Clays and Clay Minerals, Vol. 24, pp. 43-49. Pergamon Press 1976. Printed in Great Britain

STRUCTURAL ANALYSIS OF SEPIOLITE BY
SELECTED AREA ELECTRON DIFFRACTION—RELATIONS
WITH PHYSICO-CHEMICAL PROPERTIES

M. Rautureau* and C. TCHOUBAR

Laboratoire de Cristallographie, Université d’Orléans, et Centre de Recherche sur les Solides &
Organisation Cristalline Imparfaite CN.R.S., Orléans, France

(Received 22 May 1975)

Abstract—The electron structural analysis of a Madagascar sepiolite (Ampandrandava) was carried
out by selected area electron diffraction obtained from monocristals. Fourier projections, derived from
the experimental intensity of Okl, hOl and hkO reflections, show that the Mg?* cations on the edges
of the sheets are distributed between two sites. Correlatively the water molecules bound to these
Mg?* occupy two distinct positions. These principal structural differences with the Brauner and Preis-
inger model explain details of the ir. spectra during the desorption of water or the adsorption of
polar molecules. The differences between the two models can be considered as a consequence of treating

the mineral in vacuum.

INTRODUCTION

Sepiolites belong to a magnesian group of silicates,
with a fibrous texture, whose ideal formula can be
written Si;;MggOs,,nH,0. Structural analyses were
made first by Nagy and Bradley (1955), then by
Brauner and Preisinger (1956) from X-ray powder dif-
fraction data. They showed that this mineral can be
schematized by a quincunxt arrangement of talc type
layers separated by parallel channels with dimensions
ca. 7 x 13 A (Fig. 1).

This microporosity gives sepiolites a unique place
in the clay family because of its structural character-

* This work is a part of the Doctoral Thesis of M.
Michel Rautureaun, 1974, University of Orleans, France.

+ Quincunx “A disposition of five objects so placed that
four occupy the corners and the fifth the center of a square
or rectangle” (Oxford Universal Dictionary, 3rd Edn.,
revised 1955, p. 1642).

istics and physico-chemical properties. Nevertheless,
the relations between certain properties of sepiolite
and its structure are still poorly understood. Pre-
viously this mineral, which is both microcristalline
and fibrous, has been studied only with powder or
fibrous aggregate diagrams. Under these conditions
it is not possible to make a precise structural analysis.
In particular, the structural model proposed by
Brauner and Preisinger, although confirmed in its
general form by various authors (Brindley, 1959;
Zvyagin, 1967; Martin-Vivaldi and Robertson, 1971;
Rautureau et al,, 1972), is too idealized to allow a
better interpretation of the phenomena connected
with the existence of water molecules in the channels
and the internal surface of sepiolite (water desorption
or polar molecule fixation, for instance).

The present work uses structural analysis of a well-
crystallized sepiolite (Ampandrandava sepiolite,
Madagascar) by selected area electron diffraction

x Mg o Si

OO0

® OH

Fig. 1. Schematic (001) projection of atoms of sepiolite unit cell showing the guincunx arrangemen
of talc type layer. :
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which is the only technique for obtdining monocrystal
patterns for a very finely divided mineral. A Philips
model EM 300 electron microscope equipped with
an anticontamination device and with a tilt stage
specimen holder was used for this work. The inte-
grated intensity of each reflection was measured by
means of a flying spot microdensitometer (Joyce
Loebl model) on the electron diffraction pictures.

PREPARATION OF SAMPLES AND CHOICE OF
MONOCRYSTALLIZED PARTICLES FOR
STRUCTURAL STUDIES

Using natural aggregates of sepiolite fibers, two
types of samples were prepared:

(a) The aggregates were dispersed in a water sus-
pension and a drop of the suspension was deposited
on a carbon membrane. In a sample of this type, the
electron beam crosses the fibers perpendicular to their
axis. With these samples reflections Okl or reflections
kOl occur in the same pattern (sepiolite is of ortho-
rhombic symmetry and the ¢-axis was chosen parallel
to the fiber axis).

