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THE NATIONAL BUREAU OF STANDARDS

Functions and Activities

The functions of the National Bureau of Standards are set forth in the Act of Congress, March

3, 1901, as amended by Congress in Public Law 619, 1950. These include the development and

maintenance of the national standards of measurement and the provision of means and methods

for making measurements consistent with these standards; the determination of physical constants

and properties of materials; the development of methods and instruments for testing materials,

devices, and structures; advisory services to Government Agencies on scientific and technical

problems; invention and development of devices to serve special needs of the Government; and the

development of standard practices, codes, and specifications. The work includes basic and applied

research, development, engineering, instrumentation, testing, evaluation, calibration services, and

various consultation and information services. A major portion of the Bureau’s work is performed

for other Government Agencies, particular!) the Department of Defense and the Atomic Energy

Commission. The scope of activities is suggested by the listing of divisions and sections on the

inside of the back cover.

Reports and Publications

The results of the Bureau’s work take the form of either actual equipment and devices or

published papers anti reports. Reports are issued to the sponsoring agency of a particular project

or program. Published papers appear either in the Bureau’s own series of publications or in the

journals of professional and scientific societies. The Bureau itself publishes three monthly peri-

odicals, available from the Government Printing Office: The Journal of Research, which presents

complete papers reporting technical investigations; the Technical News Bulletin, which presents

summary and preliminary reports on work in progress; and Basic Radio Propagation Predictions,

which provides data for determining the best frequencies to use for radio communications throughout

the world. There are also five series of nonperiodical publications: The Applied Mathematics

Series, Circulars, Handbooks, Building Materials and Structures Reports, ami Miscellaneous

Publications.

Information on the Bureau’s publications can be found in MBS Circular 460, Publications of

the National Bureau of Standards (#1.25) and its Supplement (#0.75), available from the Superin-

tendent of Documents, Government Printing Office, Washington 25, D. C.

Inquiries regarding the Bureau's reports should be addressed to the Office of Technical Informa-

tion, National Bureau of Standards, Washington 25, D. C.
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REFINEMENT OF THE HYDROXYAPATITE STRUCTURE *

Abstract

Pure hydroxyapatite [Ca10 (P04 ) 6 ( 0H) 2 ] crystals

were synthesized and studied with integrating Weiss-

enberg techniques using Ni-filtered Cu K-a radiation.

A least-squares refinement of the atomic position

coordinates and the individual, isotropic, atomic

temperature factors was performed on the IBM 704

electronic computor, using approximately 400 inde-

pendent observed structure factors. A reliability

value of 0.11 was found when the observed and calcu-

lated structure factors were compared. The improved

atomic positions provided a more regular phosphate

tetrahedron than provided by the earlier work on

this substance.

1 . INTRODUCTION

The P6^/m space group and the structure given by both Naray-

Szabo [1] and Mehmel [2] for the hexagonal crystal f luorapatite,

Ca]_o(P04)6F 2' have long been accepted 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.

* This investigation was supported in part by Research Grant

D-572 to thenAmerican Dental Association .from the National

Institute for Dental Research, Public Health Service.
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2 . EXPERIMENTAL PROCEDURE

The study reported here was done with crystals of synthe-

tic hydroxyapatite * Ca10 (PO^)g(OH) 2 , prepared by hydrolyzing

CaHP04 in a platinum-lined, hydrothermal bomb. The details of

the synthesis are published elsewhere [3]« The atomic parameters

'given below are for hydroxyapatite. As this compound and fluor-

apatite are isomorphous, with nearly the same unit cell size,

the refined- parameters should apply to both. Powder diffraction

results gave the unit cell dimensions of hydroxyapatite as

a = 9. 43g c = 6.882 A.

Three-dimensional, single-crystal. X-ray diffraction data

were obtained using the multiple-film technique with a Nonius

Integrating Weissenberg camera. Nickel-filtered, , copper K-alpha

radiation and Kodak NO-SCREEN film were employed. The intensities

of the integrated spots were measured with a Baird Associates Inc.

Densitometer-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 Naray-Szabo parameters, by matching the sums

of the observed and calculated ^ructu.re .'factors . No corrections

for absorption or extinction were made. The former correction

was trivial due to the small size of the crystals used.
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3, RESULTS AND DISCUSSION

There are about 470 possible. Independent reflections for

hydroxyapatite using copper K-alpha 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

refinement of the 19 variable parameters (12 [.atomic position param-

eters and seven isotropic temperature factors for the seven atoms).

The parameters of rfche early apatite studies [1] 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 §ayre [4].

The new parameters obtained are listed in Table Number 1,

where they are compared to the Naray-Szabo parameters. The Relia-

bility Factor (R) obtained when comparing the observed and calcu-

lated data was 11.2$. More important than the R Factor in judging

the refinement is the improvement in the jihtBr.ato.mic distances

effected by the new parameters. Table Number 2 gives the new and

the old interatomic distances*

The improved atomic positions provide a more regular phos-

phate tetrahedron with rather short phosphorus to oxygen distances.

