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x = 2tFI [ F , I / ~ / ~ .  
I t  follows tha t  

Probabi l i ty  of 0~ 1 being correct choice 

Probabil i ty  of a9 being correct choice 
exp iX cos (~i--o~/-/)] 

exp iX cos (o~. -- all)] 

and  the term~ in the  Fourier  series represent ing the  
'best '  e lectron-densi ty  dis t r ibut ion are of the  form 

w[F[ exp ( i ~ 1 ) + ( 1 - w ) l F l  exp (in2) , 

where 
exp iX cos (al --aH)] q/~ __-- 

exp iX cos (al --aH)] + e x p  iX cos (a~--aH)] 

When  the  crystal contains only one type  of anomalous 
scatterer the  phase solutions a l  and  a2 are most  con- 
venient ly  expressed (Ramaehandran  & Raman,  1956) as 

a 1 = O¢-H +:rt:/2 - - 0  

where 0 can be calculated in a direct  manne r  from the  
Bijvoet  inequal i ty  AIF[% I t  can then  be shown tha t  

w = [1 + e x p  ( - 2 X  sin 0)] -1. 

References  

DALE, D. (1962). Thesis, Oxford Univ.  
DIGKERSON, l~. E . ,  K E N D R E W ,  J .  C. & STRANDBERG, B. E. 

(1961). Computing Methods and the Phase Problem in 
X-ray Crystal Analysis, ed. PEPINSKY, R., ROBERTSON, 
J.  M. & SeEAKMA~, J .  C., p. 236. Oxford: Pergamon 
Press. 

HALL, S. R. & MASLEN, E. N. (1964). Acta Cryst. 17, 
In  the press. 

RAMACHA~DRA_~, G. N. & RA~A~, S. (1956). Curr. Sci., 
25, 348. 

SIM, G. A. (1959). Acta Cryst. 12, 813. 
WOOLFSON, M. M. (1956). Acta Cryst. 9, 804. 

Acta Cryst. (1964). 17, 1073 

Double Bragg scattering, of X-rays in irradiated beryllium oxide. By R. M. MAYER* and T. M. 
SABINE, Australian Atomic Energy Commission Research Establishment, Lucas Heights, N . S . W . ,  Australia 

(Received 6 

Double Bragg scattering of X-rays occurs when two or 
more reciprocal latt ice points  intersect  the  Ewald  
sphere so tha t  the  once-reflected beam is diffracted by  
a second set of planes. This produces a reflexion which is 
forbidden by normal  space group considerations. This 
phenomenon,  previously observed in substances like 
d iamond (l%enninger, 1937) and  germanium (Cole, 
Chambers & Dunn,  1962), has now been de tec ted  in 
beryl l ium oxide during a s tudy  of the  effects of neu t ron  
irradiation. 

As B e 0  has the  wurtzi te  s tructure the  forbidden 

reflexions wi thin  the  C u K ~  sphere are those hh2hl 
reflexions for which 1--2n + 1. The crystal examined was 
a th in  flake of basal plane habit ,  which had  been irra- 
d ia ted  to a dose of 2.5 x 102° nv t  at  75 - 100 °C ( > 1 MeV). 
A Buerger precession photograph of the  hO1 reciprocal 
lattice plane showing the  forbidden 001 reflexions as 
well as pronounced streaking along the  reciprocal latt ice 
rods I0l, 20/. The streaking can be satisfactorily explained 
in te rms of extrinsic stacking faults in the  (001) planes 
of the  hexagonal  latt ice (Sabine, 1964). However,  it  
seemed unreasonable t ha t  sharp superlatt ice reflexions 
could be produced by  irradiation. 

A more detai led invest igat ion was subsequent ly  made  
with a General Electric Goniostat  and  a proport ional  
counter.  Reflexions 001, 003, 005, as well as 111 and 113 
were detected.  The intensi ty  distr ibut ion of the  forbidden 
001 reflexions was examined  by rota t ing the  crystal 
about  the  respective scattering vectors of the  reflecting 
planes. A series of peaks was observed, which repea ted  
every 60 ° of az imuth  and  was symmetr ical  about  the  
midpoin t  of each range. The reflexions were identified 

* Attached from South African Atomic Energy Board. 

March 1964) 

by  calculation of the  crystal sett ings which gave rise to 
s imultaneous intersect ion of the  Ewald  sphere by  two 
reciprocal latt ice points.  W h e n  one of these reflexions 
was itself forbidden, no peak was observed. The results 
of this examina t ion  are shown in the  Table 1. 

The azimuthal  posit ion of the  mult iple  scat ter ing 
peaks is ra ther  sensitive to a change in lattice parameters .  
Significant shifts from some of the  uni r radia ted  peak  
positions were observed and calculation showed tha t  
wi th in  the  limits of exper imenta l  error these f i t ted the  
lattice parameters  reported by Walker,  Mayer & Hick- 
m a n  (1964). 

