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a b s t r a c t 

The data presented in this article are related to the measure- 

ments in the contribution titled: ‘Tarnished silver-copper sur- 

faces reduction using remote helium plasma at atmospheric 

pressure studied by means of high-resolution synchrotron 

x-ray photoelectron microscopy’ published in Corrosion Sci- 

ence. X-ray photoelectron spectra were collected from pure 

silver, sterling silver (92.5 w% Ag and 7.5 w% Cu) alloy and 

pure copper. These metals were artificially sulphidised. A 

remote helium plasma at atmospheric pressure was applied 

on the metallic and sulphidised state. Then the top layer 

of the 4 surface states were analysed at the NanoESCA 

beamline (Electron Spectroscopy for Chemical Analysis at 

the Nanoscale) at Elettra Sincrotrone Trieste. The instrument 
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installed as an end station at the NanoESCA beamline of the 

Elettra storage ring combines an electrostatic Photo Electron 

Emission Microscope (PEEM) with a double-hemispherical 

(‘IDEA’) analyser, allowing the collection of photoemission 

electron microscopy (PEEM) images, X-ray photo electron- 

energy-filtered images and XPS spectra. The NanoESCA 

beamline provides electromagnetic radiation with variable 

polarization (linear, circular) and energies up to 10 0 0 eV. 

Information for Cu3p, Cl2p, S2p, C1s and Ag3d were obtained 

by collecting spectra at 450 eV. The goal of the analyses was 

to determine how the plasma treatment changed the top 

layer of the metallic and sulphidised surface of pure silver, 

sterling silver and pure copper. This contribution focuses on 

the calibration of the collected XPS spectra, as well as the 

impact of the plasma treatment on the surface states. 

© 2021 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND 

license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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pecifications Table 

Subject Material science, Surfaces 

Specific subject area Plasma cleaning 

Type of data Graph 

How data were acquired X-ray photoelectron spectra collected at the NanoESCA beamline of the Elettra 

storage ring 

Data format Raw and analysed 

Parameters for data collection Spectra collected from pure silver, sterling silver (92.5w% Ag and 7.5 w% Cu) 

and pure copper plates before and after artificial sulphidation, and before and 

after a reductive plasma treatment with a remote helium plasma at 

atmospheric pressure. Reference spectra were collected from Ag 2 S, Cu 2 S and 

CuS powders pressed into pellets. 

Description of data collection Information about Cu3p, Cl2p, S2p, C1s and Ag3d were obtained by collecting 

XPS spectra at 450 eV. For sulphidised copper after plasma treatment, additional 

spectra were collected after the removal of the top layer by applying 2 subse- 

quent Ar + ion sputtering cycles (kinetic energy 2.0 keV, 13–15 μA on the sam- 

ple, 10–20 min per cycle) in the preparation chamber of the XPS instrument. 

Data source location University of Antwerp, Conservation Studies 

Antwerp 

Belgium 

Data accessibility 1. Raw and processed spectra are deposited at Mendeley Database with the 

following link: http://dx.doi.org/10.17632/zyzzt2xxyj.1 

2. Part of the data is also accessible via this article 

3. Interpretation of the data and context: With the related research article 

Related research article O. Schalm, A. Patelli, P. Storme, A. Crabbé, S. Voltolina, V. Feyer, H. Terryn, 

Tarnished silver-copper surfaces reduction using remote helium plasma at 

atmospheric pressure studied by means of high-resolution synchrotron x-ray 

photoelectron microscopy, Corros. Sci., 178 (2021), 109,074 

alue of the Data 

• XPS spectra give an insight in the modifications of the first nanometres of the surface layer

of metallic and sulphidised silver, sterling silver and copper caused by a reductive plasma

treatment. 

• Applicable for comparing surface changes induced by other corrosion conditions, other clean-

ing methods and other silver alloys. 

