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1000 reflexions contains only about  150 general reflexions 
wi th  S/,V, = 1 and  the unweighted  intensi t ies  would have 
a specific var iance (Wilson, 1951) of intrinsic value 3.6. 
The sal t  NaKsC12(S2Oe) ~ had  a l ternat ive  space groups 
P4nc or P4/mnc (Stanley, 1953). The N(z) dis t r ibut ions 
(Howells et al., 1950) for the [100] zone wi th  and  wi thou t  
proper weight ing of the  intensi t ies  are shown in Fig. 1. 
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Fig. 1. N(z) distribution for reflexions in the [100] zone of 
NaKaC12(S90¢). z. Triangles : unweighted intensity data; 
circles: properly weighted intensity data. 

The values of the specific variance wi th  and  wi thou t  
proper  weight ing were 2.14 and 2.34. 

Since the dis t r ibut ion of intensi t ies  in a group of 
reflexions heterogeneous in SIX is a funct ion of Is I, failure 
proper ly  to weight  the intensit ies m a y  result  in wrong 
conclusions concerning pseudo-symmetry .  

In  the me thod  of mult ipl iers  (Rogers, 1950) the values 
of S and  2: are compared and it  is necessary t h a t  the  
correct weight ing procedure be observed in the determina-  
t ion of the value of 2:(obs.). 

Conclusion 
The dis t r ibut ion functions of Wilson (1949) app ly  to the  
intensi t ies  in a n y  group of reflexions for which the  value 
of S/X  is the  same for all reflexions and  which is homo- 
geneous in dis t r ibut ion type.  In  the de terminat ion  of the  
tempera ture  coefficient and  the  factor for conversion ~o 
the absolute scale all reflexions should be weighted by  
X/S or omi t ted  if this  q u a n t i t y  is not  known. Groups of 
intensi t ies  used for the s tat is t ical  tests  for s y m m e t r y  
elements mus t  be homogeneous in d is t r ibut ion type  and  
in S/2: or made  so by  weight ing by  ,V,/S. 
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T h e  a p p l i c a t i o n  o f  a n  X - r a y  method to the 
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The l imit  of resolution of m a n y  of the X- r ay  techniques 
employed in the s tudy  of the mechanism of sub-boundary  
formation is such t h a t  much  of the evidence obtained,  
such as the background darkening  between separated 
X- ray  diffraction spots, m a y  be in terpre ted  as arising 
ei ther  from a cont inuously  bent  lat t ice or from sub-grains 
t h a t  are too small  to be resolved and whose orientat ions 
cover the range b.etween the resolved X- ray  spots (Beck, 
1954). The h igh-resolving power of the double-crystal  
diffractometer,  together  wi th  the Berg -Bar re t t  technique 
of X- r ay  microscopy, gives detailed informat ion which 
enables one to el iminate the possibi l i ty of lat t ice bending.  

The rocking curve obta ined using Cu Ka radia t ion 
reflected in the first order from the cleavage planes of 
calcite mates  mounted  as the  A and B crystals  of the 
diffractometer  had a half-width of 14 seconds of arc. 
The half-width of the first crystal  is therefore 14/[/2 ~ 10 
seconds of arc. Crystal  B was then ro ta ted  to the (1, A- 1) 
position and the slit sys tem was adjus ted  unti l  most  of the 
a 2 component  of the rocking curve was suppressed 
( In t ra ter  & Weissmann,  1954). The axis of ro ta t ion 
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coincides wi th  wha t  in the  exper iment  is the  specimen 
surface, and  the  angular  ro ta t ion  is so small t h a t  the  
area of the specimen i r radia ted can be considered to be 
fixed. 

A rocking curve of the tes t  specimen moun ted  in the 
( n , - - n )  posit ion is obta ined and is then  retraced in 
discrete steps wi th  an image of the reflecting area 
recorded a t  each sett ing.  The small area of specimen 
i r radia ted will register, on a film placed close to and  
parallel  to the  reflecting planes, an  image t h a t  consists 
of reflection from all regions accessible to the beam whose 
orientat ions are identical  wi th in  the 10.seconds of arc 
non-paral lel ism of t h e  monochromat ized  beam;  mis- 
oriented neighbors will reflect to ad jacent  regions on the 
film bu t  will do so a t  different specimen set t ings ( In t ra te r  
& Weissmann,  1954). 

