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Abstract 

Gold nanoparticles (AuNPs) composite with the gold surface linked directly with 

the mesogen through in-situ generated siloxane has been synthesised and is 

hereby presented.  Silane conjunction approach was carried out by capping 

AuNPs with 11-Marcapto-1-Undecanol (AuNPMUD) while the laterally terminal 

alkene of the mesogen (1) was converted to triethoxysilane end group (2) by 

hydrosilylation reaction. The hydrolysis and condensation of the ethoxy group of 

the mesogen (2) with the hydroxyl group of the capped AuNPs afforded the 

nanocomposite (3). The nanocomposite showed smectic arrangement under 

polarised optical microscope. 
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Introduction 

Due to the self-assembly of AuNPs and the anisotropic characteristic of liquid crystal 

materials, coupling them together produce new materials with interesting and unique 

properties [1,2]. These properties have prompted their application in biology/medicine 

[3,4], catalysis [5], electronic [6,7], chemistry, material science and engineering, and 

are generally based on their magnetic, electronic and optical behaviour.     

When coated with the suitable material, AuNP composites can exhibit 2-D or 3-D 

arrangements making them processable and self-assembled [8]. Different strategies 

have been used to induce mesogenic properties into the target molecule such as direct 

capping of the AuNPs with the mesogens, ligand exchange between alkane thiol 

capped-AuNPs [9,10] and the mesogens, alkyne/azide click [11].  

The silane conjunction approach was described in which mercapto undecanol capped 

gold nanorods was functionalised with alkoxysilane mesogen [12,13].  

Here, we describe the introduction of the ethoxysilane-end mesogen (2) with short 

lateral ethoxysilane end chain (n = 5) unto 11- mercapto-1-undeecanol capped AuNPs 

(AuNPMUD) in which the ethoxy group enable the silane to anchor to the AuNPs via 

the hydroxyl group thereby forming the siloxane bridge [14] (Figure 1).  
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11-mercapto-1-undecanol-capped AuNPs (~3 nm) was synthesis by modify methods 

describe in the literature [15,16]. The –OH group of the capped AuNPs provide a 

linkage point for anchoring the silane. 
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The mesogen 1 with laterally attached alkene end was synthesized according literature 

[17] and the alkene end was converted to triethoxysilane group by hydrosilylation 

[12,13] to form mesogen 2. The hydrolysis and condensation reactions of the 

triethoxysilane with the –OH end of the capped AuNPs afforded the target composite 

3.  

Results and Discussion 

The AuNPs was successfully capped with MUD and was monodispersed as confirmed 

by TEM Figure 2, with average size distribution of 3.5 ± 0.38 nm. 

 

Figure 2: TEM image of AuNPMUD. 

The composition elemental analysis (C, H, S) of the MUD-capped AuNPs shows that 

it is made up of 9.96% C, 1.61 % H and 2.37 % S making a total of 13.94 %. This value 

is in close agreement with the mass loss from TGA analysis in which one step mass 

loss of 16.21 % was obtained (Figure 3). The UV-vis spectrum of AuNPMUD shows 

absorbance at about 545 nm (Figure 4). 
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Figure 3: TGA monogram of AuNPMUD. 

 

Figure 4. UV-vis of AuNPMUD. 
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The composite 3 formed after the reaction of AuNPMUD with 2, was monodispersed 

as confirmed by TEM (Figure 5), with average size of 3.59 ± 0.4 nm. The optical texture 

observed by POM (Figure 6) shows birefringence characteristics of composites with 

high metal content. The thermal behaviour of composite 3 when investigated on DSC 

(Figure 7) shows a broad peak between 55 oC and 110 oC which is also peculiar to 

metal nanocomposite of this nature.  

 

Figure 5: TEM image of Composite 3. 

 

Figure 6: POM of Composite 3. 
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Figure 7: DSC curves of Composite 3. 

Thermogravimetry analysis (TGA) of the composite 3 (Figure 8) shows two step mass 

losses, the first loss of 5.47 % between 50 - 110 oC is attributed to water 

loss/condensation by-products of organic alkoxy silane compounds, and the second 

loss of 14.67 % between 110 – 410 oC is attributed to loss of ligands. 

 

Figure 8: TGA of Composite 3. 
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The total mass loss (organic content) for the composite is 14.81 % while the residue is 

85.19 % which account for gold content. The composition elemental analysis (C, H, S) 

of 3 shows that it made up of 12.67 % C, 1.91 % H and 1.95 % S, making total of 16.53 

%. This value is in close agreement with that obtained from TGA above. The UV-vis 

spectrum of 3 shows a plasmonic peak at about 540 nm (Figure 9).  

 

Figure 9: UV-vis of Composite 3. 

 

 

Figure 10: XRD of Composite 3. 
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and (003) reflections fitting to a smectic layering of 35.5 Å. This is the first example of 

such a laterally allocated mesogen not showing columnar but smectic organisation of 

the gold nanoparticles in layers. The size of the AuNP can be estimated from the strong 

(001) Bragg reflection in the XRD at 2θ = 2.49 o in which it is 35.5 Å (3.55 nm), which 

is in very good agreement with the TEM value (3.589 nm).  

From the XRD, TEM and TGA data, the average number of gold atoms (NAu), the 

number of ligands per nanoparticles (NL) and the average molecular weight of the 

composites (MW) were estimated [18,19] to be 1437 atoms, 49 atoms and 332628 

g/mol respectively. 

Conclusion  

We have synthesized a novel nanocomposite with siloxane bridge linking the mesogen 

to the AuNPs and which shows smectic arrangement rather than columnar with 1437 

atoms of gold and 49 ligand atoms. 

  

Electronic Supplementary Information (ESI) available: 

experimental procedures for the synthesis of materials and characterization data are 

available. 
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