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The lattice paral1ldcrs allli low-tcm perature thermal ex­
pansion heh:lv i or~ pC a IllImbcr or ecnul1l-rich alloys containing 
lip tl) l:l all) IlIagllc~illl1l Il.lve hn:n c1o.al1lined, The lalli\:c 
parametcr data indicate a 11l;I~inlllll1 solid soluhility or 5.<) a/o 
maglle~illm in I'-CC, and " jhl~itiv..: dcviation rrom Vcgard's 
law. The dilation data show th:lt Illagn\:sium dc\:reascs the 
tClllpcratltr..: or til..: l' CI. eicclrllni\: transrorl1lation ill ceriulll at 
the rate or about 11 K. per I ;I/O 11l:lgll\:silll11, The compositi'>l1 
dependcll\:e of the trallsr", Illation tcmpaatur..:, the length 
change at the transl'ormation and the coellk:ient or expan~ion 
indicate that a eriti\:al point would exist at about 10 a/o magne­
sium, I atm and 0"1', if this a1llountoi' magncsium were soluble 
in \:eriul11, Magliesilllll is round tll stahilize 1,-Ce with r\:spcct 
to (i-Ce; i,e., it tends to prevcnt thc /"r mation or the hexagona l 
phase, A comparison or these rcsults with thos..: reported earlier 
indicate that th..: 0: - ;' transrormation t\:lllperature depends on 
the average con\:elltration or electrons in the valence band. 

Some of the properlies of the cerium stock lIsl!d in this in­
vestigat ion arc com pared with those of cerium metal previously 
Llseu in earlier stud ies. 
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INT.I.':'ODUC110N 

A recent study of the infl uence of alloying elements on the 
;'-:/. electronic transformation of cerium revealed that the \ alence 
of the solute is quite important in determining 11 t. rela tive stabili-
ties of the ;.--Ce and :/.-Ce phases,l and it was sl that the higher 
the valence of the solute the greatcr is the ter fo r the higher 
valent form (:/.-Ce) to be stabi!iD.:d. That ~; . !10wevt:r, \\'as 
limited to inve<;tigating the cfT(.cts of solutes ha, _ ':1lences equal 
to or greater than thrce, which essentially is lJ;: ,<llence of the 
lower Ya\cp\ form (;:·Ce). The mai n rcason for mal-.: ng the present 
imestigatiL)!l \Vas to see if the ideas :1nJ conclusion:, established 
for the l.i~hcr \ ,knt solutes would also "l'pl) to those h;ning 
valences Ie ... s (11:111 three. 

Only a few clements haying a vaknce of one or 1wo arc L \pelted 
to h~ ~oll1 hk in lC<'':ll~.~ ~ The~e ~r.~ 1l1n:::-nesiul11. calcium. \tter­
:)idll1, <.t1l·01 it ,1. ~ , 'l~ lil:1:\1', . j'·,:;:,cri !1:: nr :.ll (bta indicate 
[11at il1agllc~i1.Ll1 " .. ,,:_ . i. ii • .:rium, ',I -:akhl .1' imolubk. ~ 3 and 
) lkrbiu 11 and curvr'idll-' .u,: ;.ulubk but ap l)e~H to bch~1\'e as if 
they \\".re triyalc:nt ~\t concentrations below 1 or 2 a/o.6 There are 
110 reliable experil-.:Iltal data concerning the solubilities of sodium 
and lithium in eer·\lm. 

Vogel and Heumann 1 have gi\'I.-n the most accurate description 
of the ph:1se relationships in the cerium-rich portion of the 
cerium-ma.gnesium phase diagram (figure 1). Their resu lts indicate 
that about 24 a/o magnesium is soluble in the high-temperature 
body-centered cubic (6) form of cerium, but they presented no 
accurate data for the solubility of J1l:1gnesiul1l in the phase of 
interest in the present invest igation; i.e., Lice-centered cubic , '-Ceo '" 

\1ahn's low-temperature magnetic susceptibility data' indicate 
that at least 4 a/o magnesium is soluble ill ('-Ce. Furthermore, 
her re:,ulls also indiC'1te that the y ->- (I. and :I: -)- Y transformation 
km peratures decrease \\'i t h increasi ng mabllesium content and 
111:'.1 the j' phase docs not lral1,>Cuun to 1. in alloys containing more 
than ,.bout 5 a/o magnesium. 

