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Transferring molecular nanostructures from one surface to another in ultrahigh vacuum (UHV) by
mechanical contact might be a possible route to avoid the severe limitationssati molecular
synthesis on technologically relevant template surfaces. Here, transfer printing in UHV of
molecular structures between metal surfaces is investigated by a combination of scanning tunneling
microscopy and scanning electron microscopy/energy dispersive x-ray spectroscopy. The authors
present the complete procedure of the printing and characterization process. Microstructured
Au-coated Mo$ samples exhibiting a periodic pillar structure are usedstasnpsurfaces with
Au(111) single crystals asirgetsurface. Polymers of 1,3,5-tris(4-bromophenyl)benzene molecules
and graphene nanoribbons with an armchair edge structure are grown on the pillars of the stamp
surface. After bringing the two surfaces in mechanical contact, the transferred material is found on
the target while decapping occurs on the stamp surface. Polymer structures are probably buried
under the transferred stamp material, and in rare cases, evidence for molecular structures is found
in their vicinity. ¥ 2015 American Vacuum Sociefiattp://dx.doi.org/10.1116/1.49368B6

I. INTRODUCTION a popular ®eld in the last yedtS.This technique can be

The deposition of large molecular nanostructures, and, irysed to buildg priori _insoluble nanostructure; that might
particular, molecular wires ontobpotentially prestruc- hav? astlrortlg 'm%%cr_"n the ®e|d|t?1f nar;]omatenals an«lj n n;o-
turedbsurfaces, under ultraclean conditions is an importantIecu arfe ec rorluc s ot\(vevehr, a Sug manyteggmﬂﬁs c|> N
challenge for nanotechnology and in molecular electrohics, 0N-SUrace polymerization have been reported in the fas

This is due to the large molecular mass of the expected moYars on metallic surfaces,”” Fhere are very few succe_ssful
lecular nanocircuits and consequently to the low vapor presgaxamples on more technologically relevant nonmetallic sub-
sures that prohibit the use of conventional thermalSUAES, for instance, semiconductor or oxide surfaces,

sublimation under vacuum conditions because they Woulty\'hiCh are advantageous to electronically decqupl_e the mole-
dissociate before a substantial sublimation rate is reatfed. cules from the surface. A successful polymerization process

On the other hand, large molecular nanostructures are onl quires a full control of the balance between the dehaloge-

soluble if equipped with long side groups that can perturb ation step and the diffusion of m_olecular spgcies on the sur-
their shape and functionalifi? For this reason, the covalent face, because these two properties determine the ef@ciency

linking of molecular building blocks to form large molecular of the chemical reaction and consequently the outcome of

nanostructures in a bottom-up approach directly on a Sur’ghe entire process. This is more challenging for semiconduc-

facebthe so-called on-surface polymerizationbhas become!©” surfaces where th(_a h|gh surface reactivity typically sup-
presses molecular diffusion. The surface can also offer

