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ABSTRACT

Fluoride is one of the most consumed pharmaceuticals in the world, and its facility in preventing
dental caries is recognized as one of the top 10 public health achievements of the 20th century. Although
hydroxylapatite is often used as an analog of dental enamel, the details of the substitution of F for OH in
the apatite anion column are not well known. Using new synthesis techniques, this study extends the
structure work on P63/m apatites along the middle portion of the F-OH apatite join to compositions near
that of fluoridated human teeth. The first F substituent in hydroxylapatite, near fluoridated dental
enamel compositions, is dramatically underbonded by the surrounding Ca2 atoms (0.72 v.u.) in a
hydroxylapatite matrix. However, the hydroxyl hydrogen can contribute 0.20 or 0.10 v.u. in hydrogen
bonding to the F, depending on whether the substitution creates a reversal site in the anion column; this
hydrogen bonding alleviates the bonding requirements of the substituent F. As F concentrations
increase along the join, the average hydroxyl contributes increasing amounts of hydrogen bonding
to the F column anions; to mitigate the loss of its hydrogen bonding, the hydroxyl oxygen migrates
toward the adjacent mirror plane that contains the bonded Ca2 atoms, and the triangle of bonded
Ca2 ions concomitantly contracts. These two mechanisms increase bonding to the column hydroxyl
oxygen from the adjoining Ca2 atoms to balance the loss of hydrogen bonding that stabilizes the
substituent F column anion and the increasing concentration of underbonded F.
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INTRODUCTION

A pharmaceutical can be defined as a compound that is used
to prevent, treat, or cure a disease; among the most widely
administered pharmaceuticals is fluoride (the ionic form of
fluorine), administered in several forms. Indeed, in 2018, 73.0%
of the U.S. population consumed water from community water
systems that contain fluoridated water (CDC 2021) to prevent
dental caries. Community water fluoridation is recognized as
one of the 10 greatest public health achievements of the 20th
century, preventing at least 25% of tooth decay in adults and
children (American Public Health Association 2021).

Understanding how a pharmaceutical compound interacts
with the human body is fundamental to administering pharma-
ceuticals. Although there are models that conjecture on how the
addition of fluoride to the outermost unit cells of human dental
enamel can prevent dental caries, there are no quantitative mea-
surements of the changes in the atomic arrangement or bonding
that occur in response to fluoridation; human teeth are not well
crystallized or suitable for the high-precision diffraction studies

that are necessary to understand the atomic-level interactions
with fluorine as a pharmaceutical.

It is well known that inorganic hydroxylapatite, natural or syn-
thetic Ca10(PO4)6(OH)2, is an analog for human dental enamel,
although the latter also contains several percent of the carbonate
anionic complex (Leventouri et al. 2009). Natural mineral sam-
ples of hydroxylapatite are not particularly useful in examining
detailed atomic arrangements as they apply to human teeth.
Mineral samples are inherently mixtures of the three anionic
end-members of apatite (Hughes et al. 1989), Ca10(PO4)6(OH,F,
Cl)2, and pure OH end-member minerals are unknown. Even the
putative natural hydroxylapatite end-member from Holly Springs,
Georgia, U.S.A., has been shown to contain both F and Cl in the
anion column, obviating direct comparisons to human dental apa-
tite (Dykes and Elliott 1971). For this reason, Hughes et al. (2018)
attempted to synthesize apatite samples along the F-OH join and
reported the detailed atomic arrangements of apatites in the
mid-solid solution range, with anion compositions between and
including [F40(OH)60] and [F67(OH)33]. However, the attempts
to synthesize less F-rich hydroxylapatite to mimic and elucidate
the atomic changes that occur with the addition of F to hydroxyl-
apatite through fluoridation were not successful, thus they reported
on the middle range of the fluorapatite-hydroxylapatite solid
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