• Data can provide a foundation for further investigation of improved cleaning methods of tar-

nished silver. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.17632/zyzzt2xxyj.1
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1. Data Description 

The article focuses on the data collection and analysis of some of the synchrotron X-ray pho-

toelectron spectra collected from sulphidised silver (Ag999), sterling silver alloy with an amount

of 7.5 w% of Cu (Ag925), and pure copper (Cu999) before and after the application of a re-

ducing plasma afterglow at atmospheric pressure can be found in the related research arti-

cle [1] . The XPS-spectra were collected with the instrument installed as an endstation at the

NanoESCA beamline of the Elettra storage ring combines an electrostatic Photo Electron Emis-

sion Microscope (PEEM) with a double-hemispherical (‘IDEA’) analyser (more information in [1] ).

An overview of the acquired spectra is given in Table 1 . For every metal type, 4 surface states

are distinguished. The surface states of the samples are denoted by the following abbreviations:

(1) metallic state before plasma treatment (BP: Before Plasma), (2) metallic state after plasma

treatment using a remote helium plasma at atmospheric pressure (APH: After Plasma Helium),

(3) sulphidised surface before plasma treatment (SBP: Sulphide Before Plasma), and (4) the sul-

phidised state after the plasma treatment (SAPH: Sulphide After Plasma Helium). The published

XPS-spectra are raw spectra without background removal but where normalization was applied

by shifting the spectra in the vertical direction by adding a constant to the intensities and by

stretching/compressing the spectra by multiplying the intensities with a constant. In the follow-

ing paragraphs, the calibration of these spectra will be discussed as well as the impact of the

plasma treatment on the metallic states. 

1.1. Energy calibration of XPS spectra 

Due to the variability of surface composition among the samples, the plasma treatments and

the resulting surface changes, the C1s peak changes in shape and in intensity among the sam-

ples. This hinders the identification of the binding energy (BE) of the C1s peak. It means that

the C1s peak related to adventitious carbon could not be used as reference as already pointed

out by the recent literature [2] . Therefore, the spectra are calibrated in energy with respect to

the Fermi level position. To perform such procedure, least-squares fitting was applied on the

Fermi edge using the CasaXPS software version 2.3.15 (CasaXPS Software Ltd. UK [CasaCook-

Book; www.casaxps.com ]). However, for some samples the identification of the Fermi edge is

problematic due to the low density of states close to the edge or due to the presence of a band

gap. Therefore, an additional refinement of the energy calibration is performed using (specific

features of) the overall shape of the valence band (VB) spectra. This is done by comparing the

shape of the complete valence band spectrum with valence band spectra of similar shape that

could be calibrated with least square fitting. In the list below, the calibration method used for
Table 1 

Overview of the collected spectra. 

Nr. File name Analysed materials Surface states 

1 Ag999 – spectra Silver plate BP, APH, SBP, SAPH 

2 Ag925 – spectra Sterling silver plate BP, APH, SBP, SAPH 

3 Ag925 - reference and spectra Sterling plate + Ag 2 S, Cu 2 S and 

CuS pellet 

Same SBP, SAPH as in 2 

4 Ag925 BP - before and after 

sputtering 

Sterling plate BP before and after Ar + 

sputtering 

5 Cu999 - spectra Copper plate BP, APH, SBP, SAPH 

6 Cu999 - reference and spectra Copper plate + Ag 2 S, Cu 2 S and 

CuS pellet 

Same BP, APH, SBP, SAPH as in 5 

7 Cu999 - effect of sputtering Copper plate SBP before and after Ar + 

sputtering 

BP: Metallic surface before plasma treatment; APH: Metal surface after plasma treatment; SBP: Sulphidised surface be- 

fore plasma treatment; SAPH: Sulphidised surface after plasma treatment. 

http://www.casaxps.com
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Table 2 

Features used to perform the energy calibration and the energy calibration method that was used. 

