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Table  2 

Outer electronic Most probable* 
Cations r (A) configuration bond formation 

Cd -~÷ 0.97 4d TM sp a 
Mn 9+ 0.91 3d 5 sp a 
Mn 3+ 0-62 3d 4 dsp ~ 
Mg 9+ 0-78 2p 6 Electrovalent  
Zn 9+ 0.78 3d 10 8p a 
Co ~+ 0-82 3d ~ spa; dsp ~ 
Fo ~+ 0-82 3d 6 ~p3; d~spa 
Fe ~+ 0.60 3d ~ sp a 
Cu ~+ 0-96 3d ~° sp a 
Cu ~+ 0.70 3d ~ dsp 2 
Ni ~+ 0-78 3d s dsp ~ 

* Goodenough & Loeb (1955). 

sites,  some Mn 3+ ions be ing  d isp laced  f rom oc t ahed ra l  
sites. 

T h e  occur rence  of cubic  s y m m e t r y  w i t h  a n o r m a l  
ca t ion  a r r a n g e m e n t  of copper  m a n g a n i t e  is c o n t r a r y  to  
e x p e c t a t i o n  since, of all  t he  me ta l s  in t he  first  t r ans i t i on  
series,  Cu 2+ has  t h e  s t ronges t  square  (dsp ~) bond- fo rming  
power  a n d  shou ld  occupy  an  oc t ahed ra l  site, t hus  m a k i n g  
t h e  s t r uc tu r e  inverse  a n d  the  s y m m e t r y  t e t r agona l .  The  
resu l t  can  easi ly  be exp la ined  on the  basis of an  e lec t ron  
t r ans fe r  process 

e - -  

Cu ~+ + Mn a+ -> Cul+ + Mn 4+ 

occur r ing  u n d e r  t h e  e x p e r i m e n t a l  condi t ions  and ,  as a 
resul t ,  t he  Cu ~+ ions fo rmed  occupy  t e t r a h e d r a l  sites 
(Table 2), t he  resu l t ing  s t r uc tu r e  be ing  no rma l .  F u r t h e r -  
more ,  in t he  un i t  cell of Cul+[Mn3+Mnd+]O~-, t he  8Mn 4+ 
ions (3d a) fo rm six equ iva l en t  oc t ahed ra l  d2sp 3 bonds  
a n d  t h e  8 Mn 3+ ions dsp 2 square  bonds .  The  stress pro-  
d u c e d  b y  the  Mn 3+ ions, w h i c h  occupy  on ly  25% of t h e  
oc t ahed ra l  l a t t i ce  sites, is no t  suff icient  to  cause a n y  
observab le  d i s to r t ion  in t he  macro -c rys t a l .  

The  inverse  s t r u c t u r e  of n ickel  m a n g a n i t e  shows the  
s t ronger  t e n d e n c y  for Ni  *+ ions to occupy  oc t ahedra l  sites. 
:However,  if t he  Ni  2+ ions also form dsp 2 bonds ,  all t he  
oc t ahed ra l  ions t e n d  to  d i s tor t  t he  la t t ice ,  a n d  t h e  
observed  cubic  s y m m e t r y  is t h u s  anomalous .  This  m a y ,  

however ,  be exp la ined  in one of t he  fol lowing w a y s :  
(i) Ni  2+ ions fo rm six equ iva l en t  bonds  of t h e  t y p e  
3d2dsdp z b y  p r o m o t i n g  two  3d e lec t rons  to  h igher  5s 
level  or 4s4pa4d 2 hybr id i zed  orbi ta ls  in t he  o c t a h e d r a l  
s i te;  (ii) t he  g roup  of four  p l ana r  dsp 2 bonds  due  to  Mn a+ 
a n d  Ni  9+ ions fo rming  t e t r agona l l y  d i s to r t ed  o c t a h e d r a  
o r ien ted  in t h r ee  m u t u a l l y  pe rpend icu la r  d i rec t ions ;  or 
(iii) a c o m p o u n d  Mn2+[Ni~+Mnd+]O~ - fo rmed  as a resul t  
of t he  e lec t ron  t r ans fe r  process,  2 Mn a+ --> Mn~+~-Mn 4+. 
The  cubic  s y m m e t r y  can t hen  be exp la ined  as in t h e  case 
of Cu 1+ [MnZ+Mnd+]O~ - .  

