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Bent-core mesogens with biphenyl moieties: observation of a B7 to
B4 phase transition
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India

(Received 2 January 2001; in � nal form 19 February 2001; accepted 7 March 2001 )

Four new bent-core mesogens containing biphenyl moieties are reported. All these, except the
� rst homologue, exhibit B7 and B4 banana phases, both of which are known to have a helical
structure. The B7 to B4 phase transition is very rare, this being perhaps only the second
report of the observation of such a phase sequence. The � rst homologue exhibits only
one mesophase X1 with textural features reminiscent of the B1 phase. All the compounds
synthesized are characterized by spectral data. The mesophases exhibited by these compounds
are characterized by polarizing optical microscopy, diŒerential scanning calorimetry and
X-ray studies.

The discovery of achiral bent molecules exhibiting phases’, the electro-optical behaviour is of particular
interest as this gives some hints about their structure.electro-optically switchable mesophases [1] has stimu-

lated much synthetic work and many physical studies in Up to the present, electro-optical switching has been
observed only in the B2 , B5 and B7 mesophases.this new � eld. Various structural variants of the parent

compounds, 1,3-phenylene-bis (4-phenyliminomethyl ) Among the seven banana phases only B4 and B7 are
found to have a helical structure. The existence of helical4-n-alkoxybenzoates , have been reported [2–8]. As the

structures of the diŒerent phases exhibited by these bent ordering in phases formed by banana-shaped molecules
is believed to be a consequence of their chiral layeror banana-shaped compounds are not completely under-

stood, a tentative classi� cation scheme has been pro- structure [2, 4]. The B4 phase which has also been
referred to as the SmBlue phase, exhibits a characteristicposed in which the phases are labelled with the code

letters B1 , B2 … B7 according to the sequence of their blue colour and is supposed to be a TGB-like phase
discovery [3]. Of these, the B3 and B4 phases are solid-
like. Among the physical properties of these ‘banana

Figure 1. (a) Molecular structure of the bent-core compounds Figure 2. DSC thermograms for the compound with n 5 12.
synthesized; (b) a similar compound reported in the literature. Scans (a) and (b) represent the traces obtained in the

heating and cooling cycles, respectively and show three
peaks corresponding to the Cr–B4 , B4–B7 and B7–I*Author for correspondence; e-mail: uclcr@giasbg01.vsnl.net.in

or clcr@vsnl.com transitions.
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1116 Preliminary communication

with a blue colour and three-dimensional order [2]. gations have already been reported by us previously
[9–13]. From the view point of chemical structure, bent-The ‘spiral-domain’ or ‘helical-ribbon’ like texture is a

characteristic feature of the B7 mesophase [4–6]. core mesogens consisting of a biphenyl moiety have been
less studied in the literature. Therefore, as a continuationTo elucidate the relationships between the chemical

constitution and the phases exhibited by such banana- of our work on bent-core mesogens, we have synthesized
some new compounds containing biphenyl moieties, seeshaped compounds, we have synthesized and studied

several compounds. Some of the results of these investi- � gure 1 (a). All four homologues synthesized are found

(a)

(b)

Figure 3. Optical microscopic texture showing (a) the mosaic pattern for the X1 phase of the compound with n 5 10 (at 250 ß C
textural features are reminiscent of the B1 phase); (b) the pattern obtained on shearing the texture shown in (a).
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1117Preliminary communication

to be liquid crystalline; except for the � rst homologue, The synthesis of the bent-core compounds of � gure 1 (a),
was achieved by known synthetic routes [8]. The spectralthey all exhibit B7 and B4 phases. In the literature we

� nd only one other example [14] of a B7 to B4 phase data of all the intermediates and the � nal compounds
were satisfactory. The transition temperatures weretransition. We have also made a comparison of the

mesomorphic properties of the compounds shown in determined using a Mettler FP 82 HT hot stage and
central processor in conjunction with a Leitz DMRXP� gure 1 (a) with the similar known compounds shown in

� gure 1 (b) [8]. polarizing microscope. The enthalpies of transitions were

(a)

(b)

Figure 4. Photographs showing (a) the spiral domains along with some unspeci� ed texture of the B7 mesophase (at 236 ß C);
(b) the texture seen in the SmBlue or B4 phase (at 170 ß C) exhibited by the compound with n 5 16.
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1118 Preliminary communication

determined from the thermograms recorded by diŒer- the table. All four homologues form enantiotropic liquid
crystalline phases. The � rst homologue with n 5 10 showsential scanning calorimetry (DSC 7 Perkin-Elmer).

The heating and cooling rate was 10 ß C min Õ 1. X-ray only one mesophase X1 (textural features reminiscent of
B1 phase), whereas the compounds with n 5 12, 16 andmeasurements were carried out using a MAC Science

image plate set-up (MAC Science DIP1030). 18 exhibit two phases, viz. B4 and B7 . All the phases
exhibited by these compounds exist over large temper-The transition temperatures and the enthalpies of

transition for the compounds of � gure 1 (a), are given in ature ranges. The DSC thermogram for the compound

(a)

(b)

Figure 5. Photographs showing (a) the circular domains of the B7 mesophase of the compound with n 5 12 (at 225 ß C);
(b) the texture of the B4 mesophase obtained (at 180 ß C) on cooling the texture shown in (a).

