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A B S T R A C T   

Surface chemical analysis by XPS is more than 60 years old. During the last 15 years ther-e has been an explosive 
growth in the publication of XPS peak-fits and interpretations. Unfortunately, these publications suffer from a 
variety of problems in reliability and usefulness because the new authors are not familiar enough with the science 
and application of XPS, chemical state assignments, and peak-fitting. Efforts to help new users include journal 
publications such as self-training guides for peak-fitting, international standards, collections of BEs, examples of 
peak-fitting, and more. These user guides are useful and are published in journals that are known to publish XPS 
information. The basics of XPS are taught at a few graduate level courses in universities and there are 3–5 day 
training courses at conferences, but the need is much greater. To help the international XPS community and the 
infrequent users of XPS to overcome these limitations, problems and needs, The XPS Library™ was formed as a 
non-profit institute to provide an on-line resource of XPS information, self-training material, free >70,000 
monochromatic XPS reference spectra, free spectral data processing software, reference tables, links, examples of 
good and bad peak-fitting, and more. In 1986, this author began to build The XPS Spectra-Base™ by collecting 
and organizing detailed sets of “self-consistent” monochromatic XPS spectra from reference materials, natural 
crystals, man-made single crystals, and commercial products. The current number of individual spectra in digital 
form is >70,000 and the number of materials is >9,000. Each set of spectra (4–10) is stored inside individual 
data directories having the name of the material analyzed. Multiple data directories belonging to the same 
category are placed in a directory with the name of that category. Each category name is distinct and is based on 
the chemistry of the materials. Currently, “XPS Library” members must download individual sets of spectra or full 
directories that are stored in ZIP files. To view, peak-fit, export, analyze, overlay, process, or print the spectra 
provided by The XPS Spectra-Base the library member needs a software that can import or directly open spectra 
having: VAMAS-ISO 14,976 ASCII file format, other ASCII file formats (XY, XYZ), or the SDP binary file format. 
Most software from the instrument makers can import these types of spectra. The “Spectral Data Processor” 
(SDP™) v8.0 is a 32-bit Windows™ (v7− 10 compatible) software is provided free of charge to library members. 
Using SDP v8 the user can: (a) access and open the raw or processed spectra downloaded from The XPS Spectra- 
Base, (b) save all processing results and labels to permanent memory, (c) completely reprocess, peak-fit, analyze, 
overlay, process, or print the spectra, (d) export or save the raw or processed spectra in VAMAS-ISO ASCII and 
other ASCII file formats, and (e) import spectra having VAMAS-ISO 14,976 ASCII file format and other ASCII file 
formats (XY, XYZ). Several thousand High Energy Resolution Auger Electron Spectra (HER-AES) from insulators, 
conductors, and native oxides will be added. All spectra are owned, copyrighted, and are the property of The XPS 
Library and are protected by a registered international copyright (TX 4− 560-881).   

E-mail address: bvcrist@xpslibrary.com.   
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1. Introduction 

This paper introduces a new on-line resource, The XPS Library web-
site (ref [1]), that is designed to run 24/7 and to assist the XPS com-
munity to improve the usefulness, reproducibility, and reliability of: (a) 
the XPS spectra produced around the world, (b) the advanced 
peak-fitting of high energy resolution XPS spectra, (c) binding energies 
(BEs), (d) chemical state assignments, (e) the interpretations, and (f) the 
information that will be published in many thousands of papers in 
hundreds of different international scientific journals around the world. 
This paper serves as a doorway to The XPS Library website, an online 
tutorial guide, and reveals some of the content of the website which is 
designed to be a user self-training (tutorial) system dedicated to all 
things XPS because XPS has become an essential chemical analysis 
technique to many different scientific and engineering fields that pro-
duce advanced materials, industrial products, QC/QA checks, and pro-
cessing improvements. Fig. 1 displays the fundamental physics of X-ray 
Photoelectron Spectroscopy (XPS). 

2. Why do we need the XPS library? 

2.1. Purpose 

The purpose of this website is to provide an on-line resource of XPS 
information, knowledge, spectra, that is available every day. The 
website includes XPS capabilities, explanations, peak-fitting examples, 
tables, spectral data processing software, movies, terminology, images, 
and much more that professors and trainers can use: (a) to teach grad-
uate and undergraduate students the basics and some advanced aspects 
of XPS, (b) to help scientists and engineers in industry to teach them-
selves by using the website as a self-training tool; and ultimately, (c) to 
improve the usefulness and reliability of the XPS data and chemical state 

Fig. 3. This peak-fit of the C (1 s) chemical state spectrum of PET (Mylar) 
shows the results produced by a data-analyst who is less experienced with peak- 
fitting. All FWHM are constrained to the same value. Peak B has more Lor-
entzian shape than the other peaks. The synthetic peaks do not snugly fit the 
peak envelop which explains why Chi-square is >4. The signal near 292 eV 
were given 2 synthetic peaks with the same FWHM. 

Fig. 4. This peak-fit of the C (1 s) chemical state spectrum of PET (Mylar) 
shows the results produced by a data-analyst who is experienced with peak- 
fitting and has applied the theoretical 3:1:1 peak area ratio of peaks A, B, 
and C. Peaks E and F are relatively small and overlap peaks A and B. Chi-square 
is <2. Which peak-fit is most meaningful or reliable?. 

Fig. 2. This peak-fit of the C (1 s) chemical state spectrum of PET (Mylar) 
shows the results produced by a data-analyst who is experienced with peak- 
fitting. FWHM for peaks A-C are similar. FWHM of peak D is 2x larger. The 
Chi-square is <2, and the synthetic peaks snugly fit the peak envelop. 

Fig. 1. Schematic of the fundamental physics of XPS.  
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assignments published around the world by XPS data-analysts. 
Does the XPS community need an international website dedicated to 

all things XPS? Something like Wikipedia, but not as big? The short 
answer is: Yes. Why? Two major reasons are that the reliability of XPS 
BEs, and correctness of the peak-fits that produce the extremely valuable 
chemical state assignments have been repeatedly doubted in publica-
tions by expert scientists over the past 15 years (ref [2–13]). These are 
not the only reasons for doubt. 

Peak-fitting XPS chemical state spectra appears easy to do, but there 
is a lot of knowledge and careful control of variables (constraints) that 
are needed to ensure that the final fit is reliable and meaningful. 
Figs. 2–4 are examples of this need. This peak-fit of the C (1 s) spectrum 
from PET (Mylar) looks easy. Fig. 2 seems to have a “reasonable” fit with 
a small Chi-Square value that usually correlates with a good result. 
However, because this material is a well-known and pure clean piece of 
PET (Mylar), we know that the true ratio of the peaks area for peaks A–C 
is 3:1:1, not 57:21:18. The variance in the peak area ratios between 
reality and result should cause the data-analyst to hesitate especially if 
performing QC measurements. 

Fig. 3 represents an improvement in this peak-fit because most 
FWHM from the same signal are usually almost identical unless a pure 
element peak is part of the spectrum. By forcing all peaks to have the 
same FWHM, the data-analyst is testing if that will improve the theo-
retical peak area ratio. Unfortunately, constraining all peaks to same 
FWHM did not produce an improvement in the peak area ratio. That 
constraint made Chi-Square >3X greater which is not good. (Experts will 
soon point out that the peak at 293 eV is a pi-pi* peak that has a broad 
FWHM, so it should be excluded. Rightfully correct.) 

Fig. 4 peak-fit takes an “out-of-box” way of thinking by imagining 
that the peak area ratio is distorted due to the presence of a contaminant 
that directly overlaps the hydrocarbon peak at 284.97 eV. This idea 
represents knowledge based on experience because nearly all materials 
in the world are contaminated by a thin layer of either organic or 
inorganic material. By adding two new peaks that directly overlap two 
of the bulk peaks and constraining the peak area ratios of the main 
peaks, the peak-fit now produces a “sensible” result that includes a 3:1:1 
ratio as expected, has a low Chi-Square, and has peaks with similar 
FWHM. A useful result. 

