
444 

S h o r t  C o m m u n i c a t i o n s  

Contributions intended for publication under this heading should be expressly so marked; they should not exceed about 
500 words; they should be forwarded in the usual way to the appropriate Co-editor; they will be published as speedily 
as possible; and proofs will not generally be submitted to authors. Publication will be quicker i f  the contributions 
are without illustrations. 

Acta Cryst. (1958). 1 1 , 4 4 4  

The optical properties and structures of CaO .2A12Oa and SrO .2A12Oa. By E. R. BoYKO* a n d  
L.  G. WIs~YI ,  Knolls Atomic Power Laboratoryt 

(Received 21 March 1958) 

Introduction 

I n  1937 t w o  i n d e p e n d e n t  p u b l i c a t i o n s  a p p e a r e d  in t h e  
l i t e r a t u r e  desc r ib ing  a n e w  c o m p o u n d ,  C a O . 2 A 1 2 0  z. 
T a v a s c i  (1937) f o u n d  t h e  c o m p o u n d  to  be  u n i a x i a l  posi-  
t i v e  whi le  L a g e r q v i s t  et al. (1937) c o n c l u d e d  f r o m  X - r a y  
s t ud i e s  t h a t  i t  was  monoc l i n i c .  T h e  f i rs t  m e n t i o n  in t h e  
A m e r i c a n  l i t e r a t u r e  was  m a d e  b y  G o l d s m i t h  (1948) w h o  
s u g g e s t e d  t h a t  a f u r t h e r  s t u d y  be i n i t i a t e d  in  a n  ef for t  
t o  resolve  t h e  conf l i c t ing  d a t a .  G o l d s m i t h  s t a t e d  t h a t  
X - r a y  d i f f r ac t i on  shows  CaO.  2 A1~O3 to  be  monoc l in i c ,  
b u t  t h a t  a t  t h e  s a m e  t i m e ,  op t i ca l  p r o p e r t i e s  a lone  
i n d i c a t e  t h a t  t h e  c o m p o u n d  s h o u l d  be e i t he r  h e x a g o n a l  or  
t e t r a g o n a l .  F i l o n e n k o  & L a u r o v  (1950) t h e n  r e p o r t e d  
t h a t  C a O . 2  A1~O3 crys ta l l izes  in  t h e  t e t r a g o n a l  s y s t e m ,  
whi l e  Gor ia  & B u r d e s e  (1951) p u b l i s h e d  X - r a y  d a t a  con- 
f i r m i n g  i t  to  be  monoc l i n i c ,  b u t  s t a t i n g  t h a t  t h e y  h a d  
f o u n d  t h e  op t i ca l  p r o p e r t i e s  to  be  t h e  s a m e  as t hose  
r e p o r t e d  b y  S h e p h e r d  et al. (1909) for  t h e  u n s t a b l e  phase  
of 3 CaO. 5 Al~Os. 

This paper is presented in an effort to clarify the 
situation. The authors will not discuss the existence or 
non-existence of a 3 CaO. 5 Al~O 3 phase, which, for many 
years, has been confused with CaO. 2 Al203. 

O p t i c a l  study 

I n  o rde r  t o  s i m p l i f y  t h e  X - r a y  ana lys i s ,  i t  was  d e c i d e d  
to  w o r k  w i t h  b o t h  C a O . 2  A1203 a n d  t h e  i s o m o r p h i c  
c o m p o u n d  S r O . 2  A1203. Single  c rys ta l s  of t he se  com-  
p o u n d s  were  o b t a i n e d  f r o m  m e l t s  w h i c h  were  also u sed  
to  d e t e r m i n e  t h e  m e l t i n g  po in t s .  T h e  r aw  ma te r i a l s ,  
alkaline earth carbonate plus alumina, were mixed, 
calcined, and heated in a molybdenum crucible to above 
the melting point and allowed to cool slowly. The thermal 
arrest at the melting point was determined through the 
use of a calibrated tungsten-molybdenum thermocouple. 
Chemical analysis verified the stoiehiometry of the result- 
ing melts. The melting points were observed to be: 

CaO. 2 Al203, 17454-15 °C. ; 
and SrO.2 A1203, 17704-15 °C. 

* Present  address:  Westinghouse Electric Corp., Bett is  
Atomic Power  Division, P . O .  1468, P i t t sburgh  30, Penn- 
sylvania. 

t Operated for the U.S. Atomic Energy  Commission by the 
General Electric Company under  contract  No.W-31-109 
Eng-52. 

