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Since the discovery of carbon nanotubes (CNTSs) in 1991, one- Scheme 1 . Controllable and Renewable Synthesis Route
dimensional (1D) carbon nanomaterials have attracted considerable Active carbon POMs
attention due to their distinctive geometries, novel physical and
chemical properties, and potential applications in numerous areas

A : Hydrothermal process hvydrogen peroxide
such as nanoscale electronics and photdnit€onsiderable efforts at 180°C verogenp
have been devoted to study the preparation and growth mechanism Nanotube
of 1D carbon materials. For example, metal-catalyzed chemical Nanobelt Hctslror)oly
vapor deposition (CVD), arc evaporation, and laser ablation of Nanoparticle ues

ethods have been consecivly developed for the syntnesis of, & DPICa experiment 8 m of POMS soluion (065 M)
CNTs. Examples include high-tempyerature hpydrothermal grocessing and 0.3-0.5 g of carbon powder were placed_ into in a stainless
solvot.hermal route, sonochemical route, and solid-state metathesilc,Steel autoclave of 12-mL ca_pac_lty (Teflon-lined reactor). The

. - ’ ! . ; autoclave was sealed and maintained at-4B80 °C for 72 h and
reaction!3-1° However, they suffer from the limits of high tem-

. . " . then allowed to cool to room temperature naturally. The dark
perature and pressure, special equipment and conditions, or tedious

rocedures. Therefore. exploring general and simple methods toprecipitate was collected and washed with distilled water and
?br' tu fb tbon m’ i ):'pl ng tgll hallen imp absolute ethanol, respectively. After that, the obtained sample was
apricate carbon materiais is stilt a chatienge. . dried in a vacuum at 65C for 2 h. Electron microscopy studies

The hydrothermal technique occupies a unique place in modern . . .

. d technol R ¢ studi ity that mild hvdrother- were carried out using a JEM-2010 at an operating voltage of 200
al processes show axiaordinery abilty 1 the abrication of the <Y Samples were prepared by uitrasonic dispersion of the

. . L amorphous particles in ethanol. After ultrasionication, a drop of

1D nanostructured materiéd%.23 Especially the participation of P P P

t mplifv th thesi d ificati f the suspension was placed on a microgrid and dried in air.
water can simplify the synthesis and purification process o The observations revealed the formation of the CNTs after the
nanostructured carbon based on the complex chemistry in the

h h | i ySiHM H;PM .
C—H—-0 systeni72427 On the other hand, polyoxometalates ydrothermal process assisted bySi012040 (Or HsPM012040)

POMS) represent an attractive class bearing many uni function Typical transmission electron microscope (TEM) images of the
.( S) epresent an attractive class bearing many unique tUnClonSoyi+¢ 4 re shown in Figure 1. The individual fiber exhibits a middle-
in catalysis. Besides their structural robustness, the electronic

o . ) . “hollow structure (Figure 1b). The hollow nanotubes have diameters
characteristics of POMs have played an important role in their (Fig )

talviic behavi D ic et al ol lied POM in the range of tens and lengths in the range of hundreds of
catalytic defawor. umesic t'e al. stl_Jcces_s u y_gpp 1 " nanometers. The inner diameters are between 5 and 10 nm, and
compourl S for power generation reactions in 8HC-O reac lon. the outer diameters are between 20 and 30 nm. Figure 1c show the
systen®?8-34 Here, based on the above studies, a POMs-assisted

hydrothermal system was developed for the controllable s nthes'shigh_resOIlJtion TEM (HRTEM) images for the wall structure of a
4 Y w velop y 'S carbon nanotube. The walls are composed of graphite sheets aligned
of 1D carbon nanostructures. The results demonstrate that carbo

; . %o the tube axis. The interlayer spacing in the walls, about 0.34

nanotubes, nanobelts, and nanoparticles can be directly prepare - - .

f . b d d the POM d bl nm, corresponds to the 002 distance of graphitic carbon lattice.

ro/rAn dg'cn 'V? (r:lars,tgglpcqzvai'r(’j a(l;B.We Ou) o? tusne sgehg]ivcv,?c € The TEM observations revealed the formation of the CNBs after
id I—LPg\NL:Og i Itrl1 Ih drl th rrln TZ “Ot mludq i F:h fprm Iti N the HsPV,Mo,0040-assisted hydrothermal process. A typical nano-

a? ( b 12040) 10 t'el Y OCI\TP a 3)\//?]6 H:/Ia SOO c OH alon pelt has a width ranging from 200 to 500 nm, and a length up to

g_Mcarzoon nanopardlcg's\”_( S)t; bfr_b d01lj 20 (orr] 4-h _ several micrometers. The thickness of the belts is about 10 nm, as
IM012040) Was used, S can be obtained. Using phospRova- o i ated from the TEM images, and the width-to-thickness ratios

nadolr)n c:tlybga’\fg(kprthotﬁoﬁ) crjestut:ts n tlhe fortmatl?r:l o'i(c)?\;bon e about 2660. The single-crystalline nature of CNBs was further
nanobelts ( s). After the hydrothermal reaction, the S USEU o hfirmed with electron diffraction (ED) measurements. The

were changed into heteropoly blues, and active carbon powder was . . . N
) . . selected area electron diffraction (SAED) pattern (inset in Figure
converted partially into CNTs, CNBs, and CNPs. The obtained ! fon ( ) P (i In Figu

. 2a and b) taken from a single nanobelt indicates that the nanobelts
hztde_tr_opol); blues "can be fo?grtedl t;gck _trc;] thetrI:OMs W'thhthe were single crystals. Images a and b of Figure 2 show the selected
a |t|)on 0 a_zmadamoun or b, 53 ution. bLlls’ |sthapproatc ¢ SAED patterns taken from different areas (the trunk and the top,
can be considered as a green and renewable Syninesis stra eg¥espectively) in a single belt. It was found that the SAED patterns
which will be valuable toward research in the nanometer regime.

Scheme 1 shows thi ntrollable and renewabl nthesis rout recorded from different areas of the individual CNB were almost
cheme L shows this controtiable and renewable Syntnesis Toule; e ntical. The SAED patterns can be indexed to the 002 planes of

 Insitute of Polyoxometalate Chemistry hexagonal phase of carbon orienting perpendicular to the electron
*Institute of Functional Materials. beam. Figure 2c shows a crooked nanobelt. The typical thickness
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TEM images (a and b) of CNTs and HRTEM image of the CNTs.

Figure 1.

0.34nm

—_—
Figure 2. (a) TEM image of the trunk of a single CNB. Right inset: SAED
pattern of the same nanorod. (b) TEM image of top of a single CNB. Right
inset: SAED pattern of the same nanorod. (c) TEM image of a crooked
nanobelt. (d) HRTEM image of a single-crystalline carbon nanobelt as the
same one in c.

estimated from TEM observations was about-16 nm as shown

in Figure 2c. Figure 2d is a representative HRTEM image of a

single-crystalline CNB, showing the clearly interplanar distatgge

= 0.34 nm. It also reveals that the belt is free from dislocation and

stacking fault. The evolution of the carbon nanobelts was also
studied with TEM of the carbon nanostructures at various stages
of the hydrothermal process. TEM images of the products after a
reaction for 24 h revealed that products mainly consist of sheetlike

In summary, a simple POMs-assisted mild hydrothermal method
was developed to fabricate CNPs, CNTs, and CNBs. This is a
convenient, controllable, and renewable approach for the synthesis
of carbon nanomaterials with the participation of POMs. Further
work is now in progress to evaluate the possibility of synthesizing
oxide nanostructures using a similar method.
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