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Induced cholesteric solutions of highly soluble bis-salicylaldiminate Cu(II) metallomesogens
and their rheological behaviour
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Copper(II) complexes containing chiral centres and functionalised with citronellyl end groups were synthesised.
Isomerisation of citronellyl double bond was exploited to decrease the melting temperature of the complexes and
improve their solubility in organic media. The chiral metallomesogens were successfully used to produce induced
cholesteric solutions in commercial nematic liquid crystals also in high concentrations. Transparent and coloured
thin films were easily obtained showing good reflective properties across the visible spectrum. The rheological
behaviour of the nematic and the cholesteric phases was investigated. The nematic system showed the character-
istics of a tumbling phase with a very peculiar transient behaviour. The cholesteric samples also showed a very
unusual, flow-history-dependent transient behaviour. The viscosity trend presumably indicates a flow-induced
orientation of the cholesteric superstructure, thus opening the way to the possibility of tuning the yield stress level
of the material. The results support the potentiality of these compounds for applications in light reflecting
technology.
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Introduction

It is well known that chiral liquid crystals (LCs) or
LCs containing chiral compounds can generate a
cholesteric liquid crystalline (CLC) phase.[1–7]
CLCs are characterised by a macroscopically ordered
chiral structure where the molecules are organised in
nematic layers, whose director orientation varies per-
iodically along the direction perpendicular to the
planes. The rotation of the director produces a right-
handed or left-handed helix. When the helix axis is
perpendicular to the surfaces of the cell containing the
cholesteric phase, defect-free, planar or Grandjean
textures can be produced.[3] Thin films of this phase
appear uniformly transparent and reflect brilliant col-
ours, whose wavelengths depend upon the helical
pitch. This effect is due to the periodic helical struc-
ture acting as a normal diffraction grating [8] and is
responsible for the selective Bragg reflection of the
circularly polarised component of the light of the
same handedness as the CLC phase. On the contrary,
the component with opposite handedness is simply
transmitted through the sample. The dependence of
the reflected wavelength λ0 on the helical pitch (p) is
given by λ0 = np, where n is the average between
ordinary (no) and extraordinary (ne) refractive
indexes. The reflection peak appears as a band

whose width depends on the birefringence of the sam-
ple Δn according to the equation Δλ = pΔn. This
phenomenon can be exploited in the field of display
technology as reflection-type LC displays,[9–13] or in
polarisers, filters,[14] lasers,[15] smart windows,[16]
shutters [17] and solar concentrators.[18] For the
same reasons, the CLC property to change colour
with temperature [19,20] or substrate bending [21]
can also be exploited.

As mentioned earlier, a CLC can be obtained by a
pure compound with a chiral centre or by a solution
of even small quantities of chiral molecules dissolved
in a nematic LC. Within the latter category, low
molecular weight chiral molecules containing coordi-
nated transition metals (metallomesogens), which can
generate CLC mesophases, are already known in the
literature.[22,23] It was recently reported [21] that bis-
salicylaldiminate metallomesogens containing Cu(II),
Ni(II), Pd(II), vanadyl and their mixtures showed
cholesteric phases and were able to reflect a wave-
length band when arranged in thin liquid films. A
thermal dependence of the pitch was observed for
complexes characterised by a temperature-dependent
coordination geometry, such as Ni(II) and vanadyl.
The use of such metal complexes can be advantageous
for applications due to the stabilisation effect of the
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metal coordination and the consequent improvement
of chemical and thermal stability.[24–28]

