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Compound 

2-Hydroxypyrimidine 
Thiobarbituric acid 
Pseudothiohydantoin 
6-Methyl 2-thiouracil 

Table 1. Unit-ceU and space-group data 

System a (A) b (/k) c (h) ~ (o) 

Tetragonal 8.54 - -  12.35 90.0 
Monoclinic 8.44 13.14 10.42 92.7 
Monoclinic 13.79 9.00 4.04 110.0 
Monoclinic 13.05 14.49 4.44 132.5 

Space group Mols. in eel 

P4121 8 
P21]n 8 
P21]a 4 
P21]a 4 

Crystallization: Slow cooling of a saturated solution in 
absolute alcohol. 

Hab i t :  Thin needles, extended along [001]; bounded  by 
{110}. 

Cleavage : (110). 
Optical da ta :  Small negative birefringence. 1.60 ~ e < 1.62, 

1.62 < eo < 1.64. 
Densi ty :  Observed 1-40 g.cm. -3, calculated 1.412 g.cm. -a. 

Thiobarbituric acid 
I J 
CO. CH~. C O . N H .  CS. 

Source: IVIessrs Genatosan, Limited.  
Crystallization: Sublimation at 182 ° C. Recrystal l izat ion 

from organic solvents yielded feathery clusters of very 
small crystals. 

Hab i t :  Small prisms, (010) well developed. 
Cleavage : None. 
Optical da ta :  Negative birefringence, a ---- 1.55, fl ---- 1-67, 

=- 1.75. a is parallel to b, fl lies at  40 ° to c in the 
obtuse angle of the  cell. 

Densi ty :  Observed 1" 661 g.cm. -a, calculated 1.666 g.cm. -3. 

Pseudothiohydantoin ( 2 - i m i n o  4 - t h i a z o l i d i n e ) ~  
I I 

C(NH). CH2. S. C O . N H  

t The crystal structure of these compounds has been ob- 
tained and will be reported in subsequent papers. 

Source: Messrs Genatosan, Limited.  
Crystallization: Slow cooling of a sa turated aqueous 

solution. 
Hab i t :  Pale yellow needles ex tended  along [001]; 

bounded  by (110) and (001). 
Cleavage : (001). 
Optical da ta :  Negative birefringence, a ---- 1.54, fl -- 1.74, 

2V = 70 °, 7 ---- 1-91 (extrapolated value), fl is parallel 
to b, 7 approximate ly  parallel to a. 

Densi ty :  Observed 1.637 g.cm. -a, calculated 1-635 
g.cm.-S. 

6 - m e t h y l  2-thiouracil~ 
I J 

N H .  CO. CH. C (CH3). NH.  CS 

Source: Messrs Genatosan, Limited.  
Crystallization: Slow cooling of a saturated solution in 

1:1 glacial acetic acid: water.  
Hab i t :  Pale yellow needles, ex tended  along [001]; 

bounded by (110) and to a lesser ex tent  (010). Crystals 
twin frequent ly  on (100). 

Optical da ta :  Strong negative birefringence, c¢ = 1-613, 
fl, ~ ~ 1.86. fl is parallel to b, ~ approximate ly  parallel 
to a. 

Cleavage : (001). 
Densi ty :  Observed 1.519 g.cm.-a, calculated 1-498 

g.cm. -3. 
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(Eingegangen am 4. Dezember 1957) 

E i n l e i t u n g  

Balz & Pl ieth (1955) haben in ihrer Arbeit  fiber die 
K~NiF4-Struktur bereits auf den Zusammenhang mi t  
dem Perowski t typ hingewiesen. So ist der von Gold- 
schmidt  fiir den Perowski t typ A B e  3 abgeleitete Toleranz- 
fakt0r 

t---- (%t-~ro)/(r~-~ro)~2 

auch ein Mass fiir die Bildung der K2NiF4-Struktur. 
Weitere Untersuchungen (Randall, Katz  & Ward, 1957; 
Ruddlesden & Popper,  1957) schienen zu zeigen, dass 
der Toleranzfaktor im Falle der A~BO4-Verbindungen in 
den engen Grenzen yon 0,90 ~ t ~ 1,00" liegt. 

