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'6Nb20 s . 1 lWO 3' 

It was known that the powder X-ray diffractometer 
profile of '6Nb20 s. 11WO 3' was very similar to that of 
4NbEOs.9WO 3 (Roth & Waring, 1966), although a 
structure model has been proposed for this composition 
(Stephenson, 1968). Electron-microscopic observations 
(Iijima & AUpress, 1974; Obayashi & Anderson, 1976) 
could not provide any evidence of '6Nb20 ~. 11WO3'. 
We have tried to solve the problem. Crystals with 
composition 6Nb20 5. 11WO 3 were prepared both at 
1300 and 1250°C. They gave diffraction patterns and 
images very similar to those of 4NbEOs.9WO 3. 
Additional specimens with compositions 4Nb205. 
6WO 3 and 5Nb2Os.5WO 3 were prepared at 1300°C. 
It was expected from the phase diagram that the 
9Nb205.8WO 3 and 6Nb20 5. l l W O  3 phases co- 
exist in both of them. The electron-microscopic 
observation revealed, however, the presence of 
4Nb205 . 9WO 3 together with 9Nb20 5.8WO 3 (Roth &, 
Wadsley, 1965). The same results were obtained from 
the specimens prepared at 1250°C with the same 
compositions, although 8Nb2Os.5WO 3 and 6Nb205. 
l lWO 3 were expected from the phase diagram. It 
should be mentioned here that the reliability of the 
present temperature measurement is within 5 °C. At 
any rate, it is important to note that there is no 
'6Nb20 5. 11WO a' phase. Fig. 8(a) shows a structure 
image of 9Nb20 s . 8WO 3 (tetragonal, a = 26- 3 and c = 
3.81 A), prepared together with 4NbEOs.9WO 3 at 
1250°C. It is clear on comparing with the structure 
model in Fig. 8(b) that the crystal is composed of 5 × 5 
blocks. Each cation within the blocks is resolved as a 
dark spot. The cations in the octahedra sharing edges, 
as well as those in the sites of tetrahedral coordination, 
are shown in the image. 

The authors wish to express their deep gratitude to 
Dr S. Yamaguchi, Dr Y. Bando and Mr Y. Sekikawa 
for their support of the present study. 
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A Simple Method for Obtaining Trielinie Cell Parameters from Weissenberg Photographs 
from One Crystal Setting 
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A simple method is described for the interpretation of Weissenberg photographs and the determination of 
triclinic cell parameters from a single setting of the crystal. The theoretical approach is followed by an 
example illustrating the procedure. A comparison of these results with those derived from diffractometer 
measurements is made. 
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Introduction Outline of the procedure 

Interpretation of Weissenberg photographs in the 
triclinic case is somewhat complicated by the lack of 
symmetry and the distorted pictures of the reciprocal 
lattice. When going to upper-level photographs the 
origins of the reciprocal-lattice levels are shifted from 
the rotation origin. The question is how these shifts 
show on Weissenberg films. If this transformation from 
reciprocal lattice to film is known, accurate measure- 
ments on the photographs can be used to determine the 
cell parameters. Buerger (1942) describes a method of 
angular lag, but his treatment suffers from two pro- 
nounced disadvantages. It requires two superposed 
Weissenberg exposures of the zero and first layers and, 
furthermore, the measurements are made on low-index 
reflexions which may be weak and unobservable. 
Another approach was made by Hulme (1966). His 
method involves measurements on general hkl reflex- 
ions. Two procedures for determining the cell 
parameters are described. One is geometrical which 
lowers the accuracy and the other is computational 
which requires computer facilities. 

In the present method measurements are made on 
festoons representing either axes of the reciprocal 
lattice or lattice lines running parallel to these axes. The 
accuracy obtained for the angles finally derived is about 
+ 1 o. However, in the early stages of a structure deter- 
mination one is often interested in a fast and easy 
method of obtaining preliminary unit-cell dimensions. 
The final parameters are then usually obtained from 
diffractometer measurements. The method is not 
applicable when split-film cassettes are employed, as is 
common for low-temperature work. 
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Fig. 1. A diagram of the nth layer for a crystal rotating about the b 
axis. 

Let a crystal rotate about an axis, say b, and study an 
upper level, say the hnk reflexions, by the equi- 
inclination Weissenberg technique. This situation is 
described in Fig. 1, where O is the true origin and 
rotation origin, while O' corresponds to the origin of 
the nth layer. When, for instance, the a* axis of the 
reciprocal lattice is perpendicular to the entering X-ray 
beam, the points of intersection, s~ and s 2, between the 
a* axis and the sphere of reflexion will be symmetrically 
located with reference to the central X-ray line. On the 
film this will correspond to points S~ and S 2 on the 
festoons representing the a* axis. By measuring the 
distance between these points it is possible to determine 
the offset perpendicular to the a* axis of the nth-layer 
origin from the true origin. With this distance and the 
layer-line separation, measured from an oscillation 
photograph, it is possible to calculate the angle m 
Similarly, the angle 7 may be obtained by measure- 
ments on the festoons corresponding to the c* axis. 