Room temperature CLC liquids could be more
attractive for applications than the aforementioned
high melting solid complexes or their mixtures. Hence,
the possibility to dissolve these compounds in a commer-
cial nematic LC to obtain CLC phases is very attractive.
The nematic LC is usually a mixture of organic com-
pounds with low polarity and poor solvent power
towards many chiral organic compounds. Moreover,
the addition of a further compound can cause excessive
decrease of the isotropisation temperature and make the
mixture unsuitable for applications. In this work, the
chiral Cu(II) complexes previously reported were mod-
ified with citronellyl chains with the aim to obtain low
melting metallomesogens with high solubility in nematic
LCs. Different preparation pathways were also investi-
gated, which affected the melting temperature of the
final complex. The CLC solutions showed selective
reflection of light, and the reflected wavelength band
was tuned from ultraviolet (UV)–visible to near infrared
(NIR) by changing the metallomesogen concentration.
An investigation of the rheological properties of both the
nematic and cholesteric phases was also performed,
which showed interesting results. A tumbling nematic
response was recorded in the case of the pure commercial
nematic used, while the cholesteric phase appeared to be
extremely shear thinning with no dependence of the
rehological response on the helical handedness.

Experimental

Methods

All solvents and reagents were purchased from Aldrich
(Sigma-Aldrich, St. Louis, MO, USA) and used without
further purification. 1H Nuclear Magnetic Resonance
(NMR) spectra were recorded with a Varian XL 200-
MHz (Varian Inc., Palo Alto, CA,USA) apparatus. UV/
visible spectra were recorded with a Jasco V560
(Jasco Inc., Easton, MD, USA) spectrophotometer.
Thermogravimetric analyses were performed on a TA
Instruments (NewCastle, DE,USA) SDT 2960 under air
flow at 10°C/min. Differential scanning calorimetry
(DSC) measurements were performed on a Perkin
Elmer (Waltham, MA, USA) Pyris 1 under dry nitrogen
flow with a temperature scanning rate of 10°C/min.
Optical observations were performed with a Zeiss (Jena,
Germany) Axioscop polarising microscope equipped
with an FP90 Mettler (Toledo, Greifensee, Switzerland)
hot stage. Rheological measurements were performed on
a strain controller rheometer (ARES, TA instruments)
equipped with either a 200- or a 2000-g cm transducer. A
stainless steel cone and plate fixture was used to ensure a
constant shear strain throughout the sample (0.02 rad,

diameter 50 mm). Temperature of 25°C was controlled
via a convection oven, with an accuracy of ±0.1°C. A
fully filled cone and plate fixture contains about 1 ml
fluid volume. Linear and nonlinear rheological tests have
been performed on the nematic samples and on the
cholesteric LCs. The linear tests usually consist in
dynamic experiments in which the viscoelastic response
is analysed by varying the frequency of observation. The
nonlinear experiments consist of flow start-up measure-
ments, in which the sample is subjected to a constant
shear rate and the apparent viscosity is monitored as
function of time.

Synthesis

4-(3,7-Dimethyloct-6-enyloxy)benzoic acid and 4-(3,7-
dimethyloct-7-enyloxy)benzoic acid mixture (a)

Citronellol (40 mL) was refluxed in thionyl chloride
(60 mL) for 30 minutes. The thionyl chloride was
removed and the residue distilled in vacuum. The
obtained product (19.16 g), methyl 4-hydroxybenzoate
(15.98 g) and potassium carbonate (31.91 g) were added
to 100 mL N,N-dimethylformamide (DMF) and
refluxed for 9 h under stirring. The solid was then
filtered, the liquid was poured into 500 mL water, and
the pH was corrected to 5–6 with acetic acid. The solu-
tion was extracted with chloroform (3 × 100 mL), then
the organic phases were collected and the solvent
removed. The residue was dissolved in 200 mL ethanol,
35 g potassium hydroxide in 100 mL water was added,
and the mixture was refluxed for 45 minutes. The pro-
duct was precipitated through the addition of hydro-
chloric acid, filtered and recrystallised by ethanol/water.

1HNMR (CDCl3, 200MHz), δ (ppm): 0.95 (d, 3H);
1.24 (t, 2H); 1.60 (s, 3H); 1.68 (s, 3H); 1.99 (m, 2H); 4.05
(t, 2H); 5.09 (t, 1H); 6.92 (d, 2H); 8.04 (d, 2H).

