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HIGH-TEMPERATURE HEAT CONTENTS AND ENTROPIES  
OF SESQUIOXIDES OF LUTETIU M , DYSPROSIUM,

AND CERIUM

by

L.  B. Pa n k r a t z^  and  K. K. K e l l ey ^

ABSTRACT

H igh-tem peratu re  h e a t - c o n t e n t  v a lu e s  o f  pure lutetiv im  s e s q u io x id e  and 
dysprosium s e s q u io x id e  were measured over th e  tem perature  range from 298° to  
1 ,8 0 0 °  K. S im ila r  data fo r  cerium s e s q u io x id e  were c a l c u l a t e d  from measure­
ments o f  a m ix tu r e  o f  cerium  s e s q u io x id e  and d io x id e  and known v a lu e s  for  
cerium d io x id e .

The r e s u l t s  fo r  lu te t iu m  s e s q u io x id e  a r e  r e g u la r .  Dysprosium s e s q u io x id e  
has a minor therm al anomaly near  1 ,5 9 0 °  K, th e  e x tr a  h e a t  a b s o r p t io n  b e in g  220 
c a l /m o le .  Hexagonal c e r i im  s e s q u io x id e  undergoes a tra n sfo r m a tio n  around 
1 ,0 5 0 °  K, which i s  o n ly  s lo w ly  r e v e r s i b l e ;  c o n se q u e n t ly  r e s u l t s  were o b ta in ed  
for  both  th e  low- and h ig h -te m p e ra tu r e  v a r i e t i e s .

The o r i g i n a l  h e a t - c o n t e n t  data are  r e p o r te d ,  and smooth v a lu e s  o f  h eat  
c o n te n t  and th e  corresp on d in g  entropy increm ents  a r e  t a b u la t e d .  Equations  
were d e r iv e d  to  r e p r e s e n t  th e  h e a t - c o n t e n t  v a l u e s .

INTRODUCTION

P rev iou s  Bureau o f  Mines papers® r e p o r te d  h ig h -te m p e ra tu r e  h e a t - c o n t e n t  
and entropy data fo r  th e  s e s q u io x id e s  o f  erbium, europium, gad o lin iu m ,

^ P h y s ic a l  c h e m is t ,  B erk e ley  Thermodynamics L ab oratory , Bureau o f  M ines,  
B e r k e le y ,  C a l i f .

® C hief , B e r k e ley  Thermodynamics L ab oratory , Bureau o f  M ines, B e r k e le y ,  C a l i f .  
®King. E. G . , W. W. W e l le r ,  and L. B. P ank ratz . Thermodynamic Data for  

Lanthanum S e s q u io x id e .  BuMines R ept. o f  In v .  5857 , 1961, 6  pp.
P an k ratz ,  L. B . ,  E. G. K ing, and K. K. K e l l e y .  High-Temperature Heat Con­

t e n t s  and E n trop ies  o f  S e s q u io x id e s  o f  Europium, Gadolinium , Neodjmium, 
Samarium, and Y ttr iu m . BuMines R ept. o f  In v .  6033 , 1962, 18 pp.

P an k ratz ,  L. B . ,  and E. G. K ing. H igh-Tem perature Heat C ontents  and Entro­
p i e s  o f  th e  S e s q u io x id e s  o f  Erbium, Holmium, Thulium, and Y tterbium ,
BuMines R ept. o f  In v .  6175 , 1963 , 8  pp.

Work on m anuscrip t  com pleted  January 1963.



holmixjmj neodymium, samarium, th u l iu m , and y tte r b iu m  and fo r  th e  r e l a t e d  s e s ­
q u io x id e s  o f  lanthanum and y t tr iu m .  Data fo r  cerium d io x id e  a l s o  were  
r e p o r te d  e a r l i e r .^  In c o n t in u a t io n  o f  t h i s  program, t h i s  r e p o r t  c o n ta in s  
h ig h -te m p e ra tu r e  h e a t  c o n te n t  and entropy  data fo r  th e  s e s q u io x id e s  o f  l u t e ­
tium , dysprosium , and cerixmi, thus com p leting  work on th e  r a r e - e a r t h  s e s q u i ­
o x id e s  fo r  which adequate  samples were a v a i l a b l e .