$ A complete discussion of the high tempera ture  thermal  
analysis and the  calibration of the t ungs t en -mo lybdenum 
thermocouple  will be presented in a future paper  by L. G. 
Wisnyi.  

I n  d i scuss ing  t h e  op t i ca l  p r o p e r t i e s  of t h e  c o m p o u n d  
C a O . 2  A1203, i t  s h o u l d  be n o t e d  t h a t  t he se  d e t e r m i n a -  
t i ons  were  m a d e  a t  t h e  School  of Ceramics ,  R u t g e r s  
U n i v e r s i t y ,  w h e r e  t h e  m o s t  a c c u r a t e  p e t r o g r a p h i c  equ ip -  
m e n t  was  ava i lab le ,  i n c l u d i n g  a f ive-ax is  u n i v e r s a l  s tage .  
T h e  c o m p o u n d  C a O . 2 A 1 2 0  a was  o b s e r v e d  as be ing  
b iax ia l  pos i t i ve  w i t h  

and 

? = 1.65164-0.0003, fl = 1 .6184±0 .0003 ,  
a = 1 .61784-0 .0003 ,  

2V = 12°±1  °. 

With ordinary petrographic equipment such a small 
difference between a and fl could not be detected, and 
consequently the crystal would appear to be uniaxial. 

Comparison of the optical properties reported for 
the compund CaO.  2 A1203 

Goria & Burdese 
and Goldsmith 

Present  authors  Shepherd et al. and Tavasci 

?---- 1.65164-0.0003 1.6744-0.002 e---- 1.651±0-002 
fl---- 1-61844-0.0003 1-671±0.002 
a =- 1.61784-0.0003 1.6624-0.002 o~---- 1.6174-0-002 
2V ---- 124-1 ° 2V ----- 3504-5 ° 
Biaxial positive Biaxial negative Uniaxial  posit ive 

T h e  r e f r ac t i ve  ind ices  of t h e  c o m p o u n d  SrO.2A1203,  
h o w e v e r ,  are  on ly  r e p o r t e d  to  4-0.002 u n i t s  s ince in  t h i s  
case on ly  o r d i n a r y  p e t r o g r a p h i c  e q u i p m e n t  was  used .  
I t  is b iax ia l  n e g a t i v e  w i t h :  

a = 1.6204-0.002, fl = 1 .636±0 .002 ,  ? = 1 .6444-0 .002 .  

2V is r a t h e r  large a n d  was  e s t i m a t e d  to  be  b e t w e e n  20 ° 
to  30 ° . 

X - r a y  analysis  

L a g e r q v i s t  et al. (1937) s t u d i e d  b o t h  t h e  c a l c i u m  a n d  
s t r o n t i m n  c o m p o u n d s  b y  X - r a y  d i f f r ac t ion .  T h e y  m e a -  
su r ed  t h e  l a t t i ce  p a r a m e t e r s ,  a n d  f r o m  t h e  o b s e r v e d  
d e n s i t y  of C a O . 2  A1203 c a l c u l a t e d  t h a t  t h e r e  were  f o u r  
f o r m u l a  w e i g h t s  in  t h e  u n i t  cell. T h e y  c o n c l u d e d  f r o m  
s y s t e m a t i c  absences  t h a t  t h e  space  g r o u p  was  e i t h e r  
C4s-Cc or C~h-C2/c. T h e  a u t h o r s  chose  t h e  s a m e  axes  as  
L a g e r q v i s t  a n d  d e t e r m i n e d  t h e  l a t t i ce  p a r a m e t e r s  t o  be :  

CaO. 2 A120 ~ SrO. 2 A1203 

a = 12.89 A a ---- 13.04 /~ 
b ---- 8.88 A b -~ 9.01 A 
c ---- 5.45 A c = 5-55 A 
fl ---- 107 ° 3' fl ---- 106 ° 31' 
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Wei s senbe rg  p h o t o g r a p h s  ( three  films) us ing  copper  
r a d i a t i o n  were  t a k e n  a r o u n d  the  b a n d  c axes  of t he  
s t r o n t i u m  c o m p o u n d  a n d  a r o u n d  the  c axis  of t h e  ca l c ium 
c o m p o u n d .  In t ens i t i e s  for t he  zero levels were  o b t a i n e d  
f rom the  f i lms b y  t h e  v isual  m e t h o d .  Since t he  c rys ta ls  
were  dendr i t i c  in g rowth ,  i t  was  impossible  to  gr ind  t h e m  
in to  e i the r  a cy l indr ica l  or spher ica l  shape,  a n d  conse- 
q u e n t l y  no cor rec t ion  for  abso rp t ion  was  m a d e .  Absorp-  
t i on  anomal i e s  could  be seen on the  f i lms a n d  in order  to  
m i n i m i z e  these  errors ,  t he  i n t e n s i t y  of each  ref lec t ion 
was  m e a s u r e d  m o r e  t h a n  once.  