Demgegenfiber konnten  wir feststellen, dass diese 
Struktur  auch beim La~Ni0 a (t----0,855) auftri t t .  Die 
Verbindung bildet sich leicht beim Tempern yon Lanthan-  

* Goldsehmidtradien, 6er Koordination. 

oxyd mi t  der entsprechenden Menge Nickelkarbonat  bei 
1200°-1400 ° C. an der Luf t . t  Die Ursache ffir dieses Ver- 
hal ten ist darin zu suchen, dass - -  wie Bes t immungen  
des Oxydationswertes zeigen - -  ein kleiner Teil des 
Nickels in hSherwert igem Zustand vorliegt. Ersetz t  man  
das Nickel durch das etwa gleichgrosse Magnesium, das 
nicht  zu einem Wertigkeitswechsel  fahig ist, wird die 
Verbindung nicht  gebildet (Rabenau, 1956). Dagegen 
karm auch La2CoO 4 (t = 0,84) erhal ten werden, wenn 
die Bildung des Perowskits LaCoO a durch Arbei ten in 
geeigneter COJH~-Atmosph~re unterdr i ickt  wird. 

t Die Struktur wird auch noch bei Nd2NiO 4 gebildet 
(t = 0,83~; orthorhombisch deformiert) nicht mehr bei 
Sm2NiO 4 (t ---- 0,825). Dagegen existiert LaSmNiO 4 (t -~ 0,84). 
Die von Wold, Post & Banks (1957) angegebenen d-Werte 
fiir die aus La203, Sm20 z und NiO gebildete Phase liisst sich 
vollst~ndig, die aus l~ld~O s und NiO mit einer Ausnahme ent- 
sprechend der K~NiF4-Struktur indizieren. 
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Tabel le  1. RSntgendaten yon La~NiOa-Pulver 

hkl dber. (A) dbeob. (2~) Xrber. Ibeob. 

002 6,33 6,30 21 8 
101 3,69 3,70 156 151 
004 3,16 3,16 94 90 
103 2,846 2,848 678 545 
110 2,726 2,726 487 378 
112 2,503 2,502 9,7 10 
105 2,115 2,111 165 
006 2,109 69 
114 2,065 2,063 208 197 
200 1,927 1,927 227 199 
202 1,844 - -  1,4 
211 1,708 1,707 41 47 
116 1,668 1,668 73 62 
204 1,646 1,646 56 ~ 131 
107 1,637 1,637 68 J 
213 1,596 1,596 229 220 
008 1,581 1,581 28 29 
215 1,425 1,423 104 
206 1,423 63 
118 1,368 1,367 44 ~ 102 
220 1,363 1,363 63 J 
222 1.332 - -  0,3 - -  
109 1,321 - -  1,7 - -  
301 1,278 1,279 7,7 9 

0,0,10 1,265 - -  3,1 - -  
224 1,252 1,250 22 ~ 84 
217 1,247 1,247 50 J 
303 1,229 1,229 45 46 
208 1,223 1,222 43 ~ 93 
310 1,219 1,219 64 J 
312 1,197 - -  0,5 - -  

1,1,10 1,148 1,148 16 | 
305 1,146 } 1,146 12 / 55 
226 1,145 28 
314 1,138 1,138 47 54 

1,0,11 1,102 1,102 50 54 
219 1,090 - -  1,9 - -  
321 1,065 1,066 9 14 

2,0,10 1,058 1,057 8 | 
316 1,055 } 1,055 31 / 37 

0,0,12 1,054 0,1 
307 1,047 1,047 16 22 
323 1,036 1,036 58 ~ 85 
228 1,033 1,032 27 J 
325 0 ,985}  0,985 1 7 }  21 

1,1,12 0,983 1,6 
318 0,965 0,965 36 ~ 57 
400 0,964 0,964 23 J 

2,1,11 0,957 0,957 77 78 
402 0,953 - -  0,1 - -  
309 0,948 - -  0,8 - -  

1,0,13 0,944 - -  0,6 - -  
411 0,932 0,933 7,8 13 

2,2,10 0,927 0,927 7,7 10 
2,0,12 0,925 - -  0,4 - -  

404 0,922 0,922 12 ~ 52 
327 0,920 0,920 29 J 
413 0,913 0,913 54 54 
330 0,909 0,908 19 15 

0,0,14 0,904 0,904 9 7 
332 0,899 - -  0,1 - -  

3,1,10 0,878 } 24 } 
415 0,877 0,877 17 76 
406 0,877 20 
334 0,873 0,873 18 
420 0,862 0,862 52 44 

1,1,14 0,858} 0,857 32} 69 
3,0,11 0,857 44 

422 0,854 - -  0,2 

Tabel le  1 (Fortsetzung) 

hkl dber. (A) dbeob. (A) Iber. Ibeob. 

