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The P6a/m space group and  the  s t ructure  given by  both  
N&ray-Szab5 (1930) and  Mehmel (1930) for the hexagonal  
crystal  f luorapati te ,  Cal0(POd)~F ~, have long been ac- 
cepted as essentially correct. I n  view of the  importance  
of the  apa t i te  s t ructure  in m a n y  fields, it was felt t ha t  
a ref inement  of this s t ructure  would  be of value.  

The s tudy  repor ted  here was made  wi th  crystals of 
synthet ic  hydroxyapa t i t e ,  Cal0(POd)e(OH)2, prepared by  
hydrolyzing  CaHPO4 in a pla t inum-l ined,  hydro the rma l  
bomb.  The details of the  synthesis are published else- 
where (Perloff & Posner,  1956). The atomic parameters  
given below are for hydroxyapa t i t e .  As this compound  
and f luorapat i te  are isomorphous,  wi th  near ly  the same 
unit-cell  size, the  refined parameters  should apply  to 
both.  Powder  diffraction results gave the  un i t  cell 
dimensions of hydroxyapa t i t e  as 

a = 9-432 , c ---- 6 .881/~.  

Three-dimensional ,  single-crystal,  X- ray  diffraction 
da ta  were obtained,  using the  mult iple-f i lm technique 
wi th  a Nordus in tegrat ing Weissenberg camera.  Nickel- 
filtered, Cu Kc~ radia t ion  and K o d a k  N O - S C R E E N  film 
were employed.  The intensit ies of the in tegra ted  spots 
were measured  wi th  a Bai rd  Associates Inc.  I)ensito- 
meter -Compara tor ,  corrected w i th  the  appropr ia te  
Lorentz  and  polar izat ion factors, and  conver ted  to a set 
of observed s t ruc ture  factors. These were scaled to the  
calculated s t ruc ture  factors, based on the  N~ray-Szab6 
parameters ,  by  ma tch ing  the  sums of the  observed and  
calculated s t ruc ture  factors. No corrections for absorpt ion 
or ext inc t ion  were made .  The former correct ion was 
t r ivial  because of the  small size of the  crystals used. 
The crystals were 0.14 ram. long and  0.06 ram. wide for 
the  c-axis ro ta t ion  photographs,  and  0.07 mm.  long and  
0-05 ram. wide for the  a-axis ro ta t ion  photographs.  

There are about  470 possible, independent  reflections 
for hyd roxyapa t i t e  using Cu K a  radiat ion.  About  450 
of these were wi th in  the range of the  da ta  recorded,  and  
only 330 reflections were detectable  while the  remainder  
were considered as having an observed in tens i ty  of zero. 
The independent ,  non-zero reflections, af ter  conversion 
to s t ruc ture  factors, were used in a least-squares refine- 
men t  of the  19 variable parameters  (12 atomic position 
parameters  and  seven isotropic t empera tu re  factors for 
the seven atoms).  The parameters  of the ear ly  apat i te  
studies were used as a starting point for the least.squares 
ref inement .  The process was performed on the IBM 704 
electronic compute r  using the  program wr i t t en  by  Dr  
I )avid  Sayre (the IBM 704 P rogram N.Y.,  X R I ) .  

The new parameters  obta ined are listed in Table l,  
where they  are compared  to the  N£ray-Szab5 parameters .  
The rel iabil i ty factor (R) obta ined when  compar ing the 
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Table 1. Listing of new atomic parameters for hydroxy- 
apatite as compared to old parameters for fluorapatite 

l~lumber 
of atoms New Old* 
per unit ~ - ~  - - ,  • ^ 

Atom cell x y z B(A 2) x y z 

Cai 4 0.333 0.667 0.001 0.666 0.333 0.667 0.000 
Caii 6 0-246 0"993 0.250 0.328 0.250 0"000 0.250 
P 6 0.400 0"369 0"250 0-192 0-390* 0"360 0"250 
OI 6 0.329 0.484 0"250 0.295 0"333 0.500 0.250 
OII 6 0.589 0.466 0.250 0.496 0.600 0.467 0-250 
OIII 12 0.348 0.259 0"073 0-632 0"333 0"250 0"063 
OH 2 0"000 0"000 0"250 0"875 0-000 0"000 0.250 

* All the old parameters are taken from :Nhray-Szab5 (1930) 
with the exception of the x parameter for phosphorus, which 
was suggested by Beevers (private communication). 

Table 2. Comparison of new and old bond lengths in apatite 

Lengths are based on parameters given in Table 1 

Bond Old New 
P-OI 1.656/~ 1-533/l 
P-011 1.715 1.544 
P-0III  1-570 1.514" 
CaI-0I 2.329 2.416" 
CaI-OII 2.395 2.449* 
Ca~-0Hr 2.865 2.802* 
Call-OH 2"356t 2.354 
CaH-0I 2.832 2.712 
Can-0H 2.313 2.356 
Caii-0ii  I 2"292 2.367* 
Can-0Hi 2.376 2.511" 

* Bond lengths repeated by symmetry not given. 
t Actually CaH-F. 

observed and calculated da ta  was 11.2 %. More impor t an t  
t han  the R factor  in judging the  ref inement  is the  im- 
p rovement  in the in tera tomic  distances effected by  the  
new parameters .  Table 2 gives the new and  the old inter- 
a tomic  distances. 

The improved atomic positions provide a more regular  
phosphate  t e t r ahedron  wi th  ra the r  short  P - O  distances. 
Each  of the  CaI a toms lying along the  threefold axes is 
bonded,  a t  essentially equal distances, to six oxygens, 
which form a twis ted t r iangular  prism. There is also 
bonding between these CaI a toms and three  O m  
atoms at  a longer in tera tomic  distance.  Thus the  Cai 
atoms are coordinated by nine oxygen atoms situated 
in six different phosphate  te t rahedra .  The Cart a toms,  
s i tua ted  a round the hexagonal  screw axes, each have an 
irregular  sevenfold coordinat ion wi th  six oxygens of five 
phosphate  groups in addi t ion to the hydroxyl  ion. 

Table 3 lists the  observed and  calculated s t ruc ture  
factors, as well as the  differences of their  absolute values 
for each reflection used. 
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