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22.X-01 NEUTRON SCATTERING, ISOTOPIC SUBSTITUTION 
AND THE STRUCTuKE OF LIQUIDS AND F_MORPHOUS SOLIDS. Bv 
J .E. Enderby, H.H. \Vills Physics Laboratory, University 
of Bristol/ Royal Fortr Tyndall Avenue, Bristol BS8 lTL, 
U.K. 

The structure of liquids and amorphous solids are char
acterised by ~v(v+l) pair correlation fw1ctions where 
v is the DQ~er of chemically distinct species. A 
single diffraction pattern contains an a;erage over all 
the pair correlation functions \Vhereas it is clear from 
a number of studies that critical tests of theorv re
quire knowledge of the individual pair correlati~n 
functions. The most successful method yet devised to 
extract these partial correlation functions is neutron 
diffraction comb in ~d \Vi th isotopic substitut-ion. The 
technique 1dill be illustrated by reference to recent 
studies on aqueous solutions, molten salts and liouid 
semiconductors. The characteristic short range o;der of 
each of these liquid types \Vill be discussed and refer
ence will be made to current theoretical developments. 

22.1-01 IWlESTIGATIOiii OF LIQUID CRYSTALS IN 
THE HIGH VOLTAGE ELECTRON MICROSCOPE. 
By H. Bethge, G. Kastner and Ch. Dietzsch, 
Inst. of Solid State Physics and Electron 
Microscopy, Academy of Sciences of the GDR, 
Halle/S. German Dem. Rep. 

Since direct electron microscopic transmiss
ion of liquid crystals is chiefly limited by 
vapour pressure and beam damage problems, few 
results are known up to now. This paper shows 
that high voltage electron microscopy - due 
to its lower ionization damage - is a suc
cessful tool for imaging structural details 
below the textures known from optical micro
scopy and to obtain diffraction from single 
crystalline specD~en regions of =10 ~ diam. 
Substances of low vapour pressure, e.g. ther
motropic smectic phases, can be transmitted 
without use of specimen capsules. 
Thin-film spec~nens of 4-n-hexyloxy-4 1-n
hexylbiphenyl up to 4pm thickness (prepared 
by vacuum deposition and optically tested) 
were transmitted at 1000 kV. They exhibit 
single crystalline grains of = 10 pm diam. 
Electron diffraction reflections satisfy 
(h + k + 1) = 2n due to an orthorhombic unit 
cell orientated with the smectic layers par
allel to the film plane. The latter condition 
may restrict the variety of possible textures. 
Inside the grains, diffraction contrast re
veals certain types of dislocation lines that 
can be attributed to mutual displacement of 
parallel layers. _ 
Radiation damage at doses above 3·102 As/cm2 
causes growth of bubbles disturbing fine 
image details whereas the diffraction pattern 
remains much more stable. 

22.1-02 ORIENTATIONAL-DISORDER MODELS FOR LIQUID 
CRYSTAL PHASES. By Adriaan de Vries, Liquid Crystal 
Institute, Kent State University, Kent, Ohio 44242, USA. 

In a first approximation, most liquid crystal molecules 
may be considered as cylindrical rods. The basic fea
ture governing the packing of such molecules is that the 
long axes of adjacent rods are more or less parallel to 
each other. It has, of course, always been knov.rn that 
these axes are never exactly parallel, and that there is 
al\vays a certain amount of orientational disorder, but 
it appears that certain aspects of this disorder have 
not been adequately taken into account. 

Recently, i.-Je have shown that many long-standing discre
pancies, bet\veen measured layer thicknesses of smectic 
phases and the lengths of the molecules in these layers, 
can be simply eA-plained by taking account of the orien
tational disorder (A. de Vries, A. Ekachai, and N. 
Spielberg, Mol. Cryst. Liq. Cryst. Lett. (1979) 49, 
143). For th'e srrtectic A phase, e.g., the directions of 
the long molecular axes are distributed over a diffuse 
caner with infinite rotational symmetry 1 around the 
normal to the smectic layer. This results in an ''ortho
gonaln phase, i.e., a phase in \·Jhich the average dir
ection of the long axes is perpendicular to the layer 
plane. Hith such a model for an orthogonal phase 1 there 
are two different models possible for a 11 tilted" phase: 
the "tilted-cone" model and the ''asymmetric-cone" model 
(A. de Vries, Proceedings of the Third Liquid Crystal 
Conference of Socialist Countries, Budapest, Hungary 1 

1979). The tilted-cone model is obtained1 from the 
symmetric-cone model of the smectic A phase, by tilting 
the cone axis away from the layer normal. The asym
metric-cone model is obtained from the symmetric-cone 
model by leaving the cone axis perpendicular to the 
layer plane, but introducing a certain asymmetry in the 
distribution of the directions around this axis, 
retaining only the symmetrx of a mirror plane through 
L~e cone axis and the tilt direction. 

For a \·Jell-defined layer structure, the asymmetric
cone model appears to be more appropriate than the 
tilted-cone model. The asymmetric-cone mcdel has been 
used, therefore, to describe the smectic C phase (A. 
de Vries, J. Chern. Phys. (1979) 71, 25). The tilted
cone model, on the other hand, \vould seem more suitable 
for phases with very weak smectic order, e.g., for the 
skewed cybotactic nematic phase. Attempts to fit this 
model--or any other cone model--to recently obtained 
accurate and extensive data on the layer thickness and 
the tilt angle in a series of skewed cybotactic nematic 
phases (V.N. Sethna, A. de Vries, and N. Spielberg, 
Hol. Cryst. Liq. Cryst. (1980) 62, 141), hOI·Jever, did 
not succeed until after the introduction of the follow
ing modification. It was realized that the local 
order, in a cybotactic group 1 is not necessarily the 
same as the overall order in the sample. Thus, in 
fitting the til ted-cone model to the data, we allm;ed 
the local director to make an angle with the overall 
director, and we allov;ed the local orientational order 
parameter to be different from the overall orienta
tional order parameter (V.N. Sethna, Ph.D. Disserta
tion, Kent State University, USA, 1980). The fits 
obtained v;ith this "conical tilted-cone" model were 
excellent. The differences between the two order para
meters were only relatively small, and the local order 
was al\vays greater than the overall order, as would be 
expected. The v;ay in \Vhich the various model para
meters varied as function .of temperature suggests that 
the conical tilted-cone model applies not only to the 
ske,ved cybotactic nematic phase but also the ordinary 
neinatic phase. 