I n  the  case of i ron m a n g a n i t e ,  it is no t  possible to  
d e t e r m i n e  t h e  ca t ion  a r r a n g e m e n t  f rom the  X - r a y  d a t a  
because  of t he  nea r ly  equal  sca t t e r ing  power  of t he  two  
cat ions .  :However,  since c/a is a lmos t  equa l  to  u n i t y ,  it  
can  be  infer red  t h a t  a t  oc t ahed ra l  sites an  apprec iab le  
por t ion  of Mn 3+ ions have  been  rep laced  b y  cat ions  form-  
ing six equ iva l en t  bonds .  I t  is l ikely  t h a t  an  e lec t ron  
t rans fe r  process  

e -  

F e  e+ + Mn a+ -> Fen+ + Mn 2+ 

occurs  so t h a t  a c o m p o u n d  F~.a+Mni+[FAg"+Mn3+](~ ~- 
~ 0 . 5  " ' ~  0 .5  ~ 0 . 5 ~ ' ~ 1 . 5 ~ 4  

wi th  an  a lmos t  r a n d o m  t y p e  of s t r uc tu r e  is fo rmed .  
F u r t h e r  w o r k  is u n d e r  progress  and  t h e  de ta i l ed  

resu l t s  will  be  pub l i shed  la ter .  

W e  are  gra te fu l  to Prof .  G. I .  F i n c h  for his  va luab le  
advice  and  c o n t i n u e d  in teres t  in th is  work .  W e  also t h a n k  
Mr J .  S. Gujra l  for  his help  in the  expe r imen ta l  work .  
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The  mos t  i m p o r t a n t  rock- fo rming  pyroxenes  occur  in t he  
ternary system MgSi03-FeSiQ-CaSiQ, with less than 
50% CaSiOa; a m i n o r  a m o u n t  of r e p l a c e m e n t  by  o the r  
ca t ions ,  n o t a b l y  a l u m i n i n m ,  is usual .  Over  m o s t  of th is  
field the  py roxenes  are  monocl in ic ,  a l t h o u g h  a t  less t h a n  
5% CaSiO 3 a n  o r t h o r h o m b i c  modi f i ca t ion  is the  more  
s table  form.  All c l ino-pyroxenes  are  v e r y  s imilar  in 
s t r uc tu r e  to diopside,  CaMg(SiO3) ~, wh ich  has  the  space 
g roup  C2/c ( ~ a r r e n  & Bragg,  1929; ~ a r r e n  & Biscoe, 
1931). Those  w i th  compos i t ions  fall ing inside t he  t r ape-  
z ium CaMgSi206-CaFeSi206-FeSiO3-MgSiO a are  d iv ided ,  
o n  t he  basis of the i r  opt ica l  p roper t ies ,  in to  augi tes  a n d  
p igeoni tes :  r o u g h l y  speak ing  augi tes  con ta in  more  t h a n ,  

a n d  pigeoni tes  less t h a n ,  20% CaSiO a. The re  is a solid- 
solubility gap at low t e m p e r a t u r e s  b e t w e e n  aug i te  a n d  
pigeoni te ,  the  va r i a t i on  of t he  solubil i t ies of one com- 
p o n e n t  in t h e  o the r  be ing  t e m p e r a t u r e  d e p e n d e n t ;  t hus  
aug i te  wh ich  has  crys ta l l ized  a t  a fa i r ly  h igh t e m p e r a t u r e  
m a y  p rec ip i t a t e  lamel lae  of p igeoni te  on slow cooling in 
t h e  ea r th ' s  crust ,  a n d  s imi lar ly  p igeoni te  c rys ta ls  of ten  
con ta in  augi te  lamel lae .  Mor imoto  (1956) has  r e c e n t l y  
e x a m i n e d  such a lamel la r  aggrega te ,  a n d  has  found  t h a t  
t he  cell d imens ions  of the  p igeoni te  are  ve ry  s imilar  to  
those  of t he  augi te ,  t h a t  t he  two phases  have  the  direc-  
t ions  of t h e  x a n d  y axes in common ,  a n d  t h a t  whe rea s  
the  space g roup  of t he  augi te  is C2/c, t h a t  of the  p igeoni te  
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is P21/c. For future reference we will t e rm the  reflexions 
with h + k even, given by  both  phases, class (a) reflexions, 
and  those wi th  h + k  odd, given only by the pigeonite, 
class (b) reflexions. 

