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A structural investigation of the compound 8-OPIMB-NO2 is carried out. This material is a mesogen formed
by bent-core molecules where the so-called B7 phase was originally proposed. X-ray data are successfully
indexed in terms of a oblique two-dimensional lattice. Using additional information from optical second
harmonic generation several possible structural models are proposed. The models are based on molecular
packing considerations. All these structures are clearly different from those of other materials previously
classified as B7. The necessity of a revised nomenclature for classifying the structures of these compounds is
pointed out.
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Among the mesogens formed by bent-core molecules
�1–3�, the so-called B7 phase is special due to the spectacular
textures it presents, which are remarkable even for the liquid
crystals standards. On cooling from the isotropic phase, the
B7 phase nucleates as spiral domains, oval domains with
stripes, telephone wires, checker board textures, etc. The
compound where these textures were first observed is called
8-OPIMB-NO2 and B7 was the name proposed for this phase
�4�. The molecular structure and phase sequence are shown
in Fig. 1.

Subsequently, many other materials with similar textures
have appeared in the literature �5–14�. However, it is not
clear that all the materials with B7 textures have really the
same structure. For example Bedel et al. found that materials
studied in Ref. �5� are not miscible with the B7 reference
compound 14-OPIMB-NO2. Ortega et al. �15� observed
B7-like textures in a compound classified in principle as B1
�16� after a prolonged electric-field treatment. Other contra-
dictory reports on the features of the B7 phase are also
pointed out in Ref. �11�. In view of all these facts we can
conclude there is no clear rule of what really constitutes the
B7 phase.

Recently Pelzl et al. �14� have proposed to distinguish
between compounds such as MHOBOW �13� or PBCOB
�9,13� and the materials studied in Refs. �4–8,10–12,14�. The
distinction is made on the basis of some characteristics of the

x-ray diffraction patterns observed for powder samples. In
the first group of materials there are strong commensurate
reflections �which indicate a layer structure� and small in-
commensurate satellites �indicating a one-dimensional undu-
lation of the smectic layers with a relatively long wave-
length�. The compounds of the second category, however,
should have different structures since the x-ray diagrams
have strong incommensurate reflections. It seems that in all
cases the structures can be constructed in terms of an under-
lying two-dimensional �2D� lattice, though a complete struc-
tural model has only been presented for compounds of the
first type �13,17�.

In this paper we present a structural investigation of the
material 8-OPIMB-NO2. The study is essentially based on
x-ray measurements. Different indexing schemes will be dis-
cussed in detail. On the basis of such measurements and
additional information from nonlinear optical data we will
conclude with some structural models for the phase.

For the x-ray measurements we used a small-angle goni-
ometer with a high-temperature attachment and a linear
position-sensitive detector �PSD� of 4° of angular range.
Monochromatic Cu K� radiation was used. The material can-
not be aligned so the measurements were made on a powder
sample in a Lindemann capillary of diameter 0.5 mm.

Figure 2 shows the observed reflections for Bragg angles
��2°. Eight peaks �numbered in the figure� can be appreci-

FIG. 1. Chemical structure and phase se-
quence of the studied material.
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ated. The measurement corresponds to a temperature of
170 °C. Additional sharp peaks at larger angles as well as a
broad diffuse reflection at about �=10° were observed when
the PSD was conveniently positioned. All data are consistent
with previously made measurements �4,17�.

The diagram is mainly characterized by a high double
peak together with other low-intensity reflections. The peaks
with the smallest angles �1 and 2 in Fig. 2� correspond to the
first and second order of a given periodicity which is incom-
mensurate with any other in the diagram. It results therefore
that the structure of the material can only be described by a
2D lattice.

We turn now to the indexing of the peaks. The simplest
hypothesis is a 2D orthogonal lattice, as in the case of
MHOBOW �13�. It then seems reasonable to take peak 1 as
�10� �or peak 2 as �20��, and the highest peak 3 as �01�,
which corresponds to the smectic periodicity. As a result of
this assignment the cell parameters are a=98.5 Å, c
=35.2 Å. However, this simple model does not work. As can
be seen in Fig. 2 the calculated peak positions for �11�, �21�,
and �31� reflections �see black arrows� give rise to poor in-
dexing for the peaks 4, 6, and 8, respectively. In addition,
peaks 5 and 7 do not exist in this model. Therefore we have
to resort to a oblique cell.

