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Abstract We report the electrochemical intercalation of
three cations derived from amines with different chain
length, into the layered compound 2H-NbS2. The
intercalation processes were accompanied by ex situ and
in situ X-ray diffraction. For in situ analysis, an elec-
trochemical cell was designed for the purpose. The X-ray
diffraction experiments show that the intercalation is a
complex process, which involves stacking faults and the
formation of stages. When the cations are removed, no
changes in the final interplanar basal distances occur,
suggesting that there are ideal concentrations of inter-
calated ions that stabilize the phases. Also, based on the
X-ray diffraction results we propose a steric arrange-
ment for the hydrated cations into the van der Waals
gaps.
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Introduction

Intercalation reactions in transition metal dichalcoge-
nides with layered structures are widely described in the
literature [1, 2, 3, 4], having their maximum development
in the 1970s and 1980s. These studies and the investi-
gation of the superconducting properties of these sys-
tems at low temperature, mainly after intercalation
reactions [5, 6, 7], suggest intercalation as one of the
reasons for the discovery of superconducting ceramic
layered systems, towards the end of the 1980s. [8]

Intercalation processes are very interesting because
changes occur in the physical properties of the matrices
after intercalation. Also, they can be used in a variety of
industrial applications [9], the main ones being related to
energy storage in solid-state reversible batteries [10, 11].
Moreover, by exfoliation it is possible to obtain nano-
composites [12, 13, 14, 15] and interesting structures
known as ‘‘inorganic fullerene-like structures’’ (IFLS)
[16, 17, 18, 19, 20, 21]. The latter occur in a variety of
forms such as tubes and spheres with interesting physical
properties and with potential tribological applications,
under conditions in which liquid lubricants cannot be
used [22, 23].

However, despite of the great deal of work done on
this subject, the intercalation mechanisms, which involve
reduction of the metal in the layers and intercalation of
solvated/anhydrous cations, were not completely
understood until recently. One of the biggest enigmas
involved is the formation of intermediates, which are
usually unstable and cannot be indexed, in a single
structure. Usually in this process, indexable phases are
obtained, where some interlayer gaps are intercalated
and others are left completely empty (formation of
stages). Only recently some studies of intercalation of
hydrated alkaline metal cations in a 2H-NbS2 layered
matrix were reported in the literature [24, 25, 26]. These
studies concentrated on electrochemical intercalation
reactions followed by in situ X-ray diffraction and on
the modeling of the formation of stages and stacking
faults during the development of the stable intercalation
compounds.

Niobium disulfide occurs in two polymorphs, 3R and
2H [27]. The first one presents a rhombohedral structure,
where the repetition of units occurs once every three
layers, and the second, hexagonal, where the repetition
of units occurs once every two layers. Figure 1 shows the
2H-NbS2 structure, where the niobium atoms (full cir-
cles) are coordinated to six sulfur atoms (open circles) in
a trigonal prismatic coordination. The units are bonded
to each other by their corners giving rise to layers, which
are stacked along the basal direction and separated by
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the van der Waals gaps. The atoms in the layer are
covalently bonded and layers are held together through
van der Waals interactions. These weak forces favor
sliding of the individual layers, imparting to this class of
compounds their known tribological and intercalation
properties. In the van der Waals gaps, the intercalated
hydrated ions occupy octahedral sites, which can be
described as a set of two tetrahedral sites, in the case of
intercalated ions that prefer this geometry. The structure
and its units are described in Fig. 1.

The present work presents results obtained from the
intercalation of cations derived from hydrated amines
into 2H-NbS2, accompanied by in situ and ex situ
X-ray diffraction. In the ex situ mode [28] the samples
were obtained by electrochemical reduction using cyclic
voltammetry and then scraped from the electrode and
in the in situ mode the samples were measured during
variation of the electrochemical potential by cyclic
voltammetry.

Experimental

The ex situ experiments were performed in a traditional
three-compartment electrochemical cell. The reference
electrode was a hydrogen electrode, renewed every 12 h
and the counter and working electrode were platinum
plates of 1 cm2. A small amount of material in powder
form (2–5 mg) was glued in the working electrode with
graphite conductive cement (Leit-C—conductive carbon
cement, Neubauer Chemikalien, Germany). The elec-
trochemical cell was filled with approximately 30 ml of
0.5 mol/l amine salt solution to be intercalated (meth-
ylaminium chloride, propylaminium chloride and hex-
ylaminium sulfate) and the cell coupled to a PARC 273A
potentiostat/galvanostat. The scan speed was fixed at
0.5 mV/s. For the X-ray diffraction experiments, the
electrode was first polarized for 1 h at the desired po-
tential and subsequently washed with distilled water.
The material was removed and mixed with a small
amount of silicon powder, which was used as internal
standard and then transferred to a glass sample holder.