Consider a specimen containing a random dis t r ibut ion 
of re la t ively  perfect  unresolvable small domains whose 
overall misor ienta t ion is 40 seconds of arc. The peak of 
the Gaussian rocking curve and  the densest  image are 
recorded for t h a t  specimen or ienta t ion in which the  
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greatest  n u m b e r  of domains are s imultaneously reflect- 
ing. The image recorded a t  each s t a t ionary  set t ing would 
be of uniform in tens i ty  and would equal the area ir- 
rad ia ted  since there  are, th roughout  t h a t  area, domains 
t h a t  s imultaneously fulfill the  Bragg condition. The bent  
latt ices of Fig. 1 and  the sequence in which thei r  images 

u m  m 

Fig. 1. Schematic representation of the correlation between 
lattice bending and X-ray images. 

are recorded i l lustrate tha t ,  if the  lat t ice is bent ,  i t  will 
no t  be possible to record the complete i r radiated area in 
one setting. The min imum number  of specimen set t ings 
required will equal the angular  range of reflection divided 
b y  the horizontal  divergence of the beam. Four  set t ings 
would be required for each of the examples of Fig. 1 
since the reflection range is 40 seconds of arc and  the 
beam imperfection is 10 seconds of arc. 

The abi l i ty  of the technique to rule out  the possibi l i ty 
of lat t ice bending and  to dist inguish between regions of 
s l ight ly  different or ientat ion was established by  da ta  
obtained from a fixed area of a zinc single crystal  grown 
from the mel t  and  subsequent ly  quenched and  annealed.  
The (0001) reflection from a face acid-cut parallel  to the 
cleavage planes was examined.  The correction due to 
dispersion was negligible in the  ( n , - - n )  position. As 
grown, the  rocking curve was Gaussian wi th  a half- 
wid th  of 40 seconds of arc and  the image recorded wi th  
the  specimen s ta t ionary  a t  the  rocking curve peak was 
uniform in in tens i ty  and identical  in area and  shape to 
the area i r radiated and to the  image recorded b y  con- 

t inuously  ro ta t ing  the specimen th roughout  i ts  angular  
range of reflection. Images recorded a t  the  specimen 
orientat ions of half  m a x i m u m  in tens i ty  were of the  
same area as t h a t  recorded a t  the peak.  The specimen 
condition is therefore similar to the random condit ion 
described, and there is no evidence of lat t ice bending.  

The specimen showed evidence of damage when  
quenched from 400 ° C., for the  rocking curve half-width 
was then  6 minutes  of arc and  the reflecting range 14 
minutes  of arc;  such an  increase was not  observed for 
other zinc crystals  when quenched. Anneal ing a t  400 ° C. 
for 1 hr. broke this  rocking curve up into one hav ing  
several peaks and  a to ta l  reflection range of 8 m~nutes 
of arc. Only seven s ta t ionary  exposures were required 
to record images whose sums equal the area i r radiated 
and  t h a t  recorded b y  continuous rotat ion.  More t h a n  
seven sub-grains were observed since several of the  
images recorded s imultaneous reflection from non-adja-  
cent domains having  the same orientat ion.  The pos- 
s ibi l i ty of lat t ice bending was, therefore, e l iminated and  
the possibi l i ty t h a t  the  latt ices of the  individual  sub- 
grains were bent  was el iminated by  the  observation t h a t  
there was, for each sub-grain, an  or ientat ion t h a t  gave 
an  image of m a x i m u m  area and  t h a t  th is  area encom- 
passed the images recorded for t h a t  par t icular  sub-grain 
in s l ight ly different angular  positions. 

The high resolving power of the technique gives detai led 
information about  the lat t ice topography.  Wi th in  the  
l imitat ions imposed by  the imperfection of the  first  
crystal ,  the  possibil i ty t h a t  specimen lat t ices are ben t  
can be el iminated b y  the  observation t h a t  the  image size 
and  shape of one sett ing, or a number  of set t ings less 
than  t h a t  calculated b y  dividing the reflecting range by  
the imperfection of the monochromat ized beam, is equal 
to the area irradiated.  
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(Received 7 March 1955) 
F. G. Mann and  his co-workers (Beeby & Mann,  1951; 
Mann & Millar, 1952; Jones  & Mann,  1955) have pre- 
pared and examined a number  of heterocyclic compotmds 

R x J C R ~ - - C H " \ x  ' R 
- \ C H ~ - C R ~  / - 

(I) 

of type  (I), in par t icular  those in which X,  X '  ---- N, P 

or As (including those where X ~= X') .  These compounds 
show interest ing var ia t ions  in their  behavimzr towards 
quaternizing agents,  in t h a t  cer ta in  of t hem (e.g. (II) 
and  (III)) will readi ly  undergo d iquatern iza t ion  wi th  
simple a lkyl  halides bu t  none will undergo diquarterniza-  
t ion (with cyclization) wi th  a lkylene dibromides. 

Thus 1:4-dimethylpiperazine (X ---- X '  ---- N, R = CH3, 
R ' =  H) reacts wi th  e thylene dibromide to form a 
d iqua te rnary  sal t  bridged across the ni t rogen atoms,  bu t  
none of the following compounds will quaternize in this  
manner :  


