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zone. In this area the Neumann bands again show 
progressive recrystallization a.~ the heat-altered zone is 
approached. Thus it is possible to conclude that (some 
at least of) the extensive cracking which is characteristic 
of the Hammond Township meteorite predates the final 
stages of ablation. However, the extent of deformation of 
both phosphide crystals and metallic matrix is so great 
in relation to the total number of Neumann bands that it 
seems not unreasonable to postulate for the Hammond 
Township meteorite a much earlier period of a very drastic 
deformation before the onset of deep-seated thermal 
metamorphism. 
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Infra-red Investigation of the OH Bonds in 
Chlorites 

INFRA-RED spectroscopy has shown that only a small 
proportion of the external OH groups of kaolinite contri
bute to the bonding mechanism between layers and also 
that these interlayer hydrogen bonds are very weak 
(absorption bands above 3,600 cm-1 ) (ref. 1). 

In chlorites, sheets of hydroxyls and oxygen face 
each other in a disposition similar to that of kaolin 
minerals; but the important difference is that the 
hydroxyls are all members of octahedra which are occupied 
by metal cations, affording three metal ion neighbours 
to each. It is stated that the forces which bind successive 
mica-like and brucite-like layers are partially electrostatic 
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Fi~. 1. Infra-red spectra in the 3.800-3,000 em· • spectral range of a 
flake of clinochlore for two different angles of incidence: (a) 0°, (b) 40° 

and partially a consequence of hydrogen bonds. It seemed 
interesting. therefore, to estimate the strength of these 
0-H ... 0 bonds and compare the results with those 
obtained in kaolinite. 

A sample of clinochlore from Chester Co., Pennsylvania 
(U.S. Nat. Museum No. 79021), wa-; used. From the sample 
a flake of appropriate thickneas was separated and the 
spectrum recorded with a Perkin- Elmer 221 spectro
photometer. 

In Fig. 1, the infra-red spectrum of the clinochlore flake 
for two different angles of incidence is given in the region 
between 3,800 and 3,000 em-'. Three absorptions are 
observed at 3,680, 3,565 and 3,427 em-•; all three bands 
show significant increases in intensity with the angle of 
incidence. 

The absorption band at 3,680 em 1 is similar to those 
observed in trioctahedral micas• and must be assigned to 
the OH groups of the mica layers, which are directed 
perpendicular to the flakes, toward the hexagonal holes of 
the tetrahedral sheets. 

The two broad absorption bands which appear at lower 
frequencies (3,565 and 3,427 cm-1 ) indicate OH groups 
which participate in hydrogen bonds. These OH 
groups must be those of the brucite layers which are 
associated with the basal tetrahedral oxygens of the 
adjacent mica layers. For both, the directions of bond 
axes are also nearly normal to the flake and for the 
3,427 cm-1 frequency the bond axis is more nearly normal 
than is the other. 

The presence· of two maxima indicates two kinds of 
hydrogen bonds of different energies which must corre· 
spond to two 0-H ... 0 distances. From the relation 
derived by Lippincott and Schroeder• between 0-H ... 0 
distances and frequency shifts, distances of 3·02 and 2·88 
A are obtained for the hydrogen bonds represented by the 
two infra-red absorptions. 

The infra-red evidence of two 0--H . .. 0 distances is 
in good agreement with Steinfink's analysis of a mono
clinic chlorite• and with the chromium-bearing chlor
ite analysed by Brown and Bailey5 • Steinfink fotmd 
two 0-H ... 0 bonds very near normal at 2·88 and 
2·91 A and one more inclined 0-H ... 0 bond at 2·97 A. 
In Brown and Bailey's analysis, two nearly normal baonds 
are at 2·87 and 2·88 A and the third is at 2·94 A. 

J. M. SERRATOSA 
J. M. VINAS 

Laboratorio del Transporte y Mecanica del Suelo, 
Instituto de Edafologia, C.S.I.C., 

Madrid. 
1 Serratosa, J. M., Hidalgo, A. , and Vifias, J. ll!. , Sature, 195, 486 (1962). 
'Serratoss , J . ~I. . and Bradler, W . F., J. Phys. Chem., 62, 1164 (1958) . 
3 Lippincott, E . R., and Schroeder, R .. J. Chem. Phys., 23, 1099 (1955). 
• Steinftrtk, H. , Acta Cry$t., 11, 191 (1958). 
'Brown, B. E., and Bailey, S. W., Amer. Mineral., 48, 42 (196S). 

CRYSTALLOGRAPHY 

Crystal Structure of Dicinnamyl Disulphide 
DICINNAMYL disulphide (C6H •. CH.CH.CH2.S.S.CH •. CH.

CH.C6H6) crystallizes in the orthorhombic system as long 
needles, needle axis being c. The cell dimensions as derived 
from zero layer W eissenberg photographs are a = 17 ·42 ± 
0·02A, b = 34·18 ± 0·02A. c=5·42 ± O·OIA. Thedensity, 
measured by flotation in aqueous potassium iodide 
solution, is 1·22 ± 0·01 gfc.c. compared with a theoretical 
density of 1·228 g/c.c. for 8 molcculesfcell. Space group 
was uniquely determined as Fdd2. 

In view of tho short c axis, a partial structure determ
ination has been attempted which has revealed some 
unexpected feature3 of the molecule. The intensities of 127 
independent non-zero hkO reflexions were measured by 
visual comparison with a calibrated scale using multiple 
film methods. No absorption correction was made, and, 
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