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1119Preliminary communication

Table. Transition temperatures ( ß C) and enthalpies of
transitions (kJ mol Õ 1 ) in italics, for the compounds of
� gure 1 (a).

n Cr B4 B7 X1 I

10 E 198.5 — — E 268.0 E

31.6 33.5
12 E 130.0 E 196.5 E 262.5 — E

15.1 41.8 27.2
16 E 142.5 E 192.5 E 251.5 — E

14.9 46.3 30.2
18 E 152.0 E 190.0 E 245.5 — E

13.9 44.8 31.8

with n 5 12 is shown in � gure 2. We see three peaks in
the heating cycle (a). The � rst broad peak at 130 ß C
corresponds to the melting of the solid to the B4 phase.
The second peak (at 196.5 ß C) and the third (at 262.5 ß C)
correspond to the B4–B7 and B7–I transitions, respect-
ively. In the cooling cyle (b), we also see three peaks,
corresponding to the I–B7 , B7–B4 and B4–Cr transitions.

Now, let us discuss the microscopic observations made
on these compounds. On cooling from the isotropic
liquid the compound with n 5 10 exhibits a mesophase
X1 with a mosaic pattern, the texture of which is
reminiscent of the B1 phase, see � gure 3 (a). The com-

(a)

(b)

pounds with n 5 12, 16 and 18, exhibit two diŒerent Figure 6. (a) X-ray diŒraction pattern in the B7 mesophase
phases. On cooling from the isotropic liquid, the com- (at 220 ß C) of the compound with n 5 12. (b) x-averaged

one-dimensional intensity vs. 2h pro� le derived from (a).pound with n 5 16 forms spiral domains along with
The three sharp peaks at low angles con� rm a two-some unspeci� ed texture, a characteristic feature of the
dimensional structure. The diŒuse peak at higher anglesB7 mesophase [4–6], see � gure 4 (a). On further cooling,
is due to liquid-like packing of molecules within the layers.

there is a transition to a phase with intense blue domains,
the texture of which is shown in � gure 4 (b) and resembles
those reported for the SmBlue or B4 phase [2]. This vations of circular domains and/or spiral domains

(depending on the sample thickness) , we believe that thephase is supposed to have a twist grain boundary
structure, but possess a solid-like three-dimensiona l order. high temperature mesophase is a B7 phase [4]. Figure 7

shows the X-ray diŒraction pattern obtained at 180 ß CDepending on the sample thickness, we were able to
see other textural variants of the B7 [4] and B4 phases for the low temperature phase of the same sample. The

presence of multiple peaks, points to a more orderedfor the compounds with n 5 12, 16 and 18, see � gure 5.
The magnitude of the enthalpy change across the B7–I structure and in conjunction with its optical texture,

which is blue in colour, we call this phase B4 [3].transition for the diŒerent homologues is also comparable
with reported values [4]. Bedel et al. have reported [8] a series of similar

bent-shaped compounds, but with phenyl moieties, seeThe X-ray powder diŒraction pattern, along with a
one-dimensional cut for the compound with n 5 12 � gure 1 (b). They observed B1 and B2 banana phases.

When the phenyl on both ends of the molecule is(obtained at 220 ß C), is shown in � gure 6. The diŒuse
re� ection seen at wide angle (2h~ 20 ß ), corresponds to replaced with biphenyl rings, we observe completely

diŒerent mesomorphic properties. In the case of � gure 1 (b)liquid-like ordering within the layer. In the low angle
region three sharp re� ections are seen. As we were compounds, those with n > 10, exhibit only one type of

mesophase, viz. B2 . However, in the present case of 1 (a)unable to obtain a monodomain sample, these re� ections
have not been indexed. The presence of three sharp compounds, that with n 5 10 shows only one mesophase

X1 (with textural features reminiscent of B1 ), whereasre� ections at low angles rules out a simple layered
structure for this mesophase and may indicate a two- those with n > 12 exhibit two types of banana phase,

viz. B4 and B7 . The transition temperatures are of coursedimensional structure. From the combination of these
X-ray results and the optical microscopic textural obser- found to be higher in the case of the compounds 1 (a)
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1120 Preliminary communication

with n 5 12, 16 and 18 exhibit the phase sequence
Cr–B4–B7–I which is very rare. The signi� cance of this
phase sequence lies in the fact that both phases B4 and
B7 have a helical structure.

The author is indebted to Prof. S. Chandrasekhar
for his sustaining encouragement and many valuable
suggestions. The X-ray results obtained by Drs
D. S. Shankar Rao and S. Krishna Prasad on one of the
homologues are gratefully acknowledged.
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