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Abstract

Magnetic molecules deposited on surfaces are a promising platform to individually

address and manipulate spins. Long spin excitation lifetimes are necessary to utilize

them in quantum information processing and data storage. Normally, coupling of the

molecular spin with the conduction electrons of metallic surfaces causes fast relaxation

of spin excitations into the ground state. However, the presence of superconducting

paring effects in the substrate can protect the excited spin from decaying. In this work,

we show that a proximity-induced superconducting gold film can sustain spin excita-

tions of a FeTPP-Cl molecule for more than 80 ns. This long value was determined

by studying inelastic spin excitations of the S=5/2 multiplet of FeTPP-Cl on Au films

over V(100) using scanning tunneling spectroscopy. The spin lifetime decreases with

increasing film thickness, in apparent connection with the gradual gap-closing of a pair

of de Gennes-Saint James resonances found inside the superconducting gap. Our re-

sults elucidate the use of proximitized gold electrodes for addressing quantum spins on

surfaces, envisioning new routes for tuning the value of their spin lifetime.
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Magnetic molecules have been under the spotlight for new quantum applications, such

as quantum information processing, sensing and data storage.1 Magnetic molecules can be

tailored to behave as quantum bits (qubits), given that they exhibit long coherence (T2) and

spin-relaxation times (T1).
2,3 The former is one major prerequisite for engineering efficient

molecular qubits4–6 as it describes the lifetime of their superposition state, while the latter

gives the upper limit to T2. Incorporating molecular spins on solid-state platforms is the next

step towards creating electrically addressable quantum devices. However, the interaction

with metallic electrodes opens fast decaying channels that damp the spin dynamics. Thus,

there is a need of finding metallic substrates for magnetic molecules that do not alter their

spin dynamics while allowing electrical access.

Previous measurements on single transition metal atoms on surfaces reported spin ex-

citation lifetimes up to a few hundreds picoseconds.7–10 Inserting a Cu2N decoupling layer

over the metallic surface can enlarge spin-relaxation lifetime to nanosecond time scales.11

Another method to decouple spins from the electronic bath is to use a superconducting

substrate. The energy gap around the Fermi level (EF ) can efficiently protect the spin exci-

tations from decaying through generation of electron-hole pairs. For example, spin excitation

lifetimes reaching ≈10 ns have been observed in a Fe-based porphyrin over a lead substrate.12

Unfortunately, many elemental superconductors strongly hybridize with molecular species,

quenching their spin state, or simply are difficult to integrate into large scale devices.

Here, we took advantage of the proximity effect to induce a superconducting gap on a

gold thin film13–16 that extended the excitation lifetime of a tetraphenylporphyrin iron(III)

chloride (FeTPP-Cl) for more than 80 ns. High quality gold films were epitaxially grown

on top of the oxygen reconstructed 1x5-V(100) surface. We used a scanning tunneling

microscope (STM) at 1.2 K to perform Inelastic Electron Tunneling Spectroscopy (IETS)

on FeTPP-Cl molecules adsorbed on the Au/V(100) surface and revealed the existence of

such very long spin excitation lifetimes. Moreover, we found that increasing the thickness of

the gold layer resulted in a reduction of the excited state lifetime, which coincided with the
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gradual shift down of the proximity-induced in-gap resonances. By approaching the STM

tip to the molecules, we modified the magnetic coupling with the substrate to a stronger

regime, where Yu-Shiba-Rusinov (YSR)17–19 states appear inside the gap.20
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Figure 1: (a) STM image of the oxygen reconstructed 5×1-V(100) surface, where oxygen
atoms occupy bridge positions along every fifth V-atom row (as shown in inset); I= 1 nA,
V=700 mV; inset: I= 3 nA, V= 3 mV. (b) STM image after depositing 0.5ML (I= 100 pA,
V= -300 mV; inset: I= 100 pA, V= 5 mV) and (c) 9ML of Au on V(100)-O(5×1) (I=
100 pA, V= 1 V; inset: I= 400 pA, V= 50 mV). (d) STS spectra (using a superconducting
V-covered tip) on different number of Au layers on V(100)-O(5×1). Inset: evolution of the
dGSJ intra-gap states compared to the amount of grown Au layers.

