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Abstract. The structural evolution of Fe monolayers deposited on a Pt(110) surface was investigated under 

ultra-high vacuum conditions using scanning tunneling microscopy, low-energy electron diffraction, and Auger 

electron spectroscopy. A clean Pt(110) substrate exhibiting the characteristic (1×2) missing-row reconstruction 

was prepared by repeated cycles of argon ion sputtering, oxidation, and high-temperature annealing. Surface 

cleanliness and reconstruction were confirmed by Auger electron spectroscopy and low-energy electron diffraction, 

while scanning tunneling microscopy imaging revealed an anisotropic terrace–step morphology with atomic rows 

characteristic of the reconstructed Pt(110) surface. Fe monolayers were subsequently deposited on the clean 

substrate at room temperature by electron-beam evaporation. Auger electron spectroscopy measurements 

confirmed the presence of iron on the surface, together with minor carbon and oxygen contamination. Low-energy 

electron diffraction patterns recorded after Fe deposition showed a noticeable modification of the substrate 

diffraction features, indicating partial suppression of the original Pt(110)-(1×2) reconstruction. In addition, a 

sixfold diffraction feature observed at higher electron energy suggests the formation of an ordered overlayer or 

Moiré-type superstructure arising from the lattice mismatch between Fe and Pt(110). These results provide insight 

into the growth behavior and interface structure of Fe monolayers on reconstructed Pt(110), and establish a basis 

for future studies of iron oxide formation and redox transformations on this surface. 
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1. Introduction 
 

Metal-oxide interfaces play a central role in many areas of surface science, heterogeneous catalysis, 

corrosion, and nanostructured materials research [1–3] . Ultrathin oxide films grown on metallic substrates 

often exhibit structural, electronic, and catalytic properties that differ significantly from those of bulk oxides, 

making them valuable model systems for studying fundamental processes at the atomic scale [4–6]. In 

particular, well-defined oxide films supported on single-crystal metal surfaces provide an ideal platform for 

investigating the relationship between surface structure, chemical composition, and catalytic activity under 

controlled experimental conditions [7,8]. 

Metal surfaces, particularly noble metals, have long served as model substrates for investigations of thin 

film growth and surface reactions because they combine high chemical stability with well-defined 
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crystallographic structures [9,10]. Among noble metal substrates, platinum occupies a particularly important 

position due to its broad technological relevance in heterogeneous catalysis and its strong interaction with a 

wide range of adsorbates, metals, and oxide species. platinum surfaces are especially attractive due to their 

technological relevance in catalysis and their ability to support a variety of adsorbates and thin film structures 

[11,12]. Within the family of low-index platinum surfaces, Pt(110) has attracted special interest because of its 

pronounced structural anisotropy and its tendency to reconstruct under vacuum conditions. among the low-

index platinum surfaces, Pt(110) has received considerable attention because of its pronounced surface 

reconstruction and anisotropic atomic structure [13,14].Under ultra-high vacuum (UHV) conditions, the clean 

Pt(110) surface reconstructs into a stable (1×2) missing-row structure [15,16].  In this reconstruction, every 

second atomic row along the (110) direction is removed, resulting in parallel atomic rows separated by troughs 

along the (001) direction [17,18]. As a result, the reconstructed surface displays a strongly anisotropic 

morphology composed of terraces, atomic rows, and step edges, which can act as preferential sites for 

adsorption, nucleation, and subsequent thin film growth [19].  

A thorough examination of the structural and electronic characteristics of reconstructed Pt(110) surface 

has been done through different techniques such as low-energy electron diffraction (LEED), scanning 

tunneling microscopy (STM), and Auger electron spectroscopy (AES). [20]. Iron oxide thin films grown on 

metal substrates have attracted significant attention due to their complex structural behavior and important 

catalytic properties[20,21]. Iron oxides are widely used in applications such as environmental catalysis, 

oxidation reactions, and magnetic materials [22,23]. When grown as ultrathin films on metal surfaces, iron 

oxides can form a variety of structural phases depending on deposition conditions, oxygen exposure, and 

annealing temperature [24,25]. These systems therefore provide valuable model platforms for investigating 

oxide growth mechanisms, surface reconstructions, and redox processes at the nanoscale [1]. The Fe/Pt 

interface is particularly interesting because of the lattice mismatch between iron and platinum, which can lead 

to the formation of Moiré superstructures and other complex surface morphologies during film growth.  

