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One Step Synthesis of Multiwalled Carbon hybrid structures through chemical vapor depositfor?
Nanotube/Gold Nanocomposites for Enhancing Among those nanoparticles that have been commonly
Electrochemical Response deposited or coated on carbon nanotubes, gold nanopatrticles
have been paid much interest, where several methods
Renyun Zhang and Xuemei Wang* including electrochemical and other chemical/physical meth-

State Key Lab of Bioelectronics (Chie-Shiung Wu ods have been ut;l2|zed to depo_sn gold nanoparticles on
Laboratory), Southeast Unersity, No. 2 Sipailou carbon nanotub€e®d:?? Recently, it is reported that through
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Aut ions containing solution, gold nanoparticles could be
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Revised Manuscript Receed January 26, 2007 o,ction reaction of gold salts with surfactant-suspended
Carbon nanotubes attract continuing interest in various carbon nanotubes in water, a carbon nanotube/gold nano-
areas since their discovery because of their unique structureparticle hybrid could be prepared in a homogeneous pHase.
and electrical/mechanical propertiésMany potential ap- Meanwhile, some reports demonstrate that microwaves could
plications of carbon nanotubes in electronic devices, bio- efficiently assist the binding of gold nanoparticles to
sensors, and catalyst supports have been explored in the pasffWCNTs 25:26
years®—> Specifically, metal/carbon-nanotube hybrid materi-  On the basis of these obervations, in this study we have
als have attracted attention because of their promising explored a new strategy to deposit gold nanoparticles on the
applications in nanoelectronics as well as highly sensitive side wall of MWCNTs by one step reaction in agueous
biosensor§ 1! The “bottom-up” routes toward nanometer- solution, where the gold nanoparticles could be self-coated
scale electronics as functional building blocks for electronic on the carbon nanotubes during their synthesis process.
devices based on the respective carbon nanotubes have been It is well-known that there exist different methods for the
focused in the related research ar&a$’ synthesis of gold nanoparticlés?®and the citrate reduction
With the aim of “bottom-up” constructions, different metal is one of the most commonly used ways, where the stable
nanoparticles have been coated or deposited (covalently orand dispersed gold nanoparticles could be readily obtained
noncovalently) on the side wall of both single-walled carbon and the size of the gold nanoparticles could be easily
nanotubes (SWCNTs) and multiwalled carbon nanotubes controlled?®°In view of this observation, in this work we
(MWCNTSs)*16By adding some salts to the reaction system adopt the citrate reduction method for the synthesis of the
which may increase the barrier toward homogeneous metalgold nanoparticles coated on the carbon nanotubes as
nucleation, Pt nanoparticles could be deposited on themultiwalled carbon nanotube/gold (MWCNTRAU) nano-
exterior walls of carbon nanotub&Besides, ZnO nanorods  composites.
and nanoparticles could be coated on carbon nanotubes as Initially, MWCNTSs were purified by using acid treatment.
Then, the respective carbon nanotubes (1 mg) were sus-
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Figure 2. UV —vis absorption spectra of colloid gold solution synthesized
in the absence of MWCNTSs (a, b) and suspension centrifuged from
synthesized MWCN¥FAu nanocomposites (c, d). (a) Colloid gold solution
synthesized by adding 1.5 mL of sodium citrate in HAuSblution (100
mL), (b) colloid gold solution synthesized by adding 4.0 mL of sodium
citrate in HAuCk solution (100 mL), (c) suspension centrifugal from
MWCNT—Au nanocomposites synthesized by adding 1.5 mL of sodium
- citrate in HAuC}, solution suspended with carbon nanotubes (100 mL), and

. m (d) suspension centrifuged from MWCNRu nanocomposites synthesized

T by adding 4.0 mL of sodium citrate in HAugolution suspended with

Figure 1. TEM images of synthesized MWCNTAuU nanocomposites. (A) carbon nanotubes (100 mL).
MWCNT—Au nanocomposites obtained upon addition of 1.5 mL of sodium
citrate in HAUC} solution suspended with carbon nanotubes (100 mL), (B)
MWCNT—Au nanocomposites obtained upon addition of 4.0 mL of sodium
citrate in HAuC}, solution suspended with carbon nanotubes (100 mL). The
scale bars represent 100 nm.

different amounts of sodium citrate were added to the boiling
solution which was kept heating for-8.0 min until the color
of the solutions did not change.

Figure 1 shows the typical TEM images of the synthesized
MWCNT—Au nanocomposites, which demonstrate that the
carbon nanotubes could be nicely coated with gold nano- 1100 1200 1300 1400 1500 1600 1700 1800 1900
particles. It is noted that a well assembled nanocomposite Wavenumber (cm’')
could be obtained when 1.5 mL of sodium citrate was added gigyre 3. Raman spectra of MWCNTs and MWCNPU nanocomposites.
to 100 mL of HAuC} solution suspended with carbon
nanotubes, where transmission electron microscopy (TEM) and UV—vis absorption studies (see Figures 1 and 2). In
micrographs demonstrate that the gold nanoparticles couldcomparison, the relevant control experiments were performed
be equiaxed and decorated on the MWCNTSs uniformly along without the premixing of the MWCNTSs with the HAugl
its length. Moreover, our observations indicate that the size solution, where the MWCNTs were added together with
of gold nanoparticles coated on carbon nanotubes is in thesodium citrate into the HAuGlsolution (i.e., without the
range of 20 to 24 nm with the average of 22 nm when 1.5 premixing of carbon nanotubes with HAuGlolution). Our
mL of sodium citrate was applied for the respective prepara- TEM observations indicate that the deposited ratio of the
tion, while the range is 9 to 13 nm with the average of 12 respective gold nanoparticles on the carbon nanotubes is
nm when 4 mL of sodium citrate was added to the relative much lower than that with the premixing of carbon nanotubes
reaction. In comparison, the typical TEM images of gold with HAuCl, solution, and the diameters of the nanoparticles
nanoparticles synthesized in the absence of MWCNTSs at the side wall of carbon nanotubes are incoordinate (as
illustrate that the average diameter of gold nanopatrticles is shown in Supporting Information).
about 21 and 12 nm for the application of .5 mLand4 mL  On the basis of these observations, we have further
of sodium citrate, respectively, for the related preparation investigated the amount of the synthesized gold nanoparticles
(as shown in Supporting Information). on the MWCNTSs by using UV vis absorption spectroscopy

