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Compound Space group a (/l) 

Cinchonine sulphate P1 9.4 
Cinchonidine P212121 11.0 
Cinchonidine sulphate P1 9.5 
Quinine dihydrobromide P21212 14.2 
Quinine benzenate P21 9.7 
Quinamine hydrochloride P212121 13.2 
Dihydroquinamine P212121 10" 8 
Dihydrocinchonamine 

hydrochloride P21 9.5 

Table  1. Crystallographic data 
Density (g.cm. -3) 

b (A) c (A) a fl ~ Obs. Calc. Z 

14-1 7-0 95.5 ° 90 ° 97 ° 1.31 1.31 1 
20.9 7.1 - -  - -  - -  1.22 1.20 4 
10.3 6-5 93.5 104 100 1.47 1-48 1 
23-6 7"0 - -  - -  - -  1"53 1"52 4 
25-3 9.7 - -  109 - -  1"16" 1"19 4 
16"6 8"8 - -  - -  - -  1-27 1'26 4 
25"5 6.2 - -  - -  - -  1"21 1-21 4 

9"9 9.8 - -  98 - -  --- 1"21 2 

* See text. 

Dihydroquinamine, C19H2602N2 
The  c rys ta l s  used  were  needles  e longa ted  a long [001]. 
The  Laue  s y m m e t r y  is mmm a n d  the  space group  is 
u n i q u e l y  d e t e r m i n e d  as P212121 b y  the  s y s t e m a t i c  
absences .  

Dihydrocinchonamine hydrochloride, 
C i g H 2 6 O N 2 .  H C I  

The  c rys ta l s  were  i l l - formed plates .  T h e  L a u e  s y m m e t r y  
is 2/m a n d  ref lexions  (0k0) are  s y s t e m a t i c a l l y  a b s e n t  
w h e n  ]c is odd,  so t h a t  t he  space g roup  is e i the r  P21 or 
P21/m. Since c i n c h o n a m i n e  i tself  is op t ica l ly  ac t ive  
(Henry ,  1949, p. 465) t he  space g roup  is tm ique ly  de ter -  

m i n e d  as P21. The  c rys ta l s  were  of such  poor  q u a l i t y  
t h a t  t he  d e n s i t y  could  n o t  be m e a s u r e d  a c c u r a t e l y .  The  
d e n s i t y  was  ca l cu la t ed  for t he  f o r m u l a  un i t  q u o t e d  above .  
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P e a r s o n  (1958) has  m a d e  a cr i t ical  s u r v e y  of t he  ava i lab le  
i n f o r m a t i o n  on the  a l lo t ropic  b e h a v i o r  of ca lc ium m e t a l  
a n d  has  conc luded  t h a t  above  r o o m  t e m p e r a t u r e  ca lc ium 
exis ts  in on ly  two a l lo t ropic  modi f ica t ions ,  f.c.c, a n d  b.c.c. 
T h e  p re sen t  w o r k  was  u n d e r t a k e n  in o rde r  to d e t e r m i n e  
t h e  coeff ic ients  of t h e r m a l  expans ion  of these  two  allo- 
t ropes .  The  d e t e r m i n a t i o n  was  accompl i shed  by  compar -  
ing m e a s u r e d  va lues  of t he  d-spacings  f rom ind iv idua l  
X - r a y  ref lec t ions  a t  d i f f e ren t  t e m p e r a t u r e s .  The  diff rac-  
t ion  d a t a  were  t a k e n  on a Ge ige r -coun te r  d i f f r a c t o m e t e r  
mod i f i ed  in the  m a n n e r  of Chiot t i  (1954) for h igh  t e m -  
p e r a t u r e  work .  The  a p p a r a t u s  al lows the  use of ba r  
spec imens  wh ich  can  be m a i n t a i n e d  u n d e r  an  iner t  
a t m o s p h e r e  of pur i f i ed  he l ium.  Copper  r ad i a t i on  was  
e m p l o y e d .  Values  of 20 were  m e a s u r e d  wi th  a precis ion 
of ± 0 . 0 2 5  degrees .  Values  of the  d-spacings  c o m p u t e d  
f rom t h e  20 m e a s u r e m e n t s  were  fit  to the  e q u a t i o n  

dhkl = do, h~-~ (1 +aT)  

b y  t h e  m e t h o d  of least  squares .  
Values  for t he  l inear  coeff ic ient  of t h e r m a l  expans ion  

of t he  f.c.c, phase  are  shown in Tab le  1. E a c h  va lue  is 

* Contribution No. 699. ~rork was performed in the Ames 
Labora tory  of the U.S. Atomic Energy Commission. 

in revised form 5 February 1959) 

based  u p o n  five to n ine  e x p e r i m e n t a l  points .  T h e  g r e a t e r  
t h e r m a l  a t t e n u a t i o n  of i n t e n s i t y  for h igher  angle  reflec- 
t ions  a c c o u n t s  for t he  t r e n d  t o w a r d  n a r r o w i n g  t e m p e r a -  
t u r e  r ange  a n d  r e d u c e d  precis ion w i t h  increas ing  Bragg  
angle.  The  w e a k  i n t e n s i t y  due  to  t he  low mu l t i p l i c i t y  of 
t he  600 ref lec t ion  m a d e  t h e  effect  of t h e r m a l  a t t e n u a t i o n  
p a r t i c u l a r l y  severe  for t h a t  ref lect ion.  

