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Tucker (1950, 1951) and Tucker & Senio (1953) have given 
the  results of detai led studies of the  crystal s tructure of 
B-uranium (stable be tween 660 and 760 ° C.) based on 
single crystals re tained at  room tempera ture  by quenching 
from the B-stable region an alloy containing 1.4 atomic % 
chromium. Thewlis (1952) and  Thewlis & Steeple (1954) 
have also given the  results of detai led studies of fl- 
u ranium based on powder data  from the unalIoyed metaI 
and the  1.4% Cr alloy at 720 ° C., using both  the original 
structure of Tucker (1950, 1951) and  tha t  of Tucker & 
Senio (1953) as the start ing points since it was not  
possible to index the powder pat terns  independent ly .  
When  the results of the single-crystal and powder work 
were compared it was found tha t  the general features of 
the  B-uranium structure were confirmed by the  powder 
work but  tha t  there were detai led differences which led 
to bond-length differences of the order of 0"3 A between 
the two structures. Differences of this order are not  
impor tan t  for most  practical purposes but  are of para- 
moun t  importance when it comes to mat ters  of bonding 
within the structure,  because 0.3 A can mean the  dif- 
ference between a single and a triple bond. 

Since the  work of Tucker & Senio (1953) represents 
about  the  best tha t  can be done wi th  single crystals and 
tha t  of Thewlis & Steeple (1954) about  the  best tha t  can 
be done wi th  powder data,  and  since there is vir tually no 
chance tha t  really decisive work can be done with single 
crystals at  high temperature ,  the  question natura l ly  
arises whether  there are really two B-uranium structures 
or whether  the differences are simply due to exper imental  
uncertaint ies  in one or both  of the determinat ions.  
Thewlis & Steeple are of the  opinion tha t  the  possibility 
of the existence of two B-uranium s t ruc tures - -a  high- 
and a low-temperature  fo rm- - remains  open, whereas 
Tucker & Senio are of the opinion tha t  there are serious 
doubts  t ha t  powder work can settle the  details of a 
structure invo lv ing  as m a n y  atomic-posit ion parameters  
as are involved in the fl-uranium structure (13 in Thewlis 
& Steeple's (1954)non-centrosynunetr ic  structure). Since 

Table 1. Agreement residuals 

Structure agreement 
Source of intensity data residual 

Powder pattern of B-U at 720 ° C. Thewlis & Steeple 20 %* 
Powder pattern of fl-U at 7200 C. Tucker & Senio 35 % 
Single crystal of B-U 

(1.4 atomic % Cr alloy at 20 ° C.) Tucker & Senio 18 % 
Single crystal of B-U 

(1.4 atomic % Cr alloy at 20 ° C.) Thewlis & Steeple 38 % 

* This was given as 19% by Thewlis & Steeple (1954). 
The increase arises from the consideration of a number of 
reflections with h----11 or 12 which had previously been 
overlooked. 

* The Knolls Atomic Power Laboratory is operated by the 
General Electric Company for the U.S. Atomic Energy Com- 
mission. 

it is unlikely tha t  the present  authors  will ex tend  their  
work on the fl-uranium structure it has seemed useful to 
clarify the  si tuation by presenting a brief summing-up of 
their  respective positions. 

A natural  recourse in a controversy such as this is to 
examine the agreement  residual for the  two structures.  
Confining the single-crystal da ta  to the  l imited number  of 
reflections which it was possible to observe in the powder 
data,  Table 1 shows the  agreement  residual for each 
structure as computed  against  each set of data.  

If  there is only one fl-uranium structure,  the  table 
certainly offers little possibility for preferring either 
structure, based on the agreement  residual alone. But ,  in 
the  opinion of Thewlis & Steeple, the table provides 
evidence tha t  there may  well be two different structures.  
Tucker & Senio, however, mainta in ,  as do Lipson & 
Cochran (1953), tha t  there are other  considerations 
which can override the agreement  residual in assessing 
the correctness of a structure. For  the  purpose of dis- 
cussing this and other points, it seems best  to divide the  
remainder  of the note into two parts,  representing the  
diverging views of the respective authors.  

S e p a r a t e  s t a t e m e n t  by  T u c k e r  & S e n i o  

Very complete details of the  improved fl-uranium struc- 
ture of Tucker & Senio (1953) have been published and 
tha t  work is available for critical examinat ion.  Fur ther ,  
Tucker (1954) has discussed tha t  work and the  s tructure 
of Thewlis & Steeple (1954) in considerable detail  so tha t  
very few details of the arguments  for or against  the  two 
structures need be given here; ra ther  a brief review of the  
main  arguments  will be given. 