• 1 be 'U'Vl!' lii1c shown in figure I bCl\\~cn i'-Cc and the two phases y-Ce + 
\ c "'S .:l ~;:"_)"" ~ " C is bils~tl 0 11 r..;,u lts obta ined in th is study. 
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On the basis of the above information it was decided that the 
first step in this investigation would be to study the effect of 
ma?nesiuIl.l add itions on some of the physical properties of 
ccn~m . Slllee the paucity of reliable solid solubility Jata made it 
?bVlO llS1y necessary to obtain such data before attempting to 
Interpret the low-temperature dilatometric d:1ta, the lattice con­
stants of all all oys used in this investigation were measured to 
provide the needed solubility information. 

EXPERE\1ENTAL 

The a ll o~ pc.eimens "ere prepared by melting together weighed 
amounts 01 ccnum and magnesium in an induction furn ace. The 
~hel~ical an:1 lysis of the cerium stock used in this study is shown 
111 1 able~ . The molten alloys were cast to form right cylinders 
0.6 cm dIameter by 2.5 cm long, and the castings were heat 
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treated for a minimum of 200 hours at 450°C (723"1() and then 

air-cooled. 
Since appreciable amounts of magnesium \\ .(; lost during 

sample prep:nation it was necessalY to anal)1\.. \ome of the 
specimens chemically to determine thcir compositions. The seven 
composilions gi\"l'n in figure 2 are based on chemical analysis . 

1: Ie T: C'1ll11icai analysis of cerium 

11'1\,,; il\" (\\';0) (a/o) 

11> ,It, I 0.016 2.18 

c,,1rL'\':1 0.007 l1.08 

nil!'l'~:"l <0.001 ~~n.O I 

'J'\Yt~\.'i1 (,.l:uS =: 0.0('2 (.1.07 j 1).11' 

Jllagl1\..-,iu'l1 U.l/5 ) :9 
Inan :.li:\..,"; 'J.e 5 0.13 

('I'f'r 'I' 
, i -II () 112 

1.11 L .. ,liii. . .':: r It-

c~nll lI' 
,,~ 17 

;l Ct.:f1tlln L'Cll1h:nt 0} di:i"\.lLI'I..'c. 

rhe ccmpo:,itions of the other six spccimens, which contained 
\css than 6 a,\) lll;lgllcsiull1, \\·erc estillluted from the lattice param­
der-\"ersus-compL)~ition curve (figure 2) in the sintk-ph:lse r·-Ce 
region (this point is discussed later). 

Filiu[!s tnken from thc sides of the heat-trc.lkd C) lindrical 
speciJll~ns were ~cakd within e\'acuated C'lpillary tuhes and were 
further heat tfClted to rCIllO\'C allY cold \York . I hi,; ,-('cond hC:lt 
treatmcnt c,)n,i,[ed of hoIJing the snmpks at ·150" ± 10 C 
(,723' ± [0 K) 10 or 15 I11inutes and then qll~nL'hing them in 
water. .\ II·L ( Ji:l111ctcr Dcbyc-Schcrrcr calnn;! and eu Kx 
radiation \\crc '1 obt"inin~ the X-ray pO\\lkr p:ltterns. The 
lattice can ·t~111 l ~ uctclJllincJ from the back rL"11~·\."Iion region 
doublets by usil , [> ta!] (I) c\trnpolatiol1 mcthod. K 

"fhe km-tI'1111).I,(ture dil.lt(il1ll'tric techniqucs" and the interprc­
l"lti (In L'l the d i 1;, tl)ll1drjc-\er~ u ,-lell1pera t lIfC eu fV(;S III :l rc described 

el .... t ... \; here. 
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.' ') DISCUSSION 

___ -f: .. )' data 

Pure CeriulII . The lattice· .i.rameter of the ccrium stock used 
in this invcstigation is sho\\, III Table II. Also shown in T:· \:! II 
are the data for t\Vo dilTercnt cerium stocks used in r us 

.Idies.l.G.lO.ll It is interesting to note that tl . T·e is cs~\ - "0 

Table IT: A Comparison of Some of the Properties of the \ 
Cerium Stocks Csed in This and Previous ~'l11dies 

._- ------
PlOP' rty CSB\1-Ce10 This Study Ch"<- .11 

---.----- -.. - -

'. y (a/o) $19.53 97.17 96.41 
, l)' (w/o) 99.94 99.82 99.54 
. ··~C lattice constant (A) 5.1601 ± 2~ 5.1602 ± 2' 5.1599 ± 3~ 
~ . j t~r:l:.:<.lL: ~~ rh~;.sl.! 

