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The eŒects of an external magnetic � eld with intensity 9.4 T on the cholesteric phase in ethyl-
cyanoethyl cellulose [(E-CE)C]/dichloroacetic acid liquid crystalline solutions were investi-
gated for diŒerent concentrations. It was found that the diamagnetic anisotropy of (E-CE)C
is negative and the eŒect of the magnetic � eld on the orientation of the cholesteric phase is
in� uenced by the concentration of the solution, because the liquid crystalline properties of
the solutions vary with the concentration.

1. Introduction of the (E-CE)C/DCA cholesteric solution has been
exposed to the magnetic � eld, the direction of theThe polymer cholesteric liquid crystalline phase can be

changed through the eŒects of a magnetic � eld, because cholestric helix axes are aligned parallel to the direction
of the magnetic � eld. However, the cholesteric ordermost liquid crystalline molecules or polymer moieties

have a diamagnetic anisotropy (xa ). In the presence of a of (E-CE)C/AA liquid crystalline solutions is almost
unchanged when they are treated in the same magneticmagnetic � eld, the direction of liquid crystalline molecules

can be aligned parallel to the magnetic � eld direction if � eld, because the pitch of the (E-CE)C/AA cholesteric
phase is much smaller than that of the (E-CE)C/DCAthe diamagnetic anisotropy is positive. The pitch may

increase with increasing strength of the magnetic � eld solutions. The (E-CE)C/DCA cholesteric liquid crystal-
line solutions can exhibit a disk-like texture, � nger-and the cholesteric phase can transform to a nematic

phase at the critical intensity of the � eld [1, 2]. If xa < 0, print texture and oily streak texture in sequence with
increasing concentration [8], and the pitch variesmolecules may be aligned perpendicular to the applied

magnetic � eld. The cholesteric helix axes in this case will inversely with the concentration. In this work, the eŒects
of a magnetic � eld on the (E-CE)C/DCA cholestericadjust to parallelism with the � eld, but the cholesteric

structure will not be destroyed. Cholesteric solutions of structure for diŒerent concentrations were studied; the
concentration (or pitch) dependence of the magnetic � eldDNA [3, 4] and suspensions of cellulose micro-crystals

[5] have been found to have negative diamagnetic eŒect on the ethyl-cyanoe thyl cellulose cholesteric structure
is discussed.anisotropy.

Ethyl-cyanoethyl cellulose [(E-CE)C] is a cellulose
derivative with two diŒerent ether groups, ethyl and

2. Experimental
cyanoethyl, and can form cholesteric liquid crystalline

2.1. Materials
solutions in many organic solvents, such as dichloro-

The (E-CE)C was prepared by reaction of ethyl cellulose
acetic acid (DCA) [6] and acrylic acid (AA) [7].

(from Luzhou Chemical Plant, China) and acrylonitrile
(E-CE)C cholesteric liquid crystalline solutions exhibit

[6]. The degree of substitution with ethyl was about 2.1a multi-textural behaviour with variation of the concen-
and with cyanoethyl was about 0.33, determined by antration [7, 8]. An earlier study has shown that the eŒect
elemental analysis (CHN-O-RAPID, Heraeus, Germany) .

of an external magnetic � eld on the cholesteric phases
The molecular mass of (E-CE)C, Mn , measured by gel

of (E-CE)C/DCA is much diŒerent from that for
permeation chromatography (GPC) (Waters-ALC-244-

(E-CE)C/AA solutions [9]. After the � ngerprint texture
GPC) and calibrated by standard polystyrene, was
7 Ö 104. The molecular structure of (E-CE)C is shown
in � gure 1. The DCA was a chemically pure reagent.*Author for correspondence; e-mail: yhuang@cashq.ac.cn
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1674 L. Wang and Y. Huang

cholesteric phase before treatment in the magnetic � eld
is about 4.5 mm. The striations, however, form a zig-zag
pattern and the helices are aligned almost parallel to
the direction of the magnetic � eld after the solutions
are treated in the magnetic � eld, see � gures 3 (b) and
3 (c). This indicates that the direction of the molecular
orientation is almost normal to the direction of the � eld
and that the diamagnetic anisotropy (x

a
) of (E-CE)C isFigure 1. Molecular formula of (E-CE)C.

negative. As we know, the diamagnetic anisotropy of
molecules is related to their molecular structure, and the
negative x

a
of (E-CE)C is attributed to the conformation2.2. (E-CE)C/DCA solutions and magnetic � eld

of its b-d-glucose backbone and the side cyanoethylprocessing
groups [9].The (E-CE)C was dissolved in DCA at room temper-