Previous studies have shown that the deposition of iron on noble metal substrates may result in different 

growth modes, including island formation, layer-by-layer growth, or mixed growth mechanisms depending on 

experimental conditions. Furthermore, exposure of iron films to oxygen can lead to the formation of various 

iron oxide phases, whose structural and electronic properties depend strongly on film thickness and substrate 

interactions. Understanding the oxidation and reduction behavior of iron oxide films on metal substrates is 

important for clarifying the stability and transformation mechanisms of these systems under reactive 

environments. Repeated oxidation–reduction cycles may significantly modify the morphology, composition, 

and surface structure of oxide films. Investigating these processes at the atomic scale is therefore essential for 

gaining deeper insight into the dynamics of oxide formation and reduction on metal surfaces.  

In the present work, the growth and redox cycling of iron oxide films on a Pt(110) surface are investigated 

using a combination of scanning tunneling microscopy (STM), low-energy electron diffraction (LEED), and 

Auger electron spectroscopy (AES). A clean reconstructed Pt(110) surface is first prepared and characterized 

under ultra-high vacuum conditions. Subsequently, iron monolayers are deposited on the substrate, and their 

structural properties are analyzed. The system is then subjected to controlled oxidation and thermal annealing 

cycles to study the formation and reduction of iron oxide films. Attention is given to the evolution of surface 

morphology, structural ordering, and growth mechanisms during the oxidation–reduction cycling process. 

 

2.Materials and Methods 

 

2.1 Ultra-High Vacuum System 

All experiments were carried out in an ultra-high vacuum (UHV) chamber equipped with facilities for 

surface preparation and analysis. The base pressure of the system was maintained at approximately 6.4-10 Torr 

during the experiments. The chamber was equipped with low-energy electron diffraction (LEED), Auger 

electron spectroscopy (AES), and scanning tunneling microscopy (STM) for structural and chemical 

characterization of the surface. 

 

2.2 Sample Preparation 
The experiments were performed using a single-crystal Pt(110) sample with a diameter of 10 mm, 

corresponding to a geometric surface area of approximately 78.5 mm². Prior to measurements, the surface was 

cleaned using repeated cycles of argon ion sputtering, oxidation, and thermal annealing. Sputtering was carried 
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out using an Ar⁺ ion beam for approximately 20 minutes with a beam current of about 2 µA and an argon 

pressure of approximately 10 Pa. 

Following sputtering, the sample was exposed to oxygen at a pressure of about 10 Pa for approximately 

2 hours to remove residual carbon contamination from the surface. After the oxidation step, the sample was 

heated to approximately 480 °C and subsequently annealed at temperatures up to 1000 K. This procedure 

allowed carbon and oxygen contaminants to react and desorb from the surface, resulting in a clean Pt(110) 

surface. The cleanliness and structural ordering of the surface were verified by AES and LEED measurements. 

A well-defined (1×2) reconstruction characteristic of the Pt(110) missing-row structure was observed after the 

cleaning procedure. 

 
2.3 Surface Characterization 
Auger electron spectroscopy (AES) was used to determine the elemental composition of the surface and 

to monitor the presence of carbon, oxygen, and iron during the experiments. Characteristic Auger peaks 

corresponding to carbon and oxygen were used to evaluate surface contamination during the cleaning process. 

Low-energy electron diffraction (LEED) measurements were performed to investigate the surface 

crystallographic structure and reconstruction of the Pt(110) surface. Diffraction patterns were recorded at 

different electron energies to confirm the formation of the (1×2) reconstructed surface. 

Surface morphology and atomic-scale structure were examined using scanning tunneling microscopy 

(STM). STM measurements were performed in constant-current mode under UHV conditions. Typical 

tunneling parameters corresponded to a tunnel barrier of 3–4 eV. STM images were acquired to investigate the 

terrace structure, atomic rows, and step morphology of the reconstructed Pt(110) surface. 

