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Report:

Aim of the experiment was to investigate the maignetoperties of fully coordinated Mn-TCNQ
networks on Ag(100) and Au(111) surfaces. The diveratal-to-molecule ratio is 1:1 and each cyanougr
of the molecule is engaged in coordination bondm@ Mn atom. In addition, it was expected thattlos
Au(111) surface lateral charge transfer betweenigfamds and metal adatoms takes place. The purgose
the measurements was to obtain insight into thetreleic state of the metal centers as well as thkecalar
ligands and to find a potential magnetic coupliegneen the metal centers.

We succeeded in preparing highly ordered Mn-TCN@®vaiks on the Au(111) surface. In addition we
prepared and investigated Ni-TCNQ networks on A@jland Au(111) surfaces. While the Ni-TCNQ
networks are nearly identical to the previouslyestgated Mn-TCNQ networks on Ag(100), the Ni-TCNQ
structures on Au(111) exhibit a somewhat distodedrdination structure with respect to Mn. All stiwres
were successfully studied by XAS and XMCD spectpsgc The results are summarized in figures 1-4.

The nitrogenK-edge XAS contains information about the moleculbssrate interaction and possible
charge transfer. As reported in Ref. [1] TCNQ aldledron Cu(100) receives at least one electron them
surface. A similar scenario was found on Ag(10Q)ribg these measurements and as reported alsbéor t
experiment HE2836 there is only little change upoordination of the cyano groups to metal adatdms.
figure 1 (a) and (b) the nitrogen XAS spectra f@NIQ adsorbed on Au(111) and Mn-TCNQ on Au(111) are
shown, respectively. The pure molecular layer shésedures that are very similar to the neutral TCNQ
powder with a strong linear dichroism resultingnfrehe homogeneous orientation of the molecules.nUpo
coordination to Mn adatoms the spectrum changesfisigntly and resembles the spectra obtained twe p
and coordinated TCNQ on the Cu and Ag surfaces.iM&pret this as the signature of lateral charge
transfer. A similar result was found for the Ni-TQNhetworks on Au(111).

The XAS and XMCD spectra for the Ni- and Mn-TCNQwerks on Au(111) are shown in figure 2. In
addition we measured Ni adatom impurities on Aujlfiure 2(a)) and Ag(100) (figure 3(a,c)) depedit
on a cold substrate directly at the magnet chaniidiex.Ni adatom impurities do not show a sizable XMC
signal and appear to be mainly non-magnetic. Thigiagreement with earlier observations by scannin
tunneling spectroscopy measurements [2]. Ni adatoyhadize strongly with the surface metal stated are
interpreted to assume a spin-quenched mixed-valstate. However, in the networks as shown in figure
2(b,c) the Ni centers recover their magnetic mom@&ie lineshape analysis suggests a mixed valence
configuration with 8 and d character. The anisotropic XAS and XMCD is a resdilthe square-planar
coordination geometry of the Ni centers. The spgdtatures are also different from the Ni adatavith a



more pronouncedl, edge and a multiplet fine structure at the A sharp and well-defined XAS multiplet
structure was also observed for the Mn-TCNQ netwank Au(111), see figure 2(c,e). The spectral hape
suggest a Hconfiguration with little differences comparedtt® Mn XAS observed for the networks on Cu
and Ag surfaces (see report HE2836). In fact the $hape is very similar to the 1:1 Mn-TCNQ netwoink
Ag(100) (this experiment) and the 1:2 Mn-TCN&ructure on Cu(100) (HE2836). Interestingly, shen rule
analysis for the Mn centers on Au(111) shows abdizarbital moment while on the other surfaces arlye
zero orbital moment was found.

In addition to the proposed experiments we managqgutepare also Ni-TCNQ networks with different
coordination ratios on a Ag(100) surface. The tsstor the Ni adatom impurities and the Ni-TCNQ
network are summarized in figure 3. The NIi-TCN@etworks are structurally nearly identical to the
previously studied Mn-TCNQ networks. They only differ strongly in their 1:iruectures with the Ni
networks being much better ordered than their Mmnterpart. The Ni XAS and XMCD lineshape differs
strongly from the networks on Au(111) surface. Frtme XAS lineshape we infer that the Ni has a
predominant Y electronic configuration. Similarly to the structa on Au(111), Ni recovers it magnetic
moment when incorporated in the organic coordimatetworks. The spectral satellite features indicat
significant configurational mixing of®tand d states in this case as well.

The magnetization curves obtained for the varidusctires are presented in figure 4. The curve® hav
been obtained as thhg XMCD intensity vs. applied magnetic field. All m&s are normalizedto 1 atB=5T
for comparison. In addition, also the Brillouin fition with S=5/2 and S=1, ¥ were added and repteken
paramagnetic case for the Mn and Ni spin centespectively. The Mn magnetization curves (left pame
figure 4) follow closely the Brillouin function exsted for a high-spin center with configuration. The little
deviation for some networks could indicate smatifarromagnetic interaction but could be also ailtesf a
somewhat higher measurement temperature. For theadgnetization curves on the other hand we find a
significant stronger s-shaped curve than wouldjeeeted from paramagnetic S=1 or S=1/2 centerst(rig
panel of figure 4). This is a clear indication ferromagnetic coupling between the Ni centers ihahore
pronounced for the structures on Au(111). The éféannot be attributed to a sizable orbital mom&he
magnetization curve can be fitted by Monte-Carlmwdations assuming S=1 centers with a ferromagnetic
exchange coupling of about 0.3 meV. This relatiweal$ value does not favor either a ligand or swefac
electron (RKKY) mediated coupling scheme.

At the time of writing, the analysis of the datgether with the XAS simulations is still in progse3he
XAS simulations using ligand field multiplet calatibns will provide a deeper understanding of thesent
charge transfer channels and spin states of thal roeters. Two manuscripts are currently in pragoam
that describe the magnetism and chemical bondinglrefTCNQ networks on Cu, Ag and Au surfaces as
well as the magnetic coupling observed in the NNTnetworks on Au(111).
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Figure 1. N-edge spectra with linear polarized light for BENQ on Au(111) and (b) Mn-TCNQ on
Au(111). The spectrum of the pure TCNQ layer isyv&milar to spectra obtained for neutral TCNQ in
powder form [1]. Upon coordination the first peaknishes due to charge transfer and the secondspétsk

in energy.
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Figure2: XAS and XMCD spectra for (a) single Ni adatom impes on Au(111), (b,d) Ni-TCNQ network
on Au(111) and (c,e) Mn-TCNQ network on Au(111)eTi impurities on Au(111) as well as Ag(100) do
not exhibit a sizable XMCD signal. (a-c) Solid atatted lines indicate XAS spectra obtained wittntrignd

left circularly polarized light, respectively.
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Figure 3: XAS and XMCD spectra of (a,c) Ni adatom impuritaasd (b,d) Ni-TCNQ networks on Ag(100).
The Ni-TCNQ structures with ratio 1:1 show a simgpectra lineshape.
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Figure 4: Magnetization curves for (left panel) Mn structuaesl (right panel) Ni networks. For comparison
Brillouin functions with different moments and teaemptures have been added. All curves were norndale

latB=5T.
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