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Self-assembled magnetic nanostripes by organic patterning
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Selective adsorption of Fe deposited on the organic molecule 3,4,9,10-perylene-tetracarboxylic-3,
4,9,10-dianhydridédPTCDA) is used to prepare a self assembled magnetic nanostripe structure on
a vicinal Ag surface. Scanning tunneling microscopy reveals that after PTCDA deposition on the
Ag(10 8 7 surface a grating-like domain pattern is formed. It consists of alternating stripes of
molecule-covered facets and uncove(&tll) terraces. Fe adsorption takes place selectively on the
molecule-covered stripes forming disk-shaped super-paramagnetic islands with a polar easy
magnetization axis. €004 American Institute of Physic§DOI: 10.1063/1.1751228

The preparation of nano-structures is a prerequisite for The preparation and characterization of large organic
the study of fundamental physics in low-dimensional sys-molecules(with masses above 200 aideposited on single
tems, since in general the reduction of dimensionality incrystal surfaces has made considerable progfeséinterest
duces physical properties, which are often substantially difhas focused on several classes of archetype molecules with
ferent as compared to their bulk analdgm this context potential technological applications like 3,4,9,10-perylene-
magnetic systems are under intense investigation, since dwetracarboxylic-3,4,9,10-dianhydrid®TCDA). It is charac-
to the intimate correlation of structure with magnetism thisterized by a largem-conjugated system and forms well-
opens the field to tailor magnetic structures which show unerdered superstructures on low index Ag surfaded!
usual behavior not accessible in three dimensions. Conséigure 1a) shows the structural formula of PTCDA. It is
quently, many different approaches to prepare nanodotglanar and its lateral dimensions are 2422 A2, The mol-
nanowires and two-dimensional superlattices wereecule is very mobile on Ag surfaces, even at room tempera-
developed:® ture, and forms large well-ordered islands already at low

In general, the underlying principle for the growth of coverage supported by its quadrupole montémiterest on
nano-structures is the preparation of a suitable templat®RTCDA also originates from its properties to serve as a tem-
which serves as a nucleation center for the subsequently detate for site selective adsorption. It has been shown that the
posited material. For instance, this procedure has been sugnhydride groups are preferential adsorption positions for re-
cessfully applied by using periodic dislocation networks onactive metals such as In, Ti, Sn, and*Af® Bond formation
several closely packed surfate$or by using regularly petween the metal and the anhydride groups is proposed in
stepped surfaces? All these studies have in common that a these studies. Although no detailed investigations with re-
regular assembly of structural units was used. This is agard to Fe are available so far, the high affinity of Fe to
intrinsic property of the template, which in principle does notoxygen justifies the assumption that Fe atoms are also pref-
allow any structural flexibility. erentially adsorbed at the anhydride groups.

In contrast, organic supra-molecular structures show a Thus, its structural flexibility, its potential to reconstruct
great variety and flexibility of structures when adsorbed on

single crystal surfaces. Consequently it appears tempting to

use organic molecules as a template for the preparation of a Q O P (a
magnetic nanostructure and to take advantage of their struc- d O. ol 92 A
tural flexibility to prepare a suitably designed nanostructure. Q @ :
The basic advantage of organic pre-patterning as compared o 0

to the methods referenced above is that the structure of the
template can be varied in a systematic and controllable way
just by modification of the molecular film structure. Conse-
quently, our approach bears the potential to allow the prepa-
ration and investigation of low-dimensional magnetic struc-
tures with a good flexibility. Prerequisite for this procedure is

that the metal atoms selectively adsorb on the molecular sites

and that the morphology of the molecular structure is pre- e : DRI,
served upon metal adsorption. 70 nm <110>

FIG. 1. (a): Structure formula of PTCDA(b): 70X 40 nn? STM image of
dAuthor to whom correspondence should be addressed; electronic maithe uncovered A@O 8 7) surface characterized by monatomic steps sepa-
hmeyerhm@mpi-halle.de rated by 1.7-nm-wid€111) terraces.
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E 6 FIG. 3. A 300220 nnf STM image after deposition of 1.1 ML Fe on the
o0 Ag surface with PTCDA covered steps. The inset shows the zoom-in line
2 4 profile along two Fe islandésee circlg.

