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Since report ing the  crystal s tructure of the  fl phase of 
u ran ium (Tucker, 1950a, b, 1951) several points of 
controversy have developed. The first of these concerns 
the  space group of the crystal and has arisen since the 
discovery by Dickins, Douglas & Taylor (1951a, b) of 
the similarity of the  fl-uranium structure and  tha t  of 
the a phase found in the  Fe-Cr  and  other  systems. An 
independent  invest igat ion of the  a-phase structure by 
(Shoemaker & Bergman,  1950; Bergman and Shoemaker,  
1951) led these workers to the conclusion tha t  the  layers 
in the a-phdse s tructure are perfectly flat and  tha t  the  
space group of the crystal  is P4/mnm. Fur thermore ,  from 
an examinat ion  of the  fl-uranium hk0, hkl ,  h]c2 and hk3 
in tens i ty  da ta  t hey  have concluded tha t  the  layers in 
fl-uranium are also flat and  tha t  this crystal also is in 
the space group P4/mnm ra ther  than  P4nm which invol- 
ves slightly irregular layers, as I had  reported.  

The quest ion of flat or irregular layers was s tudied both  
in m y  original work on fl-uranium and subsequently,  
and  showed conclusively t ha t  the  layers could not  be flat 
in the  fl-uranium structure.  The burden  of the proof of 
this point  rested largely on the  violat ion of certain 
in tensi ty  relations for flat layers (to be discussed presently) 
and  not  on the Pa t te rson  Okl project ion given in the  
previous paper  (Tucker, 1951) which has been quest ioned 
by  Shoemaker  (public discussion and pr ivate  com- 
municat ion) .  The Pat te rson  0kl project ion was calculated 
based on a less certain set of in tensi ty  data  than  tha t  
given in the  paper  (and so could not  be reproduced from 
the da ta  in the  paper), but  offered the  advantage  of going 
to higher 1 values. However ,  the  purpose of this project ion 
was principally to de termine  which atoms were located 
between the main  layers and  not  for precise de terminat ion  
of the  z parameters.  Now tha t  more single crystals of the 
fl-phase have become available, the  quest ion has been 
s tudied again and  the previous in tensi ty  da ta  are entirely 
confirmed and one concludes again tha t  the layers in 
fl-uranium are not flat. The basis for this conclusion is 
given below. 

The test  for flat layers in the structure is quite simple. 
If the layers in the  structure are perfectly flat then  the 
following in tensi ty  relations mus t  be obeyed:  

Ih~l = Ihk3 ---- Ihk5 . . . .  
Ih~:O = Ihk,~ = Ih~8 . . . .  
lhk2 -~ Ihk6 ~ J ~ h , k , l O  ~ ' ' .  

By obtaining Weissenberg pat terns  wi th  the crystal 
ro ta t ing  about  the  twofold axis one can obtain on the  
same film the  necessary da ta  to test  these relations. 
Bergman & Shoemaker  main ta in  tha t  when absorption 
corrections are made  the  fl-uranium hkO, hkl,  hk2 and 
hle3 da ta  conform within  exper imenta l  error to the  above 
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relations. This point  can be disputed but  still more striking 
evidence can be obta ined by  comparing da ta  going to 
higher l values. The da ta  in Table 1 are presented to 
demonst ra te  tha t  there are f lagrant  violations of the  
in tensi ty  relations for flat layers in the fl-uranium struc- 
ture. If  the layers in fl-uranium were perfectly flat, then  
one should have  Iha3 ---- Ih15 in every case in the  table. 

The intensities in the table were obtained from values 
read from a first-level Weissenberg pa t te rn  rota t ing the  

Table 1. Comparison of fl-uranium (h13) and (h15) 
intensities 

k = l  
r 

h / = 3  l 5 

--9 2 300 
--8 800 1 
--7 3O0 600 
--6 100 50 
--5 >40OO 6 
--4 >~4000 >~2300 
--3 2000 500 
--2 40 8 
-- 1 2200 900 

0 1400 3 
1 2200 900 
2 20 8 
3 1600 800 
4 > 4 0 0 0  >~2300 
5 38O0 10 
6 70 80 
7 600 1200 
8 800 3 
9 0 500 

crystal (which presented an approximate ly  spherical 
shape to the X-ray  beam) about  the twofold axis. The 
film was exposed using filtered copper Ka X-radiation.  
The intensities were read from the film using as a com- 
parison s tandard  a similar strip of film on which areas 
had  been exposed for various lengths of time. The raw 
intensi ty  data  were then  corrected for absorption, Lorentz 
and polarization effects. They were not  corrected for the  
tempera ture  effect but  it seems quite certain tha t  this is, 
as usual, a smooth-slow function of Bragg angle in the 
region of interest.  

Examina t ion  of the  reflexions for h = 0, ±5 ,  ± 8  and 
± 9  immedia te ly  convinces one tha t  in these cases the 
relat ion Ihl 3 --~-- Ihl 5 is violated by a factor of 100 or so. 
Fur thermore ,  if one compares the  sequence (113), (013), 
(113) and  (115), (015), (115), for which the  correction 
factors for successive reflexions in ei ther sequence differ 
by only several percent,  it becomes quite clear tha t  the 
reflexion (013) mus t  be more intense than  (015) by a 
factor of approximate ly  100 and tha t  this is far beyond 
any effects due to absorption, Lorentz, polarization or 
temperature-factor  variations. The pairs (813) (815), 
(813) (815), (913) (915), and (913) (915) are just  as 
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convincing even though  var ia t ions  of the order of 50 % 
m a y  occur in these intensit ies due to var ia t ions  in the 
individual  correction factors ment ioned above. A large 
number  of these f lat- layer  violat ions have  been checked 
in different fl-uranium crystals,  and in the same crystal  
bu t  wi th  different orientations,  and in every case the 
violat ions were ent i rely consistent.  The examples chosen 
have  been taken  as being i l lustrat ive ra ther  than  rare 
isolated cases. 

