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Abstract. The complete universe of possible polytypes of layered
double hydroxides (LDH) is predicted on the basis of symmetry argu-
ments. A single [MX,] (X = OH) layer, also defined as a structural
synthon, belongs to the layer group P32/ml. These layers can be
stacked in such a way as to conserve the unique 3-axis of the layer in
the resultant crystal. The different stacking sequences that facilitate
symmetry conservation, yield the different possible polytypes of rhom-
bohedral and hexagonal symmetries. More polytypes can be envisaged
by including stacking sequences that systematically destroy the princi-

pal symmetry elements of the structural synthon. Thereby, stacking
sequences that destroy the 3-axis, while retaining the 2-axis, yield pos-
sible polytypes of monoclinic symmetry. The nitrate-containing LDH
of zinc and aluminum crystallizes in a faulted structure in which, the
planar faults are shown to arise on account of stacking sequences
whose local symmetry is monoclinic. This approach to polytype pre-
diction expands on an earlier reported method by Bookin and Drits
and is very general with important implications for other classes of
layered materials.

Introduction

Layered materials are characterized by strong iono-covalent
bonding along two dimensions and weak bonding along the
third dimension, which is also the stacking direction. Given
the weak bonding between layers, the layers can stack, in a
multiplicity of patterns, called stacking sequences, to yield dif-
ferent polytypes.l'! Polytypism is best defined as polymor-
phism in one dimension.[?’ Among the layered materials, lay-
ered double hydroxides (LDHs), have received a great deal of
attention, on account of their applications in catalysis, sorption,
anion exchange, water purification and in medicine, as agents
for drug delivery.?-%!

The structure of the LDHs is derived from that of mineral
brucite, Mg(OH),.["! Brucite comprises a hexagonal packing
of OH™ ions in which Mg?* ions occupy alternative layers of
octahedral sites. This leads to a stacking of charge neutral lay-
ers having the composition [Mg(OH),]. Bookin and Drits,!®!
represent such a layer by the symbol AbC, by making use of
the notation used to describe the close packing of atoms. Here
the uppercase symbols A, B, C represent hydroxyl ion posi-
tions and lower case symbols represent cation positions in oc-
tahedral interstitials. Since the cation positions are determined
by the hydroxyl ion positions, the layer can be more simply
described by the symbol AC. The A, B and C positions are
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related to one another by successive translations of (1/3, 2/3)
in the a,b plane.

When a fraction x of Mg?* ions is isomorphously substituted
by a trivalent ion such as AI**, the metal hydroxide layers
acquire the composition [Mg;_,Al,(OH),]** and develop a pos-
itive charge, but their structure remains unchanged and each
layer is still represented by the symbol AC. The resulting com-
pound now incorporates anions and water molecules in the
interlayer region to restore charge neutrality.[!

Bookin and Drits predicted all the polytypes that can be ob-
tained in theory by the stacking of AC layers.[®!°1 The dif-
ferent stacking sequences were then classified according to the
crystal symmetry and symmetry of the interlayer sites. For in-
stance, the stacking sequence

AC-AC-AC...... 1H
is given the symbol 1H, to describe a one layer polytype of
hexagonal symmetry and ‘—‘ denotes an octahedral interlayer
site. All two layer polytypes have hexagonal symmetry:
AC=CA=AC=CA...... 2H,

AC-AB-AC-AB....... 2H,
AC=CB-AC=CB....... 2H;.

Here ‘=" denotes a prismatic interlayer site. Among the
three-layer polytypes, two belong to rhombohedral crystal
symmetry and seven to hexagonal symmetry.