Vanadium is a type-II superconductor with a critical temperature of Tc = 5.4K. Vana-

dium single crystals contain impurities embedded in the bulk, namely oxygen, carbon and
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nitrogen.21,22 In particular, the presence of oxygen creates a reconstructed V(100)-O(5×1)

surface23–26 persisting even after very high temperature annealing (Figure 1a). Scanning

Tunneling Spectroscopy (STS) measurements were performed to study the magnitude of

the superconducting gap. To maximize the energy resolution, the tip was indented in the

V sample to become superconducting.27 Differential conductance (dI/dV) spectra on the

V(100)-O(5×1) surface revealed two clear dI/dV peaks at V=±1.5 mV (blue plot in Fig-

ure 1d), corresponding to tunneling between coherence peaks of tip and sample at V =

±(∆t + ∆s), and in agreement with a gap value for bulk vanadium of 2∆s ≈ 1.5 meV.28
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Figure 2: (a): STM image of the 4-fold FeTPP-Cl (orange circle), 2-fold FeTPP-Cl (blue
circle) and 2-fold FeTPP (green circle) on Au/V(100) (16x16 nm, I=20 pA, V=200 mV) ,
(b): STS spectra of the different molecular species on Au/V(100) (I=200 pA, V=5 mV)

Molecular adsorption on bare V(100)29 is challenging due to the high reactivity of the

surface, which can distort molecular structure and its functionality. Therefore, we covered

the vanadium surface with gold films, a metal typically employed for hosting molecular

assemblies. We grew multiple gold layers on the V(100)-O(5×1) surface and studied the

formation of superconducting pairing correlations through the proximity effect.15,30 In Fig-

ure 1b,c, STM images reveal the epitaxial growth of gold on the V(100)-O(5×1) (herein
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referred to as V(100)) surface after annealing the substrate to 550◦C (see methods). Atomic

resolution images of the gold lattice reveal the high quality of the films, with (100) surface

orientation and lattice constant x = y ≈ 3Å.

STS measurements on the gold films show that they maintain the superconducting char-

acter of the underlying V(100) crystal with a proximity-induced gap of width 2∆s ≈ 1.5 meV.

For all film thicknesses explored in Figure 1d, spectra show characteristic shoulders (black

arrows in Figure 1d) close to ±(∆s + ∆t), the convoluted gap of the vanadium bulk and

tip. This is expected for proximitized films thinner than the superconducting coherence

length of vanadium.13,31 In addition, a pair of sharp spectral resonances appear inside the

proximity gap. These resonances, first described by de Gennes-Saint James,32 are intra-gap

quasiparticle excitation peaks resulting from interfering pathways between the metal-vacuum

surface and Andreev Reflections at the metal-superconductor interface.31,33 The de Gennes-

Saint James resonances (dGSJ) shift down in energy with increasing film thickness, from

0.69 meV (4 ML) to 0.2 meV (20 ML) (see Supporting Information34).

Next, we deposited FeTPP-Cl molecules on the Au/V(100) system. As previously re-

ported,35,36 deposition of FeTPP-Cl molecules on metallic substrates at room temperature

usually results in coexistence of chlorinated and dechlorinated FeTPP species (Figure 2a).

The presence of the chlorine atom in STM topographic images appears as a protrusion in

the center of the molecule, whereas the dechlorinated FeTPP molecules show a depression.

Furthermore, as shown in Figure 2a, FeTPP-Cl appears with two distinctive adsorption ge-

ometries, referred to as 4-fold and 2-fold structures, due to the different apparent positions of

the phenyl rings. The 4-fold species lie in a stronger interaction regime with the surface that

will be described elsewhere. In contrast with previous results on Pb(111) and Au(111),37–41

dechlorinated molecules on this substrate do not exhibit neither YSR in-gap states nor in-

elastic spin excitations outside the gap (Figure 2b), indicating that they may lie in a different

coupling regime.

In this letter, we focus on the 2-fold FeTPP-Cl molecules. Characteristic dI/dV curves
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recorded on the molecular center show excitation peaks outside the superconducting gap, at

≈ ±2.6 mV and ≈ ±3.8 mV (Figure 3a). These peaks have been previously attributed to

inelastic excitations of the S = 5/2 molecular spin multiplet.12,42 Using the phenomenological

hamiltonian H = DS2
z to describe the effect of a ligand field, a positive magnetic uniaxial

anisotropy D found for these molecules splits the degenerate Fe multiplet into three spin

states, Sz = ± |1/2〉 ,± |3/2〉 ,± |5/2〉.4 The inelastic signal appears as replica of the dGSJ

peaks in the spectra and the energy separation between them (red arrows in Figure 3a)

corresponds to the excitation energies. That is, 2D from the ground state Sz = ± |1/2〉

to the first excited state Sz = ± |3/2〉, and 4D subsequently to the second excited state,

