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Abstract: Highly stable graphene nanofluids based on N,N-dimethylacetamide and N,N-

dimethylformamide were prepared and thermally characterized. The thermal conductivity 

and specific heat capacity of both nanofluids suffered a dramatic enhancement with 

increasing graphene concentration. Raman spectroscopy showed a blue shift of certain 

Raman modes with increasing graphene concentration. This finding indicates that 

graphene affects the whole liquid in terms of vibrational energy. Furthermore, DFT and 

MD simulations showed that the liquid molecules tend to lay parallel towards graphene, 

favouring a possible π-π stacking. In addition, it was observed that graphene induces a

local order of liquid molecules close to the flake. All these data are discussed in the 

paper to attempt to shed light on the mechanisms behind the enhancement of thermal 

transport in graphene nanofluids.  

Introduction/Background: Heat transfer fluids have been used in a plethora of 

applications, from microelectronics [1] to concentrated solar power [2], among others. 

However, their poor thermal conductivity poses a challenge in terms of heat transfer 

efficiency. The dispersion of nanomaterials has been known for decades as an effective 
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strategy to upgrade the thermal properties of base fluids [3–5], such as the dispersion of

graphene flakes in conventional fluids. Researchers have attempted to explain the 

outstanding enhancement of the effective thermal conductivity in nanofluids, however, 

although several theories have been proposed [6–9] there is still an ongoing debate.

Discussion and Results: In this work, we report on highly stable surfactant-free 

graphene nanofluids developed in-house, based on N,N-dimethylacetamide (DMAc) and 

N,N-dimethylformamide (DMF) with improved thermal properties. The influence of 

graphene concentration (0.00-0.27 % w/w), on thermal conductivity, specific heat 

capacity, sound velocity and Raman spectra was evaluated by means of experimental 

measurements. An increase of up to 48% in thermal conductivity and 18% in specific 

heat capacity were observed, see Figure 1a. Raman spectra showed a shift to higher 

frequencies with increasing graphene concentration in DMF. This finding indicates that 

the presence of graphene affects and modifies the vibrational energy of the whole liquid, 

even at long-range. Density functional theory and molecular dynamics simulations 

indicate that there is a strong interaction between graphene flakes and the nearest DMF 

molecules around them, suggesting a possible π-π stacking. In addition, a parallel

orientation of the fluid molecules (Figure 1b) and a local solid-like nanolayer of DMF 

molecules around the graphene flakes is observed in the simulations [10]. 

Figure 1. Thermal conductivity as a function of graphene concentration of DMAc-
nanofluids and illustration of DMF molecules around a graphene flake; a) Thermal 
conductivity enhancement as a function of graphene concentration for DMAc 
nanofluids at room temperature; b) Frame from a MD simulation of a single layer 
graphene-DMF system. 
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Summary/Conclusions: Herein, we report on a set of highly stable graphene nanofluids 

prepared without the aid of surfactants. The selected base fluids have low thermal 

conductivity but a wider working temperature than water (most common coolant) and 

form very stable graphene dispersions. The addition and dispersion of small 

concentrations of graphene in these amides resulted in a dramatic improvement of their 

thermal properties. Furthermore, we discovered that the presence of graphene modifies 

the vibrational energy of liquid molecules, even of those far from graphene. Our 

simulations showed a special interaction between graphene and the molecules of liquid 

and a liquid solid-like structure around the graphene flake. Therefore, we can claim that 

our results are consistent with theories based on 1) the increase of interatomic 

interactions arising from the interatomic potential [7,9] and 2) solid-like layering of the 

liquid at the liquid/particle interface [6], but more work is needed to produce a 

comprehensive physical model. 
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