Metal 

Surface 

state 

Plasma 

treatment 

Sample 

code Feature Calibration method 

Ag999 Metal No BP Spectrum shape Shift spectrum to match 

SAPH-spectrum & peak at 4.3 eV 

Yes APH Spectrum shape Shift spectrum to match 

SAPH-spectrum & peak at 4.3 eV 

Sulphide No SBP Fermi Level Spectrum fitting using least-squares 

fitting 

Yes SAPH Fermi Level Spectrum fitting using least-squares 

fitting 

Ag925 Metal No BP Peak at 2.4 eV Shift spectrum to match peak in 

SAPH-spectrum 

Yes APH Peak at 2.4 eV Shift spectrum to match peak in 

SAPH-spectrum 

Sulphide No SBP Peak at 2.4 eV Shift spectrum to match peak in 

SAPH-spectrum 

Yes SAPH Fermi Level Spectrum fitting using least-squares 

fitting 

Cu999 Metal No BP Fermi Level Spectrum fitting using least-squares 

fitting 

Yes APH Fermi Level Spectrum fitting using least-squares 

fitting 

Sulphide No SBP Fermi Level Spectrum fitting using least-squares 

fitting 

Yes SAPH Fermi Level Spectrum fitting using least-squares 

fitting 

Reference 

products 

– No Cu 2 S Fermi Level Spectrum fitting using least-squares 

fitting 

No CuS Fermi Level Spectrum fitting using least-squares 

fitting 

No Ag 2 S Fermi Level Spectrum fitting using least-squares 

fitting 
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he collected spectra is described for the 3 metal types. Table 2 gives an overview of the meth-

ds used for each spectrum. 

• Ag999: Of the 4 surface states, only 2 of them have a pronounced Fermi level: the sul-

phidised surface state (i.e., SBP) and the sulphide surface state that is transformed into the

metallic surface state due to plasma treatment (i.e., SAPH). This means that energy calibra-

tion of both spectra can be performed by least-squares fitting using the CasaXPS software

version 2.3.15. Due to a weak Fermi level of the other 2 surface states, the valence band (VB)

spectra of metallic Ag999 before (BP) and after plasma treatment (APH) must be calibrated

in another way. The VB-spectra of the metallic surface states, (see Fig. 1: SAPH, BP and APH

of Ag999) are very similar in shape and in agreement with the general shape of published

VB spectra of metallic silver: a faint jump at the Fermi level, the energy of the VB band

ranging from 4 eV to 8 eV, and a dip at about 6 eV [3-5] . Therefore, the energy calibration of

these 2 spectra is obtained by shifting the spectrum until the shape coincide with that of

the VB-spectrum of sulphidised Ag999 after plasma treatment (SAPH) which was previously

calibrated by least-squares fitting. The peak at 4.3 eV of the SAPH spectrum is a useful fea-

ture to perform the energy calibration. After this refinement, the BE of Ag3d5/2 and Ag3d3/2

for the spectra collected of metallic silver are located at 367.9–368.0 eV and 373.9–374.0 eV,

which are close to published BE obtained from high-resolution XPS: 368.0 eV and 374.3 eV

respectively [6] . 

Ag925: The shape of the VB-spectra of the 4 surface states of Ag925 show substantial dif-

ferences. Moreover, none of the spectra resemble the VB-spectra of Ag999. The differ-

ences between both alloys can be explained by the small copper amounts in Ag925 and
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Fig. 1. High resolution spectra of the valence band of metallic and sulphidised Ag999, Ag925 and Cu999 before and after 

plasma treatment using a soft-x-ray excitation of 450 eV together with the high resolution spectra of C1s. Spectra were 

normalized to by shifting and stretching to facilitate comparison. 



6 O. Schalm, A. Patelli and P. Storme et al. / Data in Brief 35 (2021) 106872 

Fig. 2. High-resolution spectra of the valence band and of C1S of Ag2S (99.9%), Cu2S (99.5%) and CuS (99.8%) pow- 

ders pressed into pellets using a soft-x-ray excitation of 450 eV. Spectra were normalized by shifting and stretching to 

facilitate comparison. 
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by a different mixture of corrosion products. It is known that corrosion layers on top of

Ag925 consist of a complex mixture of stromeyerite (AgCuS), acanthite (Ag 2 S), chlorar-

gyrite (AgCl), cuprite (Cu 2 O) or covellite (CuS) [7,8] . From the 4 surface states, sulphidised

Ag925 after plasma treatment (SAPH) has the best resolved Fermi level and is calibrated

by least-squares fitting. The VB spectrum of that surface state is similar to that of metal-

lic Cu999 ( Fig. 1 , metal surface before plasma treatment). The peak maximum at 2.4 eV is

chosen as reference since it is related to the metallic copper and used to refine the energy

calibration of all the other Ag925 samples. As a result of this calibration procedure, the

Cu3p signals for the 4 surface states coincided at 74.3 eV. 

