earth (cal/g-at. deg! ) 

La 24. 1 Tb 21.6 
a-Ce 138' (50.2)b Dy 22.1 
)'-, ;3-Ce 17.3 (25.1)b Ho 62 
Pr 52.3 Er 31 
Nd 21.3(53 .7)< Tm 47,1 (42. 9)d 
Pm 24 Yb 6.93 
Sm 25.3 Lu 24.4 
Eu 13, 8:!:2.4 b Sc 25.8 
Cd 24' Y 24.1 

a. This paper. see text concerning Q-Ce (Section 7.2). 
b. ,' .::"!' L0 .... :-.:!s~:c.a, [10) . d. After Lounasmaa, (12) . 
c, Ailer Lounasmaa. [1 1). e . Estimated value. 


