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that such a change would cause a 0.2%, shortening at 23° C
and only 0.019% at 45° C. Figs. 2 and 3 show that the con-
traction due to irradiation is much larger, and also that it is
the same at both temperatures. A temperature rise cannot
therefore be the cause of the contraction. The figures - also
show that the recovery phases after irradiation are as long
as the cis to trans back reactions of the dye in aqueous solution
at these two temperatures. The rate of the dark reaction in
a gel of lower dye concentration was the same as in water.

The 209, increased water content after the absorption of
the trans dye into the membrane is indicative of a rather
strong interaction, probably reducing the amount of hydro-
phobic exposure of the polymer chains in the gel. As the dye
undergoes the trans to cis isomerization the macromolecules
in the membrane presumably rearrange conformationally
because of a decrease in attachment of the dye in the cis
form, or a change in its mode of attachment. The gel therefore
reverts to a state of lower water content. This is analogous
to the contraction of a polymethacrylic acid molecule in
solution when the dye is converted from a strongly absorbed
trars state to a weaker bound cis state as Lovrien* suggested.
In our experimental arrangement the conversion into the cis
form causes a macroscopic contraction of a polymer mem-
brane for which light is the driving force. In the dark the dye
reverts to its more stable #rans form and the original situation
is restored.
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Department of Chemistry,
Syracuse University,
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Monoclinic Space Group

of Hydroxyapatite

HYDROXYAPATITE is the prototype substance of the inorganic
component of bones and teeth and its structure has therefore
been studied in some detail using synthetic and mineral
samples! 3. In the past it has been reported to have a hexagonal
space group P6;/m but because the samples previously studied
were probably not pure, for example, the mineral samples may
have contained fluorine, there is reason to believe that the true
space group is monoclinic P2,/b. This is by analogy with pure
and stoichiometric chlorapatite**S which has the space group
P2,/b instead of the hexagonal one typical of apatites.

Single crystals of hydroxyapatite were made by heating
0.4 mm diameter spheres of stoichiometric chlorapatite in
steam at 1100° C for two weeks in the manner described
previously®; the chlorapatite was grown by slow cooling of a
melt of chlorapatite and calcium chloride as described by
Prener®. Careful examination of Weissenberg and rotation
photographs showed extra very weak reflexions in- the
(hk1), (hk2), (hk3) . . . sections of reciprocal space which were
absent in the (h40) section. These reflexions seemed to indicate
that the a- and b-axes were doubled. The reflexions (001) for
1=1,3,5 ... were not detected. These observations uniquely
determine the space group as P2,/b if it is assumed that twins
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occur at 120° rotation about the pseudo-hexagonal c-axis as has
been described for monoclinic chlorapatite®. The lattice con-
stants of the monoclinic form of hydroxyapatite are: a=942 A,
b=2x9.42 A, c=6.88 A, and y=120°.

By analogy with the structure of chlorapatite’, it is very prob-
able that the monoclinic aspect of hydroxyapatite is associated
with the arrangement of the hydroxyl ions. We suggest that all
the hydroxyl ions point in the same direction in planes parallel
to the a- and c-axes, but with the direction of orientation
alternating between successive parallel planes. The reason
why small amounts of fluorine in the mineral samples of
hydroxyapatite prevent the development of a monoclinic
structure is probably that they replace some of the hydroxyl
ions and consequently interfere with the ordering of the
remaining ones.

It is not possible to say with certainty what significance the
monoclinic space group has for biological and precipitated
apatites. It must first be established that the monoclinic space
groups exists at body temperatures, that is that hydroxy-
apatite does not suffer a thermal phase transition to a hexagonal
form until significantly above 37° C. Furthermore, it will be
necessary to investigate the effects of non-stoichiometry and
impurities, such as fluoride, carbonate and magnesium, on the
symmetry of the lattice. The monoclinic space group could,
however, be an explanation of the tape-like shape of precipi-
tated or biological apatites which is often observed and which
contravenes hexagonal symmetry. The chemical reactivity of
hydroxyapatite would also depend on its internal symmetry
and hence on the impurities, particularly fluoride ions.
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