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Fig. S1: Cross section scanning electron microscope (SEM) images of SnCl2/Mo samples with the following SnCl2 

evaporation times: (a) 25 s, (b) 50 s, (c) 100 s, (d) 200 s, (e) 400 s, (f) 600 s, (g) 800 s, and (h) 1600 s. The SEM images were 

taken with a 30,000× magnification. 

Fig. S1 presents cross section scanning electron microscope (SEM) images of the investigated sample series. The 

SEM images of samples with evaporation treatments between 100 s and 400 s (and especially for the “200 s” 

sample) show that the deposited SnCl2 islands grow vertically, with maximum heights of ca. 150 ± 25 nm, which 

leave a large substrate area uncovered. With longer evaporation treatments (e.g., “400 s” and “600 s” samples), 

the islands begin to grow laterally and to cover a greater substrate area, maintaining their peak heights unchanged. 

Once the islands coalesce (e.g., “800 s” and “1600 s” samples), the SnCl2 film thickness resumes its vertical 

growth; the thickness of the SnCl2 film for the “1600 s” sample is (715 ± 25) nm. 
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Fig. S2: (a) Detail XPS spectra of the Mo 3d energy region of the sample series, normalized to maximum intensity for shape 

comparison. The difference line of the spectra (i.e., “25 s” minus “200 s”) is also shown. Mo 3d5/2 binding energy values for 

reference compounds are denoted by the gray-shaded areas.1 (b) FWHM values of the Mo 3d3/2 line of samples produced by 

evaporation times in the 25 – 400 s range. 

Fig. S2 (a) shows that the XPS Mo 3d spectrum of the “25 s” sample has a broader shape line than the spectrum 

of the “200 s” sample, indicating a higher Mo chemical speciation at the interface with shorter evaporation 

treatments. This Mo chemical speciation may be a result of O remaining in/on the surface of the Mo-coated 

substrates (in the form of MoOx) indicating a not sufficient substrate cleaning and/or the presence of (some) oxygen 

in the Mo. The difference line of the spectra (i.e., “25 s” minus “200 s”) exhibits a shape resembling a broad Mo 

3d doublet, as expected of a MoOx–derived signal. Moreover, the location of the difference signal is found at a 

higher binding energy (BE) values (compared to the main Mo 3d5/2 peak of the spectra), which matches BE values 

Mo 3d5/2 BE values reported for MoO2 in literature.1 (Although an overlapping MoO3–derived signal cannot be 

excluded.) Fig. S2 (b) shows the FWHM values of the Mo 3d3/2 line of samples produced by evaporation times in 

the 25 – 400 s range. A reduction in FHWM values with evaporation treatment can be seen. These findings suggest 

a leaching of O from the Mo-coated substrate by the deposited SnCl2 films. 

In the following, probable reactions related to the detected O-leaching process are proposed, along with 

calculations of their respective standard enthalpy of reaction (H°rxn) to give an estimate (i.e., the deposition of 

SnCl2 thin-films did not take place under standard conditions) of their thermodynamic viability2:  

                         MoO2 + 2Sn0 ⇌ Mo0 + 2SnO                                  (1) 

H°rxn = ∑ H°f (products) - ∑ H°f (reactants), where H°f is the standard enthalpy of formation of a 

compound. 

H°rxn = [H°f (Mo0) + (2 mol)H°f (SnO)] – [H°f (MoO2) + (2 mol)H°f (Sn0)] 

           = [(1 mol)0 kJ/mol) + (2 mol)-283.26kJ/mol)] – [(1 mol) (-543.92 kJ/mol) + (2 mol) 0 kJ/mol)] 

           = -22.6 kJ/mol 

Under standard conditions, the reaction is exothermic. 
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MoO3 + 3Sn0 ⇌ Mo0 + 3SnO                                  (2) 

H°rxn = [H°f (Mo0) + (3 mol)H°f (SnO)] – [H°f (MoO3) + (3 mol)H°f (Sn0)] 

           = [(1 mol)0 kJ/mol) + (3 mol)-283.26kJ/mol)] – [(1 mol) (-754.75 kJ/mol) + (3 mol) 0 kJ/mol)] 