ature and the solutions were sealed in a test tube. The
solutions were laid aside at room temperature for over 3.2. EVect of the magnetic � eld on the oily streak
20 days, after which they were heated at 50 ß C for about texture
10 h. A � lm of the solution was then sandwiched between The pitch of the (E-CE)C/DCA cholesteric phase
a microscope slide and a cover glass and sealed with can decrease with increasing concentration. When the
solid wax. The area of a cell was about 15 Ö 8 mm2, and concentration is about 40 wt%, there is a uniform
the � lm thickness was about 10 mm. The specimen was cholesteric phase in the (E-CE)C/DCA solutions and the
placed in a magnetic � eld of intensity 9.4 T for about mesophase generally shows the planar texture and oily
60 h, after which it was stored at room temperature streak texture, see � gures 4 (a) and 4 (b). In the meso-
for 3 days. The variation of the mesophase texture phase, the helical axes are mostly aligned perpendicular
was observed by polarizing optical microscopy (POM) to the slide surface for the planar texture, but are aligned
(ORTHOPLAN-POL, Leitz, Germany) . The directions parallel or oblique to the slide surface in the oily
of the magnetic � eld and of observation are shown streak texture. No periodic birefringent striations can be
in � gure 2. observed by POM in the mesophase, because the pitch

is very small (P < 1 mm). From � gures 4 (c) and 4 (d ),
3. Results and discussion it can be seen that the mesophase texture is nearly

3.1. EVect of the magnetic � eld on the � ngerprint unchanged after the solution is exposed to the magnetic
texture � eld. If the magnetic � eld can aŒect the planar texture

When the concentration is 29 wt %, there are and the oily streak texture, in the case of xa < 0, the
both anisotropic and isotropic phases present in the helical axes will be realigned from perpendicular to the
(E-CE)C/DCA cholesteric solutions and the mesophase magnetic � eld to parallel to it, and the mesophase will
generally shows the � ngerprint texture. Some parallel, be changed to the � ngerprint texture. The results indicate
equidistance alternating dark and bright striations are that a magnetic � eld of intensity 9.4 T cannot in� uence
observed in the mesophase and the width of the striations the cholesteric structure of the planar and the oily streak
is equal to a half pitch. The direction of the helical axes textures. The variation of the pitch with the critical
is aligned perpendicular to the striations and parallel to intensity of the magnetic � eld, in which the cholesteric
the slide surface. Moreover, the direction of the helical order is changed, can be described by the equation
axes in diŒerent domains of the � ngerprint texture derived from the de Gennes [1, 10]:
is diŒerent, see � gure 3 (a). The helical pitch of the

HC 5 (p2 /2) (k22 /x
a
)1/2 (1/P0 ) (1)

where HC is the critical intensity of the magnetic � eld,
P0 is the pitch in the absence of the magnetic � eld and
k22 is the twist elastic constant.

According to equation (1), the value of HC depends
on k22 /x

a
and P0 . HC is proportional to 1/P0 and the

parameter k22 /x
a

for the oily streak texture is equal to
that of the � ngerprint texture in the (E-CE)C/DCA
liquid crystalline solutions. P0 for the � ngerprint texture
is 4.5 mm, which is about four times larger than that ofFigure 2. Scheme showing the magnetic � eld eŒect on the

(E-CE)C/DCA specimen. the oily streak texture. Therefore, the HC of the oily
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1675Magnetic � eld eVects on (E-CE)C/DCA

Figure 3. EŒect of the magnetic � eld on the � ngerprint texture: (a) no applied magnetic � eld; (b) and (c) after applying the magnetic
� eld. The magnetic � eld direction was perpendicular to the average orientation of the striations; the direction of the
magnetic � eld is in the plane of the page and from up to down.

streak texture must be four times larger than that of the 3.3. EVect of the magnetic � eld on the disk-like texture
At a low concentration, 26 wt%, the cholesteric phase� ngerprint texture if the in� uence of the magnetic � eld

on the planar texture and the oily streak texture is the is dispersed in the isotropic phase and the mesophase
generally shows a disk-like texture for the (E-CE)C/DCAsame as that on the � ngerprint texture. In a magnetic

� eld with the same intensity, the eŒect on the � ngerprint liquid crystalline solutions. Due to the surface tension
of the interface between mesophase and isotropic phase,texture will be larger than on the planar and the oily

streak textures. This result is diŒerent from that for the the cholesteric phase generally forms ‘round’ shapes to
minimize the surface and the free energy. The disk-likemagnetic � eld eŒect on cholesteric liquid crystalline

DNA systems [4]. The diamagnetic anisotropy of the texture has also been observed in many macromolecular
cholesteric phases [11–13], for such as DNA frag-DNA molecules is negative and the helical axes in

the planar texture were aligned from perpendicular to ments [12] and polypeptides [13]. The diameter of a
‘disk’ generally ranges between 20 and 30 mm and someparallel to the direction of the magnetic � eld, and the

pitch was about 2.2 mm. We believe the orientation is periodic concentric extinction rings are observed in the
(E-CE)C/DCA disk-like texture, see � gure 5 (a). Whencaused by the fact that the pitch of the cholesteric DNA

helix is bigger than that of (E-CE)C/DCA. The decrease the concentration is increased, the ‘disks’ will aggregate
and merge into bigger disks of the � ngerprint textureof the pitch in the cholesteric phase re� ects the increase

in the twisting power. The pitch is also decreased with [14]. The distance between neighbouring concentric
rings in the disk-like texture is equal to a half pitch,increasing concentration. It is suggested, then, that the

twisting power increases with increasing concentration, which is about 4–6 mm and approaches that of the
� ngerprint texture. The helices are aligned along theand the eŒect of the magnetic � eld on the cholesteric

phase is restrained at a high concentration because of radial directions of the ‘disk’ and parallel to the slide
surface. Figure 5 shows that the eŒect of the � eld on thethe competition between the cholesteric twisting power

and the orientation power induced by the magnetic � eld. ‘disk’ seems to be dependent on its diameter. When
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1676 L. Wang and Y. Huang