Returning now to address the question of “Do we need?” and 
addressing other related questions we assembled a short series of 
questions and devised answers that support the need to have an on-line 
website dedicated to the needs of the international XPS community. 

The following questions and potential answers explain numerous 
reasons why we need such a website. The number of answers is long, so 
we have listed only a few of the answers in this section. The full list of 
questions and answers is stored in the supplementary section. 

2.2. Five (5) questions & answers 

The 1st question is: How reliable are the numerical binding energies 
(BEs) and information derived from the XPS peak-fits of high energy reso-
lution chemical state spectra that are based on various published sets of BEs, 
and their calibration energies which are produced by the thousands of 
different XPS instruments around the world in many countries? 

Answer: Unfortunately, there is no definitive answer to that 
question. 

Various collections of BE numbers were published in:  

• the NIST SRD20 (v4.1) database of XPS BEs (ref [14])  
• popular XPS handbooks that provide XPS spectra and the same BEs 

listed in NIST (ref [2]),  
• CRC’s book of BEs produced by Kai Siegbahn (ref [[15]]), and  
• Surface Science Spectra journal that publishes XPS spectra, some 

peak-fit results, which are based on various BE calibration schemes 
(ref [2]) 

Statistical analysis of the BEs from pure metals and metal oxides in 
the NIST database reveal that there are various issues with the reliability 
of the BEs and the assigned chemical states in each of these common 
sources of XPS BEs. (ref [2]) Due to the inconsistent manner of collecting 
BEs in NIST and other BE collections, the issue of reliability of BEs and 
assigned chemical states is a significant concern. Additional reasons for 
building, maintaining, and providing this website are shown as answers 
to the questions posed below. 

Only a few of the answers for each question are displayed here. The 
remaining answers are stored in the Supplementary Material included 
with this publication. 

Question #2 – What has caused the explosive growth in XPS publications 
that include peak-fits that are low in reliability, chemical state assignments, 
and usefulness. 

Answers 1–5 of 16  

• The huge increase in XPS instrument performance over the past 
15–20 years produces higher sample throughput and better return on 
investment for universities, industry, government labs, and enables 
much wider access to XPS via the internet. 

• Availability of free copies of data processing software from instru-
ment makers and small software companies that enable multiple off- 
site non-experts to process data off-line quickly increases more and 
more the amount of XPS data available to publish and the rate of 
publication.  

• New software routines, produced by instrument makers, provide 
automated peak assignment routines for survey spectra that identify 
a limited number of principal XPS signals.  

• New software routines, produced by instrument makers, provide 
semi-automated selection of peak backgrounds and a full set of 
synthetic peaks that are automatically iterated to produce a least- 
squares minimum by fully varying all peak BEs, peak-shapes, and 
FWHMs until a chi-squared minimum is generated with no need for 
input by data-analyst. This routine normally uses a default set of 
constraints provided in the user-preference menu. 

• Recent government based funding that enables university and gov-
ernment labs to be able to buy new XPS systems that have a signif-
icant numbers of automated sample analysis features, new sample 
processing capabilities, and greatly enhanced data collection capa-
bilities that greatly advance sample throughput that increases the 
rate of publication. 

Question #3 – What are the common errors and problems that have been 
noticed and summarized for presentation? (REF [[16]]) 

Answers 1–4 of 15  

• Widely varying peak-widths in a fit, e.g., using extremely broad or 
extremely narrow peaks when there is no theoretical basis for doing 
so.  

• No consideration of the expected relevant chemistry in the spectra 
when doing analysis, peak identification (including satellite and 
multiplet splitting), or peak fitting.  

• Mislabeling higher oxidation states incorrectly as being due to lower 
oxidation states when they have higher binding energies, e.g., in a fit 
to a C 1s spectrum, reversing the labelling of the C-O and C=O fit 
components.  

• Using different Gaussian : Lorentzian ratios on different synthetic 
peaks in a peak-fit with no theoretical basis  

• Labeling noise as chemical states. 

Question #4 - What causes the common errors and problems that are 
found in processing XPS peak-fits and their chemical state assignments? 

Answers 1–3 of 13  

• One major cause of these problems is that XPS is assumed by new, 
less-experienced users to be a stable, well-defined, well understood 
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method that enables them to measure useful chemical states spectra, 
and to make reliable chemical state assignments from peak-fits of 
those high energy resolution, chemical state XPS spectra.  

• The first assumption has strongly contributed to the recent 10–15 
years of Explosive Growth in the application of XPS by an ever 
increasing number of advanced science and engineering projects that 
benefit from peak-fitting high energy resolution spectra and assign-
ing chemical states to the peak-fit components. But these new users 
have not yet spent the time to learn about the problems and limita-
tions that exist when applying XPS.  

• Due to the internet and many technological advances, journal editors 
and reviewers are overwhelmed with the number of papers submit-
ted for consideration and many of the papers involve several 
different analysis methods, different types of engineering, and 
different types of science. Very few of the available reviewers are 
able to properly critique all of the information submitted in many 
manuscripts so various sections in a paper are not reviewed properly 
or not reviewed at all. 

Question #5 - Are there any un-recognized limitations in the semi- 
automated XPS peak-fitting routines that hinder or confuse infrequent or 
new, less-experienced XPS data-analysts? 

Answers 1–3 of 10 

• “Un-Do” or “Re-Do” capabilities are absent in software from instru-
ment makers. Un-Do and Re-Do buffers allow beginners to test and 
learn the usefulness of different peak-fitting parameters as they 
explore the many functions used for Peak-Fitting. SDP v8 and 
CasaXPS software have this very helpful capability.  

• There is no on-screen sequential numbering of the steps used to 
perform a routine peak-fit, no on-screen guide, that shows the 
normal sequence of peak-fit processing steps. There is a lack of 
transparency for the sequence of steps used to add a background, add 

synthetic peaks, and start the fit routine which hinders infrequent 
data-analysts.  

• The fit routine automatically uses default peak-fit parameters that 
use uncommon FWHM constraints and uncommon L/G ratio. 

An obvious solution to these unrecognized limitations and problems 
is to provide less-experienced infrequent XPS users with the training, 
information, and knowledge that they need and to provide an on-line 
database system that provides all the different calibration BEs in use 
together with a unique identifier. Part of a solution to these limitations 
and problems is the primary function of the new website, The XPS Li-
brary, depicted in Fig. 5 (ref [1]). 

Within the next few months, The XPS Library will provide a new 
series of short videos (5− 10 min each) dedicated to peak-fitting, and the 
logic used in peak-fitting by operating various software. These videos 
are in addition to the existing 54 short videos that show how to operate 
the Spectral Data Processor (SDP) v8 software that are already available 
as links on the website. The XPS Library will continue to grow to answer 
the many needs of the international XPS community. 

3. Objective 

The main objective of this project is to build, develop, and maintain 
The XPS Library to: assist, train, guide, support, and teach a new less- 
experienced generation of infrequent as well as frequent XPS users who 
are professors, graduate students, scientists, engineers, data-analysts, 
and managers around the world who are using XPS to support their 
research. Many of these infrequent users have directly contributed to the 
explosive growth in publications that report XPS peak-fitting results and 
chemical state assignments over the last 10–15 years. Due to their 
infrequent use of XPS and practice XPS peak-fitting, the infrequent XPS 
users need more guidance and reference information. 

This effort to build and maintain this website is actually one part of 
an international effort by experienced XPS scientists to reveal, assist, and 

Fig. 5. Home page of The XPS Library website.  
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guide less-experienced or infrequent XPS users the existence of the 
problems, errors, wrong chemical state assignments, and the misleading 
information that have been published that occurs after collecting low 
quality chemical state spectra and then mis-interpreting and mis- 
assigning of the peaks in the peak-fits of those low quality or problem-
atic chemical state spectra (REF [16]). 