• Cu999: As can be seen in Fig. 1 , the VB-spectra of Cu999 for the 4 different surface states

are much more similar than the ones for Ag999 and Ag925. Published VB-spectra of metallic

copper show a pronounced Fermi level while the peaks start at about 1 eV [3] . The clearly

resolved Fermi level allows an accurate calibration of the VB-spectra of all the 4 surface states

using least-squares fitting. To evaluate the refining method based on the general shape of

the spectrum, the VB-spectrum of metallic Cu999 before plasma treatment is calibrated by

the Fermi level while the other ones are calibrated using the general shape of the spectra.

Between the refining method and the least-squares fitting method, the average difference in

energy shift is equal to 0.06 eV ± 0.04 eV, which is smaller than the energy shifts observed

in the XPS-spectra. This strengthens our refined fitting method based on the general shape

of the VB spectra. 

Fig. 2 reports the VB and C1s spectra of the sulphide pellets used as references materials. The

ulphides are semiconductors. Therefore, the attribution of the Fermi level may lead to errors

ue to the presence of the band gap. However, at high photon energies the compounds Ag 2 S,

u 2 S and CuS show the valence band, which is very close to the Fermi level [ 9 , 10 ]. In addition,

or Ag 2 S the most prominent peak in the VB-spectrum is related to the Ag4d states. This feature

s used as a reference for energy calibration. 

.2. Ag 999 

The XPS spectra of the polished silver Ag999 samples presented the same features before (BP)

nd after (APH) the plasma treatments, with a small shift of 0.1 eV in binding energy of the Ag3d

eaks ( Fig. 2 ) and an increase in FWHM of about 0.05 eV. This may be due to a small surface
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Fig. 3. High resolution spectra of Ag3d and S2p using a soft-x-ray excitation of 450 eV collected of Ag999 from a region 

of 90 μm diameter without background removal. The spectra at the left were collected from the metal surface; the 

spectra at the right were collected from the sulphidised surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

oxidation or resulphidization after the cleaning process. A strong variation in the intensity of

the peaks could be detected, which increased with a factor of 5 after the plasma treatment.

However due to the different history of the samples and their re-exposure to air in the period

between plasma treatment and XPS analyses, it is difficult to draw conclusions from the peaks

height. In addition, carbon was present before and after the plasma treated surface ( Fig. 1 ). After

the plasma treatment of the metal ( Fig. 3 ) only a faint bump in the range of S2p BE can be

seen, meaning that the sulphur presence was hardly detectable. The shiny appearance of the

metal sample was maintained after the plasma treatment. The sulphided samples showed the

presence of sulphur before and after the plasma cleaning, even if after the treatment the silver

Ag3d peak shifted to metallic binding energies. The sulphur presence on SAPH is probably linked

to its re-exposure to air after the treatment. 

1.3. Ag 925 

For metallic Ag925 before plasma treatment, the Ag3d5/2 binding energy (BE) was 367.2 eV

(see Fig. 4 ) while the same signal for metallic Ag999 after the plasma treatment had a BE of

368.0 eV. For metallic Ag925 after plasma treatment, the Ag3d5/2 peak underwent an energy

shift of 0.2 eV towards higher energies suggesting a reducing action. The Cu3p peaks for Ag925

and Cu999 for the 4 surface states did not endure any shift. The shift in Ag3d5/2 is due to

the presence of sulphides as highlighted also by the evidence of the S2p signal. The sulphur

recontamination is most probably due to the natural corrosion process after the re-exposure to
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Fig. 4. High resolution spectra of Ag3d, Cu3p and S2p using a soft-x-ray excitation of 450 eV without background re- 

moval. The spectra at the left were collected from the metal surface; the spectra at the right were collected from the 

sulphidised surface. 

a  
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F  
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s  
ir between the plasma treatment and the XPS-analyses. Finally, the valence band spectra of

etallic Ag925 suggested that the plasma afterglow caused a transformation of the surface. 