~ ~ "..: •• bt,,,,! n) 5.1233 = 5' N.F.b N.F.b .. · :" '; -. kmp. \ K) 116.3 =-+.3 111 ±2 106.4 ± 4.6 
, · . , ... ,'1<:. 'cr··p. ( K) 178.7 =4.2 179 ± 1 174.2 ± 3.8 
i' • ':J. trans. kn:;;th 

change (per cent) 3.~0 ± 0.04 3.50 3.67 ± 0.20 
--------

&The shonh:lI1d notat ion is .:I here: 5.1601 ± 2 means 5.1601 ± 0.0002. 
b ~.F. means this phase was not found. 

difference in the lattice constants for these three materia ls, even 
though the total impurity contents vary quite widely. This is in 
contrast with the y ->- 'Y. transformation temperature and length 
ch:lOge \\ hich are quitc different for the thrce specimens. 

7.-{' [1I!erlllediute Phase. Gschneidner and co-workers10 foun d 
a new face-cen tercd cubie phase, Go = 5.l 233A, for cerium in a 
very high purity cerium srccimen (see Tnble II, USBM-Ce), but 
were ul1:lble to obsen'e this phase in a much less pure cerium 
sample (see Table If, c:-rc-Cc). Since the lattice parameter of 
this new phasc lies bct\\'cen that ofy-Ce, 00 = 5.1601, and Ct.-Ce, 
a = 4.85, they called it the " :1.-;' intermediate phase." The cerium 
stock used in this study, \\'hich has a purity intermcdiate between 
those used earlier, was examined to see if the :I.-{' intermcdiate 
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phase could be obt ~lined by proper cooling techniques. All 
attcmpts to produce this pha"e, howcver, were ul1 ~ uccessful. 

,\1though these rcsults were negative, they may be helpful in 
JLtcnnining the imr-urity or impurities which may be responsible 
for the different behaviors. 

Lalficc PUrtl ll1ct{!/'s of CcrilllJl -'\[ngllcsiulIl AlIoys. The lattice 
rarameter-versus-compositi~Y1 lata arc shown in figure 2, where 
it is See n that magnesium dv re.lses the lattice par~llh ,,-r of cerium 
until the solubility lin .... (cori'",! on ding to .+sooe ± lOoe, 723° ± 
10 K) of 5.9 a/o magnesium is reached. A compkte listing of the 
latticc parameters of th ~e alloys is gi\cn in Appendix r. At 
1ll 19 'e.: iull1 cLlllCentr,ltioJls src<ltcr tli,tn 5.9 a/o, t\\'o phases co­
\.' , i ~l. ;'-C~ :'l1lid solutioll ~'lld t11e intcll11c+-l1lic COl l}'.ound C'cMg 
(C:,CI, B] l~ C'~) . In tile two-pha,;e region the wcight~d, 111 C:.l ll 

blticc parametcr of i'-Ce saturated wi;;, magnesium \vas found to 
h: ~,I ~, I : n.OU02 .\. 

! 1.: l,lllL i:ilY limit at ·+~O" ± lO-C as JLkr'nilcd from figure 2 
'\ ,ll'c'd to dr~ls thc ~olid soh LIS lille between i'-Ce and the two 
1\ l~es ;'-Ce !. Ce\fg in flgure I. It should be l' .·d that thc 
~rupe of this li ne is not known . It was urawn wit') the positive 
\ll'pe ~ho\\ n in rigure I, sincc th is slope agrees quite well \\ith the 
Cl)lbtrllclion proposed by Vog....! and lIeumann l for the ccriul1l­
lllagne.;iull1 phase diagram. 