To achieve this goal, expert contributors are providing examples and 
explanations of “good” peak-fits and “bad” peak-fits in The XPS Library 
and explanations about why the fit is bad or not so good. Expert con-
tributors are providing useful examples of “chemical state assignments” 
to peak-fitted results. These expert contributors base their chemical state 
assignments on many decades of experience, knowledge of chemistry 
and materials, and on cross-correlations between the “atom%” values for 
each element and the atom% values due to each peak-fit signal. Certain 
chemical state assignments can be extremely difficult to make because: 
(a) the surface of many materials, even so-called “pure” materials, can 
have, contaminants, gradients, or islands within the XPS depth of in-
formation (1− 10 nm), and (b) the inherent nature of the peaks (shake- 
up, multiplet splitting etc.). 

4. Topics in this paper  

• Introduction  
• Why do we need The XPS Library? The Purpose  
• Objective  
• The XPS Library – design and features  
• Components  
• Library member benefits  
• Home Page of The XPS Library  
• Drop-down menu lists - images  
• International XPS instrument registry “IXIR”  
• On-line IXIR database of XPS instruments (24/7)  
• XPS Spectra-Base >70,000 monochromatic XPS spectra  
• Categories  

• Spectra file-format – VAMAS ISO 14,976  
• Example lists of Spectra-Base systems  
• Spectra Data Processor “SDP” v8 software  
• File formats imported and exported  
• On-line spectra collections and BEs  
• SUPPLEMENT (see internet link) 

The traditional way to assist new less-experienced users is to publish 
self-training practical user guides dedicated to the key topics, in journals 
which in the field of XPS includes: (a) peak-fitting, (b) international 
standards for data collection, (c) charge neutralization, (d) application 
of BEs from the literature, (e) examples of good and bad peak-fitting, (f) 
charge control, and more. This traditional effort is being pursued by a 
small group of experienced, international XPS scientists who have 
recognized the problems and have decided to publish a series of prac-
tical user guides, mentioned above, that are helpful and are published in 
journals that publish XPS information (REF 3–13) such as the Journal of 
Vacuum Science and Technology. Even so, there is significant concern 
by experienced users that these self-training guides and related publi-
cations are not reaching the less-experienced professors, scientists, 
graduate students, engineers, and data-analysts who need this infor-
mation and will hopefully read and learn from the various practical 
guides published. 

This concern about limited readership is a second reason to build and 
maintain The XPS Library as an on-line resource that is continuously 
available around the world. By being available worldwide 24 h per day, 
there is a better chance that a wider audience will, at their convenience, 
read and learn about XPS from the website and then apply their new 
knowledge to improving: (a) their peak-fitting practices, (b) their ability 
to assign reliable chemical state assignments which in turn will provide 
(c) more useful information to all members of the XPS community 
around the world. The results will hopefully lead to significant im-
provements in peak-fitting, chemical state assignments, and the 
knowledge produced. 

Fig. 6. Home page of The XPS Library website.  
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This website (see Fig. 5) is expected to not only improve the quality 
and usefulness of XPS peak-fits, the reliability of BEs, and the resulting 
chemical state assignments, but to also relieve some burden from re-
viewers and editors, while increasing the quality of the materials and 
products produced around the world. 

5. The XPS library 

5.1. Design and features 

The basic design of each web-page uses one or more InfoGraphic 
image(s) that dominates most of the area of each web-page and a short 
explanation. An InfoGraphic image can be a:  

• set or series of spectra  
• overlays of spectra  
• examples of degradation  
• photo  
• chart  
• table of data  
• histograms of NIST BEs  
• periodic table with XPS information  
• depth profile plots  
• schematic of processes  
• flow-charts  
• peak identification guide  
• peak-fitting guides & flow charts  
• drawing of basic phenomena  
• posters, wall charts, diagrams  
• explanations of surface chemistry  
• explanation of the other infographics  
• good versus bad peak-fits  
• explanation of advanced XPS phenomena  
• a set of Links to useful websites  
• a set of XPS terms and definitions  
• images of free downloadable software  
• application notes produced by the makers  
• charge control, charge referencing, charge effects  
• list of government standards organizations  
• list of databases available to library members  
• list of benefits for library members  
• list of XPS labs around the world  
• a web-site list of links to all pages  
• and more 

As stated above, The XPS Library is designed to help XPS data- 
analysts to produce reliable BEs and reliable chemical state 

assignments from the peak-fits that are the key to advancing material 
science and the production of commercial products by industry. 

The main features of The XPS Library website (see Figs. 6–8) currently 
include:  

• a multi-level top menu bar that displays 3–4 rows of topic-titles that 
represent 40+ key topics of interest that are always visible  

• the 3–4 rows in the top menu bar are alphabetically organized left to 
right  

• access to the webpage belonging to the main topic requires the user 
to click-on (select) the main topic  

• a dropdown list of 5–30 sub-topics will appear when the mouse 
cursor hovers over the main topic  

• this dropdown list displays an alphabetical series of sub-topics that 
are closely related to the main topic  

• after selecting a topic page, a full-width web-page appears which has 
the sub-topic as the page title 

• most images, graphics, charts, tables are large making it easy to re-
view and study the content of those items  

• a brief explanation after the page title introduces or explains key 
details 

• below the brief explanation, the web-page is a vertical file. Some-
times short, sometimes as long as the periodic table. Scroll down to 
see all the content of that web-page  

• two ways to convert the written content into other languages, but the 
images having English content does not convert  

• an email system to contact website manager(s) 

5.2. Components  

• The XPS Library of information  
• >70,000 self-consistent, correlated sets of monochromatic XPS 

spectra stored in The XPS Spectra-Base (ref [1])  
• >3000 high energy resolution Auger spectra (ref [1])  
• Fully annotated PDF version of XPS Handbook of Monochromatic 

XPS spectra - Volume #1 – The Elements and Native Oxides (peak- 
fitted with chemical state identifications, and links for navigation) 
(ref [1])  

• Fully annotated PDF version of XPS Handbook of Monochromatic 
XPS spectra - Volume #2 – Commercially Pure Binary Metal Oxides 
(peak-fitted with chemical state identifications, and links for navi-
gation) (ref [1])  

• Spectra Data Processing (SDP) v8 software is free for two (2) years 
(then $25/year or $300 permanent license) (ref [1])  

• PDF versions of Five (5) XPS Handbooks of Monochromatic XPS 
Spectra (ref [1])  

• Peak-fitting guides, advice, and flow charts 

Fig. 8. Home page menu – right side.  

Fig. 7. Home page menu – left side.  
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• Peak identification flow charts  
• Examples of good and bad peak-fit examples  
• Peak overlays to reveal chemicals state shifts  
• Application notes from manufacturers  
• Periodic tables of BEs for many elements  
• Valence band spectra  
• Histograms of BEs listed in NIST database  
• Summary tables of NIST BEs  
• Advanced XPS training  
• Surface Chemistry  
• Instrument details  
• Movies on software operation – peak-fitting  
• Guidance on many key topics  
• Links to International standards organizations  
• Special UHV gas capture studies  
• Analysis parameters used to collect spectra  
• Links to free XPS software  
• Links to 25+ single crystal suppliers  
• Links to XPS labs worldwide 

The XPS spectra data processing software, Spectra Data Processing 
(SDP) v8.0 is free to library members. This software is licensed for free to 
library members for a two year period. 

Currently, some 30,000 XPS spectra remain in original binary file 
format waiting to be converted into the VAMAS-ISO file format. A newly 
developed conversion routine will speed up that conversion. 

The XPS Library Institute located in Salem, Oregon, USA is a scien-
tific educational organization designed to help the international XPS 
community of scientists, graduate students, post-docs, professors, engi-
neers, and managers by providing an extensive library of XPS spectra, 
AES spectra, free SDP v8 software, information, explanations, defini-
tions, guidance, charts, tables, plots, examples of overlays, and key in-
sights into the many facets of XPS. The XPS Library website is found on 
the internet at: https://xpslibrary.com. 

The website uses infographics and many hundreds of actual spectra 
to guide XPS scientists and instrument operators how to collect and 
process their in-house monochromatic XPS spectra. The use of info-
graphics and flowcharts with written explanations is meant to assist 
learning by beginners. Because this site is new, there are many sections 
that can be improved, so suggestions are welcome. If you wish to assist 
the development of this site, then please become a contributor. We 
currently have several known experts providing detailed explanations to 
support the hundreds of graphic plots, charts, spectra, and tables on the 
website. 

