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In Jllodcrn ma[erials SCiel1l'C Ihere are two imporlant topics: fullerene rest'arch amI quantlllll dot devices. Thesc arcas are considered very

prornising in the nanoelectronics and Ilanophotonics lechnology. In the prescllt \\'m~ il is ShOWll Ihal this 1""0 liclds can be comhined. It is

delllonstraled that a fullercne onion. which has a Russian do11 slruclurc, can ar! as a Illlclcalioll (ell\er r(lr an ordered supcrlallicc 01' passivated

lllclalnalloparlicles produced hy growth in tolucne vapor. Gold melal emcs wl'I'e p;lssivall'd wilh dodceanethiolmolccu!cs. Thcre were found

fullerclle onions ringed hy gold partides whose IIrst laycrs fend lo mírnie ltll' fu11nene ~lruelllre. Ilowevcr as the distance from the carholl

eore inCfeases lhe supcrlauicc tends lo recover ilS standard c1(J~e pal'~ed slruelllrl'. it is shown [hat lhe driving force for the self asscmhly is

Ihe interaction helween the cmhon atoms in the fullerene and the lerminal (] I \ !!roups 01' Ihe n-alkyl thiol moleculcs. This appears to he a

promising rnethod for the fahrication of melal.coated fllllerenes for praclical appliealiolls.

Keymmls: Gold nanoparticles; fullerens: sllperlattices and quan1ll1l1 dols

En la cicnci~lllloderna de maleriales, dos de los temas de mayor importancia son: la illvcstigaciúll sohre fulerenos y la referencia al desarrollo
de dispositivos hasados en puntos cuánticos. Estas ¡íreas se han considerado dl' suma relevancia, con un gran potencial para el desarrollo de la
[ecnología nanoelectróniea y nanofotónica. En esle trahajo se ohsen'a que tales ('ampos de la investigación pueden combinarse: se demuestra
que una estructura concénlrica de fulereno, puede actuar como un ('entro de nucleación para la formación de una superred ordenada, de
nanopartírulas lTlet¡llicas de oro con moléculas de I-dodccanotiol. Durante el pnKcso de crecimiento en vapor de lolueno, las nanoparlículas
••e ordenaron alrededor de la estructura de fulereno. de forma lal que las primera ..•('apa ..•de la ..•upcrred tienden a mimetizar la eslructura
de fulereno, de forma tal que las primeras capas de la supcrrcd lienden ;1 mil1letizar la l'structura de este nl.Í('1co de carbón. Sin emhargo, a
medida que se incrementa la distancia con respecto al fulereno. dicha ~uperrl'd tiende a recohrar una l'structura est¡Índar de empaquetamiento
he:"agonal compat'to. Se muestra que las interacciones que conducen ;11aUI(ll.'nsamhlajl.' rorrcsp(lllden a la interacción entre los ntomos de
rarhón de la cstrurtura l'<mréntrica y los grupos terminales C~hde b~ llloléculas de ll-alquilliol.

Ik,\'CI'll1/OI'I'S: Nanopartículas de oro: fulcrenos: superredes y PUlltos cu;ínlírl1S

PACS: 61 A6.+w: (lXH;¡.+!!: 61.X2.Rx

1. Inlrnduction

The disco\'cry 01' fullcrcncs, and lhe possihilily 01' synlhesil..
ing Ihem in macroscopic ljUantilics [1 J, has produced one 01'
the must important arcas in matcrials sc¡cnce research. Thc
possihilil)' 01' using carhon nanoluhes as clectronic Jcviccs
slIch as onc.dimcnsional conduclors [21 appears 10 he \'Cry
pmmising. Thc interac(ion nI' melals with fullerenes is one
01' the main rcscarch suhjects in Ihis arca hecause of Ihe illl-
portance they have got for fl1ture praclical arplications. Huo
('1 al. I~Ihave recently shown the synlhesis of metal-CllO
fIIms. The strong tlletal.C(jo interaction IcaJs to charge trans-
fe!' fmm Ihe melal to the eno al the inlerface helwcen Ihem.

AnOlhcr \'('t)' importanl advancc in nanoelectronic de-
"ices is Ihe synlhesis 01' sllperlattices of passivated metal
nalH)partirles 1.11. R()hust slructures with different lattice ar~
rays can he formcd with gold lIsing [HJlkyl thiol molccules
as passivating agcnt. \Vcllhcn amI c()workers and other
groups 1:)-71 have shown Ihat sllperlattices 01' nanoparticles
wilh eilher !lec Ice, hCfJ01" pseudo lelragonal struclure can he
pmduced hy varying Ihe sil.e nI' the metal core ami thc length
01' lhe Ihiol carhoJl chains. Those superlatlices appear as illl-

portanl candidales rol' single electron (unneling deviccs ISI.
In the pn:senl work \Ve shmv l!lat golJ nanoparlicle super.
lallices can he nllclealed around a fullcrcnc structure. In par-
ticular WI..'s!lo\\' that lhe onioll cages, reported hy Ugartc el
(/f. I!)I. C¡lll ;lC[ as sdl assemhly centers for nanoparticle su-
perlalliccs.