1 he lallice p,lrameter-composition curvc appears to be linear 
bctween 0.5 and 4.2 a'o and is reasonably as~umcd to remain linear 
hd\\een '+,2 and 5.9 a 'o m:tgnesiull1, the solid solubility li mit. 
13el';[U\C (\f its linearity and the large change in lattice parall1etcr 
\\ itll co. ,po~ition (0.00-+9 _\ PLi' 1 a/o), this curve was ll sed in 
dctcrI11lning the compositions of specimens that were not chemi­
cally <lnal)l.cd . The lIl1ccltainty in the compositions determined 
by this techniquc is g,:ner:tlly k:)s than ±O.IO a,lo (sec Appendix I). 
r he llIKcrtainty in t1" composition was e:,timatcd in the following 
Itl,lnncr: (I ) a chan~c of ' ('00 1 A in the lattice parameter is 
eLlui\aknt to a ch,ln~c ofO.u2 a/o ; (2) the uIlcertainty uCtlle true 
locatiun of tlte c7o-YCr:"l s-compo-;ition line in the single ph:lsC region 
(figu re 2) was estimaleJ to be ±0.0002 A or ±0.04 a/o; and (3) 

I 
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j l~ uncertainty of the lattice parameter of the alloy, which is of the 
. ~ of ~O.0003 A .or ±O.06 a/o, was added to that obtained 

) to gl:,e the estlmatcd error for the c '.' position. Thus it is 
l 1at this tcch.ni.que alforded a rapid , . " reasonably acc~rate 
d of detennlJlI ng the compositions • single-phase alloys. 
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Del'i({tioll /rom Vegard's Lall'. The single-phase cerium­
magnesium alloys dc\iate positiwly from Vegard's law (see figure 
2), and this departure was analyzed in terms of several different 
approaches that have been summarized by Gsehneidner and 
Vineyard.1! The approaches of Pines,13 Fournet,U and FriedeP5 
predict that these alloys will show negati\'e de\'iations, and the 
approaches of Grum-Grlhimaylo,16 hS\\'Oll, H<..nry, and Raynor,l~ 
7, ,l~ Sarkisov,J9 and Gsehneidner and VineY':lfdJ2 predict a 

:2 0 - . --,-- -- -- -----,... -r----~--'......., 

16 

12 

x 
>. 0 

-4 

-8 

-12'---- .­o 2 3 4 5 

COII'F'OSITIO~l. ATOMIC PERCENT Mg 
6 

rig. 3. Comparison of the obse[\'ed departure from Vcgard's law \\ith 
sc\cra l dilfcrclll lhcon;tical and cmpiric:lI approaches. 
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positive departure (figure 3). The approaches of Pines, Fournet, 
Friedel, and Gschneidncr and Vineyard arc generally restricted to 
alloys in which the t\\'o components have similar outer electronic 
structures. It would appear that these techniqucs should not be 
applied to cerium-magnesium alloys; however, the semi-empirical 
approach of Sark.isov inJi l ' les that the differences in the electronic 
configurations of c.::riLl 1'1 (I magncsium accounts for less th~'n 
one-tenth of the obser ',\'iation . Because of this , we have 
also applied the four I:! mentioned techniqucs to these 
alloys, 

Of the fhe methods \ 'rdicate positive deviations, tll 1t of 
Gnlin-G rzhimaylo b{.~t l'. ' .. : ",~s the obs(;[ycd ueviation . JIow­
e\er, this is to be ~.\p(l'tcd b·. cause use of this approach n .\p· 's 
that two arbitrary c(·n'-:lnts be fitted to til ... experiL <..ntal J 1:1. 