Sz = ± |5/2〉 (Figure 3c). Therefore, from these measurements we obtain that the axial

magnetic anisotropy for FeTPP-Cl amounts to D = 0.65 meV. Due to the spin selection

rule ∆Sz = ±1, the occupation of the second excited state can only be achieved from the

first excited state.9,12 The observation of a peak at 4D thus indicates that the first excited

state reaches a finite population in a stationary state with the tunneling current.12,42 Such

step-wise excitation of higher lying spin states is referred to as spin-pumping.9

We study the spin excitation dynamics of 2-fold molecules first on a 4 monolayer (ML)

thick Au film on V(100), with characteristic spectra like the one shown in Figure 3a. Inter-

estingly, the excitation into the Sz = ± |5/2〉 state appears for tunneling currents as small

as 20 pA, suggesting a particularly long lifetime for the first excited state (Sz = ± |3/2〉).

The lifetime of the excited states, τ1, can be extracted from the behaviour of the IETS peaks

with current, using a set of rate equations dNi

dt
=

∑
j

(RjiNj − RijNi) connecting states Ni

and Nj with excitation/de-excitation rates Rij and Rji.
12

For the first excited state, the de-excitation rate Rji includes a spontaneous decay con-

stant, λ1, and a current-induced de-excitation factor f (see Supporting Information34). The

former gives the lifetime of the first excited state (λ1 = 1/τ1) and defines the threshold to a

stationary non-equilibrium state. In this regime, only the inelastic current drives transitions

between the ground state and the first excited state, which dynamically acquires a finite
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Figure 3: (a) Single STS spectra taken on a 2-fold FeTPP-Cl molecule (blue) and on
the substrate (grey) (I=150 pA, V=6 mV). (b) 2D intensity plot of a series of distance-
dependent dI/dV spectra for 4 ML Au thickness. (c) Zero field splitting excitations for a
total spin of Sz = 5/2 , (d) Top (bottom) panel: Relative amplitude Ar1 (Ar2) of the first
(second) excitation resonance as a function of IBCS, the current of the BCS peaks. Error bars
indicate the error propagation of the relative amplitude averaged over positive and negative
side of the spectra. Top: Fit (red line) for determining the lifetime of the first excited state
± |3/2〉 with thickness of 4ML (P = 0.423± 0.001, τ1 = 80 ns± 20 ns ), Bottom: Fit (red
line) for determining the lifetime of the second excited state ± |5/2〉 with thickness of 4ML,
with fixed τ1 (P = 0.304± 0.014; τ2→1 = 1.8 ns± 0.8 ns)

population. This opens a new conduction channel for the second excited state.

To determine τ1, we acquired multiple spectra similar to the one shown in Figure 3a with

increasing set-point current. A stacked plot of distance-dependent dI/dV spectra is shown

in Figure 3b, where we observe an increase in the intensity of the excitation peaks as the tip

approaches the molecule. The ratio Ar1 between the amplitude of the first excitation peak,

A1, and that of the coherence peaks, ABCS, is plotted in Figure 3d (top panel) as a function

of IBCS, the current at the coherence peaks. The inelastic amplitude first increases with the

tunneling rate and then stabilizes in a plateau characteristic of a stationary state. Fitting

these data with rate equations from Heinrich et al. 12 yields a value of τ1 ≈ 80 ns for FeTPP-

Cl on 4ML of Au on V(100) (see fitting procedures in the Supporting Information34). Such

large lifetime is attributed to the protection of the excited state by the superconducting gap,
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Figure 4: (a) 2D intensity plots of a series of distance-dependent dI/dV spectra for 4 ML,
9ML and 14ML Au thickness on V(100). (b) Single STS spectra taken on a FeTPP-
Cl molecule on 4ML (blue), 9ML (orange) and 14ML (green) Au thicknesses on V(100).
(I=200 pA, V=6 mV). (c): Fit for determining the lifetime of the first excited state ± |3/2〉
with thickness of 9ML (P = 0.460± 0.003, τ1 = 39 ns± 10 ns)

which forbids spin relaxation via creation of electron-hole excitations because 2D < 2∆s.