A P a t t e r s o n  p ro j ec t ion  a long t h e  c axis  was  c o m p u t e d  
for  t he  s t r o n t i u m  c o m p o u n d ,  a n d  it  was  qu i te  easi ly  
i n t e r p r e t e d  on the  basis of t h e  c e n t r o s y m m e t r i c  space 
g roup  C~h-C2/c. The  x a n d  y coord ina te s  of t h e  Sr a n d  
t h e  two  A1 a t o m s  in t h e  a s y m m e t r i c  zone were  ob ta ined ,  
a n d  since t h e  Sr was  in a special  pos i t ion  (0, y, 41), i ts 
z coord ina tes  was  also d e t e r m i n e d .  T h e  signs of t he  ob- 
se rved  s t r uc tu r e  fac tors  were  d e t e r m i n e d  us ing  these  
p a r a m e t e r s ,  a n d  e l ec t ron -dens i ty  p ro jec t ions  a long t h e  
b a n d  c axes  were  c o m p u t e d  w h i c h  c lear ly  showed  the  
Sr a n d  A1 posi t ions.  The  four  O a t o m s  in t he  a s y m m e t r i c  
zone were  t h e n  p laced  in such  a w a y  as to be a lways  on 
or  nea r  regions of h igh  e lec t ron  dens i t y  w h i c h  s u r r o u n d e d  
t h e  two  A1 a toms .  One O a t o m  m u s t  be in a special  
pos i t ion ,  a n d  this  was  f o u n d  to  be (0, y, ¼). B y  corre la t -  
ing t he  peaks  on the  two pro jec t ions ,  the  (x, y, z) para-  
m e t e r s  of all the  a t o m s  in t he  a s y m m e t r i c  zone were  
d e t e r m i n e d .  The  special  pos i t ions  (0, y, 41) can also be 
t a k e n  to be (0, y, 1), s ince t he  (h/c0) a n d  (hOl) ref lec t ions  
do no t  d i s t ingu ish  b e t w e e n  t h e m .  The  choice of the  y 
va lues  were  m a d e  on t h e  basis  of b o n d  lengths .  Fou r i e r  
p ro jec t ions  were  t h e n  c o m p u t e d  un t i l  t he  shif ts  in t h e  
a t o m i c  p a r a m e t e r s  gave  rise to  no s igni f icant  sign changes  
in t he  ca lcu la ted  s t r u c t u r e  factors .  The  a t o m i c  c o o r d ~ a t e s  
were  t h e n  f u r t h e r  re f ined  b y  a mod i f i ed  leas t - square  
m e t h o d ,  a n d  the  f inal  p a r a m e t e r s  are  g iven  in Table  1. 

The  a l u m i n u m  a t o m s  are  in t e t r a h e d r a l  coo rd ina t ion ,  
a n d  in Tab le  2, t h e  b o n d  d is tances  a n d  angles  are  l is ted.  

Tab le  2. Bond distances and angles in AlO4-tetrahedra 

Bond lengths A 

All-O 2 1-74 
All-O 3 1.73 
A11-O4* 1.82 
All-O~ ~ 1-82 

AI~-O 1 1.76 
A12-O 3 1.70 
A12-O 4 1.84 
Al~-O4t 1.72 

The superscript on oxygen atoms 
oxygen atom is in with respect to the 

* Position ½--x, ½--y, ~. 
Position x, y, ½+z. 

Bond angles Degrees 

Oe-All-O 3 109 
O2-AlrO4* 108 
Oa-Al~-Oa* 117 
Oet-All-O ~ 110 
O2t-All-O a 107 
O2t-All-O4* 105 

O1-A12-O a 100 
O1-A12-O4~f 108 
O4t-A12-O 4 111 
O4~f-Al~-Oa 111 
OrAl2-O a 121 
O4-Al~-O 3 105 

indicates the position the  
positions given in Table 1. 

