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I t  has been customary in neut ron  diffraction work to 
use a pillar-shaped crystal to obtain two-dimensional  F ~ 
data,  the long axis of the crystal corresponding to the 
zone axis of the reflexions to be examined (Bacon & 
Pease, 1953; Atoj i  & Rundle,  1958). As this long axis is 
normal  to the plane containing the incident  and reflected 
beams, a m a x i m u m  counting rate is achieved while the 
possibility of ext inct ion errors is minimized.  The purpose 
of this note  is to point  out  that ,  by mount ing  the crystal 
on a two-circle device placed on the central  table of the 
spectrometer,  three-dimensional  da ta  (or two-dimen- 
sional data  about  an arbitrary zone axis) can be obtained 
from a pillar-shaped crystal with  approximately  the same 
accuracy as for the conventional  two-dimensional  ar- 
rangement .  The me thod  has been used successfully in this 
, laboratory for several months .  

By appropriate ad jus tments  of the  three circles, the  
normal  to any (hkl) plane is brought  into the  Bragg 
reflecting position in the equatorial  plane, and the  
integrated intensity is then measured in the  normal  way 
by moving the counter  round to the 20h~Z position. The 
stereogram in Fig. 2 illustrates the ad jus tments  required. 
OP represents the (hkl) normal initially, RO the  incident  
neut ron beam and zOz" the z-axis, set at  an arbi trary 
angle to RO: it is required to move the pole P to P ' ,  
where OP" is in the equatorial  plane and at an angle 
n / 2 -  0h~z to RO. Initially, the  q-circle is moved  round 
the  z-circle to make  the q-axis vertical. The q-axis is 
then rotated through the angle PQ, moving P to Q, 
where Q is the point  of intersection of the two small 
circles of centre O, radius OP and centre Z', radius z 'P ' .  
Finally, the z-axis is rota ted through the  angle QP', 
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Fig. 1. Diagram of the q-, Z- and m-circles. 

The device consti tutes the q- and z-circles of a three- 
cir010 diffra0t0meter (Furnas & Harker, 1955). Z is a 
vertical circle and q a circle which rotates as a whole 
about  the  horizontal  z-axis (Fig. 1). The z-circle and 
counter  move  independent ly  round the third circle, w, 
which is the large horizontal  circle of the diffractometer.  
The crystal, moun ted  on a goniometer  head a t tached to 
the  q-circle, is located at  the common point  of inter- 
section of the q-, Z- and o~-axes. 
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Fig. 2. Stereogram illustrating the rotations about the q- a n d  
z-axes necessary to bring the (hkl) normal, OP, to the 
reflecting position, OP', in the equatorial plane. RO is the 
incident beam direction, zOz' is the z-axis and the q-axis 
is initially vertical. 

moving Q to f ' .  Clearly, the circle settings are not uniqu0 
but  depend on the arbitrary o) set t ing of the z-circle. 
By mount ing  the crystal with its long direction along 
the q-axis and by choosing the z-axis perpendicular  to 
the (hkl) normal in its reflecting position, OP', the  pa th  
length of the beam inside the crystal is a m i n i m u m  
(Fig. 3). The o~ sett ing is then  OhkZ, and the q and g 
settings are given by 

and 

V [ k/b-lcosc~/c ] 
tan  q = ~ h sin S a/a +k (cos a cos fl - c o s  7)/b+ 1 (cos 7 cos a - c o s  fl)/c 

sin Z = ld~#c. 
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Fig. 3. Diagram showing the path of the beam inside the 
crystal. The cross-hatched region represents the crystal at 
Z = 0 with its long axis vertical; the vertically shaded region 
represents the crystal after it has been moved round the 
x-circle to bring the (hkl) normal into the horizontal plane. 

V is the volume of the  uni t  cell and  it is assumed 
tha t  the  c-axis of the  crystal is along the  9-axis, t ha t  
9 = 0  corresponds to the  a*-axis in the  plane of the  
z-circle and tha t  X = 0 corresponds to the  9-axis vertical.  

