
Carbonate in Apatites 

In view of the authenticity usually 
attributed to the subjects discussed at 
s)niiposia of the AAAS, it seems es­
sential to comment on the chapter by 
A. S. Posner in Calcification in Bio­
logical Systems (1 ) . 

Posner's summary (1, p. 391) 
states; "Detailed data on the role of 
carbonate in hard tissue are included 
with the view expressed that this ion 
is admixed with the major apatite 
phase as a second finely divided cal-
cite phase in the various carbonate-
bearing apatites." Apparently the "de­
tailed data" are those based on "prefer­
ential solubility" and the results ob­
tained by several persons (/ , p. 279) 
after heating various substances to 
various temperatures with variable re­
sults. The non sequiturs that are likely 
to arise from such experiments have 
been discussed by me (2 ) . 

Posner cites his investigations with 
several co-workers to show (i) that 
it has been possible to delicately refine 
the atomic parameters of "pure hy­
droxy apatite," and elsewhere (ii) that 
it is possible to prepare synthetic cal­
cium-deficient apatite in which one of 
four symmetrically equivalent Ca atoms 
is missing. Both conclusions necessarily 
involve precise calculations based upon 
the x-ray diffraction intensity measure­
ments, as well as definite knowledge 
that one is dealing with a completely 
homogeneous phase of accurately 
known composition. Posner et ah do 
not give complete analytical data on 
major constituents (CaO, P2O5, and 
H2O) for either set of experiments, and 
—far more important—they mention 
no tests to be certain that these pre­
cipitates were free from COs. Their 
failure in the latter respect is particu­
larly significant in view of the dis­
covery by McConnell et al. (3) that the 
carbonate ion is essential to the forma­
tion of precipitates in systems approxi­
mating physiological compositions. 
Comparisons of the many measure-
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ments of the unit cell dimensions of 
so-called hydroxyapatite (4) give rise 
to the question: Has pure (stoichio­
metric) hydroxyapatite ever been pre­
pared? A corollary question is: How 
is it possible to obtain delicate refine­
ment of the atomic parameters of 
something for which the composition 
is known solely by inference? 

Far more important than these in­
tricate details pertaining to "hydroxy­
apatite" are Posner's dismissals of con­
trary evidence and conclusions with­
out any explanation. For example, he 
states (7, p. 380) : "; . . there is no 
proof that the carbonate substitution 
takes place in scawtite." McConnell 
and Murdoch (5 ) , on the other hand, 
supplied data from which they arrived 
at conclusions which are quite the 
opposite of those of Posner. 

Elsewhere (7, p. 379) Posner says 
that x-ray diffraction intensity differ­
ences reported between fluorapatite and 
francolite (<5) have been shown by him 
(7) and by Carlstrom (8) "to be due 
to orientation effects." Carlstrom, actu­
ally, was quoting Hendricks (9) , who 
states (p. 186): "In my opinion, the 
principal reason that the sample of 
francolite gave this particular pattern 
was due to crystal orientation." (Italics 
added.) However, Hendricks' opinion 
does not coincide with the experimental 
data. For the (hkO) family of atomic 
planes, intensity measurements (auto­
matically recorded with the North 
American Philips apparatus) show that 
although most of the prismatic reflec­
tions are of greater intensity for franco­
lite, this is not true for all of them. 
In the absence of any theoretical ex­
planation of how the intensities could 
increase for certain (MO) reflections 
without doing so for all of them, it 
must be concluded that these intensity 
differences are not caused solely by 
orientation effects but must be caused 
by compositional differences. Further­
more, it cannot be shown that the 
differences in the fundamental peri­
odicities are in any way related to 

orientation effects, so there must be 
compositional differences which are 
capable of producing intensity differ­
ences, whether these intensity differ­
ences are measurable or not. My 
measurements definitely show intensity 
differences which cannot be attributed 
to preferential orientation. Several per­
sons have confirmed the differences 
in fundamental periodicities. 

Numerous other minor matters are 
discussed by Posner, but a thorough 
denial of most of his arguments surely 
exceeds the scope of this communica­
tion. Elsewhere (2) a series of data and 
conclusions are presented which lead 
to general conclusions that are dia­
metrically opposed to those of Posner. 
The present communication is in­
tended to consider merely some of 
Posner's arguments which have not 
been adequately considered elsewhere, 
but which are, nevertheless, incom­
patible with both the experimental 
data and accepted theory. 

DUNCAN M C C O N N E L L 

Health Center, 
Ohio State University, Columbus 
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I welcome the opportunity to answer 
Duncan McConnell's comments on my 
review article entitled 'The nature of 
the inorganic phase in calcified tissue" 
(7) . McConnell objects to the con­
cepts presented on carbonate-contain­
ing apatites and on the structure of 
various hydroxyapatites. His arguments 
will be dealt with in sequence. 

