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The utilisation of water as a non-toxic, 

‘green’ solvent for the industrial production 

and processing of graphene, via liquid-

phase exfoliation, presents a non-trivial 

challenge since hydrophobic, nano-scale, 

2D flakes do not interact favourably with 

water.1 Commercially available, function-

alised, polycyclic aromatic hydrocarbons 

have been used as graphene exfoliants and 

dispersants, however such systems have not 

been optimised in terms of their exfoliation 

efficiency.2 1-Pyrenesulfonic acid sodium salt 

(PySA) is known to be an effective stabiliser 

but has only afforded graphene concen-

trations of up to 1 ± 0.05 mg/mL, and the 

percentage weight yield of single layer 

graphene produced from the initial graphite 

exfoliated by sonication is rarely above 5%.3 

Despite instances in the literature where 

pyrene derivatives have been bought for 

use, either as direct exfoliants or as building 

blocks to synthesise novel stabilisers, their 

structures, and the experimental conditions 

used for exfoliation, are so different that a 

comparison of their performance based on 

structural characteristics would not be 

relevant.2  
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Herein we describe a “QSAR” approach 

leading to the identification of modified 

exfoliants for the stabilisation of aqueous 

reduced graphene oxide dispersions. Our 

results provide an insight into how structural 

features within an exfoliant may affect the 

binding of these small molecules with the 

surface of graphene, while maintaining 

solvation of polar head groups with the bulk 

solvent. 

PyBuSA, a designed exfoliant, enables the 

quantification of both the hydrophobic and 

hydrophilic effects in the exfoliation process. 

Experimental results, supported by mol-

ecular dynamics simulations, suggest that 

the addition of an appropriate alkyl spacer, 

in this case a linear C4-chain, between the 

aromatic pyrene anchor and the polar 

sulfonate head group, increases its efficacy 

at producing stable aqueous reduced 

graphene oxide (rGO) and graphene (G) 

dispersions, while maintaining comparable 

flake size distributions.  
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Figure 1: Final concentration of graphitic mat-

erial in PySA and PyBuSA stabilised aqueous 

dispersions of rGO and G, and chemical 

structures (inset). 
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