additional (undesired) reaction channels for the molecules
@Electronic mail: Leonhard.grill@uni-graz.at with the surface itself or even induce molecular
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defragmentatior® On the other hand, the passivation of  On the other hand, Dergt al. achieved the transfer of tri-
semiconductor surfaces might cause problems for the polyangular Au nanoislands from a microstructured Me&amp
merization process, due to the weak molecular adsorptiosurface to different "at target surfaces, i.e., H-passivated
that could lead to desorption while attempting thermal acti-Si(100), Mica, SiQ, and graphite via an UHV-printing
vation of the on-surface polymerization. Heating treatmentschemé?® The ef®ciency of the transfer as a function of the
might also be detrimental to the template itself by decompo-illar area has been evaluated by analyzing stamp and target
sition effects. surfaces by SEM before and after the transfer. The preserva-
Due to these problems of on-surface polymerization ortion of the shape and the structure of Au nanoislands has
technologically relevant surfaces (and the deposition andeen veri®ed by analyzing and comparing transmission elec-
solubility problems with molecular wires), printing of mo- tron microscopy cross-sectional images of Au-nanoislands
lecular wires from one surface to another under ultrahighon MoS, and on Si(100)H, i.e., before and after the printing
vacuum conditions represents a promising alternative routgrocess, respectiveflf. However, a successful transfer of
that could help to bypass the above-mentioned issues angolecular structures under UHV conditions with a micros-
allow ef®cient transfer. In this approach, molecular wires argopy study of the target surface afterwards is still missing.
assembled on one sample and then transferred by mechanical Al studies mentioned above are applications of different
contact to a technologically more relevant one, where the poprinting schemes based on the use of “at or microstructured
lymerization might not be ef®cient. So far, the transfer print-stampsurfaces and achieved in different environments such
ing of nanoscale objects from one surface to another surfacgs ambient and UHV. Importantly, these methods reveal a
has been done only with metallic nanowires and metallicyoor spatial control of the material transfer and not always a
nanoislands: The printing was done by gently pressing a clear assessment of the transfer ef®ciency. Here, we report
stamp towa_rd different surfaces, allowing the transfer of 8%, printing attempts of covalently linked nanostructures
of the nanoislands. grown on a periodic pillar matrix by on-surface synthesis in
Another atransfer-material® strategy is based on preparing v environment. As an important novelty, we use pillars
the material to be transferred on a sacri®cial substrate, .65 the source sample with a signi®cantly reduced area
removing it by etching after the procedure, for instance, 11 m? as compared to previous attempts [26%). This

. . . 2 .
thin (typically 100nm) Ni ®Ini.” Recently, the adhesive ghoyid allow spatially con®ned (and well-de®ned) areas for
properties of thin organic molecular layers, €.geo @UIti-  tha molecular transfer.

layers, have been exploited to strip metal Au layers (Support g4 far, most studies characterized the transferred material

template) by mechanical peelifigfrom a Mica substrate. (before and after printing) only by spectroscopy techniques

Bidimensional molecn_JIar organic layers grown on Au/Mica (mainly, Raman and Uorescence spectroscopies) that aver-
have been covered with 10+100 nrgs@ayers and then poly- 546 gver large sample surface areas. Here, we are using mi-

dimethylsiloxylane (PDMS]” The Gy layer acts as a pro- roscopy techniques, mainly STM, to characterize the
tective and adhesive Iayer that allows to.mechanic.ally P€€holecular nanostructures before and after printing. STM is a
the Au layer from the Mica substrate. This results in a mo- owerful technique that allows a complete characterization
Iecular organic layer sandwiched between th? Au layer o f the structure and electronic properties of the nanostruc-
one side and g (plus PDMS) on the other S'de‘_ The Au tures at the level of single atoms and moleciff&s. Since

layer can be removed by a chemical process leaving the M%he search for printed nanostructures by STM can be very

lecular nanostructures and fullerenes exposed. This Surf"’l(\tﬁm-:‘-consuming, due to printing contact only in limited areas
is then ready to be brought into mechanical contact to a tar-

. . . f th mpl nd in order rform the printing in th
get template, e.g., SiQ for transferring either molecular of the sample, and in order to perform the printing in the

. . .most ef®cient way, the STM characterization has been com-
nanostructures or part of the fullerene layer in ambient envi-

. plemented by investigating tretampandtargetsurfaces by
ronment. In these cases, graph&nand porphyrin mole- . .
3 . . - SEM and energy dispersive x-ray spectroscopy (EDX), thus
cules® have been investigated by Raman and “uorescencé
. o ._.at much larger length scales.
spectroscopies before and after printing. The characteristic
pands and emlssmn.peaks are left unperturbed by the prin i EXPERIMENTAL SETUP
ing process, suggesting that the structures are preserved after _ _
transferring them to another surface. The same approach has The Mo$ substrates were obtained from (commercial)
been used by Cait al.® that reported the growth and transfer large (2cm in lateral size with a thickness of about 3 mm)
of graphene nanoribbons from Au(111) to a §® sub- natural crystals, which were exfoliated with a scotch tape
strate surface by repeated gentle pressing of target and starhgfore the microlithography procedure. The cleaved crystal
surfaces against each other. The graphene nanoribbgiovides a very “at surface since the typical terrace size of
(GNR) transfer has been studied by Raman spectrostopyMosS; is about 100 m (see supplementary materf3l MoS,
However, no microscopic methods have been used in thege a lamellar compound with weak van der Waals interac-
cases to identify individual molecular structures and the motions between the S-Mo-S layers that can be easily cleaved
lecular intactness after transfer by printing nor the atomicin the [001] direction. Hence, microstamps with very small
scale cleanness of the remaining surface. Note that, on thateral dimensions are unlikely stable. Mo&ample surfaces
other hand, the transfer of much larger graphene akes hawere microstructured over an area of several squared milli-

