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Visual observation of dispirations in liquid crystals
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In this work, wedge-screw and twist-edge dispirations in liquid crystals were visually observed. In

smectic phases, such as the antiferroelectric SmC& and the dimeric SmC2, where the molecules or the

mesogenic groups in the adjacent smectic layers tilt in opposite senses, we found the schlieren texture

with the strength of m =k —which should not be seen in the normal SmC phase. The observation indi-

cates the existence of a wedge-screw dispiration; i.e., a n-wedge disclination (m =
—, ) accompanied by a

screw dislocation that is characterized by the Burgers vector b whose magnitude is equal to the layer

thickness d. A threadlike defect line with k~-wedge disclinations at the ends observed in freely suspend-

ed films manifests a twist-edge dispiration; i.e., a linked structure of a n-twist disclination and a ~b~ =d
edge dislocation.

INTRODUCTION

Various defects may be observed in liquid crystals.
Disclinations, such as a schlieren texture' and a thread
line, are commonly observable in nematic cells. Because
of a liquidlike disorder in the center of gravity of the mol-

ecules, a dislocation does not appear in the nematic
phase. Since the smectic-A (SmA) phase may be con-
sidered as a one-dimensional solid, we can make a dislo-

cation topologically, whose energy is proportional to the
square of the Burgers vector. In the SmC phase, a dis-

clination is commonly observed in addition to the dislo-

cation because of the existence of the C' director, i.e., the

projection of molecules onto the smectic plane.
In chiral tilted smectic phases, such as the SmC*

phase, the creation of dislocations should be accom-
panied by the appearance of disclinations because of the
existence of a helical structure. The Frank vector of the
disclination is qb, where q is the wave number of the
helix and the Burgers vector b has a magnitude equal to
the layer thickness d. Such a linear defect accompanying
a dislocation and a disclination is called a dispiration. '

Using the theoretical expression of the elastic energy of a
screw dislocation in the SmC phase, Lejcek ' considered
the energy of the basic property of the dispiration in the
SmC* phase. However, to date the dispiration has not
actually been observed in the SmC phase, since the
Frank vector qb is too small for the disclination to be
seen. Though the dispiration itself was considered topo-
logically by Harris in 1970, it has scarcely been reported
even in normal crystals and polymers.

In this paper, we report direct observation of various
textures in the SmC„(Ref. 10) and the SmC2 (Ref. 11)
phases and the visual confirmation of the dispirations in

these phases; from the structural point of view, the obser-
vation of the schlieren texture of the strength I =+—,

'

(+sr disclination) in these phases indicates the existence
of accompanying screw dislocations, namely, a wedge-

screw dispiration. The existence of a twist-edge dispira-

EXPERIMENTAL PROCEDURE

Samples used were racemate of TFMHPDOPB (Refs.
12 and 13) and BB-9 (Ref. 14), whose chemical structures
and phase (and transition-temperature) sequences are as
follows:

TFMHPDOPB: C12H250
N

COO g y COOCH(CFg)C6H)3

so. l]0'C Smp 96.8'C SmC69. 5'C SmC& 43'C Cryst.

H9G40 y / y 1' COO GH2 OCO y / y / OC4Hg
9

Iso. 125'C SmC~ 80 C Cryst.

e
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O

E
M

(a) SIC2 phase (b) SmCA phase

FIG. 1. Schematic illustration of (a) the molecular structure
of 88-9 and (b) molecular arrangement in SmCA.

tion is also confirmed, based on the texture of the freely
suspended films. %'e note that these are direct Uisual ob-
servations of dispirations in liquid crystals.
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FIG. 2. Structures of sample cells, (a) sandwich cell and (b)
freely suspended film cell.
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The reason for choosing these two materials is as follows.
Since the racemate of TFMHPDOPB undergoes the
first-order Sm A-SmC phase transition, ' the resultant
large tilt angle in SmC and SmC& makes the observation
of the defects of the C director much easier because of the
large optical birefringence in these tilted phases. As for
BB-9, an x-ray-diffraction measurement verifies the zig-
zag (anticlinic) structure, where two mesogenic groups

X

FIG. 4. Structure of a screw-wedge dispiration. The arrow
indicates the C director, the projection of the director onto the
smectic plane. The screw dislocation line and the wedge dis-
clination line are along the layer normal (z axis) with the
Burgers vector b=(0,0,d) and the Frank vectors co=(0,0, +~),
respectively.

tilt in opposite senses [Fig. 1(a)]," in a similar fashion to
that in SmC„[Fig. 1(b)].'