The Bookin and Drits scheme of classifications has had a
fair degree of success in accounting for the structures of both
mineral and synthetic LDHs.['%! Carbonate containing minerals
hydrotalcite and manessite have the structures of the 3R; and
2H, polytypes respectively.[!!] The sulfate containing minerals
have the structures of the 1H, 2H, and 3R, polytypes.''?! Labo-
ratory-synthesized sulfate LDHs crystallize in the structure of
1H and 3R, polytypes depending on the precipitation condi-
tions and exhibit solid-solid interpolytype transformations as a
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function of temperature and relative humidity.!'>'#! In many
instances, laboratory-synthesized LDHs crystallize with the in-
corporation of a very large number of stacking faults, which
can indeed be interpreted in terms of the intergrowths of more
than one polytypes.l'>] Thus, the Mg/Al, Co/Fe and Ni/Al
LDHs have been shown to be random intergrowths of the 3R,
and 2H,; polytypes.[16:171
The nitrate containing LDHs have remained an enigma.
1. The nitrate LDHs exhibit two different interlayer spacings:
8.8 A (x=0.33) and 8.0 A (x = 0.25).'®
2. This difference in the interlayer spacings is associated with
the orientation of the NO;™ ion in the interlayer.!'”) In the LDH
with higher layer charge (x = 0.33), the NO5™ ion intercalates
with one of its C, axes parallel to the stacking direction (coor-
dination symmetry, C,,). When the layer charge is lower, the
NOj;™ ion intercalates with its molecular plane perpendicular
to the stacking direction (coordination symmetry, Ds,).
3. Nitrate containing LDHs are poorly ordered and no reliable
structure models are available in the literature. As we shall
show later in this paper, the powder diffraction profile of the
NO;-LDH (x = 0.33) cannot be satisfactorily accounted for
by any of the polytypes predicted by Bookin and Drits or by
their intergrowths.
We therefore ask the questions:
1. Does the Bookin and Drits approach, relying as it does on
the close packing of hydroxyl ions, predict the complete uni-
verse of polytypes possible in the LDH system?
2. Is there a more general approach to the prediction of poly-
types that expands on the universe of Bookin and Drits and
predicts other polytypes whose stacking sequences depart from
the pattern of close packing of hydroxyl ions?

In this paper, we address these questions and offer a dif-
ferent and a more general approach to the prediction of poly-
types based on symmetry considerations.

Discussion

Structural Synthon Approach to Predicting the Polytypes

In an earlier paper,'* we described a ‘structural synthon’
as a certain packing of atoms, which like its better known mo-
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lecular analogue, the ‘supramolecular synthon’,?°! repeats
itself in a very diverse range of solids. The AC layer with the
generalized composition [MX,] is found in a very diverse
range of materials such as metal sulfides MS, (M = Ti, Mo,
Nb, Ta),?!-22] metal selenides MSe, (M = Mo, Ta),[>3! divalent
halides MX, (M = Ca, Mg, Fe, Co, Ni, Cd),’?*2! metal hy-
droxides M(OH), (M = Mg, Ni, Co),[?®?7] birnessite-type ox-
ides MO, (M = Mn),?2°! Jithium oxides LiMO, 3311 and
basic salts M(OH),_,A, (M = Ni, Co; x = 0.66-0.25; A = Cl,
NO;).[32-341 We therefore call the AC layer a ‘structural syn-
thon’, the term “structural” is used to describe the extended
nature of the AC layer, as opposed to the sub.-molecular syn-
thon originally proposed by Corey®3! and the supramolecular
synthon of Desiraju®%37! which are entities of finite dimen-
sion. In this paper, apart from the robust ubiquity we further
propose that the structural synthon is characterized by its sym-
metry.

A typical AC layer (Figure 1) has the following symmetry
elements:

(1) 3 and -3 axes normal to the layer and parallel to the stacking
direction present at (0,0), (1/3, 2/3) and (2/3, 1/3),

(ii) 2 axes parallel to the layer and

(iii) mirror planes normal to the layer.

The layer group is P32/ml.

This layer also constitutes the basic building block of all the
LDHs. The various polytypes of LDHs are derived by stacking
of the AC layers one above another. We describe below, the
various possible stacking sequences guided by symmetry cri-
teria.

Stacking Sequences that Conserve Symmetry Elements
Perpendicular to Layers

As illustrated in Figure 1, 3-fold axes perpendicular to the
layer are present at (0, 0), (1/3, 2/3) and (2/3, 1/3). Hence the
obvious ways of stacking layers to conserve 3-fold symmetry
is by translating them with respect to one another using the
stacking vectors (also called ‘layer displacements’), (i) (0, 0),
(1) (1/3, 2/3), (iii) (2/3, 1/3) or their combinations. Yet another
way of conserving the 3-fold axis is to stack the layer AC and
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Figure 1. (a) Structure of a single layer viewed down the c-axis, (b) schematic of the symmetry elements present in a single layer.
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its mirror image CA one above the other alternatively by any
of the stacking vectors mentioned above. This would generate
2-layered polytypes. However in doing so, the 3-fold axes of
the adjacent layers are related by a mirror and are transformed
into a 65 screw.