5.3. Library members & benefits 

The website asks visitors to become Library Members free of charge 
and without registration. To become a Library Member the visitor only 
needs to send an email requesting to become a Library Member to: 
bvcrist@xpslibary.com. After becoming a Library Member and down-
loading SDP v8 software, the user will receive a list of passwords giving 
access to all spectra and PDF books. 

Library Members have free access to SDP v8 software for two years. To 
continue using SDP v8 after two years the library member pays $25 per 
year or purchases a permanent endless license for $300. All monies and 
donations are used to fund website costs, database maintenance, and 
improvements. 

Library members, who are lab managers, are asked to donate $50 
each year to support development, and maintenance of the web site, 
addition of new XPS spectra, improvements in the SDP software, and the 
on-line IXIR database. A complete list of the benefits provided to Library 
Members is shown below. 

Graduate, undergraduate, and retired scientists will not be asked for 
any donation. 

Visitors (non-library members) to the website have free access to all 

free information in The XPS Library, but they do not have access to any 
of the 70,000 XPS spectra, the Spectra Data Processor (SDP) software, 
the 3000 AES spectra, any of the 7 PDF books, or training movies that are 
free to library members. Access to the XPS spectra, Auger spectra, and 
PDF books are protected by passwords assigned to them by The XPS 
Library. Users are required to use their personal e-mail address as their 
Usernames. We hope that all visitors will become library members. 

5.4. Library member benefits  

• Full access to all infographics, charts, tables, graphs, chemical state 
overlays, plots, periodic tables of information, movies, terminology  

• Full access to >70,000 monochromatic XPS spectra that are self- 
consistent correlated sets of data  

• Fully annotated PDF version of XPS Handbook of Monochromatic 
XPS spectra - Volume #1 – The Elements and Native Oxides (peak- 
fitted with chemical state identifications, and links for navigation)  

• Fully annotated PDF version of XPS Handbook of Monochromatic 
XPS spectra - Volume #2 – Commercially Pure Binary Metal Oxides 
(peak-fitted with chemical state identifications, and links for 
navigation) 

• Free use of Spectra Data Processing (SDP) v8 software, after regis-
tration. License is renewed after two (2) year  

• PDF versions of Five (5) XPS Handbooks of Monochromatic XPS 
Spectra sold by XPS International (Elements, Metal Oxides, Poly-
mers, Semiconductors, Miscellaneous)  

• Hundreds of application notes from manufacturers  
• Periodic tables of BEs for many elements  
• Histograms of BEs listed in NIST database  
• Summary tables of NIST BEs  
• Movies on software operation – peak-fitting  
• Guidance on sample preparation methods  
• Guidance/advice/examples of peak-fitting  
• Guidance on charge referencing  
• Guidance on peak identification 

Fig. 9. XPS SPECTRA dropdown menu on The XPS Library website.  
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• Links to free XPS software  
• Links to 25+ single crystal suppliers 

5.5. Dropdown menus from key topics 

Each of the 40+ main topics are dropdown menus (shown below) are 
linked to 5–30 sub-topics related to that topic. The entire website 
currently has >700 webpages of XPS infographics, information, and is 
designed as a Visual Guide filled with images, simple tables, periodic 
tables, graphs, charts, flow-charts, examples of reference spectra, over-
lays of chemical state spectra, examples of good and bad peak-fitting, 
various background shapes, guidance on data peak-fitting, guidance 
on data collection, recommended international calibration BEs, cali-
bration methods, charging effects, explanations of data features, peri-
odic tables of XPS data, lists of software, useful links, a list of 25+ single 
crystal suppliers, a list of international XPS and synchrotron labs, 
advanced XPS methods, hundreds of application notes from the instru-
ment makers, instrument design details, RSFs, SFs, posters, vocabulary, 
and written explanations with each visual guide. A complete list of the 
current topics included in the library are presented as screen-captured 
images of the Drop-Down menus on the website. See Figs. 9–29. 

Fig. 10. BE Calibration dropdown menu on The XPS Library website.  

Fig. 13. CHEMICAL STATES dropdown menu on The XPS Library website.  

Fig. 12. CHARGING dropdown menu on The XPS Library website.  

Fig. 14. DATA dropdown menu on The XPS Library website.  

Fig. 11. BE TABLES dropdown menu on The XPS Library website.  
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Fig. 17. PEAK-FITTING dropdown menu on The XPS Library website.  

Fig. 15. FEATURES dropdown menu on The XPS Library website.  

Fig. 18. QUANTIFICATION %’S dropdown menu on The XPS Library website.  

Fig. 16. DATA QUALITY dropdown menu on The XPS Library website.  
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6. Dropdown menus from key topics listed in the main top level 
menu 

See (Figs. 11–29). 

7. International XPS instrument registry, “IXIR” 

7.1. Reasons to build this registry and database 

Question 
Why should we register our XPS instrument(s) and all other XPS 

instruments around the world into an on-line database of high energy 
resolution, calibration BEs from peak-fits of just-measured Cu (2p3), Cu 
(3p), and Au (4f7) spectra that includes all key instrument information 
and monthly screen-captures of calibration spectra? 

Main Answer 
To improve everyone’s efforts to produce advanced materials and 

products around the world. 
By improving the validity, reliability, and usefulness of thousands of 

XPS BEs and chemical state (species) assignments that are published in 
hundreds of advanced, international scientific journals by thousands of 
serious and hardworking scientists around our great world we will help 
ourselves, manufacturers, and be able to produce even more advanced 
materials. 

Many thousands of XPS BEs and chemical state (species) assignments 
are produced by thousands of different XPS scientists around the world 
that are published in several hundred different scientific journals around 
the world. All scientists and engineers are very responsible and are 
working hard to make the world a better place through the application 
of XPS. 

Fig. 22. SAMPLES dropdown menu on The XPS Library website.  

Fig. 20. SOFTWARE dropdown menu on The XPS Library website.  

Fig. 21. XPS BASICS dropdown menu on The XPS Library website.  

Fig. 19. APPLICATION NOTES dropdown menu on The XPS Library website.  
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Unfortunately, the calibration BEs, calibration methods, and key 
instrument parameters published in the scientific literature are different 
for the several thousands of different XPS instruments being used to 
make chemical state assignments from peak-fitted spectra. More 
importantly, many calibration details and key instrument details 
seldom, if ever, published. Why does this happen? It happens because 
today too many manuscripts are submitted and there are not enough 
reviewers who can review many manuscripts. On top of that, many 
journal editors do not require the author to include all pertinent and 
necessary calibration information or key instrument variables that affect 
the information being published, 

To make reliable and useful chemical state assignments to the peaks 

produced from the XPS peak-fits just measured on your in-house XPS 
instruments, you, the reader, and each scientist or engineer needs access 
to reliable chemical state BEs and chemical state assignments. 

The NIST SRD 20 database of XPS BEs is thought to be useful but, in 
reality, the BEs in the NIST database serve as a useful guide because the 

Fig. 23. ADVANCED XPS dropdown menu on The XPS Library website.  

Fig. 24. DATABASES dropdown menu on The XPS Library website.  

Fig. 25. DEGRADATION dropdown menu on The XPS Library website.  
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uncertainties in BEs ranges from +/-0.5 eV for conductors to +/-1.5 eV 
for insulators. The original publications, referenced in the NIST data-
base, did not publish a full set of calibration BEs and methods used to 
maintain or document the energy scales of the many hundreds of 
different XPS instruments used to produce the BEs in the NIST database. 
The upper end of the BE scale (500− 1486 eV) in most of those publi-
cations does not have a calibration BE in the NIST database. For this 
reason, the error in the upper end of the BE scale can be as large as 0.6 eV 
for the Cu (2p3) BE which is today used to calibrate all XPS instruments. 

To make reliable chemical state assignments to your in-house XPS 
peak-fits by using published BEs, you need to know the calibration BEs 
and methods that were used by the author of those BEs and chemical 
state assignments that you want to reference. If you know his calibration 
energies, then you can be sure that the chemical state assignments for 
your peak-fits are as correct and reliable as possible. 