Under the assumption of a 2D oblique lattice we will now
begin with the same indices assignment for peaks 1 �or 2�
and 3. Taking peak 4 as �11� we obtain the same values of a
and c as before, and an angle �=84.5° between the a and c
directions. Within this model peaks 5, 6, 7, and 8 become

�1̄1�, �21�, �2̄1�, and �31�, respectively. The agreement �see
dashed �green� arrows in Fig. 2� is very good. However,
there is a problem. Since we are close to an orthogonal lattice

�� is not so far from 90°�, reflections �hl� and �h̄l� should be
similar in intensity. This occurs by continuity reasons, since

both reflections are symmetry equivalent in the orthogonal
model, which is described by an orthorhombic layer group.
Then, it is difficult to explain why peaks �11� and �1̄1� �4 and

5� are so different. The same happens between �21� and �2̄1�
�peaks 6 and 7�, and between �31� �peak 8� and �3̄1�, which
is absent in the diagram. A third possibility consists in con-
sidering that peaks 3 and 4 correspond to �11� and �1̄1�,
together with �10� and �20� to peaks 1 and 2 as above. Now,

by construction, �11� and �1̄1� reflections have similar size. A
nearly orthogonal lattice �a=98.5 Å, c=37.1 Å, �=87.5°� is
obtained again but, apart from the absence of the �01� reflec-
tion �which could be included within the left side of the
double peak�, the different diffraction angles do not match
the experimental ones �dotted �red� arrows in Fig. 2�.

Finally we again assume that peaks 3 and 4 are �11� and

�1̄1�, but now assign the indices �20� and �40� to peaks 1 and
2. The agreement between observed and calculated peak po-
sitions is excellent �see again dashed �green� arrows in Fig.
2, whose positions exactly coincide with those of the second
hypothesis though the indices assignment is different�. The

indices for peaks 5, 6, 7, and 8 are now �31�, �3̄1�, �51�, and

�5̄1�, respectively. The cell parameters result a=197 Å, c
=35.2 Å, �=85.2°. In this model the intensities of reflections

�h1� and �h̄1� are well correlated. Remarkably, the �01� peak
is absent and, more in general, only �hl� reflections satisfying
h+ l=2n are observed. This fact is nothing but a systematic
extinction rule that implies we have a centered lattice. At
larger Bragg angles other reflections with l�1 have also
been found. These are compatible with the above cell param-
eters and selection rule �see Fig. 3�. Therefore we unambigu-
ously conclude we have a 2D oblique centered lattice �18�.

In Table I the experimental wave vectors q of the different
peaks are summarized together with their fitting errors �q
and Miller indices corresponding to each indexing scheme.
The cell parameters present a slight variation as a function of
temperature. This is especially the case with a �which
changes between 190 and 197 Å from 130 to 170 °C� and �

FIG. 2. �Color online� X-ray diffraction intensities as a function
of the wave vector q=4� /� sin �, where � is the x-ray wavelength.
Eight peaks are observed for Bragg angles ��2°. The different
types of arrows indicate the calculated peak positions according to
several indexing schemes. The best agreement is found for an ob-
lique 2D cell �dashed �green� arrows�. The resulting Miller indices

are 1:�20�, 2: �40�, 3: �11�, 4: �1̄1�, 5: �31�, 6: �3̄1�, 7: �51�, 8: �5̄1�.
Only reflections �hl� with h+ l even are observed.

FIG. 3. �Color online� Intensities of the �hl� reflections with l
=2 and 3. The arrows indicate the calculated positions of the peaks

�from left to right� �02�, �22�, �2̄2�, �42�, �4̄2�. Small �h2� satellites
�h�0� are only visible at low temperatures and using long exposure

times. In the inset reflections �13� and �1̄3� are also indicated. The
data correspond to 130 °C.
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�which decreases from 86.0° to 85.2° in the same tempera-
ture interval�.

Apart from the data deduced from the x-ray measure-
ments, we have complementary information on the structure
deduced from optical observations. First, optical textures un-
der the polarizing microscope reveal that the structure is an-
ticlinic because texture colors are dark, indicating low bire-
fringence, and the extinction directions are parallel to the
polarizers directions in the circular domains. In addition, we
have found that the material is second-harmonic generation
�SHG� active even in the absence of any electric field. This
last experiment was carried out with a Nd:YAG laser and the
sample was inside a Lindemann capillary. While no SHG is
detected in the isotropic phase, a surprisingly strong signal
appears on cooling at the transition into the mesophase. This
effect is quite reproducible on different runs. The SHG signal
decreases somewhat on further cooling, but remains non-null
in spite of the strong light scattering that the sample presents
in all the range of stability of the mesophase. Consequently
we conclude that the structure cannot have an inversion cen-
ter.

On the basis of the above experimental results a structural
model can now be proposed. Let us first consider the fact
that the lattice is 2D and centered. These characteristics al-
ready invalidate for our material the B7 model proposed by
Coleman et al. �13� because it is based on a noncentered
lattice. In fact, a better approach seems to be constituted by
some columnar models proposed for the B1 �instead of B7�
phase, where there is molecular interdigitation often leading
to centered lattices. Evidently, nontilted or synclinic models
�19,20� must be put aside, since we clearly have an anticlinic
structure. Moreover, any anticlinic variant of the two latter
structures implies very unfavorable molecular packing at the
edge of the columns and, therefore, must also be discarded
�21�.