All the polytypes derived by Bookin and Drits'™! can be en-
visaged as stacking of layers using one of these stacking vec-
tors. For instance stacking the AC layers exactly one above
the other i.e., using (0, 0, z) (z = interlayer distance) stacking
vector results in a structure having a single layered unit cell
with hexagonal symmetry which is conventionally designated
as ‘IH’. Such an arrangement of layers leads to a staggered
arrangement of lower hydroxyl groups of the second layer with
the upper hydroxyl groups of the first layer defining an octahe-
dral interlayer site (Figure 2a). The PXRD pattern correspond-
ing to such a polytype along with the appropriate indices is
given in Figure 3.

. OH},
@ oH,
Figure 2. Schematic of the interlayer sites having (a) prismatic and

(b) octahedral symmetry (L: Lower hydroxyl of the upper layer; U:
Upper hydroxyl of the lower layer).
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Figure 3. DIFFaX simulation of the PXRD patterns corresponding to
1H, 2H,, 3R, and 3R, polytypes.

The two layered polytypes derived by Bookin and Drits can
be envisaged as stacking of AC and CA layers using the stack-
ing vectors (0, 0), (1/3, 2/3), (2/3, 1/3) or a combination of
these. The stacking vector (0, 0, z) generates a two layered
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hexagonal cell, AC=CA, with eclipsed arrangement of the hy-
droxyl groups of the adjacent layers generating prismatic inter-
layer sites (Figure 2b). This structure is analogous to arrange-
ment of layers in 2H; polytype (AC=CA=AC-) derived by
Bookin and Drits. The stacking vector (1/3, 2/3, z) generates a
cell AC-AB found in the 2H, polytype of Bookin and Drits
having octahedral interlayer sites. The stacking vector (2/3,
1/3, z) also generates the 2H, polytype with an enantiomeric
stacking sequence AC-BC—AC-. The sequence AC-BA=AC-
, the 2H; polytype of Bookin and Drits, is generated by stack-
ing the AC layers in such a way that alternative layers are
translated by the stacking vector (1/3, 2/3, z) with respect to
AC. The interlayer sites generated in this case are alternatively
octahedral and prismatic.

For higher layer periodicities the number of possible ways
of stacking the layers increases generating a larger family of
polytypes. In the case of 3-layered unit cells, the layers can be
stacked in nine different ways out of which two are of rhombo-
hedral symmetry and seven are of hexagonal symmetry.

Stacking of successive layers by (2/3, 1/3, z) leads to a three
layered rhombohedral cell with prismatic interlayer site and is
analogous to the 3R; polytype with a stacking sequence
AC=CB=BA=AC-. On the other hand stacking layers by (1/3,
2/3, z) stacking vector generates a 3-layered rhombohedral cell
with exclusively octahedral interlayer sites with a stacking se-
quence AC-BA-CB-AC- the 3R, polytype of Bookin and
Drits nomenclature.®!

Similarly, all the 3-layered hexagonal polytypes can be de-
rived in this way by translating the layer with one of the stack-
ing vectors described earlier or by a combination of reflection
and translation. Seven different possibilities arise out of which
two of them have exclusively octahedral interlayer sites and
five comprise both kinds of interlayer sites.

Polytypes having 6-layer periodicities can be derived in a
similar fashion. All of them can be envisaged as stacking of
three 2-layered polytypes. While some of them exclusively
comprise either prismatic or octahedral interlayer sites, most
of them have a mixture of both.

In all these cases, diffraction patterns corresponding to
different polytypes were simulated using the program
DIFFaX[3839 (see Figure 3 for a few select simulations) and
the Laue symmetry computed (Table 1). The 2H polytypes
yield the Laue symmetry 6/mmm, while the 1H and 3R poly-
types yield 3m. The local symmetry of the interlayer sites, de-
fined by the two closest set of hydroxyl oxygen atoms belong-
ing to adjacent layers, was computed using the program
Symgroup,“’! and this is also listed in Table 1.

Stacking Sequences that Destroy the 3-Axis and Conserve
the 2-Axis

Any translation other than the ones already described, de-
stroys the 3-fold axis and reduces the symmetry of the resultant
structure. As an illustration, we choose translations along the
a (or b)-axis. Such a translation retains the two-fold axis paral-
lel to the layer and one of the mirrors perpendicular to the layer
and the resultant structure has monoclinic symmetry. Different
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Table 1. Stacking vectors which conserve the 3-fold symmetry of the [MX,] synthon, the corresponding Laue symmetries of the crystal and the

local symmetry of the interlayer site.