been intensely studied in the last ye&ts> meter by lithographic techniqd&®’ to provide a periodic
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arrangement of squared pillars, each with a lateral size ofontact, the stamp was further pressed against the target sur-
11 m?. We fabricated microstructured samples with differentface by moving the nanopositioner via several pulses (from
pillar heights, i.e., 150 or 270 nm. The pillar top-surfaces are50 to 500 pulses with the above-mentioned amplitude and
presumably the only areas involved in tlampzxtarget frequency values). The stamp is then kept there for a few
surfaces contact and consequently the locations where th@inutes until it is gently retracted by single steps and the
molecular transfer will take place. The Au coating was per-electric contact is lost. This printing procedure is repeated
formed under the same conditions used for the Au nanoisseveral times within one experimental run. Note that a simul-
lands?>?” except the thickness of the ®Im deposited Waganeous contact of all stamp pillars with the target surface is
increased to 47 nm to allow a full coverage of gold. This pro-ynlikely, because target surface is not perfectly “at and the
cess should lead to the formation of a crystalline Au(111)pjjlars do not all have exactly the same height. Accordingly,
®Im on and off the pillars. only a fraction of pillars of the stamp surface is expected to

Owing to its lamellar structure, MgScan ef®ciently pe jn contact with the target surface during printing.
absorb the pressure contact while printing without breaking

and therefore appears very suitable for such purpbge.
turned out that a periodic arrangement of microstamps fabrilll: RESULTS AND DISCUSSION
cated on such a template (Mg®nhances the material trans- A. Microstructured Au/MoS , surfaces ( stamp surface)

fer rate per area compared to a “at stamp surfdc@his The stamp surface is a MgSubstrate having a micro-
strategy offers the possibility to con®ne the transfer to wellgtpctured region extending over an area of aboutsAmn?,
de®ned surface locations of small size and moreover to iden;s \eri@ed by optical microlithograpRyA thin layer of Au

tify the transferred material owing to the periodicity of the 47 ) as thermally deposited on this microstructured sur-
pillar network, but it has never been tested with molecularface to enable in the subsequent step the growth of polymers

nagqrsl\t;urﬁg'ggjfé?nf:;'ts were conducted at room-temperatu rvia on-surface polymerization as has been done previously
P §h Au surface€™** The microstructured region consists of

in UHV environment by using a PYlr tip. STM measure- periodic array of pillars with a lateral extension of rh?
m_ents of .bOth thest.ampgndtargetsurfacgs were combined and a height of about 250 nm (or 150 nm) as visible from the
with ex situ SEM imaging characterization and EDX ele- SEM micrographs in Figl (the distance between the two
mental characterization. SEM analysis was performed usm%djacent pillars, the so-called pitch, is ). Gold crystalli-

a Hitachi 4800 SEM. The instrument is equipped with a coldt ¢ f the pill din thei di
®eld emitter and a silicon drift detector from Bruker for ‘€S @€ 9rown ontop of the pillars and in their surrounding

EDX analysis.

