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Abstract
Synthesis
Divanadium pentoxide (VZOS) nanorods[l,Z] and CdS nanotriangles[3,4] have been synthesized by Thenano_cryst_alhavebeersynthesizeﬂy(_:olloidalselfassemblynadenfSodiur’rbis(ethyl—Z-hexyI)suI_fosuccinate/l§ooctane/HZO[ltB}avanadiuanyd_ena\_norods
. p a o g a or Cadmiumbis(ethyl-2-hexyl)sulfosuccinate/Isooctane/H20r the CdS The watercontent(w) definedasthe ratio of waterto surfactantoncentrationsis kept
reversemicelletechnique. The nanorodsarecharacterizedby transmissionelectron microscopyelectron  ¢onstanw=100rw=30 respectivelyUndersuchexperimentatonditiongeversanicellesareformed.
diffraction, x-ray photoemissionspectroscopy x-ray diffraction, EELS, and IR spectroscopy These Forthesynthesiof thenanorodsisolutionof thealkoxideVO(OR)with R=CH(CH, ) ,in isooctands thenrapidly addedo themicellarsolution.Thenanocrystalare
techniquesshowthat the oxidation stateof the vanadiumis 5+ and the nanorodsare madeof divanadium fFof"tfd'nSlt?]nlan??#W hetst?lulltl)nlakesabrfwano'Lozr-s N2isdowly allowedtodiffuseintothemicellarsolution After 110minth rianleareformed
. . . . . . orthesyntnesi®t thenanotriangieagasmixtureoi an ISslowly alloweadto diffuseinto themicellarsolution er minthenanotriangleareformed.
pentoxide. The nanotriangles have been characterized by transmission electron microscopy electron oeq;qpof oneof thesesolutionsis thendepositeinacarborfilm for TEM observation.
diffraction combinedwith simulations. Thesetechniquesshowthat the nanotrianglesare crystallized in

wurtzite structur eand donot presentany default.

Divanadium pentoxide nanorods

TheTEM pattern(Fig. 1a)showsthatthenanocrystalarecharacterizely anelongatedhapetheiraveragdengthis 47nmandtheirwidthis3nm.

After synthesisthenanorodsrethenkeptin micellarsolutionfor 24hours, 4 daysor 100daysandthen, depositednacarborfilm. TheTEM patterns

(Fig. 1) showthatthenanorodsiregrowingin micellarsolution.

Therearetwo possiblestructuresor theV O, (cf. Fig 3). Thestructureof thesenanorodsis verydifficult to determinébecauséheparticlesareverythin

andthecontrasin HRTEM is very low andbecauséhe differenceof the two structuress small. This studyis performedon 24 h and100daysaged

particles.By HRTEM (Fig 5) andcalculationof the powerspectrait is difficult to differentiatethe two structuresBy X-Ray diffractionwe obtaina

pattern(Fig 4) characterizedy 3 mainpeaksBy the calculationof the Debyefunctionfor thetwo structuresve obtainthe bestagreementor theg-

V205for ananorodbf 2x20x1nm.

XPSmeasuremenereperformedor thesampleaged24 and100days.Thespectraf theV2p (left) andO1s(right) areshownin Figure2. TheV2p3/2

peakis centeredt517.2eV, thisenegy is characteristidor thevanadiumattheoxidationstatet+5 . A smallamount(4%) of vanadiumattheoxidation

state+4 canbe seenby interpolationof the V1s peak.Theinterpolationsare presentean the figure (thin line). The amountof V* increasesluring

expositionof thesampleto the X-Ray beam Oxygenis presentn four differentsstatestheV-O, C-O-C,C=0andS-O, thefirst is dueto thevanadium

oxide:thepeakis centere@t530eV. Thelastthreearedueto theresiduaAOT.

EELSspectrehavebeenrecorded for thenanorodsampleaged24hand100days(Fig 7). Thefirst two featuresareattributedto the excitationsfrom 25 nm 50nm 50 nm 500 nm
V2p3/2andV2pl/2corelevelsto theunoccupied/3d statesrespectivelyThethird peakis dueto theexcitationof OlselectronsCalculationsof the
Olsedgefor thetwo structure®f VV205confirmthatthenanorodgrystallizein theg-V,0, strucurg2,5].

Fig 1TEM just after synthesis (a), after 24h (b), after 4 days (c) and after 100 days (d) in solution respectively

Conclusion A "ot
Wedemonstratéor thefirst timethatV,0, nanorod€anbeproducedy thereversamicelletechniqueandthatthe
sizeof thesenanorodsanbetunedeasilyby keepinghefreshmadenanorodsn themicellarsolution.
Characterizatiostudieshowthattheparticlesarecrystallizedin g-V,0O,
Bandstructurecalculationf this newpolymorphof V,0, wereperformedn orderto investigateheelectronic
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andlocal geometricstructureof differentlycoordinatedranadiumatomsin g-V,0,. The niceagreemenbetween g L ]
thecalculatecdEEL Sspectraandexperimentatesultsproofsthecapabilityof thesimulationsn assigningspectral [ ] oot
featuredothecorrespondingransitions. r 1
Furtherstudiesof thesedivanadiumpentoxidenanorodswill focuson the catalyticactivity in the oxidationof t 1
alkanes. P ]
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Fig 4 X-Ray difraction pattern o¥/,0, nanorods after 24 h  Fig 5 Calculated HREM images fog-V,0, in [101] orientation (top) and norm#&,0O
and Debye similation of the spectra for the 2 structures (bottom) in[001] orientation. Experimental HREM for the sample aged of 100 days.
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Fig 2 XPS spectra of divanadium pentoxide nanorods after 24 hours and 100 days in solution. ~ Fig3 Representation of the two possil©, Fig 7 EELS spectra &f O, nanorods after 24 h in solution, and/gd, bulk. Calculations of the O1s edge for
V2p,, edge (left). Oxygen 1s edge (right) with and with&QGXT spectra substracted structuresg-V.,0; (top) andv,0, (bottom) thegV,0 anda-V,0 structrure are in agreement with the experimendal results(a). Detailed calculations of the
EELS spectra for each oxygen (b,c).

