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Abstract:



The poor solubility and dispersibility of carbon nanotubes in both aqueous and organic solvents restrict their applications in biological science. Herein, a simple and cheap method for synthesizing and purification of water soluble multiwall carbon nanotubes from coal combustion fly ash and characterization of this water soluble multiwall carbon nanotubes after conjugation with gold nanoparticles has been described.
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1. Introduction


The discovery of buckminsterfullerene [1] by Smalley, Curl, and Kroto, which was aimed to understand the mechanism of long chain carbon molecules, revolutionized the carbon-based nanoscience. Later Iijima, discovered another new carbon allotrope named as carbon nanotube (CNT). [2] Afterwards, carbon based nanostructures [3] became one of the research topics in the field of nanoscience and nanotechnology. Numerous methods have been developed for the preparation of carbon nanotubes (CNTs) such as arc-discharge [1,2,3,4,5], laser ablation [6], high-pressure catalytic decomposition of carbon monoxide (HiPCO) [7], electrophoretic deposition (EPD) [8], flame synthesis [9], pyrolysis [10], chemical vapor deposition (CVD) [11], hot filament CVD [12], plasma enhanced CVD [13], radio-frequency [14], and microwave power sources [15]. However, for most of the strategies except a few require, high reaction temperature, complexity in processing and long synthesis time are always needed. Catalytic decomposition of hydrocarbons also requires a complex purification process to get rid of the metal catalyst particles [16]. Among all these synthetic routes for the synthesis of these carbon nanostructures, the chemical vapor deposition (CVD) route is mainly favored because of scalability and potentially low cost [17]. Although CNTs have unique mechanical, optical, electronic, and quantum mechanical properties, but the unfortunate aspect of CNTs is the poor solubility and dispersibility in both aqueous and organic solvents due its hydrophobic nature. It restricts their applications in the field of biological sciences. Herein, a simple and cheap method for synthesizing gold nanoparticles conjugated water soluble multi-walled carbon nanotubes (wsMWCNTs) has been described which may open up a new direction in biology, particularly in targeted drug delivery.




2. Materials and Methods


Coal combustion fly ash; solvents like toluene, acetonitrile, methanol, ethanol, pet-ether; and acetone were used. Analytical grade nitric acid was used for oxidative treatment.



2.1. Synthesis and Soxhlet Purification of Raw Product from Fly Ash


In this work, coal combustion fly ash, a bulk waste product, was used to produce multiwall carbon nanotubes (MWCNTs) [18,19]. Fly ash which was captured by electrostatic precipitators before the flue gases reach the chimneys was collected from a boiler from a local factory. First, fly ash was repeatedly washed with boiling toluene, acetonitrile, and alcohol respectively using soxhlet extraction technique. Then, the product was taken in a thimble and soxhlet extraction was carried out by pet-ether, followed by toluene and finally by acetonitrile. After three days, the extraction was judged to be complete as fluorescent orange colored soluble material ceased to leach out from the soxhlet thimble. The product obtained after soxhlet extraction was washed with methanol followed by water and finally vacuum dried. The entire process was repeated until about 5 gm of the purified product was collected.




2.2. Oxidative Treatment of Soxhlet Purified Product Using Concentrated HNO3


About 5 gm of the purified product was refluxed in an aqueous solution of cold nitric acid (200 mL) for 48 h [20]. A proportion of the product went into the solution. The un-dissolved residue was separated by centrifugation and the centrifugate was evaporated to dryness on a water bath to yield a black solid. Further purification of this black solid was done with boiling toluene, acetonitrile, alcohol, and distilled water respectively to yield about 1 gm of water soluble multi-walled carbon nanotubes (wsMWCNTs).




2.3. Synthesis of Gold Nanoparticle Modified wsMWCNTs


0.1 mg/mL wsMWCNTs was treated with 5 mL thiol in a bath sonicator for 30 min and refluxed at room temperature to yield thiol coated wsMWCNTs. Later gold nanoparticles with a size of ~20 nm were treated with this thiol coated wsMWCNTs overnight to have gold nanoparticle conjugated wsMWCNTs.





