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The aim of the experiment HE2836 was the investgatf the spin state and magnetic coupling in two-
dimensional metal-organic charge transfer netwarkparticular Mn(TCNQ) structures, at surfaces. Those
compounds have been reported to exhibit relatikeglp Curie-temperatures in bulk samples (~50 K) iand
case of Ni(TCNQ) even ferromagnetic transition temperatueghd room temperature have been reported
[1]. While it is believed that ferromagnetic orderthe bulk samples arises due to exchange coupiathe
TCNQ ligands it is an open question if such coupliould exist in planar structures adsorbed ontalme
surface. The purpose of the measurments was timabsaght into the electronic state of the mettters as
well as the molecular ligands.

After finishing the measurement series on the MIQ; structures we continued the beam time by
XMCD measurements on Th(Raholecules on a Cu(100) surface, since the propbe€OCNQ) networks
turned out to be significantly less ordered thanNmn(TCNQ) networks. The measurements on the Tk(Pc)
are a continuation of the experiment HE2106. Th(Rwm)lecules represent a novel class of single-mtdecu
magnets where a single Terbium ion is located betvieo phthalocyanine (Pc) units. The aim of this
experiment was the determination of the magneigotitopy and the observation of magnetic hystelasis
such highly oriented surface supported system® shree blocking temperature of Tb(RPbas been
determined to be higher than 40K [2].

Results have been obtained on Mn(TCMSJuctures on the Cu(100) and Ag(100) surfacegedisas Mn
impurities on the Cu(100) surface for comparisdme Ppreparation of the Mn(TCNgyompounds was
carried out in-situ at the ESRF taking advantagiefdedicated STM chamber connected to the hajd-fi
magnet of the IDO8 beamline. Figure 1 shows a sumofahe morphological characterization of the
samples. LEED and STM, acquired at different posgion the samples, were employed prior to the XAS
measurements to ensure the homogeneity of the samifiie coverage was kept low enough to provide the
necessary space and mobility for the adsorbatistofully reticulated networks. The Mn-to-TCNQ
concentration ratio was carefully adjusted to avh&lformation of Mn metal clusters and surfaceyatig.

Temperature and magnetic field dependent XAS an@ENpectra were recorded at theg Mn-edges
andK N-edge in total electron yield mode using circaad linear polarized light at angles between nbrma
(0°) and grazing (70°) incidence. We report on mber of significant results: (1) The Mn atoms ie th
network structures exhibit sharp XAS and XMCD spadeatures and a strong natural linear dichroism
signifying the strong interaction between the Monas and the TCNQ molecules. (2) There is a notieeab
difference in XAS lineshape between the structyrsithilar networks on the Cu(100) and Ag(100) scefa
(3) On both surfaces the Mn spectra are consistighta high-spird® configuration [3]. (4) The N-edge
spectra for both systems reveal signatures of eltaagsfer to the molecule compared to spectra of



multilayer TCNQ films [4]. (5) There is no signifiat magnetic anisotropy in the Mn centers. (6) The
magnetization curves vs. temperature and fieldataive evidence for magnetic coupling betweenhime
atoms. (7) There is no magnetic dichroism at thediye of the molecules detectable.

Figure 2 shows a summary of the XAS and XMCD charaation of the Mn atoms. Mn impurities (<0.01
ML) deposited on Cu(100) held at 8 K exhibit ratlsatropic XAS spectra, see figure 2 (c). Upon
incorporation of Mn into the supramolecular netwgothke XAS lineshape changes significantly and etdhé
strong natural linear dichroism as can be seeigund 2 (a) and (b) also for the spectra recordia eircular
polarized light. This signifies the formation of@tg coordination bonds to the TCNQ molecules whiase
Mn centers are subjected t€asymmetry crystal-field environment giving riseth@ natural linear
dichroism. The binding to the ligands does not geathed® character of the Mn atoms and the metal centers
remain in the high-spin state, supported by thaldez XMCD intensity and the XAS branching ratioe€Th
absence of significant magnetic anisotropy furtheports thel® high-spin scenario with no orbital moment
present. Although the structure on the Cu and Afasas are found to be very similar significantidist
spectral features are observed for the two systéfesascribe this to the differences in the adserbat
substrate hybridization competing with the coortiorabonding. However, for both surfaces we find no
evidence for magnetic coupling between the Mn gsritem the analysis of temperature dependent XMCD
spectra and magnetization curves recorded dteelge, example shown for the Mn(TCNQ@gtwork on
Cu(100) in figure 3 (b). The fitting of the magrzetiion curve with a Brillouin function suggests epeéndent
paramagnetic Mn atoms.

