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Fig3 Representation of the two possible
structures. -V O  (top) and

V O
V O  (bottom)
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Abstract

Divanadium pentoxide (V O ) nanorods[1,2] and CdS nanotriangles[3,4] have been synthesizedby
reversemicelletechnique. Thenanorodsarecharacterizedby transmissionelectronmicroscopy, electron
diffraction, x-ray photoemissionspectroscopy, x-ray diffraction, EELS, and IR spectroscopy. These
techniquesshowthat the oxidation stateof the vanadium is 5+and the nanorodsaremadeof divanadium
pentoxide. The nanotriangles have been characterized by transmission electron microscopy, electron
diffraction combinedwith simulations.Thesetechniquesshowthat the nanotrianglesarecrystallized in
wurtzite structur eanddonot presentanydefault.
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Synthesis
Thenanocrystalshavebeensynthesizedbycolloidalselfassemblymadeof Sodiumbis(ethyl-2-hexyl)sulfosuccinate/Isooctane/H2O[1,2]thevanadiumoxydenanorods
or Cadmium . Thewatercontent(w) definedastheratio of waterto surfactantconcentrations,is kept
constantw=10orw=30,respectively.Undersuchexperimentalconditionsreversemicellesareformed.
Forthesynthesisof thenanorodsasolutionof thealkoxideVO(OR)with R=CH(CH ) ,in isooctaneis thenrapidlyaddedto themicellarsolution.Thenanocrystalsare
formedinstantaneously.Thesolutiontakesabrowncolor.
Forthesynthesisof thenanotrianglesagasmixtureof H2SandN2isslowly allowedtodiffuseintothemicellarsolution.After 110minthenanotrianglesareformed.
Onedropof oneof thesesolutionsisthendepositedonacarbonfilm forTEM observation.

bis(ethyl-2-hexyl)sulfosuccinate/Isooctane/H2Ofor theCdS
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Fig 4 X-Ray diffraction pattern ofV O  nanorods after 24 h
and Debye similation of the spectra for the 2 structures
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Conclusion

Bandstructurecalculationsof thisnewpolymorphof

Wedemonstratefor thefirst timethatV O nanorodscanbeproducedbythereversemicelletechniqueandthatthe
sizeof thesenanorodscanbetunedeasilybykeepingthefreshmadenanorodsin themicellarsolution.
Characterizationstudiesshowthattheparticlesarecrystallizedin

Furtherstudiesof thesedivanadiumpentoxidenanorodswill focuson thecatalyticactivity in theoxidationof
alkanes.
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-V O
V O wereperformedin orderto investigatetheelectronic

andlocalgeometricstructureof differentlycoordinatedvanadiumatomsin -V O .Theniceagreementbetween
thecalculatedEELSspectraandexperimentalresultsproofsthecapabilityof thesimulationsin assigningspectral
featurestothecorrespondingtransitions.
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Divanadium pentoxide nanorods

Fig 1TEM just after synthesis (a), after 24h (b), after 4 days (c) and after 100 days (d) in solution respectively
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Fig 2 XPS spectra of divanadium pentoxide nanorods after 24 hours and 100 days in solution.
V2p edge (left). Oxygen 1s edge (right) with and withoutAOT spectra substracted3/2

Fig 5 Calculated HRTEM images for -V O  in 101 orientation (top) and normalV O
(bottom) in 001 orientation. Experimental HRTEM for the sample aged of 100 days.
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Fig 7 EELS spectra ofV O  nanorods  after 24 h in solution, and of2 5 V O  bulk. Calculations of the O1s edge for
the -V O and -V O structrure are in agreement with the experimendal results(a). Detailed calculations of the
EELS spectra for each oxygen (b,c).
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TheTEM pattern(Fig.1a)showsthatthenanocrystalsarecharacterizedbyanelongatedshape:theiraveragelengthis47nmandtheirwidthis3nm.
After synthesis,thenanorodsarethenkeptin micellarsolutionfor 24hours,4daysor100daysandthen, depositedonacarbonfilm. TheTEM patterns
(Fig.1)showthatthenanorodsaregrowingin micellarsolution.

XPSmeasurementsareperformedfor thesampleaged24and100days.Thespectraof theV2p(left) andO1s(right)areshownin Figure2.TheV2p3/2
peakis centeredat517.2eV, thisenergy is characteristicfor thevanadiumattheoxidationstate+5 .A smallamount(4%)of vanadiumattheoxidation
state+4 canbeseenby interpolationof theV1s peak.Theinterpolationsarepresentedon thefigure (thin line). Theamountof V increasesduring
expositionof thesampleto theX-Raybeam.Oxygenis presentin four differentsstates,theV-O,C-O-C,C=OandS-O,thefirst is dueto thevanadium
oxide:thepeakiscenteredat530eV.ThelastthreeareduetotheresidualAOT.

for thenanorodsampleaged24hand100days . Thefirst two featuresareattributedto theexcitationsfrom
V2p3/2andV2p1/2corelevelsto theunoccupiedV3d states,respectively. Thethird peakis dueto theexcitationof O1selectrons.Calculationsof the
O1sedgefor thetwostructuresof

4+

Therearetwopossiblestructuresfor theV O (cf. Fig3).Thestructureof thesenanorodsisverydifficult todeterminebecausetheparticlesareverythin
andthecontrastin HRTEM is very low andbecausethedifferenceof thetwo structuresis small.Thisstudyis performedon24h and100daysaged
particles.By HRTEM (Fig 5) andcalculationof thepowerspectrait is difficult to differentiatethetwo structures.By X-Ray diffractionwe obtaina
pattern(Fig 4) characterizedby 3 mainpeaks.By thecalculationof theDebyefunctionfor thetwo structuresweobtainthebestagreementfor the -
V2O5for ananorodof 2x20x1nm.

