
3411 
Journal of Applied Sciences Research, 9(6): 3411-3416, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLES 
 

Corresponding Author: Low Foo Wah, Institute of Nano Electronic Engineering (INEE), Universti Malaysia Perlis 
(UniMAP), 01000 Kangar, Perlis, Malaysia 
E-mail: raymondlow85@gmail.com 

The Effect of Chemical Solutions (Isopropyl Alcohol, Dichloromethane, Acetone and 
Triton X-100) on the Dispersion of Single-Walled Carbon Nanotubes 
 
Low Foo Wah, U. Hashim, Wei-Wen Liu and Tijjani Adam 
 
Institute of Nano Electronic Engineering (INEE), Universti Malaysia Perlis (UniMAP), 01000 Kangar, Perlis, 
Malaysia 
 
ABSTRACT 
 

The effect of chemical solutions on the dispersion of single-walled carbon nantubes (SWCNTs) was studied. 
The SWCNTs were dispersed using several chemical solutions such as isopropyl alcohol (IPA), 
dichloromethane (DCM), acetone and triton X-100 (Triton-X) under ultrasonically process. The results show 
that the types of chemical solutions greatly affect the dispersion of SWCNTs. The IPA solution is found to be 
the best solution to disperse SWCNTs using ultrasonication process due to the difficultly of evaporation in room 
temperature to get a transparent solution. 
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Introduction 
 

Carbon nanotubes (CNTs) have become the subject of intense investigation since 1991 because of their 
marvelous electrical, mechanical, electromechanical and chemical properties (Ijima, S., 1991; Saito, R., et al., 
1998). There are two different types of CNTs: single-walled carbon nanotubes (SWCNTs) and multi-walled 
carbon nanotubes (MWCNTs).Without any chemical functionalization, CNTs are hard to be dispersed in any 
liquids due to the van der Waals force interactions that tend to cause agglomeration of CNTs and prevent them 
to be used in any application.Thus, debundling and individual dispersion of CNTs in an aqueous solution is 
highly important to use them in related research and various applications (Syamsul, N., et al., 2010; Wei-Wen 
Liu, U. Hashim, Sharma Rao, 2012; Adam, T., et al., 2013; Adam, T., U. Hashim, K.L. Foo, 2013; Adam, T., et 
al., 2013; Adam, T., et al., 2013; Adam, T., et al., 2013). 

There is a growing body of literature reporting on issues of dispersibility of CNTs in aqueous media which 
demonstrating an increasing interest in this field. Depending on the application, different methods were used to 
debundle CNTs homogenously. CNTs can be dispersed in solvents which involve the chemical treatment to 
individualize while simultaneously creating interactions between the CNTs surface and solvent. When 
debundling CNTs in aqueous media mainly two methods are used: Firstly, the CNTs can be chemically 
functionalized by adding functionalized groups to disperse CNTs homogenously in aqueous environments (Wei-
Wen Liu, U. Hashim, Sharma Rao, 2012; Adam, T., U. Hashim, 2012). However, this can destroy the structure 
of CNTs and affects the mechanical and electrical properties of CNTs (Jenny Hilding, et al., 2003; Adam, T., U. 
Hashim, 2012; Adam, T., U. Hashim, 2012; Adam, T., U. Hashim, 2012). Alternatively, the non-covalent 
physical adsorption of surfactants and polymers is widely used to enhance the dispersibility of the CNTs without 
damage the structure of CNTs. In this case, the dispersed CNTs are stabilized by the electrostatic repulsion 
formed around them (Vaisman, L., H.D. Wagner, G. Marom, 2006). 