Citronellyl iodide

Triphenylphosphine (6.15 g, 23.0 mmol), imidazole
(1.56 g, 23.0 mmol) and iodine (5.60 g, 22.0 mmol)
were added in the order to a solution of β-citronellol
(3.00 g, 19.2 mmol) in 40 mL dichloromethane at 0°C.
After stirring for 1 h, the reaction mixture was allowed
to warm to room temperature over 1 h, before the
addition of 7 mL saturated Na2SO3(aq). The organics
were then concentrated by evaporation, and the mixture
was taken up in 100 mL hexane, washed with 3 × 40mL
water, dried over Na2SO4 and passed through a 2-cm
silica gel plug. The organics were concentrated by eva-
poration to give a light yellow oil (4.20 g, 82% yield).

1HNMR (CDCl3, 200MHz), δ (ppm): 0.88 (d, 3H);
1.25 (m, 2H); 1.55 (s, 1H); 1.60 (s, 3H); 1.68 (s, 3H); 1.86
(m, 2H); 1.95 (m, 2H); 3.2 (t, 2H); 5.08 (t, 1H).

1004 F. Borbone et al.



CL2 (b)

Compound a (26.8 g), 2,4-diydroxybenzaldehyde
(16.1 g) and 4-pyrrolidinopyridine (1.10 g) were dis-
solved in 210 mL anhydrous tetrahydrofuran (THF).
N,N'-Dicyclohexylcarbodiimide (DCC) (22.0 g) in
50mL anhydrous THFwas slowly added under stirring.
After 2 h at room temperature the solid was filtered and
21.3 g copper(II) acetate dissolved in 650 mL ethanol
was added to the solution. Sodium acetate (16.0 g) in
150 mL water was slowly added. The solid was filtered,
washed twice with water and twice with ethanol. The
product was dissolved in 500 mL chloroform and dried
over sodium sulphate, and the volume was reduced to
about 150 mL. The complex was recrystallised by the
addition of 250 mL ethanol.

Aldehydic ligand

The aldehydic ligand was isolated from aldehydic
Cu(II) complex. The complex was dissolved in chloro-
form and 37% wt. HCl was added dropwise under
vigorous stirring. The solution colour changed from
deep green to yellow, the organic layer was separated,
washed several times with water and dried over
sodium sulphate, and the solvent was removed by
evaporation. A yellow product was obtained.

1HNMR (CDCl3, 200MHz), δ (ppm): 0.93 (d, 3H);
1.21 (t, 2H); 1.59 (s, 3H); 1.67 (s, 3H); 1.99 (m, 2H); 4.09
(t, 2H); 5.08 (t, 1H); 6.85 (s, 1H); 6.94 (m, 3H); 7.58 (d,
1H); 8.09 (d, 2H); 9.86 (s, 1H); 11.22 (s, 1H).

CR2

Complex b (4.00 g) and R-(−)-1-amino-2-propanol
(0.720 g) were dissolved in 90 mL boiling chloroform.
After 5 minutes 7.7 mL hexanoic anhydride were

added, and the boiling solution was stirred for 20 min-
utes. After evaporation of the solvent, 240 mL etha-
nol was added, the solution was stirred at room
temperature for 2 h and left at −15°C for the night.
The product was filtered and purified by chromato-
graphy (chloroform/hexane 50/50, Florisil 60–100).

The same procedure was applied for the synthesis
of complex CS2 by using S-(+)-1-amino-2-propanol.

Results and discussion

The structure of synthesised metallomesogens is
reported in Figure 1. A functionalisation with a citro-
nellyl end group was chosen in order to obtain com-
plexes with low melting temperatures and good
solubility in common nematic LCs. According to a
known procedure,[29] the synthesis was performed
through (1) the alkylation of 4-methoxyphenol with
the proper citronellyl derivative (see later), (2) the
transformation into the corresponding acyl chloride
and then (3) the reaction with 2,4-dihydroxybenzalde-
hyde to give a mixture of isomers. The 4-substituted
salicylaldehyde ligand was isolated through in situ
complexation with Cu(II). The obtained achiral com-
plex CL2 was converted into two chiral bis-salicylal-
diminate complexes by reaction with (S)-(+)- or
(R)-(−)-1-amino-2-propanol, whose terminal hydro-
xyl group was then functionalised by reaction with
hexanoic anhydride to further decrease the melting
temperature of the complexes (CS2 and CR2, respec-
tively) and improve solubility. The complexation of a
divalent metal ion as Cu(II) with a bidentate chiral
ligand leads to a molecule with two chiral centres with
respect to the free ligand. This approach can be
exploited to develop efficient chiral metallomesogens
with improved stability that can be used to generate

