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1. Introduction 

The Carbon Nanotubes (CNTs) have been found attractive material in materials science due to 

its applicability in wide scale of industrial usages. At the same time their widespread 

application in chemistry, biochemistry, biology and medicine is hindered by their low 

solubility in aqueous or most organic and inorganic media. The carbon nanotubes are soluble 

only in a few low permittivity solvents, which property makes impossible the study of several 

important phenomena, e.g. investigation of the tubular ion-transport by electrochemical 

methods. Accordingly, the CNTs solubilised in aqueous or organic media have attracted 

increased attention. Two approaches are known to solubilize or disperse the CNTs: one is the 

chemical modification of CNTs by covalent bonding and the other one is the physical 

modification by noncovalent functionalization. 

American researchers have shown that it is possible to dissolve single-walled carbon 

nanotubes (SWCNTs) in aniline solvent. In spite of the increased attention, the detailed 

solvation mechanism was not clarified yet. According to the theory described by Sun et al., 

the aniline itself can solve the nanotubes by forming a soluble charge-transfer complex. 

However, due to the high concentration of aniline and considering its low permittivity, it is 

obvious to assume the presence of π-π interaction between the aromatic rings of the aniline 

and the nanotube. The interactions between molecules containing π-electron-systems was 

described in detailed earlier since this interaction play important role in several biological and 

chemical processes. The effects of the solvent permittivity on the stability of the π-π 

interaction between aromatic molecules were clearly determined before. 

 

2. Objectives 

The main aim of this work was to understand the solvation mechanism of carbon nanotubes in 

aniline solvent. To clarify the solvation mechanism the part of the experimental analysis was 

extended for investigation of the dissolution of carbon nanotubes in some aniline derivatives 

too. The effect of the permittivity of the molecular environment on the weak interactions 

between carbon nanoubes and aniline derivatives was also studied, furthermore the adsorption 

properties of aniline on the surface of SWCNTs and the thermodynamics of solubilization of 

SWCNTs were investigated. Quantum chemical calculations were performed to describe the 

solvation process at molecular level. During this analysis the solvent effect on the aniline – 

SWCNT interaction and the relationship between the optical and structural properties of the 

complex were studied. 
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3. Methods 

The experimental work was done using the Fluorolog τ3 spectrofluorimeter (Jobin-

Yvon/Spex) and the Nicolet NXR 5700 FT–IR–Raman (UNICAM) photometer. During the 

theoretical investigation the quantum chemical analysis were done by GAUSSIAN 03 

Rev.B.05. and by TURBOMOLE 5.7.1. program packages, the molecular dynamics 

simulations were carried out by HyperChem Professional 7 software package. 

 

4. Results 

In this work the solubilization of single-walled carbon nanotubes has been investigated by 

fluorescence and quantum-chemical methods. In this frame the permittivity dependence of the 

interaction between the nanotube and aniline were examined in detail. The following 

statements were established by these investigations:  

1. The solubility of carbon nanotubes in aniline solutions has been determined. Results 

show much lower dissolution of SWCNTs in aniline compared to it published earlier. 

Accordingly, only 0.001 mg SWCNTs can be dissolved in 1 ml aniline. 

2. The earlier published solubilization process is based on the formation of charge – 

transfer complex between the aniline molecules and the nanotube. Applying aniline 

derivatives which possess –CH3 groups at appropriate sites, the formation of charge 

transfer complexes was inhibited, therefore we were able to study the role of π-π 

interaction in the solubilization separately. The results highlighted the complex 

behavior of the aniline – nanotube interaction and enhanced role of the π-π interaction 

between the aromatic rings of aniline and that of the nanotubes has been determined. 

3. The fluorescence spectra observed after alcoholic dilution of solutions of aniline – 

SWCNT,  2,6-dimethyl-aniline – SWCNT and N,N-dimethyl-aniline – SWCNT reflect 

significant changes in the molecular environment around the nanotube.  The spectral 

changes suggest that the co-solvent alcoholic molecules also participate in the 

solubilization processes. 

4. The free-enthalpy change associated to the aniline – nanotube interaction was found 

lower than it was observed earlier according to the π-π interaction of other aromatic 

molecules. However, same trend was observed in the permittivity dependence of the 

interaction: stronger aniline – nanotube interaction was detected in low-permittivity 

solvents. 
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5. We have shown that the BP86-D and in some cases the MPWB1K sets are appropriate 

functionals to describe the aniline – nanotube interactions. Aniline – C42H16 (n,0) 

SWCNT fragment, or aniline –  C64H20 (n,0) SWCNT fragment + 2 MeOH (n=8, 10 

or 30) systems were applied to represent the interacted species. Unfortunately, the 

theoretical results cannot be directly comparable with the experiments due to the 

limited size of the fragments. 

6. The calculated adsorption energies validate that the stacked π-π structures are more 

stable than the T-shaped structures. The results of the DFT calculations show that the 

top orientation of the aniline to the nanotube surface is responsible for the 

energetically most favorable conformation. 

7. Our results suggest that under the change of the molecular environment both the 

conformation of the aniline – nanotube complex and the molecular skeleton of the 

aniline are changed significantly.  

8. The results of the TDDFT calculations were compared with the experimental spectra. 

Although the experimental spectra don’t show considerable changes in their shape, 

nor in their site during alcoholic dilution of the samples, the theoretical analysis 

validates appearance of weak new electronic transitions. However, these transitions 

don’t result considerable change in the calculated spectra since their weakness. 

9. A time-dependent deformation of the cross section of nanotube has been obtained by 

molecular dynamics simulations. This result prefers adsorption of such molecules on 

the surface of nanotube which have flexible molecular skeleton and/or possess flexible 

moieties.   

We hope that our findings can contribute in the development of methods towards improving 

the solubility of nanotubes and can improve efficiently the applications of aromatic molecules 

in molecular packing.    
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