Fig 8 showsanoverviewof thenanotrianglestig 9A showsaHRTEM patterrof Cd S nan Otl’l an g I es
asinglenanocrystalthePS(Fig 9 B) showstwo familiesof spotscorresponding
tothehexagonaiodificationof CdS.

Electrondiffraction(Fig. 10) of triangulamanoparticleshowa mixture of both
possiblestructuresrom CdS:Hexagona(Waurtzite)andCubic(Zinc-Blende) It
is difficult to extractthe amountof eachphasebecause¢he nanocrystalshow
preferentiabrientatioronthesubstrate.

HRTEM and PS calculation of triangular CdS nanoparticlesof different
structuresWurtzite (A), Wurtzitewith onestackingfault(B), Zinc-Blendewith
onestackingfault (C) andZinc-Blende(D) areperformed(Fig 11). Comparig
theseresultswith the PS(Fig 9 B) the structureof the particlesmight be also
wurtzitewith stackingaults.

To confirm this, HRTEM andPSat 31.6°tilt angleareperformed(Fig 13)and
comparedo calculationgFig 12). ThePSshows3 pairsof spotscharacteristiof
hexagonaparticlesalignedalong:

-[011] planefor -31.6°tilt angle

-[001] planefor 0°tilt angle

-[0-11] planefor +31.6tilt angle

Thesefindings confirm the wurtzite structureof triangularCdS nanoparticles
withoutstackingaults.

Fig 8 TEM image of CdS triangular Fig 9 (A) HRTEM image of CdS triangular shaped nanocrystal. Fig 10 Electron difaction pattern of
shaped nanocrystals. (B) Power spectra of this nanocrystal. an average of 100 particles

Tilt experiment$Fig 14)areperformedn orderto determingheexactlyshapef
nanoparticlesflat or 3dimensional 7ilt experimentshowthattheparticlesare 100 500 €00 700 800

flat, the pictures are in good agreementwith the model of triangular UABAALAAASRRAAA RRRR iy
nanoparticles.

The absorptionspectrum(Fig 15) is blue shifted comparedo thatof the bulk
phaseThemeasurethandgapis Eg=2.4%V, whereasheoneof thebulk phase
isEg=2.42eV. Sotheparticlespresenaquantunsizeeffect.
Thebandgapenepgy valueof 2.49eV correspond#o sphericaparticlesof 6 nm
averagaliameterA minimumvalueof thethicknessouldbeevaluatedytaking
into accounthetotal numberof atomsneededo make6 nmsphericaparticles
(4500).Assumingthatthe equilateratriangle,characterizethy anaverageside
of 10nm, consistof 4500atoms thethicknesgleduceds 3 nm. Sotheaverage .
thicknessalculatecby opticalmeasuremenis betweer8 andé nm. Thisresult TRy
showsthatthe quantumsizeeffectis notonly relatedto the sizebut alsoto the
shapeof thequantundots.

o

/

Intensity (a.u.)
R e

Wavelength (nm)

Fig 15A) Absorption spectra of CdS nanocrystals. B)
. Emission (dashes) and excitation (dots) spectra at 77 K.
Conc|u5|0n The excitati(onlwavelength is 450 nm (emissipn §pectra) Fig 14TEM images of nanocrystal tilted (center), simulation

In the preser_uwork we demonStrateh,at flat, and the emission wavelength is 680 nm (excitation) of a triangular shaped flat particle (left side), and simulation

equilateral triangle nanocrystalshaving an of a pyramidal shaped particle (right side).

averagesideof 10 nmandathicknessetween

3-6nmareproducedyusingreverseMicelles.

The triangular nanoparticles are highly

crystallized,with a homogeneousurface,in Bibliography
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L?:Eﬁfsig’,{,niﬁydﬁ}frf;iﬁgﬂga[‘gﬁgfi‘gfs'“emsa”d (i Fig 11 Calculated HREM image of CdS triangular shaped nanocrystal of fdtig 12 Calculated HREM images of CdS triangularFig 13 Experimental HREM images of CdS [5] M. Willinger, N. Pinna, DS. Su, R. Schlogl, submitted
Y ; different structures: (A) zinc blende; (B) zinc blende with 1 stacking fault; @paped nanocrystal tilted by -31.6°, 0°, and +31.6triangular shaped nanocrystal tilted by -31.6°, 0°, and

The work g':gg‘rfepiggfﬁgf{ the SFB 546 of the Deutsche \\\17ite with 1 stacking fault; (D) wurtzite. (E-H) RSf these images.  (left side) and the respective BSright side). +31.6° (left side) and the respective ®@ight side).