(b) Fiber aggregates were embedded in a polymer
and cut with a diamond knife perpendicular to the
fiber axis (Tchoubar et al.,, 1973). The electron beam
is then parallel to the fiber axis and hkO reflections
are obtained.

In order to determine the possibility of employing
Fourier synthesis on the basis of a kinematic model,
a preliminary morphological study was carried out
to choose sunitable monocrystals (Rautureau and
Tchoubar, 1972). The particles of sepiolite are similar
to elongated laths whose thickness varies between 150
and 1000 A (see Fig. 2). The thickness is controlled
by means of a Pt-—C shadowing in this case.

Similarly, the transverse sections of sepiolite were
studied with the “lattice imaging™ technique (the
thickness of the sections was approx. 500-600 A). This
method permits observations of the interference im-
age of some diffracted beams. Figure 3(a and b) show
two examples of sepiolite particles cut perpendicularly
to the c-axis. These pictures were obtained from inter-
ferences between the 000, 020 and 110. Figure 3(a)
shows a monocristal in which are distinguished two
systems of undeformed parallel fringes, equidistant at
ca. 12 A and with an angle of 60°. This double system

of well-defined fringes correspond with the Ii f 0 reflec-
tions whose intensity is approx. 25 times greater than
+

that of the 020 reflections. Figure 3(b) gives an
example of the section of a large sepiolite crystal. The
existence of numerous faces {110} and a great tubular
porosity whose cross section is between 20 and 200
A can be seen. 113+much of this double system corre-
sponding to the /10 reflections, fringes equidistant at
27A with a variable definition can be observed. The
last system of fringes suggests the existence of dyna-

* A general review of the applicability of “lattice imag-
ing” is given by Allpress and Sanders (1973).

mic interactions due to the very important thickness
of the section. Finally, Fig. 3(c and d) show an image
of a monocristal of sepiolite obtained by the interfer-

+ t+ =t
ences of the 000 beam with the 020, 110, 200 and

730 beams (Fig. 3c is a general view and the magnified
region is shown in Fig. 3d). The quincunx arrange-
ment of the elements of layers, in agreement with the
structural scheme of Brauner and Preisinger, can be
seen in the last figure (5 elements of layers are sche-
matized with a line). In crystal B at the top of Fig.
3(c) the fringes are well-defined in only one direction
because the crystals are cut obliquely with respect
to the c-axis. Crystal A is cut perpendicular to this
axis.

The morphological results justify the application of
the kinematic theory of diffraction. Theoretical
studies by Cowley and Moodie (1962) and by Cowley
(1968) show that the diffraction can be treated by
kinematic theory for electrons accelerating under 100
kV when the thickness of the sample is not greater
than a few hundred Angstréms and the atomic
number of the constituents is lower than 15. The mor-
phological results show clearly that the tubular poro-
sity reduces to some hundred Angstréms the dimen-
sions of the coherent crystalline domain crossed by
the electrons perpendicular to the c-axis. Conse-
quently, when the electron beam is perpendicular to
the fiber axis, it is possible to use the reflections Okl
and h0! independent of crystal thickness. On the other
hand, in the hkO patterns, the intensities may be per-
turbed by the dynamic interactions because the thick-
ness of the section is at least 500 A.

STRUCTURE ANALYSIS OF SEPIOLITE BY
MEANS OF ELECTRON SELECTED AREA
MICRODIFFRACTION

Under the conditions in the electron microscope,
with a vacuum of between. 10™* and 10~° Torr, zeo-
litic water is eliminated from sepiolite and only the
structural water bound to the edge of the layers is
present (designated as H,O,y, ). Thermogravimetric
analysis and ir. absorption spectra agree perfectly on
this point (see Section IV). Preisinger (1963) showed
the folding of the structure for sepiolite heated above
600°C. In his experimental conditions the sample is
dehydrated. In the present work only the stage before
dehydration is considered.

