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In the Bi,0;-VO, system, the series (Bi,0,),V,04., with
1 = y = 4 has been examined and its structural character
determined. The main phase Bi,V,0y exhibits three varieties
and transformations occur with increasing temperature:
a™® — B8 5 4 The series of (Bi,0,),V,0y., showed a
typical layered structure built up by alternating (Bi,0,), layers
with (V,04.2), sheets. These structures have been derived by
comparison with the series CaV,0,,,; where single crystal struc-
tures have been established for CaV,0s, CaV;0,, and CaV,0O,.
The latter phases are models for the particular values y = 1,
2, 3, and 4 corresponding to (Bi,0,),(VOs),, (Bi,0,):(V,0s),,
(Bi,0,),(V30,),, and (Bi,0,),(V,0y),, but in contrast to the cal-
cium-vanadium series, there is no definite composition for the
(Bi,0,),V,,04., which evolves gradually fromy = 1uptoy =
4. The environment of both bismuth and vanadium atoms are
more or less distorted square pyramids (SP), VOs; and BiO,E
(E, lone pair). Correlating with the enrichment of VO,, i.e.,
with the increasing number of VO; SP, the layer V,,0,;., shows
a continuous densification, the VO; SP sharing an increasing
number of edges, compatible with the organization governed
by the (BizOz)n Aurivillius layer. [0 1996 Academic Press, Inc.

INTRODUCTION

The present work is part of our program concerning the
structural and physical studies of compounds containing
lone pair ns?> metals (1-3) and/or mixed valence oxides
particularly with a vanadium element (4). Recently, Galy
et al. (5) designed and synthesized BisV,0,y or (Bi,O,);
V,0¢, a new Aurivillius phase which exhibits a typical
layered structure, (Bi,0,), layers alternating with (VO3),,
ones. The (VOs3), layers are built up by VOs SP (square
pyramids) sharing their basal corners. Similar layers built
up from VOs units (vanadium V**) have been found by
Bouloux and Galy (6, 7) in a remarkable structurally re-
lated family CaV,0,,.; (n being an integer equal to 2, 3,
and 4). These vanadates IV, CaV,0s, CaV;0,, CaV,0y,
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are definite compounds accompanied by other phases like
SrV;0,, CdV;0; (7, 8), or again Rb,V,0,, and Cs,V,0q
(9). It was assumed that for the member n = 1 of the series,
i.e., CaVO;, instead of a classical perovskite structure, the
structure could exhibit a layer (VO3),, of VO5 SP sandwich-
ing a calcium layer. Such arrangement is found in Bi,V,01q
or (Bi,0,),(VOs;),, where the (Bi,0,), layer has been sub-
stituted for the calcium layer.

So, it was very tempting to comtemplate the possibility of
obtaining condensed VOs SP layers between the (Bi,0,),
layers by adding the VO, oxide. These investigations sup-
port the assumption of phases occurring in the rich VO,
region of the Bi,O;—VO, system which has never been
systematically studied. Previously, only two compounds
have been reported: Bi,V,0y, (5) and Bi,V;0y (10, 11).
Bi,V,0 has been identified as an Aurivillius type phase
which crystallizes in the orthorhombic system with unit
cell parameters a = 5.494(2), b = 5.504(3), ¢ = 15.449(3) A,
space group P2,22,. Bi,V3;0 adopts a distorted pyrochlore
structure with an orthorhombic cell with a = 7.04(3), b =
7.55(3), ¢ = 10.70(2) A (10), or a = 7.622, b = 6.977, ¢ =
23.35 A (11). However while attempting to grow single
crystals, Abraham and Mentre (12) showed that this “‘com-
pound” was in actual fact a mixture of two phases: that
is, Bi; ;VgOy6 and X. Bi;;VgOy6 belongs to the hollandite
family containing bismuth in the large tunnels of the
[VsOy6] framework and crystallizes with the tetragonal
symmetry and unit cell parameters a = 9.930(4), ¢ =
2.914(1) A, space group I4/m. The X-phase belongs to the
tetragonal system, with a body-centered cell and parame-
ters a = 3.8767 (5) and ¢ = 15.337(5) A.