The reactions involved are described by the following
equations:

Reduction reactions:

Working electrode : NbS2þxe�þxAþ!Ax H2Oð ÞyNbS2
Counter electrode : H2O�xe�! xHþþ x

2O2

Oxidation reactions:

Working electrode : Ax H2Oð ÞyNbS2!NbS2þxe�þxAþ

Counter electrode : H2Oþxe�! xOH�þ x
2H2

For the in situ X-ray diffraction, an electrochemical
cell adapted from [29] was built for the purpose and its
components are identified and described in the Fig. 2
[30].

In the in situ experiments, a small amount of sample
powder was glued with the conductive carbon cement on
top of the circular gold working electrode of 1 cm
diameter. The reference and counter electrodes were
0.1 mm thick platinum wire and the counter electrode
surrounded the working electrode to minimize charge
concentration in any particular region in the electrode.
Between the Kapton window and the working electrode
surface, a 0.6 mm thick solution film was formed. This
solution film covering the working electrode surface
must be as thin as possible in order to minimize the
background noise in the X-ray diffraction measure-
ments. This introduces another problem, namely the low
concentration of cations to be intercalated in the vicinity
of the sample. To overcome this problem, the concen-
tration of the amine salt solution was increased to
1 mol/l, twice the value for the ex situ experiments. This
can be done because upon intercalation, the variation of

Fig. 1 2H-NbS2 structure where the open circles correspond to
sulfur atoms and the closed ones to niobium atoms

Fig. 2 Electrochemical cell for in situ X-ray diffraction. The cell’s
components are identified as follows: Teflon body; a Kapton
window approximately 10 lm thick; CE, Pt counter electrode; WE,
Au working electrode; RE, Pt reference electrode; EO, electrolyte
output; EI, electrolyte input. Adapted from [29]
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interlayer spacings of layered chalcogenides is indepen-
dent of electrolyte concentration [31]. To avoid charge
concentration gradients, a Milan BP200 peristaltic pump
was used with a 0.5 ml/min flux. In the X-ray diffraction
measurements the 2h angle was scanned from 3� to 39�
at a sweep rate of 1�/min and the conductive carbon
cement used to glue the sample was used as internal
standard. Immediately after one scan was obtained the
next scan was started, and this process was repeated
successively during the reduction and the oxidation
processes.

Results and discussion

The cyclic voltammograms of the intercalation/de-
intercalation of methylaminium ions are shown in
Fig. 3. The cycle presents two reduction peaks, at 0.28 V
(a) 0.24 V (b), and three oxidation peaks, at 0.34 V (c),
0.38 V (d) and 0.43 V (e).

The X-ray diffraction patterns obtained ex situ and in
situ are shown in Figs. 4 and 5, respectively. In both
experiments it is possible to observe that the final phase
is obtained after formation of intermediates during the
intercalation process (Fig. 4a, b and Fig. 5—reduction).
These intermediates produce satellite reflections to the
right and left of the first characteristic 2H-NbS2 (002)
reflection and, as observed for the intercalation of hy-
drated cesium and potassium into 2H-NbS2, they mi-
grate in order to form the (002) and (004) reflections of
the new intercalation compound. These reflections can-
not be indexed and consist of stages and stacking faults
formed during the insertion of cations and their removal
from the interlayer spaces [24, 25, 26]. The resulting
compound presents an interplanar basal distance of
9.3 Å obtained from Fig. 4c and the last X-ray diffrac-
tion pattern of Fig. 5 (reduction). The final phase with

