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A p e r o v s k i t e - l i k e  s t r u c t u r e  h a v i n g  t h e  c o m p o s i t i o n  
BasFesO21 ha s  b e e n  r e p o r t e d  as a r e su l t  of a n  inves t iga -  
t i o n  of b a r i u m - i r o n - o x y g e n  c o m p o u n d s  ( E r c h a k ,  F a n -  
k u c h e n  & W a r d ,  1946). L a t e r  t h e  B a - C o - O  s y s t e m  was  
e x a m i n e d  a n d  t h r e e  n e w  p h a s e s  were  f o u n d ;  BaCoO~.72, 
BaCoO2.a1, a n d  BaCoOe.~z. T h e  l a t t e r  ha s  t h e  p e r o v s k i t e  
s t r u e t u r o  (St rauss ,  F a n k u c h e n  & W a r d ,  1951). R a r e  e a r t h  
fe r r i t es  (Aa+B3+Oz6-) in w h i c h  i ron  ha s  a va l ence  of 
3 + h a v e  b e e n  d e m o n s t r a t e d  (Geller  & W o o d ,  1956). 
B a r i u m  m a n g a n i t e  ( J o n k e r  & v a n  S a n t e n ,  1950) a n d  
s t r o n t i u m  coba l t i t e  ( J o n k e r  & v a n  S a n t e n ,  1953) h a v e  
t h e  p e r o v s k i t e  s t r u c t u r e  w i t h  t h e  t r a n s i t i o n  m e t a l  in  a 
va l ence  s t a t e  of 4+(A2+B4+O3G- ). 

I n  v i ew  of  t h e  a b o v e  i t  was  of i n t e r e s t  to  k n o w  if a 
r e a c t i o n  c o u l d  be  f o u n d  t h a t  w o u l d  p r o d u c e  a stoi-  
c h i o m e t r i c  B a F e O  3 w i t h  t h e  p e r o v s k i t e  s t r u c t u r e .  Re-  
a c t i n g  v a r i o u s  oxides ,  h y d r o x i d e s  a n d  c a r b o n a t e s  of 
b a r i u m  a n d  i ron  has  to  d a t e  fa i led  to  p r o d u c e  a c o m p o u n d  
w i t h  t h e  p e r o v s k i t e  s t r u c t u r e .  W e  h a v e  s u c c e e d e d  in 
o b t a i n i n g  a b a r i u m - i r o n - o x i d e  w i t h  t h e  p e r o v s k i t e  s t ruc-  
t u r e  b y  m o d i f y i n g  t h e  m e t h o d  of C l abaugh ,  S w i g g a r d  & 
Gi lchr i s t  (1956). Th i s  m e t h o d  was  o r ig ina l ly  d e v e l o p e d  
to  p r o d u c e  a h i g h  p u r i t y  b a r i u m  t i t a n a t e  a n d  cons is t s  
in  p r e c i p i t a t i n g  b a r i u m  t i t a n y l  o x a l a t e  t e t r a h y d r a t e  
fo l lowed  b y  ca lc ina t ion .  

T h e  p o w d e r  d a t a  l i s ted  in  T a b l e  1 were  o b t a i n e d  w i t h  
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a Ph i l i p s  w ide  ang le  g o n i o m e t e r  a n d  Cu Ka r a d i a t i o n .  
T h e  d a t a  for  cub ic  b a r i u m  t i t a n a t e  are  i n c l u d e d  in T a b l e  1 
as a basis  for  c o m p a r i s o n .  F r o m  th i s  d a t a  i t  w o u l d  fol low 
t h a t  t h e  n e w  c o m p o u n d  is i s o s t r u c t u r a l  w i t h  cub ic  
B a T i O  3 a n d  is s t o i c h i o m e t r i c  B a F e 0 3  w i t h  i ron  in a 
va l ence  s t a t e  of 4 + . 

T h e  d e v i a t i o n  f r o m  ti le p r o c e d u r e  of C l a b a u g h ,  Swig- 
g a r d  & Gi lchr i s t  cons i s t s  in s t a r t i n g  w i t h  a r a t i o  of 
b a r i u m  to  i ron  of 1.5 to  1 i n s t e a d  of t h e  r a t i o  n e a r  1 to  1 
u s e d  w i t h  b a r i u m  a n d  t i t a n i u m .  T h e  o x a l a t e  was  pre-  
c i p i t a t e d  a t  50 °C. a n d  ca lc ined  a t  700 °C. 
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Tab l e  1. Powder data 
BaFeO S 

Intensi t ies  
hkl d a o Observed Calculated 

100 4.012 A 4.012 /k 8 14 
110 2.837 4.012 100 100 
111 2.325 4.027 18 20 
200 2.006 4.012 31 33 
210 1.788 3.998 7 7 
211 1.637 4.010 31 37 
220 1.414 3.999 15 19 
221 1.338 4-014 4 3 
310 1.272 4.022 11 16 
311 1.211 4.016 7 6 
222 1.159 4-015 4 6 

