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ARTICLE

Liquid crystal plasmonics
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ABSTRACT
The interplay between gold nanoparticles (AuNPs) and liquid crystals (LCs) opens compelling 
solutions that produce a win-win solution for both classes of materials. AuNPs are successfully 
utilised to induce a controlled phase change of LCs and, simultaneously, LCs make an active control 
of the AuNPs optical properties. LC plasmonics generates hybrid materials that could revolutionise 
next-generation optical and photonic applications in this framework.
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Introduction

Liquid crystals (LCs) are an exciting class of responsive 
materials that can be controlled by external perturba-
tions, such as optical and electrical fields, temperature 
variations and other stimuli. LCs have been around for 
more than a century now, and the number of applications 
that rely on LCs is increasing daily. [1] In recent years, LCs 
have been synergistically combined with other inorganic 
and organic materials, aiming to improve or enhance 
intrinsic LC optical properties [2]. Among them, gold 
nanoparticles (AuNPs) have played a pivotal role because 
of the possibility of exploiting innovative generations of 
organic-inorganic materials. AuNPs can confine electro-
magnetic radiation at the nanoscale thanks to a physical 
phenomenon called localised plasmonic resonance (LPR), 
oscillations of free electrons localised at the metallic/ 
dielectric interface of AuNPs. [3] The LPR frequency 
depends on several parameters, such as NP size, shape, 
and the dielectric function of the surrounding medium. 
[4] An exciting class of AuNPs are gold nanorods (AuNRs). 
Due to their elongated shape, AuNRs have two plasmon 
bands called transverse and longitudinal. [5] The trans-
verse resonance is located in the green range of the 
electromagnetic spectrum, whereas the longitudinal one 
is centred at longer wavelengths (red or near-infrared 
range). The longitudinal band turns out to be very sensi-
tive to the refractive index change, and for this reason, 
AuNRs have been heavily exploited for sensing and bio-
sensing colorimetric-based applications. [6] In this manu-
script, I report exciting possibilities based on the 
opportunity to cross-check the LCs and the AuNRs prop-
erties by realising two different systems that control both 
the LC phases and the LPR frequency.

LCs hosting AuNRs

The synthesis protocol of AuNRs and their phase transfer 
in chloroform is described elsewhere [7]. The chloroform 
dispersion of AuNRs used in the experiments possesses 
a transverse peak at 520 nm and a longitudinal one at 
700 nm. AuNRs (10 wt%) were dispersed in a photo- 
tunable cholesteric LC (photo-CLC) synthesised by 
Beam.Co and its composition was already reported in 
[8]. A glass cell with a 10 µm gap and functionalised for 
producing planar alignment was infiltrated by capillary 
flow with a pure photo-CLC mixture.

Figure 1(a) displays a polarised optical microscope 
(POM) view of the sample that highlights the presence 
of the typical structural defects (oily streaks) of a CLC 
phase. By adding AuNRs (Figure 1(b)), the optical tex-
tures are strongly affected by the AuNRs with 
a consequent formation of 2D-like periodic structures. 
This result is better evidenced by the high magnification 
reported in Figure 1(c). Different experiments performed 
by varying the AuNRs concentrations show that the 
AuNRs concentration dictates the periodicity of the 2D 
pattern. A detailed study, a deeper experimental char-
acterisation, and a better understanding of the phenom-
enon by using a theoretical model will be reported in 
future communications. A homogeneous mixture of 
a short pitch (≈400 nm) CLC (BL095 by Merck) mixed 
with a 20 wt% of AuNRs was prepared in a different 
experiment. The mixture was infiltrated in a 10- 
µm-thick glass cell that produces planar alignment. 
Figure 1(d) shows the typical morphology of a pure 
CLC aligned in a planar Grandjean configuration, display-
ing the typical structural defects. The CLC/AuNRs sample 
(Figure 1(e)) presents a different LC phase that resembles 
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a typical smectic-like LC phase. This can be explained by 
considering that, as we have already demonstrated [9], 
the presence of AuNRs gradually (increasing AuNRs con-
centration) increases the CLC pitch. Consequently, as it 
has already been demonstrated [10], the AuNRs play the 
same role as the temperature does for the thermal- 
control transition from a CLC to a smectic phase. 
However, the reported observation requires a more 
detailed investigation with other appropriate techni-
ques, such as Differential Scanning Calorimetry and 
X-Ray Diffraction analysis.

LCs overlaying AuNRs

An array of AuNRs immobilised on a glass substrate was 
realised using a well-established preparation method 
reported elsewhere. [11] The AuNRs sample exhibits 
two typical plasmon bands centred at 525 nm (trans-
verse) and 750 (longitudinal). Next, a photo-alignment 
layer (PAL) (PAAD-72, by BeamCo) was spin-coated 
(3000 rpm for 30 s) on two substrates (the AuNRs sub-
strate and a standard glass substrate). Both substrates 
were illuminated with a polarised blue lamp for 20 min, 
thus producing a molecular director alignment perpen-
dicular to the incident light polarisation. Consequently, 
the alignment direction is well reversible and can be 
easily modified by rotating the polarisation direction of 
the UV light source. The two substrates were contacted 
via 10 µm glass microspheres dissolved in UV-sensitive 

polymeric glue (NOA-61, by Norlands). Capillary force 
enabled the infiltration of the cell gap with 
a nematic LC (NLC, 5CB). A CW green pump laser 
(λ = 532 nm, P = 0.3 W/cm2, t = 200 s) was used to 
dynamically control the alignment of the NLC mole-
cules (Figure 2(a)).

Figure 2(b) (blue curve) shows the spectral response of 
the sample (pump beam off) for probe white light that 
experiences the ordinary index of the NLC molecules. For 
the as-prepared AuNRs array, there is a red shift of the 
longitudinal band of about 90 nm (from 750 nm to 840  
nm). This result can be explained by considering that the 
optical properties of elongated NPs are predicted by the 
Gans theory [12]. In that framework, the spectral position 
of the LPR peak depends on the refractive index of the 
dielectric medium surrounding the GNRs (from 1 to about 
1.5, in the actual case). By turning on the pump beam 
(light polarised along the short axis of the NLC molecules), 
the NLC molecules planarly rotate, allowing the probe 
white beam (with the same polarisation) to experience 
the extraordinary index (≈1.7) of the NLC molecules. This 
new configuration of the NLC molecules produce 
a further red-shift of the longitudinal band of about 40  
nm (Figure 2(b), red curve). It is worth pointing out that 
due to low sensitivity to refractive index variations, the 
transverse band (525 nm) does not exhibit any significant 
shift. The spectral shift of the longitudinal band turned 
out to be well reversible and repeatable, showing 
a dynamic change in the order of several seconds.

Figure 1. POM view of the photo-CLC sample without (a) and with (b,c) AuNRs. POM micrograph of a CLC sample without (d) and with 
(e) AuNRs.
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Conclusions

I have reported on the powerful combination of plasmo-
nic NPs and different LC materials. The interplay between 
these two classes of materials represents an intriguing 
opportunity for making active plasmonic devices. AuNRs 
dispersed in CLCs enable the possibility of inducing 2D 
CLC periodic structures and a phase transition from CLCs 
to smectic-like LCs. Photo-orientable NLCs, overlaying 
a random distribution of AuNRs immobilised on a glass 
substrate, allow the realisation of a light controllable light 
filter with a dynamic range of about 40 nm. Ongoing and 
future experiments are devoted to better understanding 
the reported phenomena. 
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