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Figure S1. Normalised reflectivity difference ΔR/R0 for an adsorbate on Fe3O4 at a representative frequency of ν = 2178 cm–1, 

including system-specific corrections. ΔR/R0 was calculated using a static electronic polarisability αe = 0, and a vibrational 

polarisability αv = 3.4 × 10−26 cm3. The calculation includes corrections for an incidence-angle spread of κ = ±2°, a system-specific 

depolarisation factor Γ = 0.21, and the contribution from vicinity illumination (outside the adsorbate-covered region of ≈3.5 mm 

diameter).1,2 The red curve shows the response for p-polarised light interacting with a dipole moment perpendicular to the surface, 

while the blue curve corresponds to p-polarised light with a dipole moment parallel to the surface and lying in the plane of 

incidence (scaled by a factor of 5 for clarity). The beige region indicates the incidence-angle range used in our experiments (55°–

74°), which lies below the pseudo-Brewster angle where the characteristic band inversion occurs. Within this range, perpendicular 

dipoles give rise to strong negative peaks, whereas parallel dipoles yield much weaker positive features—approximately fifteen 
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times smaller in magnitude. The signal in p-polarisation vanishes for a dipole moment normal to the plane of incidence. Since the 

azimuthal orientation of alternating (001) planes of Fe3O4(001) changes by 90°, only half of the molecules with a given azimuthal 

orientation with respect to the Fe rows contribute to the signal. This leads to an effective factor of 30 in peak height between out-

of-plane and in-plane dipole moments. 

 

Table S1. Relative increase in IRAS peak intensities between 0.2 ML and 0.4 ML Rh/Fe₃O₄(001) 

Peak Position Peak height (0.2 ML Rh) Peak height (0.4 ML Rh) Relative increase 

1979 −5.4 x 10−4 −7.9 x 10−4 ≈1.5 

2037 −8.8 x 10−5 −3.8 x 10−4 ≈4.3 

2059 −5.9 x 10−5 −3.0 x 10−4 ≈5.1 

The table summarises the change in IRAS peak intensities between Rh coverages of 0.2 ML (black spectrum in Fig.2) and 0.4 ML 

(blue spectrum in Fig. 2). The band at 1979 cm–1, associated with CO bound to twofold coordinated Rh2fold sites, increases by a 

factor of ≈1.5. In comparison, the gem-dicarbonyl symmetric stretch at 2037 cm–1 increases by a factor of ≈4.3, and the band at 

2059 cm–1 attributed to CO adsorption on Rh5fold sites increases by a factor of ≈5.1. The substantially larger relative increases of 

the higher-frequency bands further support their assignment to gem-dicarbonyl species and CO bound to Rh5fold sites. 

 

 

Figure S2. STM measurement of CO adsorption on Rh/Fe3O4(001). This STM image (Vsample = 2.2 V; I = 0.02 nA) was acquired under 

UHV conditions following the NAP-STM measurement of Rh/Fe3O4(001) in 2 mbar CO shown in Figure 5a. The dicarbonyl species 

formed during CO exposure remain stable even under UHV, consistent with the thermodynamic stability predicted by DFT 

(adsorption energy: −2.21 eV per CO). The few clusters or blurry features visible in the image may arise from minor contamination 

deposited during the prolonged CO exposure at 2 mbar. 



Faraday Discussions  Supplementary Information 

 

Figure S3. CO exposure-dependence of the Rh2foldCO IRAS band. (a) p-polarised IRAS spectra of a Rh-decorated Fe3O4(001) surface 

with a Rh coverage of 0.2 monolayer (ML; 1 ML = 1.42 × 1014 Rh atoms per cm2) upon exposure to increasing doses of 13CO. The 

reference spectrum R0 was recorded after Rh deposition and prior to the first CO dose of 0.0045 Langmuir (L; 1 L = 1.33 × 10−6 

mbar.s) and was used as a background for all spectra. Already after the first exposure, a weak Rh2foldCO band is visible. With 

successive 0.0045 L increments, the Rh2foldCO peak increases progressively in intensity and approaches saturation at a total 

exposure of ≈0.18 L. (b) Rh2foldCO IRAS peak height as a function of CO exposure (black squares), together with an exponential 

recovery fit (red curve) of the form 𝑦(𝐷) = 𝑎[1 − 𝑒𝑥𝑝(−𝐷/𝐷0)] from which a value of 𝐷0 = 0.0632 L = 8.4 10−6 Pa·s is extracted 

and used to estimate the effective capture area of Rh2fold sites. 