.4. Cu999 

For metallic Cu999 without corrosion layer, the plasma treatment had a limited effect (see

ig. 5 ). The clearest change induced by plasma was the increase of the copper signal and a

igher VB-signal. The faint signal of sulphur suggested that almost no sulphides were present

t the surface. For the sulphidized surface, a similar observation could be made for the copper

ignal, although the copper is reduced to its metallic state during the plasma treatment (i.e.,
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Fig. 5. High resolution spectra of Cu3p and S2p using a soft-x-ray excitation of 450 eV without background removal. 

Spectra were collected of metallic and sulphidised Cu999 before and after plasma treatment. In the right column, high 

resolution XPS spectra collected from sulphidised Cu999 before and after plasma treatment are compared with reference 

spectra. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the sulphide signal almost completely vanished). During the plasma treatment of the sulphide

surface, the oxygen content increased to some extent (O1s spectra can be found in the dataset).

2. Experimental Design, Materials and Methods 

2.1. Sample preparation 

Coupons (20 mm × 50 mm) were cut from larger sheets of Ag999 (i.e., 99.9 w% Ag), Ag925

(i.e., 7.5 w% Cu and 92.5 w% Ag) and Cu999 (i.e., 99.9 w% Cu) using a parallel metal cutting guil-

lotine. The silver sheets Ag925 and Ag999 were purchased at Schöne Edelmetaal B.V. (Nether-

lands), which retrieves its metal from Degussa, Germany. The Cu999 sheets were obtained from

Dejond Metals nv, Antwerp (Belgium). An inventory number was engraved at the backside of the

coupons. The front side was grinded and polished with a fixed procedure to obtain as close as

possible identical surface states. On the surface of the coupon, a small amount of water soluble

polishing pastes (3M 

TM Finesse-it TM Finishing Material, followed by 3MTM Imperial TM Machine

Glaze) was applied and the surface was brought into contact with a soft cotton rotating wheel

for approximately 1 min. Cleaning of the polished surface was performed by immersing the

coupon in an ultrasonic bath with ethanol for 2 min. Afterwards, the coupons were rinsed with

deionised water and dried with oil- and water-free compressed air. The mirror-like appearance

of the surface was very similar to that of historical ‘silver’ objects finished with a traditional

mechanical and abrasive polishing technique. 
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Fig. 6. Device used to immerse the coupons for exactly 12 s in a sodium sulphide solution for every cycle of 60 s. 
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.2. Artificial corrosion 

With a self-developed instrument as illustrated in Fig. 6 , the coupons were exposed to sub-

equent cycles consisting of a short immersion (12 s for every cycle of 60 s) in a Na 2 S solution

0.1 mol/L Na 2 S.9H 2 O, pH = 14) followed by a longer exposure to air (48 s/60 s cycle) [11] . Dis-

olved sulphides are known to make the solutions alkaline. For Ag999, Ag925 and Cu999 the

xposure time is respectively 300 min, 60 min and 30 min. The exposure time had to be dimin-

shed for the metals with higher copper amounts in order to compensate for the higher corro-

ion rates. XPS analyses of Cu999 only found limited amounts of oxygen (see spectra Cu999SBP

n dataset) in the top surface of the sulphide layer. This suggests that (almost) no sulphites or

ulfates exist in that top layer. All corrosion tarnish layers had a black and dull appearance and

ere well attached to the surface. The corrosion method is based on a normalized sodium sul-

hide test [12] . 