The technique of Ja ':lwon, Henry and Raynor, \\hich also rClluilcs 
\"'110,'.] :ge of d:e lattice constants of the alloys, plcI,'icts a 'e­
parture mllch larger than is actually obser\'ed. Of the re' ;illing 
threl:! approaches that predict a positive dniation, the method of 
Gschneidner and Vincyard agrees b(.~t with the experimcntal data, 

DILATO~lETRIC DATA 

Pure CeriulIl . The results li ~tcd in Table II show that the y -~ f.1. 

transformation temperature anu length changc arc quite scnsitive 
to impurities, but that the x -)0- y transformation temperature is 
not. This beh~l\ ior is in agreement with the results obtained in 
('Ill' allo) ing ~tlldies previously reported .I.6 The higher the total 
impurities the lower the transformation temperature, but the 
larger the length change. The latter is almost certainly due to the 
tendency of the impurities to prevent the formation of {3-Ce . 
.further discllssion at this time is not \varmnted because the kind 
and amounts of impurities \ ary from sample to sample. These 
data do, however, point Ollt the need for a sunkiently large quantity 
of high purity cerium to determine the effects of small amounts of 
impurities on the properties of Cl lll, especially on the electronic 
transformation. 
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i'-1. Transfor/i/{/fioll TUllperafures.* The i' - >-:J. and 1. ->- i ' 

11~ llsfNmalil111 kll1per~ tures that were determined in the present 
i Cl\e~tig,:li~ln arc sho\\ 11 in figure .~ a long wirh }, r ahn ' s 7 tramforma­
tion '~mr~'r,~tur,:s, which were determined from the rcciprocal of 
tLe L"," ~I j.: ,u.;(cntibilit\·,\·ersus-temperature curves [he :1 o ree­
'l1cnt b~t\\:_11 the ;\\ll ~et~ of da'ta sec ' b to be rcas~'I1 :1bk c;cept 

" fhe ,. ". !·GfI"· ! ,.:~ '~ll1r"r'!IUrCS arc lisled in Arrendix 11. 
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for the y - >- 1. transformation temperatures of the alloys containing 
more than 2 01/0 m:1gnesium . This discrepancy may be due in 
part to different kinds or amounts of impurities in the . sting 
materials, and possibly to the difference between the experimental 
techniques used to measure the transition temperatures . The solid 
lines drawn in figure 4 are based on tho:: data obtained in this 
investigation. 

Existu.ce of a Critical Poil/t. Some evidence lilat suggests the 
existence of a critical point Qctwecn 6 and 12 a/o magnesium was 
obtained . The ayerage slopes of the transfom; .' on temperature­
versus-composition curves, figure 4, from 0 to :: a/o magnesium 
are - 10.9= an J -18.4"'K per 1 a/o for the 'Y -->- fY. nd IX --+ 'Y tra.ns­
form' lt iollS, respectively. It should be 11e' -' that the y ._>- (X 

tf'tllsfu malion t:Ill}erature-\ersus-composi . , ~ve is not li nea r 
Cd \\ ~en 0 ,I nd 3 a/o mag lcsiu'11, but th:lt it to be linear :1t 
compo<;itions greater than 3 a/o. The sl ' , linear portion 
('trbi, ~une is -13.3 K per 10-/0. The «llofth(;oc two 
tr~':1')rnr!l1ation temperature curves is (" , to be 11.0 a/o 
[/ agnesiut11 and n-K( -296cC) if the sl. . (. liIlc:ar portion 
of the I' ->- 7. curve is used, or 9.1 a, ;t In ill1d 12°K 
(-261 cC) if the average value of this sl ~ d . 

The length change* for the jI -+ r:J. tf 'ion (figure 5), as 
taken from the dilatometric curves, ' ,J to increase with 
increasing magnesium content up 1 ,t 1.5 a/o. At higher 
magnesium contents this effect was I • ,md the volume change 
was found to Jecrease \vith in - magnesium content. 
Although these data uro:: suggestive , ;l ical point between 6.1 
(solid line) and 11.1 (dashed line) a, gnesium, the solubility 
limit at 5.9 a/o prevents obtaining exJ : mental confirmation of 
this interpretation of the data. Tho:: val ll O:: of the length change of 
the 4.83 a/o magnesium alloy may 1 \.. too low because the trans­
form ation may not have gone to completion at the lowest 
temperature atta inable (~8°-50<>K) in this study. Thus, the dash 
line is probably a more accurate representation of the truo:: behavior 
of these alloys than the solid line. 

• Thc-:;c u.lla are tabubtcd in ,\prendix If. 
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These data, which are also substantiated by the thermal 
expansion results (see below), suggest that a critical point would 
exist at about 10 30/0 magnesium, OOK and 1 atm if this . . nount of 
magnesium were soluble in cerium. 