The adsorption of CO on Rh/Fe3O4(001) was quantified by monitoring the IRAS band intensity of Rh2foldCO as a function of CO 

exposure 𝐷 (in Pa·s). The approach to saturation is well described by a single-exponential function, 𝑦(𝐷) = 𝑎[1 − 𝑒𝑥𝑝(−𝐷/𝐷0)], 

where 𝐷0 is the characteristic exposure at which 1 − 1/𝑒 (63%) of the total maximum peak height is reached. 

This behaviour is consistent with first-order adsorption within a Langmuir-type model, for which the fractional coverage of 

Rh2foldCO sites is given by   

𝜃(𝐷) = 1 − exp [−𝑆0𝐼𝐷/(𝑃𝑛𝑎)], 

where 𝜃 is the fraction of Rh2fold sites occupied by CO, 𝑆0 is the initial sticking coefficient, 𝐼 is the CO impingement rate (number of 

CO molecules per unit area and time), P is the pressure, and 𝑛𝑎 is the number of Rh atoms per area. We express the initial sticking 

coefficient with an effective capture area 𝐴𝑐  per Rh atom as 𝑆0 =  𝐴𝑐𝑛𝑎. This effective capture area can be much larger than the 

geometric size of a Rh atom if the CO molecule can diffuse as a precursor before being captured by a Rh atom. Comparison with 

the exponential fit yields 𝐴𝑐 = 𝑃/(𝐷0𝐼). This comparison is valid because the Rh2foldCO species are well isolated under the present 

conditions, and the IRAS peak intensity is proportional to the CO coverage on Rh2fold sites.  

From kinetic gas theory, the CO impingement rate is given by 

𝐼 = 𝑃/√2𝜋𝑚𝑘𝐵𝑇, 

where 𝑚 is the mass of a CO molecule, 𝑘𝐵  is the Boltzmann constant, and 𝑇 = 300 K. This gives 𝐴𝑐 = √2𝜋𝑚𝑘𝐵𝑇/𝐷0. Using the 

experimentally determined value 𝐷0 = 0.063 𝐿 = 8.38 ×  10−6 Pa.s, we obtain an effective capture area of 𝐴𝑐 = 4.1 nm2. 

This analysis indicates that CO adsorption on Rh2fold sites is highly efficient, with each Rh atom effectively capturing CO molecules 

incident within its associated capture area.  

When compared to the geometric area per Rh atom estimated from the nominal Rh density at 0.2 ML coverage (𝑛Rh =

0.2 ML × 1.42 × 1014 cm−2), which corresponds to an average area of 3.52 nm2 per Rh atom, the extracted capture area is slightly 

larger. This would correspond to a sticking coefficient of 1.16, which is unphysical. We attribute this discrepancy mainly to the 

uncertainty of the Rh coverage deposited (10–20%) and of the CO dose (≈10%). In addition, not all Rh atoms are isolated adatoms 

in twofold sites, but only the Rh2fold contributes to the IRAS peak at 1979 cm−1. In any case, the Langmuir model is inaccurate for 
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precursor-mediated adsorption with a capture area close to the area per adsorption site. Nevertheless, since the fit of the IRAS 

intensities vs. dose assuming Langmuirian adsorption is reasonable, the capture area derived from this model should be useful as 

a rough estimate. If the effective capture area were much larger, i.e. if the precursor molecules could visit many Rh sites before 

leaving the surface, the IRAS peak height as a function of dose would not follow the exponential recovery function observed in 

experiment but increase almost linearly up to saturation. 

In principle, one could also try to estimate the CO sticking probability from the STM movies. This would reduce the uncertainty in 

the density of adsorption sites 𝑛𝑎, since one could count these sites in the STM images. Nevertheless, this method of estimating 

the sticking probability is very unreliable, since shadowing by the tip strongly reduces the local impingement rate in the area 

scanned. 
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