P r e sen t  m e t a l lu r g i c a l  and ceram ic i n t e r e s t  in  th e  r a r e - e a r t h  e lem en ts  and 
compounds makes th e  c o n t in u ed  accum ulation  o f  thermodynamic data h ig h ly  d e s i r ­
a b l e .  To our know ledge, no s im i la r  p r e v io u s  data e x i s t  fo r  th e  compounds 
in c lu d e d  in  t h i s  r e p o r t .

MATERIALS

The lu te t iu m  and dysprosium s e s q u io x id e s  w ere  commercial products  having  
a c la im ed  p u r i t y  o f  9 9 .9  p e r c e n t .  They were used  w ith o u t  trea tm en t o th e r  than  
drying  in  th e  tem peratu re  range from 1 ,1 0 0 °  to  1 ,2 0 0 °  C. The X-ray d i f f r a c ­
t io n  p a t te r n s  c o n ta in e d  l i n e s  o f  on ly  th e  cu b ic  v a r i e t i e s  o f  t h e s e  o x id e s .

The cerium  s e s q u io x id e  was prepared  a t  th e  Reno M e ta l lu rg y  R esearch  
Center o f  th e  Bureau o f  M ines, Reno, N e v . ,  by carbon r e d u c t io n  o f  9 9 .9  p e r c en t  
pure cerium d io x id e .  Carbon c o n te n t  o f  th e  product was l e s s  than 0 .0 0 1  per­
c e n t ;  th e  sample a l s o  c o n ta in e d  0 .0 2  p e r c e n t  alumina as  an im p u r ity .  H eat-  
c o n te n t  measurements w ere conducted  s e v e r a l  months a f t e r  th e  sample was p re ­
pared , and e v id e n t l y  some o x id a t io n  occurred  during th e  in te r im .  At th e  tim e  
th e  measurements w ere made th e  sample had th e  com p osit ion  CCgOs.so. This was 
determ ined by th e  in c r e a s e  in  mass upon burning t o  CeO  ̂ and was confirm ed by 
d i r e c t  a n a l y s i s  fo r  cerium . The X - r a y - d i f f r a c t i o n  p a t te r n  c o n ta in e d  th e  
l i n e s  o f  th e  hexagona l v a r i e t y  o f  cerium  s e s q u io x id e  and th e  p r i n c ip a l  l i n e s  
o f  cerium d io x id e .

HIGH-TEMPERATURE HEAT CONTENTS AND ENTROPIES

H ea t -c o n te n t  measurements w ere made w ith  p r e v io u s ly  d e s c r ib e d  apparatus.^  
The r e s u l t s  a r e  e x p r e sse d  in  d e f in e d  c a l o r i e s  (1  c a l o r i e = 4 .1840  a b s o lu t e  
j o u l e s )  per m o le .  M olecu lar  w e ig h ts  accord  w ith  th e  1961 T ab le  o f  Atomic  
Weights.®

During th e  measurements th e  samples were h e ld  in  platinum -rhodium  cap­
s u l e s ,  which were s e a l e d  g a s t i g h t  by p latinum  w e ld in g .  C o r r e c t io n s  fo r  th e  
h ea t  c o n te n ts  o f  th e  empty c a p s u le s  w ere o b ta in ed  in  s e p a r a te  m easurem ents.

■^King, E. G . , and A. U. C h r is te n s e n .  High-Temperature Heat C ontents  and
E n trop ies  o f  Cerium D io x id e  and Columbium D io x id e .  BuMines R ep t .  o f  In v .  
5789 , 1961 , 6  pp.

^ K e l le y ,  K. K . , B. F. N a y lo r ,  and C. H. Shomate. The Thermodynamic P r o p e r t ie s  
o f  Manganese. BuMines Tech . Paper 6 8 6 , 1946, 34 pp.

^Chemical and E n g in eer in g  News. lUPAC R e v ise s  Atomic Weight V a lu e s .  V. 3 9 ,  
Nov. 2 0 ,  1961, pp. 4 2 -4 3 .



Lutetium  S e sq u io x id e

Measured h e a t - c o n t e n t  v a lu e s  for  c u b ic  lu te t iu m  s e s q u io x id e  a r e  l i s t e d  in  
t a b l e  1 and p l o t t e d  in  f ig u r e  1 .  The r e s u l t s  a r e  e n t i r e l y  r e g u la r ;  no e v i ­
dence o f  any therm al anomaly was o b serv ed .
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FIGURE 1. - Heat Contents Above 298.15° K.