3. Results and Discussion


3.1. Elemental Analyses of wsMWCNTs


The elemental compositions of wsMWCNTs were measured using a Thermo Scientific FLASH (Waltham, MA, USA) 2000 elemental analyzer from Thermo Scientific Fisher, USA (CHNS-O) based on combustion method. A series of elemental analyses indicated that the abundances of carbon and oxygen were found to be 42.2 wt % and 54.6 wt %, respectively, in the product. The high abundance in oxygen in the product is due to the presence of oxygen functional groups (e.g., -COOH, -OH).




3.2. Structural Studies of wsMWCNT before and after GNP Conjugation Using Raman Spectroscopy


The finger print of MWCNTs i.e., the Raman spectra (WITEC Alpha 300R confocal Raman system equipped with a frequency-doubled Nd: YAG laser (532 nm, 2.33 eV) and a 20× objective mounted on an Olympus optical microscope) of wsMWCNTs and gold nanoparticle conjugated wsMWCNTs are shown in Figure 1. The spectrum demonstrates the two prominent peaks the G band, present at ~1585 cm−1, is also known as the tangential band and arises from the E2g mode corresponds to the stretching mode in the graphite plane of the graphite plane and the second D-band, at ~1353 cm−1 corresponds to disorder-induced stretching modes of graphite. Mainly attributed due to the presence of structural defects. The spectrum showed the high intensity of D-band corresponds to high order of derivatization during oxidative treatment. The spectrum after modification with GNPs shows clear evidence for the downshift of the all D-line (1342 cm−1) and G-line (1602 cm−1) which directly corresponds to the wreaking of C-C stretching frequency vibration due to extensive derivatization by thiols and conjugation with GNPs.


Figure 1. Raman spectra of (a) wsMWCNTs and (b) GNP conjugated wsMWCNTs.
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The Raman spectra provide an important characteristic features of wsMWCNTs and wsMWCNTs conjugated with gold nanoparticles.




3.3. TEM Investigation of wsMWCNT before and after GNP Conjugation


The TEM images (JEOL JEM-2100 TEM system) as shown in Figure 2, give further information about the morphology and microstructure of wsMWCNTs before and after GNP conjugation. It is evident from the figure that GNPs are attached with thiol coated wsMWCNTs.


Figure 2. (a) TEM image of wsMWCNTs and (b) GNP conjugated wsMWCNTs.



[image: Chemosensors 06 00036 g002]







3.4. Absorption Spectroscopic Study of wsMWCNT before and after GNP Conjugation


The absorption spectra (Agilent Cary 60 UV–vis spectrophotometer, Agilent, Santa Clara, CA, USA) clearly shows the plasmon of GNPs at 520 nm which is red shifted to 540 nm (as shown in Figure 3) after modification with wsMWCNTs while it is completely absent for wsMWCNTs. The red shift in plasmon is attributed to the interaction of GNPs with wsMWCNTs.


Figure 3. UV–vis spectra of (a) GNP (b) GNP conjugated wsMWCNTs and (c) wsMWCNTs.
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3.5. Fluorescence Study of wsMWCNT before and after GNP Conjugation


The fluorescence spectrum (Nikon Eclipse Ti-U, Nikon Instruments, Melville, NY, USA) of wsMWCNTs shows a clear maximum at 430 nm which is due to the surface passivation of the MWCTs. The spectrum is red-shifted to 470 nm (as shown in Figure 4) after decorating with GNPs. Indirectly, the red-shift clearly carries the signature of gold nanoparticle conjugated wsMWCNTs.


Figure 4. Fluorescence spectra of (a) wsMWCNTs and (b) GNP conjugated wsMWCNTs.
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3.6. Photo Co-Relation Spectroscopic Study of wsMWCNT before and after GNP Conjugation


The average hydrodynamic radius (Malvern Nano-ZS, ZEN 3600, Malvern Panalytical, Malvern, UK) of GNPs suddenly increased to ~110 nm which is ~20 nm (see Figure 5) for GNP.


Figure 5. Average hydrodynamic radius of (a) GNP (b) GNP conjugated wsMWCNTs.
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The increase in average size also proves that the GNPs are covalently attached with the wsMWCNTs to form a complex of wsMWCNTs modified with GNPs.





4. Conclusions


In summary, a simple and cheap method to synthesize and purify water soluble gold nanoparticle conjugated multi-wall carbon nanotubes from coal combustion fly ash has been described. It may open many future prospects to use these gold nanoparticle conjugated water soluble multiwall carbon nanotubes in the field of biological sciences, especially in targeted drug delivery.
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