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show that in fact the lattice constant varies signifi- 
cantly when the noble metal atom (B) is changed. 

The lattice constants of the Pd and Pt compounds 
indicate that  the effective radius for Pd in these com- 
pounds is larger than that  for Pt. Heumann & Kniep- 
meyer's (1957) data are also in agreement with this 
conclusion. However, the lattice constants given by 
Heumann & Kniepmeyer for the strontium compounds 
do not agree with those published here within our 
limits of error. They give the following values: 

SrPd2, 7.800/~ (Zl = +0.026); 
SrPt2, 7.742 A (/l = +0-035); 
SrRh 2, 7.695 J~ (/I = +0.011); 
SrIr 2, 7.849 A (/l = -0.149) . 

Heumann & Kniepmeyer give the experimental data 
for one substance, SrRh 2. When the lattice constant for 
SrRh 2 is determined from their data by Bradley-Jay 
extrapolation, the result is 7-707±0.005 J~, which 
agrees with our lattice constant, similarly determined, 
within experimental error. This difference in treat- 
ment of data may well account for the discrepancy 
between their results and ours in the cases of SrPd 2 
and SrPt2 as well, but may not account for the dif- 
ferent results for SrIr 2. The larger discrepancy in this 
case might be due to impurity or off-stoichiometry of 
material. The results of the spectroscopic analyses of 
our material and the chemical analyses of their 
material preclude the presence of appreciable amounts 
of metallic impurities, but non-metallic impurities 

would not have been detected by the spectroscopic 
analysis. While departure from stoichiometry would 
have been possible in both cases, it seems unlikely in 
this structure that  one of the constituents would 
substitute for the other because of the great difference 
in size and bonding of the two constituents. Vacancies, 
however, could occur. 

The writers wish to thank S. C. Abrahams for his 
careful reading of the manuscript and helpful criticism. 
They are also grateful to H. J. Seubert for making the 
drawings. 
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A mechanism has been devised which permits the counter on a X-ray goniometer to scan a 
selected straight line in reciprocal space within the range of the limiting sphere. 

Introduct ion  

A counter goniometer offers the possibility of in- 
creased sensitivity and accuracy in intensity measure- 
ments on single crystals, a possibility which can best 
be adequately exploited if the goniometer is made 
automatic in operation. In the design of such a gonio- 
meter, the principal disadvantage of the counter is 
that  it is a one-point detector, so that  the conditions 
governing its orientation with respect to the crystal 
to record a sequence of reflexions are much more 
critical than those required by a goniometer em- 

ploying photographic film, i.e., a two-dimensional 
detector. 

In the majority of cases, the problem of satisfying 
the required conditions has been tackled by hand- 
setting both the crystal and the counter (see Lonsdale 
(1948), Wooster, Ramachandran & Lang (1948), 
Cochran (1950), Clifton, Filler & McLachlan (1951), 
Evans (1953), Zachariasen (1954), Furnas & Harker 
(1955)). To make the collection of intensity measure- 
ments automatic, it is necessary to devise a linkage 
between the crystal and counter movements which 
will enable the whole or a selected part of the recip- 
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Fig. 1. Part of a typical reciprocal lattice with the limiting circle (d = 2.0) outlined. 
(a) The spiral scan devised by Bond (1955). (b) The scan, linear in reciprocal space, proposed in the present paper. 
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Fig. 2. (a) The geometrical construction of the interaction of the reciprocal lattice and the reflecting circle. Reflecting condition 
satisfied at point P. (b) A selected line A ' A "  in reciprocal space. The various angular relationships are indicated. (c) The 
mechanical analogue of (b). The Scotch yoke, Y, rotates about O, while the pin, P, engages in the yoke is but constrained to 
rotate about C, the axis of the crystal. 

