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suggest t h a t  the mean ampl i tude of the thermal  
v ibra t ion  of atoms has the largest component  along 
the  c axis and the  smallest  component  along the  
a axis, since the  overall tempera ture  factor is least 
for the (001) project ion (1.1 A 2) and maximum for the 
(100) project ion (3.2/~2). This is also indicated by the 
(010) electron-densi ty project ion (Fig. 2) where the  
atomic contours, especially those of the methyl  carbon 
atom, appear  dis t inct ly  elongated near ly  along the 
c axis. This can be understood from the or ienta t ion of 
the  molecule (x, y, z) with respect to the neighbouring 
molecules in Fig. 4. The a tom 0~ is s t rongly bonded 
to the two sodium atoms (x, y, z) and (x, y, z + l ) ,  and 
a tom 0~ is s trongly bonded to the two sodium atoms 
(x, y + l ,  z) and (x, y + l ,  z + l ) .  The methyl  carbon Ca 
and keto-group oxygen 0 ,  are bonded to the  neigh- 
bouring molecules by weak forces only. The oscillation 
of the molecule about  the line 01-03 should therefore 
be most  likely, and so the components of the thermal  

v ibra t ion  ampli tudes of the atoms C2, Ca and 09 will 
be max imum along the  c axis and will be least along 
the  a axis. The bond between Na(x ,y , z )  and 02(x,y,z)  
is quite strong (distance -2-51 A), but  since the move- 
ment  of the a tom 02 would take  place near ly  per- 
pendicular  to the Na-02  bond, the  Na-02  distance is 
not  expected to alter appreciably during the oscilla- 
tion. Besides, there is a possibil i ty of free ro ta t ion  
about  the central  C-C bond, so t h a t  the plane C~-C2-02 
ma y  keep turning sui tably during the oscillation so 
t h a t  the  Na-02  distance is no t  affected. 
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Levi & Peyronel's (1935) structure of zirconium pyro- 
phosphate ZrP207 requires that  the central P -O-P  group 
of the pyrophosphate ion be linear, lying in fact on a 
three-fold axis. In both paper and abstract there occurs 
an unfortunate numerical error by which the P - P  
distance is incorrectly given as 3.03 /~ which is less than 
twice 1.56 A, the P-O distance. This has led some writers 
(Hanwick & Hoffmann, 1951; Van Wazer, 1958) to the 
conclusion that  the P - 0 - P  angle is 152 ° and not 180 °. 
Furthermore it has been felt that  since the X-ray scat- 
tering is dominated by the zirconium atoms, the deter- 
ruination of the structure of the pyrophosphate ion may 
not be unequivocal. 

The low temperature form of ZrP20 ~ crystallizes in a 
primitive cubic cell of side a 0 = 8.258 A (Harrison, 
McKinstry & Hummel, 1954). Levi & Peyronel give the 
density as about 3.3 g.em. -3, which corresponds to four 
formula units per cell. In  any such cell at  least some of 
the eight phosphorus atoms must lie on three-fold axes. 
If P2074- is a discrete ion and one phosphorus atom lies 
on a three-fold axis, so must the other, for otherwise the 
ion would contain four phosphorus atoms; the only 
sensible way of distributing the seven oxygen atoms is 
to place one on the axis and six in two symmetrical 
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groups of three. To preserve four-fold grouping of oxygen 
atoms round the phosphorus atoms the only possible 
configuration is one in which the single oxygen atom is 
placed on the three-fold axis between the phosphorus 
atoms. 

The existence and linearity of the central P - O - P  group 
in ZrP20 ~ can thus be confirmed (without detailed 
knowledge of the structure or even the space group) 
from considerations of the Bravais lattice, cell size and 
density, and the assumption that  the P207 ion is discrete. 
I t  should be noted, however, tha t  in Na4P207. 10H20 
the P - O - P  angle is 134 ° (MacArthur & Beevers, 1957). 
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