
S t t O R T  C O M M U N I C A T I O N S  95 

Acta Cryst. (1953). 6, 95 

The external shape of antimony oxide (Sb203) formed on the cleavage surface of stibnite. 
By MAS~V WATA_NA_BE and RYvzo ~ffEDA, Laboratory of Electron Microscopy, Waseda University, Tokyo, Japan. 

(Received 25 August 1952) 

By means of electron diffraction, Miyake (1938) has 
established the following facts on the growth of an t imony  
oxide (Sb203) upon the cleavage surface of s t ibnite  
(Sb203): (i) the [110] axis of the oxide is parallel to the 
[001] axis of the s t ibnite;  and (ii) the oxide grows into 
a protrusion having an external  shape bounded by  two 
well developed octahedral  planes ( l l l )  and (111), and 
by less developed planes ( l l l )  and  ( l l i ) ,  as shown in 
Fig. 1. 

The la t ter  conclusion was deduced from the s tudy of 
the fine structure in the electron-diffraction pat tern ,  
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Fig. 1. The external shape of the antimony oxide deduced 
from electron diffraction (Miyake, 1938). 

taking account  of the refraction a t  the boundary  surfaces 
and  the external  shape. I t  seemed interest ing to confirm 
this conclusion direct ly by  means  of electron microscopy. 

A fresh cleavage surface of st ibnite was oxidized by 
heat ing in air a t  280 ° C. for 20 min.,  which is, according 
to Miyake, the most  favourable condit ion for this form 
of growth of the oxide. The oxidized surface was in- 
vest igated by  the replica method.  A step replica (Wyckoff 
1949), utilizing a solution of 1.5% nitrocellulose dissolved 
in amylacetate ,  was found to be the best. The electron 
micrograph obtained is reproduced in Fig. 2. 

I t  clearly shows roof-like oxide protrusions of dimen- 

sions about  2-4 # (length) and 0"1-1 tt (width) in relief 
against  the flat  substrate  and  growing near ly  parallel to 

Fig. 2. The electron micrograph of the roof-like oxide formed 
on the cleavage surface of the stibnite. 

one another .  This agrees well wi th  the conclusion men- 
t ioned above. As far as our electron micrograph is 
concerned, however, the shape of the oxide protrusion 
does not  seem so clean-cut as indicated in Fig. 1, showing 
t ha t  the top edge of the roof is somewhat  round. This 
rounding cannot  be due to the  lack of faithfulness in 
the replica, since we can find the well defined edge at 
the bo t tom of the protrusion.  

The authors  express their  sincere thanks  to Professors 
S. Miyake and G. Honjo  for their  kind suggestion and 
advice. 

R e f e r e n c e s  
MZYA~E, S. (1938). Sci. Pap. Inst. Phys. Chem. Res. Tokyo, 

34, 565. 
WYCKOFF, R. W. G. (1949). Electron Microscopy. New 

York:  Interscience Publishers. 

Acta Cryst. (1953). 6, 95 

An incorrect expression in the literature for the electron density in a crystal. B y  R.  G. HOWELLS, 
Viriamu Jones Laboratory, University College, Cardiff, Wales 

(Received 3 September 1952) 

The electron densi ty at  any  point  in the uni t  cell of a 
crystal  is given, in the usual nota t ion,  by  the Fourier  
series 

Q(x, y, z) = 
1 +co 
-- ~ ~  Fhk l COS {2n(hx/a+ky/b+lz/c)--6hkz} . (I) 
V h k  ~ 

- - 0 0  

James  (1948) and  Bragg (1929) quote, in addi t ion to (1), 
the  expression 

~(x, y, z) ---- 

"~h''~k~AhkzCOS( 2~hx a - -  6h) cos(2~ ~ - -  6k) cos(2~ c _ 6 , )  , 1- 

(2) 

in which axes a, b and c are not  in general rectangular .  
Nei ther  James  nor  Bragg uses (2) bu t  each develops (1) 
wi thout  apparen t ly  realising tha t ,  in general, (1) and (2) 
are not  identical ly equal but  only become so for certain 
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combinations of s y m m e t r y  elements. Each  te rm in (2) 
gives sinusoidal var ia t ions of dens i ty  in directions 
parallel to the three axes only, whereas each t e rm in (1) 
gives sinusoidal var ia t ions  in all directions. 

Expression (2) was originally given by  Eps te in  & 
Ehrenfes t  (1924); Compton (1926) correlated Ahkz wi th  
Fh~.l/ I'. 