TABLE 1 .  -  Heat c o n te n t  o f  c u b ic  LugOs (measured v a lu e s )

T, ° K %  “ ^298 .1  5 , 
c a l /m o le

T, ° K %  " ^298 . 1 5  , 
c a l /m o le

T, ° K ^  “ ^ 9 8  .15
c a l /m o le

4 0 0 . 9 ____ 2 ,5 7 0 9 9 4 .0 ____ 19 ,830 1 , 6 0 4 . 6 . . . . 3 9 ,0 5 0
5 0 2 .1 ____ 5 ,3 2 0 1 , 0 9 2 . 1 ____ 2 2 ,8 9 0 1 , 6 9 5 . 3 . . . . 4 1 ,9 6 0
5 9 6 .6 ____ 7 ,990 1 , 2 0 0 . 5 ____ 2 6 ,2 1 0 1 , 7 0 3 . 1 ____ 4 2 ,2 3 0
6 9 5 .6 ____ 10 ,900 1 , 3 0 1 . 7 . . . . 2 9 ,3 4 0 1 , 8 0 1 . 0 ____ 4 5 ,1 7 0
7 9 2 .0 ____ 13 ,750 1 , 4 0 0 . 6 . . . . 3 2 ,5 7 0 1 , 8 0 1 . 9 ____ 4 5 ,1 8 0
8 9 7 .9 ____ 16 ,930 1 , 5 0 1 . 8 ____ 3 5 ,7 2 0

T ab le  2 c o n ta in s  smooth v a lu e s  o f  th e  h e a t  c o n te n t  and th e  correspond ing  
entropy in c re m en ts .  The l a t t e r  were c a l c u l a t e d  from th e  former by th e  method 
o f  K e l le y .^

TABLE 2 .  -  Smooth h e a t - c o n t e n t  and entropy  v a lu e s  fo r  Lu^Ch (c u b ic )

T, ° K Hx " H g g g . l S j " S2 9 Q . 1 5 , T, ° K “ ^298 . 1 5 , " ^298 .15 ,

c a l /m o le c a l / d e g  mole c a l /m o le c a l / d e g  mole
4 0 0 .......... 2 ,5 5 0 7 .33 1 ,3 0 0 .......... 2 9 ,3 4 0 4 1 .8 9
5 0 0 .......... 5 ,2 6 0 13 .38 1 ,4 0 0 .......... 3 2 ,4 9 0 4 4 .2 3
6 0 0 .......... 8 ,1 0 0 18 .55 1 ,5 0 0 .......... 3 5 ,6 6 0 4 6 .4 1
7 0 0 .......... 11 ,0 2 0 23 .05 1 ,6 0 0 .......... 3 8 ,8 4 0 48 .4 6
8 0 0 .......... 13 ,990 2 7 .0 2 1 ,7 0 0 .......... 4 2 ,0 3 0 5 0 .4 0
9 0 0 .......... 17 ,000 3 0 .5 6 1 ,8 0 0 .......... 4 5 ,2 3 0

4 8 ,4 4 0
5 2 .2 3

1 ,0 0 0 .......... 2 0 ,0 4 0 3 3 .7 6 1 ,9 0 0 .......... 5 3 .9 7
1 ,1 0 0 .......... 2 3 ,1 1 0

2 6 ,2 1 0
3 6 .6 9 2 , 0 0 0 .......... 5 1 ,6 6 0 5 5 .6 2

1 ,2 0 0 .......... 3 9 .3 9

The h e a t  c o n te n t  v a lu e s  in  t a b l e  2 a r e  r e p r e s e n te d  (w ith  an a verage  d e v i ­
a t io n  o f  0 .1  p e r c e n t)  by th e  eq u ation

%  - ^2 9 3 . 1 5  = 29.38T + 0 .8 8  x 10“®T̂  + 5 .8 6  x lO^T"^ -  1 0 ,8 0 3 ,

which was d e r iv e d  by th e  method d e s c r ib e d  by K elley .®  The corresp on d in g  h e a t -  
c a p a c i t y  r e l a t i o n s h i p  i s

Cp = 2 9 .3 8  + 1 .7 6  X 10“®T -  5 .8 6  x 10®T"  ̂ .