We prepared two types of sample cells. One was a
sandwich cell [Fig. 2 (a)]. A thin sample liquid crystal
was sandwiched between a micro-slide-glass plate and a
micro-cover-glass without spacer. BB-9 sample was
sheared off slightly in order to be aligned homeotropical-
ly. The other was a freely suspended film" [Fig. 2 (b)].
We used a 0.3-mm-thick copper plate with a hole of 3-
mm diameter, heated the sample at the edge of the hole
into the SmA or SmC2 phases, and pulled it across the
hole with a spatula as a spreader. In both the sample
cells, liquid crystals were aligned homeotropically, so
that the smectic layer was parallel to the plates. The tex-
ture observation was made under a polarizing micro-
scope (Nikon OPTIPHOT-POL) using objective
(4X,20X,40X ). The temperature of the cells was con-
trolled by a Mettler FP82. The sign of defects was deter-
mined by the rotation sense of dark brush lines of the

",, ,
Itjl1I:

FIG. 3. Optical
sandwich cell taken
terclock wise. Note
dark brushes.
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micrograph
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FIG. 5. C-director orientation corresponding to Fig. 3.
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there exist points from which two dark brushes come out.
These points are +m-wedge disclinations similar to those
seen in nematic cells. For the existence of the +~ dis-
clinations, the discontinuous defect planes due to the
discrepancy between the tilting senses should have
somehow been removed. The removal is easily attained
in the SmC2 phase, where two mesogenic groups of one
molecule tilt in opposite senses from the layer normal in
the adjacent smectic layers, as shown in Fig. 1(a). In
such a layer structure, the discontinuous plane perpen-
dicular to the layer can be removed by creating a screw
dislocation along the disclination line. The dislocation

(a)

FIG. 6. Optical micrographs ( X200) of BB-9 in the SmC2
phase in a sandwich cell. (a) Six brushes showing a 3~ disclina-
tion. (b) Six brushes appear to consist of groups of four and two
lines when the crossed polarizers are rotated by 30'.

schlieren texture when we rotated a polarizer and an
analyzer, keeping the crossed polarizers.
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RESULTS AND DISCUSSION

It is well known, in tilted smectic phases such as SmC,
that the schlieren textures of the same kind as in the
nematic (N) phase are observable in homeotropically
aligned cells due to the distribution of the C director.
However, there exists an essential difference between
these in the N and SmC phases; the strength of the de-
fects is generally restricted to m =+1, and +~ disclina-
tions (m =+—,

'
) cannot exist in the SmC phase, since they

cause the nucleation of discontinuous defect planes due
to the discrepancy between the tilting senses in SmC,
while not only +2~ but also +m disclinations exist in the
N phase.

Figure 3 shows the schlieren texture of BB-9 in the

SmC2 phase in a sandwich cell taken as crossed polariz-

ers rotated counterclockwise. When observed carefully,
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FIG. 7. C-director orientation corresponding to Fig. 6.

FIR. 8. Optical micrographs ( X 200) of the racemic
TFMHPDOPB in the SmC and SmC~ phases in a sandwich

cell. (a) In the SmC phase, only four brushes which show +2m.

disclinations are observed. (b) In the SmC& phase, a loop show-

ing inversion wall is observed. It may shrink or expand with ro-

tation of the crossed polarizers. (c) In another SmC~-phase re-

gion, two brushes which show +~ disclinations are observed.
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line along the smectic layer normal z is characterized by
the Burgers vector b = (0,0,d), where d is the layer thick-
ness. Thus +~ disclinations can exist as well as +2m dis-

clinations in the SmCz phase. The structure of the +sr
disclination in the SmCz phase is illustrated in Fig. 4,
where the C' directors are shown by arrows to distinguish
the tilt sense. This is exactly the wedge-screw dispira-
tion, i.e., a linked structure of a screw dislocation of the
Burgers vector 1 =(0,0,d) and one of +tr-wedge disclina-
tions of the Frank vector co=(0,0, +n). The observation
of the schlieren textures with two brushes proves the ex-
istence of the wedge-screw dispiration.

