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'['he high t e m p e r a t u r e ,  t e t r agona l  fo rm of ZrO 2 was  
f irst  obse rved  by R u f f  & E b e r t  (1929) du r ing  the i r  
s tudies  of p o l y m o r p h i s m  in ZrO2 a n d  the  s tab i l iza t ion  
of zireonia.  Since t h a t  t ime  it  has  been genera l ly  a s s u m e d  
t h a t  the  t e t r a g o n a l  fo rm represen ts  a s l ight ly  d i s to r t ed  
('aF~ t y p e  s t ruc tu re .  To p rese rve  a c o n v e n i e n t  ana logy  
to the  f ace -cen te red  CaF 2 s t ruc tu re ,  the  la t t ice  cons t an t s  
and  indices of t e t r agona l  ZrO2 h a v e  o f t en  been descr ibed  
in t e rms  of a f ace -cen te red  t e t r agona l  la t t ice,  r a t h e r  
t h a n  the  m o r e  c o n v e n t i o n a l  b o d y - c e n t e r e d  la t t ice  which  
was p r e s u m a b l y  a p p r o p r i a t e  for  the  ZrOe phase.  In  this 
note ,  the  conven t iona l  descr ip t ions  of t e t r agona l  phases  
will be ut i l ized.  

In  the  course  of a h i g h - t e m p e r a t u r e  X - r a y  d i f f rac t ion  
s t u d y  of t e t r agona l  Zr()  2, a n u m b e r  of p rev ious ly  un-  
r e p o r t e d  ref lect ions,  which  are  incons i s ten t  wi th  a body-  
c e n t e r e d  lat t ice,  h a v e  been  observed.  The  in tens i t ies  of 
mos t  of these  ref lect ions  are  r a t h e r  low, b u t  the  s t ronges t  
of these  ( the (102) ref lect ion)  was  obse rved  t h r o u g h o u t  
the  t e m p e r a t u r e  r ange  f r o m  1200 to 1950 °C. du r ing  
hea t ing  and  f rom 1950 to 900 °C. du r ing  cooling, bo th  in 
puri f ied ZrO2 as well  as in spec imens  con ta in ing  a b o u t  
2% of h a f n i u m .  

The  X - r a y  analys is  was m a d e  wi th  a Genera l  E lec t r i c  
X R D - 5  u n i t  us ing Cu and  Cr K a  rad ia t ions  in conjunc-  
t ion wi th  a p ropor t iona l  c o u n t e r  as r ad ia t ion  de tec tor .  
Various ZrO2 samples  were  h e a t e d  up  to 1350 °C. in a 
h i g h - t e m l ) e r a t u r e  fu rnace  m a d e  by  T E M - P R E S  INC.,  
Sta t e  College, ]?ennsylvania ,  while  the  high t e m p e r a t u r e -  
high v a c u u m  a t t a c h m e n t  m a d e  by Mater ia ls  Resea rch  
Corpora t ion ,  Yonkers ,  New York ,  was used for t emper -  
a tu r e s  up  to 1950 °C. 

All ref lec t ions  f rom h a f n i u m - f r e e  ZrOe spec imens  were  
indexed  on the  basis of a p r imi t i ve  t e t r a g o n a l  la t t ice  wi th  

a = 3 . 6 4 ,  c = 5 . 2 7 A  (at 1 2 5 0 ° C . ) ,  
Space  g roup  1~ D4h-P4Jnmc.  

T h e r e  are  two molecules  in the  e l e m e n t a r y  cell. W i t h  
the  origin a t  4m2 the  z i rconium and  oxygen  a toms  are  
loca ted  in posi t ions s imilar  to those  in a CaF., t y p e  
s t r u c t u r e  in : 

2 Z r  (a) 0 , 0 , 0 ;  ~, 1 .~, ½; 

4 0  (,~)0,½,~; ,~,0,~; 0,,i ,½+z;.i,0, i - z .  