rocal latt ice to be covered in one run. For  this purpose, 
Bond (1955) has recently designed and built a counter 
goniometer which searches a layer of the reciprocal 
lat t ice by  means of a spiral scan from 0 = 0 up to 
the ins t rumenta l  limit. :Fig. 1 (a) il lustrates the prin- 
ciple which was converted into mechanical  te rms by  
combining a relat ively fast  rota t ion of the crystal  
with a slow rotat ion of the counter. The large amount  
of t ime spent on the background by this type  of scan 
is reduced by using a fast  ra te  of t ravel  when the 
count ra te  is low; when it rises in the neighbourhood 
of a reflexion, the counter is stopped and backed, and 
res tar t s  t ravel  at  the slow rate.  This dependence of 
the ra te  of t ravel  on the count rate  means t ha t  re- 
flexions not  great ly  above the background level will 
be passed over unless a very  sensitive discriminating 
device is incorporated.  For  m a n y  organic compounds 
of modera te  complexity,  experience shows tha t  a large 
proport ion of the reflexions are of weak intensity,  and, 
for such compounds,  Bond's  device would severely 
limit the number  of reflexions which could be mea- 
sured. Alternat ively,  the spiral scan without  discrim- 
ination would spend too much t ime on the background. 

A more sat isfactory approach would be to explore 
only significant regions of the layers of reciprocal 
space selected by  a prel iminary photographic survey,  
thereby  overcoming the need for elaborate discrim- 
inating devices. The most na tura l  and economical scan 
is along the most  highly populated rows of the recip- 
rocal lattice, as shown in Fig. 1 (b). To achieve this, 
however, it is necessary to devise a mechanism which 
will permit  the counter to follow a s t ra ight  line in 
reciprocal space. 

Several years ago the author  devised a linkage 
between counter and crystal  which fulfilled most  of 
the requirements  of such a guide mechanism. I t  has 
now been constructed and found to operate in a 
sat isfactory manner.  

P r i n c i p l e  o f  t h e  m e c h a n i s m  

The principle of operation is based directly on the  
geometrical construction of the diffraction condition 
in terms of the reciprocal lattice. The t ransi t ion from 
the basic idea to the mechanical  set-up is shown in 
Fig. 2. Considering only the two-dimensional case, the  
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condition for diffraction to occur is for a reciprocal- 
lattice point to coincide with the circumference of the 
reflecting circle (Fig. 2(a)), the angular  conditions of 
the crystal (o9) and the counter (r) with respect to 
the X-ray  beam being defined by  this construction. 
Let us focus at tent ion on a line through a row of 
reciprocal lattice points, e.g. A'AA" ,  which is dis tant  
d from the origin O, Fig. 2(b). As this line intersects 
the reflecting circle with rotation of the reciprocal 
lattice, the required conditions between o9 and r for 
this line are continuously specified. Consideration of 
the geometrical construction suggested the basic 
essentials of the mechanical  arrangement  for the guide 
mechanism, Fig. 2 (c). The Scotch yoke, Y, capable of 
rotation about O, represents the line A ' A A "  in recip- 
rocal space. The yoke can be adjusted in the direction 
SO, i.e. perpendicular  to A'A",  to give any  value of d 
between zero and 2 (the diameter  of the reflecting 
circle). Since it represents a part  of the reciprocal 
lattice, the yoke is rotated about O at the same con- 
stant  rate as the crystal is rotated about C. The 
counter, mounted on the arm CC', free to rotate about 
the shaft C which is concentric with the crystal shaft  
but  independent of it, is l inked to the Scotch yoke by 
the pin P,  which lies at unit  distance from C, i.e. 
effectively on the circumference of the reflecting 
circle. As the Scotch yoke rotates about O, it causes 
the pin to slide within the yoke and moves the counter 
so as to satisfy the desired conditions between r and o9. 
Hence the counter scans the row of reflexions in- 
dicated in Fig. 2(a). The pin can be placed in position 
P '  or P "  (Fig. 2(b)) according as region A'A or A A "  
is being surveyed. The diffracted beams are then 

detected in the corresponding regions - r  or + r  
(Fig. 2(b)). 

Fig. 3 shows the actual  guide mechanism, which, 
for convenience in construction and use, is separated 
from the goniometer unit.  The Scotch yoke is mounted 
on the helical gear, G1, and can be adjusted in its slide 
from d = 0 to 2.0 (where 1 = 5 cm.). This gear and 
a similar one on the crystal  holder shaft  are driven 
in parallel. Gear G2, which is effectively the reflecting 
circle, carries the pin, P ,  which engages in the slide 
block in the Scotch yoke. This gear, G2, is l inked 
through a 1:1 gear t rain to the counter arm. For the 
survey of any  central row of reciprocal-lattice points 
the guide mechanism is declutched and a simple 2:1 
gear t ra in  is brought into action. 