Theory 

On the nth-layer Weissenberg film the distance between 
the symmetrically distributed points S~ and $2 is x,. 0. 
The geometry of Fig. 1 gives 

6c. 0 = R,  -- R,  cos r,, 0 --- R , ( I  - cos r,.0). (1) 

Now the angle r., 0 (o) is given by 

x,,  0 360 
r"'° = 2---R- x 2n 

Furthermore, the radius R,  of the circle described by 
the intersection of the nth layer with the sphere of 
reflexion is cos p,  reciprocal-lattice units (r.l.u.), where 
/~. is the equi-inclination angle of the nth layer. Thus (1) 
becomes (in r.l.u.) [ (x 0 '60)1 

~ c , . = c o s p .  l - - c o s  2 - ~ X ~  . (2) 

However, by assuming the normal radius of the camera 
to be 28.65 mm the general expression above is 
simplified to 

&~,0 = cos # , (1  -- cos x..0). (3) 

Now consider the reciprocal lattice in Fig. 2 where T is 
the projection of O' on to the a'c* plane. A line is 
drawn through this point perpendicular to the a'b* 
plane, thus corresponding to the direction of the c axis 
of the direct lattice. The angle between this line and 
TO', the direction of the b axis, will be a. By examining 
the triangle QTO' in Fig. 2 it is clear that the angle 
TQO' will be 180 - a. Thus 

n% 
tan ( 180 -- a) = - t a n  a = - -  (4) 

C , 0  ' 
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where ~t, is the layer-line separation. Similarly, 7 is 
given by 

tan ~ ' -  rio.0 (5) 

where J,,.0 is the offset of the nth-layer origin 
perpendicular to the c* axis. 

By applying the procedure to festoons corresponding 
to reciprocal-lattice lines parallel to the axes it is 
possible to obtain additional information and thereby 
increase the accuracy. For example, the measurement 
of xn. l in Fig. 1 will give (with tic = Jc.0) 

Jc = Jc, l -  c* sin if* = cos g , ( l  - cos x,,.l) -- c* sin/3*, 

where c* and fl* are obtained from a zero-level photo- 
graph. Similarly, a general measurement x,,.i corres- 
ponding to the intersection of the reciprocal-lattice line 
hni with the sphere of reflexion will give 

J~ = J~ . i -  ic* sin/P' (6) 
and for. fi~ 

J~ = J~ . i -  ia* sin fl*. (7) 

However, the relations (6) and (7) may change owing 
to different choices of unit cells; this is illustrated in the 
example below. In general a Delaunay reduction 
(Delaunay, 1933; Patterson & Love, 1957; Inter- 
national Tables f o r  X-ray Crystallography, 1952) may 
be applied to obtain the conventional triclinic cell. 

Accuracy 

Differentiation of expressions (3) and (4) gives 

dJc. o = cos g~ sin x,. o dx,. o 

da = ~.o + (n~'b) 2 dJ*'°" 

I ~ bt o 
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Fig. 2. (a) A general view of the reciprocal lattice. T is the pro- 
jection of O' on to the a'c* plane. The line PT corresponds to 
the direction of the c axis. (b) The triangle QTO' on the plane of 
the paper. 

The combination of these two equations gives an 
expression for the error in the final cell angle a 

drl = cos g~ sin x~. 0 dx,, 0. (10) 
6 .o + 2 

An imagined structure with b = 15 A and a = 100 o 
will give (with 2 = 1.5418 A and n = 1): ~b = 0.1028 
r.l.u., g~ = 2.95 °, Jc,0 = 0.0181 r.l.u, and x~. 0 = 10.93 
mm. With these typical values (10) becomes 

1 
dxl, o --- - -  da  = 0-56 d~l. 

1-785 

Thus to obtain a 1 o accuracy in the final cell angle 
the distance dx~. 0 must be accurate to about 0.5 mm. 
When it is possible to measure between reflexions 
situated directly above and below the axial intersection 
point this is a good estimate of the error. However, in 
the general case when festoon extrapolation has to be 
done, it can be difficult to keep errors within this limit 
especially if the reciprocal spacings are large. 

An illustrative example 

A recently studied compound, 2-methylamino- 1- 
(spiro[ cyclopentane- 1, l'-inden]-3 '-yl)eth anol hydro_- 
chloride, crystallizes in the triclinic space group P1 
(Hebert, 1978). To determine preliminary unit-cell 
dimensions the procedure described above was applied. 