 

2.4 Iron Deposition 
Fe was deposited on the clean Pt (110) surface at room temperature using an electron-beam evaporator. 

The deposition rate and nominal film thickness were controlled using a calibrated quartz crystal thickness 

monitor. The deposited Fe coverage corresponded to a few monolayers (ML), with an effective thickness of 

approximately 0.18 nm (1.8 Å) per Fe monolayer used for estimating the nominal coverage. After deposition, 

the surface was characterized using AES and LEED to confirm the presence of iron and to examine the 

structural changes induced by the deposited Fe atoms. 

 

2.5 Oxidation and Reduction Cycles 
Following iron deposition, the Fe/Pt(110) system was subjected to controlled oxidation and thermal 

annealing cycles to study the formation and reduction of iron oxide monolayers. Oxidation of the surface was 

performed by exposing the sample to oxygen under controlled conditions. Subsequent thermal annealing was 

used to induce reduction processes and modify the surface structure. The structural evolution of the surface 

during these oxidation–reduction cycles was monitored using AES, LEED, and STM measurements. Attention 

was given to changes in surface morphology, diffraction patterns, and chemical composition to understand the 

growth behavior of iron oxide monolayers and their transformation during repeated cycling processes. 

 

3. Results and Discussion 
 
3.1 Structure of the Clean Pt(110) Surface 
It is a well-known fact that clean Pt(110) surface reconstructs into stable structure known as (1x2) missing 

row type. The crystallographic properties of the surface are given below. A top view of an fcc(110) crystal is 

shown in Figure 1. The surface consists of closed-packed rows in the [1-10] direction, separated by large 

distances in the [001] direction. 

Along the [001] direction of a (1x2) missing-row reconstructed fcc(110) surface the structure repeats 

every four distances d=a/√2 (where a=2.77A denotes the bulk nearest-neighbor distance for platinum). Note 

that d is the smallest distance between atomic rows along the [001] direction if the second and deeper layers 

are considered. the completely arranged (1x2) arrangement, the period of 4d corresponds to a phase difference 

value of 2. There exists a total of four distinguishable nonequivalently sublattice structures. Using them, it is 

possible to create three kinds of displacements represented by: n/2 where n is represented by 1,2 or 3. The 

obtained shifts can be separated into two classes. The first-class defects having phase difference of  , 3,… 

[Figures 2(b) and 2(c)] do not change the average height of surface level.   The other class of defects causes a 
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phase shift of /2 or 3/2 and are necessarily correlated with the surface step [Figures 2(d) and 2(e)]. In cases 

when the defects belong only to the first class, phase shift of   , 3,… , the surface fully preserves its flat 

appearance. Depending on the defects at the surface, two completely distinct scenarios can happen: either 

surface becomes non-planar or remains planar.  

 
Fig. 1. Schematic top view of the fcc Pt(110) surface showing the atomic arrangement and crystallographic directions. 

The close-packed atomic rows run along the [110] direction, while the [001] direction corresponds to the spacing 

between rows. The orientations of the (001), (110), and (111) crystallographic planes relative to the surface are 

indicated. 

 

 
Fig. 2. Side view of the (1×2) reconstructed fcc(110) surface: (a) ideal surface with 4d periodicity along [001]; 

(b, c) antiphase domain walls with phase shifts of π and 3π; (d, e) surface steps with phase shifts of π/2 and 3π/2. 

 

Figure 2 shows the (1×2) reconstructed fcc (110) surface in a side view with its surface characteristics. 

As illustrated in Fig. 2(a), the surface has a period of 4d along the [001]. This represents the missing-row 

mechanism. Here, the phase difference of 2π can be attributed to the distance between the two equivalent lattice 

sites on the ideal reconstructed surface and gives rise to the fundamental periodicity level in the surface system. 

Two major types of surface defects are identified. The first flaw occurs in antiphase domain walls as 

indicated in Fig. 2(b) and Fig. 2(c). The phase difference in this case is either π or 3π. However, it must be 

noted that these domain boundaries do not change the height of the surface as they represent simple movements 

of the reconstructed rows.  