Interestingly, the value of τ1 obtained for FeTPP-Cl on Au/V(100) is 8 times larger than

the related molecule Fe-OEP-Cl on Pb(111),12 where the de-excitation is protected by an

even larger superconducting gap. As previously shown,43,44 another decaying mechanism

could take place through the direct emission of phonons, with energy ω~ ≈ 2D, to the

phononic bath of the substrate. Thus, a possible origin for the larger lifetime on this substrate

could be the lower phonon density of states at the Fermi level of vanadium and gold compared

to lead,45–47 as well as the lower electron-phonon coupling present in Au.48,49 From the

stacked spectra in Figure 3b, we can also obtain an estimation of the lifetime τ2→1 of the

second excited state Sz = ± |5/2〉. In the bottom panel of Figure 3d, we plot the relative

amplitude of the second excitation peak, Ar2, with respect to IBCS. Fitting the data with a

set of rate equations (red line) yields a value of τ2→1 . 2 ns (see Supporting Information34).

Electrons populating the second excited state have now sufficient energy (4D > 2∆s) to

directly decay into the substrate by electron-hole pair excitations, lowering the lifetime of

the highest excited state. Nevertheless, this value is still relative large, and comparable to

magnetic atoms on insulating films.9
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To test the influence of the intra-gap bound states on the lifetimes of the excited states,

we compared FeTPP-Cl spin excitation dynamics in samples with different Au thicknesses.

In Figure 4a, two dimensional intensity plots of a series of distance-dependent dI/dV spectra

for 4, 9 and 14 ML Au thickness are shown. The plots show the shift of the dGSJ resonances

to lower energies as a function of the Au thickness, similar to Figure 1b.

We follow the same fitting procedure for determining the excited state lifetime of FeTPP-

Cl on every film thickness. For 9 ML, the fit yields a value of τ1 = 39 ns± 10 ns and τ2→1 =

1.1 ns± 2.2 ns for the lifetime of the first and second excited state, respectively (Figure 4c

and Figure S2). On the 14 ML film, we could hardly observe faint second excitation peaks

(Figure 4b) by approaching the tip to the closest possible position (I = 200 pA) before

picking up the molecule. This determined an upper limit for the spin excitation of τ1 < 1 ns.

The reduction in excitation lifetime is in agreement with the gradual shift of the dGSJ

resonances in the proximitized Au film. From Figure 1d, we obtain that the bound state

values decrease from ∼ 0.69meV (4 ML) to ∼ 0.65meV (9 ML), and finally to ∼ 0.45meV

(14 ML). In contrast, the magnetic anisotropy, as obtained from the position of the spectral

peaks, remains D ≈ 0.65 meV for the 4 and 9 ML of Au on V(100), while increases to

D ≈ 0.8 meV for the 14ML film. Variations in D have been previously observed in different

magnetic systems on metallic substrates and attributed to either structural changes12,50,51 or

variations in the Kondo coupling with the substrate.52 Comparing the spectra of FeTPP-Cl

on the different gold thicknesses in Figure 4b, we note that the dGSJ peaks show a clear

asymmetry for the 4 ML sample, that decreases for 9 ML, and vanishes for the 14 ML case.

Such spectral imbalance reflects a particle-hole asymmetry in the quasi-particle excitations of

the superconductor probably due to the presence of a finite coupling with the molecule. The

absence of peak asymmetry for the 14 ML reveals a significant smaller Kondo coupling with

the substrate, which can explain a renormalized magnetic anisotropy to a larger value.53,54

The weak adsorption regime of this molecular species could be irreversibly modified by

approaching the tip beyond a specific distance. In this case, we observed an abrupt change in
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(a)
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1nm

1nm

Figure 5: (a) 2D intensity plot of a series of distance-dependent dI/dV spectra for a
switching FeTPP-Cl molecule. (b) STM images taken before (top) and after (bottom) the
change of the interaction regime. Insets: line profiles taken across the molecule as indicated
by the blue dotted line. (c) Single dI/dV spectra before (top) and after (bottom) the change
of the interaction regime. Insets: Cartoon model representing the tip-induced effect far from
(top) and close to (bottom) the molecule.

the dI/dV signal (Figure 5a). The two characteristic spin excitation peaks disappear, while

two pairs of YSR states arise within the superconducting gap (Figure 5c, bottom spectra).