Since violat ions of the f lat- layer  in tens i ty  relations 
occur repeatedly  in the fl-uranium st ructure  i t  is not  
possible to accept the  suggestion of Bergman & Shoe- 
maker  (1951) t h a t  the . l ayers  in fl-uranium are f lat  and  
t h a t  the  space group of the  crystal  is P4/mnm. Work  is 
in progress to refine fur ther  the fl-uranium st ructure  and  
i t  will be ve ry  interest ing to compare the detailed 
fl-uranium and  a-phase s tructures  as they  are refined to 
see in wha t  ways  the two structures  differ and  in wha t  
ways  t hey  are similar. 

More recent ly  Thewlis (1951) has raised questions based 
on powder-pat tern  da ta  regarding the iden t i ty  of the 
fl-phase s t ructure  from the pure meta l  and  t h a t  from the 
1.4 atomic % chromium alloy. His  criticisms m a y  be 
divided into two parts .  First ,  he discusses some lattice- 
parameter  differences between his work on the al loy and 
t h a t  b y  the present  au thor  on an alloy of the same 
composition. SeCondly, he reports  some in tens i ty  dif- 
ferences between the  pure meta l  and  the 1.4 atomic % 
chromium alloy a t  tempera tures  in the fl region which 
raised questions in his mind  regarding the iden t i ty  of the 
s t ructures  in the two cases. His  remarks  concerning the 
fact  t ha t  filings from a specimen of the re ta ined  fl-phase 
in the chromium al loy gave only the a-phase pa t te rn ,  
a l though subsequent  quencldng from the fl region gave 
the fl-phase pa t t e rn  again,  are apparen t ly  not  a criticism 
bu t  are not  explained in his note.  His  observations cor- 
respond wi th  ra ther  wide experience in our labora tory  
t h a t  cold work will t ransform the  re ta ined fl-phase to the 
a-phase. I t  is therefore clear t h a t  the  mechanical  work 
in prepar ing his filings caused the  re ta ined fl-phase to 
t ransform to the  a-phase. 

In  regard to his first  criticism, the la t t ice parameters  
reported b y  Thewlis  for the  low-chromium alloy 
(a 0 ----10.590 and  c o = 5.634 /~) are in fact  not  ve ry  
different f rom those reported b y  the  present  au thor  
(a 0 ---- 10.52 and  c o ---- 5.57 /~). The la t ter  were obtained 
chiefly for the  purpose of determining the number  of 
a toms per  un i t  cell, wi th  no par t icular  a t t e m p t  made  
for h igh precision, so t h a t  the  work on the atomic 
a r rangement  could proceed. The Thewlis values are un- 
doubted ly  more accurate and  in fact  fit our da ta  quite 
well. They  can therefore be accepted as good ref inements  

of the lat t ice parameters .  In  fact,  t ak ing  these values 
and  the dens i ty  (18.697 g.cm. -3) and  composit ion 
(1-36 atomic % chromium) of the al loy measured here, 
the  number  of a toms per un i t  cell calculates to 30.2, 
which agrees ve ry  well wi th  the accepted value of 30 
a toms per uni t  cell. There is no reason for expect ing t h a t  
the  la t t ice-parameter  differences pointed out  b y  Thewlis 
represent  a n y  real difference between the  specimens 
studied in the two laboratories. 

The differences in in tens i ty  for cer tain reflexions 
between the fl-phase powder pa t te rns  of the pure meta l  
and  of the chromium alloy reported b y  Thewlis are a 
l i t t le hard  to deal wi th  in the absence of specific data .  
Enough  work has been done, however,  to raise grave 
doubts  as to whether  these in tens i ty  differences axe due 
to basic s t ructural  differences. For  example,  alloys con- 
ta in ing 4, 1-8, 0.6, and 0.3 a tomic % chromium were 
studied and no significant in tens i ty  differences between 
these alloys, quenched to re ta in  the fl-phase, were dis- 
covered as one progressed to the  lowest percentage 
chromium. The 0"3 % alloy is ve ry  close to the  pure 
meta l  in composition. Fur thermore ,  in the  course of this  
work i t  was noted t ha t  ve ry  h igh preferred orientat ions 
could be produced in the ;6 condition and  t h a t  there were 
therefore in tens i ty  variat ions which could be t raced out  
in considerable detail  as result ing from this  preferred 
orientat ion.  To test  the Thewlis da ta  for preferred- 
or ientat ion effects i t  wou ld  be necessary to have  the  
details of his work which have not  ye t  been published. 

I t  is a pleasure to acknowledge the assistance of 
various members  of our labora tory  in this  work. Mr 
Peter  Senio performed most  of the exper imental  work, 
Mr A. N. Holden grew the fl-phase single crystals,  and  
Mr D. W. Whi te  supplied the series of Iow-chromium 
alloys. 
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