The second type of defect corresponds to surface steps, as shown in Fig. 2(d) and Fig. 2(e). The phase 

shift for this type of defect is π/2 and 3π/2, and there is a change in the mean surface level by a single interlayer 

spacing. In contrast to the antiphase domain walls, the step defects involve a structural phase shift and a vertical 

shift of the surface. As can be seen from Fig. 2(a-e), the reconstructed Pt(110)-(1×2) surface accommodates 
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different types of defects by specific phase relationships, and this may play a significant role in the surface 

morphology and influence the Fe growth processes.   

The anisotropic morphology observed for the Pt(110) surface originates primarily from the intrinsic (1×2) 

missing-row reconstruction of the clean surface. The reconstruction results from the removal of every second 

atomic row from the outermost layer along the [001] direction, producing parallel close-packed Pt rows 

separated by troughs. This structural arrangement gives rise to a pronounced anisotropy in the surface 

morphology and creates nonequivalent sites, including terraces, troughs, and step edges.  

The formation of the ordered anisotropic surface proceeds through several stages. First, Ar⁺ ion sputtering 

removes adsorbed contaminants and disrupts the outermost surface layers. Subsequent exposure to oxygen 

promotes the conversion and removal of residual carbon-containing species during the following thermal 

treatment. During high-temperature annealing, surface diffusion and atomic rearrangement become 

sufficiently pronounced to restore the thermodynamically stable Pt(110)-(1×2) missing-row reconstruction. 

Thus, the final anisotropic terrace–trough morphology is not produced directly by ion sputtering but results 

from the reconstruction and ordering of the Pt surface during the subsequent thermal treatment.                  

 

3.2 Structural Characterization of the Fe/Pt(110) Interface 
The Pt (110) surface has been widely studied using techniques such as Low Energy Electron Diffraction 

(LEED), Auger Electron Spectroscopy (AES), and Scanning Tunneling Microscopy (STM), among others. In 

the present study, AES was used to study the Pt (110) surface. The study revealed that carbon and oxygen were 

present on the surface. To obtain a clean surface, Ar⁺ ion bombardment coupled with an oxidation treatment 

was used. Subsequently, the sample was flashed, which caused the carbon-oxygen species to react, leading to 

desorption from the Pt (110) surface as depicted in Figure 3. 

 
Fig. 3. Temporal evolution of the C KLL Auger signal intensity during the cleaning procedure of the Pt(110) 

surface. The initial transient region and subsequent quasi-stationary region are indicated. 

 

The temporal evolution of the AES signals shown in Fig. 3–Fig. 5 provides information on the changes 

occurring at the Pt(110) surface during the cleaning procedure. In particular, the characteristic C KLL and O 

KLL Auger signals shown in Fig. 3 and Fig. 4, respectively, reflect changes in the surface concentrations of 

carbon- and oxygen-containing species during Ar⁺ ion sputtering, oxidation, and subsequent thermal treatment. 

The initial transient response corresponds to the stage in which the surface composition and experimental 

conditions are changing. With continued cleaning and thermal treatment, the intensities of the signals 

associated with surface contaminants decrease and approach a quasi-stationary level. The stabilized response 

observed in Fig. 5 indicates that the surface composition and experimental conditions have reached a relatively 

stable state. The decrease in the C and O Auger signal intensities in Fig. 3 and Fig. 4, respectively, is interpreted 

as a reduction in the surface concentrations of carbon- and oxygen-containing species. However, the 

stabilization of the AES signal alone is not considered sufficient evidence of complete surface cleaning. The 

cleanliness and structural ordering of the Pt(110) surface were therefore evaluated using the combined AES, 

LEED, and STM results. 
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Fig. 4. Temporal evolution of the O KLL Auger signal intensity during the cleaning and annealing treatment of 

the Pt(110) surface. The transient and quasi-stationary regions are indicated. 