The emergence of YSR states indicates the increase of the exchange coupling strength, J ,

of the molecular spin with the Cooper pairs of the superconducting condensate.20 Such a

change in the interaction regime, previously observed by Heinrich et al. 55 , is understood as
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a slight variation of the molecular geometry induced by the tip in close proximity to the

molecule. Attractive forces exerted to the Cl atom, weaken the Cl-Fe bond and Fe is allowed

to relax in the molecular plane as shown in the cartoon of Figure 5c. In order to verify

that this change of coupling regime is not due to the detachment of the Cl ligand, or any

other irreversible molecular distortion, we checked the STM images before and after the tip

approach (Figure 5b). Additionally, a broad peak emerges in the new regime outside the

superconducting gap at eV ≈ 1.7 mV. This new molecular configuration has been associated

with a different oxidation state, with S = 2, stabilized by the hybridization of the Fe ion

with the surface.56

In summary, in this work we have shown that proximity-induced superconducting gold

thin films can enhance the spin excitation lifetime of magnetic molecules. We explored

the spin excitation lifetimes of an S=5/2 iron(III) porphyrin-chloride molecule on Au films

grown on V(100) by implementing IETS with an STM. Our results found spin excitation

lifetimes of ≈ 80ns for the excitation of the Sz = ±3/2 multiplet, which is protected from

decaying to an electron-hole pair excitation by the absolute proximity-induced gap of the

substrate. The excitation lifetime in this surface platform is even larger than the one found

for related species on Pb(111).12 This is attributed to the lower density of phononic states in

the substrate, suggesting that direct phonon emission is a lifetime limiting process. However,

we also determined that the lifetime is affected by a pair of in-gap de Gennes-Saint James

resonances in the film, which separate from the gap edge and shift inwards towards zero

energy, thus opening alternative (coherent) channels for decaying. Overall, the Au/V(100)

platform offers the advantage of employing a noble metal, mild in molecular adsorption and

reactions, for studies of long spin dynamics. Additionally, the presence of coherent sub-gap

states in the proximitized metal film suggests new potential methods for addressing spin

states and excitations of magnetic molecules.
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Methods

All experiments were carried out on a commercial ultra-high vacuum scanning tunneling

microscope of SPECS with a Joule-Thomson cooling stage reaching a base temperature

of 1.2 K. For the acquired STS spectra, an external lock-in was used with a modulation

frequency of 938 Hz and a amplitude of Vrms = 20− 50 µV.

The vanadium (100) crystal used in this project was repeatedly sputtered with Ar+ at

1.5kV in UHV conditions (P = 5×10−9mbar) and annealed at high temperatures (∼ 1000◦C)

in an attempt to remove the residual impurities as suggested by Kralj et al.24 Gold thin films

were deposited on V(100) with an e-beam evaporator, while maintaining the crystal at 550◦C.

Afterwards, the samples were post-annealed for 10 minutes at 600 ◦C. The calibration of the

deposition rate was made by evaporating 0.5 monolayers and subsequently checking the Au

coverage by STM.

The tip was prepared by indenting up to 20nm into the substrate. A superconducting tip

results in a substantial increase of the energy resolution, since tunneling of electrons takes

place between the two sharp DOS of tip and sample.27 Sublimation of FeTPP-Cl molecules

from a Knudsen cell at 297◦C resulted in a mixture of FeTPP-Cl and FeTPP species on the

surface, shown in Figure 2.

Supporting Information Available

Deconvolution of acquired dI/dV spectra for different Au thicknesses on V(100), as well

as fit for the energies of the intra-gap states based on de Gennes and Saint-James 32 model

are provided. A brief description of the rate equations leading to the fitting function for Ar1

and Ar2 and the fit for extracting the lifetime of the second excited state of the sample with

9ML of Au are presented. Finally, a magnetic field dependent measurement is shown.
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I. SHIFT OF DE GENNES-SAINT JAMES RESONANCES WITH GOLD FILM

THICKNESS

As shown in Figure 1d of the main manuscript, the pair of the intra-gap dGSJ resonances

split and shift from the superconducting gap edge ∆s with film thickness d. The evolution of

dGSJ resonances’ energy E0 with d in tunneling experiments has been described by Arnold

and Wolf [1, 2] through the expression:

E0 ' ∆s[1−
1

2
(Reffd∆s)

2] (1)

where Reff is a phenomenological parameter dependent on the Fermi velocity of the normal

metal, as well as the electron reflection at the superconductor/normal metal (SN) interface.

