
Preparation and characterization of near-
infrared region absorption enhancer carbon 
nanotubes hybridmaterials

Abstract

This paper describes a simple strategy for covalently attaching silica-coated gold nanorods (sGNRs) onto the surface of multi-walled carbon 
nanotubes (MWNT) to fabricate hybrid nanostructures. The crosslinked reaction occurs through interaction of carboxyl groups on the MWNT with 
the amino silane coupling agent modified sGNRs. TEM, FT-IR spectroscopy, UV-vis spectroscopy, and Zeta potential analysis have been used to study 
the formation of MWNT/sGNRs nanostructure. Furthermore, MWNT/sGNRs hybrid material shows an excellent solubility in aqueous solution and an 
enhanced absorption in the near-infrared region. It should open up new possibilities in nanomedicine as multimodal photoacoustic and photothermal 
high-contrat molecular agent.
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1. Introduction

Carbon nanotubes (CNTs) have been intensively studied 
in recent years due to their unique structural, electrical, 
mechanical, optical, thermal and chemical properties [1-
12]. In health-care industry, CNTs have shown promise 
as contrast agents for photoacoustic and photothermal 
imaging of tumours and infections because they offer 
high resolution and allow deep tissue imaging [13-16]. 
However, in vivo applications have been limited by 
the relatively low absorption displayed by nanotubes at 
near-infrared region (NIR) and concerns over toxicity. 
Recently, golden carbon have been strategically designed 
and synthesized by depositing a thin layer of gold around 
the CNTs for photoacoustic and photothermal imaging 
in vivo [17]. The gold layer acts as an NIR absorption 
enhancer and could potentially address the issues of 
toxicity. Nevertheless, controllable synthesis of golden 
carbons is still a challengeable task, so developing 
a simple and effective method for prepared an NIR 
absorption enhancer CNTs has became a hotspot.

   Gold nanorods (GNRs), strongly light enhanced 
absorption in NIR and plasmon resonance enhanced 
properties, are attracting intensive scientific interest for 
their unique properties and potential applications such as 
photothermal therapy [18], biosensing [19], molecular 
imaging [20], and gene delivery [21] for cancer treatment. 
However, the toxicity derived from a large amount of the 
surfactant cetyltrimethylammonium bromide (CTAB) 
during GNRs synthesis severely limits their biomedical 
applications [22-26]. Upon that, the biocompatible silica 
is chosen to modify the GNRs and removal of CTAB 
molecules on the surface of GNRs.
   Herein, we demonstrate a simple and effective strategy 
for fabricating an NIR absorption enhancer CNTs through 
covalent interaction of carboxyl groups on the MWNT 
with the amino silane coupling agent modified silica-
coated gold nanorods (sGNRs) as shown in Scheme 1. 
GNRs were prepared by the seed-mediated template-
assisted protocol, coated by silica and modified with 
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Scheme 1. Covalent attachment of sGNRs on the MWNT surface.

the amino silane coupling agent, thus esliminating their 
cytotoxicity and improving their biocompatibility. Our 
results showed that the resulting MWNT/sGNRs have 
markedly NIR absorption enhancer.

2.  Materials and Methods 
2.1 Materials

   Multiwalled carbon nanotubes (MWNTs) were 
purchased from the Shenzhen Nanoport Company 
( S h e n z h e n ,  C h i n a )  a n d  t h e i r  d i a m e t e r s  w e r e 
around 20~30 nm.Chloroauric acid (HAuCl4 •3H2O), 
Cetyltrimethylammonium bromide (CTAB), sodium 
borohydride (NaBH4), Tetraethylorthosilicate (TEOS), 
3-aminopropyltrimethoxysilane (APTS), 1-ethyl-
3-(3-dimethyl aminopropyl) carbodiimide (EDC), 
N-hydroxysuccinimide (NHS) and ascorbic acid were 
obtained from the Aldrich Company. Anhydrous ethanol 
and ammonium hydroxide were obtained from Sinopharm 
Co. (China).

2.2 Preparation of MWNT-COOH from MWNT 
      (Scheme 1)

   Crude MWNT were added to aqueous HNO3(20.0 mL, 
60%). The mixture was sonicated for 40 min and then 
stirred for 48 h while being boiled under reflux. The 
mixture was then vacuum-filtered through a 0.22 mm 
Millipore polycarbonate membrane and subsequently 
washed with distilled water until the pH of the filtrate 
was ~7. The filtered solid was dried at 70˚C for 24 h in 
vacuum oven, yielding MWNT-COOH [27].