The UHV printer is based on an ANPz100 (Attocube) po-
sitioner piezoelement. The stamp surface is mounted on toy
of the piezoelement and the target surface on a ®xed recej
tor. The printer tool is built to bring the stamp and target
surfaces into contact while providing a parallel surface-to-
surface orientation con®guration. To ensure optimal condi-
tions for a parallel arrangement, the sample holders of the
stamp and the target crystals are both mounted on sensitiv
springs when placed inside their respective receptors (the
one mobile mounted on top of the nanopositioner and the
other one ®xed on the printer frame). Thus, after establishing
a contact between the stamp and target surfaces and furthe
pushing, the springs act to adjust the crystal positions to
compensate, at least to some extent, an eventual angular mit
alignment between the target and stamp surface.

A saw-tooth signal (voltage amplitude: 30+50V; signal
frequency: 30+50 Hz) allows actuation of the piezo and the
holder in a stick-slip motion and brings the two surfaces into
contact while optically monitoring the gap between stamp
and target surfaces. At the same time, the electric resistanc
between the two surfaces is measured to identify when &
contact is established via the closing of the electric circuit.
In detail, the procedure is the following: The nanopositioner
moves constantly until the gap between the stamp and targets. 1. (a) Large view of a lattice of 51 38 submicron stamps microfabri-
surfaces is small but a contact not established yet. Then, tigt?fzzndgpal: mfts‘?lgil\zﬂei?n faflogﬁ) a(tv)v)eg ém\s; 2”& L;;f?;sfv%ﬁglrlecjecvg;ed
motion I a(.:tlvateq by applying single \_/oltagc_e pulses untIIMoS2 pillar. Au crystallitesgaré visible on thg pillar top-surface and in the
the contact is achieved and a small ®nite resistal@X)  syrrounding as well. As-delivered microstructured samples. (c) SEM image
between the two surfaces is measured. After establishing the the as-delivered microstructured sample shown in panel (a).
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Fic. 2. (a) STM image of an as-delivered Au/Mofiicrostructured surface (in-between pillars). (b) SEM image of the same sample in panel (a) after being
conditioned by soft sputtering and annealing conditions. (c) STM image taken on top of a pillar of the sample shown in panel (b) showing the typical herring-
bone reconstruction of Au(111).

(between the pillars), as shown in the SEM image of a singlélhis UHV-cleaning left the pillars shape and its periodic
pillar in Fig. 1(b). The samples have been prepared in-arrangement unperturbed, as shown in Rigp). As a further
vacuum at IMRE (Singapore) and afterwards shipped taconsequence, the Au terminated microstructured stamp sur-
FHI-Berlin, thus being in air for at least one week. The Au/face showed the typical herringbone reconstruction of a
MoS, periodic microstructure remains unperturbed duringAu(111) surface [see Fig(c)]. Hence, despite the transport
shipping as clearly visible from the SEM micrograph in of several days/weeks in air, a clean and microstructured gold
Fig. 1(c). Chemical species might adsorb on restricted areasurface, being atomically “at both between and on top of the
such as the pillar top-surfaces, which could affect the moée  pillars, could be achieved by a simple UHV preparation.
diffusion and result in large deviations of the expected area Individual pillars have been identi®ed ®rst, and then, their
or length of the polymerized structures compared to thgop-surface was imaged by STM, as shown in Big). The
growth on typical large and extended terraces, i.e., in-surface turns to be quite structured as visible from the appa-
between the pillars. An analysis of 1,3,5-tris(4-bromophe-ent line pro®le taken across the pillar surface [see ¥Kigj]
nyl)benzene (TBPB) clusters area and GNR's length growrand the differentiate z height topography [Fig(c)]. This

on top of the pillars and in-between the pillars does not showoughness is ascribed to the formation of Au crystallites
any particular difference between the two cases (see suppl@rown during the Au layer deposition.

mentary materiaf).