In view of the potential importance of the Bi,O;—VO,
system, X-ray powder diffraction (XPD), crystal structure
investigation, transmission electron microscopy (TEM),
and scanning electron microscopy (SEM) have been used
to establish the compositional regions and to characterize
the phase structure and evolution. The influence of the
synthesis conditions on the presence of a phase with differ-
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ent vanadium valences III, IV, and V has also been investi-
gated.

Note that related Aurivillius phases with molybdenum
or tungsten are noted: Bi;Mo0,0;, or Bi;W,0,, and the
oxidized phase containing vanadium V(+v): BiyV,0y;.
Formally, its reduction (5) has been formulated Bi,V,01; -,
with 0 = x = 1 thereby yielding, for the upper value x =
1, the original compound Bi;V,0;, which contains only
vanadium V(+1v). For clarity, we have chosen variable y
to indicate a formula variation in the vanadate IV system,
i.e., (Bi202)2V2y04y+2 with 1 = y = 4.

EXPERIMENTAL

Materials Preparation

Samples of ternary oxides were synthesized using solid
state reactions. Stoichiometric mixtures (according to the
formula 2Bi,05 + 2,VO, — (Bi,0,),V,,04,.,) of the start-
ing materials Bi,O3 (99.99%, Aldrich Chem. Co.) and VO,
were weighted in compositions where 1 = y = 4. VO, was
prepared by heating an equimolar mixture of V,Os and
V,0; at 850°C for 3 days. V,0j; itself was obtained by
reducing V,0s (99,9%, Aldrich Chem. Co.) under hydro-
gen at 800°C. All the experiments with VO, and V,0;
were carried out in sealed evacuated quartz tubes. The
samples were heated at different temperatures in the range
650-850°C, for 50 to 100 hr and quenched at room temper-
ature.

X-Ray Diffraction

The phases and their mixtures were checked by X-ray
powder diffraction techniques on a Seifert XRD 3000 dif-
fractometer using CuKa radiation. The cell parameters
derived from X-ray powder data were refined through use
of the least square techniques. Procedures for single crystal
data collection on a CAD4 Enraf-Nonius diffractometer
and structural determination have been described else-
where (5).

Electron Diffraction

Microstructures of the phases were analyzed by SEM on
a Cambridge LEICA microscope. The TEM experiments
were performed on a Philips CM20 electron microscope
with an accelerating voltage of 200 kV and fitted with a
TRACOR EDX system. Powder samples were crushed in
an agate mortar and deposited on a copper grid capped
with a thin carbon layer.

RESULTS AND DISCUSSION

The systematic study of the Bi,O;—VO, system, ac-
cording to the formula 2Bi,O3 + 2yVO, with a continuous
enrichment in vanadium dioxide, shows that the phase

FIG. 1.

Examples of SEM micrographs of (Bi,0,),V;,04:2: (a) y =
2 at 650°C, (b) y = 3 at 690°C, and (c) y = 1 at 890°C.
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composition of samples depends on the chosen tempera-
ture of reaction. This is indicated by the presence of small
amounts of Bi;¢VgOi6 and BiVO, in the samples with
y = 1.2 annealed at temperatures above 700°C, implying
the occurrence of an oxido-reduction process. This is over-
come in practice at a lower temperature, i.e., between
650 and 700°C, at which temperature the new family of
(Bi,0,),V5,04y, phases, with 1 = y = 4, has been found.

The BisV5,0u4y16 (¥ = 1, 2, 3, 4) samples obtained were
examined by SEM to gain better insight into their micro-
structural evolution as a function of the thermal treatment.
In all the samples, crystallites making up spherical particles
grow as temperatures increase from 650 to 690°C. Some
representative micrographs are shown in Fig. 1. Elongated
crystallites can be seen on the grain surface, leading to
a small deviation in the spherical shape (Fig. 1a). X-ray
diffraction shows the synthesis to occur at 650°C. The pro-
cess is accelerated when the temperature reaches 690°C

(Bi202)2V2y04y.2
y=1
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FIG. 2. Experimental X-ray powder diffraction patterns of , 3, y
polymorphic forms of Bi,V,0, and that calculated from the single crystal
structure of the y form.

(Fig. 1b). Spherical particles made up of small crystallites
mixed with plateletlike particles are probably formed as a
result of the process started at 650°C by linkage between
elongated crystallites. The thermal treatment at 7= 700°C
without decomposition was possible only for the Bi,V,0y,
phase or very close y values. In this case, at 890°C, the
spherical shape disappears and the initial particles that
agglomerated now appear as well-formed platelets
(Fig. 1c).