Figure 1. Synthesis scheme of complexes CS2 and CR2. (i) SOCl2, reflux; (ii) K2CO3, DMF, reflux; (iii) KOH, boiling EtOH/
H2O; (iv) DCC, PPy, THF; (v) CuAc2, EtOH, H2O; (vi) (R)/(S)-1-amino-2-propanol, CHCl3; (vii) hexanoic anhydride.
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helically structured LC materials for optical applica-
tion. One of the advantages of this approach is the use
of chiral precursors both commercially available and
at reasonable and similar cost.

The alkylation with the citronellyl group was
performed following two synthetic paths. In the
first path β-citronellyl iodide was first obtained by
reaction between β-citronellol and iodine in the pre-
sence of triphenylphosphine and imidazole under
very mild condition (0°C for 1 h, see Experimental
section). This reaction selectively produced β-cytro-
nellyl iodide derivative which was then reacted with
methyl 4-hydroxybenzoate. The double bond of
citronellyl group was preserved as confirmed by the
1H NMR spectrum (reported in Figure 2). This syn-
thetic path produced complexes with a melting point
of 81°C and an excellent solubility in organic
solvents.

In the second path citronellol was treated with thio-
nyl chloride to obtain the corresponding chloride, which
was used for alkylation of methyl 4-hydroxybenzoate.
The 1H NMR analysis of the alkylated acid after hydro-
lysis of the ester revealed the presence of a mixture of
isomers, one of them showing the citronellyl double bond
in the terminal position (Figure 2). This result was
ascribed to the hydrochlorination of citronellol double
bond caused by the hydrochloric acid produced during
treatment with thionyl chloride and evidenced in the 1H
NMR of product by disappearance of CH = resonance
at about 5.1 ppm.The addition of chlorine ismainly onto
the most substituted (tertiary) carbon according to the
Markovnikov rule, leading to a dichloride product. The

subsequent alkylation onto the phenolic hydroxyl
involved exclusively the primary chlorinated carbon,
that is the one with less steric hindrance. The subsequent
hydrolysis of the ester in strong basic conditions led to
dehydrochlorination and restoration of the double bond
on the remaining end, either on the original (citronellyl)
or on the new terminal position (Figure 2(a)).

Figure 2 shows a detail of the comparison
between the 1H NMR spectrum of the alkylated 4-
hydroxybenzoic acid produced according to the
iodide path (b) and the chloride path (a). This region
of the spectrum is very informative and clearly shows
that the additional signal at 4.7 ppm (typical of
terminal alkenes) is only showed in the product of
the chloride path. A 50:50 mixture of isomers was
obtained with the integration ratio of signals 1, 3, 2
equal to 1:2:4. The double bond isomerism on the
substituted benzoic acid led to a consequent ligand
isomerism. The complexes obtained by this precursor
showed the same chiral behaviour as the complexes
with a pure citronellyl end group but a further
decrease of the melting temperature was recorded,
due to the three possible isomers deriving from cop-
per bis-chelation (DSC analysis, Table 1). Also a
better solubility in organic solvents was evidenced.
On the basis of these considerations the second syn-
thetic path was used which was also easier and more
cost-effective.

The chiral complexes also showed high thermal
stability, as demonstrated by decomposition tempera-
tures evaluated by thermogravimetric analysis
(Table 1). By this technique the residue of decomposi-
tion in air (CuO) was evaluated and confirmed the
calculated value of metal content. Besides, the inser-
tion of the lateral chains by formation of coordinated
imine led to a sensible increase of the thermal stability
with respect to the aldehydic complex and to a strong
decrease of the melting points, as it can be evidenced
by DSC analysis (Table 1).