 

 

The reduced C and O signals observed in Fig. 3 and Fig. 4, together with the well-defined Pt(110)-(1×2) 

LEED pattern in Fig. 6 and the ordered terrace–step morphology observed by STM in Fig. 7–Fig. 9, provide 

complementary evidence for effective removal of the major surface contaminants. The observed changes in 

the AES signals may result from the combined effects of Ar⁺ ion bombardment, oxidation, thermal treatment, 

desorption of volatile surface species, and stabilization of the surface under UHV conditions. Therefore, the 

temporal evolution of the AES signals shown in Fig. 3–Fig. 5 is considered together with the final AES, LEED, 

and STM characterization when assessing the surface cleanliness and structural ordering. 

 
Fig. 5. Temporal evolution of the selected AES signal intensity associated with the Pt(110) surface after the 

cleaning procedure, showing the transition from the initial transient regime to a stable quasi-stationary state. 

 

The structural arrangement of the Pt(110) surface and the effect of Fe deposition were investigated using 

low-energy electron diffraction (LEED). The LEED patterns recorded at different primary electron energies 

are presented in Fig. 6(a–d): (a) and (b) correspond to the clean Pt(110) surface at electron energies of 76 and 

84 eV, respectively, while (c) and (d) show the corresponding patterns after Fe deposition at 82 and 92 eV. 

Following the annealing and flashing treatment, the clean Pt(110) surface exhibits well-defined and regularly 

arranged diffraction spots, confirming the formation of a well-ordered crystalline surface and indicating the 

successful removal of significant surface impurities. The patterns obtained at 76 and 84 eV (Fig. 6(a,b)) are 

qualitatively similar, demonstrating that the overall surface structure remains unchanged with variation in the 
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primary electron energy, although the relative intensities of the diffraction spots vary due to the energy 

dependence of the electron scattering process. The characteristic (1×2) features associated with the missing-

row reconstruction of Pt(110) are clearly observed for the clean surface. 

After Fe deposition, the characteristic (1×2) features become substantially less distinct [Fig. 6(c)], 

indicating that the Fe overlayer partially suppresses or modifies the long-range order of the Pt(110) missing-

row reconstruction. At a primary electron energy of 92 eV (Fig. 6(d)), a distinct hexagonal diffraction pattern 

is observed. The appearance of six-fold symmetry indicates the formation of an ordered Fe overlayer with a 

periodicity different from that of the underlying Pt(110) substrate. This behavior can be associated with the 

development of a Moiré-type surface superstructure resulting from the lattice mismatch between the Fe 

overlayer and the Pt(110) surface. Thus, the LEED results demonstrate that Fe deposition modifies the 

reconstructed Pt(110) surface while simultaneously promoting the formation of an ordered overlayer structure. 

 

  
a) b) 

 

 

 

 
c) d) 

Fig. 6. LEED patterns obtained from the Pt(110) surface and Fe/Pt(110) system at different electron energies 

after annealing and flashing: (a) clean Pt(110), E₀ = 76 eV; (b) clean Pt(110), E₀ = 84 eV; (c) Fe/Pt(110), E₀ = 82 eV; 

and (d) Fe/Pt(110), E₀ = 92 eV. Fe deposition partially suppresses the missing-row reconstruction, while the hexagonal 

pattern in (d) indicates the formation of an ordered Fe overlayer. 

 

Figure 7 shows a STM top view of the clean Pt(110) surface following the preparation process. As 

indicated in Fig. 7(a), it is evident that the surface is well ordered with features that correspond to the missing-

row reconstructed Pt(110)-(1×2) surface. The presence of long-range features on the surface indicates that the 

surface is anisotropic in nature. This is due to the presence of atomic rows and troughs on the surface that 

result from the missing-row reconstruction. The STM image in Fig. 7(a) indicates that the surface is well 
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ordered at long range. However, there is also evidence of step features on the surface, which is characteristic 

of the missing-row reconstructed surface. The line profile in Fig. 7(b), which is indicated by the green line in 

Fig. 7(a), indicates that there is significant height variation on the surface. This is due to the presence of features 

on the surface that result in step features. The presence of the terrace-step configuration in Fig. 7(a,b) reveals 

that the cleaning-annealing process was effective in creating a well-structured surface, which is essential for 

further experimental work on Fe film depositions. The presence of terraces is also significant in Fe film growth 

and oxidation. 