Note:  A Wilson Powder  Camera was used to determine 

BaTiO a 

Intensi t ies  
d Observed Calculated 

4.017 .~ 19 20 
2.841 100 100 
2.319 29 25 
2.009 36 33 
1.797 11 10 
1.640 41 37 
1.420 20 20 
1-339 6 4 
1.270 16 16 
1.211 8 8 
1.160 7 7 

the  d (A) values. 
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This is a report on the preparation and crystal structure 
of histamine free base (CsNaHg) and is preliminary to the 
complete molecular structure determination of the free 
base. Neither the crystal structure nor the interplanar 
spacings of anhydrous histamine free base have been 
previously reported. However, the structure of the 
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h i s t a m i n e  iod ine  c o m p l e x  (CsN3H 0 . I3) ha s  b e e n  r e p o r t e d  
b y  Can t re l l  (1961), a n d  t h e  d - spac ings  of h i s t a m i n e  ac id  
p h o s p h a t e  (CsN3H 9 . 2 HaPOd) h a v e  b e e n  p u b l i s h e d  in t h e  
X - r a y  Powder  Data  Fi le .  

Since  a s a t i s f a c t o r y  p u r i f i c a t i o n  of h i s t a m i n e  free base  
h a s  n e v e r  b e e n  r e p o r t e d ,  a p r o c e d u r e  is de sc r ibed  in de ta i l  
for  t h e  p r e p a r a t i o n  of s ingle  c rys ta l s  su i t ab l e  for  X - r a y  
c r y s t a l l o g r a p h i c  e x a m i n a t i o n .  A so lu t i on  was  p r e p a r e d  
b y  d i s so lv ing  0.35 g. of h i s t a m i n e  free base  (F i she r  
r e a g e n t ,  lo t  702338) in 100 ml .  of bo i l ing  a n h y d r o u s  
b e n z e n e .  I n s o l u b l e  p o r t i o n s  were  s e p a r a t e d ,  a n d  t h e  
s o l u t i o n  p l a c e d  in a glass  s t o p p e r e d  f lask.  Th i s  s o l u t i o n  
w as  t h e n  s e e d e d  w i t h  a smal l  a m o u n t  of h i s t a m i n e  f r o m  
t h e  or ig ina l  s ample ,  s t o p p e r e d ,  a n d  lef t  to  cool  ove r  n i g h t .  
Smal l ,  colorless,  hyg roscop i c ,  need le l ike  c rys ta l s  s e p a r a t e d  
f r o m  t h e  so lu t ion .  T h e s e  c rys ta l s  we re  f o r m e d  e l o n g a t e d  
a long  t h e  b ax is ;  t h e y  m e l t e d  a t  84 °C. w i t h  a s h a r p  me l t -  
ing  p o i n t .  E l e m e n t a l  ana lys i s  gave  t h e  r e su l t s :  c a rbon ,  
51-90%;  n i t r o g e n ,  38 .50%;  a n d  h y d r o g e n ,  8 .32%;  cor- 
r e s p o n d i n g  to  t h e  f o r m u l a  Cd.sN3Hg. A so lu t i on  of t h e  
a b o v e  c rys t a l s  in  d i s t i l l ed  w a t e r  e x h i b i t e d  a m o l a r  
a b s o r p t i v i t y  of 5380 l i ters  p e r  m o l e  p e r  cm.  a t  a w a v e  
l e n g t h  of 2080 A.  Th i s  c o r r e s p o n d s  to  t h e  va lue  of 4940 
l i ters  p e r  m o l e  p e r  cm.  r e p o r t e d  b y  B u t l e r  (1961) for  
h i s t a m i n e  as r ece ived  f r o m  t h e  suppl ie r .  T h e  p r e s e n t  
a u t h o r s  be l i eve  5380 l i ters  p e r  m o l e  p e r  cm.  is t h e  b e t t e r  
v a l u e  because  of t h e  p u r i f i c a t i o n  p r o c e d u r e .  

Crys ta l s  of a p p r o x i m a t e l y  3 r am.  l e n g t h  a n d  0.1 m m .  
w i d t h  were  se l ec ted  for  t h e  W e i s s e n b e r g  a n d  r o t a t i o n  
p h o t o g r a p h s .  T h e s e  were  i n d i v i d u a l l y  r ep r in t ed  a n d  sea led  
in L i n d e m a n n  glass t ubes .  T h e  W e i s s e n b e r g  p h o t o g r a p h s  
were  t a k e n  w i t h  t h e  b axis  p e r p e n d i c u l a r  to  t h e  i n c i d e n t  
Co K a  X - r a d i a t i o n .  T h e  rec ip roca l  l a t t i ce  was  con-  
s t r u c t e d ,  a n d  f r o m  th i s  t h e  u n i t  cell was  s h o w n  to  be  
m onoe l i n i e .  