Solutions of complexes CR2 and CS2 in a commer-
cial nematic LC were prepared in order to evaluate
their mesogenic behaviour. The LC TN10427 by
Hoffmann La Roche has a high stability range of the

Figure 2. (colour online) 1H NMR spectra of the alkylated
4-hydroxybenzoic acid according to the iodide path (b) and
the chloride path (a).

Table 1. Thermal data of complexes.

Tf
a (°C) Td

b (°C) %MOcalc
c %MOexp

d

CL2 150 244 9.31 9.26
CR2 71 263 6.83 6.75
CS2 71 280 6.83 6.79

Notes: aMelting temperature; bdecomposition temperature
(measured at 5% weight loss); ccalculated metal content as CuO;
dexperimental metal content as CuO.
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nematic phase, a good solvent power on the synthesised
complexes and a relatively high isotropisation tempera-
ture. Solutions with 20%, 16% and 13% wt. concentra-
tion of the complex (R(S)20, R(S)16, R(S)13,
respectively) were prepared and characterised. The
UV–visible spectrum of a thin film of a solution con-
taining CS2 isomer in 16% wt. (S16) shows a reflection
band centred at about 570 nm (curve a in Figure 3).
The same behaviour was observed for the solution
containing CR2 isomer (R16), as expected. The trans-
mittance value in this region is about 50% or more, due
to the residual absorption of the nematic LC solvent,
which is saturated in the UV and whose fading intensity
depends on the film thickness.

In the spectrum of S13 the reflection band appears
shifted towards higher wavelengths due to the reduced
concentration, leading to a longer pitch of the choles-
teric phase (curve b in Figure 3). Also in this case the
transmittance value is about 50%. The spectrum of
two overlaid films of the same solution (Figure 4) still
shows a transmittance of about 50%, while the spec-
trum of two overlaid films of different solutions (R
and S) shows that the transmittance falls to zero. This
proves that the filter effect is due to the selective
reflection of the two circularly polarised components
of the radiation operated by the two layers while the
absorption effects become gradually more negligible
when moving out of the UV region.

The effect of light reflection of the prepared solu-
tions can be appreciated in Figure 5 where a photo-
graph of the three thin films between glass slides
illuminated by white light shows the reflected colours
from the most concentrated (blue) to the less concen-
trated (red) solution. In more diluted solutions a

further decrease of the concentration leads to a
further shift of the reflection band towards longer
wavelengths, which is out of the visible region and
in the NIR. The shift from UV to NIR is followed by
a broadening of the reflection band.

The helical twisting power (HTP) of the chiral
complexes was evaluated by applying the modified
‘stripe-wedge’ Grandjean–Cano method as reported
by Podolsky et al.[30] The HTP is the ability of the
chiral molecule to induce helical twisting in the
nematic LC and is expressed by the relationship
β = (pc)−1, where c is the concentration of the chiral
dopant and p is the cholesteric pitch. The measure-
ment is performed onto thin films of the cholesteric
solution and allows for the direct determination of the
pitch. For both CR2 and CS2 the value of β was
20 µm−1. Finally the helical screw sense of the choles-
teric phases was determined according to the
Grandjean–Cano method [31] and resulted in right-
handed and left-handed sense for CS2 and CR2 solu-
tions, respectively.

Figure 4. UV–visible spectra of a double layer of R13
(a, solid line) and a double layer of R13 and S13 (b,
dashed line).

Figure 5. Photograph of R13 (a), R16 (b) and R20 (c) as
thin films.