One oxygen  (04) is found  to be a t  the  corner  of t h r ee  
t e t r a h e d r a .  This  arises f rom the  7 :4  oxygen  to  a l u m i n u m  
ra t io  in t he  c o m p o u n d .  I n  o rder  to  have  a comple t e  ne t -  
w o r k  of A10 4 t e t r a h e d r a  in w h i c h  each  oxygen  a t o m  is 
b o n d e d  to  on ly  two  a l u m i n u m  a toms ,  a 2:1 ra t io  w o u l d  
be requ i red .  

The  s o m e w h a t  h igh  R values  lower  t he  conf idence  in 
t he  a c c u r a c y  of t he  a t o m i c  p a r a m e t e r s ,  a n d  consequen t ly ,  
one shou ld  be cau t ious  in cons ider ing  the  r ea l i t y  of a n y  
a p p a r e n t  d i s to r t ions  of t h e  t e t r a h e d r a .  These  h igh  R 
values ,  for t he  mos t  par t ,  a re  p r o b a b l y  due  to  t h e  n a t u r e  
of t he  d a t a  itself, bu t  t he re  is also t h e  poss ib i l i ty  t h a t  t he  
s t r u c t u r e  has  n o t  y e t  been ful ly ref ined.  The  t ime  a l lo t t ed  
for th is  p rob lem,  however ,  d id  n o t  p e r m i t  a n y  inves t iga-  
t ion  of th is  possibi l i ty .  

Table  1. Atomic parameters 

Parameters  
^ 

Atom x y z 
Sr 0 0.810 0-250 
A11 0.169 0.086 0.295 
A12 0" 122 0.441 0.257 
O 1 0 0-526 0.250 
O~ 0-i 17 0.048 0.544 
O a 0.127 0.260 0.175 
O 4 0.188 0.447 0.598 

General position: 
0, 0, O; ½, ½, O +  ; x, y ,  z; x, y ,  z;  x, y ,  ½--z;  x, ~, ½ % z .  

Special position: 
0 , 0 , 0 ;  ½, ½ , 0 + ;  0, y ,~ ;  0 , ~ , ~ .  

A p lo t  of in PJFo versus  sin 2 0 gave  no  a s sembly  of 
po in t s  t h r o u g h  w h i c h  a r e a sonab ly  good  s t r a igh t  l ine 
w i t h  pos i t ive  slope could  be d r a w n .  Consequen t l y  t he  
c o m p o u n d ' s  i so t ropic  t e m p e r a t u r e  fac tor  was  s imp ly  
t a k e n  to  be zero. The  re l iab i l i ty  indices  for th is  s t r uc tu r e  
are  R(hO1)~--0.15 a n d  R(hkO)-~ 0.22. Us ing  the  coor- 
d ina te s  d e t e r m i n e d  f rom the  s t r o n t i u m  c o m p o u n d ,  s t ruc-  
t u r e  fac tors  for CaO.  2 A1203 were  ca l cu la t ed  for  t h e  (h/c0) 
ref lect ions.  A compar i son  w i t h  t he  obse rved  s t r uc tu r e  
fac tors  gave  R = 0.22, w h i c h  shows t h e  ex is tence  of a 
h igh  degree  of i somorph i sm b e t w e e n  t h e  two  compounds .  

Conc lus ions  

The  c o m p o u n d  C a O . 2  A120 S has  been  shown  to  be 
b iaxia l  pos i t ive  w i t h  t h e  d i f ference  in a a n d  fl so smal l  
as to be impercep t ib l e  w i t h  o r d i n a r y  p e t r o g r a p h i c  
e q u i p m e n t .  The  s t r u c t u r e  d e t e r m i n a t i o n  of t h e  iso- 
m o r p h i c  S r O . 2  A1203 defines t h e  comple t e  n a t u r e  of t he  
phase ,  a n d  p roves  t he  ea r ly  w o r k  of Lage rqv i s t  et al. 
(1937) to  be en t i r e ly  correct .  

The  a u t h o r s  wish  to  express  t he i r  app rec i a t i on  to  J . H .  
K o e n i g  a n d  staff  of t he  School  of Ceramics  a t  R u t g e r s  
U n i v e r s i t y  for the i r  he lp  a n d  coopera t ion .  The  a u t h o r s  
also w a n t  to  t h a n k  a n d  c o m m e n d  W.  J .  P o j a s e k  a n d  
S. P i j a n o w s k i  for t he i r  capab le  ass is tance  in t h e  ex- 
p e r i m e n t a l  work .  
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