2. :\Ialcrials ami Illclhods

Gold passivaled panit'les werc produced hy the rnethod of
Brust. el al. [.11 \\'ho ltsed I-dodecanethiol as passivating
agcllt. A coppcr ek'ctron microscope grid co\'ered with a cur.
hon 1¡lm cOlltaining onioll fullerene cages \l,'as l1sed as a suh-
slrale to produce Ihc supl..'r1altice. A solution of passivateJ
gold nanoparticles in tulucne \Vas dcpositeJ on the grid, anJ
thcn il \Vas plaú'd in a chamher \vilh tolucne vapor. The Sll-
pnlatlice \Vas gr(lwll al 55C'C during 36 hours. Thc griJ was
ohscrvcd hy TEM. ¡\ .lEOL 4000.EX "mi" JEOL-2010 mi.
croscopcs \VLTI..'llsl..'d ror lhe ohservations, The focus condi.
lion was optitllill..'d rOl' cilhcr high-resolution obscrvalion nI'
Ihe atomic colulllns uf gold (Scherzcr focl1s) or to an opti-
IllUIIl dcf(H:US j"()J'the narHlpanicle superlalticc contrast [10j.
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¡:Il;t I~I I '1'1:\1 11l1;Lgl'nI" a 1l;lIlopartic!c supcrstfUl"lUfC which ¡"
IllIllICtl :llillllld ;\ tulk'fel1l: onion: a) general vicw nI"lhe ,,¡ructure
h) 1ll;1~J1ilil'd vic\\' llr Ihe ('eI11r;11par! 01' the nanoparticlc supcrl;ll-
¡i,'c sho\\'in~ lhe fulkrcnc ollioll slructUfC. ~otc lha! Ihe rarticks in
ltll' cdg.l' uf lhe IUlll'l"l'lIl' l":\gl' mimic lhe fullcrcnc slruciurc.

J. ReslIlts ami disClIssioll

;\ typieal rl.....lIltill~ "iruclllrc is "hown in f"ig. la. Thc pas-
..•í\alcd melal nanopartkks (mm al1 ordcrcd supcrlattin'
around ¡¡ fulkrclll' onion. ¡\ magn¡l\cd imagc of ¡he ccntral
par! of tlll.' ...•truclurc is shoWIl in Fig. I h lhe metal nanopar-
tick, are nol \lhscr\'cd 011 lhe tul' nI' Ihe fullcrcnc cagc hut
only 0111111...'.•.¡des forJllin~ a rin~ around lhe fullerene. 1\n ide-
ali/L'd modd uf the t:omposile metal-fullerene is shn\Vn in
Fi~. 2. Thlo' fulkrene t:age in Fig. Ia has J2 Iayers ami has a
si/e 25 11m.

¡\ simple model shows Ihat whcl1 lhe numoer of layers
on tllL' lüllercnc t:agc i..•.inneased. lhe external glo'ollletry be-
lOIllCS llaHL'r. Thcrcfore a tolucne sollltion 01' passivatcd par-
tides is (!L'posilcd on the surfat:e nf ¡he amorpholls carboll
grid. llsing lolllL'ne vapor lo dilluse thelll unlil n:aching the

¡:llil'IU'. 2, hk;d \lnt!L'l nf ¡Ill' "!rllclurl' o¡'~('r\'cd in Fig. l. Thc
;;11ldll;¡I1()ll~lIlick~;lrc ,,1111\\11III ;;fcefl, DIK!L'canclhiol m(lll'Clllc~
;II"C :-;11\1\\'11in P;IY (("1. \\l1i[(: (11) and ycllo\\' (Sl. The fulkn:l1l'
(!lliOIl¡~,,110\\'1Iin hro\\'n Thl' ',¡fllcturc is shown in top vic\\" (a)
;llld ~hk \'il'w (h).

fullen:nc eage. Lkt:<Iusc of Ihc !lat surface a hell is produced
aroutld Ihe eage. The faet lhal no particles are ohscrvcd on
the 10p 01"the slrllctun: suggests thallhe thiol-passivalcd par.
tielc.'" have a limited lllohilily on lhe cage surfan: and rcla.
livcly sll"ong bonds are forlllCd.