Our basic position is tha t  Thewlis & Steeple are ex- 
tending  powder work into the  region of ra ther  complex 
structures and  it is widely believed amongst  crystallo- 
graphers tha t  in this region single-crystal me thods  are 
clearly superior, owing to inherent  weaknesses in powder  
data.  Thus it seems to us tha t  the  Thewlis & Steeple 
posit ion is the  reverse of a ra ther  generally held position. 
Nevertheless,  Thewlis & Steeple are convinced of the  
correctness of their  structure, and sound a rguments  mus t  
be produced against  it. Our content ion  is t ha t  the  details 
of the structure of Thewlis & Steeple (1954) are much  
less certain t han  those of the  Tucker & Senio (1953) 
structure.  

A major  weakness of the  powder da ta  is their  incom- 
pleteness. Thus Thewlis & Steeple (1954) base their  work 
on only 10-20% of the possible reflections. Fur ther ,  
these reflections are only the  stronger ones so t ha t  the  
modera te  and  weaker reflections which are sensitive to 
the  details of the  structure are not  available for com- 
parison. In  addit ion,  Thewlis & Steeple do no t  calculate 
the  remaining structure factors to see if there  are any  
reflections which their  structure migh t  predict  to be 
observable and  which were not  observed. In  this  con- 
nect ion the  single-crystal data  indicate t ha t  there  are a 
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n u m b e r  of r a the r  intense reflections which  fall in this  
category.  Fu r the rmore ,  since Thewlis & Steeple ma in t a in  
in the i r  s t a t emen t  t ha t  these reflections are too weak  to 
be observed according to their  s t ruc ture ,  it  is qui te  
possible t ha t  there  are among  the  modera t e  and  weaker  
reflections of the Tucker  & Senio s t ruc ture  some reflec- 
t ions which  would  be sufficiently strong to be observed 
in the  powder  da t a  if their  intensit ies were ca lcula ted  for 
the  Thewlis & Steeple s t ructure .  In  our opinion it is 
essential t ha t  the  intensit ies of all possible reflections be 
ca lcula ted  for the  Thewlis & Steeple s t ructure .  This poin t  
is impor t an t  in view of the  s t a t emen t  of Lipson & Cochran 
(1953) t ha t  'The only val id basis for the  assessment  of 
the  correctness (as dis t inct  f rom accuracy)  of a s t ruc ture  
lies in the agreement  for individual  reflections' .  

A second ma jo r  weakness  in the powder  da t a  is t h a t  
since the  da ta  are confined to the s tronger reflections 
and  since the  details of the  s t ruc ture  are in quest ion,  
a ve ry  high accuracy  is requi red  in the  in tens i ty  measure-  
ments .  There are two factors which  lead us to doub t  very  
s t rongly t ha t  sufficient accuracy  has been achieved.  
First ,  there  is a r a the r  high and  variable background  on 
the  film used in the  powder  work.  This background  and  
the  background  of unaccoun ted  lines would  make  ve ry  
accura te  in tens i ty  measuremen t s  difficult indeed. Second, 
there  are present  in addi t ion  to the  fl-uranium pa t t e rn  the  
pa t t e rns  of UO and  UO~, and  these oxide pa t t e rns  are 
just  as intense as the  fl-uranium pa t te rn .  This would  not  
be impor t an t  except  for the  fact  t ha t  of the  36 resolved 
reflections used in the  ref inement  of the powder  data ,  
e ight  e i ther  coincide wi th  or are so close to UO and  UO~. 
lines t ha t  it is certain,  in our opinion, t ha t  the  oxide 
lines interfered wi th  accura te  in tens i ty  measurements .  
Thus,  for the  two reasons s ta ted  above,  we do not  believe 
t ha t  the  in tens i ty  measu remen t s  on the  powder  pa t t e rn  
of f l-uranium are sufficiently accura te  to settle the details 
of the  s t ruc ture .  

Thewlis & Steeple raise the point  in thei r  s t a t emen t  
t ha t  there  are inconsistencies in our hkl and  ]chl inten- 
sities. These inconsistencies have  been apparen t  in our 
publ ished da ta  for some t ime and  are u n d o u b t e d l y  due to 
s t rong absorpt ion effects. However ,  in discussing the  
details of the  s t ructure ,  in par t icu lar  the pucker ing  of the 
layers,  we have  a lways  been careful to compare  reflections 
close together  on the  film. For  such reflections, absorpt ion 
corrections are unnecessary .  Thus the  point  raised by  
Thewlis & Steeple concerning the hkl and  khl reflections 
is not ,  in our  opinion, re levant  in regard  to the  details 
of the  s t ruc ture .  