Table  1. Measured coefficients of thermal expansion 
for f.c.c, calcium 

hkl a × 106 per °C. Temp. range (°C.) 

511 22-4±0.4 26-371 
531 22-5±0.4 26-371 
600 21.9 ± 1.2 26-164 
620 21.9±0-6 26-253 
533 22.8 ~ 0.8 26-253 

Average 22.3~: 0.2 

In  t he  case of the  b.c.c,  on ly  six ref lec t ions  were  ob- 
served.  Of these ,  on ly  t he  (211) re f lec t ion  pers i s ted  a t  
e l eva t ed  t e m p e r a t u r e s  w i t h  suff ic ient  i n t e n s i t y  and  w i t h  
a s ign i f ican t ly  large shi f t  in pos i t ion  to be usable  to  
ca lcu la te  a m e a n i n g f u l  coeff ic ient  of t h e r m a l  expans ion .  
The  va lue  ob t a ined  f rom the  (211) re f lec t ion  in t h e  r ange  
467-603 °C. was  (33"6=t= 1.6)× 10 -6 per  °C. A v e r y  rough  
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c h e c k  of t h i s  v a l u e  was  o b t a i n e d  f r o m  t h e  on ly  t w o  
re l iab le  d310 v a l u e s  w h i c h  were  o b t a i n e d  a t  467 °C. a n d  
a t  523 °C. Ca lcu la t ion  of t h e  e x p a n s i o n  coeff ic ient  f r o m  
t h e s e  t w o  p o i n t s  gave  a va lue  of 33 x 10 -6 pe r  °C. 

T h e  m e a s u r e d  va lues  for  t h e  l inear  coeff ic ient  of ex- 
p a n s i o n  for  t h e  f.c.e, phase  are  in g o o d  a g r e e m e n t  w i t h  
t h e  v a l u e s  of 22.5~x l0  -6 pe r  °C. r e p o r t e d  b y  Er f l i ng  
(1942) for t h e  r ange  20 -40  °C. a n d  of 22-0 × 10- 9 pe r  °C. 
r e p o r t e d  b y  C a t h  & S teen i s  (1936) for  t he  r ange  0 -300  °C. 
b u t  is s o m e w h a t  lower  t h a n  t h e  v a l u e  of 25 x 10 -6 pe r  °C. 
o b t a i n e d  b y  B r i d g m a n  (1920). All t h r e e  of t he se  l a t t e r  
v a l u e s  were  o b t a i n e d  b y  d i l a t o m e t r i c  m e a s u r e m e n t s .  N o  
e x p a n s i o n  d a t a  were  ava i l ab le  for c o m p a r i s o n  w i t h  t h e  
p r e s e n t  v a l u e  for  t h e  b.c .c ,  phase .  

R e f e r e n c e  v a l u e s  for  t h e  l a t t i ce  p a r a m e t e r s  were  ob- 
t a i n e d  b y  e x t r a p o l a t i n g  la t t i ce  p a r a m e t e r s  c a l c u l a t e d  
f r o m  t h e  i n d i v i d u a l  re f lec t ions  a g a i n s t  t h e  f u n c t i o n  pro-  
p o s e d  b y  N e l s o n  & R i l e y  (1945). F o r  t h e  f.c.c,  p h a s e  a 
va lue ,  %(26 °C.) = 5 .5884±0 .0002  A, was  o b t a i n e d  a n d  
for t h e  b.c.c,  p h a s e  a va lue ,  a0(467 °C.) = 4 -480±0 .005  .&., 
w as  o b t a i n e d .  Ca l cu l a t i on  of t h e  v o l u m e s  pe r  a t o m  for  
t h e  t w o  phases ,  based  u p o n  t he se  l a t t i ce  p a r a m e t e r s  a n d  

