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In  the past  few years  increasing use has been made  of 
Fourier  potent ia l  maps  der ived from electron diffraction 
da ta  for the elucidat ion of crystal  s tructures.  Yet ,  the 
information available on X- ray  peak shapes, for example 
quant i ta t ive  da ta  on the effects of da ta  cut-off and 
thermal  motion,  is far more extensive than  is the informa- 
tion available on electron diffraction peak shapes. In  
this note  we first point  out  t ha t  it is possible from a 
considerat ion of the relative variat ions wi th  scat ter ing 
angle of electron and X-ray  scat ter ing ampli tudes  to 
make  some useful qual i ta t ive  predictions concerning 
potential  peak shapes from a knowledge of electron 
densi ty  peak shapes. We also consider the relative heights 
of heavy  a tom and light a tom electron densi ty  and 
potent ial  peaks, and  provide a theoret ical  basis for the 
exper imental  fact that ,  o ther  factors being equal, the 
detect ion of light a toms in the presence of heavy  atoms 
is easier wi th  electrons than  with X-rays.  

The electrostatic potent ia l  9 of an isolated, spherically 
symmetr ic ,  neutra l  a tom is re la ted to the electron scat- 
tering ampl i tude  re(s) by the relation 

~ 0 

= ( K / 2 ~ )  ,~0 fe (s) exp [ - Bs2/16~ 2] ((sin sr)/sr)seds. 

Here,  if fe is in d and ~ volts, then K has the value 
47.87 v.A ~. In  the equat ion s is the usual variable 
(4~/~.) sin 0, where  0 is the Bragg angle. The t empera tu re  
factor B has its usual meaning.  The effects of da ta  
cut-off (s0#c~) and  of thermal  mot ion (B4  0) can be 
computed  from the above equat ion by numerical  integra- 
tion, if quant i t a t ive  informat ion is desired. On the other  
hand,  the above equat ion is the direct  analogue of the 
expression be tween  electron densi ty  and the X-ray  
scat ter ing ampl i tude  (with K = 1). Consider a ' scat ter ing 
ratio'  f(s)/f(O), where the ratio is ei ther  of the electron 
or X- ray  scat ter ing ampli tudes.  (In the X- ray  case this 
scat ter ing ratio is wha t  Ha rke r  & Kasper  (1948) call the 
'un i ta ry  a tomic s t ruc ture  factor' .)  In  the range of s of 
interest  (s < 10 /~-~) it is usually possible, par t icular ly  
for a heavy  atom, to relate the electron scat ter ing ratio 
of a given a tom to the X-ray  scat ter ing ratio for the 
carbon a tom through a single artificial t empera tu re  
factor. In  Fig. 1 we show tha t  the electron scat tering 
ratios for C, I-I, and  W lie between the X-ray  scat ter ing 
ratios for C and  H. I t  is possible, with reasonable ac- 
curacy,  to fit the  electron scat ter ing ratios for C and H 
by modifying the X-ray  scat ter ing ratio of C by an 
artificial t empera tu re  factor of 1.8 A 2, and to fit the  
electron scat ter ing ratio of W by modifying the X-ray  
scat ter ing ratio of C by an artificial t empera tu re  factor 
of about  0.9 /~2. From these empirical results and from 
the general na tu re  of the equat ion above, which applies 
in equivalent  form to both  the X- ray  and electron dif- 
fraction case, it is possible to carry over X- ray  results 
on peak shapes to electron diffraction. As an example,  
it is a well-known empirical  result tha t  the center  of an 
electron densi ty  peak can be approximated  by a Gaussian 
ftmction. I t  follows from above tha t  it should be possible 

to approximate  the center  of a potent ia l  peak by a 
Gaussian. Such a possibility has apparen t ly  no t  been 
noted previously in electron diffraction work. Moreover, 
it is known tha t  in the X-ray  ease the  distance from the  
center  over which the Gaussian approximat ion holds is 
greater  the greater  the thermal  motion.  Since most 
electron scat ter ing ratios lie below the X-ray  carbon 
scat ter ing ratio, the range of fit of the Gaussian approx- 
imation should be greater,  for a given cut-off, in the 
electron diffraction case. This prediction may  be verified 
by calculation. As a second example,  we showed recently 
(Ibers, 1961) tha t  the electron count  of the carbon atom 
oscillates with distance from the center  of the peak, 
the higher the thermal  motion the less severe the oscilla- 
tion, and indeed the electron count  exceeds the theoretical  
limit for certain cut-offs and t empera tu re  factors. The 
analogous electron diffraction quant i ty ,  the total  poten- 
tial, also should show oscillation, bu t  such oscillation 
should be less severe than  in the X- ray  case. Final ly  we 
noted previously tha t  electron densi ty peaks are sm'- 
prisingly diffuse, only about 75% of the electrons of the 
carbon a tom lie within a sphere of radius 1 A surrounding 
the nucleus. I t  follows from the results sho~m in Fig. 1 
tha t  potent ia l  peaks will be similarly diffuse. 
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Fig. 1. Scattering ratios as a function of s. The solid lines 
are for fx(s)/Z (X-ray ease), the dashed lines for fe(s)/Je(O) 
(electron ease). 

