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The existence of natural occurring paracrystals, as
an intermediate state of non-crystalline matter
lying between crystals and gases, has been convin-
cingly supported in recent years [1—3]. Paracrys-
talline materials can be detected by X-ray, neutron
or electron diffraction and sometimes by electron
microscopy [4]. One basic feature of real para-
crystals is that they exhibit limited colloidal
dimensions [2]. Paracrystalline materials cannot
grow to macroscopic sizes mainly because of the
gradual increase in the fluctuation of lattice points
due to the presence of three dimensional statis-
tically distributed motifs disturbing the lattice
packing. When the lattice fluctuations reach values
which are of the order of the average lattice
spacing, d, the paracrystal has essentially reached
its limiting coherent lattice size, D = Nd. The
study of non-crystalline materials showing a
paracrystalline behaviour has given rise to an
empirical relation which states: the product of the
square root of the number of NV lattice planes
within a paracrystal, N2, times the value of the
relative distance fluctuation (degree of distortion),
g=A4/d, (A, is the distance fluctuation between
two neighbouring lattice planes) g N2, is nearly a
constant o. Fig. 1 illustrates the linear increase

N =a"(1/g) (1

for various materials [5—10], where a* =0.15 %
0.0s.

The purpose of the present note is to attempt
to offer a possible simple explanation for this
relationship. If we take the pair interaction energy
of atoms (molecules or particles in general) at a

distance r apart for a given system [11]:
U(r) = Ar™® —Br™ 2)

where 4 and B are positive constants and p and g
are integers with p>¢g. In an ideal crystalline
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(cubic) lattice all pairs of atoms are at their equi-
librium separation, ry,,, which is given by:

pA 1/p-a
Fog = \—= .

The system is, hence, in a state of minimum
free energy with r,,, defined by Equation 3 (Fig. 2).
However, in the case of a paracrystalline arrange-
ment r will take values which deviate from ry,.

If the paracrystalline lattice prevails, these
values cannot, admittedly, exceed certain limiting
boundaries ry and r;, defined by the conditions
Ulr) =0 and {38*U/ar*}, =0, respectively. We
assume that for distances » > r; (inflection point)
each molecule is subjected to thermally stimulated
dissociation. From the former conditions one

®3)

obtains: y y
A p~-q q p=q

o o= 1= = - 4
0 (B) rm(p) ( )

l/p-q

p+1

. = — - . 5
r rm(q+ 1) ©®)

The expected fluctuation range for the 7 dis-
tance if the paracrystal is to be preserved will be
given by (7; —ro). Therefore the relative fluctua-
tion can be approximated by:

1 Fi—7o
2 Iy

Ay ~ (6)
Since the lattice planes fluctuation cannot
exceed the limiting value A, the relative distance

fluctuation will be:

1 r—¥o

gN1/2 < (7)
2 Tm
expression which leads to the o law if
1r—rg
e 8
* 2 o, ®)
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librium separation 7y to the ‘“closest
distance of approach” 7.

CONVENTIONAL Figure 1 Plot of NV* against 1/g for
f different natural paracrystals, The o*-
~ CRYSTALS value is given by Equation 1 (see text).
- Y p The number of laztice planes _I_V , is calcu-
2 a = 02 lated from Dy, j/dpp where Dy is the
mean crystallite size derived from X-ray
<> diffraction. For doped metals; a-iron
201 * ammonia catalyst [5]: d,,, = 0.203 nm.
a =01
-y For polymers; polyethylene [6]: d;;,=
0.41nm and polybutene-l [7]: d,,,=
0.88nm. For graphite [8]: dyo0.=
0.336 nm. For metallic melts [9]; gold,
/ copper, iron, aluminium, lead: d;,; ~
151 /% 0.28 nm. The spiral paracrystal o*-value
a”=01 was derived from a computer two-dimen-
sionally simulated point Jattice [10].
/
10 - 7 DOPED METALS &
7/ POLYMER O
7 SINGLE CRYSTALS
p 7 BULK POLYMERS &
y; SPIRAL PARACRYSTAL V
Sk GRAPHITE A
, MELTS O
GAS ®
vd
4
T —— T -
50 100 150 g
ulr)
t__..'._._...ﬁ__-.’ 7_
IR
% [
I
I
|
|
|
|
|
|
Figure 2 The relationship of the equi- rm |
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If we now introduce the values of p =12 and
g = 6 for a Lennard—Jones potential in Equations
4 and 5 then:

o > 0897y, 1y = 1.11r, and o = 0.11.

We are aware that this approach is rather crude
because it considers a basic average potential with-
out taking into account the anisotropy of the lat-
tice distortions. However, despite this simplifica-
tion the present development still offers an o
value which undeniably is in excellent agreement
with the experimental data.

Acknowledgement
We wish to thank the Alexander von Humboldt
Stiftung for the generous support of this work.

References
1. F.J.BALTA CALLEJA and R.HOSEMANN, J.
Appl. Cryst. 13 (1980) 521.

592

2. R.HOSEMANN and F.J. BALTA CALLEJA, Ber.
Bunsenges. Phys. Chem. 84 (1980) 91.
3. R.HOSEMANN, W.VOGEL, D.WEICK and F.]J.
BALTA CALLEJA, Acta Crystallogr. A37 (1981)
85.
4. R.HOSEMANN, Phys. Scripta T1 (1982) 142,
5. H.LUDWICZEK, A.PREISINGER, A. FISCHER,
R. HOSEMANN, A. SCHONFELD and W. VOGEL,
J. Catal. 51 (1978) 326.
6. J.MARTINEZ SALAZAR and F.J. BALTA
CALLEJA, J. Crystal Growth 48 (1980) 238.
7. 1.HAASE, S. KOHLER and R. HOSEMANN, Z,
Naturforsch. 33a (1978) 1472,
8. W.VOGEL and R, HOSEMANN, Carbon 17 (1979)
41,
9. B.STEFFEN, Phys. Rev. B13 (1976) 3227.
10. M.JANKE and R.HOSEMANN, Progr. Colloid
Polym, Sci. 64 (1978) 226.
11. E.A.MOELWYN-HUGHES, “States of Matter”
(Oliver and Boyd Ltd, Edinburgh, 1961) p.15.

Received 9 March
and accepted 17 March 1983



