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SHORT COMMUNICATIONS

Refinement of the hydroxyapatite structure.* By Aarox S. PosNER,} ALvin PERLOFF,{ and ALFRED F.
Dior10,§ National Bureau of Standards, Washington 25, D. C., U.S.A.

(Received 30 December 1957)

The P6;/m space group and the structure given by both
Néray-Szab6 (1930) and Mehmel (1930) for the hexagonal
crystal fluorapatite, Ca,,(PO,)sF;, have long been ac-
cepted as essentially correct. In view of the importance
of the apatite structure in many fields, it was felt that
a refinement of this structure would be of value.

The study reported here was made with crystals of
synthetic hydroxyapatite, Ca,,(PO,4)s(OH),, prepared by
hydrolyzing CaHPO, in a platinum-lined, hydrothermal
bomb. The details of the synthesis are published else-
where (Perloff & Posner, 1956). The atomic parameters
given below are for hydroxyapatite. As this compound
and fluorapatite are isomorphous, with nearly the same
unit-cell size, the rofined parameters should apply to
both. Powder diffraction results gave the unit cell
dimensions of hydroxyapatite as

a = 943, ¢ — 6-88, A .

Three-dimensional, single-crystal, X-ray diffraction
data were obtained, using the multiple-film technique
with a Nonius integrating Weissenberg camera. Nickel-
filtered, Cu K& radiation and Kodak NO-SCREEN film
were employed. The intensities of the integrated spots
were measured with a Baird Associates Inc. Densito-
meter-Comparator, corrected with the appropriate
Lorentz and polarization factors, and converted to a set
of observed structure factors. These were scaled to the
calculated structure factors, based on the Néray-Szabé
parameters, by matching the sums of the observed and
calculated structure factors. No corrections for absorption
or extinction were made. The former correction was
trivial because of the small size of the crystals used.
The crystals were 0-14 mm. long and 0-06 mm. wide for
the c-axis rotation photographs, and 0-07 mm. long and
0-05 mm. wide for the a-axis rotation photographs.

There are about 470 possible, independent reflections
for hydroxyapatite using Cu Ko radiation. About 450
of these were within the range of the data recorded, and
only 330 reflections were detectable while the remainder
were considered as having an observed intensity of zero.
The independent, non-zero reflections, after conversion
to structure factors, were used in a least-squares refine-
ment of the 19 variable parameters (12 atomic position
parameters and seven isotropic temperature factors for
the seven atoms). The parameters of the early apatite
studies were used as a starting point for the least-squares
refinement. The process was performed on the IBM 704
electronic computer using the program written by Dr
David Sayre (the IBM 704 Program N.Y., XRI).

The new parameters obtained are listed in Table 1,
where they are compared to the Naray-Szabé parameters.
The reliability factor (R) obtained when comparing the
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Table 1. Listing of new atomic parameters for hydroxy-
apatite as compared to old parameters for fluorapatite

Number

of atoms New Old*

per unit
Atom  cell z y z B(AY) =z y z
Cay 4 0-333 0-667 0-001 0-666 0-333 0-667 0-000
Cayr 6  0-246 0-993 0-250 0-328 0-250 0-000 0-250
P 6 0400 0-369 0-250 0-192 0-390* 0-360 0-250
Or 6 0-329 0-484 0-250 0-295 0-333 0-500 0-250
O1r 6 0-589 0-466 0-250 0-496 0-600 0-467 0-250
Omr 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 Néaray-Szabé (1930)
with the exception of the # 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 oid New
P-Or 1-656 A 1-533 A
P-Oq; 1-715 1-544
P-Oqr1 1-570 1-514%*
Car-0Og 2-329 2-416*
Car-O11 2-395 2-449*
C&I‘OIII 2-865 2-802%
Cap—OH 2-3561 2-354
Ca'II-OI 2-832 2-712
Cap-Or1 2:313 2:356
Can—Or1 2-292 2:367%
Carr—Orrr 2:376 2:511%

* Bond lengths repeated by symmetry not given.
1 Actually Caj-F.

observed and calculated data was 11:29%,. More important
than the R factor in judging the refinement is the im-
provement in the interatomic distances effected by the
new parameters. Table 2 gives the new and the old inter-
atomic distances.

The improved atomie positions provide a more regular
phosphate tetrahedron with rather short P-O distances.
Each of the Cay atoms lying along the threefold axes is
bonded, at essentially equal distances, to six oxygens,
which form a twisted triangular prism. There is also
bonding between these Car atoms and three Opp
atoms at a longer interatomic distance. Thus the Caj
atoms are coordinated by nine oxygen atoms situated
in six different phosphate tetrahedra. The Cay atoms,
situated around the hexagonal screw axes, each have an
irregular sevenfold coordination with six oxygens of five
phosphate groups in addition to the hydroxyl ion.

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

References
NAiray-SzaB6, S. (1930). Z. Kristallogr. 75, 387.

MerMEL, M. (1930). Z. Kristallogr. 75, 323.
PERLOFF, A. & POSNER, A.S. (1956). Science, 124, 583.



