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Sepiolite as a deodorant material: an ESR study
of its properties
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Sepiolite, a Mg silicate, is used as a deodorant because of its strong adsorbing power.
However, the principle by which sepiolite adsorbs gases is not known well. The present
authors have tried to analyse this principle as a change of paramagnetic species in the crystal
surfaces of sepiolite. After heat-processing sepiolite at the temperatures 150, 550 and 750°C,
the concentration change of paramagnetic species was observed using NH;, air, or vacuum as

atmospheric environment of sepiolite. The results indicate that, in the absence of zeolitic
water, relatively high concentrations of Mn?* and (Mg?"), are observed, which are
destroyed with NH; or water. A multi-line ESR spectrum has been found and is attributed to
(Mg?*) . ion which is an entire crystal lattice plane forming a big molecular orbital. The
results and an analysis of it seem to indicate that a gas molecule is adsorbed to a crystal plane
of sepiolite due to its “free spin” holding nature. This phenomenon may be called “spin
adsorption”. There should be many more cases in which gas adsorption from the gas phase to
the solid phase is controlled by the free-spin holding nature of the solid surface. For such
cases the ESR method seems to be a quite powerful and proper technique.

1. Introduction

There are two types of atmospheric pollution in the
environment of human beings. One type is known as
global pollution, and another is known as local pollu-
tion. Among local pollution, the presence of bad-
smelling substances is often encountered and it is
desired to replace them with clean air. For this pur-
pose, deodorant materials are often needed. The pol-
luting substances which originate from human or
animal bodies are mostly reducing substances such as
amines or mercaptanes. Therefore, if we can find some
deodorant materials which can remove these types of
compound from the atmosphere, a more pleasant
living environment can be established.

Sepiolite has strong adsorption power and also it
has a plastic nature in the bulk state, and therefore has
various interesting applications. The occurrence and
general properties of sepiolite have been described in
the literature [1-5]. The temperature dependence and
thermal analysis data have been given [6-8]. Several
cases of gas absorption by sepiolite and attapulgite
have also been shown [9]. It has three fundamental
properties: adsorbability, rheological property, and
solidification by drying. The absorption capacity is the
basis for the deodorant use of the mineral. However,
the chemistry of the adsorption phenomenon itself has
not been studied much with sepiolite. Adsorption may
be classified into two categories. One is that in which
chemical bonds change during the adsorption process,
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the chemisorption process. The other is that in which
no chemical bonds change during the adsorption pro-
cess, the physisorption process. Sepiolite has some
tunnel-like structure in which some molecules can be
trapped [10]. In order to see the change of chemical
bonds during the adsorption of NH; by sepiolite, an
ESR study of sepiolite during the adsorption of NH;,
has been tried. The results have indicated that un-
expectedly large change of electron spin occur during
the adsorption process.

2. Experimental procedure

Sepiolite, originally produced in Turkey, was given by
Ujiden Chemical Ind., Ltd. Ammonia gas was ob-
tained from aqueous ammonium hydroxide by re-
peated vacuum distillation at 0°C. This ammonia gas
was stored in a reservoir attached to the vacuum line
by which the ESR sample system was evacuated or fed
with gases. Sepiolite has various forms of water mole-
cules bonded to it if it is not dried with particular care.
Therefore it is expected that removal of these water
molecules from sepiolite affects the adsorption of NH;,
by this mineral. To find the effects of water molecules
on NH; adsorption, four samples were prepared and
were used for measurements:

1. The original.sepiolite as received.
2. Treated in air at 150°C for 3 h. This sample will
be referred to as S-150.
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3. Treated in air at 550°C for 3 h. This sample will
be referred to as S-350.