2.3 Synthesis of silica-modified gold nanorods

   In a typical experiment, GNRs were synthesized 
according to the seed-mediated template-assisted protocol 
[19,28]. Twenty milliliters of the GNRs solution was 

centrifuged at 9600 rpm for 15 min. The supernatant, 
containing mostly CTAB molecules, was removed and 
the solid (containing rods) was redispersed in 20 mL 
anhydrous ethanol adjusted to pH=10 with ammonia. 
After the system was sonicated for 30 min, TEOS of 4 
mL (10 mM) was added and then the entire system was 
stirred for 20 h. Next, 10 mL APTS were added to form a 
mixed solution and allowed to react at 80˚C for 3 h. The 
resulant was washed with deionized water for several 
times, and dried at 60˚C for 3 h in vacuum oven to obtain 
the sGNRs.

2.4 Fabrication of MWNT/sGNRs nanohybrid 
      (Scheme 1)

   Covalent attachment of sGNRs to the MWNT was 
performed using a modification of the standard EDC–
NHS reaction as described by Jönsson et al [29]. 
Carboxyl groups on the surface of MWNT (5 mg) were 
activated by an EDC/NHS solution for 30 min. Following 
activation, 1 mg sGNRs were added to form a mixed 
solution and allowed to react at room temperature for 
12 h. The resulant was treated by high speed centrifugal 
separation and washed with deionized water for several 
times, then dried at 60˚C for 3 h in vacuum oven to obtain 
the MWNT/sGNRs nanohybrid.

2.5 Characterization

   JEOL JEM-2010 transmission electron microscope 
(TEM) and a JEOL JEM-2100F high-resolution 
transmission electron microscope (HR-TEM) were used 
to confirm particle size and observe the interface and 
the binding-site of sGNRs and MWNT. UV–vis spectra 
were measured at 20˚C with a Shimadzu UV-2450 UV-
visible spectrophotometer equipped with a 10-mm quartz 
cell, where the light path length was 1 cm. The 200~1000 
nm wavelength region was scanned, since it includes 
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the absorbance of the GNRs. The fourier transform 
infrared (FTIR) spectra were recorded on a Perkin Elmer 
Paragon-1000 FTIR Spectrometer. The surface charge 
of MWNT/sGNRs was measured with Zeta potential 
measurements in water (NICOMP 380ZLS Zeta potential/
Particle sizer).

3. Results and discussion

3.1 TEM observation

   Figure 1 displays typical TEM images and HR-TEM 
images of (a,b) MWNT, (c,d) sGNRs, (e,f) MWNT/
sGNRs. As shown in Figure 1(a), MWNT used are 
relatively pure almost containing no amorphous carbon 
particles, metal catalysts or other impurities. The average 
diameter is around ~20 nm. Thorough high resolution 
HR-TEM characterizations revealed the highly crystalline 
nature of MWNT in Figure 1(b), Figure 1(c) shows the 
morphology and the size distribution of silica-coated 
GNRs, indicating GNRs were fully encapsulated by silica. 
It can be seen that the sGNRs are approximate sphere 
with size about ~80 nm. Moreover, the sGNRs with well-
defined core-shell structures are rather monodisperse. 
The GNRs core, with 50 nm in length and 20 nm in 

width, was prepared by seed-mediated template-assisted 
protocol. The silica shell has a thickness of 10~20 nm. 
Figure 1(d) is the HR-TEM of an individual sGNR. It 
indicated that the silica shell is well-ordered mesopore 
structure, which can be used as drug carrier, gene carrier, 
and gas adsorption and so on. It is easy to directly observe 
the sGNRs decorate the surface of MWNT mainly along 
their sidewalls from Figure 1(e) and (f), thus suggesting 
that functionalization of the MWNTs with sGNRs was 
successful. The well-distributed sGNRs deposited onto 
the MWNT demonstrate that the CNT pretreatment 
processing was effective, which resulted in many active 
sites on the carbon nanotubes, Figure 1(f) showed that the 
structure and the crystallinity of MWNT and sGNRs have 

no change after crosslink.