an interplanar distance variation of 3.4 Å corresponds
to the hydrated methylaminium cation intercalated in
the interlayer spaces. That can be deduced knowing that
the diameter of the water molecule is 2.8 Å [31] and the
methylaminium cation diameter is 3.34 Å [32]. Also for
both experiments, the presence of the initial phase dur-
ing the whole process was observed, indicating that not
all crystals were electrically connected to the electrode.
The peaks observed during the oxidation process in the
cyclic voltammogram (Fig. 3) indicate a partial revers-
ibility but analyzing Fig. 4d–f, which correspond to de-
intercalation in different oxidation potentials, there is no
evidence of changes in the basal interplanar distance.
The in situ observations are in agreement (Fig. 5—oxi-
dation) except for the decrease in intensity of the (002)
reflection of the final phase and the disappearance of the
(004) reflection after polarization in an oxidant poten-
tial. The intensity loss means that fewer planes are dif-
fracting in the same direction, and the oxidation peaks in
the voltammogram of Fig. 3 are interpreted as due to
decreases in the concentration of intercalated cations. It
is reasonable to infer that some layers were completely
emptied giving rise to stages in the materials. The same
cannot be concluded from the ex situ experiments be-
cause for each measurement, a new sample has to be
synthesized and variations in intensity can be attributed
to differences in sample amounts. The second, third and
fourth X-ray diffraction patterns of the reduction pro-
cess (Fig. 5) are from a different set of measurement and
were inserted to show the formation of intermediate
phases.

The concentrations of the intercalated species could
not be determined with the electrochemical experiment
because it was difficult to quantify the amount of the
weighed matrix that is immersed in the conductive glue.

Fig. 4 X-ray diffraction patterns of the methylaminium cations
with 2H-NbS2 reaction products obtained ex situ at different
potentials. a beginning of the reduction; b polarized at 0.24 V;
c polarized at 0.28 V; d polarized at 0.35 V; e polarized at 0.38 V;
f= polarized at 0.43 V

Fig. 3 Cyclic voltammogram for the intercalation of hydrated
methylaminium cations into 2H-NbS2.The arrows indicate the
direction of the reaction
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Tables 1 and 2 present the data obtained using the ex
situ and in situ methods, respectively, for intercalation
of the methylaminium cation into the 2H-NbS2 matrix.

Figure 6 shows the cyclic voltammogram for the
intercalation of propylaminium cations into 2H-NbS2.
As can be seen, only one large reduction peak centered
at 0.14 V (a) is observed with three oxidation peaks at
0.3 V (b), 0.34 V (c) and 0.39 V (d).

Figure 7 shows the X-ray diffraction patterns ob-
tained after scraping the sample from the electrode at
determined potentials, which coincide with the reduction
and oxidation peaks potentials and are marked by letters
from b to e. The X-ray diffraction pattern a corresponds
to the first measurement made with samples removed
from the electrolyte before the first reduction peak

occurred and the one marked with f, is the characteristic
(002) 2H-NbS2 reflection.

As observed for intercalation of methylaminium ca-
tions, the intercalation of propylaminium cations occurs
with the formation of intermediate steps as can be seen
in Fig. 7. The intermediate steps are followed by the
formation of the final phase with an interplanar basal
distance of 9.6 Å (Fig. 7b). The interplanar distance
variation of 3.7 Å corresponds to intercalation of the
hydrated propylaminium cation into 2H-NbS2 van der
Waals gaps. This can be deduced knowing that the

Fig. 5 X-ray diffraction pattern sequences of the electrochemical
intercalation (a) and de-intercalation (b) of the methylaminium
cations in 2H-NbS2 obtained in situ. The reflections indicated by
asterisks (*) are from the conductive carbon cement used as
internal standard. Only the reflections of 2H-NbS2 and the phases
of the last X-ray diffraction pattern can be indexed by integral
indices (hkl)

Table 1 Identification of all phases detected in the X-ray diffrac-
tion patterns of Fig. 4. The phase 2 is the final phase and phase 3
cannot be indexed. The reflections are indexed as the (00l) reflection

X-ray diffraction
pattern

2h (�) d (Å) Indexation and
phases

A 13.05 7.87 Phase 3
17.24 5.98 002—2H-NbS2
20.61 5.00 Phase 3
33.18 3.17 111—Si
34.86 2.99 004—2H-NbS2

B 13.77 7.47 Phase 3
17.26 5.97 002—2H-NbS2
19.98 5.16 Phase 3
33.18 3.14 111—Si
34.17 3.05 Phase 3
34.89 2.99 004—2H-NbS2

C 11.08 9.29 002—Phase 2
17.25 5.97 002—2H-NbS2
22.16 4.66 004—Phase 2
33.18 3.14 111—Si
34.86 2.99 004—2H-NbS2

D 11.06 9.29 002—Phase 2
17.25 5.97 002—2H-NbS2
22.16 4.66 004—Phase 2
33.17 3.14 111—Si
34.88 2.99 004—2H-NbS2