4. Treated in air at 750°C for 3 h, to be referred to
as S-750.

0.25 g of one of the above four samples was placed in
the sample tube connected to the vacuum line already
described. Evacuation, gas introduction or evacuation
again were carried out with this sample and the
resulting changes in the ESR spectra were observed
and recorded. Evacuation were made to the extent of
10~ # torr. ESR spectra were recorded by a JES-ME3X
spectrometer (Jeol). A magnetic field modulation fre-
quency of 100kHz and a microwave frequency of
9.445 GHz, input microwave power of 1 mW, and
magnetic field modulation widths of 0.05 mT (in the
case of Mn?™ h.fs. spectra) and 0.5 mT (in the case of
Mn?* and Mg™ spectra) were employed. The am-
monia gas pressure was measured with a mercury tube
manometer attached to the vacuum line. Thermal
analyses of the sample were made with a thermal
analyser (Ver 2.20 of Rigaku Denki Co.} employing
the thermogravimetry (TG) and differential thermal
analysis (DTA) mode.

3. Results

Fig. 1 indicates the results of thermal analysis of
sepiolite and their relation to the thermal treatments
given to sepiolite samples. The thermal treatment at
150°C removes zeolitic water and adsorbed water. The
thermal treatment at 550°C removes some 50% of the
bonded water. The thermal treatment at 750°C re-
moves even the OH™ groups which are bonded to Si
atoms. When an untreated sepiolite sample was evacu-
ated at room temperature (RT), it gave paramagnetic
species as shown in Figs 2 and 3. X-band ESR spectra
reveal the presence of several absorptions. One has
peaks of the first derivative curve at ~ 50, 80 and
155 mT, named as A, B and C, respectively. The
second is a multi-line absorption appearing in the
magnetic field region between 100 and 650 mT. The
third is the Mn?* h.fs. lines appearing near 336 mT.
The fourth is a broad absorption existing in the
magnetic field region of 100-600 mT. Absorption near
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Figure I Relation between the thermal analysis and therinal treat-
ment of sepiolite samples used.
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Figure 2 ESR spectrum (9.450 GHz) of the species A, B, C and
Mn2* which appear in the magnetic field region 0-500 mT, ob-
tained from sepiolite without preliminary thermal treatment.
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Figure 3 ESR spectrum (9.440 GHz) obtained from thermally un-
treated (but in a vacuum) sepiolite in the magnetic field region
286-386 mT.

g = 2.0023 is also observed. The ESR spectrum in the
250 £+ 250 mT region is shown in Fig. 2. The ESR
spectrum in the 336 + 50 mT region is shown in
Fig. 3.

3.1. g = 2.0023 absorption

The change of g = 2.0023 intensity is as shown in
Table 1. In the table Air-1 signifies the relative intens-
ity value observed when the sample was cooled in the
air after thermal treatment. EV-1 signifies the relative
ESR intensity value observed when the sample was
evacuated to 10~ *torr after measuring the Air-1
value. “NH;” signifies the relative ESR intensity value
observed when some 40 torr of NH, gas was intro-
duced into the sample after measuring the EV-1 value.
A further evacuation of the “NH;” sample for 25 min
gave the value EV-2. An introduction of air (700 torr)
gave the result Air-2. An evacuation of the Air-2
specimen to 10™* torr gave the result EV-3. It seems
that these results have shown that this paramagnetic



TABLE I Relative intensities of g = 2.0023 ESR lines

Sample
Heat treatment Air-1 EV-1 NH,; EV-2 Air-2 EV-3
temperature (°C)
None 1.0 130 73 183 183 183
150 83 183 113 193 193 360
550 114 112 80 108 108 111
750 8.7 63 63 57 90 77

species increases when the weakly and strongly bon-
ded water molecules are removed; but if OH™ is
removed, the intensity of this species is decreased. It
will also be seen that NH, decreases the intensity of
this absorption.