Expansion Coefficients. The uycrage coefficient oflinear thermal 
expansion from 200° to 295cK ( _73° to + 22°C) is incre3.5cd from 
13.9 x 10-6 (CK-l) fo r pure cerium to 18.4 x 10- 6 CK-l) fo r 
the alloy containing 4.8 a/o magnesium (see figure 6 and Appendix 
III). The increasing value of the thermal expansion coefficic '1t 
with increasing magnesium content is also indicative of an 
inll'en rl ing critical point at higher magnesium concem r.,tions. 
\V:-tber and co-\':orkers~o have found in cerium-thorium ::l1oys 
that the coeftkient of expansion is quite large, ........ 60 x 10- 6, for 
the alloys in the \icinity of the crit' ... nl composition. 01 e might 
reasonably expect the co.:'TIcient of expansion to reach this value 
for tree critical composition of th se cerium-m:lgne~ium alloys . 
On the b tsis of this assumption and the data shown in figure 6 it 
is concluded that the critical composition is probably higher than 
6 a/o Ill <1:;ne~ i Ll m. Th 'sc data, th('rd"o re, also support 111C choice 
of 10 2 , 0 n~ <.l:::11 csillrn for the crit ical composition rather t l1,. 11 the 
10wcr \ alue of about 6 a.'o magncsium. 

Formation of /3-Ce . As is well known, fJ-Ce (hex. 2c-axis) forms 
from ,'-Ce at approximately 250~K (-23°C) during cooling.1o In 
previous studies it was observed that the solutcs scandium, 
thorium and plutonium stabilize I'-Ce, and thus prcvent {J-Ce from 
forming. if more than 10 a/o of the solute is present,l and that the 
rare earths, in general tend to stabilize (3-Ce.6 It is possible to 
detect the formation of {J-Cc from the appearance of the dilato­
mctric Cllf\"e. e\'en though the \"olumc difference between fJ and y 
is only OA percent and only small percentages « 10 percent) of fJ 
may be prcsent.1. 6 Examination of the dilatometric curves for the 
cerium-magnesium alloys indicates that the amount of{J-Ce formed 
dcerea~es \\ith increasing magnesium content. That is, 30 percent 
of ,J-Ce formed in rure cerium during the first cooling cycle was 
decreased to about 5 per cent in the 4.4 a/o magnesium alloy. 
Therefore, it is concluded that magnesium is a y-c.'! stabilizer. 

14 

--------~~----------------------------------------~~ I 
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liiflucllce of Valellc),. It was ment ioned in the Introduction that 
the primary reason for making this invcstigatio'1 of cerium­
J11agll ~ ium alloys was to determine if the valency efTect1 previously 
obseryed for solutes having valences greater than three, where the 
soh'en t is cerium, would also be found in solutes haying \ ;l1.nccs 
less than three. It 1 ad been found 6 that, if a size correction \\ ere 
made for the rare earth solutes that have no unpaired 4jclectrons, 
the i'-J. tr,msformation tempaature for an alloy contain ing 2 a/o 
rare earth solute would b,,:: es entially the same as that of pure 
cerium. FLlrtl:l..fI11L'fC, the data for cerium alloys containing 2 a/o 
thorium (yaIenec 'fu .Ir) ; nd plutonium (yalcnce = 4.8) indicate 
that thorium r:'i~es the tran\formation h.lllpcratJre of pure 
("fium a few de~rccs and i'llltO:liul1l raises it by almost J5"Kl (~ce 
fl!Zurc 7). As noted .:-arlier Jl;:l.!nesium, which is diva].:llt lo\\'ers 
~ ~ , 

the transform.1t io'l tcml'cr'llllre. The dnta ~hLl'.vn ill figure 7 
indiL,lk that tlie ;. 'l. c1cdro!lic tl,.n-;ft"·1 ·:tion i'1 {' Ire .... ,r·ll11 

dcp-:nu,> uj'oJ1 ::';'; \nl~,lC':: or the ~C,1Llt.? 'II ,L i~,:b Ii,\. number of 
ckLtrl)nS in the \'akncc b:l'1t! i:lcr.:.~'2s the 'l.-CC pkhC bCCLl:1lcS 

