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Abstract - Rational control over the formation and processability and consequently final properties of graphene based 

materials has been a long-standing goal in the development of bottom-up device fabrication processes.Here we present, the 

principal conditions through which high levels of control can be exercised to fine-tune dispersion properties of graphene oxide 

liquid crystalline dispersion for further processing. 
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INTRODUCTION AND RESULTS 
Amongst the many remarkable properties of graphene 
oxide (GO), the formation of liquid crystals has 
recently drawn attention.The amphiphilicity of GO 
and the self-assembly properties,more pronounced in 
the case of ultra-large GO sheets, have been utilized to 
prepare liquid crystalline (LC) dispersions of GO in 
both water and organic solvents.1-2The useof graphene 
and LC GO dispersions for fabrication enables 
formation of novelself-assembled 3D architectures.3-4 
To achieve more complex self-assembled 
multifunctional architectures, one needs higher 
ordered liquid crystalline phases. The higher order 
phase, which can have even two main order directors, 
can lead to multilevel self-organization of particles. 
Mixture of rods and disks have been predicted to form 
higher order phases. Rods and disks are postulated to 
possibly have an entropy-driven competition between 
excluded volumes of these distinct particles leading to 
a higher order nematic phase, and hence resulting in 
mutual orientation and self-organization of the whole 
system. Precise structural control of the final 
architectural design can be achieved through 
regulating inter and intra-particle interactions as well 
the shape of the constituents. However, to achieve 
such precise control over structural design and 
consequently final properties, anisotropic building 
blocks are needed. 
Here, composites of large sheets of graphene oxide 
and model rod shape particleswere used to formulate a 
liquid crystalline phase, which to the best of our 

knowledge has not previously been reported. The LC 
phase was characterized using polarized optical 
microscopy (Figure 1) and synchrotron small angle 
X-ray (SAXS).Furthermore, shear flow as a local 
environmental stimuluswas used through 
extrusion-based additive manufacturing techniques 
(3D printing and fibre spinning) to create self-ordered 
graphene-based hierarchical scaffold electrodes 
amendablefor energy storage & conversion, 
electrocatalysis and bionic applications.  
 
EXPERIMENTAL 
Expanded graphite was used as the precursor for 
ultra-large GO synthesis following previously 
described methods.5 The resultant large GO sheets 
were dispersed in deionized water by gentle shaking at 
a concentration of 2.5 mg ml-1. SEM was carried out 
by first depositing GO sheets from theirdispersions on 
a pre-cleaned and silanised silicon wafer (300nm SiO2 
layer). Silane solution was prepared by mixing 
3-aminopropyltriethoxysilane(Aldrich) with water (1 : 
9 vol) and onedrop of hydrochloric acid 
(Sigma-Aldrich). Pre-cut siliconsubstrates were 
silanised by immersing in aqueous silanesolution for 
30 min and then washed thoroughly with 
Milliporewater. GO sheets were deposited onto 
silanised siliconsubstrates by immersing a silicon 
substrate into the GOdispersion (50 mg ml-1) for 5 
seconds, then into a secondcontainer containing 
Millipore water for 30 seconds and thenair-dried. 
As-deposited GO sheets were directly examined 
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byAFM and scanning electron microscopy.The 
birefringence of GO dispersions was examined using 
apolarised optical microscope (POM) operated 
intransmission mode. Following previously reported 
methods toestimate the volume fraction of liquid 
crystalline domains inbirefringent solutions,2 450 ml 
of a series of GO dispersions fromdifferent hybrid 
systems were placed in a capillary tube and sealed for 
SAXS and POM tests. The volume fractionof the 
stable birefringent (nematic) phase was then measured 
by polarised optical microscopy. The 
rheologicalproperties of aqueous GO dispersions were 
investigated using arheometer (AR-G2 TA 
Instruments) with a conical shaped spindle 
(angle: 2o, diameter: 40 mm). Approximately 600 ml 
of composite dispersionswere loaded into the 
rheometer with great care taken not toshear or stretch 
the sample. Shear stress and viscosity weremeasured 
at shear rates between 0.01 and 10 using 
logarithmicsteps (total 200 points) for two complete 
(ascending and descending)cycles. The shear rate was 
kept constant until equilibrium wasachieved, then data 
were recorded. Yield value and viscosity (at thelowest 
shear rate) were obtained as a function of the GO sheet 
size. 
 
RESULTS 
 

 
Figure 1, SAXS spectra of GO dispersion as function of 

concentration. 

Control over the LC formation can be achieved by 
adjusting the volume fraction (concentration) of GO 
particles.Quite interestingly, even at very low 
concentrations (as low as 0.25 mg ml-1) birefringent 
property was exist.Aqueous GO dispersions at 
concentrations ranging from 0.10 to 14mg ml-1 were 
examined using polarized optical microscopy and 
SAXS to evaluatethe nematic phase. Figure 1 show 
SAXS data of the dispersion at various 
concentrations. 
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