We now consider the model proposed by Coleman et al.
for the B1 phase �Fig. 1H of Ref. �13��. The molecular orga-
nization is schematized in Fig. 4. The structure is anticlinic
and centered �for nonresonant x-ray scattering� �24�. In ad-
dition, the splay of the polarization that the structure exhibits
permits a much more effective molecular packing at the de-
fects. Unfortunately, the structure is centrosymmetric �layer

group p21/c11 �25�� and the inversion centers remain even if
the lattice is forced to be oblique. However, inspired by
Coleman’s model we present in Fig. 5 four different struc-
tures compatible with our experimental results. As can be
seen, all of them are anticlinic, oblique, and noncentrosym-
metric. On the other hand, although these structures are not
truly centered, they are indistinguishable from a centered one
for nonresonant x-ray measurements, especially in this ma-
terial in which the parameter a is very large �24�. The struc-
tures depicted in Figs. 5�a� and 5�b� are antiferroelectric and
homochiral while the ones in Figs. 5�c� and 5�d� are ferro-
electric and racemic. It is important to remark that there is no
experimental evidence to conclude that the studied phase has
ferroelectric or antiferroelectric ordering since the material is
not switchable.

From the position of the diffuse scattering maximum in
the wide-angle region ��=10° � and the a-value we deduced
that approximately 20 molecules conform each fragment in
Fig. 5. On the other hand, a molecular tilt angle of about 40°
was obtained from the experimental c-value and the calcu-
lated molecular length of the most stable conformation of the
central core and the most extended side chains.

It should be noted that among the four models, two of
them �Figs. 5�a� and 5�c�� represent a frustration of the smec-
tic layer formation of the well-known structures SmCAPA

TABLE I. Experimental wave vectors q of the eight peaks observed for Bragg angles below 2° and their
fitting errors �q �in units of 10−3 Å−1� for the four indexing models considered in the text. For each peak the
Miller indices are given in parenthesis. The experimental error in q is about 10−3 Å−1 in all cases.

q �Å−1� �expt� �q Model 1 �q Model 2 �q Model 3 �q Model 4

Peak No. 1 0.064 0 �10� 0 �10� 0 �10� 0 �20�
Peak No. 2 0.127 1 �20� 1 �20� 1 �20� 1 �40�
Peak No. 3 0.178 1 �01� 1 �01� 0 �11� 1 �11�
Peak No. 4 0.183 7 �11� 0 �11� 0 �1̄1� 0 �1̄1�
Peak No. 5 0.194 — 1 �1̄1� — 1 �31�

Peak No. 6 0.209 10 �21� 0 �21� 2 �21� 0 �3̄1�
Peak No. 7 0.229 — 0 �2̄1� 13 �2̄1� 0 �51�

Peak No. 8 0.249 13 �31� 0 �31� 1 �31� 0 �5̄1�

FIG. 4. �Color online� Structure proposed in Ref. �13� for the B1
phase. Polarization splay within the columns improves the molecu-
lar packing at the edges. The layer group of the structure is p21/c11
and the lattice is orthogonal. The symmetry elements �inversion
centers, glide planes, and screw axes� are indicated. For nonreso-
nant x-ray scattering all columns are equivalent �due to the liquid
disorder inside them� and, therefore, the lattice is orthogonal cen-
tered. In this case the symmetry is higher and the layer group be-
comes cmmm.
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and SmCAPF, which are very often found in bent-core me-
sogens. The origin of the layer fracture can be understood in
terms of defects of the polarization splay which would pro-
duce half-layer displacement in order to obtain more effec-
tive molecular packing.

A final point must be raised regarding the oblique charac-

ter of the structure. As can be seen in Fig. 5, packing require-
ments imply a molecular leaning at the edge of the columns.
The origin of this effect is due to a decrease of the tilt angle
at the defects of the polarization splay �13�. This fact, in its
turn, gives rise to a small molecular leaning to keep the layer
thickness constant everywhere. This molecular organization
then forces the structure to be slightly oblique as depicted in
Fig. 5. It should be noticed that the alternation of the dipole
moment components along the layer normal results in a null
polarization in this direction.

In summary, we have presented several possible structural
models for the compound where the name “B7 phase” was
originally coined. None of these structures corresponds to
what currently is understood by a B7 phase. Surprisingly, the
deduced structures are closer to some columnar models pro-
posed for the B1 phase. The lack of smectic planes explains
why free-standing films are not stable in this material �4� �in
contrast, e.g., to MHOBOW �13�� and, however, the forma-
tion of freely suspended filaments is favored. Probably other
B7-like materials cannot be classified as B7 either. More
structural work is necessary to find out if other compounds
with B7 optical textures also have structures similar to a B1
phase. In any case, it seems evident that the present classifi-
cation scheme for bent-core mesogens is confusing and must
be revised.
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