Polytype Stacking vector Laue Symmetry Interlayer site symmetry
1H (0,0, 1) 3m D3y
2H, Reflection followed by (0, 0, 1) 6/mmm Dy,
2H, Reflection followed by (1/3, 2/3)/ (2/ 6/mmm D3,
3, 1/3) ~
3R, (2/3, 1/3) 3m Dy,
3R, (1/3, 2/3) 3m D,
(a2, 0) translation

(d)
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Figure 4. DIFFaX simulation of PXRD patterns of crystals with layer displacements (a) (a/2, 0), (b) (a/3, 0), (c) (a/4, 0) and (d) (a/2, b/2). On

the right panel is given the detail of the 30-70 °26 region of PXRD
symmetry).

pattern at (a) (Indices given in parentheses correspond to monoclinic

Table 2. Stacking vectors used to stack the [MX,] synthon by displacements along a, the corresponding Laue symmetry of the crystal and

symmetry of the interlayer site.

Stacking vector Laue Symmetry generated by DIFFaX

Local symmetry of interlayer site

(al2, 0, z) 2/m
(al3, 0, 2) 1
(al4, 0, 2) 1
(al2, bl2, z) 1

stacking vectors (a/n, 0, z) (n = 2-5) were used. The PXRD
patterns and the Laue symmetries of the resultant crystals were
computed using DIFFaX (Figure 4, Table 2). While (a/2, 0, z)
translation generates a Laue symmetry 2/m, other translations
generate 1. We designate the polytype generated by the (a/2,
0, z) translation as polytype ‘1M’. 1 stands for a single layered
unit cell and M for monoclinic symmetry.

Figure 5 shows the schematic of two adjacent layers trans-
lated by (a/2, 0) relative to one another generated using the
structure visualization program Diamond. The corresponding
interlayer site is no more prismatic. Symgroup predicts the lo-
cal symmetry of the interlayer site to be C,, (Table 2).

The Bragg peaks generated could be indexed to a single
layered monoclinic unit cell with cell parameters, a = 3.067(8) A,
b =5324(1) A, ¢ = 8.977(2) A and § = 79.93(7)°. However
the Bragg peaks generated by such a translation could also be
indexed to a 2-layered hexagonal cell with a good figure of
merit (Table 3). Further the apparent lowering of symmetry
does not generate any new reflections, other than those pre-
dicted by the hexagonal cell. This raises the question: Is the
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Figure 5. (a) Structure of two adjacent layers translated by the dis-
placement vector (a/2, 0) viewed down the normal to a-b plane and
(b) schematic of the interlayer site corresponding to such a translation.

polytype generated by the (a/2, 0, z) stacking vector just an-
other polytype of hexagonal symmetry or a new polytype of
monoclinic symmetry?
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Table 3. Calculated Bragg reflections of the 1M polytype and the corresponding indices within the hexagonal and monoclinic systems.

Calculated reflections for 2H Cell IM Cell
(al2, 0, z) translation /°20 a=b=3.075A; a=3067A;b=5324A

c=17.6 A c=897 A; f=79.93°

Figure of merit = 30.3 Figure of merit = 13.5

20 hkl 20 hkl
10.09 10.0 002 10.0 001
20.12 20.08 004 20.08 002
30.32 30.33 006 30.32 003
33.67 33.64 100 33.65 120
34.09 34.03 101 34.09 111
35.15 35.18 102 35.19 021
37.06 37.03 103 37.05 112
39.49 39.49 104 39.50 022
40.79 40.83 008 40.81 004
42.45 42.48 105 42.46 113
45.94 45.92 106 45.93 023
49.76 49.74 107 49.71 114
51.70 51.69 0070 51.70 005
53.87 53.89 108 53.89 124
58.34 58.36 109 58.30 115
60.37 60.40 111 60.34 201
61.23 61.16 112 61.28 202
62.44 62.40 113 62.42 132
63.12 63.10 1010 63.12 025
64.10 64.10 114 64.08 =210
66.29 66.15 115 66.28 133
68.04 68.10 1011 68.06 116
68.86 68.85 116 68.89 204

We answer this question by relying on three factors:

(i) Given a choice of two cells, which predict all the observed
Bragg reflections, convention favors the smaller of the two
cells. Thereby a 1M cell is preferred to the 2H.

(i) A point symmetry test on each of the Bragg reflections
reveals that the intensities of the k0! and Ohl reflections for
hexagonal indexing are unequal. This indicates that the sym-
metry of the crystal obtained by stacking the AC layers by
(a2, 0, z) stacking vector is no more hexagonal but is lowered
to monoclinic symmetry.