Figure 3 (a) shows the XAS spectra at the N-edgerded with linear polarization at grazing inciderior
the Mn(TCNQ) on Ag(100). The lineshape is in agreement withatwles adsorbed parallel to the surface.
Moreover, the spectra signify charge transfer éortiolecule [4], which is also present at the absefdin
atoms. No XMCD intensity was observed at the N-adgelering the molecules non-magnetic. The same
result is valid for the Cu(100) surface. The strogbridization of the ligands with the surface @bgliench
potential magnetic interactions between the Mnearsnt

Figure 4 shows a summary of the results obtaineth®dTb(Pc) molecules on Cu(100). We succeeded in
the thermal evaporation and deposition of intedgPt) molecules on the Cu(100) surface as shown in
figure 4 (a). On this surface the molecules araied on the surface due to the strong interacfamne of
the Pc units in close contact with the copper serfdhe XAS and XMCD measurements show that we can
obtain XAS spectra of only very little amount oblisted SMMs on a Cu(100) surface as can be sefeguire
4 (b). Spectra were taken at theNips edge as well as th€ N-edge for the phthalocyanine molecules in
magnetic fields of 5T and temperature of 8K. Moegwe have measured the pristine powders of Th(Pc)
and Dy(Pc) to check the integrity of the molecule samples mide a comparison between the electronic
and magnetic behavior of the molecules in bulk gyistalline environments and coupled to a metdbhser

Neither the powder samples nor the surface suppantdecules showed magnetic hysteresis, confirming
results obtained during a previous experiment HBE2I0®e strong natural linear dichroism shown ifey
4(b), demonstrates that the 4f shell is subjeaexhtappreciable crystal-field environment. Funthene, the
magnetization curves, shown in figure 4(c), exhgbgiant anisotropy of the magnetic moments which
reflects the strong anisotropy of the orbital motregrthe Tb ions. At the moment the data is furthealyzed
by atomic multiplet calculations. Potential changansfer between molecules and surface could igecto
strong deviations of magnetic properties compavdultk samples.

At the time of writing, the analysis of the datagether with the XAS simulations is still in progse At
the moment we are carrying out STM and tunneliegtebn spectroscopy on metal-TCNQ structures
adsorbed on a Au(111) surface. The measuremeiaty demonstrate that the TCNQ does not undergo
charge transfer upon adsorption. Only moleculeordination networks are charged. This lateralrgé
transfer could give rise to magnetic coupling betwihe metal centers.
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Figure 1. STM images of Mn(TCNQ)structures on Cu(100) (a) and Ag(100) (b) surtaken at ESRF
prior to XAS measurements. (a) In upper left comeatch of pure TCNQ phase is visible. (c) Stmectu
model of the Mn(TCNQ@)phase on Cu(100). A similar structure is identifoe Ag(100) with different
relative orientation of the network with respecttie registry of the surface. (d) LEED image takleESRF
of the Mn(TCNQ) network on Ag(100). Two slightly different oriedtequare structures can be identified.
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Figure 2: (a)-(c) XAS spectra at the Mg k-edge with right™ and leftl” circularly polarized light taken at
B=5T and T=8K for x-ray normabBEQ0°) and grazing incidenc@%£70°) angles. (a) Mn(TCNQ@)n Cu(100),
(b) Mn(TCNQ) on Ag(100), and (c) Mn impurities on Cu(100). (§)Corresponding XMCD spectra for the
spectra shown in (a)-(c), respectively. Note thatrion-linear background in (a)-(c) arises fromQGlueand

Ag EXAFS.
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Figure 3: (a) XAS spectra taken at the N-edge with linedapred light at grazing x-ray incidence for the
Mn(TCNQ), network on Ag(100). (b) XMCD 4.intensity plotted vs. magnetic field for the Mn(NQ),

network on Cu(100).
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Figure4: (a) STM image of a low coverage of Th-DD molecylskite protrusions) deposited onto a
Cu(100) surface via sublimation from a powder sanfiimage taken at the ID-08 beamline prior to XAS
measurements.) The inset shows a detailed vietnedDD with a similar lobe structure as observed at
cryogenic temperatures [5]. (Image taken in Stuttgsubstrate temperature of 300K.) (b) Absorptio
spectra of Tb using in- and out of plane polarilzgist. The strong non-linear background is a resfithe Cu
EXAFS. (c) Magnetization curves of the Th-DD. THetghows the normalized MKMCD peak height.