Fig. 26. SURFACE CHEMISTRY dropdown menu on The XPS Library website.  

Fig. 28. USEFUL LINKS dropdown menu on The XPS Library website.  

Fig. 29. σ, SF, ASF, & RSF menu on The XPS Library website.  

Fig. 27. REGISTRATION & IXIR dropdown menu on The XPS Library website.  

B.V. Crist                                                                                                                                                                                                                                         



Journal of Electron Spectroscopy and Related Phenomena 248 (2021) 147046

13

Because many journal publications do not normally include all the 
necessary calibration BEs and essential information needed so that you 
can adjust your BE calibrations to correlate with the published calibra-
tion BEs which, in turn, enables use the BEs of the chemical state as-
signments that you want to reference, we have built the International 
XPS Instrument Registry and on-line database. This on-line database will 
help all scientists and engineers to maximize the reliability and useful-
ness of the BEs published in scientific journals produced around the 
world. 

This IXIR database will help each scientist around the world to better 
understand each XPS instrument, what calibration BEs were used, and 
what calibration methods are being used on each XPS instrument listed 
in the IXIR database. 

7.2. What is the registry? 

The International XPS Instrument Registry (IXIR) is a collection of in-
formation from library members that includes calibration BEs, measured 
monthly, and key instrument parameters from each XPS instrument that 
are stored in an on-line IXIR database that is available 24 h every day to 
all library members around the world. (ref [1]) 

Answers to the questions listed below will be available in the data-
base for everyone to see and use 24 h per day. The instrument maker, 
model, and serial number serve as the unique name of the instrument 
because that information will never change. 

The questionnaire (shown below) is the starting point for all XPS 
scientists and instrument owners around the world who want to start to 
improve the reliability and usefulness of published BEs and chemical 
state assignments worldwide. 

7.3. XPS instrument registration questions  

• preferred C (1 s) BE for adventitious hydrocarbon peak?  
• do you normally use this C (1 s) BE to charge correct BEs from 

insulating materials?  
• do you use any other peaks to charge correct BEs from insulating 

materials?  
• calibration BEs used for Cu (2p3), (3p), Au (4f7)?  
• are you willing to submit screen captured images of the spectra used 

to check the calibration BEs?  
• instrument serial number?  
• instrument maker name?  
• instrument model number or model name?  
• instrument geometries?  
• who normally checks the calibration BEs?  
• how frequently are the calibration BEs checked?  
• accepted error (uncertainty) range for calibration BEs?  
• pass energy used to measure calibration BEs?  
• C (1 s) BE for freshly peeled graphite or HOPG?  
• work function of the spectrometer?  
• what is the FWHM of the Ag (3d5) signal after ion etching and what 

pass energy is used?  
• what is the name of the university, government lab, or company, 

where XPS instrument is installed?  
• what is the name of the group who runs the instrument?  
• what is the e-mail of the owner of the instrument?  
• physical address of the XPS instrument?  
• what is the Si (2p) BE for silicone oil?  
• do you have more than one XPS instrument?  
• today’s date?  
• may we display instrument owner’s name on the IXIR database?  
• how many people operate the instrument?  
• who services the XPS when it has trouble?  
• what is the normal pressure when collecting data? 

By answering these questions, we will improve the reliability, 

validity, and usefulness of the thousands of XPS BEs published in sci-
entific journal and the chemical state assignments that are published in 
international scientific journals and databanks. 

8. On-line IXIR database 

The IXIR On-Line Database is a combination of:  

1 answers to the” XPS instrument registration questions” shown above, 
and  

2 three (3) screen-captured images of “Validation Spectra” that are 
submitted monthly to the IXIR database for each XPS instrument 

The IXIR database is a free, on-line database of instrument calibra-
tion BEs, instrument parameters, and measured validation spectra pro-
duced on each instrument around the world by XPS scientists. The IXIR 
database is available 24 h every day and provides users with vital in-
formation about each XPS instrument registered in the IXIR system. The 
software used for the database is the FileMaker Pro database software 
that runs on both Macintosh and Windows operating systems 

The (3) screen-captured images document the high energy resolution 
peak-fitted spectra that are called “validation spectra” that are used to 
record calibration BEs before the energy scales are adjusted to produce 
the expected calibration BEs. These three images of peak-fitted spectra 
will be stored in an on-line database open to all library members, journal 
editors, and publication reviewers around the world. 

8.1. Screen-captures of validation spectra – examples  

• Screen-Capture of the just-measuredhigh energy resolution Cu (2p3) 
chemical state spectrum with its peak-fit, BE values, and on-screen 
date-time  

• Screen-Capture of the just-measuredhigh energy resolution Cu (3p) 
chemical state spectrum with its peak-fit, BE values, and on-screen 
date-time  

• Screen-Capture of thejust-measuredhigh energy resolution Au (4f7) 
chemical state spectrum with its peak-fit, BE values, and on-screen 
date-time 

8.2. How to build and maintain the on-line IXIR database? 

To set up this system initially, The XPS Library will contact XPS in-
strument owners around the world and ask each instrument owner to 
provide answers to the XPS instrument registration questions (shown 
above). To help with this task, the Journal of Surface Science Spectra 
will be searched to collect instrument geometry that belongs to specific 
instrument models. The serial number is a unique, key number that is 
useful to keep track of instrument that move from time to time because 
we need to keep track of the BEs that belong to that specific instrument. 

The FileMaker Pro database software will be used as the on-line 
database system to keep track of all information and screen-captured 
images of the peak-fits of spectra used to check calibration BEs. This 
database is available at no cost to all library members. All useful BE 
information and geometry information for each instrument will be 
included in numerical form in the on-line database. 

The measured validation spectra and reference BEs will allow all 
users to make necessary adjustments in published BEs to better under-
stand and interpret their in-house research BEs, and to make more ac-
curate and more reliable chemical state assignments to their in-house 
peak-fits. 

To achieve this goal The XPS Library will request all international 
XPS instrument owners or the responsible scientists (engineers) around 
the world to answer the list of instrument questions and to collect screen- 
capture images(via Print Screen, Snag-It, Snippet, or other software) of 
the just-measuredhigh energy resolution validation spectra from just ion- 
etched “calibration metals”. Each spectrum must include the time-date 
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information that is provided at the bottom right corner of all computer 
monitors. 

8.3. How does the IXIR system work? 

The 3 screen-captures, mentioned above, must be sent to the E-mail: 
bvcrist @ xpslibrary.com, until the on-line database system can accept 3 
images directly uploaded by each XPS instrument owner or manager. 

Each month or two The XPS Library will send a request to instrument 
owners to submit the latest screen-captures of the validation spectra 
used to check calibration BEs for each XPS instrument and to submit 
“peak-fitted validation spectra” for that month. Because there can be un-
expected delays to check calibrations BEs, the on-line IXIR database will 
list delayed submissions as “Delayed”. 

These high energy resolution peak-fitted validation spectra are high 
energy resolution peak-fitted spectra that are used to “check” if instru-
ment energy scale needs to be adjusted slightly to produce the desired 
perfect calibration BEs. These validation spectra are measured from 
freshly ion-etched calibration metals, such as Copper (Cu) and Gold (Au) 
with the true “date-of-measurement” shown in the screen-capture. 

Desired perfect calibration BEs are not measured BEs. Calibration 
BEs are not BEs measured by peak-fitting validation spectra. Desired 
perfect calibration BEs are the calibration BEs recommended by ISO, 
ASTM, DIN, JIS, BSI, etc. The desired calibration BEs are “Perfect” BEs 
that each tool owner hopes that their instrument will maintain without 
having to adjust any voltages or circuit boards. 

To make the IXIR system work correctly to help all the XPS instru-
ment owners around the world, each XPS instrument owner must 
measure, record, and peak-fit high energy resolution spectra from the Cu 
(2p3), Cu (3p), and Au (4f7) signals once per month. The peak-fitted 
results need to be screen-captured and submitted by e-mail to The XPS 
Library who will add the spectra and the measured validation BEs to 
your section of the database. Each screen-captured image must include 
the time-date stamp shown at the bottom right of the computer screen. 