(iii) The other possible explanation for the pattern getting inde-
xed to hexagonal symmetry could arise due to the choice of
the AC layer as the synthon. As the AC layer has a 3-fold
symmetry, lateral displacement of these layers cannot generate
new reflections in the -k plane, but only modulate the inten-
sities of the observed reflections.'*!! The balance of judgment
would tilt in favor of a single-layered monoclinic cell rather
than a two-layered hexagonal cell based on intensity considera-
tions.

Experimentally Observed Polytypes

Many of the polytypes envisaged by retaining 3-fold sym-
metry are observed either in the mineral form or by laboratory
synthesis. Several authors have made a comprehensive review
of the polytype diversity among this class of material.['% 421 A
representative list of polytypes reported till date comprising
different anions is given as Supporting Information SI. 1. It is
evident that polytypes with large layer periodicities are rather
uncommon. We ask the question: What are the factors respon-
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sible for the selection of a particular polytype in preference to
the others?

Among the LDHs, contribution to the energy of a polytype
arises from two chief factors: (a) bonding within the layer and
(b) bonding between the layer and the interlayer. The metal
hydroxide layer is the same across the polytypes and hence the
contribution from the first coordination sphere to the total en-
ergy of different polytypes remains the same. Among the poly-
types which conserve the 3-fold symmetry, the second coordi-
nation sphere also remains the same. For a given anion, the
contribution arising from the coulombic attraction between the
layer and the interlayer to the total energy of different poly-
types would also remain the same. Hence the total energy of
different polytypes is comparable and laboratory synthesized
LDHs often crystallize as intergrowths of two or more poly-
types. However between LDHs containing different anions, the
contribution of hydrogen bonding between the layer and the
interlayer species to the total energy would vary greatly de-
pending on the local symmetry of the interlayer sites. Hydro-
gen bonding is maximized when the molecular symmetry of
the intercalated anion matches with the local symmetry of the
interlayer site, a factor that helps polytype selection.!!3:43]

All the predicted polytypes belonging to hexagonal sym-
metry are characterized by the presence of either octahedral
(more specifically D;;) or prismatic interlayer sites or both.
Carbonate containing LDHs crystallize in 3R, or 2H; structure
as the molecular symmetry of CO52~ (Ds;,) matches with the
local symmetry of the prismatic interlayer sites.[*3! Sulfate
containing LDHs are known to crystallize in variety of poly-
typic structures having either kinds of interlayer sites owing to

www.zaac.wiley-vch.de 2321
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the match in its coordination symmetry (Cs,) with both pris-
matic and octahedral interlayer sites.!'3! Sulfate-LDHs exhibit
interpolytype transformations (1H«>3R) at low temperatures
indicating that the energy barrier between two polytypes for
sulfate LDHs is low.[!#

In contrast with the carbonate ions, nitrate ions are known
to coordinate in the C,, mode, in the interlayer of LDHs with
x = 0.33 composition."! In this mode of coordination, one of
the NO bonds is parallel to the c-crystallographic axis. This
coordination symmetry is incompatible with both prismatic
and octahedral interlayer site symmetry. By Taylor’s crite-
rion'*3! the nitrate-LDH is not expected to crystallize in either
the hexagonal or rhombohedral symmetries predicted by
Bookin and Drits. The expected crystal symmetry is mono-
clinic. The PXRD pattern of the nitrate-intercalated LDH (x =
0.33) is shown in Figure 6. All the observed Bragg reflections
correspond to a three layered rhombohedral polytype. Intensity
motifs (h0l being weak and Okl being strong) indicate that it
belongs to 3R; polytype. The broadening of the reflections in
the mid. 20 (30-55°) region indicates the presence of structural
disorder in the material. To account for the observed broaden-
ing we simulate the PXRD pattern corresponding to 3R; poly-
type with 2H; intergrowths (SI. 2), a disorder model that has
been successfully used in the past and one which is in confor-
mity with the Bookin and Drits approach.!'”! The fit obtained
is poor (R, = 28.2) and in particular, sharp reflections expected
at high angles (60—70°26) are not observed. This indicates that
a new disorder model is necessary to account for the observed
pattern. We now introduce stacking fault motifs corresponding
to the 1M polytype, envisaged in this work. The fit obtained
is shown in Figure 6 and is of better quality (R, = 11.3). The
match between the calculated and observed profiles at high
angles is better than that in the earlier simulation shown in SI.
2. The DIFFaX technique is a simulation rather than a refine-
ment and to the extent that the goodness of fit is improved,
the new disorder model is superior to that employed earlier in
the context of other LDHs.

