This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 19 February 2013, At: 14:15

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Anisotropy of Molecular
Diffusion in Naphthalene Single
Crystals: The Heterodiffusion
of p-Naphthol

Louis Bonpunt ® , Alain Dautant ® , Abdellah Loumaid
# & Yvette Haget ®

% Laboratoire de Cristallographie et de Physique
Cristalline - U.A. 144 CNRS - Université de Bordeaux
I, 351, Cours de la Libération, 33405, Talence,
France

Version of record first published: 13 Dec 2006.

To cite this article: Louis Bonpunt , Alain Dautant , Abdellah Loumaid & Yvette
Haget (1986): Anisotropy of Molecular Diffusion in Naphthalene Single Crystals: The
Heterodiffusion of B-Naphthol, Molecular Crystals and Liquid Crystals, 137:1, 213-220

To link to this article: http://dx.doi.org/10.1080/00268948608070924

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948608070924
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 14:15 19 February 2013

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 14:15 19 February 2013

Mol. Cryst. Lig. Cryst., 1986, Vol. 137, pp. 213-220
0026-8941/86/1374-0213$15.00/0

© 1986 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

ANISOTROPY OF MOLECULAR DIFFUSION IN NAPHTHALENE
SINGLE CRYSTALS: THE HETERODIFFUSION OF B-NAPHTHOL

LOUTS BONPUNT, ALAIN DAUTANT, ABDELLAH LOUMAID and
YVETTE HAGET

Laboratoire de Cristallographie et de Physique Cris-
talline - U.A. 144 CNRS -~ Université de Bordeaux I,
351, Cours de la Libération - 33405 Talence,France.

Abstract Lattice diffusion at 343 K of B-naphthol-8

"¢ into naphthalene single crystals has been measured
by means of the microtome sectioning technique. Four
crystallographic directions of diffusion have been
studied, with two to four experiments for each of them
to attain exact precision. From these data the diffusion
tensor has been determined. It shows a pronounced aniso-
tropy of the mobility of the tracer molecule into the
naphthalene lattice.

A geometrical analysis of the different types of jumps
into the crystalline structure of naphthalene furnishes
first elements for the understanding of this anisotropy.

INTRODUCTION

Most studies of the diffusion process in crystals deal with
ionic, metallic and organic crystals of high symmetry
(F.C.C., S.C., H.C.P.) whereas rarely are investigations
carried out in crystals of lower symmetry. A complete de-
termination of their diffusion tensor would involve passing
such obstacles as orientation and cutting of crystals along
with measuring the diffusion coefficient along several
crystallographic directions,

The organic molecules whose symmetry is not spherical
crystallize into  low symmetry crystal lattice, It has

been recently discovered that some of these organic crystals
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present such interesting physical properties as high elec~
tric conductivity or even superconductivity together with
unique spectrographic properties. An acute interpretation of
these properties usually requires a perfect knowledge of the
structure and properties of all the defects present in each
crystal. Therefore studying diffusion would be a good means to solve
that type of problem. As a first step, we chose to put un-
der investigation naphthalene which can be considered as a
1

model specimen for molecular physics-.

The diffusion tensor D is defined by Fick's first law:
J=-Dgrad c 1)

Flux and gradient are generally not colinear. D is a
second rank tensor. The equation (1) can be written in ten-
sorial notation? :

Ji = _Dij grad Cj (2)

Matter diffusion is a property described by thermody-
namics of irreversible processes, Since Onsager's principle
shows  that crossed coefficients of linear phenomenologi-

cal equations equal one another, let us say :

D.. =D.,
ij ji

Therefore the diffusion tensor is symmetrical. Usually

3)

to determine a diffusion tensor within a crystal one has to
define six parameters, three in order to set the main axes
(Xl, X2, X3) corresponding to the three axes of the ortho-
normal system of reference (xl, Xps x3), and three to find
its three main coefficients (Dl’ D, and D3).

Thanks to symmetry-laws, a lower number of parameters
is needed in our case. According to Curie's principle, it is
known that the effect's symmetry (a physical property) is

either equal or superior to that of the cause (i,e. crystal-
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line structure).For example,in such a monoclinic structure
as naphthalene (P2l/a; Z=2, a=8,319, b=5,997, c=8.269 Z,
B=116.92° at T=343 K),axis b, a binary axis of symmetry,is
necessarily one of the main tensor whereas the two other ones
lie in the ac plane of the monoclinic lattice. If one

calls X2 the axis overlaying b, the diagonal coefficients of
the tensor for which i=2 or j=2 are of zero value. Therefore

the tensor can be read in matrix notation:

Dy) 0 D4
0 Dy, 0
D34 0 D33
with DI3 = D31 and D22 = D2

Since the choice of axes x, and x, is arbitrary, let

us place them respectively .end-m}a toa ar?d ¢*, two directions
which, in the field of the experimental study of diffusion,
tend to simplify mathematical treatment of data. c¢* 1is the
crystallographic direction perpendicular to plane ab, The
measurement of diffusion coefficients in directions a, b, and
c* will bring us straight to the determination of Dll’ D22
and D33. A 4th series of measurements DO , made in direction
X within theaac plane, enables us to calculate D13 thanks to
equations deduced from Mohr's constructionz. This non-diage
anal coefficient allows us to know the relative position of