Dysprosium S e sq u io x id e

Measured h e a t - c o n t e n t  v a lu e s  fo r  cu b ic  dysprosium  s e s q u io x id e  appear in  
t a b le  3 and a l s o  a r e  shown in  f ig u r e  1 .  T h is  su b s ta n c e  has a minor therm al
anomaly, which f i r s t  became e v id e n t  a t  1 ,5 5 0 °  K and was com p lete  a t  1 ,5 9 0 °  K.

K e l l e y ,  K. K. C o n tr ib u t io n s  t o  th e  Data on T h e o r e t ic a l  M e ta l lu r g y .  X I I I .  
High-Temperature H ea t-C o n ten t ,  H e a t -C a p a c i ty , and Entropy Data fo r  th e  
Elements and In o r g a n ic  Compounds. BuMines B u l l .  5 8 4 ,  1960, 232 pp.

®Work c i t e d  in  f o o t n o t e  7 .



The e x tr a  h e a t  a b s o r p t io n  was 220 c a l /m o le .  I t  i s  assumed (but n o t  known) 
t h a t  t h i s  h e a t  a b s o r p t io n  i s  a s s o c i a t e d  w ith  some in tr a - a to m ic  phenomenon 
in  th e  dysprosium io n .

TABLE 3 .  -  Heat c o n te n t  o f  c u b ic  DygOg (measured v a lu e s )

T, ° K ^T " Hgse .1  5 , 
c a l /m o le

T, ° K ^T ”
c a l /m o le

T, ° K HT " g  g  ,  5

c a l /m o le
4 1 6 . 8 . . . 3 ,4 3 0 1 , 2 2 0 . 1 . . . 2 8 ,6 8 0 ^ 1 , 5 6 0 . 8 . . . 4 0 ,3 6 0
5 0 0 . 7 . . . 5 ,9 2 0 1 , 2 6 0 . 0 . . . 30 ,0 7 0 ^ 1 , 5 7 0 . 1 . . . 4 0 ,6 5 0
6 2 2 . 4 . . . 9 ,6 3 0 1 , 2 6 9 . 9 . . . 3 0 ,3 4 0 ^ 1 , 5 7 1 . 2 . . . 4 0 ,6 9 0
6 9 5 . 7 . . . 11 ,930 1 , 2 9 0 . 0 . . . 3 1 ,0 4 0 H , 5 8 5 . 7 . . . 4 1 ,2 1 0
8 0 5 . 9 . . . 15 ,390 1 , 3 2 0 . 0 . . . 3 1 ,9 5 0 1 , 6 0 2 . 0 . . . 4 1 ,8 7 0
9 0 1 . 3 . . . 18 ,440 1 , 3 2 3 . 9 . . . 3 2 ,2 0 0 1 , 6 0 5 . 7 . . . 4 1 ,9 7 0
9 8 4 . 4 . . . 2 1 ,0 8 0 1 , 3 8 0 . 1 . .  . 3 4 ,0 5 0 1 , 6 5 0 . 2 . . . 4 3 ,5 0 0

1 , 0 0 8 . 2 . . . 2 1 ,8 7 0 1 , 4 0 2 . 5 . . . 3 4 ,8 9 0 1 , 6 9 7 . 4 . . . 4 5 ,1 9 0
1 , 0 9 8 . 9 . .  . 2 4 ,8 0 0 1 , 4 9 0 . 5 . . . 3 7 ,8 4 0 1 , 7 9 1 . 7 . . . 48 ,3 8 0
1 , 1 0 1 . 8 . . . 2 4 ,8 8 0 1 , 5 1 0 . 6 . . . 3 8 ,5 1 0 1 , 8 0 1 . 3 . . . 4 8 ,7 1 0
1 , 1 9 2 . 8 . . . 2 7 ,8 0 0 ^ 1 , 5 5 1 . 0 . . . 3 9 ,8 9 0
^In t r a n s i t i o n  ran ge .

Smooth v a lu e s  o f  th e  h e a t  c o n te n t  and corresp on d in g  entropy increm ents  
a r e  l i s t e d  in  t a b l e  4 .  In th e  smoothing p r o c e s s ,  th e  data were t r e a t e d  as i f  
t h e r e  were an i s o th e r m a l  h e a t  a b s o r p t io n  a t  1 ,5 9 0 °  K.