1500

Experimental pattern
—+—Simulated (80 %3R,+20% 1M)
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Figure 6. PXRD pattern of [Zn-Al-NOs] LDH overlaid with DIFFaX
simulated pattern corresponding to 3R; polytype with 1M faults.

However a pure monoclinic polytype based on the metal
hydroxide layer belonging to the layer group P32/ml has not
been reported till date and remains a legitimate challenge for

2322  www.zaac.wiley-vch.de

© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

synthesis efforts. Critical to the successful synthesis is the
choice of an anion with a suitable molecular symmetry and
appropriate precipitation conditions. Nitrate is a candidate
anion to mediate the synthesis of a monoclinic polytype as it
coordinates in the C,, mode in the interlayer. However this
work shows that it is not entirely successful as thermodynamic
factors favor hexagonal polytypes, wherein the atoms are in a
close packed arrangement. It is nevertheless interesting that we
observe planar faults of monoclinic symmetry as a first step to
the synthesis of an ordered polytype of monoclinic symmetry.

A monoclinic LDH based on a metal hydroxide layer of a
different symmetry is reported by Krivovichev and co-
workers 46! in the mineral quintinite. Here the monoclinic
distortion arises due to cation ordering in the hydroxide layer.
In this case the synthon itself differs from the one reported
here and a separate analysis based on the formalism described
in this work is necessary to predict the polytypes of cation
ordered structures.

Experimental Section

The nitrate containing LDH was synthesized by co-precipitation by
adding a mixed metal (Zn + Al) nitrate solution ([Zn]/[Al] = 2) drop
wise to a reaction vessel containing a NaNOj salt solution (100 mL).
The content of nitrate ions was 10 times in excess of the stoichiometric
requirement. A constant pH of 8 was maintained during preparation
by simultaneous addition of 0.5 M NaOH using a Metrohm model 718
STAT titrino operating in the pH STAT mode. The temperature was
kept constant at 60 °C and nitrogen gas was bubbled continuously
throughout the experiment. The resulting slurry was then aged for 15
h and separated by centrifugation. The precipitate obtained was washed
several times with decarbonated water and finally with acetone and
dried at 60 °C. Powder X-ray diffraction patterns of all the samples
were obtained using a Bruker Model D8 Advance powder dif-
fractometer (Cu-K, radiation, 2 = 1.541 A, operating voltage 40 kV,
current 30 mA, scan rate 0.1 °20 min™!).

Computational Studies

The diffraction patterns were simulated using the DIFFaX (Version
1.807),3%31 a2 FORTRAN based computer program. Within the
DIFFaX formalism, a solid is treated as a stacking of layers of atoms
and the PXRD pattern is computed by integrating the diffraction inten-
sities generated layer by layer. Model simulations were performed
using a single layer extracted from a published structure model
(CCDC-86655) excluding the interlayer atoms. Patterns corresponding
to different polytypes were generated by stacking the layers with corre-
sponding stacking vectors with different probabilities. While calculat-
ing the diffraction pattern for different polytypes the symmetry was
declared as unknown and the program was allowed to compute the
Laue symmetry based on the generated intensities. PXRD patterns
were indexed using the program PROZSKI™”! and the figure of merits
was determined. Structure viewing program Diamond (Version 3.0)/48!
was used to visualize the structure and the translation of layers with
different stacking vectors. Symgroup,® a Linux based program was
used to calculate the local symmetry of the interlayer sites among dif-
ferent polytypes. For this Cartesian coordinates corresponding to the
two set of closest hydroxyl groups belonging to adjacent layers were
used as input in the program and the symmetry measures for different
symmetry elements were computed. Interlayer site symmetry was de-
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rived based on the presence or absence of set of symmetry elements.
Simulations of the observed PXRD patterns in SI. 1 and Figure 6 were
performed including interlayer atoms by adapting the published struc-
ture of the sulfate-LDH (CCDC-91859).

Supporting Information (see footnote on the first page of this article):
A Table of polytypes with different anions and the corresponding
citations; DIFFaX simulation of the PXRD pattern of the [Zn-Al-NO3-]
LDH including planar faults of hexagonal symmetry.
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