One can obtain some idea, of the relative merits  of 
using electrons ra ther  than  X-rays  for the detect ion of 
light a toms in the presence of heavy  atoms from a 
comparison of the ratios of scat ter ing ampli tudes  at  zero 
scat ter ing angle. In  this way  one compares the ratios of 
volumes of peaks which are unaffected by thermal  motion 
or finite data.  Thus, one obtains, for example,  

X-rays  H : C : W = l : 6 : 7 4  
electrons = 1 : 4.6 : 23,  

where we have taken the re(o) values from a previous 
tabulat ion (Ibers, 1958). As a result  of checks on our pre- 
dictions above we had available da ta  on X-ray  and elec- 
tron diffraction peak heights which permi t  more realistic 



S H O R T  C O M M U N I C A T I O N S  54'1 

c o m p a r i s o n s  to  be m a d e  of d e t e c t a b i l i t y .  F o r  e x a m p l e ,  
we a s s u m e  t h a t  t h e  X - r a y  d a t a  go o u t  to  t h e  c o p p e r  l imi t  
(s o =8"2  A -~) a n d  t h a t  t h e  e l ec t ron  d i f f r ac t i on  d a t a  go 
o u t  to  a t y p i c a l  va lue  of 10 A -~. W e  a s s u m e  t h a t  t h e  
W t e m p e r a t u r e  f a c t o r  is 0"5 A 2, t h e  C 1 A ~, a n d  t h e  
H 3 A 2. T h e n  we o b t a i n  for  t h e  ra t ios  of p e a k  h e i g h t s *  

t h r e e - d i m e n s i o n s  X - r a y s  H : C : W -- 1 : 20 :--~ 480 
e l ec t rons  = 1 : 7 : 58 

t w o - d i m e n s i o n s  X - r a y s  = 1 : 14 : 340 
e l ec t rons  = 1 : 6 : 43 

* Our calculations on H, C, and W have verified tha t  
Vainshtein 's  (1956) semi-empirical me thod  of comput ing  
central  quanti t ies  such as peak heights and curvatures is 
reliable to within 25%. 

F r o m  the se  r a t ios  we c o n c l u d e  t h a t  t h e  a d v a n t a g e  of 
u s ing  e l ec t rons  r a t h e r  t h a n  X - r a y s  for  t h e  d e t e c t i o n  of 
l igbt  a t o m s  in t he  p r e sence  of h e a v y  a t o m s  is s t r ik ing .  
T h e s e  ra t ios  of p e a k  h e i g h t s  s eem m o r e  in k e e p i n g  wi th  
e x p e r i e n c e  t h a n  do t h e  ra t ios  of p e a k  v o l u m e s .  

References  

HARKER, D.  & KASPER, J .  S. (1948). Acta Cryst. 1, 70. 
[BERS, J .  A. (1958). Acta Cryst. 11, 178. 
IBERS, J .  A. (1961). Acta Cryst. 14, 538. 
V A I N S H T E I N ,  B .  K .  (1956). Strukturnaya Elektronogm- 

f iya (in Russ i an ) ,  ( A c a d e m y  of Sciences  of t h e  U.  S. 
S. R.) ,  p a r t i c u l a r l y  C h a p t e r  IV.  

Acta Cryst. (1961). 14, 541 

T h e  c r y s t a l  s t r u c t u r e  of  t h e  l a n t h a n i d e  o x y i o d i d e s ,  S m O I ,  T m O I  a n d  Y b O I . *  By F. H. KRUSE, 
L. B.  ASPREY a n d  BRUNO MOROSlN, t Los Alamos Scientific Laboratory, University of Califor, ia, Los Alomos. 
New Mexico, U. S. A. 

(Received 30 September 1960) 

I n  a p r o g r a m  of i n v e s t i g a t i o n  of t m u s u a l  va l ence  s t a t e s  
of l a n t h a n i d e  c o m p o u n d s ,  T m O I  was  o b t a i n e d  d u r i n g  
p r e p a r a t i o n  of T m I  2 (Asprey  & Kruse ,  1960). P u r e  
s a m p l e s  of a n h y d r o u s  S m O I ,  T m O I ,  a n d  Y b O I  h a v e  
been  p r e p a r e d  for  p u r p o s e s  of i den t i f i c a t i on .  Subse-  
q u e n t l y ,  ana lys i s  of t he i r  c ry s t a l  s t r u c t u r e s  was  ca r r i ed  
o u t .  