Final ly,  the  posit ion of Thewlis & Steeple t h a t  there  
m a y  be two fl-uranium s t ructures  implies t h a t  there  is 
a t rans format ion  from one to the other  dur ing  cooling 
f rom 720 ° C. to room tempera tu re .  We know of no in- 
dependen t  evidence for such a t ransformat ion .  Against  
the  t rans format ion  is the  fact  t ha t  in a wire 1 mm.  in 
d iameter  f l-uranium single crystals  several cent imetres  
long can be grown and  re ta ined  by  quenching.  I t  seems 
highly improbable  t h a t  such large crystals  could b e  
re ta ined  if there  were a t ransformat ion.  The impl ica t ion  
of a t rans format ion  therefore seems, to us, h ighly specu- 
lat ive.  

Separate  s ta t ement  by Thewl i s  & Steeple 

I t  will, we th ink ,  be general ly  agreed t h a t  the  s t ruc ture  
of a phase exist ing a t  h igh t empera tu re  can be de te rmined  

unequivoca l ly  only  f rom da t a  obta ined  a t  t ha t  tempera-  
ture.  Unfo r tuna t e ly  single-crystal  X- ray  evidence does 
not  exist for f l -uranium in the  fl range and  the  only da ta  
available are the  powder  da ta  referred to above.  I t  seemed 
incumben t  on us, therefore,  to t ry  to ex t rac t  as m u c h  
informat ion from the  da ta  as we could, incomplete  though  
t hey  are by  single-crystal  s tandards .  We should cer ta inly  
no t  have  considered mak ing  such an effort had  the  single- 
crystal  da t a  of Tucker  & Senio referred to the  s t ruc ture  
a t  high t empera tu re .  

In  their  s t a tement ,  Tucker  & Senio have  poin ted  out  
the  difficulties wi th  which  we were faced in unde r t ak ing  
this task.  These difficulties we realize and  have  at- 
t e m p t e d  to overcome, a l though  some weaknesses  remain .  
Thus our data ,  in common wi th  all powder  data ,  suffer 
f rom referring only to re la t ively strong reflections. We 
are satisfied, however ,  t ha t  the  r a the r  intense reflections, 
Which Tucker  & Senio s ta te  should have  been observed 
bu t  were not ,  correspond to calcula ted intensit ies (ac- 
cording to our s t ruc ture  and  af ter  allowing for the  
mul t ip l ic i ty  factor,  absorpt ion factor  etc.) which  are in 
no case significantly above the threshold  of observabil i ty.  
Wi th  regard  to the  accuracy  of the  in tens i ty  measure-  
ments  we would say tha t ,  in our opinion, no measure-  
ments  of diffracted X- ray  in tens i ty  are character ised by 
'very  high accuracy ' .  However ,  we believe t h a t  our 
measurements  are as accura te  as most .  In  par t icular ,  
where  interference by oxide lines seemed to us to occur 
we have  (Thewlis & Steeple, 1954) re jec ted  the  measure-  
ments .  I t  is perhaps  re levan t  to note  here t ha t  even 
single-crystal in tens i ty  measuremen t s  are not  ent i re ly  free 
from suspicion. There are, for example ,  several incon- 
sistencies in the  observed intensit ies of the  hid and  khl 
reflections l isted by  Tucker  & Senio (1953). 

Using the  powder  da ta ,  we considered bo th  the  centre-  
symmet r ica l  and  non-cen t rosymmet r ica l  s t ructures  and  
found t ha t  the  former  was no t  capable of improvemen t  
(agreement  residual  32 %) whereas  the la t te r  was (agree- 
m e n t  residual  20%). I t  seems ve ry  unl ike ly  t h a t  the  
powder  da t a  can be so incomplete  and  inaccura te  as to 
reverse the  t rue  posit ion, and  we therefore  conclude t ha t  
the  non-cen t rosymmetr ica l  s t ruc ture  is to be preferred.  
The s t ruc ture  differs in the main  from tha t  of Tucker  & 
Senio in the  na tu re  of the  pucker ing of the  a tomic  layers, 
and  in our view this m a y  well represent  a real difference 
be tween  the  s t ruc ture  a t  room tempera tu re  and  t ha t  a t  
high t empera tu re ,  a l though  we do not  claim to have  
proved  this. Our view is suppor ted  by  the  fact  tha t ,  as 
shown by  the  table  in the  first par t  of this  joint  note,  
Tucker  & Senio's s t ruc ture  shows up bad ly  against  our 
data ,  and  vice versa. In  addi t ion,  the  na tu re  of the  
pucker ing in our s t ruc ture  is such as to lead to a reduct ion  
in the  in tens i ty  of the  004 reflection as compared  wi th  
t ha t  a t  room tempera tu re ,  a reduct ion  which  is indeed 
observed. The 004 reflection is ac tua l ly  three  t imes as 
s trong on our powder  pho tographs  of ' re ta ined '  fl-U 
(1.4 a tomic% Cr) a t  room tempera tu re  as on those of 
fl-U at  720 ° C. Our use of the  agreement  residual  to assess 
the  correctness of our s t ruc ture  is challenged,  however ,  
by  Tucker  & Senio, who,  in their  s t a t emen t  above,  quote  
Lipson & Cochran (1953). We are therefore glad to say 
t h a t  Prof.  Lipson supports  our use of the  residual,  there  
being no examples of ma jo r  discrepancies be tween  the  
observed and  calcula ted s t ruc ture  factors. 

