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Manipulation of passivated gold clusters on graphite with the scanning
tunneling microscope
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Chemically passivated gold nanoclusters deposited on the surface of graphite have been
manipulated with the scanning tunneling microsc¢g&M) in ultrahigh vacuum. The controlled
clearing of a definite shape in a cluster layer is demonstrated. Clusters embedded in a close-packed
array could not be removed from the surface, apparently because of the attractive interaction
between neighboring ligand chains. A minority channel of cluster fragmentation has been identified
and leads to the creation of platelets which can be further manipulated by the STM tip99®
American Institute of Physic§S0003-695(98)01502-7

Small metal clusters display a multitude of novel film is shown in Fig. 1. Figure (B) shows a region of a
characteristic$. Recently there has been much interest incluster monolayer on the graphite surface which includes a
surfactant-stabilized metal clusters, as they can be producedriety of different cluster diametetd8+11 A) and heights
in macroscopic quantities and purified to a single $igr-  (45+5 A). The image was obtained with a tunnel current of
dered layers of such clusters can be produced on surfaces aBd pA and sample voltage of 1.5 V in constant current
have been studied with the transmission electron microscop@ode. The mean cluster diameter is larger than the known
(TEM)® and scanning tunneling microscog8TM).* The  core size by~20 A; this would correspond to a dode-
ligand layer is found to isolate the metal core allowing singlecanethiol layer of~10 A thickness, in the approximation
electron charging effects to dominate the cluster’'s electronvhere tip broadening effects are neglected. The ce(e
transport properties even at room temperatuféese phe- A x 420 A) area was then scanned with a much increased
nomena are of interest for future electronic devices and magurrent of 30 nA, bringing the tip closer to the surface. A
form the basis of room temperature single electronsubsequent 1200 A 1200 A image(at 30 pA showed that
transistor$. However, to use coated clusters in future deviceshe central region had been partly cleared—although around
it will be necessary to pattern a surface such that only sele@59% of the clusters remained. A further scan of (20 A x
tive areas are covered in clusters. 420 A) area at 30 nA was required to remove the remaining

The tip of an STM can be used to modify surfaces orclusters, clearing the area as shown in Figp).1
adsorbed species in a spatially selective fashion with nanom-  This approach removes clusters in a selective manner
eter resolution. In this letter we demonstrate that coated clugrom a layer, leaving behind a stable cluster-free area. In
ters can be manipulated with the STM tip. First, selecteccontrast to a number of previous studies of surface clearing,
areas of a cluster-covered surface are cleared by sweepifg which small (bare particles were displaced laterally by
the tip close to the surface. During such manipulation clusthe tip? we do not find a pile-up of new material at the edges
ters move onto the tip. Second, we explore the fragmentatiopf the cleared are¥. Instead we find that clusters are trans-
of the clusters during high current imaging together withferred onto the tip. After high-current tunneling we often
manipulation of the cluster fragments so formed. observe that a group of clusters has bonded to the tip apex, as

The gold clusters were prepared by the inverse micellevidenced by the convolution with all the surface features in
meth0d7 NaAUC|4 was added to a nonionic surfactant Subsequent imagesl The apparent Change in t|p Shape be-
CHy(CHyp)1,~1(CH,CHO)sOH  solution and reducedby  tween the images shown in Figgaland ib) further dem-
LIAIH ;). Addition of dodecanethiol, GH,sS, coated the gnstrate this. Accounting for the change in tip shape, there is
clusters with a passivating layBransmission electron mi- 5 one-to-one correspondence of the cluster positions between

croscope measurements on amorphous cgrbon shqwed,:ﬁgs' 1@ and 1b) outside of the cleared are@ith one

was performed before dilution in toluene and drop deposition  Regions of the cluster film with a high local packing
onto freshly cleaved highly oriented pyrolytic graphite. Oncegensity are resistant to clearing. The same series of scans
the solvent drop had evaporated, samples were transferreg formed to turn Fig. (B into Fig. 1(b) produced no
into an ultrahigh vacuum chambef@at 2x 10°° mbad  change for the region shown in Fig(cL Thus the clearing
equipped with an STMOxford Instruments mechanism depends on the local environment of the clusters
An example of the controlled manipulation of a cluster, the |ayer!! An isolated cluster on a surface is perturbed
more strongly by the tip than a cluster embedded in a dense
dElectronic mail: r.e.palmer@bham.ac.uk layer;' presumably reflecting a restoring force on one cluster
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1200 FIG. 2. (a) A region of cleared surface showing in cluster fragments: larger
~7 A high and smaller3 A high fragments are indicated. This image was
acquired with tunneling current 5.8 nA and 1.5 V sample kilasRepeated
high current imaging causes displacement of the fragments. A circle of large

800 | faceted islands is shown. A sample bias of 1.5 V and tunneling current of 30
pA were used for this image.

400 | and are also visible in the interior of the cleared hole in Fig.
1(b). The features divide into two sorts with different lateral
sizes and heights: small features of diameter-39 and

0 L

ey ———— height~3 A and larger features with diameter23 A and
0 400 800 1200 A height~7 A. Both are much smaller than the clusters present
before clearing, which leads to the conclusion that a minority
FIG. 1. (a) A region of passivated gold nanocrystals on graphite imaged a@f the coated clusters have been fragmented.
30 pA and—1.5 V sample biagb) The same region imaged at 30 fA1.5 The ~3 A high fragments are more strongly bound to
V) ggefAt‘ﬁ’iC%S‘\:gan"ﬂg Zﬁi;tgzscigﬁ' L‘rgmict;’ﬁet‘:‘ gw‘;"hAitz 2,?;’;’6 the surface than the-7 A high features, which are observed
Stacke(;1 cluster Iayér which was unchanged after th)é same s'canning quuelxgemove during scanning at_mOderat_e curréntd nA). Fig-
as that used betwedn) and (b). ure 2Ab) shows a region which has first been swept clear of
coated clusters and then further cleared of the remaining
due to its neighbors within a packed layer. Molecular dy-fragments by repeatedly scanning the central region. The
namics simulations of cluster assemblies indicate that th&canned area is now framed with a circle of larggd—200
ligands from adjacent clusters interact so that, for example®) diameter islands some of which show obvious facets.
the distance between the gold cores of two neighboring pasFhese islands are still shallow, again with a height-af A,
sivated nanocrystals is less than twice the ligand leffgth. SO we conclude that they consist of fragments which have
We believe that the ligand—ligand interaction between clusbecome mobile under the influence of the tip, moved out of
ters in a densely packed region opposes the removal of clughe scan area and coalesced. Thus the fragments initially pro-
ters onto the STM tip, consistent with the behavior observediuced by dissociation of the three-dimensional coated cluster
experimentally. The detailed nature of the attractive forcehave been assembled into flat platelets.
between tip and cluster is not evident from the present ex- In previous STM imaging of small metal clusters on
periments. Electrostatic polarization of the cluster c@ed  graphite it has been found that smaller clusters are more
ligand layej is one possibility; attachment of some of the strongly bound to the surface than larger ones and so are less
ligands to the tip, or even their detachment from the goldeasily disturbed by STM tip interaction$This suggests that
core, cannot be ruled out. the ~3 A high features observed here may be gold islands
Closer examination of cleared areas reveals that somene atomic layer high, while the 7 A features may be gold
features are still present. Such features are shown in Fg. 2 bilayers. The formation of bare gold platelets would require
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