E 11.06 9.29 002—Phase 2
17.25 5.97 002—2H-NbS2
22.16 4.66 004—Phase 2
33.17 3.14 111—Si
34.90 2.98 004—2H-NbS2

F 11.10 9.26 002—Phase 2
17.27 5.96 002—2H-NbS2
22.20 4.65 004—Phase 2
33.17 3.14 111—Si
34.90 2.98 004—2H-NbS2

Table 2 Data collected during the reduction process of the meth-
ylaminium cation intercalation into the 2H-NbS2 matrix (according
to Fig. 5a). The reflections are indexed as the (00l) reflection

2h (�) d (Å) Dd (Å)

17.33 5.94 –
14.42 7.13 1.19
13.73 7.49 1.55
13.13 7.83 1.89
13.03 7.89 1.95
11.22 9.15 3.21
11.10 9.25 3.31
11.10 9.25 3.31
11.10 9.25 3.31
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diameter of the water molecule is 2.8 Å [31] and that of
the propylaminium cation is 3.6 Å [33]. Also, the char-
acteristic (002) reflection of the 2H-NbS2 appeared in all
the X-ray diffraction patterns. The non-regeneration of
the matrix indicates that the intercalation process is
partially reversible with no modification of the final in-
terplanar basal distance. The phases that were detected
in all X-ray diffraction patterns of Fig. 7 are shown in
Table 3.

Figure 8 shows the X-ray diffraction patterns ob-
tained during in situ intercalation/de-intercalation of
propylaminium cations. In this figure the intermediates

formed during the reduction process and its evolution to
the final phase are more visible. The resulting interpla-
nar basal distance is 9.6 Å. After oxidation c-axis con-
traction of the final phase did not occur, but again the
decrease in intensity of reflections associated with the
oxidation peaks can be interpreted, as previously dis-
cussed, as due to a partial reversibility of the system.
Table 4 shows the values of the reflections position in
the X-ray diffraction patterns (2h), interplanar distance
(d in Å) and interplanar expansions (Dd in Å) obtained
for the reduction process.

The cyclic voltammogram of the hexylaminium cat-
ion intercalation and de-intercalation processes are
shown in Fig. 9. In the cycle, there are three reduction
peaks at 0.08 V (a), 0.05 V (b) and 0.01 V (c) and only
one oxidation peak at 0.08 V (d).

For the ex situ analysis the same procedure as de-
scribed previously was followed. The samples were taken
out of the cell after polarization at previously deter-
mined potentials indicated in the cyclic voltammograms
and then taken to the diffractometer (Fig. 10).

Analyzing the first X-ray diffraction pattern
(Fig. 10a), it is possible to see that the intercalation
reaction occurs with the formation of a major product,
which presents an interplanar basal distance of 9.9 Å,
which corresponds to an interplanar expansion of 4 Å.
The hexylaminium cation chain diameter is approxi-

Fig. 6 Cyclic voltammogram for the intercalation of hydrated
propylaminium cations into 2H-NbS2.The arrows indicate the
direction of the reaction

Fig. 7 Sequence of X-ray diffraction patterns obtained ex situ
investigation of the reaction products of propylaminium cations
with 2H-NbS2. The reflections indicated by asterisks (*) are from
the silicon used as internal standard. a beginning of the reduction;
b polarized at 0.14 V; c polarized at 0.3 V; d polarized at 0.34 V;
e polarized at 0.39 V; f 2H-NbS2

Table 3 Identification of the phases detected in the X-ray diffrac-
tion patterns of Fig. 7. Phase 2 is the final phase and phase 3
cannot be indexed

X-ray diffraction
pattern

2h (�) d (Å) Indexation and
phases

A 13.04 7.88 Phase 3
17.31 5.96 002—2H-NbS2
19.90 5.21 Phase 3
33.17 3.14 111—Si
34.90 2.98 004—2H-NbS2

B 10.64 9.68 002—Phase 2
17.32 5.96 002—2H-NbS2
21.28 4.85 004—Phase 2
33.13 3.14 111—Si
34.92 2.98 004—2H-NbS2

C 10.61 9.55 002—Phase 2
17.26 5.96 002—2H-NbS2
21.32 4.84 004—Phase 2
33.18 3.14 111—Si

D 10.67 9.63 002—Phase 2
17.28 5.96 002—2H-NbS2
21.47 4.81 004—Phase 2
33.18 3.14 111—Si
34.95 2.98 004—2H-NbS2