309

SHORT COMMUNICATIONS

o
SIFMO~T O

ORI~ @
S ONN®

l

B

t6¢ 860 s1e (gr 2609z- € ul e
€2°'1 810 NNHM ow“mu «N”NN WN« MM.W Mmm
su:e 010 4301 41 ol . o 892 st
%e°g 990 $9°0 £0°62 *62- . : N
me %0 R S 5 €00 S0z s {10z
. 0 K . . Y . -
o o 01°01 99°Sy  9L°SS 91 s61 e i el
20°1 1€y €1~ . . u
19:2 ss0 S8 el s ok as (a 5 g1z
19°9 20 8€°0 8e°2s 11T 92z 99 o 929 16°91-
. 98" FOR A T V3 CHE 113 ac 4 . .
(1987 8ET 279 %92 60°¢ TSt
. o0 9c'ez w6z 9l s . -
22 821 62°1 001 11°6 915 w91 %y it
€0 ac 86:L gezr sevl 91y e K ay 8y"y=
%o o1 1y 65°€9 W9 911 121 vee o1 -
3344 811 10°1 £6°L€ 26°9¢- 905 . . 6
06:¢ 916 Su6E- 90 0 basd we 60721~
1€ 80¢ £5°¢ 907 608 Lead 1z 91
(7481 801 (179 901 . o
20°¢ e 667 9L°51
96°6 114 e s9¢ 81°¢ LLA %S 0S°ST-
¥2°0 st . S0°Y 85~
s1'0 csh s1¢ 9EL 092 26°L
181 I 9v°T 1134 563 #ES €61 99°L1
9Ls o 98°¢ ss1 . 3
2770 vEE $9°0 sh'8T
69°% I334 S0°y 13 o ez €9:0 4L°0T
&5 i 592 & 71 478 5 se-et
: 52 : .
0£°0 €1 ot sve ga'c 7 £6°z 166
st .
z€y s HN se2 14 w2y oce 8201
£6°9 2y 0z'y B £es vee 12y 15761
12°9 349 20°9 SEE 20°0 k{4 68°S 970§
81 L 268 ¢€z w62 81 09712~
82°¢ €T ki e . .
482 118 : 1L €0y 82°€C
$9°6 (2 160 szt gLy 19 6179 £0762-
88°Y ez¢ iz 41§ €91 6£°€T
se'1 95¢ 9SS 26 €20 vy 657L 82°95~
g 957 62" . -
e % 6y s 505 o w2 a
8 STt we 1t L6°1 Ty°62-
5 ™ = e = — — =
85’81~ €28 1 h 1} N 191 H
‘21 €29 162
e fy 681 w1 ;
St . L 18¢ 6€°1 . 91~
oL-gs- €zc 66°¢ 4 %0°€ 182 %% EEOr LI N 38 s
7588 €21 58°0 8 92°0 181 3 &or ent 11 .
e o 96°0 [E°91  €E'S1- 19 EEN 089z £0°1Z
S1°€T €16 zre ¢ sto 1ug 0L T 50°9¢ hits- e 8¢ 09'6 €9
72°8 €18 $9°1 e 81°0 9911 o511 u zL1 80°9¢ 9¢ 95
9L°SS €15 60°S P25 88°Z 196 152 9991 9101~ 1 4 05°0 64°09 0€°19-
R Y 51 vt 199 086 oL fes- 1l gz ovio9  zzes
e . 19¢ € . . .
S B A A = S 2§
Q13 €11 69°0 . . — : : 8(21
€1z % o1 I g 4 vom 59°1 0z1z  mitel-
08°02- £06 8%°0 e 65°0 169 €9 88°97 sz'zz Sm 9e°e 0842 91T
68°'81- €0L ST°1 %4 90 1€ £6°0 116 01°01 o 982 09° Ly 9L -
wr o o ®oog g g e omw @ By wd bB
. . 15e ¢ 6Nl 11t21 107 .
60°12- €0€ 0L $S°T 151 oy . . MR 089 %€°01-
69°7¢ oz R 141 . "o £t 6Tt 101 61t 080t 09°CZ
16°8 €01 1872 729 171 e ove 61°C2- 062 €9°2 00°0¢ 9€° LT~
¥z zzs 01 15 60°€ 1€°02- 06 96'¢ 61748 4805
o191 762 0s:1 414 91z 17 1 10:0 07°51 1261~
912 343 6L°0 e 9v°0 T 08¢ €€z 08°g 979
wLgl-  T8E 17°€ et 281 1z 09°€ o 98¢ 050 0z'ST  0L°91-
0¢ €€ 287 6Ly 721 96°1 1 . X
75782~ z81 . sty vz sg o 1o 0891 6591~
©6°0 z18 1t 1€8 20°1 Tle oLt ST1 08°01 S6°11
16°9- 433 08 u 881 1€L €€z {26z~ ot 6L°S 00°02 1291
60°9- s 89°0 S1c 8T°C €9 v6¢ stt o 88°0 09'65  zl'gE-
90°12- Tl €€ 7 91 )13 l 80°2 61°8¢ TL°9€~
01°0 z1e (324 1€y s2°¢ s1-¢ 099 61 09°L§ 1%7°€S
€z°L 295 110 e 97°0 1€ 12°0 . 0% 1570 0916 81'gE-
YL 9 80°2 u 68°¢ 1€z 0zt 09°€2- oan €8°S 64°9% 69°25-
9g 1y 79¢ 65°C €1 120 A 4 w1 0z°11 19°21-
RPN 1 08 o 91°0 o3 - oz 8v°2 08:91 861
126 . gl : 61~
51 i 80°1 128 ot seree 091 e o Wl
86°€= 259 $0°0 209 10°1 1L €0 1002 ost o' 09°tY 19°9Y
€€°9T k439 o1°1 206 %9°0 128 09°2 00°11- 025 (1984 o%°81 10°51
0591~ 5% $8°0 o7 61°2 12y s1°z ohe6z oed 81 00°21 £8°€1
18°15- 7s¢ Tl 70¢ ozt 4% 16°¢ 60°6- 0SY "'t 072 98761
HEN: B8 e u A S
o 1 Nlo. 01 i x4 8¢ [4 341 0sz 95°1 0v°2g 802~
0 [E] ™ [Eg] ™ (] T IFT 5,

g olqeL,