Recently, absorption of surfactants onto the sidewall structure and dispersion of CNTs into individual CNT 
in an unzipping fashion was reported (Strano, M.S., et al., 2003; Adam, T., U. Hashim, 2012). Several 
surfactants have been demonstrated to disperse CNTs such as sodium 4-dodecylbenzenesulfonate (NaDDBS), 
hexadecyl (trimethyl) azanium bromide (CTAB), Triton® X-100, and sodium dodecane-1-sulfonate (SDS) 
(Islam, M.F., et al., 2003; Adam, T., et al., 2012). Contradictory results were often obtained from the CNT’s 
dispersion studies. For example, (Vaisman et al. 2006; Hashim, U., et al., 2012) reported that non-ionic 
surfactants are suitable to disperse CNTs in organic solvents while ionic surfactants are better for dispersing 
CNTs in aqueous solution. However, the non-ionic surfactant Triton® X-100 was found to debundle CNTs better 
than the anionic surfactant SDS, which was due to the p–p stacking capability of the former (Islam, M.F., et al., 
2003; Al-Mufti, W.M., U. Hashim, T. Adam, 2012). In the present study, we examined the aqueous dispersions 
of functionalized single-walled carbon nanotubes (SWCNTs) using four different types ofsurfactants: isopropyl 
alcohol (IPA), dichloromethane (DCM), acetone and Triton® X-100 (Triton-X).The dispersed functionalized 
SWCNTs were investigated using scanning electron microscopy (SEM) and fourier transform infrared 
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spectroscopy (FTIR) to find the best solvent to debundle SWCNTs (Nazwa, T., U. Hashim, A. Saifullah, 2011; 
Th S Dhahi, U. et al., 2011; Adam, T., U. Hashim, 2012; Adam, T., et al., 2012; Adam, T., U. Hashim, 2012). 

 
Materials And Method 
 
Materials: 

 
Functionalized SWCNTs-COOH (>97% carbon purity and <3% metal oxides impurities), IPA, DCM, 

acetone and Triton-X were purchased from Sigma Aldrich, Maalysia. All materials were used as-received. 
 
Preparation of dispersion of SWCNTs in various surfactants: 

 
The dispersion process was conducted in two set of experiments. In the first set of experiment, 10mg of 

functionalized SWCNTs were mixed with each solution at 100ml, namely the acetone, IPA, DCM and Triton X. 
The purchased SWCNTs were readily functionalized with the carboxyl group through the chemical modification 
with the hydrochloric acids (HCl). After that, all mixture of functionalized SWCNTs and surfactants were 
sonicated for 30mins. 

In the second set of experiments, 10µl was extracted from each of the sonicated mixtures for a total of 10 
times. The droplets were then mixed with 10ml of new surfactants (acetone, IPA, DCM and Triton X) and were 
sonicated again for 30mins. Next, all the mixtures were left aside for 14 days and no sonicationwere carried out 
to determine the best surfactants to disperse functionalized SWCNTs. The two sets of experiment for 
functionalized SWCNTs dispersion are illustrated in Fig. 1.The experimental setup for ultrasonic process is 
shown in Fig. 2. 

 

 
 
Fig. 1: Functionalized SWCNTs dispersion process flow 

 

 
 
Fig. 2: Experimental setup for ultrasonic process 

 
Characterization of dispersion: 

 
The dispersion of functionalized SWCNTs in surfactants were characterized using FTIR operating between 

800-4000cm-1 to check the presence of reactive groups on SWCNTs surface. All pictures of functionalized 
SWCNTs dispersion in surfactants in beakers were captured using a flash compact digital camera for the 1st and 
14th day. The morphology of dispersion was examined by SEM.  
 
Results And Discussion 
 
Comparison of dispersion: 
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For this dispersion study, it is necessary to conduct ultrasonic process to ensure that functionalized 
SWCNTs were fully dispersed in the surfactants. In others words, the purpose of ultrasonication was todebundle 
the functionalized SWCNTs in the surfactants to obtain a transparent solution by utilizing the ultrasonic waves. 
Fig.3 shows the compact camera and SEM images for the two sets of experiment. From the compact camera 
images, we can clearly see that black particles (functionalized SWCNTs) were distributed at the bottom of 
beakers in solution A for all surfactants which suggests the functionalized SWCNTs were not well dispersed 
without the sonication. For solution B, black particles (functionalized SWCNTs) were clearly observed in 
acetone surfactant whereas IPA, DCM and Triton X dispersed them in much better manner. Due to the IPA 
surfactant was turned into dark color, it is believed that IPA was the best surfactant to disperse functionalized 
SWCNTs. It is noticeable that transparent solutions C were obtained by adding 10 droplets of solution B into 
IPA and Triton X. However, black particles (functionalized SWCNTs) were observed in the DCM and acetone 
surfactant which indicates that unsuccessful of dispersion (Fig. 3). 