E 10.62 9.58 002—Phase 2
12.51 8.21 Phase 3
17.21 5.98 002—2H-NbS2
20.06 5.14 Phase 3
21.37 4.83 004—Phase 2
33.18 3.14 111—Si
34.82 2.99 004—2H-NbS2

F 17.28 5.96 002—2H-NbS2
33.18 3.14 111—Si
34.99 2.98 004—2H-NbS2

515



mately 4 Å [28], this expansion being attributed to the
intercalated cations of carbon chain arranged parallel to
the disulfide layers. This first phase is followed by second
(Fig. 10b) and third (Fig. 10c) phases with interplanar

basal spacings of 17.7 Å and 22.9 Å, respectively. The
second phase presents a variation in layer separation of
11.8 Å. As the hexylaminium cation has a chain length
of 8.8 Å [34, 35], the expansion observed for this case is
3 Å, larger than expected, compatible with the addition
of a water monolayer coordinated to the hexylaminium
cations, arranged perpendicularly to the disulfide layers.
The hydrated chains turned alternately up and down
with the amine group adjacent to the sulfur atoms. With
the increasing Nb+3 concentration, more cations need to
be inserted to balance the negative charge in the layer,
and this gives rise to the third phase with a variation in
interplanar basal distance of 17 Å. The perpendicular
arrangement of a double layer of hydrated ions would

Fig. 8 Sequences of X-ray diffraction patterns obtained in situ for
the intercalation (a) and de-intercalation (b) of propylaminium
cations in 2H-NbS2

Table 4 Data obtained during the reduction process for the inter-
calation of the propylaminium cation into the 2H-NbS2 matrix
(according to Fig. 8a). The reflections are indexed as the (00 l)
reflection

2h (�) d (Å) Dd (Å)

17.33 5.94 –
17.33 5.94 –
13.72 7.49 1.55
13.3 7.73 1.79
12.71 8.09 2.15
12.47 8.24 2.3
10.69 9.6 3.66
10.69 9.6 3.66
10.69 9.6 3.66

Fig. 9 Cyclic voltammogram for the intercalation of the hexyla-
minium cation into 2H-NbS2. The arrows indicate the direction of
the process

Fig. 10 Ex-situ X-ray diffraction patterns of the 2H-NbS2 reaction
products with hexylaminium cations. The reflections indicated by
asterisks (*) are from the silicon used as internal standard.
a polarized at 0.08 V; b= polarized at 0.05 V; c polarized at
0.01 V; d polarized at 0.08 V; e = NbS2
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give an expansion of 20.6 Å, higher than that observed,
but considering the rigidity of the cations chains, the
only possible arrangement for the molecules is a double
layer with a tilt angle of 55� with the disulfide layers.
This arrangement has already been proposed for n-al-
kylamines intercalated in TaS2 [36] and is an interesting
arrangement since these systems are used for removal of
nonpolar solvents through ad-solubilization, when the
intercalated species act as a solvent to molecules with
similar polarity. After the oxidation process, the final
phase with an interplanar basal distance of 9.9 Å sta-
bilizes, forming a monolayer with the molecules posi-
tioned parallel to the layers. This effect can be easily
explained considering that the hexylaminium ions oc-
cupy a large volume in the van der Waals gaps, so that
when the charge concentration is decreased, the mole-
cules rearrange in order to form the stable phase. As can
be seen, the characteristic reflection of the 2H-NbS2 is
present in all the X-ray diffraction patterns. In Table 5
the phases detected in all X-ray diffraction patterns of
Fig. 10 are shown.

Figure 11 shows the in situ X-ray diffraction patterns
obtained for the intercalation and de-intercalation of
hexylaminium cations. Preceding the first phase, char-
acterized by a basal interplanar distance of 9.8 Å, there
are intermediate compounds. Also, during the reduction
process a mechanism of formation of intermediates is

observed and the final phase is reached without obser-
vation of the second phase, in which the cation mono-
layer is arranged perpendicularly between the layers.
The final phase obtained presents an interplanar basal
distance of 21.7 Å, a value slightly different from the
22.9 Å observed by ex situ X-ray measurements. This
value would give an inclination of 50� for the hydrated
double layer assuming that there is no superposition of
the carbon chains. After the oxidation process has
ended, the final phase is the same as that observed in the
ex situ measurements, with the cations arranged form-
ing a monolayer parallel to the disulfide layers. This
means that the system is reversible for the second and
third reduction processes but not for the first one.
Table 6 presents the values obtained for the reflections
positions in the X-ray diffraction patterns (2h), for the
basal interplanar distances (d) and interplanar expan-
sions (Dd).