Wi th  regard to the  last point  made  by Tucker  & Senio, 
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it seems to us that ,  in view of the  relatively small a tomic 
shifts involved, the  possibility of a structural  t ransforma- 
t ion on cooling from 720 ° C. to room tempera ture  is by 
no means  ruled out. 
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A note on celsian.  By P. GAY, "Department of Mineralogy and Petrology, Cambridge, England 

(Received 20 February 1956) 

X-ray work on the  Ba-felspar celsian (BaSi2A1208) by 
Taylor, I)arbyshire & Strunz (1934) de termined the 
values a---- 8"63, b---- 13.10, c = 7.29 A, fl-~ 116 ° (ap- 
prox.) for the  dimensions of a monoelinic cell; they  also 
showed tha t  celsian had  the  same tetrahedral  f ramework 
structure as other felspars. Several celsian specimens from 
different localities have been examined by the  author  
and it is found tha t  the cell described by Taylor et al. is 
only a pseudo-cell. In  the true cell the  length of the  
c axis is doubled, for weak reflexions are observed mid- 
way between the  main layer lines on c-axis oscillation 
photographs.  If these weak reflexions are indexed on the  
basis of the true cell dimensions, their  indices are all of 
the  type (h-F/c) odd, 1 odd. The strong reflexions on the 
main layer lines all have (h-F/c) even, l even;  thus  the 
cell is body-centred.  These new observations are par- 
ticularly interest ing since they  confirm the  expected 
close structural  similarity between the Ba-rich members  
of the K - B a  felspar series and the Ca-rich members  of 
the plagioclases. 

The plagioclase series has been invest igated in some 
detail, and suggestions concerning the  structural  ar- 
rangements  of the Ca-rich members  have be~n put  
forward (Gay & Taylor, 1953; Gay, 1954); these are 
used in the  following discussion. The diffraction pat terns  
of celsian (apart from changes in intensity,  and some 
small dimensional changes) are very similar to those of 
body-centred anorthite.  In  body-centred anor thi te  the  
Si-A1 distr ibution within the te t rahedra  of the framework 
is thought  to be ordered;  the 14 A c axis, denoted  by a 
particular class of weak reflexions, is characteristic of 
this ordering. In  the same way, the  S i A l  ar rangement  in 
celsian is thought  to be ordered since the c axis is doubled. 
In  celsian, the  reflexions resulting from this doubling are, 
on the whole, very much weaker (5-10 times) ~han the 
corresponding reflexions in anor thi te- type structures. 

This may  be in par t  due to enhancement  of reflexions 
on the main layer lines by the  presence of the  heavy  
Ba ions and also to the  small but  significant differences 
between the atomic positions in celsian and anor th i te .  
There is also the possibility tha t  the  Si-A1 ordering is no t  
complete for the particular specimens examined.  Some 
anorthite-rich plagioclases show addit ional  weak re- 
flexions which do not  obey the  body-centr ing condit ion;  
the character of these reflexions may  vary from sharp 
to very diffuse. These 'primitive '  reflexions are dependen t  
on the Ca ions, and the  reversible changes in character  
which they  exhibit  may  be associated with m o v e m e n t  of 
the Ca ions within their  interstices in the  structure.  No 
traces of similar reflexions have been found for the  celsians 
examined;  it might  be expected tha t  the  larger size of the  
Ba ions would prevent  their  occurrence. 

Al though the  main features of the  celsian diffraction 
pat terns  are in accord wi th  those expected in the  l ight 
of current  views of felspar structures, it should be pointed  
out tha t  the specimens so far examined contain appreci- 
able amounts  (possibly as much  as 10 %) of potash  fel- 
spar. Whether  this affects the  degree of S i A l  order 
(and consequently the intensities of the  weak subsidiary 
reflexions) and the  possible occurrence of addit ional  weak 
primitive reflexions, such as are found in the  plagioelases, 
can only be determined by an examinat ion of a very  pure 
bar ium felspar. Fur ther  work on this and  on other  mem-  
bers of the K - B a  felspar series is being carried out. 
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