The crystal was then  annealed  for one hour  at 1400 °C, 
at  which t empera tu re  other  techniques  indicate tha t  
irradiat ion damage effects disappear (Hickman & Pryor,  
1964). Reflexions result ing from planes with high indices 
could now be detected.  This is in accordance with other  
X-ray  diffraction studies (Walker, Mayer & Hickman,  
1964) in which it has been found tha t  the  higher the  
ratio l~:h2+hk+k ~ for a given reflexion, the  greater  is 
the  radia t ion- induced broadening.  Ident ica l  measure-  
ments  were carried out  on an uni r rad ia ted  crystal of 
similar habit .  Double Bragg scat ter ing was also observed 
in this crystal and  was comparable in in tens i ty  wi th  
t ha t  of the  i r radiated crystal annealed a t  1400 °C. 

To ensure t ha t  recovery of irradiat ion damage was 
complete,  the  crystals were annealed  at  1600 °C. In  both  
cases, the  in tensi ty  of the  forbidden reflexions increased, 
the  increase being more noticeable for the  i rradiated 
crystal. The reason for this increase is not  known.  
I t  seems more probably due to recovery of imperfections 
in t roduced during growth than  to fur ther  recovery of 
irradiat ion damage.  

I t  has been shown by other  techniques (Sabine, Pryor  
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Table 1. Multiple scattering peaks for forbidden 001 reflexions 

Irradiated 1 hr annealed 1 hr 
specimen ~ Control annealed 

Azimuth 2 × 102° nvt "1400 °C 1600 oc specimen 1600 °C 
(°) Reflecting planes (c.sec -1) (c.sec -1) (c.sec -1) (c.sec -1) (c.sec-1) 

001 Reflexion 
5.2 1012 1013 54 640 1550 500 430 

10.0 2032 2031 18 40 120 75 56 
13.1 2032 2033 120 270 170 120 
16.8 2131 2130 25 36 160 50 80 
18.1 2030 2031 20 40 225 40 85 
19.6 1011 1050 250 260 1600 180 450 
21.4 1231 1230 25 33 155 60 60 
27.4 1232 1231 30 85 50 35 
28.4 1012 1011 162 310 1250 250 230 

003 reflexion 
3.9 1011 1054 14 34 8 5 
8-4 2132 2131 20 57 25 16 
8.9 2030 2033 35 120 30 15 
9-4 1012 1011 54 175 570 100 121 

18.3 2031 2022 7 17 8 5 
22.8 1013 10i0 35 160 680 60 112 
26-0 2031 2034 4 20 6 5 
29.7 1232 1231 22 60 20 20 

005 reflexion 
5-6 1101 1104 6 15 3 3 
7-5 2032 2033 44 84 27 20 

16.2 1010 1015 6 83 480 30 100 
22.7 2034 2031 5 13 4 4 
29.6 1103 1T02 17 320 500 63 90 

& Hickman ,  1963) t ha t  the  defect concentra t ion in BeO 
at  2.5 x 102° nv t  ( > 1 MeV) is approximate ly  1.5% and  
t ha t  these defects are present  in clusters approximate ly  
50 /k in diameter .  The present  exper iments  show tha t  
this  defect concentra t ion does not  des t roy: the  perfection 
of the  crystal  sufficiently for double Bragg scat ter ing 
effects to disappear.  

The authors  would like to t h a n k  Dr S. B. Aus te rman  of 
Atomics In te rna t iona l  for supplying the  single crystals 
used in this investigation.  
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La polarit6 de la l iaison carbonyle et la structure cristall ine de l'alloxane, de l'acide barbi-  
turique anhydre et des compos6s  analogues.  Par BERNARD PULLI~IAN, Universi td de Paris, I n s t i t u t  
de Biologic Physico-Chimique, 13 rue Pierre Curie, Paris 5e, _France 

(Regu le 20 mars 1964) 

L 'd tude de la s t ructure  cristalline de certains eomposds 
polycarbonyl6s tels, en particulier,  l 'acide parabanique  (I) 
(Davies & Blum, 1955), l 'aeide barbi tur ique anhydre  (II) 
(Bolton, 1963) et l 'alloxane (III)  (Bolton, 1964) a permis 
de me t t r e  en 6vidence l 'existence dans ces cristaux 
d 'approches intermol6eulaires par t icul ibrement  r6duits 
entre  les oxygbnes de certains carbonyles et certains 
carbones du cycle. Cette part iculari t6 ne para i t  pas se 
re t rouver  dans la s t ructure  cristalline d 'au t res  bases 
pyr imidiques  ou puriques d'intdrSt biologique. Bolton 
(1964) a t t r ibue  cet 6tat de choses ~ la polarit6 excep- 
t iormellement prononc60 des groupes carbonyles im- 

pliqu6s dans les contacts  rapproch6s. Cet au teur  observe 
toutefois en m6me temps,  que les liaisons en question sont  
except ionnel lement  courtes. 
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