The section of my article dealing 
with the carbonate problem was intro­
duced with the statement, "The role 
of carbonate found in mineral tissue 
is still in debate." This treatment in­
cluded references to both major view­
points, (i) that the carbonate is sub­
stituted in the structure of apatite, and 
(ii) that carbonate is adsorbed, or ad-
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mixed as a separate phase. In my con- 
clusion I expressed the "view," that 
is, the opinion, that the bulk of the 
data support the exclusion of carbon- 
ate as a structural constituent in apa- 
tite. I made it clear that further evi- 
dence must be collected before this 
viewpoint can be held to be incontro- 
vertible. 

The article by McConnell and Mur- 
doch (2) does not contain crystallo- 
graphic proof that the carbonate is a 
structural constituent of scawtite. With- 
out a detailed x-ray diffraction structure 
analysis, or some equivalent quantita- 
tive method which can assign, with 
certainty, position parameters to the 
constituent atoms, any structure must 
remain in doubt. Even if it were 
proved that carbonate appears as a 
structural constituent of this silicate 
mineral (scawtite), this would not con- 
stitute proof that the same situation 
holds for the basic calcium phosphates, 
that is, the apatites. 

Hendricks (3), Carlstrom ( 4 ) ,  and 
I (5) have stated that the x-ray dif- 
fraction patterns of francolite and 
fluorapatite as shown by McConnell 
(6) are different in relative intensity 
values, owing to an orientation ef- 
fect. McConnell kindly supplied me 
with some of the francolite used in 
his study (6). It was possible to pro- 
duce an oriented powder diffraction 
pattern such as he shows, or, if proper 
precautions were taken to avoid orien- 
tation, it was possible to produce a 
pattern coincident with fluorapatite. 
This result was reported to McConnell 
in personal conversation before he 
submitted his paper (6) for publica- 
tion. 

It is not true that the x-ray diffrac- 
tion studies on apatite discussed by 
McConnell were performed on mate- 
rials which were not analyzed. The 
single-crystal, x-ray diffraction refine- 
ment of the structure of hydroxyapa- 
tite was performed on well character- 
ized crystals prepared in our labora- 
tory (7). In addition, each sample of 
the calcium-deficient hydroxyapatites 
was shown to be a single phase and 
was characterized by chemical and 
physical analyses (8). Reference to the 
original papers will corroborate this 
statement. 

Whether or not carbonate must be 
present for physiological mineraliza- 
tion is not a subject treated in my 
chapter (I) and needs no further dis- 
cussion here. It is possible, by taking 
special precautions, to prepare hydroxy- 
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apatite free of all carbonate content. 
Thus the presence of carbonate is not 
needed for the synthesis of hydroxy- 
apatite. 

The study of the exact nature of 
mineral tissue is fascinating work. There 
is room in this field for many view- 
points and dissenting theories. I think 
it is important to state clearly what is 
known and what is not known about 
these systems and I have attempted to 
do this in my chapter (I). I urge all 
workers in this field not to be satisfied 
with the half-answers in our posses- 
sion now. We need more experiments, 
more facts, to define the atomic struc- 
ture of hard tissue. 

AARON S. POSNER 
8408 Whftman Drive, 
Bethesda, Mary land 
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Grants and Applicants 

The game of measuring past scientists 
against present grant-reviewing policies 
[Science 133, 1040 (1961)l can be 
played without end. Freud was never 
psychoanalyzed, Mendel lacked train- 
ing in genetics, Boas's degrees were not 
in anthropology, and Faraday's formal 
qualifications were belittled in his own 
time. 

But these pioneers are not the ap- 
plicants for today's research dollars. 
The request for a $20,000 analyzer 
rarely comes from an amateur in 
science, and the retired school teacher 
does not seek $50,000 (plus overhead) 
for studies on carcinogens. Current 
applicants make a point of their educa- 
tion, degrees, training, publications 
(and imagination) and expect to be 
judged accordingly. 

It is true that a polished research 
plan does not automatically guarantee 
results. But no one has suggested that 
totally unplanned excursions are more 
productive. There are discovery-prone 
investigators and discovery-proof work- 
ers, and it is reasonable to bet on the 
former. 
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An efficient system for triple distilling 
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water: Ordinary distilled water treated with potassium permanganate is intro- 
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or a 13 gallon bottle for the 12 liter size. The 5 liter size produces about 1 
liter/hr. product and the 12 liter size about 2 liters/hr. The overhead con- 
tainers will run for at least 16 hours without refilling. The level in the flask 
is controlled by means of platinum contacts, and a sedsitive electronic relay 
which operates a solonoid glass valve in the feed line. Operation is stable and 
consistent. Heat input to the bottom flask is adjusted to maintain the rate of 
distillation set for the top flask. The use of full heating mantles is recom- 
mended to minimize the effect of air circulation in the room. 

Standard unit consists of glass parts, clamps, support stand approximately 
6 ft. in height, supplied in kit form with directions for easy assembly, poly- 
ethylene bottle, electronic relay, and platinum contacts. Price 5,000 ml 
$475.00 net, 12,000 ml $485.00 net. 

Additional equipment available from Ace: Glass Col Heaters, Power- 
stats. An economical unit of 5 mounted Ace Heat Controllers may be used in 
place of Powerstats. For detailed information, Write Dept. S. 

Circle No. 215 on Readers' Service Card 