Before learning of Morimoto's work we had examined 
pigeonites from several localities, and had also established 
the  primit ive lattice, and the orientat ion of the two phases 
in lamellar intergrowths:  we have subsequent ly confirmed 
the space group. Further ,  for some of the  specimens the  
class (b) reflexions from pigeonite were observed to be 
slightly, but  definitely, diffuse compared with those of 
class (a). The reason for this is not  yet  known;  there is 
no obvious correlation of the  diffuseness either with the 
composit ion or with the probable thermal  state sepa- 
rately. For a given rock both  the pigeonite in the 'augite '  
crystals and tha t  in the  'pigeonite'  crystals are consistent 
in respect of this diffuseness. One volcanic pyroxene,  
a pigeonite described by Hal l imond (1914) occurring as 
small rounded crystals in an andesitic pi tchstone from 
Mull, has been examined.  This rock has been cooled so 
quickly tha t  no augite has precipitated from the 
pigeonite. The space group is again P21/c, and the  class 
(b) spots are slightly diffuse, but  no more so than  for 
several of the  slowly cooled pigeonites. I t  seems, there- 
fore, tha t  the primit ive lattice is not  a proper ty  of a low- 
tempera ture  form of pigeonite only. Prel iminary heat ing 

experiments  have confirmed this;  a single crystal showed 
no obvious change in intensi ty  of the  class (b) reflexions 
after being hea ted  a t  1000 ° C. for 2 days, followed by  
rapid cooling in air. 

I t  was further  not iced tha t  the  class (a) spots from 
the pigeonite and  augite were joined by a streak on the  
photographs for some lamellar specimens, but  not  for 
others. This streak is presumably caused by a gradual 
change in cell dimensions at  the junct ion of the  lamellae 
and  the  host  crystal. There is no correlation between the  
intensi ty of the  streak and the diffuseness of the class (b) 
reflexions. For  the  l imited number  of specimens examined 
it appears tha t  the  streak is strong if the  lamellae are 
relatively coarse, and  absent  if they  are very fine. 

Fur ther  work is in progress. We would like to thank  
Dr N. Morimoto for making  his results available to us 
before publication. 
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N o t e s  a n d  N e w s  

Announcements and other items of crystallographic interest will be published under this heading at the discretion of the 
Editorial Board. Copy should be sent direct to the British Co-editor (R. C. Evans, Crystallographic Laboratory, 
Cavendish Laboratory, Cambridge, England). 

A cta Crystallographica 
For  the  convenience of subscribers who prefer to bind 
the  annual  volume in two sections a title page for the 
period J a n u a r y - J u n e  1957 is enclosed with this issue. 
A corresponding title page for the period Ju ly -December  
1957 and also a t i t le page for the whole year will be 
dis t r ibuted with the December issue. 

Crystallographic studies of perovskite- l ike 
compounds.  IV: correction 

In  the above article by S. Geller (Acta Cryst. (1957), 10, 
243) the author  requests tha t  on p. 247 the  three sentences 
'Yakel has also examined . . .  compound by solid-solid 
reaction'  be deleted. 

Conference on Scientific Information 
An international  conference on Scientific Informat ion 
will be held in Washington,  D.C., U.S.A., in November  
1958. This Conference is being sponsored by the National 
Academy of Sciences-National Research Council of the  
U.S.A., the National  Science Foundat ion  and the  Amer- 
ican Documenta t ion  Inst i tute .  The areas covered by  the  
agenda of the conference are the following: 

(1) Requirements  of scientists for scientific l i terature 

and  reference services: knowledge now available and 
methods  of ascertaining their  requirements .  

(2) The function and  effectiveness of abstract ing and  
indexing services for storage and retrieval of scien- 
tific information. 

(3) Effectiveness of scientific monographs,  compendia,  
and  specialized information centres in meet ing  the  
needs of scientists:  present  t rends and new and 
proposed techniques and types of services. 

(4) Organization of information for storage and search: 
comparat ive characteristics of existing systems. 

(5) Organization of knowledge for storage and retro- 
spective search: intellectual problems and equip- 
m e n t  considerations in the  design of new systems. 

(6) Organization of information for storage and retro- 
spective search: possibility for a general theory  of 
storage and search. 

(7) Responsibilities of governmenta l  bodies, professional 
societies, universities, and research and industrial 
organizations to provide improved information ser- 
vices and  to promote  research in documentat ion.  

Persons who wish further  information concerning the  
conference are requested to write to the  Execut ive  
Secretary, Dr Alberto F. Thompson,  National  Academy 
of Sciences, 2101 Consti tution Avenue,  Washington 25, 
D.C., U.S.A. 