Thus by a t taching a two-circle device, representing the  
Z- and 9-circles, to the  existing w-circle of a neut ron  
diffraction spectrometer,  it  is possible to ex tend collection 
of F 2 da ta  to three dimensions. In  essence, the  me thod  
depends on the  principle t ha t  a three-circle ins t rument  
not  only allows any (hkl) plane to be brought  into the 
reflecting position, but  also allows rotat ion of the  crystal 
about  the normal  to this plane to make  the pa th  length 
a min imum.  
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During an invest igation of the mechanism of salt forma- 
t ion between earboxylie acids and substances containing 
an unsubs t i tu ted  amidin ium group the crystallographic 
constants of a number  of these salts were de termined 
(Kelmard & Walker,  1954). Unit-cell  dimensions were 
obtained from oscillation and Weissenberg photographs 
(4 = 1.5418/~), except  for the  last two compounds listed 
below, where the 0 me thod  (Weisz, Cochran & Cole, 1948) 
was used. Densities were de termined with an accuracy 
of + 0.5% by centrifuging the  crystals in a continuous- 
gradient  densi ty  column (Low & Richards, 1952). The 
three-dimensional  s tructure analysis of S-methylthiuro-  
n ium p-chlorobenzoate is being reported elsewhere (Ken- 
nard  & Walker,  I961). 

B e n z a m i d i n e  benzoate  
C6H 5 . C(: N H ) .  N H  2, C6H s . CO2H 

Benzamzdine benzoate was prepared from benzamidine 
hydroehlor ide and sodium benzoate  in aqueous solution 
(cf. Pinner,  1892). I t  crystallized from water  as flat plates 
e longated along [001], wi th  marked  striations in this 
direction. The striations were traces of an excellent 
cleavage plane. 

The refractive index for white  l ight was 1.680 _+ 5 wi th  
the  electric vector  vibrat ing in the  direction of elongation 
of the  plates, and  1.630 + 5 at  r ight  angles to this direc- 
tion. 

Orthorhombic 
a=28.9(4) ,  b=35.8(6),  c=9.9(5) A, U = 1 0 3 2 6 A  a, 

Dm= 1"25 g.cm. -3, Z = 32, Dx = 1.25 g.cm. -a. 

Space group Ccc2 with addi t ional  non-space-group 
absences. Absent  spectra:  hld when h + k odd, but  very  
few weak reflexions of the  type h + l  odd or k + l  odd 
were observed. The h/c0 reflexions were with a few 
exceptions absent  unless h + k = 4 n .  The 0kl reflexions 
were absent  unless lc =4n, 1 = 2n, and the  hO1 reflexions 
i f h = 4 n + l o r l = 2 n + l .  

3 ,5-  D i b r o m o b e n z a m i d i n e  benzoate  
C6HsBr  2 . C(: N H ) .  N H  2, C6H s • CO2H 

3,5-Dibromobenzamidine benzoate was prepared from 
3,5-dibromobenzamidine hydroehloride and sodium ben- 
zoate; it was recrystallized from water  and had m.p.  
228-229 ° (decomp.). (Found:  C, 42.0;  H, 2.9; N, 6"8. 
CTH6Br2N2, C~H602 requires C, 42.0; H, 3.0; N, 7.0%). 
The crystals were needle-shaped wi th  diagonal extinc- 
t ion;  they  had  faint  striations and imperfect  cleavage 
parallel to the needle axis. 

Triclinic 
a = 15.21, b = 9.64, c = 12.34/~ ,  

a =  110, f l= 110, 7 =  100"7 ° , 
U = 1501 A 3, Dm= 1"755, Z =4,  Dx = 1"77 g.cm. -3. 

Space group P1 or P1.  No absences. 

3,5- D i b r o m o b e n z a m i d i n e  3,5- d i b r o m o b e n z o a t e  
C6HsBr  2 . C(: N H ) .  N H  2, C6H3Br 2 . CO2H 

3,5-Dibromobenzamidine 3,5-dibromobenzoate was ob- 
ta ined from 3,5-dibromobenzamidine hydrochloride and  