Each of the Ca(l) atoms lying along the three-fold axes is bonded,

at essentially equal distances to six oxygens which form a twisted
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triangular prism. There is also bonding between these Ca(l)

atoms and three oxygen (ill) atoms at a longer interatomic

distance. Thus the Ca(l) atoms are coordinated by nine oxygen

atoms situated in six different phosphate tetrahedra. The

Ca(ll) atoms , situated around the hexagonal screw axes., each

have an irregular seven-fold coordination with six oxygens of

five phosphate groups in addition to the hydroxyl ion.

A table listing the observed and calculated structure

factors as well as the differences of their absolute values for

each reflection used in the least-squares analysis will be print-

ed in a future issue of Acta Crystallographica .
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Table No, 1

Listing of new atomic parameters for hydroxyapatite
as compared to old parameters for fluorapatite

Atom
No . atoms
per unit

cell X y

New

z B(in A2 ) X

Old*

y z

Caj 4 0 .333 0.667 0.001 0,666 0.333 0.667 0.000

Can 6 .246 .993 .250 .328 .250 .000 .250

P 6 .400 .369 .250 .192 .390* .360 .250

°i 6 .329 .484 .250 .295 .333 .500 .250

On 6 • 589 .466 .250 .496 .600 .467 .250

OlII 12 .348 .259 .073 .632 .333 .250 .063

OH 2 .000 .000 .250 .875 .000 .000 .250

* All the old parameters taken from Naray-Szabo [1] with the

exception of the x parameter for phosphorus which was suggested

by Beevers [5 ]

.





Table No . 2

Comparison of new and old bond, lengths in apatite
based on parameters given in Table 1

Bond Old New

P-Oj I.656 A 1 533 A

p-°n 1,715 1 . 544

P-Oni 1..570
r7]

-=t

i—

1

Lf\

Caj-Oj 2.329 2 ,4l6 1/

Cai-Ojj 2.395 2.449 i/

Cai-Om 2.865 2.802

CaII “OH 2.356 i/ 2.354

Can'°i 2.832 2.712

Can*°n 2.313 2,356

Caii -0iii 2 . 292 2.367 if

CaIl'°IV 2.376 2.511 1/

1/ Bond lengths repeated by symmetry not given.

2/ Actually Cajj-F 0
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D. C., and its major laboratories in Boulder, Colo., is suggested in the following listing of the

divisions and sections engaged in technical work. In general, each section carries out specialized

research, development, and engineering in the field indicated by its title. A brief description of

the activities, and of the resultant publications, appears on the inside front cover.

WASHINGTON, D. C.

Electricity and Electronics. Resistance and Reactance. Electron Devices. Electrical Instru-

ments. Magnetic Measurements. Dielectrics. Engineering Electronics. Electronic Instrumen-

tation. Electrochemistry.

Optics and Metrology. Photometry and Colorimetry. Optical Instruments. Photographic

Technology. Length. Engineering Metrology.

Heat. Temperature Physics. Thermodynamics. Cryogenic Physics. Rheology. Engine

Fuels. Free Radicals Research.

Atomic and Radiation Physics. Spectroscopy. Radiometry. Mass Spectrometry. Solid State

Physics. Electron Physics. Atomic Physics. Neutron Physics. Nuclear Physics. Radioactiv-

ity. X-rays. Betatron. Nucleonic Instrumentation. Radiological Equipment.

Chemistry. Organic Coatings. Surface Chemistry. Organic Chemistry. Analytical Chemis-
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Mass and Scale. Capacity, Density, and Fluid Meters. Combustion Controls.

Organic and Fibrous Materials. Rubber. Textiles. Paper. Leather. Testing and Specifica-

tions. Polymer Structure. Plastics. Dental Research.

Metallurgy. Thermal Metallurgy. Chemical Metallurgy. Mechanical Metallurgy. Corrosion.

Metal Physics.

Mineral Products. Engineering Ceramics. (Hass. Refractories. Enameled Metals. Concret-

ing Materials. Constitution and Microstructure.

Building Technology. Structural Engineering. Fire Protection. Air Conditioning, Heating,

and Refrigeration. Floor, Roof, and Wall Coverings. Codes and Safety Standards. Heat

Transfer.

Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathe-

matical Physics.

Data Processing Systems. SEAC Engineering Group. Components and Techniques. Digital

Circuitry. Digital Systems. Analog Systems. Application Engineering.

• Office of Basic Instrumentation. • Office of Weights and Measures.

BOULDER, COLORADO

Cryogenic Engineering. Cryogenic Equipment. Cryogenic Processes. Properties of Materials.

Gas Liquefaction.

Radio Propagation Physics. Upper Atmosphere Research. Ionospheric Research. Regular

Propagation Services. Sun-Earth Relationships. VHF Research.

Radio Propagation Engineering. Data Reduction Instrumentation. Modulation Systems.

Navigation Systems. Radio Noise. Tropospheric Measurements. 1 ropospherie Analysis.

Radio Systems Application Engineering. Radio Meteorology.

Radio Standards. High Frequency Electrical Standards. Radio Broadcast Service. High

Frequency Impedance Standards. Calibration Center. Microwave Physics. Microwave Circuit

Standards.