329 0,851 - -  1,9 - -  
2,1,13 0,848 - -  1,6 - -  

336 0 ,834}  0,834 1 7 }  13 
2,2,12 0,834 0,9 

424 0,832 0,832 31 ~ 83 
417 0,830 0,831 38 J 

1,0,15 0,824 0,824 16 ~ 55 
408 0,823 0,823 33 J 

2,0,14 0,818 0,818 50 44 
426 0 ,798}  0,798 6 7 }  72 

3,1,12 0,797 6,7 
0,0,16 0,791 - -  1,9 - -  

338 0,788 0,788 39 35 
3,2,11 0,783 0,783 189 180 

419 0,779 - -  4,5 - -  

Kristal lographische Daten 

Die  P u l v e r a u f n a h m e n  v o n  La2NiO 4 l iessen s ieh t e t r a g o n a l  
ind iz ie ren .  Die  G i t t e r k o n s t a n t e n  w u r d e n  m i t  e iner  d u r c h  
NaC1 gee i ch t en  D e b y e - S c h e r r e r  A u f n a h m e  ( K a m e r a -  
d u r c h m e s s e r  114,5 ram.)  m i t  Cu K a - S t r a h l u n g  b e s t i m m t  
zu : 

a ---- 3 ,855±0,001,  c = 12 ,652±0,003 A .  

Die  p y k n o m e t r i s c h e  D i c h t e  w u r d e  zu  6,92 g .cm.  -a ge- 
f u n d e n ;  die  r b n t g e n o g r a p h i s c h e  e r r e c h n e t  sich zu 7,07 
g .cm.  -s,  w e n n  m a n  2 Molekfi le  La2NiO 4 pro  E l e m e n t a r -  
zelle a n n i m m t .  

E s  w e r d e n  n u r  die  ffir e in  r a u m z e n t r i e r t e s  G i t t e r  ge- 
f o rde r t en  Ref lexe  h - i - k + l  = 2n ge funden .  I n  Ana log ie  
m i t  de r  K u N i F a - S t r u k t u r  w e r d e n  die  P u n k t l a g e n  n a c h  
Balz  & P l i e t h  angese t z t  : 

+0, 0, o; ½,½,½ 
2Ni in  0,0,0; 
4 L a  in 0 , 0 ,  z; 0 , 0 , ~ ;  
4 0  in  0 , 0 ,  z; 0 , 0 , ~ ;  
4 0  in ½,0,0; 0,½,0. 

Bei der  B e r e c h n u n g  de r  In tens i t~ t ten  e rg ib t  s ich ke ine  
be f r i ed igende  U b e r e i n s t i m m u n g  m i t  den  e x p e r i m e n t e l l e n  
W e r t e n  bei  V e r w e n d u n g  der  y o n  Balz  & P l i e t h  ange-  
gebenen  P a r a m e t e r ,  ffir die  von  ihnen  u n t e r s u c h t e n  Ver-  
b i n d u n g e n  b e n u t z t  w u r d e n .  Die  In tens i t i~ ten  w u r d e n  
d a h e r  m i t  Cu K a - S t r a h l u n g  ira D i f f r a k t o m e t e r  m i t  e i n e m  
Scin t i l l i sa t ionsz~hler  gemessen  u n d  die  P a r a m e t e r  aus  
den  auf  die  f ibliche Weise  d a r a u s  e r r e c h n e t e n  S t r u k t u r -  
a m p l i t u d e n  der  Ref lexe  00/, 10/, 11/ u n d  21/ b e s t i m m t .  
B a b e l  w u r d e  e in  m i t t l e r e r  T e m p e r a t u r f a k t o r  
exp ( - - B  sin 2 0/22) v e r w e n d e t ,  dessen  B e s t i m m u n g  zu- 
s a m m e n  m i t  der  N o r m i e r u n g  de r  S t r u k t u r a m p l i t u d e n  
fiber die  Ref lexe  hk0 erfolgte .  F i i r  B e rgab  sich de r  W e r t  
0,428 /k s. Als K r i t e r i u m  fiir die  U b e r e i n s t i m m u n g  de r  
b e r e c h n e t e n  u n d  e x p e r i m e n t e l l  b e s t i m m t e n  S t r u k t u r -  
a m p l i t u d e n  w u r d e  die  F u n k t i o n  •(_Fexp.--Fber.) 2 ange-  
sehen,  die  fiir fo lgende  W e r t e  ihr  M i n i m u m  e r r e i ch t :  

ZLa-- 0 ,360±0 ,001 ;  Zo---- 0 , 1 7 0 ± 0 , 0 0 5 .  

I n  der  Tabel le  1 s ind  die b e r e c h n e t e n  u n d  b e o b a c h t e t e n  
d - W e r t e  u n d  I n t e n s i t ~ t e n  z u s a m m e n g e s t e l l t ;  auf  die  
A n g a b e  de r  n i c h t  in a l len  F~l len  e indeu t i g  m b g l i c h e n  
Auf t e i l ung  der  b e o b a c h t e t e n  I n t e n s i t ~ t s w e r t e  s ich fiber- 
l a p p e n d e r  Ref lexe  w u r d e  ve rz i ch t e t .  

