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Acetylene Carbony! cpd. % °(§ mm. n¥p 42, obsd. caled.
Acetylene Acetone 23 60 120 1.4207 0.8618 24.74 24 .81
Acetylene Acetone 55"
Acetylene Me Et ketone 50 78 150 1.4310 .8688 29.24 29.43
Acetylene Me Et ketone 72¢
Acetylene Me n-Pr ketone 50 58 26 1.4338 . 8620 33.88 34.05
Acetylene Me n-Am ketone 40 8% 26 1.4396 .8547 43.20 43.28
Acetylene Cyclohexanone 55 7 14 1.4820 .9873 36.35 36.47
Acetylene Acetophenone 7h 101 14 1.5370 1.0314 44.26 44,30
Acetylene Benzophenone 30 M. p. 49°
Acetylene Benzaldehyde 45 114 12 1.5508 1.0655 39.56 39.68
1-Hexyne Me Et ketone 55 96 18 1.4487 0.8555 48.33 47.90
1-Hexyne Acetaldehyde 21 88 40 1.4347 .8577 38.37 38.66
1-Hexyne Me #u-Pr ketone 65 108 20 1.4490 .8539 52.92 52.52
1-Heptyne Me n-Pr ketone 85 120 19 1.4508 .8561 57.32 57.14

% Acetylene gas was passed through the mixture during the entire reaction.
dimethylethynylcarbinol and 15%; yields of the glycol by this method, on 5-mole runs,

Mr. Froning has obtained 609 yields of
See J. F. Froning, Master’s

Dissertation, University of Notre Dame, 1938. ° Other workers have obtained poor yields from acetophenone., See

Carothers and Coffman, Tuars JoURNAL, 54, 4071 (1932).

Summary

1. A general method has been described for the
preparation of acetylenic carbinols from the sodium
salt of acetylene or a monoalkylacetylene, and an
aldehyde or ketone, in liquid ammonia solution.

2. Several new acetylenic carbinols have been
prepared and characterized.

3. The preparation of the chloride from
methylethylethynylcarbinol has been described.

Norre DauMr, INDIANA Recevep Avcusr 3, 1938
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Relation of Refractive Index to Density in Dental Hard Tissues!

By RicEarD S. MaNLY?

In certain biological mixtures and in many
mineral series, the refractive index has become
valuable because it is linearly related to the den-
sity. Since in previous work?® a number of den-
sity fractions of pure enamel and dentine had been
prepared, the mean refractive indices were de-
termined to discover-any similar relations in these
tissues.

The reported values for the refractive indices of
enamel are in good agreement. Von Ebner* and
Hoppe® report a figure of 1.627 for the ordinary
ray and the former, 1.6234 for the extraordinary
ray. Taylor and Sheard® and Eisenberg’ noted
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that the refractive index of enamel prisms ranges
between 1.612 and 1.625. Wishart in 1933 (per-
sonal communication) examined a few specimens
of enamel and found the refractive index to be
less than 1.625, usually near 1.618, but appearing
to vary somewhat from that numbef. For two
samples of normal dentine Taylor and Sheard®
found a refractive index of 1.577 = 0.003. No
values for the refractive index of cementum have
been reported.

Experimental

A "mean refractive index”’ was estimated by the follow-
ing interpolation procedure., A few milligrams of the
60-mesh enamel or dentine powder was stirred into a drop
of liquid of known refractive index and placed on a con-
staut temperature stage under a microscope. A ‘‘sodium’’
filter (Eastman Kodak Co. filters nos. 64 and 73) was used
over the light source. Determination of the mean re-
fractive index, 1. e., the refractive index at which half the
particles were higher and half lower than the liquid, was
mnade by interpolation from the counts obtained with 3 or 4
different liquids.
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The counting method employed was the Becke line
test.®? Omne hundred particles were counted for each
sample in various liquids. For refractive index standards,
mixtures of a-chloronaphthalene (#%®p 1.63) and liquid
petrolatum (n2p 1.475) were prepared whose indices
ranged from 1.530 to 1.630 in steps of 0.005. Calibration
was made at 25 = 0.1° with an Abbe refractometer.

Discussion

In enamel a proportionality exists between the
mean density and refractive index as shown in
Fig. 1. The equation is d = 7.69 n — 9.494 =
0.001. The probable error of 7 is ==0.001, which
is within the variations due to birefringence.l?
Inasmuch as mineral apatites usually have refrac-
tive indices of about 1.634, the upper limit of
enamel is of interest: only 0.09%, of the original
enamel exhibited a refractive index greater than

1.6293.
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Fig. 1.—Enamel refractive index is proportional to
the density.

In dentine the relation between refractive index
and density is shown by the straight line in Fig. 2.
The slope, 8.6, is somewhat steeper than that of
enamel and the line lies 0.45 g. per cc. below the
enamel curve when the latter is extrapolated to a
density of 2.7. This fact suggested that the den-
tinal tubules were filled with air during the den-
sity and refractive index determinations. From
the usual equation relating refractive index and
density of a mixture!! the volume per cent. of air,
apatite, and protein in ,ﬁone':dentine fraction (#,
1.5495; d, 2.135) was calculated. Values for
density and refractive index of air, apatite and
protein were taken from the literature. The
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calculated air space of 9 volume per cent. com-
pares favorably with Feiler’s estimation!? of 12 to
249, tubule space. The calculated inorganic
percentage was 75.0, in fair agreement with the
value 78.49, found by analysis.