The struelurc 01' thlo' supcrlaltice tends 10 mimic lhe
fllllcrcllc ...ln](lurc in lhe lirst two or three layers. This is
delllollstrated by' the scleeted an~a diffraction patlern, \\-'hich
prcscnls a ring .•.trueturc .•.imilar 10 that produeeJ hy the
fullerclllo' G¡gcs. HO\\"l'vcr as Ihe distance from the centcr
illLTCaSCSIhe superlaltice n:la\es and the structurc (cmls lo
he close p<lckcd. :\ close cxamination 01"the high.n~solulion
illlage (JI' the particks indicates thal Ihe helt is formcd hy
1\\0 bYL'rs localcd ,ll dillerent ht:ights. The selcclcd arca and
higll di ...persioll dillractioll patlern 01' the wholc superlatticc
is .•.hll\\'ll in Figs. 3a. 3h ,lnd 3c. The tlgure indicates an av-
erage hexagonallatticc. Under the experimental gro\Vlh COIl-
ditiollS, Ihis \\'(luld he the cxpected superlallice slructurc, if
110fullL'rL'ncs wcrc prL'scllt [;-,1. Tllercforc the Illclal-fullL'rene
inleraclion is (Jltly 01' sl10rl range.
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Fr(;llRE ~. Diffral.tioll patterns frolll a nanostructurc supcrlallicc
formcd arolllld a fullerene cage. Thc patlcrns a)-h) corre~pond lo
~elecled arca ditfraction paucrJls from Ihe indicated regiolls e) co[-
responcls to a high dispcrsion diffraction patlcrn of the who!c ~u-
perstruclllrc.

FIC;lTRE 4. ,\lolecular dynamies simubtion 01' the intcraction he-
lwcen ~lfllllcrcrlc CúO-~lo1ccule and a dodccallclhiol moleculc.
Note the twisling prodllccd on the thiol molecule as a result 01'the
intcraction hclween hoth molecules. a) shows initial slnge h) tinal
~tagc aflcr rclaxiltion. SOllle of the nond clistanccs are shortcncd.

In ordcr to undcrsland the results we have made calcu-
lalions applying Ihe density I'unctionallheory [11] lIsing Ihe
('er¡lIs:! t¡uanlulll mechanies workheneh [121. In particular \ve
uscd the modules DMol [13J and Mopac [1-1]. Calculat;olls
\Vere perforllled in a silicon graphics eomputer wilh a R l0000
processor.

In lhe Illodel we used I-dodecanethiol as lhe passivating
agenl and a fulterene C"o Illolecule. The resulting slrueturc is
shown in Fig. 4, where an inleraclion het\veen lhe earhon amI

Fr(;URE 5. Plot of Ihe clcctrostatic lickl produccd 011a system of
a eón lllolecule Wilh tivc dodeeancthiol Inoleculcs. Thc flcld ns-
sumes a syrnmL'¡rical ncarly spherical Jistrihulioll. which follows
¡he symmctry 01"fllllcrellc cagc. a) and h) shO\'is Ihe lap anJ side
vir\\'s.

Ihe terminal eH:, group 01' (he thinl molecule is formed. \Ve
llave also ca1culated Ihe elcClnlstatic potential for a syslern
fonncd hy a C¡;o 1ll0kclIle and tive dollecanethiol moleeules.
Thc rcslI1t is sllown in Fig. 5. The iso-potenlial surfaees 1'0\-
low the lúllerenc contollr amI the thiol Illolccules arrangc in
lhe cxpected fashioll. 1I has been shown that in Ihe formation
nI' slIJ1L'r\altices 01' Ihiol- passivated particles Ihe main ¡nter-
aetiun is lile une among thiolllloleeules [Lj] being the inter-
aClion hetwcen melal cores on\y 10% orthe ¡nteraetion force.
Thercfore (he reslllting struclure near the fullerene cage will
he 1110sll1'defineu by lhe fullerene-thiol interaelion.

\Ve round lha! Ihere is;¡ strong lenJeney to form supcrlat-
lice of Ilanoparticles aroulld fullerenes strueturcs. In faet in
the samples observed there was a supcrlatticc around cvery
fullerene onioll. However \'ie also round that nanopartieles
can he self-asscmhled around graphenc sheets with the parti-

N('I' ,M"l' 1:,,' ..1(, ((,\ I!n(\l\\ i;,7i ..,l<n
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FI(;URE 6, EX:lmplcs of hridg:cs hetwccn passivatcd gold nanopartíclcs fnrmcd arollnd gwphitc rihholls. The nanoparticles follow Ihe curV¡\-

1\ll"c01' graphcnc. A magnilicd frame is shown in which lhe grnphitc hridgcs are clcafty ohscrvcd.

cks following Ihe curveJ shapc ortlle graphcnc, which is prc-
scntcd as a graphilc rihhon. In several cases \Ve nhservcd lhe
formation 01' graphitc hridges hct\vccn particles as shown in
Fig.6.

Our rcsults suggest Ihe possihility nI' fonning Illctal-
coatcd fullcrcnc structurcs, which will oren up Ihe \Vay for
many cxciIing applications 01' fullcrencs in nanoclcctronics.

Cnrrcspondence rcqucst for matcrials and addition infor-
rnalion c(luld he obtained at the following e-mail: yaca-

mlln@nllclcar.inin,mx.
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