The microdiffraction data of the sample obtained
from suspension agree with the extinction conditions
of the space group Pncn. These are:

Okl with k& + [ = 2n (Fig. 4a)

hOl with I = 2n (Fig. 4b)

hkl without conditions, but with h + I = 2n for [ =0
(Fig. 4c shows the reflections hkl)

The hk0 reflections obtained in a section perpendicu-
lar to the c-axis (Fig. 4d) cannot be used because
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Fig. 2. Electron micrograph of Ampandrandava sepiolite fibers.
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Fig. 3(a). Elementary fiber (monocrystal) of Ampandrandava sepiolite. (cut perpendicularly to the

fiber axis). (b) Cross section of a monocrystal of sepiolite showing numerous (110) faces and a great

internal porosity. (¢). Cross section of sepiolite of Ampandrandava (General view). (d) Magnified
zone of the Fig. 5 with a direct view of channels.
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the sections are much too thick. This is the cause
of multiple diffraction.

Parameter measurements on samples with a gold
standard give the following values (Rautureau et al.,
1972):

a=1337+ 004 A
b = 2695 + 008 A
c= 527+ 002A.

FOURIER PROJECTIONS

By using the measured intensities, I, of Okl
reflections (68 reflections) and hOl reflections (31
reflections) a Fourier projection of the planes (100)
and (010) for all atoms in the unit cell has been made.

For each model, the observed |Fiuulds. = [Tauovs.s
were normalized on the ten greatest calculated
|FualZie.. In all cases {Fogo) is the calculated value.
The model initially utilized was that of Brauner and
Preisinger (1956). Figure 1 gives the schematic projec-
tion of the atoms on the (100) plane. This projection
corresponds to the idealized formula*:

Siy; Mgg O30 (OH)4 (HZOcryst.)4

without zeolitic water. In this case, the reliability
factor:

3|F,

calc.l

R

is R = 042 for the Okl reflections and R = 0-29 for
the hOI reflections. Table 1 gives the values of |Fplobs.
normalized on the |Fuyleae. based on the model of
Brauner and Preisinger.

In this work the R values are large because these
factors correspond to a partial summation of |Fyl-
Under these conditions a good structural agreement
is possible for R values near to 0-20 (Pinsker, 1968).

THE FOURIER ANALYSIS RESULTS

Fourier projections on (100) and (010) planes of
all the atoms of the cell and difference projections
corresponding to certain atoms only lead to the fol-
lowing observations:

(a) The displacement between tetrahedral sheets is
¢/3 (see Fig. 5 —— and ———-). The reduction of the
relative slip between the tetrahedral sheets in the
model is z/c = 0-017.

(b) An atom appears in the position y/b = 0-250,
zfe = 0-750 which is unoccupied in the model of
Brauner and Preisinger. Study of the partial Fourier
projection on the planes (100) and (010) shows that
there is in reality a statistical distribution between
two sites “4¢” (0,3/b,3/4) of the magnesium on the
edges of the sheets (these sites are marked by 4¢py

* The chemical analysis of the Ampandrandava sepiolite
(Madagascar), was made by Caillére (1972) and gives the
structural formula:

(Siy1.6A13 54Fed ) (Mg 5 sMng b, Feg hsFed | 0) O32, nH,0.

Table 1. Observed and calculated Okl and hOI structure
factors for the Brauner and Preisinger model (without zeo-
litic water)

