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 In situ synthesis of natural rubber latex-supported gold nanoparticles for flexible SERS substrates 

Background 

 SERS (Surface Enhanced Raman Scattering) has 

been employed as an ultrasensitive technique to 

identify and quantify the analytes, ranging from 

small molecules to proteins of large size； 

 

 Flexible SERS substrates are expected to play an 

important role in next generation sensing devices; 

 

 Rubber particles and non-rubber substances 

present in NRL with excellent elasticity may be 

used as flexible supporting materials for noble 

metal NPs. 
 

 



 In situ synthesis of natural rubber latex-supported gold nanoparticles for flexible SERS substrates 

Progress 1 In situ synthesis of AuNPs@ NRP 

  

Synthesis of the AuNPs@NRP hybrid latex 

AuNPs@NRP was prepared through heating, without employing  

additional reducing and capping agents.  various volumes of NRL  

were added to an aqueous HAuCl4 solution.  

Fabrication of AuNPs@NRP nanohybrid film 

The hybrid organic–inorganic fillm of AuNPs@NRP was fabricated 

using vacuum filtration. 
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In situ synthesis of AuNPs@ NRP 

  



 In situ synthesis of natural rubber latex-supported gold nanoparticles for flexible SERS substrates 

Progress 1 Characterization of AuNPs@ NRP 

  



In situ synthesis of natural rubber latex-supported gold nanoparticles for flexible SERS substrates 

Progress 1 SERS of AuNPs@ NRP Film 

  



Natural rubber particle modified fabrics with catalytic activity and hydrophobicity 

Progress 2 

Natural rubber latex (NRL) is a principle feedstock of rubber material 

used for fabricating tires, dipping goods and coating products in the 

conventional transportation field and the hygienic and medical sectors. 

Functional  

   fabrics   

Mater. Chem. Front., 2017, 1, 482--486 

in superhydrophobic materials in catalytic P-nitrophenol  

Background 



Natural rubber particle modified fabrics with catalytic activity and hydrophobicity 

Progress 2 Preparation of AuNPs@ NRP @ Cotton Nanocomposites  

The AuNP@NRP colloid suspension was used to modify the fabrics including cotton and 

hydrophilic polyester fabric using “dip and dry” method. 

 

Firstly, cotton fabrics were dipped into the AuNP@NRP colloid and shaken for 2 min, 

followed by heating in the oven at 100 °C for 10 min, which was defined as one circle.  

 

Afterwards, the fabrics with different loadings of AuNP@NRP can be obtained by repeated 

“dip and dry” coating cycles.  
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Assembly of  AuNPs@ NRP onto surface of fabrics  

  

Coating of AuNP@NRP resulted in the color 

change of fabrics from white to red due to 

LSPR effect of AuNPs; The color deepened as 

the treatment cycles increasing, indicating the 

growing of the amount of AuNP@NRP. 

Pristine cotton fabrics did not show apparent 

UV–vis absorption band. The spectra of cotton 

fabrics after treatment with AuNP@NRP 

displayed a single absorption band . 

The band was almost unchanged from 1 to 9 

times, revealing that AuNPs on cotton fabrics 

did not aggregate after being assembled the 

amount of AuNP@NRP growing as the coating 

cycles increased. 
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(A,  B) SEM of cotton fabric ; 

(C,  D) SEM of AuNPs@NRP cotton nanocomposites after assembly by 1 time;   

(E,  F ) ) SEM of AuNPs@NRP cotton canocomposites after assembly by 9 times; 

 

 

SEM of AuNPs@ NRP @ cotton nanocomposites  

 

The morphology of rubber 

particles was not damaged 

during heat treatment.  
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Progress 2 Catalysis activity of AuNPs@ NRP @ Cotton nanocomposites  

  

The catalytic reaction was monitored by UV–
vis spectroscopy after the addition of sample. 

The variation of the intensity for characteristic 

peak is significant to understand the reaction 

rate. 

The characteristic peak intensity of 4-NP at 

400 nm decreased and a new peak at 300 nm 

corresponding to 4-AP appeared. 
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Progress 2 Water contact angles of AuNPs@ NRP @ cotton composites  

   

A small number of coating cycles (< 6) of AuNP@NRP did not increase notably the 

remaining time of droplets on cotton fabrics. The droplets disappeared very fast (e.g., 10s 

for CRAu1and 45s for CRAu3); 

 

CRAu9 with aWCA of 133°remained unchanged even after 30 min at room, implying 

that deposition of AuNP@NRP on the surface changed significantly the wettability, and 

did not disappear as the time prolonged, except for getting smaller due to the water 

evaporation, which demonstrates hat high loading of AuNP@NRP was favorable for 

hydrophobicity of the treated fabrics. 
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Progress 2 Wettability of the treated fabrics and Oil/water separation 

Three different kinds of water droplets including 

the water dyed with methylene blue, milk and 

coffee were all rapidly absorbed and vanished on 

the pristine cotton fabric surface . 



Conclusion 

 The AuNPs@NRP has been synthesized by thermal treatment without additional reduction, 

    stabilization and dispersion agents; 

 The AuNPs@NRP  flexible film notably enhances the SERS signals of the probe molecule  

     4-MPY along with good reproducibility; 

 Functional cotton and polyester fabrics were fabricated through coating a nanocomposite of  

     AuNPs@NRP; 

 The assembled AuNP@NRP uniformly distributed on fabric surface, without any aggregation; 

 The fabrics treated with a low amount of AuNP@NRP exhibited high catalytic activity for  

   reduction of 4-NP with ∼96.5% conversion rate; The high loadings of AuNP@NRP changed  

 the wettability of fabrics from hydrophilicity to hydrophobicity can be used oil/water separation. 

 

 



    

    