2

0

0 50 100 150 200 250 300 closely parallel to th¢112] direction. At a coverage of 40%
of a complete monolayetML) all steps are covered by
PTCDA as shown in Fig. (2). Between the stripes there are
FIG. 2. (): A 300x130 nnf STM derivative image of the A0 8 7 flat (111) terraceqdark regions in Fig. @], which are not
surface after deposition of 0.4 ML PTCDA. Dark and_ bright areas corre-coyered by PTCDA. The line profiIEFig. 2(b)] reveals that
g E?igtﬂt“;rfgyve{s(i)fe"aces and facets, respectighline profile along 4o o, face is characterized by an “up-hill” and “down-hill
morphology corresponding to the stepped and terrace re-
gions, respectively.
the surface on large scalégsee below, and its affinity to After preparation of the stripe structure Fe was deposited
reactive metals make PTCDA an interesting candidate t®y electron beam evaporation from an Fe rod while keeping
serve as a template for the preparation of suitably designeghe substrate at 450 K. The amount of Fe deposited is given
metallic nano-structures. We have carried out scanning turin ML, where 1 ML corresponds here to 1.53
neling microscopy(STM), low energy electron diffraction x 10'® atoms/cm using the Fe/C{@®01) interface as refer-
(LEED) and magneto-optic Kerr effe@OKE) experiments  ence. Figure 3 shows a STM image recorded after deposition
to investigate the structure and magnetic properties of Fef about 1.1 ML Fe. The Fe film is grown by preserving the
grown on PTCDA deposited on a Ag surface. Our resultsstripe morphology. Fe is agglomerated in small disk-shaped
clearly show that Fe solely adsorbs on the PTCDA coveredslands with a diameter of 4—6 nm and 0.5 nm heigdgte
areas of the substrate in this way forming a magnetic nanoghe zoom-in line profile in the insetThe Fe atoms are al-
tripe structure. most exclusively adsorbed on the PTCDA covered facets
First we discuss the preparation of a nano-stripe strucenly, a minor fraction is found on the terraces. The latter is
ture using a PTCDA covered substrate surface. Nucleation afstimated to be about a few percent of the total Fe coverage
PTCDA on Ag111) first occurs at step. Moreover, upon ~0.05 ML and is attributed to Fe overdosing. Continued Fe
annealing step bunching is observed on(#g) which is  deposition(up to about 3.5 Ml also leads to the adsorption
initiated by the stronger PTCDA bonding at steps as comef Fe on the terraces beginning at local defects and steps.
pared to thg111) terraces and which leads to PTCDA cov- Based on the STM image in Fig. 3 showing Fe clusters of
ered step bunches and uncoverédl) terraces at low about 0.5 nm thickness corresponding to an Fe-layer thick-
coverag€-’ This scenario can be extended using a high indexness of 2-3 ML, we can conclude that it is the very stable
Ag surface such as th@0 8 7) surface. It is vicinal tq111) chemical (covaleni bonding of the Fe atoms next to the
and forms a well-defined nanostripe structure upon adsor@TCDA molecules which is the decisive factor for the pref-
tion of PTCDA as described in more detail elsewhésnd  erential adsorption in the coverage regime up to about 1 ML

length (nm)

as briefly discussed in the following. coverage. This is in agreement with studies on the metal
The Ag(10 8 7 surface was prepared by cutting a crystaladsorption on PTCDA carried out so far®
with an inclination angle of 8.5° relative to tlig#11) surface. LEED patterns(not shown confirm the STM results.

The sample surface was prepared by several cycles of 1 keWhile upon Fe adsorption superstructure spots originating
Ar*-ion sputtering and annealing up to 700 K. Figui®)1l from the molecules adsorbed at the facets are no longer ob-
shows a 7& 40 nnt topographic STM image of the clean servable, the specular reflections related to the facet structure
Ag surface. It is characterized by an ordered array of monare still observed, although attenuated. Furthermore, the (1
atomic steps separated by 1.7-nm-wid&ll) terraces. X1) spots from th€11l) terraces are unchanged. These ob-
PTCDA was deposited by sublimation from a Knudsen cellservations are only compatible with Fe atoms adsorbed on
operated at 600 K. During deposition the substrate temperdhe molecule-covered facets.

ture was kept at 500 K in order to improve the mobility of The magnetic characterization of the nanostripe structure
the steps. Figure (8) shows a 308130 nnf derivative was carried out byn situ MOKE. Figure 4 shows hysteresis
STM image illustrating the surface morphology after loops recorded for 1.1 ML Fe in polar geometry measured at
PTCDA deposition. Bright and dark regions correspond totemperatures between 60 and 118 K. When the magnetic
facets and flat111) terraces, respectively. STM images with signal is plotted versugoH/T the curves are nearly identi-
molecular resolutior(not shown indicate that PTCDA ex- cal, which in addition to the absence of any remanence is a
clusively adsorbs at steps and bunches them to fabeght  signature for superparamagneti&fritting the data to the

stripes, until all of them are covered. The facet edges runLangevin function by using the saturation magnetization
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104 s preparation conditions, our results have wide implications
3 ﬁ‘“ for the study of low-dimensional systems in general.
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