8.3.1. What is the goal / intention of the IXIR database? 
The goal (purpose) of the IXIR database is to improve the reliability, 

validity, and usefulness of the thousands of BEs and chemical state 
(species) assignments published in hundreds of advanced, international 
scientific journals by those scientists who use the IXIR database. 

The screen-captures and the instrument information stored in the 
IXIR database will help each of us to know how to modify (correct) 
thousands of published BEs to match our BE scale by knowing the 
calibration Cu (2p3), Cu (3p), Au (4f7) BEs that is used on XPS instru-
ment used by other XPS scientists. 

The IXIR database provides not only validation spectra, but also the 
user-defined C (1 s) BE assigned to the adventitious hydrocarbons that is 
used to charge correct (charge reference) non-conductive insulators. 
This C (1 s) BE may not be the best reference energy for insulators, but, 
at this time, it is the most common BE used to charge reference (correct) 
insulators. This BE is currently given a BE that ranges from 
284.2–285.2 eV with uncertainties of +/-0.2 eV. Due to these variations, 
the IXIR needs to include the C (1 s) BE of adventitious hydrocarbons in 
the database. 

The goal of this on-line database is to provide all members of the XPS 
community, who use XPS spectra and data, with BEs and chemical state 
assignments that are as reliable, valid, and as accurate as possible. 

8.3.2. How will the on-line IXIR database help me? 
The desired (perfect) calibration BEs for each XPS instrument (based 

on serial number, #, maker name and model # or name) will be listed in 
the on-line IXIR database. This on-line database will be available 24 h 
per day to Library Members around the world. This on-line database of 
measured BEs from Cu (2p3), Cu (3p), and Au (4f7), together with the 
desired (or expected) calibration BEs, and Instrument Performance results 
will help everyone around the world by revealing BEs scales, the trends 

(run charts), and user-defined choices of the C (1 s) BE (eV).  

• This IXIR On-Line Database system helps each scientist around the 
world to better understand how to correct published XPS BEs to 
match the calibrations used on in-house XPS instruments.  

• Improve the accuracy and correctness of the XPS results, BEs, and 
chemical state assignments that each XPS user publishes, and that we 
find in thousands of scientific journals,  

• Improve the reliability of the measured BEs from non-conductive 
insulators, and conductive materials published in domestic and in-
ternational journals  

• Help each of us to measure more reliable chemical states, which will 
greatly advance the products produced by Material Science in our 
future  

• By knowing the exact C (1 s) BE (eV) of the adventitious hydrocarbon 
that was used to charge reference (charge correct) BEs published in a 
publication each of us will be able to correct published BEs to match 
our preferred C (1 s) BE (eV).  

• By knowing the exact Cu (2p3) BE (eV) that were used for a specific 
XPS instrument (based on serial #), we can adjust their published 
BEs to match the energy scale of our in-house XPS instrument and 
make more accurate chemical state assignments.  

• Old literature shows us that the measured BEs used to calibrate the 
low BE end of the energy scale do not vary a large amount, but the 
old maker reference literature shows us that the HIGH BE end of the 
energy scale suffered from a range of Cu (2p3) BEs that range from 
932.2 eV to 932.8 eV. This 0.6 eV uncertainty in the upper BE scale 
means that BEs in the 500− 1400 eV range need to be “scaled” as the 
BE of the scale increases. This represent a non-linear scaling problem 
that caused many high BE chemical state assignments to be 
misleading.  

• Research on the BEs of Cu (2p3) and Au (4f7) BEs obtained from a 
series of freshly ion etched AuCu alloys (75:25, 50:50, 25:70 ratios) 
shows that XPS can readily and reliably resolve small chemical state 
shifts, as small as 0.2 to 0.3 eV. This indicates that we have a chance 
to reliably measure such small chemical shifts in the future after the 
literature is full of more reliable BEs  

• The IXIR Database will help each of us how to know how to modify 
(correct) thousands of published BEs to match our in-house BE scale 
by knowing the calibration Cu (2p3), Cu (3p), Au (4f7) BEs that were 
used on any and all XPS instrument recorded in this database. 

• Build an On-Line Spectra-Base system that will clearly show the reli-
ability or unreliable nature of the thousands of the BEs produced 
from thousands of different materials by the thousands of different 
XPS instruments located around our world 

8.3.3. How do I access the on-line IXIR database? 
The web address for the on-line IXIR database will be shared with 

each library member of The XPS Library. Each user can access the IXIR 
database 24 h per day free of charge. 

8.3.4. Is the IXIR database free? 
Yes. The IXIR database is free to all library members. We hope that 

the lab director of each XPS group around the world will make a small 
donation of $50 each year to help pay the costs of maintaining the 
database on the internet. 

8.3.5. What information is needed from each XPS instrument tool owner for 
each XPS instrument?  

• name of instrument maker  
• name or model number of the XPS instrument  
• instrument serial number  
• calibration BEs currently being used for Cu (2p3), Cu (3p), and Au 

(4f7) peak maxima 
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• user preferred C (1 s) BE for adventitious hydrocarbon signal used to 
charge reference non-conducting samples  

• date that calibration BEs were last checked – must be visible in screen 
capture (NOTE: manually recorded BE values are not accepted, only 
screen-captures are accepted)  

• name (or email) of instrument owner  
• name (or email) of person responsible to maintain the XPS 

instrument 

8.3.6. What information will be stored in the IXIR database?  

• user preferred C (1 s) BE for adventitious hydrocarbon peak?  
• is that C (1 s) BE always used to charge correct BEs from insulating 

materials?  
• what other peak is used to charge correct BEs from insulating 

materials?  
• calibration BEs used for Cu (2p3), (3p), Au (4f7)?  
• date of last check of calibration BEs?  
• will you submit screen captured images of the spectra used to check 

the calibration BEs?  
• instrument serial number?  
• instrument maker name?  
• instrument model number or model name?  
• instrument geometries?  
• who normally checks the calibration BEs?  
• how frequently are the calibration BEs checked?  
• accepted error (uncertainty) range for calibration BEs?  
• pass energy used to measure calibration BEs?  
• C (1 s) BE for freshly peeled graphite or HOPG?  
• work function of the spectrometer?  
• what is the FWHM of the Ag (3d5) signal after ion etching and what 

pass energy is used?  
• what is the name of the university, government lab, or company, 

where XPS instrument is installed?  
• what is the name of the group who runs the instrument?  
• what is the e-mail of the owner of the instrument?  
• physical address of the XPS instrument?  
• what is the Si (2p) BE for silicone oil?  
• do you have more than one XPS instrument?  
• today’s date?  
• may we display instrument owner’s name on the IXIR database?  
• how many people operate the instrument?  
• who services the XPS when it has trouble?  
• what is the normal pressure when collecting data? 

8.3.7. How do I join the IXIR system? 
To join this system, each XPS instrument owner will need to provide 

a short list of instrument design variables as well as the name of the 
instrument maker, the model of the instrument, and most importantly 
the serial number of the instrument. The serial number is needed 
because some XPS instruments are sold from one company to another, or 
from one university to another. 

8.3.8. Who will maintain the IXIR database? 
The XPS Library will maintain and pay for the website, the FileMaker 

Pro software, and maintenance for on-line access to the IXIR database. 

9. Current categories in the XPS SPECTRA-BASE 

There are various ways to organize groups of data. This website or-
ganizes groups of data (spectra) according to their chemical state name 
or industrial goods name, and major collections of spectra. These names 
are familiar to scientists, engineers, and graduate students which makes 
it easy to locate a group of data that is interesting and useful to the user. 
In the future, the website will install a searchable system based on the 
names of individual chemicals (e.g., SiO2 or Silicon), and chemical 

groups. The lists shown below identify the current groupings that are 
stored as ZIP files for easy downloading. 