Bk 1 Fpocale thkZ|Obs noko1 Focale [Fhk2|0bs
0o 0 ¢ 376.9 377. 0 21 3 -19.2 21,
0o 2 0 -1.2 17. 0 23 3 5.9 5.
0 4 0 2.6 20. 0 0 4 21.1 28.
0 6 0 69.5 68. 0 2 4 ~4.7 14.
0 8 0 -0.2 16. 0 4 4 4.6 14,
0 10 0 0.0 10. o 6 4 ~4.4 16.
0 12 0 20.8 26. 0 8 4 4.2 12,
0 14 0 -0.4 7 o 10 4 -3.9 7.
0 16 0 =3.3 21, 0 12 4 3.5 19.
0 18 0 -74.3 68. [N E ) ~3.1 5.
0 20 O 5.8 12. 0 16 & 2.4 4.
0 22 0 -2.4 10. 0 18 4 -14.7 15,
0 24 0 15.0 22, 0 20 4 3.5 Q.
0 1 1 4.6 20. 0 22 4 ~2.8 0.
0 3 1 23.4 42. 0 24 4 2.5 5.
o 5 1 2.8 20. 0 1 5 ~0.7 8.
o 7 1 =2.3 9. 0 3 5 15.9 17.
0 9 1 3.3 27. 0 5 5 =1.1 5.
o I i -1.7 10. 0 7 5 1.3 10.
0 13 1 1.9 7. Q 9 5 15.4 18.
0 15 1 11.0 24, 2 0 0 -64.5 87.
0 17 1 0.4 4. 4 [ 0 107.9 123.
0 19 1 =1.0 5. 6 0 0 -69.8 28.
0 21 1 =7.6 25. 8 0o 0 13.9 22.
0 23 i 0.1 5. 10 0 © 31.8 21.
o 0 2 45.7 37. 12 0 0 34.5 14,
o 2 2 -11.8 14, 1 o 2 —48.2 79.
[} 4 2 1.1 13. 2 0 2 =-34.6 49.
0 6 2 =25.1 24, 3 0o 2 =13.7 34.
o 8 2 10.4 9. 4 o 2 -37.6 33.
0 10 2 -9.8 9. 5 0 2 -1l 20.
0 12 2 -14.9 29. 6 0 2 =44.0 25.
0o 14 2 -5.1 8. 7 0 2 -2.1 16.
0 16 2 3.2 il. 8 0 2 =45.7 20.
0o 18 2 =47.7 30. 9 0 2 36.4 27.
0 20 2 8.3 7. 10 0 2 16.9 10.
0 22 2 ~-7.0 4. 11 0 2 ~11.4 11.
0 24 2 -6.4 14. 12 0 2 -10.0 12.
0 1 3 -6.5 5. 13 0 2 7.7 13.
o 3 3 36.5 45. 1 0 4 =66.5 46.
g 5 3 -7.5 8. 2 0 4 17.5 23,
Q 7 3 8.3 16. 3 0 4 20.0 16,
o 9 3 64,2 68. 4 0 4 10.7 10.
0 N 3 2.3 13. 5 0 4 ~40.1 27.
0 13 3 =2.4 8. 6 0 4 7.3 16.
0 15 3 23.2 29. 7 0 4 24.9 17.
Q 17 3 =4.5 4, 8 0 4 8.9 12.
0 19 3 3.2 5. 9 0 4 13.1 10.

and 4cy on the Fig. 5). This figure gives the final
projection on the (100) plane of the atoms of a quarter
of the sepiolite cell. Only the site 4¢vy with coor-
dinates x/a = 0-000, y/b = 0-196, z/c = 0-750 is occu-
pied by the magnesium on the edges of the sheets
in the model of Brauner and Preisinger.

(c) Correlative to the statistical distribution of the
magnesium between two sites, the water molecules
H,O.,. and the hydroxyls also are distributed
between two positions:

Approximately a third of the water molecules
H,0,;,s. (noted (H,O), in Fig. 7) occupy the position
indicated by Brauner and Preisinger (x/a = 0-083,
y/b = 0:250, z/c = 0-500) whereas two thirds of these
molecules {noted (H,0), in Fig. 7) are on the site
whose coordinates are x/a = 0130, y/b = 0-250,
z/c = 0-500. In this new position, the water molecules
are nearer the oxygens of the base of the tetrahedral
sheet. Hydroxyls.also are divided in the same propor-
tion between the Brauner and Preisinger position
(x/a = 0084, y/b = 0084, z/c = 0-079) and a position
noted (OH), in. Fig. 6 whose coordinates are
(x/a = 0084, y/b = 0-104, z/c = 0-119). This displace-
ment may be explained by a local distortion of the
cristalline field when the 4cy position is occupied by
magnesium.
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Fig. 7. Fourier projection on (001) plane of 1/16 of sepiolite unit cell.