Performance  

Assessment of the performance of the guide mechanism 
is best made by comparison of experimental  (r, o9) 
plots for various values of d with the theoretical 
distr ibutions for which Buerger (1942) has already 
supplied tabula ted  values in his discussion of the equi- 
inclination Weissenberg goniometer. 

To make the measurements,  the counter and crystal 
angular  scales were first adjusted ms follows. The 
Scotch yoke, in the position where SO is coincident 
with OC (Fig. 2), was set at d = 1. For this position 
the counter angle is r = 190  °. Wi th  the yoke slide in 
the A A "  region, r is set at +90  ° and the crystal scale 
at o9 = 180 °. For the al ternat ive region A'A,  the 
counter is set at 270 °. Values of r were then read off 
for each 10 ° interval  of o9 both for increasing and 

Fig. 3. The guide mechanism in the goniometer. The Scotch yoke, Y, is mounted on the helical gear G 1. d can be adjusted on 
scale E by moving the yoke in the slide V. G 2 (the reflecting circle) carries the pin, P, which engages with the slide block in 
the yoke. 
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:Fig. 4. For the values of d indicated, r is plotted against co at l0 ° intervals of co in the ~-r and --r regions. The vertical 
spread of the points is the observed backlash in the mechanism. The continuous curves refer to regions where the mechanism 
is fully effective, dashed curves to regions where measurements were either not made or could not be made (i.e. near the 
'noses' of the curves). 

decreasing w. The only ad jus tment  required for fur ther  
sets of readings was a shift  of d to its new value by  
sliding the Scotch yoke to the appropriate value. This 
operation automat ica l ly  adjusts  the relative angular  
positions of the counter and crystal  for the new value 
of d, The (r, co) measurements  for d from 0-25 to 1.75 
by  shifts of 0.25 are shown in Fig. 4. 

From these results, it is evident  tha t  selected values 
of d can be set with adequate accuracy by means of 
the Scotch yoke. Secondly, the guide mechanism is 
capable of following the curves smoothly over the full 
range of d. The mean  deviat ion in r is of the order 
of 1 °, with a m a x i m u m  of 3 °. A measure of the back- 
lash in this type  of mechanism is given by the vertical 
spread of the readings in Fig. 4, which is not greater 
t han  2 ° . 

The principal  l imita t ion of the guide mechanism 
arises from its mode of operation. Thus, in the region 
X, Fig. 4, the (r, w) function is double-valued, since 
the line A ' A "  intersects the reflecting circle at two 
points which gradual ly  draw together unt i l  they  coin- 
cide at the 'nose' of the curve. At this  position the 
line is tangent ia l  to the reflecting circle, and, should it 
progress fur ther  in the - w  direction, it would leave 
the reflecting circle. In  the mechanism it is impossible 
for this to occur, and hence the mechanism cannot 
operate adjacent  to this region. However, in one run, 
i t  can cover more than  half  the line A ' A A " ,  i.e. 
> A A " ,  and then, by  transferring to the - r  range, 
i t  can cover the other half, i.e. > A ' A ,  with an overlap 
useful to coordinate the data  for the two halves. This 
l imi ta t ion can be more fully appreciated by s tudy of 

Fig. 2 or by  reference to the appropriate  section in 
Buerger (1942). The practical  extent  of the ranges of 
the line A ' A "  in the respective r regions is indicated 
in Fig. 4. 

The goniometer is designed to operate in the  equi- 
incl ination mode so tha t  there is no need to displace 
the origin of the reciprocal lattice of the layer  being 
studied from its position on the circumference of the  
reflecting circle. In  mechanical  terms, the axis of the  
Scotch yoke does not require to be displaced, which 
simplifies the construction of the guide mechanism 
and mainta ins  accuracy. The d scale is merely modified 
by a factor cos ff as the equi-inclination angle # is 
increased. 

I would like to express appreciat ion of the excellent 
workmanship  of Mr R. Venn, who constructed the 
guide mechanism. 
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