Duane  (1925) showed t h a t  for sodium chloride ~h ---- 
6~. ---- 61 ---- 0, since sodium chloride crystals  possess three 
mutua l ly  perpendictflar mirror  planes. For  such a crystal  
expression (2) reduces to 

~(x, y, z) = 
1 +co 
T.- ~ ~  F~.~ cos 2~z hx/a cos 2z~ ky/b cos 2~z lz/c . (3) 
" h b 

- - c O  

This was the  expression used by  Hav ighurs t  (1925a, b, 
1926, 1927) in invest igat ing the s t ructure  of sodium chlo- 
ride and other crystals.  For sodium chloride 6hkZ also is 
zero and  Fhkz -~ F~kt---- Fh~z = Fhk~. Hence,  by  combinat ion 
of the Fourier  terms corresponding to these coefficients, 
expression (1) also reduces to (3) (Compton & Allison, 
1935). The expression used by  Duane  and  Havight t rs t  
was therefore correct, a l though derived from the in- 
correct form (2). 

Other conditions for which (1) and  (2) will reduce to 
a common form are possible, bu t  arise only from certain 
combinations of s y m m e t r y  elements which are not  present  
in the general case. 
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The orientation relationships between cementite and a-iron. By N. J. PETCH, Leeds University, 

England (Received 27 September 1952) 

An examinat ion  of the precipi tat ion of cementi te  in the 
tempering of martensi te ,  which the present  au thor  hopes 
to publish in detail  later, is re levant  to the recent paper 
under  this  t i t le  by  Tril lat  & Oketani  (1952). 

In  martensi te ,  the c.p. hexagonal  e-carbide occurs 
t rans i t ional ly  in the precipi ta t ion (Jack, 1951). The best 
s t ructural  fit between cementi te  and  e-carbide, and a 
very  good one a t  tha t ,  is given by  (001) FezC I[ (112) e, 
[100] Fe3C II [110] e. Also, in spite of the apparen t  com- 
p lexi ty  of cementite,  the difference between the two 
structures lies s imply in the s tacking and spacing apar t  
of (112) e and the planes parallel to (00l) FezC. Cementi te 
has mirror planes at  z = ±¼ and this s tacking can be 
obtained by  a heterogeneous twinning  of (112)e in the 
[1T1 ] direction. Pr ismatic  interstices are generated on the 
mirror  planes and  the carbon atoms migrate  into these 
interstices (there is probably  also some rejection of car- 
bon). This accommodat ion of the carbon atoms does not  
require any  displacement of the iron atoms in the same 
plane, bu t  the spacing apar t  of the planes becomes un- 

equal, depending upon whether or not there is carbon- 
iron contact  between them. Thus, i t  appears probable 
tha t  (001) Fe3C [I (112) e will give the cementite-e-car- 
bide orientat ion because of both  the good s t ructural  fit 
and  the simplici ty of the s t ructural  relat ionship in this 
orientation. 

e-Carbide forms stringlets,  whereas cementi te  forms 
platelets (Jack, 1951), so the cementi te  mus t  eventual ly  
grow out  of the  e-carbide into the iron sell4 solution. 
By  tha t  t ime, the precipi ta te  m a y  have broken away  from 
the mat r ix  and its growth will then  be independent  of the 
s t ructural  f i t ;  if, however, break away  has  not  t aken  

place, a slight distort ion will make (001) FeaC parallel to, 
and in register with,  the a-iron planes corresponding to 
(112) e. These a-iron planes belong to the two cubic forms 
(112) and (125) and the following are representat ive 
or ientat ions:  

(001) FeaC II (211) a ;  [100] Fe3C [] [011] a;  

(001) FeaC II (215) a;  [100] FeaC ]] [311] a .  

Precipi ta t ion from ferrite, instead of martensi te ,  pos- 
sibly involves e-carbide, bu t  there m a y  be direct nuclea- 
t ion of cementite.  I n t h e  la t ter  case, i t  appears reasonable 
to suppose t h a t  the or ientat ion m a y  again be given by  
(001) Fe3C on {112} a or {125} a since these provide the 
best  interracial fits;  t ha t  wi th  (112} a is possibly ra ther  
the bet ter  and m a y  be preferred. 

Tri l lat  & Oketani,  in their  single crystals  of iron 
carburised a t  500 ° C., found (111) FeaC II ( 0 0 1 ) a ,  
(151) FeaC ]l (110)a.  These planes do not  themselves 
represent  any  close s t ructural  fit, bu t  this  or ientat ion 
corresponds ~lm0st exactly with the fit of (001) FosC 0n 
(112}a. The occasional occurrence of the orientat ion 
(100) FeaC I[ (001) a, (010) FesC II (100) a was also 
detected and this m a y  be due to the ra ther  special na ture  
of their  specimens. These were th in  films wi th  (001) 
faces, so the second orientat ion possibly represents sur- 
face nucleation wi th  (100) Fe3C fi t ted to (001)a.  

R e f e r e n c e s  

JACK, K. H.  (1951). J.  Iron Steel Inst.  169, 26. 
TRILLAT, J .  J .  & OKETANI,. S. (1952). Acta Cryst. 5, 469. 