           = -95.0 kJ/mol 

Under standard conditions, the reaction is exothermic. 
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Fig. S3: XPS detail spectra of the (a) Sn 3d3/2 and (b) Cl 2p energy regions of the investigated sample series, including fits and 

respective residua. Spectra are normalized to background intensity. 
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Fig. S4: The binding energy values of the peak contributions of the x-ray photoelectron spectroscopy (XPS) Sn 

3d3/2 spectra of the investigated sample series, presented as a function of evaporation time. The gray-shaded areas 

denote BE values ranges reported for reference Sn compounds in literature.1,3-8   

 

The BE values of the Sn 3d3/2 peak contributions obtained from the curve fit analysis presented in Fig. S3 (a) are 

shown in Fig. S4 as a function of evaporation time. BE value ranges for reference Sn compounds (i.e., SnCl2, SnO, 

SnO2 and Sn0) reported in literature are included in the figure. 1,3-8   
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Fig. S5: Curve fit analysis of the Sn MNN spectra of the sample series. Fits of the experimental data have been obtained by 

adding weighted and energetically shifted contributions of the reference Sn MNN XAES line (i.e., the Sn MNN spectrum of 

the “800 s” sample). 
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Fig. S6: The kinetic energy values of the components of the x-ray-excited Auger electron spectroscopy (XAES) 

Sn M4N4,5N4,5 (MNN) spectra of the investigated sample series, presented as a function of evaporation time. The 

gray-shaded areas denote KE values ranges reported for reference Sn compounds in literature.1,5-8 

 

The kinetic energy (KE) values of the components of the Sn M4N4,5N4,5 (MNN) spectra obtained from the curve 

fit analysis presented in Fig. S5 are shown in Fig. S6 as a function of evaporation time. KE value ranges for 

reference Sn compounds (i.e., SnCl2, SnO, SnO2 and Sn0) reported in literature are included in the figure. 1,5-8 
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Fig. S7: The Sn modified Auger parameters (*) of the investigated sample series, presented as a function of 

evaporation time. The gray-shaded areas denote Sn (*) values ranges reported for reference Sn compounds in 

literature. 1,5-8 

 

An analysis of the modified Auger parameters (* = BEXPS + KEXAES) for the investigated sample series was 

conducted employing the determined contributions of the XPS Sn 3d3/2 and the XAES Sn M4N45N45 XAES spectra. 

Sn * values using the SnI-Sni, SnII-Snii, SnII-Sniv and SnIII-Sniii XPS-XAES line pairs were computed and are 

shown in Fig. S7 as a function of evaporation time. Sn * value ranges for reference Sn compounds (i.e., SnCl2, 

SnO and Sn0) reported in literature are included in the figure. 1,5-8 
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Fig. S8: Relative intensities of the SnI, Sni and ClII lines compared to the overall Sn or Cl content as a function of 

evaporation time. 
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Fig. S8 shows the relative intensities of the SnII [i.e., from the curve fit analysis shown in Fig. S3 (a)], Snii [i.e., 

from the curve fit analysis shown in Fig. S5] and ClII lines [i.e., from the curve fit analysis shown in Fig. S3 (b)] 

compared to the overall Sn or Cl content throughout the entire sample series. Similar relative intensities as a 

function of evaporation time are observed for these spectral lines. As discussed in the text, it is highly probable 

that the SnII peak of the “25 s” sample is comprised of more than a single Sn chemical species (i.e., two XPS 

contributions vs three XAES components for the “25 s” sample). To show a more fitting quantification of the 

predominant Sn chemical species represented by the SnII contribution, the SnII value for the “25 s” sample (i.e., 

0.29 ± 0.05) was “corrected” by a factor based on the spectral weight of the Snii and Sniv of the curve fit analysis 

of the XAES Sn MNN spectrum of the “25 s” sample [i.e., Snii/(Snii + Sniv) = (0.23 ± 0.05)/(0.34 ± 0.07) = 0.68 ± 

0.07]. The corrected SnII value of the “25 s” sample [i.e., (0.29 ± 0.05)(0.68 ± 0.07) = 0.20 ± 0.7)] is shown in Fig. 

S8, as indicated by an asterisk. 
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