24 1 T T T
DENTINE.SERIES V (NON—CAEIOUS)

O
el

g
2

<,

Average density, g./cc.
o
to

2.1 “‘\\
LY
2.0 R
1555 1.560 1.565 1.570 1.5751.580

Average refractive index.

Fig. 2.—Refractive index~density rela-
tions for dentine. The two points on the
dotted line are cementum,

Pulverized secondary cementum was found to
have a refractive index range of 1.560 to 1.570.
The two points on the dotted line of Fig. 2 are
cementum, since they fall within this range and
have the correct density® for cementum.

On vacuum drying for seven hours at 110°, an
average decrease of 0.0018 was found in refractive
index on six fractions of enamel. With dentine
the decrease was much greater, 0.02-0.03, and the
linear relationship with the original, oven-dry
density was abolished. Cementum, on the other
hand, behaved like enamel since the refractive
index of the oven-dry material was decreased by
only 0.001 on vacuum drying while the refractive
index of air-dry cementum actually increased with
the same treatment. As a tentative explanation
for these differences in behavior, it may be as-
sumed that neither capillary formation nor
shrinkage is possible in the highly consolidated
enamel, the former occurs chiefly in dentine and
the latter in cementum.

A difference has been observed in the refrac-
tive index behavior of the inorganic salts of enamel
and dentine. When ashed by glycol procedure!?
the refractive index of the inorganic material of
dentine was 1.591-1.605, of enamel, 1.614.
Heating the dentine ash or the unashed dentine for
five hours at 900° raised the refractive index to
1.641-1.644, showing an essential change in struc-
ture. Enamel became opaque after five hours at

(12) Feiler, Deut. Monatsh. Zahnhlk., 41, 65 (1923).
(13) LeFevre and Manly, J. Am. Dental Assoc., 38, 233 (1938).



2886

900°, making refractive index determinations im-
possible.

Acknowledgment.—The author is glad to
acknowledge ' the enthusiastic counsel of Dr.
Harold C. Hodge throughout the course of the
work.

Summary

1. The mean refractive indices of powdered
enamel and dentine samples, with differing and
known density limits, were determined by the
Becke line procedure.

2. The refractive indices of dried enamel lie
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between 1.612 and 1.630 and are proportional to
the density.

3. The refractive indices of dried dentine lie
between 1.555 and 1.580 and are roughly propor-
tional to the density when the fractions are dried
under the same conditions for both determinations.
Vacuum drying brought about a marked lowering
of refractive index.

4. Secondary cementum exhibited a refractive
index of 1.560-1.570 which was little affected by
vacuum drying.

RECRIVED SEPTEMBER 9, 1938
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The Crystal Structure of Ammonium Cadmium Chloride, NH,CdCl,

By HenNrI Brasseur! aNp LiNus PAULING

In crystalline cadmium chloride, CdCl,, there
are octahedral groups CdCl; condensed into layers,
each chlorine atom being adjacent to three cad-
mium atoms.? Tetrahedral codrdination is shown
by cadmium?® with cyanide groups in K;Cd(CN),,
and with sulfur, selenium and tellurium atoms in
the sphalerite and wurtzite type crystals CdS,
CdSe and CdTe, and might well occur with chlo-
rine also. There are accordingly two types of
reasonable structures for complexes with the com-
position {CdCly),, the first involving octahedra
with shared corners, as for example in the cubic
crystal KMgFs, and the second involviug rings or
chains of tetrahedra, as in the metasilicates. We
have determined completely the structure of the
orthorhombic crystal NH,CdCl;, and have found
it to be based on octahedral codrdination about
the cadmium atoms, the CdCle octahedra being
polymerized into infinite double rutile strings
which extend parallel to the ¢-axis of the crystal.

Experimental Methods and Results

The crystals of NH,CdCl; used in this investi-
gation were obtained by evaporation of an aque-
ous solution containing equimolar amounts of
NH,Cl and CdCl;. The transparent white needles
used for the x-ray photographs were about 0.1
sq. mm. in cross section and 3 to 10 mm. in length.
In addition to single erystals many twins were ob-
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tained; the nature of the twinning was not
studied.

Crystallographic study? has shown the crystals
to be orthorhombic, with axial ratios 0.6059:1:
0.7992 and density 2.93. X-ray photographs
prepared with 15° oscillation about the directions
[100], [010], and [001], with use of CuK« radia-
tion filtered through nickel, gave the following
dimensions for the unit cell

@ = 896 =002 &,
by = 14.87 = 0.03 A.
o = 3.97 = 001 &
These lead to the axial ratios 0.603:1:0.267, in
good agreement with the crystallographic values,
after dividing the crystallographic c-axis by three.
All indices used in this paper refer to the X-ray
axes ag, by, ¢o given above.

The observed reflections show the lattice to be
simple. The absence of prism reflections {40!}
with %4 odd and {0k} with 2 + I odd provides
strong evidence that the space group is Djji—
P nam or its subgroup Cs,—Pna. In the absence
of any observed deviation from holohedral habit
of the crystals, we have assumed the space group
to be D}, this assumption is given later justifica-
tion by the derivation of a satisfactory atomic
arrangement based o1 the holohedral space group.

The Atomic Arrangement
The sets of equivalent positions provided by

DY —~Pnam are

(4) H, Traube, Z. Krist., 29, 602 (1898);
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