The results show that IPA surfactant can disperse the functionalized SWCNTs with a most transparent 
solution after 14 days as compared to other surfactants (Fig.3). It is because some black particles (functionalized 
SWCNTs) were observed clearly at the bottom of bottles for acetone, DCM and Triton X-100. This is in 
agreement with the SEM images that IPA able to fully disperse the SWCNTs bundle into individual SWCNT 
(Fig. 3). 

 
Solutions Before Ultrasonic (Day1) 

(Solution A) 
After Ultrasonic (Day1) 
(Solution B) 

Acetone 

IPA 

DCM 

Triton X-100 

 
Solutions 10 droplets of 

10µl (from 
Solution B) + 
10ml of new 
solvent + 
ultrasonic 
(Solution C) 

Days 14 observation (solution D) 

Acetone 

IPA 
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DCM 

Triton X-100 

 
Solutions SEM Results 
Acetone 

IPA 

DCM 

Triton X-100 

 
Fig. 3: Dispersion Process and Results 
 
FTIR characterization: 

 
For FTIR, the absorbance (A) peak intensity is directly proportional to the amount of functional group (CM-

1) existed in the sample (Fig. 5). Figure 5 shows the FTIR spectrum of acetone, IPA, DCM and Triton X 
surfactants.In dispersion, the functionalized SWCNTs are dispersed in these four types of solvents, the HCl 
modified SWCNTs contained carboxyl group, –COOH and able to react with solvents. For SWCNTs mixed in 
IPA solvent (Red line), it is clearly shown that at wavelength 3400 cm-1, 2950 cm-1, 1150 cm-1, and 960 cm-1 
was contained alkenes, =CH stretch, alkanes, C-H stretch, carboxylic acids C-O and O-H bend respectively, 
which Acetone, DCM, and Triton-X do not have the similar group in IPA solvents. While only for SWCNT 
mixed with DCM solvent (green line), it contained alkanes, CH2 bend at 1250 cm-1, and acid chlorides, C-Cl 
stretch at 730 cm-1. On the other hand, only SWCNTs mixed with Acetone solvent (Blue line) have sharp peak 
at 1700 cm-1 which contained alkenes, C=C stretch, at 1350 cm-1 and 1216 cm-1contained ketones, C-O stretch, 
and carboxylic acids, C-O stretch, O-H bend. While for SWCNTs mixed in Triton-X solvent (purple line), it 
have sharp peak at 2840 cm-1, 1600 cm-1, 1500 cm-1, 1240 cm-1, and 1100 cm-1 which contained carboxylic acids, 
O-H stretch, alkenes, C=C stretch, alkanes, CH2 bend alcohols, C-O stretch respectively. 
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Fig. 5: FTIR Analyzed Results 

 
Conclusions: 

 
In conclusion we present this dispersion study to get flexible way and can straight proceed our work in 

order to drop selected solvent apply for our fabricated device. As a summary for dispersion study, SWCNTs in 
IPA solvent is the best choice for dispersion process. It is because stability of SWCNTs mixed with IPA solvent 
is very good. It was still able to remain debundled after some period of time compared with other solvents. After 
investigated the 4 solvents for dispersion process, the SWCNTs mixed with DCM solvent is the fastest 
evaporate to the air, followed by acetone and  IPA while the slowest evaporate to the air is Triton-X. The 
SWCNTs mixed with DCM solvent is not suitable as alignment due to it evaporates the fastest thus lowering the 
possibility for SWCNT alignment. Whereas, SWCNTs mixed with Triton-X may not be chosen for alignment 
due to it evaporates into air the slowest. This also lowers the possibility for alignment due to too many strands of 
SWCNTs will be aligned thus causing instability. 
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