(d) Finally, partial Fourier projection seems to indi-
cate that isomorphous substitutions in the octahedral
sheet are preferentially in site 4¢; (x/a = 0000,
y/b = 0084, z/c = 0-750).

In all the experimental projections, the maximum
of this position is higher than the maximum of the
other octahedral positions.

The Fourier projections shown in Fig. 5 and 6 are
those obtained for the model presently described. Full

Table 2. Atomic coordinates for the proposed model of

sepiolite
Atom Fraction x/a y/b z/e equivalent
positions

Mg I 1.00 0.000 0.028 0.250 4
MgII 0.77 0.000 0.084 0.750 4
MnIll 0.14 0.000 0.084 0.750

Fell g.09 0.000 J.084 0.750

MgIII 1.00 0.000 0.140 0.250 4
MgIV 0.33 0.000 0.196 0.750 4
MgV 0.67 0.000 0.250 0.750

Sil 0.97 0.208 0.028 0.579 8
Al1 0.02 0.208 0.028 0.579

Fel 0.01 0.208 0.028 0.679

Sill 0.97 0.208 0.140 0.579 8
AlII 0.02 0.208 0.140 0.579

Fell 0.01 0.208 0.140 0.579

SiIII 0.97 0.208 0.196 0.079 8
AlIII 0.02 0.208 0.196 0.078

Felll 0.01 0.208 0.19¢ 0.078

oI 1.00 0.084 0.028 0.579 8
0 II 1.00 0.084 0.140 0.579 8
0 IIT 1.00 0.084 0.196 0.079 8
0 1.00 0.250 0.000 0.329 8
ov 1.00 0.250 0.084 0.579 8
oV 1.00 0.250 0.168 0.329 8
0 VII 1.00 0.250 0.168 0.829 8
0 VIII 1.00 0.250 0.250 0.079 4
(OH)l 0.33 0.084 0.084 0.079 8
(OH)2 0.67 0.084 0.104 0.119
(H20cryst.)l 0.33 0.084 0.250 0.500 8
(Hzocryst.)Z 0.67 0.130 0.250 0.500

lines represent equipotential curves, with a step of
100 arbitrary units between each line, and the dotted
lines are for the negative portions. Figure 5 gives the
Fourier projection on the plane of the atoms of a
quarter of the sepiolite cell (this projection has a mir-
ror image at y/b = 0-250). Figure 6 gives the projec-
tion on the plane (010) for half a cell of sepiolite (this
projection has a mirror at x/a = 0-250). This last pro-
jection shows a complete element of the layer. For
our model the reliability factor is R = 0-23 for the
reflections Okl and R = 024 for the reflections hOI.

Finally, the Fourier projection on the plane (001)
is presented by means of the hkO reflections. Because
the intensities are perturbed by dynamic interactions,
this projection was not employed in the determina-
tion of atomic coordinates. Nevertheless Fig. 7 shows
clearly the distribution between two sites of the mag-
nesium at the edges of the sheets. It also clearly shows
the new position of some water molecules (noted
(H,0), on Fig. 7). Table 2 gives the atomic coor-
dinates of the proposed model. Table 3 gives the
observed and calculated Okl and hOl structure factors
for the final model.