T w o  t e c h n i q u e s  were  e m p l o y e d  in t h e  p r e p a r a t i o n  of 
s a m p l e s  u s e d  for  p o w d e r  p a t t e r n  ana lys i s .  (1) A sma l l  
c ry s t a l  was  g r o u n d  b y  t h e  m e c h a n i c a l  a g i t a t i o n  of a glass 
r o d  ins ide  a L i n d e m a n n  glass  t u b e  of 0.2 r am.  d i a m e t e r  
a n d  0-01 m m .  wal l  t h i c k n e s s  a n d  t h e n  sealed.  (2) A s a m p l e  
of m o l t e n  h i s t a m i n e  was  a l l owed  to  cool  s lowly  in a s imi la r  
t u b e  a n d  crys ta l l ize  in to  a p o l y c r y s t a l l i n e  solid.  T h e  s a m e  
p a t t e r n s  were  o b t a i n e d  f r o m  b o t h  s a m p l e  p r e p a r a t i o n  
t e c h n i q u e s ;  h o w e v e r ,  t h e  p o l y c r y s t a l l i n e  solid was  pre-  
f e r r ed  b e c a u s e  t h e  sma l l e r  c rys t a l l i t e  size gave  m o r e  
u n i f o r m  d i f f r ac t i on  r ings  in t h e  p h o t o g r a p h s .  T h e  p o w d e r  
patterns were taken with a 143-25 mm. diameter camera 
using Cu Ka radiation. Intensities and d-spacings of the 
observed lines are listed in Table I. 

The equatorial and first layer Weissenberg photographs 
showed the crystals to be monoelinic and gave the values 
of a, c, and fl listed in Table 2. To determine the true 
value of the b axis, trial calculations of the d-spacings 

were performed using multiples of the value observed 
f r o m  t h e  r o t a t i o n  p h o t o g r a p h s .  T h e s e  d - spac ings  were  
t h e n  c o m p a r e d  w i t h  t h e  d - spac ings  o b s e r v e d  f r o m  t h e  

T a b l e  1. Powder  data f o r  anhydrous  h i s tamine  free base 

hkl / (exp.)  d(exp.) d(calc.) 
100 m 7.042 6.998 
120 vw 5.175 5-159 
021 s 4-453 4-446 
121 vs 4.168 4-156 
040 vw 3.814 3.819 
140 - -  - -  3-379 
20i  s 3.343 3-354 
220 - -  - -  3.181 
041 w 3-140 3-131 
22i  vw 3-088 3.061 
141 w 3.021 3-023 
201 - -  - -  2.659 
122 vw 2.635 2-615 
241 - -  - -  2.597 
240 vw 2.577 2-580 
022 - -  - -  2.573 
221 vw 2.524 2-510 
142 w 2.258 2.256 
122 - -  - -  2.250 
103 - -  - -  1.883 
222 vw 1-875 1-873 
023 w 1.776 1.773 

p o w d e r  p a t t e r n s .  B y  th i s  p r o c e d u r e  t h e  b axis  was  f o u n d  
to  be  15.28 + 0 . 0 2  • or  twice  t h a t  in i t i a l ly  o b s e r v e d  in  
t h e  r o t a t i o n  p h o t o g r a p h s ;  t h u s  t h e  s y s t e m a t i c  ab sence  
of all r e f lec t ions  w i t h  k equa l  to  an  o d d  i n t e r g e r  occur .  
T h e  v o l u m e  of t h e  u n i t  cell is 605-6/~3. I f  fou r  m o l e c u l e s  
are  a s s u m e d  p r e s e n t  in  each  u n i t  cell, t h e  c a l c u l a t e d  
d e n s i t y  is 1.22 g r a m s  p e r  cub ic  c e n t i m e t e r .  A d e n s i t y  
of 1.20 g r a m s  p e r  cubic  c e n t i m e t e r  was  d e t e r m i n e d  b y  
f l o t a t i o n  in e t h y l b e n z o a t e - i o d o b e n z e n e  m i x t u r e s .  F o r  a 
m o n o c l i n i c  cell c o n t a i n i n g  fou r  mo lecu l e s  a n d  s y s t e m a t i c  
absences  w h e n  k is a n  o d d  in teger ,  t h e  i n d i c a t e d  space  
g r o u p  is P 2 j m .  

Tab le  2. Latt ice constants f o r  anhydrous  h i s tamine  
free base 

a =  7.23_+ 0-06 A V =  605.6 + 1-6/~3 
b---- 15.28_+0.02 A 29(exp.) =1 .20  g.cm. -3 
c---- 5.63_+0"09/k D(calc.) = 1.22 g.cm. -3 
fl---- 104.5 _+ 0.4 ° Z----4 molecules per uni t  cell 

Th i s  w o r k  was  s u p p o r t e d  b y  f u n d s  g r a n t e d  b y  t h e  
P u b l i c  H e a l t h  Service ,  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  
B e t h e s d a ,  Md. ,  u n d e r  g r a n t  n u m b e r  E-1354(C6) .  
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