For clean and transparent interfaces, Reff is generally small and the dGSJ resonances ap-

pear with maximum energy close to ∆s for large film thicknesses. For increasing reflection

coefficient at the SN interface, r → 1, the effective thickness of the normal metal is increased

by a factor 1+r
1−r and the resonances shift faster with d [2–4]. As shown in Supplementary

Figure 1, the dGSJ resonances in our experiment shift substantially for only 4nm thick films.

Fitting eq. 1 we obtain a value of Reff one order of magnitude larger than expected for the

ideal case of a perfectly transmitting interface (r=0). This can be attributed to both a

mismatch in Fermi velocities of Au(100) and V(100) and to the additional scattering at the

Au/V interface.

Reff=0.404

Supplementary Figure 1. Fitting of the evolution of the obtained values for the intra-gap dGSJ

resonances with the sample Au thickness
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II. RATE EQUATIONS FOR DETERMINING SPIN DYNAMICS OF EXCITED

STATES

Here we describe fitting functions obtained from rate equations in [5]. To extract the

lifetime of the first excited state, τ1, we fit the inelastic amplitude plotted in the main

manuscript, e.g. in Figure 3d (top), with the expression:

Ar1 = P
(IBCS/e)P (2 + 2ε1/∆) + λ1
(IBCS/e)P (2 + ε1/∆) + λ1

(2)

where P is the transition probability to the first excited state, IBCS is the elastic current

at the onset of the dGSJ coherence peaks, λ1 = 1/τ1 is the decay constant, ε1 is the energy

of the excitation peak and ∆ is here the energy of dGSJ states (we thus assume here for

simplicity that the substrate density of states follows a BCS function with gap ∆). The

factor f = (2 + 2ε1/∆) expresses the current-induced de-excitation processes by tunneling

electrons.

The fitting function used to extract the lifetime of the second excited state, τ2, is

Ar2 = P
P 2 IBCS

e
(1+

ε2−ε1
2∆

)
[
2P

IBCS
e

(1+
ε2
∆
)+λ2→1+λ2→0

]

λ1(λ2→1+λ2→0)+P
IBCS
e [λ1(1+

ε2
∆
)+λ2→1(2+

ε2
∆
)+λ2→0(3+

ε2
∆
)]+P 2(

IBCS
e

)2
[
3+

7ε2
2∆
− ε1

2∆
+
ε22
∆2

] (3)

where P accounts here for both transitions to excited states, λ2→1 = 1/τ2→1 is the decay

constant from the second to the first excited state and λ2→0 = 1/τ2→0 to the ground state,

and ε1 and ε2 are the energies of the first and second excitation peak. The lifetime τ2 of the

second excited state can be calculated from

τ2 =
1

λ2→1 + λ2→0

. (4)

where the lifetime, τ2→0, was fixed at 100ns considering that this is a phonon-mediated

transition [6] and that tunneling electrons do not contribute to it. The fittings from eq.3 are

presented in Figure 3d in the main text for the 4 monolayers and in Supplementary Figure

S2 for 9 monolayers of the gold film.

9ML

Supplementary Figure 2. Fit for determining the lifetime of the second excited state ± |5/2〉
with Au thickness of 9ML with fixed τ1 = 39ns± 10ns, as obtained from fits to the first excitation

peak. (P = 0.269± 0.065 and τ2→1 = 1.1ns± 2.2ns).
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III. INELASTIC SPECTRA IN THE QUENCHED SUPERCONDUCTOR BY A

MAGNETIC FIELD

In this section we present STS data taken on FeTPP-Cl with a magnetic field of 2.7T

applied perpendicular to the V(100) surface. The superconducting state of tip and sample

are quenched and the inelastic spin excitations appear as steps in the dI/dV spectra. The

normal state STS serves as a proof of the protection of the lifetime of the first excited state

by the superconducting gap, since no inelastic step for the second excitation can be seen.

The plot was fitted using the code by M. Ternes[7] to confirm that the dip shown here

can be explained by the multiple transitions between the now Zeeman-split ground states

(Sz = + |1/2〉 and Sz = − |1/2〉) as well as to the higher excited states (Sz = + |3/2〉 and

Sz = − |3/2〉), with the same axial anisotropy D = 0.65 meV. From the fit we find an

effective temperature of 1.7K.

Supplementary Figure 3. STS on 2-fold FeTPP-Cl with applied magnetic field B=2.7T

(V=6mV, I=200pA, Vrms = 0.5mV) (blue line) and fitting (red line) with the 3rd order simu-

lator from Ternes [7].
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