Additionally, to find the best conditions for the synthesis to explore the efficiency of the respective synthesis. As
of the new nanocomposites, we have explored the differentshown in Figure 2, the results of our WB\Wis absorption
procedures for the preparation of the MWCNAu hybrid spectroscopic studies of gold nanoparticles synthesized in
materials. Our observations indicate that the premixing of the absence of MWCNTs and the respective centrifugal
carbon nanotubes with HAughkolution could efficiently suspensions in the presence of MWCNTSs indicate that more
induce the adsorption of HAu@inolecules on the nanotubes, than 99% of the synthesized gold nanopatrticles have been
while it will readily lead to the growth of gold nanoparticles coated on the carbon nanotubes.
on the side wall of the carbon nanotubes when the sodium Figure 3 shows the Raman spectra of MWCNTSs and the
citrate was subsequently added. Thus, it appears that almosMWCNT—Au nanocomposites. As illustrated in Figure 3,
all of the synthesized gold nanoparticles were observed onthe important features such as a tangential G-band and
the wall of carbon nanotubes and little free gold nanoparticles D-band* of carbon nanotubes were observed in the
could be observed in solution, as illustrated in TEM images MWCNT—Au nanocomposites. Our observations illustrate

Intensity (arb. units)




978 Chem. Mater., Vol. 19, No. 5, 2007 Communications

0.154 140+
= a
0.104 1204 . b
_ 100+ S
< 0.05
E <
= 0.00- 2 04
@ =
5 0054 o %0
3] o 5
0104 O 4
_________ c 201
-0.15 T T T T T d
0.5 04 0.3 0.2 0.1 0.0 -0.1 o
Potential / V 2 4 6 8 10 12 14
Figure 4. Cyclic voltammogram of 5 mM KFeCN} at the bare GCE Scan Rate'? / (mV]m

(a), pure MWCNT modified GCE (b), and MWCNJAuU nanocomposite , o )

modifed GCE (c). During the modification of the respective GCE electrodes, Figure 5. Calibration plots of the K(FeCN) reduction peak current vs

a 10uL droplet of MWCNT—Au or MWCNT solution (1.0 mg/mL) was square root o_f scan rate at different electrodes. (a) Bare_GCE, (_b) pure
pipetted onto the GCE surface and dried with nitrogen. g/l}/:vECNT modified GCE, and (c) MWCNFAu nanocomposite modifed

a significantly higher D-band intensity (normalized to the Stronger than that of simply carbon naotubes quified GCE
G-band) for the MWCNT-Au nanocomposites than that of @S well as the bare GCE. Figure 5 shows the calibrated plots
the pure MWCNTs. Since the D-bands correspond to of reduction peak current of XFeCN) versus square root
disordered structures in carbon nanotubes, the increasingOf scan rate atdifferenteleqtrodes. Th_e results demonstrated
intensity reflects the rise in the defect density in the respective that there is an excellent linear relationship £ 0.9997)
nanotubes upon the deposition of gold nanoparticles ontoPetween peak current and square root of scan rate for
the side wall of MWCNTSs. Besides, the D and G bands have K3(FECN) at the MWCNT-Au nanocomposites modified
up-shifting, which indicates the forces associated with gold GCE. Moreover, it is evident that the MWCNFAu nano-
nanoparticles and MWCNTE: 35 composites at the electrode surface could efficiently acceler-
Since MWCNT-Au nanocomposites prepared by com- ate the_ electron transfer at the GCE and enhance the
bining gold nanoparticles and carbon nanotubes are conducl@Spective electrochemical performance. .
tive nanomaterial, they could be incorporated into the N Summary, we have reported novel one step synthesized
electrochemical system to facilitate the electron exchangeMWCNT—Au nanocomposites to obtain a well-defined
between the electrode and the electrochemical probe due tg'@nomaterial in this paper. Our results indicate that the
the enhanced conductivity of the matrices. It is already Prémixing of MWCNTs with HAuUC] solution could con-
known that gold nanoparticles and carbon nanotubes havelfibute to the HAuG molecule distribution at the carbon
been usually utilized to modify the electrodes to enhance nanotube surfgce and further induce the good depqsmon of
the relevant detection sensitivity as well as catalytic proper- 90/d nanoparticles on the carbon nanotubes. Besides, the
ties. Thus, based on these considerations, electrochemicafynthesized conductive nanocomposites could efficiently
studies have been carried out to investigate the enhancemerinhance the respective electrochemical response, suggesting
effect of MWCNT—Au nanocomposites at glassy carbon that the MWCNTF-Au hanocomposites could .afford a noyel
electrodes (GCE). Figure 4 shows the enhanced eIectro-Strat‘?gy to prepare the_ promising nanomaterial for the highly
chemical response of 5 mM JkEeCN) at the respective ~ Sensitive electrochemical sensors.
modified glassy carbon electrodes. The results indicate that
the electrochemical response of 5 mM(ReCN) at the
MWCNT—Au nanocomposites modified electrode is much
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