STM measurements in UHV (Without any Samp|e treat_B. On-surface synthesis on microstructured Au/MoS 2
ment) revealed a rough and nonreconstructed Au surfacg-rfaces
both on the top-surface of the pillar and in-between the Two-dimensional covalently bound networks made of
pillars [see Fig2(a)]. Such a surface is not suitable for on- 1,3,5-tris(4-bromophenyl)benzene molecules BPB)
surface polymerization as cleanliness and atomic scale atwere grown on the microstructured Au/MgStamp surface.
ness are crucial requirements for ef®cient diffusion of thdndividual pillars have been ®rst identi®ed by STM and the
molecular monomers along the surface. top-surface imaged, as shown in Figa). BrsTBPB mole-

The microstructured sample surface was then processed layilles were ®rst deposited on the microstructured sample
repeated soft-conditions sputtering/annealing cycles (sputtekept at room-temperature and then dehalogenated at a tem-
ing conditions: 10min, beam energy: 0.7 keV, and drainperature of 490 K (sample heating for 5 min)>> Large Au
current 5.41 A; annealing conditions: 10min at 40Q). terraces (typically 100 nm wide) with a low coverage of

62.0 nm
g
0.0 — 0.00+
<
(*)]
2 A
-50.0 <
Q.
S -0.10
-100.0 ®
& -
Q.
& 020
- e gl o
150.0 0.0 05 10
-177.3 Distance [um]

Fic. 3. (Color online) (a) STM image of a single Au/Mg8illar, (b) apparent height line-pro®le across the pillar shown in (a) showing a height of almost
200 nm (the limited z scan range of the microscope makes a simultaneous imaging of the top-pillar surface and regions in between pillars nearly impossible).
(c) Differential Z height STM topography of image in panel (a).
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100 nm

Fic. 4. (Color online) TBPB-based 2D-networks on Au/Mag3llared sur-

face by on-surface synthesis. (a) STM topography (2.5 V, 40 pA) of part of
aAu/MoSpillar (1 1 0.271 m). The TBPB chemical structure is shown

in the inset. (b) Zoom-in (2.5 V, 40 pA) of the area indicated by the black
square in panel (a) showing low-coverage TBPB networks on the AufMoS
pillar. (c) Large and extended TBPB networks on the microstructured sur-
face after increasing the molecular coverage at the surface. STM image
taken at set pointg/(2 V, 50 pA) and on the pillars.

covalently linked TBPB-based islands are found, as shown
in Fig. 4(b). Depositing a higher molecular coverage results
in extended polygonal covalently linked networks on top of
the pillars, as shown in Figi(c). Having a high molecular

coverage on top of the microstamps should potentially be
helpful in view of achieving an ef®cient material transfer by

printing_ TPB-026 3.0kV 3.0mm x150k SE(U,LA0)

L L Fic. 5. (Color online) SEM characterization of TBPB networks on a “at
C. UHV-printing: Characterization of stamp and target Au(111) single crystal surface. (a) STM topograp§iy2(V, 30 pA) of small
surfaces by SEM and STM TBPB-islands grown on Au(111) surface by on-surface polymerization. The

. inset shows the typical internal structure of a TBPB-based islid3 V,
The stampsurface was repeatedly brought into ContaCtlo pA). (b) SEM images of the surface shown in panel (a): the small darky-

(in UHV) with a clean and well-prepared single crystal features might be associated either to TBPB networks or surface topographic
Au(111) surface terged), and subsequently, both surfaces features.

were characterized by STM and SEM/EDX teChanueS'other areas show a pronounced deviation in the secondary

SI_EM ch_arac_t erization Qf the stamp and target Surfaceglectron image contrast [see Fig(b)], indicating new fea-
might give important information at large scale, i.e.

. ' tures that can likely be assigned to transferred material. The
beyond our S.TM maximum |ateral scan rangel @), _.pronounced SE contrast between the transferred material as
about the printing process t'hat otherwise are extre'mely dlfcompared to the Au surface was further investigated in terms
®cultto get by STM only. Figurg(a) shows an _STM IMage  of elemental composition by EDX spectroscopy. As shown
of small TBPB network patches grown on a smgle ALI(111)in Figs. 6(b) and 6(d), they contain spectroscopic contribu-
crystal surface. The same surface has been imagesitu  {j51s'trom Mo and S elements according to the EDX spectra

by SEM. It is known that monolayers of carbon structures;, Figs.6(c), 6(e), and6(f) leaving no doubt about the trans-
such as graphefiéon a metal substrate or self-assembledg, of material from the stamp to the target surfaces.

