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Div anadium Pentoxide Nanoro ds

Nicola Pinna!, Ute Wild, Joacim Urban and Robert Schleg|

Recerly the cortrol of the shape in the production of nanoparticleshas becomea new and
interestingreseart area. In fact it hasbeendemonstratedthat physical propertiesare strongly
related to the nanoparticlesshapes. Hencenon-sphericalmetallic nanoparticlessud as silver
nanorads [1], nanadisks [2], triangular particles [3] and gold nanorads [4] shov anisotropic
optical properties. In the sameway, it wasshown that the optical properties of semiconductor
particles [5{7] and the magnetization properties of magnetic particles [8,9] are drastically
a ected by their shapes. Shape cortrolled BaCrO,4 nanoparticleshave been synthesizedin
reversemicelles[10].

In the presen letter we presen a new soft chemistry to synthesizefor the rst time divanadium
pentoxide (V,0s5) nanorads (Fig. 1).

Thesenanorads are characterizedby se\eral techniques.

EDS[11]shownsthat the nanorods are madeof vanadium oxide, but nothing can be said about
the oxidation state of the vanadium by this technique.
To answer the questionabout oxidation state of the vanadium, XPS measuremets were made
for the sampleaged24h [12]. The spectra of the V2ps-, (top) and Ols (bottom) corelevels

are showvn in gure 2.
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Figure 1: Vanadium oxide nanorads syrthesizedin reversemicelles. Just after syrnthesis(top),

after 24hin micellar solution (certer) and after 4 days in micellar solution (bottom).



The V2ps-, peakis certered at 517.2eV. This binding energyis characteristic for vanadium at
the +5 oxidation state [13,14]. A small amourt (4%) of vanadium at the +4 oxidation state
can be seenafter interpolation (thin line in Fig. 2) of the V2ps-, peak. During exposition of
the sampleto the x-ray beamthe amourt of V4* increases.Sothe particles are slovly reduced
during irradiation. The time of measuremen of the XPS spectrum in gure 2 was5min.
The shape of the Ols peakis very broad and looks more complicate. In generalthere are at
least v e possiblecortributions to the Olspeak: V-O dueto the vanadium oxide and C-O-C,
C=0 and S-O due to the residual AOT and water. To separatethe di erent cortributions
of the Ols peak from eadt other, the Ol1s spectrum of the Na(AOT) (Fig. 2, bottom) was
subtracted from that of the vanadium oxide nanorods after normalization procedure[15]. The
resulting spectrum is characterizedby two cortributions. The most pronounced,certered at
530eV, is dueto V-O stretch. The cortribution certered at 531.5eV is very weak and canbe
dueto a normalization problem or to alkoxy ligands not completely removed from the surface
of the nanorads [16] or somewater cortained in the structure or absorbed to the surfaceof
the nanorads..
In conclusion,the oxidation state of the vanadium of the nanoradsis +5 likein V,0s5 and the
cortribution of the oxygenin the nanorads is estimated principally due to the V-O stretch.
X-ray diraction [17] has beenperformedon the sampleagedfor 24h. The experimertal
spectrum is showvn in gure 3 (full line). Principally only 3 diraction peakscan be distin-
guished. The peakat b= 0:56 A ! is the most intenseand the most sharp. The peaksat
b= 0:29and b= 0:326 A ! are very broad.
This di raction pattern is very di erent from that of the bulk V,05 becausethe particles are
small and the non spherical shape induce a modi cation of the intensity and the width of

the di raction peaks.Hencethe structure cannot be determinedfrom sud a broad spectrum
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Figure 2: XPS core level spectra of the sampleaged of 24h for the vanadium 2ps;-, and the

oxygen 1s

without the calculation of the diraction pattern for model particles of the two V,0Os5 struc-

tures [18].

So the Debye functions (eq 1) of di erent sizes,shapes and structures of V,0s5 are calcu-

lated [19].

){\I .
I (B) = ff S|n2(2brbrnm)
nm

nmeén

(1)

The sum runs over all pair distancesr,,, of atomslabeledby n; m with scatteringamplitudes
fa:fm in @ananoparticle of N atoms (b= 2% 2# scattering angle; : wavelength).
The best t for V,0s5 structure is for a nanorad of 1.1x20x0.9nm (Fig 3 dashedline) and for

-V,05 structure [18]is for a nanorad of 2x20x1nm (Fig 3 dotted line). The peakat b= 0:56
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Figure 3: X-ray diraction pattern of the sample aged of 24h and calculation of the two

structures of V5,05

A 1 is well reproduced by both models. From this it is clear that the particles are growing
alongthe b axis becausehe di raction peakat b= 0:56A ! correspndsto the 020di raction
and this peakis the most intense. The two peaksat b= 0:29 and b= 0:326 A ! cannot be
takeninto accoun by the calculationsfor the "standard" V,0s structure (Fig 3 dashedline).
On the other hand they are well reproducedby the -V,Os structure (Fig 3 dotted line).
In conclusionthe structure of the nanoradsis -V,0Os including somestading faults because
the model particle usedto t the diraction pattern is smaller than the size deducedby
transmissionelectron microscofy measuremets.

In the presemn commnunication we descrike for the rst time that -V,0s nanorads can be

produced by the reversemicelle technique and that the size of these nanorads can be tuned



easily by keepingthe fresh made nanorodsin the micellar solution.
In another article we shav that the vanadium surrounding of the nanorads is dramatically
di erent from bulk V,0s [20]. These ndings are very important to understandthe catalytic

activity that we will investigatein further studies.
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Exp erimen tal

Divanadium pentoxide nanorads have been syrthesized by colloidal self asserbly made of

Sadium bis(ethyl-2-hexyl)sulfosuccinate/Ismctane/H,O [21]. The water cortent (w) de ned

— [H20]

asthe ratio of water to surfactart conceirations w [AGT]

is kept constart w = 10. Under
sud experimertal conditionsreversemicellesare formed. A solution of the alkoxide VO(OR) 3
with R=CH(CH 3),, in isooctaneis then rapidly addedto the micellar solution. The nanocrys-
tals are formed instantaneously The solution takesa brown color. The alkoxide conceitration
is kept constart at [VO(OR)3]= 5. 10 3M. The stoichiometric hydrolysis of the vanadium

alkoxide [16] would correspnd to a ratio h=(H ,0)/(V ,05)=3:

2VO(OR); + 3H,0! V,0s + 6ROH

In our caseh=400, if h is larger, no formation of V,0s nanorods takesplace.

One drop of this solution is then deposited on a carbon Im. The TEM pattern [22] (Fig.



1 top) shows that the nanocrystals are characterizedby an elongatedshape: their average
length is 47 nm and their width is 3 nm.

The nanorads are then kept in micellar solution for 24 hours or 4 days and then, like previ-
ously, deposited on a carbon Im. The TEM patterns and histograms(Fig. 1 left and right
respectively) showv that the nanorads are growing in the micellar solution. After 24 h the

averagelength is 90 nm and after 4 days is 128 nm.
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