9.1. Chemical states stored in ZIP files  

• Alloys  
• Alumino-silicates  
• Ammonium salts  
• Barium salts  
• Bicarbonates  
• Borates  
• Borides  
• Bromides  
• Calcium salts  
• Carbides  
• Carbons  
• Carbonates  
• Celluloses  
• Cesium salts  
• Chlorides  
• Chromates  
• Cyanides  
• Elements  
• Fluorides  
• Graphites  
• Halides  
• Hydrocarbons  
• Hydroxides  
• Iodides  
• Implanted gases  
• Lithium salts  
• Magnesium salts  
• Minerals  
• Miscellaneous  
• Native Oxides  
• Niobates  
• Nitrates  
• Nitrides  
• Oxides  
• Potassium salts  
• Perovskites  
• Phosphides  
• Phosphates  
• Rare earth metals  
• Rare earth oxides  
• Rubidium salts  
• Selenates  
• Selenides  
• Semiconductors  
• Single crystals  
• Silicates  
• Silicides  
• Siloxanes (PDMS…)  
• Sodium salts  
• Sulfides  
• Sulfates  
• Tellurides  
• Titanates  
• Tungstates  
• Zeolites  
• Zirconates 

9.2. Industrial goods stored in ZIP files  

• Adhesives  
• ALD films 
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• Alloys  
• Antistatic agents  
• Antistatic bags  
• Biomaterials  
• Carbon fibers  
• Catalysts  
• Cellophane tape  
• Ceramics  
• Chalcogenides  
• Chromatographic materials  
• Cloth fabrics  
• Coals  
• Coatings  
• Colloidal solutions – dried  
• Contaminants  
• Diamond  
• Double-sided tapes  
• Drill-bit coatings  
• Drying agents  
• Epoxies  
• Finger cots  
• Gel-pak containers  
• Glasses  
• Gloves  
• Glues  

• Greases  
• Inks  
• Kapton tapes  
• Krytox  
• Labels  
• Lens paper  
• Loctites  
• Lubricants  
• Magnetic materials  
• Membrane films  
• Minerals  
• Molecular sieves  
• Nitinol  
• O-rings  
• Optical coatings  
• Optical fibers  
• Papers  
• PCB board  
• Pencil graphite  
• Perovskites  
• Pitch  
• Plasma treated surfaces  
• Plastic Boxes  
• Polymers  
• PSG on Silicon 

Fig. 30. This pop-up panel from SDP v8 displays all of the key data collection and instruction parameters stored in the header section of each ISO-14,976 (VAMAS) 
file. The ISO-14,976 is the same as the NPL datafile transfer format and is the format currently supported by XPS instrument and XPS software makers. 
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• Sandpaper  
• Semi-precious stones  
• Silicone oils  
• Solar materials  
• Solder balls  
• Solvent Residues  
• Solid State solutions  
• Steels  
• Stones  
• Straws  
• Swabs  
• Threadlockers  
• Wafer carrier  
• Waxes  
• Zeolites 

9.3. Polymers & plastics stored in ZIP files  

• Acids  
• Alcohols  
• Amides  
• Aromatics  
• Carbonates  
• Celluloses  
• Esters  

• Ethers  
• Halogenated  
• Hydrocarbons  
• Hydroxides  
• Imides  
• Ketones  
• Nitriles  
• Siloxanes  
• Sulfides  
• Sulfones  
• Urethanes 

9.4. Tradename polymers stored in ZIP files  

• Teflon  
• Mylar  
• Kevlar  
• Nomex  
• Nylons  
• Viton  
• Krytox  
• Fomblin  
• Tefzel 

Fig. 31. Full screen view of SDP v8. Displays dropdown menus, shortcut icons, sample description, mini-screen view of other spectra shown in the following figures. 
All displayed information is from permanent saved memory in SDP v8. 
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10. Spectra-base systems currently available  

• Binary Oxides, 46 MB (*.sdp)  
• Carbon KLL Auger, 2 MB (*.sdp)  
• Chemical State Groups, 1 GB (*.vgd)  
• Flood Gun ON – Native Oxides, 1 MB (plots)  
• Handbook Series, 34 MB (*.iso, *.vms)  
• HER Auger Electron Spectra, 12 MB (*.sdp)  
• Industrial Goods, 67 MB (*.vgd)  

• Miscellaneous, 60 MB (*.vgd, *.txt)  
• Native Oxides, FG OFF, 16 MB (*.vgd)  
• Native Oxides FG ON-OFF, 5 MB (*.sdp)  
• NECSA-Bio Polymers, 2 MB (*.mrs)  
• Original S-Probe, 90 MB (*.mrs)  
• Polymers, 46 MB (*.sdp)  
• Rare Earth Materials, 36 MB (*.vgd)  
• S-Probe, 200 MB (*.mrs ASCII format)  
• Single Crystals, 240 MB (*.vgd) 

Fig. 33. Main screen showing peak-fit results, sample description, date of collection, and labels – from memory.  

Fig. 32. Main screen section showing fully processed survey spectrum. Includes atom% symmary and labels.  
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• SpecMaster, 527 MB (*.sdp)  
• TXL IP-eSF, 340 MB (*.vgd)  
• TXL Misc, 60 MB (*.vgd)  
• UHV Gas Capture, 1 MB (3D plots)  
• Valence Bands, 3 MB (*.txt, *.sdp)  
• X-ray Degradation of Polymers, 1 MB (*.sdp) 

11. File formats in the XPS spectra-base and SDP v8 

To view the spectra provided in the XPS Spectra-Base, the user needs 
a software that can open the datafiles stored in the ZIP files. SDP v8 
software can open, save, export, or convert all the different file formats 
shown in the table below. SDP v8 can export (save) all data-files into the 
international exchange file format known as either ISO 14,976 or 
VAMAS. These two file formats are identical. Many commercial XPS 
software can either read or import these this file format so the user can 
use his/her software to process data that was originally stored in the XPS 
Spectra-Base. Fig. 30 shows the experimental parameters stored within 
the ISO or VAMAS file. 

CasaXPS is another software that can directly open and read the ISO 
14,976 and VAMAS file formats. To open the *.vgd files the user needs 
the Avantage software produced by Thermo, or the VGD to VAMAS 
converter provided free to Library Members. 

11.1. File formats currently imported by SDP v8  

• Five (5) file formats: *.sdp, *.vgd, *.txt, *.vms, and *.iso  
• ASCII-Text formats are: *.txt, *.vms, and *.iso  

• The *.iso format is the ISO 14,976 file format,  
• The *.vms format is the ISO 14,976 file format  
• The *.spe file format, which is from Ulvac-PHI  
• The *.vgd data-files can be opened using Avantage software  
• Notepad is used to copy spectra from the Avantage screen and save a 

series of spectra as an ASCII-text file opened by SDP 

Fig. 34. The Files “Open/Import File” pop-up shows the different ASCII file 
formats that are easily imported into the Spectral Data Processor v8.0. Most 
files can be opened by dragging the datafile onto the open SDP screen. SDP also 
opens 2 binary files: *.SPE from PHI, and *.SDP from XPS International. 

Fig. 35. The “Save As VMS (*.ISO)” file pop-up lists the different ASCII file 
formats that are easily exported out of Spectral Data Processor v8.0. The VMS 
(*.ISO) format is the. 

Fig. 37. The Sample Description pop-up that allows the user to add or modify 
the sample description of the multi-spectrum datafile. There are two full lines 
available, and a 3rd line that is specific to the spectrum actively displayed. 

Fig. 36. This pop-up allows the user to Export or Import peak-fit results or atom 
% tables in various file formats. 
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11.2. File formats currently exported (saved as) by SDP v8  

• Imports *.txt, *.iso, *.vms, *.npl, and *.sdp file formats  
• Exports as (Saved as) *.txt, *.iso and *.sdp file formats  
• Exports atom% summary tables as *.xlts files  
• Exports peak-fits as *.csv files. 

12. Spectral data processor, SDP, V8.0 

To view, peak-fit, export, analyze, overlay, process, or print the 
spectra provided by The XPS Spectra-Base the library member needs a 
software that can import or directly open spectra having: VAMAS-ISO 
14,976 ASCII file format, or other ASCII file formats (XY, XYZ). Most 
software from the instrument makers can import these types of spectra. 