T h e  o x y i o d i d e s  are  p r e p a r e d  by  e v a p o r a t i o n  of t h e  
t r i i od ide  s o l u t i o n  a n d  h e a t i n g  t h e  r e s idue  as de sc r i bed  
b y  A s p r e y  & K r u s e  (1960). I n  a s l igh t ly  d i f f e r e n t  p r e p a r a -  
t ion ,  a s o l u t i o n  of l a n t h a n i d e  t r i i od ide  was  s a t u r a t e d  w i t h  
N H 4 I  a n d  e v a p o r a t e d  to  d rynes s .  T h e  r e s u l t a n t  r e s idue  
was  d r i e d  a n d  a n n e a l e d  u n d e r  v a c u u m  in a q u a r t z  
cap i l l a ry  a t  550 °C. ove r  n i g h t  to  r e m o v e  NI-I4I a n d  
r e s idua l  l a n t h a n i d e  t r i iod ide .  T h e  X - r a y  p o w d e r  sho t s  
were  m a d e  us ing  a s t a n d a r d  114.5 r am.  Nore lco  c a m e r a  
a n d  Cu Ka r a d i a t i o n .  

T h e s e  l a n t h a n i d e  o x y i o d i d e s  c rys ta l l i ze  in t h e  t e t r ag -  
ona l  PbFC1 s t r u c t u r e  t y p e ,  as do  a n u m b e r  of o t h e r  
l a n t h a n i d e  a n d  a c t i n i d e  o x y h a l i d e s  (Wyckof f ,  1960). 
T h e  u n i t  cell d i m e n s i o n s  for  t h e  t h r e e  o x y i o d i d e s  are  
g i v e n  in T a b l e  1. 

Tab l e  1. Unit-cell dimensions of lanthanide oxyiodides 
Structure  type :  PbFC1 

Tetragonal  space group, P4/nmm-D~h 
a 0 c O 

SmOI 4.008±0.005 A 9.192_+0.008 A 
T m O I  3.887_+0.001 9"166±0.002 
YbOI 3.870_+ 0.006 9.161 _+ 0.008 

Previously reported oxyiodides (Wyckoff, 1960) 
BiOI 3.985 A 9.129 A 
LaOI 4.144 9.126 
PuOI  4.042 9.169 

T h e  s a m p l e  of T m O I  was  of m o r e  i m m e d i a t e  c o n c e r n  

* Work performed under  the auspices of the U.S, Atomic 
Energy  Commission. 

t Present  address:  Hughes  Research Laboratories,  Hughes 
Aircraft Co., Culver City, California. 

a n d  gave  t h e  bes t  p o w d e r  p a t t e r n s ,  c o n s e q u e n t l y  p a r a m -  
e t e r  va lues  were  d e t e r m i n e d  to  c o m p a r e  c a l c u l a t e d  w i th  
o b s e r v e d  in tens i t i e s .  T h e  f inal  p a r a m e t e r s  o b t a i n e d  for  
T m O I  are  g i v e n  in Tab l e  2 a long  wi th  p a r a m e t e r s  
r e p o r t e d  for  L a O I ,  P u O I  a n d  BiOI .  T a b l e  3 p r e s e n t s  
t he  p e r t i n e n t  i n t e r a t o m i c  d i s t a n c e s  for  T m O I .  T h e  
d i s t ance s  all fall  w i t h i n  r anges  a n t i c i p a t e d  for  t he se  ions  
e x c e p t  for  t h e  r e l a t i ve ly  s h o r t  I - I  d i s t a n c e  of 3.89 /~. 
H o w e v e r ,  t h e  o t h e r  i s o s t r u c t u r a l  o x y h a l i d e s  s h o w  tb is  
s a m e  s h o r t e n i n g  of t h e  h a l o g e n - h a l o g e n  d i s t a n c e s  b , -  
t w e e n  a d j a c e n t  h a l o g e n  layers .  

Tab l e  2. Atomic position parameters for T m O I  and 
previously reported M O I  structures 

Space group positions: O (a): 0, 0, 0; ½, ½, 0 

T m O I  : 
LaOI : 
PuOI  : 
BiOI : 

I (c): 0,½, u; ½,0,~ 
M(c):  0,½, u; ½,0 ,~  

U~ = 0-680 UTm = 0.125 
UI ---- 0-660 ULa = 0.135 
UI ---- 0.67 Upu = 0.13 
UI ---- 0.668 UBi = 0.132 

Tab l e  3. Interatomic distances in T m O I  
(In A, all ± 0.02) 

T m - T m  3.58; 3.89 I - I  3.89; 4.29 
T m - I  3.28 I -O 3.52 
T m - O  2.26 O-O 2.75; 3"89 

A t a b u l a t i o n  of t h e  p a r t i a l  p o w d e r  X - r a y  d i f f r ac t ion  
p a t t e r n s  of S m O I ,  T m O I ,  a n d  Y b O I  is g i v e n  in T a b l e  4. 
T h e  r e l a t i ve  p e a k  in t ens i t i e s  a re  e s sen t i a l ly  t h e  s a m e  for  
all t h r e e  s amples .  T h e  Io has  b e e n  co r r ec t ed  for  a b s o r p t i o n  
b y  a cy l ind r i ca l  p o w d e r  s p e c i m e n  w i t h  pr=20.O. An 
i s o t h e r m a l  overa l l  t e m p e r a t u r e  f a c t o r  c o r r e c t i o n  w i th  
fl = 2 . 0  was  i n c l u d e d  in t h e  Ic. 
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