Bi4 V2010 or (Blez)z( VO3)2

A special investigation of compositions around the pro-
portions giving the phase BiyV,0o (2Bi,0; + 2yVO, with
y = 1) has made it possible to specify more precisely the
chemistry and its structural characterization.

The structural evolution of three compositions corre-
sponding to y = 0.92, 1, and 1.08 have been analyzed by

FIG. 3.
(d, e), and the y form (f) of Bi;V,Oy.

TEM diffraction patterns of the « form (a, b, c), the 8 form
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TABLE 1
Unit Cell Parameters of the (Bi,0,),V,,., Phases in the Bi,0;—VO, System

y Formula Form T(°C) a(A) b(A) c(A) V(A

0.92 BiyV8400.68
@ 650 5.466(2) 5.746(2) 14.918(6) 468.6(6)
o 750 5.470(1) 5.748(1) 14.929(3) 469.4(6)
@ 850 5.470(1) 5.745(1) 14.939(3) 469.4(3)

1.0 Bi,V,04 = (Bi,0,),(VO3),

o 650 5.471(1) 5.749(1) 14.928(2) 469.5(3)
8 690 5.473(2) 5.537(2) 15.473(6) 468.9(6)
y 890 5.491(2) 5.500(3) 15.459(3) 467.2(6)
) v 950 5.494(2) 5.504(3) 15.449(3) 467.2(6)

1.08 BisV1.1601032
a 650 5.471(1) 5.747(1) 14.935(3) 469.5(3)
8 690 5477(2) 5.530(3) 15.479(5) 468.5(5)
y 750 5.502(1) 5.503(1) 15.476(2) 468.6(3)
2 BiyV,Ous = (Bi,0,)»(V20s), 650 5.474(1) 5.527(1) 15.467(3) 468.4(3)
3 Bi,VsOis = (Bir0,)2(V50,), 650 5.481(1) 5.517(2) 15.470(3) 467.8(4)
4 Bi,VsOn = (Biy05)2(V4O0), 650 5.473(3) 5.480(5) 15.465(8) 463.9(9)

XPD versus increasing temperature from 650°C (Table 1).
The interpretation of the data can be summarized as fol-
lows: for y = 0.92, the small additional amount of Bi,O3
stabilizes the « form of Bi,V,04 up to 850°C, giving rise
to a smooth deviation from the cell parameters obtained
for y = 1. For y = 1, at 650°C Bi,V,0,, exhibits an ortho-
rhombic structure « that subsequently gives rise at a higher
temperature to two successive orthorhombic forms 8 and

v (Fig. 2):

T>690°C T>850°C

a Bi4V2010 ﬁ Bi4V2010 —— 4 Bi4V2010 .

For y = 1.08, the sample is already in the homogeneity
range of the series BisV,,O4,,¢ and behaves as the composi-
tion y = 1, but the temperature of the phase transition
B — vy is lowered to 750°C.

Electron diffraction micrographs of these phases, ob-
tained by TEM, are shown in Fig. 3. The « phase appears
in the (101)*, (001)*, and (301)* planes (Figs. 3a, 3b, and
3c) to show the presence of superstructure spots. The sub-
lattice corresponds to an orthorhombic phase of a = 5.5,
b =57, ¢ =149 A. In this case the modulation vector is
1/3 b* but it was not possible to determine the space group
of the superstructure because of double diffraction prob-
lems. Diffraction patterns in the (001)* and (301)* planes
of the B phase (Figs. 3d and 3e) also show the presence
of additional spots characterizing a superstructure. The
substructure can be indexed with the orthorhombic lattice
parameters a = 5.5,b = 5.5, and ¢ = 15.5 A. In this case,

the modulation reoccurs along the b* axis with a vector
2/3 b*. The diffraction pattern in the (101)* plane of the
v phase (Fig. 3f) clearly indicates the absence of modula-
tion. The structure is indexed with parameters a = 5.5,
b=55andc=155A of a pseudotetragonal lattice.