3.2. ESR absorption in the 100-650 mT region
ESR absorption consisting of many lines and ap-
pearing in the magnetic field region 100-650 mT has
been observed in this work for the first time. It seems
that the number of coupling nuclei is quite large and
the spin density may have positive and negative val-
ues. The relative intensity values in the region
240-260 mT are as shown in Table II. The most in-
tense case of this absorption (observed in the sample
treated at 550°C, EV-1 spectrum) and the spectrum
observed after NH, introduction to this EV-1 sample
are shown in Fig. 4. It will be seen that the multi-line
ESR absorption which has been intensified by the
EV-1 procedure has again become weak by the in-
troduction of NH; gas. The values in Tables I and 1I

TABLE II Relative intensities of 100-650 mT ESR lines

Sample

Heat treatment Air-1
temperature (°C)

EV-1 NH; EV-2 Air-2 EV-3

None 1 17 8 27 26 30

150 6 20 22 36 34 47

550 40 48 20 37 37 41

750 1 2 1 11 5 9
r

550° C in EV1

550°C in NH3

242 246 250 254 258
Magnetic field (mT)
Figure 4 ESR spectra (9.448 GHz) of sepiolite, pretreated at 550°C,

in NH; and in a vacuum (EV1) at 20°C, in the magnetic field region
240-260 mT.

have similar tendencies and therefore the paramag-
netic species giving rise to Figs 2 and 4 are closely
related species.

3.3. ESR absorption near 50, 80 and 155 mT
The absorption 4 which appears near 50 mT has a
g-factor value of 13.5, which seems to indicate that this
absorption is due to a metal ion which has many 3d
electrons such as Co**. The absorption near 80 mT,
B, has a g-factor of 8.4, which may indicate that the
corresponding paramagnetic species are Co** or
Ni?* ions. The absorption near 155 mT, C, is similar
to the ESR absorption of Fe** contained in alumina,
and probably is due to Fe**.

3.4. The Mn?" ESR absorption

Fig. 3 indicates the ESR absorption due to Mn?*
(S = 5/2). The line widths of these lines are not equal
to each other, the line width of the third line from the
lower side of magnetic field being the narrowest. This
line width changes by evacuation, NH; introduction,
re-evacuation, air introduction, and evacuation for the
third time. The results obtained from four different
samples (untreated sample, S-150, S-550 and S-750)
are shown in Figs 5-8, respectively.

3.5. ESR spectrum of 750°C treated sample

As shown in Fig. 8, the changes of ESR spectra, when
NH,; is introduced or the sample is evacuated, are
different in the S-750 sample from those of S-150 and
S-550. The ESR spectrum due to Mn?* obtained from
S-750 sample is shown in Fig. 9. It indicates that the
crystalline structure of sepiolite has been changed by
heat treatment at 750°C. The total intensity has de-
creased considerably from that of the Fig. 3 spectrum,
and the coupling constant values, 4, and g-factor
values have changed. In Fig. 3, 4 = 0.0090 cm ~* and
g = 2.0063 while in Fig. 9, A, = 0.0092, g, = 2.0083,
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Figure 5 Intensity variation of one of the ESR lines from Mn?*
when the atmosphere was changed. EV-1: in a vacuum of 10~ torr,
NH;: in NH; gas of 40 torr, EV-2: evacuated to 10™* torr again,
AIR-2: air ( ~ 700 torr) introduced, EV-3: evacuated to 10~ * torr
for the third time. The sample used was not thermally treated.
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Figure 6 The sample used was treated in air at 150°C for 3 h. Other
conditions are the same as those in Fig. 5.
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Figure 7 The sample used was treated in air at 550°C for 3 h. Other
conditions are the same as those in Fig. 5.
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Figure 8 The sample used was treated in air at 750°C for 3 h. Other
conditions are the same as those in Fig. 5.

A, =0.0086 and g, = 2.0056. This indicates that
Mn2*, existing as an impurity ion in the sepiolite
lattice, has moved from the original site to two differ-
ent sites in the lattice. Tt will also be noted that the

5000

Figure 9 ESR spectrum (9.450 GHz) of sepiolite sample EV1 pre-
treated at 750°C in air for 3 h. Magnetic field region 286-386 mT.
The spectrum is clearly different from Fig. 3.

fourth line, counted from the lower field side, is some
3.2 times as strong as the value expected from other
lines.