EELSspectrahavebeenrecorded (Fig 7)

V2O5confirmthatthenanorodscrystallizein the -V O strucure[2,5].
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CdS nanotriangles

Fig 8TEM image of CdS triangular
shaped nanocrystals.

Fig 9 (A) HRTEM image of CdS triangular shaped  nanocrystal.
(B) Power spectra of this nanocrystal.

Fig 10 Electron diffraction pattern of
an average of 100 particles

Fig 11 Calculated HRTEM image of CdS triangular shaped nanocrystal of four
different structures: (A) zinc blende; (B) zinc blende with 1 stacking fault; (C)
wurtzite with 1 stacking fault; (D) wurtzite. (E-H) PS’s of these images.

Fig 12 Calculated HRTEM images of CdS triangular
shaped nanocrystal tilted by -31.6°, 0°, and +31.6°
(left side) and the respective PS’s (right side).

Fig 13 Experimental HRTEM images of CdS
triangular shaped nanocrystal tilted by -31.6°, 0°, and
+31.6° (left side) and the respective PS’s (right side).

Fig 14TEM images of nanocrystal tilted (center), simulation
of a triangular shaped flat particle (left side), and simulation
of a pyramidal shaped particle (right side).

Fig8showsanoverviewof thenanotriangles.Fig9A showsaHRTEM patternof
asinglenanocrystal,thePS(Fig 9 B) showstwo familiesof spotscorresponding
tothehexagonalmodificationof CdS.
Electrondiffraction(Fig.10)of triangularnanoparticlesshowamixtureof both
possiblestructuresfromCdS:Hexagonal(Wurtzite)andCubic(Zinc-Blende).It
is difficult to extracttheamountof eachphasebecausethenanocrystalsshow
preferentialorientationonthesubstrate.
HRTEM and PS calculation of triangular CdS nanoparticlesof different
structures:Wurtzite(A), Wurtzitewith onestackingfault (B), Zinc-Blendewith
onestackingfault (C) andZinc-Blende(D) areperformed(Fig 11). Comparig
theseresultswith thePS(Fig 9 B) thestructureof theparticlesmight bealso
wurtzitewith stackingfaults.
To confirm this,HRTEM andPSat 31.6°tilt angleareperformed(Fig 13) and
comparedtocalculations(Fig12).ThePSshows3pairsof spotscharacteristicof
hexagonalparticlesalignedalong:
- [011] planefor -31.6°tilt angle
- [001]planefor 0°tilt angle
- [0-11] planefor +31.6tilt angle
Thesefindings confirm the wurtzite structureof triangularCdSnanoparticles
withoutstackingfaults.

Tilt experiments(Fig14)areperformedin ordertodeterminetheexactlyshapeof
nanoparticles:flat or 3 dimensional?Tilt experimentsshowthattheparticlesare
flat, the pictures are in good agreementwith the model of triangular
nanoparticles.

Theabsorptionspectrum(Fig 15) is blueshiftedcomparedto thatof thebulk
phase.Themeasuredbandgapis Eg=2.49eV, whereastheoneof thebulk phase
isEg=2.42eV. Sotheparticlespresentaquantumsizeeffect.
Thebandgapenergy valueof 2.49eVcorrespondsto sphericalparticlesof 6 nm
averagediameter.A minimumvalueof thethicknesscouldbeevaluatedbytaking
into accountthetotalnumberof atomsneededto make6 nmsphericalparticles
(4500).Assumingthattheequilateraltriangle,characterizedby anaverageside
of 10nm,consistsof 4500atoms,thethicknessdeducedis 3 nm.Sotheaverage
thicknesscalculatedby opticalmeasurementsis between3 and6 nm.Thisresult
showsthatthequantumsizeeffect is not only relatedto thesizebut alsoto the
shapeof thequantumdots.

Fig 15A) Absorption spectra of CdS nanocrystals. B)
Emission (dashes) and excitation (dots) spectra at 77 K.
The excitation wavelength is 450 nm (emission spectra)
and the emission wavelength is 680 nm (excitation)

Conclusion
In the presentwork we demonstratethat flat,
equilateral triangle nanocrystalshaving an
averagesideof 10nmandathicknessbetween
3-6nmareproducedbyusingreverseMicelles.
The triangular nanoparticles are highly
crystallized,with a homogeneoussurface,in
hexagonalstructure.
Finally, we demonstratethat thequantumsize
effect in semiconductornanocrystalsdepends
alsoontheshapeandnotonlyonthesize.