The single crystal X-ray investigation of y-BisV,04, has
been briefly presented (5). The crystallographic parame-
ters are summarized in Table 2, the atomic parameters are
listed in Table 3, and the selected distances are shown in
Table 4. The typical layered structure, containing (Bi,O5,),,
layers alternating with (VO3;),, ones, is schematically de-
picted in Fig. 4. This view is a particular case of the disorder
affecting the VOs square pyramids in the (VO;),, layers.
Indeed, vanadium and oxygen associated atoms are all
distributed over two sites, giving several possibilities for
VOs; SP, above and below on either side of the mean basal
plane, without a periodic order.

In this structure, the (Bi,0,),, layers are well-defined
with two independent bismuth atoms associated with four
oxygen atoms, O1, 02, O3, O4, forming square planes. In
particular, the Bi—O bonds are relatively similar: 2.25 to
2.43 A (Table 4). Coordination is completed by other half-
oxygen atoms corresponding to different O5, 06, O7 atoms
(i.e., O51, 052, 061, 062, O71, O72 sites) (Fig. 5). The
eleven atomic positions of near oxygen atoms around the
Bi atoms (<3.2 A) form a spheric envelope whose center
coordinates are x; = 0.27, y; = 0.77, z; = 0.13 for E1 and
x; = 022, y, = 0.68, z, = 0.37 for E2, i.e., at 0.80 A and
0.85 A of Bil and Bi2 atoms, respectively. E1 and E2
represent the center of the “spherical” influence zone of
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TABLE 2
Crystallographic Parameters of yBi,V,0;

Crystal data

Formula Bi,VOs
Crystal system orthorhombic
Space group P2, 22; (No. 18)
a[A] 5.494(2)
b[A] 5.504(3)
c[A] 15.449(3)
VIAP 467.1(3)
z 4
Molecular weight 548.9
p calc [g/cm’] 7.81
u[MoKa cm™] 742
Morphology platelet
Color black
Dimension (mm) 0.15 X 0.125 X 0.014
Transmission factor range 0.012-0.340
Data collection
Temperature [°C] 20
Wavelength [MoKa][A] 0.71069
Monochromator graphite
Scan mode w — 26
Scan width [°] 0.90 + 0.35 tan 6
Takeoff angle [°] 35
Max Bragg angle [°] 35
Tmax. [5] 60

Control reflections:
Intensity (every 3600 s)
Orientation (every 150 refl.)

026/0012/119
115/226

Structure refinement
Reflections for cell refinement 25 with 6° = 0 = 18°

Reflections collected 1270
Reflections unique measured 583
Reflections unique used 583
Parameters refined 59
Weighting w=1
R = 3||F,| — |FJ/Z|F| 0.109
Ry, = [Z.(|Fy| — |[F)=wF3]'? 0.111

the lone pair of electrons associated with the bismuth cat-
ions in their valence state +III.

In contrast, vanadium atoms are less well-localized (Fig.
6). Statistically they are distributed over two sites V1 and
V2 around 1/4,1/4, 1/4. The crystallographic sites are sepa-
rated by 0.6 A and therefore are only 50% occupied. The
oxygen atom environment also exhibits a disorder with
half occupied sites O51, 052, 061, 062, 071, and O72. The
resulting vanadium environment is built up by distorted
square pyramids with apical corners either above or below
the basal plane, V1 O71 (O51), 061 O62 (Fig. 6a), toward
trigonal bipyramid (TBP), V2 O72 (052), 062 061 (Fig.
6b). These pyramid bases are linked and make up puckered
layers with an angular distortion of 13° compared to the
flat regular (Bi,O,),, layers. The V1-O71 and V2-072
distances indicate the presence of vanadyl groups. Despite

such short V=0 bonds, the parameter ¢ (15.449 A) in the
v BisV,01o phase is significantly larger than in the Bi,V,01;
phase (15.254 A). The atomic disorder in the (VO3),, lay-
ers, together with the influence of the lone pair of the
bismuth atoms, increasing the stereochemical activity in
accordance with the lower concentration of oxygen in the
vanadium sheets, appears responsible for this effect. More-
over, if this disorder would increase with temperature, then
the superstructure would not be observed in the
’)’Bi4V2010 phase.

Bi4V2yO4y+6 or (BizOz)zV2y04y+2 (1 < y = 4)

The XPD spectra of the phases corresponding to y = 2,
3, 4 obtained are closely related (Fig. 7). They have been
indexed on the basis of the BiyV,0y (y = 1) orthorhombic
cell (Fig. 7, Table 1). There is a smooth evolution of the
cell parameters but parameters a and b tend to be become
more equal, the orthorhombic structure becoming quasi-
tetragonal as y increases.