Table 5 Identification of all phases detected in the X-ray diffrac-
tion patterns of Fig. 10. Phase 1, 17.7 Å; phase 2, 9.9 Å; phase 3,
22.9Å

X-ray diffraction
pattern

2h (�) d (Å) Indexation and
phases

A 5.76 17.8 002—Phase 1
10.56 9.73 002—Phase 2
17.22 5.98 002—2H-NbS2
21.32 4.84 004—Phase 2
33.13 3.14 111—Si
34.84 2.99 004—2H-NbS2

B 5.80 17.7 002—Phase 1
10.29 9.98 002—Phase 2
11.57 8.88 004—Phase 1
17.19 5.99 002—2H-NbS2
17.45 5.90 006—phase 1;

002—2H-NbS2
33.13 3.14 111—Si

C 4.48 22.90 002—Phase 3
9.00 11.41 004—Phase 3
10.24 10.03 002—Phase 2
13.47 7.63 006—Phase 3
17.19 5.99 002—2H-NbS2
18.01 5.72 008—Phase 3
22.49 4.59 0010—Phase 3
33.13 3.14 111—Si
36.09 2.89 0016—Phase 3

D 5.77 17.80 002—Phase 1
10.28 9.99 002—Phase 2
17.82 5.78 008—Phase 3
20.84 4.95 004—Phase 2
33.13 3.14 111—Si
34.84 2.99 004—2H-NbS2
42.14 2.49 008—Phase 2

Fig. 11 Sequences of in situ X-ray diffraction patterns obtained for
the intercalation (a) and de-intercalation (b) of the hexylaminium
cation
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Conclusions

The intercalation experiments followed by cyclic vol-
tammetry and in situ and ex situ X-ray diffraction
measurements allows us to conclude that:

– In the intercalation of methylaminium cation the
reduction peaks are related to the formation of stages
and phases that cannot be indexed, as well as to the
stabilization of the final phase where the cations are
intercalated as monolayers. The three oxidation peaks
are related to the decrease in concentration of inter-
calated species through Nb+3 oxidation. In this case,
the concentration of intercalated species does not
interfere with its positioning between the layers and as
a consequence the interplanar distance remains un-
changed.

– In the intercalation of hydrated propylaminium ca-
tions, one large reduction peak and three small oxi-
dation peaks were observed. Similarly, the
mechanisms for the formation of intermediates in
intercalation of methylaminium cations were ob-
served. In the sequence, the final phase formed with
the hydrated propylaminium cations intercalated as a
monolayer in the van der Waals gaps.

– Since the hexylaminium cation has a longer chain, the
concentration of the species occupying the van der
Waals gaps allows different ordering and conse-
quently the observation of different compounds [36].

The first peak in the reduction process is attributed to
the formation of a monolayer of hexylaminium ca-
tions intercalated in the van der Waals gaps. This
phase formed initially, as observed by X-ray diffrac-
tion, and corresponds to a phase where the hexyla-
minium cations intercalate forming a monolayer with
the molecules arranged parallel to the layers. As the
reduction process proceeds, two new structural con-
figurations are observed; one in which the molecules
form a monolayer perpendicular to the layers and the
second where the aminium cations form a bilayer,
which lies tilted at an angle of 55� to the basal direc-
tion. The oxidation process decreases the concentra-
tion of the intercalated cations and the final and stable
phase achieved is the one in which the cations are
arranged forming a monolayer parallel to the disulfide
layers.
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Oxidation

Reduction
17.33 5.94 –
17.33 5.94 –
17.33 5.94 –
14.82 6.94 1
14.82 6.94 1
10.46 9.82 3.88
10.46 9.82 3.88
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
4.72 21.71 15.77
9.48 10.83 4.89
9.54 10.76 4.82
9.83 10.45 4.51
10.17 10.09 4.15
10.28 9.99 4.05
10.4 9.88 3.94
10.4 9.88 3.94

518



26. Katzke A (2002) Z Krystallogr 217:149
27. Rao GVS, Shafer MW (1979) In: Levy F (ed) Intercalated

layered materials, vol 6. Reidel, Dordrecht
28. Adad LB (1999) Dissertação de Mestrado, Universidade Fed-

eral do Paraná, Brazil
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