TABLE 4 .  -  Smooth h e a t - c o n t e n t  and entrop y  v a lu e s  for  Dy^O3  ( c u b ic )

T, ° K ^X " ^  98 .1  5 , 
c a l /m o le

^X ” ^2 98 . 1 5  , 
c a l / d e g  m ole

T, ° K - Hggg , 1  5 j
c a l /m o le

Sx ■ Sggg , 1  5  j
c a l /d e g  mole

4 0 0 .......... 2 ,9 2 0 8 .4 2 1 ,4 0 0 .......... 3 4 ,7 2 0 4 7 .7 7
5 0 0 .......... 5 ,9 0 0 15 .06 1 ,5 0 0 .......... 38 ,1 2 0 50 .1 1
6 0 0 .......... 8 ,9 6 0 20 .6 4 1 , 5 9 0 ( a ) . . 4 1 ,2 2 0 52 .1 2
7 0 0 .......... 12 ,0 7 0 2 5 .4 3 1 , 5 9 0 ( P ) . . 4 1 ,4 4 0 52 .2 6
8 0 0 .......... 15 ,210 29 .63 1 ,6 0 0 .......... 4 1 ,7 8 0 52 .4 7
9 0 0 .......... 18 ,380 3 3 .3 6 1 ,7 0 0 .......... 4 5 ,2 3 0 54 .5 7

1 ,0 0 0 .......... 2 1 ,5 8 0 36 .7 3 1 ,8 0 0 .......... 4 8 ,6 8 0 5 6 .5 4
1 ,1 0 0 .......... 24 ,8 1 0 3 9 .8 1 1 ,9 0 0 .......... 5 2 ,1 3 0 58 .4 0
1 ,2 0 0 .......... 2 8 ,0 7 0 4 2 .6 5 2 ,0 0 0 .......... 5 5 ,5 8 0 6 0 .1 7
1 ,3 0 0 .......... 3 1 ,3 7 0 4 5 .2 9

The h e a t  c o n te n t  v a lu e s  in  t a b l e  4 for  th e  a -ra n g e  a r e  r e p r e s e n te d  (w ith  
an a verage  d e v ia t io n  o f  0 .2  p e r c e n t )  by th e  eq u ation

%  - Hsgg^iB = 29.35T + 1 .5 8  x lO'^T® + 2 .0 2  x 10®T“  ̂ -  9 ,5 6 9 .

T hose f o r  th e  P -range a r e  r e p r e s e n te d  e x a c t l y  by th e  eq u ation

Hx -  H g s e . i s  = 34 .50T  - 1 3 ,4 2 0 .



The corresponding h e a t - c a p a c i ty  equation s  are

Cp = 29 .35  + 3 .1 6  X 10"^T - 2 .0 2  x lO^T"®

for  th e  a -ra n g e ,  and

for  th e  P-range.

C = 34 .5 0  
P

Cerium S esq u io x id e

Measured h e a t -c o n te n t  v a lu e s  for  th e  cerium s e s q u io x id e - d io x id e  m ixture  
o f  com posit ion  corresponding to  th e  formula CegQs.so are  in  t a b le  5 .  The 
r e s u l t s  a r e  g iv en  in  c a l o r i e s  per formula mass o f  m a te r ia l  (3 3 3 .0 4  grams).

TABLE 5 .  - Heat c o n ten t  o f  cerium s e s q u io x id e - d io x id e  m ixture  (Ce^0 3 , 3 0 )
(measured v a l u e s )

T, ° K ®T ” ®2 9 8  - 1 5  , T, ° K " ^ 9 8  . 1  S , T, ° K %  " H g g g  . 1 s  ,
c a l /m o le c a l /m o le c a l /m o le

a - v a r i e t y
3 9 7 .6 .......... 2 ,980 6 9 8 . 8 . . . . 12 ,910 8 9 9 .2 ___ 19,940
3 9 9 .5 .......... 3 ,0 1 0 7 1 3 .4 ___ 13,390 9 0 1 .6 ____ 20 ,020
5 0 0 .2 .......... 6 ,2 4 0 7 9 7 .1 ___ 16,300 1 ,0 0 0 .5 ____ 23 ,610
6 0 0 .8 .......... 9 ,580