t h e  m e a s u r e d  coef f ic ien ts  of e x p a n s i o n ,  s h o w s  that .  t h e  
v o l u m e  c h a n g e  a t  t h e  t r a n s i t i o n  t e m p e r a t u r e ,  --~450--460 
°C., is qu i t e  smal l .  I n d e e d ,  t h e  e x t r e m e s  of t h e  q u o t e d  
p rec i s ions  are  suf f ic ien t  to  cause  t h e  v o l u m e  c h a n g e  a t  
t r a n s i t i o n  to  sh i f t  f r o m  a c o n t r a c t i o n  to  a n  e x p a n s i o n .  
On t h e  bas is  of v o l u m e  c o n s i d e r a t i o n s  i t  m i g h t  r eason-  
a b l y  be e x p e c t e d  t h a t  t h e  t r a n s i t i o n  s h o u l d  be r e l a t i v e l y  
insens i t ive  to  p ressure .  
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L ' 6 t u d e  de  ce r t a in s  v a n a d a t e s  e t  a r sdn ia te s  m i x t e s  
(Durif ,  1957a, 1957b) d e n t  la p r g p a r a t i o n  n~cess i t a i t  
l ' e m p l o i  c o m m e  m a t i 6 r e  p r emib re  des  o r t h o v a n a d a t e s  et  
o r t h o a r s 6 n i a t e s  de  b a r y u m  et  de  s t r o n t i u m ,  n o u s  a 
m o n t r 6  que  la l i t t 6 r a tu r e  c r i s t a l l o g r a p h i q u e  ne  fa isa i t  
pas  m e n t i o n  de  ces de rn ie r s  composds ,  p o u r t a n t  b ien  
c o n n u s  a u  p o i n t  de  r u e  c h i m i q u e .  

Ces q u a t r e  compos6s  o n t  6t6 p r6pa rds  p a r  ca l c ina t i on  
p ro long6e  ~ 600 °C. des  m61anges  X 2 0 5 + 3 M O ( X  = 
V, As ;  M = Sr, Ba).  

Les  d i a g r a m m e s  D e b y e - S c h e r r e r  m o n t r e n t  que  ees 
q u a t r e  c o m p o s d s  s e n t  i so types ,  r h o m b o d d r i q u e s  e t  ap-  
p a r t i e n n e n t  a u  t y p e  de s t ruc t t t r e  d6cr i t  p a r  Zacha r i a sen  
(1948) p o u r  les or t  h o p h o s p h a t e s  c o r r e s p o n d a n t s :  

Baa(PO~) 2 et Sra(PO4) 2 . 

Le T a b l e a u  1 r a s s emb le  leurs  p r inc ipa l e s  carac tdr i -  
s t i ques  c r i s t a l l og raph iques .  L a  ma i l l e  r h o m b o 4 d r i q u e  
r e n f e r m e  u n e  seule  un i td  Ma(XO4) 2 avec  la r 6 p a r t i t i o n  
a t o m i q u e  s u i v a n t e  : 

1M en 1 (a) 0, 0, 0. 
2 M  en  2(c)± (x, x, x) 
2X en 2(c)± (x, x, x) 

2 0  en 2 (c )+  (x, x, x) 
6 0  en 6 (h )±  (x, x, z; x, z, x ;  z, x, x) 

E n  l ' absence  de m o n o c r i s t a u x  n o u s  n ' a v o n s  p rocdd6  A 
a u c u n  essai de m e s u r c  des  d i f f~ren t s  p a r a m g t r e s  de  
pos i t ions .  

T a b l e a u  1. Orthovanadates et orthoarseniates de baryum et de strontium 

Formules  ah 

Sra(V04) ~ 5,621 A 
Sr a (AsO4) ~ 5,581 
Ba 3 (VO4) 2 5,783 
Baa(AsOa) 2 5,753 

Groupe d'espace : D~d-R-3m 

Ch ar O;r Vmol. Dz (g.cm. -a) 

20,14 7,458 44 ° 17' 183,7 A a 4,426 
19,98 7,399 44 ° 19" 179,6 4,969 
21,34 7,859 43 ° 10' 206,0 5,142 
21,18 7,804 43 ° 15" 202,3 5,627 

T a b l e a u  

hkl Iobs. 

101 f 
104 mf 
105 F 
110 F 
202 mf 
009 mf 
204 ~ /  
116 mf 

2. Depouillement d'un diagramme de vanadate de strontium 

dobs. dcalc, hkl Iobs. dobs. dcalc. 

4,59 A 4,72 tit 205 F 2,06 /~ 2,08 /~ 
3,43 3,49 1,0,10 F 1,841 1,860 
3,04 3,09 211 f 1,819 1,832 

c. 2,76 2,81 119 m 1,736 1,749 
2,33 2,36 125 F 1,663 1,672 
2,21 2,24 300 F 1,611 1,622 
2,16 2,19 0,2,10 F 1,542 1,550 
2,13 2,15 220 F 1,401 1,404 