Since the phases BisV,,O4,.¢ Wwhen y > 1 decompose
before melting, only powder samples were available
(attempts to make definite single crystals for y = 2, 3, or
4 have failed). An analogy of the structures of Bi, V5,04,
with y varying continuously from y = 1to y = 4 can be made
with the structural organization of the series CaV, 0., (6)
(Fig. 8). In these latter compounds, (V,05s),, (V30,),, and
(V40y), layers alternate with calcium layers. Based also
on our knowledge of the structure of the Biy;V,0,y phase
(Fig. 4),itis reasonable to assume that the layered structure
in the series BiyV,,04,.6 would be built up by (Bi,O,),,
layers alternating with (V,,04,2), ones.

If the (Bi,0O,),, layers have the same organization and
roughly the same parameters along the a and b directions,
the (V,,04y:2), layers undergo a drastic rearrangement
due to: the evolution of stoichiometry, when y increases
from y = 1 to y = 4, accommodated by a continuous
densification of the (V,,Ouy+2), layer (increasingly VOs
square pyramids share edges); and the topological distor-
sions introduced by the difference in size of the square
base of the VOs and BiO4E square pyramids, i.e. ~ 7.9
and 8.5 A2, respectively.

In Fig. 9a, an idealized perspective view of the structure
of such (Bi,0,),V,,04,., compounds is given, with differ-
ent (V,,04,.,), layers, which are not compulsorily built up
by the same arrangement of VOs square pyramids. The
misfit between the pavement of the VOs and BiO4 E square
pyramids is clearly shown in the idealized projection onto
the plane (001) of Fig. 9b. A tentative picture of what
could happen if the (V,,O4,:2), layers adapt to the space
between the bismuth layers is illustrated in Fig. 9c, some
puckerings of this layer being equally likely to occur. We
suggest that the (V,,04,42), layer can be twisted in order
to match the planar space between (Bi,0,),, layers. For a
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Atomic Parameters of yBi,V,0;

TABLE 3

Atom X y z T B, or B, (A2

Bil 0.248(2) 0.749(1) 0.0827(4) 1 22(2)%

Bi2 0.239(1) 0.7408(8) 0.4193(3) 1 1.0(1)*

Vi 0.228(4) 0.198(3) 0.249(3) 0.5 0.4(2)

V2 0.313(5) 0.267(8) 0.259(2) 0.5 0.5(3)

o1 0 ~0.02(2) 12 1 2.(1)

02 12 0.02(2) 12 1 2.(1)

03 0 0.49(2) 12 1 2.(1)

04 12 0.52(1) 12 1 1.(1)

051 0.05(2) ~0.10(2) 0.26(1) 0.5 2.(1)

052 0.05(2) 0.00(2) 0.30(1) 0.5 3.2)

061 0.10(1) 0.55(1) 0.234(6) 0.5 1.(1)

062 0.01(1) 0.50(2) 0.278(5) 0.5 1.(1)

071 0.26(2) 0.29(1) 0.344(5) 0.5 0.8(8)

o7 0.21(1) 0.14(1) 0.175(5) 0.5 0.7(9)
Atom Ull U22 U33 U12 U13 U23

Bil 0.032(3) 0.030(3) 0.023(3) 0.004(7) —0.004(2) —0.007(4)

Bi2 0.014(2) 0.011(1) 0.011(2) —0.004(3) 0.002(1) 0.002(2)

B = 8n%/3 trace U

811

\\A/

@

FIG. 4. Crystal structure of yBi,V,04: sequence of (Bi,0,), and (VOs), layers.

59
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FIG. 5.

Crystal structure of yBisV,0,: environment of the Bi atoms.

TABLE 4

SOROKINA ET AL.