P -v a r ie ty

4 0 0 .3 .......... 3 ,1 9 0 7 5 9 .9 ____ 15,440 1 , 0 5 3 . 0 . . . . 26 ,330
4 0 0 .4 .......... 3 ,1 6 0 7 9 3 .7 ___ 16,700 1 , 0 5 5 . 6 . . . . 26 ,360
4 9 5 .6 .......... 6 ,2 9 0 8 0 1 .3 ____ 16,980 1 ,1 0 2 .7 ____ 28 ,180
4 9 9 .9 .......... 6 ,450 8 8 0 .9 ____ 19,910 1 ,1 0 9 .7 ____ 28 ,570
5 0 4 .5 .......... 6 ,5 8 0 8 9 0 .0 ____ 20 ,200 1 ,2 0 0 .8 ____ 31 ,970
5 9 7 .8 .......... 9 ,7 9 0 9 0 1 .1 ___ 20,620 1 , 2 0 6 . 7 . . . . 32 ,280
6 9 4 .7 .......... 13 ,120 9 5 3 .8 ___ 22 ,590 1 ,3 0 1 .8 ___ 36 ,060
7 0 0 .9 .......... 13 ,350 9 8 9 .9 ____ 23 ,920 1 ,3 9 6 .3 ___ 39 ,800
7 1 3 .3 .......... 13 ,760 1 ,0 1 0 . 1 ___ 24 ,790 1 ,5 0 1 .0 ____ 4 4 ,1 3 0
7 4 5 .0 .......... 14 ,960 1 ,0 3 0 .1 ____ 25 ,460

Upon h e a t in g  t h i s  m a te r ia l  to  1 ,0 5 0 °  K, a tran sform ation  occurred which  
was only  s lo w ly  r e v e r s i b l e .  The h igh -tem p eratu re  v a r i e t y  su p ercoo led  upon 
b ein g  dropped i n t o  th e  c a lo r im e t e r .  C onsequently , two s e t s  o f  data were  
ob ta in ed .  One s e t  i s  fo r  th e  o r ig i n a l  ( low -tem perature  v a r i e t y )  m a te r ia l  and 
covers  th e  tem perature range from 298° to  1 ,000°  K; th e  o ther  s e t  i s  for  th e  
h igh-tem perature  v a r i e t y  and covers  th e  tem perature range from 298° to  
1 ,500°  K.



As th e  h e a t  c o n te n t  o f  cerium  d io x id e  was measured p rev io u s ly ^  and th e  
r e s u l t s  showed no anomaly, i t  was conclu ded  t h a t  th e  tra n sfo r m a t io n  was con­
f in e d  t o  th e  cerium  s e s q u io x id e  p art  o f  th e  sam ple.

In t a b l e  5 and in  subsequent p a r ts  o f  t h i s  r e p o r t ,  th e  l e t t e r s  a  and P
a r e  used  to  d en ote  th e  low and h ig h -te m p e ra tu r e  v a r i e t i e s .

H e a t -c o n te n t  v a lu e s  in  t a b l e  5 f i r s t  w ere smoothed and then c o r r e c te d  for
th e  h e a t  c o n te n t  o f  th e  cerium  d io x id e  p a r t  by means o f  th e  King and
Christensen^® d a ta .  The r e s u l t i n g  smooth v a lu e s  o f  th e  h e a t  c o n te n t  o f  th e  
two v a r i e t i e s  o f  cerium s e s q u io x id e  a r e  in  t a b l e  6 .  F igu re  1 c o n ta in s  the  
h e a t - c o n t e n t  curve  fo r  th e  h ig h - te m p e ra tu r e  v a r i e t y .

TABLE 6 .  -  Smooth h e a t - c o n t e n t  and entrop y  v a lu e s  for  CegOg

T, °  K

C e g O g  ( a . h e x a g o n a l ) C e g  O3 (3 )
"  H e  9 8  . 1 5  ,  

c a l / m o l e

"  S g g g  . 1  5  ^

c a l / d e g  m o l e

^  "  ^ 3 9 8  . 1  5  ,  

c a l / m o l e

^ X  "  ^ 2  9 8  . 1  5  ,  

c a l / d e g  m o l e

4 0 0 ........................... 3 ,0 0 0 8 .6 3 3 ,1 7 0 9 .1 3
5 0 0 ........................... 6 ,1 5 0 15 .66 6 ,4 5 0 16 .44
6 0 0 ........................... 9 ,4 1 0 2 1 .6 0 9 ,8 4 0 22 .6 2
7 0 0 ........................... 12 ,740 26 .7 3 13 ,320 2 7 .9 9
8 0 0 ........................... 16 ,140 3 1 .2 7 16 ,880 3 2 .7 4
9 0 0 ........................... 1 9 ,6 2 0 3 5 .3 7 20 ,5 2 0 3 7 .0 2