22* 
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Die Verb indung  La~.Co04 ist or thorhombisch defor- 
mier t .  Die Gi t t e rkons tan ten  sind 

a = 5,539, b = 12,66, c = 5,482 ~ .  

Fi i r  die monokl ine  Pseudozelle,  aus der  der Zusammen-  
hang  mi t  der  t e t ragona len  Zelle besser hervorgeht ,  ergibt  
sich 

a - - - -c -=  3,897, b = 12,66 /~ und  ~ =  90 ° 36'. 
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Dimaras  (1957) recent ly  s tudied the s t ructure  of an- 
hydrous  nickel  sulphate,  establishing an or thorhombic  
space group Cmcm, with  a 0 -  5.155, b 0 ----7.842, Co-- 
6.338 /~, Z ---- 4. The equivalent  positions for S and  O 
were established on the  basis of s y m m e t r y  and  crystal- 
chemis t ry  configurat ion considerations,  and  were finished 
by  t r ia l  and  error. Table 1 in Dimaras '  paper  gives 

Table 1. Atomic parameters 

Atoms Given by Dimaras 
^ 

x y z 
4 Ni  0 0 0 
4 S 0 0.36 ¼ 
8 0 i  0 0.25 0.05 
80r r  0.25 0.48 ¼ 

Obtained from 
Fourier projection 

r ^ 

x y z 
0 0 0 
0 0.35o ¼ 
0 0.25 0.02-0.03 

0.25 0.472 ¼ 

exper imenta l  values of the s t ruc ture  factors, as well as 
those calculated from the established atomic positions. 

F r o m  the  observed values given by  Dimaras ,  we have  
made  two Four ier  two-dimensional  syntheses in order to 
verify the  said positions and,  if possible, to refine them,  
especially for the  oxygens. If  the  me thod  of trial  and  
error is used the  relations be tween 0 and  S should be 
previously assumed, in so far as it  is not  possible to adjus t  
independen t ly  their  parameters .  We have t aken  for the  
first trials the  signs of the s t ructure  factors calculated by 
Dimaras ,  because of (i) the  great  difference of a tomic 
numbers  be tween Ni and  the other  kinds of a toms of the 
s t ructure,  and  (ii) the fact t ha t  the degree of freedom for 
the S a toms is only one, if s y m m e t r y  considerations are 
t aken  into account ,  and  hence, the F ' s  most ly  remain  
unchanged  in signs. 

c/2 

O0 ' ~ '  " " ' "b" /2  

Fig. 1. Fourier projection of NiSO 4 on (100). Contours are 
drawn at equal intervals on an arbitrary scale. 

Oi I 

Fig. 2. Structure projection of N i S O  4 o n  (100). 

Firs t  we made  the  pmm project ion on to the  plane (010), 
but  we did not  obta in  sufficiently good results on the  
positions of the  atoms,  owing to the  fact  t ha t  on ly  a few 
terms were available,  and  hence the  Four ier  synthesis  
would  not  resolve. 

On the contrary ,  the  pgm project ion on to the  plane 
(100) led to good convergence after  having made  a l inear 
synthesis  along the b axis which  enabled us to de termine  
an adequate  tempera ture-convergence  factor. Once this  
factor was in t roduced  we made  the  two-dimensional  
synthesis  ~ .  Fig. 1 shows the  Four ier  project ion 

k l 
whilst  Fig. 2 shows the  corresponding s t ructure  projec- 
tion. The positions of the oxygens Oi(x ---- 0, y ---- 0.25) 
along the  c axis cannot  be definitely established because 
of the  superposit ion of densities wi th  a s y m m e t r y  line 
normal  to the  c axis. Nevertheless,  it  seems to be reason- 
able to assign a value z = 0-02-0.03 ra ther  t han  0-05. 
On the contrary ,  in the ease of On, the  positions appear  
very  sharply,  and  give for the corresponding pa rame te r  
a value y = 0.472. In  the case of ~, y = 0"350. The struc.  
ture  obviously agrees wi th  t ha t  proposed by  Dimaras ,  
wi th  small differences in the  parameters ,  as is shown in 
Table 1. 

The errors in the pa rame te r  values thus  establ ished 
are ma in ly  due to the  error of the  observed s t ruc ture  
factors themselves.  

We are indebted  to Miss Hebe  Paolo for having k indly  
col laborated during the calculations.  
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