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T h e  c rys ta l  s t r u c t u r e  of t e t r agona l  mod i f i ca t ion  of l ead  
m o n o x i d e  has  been  s tud ied  by  severa l  workers .  D ick inson  
& F r i au f  (1924) h a v e  found  the  t e t r agona l  u n i t  cell to  
con ta in  two  P b  a t o m s  a6 ¼,¼, z a n d  ~ , ~ , E ,  a n d  two 
oxygen  a t o m s  a t  ~, ¼, 0 a n d  ¼, ~, O, the  space g roup  
DY~a-P4/nmm being  ass igned as t he  m o s t  p robab le .  A n  
in t e res t ing  coo rd ina t i on  a r r a n g e m e n t  was  d i scovered :  
each  P b  a t o m  was  b o u n d  to four  oxygen  a t o m s  fo rming  
a square pyramid with a lead atom at the apex. Each 
oxygen atom was surrounded tetrahedrally by four lead 
atoms. The Pb-O distance was found to be 2-30 /~. 
Subsequently Levi & Natta (1926) placed the O atoms 
in i, ~, ~, and ~, ~, ~ sites with ~=0 76, Pb atoms oc- 
cupying ¼, ¼, ~ and ~, ~, ~ sites with ~ = 0.26. This arrange- 
ment was a distorted NaCl structure with every lead 
atom surrounded by six oxygens at distances 2.5-2.8 A. 
Dickinson & Friauf's (1924) conclusions were supported 
later by Moore & Pauling (1941) using powder data and 
by Bystrom (1945) using a single-crystal. The results 
of the X-ray investigations are summarized in Table I. 

Table  1. Summary  of X-ray  results for red P b O  

zpb a (A) c (A) References 

0.24 3.99 5.01 Dickinson & Friauf (1924) 
0.26 3-96 5.02 Levi & Nat ta  (1926) 
0.233 3.947 4.988 Moore & Pauling (1941) 
0.2385 3.964 5.008 Bystrom (1945) 

Space group: D~h-P4/nmm 

2 Pb in (2c) ¼, ¼, zpb ~, }, zPb 
2 0  in (2a) ~,¼,0 ¼,~,0 

Only  Lev i  & N a t t a  p laced  O in 2(c): ¼, ¼, v; ~, ~, 9. 
v =0"76. 

H o w e v e r ,  t he re  is a n o t h e r  possibi l i ty  of p lac ing  the  
oxygen  a t o m s  in space g roup  P4/nmm:  i.e. in  (2b) a t  
i ,  1, ½ a n d  ¼, ~, ½. F o r  these  posi t ions the  fo rm of the  
coo rd ina t ion  p y r a m i d  w o u l d  be re ta ined ,  the  P b - O  
d is tances  be ing  en la rged  by  a p p r o x i m a t e l y  3%. The  
i n t ens i t y  of some ref lect ions wou ld  be a l te red ,  b u t  these  
changes  could  n o t  be  d e t e c t e d  us ing  X- rays .  N e u t r o n -  
d i f f rac t ion  p rov ides  m u c h  b e t t e r  possibil i t ies for t he  
d e t e r m i n a t i o n  of oxygen  a t o m s  posi t ions  since the  neu-  
t r on  sca t t e r ing  a m p l i t u d e s  for  l ead  a n d  oxygen  are,  in  
un i t s  of 10 -~9 cm.,  bpb = 0.960 + 0"005 a n d  bo = 0.58 + 0.02 
(Hughes  & Schwar tz ,  1958). 

R e d  lead  m o n o x i d e  X - r a y  a n d  chemica l ly  con t ro l l ed  
was  used.  The  la t t i ce  cons t an t s  were  d e t e r m i n e d  as:  

a = 3-96 + 0-01, c = 5.01 +_ 0.01 A, c/a = 1-27.  

P o w d e r  n e u t r o n  m e a s u r e m e n t s  up  to  2 0 = 5 0  ° we re  
m a d e  us ing 1.36 A n e u t r o n s  re f lec ted  f rom an  A1 mono-  
c h r o m a t o r .  T h e  n e u t r o n  source was  the  Swierk  r eac to r  
E W A  opera t ing  a t  2 m W .  power .  Second-o rde r  r ad i a t i on  
c o n t a m i n a t i o n  was  found  to be a b o u t  5%. I n t e g r a t e d  
in tens i t ies  were  ob t a ined  by  m e a s u r i n g  areas  u n d e r  
peaks  on the  n e u t r o n  d i f f rac t ion  p a t t e r n .  Observed  j F  2 
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va lues  were  de r ived  a f te r  cor rec t ion  for Lo ren t z  a n d  scale 
factors ,  t he  inf luence  of t e m p e r a t u r e  fac tor  be ing  neg- 
lected.  A compar i son  b e t w e e n  observed  j F  ~ values  and  
those  ca l cu la t ed  for a l t e r n a t i v e  oxygen  posi t ions  is g iven  
in Tab le  2. 

Tab le  2. Neutron diffraction data for tetragonal (red) 
P b O  

hkl ~F2o jF2c * 
001 3"2 3"47 
101 29 29"30 
110 2"6 2"30 
002 0"8 1"08 
111 8 8"08 
102 1"0 0"78 
200 42 40"45 
112~ /74.66 
201t 73 88.53113.87 
003"~ 

j F2c t 
2.01 

29.30 
2-30 
1.08 

13.87 
0.78 

40.45 
!74-66 

82.72~ 8-06 

63.90 ,r 5.29 
58.61 

jF2c$ 

0"00 
4"60 

37-94 
18"90 
0-00 
1-18 

37"94 

9-24{ 0.04 
9.20 

* O atoms placed in (2a): ~,¼,0; ¼,~,0. 
zpb - - - ~  0.237 ± 0.002. 

t O atoms placed in (25): ~, ¼, ½; ¼,-~, ½. 
zpb = 0"237 + 0"002. 

:~ O atoms p]aced in (2c): ¼, ¼, v; }, ~, ~; with v-=0.76. 
Zeb=0"26. 

The  d i sc r epancy  fac to r  is 0-092 for a tomic  sites, as 
p roposed  b y  Dick inson  & F r i a u f  (1924) and  0-11 for  O 
p laced  in 2(b). F o r  t he  fo rmer  s t r u c t u r e  a s y s t e m a t i c  
va r i a t i on  of t he  l e ad -a tom p a r a m e t e r  Zpb gives t h e  bes t  
a g r e e m e n t  b e t w e e n  obse rved  a n d  ca l cu la t ed  in tens i t ies  
for zpb = 0.237 ± 0.002. F r o m  the  last  co lumn  of Tab le  2 
i t  becomes  appa ren t ,  t h a t  t he  n e u t r o n  d i f f rac t ion  d a t a  
d isagree  w i th  j F  2 values  ca l cu la t ed  for  Levi  & N a t t a ' s  
s t ruc tu re .  A b e t t e r  a g r e e m e n t  b e t w e e n  j F  2 values ,  in 
pa r t i cu l a r  for  well  resolved peaks ,  as c o m p a r e d  to  t h e  
s t r u c t u r e  m o d e l  w i th  O a t o m s  in 2(b) shows,  t h a t  t h e  
s t r u c t u r e  of t e t r agona l  PbO as p roposed  by  Dick inson  & 
F r i au f  (1924) is s u p p o r t e d  also b y  a n e u t r o n  d i f f rac t ion  
s tudy .  

The  t echn ica l  ass is tance  of Miss B a r b a r a  R u t k o w s k a  
is g ra te fu l ly  acknowledged .  
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