monolayers of alkanethiolates on gdidcan be detected  Ag a further check, the stamp surface was imaged by
through a change in secondary electron (SE) signal intensgm as well to reveal the effect of the printing process to
sity. As shown in Fig.5(b), SEM indeed reveals nonuni- the microstamps' area. Some regions of the pillared area
form structures of darker contrast across the surface.rtheshow a clear and sharp change of the SE contrast, as discern-
aspect is similar to the one observed in the STM overviewple from Figs.7(a)+7(b) At higher magni®cation, it turns
image [Fig.5(a)]. However, due to the limited spatial reso- out that these dark-contrast areas are nothing but areas of
lution of the SEM technique, it does not provide a conclu-decapped pillars [see Fig.(b)] that are now MoS-termi-
sive evidence for the presence of molecular entities basefated. The periodic distribution of pillars is locally dis-
on TBPB's (see supplementary mateffdlgrown on the rupted, and thin capping layers are identi®ed nearby. Clear
microstructured stamp surfaces. contributions from Mo and S elements from decapped pillars
SEM imaging of the Au(111) target surface reveals dark/and part of the capping layers nearby are detected from EDX
bright stripes ascribed to the surface topography featurespectra in Figs7(c)and7(d).
such as terraces and surface steps [E{g)] without any evi- This is another signature of the mechanical contact
dences for transferred pillars in the imaged areas. Sombetween the stamp and the target surfaces. Printing seems to

JVST B - Nanotechnology and Microelectronics: Materials, Processing, Measurement, and Phenomena
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Fic. 6. (Color online) SEM imaging/EDX spectroscopy of the Au(111) target surface after printing. (a) SEM image showing contrast variations due to steps

and terraces on the Au surface. (b) Contrast variations indicate the presence of transferred material. (c) and (f) SEM/EDX characterization of the dark features
revealed in panel (b) (see crosses). (d) and (e) SEM image and EDX spectrum of al\ée®

induce pillar decapping in a very few spots of the micro- The STM characterization of the Au(111) target surface
structured area. As a further attempt, the pillar height haseveals the presence of large and very high clusters, i.e., sev-
been lowered down to about 150 nm, and we also found cleagral hundred of nanometers large in lateral size and
evidences for transferred material from the stamp to targe150+200 nm high [as shown in the STM topographies, Figs.
surfaces by combined STM and SEM/EDX measurements3(a)+8(€). It is also very common to ®nd large and structur-
These features are ascribable to crystallites or part of pillarslly rough areas of the Au surface [FigXf)+8(h) separated
(see supplementary material for details). by sharp boundaries from the "at Au areas in the
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Fic. 7. (Color online) SEM overview and higher resolution image of the stamp surface after printing at large (a) and small scale (b). (c) and (d) EDX spectra
taken on top of a decapped pillar (d) and likely a residual of a capping layer (c).
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Fic. 8. (Color online) STM characterization of the target Au(111) crystal surface after UHV printing. a) STM ijm&ge5(V, 50 pA) and its differential Z

height image (b) showing a large and high (about 150 nm) cluster. (c)x(e) Differential Z height STM topographies revealing large and very structured features
that might have been transferred while bringing target and stamp surfaces into contact; Set points: (c) sr@\d5Q pA), (e): § 2 V, 30 pA). (f)£(h) STM

images of large Au(111) surface areas presenting an irregular structure (the border are instead sharply pronounced); Set points: {fBAhBEPA), (h):

(Y 2V, 30pA).

Fic. 9. (Color online) Au(111) target surface after printing. (a)£(e) STM images of small extended carpet-like structures taken on the target surface after print-
ing. These structures are rarely found. Set points: (a) (differential Z height STM im&d)/,(10 pA), (b) and (c):¥ 2 V, 30 pA), (d) and (e):{ 1.75 V, 30
pA). (f) TBPB-networks grown on Au(111) [set poinj. 2 V, 50 pA)] taken for comparison.