. | . *
main axes Xl and X3 with respect to a and c .,

EXPERIMENTAL

The single crystals of naphthalene was received from Prof.
Karl" (from the Physics Institute of Stuttgart University).
The experimental processes and the method of calculating

the vacancy diffusion coefficient have already been descri-
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bedS. We now show the precise method adopted for orienting
and cutting crystals as well as our choice for the X di-
rection. The a and b crystallographic axes were found by
optical methods of investigation (observation under crossed
polarizers, birefrigency). Then the position of ¢ axis was
determined by diffraction of a mono- or polychromatic X-ray
beam. The x_ direction we selected is contained in the

]

x. %X, plane and makes an angle of 52° with x

173 3°

The crystal was sectioned in order to get samples whose
faces were parallel to the four crystallographic planes des-
cribed above. With the typically classical method we ap-
plied, called sectioning-counting, we needed to put a very
fine deposit of radicactive naphthol tracer on the face
perpendicular to the diffusion direction under consideration.
After the diffusion process the crystal is sectioned parallel
to the deposit-plane into four um slices. The activity, A,
of each slice is proportional to the concentration, ¢, of
diffusing molecules.

In order to reach a satisfactory degree of precision
for the four diffusion coefficients, several experiments
(from two to four) had to be carried out with diffusion

times from 190 to 473 hours.

RESULTS

When bulk diffusion alone is to be accounted for, a gif—
fusion plot Logc. = f (x?) must be linear since(:=coexp(— é%zb
is the solution of Fick's law (Eq.(1)) projected upon any
direction. Concretely, we report the Log A = £(x2) plots
which, as we noted previously are equivalent with the
exception of one constant,

The tailing instances® on linear experimental profiles
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in x (but not in x2), due to a faster mobility along dislo-
cation lines, show the necessity of a mathematical correction
substracting their contribution. For that purpose we used

Le Claire and Rabinovitch's method®~7"%., 1In order to compare
the whole series of plots obtained for varying periods of
diffusion and previous activities, we resorted to normali-
sation and eliminated these parameters. Finally from the
four average plots corrected once for dislocation influences,
and related to the four directions under investigation, we

deduced the coefficient values in the four directions
-17 -1

Direction %y Dx1 = (12.3 + 0.4) . 10_17 mz.s“1
Direction x, Dx, = ( 8.8 + 0.3) . 10 m2.s

Direction x,  Dxy = ( 4.3  0.3) . 10'13 mz.s—i
Direction Xy Dxe = (7.8%0,2) .10 " m?.s

FIGURE 1. Geometrical representation of the diffusion
tensor : flux ellipsoid.
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0 8.8 o - 0 8.8 0 |inl10 ' m?.s
1.5 0 4.3 0 0 4.0

Diffusion tensor Tensor brought back

within the (a,b,c*) to its main axes

frame of reference (Xl’ X, X3)

DISCUSSTION-CONCLUSION

One of our results in heterodiffusion might be compared to
Hampton and Sherwood's study’concerning naphthalene self-
diffusion in c* direction. The numerical evaluation by these
authors of 15.10“l7 mzs“1 calculated at 343 X, has a similiar
order of magnitude. Comparison should not be drawn further
for two reasons, First they did not apply Le Claire and
Rabinoviteh's method as we did for correcting dislocation
influences; second it would be daring in the present state
of knowledge to compare hetero — and self - diffusion data.
However, as a first interpretation we can already try
to analyze our results in terms of the structural environment.
Naphthalene structure is usually described as a heap of com-
pacted molecular sheets parallel to the (00l) plane. The
sheet-like aspect may be seen very easily through a projec-
tion of the structure upon the (010) plane (Fig.2). When
comparing the above projection to the flux ellipsoid section
of this plane, it appears also quite-e¢learly that inter-
sheet mobility is much lower than mobility within each
sheet (about three times lower). As for diffusion within

D
each sheet, it is broadly homogenous ( ﬁ%' close to 1.4).
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FIGURE 2. a) Naphthalene structure projection along b axis
(upon the plane (0l10)).

b) Section parallel to plane (010) of the flux
ellipsoid,
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The first complete determination of an heterodiffusion
tensor in a low-symmetry structure allows us to confirm the
existence of a strong diffusion anisotropy. Now we
shall extend  our studies to find out whether this aniso-
tropy process exists in the case of naphthalene selfdiffusion,
Thus we shall be able to compare the whole of our results
with those of Hampt®h and Sherwood %and Sherwood and Whitel0,
We will also be able to find out the respective roles play-
ed by the diffusing molecule (naphthol or naphthalene) and
the part played by the host lattice and its own defects.

We wish to express our thanks to Prof. N. Karl for

preparing naphthalene crystals for us.
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