.3. Atmospheric pressure plasma treatment 

A dielectric barrier discharge commercial plasma-jet, type Plasma Spot ®, was used for the

xperiments. The power was set to 120 W with a gas flow of 70 slm (standard liter per minute).

 schematic representation of this type of torch is shown in Fig. 7 . The nozzle of the torch had a

ircular opening with a diameter of 10 mm. Inside that opening, a central anode of 6 mm diam-

ter was located. For the removal of the tarnish layer, a reducing gas mixture of 5 vol% H 2 in He

as used. The plasma-jet was mounted perpendicular to the coupons with a working distance of

 mm. The treated area was approximately 15 mm in diameter. The cleaning time varied between

5 s and 120 s. During the treatment, the samples reached a maximum temperature of 50–70 °C
11] . In the remote configuration used in the present plasma setup the sample is not seen as an

lectrode. This setup was chosen to avoid the reducing effect caused by arc discharges from the

lasma, passing through the afterglow and reaching the sample surface. 
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Fig. 7. Schematic representation of a dielectric barrier discharge plasma torch and how it treats material surfaces at 

atmospheric pressure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4. Preparation for XPS analysis 

In order to fit the samples in the sample holder of the XPS instrument, small squared sam-

ples of 10 mm × 10 mm were cut from the coupons. This was done with a jeweller’s saw, using

nitrile gloves and removing saw dust from the surface with purified canned air. The squared

samples were taken from the most homogeneous regions of the coupons. The samples were un-

avoidable exposed to air between the sample preparation (e.g., plasma treatment) and the XPS

measurements. Therefore, the adventitious carbon on the surface, which was probably removed

by plasma treatment, could be observed for all the plasma treated surfaces. 

2.5. Reference materials 

To facilitate the interpretation of the XPS analyses, a series of reference materials was anal-

ysed as well. The metallic surfaces of Ag999, Ag925 and Cu999 were considered as reference

for the metals. For the corrosion products, powders of respectively Ag 2 S (99.9%), Cu 2 S (99.5%)

and CuS (99.8%) were purchased at Alfa Aesar and pressed into pellets. About 0.1 g of pow-

der was transformed into a pellet of 8 mm diameter and about 1 mm thickness by means of

a hand press using a pressure of 3 to 4.5 ton/cm 

2 . The pellets had a glossy surface and could

easily be transported and be manipulated without physical damage. Before these pellets could

be analysed with XPS, outgassing was needed. This was done in the preparation chamber of

the XPS-instrument. Except for carbonaceous matter, no systematic surface contamination intro-

duced during the sample preparation could be detected. Moreover, no disturbing surface charg-

ing occurred during the analyses of the pellets. 

2.6. NanoESCA beamline 

The instrument installed as an endstation at the NanoESCA beamline of the Elettra stor-

age ring combines an electrostatic Photo Electron Emission Microscope (PEEM) with a double-
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emispherical (‘IDEA’) analyser, allowing the collection of photoemission electron microscopy

PEEM) images, X-ray photo electron-energy-filtered images and XPS spectra as described in the

ist below. The NanoESCA beamline provides electromagnetic radiation with variable polarization

linear, circular) and energies up to 10 0 0 eV. The main application mode of the NanoESCA is the

igh lateral resolution (c. 50–150 nm) mapping of core-level photoemission signatures. The fast

verview and high-resolution narrow spectra for Cu3p, Cl2p, S2p, C1s, Ag3d were collected from

n area with a diameter of 90 μm, using a soft-x-ray source of 450 eV. Spectra for O1s were col-

ected at 600 eV while spectra for Cu2p were obtained at 1250 eV. The total energy resolution

analyser + beamline) was 0.2–0.3 eV. For most analyses, no preceding cleaning procedure by ap-

lying Ar + ion sputtering (kinetic energy Ar + ions 2.0 keV, 13–15 μA on the sample, 10–20 min

er cycle) was needed to remove unwanted top layers. 

.7. Energy calibration 

Energy calibration was performed by localizing the Fermi level position in the valence band

pectra and setting that point to zero. For this, least-squares fitting was applied on the step-

ike jump in the vicinity of the Fermi level using the CasaXPS software version 2.3.15 (CasaXPS

oftware Ltd. UK [CasaCookBook; www.casaxps.com ]). However, for some surface states the ex-

ected step-like jump in the vicinity of the Fermi level was too small for energy calibration. In

uch cases, the energy calibration was refined by using characteristic features in the shape of

he valence band spectra [13] . This was done by comparing the shape of the complete valence

and spectrum with valence band spectra of similar shape that could be calibrated with least

quare fitting. 
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