Selected Interatomic and Intersites(*) Distances (A)
in ‘yBi4V2010

Bil-0O1

02
03
04
072
061
052
o071

V1-051

EAVA T

051
061
062
o071
V2

241(5)
2.28(4)
2.30(4)
2.39(5)
2.58(6)
2.70(6)
2.79(7)
2.91(6)

1.86(8)
1.91(9)
2.09(7)
231(7)
1.56(7)
0.63(3)

Bi2-0O1
02
o3
04
052
051
071
062

V2-052
052

061

062

072

*051 -+ 052
*061 --- 062

2.24(5)
2.43(5)
227(4)
2.25(4)
2.52(6)
2.76(7)
2.76(6)
2.84(7)

2.16(10)
2.19(8)
1.87(8)
2.09(8)
1.59(7)
0.8(2)
0.9(1)

FIG. 6. Crystal structure of yBisV,0: two types of environment of
the V atoms, (a) square pyramid and (b) trigonal bipyramid.

sake of clarity the (V,,04,:2), layer is represented in Fig.
9c¢ with only VOs SP sharing corners, but of course it can
be more dense with increasing y values.

Phase Relationships in the Bi,O;-V,0,,
(m = 3,4,5) Systems

In order to arrive at a consistent interpretation of the
study of the VO,-rich side of the Bi,O3;-V,0, system, it
is necessary to compare the results with those recorded in
the Bi,03;-V,0; and Bi,0;—V,0; systems.

In the Bi,03;-V,0; system, numerous investigations
have been reported, in particular BiVO, (13) with scheelite
structure and BigsV,04; (5) (14-16) with an Aurivillius
structure type. The vanadium V cations exhibit two coordi-
nation polyhedra, tetrahedral and octahedral, respectively.
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To our knowledge, in the Bi,O3;—V,0; system there is
no literature data. Studies of the V,0Os-rich side of the
(1 = y)Bi,0O5 + yV,0; system show that an oxido-reduction
process takes place. The mixture of the three phases
“BigV,09”, Bij6VsO14, and Bi® has been produced. The
comparison of “Bi;V,0Oy” and Bi;V,0, reveals signifi-
cantly similar unit cell parameters. The partial oxidation
of VI to VIV appears as a very likely explanation in this
case. Otherwise, the preparation of Bi; ¢sVgO1¢ as a single
phase strongly depends on the proportion of starting ox-
ides. A tetragonal phase, mixture of VI and VIV, according
to the formula 1.66Bi,O; + 5V,05; + 6VO, — 2Bi; ¢,VsO16
has been obtained. Unit cell parameters a = 9.935(2), ¢ =
2.915(2) A and the hollandite structure type are in
agreement with the results of Abraham and Mentre (12).
Finally, a phase containing only Bi'! and V™! does not
seem to exist.

Thus, there are many differences between the Bi,O;—
V,03, Bi,03-V,0,, and Bi,O3;-V,0s systems. These result
from the ability of vanadium atoms to exhibit several oxi-

(Bi202)2V2yO4y+2
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FIG. 7. X-ray powder diffraction patterns of (Bi,0,),V2,Ouys2 (y =
1, phase at 890°C and y = 2, 3, 4, phases at 650°C).
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FIG. 8. Representation of the structures of the Ca,V,0,,,, series.

dation states, VI, VIV VV associated with the great flexi-
bility in the coordination polyhedra in the case of two
last cations.

CONCLUSION

The Bi,V;,O4y.6 phases with 1 = y = 4 are an example
of the remarkable potential of the vanadate IV layers to
adopt (via distortions of the fivefold oxygen square pyra-
mids surrounding the vanadium atoms, condensation, rota-
tions, and puckering) the periodicity imposed by (Bi,0;),,
layers. Again, as in BiyV,0,;, these results confirm that
the disorder occurs in the vanadium-oxygen layer and
more precisely affects the oxygen atoms in the basal plane
and not just at the level of the apical positions of the
pyramids. This phenomenon strongly supports the diffu-
sion of oxygen atoms in this plane as shown by Pernot (16),
this diffusion being responsible for the ionic conductivity in
the Bi,V,0; phase and also in the Bi,V,0;_, series.
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EBiZOZ}ZnV2y04y;+2 Series)

{Biy03}2,, layer

@ E lone pair

FIG. 9. Idealized representation in the (Bi,0,),V,,04y., series: (a) (Bi,0,),,V2,04y:, multilayer phases built up by an intergrowth of (Bi,0,),,
and (V,,04;.2), layers; (b) misfit between the pavements of the bases of the VOs square pyramids and BiO4E; (c) possible adjustment of the

(V2,04y+2), layer to fit with the larger pavement of the (Bi,O,),, layer.
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