RELATIONSHIP BETWEEN THE PHYSICO-CHEMICAL
PROPERTIES OF SEPIOLITE AND THE
STRUCTURAL FEATURES

The previously known models of sepiolite do not
give a satisfactory interpretation of water desorption
and of the fixation of polar molecules. Indeed, pre-
vious studies (Caillére, 1936; Martin-Vivaldi and
Cano-Ruiz, 1955; Prost, 1973; Serna, 1973; Nagata
et al, 1974) on the dehydration of sepiolite have
shown two weight losses of bound water between 250
and 650°C at normal pressure. Figure 8 shows the
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Table 3. Observed and calculated Okl and hO! structure
factors for the final model

ok 1 Fygcale thkZIobS Bk 1 Fpcale IFth|ObS
0 0 0 379.7 380. 0 23 3 5.6 4.
0 2 0  -5.5 15. 0 0 4 -13.2 2.
0 4 0 6.8 18. 0 2 4 6.1 12.
0 6 0  57.6 61. 0 4 4 9.6 12.
0 8 0 21.0 15. 0 6 4 -17.2 14.
010 0  -6.9 9. 0o 8 4 6.9 10.
012 0 22,4 23. 0 10 4 -IL.9 6.
0 14 0 -12.4 7. 0 12 4 5.1 16.
016 0  -2.6 19. 0 14 4 -2.1 4.
0 18 6 -67.2 61. 6 16 & 5.1 4.
0 20 0 11.5 1. 0 18 & -7.1 13.
0 22 0  -6.5 9. 0 20 & 0.7 0.
0 26 o0 1.4 19. 0 22 4 -2.9 0.
0 1 1 3.7 18. 0 24 4 5.1 4.
0 3 1 27.0 37. 0 1 5 2.5 7.
0 5 1 14.4 17. 0 3 5 13.3 15.
0 7 1 -9.9 8. 0 5 5 2.8 4.
0 9 1 20.0 24, 0 7 s -5.8 8.
011 1 -15.8 9. 0 9 s 7.3 i6.
0 13 1 5.6 6. 2 0 0 -69.2 84,
015 1 17.5 21, 4 0 0  106.1 119,
017 5.2 4. 6 0 0  -62.9 27.
0 19 i 2.1 4. g8 0 0 27.3 21.
021 1 -14.5 22. 10 0 0 24.2 20.
0 23 1 -3.8 4. 12 0 0 34.1 13.
0 0 2 25.4 33. 1 0 2 -57.8 76.
0 2 2 -l4.0 12, 2 0 2 -39.7 47.
0 4 2 10.3 1. 30 2 -17.6 32.
0 6 2 -10.9 21, 4 0 2 -390 32.
0 8 2 5.6 8. 5 0 2 -12.9 19.
0 10 2 -5.0 8. 6 0 2 -31.4 24,
0 1z 2 -18.5 25. 7 0 2 3.4 15.
0 14 2 -5.6 7. 8 0 2 -33.8 19.
0 16 2 5.6 10. 9 0 2 45.6 26.
0 18 2 -31.7 27. 10 0 2 7.0 10.
0 20 2 9.0 6. 10 2 -15.3 1.
0 22 2 -7.0 3. 12 0 2 -18.6 1.
0 24 2 -8.6 12. 13 0 2 152 12.
0o 1 3 7.5 5. 10 4 =59.4 44,
0 3 3 41.3 40. 2 0 4 30.3 22.
0 5 3 -8.8 7. 30 4 22.0 16.
0 7 3 15.9 4. 4 0 4 0.2 10.
0 9 3 59.9 61. 5 0 4 =364 26.
0 11 3 2.7 1. 6 0 &4 32.0 16.
0 13 3 -6.6 7. 7 0 4 23.1 17.
015 3 30.8 26. 8 0 & 14.0 12.
017 3 -0.9 3. 9 0 4 7.5 10.
0 19 3 2.3 4,
0 21 3 -25.8 19.

thermogravimetric analysis obtained for three
samples from Ampandrandava, Vallecas and