JVST B - Nanotechnology and Microelectronics: Materials, Processing, Measurement, and Phenomena



011801-8 Nacci et al.: Toward printing molecular nanostructures 011801-8

surrounding [see Fig8(f)x8(h]. Importantly, these features beforeprinting and can thus tentatively be assigned to trans-
are never found on the clean target surface before printingerred molecular TBPB structures. Their appearance looks
They are therefore a result of the contact between the stamglifferent when being compared to intact TBPB networks,
and target surfaces. These large clusters could be Au crystalvhich we assign either to the additional transfer of the stamp
lites that were formed on top of the pillars while growing the material or to a chemical modi®cation during printing, ham-
thin Au layer and then transferred to the target surface duringering a conclusive assessment.
printing. They also might include part of the pillars them-  Based on our experiments, the following points should
selves, which is hard to distinguish in the STM images.be considered for the ef®cient transfer of molecular struc-
However, it is reasonable to conclude that the mechanicdiures under ultraclean conditions: The pillar surfaces
contact between the microstructured stamp and the targethould ideally be homogeneous (i.e., without an additional
surface caused a local material transfer (gold crystallites anthyer on top that might be transferred by mistake), atomi-
potentially pillar fragments) at the pillar positions. cally "at, and free of crystallites. The STM technique is
As a consequence of this interpretation, one might ®nhdundamental for imaging of the nanostructures before and
covalent molecular networks just right below them. after printing but requires support from a spectroscopy too
Displacing those large clusters via STM-based lateral STMor a chemical characterization of the target and stamp
manipulatiori”*® turned out to be not possible to achievep surfaces.
likely due either to the large cluster size or the strong bond- Moreover, the interactions between the polymers and the
ing to the surface. Operating the STM tip in lateral (con-two samples (stamp and target) during printing are a critical
stant-current) manipulation mode caused severe tigssue. Here, the stamp and target surfaces were both made of
modi®cation and no evidence for lateral displacement of thgold, thus with similar sticking coef®cients for the molecular
large clusters. Consequently, the search for transferred m@tructures. More or less reactive surfaces can change this bal-
lecular material in thevicinity of these transferred clusters ance in favor of one of the two samples, due to the different
was attempted, and indeed, some carpetlike structures wepglsorption energies. While the lamellar structure of MoS
found in proximity of large clusters in STM images [Fig. Provides the softness required to absorb the applied force
9(a), albeit rarely. A closer look at the internal structure of While pressing the stamp against the target, the weakly inter-
these features reveals the lack of a local order and mainlActing Mo$ layers can also be easily displaced from each
bumpy features, as shown in Fig(b)+9(e) Importantly, other, resulting in fragmentation or decapping as seen in our
such structures were never found on the target sutfatere experiments. More stable, yet still soft, stamp materials are
printing, indicating that they are related to the printing pro- therefore advantageous.
cess and therefore probably represent transferred material. A further issue to be improved for an ef@cient transfer is
Their nonuniform shapes point to organic molecular structhe surface of the pillars that should ideally be atomically
tures (in contrast to much larger structures with straight @ Which is not the case in the current study, due to the for-
edges that are typical for transferred pillar fragments in gmnation of Au c_rystallltes. T_hls can reduce the_ dlffus_lon of
crystalline state). Thus, it seems reasonable to assign them fgolecular species on the pillar surface, a key-ingredient for
transferred TBPB network patches that slightly changed theif® successfulin situ synthesis of molecular species.
appearance during the printing process (either because &urthermore, Au crystalhtes can be transferred to the target
additional material from the stamps or because of chemicafurfacesbas seen in our experimentsband represent unde-
modi®cation) as visible from a comparison between thosdired extra-material there, hampering the search for trans-
identi®ed structures after printing [Figg(c) and 9(e)] and ~ [€rred molecular structures.
the typical polygonal structure of an intact TBPB network
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