3.6. Absorption capacity of NH, gas

Table IIT shows the amount of NH; gas absorbed in
25 min by sepiolite thermally treated at different tem-
peratures. It indicates that the sepiolite from which
adsorbed water and zeolitic water have been removed
by thermal treatment adsorbs NH; gas with the fastest
rate.

4. Discussion
4.1. Paramagnetic species related to NH,
adsorption
The ESR absorption shown in Tables I and II and in
Figs 4-8, namely g = 2.0023 absorption, multi-line
absorption (a part of it in the field region 240-260 mT
has been shown) and Mn?* absorption, all decreased
their intensities when NH; was introduced into sep-
iolite specimens. On the other hand, evacuation in-
tensified these absorptions, probably by removing the
adsorbed water molecules. These effects of water and
NH; molecules indicate that electron-donating mole-
cules will cause some change to the paramagnetic
species in sepiolite which exist in the crystal plane in
which there are net positive electric charges.

The ESR absorption appearing at g = 2.0023 is
identical in shape with the ESR spectrum obtained
from an MgO sample reduced in an H, atmosphere at
400°C. This MgO spectrum was assigned to an assem-
bly of Mg™* ions produced from Mg?" ions which
were located in positions where reduction occurs rela-
tively easily. The multi-line ESR spectrum, only a part
of which has been shown in Fig. 4, may be concluded
to be due to Mg* ions which are well dispersed on the
layer crystal plane of sepiolite.

The reason for this is as follows. Firstly it is not
from a cluster of Mn2" ions. As the ESR spectrum of
Mn?"' is as shown in Fig. 3, they should be well
dispersed in the sepiolite crystal. If so, the unpaired
electron spin cannot be distributed to many Mn ions.



Other ionic species which have a nuclear spin mag-
netic moment are derived from Mg only. Therefore, it
will be necessary to examine the structure of sepiolite
to see if it can have some unpaired electron system
which involves many Mg?* jons.

4.2. A possible molecular orbital of Mg?™*

in sepiolite
As to the structure of sepiolite, Brauner and Preisinger
[10] and Nagy and Bradley [11] have done detailed
research. According to them, the crystalline b-¢ plane
is as shown in Fig. 10. In addition to those water
molecules and Mg ™ ions which can be seen on the b—c

plane, some additional water molecules and Mg ™ ions
which can be seen on the b plane have been added to
Fig. 10. Fig. 10 shows that there are Mg?* planes and
O~ and OH™ planes which are parallel to the a-b
plane; these are denoted as Iy, and I, respectively.
Mn?* is supposed to replace some of Mg?™ ions in
ITy,. The Mg?*-Mg** distance in Fig. 10 is
0.1510 nm. This distance is almost comparable to the
C-C distance of 0.1397 nm in a benzene molecule.
Therefore, a molecular orbital consisting of
Mg?*-Mg?*-——is possible if the planarity of the
arrangement is guaranteed.

/Iy, /Tl,, a three-layer section in the middle of
Fig. 10, may be magnified as shown in Fig. 11. There
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Figure 11 The central part of Fig. 10 where Mg? ™ forming an Mg-plane, I, is sandwiched between oxygen (or OH ~) planes, I1,. (O) O, (©)
OH, (@) Mg.
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are three stable isotopes of Mg, namely **Mg, 2°Mg
and 2°Mg, natural abundances of which are 78.60,
10.11 and 11.29% respectively. Only 2°>Mg has nuclear
spin magnetic momentum, and the quantum number
is I = 5/2. If the coupling constant of a 2>Mg nucleus
is written as A4, the ESR absorption lines will appear at
+ A2, +3A4/2 and + 54/2 distances with relative
intensities of 1.87 if the central strongest line is coun-
ted as intensity = 100. As shown in Fig. 11, if we
assume a total spin density of 1.0 is distributed on an
array of 8 x5 = 40 Mg ions, the spin density having
both positive and negative signs, one of the possible
solutions will be p; = + 0.5 at 21 Mg orbits and p; =
— 0.5 at 19 Mg orbits which then gives Zp; = 1.0.
Therefore, in a structural model in which the lattice
plane in Fig. 11 constitutes a molecular orbital and a
total spin density of Xp, = 1.0 is distributed over all
the Mg ions in the plane, an ESR spectrum having a
strong central line and some 400 weak satellite lines
may be observed. Therefore, the ESR spectrum, a part
of which has been shown in Fig. 4, can only be
interpreted by the structural model in Fig. 11. As
shown by Fig. 11, O (this may more properly be
written as O?7, but O is a part of the (SiO0,)*~
structure and so the formal charge on oxygen should
be — 1) [4] and OH™ are also arranged on the same
plane. Therefore, this O"-OH™ plane, I1,, may also
be able to accommodate a molecular orbital.