Figure 3. UV–visible spectra of solutions S16 (a, dashed
line) and S13 (b, solid line).
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Rheological characterisation

Nematic sample

The linear viscoelastic response of the nematic sample
is shown in Figure 6. A strain amplitude of 20% has
been chosen after performing a strain sweep test. The
sample has shown to be in the linear regime for strain
amplitude lower than 100%. The rheological response
is typical of a moderately viscoelastic, nearly
Newtonian liquid. On the other hand, a complex
transient behaviour is shown in Figure 7, even at
shear rates well within the Newtonian plateau. Three
different shear rates are considered (10–33–50 s−1)
and the apparent viscosity (the stress divided by the
shear rate) is plotted as a function of time
(Figure 7(a)) and strain (Figure 7(b)). For each
experiment a new fresh sample has been loaded. In
all cases, at t = 0, when the shear rate jumps to the
imposed constant value, the apparent viscosity shows
several oscillations in time. Their amplitude decreases
with increasing strain and eventually disappears.

This response is typical of a tumbling nematic,
where the director is forced to rotate by the hydro-
dynamic torques in a simple shear flow.[32–35] For
sufficiently high shear rates, the director starts to
rotate through several multiples of π under the influ-
ence of the hydrodynamic torque coupled to the direc-
tor. Correspondingly, the transient shear stress
oscillates at the same frequency as the director orien-
tation. Stress maxima and minima follow the same
behaviour exhibited by axisymmetric particles in
shear flow, a problem first considered and solved by
Jeffery.[36] The director orientation tends to increase
the elastic energy of the system in the presence of a
boundary-induced orientation effect, leading to a
decay of the oscillation with shear strain and

eventually to a stationary director orientation profile
in steady shear flow.[34,35]

The apparent viscosity reaches a stationary value of
roughly 52.7(±0.5) mPa · s after about 300 strain units.
The major feature of this oscillation response is that the
strain periodicity of the oscillations remains constant
(24.03 ± 0.9) for different shear rates, suggesting that
the tumbling process scales with the shear strain in the
range of rates used in our experiments. The scaling
suggests that the peaks and the valleys in the stress
(and hence viscosity) oscillation correspond to particular
director orientation angles. Consequently, the director is
rotating with a constant angular velocity. The strain
periodicity γp of the oscillation can be expressed as [37]

γp ¼ πð1þ δ2Þ
δ

(1)

Figure 7. Apparent viscosity as a function of time (a) and
strain (b) at 25°C during start-up experiments. Shear rates
values are shown in the legend.

Figure 6. Frequency sweep test for a nematic sample at
25°C with a strain amplitude of 20%.
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where δ = |α3/α2|
0.5, with α2 and α3 being two of the

Leslie viscosity coefficients.[33] It is known that
nematics can be divided into two classes according to
the sign of the coefficient α3 (α2 being always negative).
According to the sign of α3 it is possible to classify the
LC in ‘flow aligning’ (α3 > 0) or ‘tumbling’ (α3 < 0).
According to Equation (1), using the strain periodicity
value previously measured (γp = 24.03 ± 0.9), we
obtain α3/α2 = 0.133 ± 0.005. This value is in agree-
ment with other literature data, thus indicating that the
transient stress response can be well described by
Erickson’s transversely isotropic fluid model.[38,39]

Figure 8 shows an example of flow reversal
experiment in which the nematic sample was sub-
jected to a sudden reversal of the flow direction, at
the same shear rate. If flow reversal is applied during
the oscillation (black curve), the oscillation continues
immediately after the flow reversal. On the other
hand, if the flow reversal is applied when oscillations
have already disappeared (grey curve), oscillations do
not reappear after flow reversal, indicating that the
memory of the previous shear history is lost.

Cholesteric samples

The flow behaviour of chiral nematics (or
cholesterics) has been little studied.[36,40] Since the
cholesteric director varies in a helical fashion, it is
impossible to satisfy homeotropic anchoring condi-
tions. Few sets of experiments have demonstrated
that the cholesteric phase appears to be extremely
shear thinning and perhaps has a yield stress.[41]

Two cholesteric samples were analysed, right-
handed S16 and left-handed R16 solutions, in cone-

plate (50 mm, 0.02 rad) and in parallel plate
(25 mm, variable gaps) geometries. Both samples
show a very interesting transient flow-history-depen-
dent behaviour.