Considering the rotational senses of the brushes when

the polarizer and the analyzer are rotated with their rela-

tive (crossed) orientation kept fixed, the C' director in this

photograph (Fig. 3) is drawn, as illustrated in Fig. 5; de-

fects with the opposite signs are connected alternately.

In the SmC2 phase, the schlieren texture with six

brushes is also observed, as shown in Fig. 6(a). This indi-

cates the existence of a 3ndisclin. ation (I=—', ) as illus-

trated in Fig. 7, which is regarded as a kind of combined
structure of m. and 2~ disclinations. By carefully observ-

ing the rotational sense of the brushes and the point from
which six brushes come out as the polarizers are rotated,
we notice that the sign of the defect is positive and that
the point occasionally separates into two, from which
four and two lines may exit, as shown in Fig. 6(b). There-
fore, the +2~-wedge disclination and the wedge-screw
dispiration (+n-wedge disclination and ~b~=d screw
dislocation) seem to separate but remain close to each
other, as shown in Fig. 7(b). The reason of the preferen-
tial attractive force between these two defects of the same
sign is not known as yet.

Figure 8(a) shows the texture of racemic
TFMHPDOPB in the SmC phase in a homeotropically
aligned sandwich cell. For the reason stated above, only
the +2m. disclinations appear in the large area of about 50
mm and no +~ disclination is observed. When the tem-

perature was decreased so that a transition to the SmC„
phase occurred, the texture changed violently. Note the

appearance of two kinds of defects: One is a loop, as

shown in Fig. 8(b}; and the other is a point with two
brushes, as shown by the arrows in Fig. 8(c}. The former
is an inversion wall, whose C-director orientation is illus-

trated in Fig. 9, and the latter is the same as the one ob-
served in the SmC2 phase. Thus we found the wedge-

screw dispiration also in the SmC„phase. Conversely, it
is important to notice that the observation of the
schlieren texture of m =+—,

' as in Figs. 3 and 8(c) pro-
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FICi. 9. C-director orientation corresponding to Fig. 8(b).

FIG. 10. Series of optical micrographs (X65) of racemic
TFMHPDOPB in the SmC~ phase in a freely suspended film,
which were taken as rotating the crossed polarizers counter-
clockwise by 20' increments. Threadlike line defects with
brushes at their ends are observed, showing wedge-screw
dispirations and twist-edge dispirations (see text).
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m=+2

) )t t(
)t

m=-2

FIG. 14. (a) Optical micrograph ( X 65) of racemic TFMHPDOPB in the SmC& phase in a freely suspended film. An eight-brush
defect showing a 4m. disclination is seen. The C-director orientations corresponding to (b) +4m. disclination and (c) 4rr dis—clination.

orientation of the inversion wall, the same as Fig. 8(b), is
illustrated in Fig. 13(b). An eight-brush-line defect indi-

cating the presence of a +4m or —4m disclination is also
observed, as shown in Fig. 14(a). The C'-director field of
+4ndiscl. inations is shown in Figs. 14(b) and 14(c), re-

spectively, which have a combined structure of two +2m
or —2m. disclinations. Whether or not the occurrence of
the defect with such high strength is correlated with the
SmC& phase is under investigation.

is based on the observation of the schlieren texture of
m =+—,', which should not exist in the normal SmC
phase. The anticlinic director orientation from layer to
layer with a screw dislocation compensates the discrepan-
cy in the C'-director senses in +tr disclinations. The
~b~=d edge dislocation identified in freely suspended
films necessarily implies the existence of the +sr-twist dis-
clination, indicating the presence of a twist-edge dispira-
tion.

SUMMARY

By observing schlieren textures in homeotropic cells
and freely suspended films of SmC~ and SmC2, wedge-
screw and twist-edge dispirations were visually recog-
nized. The confirmation of the wedge-screw dispiration
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