3.2 Binding sites of sGNRs and MWNT

   Low magnification TEM images of MWNT/sGNRs 
is shown in Figure 2(a,b) and high magnification TEM 
images of the different binding-site of sGNRs and MWNT 
in Figure 2(c,d). According to the TEM observations in 
Figure 2(a,b), sGNRs decorate the surface of MWNT 
mainly along their sidewalls, and partly connected to the 
nanotubes ends, which may be contributed to that the 

Figure 1 TEM images and HR-TEM images of (a,b) MWNT, (c,d) sGNRs, (e,f) MWNT/sGNRs.
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amount of aminon groups on the long axis of GNRs is 
more than the amount on the short axis of GNRs. The 
typical sidewalls-decoration is displayed in Figure 2c, 
and the typical ends-ecoration in Figure 2d. It indicated 
that the active sites (carboxyl groups) are fully on the 
sidewalls and ends of MWNT.

3.3 UV-vis spectra

   Figure 3(A) shows the UV–vis absorbance spectra of 
GNR-CTAB, GNR-SiO2 and sGNRs in the 400~900 
nm wavelength range. The spectrum of GNR-CTAB 
showed that GNR-CTAB have two absorption bands, a 
weak short-wavelength band around 515 nm and a strong 
long-wavelength band around 715 nm. Moreover, we 
found that the plasmon peaks of sGNRs exhibited no 
significant changes in peak width or position, so the silica 
modification had no effect on the property and application 
of GNRs. After modified with amino silane coupling 
agent, the special absorption peaks have a little red shit (~6 
nm), which may be contributed to that the coated silica 
layer turn thick and the size of sGNRs become big.
   Figure 3(B) shows the UV–vis absorbance spectra of 
MWNT and MWNT/sGNRs. It can be seen that MWNTs 
have the relatively low absorption displayed at NIR. After 
covalent binding of sGNRs, the MWNT/sGNRs display 
markedly NIR absorption enhancer. The inset shows the 
magnification absorbance spectra of MWNT/sGNRs 
in the region of 400~800 nm, there are two special 
absorption peaks corresponding to sGNRs.

Figure 2 TEM images of the different binding-site of sGNRs and MWNT.

3.4 FTIR spectroscopy

   To further study for covalently attaching sGNRs onto 
the surface of MWNT, the typical FT-IR spectra of 
(a) MWNT, (b) sGNRs, and (c) MWNT/sGNRs were 
determined in Figure 4. The presence of sGNRs can be 
seen by a strong absorption bands at around 1060 cm-1. In 
addition, in Figure 4(a) and (b) the absorption bands near 
3400 and 1630 cm-1 refer to the vibration of remainder 
H2O in the samples. The fact was proven by comparison 
of FT-IR spectra of the MWNT and MWNT/sGNRs 
nanohybrids shown in Figure 4(a) and (c). The difference 
between the IR spectrum of MWNT and that of MWNT/
sGNRs is obvious. The bands Si-O at 1061 cm-1 indicated 
the silica in (c), but it wasn’t found in (a). Covalent 
attachment of sGNRs to MWNTs surface is verified 
by pronounced amide I and III vibrational stretches 
(1641 and 1462 cm-1, respectively, Figure 4(insert).
These changes in FT-IR absorption spectroscopy can be 
explained by the covalent interaction between sGNRs and 
MWNTs.

3.5 Zeta potential Analysis

   Zeta potentials of MWNT/sGNRs with increasing 
sGNRs concentration were recorded at pH=7.0 as shown 
in Figure 5. As demonstrated in Figure 5, MWNT/sGNRs 
nanocomposites all bear negative charge. The value of 
negative charge was decreased depending highly on 
concentration of sGNRs added in the reaction system, 
which is attributed to that the number of carboxyl groups 
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Figure 3 (A) UV-vis spectra of (a) GNR-CTAB, (b) GNR-SiO2, and (c) GNR-NH2. (B) UV-vis spectra of (a) MWNT and (b) MWNT/sGNRs (The 
inset shows the magnification in the region of 400~800 nm).

on the surface of MWNT was decreased. It may be also 
contribution to the enrichment of hydroxy groups on the 
silica surface of sGNRs. In addition, the negative charge 
depicted that the MWNT/sGNRs have good dispersity.

4. Conclusions
   
   In summary, we have developed a simple and effective 
strategy for functionalization of carbon nanotubes with 
gold nanorods by covalent interaction. The MWNT/
sGNRs shows an excellent solubility and good dispersity 
in aqueous solution and display markedly absorption 
enhancer in the near-infrared region. Therefore, the novel 
hybrid nanostructure should open up new possibilities 
in nanomedicine as multimodal photoacoustic and 
photothermal high-contrat molecular agent. It also 
has great potential applications in advanced sensing, 
nanoelectronics, chemical sensing, field-emission 
displays, nanotribology, cell adhesion/biorecognition 
investigations, and catalytic systems.
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