The “Spectral Data Processor” (SDP™) v8.0 is a 32-bit Windows™ 
(v7− 10 compatible) software provided free of charge for two (2) years 
to library members. Using SDP v8 the user can: (a) access and open the 
raw or processed spectra downloaded from The XPS Spectra-Base, (b) 
save all processing results and labels to permanent memory, (c) 
completely reprocess, peak-fit, analyze, overlay, process, or print the 
spectra, (d) export or save the raw or processed spectra in VAMAS-ISO 
ASCII and other ASCII file formats, and (e) import spectra having 
VAMAS-ISO 14,976 ASCII file format and other ASCII file formats (XY, 
XYZ). 

Fig. 38. Pop-up displays the XPS Spectral Lines routine used by the data-analyst to identify the peaks that were integrated by the Find Peaks routine.  

Fig. 39. This pop-up allows the data-analyst to Manually Identify, add, or 
change a peak label/ID. 
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Fig. 40. Survey spectrum after all peaks have been integrated by using the Find Peaks routine (shortcut).  

Fig. 41. The O (1 s) peak-fit shows the minimum peak-fit information along with 3 annotations.  
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Fig. 43. Six (6) annotations on a Ca (2p) spectrum can be moved or edited as needed.  

Fig. 42. A peak-fit in progress shows a vertical blue colored cursor that can be moved by the mouse cursor.  
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The main features and capabilities of SDP v8 are presented here in a 
series of screen-captured images (Figs. 31–54). A detailed list of the 
features is beyond the limits of the current publication. 

SDP v8 can import most ASCII text datafiles by simply dragging a 
single or multi-spectra ASCII datafile onto the open window of the SDP 
software. SDP binary files can also be opened by dragging the file onto 
the open window of SDP. After the spectra have been imported, the 
software is then used to analyze and label the spectra. The software can 
save all peak-fits results, atom % results, and wide scan labels to per-
manent memory to be recalled at any time, which is just one of the 
advanced and user friendly features provided by the SDP binary file 
format. A permanent license for SDP v8 costs $300. 

Fig. 34 shows a partial list of the different ASCII file formats that are 
currently supported. The SDP software can import (X–Y) ASCII and (X-Y- 
Z) ASCII text files which is a useful feature that allows users to import 
ASCII data from hand-made software, such as those made for operating 
analyzers that are connected to synchrotron systems or specialty XPS 
systems. The ability to import the original VAMAS-ISO 14,976 Standard 
Data Transfer Format is provided. SDP v8 can import datafiles from the 
ComPro software system. The Spectral Data Processor “SDP” v8.0 soft-
ware (see Fig. 31) is an advanced, Windows based, spectral data pro-
cessing software that can also be used to process AES and ASCII text files 
produced by other analytical instrument software. 

13. On-line Spectra websites and journals 

The XPS Spectra-Base is the newest website dedicated to providing 
actual spectra, not simple BE numbers. The following Figs. 55–61 are 
screen-captured images of websites from around the world that provide 
XPS and AES spectra, and XPS information designed to educate users. 

14. On-line database of be numbers 

The US government has an on-line database of BE numbers collected 
by Dr. Charles D. Wagner and donated to NIST. This database is useful as 
a guide for chemical state assignments. An indepth review of the NIST 

database of BE numbers was published by this author (Ref [2]). 

15. Summary 

During the last 15 years there has been an explosive growth in the 
publication of XPS peak-fits and interpretations. These publications 
suffer from a variety of problems in reliability and usefulness. Efforts to 
help new users to minimize these problems include self-training guides 
for peak-fitting, documentary standards, collections of BEs, examples of 
peak-fitting, and more. The basics of XPS are taught at 3–5 day training 
courses at conferences, and a few universities, but the need is much 
greater. To help the international XPS community and the infrequent 
users of XPS to overcome these limitations, problems and needs, The XPS 
Library™ institute was formed to provide an on-line international 
resource of XPS information, self-training material, free >70,000 
monochromatic XPS reference spectra, free spectral data processing 
software, reference tables, links, examples of good and bad peak-fitting, 
and more. Due to problems making reliable chemical state assignments 
in 1986 after joining a contract analysis lab, the author began collecting 
self-consistent data-sets of monochromatic XPS spectra from reference 
materials, natural crystals, manmade single crystals, and industrial 
goods. As the collection grew, multiple data sets belonging to the same 
chemical group (state) category were placed in a directory with the 
name of that category (e.g. Sulfates). Each category name is distinct and 
is based on the chemistry of the materials. To view, peak-fit, export, 
analyze, overlay, process, or print the spectra in The XPS Spectra-Base 
the user needs a software that can import or directly open spectra 
having: VAMAS-ISO 14,976 ASCII file format. Most software from the 
instrument makers can import these types of spectra. The “Spectral Data 
Processor” (SDP™) v8.0 software that opens this type of file format is 
provided free of charge to library users. Using SDP, the user can: (a) 
access and open the raw or processed spectra downloaded from The XPS 
Spectra-Base, (b) save all processing results to permanent memory, (c) 
completely reprocess, peak-fit, analyze, overlay, process, or print any 
spectra, (d) save the raw or processed spectra in VAMAS-ISO ASCII and 
other ASCII file formats, and (e) import spectra having VAMAS-ISO 

Fig. 44. The Peak-Fit Table shows all peak-fit values, constraints, and variables in one summary.  
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14,976 ASCII file format and other ASCII file formats (XY, XYZ). All 
spectra are owned, copyrighted, and are the property of The XPS Library 
and are protected by a registered international copyright (TX 4− 560- 
881). 

Data Availability 

The data that support the findings of this study are available from the 
corresponding author upon reasonable request. All XPS spectra, data, 
data tables, and images were produced by B. Vincent Crist, the author. 
There are no funding agents as the author paid for all materials and 
analyzed all materials. All spectra are part of The XPS Library and The 
XPS Spectra-Base of XPS Spectra, which are commercially available from 
XPS International LLC. The software “SDP v8′′ was used to process all 
spectra. SDP v8 is produced by XPS International LLC (https://xpsdata. 
com). All spectra and images used in this publication are copyrighted by 
the author and available free-of-charge. https://xpsdata.com/The-XPS- 
Library-J-Electron-Spectrosc-2021 

Fig. 45. Four (4) overlay modes are depicted by the different overlays available.  

Fig. 46. Two C (1 s) spectra are overlayed to reveal the problem in the shape of 
one spectrum. 
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Fig. 47. Files/Print dropdown menu shows all related features along with a list of the last 16 datafiles.  
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Fig. 48. The Auto-Label all Spectra will add peak identification labels to all spectra in a data-file.  

Fig. 49. Survey Spectra dropdown menu shows all options for processing and 
labelling survey spectra. 

Fig. 50. The Chemical State Spectra downdown menu shows all processing 
options for chemical state spectra. 
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Fig. 51. Depth profile and sequence based series of spectra from the same element can be displayed in pseudo-3D and 3D displays to view subtle details.  
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Fig. 52. The User-Assisted peak find and identify routine accepts “element” input from the data-analyst to improve the accuracy of peak identification.  

Fig. 53. Default spectrum line color and line pattern, default line-width of all 
spectra, default font style for 2 alternating font types, peak area color, and 
choices for color of peaks, background, and Auger peaks. 

Fig. 54. Default Peak-fitting Parameters provide control over baseline type, 
endpoint averaging, the Find-Peaks Sensitivity value, default % of Gaussian 
peak-shape, chi-square iteration, minimum peak size, and Assisted Peak- 
Add routine. 
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Fig. 55. LaSurface website (REF [17]).  

Fig. 56. LaTrobe database website (REF [18]).  
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Fig. 57. Spectroscopy Hub database (REF [19]).  

Fig. 58. Surface Science Spectra website (REF [20]).  
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Fig. 59. XPSfitting website (REF [21]).  

Fig. 60. XPS Elements Table website (REF [22]).  
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