The results of these measurements for the second 
and third layers are in Table 1. The first layer was 
omitted because of too small deviations giving poor 
accuracy for the measurements. The rotation axis was 

(8) denoted b and the length of this axis was 7.307 A 
(determined from an oscillation photograph). The 

(9) length of the a* and c* axes and the angle fl* were 
derived from measurements on a zero-layer Weissen- 
berg photograph giving a* = 0.0716, c* -- 0.1368 ,/k -~ 
and fl* = 79.17°; Cu K a  radiation (2 = 1.5418 ]k) 
was used. Fig. 3 is a schematic drawing of an upper- 
layer Weissenberg photograph indicating the measure- 
ments of x,,,i and Yn, l. Note that the central line, easily 
obtained by letting the primary beam fall directly on the 
film, always bisects x.,i and y,,l. These distances for the 
second and the third layers are in the second column of 
Table 1. Equation (3) with #2 = 12"18° and g3 = 
18.45 ° gives Jc, i. The final Jc values are then derived 
from Jc = J ~ . i -  ic* sin fl* and equation (5) with ~b = 
l ib = 0.2110 r.l.u, gives the angle a. The measurement 
of Y~.0 does not directly give the offset of the second 
and third-layer origins perpendicular to the c* axis. This 

o is because the intersection of this axis with the sphere of 
reflexion is not recorded on the photograph. This can 
be seen, for instance, from the fact that J,, values 
decrease when derived from higher layers. However, 
reciprocal-lattice lines parallel to the c* axis can be used 
as indicated in Fig. 4. Thus J,, is given by J,, = J a . i -  (i 
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Tab le  1. Angles ~ and 7 derived from measurements on the second and third-layer equi-inclination Weissenberg 
photographs 

i Xn. i (~c.i (~t" (I Yn.i (~a.i t~a )~ 
2nd layer, n := 2,/12 12.18 o 

0 10.2 0-0154 0.0154 92.09 ° 22.7 0-0757 0.0327 94.43 ° 
1 39.3 0-2211 0.0139 91-89 35-1 0.1778 0-0390 95.28 
2 55-8 0-4281 0.0137 91.86 45-3 0-2899 0-0353 94-78 
3 69.5 0.6352 0.0135 91.83 53.5 0.3961 0-0375 95.08 

3rdlayer, n = 3 , #  3 - 18-45 ° 

0 11-8 0.0200 0-0200 91.81 20-5 0-0601 0-0483 94.36 
1 40.3 0.2251 0-0179 91-62 34-2 0- 1640 0.0528 94.77 
2 57-0 0-4320 0.0176 91-59 44-0 0-2662 0.0590 95.32 
3 71.0 0.6398 0-0181 91.64 52-5 0.3711 0-0625 95.64 

+ 1)a* sin fl*. F ina l ly ,  e q u a t i o n  (6) gives the  angle  ),. 
All the  resu l t ing  cell p a r a m e t e r s  in bo th  d i rec t  a n d  
r ec ip roca l  space  a re  g iven in T a b l e  2 t o g e t h e r  wi th  the  
final p a r a m e t e r s  de r ived  f rom d i f f r a c t o m e t e r  m e a s u r e -  
ments .  T h e  la t ter  w e r e  o b t a i n e d  by  l eas t - squa res  refine- 

h00  001 

,,' , (  

t 

Fig. 3. Schematic drawing of an upper-layer equi-inclination 
Weissenberg photograph, xn, o and yn, 0 are the distances S i" - S~ 
and S~' - S~' respectively. Similarly, x,,~ and y,., are the 
distances between the/th-order festoons. 

Fig. 4. An illustration of the relation: 

° ~4.... ~ 

i 

between various shifts. 

T a b l e  2. Direct and reciprocal unit-cell parameters for  
2 - methylamino - l - (spiro[ cyclopentane- 1, l ' -  inden]- 3'- 
yl)ethanol hydrochloride obtained from Weissenberg 

photographs and diffractometer measurements 

Weissenberg Diffractometer 

a = 14.27,~ a*= 0.0716A -t a = 14.137A a*= 0.0722,~ -1 
b = 7.31 b* 0.1375 b = 7.324 b*= 0.1370 
c = 7.44 c*= 0-1368 c = 7-430 c*= 0-1371 
¢~ = 91.8 ° t1"=87-25 ° tl = 92.06 ° ¢t*=87-13 ° 
fl -- 100.5 //*=79-17 ~/ = 100.63 //*=79.19 
y = 95.0 ),* =84-62 y = 94-10 7* =85"44 

m e n t  o f  the  se t t ing ang les  o f  25 a c c u r a t e l y  c e n t r e d  
ref lexions r e c o r d e d  on  a Phil ips  P W  1100 d i f f r ac tom-  
eter.  

W i t h  the  cell p a r a m e t e r s  de r ived  in this  m a n n e r  a 
r i g h t - h a n d e d  c o o r d i n a t e  s y s t e m  c a n n o t  be  f o u n d  
t o g e t h e r  w i th  the  c o n d i t i o n  t h a t  all the  angles  o f  the  
d i rec t  cell h a v e  to  be g rea t e r  t h a n  90 ° . H o w e v e r ,  if an  
a l t e rna t ive  b* axis is c h o s e n  a long  a d i a g o n a l  in the  
a'b* p lane  the  a b o v e  r e q u i r e m e n t s  a re  fulfilled. T h e  cell 
p a r a m e t e r s  f o u n d  wi th  this c h o i c e  o f  b* axis c a n  a lso  be 
de r ived  d i rec t ly  by  ca l cu la t ing  t~,~ va lues  f r o m  t~,, = t~a. i 
- ( i -  1)a* sin fl*. 
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