As to the S-750 sample, it may be said that OH~
ions may escape from the IT, plane by the heat
treatment at 750°C, and as a result an Mg?* ion
located right above (or below) this OH ™ ion may shift
its position in the up (or down) direction. If an impu-
rity Mn?" ion is in this position, its ESR spectrum will
reflect this deviation from the original position, having
alower symmetry. Such a change will break the planar
~arrangement of Mg?* ions and therefore the intensity
of the Fig. 9 spectrum should become weak with this
specimen. In Table I, the ESR intensities of the S-750
sample actually are weak.

4.3. The adsorption of NH; and intensity of
ESR absorption

As Il, and IIy,, form a three-layer structure,

Io/Thy,/T1,, it may be possible that a charge transfer

from the I, plane to the ITy, plane takes place

Iy —» Il + e, e” + Iy, — Il

which is actually a polarization between two crystal
planes. In the case of an S-550 sample, almost no
clectron donor is coordinated to the IT¢ plane, and so
only the ESR spectrum of Iy, should be observed in a
vacuum. Actually this is so. However, if H,O or NH,
is adsorbed by the II3 plane, the charge transfer

¢ + NH, — I, + NHT

takes place and the positive charge of the TIJ plane is
neutralized. The electric charge on Iy, is, so to speak,
induced by the positive charge of two II§ planes
existing above and below this layer. So, if the positive
charge in the I1J plane is neutralized, the electrostatic
potential of the ITy, plane is raised to some extent.
Then the extra electron or the unpaired electron is
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excited to the conduction band or set free to move
around,; finally to be trapped by a hole such as Mn**
or NHj . Thus the ESR signal from Iy, decays. In
another words, NH; or H,O molecules, though they
do not come in contact with Ily, directly, cancel the
electric charge in Ily, by neutralizing the positive
charge in the I1J plane. Thus the magnetic properties
of (Mg?*),, are strongly affected by NH; or H,0.

4.4, Spin adsorption

Generally speaking, when a gas molecule is adsorbed
by a solid surface, simple physisorption will be taking
place in most of them. However, in the process taking
place in sepiolite, there are polarization processes
among crystal planes such as Tly, + Ilg— Iy,
+ I1¢ . Gas adsorption takes place in a form to cancel
the electric charge thus created by plane-to-plane
polarization. This process may therefore, be termed
“spin adsorption”. Since the plane system (ITy, + I15)
can be considered to be a stable free-radical system,
there will be other spin adsorption phenomena taking
place in different types of stable free-radical system.

5. Conclusion

It has been shown that sepiolite, a magnesium silicate
mineral, having a strong absorption capacity for
gases, and having already been used as a deodorant
material, changes its electron spin states when it ad-
sorbs NHj;. Although the Mg? * layers are not directly
accessible to NH; and other gases, its OH -O~
layers, having a net positive charge, are accessible to
NH; and the net positive charge held by OH -0~
layers are neutralized by NH,. It is this neutralization
process that cancels the positive charge on the Mg?*
plane because the positive charge has been induced by
the negative charge on the OH™-O~ plane. These
facts indicate that when analysing the deodorant
mechanism of silicate minerals and other deodorant
materials, ESR studies in which the change of electron
spin states can be observed will furnish essential in-
formation.
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