The  var iab le-pos i t ion  p a r a m e t e r  for o x y g e n  and  the  
isotropic t h e r m a l  mot ions  of the  z i rcon ium and  oxygen  
a t o m s  u e r e  deteITnined by  least  squares  analys is  of the  
p o w d e r  d i f f rac t ion  d a t a  to be:  

Zo = 0.185, 
Bzr=1"66 and  B o = 3 - 1 1  A 2 (at  1250 °C.). 

A comi)ar ison of observed  a n d  ca lcu la ted  s t r u c t u r e  
fac tors  is shown in Table  1. The  low d i sc repancy  f ac to r  

Table  1. Comparison of observed and calculated structure 
factors for tetragonal ZrO~. 

hkl F o Fc hkl Fo Fc 
101 28-9 30-7 303 14"9 13-] 
002 20"(,) 21-9 32l 14"9 13"0 
110 20"0 18"3 322 0 l'2 
102 6"4 6"5 224 12-6 l l ' 5  
] 12 29"6 29"7 400 15"8 12"8 
200 31"8 31"7 304 0 -- 1"4 
103 21"9 22-2 215 11"0 10"8 
211 22"7 21"8 006 12-2 11"7 
202 17-8 17"7 323 l l '3  10"6 
212 4"0 3"2 411 11"2 10"5 
004 19'3 18"5 314 l l ' l  10"5 
220 22"1 21-9 402 8"3 9"4 
104 3"5 --3"4 330 8"2 8"9 
213 16"0 16"7 106 0 0"8 
301 16"5 16"5 412 0 0-9 
114 16"l ]6.6 116 8"1 8"7 
222 13"6 14"1 332 11"4 10"0 
310 13-6 13"l 420 11"3 10"3 
302 0 1 "9 324 0 -- 1"0 
204 14"3 14"3 305 8"3 8-8 
312 16"6 15"7 206 9"6 9"5 
214 0 --2"1 413 9"3 8-7 
105 13"8 13"4 422 7"4 7"8 

of 6.70~, m a y  be a t t r i b u t e d  in pa r t  to the  smal l  n u m b e r  
of var iables  in this  s t r u c t u r e  and ,  in par t ,  to the  pre- 
d o m i n a n c e  of the  s ca t t e r i ng  of the  z i rcon ium a t o m s  in 
special  posi t ions over  t h a t  of the  o x y g e n  a t o m s  in com- 
posing the  s t r u c t u r e  factors .  W h e n  the  o x y g e n  a t o m s  
are  p laced  in z=¼,  as in the  CaF 2 s t r u c t u r e  type ,  the  
( l i screpancy fac tor  rises to 9.4°0, ind ica t ing  t h a t  such a 
s t r u c t u r e  is improbable .  

In  t e t r agona l  ZrO 2 each z i rconium a t o m  is s u r r o t m d e d  
b y  e ight  o x y g e n  a toms ,  four  a t  a d i s t ance  of 2.065 A in 
a f l a t t ened  t e t r a h e d r o n  and  four  a t  2.455 .& in an  elon- 
g a t e d  t e t r a h e d r o n  which  is r o t a t e d  90 ° re la t ive  to the  
f o r m e r  one. E a c h  o x y g e n  at()m has two oxygen  ne ighbors  
a t  2.635 .~ and  four  a t  2.655 :~, and  is b o n d e d  to two 
zircon]ran a t o m s  a t  2.065 A, while two more  Zr  a t o m s  
are  2.455 .~_ away .  This c( )mbinat ion  of two d i s to r t ed  
t e t r a h e d r a  is s imilar  to z i rcon ium sil icate where  Krs t a -  
novid (1958) m e a s u r e d  Z r - ( 4 ) O = 2 . 1 5  and  Z r - ( 4 ) O =  
2.29 A. F u r t h e r m o r e ,  t e t r agona l  ZrO., is i sos t ruc tura l  
wi th  red  HgIe.  

The  a u t h o r  is g ra t e fu l  to Mr K.  A y k a n  of this Labora-  
t o r y  for col lect ing the  h i g h - t e m p e r a t u r e  X - r a y  diffrac-  
t ion da ta .  
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