1 ,0 0 0 ........................... 2 3 ,1 8 0 3 9 .1 2 2 4 ,2 5 0 4 0 .9 6
1 ,1 0 0 ........................... - - 28 ,0 6 0 4 4 .5 9
1 ,2 0 0 ........................... - - 3 1 ,9 6 0 4 7 .9 8
1 ,3 0 0 ........................... - - 3 5 ,9 4 0 51 .1 6
1 ,4 0 0 ........................... - - 4 0 ,0 1 0 5 4 .1 8
1 ,5 0 0 ........................... - - 4 4 ,1 6 0 5 7 .0 4

Smooth h e a t - c o n t e n t  v a lu e s  for  th e  a - v a r i e t y  a r e  r e p r e s e n te d  (w ith  an 
average  d e v ia t io n  o f  0 .3  p e r c e n t )  by th e  eq u ation

%  ■ ^2 9 8 . 1 5  = 33 .26T  + 1 .3 4  x IQ-^T^ + 5 .8 8  x IG^T"  ̂ - 1 2 ,0 0 8 ,

which d i f f e r e n t i a t e s  to  g i v e  th e  h e a t - c a p a c i t y  r e l a t i o n s h i p ,

C = 3 3 .2 6  + 2 .6 8  x 10“®T -  5 .8 8  x 10^T"^.
P

Heat c o n te n t  v a lu e s  fo r  t h e  P v a r i e t y  a r e  r e p r e s e n te d  (w ith  an a verage  d e v ia ­
t i o n  o f  0 .1  p e r c e n t )  by th e  eq u ation

- H2 9 8  . 1 5  = 30 .30T  + 3 .8 6  x 10-®T^ + 2 .2 2  x lO^T"^ - 1 0 ,1 2 2 .

®Work c i t e d  in  f o o t n o t e  4 .  
^°Work c i t e d  in  f o o t n o t e  4 .



The corresp on d in g  h e a t - c a p a c i t y  eq u a t io n  i s

C = 3 0 .3 0  + 7 .7 2  X 10-®T -  2 .2 2  x 1 0 ^ .

DISCUSSION

Thermal a n o m a lie s ,  s im i la r  t o  th a t  fo r  dysprosium s e s q u io x id e ,  were found  
in  p r e v io u s  measurements^^ fo r  th e  c u b ic  v a r i e t i e s  o f  thulium  and y tte r b iu m  
s e s q u io x i d e s ,  fo r  th e  m o n o c l in ic  v a r i e t i e s  o f  europium and samarium s e s q u io x ­
i d e s ,  and fo r  th e  h exagon a l v a r i e t y  o f  neodymium s e s q u io x i d e .  No therm al  
anom alies  were  found fo r  th e  cu b ic  v a r i e t i e s  o f  erbium, europium, gad o lin iu m ,  
holmium, and lu te t iu m  s e s q u io x i d e s ,  fo r  th e  m o n o c l in ic  v a r i e t y  o f  gadolin ium  
s e s q u io x i d e ,  or fo r  th e  h ig h - te m p e ra tu r e  v a r i e t y  o f  cerium s e s q u io x id e .

Comparing th e  r e s u l t s  in  t h i s  r e p o r t  w i th  t h o s e  fo r  th e  o th e r  r a r e - e a r t h  
s e s q u io x i d e s ,  i t  i s  n o ted  t h a t  lu te t iu m  s e s q u io x id e  has about th e  same a verage  
h e a t  c a p a c i t y  as th e  s e s q u io x id e s  o f  erbium, g a d o lin iu m , and holmium; dyspro­
sium s e s q u io x id e  i s  s im i la r  in  a verage  h e a t  c a p a c i t y  t o  th e  s e s q u io x id e s  o f  
thulium  and y t te r b iu m ;  and cerium s e s q u io x id e  has th e  h i g h e s t  a verage  h e a t  
c a p a c i t y  o f  th e  e n t i r e  group o f  compounds.

^^Work c i t e d  in  f o o t n o t e  3 .
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