Salinelles. All samples heated to 150°C have an initial
weight loss of 12-15%, which corresponds to zeolitic

o,
A

o
I

Weight loss,

] l l
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water. The weight loss between 250°C and 650°C is
between 4 and 6% and corresponds to the removal
of water bound to magnesium on the edges of the
sheets. Above 650°C a total loss of 3% corresponds
to dehydroxylation of the mineral. The total loss is
in accordance with the Brauner and Preisinger model.
However there are clearly two stages of loss between
250 and 650°C. The first from 250 to 400°C and the
second from 400 to 650°C. These two stages are
also present in the dehydration curves of sepiolite in
vacuum around to 107° Torr (curve 4 on Fig. 8).
These results cannot be interpreted by the Brauner
and Preisinger model which has only one type of
bound water.

Examination of the ir. absorption spectrum of
sepiolite heated to 300°C under vacuum shows a
doublet at 1616-1624 cm™! corresponding to the
bending vibrations. On heating sepiolite above 400°C,
only the band at 1616 cm™! remains (see Fig. 9).
Other studies by ir. spectroscopy (Prost, 1973; Serna,
1973; Serna et al, 1974) are in good agreement with
their model and particularly with the distinction of
two types of bound water, which appear as a doublet
at both 1616-1624 cm ™! (bending vibration) and at
3560-3620 cm ! (stretching vibration). Only the band
at 1624 cm™! disappears on dehydration of the
mineral at the second stage of thermogravimetric
analysis. The 1624 cm ™! vibration thus corresponds
to the less tightly bound water. Infrared spectroscopic
studies on the absorption of polar molecules (Serna,
1973; Serna et al., 1974) indicate that methanol will
replace the less tightly bound water whereas acetone
becomes attached to these water molecules. After ace-
tone fixation on the accessible water, the absorption
band at 1624 cm ™' shifts to 1654 cm™!. However
this band disappears completely when water is re-
placed by methanol. In these two cases the band at
1616 cm ™! is unaltered.

All of these results confirm the existénce of the two

P
-7 PRI RS

|

! | !

100 200 300 400 500

t,

600

!
700 800 900 1000

°c

Fig. 8. Thermogravimetric analysis of sepiolite of Salinelles (curve 1), Ampandrandava (curve 2) and
Vallecas (curve 3) at normal pressure. Curve 4 shows thermogravimetric analysis of Vallecas sepiolite
in vacuum (10~% Torr).
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1654 1624

Absorbance

|
1600

1650
cm™!
Fig. 9. OH bending vibration of bound water: 1-—normai
conditions, 2—vacuum (10~° Torr), 3—300°C in vacuum
(Perkin—Elmer 1800 LR. spectroscope).

following types of bound water molecules: water
molecules bound to the magnesium in the position
designated by the model of Brauner and Preisinger;
water molecules bound to the magnesium in a pre-
determined position and which corresponds to a
displacement of these atoms in the channels.

With this structural model it can be concluded that
the bound water in the more asymmetric octahedral
sites is rather reactive and mobile. This explains the
persistence of the band at 1614 cm™! when heated
to 300°C and in the case of adsorption of methanol
and acetone. This band corresponds to the fraction
of bound water which has the higher bonding energy
and the lower reactivity.

CONCLUSIONS

Structure analysis of sepiolite with electron diffrac-
tion data shows that the principal differences between
the proposed model and the Brauner and Preisinger
model are two positions for the magnesium on the
edges of the sheets and two positions of associated
water molecules.

Brauner and Preisinger studied sepiolite under
“normal” humidity conditions, with zeolitic water in
the channels. Under these conditions it is not
excluded that all the Mg?* cations of the edges of
the sheets occupy the very symmetrical octahedral
sites. By elimination of zeolitic water in vacuum (as
it is the case in electron diffraction), part of these
Mg?* cations are displaced from the edges of the
sheets by a partial hydrolysis. In this hypothesis,
under normal conditions the structure of sepiolite is
near that of Brauner and Preisinger. On the other
hand this model should be taken as a basis for study-
ing sepiolite in vacuum, especially for adsorption of
organic molecules.
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