 

 
  

a) b) 
Fig. 7. STM image of the reconstructed Pt(110) surface: (a) topography showing long-range order with step features 

and (b) line profile along the green line in (a), showing the terrace-step height variation. The well-structured surface 

confirms the effectiveness of the cleaning-annealing process. 

 

Figure 8 displays a constant current STM image of a reconstructed area of the Pt(110) surface that 

possesses a (1×2) reconstruction, as well as a cross-sectional profile of the reconstructed area. As seen in Fig. 

8(a), the surface features a well-ordered area characterized by rows of atomic features that are characteristic 

of the missing row reconstructed Pt(110)-(1×2) surface. In addition to the well-ordered rows of atomic features, 

a well-defined step-like feature appears near the right-hand side of the reconstructed area. As seen in Fig. 8(b), 

the cross-sectional profile taken along the line shown in Fig. 8(a), a well-defined step appears on the surface, 

indicating a step-like feature on the reconstructed area of the Pt(110)-(1×2) surface. The height difference of 

the step appears to be around 1.4 Å, characteristic of a monoatomic step that separates terraces on the 

reconstructed surface. In addition, a finer corrugation, characterized by a height of approximately 0.85 Å, 

appears superimposed on the step profile.  

 

  
a) b) 

Fig.8. Constant-current STM image of (1×2) areas on the missing-row reconstructed Pt(110) surface: (a) 48 nm 

× 48 nm topography; (b) cross-section along the line in (a), showing a downward step. 

 

12nm

9.6nm
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The presence of well-ordered terraces and well-defined step edges in Fig. 8a,b implies that the Pt(110) 

substrate was in a very well-prepared condition after the cleaning process. The step edges are believed to be 

of prime importance during the process of Fe deposition because they might be used as nucleation centers for 

the deposited atoms. Figure 9 displays a high-resolution STM image of the reconstructed Pt(110) surface 

together with the corresponding cross-sectional profile taken perpendicular to the atomic rows along the [11̅0] 

direction. As shown in Fig. 9(a), the STM image clearly reveals the characteristic row structure of the 

reconstructed Pt(110)-(1×2) surface. In addition to the well-defined row structure, several bright features are 

observed, which can be attributed to surface adsorbates, such as oxygen- and carbon-containing species. The 

line profile presented in Fig. 9(b), taken along the direction indicated in Fig. 9(a), reveals the surface 

corrugation perpendicular to the atomic rows and confirms the periodicity associated with the Pt(110)-(1×2) 

reconstruction. The measured corrugation reaches approximately 0.8 Å, which is consistent with the 

characteristic row structure of the reconstructed Pt(110) surface. These observations confirm that the substrate 

is well ordered and suitably prepared for subsequent thin-film deposition experiments. Following preparation 

and characterization of the clean Pt(110) substrate, Fe thin films were deposited at room temperature using an 

electron-beam evaporator. The thickness of the deposited Fe films was monitored and calibrated using a quartz 

crystal thickness monitor. The resulting Fe/Pt(110) surfaces were subsequently characterized by Auger 

electron spectroscopy (AES) and low-energy electron diffraction (LEED) to evaluate their surface chemical 

composition and structural ordering.  
 

 

 

 
a) b) 

Fig.9. Large-scale STM image of the Pt(110) surface: (a) 33 nm × 29 nm topography; (b) cross-section along the line in 

(a), indicating the corrugation normal to the [110] rows. 

 

The differentiated AES spectrum obtained after Fe deposition exhibits pronounced features in the 550–

730 eV energy range, which are characteristic of iron Auger transitions and confirm the successful formation 

of an Fe overlayer on the reconstructed Pt(110) surface, as shown in Fig. 10.  