Figure 9(a) and (b) shows a start-up experiment
for the left-handed sample at two different shear rates,
performed with cone-plate geometry. The high visc-
osity at short times and the subsequent drop
(particularly relevant at the higher shear rates), as
well as the fact that the phenomenon is not repeated
in the second run, can be presumably attributed to the
flow-induced orientation of the cholesteric
superstructure.[36]

A frequency sweep test has been performed just
before and just after the flow start-up experiment.
Figure 10 shows the complex viscosity as function of
frequency in the two cases. It is clear that the

Figure 8. The transient response of the sample to flow
reversal (shear rate 50 s−1). Flow is switched at different
times during the initial oscillations.

Figure 9. Start-up experiments at 1 s−1 (a) and 10 s−1 (b).
Grey squares refer to a just loaded in cone-plate geometry;
black squares refer to a second start-up experiment imme-
diately after the first one. Data are for the left-handed
sample but the same response has been found for the
other cholesteric director.
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Bingham-like behaviour of just-loaded sample (with
a yield stress of few Pascal) is replaced by a
Newtonian behaviour with a much lower viscosity
when the frequency sweep is performed at the end of
the transient start-up experiment.

The same type of behaviour characterises also the
right-handed cholesteric sample if a cone-plate geo-
metry is used.

The geometry seems not to have any influence on
the rheological response. Figure 11 shows step rate
experiments at varying gap size, shear rate and flow
direction with a parallel plate geometry. For a matter
of clarity and to show that the response does not change
by changing the cholesteric director, the data shown in
Figure 11 are for the right-handed cholesteric sample.

The viscosity drops down earlier at higher shear
rates, confirming a stronger flow-induced orientation
(Figure 11(a)). As already said, the transient beha-
viour does not seem to be dependent neither on the
used geometry nor on the cholesteric director (right-
handed or left-handed), and this can be confirmed by
comparing Figure 11 with Figure 9. More specifically,
Figure 11(b) shows different experiments with vari-
able gap sizes in parallel plate geometry. The appar-
ent viscosity could indeed be sensitive to the
cholesteric pitch, which is usually a few microns or
less, and to the geometry used for the experiment.[36]
We do not see any dependence of the flow response
on the gap size (Figure 11(b)). The apparent viscosity
could also depend on the winding direction of the
cholesteric helix. Clockwise and counterclockwise
experiments give the same rheological response with
no evidence of dependence upon the helical director
pattern (Figure 11(c)).

Figure 10. Complex viscosity as a function of frequency for
a left-handed cholesteric sample. See text for details.

Figure 11. Transient viscosity for the right-handed cholesteric sample. (a) Start-up flow at different shear rates (namely
10–30–100 s−1, gap = 1 mm); (b) start-up flow at 10 s−1 at different gaps, using a parallel plate geometry; (c) start-up flow
at 10 s−1 (gap = 1 mm), in clockwise and counterclockwise directions.
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Conclusions

In this work chiral bis-salicylaldiminate Cu(II) com-
plexes were synthesised and functionalised with citro-
nellyl chains to successfully obtain low melting
metallomesogens with high solubility in a nematic
LC. The low melting temperature of the final complex
was further decreased through a synthetic approach
which favoured isomerisation of citronellyl double
bond to the original and terminal positions. The com-
plexes were successfully used to produce cholesteric
solutions which showed selective reflection of light as
thin films. The helical pitch and hence the reflected
wavelength band was dependent on the metallomeso-
gen concentration. The rheological behaviour of the
nematic LC and the cholesteric solutions was care-
fully investigated, especially during their transient
regime. The commercial nematic sample showed a
steady-state Newtonian behaviour, but a very pecu-
liar transient response. The latter evidenced the tum-
bling character of the nematic sample. Tumbling was
found to scale with the shear strain in the range of
rates used in the experiments. Conversely, the choles-
teric samples showed an unusual time-dependent
Bingham-like behaviour, with a tunable, flow-his-
tory-dependent yield stress. The abrupt decrease of
viscosity in the start-up flow is suggestive of a flow-
induced orientation of the cholesteric superstructure.
The cholesteric director (right-handed or left-handed)
and the geometrical flow conditions do not have any
influence on the complex rheological response.
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