Figure 4. EŒect of the magnetic � eld on the oily streak texture: (a) and (b) no applied magnetic � eld; (c) and (d) after applying
the magnetic � eld, the morphology of the texture remained. Pictures (b) and (d) are for the same area; the direction of the
magnetic � eld is in the plane of the picture and from up to down.

the diameter is about 28 mm, the shape and morphology of the cholesteric phase in the � ngerprint texture is
diŒerent from that in the other. It seems that there is aare nearly unchanged and the concentric rings still

display the round shape after the solution is exposed to high surface tension in the disk-like texture and that
there is a competition between the eŒect of surfacethe magnetic � eld, see � gure 5 (a). It is interesting that

when the diameter increases to 42 mm, the shape of the tension and the magnetic � eld when the solution is
exposed to the � eld. The surface tension of the meso-‘disk’ is changed to an oval form and the helical axes

tend to be aligned parallel to the direction of the phase with the disk-like texture increases with decreasing
diameter of the ‘disk’. Therefore, the eŒect of a magneticmagnetic � eld, see � gure 5 (b). Candau and co-workers

[11] have reported that the critical intensity of the � eld may be restrained by the eŒect of the surface tension
when the diameter of the ‘disk’ is small, see � gure 5 (a).magnetic � eld varies inversely with the diameter of the

spherulites. A magnetic � eld of intensity 12 T has been When the diameter is increased su� ciently, the eŒect of
the magnetic � eld will be larger than the eŒect of theused to eŒect orientation of the cholesteric phase in a

spherulitic texture with diameter 122 mm. It is clear that surface tension and the helical axes tend to be aligned
parallel to the magnetic � eld, see � gure 5 (b).the eŒect of the magnetic � eld on a disk-like texture

with large diameter is large, but small on one with small An example showing the contrasting magnetic � eld
eŒects on the � ngerprint texture and the spherulitediameter. The same phenomenon has been found for the

eŒect of the magnetic � eld on PBLG cholesteric solutions texture is shown in � gure 6. The striations in the � nger-
print texture are aligned perpendicular to the magnetic[13], for which the diameter of the ‘spherulites’ lies in

the range 600–1000 mm and the pitch is 42.6 mm. � eld, but the ‘disk’ retains its original morphology after
the solution is exposed to the magnetic � eld.These results indicate that the eŒect of a magnetic

� eld on a cholesteric phase with a � ngerprint texture is It is suggested that the condensed state structure of
cholesteric liquid crystals depends on the elastic forcesgreater than on that with a disk-like texture. The pitch

of a mesophase with the � ngerprint texture and a disk- and the twisting power, the external � eld eŒects and the
surface tension of the cholesteric phase. The eŒect oflike texture is almost the same, but the surface tension
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1677Magnetic � eld eVects on (E-CE)C/DCA

in the cholesteric phase around the isotropic phase is
in� uenced by the surface tension of the interface between
the mesophase and the isotropic phase, and the zig-zag
pattern is formed. The cholesteric order will be in� uenced
by the twisting power and the surface tension of the
cholesteric phase is eŒective in the small diameter disk-
like texture. The liquid crystalline molecules may orient
along the direction of the external � eld, electric or
magnetic, but the external � eld eŒect on the cholesteric
order may be restrained by the surface tension of the
cholesteric phase [11, 13].

4. Conclusion
The eŒect of a magnetic � eld on the (E-CE)C/DCA

cholesteric phase is in� uenced by the concentration. The
striations of the � ngerprint texture are oriented in a
magnetic � eld of intensity 9.4 T and the helical axes
tend to be aligned parallel to the direction of the applied
� eld, indicating that the diamagnetic anisotropy of
(E-CE)C is negative. However, the magnetic � eld eŒect
on the cholesteric structure is in� uenced by the con-
centration of the solution and the surface tension of
the cholesteric phase. The twisting power increases with
increasing concentration, and the eŒect of the magnetic
� eld on the cholesteric phase is restrained by the twisting
power at high concentration and by the surface tension

Figure 5. EŒect of the magnetic � eld on the (E-CE)C/DCA
of the cholesteric phase at low concentration.spherulite texture: (a) unchanged spherulite, diameter

# 28 mm; (b) changed spherulite, diameter # 42 mm. The
Financial support by the National Natural Sciencedirection of the magnetic � eld is in the plane of the picture

and from up to down. Foundation of China and National Basic Research
Project—Macromolecular Condensed State is greatly
appreciated.
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