In addition, weak signals attributed to carbon and oxygen are observed in Fig. 10, indicating minor 

residual contamination and/or partial oxidation of the deposited film. Prior to Fe deposition, AES 

measurements of the clean Pt(110) substrate showed almost no detectable oxygen or carbon, demonstrating 

that these species became more evident only after Fe deposition. This behavior, as illustrated in Fig. 10, is 

consistent with the higher chemical reactivity of Fe compared with Pt, which makes the deposited layer more 

susceptible to adsorption of residual gases under UHV conditions. 

The presence of an O Auger signal after Fe deposition should not be attributed exclusively to surface 

contamination. Because Fe is considerably more reactive toward oxygen than Pt, the observed oxygen signal 

may also originate from partial oxidation of the deposited Fe layer by residual oxygen-containing species under 

the experimental conditions. Therefore, the O signal observed after Fe deposition is interpreted as a possible 

combination of residual oxygen-containing adsorbates and partial oxidation of the Fe overlayer. 

The LEED observations provide a basis for further investigation of the Fe/Pt(110) interface and its 

evolution during oxidation and reduction. Scanning tunnelling microscopy (STM) is being employed to 

characterize the surface morphology of the Fe overlayer at the nanoscale, with particular emphasis on its 

growth mode, including the possible formation of islands and other interface-related structures. Further 

6.6nm
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experiments will focus on the oxidation of Fe/Pt(110) to produce iron oxide films, followed by characterization 

using Auger electron spectroscopy (AES) and LEED. Subsequent thermal annealing will be used to induce 

oxygen desorption and reduction of the iron oxide surface, while AES, LEED, and STM will be employed to 

monitor the associated structural, compositional, and morphological changes. 

 

 
Fig. 10. Auger electron spectrum (AES) of a Fe monolayer deposited on the Pt(110) surface. The spectrum 

indicates the presence of iron with small contributions from carbon and oxygen, suggesting minor surface 

contamination. 

 

These experiments will provide further insight into the growth and stability of iron oxide films on 

reconstructed Pt(110), their behavior during repeated oxidation–reduction cycles, and the morphological 

evolution associated with the reduction process. 

 

4. Conclusion 
 

In this study, the growth and structural evolution of Fe overlayers on a Pt(110) surface were investigated 

under ultra-high-vacuum (UHV) conditions using a combination of Auger electron spectroscopy (AES), low-

energy electron diffraction (LEED), and scanning tunneling microscopy (STM). The clean Pt(110) surface, 

exhibiting the characteristic (1 × 2) missing-row reconstruction, was prepared through repeated cycles of Ar⁺ 

ion sputtering, oxidation, and annealing. AES confirmed the effective removal of carbon- and oxygen-

containing contaminants, while LEED demonstrated the formation of a well-ordered reconstructed surface. 

STM revealed the characteristic step-and-terrace morphology of Pt(110), with atomic rows oriented along the 

corresponding crystallographic directions. The observed step structure and surface corrugation were consistent 

with the expected morphology of the missing-row reconstruction. 

The deposition of Fe onto the reconstructed Pt(110) surface was confirmed by AES through the 

appearance of Fe-related signals. Following Fe deposition, LEED revealed modifications of the characteristic 

Pt(110) reconstruction, together with additional diffraction features attributed to the formation of a Moiré-type 

superstructure. These observations demonstrate that Fe deposition significantly modifies the structural 

ordering of the Pt(110) surface and results in the formation of a well-defined Fe/Pt(110) interface. The 

structural characterization performed in the present study establishes Fe/Pt(110) as a suitable model system 

for investigating the subsequent formation and evolution of iron oxide on a metallic substrate. 

Future experiments will focus on the controlled oxidation of the Fe overlayer under UHV conditions. The 

resulting iron oxide phases will be characterized using AES, LEED, and STM to determine their chemical 

composition, crystallographic structure, and surface morphology. Particular attention will be paid to the effects 

of Fe coverage, oxygen exposure, and annealing temperature on oxide formation and structural ordering. These 

studies will provide insight into the oxidation behavior and structural evolution of Fe/Pt(110) interfaces and 

contribute to a better understanding of model metal–oxide interfaces relevant to surface chemistry, catalysis, 

and oxidation–reduction processes. 
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