I'h).-C sl'.i'k \\; 'l h'sl',:l ll' !:>: .. t.· ( . ,,: ,I·itl. llltl": lh'~ lr "L­

t'Mil1ation tc 1;' r:.turc inc: ! lC'. "'d~ ~l,llli:;sl.', }~:1\.1 ',h) 
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Fig. 7. Influence of thl! Y:lkllCC of the solutc on the i' -+ :t transrormation 
t( j'.:rltur..: ('f c<;riul1l for' :I:,,) ~. ·lu·1! :ldJ:tiolls . Tl'e dashed linc reprcscnts 

tile tr:tll~fOrl1l~llion tCl11p.:r;ltur..: c,f pure c.:riulll. '1 hI! (.L.t \ prcsented in this 

!iSml! ar..: l1orm,1lizeu to the ir:lnsror'l';~ti,)I1 t..::npcratllre of the Cl\fC-Ce 

stL''':}.; (see T : b!e 11). 
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51' \\ n that the solute atom's size and its number of unpai r d 
tro ns play an important role 111 this rc::.pect. 
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APPENDIX I 

l.allice Paramder of Cerium-Rich Cerium-M agnesium Alloys 

r,al 

0.0 
1.0 
1.0 
2.0 
2.0 
3.5 
2.5 
4.0 
1.0 
6.0 
7.0 
X.O 

1(l.O 
I 1.0 

Composition 
(:l/o :-'1g) 

Anal)Zcd 

0.52 
0.55 1. O.OSb 
1.19 
1.24 ± 0.08 b 

2.26 :i: 0.08 b 

2.32 ± 0.08 b 

4.20 
·\. ·14 ± O.lOb 
4.83 ::JC 0.12b 
6.75 
7.36 

1 

) 

Lallice Constan t 
(A) 

---------
5.1602 ± 2" 
5.1586 ± 2 
5.1584 ± 2 
5.1553 ± 2 
5. 15.50 ± 2 
5.1500 ± :! 
5.1497±2 
5.1105 ± I 
5 I ")3 ± 3 
5.U74 1:. 4 
5.Dl~ .!. 3 
5.1315 -5 
5.13']_2 
5.132·1 ± 3 

" I he' ,Ihlrth .. IS LS.:J h<:re to rCFc)rt the errors: i.e ., 5.1 (;02 _ 2 
Jl~C:IIlS :'.1 c>O::! == IJ 

C)Il1I',),ition l. I from the l"lltice spacings verSllS comr c . ion Clln'e 
(ligure 2). The CIT,)r li,ted fo r these l:OI11],osilions is Ihal due 10 Ihe error in the 
Illc:J:;lIn:d 1 i li,e l:o)blants (sec lex l). 

Sectioll If- Structures of Rare Earth Compounds 

Analyzed 

Al'l'ENDIX II 

Transformati on Temperatures and the i' -"0( 

Transformation Length Changes 

Tr:lJ1sformalion Temperature 
Length 

Composition i' -.. x ot-+i' Change 
(alo l\lg) ( K) CK) (0/0) 

----
pure Ce III ± 2 179 ± 1 3.50 
0.55 108 ± 3 168 ± 1 3.92 ± 0.02 
1.24 106 ± 3 153 ± 2 4.1 0 
2.26 88 ± 1 135 ± 2 3.88 
2.32 88 ± 1 126 ± 2 3.80 
4.44 67 ± 1 102 ± 2 2.93 ± 0.02 
4.83 61 ± 2 93 ± 6 1.35 
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- --.--

/'. PPE:,\'01X II[ 

\k'1n C( d'jcicnt of L 'near Thermal E:(:~"r<i(\n 
frol11 200 to 295 K ( -73' to 22 C) 

Analyzed 
Composition 

(alo l\1g) 

pure Ce 
0.55 
l.24 
2.26 
2.32 
4.44 
4.S3 

Coefficient of Exp:lnsion 
i x 10 6 

('C-l) 

13.9 
14.1 ± 0.8 
14.6 ± 3.0 
15.1 ± 4.6 
14.7 
16.1 ± 0.2 
18.4 ± 1.0 
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